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NEPEAMOBA

Enextponika — ramysp cyyacHOI ()i3uKku Ta eEKTPOTEXHIKH.
Bona 3aiiMa€eTbCsi. BUBYEHHSIM | BHKOPUCTAHHAM SBUII, TPUIAIiB
i cHcreM, OCHOBOIO IKKX € IPOXOXKEHHS €IEKTPUYHOTO CTPYMY ¥
BaKyyMi, rasi Ta TBepJIoMy Tiji, MOCJi/’KeHHs, po3po6Ka eyex-
TPOHHHMX 3aC06iB i cHCTeM Ta MPHHIMINB IX BUKOpUCTaHHS. O6MiH
indopMallielo B eTeKTPOHHUX CHCTEMAX BiJIGYyBAETHCA 3a JOINO-
MOrOI0 CUTHAJIIB, HOCISIMH SIKMX MOXYTDb OyTH pi3Hi izuuni Besu-
4YUHY — CTPYMH, HAIPYTH, MAarHITHI CTaHH, CBIT/IOBI XBUJi. Po3-
pisHsI0Th aHasorosi (6esnepepsHi) i auckperHi curnami. € aBa
THIIY JUCKPETHHX CHUTHAIB: IePLINH OTPHMAHO 3a piBHEM a6o 3a
4acoM ANCKpeTH3alil 6e3rnepepBHUX CUTHAMIB, APYrUil — y BUr-
A44i Habopy KOA0OBUX KOMOiHamil 3HaKIB.

ITepeBaramu 1mudpoBux npncrpoua i cuctem I'[OplBHSIHO 3 aHaJIO-
rOBHMMH € IIiIBAILEHA 3aBa0CTIRKiCTh, BUCOKA HAAINHHICTD, MOXKJIH-
BicTb TpuBaJIO 36epiratu indopmaliio 6es if BTpaTtu, eKOHOMIUHA
it enepreryHa e(DEKTUBHICTD, CYMICHICTD 3 iHTErPAJBHOIO TEXHOIO-
ri€io, BUCOKA TEXHOJIOTiIUHICTE i HOBTOPIOBAHICTb, a HEAOJMIKAMU —
MaJa MIBUJKO/AIS Ta TOYHICTB.

OcHoBa pO3BUTKY €JIEKTPOHIKM — Ge3nepepBHe YCKIaJHEHHS
¢ynxui. Ha cyuacHoMy erani cTae HEMOXXJHBUM BHPIIIYBaTH
HOBI 3aBJaHHA CTaDUMH €J€KTPOHHUMH 3aC06aMUl 3 BUKOPUCTAH-
HSM HaABHOI esleMeHTHO! 6a3u. BunukaioTs 06’€KTHBHI YMOBU
JUISL TIOJA/IbIIOTO BJOCKOHAJIEHHS ejleMeHTHOI 6a3u. OCHOBHUMU
(akropaMu € nigBMLIEHHS HAAiHHOCTI, 3MEHIIEHHS rabapUTHUX
po3MipiB, MacH, BapTOCTi Ta CIIOXUBaHOI IOTY>XHOCTI.

BaxsuBe 3aBHaHHS BHINOI OCBiTH — IIpaBMJibHA OpicHTALis
Maii6yTHbOTO (haxiBlsg Ha cTaxil BuBdueHHsT yHIAMEHTAJDHUX i
npodecifiHo OpieHTOBaHUX AUCIUILIIH daxy, Je MOEAHYIThCS
rI6HHA BUKJIAAY BOKIMBHX (PI3HYHMX IpOLeECiB Ta iXHINA ONTH-
MaJbHHUH 06car. BibiicTs BUNyLIeHNX MiAPyYHUKIB | HABYAJIbHUX
Noci6HUKIB 3 aHalIoroBoi Ta MUMPOBOI CXEMOTEXHIKH a60 MpH-
CBsIYEHI BUKJaJy JHUIIE€ OKPEMUX pO3AiiiB 1iel auciumiinu, a6o
JaloTh 3araJibHi BiZOMOCTi 3 OCHOBHHMX DO3/iJiB 91 HEeJOCTATHHO
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BIIOGPaXKAIOTh TEHIEHIIIT PO3BUTKY CY4YacHO! €JIeKTPOHIKU. Y Mpo-
MMOHOBAaHOMY TiAPYYHHKY aBTOPHU 3po6uau cnpoby JMikBiaauii sa-
3HAYCHHUX BUIlE HEOJIKIB.

IlinpyYHUK CKJIaAaE€TbCs 3 T ATH YaCTHH.

YacTuHa nepma — <AHaJIOTOBa CXeMOTEXHiKa» — MiCTUTb
12 po3aijiB 3 aHAJIOTOBOI CXEMOTeXHIKH, B IKUX PO3IJISIHYTO TaKi
NIUTaHHS:

OCHOBHi KOMITOHEHTH €JIEKTPOHHUX CUCTEM, IiACHCTEM i By3JiB,
HiZICHTIOBAYi;

RC-niigcnmoBavi Hanpyrd Ha GiMOJISIPHUX i MOJBOBUX TPaH-
3WCTOpaXx 3a Pi3HUMHM CXeMaMU MiAKJIIOUEHHs 3i CNiJbHMMH eMi-
TepoM, 623010, KOJIEKTOPOM, CTOKOM, BUTOKOM;

gactoTHi xapakrepucTuku RC-miacurioBayiB 3BYKOBUX yac-
TOT, po60Ta MiACHIIOBAYa B 06J1aCTi HU3bKUX, CepeiHiX i BUCOKUX
gacToT; JjorapudMiuHi aMILIiTyAHO-YACTOTHI XapaKTEPUCTUKH,
TIPUKJIaAN PO3paXyHKIiB;

Y3roIKeHHS J’Kepesa CUTHANY 3 HaBaHTaKeHHsIM, kiacHpika-
11is1 OAHO- i JBOTAKTHUX HiACHIIIOBAUiB TOTY>KHOCTI Ta HiACHIIO-
BauiB 6e3 rpancdopMaropis;

HaCKpi3Hi XapaKTepUCTHUKH KaCcKa/iB, BILJIUB TEMIIEpATypPH Ha
XapaKTepUCTHKH OiNONSAPHUX TPaH3UCTOPIB, NPHYMHU Ta METOAH
PO3paxyHKY HeJIiHiHHMX CIIOTBOpPEHb;

kjaacucikanis napaneabHUX i HOCAIOBHUX 3BOPOTHUX 3B’ SI3KiB:
3a CTPYMOM i HATPYrolo, >KOPCTKUX i THYYKHUX, iXHiil BIUIUB Ha
cxeMHi (pyHKIiT, MOKa3HUKK POOOTH, YMOBH CTIHKOCTI CHCTEMH;

Ii/ICUIeHHS TIOCTIHHOTO CTPYMY, criocoGu 3MeHIeHHs Apeidy
HyJs, NCHII0BaYi Ha HeciBHii 4acToTi, 3 6e3nocepeHiMu 3B’ A3-
KaMH, TapaJiesibHi 6a1ancoBi Ta AudepeniiaibHi cxemu;

kjacuQikalisi aHaJOroBUX MiKpOelTeKTPOHHHUX CTPYKTYD, olle-
palilHi migcu/aoBayi Ha iHTerpasbHUX MiKpocxeMax, eleMeHTH
IX CXeMOTeXHiKH;

mo6yzoBa BUpILIAJbHUX CTPYKTYP Ha 6a3i omepariitnux mijncu-
JIOBayiB, JiHilHI Ta HeAiHiNfA] DyHKUiOHATBHI TepeTBOpIOBaYi, Cy-
MaTopH, iHTerparopu, AudepeHniaTopH, YaCTOTHA KOPEKIList, JIora-
pUdMYBaHHSA, TTOMHOXYBAUi, TO/II/IBHUKH, BULIPSMIIAYL, ETEKTOPH;

3araJibHi OJIOXKEHHS TEOPil cesleKTHBHUX MiJICUTIOBAYIB Pi3HNX
TUIIiB;

LC-renepaTopu nepioguyHuX KOJMBAHDb HA MOJbOBHX i 6imo-
JIIPDHUX TPaH3UCTOpaX;

ocuoBu Teopii RC-reneparopiB 3 pisHuMu Tunamu ¢aszo-
o6eprayiB i 6e3 HUX.

Yacruna gpyra — <«IMmyabcHi npucrpoi» — MicTUTh 5 po3-
JUJIB, Y IKUX PO3IJSHYTO TaKi NUTaHHS:

IIPOXO/KEHHA iMIIyJIbCiB uepe3 JIaHKM iHTerpyBaHHs, Aude-
[YCHIIIIOBaHHSI, PO3/iJ0Bi; (ikcaTopu piBHS;



opmyBaydi IPAMOKYTHHX IMIIY/IbCiB; KIIOUi, 06MeXyBadi, MO-
JeJli A/ BEJIHKOTO CUTHATY;

MYIbTH- T2 OHOBIOPATOPH; PETYJIIOBAHHS YaCTOTH, TEPMOCTa-
6ismizarnis i mosinmerHs $hopMu BUXIAHOT HATIPYTH CXEM; FeHepa-
TOPH JIHINHO 3MiHIOBaHOI HaNpPyTy, 6JIOKIHT-TeHEePaTOPH B ABTO-
KOJIMBAJbHOMY PEXHMi Ta peXUMi OUiKyBaHHSI;

aHasi3 KogyBaappux npucrpois, AIIT ta IIAII, npuctpoi Bu-
6ipKu 36epesKeHH;

IMITyIbCHI JKepeJsia KUBJEeHHS, eJleMeHTHa 6a3a CHJIOBOI eJeK-
TPOHIKH Ta IEepCIIeKTUBH PO3BHTKY.

Yacruna tpera — <«IludpoBa cxemorexnika» — 0Xommoe
6 pO3minNiB, y SIKUX POSTJASHYTO TaKi IUTAHHS:

MaTeMaTH4YHi OCHOBU IUGPOBOI CXEMOTEXHIKH, CHCTEMM YHC-
JIEHHSA, KOAH, ABilikoBa apudMeTnka Ta GOPMU NOMAHHS YHCE,
asnre6pa JIOTiKH, MeTOAX MiHiMisanii 6ymeBux dynkiii;

KOMOIHAIIHHE] cXeMH, MyJ/IbTH- Ta AeMYJIbTUILIEKCOPH, CYMAaTOPH,
mudpatopH, AemudpaTopH, KOMIIAPaTOPH, IIEPETBOPIOBaYl KO/iB;

tpurepsi enxementd, RS-, D-, JR-tpurepy;

(pyHKIiOHAIbHI BY3JIH MOCTIIOBHUX JOTIYHAX HPHUCTPOIB: pe-
ricTpu 3cyBy, JiuuiapHuky, mudposi dasoobepraui;

MiKpOCXeMH 3amaM’ ATOBYBAJIbHHUX HPUCTPOIB. CTATHYHI, JH-
HaMi4Hi onepaTUBHi Ta MiKPOCXeMH IIOCTIHHUX 3aliaM’ siTOBYBaJIb-
HUX TPHUCTPOIB;

3acTocyBaHHsI IIUQPOBUX IHTETPATbHUX MIKpOCXeM, 3aBaiu i
3aBaJIOCTiHKiCTb, MOHTaX 1U(PPOBUX iHTErpaIbHUX MIKDOCXEM.

YacruHa yeTBepra — <«MiKponpouecopHu Ta MiKpOKOHTpO-
JepH» — CKJAJA€TbCA 3 4 PO3AiniB, y SIKUX DO3IJIAHYTO Taki
[IUTaHHSA:

OCHOBHI NOHATTA MiKPOMPOIIECOPHOI TeXHiKM: 3araibHi MpHH-
LUy Mo6yA0BU MiKpONPOLECOPHUX CHCTEM, OPTaHi3allisi HH, 1M0-
HATTSA IIPO apXiTeKTypPy MIKPOIPOUECOpiB;

apxiTekTypa MiKpOIpOLecCOpiB: OAHOKpHCTAIbHI 8- Ta 16-po3-
Ppsiani MikpoIipoliecopH, 0COGJNBOCTI apXiTeKTypH MiKpoIpoiie-
copiB Pentium Ta apxitekTypu 64-po3psiTHIX MiKpPOIIPOIECOPIiB;

OCHOBH NpOTpaMyBaHHA MOBOI0 AceMbiep;

no6ynoBa anmaparHoi YaCTHHH MiKPONPOIECOPHHX CHCTEM: MOAY-
ns 11311 ta O3, inrepdeiicis yBeneHHs — BUBENEHHS;

Ccy4acHi MiKpONpoUecoOpH Ta MiKPOKOHTPOJIEpHM: OJHOKPHUC-
TaJubHi MikpokoHTpoJiepu 3 CISC- ta RISC-apxitexrypoto, cur-
HaJIbHi MiKPOIIPOIIeCOPH, HelipoHHI 06YNC/IIOBAYi Ta TXHi (PYHKILii.

Yacrana m'sra — </lxepena enNexTPOKHMBICHHA» — Ma€
OVH PO3JiJ, B SKOMY PO3TJIAHYTO TaKi MUTaHHA:

CTPYKTYPHI CXCeMH,;

CXeMOTEeXHiKa OCHOBHHUX OJIOKiB iMITYJIbCHUX JKEPEJSI eJIEKTPO-
JKMBJIEHHST;
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CHJIOBI HAIliBIIPOBi/IHUKOBI €71EMEHTH Ta TEHAEHIli] PO3BUTKY
€JICKTPOHHHUX KOMIIOHEHTIB.

VY niapyynuKy B CTHCJIOMY BUTASAA] Ta gocTynuiit popmi BukIIa-
JEHO BCi po3/isu mPOTPaMH TiJTOTOBKM 6aKaJaBpiB HANPSAMIB
«Enexrponikay, «Eneprerukas, «Pagiorexnika» ra inumi 3ri{Ho 3
BHMOTaMH JICPXKAaBHOTO CTaHZAPTY YKpaiHy, 110 CHpUSTHME TIi/ABU-
HICHHIO epeKTUBHOCT] He JIMIIe Ay TUTOPHUX 3aHSITh, a i caMocCTili-
HOI PO6OTH CTyAeHTiB. MaTepiasl CKOMIIOHOBAHO TaK, 110 KOXHUI
HACTYIIHUH PO3JiJ € JOTiYHHUM ITPOLOBXKEHHAM MONEPEIHBOTO.

HacmigxoM BHBYEHHS KYpCY € 3aCBOEHHS CTyJEHTaMU IIPUH-
1B (PyHKUIOHYBAHHSI, BUOODY, TIPAKTUYHOI peasisallil mpHucTpoiB
Ta CHCTEM €JEKTPOHIKM Pi3HOro IpU3HAUeHHS, NPUHIINIB PO3-
POOKHU CHCTeM KepyBaHHS eJeKTPOHHUME cucteMamu. CTyaenTH
MaloTh 3HATH: NPHHIMIN To6yn0oBH Ta (QYHKIIOHYBaHHA NpU-
cTPOiB aHanorosoi i MMPOBOI cXeMOTEXHIKH; NPUHUHUIU TO6Y-
Z0BY 1 (PYHKIIOHYBaHHSI MiKpDONDOLIECOPHUX Ta MiKPOKOHTDO-
JIEDHUX CHUCTEM.

IigpyyHuK HamlucaHO Ha OCHOBI JOCBiY BUKJAJAHHS MC-
IUIIIH 3TiAHO 3 MporpaMaMy MiATOTOBKY 6aKalaBpiB HAMIPAMY
«Enexrponika» 8 HalioHanpHOMY TeXHiYHOMY yHiBepcureri
Ykpaiau «KI1l», JoHeubkoMy HalliOHAJbHOMY TEXHIYHOMY YyHi-
BepcuTeTi Ta IHINPOASEPKUHCHKOMY AEPKaBHOMY TEXHIYHOMY
YHIBEPCUTETI.

Kypc 3a6esneuyeTbcsl OCHOBHMMY JAMCHUIIJIIHAMM: MaTeMaTH-
Ka, ¢i3HKa, OCHOBH €JIEKTPOTEXHIKH.

ABTOpH BHCJOBJIOIOTh BASUYHICTH cmiBpoGiTHHKaM Kadeap
«ITpoMucioBa enexTpoHikay, «3BYKOTEXHiKA Ta peecTpallis iH-
dopmauii» HTYY «KIll», «ExekTponHa TexHika» [[oHenbkoro
HTY i «Enexrponika ta aBroMatuka» [ninpoasepxuncbkoro ATY
32 JONOMOTY HiA Yac NiATOTOBKW OPHUTiHANy-MaKeTa Ta O6roBo-
pEeHHA HaBYaJIbHOTO MaTepiafy.

ABTOpH IMPO BASYHI pelieH3eHTaM 3a LiHHI 3ayBa>XeHHA Ta
PEKOMenAIlii 1010 BAOCKOHAJEHHA OKPEeMUX PO3/ILIIB PYKOITUCY,
SIKi BOHM BpaxXyBaJIi I1i/i 4ac iloro J0ONPalOBaHHs, {0 CIPUSIIO
TOJIIIIEHHIO 3MICTY MiApPYYHUKA.



BCTYN

ITpomucioBHi PO3BUTOK. €1EKTPOHIKM. MAE JBA HANPSMH.

1. Inpopmaniitanii, 10 SKOTO HaJeXaThb €TeKTPOHHI 3aC00U Ta
CHUCTEMHU BUMIpIOBaHHdA, KOHTPOJIIO i KepyBaHHS Pi3HUMH TeXHO-
JIOTIYHUMM IpOliecaMu Ha BUPOGHUIITBI, B HAYKOBHUX JOC/IAKEH-
HAX, Glosorii, Meauuusi. [TligcumoBadi CATHANIB, FeHEpaTOPH Ha-
IPYyT, CTPYMiB, IIOTYKHOCTI pi3HOI popmu i yactoTH, JOTiUHI cXe-
MM, JiYUJABHUKHU, IHAUKATOPHI IPUCTPOI — BCe Iie MPUCTPOI Ta
cucTteMu 1HGOPMalifHOT eTeKTPOHIKY, sTKa IPYHTYETHCS Ha BHKO-
PMCTaHH] iHTerpaJbHUX MiKDOCXEM.

2. CwoBuii (eHepreTHyHUi) HANpPsAM TIOB’sI3aHUIT 3 TEPETBO-
PEHHSIMU 3MiHHOTO Ta MOCTiI#HOTO CTPYMIB s TOTpeb eJIeKTpo-
eHEpreTHKH, MeTanyprii, XiMii, eeKTpoTArH TPAHCIOPTY TOLLO.
OCHOBHMME BHJAMH €JEKTPOHHUX CHCTEM € BUIIPIMJISYI, iHBEp-
TOpH, [I€PETBOPIOBAYi YaCTOTU, KePOBaHi IIePETBOPIOBAYI.

Enexrpouni cucremu 3a cnoco6om ¢hopMyBaHHS i HlepedaBaH-
HS CHTHaJiB KEPYBaHHS HOJISIOTH Ha /Ba KJacu — aHaJIOToBi
(6esniepepsHi) # muckperni (epepuByacti), siKi, y cBOIO 4epry,
[OALIAIOTH Ha iMIyJIbCHI, peiciiHi Ta g poBi.

AHaJOTOBi €JIeKTPOHHI TIPUCTPOI i CUCTEMH IpH3HAYEHi AAsi
HnpuiiMaHHsA, HEPETBOPEHHS Ta MePe/laBaHHA eJIeKTPUIHOTO CUT-
HaJly, sIKMi 3MIHIOETCS 32 3aKOHOM Ge3nepepBHOi (aHAIOT0BOT)
- (pynkuii. B eJeKTpoHHil cUCTeMi aHAJOTOBOTO THIYy KOXHOMY
KOHKDETHOMY 3HaueHHIO peaJibHOi (i3uyHOI BeJIMYWHM HA BXOXi
JlaBaya Bi/(TIOBiae OfHO3HAYHe, 1{iJIKOM BH3HaYeHe 3Ha4CHHS 06pa-
HOrO eJIEKTPUYHOTO IapaMeTpa HOCTifiHOro a6o 3MiHHOTO CTPY-
My. lle Moxe 6yTi Hanpyra a6o CTPyM Ha JIiJISAHII €JEKTPUIHOTO
KOJIa, YacToTa, dasza Ta in. Ilpu npomy sik caMa (pizuyna BermyHHa,
TaK i Il eIeKTPMYHUI eKBiBaJIeHT, HaGyBalOUl HeCKiHUeHHE YHC0
3HadyeHb, MOXYTb OYTH BU3HAYeHi y OyIAb-sKHil ZOBiMbHUH MO-
MEHT Yacy Ta 3MiHIOBAaTHCS B OJHOMY i TOMy caMoMy MaciuTabi
yacy. Cuiz 3a3HaYMTH, 10 ENEKTPHYHUH EKBIBAJIEHT MICTHTD TIOBHY
indopManiio Mpo peaibHuil HPOilEC, XOUa B 3aTAJbHOMY BUNALKY
MOMEHTH, KOJIHM peaJibHa BeJIMYHHA HaOy/ie TIeBHOIO 3HAYEHHA Ta
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KOJIM 3 IBUTHCS i1 €IeKTPUYHMIA eKBiBaJEeHT, MOXYTDb He 36iraTu-
€41, TO6TO MK ITUMH MOMEHTAMH MOKE ICHYBATH JIesTKa 3aTPUMKA.
IlepeBary  — TeEOPETHYHO MaKCHMAJbHO JOCSKHI TOYHICTH Ta
IBUAKOAiA, IPOCTOTa CUCTEMH, HEOJAIKM — HU3bKa 3aBaJOCTili-
KiCTb Ta HecTabilbHICTb NapaMeTpiB, 3yMOBJ/IEHI 3HAYHOIO 3aJI€K-
HiCTIO BJIACTUBOCTeH NPUCTPOIO Bii 30BHIMHIX AecTabili3yBaib-
HuX (DaKTODPIB, HATIPUKJAAL TeMIleparypH, yacy (crapinHa ene-
MeHTiB), Ail 30BHIIlIHIX NOJIB T4 iH., 3HAYHI CIIOTBOPEHHA ITiJf yac
nepefaBaHHA Ha 3HayHi BifcTrami, TpyaHouwli y pasi Tpuanoro
36epiraHHsA pe3yabTaTiB, HU3bKa eHepreTHYHA eheKTUBHICTS.

JMcKpeTHi eqeKTPOoHHI npucTpoi (cucTeMu) npUsHAYEHi A
MpHHMaHHA, IEPETBOPEHHS TA MEPEJABAHHA €JTEKTPUYHUX CHI-
HaJIiB, OTPUMAaHUX YHACIIIOK KBanTyBanHa (11ponec 3aMinu 6es-
fIePEPBHOr0 CUTHALY HOro 3HAYEHHSAMH B JIESIKNX TOYKAX ) 33 4aCOM
a6o (ra) 3a piBHeM 3aganoi aHanorosoi ¢yHxkuii. ToMy curnanm,
1O B HUX AiI0Tb, IPONOPUiNHI 06MeKEHOMY YHMCAY OOpaHHUX 32
IIEBHUM 3aKOHOM 3HadeHb peasibHOl (Pi3HYHOI BEJIMUNHH, BiI0O6-
pakeHol y BUIJIAAI pi3HUX ITapaMeTpiB iMIyJibciB 260 nepenaais
Hanpyr (cTpyMiB) (aMmmutiTyau, TpUBAJOCTi (PPOHTY Ta Craxy
iMITyJIbCiB, TPUBAJOCTI iMITYJIbCY, NIEPiOAY Ta YaCTOTH HPOXOIKEHHST
IMITyJIbCiB, TPUBAJIOCTI TAY3H TOIIO). Y AUCKPETHUX €JEKTPOHHHX
cucreMax (JIEC) BUKOPHCTOBYETbCS JMine YacTuHa iHdopManii
IIpo pea/ibHy (Pi3NYHY BeIMYMHY, TOGTO B IIpOIieci moAaHHs iHpop-
Malii BUHUKAIOTh YacTKOBI 11 BrpaTu. IlepeBaramn € Takox Te,
IO IMITy/IbCHY Ta CEPeHIO IIOTY>KHOCTI BUSHAYAIOTL Yepe3 IIa-
pyBaTiCTh, TOMY 3a BEJIUKOI IIMAPYBAaTOCTi MOKHA OTPHMATH iCTOT-
HE MEePEeBHUIEHHS IIOTY>XHOCTI B iMIIyJibCi, 110 COPUAE MOINIICH-
HIO NMTOKA3HHUKIB MacH Ta raapUTHHX PO3MIipiB; y pexXuMi KJIioua
PO3CiIOBaHHA NMOTYXKHOCTI MiHiMaJ/IbHe, IO MiABUITYE KoedillienT
BMKODPHCTaHHS NPHIAAY; BJACTUBOCTI AMCKPETHUX NPUJIaliB MeH-
1I€ 3aJIe>KaTh BiA HeCTaGiJIbHOCTi MapaMeTpiB BUKOPUCTAIINX TIPU-
JaJiB; 3aBaIOCTIMKICTb NMPUNIAAiB BHITA, OCKiBKY 3MEHINYETHCS
TIPOMIJKOK 4acy, KOJIM 33Ba/la MOXKe BIJIMHYTH Ha CUTHAJ; 3aCTO-
COBY€TbCA OJHOTUITHA eJIeMeHTHa 6a3a, 10 CIIPUSAE MiABHIIEHHIO
HafiliHOCTi, 3a6e3neyye AeleBH3HY .

3a tunomM kBaHTyBaHHsA AuckperHi curdanan JEC noaiagors
Ha iMnybcHi, penefiti Ta undposi. IMIybeHi e1eKTpoHHI cucTeMu
peanisyioTh KBaHTYBaHHsS IOYaTKOBOTO cMTHaay. B mpoueci
IMITy IbCHOT MOAY.JIsiLLiT (pOpMa IMITYJIBCIB BHXiIHOI MOCiAOBHOCTI
3aJIMIIAETHCA He3MiHHOW. ITomMpeHi aMIIITy IHO-iMTTY IbCHA, 1M~
POTHO-iMITy/IbCHA, (ha30BO-IMIy.IbcHa MOAYJLsiNiil. Pesleiiti cucre-
M# Peasli3yloTb KBaHTYBaHHs IOYaTKOBOTO CUTHAJLY 33 piBHEM Ta
[IepeTBOPIOIOTh HOro Ha cTyneHeBy (DyHKIIiI0, BUCOTA KOJXKHOTO i3
piBHiB ITponiopiifiHa AesiKit Hanepes 3afaHii BEIUYHHI.
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HaiiBiporignime, oo B HejalexoMy Mai6yTHboMy Iu(poBa
€JIeKTPOHIKa NOCAAE IIPOBiiHe Miclie Ha PUHKY €JeKTPOHHUX IpU-
crpoiB Ta cucteM. Huni nudposi nepconanbui koM 'iorepy i
konrposepy (EOM) NpakruyHo BUTICHUIN aHaJIOTOBI €1EKTPOHHI
06UHCIIOBANbHI MaluHy, siki 6ysau cTBOpeHi padime. Te came
BiIGyBAETHCS 3 aNapaTyporo PaIio3B 3Ky, PaJiOMOBJIEHHT 1 Tese-
Gauenns (TeseBizopamu, pagionpuiiMauamu, BizeoMarsitogona-
MH, TIPUCTPOSIMH, IO 3AMMCYIOTh 3BYK, (POTOATapaTypoIo).

OpfHak NOBHICTIO BUTICHUTH aHAlIOTOBY TeXHIKY IudpoBa B
TIpUHIAII He 3MOXKe, OCKLIBKY (Di3WYHi TIPOIECH, Bil SKUX eJIEK-
TPOHHA CHUCTe€Ma OTpPHMYy€ iHdopMallio, MaloTb aHAJOroBy IIPU-
poAy, B UbOMY BHIIaJKy Ha BXOAi Ta BUXOZi MOTpibHI aHanoro-
udpoBi Ta M POAHATOrOBi IPUCTPOI.

IIpoMucnoBuil pO3BUTOK €1E€KTPOHIKK Male 3a CTO POKiB CBOTO
icHyBaHHA Hajliuye 4OTHDM IOKOJIHHS, IO XapaKTepH3YIThCA
NMOAAIBIIOI MIKPOMiHIATIOPH3ALli€l0 eJIEKTPDOHHUX KOMIIOHEHTIB,
IPHUCTPOIB Ta cucTeM Ha 6a3i 3aCTOCYBaHHS BENUKUX IHTETPAJIb-
Hux cxeMm (BIC) Ta maaBeaukux interpansuux cxem (HBIC).
Hesxi pynknioHarbhi 610K po6JISTD B OZHIN IHTErpaibHil cxemi,
AKa € TOTOBMM €JIeKTPOHHUM IIPUCTPOEM al0 CUCTEMONO MpPHii-
MaHHs, IepeTBOPEHHA a60 NepefaBaHus indopmauil. Taki enex-
TPOHHI IIPUCTPOI Aal0Thb 3MOTY NMOBHICTIO 3a6e3nequrn Heo6Xia-
HYit anropuT™ 06po6KY MOYATKOBOI iHbOpMalil Ta iCTOTHO iABHU-
IMUTH HaAilHicTh IX PyHkmionyBauHs. KOMOAKTHICTD MOHTaXY
€JEKTPOHHUX IPUCTPOIB 4eTBEPTOro IOKOJIHHSA CTAHOBUTD GAN3b-
ko 1000 ex. /cm3 i Gisbiie (17151 MOPIBHSHHS: €TEKTPOHHI MpPH-
crpol Tpersoro nmoxosinug — 50 en. /cm3). 3acTocyBsanns ivTer-
PAJIBHUX CXEM Y CYYACHUX E€JIEKTPOHHUX CUCTEMaX iCTOTHO MiJABH-
HIye HaAilHicTD cucTeM i 3MeHuIye IXHi BapTicTh, MacoraGapuTHi
PO3MipH Ta MUTOMY ITOTYKHICTbD.

YACTUHA A@f@
CAEMOTEXHIKA

Poszin  MIACKIIOBANbHI
1 MPUCTPOI

1.1. EneKTpOHHI cucTeM#, nigcuctemm i By3nn

ITpeaMeToM ejleKTPOHHOI TEXHIKM € Teopist i MpaKTUKa 3acTo-
CYBaNH$ €J€eKTPOHHUX, HOHHHUX 1 HAIliBIPOBiIAHUKOBHUX NPHIaAiB
Yy IPHCTPOAX, LIO0 BUKOPHCTOBYIOTLCSA Y Pi3HUX raiay3six Hapoa-
HOTO rOCcToJapcTBa. I'HyuKicTh, IBUAKOIS i TOUNICTD BiAKpHBa-
I0Tb BEJMKi MOXJHMBOCTI ii 3acTOCYBaHHs y HayIli ¥ TeXHilli.

IToyaTkOM pO3BHUTKY €JIEKTPOHHOI TEXHIKH BBaXKAIOTh 4ac Bil-
kputrd A. C. IlonosuM paaio (7 tpasua 1895 p. gonosins i ne-
MOHCTpalis pafionepeaadyi).

Y pO3BUTKY €JIeKTPONIKH BUALIAIOTD 11'ATh OCHOBIIMX eTalliB:

e pagiorenerpagpumii (1895—1925 pp.);

e paniorexuiunmin (1925 — 1945 pp.);

e esextpoHiku (namisnposignuxosuit) (1945 —1965 pp.);

* mikpoesiexrponiku (3 1965 p. i nonwmni);

e HaHOe eKTPOHiKH (Cy4acHMii HalpsM).

Ocranfi AocATHEHHS B rajysi MiKpoe/leKTPOHIKN — CTBOpell-
HA IHTErpajbHUX MiKPOCXeM BiA MaJoro 10 HaJBEJIHUKOTO CTY-
meHiB inTerpanii — panud 3MOry oTpuMaru 6asoBi eneMelTH 3
JIy>Ke BUCOKUMH XapaKTePHUCTUKAMH HaAilHOCTi, WBUAKOIIl, Ma-
JIOI0 CIOXKYBAHOO NOTYXXKHICTIO, Ha OCHOBI SKHUX CTBOPIOIOTHCS
cydacHi MiKpOIIPOLeCOPHi IPUCTPOI H CHCTEMH, a TAKOX MEPCo-
HAJIbHI KOMIT IOTEPH Ta eJIeMeHTH BHMipIOBAJIbHHX, KEPYyBaJbIIUX
i 06YHCIIOBAJIBHUX CHCTEM.

Ilin eaexmponnoro cucmemoro po3yMiloTb MHOXKHHY €JIeMENTIB
GJI0KiB Ta IIPUCTPOIB €JeKTPOHNOI TeXHiKH, sIKi nepefyBaloTh y
NEeBHOMY 3B'SI3Ky OAMH 3 OJHHM i YTBOPIOIOTH NeBlY GyHKLio-
HaJIbHY UiJTiCHIiCTB.

Po60oTa KOXIIOro efleMeHTa OIINCYEThCST MOJIEJLIIO, sIKA BiqoOpa-
*a€ QYHKIHIO, 1[0 BUKOHYETbCS. Y KOXiil eleKTpolnii cncremi
MOKHA BUJLIUTH KiAbKa mifcucreM a6o GJIOKIB.
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ITidcucmemoto HaA3UBAKOTD TPYNY €JIEMEHTIB Y CUCTEMI, IO BH-
KOHYyI0Tb neBHy (Haiipoctiniy) (pyHKITO.

IligcucreMu CKIAJAIOTHCA 13 Lile IPOCTIMIHX NPUCTPOIB — 8Y3-
aie. Bysinu, y cBOIO 4epry, ckJ1afaiotbca 3 eneMedTis. puitnara
xsacu(ikalis € YMOBHOIO i 3aJI€XKUTb Bid KPUTEPIiB po3noainy.

1.2. OCHOBHi KOMIOHEHTK
eNIEKTPOHHMX NPUCTPOIB

Cepe/l KOMIIOHEHTIB €NeKTPOHHUX IIPHCTPOIB PO3PI3HAIOTD T1a-

cHBHi Ta akTVBHi. /[0 TaCUBHHX €JIEMEHTIB HaJIeXaTb JABOTIOIIOCH]

) ) (pesucropm, KOHAEHCATOPH, KO-

—t _L> —‘-> TYIMIKH {HAYKTUBHOCTI), & TAKOX

Ieqdki 6araTolnoiocHi eseMenTH,

’ ':] , ’ ’ [_' l—_, CKJIafietli 3 HACUBHUX ABOMOJIOC-
HHX.

PosriasaneMo 6a30Bi NacuBHI
KOMITOHENTH — PE3NCTOD, IHAYK-
THBHICTD i Konencarop (puc. 1.1).

3B’43KM MiX CTpyMaMy i Ha-
IpyraMy s HUX BU3HAYAOTLCA
TaKUMY BUPA3aMU:

a 6 8

Puc. 1.1. OcHOBHi nacwBHi KOM-
HOHEHTH eJCKTPOHHUX CXEM:

a — pesucrop; 6 — iHAYKTHBHICTD;
6 — KOHZEHCATOp

di. ;,_cdU

at A
prE oT (1.1)

U=Ri; U=L

JIBOTIOMIOCHYKH, /191 SIKUX IIPUMAHIIO-HACTiAKOBI 3B’ A3KH BU3IIa-
YeHi piBHAHHAMH (1.1), nasuBaioTh Atxidnumu. 119 HUX cIpaBes-
JIHB} Taki cOiBBigHONIEHHA:

U=Ri; ¥Y=1Li

g=CU, 1.2)

Jge ¥ — notoxosyenseHHd; ¢ — 3apsl KOHeHCATopa.
XapakTepUCTHKH JiHIHEX eJeMeHTiB 306paxeno Ha puc. 1.2.
3a BiJoMHMM XapaKTepHCTHKAMHU €JIEMEHTIB MOXHA BU3HAYN-

TH IXHI MapaMeTpH:

R=

H

dUG) _ U(z) [ =420 _ Y@).
“di di 1

dq(U) _ q(U)
dU U

C=—"r (1.3)
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U(i) ¥(i) q(U)

i i U

Puc.1.2. XapakTepucTHKH JigifiHUX enementin

3Havenns IMX NapaMeTpiB MocTiiini Ans AHIHAKX ABOMONIOC-
HHKIB 1 /10 11X MOXe OYTH 3aCTOCOBAHMI IPUILLKT CYHEPHO3HILL
(naknapenns).

JesAki ABOIOIOCHWKH MAIOTD 1eninifini XapaKTepHCTHKM.

Jlo aXTHBHUX eneMENTIB HAKEXKATH eIeMEHTH 3 KePYBaIbiuM
caekTpojioM. Bonm 31e6ibmoro npusnagenti As MiACHACITIA Ta
relrepauii eICKTPUYNINX CUTHAIIB 3a4aHux GOpMM, aMILTiTY/M i
qactoTH. lle TpansucTopu, eJeKTPOHHI TaMITH, onepaliiii nijgcn-
JoBavi, 6araTolIapOBl CTPYKTYPH p— N-TIePEXOiB Ta iH.

1.3, NigcunioBanbHi NPUCTPOI.
OCHOBHi BU3HA4eHHS

[Tidcunoeauem Ha3UBAIOTh NPUCTPIH, WO JAC 3MOTY TIEPCTBO-
PIOBATH BXiJNUH CHTHAJ Ha CHLLAX Glisuioi noryxinocti (aGo
6ibII0r0 CTPYMY, a60 GibuIol Hanpyru) 6e3 iCTOTHOTO COTBO-
penns Horo dopmu. Ilig yac MiACUIEHHS CTPYMY YM HANPYTH
OAAHOYACHO BiAOYBAETLCA MiACHACHHS HOTYXKIIOCT].

Edext nigcunennsi MoxxAUBUI JULIE 3a MagBIOCTI [Ukepena
KepoBalloi eHeprii, 1epeTBoploBanol MACHAIOBAYEeM Ha eUePrilo
miacHaenux curuanaib. Ta-

KUM JUKEPETIOM € KEPEIo
xuserns (puc. 1.3). Enep- K
Tist Joxepesta xussens (na-
npyra E., ) mepersopioets- 1 Ex
cq Ha enepriio KOpHuCHOro Ron ;
CUTHAJIY 3a JOIOMOTOIO ITiJT- D> S
cumoBata 3 Koedimien- /7 : U
rom K. e 12 URBX (K) sux | | Zy
Egx i 1
_2_1 4 -
) . 1
Puc. 1.3. CTpykTypHa cXCMa . ChnijibHa muHa - !
TMIACHICHHA €ACKTPUYHUX CHT- bm e _T_ ————— !
HaJiB v

25104 N e oo
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[TpucTpiit, 1Wo € cnoxuBayeM i A0 SIKOTO MPHKJIAJeHa BHXiIHA
nanpyra Uy, , Ha3UBaIOTh Hasanmaxennam (Z,), a nanka mii-
CHUJIIOBAYa, IO SIKOI BiH MiAKJII04aeTbC, — 6uxidnum xoaorm (3a-
tuckaui 3, 4). [ToroxoM eHeprii Bia mxepena skusnaends (1K)
1o nasanTaxenus (Z,) xepye BXiHWil CATHAJ, SIKHil TTOXAETHCS
BXifHo10 Hanpyrow Uy, = U, . Ila nanpyra 3anexurs BiA Besu-
YUHH JKepesia ejlexTpopyiriiinoi cuin (EPC) E, ., iioro Biy-
TpimHboro onopy R, i BxigHoro onopy mijacumosada Ry, . Cur-
1141, SIKAH TOTPIGHO MiICKIMTH, HA3HBAIOTh 6X10HWM, A JIAHKY MiACH-
JOBAYa, IO AKOTO Bill Mi/IKNIOYAECTBCS, — 8XI0HUM KOAOM TiACH-
mosava (3aTuckadi 7, 2). Yacro 3atrckadi 2 i 4 MaloTh OMIIAKOBHI
MOTeHIia i iX Ha3UBaIOTh CHIJILHOIO WHKIIO0K (Macow) MiACHII-
Baya.

IMiacunoBagi k1acnikyoTh 3a TAKUMH O3HAKAMHU:

® NIPU3HAYEHHAM,;

® XapaKT€POM CHTHAJiB IiJCHJIEHH;

® CMYTOIO 4acTOT IIiACUJIEHHS;

® BUJOM BUKOPDHCTOBYBAaHUMX aKTUBHHX €JIEMEHTIB.

3a npu3HaAYEeHHAM PO3Pi3HAIOTH:

e migcumosaui vanpyru, Ky =U,, /U, — xoediniedr mia-
CUJIEHHS 3a HaIpYyrolo;

e nmigcumosayi ctpymy, Ky = I, /I, — xoedinient migcu-

JIeHHs 3a CTpyMoM, fie [, — Bxiaumii crpy™, I, — BUXiguui
CTPYM;

e mifcumosaui noryxuocri, Kp =P, /P, — xoedinient
NiACHJIEeHHA 3a NoTyxuicto, ne P, i P,,, — NOTyXHOCTi Ha
BXO/J1 Ta BUXOAi MiZCHJIIOBAYa.

Y migcmiaioBagax HOTYXKHOCTI CaijJy 3a6e3leYnTH y HaBaHTa-
xeuni (Z,) 3afaly MOTYXHICTb, a B MiACHJIIOBAYAX HANPyru
(CprMy) — 3ajaHi 3HayeH1d koedilienTiB nifcuIeHHs i BUXiA-
Hux napamerpis Uy, (I, ).

3a XapaKTepoM CHUTHaJ B Mifcu/aenHs 6yBaIOTh:

e migcumioBayi rapMonifiaux curnanis. i npuctpol 3a6esre-
YYIOTb MiJCHJIEHH enepepBHUX TapMOHIAHNX, CHHYCOIAaNbHIX
CUTHAJIB;

e migcumoBaul iMnysabcaux curnanis. Li npucrpoi 3abesme-
YYIOTb NiZICUICHHA IMIY/JIbCHAX CHTHaNIB 3ajaHoi HOpMHU.

3a cMyToI0 9acTOT MiJICUJIEHHA PO3Pi3HAITD;

* NiACUITIOBaYi HOCTIHHOTO CTPYMY, Alana3oH YacToT MiACUNeTs
Af =0...f,, ne f, — BepXHs rPaHUYHA YACTOTA IiACH/IEHIIS;

e migcHaIOBadYi 3MiHHOTO CTPyMY, 3 Aiala3’oHOM 4YacroT Af =
= fy---fy> A€ [, — HMKHA rPaHAYHA 4AcTOTA IiACHJEIIA.

[MiacunioBavi 3MiHHOTO CTPYMY, Y CBOIO Yepry, NOAiNSIOTh HA!
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Oo— L
Bxinsisi Kackagu Kackanu ——

Uy | HEEE | |nonepenuboro| | mincamnenns | | PHXUHHE L T
TPUCTPIH nigcunenns | |nmoryxmocri| | PPHCTPIM

Puc. 1.4. CTpykrypHa cxeMa HifCHIIOBayYa

® miACUIIOBaYi HU3bKOI 4aCTOTH;

® NiJICHAI0BA4Yi BICOKOI YaCTOTH,

* cMyroBi nigcunopadi f, /f, =1,1.

3a BU/IOM aKTHBHHX €/IeMElITiB, 110 BUKOPHCTOBYIOTbCH, PO3Pis-
HAIOTb Taxi IiicMIioBadyi:

® JIAMIIOBI;

® TPaH3HUCTOPHI;

* nionui;

® JapaMeTpHYHi.

CrpykTyplia cxeMa HMiCHIIOBaYa Ma€ BUIJIs/, lHaBeJelnil Ha
puc. 1.4, i Bxoyae Bxifuuii i BUXigHuit IpHCTPOi, KaCKaju mome-
PEAHbOro MICHJICHHS Ta MiACHIeHI NOTYXXHOCTI.

Bxianuii mpucTpiif mepeflac CHTHAJ BiA JXKepeaa CATHany Na
BXiZiHEe K00, 3acTOCOBYIOTh HOTO TOAI, KOJHM JKEePeJio CUIlaly,
sIKe MiAKJIOYAIOTh, e MOXKHA a0 HeqoIiabiO IiAKIIoYaTh 6e3-
MoCepeanbo J0 BXOAY MiACANIOBAYA.

Kackaay nonepegHboro NiICHAEHHAS TpHU3lIavenli A1 MMiACHIen-
sl CUFHaJIy 3a Halpyrolo, CTPYMOM, HOTYXHIicTIO K0 NMOTPi6bHoro
piBHS, WO 3a6e3Ieuye HOPMAIbHY POGOTY HACTYIIHOTO GJIOKY .

Kackany miAcuieHHA NOTY)XHOCTI 3a6e3nedyioTh y HaBalTa-
JKEII BiANOBiAN] 3HaYEHHA MOTY>KHOCTI 3a JONYCTHMHUX PiBHIB
CHOTBOpeHIIst (popMHU | LIYMiB CUTHATY.

Buxinui mpuctpoi BUKOPHCTOBYIOTD /1 Mepefavi cCHuriany Bij
MiJCHIOBAYa MOTY>KHOCTL Y IlaBalTaXKeHHA. 3aCTOCOBYIOTb, KO
Gesrocepeslle TAKMIOYETTHA HaBATAXKEIHs HEMOXIMBE a6o ie-
JO1iJbHe.

1.4. OCHOBHI TexXHiuHi NOKa3HUKK
niacuniosavis

CyMy BIIOMOCTeI, 1110 XapaKTepPH3YIOTh BIACTHBOCTI NiCHIIIO-
Bava, Ha3uBaIOTh Horo nokasnuxamu. [1o HUX HazexaTh:

® BXi/ZHi Ta BUXiAll jAaii;

® xoedidienT MiACUIEINS;

e xoedinient kopucnoi aii (KKI);
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Puc. 1.5. Mogens nxepcera EPC Puc. 1.6. Mogens nxepena ctpymy

® JACTOTHi XapaKTePHCTUKHU;

® AMILTITYAlI XapaKTePUCTHKH.

Posrusiiemo foKJIagHinIe i IOKa3HAKH.

Bxiaui i Buxigui gani. Bxiowi dani — Uy, I, Py, Zg.
[xepesoM BXiHMX cHrHaliB MOXyTb 6yt mxepeno EPC i
Jxepeso cTpyMy. Mogens pxepena EPC Mae purnaj, so6paxe-
Hu# Ha puc. 1.5.

Hnsa 3a6esnevenia nopMaabuoi poboru micumosava U, Mae
nparuytu o E.. Ockinpku Z, >0, To Ha HbOMY BiAGYBa€TbCA

cnag Hanpyru, otxe, U, < E. i U,, Bu3nadaoTh i3 BUpasy
EZ
UBX = ,r—Bx . (14)
Zl" * ZBX .
[3 HaBe/IeHOTO BHIIE BUPA3y BUILIMBAE, IO UL TOTO, 06 U, =
= E., morpi6ie BukoHanHsg yMoBU Z. << Z, . Ha mpaxTuui jo-
nyckaeTbes Uy, = 0,5E,, ane ne npumyctumo, mob U, < 0,2E .

Mognep mxepea CTpyMy Ma€ BUIIsA, 306paxenuii 11a puc. 1.6.
JI1s miel JlaHKu MOKHA 3aIlicaTH:

Zr
=] I 1.
BX Ir Zr + ZBX (1.5)

Orxe, aast Toro o6 I, = I, Tpeba, mob Z.>>Z, .
Buxioni dani — U, T Puuxs Zaux» Zy- BuXinme koso

(Monennp) 306paskeno Ha puc. 1.7, ne KUXX — xoediuienT migcu-

JIEHIIS TiICUTIOBAaYa B PEXKHUMi X0JIOCTOTO XOAY, Zy, — BUXiA-
HUR omip nigcuiaoBava. [nd y3roJUKeHHs JKepes CUTIaLy 3
HaBaHTAXYBAlHAM MaloThb BUKOHYBATHCS TaKi YMOBH:

® /IS MiACHMIOBAYiB HaOpyru Z,>>Z ... toui U, =E . =

= KUXXUBX;
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* JUIA THACHTIOBaYiB CTpyMy Z, <<Z, .,

Toai I, =1

BUX’
® It MiACHIOBAYiB NOTYX1ocTi Z,=Z,,. , Toai P, — max.
Koedinients nigcunenna niacuaioBaviB. Buainsiors Taki
KxoedilieaTH MiACHIeHHS!
* 3a motyxnictio Kp =P, /P, ;
e 33 nanpyroio Ky, =U,. /U, ;

* 3a crpyMmoM Ky =1, /1. .
Y 3arasbHOMY BUNAJIKY KoediuienT miAcuienyd Mae TaKui
BUTJISIA:

KU — KUej((OBMx_(pr) = KUej(p’ (16)

ae @=¢,, -9, — $asoBuil 3cyB MiX BXi[o0 i BUXiANOO
HarnpyraMu a6o CTpyMaMu K;; — xoMmmuiexcnuii Koedimienr mis-
CHUJIEHHS.

Ipadiyiio 11e 306paxkeHHs] Ha KOMIUIEKCHIH MIOLIHMHI NOJAHO
nma puc. 1.8.

Jna nigcuaosaya 3 6araTbMa KackaJaMH, 1[0 MiCTUTDL n Kac-
KaAiB, 3arajbHuil KoedilieHT icHaena BU3HAYAIOTL 3a AOIO-
MOTOIO BUPa3y

n
i=1

Inoni norapudmiuny mkany xpaite nogasatn y suriasaai K,
oauHuLeIO AKOi € geuuben. Vloro BU3HAYAOTh AECATOIO YaCTAIOIO
JECATKOBOTO JytorapudMa BiHONIEHHS HOTYKHOCTEH Ha BHXOIL
Ta pxoai: K Pup) = 101g Kp. /lna xoedinienris nixcuienns 3a

nanpyroio i crpymMoM (OpMyJd IS8 NEPETBOPEHHS BiAIOCIIMX

In
Iy
> \ UBKX
I N U
ZBHX] \\
¢
KUXXUBX | [] ZH ’l ©
I / BAx Unx
| // Pox -
4 Re
Puc. 1.7. Moaesib BUXiaHOTO KO Puc. 1.8. I'padiune 306paxcHHS
NiJCHIoBaYa CUTHaJIB MiACHITIOBaYa
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BEJIMYHH Ha JOTapu(MiuHi MAIOTh Takuil BUTJSA;

KU(IIB) =201gKu, KI(}IB) =201gK1.

IIpu upomy kxoedinieNT MigcHAEHA WiACHIIOBAYA 3 6araTbMa
KacKajiaM# B JI0TapudMidHUX OJMHHIAX CTAllOBUTHME

n
Kvusy = Ku 15y T KUy T F Kungas) = 12::1 Kuis): (1.8)

Amnaity go-4actotHi (AYX) i ¢asoro-vacroti (DUX)
XapaKTEePUCTUKH. 3aJeXHICTh MOAy s KoedimienTa migcuaennsa
niJCcH/I0BaYa Bl YacTOTH € aMILTITY/JHO-4aCTOTHOIO XapaKTepuc-
koo (AUX). Maszopo-uactorna xapakrtepuctuka (OUX) Bigo6-
pakae 3aJIeXHICTb KyTa 3cyBY (hasu MK BXiJHUM i BUXiZHHM
CUTHAJaMU BiJ YaCTOTH.

I'padiune 306paskeHHs HUX XaPaKTEePUCTHK /IS MiICHATOBAYA
3MiHHO{ HaIlpyT¥ HaBefeHO 1ia puc. 1.9,

AMILTITY{HA XapaKTepPUCTHKA. 3a/JeXXHICTh CTaJoOro 3HaveH-
Hs BUXiJHOTO CUIHAIy BiZJ BXIJHOTO CHHYCOiZaMbHOTO CHUTHAJTY
Ugux = Uy, ) Ha gesxiit mocTifiHill yactoTi BigoGpaskae aMmrLi-
TynHa Xapakrepucruka (puc. 1.10).

¥ pobodoMy Aiana3oii aMILIITYA BXIAHOTO CHIHATY aMILTiTyAla
XapakTepHcTHKa Mae OyTH JiHilnoo (puc. 1.10, aingnka a6),
a KyT i HaXMJIy BHU3HNAYaEThCA BEJIHYUHOIO koedimienta migcu-
JieHHd Ha 1i# yacroti. MimiManpuuil Bxigauit curnan Uy, . BU-

Husbki Cepegui ~ Bucoxi

K1 4acTOTH |. yacToTH | 4YacTOTH
| |
! !
! ! UBHX /
| | 6 /
! !
I i UBHX max
— t -
| |
I a !
+¢ | |
| |
t |
| |
| |
I a
f Usux min
-9
) 6 Umein stmax Uax

Puc. 1.9. AUX (@) i ®UX (6) Puc. 1.10. AmnuiTyana xapakre-
RC-miacumoBayua PHCTHKA ITiACHIIOBAYA
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3HayaeTbCAd PiBHEM BJACIHX WIYMIB MifcniloBada, a MaKCUMaJb-
uuit Bximumit curnan U, .. — TIepexosioM Ha Hesligifiny AilaHKy
XapaKTePUCTHKH, L0 3yMOBJIOE HEMiNiiHI CIIOTBOPEIIHA, BHACT-
JOK 3Mellltenis koedinieHTa miICUIenHs MiZICHUII0Baya.

[ianazon Hanpyr BXiJHOrO CUrHamly, IO HiJICHJIOETbCS Ge3s
ICTOTHUX CHOTBOpENDb, XapaKTePH3YIOTh JUHAMIYHUM Aiana3oloM
migcuaoBada

ﬂczgw_m&c_, 260 ﬂc=yﬂDM, 1.9

UBX min BUX Miin

JluuaMigHuil Aianason CNOTBOpENIi BXiIIOT0 CHrHALy He TMo-
BHIEH TIEPEBHIIYBATH AMHaMiunuil Aiana3oH NMijcuaIoBaya.

KoHTponbHi 3anuTaHHA

1. Jaiire BU3HAYCHHA MiACHIIOBAYa JCKTPHYHMUX CHTHAJIB 1 HOACHITD MO-
Tpe6y [AKepeJia KHBJEHHS Y Horo CKiIafi.

2. HassiTh ocHOBHi BHIH KJacHikauiil mijcuaoBayis.

3. TloscHiTh YMOBH ONTHMaAbHOTO Y3rOJUKEHHS BHXIJHOrO Kackaay Mmiacu-
JI0BaYa 3 HaBaHTa>KCHHAM JUJIA NLACKII0BA4Ya HAIPYTH, HiACKIIIOBaYa CTpy-
My, IACHIIOBAYA HOTYXHOCTI.

4. HasBiTh OCHOBHI TeXHi4YHi XapaKTEPUCTHKH ITiICUIIOBAYIB.

5. Hamiacrapi aMmriTy{HOi XapakTepHCTHKHA Hificumosava U = q)(U“x)
no6yayiite ii y surasai K =¥ (U, ).



Pospin  RC-MIACWAIOBAYI HAMPYTU
2 HA BINOJAPHUX
| NOJIbOBUX TPAH3UCTOPAX

2.1. NiacvinioBay Hanpyru
Ha binonsipHoMy TpaH3ucTopi
3a (xemolo 3i cninbHolo 6asoto

s miacwrioBadiB Ha GiMOISPHHUX TPAaH3UCTOPaxX BXifuuil ne-
pexiJl TpaH3UCTOpA 3ARKIAN Hi/IKIIOYAIOTh ¥ IPSIMOMY HANPMI, a
BUXifuUUil — y 3BopoTiioMy. CxeMy WifCUMIOBAUa HA GiOJAAPHO-
MY TPAII3HCTOPIi, BBIMKHEHOMY 32 cTilibHOI 6asoo (CB), 306paxe-
1o na puc. 2.1. [[xepeno sminnoro ctpymy I, y HbOMY BUIAJKY
Mae 3a6e3nevyBaTH HUSBKHMHA OHip MOCTiHHOro cTpyMy Ip.

Peancrop Ry € HaBaHTa)keHHAM TPAaH3UCTOPA 33 TIOCTIHHM
CTPYMOM i BUW3HAavae HOro TMiJACHIIOBAJbHI BJIACTHBOCTI. SKINo
Ry =0, To edext niacunenins HaIpyTH He BiAGYyBa€TbCA, TOMY
mo Ugp = Ex = const. 3i 36inbmennam Ry 36iabyeThes Ta-
KO KoeimienT migcuiIen s cXeMH 3a Hallpyromw, oJHak iciuye
obmexcenis 1a R 3BepXy.

[l niel cxeMu opielrtoBui 3uavenns koediiieHTiB miacuaen-
1151 MOXKHA BH3HAYUTHU Tak:

_ Ukp _ IxRks Rk
Ugs IgRgp

Ky

ne Rygp i Rpp — OTOPH KOJEKTOPHO0-6a30BOro Ta eMitepio-6a-
30BOI'O NEPEXO/IiB.

Ocximpxn ans cxemut CB Iy = Iy, Ryg ”RK = Ry, a Rgp << Rk
(ToMy mo BXiAnuit nepexij TpaH3uCTOpa BBIMKHEH ! y TIPOBi/IO-
My Harpsmi), To koediliedT niacuaeHns 3a Hanpyrowo K g > 1

Koedimienr nigcutenns: 3a cTpymoM 414 cxemu Cb menure
HiXK OJUHUIS:

I
K, =tmx _IK 4 K, <0,5...0,95.
I, Ig

OTtxe, cxema 3 CD niacmiioe Hanpyry Ta HOTYXHICTh, ajie He
MiICUJIIOE CTPYM.

Po3spaxynok cxemu 3a HOCTiliHuM cTpyMmom. PexuM po6otu
CXEMH 3a IIOCTiHHEM CTPYMOM BH3HAYAE€TbCA eJleMeHTaMu: Ry,
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Puc. 2.1. Cxema
MiACKUJIIOBAYa 3a
CX€eMOI0 3i CHiJIbHOIO
6a3010

Rg, Eg, Eg ixapaxkrepuctuxamu Tpansucropa VT. 3anumemo
pisusnns Kipxroda ans Buxiamoro xoJia:

Pipustna (2.1) — e piBHAHHA NIPAMOI, SKY 11a3UBAIOTD 11it-
BallTAKyBaJbHOIO TPAMOIO, a pisusnus (2.2) — ue ciMeHcTBO
BUXi/IIIMX XapaKTePUCTHK TPAI3UCTOPA, BBIMKHEIIOTO 33 CXEMOI0
3i cIiJBHOIO 6a3010.

Jins mo6yaoBY HaBaHTAKYBAJIbIOL niwii (2.1) peromengyeTsb-
€S BUKODHUCTOBYBATH JBA PEXUMH:

pexum xonocmozo xody (XX): Iy =0, toai 3 (2.1) orpuMac-
Mo Ugg = Ex Touxa 1 (puc. 2.2);

pexum xopomrxozo samuxauns (K3): Ugg =0, orxe,
Iz = Ex / Rk Touka 2 (nuB. puc. 2.2).

UYepes oTpuMaHi ABi TOYKH IIPOBEJEMO HABAHTAXYBAJIbHY
opsMy i BuGepeMo Ha Hill TOYKY CIIOKOI0, Hampukaaly Touky O
(nus. puc. 2.2). Ina MOXIMBOCT 611U TIOBIIOTO BHKOPUCTANIA
XapPAKTePUCTHK TPAH3UCTOPA TOUKY O pO3MINIYIOTH Y 1CUTPAIDLITTH
YacTHIL BAXIZANHX XapaxTepuCTHK. LIS Touka XapakrepHsyerbes
ABOMa KoopjJuliaTaMu I , ' .

UKBH 3a/MeXI10 Big BHGpano-

ro Ig . Ix 9
mn
. [nsa 3abesneyelrs po6oTH ]KB'k I
mijac Bay ouli OX
ACHIOBAYA B TOYLL CTIOKOIO (2 < Is
noTpi6io 3a6e3neYHTy BXiHIHA ) Ieo
crpyM [ . Auanoriuno jgo su- Iy, === == [IEH
114 El
- P NJ
Puc. 2.2. Buxinni XapaKTCpHCTHKH — o
TpaHsuctopa 3 Cb Uks, Ek Uks
25



XiAHOTO KOJIa OMUILEMO BXiAHy JaHKYy CHCTEMOIO DIBHSIHbD:
UEB :(P(IE,UKB). (24)

Pisusanng (2.3) € HaBaHTaKyBaJbHOIO ITIPSIMOI0 Ha BXOXi, a
piBnsnna (2.4) — BXiIHUMM XapakTePUCTHKAMH TPaH3UCTOPA.
g no6y1oBM HABAUTaXKYBaJbHOI JiHil BUKOPUCTAEMO PEXUMH
X0JIOCTOTO XOAY i KopoTkoro sammkanus (puc. 2.3):

pexum XX: Iz =0; Ugp = Eg;

pexum K3: Ugg =0; Iyxg =Eg/Rg.

Honoxennsa po6oyoi TOUKM Ha HaBaHTa)KyBaslbHiH NpAMii
MO>KH2 BU3HAUUTH 332 CTPYMOM [En i 3a Hampyrow UKB"- Koop-
JuHaTy po6oyoi TOYKY BU3HAYAIOTH HAIIpYTy MiX 6a3010 Ta eMi-
TEPOM 3 IOCTiIHHOrO CTPyMY UEBrI (puc. 2.3).

PospaxyHok nigcuiaioBada 3MinHOro crpymy. [Ipunnunosa
cxema IifcumoBada nanpyru U, Mae BUTJIA, 306paskeHuil Ha
puc. 2.4.

PosginpHi KoHmEHCATOPH Cp1 i sz noTpibui s Toro, 1ob:

® [DKepeso BXi/IHOTO CUTHAaJy i HaBaHTAKEHHS He 3MiHIOBaIU
pPexuM po6OTH TPAaH3UCTOPA 32 MOCTIMHOIO CTPYMY;

* He TPONYCKATN B HABAHTAKEHHS IOCTIHHY CKJIAIOBY.

INo6yayemo ocuuaorpaMu, o iI0CTPYIOTh po6OTY MiACHITIO-
Baya. Hexail BXignuit BOAMB NoJaHuil DKEPENOM CUHYCOIJANb-
HOTO CTPyMY

ig (0t) = I, sin ot.

Ocnunorpamu, 1o LOCTPYIOTh pO6OTY MiZICUIIOBAYA, MAIOTh
BUTJISIA, 300pakeHuil Ha pUC. 2.5, Ha SKOMY NOKasaHi XapaKTepHi

TOUKY 471 Iy, Uygp TIpH 3HaYellHAX apryMmentry of =0, g; T,
%n; 27 BXizHOTO CTPYMY iy, (@),
a TakoX AJA JOBIIbHOTO 3Ha-
YEHHSL apryMeHTty ot; BXigHO-
ro BIMBY iy, (0¢;).

JAna xoamBaluHg BXiJHOrO
CTPyMY, 3laueHHs sIKOTO IIOJI0
KOOpJAMHATH TOYKM crnokoio O
3MIHIOETBbCS He Oijiblile HiX Ha
25— 30 %, Mo>xHa BBaXKaTH, LIO

Puc. 2.3. Bxixni xapaKTepHUCTHKH
tpaH3uctopa 3 Cb
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Re

O O > * —O
+Ep—

Puc. 2.4. IpuHuunosa caekTpuyHa cxema miAcH-
soBava 3 CB

3n - I 4 / / I3

ST ==
o 2SI /I,
b o\ | / T %‘otl — |1 © Ig1
{ IKn D = | Ig=o
ol ___ j et _%itl Vie
~ o 2
~ T L
Tyo__3mnp .Y
- 2
Puc. 2.5. Ocuunorpamu ~ _—L_I— T " Ton
HiACHII0Ba4a Ha TpaH- Kbn |t
sucropi 3 Cb

MiJCUJIOBAY [PALIOE B JiHiHHiN# 06MacTi XapaKTEPUCTNK, AKi 3a-
6e3MevyyIoTh CHHYCOIMANDbILI 3HAYEHHS BHXiIHOTO CTPYMY ([K) i
Hanpyran (Ugg) 32 cHIycoOifaibloro BXiZHOTO BILIHBY.

Bxiana nanpyra U,, = i(@wt)R,, i, 32 dasolo 36iraeTbes 3i
crpyMom i(wt). Is puc. 2.5 punnBae, mo (a3oBuil 3cyB Mix
BXiAHOIO i BUXifHOI0 HanpyramMu nopismoe nymo (@ = 0), a ¢a-
30BUil 3cyB Mix cTpyMamu Iy i [y cranosuts 180° (¢; =180°).
Ile nosicHIOETHCA THM, LIO Ugp i IK HeraTuBill Ta peajbHO PO3-
Milllelfi B TPEThOMY KBaJ[panTi.
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2.2. MipcunioBay Hanpyru
Ha GinonsipHomy TpaH3ucTopi
3a (xemMolo 3i CMiNbHUM eMiTepom

Cxemy migcumioBaya 3 CE 3o6paxkeno Ha puc. 2.6. IIpusiia-
YeHHA eJeMeNTiB alaJIoriuHi 10 oJaHoi palilie CXeMH 3 ypaxy-
BaHILAM Toro, o Ry BEKOHye PyHKNio RE.

PospaxyHnok nigcumoBava 3a nocriiiHum ctpyMom. Pexum
po6OTH MiACHIIIOBAYA 32 TIOCTIHHUM CTPYMOM BH3HAYAETHCA eJle-
mentamu Ey, Ry, Rp 1 mapamerpamu Tpanshctopa VT.

Ilix yac mpoekTyBanHs IificuaoBaYa 3afawtbea Uy, ., R,.

U UBl/D(m

BUX M
Buxozsun 3 uporo, 2Ex > U, i Lum = —IT IR, = ?

Beaarow Te, mo R, = (3...5) Ry, otpimaemo I = (3...5) I,

3BIACH BUIIUBAE, WO IR may = 5y oy T'Panuuna wactora fi

TiZicUJIeHHS TPaH3uCTOpa Mae OYTH B 3 — 5 pa3iB BHIIE Bi/l BEpX-
Hpol rpaHuYHO! YacToTy curnaty migcunenus f,. Tpausucropu
BUOWPAIOTH 34 3HAYEHHAMH IPDAHUYHO JONYCTUMHUX MAPaMeTpiB
[K max:’ UKE max’ Ppoac.ﬂou U /ip-

Pexxum p060TI/I nijcuaosaya 3a MOCTiHHIM CTPyMOM OITUCYETDb-
€A CUCTEMaMU PIBHAHD:

Ex = IgxRy + Uk (2.5)
Ugg = YUk, Ig); (2.6)
Ey = IgRg + Ugg; (2.7)
Ugg = fUg, Ukp)- (2.8)

3a BUXIANVMH XapaKTePHUCTHKAMU TPAH3HCTOPA, 3 Yypaxy-
BaHisaM obMexxens (puc. 2.7), BUOHPAIOTH TOJOXKEHNS HABAaH-
Ta)kyBaJbllol JiHil 3a mocTiiinuM crpymoM; Ey pexomenpy-
wts 6patit (0,8...0,9) Uyg nax- HaBantaxypanpity nimio Gy-

AyoTh 3a ABoMa toykamm — XX i K3.
3 pisnsnns (2.5):

o ans pexumy XX I =0;

-Ex  Ugg = Ex (touka 1);
R; LRk Cpo JIst gemm(y K3 Ugg =0;

_ K
Cpi VT Vs Ixs = Ry (Touka 2).
U Ra
BX +EK

o o Puc. 2.6. IlpuHiunoBa exeKTpud-

Ha cxeMa miacuaiosada 3 CE

Puc. 2.7. Buxinni BAX tpan-
suctopa 3 CE i rpanuano ao- I
MyCTHMi MapaMeTpu

P p.moT

2%
Ilig yac po6orn migcu-

JIOBaYa B PEXUMi MaJuX =S — — — ~ Is,
CHTHAJIB PO6OYY TOUKY
JOILIJIBHO PO3MillyBaTy B
cepennHi po6o4oi obaacTi Uxen Ex UKEmax Uke
xapakTepuctuk (Touka O).

Bona BU3Ha4aeTbCs ABOMa KOOPAMHATAMH [Kn’ UKEn JUISL BU-

6paHoro cTpyMmy 6asu IB ikt Toyui BiamoBimae toyka O na
BXIHHX xapamepncmxax tpansuctopa (puc. 2.8), aka Bu-
311a4a€ThCsl KOOpANHATAMHU [ B, UKE". lng po3paxyuky BeJiu-
ynnn pesucropa Ry (3a pisuauuamu (2.7) i (2.8)) cranosuMo
BeJINYHHY HANPYTrH UBEn (muB. puc. 2.8). OCKinbKH BeTHYMIA
uiei nanpyru 6;imusbko 0,4...0,7 B, To NpoBOAHMTH HaBaHTaXy-

BAJIbHY JIiHiI0 3riano 3 piBusuHsaM (2.7) He3pydHo, TOMY IO Ha-
npyra Ey nocarae 10...20 B. 3anucasmu pisusians (2.7) s

Touku O, po3paxy€eMo NMoTpi6He 3Hayenns pesucropa Ry :

Ex ~Ugg,
Iy

D>

EK = UEEH +IB"RB, 3Bijicu RB =

1

/LAt ManoNOTY>XKHUX TPAH3UCTOPIB 3Havenls onmopiB Ry i Ry
BifIIOBINIO CTAHOBJAATb OJUHUI Ta AECATKH KiJIOOMIB.

Pospaxynok miacnmoBaia 3a 3MiHHMM cTpyMoM. [Lis pos-
paxylKy 3a 3MiHHHM CTPYMOM HOTPi6HO:

¢ MMOYAaTOK KOODAMHAT Ha XapaKTepPUCTHKAX TPaH3UCTOpa Iie-
penecTH B po6ouy Touky O 3a MocTiliuuM cTpyMoM. Y pobodiii
TOYIll BU3HAYUTH 151 HECKiHUeHHO MaJuX TIPUPOCTiB HapaMeTpH
TpausucTopa (HaH6inbur ykn-
BaHi h-napamerpn). 3ayBaxkn- Uke,
MO, 1[0 HABKOJIO pO60OUYOT TOUKU Uge=0
TPaH3UCTOp Npallioe B pexxuMi /5
MaJIHX CMTIIaJiiB, i1 B IbOMY BU-
NajgKy A0 PO3paxyHKy MiAcH-
JIOBaYa NMoTpi6Ho 3acTocyBath Jfoy|-————
TIPUHLMI HAaKJaJails.

]
I
Puc. 2.8. Bxigni BAX tpansucro- -
pa 3 CE Use, Use
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® /i 3MIHHUX CKJIaJ0BUX HAMPYT i CTPYMIB CKJIACTH JIiHIHHY MO-
Jenb MiZICHIIoBaYa 3 ypaxyBaHHAM JIiHiHHOI Mozie/Ti TpaH3HCcTOpa.

3 ypaxyBaHHSM TOro, 11O AJs 3MiHHUX CKJAJOBHX HAIpyr i
CTPyMiB BHYTpilIHiii omip mkepena Haaro Manumii (touxku +Eyg i
—-Eyx MaloTh ojnakoBmil MOTeHWiaa ) i TPaH3UCTOp IPALIOE B
aKTHBHiH 06JacTi B peXUMi MaJloro cCHrHajgy, OTPUMAEMO TaKy
JiHIHY eJeKTPuYHy MoZenb mijcuaioBada (puc. 2.9).

OnycaBIIK 10 eJEKTPUYHY MOJEab PiBHAHHAMU BiJIOBiAHO
ZI0 32KOHIB eJIeKTPOTEeXHiKH, BU3HAYAIOTD!

1) BXifHMH onip MiACHIIOBaYa, MO NOTPi6HO AJIst BpaxXyBaHHs
Y3rOoZ>KeHHs MiICUIII0BaYa 3 JUKepeJaoM BXiIHOTO CUTHATY;

2) 3a BHXiTHMM KOJIOM Mi/ICHJIIOBAY I0/IaI0Th €KBiBaJeHTHHM
reHepaTopoM LIOAO OTIOpY NaBanTaxeHud R . /L1d nporo pusHa-
4aloTh BUXIANMH omip migcuiioBada R, ixoedimicHt nigcnnen-
Hsl 32 HAlPyTOIO B PEXHUMIi XojocToro xony — Kxx;

3) xoedinienTty miACHICHHS MACH/IOBaYA 32 HAPYTOIO } CTPY-
MoMm Ky i K; Ta iXHIO 3aM€XHiCTb BiJl 4acToTH AN4 NOGYAOBU
AMILTITY IHO-4acToTHOI XapakTepucTuku (AUX), daszoyacToTHOl
xapaxrepuctukn (OUX) ta aMmIiTy aHo-(ha3oyacToTHOI Xapak-
tepuctuku (ADPUX);

4) xoediuieHT HeTiHIHHMX CTOTBOPEHD /IS 33/JAHOTO 3HAYEH-
Hsl BXiJIHOTO CUTHaJy i KoeilieNTH YaCTOTHUX CIIOTBOPeHb M,
i M, na rpaHmYHMX 4YacToTax f, i f;. |

llix yac pospaxynky miACHIIOBaYiB 3BYKOBUX HactoT (IuB.
nigposa. 3.1) ueii gianasod YacTOT YMOBHO NO/INAIOTh Ha TPH
Jiana3oHu:

* Hu3bki yactoty (10...300 I'w);

s cepeani wactotn (300...5000 Tup);

¢ Bucoki yacrota (5000...30 000 T'w).

OcHoBHi TapaMeTpH MiACHIIOBaYa BU3HAYAOTH Y AianasoHi
cepennix vacror. IIpy 1nboMy IpPUIYCKaloTh, IO OMOPH poO3-
A1I0BUX KOHJIEHCATOPiB y Widl o6iacti Mani nopismsHo 3 R,
i R,, BOHHM BBIMKHEHi MOCJiJIOBHO i HIMH MOXXHa 3HeXTYBaTH,

CPI ke

Chi
——=—= 73—@
Is Ishag Cyz Upux
ng ]RB []hggE R]( RH
: Uge i2e
o é . . —4—0

Puc. 2.9. Cxema saMmiieHHa nmiacuaosada iz CE

1

30

a omip KoHzieHcatopa C,y Habararo Gimbumuii, mix R, i |XC| =

1/
%(DCH 3
MOXHa SHCXTyBaTH:

CHZ = CKE +CH +CM,

>> RH BBiMKHeNi IrapajieJIbHO, OTXe, HMM TaKOoX

ne Cxp — BHXiJha eMHicTb Tpausucropa; C, — €MHicTh HaBaH-
Taxkenus; C,, -— €MHICTb MOHTaxy.

Ak npasuio, onip kongeHcatopa C, 5 A0CSrae AecsTKiB — co-
TeHb Hikodapas.

Axmo nanpyra xonekropa nonaza 5B 3a MoaysieM, Bxiani BAX
3JIMBAIOTHCA B OJIHY, WO 3yMOBMIOE Ao — 0, 3BiACH BUIJIMBaE:

RBX.T = hl1E'
Ipu npoMy BXimHuit oNip MiACHIIOBAYA BU3HAYAETHCS Mapa-

JIeNbHO NMAKITIOYeHNMY onfopaMu Ry, - i Ry:
R . — RBX.TRB
BX.1AacC °
RBX.T + RB

Ockinbkn Ry >> k4, TO BXigHMii onip nizcumosaya R
= by
3a Ay — 0 ngicranemo:

BX.IAC

Ky = - hy e
1 1
hyp +—=—+—— |
2E Rt R e

Anaii3z ocTalboro BUpasy nokasye, mo Ky >> 1, a 3nak «—»
ykasye nate, wo U, i U, nporudasni. Bupas, posMimennii y
OyXKaX, MopAaky 1,/ Ry 1 cnpomeHe sHaueHls koediuienTta
nigcuaeHHs NiAcHIIoBada:

K, = h2’:ERK '
11E
Koediuient niacunenis niICHIIOBAYA 32 CTPYMOM BU3HAYAETh-
cA AK K, - IIB..X _ #_,
BX BX
—_ BHX — UBX
e ]" - RH e IBX - RBx.lliLlc
OTrxe,
KI - U}gux Rﬁg.niuc - KU%x.ninc )
H BX H
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3 1boro BUpa3y BUILTHBAE, 10 KoedillienT nificiieHns 3a crpy-
mMoM K; >>1. Jlna 36impuwrenss K; BapTo 3MenuyBaTH R,
O/IHaK, TNIOYMHAIOYM 3 TIEBHOTO 3HavYells R, BibyBaeTbcs 3HU-
XKeHHs K, 10 MOXKe IPH3BECTH A0 IIPOTHJIEKHOTO eeKTy.

Homnyckaroun, 10 /yy =0, sKe IPaKTHYHO 3aBXKAH CHOCTEpi-
raeTbCsl, OTPUMAEMO:

- 1

Ockinpku 1/ hyyg >> Ry, To Ry, = Ryk.

Cain 3asmavutyu, o Bxignul i suxizuumit onopu cxemu 3 CE
NOPiBHAHHI, TOMY MOXJIMBE IIOCILZOBHE HiAKJIIOUEHHS KACKaliB
migcumosauis 3 CE y pasi ixuporo 3afoBijIbHOTO Y3TOMKEHHS.
Tax, A1a ABOKAcKaJHOTO TiACUH/IIOBAYA 3 KoedilieHTaMn migcH-
nennsa Ky i Ky i piBmictio Ry, = R, » OTpUMAcMO 3arajibuuif
KK,

5

IlizcnmoBay Hanpyry 3i cnijibHO0 6a3010. AHANOTIYHO MOXIIA
PO3LAAHYTH MiACUAIOBAY Ha TPAHM3UCTOPi, HO NiJKIIOYEHHH 32
cxemo10 3 CB (auB. IpUHIUIIOBY cXeMy puc. 2.4), OMHUC AKOTro
6e3 BU3HAYEIIHA OCHOBHUX MapaMeTpiB HaBedello y migposa. 2.1.
Woro niniitia enexrpuuna Mojteb (CxeMa 3aMillleHHs ) aHATOTiYHA
cxeMmi 3 CE (qus. puc. 2.9), B akiil h-mapaMeTpH MaIOTh ilJeKCH
cinbnoi 6asu (hyg, Mo, hops Foop) 13aMicTh pesucropa Ry
CTOITh pesucTop Rp.

Amnanis #oro ocnosnux mapamerpis Ry, Ry, Ky, K; nae
3MOry BBaXkKaTH, 1[0 BXiguuil omip mizcumaoBava, sk i ang CE,
Ry nine = M5 ||RE = Myyp. Onnak 3Hadenns ks y fecsiTku pa-

3iB Menure HiX Ayg, TOMY Ryy . CB cranosuth gecarkm—

COTHi OMiB.
Buxiunii onip cxemu 3 CD BM31aYa€THCS aHANOTIYHO CXEMi 3
CE:

koedinienTt nificunenns macuaosada K =

RBI/IX = _hgl—_”RK = RK'
2B
Koedimienr nigcunenns cxemu 3 Cb 3a manpyroo K >>1,
gk i B cxeMmi 3 CE, Mae gogaTHHil 3HaAK, 1[0 3yMOBJIOE HYJbOBUI
daszoBuit 3cyB Mix BuxiAnow i BxigHoto Hanpyramu. Ha Biaminy
Bix cxemn 3 CE kackax i3 CB ne mocuimoe ctpym (K; < 1), ockinb-
K hzﬂs < Q.

Bucuosku. Cxema nigcumosaya nanpyra (CE) Mae npu6maino
ONHAKOBI BXigHUH | BUXiAUNI ONODPH, IO AAE 3MOTY IOTOMKYBa-

32

TH 32 HAIIPYIoIo BXiJHHUU ONip HACTYNHOTro KAackaxy 3 BUXiJHUM
OIIOPOM MOIEPENHBOTO Y pasdi iX NOC/iJOBHOTO BMUKAHHSA B INiJ{CH-
noBavax i3 GarathbMa kKackamamu. Cxema 3 CB ne mae smorn

BUKOHYBATH TaKe MiAKMOYEHHS, OCKINbKU Ryy 1o << Ry

Jlns mocaigoBlioro BMUKaHHs KackaliB 3 CB Mix nuMu oTpi6io
BKJIIOYATH y3roKyBaJiblli KackajaH, mo6yAosani 3a cxemoio 3 CK
(amB. ninposa. 2.3).

Koediuientn nigcunennsa cxem is CE i CB 3a nampyromwo
Ky >>1 (gecatkn) BiApisHaoTbes mmure (asoBUMU CHiBBIAHO-
weHnIMu Qg =180°, ¢ocp = 0°.

Koedimiery nincunenns 3a crpyMom amt cxemu 3 CE (K; >> 1),
a nia cxemn 3 CB (K; <1). Ockinbku xoeditient nigcnaenns
3a moryxuictio Kp = KUK ;» To cxema 3 CE mae naii6inpmmii
xoedirienr.

Cxemy mizcuioBava nanpyru 3 CE yce uacrime sacrocoBy-
I0Tb B eJleKTpoHili, oaHak cxemy 3 CB, HesBaxkalouu na 3a3Havelli
HEJOJiKH, BCe-TaKy IPOJOBXKYIOTh 3ACTOCOBYBATH 3 ypaxXyBalllisaM
TAKHUX [epeBar, sk HaidBHINA TeMOepaTypHa CTa6iJbHicTh i 3Ha4-
HO Menuri Heniniini cnorsopenns (uB. posa. 5).

2.3. NipcvnioBay Hanpyrm
Ha GinonspHoMy TpaH3uCTOpI
3a CXeMol0 3i CMiNbHUM KONEKTOPOM

Pospaxynok cxemu 3a noctiiinuM ctpymom. Pexxum poGotu
CXeMH 3a IOCTIHHMM CTPYMOM BH3HAYa€Tbcs eneMenTaM¥ Ry,
Ry, Ex i napamerpamu Tpansucropa. IIpuHIHNIIOBY cxeMy MiiCH-
JIIoBada 306paxeno Ha puc. 2.10. AHajoTiYHO, 5K i A1 CXeMH 3i
CILIJIbHAM eMiTepoM, BUXiAHe i BXi/He Kojja MOXHa OIMcaTH TAKAMK
CUCTEMAMU PiBHSHB:

Ug = P, I). (2.10)

Ockinpku g = I + [, a Iy << I, To piBnsinis (2.9) Mox-
Ha 3allfcaTH Tak:
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o Puc. 2.10. [IpuHUNTIOBA €JIEKTPHY-
+Ey Ha ¢XeMa HiJculoBa4a Ha Oirno-
JIAPHOMY TPaH3UCTOPI, 10 MIAKIIO-
YEeHHH 34 CXEMOIO 31 CIILJIBHHM KO-
JEKTOPOM

SAx i nas cxemu 3 CE (puc.
Ry 2.11), mo6ymyeMo HaBaHTAXKY-
o BaJbHY JiHilo 7, sika BiAmoBi-
nae cucremi piBusaHb (2.9) i
(2.10):
3a anajorierw 3i cxemowo 3 CE Bubupaemo Toyky cmokoio O i
BH3Havyaemo 3HayeHHs onopis R i Ry (ams. puc. 2.11):

K3 IBH

[TpeacTaBuMo cxemy 3aMimennsa nigcumopada 3 CK (puc. 2.12).
ITpoananizyBaBm MOJIesb, OTPUMaeMo KoedinieHT MmifcuieH-
us (mepenaui) 3a Hanpyroi:

UBI/[X — h2 1ERe}<B
U 1 ’
o [hZ 1ER€KB + h22Eh11E [R_GKB + E};j]

K(] -

ne Regp = Rg ”Rn :
Ockinbky 3HaMeHHUK Kp; 6inpumid 3a yuceibHUK, T0 Ky < 1.
3a npaBHJIBHO clipoekToBanoro kackany Ky =0,9...0,99. dxio

0 UKE':—SB

Uke

n

UB En UBE

a 6

Puc. 2.11. BusHaueHHsT peXXUMy PoGOTH 3a NOCTIHHHM CTPYMOM:
a — Ha BUXIHUX XapaKTepHCTHKAX TPAH3NCTOPA; 6 — Ha BXiZAHHX XapaKTCpHUc-
THKAX TPaH3UCTOpa

34

Puc. 2.12. CxeMa 3aMinreHHs B I/hoe K
micumosada 3 CK o— —{—+—e
oAl e
KU =1, 10 (JBux = Uy, TO- > [gh“E @
My IIACHIIOBAY 3a CXEMOIO +]+1g hoyp /oo
3 CK HasuBaloTh emimep- f] Ry E
HUM NOEMOPIOSdueM, OC- T loj
KiJIbDKM BUXIAHUH CUTHA’ pHX
MOBTOPIOE BXimnuii 3a ¢a- Re Ry
3010 Ta aMIJITYA0IO. - -
o— ' .

Bxiauuii onip Tpansuc-
TOPA MOXXHA BU3HAYUTH SIK

R U _ M
BX.TD _ .
Ig 1-Ky
Buxoasyu 3 nporo, BXiZIHHIA omip MiJCHJIIOBAYa BH3HAYAIOThH
3a BUpa3oM :

RBX.Hi,{lC = RBX.T]J "RB .

SAxmo Ky =(0,9...0,99), 10 R

BX.TD = (10100)/[1 1E>» OTXKe,
= (10...100 xOm).

RBx,ninc
BAHIIA JeaOXigie ToAl, KO BUKOPUCTORYETLCS [UKEPEAO CUrHa-
JIy 3 BUCOKMM BHYTPIUINIM OHOPOM.

AnaJoriyno BU3HAUUMO XoedillieHT mijiIcuiIenlis 3a CTPYMOM

K] — Uuux / RH - KU RBX.HiI[C - RBX.HiLl(‘.
st / RBX.lliLLC RH RH

OcxiJbKy IPUIYCTHMI 3HAYEHH RH CTaHOBJSITb OAUHRIN KiT0-
oMiB — coTHi omiB, T0 K I >>1 i TakoX CTAHOBUTL JIeCATKH-
COTIi oMiB.

Buxianufl onip TpalsucTOpa MOXIIA BU3HAYMTH 33 BUPA3OM

Rypery = 22 = ! e M
R U(1 - 11211213 )h’ZE Piehogx + g
11EM22E

Axmo Ay phyop << h21E,‘ T0 Ryyxrp = Mg / ygg. st umo-
BHX 3Hauellb UMX NAPaMeTPiB MAIONOTYKIHX TPATIZUCTOPIB OTPH-
MAEMO Ry 1p TIOPSIKY AECATKIB OMiB.

[TosHui BUXiAUMI OTIpP eMiTEPHOrO MOBTOPIOBaYA CTAIIOBITD:
Ryyxnos = Ruux.ep I[RE = Ryyx rpy OCKiTbKH Ry 3aspiuaii maGa-

rato Gimbumit Hik Ry, .-
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Bucuorxn. CxeMa 3i CHiJBHUM KOJEKTOPOM Ma€ HAKHMX4M
BUXiNHU# i HaWBMINWH BX1AHUH OIIOPH i3 TPHOX CXEM I AKIIOYEH-
Hs TpansucTopa. ToMy Taky CXeMy 3aCTOCOBYIOTH AK IOTOIXKY-
BaJIbHHHA KAacKa/l MiX JpKepesJaMy BXiJ[HUX CHUTHAJIB 3 BHCOKHM
R, 1 nuspkuM onopoM HaBaHnTaxkeHHA. Il cxema Mae HaiiBu-
muH KoedilienT micuIeHns 3a cTpyMoM K, ajle BOHa He IiAcH-
moe Hanpyry (K = 1), ToMy i Ha3UBAIOTb eMimepHum nOgmo-
progdiem, IpU bOMY BUXi/HUN CUTHAJT MOBTOPIOE BXi/[HUH K 3a
¢a3o010, Tax i 3a AaMILIITYA0IO.

CxeMy 3i cHiZIbHUM KOJEKTOPDOM 3aCTOCOBYIOTH V BXifIHUX i
BUXiHUX KacKafax JJiskt 3a0e3NedeH sl BeJIHKOrO BXiIHOTO Ta Ma-
JIOr0 BUXIJHOTO ONOPiB HiICMIIOBAaYa Ta SAK JOTO/KYBaJbHMIA
Kackaj Mix migcumoBanpauMu Kackagamu CB—CBb un CE-CB.

2.4. NMigcvniosay Hanpyru
Ha NONIbOBOMY TPaH3UCTOPI
3a (XeMolo 3i CniflbHUM BUTOKOM

[MpunnunoBy cxeMmy miJICHII0BaYa Ha TOJBOBOMY TPaH3HCTOPI
3o6paxkeno na puc. 2.13. IIpunuun 6yA0BH CXeMH aHAJOTIYHUH
cxeMi nifcumoBava Ha OGIMOJISIPHOMY TPAH3MCTODI, IIiAKIIOYEHO-
My 3i cmisibnuM emitepom. Pesucrop R ananoriumuit Ry, nan-
I[IOT aBTOMaTHYHOTO 3CyBY BUKOHYe dYHKIi0 pesucropa Rg un
moxinbuuka (AuB. puc. 5.5 1 5.6). ‘

V it cxemi RB, R3 i CB YTBOPIOIOTh JIAHKY aBTOMATHY-
Horo 3cyBy. Ha Ry Bin6yBaeTbca cnaa Hampyru, syMmoBJeHuit
CTPYMOM CTOKY, KUl IepefaeTbCsl HA 3aTBOD Uepe3 Pe3MUCTOP
Rz i BusHayae momoxenHs po6ouoi ToukM, TO6TO pexxum poo-
TH TPaH3UCTOpa 3a NOCTIHHUM CTPyMOM TpaH3ucropa. B pe-
XuMi 3MiHHOrO cTpyMy pesuctop Ry myHroBanuii emuicrio Cg,
He TOPYIIYIOUH TUM CaMUM IIOJIOXEHHS TOYKM CIIOKOI0, BU3Haye-
He B PEXUMI 32 IIOCTIHHUM CTPYMOM.

Pospaxynok 3a
MOCTi{HUM CTPYMOM.
4 I, “Ec® Monbosuit tpansuc-
Re. ¢ p

Cp2 TOp BHOUPAIOTh aHa-

Ba CXeMa IiacujaoBaya
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o VT i\ : ' JIOTiYHO 6iNOAAPHO-

i~ Ucs Usuix My — 3a IPaHHYHO

P ‘ JONYCTUMMMH 3Ha-

Rgx éfsg ii Cs R, YeHHAMH Ecgnax
3 B L ;
Exx ! T IC max 1 Pmax Ta frp- ‘
+\__ _____ +E
. . v o ® Puc. 2.13. ITpuxuumno-

Buxiale koo miacuaioBaya MOXHA ONNCATH TAKOI CHCTEMOIO
piBHAHD:

ECB =IC(RC+RB)+UCB; (213)

Ucp =9(Ic, Usp)- (2.14)

ITepue piBHAHHA — Il€ PiBHSIHS HaBaHTAXKYyBaJsblIol MPIMOi,
a apyre — BHXiJIHi XapaKTepHCTHKHU TpaHsucropa. I'padoanaini-
THYHE PO3B’A3aHHA Iiel cHcTeMM 306pakeHO Ha puc. 2.14, ne
U I U — Haipyra MiXX CTOKOM i BUTOKOM, CTPYM
CBy fcp VB, py » CTPYA

CTOKY i Hampyra 3aTBOP — BUTIK y Touli crnoxono O.

Y pexnmax XX i K3 BusnavaioTh kpaifili TOYKH HaBalTaXy-
BaJIbHO1 TIPSIMOI:

pexuM XX: I =0, Uppg = ECB?

pexum K3: Ueg =0; I =1z = , SIKIIO BifloMi R

Ecp
R+ Ry
Ta Rp.

Ilix yac mpoekTyBaHHA KacKaly IIPOBOJAATb MaBaHTaXyBaJlb-
Hy JiHil0 BiATIOBiTHMM YMHOM i, 3Ha04¥ [p 3, BU3HAYAIOTH CY-

Mapuuii omip R + Rp:

3a paxyHok cTpyMy [ cTBOpIOETBCS cmaj llanpyru ma Rg,
TIAIOC «+» Iiel HalpyTW IIOJAeThCs Ha 3aTBOD 4epe3 Pe3UCTop
R (auB. puc. 2.13), Minyc «—» IpUKIaJeHu# 10 BUTOKY, 1O if
3yMOBJIIOE Hampyry 3cyBy. OTxke, BTpara Halpyru Ha Rg Mae
3a6esneyyBaty Hanpyry U 3B,

U
Ic Ry =Usp ; Rg =

Iys ¢
V/ Uias
Ic 0 e

mnl=— —_-

Puc. 2.14. BuxigHi xa-
PAKTEPHCTHKH I10JIbO-
BOTQ TPAH3UCTODA




€unicte Cg BUOHPAIOTh 3 yMOBH, 106 NIiJ 4ac mojgavi BXigHo-
ro IepeMililloT0 CUIHAJIY BUKOHYBAJIACS HePiBHICTh

.
Cp

<< Rp,
Wmin B
Ae O, — MiHiManbua 9acrora BXIZHOIO CUTHajLy IiACH/IeHHs.

Ockinbky Hanpyra 3cyBy IePeNaEThCsl Ha 3aTBOP 4epes pPesu-
crop Ry, To, 3uaroun I3 (mozaio B A0BIAHUKY), MOXKHa BU3HA-
YUTH MaKcuUMajibHe 3HayeHHsl Rj, 3a AKoro IgRg << Ugse. M4
MOJBOBUX TPAH3UCTOPIB 3 p—n-mepexogoM Rz .. CTaHOBHUTDH
6ausvko 1 MOwm.

ITosua niniitna Mojens MicHII0OBaYa Mae€ BUIJIAL, HaBedeHul
Ha puc. 2.15. ¥ giana3oni cepenix 3BYKOBHX YacTOT, allaJoriv-
no RC-nmiacuaopayaM na GiNoOJISIpHUX TPaH3UCTOPAX, KOHIEHCA-
TopaMu Cm i sz, a TaKOX €MHOCTSIMU C”p, Cux i Cy s MOX-
Ha 3HeXTyBaTH. BUX0adud 3 1IbOro, MoAedb IMijcuaioBava AJs
cepe[iiX 3BYKOBMX YacTOT MaTUMe BUIJIAA, 306pa’keHHil Ha
pic. 2.16.

Buxigny Hanmpyry MOKHA 3alMCcaTH Tak:

Uy = -SU R

BX”T TEKB?
dI
Ag Rexu = Ri HRC H‘RH ; UBB = UBX; S = ;1‘(7(‘— :
i 3B Ucp=const
Cpe

Le, |
Cpl np SU3B
o—-l R; Rc Ry Cus
st R3 CBX

Puc. 2.15. CxeMa samilieHHa mijicuaioBada

C + ' +
“SU3B UBHX

+ 3 R:[1Rc R,
st l iRS

B .
O~ * 4

Puc. 2.16. Mogeap miacuamosada B Aiaa3oHi cepelHiX 3ByKOBHUX YacTOT
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dUcg]

Ockimpkn R; = i
C

, A4 MaJl()IIOTy}Kl-II/lX T10JIbO-
Ugp =const

BUX TPaH3uCTOPIB (cOTHi KiJOoOMiB) R,, cranosuth ofunnil Mera-
oMiB, a R- — mecATkH Kinoomis, To R, = Rc.
Buxoasdau 3 HbOro, MoXkHa 3HalTH KoedillieHT TiICHIEHHS 32
HaIlpyromw
U.
_ BUX _ _ —
Ky == SRs = —SRc.

BX

3a neBHUX 311a4€llb KPyTocTi Xapakrepuctnku S =1...10 MA /B
aicranemo Ky >>1.
Koedinienr nigcunends 3a CTpyMOM BU3HAYAKOTh QHAJOTIUHO
61T0/ISIPHUM TPAH3UCTOPHHUM KacKaiaM
/
K;= Iu — UBMX/ RH =K R3

I, U,/Rg "UR,

Ananisyloun uet pupas, orpumaemo Ky >>1. Ilopisuano 3
K; na 6inosspuux tpansucropax jina cxemu CE cxema na no-
JibOBHX Tpansucropax CB Mae 3uauno 6iapmmi koedimieHT mincu-
JIeHHA.

3 MoJies1i BUILIMBAE, 1O

RBX = R3
Ha Bucoknx wactorax norpi6no spaxobysaty BB Cy, i Cyy
TIpU NbOMY BXiHWH OLip

Rp, = R3[Cyx [y 1+ K.

1np
3a Besuknx koediuienris migcunents (10...100) Ta xapax-
TepUHX 31avelb C“p =1 nd oTpuMyeMo nepeBary aii C"p nan
C,y, 31adenis AKoro CTanoBUTh ofunuli nikogapas.

Buxianuil onip mijicuaioBada BU3HAYAIOTh TPAJMILIAIO:
- _Rike | R¢

BHX N

R; + R

Otxe, 3a 3navenysiMM BCTaloBjenux napamerpis Ky, K,
R, » R, TPOCTEXYETBCA allaJIOTIiuMicTb iXIiX NMapaMeTpiB Ifa-
paMeTpaM HiJCHUII0Bava Ha GilloJaploMy TPAal3UCTOPi 3a cXxe-

Momo 3 CE.
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KoHTponbHi 3anuTaHHs

. IIpoanaisyitTe BxinHi omopy IiACHJIIOBayiB /I8 TPhOX OCHOBHHX CX€M

BMHKaHHs TPaH3UCTOPa, IOPiBHAITe MiX cO60I0 Ta BCTAHOBITh HOPSI/OK
iXHIX Be/MYHH.

. HaspiTb eneMeHTH cXeM DiJCHIIIOBAYIB, L0 BU3HAYAIOTH PEKUMH POOOTU

KacKaZiB 3a IMOCTITHUM CTPYMOM.
ITosacHiTh IpHU3HAYCHHS PO3ALTOBUX KOHZACHCATODIB y IiAcH.IIOBavax.

. Sxuit i3 KackaxiB Ma€ HaiiveHmmit (Ha6inbuinii) BUXiAHUR omip?
. SIkuit i3 PO3IJIAHYTHX KacKajiB Ma€ MaKCHMaJbHHH KoedimieHT migcu-

JICHHA 3a IOTYXKHICTIO i YoMy?

HassiTh ereMeHTH cxeMM miAcHII0OBaYa 3i CHiZTBHUM BUTOKOM, LI0 BU3HA-
Ya10Th PEXHM POGOTH KacKaly 3a IHOCTillHHM CTpyMOM.

AKi eqeMCHTH YTBOPIOIOTD JaHKY aBTOMaTHYHOIO 3CYBY, AK iX po3paxy-
BaTH?

. IMoGyayiitTe napantaxysajapHy JiHil0 cxemMu 3i CIJIPHUM BHTOKOM 32

HOCTIfHUM cTPYMoM. SIKMMH CICMCHTAMM BU3HAYAEThCA Il KYT HAXHIY?

Posain - YACTOTHI XAPAKTEPUCTUKU
3 RC-MIACUNIOBANIB
3BYKOBUX YACTOT

3.1. 3sykoBi yactoTu.
XapakTtepHi obnacti 3ByKoBMX YacToT

O6nacTb 3BYKOBUX YacTOT 3HAXOAMTHCA B Aiamasoni Bij omm-
HYEIb — JeCATKIB replliB 0 JeCATKIB KigorepiiB (opieHTOBIIo 10 Ix...
...30 xT11). YMOBHO 3ByKOBi 4aCTOTH, TOOTO aKyCTHYII CHIHAMH,
SK1 4ye JIOAWHA, MOXKHA IIOAIJNTH Ha TPHU 06JacTi:

* 061acTh HIKHIX 3BYKOBHX 4actor (HY) (10...300 I'm);

* 06sacTh cepeuix 3BykoBux yacror (CU) (3007w ...5 xI'm);

* 061aCTh BepxXHixX 3ByKoBux wacrtor (BY) (5...30 xTu).

I'panuni 1ux o61acTeil 4iTKO He BU3HAYAIOTHCS, TOMY Iel MO/Ii
€ ymoBHUM. I'padiuHo 1€l po3MOAiT 3BYKOBUX 4acTOT 306paxe-
HO Ha puc. 3.1. ’

L1 pocTaTHLOrO pO3Mi3UaBaHHA JIOACBKOTO TOJIOCY IiJ 4Yac
TenehOHHUX PO3MOB JOCUTH OOMEXHUTH CIIEKTP CHTHATY 06J1aCTIO
cepe/IHiX 3BYKOBHX YacTOT, a UL sIKICHOrO BiATBOPEHIIS My3HYHUX
TBOPiB MOTPi6HO MiJCUJIIOBATH BCi TPU OGJACTI 4acTOT 3 MiHi-
MaJIbHAMH YaCTOTHUMHU CIIOTBOPEHHSAMU.

Byab-akuii migcuaioBasbuuii Kackax (Hesanexno Bif #oro
CTPYKTYpH), SIK i IACUIOBAY y LiJIOMY, MOXKHA NIOJATH CTAaHAAPT-
HUM YOTHPUTIOIOCHUKOM, L0 XapaKTEePU3YETLCS NIEBHUMY BXiAHIM
i BUXigHMM omopaMH Ta Koe(illieHTOM NiACUIEHHA B peXUMi
xosoctoro xony (puc. 3.2). [[onoBHUBIIN HeH YOTHPHIOMIOCHAK
PEaKTUBHUMH ejieMeHTaMH (PO3ALIOBEMM KOHIEHCATOPaMH 1 Cy-
MaploI0 EMHICTI0 HABAHTAXKENHs1), MOXKIIA TEOPETHILO BU3NAYU-
TH YaCTOTHI XapaKTePHCTUKH MiJICU/IIOBaYa sIK Y KOXKIIOMY Jliamna-
30Hi 3BYKOBUX YaCTOT, TaK i B 006J1acti 3BYKOBUX YaCTOT y 1IiJ10-
My. 3 ypaxXyBaHHSM DeaKTHBIHUX eJieMeHTiB Ha puc. 3.3 306pa-
JKello MOJeNb MiJJCUJII0OBAaJIbHOTIO KacKaay.

4 4
HY ? cu ? BU
N7
I l Puc. 3.1. loaia aiana-

30HY 3BYKOBMX YaCTOT

10-30Ty 300-500Ty 3—-5«kly 10~-30klu Ha obnacrti
4]



Puc. 3.2. CxeMa miicHII0BaJbHOLO

1 Ranx 3 .
o —O KacKaay 31 CTaHAAPTHAM YOTHUDHIIO-

U JIOCHUKOM

Usx K Uxx~Bx | Upgyx
R - ..

[] BX Y uiii cxemi: C, x — cymapua
€MHICTD IaBaHTaKeHHs, /IO CKJla-
o- 0 Iy AKOi BXOJATH €MHICTH MOM-
2 1 TaXy, €EMHICTb HaBaHTAXEHH] i

BUXi/IHA €MHICTb TPaH3HUCTOpA,
npuyoMy emiuicts C,s 3a3BUYail HEBENHWKa i JocArae KiJlbKox
JIecaTKiB nmikodapan; Cp — Ppo3JijioBa EMHICTb Ha BUXOAi iJCH-
JgioBavya. Po3aijoBy €MHICTh Ha BXOJi IiJCH/IIOBaYa pa3oM i3

BXiZIHMM ONOPOM BiIHOCATD 0 NIONEePEANbOTO Kackagy. YacTorhi
XapaKTEPHCTHKHM TTi/CHII0BAYa 3 6araThMa kKackajaMH BH3Haua-
I0TbCS CYKYIIHICTIO JACTOTHHX XapaKTePHUCTHK HOTO0 OKpeMHX

KacKa/iB.
KomMIiekcHy 4acTOTHY XapakTepUCTHKY ITiACHIIOBAIbHOIO Kac-

Kaay y po3riaaAxyBaHOMY BHUIIQJAKY 3allHIIEMO

U34 (](D) _ U3 ej(p34(m) (w)C](P(u))
Uy, (o) U12e]¢12(°’)

K(jw) =

ne o(m) = @34 (0) — @;,(w) — asouit 3cys HigcuIOBaYa.

Buxoasauu 3 11boro BUpasy, po3pisisaIoTh TPH THIIM YaCTOTHUX
XapaKTEPUCTHK.

Amnaimyono-uacmomua xapaxmepucmuxa (AYX) — sa-
JeKHiCTh MOAYJIA KoedinienTa migcuieniis nijicu/1ioBayda Big 4a-
crotn |K( jo)| = f(®). Xapaxrepumif Burasx AUX mixcuiosada
HaIIPYTru 300paxkeno Ha puc. 3.4. Cmyra nponyckanns 1 susHa-

qaeTbeA Ha pieni 0,707K
Da3060-4ACOMHA xapaxmepucmum (@YX) — mne sanex-
HicTb KyTa 3CyBY (pasdn Mix BHXIAHMM i BXIJHHM CHIHaJaMH Bif

YacTOTH @ = Q34 — @y = (P(OJ)

BHX
=U : :J[ KUXX BX

Puc. 3.3. Mozgens nigciosada Hanpyru B o6aacTi 3ByKOBUX 4acTOT
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Burnan @YX tumosux .
THJICHAIOBAJIbHUX KaCKaXiB &l Husski  Cepenmi  Bucoki
(cxem i3 CE, CB i CK) 306- Kp|9acTotn _ uactotw _uactotu

pakello Ha pHC. 3.5. AHa- 0,707Ke | — = A= —— —— J—
Joriuni A4X i ®UX Maiors

TiACUJIIOBAJIbHI KacKaai Ha ! ;
NOJbOBUX TPAH3UCTOPAX, | |

i CXeM TiAKNIOYeHHs 3 i 1 .
CB, C3i CC. A L ©

Amnaimydno-gpasoeo-
wacmomua xapaxmepuc-
muxa (ADYX) — xomn-
JIEKCHA XapaKTEPUCTHKR, IO ()
MOE/INYE 32/1eXKHOCTI aMn- 5
JiTyau Ta asoBoro scypy g™
MiX BUXiZHMM i BXigHUM CE
CHrilajJaMH Biz yacToTd. Bo-

Ha € TPAEKTOPIEIO, IO ONU-

CY€TbCA KiHIEM BeEKTOpa

BUXifHOl nanpyru miAcu-

JIoBava, MiJ 4yac 3MiHU 4ac-  _
TOTH OJUHHYIHOTO BXiJHOTO
CUTHAJY Big HyJas J0 He-
CKiHYeHHOCTI # 6yAyeThcs
Ha KOMILJIEKCHIN IuTonui.
Koxutiit Touni tpaextopii (A®UX) sianosifae Bu3Naycha yac-
TOTa ;. 3a/IeXH0 BiA cXeMu NiJKIoYenHs Tpansucropa ADUX
po3MimyeTbcs B APYroMy i TperboMy ksaapantax (CE) aGo B
nepmomy i yersepromy ksagpantax (cxemu 3 CBb i CK). Tumo-
By ADUX rpansucropuoro xackagy 3 CE nmogamo na puc. 3.6.

Jlns omiHKM SKOCTi YaCTOTHMX XapaKTEPUCTHK BHKOPHCTOBY-
10T KOediNielTH YacTOTHUX CnoTBOpens M, 1 M, ski Basna-
YaloTh 33 TaKHMU CIiBBiAHONIEHIIIMY:

M, :ch/Ku; M, =ch/KB'

Puc. 3.4. AUX mincumosaya Hanpyru

)

vjRg vja
o)
&
o)
=

Puc. 3.5. ®UX mniacwmoBaga

Koedimienta 4acTOTIIHX CIIOTBOPEHD 3a3BUYAN 3aJa10TLCA 1A
IPaHMYHUX YacToTaX MiACHAIOBadiB f, Ta f, iIOKa3yloTs, y CKijlb-
KU pasiB KoeQillieHT MiACHIeNHs la Cepe/iit qactoti (K,,) Ginn-
umit 3a xoedilicHT NMiACKUIENHA [1a TPAaHMYHUX YacToTaX. Y pa-
3i igeaspliol 4acTOTHOI XapakTepuctuku (1ieMae cragis B o6.1ac-
Tax HY i BY) M, =M, =1, mo 3a6esneuyerbest 3a Cp =oo |
C,z =0 (peanbno nesaiiiciene). ¥ mpoueci mocTaHoBKn Tex-
IiMHOro 3aBjaNld Ila PO3PoOKY IICMIIOBAYA 3aJAI0TH MOAYJi
KOe(pILieHTiB YaCTOTHUX CHOTBOpenb» M Ta M, .
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Puc. 3.6. AOUX mniacuioBaibHO-
ro kackaay 3 CE

W00
151 po3paxyHKy 4acTOTHUX
1 XapaKTepUCTHK MiJACUIIOBaYiB
Re iX 3BMYalIO pO3TIAAAI0Th OK-
\ pemo B o6aactsix HU, CU i BY,
o=~0 Usy  Jle BU3HAYAIOTH 32 33JaHUMU 3Ha-
sennamu M, M, f,, [, 3Ha-
vemna Cp 1 Ry mine(Cyz)-

[oTiM, CKOPHUCTABIIMCH 3araabHO0 XapakTepuctukoro K (Jw), yrou-
HIOIOTh YACTOTHI XapaKTePUCTHKY IIiACHIIOBaYiB.

3.2. XapakTepucTuku
nigcunioBadis Hanpyru
B obnacri cepefiHix 3ByKOBUX 4acToT

VY niamasoHi cepeHiX 3BYKOBHUX 4acTOT BILIMBOM PEaAKTHBHUX
€JIeMeHTiB MOXKHA 3HEXTYBATH, OCKIJIBKM B HBOMY BHKOHYIOTHCS
JABi HepiBHOCTI:

1
<< R : (3.1)
wCyy f
1 ,
R . 3.2
oC, >> R, (3.2)

Y 1upoMy BHMIOaJAKY BHXifHe KOJIO JOTHPHIOJIIOCHUKA MATHMe
BUTJISAA, HaBefenuil Ha puc. 3.7.

A
KI | | L) CE
] |
I C34 I
! 3 ! Cb, CK
. ! PR
Im
! po §
CE 1R
Cb
8
Puc. 3.7. Buxiane Puc. 3.8. HacrorHi XapaKTE¢PHCTHKH IiJCHJIO-
KOJIO YOTHPHIIONIOC- Baya Hanpyru B o6nacri CU:
HHMKa B obsacti CU a — AUX; 6 — ©UX; g — ADUX
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Mogyas xoedinieHta mepesaul B 1boMy Aiana3oHi BU3Hada-
IOTb 32 BUPA30M

Kxx
_ Ro
1 1
=

BUX RH

IK(jOJ)l = KCP =

ne Kyx — roediuieHT nepenayi 3a X010CTOr0 XOmy.
Buxogsa4y 3 1bOTO, YaCTOTHI XapaKTePUCTUKY MiICHHOBaYa Ma-
THUMYTb BUIVISIA, 306pakenuit Ha puc. 3.8.

3.3. Hu3bKi 3BykoBi YacToTH

B o6nacTi HM3BKHX 3BYKOBHX YacTOT BIIMBOM CYMAapHOI
eMIocTi HapanTaxenna C,y HeXTyIOTb, ajle BDAXOBYIOTh BILJIUB
C,, Tomy 1o nepisuicts (3.2) Ha BU3bKil# YaCTOTi BUKOHYETBCS i3
3aracoM, a piBHicTb (3.1) He BUKOHYETBCS, IO NOTPEGYE ypaxy-
BaHus onopy posainosoro xongencaropa C,. Toai moxens Bu-
XiHOI JaHKK YOTHPUIIOMIOCHHKA MAaTHMe BHUTJAA, 306PaXKeHHR
Ha puc. 3.9.

Koediniedr nepegaui, a6o MoAyb koedillicnta miACHIEHHS
mifcunioBada B 06JacTi HU3bKUX 4acToT K, y LBOMY BUNAAKY

3amuuIeMo AK

. K
K(jo) =K, = @

1

BHX

1—](DCP(R +R,)

Ana no6ynosn AUX BH3HAYMMO MOAyJib KoedilieHTa mepe-
Aaui B 067acTi HU3bKHX YacTOT:

1
(.OCP (RBHX + RH)
3riido 3 OTPUMaHUM BHpPa3oM, 3i 3Mel-

ne b=

IIEHHSIM YacTOTH 3POCTa€ b Ta 3MEHUIYEThCSA C,
Moxyb |K,|; AUX Matume Burasa, so6pase- Raux
nuil Ha puc. 3.11, a. KxxUsyx

R,

Puc. 3.9. Moaens BUXiAHOro Kojxa MiACUMIOBAYA Ha-
npyru B obsaacti HY
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KoedinienT 4acTOTHAX CHOTBOPEND B 06JIACTi HU3BKUX 4aCTOT
(auB. puc. 3.11, 2) BU3HAYAIOTD i3 BUpasy
K
y C .
1 WLy (Roux + Ry)

a fioro moxayns 6yae

2
: 1
M, = [1+ .
I HI ((L)Cp (RBHX +RH))

Otxe, IM H| XapaKkTepu3ye CTyIiHb 3MEHIIEeHHS ]KH{ 11010
Ky, 1 BU3HAYAETBCA /151 HAHIIKYOT YaCTOTH CHTHAY TiACH/ICHIS.
I mincuaoBaya 3 6araTbMa KackagaMy KoedillieHT YacTOTHHX

CIIOTBODEND | OTO MOAY.Tb BU3HAUAIOTH 33 TAKUMH BHPA3AMI:

My sar = MH1MH2"‘MH” ;

iMH.aar’ = ‘MHIHMHZ‘“'}JWHH"

Tlia yac NPOEKTYBAHHA NIACUIIOBANBIINX KACKAAIB B 06JaCTi
HU3bKUX 3BYKOBUX YaCTOT 3a 3a[JaHUMU 3HaueHHsmu R, R,
\M H\, [y BU3HAYAIOTH MOTPICie 3HAYeNIs EMHOCTI KOHAEHCATO-
pa C:

1

C. =
P B ’
‘/E}WHI2 - 1)(011 (RBI{X + Ru )

Ae ®, — HDKIA TPaiuiHa

U, Iy Remx  yacToTa BXiJAHOTO CHIIIATY.
P - Lng ouiniku ¢asosoro 3cy-
BY, BHECEHOTO MiJACUTIOBAYEM
Upgux Ha HU3bKHX 4acToTaX, Nobynye-
MO BeKTOpIYy AiarpaMy st
MoJIeJTi NiACHIIOBATbHOIO Kac-
Kaly, 3o6paxenoi Ha puc. 3.9.
I3 puc. 3.10 Buano, mo @, >

> 180°; Py = Ppux ~ Ppx- k-
mo ®—0, To @, —270°,

Iy KxxUsx

(pl-l U C

- Puc. 3.10. BekTopra aiarpama rmia-
crmoBaya B 06JacTi HU3bKMX Yac-
Usx TOT anda cxemu 3 CE
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|K] 3n
2 CE
T
T
2 CB, CK
f
6
Im
: Re
b= pm,
8 e

Puc. 3.11. YacToTni XapaKTCPHCTHKY HigcunoBaya B obaacti HU:
a — AUX; 6 — ®UX; 6 — ADUX

ocKiabku U, — eo. OTxe, Qa3oBuil 3CyB CIOTBOPElD, BlecenHit
kackagom nigcuienns 3 CE, MoXua BUSHAYUTH K

@y = O —180° = arccos| —— | (uaus. puc. 3.11, 2).
[M,,|

3 ypaxypanisM BHKJIAICHOTO BHUILE YACTOTHI XapaKTEPHUCTH-
Kku nigcuiosada AUX, ®YX 1 AOYX y giamazoni HU maru-
MYyTb BUIJIAN, HaBedenwii na puc. 3.11, 4, 6, 6.

3.4. Pobora nigcunioBava
B 06nacTi BUCOKUX 3BYKOBUX YacToT

B o61acTi BHCOKUX 3BYKOBUX YacTOT BILIHBOM Cp HeXTyIoTD i
BPaxOBYIOTb BIJIMB cyMapHoi emiocTi nasanraxenns Cy,
OCKIJILKM B Wi# o6.s1acti yacror omip C,y CTae MOpiBUAHIINM 3
R,, i nmiaxniovenmit napasenplio, OTXxe, HCXTYBATH HHM He MOXIIa,
a omip Cp CTA€ HEXTOBHO MaJIUM | TiAKJII0YeH# TIOCHIIOBIIO 3
HaBaHTAXEIIAM, TOMY ITHM MOXKIIa 3HEXTyBaTh. Y bOMY BUNaj-
KY BHXiJlle KOJIO MiACHIIOBAJIBHOTO KACKaay, SIK YOTHPHIIOIIOC-
HMKa, MaTHMe BUTJA, 306paxennii Ha puc. 3.12.
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Puc. 3.12. MojeJiip BUXiZHOTO KOJNa HiICHIIO-
BaJIBHOTO Kackaly B o6iaacti BU

Koediuient nepesaui, a6o KoMILIeKC-
Huil KoedilieHT HMiAcHIeHHS B 061aCTi
BHCOKHX 4YacToT K, Yy HbOMY BHIAAKY
BU3HAYAIOTb AK

O S
i 1+ ] (DCHZRBMXRH

RBMX + RH

Hna no6ynopn AUX BH3HaYMMO MOAYJb KoedillieHTa mepe-
Jadi .

, K
Kl = .
’ 1+62
e b= wCHERBuxRH .
RBHX + Ry

3riHo 3 OTpUMANKM BUPA30M, 3i 36iJbIIEHHSAM YaCTOTH 3pO-
cTae b i 3MenuyeTbCss MOAY b \KB\ .Y ubomy Bumaaky AUX mae
BUTJIT, 300pakeHutt Ha puc. 3.13, a.

KommexcHuit KoedilieHT 4acTOTHNX CIIOTBOPEHD BU3HAYAIOTh
auaJoriyHo:

M. = KCP =1+ Q_CHLREML&
s~ g T VITR, 4R
B BHUX "
a #oro Mozy./ b Mae BUTJIS]
2
(DBCHZRBMXRH

M| =1+

R, +R,

BUX

Da30Buif 3¢yB CIIOTBOPEIb, BHECEHUH KACKAAOM IIiICUIIOBAYA
3 CE B o6sacti BY, BU3HAYAIOTD K

Pcp = @y — 180° = arccos W
B

3 ypaxyBaHHSIM BUKJIA/[EIOTO BUILE YACTOTHI XapaKTEPUCTHKA
nigcunoBava B o6aacti BU mMatuMyTh BULJIAA, 306paskeHuil na
puc. 3.13. fxuio rpaHyuyna YacToTa Ni/ICUICHHS TPAH3UCTOPa Ha
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|K] o CE
1[_._
! n -\_
\ UL .
Kep 20 CB, CK
|
! S ________.x_f
|2
a 6
Puc. 3.13. HacrorHi XapaKTepHCTHKU
nijcuiioBada B o6macti BY: @, Im
a — AUX; 6 — ®UYX; 6 — ADUX Py
Per 1.
BT L Re
MOpsAAOK YU xo4a 6 y 3—35 pasiB \
nepesuiye MakCUMaJjJbHy 4acCTo- CK CB

TY BXiZOTO CUTHANY MiACUJIIOBA-
Ya fy, TO BIJIMBOM TPaH3UCTOPA
Ha YacTOTHi XapaKTepUCTUKHU MiJCUIIOBaYa MOXKHA 3HEXTYBATH.

Sxuio ni yacToTH NOPIBHSIHHI, TO NOTPI6GHO TAaKOX BPaXOBYBa-
TH YaCTOTHi BAACTHBOCTi TPaH3UCTOPA.

KoHTponbHi 3anuTaHHs

1. /laiire BuaHaveHHs AUYX, ®UYX i ADYUX migcumosayis i HaManwoiiTe
iXHill BUIISL.

2. Tlosacuite cyThb Ta HaBeAiTh HOPMYIH KocillieHTIB YaCTOTHHX CHOTBO-
perb M, i M.

3. Hasenits koedilientn YactoTHuX croTBopeHs M, i M, Ha KoMILTeKc-
Hifl TIOWMHI Ta BCTaHOBITh (asoBi CIOTBOPCHHA IiACHIIOBaYa Oc i
(PCB . H

4. SK 3MiHATbCA YaCTOTHI XapaKTePUCTUKH MiACHIIOBAYa Y pasi 30iMbIIeH-
HS EMHOCTi PO3/iJI0BOro KOHJAEHCATopa BABIWi?

5. SIK 3MiHATBCA YACTOTHI XapaKTCPUCTUKH NiJCHIIOBAYA ¥ pasi 36iabLIcH-
Hs HOro BUXiAHOTO onopy BABiYi?
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Posgin  MIACUITIOBAMI
4 NOTYXHOCTI

4.1. Y3ropxeHHs AXepena curHany
3 HaBaHTaXEHHAM.
Knacudikauis niacunioBadiB noTyXHoCTi

IcHye TpH CcrIOcO6H Y3TOMXKEHHA AXepes CHTHANY 3 HaBaHTa-
JKEHHsIM:

® 32 HaMpyroio;

® 32 CTPYMOM;

® 3a MOTVXKHICTIO.

3aBJalHA Y3TO/DKEeHHS /Kepesa HAlpyTH 3 llaBaHTaXKeHIAM
BHpilyBasocs B pauime posraanyTux RC-miacumoBavax Hanpy-
ru. [l Takoro BMOAAKY cXeMy MiJKJIOUEHUS Jxepesa [0 Ha-
BaHTaXEHNA 300pakeHO 11a puc. 4.1.

[1Io6 ysroguTn /mxkepesa 3 HaBaHTAXKEHHSIM 32 HanPyTolo, Tpe-
6a 3a6€3MeYnTH YMOBY:

U, > E,, abo U, =E.

BX?

e pocaraeTbes 3a R, << R,. SIKmo ua HepiBHicTh 1e BHKO-
HYy€ThCA, TO Y3TOKEIHA 3a HAIIPYTOI0 BBAXKAEThCH 3aA0BIIbHIM,
axmo U =(0,3...0,7)E,:

=

U. = EBXRH
H -
R, + Ry
Y3ro/KeHHA 32 CTPYMOM 37aificHioeTbest ¥ pasi 3a0e3edenus
CTPYMY B IIaBaHTAXKeIHi TAKOro, 10 AopiBHIoe a6o 6IU3LKHUN 4O
BXIZHOTO CTPYyMY:

IH -'>IBx’ a6o ]H z[BX'

V¥ oMy BHNAAKY cXeMa NiAKIIOueHHS JKepea CUTHATY Ma-
THME BATJAA, 306paskeHuH Ha pyc. 4.2.

V3ro/kenns xepeia CTPyMY 3 HaBaHTAXKEHHAM Oyjie 3a6e3-
[IeYyBaTUCA ¥ Pasi BUKOHAHHS TaKol YMOBU:

RBH >> RH’
TOIi
I =1

H BX"
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Y3rokelia curialy 3 HaBaHTaKEHHAM 3a NOTYXKIICTIO 3a-
CTOCOBYIOTh TO/i, KOJH B HaBaHTaKeHHi NOTPiGHO OTpUMATH MaK-
CUMaJIbHY MOTYXHIiCTh:

P, — ao P, =P,

Hmax?* Hmax-

CxeMa nixiouenss [Kepea CUTHaNY 0 IaBaHTAXKEHHA B
1IbOMY BUINAAKY Ma€ BHMIJISAJ, AaHAJOTIYITHA CXeMi MiAKJIIOUeITHs
JDKepesa HallDYTH [0 HaBallTaXKelHs B pasi y3To/LKeNHs 3a Ha-
npyroto (auB. puc. 4.1). Oanak MakcHMaJblia NOTYXHICTDL y
HaBaHTaXXeHHi A4 UbOro BHNAAKY Gynxe 3abe3redyBaTHC 32
PiBHOCTiI BHYTPIUINBLOTO ONOPY Ta ONOPY HABAHTANKEHHS

R,, =R,.

. dpP
Ile nerko mokasaru, y3sBIUM MTOXIHY I
IABIIY 11 0 1Y JA. d(R,, / R,)
Take y3sro/Kkeniis IPOBOAATD Y HiACHIIOBAYAX TOTYXKHOCT, AKi
3a3BMYal € KiNIeBUMH KackaJaMH, HIO 3a6e3NeuyIoTb MAKCHMATbHY
a60 HeoOXiHY NOTYKHICTh Y HaBaHTaXeHHi. Y IHX Kackajax
JUIS Y3TO/DKEHHs. BUCOKOTO BUXi/THOTO OHOPY WiACHJIIOBAYA 3 HH3D-
KHM OIIODOM HaBaHTAXKEHHS 3acTOCOBYIOTh BUxiani (rorojuxy-
BasbHi) Tpanchopmaropu (puc. 4.3). :
Y 1boMy BUNAJKY OMiP HABAHTAXKEUIA, 3BeJEHH 10 BUXOAY
macumoBava (Y4 0 BXOAY Tpanc(oOpMaTopa), 3alHIIEMO K

1 mpupis-

;o 2
RH—RHn ,

ne n=U; /Uy =w, /wy, — xoediuient Tpancdopmaitii rparc-
dopmaropa.

/lns onTMManbHOTO Y3TOKEHHS 3a IOTyXHicTio Ry =R, i
3a BioMux R, 1 R, 38 0CTamIboro BEpasy BU3IAYAIOTL NOTPIG-
it xoedinienT rpancdopmanii tpanchopMaTopa n.

Pospisusgiorb o1o- Ta ABOTAKTHI NijgcHII0OBaw TOTYXKIIOCTI.
JBoTaxTui miAcHI0BaYl OTYKUOCTI 34CTOCOBYIOTh 32 BEJIWKUX

Puc. 4.1. Cxema nigkmaoueHys Jke-  Puc. 4.2. CxeMa MAKTIONCHHS JDKC-
pesia HaIpPYTH A0 HABAHTAXKCHHS pema cTpyMy JIO HaBAHTAXKCHHS
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Puc. 4.3. Ysromxenns puxignoro Puc. 4.4. Iosoxenns po6o4ux TOYOK
OTIOPY MiACKHIIOBAYA 3 HABAHTAKEH- Y PISHMX KJacax poboTH MiACHIIOBaYa
HAM 34 IIOTYXKHICTIO TIOTY XHOCTI

moryxxHocTe#t y HaBantakenni (P, >1...3 Br). IliacumoBaui
TOTY)KHOCTI 31e61/IbIIOr0 IpauioTd Vv Kiaacax A, AB i B. IToao-
KEHHS POGOYMX TOYOK Y 3a3HaUeHNX KjacaX Ha HaBaHTaXyBaJbHil
Jinii miAzcuiIoBada IOTYKHOCTI 3a TOCTIHHKUM CTpyMoM 306paske-
HO Ha puc. 4.4.

Y pexuMi kjaacy A pobody TOUKY BUOGHPAIOTh Y LIEHTPi aKTUBHOI
obaacti (puc. 4.4, touka Oz). IIpy IIbOMY IPUPOCTH CHUTHATY
oa0 po6oyoi TOYKY MaioThb OyTH HeBesuki i cranoButy 30 —40 %
Bix xoopaunar po6ouoi Touku Ogz. Lle#t pexum 3acTocoByioTh B
OJHOTAKTHUX NiJCHUIIOBaYaX. ¥ kjaci B po6ouy TOYKy BUOHPAIOTDh
y pexxumi Biacikanns tpansucropa (Iy =0) — touka O;. Taxuit
pexXuM poSOTH 3aCTOCOBYIOTh Y ABOTAKTHUX MiACHIIOBAYAX.

Y kiaci AB po6o4a ToUYKa 3aliMa€ MPOMIiXKHE ITOJIOXKEHHS MiX
katacamu A i B (quB. puc. 4.4, Touka O,).

Koediuientu xopucHoi aii kackajiB y kiacax A, AB i B Biano-
BizHO cranoessTs 0,25...0,3; 0,3...0,45; 0,45...0,6. Oanak mpu
UBOMY HeTiHiAHi crioTBOpenHsa 36imb1IyI0oThes 3i 3pocTanuamM KK/
xackaay. IlizcnmoBaul motyknHocTi 6ynyoTh 3a TpaHcgopMa-
TOPDHUMU cXeMaMH i cxeMaMmu 6e3 TpaHcGOPMaTopiB.

4.2. OpgHoTaKTHi niacuniosadi
MOTYXHOCTI

IIpyHOUIOBY CXeMy OZHOTAKTHOIO IiJICHIIOBAYA NOTYXHOCTI
306paskeHo Ha puc. 4.5. Sk BuniuBae i3 puc. 4.5, npuHimn noby-
JOBH CX€M MACHJIIOBAYIB MOTYXHOCTI aHAMOTIYHHIE PO3TJISHYTO-
My panille npuHIuny no6ynosu RC-nigcunioBauis Hanpyru. Bia-
MiHHIiCTb IIOJISATAE JIMIIE B TOMY, 1O 3aMICTh pesucropa Ry mia-
KJII049a€eThes BUXignuii Tpaicdopmatop T1, 1o 3abesneuye ysro-
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Puc. 4.5. IIpusuunoBa cxeMa OIHO-
TaKTHOTO IiICUJII0BaYa IIOTY>KHOCTI

JKEHHS OIIOPY HaBaHTaXKeHHa
3 BUXIAUMM ONOpOM HiACHJIC-
Baua. [IpuHIIMTIOBaA cXeMa Tij-
CHJIIOBava MOTY>XKHOCTI 3a3BH-
yaif JONOBHIOETbCS ejleMeH-
TaMU TeMIlepaTypHol crabini-
3ailii, 306paxenumMu Ha puc. 4.5
WITPUXOBOIO JiHiero. Ilpunu-
IUNH Ail OAHOTaKTHUX MiACH-
JIIOBA4iB IIOTYXXKHOCTI Ta MeTOAMKY IX PO3paxyHKy INOJalo B
posa. J.

IMixcuaoBay norykHocTi 3a nmocriituum ctpymom. Ilix vac
NPOEKTYBalHsA IIiACHJIIOBaYiB IOTYXHOCTI 3aJal0ThCA: ONIIp Ha-
BallTaXXenus R, TOTYXHiCTb y HaBaHTaXkeHHi P,, rpanuui yac-
TOTHOTO Jialasony BXi/IOro CUrHany f,,...f,, MomyJi KoedillieHTiB
YJaCTOTHUX CIIOTBOpEND ]M N ],

M B|, KoedillieHT HeMHIHHUX co-
TBOPEHD Y ., KoedillienT TeMNepaTypHOi HecTabigbHOCTI S i po-
6ouuit gianasod temneparyp (auB. posa. 5).

Bu6ip tvny Tpansucrtopa 3AilicHwoioTs 3 ypaxysanisim KK/
TpancdopMaropa Ty, (o Ginbure P,, To Ginbuie T]Tp) i KK
KacKaly My,cx-

Horyxiocti na BUXOAi MiAcHiIOBa4a moryxmnocti (1a mep-
BUHHINH 06MOTII TpaHCcdopMaTOpa) i CHOXUBaHI MiJICHIIOBAYEM
BiI J)Kepesa )XUBJICHHS BilIOBiAHO BU3HAYAIOTh:

Peacx :P}l/n'l‘p;

=P

PCH Kack /nKaCK'
ToMy moTycTiMa NMOTYXXHICTh PO3CilOBAINS TPAH3UCTOPA;

Ppo3c.110n 2 Pcn'
Tun Tpamsucropa BHOMPAIOTh 3a AOMYCTHMOIO MOTYXHICTIO
po3cCiloBanld i rPaHMYHOIO YAaCTOTOIO MiAcHienns. IIpu upomy

2 (3...5)f,.

Y pasi aMenmenIs ctpyMy KoJleKTopa B TpaiicpopMaTopi BU-
nukae EPC caMoinaykuii, sSka nparte miZAITpUMATH CTPYM KOJIEK-
Topa nocriitnuM. Omxe, s EPC cnpsamosana sriano 3 Ey i npu-
613110 OPIBHIOE HAIPY3i [uKepea skusienis. Tomy 3 ypaxy-
samiiaiM EPC camoinaykuii Ey He Ma€ MepeBHULYBAaTH MOJOBHIIH
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UkEqon- 3BHYailio pexoMenaywoTh ysaTtu sanmac 10...20 %,
oAl '
EK < O’SUKEJIOH'

Buxigni BAX rpansucropa 3 IpoBeZleHNMH Ha IIMX HaBaHTAXY-
BaJIbHMMHI JilisIMM 3a HOCTiHHUM i 3MiHHUM CTpyMaMu Ta o6pa-
. HOI0 po604010 TOUKOIO HaBeJeHo Ha puc. 4.6. Po6oua o6sacts Ha
XapaKTepHUCTHKaX TPal3HCTOpa PO3MIIyeThecs JiBime i HIDKYe

ponmyctumux 3Havenb Ugg on, Tk yons Fposc.non (PHC. 4.6).

Haxus1 HaBanTaxyBasabHOI JMiHII 34 TOCTIHHUM CTPyMOM BU3Ha-
YaeTbCA ONIOPOM NEPBUHHOI 00MOTKY TpaHcdopMartopa. ¥ epuio-
My HabmbKeHH 1ell onmip MOXXHA BBaXKATH TaKuUM, 10 AOPIBHIOE
HyJo, OTXKe, HaBaHTaXXyBaJblla JiHif IPOXOAUTb BepTHKAJIBHO
(muB. puc. 4.6, xinig 7). 3 ypaxyBaHHAM pexuMy poGOTH I1iCH-
JIIOBaua y Kyaci A po6ouy TOUKY BUOUPAIOTh MPUGAN3HO B HEHTP]
po6ouyoi o6acti BAX.

IMincraoBay notykHOCTi 3a 3MiHHUM crpyMom. Crnogarky
YTOYHIOIOTH IIOJIOXKEHIsl HaBaHTaXXyBaJbHoOI JiHII 3a 3MiHHUM
CTPYMOM, HaXWJ sIKOi 6y/e BU3IAYATHCS 3BEJEHUM OMOPOM Ha-
Bantaxenns R, 3 ypaxysamuam KK/ tpancgopmaropa

H’
2
R,n
Nrp
Buxoasvu 3 UpOro, MOXKIIA BU3HAUUTY HOTPI6GHMH KoediliewT

Tpanchopmanii TpancgopmMaropa

Rinyp
—E.

H

R, =

H

= RBMX.VT'

Kyt naxuny maBanTaxxyBa/abHoi Jisii BU3Ha4alOTh, TPOBOASIH
ii uepes aBi Toukn (Ey; 0) i (0; Ixs) (aus. puc. 4.6, ninis 2), ae

/
[K3 = EK / R“.
I Ppose max Biamosizno s0 npunuu-
% 7 / 1y CYIepIOo3uILii, o crpa-
Tyon % // // /////% Ins BeJUBO AJIA MiHiiHOro pe-
2 1 ? I XKUMY KJIaCy A, HaBaHTaxy-
Ies B3 BaJbHy JiHIiIO 32 3MiHHUM
. ] Igg=I5, CTPYMOM CJIiJ IIEPEHECTH B
2 Igr
v Iso Puc. 4.6. Buxigui BAX tpan-
2 U 3HCTODPA i TPAHMYHO AOMYCTUMI
Ey Uxggon KE  3HaueHHs IapaMeTpiB
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n le r2'ﬂ2 Ls2-n2

UBX KUxx UBX § Ll

[

Puc. 4.7. Ninifina eJeKTpHYHa MOJENDb NMiACHIIOBAYA
IIOTY>KHOCT1

po6ouy Touky O 3a mocriiuuM crpyMmom (auB. puc. 4.6, miis 27).
3 noJoKen s 1fiel TaBaHTaXKyBaJblol Jilii BUIJIMBAE, 1[0 Ila-
npyra Ugg 3a Mamux cTpyMiB Iy Moxe pocsaratu 2Eg.

[ng po3paxyHKy HiJICH/IIOBAaYa 3a 3MINHUM CTPpyMOM HOro
II0fA10Th SIK JiHiAHY enexTpuyHy Mofeab (puc. 4.7), ne Loy —
iNAYKTHBHICTb PO3CilOBaHHsA MEPBUHHOI 06MOTKY; L; — iHIyK-
THBHICTD EPBUHHOI 06MOTKH; LSzn2 — IHAYKTHBIIICTD PO3CIIO-
BalHs BTOPUHHOI O6MOTKH, sKa 3Be/ieHa 0 MEepBUINOI;, 77 —
OTip NepBUHHOI 06MOTKH; r2n2 — omip BTOpUHIIOT 06MOTKH, 5Ka
3BeZiela 0 NMEPBUMHOI.

B o6nacri cepeanix 3ByKOBUX YacTOT /15l TIPABHJIBHO CIIPOCK-
TOBaIloro TpalcgopMaropa ClIpaBe/JIMBi Taki HEpiBHOCTI:

wLgy + 0Lsyn? << Ryn?; (4.1)
ol >> R n’. (4.2)

Buxonauu 3 uux HepiBHoCTeH, IHAYKTUBHOCTAMH PO3CIIOBAIIA
BHACJHiZOK X Maznoro omnopy Ta jHIYKTUBHICTIO KOHTYPY, I1UO
HaMartiuye, BHacai/Iok BeJIMKOFO OII0pY MOXHA 311eXTyBaTH. OTxe,
3i cripomtenoi mogeni KK/L tpancdopMaTopa MOXIIE BUSHAYHTR,
BUKODPUCTABLIY TaKWIl BUDa3:

2 2 2
I"Ryn _ R, n
RHn2 +n+ rznz) RHn2 +r+ r2n2

Nrp = 1-2(

Bemnunia, mo 31axoguTsCs B 3HAMEINNHMKY, € OTNIOPOM Tpalic-
popMaTopa 3a 3MIIIIIKM CTPYMOM TIOJ0 TIEPBUIIIOT 0OOMOTKH R _ i
BA31aYa€ KyT HaXuTy HaBaHTaXKyBaJIbIIol Jinil 3a 3MiHM cTpy-
MOM

= 2 P
R. =R,n" +n +ryn°.
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ZIJIH 3a6e3evyeH s ONTHMAJIbHOTO Y3roX€HHA 3a l'IOTy}KHiCTIO

(P, = P, nax) OID TpaHcGOpMaTOpa 3a 3MIHHEM CTPYMOM MOX-
Ha OPIEHTOBHO BU3HAYUTU TaK;
1
R~ =R = .
BUX.T
P hZZE

Iliz gac pospaxyHKy migcuiioBada 3a 3MIiHHNM CTPYMOM BHU-
6UpaloTh ONTUMAIbHUM HaXW/1 HaBaHTAXYBaJbHOI JIiHIT 3a 3MiH-
HHUM CTPYMOM, sikuil 3a6e3edye MakCHMaJIbHy IOTYKHICTh y Ha-
BaHTaxeHHi. J[JI1 1[bOro KOPUCTYIOTbCS HaBeAEHOIO HIDKYe METO-
JUKOIO.

Buxigni BAX Tpan3ucropa 3 TpbOMa Pi3HMMH HNOJIOXKEHHSA-
MY HaBaHTAXyBaJbHOI JIiHil 32 3MIHHUM CTPYMOM 306paXkeHO Ha
puc. 4.8.

[MoryxHicTs y HaBaHTa)XeHH] IPONOPLIiiiHA IIOTYKHOCTI B T1€p-
BUHHIH o6MoTui TpancdopMaTopa, wWo, ¥ CROIO 3epry, Moxe 6yTH
BHU3HayYeHa 3a TaKUM BUDPa30OM:

22-2V2 8
ne AUyg 1 Alyx — MOABOEHI aMIAITYAN HANPYTH i CTPyMY KO-

JeKTopa TpaHsucropa (4us. puc. 4.8) 3a MAaKCHMAJIBIOIO BXil-
HOTO CHIHATY.

P poac.max

N2 %

I

=

IK max

Puc. 4.8. Buxiani BAX tpaHn-
3UCTOPA /IS BUHAUEHHS ONTH-
MaJIbHOTO IIOJIOXKEHHSI HaBaHTa-
JKyBaJbHOI JiHii
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Puc. 4.9. 3anexHicTb noTyxHO- k

cri P Big onopy R_ A
] Prax |- = - — -
PO3risueMo rpaiidti BU- P, b — =~ /% 4 =

[aJKHX IOJIOKEHHS HaBaHTa- P, [~~~ !
>KyBaJIbHOI JiHil 3a 3MIHHUM

1
| | |
| | \
CTPYMOM: :1 :2 13
e gxmo R. = 0, To Ha- Lo
BaHTaXkyBaJibHa Jigig 3a 1 L
R, R, R, R.

3MiHHHM CTPYMOM pO3Mi-
ulyeTbes BepTukaapHo. Hpu
1boMy IpupicT Hanpyru AUyg =0, oTke, i IIOTy)KIIICTI) y nepiuin
obmotui Py =0;

® AKI[O R. — °o, TO HaBaNTaXyBaJblia Jillif 3a 3MiTHUM CTPY-
MOM PO3MILLYETHCA OPH30NTaAbHO. Bianosiano mpupict ctpy-
My Aly =0, orxe, i otyxHicts P = 0.

Buxomsuu 3 uporo, mo6ynyeMo 3anexHicTb noTyxHocti Py Bix
onmopy R_ (puc. 4.9).

3a npomnomorolo i€l 3amexHocti Bu6upaiors R_, mo 3abesmne-
Yye MaKCUMaJIblly IIOTY>XIICTD, a OTKe, 1 ONTUMAabHe MOMOKEeHHS
HaBaHTaXXyBaJbHOI JiHii 3a 3MiHHAM cTpyMoM. [I/11 HaBaHTaxXy-
BaspHOl Minii 1 (R_,) Busnavaots Py, 3(R_3) — P3, 2(R_,) —
P (muB. puc. 4.9). Ho6ynysasum Ppyuxuio 3a SIIalieﬂllﬂMH P,
P,, P3, Mox1a 3uaiiTi onTuManbie 3qavennsa R, i Pp,.. Y na-
Befledomy BapianTi ne R_j. Ilicas uporo po611;m; OLiKY IOTYX-
HOCTi Y HaBaHTaXXeHHi:

B, = PImaanp'

AKmo us MoTYXIICTb BUABISETHCS MEHNIOK 32 3aJaHy, TO
BHOMPAIOTh iHIINIE MOTYKHININI TPAH3UCTOP, SAKUIO GiJBINOIO 32
3afaly — BXiJHHUI cuUrHajJ 3MEHUIYIOTb.

M1 ouinky HeniniliHNX cioTBOpeHs CJi no6yayBaTH HacKpis-
11y XapaKTepUCTUKY i IPU 3aJalIOMY BXIIOMY CUTHAJI BU3NAuK-
TH koedilienT Henimiiinnx cnorsopens g. Bin Mae GyTH MeHINM
4K JOPiBHIOBATH 3aZalloMy. MeToauky po3paxyuky Heminmiinux
CIIOTBOPEHD OIIUCAIIO B PO3M. J.

YacToTHi XapaKTepUCTUKH MiJICHIIOBAYIB MOTYXKIOCTI aua-
Joriyni xapakrepuctukaMm RC-migcumoBadis. Ha Hnu3bkux vac-
TOTaX Ha XapaKTEePHUCTHUKH BIJIMBAE IHJAYKTHUBHICTb IEPBUIIHOT 06~
MOTKY L, a Ha BEpXIiX — iHJAYKTUBHICTb PO3CilOBaHMs NepPBHH-
HOI i BTOpuIioi o6mMoTok (/uB. puc. 4.7).

Bucnorku. Po3zpaxynok nificunosadiB NOTYyXHOCTI IPOBOAATH
3a TaKOIO0 METOAMKOIO:

® pO6JIATh PO3PAXYHOK PeXuMy PoSOTH HiACHJIIOBAYA 33 NO-
cTifinnM crpyMom. [Ipuitassiiu onip nepeuunoi 0OMOTKH Tpalic-

57



dopMaTopa TaKUM, 110 AOPIBHIOE 1IVJIO, HaBAaHTAKYBAJIbHY Jillil0
MPOBOAATD BEPTUKAABHO i HA Hill BUOUPAIOTh po6oYy TOUKY NMPU-
6sm3H0 B eHTpi akTUBHOI ob6xacti BAX tpaHsucropa;

¢ GyAyIOTh JIiHiliHY eJeKTPHYHY MOJeJb MiICUII0Bada i IpoBo-
JAATb HaBalTaXXyBaJsblly JiHilo 32 3MiHHEM CTDYMOM,;

® BU3HAYAIOTh ONITUMAaJ/bHE NOJOXKEKIT HaBalITaXKyBaJIbHO] JIillii;

® [IepeBipsIOTh, YU 3a6e3NedyeThcs 3ajalia [OTYXKHICTD y Ha-
BaHTa)KeHHi, SIKILO Hi, TO BUOUPAIOTh iHIINIT TPaH3HCTOP;

* GynyIOTb HaCKpi3HY XapaKTepUCTHKY. /11 3a1anoro BXifiioro
CHIHAJTY BH3HAY2I0Th KoedillieHT HeaiHiiunx cnoTBopeHb. [lepe-
BipAIOTH BiITIOBIIHICTD OTPUMaHOTO KoedilienTa He/liHiHUX CII0T-
BOpelb 33/laHOMY. K10 OTPHMaHe 3HaYeHHS IepeBUlIye 3a/la-
He, TO BXUBAIOTb 3aX0/IU /I 10ro 3Mentrents (KopUryorb nojuo-
eHHs po6040i TOYKH a60 BUGHPAIOTh NMOTYKHilHil TPAH3UCTOD) .

4.3, 1BOTaKTHi
nigcunioBaYi NOTYXHOCTI

[IpHUHITMTIOBY CXeMy ABOTAKTHOIO IiJCUJIOBaYa INOTYXXHOCTI
s06pakeno ma puc. 4.10. dx mpaBuio, ABOTAKTHI MiJCHIIOBAYi
MOTYKHOCTI TPALIOIOTh V KJacax AB au B. Y miit cxeMi Tpaiic-
¢opmarop T1 morpi6Huil A1a CTBODEHHS ABOX OJHAKOBHX 3a
BEJIMYNHOIO Ta IPOTHJICKHAX 3a (asoIo HATIPYT, AKi KepyloTh po-
6ototo Tpausuctopis VT1 1 VT2. Peauctopu R1 i R2 3a6e3neuy-
I0Th PEeXKUM pOOOTH MiCHII0BaYa B Kaacax AB un B. [Insg Toro
1106 He 6YJIO BTPAT HAIPYTH 3a 3MiHHUM CTPYMOM la pe3ucTopi
R2, jioro mynryiors emuictio Cg.

Po3paxyHOK peskuMy po6OTH 3a TOCTiiHUM CTpyMOM aHajoriy-
HU OJIHOTAKTHOMY Ti/ICHJIIOBAYY NOTYXHEOCTi. PexuM po6oTH 3a
3MIHHUM CTPYMOM MPOLJIOCTPOBAHUN OCHUIOTpaMaMH, 306pase-
numMy Ha puc. 4.11. OcuunorpaMyu BiZNOBiaOTH KJacy B.

0
-E
hw, ¢
(napni)
T2
Ry
lovre T E[:I
Puc. 4.10. I[Ipununnona |CB Iy w, Ly w,
€JIEKTPUYHA CXCMa [[BO- R2 (nenapni) (mapni)
TAKTHOrO HBifCUJIOBaYa T —~ +E
TOTYXCHOCTI o K
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Nlna nenapuux rapmonik (1,3,5, ...), sxi 36iraiotbesa 3 1,
OTpHMaeMo, Mo B Tpancdopmaropi T1 Iiywy i Iy w, copsamo-
Balli B.o/mII 6iK, TOMY MOTYKIIiCTh Y HABAHTaKeHHi NO{BOIOETLCS

P, =2P.

Mt mapuux rapMosik Iyqw; i Igyw,, cpsSMOBaHUX Y TpaHC-
¢opmaropi T1 y nporunesxii 60kH, pe3yabTyioda HAMATIHYYBAJIbIIA
CHJia 3a iJeaNbHOI cUMeTpii AOPiBHIOE HYJIO, OTXKe, BiJACYTili
HeJiHiiini cnoTBOpenus y nmapimux rapMonikax. llocriiiii ckia-
JI0Bi, fK i NapHi rapMoOlikH, TaKOX IiJKJIOYeHi 3yCTpiylio i 3a-
Ge3neuyloTh pexxMMHM poboTn BHXifHOro Tpaicdopmartopa 6es
mifiMarnigysainia. OcKisbky abCcomoTo cnMeTpuuinX Tpaticgop-
MaTopiB i Tpan3ucTopiB 1emae (11aBiTh y pasi 3aCTOCYBalHsA iHTe-
TPaJbHUX MiKPOCXeM), TO ¥ (POPMYyNM HEMiHifIHX CNOTBOPEHb
yBefenuil koediuient acumerpii b, mo BpaxoBye CTymilb acu-
MeTpii TpaH3HUCTOPIB.

Hna nigiépanux Tpal3UCTOPiB i TPAHIUCTOPIB B iNTErpablio-
My uxonanui (b = 0,01...0,05) cmorBopeHHA HACTiNbKH Ma-
JIi, 10 HAMH YacTo HeXTyIoTh. [l/g HenmifiGpanux TpansucTopis
(b = 0,1...0,15) Heniniiini crIOTBOPeHITA BU3HAYAIOTH 32 BHPa30M

2 2 2
Ysar = ‘/(YZb) +Y3+ (Yéb) .

IlepeBara pexxuMmy kjacy B nossirae B ToMy, IO Kackaj Mae
6impumit KK (N0 =0,5...0,6), omuak Takox i 6inbuinii koe-
imient neniHiliuyux crnoTrBopenb. Y BUXiAHIH mampysi wacro
DPOCTEKYETbCA TPETsl FapMONIKa, IO 3YMOBJIOE THIIOBY (opMy
(auB. puc. 4.11).

OcKinbKkH B JBOTAKTHOMY MiJACHJIIOBavYi HOTYXKHOCTI BiACYTHC
nmigMarHivyBaius ocepas Tpancdopmaropa, Horo rabapurHi pos-
MipH OPIEHTOBHO BABiYi MeIll MOPIBISIIO 3 TpaHcHOPMATOPOM
OAHOTAKTHOTO NMUICHAIOBAYA NOTYXKIOCTI. Y JABOTAKTINX NiJICH-
JIOBA4aX TAKOXK 3HAYMO MeINui 1eAilidli CIOTBOpPeHUs Ta BU-
it KK, 3amicts Tparcopmaropa T1, 1o noromkye tpaticgop-
marop T2, Moxua sacrocyBatu ¢azoBo-inBepciiilinii xackas.

4.4. MipcvunioBayi NOTYXHOCTI
6e3 TpaHcdopmaropis
Migcwmosa4i noryxiocri 6e3 tpaucopMatopis 3acTocoBy-
IOTh 3 METOIO 3MEHIICHIA rabapUTHUX PO3MIPIB i MACH 11i/ICHIIO-

BAYiB Ta IOJIIMeIs IXMiX 4aCTOTHUX XapakTepuctux. Ouax
OpY 1BOMY iCTOTHO YCKAAAIIOETHCS Y3TOMKEHHS Olopy HaBall-
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------ — HeNapHi rapMOHiKH
——— — napHi rapMoHiKH

Puc. 4.11. OcimuorpaMu po60TH JBOTAKTHOTO MiACHIIOBAYA MOTYXKHOCTi B
pexuMi xiacy B

TaXXEHHS 3 BUXIJHUM OIOPOM TPAH3UCTOPHOTO KacKagy. 3a Zo-
OMOTro MAGOPY TOTPiGHO 3a6e3MEYNTH TUI TPAH3UCTOPA, 1106
fforo Buxiamuit onip 1,/ %y, npu6ausHO AOPiBHIOBAB ONODY Ha-
BaHTaxXeHHA, TOMY 3a HM3BKOrO ONOPY HABaHTAKEHNS NOTPi6Hi
MIOTY>XHi TpaH3UCTODH.

60

CxeMy 3 Oe3rocepeRHiM MiAKIIOUEHHSIM HaBAHTAXEHHS [0
BHXOAY NiJCUIIOBaYa MOTYXXHOCTI Ha OZHOTUIHHUX p—A—p- 49U
n—p—n-TPaH3UCTOPaX 306pakeHo Ha puc. 4.12, 4, a 3 migKIIOYen-
HsIM HaBaHTaXeHHs Yepe3 KOHJeHcaTop — Ha puc. 4.12, 6.

Cxemu noTpe6yIOTh ABOX NPOTU(AZHUX BXiJHUX CHIHANIB, SKi
e MigK/IoYedi A0 3arajJbHoOl mmuu migcuwitioBada. lle cTBopioe
JesIKy TeXHiUHy He3pY4HICTb i IOripiye 3aBajl03aX ULIEHICTh CXEM
na Bxozxax. Cxema 3 6esmocepegHiM MiAKIIOYEHHAM HABAHTAKEHHS
HMOTpebye ABOX JKepes KHUBJIEIH, IKi 3a6e3Nne4yioTh HOTEHIak
TOYKH 1, MO A0piBHIOE HYMO (3arasibHill WMHi), TOAI AK cXeMa 3
HiJKTIOYeHHAM HaBaHTaKeHHA Yyepe3 koliaeHcarop C e BUMarae
noTeHIliany TOYkH 1, mo gopiBHioe Hymo (quB. puc. 4.12, 6), i
BONa >KUBHUTHCS BiJl OAHOTO AKepesa XUBJEHHS.

Ilig mielo BXiJHUX CUTHAJIB OAUH i3 TPAN3HCTOPIB BiJIKPH-
BaEThCA, iHIIHH — 3aKPUBAETHCA, IO 3a6e3Meyye MPOXOKEHHS
CTPyMYy Yepe3 HaBaHTAXKEHHS B OXHOMY 4H B iHioMy (mpoTuiex-
HOMY) HanpsiMi. PiBHiCTb BUXiAHHMX OTNOpiB TpaHsucTopiB VT1 i
VT2 onopy HaBaHTa)keHH: 3a6e3leYye MAaKCUMAJIbHY TIOTYKHICTD
Y HaBaHTa>XeHHi.

Puc. 4.12. IliacumoBayi noTyxHocTi 6e3 TpaHcHOPMATOPIB Ha OXHOTHIT-
HHX TPaH3HCTOpax

o__IC P VT1
Usx 1 R,
[o S——
VT2
a

Puc. 4.13. Tligcnmosaui morysxHocTi 6e3 TpaHcdopMaTOpiB Ha pisHOTUI-
HUX TPAH3UCTOPAX
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CxeMH NACHITIOBAYIB MOTYXKHOCTi HAa Pi3HOTHITHAX TPAH3UCTO-
pax, nIo Jae 3MOTY BHKOPHCTOBYBaTH ofine (cminbie) mxepeno
BXI/IFIOTO CUTHAJTY, 306paskeHo 11a puc. 4.13, a, 6. Tak Ha puc. 4.13, a
306paskeHo cxeMy 3 6e3mocepeailiM MiKAI0YeHHAM HaBaHTaXeH-
us, a ua puc. 4.13, 6 — 3 HiAKIIOYEHHAM HaBaHTaXKellHsA yepe3
koHgeHcaTop. HeomikoM IIUX cXeM € TaKoXX HU3bKa 3aBa/I033XH-
IeHICTb, TOMY 1O J)KepeJso BXiAHOTO CHTHAIY He Moxe 6yTH 3'€/1-
HANUM i3 3aTa/IbHOIO LIHHOIO MiZICHIIOBAYA.

KoHTponbHi 3anutaHHs

1. Axe npusHadYCHHA BHXiAHOTO TpaHCHOPMATOPA Y MiACHTIOBAYAX MOTYXK-
Hocti? BuanaucHHsa notpi6Horo koediuienra TpaHcopMaTopa.
2. TlosticHiTh edeKT HEMOBHOrO BHKODHCTAHHS MOXJIUBOCTCH BHXiZHOro
TpaHcdopMaTopa depe3 eceKT migMarHiuyBaHHs NCPBHHHOI OGMOTKH B
OJHOTaKTHHX HiJCHIIOBAYaX MOTYXHOCTI.
3. fxi nepesarH ABOTAKTHHX Hi/CUNIOBAYiB MOTYXKHOCTI IOAO OHOTAKT-
HHUX?
4. Ha3Bithb 0co6auBOCT]I PO3PaXyHKIB HENTIHIHHUX CNOTBOPEHb Yy ABOTAKT-
HHX MiICUJIIOBaYax TOTYXKHOCTI.

. HosicHiTs ocoGanBocti no6yaoBu 6e3TPaHCHOPMATOPHUX MiACHIIOBAYIB
TOTYXKHOCTI Ha OJHO- Ta PI3HOTHIIHHX TPaHaucropax. fAki oco6aupocrti
MiAKJIOYEHHS HABAHTAKEHHS Ta HOTO Y3TOMKCHHSA 3 KACKaZoM?

AN

Posnin  BNJINB TEMMEPATYPU HA
5 XAPAKTEPUCTUKU | MAPAMETPU
TPAH3UCTOPHUX MIACUNIOBAUIB.
HEMHIWHI CMTOTBOPEHHSA KACKALIB

5.1. Bnnue Temnepatypu

Ha XapaKTepucTuku GinonsapHux
TpaH3ucropiB. OCHOBHI NPUYMHMN
TemnepaTypHoi HecTabinbHOCTI Kackagis

Binomo, 1110 onip HaniBnpoBiIHMKIB iCTOTHO 3aJIEXKUTH Bi/| TEM-
neparypH, TOMy 3MiHa TeMIepaTypHu 3Havllo BIJIMBa€ Ha Xapak-
TCPUCTUKHU TpaH3ucTopa. IIpu uboMy 3MIiHIOIOTBCA IOJIOXKEIHA
po6ouoi ToukH O 3a MOCTiIHUM CTPYMOM, TapaMeTpPH TPAH3UCTO-
Pa, a OTXe, i BCi XapaKTEPUCTUKHU Ta TapaMeTpHU NMiJICUIIOBaYa —
Ry, Ry Ky, Ky, v, My, M, T1ain.

Bnnus teMmmepaTypy Ha BXiAHi Ta BHUXiAHI XapaKTephCTHKH
Tpai3UCTOpa MoJaHo Ha puc. J3.1.

PO3DisHAIOTD TaKi OCHOBHI HMPUYHMHN TeMIEpPaTypuoi Iecra-
61/bHOCTi TPAH3HCTOPA:

 3MiHa 3BOPOTHOrO (TENIOBOTO) CTPYMY KOJEKTOPa Bijl TEM-
neparypu gy (t °C);

® 3CYB BXIiZJHMX XapaKTepHUCTHK 3a 3MiHHU TeMIIEpaTypH;

* 3MiHa koedillieHTa MiJCHIEHHS 332 CTPYMOM TPaH3HCTOPa
alt°C) i Bt °C).

Joknaaninie posrafaHeMo KOXHY 3 I[UX IPUINH.

15 repMaHi€eBUX TPaH3UCTOPIB 3BOPOTHWH CTPYM 3 IIiJBU-
IeHHAM TeMIlepaTypH NoABoIoeThes a Koxii 10 °C, a aus cuai-
niesnx (kpemuieBux) — Ha KoxHi 7 °C:

ALC
I, ¢°C) =g -2 105

At°C
IKSi(tOC)leOIZ 7 .

Opniak nNOYaTKOBI 3WaYeHHA CTPYMY AJIS CUAILIEBUX Tpall3uc-
TOpIB Ha OAMII-ABA TMOPALKH MeHIUi, HiX JI/I TepMaHieBUX, TOMY,
HE3BaXKAIOYN Ha BEJIMKY KPYTICTb XaPaKTePUCTUK, 311a4CHIs 380~
POTUNX CTPYMiB MeHIUi. 3aBASKH Wil mepeBasi X 32¢TOCOBYIOTH
gactinte (puc. 5.2).
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Puc. 5.1. Brus TeMIepaTypn Ha XapaKTepHCTHKM TPaH3UCTODA:
{ — 3a remmeparypu 20 °C; 2 — 3a temmeparypu 60 °C

Ge Puc. 5.2, 3anexuicts Iy {t°C)

Ik(t°C) L_/ Si

TeMnepatypHa uecraGigbHicTb
TPAH3UCTOPHOTO KacKagy iCTOTHO
3a71eXHUTb Bifi CXeMH TiJKJIOYeH-
HA TpaHsucropa. Ha puc. 5.3 306-

" » paxeno Buxiani BAX tpansucrto-
0 60 t'C  pa ana cxem pmukanns 3 Cbi CE
3a pisHux Temneparyp.Tak, npu-
pict ctpyMy kosexropa Algg And cxemu 3 CE 3nauHo. 6inbummii,
T06T0 AlR(3E) = BAlK(3E), OTXE, cxeMa 3 CE 3a Temmepatyp-

Homo crabinpuictio B B(hy(p) pasis ripma, mixk cxema 3 CB. 3a
cepeanix snaveHb hyp = 50 edexT AOCHTD iCTOTHMIA.

3cyB BXiJJHUX XapaKTepUCTUK BiJf 3MiHM TeMIiepaTypH 306pa-
XeHO Ha pUc. 5.4. XapakTepUCTUKHA TPAH3HCTOPA 3MIILYIOThCS Y
6ik BesMKUX CTpyMiB (MEHIIMX HAmpyr).

I 60°C Ix
I === T =0 Blxo
Al cr)(t,°C)

]KO /—_—_a-—-—-——— 1E=0

=0

Alyo(cr)(£,°C)

20°C Blolff —————=== Is=0
200C
S -
Ugs Ue
a 6

Puc. 5.3. Buxinui BAX tpaHzucTopa 3a pisHHUX TeMIEpaTyp:
a — pas cxemu 3 CB; 6 — mns cxemu 3 CE
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Puc. 5.4. 3cyB BXiAHHX XapaKTepHCTHK

TPaH3HCTOpa 3aJIeXXHO BiJ TeMiepaTypu I
B

3uminy nanpyru Ugg Big Temme- [y
PaTypH 3alUIIEMO SIK

AUEE(t oC:) = EAt,

ge e = —2,2 MB°C.
lle#t dakTop € mAOMiHyBaJbHHM
auast cuniniesnx (KpeMuieBEX) Tpall-
3UCTOPIB. AUsg Usg
3anexHicty koediuienta miacu-
neuns tpansucropis at °C) a6o fy5(t °C) samucyors y Tako-
My BUTJIsAL:

a(t°C)=2-107% (1,/°C).

Omxe, ueii gaktop 312410 Mellllle BILJIHBAE Ha TeMIEPATYPHI
XapaKTePUCTUKHA TPAH3UCTOPIB.

VYci i npuYuIK  3yMOBJIIOIOTH 3CYB POGOYOL TOUYKM CHOKOIO y
Hifcu1IoBayi Ta 36yJKeHHS peXHMy poGOTH MiACHII0BAYA 3a
3MIHIOUM CTPYMOM. {111 3an06iraHiist 1IbOMY 3aCTOCOBYIOTh Pishi
cxemui pimennsa. Po3pisnsaioTh cxeMu 3 ¢HikCoBaHUM CTPyMOM
6a3¥ Ta Hanpyrow 6a3a—eMitep.

CxeMy 3 dikcoBanyuM cTpyMOM 6a3u 306paxkeHo 1a puc. 3.5.

CTpyM KOJICKTOPa B TOYIi CHOKOI0 BU3HAYAIOTh 32 BHPA3OM

Iy =BIg .
Kll B B\'(

Ockinbku [ B, = const, a [} 3MiHIOETbCS 31 3MiHOIO TeMnepaTy-
pH i Ma€ icroTuuil pO3KK/ 3HAYEND Y MapTii, TO /15 3abe3neyenns

Puc. 5.5. Cxema 3 pikcoBanuM ctpy-  Puc. 5.6. CxeMa 3 pixcoBanoiwo na-
MoM 6a3u npyroio Ugg
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YCTaNeHOCTi po60YO0i TOYKH CIIOKOIO /s pisHuX [ noTpibo nmiaéu-
patH Rg, 10 IpaKTHYHO 3AiACHHTHA B TEXHOJIOTii BUTOTOBJIEHHA
eJCKTPOHHUX CXeM HEMOXIHBO. TOMY LIO cXeMY BHKODHCTOBY-
10Th 0GMEXEHO.

Cxema 3 ¢ixkcopanoic nanpyroio Ugp Mae BMIJIAA, aBeACHUIH

na puc. 5.6. Y nil cxemi nanpyry Ugg 3a ymosu Iy >> IBn

MO>XHa BU3HIAUYUTH K
Ex
Ugg =—=—>—R,.
PE "R +R, 2
1 2
Ax punauBae 3 Bupasy, Upg = const i npakTHYHO He 3ane-
KUTD Bif Iy, a oTKe, 3MiHa [ Bill TeMIeparypH i po3Kuay mapa-
METPIiB iCTOTHO MEHIlle BILIMBAE HA TOJOXKEHHs po6odol TOYKU
Tpansucropa. Cxema Ha puc. 5.6 Mae Kpally TeMIIeparypHy
cTabiJpHICTD MOPIBHAHO 3i cxeMoIo 3 dikcoBanuM [y, BOHa GiabIn
TeXHOJOT{YHa, OHAK Ma€ MCHIINH BXiAHWA olip:

Roy = Iy [Ry Ry .

[Jai posrJsiieMo cxeMu TeMIepaTypiol crabijaisarii i temme-
parypHOi KoMmelcallil TpaH3uCTOPHUX KacKaais.

5.2. TemnepatypHa crabinisauis
i KOMNeHcauis Kackagis

Ilnsi remuiepatypHol crabinizanii 3a oCHOBY NIPUIHAIN cXeMy
3 (hixcosauoio nanpyrowo Ugg | ONOBHUAM il AOATKOBUMY CTA-
6inisyBaapiiiMu ejleMentaMy. OQUH 3 BapiaHTiB cTabinisanii Tem-
IepaTypit 3a paXyHoK pesucropa Rg 3o6paxeno na puc. 5.7.

Posruanemo npunin pobotu wiei cxemu. IlpumycriMo, Rg =0
(otpumaemo cxemy 3 PpikcosarnuM Ugg), KPiM TOTO, IPUIYCTIMO,

mo BiaGyaocsa mizBuulenns Temreparypu. IIpu mbomy 36ian-
WIYETBCS CTPYM KOJIEKTOpa i pofoya TOYKa 3MILIYEThCA 3 HOJO~
xennst O (20 °C) y nomoxenns Op (60 °C) (puc. 5.8).

Axmo Rg # 0, To Yepe3 HHOrO IPOTIKAE CTPYM KOJIEKTOPA, AKUH
3aJIeXXUTh BiJi TEMIIEPATYPH, 3yMOBJIIOIOYH cIiaJ HAaNIpyru Ha Rg.
3 MiJBUIIEHHAM TeMIepaTypu cTpyM [g 3pocTae #H 3yMOBJIOE
BTPaTy Hanpyra Ha Ry NonapHicTio «—» 10 eMitepa i «+» 10
saranpuoi muan (touxa O).

BusnaunMo Haupyry Mix 6a3010 Ta eMiTepOM TpPaH3UCTOPA:

Use =Uto ~Ugy -
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Puc. 5.7. Cxema remnepatypHoi Puc. 5.8. 3Mina nojoxeHuss po6o-
cTabinisaiii 3a gonoMorow pe- 4901 TOYKH 3a TeMOcpaTrypHOi cTabi-
3uctopa Rg Jisauii

Ocxibrn Uy = const, a AUp_(¢°C) = Algy (t “C)Rg, 1o otpu-
MaeMo

AUBE(t 0C) = U10 - ALTRE (t ‘.’C).

Hanpyra AURE 3i 36IJIbINEHIIAM TEMIIEPATYPH € 3aMUKAJIb-
HOIO 7St TPAal3UCTOpa i 3MCIye CTpyM KoaekTopa [i. Ilin
nieo pesucropa Rp po6oua Touka 3MiflyeTbes BUU3 i 3aiiMae
nosoxenna O, (auB. puc. 5.8). 1o Giabiue R}, To BMINa TeMmrte-
parypuia cTabijisanis ta 6iIbIIHIE 3CyB po6010l TOYKH OO TOY-
ki O. Ogpnak 3i s6ispmennsaM sHavenHsa Ry 3poctae enepro-
CIIOXKMBAHHSA KacKaay i moTpiOue migBMIIeHHS >xuBJIeHHA Ey,
TOMY PEKOMEHIYIOTh BUOHpaTH Ry Tak, W06 BTpAaTH HANPYIH Ha
HbOMY He TepeBMIIyBamn 25 % Bin Ei.

s toro mo6 Rp 1e 3MiHOBaB pesxum poGOTH KACKaLy 3a
3MINHUM CTPYMOM, Iapajieblo Ry MiAKTOWAIoTh IyHTYBaILIY
emuictb Cp 3a aMinauM crpymoM. Besuuuiry emuocti Kouerca-
TOPa BU3HAYAIOTH i3 YMOBH

1 any
oCy (20...30) = Ry.

Hpyrum enemerntoM ctabinizalil reMoeparypu € pesicTop Rq),
11O B CYKYTTHOCTI 3 Cd) YTBOPIOE TAKOX (PisIbTp poas’asky (puc. 5.9).
s niei cxeMy cnpaBeJsIHB} Taki BUpasu:

Yok

Uz = Ex ~Ug,; Uig = R+ R,
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Puc. 5.9. Cxema temuepatyphoi ctai-
Jisalii 3 pesucropomM Ry,

VY pasi 36iblIeHHS TeMIIepaTypu
361MbIIYETBCA [y, WO 3YMOBIIOE
36LbIUeHHsA Cnagy Hanpyru Ha Ry,
sIKe TPHU3BOAUTH A0 3MEHIelHs
U20: 1 BIAIOBiAHO O 3MEHIIEHHS
nanpyru Uyq i crpymy 6asu Ig.
[Tpn upoMy po6oua TOUKa JOAATKO-
BO 3MilyeThesi B 04Ky Og (3a Ha-
asnocti Takox Rp) (umB. puc. 5.9). o Ginbwe Ry, ax i Rg,
TO Kpalla TeMIepaTypHa crafinisanis kackagy. [lonyckaloTb
CIajl Hampyry Ha pesucTopi Ry 10 2025 % BiJl HATIPYTH KUB-
nenns Ey. na Toro mo6 He 3MiHIOBaTH PeXHM POOOTH KackKa-

Ay 3a 3MiHHUM CTPYMOM, Rq) 3a anasorieio 3 Ry mryntyrors
emuictio Cg,.

Jlanxka Rq), C(b TAaKOX BUKOHYE (VHKIIIIO (PiabTpa po3s’a3-
Ky, AKIH CTABNATH AJIg YCYHEHHS SBHIIA caM0o36y AXKeIHst MiACUITIo-
Baya 3 6araTbMa KacKaJaMu uepe3 CIIiJIbHE JXKePesao XKHBJIEHHS.
€MHicTb C(b MOHTYIOTb OG/IN3Y KOXHOTO KacKady 3a3BHYail KO-
poTIIUMM ITpoBoAaMu. Taki ¢ijJbTpa peKOMeHAy€ETbCs CTRBUTH B
KOXXHOMY KacKaji ImijcuIioBaya.

JTo xJacuuHoi cxeMu TeMiepatypHoi ctabijiszanii Tparsucrop-
HUX KacKadiB BXOAATH €JIeMEHTH Rq), Rg i noxinpuuku Ha-
npyru R1, R2.

Jlns KRinbKicroi OMiHKH BJIACTHBOCTEH CXeMM TeMnepaTypHoi
cTabinizanii BUKOpUCTOBYIOTh KoedillieHT TeMIlepaTypHOI HecTa-
6inpHOCTI S:

_ AL (t°C)
Al €°C)

ne Alpg — 3MiHa CTpyMY KOJIEKTOpPA PEaNbHOro Kackaly B 3a-
AaHoMy OianasoHi 3Mium Temmnepatypy; Alyy — 3Mima cTpymy
KOJIEKTOPA B 3a/laHOMY [Jialla3oni TeMIlepaTyp y cxXemi 3 igealnb-
HOIO TEMINEPATypHOIO cradinizamnicio.

Ilpu ubOMY BpaxoBYIOTb 3Milly CTPYMy KOJIEKTOpPA, AKa 3yMOB-
Jrenta Bcima fectabinizyBasapnuMu daxtopamu. Toai xoedimient
TemniepatypHoi Hectabispiocti (KTH) S nokasye, y ckijbKy pasis
ileasbHa cXeMa Kpallla 3a peaJiby.

[Ipuitnasun Ak igeanbHy cxemy 3 CB (ockinbku BoHa Mae
Hait6iIbIny TeMIEPATyPHY CTa6ilbHiCTh) i BpaX0BYOUM AOMiHY-
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roynii ¢akTop TeMmiepatypHoi HecrabinbrocTi Alyo(t °C), micas
AudepeHIiIoBaHHS | TePETBOPEHHS JiCTaHEMO

- AIOK(t °‘C) _ dIOK(t) _
AIK()(t °C) dIKO(t)

S

o 1+B_E_+R_E+§$ ﬁ&{_
= R R PR (5.1)

{—aq+DE L TE O ENK

**R TR "R, R +R,

Slxmo Rg = Ry, =0, T0 i3 Bupasy (5.1) otpumaemo

a

1-a

Orxe, cxema 3 CE 3a cBo€IO TeMIepaTypHOIO CTaGiIbHICTIO ¥
B = 30...50 pasis ripma 3a cxemy 3 CB. Omnax sxmwo Ry — «
i R¢ — oo, T0.S = 1icxema 3 CE 3a cBOIMH TeMIepaTypHAMHU
XapakTepuCTHKaMH HabamxaeTbes n0 cxemMu 3 CB. 3a peasnb-
HO NONYyCTUMHUX 3HayeHb Rq), Rg, R, i R, MoXHa oTpuMaru
S = 3...7, mo npuHIATHO a MPaKTHIL AJIST KACKaJiB NiZICHIIOBaYiB.

Axuo noTpi6no 3a6esneynTy 3HavenIs mapamerpa S < 3...4,
3aCTOCOBYIOTb CXEMH TeMHeparypuoi KomieHcauii. ¥ nux cxe-
Max BUKOPHCTOBYIOTb €JieMEHTH, OMip AKHX 3aJIeKUTh BiJ| TeMIle-
patypH, HanpukJjaaz tepMicropu. OAMH 3 BapiaHTiB TaKoi CXeMH
3o6paxeHno Ha puc. 5.10.

Temneparypuuii koedinient onopy (TKO) ans pesucropa R,
Mae OyTH MEHIIUM X HyJb, A TOTO W0 mijJ Yac 36iJbImenis
TeMrepatypy Hanpyra U, 3menmrysajiacs, 3a6e3nedyiodd TaKuM
YUHOM CTiHKiCTh TOUKHM CIOKOIO.

s snaxo/pkenns saaexnocti R, Bia reMmepatypu excnepu-
MEIITaJIbII0 HOro 3aMillIoIoTh 3MIHIIUM OI10-
poM i BiATBOPIOIOTH 3ajexuicts R(t°C)
y poboyomy Aiana3oni Temnepatyp, 3abes-
neuyoun cTiilkicTs po6ouoi touku O 3a
nocriiinum crpymom. Ilicas mporo su6u-
paioth R, 3 BiAnoBignoIo 3a/mexHicTIo 32
JOBITHIKOM.

TepMicTop MOXHa TaKOX CTaBUTH i
3aMiCTh RE, onnak TKO npu npomy Mae
6yTH 6iAbIINM 32 HYJIb.

Puc. 5.10. Cxema TeMmepaTypHol KoMIcHCaLii



5.3. Mpyuntn
HeNiKiNHUX CnoTBOpPeHb

ITix HemimifinuM# CIIOTBOPEHHSAMHU PO3yMiloThb 3Miny dopmu
BUXIAHOTO cUruany o0 GopMu BXiIHOro curHany. 3Minu dhopmu
CHUTTIAJIy 3yMOBJHOIOTbCS HeilifHiCTIO BXiHUX I BUXiIIUX XapaK-
TEPHCTHK TpaH3HcTopa. CTyNilb CIOTBOPEHHA OIIIIOIOTH Koedi-
IIi€HTOM HeJiHIHUX CIIOTBOpPEHS Y. [l #oro BU3Ha4elHsa BUKO-
PUCTOBYIOTh HAaCKPi3Hy XapaKTepHUCTHUKY KacKaly, SKa € 3aJexX-
HICTIO BuxigHOTrO cTpyMy Bix BxigHol EPC rta Mae neniHifinicts
BXIAHUX | BUXiTHUX XapaKTepUCTUK!

I, =f(E,). (5.2)

Xapaxtepuuit BUrIAA HacKpisuoi xapakrepnctuky (5.2) 30-
6paxeno na puc. 5.11. Jnsa cunycoizanpnoi EPC E,, crpym
KOJIEKTOPA 3MIHIOETbCS 32 HECUHYCOIIATbHIM 3aKOHOM 1 Xapak-
TEPU3YETHCSI 3aTOCTPEHOI0 BEPXHBOIO Ta CILIOLIEHOIO HIDKIBOIO
nipxBuJismu (quB. puc. 5.11).

Hecunycoinaapuuil crpyM KoJeKTOpa, KUl € BUXITHUM CTpY-

Lo
MoM I, MOXHA PO3KIacTH y psaf Dyp'e:

I :[K =IOK+I

m

X (sinot + @) +...+

+ 1, sin(not + @, ).

mn

Y crnextpi BUXiAHOTO CTPYMY KOPHMCHOIO € JHIIe Tepuia rap-
MOHiKa, 1o 36iraeTbes 3 gactoTtolo Ey,, ilmmi rapMoliiku MaloTh
HeMIHidH] CIIOTBOPEHHs, TOMY IHO iX HEMa€ y BXIAHOMY CHUITa-
ai. Koedinientn cootsopens y rapMollikaXx BU3HA4A0Th i3 BH-
pasis

I
Yy :Iﬁwo %;

Iy m1

I
Y3 =IL3100 %;

m1

I
Y4 = 1"—’4100 %. (5.3)

mi

Puc. 5.11. HackpisHa xapak-
ot TEPUCTUKA KaCKaly
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Jias inKenepHUX PO3paxyHKiB J0CTATHHOIO BBAXXAIOTH 6JIH3b-
ko 10 %, mo mae 3Mory obmexxutn pag Myp’e mia yac poskia-
JafHs YoTHpMa rapMoHikamu. Tofi koedillieHT HeAIHIHHAX cHO-
TBOPEHb BU3HAYAIOTH 5K

Your = Y12 +13 72 (5.4)

[lix yac mMpoeKTyBaHIIA IiACUIIOBATIBIHOTO KACKALY 331a€ThCd
Y4ar | HOTPi6HO 3a0e31IeUNTH YMOBH, 106 CIOTBOPEINS B IILICH-
JIIOBayYi He IepeBUIlyBai 3adaili.

Heninifini cnoTBOPEHHS BUSHAYAIOTh, BPaXOBYIOYH TAK] OCHOBII
npuynind i gaxTopu:

* 3a/1ani 3Havenua Bxignoi wanpyru (a6o EPC EBX);

¢ nesinifinicts Bxigunx BAX tpamnsucropa;

® Bi/IHOIIEHHSA BHYTPIIINLOTO ONOPY DXKepesa BXIJAIIOTO CHT-
Iazy /10 BXiZIHOTO ONOpY MmiACHIOBaYa R, / RBX.HMC;

® IIe TiNifNiCTh BUXIAHUX XapaKTEePUCTUK TPAH3UCTOPA;

® cxeMy BKJIOUEHHS TPaH3HUCTOPa.

Posrastnenmo maseienli 3a1exHoCTi koedillieHTa CIOTBOPEHD v, .
Bit apryMenty R, /Ry i AT PI3HUX CXeM IiAKIO4ents
Tpauzucropa (puc. 5.12).

Ax BunauBae 3 puc. 5.12, y pasi 36iblIelns CliBBiAOWeN s
Ryy / Ryx e 3MENIIYETHCA KOeillieuT crioTBOpentis, no 3yMoB-
JIIOETbCH Jlilleapu3allielo BXiJANHX XapaKTEePHCTHK TPal3ucToOpa
R, lna cxemu 3 CE cuissignowenns R, / Ry nipe 1€ Mae
nepeBuiyBaTH 1,5, OCKiJBKM HoAajblle HOro NiABUILCHILA
36iapiye criorBopeHia. Jna cxemu 3 CB Takoro oGmexemniist
uemae, ane skmo Ry, /Ry, vy > 2, TO CIIOTBOPEHHS 3MeIury-
I0TbCSI HE3HAYHO. 36iJIbIIeHHS LbOro BiAHOUIEHHS NPH3BOAMTH
no sMenmenna U, moxo E ., ToMy jforo, K IpaBHJIO, IpHAMA-
I0Tb TAKUM, 100 jJopiBmioe 1...1,5.

Y% Y%
6 20
4 10
2 41 _.>
1 2 Rengx 1 2 Renax
Rax.ninc Rax.ninc
a 6
Puc. 5.12. 3anesHoCTi Vg Bix chiBBifHOWeEHHA Ry, / Ry i, AT Cxe-

Mu 3 CB (a) ta ans cxemu 3 CE (6)
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AHani3 0OCHOBHHX MPUYNH CITOTBOPEHD A€ 3MOTY 3DOOUTH Taki
BHUCHOBKH:

e yeJiHi#iHI CIOTBOPEHHA ICTOTHO 3POCTAIOTH i3 MiABUIIEHHAM
Bxigmnoi EPC;

» cxema migcunioBaya 3 CB 3a6e3nedye MeHui CIOTBOpeHH:A
o0 cxemu i3 CE;

e Heninifnicty Buxinuux BAX TpaHsucTopiB BIMUBac Ha
CIIOTBOPEHHA He iCTOTHO;

® Mi/IBUNIEHHA CMiBBifHOWEHHA R, /RBX.”-MC pO3LIKDIOE JIi-
HifiHicTh Bxignux BAX rpansiicropa Ta 3MeHIIye HeniHiHi cro-

TBOPCHHA.

5.4. Hackpi3Ha XxapaKrepucruka
Kackapy

Heuiniitai crioTBopenns po3paxoByIOTh 3a HaCKPi3HOIO Xapak-
TEPUCTHKOI0 Kackagy. Po3risHeMO MeTOAMKY HOOYNOBH Ha-
CKPi3HOI XapaKTepUCTHKY KAcKaJy, sIKa BPaxoBye HeinifHiCTh
Bxignux i suxignux BAX. IligcumioBay MOXe IpalioBaTy 3 JxKe-
pesaom EPC ta mxepesom cTpymy.

J1s BcraHoBJIeHHS 3B'A3KiB Mixk BXigHuMu ctpyMmoM i EPC 3
BUXIZHEM CTpyMOM [y moGyayemo rpadixu (puc. 5.13).

I | i
T T 1
IE4| 1E3| IEzi
NI
1 O
|

N

!

I

F

— —— — poboTa 3 JpKepeJIoM CTPYyMY
-—— — po6ora 3 mxepenom EPC

wt

Puc. 5.13. Ouinka HeJaiHiHHUX COTBOPEHD MiACHIOBaYa M 4ac po6oTH 3
mwxkepenoM EPC Tta mxepesoM cTpyMy '
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Puc. 5.14. CrnoTBOpeHHA MiACHJIIOBAYA MiJ Yac POGOTH 3 PeanbHHM JKe-
pesnoM

Y nepuioMy KBaJpaHTi po3MimleHi BUXiHI XapaKTepPHCTHKM
TPaH3HCTOPA 3 llaBaHTa>KyBa/IbHOIO JIIHI€IO 32 3MiIHHUM CTPYMOM 2,
AKa MPOXOANTD Yepe3 Po6OYy TOUKY 3a HocTidHMM cTpyMoM O.
Y npyroMy KBaJpanTi 31IaXOAUTbCS HepexiJiiia XapaKTepUCTH-
Ka { Kackajy, sIka NIOB’sA3y€ BXiAnuii cTpyM Iy 3 BUXiANUM CTPY-
MOM [y Yepes TOYKH IepeTully HaBaHTa)XKyBasbHOI Ailli 3 BUXIA-
HHUMH XapaKTePHCTHKAMH TPAN3UCTOPA.

Jnnamivny BXiQily XapaKTepUCTHKY Oy/YI0Tb y TPETbOMY KBaJI-
panri 2, 11a Akiil 0AHO3HAYHO BUIIO pobouy Touky O.

Axwo Ha BXig HagXOAUTH CHHYCOIZA BiAl JKepeaa CTPyMy
AIE(wt), TO HeJiHifHicTh BXiAHOI AWHAMIYIIOI XapaKTePUCTHKH
ne BnjuBae na ¢opmy Buxianoro crpymy. IIpu upbomy criocrepi-
ra€TbCsl HeJiHIAIICTh nepexiAHol [ XapaKTepUCTHKM, i CTPYM
KOJICKTOPaA € Mali>ke CUILyCOiaJbHUM.

Y pasi poGotu 3 mxepenom EPC AE,, (0f) oTpumaemo 31ay-
HO 6i/bIIi CIOTBOpENHS, TOMY HIO TiJ Yac nepexoxy Bix AE,,
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o AIE BilI3epPKAMIOETbCA 1LIeNiHIHHICTD BXigHOI AMHAMiunoOl
XapaKTePUCTHKH, i ocumaorpaMa Aly 1e 6iblie BiApi3UAETH-
¢ BiA cunycoiganpnoi. Y mpoueci po6otu 3 mxepenaom EPC
(Ryynx — 0, TOMy IaBaHTaXyBaibHa JiHid Ha BXigmux BAX
napajejbha oci Ig) depes HeJiHilfHicTh AHHaMiYHOI BXiaHOI Xa-
PaKTePUCTHKH BiJ0YBa€TbCs CIOTBOPEHHSA (DOPMHU BXi/IOr0O CTPyMY,
a OTKe, Pi3Ki CMOTBOpenHs BuXiAnoro crpyMmy (aus. puc. 5.13).
IIpu poboti 3 mxepenoM ctpymy (R, o — ) BXIIHHIT CTPYM
He CIIOTBOPIOETHCA, a OTXe, 3abe31eyyIoThcsd MiHiMaJTbHi CITOTBO-
PeHHA BUXIJHOTO CTPYMY.

Y peaspnux MiACHIIOBAYaX CIIOCTEpPIira€TbCs TPOMIKHHI Ba-

piant (Ry, ., #0 — kinuesa Beqmyuna) i KyT HaXuay ma-

BaHTaxyBanapHoi ninii na BXimnmx BAX BusHauaeTbesa Ry,
(puc. 5.14, a). Iix vac 3minn AE,, (0t) HapauTaxyBajAbHA JiHis
nepeMilllyeThest NapaslebHo co6i, 3yMOBJIOIOYH OCHAJIOTPaMy BIXi/l-
Horo crpymy [ . Heninifini cnotBopenns BimGyBaloTbCsi TaKOX
3a BEJIUIHHOIO i 311aX0AATbCA MiX ABOMa PO3TIAHYTHMHM paHimie
BUIIaJKAMHU.

Y peanpunx cxeMax 3aBxAm R, # 0, ToOTO Lie ocTanuiil pos-

rasnyTuii Bapiant. [loromxywun E i Iy, OTpUMYIOTb IaCKpi3Hy
XapaKTepUCTUKY TPAI3UCTOPIOTO KacKafy, TIpH IboMY CJif 6pa-
™ abcomorni uavenus E,, i Ji. Burmsan niel xapakTepucTiuku
306paskero 1ra puc. 5.14, 6.

Maroyn saganuii BXiguuit curnai oo Touku O, 32 METOAOM
n’atd opaunar (IUB. MAPO3A. 5.5) BU3HAYAIOTH CIOTBOPEHHS.

5.5. MeToaun po3paxyHky
HeNiHINHUX CnoTBOpeHb

7151 po3paxyHKy HesiHIHUX CIOTBOPEHDb BUKOPUCTOBYIOTD JIBA
MeTOJU:

* y pexxuMax, 6IM3bKUX A0 JiniliHoro (pexum kaacy A), 3acto-
' COBYIOTb MeTOJ I'SITM OpAMHAT;

e v HeniniitoMy pexumi (pexxum xnacy B i AB) sacrocosy-
I0Th METOJ KYTiB BiJCiYeHb.

Posrasnemo MeTon I’ ITH OPANWHAT. 3a/1€XKHICTh CTPYMY KOJIEK-
Topa BiJ BXiAHOI HaIpyrd BHU3HaYa€ThCA HACKPI3HOIO XapakTe-
pucTukoo. Bracnaizox cnoTBOpeHHst y pasi cuHycoiganbuol
BXiJHOI HAIIPYI'M OTPUMAEMO HECHHYCOIJAaIbHUN CTPYM KOJIEKTO-
pa, AKUIl MOXHA [IOJATH SK CYMY HECKIITYEHHOIO Yucaa KPaTHUX
YacTOTi Ha BXO/i rapMOHIK.

st Toro uo6 po3paxyBaTy HeaiHiiHi CTIOTBOPEHHS 3 NOXHG-
k010 5...10 %, JOCHTh BUBHAYUTU JoTHPY FapMoHiku i Alg. [las
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3HAXO/KEHHS TU'SATU HeBimoMuX Benuyun 1,4, 15, I3, 1,4 i
Al ToTpiflio OTPUMATH CHCTEMY i3 I'ATH piBHAHD. [ UbOTO
Ha IacKpi3uiil XxapakTepuCTHlli, 3aIal0YHCh I’ ATbMA 3HAYEHHAMHA
of, nicraneMo 3HAYeHHS I'SITH BiIOMHUX OpJIMHAT:

1) ot =0 - AE,, =0, opmunara —> Lyy;

opaunata — [

mo max K~

2) mt:g%MBX=E

3) ot= 3T, AE, =-E,, opuunata — I

2

E
4) ot = %ﬂ —AE,, = ——2"—’, opaunata — Iy . 5;

T _E, .
5) ot= & 7 AEy ==, opaunata — [y .
I'padpiuno ne 3o6paskenio Ha puc. 5.15.
3a oTpMMaNMMH 3HAUEHNAMH II'ATH OPAUHAT IiCJiA PO3B’A3Y-
BaHHA CHCTEMHM DiBIANDb BUsnauuMo I, I, L,3, 1,41 Algy:

I - +I ., -1
ImI _ Zmax min 5 1/2 —1/2; (5.5)
I +1 =21

ImZ max lrzn 0K - (56)

Iy = mx i~/ L), G.7)

I _]max+Imiu”4(11/2+1-1/2)+610l<, (5.8)

md — 12 ’ e

A]OK _ Imax + Imin +2(11/2 _1-——1,/2)_6[0K , (5.9)

6

e AIOK — mpupict go nocriftnoi ckaagosoi Iy, 3ymoBaeinii
napuumMu rapMonikamu (1ig yac po6ot B kiaci A Bin e Mac
nepepuiysaty Beanauan 0, 175).

[otiM po3paxoByIOTh KoediuienTu neinifimx cnoTBopes i3
Bupasis (5.3) i (5.4):

I
Yy :7@2100 %;

m1
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Puc. 5.15. BusHayeHHs I'sTH Op-
IVHAT

I
Y3 = ]—m3—100 %;
mi

I
Y4 = Im4 100 %:;

mi

Yaar = VY5 + Y5 +75-

BucHoBoxk. [ pospaxys-
Ky HeJTiHifHMX CIIOTBOpEHbD 110~
Tpi6HO:

® pO3paxyBaTH PEXHUM pO-
60TH KacKagy 3a MOCTIHHHM
CTPYMOM i BU3HAYUWTH KYT Ha-
XuJly HaBaHTa)KyBaJIbHOI JIIHiI 32
3MiHHUM CTPYMOM;

¢ yamifcTasi BuxigHmx BAX
1 HaBaHTaXyBadbHO! JiHIl 32
3MIHHMM CTPYMOM NOGYIyBaTH
NepexiiHy XapaKTEepUCTUKY B APYLOMYy KBaApaHTi;

* y TpeThoMY KBajpaHTi Ha BXizHux BAX no6yaysatu AuHa-
Mi4Hy BXiJHY XapaKT€pPUCTUKY;

* Ha IifcTaBi AMHaMivlIol BXiAHOI Ta IepexifHOi XapaKTepuc-
TUK TOGYAyBaTH HACKPi3HY XapaKTepUCTHKY (I/Is1 KOHKPETHOro

BH.IK ’
® 33 IIACKPI3HOIO XaPaKTePUCTHKOIO | 3ajanuM E (xipu fforo

3HavenHsx +E,,, -E,, +—2, —=2 i () BCTAHOBUTH KOHKpET-

m 2 2
. Hi 3HaYeHHs I’ ATH OpAMHAT (Imax, I Toxo 11/2 i 1_1/2) i
3a popmynamu (5.5) —(5.9) pospaxyBaTé aMILIiTyu FApMOHIK
CTPYMY KOJIEKTODA;
® BU3HAYNTH KoedillieHTH CTIOTBOPEHb KOXKHOI rapMoniku (110
yeTBepTOi) i 3aragbHuil KoedillieHT CIIOTBOPEHHS. SIKIIO Vg <
< Y345, TO PO3PAXYHOK 3aKillYeHO, iHaKIle NepefdayaloTb 3aX0q1
AN 3HMKeHHsA Koediuienta criorsopenb (361MbIIyI0OTh Ry 1,
BUOMPAIOTH IHUIMH TPAH3UCTOP a6o 3MIlyIOTh POGOYY TOUKY Ha
6inb Jdinikny ainanky BAX).
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KoHTponbHi 3anuTaHHs

1. Ha3BiTh 0CHOBHI NpUYHHH TeMIepaTypHOI HeCcTa6GiIbHOCTI TPAH3HCTOD-
HUX KacKaZiB Ha repMaHieBUX i CHJIUEBHX TPaH3UCTOpax. Y YoMy BiJ-
MIHHICTB cXeM 3 (iKCOBaHNM CTPYMOM 6a3M Ta 3 (PiKCOBAHOIO HATIPYTol0
6aza —emitep?

2. ITosAcHITS PO6OTY cXeM TeMnepaTypHoi cTabini3anii #f koMIreHcanii TpaH-
3MCTOpHUX KacKafiB, $isH4YHy cyTb KoedillieHTa TeMIepaTypHOI HecTa-
61MBEOCTI.

3. IlepenivyiTe OCHOBHI MPHYHHH HEJTiHIHHMX CIIOTBOPEHbH TPAH3UCTOPHHX
KacKaliB.

4. Tlo6yayiitc Hackpi3Hy XapaKTepHCTHKY TPaH3HCTOPHOrO KacKaly i pos-
rAAHBTE 0COGIUBOCTI iforo po6oTn 3 mxepenamu crpymy, EPC i pearn-
HHM [)KCPCJIOM CHTHaJy.

3. Slka cyTh MeTOAy IU'SATH OPAMHAT /151 BU3HAYCHHS HCJMIHIHHMX CHOTBO-
peHb TPAH3HCTOPHUX KaCKaAiB Ta NMPABHJIO HOTO BHKOPHCTAHHA?



Posgin  3BOPOTHI 3B'A3KWU
6 Y MACUITIOBAYAX

6.1. 3aranbHi noHaATTH
i Knacudikallis 3BOPOTHUX 3B'A3KIB

3BOPOTHI 3B's13KM — e(eKTUBHUH 3aci6 KOPUTYBAHHS XapaK-
TEPUCTHK TificuaoBayi. Boun aMinwolots koedinientn mizcu-
JieHns, piBeHb BJIACHUX HIYMiB, YacToTll it (pa3oBi XxapaKkTepucTH-
K, HesliHifiH] cTOTBOpEHHS Ta iHIIi mapaMeTpH.

Kouom 3Bopotiioro 38's3ky (33) Has3nBaloTh IPUCTPIil, 3a 0-
NIOMOTOI0 SIKOTO YaCTUHY BHXIAHOI Halpyru MepefaloTh Ha BXif
nizcuaioBaya. 3BOpPOTHI 3B SI3KU MOXYTh 6YTH 4acTOTOIIE3aexX-
rumn (pificiumu) a6o 4acToTo3anexxHUMY (KOMILIEKCHEMH).

3BOpPOTHI 3B’ 43KY Kyacu(iKyIOTh 3a KiJbkoMa o3makamu. Pos-
pi3HAIOTh NO3UTUBHUII i HeratuBHLN 33.

3a cnocob6oM miaKMIoUeH s Jauky 33 10 BUXOAY MiACHIIOBAA;

e napajessnuit 33 (3a Hanpyroio); ‘

e nocigounii 33 (3a cTpyMom).

3a cmoco6oM MigKII0YeHHS JaHKy 33 10 BXOAY MiACHIIOBAYA:

¢ 33 i3 moxaBaHHAM HAINPYT;

e 33 i3 JopaBaHIIsIM CTPYMiB.

3BopoTHHIT 3B’ 30K MOXe 6YTH HacToTosatexnuM (1esanex-
HEM), aMILIITYJO3AJICKHUM i aMILIITy/IOHe3a/IeXKHHM.

CTpyxTypHy cxeMmy migcuiaioBada 3i 33 3a Hampyrolwo 3 Joja-
BaHHAM Hanpyr 3o6pakeHo Ha puc. 6.1, a 3i 33 3a crpyMoM 3
JoJaBaHHAM cTpyMiB Ha puc. 6.2. Hanpyra Ha Bxoai Janxku 33

Mincumosay

______ S

| | H BUX
Usx [ Uy é k j | Ry
ul, ' E
|
1

|

: l_ [Migcunosay 3i Puc. 6.1. Crpyx-

! 8 B 1m \exaopomum 3B’s3koM  TYpHa CxcMa M-

| 7.7 6 | cmnoBaya 3i 33

LT =2 32 HANPYTOIO 3
AogaBalHsIM

,
Jlatika 3BopoTHOro 3B’sI3Ky Hanpyr
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S

Puc. 6.2. CrpykrypHa cxeMa mijg- U Iy
BX

¢

cuaoBavda 3i 33 3a cTpymoM i3

JNOMABAHHSM CTPYMiB ° — I é k 2 Ras [Hl Ry
(Usg) nponopuiiina Haupysi 1133

HaganTaskenns (zus. puc. 6.1) 8g5

i crpymy nasamrtaskenust (Usg = 76

= I, R33) 1t Apyroi cIpyKry-
pu (mus. puc. 6.2).

Axmo nanpyra Ha sxoi mgcumosada Uyy =U,, +Ugzgz, To Ta-
Kuif 33 Ha3UBAIOTL 360POMHUM 36’ A3KOM 3 O00A6AHHAM HANPY?2
(aus. puc. 6.1), a gxuto Iy = I,y + I33, TO Takmit 33 — 360-
pomuum 36’ a3Kom 3 dodasannam cmpymie (us. puc. 6.2).

3BOPOTHHUH 3B’430K € MO3UTUBHUM, fAKIIO BXigHa Hampyra i
nanpyra 33 cundasni, Ta HETAaTUBHUM, SKIIO BXiJ[HA HANPYTa i
flanpyra 33 nporndasmni.

H1s mo6ynoBu nigcHMIOBa4iB BUKOPHCTOBYIOTh HETATHBHI 3BO-
POTHI 3B'A3KM, OCKiJbKM BOHH HOJIMIUYIOT i CTabili3yoTh iXii
OCHOBHI XapaKTePUCTUKH Ta TlapaMeTpi.

6.2. Bnnue 3BOPOTHOrO 3B'AA3KY
Ha OCHOBHi NapamMeTpu nigcunioBaya

PosriisizeMo BIJIMB 3BOPOTHUX 3B A3KIB A OCHOBHI IapaMmert-
p¥ niacuiaioBava.

Buins 3gopoTHOro 3B’23Ky Ha BeJnuuny koediienra miacn-
JeHHs nigcumoBava. BusHnayuMo koeditieHT migcurenns nigacu-
70BaYa 3i 3BOPOTHHM 3B’I3KOM kg 4epe3 KoeilieHT miacunenis
nifcunioBaya 6e3 3BOPOTHOTO 3B’ 3Ky -k i KoebillienT nepeaavi
JauKu 3BopotHOro 38’si3ky . Buxijnua mampyra miacunioBaya
(ams. puc. 6.1):

Upux = Usy = Usg.
Bianosifno nanpyra na saxoai nanku 33 popismoarime Usg =

=UyB. Omxe, mis BUmagKy nosutisioro 33 Moxna sanu-
caTH N

Ugp =Uyy +Uszg = Ug + U34B‘

3BiJcH BUIIKBAE, IO BUXiAlla LANPYra MiJCHIIOBAYA 3 YPaxy-
BannuaM 33

Upx = (UBX + U[mxB)k'
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Posninusun octanwiil Bupas na U, oTpuMmaeMo KoedillieHT
IiACUJIEHHS MiZcHIioBaYa 3 ypaxyBaunam 33

kg = (L]]Bﬂx = (1£Bkg )k,

BX

Je 3HaK «+» — JUIg HETaTMBHOTO, & 3HaK «—» — JJIA IO3UTHUBHO-
ro 33.

3 OTpHMaHOrO BHpa3y BU3HAYHMO KoedillieHT NiJCHIeHHS
nifgcumosaya 31 33

k
kﬁ:(usk)’

ne (1£Pk) — daxtop 3BOpOTIOrO 3B'A3KY.

Orxe, ans HeratusHoro 33 (HakTop 3BOPOTHOTO 3B’sI3KY 6yne
(1+Bk). 3 ypaxypaHusM 1bOro MOXI1a 3pOSUTH BUCHOBOK, IO
neratuBuuit 33 3mMenurye koedinienT miACHAEHIIS MiACHIIOBAYA,
ockimbkn (14 Bk) > 1. Tomy nerarnuuii 33 ameniuye Koediienr
nigcusienns migcumiosada B (1+PR) pasis, a mosuTuBHME —
a6inpurye.

3a nosutusyoro 33 uectabinbHicTh KoedimieHTa MiACHIeHHS
nipcusosaya 31 33 miJ Aielo 30BHIIIHIX tecTabinisyBadbHuX Pak-
TOPiB 36iJBUIYETbCA, a 32 HeraTUBHOTO 33 — 3MEHIIYETbCA. 3a-
cTocoByIoun rimboki 33, MOXKHA 3a6e3MeYnTH JyXKe BHCOKY CTa-
611b1icTh Koedilienrta TiACUNEHIS NiACHIIOBAYA.

Brns 380porHOro 3B'A3KY Ha piBeHb BAacHuUX wyMis. [[ns
OLiHKM BIUMBY 33 Ha DiBEHb BJACHUX LIYMiB CKOPHCTAEMOCS
CTPYKTYDHOIO €XeMOIO, 300paskeHoIo Ha puc. 6.3.

Hexail 3BopoTHMIl 3B’ 130K MIACHIIOE TILyMH BCiX KacKaiB MiACH-
JI0Baya, Kpim nepuroro. Ha BXoai Jpyroro kackaay BUIIMKAE Ia-
npyra Biraciux mwymis U,,. Orxe, 3a BiacyTthocti 33 mid ABo-
KaCKaJIIoro IMiJCHIII0BaYa HapyTa HiyMy Ha BUXOMi MiJCUJIIOBA-
4a CTAaHOBUTUME

UuLBHX = Uka

[licns BBegeHnms HeraTws-

Usx U s HOro 260 mo3mTuBlioro 33
O—EUN ky I—**@R“ nnst niei caMmoi Hanpyru Uy
U ZiCTAHEMO TAKMH BUpa3:

33
l —
! B L— U — U111k2
1 I ur.suxp 1+ ﬁk1k2 .

Puc. 6.3. CTpykTypHa cxeMa miicHJIIo- R
Baua JJis OLUiHKH BILIMBY 33 Ha piBeHp Y3aBLUIM BiAHOUIEHIIA UIYy-
BJIACHUX WIYMiB MiB Ha BHUXOJI HiJCHJIOBaya
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31 3BOPOTHUM 3B’SI3KOM i 6€3 HbOTO, OTPHMAEMO

Um.anB - Umkz _ 1
Um.xmx (1 * Bk'le )Ume 1+ Bklk’l .

Sk BUILIMBAE 3 OTPUMAHOrO BUPA3y, HeraTuplmii 33 3Mellllye
piBellp BJACHUX IIyMiB Ha (PAKTOP 3BOPOTHOrO 3B’A3KY, a MO3M-
THBHMIT — 36inbirye. ToMy 3acTOCYBaHHS ITHOOKUX HETaTHBIHX
33 icToTiO WiABMINYE YyTAUBICTD MiACUIIOBAYIB, IPH LbOMY SIK
nepuuii Kackaj 3acTOCOBYIOTb CHelliaNbHi MaJOIIyMOBi MiJicu-
JIIOBaJIbHI KacKaqu.

BrnymB 3BopoTHOrO 3B'A3KY Ha HeJiHiliHI CHOTBOPEHHs HiACH-
moBayuiB. Heniniiini ciotgopenins 3a3Budail BUHUKAIOTDb Y KiHlle-
BUX Ta B IepPeAKIHIEeBUX KacKalaX NiJCUIIOBaYiB i 3a IPUPOAOIO
iX1IbOro BUHMKUEHHS TaKi CIIOTBOPEHHS. PO3FJISAAIOTh K BJAaCH]
wyMH kackaay. OTxe, MOXXHa CTBeP/DKYBATH, 1O AJ5T HETATHBHO-
ro 33

__ Y
87 1Bk’

ne vg iy — BiANOBiZIHO HeMiHilHi CIIOTBOpEIH MiCUIIOBAYA
(xackazy) 3i 3BOpPOTHHM 3B’SI3KOM i 6€3 3BODOTIIOTO 3B’A3KY.
ToMy 3acTocyBaliHsi HEFaTHBHOTIO 3BOPOTIIOTO 3B’SI3KY Ja€ 3MOTY
iCTOTHO 3MeHWUTH Hendiuifiui cuoTBopeHHs nigcumioBauis. lle
0COGJINBO XapaKTepHO s MH/CHIIIOBAYiB IOTYKHOCTI, /e PiBeHb
CIOTBOPEHD JOCUTH BEJIUKUH.

Biue 3B0poTHOrO 3B’513KYy Ha (Pa30Bi XapaKTePHCTHKHM MiACH-
moBayis. Hexail Mixk BXiAHUM i BUXITHUM CHTTIAJIAMU ITiICHJTIOBAYiB
crocrepiraetbes asoBuit 3cyB crotBopedb @ (puc. 6.4, @). llicns
BBesenHA 33 ¢asoBuil 3CYB CIHOTBOPEHD MiXK MMM CUTHANIAMH @),
Ha mizicTaBi BeKTOpIMX AiarpaM, 306pakenux Ha puc. 6.4, «, 6,6,
MOX11a ‘CTBEP/PKYBATH, IIO HeraTUBIMA 3B's130K 3Menuye (pasosi
CIIOTBOpPEHHS IiZICHIIOBAYA, A TIO3UTHBIIHHA — 36i/bILYE.

6.3. BnimB 3B0OPOTHOro 3B'AI3KY
Ha BXigHUM i BUXigHWA
onopu niagcunioBaya

Ha sennuuiry BUXiaioro onopy miZICKJIIOBAaYiB BILTUBAE CHIOCIO
niJKJoYeHIs Aalky 33 Ao BUXOAY WiJCHAIoBaYa. Po3riasiueMo
oxpeMo Bnime 33 3a nanpyroio (mapajesibHe MKIOYeNIs) Ta
3a cTpyMoM (MOCAiA0BHE Ti/IKJIIOYEHIIS).
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Puc. 6.4. da3oBi cmoTBOpeHHA MmiA-
cumoBayiB 3i 33:

a — 6c3 33; 6 — mnosutuBHEH 33;
¢ — HeraTHBHMI 33

3BopoTHHIi 3B’130K 3a Ha-
npyrow. [lna miacuiopada,
oxomenoro 33, 3a CTPYKTYpOIO,
306paskeHolo I1a puc. 6.1, micas
TEOPETUYHHUX PO3PAXYHKIB CTPyM
HABAHTXKEHHS Ma€ BULJISL:

kxx
— BX
I, = —%IEPL. (6.1)
_eux 4 R

3 ypaxysauuaM Bupasdy (6.1) MOXHa CHHTe3yBATH MOzeNb
miZCHIoOBaYa, o oxorenuil 33 3a Hanpyrowo (puc. 6.5).

Buxoagauyu 3 Bupasy (6.1), mepmiuil TOAAHOK 3HAMENHUKA €
BHXI/THHM OIIOPOM IiZICHJHOBayYa, 110 OXONJIEHHH TO3UTUBHEM 33
32 HaIpyrolo

R
R = BUX .
Buxf 1— kXXE'
[lnsa nerarupHoro 33 3a HAPYrol0 BIATIOBITHO MaEMO
R Roux (6.2)

Otxe, HeratTuBiuii 33 3MeHUIy€ BUXiAHUN Oonip MifcH/I0Baya.
Haouno snus 33 na BUXiAHMEA ONip NificKU/II0BaYa MOXHa 300pa-
3UTH Ha HaBaHTaXyBaibHUX Xapakrepucrtukax (puc. 6.6). He-
FaTUBHUH 3BOPOTHHI 3B’S30K 32 HANPYroio 3yMOBJIOE KpyTilry
HABaHTaXXYBAJbIY XapaKTePUCTHKY IiACHU/IIOBAYA, ITAGIHKAI0YN
#oro no /xepena EPC.

3Boporuuii 38’930 3a ctpymom. /lnsd po3risaay. IbOro Ba-
piaHTa CKOPUCTAEMOCS CXeMOI0, 306pakeHo0 Ha puc. 6.2.

Ang onilnku BUXigHOTO ONOpY NPOBeAeMO aHasli3 aHaJOTidYHO
nonepeHbOMY BapiaHTy.

Jns nigcwmoBada, 1Mo oXomiesuin 33, oTpUMaEMo

I = kXXUBx )
" Ryux t R3z (1-kxxB)+ R,
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Puc. 6.5. Mogeny migcuimionaya, Puc. 6.6. HaBantaxyBa/bHi Xapax-
oxomaeroro 33 3a Hanpyrow TEPUCTHKHM TLACHIIORAY4, 1[0 ACMOH-
CTPYIOTb BIVIHB 33 3a HAIPYrol Ha
HOTO BUXiAHUI omip:
! —3IIl3; 2 — 6e3 33; 3 — i3 H33

Buxopaun 3 oTpuManoro BHpa3sy, 3a aaJIOTIE0 3 TIONEpeaIiM
BHIAZAKOM Tepinuil i Apyruil foAaHOK 3HAMEHNMKA € BHXiJHMM
OINIOPOM IIIICHIIOBaya

lexﬁ = Ryuy + R33 (1 - kXXB)'
JLna HeraTuBHOTO 33 3a CTPYMOM OTPHMAEMO

RBHXB = Rnux + R33 (1 + kXXﬁ)~ (6.3)

Ormxe, neratuBnyii 33 3a cTpyMoM 36ijburye BUXiAHUH omip
niacumosaya. lirreprpeTanio poro 33 HaBalTaXXyBalblioo Xa-
PaKTEPHCTHKOIO 306paxcenio 1a puc. 6.7. Heratusnuii 33 3a ctpy-
MOM 3yMOBJIIOE GiMbHI M’SKy ITaBAaHTAXYBAJIBIY XapaKTEPUCTH-
Ky, HaGJII>Kaoud Horo BUXiAHY JalKy IO I)KEpeJia CTPYMY.

Bucuorxu. Heratusauit 33 3a nanpyrowo (napasie/bne mij-
KJIIOYEHIIsT) 3MEHIIYE BUXIAIHA ONip MiACHIoBaYa, HabIMKAIOUH
fioro n1o nxepena EPC, a nerarusuuiét 33 3a crpymom (mmocai-
AOBHeE IJIKIIOYeHHs) — 361apliye BUXiANMI Onip MigcumoBaya,
HaGmkao i Horo 1o JKepeaa cTpyMy.

Posrasiemo BrnsuBs 33 Ha BXiAHU# onmip nijicumonada. ¥ 1bo-
My BMMNAJKy BU3NAYanblimM (PaKTOpPOM € CHoci6 INAKJIIOUYeHIs
JaHku 33 10 BXoay mijgcuiioBaya. Temep OKpeMoO posrasnemo
KOXXHMIT i3 BapiaHTiB.

Uy
Puc. 6.7. HapaHTaxyBasbHi Xa-
DAKTEPUCTHKH, 1O AEMOHCTPYIOTh
BinB 33 3a CTPYMOM Ha BUXij-
HHil omip MiACHIIIOBAYA: .
1 — 3 I133; 2 — 6¢e3 33; 3 —
i3 H33
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33 i3 noaasanusM mHanpyr. /(14 BUSHAYEHHS I[bOTO BILJIMBY
CKOPHCTAaEMOCH cXeMolo, 306pakeHo0 Ha puc. 6.1. Jlna uiei

CTPYKTYPH 3anuileMo
U34 = UBXk'

Hanpyra na suxoni sankun 33
Uzg = Uz = UpykgB.
Omxe, nanpyry Uy, MOXHa 3aIIHCATH SIK

U12 = UBX +U78 = UBX(1+kﬂﬁ)

Bxianuit cTpyM migcusmoBada o/11akOBUHM AT 1iACHIIOBaYa 3i
3BOPOTHUM 3B'SI3KOM i 6€3 HHOTO

I = Ve _ y&
B RBXB RBX

[Hincrasusum 3navenna Uyy, oTpUMaEMO

UBX _ UBX (1 + kBB)

RBxB RBX
3 OCTaHHBOrO BUPa3y BU3UAYMMO Ry,g st mosurusHOro 33:
R
R =—5
" (1 kp)

[1a veratupiioro 33 BXiuui onip BU3IAYaoTh 3a BUPA30M
R ﬁ = RBX

(- gB)

Otxe, HeratuBuuil 33 i3 JogaBaHHAM HanpyT 36i/bIIye BXiAHUA

OIIp HIiJcuJIoBaya i CIIPOULYE Y3roAXKeHH HOTro BXIAHOrO onopy
3 BHYTPILINIM OIIOPOM [UKepeJia BXIAHOro CUTrHajuy.

(6.4)

33 i3 nrogaBannaM cTpymie. [/ OLiHKH IIBOTO BIIMBY CKO-
PHCTAEMOCS CXEMOI0, 306pakeHo0 Ha puc. 6.8.
Mnsa niei cxemu nanpyry U3 BU3HA4alOTh 3a BUPA3OM

Uig =Upy —Uszq = Upy (1-k).
Crpymu I, i I, MOXHa 3anucaTy 5K ;
_ U13 - UBX(1_k)'
Ra3 R33

I1=Ug / Ryys Iy
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3a mepmuM 3akonoM Kipx- 1, Ry

rocdha BXigHUIT CTPYM BU3LAYAIOTD g
Tak: Ix | 1)

U U, (1-k)
IBX=I1+12= BX D BX .

RBX R33

3 oTPHMaHOrO BHPa3y BM3Ha- Puc. 6.8. CTpyKTypHa cxeMa Mii-
YHUMO BXiAHMH omip mizcmiioBa- cumosada 3i 33 3a HAPYIoIO 3 10-
4a, OXOMJAEHOro NO3UTHBHUM 33: /JaBaHHSIM CTPYMiB

u R33Ryx

BX

Rexp = I, Ry, (-k)+Rs3

Bignosiguo Ang HeraTBHOTO 33 OTPHMAEMO

R — RBBRBX
exp R, (1+k)+R33"

(6.5)

IIpoananisyBaBiuy Leif BMpa3, MOXXHA 3pOGUTH BHCHOBOK, 1[0
HeraTusHui 33 i3 JOAaBaHHSIM CTPYMIB 3MeHIIY€ BXiAHMH onip
IiJCH/II0BaYa, TIOripUIyl09M YMOBY Y3TOAXKeHHs 32 HATPYrolo Kac-
KaJy 3 JXKepeJIOM BXiJJHOTO CUTHaNy. '

I3 BUKIafeHOTO BHILE BUILJIMBAE, L0 HAWKPAIMM BapialiTOM €
CXeMH NiJACUMIOBAJbHMX KacKa/iB 3 meratuBHuUM 33 34 Hanpy-
TOI0. 3 JOJaBallHAM HaNpyr, OCKUIbKH BOHHU 3a6e3MeyyloTh Iaii-
BMIII BXiJHi Ta HAWHUXYi BUXiAHI ONOPH, HIO iCTOTHO CIIPOILYE
IXHE y3roJKeHHsA 3 Hallpyrooo B NiJiCUJIIOBayax 3 6araTbMa Kac-
KajaMu.

6.4. MpaKTn4Hi cxemun
niacuIIoBanbHUX Kackagis
3i 3BOPOTHUMMW 3B'SI3KAMM

Ax yxe sasmavanocs, HaKpaUIMM BapiallTOM CXEM KacCKa-
[iB migcunoBauiB 3i 33 € cxeMH 3 HeraTHBIUM 33 3a HANPyrowo
3 JoJaBalHsAM HaNpyT. BapiaHuT Takoro kackaay 3o6paxeno na
puc. 6.9.

Ilas niei cxemu xoeiirienT nepeaayi Jauku 3BOPOTIOrO 3B’ A3~
Ky P 6yae BusnayaTncst KoedillieHTOM 0c1aGaeHIs NoAiAbInKa,
BHKOHAHOro Ha pe3ucropax R1 i R2:

U R

B_USG TRy + R,
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Ilig yac BU3HAYeHHS BeJWYHMHYU ONOPiB IUX PE3UCTOPIB 3aja-
OTHCS OHUM 3 HUX, Hampukaal R1 MoxHa NpuiiHsTy 6iJbUIMM
Hixk Ry i, 3Harouu Heo6XiHnii KoedilieHT 3BOPOTHOTO 3B A3KY [,
BU3HAYAIOTb BEJIMYUHY APYTOTO ONOPYy. 3a BiIOMHM 3HAYeHHSIM
k, R, R, miacumosava i § Bixnmosigno a0 Teopii 33 MoxHa
pO3paxyBaTH BCi XapaKTepUCTHKHU Ta IIapaMeTpH MiJcuaoBaya 3i
3BOPOTHHM 3B’SI3KOM.

Opliak 1St cxeMa Ma€ HU3bKY 3aBaJOCTiMKicTh, o € i ocHoB-
HEM HeJoJiKOM. Ile 3yMOBMIOETBCA THM, IO /Kepeao BXiHOTO
CUTHAJy He IifKJjiodeile IO CHiJbHIOI IUHNA migcua0Bada. ToMmy
Ha IIpakTali 6ijblre MolMpena cxeMa, so6paxena Ha puc. 6.10.

Koediuieur nepefayi Jankyu 3BOPOTHOrO 3B’SI3KY A/ TaKoOl
CXeMHM BHU311aYaTUMETLCS TAKMM CIiBBIAIIOIIEHHSIM:

B = IxRg _ Rg
- - 1

1 KReKB ReKB
e ReKB = RH ”RK :

Ile BunuBae 3 a"anisy JAiniiHoi enrekTpMUHOI Mozei MiJcH-
JioBavya B obiacti cepeanix vacror. Cxema Ha puc. 6.10 mae
MiABUINEHY 3aBaJOCTiHKICTD MOPiBHSIHO 3 Nonepedlbon. OaHak
- 3a PaXyHOK BuUKopHcTaHHs 33 3a CTPyMOM BOHa Ma€ BULIUil BH-
xiguwi onip. Ananoriuio nonepeanii cxeMi, 3HaIouu napaMeTpH
niacuiioBada 6e3 3BOPOTHOrO 3B'A3KY Ta KoedilienT mepeaavi
JIAHKK 3BOPOTHOI'O 3B’A3Ky {3, MOXXHa po3paxyBaTH Bci XapakTe-
PUCTHKH Ta TlapaMeTpH Ili/ICHJII0BavYa.

[,

-
B ey S

———— g

[=)%

Puc. 6.9. llpunnunosa cxema nigcsmo- Puc. 6.10. Ilpunnumosa cxema

Baya 3 HeTaTMBHHM 33 3a HAmpyrowo i3 migchimoBada 3 HeraTHBHUM 33

JOJABaHHSM HamlpyT 3a CTPYMOM i3 J0JaBaHHSAM Ha-
TpyT
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6.5. Crivkictb nigcunioBavis
3i 3BOPOTHUMM 3B'Ai3KaMu

Hagits micns BBeeHHs HeratuBHOro 33 Y MMiACHIIOBaY Bill
MOXe€ CTaTH HECTIHKUM, TOOTO BiA6YBA€TbCsl OTO CaMO36yMKeHHs
i Bill TepexonTh y TeHepaTopiUii pexxuM po6oTH. 3a3BUuail 1e
BiA6YBA€EThCS HA [AyKe HU3BKMX a60 BUCOKUX HaCTOTaX, AKi e
BXOJATh y Horo po6oyuii Aianaszon yacror. [lst sano6iranis uboMy
ABUIIY TIOTPi6HO 3a6e3meyuyBaT ycTajeHy po6OTy MiJCu/IoBaya.

3BOpOTHHI 3B’ 30K € YHCTO HETaTHBIIMM JIHLIE B JESIKOMY Bi/llIOC-
HO BY3bKOMY [ianasoHi 4acTor. [ miZcu/ioBadiB HH3bKOI yac-
T0TH (3BYKOBOI) 1€ cepe/iii YacToTH. Y pasi 36i/blienis 41 3MeH-
LIellla 4acTOTH BMHUKAIOTh JOAATKOBi (pa30Bi 3CyBH B MiACHIIIO-
Baui, 10 MOXe IPU3BECTH [0 TOro, 1o 33 cTae MO3UTUBIINM, a IIe,
¥ CBOIO Yepry, NPU3BOJAUTH J0 HecTikoi po6OTH MiAcuoBava.

I3 Bupasy mns xoedimienTa nigcHIeHHA TiACUIIOBAYa 3 TI03H-
TUBHUM 33

_ k
" = =)

BUILIMBae, KO (1-Pk) <0, To kg — oo, OTxe, CHCTEMa HECTiHKa.
3 HaBeze110i yMOBH OTPUMAEMO, 1110 CHCTeMa Gy ¢ HECTIHKOIO, AKIIO
Bk = 1. Ockinbku o6uaBa KOediLi€TH € KOMILICKCIINMHA BeJIU-
YUHAMH, KpUTEPiH HeCTiHKOCTI MaTHMe BUTJIS/

B = IB”klej(%a o) >4 (6.6)

Kommunekcuuit kputepiii Hecriiikocti (6.6) Moskia mopaty iBomMa
PiBHAHHAMU — OGajaHCy aMIIiTYy A i 6anaHcy das:

Bl = 1; 6.7
(033 +0,)=360", 6.8

Je n — Oyab-sKe 1liJe YUcIo.

Otxe, BUKOHAHHS YMOB Gajancy a3 i Ganancy aMiuaiTy/] npu-
3BOJATH JO HECTIHKOL poboTu migcuiaosaua. Jing oninky crifikocri
po6OoTH MiACKUTIOBAYA YACTO 3aCTOCOBYIOTh KpUTepii Haltkicta—
Muxaiinosa. Bianosiano xo 1boro xpurepino CTifikicTb 3aMKire-
1101 CUCTeMH BHM3lavaeTbcs 3a BurasgoM ADUX posimknenoi
cucTeMu. SIxuo ADUX posiMKHEHol CHCTEMH 0XOIJIIOE TOYKY 3
xoopaunatamu (+1; j,), To 3aMKuena cHcTeMa TecTilika, a Ko
He OXOILIIE — CTiiika.

Posrasnemo AQUX nigcuiioBauiB 3 pisiiuM YHCIOM KACKaIiB
Ta OLIHUMO iXHIO CTiAKIiCTD.
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Migcumoray ua oamomy kackaai (CE a6o CB). Buriia
A®UX nasesieno Ha puc. 6.11 14 miacumonavig 3ByKoBUX Ya-
CTOT 3 pobouuM AiamasoHoM O,...0,. Bixmosizuo mo xputepin
Hajiksicta — Muxaitnosa us CI/ICTeMa (migcumosay 3 HeraTus-
HuM 33) 3aBXAU € CTiliKOIO.

TifcK/OBaY 3 BOMA KACKAAAMH (CE a6o CB) AQOUYX
IBOKACKAAHOTO MiACUAIOBAYa 3 HEraTUBHMM 33 HaBe/eHO Ha
puc. 6.12. Ax umusae 3 puc. 6.12, uell MiCHIIOBAY TaKOXK
XapaKTepU3yeTbCA CTIKUM PEXMMOM POBOTH, TOMY IO TOYKa 3
xoopaunatamu (+1; j,) we oxoriena AOUX. _

Miacumoray 3 tproma xackagamu (CE a6o CB). ADUX
11bOT0 MijicMmoBaya Hasejeno Ha puc. 6.13, a. Takuit nigcumosay

3 neraTuBlinM 33 y poGoYOMy AianasoHi 4acToT ®,...w, € NOTeH-

HAHO HeCTiNKKMM, OCKLJIBKH 3aBXK/H € 1le ABi 4acTOTH (631 — TOY-

Kabi @, — TOUKA @), Ha AKMX BUKOHYEThCS YMOBa Gasancy ¢as.

JLis HuX CJIil IepeBipUTH BUKOHAHHS YMOBH GasaHCy aMILTiTYAd.

Ha puc. 6.13, a naBegeno AQUX nigcusoBava, SKuil 3 Hera-

TUBHEM 33 € CTIKNM, OIHAK Y KOOPAMHATAX TOYKH ¢, GIH3bKHX

Jo +1, nig giero 30BHIIIHIX BHJWBIB MiICUAIOBAY MOXE CTAaTH

HectifikuM. ToMy pexoMeH0BaHMil 3amac CcTifkocTi Ma€ cTaHo-

BUTH 2... 3, TOOTO KOODANHATA TOYKK ¢ Mae fopisuiosatu 0,3...0,6.

Puc. 6.11. AQUYX nigcuiaioBava Puc, 6.12. AQYX niacuimosada 3
3 OHMM KacKaJoM BOMa KacKajaMu
lm1

~bal*l

zn\/* \nge

o

a

Puc: 6.13. AOUX niacumoBava 3 TPboMa KacKaJaMHu:
a — crilknii; 6 — yMOBHO CTilKui
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ADYUX, 3a gkoi migcumoBay i3 33 € YMOBHO CTIHKHM, 300,
xeHo na puc. 6.13, 6. Omuax Touka ¢ AOYUX micig BMHKan
KUBJIEHHA BCE-TAKH OXOITIOE TOYKY 3 KOODAHHATAMH (+1; j;
cucreMa 30y/KYETbCA | cTae HECTIHKOIO.

OTxe, 1 3a6e3MeyelHs CTifKoCTi mixcumoBaya 3i 33 ADY.
PO3iMKIEHOI cUCTeMH MOBHHHA MATH BHIJAA, IO BiANOBija
puc. 6.13, @ (a1a nijcumosayiB 3 6araTbMa KackajaMH qHC/I
epPeTHHY 3 peaibHoIo Biccto Oyae 4, 6, 8 i T. 4.), oAnaK KoopIHHa-

Ta KPalHbOI MPaBoi TOUKH Mae PO3MIIyBaTHCA JiBillle BiJ NpHH-
HATOro 3amacy mogo 36ymxents (0,3...0,5).

Axmo AOUX oxommoe Touky (+1; j,) y nesioMy gianmasoni
YaCTOT, TO AJIA 3abe3nedeHis CTIHKOCTI miAcumosayiB 3i 33 mo-
TPi6HO MigKAIOYaTH ClieniaabHi K0JIa KOPeKIlil, ki 3MeluIyIoTh
koeillienT MicHIen s iJiCHIOBaYa y Uikl AIASHLI YacTOT A0
3HaYeHb, 110 326€3MeYYIOTh HEBHKOHAITHA YMOB OaJIAHCY aMILITY]I.

KoHTponsHi 3anutaHHs

[

. SIxi OCHOBHI mMpH3HaveHHA Ta KJacHpikanis 3poporHux 38’s3kiB? Io-
ACHITh IXHilf BMIMB Ha AKICHI XapaKTEPUCTHKH i MapaMeTpH IMiACHIIIO-
BayiB.

2. Axuil THI 3BOPOTHOTO 3B'A3KY CJIiJ 3aCTOCYBATH AN 3GLbILEHHS BXITHOTO

onopy niAcuaoBaya? Hapegite cxeMy Ta OniHiTh ii BXiguHi onip.

3. SAxuit THT 3BOPOTHOTO 3B'A3KY CJiiJ{ BUKOPHCTOBYBATH AAS 3MEHIICHHS

BUXifHOro onopy niacumonada? Hageaits cxeMmy 3i 3BOPOTHHM 3B’53-
KOM Ta OLIHITh II BUXiJHHH omip.

. [Ipoananisyiite cxemy 31 CHIMBHHM KOJACKTOPOM 3 NOTASAY 3BOPOTHHUX
3B'A3KiB | BcTaHOBITh IxHill BIIMB Ha BXiAHMH | BUXigHHIH OIIOPH.

. Hoscuits cyTp Merony Haiikpicta — MuxaitioBa A BUSHAYCHHA CTiif-

KOCTi MiACU/II0BAYiB 3i 3BOPOTHHMH 3B’sI3KaMH.



Posgin  MIACUJIIOBAMI ‘
~7  HOCTINHOTO CTPYMY.
APEN® HYNA | CNOCOBU

MOro 3MEHLLUEHHSA

7.1. NpusHadeHHs nigcunioBayis
MOCTIMHOrO CTPyMy.
MipcunioBayi Ha HeciBHIA YacToTi

ITiacnmosaui moctiiinoro crpymy (INIIC) npusHayeHi AJst mid-
CHIJIEHHS eNIeKTPHYHHX CUTHaMliB y aiamas3oni yacrot Bix 0. 1o w,.

Hna mepenaui indopmarii 6e3 cnorsopenp AUX IIIIC, sk i
RC-migcumoBauis, Mae 6yTu piBHOMipHOI, a DUX — miniiinoio
¢dpysxniero yactotu (puc. 7.1).

IIIIC 6yay10Th 32 ABOMA NPUHIIMIAMM:

¢ [ITIC Ha neciBHi# yacTOTi;

¢ TITIC i3 Ge3nocepeIHIMHU 3B’ A3KaMu.

Oyuknionaapiy cxemy NITC na mecisHil yacToTi so6paxeno
Ha puc. 7.2.

Bona Bx/mouae reHeparop HeciBHOI 4acToTH, 6anaHCOBMI Mo-
aynaarop, RC-niacumosay, aeMonyastop i giapTp.

I'enepamop necigroi wacmomu — BHUCOKOYACTOTHHH reHepa-
TOP, Yacrota sAxoro mMae 6ytu B 100 — 1000 pasiB Ginblia BijJ yac-
TOTH BXiJHOTO CUTHAIY Qr.

Banancuui modyaramop 3iACHIOE TIEPEHECEHHS CHEKTPajib-
HOI IIJIBHOCTI BXiHOrO CHTHally Ha BUCOKY HECIBHy 4acTOTy.
BiH 3minoe ¢asy suxiguoro curuany y pasi 3MiHM NMOJASPHOCTI
BXITHOTO CHTHAJY.

lkl? )

1 -
r

I
I
|
I
J
1
),

a 6

Puc. 7.1. AUX (@) i @YX (6) nixcunosaya gus mepesadi indopmanii
6e3 croTsopend y Aianas3oHi acroT Bia 0 g0 o,
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T'eneparop ©x

HeciBHO{
YacTOTH
Oy
‘L L
Usx_| Banancuui RC- Tlemony- Pimtp | U,y
t I 1 ] HH3BKUX [
MOAYJATOD MACKIOBAY NATOp 4acToT

Puc. 7.2. dyuxuionanbua cxema IIIIC Ha HeciBHiN wacToTi

A |
S(jo) S

~_ T

I i f

I I I

I I |

| 1 1

i I I

I I I

\ I I I

I I I

0 Q: Q 0 Qy 047 @y oOtQr @
a 6

Puc. 7.3. Cnexrp Bxiatoro (@) i BAXiIHUX CHIHAJTIB MOAYJSITOPaA Ta MIACH-
nosaya (6)

RC-ITidcunioeau 3acTOCOBYIOTD JUIS MiJICUIEHHS BUCOKOYACTOT-
HOTO CHTHAAY B CMY3i Bil @, -Qr no o, + Qr.

Micaa nigcunennsa curnany RC-nijicnnoBayeM nposoasts de-
MOO0Y Y110 curHany, To6To HepeHeceHHs! CUTHANY 3 o6Jacti Bu-
COKMX 4acTOT B 06JacTh BXigHoro curuagy (HM3bKodacToTHa ©6-
1acTh). 3 €0 METOI0 BUKOPUCTOBYIOTD IEMOZY ASTOP.

Dirvmp HU3LKOT ¥acmomu IPOITyCKAe HU3bKOYACTOTHUIL CITEKTp
CHTHaJIy Ha BHXO/J1 A¢MOAYJIATOPA 1 HE NIPOIIYCKA€ CUTlIAJI HeciB-
HOI 4aCTOTH.

Crnextpu Bxiguoro (a) i UBJ Q.
Moy aboBaHoro (6) CHrHAJIB
HaBeJeHo Ha puc. 7.3. Axmo .
Q,, nanpukaan 1 xI', To w, \/ ot
Ha Buxoji moayJeitopa 100 kT
i3 GiynmmMu yacroramu 99 i
101 xI'u. RC-Iligcumosay mijg- Uspix

Puc. 7.4. Ocuunorpamu poboru
6aaHCHOTO MOZYJISTOPa




CHJIIOE 1[I0 CMYTY 4acToT, a AEMOAYJIATOP 3/ifICHIOE 3BOPOTHE Iie-
PETBOPEHHS — IEPEHOCUTH CIIEKTP BUCOKOYACTOTHOTO CUTHATY
B 006J1aCTh HU3BKUX YACTOT. [[JIst 3araylieHHs HeciBHOI Ta iHIIMX
BMCOKOYACTOTHHX CKJJOBHX YCTAHOBJIOIOTL (DiMbTP HUBLKUX
gacToT. OCUUIOTpaMH, IO HOSCHIOTb POGOTY GaTalCHOTO MO-
Ayndaropa, 300pakeHo Ha puc. 7.4.

7.2. Nigcuniosavi
3 GesnocepeaHiMu 3B'A3KamMun

Iin yac npoexrypaunsa IIIC i3 GesmocepeaHiMu 38’ A3KaMu
NOTPi6HO BUPIIINTH TPM TUTAHHS, GepPydYH 32 OCHOBY KacCKaan
BigoMux RC-nmiacumaosauis:

® SK IIOTOJUTU JIXKepeJso BXiJIHOre CHTHAMY i3 BXOMAOM MijACH-
JroBaya, {06 He 3MIHUTH HOTO PEeXUM 3a MOCTIHHUM CTpyMOM?

® gK Y3TOJWUTH HaBaHTaXXeHHS 3 BUXOJOM HiJCH.TI0Baya?

® gk 6e3n0CePeHbO 3B A3aTH KACKAAU OTUH 3 OJHUM?

Jas yaromxenus pxepesa Bxianoi EPC i3 BxogoMm miacuimo-
Bada MoxHa 3actocysatn EPC xommencauii E,,, (puc. 7.5).

Axmo Uyy = E,y, TO IPH LIBOMY HaIpyTa MiXK BXi/(HHMH 3a-
THCKayaMy AOPiBHIOE HYJIO, 110 3a6e3eYye MOXKJINBICTb MiKIII0-
yenHsa axepena E, 70 BXoay nigcuiioBayva.

o HenomnikiB cXeMH HaleXarTh:

e GaTapes Iie MOXe TpuBano 3abesneuysatu U,y = const, 10
NpU3BOAUTE A0 3Miutenirst Hyas IIIC;

* JKIIO Hallpyra XuBJeHHd E, , # const, HecTabiMbHICTD KHUB-
JIEHHS] CXeMH TIPH3BOANTD /10 3Minu Hanpyru Uy, i jo sMinieHns
HyJIS MACHIIOBAYa;

e GaTapes Ma€ BeJHKi raGapUTHI PO3MipH, MaCy i € HEKOHCT-
PYKTHBHOIO /i1 JPYKOBaHUX ILJIAT; MA€ BiTHOCHO BEJUKY EMHICTh

O

Puc. 7.5. Cxema IINIC i3 EPC xom- Puc. 7.6. Cxema IIIIC i3 noginbHu-
TeHcauii KOM KOMITEHCYBaHHs
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LIO0 CHiTbHOI LIMHY, 1[0 MOTipllye YACTOTHI XapaKTePUCTHKH i
3aBaJ03aXUILEHICTh CXeMH BHACJAiJOK YyTAMBOCTi 0 30BHilIHiX
HaBeJeHb Ta 3aBaj.

CxeMy 3 MOAiJIbHUKOM HaNpyru KoMIeHcalii 3o6paxeno Ha
puc. 7.6. Iloainpbuuk niz6upaioTh Tak, wobd Uyg = Uy, T0o6TO
o6 KOMIIeHCYBaJlacsa Hampyra lia BxoAi miacumoBada. OcHoOB-
HHM HEeZOJIIKOM CXeMU € Te, 1[0 JKepeJio BXiJHOTO CHrHajy He
NiJK/I04eHe A0 CIiJIbHOI UIMHY, L0 iCTOTHO IOripuiye 3aBajo-
3aXUILIEHICTh CXeMH.

Cxemy 3 ABOMA [)KEPCJIAMH XKHBJIEHH, IO Ja€ 3MOry 3a0e3Ile-
YUTH PEXKHM po6OTH Kackaly 3a MOCTIIHUM CTPyMOM Tak, INOO
noTeHiian 6asu (Touka /) AOPIBHIOBAB MOTEHLIALY CIIiIBHOT IIHHH,
t06T0 Uj( =0, 306paxeno na puc. 7.7. lle nae smory Gesuoce-
PeAHbO IiAKII0YATH AXKepeJsio BXiTHOTO CHTHAJIY A0 BXOAY MiACH-
JIIOBaYa.

BapianT cxemu, 306pakeHuii na puc. 7.7, HalnpuiHATHiHIHA
Ta Ha3pyuHimui i yacto BukopucroByetbes B IIIIC.

Jlns y3rogxeHHs] BUXOAY MiACH/IIOBaYa 3 HaBaHTa)KeHHAM BH-
HUKae Mpo6yieMa, aHAJIOTiYHA PO3MIAHYTIH, AKY MOXKHA BUPIIMTH
THMM CaMHUMH TPbOMa CIIOCOGaMHU:

® y3ro/Kelns 3a gonomMorolo mkepesaa EPC komunencysanns.
Heit BapiailT MpaKTUYIIO IeNPHUAIATINH y 3B’ A3KY i3 3a3l1a4eHHu-
MU BHILE HeJOJiKaMu;

* BUKODHCTaHlA NOALINBHAKA Hanpyrd R, i R, a6o napa-
MeTpuunoro crabinisatopa — R4, VD1. lo ocnosioro neno-
JIIKY CXEMH HAJIEKUTh HABANTAKEHHs, 1e MIKJII0UeHe A0 CIJIbHOT
IMUHH, 0 3a6e31e4y€e He3a0BIIbHY 3aBaJJOCTIHKICTD, CIIPHYHIIe-
Hy 30BHilINiMU (aKkTOpaMK, Ta HE3PYYHICTb B eKCILJIyaTallii;

O

. -Eg

Puc. 7.7. Cxema IIIIC i3 asoma Puc. 7.8. Cxema IIIC i3 aBomMa;
JKepeiaMH KHUBJACHHSA JOKCPCJIAMH JKHBJICHHS
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e cxema I1TIC i3 gBOMa JKepesamu XUBJIEHHS 3a6e3nevye 6e3-
NocepeAHE MiAK/IIOUEHHsT HABAHTAXXEHHS /10 BUXOIY KacKaiy
(puc. 7.8).

PospaxyHoK pexnMy po6OTH CXeMH 34 IOCTIfiHAM CTPYMOM
sa6esnedye noteuiian koaexropa (1) mogo cuinbuoi mumm (0)
@49 = 0 3a J0MOMOTOI0 ABOX JiKeped XuBJIenns. Hapanraxenms
IIpY LBOMY TiIKJIOYeHe /10 CIiIbHOI MIHIIH.

Sx mixxackanii 38’a3ku y [1T1C sacrocoByiors:

* Ge310CeEPeHi;

* yepe3 cTabijgiTporny;

® BUKOPHCTAHHS ABOX JUKepes KUBJIEHHS;

® YyepryBalis TPAl3UCTOPIB THIIB p~n—p 1 n—p—n TOLIO.

Cxemy IIIIC i3 6GesmocepeaniMu 3B’s13KaMu 300pakeHo Ha
puc. 7.9.

Hst 3a6e3neveniist 6e3nocepe/[HiX 3B’ A3KiB MalOTh BUKOHYBA-
THCS Taki YMOBH:

Rgy < Rpy < Rgg;

RK1 > RK2 > RKB'

Ockinpky koedinienT miacumneins Kackaay Opi€HTOBHO BH3HA-

YalOTb 34 BUPA30OM
KU = RK / RE’
TO 4acTo, NOYKWHAIOUM 3 TPETbOr0 KacKaly, BaXKO YTPHMYBATH,
mo6 K3 >1. OTxe, TakuMHA 3B'A3KaMA MOXKHa 3ale3leyyBaTu
Iapyu TPaH3UCTOPiB.
CxeMy MiXKacKaJlHUX 3B’SI3KiB KackaliB i3 BHKODHCTAIIHSIM

crabiniTponiB 306pakeno Ha puc. 7.10. Llg cxema Mae 3a6e3neqy-
BaTU CTPYM 4epe3 CTaGimiTpod Gipluil, HiX MiHiMaapIui CTPYM

Puc. 7.9. IIT1C 3 Tpbox xackaniB i3 6e3moce-
peaHiMu 3B’ I3KaMH
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cTabinizaiii:

Ip > Tpinor = (3...5) MA (ans mamonoTyximx ). (7.1)

Howminamu pesucropis Ry 1 Ryq pospaxoByiors Tak, uio6 Bu-
xonyBasacs ymosa (7.1). 36inpuenns (3MeHwennsa) HANpPyrH
na xoJjexropi VT1 nmpaxTuuno 6e3 BTpaT nepegacTbcsa Ha 6asy
VT2 uepes manuit guHamivamii onip crabinitpona VD (AU, =
= AUg¢). Hanpyra cra6inisauii crabilTiTpoHa BH3Navaerbcs
pisuuiero Hampyr Mix kogexkropom VT1 i 6asoro VT2. Y uiit
cxemi U, =10 B,

Cxewmy IITIC, ugo 3abe3snevye MiXKKacKa/{Hi 3B’ I3KH BHACTiZ0OK
YEePryBalus p—n—p- i n—p—n-THILB TPA3HCTOPIB, 306pakelo Ha
puc. 7.11.

Y uiil cxemi nemae Tenaenuii go 36inbwenia R i aMenuzen-
HA Ry 3i 3pocTaHHAM IIOMepa Kackaiy, TOMY BOHA 3HaXOAUTb
IIpaKTHYHe 3aCcTOCYBaNHA, SK i cXeMa 3 ABOMa JXKepeJaMH >KUB-

senns (auB. puc. 7.8).

‘ BHX
L Imin cr
AUgy " Rgs
\__tEg
Oo—
Puc. 7.10. 3B’s130k aBox kackaais IIIIC gepes cra-
6igiTpoH

Puc. 7.11. Cxema IIIIC i3 yepryBaMHsaM p—n—p- i
n—p—n-TpaH3UCTOPIB
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7.3. Opencd Hynsa nipcunioBadis.
OCHOBHI NPU4NHK
i cnocobu Moro 3MeHLeHHs

Y IIIC szapxan Mae 6yTH DPUCTPIH yCTaHOBJAEHHS Iy
(puc. 7.12), Axuit fa€ 3Mory nepesi poGOTOI0 BCTAHOBUTH HY b Ha
suxoni [IIC. Iicas BcraHoBiieHHS HyIsS depes NedKHU dac Ha
BUXO/i MiACHJIIOBAYA CITOCTEDIra€Tbest Apeld HyJst, AKUU 37e-
6iN1bIIOTO 3YMOBJIIOETHCA:

® TeMIlepaTypHuUM Apelidom;

* yacopuM apefidom (BIIMB 30BHILIHIX decTabinisyBaJpHUX
(hakTOpiB).

3assnyaii gpeiid uynas [IIIC ouimoerses 3a 6yAb-aKuil Xapak-
TEPHUH /I 06’ €KTa Hac — L6 (puc. 7.13). 3anexyo Big 06’ex-
Ta a6o TEXHOMOTiYHOTO MPOoIIecy Mel yac Moxe 6yTi Bif KiTbKOX
JECATKIB XBUJIMH 10 A€cATKiB roauu abo ai6. Hanpyra apeiidy
HyJIS, 3BeJEHA J0 BXOJY NificuioBaya, Bu3Hadae Horo rpaHnyny
YYTJAUBICTb:

U _ Uuux.u‘p

BX. AP T k ’

ne k — KoedillieHT IicHAeHAS TiICIIIOBaYa.

Sxwo Bxinuuit curdan nepesuutye pisens apeiddy Uy, > Uy 4
y 23 pasn, #oro Moxiia BUALIHTH Ha PiBHI Apefidy. Omxe, piselb
apeiidy uyas, sBefenoro o BXoxy miacumosada Uy, ., BU3Ha-
yae Horo 4yTauBicTb. Yymaugicmo nidcuniosaua — 1€ MiHiMaJb-
Ha BXi/{a Hampyra, sIKy MOXHAa BHOKDEMHTU Ila Horo Buxoji 3
ypaxyBaHHAM Apendis.

ITix YyTAUBICTIO HiACHIIOBAia 4acTo pos3yMiotb Upgy .. =
=1,5U,, ap- JIns nigBMILEHHS Yy TIMBOCTI NOTPiGHO 3MEHIIYBaTH

piBenb apeiipy nynda. Pospisusiors Taki croco6u sMeHIneniisa
apeiidy myss:

. Usux
Rax nnc []Ra

YcraHoBaeHHS Hyas

Puc. 7.12. MIIC i3 30BHIIIHIMEK KOJaMKI
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Puc. 7.13. [peiid nyns na Buxoni
IIicC Usux Usux mp

® 3aCTOCYBAHHS HETATUBHUHX
3BOpOTHHX 3B a3kiB (H33);

¢ KOMIeHcalis apeidy 3a
PaxyHOK YBEJCHHs TeMIIepaTyp-
HO-3aJeXHUX exeMentin (pisii
Bapiautu TepMOKOMHencauii‘);

» tepMokomuencaria [ITIC PP
3a JIOTIOMOTrOI0 CTIEIiaTbHuX pos
cxeM;

* 3aCTOCYBaHIls ClIENiaJbHUX [TapaeJbHO-6anaHcoBux i gude-
pelliaJlbHHX KacKaliB, AKi MalOTh 3HAYHO MeNli gpelidu.

1. Jlpeiid 3a cpocio IpupoLoI0 NoAiGHUH 0 MyMy, TOMY HOTO
MOXKHa TPaKTyBaTH K wyM. H33 3MeHmye pisens mymy Buxiz-
HUX KackaliB kpiM nepinoro. OTxe, morpi6Ho oxommosary H33
AK OKpeMi KacKa/ld, TaK i TPYIH KacKa/IiB.

2. Jlng orpuManns xoedillienTa TeMIepaTypHoi HecTabiabHOCTI
S < (2...3) Tpe6a nepeiiTy Bix TepmocTabitizalii 10 TEPMOKOM-
nelcamnii, eJeMelTs AKol BMUKAIOTbCA MiX Gazolo (emitepom) i
HYJIbOBOIO IIHXHOIO.

Muranms nogo nynkTis 1 i 2 6ya0 posrasnyro y niaposa. 5.2.

3. KoMrencauis 3a I0IMOMOTOI0 CrCIaIbMX cxeM alo KacKa/liB.

OcloBI0I0 TIPHYHIOI0 TEMUEPATYPIIOL IECTAOLIBIIOCTI € 3MiHM
TENJIOBOTO CTPYMy KoJIeKTopa Iy = f (¢). s 3meriuenns Brm-
BY LbOro (paKTopa 3aCTOCOBYIOTh CHUTILI€EBI TPAUSUCTOPH, B AKMX
I Ha oxuH-1Ba HOPSIKH IDDKYHIA, 11K y repManiesux. [l smen-
wenns Apefidy HoTpi6bHO Takox sacrocoysatu IIIIC i3 mapuoio
KIJIbKICTIO KacKa/IiB.

PosrisneMo cxeMy, 306paxeny Ha puc. 7.14. 3 migBuimennsM
TeMneparypH po6oui Touxu Tpansuctopis VT1 i VT2 smiuyorses
y 6ik Bequkux crpymis (puc. 7.15). [l VT1 i3 Touku OB
T0uKy Oy, a ansa VT2 i3 Touku O, B Touky O,. Hanpyra na ko-
nekropi VT1 orpumye mosutisiuit npupict AU gy, OCKiJIBKH 1a-
Opyra Ha KOJIeKTopi cTa€ 6iabur nosutuBHolo. [lg nanpyra nepe-
naeTbes Ha 6a3y V12 i saMuxae TPAH3UCTOP, 3MIlYI0YH poGouy
TOYKy 3 nosoxenust O, B noaoxenna O,, GubKye A0 BUXiAIO
Touku O,. OTxe, Ha BUXOJaX NMApHUX KACKA/AIB BifGyBacThcs
YacTKOBa KOMIIeNcallid TeMIIepaTypHoro apeidy.

ITix 4ac 3acTocyBaHHA CUIINIEBMX TPAN3HCTOPIB AOMilylo-
anM axTopoM € smiwemnist BXianux BAX sin temmeparypu. as
aMenmrenna Ail mboro QaxTopa 3acTOCOBYIOTH KOMIENcariiiy
cxeMy, 3o6pakeny 11a puc. 7.16. Bxi/ii XapakTepucTHKH Tpan-
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Puc. 7.14. HIIC i3 mapHoi0 KiJBKiCTIO
Kacka/lis

Puc. 7.15. 3mimenns po6o4mX TOUYOK
TPaH3UCTOPIB CXeMH 3a/IeXHO Bix TeMme-

patypu Uxe

3HCTOPIB 3MIIYIOTbCA 3aJeXXHO BiJ TeMIepaTypu i3 koedimieu-
ToM € = -2,2 MB/°C i Ix MOXHa IPOMOJIENIOBATH 3a AOTIOMOTOI0
nsox mxepena EPC i3 peanuunon eAT. [ligcunioBaabunii Kackan
3i6panmit na VT1, a To#i, mio koMnelcye, — wa VT2, Bin € emitep-
HUM NoBTOpIoBaYeM 3 K;; =1, ToMy Ha BHXOA1 APyroro Kackany
Ug_ coocrepiraeTbes nakgafanus €AT.

a BXO/i HepLIOrO KacKaAy B eMiTepHOMY KOJi 3yCTPiuHO
BBiMKHeHi Bi EPC, mo xoMnencyiors o1Ha 0AHy, NpH I[bOMY
cyMapHuii npeii¢ npakTuyHO AOPiBHIOE HyM0. BuxomoM kackany
€ KOJIEKTOP TiJICUMIOBaJbHOTO Kackaxy VT1.

Puc. 7.16. Cxema IIIIC i3 koMmeHcalieo
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7.4. NapanenbHo-6anaHcoBi
N audepeHUianbHi
Kackaau nipcuniosaudis

Y mapaneybHO-6aJaHCOBHX KacKaJax 3a paXyHoK ixHbOI cu-
MeTpil MpakTUYHO BiACyTHI Apelidu Bix HecTabiJBHOCTI HATPYTH
KUBJIEHHS Ta TeMIieparypu. CxeMy napajenspio-6anancoBOTO
MIIC 306paxerno Ha puc. 7.17. Y pasi nosHoi cuMerpii cxemu
1111 4ac 3MIiHM HaNnpyry )KUBJIEHHA HAPYTH Ha KOJEKTOPI Tpalisuc-
TOPIB 3MiHIOIOTBCS OHAKOBO, TOMY MiX KOJIeKTOpaMu, Aee U,
Imi/JiciI0Ba4a, Halpyra Jopisiioe Hyao 3a U, — var. ¥ nporeci
3MiHM TeMIlepaTypu clocTepiraeTbes anaJjoridia cutyanis. Pe-
sucrop Ry e enementom 33 3a nocrifinum cTpyMom i nosinurye
XapaKTepUCTHKY CXeMU Bij 11ecTabibHOCTI HATIPYTH YXHUBJEHHS i
TeMIlepaTypH. 3a CUrHAJIOM IiJCUJIEHHS 3BOPOTHHMH 3B'SI30K 3a

paxynoxk R Bigcyrniii. 3a gomoMoromo Rp cXeMy POOJISTD CH-
METPUYHOI0, 3abe3neuyioun Uy, = 0. Bxigni nanpyru Maiots OyTi

onHakoBi Ta mporudasni. BoHu noaarTbcs Ha 6a3u MIOAO 3a-
TajbHOI IKWHU a60 JKepeso NiAKIIYAEThCS Mixk 6a3aMu.

Y 1pOMY BHUTIAKY OCHOBHIM He/IOIIKOM € He3a/I0BiJibHa 3aBaJ10-
3aXUUENicTh, OCKIIbKHM BXi/l 0 3araabliol 1M He MiAKAIouenii.
Bximii curnanu npotudasii i 3yMOBJIIOIOTH NO/ABilile MiICHIEH-
ust. Jlo cudasuux cUTHANIB cXeMa MaJIouyTJMBa, OTXKE, MOXKe
NpalIoBaTH 32 BEJUKNX MEPELIKOA.

Puc. 7.17. Cxema aundepenuianbnoro IMIC
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IlBa J>kepena >KUBJEUHS BUKOPUCTOBYIOTH JUIA IIOTOJKEHHS
Jxepena 3 Bxogamu ITTIC, To6T0 11106 MOXIA 6yJI0 HiAKIIOYATH
JDKepesa CUTHAMIB MiXK 6a3aMH i CHiJTbHOIO HIHHOIO.

OCKIJIbKH AUCKPETHi TPAII3HCTOPH B MEXKaX oiHiel maprii Ma-
IOTh HEOJAHAKOBI XapaKTePUCTHKH i TapaMeTpH, To Apeidu napa-
JIeJIbHO-0AJIAHCOBHX KACKaAiB BiAGYBAIOTHCA Y GYAb-IKOMY pe-
aJbHOMY BHIAJIKY, ajle BOHH OyZyTb 1ia HOPSJOK MEHII, HiXK B
OZMHOYNKX KacKafax. Ilix yac BHUKopucTanHA mapanenbHo-6a-
JIAaHCOBUX Kacka/(iB B iHTerpasblioMy BHKOHaHHiI Jpeiidu 3Men-
UIYIOTHCA 1Ile Ha MOPAAOK 1100 TaKHX CaMHUX KacKa/liB 3 JINCKpeT-
HUMH TPaH3UCTOPAMH.

ITapamenbno-6anaHcoBi KaCKAAH 3 HOMINIIEHHME XapaKTEPHC-
TEKAMH, 110 [IPANIOIOTh ¥ PEXUMI AyKe MAJUX CTPYMIB, 3aCTOCO-
BYIOTb sIK epmiuid Audepelrtiaiabiuii kackan HIIC, akicts axoro
€ BU3HAYaJIbHOIO JJI1 BCbOTO HiZICHAIOBAYa.

Pesuctop Ry y nase/ieHHx BHllle cCXeMaX 3YMOBJIOE HETATHB-
HuH 3BOPOTHHII 3B’530K He 32 CUTHAIOM HiACHJIEHHS, a 3a TeMIle-
parypHuM i yacosuM gpeiidamu.. ToMy notpi6Ho 36ijJpHIyBaTH
Rg 414 36inbmenns (pakTopa 3BOPOTHOrO 3B’ 3Ky 1 NOMIMIIEHHS
XapaKTepUCTUK MificumioBava. OaHak ayske Beauki Ry nefouinbii,
OCKiJIbKM 1ie 36iJIbllye HAIPYTy JKUBJEHHS, {0 MPU3BOAUTD [0
BUKODHMCTalHs TPaH3HUCTODIB 3 BUCOKOIO HAIIPYIOIO )KHBJIEHHS i
TIOTipIIEHIs] eKoHoMIiYHOCT] Kackaais. 3amicts Ry y audepenni-
aJIBHUX KaCKa/laX CTaBJISITb TPAHSHUCTOP 3 cIiibHOW 6aszowo (VT3).

s niasuineHHsa teMneparypuof cTabinbHocTi audeperniann-
HOTO KaCKajly B 1IbOro BBOJATh CXeMH TepMoKoMmeHcauii (Ry,
Rs3, Ry, R, —Ey). 1li xacKkaju BUIIyCKAIOThb B iHTErpPaJbHOMY
BUKOHAHHI AK ofxnMHOYHi audepennianbai kackagy, tak i [ITIC y
1iJToMy 3 BXiAHUM /udepeHLlialbHIM KacKaa0M.

KoHTponbHi 3anuTaHHs

1. Axi oco6amBocTi mizcumoBadiB nocriitnoro crpyMy? Hasgith yMosu 6es-
croTBOpPEeHOI Mepeaayi ixmdopmanii.

2. TloscHiTh MPHUHUMI Ail Ta CTPYKTYDHY CXeMy MiZCHIIOBAYa HOCTIHHOTO
CTpYMYy Ha HeciBHilf 4acTOTi.

3. ki ocob6uBoCTi y3romxeEHs IKepesia CUTHALY 3 BXOAOM IiJCHIIOBaYa
i HaBaHTa)XEHHA 3 Horo BuxoAoM? HaBediTh OCHOBHI CXEMM Y3IOIKeH-
Hs, OLiHITH Kpallli 3 HUX.

4. Hassitp ocob6unBocti Mixkkackaguux 3B's3kiB y IIIIC i Moxausi Ba-
piaHTH iXHLOTO 3aCTOCYBAaHHs Ha PiBHI IPUHIMIIOBUX CXEM.

3. Ski ocxoBHi npuuuHK apeitdy nyas [IIIC? Haspite Bapiadtu ioro ori-
HOK T4 OCHOBHi CI0CO6M HOTo 3MeHIIeHHS.

6. IToscuiry nepesaru audeperuiaapiux xackaxis I1IIC, BcTaHOBIT Ha-
ABHICTb a60 BiACYTHICTD ¥ HHX 3BOPOTHMX 3B'A3KIB 34 IOCTif{HUM CTDY-
moM (Temieparypoio), 3a aMinHEM cTpymMoM (MiICHIIOBATBEMM CHIHa-
n0oM). BeranosiTh ¢isuuny cyTh i ¢opMysny ANS BU3HAYEHHS Kocdi-
ieHTa ocaabIeHHs CHH(A3HOTO CHIHAIY.

Po3nin - AHANOIOBI

S MIKPOENIEKTPOHHI CTPYKTYPW.
ONEPALIMHI NIACUNIOBAYI
B IHTEFPAJIbHOMY BUKOHAHHI

8.1. Knacudikauis aHanorosux iHTerpanbHUX
MIiKpOCXeM, enemMeHTH X CXeMOTEeXHIKH,
B3a€EMHi KOMMOHEHTK, BUXigHI Kackagmn

ITo6ynopa anmapaTypu Ha OCIOBi allaJOTOBHX ilITerpasbIIMX
MikpocxeM (AIMC) rpyHTyerbest Ha 6aratouiboOBOMY BUKOPHC-
TaHHi iHTerpasbHEX MikpocxeM (IMC) pa3oM i3 pislUMH 30BIIiLI-
Himu eneMenrtamu. Hanpukiaza, na 6a3i onepauiiinux niZicHmoBadiB
noctiitioro crpymy (OIIIIC) MoXkHa OTPUMATH CXEMH: CKJIAAAll-
Hs, BiAHMiMaNHs, MHOXEHIII, Ainedisi, AudepeHLiloBalHs, iHTe-
rpyBatiis, JorapudMyBaHHs TOLIO.

3acrocyBauns qiniifunx AIMC — ananorosa i nudposa cxe-
MOTeXIlika, BUMipIoBasiblii Ipuiaay, 6aoku EOM, 6aoxu xusJien-
11, IPUCTPOI pallio3B’A3KY, cUCTeM TesieMeTpii TOLIO.

Homenknarypa AIMC:

® ITICHTIOBAY] 3 OJMIIOYIIMM KacKaoM, audepeliiaibHIM BXill-
IIUM KacKaoM;

* IiZcHIIOBAYi 1A 6araThoX Kackaaax;

® onepallifini miacuiaoBayi;

® BHCOKOYACTOTHI NijiIcuaIoBayi;

® paJlioyacToTHi MiACUIIOBAY];

* ;Kepena xuBaenns (crabimisamii).

AIMC 6yBaoTb MaJIOTo, CEPEAHDOIO, BEJHKOTO Ta HA/[BCIIKO-
ro crynenis inrerpamii — MIC, CIC, BIC, HBIC: MIC — niacu-
JoBadi oJiuHouni, 3 GararbMa Kackagamu, nainpocrimi OTT (uncio
eqeMenTiB Ha Kpucraai o 100); CIC — enementn tnny LIAII,
AIIIT (umctio esieMenTiB 1a KprcTati 10 10%). BIC — npoLecop,
eJleMenTH 1aM’ ATi (4MCI0 eJIEMENTIB Ha KpUCTali 109: IBIC —
MOTYKIi IIPONecOpH, BeJHKi 06cary mam’sri (Yuc/Io eaeMenTin
Ha KpUCTaJi Ioliaj 105).

PosMipu xpuctana — Bif KiJIBKOX KBa/IpaTHUX MiJIMETPIB J0
KBaJpaTiNX CalTUMeTpiB.

IMepesarn IMC:

e icToTHO Menuri raGapuTHi po3MipH, Maca Ta OTY>XXHiCTb CTO-
KUBAHIS, XK y 3i6palinx Ha AUCKPETHUX KOMITOHEHTAX;

® BuIlli BiGpaniiina, yapHa Ta pafianiiiia cTifdkicTs;
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e Brcoka Hagilinicts (Hagiiimicts IMC npupiBHIOETBCS 110
[TOKa3NMKa HAZIHHOCTI OJJHOrO THIIOBOTO €JIEMEHTA);

® iCTOTHO ME€HIIa BapTiCTh y pa3i MacoBOro BUPOOHUNTBA;

® BHCOKA IIEHTHYHICTDb IapaMeTpiB e/eMellTiB MiKpocXeM;

® BHCOKA TEeMIepaTypHa cTabijibiicts Mikpocxemu (oaHako-
BUH TeMIlepaTyPHUII PeXXUM Ta OJHAKOBI XapaKTEPUCTHKU OCHOB-
HHUX eJIeMEeHTiB). '

Knacudixanis AIMC.

1. OIl — GaraTouinbOBi CTPYKTYPH, Ha 6a3i AKUX CTBOPIOIOTh-
cs1 pisni pyHKIioHaNBbH] TIPUCTPOT (KOMIIOHEHTH IMPPOBUX IIPU-
CTpoiB i npUnamdis).

2. Incrpymentanpui AIMC — GaratoHiboBi BUCOKOTOYHI NIPH-
CTpOI, IpU3HaYeNi A1 BUKOHAHHS TOYHUX IIEPETBOPEHD eJeKT-
PHUHMX CUTHaniB. BoHM MOXYTb MiCTUTH SIK aHajorosi, Tak i
U POBI e1EMEHTU CXeMOTeXHIKH. /I miABUIIEeHHSA cTabiIbHOCTI
aHaJIOTOBHX IIPHCTPOIB iX 3aCTOCOBYIOTDH i3 TAMGOKUMU 3BOPOT-
HUMHU 3B’ SI3KaMHU.

3. Pagiouactorui AIMC — ansi nmepeTBOpeHHs i mi/ICHIeHHS
CHUTHAJIIB pafioTeXHiYHUX NPUCTPOIB, JaHOK, KiJ, Mepex 3B A3KYy,
[0 mpanwioTh v Zianasoni pagiovactor 100 xIr...100 MI.

4. Cunosi AIMC — nust 3acTocyBaHHA y 6JI0KaX KUBJAEHHS |
HiJCATIOBaYaX MOTYXHOCTI (eJeKTPONHi cTabinizaTopy, MOTYXKHi
BUXIAHI Kackau).

Komnonentn AIMC, TeXHOIOrii BUTOTOBXEHHSA. Y KOXKHOMY
i3 POSrIAHYTHX KJaciB MOXHa BUALIUTH Taki IC:

e yHiBepcaabHi (cX€MM 3aTaJIbHOIO 3aCTOCYBaHIsA);

e crenianpii (CXeMU 0CO6IMBOTO 3aCTOCYBaHHSA).

IC zarasbpnoro sactocyBanHs 3a TEXHOJOTIEI0 BUTOTOBJIEHHS
BUKOHNYIOTb Ha ciiabniit 11 migknaaui, ToMy ix nasusaioTth 1T,
a6o MoHOMiTHIME. [C BHCOKOTrO CTYIEHS inTerpaiii AonyCcKanoThb

kinpra JII migxmanox, posMimeHHX ofHA Haj OAHO. MoHO-

aitui IC — yHiBepcasbHi ¥ XapaKTepU3YIOThCA BiZTHOCHO MAJIOIO
TOYHICTIO apaMeTPiB, OCKIJIBKY B €IMHOMY TEXHOJIOTIYHOMY LUK
HEMOKJIMBO POOUTH KOPUTYBaHIsA a6o MiJTOHKY 1apaMeTpiB, TOMY
" OTPUMYIOTh PO36Iir pe3UCTOpiB 3a Li€l0 TexHoJoriein +15 %
(Bapricts Takoi IC myske HU3bKa).

IC oco6muBoro 3acrocyBanHsa — ri6pumHo-wniBkosi [C. 3a ta-
KOI TeXHOJIOFi{ MOKJIHBE OTPHMAaHHs eJIEMEHTIB 3 IMOXUGKoI0 ~1 %.
OcHoBauME eneMentaMu MonoitTiuX IC € TpaHsuctopH Ta pe-
3MCTOPH, a OCHOBHUMM KOMIIOHeHTaM¥ ribpuano-miiBkopux 1C —
PESUCTOPH i KOH/IEHCATOPH 3 BUCOKOIO TOYHICTIO HoMianiB R 4 i
Cyuq = 1% i 6inbin mupokuM fianasoHoM, Hix y MoHoiTHEX. Ha-
HUJIIOBAHIIA DE3UCTOPIB TPOBOAATH 3a JONOMOTOI0 MeTamis. (ixpo-
My), TKO axux Menmmit, HiXX y HaNiBOPOBiAHUKIB. TpansucTopu
3aCTOCOBYIOTb 4K JUCKPETHi eneMenTH.
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¥ HaniBOpPOBITHUKOBIi TEXHOJIOTii OCHOBHUM €JIeMEHTOM € TPaH-
3UCTOP Ha cUJilieBill ocHOBI n—p—n-tuny. OpieHTOBaHe 3HAYEH-
HA IapaMeTPiB:

UBEnpoG =6 B;
hz“_: = 50.

KpiM Toro, BUroTOBJISIIOTE TPAH3UCTOPH 3 JAYKe BeJHKAM 3HayeH-
HAM h21E = 5000. 1 oTpuManiis Aio/iB BUKOPHUCTOBYIOTh TPaH-
3UCTOPH, Iipu 1boMy BE — samukarors, a BK nepexin sukopuc-
TOBYETbCS SIK Ji0JI, sIKMil Mae Taki mapaMetpu: [y, < 0,1 MA;
Unp.BK =0,6

Pesucropu orpumylots ynacaigok andysii Ha 6a3i ocHOBHOTO
HaniBnpoBiaHuka (CHAIUI0): YUM TOHUIE HANUJIOBANIHS, THM
6inbmii omip pesncropa. HoMinamu pesuctopis:

R =10M...500 kOM (xnac Tounocri 15 %).

15t oTpuMaHIA KOIAeHCAaTOPiB BUKOPHCTOBYIOTh p—7-Tlepexif
y BijciueHii. 3aJeKHo Bi/Ji BeJIUYHIH 3aMUKAIOYOl HAIIPYT'H MOXKHA
oTpuMaTi eMHocTi nopaaky C =1...100 n®.

Jluis ri6puAIIO-TLIIBKOBOI TeXHOJOTIT 6a30BUMH eJIEMEIITAMH €
pesucTopt i KongencaTopu. Pesucropu crabiibniwi, MAOTh HHX-
yuit TKO Ta mmpmif 1iana3oH HOMiHAJIB:

R =10wMm..20 MOM (rounicts 3 %);
C =10.0®.. 3 Mx®D (rounicrs 3 %).

Y uiif TexHOJIOTII 3aCTOCOBYIOTh AMCKPETHI TPAH3UCTOpPN 6e3
KOPIIyCIiB.

XapaKTepHOI0 0COOJIMBICTIO iITerpaJbHOl CXeMOTEXIIKH € 11a-
ABHIicTh B3aeMiux kommnolientis. Ilix vac Burorosienms IC xa-
DAKTEPHCTUKH eJIeMeHTiB JOCHTh OJU3bKi Ta B3aeMO3alexIl y
pasi 3MiHn 3oBmimmix yMoB. CxeMy TiACHJIIOBATIBHOTO KACKARY
306pakeno Ha puc. 8.1, mie pesucropu Ry i Rg e maaemuumnu
KOMITIOHEHTaMH, TOMY y pa3i 3MiHM 30BILiLIHiIX (pakTopiB KoedillienT
MiACHIENHS TPAKTAYHO He 3MiHIoBaTuMeTbest, Ky = —Ry / Rg.

Tunosuii audepenmianmbuuii kackan 1C, ge B3aeMHUMU KOMNO-
HeHTaMM KPIM pesucTopiB € e i tpansncropi VT1 i VT2, 306pa-
eno Ha puc. 8.2, Maious 6M3bKi #1 iIelTHYIN XapaKTePUCTHKH,
BOH¥Y iCTOTHO 3MeHIILyIOTh TeMIlepaTypliuii Apeiid Ta apeiid Bia necra-
GiNbIIOCT] KEPeJi JKUBJIENIIs, CITPOLLYIOTh GaslallCyBaHiis KacKaLy
1 3yMOBJIOIOTH edekTUBHE Oocaabelms cHia3Noro cUriay.
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Puc. 8.1. MigcuntopanpHuil Puc. 8.2. Cxema audepenuifinoro xac-
KaCKaj Kany

Koediniar ocnabrennst cundastoro curnany (KOCC) susna-
4al0Th 33 BUPA3OM

K _ Ky g
KOCC ’
Ucnnd
ne Ky 1 Ky cundp — BIANOBIAIIO KoedimienTy miacuieHns

ans nudepermianbuoro i cundasnoro curnanis (Ky cangp B 10€-
ANLHOMY BIEIKY OPIBIIOE 110, § PeasbioMy — GIu3bKO Onu-
. KOCC Gaxano maru npubausio 10°...10°).

—0

Puc. 8.3. Tunosa cxema Bxiguoro xackagy OIIIC
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Jipeitd nicuaoBaYa 31e611bIIOTO BU3HAYAETbCS BX1HIM Kac-
KaJOM ~— TeMIlepaTypHuM ApeddoM i yacoBoo HecTaGilbIICTIO
eneMentis, npudoMy Apefid mndepeHiiagbHOrO Kackaay Ha mo-
PAA0OK MEHIINH Bij 0AMHOYHOr0. SKII0 BUTOTOBUTH Audeperii-
anplNi MiJCKH/M0BaY B IHTETPA/IbIIOMY BUKOHAHM, TO #OTO fpeid
Ha NOPALOK-/Ba MeHumll, HiK y AudepenianpuoMy BUKOHATIHI 3
OUCKPEeTHMMI TpaH3ucTopamut. KpiM Toro, Bil Takox Mae Ginbumii
koedinienT ocnabaenus cuidasHoro CUrHany. ‘

Ha Bxoai O zaspuyail craasirs mudepenuifinmi miicummo-
Bay, 006 ocnabut aseaents i migcummn U, . Jlopxknia BXix-
HKX TPOBOAIB [0 JAXKEPes CHTHAMIB Ma€ OYTH SKOMOTa KOPOTKOIO
i3 3acTOCyBaNIIAM eKpalyBalHsl.

Tunosy cxemy andepenniaabHoro BXijIHOro Kackaay B inre-
rpajbiloMy BHKoHali 306paxendo 11a puc. 8.3. Tpansucrop VT2
Ipalioe B peskuMi JyKepesa CTPyMY, Ma€ BeJMKII BUYTpilllii

Omip i NOMilye XapaKTePUCTUKH KacKaAy. 3acToCyBanls eJe-
menTiB TepMokomiiesicanii (VD1, R1i R2) mae 3Mory ictoTho no-
JIMIUIKTH TEMIIEPATYPHI XaPAaKTEPHCTUKH KACKAMY.

8.2. Hanpyra 3cyBy, BXiaHi cTpymu
Ta iXHi TemnepaTtypHi apendu

Hanpyra acyry. Uytinsicth audepeniianbiioro BXiaoro
KacKaay BH3HAYAETLCA CYMOIO HAIIPYT 3CYBY Ta IXHIX TeMIepaTyp-
Hux Apeitdis:

Upg =U,, +UL L)+ UL °C)+UL(EC).  (8.1)

Cyma nanpyr 3cyBy U, s BH3Ha4a€e IPaHMYHY YYT/IHBICTD Mid-
CHJI0BaYa, OCKINIbKU MiACKJEHHA CHUTIIANIB MOXJAHBe, SKIIO
Uy > U,y OTxe, mo Menma nanpyra 3cyBy U,.s, To Ginpuii
9YTAUBICTb BXIQHOrO KacKay 1 MiZICHJIIOBAYa B LIJIOMY.

in HaIPyroio 3cyBy U, ])O-ByMiIOTb pi3IA[HI.IIO fanpyr Ugk
TIEpPUIOTO i APYTOTO TPAH3MCTOPIB AMpepeniaJbHOrO BXiIIIor0
KackKaly 32 OQHaKoBHX cTpyMiB kosextopa (miB. puc. 8.2). He-
xai E . =0, toni 6asu B; i by, mudepemiianpnoro xackany
3’eAnalli i3 3araabion UMHolo, Mixk 6a3aMH TIPOXOUTD JANPYra
3CYBY, AKa MIACHJIIOETbCS MiACHIIOBaYeM Y Ky ., PA3IB:

Use =Upgi ~Uppa, ko lgq =Igo;

Use KUmup = Ugix -

105



Mna xomnencauii U, Ha 0[MH i3 BXOAIB NiZAKJII04YaI0Th PETYIbo-
Balle JKepeJio Hanpyry, mo jgopisaioe U, ., ane mpoTuaexne Homy
3a sanakoM. Otxe, U,, — 1le Taka Hanmpyra, Ky norpiéHo migse-
CTH 0 BXOIY MiJICHJIIOBaYa, 106 Ha {foro BUX0Ai OTPHMATH HYJIb;
U,. MOXIla KOMIIEIICYBAaTH 32 HOMiHAJIbHOI (cepennboi) Temme-
patypu. 3i sMinoio Temneparypu U, (¢ °C) Takosx 3MiHIOeTbCS i
il He MOXKHa KOMIIEHCYBaTH, TO6TO BIAGYBAEThCS TEMIIEPATY PHUAH
npeiig.

Jna mudepeHUiaNblInX KackaliB, moGyA0BaHHX Ha JUCKpET-
nux enemenrax, U, =10...100 MB, a nnst kackanis B inTerpabiio-
my Bukonauni U, =1...10 MB, 10610 Xackanu i niacunopayi B
iHTerpasbHOMYy BUKOHAHHi MAlOTh 3HAYHO KPAllli XapaKTePUCTUKHU.

Temneparypuuii apeiidp U, . /peitd nanpyru 3cyBy BusHa-
4aeTbes TemmepaTypuum jpeiipom manpyr Ugg. Teoperuuno
nosefeno, mo dU,. /dT =U,. /T. Orxe, TeMueparyphuit apefic
Hanpyru 3cysy nponopuiiinuit U,.. Ockimbkn U, mudepenui-
aJIBHOTO KacKa1y, BUKOHAHOTO B iHTerpaJbHOMY BUKOHAHHi, Mell-
I Ha MOPSA0K, HIXK Y AUCKPETHOMY BUKOHAHHi, TO TeMIlepaTyp-
nuit apeitd U,. MixpocxeM B iHTerpanbioMy BHKONaHHI TaKoxX
Ia nopsaok vy, Hexait

dU,. /dT =C, toni U, (T)=CT, (8.2)

ae U, (T) — niniiina ¢ynxuis TemnepaTypu 3 koedinienrom
kyToBoro Haxuiy C. Temnepatypui apefidn U, 114 [BOX MiKpo-
cxeM 3 Hanpyroio scyBy 1 MB (1) i 5 MB (2) 306paxeno ua puc. 8.4.
Kpyricts xapakrepuctuku 2 y 'Th pasiB 6171bIIa, HiXK XapakTe-
puCTHKH 1.

Jlns komnencanii U, 3a cepeanboi temnepatypu (300 °C) no-
Tpi6uo noaatu 1 MB ansa mepuroi Mikpocxemu (1) i SMB — ans
apyroi (2). Komnencanis cratuyoi ckmagosoi U, miasu-
1L{y€ TPaHUYHY Yy TIMBicTDb miAcumosaya. [l apyroi MikpocxeMu
IPaHMYHA YyTJIUBICTD Y
II'SITh pasiB ripuua, Hix
s nepmroi. OTxe, 10O
MeHNIa Halpyra 3cy-
BY MiKpOCXeMHU, TO Mel-
nmii koedinient C Ta
BUIA TPAHWYHA YyTJIH-
BICTb.

Puc. 8.4. 3anexHicry Ha-
IPYTH 3CYBY Bil TeMiepa-
TYpH
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BxiauHi ctpymu, pisHHueBHil BXiHUI cTpyM i iXHi Temmepa-
TypHi Apeiidu. PexiM 3a nocriitnum cTpymom kackany (puc. 8.5)
pospaxoBalui Tak, o norenniama 6as (rouxu 7 i 2) mono
cnibHoi wnnu (Touka O) AopiBHOIOTH Hy MO (¢ = @y = 0), Mo
Jla€e 3Mory nigkmoyatu 6e3rnocepequbo MiXK BX0JaMU (toykm 1 i
2) i cninpHOIO MHMHOIO Jkepena BXiguux curnanid E,, . Ipuyo-
My E, . piBHi 3a Besuunnoio, ajne nporucdasui. Hasitb 3a piBuocti
BIYTPIlUHiX OTNOPIB 7,y = 7,5 BXimui crpymu [y # I (61usb-
Ki, ase He piBHi), TOMY MOTEHIia/JK TOYOK { | 2 HEOAHAKOBI:

Uto = TuxtTout # Usp = ToxoTaun-
OTtxe,

Upp =Uy - U =gy (13x1 - [ux2) = Inx,pianraﬂ’

Ae Iy pigy — Pi3HMIEBMIT BXiJHWI CTPYM, 3yMOBJIEHHI acHMET-
pi€lo BXiAHUX CTPYyMiB.

Axmo E,y =0, To mix 6asamu 6ype Hanpyra Uyy = Iy byt
sIKa TiJICUIOETbCA MJICHIOBaJIbHUM KacKaioM 3 KoedgiltieHToM

nigcunenns Ky, audp» MO AONATKOBO 3 HANMPYTOIO 3CYBY 3Milnye
HyJb Ha BUXOAi IIIJCHJIOBaYa:

UBVIX = U21KU o #0.

,Hampyra 3cyBy, cipuumnelia pi3liMil€eBHM BXiJIHUM CTPYMOM,
Uye = Uyt = Ly pigylsy AUaTOTIMIA po3TaAiyTOMY panine U, i
Ai€ napaieablo 3 HuM. [lig 3MeHiuenns U;C PEKOMEHyEThC
3MEHIIYBATH BXiAlli CTPyMH, IO 3YMOBJIIOE 3MeHUIEHHS IBx.pisu'
i 3acTocoByBaTH KacKaJ B iHTerpaJbHOMY BHKOHAMI, AKHH Mae
6isibIly CUMETPii0, OT>Ke, MEHIINIT pi3HUIIEBUIE cTpYM. Pekomen-
AYETbCS TaKOXK 3aCTOCOBYBATH JKepeJsa BXi[AIINX CUTIaliB 3 Ma-

TUMH Ty, 3assmyait U, i

U, (1,4 ) nopiBisimi, wo no- T VE

K
Tpe0ye BpaxyBaHHs 000X Ha- R Re, O
IPYT 3CYBY. “ 270 ~ExtEe

UBXl

Puc. 8.5. /IudepcHui-
aJBHUN BXiJHMA Kackaz
Ta BXiJAHi CTpyMH
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5 Puc. 8.6. 3axexuictb Kpy-
1(t,"C) TOCTI XapaKTEPUCTUKU Apei-
Ix(25°C) C=-1,5%/°C ¢y C Big TemmepaTypu

201 C=-05%/°C BxizHi ctpymu € cTpy-
104 —mmmms - Mamu 6a3 qudeperiaib-
0,5+ HOTO BXIAIIOTO KacKagy

i
I
I
4
t

I, =1Ig=1Ig /B (8.3)

ae B = hyp BiANOBiAHO-
r0 TPaH3UCTOPA.

—25 0 25 50 75 t,°C

TeopeTnuHo AoBeEEHO, 10

dly _

e (8.4)

Orxe, 4714 3MeHIIeHHA Apeiidy, CIPUYMHEHOTO BXiHUM CTPY-
MOM, CJijl 3MeHurysat /. , JJs 4OTO CTaB/JATh AMQepenmiamib-
HUH KacKaj y PexuMi Jyxe maanx cTpymis [, =1...10 MKA.

Amnanoriyno, apei¢d pisHHIEBOTO BXiZHOTO CTPYMY

BX.PI3H __ -C’I

dl
dT - BX.pisH’

TOMy AU 3MeHitens Apeiidy noTpi6Ho sMeHmuTH [y o

SIk1o Kacka/l BUTOTOBJICHUI B iHTerpaJbHOMY BUKOIIAHHI, TpaH-
3UCTOPH NOTO/UKeHi 3a 3 3 moxu6Ko10 6:113bK0 5 % i APEHD Ly iz
6yne B 20 pasis memmnM Hixk apeitd I, .

Apeiid I, i I,y 15, TPONOpHIiAHKIL C’ — KpyTOCTi xapakre-
DPHUCTHKH Apeiidy B TeMIlepaTypH, sika € Heiniinoo ¢pyuxiieo
TeMIepatTypu. [l 3pydHOCTi po3paxyHKiB 1o Heliniliny yHk-
Ii10 aNpOKCUMYIOTH ABOMA IIPSIMUMM 3 KYTOBUMH KoedilieHTaMu
-1,5 %/°Ci-0,5%,/°C 3 ToukoIo mepexoay 3a TeMueparypu
25 °C (puc. 8.6).

Tlix yac po3paxyHKiB TeMIepaTypHoro Jipeiidy, 3yMOBIEHOTO BXiJl-
HuMM ctpyMaMi, koeditient C BaxaloTs aast T > 25 °C takum,
wo gopismioe —0,5% /°C, a gua T - < 25 °C koedinient C’ go-
pienioe —1,5 % /°C.

OCKINBKHY /U1 TEMIIEPATYPLIOTO Apeiidy, 3yMOBJIEHOr0 HAPY-
roio 3cyBy (U, (T') = CT), koediuient C NO3UTHBHMI, a 115t Apeii-
by, 3yMOBI€HOro BXiAHUMH CTPyMaMul U3c (T) = Iy pisy (T) 70
koedimient C° — HeraTBHMiA, BiAOYBAEThCA YACTKOBA KOMIIEHCa-
is apeiidy.
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8.3. OnepauinHi nigcvnioBaui.
EkBiBaneHTHa cxeMa nigcunioBava

Onepaniiini mgcumosaui nocrifinoro crpymy (OITIIC) € no-
CUTD NOIINPEHNM 6a30BUM eJIEMEHTOM aHaJOTOBOI CXeMOTeXIIKH,
Ha SIKOMY MOXYTb O6yTH cTBOpeHi JiHidui Ta HeaiHiimi (ynk-
[ioHAIbII TTepeTBOPIOBAYi, TOOTO amapaTiiHMu 3aco6aMu MOXKHA
peaizyBaTy MPaKTUYHO 6y/b-IKi MatemMaTnyni Pyukiii. [loama-
genHsa OIIIIC Ha eqeKTpUYHMX cXeMaxX MOAAHO Ha pHc. 8.7.

Oco6nuBocTi 6YA0BH, BJACTUBOCTI Ta OCHOBHI TapaMeTPH Mi/CH-
JIOBaYiB IMOCTIHHOIO CTPyMy OYJO PO3TJAAHYTO B mifipo3a. 7.1.
Expisanentiy cxemy OIIIIC 306pakeno na puc. 8.8. Mix BXo-
namu (6asu TpPaH3UCTOPIB zmqpepenmanbnoro BXi/IIIOTO KacKa-
Zy) i 3araIbHOIO LIMHOIO 3HAXOAATLCA BXiAMI omopn R4 1 Ry,
Bxiani 6asosi cTpymu I, i I .o MOAEMIOIOTHCA anomzumzvm
okepeaamu ctpyMmy. Omip Mix 6asamu kKackany audepeHiiiio-
BaHHs CTBOPIOETBCSA PE3UCTOPOM R, aug & HANPYTy Mix 6a3a-
MH MOJEJIOI0Th BeMMIuHO0 Uy, Ry q, Ruyo, Toxty Tgyor Ryx. i
U,.s, Ry Kxx (MOXHa BCTaHOBUTH 1JISt KOHKPETHHX MiKpO-

CXeM y JOBifnaKax).

Cymapua nanpyra scyBy U,.y Ta Bxinui ctpymu I 4, I .- €
JoKepenaMu moxubok Korkpernoi Mikpocxemn (OIIIIC).
Ho ideanvrnux OITIIC nanexathb MiICUAIOBAYi, 1[0 MAIOTh Taki

mapaMeTpu:

Ky = Ry =0 Ry =05 fiy =00 Uy o0

U,
Ii—0 U, (T)—0 I,(T)>0; 6U3L~ - 0.
xi
Bx 1 Uses Reux
+E, Bux
Rnxl Rsx.nmb
KU,
Bxl > B§2 ’\D xxYex
—© Bux [axl Inx2
BX2 §// RBXZ
oy o O
—El 1
Puc. 8.7. Ymosue rpa- Puc. 8.8. ExBigaacursa cxema OIIIIC
iune so6paxkenust OITIIC
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Ras Puc. 8.9. Cxema BupinlanbHoro mmcu-
JIIOBava

Peanvni OI111C Ma10Th MapaMet-

pu, 6m3bKi 10 ineanpHoro: K =

Usux = 103...105; R,,; = 10...100 xOwm;

j_ R, = 200..600 Om (6es 33);

fip =10MIw; U, =1mMB; I, =

=1 MxA (u1s cxemu Japainrrona

0,1 MxA). Lle 1ae 3MoTy 3poGUTH NPUITYIIeHHs, 110 peastbui OIIIIC
6JIM3bKI /10 ifeanpiux.

Bupiwanvni nidcunioeaui — ue OII i3 30BHIIIMIMU eleMen-
tamu. Bupimanpuuit OII, axuit Bukouye ¢pyukuiio migcHaIoBa4a
3 iHBEPTYBaHIIAM CUrHaJIy, 306paxeno na puc. 8.9. le MoxyTh
6yTu PyHKUii inTerpyBanus, AudepeHUiIOBAHHS, CKIaAalHsA, JO-
rapudmyBanns Ta in. as upimansuux Ol Touka ! e BipTy-
aJbHHUM YMOBHUM HyneM. Lle MoxxHa JoBecTH THM, 10 3a Gy[Ib-
SIKOro 3Ha4YeHHs BHXiAHO! HAIPYTH HATIpyra MiX 3aTHCKauaMu f
i0 Uyg =Ug,, /K, ne K — xoedimient mjcunents Mikpocxe-
mu. Axmo K ~» e, 10 Uy — 0, 1o 3a6esneuye B Toyui 1 yMos-
HUIt HYJIb HalIpyTH. 51K e 6y/ie IOKa3aHO B HACTYNMHMX PO3Aijiax,
npunyuenns U;q — 0 3Ha9HO COpolIye pO3paXyHKKH BHPIINalb-
HUX HiJICUJIIOBAYIB.

KoHTponbHi 3anuTaHHs

1. Aki eneMeHTH iHTCTPaNbHUX MIKPOCXEM € B34€EMHUMH KOMIIOHCHTaMH?
Axuit IXHIA BIIMB Ha XapaKTCPHCTHKH MiKpOCxeM?

2. TlosAcHiTb Hi3UYHY CYTb HAIIPYTH 3CYBY AMPCPEHITiaIbHOro KacKajy, BeTa-
HOBiTH HOro BeqMyuHYy i TeMmuepaTypHuil apeiid. Sk BnauBae Hampyra
3CYBY Ha BeJHHYHHY Apefidy?

3. BcCTaHOBITh BIIMB BXITHEX CTPYMIB AnudepeHLiaibHOrO Kackaay Ta pisHu-
HEBOTO BXiZHOIO CTPYMY Ha BEJHYHHY I0JaTKOBOI HAPYTH 3CYBY, BU3HAY-
Te HOro 3HaYeHHS.

"4. SIxa 3aJIeXHICTD JOJAaTKOBOI HANPYTH 3CYBY BiJ TeMICpaTypH, 3yMOBJe-
HOI Pi3HMLEBUM BXiJHHM CTPYMOM.

5. Hamaumoifite eksiBasentry cxemy OIIIIC i BRaxiTh oCHOBHI fxepena
MOXU6OK.

Poszin MOBYAOBA BUPILUANIbHUX _
Q  CTPYKTYP HA 5A3| OMEPALIIIHUX _
MIACUNTIOBAYIB. IHIAHI TA HEAIHIAHI
®YHKLIOHANbHI MEPETBOPIOBAUI

9.1. OnepauinHi nigcuniosadi
3 iHBepTyBaHHAM
i 6e3 iHBepTyBaHHA curHany

IlpunuunoBy cxeMy niACHJII0OBava 3 ilBepPTYBaHHSIM BXi/JHOTO
cUrHany 3o6paxeno na puc. 9.1. Ockinbku BXOJOM HiICHAIOBA-
qa € Bxig OIITIC 3 inBepTyBaHHAM CHUrHALy, TO BUXiAlla Hanpyra
nigcunoBada 3Mimena 3a ¢a3ol oo BXifHOi HaMPyru Ha KyT,
skuit gopisnioe 180° (puc. 9.2).

YcTaHOBHMO OCHOBHI apaMeTpy NiJICHIIOBAYa 3 iHBepTYBaH-
HAM — KoeilliEHT mi/ICHIeHHs 32 HAPYToW0, BXiAHUH i BUXin-
uil onopu. 3anuuieMo nmepiuit 3axoH Kipxroda ans rouku 7.
IIpu nboMy npHIycTHMO, IO BXiAHA | BMXiJIHA HANpyr¥ cUH-
(asni # Biamosiano o unboro cnpsmyemo crpymu Iy, I, I3
(aus. puc. 9.1):

Hna igeanvnoro OIITIC RBX — oo, 3BiIKM BMIJIMBAE, 1O
Ockinpku

I =Uyy /Ry 1) =Uygyy / R33,

TO OTPUMAEMO, 11O

UBX + UBI/[X _0’
Ry Raj
TOOTO
U

Uik =~ RBX R33.

BX

3 ocTanHbOro BUpPa3y 3HalizieMo koedillieHT mMigcuaeHnsa 3a
HAIlpyTrol0 3 iHBepTYBaHHAM ¢asu

g =Ymx __Raz

i — U - R

BX BX

111



wt

UBKX
Puc. 9.1. Cxema IIIIC 3 iHBepTYBAHHAM

!

Puc. 9.2. BxiaHa i BuXiZHa Hanpyru
MNC 3 inBepTyBaHHAM ‘

3uak Milyc nepes MoayaeM KoedillieHTa miICHIeHHA 03Hauae,
uro IiacuamoBau 3abesneuye (pasoBUil 3CYB MiX BHXOAOM i BXO-
aom Ha 180°, a 11a oTpuMatig TOTPIGHOro MOAYaA KoediuieHTa
MiACHJICHIISI MOXKHa MifibpaTy HecKindeHny 6e3id map piliernb.
3 ypaxyBaHHAM IIOTPiOHOrO BXiJHOrO OfNOpy MiJICHJAIOBaYa Ta
obMexeinst Ha Rs3g 3Bepxy 6am3bko 1 MOwM KirbKicTh Iap pi-

1IeHb iCTOTHO 3MEHIUIHTDCH.
3BaXkalo4u 1a Te, 1[0 To4Ka / € BipTya/bHUM HYJIeM, OTPUMAEMO

R R

BX.1igc — “VBX-

Omxe, 3a BiOMOro BIIyTpilHboro onopy R, axepena EPC
MOXHa pexkoMeHayBaTH R, =10R,, , a Rz3 pospaxyBaTu sK
R K.

Buxixnuii onip R, miacumoBaya 3 iHBepryBaHHam. Des
33 Ry, BM3HauaioTh 3a AonoMorolo aosiguuka aasa OIIIIC; sin
npH6an3no Aopisnioe R, = 500 Om. Ockinbky B IITIC 3 insep-
TyBaliHsaM 3actocoBatio H33 3a naupyrolo, to BuUXignuii onip
MiACHIIOBa4Ya BU3HAYUMO 3a BupasoM (auB. posx. 6.3):

R
Ryux ins = 1__'_"[%1';?@’ .

Pesucrop R, niakniouennii y K010 BXO4y iEBepTyBalHs, JiKBiJ0-
Bye€ 3cyB HyJs1 OIITIC, cnpuyunenui BXiTHUMA CTpYMaMH, i iforo

.. R R
BHU3HAYAIOTH 3a CHIBBiAHOIEHHSM R = ——BX7233
) RBX + R33

[Ipununnosi cxemu mizcuaosada 6e3 iHBepTyBaHIis Ta OCLH-
JlorpaMy, 1io MIIOCTPYIOTh (as3oBi CIriBBiAHOIIEHHS BUXIAHOIO i
BXi/IHOro CUTHAa’iB, BiANOBiAHO 306paxelio Ha puc. 9.319.4. Ana-
JIOPIYHO NONlePeHbOMY Micu/moBayy Bushadumo Ky, R, 1 Ry,
niacuiaosaya. Pospaxyemo Uyy:

UBHX

H_Kmo K-, 10 Uy =0 i Uy =Uyg =U,,, Toai

U.. = UanR1 U= Uy (R1 +R33)
BX R1 + R33 ’ BUX R1 '

KoediuienTt nizcusens sa Hanpyroo 6e3 iHBepTyBamiist

Uan — Ri + R33 =1+ R33
U R, R

BX

KU=

Orxe, Kpejpe =11+ Ky

BusznauumMo Bxiauuii onip nigcumonada RBX_”-MC.

Y pasi Bigcymnocti 33 xonkperna Mikpocxema (OIIIIC) mae
nesie Ry, = R, ., 31aYellis AKOLo 3a€KI0 Bijl THITY MTiCHAI0-
Bavya 3HaxoguThca y Mexxax 10 kOm..1 MOm. B 33 y nia-
cnmoBaui 6e3 inBepTyBalils IIPU3BOIUTD 10 36iAbILENIS R,
OCKiIbKH WOA0 BXOAY Big6yBaerncst H33 i3 gogasaunaM ma-

r—D—' Usx

\/wt

BHX

Puc. 9.3. IIIIC 6es inpeépryBanus Ui

ot

Puc. 9.4. Bxigna i BUXiqHa Hanpyru
ITTIC 6e3 igBepTyBaHHA
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npyr (mus. migposa. 6.3). Tomy

RBX.Heil—IB.HiI_IC = RBX.OII (1 + KXXB)7

ne B=Ry /(R;+R33). |

Busnauents suxiguoro omopy mifcumosada Ry, He Bipis-
HAETBCA BiJ HABEJEIOrO BHIIE MJIA MiACH/IOBaYa 3 iHBEpTyBaH-
HAM.

ITigkt0ueHns AKepesa CUTHANY 0 BXOAY mifcumoBaya 6e3
inBepryBaHHA. 3 NOTIAAY 3MeHIenus 3cyBy nyas OIIIIC, sy-
MOBJIENIOTO BXiIHMMH CTPYMaMH, ¥y, AXepesa CUTHAIIB MaE [0-
piuioBaTH R||R33 (puc. 9.5). Ockinbky Ha mpakTuui Le He
BUKOHYETBCS, TO MOKJIMBI IBa BapiaHTH:

® Vo <Ry l R33. Y 1boMy BUIIAJIKY Y KOJO BXOZLY 3 iHBepTYy-
BaHHAM BMMKaIOTbh JOJaTKOBUH pesuctop R 5 ;

* 7y, > Ry | Rg3. Jlasi 115010 BUIIAZKY B K0J10 BXOAY Hi/ICHIIO-
Baya Ge3 iHBepTYBallHA BMHKAIOTb A0AATKOBUII pe3uctop R ;.

[lig vac Buxopucranusa OIITIC sax 6ydepa yacto 3acToCOBY-
1oTb cxemy 3 100 %-M 3Bopotium 38’sa3koM (puc. 9.6, ananor
€MiTepHOr0 IIOBTOPIOBAYa).

Ils cxeMa € orozpKyBabauM (6ydepHUM) KOJI0M 3 AyXKe BU-
COKUM BXifHUM i Ay>Ke MaJUM BUXiJlHUM omopamMu. Boua migcu-
JIIOE BXiAnuil CTpyM, ajle He MiZCUJIOE HAIIPYTY Ta XapaKTrepH-
3YETBHCS TAKIMYU OCHOBHUMM TapaMeTpaMu:

Ky =1; (Ky =0,99); R, — o; (10...100 MOn);
Ry = 05 (0,1...10m); Kj — o0; (10°...107).

L&HX D>

Puc. 9.5. Hiakmovenns mxepena cur- Puc. 9.6. OII 3i 100 %-M 3BOpoT-
HaJy 40 BXOOY TiAcumoBada 6e3 iHBep- HUM 3B’ A3KOM
TYBaHHS
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9.2. Cymaropu, iHTerpaTopu
i andepeHuiaTopu
Ha 6asi nigcuniosayis

Po3pi3nsaiors cyMaTopH 3 iHBepTYBaHHAM Ta 6e3 ilBepTyBaH-
ng. lIpuHnunoBy cxeMy cyMaropa 3 iHBepTYBAHHIM 306pa’kello
ua puc. 9.7.

Curnajan MoXkHa MPaBH./IbIIO MiICYMOBYBATH TiJIbKHM 1ia JAilfiifii
JIASHIN aMILTiTy A110i Xapaktepuctuku { — 1”7 OIITIC (puc. 9.8).
Ha pinsuui 71— 1" pexxum po6orn OIIIIC niniftanii, ae 3actoco-
BaHUI IIPUHUMI CyNeplo3unii, i BUXiAlly Hampyry MoxHa po3-
TJASaTy K CyMy peakuil Bii BXi/IMX CHUTHAJiB:

R33 R33 R33
UBPIX = —I:TiUBM + ?;UB)Q +...+ R_nUan .

BCJIH‘H/IIIy PE3NUCTOPa R Bu3HayaioTh 3a YMOBOIO
R = R1 || R2 n R3.‘. " Rn " R33

[lpunnunosy cxeMy cyMmaTtopa 0e3 iBepTyBaHHsS 3006paxkelio
na pruc. 9.9. Ha nii cxemi koedinientn nepeaadi 1a BCix BXo-
JaxX OMMAKOBI i iX BH31A4YalOTh 3a BUPa30M:

R
K, ==33 +1.
U R1

Buxigmy manpyry s JIHIAHOTO pe>xuMy po6oTH BH3Haua-
10Tb TaK:

R33 +1
Ry
v, —————<U
n

1 U+ +U L),

BUX BX
Jle n — KiJbKICTb BXO/IB CyMaTopa.

OcHoBHUH HeJOJMIK CXeMH — 1i¢ OJHAKOBI KoedilliclITH nepe-
Zadi 3a BciMa BxogaMu. [[ns 3abe3neventisi ix peryJioBaHHs Ia
KOXIIUI BXiJl MOXHA BCTAHOBUTH NOTEHUiOMETPH 460 BUKOPUC-
TaTH CXeMM cyMaTopa iliBepTYBaHHA Ta iHBepTOpA.

[TpunmunoBy cxemy inTerparopa Ha OIIIIC 300paxeno 1a
puc. 9.10. ToBemeMo, HIO 1isI CX€MA € iIITerpaTopoM. 3anuuemo
nepunii 3akon Kipxroda s Touky 1, HeXTYI09H BXi/IIIMM CTPY-
MOM HNifCHJIIOBAYa Ta BBaXKAIOUH HOTO igeanbliuM:

ILi+1y =0; (Ioxpine =0)-
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Ry Ris

o
=
o

BHX

————————— Uxs

Puc. 9.7. Cxema cymaropa 3 insepty-  Pnc. 9.8. AMniryasa xapakrepuc-

BaHHSM tuka OHNIIC
RI Rs3
>
Usxi Usax
st2 _T_
R o
Usxn _[T{_B“x
Puc. 9.9. Cxema cymaTopa 6e3 inBep-  Puc. 9.10. Cxema inTerpatopa Ha
TYBaHHA OIIIIC

3 ypaxyBaHHSM TOro, 100 TOTEHIaT TOUKH ! JOPIBHIOE HY.TIO
(BipTyasbHUi HYJIb), OTPHMAEMO:

Uy U
— N BUX
=7 =1 / joC
Toni
UBX UBP[X — - UBX —_
R "Tjec =% R = VPl
nep = jo. ‘
3BiAcH BUILIHUBAE, 1O
! 1 U
Yowe = "R
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Puc. 9.11. Cxcma. audepenuiatopa Ha
OIIIIC :

OcTaro411o, nepexoasyu Bif ome-
paTopHoi ¢opMu 3anucy Ao ¢yHKUiA
Yacy 3a HYJIbOBHX MOYATKOBHUX YMOB,
MaEMO

t
-1
Unix™ ~Re [Un Dt
0

o Gisbiia crajia yacy interpatopa T = RC, To MeHumii xoedi-
uienT nepejadi interparopa. IloyaTkoBi yMOBU JIETKO BPaXOBYBAaTH
y wiit cxeMi scyBom nanpyru Uy, Ha notpi6ny semamy U, (0)
3a JOIIOMOTOIO0 CXeMM YCTaHoBKM 1y (aus. nigposa. 9.3).

IIpuniunoBy cxemy maudepenniatopa na OIIIIC 306paxeno
na puc. 9.11. 3anmiueMo piBHSHHA MNepinoro 3akoHy Kipxroda
aHaJIOTIYHO IHTETPaTOPY, HEXTYIOUH BXiJHMM CTPYMOM MiJICUIIOBA-
4a:

UBHX UBX — 0- UBPD( —
S B =0 UppC R =0,
3BIJIKH
dU
UB!{X = —pCRUBX; Uuux =-CR d:X .
Axuo U, (¢) = const, na Buxoxi otpumaemo U, = 0, ockiin-

KU TOXi/lHa BiAl KOHCTaHTH AopiBHIioe 1ymaio. [licas nopaui ua
BXi/[ CXeMM JiHI#HO 3pocTaro4oi HaNPyru Ha BUXO/I MATHUMEMO
KOIICTaHTY, IIPOIOPIifiy }KOPCTKOCTI BXiAHOT HAIpYTH.

9.3. CxeMM YCTaHOBKW Hyns
i YacTOTHOT Kopekuii nigcuniosavis

Byap-saxmit OIIC mae uinkom nepuy nanpyry scysy U,
3yMOBJIEHY SIK Di3HHMLEIO HanmpyT 6a3a—eMiTep, Tak i pislHuEo
BXimnux crpymis. Tomy cJlif BCTallOBHTH CyMapuy Hanpyry 3CyBy,
BUXO/JSAYHU 3 Haiiripuworo Bunagky. 3uaoun U scx» MOXKIA BU3HA-
YMTH BEJUYHIIy HAIPyrM KOMIeHcallii, Ha sIKy TpeGa 3MicTUTH
Bxigny nanpyry OII, ajs toro, mo6 Ha BUXO/I NiZICH/IOBAYA OTPH-
matu U, = 0. CyMapily Hanpyry 3cyBY BU3HAYAIOTDh 3a CIIiBBi/l-
HotrennsM (aus. migposxa. 8.2):

Usc): = Usc + Usc =
=U, + R

BX.pi3H” VBIL*
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Y3apuu 3anac A4 pospaxosanoro U, s npu6mmsno 1,5, orpu-
MAEMO HAIIPYTy, SKYy MAa€ 3a6e3NEYUTH CXeMa YCTAHOBKHM HYJIA.
Cxemy ycranosku my1a OIIIIC naBenero na puc. 9.12. 3naven-
HS Rp i Ry, BUOMpaOTbh TaK, W06 y KpaiHiX MOJOXEHHSIX
TIOB3yHKa Rp Hanpyra Ha HboMy Oyna 6iauspko =1 B. ¥V touni A
Mae GyTu noTpi6Ha nanpyra scysy (£1,5U,.y ). Buxoasaun 3 niei
Hanpyry, pO3paxoByIOTh IlepuIuii noAi bHUK Hanpyrd R1, R2; R2
PEeKOMeHyETbCsT OpaTy HOPSAAKY AeCATKIB oMiB, Toai R1 Mae mo-
PANOK KiJIbKOX OAMHHUUD KifooMiB. CTPyM APYroro Ho/AijbHUKA,
IO PeKOMEHYEThCA, NOPIBHIOE 2...4 MA. Pesucropu Rp iRy
PO3PaxOBYIOTb i3 YMOBHU

2

U
2Ryon + Ry =,
A
a posnoftin Mix Ry, i R,,, Busnavaiors 3a ymosu Up, =+1B

IIO/A0 CHiNIbHOI LIMHU.

Ocxkinbkn OIIMIC B3arani MalTb BHCOKY TPaHHYHY YacCTOTY
I/JICHJIENHs, a KOHKpeTHi npuctpoi Ha 6a3i OIIIIC gacro norpe-
OYyIOTb 3HAYHO HUXKYY HacTOTYy f,, TO MOTPiGHO BBOANTH CXeMH
4acTOTHOI KopekUii. /(151 sMeHIIeHHs piBHA IIYMiB i TiABUIIEHIIS
cTifikocti nigcummioBada Tpe6a fl.p BUGpat y 2— 3 pasu 6iiblioio
HIXX BEPXHA 4acTOTa CUTNady mifcuieHHs f,. Buxoasuu i3 sa-
JIEXKIIOCTEH, 306paXkeHNX 3a IOTPIOGHUM 3HAYeHHSIM frp (puc. 9.13),

1" Rys

~Uxi frp

Puc. 9.12. Cxema ycranoBkH Hynss  Puc. 9.13. AUX MIIC 3a pisHuX 3Ha-
1 4acTOTHOI KOpEKUii MACHJIIOBa- YeHb KOPUTYBaJbHUX JAHOK
4a 3 iHBEPTYBaHHSIM

118

BCTaHOBJIIOIOTH NapaMeTpPU KOPHIYBaJIbHUX Janok (inTerpysai-
Ha Ry, Cy iaudepennitoBanns C). ITapaMeTpy KOpUryBaIbHUX
JIaHOK HaBe/ello TaKOX y JOBiTHAKAX 3 iHTErpablIuX MiKpPOCXeM.

KoHTponbHi 3anuTaHHA

1. BuzHauTe BeJWYMHU BXiJHMX | BHXiZIHMX ONIOpPiB iHBepPTYBaJLHOro Ta
HelHBepTYBaNbHOrO MijcuaioBayiB. IIosicHITS BM/IMB Ha iXHI BeJIUYNHM
3BOPOTHHX 3B’SI3KiB.

2. dxi 3HavyecHHA KoediuieHTiB HMifcHICHHS iHBEPTYBaJIbHOTO i HEIHBEDTY-
BaJILHOTO NiJACU/II0BaYiB Ha ocHOBI (6a3i) ineansHoro (K =e0) i (K <o)
PpeasIbHOTO ONepaliiiHOTO MiACHIOBaYiB?

3. IloscHiTb NpU3HAUCHHA | MpaBHJIa MiJKAIOYCHHS CXeM YCTaHOBKH HYJs
1 4aCTOTHOI KOpeKii.

4. HaMamoiiTe CTPYKTYPHY CXeMy AJiA Peajisaliii CTETCHCBHX 3aexHocTel
2-, 3- i 4-r0 mopsAAKiB Ha 6a3i IHTErpaTopiB.



Pospin  BUBIPHI (CENEKTUBHI)
10 MACUITIIOBAMI

Yacto BUHMKaAe morpe6a mepejadi JesKHX TOBiJOMJIEHD IO
3aranbHOMy KaHaJjy 3B’ a3Ky. Taki npo6jaeMy BUHUKAIOTb ¥ NPH-
CTPOSAIX TesleMeTpii, TesleMexaniky, pagioresedonii Tomo. Crekr-
paJblia WiabHicTh Ta criextpu curnanis (puc. 10.1) 3a3Buyait
NepeKpUBaIOTh OAUH OJHOTO, HATIPUKJIAJ, AJsi MOBHHUX IOBiIOM-
Jenb ueit aiamazon cranoBuTh 300—5000 I'u. Tomy poszmimurtn
TaKi CUrHaJIM Ha BUXOAi Kallaly 3B’ SI3Ky HEeMOXJIMBO.

dnsg toro mro6 He 6yJjo HaKJaJaHHA CUTHAMIB, IX MOTPi6ioO
pO3inuTu:

® 32 YacTOTOIW;

® 33 YacoM.

dDparMent, MO IIIOCTPYE PO3NOAIT CHTHAJIB 3a 4aCTOTOIO, Ha-
Begerno na puc. 10.2. Hexail curna, mo Moaymoe (BXianuii), mae
criextp Bif 0 10 Q. = 5 k' [l nepuroro nosifoMaens Bi-

6epeMo HeCiBHY 4acToTy Wy >> Q- , Hexall ; = 500 kI'm. Tozi
Iieple NOBiJOMIEHHS POSMICTUTBCS BIT Wy — €24 .y A0 O + 824 .,

TO6TO B Mexax 495...505 xIn, apyre — w5 = 600 xI'y, Tpere —
3 =700 kT Tomto.

s BUAineHHsS CUTHANLY, MOZYJbOBAHOTO 32 aMIIITYAOIO
(puc. 10.3), cnix Ha mpuiiMabiioMy 6oL IOCTABUTH TIPUCTPIH,
axunit Mae AUX K = f; (0), ana sactymnoro currany — AUYX

Ky =fy(0) i1 g (puc.10.2). 1 OTPUMaHHsS HECIOTBOPEIUX
CUTHAJTIB 33 KOXXHUM KaHAJIOM TOTPI6HO, 106 IPUCTPOT MaIH 1Ips-
MOKyTHI AYX.

[eMoaysTop BUKOHYE 3BOPOTIIE (QYHKIIOHAIbHE [IePeTBOPEH-
Hs, TOOTO NEePEHOCUTD CUTHAJ 3 Aiana3olly BUCOKUX JacToT Y Aia-
Ma30H HU3bKUX 0., .., BIAIOBIIOIOYH NOYaTKOBYH BUXIiAHUN
curHan. OTxe, Aag PO3MOJiAY CHUTHANIB Ha IpuiMaabHOMy 60-
i motpi6Ho Matu Ha6ip Bubipuux nigcumoBauiB 3 AUX, 61u3b-
KHX 0 TpaMokyTHux. Bubipni nigcunoBayi MoxyTtp 6ytu LC- i
RC-tunis. Ins no6yxosu miacuaoBauiB LC-TUIy BUKOPUCTOBY-
IOTh IIapaJiejibHi Ta IMOCAiZ0BHI KOJUBAJIbHI KOHTYPU.
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S(jo)
Puc. 10.1. CnekTpanbHi lIIiJIbHOCTi. Si 82 S
CHTHaJIiB -
)
K
Ki=f(w) Ky=fw) K3=f3(o)
| qs00| [l [eoof L ]| [700] |
495 ®, 505 595 ®, 605 695 o5 705 @, K[u
Puc. 10.2. Posmoain curHamy 3a 4acToTolo
U Q,
Wy )
A = HHH“HH
2l Wt
! i
Fon ANl _
'HY

Puc. 10.3. [Ipuxmun aMruriTy IHOT MOAy ANl

L




10.1. XapakTepuctukn
napanenbHoro i NoCNiaoOBHOro
KONUBaNbHMX KOHTYPIB

CxeMy TIOC/IiAOBHOTO KOJUBAJIBHOTO KOHTYDPY 306paxkeio Ha
puc. 10.4.

Y NMOCHiTOBHOMY KOJMBAJIbHOMY KOHTYPi BiI6YBa€eTbcs peso-
HaHc Hanpyr. CTpyM y KOHTYpi BU3HA4alOTh 3a BHPAa30OM:

U

. 1 -
R+](0L+],(DC

I=

Ockinbku mig vac pesonancy X; =-X- 3a piBHOCTI Moy TiB

. 1 Lo
|joL| =— }R CTPYM pe3oHaHCy MakcuManpuuii Ip., =U/R,
T0 Zpes = R.

YacToTy pe3oHaHncy BU3HAYAIOThH 3a (GOpPMYIO0

1

Wy = —===.
JLC
Hanpyru mig yac pe3oHaHcy Ha iHAYKTHBHOCTI Ta €éMHOCTI:

1
JoeCo

U,, = ljogL; U, =1

Caia 3a3HauyMTH, L0 MOAYJi peakTUBHUX OIODIiB Habararo
611pIIi 332 aKTUBHUIL ONip KOHTYPY R, TOMY Hallpyru a peakTHB-
HUX €JIeMEeHTaX 3HAYHO 6ijblmi 3a Bxignuwit U :

1

|jooL|:—].w—C >> R; Up >> U,

Job6pornicts kouTypy O BU3HAYAETHCS BiIHOINEHHSM HAIPy-
T Ha PEaKTMBHHUX eJeMeHTaxX A0 nifBenenoi:

Up| __1 . =1\/Z
(00CR, R C

p
Jlo6pOTHOCTI KOJMMBAIbHUX KOHTYPIBY f

wol
niamaszoni wacror 100 xIu...1 MIm — ~ = R L 'il
U

R ’

U
|2
0=y

U
nopaaxy Q = 30...300 zanexHo Big yac-
TOTH i SIKOCTi MOro BUKOHAHHS.

BekropHy giarpaMmy ansi MOCTiIOBHO- Pyc. 10.4. MocigoBHHit
ro KOJIMBAJbIOIO KOHTYPY HaBEACHO Ha KoOJIMBAJbHUN KOHTYP
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puc. 10.5. Ockiabku mizBeneHa Hanpyra U BusaBiseThed Haba-
raro Menmomwo Big Hanpyr U; i Ues, To MOXXHa BBaXkaT, U10
NOCJTiAOBHUI KOHUTYP € MifICHJIIOBAYEeM HANpYTH.

YcTaHOBMMO 3Ha4yeHHs! ONOPY KOHTYPY y YHKIi 4YacToTH,
BHKOHABIUIM IeSKi MaTeMaTHYHi TTePETBOPEHHI:
2

2

W — )
Z(jo)=R|1+jO0—=2
(jo) t Wy

Koedinient, mo cToiTh B y4BHIH YacTHHi, MO3NAYAMO Yepes
2 2
Q) ’"(J)O
(0100
posnadom xowmypy. Bin xapakTepusye cTyNinb BiAXUIEHIIS 10~

TOKOBOI YaCTOTH Bij pe3oHaHCHOI. OCTaTOYHO AicTaneMo

Z(jo)=R(1+ ja). (10.1)

napamerp @ [ a=0Q , KMl Ha3UBAIOTb Y3A2dNbHEHUM

3anexnicts |Z (jo) = ¢(a) nopano Ha puc. 10.6, xe |Z (jw)|
xapakTepusye AUX koutypy a6o koedilieHT miACUNEHHs MiACH-
JIIOBaya 3 KOHTYpoM Yy GyHKUIT yacToTh. [1pH ubOMy OTpMMacMo
PEeXEKTOPHY XapaKTepUCTHKY 3aMicTb BUOGipIoi. Jas orpumai-
1151 BUOIPHOI XapaKTePUCTUKH Tpeba 3HIMATH BUX1IHY HAIPYTY 3
L 4n C abo 3acrocyBarn napajiejbliHii KOJMBAJbHUIA KOUTYP.
Y nbomy Bumagky orpumaeMo AUX Bubipnoro mifcmiioBaya y
BUTIAA1, 306paskenoMy Ha puc. 10.7.

st 3pyunocTi TOJAHHSI XapaKTePUCTHKH HOPMYIOTh 3 ypaxy-
BaHHAM PE30HAHCHOTO ONOPY KOHTYPY Z .. = R y TakoMy Burisi:

pes
Z
pes___1_ (10.2)
Z(jw) 1+ ja
1Z(jo)|
I
R
U el
U UCV 0 e
Puc. 10.5. Bexropua giarpama Puc. 10.6. 3auckHicTb MOAYJISL ONOPY

KOHTYDY BiJ y3araJbHCHOTO PO3JAARY ¢
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Kl

|
|
!
|
|
[
|
|
|
Wp ‘ (o)

Puc. 10.7. AUX Bsu6ipHoro migcu- Puc. 10.8. HopmoBana AUX ans

J0Bava pisHux Qg

abo
[ oo |1 (10.3)
|Z(] ® | \/1 +a?

XapakTepucTuKka BiANOBiZHO OO BHpasy (10.3) — e AUX
xoutypy. HopmoBany AUX xoutypy y ¢yHKIii napamerpa ysa-
TaIbIIEHOTO PO3JIALY @ sl PI3HUX KOGPOTHOCTEH KONTYypY 306pa-
xkeHo Ha puc. 10.8.

YacToTHi XapaKTEepPHCTHKN KOHTYPIB 4acTo 306pa)kaloTh 3a-

JIEXXKHO BiJl TapaMeTpa BiIHOCHOIO PO3Jafy KONTYPY, A® /“’30-

3anexHicTh

Zp.ea =@ Aw 306paxeno Ha puc. 10.9.
Z(jo) N

Ilix cMyroio IpoIycKauid KOHTYPY PO3YMIIOTD Aiama3oH dac-
TOT, KM 11i)] Yac MPOXO/UKEIHs Yepe3 KOHTYD HOCAaGII0EThCs
He 6impure HXk y 1/ 2 pasiB. Orxe, piseus 1 /«/5 ={,707 BiaTu-
Hae Ha AUX Touku, npoekuii SxuX i BCTAaHOBAIOIOTh CMYTY IPO-
‘myckanus koutypy II (mus. puc. 10.9).

38’430k Mix Q; wg i IT Mae Buran:

Do
Q

Tomy B pasi 36inblieHHs Z06POTHOCTI KOHTYPY 3MEHIIYETbCS
#oro cMyra IPONYCKaHHS.

CxeMy IapaJieIbHOro KOJHUBAJLHOIO KOHTYDY 306pakelo Ha
puc. 10.10, xe R2 — omip Brpar y xoxzgencaropi C; R1 — omip
BUTOKY B KOTymui L, Mo nigK/moYaeTbes Tapaneiblio A0 Koljen-
caropa.
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g

IT= IQ:'ﬁ

Puc. 10.9. Hopmogana AUX gust Big-
Zpes HOCHOTO posjianly Ao/ o
Z(jw) )
0707 [ V2
> Puc. 10.10. Cxema napaneasHoro Ko-
JIMBAJIBHOTO KOHTYPY
[ I
| R Y
I 1)
| ] C
| 1 L
| 1 U
_Ao 1 A(n R1 | IR2
0y T@,

Y takomy KOJTUBAILHOMY KOHTYPi CIOCTepira€eTbes pesonalc
CTPYMIB; Zpe3 BeJMKUil HAa BUIMiHY Bill Z,.; Y TOCHiZOBHOMY
KONTYpi, AKuil HaaTo Maauil (R), Zpea napaJIeJleoro KOHTYPY
B Q pasiB 6iJbIIMil 32 peaKTUBHHIL omip y riskax. OTxke, crio-
JKUBAHWH CTPYM KOHTYPY Majuii, 3HaYHO MeNUIMH, HiX CTPYM
y peaktuBlIUX Tiskax. CTpyM y rinkax y Q pasiB 6inbnruii, Hix
CHOXHUBAHUY KOUTYpoM cTpyM. ToMy el KONTyp ¢ MifcuioBa-
yeM cTpyMy. Berauosumo Z (o) amanoriuno nocainosnoMmy Koi-

Typy:
Z(jo)= L

AW @ = 0,70 Z(j0) = Zye, =,

L
RC(1+ ja)

L % _ Q
e R=R(|Ry; Ze, = = = = QuyL.
A 1Rz Zpes RCuwy, )C Oty
Y34Bmu BigHOLIENHA B IIbOMY BHNAJIKY A/ HOPMYBAIIIs, HiCTa-
HEMO

7(](1)) 1

Z., =134 (10.4)
ZGo) 4

= . 10.5

’ Zpes ‘ \/1+a2 ( )

Otxe, supasu (10.2 i 10.4; 10.3 i 10.5) A19 MOCHIHOBIIOTO i
NapajeJbHOTO KOJUBAaJbHUAX KONUTYPIB 30iraothesa. ToMy sei ua-
BeJleHi BHUILe 3BeJelllld MOXHA BiIHEeCTH i 10 mapaneibnoro Ko-
JuBanbioro kontypy. HopMosany AUX ais mapanennioro xo-
JIMBAJIBLIOTO KOUTYPY BiJl NapaMeTpa @ 3o06paskeno na puc. 10.11,
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Puc. 10.11. HopmoBana AUX mapa-
A JICIbHOTO KOHTYPY
pes
Z(jo) 1 Puc. 10.12. KonupanpHuif KoHTYp i3
30BHIIIHIM HaBaHTa >KEHHIM
C
U gL =
—-a 0 +a

[lo Bxomy napa/esbHOro KOJUBAABHOIO KOITYPY IiAK/IIOYacTh-
€A JUKEPEJIo CTpyMy abo mxepesno EPC i3 BUCOKMM BHYTPilIHiM
onopoM

Roy >>Z .

Ll yMoBa notpi6na &Jst Toro, mo6 maxepeso He Oyno mIyH-
TOM AJIs1 KOHTYDY Ta He 3MEHIIyBalo HOro eKBiBaJelTHy J06pOT-
HiCTb.,

Posr/sneMo BIIMB 30BHIMIHBOrO IIYHTYBAJIBHOTO PE3UCTOPA,
HiJIKJII0YeHOTO Tlapa/ieNbHo KOIHBAIBHOMY KOHTYPY, T4 BCTAHO-
BHMO CTYIIiHb BILIMBY 30BHIiLIHLOTO PE3UCTOPA Ha eKBiBaJIEHTHY
no6porHicts KouTypy (puc. 10.12).

Ockinbxu R 1 Zpes KOHTYDY BKJIIOYEHI IapajiebHO, AiCTa-
HEMO:

7 _ ZpesR _ Q(D()LR
8" Zoes TR QoL+ R’

TOMY
Zexs = Qexs®olL,
3BigKu
Q — ZCKB — QR
KB wgl  QuyL+R’
Orxe, Qg < O, i mo Menue R, 10 Meniie Q.

Mpukaag. Hexait ogl =10 kOM; Ryppy =1 MOM; Qgopr = 100;
Z ey = QuplL = 10 kOM - 100 =1 MOw;
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0. = Qcomr® _ 1 MOm _
B " QoL + R~ 1 MOy +1MOm

50.

Ortxke, 106pOTHICTD KOHTYPY 3McHIIMMAcS BABiui. ToMy wyHTyBanpHUI
pe3ucTop Mae 6yTH Ha NOPSAAOK OLMbLINA HIXK Zpes.

10.2. BubipHi niacunioBaui LC-Tuny

IIpunuumnoBy cxeMy npocToro cesektuBHoro LC-mizcusioBa-
4a 306paskeno Ha puc. 10.13. Ilix yac crBopends cxeM BUGipHUX
LC-nigcnaoBa4iB MaioTh 6yTu BUPileHi TakKi MUTAHHSA:

* 4K ONTHUMAJbHO MiAKAIOYUTH KOHTYP JI0 aKTHUBIIOrO /XKepe-
Jla CUTHAIy?

® 9K MiJKJIOYUTH CIIOXKUBava — R, A0 BUXOARY Ti/ICHIIOBAYA,
1106 iCTOTHO He NMOTipIIUTH HOT0 BUGIPKOBHX BJIACTHBOCTEH ?

Ilnsa toro mo6 AUX migcumosava Bignosigaaa (6yna 61u3b-
ka) AUX KOHTYpy, HOTO BMUKAIOTD 3aMiCTh HABaHTaXyBaJbHOTO
pesucropa niacuaosava Ry. Ile mapameabnuil koJMBaTIbHAUM KOH-
TYP, KU Ma€ BeJIMKHH pe3oHaHCHUH omip, 1o i 3a6e3neuye Mak-
cuMaIbHMH KoedillienT MmiZIcCHIeHHs Ha pe3oHaHCHi yacToTi. Omip
KOTYIIKM 3MeHUIYETbCS B pasi po3sialy KOHTYpY i 3abesmeuye
3HIDKeHHS KoedillienTa miZicuieHHs MiACHIIOBAYa 3a HAIPYTOIO.

HasanTaxkysaspna JIilis 3a MOCTIHHUM CTPYMOM BH3HAYAETh-
sl aKTHBHHUM ONOPOM KOTYIIKH 7; | IIPOXOAMTb MPAKTHYNO Bep-
tukanbio (puc. 10.14). Busnaunsun h-napamerpu 6ing po6o-
4oi Touku O, MoXIIa HepelTH A0 PO3paxyHKy BHOIpHOro MiACH-
JIIOBAaYa 32 3MiHHMM CTPYMOM.

BuxopucroByloun Jiiniitny MoIesb TPaH3UCTOPA B CHCTeMi fi-ia-
paMeTpiB, ck1azeMo JiHidRy Mozenb cesekTupHoro LC-mifcuio-
Baya (puc. 10.15).

O
~Ex
C
T,
C "—I
pl VT UBHX
o o
BX +EK
o -0

Puc. 10.13. Cxema cenextusHoro Puc. 10.14. BAX Tpanasucropa i na-
MiACHII0BaYa BaHTaXYyBaJibHa JiHisA 32 MOCTIHHUM
crpymoM LC-migcumoaua
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Puc. 10.15. Jliniiina esekrpiayHa MoAenb BuGipsoro LC-miAcutioBaua

Ockinpku BUXiZHUH OMip MaTONOTYXKHUX TPAHZUCTOPIB 1/ Ayop
CTAllOBHTD TIOPA/IKY COTCHB KiJIOOMIB, TO OIIip HaBaHTaKeHHS MOX-
na 3a0e3NeUnTH TAKOrO caMoro nopsajaky, tomy A4X Bubipuoro
nigcuaosava Oyjge ripuoro, nixk AUX kosnBanbioro XKOHTYpY,
OCKiJIBKY Pe30HAHNCHUH OIip KOHTYDY NOPiBHAHHUYL 3 BUXiJHUM
QIIOPOM TpaN3HCTOpa ¥ 0OTTOpOM HaBaHTa)keHHs. Buznauumo AUX
NiZIcuII0BaYa 3 ypaxyBauHIM IMIYHTYBaHHSI KOHTYPY 3a3HavyeHH-
MH OTIOpaMH, IPHITY CTHBIIM, 1O fyop = 0.

Toni

Iy =Upx / Iyqg.
Bignosiano mo nepiroro 3akony Kipxroda orpumaemo

Py 1EU sy [ 1 .1 :l
¥ 1ohl S S S R
hl1E Bux | "“22E ZK RH
hyg
U, by g
Ku=7, = 1

)
, —Eg
L C Rpy
[] Re J Cp2 VT2
Cpi [vri 2___|C"3

o_l i-— Rg Usgux

Usy “:I_CE [] Rgs Ry
o -l L 3k

Puc. 10.16. Cxema Bubiproro migcumosava Ha BIIT
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Puc. 10.17. CxeMa ceJIeKTUBHOTO IiJCHITIOBAYA HA TIOJLOBHX TPAaH3UCTOpaX

3 aHalizy OCTaHNbOTO BHPA3y BUIUIMBAE, WO Kype, >>1

hyieZ
(KU ~ -2EZK | Ockinbku Onip KOHTYPY 3aJ€XHUTb Bi dac-

hy1g

Tot Zg (j®), To i KoedillieT MiACH/IEHHS TAKOX 3a1€XUTh Bil

sacrotn Ky (jo).

3osuiwnti pesucropu 1/ hyyp i R, smemmyors Zg,,, pos-
IIHPIOIOTh CMYTY NPOMYCKAlIIs, 3MENIIYIOUH eKBiBAJIEUTIY 100-
POTHICTH KOHTYPY Ta KoedilienT niacuiens mijxcumonaya. [las
HOJINIIEeNHS YACTOTIIMX XapAKTePHUCTHK BUOIpHOTO ICHIIO-
Baya, TOOTO MiABHIIEHIS KPYTOCTi cXMJiB i Habmmxeuist AUX
MiACUJIIOBaYa [0 XapaKTePUCTUKH KOJUBAJIBHOTO KOUTYPY, IIO-
TpibHO:

* 3a6e3neyuTH G6inbll BUCOKMI R, ;

® 36iJTbUIMTH 32 MOXKJIMBOCTI BUXiAIMI OMp KacKamy;

® 3aCTOCYBATH KOJMBAJbHUII KOHTYp 3 BMIIOIO SKicTIO Q =
= 200...300.

Oaun i3 BapiaHTiB Takoro | . ]

figcniioBada Ha Gilloasapuux &l TN T
Tpal3UcTOpax 306paxeno Ha
puc. 10.16.

3BopoTHMIL 3B’A30K 3a CTPY-
moM (Rg) tpansucropa VTI
36iJplIyE BUXiMIMA omnip nep-
Oro Kackaay, 3abe3neyylouu

Puc. 10.18. Motpi6na (wrpuxosa
Jinis) # orpuMana AUX migcumo-
Bada (0]
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@9, o, MeHIlIe IYHTYBaliHg KOHTYDY.

Usx Usux : 1AXJII09a€eTh-
K, K, HaBaHTamel_mﬂ i

cd 4epe3 eMiTepHuii II0BTOPIO-

Bay, BXiTHUH Omip SAKOTro cTa-

Puc. 10.19. Higcumosau 3 GaraThMa HOBUTH 6JIM3BKO COTEHD KiJio-

PO3JIaJIHAHNMH 32 YaCTOTOK K4CKA- OMiB, IIPH LBOMY KOHTYD GiJb-

Aamm 1e 36epirae cBoOi AKicHi Xapak-

TEPUCTHUKH.

A [1s oTpuManHs 611bLI SIKiC-

HUX XapaKTepHUCTHK BHOIp-

Horo LC-miacniaoBadya MoXxHa

TaKO BUKODHCTATU I10JbOBi
TPaH3UCTOPU.

Bxiaunuit omip apyroro xac-
Kaay Moxke 6yTH OTPHMAHO BijJ
1 g0 10 MOwMm, wio Ha oauH-
IBa MOpsiAKYM 6isblle, HDX y
cxeMi Ha 6INOJISIPHUX TPaH3HC-
Puc. 10.20. AYUX miacumoBava 3 pos- Topax. Buxiguuit onip noJno-
s1anoM BUX TpPaH3UCTOPiB (y IbOMY

Bumagky VT1) R; naGmuxa-
€THCSA JI0 COTeHb KiJIOOMIB, 110 TAaKOX 6ible 3a BeamunHy 1,/ Ayop.

ITpuHIMIIOBY CXeMY NiICUTIOBAYA HA TOJBOBUX TPAH3UCTOPAX
3o6paxeno Ha puc. 10.17.

3a THUIOBHX 3HayeHb ONOPY KOHTYpPY Zpes = 100...200 xOm

edeKT WYHTYBaHHA He HACTI/IbKY iCTOTHHI | eKBiBaseHTHa o6POT-
HICTb KOHTYDPY 3MeHIyeTbes HesHawno (20—30 %) mono a06-
POTHOCTi KOHTYPY, TUTIOBi 3HadeHHs Akoi 6;mm3bko 100. 3Haloun
Zpes 1Q, pospaxyeMo 0oL = Z,e; /Q = 1...2 xOM. 3a 3anannuM

pe3
3HaYEHHAM (), PO3PaxoBYIOTb L, a noTiM i3 ropmyn o, = 1/ VLC
BU3HAa4aoTh C.
Y pOSTJISHYTHUX CXeMaX 3a BUCOKOI JO6POTHOCTI KOHTYPY OTpH-
MY€MO BUCOKY KDYTiCTh CXUJIY, ajle BIIHOCHO Majy CMyTy Ipo-
" myckanus (puc. 10.18).
[17151 po3NIMpeHHs CMYTY NPONYCKAaHHS MiKIIOYAMO 1BA KacKa-
1M i3 pO3JaJHAHUMH OANH LWOAO oAHOTO YacToTamu (puc. 10.19).
AUX Takoro miicuyioBaya Ma€ BUIJIs, HaBegenui Ha puc. 10.20.
Posnan yactor g, —®y; BHOWPAOTh Tak, IO6 IpOBal y Xa-
PaKTepHCTHII lie IepeBMIYBAB MJOIYCTHMi 3Ha4eHH:s, TO6TO
0,707

K]

max-*
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10.3. 3aranbHi nNoNoXeHHs
Teopii BUbIpHUX RC-cuctem

Bu6ipui nigcumoBadi LC-THIy Z00iTbIIO HPOEKTYBATH Ha pe-
sonancni yactot Bix 100 I i Gisvure, npu 1poMy napamerpu
koHTypy LC-THILy KOHCTPYKTUBHI: 3IIa4eHIs IIAYKTUBHOCTEN 31a-
XOAATbCA Y MeXKaxX BiJl JecATKiR MiKporenpi 40 OZMHUIb MiJi-
reipi. 3a TakuX 3liaYeHb iHAYKTUBHOCTEH 3HAYeHHs €MHOCTEH
nepeuki — C =10...1000 n®. [Inag 1ux eMuocTelt caifg BUKO-'
PUCTOBYBATH KepaMiyui Ta caoAfH] KOUAEHCATOPH, 10 MAIOTh
Beankuit onip BuToky (R, =10...100 MOwM). Cuix 3asuaunty,
10 y IbOMY KOHTYPi MOXYTDh OYTH OTpUMAINi BHCOKi 3Hayemns
no6potuocteii (6m3bko 100...150).

Ha 4acrorax, mbxuux sa 100 xIu, mouinsno sacrocoByBaTH
RC-subipui cucremu. RC-Ilizcumosaui 6yayors na 6a3i mupo-
KOCMYTOBOrO mifgcuiioBava i wacrorosanexiioi RC-nankm 3Bo-
poTHoro 38’sA3Ky. OJHUM 3 BapialTiB KOJia 3BOPOTHOTO 3B'SI3KY €
T-moxi6uuit Mict. CTpyKTYpHY cXemy Bubipaoro RC-migcuiio-
Baya 306paxeno Ha puc. 10.21.

CMyra nponyckanns LIHPOKOCMYTOBOro Mi/ICHIIOBaYa Ma€ Gy-
TH I1a TIOPAAOK BHUIOIO, Hi’K KBasipe3oHaHCHA YacTOTa MiJCHJIIO-
Baua.

BuMorn 1o 4oTHPUMONIOCHHKA K0J1a 3BOPOTHOTO 3B’ I3KYy:

)] IB| =0 — 1a yacrori kBasipesoHalicy (0 = @), ¢p — Gy~
ake snavenns (qoaatnuil a6o B eMyuil s11aK);

2) na Beix inmmx wactotax (0 # 0g) [P =1, ¢p = 0 3a ¢paso-
BOTO 3CYBY Hijcimosada Ox = 180°, nio 3a6esneuye neraTusInii
3BOPOTHMIL 3B’A30K y CHCTeMi.

Ha puc. 10.22 so6paxeno AHX mmpokocMyroBoro Imiacumio-

Baya l K | =¥ (f) ra AUX BuGipHoro nifcum0oBaya, OTpUMani Bia-

e .
[R]| 1Kl ||
I&l]
J2

U °—[ T e

B n (% ®

Puc. 10.21. Crpyxtypha cxema sii-  Puc. 10.22. AYX 1mmpokocMyropo-
6iproro RC-miscumoBaya ro K iBu6ipHoro Kp nmixcumosayis
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MOBiIHO 10 XaPAKTePUCTUKH KOJIa 3BOPOTHOTO 3B SI3KY i popMy-
au KoedillieHTa HiZicueHaA NiCUIIOBaYa 31 3BOPOTHUM 3B’S13-
koM Kpg:

5 K

Ky = — .

B 1+ KB
Axuro
1 =wy, P=0; Kp=K.2)ozw, B=1 Kz= = =
Yo=oy P B ) o B BT1+K

Ockisibku MORyJIb lB| 3MIHIOEThCS BiA HyJIs 10 OAMHMLI MiJ Yac
po3najy BiJl YaCTOTH KBa3ipe3ollaHCy BJIBO i BIIPAaBO IJIABHO, TO
OTPHMAEMO TUTIOBY A3BOHONMOAIGHY XapaKTEPHCTHKY, IOAIGHY 10
XapaKTepUCTUKY KoJinBanpHoro xoutypy (aus. puc. 10.22). Ha
Hift MOKHa BHAIMATE cMyry npomyckains II na pisni cnaxy xa-
pakrepuctuku 0,707 |K|

10.4. NoggitHui T-noAiGHUA MicT.
OCHOBHI XapaKTepucTuKn i napamMeTpu

IpunnuoBy cxeMy noxasiftnoro T-mogi6HOrO MocTa 306paxe-
Ho Ha puc.. 10.23.
3a3Buyai MicT CUMETPUYHHIH, DU LIHOMY

R1=R3:R; C1:C3:C;
R2=Rn, C2=C/7’l,

ne n — mapamerpy Mocta (n = const /st KOHKPETHOTO MOCTA).

Mict MoxHa nojati y TakoMy Burasaai (puc. 10.24). Omnu-
CaBIIK IO CXEMY PIBHSHHAMH, MOXKHA BU3HAYHTH KoedilieHT me-
peaaui Mocra:

U .
2 = (R, C, n),

BX
ge B — BenuuyMna KOMIJIEKCHA i IOJAETbCS CyMOIO ALACHOI Ta
YSBHOI 4aCTUH

| B=Re(B)+Im(B).

Ha uacrori kBasipesonaicy ® = ®y; P = 0. IIpupisHsiBum yss-
Hy JacTuiy ao nyJjs I m(B) = (), BU3HAYAIOTh YACTOTy KBasipeso-
. HaHcy:
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—i—

IICl IIC3 y Y
11 ] Uax Uaux
Rl R3 *—0 O—e—O o—

o— — %0
. lcz ) Lyy | c I3}
Usx —-1— I;|R2 Usux R T R
o- — & ) — {1
Puc. 10.23. Cxema moasiiiHoro T-noai6- Puc. 10.24. ExBiBaneHTHa cxer
HOTO MOCTa ma T-noai6Horo Mocrta

3naiieMo 3B’ 430K Mix P i napaMeTpaMu MOCTa 7, TIPUDiBHSB-
ur aificHy 4actuny no nynasi Re (B (g )) =0,

_2mi-n__
0 1+n+2n?

Busnaunmo, 3a sIKHX 3HaueHb napaMerpa mocta (n) B = 0. Pis-
HSHHA Ma€ /1Ba KOPeHi:

1) ny = 0; wueit Kopib HeNpHIATHMI, OCKiIbKM (i3uulo peasi-
syBatn n = 0 HeMOXHBO (C3 = eo);

2) ny = 0,5, mpu uboMy kopeni Rz =0,5R; C3 =2C.

Xapaxrepuctuku nozsiitnoro T-noxi6éHoro Mocra MaioTh TpH
pisuux Buawm, akmon = 0,5;n < 0,5, n> 0,5.

PosrisiHeMo cxeMy MOCTa, KOJH 3la4yeHHs IIapaMeTpa MOCTa
n =0,5. 3pobumo npunymeHns R, — o (R, >> Ry, oc ), MiCT
110 BUXOMY TIPAIIOE B PEXUMi XOJIOCTOTO XOAy. Takuif pexxum
po6oTH MOCTa peasbHo 3a6e3MeyyIoTh BiAIOBIIHUM y3TOMXKEH-
HAM R, yoc 1 Ry 3a MOTPe6H 3aCTOCOBYIOTH eMiTepHMHA MOBTO-
pioBad AN y3ro/pkeHHs a6o Kackajl Ha TOJIbOBOMY TPall3MC-
Topi. ADUX Mocra 3a n =0,5 nasegeno ua puc. 10.23.

[Ipu snavepnsax o= 0 U, =U, =+1, To610 § = 1, a npn
o=wy Uy, =0, 0610 = 0, ampu @ > U, =U, =+1,
To6T0 § = 1. ¥ pasi mabauxelns 0 4aCTOTH KBasipe3oHalcy
3HU3Y MOJY b NIparHe Jo 1y, a (pa30oBuii 3cyB @ = —90°. Y pasi
HaGJIVOKEHHS [0 9acTOTH KBa3ipe30HaHCY 368epxy MONYb TaKOX
npariie o Hy s, a (pa3oBuii acy ¢ = +90° (puc. 10.26).

Orxe, nogsiinuit T-nogi6énuii Mict 3a 7 =0,5 3a40BOJbHAE
BUMOTAaM, IIOCTABJIEHUM [0 YOTHPHIIOJIIOCHIKA 3BOPOTIIOrO 3B 53~
Ky, JUIss oTpuMaHIsi BuGipHoro migcumosada [Blwg) =0; mosa
cmyroro mponyckanus (o) =1, o(wy) mMoxe 6yTn 6yab-sKuM,
ockiabki B(wg) = 0; mosa cMyroio nponyckanus (o) =0, uum
3abesneuyerbcs H33 npu ¢ = 180°].
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@

Puc. 10.25. A©UX nogsiitnoro T-mo-
ni6roro mMocra 3a n=20,5

Puc. 10.26. AYX i ®UX T-noai6Ho-
ro mMocra zan = 0,5

-90°

ADUX moasiitroro T-nozi6uoro Mocra 3a n > 0,5 Mae aHa-
JIOTI4HUH BUIVISA, O/HAK TOUKA, IO BiAIOBifa€ 4acTOTi Wy, PO3Mi-
ILleHa He B HyTIbOBill KOOpAUHATI, a 3MillleHa BIIPABO 1A BEJUYHMILY,
nponopuiitay # = 0,5. Bursg AQUX 306paxeno #a puc. 10.27,
a AUX i ®UX, wo Bignosigaors upomy sunaaky (n > 0,5), —
ua puc. 10.28. Ha vacrori kBasipesomancy ¢(wy) =0, mo 3a
¢ = 180° 3abesneuye H33 nosa cmyromwo nponyckants ¢(w) = 0,
OTXe, crocTepiraerbest Takoxk H33 3a |B(w)|=1. Ha wacrori
kBasipesoHancy P(wy) # 0, oJHaK y pa3i HEBEJMKNX BiAXWUJEHb n
Bix 0,5 Bono 6/m3bKe 4O HyJIs, 1O TPOXYU 3MEHUIy€E KoedilieHnT
HmiAcUJIeHHsT BUOIPHOTO MiACUIIOBAYA HA YACTOTi KBa3ipe3oHaH-
cy. Tak, Kg 32 n=0,5 nopisnioe K (koedinient niacuaenns
nizcuIoBaya 6e3 3BOPOTHOrO 3B’A3KY), a3an > 0,5 Kg <K.

ToMy MicT 3a 7> 0,5 TakoX NpUAATHUN OIS OTPUMAHHA Ce-

. IEKTUBHOTO MiJCHIIOBa4a 32 3a3HayeHOIO BUIIEE CTPYKTYPOIO, OJ-
Hak BiH MaTHMe Jello ripwi BUGIpHi BAaCTUBOCTI — MEHIIY eKBi-
BaJICHTIY JOGPOTHICTD i, OTKe, 61JIbIIY CMYTY NPONYCKAHHS.

ADUX noasitinoro T-noaiéHoro Mocta 3a n < 0,5 Mae Takox
BUIJIA/, AHAJIOTiYHMIL TakoMy 3a 1 = (0,5, O/IHAK TOYKa, IO BiANOBI-
nae 4acTori ®,, 3Miltena Baiso (puc. 10.29).

AYX i @YX, wo BianosigaoTh npoMy Bunajaxy (n<0,5),
nasejeno Ha puc. 10.30. Ak Bunnmsae i3 puc. 10.30, dasonwuii
3CyB MOCTa B 06JacTi 4acTOT KBasipesomnaHcy (®,) CTaHOBHTD
6smspko 180°, 1o BianosiAHO 10 @ = 180° IPUBOAMTD [0 IIO3H-
TMBHOT'O 3BOPOTHOTO 3B’A3KY (@ =0, AKImO ® = 0y). OTxe, 110-
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a=0

®; ¢

Praxf~=-====2 -
Puc. 10.27. A®YX Mocra 3a n> 0,5 {\

Puc. 10.28. AUX i ®UX T-mo- ~ Pmaxp -

nibuoro mocta 3a n > 0,5 b

Asiitauil T-noai6muit MicT 3a n < 0,5 HenpUAATHUIL 1S 106y A0~
BY BUOGIpNWX MiZACUIIOBAYiB.

[lapameTp MocTa 3a 7 < 0,5 BUKODHCTOBYIOTb A5 NMOGYAOBY
RC-reueparopis. [l reiiepaTopiux JaHok KoedillieHT nepe-
Jdaui B, 1ma 4acToTi KBasipesollalicy W, Mae OYTH MaKCHMaJb-
IIHM, OCKIJIBKH Tie moTpe6ye MeHIIOro koedillieHTa MiJCHJAEH-

Im‘ \ n<0,5

.
I8l
1

Do

Puc. 10.29. AOYX mocrasan<0,5

Puc. 10.30. AYUX i ®dYX T-noxnib-
Horo Mocta 3a n<0,5

-180°
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\ ‘ Puc. 10.31. 3anexxicts B =f(n)

HsI MiJICHJIIOBaYa s 36Y/KEHHS
(K|B|=1 — ymoBa 6anancy ammi-
Ty renepatopis). e muraunsg 6yme
0{ 0,207 05 PO3LJsANYTO Y po3a. 11.
n [o6 3unaiiTu napaMerp n Bifno-
ﬁ Biﬂﬂqro Bmaxl" BisteMF) noxiamy i
MpUpiBHAeMO I 10 uyjsi: df/dn=0.
IIpu 1bOMY OTPUMAEMO OAUH KO-
pinb n = 0,207, 1o NOroIxeHu#t 3 yMoBOIO, gKIO n'<0,5. 3a-
Jexuicts xoedinienta nepegayi Mocra B(n) Mae surasg, 3o6pa-
Kenwit na puc. 10.31. Hiacrasasiouu n y dopMyy B, oTpuMaemo
By =-1,/11. 3nax B, ykasye Ha (pazoBe CIiBBIAHOMICHHS MOCTA
o(w) = 0y =180°, amoays 1 /11 (MakcuManbHui) TOTPEGYE MiHi-
MabHOro xoedilienra nigcunenns miacumosada K = 11 ga 36y-
mxenns. Taknit Mict (3a 7 = 0,207 ) 6yne 3acrocoBano y posa. 12
aug no6ynosu RC-renepatopis.

10.5. NpuHuKMnosi cxemmn
BUGipHUX RC-nigcuniosayis

IMTpynnunosy cxemy RC-reneparopa Ha IOJIbOBOMY TPaH3HC-
Topi 3 moAsiuuM T-mogi6HUM MocTOM 306pakeno Ha puc. 10.32.
[IpobaeMa y3rogxeHHS MOCTa 3 BUXiAHMM i1 BXiZHMM omopaMu
MiJICUAI0BAaYa PO3B'SI3YETHCSA BIAHOCHO IPOCTO, OCKIMBKM R,

CTaHOBUTH A0 AECATKIB KIJTOOMiB, a Ry, i, A0CAra€ OJUHNIb

Puc. 10.32. IIpunnu- o
[OBa eJIEKTPUIHA CXe- ”sz —-Ecp
Ma Bubipuoro RC-nin- Re Il
CUJIIOBaYa Ha TIOJIbOBO- iC 1C
My TpaHsucropi i ||—
Cou| R R
VT
D) [I=.
0,5R
Run !
C 2C
Eax Uax R3 RB fraed B
- T +Ecp
L 2 _ -0

136

Prc. 10.33. IlpuaumnoBa enexTpHuHa cxeMa BubipHoro RC-mizcunionaya
Ha GiNOJIPHAX TPAH3UCTOPax

Meraomig, 1o noTpedye R, . 10 coTenb KigooMmis. MicT cumer-
pudHHif i loro BXigHuil Ta BUXiAHWH OMOPH A0PiBHIOIOTH 6JIM3b-
ko 0,7R, yHacHiIOK 4Oro MOXHa BU3HAYHUTH 311a4enHs Pe3UCTO-
pa R. Ockimbky @y =1 / RC, To s 3aa110i yacToTH Wy MOXHA
po3paxyBaTH norpibue snavernst emnocti C. Bubip napamerpis
RC-niacumoBada posryisinyTo y niiposj. 2.4.

R1 npuiiMaioTh Ha NOPSAOK GiJbIIMM, HiXK BUXiJIIHH o1mip Mo-
cra (R1=0,5...1 MOmM), 106 YHHKHYTH INYHTYBaHHA MOCTA BHYT-
PilHiM 0NOPOM JKepea BXiaHoro cursany R, sxwii e Bignocuo
ManuM. 36inplryBatd 3HaYeHHsS R1 HeJONiJIbHO, OCKIJIBKH 1€
NIPU3BOANTD A0 3MEHIIeHHsA KoedinieHTa MiJCUAEHHs IiJCUTI0-
Bada. AnaJioriune MiK/II04eHHS MOCTa A0 MiAcKHa0Baa 1a 6imno-
JAPINX TPAH3UCTOPAX HEMOXTHBE, OCKilbkM cxema 3 CE Mae
TpUOIN3NO OAHAKOBI 3HAUENA BXIAHOro i BUXIANOTO ONOpiB.

Tomy mia yac 1o6y0BH BUGIPIHX MiJICHITIOBAYIB Tta Gionsp-
HUX TPAII3UCTOPaX A Y3ro[XKells NiACUAIOBAYA 3 MOCTOM CJIJ
3a6e31eYnTH CIiBBjHOMIENIIA BXIAHOIO i BUXi/IIOTO ONODiB 1MiACU-
Josa4a npu6au3no 50...100, 1o MOXINBO JAMHIC i3 3aCTOCYBAH-
HSM JOMATKOBOTO KacKaay 3i CHIJIBHAM KOJEKTOPOM (eMiTepunii
NoBTOPIOBAY). BXifmuii onip eMiTeprnoro nosTopioBaya jgocarae
coTellb KiJIOOMiB, TOMY, 326e311eUMBIIM BUXiIKAA ONIp MiICH0BaYA
(CE) 62n3bKo oaunuui kizooMie Ry =1 kOM, MoXHa BBIMKIYTH
MICT MDK JIMMU 3 BHYTPILIHIM OIIOPOM HOPSAKY JECSITKiB KiJIoOMiB.

CxeMa Takoro mijicumoBada — Ile UIHPOKOCMYTOBUHM ITijI-
cumosay (CE), T-noai6uuii Mict i eMitepuuii nosropiosau (CK)
(puc. 10.33).
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BMukanua Jxepena cursary U,, mocailoBHO i3 BHXiAHOIO
flalpyrolo MocTa, TakK 3BaHa cXeMa 3 MiJKAIOYeHHSIM CUTHaJy B
«HiXKy» MOCTa, 3a6esneuye H33 3 gopasanuam nanpyr. Ipu
LIbOMY Ma€ BUKOHYBATHUCS TaKa HePiBHIiCTb:

R << R

BH.CHT BX.MOC”

Pospaxynok kackagais 3E (VT1) i 3K (VT2) tpaguuiiini.
BuxonoM niacunoBaya € Buxia tpausucropa VT1.

KoHTponbHi 3anuTaHHs

1. Bu3HauTe pe3oHaHCHi omopH NMOCHIAOBHUX i NMApaJCAbHOrO KOJHUBAb-
HHUX KOHTYPiB Ta MOSICHITH, SAKHH KOHTYD MOXHa PO3TJISIZATH K MiCH-
JIOBAY HANPYTH, a AKUH — gK MiICHII0BAY CTPyMY, HOMY?

2. Hamamioiite eIcKTpUYHY MoAeab BHGipHOTO nigcuaosaya LC-tuny, npn

3afadiil Z06pOTHOCTI KOHTYpY Q BH3HAuTe CKBiBAJCHTHY J0GPOTHICTDH

nigcunoBaya Qp Ta #Oro cMyry NpONYCKaHHA.

Cdopmy.oiiTe BAMOTH JO YaCTOTHHX XapaKTepHCTHK YOTHPHIIOJIIOCHUKA

3BopotHoro 3B'sisky BUGipHuX RC-cucrem. Hamamwoiite AUX RC-Bu-

6ipHoro migcuaoBaga paszoM 3 AUX IINPOKOMOJIOCHOTO MiACHJIOBavYa

Ta AUX YHOTHPHITONIOCHUKA 3BOPOTHOTO 3B SA3KY.

4. Hasenith 4acTOTHI XxapakTepHCTHKH ToABiliHoro T-noai6Horo mMocra 3a
n=05n> 05 n < 0,51 DoacHITL MOXKJIMBI BapiaHTH Horo 3acro-
CyBaHHSA A5t BUOIPHUX IiACHIIOBAYiB.

had

Posain TEHEPATOPW MEPIOANYHUX
11 KONMUBAHDb LC-TUMY

11.1. MeTogu aHanisy
yMoB 30y[KeHHS reHepaTopiB

TI'enepamop — NPUCTDPiii, 1[0 TMePETBOPIOE elieprilo [Jxepesia
nocTiinoi Hanpyru (JuKepesia JKuBJIENHS) Ha He3racayi KoJu-
BalHs NOTPiOGHOT POPMH, aMILIITYAH i YACTOTH.

3a ¢opMoI0 Hesracawdi KOJUBaHHS GyBalOTh:

e cunycoinanbui (rapMoniini);

e imirysbcHi (IPSAMOKYTHI, TPHKYTHI, Tpaneueifa bHi Ta i.).

Po3pisHAIOTh TpU THIIM reHepaTopiB:

® TeHepaTOpH Ha 6a3i eJleMeHTiB 3 HeTaTHBHUM ontopoM (rene-
patopH Ha 6asi TyHeJbHUX JIiO[iB);

® refgeparopi Ha 6a3i 3 BY3bKOIO CMYIOI0 HPONYCKaHHA Mif- .
cuaosadip LC-tumy i 4acToTone3ase’XHOTO KOJa 3BOPOTHOrO
3B’A3KY;

¢ reriepatopy Ha 6asi mmpokocMyroBux RC-niacumosadyis i
4acTOTO3aJIeXKHOI JJaHKU 3BOPOTIIOTO 3B A3KY.

Ha Bucokux wacrotax (momaa 100 kIiu) 3acTocoBYIOTb relie-
paropu LC-tumy, ockijbKH TapaMeTpH KOHTYPY KOHCTPYKTHBHI,
a Ha HIDKYKX dYacrorax (Memme mix 100 x[1) — reueparopu
RC-tuny, ne 3aMicTh KOHTYPY BUKOPHUCTOBYIOTh RC-nanku.

g ananizy yMOB 36y/KeHIs reHepaTopa MO Ha BUKOPUCTA-
TH KJIacuynuit MeTox. Koxuuil reepaTop OmMCYETHCSI CHCTEMOIO
Audepeliatbiux piBIgHb, a O3B A30K CUCTEMU BH3IIAYAE YMO-
BU Gasaucy ¢das i aMIiTys.

L7151 1bOTO BUKOPHCTOBYIOTH MeTol Payca— I'ypsina. Tenepa-
TOP OIIUCYETHCS CUCTEMOIO AUdepeHIlia bIuX DIBHAHD, /IS SAKOT
CKJIaZal0Th BU3HAYHUK, BUPILIYIOUY, AKi CJIiZl BCTAHOBUTH YMOBH
6anancis das i amnnityn. Kpim Toro, 3acToCOBYIOTh METO/IM OTIC-
PaTopIOro olopy Ta omepaTopHoi nposidiocrti. Jo nesuux to-
YOK MoJIeJli rellepaTopa 3HaXoAATh onepatopimit onip Z(P) abo
nposianicts G(P) i npupisuonTts ix A0 uyas: Z(P)=0 a6o
G(P)=0. 3 orpuMalnX XapaKTePUCTUYHUX PiBHSAHND BU3IAYAIOTH
KoOpeHi Ta BCTaHOBJIOIOTb YMOBU 6analciB ¢das i amrurity.

B enexrponini mupoxko 3acTtocoByoTh Meton Hadksicta—
MuxaiioBa, cyTb SKOr0 NOJIArae B TOMY, M0 3a surjsiaom ADYX
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PO3IMKHEHOI CHCTEMM MOXXHa OUIHIOBATH CTiliKicThb 3aMKHEHOI.
Axmo ADUX posiMkieHo! CHCTeMH OXOILTIOE TOYKY 3 KOOPAU-
naramu (+1; j0) npu Uy, =+1, To 3aMKHEeHa cycTeMa HecTiiika.

KoediuieHT migcuIeHHs ni/ICHIIOBAYA 3 TIO3UTUBHUM 3BOPOT-
HUM 3B’SI3KOM

KB = —-K.——-.—,
1-BK

ze K i f — BimmosigHo kommiekcui xoedimientu nepegadi
IiJcUI0OBava i 3BOPOTHOTO 3B A3Ky. SAKIIO

1-BK =0, To Ky — oo,
Orxe,
1-BK =0 — ymoBa 36GyIXeHHs TeHepaTopiB,
abo o
KB=1,
e K :lKleﬂPmuc’ B=|B’e]‘v33.
. el N Pgine+¥
3Bigcu AiCTaHEMO: IKHB}QI((pmm 33) 21.
I3 koMIMTeKCcHOro BHpas3y MaeMo ABI yMOBU 36y[KeNlls reie-
paTopis:

1) Opine + Y33 =360°n  — Gananc ¢as, ge n — Gymp-sike Line
YUCIO; .
2) |K “BI >1 — GaJaHc aMIUTTYA.

Hexait 5a 6y 1b-sKiit yacToTi @) cyMapHuii paszosnii 3cyB A0piB-
HIOE HYJI0, TOMy yMOBa Ganancy pas BUKOHYEThCs (TaKuX vac-
ToT Moxe GyTH Kinbka). Oanak na ymosa (6ananc ¢as) € 1eo6-
XiZIHOMW0, aJie 11eA0CTATHHOIO. SKII0 Ha Hill YaCTOTI BUKOHYETHCA
TAKOX GaJlalic aMILHTY, TO HA il 4acTOTi BiIOYAeTHCS 36YIKeHH
reneparopa. IliacuaioBad 3 TppoMa i Oijpllle KaCKaJgaMu 3i 3BO-

pOTHUM 3B’sI3KOM 3a azoro no-
Im i TeHIHHII0 HeCTiMKMIA, OCKIJIBKH HOoro
ADUYX mepernnae peanbHy Bich
y ABOX TOYKaXx, W0 BiAMOBiIAIOTh
HH3bKii i BUCOKiK yacroraM. Ha
KOXKHiH 4acToTi, B SIKiii BUKOHY€TH-
cs O6ananc ¢a3, caiJl nepeBipuTn
BUKOHAHHS YMOBU GajlaHCy aMILIi-

3mificHI0ETse  Pyc. 11.1. ADYUX posiMKHEHOI cuc-
6anaHc $pa3  temu
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Vs U
- e 9
/\ n n K Vo= 0 (U
|Kl=(Usy)
of | U t
| RAR | Unx
b
[Tepexinann U
mpouec 0 ===T—___ =

Puc. 11.2. Buxigua nanpyra re-  Puc. 11.3. AMunityfHa xapakTepHcTH-
Hepartopa Ka NiACHII0BAJIbHOTO KACKaLy

TYA. SKio xoua 6 Ha ofiHii i3 HUX IK | |B| > 1, TO 3aMKHEla CHCTeMa
HecTilka.

ADUX posiMkHeHoi cucTeMu mocToro nopsaaky (migcuaio-
Bay Ha TPbOX KAaCKaJax 3 YaCTOTO3AJIEXKHHUM 3BOPOTHHM 3B’S3-
koM) 306paxkeHo Ha puc. 11.1. Taka cuctema 3a ¢asoro norel-
HilfHO HeCTiiiKa, OCKiJIbKH Ha /BOX 4aCTOTaX ((1)1 i) BUKONY-
10Tbcsl yMoBU Ganaicy ¢as (U, (o) i Uﬂm(z(u)zg y asi 3
U,y = +1]. [Ina Busnavennst yMoB 36y/KeNIA 3aMKIIEIIOl CHCTe-
MU IepeBipHMO BHKOHAHHsS GaJalCy aMIIiTY.

Ha vacroti o |K||B| <1 6ananc aMILIITYJ He BiAGYBa€ThCS,
TOMY Ha YacTOTi W TeHepaTop lie 30yXKYEThCs, a Ha 4acTOTi W,
lK HBl > 1 criocTepiraeThcs 6aanc aMILITy A, OTKe, Ha Il YacToTi
rerepaTop 36y/Kyerbcsl. Hanpyra na BUX0/i reHepaTopa nicst
itoro BMukanus (¢ = 0) Mae BUrJsA, 306paxkennii Ha puc. 11.2.

Iicna sakivgerns nepexianoro npouecy (micsis L ) nactae ycra-
Jieni pexxuM poGoTH, Je chr“Bl = 1. Lei npouec 3a6e3nevyerbes
uesigifnicTio aMIiTY 11101 XapaKTepUCTUKY IiJICHIIIOBAYa, 33 pa-
XYHOK gKO1 3i 3pocTaniiaM BUXiJIIol HaNPYrH 3MeHILYyeThCsl Koe-
¢dinienT niacunenns miAcumoBambHOro Kackaay (puc. 11.3).

11.2. LC-T'enepatop
Ha NOMIbOBOMY TPaH3MUCTOPI
3 KOHTYPOM Y KOfli 3aTBOpa

CxeMy rerneparopa 3 KONTYpPOM y KOJIi 3aTBOPa 306paXxelio 1a
puc. 11.4. TTo3uTuBHNiH 3BOPOTHMI 3B’SI30K BU3IIAYAEThCS 3yCTPid-
HUM BMHKaHHAM KOTyWok (* — nouatok o6Morkn). OTxe, 6a-
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Jnanc ¢$a3 BuKonyetbed 3a @y, =180°. Bananc ammityn Busna-
JaeThcsa KoeillieHTOM MiJCHIeHHS TPAH3HCTOPHOTO KACKaMy Ta
KoetblmenTOM B3aEMOIHAYKIII M, axuii 3aJXUTD BiJI CTYTIEHs
3B’s3Ky (BiAcTami) MiX KOTylIKaM¥u.

KoHtyp ZouinpHo mizxiovars B JIaHKY 3aTBopa, wob foro
BUXIAHUI oMip K; mne HIyHTyBaB TPAH3HUCTOD. Y UbOMY BHIIAJ-
Ky Bill 3a6e3ledye UIYHTYBAMHs OTOPOM BUTIKAHIIA TPAH3HUCTOPA,
BeJIMYMHA AKOro Ha ABa HOPAAKHM 6inbuia Hik R; (ZecsaTku Mera-
oMiB). Banaic aMmiityx 3a cTasoro Koeqnmema nigcuaeHis
KacKaay [I\{—const 3a6e3neyyeTbcst KoedillieATOM B3a€EMO-

inayxuii M. Woro nix6upaiots Tak, mo6 reHeparop HaAiitHo 36y-
JUKYBaBcsl, TOOTO GajialC aMIUIITY[ BHUKOIYBABCS i3 3aMacoM
IK||B|=1,2...1,25.

Hampyry reneparopa 3HiMaloTp 3 KOITYPY, OCKLJIBKH 3aBIAKH
floro (pinbTPyBaNbHUM BJIACTHBOCTAM BOHA GJIM3BKa [0 CHHYCO-
inambnoi. JIas Toro mo6 He 3aMUKATH KOHTYD OIIOPOM IIaBaHTa-
JKelHs [ He ToripmyBatd iloro A0O6pOTHicTh, HaBaHTaXKeNls
NKIIOYAOTb O KOHTYPY depes BUTOKOBHI NOBTOpIOBad. Po3-
PaXyHOK remeparopa IPOBOASTH TpaauliiiHo, BPaxoBYIOYH pe-
KUM POGOTH Telleparopa 3a MOCTIHAM i 3MiHHHAM CTPyMaMH.

Posraanemo pexum 3a nmocriituum crpymom. HaBantaxy-
BaJbHa Jidisd TPOXOAUTH Malixke BePTUKAJIBHO, OCKIJIBKH OIlip
KOTYHIKH 3B’A3KY 3a IOCTIHHUM CTPYMOM IIPAKTUYHO AOPiB-
uioe uyio (puc. 11.5). Bubpasuwin po6ouy TOYKy B 1eHTpi
po6ouoi 0671acTi, BCTAHOBJIIOOTh Hanpyry 3cyBy (s Touku O

R ——UsB“

= : B~ . TAU A -
U3Bn +2B) i PO3PaXOBYIOTH Rp ICH Busnaua
I0Th NapaMeTpu Tpausucropa S, R; i p B pob6ouiil touni O

|

Eg U3

Puc. 11.4. Cxema LC-reneparopa Puc. 11.5. Pexxum 3a mocrifinum
Ha MOJBOBOMY TPaH3UCTOPI crpymom IIT
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Puc. 11.6. JlimiiiHa enekTpmYHa MO- . C

neab LC-remeparopa
3(+) R; [l ‘ M

i CkJIamaloTh JiHIHHY eJeKTpHY- L¢
Hy MOJie/ib TeHEepaTopa AJiA Horo ~pUsg
PO3paxyHKy 3a 3MiHHHUM CTPYMOM
(puc. 11.6). B
OnucaBiny Lo MoAeab i pos-
B'A3aBLIN CUCTEMY PiBHSHb, BU-
3HauYUMO KopeHi. 3a ysIBHOIO YACTHHOIO KOpEHs BU3HAYAIOThb Ta-
KOX 4acTOTy 30y/XKeHHsSI reHepaTopa, a 3a AINCHOI0 YaCTHIION
Kopens — G6ajaHc aMIuIiTyn (AK1Io AificHa YaCTHHA KOPEHs NMO3H-
THBHA — CHCTeMa CTifiKa, SIKIIO HeTaTHBHa — CHCTeMa HeCTilKa).

11.3. LC-TeHepaTopu
Ha GinonapHUX TpaH3ucTopax

Cxemy LC-resepaTopa 3 KOHTYPOM y KOJi KoJekTopa 3006-
paxeHo Ha puc. 11.7. Tenepatop 36yIKy€TbCcs Ha 4acToTi

f=1/ \/LKCK. I1g cxema nogiGHa g0 cxemM reHepaTtopa la Mo-
JIbOBOMY TPAH3HUCTOPi, B AKilf KOHTYpP i KOTYLIKY 3B’A3KYy MOMi-
wanu Micuamu. Koupencarop Cj; npusHadeHo A8 MyHTyBais
3a 3MiIHHHUM CTPYMOM TOYKH [, 00 Hanpyra 3BOPOTHOrO 3B’ A3KY

" 6e3 BTpaT Ha R2 mepenaBasiacs nepexonoBi 6a3a—eMitep Tpall-

sucropa. Enementu Ry, Rq), R1 i R2 3a6e3neuyioTb HeoOXiaHuii
koediniedT TeMIepaTypHoi HecTabinbHOCTI cxeMu S. B inmomy
poboTa cxeMHu He BiZpi3HAETbCS BiA po3rjsaHyTol B migposa. 11.2.

Puc. 11.7. CxeMma redepatopa 3 KOHTYPOM y KOJI KOJEKTOpa
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CxeMy reHeparopa po3paxoBYIOTh y TaKiil TOCJiJOBHOCTI:

* pPO3paxoBYIOTh CXeMY 3a MOCTillHHM CTPyMOM;

* BM3Ha44lOTh A-TIIapaMeTpU MOJENi TPaH3HCTOpPa;

* CKJ2J4I0Th JiHINIHYy MO/e/ib TeHepaTopa, MPOBOJASTh aHATI3
ui€i MoJesi, BCTAHOBJMIOIOTh YMOBH 6anaHciB ¢a3 i aMIITy .

CxeMy renepaTopa Ha TPAaH3HUCTOPI, MiTKIIOUEHOMY 32 CXEMOIO
3i crinpHOI 623010 (eMHicHA TpUTOYKaA), 306paxeno Ha puc. 11.8.
IlosuTuBHHI 3BOPOTHUI 3B’A30K 3AIHCHIOETbCA 3a PaxyIloOK
emuicroro noginbiuka C1, C2. Hampyra UC € BUXOJIOM TO-
ainphuka U, i HaAXOAUTb Ha eMiTep Tpaﬂsnmopa (CB). Ha
BXig mominpuuka (f—3) NOmaeTbCsA BUXifHA Hampyra HiACH-
goBada. YacToTa pe3oHaHCY BU3HAYAETHCA €KBiBAJIEHTHOIO €M-

HiCTIO:
_ GG
€KB °
G+ Gy
Cxema 3i crisbHOIO 6a3oi0 Mae ¢asoBuil scyB @, = 0°, Tomy

JJIs1 BUKOHanus G6amancy a3 $asoBUH 3cyB JaHKH 3BOPOTIIOrO
3B’A3Ky Mae GyTH @z =0°, 110 3a6€3MeuyeTbCA MOATBHUKOM

ganpyru C1, C2. Koedinienr nepenayi noainbuuxa

C

B=Ujp/Uss;
1 1 1

B= = :
1, 1 X1 GG G+G
0.)C1 OJC2 C1 C2 C1C2

HKHIO C1 >> C2, TO B=C2 /C1

1 Ry
— 1 0
e, cl ~Ex
1 L 7
R s 75,| ¢
|
p VT
::CIS []RZ Re []RH
0 +Ex  Puc. 11.8. Cxema
o i3 3arajabHOIO 6a30I0
o (eMuicHa TpuTOYKa)
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Ky >1/B — ymosa Ganancy amniitya. Koedinient miacu-
JIeHIS NiACHIoBaYa BUOUPaIoTh i3 3amacoM 2030 % i peryJio-
BaHHSM Koe(illieHTa MiACUIeHHs] JOMAraoThesl 30Y/KeHIs Te-
HepaTtopa.

Basnanc aMIUiiTyR MOXHA 3aIllECATH 3a CTPYMOM i 3a Hampy-
roIo.

g 6anancy aMmiitya sa ctpyMoM o <1, ToMy koedimient
mificHieHlsl Kackagy sa cTpyMoM K; <1, toai norpi6no, mo6
xoedillieHT nepegadi 3a CTPYMOM KOJa 3BOPOTHOTO 3B’ SA3KY
K > 1. ¥ wiit cxemi e 3abesneuye edexrt miACUNEHTIS CTPYMY

B HdpaJIeJIbHOMy KOJMBA/IbHOMY KONTYpi Ha Pe3OHAHCHIiM Yac-
TOTi 3a PaxylloK pesoHancy crpymis (quB. miaposa. 10.1):

IL = QIKOHT;

IC = QI KOHT*

s noGynosn LC-reHepaTopiB BUKOPUCTOBYIOTh TAKOX CXe-
My 3i cniJibHuM KosekTopoM (iHaykTuBHa Tputouka). [lpuiiu-
[IOBY CXeMy iHAYKTHBHOI TPUTOYKH 306pakeHo Ha puc. 11.9.

Bxo10M KoJ1a 3BOPOTIIOro 3B’sA3Ky € 3atHcKavi 1 — 0 (uwxii

BHTKH KOTYUIKH L), BUXOZOM JIAlIK} 3BOPOTIIOTO 3B’SI3KY € 3aTHC-
kaui 2—0 (ycsa korymka L). Ockinmbku Ky ;. <1 (cxema 3

Ulmx33
qu33
s Hanpyru Ha koryurai (Usg > Uyg) suadenns B> 1, npu mbo-
MY CIIOCTEDIra€Tbcs 6aJAHC AMILTITY .

Hicns BMukanss retieparopa 6ajiaHc aMILIITY/l Ma€ 31A4IHi

3anac i MOYHHAETbCA 3POCTANIA AMILTITYAH BHXiAIOT HAIPYTH
reteparopa (puc. 11.10).

CK), 1o notpi6Ho, mo6 B = > 1. 3a paxynok niBuuICI-

- EK
Upux
_ -
+ 1/3 BHTKIB !
0 +Ey
1 °
Puc. 11.9. Cxema i3 3aranpHuM Ko- Puc. 11.10. Buxiana wanpyra rcue-
JextopoM (iHAYKTHBHA TPUTOYKA) paropa
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\ Puc. 11.11. Hanpyra Ha xoHAeHCATO-
Uc Ue pi JaK# aBTOMATH4YHOTO 3CYBY

U, Kouzerncatrop C i pesucrop
» Rp YTBOPIOIOTb KOJIO aBTOMa-
of  TugHOTO 3CcyBY. 0 36yakKeHHS
reHepaTopa po60o4Ya TOYKa TPaH-
3UCTOPA 3a.TMOCTIHHUM CTPYMOM
BU3HAYAETHCS PE3UCTOPOM R i
3HAXOJUTbCSA B LIEHTPL (ninifinii o6macti) BXiAHMX i BUXIAHMX
XapaKTepUCTHK.

Ticns 36ymKeHHs reHepaTOPa CHHYCOI/IaTbHA HATIPYTA 3 9acTH-
HH KOHTYDYy 4Yepe3 Iepexif eMitep —6asza (p—n), sxuii € miojom,
sapsaaxae kodgeHcarop C. ToMy MaeMo BUOpPSAMIIEHHS 34 OJQMH
niBnepion ta emuicuy peakuiio (puc. 11.11). Konuencatop C pos-
PAIDKACTHCs uepes pesuctop Ry, mpuyoMy T, = RgC >> Tsap
Taap = "up ERC- 110/ISPHICTD Hampyru Ha kouaencatopi C e samu-

katoyolo (1o Ha 6a3y 1I0/10 eMiTepa), TOMY I1i/] 4ac 3POCTaHHS
HaIpPyTHu reHepaTopa Halpyra Ha KOH/IEIIcaTopi NpoNopiiifiHo 3po-
CTa€ i 3aMUKAE TPAH3UCTOP, 3MIIYIOYH PO6OYY TOUYKY 3a IOCTil-
MM CTPYMOM YHH3, TOGTO 3MeHUIyIoud Koedillient mijcunenns
kackajny. Ilpouec TpuBaTMME A0 BMKOHAHHS B YCTaJeHOMY pe-
KUMi 6aancy aMILIiTyx (IK |8| = 1).

IIJo 6inpmmit movaTKOBUIt 3amac ANg 36yaXKeHHs, TO Giabiii
Ugux Teneparopa Ta U, i cuibHilIu# 3cyB po60o4doi TOYKM Kac-
KaOy 20 Bijcixauus, uo 3abe3neuye BeJMKi HeJiHilHI CIIOTBO-
peHHs cTpyMy KosexTopa. Onnak, 31iMaoyu BUXIANY HANPYTY 3
KOHTYDY, AKUH XapaKTePU3YETLC AO6PHMU (PiMbTPYBaJbHUMHU
BJIACTMBOCTAMM, OTPMMYEMO BHXi/JIly HANIPYTy NPAKTUYHO CUHY-
coifanpHOl popmu.

KoHTponbHi 3anuTaHHs

1. fxa ¢isnuna cyTh yMoBH 36yMKeHES TreHepatopis? Ha3sith yMoBu 6a-
nadciB das i aMmaitya.

2. YoMy B cxemi renepaTopa Ha II0JIbOBOMY TPaH3UCTOPI KOHTYP AOLIJIbHO
MiAKJIIOYATH B KOJIO 3aTBOpa?

3. Hamaumwoitte cxemu LC-reHcparopis Ha TpaH3MCTOPI 3i cHiJIbHOW0 Gasoi0
(emHicHa TpUTOUKA), 31 CiNbHUM KoMeKTOpoM (iHIYKTUBHA TPHTOYKA).
BuaiziTe 'y HMX JAaHKH 3BOPOTHOro 3B’sI3Ky, BHU3HAUTe iXHil dakrop.
YcraHoBiTh QYHKLIT KOHTYPIB y reHepaTopax, 1o 3AiHCHIOOTE MiACH-
JICHHS. CTPYMY 200 HaNpyrH.

Po3gin RC-I' EHEPATOPU

12

12.1. 3aranbHi NONOXeHHs
Teopii RC-reHepatopis

Ax yxe 3a3navajocs, nig suGipaux RC-cucreM ta ijs rene-
paTopiB 3a HacToTH KonuBauus Menmre HiX 100 x[u gouisbno
3acrocoByBaTu RC-reneparopu. Crpykrypuny cxeMmy RC-rene-
paTopa 306paxkeHo Ha puc. 12.1.

[lna xoedinienrta migcuneHrs mmpoxkocmyrosoro RC-niacu-
moBaua K i 3a;exxHOro BiJg yacToT Koedilienrta nepegayi sai-
KM ITO3MTUBHOTO 3BOPOTHOTO 3B’f3KYy (. YMOBHU 6ajlalCiB aMILIi-
tya (BA) i ¢pas (BD) maiors BULIAI:

|K[le] = 1;

(plliﬂc + l]]33 = 360071,
e n — Oyab-siKe 1iJe YUCIOo.

YMmoBu GasanciB aMILIITY B yCTAIeHUX PEKUMaX 32 PI3HUX 3Ha-
4eHb 3aIacy JUIS FapaHTOBAHOTO 36Y/UKEHHS Ta HeJIHIMINX CIIOTBO-
penb BUXiANOI HalpyTH TeHepaTopa imoctpye puc. 12.2, e 1 —
aMILIiTyANa XapaKTepucTHKa migcumosada Uy, .. = (p(Ume),
3 —

2 — 14 caMa XapaKTepucTuka y Burasai |K| =W (UBX,,,),

xoediuienT HeMHIRAAX CTIOTBOpPEND Y = &(qu m )

Jl71s1 rapaliToBaHOrO 36y KEIIS TellepaTopa BCTAOBJIIOETBCS
IoYaTKoBuUi 3anac xoediuienra nigcurenns 20 —30 %, oCKiabKY
B Toulli 4y ycranenuit koediuient niacnnenna K yer] 3MCTTITYCTBCA
npubnusno Ha 20 %. Axwo 3anac 1/st rapantoBanoro 30y aKer-
1151 TPUANATH 6i1b1uM; Harpukaan 40 %-M, To cranuit pexxum Gy e
B toulli Ay. Ilpy mpoMy BenuuuHa HeJiIiAINX COTBOPElDb Yo
6yae 6Ginpworo ik vy (aus. puc. 12.2).

[Tix vac pospaxyiiky RC-remnepaTopis 34 3a/JallMMU 3HAYEIHSA-
MU HeiHIRIINX CHOTBOPElb Y BHOUPAIOTh NOYATKOBHI 3a11aC (K]
JUI 36y/KelHs, omlaK [JIst HaAiliHoro 36y/KeHIIs reHepaTopis
BiH Ma€ CTAHOBUTH Iie MeHure Hix 10—15 %,
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- Puc. 12.1. Crpyxrypua cxeMa RC-resepa-
[ K R, TtOpa :
a
) sy s
Usuxm /
1
4 s
Kyc‘rl —————————— ! Yz //
| Ay 7/
Kyc‘rz——— —————— + .- 2/
| R
Yo -f/~—-~—---- T—*;’+/ IKIU
Puc. 12.2. Buaus L -l 1 | "
MOYaTKOBOTO 3amacy ====
36YIKeHHA Ha Xa- Usxmyent Usxm
PaKTEPHCTHKM TeHe- U
patopa BX M ycT2

12.2. RC-TeHepaTopyn
3 ¢asoobepranbHuMu Ha 180° naHKamu

IIpunmumnosy cxeMmy ¢dasoobeprada i3 TPbOX JaHOK 300paxe-
Ho Ha puc. 12.3. Crana yacy KoxHOI JJAHKYM OJHAKOBa 3a 6y/b-
AKOTO 3HaYeHHs ¢ i fopiBnoe T = RC. [las orpuMaHus (a30Bo-
ro scysy Ha 180° a1 koxkHoOI nankH Qa3oBul 3cyB Mae 6yTu 60°,
3BiAKM. BUOHPAIOTb IapaMeTpy pe3ucrtopa R i xonaencaropa C.
Koedimienr nepenaui nanku:

a= Uanx = Re (&) + jIm(&).
UBX

Ilo6 ¢pasosnii 3cyB nanku popiBHIOBaB 180°, moTpiGHi Taki
yMOBH:

Im(a)=0;
Re(a) <0.

ITpupisnaBmM 3HAYEHI YSBHOI 4aCTHHH KoedilieHTta mepe-
nadi & o nyas Im(¢) =0, gicraneMo BUpa3 /s 4aCTOTH KBa-
3ipe3oHaHCy ®g:

1

S A he2,1
RC 3+—+'—2—
a4 g
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Sxmo UpUHATH 3HaYeHHs MapaMeTpa JaHku 4 = 1, To
1 _
RCV6

3navenns pificHol gacTuuu & 3a XxBasipesonancy (e ) BH3lA-
4aloTb i3 BHpa3y

(00 =

1
8+Q+l+l)
a g2

a3

(X,((DO) =- (

dxmo a = 1, gicranemo o(wgy)=—1,/29. OTxe, 3a mapamer-
pa nankm ¢ = 1 g 36y pKeniist renepatopa DoTpibHuil koediient
nizcunennd migcuaosadya noxan 29.

3naveHHs NOTPiOHUX KoedillieHTIB MigcUes IACHIIOBaYa
JUst 36YUKEHHS TeHepaTopa 3 TPhOXeJeMeHTHOIO JAIIKOIO 3a/1exX-
HO BiJA mapaMmeTpa JIaHKM ¢ TloAasi Ha puc. 12.4.

I3 pesynbTaTiB, HaBeJeHUX Ha puc. 12.3, BUILIMBA€E, LIO JI0-
I[iIBHO 3aCTOCOBYBATH JIAHKM 3 mapaMmerpoM ¢ = 1...2.

RC-Tenepatop i3 TpboxeeMeHTHOI (a3006epTanbuHo0
aanxoro. [Ipunuunopy cxemy RC-renepatopa 3 TpboXeleMeHT-
1010 (azco6epTANbIoo JaHKOIO 306paxelio Ha puc. 12.5. DyHK-
1lifo pesucTopa 3aTBopa R3 BUKOHYE pe3nCTOp Ra’. [na ysro-
JOKEIHSA BXiZHOTO OIIOPY KOJIa 3 BUXiJUUM OIIOPOM IIiACUNI0BaYa
Heo6XiJHe BUKONAHHSA YMOBYU:

R >> R

BX.JaH BUX.TiAC"

Axmo Re =10 kOM, T0 Ryyy pige =10 kOm, oTxe, BXimnnit
onip Jankn Mae 6ytu R, .. = 50...100 kOM. Tomy semuyuna

C C/a C/a?

o IK1=11/aul
l ! | !q” ! 29
l/l”(T(;J rI_z} 13 lUBHX
R Ra || Ra?

Puc. 12.3. TpboxencmentHa ¢aso- 14,5
ofeprajbHa JaHKa 13

Puc. 12.4. 3anexHicts 3BopoTHOL
BCJAMYUHU KoedilienTa neperayi
JNaHKH BiJ mapaMeTpa a

w____
a‘}
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Puc. 12.5. Tenepatop na 6asi
TpbOXeseMeHTHOI hazoobep-

TaJIbHOI JJAHKH
1

I_‘c Cla C/a? VT U

BHX
RB RH
R Ra | | Ra?
Rax..nau ‘]—C:B + E
o—e ® _ _ T ——() 8

pesucropa R =350...100kOM, a R, . = R =50...100 kOm.

Ockinpku Ryyy 1.4 Omu3bko (1...3) R, a R, . (mosbosoro tpan-

3UCTOPA) — MOPS/IKY AECATKIB METaOMiB, TO BOHM y3TO/KYIOThCSI
ineanpno. IlnaBHe perysmoBanns koedilienra nicurenna mixcu-
JI0BaYa BUKOHYE PE3UCTOP 3BOPOTHOrO 3B’s3Ky Ry. .

[lpunnunoBy cxeMy TaKOrO CaMoOTo reHepatopa ha Gimossp-
HUX TpaH3MCTOpax 3o6paxerno Ha puc. 12.6. [lns BUKOHAHHA
YMOB Y3rOKeHHs OIopiB IiACH/I0OBAYA i JaHKM MOTPiGHUi Ao-
JATKOBUH KacKaJ — BUTOKOBHMIf [TOBTOPIOBaY. AHANOrIYH] MUTaH-
1S Y3TOZXKEUHA PO3rJIsTHYTI B Iizposx. 10.5.

RC-Teneparop 3 moagiiinum T-nmoai6uum MoctoM. Sk mpy-
ruii Bapiant QasoobepraapHoi tanku Ha 180° Moxe 6yTH 3acTo-
coBanmii moABiituui T-momi6uuit MicT i3 mapamerpoMm n = 0,2.
[To6ynyBaTu reHepaTop CUHYCOIAAIbHUX KOJUBAHD 3 MOABIAIIIM
T-noni6nuM MocTOM MOXKHA K Ha TPAH3MCTOPAX, TaK i Ha onepa-
uifinnx niacumopadax. ToMy iyt BUKOHATH yMOBH Ganancis ¢das
i ammnitya. Ha Tpan3ucTopax reHepaTop MOXHA OTPUMATU 32
pisumx xoM6inamiit migKMOUEHHS TPAI3UCTOPIB, aJje NPH IhOMY
3aranbHuil ¢asosuil scys mae fopisHioBatu 180°. IpuHuMIOBI
CXeMH aHaJoriuni HaBefleHUM Ha puc. 12.51 12.6, y sxux 3aMicTb
TPbOXEJIEMEHTHOI JIaHKU TIiAKJIOYAEThbeA NoABiHHMN T-noai6uui
MicT.

Ha onepamuiiinoMy niacunroBaui T-1omiGHmi MICT MiAKTIOYAETH-
¢ B JJaHKY 3BOPOTHOrO 3B’SI3Ky IiJCH/IOBaya Ha BXOJi 3 iHBep-
TYBaHHAM, IIPU IIbOMY GaKTOP 3BOPOTHOTO 3B’SI3Ky Mae BiATIOBi-
nmati ymoBi Ganancy ammirtya: |K||B| 2 1. Sx yxe sasnawanocs,
B YCTAJEHOMY PEXUMIi ’K HB[ =1.

Ockinbku 3HaueHHst KoediiicHnTa nincnqenna nigcusaioBaya 3

TIO3UTUBHYM 3BOPOTHUM 3B’ SI3KOM KCX = a 3HaYcHHA Koe-~

1-Ka'
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Ry

Usix Rs
C C/a Cla Cy VT2

+Eg

Puc. 12.6. TeHepatop i3 TPhOXCACMCHTHOIO JaHKOK Ha 6ino-
JIADHHAX TPaH3HCTOPax

Ra3
C C '
—— oa
R R Ry —<I;-D—?_
0.2R +
—E)x2g_J_ Ru
[Jrt Rk
Ck R4
R3S |
— +————»| IR5

Puc. 12.7. RC-TcHepatop R2
3 noasiituuM T-moAi6HAM R6
MoctoM Ha OIIIC

diuienta nepefayi mocta npu 7 = 0,207 gopismoe o =-1,/11
(mus. nigposa. 10.4), To noTpi6HUit KoedillielT MiACKIEIIA MiACH-
JI0Bava |K| >11 3a ¢asoBoro scyBy @p,. =180°. Orxe, Mict
NoTPibHO MiAKAIOYATH Y BXiA MiJICHJIIOBAYA 3 iIHBEPTYBaN1ISIM CHT-

R
_ R33 =-(13~- 14) xns rapanrosa-

najny ta sabesneuntH K, =
BX
HOTr0 36y IXEeHHs.



ITuTaHHA Y3rOMKEHHS MOCTa 3 BUXiZHWM i BXiIHMM OMopaMu
nizcunioBaya Ta BHGIp BesMYMHHM pesuctopa R MocTa Bupimy-
IOTh QHAJIOTIYHO PO3IVIAHYTHM Y Hifpo3a. 10.5. Po3apaxyHKH pesu-
cropiB R1, cxemu ycranosku 1y (R2, R3, R4, RS, R6) ta nanku
vactoTnoi kopekuii (R, C,) omucaso B miaposa. 8.5.

Ipununnosy cxemy reueparopa ua OIIIIC so6pasxeno Ha
puc. 12.7.

12.3. RC-TeHepatop
3 HynboBUM ¢hasoobeprauem

[Lns ctBopenns RC-reepaTopis yacto 3actocoyioTs RC-mau-
KH ([10C/1i10BHO-NI2paIeJIbHOTO THIY ) 3 HyJIbOBHM (pa30BUM 3CY-
BOM Ha YacTOTi KBa3ipe3onaHcy. Taka jlaHKa Ma€ BiZllLIOCHO BUCO-
Kuii xoedinient nepepayi (o =1/3), wo norpe6ye MeHWHX KO-
edillieHTiB mifcHIeHHs MiacuaoBava 1 36ymxenns. Cxemy
Takoi JIaHKH 306paxkeHo Ha puc. 12.8.

Bextopry aiarpamy RC-nmanku 3 HyJbOBUM (ha30BHM 3CYBOM
306paxeno Ha puc. 12.9. 3ajaBmmch BeKTOPOM BUXiAHOI HAIPYTH
Upux (Uyy ), BCTAHOBITIOEMO HANPSAM CTPYMIB 4epes pesuctop /g,
i xongencarop I, cyma sikux [ BusHadae cTpym uepes Ri Ta
C1 nauku. [Io6ynyeMo BEKTOpH HAIPYT im i KOHAEHCATOD ic1
(UM, U43), Ta, O/IABIM X 710 U s (Uu), OTPUMAEMO BEKTOD
uxignoi nanpyru Uy, (Uyz). 3 niarpamu Bumimsae, wo U, Ta
U, ¥ dasi U, cranosuts %UBX.

OckiMbky AJ1 BUKOHAHNIA YMOBU GajffaHCy aMILITYJ Mif gac
BUKOPHUCTAHHA 1€l JaHKM Koedimient migcuieHns mae 6yTtu
GinpnM Hix Tpu ((pasoBuil 3cyB MOPIBHIOE HYJIO0), TO YaCTO

BUKODHCTOBYIOTh IIiJCUIIOBaYi 3 TO3UTHB-
HUM | JOZAaTKOBO HETATHBHUM 3BODOTHH-
MU 3B’A3kaMu. CTPYKTYPHY CXEMY TaKOro

3
I Cl
rereparopa 3obpaxeno Ha puc. 12.10.
4 H33 sabesneuye crabimphicTs Koedi-
RI uieHTa nepejadi i oro moTpibHe 3uaueH-
. ) ns (Ky = 3,4...3,6), a 133 — 36ymwkens
B reHepaTopa Ha YacToTaX, 6JU3bKUX [0 4ac-
c2 TOTU KBasipe3oHancy Jjanku.. Ilpudimmo-
L R2 .

BY CXeMy reseparopa 3 HyJboBolo RC-1an-
sux  KOIO 306pakeHo Ha puc. 12.11.

U
o————é——0 Prc. 12.8. RC-JlaHKa 3 Hy.160BUM (Da30BUM 3Cy-
1 BOM
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Puc. 12.9. Bexropna giarpama RC-sanku 3 Hy 160~
BuM ($a30BUM 3CYBOM

Koedgimient mixcunennsa nigcuaosava 1na
BX0/i 6e3 illBepTyBaHHs CHUTHAIY

Ry
Ky weins = 1+ Ky inp =1+F'
1
Bin Mae 6yt 6igbIIUM HiXK TPH JAS 3a-
GesnedeHns 30y KeHHS FeHepaTopa, HAIIPHK-

R
nan 3,4. Tomi Kiyjus =22 CranoBUTHMC

2,4. &

3a ymosu 1133 xoedimienr nmigcunenns
Ha BX0/i 6e3 iHBEPTYBAHHSI:

K _ KU ins
U neinB — 1_aKU' .
iHB

3BiAcu BUMMBAE, N0 Ha YaCTOTi kBa3ipe3oHaicy xoedilient
nigcuaenns miacuiosada, oxonaenoro 1133, Moxe 3MirmoBarucs
BiL Kpyjye (axmo o =0) 1o o (axmo Kpj,ot=1).

I'mi6oxka H33 3a6e3neuye BUCOKY CTilKicTb IicHII0BAYa, BHAC-
JIIOK HOTO CMYTa IPOMYCKAHIIS TAKOTO MiACKIIOBaYa MOXKE AOCATA-
TH K1IBKOX TepliB, MO Jy>Xe BaXXJIUBO MiJ 4ac PO6OTH Ha HU3bKUX
yacroTax. €1una BUMOra y npoileci no6yIoBu TaKUX CUCTEM —
TOUHUIt MA6ip eieMeHTiB, OCKITbKY HECTaGiMbHICTh JO6POTIOCTI
AQ /Q popisaioe TouHOCTI Iinbopy enemenris RC-nanku.

R3
H33

Puc. 12.10. Crpykrypna cxema  Puc. 12.11. Cxema resepartopa 3 Hy-
reHepaTopa aposoo RC-nankow
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Hix gac BukoHauusA Gamancy amnuairyn Ko 21 mifcuaioBay
nepersopioeTbcsg Ha RC-renepatop, opMa Hanpyrd B IKOMY 3a-

JexnTh Bij Beanuunn Ko. 3a Ko, 6IM3bKuX A0 OJMHULI, AicTa-
HeMo cuHycoigansay dopMy BUXiAHOL HAIPYTU. fIKINO 3Ha4yeHHs
Ko 6inbure HiXX OTMHAUALA, TO IIiJT YaC BUKOHAHIIS YMOBU 6ajaH-
Cy aMILIITy/1 B YCTAJIeHOMY PEXUMi 32 PaxyHOK Bi/iCiKalHs TI/JCH-
JI0Baya OTPUMYyEMO Hecunycoifanpuuil curran. Tomy pexomen-
JoBanuii 3amac 36ymkenust B RC-reneparopi cranosuts 10— 15 %.

3 yMOB 30y/KeHHst MOXKHa BCTAHOBUTH 3B’ 130K MiX dakTopa-
MM TIO3UTHBHOIO i HETaTURHOTO 3BOPOTHUX 3B’ S3KiB:

Ko >4 ka=1+BK;

1+ BK
oc=%, akmo K >>1, to o =f:

KoHTponbHi 3anutatHg

1. Hasgite yMoBH 36ymxenta RC-reneparopis. SJkuil BILnB 3amacy Moao
36y KeHHST Ha OpMY BHXiJAHOI HaNpyru reHepaTopa?

2. Hamanwoiite Bugu ADUYX posimxacHoi cucremu RC-reHeparopa, mo
BITOBiAAIOTH MOMEHTY BMMKAHHS TeHepaTopa Ta YCTAJIEHOMY PeXHMY.
3a paxyHok 4oro (SKOTo mapaMeTpa) CHCTEMH B YCTAJEHOMY DEXHMI
BUKOHYETbCS OanaHC aMILTITYA 3a IOYaTKOBOTO 3aIlacy 00 36Yy/IXKeH-
HS (KB > 1)?

3. dx ycraHOBHTH onTHMaJbHe 3HadeHHs IapaMerpa moisifigoro T-mo-
Ii6HOro Mocta n y reHeparopi? Sk 3a0e3Ne4dTH Y3TOMKeHHsI MOABiH-
Horo T-moai6Horo MocTa 3 MiACKIIoBaYeM Ha GiMOMAPHUX TPAH3HCTOPax?

l-lACTl/lHA MWAH
/7 TPACTPO

Posgin - RC-JIAHKM M4 YAC IMNYNIbCHOTO
13 BMNAUBY. ®OPMYBAUI
MPAMOKYTHWUX IMMYJibCIB

13.1. Imnynbey, knacudikauis,
XapaKTepucTuka, napameTpu

IMnyavc — KOpOTKOYACHA 3Milia HATIPYTH a60 CTPYMY B €JleK-
TPUYHOMY KoJ1i. IMIy/iben 3a popMOI0 6yBAIOTh Pi3Hi: NPSIMOKYTHI
(puc. 13.1, @), TpuxytHi (puc. 13.1, 6), Tpaneneinashi (puc. 13.1, ¢),
exciionenuianpili (puc. 13.1, 2) Ta in., MoXyTh 6yTH TaKOX OAHIEl
(a) ta pisnoi (6) nomspuocri (puc. 13 2). IMuyibcu oaHiei mossp-
HOCTi MOXYTb OyTH TIO3UTHBHUMH i HIeraTHBHUMU. [[/1s1 oTpuMan-
1 iMIyJIbCHUX MOCTiA0BIIOCTER Pistiol ¢popMu, yacToTH i aMILIi-
TYJ{# 3aCTOCOBYIOTh CIlelliajiblli reuepaTopu.

IpukJaa peasbloro MO3HTUBHOIO MPAMOKYTIIOTO iMITy IbCY Ha-
npyru U(t) naseneno na puc. 13.3.

OCHOBHMMH XapaKTepUCTAKAMU i IlapaMeTpaMH  iMIyJb-
CiB €:

1) amMmiTyna immyasey Uy, = 4;

2) aKTHBHA TPUBAJIICTh 1MHyJIbcy (BuMiproerbes na pismi 0,1A)

tiw U
3) xpyticts dponty Sy = au =
dt ta,
: . _du _U,
s =42 -
4) xpytictb cnagy S, 70 tm
5) criotBopenHs «gaxy» (cuman Bepiuunm) iMnyascy AU, uo
OIIIIIOETDCS BiAHOUIEHHAM #100 %;
m

6) ammitysa 3BopotHoro suxuay U, ..

7) TpuBaJicTb 3BOPOTHOTO BUKULY f,, (BUMipioeTbes 1a pis-
ui 0,1U,, ,,);

8) TOTYKICTD imnyascy P =W /t;, ne W, t,,, — enepris i
TPHBAJIICTD IMITYJIbCY.
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‘s

Puc. 13.1. Ilpuxaagu imMmysbcis
pisHux dHopM

Puc. 13.2. Imnyabcu pisHUX NoJsip-

‘Hocreit:

a — HeratuBHi; 6 — OBOTOJIAPHI

1
Ul

8
| aininin
ARERERE
e
2 6
tlaa
N -
) S—— 0
Puc. 13.3. TIpu- »
KJIaJi peajbHOro i
IMITy IbCy ©
Y S
]
U U
Un 7zz
Uc ISI'M/
ol LI
I Line ty t tin t
T T

Puc. 13.4. IMmynbcHa NOCHIIOBHICTD

Puc. 13.5. BusnaueHHs1 cepeaubo-
IO 3HAYEHHS iMOYJbCY

IepioauyHo MOBTOPIOBaHI IMIYJIBCH YTBOPIOIOTH iMILYJIbCHY
nocaigosaicts (puc. 13.4), AKka XapakTepN3y€ThCsA TAKUMH TIapa-
MeTpaMH:

® yacToTa imMiyJibcHOl nocaigosuocti f =1/T, pe T = Ly L,

¢ koedinienr 3anoBHelnd Y =&, /T (nianason 3miau 0...1),
wnapysaricte Q =T /1, (niamason 3MiHu Bifg = 70 1);

* cepene 3hadenHs iMmyabey (puc. 13.5)

t:

UeT = [ Ut
0

by

1 S U, t ‘ U
Ugp =7 [UOdt = e = 20—y iy - =
0

13.2. AudpepeHuinHi, posainosi
Ta iHTerpyBanbHi RC-naHku

Hanpyra i ctpym B RC-1ankax mig BOIHBOM OAMHHYHOTO
crpubka. Ha sxin RC-nanku (puc. 13.6) HagxoauTh OAMHMY-
Huil cTpr6oK 1anpyru, sobpaxenuit na puc. 13.7. Busnaunmo
peakLilo JaHKU Ha OAMHHYIMI cTpU6OK, TOOTO BCTAllOBUMO 3a-
aexHocTi: Up(t) =2, Up(t) =2;i(t) = 7.

Hanpyry na xounencaropi C sanuiueMo sk

_t
Ug =U(-c 7). (13.1)

Banexnocri Up(¢) ais pisunx cranux yacy RC-nanku Hape-
feHo Ha puc. 13.8.
Hanpyra na suxoai RC-nankn mae Burisii:
A -t
Ug=U-Us=U-U+Ue *=Ue 7. (13.2)

3anexunocti Ugp(t) ans pisnux 3Hadenp T HaBeleno Ilia
puc. 13.9.
Ockinbku Up =1iR, TO

‘_UR_U
"R °R®

-t
T

(13.3)

3anexuicrs I(¢) 306paxeno na puc. 13.10.
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\ sikuii 61 3a6e3neyyBaB Oyab-AKY peecTpalilo 3HavueHHs CTPyMy
C Usx Ta BUMipIOBaHHS HOr0 3HAUEHHHA.
0—*1 U st Toro mo6 oTpUMaTH BUXiAuui curuan y dopmi, 3pyuniit
I7IS1 CTIOCTEpeXeHils a0 peecTpailii, y K0JIO TIOCAIJOBHO TiAK/IIO0-
Yal0Th YYTJMBHMH 10 CTpYMy IpMJAA i3 BHYTpimllliM omopoM R.

U R Upux . .
Y naiftipocrimomy Bunagky ile 6ysae pesucrop R, nampyra Ha
i axkoMy nponopuiiina ctpymy: Up = IR. Posraanyra RC-nanka
MOXe BuKolyBaty GyHKUiT audepenuitoBanis (CKOPOUyBaHs),
Puc. 13.6. 5 71 i .
Npuruunosa cxema RC-nawxku  Puc. 13.7. Ognuudnuii crpubok SKIO T << tiw a60 6yTPI PO3/ILOBOIO, AKIO T >> £, .

I'pachixu nanpyr U 1 U g Takoi snaky so6paxeno Ha puc. 13.11.

PosragaeMo aBa PEXUMH.

I. Jlanka andepenuioBanus T <<t;,, TpH UbOMY MOXJMBI
iBa BapianTh: a) T<<t,; 6) T>>t,.
II. Posainosa nanka T >> t;,» TIPH 1IbOMY TaKOX MOXJHBi
ABA BapiaHTH: a) T>>{,; 6) T<<t,.

Jlanky audepeHIioBalns i BIIMBOM iMIYIbCHOI HOCAILOB-
HOCTi 306paxkeHo Ha puc. 13.12.

Y pasi nmogaui imMnysabcy xougescatop C 3apsXacTbes Mif

Puc. 13.8. Ur(t) nas pizuux cra- Puc. 13.9. Up(t) ans pisuux ana- BILUIMBOM 3apANHOTC CTpyMy [5, a B pa3si naysm — po3psiiaxka-
JUX Jacy YeHp T
U“ A =
Hudepenniiina i posaizosa RC-nanxn. Jugepenyiiinowo U a
Ha3UBaIOTh TAaKy JaHKy, CUTHAJ Ha BIUXOAl AKOl Mae 3HAYellHs, < _l
IIPOTIOPIIHHI B KOMKIHH MOMEHT “acy IOXiAHii Bix BXiAHOTO cHI- v/ U U™~
Haumy. OTxe, s Ur Ur f
duU, (t) ~ - —
Uy (£) = K —22 Ol _tue t 0] tw t
dt -~ -~
B T N T
Koeginient K Mae posMipilicTb ceKyHIH, iHaKille po3MipIOCTi a 6

71iBOI Ta npaBol yacTHil piBHOCTI 6y AyTb HeoAllakoBuMM. 1ieann-
HHMM TIpHCTPoeM audepeHUiloBaHHS € Kongencatop C a6o Ko-
tymka L. Hanpuxsian, mia 9ac Bukopuctanus kougencaropa C
MOKHA BBaXXaTH BXIJAIMM CHIHATIOM Ha HpoMy Hanpyry U, (t),
a BuximguM — ctpyM [ y nauni. Ii 3MinHi n0B’A3aHi cniBBiA-
au,, )
dt '
TOOTO CTPYM Y JlaHLi JIpONop-
uiftHMi noxiAHi# Bix BXiamOi
Hanpyru. OaHax BUKOPHCTOBY-
BaTU L0 CXeMy JJs IPaKTHY-
HUX Iijiell He MOXIIA, OCKisb-
KM BOHA He MICTHTb eJIeMelTa,

Puc. 13.11. Pexum Hanpyr:
a — pexmy | (T<<t;,); 6 — pexxum I (1>> £,,)

nomennsam I (¢)=C

Puc. 13.12. Hpunumnosa cxe-  Puc. 13.13. 3anckuocti Ug (t) i Ug ()
Ma RC-nanky ckopoyeHus pexcum I Bapianta a: T <<ty T<<(,

Puc. 13.10. 3anexnicts J(¢)
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€TbCAA, 3yMOBJIOIOYM PO3psAAHMi cTpyM Ip (apn wbomy E = 0).
TlpunyctuMo 7y, << R, ToAi HUM MOXHA 3HEXTyBaTH (1w =0).

Posrasanemo pexxuM 1, Bapialt a: T << ty,, T<<1%y,.

TMicas sakinvemns iMoyabcy (Moment dacy t1) E =0, a6o
Ugp =-U¢ (puc. 13.13).

Y nepioa naysu (¢ —t,) xongencarop C po3paIXaeTbes M0~
BricTio (auB. puc.13.13), ockinbky T << L,;

dUc
dt ’
Uc =Uyy “Upgyx-

T()ZIi U, -U
U‘BMX =RC d( 12dt m{x)’

Axuo Upx <<Uyqy =U,,;

— RC dUBX
BHX T dt ’
TO6TO OTPUMAEMO iieabiy Janky Aucdeperiiopansa. OTxe, A1
Toro 1106 nanka 6y1a qudepeniiino, oTpidie BUKOHAUHA TPHOX
YMOB:
T,
® T <<ty
* Uy <<Uypp =Upy- o )
IIpu upomy rpadix lanpyru UBquaa HasIBHOCTi iMIIyJIbCHO]
MOCAiIOBHOCTI Ha BxoAi MaTuMe Takuil Burysaa (puc. 13.14).
PexxuM I, BapialT 6: T << L, T>>1,,.
V nepioa iMIyJbcy mepexiiHi NpouecH alaJIoriyfi posrasiy-
THM y Bapiaiti ¢, a B mepioJ naysu xomngeiicatop C ue BCTHrae

U =ipR:RC

BUX

U

Puc. 13.14. I'padix Hanpyru U,

Usx naHkl AudepeHtiloBaHHA 32 HasAB-
HOCTi iMITyIbCHOI IOCHIOBHOCTI Ha
BXOHi
0 " Puc. 13.15. 3anexnoctri Ug () i
: : : 1 pexum II 3a T>> 6, T<< L,
i 1 ] ]
Usux | | | :
]
1 ] U
i ] .y -y
[ 1 - —- ~——
| 1 UR UR
! ]
0 t Ue Ue Ue
0 -7 t -
t] UR 2
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Puc. 13.16. IIpuHnunosa cxema iHTErpy-
paabHOi RC-nanku

R
[e [} o—"C.
] t
PO3PAMNTHCS 0 LyJisl 32 Yac £, , TOMy f lc Ui (8)
. R,

IyJIbOBi II0YaTKOB] yMOBH 1€ BHKOIY- Usx(?)
I0TbCA, i AA8 Audepelliiliol JaHKH
TaKuil BapiaHT HeNpUIHATHHI.

Amnanoriuno, pexum Il 3a ©>> ¢,
T << t,, 3a6e3neuye BapialT PO3/AiJ0BOI
JIAHKH.

Y MomenT yacy # micaa ail imuyabcy (puc. 13.15) Ug(f) =
=-Ux(t), a B MOMenT yacy £, crpaBe/UIHBi HYJIbOBI IOYATKOBI
ymoBH. CHrnias Ha BUXO/i IPAKTUYHO MOBTOPIOE CHTHA HA BXOM.
ToMy Taka naHKa € po3AiIoBoOIO.

InrerpyBansni RC-nanku. Inmezpyeanviow nanxoio 1asu-
BAIOTh YOTHPHIIOJIOCHHK, CHTHAJ Ha BUXOA1 IKOTO Mponopiiinuii
inTerpa/y BiJ BXiAIIOTO cursany. Y pasi, sKWo BXifuui i BUXia-
MU CUTHAIH BUPAXKAKTHCA B OXHAKOBUX OAUHHLAX ([IATPHKIAJ,
B OJIMHUIAX HANPYTH), ONEPAIlilo, SIKYy BUKOIYE iHTerpyBasblia

JIaHKa, MOXIIa 3alTNCaTH y BUIJISI/II CiBBiIHOIIEHHS

t
Up (1) = KU, (0)dt,
0

ae K — xoedinienTt npomopuiinocri.

[TpuiunoBy cxeMy inTerpyBaJbHOI JIAHKH HIaBeAETo T1a puc. 13.16.
Hexait R, — oo, mo npakTuuno BigGyBaeTbcsa 3a R, >> R
JIAHKH.

InterpyBanpHi naHKH YacTO 3aCTOCOBYIOTH JUIS ITOA0BXEHIIs
iMNyIbCiB 260 JUIT OTPHMAHHS HANPYTH, AKa 3MINIOCTLCS 3a 3a-
KOIIOM, 6IM3BKHUM /10 JiHIHIIOFO.

[as inTerpyBanbioi Jaiku

BHX

t
Ue = é—fi(t)dt,
0

a-3Ha4YeHHsI CTPYMY B JAHIU03]

it = Lo U ©

IlincraBuBuin suavens crpymy y popmyny U, nicranemo:
t
U (t) _ UBMX (t)

1
U. == BX
c c{ R

t
1
dt = RJ‘[UBX (t) - Unnx (t)]dt-
0
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Puc. 13.17. Hanpyra Ha Buxoai san- Puc. 13.18. Ouinxa noxubxu
xu (Ha KOHAEHCATOPi) 3a Pi3HHX ¢

[/lns oTpuManus ifeanpHol iHTErpyBaJbHOI JTaHKM NOTPiGHO,
wo6 sBuxoHyBajacsa ymoBa Uy, << U, , Toxi

t
_ 1
Uc =3¢ £ U, (t)dt.

Jlas Toro o6 3abesneynty Hu3bKuit koedinieHt nepenayi gan-
ku, 10610 U, << U\ (UBMX = UC), cTil 3a6e3NeYUTH YMOBY
T>> ¢, (puc. 13.17). Kyt maxuny npsmoi ma BUXOJi lTerpy-
BAJIBIIOT JIAHKY IPONOPIiMHUHN aMILIiTy/ll HAapYTH iMIyJIbCY, 1O
iIITerpyeThest, Ta o6epHeHo TPoNopUiinui cTaliil yacy T JaHKH.

Orxe, A1 Toro mo6 Jayka TOYHO iTerpyBaa, NoTpi6He BU-
KOHAHHs TaKMX YMOB!

* Upix <<Upy

* T>>1t,

Y nepion aii iMoysscy (¢...t):

U,, =U =const, tomy U, = J'Udt RC
Y MOMeHT uacy ¢, Hampyra Ha BUXOZi JIaHKH CTaHOBHTHME
U
UBMx(t2) = R—CtiM‘

Buxigny Hanpyry inrerpyBanbHoi RC-nanku, e / — peajbHa
Hanpyra interpysanbnoi nanku U, =Ue; 2 — Hanpyra Ha BH-
X0l 1Aeanpiioro inrTerparopa, 3o6paxeno na puc. 13.18. dxiro
T >> t;,, JalKa Mpaioe IPaKTHYHO 6e3 NMOXHOKH.

BusiiauumMo MakcHMaJbii NOXUOKH, HasiBHI HATIPUKiHLI iMITyIbCy:

max dt t=0 dt t=t, max dUC | )
t=0

A
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e Ap.y 1 Oy, — BiANOBIAHO MakcHManbHi 3HadeHHS abco-
JIIOTHOI Ta BiAmnocHOI HOXHOOK.
3Havennsa noXuoku 3a t = t; CTAOBUTD:

dUClt o dUCl

tt[

im dUcl
t=0

13.3. ObmexyBaui Ha aionax
MOCiROBHOrO i MapanenLHOro TUMIB

ITpamokyTii iMITysiben MoxkHa copMyBaTH 3a JOHOMOTOIO Ie-
Heparopa CHITYCOIIaMbiNX KoJMBanb i o6Mexysaya (puc. 13.19).

PospisusioTs o6MexxyBadi 36epxy, 3Hu3y Ta 080CMOPOHHL.
AMITITYAH] XapaKTePHCTHKH OOMeXYBadiB i OCUMIOrPaMH, LIO
imocTpyIoTh ixHIO po6oty, HaBeneHi Ha puc.13.20, 13.21, 13.22.

Iocainosni o6MexyBadi Ha aiogax. IIpuHuunoBy cxeMy no-
CNif0BHOTO 06MeXyBaua 3HH3Y Ha HyJbOBOMY PiBHI 306paxelo
11a puc. 13.23 pa3oM 3 ocmIOrpamMoro, Mo iIocTpye ioro po6oTty.
Onip HaBaHTaXEH Mae OYTH I1adarato GisbUIMIT 32 ONip o6Mexy-
Baua R (R, >> R), a BuyTpiumiii onip /ukepena cuiycoifiaibnoro
curnany R, << R. 112 3a0e3reuenns IpoTiKaHIISA CTPYMY B inTep-
Bami Bin 0 o wUy, ,, >>U, p, 2te Uy, — manpyra ma aioai,
BBIMKIIEHOMY B TIPOBIJTHOMY IIaHpﬂMl Mae cranosuru 0,3...0,6 B.

Cxema o0MexXyBaya 3gepxy 11a 11yJbOBOMY PiBili Ta OCHHIO-
rpaMu itoro po6oTH MalOTb BUIJISI, HaBeleHMi Ha puc. 13.24.
Ina 3a6esnederiiis HOpMasbHOi POGOTH cXeMu NOTPiGIE BUHKO-
HalHs THX caMHX yMOB: Ry >> R, R, << R U, , > U, np-

JLns1 Toro 1106 cxeMu 06Me>l<yBa‘{lB 6me VIIiBepPCAJIbIIUMHM, BOIIH
Mal0OTh 3a0c3IeuyBaTh 06MeXels 11a JoBiIblIoMY piBHi. Cxemy 06-
MEXKYBaya 3BCpXy Ha AOBiJAbIOMY piBIli Tojtano Ha puc. 13.25. Tlo-
aspuictb axepena EPC U su6upaioth Tak, mo6 giog VD Gys
Bigkputai 3a E, =0, U Moxe sMiloBatucs B Mexax U, =
=0-E;y max- OCKIJIbKI/I Ry 1 Ryp,p naGararo meinui 3a sesn-
yuiM pesucropa R, Moxata npunycrima, mo Ry, — 0; Ryp p — 0.

Y pasi sukouanns ymosu E,, <U,, aion VD Biakpuruii, a B
pasi BUKonalls 3po6JaeHux npunywenn U, =E, . Axmo
E, >U,, To nion VD 3akpuruii: CprM y kourypl (i uepes
pesucrop R) nopismoe nymo, orxe, U, =U,, (iurepsan yacy
ot,...0t3). B intepsaii vacy Bin 0 g0 wt1, Ko E,, =0, 10 1
Upux =0. Cxemy oOMexxyBaua 3uu3y Ha JOBLIbHOMY piBlli Ha-
sefiedo na puc. 13.26. PoGora cxemu, OCIHAOTpaMa Ta NpHy-
IeIIIs alaJorivyHi PO3TJISIILyTHM BHILE.

11%5-104 163



ICK p———|Obmexysau——

Puc. 13.19. CrpykrypHa
cxeMa opmyBaya
TPSAMOKYTHUX

iMIIyJIbCiB

UBHX
i
{ Puc. 13.20. AmniitynHa
E ot XapaKTepUCTHKA Ta OCIH-
: JorpaMu obMmexypada
— 3BEpXy
ot
ol t--
C Unnx UBHX
!

(Dtl Cl)t2

Puc. 13.21. AMmrityana xa-
PAKTCPHCTUKA Ta OCLUJIOTPA-
MH OOMeKyBaya 3HU3Y

Upux Usux{’
P Un

an =T,

, iyl ___

- (Dt3

S (Dt4

wf
° L1 VD Usnx
N
e R [[R.
| =«

o

Puc. 13.22. AMnai-
TYZHA XapaKTepuc-
THK2 Ta OCHUJIOTPa-
MH ABOCTODPOHHBOTO
o6MexKyBada

Puc, 13.23. Cxema
TOCJA1A0BHOIO
o6MexyBaya Ha
aioaax rta ioro
OCIIMJIOTPAMM Ha
BHUXO/1

Puc. 13.24. Cxe-

Ma o6MexyBaya o=

3BEpPXy Ha Hy- Usx R R n 2n
JbOBOMY PiBHIL H ot
Ta itoro OCIH IO~ o U U
rpaMy Ha BHXOAi

UBHX

Ui [~
Puc. 13.25. Cxe- on o
Ma o6MexyBada i :
AOBLALHOTO ! 0t 0l !
PiBHA 3BepXy Ta
Horo ocruiorpa- R S——

BX m -

MU Ha BUXOMIi

Puc. 13.26. Cxe-
Ma oO6MeXyBada
3HM3Y Ha JO-
BiJIbHOMY PiBHI
Ta foro ociu-
JIOTPaMH Ha
BUXOA1L

Puc. 13.27. Cxe-
Ma o6MexxyBaya
3BEPXY 1 3HU3Y
Ha AOBIJAbHUX
piBHAX Ta iforo
OCUUJIOTpaMH

HA BUXOAI

VD1 VD2

Ei ol
:I

.Cxema o6MexyBada DiBHSA 3¢epxy i 3nu3y Ha JOBiAbIMX
piBHAX — IIe KoMOiHAallidl ABOX PO3TIANYTUX CXeM, HiJIKTIONelnx
nocaigosno (puc. 13.27). O6MexeHHs1, po60Ta Ta OCLIUIOTPAMU
TaKkoro o6MeskyBada aHaNOTrIYHi.

o 11e101iKiB TOCTIIOBHUX 0OMEXKYBAYiB 114 H10/1aX HAJCHATD:

* oOMexkyBadi NOTpe6YIOTh igeanpuux mxkepen EPC pxijnoro
curHany R, — 0;

® cXeMH NacuBlli i MaloTh koedidienr nepenayi K < 1;

e esnynna EPC E| mae GyTu Benykoio (fecsiTkn BOJIBTIB),

TOGTO BUKOILYBaTHCs yMOBA E,>U anp-
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HapaJ[eJlei obmexypaui Ha giomax. OCHOBHUM HeHOMiKOM
NoCcTiI0OBIUX 06MEXYyBadiB I1a Aiojax € morpeba y HU3BKOMY
siyrpimuboMy onopi EPC mxepena curnany. J{ng nixpizamii
L[BOTO HEAOJIIKY po3pobJieHo napaseabii o6MexyBadi Ha Jiojax.
Taki cxeMn 06MexxyBauiB He TOTPEGYIOTh Ay>Ke HU3bKOTO BUXi/-
Horo onopy /pkepesia EPC. Onip HaBaHTaskeHNs, SIK i B OCJ1iA0OB-
HHMX o6MeXXyBauiB, Takox Ma€ 6ytH R, >> R,

CxeMa o6MexxyBaua Ha AioAax 36epxy, NPUOAN3NO HA HYNbO-
BOMY PiBHi, #f ocIIUIOrpaMu, WO iHOCTPYIOTh HOro po6oTy, HaBe-
Aeni na puc. 13.28. Ilpunyctupum, wo R, >> R i E,, >>U

ONMIIEMO CXeMY cucTeMolo piBHsiHb (13.4, 13.5):
E, =IR+Uyp, (13.4)

Piusanns (13.4) — naBanraxysaibHa mpsama /, (13.5) —
BOJIbT-aMIIEPHA XapaKTepUCTHKa Aioja 2. [To6ynysaBiuy l1aBaita-
xKyBanbiy npamy 3a Toukamn XX i K3 (I =0, Uy = Ep; U, =0,
Iy = Egy / R), no6ynyemo octmnorpamy U, (wt) = Uy, 3a cu-
nycoinamproi Bxiznoi EPC E_ . Toxi oTpuMaeMo o6mexenns
sBepxy Ha pisui U, ,, =0,3...0,6 B.

Ilapanenbnuil oOMexxyBay Ha Aiofax 3Hu3y 11a IPUOIN3HO HY-
JILOBOMY DIBIIL BiJApi3lA€TbCA HANPSAMOM IIAKJIIOYEHHA Jiofa, a
JULsE OOMeEXENIs 11a JIOBLJILUNX PiBHSX CXeMU AONOBHIOIOTHCS [XKe-
peramu U, , NOAAPICTD SIKNX BUOUDPAIOTH Tak, mob aioaun VD
Oyu sakpuri, axijo Eg. = 0.

Bucuosku. [lapajenpni o6MexyBadi Ha JioJax He KPHTHYHI
o Rm{ JUKepeJsa BXiTHOTO CATHAJY, OHAK MAIOTDh HeJOJiKH IT0-

a.1p’

UBHX:

Eyy Yvp :

n

Uglet) = Uy

Puc. 13.28. HapanenpHuii 06-
Mexysay Ha JioflaXx 3Bepxy:

a — cxeMa; 6 — aMIUIiTYAHa Xa- 2
PaKTEPHCTHKA Ta OCIHIOTPaMH Ha ol
BxoAi W BUXOAI 6
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CAiA0BHUX OOMEXYBauiB Ha Ai0faX — HU3BKHI Koedimient mme-
pelayi, NOoTpe6yIOTh BeIMKUX BXigHux curnaiis 10...30 B ta 6y-
(deprioro kackamy A ysrofxenus 3 R .

[lna mikBiganii saraJbHAX HeJ0JliKiB o6MexyBaviB Ha gaioagax
PO3pO6IeHO TPAH3UCTOPHI MiACKIIIOBaYi-06MEXyBadi, B IKHX 31Hay-
HO HIKYi BXiqmi curnanu (coTHi MinTiBOJIBTIB), BiZHOCHO BHCO-
KM BXiZAHM# i HU3bKUI BUXigHMH onopu Ta Kpamta ¢popma BUXi-
Hoi Hanpyru (koedillieHT HA6MMKEHHS [0 IPAMOKYTHOI).

13.4. NliHinHi mogeni TpaH3UCTOpIB
Y peXxuMi BenuKoro curHany

Ha sigMiny Bizg posr/AnyToro pauille pexXuMy B po3jijax
«AHaloroBa cxeMoTexHiKa», e TPaH3UCTOD IPAlllOBaB y pe-
XUMi MaJioro curaany i 6ys JiHiillIUM efieMeHTOM, TO B iMIyJIbC-
HOMY PeXHMi, 1[0 € XapaKTepHUM A LUUPPOBUX IPHCTPOIB,
TPaH3MCTOP MpPaIloe B PEeXMMi Belukoro cursany. Ha Biaminy
B/l peXXHUMY Majoro curiany, fe BiAXUJeHHS BiJ po6o4yoi TOUKH
3a NOCTiiHUM cTpyMOM cTaHOBUTb 20— 30 %, y peskuMi BEJHKOro
CHTHAJY TPAaH3UCTOP NEPEXOANTD i3 30HM BiACiKaHHA Yyepe3 aKTHB-
Hy 00J1aCTb Yy PeXKHMi HAaCHYellls], i HaBnaka. 3a3BUyaii B iMITyJIbC-
Hill TEXHIlli TPaH3HCTOP MpALIOE y ABOX NMPOTHJIEKHHUX PEXH-
Max: y pexkuMi Biacikauus (TpausucTop saMkuenuit) i B pexumi
Hacudenns (Tpausucrop Bimkputvi i macudenwuit). Koedinient
nepeJayi TpaH3uCTOPa y IIMX PEXUMAX MEHUIUH HiXK OMHUIA,
TOOTO Bil He Mae IiJICU/IIOBAJbHUX BAACTUBOCTEN.

KpiM Toro, mia 4ac nepeMuKaHHs 3 OJTHOTO PEXKUMY Ha iHIIHH
i HaBmakyu TPaH3UCTOD Nepe6yBaE B aKTUBHOMY DeXUMi, TPH-
BaJIiCTh I€PEMUKAHHA CTAHOBUTDL OJMHMLI MiKpoceKyna. Y nepe-
xignoMy (akTuBHOMY) pexkuMi Koedimient nepegadi TPal3UCTO-
pa 11abaraTo GiIbIINY HIXK OAUHHAIS, 2 B PeXXUMi BEJIHKOrO CHITA-
Jly XapakTepUCTHKY TPAII3MCTOPpa HediHiiini # npuimn naknaa-
JeHHs He 3aCTOCOBYETDCA.

Js ananizy cxeM i3 TPAaH3UCTOPAMM, 1110 MPAIIOIOTb Y peXuMax
BEJIHKOT'O CUTHAJIY, 3aCTOCOBYIOTb METOH aHATI3Y 1Ie/iHiMITNX CXeM.

B imxenepHiil npakTuii HaOYB 3HAYHOIO MOIMIHPENIIST METO/
anpoxcuManii Heninifinoi BAX xycxoeo-ainitinumu ynxyis-
mu. CyTb MeTOAy MOJISITAE B TOMY, IO AJISI OKpeMMX obmacreil
(Bizcikamns, J1acHyenHsi, nepexiZiia 30Ha) IPOBOAATD allPOKCHMa-
uiro nesinidimx BAX kyckopo-ninifiiumu pyukuismMu. Y Koxiii
06.J1acTi, 3 ypaxyBalisaM anpokcuMyiouux ¢yikiiii, BAX noja-
10Tb y BUrAAAl psagy Teilinopa. Ha ocuosi o6ropopenoi ainiitoi
anpokcuMallii BCiMa MOXiAHAMY, TIOYHTIAIOYH 3 IPYToi, MOXKHA 311e-
xTyBath (P 06MeXUThCA ABOMA AOJaHKaMH a + bx), a mocTii-
1y CKJIafioBy TOTPi6HO 060B’I3KOBO BPAXOBYBATH.
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Ha mincrasi oTpumanux piBHSHb AJIS KOKHOT 3 o6J1acTedl, Bpa-
XyBaBUIU HOCTifiHi CKJAJO0Bi, CHHTE3YIOTh EJIEKTPUYHY MOJeJb
Tpausuctopa. Ilpu 1ipoMy Mozesi BUXOAATH JiHIHHUMH AT BCiX
TPpbOX obJacreil, ajse Bony pi3Hi. Mone/li TpPaH3UCTOPIB 3aCTOCO-
BYIOTb Y CHCTeMi h-miapaMeTpiB.

PosraaneMo anpokcuMauilo BXiIHHX i BUXiAHHMX XapaKTepH-
ctuk GinomapHoro Tpatiskcropa (cxema 3 CE) i nonbosoro Tpansu-
cropa (3 iHayKoBaHuM KailaoM). BuxifHi xapakTepucTuku Gimmo-
JIAPIIOro TpaH3ucTopa noxano Ha puc. 13.29. 3oua Biacikaius f
31aXOJHUThCA Mix XapakTepHcTHKaMu Iy = 01 Ig = —I 3 Biano-
BiJHUMM 3HaYEHHAMH CTPYMiB KoxekTopa Iy . i Ixg. Ob6nacts
NacHYeHHs 3 BiANOBiAaE MilliMaIbHUM 3HAUYeHHAM Hanpyrd Uyy.
Omip TpansucTopa B pexuMi HacuyenHsa Ryp ... BU3HAYa€TbCA

TaHTeHCOM KyTa Haxuiay Jinii 3, To6ro tgf. Mix HuMu 3HAXO-

JUTBCS 06JacTh akTuBHoro pexumy 2. Ha Bxignmx xapaxrepu-
crikax tpansucropa (puc. 13.30) sasHaueni TAKOX Li TpH OCHOBHI
o6Jacri.

Ugg=0-3B-5B
i} Uk

% Use

IKO
Puc.. 13.29. Buxinni xapakrepucrin- Puc 13.30. Bxiani xapaktepncru-
Ki GIMOISPHOTO TPAH3NUCTOPA: KM OINOJIAPHOrO TPAH3MCTOPA:

! — ofnactb Bigcikakus; 2 — poboda 1 — 061acTh BiAcikauus; 2 — po-

061acTh; 3 — 06sacTh HACHYCHHA 6oua 06aacTb; 3 — o6nactTs HacH-
YeHHA
Uye=0-3B-5B
Iy
2

1
/

T ] Uge
KO

Puc. 13.31. Anmpoxcumauis BXiAHMX i BUXIZHMX XapaKTEPHCTHK Oimojsip-
HOTO TPaH3UCTOPa:
1 — obusactb BifcikanHg; 2 — po6Goua 06aacTh; 3 — 061acTb HACHYCHHSA
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Puc. 13.32. IIpoxinHa i BUXiJiHa XapaKTCPHCTUKH TIONBOBOTO TPaH3UCTOpa
3 iHAYKOBAHNM KaHaJXOM

. IKQI—'
o J MK" Iyo

<1Ko = 0 I noy = Ixoh21E
+ 1 + o ] =
Ixo - Ig=0
a 6 8

Puc. 13.33. CtpyMu Konekropis B 06.1acTi BiiCikaHHA

Jligifiny anpoxcuMmaltiio BXiiuX i BUXIANUMX XaPAKTEPUCTUK
GINOAAPIIOro TPAI3HCTOPA 13 3a311a4ENTIsIM XaPAKTEPIHUX 06J1ac-
Teit taseseno Ha puc. 13.31.

XapaxkTepHUCTUKY TIOJBOBOTO TPAH3HCTOPA 3 IHYKOBAIUM Ka-
HaJIOM aHAJIOTIUIl] PO3IAAHYTHM, i IXHS allpOKCUMAaLis A1 TPhOX
o6macreti (puc. 13.32) Takox alagoriusa.

YcTaHOBUMO 3HadeHHs CTPYMIB KOJEKTopa AJS TPaI3UCTODIB,
WO 3HAXOAATHCA B o6nacti Biacikanusa. i cxeMu 3i CHLIBHO0
6asolo 3a [ =0 Mix 6a30I0 i KOJIEKTOPOM IIPOTiKa€ 3BOPOTIHI
(tenosmit) crpym Besmuniolo o (puc. 13.33, @). st cxemu
3i cnisbnnM eMiTepom A 3abesredeinis Iy = 0 moTpibno yepes
nepexiy emitep— Gasa npormyckatu crpyM I, (puc. 13.33, 6).
IIpn ubomy crpym Kosiektopa 6yne Iy ,ou = Iicohyp, To6TO B
hy(g PasiB GimbluM, 1iX A/ CXeMHU 31 ciiablo 6a3o10. 3Mel-
IIUTH CTPYM Ty [0 A0 BETUUNHN [yq MOXKIIA THCJIS 3alIUpaiiist
TPAIBUCTOPA TO3UTUBIMM MOTCHIHAMOM Ha 6a3y, TIPOITYCKAIOUN
CTPYM i3 6a3H 11a eMiTep BeJMUUIO0 [y, Blacaifok yoro Iy =0,
a Iy =1Ixg (puc. 13.33, @).

EfekTpuuHy MoJlesib TPAl3HCTOPA Uit 00J1aCTI aKTHBHOTO Pe-
XKUMy 2 OyJ10 po3TJsinyTO pauiiie.

Mogenb Tpausucropa B oGaacti Biacikamust (I =0), mo sa-
6e31eIyEeThCs 1MoIaue0 MO3UTHBIIOrO ToTeniady Ha 6a3y 1040
emitepa (cninpuoi mwmy), 306paxeno ma puc.13.34.
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Puc. 13.34. Enexrpuuna mo- Puc. 13.35. ErexTpuyna MoZeab TPaH-
ZleJ1b TPaH3UCTOpa A 0671aCTi 3uCTOpa B 06/1aCTi HACHYEHHS 3

Biacikauns 1

[ o6macTi HacHueHHs 3 MOJE/Ib TPAH3UCTOPA 306paXkeNo a
puc. 13.35, ge €;, BU3HAYAEThCA 3a anpokcuMauii Bxizmoi xa-
pakrepuctuxu. Ipu ubomy ep =Upg yoe = 0,2...0,5 B, hyp =
=tgo (mus. puc. 13.31), Ry, = tgB (mus. puc. 13.29).

Mogenn TPAI3UCTOPA B o6sacTi BiACIiKaHHA — 11 PO3PUB eMi-
T€pa 1o/0 6a30BO-KOJEKTOPIIONO MPOMDKKY, Yepe3 aKuil IpoTiKae
ctpyM Iyq. Ansg uporo pexxumy norpi6Ho mojaru na 6asy TpaH-
3UCTOPa MO3UTHUBHUA MOTEHIIiaX I[00 eMiTepa.

Mogpenb TpaH3ucTOpa B PeXXUMI HacHyellls — Ile IPaKTHYIOo
3aMKHEHi ejeKTpoan — 6a3a, KOJEKTOp i eMiTep, OCKiJgbKH
RK Hac 1...10 OM, €y = 0,20,5 B, 1211E =~10...100 Om. HJIH
3a6e3Meyenis PexxiMy HaCUYeHHs TPAH3UCTOPA CJIi/T OIATH CTPYM
Ha 6a3y, KUl IepeBHILye CTPYM 6a3y HACHYEHHS.

13.5. Po3spaxyHku
TPaH3UCTOPHUX KIIOuIB

PosrnameMo MeTOAMKY pO3PaxXxyHKY KJIOYa B PexXHMi HacH-
venns. [IpunnunoBy cxemy xiIioya HaBegeHo Ha puc. 13.36. [aa
HacH4YeNnHsa Ko4a NOoTpi6Hi HeraTwBHI BXifHi IMIyJbcH BH3Ha-
4YeHnoi aMILTYyAR. Y pe3yJabTaTi PO3PaxXyEKIB TpeGa 3HAlTY: TUN
Tpansucropa, Ey, Rk, Rg (Em)- Jl/st MO3UTHBHMX BXigHHX
IMIyJIbCIB 3aCTOCOBYIOTH TPAH3UCTOPU TUILY 72— P — 1, CXEMA KJIIoYa
aHaJIoTiyHa.

Po3zpaxynok cxeMy 3a IOCTIHIMM CTPYMOM TPaAULIiMHu, ogHaK
NOTPi6HO BPaXOBYBAaTH BXiAHY XapaKTePUCTUKY TPAH3UCTOPa B
pexumi nacuyenns 2 (Ugg = 0):

Eyx = Ukg yac + IxRk; (13.6)
UKE wac = Tk RK nac- . (13.7)
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Puc. 13.36. Tpansucropuuii ko4 Puc. 13.37. PospaxyHoKk XJjiwoya 3a
y PEXHMi HaCHYCHHSA NOCTiHEM cTpyMOM

HasantaxysaspHy ainiio / 6yayeMo 3a asoma toukamu (XX
i K3) (puc. 13.37):

touka XX: I =0; Ukg = Ek;
Touyka K3: UKE = 0, IK3 :EK/RK'

ITepeTunanisa HaBaHTaXXyBaJbHOI MpsIMOi { 3 JiHielo HacKHyel-
st 2 — TOYKa A, 110 BU3NAYac PeXUM HaCHueHHs i foro mapaMeTpy
Ix wacs UKE wac | 1B nac» Y IbOMY Bumaaky ue Igz (puc. 13.37).
ITig yac MPOEKTYRAIIISA KJIIOYIB CTPYM KOJIGKTOPa B PeXHMi na-
CHYeHHH, K MPaBUIIO, 33/1alluii, 1110 BU3HAYa€ BUGIp TUIY Tpall3u-
cTOpa 3a JIONYCTUMHUM CTPYMOM i I0J10eHnsM Toukn A (oTxe, i
crpymy Ig3). 3a 3uadenisaM 1bOTO CTPYMY PO3PaXOBYIOTb pe-
sucrop Ry (Rk = Ex / Ix3)-

Jlnst po3paxyHKy peauctopa Rp cKkopucTaeMocs BXiflono Xa-
PaKTePUCTHKOI TpaH3ucTopa B pexuMi Hacmuenns (Ugg =0).
CrtpyM Gasu, symoBnenuit E,, i pesHcropoM RB , Mae 6yTu:
Iy 2 I'g3. YCTanoBuMo nosioxentis To4kH A Ha BXiuii xapakre-
PUCTHII 32 3HaYeNlAM CTPyMy 6asu B Toulli A na BUXIAIMX Xa-
paxtepuctukax Iz (puc. 13.38). Axmo E;, 3agane, To ItaBail-
Ta)KyBaJbHa JIHiA X0 BXIiJIIMX XapaKTEePUCTHK Mac TepelTu 3
toukn XX (E,, ) Yepe3 TOUKy A i BU3HAYUTU 3UAYEINIS CTPYMY

K3 (IB K3 ) Ockinbkn crpyM Ig k3 = Eiy / Rp, T0 3BincH MOX-
11a BU3HAYHUTH 3HAYEHNs pesucTopa Ry (RB =E,, /Ig KS)-
{06 mpuCKOPHUTH NIPOIEC HACHYEHNSA KJIOYa, BBEJEMO TIOHAT-
T4 xoedinienTa nacuuennst. Koedimient nacmiemia S = Ig /I .05
Ig e = 1p A PekoMengoBaie 3nauenist koedillienra S = 1,5...2,

OCKIJIbKH 3i 36i/bIennsiM S 3MeHILYEThCA TPHBAMICTb BMUKAIIIS
KJI04Ya, O/IIIaK NP bOMY 30ibHIYETbCS TPUBANICTD BUMAKAIIIA.
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RE B K RK
Ugg nac=eg —Eg
lrEiM Ry nac
hd . + o)
Usga En Uge - ° E +Eg
Puc. 13.38. BusnayesHs moJo- Puc. 13.39. IlopHa MogeNb KJIf04a A1s

AKeHHs1 po60oYol TOUKY Ha BXIAHNX ~ ofsacTi HacuwdeHHA 3a Ig 2 [y
XapaKTepHCTIKAax

Hafmpocﬂmnﬁ PO3PaxyHOK KMova: [y ya. — KOOPAMHATA TOY-
ki A i EK, wo 3azaHa croxxusadeM, Hanmpukian I .. =0,1A;

Axmo Iyg = Ik yae 260 R = Ex !

—= =— =100 OmM, TOxi,
I K Hac 0,1
ypaxyBaBIIl cepequiit koedilienT [IiZicuIels TpausucTopa 3a CTpy-

MOM Jiyp = 50, pospaxyeMo cTpyM 6asy HaCHYeHHA:

Iy yac =9’—1z2MA

/22 1E 5

[B Hac

[Ipuiimemo S = 2, Toxi Iy = Sl , = 4 MA ipospaxyemo R 3a
33JIaHOTO 3HAYEHHA aMILTTYA iMity/bcy. Hampuknan, sa £;, =5 B,
Ugg o = 0,4 B orpumaemo
Eiy ~Upga  5-04

Ipa 4-1073
Opi€NTOBH] BUMOIH 10 TPaH3MCTOPA:

Uks po6 15...20 B; Ik ax = 150...200 MA; k21E = 50.

Ry =

=11xO0Om.

IToruy Mogenp kao4a Aad 06JacTi HacHUeHHS 306paXkeno na
puc. 13.39. IIpu woMy Ry .. << Rk, o 3a6esnedye Uy .. = 0.
Copotiieny Mo/ieIb K104 IOAaH0

B B K R  ma puc. 13.40. ¥ rtakoMy Bapianri
o -9 1o )
- MOXHa BBaXaTH, 1[0 3aTHCKaYi Tpail-

suctopa K, E i b malors ogmaxosuii

T Eiy TOTeNIaT.
o o, Puc. 13.40. CnporieHa MoJesnb KJaoya 3a
=T
E 15 = 1B nac
172
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Puc. 13.41. CxeMma xarpoda B PeXXUMi BiACIKaHHA Ta CIEMEHTH PO3PAXYHKIB
3a MOCTiIdHMM CTPYMOM

Po3spaxynox koda B peskuMi Bigcikanus. Cxemy kirioua i ¢ppar-
MEHTHY PO3PAXYHKY 3a MOCTiMIIMM CTPyMOM HaBeJeno Ha puc. 13.41.

Ha Bxia cxeMu HaaXoAATH NMO3UTHBHI iMIyJabcH, 1O 3aMHKa-
I0Tb Tpansucrop. Po6oya ToYKa A /1 IOBHOTO 3alMpaHHst TpaH-
3UCTOpPa Ma€ pO3MillyBaTHCSI Ha HalfHMXk4Yiil xapakTepHCTHLi
(I = -Igg). Tlpu ubomy U kg 4ige= —Eg. Po3spaxynox pesxu-
My 3a NMOCTiHHUM CTPYMOM aHaJoriynvid. Mojenpb Kjiioda B pe-
JKMMi BifcikaHHA 300pakeno Ha puc. 13.42.

Pospaxyemo aMnaityan immynncis (E;, ), MO HaAXOAATL Ha
BXi/1 KJI04a i 3a6e3nedy1oTh 3aMHKallisA TpansucTopa (Toyka A,).

3araJpHORIIOMMI ONUC BXi/JNOT XapaKTCPHCTHKH TPAl3H-
cTOpa

“Upg

— n 01 _

IB _IB nac| € T 1y

ae Iy .. — 3ladenns cTpyMy 6a3u nift yac 3BOPOTHOTO BMUKAII-
HA BXIiAIIOro mepexony Tpall3UCTOpa, Y PeXUMi BlAcCiKallus

I yac = —]KO; ¢, — Tenjosuii notemmian (25 MB 3a HopMap-
uux ymon, T = 293 K).
Toni ~Ugg
- o
IB -—IKO e T —11.
“Use

ko e ¥ <<1, 10 I =-Igy, wo 3a6esnenyc poGory
~Usg
TPaH3UCTOPHOTO KJiova B Toulli A. [lnst sabesnevemma e ¥ << 1

Tpeba, mob Ugg = 10@, = 250 MB.



Rs B K Rk Puc. 13.42. Moaeas kaio9a B PCKHUMI

+ BiAciKaHHs
JLE, Ex 3HajlieMo aMIUIITYAy BXiJHHX
iMIyabciB: -
1’E=° Ey=U + IgoR
o o iMm — Y BE siac max KO"b-

E +
3navenus nanpyru Iy Rg no-

cArae 6MM3BKO NeCATKIB MiTiBOJBT, ToMy i3 3amacoM E;,

= (0,3...0,5) B. Cnpoinena MoaeJb Kio4a — Iie po3iMKIIeli KO-
JeKTop i eMmitep 3a Hampyru nHa 6asi 0,3...0,5 B.

Buchnosku. Tpausucropinit kmoy nepe6yBae y JBOX PeXH-
MaxX — BiZcikaHHg 1| HACHUYEHHA. -

1. Kmoy y pexumi nacuyenns. Woro cnpougena Mozenb —
K i E samkneni. Ilpu mbomy Iy = Ig ,..S.

2. Ko y peskumi Bizcikannsa. Moro mogens K i E posiMKHeli,
78 1IbOro Ha 6asy ciij NOAABATH 3aMUKAJIbILy ALUPYTy aMILIi-
tynomo 0,3...0,5 B.

3. HepeBara TPAI3UCTOPHUX KJIOWiB: KEPYBANHA BEJIMKHAMM
cTpyMaMu Iy (rranpyramu Ug) 32 JI0NOMOroI0 MaJIHX CTPYMiB
6asu. Orxe, GesxourakTHull xJiod KE 3anobirae mossi ickpu
i Yac BUMUKAHHS.

KoHTponbHi 3anuTaHHs

[

. Hamasolite RC-s1anky i BCTaHOBITH YMOBH, 3a SIKMX BOHa 6yje TaKoo,
o audeperioe.

. 3a axux ymoB RC-nanka 6yne poszaijopow?

. HasBiTe 0cHOBHI /JXepesia TOXNOOK B IHTCIPYBAJIbHUX JIaHKAX, HAUUIITH

dopMyIH 21 iX BH3HAYCHHS.

Hassirp nepesaru interparopie va OIIIIC.

. Y oMy mepeBara napasieJIbHUX JIOTHHX 06MeXXyBadiB IOZO MOCTiZOB-

Hux? Ha3Bith ocHOBHI HeJOMTiKH mon}mx O6ME)KyBa‘{1B

. HaBexirb nmoBHi i cupoueni nixifini Moaeni TpaH3UCTOPIB B 06JacTsX

HacHMYeHHs Ta BiAcikamsa. fIki xocdilienTH mepefad TpaHsucTopa y
LUX 06aacTaAX?

7. Hapenith MeToAMKY PO3paxyHKy TPaH3HCTOPHOIO KJIOYa B PCXKHMI Ha-
CHYEHHS, MOJEJb KJI0Ya T MOSICHITH cyTh KoediuieHTa HacuyeHHs S i
HOro peKoMeHIOBaHi 3HAYEHHS.

8. SIxa MeToxuKa PO3paxXyHKY TPAHSUCTOPHOTO KJAOYa B PEXHUMI BiACIKaH-

Ha? Hasenite Mozens kioda.

(=2} UIP wNe

Posnin  MYJIbTU-
14 N OAHOBIBPATOPU

OcTtanHiM 9acoM MIXPOKO 33CTOCOBYIOTH IPHCTPOI, popMa BH-
XiAHO1 AIPYTH B SIKUX Pi3KO BiAPi3HAETHCA BiJ CHHYCOIAAJb-
Hoi. Taki KONMBaHHA Ha3UBAIOTh PEAAKCAYIUHUMU, OTXE, MYJTb-
TUBiI6paTOp — PIi3HOBUZ OJHOTO 3 PeJaKCaliHHUX relepaTopiB.
MyabtuBi6parop (Big sat. multim — Garato i vibro — xosn-
Bal0) — peJaKkcauiffHuil reHepaTop iMIyJbCiB Maiike NPsSMO-
KyTHOI (PpOpMM, BUKOHAHNUI y BUITIAi NiACHITIOBAIBHOTO IPUCTPOIO
3 JIAaHKOIO TIO3UTHBHOTO 3BOpoTHOro 38’A3Ky (I133).

CyTtp po6oTu MyJIbTUBIGpaTOpa — mNepeMUKAaHHS eHeprii 3
PeXXUMY 3apAJ’KaHHA Ha PeXXUM PO3PsiAKaliHg KonaeHcaTopa C
Bix Mxepena >xuBaennst o pesuctopa R lle nepemukanis
3AIACHIOETBCA 3a I0IIOMOTOI0 TPAlIBUCTOPIHX KJIOYIB.

Po3pi3nsIoTh ABa BUAH MYJIbTUBIGPATOPiB: ABTOKOIMBaAbHI (1ie
MAIOTb CTaHy CTiiKoi piBlOBaru) Ta odikyBaJbiii (MalOTh OAMH
cTall CTifiKoi piBHOBATH i TOMY iX 11a3UBAIOTh OMHOBIGPATOpPaMHU).
My abpTuBi6paTtopy MoXkHa TOGYYyBaTH Ha 6a3i 6inongpHUX TpaH-
sucropis (BIIT), noaboBux tpausucropis (IIT), onepamiiinnx
migcuoBayviB nocrifinoro crpymy (OIIIIC) Tomo.

14.1. TpaH3uctopHu MynbTUBIOpaTOP.
MpuHumn pii. Ocuunorpamn poboTn

MyubTuBi6parop — ABokackaaumii RC-uiacuaiosay, mwo Mae
HO3UTUBHUH 3BopoTHHH 3B’ s130k ([133). [ uporo notpibuo gsa
TPAH3UCTOPHIX IT/ICHIIIOBAY, BBIMKIIEHMX 3a cxeMo1o 3 CE (puc. 14.1),
a6o asa OIMIC 3 inBepryBanuaM. [lis 36ymxennsa My rstnBiGpa-
Topa HeoO6Xiale BUKOUAHHS ABOX YMOB — GaJancy a3 i 6anaicy
aMILITYA:

e Gananc Gas Qg3 + @y = (360°2), me n — nine uncno;

e 6ananc ammityn Kyf =1.

Ockinpku hakTop 3BOPOTHOTO 3B'sA3Ky B =1, a @33 =0° TO
¢a30Buii 3cyB CUrHaMIB MiACHIIOBaYa Puige = 0° 1o it 3a6esme-
4yeTbes JBOMA IijcumioBadaMi 3a cxemolo i3 CE.
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Puc. 141 lpumnmnona cxeMa TPABHCTOPHOrO My IbTHBiOpaTopa
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e 1402 Cxeni CMCTPHYHOTO TPAH3UCTOPHOTO My AbTUBIOpaTopa

MyabTuBi6paropu ma BIIT maifuactinie MaoI0Th y BUTAAAL CH-
METPUYHOT CXeMIl 3 KOJICKTopHo-Oasosumu 38 s3kaMi (puc. 14.2).
Cumerpiaicrnh osnavad 1AEUTHYHICTD CHMETPUYIIO PO3MIIHEHHX
eaesentin pesuctopis Ry = RK2? R4 = Rg,; konsiencatopis
(4 - Cy i Tpansucropis VT1, VT2, MybTuBi6paTop CKIa1a€ThC
3 ABOX IiICHmMOBaNbHUX KackaniB i3 CE, Buxijina nanpyra Kox-
HOTO 3 AKUX MOJAETHCA Ha BXiJ OCTAIHLOrO. Y ¢xeMi HaBeIeHOTO
MYJBTUBIOPATOP:L BUKOPHCTINN TPaUSHCTOPH p~—n~P-THILY.

Tzt wac upne;uianng exemi jlo axepesa xusiennsa Ey obu-
JUBY TPAianeTopn siJIKpHTi i 3yMOBJIIOIOTh KOJMEKTOPHi CTPYMH.
Ixui poGoti TOYKY 3HAXOAATHCS B aKTUBHIN 06JacTi, OCKiJbKH
na G6a3u dyepes pe3uctopu Ry, Rp, momaerbes neratusimii 3cys.
OpHak TakMil CTaH CXeMHW HeCcTiMKH#. YHacRiZoK HasIBHOCTI B
cxemi 133 BuxonyeTbes ymoBa Ky 2 1 i gBokackamiuii nigcu-
JioBay caMo36ykyerhes. [lounHaeTbesd npouec peredepalilii —
BUAKE 36i/LIICHII CTPYMY OJHOTO Ta 3MEHIIEN st CTPYMY iHIIO-
TO TPaH3HCTOPA. '

Hexaili y pesysibrari 6yab-sKoi BUIIAZAKOBOI 3MinK IIANIPYT Ha 6aszax
A00 KOJICKTOPAX TPOXH 3MEBUIYETHCSA CTPYM /¢y TpansucTopa VTI.
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[Ipu upoMy Konmekrop tpausucrTopa VT1 mabyne HeraTuBHOTO
36inbleniist notenuiary AUygy, . OCKiTbku HanpyTa 11a Konjenca-
Topi C1 ne Moke MUTTEBO 3MIHUTHCS, 1€l MPUPICT NPHKJIAIAETHCA
Jo 6asu Tpansucropa VT2, Biakpusaloun Horo. IToTennian na 6asi
TpaHsucropa VT2 uerarusuuii, cTpyM I» 3pOCTae, yTPaTH Ha pe-
3ucTOpi Ry Takodk 3poctaiors, AUy, OTPUMYE 36iIbLIEHIIST ILTIOC-
Midyc (1), sxe 6yne upuknancne a AUggy (AUgpy = AUggy),
TOOTO cTpyM g4 1€ Gisrblre 3MENIHTBCS, a CTPYM i) JOJATKOBO
apocte. JlaBuionoaiGnuit mpouec 3aKiHYyeTbes THM, 1O TPan3u-
crop VT2 BXoauth y pexkuMm Hacwuenus, a tpansucrop VI1 —
Yy PeKUM BiACiKanHA.

CxeMa IepexoJUTh B 01Ul 31 CBOIX THMYAcOBO CTIMKHX CTaHiB
piBuosaru (xBasictiiixuii cran). TpusamicTs nepe6ysanus cxemu
B KBasicTiiKoMy crani BU3HAYA€ThCA NPOLECAMHU TIepPe3apsiiKali-
s emuocteit (puc. 14.3). dxmo tpauzucrop VT1 saMiuennit, a
tpansucTop VT2 Bigkputuil — Iile mepuuii THMYACOBO cTifiKu
cranr. Konzencatop C1 3apsypkenuit, nanka sapsany: +E x» EB VT2,
C1, Ry —Egk. Ockimpxu tpamsucrop VT1 samxueuwuii, To

Uke, 5Csap to

UKE Hac

_EK %
Ug, ¢ Ex '

[

[y SR

P SR

Puc. 14.3. Yacopi giarpamMyt Hanpyr ABTOKOIMBANBHOIO My IbTHBIGpaTOpa
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Ukgy = Ex. Y nonepeanboMy muxii tpansuctop VT1 Biakpuruii
i Hanpyra Ha HbOMY 6y1a Uyg{ yac- Y MiPY 3apsAXKaHHS €MHIOCTI
C1 cTpyM I55p 3MEHILYETHCS, BTPATH Ha Ryy TaKOX 3MEHILYIOTb-
cs, HIO 3yMOBJIIOE 3aTSATaHHS Hepeauboro PPOHTY, Mics 3aps-
axanna Cl i Uygr = Eg.

Y moment uvacy t <0 (umonepeaniit unka) tpansucrop VT
Hacu4eHUi, a TpaH3ucTop VT2 3HAXOAUTbCA V BiACiKaHHI.
Cwmuicts C2 sapsamxena o Ey,Uqy = Ex. Ilounnarouu 3 Mo-
MeHTy dacy t = 0, emHicTh C2 noune pospsmxatucd. Jlanka pos-
pamxanns: +Ucy, Ry, * Ex, EK VT2 (nacuuenuit), ~Uc,, npu-
yoMy nanpyru Uc, i Eyx mnigkmodeni srigno. Hampyra U, 3a
PaxyHOK BiflkpuToro Tpansucropa VT2 npukiazena Mix 6asoio
Ta emitepoM Tpansucropa VT1 («+» ma b, a «—» ma Ey), mo
yTpPUMYy€ HOro y crani BiicCiKaHHA.

Ilicna nepesapsaixanus KoHJeHcaTopa, AKOU cxeMa 3ajHIIH-
Jlach y LIbOMY CTaHi, Halpyra Ha Konaedcaropi C2 3Minuna 6 no-
nspuicts (~Ey ) (ams. puc. 14.3). Onnak y MOMeHT wacy ¢, Ha-
npyra Ugpy = Ugy = 0 i tpausucrop VT1 Biakpusaetncs. e
3YMOBJIIOE 3allpaHus TpaH3uctopa VT2 i NOYMHAETBCS JaBUHO-
IIOAIGHHI TTpoIleC NePeXOny TPAH3UCTOPIB 3 IEPLIOro KBasicTilko-
ro cramy B ApyrTuil. Y pe3ysipTaTi LUbOrO HPOLECY TPall3UCTOp
VT1 Bigxpuruil, a tpausucrop VT2 3axkputuit i Hactae Apyruii
THMYACOBO CTIHKMI cTaH. ¥ IbOMY CTaHi MOYMHAETHCS 3apsKat-
us korpeHcaropa C2 y mammosi +E, Eb VT1, C2, Ry, ~Eg. Ha-
npyra Ugg ypy Aocsirae HyJid, To6T0 6inbiua 3a Uy - Hicas
nepiofly t, IepexifHuii IPOLEC NOBTOPIOETHC.

Or:xe, mepexoasyyl MePiOANYHO 3 OJHOTO THMYACOBO CTiKOTrO
cTaHy piBHOBary B iHINHA, MyabTHBI6paTop dopmye nporudasui
BUXiZHi HalIpyTH, IO 3HIMAIOTHCA 3 KOJEKTOPAa KOXIIOTO i3 TpaH-
3UCTOpPiB, Maiixe npsamMoxyTuoil ¢dopmu. Oauak nepegHiid GpoHT
BUXIHUX HapyT 3HA4YHO FipUIui, HiXK 3aTHiA.

14.2. Po3spaxyHok nepiogy konueaHb
MynbTMBIOpaTOpa

Hexal nanpyra Uy izeanbno nmpAMoKyTHa i 3MinioeThbes Big 0
no Ey. IepeneceMo movaTok xoopauiar y Touky ¢ (puc. 14.4).
Ho momenry t; Tpamsucrop VT1 6ys

Use ¢ ty 3akpuTHil, a TpaHsucrop VT2 —
+  Biaxpurtuit, emuicts C1 6ya sapaaxe-
Ha o Hanpyru = Ej. ITicns t; (y HoBiit

~Ex ~ CHUCTEMi KOODAMHAT TC/IA HyJIs) TPali-
Puc. 14.4. Ineanizosanuit rpa- 3UCTOP VT1 BIIKpUTHI, a TPAH3UCTOP
ik 3MiHM Hanpyru VT2 sakpurwii.
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Enextpuuny mMofens MynbTuBiGpaTopa micas ¢ = 0 (¢ — cTa-
pa cucteMa KoOpAMHAT): TpaHzucTop VT1 Biakpurui, VT2 3a-
KpHUTHii, 306paxeno ma puc. 14.5, a, ne R; — onip 3BopoTio
3MilIeNoOro mepexofy eMmirep—6asa VT2, [y — cTpyM uboro ne-
pexony (aus. puc. 14.5, 6).

L1 ManomnoTyXKHHX HMU3bKOYACTOTHHMX TPaln3UcTOpiB R; mo-
PAAKY OANHMIb UM AeCATKIB MeraoMis, Iy = 0,1...1 MmxA. Anani-
3YI04M NOPAAKH BeJJMYUH MOZeJi, MOXHA NPUNYCTHUTH:

* RK nac << RK1;

o [y <<y

* R, >>Rg.

Toni cupotiteltia Moe b MyAbTUBIOpaTOpa MaTHME BUIJISA, 306-
paxkenuil Ha puc. 14.6.
"~ Harmpyra na xonzencaropi C 1a 6a3i KOXKIIOro 3 TpaH3UCTOPIB
3MIHIOETBCA 3a €KCIONeHLiaAblIMM 3aKOHOM i BU3Ha4a€ MOMEHT
[epeMHKaHisl CXeMH 3 OAHOIO THMYACcOBO CTIHKOro CTaly B iHIIHMA.
3nawun Us(t), MoXHa Po3paxyBaTH TPUBAJICTb IepeGyBaHIs
CXeMHM B THMYacoBo cTifikoMy ctaHi; U-(¢) BH3HaYaIoTh po3B’si-
3YBaHHAM AU(EPEHIiaIbHOTO PIBHAHHS, IO ONMCYE IO MOJEND.

dxmo ¢t = ty (MoMenT HepeMHKa}IHﬂ), Hanpyra la KonjgeHca-
topi C U smenmyerbea go nyas. Toai Moxna snaiity MoMenT
qacy ty:

t2 = 0,71:1 = 0,7R52, C1.

Anajioriyso ¢ =0,7t, = 0,7Rg,, C2.
[ToBnnii epiof KOJAMBAaHb CUMETPUYHOTO MYJIbTHBIGPATOpPA BU3-
HavyaloTh 332 BUPA30OM:
T =2¢t,, =1,4RgC.

Orxe, 4acToTa renepoBalinx xkoauBalb f =1/T BU3NAYAETD-
¢4 WBUJAKicTIO nepesapsaxkanis kougelcaropis C11 C2, o 3a-

TPUYHA MOJCHDL MYJbTHBIOPA-
TOp2
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IaloTh 4ac. AMIUNTYAHe 3HayeHHs immynabcy U, Ha KojekTopi
3aKPHUTOTO TPAH3UCTOPA:

Un = Ex ~ IxpoRx = Ex-
TpuBaaicth 3ax11b0r0 HPOHTY IMITYALCY
tsq) = Th21E + CKRK’

e Thzu«: — cepeflsl TPUBAMICTD NepeMiilfeHnis II0CiiB y340BXK
6asu ana cxemu i3 CE (mepeBakiio BU3HAYAETBCA YaCTOTHUMH
BJIACTUBOCTSIMY TPAH3UCTOPA); Ck — KOJEKTOpHa eMIIicTb Tpal-
3ucTOpA.

Tpusanicts nepeaHboro dbpolTy 3an1eXUTh Bij TpuBatocti 3a-
pamxannsa kougercaropa C, To6To BI3HAUAIOTH 32 BUPA30OM:

t(p = 3CRK

3 ypaxyBaHHSM TOTO, LI €MHiCTh KOHAeHcATOpa, U0 3a/1a€ Jac,
3a3BUYAil BeaMKa, t(b >> t3¢. Jlns 36inpuienis kpytocti GpoHTIB
(aMenmenns TpUBaNOCTi (DPOATIB) KOMEKTOPHUX IMIYAbCIB CIi
36iMBITNTH HIBUAKICTH HADOCTAHHS HATIPYT HA KOJEKTOPaX Tpau-
3uctopis. Jlig LpOro ¢ail 3MEeHIINTH BeJIMIUHY OINOpiB RK, o
IIPH3BOAUTDE 0 361/IBIIEHHS CIIOKUBAHOTO MYJIbTUBIGPATOPOM CTDY-
My i moTy>xHocTi, o poscitoeTbes. Tomy po3po6JieHo iHli cxeMHi
pitmenus, sixi 6y/e posrasaHyTo B migposa. 14.3.

14.3. PerynioBaHHs YacToTy,
TepmocTabinisauia i noninweHHs
¢dopmMu BuxigHoT Hanpyrn mynbtusiGpaTtopa

OcCkinbKE YacToTa CHMETPHYHOTO MYJIbTUBiOpaTOpa BU3HA-
yaeTbea Beanuunon f =1,/1,4RgC, To ii MOXHa perymoBaTH,
3MIHIOIOUU CTaly Yacy po3psiKaHHs xoHaeHcaTtopa C ('cpos).
Ockinpku onip pesuctopa Ry po3paxoByHOTb i3 pexuMy Ha-
CUYeHHA TPaH3UCTOPa, TO BeJUYUNy onopy Ry 3MiHioBaTH lie

Puc. 14.7. Ilpunnunosa
CTIEKTPUYHA CXeMa MY.JIb-
THBiOpaTopa 3 JJIaBHHM
PETYJIIOBAHHAM YaCTOTH
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Puc. 14.8. Ilepexinni npomecu ne-  +F,
pe3apAlKaHHA KOHIEHCATOPIB

J03BOJIAETDCS, OTKE, TACTOTY #
MOXIa peryaloBaTH 3MiHOIO I~ ~. 2 1
empocti kongencaropa C. k- o | A
110 YacTOTy IOTPi6HO 3Mimio- __bi: --------------- TE=RaL—

BaTU JUCKDPETHO, TO pO3paxo-
BYIOTb €MHOCTi Kotigencaropis C; A/ KoxIoi yacTotu f; i xo-
MYTYIOTD iX depes nmepeMurad. Croci6 miaBHoOro peryiaioBaliis
4acTOTH I10JIATAE B TOMY, 1o peaucTtop Ry migkaoualorTs 11e 10
JoKepesia skuBIentsa —Ey, a 1o 3MilIoBanoro JoJaTkoBoTo JUKe-
pesa nanpyru E,,, HaOPyTy AKOTO MOXHa 3MILIOBATH 34 [OTO-
Moroio 3Minnoro pesucropa R1 (puc. 14.7).

Hanpyra mepesapsaatis KolelcaTopa BU3HAYAETBCS B 1bO-
My BHTIAJIKy He BeJHYUHOI0 —FEy, AK ¥ pO3rIANyTOi CXEMH MYJib-
TUBi6paTOpa, a 3HaveHHaM E, .

IIpouec pospsKanns KOHAEICATOPA 1[BOFO MyJIbTHBIOpaTOpa
ONMCYETHCA TUM caMiUM JUdepeHiaTbHUM PiBHAHHM, IO if pa-
Hilile PO3TJIAHYTe.

ToyarkoBa yMoBa y 1ifl cxemi anaqoriyna: 3a t =0, U = —Eg.

[Mepexianmii mpotiec Nepe3apsiAKanis KOHAeHCaTopa y KAacuy-
wiit cxemi ! BusnawaeTbes Hanpyroio —FEp, a B cxemi 2 — na-
upyroo -E,, (puc. 14.8).

I3 nepexianux mponecis BUILIUBAE, 1110 t1’ > t;, 3BiACH nepiof
xomuBanb Ty > T; i f{ < fi. OTxe, mo memua nanpyra E,,, 1o
6impini mepioa koauBaub T i Mewiua 4actora f MyJIbTH-
Bi6paTtopa. Hanpyry U, pekoMmenayetbes sMmiioBatd Bift —Fy
no —0,5Ey, nipu npoMy yacToTa 3MiHIoeThca B 1,5 pasa.

Tepmocrabinizamis yacroTu My abTHBiOpaTopa. YacToTa MyJib-
THBi6paTopa e 3aj7eXHTh BiJ Hanpyru Ep . IIpuuunoino necra-

T “

Puc. 14.9. Koo pospsimxanta KoH- Puc. 14.10. Kono pospsizkaHas Kon-
JICHCATOpa AJSA CHJIIUIEBUX TpaH- JCHcatopa JUISL TepMaHieBUX TPa-
3UCTOPIB 3UCTOPIB
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6iIBHOCTI YacTOTH [ MYJbTUBIGpaTOPa € HeCTaGIIBHICTD €/IEMEHTIB
cXeMu Bin teMuepatypu. [lyst repMaHieBUX TPaH3HUCTOPiB TeMIle-
patypna HecTa6iJbHiCTh BU3HAYa€TbCS 3aMEXKIICTIO [y (t °C).
s cuninieBux (KpeMHi€eBHX) TpaH3HMCTODiB I Ha onuH-ABa
TIOPSIIKA MEHIIWH, OT3Ke, 1 HeCTaGiMbHICTh YaCTOTH TAKOXK MeHIIa
Ha OMH-/IBA TIOPSIKH, TOMY HeCTaOilbHICTh YaCTOTH TAKUX MYJIb-
THBIOPATOPIB IEPEBAXXHO BU3HAYAETHCSI TeMIEPATYPHOIO HecTa-
GiJIBHICTIO OCHOBHHX eJIEMeHTiB cxeMd — konaercaropis C(¢ °C)
i pesucropis R(f °C).

CxeMa pospsipkanus KongeHncaropa C And CHUJTILIEBUX TpaH-
3UCTOPiB Mae BUTJISA, 306paxkennii Ha puc. 14.9, gkio cTpyMoM
Io Moxma 3HexTyBaTH. /1A repMaHieBUX TPal3UCTOPiB CTPYMOM
Iy HexTyBaTH He MOXKHA, i CXeMy PO3PA/PKaHHA HaBeleHO Ha
puc. 14.10. Ipu mpomy cTpyM depes korgencarop I~ = Ip + Iy ().
Cnin sasnaunty, 1o Iy 3Ha9HOI0 MipOIO 3a/IeXHUTD Bi/l TeMIlepa-
Typu (eKcronerTHyii 3akon), ToMy I = w(t °C) abo U = (p(t °C).

Ockinbrn U (t "C), TO NepioZl KOJWBaHb MYJIbTUBIOpaTOpa i
4YaCTQTa TAKOXK 3aJIexarhb Bijl remnepatypu T, - = §(t °C), feon =
=@ t°C). Orxe, OCHOBHA IpHYMHa TeMIlepaTypHoi HecTabinb-
HOCTi YaCTOTH MyJbTUBi6paTOpa Ha repMalli€BUX TPAH3UCTOPaX —
BILJIUB NIPOMIXKY 6a3a —KOJEKTOP 3aKPUTOTO TPAH3UCTOPA.

Ja nikBiganii nboro HeAoNiKy JOLIIBHO 11a 4ac PO3PSAIKAH-
ns xongaencaropa C BigkJIouaTu nepexiJ 6a3a — KOJIEKTOP 3aKpH-
TOTO TPAaH3NCTOPA BiJl pesucTopa Ry, 414 Joro B cXeMy CTaBJIATh
Aioau ANs BIIKJTIOYaHHA, AKi MaloTh 3Havenns [y, Ha OAMH-ABa

'IOPAAKY MeHIIe, HiX y TpaH3aucTopa. 3 Li€i0 METOI0 3aCTOCOBY-
10Tb cneuianbii BU iMmysaseni giogu, i npuHnMoBa cxeMa Haby-
Bae Takoro Burssagy (puc. 14.11).

Hioan VD1 i VD2 npusHaueni /s BiIKJIOYAHHS BijJ] KoJa po3-

psxanns Tpausucropis VT1i VT2, a pesucropu R1i R2 3a6es-

R ~Ex
RKI RBI RB? K2

Cl C2

I ”

11
Upier LYT1 VDI vD2 VI2

UBHX2
RI R2

(o] _ O+EK

Puc. 14.11. [IpuHOUNIOBa CXeMa aBTOKOJUBAIBHOTO MYAbTUBIGpaTOpa 3 TEP-

MocTabigizaniero i giogamMu BifgcikaHHs
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Puc. 14.12. Mogenp po3ps/»kaHHS KOH-
JleHCaTOpa MPHHIIUIOBOI CXCMH aBTOKO-
JIMBAJIBHOTO MYJbTHBiGpaTOpa 3 Aioga-
MH BiACiKaHHS

MeYyIoTh HYJLOBHM TOTEHIa] Ha 6a3i TPaH3HUCTOpIB (R1 =Ry =
=B..3)R, vt ) Monesmb po3pspKaHHA KolAeHcaTopa 306paskeHo

1a puc. 14.12.

Ockinmbkn Iggyp << Ikoyr, TO i 9ac BHKOPHCTaHHS BHCO-
KOYacTOTIHX /O/iB TaKa CXeMa Ja€ 3MOTYy OTPHUMATH HeCTa-
6inpHiCTD YacToTM Af /f TOpPAIKY AecATHX YacTOK BiACOTKA.
Jlns cxeM Ha repMami€eBMX Tpal3HMCTOpax 6e3 MiOAIB BiACiKAIHs
HeCTa6ibHICTh YACTOTH CTaHOBUTH 6u3bko 10 %, a ana cxeM na
CUJTiLi€BUX TpaH3uMcTOpax 6e3 AioniB BiacikagHA — 1—3 %.

Honimuenns nepexHsoro GppoHTy BUXIAHHX iMOyabcis. [l
HONINIEHIIsT Hepeiiboro (PpOHTY BUXIAHMX IMITYJIbCiB 3apsijiKall-
Hs kouzencaropiB C1 i C2 Bin6yBaeTbcs 4yepe3 JOAATKOBi pe-
suctopu R1 i R2 3a gonmomoromo mioais VD1 i VD2 (puc. 14.13).
3apaaxanns kolgencaropa C spificHoeTbes y aanmi: +Ep —>
—R1 ->C1 > BE,_,.yro = —Ek, pU 1bOMY Yepe3 Pe3UCTOP
Ry cTpyM He nmporikae.

Ha xoso pospsupkanusd koligencatopa C1 giog VD1 He Bin-
Ba€, OCKiJAbKY BiH yBiMKHEHMH y TIPOBIAHOMY HaIpsiMi i 3a6e3Ie-
4ye po3pAMKAHHA Koujencaropa y janti: +U~; = VD1 - KE —
- VT1 - _EK d +EK e RB2 —> _UC1‘

Ynisepcanblla cxeMa MyJILTUBIOPAaTOPA IIOBUHHA MATH TakKi eje-
MEHTH:

e TepMiunoi crabinisanii;

* IOJIIIIIEHNS N1ePeJIbOro PPOUTY IMITYNbCIB;

® I1J1aBHOTO PEryaioBalilisl YacTOTH.

)
+Eg

RK[ Rl RBI R52 R2 RK2
VD1 5 C1 C2 T vD2

VTl N VT2

2%

K

Puc. 14.13. CxeMa TPaH3UCTOPHOTO MYJIBTHBIGpaTOpa 3 nMosinuicHowo dop-
MO0 BHUXIAHOI HANpPYIru

183



MynbTHBI6pATOpH BHIIYCKAIOTh B iHTETpAJbHOMY BHKOHAHHI
cepii 119TD2 i 218Td2: cepis 119 - HaniBIpoBiHUKOBiI (MOHO-
aitwi) IC, cepisa 218 — ri6puani. MyabTuBi6paTtopu B iHTerpaib-
HOMY BHKOHaHH1 MalOThb BUBOAH OJASA IMAKAIOYEHHA JOAATKOBUX
KOHJIelICaTopiB i pe3mcTopiB, o 3a6e3MeYyIOTh PeryJIloBaHHS
YacTOTH.

14.4. TpaH3VICTOpHMVI ofHoBiGparop.
MpuHuun pii, ocu.vmorpaMM

MynpTUBIGpATOp Y PeXHMi OUIKYyBAHHS HA3UBAIOTH 00HOGIOPA-
mopor. Buxonaun 3 pyHKIIOHATBHMX 03HAK, OIHOBi6GpaTOp 4acro
Mae i iHu Ha3BM: 3araJbMOBaHUIl MyJAbTHBI6GPATOD, OAHOTAKT-
HUil pesakcatop, kinm-pese tomo. OHAK HE3aJIEXKHO Bifl Ha3BH,
OQHOBI6paTOp — 1€ MPUCTPiil 3 MO3UTHBHAM 3BOPOTHHM 3B’S3-
KOM, 1[0 Ma€ OJIMH CTiHKHI Ta OAUH THMYACOBO CTIKHMH CTaH, 1O
(opMyI0Th OAUIIOUHU MIPSIMOKYTHUIT IMITY JIbC.

DopMyBanns IMILYJIBCY TIPAMOKYTIOL (POPMU 3iHCHIOETBCS OXL-
HOBI6PATOPOM IiCJS MAAXO/KEHHs IMITy/IbCY 3aIlyCKAIIs, SKI
MepeBOAUTDb OXHOBIGPATOp 31 CTIMKOrO CTAIY B TUMYACOBO CTIKHH.
MoMeHT 3akiH4eHHS THMYAacOBO CTifiKOro Craiy BH3IIAYACTLCS
JIAMKOIO, WIO 3aAa€ Yac. 3MIHIOIOYHN CTany dacy jankyu (IJIaBHO YU
CTPHOKOM), MOKHA PErYJIIOBATH TPHBAMICTh BUXiIHUX iMITYJIbCIB ¥
IIMPOKUX MexkaX. ToMy OJHOBIGpATOPH 3aCTOCOBYIOTB A ¢op-
MYBaHHA NMPSIMOKYTHUX iMIIYJIbCiB 3a1aHO01 TPUBAJIOCTI # aMILTiTy-
[V Ta [ 3aTPUMKH IMIIyJIbCiB Ha meBHMIT Yac.

OaHOBI6paTOp MOXKHA 3DOGUTU 3 ABTOKOJMBAIBHOTO MYJIbTH-
Bi6paTopa, SKIIO HOro IPUMYCOBO 3aMKHYTH B OJIIOMY 3 THMYa-
COBO CTIfKHUX cTaHiB, HEPETBOPUBIIH #oro 1a crifikuii. Haii6ins-
HIOTO TIOIIMPEHHS $IK OANOBi6paTop Mae cxeMma 3i 3B'SI3KOM Y
kouti emitepa (puc. 14.14). Cxema MicTUTb ABOKAacKafHui TpaH-
3UCTOPHMH MiJCUIIOBAY, B IKOMY OJIMH 3B’sI30K MiX KackazaMu
3JIMCHIOEThCA 3a JOMOMOIOI0 KoHaencatopa C, a apyruit —
CIIIILHUM PE3UCTOPOM y KOJIi emitTepis Rp.

Y BuxigHomy crani crifikol piBioBaru tpausucrop VT1 3amMk-
Henuit, a Tpansuctop VT2 Bigkputuii i mepe6yBae B pesxuMi Ha-

CHYEHH, 7151 YoTo pesucTop Rp BHOMpAIOTh Tak (RB < h211-: R}Q)

106 3a6e3TedysaB 6a30BUlt CTPyM, AOCTATHii /1S HACHYEHHS Tpall-
sucropa VT2. 3a paxyHok cTpyMy eMitepa Tpansucropa VT2 ma
crijibioMy pesucTopi Rg cTBOpIOETbCA cnian Hanpyru Ug = Ig,Rg
i3 3a3HaueHoio Ha puc. 14.14 moasphictio, VT1 3amxuenuit i

I'gy = 0. Ha mxnbomy nutedi mozinbruka Hanpyru R1—R2 siaGy-
BacTbCs cnaa Hanpyru Upgs.
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Puc. 14.14. [IpuHuunoBa cxeMa ogHoBiGpaTopa

¥ npoueci Bukonanns ymosn |Ug|>|Ug,| na 6asy tpan-
suctopa VT1 mono eMiTepa MOJA€TbCS MO3ATHBHIA HAIIPyTa
Uggr = (0,3...0,8) B, mo 3amukae Horo. Kongencarop C npu
uboMy 3apspxennit go nanpyri Uq = Ey —Up (saximo snexTyBa-
7 nanpyroio Ugg,) i3 3a3HauYeHO0 HA PHCYHKY IOJSIPHICTIO.
3apamxalns kxounerncaropa C Bi6yBaeTbcs 0 KOJLy: B JIoKepe-
Jla XuBJIeHHA +Ey depes pesuctop Ry i mpomixox eMitep—
6asza Tpansucropa VT2, C, uepes pesuctop Ryey i ma jxepeno
sxupjennsa ~Ey.

YacoBi giarpaMu oalioBiGpaTopa 3o6paxeno na puc. 14.15.
ITix yac mozayi Ha BXiJ 00BIOpaTOpa B MOMENIT Yacy fy iMilysnCy
3aITyCKy HETAaTHBHOI NOJIAPIOCTI 3 AMIUITY/IO0, IO TEPEeBUILYC
HaNpyTy 3anupaHus Tpansucropa VTI, !qu | > |UBE1 [, Tpansu-
CTOp IOYMHAE BiJKPUBATUCA i HANpyra 1a Horo KoJeKTopi OTpH-
MY€ fesKe MO3UTHBHe 36inplieHHA. OCKIIBKH Hampyra lla Koil-
pencatopi C MHUTTEBO 3MIiIIMTHCS 1le MOXe, TO e 36inpliens
MO3UTHBIIOT Tanpyra 1epeJacTbes Illa 6a3y Tpansucropa VT2,
3aMMKalouy ¥oro. Ilpn upoMy smenmycrbes ctpyM [gq i cman
11anpyru la pesucropi Rg BizlyBaeTbes 3a paXynok 3MeltyBa-
HOTO cTpyMY Ig, IO CIIpUsi€ MOJANBIIOMY BiJIMUKAIINIO TPal3u-
cropa VT1. lleii pereneparusnuil npoitec 1aBANONOAIOHOTO Ha-
POCTaHIEA 3aKiHYYETHCS TIOBHUM 3aMUKAHHAM Tpaisucropa VT2,
Hanpyra 1a Kojaektopi sixoro (BHXia MyJabTHBIGpaTOpa) 3Meri-
HIYETBCS Maiidke 0 HATIPYTH JDKepesa dXupfelnst —Fy i nacu-
genns tpansucropa VT1. 3amkuenuil cran tpamsucropa V172
MATPUMYETBCS Halpyroio 11a kouaelcaropi C, ToMy 1o Jjisa Horo
oOKJIaJIKa MpHEAUAIA TeTlep yepes Hacuueiui tpaisucrop VT
no emitepa Tpansucropa VT2 i Uggy =Ups > 0.

Takuii cran og1oBiGpaTopa € TUMYACOBO CTIHKUM, OCKiJBKY KOl
nericatop C HoYIaE Nepe3apsaKaTUCA Y JIAIILI: BYJL JDKePesia XKHUB-

185



=
o™
Ulﬂi Hac

UB HX

g tl'M

Puc. 14.15. Hacosi giarpaMu Hanpyr ogHoBi6paTopa

nenns +Ey depes pesuctop Ry Ta MPOMiXOK eMiTep — KOJeKTOp
1o tpausucropa VT1, C, yepes pesuictop Ry, Ha JKepesio XXUBJIEN-
ns —Ey inanpyra Ha HpoMy, a oTXxe, Ha 6asi Tpanaucropa VT2
BHMXYETbCA. SIKIO 11 Halpyra B MOMEHT Yacy t, JOCATaE HyJIbo-
BOTO piBH4, TpaH3ucTop VT2 BinkpuBaeTbcs # y cxeMi BHHMKAE
pereHepaTUBHUH IIpoliec NepeKUIaHHsI, AaHAJIOTIiYHUHE onucanoMy
BHIle, BHACJIZOK YOr0 OZHOBIGpATOp MOBEPTAETHCS Yy BUXiAHMUIL
CTiAKUH CTaH.

Tpusasicts iMmysbcy, chopMOBaHOro Ha KOJEKTOPI TpaH3U-
cropa VT2 Bif MOMeHTY 1o/jaui iMITyJIbCY, IO 3aMycKae, X0 3aKiH-
YeHHsA TUMYACOBO CTiKOTO CTaHy, BU3HAYAETCS THM CaMMM CIIiB-
BiJIIIOLIEHNSIM, IO # AJIsT aBTOKOJIMBAJBHOTO MYJIBTHBIGpaTOpa:

tiM = 0, 7RBC

TpuBanicts BimHOBJEHIIA OANIOBI6PAaTOpa, 3YMOBJIEHA TPHUBa-
JicTio 3apsi/pkanis Kongelncatopa C, NpUOIH3HO CTAHOBUTH

tB = 3138]) = 3C (RK1 + RE )
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Jina HopMasbHO! po6OTH OAHOBIGPATOpA NEPiO/ NOBTOPEHHS
iMIyJBbCiB, IO 3aIlyCKAIOTh, Mae OYTH He MeHIIHUM, HiX NOBHUI
IHKJ fioro po6oTH: :

T 2¢, +t,.

AMItiTynHe 3HaueHHs iMIyJbCcy Ha BHUXOJi OZHOBiGparopa
BU3HAYaETHCS 3a CIIiBBiIHOIIEHHSIM
_ Ex Ry
i pisnoBuAY oAHOBIGPATOPIB Ha OINOJIAPHIX TPAN3HCTOPAX,
1O BIAPIZHAIOTHCS 3a CIIOCOGOM 3aMHKAHHS TPANBHCTOPA Y CTIKO-
My CTaHi piBHOBary, B IIPMHLMIN, i 3a CYTTIO MeXaHi3My po6OTH
aHaJIOTi4Hi PO3TJIANYTOMY. OCKiIBKH BXi/l Ta BUXi/J 0/{HOBIGpaTO-
Pa IPaKTUYHO He IIOB’A3ali 3 JAHKOIO IIO3UTUBHOTO 3BOPOTHOIO
3B’SI3KY, JIAHKY 3aITyCKAHHSI i MiKTIOYAHHA HaBaHTaXEHH 11e BIUIU-
BalOTh Ha TPHUBAJICTh MEPEXiHUX IPOLECIB ¥ cXeMi.

Koxrponbhi 3anutaHHs

1. HamamoiiTe Kona 3apa/KaHHs i po3psAXaHHs KoHAcHcatopa C1 i i
3HayTe BILIMB IX CTaJ{MX 4Yacy Ha mapaMcTpPHM MyJbTHBi6patopa. Ha-
BEiTb POPMYJTy PO3PaXyHKY MEpiofly KO/HBaHbL MyJbTUBi6paTopa Ta
eJICKTPHYHY MOJEJb MyJbTUBiIGpaTOpa AIS1 PO3PAXYHKY.

2. HaseniTh cXeM# CXIA94CTOrO i MIABHOTO PETYOBaHHA YaCTOTH My JILTH-
BiGparopa. fIka cyTbh MJIABHOrO PCTYJIOBAHHA YacTOTH?

3. ki oCHOBHI MPHYMHK TEMNCPATYPHOI HecTabinbHOCT MYJIbTUBIOPATOPIB
Ha ICPMaHieBHUX i cHJILIEBUX TPaH3UCTOPAX Ta CHOCOGH iX YCYHCHHS?

4. OmmwiTe METOAMKY PO3PaxXyHKY OZHOBIGpaTopa 3a MOCTIHiHMM cTpy-
MOM, MOSCHITb, YUM BU3HAYAETHCS MiHIMAIBHUN ICPIOA NPOXOMAKEHHS
iMILyIbCiB 3aIyCKaHHA, BCTAaHOBITH MiHIMaIbHI 3HAYEHHA IXHLOT aMILTi-
TYAM i TPUBAJIOCTI.



Posain  TEHEPATOPW NIHIAHO
15  3MIHIOBAHOI HAMPYTW.
BJIOKIHI-TEHEPATOPU

15.1. 3aranbHa XapakTepucTuka
i npuHUMNK nobyaoBu reHepaTopis

JiHilino 3MIHI08AHOM0. HANPY2010 HAa3UBAETbCA HAIPyra, AKa
BIIPO/IOBXK AESKOTO 4acy 3MiHMIOETHCS 3a 3aKOHOM, OIU3BKUM 0
JiHifHOro, a MOTIM WBIAKO IOBEPTAETHCS /10 ITIOYATKOBOI'O PiBHA.
Harpyra, 110 3MiHIOETbCA BiJl MEHIIOTO PiBHS 40 GiJIBIIOTO, Ha3M-
BA€TLCA AIHIUHO 3poCcmanuow, a Halpyra, 10 3MINIOETHC Bif
6i/1BIIOrO PiBHS 0 MEHIIOTO, — JAinitiHO cnadaioyoro. Taki nanpy-
T HA3UBAIOTD LUE HANPY2dMu huakonodibroi ¢opmu. Ha puc. 15.1
Hase/elno rpadik Hanpyry, o JiHifHO SMIIIIOGTbCH ae by

TPUBAJICTD HpHMOI‘O a6o po6ouoro, xoy; £, TpHBaJIICTI) 3BO-

POTHOTO XOAy; {, — TpUBaJiCTh.Iaysu; T — mepios KOJUBaHb;
U,, — aMIIiTyAa Halpyry.
[Munkonoai6Ha HANIPYra XapaKTEPU3YEThCA TAKOXK YaCTOTOIO
f=1/T,

Re T =ty +t, +1,.

Icnye nBa rxpm{umm CTBOPEHHA JiNifN0 3MiHIOBAHOI HANPYTH
(JI3H):

e 3 pukopucranusaM RC-naukn (puc. 15.2). CyTs npunimny —
BUKODHCTaHHs oYaTKoBoi Jiniftnol nixsnku excnonentu Uy ()
mij gac sapsmkanns xouaercatopa C Big mxepena EPC E gepes
onip R. [ln1s WIBKAAKOIO po3-
psamkanns konjaencaropa C

U BUKODPHCTOBYETLCS KJIOY S
Ef [Ipu posiMKenoMy KJimo-
Up [T A ATTTTTTTTATT yi § ¢dopmyeTbca mpaMuii

xig JI3H, npu 3aMxHeno-
My — 3BODOTHMH. 3aJlexxHo

t : . -

38 BiA crymens Heminidnocti

Tp | [t ¢ N0YaTKOBOIL JiJIANKH eKCIIo-
T nenTy amiityga U, Moxe

nocsaraty 3iavens 0,3...0,6
Puc. 15.1. JliniiiHo 3minoBaHa Hanpyra  Big E. OToke, OCHOBHUM He-
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JNOMIKOM cXeMH € HHU3bKHUH KoedilieHT BHUKOPHCTAHHS Hampy-
m E:

e 3apsiypKanisa Kougercatopa C BiA6yBaeThes yepes crabiii-
sysanpuuii crpym esement (CCE) (puc. 15.3).

OckinpKu Hanpyra Ha koagescatopi C BU3HAYAETCS 32 BUPA30OM

t
Ue =5 Jic®at,
0

To nij wac crabinmizauil cTpyMy 3aps/KaHHS KOHeHcaTopa i =
= const orpuMaeMo
1
U = —g-t.

Otxe, nanpyra Ha xomgencaropi C sMintoernest 3a jiniimm
3akoHOM v ¢yHkuil vacy ¢. [as crabimisamii crpymy sk CCE
9acTO BUKOPHCTOBYIOTh 61HOHHpIII/II/I TPAH3UCTOP, IiK/IIOYeHH
3a cXeMoI0 3i chiJbHOI0 623010.

OcHoBHUMH IapaMeTpPaMH reHeparopiB JiHifiHO 3MiHIoOBanoi
nanpyru (I'JI3H) €:

e xoedilieHT HeAiHiHOCTI

U@,y - |U,(t)lt=tnp
[U@,_, ’

ne U'(¢) — moximma suximnoi nanpyru (Up) y Bianosiamii
MOMEIIT Yacy, 10 XapaKTEPU3YETbCA TANTEHCOM KyTa HAXMILY JI0-
TraHOi 40 U(¢). Pisnuus MiX TanrencaMu KyTiB Iaxuiy o Ta
a, BusHayae noxu6ky (puc. 15.4);

e KoeillicHT BHKOPHCTAlHsA HANPYrH & XapaKTePH3YETLCS
BiJIIOIIEHHSAM aMIUITy/IH IIMIKY MJIKOMOAIGHOI HApyry J{o na-
IPYTH, WO MiABOAUTHCS,

£ =

_Um
5=

[llo 6inbiue &, To Oinbuia moxubka IJI3H ana RC-nanxu, oc-
KiJIbKM BHKOPHCTOBYETHCS BeJMKa JiJAlKa ekcnouentd. Orxe,
36inbimyioun &, orpuMyeMo GiypLinit koediient Hexiniinocri €.

R
+ - + oq CCE [~ -
J’c ‘lc
E ES TcLUc E is _[.IC e
_ O - O
Puc. 15.2. ®opmyBanns JI3H Puc. 15.3. @opmysanus JI3H 3 Bu-
RC-nanxoiwn xopucraiismM CCE
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-t
Jlns cxemu Ha puc. 15.2 Up = E(i—e RC).

Axmo ¢t = tip» OTPMMaEMO
( tllp )
UC = Um 1 e RC
t
U _p
Toni §=7m=1—e RC |

Sxmto snavenns koedinienTa Bukopucranug nanpyru & = 0,5...
..0,7, moxubxa nocsirae 10— 20 %. [In1a sMentients koedilienta
HeJiHIAHOCTI peKOMeHAY€ETbCsT 3acTocoBYBaTH cxeMy i3 CE.

[VI3H MmoxyTsr mpaiiosatu
Yy TaKHX peXHMax:

® aBTOKOJIMBAJBHOMY;
o ® OUiKYBaHHS;

® CHIIXpOHi3aiii.

P03pi3HAIOTD TaKOX peXUM
30BHiNIHBOIO KepyBaHHs K
PI3HOBH/ PEXHUMY OYiKyBallls.
Y uboMy pexumi TPHBaJICTh
po60UOro X0Ay BU3HAYAETHCS
TPUBAJIICTIO KEPYBaJIbHOTO iM-
myJabcy. ¥ pexxuMi ouikypam-
Hs 110YaTOK IIPAMOIO X0y BU-

0 Lop ¢ sHavae KOPOTKUH KepyBasbHUui

iMnysbc, a TpUBaicTh TPSAMO-
Puc. 15.4. Busnauenss noxXu6Ku ro XOAY 3aJIeXXUTb Bij mapa-
merpiB I'VI3H, 1o 3amaiors ac.

Y pexumi cunxponisauii yacrora I'VI3H kpatna vacrtoTi
30BHINIHIX CHHXPOHI3YIOUMX iMITyJ/IbCiB. ABTOKOJMBAJIbHA CXeMa
nparioe 6e3 30BHIIIHIX KePYBaJbHUX IMIIYJbCIB.

15.2. ABTOKONMBANbHI reHepaTopu
Ha TpaH3ucTopax

IIpuHIUIIOBY cXeMy aBTOKOJUBAIBHOTO eHepaTopa Hallpyry,
o JIiHiiiHOo 3MiHIOEThCSA, Ha TpaH3UCcTOPi 306parkeHo Ha puc. 15.5.
Cxema ckaazaerbest 3 ¢opmysanbuoi RC-nanku, gioma VD2

Bi/ICiKaHHS, TPaH3UCTOPHOTO KJI04Ya, 3i6paHoro Ha TPaH3UCTOPi

VT1 i ryHenvuomy aioai VD1.
Ha 4gac dopmysanus poboyoro xoay reseparopa giog VD2
3aMKHennH i cxeMa Bifkmouena Big RC-nauku. Hanpyra na xon-
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Puc. 15.5. Arroxonupanbuuit [JI3H Ha
TPaH3UCTOPI

nencatopi C (Ug) smimoerpes 3a
€KCIIOHEeHI1aJIbHUM 3aKOHOM:

t
Ug = —éfi(t)dt.
0

Ha noyarkosiit gijissHII eKcIioHeH-
T nanpyra Ui 3MiHIOETbCA 3a nidifinuM sakoHoMm. [[ns 3a6es-
neyeHHs: koedirienta Heiniiiocti € =10 % xoedimieHT BUKO-
PHUCTaHHs HAIPYTH BUOUPAIOTH TIOPAAKY

“Um g
& Ey

MaxkcuManbhe 3HaYeHHsT Hanpyry 1a kougerncaropi C
Ucmax = 0, SEK

PexxuM 3a mOCTifiHUM CTpyMOM BHOMpPAIOTh AJS KJIOYa TakK,
1106 Hanpyra Ha KoJIeKTopi 6yJia MeHIIoIo Bi UC Ha BeJIUYU-

HY HaOpyrd BiMUKAHHSA 111011a U y Mi 33 SJOKa A
y manpy np Py 3ap

Komjelicatopa, koau U crane 6inbin neratusuolo, mixx Uy, aion
VD2 BiIKDUBAETHCS | TOUUHAETHCS JIABHHONOAIGIHIT TIpolec pos-
pALKanns eMHocti yepes Aiog VD2 i rpansucropumit kinow. [Ipu
LbOMY 3a PaXyHOK MaJIoro onopy Bigkpuroro jgioga VD2 mapa-
Jesp1o pesuctopy Ry miakmoueno pesuctop R, mo 3yMoBmoe
6isblue 3HAYEHHS TAHTEHCA KyTa HaXUJAy HaBalTaXXyBabliol Ji-
uii I’ (puc. 15.6, a).

HOJlo;Kums{ HaBaHTaXXyBaJIbHOI JIiHIT A0 BiiMukanms giojga VD2
(I), a nicas BiAMMKaHLs 3MIHIOETbCA i 3aiimMae monoxems I,
Hanpyra 112 KOJIEKTOPI 3pOCTa€ Mo MoayJio Big Uy no Uy, 1o
TIIPU3BOAUTH 0 36i/bliens cTpyMy Oasy [ i cTpyMy yepes Ty-
Hespunit giog VD1. Po6oya Touka Ha XapaKTEepPUCTHIl TYHEABIOTO
miona, mo 3aiiMas nonoxenns O (no Biamukanua aioga VD2),
nepexouTh y nojaoxents O, 3a paXyloK 3poCTaHIsA HAIPYTH
Uky. e npuBoguTs 0 TOTO, W0 Ha TynebliomMy Aiofi U,y Binby-
BAaEThCsl CTPUGOK HATIPYTHU | Boa 36inbiuyeTbest y 4 — 6 pasis (10
U, ), o 3abesnedye Haaiine Hacuyenns rpansucropa VI1 (us.
puc. 15.6, 6).

Pospsaxanus xongencaropa C nepeBaxkxHo BiAGYBaeTbcs ye-
pe3 Hacuyenuit Tpanszucrop VT1 i CTpyM NmpoTiKae nmo Jjamii Bix
+U¢ 4epes VT1 (EK), VD2 na — Ug. Hanpyra U, msnako
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I’ ~
I \ I 1 >
EK« ! B A
R q
K Iss O,

Ugo By Uy Up

Puc. 15.6. Pexumu 3a noctijfuumi crpymMaMy tpadsuctopa (@) i tynens-
Horo gioga (6)

U

UKE Hac

Puc. 15.7. OcumnorpaMa BHXIAHOI Hanpyrh aBToO-
xosapaabnoro IJI3H na rpansucTopi

cmagae go nanpyru Uy , Tomy VD2 samukaetses i cxema
HacC

Biaxaiodaerses Big RC-nanku. ITicas 11bOro 3HOBY OYHITAETbCA

apouec popMyBaliEs npsaMoro xony. Ha puc. 15.7 nasenelio ocu-
JOTpaMy BUXiAHOI HAIIDYTH PO3IJIAHYTOT CXEMMU.
Tpusanocri. npsmoro i 3sopornoro xoxy I'JI3H pospaxosy-
I0TH 32 TaKuMHU $opMyaMu:
Ey -U
bup = RClIn—¥X _~€O .
EK ~Ug max
E,. -U
tae = (RkEwac + R Cln K €O
3 KE nac np VD2 ’
» = { pVD2) Ex ~Ucm

ax

ae Rygyac i RanDz — BLANOBIAHO OHip TpaH3UCTOpa y pe-
KHUMi HacHYeHHA Ta JioJa ¥ 3aMKIEeHOMY CTaHi.

Moai6Hi cxeMy TellepaTopiB NMPAIoOTh Y HINMPOKOMY Jiama-
30Hi 4acTOT, OCKiJIBKM Ha YacTOTY [I€PEeBAKHO BILIUBAIOTHL JMIIEe
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Puc. 15.8. IVI3H na noisopoMy Tpan-

BHMCTOPi 3 OAHHMM ICPEXOAOM i CTa- ~Ex
6i;1i3yBaJLHOMY CTPYM €JICMCHTI
R1 11 R Avp
. X
nmapaMerpu RC-ynanku. Cmis- VT2

Bittowe s [y / foin cta- VT
HOBUTb NOPAAKY TUCHY. o
Cxema I'/I3H, uio Buxopu- "LC R2 . Upux
CTOBY€ NPHHIHMN 3apAKaH- T
HS KOH/IEHCATOpa uepes efe- 1 251( :

MEHT, AAKHH cTa0i1idye cTpyMm.
Taki cxeMu 3a6esneuyioTb BUCOKY saKicTb Jinlifinocti € = 0,01 3a
koegiuicnta BukopucTauns nanpyru & =0,8. Y wiii cxemi Bu-
KOPHUCTAIO TIOJIbOBYH TPAIZUCTOP 3 OALNM mepexonom (puc. 15.8),
1[0 TTpALIoe B pexuMi KJK4a,

Y pasi BHKODMCTAIN: 3apsAy KOHAEHCATOPa uepes crabinisy-
BAJBIHUH CTPYM ejleMeHT JiCTaHeMo

t
Uc =%Ii(t)dt, akme iC =1 = const; U =—é—t = kt.
0

Tpansucrop VT2 npatoe y pexxumi Jxepela cCTpyMy, 3a-
Gesnedylouy 3apsixannad kowencartopa C noctiftunM crpyMoM
I, Pexxum po6oTH TPAIBHCTOPA 3a MOCTIHIUM CTPYMOM IIPH
I = const 3abesneuye y pasi 3minin Uygp B IMPOXHX Mexax
noctifiny semuumny Iy (puc. 15.9). Cra6inisanis Iy saGesmne-
YyeThes 32 Paxynok crabinisaiii nanpyrn Uy 3a [0HOMOromwo
napaMeTpuuHoro crabinisaropa, si6paroro na crabiaitponi VD i
GasactHoMy pesuctopi R2.

Ilig vac miakmoveHHA CXeMH A0 JuUKepeaa XHRACHIIS 3 Halpy-
rolo Fy xonjencarop C 3apsaKa€Tbea y Jamni: Bift +Ey vepes

Ik

' ' ' I T /B3

] ] 1 [] )

] ] ) ) ]

] 1 ] ] ¥
]K = const - — } B 154

| | ; ' '

: ! H H e
T B R

! H i - .
) 1 1 ] ) 152

| i ' ' '
- A [

] 1 ] [ 1

1 | ] 1 i 1
Uke

Puc. 15.9. Pexum poGotn Tpauszncropa VT2 3a nocriltinm crpymom
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pesucrop Rg, EK VT2, C no —Eg. 3apsamxanns koHeHcaTopa
C 3pificHioeTnest ne3sMiHnuM cTpyMomM [ . Ilicna nocsarnenns pisaa
Hanpyru mopsaaxy Ugs =0,8Ey, AKa BH3HAYa€ThCA HAIPYTOI0
HiAKJII0YEHHS OJIbOBOTO. TpaH3ucTopa VT1 3 ofHUM HepexooM,
BiH BMHMKa€Thbca (BXOMUTH y pexuM HacuueHHA) i 3a6esmeyye
LIBUJIKE pO3psikanHsa konaencaropa C yepes ce6e. Ilix yac pos-
pamxanis koujeHcaropa C Hampyra i ¢cTpyM Ha HbOMY 3MeH-
IWYIOTbCS i B JesIKMA MOMEHT Yyacy llalpyTa Ha 3aTBOpi Jocsrae
Hanpyry sanupanss Tpansuctopa VT1. Ilpu 3aMKkHeHOMY TpaH-
sucropi VT1 nouunaerbcsa ¢opMyBaHHsS YEProBOro IUKAY 3a-
pAIXKaHHA KoHZeHcatopa C.

15.3. FeHepaTOpu B peXxXumi
OuiKyBaHHSl Ha TpaH3uUcTopax
i onepauinHMX nigcunioBayax

Cxemy [VI3H ouikyBanng, Skuil mpalioe B peXXuMi 30BHiHIHBOTO
KepyBaHHsA, 306paxeno Ha puc. 15.10. Tpusaicts npsiMoro xony
reHepaTopa MUJAKOMOAI6HOI HAIIPYTH BH3HAYAETBCA TPHUBATICTIO
KePyBaJAbHOTO iMIIYJbCY.

Tpansucrop VT1 — 1le TpansucTOpHUH KJIOUY, IKMH y nodar-
KOBOMY PeXMMi 3HAXOOUTLCS B CTaHi HacwdeHHs, Mo 3abe3ne-
4yeThCd BiANOBiAHUM CTpyMoM Gasu Ig:

I _EK_UBEHaC>I .
b~ R = *b nac’
B
IKﬂac EK

IB Hac _‘T = RKB,

ne B = hyp, 3Biaku Rp < Ryf.

3a BiacyTnocti BxigHoro curaany Uy, Tpansucrop VT1 Hacu-
veltit 1 Ugg = UKE yac» 110 3a3Buyail He nepesuulye 1 B. Otxe,
3a BiACYTHOCTi BXiAMOrO iMHOyJbCy HAIpyra Ha BUXO/ CXEMH

61u3bpKa 40 HyJs (UBMX = UKE nac ) Ocuunorpamu po6oTH cxe-

MM O4YiKyBaHHS 300paxkeno Ha puc. 15.11.

Y MoMeHT Yacy f{ HaAXOAUTb iMILyJIbC KEDYBaHHs i 3aMHKae
tpansuctop VT1 (U, = 0,3 — 0,5 B). Konzencarop C 3apsimxka-
eTbea uepes Ry Bia manpyru Ey i dopMye npamuit xia <umin-
ku». Io Menule norpi6e snavenns €, To Menme Upq oo .

Ilicaa ¢, Tpansucrop VT1 310By mepe6yBac B HaCMYEHHi Ta
3a6e3nevuye po3psKaHHA KoHgencaTopa C yepes Hacuyenuii Tpai-
suctop VT1. Kosu piBeHb Hanpyru Ha KOJEKTOPi gocsArae
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Puc. 15.10. IVI3H ouwikyBaHHs
Yy PEXHUMi 30BHILIHDOTO KCPy-
BaHHA

. 'O 3aMHUKaIo40ro iMIIyJIbcy.

UKE nac (MOMenT uacy t3),
MOXJIMBa ToJaya YeproBo-

Jlng noainuweHHa JiHiAHO-
cTi koedillieHT BUKOPUCTaMN-
Ha & =0,25...0,4, 3Biaky BH-
nnuBae, wo Ey Mae 6yti B 3—4 pasu Giabuiolo, nix U,,, a ne
noTpe6ye 3acTOCYBalllls] BUCOKOBOJIBTHHX TPAH3UCTOPIB.

Jna BHKODHCTaIIA B CXeMi HM3bKOBOJBTHHX TPAII3UCTOPIB
3acrocoByloth Janky VD i E, (nus. puc. 15.10). Beanauny
mxepena E,  BAGHpAIOTH 3 YMOBH:

1op

Epop > Uy, 3 neBenmkum 3anacom |U,, | < IEHOPI <|Ex]-

Axuo |UK| nepeBHIy€E |EHOP|, BiRKpHUBaeThes fiox i Uy ue
nepepuutye E..,. lle nae 3Mory 3acToCOBYBaTH HU3bKOBOJIBTIL
TPaH3HCTOPH 32 BUCOKOBOJIBTHOTO XHUBJIEHHS, BHACAIAOK 40T0 OTPH-
MYIOTb 3Ha41I0 MeHIle 3uadeHiss xoedilieHTa NeaiHildocTi nps-
MOTO X0y €.

I'eneparopu Ha onepanifHUX miZiICHIIOBaYax. 3acTOCYBaHIis
interparopis Ha OIIIC 3a6e3neuye orpuMaHiA BUXiALO! HATIPYTH,
TPONOPUIHHOI inTerpaty Bin Bxianoi nanpyru (e, posg. 9.2).
Otxe, mMoJaBmM Ha BXiA inTerparopa mnocriiuy nanpyry U,
OTPHMMAEMO HA HOro BUXOAI HANpPyry, WO JiHillIo 3MillIOeTbCS.
CxeMy reriepaTopa MUJAKONOAIGNOI Tanpyru 3 Kolencatopom C,
niakmiouennm y jganky H33 OIIIIC, so6paxkerio na puc. 15.12,

-———t
3

tnp ' l3p H

Puc. 15.11. Ocumuorpamn poGotu I'I3H ouiky-
BaHHs y PCKUMI 30BHILIHBOTO KCPYBaHHS
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-0 Puc. 15.12. Cxema reneparopa
*+E  nunxomnopi6oi HaIpyru
RI} |R
VD ¢
[’<|r ~||+ a 4acosi jgiarpaMu BXiAHoOI i

; U- I BUXIAHOI HANpyT remeparopa

BX ‘
N 3o6paxeni Ha puc. 15.13.

1 CxeMa KepyeThes iMITy.Tb-

U+ + Unne CaMH NIO3UTUBHOI TTOISIPHOCTI,

e SIKi OJAIOTD 11 BXiJ TijCH-

-E 7oBavYa 3 iHBEPTYBAHNHAM

cursany depes giog VD, 1o

BiakJIo4ae cxeMmy (KJII0Y Ha

JioZax Biakaodenuil) BiZ cniAbliol LIMHY Ha yYac TPUBAJIOCTI

BXiZHOro iMiyJbcy. 3a mepiox BXiauoro iMmy/bcy BiIOYBaeThb-

ca inTerpysanns Bxiguoi manpyru U™, mpudomy U~ >0 (aus.

puc. 15.12).

Ho nojadi kepyBambioro iMiyabcy (BiApisok Yacy 0— ty, AMB.
puc. 15.13) gioa VD BiaxpuTuii i Hanpyra Ha BXOAI, U0 iHBEp-
tye U™, no3wruBHa | He3HayHo NigBHILye HYyJbOBUIl piBeHb
U~ =0,3...0,4 B. Hanpyra na Bxoai 6e3 inpeprysanus U™ su-
3HAYAETHCS MOALMbHUKaMu Hanpyru R1, R2

v ERy
R+ R,

R2

> 0.

3uavenns koedimieHTa pO3MOAINYy 3a PaxyHOK ob6pailoro
CHiBBigHOMmEHHA MiX omopaMmu pesuctopiB R1 i R2 samaerscs

UBX

Uvp np

1

1

1

U :
BHX ]

)

+E

-E

Puc. 15.13. Yacosi giarpamu BXigHOI i Buxianoi Hanpyr
[JI3H ua OIIIIC
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Tak, mo6 pisenb U' 3a6esnedysas ctan OIIIIC y pexumi o6me-
xemns, 3a sxoro Uy, = E. Kongencarop C inTerparopa 3apsi-
JOKEHUH 1o HaIpyru JAkepena >xuBienus E.

[MosutupHmit iMIyabe, N0 BIIUBAE HA BXiJ reHepaTopa y Mo-
MeNT vacy ¢, 3aMuKae giog VD, ganpyra U™ spocrae no piBns,
110 3abe3nevye mepexif MACHAIORaYa B aKTUBIINH PEXHUM, Npu
[BOMY HaIpyra #a BUXOAl cTPUOKOM 3MEHLIYETHCA 112 HEBeJIH-
ke 3uavenist. [ToriM kouaencarop C nmoumHae pospsxaTucs i
Tnepesaps/pKaTHCa Yepes pesucropu R, Ry mifcnmosaya i joke-
peJsio sxuBmenns E. I1ig gac po3psmkanng Big6yBaeTbcs 3MeH-
mernns crpymy. Iligkmodennsa xongencaropa C B janxy 33,
6ys0 onmcailo B po3TJSIIYTiH paHille cxeMi, 1O 3a BEJHKUX
koegiuienrtis nigennenis OIIIC nae aMory 3iauno ctTabinisy-
BATH CTPYM PO3PA/KAINA Ta NiABULIMTH JiHIHIICTD BHXianol
Harpyru. ko po3paxyHKoBe CHiBBiHOINEHIS MiX CTalolo
YaCy PO3PAIKAHHSA KOHENCATOPA i TPUBAJICTIO Po6OUOTO XOLY
3a0BOJIBHAE PIBHICTh

T=RC = O’Btﬂp}
TO 3a Yac TPHUBAJOCTI iMITYJIbCy KOHAEHCATOP BCTHra€ IiJKoM
nepesapsaauTics Ao Hanpyru —E.

ITicnst 3akinmyenis B MOMENT Yacy £y KePYBaAbLOTO iMILyJIbCY
aion VD sigMukaethest, manpyra U™ cTprOKOIIOLIGNO 3MEIILIy€Th-
¢ [0 IyJBOBOTO PIBIIS (U™ =0,3...0,4 B), uigcuiioBad HacH-
YyeThCsi, HOro BUXi/lla ITalpyra JOCArae seqmuuny +E, a konjen-
catop C wWBHAKO PO3PSKAETHCA 4Yepes Binkpuruit giox VD i
R, mizcumonaua. CxeMma IIOBEPTAETHCA Y MOYATKOBHH CTall.
TpwuBasicTh BIAHOBJEHHS CXeMHU TelepaTopa

ty = 3C (711. np + Rsnx. rijac )
Koedinient neainiiirocti auakonogidnol naupyry:

e=1K,.

15.4. ABTOKONVBaNbHUA
GnokiHr-reHeparop

Baokinez-zenepamopom Ha3HBaIOTh PCTAKCAUIH NN refeparop
i3 TpancdOpMaToOPIUM NO3UTHBIUM 3BOPOTHUM 3B’ S3KOM, 110 J1A¢
3MOTy OTPUMYBATH IOTYKII KOPOTKI IMILyJIBCY TIPAKTH'HO 1P~
MOKYTIOI (POPMU 3 aMILTiTYyAo10 opaaky E, [lias oTpuManns
311a4€eNb BAXIANOT HANPYTH Monajl E, BUKOPHCTOBYIOTH J0AATKO-
BY 06MoTKyY TpaiicopMatopa. TpHBaLiCTL reliepoBalinx iMIy IbciB
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~0 E Puc. 15.14. Cxema aBTOKOJIHU-
T K BanbHOTO 6IOKiHr-reHepaTopa

6JIOKINT-reHepaTopiB CTAHO-
BUTb 1—10 MKcC i MeHIue, a
y pasi mmapyBaTocTi Q —
JAECATKH — COTHi.
Buokinr-reneparop, s i
IHINI THAM peJakcaliiiHux
TeHepaTopiB, NpaliooTh y
TPHOX peXXuMax:
® aBTOKOJUBAJILHOMY;
® OYiKyBaHHd;
® cuHXpOoHizamii.
+Ex Broxkinr-resepatopu 3a-
CTOCOBYIOTh SIK IMITYJIbCHi
renepaTopH, GOPMyBadi MOTYXKHIX KOPOTKUX IMIIYJIbCIB Ta efle-
MEHTH NPUCTPOIB NOPIBHIHHA.

CxeMy aBTOKOJHBAJIbHOIO GJIOKINT-reHepaTopa 300paXeHo Ha
puc. 15.14. Ile nixcumroBay, oXOJIeHU# TO3UTHBHUM 3BOPOTHHM
38’si3koM (I133) gepes immynbcuuii Tpancgopmarop. Iepeuima
06MOTKa 3 YHCJIOM BUTKIiB @, NiAK/II0YeHa B KOJEKTOPHY JaHKY
TpaHauctopa VT1, a BTopuHna 06MOTKa 3 YHCJIOM BUTKIB wy — y
6azoBy aanky rpansuctopa VT1. Illo6 migsuimury BuxigHy Ha-
npyry, nepea6ayeHo TpeTio OGMOTKY 3 UHCJIOM BHTKiB ws3. Jlast
3a6e3nedenHs yMOBH BHKOHAHHS GasaHcy (a3 reHeparopa mep-
BUNHA i BTOPUHIIa OOMOTKH IMiAKJIIOYEH] 3yCTPi4HO.

Pexxum po6otu tpansuctopa VT1 3a mocriiinuM crpymoM 3a-
Gesnedyerbesa pesucropoM R, sixuit Bustiavae crpyM 6asu. RC-Jlanka,
10 32/1a€ CTAJIy Yacy, BU3Navae TPUBAJICTD nay3u (¢, ) 6JaoKiHr-
reneparopa. OckiJbky wmnapysaricte iMmnyabcis Q = 10...100,
TO TPUBAJICTh iIMIIYAbCIB (tiM) Y [eCATKH ~—~ COTHI pa3iB MeHIIa
3a TpuBanicth maysu. Omxe, crasa yacy RC-mankm (T= RC)
MPaKTHYHO BU3HaYa€ nepio] kouBadb 1. TpUBaJicTb May3n pos-
PaxoByIOTh 3a QOPMYJIOI0

t, =RCIn 1+&
Ey + IR

Ae Ucpax = Ex-

Ouinxka sequyunu IR =10...100 MB xae 3mory 3uextysa-
TH APYTUM JOAAHKOM y 3sHaMennuKky. Togi, BpaxoByouH Li npu-
IyIeNHs, OTPUMAEMO TPUBAJIICTD Nay3u 6JI0Kinr-reneparopa (ie-
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pioa i wactory):

. = N = 1
ty=RCIn2=07RC; T =ty;f=~g5=pe

Ilna 36y mxeHns Guokilr-rellepaTopa NOTpiGHe BUKOMAHHA ABOX
yMoB — 6anancy ¢as (B®) i 6anancy ammiairyn (BA):

Oy + O =360° ks k=0,1,2...;

_I<_U..Z1; n:.w_1.
n Wy

Busuavaloun suavenus xoedinicnra nigcunenus K, B akTus-
HoMy pexxuMi pobotu Tpamsuctopa VT1 y mnepion nepexiamoro
Ipollecy BiAMOBiAHO 0 cXeMy 3aMilllenHs Kackagy Ta 3 ypaxy-
BaHisaM BA, maemo

K hy e Ry

n  n(Ry +Ry)

3BijicH BUIIAMBAE, WO g BUKOHaHHA BA:

’

hyg 20| 1+2%
21E < |
Rll

ne R}, = Raniz — BXiguuii omip tpansuctopa VT1, 3Begenmii
110 IepBUHHOT 0O6MOTKM; R, = Rﬂnf ~— HaBaHTaXeHIIs relepaTo-
pa, 3BejieHe Jio TepBuHIoi o6MoTKH (1) = @y / W3).

¥ 6s0Kilr-renepaTopax JOCTATIIbO BUKOPHCTOBYBATH TPAali3u-
CTOPH 3 KOe@ilieNToM TiICHIEHHsT 32 CTPYMOM Ay 2 (20...30).

OcumaorpaMu poOOTH ABTOKOJMBAIBIIOTO GNOKINT-TeHepaTo-
pa HaBezeno na puc. 15.15. Po3rasncMo OCUMAOrPAMH 3 MOMEII-
Ty vacy t, = 0. Kongencarop C, sapsjokenyi y noiepe/iiibomy
UK, po3paamscs Maibke a0 nyis (tpausucrop VT1 y none-
peanboMy IHKJi O6YB 3aMKIenuii), 3a t > ¢, Tpansucrop VT
TIOUHIIAE BIIKPUBATHCA, CTPYM KOJiCKTOpa [¢ 3poCTaE, 3yMOBJIIO-
1ouH B KosekTopuiit o6Moti EPC camoinpykuii. 1le cnpuunuioe
punuknennsa EPC y 6asosiit o6MoTii, Miltyc Akol TpuKaajenui 10
6asu Tpamsucropa VT1, a mmoc — 1o xouzencaropa C, nij i€
axoi xomngencarop C nmouunae 3apsypkaruca. Iloteuuian «—» 11a
6asi Tpansucropa VT1 mozo emitepa 36imbliye cTpyM Ga3u, 1O
NPU3BOANTD [0 ITOJAAJbUIOro 36iablens Jy, sabe3nedyioun Jaa-
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Prc. 15.15. Ocunnorpamu po6oru
aBTOKOJIMBAJIbHOTO GJIOKiHI-rcHe-
paropa

BHHONOAIOHUI IIpoIeC nepeMu-
. KaHHg TpaH3ucTopa VT1, skuii

U,
’ /\ 3aKiHUYETbCA y MOMelT Hacy
t £, #0ro HaCH4YeHHsIM.
Ha ubomy erami nepemu-
: KaHHsi Tpansucropa (Big 3a-
Is KpuToro ¢ < t JI0 HaCHYEeHOTro

t=1t,) q)opMyeTbcs{ nepeaniit
= q)pOHT iMnynbcy. Hanpyra na
: xonpencaropi C (Ug) 3mi-

I HIOETHCA 11€3HAYHO, OCKiJbKH
T wac TPHBaJiCTb MEPEAHBOrO PPOHTY
HeBeqMKa. Ha pisd to—
tpansuctop VT1 nepe6yBae B
axrapuioMy pexxumi (Ky; >> 1),
a na pinsgani £y — ty, — y pe-
JKUMi HaCHYeHHS, JIPH 1IbOMY
K;; <1 i Tpanmsuctop ne miz-
CUJTI0E CUTHAJIH.

Hicna ty, ockinpku Ky; <1,
6aylaHC aMILIITYA y TeHepaTopi
He BiIGVBAETBCS, TOMY CTPYM
6a3H IepecTae KepyBaTH CTPYMOM KoJleKTopa. 3MenmyeTbest EPC,
1[0 HaBOAUTbCS y BTOpHHHIN o6Motii. 1le TPU3BOANTD O 3MeH-
HIexHs crpyMy 6asu I i Ha 11bOMY eTani GOpMYEThCs aX iMITyIb-
cy. 3MeHmrenns cTpyMy 6asu [ 3yMOBJIOE NOSIBY B 6a3soBiit
ob6Mmoti EPC camoinaykiii, sika mepemkoaKae sMeHIIeHHIo CTpy-
my Gasu Ig. Ilix miero EPC Big6yBaerbcs 3apsaxKaHHs KOI/eH-
catopa C, yepes EB nacuyenoro tpansucropa VT1; Rgpg Maunii i
3apAIKaHHs BiI6yBaeTbes AyKe IBUAKO. IIpH HbOMY OAHOYACHO
cTpyM 6asu [y i Hampyra Ha 6asi Up 3MiHIOIOTBCA A0 HyJI, i B
MOMEHT Yacy ¢, TPAI3UCTOP BUXOAUTH 31 CTAIly HACHYEHHS.

Orxe, Bil 3HOBY BiJIlIOBJIOE CBOI IiACHIIOBAIbHI BJaCTUBOCTI
3a HaCTYIIHOTO TIEPeX0/y B aKTUBHUII DEXXUM i B MOMEHT 4acy £,
3aKiHUyeThCs POPMyBaHUA AAXY IMIIYABCY, Michs 4oro GopMyeTh-
cs Horo 3aAHi#t Gpont. B inTepBai yacy £y ~ t3 CTPYM KOJIEKTO-
pa Iy nouHnae 3MEHIIyBATHUCS, 1O TPU3BOAUTD [0 NOSBH ¥ Ga-
30Biit o6MoTi EPC camMoinayxilii 3 MoasipHicTIo, NPOTHJIEKIIOI0
nomepeiiil, TO6TO CNPUATINBOIO JJIS BIAMHKaHHSA TPall3NCTopa.
Ipu upomy tpansucrop VT1 zakpuBaerncs i TuM camuM ¢op-
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Puc. 15.16. PeanpHi Buxigui
OCHHJIOrPaMH aBTOKOMHBatb- Ug
HOTO GJIOKIHT-TeHepaTopa

MYE€ JIABUIIONIOi 6HUH TIpO- . ; t
Hec, KUl 3aKilyyeTbes y U L 1 Fl
MOMEHT 4Yacy t; 3aMHUKaH- k] —
HAM TPaH3UCTOpa.

Y upoMy inrepBasi Ha-
npyra Ha 6asi tpamsucropa VT1 Ug >0, mo 3yMoBseno kin-
IIeBUM YaCcOM DO3CMOKTYBANIs AipoK y 6asi mic/as Hacwyeins
Tpansucropa VT1, i cupuuniioe spoporunii crpym Iy, Ockinbku
B MOMEHT 3aMnkaiHs tpausnucropa VT1 ctpym konektopa Iy e
AOPiBHIOE HYJI0, TO Bill Iie MOKe MHTTEBO NPHITHHUTHCS. 3a pa-
xynok EPC camoinaykuii kosekropnoi o6Motku (EPC nigsuury-
€TbCsl | parie NiATPHMATH CTPYM KoslekTopa Iy ) Hanpyra na
KOJICKTOpi IepeBHILye NANpyry xuBjennd na E . ITpun nbomy
Uk Moxe focsratn 2E k- g nikBiganii 1poro anIecxy B CXeMi
nepea6avena NaHKa WYHTYBAHHS VDmRm

MMicna t5 moynnaeTbes popMyBaHIIs maysu i BiZOYBaeThCa ne-
pesapsixanis kongencaropa C vyepes pesuctop R Big Ey. Ha-
npyra na xongencaropi C (U ) nouuuae DOBiAbIO 3Menutysa-
THCA, 1, KOJH nanpyra Ues pocsrie nyJs, cxeMa NOBepTaeThes! JIo
IIOYATKOBOTO MOMEITY 4acy £ i MOYMHAETbCS 1HOBE AOBibIIE I1e-
peKUAANHA cXeMH. Peanbnuit BUD/ISA BUXiAHOL 1ANPYIY GJIOKIIIT-
remeparopa iaseJeHo Ia puc. 15.16.

Tpusanicts iMuyabcy 6J0KiHT- rencpaTopa MO3KIIa OOYHCTMTH
3a (popmyioi0

nhy g n12
tiy = Ly R R

BX H

TpusanicTb poHTY IMIIYJIbCY BU3HAYACTHCS 38 BIPAZOM

’
BX

R;

H

t = 3nty, | 14 2

Axmo R, = R,
TPaH3UCTOPA.

', OTPUMAEMO td) = 6111,”,, Jie €, — CTana dacy
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15.5. BnokiHr-reHepatop
Y PeXuUMi O4iKyBaHHS.
CuHXpoHi3auis GnokiHr-reHepartopa

Jl1s mepeBeleHHs PO3IIAHYTO! BHUINE cXeMU 6JOKIHT-reHepa-
TOpa ¥ pekUM oviKyBaHus Tpausuctop VT1 norpi6Ho 3aMKuyTH,
a A7 3al0ycKy — IOJaTy Halmpyry Ha 6asy, 110 BiAMMKAe TpaH-
suctop. Ha puc. 15.17, 4, 6 306paxelo cxeMu 6I0KiHT-TeHePaTOPiB
ouikyBaiHsi. B 060X cxeMax TPaH3UCTOP 3aKPHBAEThHCS MO3UTUB-
noto Hampyrow Ugg =0,3...0,5 B i 6sokinr-reneparop nepe6y-
Bae B craHi piBHoBaru. Konzencarop C, 1o 3a/1a€e ac, po3pske-
mmit, Uz = 0. 3anupanns MO)xHa 3a6e311€9UTH 3a JOOMOTOIO [Ke-
pena 3scyBy (aus. puc. 15.17, cxeMa @) Ta IOAIMbHUKA HATIPYrU
(aus. puc. 15.17, cxema 6). [lo3nTHBHA HAMIPYTa, IO MOAAETHCA
Ha 6a3y IOAC eMiTepa, Mae 3a6e3MeYnTH 3aIIPAHHS TPAH3UCTOPIB.
IIpn ubomy nanpyra Ugg A1 cxemu a:

UBE ZUC = EB "IK()R >O;
ang cxeMu 6: Ug = —IgoR = 0;
UBE = URI '—IK()R > 0.

Pexomennyerbes, mo6 Ugg =+(0,3...0,5) B. e sa6esme-
qyeTbCs Harpyrowo noaitsuuka Upy = +0,5 B. 3a rakoi Hanpyru
mepexony 6a3za—eMitep TpaHsuctop 6yze iTKOM 3aKpUTHH. 3Ha-
yenns eMIocTi xorgencatopa Cp BU3NAYA€TbCS 3a BUPA3OM

1 _
oC (10...30) = R,

ne w=2nfs, . (fs, . =1/T — dacrora 610KiHTr-reHepaTopa).
IlapameTpu iMITyIbCY 3amyckanHs, sAKi 3a6e31edyioTs Hagifiie
BiaMukanns Tpansucropa VT1, MaloTs 6yTH HeraTUBHUMMU 3a MO-
oynxeMm, y 2—2,5 pasa 6i/bIli, HiXK HaNlpyTa 3aMUKANHA TPaH3HU-
CTOPiB, a 33 TPUBAJICTIO KOPOTUI 3a popMoBalli IMITYJIbCH, OTXeE:

e U, =-15.2B;

3an —

® Loy < t(b. iM-

Micas nagxoaKeHHs IMIYJbCY 3allyCKy HOYMHAETHCS MPOIleC
TepeKujaHHs renepaTopa, GopMyeThes nepenuiit GpouT, Aax i
3a/Hi# (PPOHT iIMITyIbCY 1{OJI0 PAHIlE POILAANYTHX OCHUIOrPAM.
[Ticssa HboOTO CXeMa MepPeXOAUTh Y PeXXUM OUiKyBaMIIs.

€ nBa crioco6M 3aIyCKY 3araJbMOBAaHUX GJIOKilr-reliepaTopis
(puc. 15.18. @, 6):
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Puc. 15.17. CxeMu G6JOKiHr-reHe-
patopiB OYiKYyBaHHA:

a — 3 [KepeJoM 3CYBY; 6 — 3 mo-
LiTBHUKOM HATIPyTH

® [10CTiI0BHUI;

e rrapasespiui.

3a IOCHLZOBHOTO CIIOCOOy
3allyCKy iMIIyJbC 3aIlyCKaHIHs
MiAKII0YAEThCA IIOCII/IOBHO Y
JIaHKy 6asy Tpansucropa. Ilpu
IbOMY JKEpeso iMIyJIbCiB 3a-
MyCKaHIIs IIOBUIIIO MaTH HH3b-
Kuif BiIyTpimmnii onip. Tomy
cXeMy [OMNOBHEHO eMiTepHUM
NIOBTOPIOBa4YeM Ha TPAH3UCTOPI
VT, sikuit Ma€ HU3bKHIH BUXiJI-
HHH omip i migxJlo4eHH# y
JiaHKy 6a3u Tpansucropa VT2,

Axwo gxepeno iMMOyJbCiB
3allyCKaHHsA Ma€ BUCOKHH BHy-
TPilIHiil OMip, 3aCTOCOBYIOTh CX€MY HapajesibIIoro 3anycky. Im-
NYJIbC 3alyCKallllsl Ma€ BiJIKPUTHU TPalI3UCTOP i BABECTH HOTO 3
BiAciKanHs B aKTUBIY 06JACTDh, TOMY Hanpyra la KoJeKTopi Mae
OTpHMaTH MO3UTURIHI npupict nopaaky 1...2 B. Orxe, peko-
menayeToes, mob U, =2 B.

PexxuM cunxpouizauii Gaoxinr-renepaTtopis noJsira€ B reHe-
pauii BUXiMIIMX IMIIYABCIB i3 YacTOTOIO CHIIXPONi3allii, ska 3a-
JAETbCA 30BIUIINIIM relepaTopoM 3 BUCOKOIO CTallabIticTIo. s
boro y 6a3y tpansucropa VT1 nogaorsest nepioiuyui cunxpo-
iMnysben notpi6noi amnaityau. IlocaigoBHicTs 1UX iMITyJIbCiB
MOXKe MATH pisny GhopMmy, oglak ONTUMAILIUME BBAXAIOTD TOCTPI
iMmoyspeu. YactoTa cunxpoiizanii 30BHIIIIILOTO TelepaTopa Mae
6yTH 6ibIIOI0, 11iXk YacTOTH GJIOKIT-TellepaTopa:

fcymx > fGJl. re

Hexajt na 6asy tpausucropa GJOKIlLIT-renepatopa y pexHMmi
cunxpouisaiii (puc. 15.19) BIUIMBA€E CHIIXPOILZYBAABIIMIT IMITYJIbC
U mx 3 nepiogom npoxomxkennsa T, <Tg. ., ae Ty, . — ne-
piox Biacunx KoauBalib Ga0Kinr-reeparopa (sa BiacyTIIOCTI cull-
XPONI3YBANBIMX IMITYJbCiB). Y MOMENT BMHKAIIA CHIXPOUi3Y-
BaJbIIOTO ABTOTEIepaTOpa THMYAcOBe PO3MilLiCHiis CHHXPONi3y-
BaJIbIIUX IMITYJIbCIB OO BJIACHHX iMITy.IbCiB GIOKiNT-renepaTopa
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Puc. 15.18. Cxemn mocmigos-
noro (@) i napanemsnoro (6)
3aIyCKaHHs GJIOKiHr-reHepaTo-

pa

o

Puc. 15.19. CxeMa cMHXPOHi-

a 30BAHOrO GJIOKiHT-TeHepaTopa
T VD1 O—EK .
* R2 [R, T e
Wy §wl Ry VD2 Fp ; K
Wy w R,
-TJZC —0 i~ fjl Usan []R ) I "
VT Ugux I ®
Ire Wi \4)
U,
QR Rl * CHHBX
-0 .
4 +Ey L 4°+EK
6
UCHH TCHH
0 |t
A A R
Uga. r i y

0 ! ! I }
AR S | ¢
Ten. ¢ T

BHX

Puc. 15.20. Ocuuaorpamu po6oTH CHHXPOHI30BAHOTO
GJIOKIHr-TCHEPATOpa

Moxke 6yTn Gy ap-skuM (puc. 15.20). Hepuumit cuHXpOHi3yBaIbHHI
immysbe (Ko ¢ = t,), o 3Menumye Hanpyry Uy Ha 6a3i Tpan-
sucropa VT1 y nepion pospsi/pkanBs koHaencatopa C, Akui 3a-
Jla€ Yac, He mepekuiae 6JI0Kinr-reneparop, ocKiJbKK 3a 3ajaioi
_aMILIITYaH iMIOyJIbCY 3aJMIKOBA HAalpyra Ha 6asi 6i/ipla 3a HyIb.
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Axkwo Ty <Tgn o TO B KOKHHI HACTYITHHH NEPiox IMITyIb-
CH CUHXPOHi3allii 3cyBaloThCA 100 MOMEHTIB BIAMUKAHHA TpaH-
3ucropa VT1, noku oauH 3 iMOyJbCiB, Y IbOMY BHNIAJKY TpeTiil
immysbe (3a ¢ = t3), e 3yMOBHTD IIePeA4ACHOTO BIMUKAIINS Tpall-
suctopa VT1, a omxe, IPUMYyCOBOro PO3BUTKY IIpoliecy HepeKu-
JaHus 6IoKiHT-Tenepatopa. HacTynHi cHHXpOUi3yBaIbIi iMIY1b-
cu 6yAyTh 3yMOBJIOBATH NepekyaHHA GJOKiHr-reHepatopa Lo-
pa3 paninie, HiXK BiIGYAeTbCs po3pAKanHs KoHencatopa C, 1o
3aja€ yac, yepes pesuctop R. Y cxeMi BcTaHOBIIOETBCS CTallio-
HapHUH peXXHM, 3a AKOIO INepiol HMOBTopeHHA 7., ~ BHXiAHNHX
iMITyJIbCiB OJIOKIlIT-TeHepaTOpa y PeXUMi CHHXpoHisamii fopis-
HIOE Mepiofgy MOBTOPEHIIA CHIXPOLII3YBaJbIUX iMIIYJILCIB.

AKI0 YacToTa CMMXPOHi3yBAAbHUX iMIYJIBCIB [\ = Mg 1
Je n — 3ajale Lije YHCJIo, AKe a3HBaloTh KoedillielrToM po3no-
ATy yacToTH, TO GJOKIHT-TeHepaTop IPAlIOE B PEXXKHMi PO3IO-
AiJly 4acTOTH, TOOTO B PEXKHUMIi 3aXOILIIOBAHIS 30BHILIIIBOIO CHH-
XpoHi3yBanbHOIO Hanpyroio. Hanpuxaaz, axmo n = 3, npuMycose
nepekuianiis 60KiHr-reHepaTopa Bi/I6YBaeThCS 32 BIJIMBY KOX-
HOTO TPEThOTO CHHXPOHiI3YBaJbHOIO IMIIyJIbLCY.

I3 puc. 15.20 MoxxHa 3pO6HTH BHCHOBOK, 1[0 KPATHICTh PO3TIO-
AiJy 4acTOTH 3L1A4NO 3aJ1€XXUTh Bif amirityan U, cuixpolisy-
BaJbHUX IMIyJbciB. 3aAalouu pisHi 31avennsi napaMmeTpis
Teii» Ton o Uy, MOXIA OTPEMATH GYAb-SKHIl PCKUM PO3NOMILY
Y4aCTOTH.

KoHTponbHi 3anuUTaHHs

1. Ha3Bith gBa BapiadTu nMo6yA0BH reHepaTopiB JiHiiHO 3MiHIOBAaHOI Ha-
IIPYTH, HAaBeAiTh (POPMYII Ta OCUMIOLPAMM BUXi/HUX HATIPYT, OUiHiTh
ixHi HOXUOKM.

2. Hawmamwoiite cxemu sarambmosanux (y pexmmi ogikysanka) [VI3H Ha
TpansucTopax ta Ha OIIIIC.

3. TlodcHiTh NPHHAYCHHS | IPHHUUIT TO0YHOBY GNOKIHT-TCHEPaToOpiB, 1XHi
OCHOBHI IapaMCTpPH, OCIUJIOTPaMH.

4. Sk moGymyBaTh CXCMH 3arabMOBaNuX 6Joxinr-renepatopin? Haseaito
cxeMu ix peajisamii.



Posgin  MOTEHLIMHI
16 NOTrIYHI ENNEMEHTU

16.1. MoTeHLUiMHI NOriuHi enemMeHTW.
Tvnu, XapakTepucTuku, napameTpu

Jloriuni e/seMeHTH NMEPEeBAXKHO CKIAJAIOTHCS 3 eAeKTPOHHUX
nepeMuKayiB. 3a THHaMH 6a30BUX €JIEMEHTIB eJeKTPOHHUX Ie-
peMHUKayiB HaHMOIINPEHIIINMH € TaKi cXeMHu:

* TpaH3HCTOPHO-TpaH3ucTopHa Jorika (TTJI);

* eMiTepHo-38’sa3ana Jorika (E3J);

¢ iibkexnitina inrerpaabna gorika (12J1);

® CTPYKTYDH MeTasI— OKCHA — laniBnposiammk p-tuny (p-MOH);

® CTPYKTYPH MeTaJ — OKCHI — HAIBIPOBiAHUK n-Thmy (n-MOH);

» xommiaeMelrtapii MOH-crpykrypu (KMOH);

o qunamiyai MOH-cTpyxTypu.

Taxki BUAN cXeMOTeXHiKH, IK PE3UCTUBHO-TPAII3UCTOPHA JIOTi-
ka (PTJI) i nioano-rpansucropua Jorika (JITJI), y Mixponpoie-
COPHUX CHUCTeMaX HUIi IIPaKTHYHO He 3aCTOCOBYIOTH.

Jloriuni cxeMu, sKi po3po6JISIOTh HA Pi3HiN KOHCTPYKTHBHO-
TeXHOJIOTiYHI# OCHOBI, 3HAYHO BiAPI3HAIOTHCA 3a CBOIMM Xapak-
TEPUCTHKAMH, HaBiTh SKUIO BOHM PEasli3yioTh OAAKOBiI (pynkiii.
Y KoXHOro 3 HaBeJeHUX BUIIB CXEMOTEXHIKU € CBOI IepeBar.
Tak, E3JI Bifpisuserbcst BUCOKOIO MIBUAKOMIEI0, X04a AeAKi BUAN
TTJI na6bamxarorecs Ao Hei 3a nuM mapaMerpom. x p-MOH,
tak 1 n-MOH sorikn mIMpoko 3acTOCOBYIOTH Y MiKpOIIpoliecopax,
a KMOH-cxemoTexnika Mae TepeBaru, Ko BaXkKJIHUBe 3MeHINeH-
Hsl CIIO’KUBAHOL IIOTYXXHOCT].

Junamiyni MOH-CTPYKTypH BUKOPHCTOBYIOTH JIJIs1 OGYA0BU
pisnux 3anaM’ATOBYBaJIbHUX IPUCTPOIB; BOIY MAIOTb IIPOCTY Opra-
Hisallifo, B AKi} JorivHuii cTal BM3HA4Ya€TbCA 3apAJOM EMHOCTI,
BHYTPILIHbO BJACTHUBOI JoridnoMy eaemeHTy. 12J1 3aCTOCOBYIOTH
B iHTerpaJibHUX CXeMax. HaﬁnomnpenimnMn HUHI € iHTeI‘paJIbIIi
cxemu (IC), mo peanisytors TTJI i ii
MH IIbOTO THITy MAIOTh Cepeanio mBuaKoaio (F, = 20.. .50 MFH)
i cepeHIO CTIOXHUBAHY IIOTYXKHICTD.

Joziunui enemenm — 1ie NPUCTPiH, 1O peasti3ye TiTbKYU OAHY
6yneBy dyukmio. Taki eeMelTH HA3UBAIOTh OAHOMDYHKLUIOHATD-
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HUMM Ha BiAMiHy Bi ¢byHKUiONAJbHUX €JleMellTIiB, IO peasisy-
I0Th Kijgbka 6yjieBux ¢yukuii. ¥ ¢yHkuionajpHOMY eJleMeHTi
MOXYTh BHKOPDHCTOBYBATHCS KijlbKa JIOFiYHMX eJieMeHTiB. 3a
Coco60M KOAYBAHNA ABiIIKOBUX 3MIlNMX JIOTiYHi eJeMeHTH (-
POBHX NPUCTPOIB NOAILAIOTb Ha IMIYJIbCHI, ANHaMiYHi, HOTenuiI"mi,
iMnyspcHo-IoTeHLif1 Ta $a3oBi.

B iMnysabcuux eseMeHTax «1» NMOKasye HasIBHICTb €NEKTPHY-
HOTO iMIyJIbCy HANmpyru a6o cTpyMy, a «0» — BiACYTHiCTH BifIo-
BiIHOTO iMITYJIbCY.

VY nunaMivyHUX ejleMeHTaX «1» IOKasye Mavky iMIyJbciB aGo
MOTeHIliaJl, 1[0 MOHOBAIOETbCA Yepe3 NOTpi6lMit inTepBas yacy, a
«0» — Biacyrthictb iMnybcis (aGo nHasnaku).

¥ noremnmiitnnx soriunux enementax (IJIE) sxiani it Buxigmi
JABiHKOBi 3MiHIi KOAYIOTHCA Pi3II0I0 BeJMYUIIOIO €JeKTPHUUIIOTO
noTelliany.

B iMnynbcHo-moTeHHiNHUX eneMeHTaX Ha BXO/JHU. €JIEeMEHTIB
MO>KYTb NOAABATHCA K NOTEHIiHHI PiBHi, TaK i eseKTpIaHi iMITYJIb-
CH, IPHYOMY BHUXiJHi CUTHa/IM 3a3BHYail MAIOTh iMIYJIBCIHN Xa-
paktep. Posnoain curnanis Ha iMnysabcni i noteHminui Bignoc-
uui. TUIl cUrHaTy BU3HAYaloTh Yepe3 TPUBAJIICTb TAKTy, 3aJeXH0
Bi/l YaCTOTH TaKTOBOTO reHepaTopa L¢poBoro NpucTpolo. IMmyibe-
HUH CUIHal — cMrHaJ 3 TPMBAJICTIO, L0 MelHIa 3a TPHBAJICTD
takty. [loTenuiiinuii curnaa — curian 3 TPUBAMICTIO, sIKa Iie
MeHIlla 3a TPUBAJIICTDb TAKTy.

Y dazoBux eneMelTax 3aCTOCOBYIOTh CUTHAJIW Y BUIJS/L CH-
Hycoigagpioi Hanpyry, a snadenns «1s» i «0» ABiiKOBHX 3MIlIINX
KOAYyI0Tbes (pas3olo cUllycoilanblioi HANpyru 10/10 onopHoi na-
npyru. PasoBuil NPHHUMI KOAYBAaHUSA ABIHKOBUX 3MIIHUX 3a-
CTOCOBY€ETBCS, SIK IPABHJIO, ¥ IIPHCTPOSAX aHATOTOBO-1IMPOBOroO
TUILY.

I'padivni nmosnavenns i BukxonyBani dpyukuii morenmiiiimux
sorivnnx enementis (ILJIE) 306paxeno ua puc. 16.1.

Pospisisiors esleMelTH 3 NO3UTUBHOIO | HEFATHBHOIO JIOTi-
KOIo. Y NO3UTUBIIH JOriui 3iayenuio Joriunoi «1» craBasTs y
BiANOBIANICTh GiNblIe, a 3HAYEHHIO JoTiuloero «0» — menule 31a-
YeHHS HAnpyru abo cTpyMy. Y Heratuslifl Jorini nasnakuy —
BEeJIMKUM 3HAYeIlHAM eJeKTPUYIIOTO CHTIIany BiAMOBiZAIOTH 3Ha-
yeHHs JoriyHoro «0», MeHmuM — 3Hadenua Jjoriynoi «1». lle
BU3IAYeHIIs CNpaBeAauBe s GyAb-gKOI MOJSIPHOCTI BHKOPHUC-
TOBYBAlIOl 1aIpyry a0 6yab-sIKUX nanpsamis crpymis. Cain 3a-
3HAYUTH, AKUIO AeSKUH JOridHud npucTpiit Woao nosutusIoi jio-
riku peanizye omepauilo <«Is, To mOJO HEraTHBHOT JOTiKM L€
6yne onepanis «ABO» i naBnaku.

Moteuniiinuit cnoci6 so6paxenus gorivnoro «0» i jgorivnoi
«1» 3a nosuruBLOl JOrikM moxano 11a puc. 16.2, a noremuiiinui
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x y x y X1 Y Puc. 16.1. I'padpiuni noszxHadcHHA
I X2 JMOTTYHUX €JeMEHTIB:

a — iHBeprop y = X;

6 — TOBTOpIOBAY ¥ = X; 8 — CXCMa

Y Xy Yy Xy «ABO» y=x+xy =11V x9);
x xX2| & | x2 z — cxema «ABO-HI» '
y=F T 5 =& vi);
9 — cxema «I> y = x(xy = (x AXp);
e — cxema «I-HI»
y y=%% = (FAx);
¢ — cyMmarop no mod 2;
x — cxeMa «1-ABO-HI»
Y=xXx Vv .X'3JC4

S
4]
Lad
«
L ARG
el (2 Sl
|
I
T

H

cnioci6 306pakentis gorivnoro «0» i soridnoi «1» 3a Heratusuoi
Jgoriku — Ha puc. 16.3.

AmniTygHa TepefiaBasbiia xapakrepuctika Uy = (U, )
Bu3Havae (JOpPMyBasbHi BIaCTUBOCTI Joriunoro eneMenta (JIE),
110ro 3aBaJOCTifKiCTh, aMILIITY Ay i piBI CTAaHAapPTIIOTO CUTHATY,
XapaxTepHCTUKA 3aJIe5KUTh Bi THITY JOTi4HOTO eneMelnTa i Moxe
3MIHIOBATUCS B TEBHUX MEXaX 3aJeKHO0 Bifl PO3KH/IY IapaMeTpiB
cxeM, 3MiH Halpyru KUBJIEIHS, IIaBalTaXellls, TeMIleparypHy HaB-
KOJHUIIHBOIO CepefOoBUIA. ‘

PoarigmemMo TUIIOBY aMILITYHY TlepeJaBajbHy XapaKTepHc-
tuky (ATIX) JIE insepropa (puc. 16.4). ¥V craruyHoMy cTali
Buxiguuit curnian JIE moxe 6yt a6o ma Bepxubomy (U®), abo
Ha HKHBOMY (UM) piBHi Hanpyru.

AcuMrToTH4HMI Bepxuiit (Touka B) i aCUMITTOTHYIMA HIDKIIH
(Touxa A) piBHI JOTIYNINX CUTHAIB 3HAXOASATH K TOUKH IIEPETANY
AIX (xpuBa 1) 3 ii gsepxaipliiuM BigoGpaxennsM (kpusa 2)
U040 NpaAMoi oanmHmyHOTO- mocuaenna Uy = U, . Pisnnug

Upx —~Upw € moriunum nepenagom U, suxiamnx pisHis JIE.
E E
lllll 0
ETT "l"t
"0" . "0"
0 ; E
Puc. 16.2. 3o6paxenus nosutuBHol  Puc. 16.3. 3o6paxennsa ReraTHBHOL
JIOTiKH: JIOTIKH:
E’ — pisenp noriunoro «0»; E” — E’ — pisenb noriunoi «t»; E —

piseb soriynoi «1»; JE'| > |E] pisenb soritnoro «0»; |E] <|E]
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Ha npaxrumi 4epe3 BILJIMB 3aBa/t i pO3KU[ aMIIiTyAHUX Tiepea-
BAJIBHUX XAPAKTePUCTHK OJs KOXKHOro THIy JIE BCTanoB/I0ETh-
cs MiHIMaJbHMY JOTiYHUHE nepenan:

U

amin — Ugnx.nop - Ugux.nop'
Ae U:HX.IIOP 1 U;{I/IX.HOP
BUXigHOI moporoBoi Hanpyr#d. Buxizxi noporosi Hanpyrd Bu-
3HAYAI0Th 32 JJOTIOMOTOIO TOUOK TIOPOryY b i @ Ha XapakTepucThiti,
B AKNX AudepeHUiaTpHAN KoedillieHT NMOCUJIeHHS 3a HAIPYyrolo
KU = "1 B

3onu craruunoi saBagoctiiikocri JIE sa mxwiv (Uy,) i Bepx-
nim (U ;’B Y piBIAMM HAnpyru B KOMOiHAIIHHAX JOTi4HHX KOJaX
OGYHCIIOIOTh TaK:

H Yy _ H .
(USB) - UKB - Uan.uop’

— BignoBigHo Bepxwuiit i nmxkHiit piBni

B Y _7rB
(Usn) - UBMx.sB - UKB’

H . . . .-
ne (U, (U;,) — MakcHMaibHO JONMYCTHMi PiBHi CTaTHY1ION
3aBaj Ha Bxogi JIE B koM6iHamifnuX soriunux konax; U ;‘Mx.mp -
TIOPIir BUXiAHOI HANpyTH HMXHbOTO PiBHS; U,‘;”x_nop nopir
BUXi/NOI Hanpyru Bepxuboro pisus; U,, — Iopir KBanTyBaH-

| |
Usnx Bl :
! =
U:ux 1 Ib Uaux_ Uax
B
Unnx.nop —_\_ i S N
\ i ! |
i ! |
\i | [
1< |
< | £
st e __:#. K | E
T ——l
f I “ﬁ
4
I
1 I i\
" ] I I
Unux.nop . v :.._:. a — \_._.
U [= T—_H—_‘}‘T“I"“;"— =
" ! UBX,I‘IOpl ! ! UBX.I'ID]) ! \
Usixnop | :ep I IU“’ U:ep WU ax nop U
/ .
| PN B B D
|, (Uhy) 1 (Uny) |
I T 1
Prc. 16.4. AMmiiTyHa nepegaBabia XapakTepic-
tuka JIE imBepTopa
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1. OgHak yHACAJOK HAsIBHOCTI CXeM 3 TIO3UTUBHUM 3BOPOTHHM
3B’sI3KOM v TexHiuniil noxymentanii Ha Bei IC 30HM craTmunoi
3aBaJOCTiiKOCTI Ha BX0ai OOMEXYIOTbCSA BXiTHAMU TIODOTOBUMU
nanpyrami: Ugl o — 32 HIDKHIM pisteM 1 U, ;o) — 33 BepXHiM.
Ili noporosi HalIpyT# Ha3UBAIOTh BiAIOBIIO NOP0O20GOI0 HANPY-
2010 30HU nepemuxanns (nopiz 30HU NEPEMUKANHA) HUKHBOZO
pPiBHA 1 NOPOZOBOI HANPY2010 30HU NEPEMUKAHHI SEPIHBLOZO
piena. Y 30HI MepeMUKAHIA MiXK TTOPOTOBUMY HANpyraMu po6o-
ta JIE B craTuynoMy pexuMi 3a6opoleHa.

Orxe, cratuyny 3aBagoctiikicts JIE 3a HuxXHIM piBHeM BXiz-
HOTO CHTHAJTY BU3HAYaIOTh 32 GOPMYJIO0

H _7rH _7TH
USB - UBX.I'IOp UBI/IX.HOp’
a 3a BepXHIM DiBHeM BXiHOrO CUTHALY —
B _77B _ 7B
UaB - UBx.nop Uan.nop-

CraTHyHy 3aBafoCTifKiCTh PO3TAAAAIOTb SK CTiHKY po6OTY
eJIeMeHTa 3a TPUBAJOTO BILIUBY TOTeHIialy 3aBajy.
Maxkcumanbaa 3aBagocTiiikicts JIE 3a HMKHIM i BepXHiM pPiBHS-
MU JOCSra€Thcd 3a ifeasibHoi aMILAITYAHOI NepefaBaJblio] Xa-
PaKTEPUCTUKH, 1A KOI
Ul =U? U

BX.IIOD BX.IIOp ~ ~KB*

Peanizanis xapakrepucTuk, 6JIM3bKUX JI0 ileaJbHUX, NTOB’ g3a-
Ha 3 BifOMUMN TPYAHOUIAMH BHACHiAOK TEXIOJOTiYHOIC PO3KHU-
Jly IapaMeTpiB MiKpoCXeM i/l 4ac BUTOTOBJICHHS, 3MillH IIOPOTO-
BUX HaIlpyr 3a/eXHO BiJl 3MiHM HanpyTH KHBJIEHHH i TeMIepa-
TYPHM HaBKOJHMITHLOTO CepeIoBUIIA B IIpolleci ekcILiyaranii. Tomy
peasblio 30N CTaTHYHOI 3aBaJOCTIRKOCTI s KoxHoro tuny JIE
BCTAHOBJIIOIOTh Ha OCHOBi CTAaTUCTUYHOTO aHadi3y aMILIiTyAHUX
TiepeJaBajibHUX XapakTepuctuk. Hanpyru cratudnoi saBaay BKa-
3YIOTb Y TIACMOPTi Ha JOTiYHUH eleMeHT i FapaHTYIOTh /LA lairip-
1IOTO BHIAAKY .POOOTH ITEBHOIO eJleMeHTa.

ITpu sicraBnedHi aMIIITYAHUX lepegaBaJbHUX XapakTe-
puctuk JIE pisHuX THIIB YacTO BMKOPHCTOBYIOTb He abCOJIOTHI
3HaueHHs CTaTHYHOI 3aBaIOCTINKOCTI, a iX BigHOlIeHHa A0 MiHi-
MaJbHOTO JIOTIYHOTO Ilepenany:

Kef.{B = U:B /Un min’ K.’?B = UI];B /U.nmin'

o 6imxda aMnaiTyAHna NepefaBaJbHA XapaKTePHCTHKA 10

ifeanpHOI, To 6Mk4e 3HAYEHHs 1UX KoedinieHTis 1o 0,5.
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CraTndni napaMeTpy BH3HAYAIOTh YMOBH (popMyBaHuA i 3Ha-
YeHHA HallpyT BUCOKOro I HM3bKOIO piBHIB Ha Buxoi JIE, ioro
HaBaHTAXXyBaJIbIY CIIPOMOXKHICTD, CIIOXUBAIlY MOTYKILCTH 32 337a-
HUMH IlapaMeTpaMHi HaIPYTH XKUBJIEIIIST, HABAHTAXeHHS | TeMIle-

PaTypd HaBKOJUIIHBOTO CEPENOBHUILA.

[lo cratuynux napaMerpis JIE Hamexats:

* BUXigHi i BXigni HAIpyTH JoridHuX «0» i «1¥ (USHX, U;Hx,
BX, ABX .y . . . . B
e pxXiami # Buxinui noporoBi Hampyrm Joriunmx «0» 1 «1»
WY sopy UL Ul Ui nop);
BX.IOP’ ~ BX.IOP’ ~ BUX.MOP’ -~ BHUX.MOp’’
e BXifui # Buxigui ctpyMu moriuaux «0» i «1» (J
0 1 .
IBHX’ IBI'IX)’ . . . 0 1
® CTPYMH CIIOKHBAIII B cTali jgoridnux «0» i «1» (IC”, IC”);
* crioxuBana noryxmicrs (B, ,).

Ioporosa nampyra Joriuuoro enementa U nop — BXidma ma-
npyra, Maji Bigxuienns Bia Akoi B To# a6o iMmmii 6ik IPUBOASTD
JI0 TIepexXoy JOriYHOro eJleMeHTa Ha Horo Buxoai 3i ctany «1» y
crat «0» abo maBnaxu.

Buxiana noporosa Hanpyra Joriusoro «0s € MaKCUMaJibHOIO
a6o MiHiMaibHo0 (3aJ1€XHO BiJl TUIY JIOTiKH) BMXi/IIOIO HANpy-
roio Jorivnoro «0», 1mo BU3HAYAETHCS TOUKOIO NIOPOTY AMILTITY/I-
110{ MepeaBaAbIol XaPAKTEPUCTUKN B o6aacTi soriuioro <0»,
akiii audepenniaabinii koedillienT MocHeNiA 3a HANPYrolo
Ky =1 nna JIE 6e3 inpeprysanis ta Ky; = -1 s JIE 3 insep-
tyBanusaM (auB. puc. 16.4, Touka a).

Buxiana noporosa nanpyra aoriuioi <1» € MiniMaabiono a6o
MakcuMasbliolo (3a/exHo Bil THIY JONiKM) BHXIiZHOIO LIAnpy-
roo Jioriynoi «1», 110 BU3Ha4Ya€ThCs MOPOTOBOIO TOYKOIO aMILIi-
TYA1101 IlepeAaBaJbliol XapaKTePUCTUKH B 061acTi Joriunoi «1»,
B akiit Ky; =1 nna JIE 6e3 ineptyBanus, Ky =—1 naa JIE 3
inBeptysannam. [Topir oy nepemuxaniist jsoridnoro «0» € nopo-
roBOIO IANLPYTOI0 JOrivnoro «0», 10 BU3HAYAETHCA TTOPOTOBOIO
TOYKOIO aMILIITYANO] NepeAaBabilol XapaKTePHCTHKH B 06J1acTi
goridtioro «0», B akiit Ky =1 ana JIE 6es inBepryBanns Ta
Ky ==1 nna JIE 3 iusepryBauuaM (ans. puc. 16.4, Touka b).

ITopir 3omy nepeMukamis Aorivnoi «1» € MOPOroBoIo HANPY-
TOI0 JIOTIYHOT «1», 10 BU3NAYAETHCS MOPOrOBOI0 TOYKOIO AMILII-
TYUIIOT nepeJaBa/blioi XapaKTePUCTUKH B 00JacTi JOrivynoi «1»,
B kil Kyy =1 s JIE Ges inseptysaiis ta Ky =—1 ana JIE 3
ilBEepTYBalILSM.

Bxianuit ctpym JIE 3afaeThest A HECTIPUATINBOTO PEXUMY
po60TH B MeXaxX AOMYCTUMHX TEMUEPATYP HABKOJHMUIHbOTO CC-
peaoBullla Ta HANPYrH XUBJEUNA K JJsl piBHS Jjorivytoro «0»

BX? BX?

211
14%5-104



(IO ), Tak i mua piBHA Joriunoi «1» (I&X). Buxigni cTpymm

1 .
an’ I, XapakTepHu3yloThb HaBaHTaXkKyBaabny spaThictb JIE,
(BXiZHI CTPyMU MalOTh JOAATHUH 3HAK, a BUXiMui CTpyMH —

BiA'eMumit). 3aBaJOCTIHKICTh BU3HAYAIOTH MO0 LMX CTPYMIB.

Tomy 36iapIIenHs Koe(biuieHTa PO3Taly>KeHHs IPU3BOAUTD [0 -

BHMXEHHS 3aBaJOCTIHKOCTI.
Bxiguuit ctpym soridioi «1» I BM3HA4aIOTh AK BXiJHUH
CTPYM 1715 Hanpyrn JOTIIOT «1» 1 onm JIE, a Bxiguuit ctpym

JoriyHoro «0» I — AK BXIZHUI CTPYM AJIS HANIPYTH JOTIYHOTO
«0» ma BXOZi JIE. .
Buxignuit crpym noriunoi «1» [, — aK BUXigHMil cTpyM

s manpyru Joriunoi «1» na suxoni JIE, a Buxianuit ctpym
. 0 . . .
goriunoro «0» I, .~ - K BEXiANUH CTPYM JJI HApyTH JIOTiy-

noro «0» #a suxozi JIE.

CrpyM, cnoxuBauuii Bix mxepena (mxepen) xusnenns JIE
(ICH), sanexuts Big tnoy JIE. [lng JIE E3JI Bin matike nocTiii-
unit (Ko He 6paTH 4O yBarW HABAaHTaXKEHIA) | HE 3a/€XHUTH
Bix #oro soriunoro crany, aas JIE TTJI crpym Mae pisui 3uavuen-
a4 aaa crafiB «0» i «1». Kpim toro, JIE TTJI maroTts Buxuau
CTPYMY TiA 4Yac nepexiguux npouecis y pasi nepemukanng JIE,
[0 TMPU3BOAUTD A0 iCTOTHOrO 36iJBIIEHHS CTPYMY CHOXXUBAHHA
Ha BHMCOKHMX YacToTaX. AMILIITyAa i TpMBAJiCTh BUKMJIY 3aJie-
3KaTh BiJl XapaKkTepy Ta BeJUYUHH HABAHTAXKCHHS, CXeMOTEXHIKH
BUXigHOrO KacKany JIE TTJI, nopxunu jxinii 38’83Ky Ta iH.

Bxinnnit onip noriunoro eneMenta R,;, — BiAHOIIEHHA TIpU-
POCTY BXi/IHOi HANIPYTH A0 NPHPOCTY menoro (:prmy (Bu3Ha-
4a10Th AJI ABOX 3HAYEHb BXiJOTO CUTHAIY: RBX Ta R;x ).

Buxiauuit onip sorivaoro efeMenta R, — BiAunolenis npu-
POCTY BUXiZHOT HanpyrH 210 HOro NPUPOCTY BUXigHOro crpyMy (Bu-
3HavaloTh A JBOX 3HaYeHb BMXigHOTO curHany: R, Ta R}mx)

Junamivni mapamerpu. Ulsuakoxia JIE npwu nepeMMKalml
BU3HAYAETHCA €JIEKTPHIHOIO CXEMOI0, TEXHOJIOIEI0 BUTOTOBICHIIA
i xapakTepoM HaBaHTakeHHA. [lns izenTudikanii BuMipioBaib
OUHAMIYHNX NapaMeTpiB y TexHiuHi# qokyMenranii na IC nase-
ACHO MapaMeTpH €KBiBaJeHTHOro HaBaHTaXXEHHs, BCTaHOBJEHO
BUMOTH IO aMIUIiTyM i TpUBaiocTi PPOHTY BXiJJHOTO CUTHAIY.

YacoBy AilarpaMy, IO MOACHIOE 3MiHy XapaKTepUCTHK BUXiA-
HOTro IMIIyJbCYy 3aJIeXKHO BiJl IlapaMeTpiB BXiJAHOFO iMIyJbCy i
BJAaCTHBOCTEI ejleMenTa, 306paxeHo Ha puc. 16.5.

PiBni Bigsliky Hanpyr a/1s1 BU3HAUEHHS AMHAMI4IUX napaMer-
piB BCTaHOBJIEHO BilHOCHO BUXiTHUX TIOPOrOBHX HaIlpyr Joriy-
HUX <1» Ta «0».
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0,5 to'l tl,O =)

1,0
ts,- t?fl

UBHX

1,0 —
0.9

0.5 Ay 1ol

0,1

1.0 tO t

31.0 31.0

Puc. 16.5. OcHoBHi JUHAMIYHI MTapaMCcTpH

OcuoBnumy autiaMiuiumu napamerpamu JIE € sarpumxa 1o-
UIMpentst curuany f,,. . Ml 4ac NepeMUKAINs i TPUBaNiCTb O3H-

- Tusnoro (11apoctaioyoro) i neratusnoro (cnaggoro) GpouTiB BU-

XiHUX CUrHaMiiB.
3aTpUMKY MNOIIKPEHHs cnrnany 1iJl 4ac nepexofly BUXimoi

Hanpyru Big «i» no «0» t3T o (A1 HO3UTHBHOI JIOriKy 1e Biamo-
BiZlac veratuBHoMy (poHTY, A HETraTHBHOI — IO3UTHBIIOMY
dbpouTy BUXiJIHOTO CHIHAJY) BU3HAYAIOTD K iHTEPBaJ Yacy Mix
BXiZMM i BuximnuM curiaigamu JIE, suMipanuii na pisui 0,5
JIOTiylIoTO Mepernagy BXiZUHoro i BUXAINOro curilaiis.

3aTpUMKYy LOLLUPEHHs cnruany i/l Yac Tepexony BHXimIol
nanpyru Big «0» mo «1» taT N (o191 MO3UTHBIOL JNOTIKHU 1€ Bijmo-
Bila¢ TO3WTUBHOMY (PPONUTY, AN 1IeTATUBHOI — IICraTHUBIIOMY
(POHTY BUXiZHOTO CHrHAJTY) BU3LAYAIOTDh AK ilITEPBaJ 4acy Mixk
BXiuiMM i Buxiganum curnasiaMu JIE, BuMipsimii na pieni 0,5
JIOTiY1I0ro nepenajgy BXiANOro i BUXiAHOro CUrHaiB.

ITix yac po3paxylKy YacoBOi 3aTPUMKM CMTHANTY TOCJiJOBIIO
yBimMkilenux JIE BUKOPHCTOBYIOTb CepeAlIIo 3aTPUMKY 1I0LIHMPeils
curnany JIE:

T =%t /2.

3T.J1.CP 3T.11
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Tpusanicts nepexony 80 5 cTany «1» y cran «0» — inrep-
BaJl 4aCy, MPOTATOM SKOTO HAIIPyTra HA BUXO/i JIOTiYHOTrO eJleMeH-
Ta NIEPeXOAUTD Bill piBHA «1» fo piBuA «0», BUMipaHMi npy 3Ha-
yeHusax 0,9 i 0,1 soriuHoro nepenany.

Tpusanicts nepexony to'1 1ia BUXOJl JIOTIYHOTO eJieMeHTa 31
crany «0» y cral «1» - inTepBaJ Yacy, TPOTATOM SIKOTO HaIlpy-
" ra Ha BMXO/li JIOTIYHOr0 eJicMeHTa NePexXouTh Bij pisHsA «0» 10
«1», BuMipanuii npu suavennax 0,1 i 0,9 moriunoro nepenaiy.

TpuBasictb 3aTPUMKH t;’TO BMUKaIIHA JOTiYHOTO eNeMeHTa —
inTepBaj 4acy MK BXiZJHMM i BUXiHMM CHCHaJIaMH IIiJ Yac me-
pexoAy Hanpyru Ha BHXOAi JIOTIYHOTO eleMeHTa BiJ HAIpPyrd
«1» o nanpyrn «0», BUMipsanuii 11a pisni 0,1 sorivroro mepema-
Iy BXiAnoro curiany i Ha pisni 0,9 BuxizHoro curnajy.

Tpusasicts 3aTpuMKH tg;‘ BUMKHEHHS JIOTiYHOrO. €/IeMEHTa —

iHTepBas) Yacy MiK BXiAHMM i BUXiJHUM CHUTHaJaMH IiJ 9ac me-
pexo/ly Hanpyrd Ha BHXO/i JIOTIYHOTO ejieMeHTa BiJ HaIpyTH
«0» mo Hanpyru «1», BuMipstHuii Ha piBHi 0,9 norivHoro nepena-
2y BXianoro curnajy i Ha pisui 0,1 Buxiguoro curmany.

I'parnyna po6oya YacTOTa eIEMEHTa 3aJ4a€ Aianasoll po6ounx
YacTOT CUTHAJIB, llepeJaHUX ejleMeHTOM 6e3 CIIOTBOPEHHS Tak,
(06 32 4aC OJHOTO TAKTy B CXeMi BCTUTaNH 3aBEPHIMTHCA TIepe-
XiAHi npouecu.

Yacmoma nepemuxanna — MaKCUMaJjbHa 4acToTa, Ha fKifl y
HaWripIIMX yMOBaX rapaHTyeTbCs CIPAallbOBYBAaHHS JiMH/JIbHOTO
TpUrepa, CKJIaJeHOro 3 JOTiYHUX €JIEeMEHTIB NeBHOI cepii.

HapanraxysanbHy 3gatiicts JIE BupaxkaoTb koedinienTom

006’eJHaHHA Ha BXOAl i koedilieHTOM PO3rajy xelns ia BUXOMI.

Koegiyienm 06’ conanns na 6xodi K4 noziunozo eremen-
md — YUCJO0 BXOJIB JIOTYIIOro ejJeMelTa, 3a AKMM peaslidyerbes
JoriuHa PYHKIIS, Y TOMY YUCTI 3 ypaXyBaHHAM BXOAIB JIOTIYHO-
T0 PO3UWHUPHUKA.

Koegiyienm poseanyxenns na 6uxodi K., 7102iunozo eze-

MeHma — YNCa0 OAUHUYHIX HABAHTAXKeHb, sKi MOXHA OLHOYac-
HO TAKJTIOUHTH 4O BUXO[Y JOTi4HOro eneMeHTa. OMHNYHUM Ha-
BaHTaXXEHHAM € OJUH BXiZ 6a30BOTrO JIOTiYHOTO eJieMeHTa NeBHOol
cepii. Koxen JIE 3 6oxy BXOny € MeniditHUM HaBaHTAKEHHSM,
XapaKTep i 3HaYeHHS SIKOrO BU3HAHAIOTbCH KoMOiHalielo i 3Ha-
YEeNHAM CHTHaJiB Ha iHIIMX BXOZaxX UbOTO CaMOTO eJNeMEeNTa i
po3kuzoM napamerpis cxemu JIE. Cuig mam'sitaty, 1o As AeSIKUX
eJeMeNTiB IeBHOI cepil oAuN BXiA exBiBameHTHHH KiJTbKOM 0JU-
HUYHMM HABAHTAXKEHHSM.
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16.2. [liogHa Ta AioA-TpaH3UCTOpPHA norika

Jlorika «I». IlpunnunoBa cxeMa HaW#MpPOCTIMIOrO JIOFiYHOTO
eneMenta «I» i taGauus icruaHocti 306paxkeni Ha puc. 16.6.
fAxmo xoda 6 Ha OJJHOMY BXO/Ii CXeMH € HU3bKWil piBeHb TIO3H-
TUBHOI HAIIPYTY, IDUHHATHH 32 YMOBHMIH HYJIb, TO Ji0Jl, 3B’ sI3aHMiH
yepe3 KaTo/l i3 UM BXO0/0M, BIIKPUTHH i Harpyra Ha HOro aHofi,
a OTXe, | Ha BUXOJi NIPUCTPOIO AOPiBHIOE HYJO. AKNI0 Ha BCiX
BXO/IaX CXeMU NPUCYTHiN Bucokuii (oaMHMYNMIl) piBEHb HAPY-
T'l, TO BUXiJJHUH CUTHaJ JOPiBHIOE OAMIIMLI.

Jorika «ABO». Haiimpocrimuii noriunnii npuctpiit 3 Tabiau-
1[e10 iCTHHIOCTI, 110 BUKOHYE ollepallilo AW3’ 0K 1TaJ JoTiYHH-
MU 3MiHHMMH X i Xy, BUpaXeUUMHU y OpMi eJeKTPUYIHX Ha-
npyr, 3o06paxeni 1a puc. 16.7. Ilig onunuuuuM piBHeM po3yMi-
I0Tb BUCOKHI{ MO3UTHBHHH moTeHuiaa. KO oAMHUYIIHI piBelib
NPUCYTHIN X04a 6 Ha OJHOMY BXO[i, TO Yepe3 BiAKPUTHH Aioj
VD1 (VD2) us Hanpyra nepesacTbes Ha BUXijl, CTBODIOIOUH Oy~
HUYHMH piBeHb HANPYTH.

+Uy
R
Tabruysn 16.1 Joux
Bx; | Bx, | Bux VD1 ¥ VD2 VDN
b RBHI | |RBH2 RBHN []rH
1 0 0
o 1 0 El E2
0 0 0
pa
Puc. 16.6. JI tuny <«I» 3 taGuuucw ictun-
HOCTI
+Ux
Tabruya 16.2 R
Bx, Bx, Bux l.jsux

1 1 ! VD! ZAVD2 . ..
1 0 1
E1 E2 RH
1 1 1 .
0 0 0
L

Puc. 16.7. 1JI Tuny «ABO» 3 ra6initcio ictun-
HOCTI
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§Ux

[I]Rl
VD1

Bxlo-—H—h
VD2
BX29—'Q——»—.H— .

= VDN [VDsy
Bx,

Puc. 16.8. lMpunumnosa cxeMa exemenrta [ATJI

Heponixku xioauoi Joriku: cXeMu KPUTHYHI 0 BHYTPilIHBOTO
onopy mxepen EPC (R, ), MaoTb HecTa6inbHi PiBHI JOTIYHMX
«0» i «1». Tpuanicts 3arpumkn £, =10nc. [Anag niksigauii 3a-
3HavYeHuX HeJoJiKiB 6yno pospobeno cxemu JATJI (gioa-tpan-
3UCTOPHA JIOTiKa).

ITpuHIUIIOBY CXEMY TaKoOro MPUCTPOIO 306paskeHo Ha puc.16.8.
¥ takomy npucrpoi gioan VD1, VD2, VD,, (pasoM 3 pesicropom
R;) BUKOHYIOTDH JOTiuHy omepaiilo «I», Tpansucrop VT1 npa-
IO€ B cxeMi iHBepTopa i BuKomye onepaniio «HI», aioan VD, 4
i VD,,,, CTyTyIOTb /151 36i1bUIEHHS MIOPOTY BiAKPHBAHHA KJIOYa,
3i6bpanoro Ha TpaH3zuctopi VT1.

IlepeBaru cxemu:

* cXeMa XapaKTePU3YEThCS BUCOKOIO CTaGiNbHICTIO JOTiYHOrO
«0» i noriunoi «1»;

* ¢xeMa He KPUTHYHA JO BHYTDIUIHLOTO ONOPY JKepena;

* Buxianuii omip esemenra «I—HI» 3a soriunoro «0» pa Bu-
X0/Ii BU3HA4YaeTbCs ONOPOM HacuyeHoro tpausucropa VT 7, ...,
T06TO ManMit, a 3a Joriynoi «1» Ha Buxoxi gopiBHIOE O1I0PY R, .

PosraauyTti enement «]—HI» MoxyTs 6yt BUKOHaH] # y
ilrTerpaspHOMY BUKOHaHHI. IXxHiMM niepeBaramu e maJje 3Hadenns
BXiIHUX CTPYMiB:

U,=5B; P =20...50MBr; t, =10 uc; U, =15B,

me P, — motyxuictb cioxusanus;, U, — I0porosa Hamnpyra.

16.3. TpaH3UCTOPHO-TPAH3UCTOPHA JloTiKa

Leii Bug cxeMoTex ik Mae, MaGyTh, Ha6inpIIy KIIBKICTD Pi3lic-
BUAIB, TOMY IO TPUBAMICTh HOro BUKOPUCTaHHSA jaja 3MOry BH-
SIBUTH 6araTo BJACTUBUX oMy oOMeXKeHb Ta cIlocobu ix rogonail-
us1. Biabuicrs IC, sxi BXOAATH 10 CKJIay cepiit Tpan3ucTOpHO-
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Puc. 16.9. Ipuununosa cackrpuya cxema JIE
I-HE TTJ (wrpux Weddepa)

tpausucropuoi Joriku (TTJI), BuKonaHo Ha OCHOBI KOMGiHaIiT
aBox 6a3oBux cxem: exementa I — HE (wrpux Illeddepa) i pos-
umipauka 3a ABO.

Enement [—HE (puc. 16.9) Moxna 306pasuTi MOCTiIOBHEM
3’eJHaHHSAM TPbOX KacKaJliB: ’

* BXimnoro 6aratoemirepiioro Tpamsucropa V1 3 peaucropom R1
i niogamu VDy — VD,,_(, 110 peanisysoTb Jorivity onepaiiio «I»;

* mofiabiinka ¢as a Tpansuctopi VT2, pesucropi R2 i koaa
neJiniinoi kopexuii R3, R4 ta VT3,

* ABOTAaKTHOrO BUXiJHOTO IificuaioBava na tpansucropax VT4
i VTS, pesucropi RS Tta zioai VD,,.

Pozumupnuk 3a ABO (puc. 16.10) ¢paxtuymo nosropioe nepuri
JABa kackajau eaementa [ —HE i mictuth Bxiguuit 6aratoemitep-
uuit Tpansucrop VT1 3 pesucropom R1 i Tpansucrop VT2 mno-
Jaintpuuka das.

O6'eananns enementis [ — HE i poaumvipuuka 3a ABO snaci-
IOK 3’eIHaHHsA TOYOK d 1 b gae smory ‘U
orpumaru JIE, mo peanisye nocJi- *
posHicTb onepaniin [ —-ABO—HE.

PosrasimeMo po6ory eaementa I — Rl
HE (aus. puc. 16.9). Hpumnycrimo, VTI1 a
0 X04Ya 6 OMII BXil ejeMelTa X, VT2
...y X,_1 Geanocepeanbo BBIMKHEHHH X0
JI0 CIILIBHOT 1IHITH, TOGTO Ha HbOro Mo~ b
Jlala Hampyra Jorinoro «0s. ¥ 11po-  x,-

My BHNAIKy 621I‘aToeM1Tepm/Ii/’1 Tpall-  pye 16.10. Ipunimosa esck-
3ucTop VT1 BUABIAECTHCS HACHYEIHM  Tpuuna cxeMa POSHPHUKA 32
CTPYMOM, 1[0 IIPOXOJUTD BiJ JuKepeaa ABO cepii TTJ
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skuBireds yepes pezuctop R1. Hanpyra Ha iforo xonextopi Mamo
Bipi3HATHUMETBCS Bij HYJIbOBOI, TOMY TpaHsucTop VT2 noAinsHu-
Ka ¢da3 3aMKHeHUH. -

Ockisnbku cTpyM eMiTepa Tpansucropa VT2 npakruyso Aopi-
BHIOE HyJIIO, 6yJe 3aMkieliuil i Tpansuctop VTS. CtpyM, o mpo-
X0auTh Yepes pesuctop R2, Bxoauth y 6a3y tpansucrtopa VT4,
Hacuuye ioro. Tomy Hampyra, HasiBHa Ha Buxoai y JIE, 6;1u3bka
J10 HAMPYTH XKWBJels | BU3HAYAETHCS 32 BUPA3OM

1
UBP[X = U>|< - IBuxRS - UKE VT4~ UVDn ’

ge U, — manpyra Jpkepena XuBnenns; I, — BUXiaHui cTpyM;

UkgvT4 — Hampyra ia KoJEKTOpi — eMmiTepi Tpansucropa VT4;
UVDn — Ccnaj Hampyru Ha xiogi VD,,.

OTxe, 3a HasIBHOCTiI Ha KOXXHOMY i3 BXOJiB CXeMH HATIpyTH
HH3bKOro piBHS Hampyra Ha #oro BUXoAi MaTHME BHCOKUH piBeHb.
[punycrumMo Tenep, mwo ua Bei 3xoau JIE nojano Bucokuil piseHb
HanpyTU. ¥ NbOMY BHNAJKY BCi nepexoau 6aratoemiteproro VTI1
3aMkHedi. [Ipu 1boMy Horo KoeKTOPIMH IepexiJ 3MIIyeThCS B
HOpAMOMY HalpsMKy i o kosry (pesucrop R1, kosexTopuuil nepe-
xia Tpansucropa VT1 ra mocaifioBuo 3’eaHanuil emitepHuii 1e-
pexix Tpansuctopis VT2 i VT5) npoxogurume crpym. Leii ctpym
HacuTuTh Tpausucropu VT2 i VTS, 1 Ha Buxoxai y JIE BcTano-
BUTbCS HU3bKA HAIpPYyTa, sKa 4UceNbHO JOPiBHIOE HaNpy3i Hacu-
yenHa tpausucropa VT5: '

0 _ —
Usnx - UKE VTS — [BHXrBP[XVTS‘
Ae Uggpyrs — Halpyra lia KOJeKTopi — eMiTepi TpansucTopa
VTS; 7,vrs — BUXiguuit omip tpansucropa VTS5.

Ockinpky Tpausucrop VT2 nacudyenuii, nasgBua Ha Horo xo-
JIEKTOPi Hampyra HeJoCTaTHs AJ IPAMOro 3MillleHHS JBOX IIO-
ciIoBHO BBiMKIIEHUX p — n-nepexo/is (mepexin emitepa VT4 i
mioga VD,). Tpausuctop VT4 Gyzne 3aMKieHuii.

OTxe, SIKIIO Ha BCiX BXOJaX CXeMM HasiBlla BUCOKA HaIpyra,
na Buxodi BJIE 6yae nanpyra HU3bKOTO piBHS.

JlJ1si To3uTHBIIOL JIOTiKH HaBeJICHUI aIrOpUTM po6OTH Bi/UIOBi-
nJae BusHaveHHIo onepauii I HE:

y = x0x1...xn_1.

BukoHaHHS BUXiAIIOTO KacKaZly eJieMelTa 3a JIBOTaKTHOIO cXe-
MOIO A€ 3MOTY OJII09acHO BUPIlIMTU JBa 3aBJAHHA.

1. ITigsunmaTu wBHAkoAilo eneMeHTta. Hasanmraxkemns BJIE
3a3BUYail Mae eMHicUM XapaKTep, i 3aCTOCYBaHHS ABOTAKTIIOIQ
BUXI/HOI'O KacKa/y Ja€ 3MOTY 36iJbIIUTH CTPYM 3apsALy EMHOCTI
HaBaHTa)KeHHA.
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Tabauys 16.3. Mapamerpu BJIE cepiii TTJI

Cepis 1C ) by 1iopinn HE| Py MBT U,lmx. B Ugux, B I|1mx' MA Ignx, MA
K155 10 10 2,4 0,4 -0,4 16
K531 3 20 2,7 0,5 -1,0 20
K535 10 2,0 2,7 0,5 -0,4 8,1

2. 3IM3HTH CHOXUBAIHA. Y CTaJOMy PexuMi norivynoro «0»
4epes BUXiANHI KacKa/l MPOXOUTD JHUIIE CTPYM llaBaHTaAXKEHH.

Y BXinnomy xoni 6araroeMireproro Tpansucropa VT1 yBiMK-
HeHi AOAATKOBi Aioau VD, - VD, _4, Mo 3aXUIIAIOTh eJeMelT
BiJl MOABU Ha HOTO BX0/i HEONYCTHMHX HAIPYT 3BOPOTHOI MO~
JIAPHOCTI.

¥ci IC TTJI, o Bupo6/ige BiTYM3HANA IIPOMUCAOBICTD HUII,
MO’KHa IMOJAI/IMTH 11a TaKi IPYNH: CTAaHJAAPTHI; MWBUAKOAINAHI 3 Ji0-
namu IMoTTki; MamonotyxHi 3 giogamu HloTTki.

Enementu Bcix uMx cepiif mpakTHyllo BHKOIIAHi 33 €IMHOI0
cxeMo10. Iclyioui HeBeNnHKi cXeMOTEXHIYHI BiAMIIIHOCTI AOKAAI0
PO3IIAHYTO patime. OCHOBHE PO3XOMXKEIIH LIHX CCpifl MoAsATae
B iXHill WBKHAKOALL i cmoxxNBaniit notyxunocti. Tunosi napamer-
pu BJIE pisuux cepiit TTJI naBeaeno B tabn. 16.3.

Hanpyra xusienus Bcix BJIE cepiit TTJI nopisioe +5 B =
*£5 % a6o +5 B + 10 % 3aJ€XHO BiJl TUIly BUKOIALIHS.

16.4. NloriuHi enemeHTH
Ha MJIH-TpaH3ucropax

ITowupernro M/ITH-cxeMoTeXHiky clpUsIy Taki i 0CO6IABOCTI:

¢ 6iJIblI IPOCTA TEXIIOJIOTisl BHrOTOBEINA (KOPOTILMIA TEXHO-
JIOTIYIHIL UK BUTOTOBJIEHIS), 10 3YMOBJIIOC TIiIBRILENTIS BiACOT-
Ka BUXOAY po6OTO3JaTHuX BUPOOIB;

® Mellllli TeOMeTPHUYHI PO3MIpH NpUJAaAy i MpocTillli ¢cXeMo-
TeXHIYHi PINIEHHS, IO OPH OAHAKOBIH 3 Ginossgpno 1C miomi
KPHUCTajIa JJa€ 3MOTY PO3MICTHUTH Ha IIbOMY CKJAIIiINY 3a BHKO-
yBallUMU QYHKIISMH CXeMY UM TIPH OANAKORI# (pyHKILioNablLiit
CKJIAIIOCTI OTPHMATH MEHILY IJIOIY KPUCTAJA, 1110 TAKOXK MiJ(BU-
Iy€ BUXifl pO6OTO31aTHUX BMPOGIB (Memmuii BIUIMB nedeKTin
BUXiNOTO HANIBNPOBi/HAKA).

KpiM Toro, miz yac pospo6iennsa IC M/IH ypaxoByioTh Taki
0CO6JHBOCTI BOFO KJIACY MPHIAIIB:

1) MIH-Tpausuctop Mae ripuii nepeMukasbii BJACTHBOCTI
NOPiBHANO 3 6iMoaApHUM TpansucTopoM. e susiBiseTnCs B 6inb-
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IOMY BUXIJHOMY OIOpi, OTKe, Y OiIbIiil 3aHUIKOBI i Hanpy3i'y -

BBIMKHEHOMY CTaHi;

2) 3aJMNIKOBA Hampyra Ha BBIMKHeHOMy M/IH-rpansucropi
3HAYHO 3aJIeKUTh BiA Kepyiouol nampyru. 1llofo noriynux cxeMm
Iie 03HAYa€ 3HAUHY 3aJ€XHICTh HAllpyry Joriunoro «0» Bi/ Hanpy-
ru Joriunoi «1s». Iocma6uTy L0 3a7eXHiCTb MOXKIIA 3MeHIIeH-
HsM a6COIOTHOrO CTPYMY CTOKY V BBIMKHEHOMY CTaHi, 1o MOTpe-
6ye BUKOpMCTaHHS B mepeMukadi na MJIH-Tpansucropi Bucoko-
IO HaBaHTaXXEHHS,

3) moTpe6a 3acTOCYBaHHS BJIACIIOTO HABAHTAXKEHHS 3 BUCOKHM
omopoM 3a ¢ikcopanoi eMHOCTI (BXiZHOI €MHOCTi aHAJOTIYNHOro
eneMenTa) 36iJIbLIyE MOCTIMHY dYacy, WO BU3HAYae TPUBAJICTD
dponry i.cmax Buxignol nanpyru JIE. Ile npusBoauTh 10 cniagy
¥ioro mBUAKOIIT;

4) 4yepes 0coGAUBOCTI, pO3I/AHYTI Bulle (HeCTaGiJbHICTh BUXij-
HUX JIOTIYHUX PiBHIB), 115 3a6e3edeH s JOCTATHbOT 3aBaJIOCTii-
kocti JIE na MIH-Tpan3ucTropax MaloTh MPalOBaTH 32 BeJMKHX
3HayeHb Jorivnoro nepenagy. lle Takox cnpusde crnaay IIBUA-
KOAil esleMeHTa.

Cuiag 3a3naduTd, 1o 10Tpeba 3aCTOCYBAaHHA HaBallTaXXeHHS 3
BHCOKIIM OIIOPOM MA€ | ITO3UTHBHY BJIACTUBICTD, IO BUSBISAETCS
B 3MEHIIEHHI TOTYXHOCTi, sIKA PO3CiIOETbCA B IepeMMKadyi Ha
M AH-rpan3ucTopi.

CxeMOTexHiuHi pillleHHs, BUKOPUCTOBYBaHI i/ 4ac NO6YAOBH
IC M/TH, cnpsiMoBaHi Ha YCyHEHHSs PO3T/ISTHYTHX BHINE HEJO0JIKiB
eJIeMEHTAPHOrO IepeMuKada. ToMy mig yac no6ynosu IC cxema
TepeMIKaya 3 HABAHTAXKYBAJIbHUM PE3UCTOPOM He BUKOPHCTO-
Byerbes. [Iupokoro nomnpenHs nabyia cxeMa IiepeMyuKaya 3 1ia-
BanTaxysasbuiuM M IH-tpansucropom, mo 3a6esnedye 36iapuren-
Iisi CTPYMY Ilepe3apsaKalllsl eMHOCTi HaBallTAXKEHHs, a OTXe, i
uBnAKoA 1 nepemMukayva. Lle 1o1aTKOBO fa€ 3MOTY COPOCTUTH TeX-
HoJiorito BUroToBaeHHd 1C, OCKiNbKY 3i cXeMU BHAy4alOTD YCi Ta-
CHBHi eJleMeHTH (pesncropn) i i1 6yay10oTh JHIIe Ha OAHOTHIIHNX
eneMenTax — MJIH-Tpansucropax.

3aJiexXHO Bil THIIY BUKOPHUCTOBYBAHOTO TPAH3HCTOPa pO3Pis-
H10101Tb [C n-MOH- i p-MOH-1unis. Posriasinemo no6ynosy BJIE
3 BukopuctauaaMm n-MOH-tpausucropis. Ha puc. 16.11, a, 6
306paxkeHo IpHHIUIOBI efekTpuaHi cxemu BJIE 3 gsoma Bxoja-
MH, 110 peanisyors onepauii 21—HE Ta 2ABO —HE.

O6uaBi cxeMH MICTSITh TIO TPH TPaH3MCTOPH, 3 Akux VT1
BHKOHY€ poJib aKTHBHOTO HaBauTaxkeHHsi, a VI2 i VT3 e Baacue
TPal3UCTOPIIMMH [TepeMUKayaMHy, 10 peasisyIoTh JOri4Hi onepatlii.
Ha puc. 16.11, a tpansucropu VT2 i VI3 BBiMKHeHi mocaifos-
Ho. ToMy A/ NOABM Ha BUXOJi CXeMH HU3bKOI Halpyru Ha 3a-
TBOPU 060X TPAH3UCTOPIB CJIi/J HOAATH BUCOKY HAIMpYyry, J0CTaT-
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HIO AJs TPOXOMKEHHS CTPYMy aKTHBHOTO HaBaHTakeHnsa. Ha
puc. 16.11, 6 Tpansucropu VT2 i VT3 BBiMKHeHi napaJeJbHO.
ToMmy micid noAaBaHHA Ha 3aTBOP-KOXXHOTO 3 HEX BHCOKOI lia-
npyru 1ia BuxoAi ¢opMy€Thcs Hanpyra HU3BKOIO PiBHA.

36isplrenns Yucia NOYaTKOBUX 3MiHHHUX eJleMeHTa HoTpebye
36iabIIen s KiJTPKOCTI MOCAiA0BHO 260 MapaJiesbiio BBIMKHENUX
TPau3UCTOPiB.

ToMy, BUKOPHCTOBYIOUH HaBeAeHUH MPUILIMII 3 MiliMaJbHUMH
CXEMOTEXHIYHUMHI BUTPATaMH, MOXKHA Jierko noGyayBaTu JIOriv-
HMIi eJIeMEHT i3 NOTPIGHUM YUCJIOM BXO/IiB.

36inpirenns weuakoaii IC MTH norpebye 36iablueniisi CTpy-
MiB mepesapsi/>kalns eMHOCTi HaBaHTakeHHs. Oamak ne o6Me-
JKY€ETBCS 3POCTAHHSIM CIOXHBAHOI MOTYXHOCTI i 36iibImeHIrsM
HecTa6iJbHOCTI BUXiIHUX Jorivnux piBuiB. [logosarn 3a3nayene
TIPOTUPIYYSI MOXKHA 260 TEXHOJIOTIYHO, CTBOPIOIOYH TPAH3HUCTOPU
3 MEHNIOI BXiAHoi0 eéMHicTIO, 260 CXeMOTEeXHi4HO0, 3aCTOCOBYIOUH
cxeMy IepeMHMKada Ha TPal3HCTopax 3 KaHajlaMH Pi3HOro THILY
(xoMmmneMenTapHi Tpansuctopy). 11i mepemukadi, 3 oanoro 6oky,
JAIOTh 3MOTY 3HAYHO 36iJIbIINTU CTPYMH Tlepe3apA/KaHHA €MHOCTI
HaBallTa)KeHH:, a 3 APYroro — MaKCHMaJIbHO 3MEHINHTH TTOTYX-
HiCTb, IO PO3CiloeEThCA B eseMenTi. Haragaemo, mo nepeMmkay
Ha KOMIIJIEMEHTAapHUX TPaH3HCTOPaxX y pasi NPaBuJIbHOrO BUGO-
Py MapaMeTpiB BXiJAIIHX Yy IIBOTO €JIeMENTIB Yy CTATHUHOMY pe-
JKHMi pOGOTH CIOXKUBAE 11e31a4Ily HOTYXKIICTh BiJ JUKepesa )KUB-
JICHHS.

CroxuBaiia ejeMenToM 1OTYXIiCTb Y CTaTU4IOMY PeXHMi TO-
TOXHA HOTY>KHOCTI, 10O Bi/UTA€ThCS UM Y HABalTaxenIsl. Y 38’43~
Ky 3 TUM, [0 HAaBaHTaXXEHILSIM eJleMeNTa € BXiAli KoJia anajoriy-
HHUX eJleMeHTiB, IKi MaloThb CYTO €MIiCHUH XapaKTep, TO MOTYXIICTh

+Uy +Uy,

VTI VTl

2=X1X0 2=x+xg

VT2 "%JJ‘_TVEIZ

:1VT3 xl:__lﬁ-ws

L - 1

a 6
Puc. 16.11. IIpurnunosi cackrpuuni cxemu BJIE na M /1H-tpansucropax:
a —21—-HE; 6 — 2ABO—HE
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0 +U, Puc. 16.12. IpuHuumnosa
€JIEKTPHYHA CXEM2a TPaH-

VTI
Vlz)j VD2AX :J Vi 3UCTOPHOTO NEpeMHKaya

U —{ 1 D—I VD4 IC KMOH
B R1
x o UBHX

BiJI IAkepeJia XKUBJIEH-
1A BUTPAYa€ThCA Ti/Ib-
VD3N N VD6 KH B AHHAMIYHOMY pe-
: VT2 XUMi Ha Tepe3apsia-
) L KaHlA i€l eMIIOCTI.
IMpuniunosy enex-
TPUYHY CX€MYy TPaH3HCTOPIIOFO HepeMHKaya, BUKOPHCTOBYBaHOTO
B IC KMOH, naseneno na puc. 16.12. I[i Moxna noxiautu ma
TPH YACTHHU: BXiHUI XiOAHO-PE3UCTOPHUI 00MexyBay Hanpy-
ru; Baacue nepemukad na KMOH-Tpansucropax; suxizaie nioa-
He Koso. Bxianuii onip TpaH3KUCTOPiB, BUKOPHCTOBYBalHX Y CXe-
Mi mepeMHKava, gocsra€ sHauenb o 10 TOM. 3a ToBIHHM i30-
JISALII MizK 3aTBOPOM i HaniBIIpoBigHUKOM 50...70 MKM iioro BjacHa
npo6uBHa Hanpyra cranoButh 150...200 B. Ile nmorpe6ye BBe-
nenns B JIE cnenianbpioi cxeMHu 3aXUCTY BiJl CTATUYIIOL eeKTPH-
K, 1[0 MOXe IIOTPANINTH Ha H0T0 BXiZ y Nnpoleci 36epexelns Yu
MoHTaxy. Poib 1iel cxeMH BHKOHY€E BXiAHMH J{iOMI0-Pe3HCTOP-
nuit o6MexxyBay Ha eneMentax VD1, VD2, VD3 i R1. Il cxeMma
0o0MeXye HaIlpyTy >KUBJEHHS Ha BX0Ji TPAH3HCTOPHOrO NepeMu-
Kaya B giamasoui Big —0,7 B mo +0,7 B.

EnemenTtn Buxigmnoro gioauoro koaa VD4, VDS, VD6, ytso-
peHi BiamoBigHuMI 061ACTAMU CaMOT0 TPAH3UCTOPHOIO IIepeMHU-
Kaua, He € 0608’ ss3koBuMu. HasBuictb nuux aionis naksiajae zo-
JaTKoBi o6MeskeHHs Ha BukopHcTannsa JIE. Tomy sasxan Mae

o,

|————o +U, © +Ux
X0 VT1 |t ) X VT1 J VT;;JJ
O o4 :] 0 O—9— b— »—J
o =%
% _I':I._ VT3 o 3 R
V'l"il —1 0 2=x1+X, T2
=t ]
VT4 lu_a

a 6

Puc. 16.13. Ipunuunosi exexrpuyni cxemn BJIE KMOH-tumy:
a — 2I-HE; 6 — 2ABO—HE '
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Tabauys 16.4. Ocnorni napamerpn BJE KMOH

1 0
Usix mins|Usux min- byr TopiBH’ Fmax' Icn' UB Kp03 CBX'
HC Ml | MKA n®d
8 0,3 30(C,=15a®) | 1 | 0,1 |3.15(9)] 50 5
100(C,, =100 n®)

BHKOHYBATHCSI HEPiBHICTD
[Unx = Ugux] < Uses

iHaxnre iofu BXiZIHOTO oOMeXyBaya i BHXIAHOTO KOJia MOXYTb
BiJKpUBATHCS], 1O CIIPHYUHIOE ITYHTYBAIIHS KOJIA KUBJIEIA efle-
menTta. Ocranne moxe GyTH IPAYMHOIO Horo npo6Goio. ToMy na-
npyra xusJjenns na KMOH-cxeMi 3aBxau Mae nogaBatucs 10
BMHKaHHs i 3HiMaTUCA Iicad BUMKHEHHA BXifnoro indopMamiii-
HOro CHTHAJY.

Cxemorexniuno BJIE KMOH-runy noBTOprOIOTh CXEMH eJie-
mentis n-MOH- i p-MOH-tunis. BigMiHHicTb mosArae B TOMY,
IO IPH IbOMY BUKOPHCTOBYIOTD IIAPH TPAH3UCTOPIB, TOOTO, SAKILO
I7st peayisanii 3a1anoi sorivnol (hyHKIIT TPAN3KCTOPH 3 KaHAJIOM
n-THITy BMUKAIOTh HOCIiZIOBHO, TO NApHi IM TPal3HUCTOPU p-TANY —
napajejbno, i napnaky. ITprHuMIIoB] eeKTpUYHI cXeMu, 10 pea-
nisytoth joriuni onepauii 21 — HE i 2ABO — HE ao6paxeuo 1a
puc. 16.13. [Lia cupoleniig na cxeMmax He HOKasallj eJeMeHTH
BXiJIHMX | BUXiJIIMX KiJ JepeMuKaua.

Ho oco6anpocteil cxem BJIE mamexuts Takox BiACyTHICTDB
JI0/IATKOBOTO HAaBaTaXXyBaJbloro Tpalsucropa. YMoro poas Bu-
KOIly¢ OJIMH i3 TPAaH3UCTOPiB NePEMUKAYa.

AHani3 cxeM Ja€ 3MOry AiNTH BaXXKIUBOTO MPAKTUYHOTO BUCIIOB-
Ky npo te, mwo aganoriunio BJIE TTJ gns BJE KMOH napa-
JIeJIblIe BMHKAIIIS KiJBKOX iXIIiX BUXOAIB 3a60ponelo.

Haitpaxxmsiuni mapamerpu BJIE KMOH naBeneno y Ta6i. 16.4,

Cniz rakox 3asmaunty, 1o KMOH-eneMent MaloTh BUCOKY
3aBaIOCTIKICTD — 10 40 % HALPYIW XKUBJIEUIISL.

BX

16.5. JlorivHi enemeHTH
iHTerpanbHO-iHXeKLUiAHOT noriku

JL1s1 i ABUMIEITHS TeXHOJIOTIYHOCTI BUTOTOBJIEHIIS [iJl 4ac pos-
pobuenus IC moTpi6uo 3acTocoByBaTH cxeMoTeXIiiuni pinreuns,
10 BUKOPUCTOBYIOTH TiJIbKM OANOTHIIHI €JeMEIITH, laIlpUKIaj
tpansucropu. [lel wmasax, gx yxe 3asnayanocs, peanizoBallit
y IC M/II, mo nopsa 3 iNUMMYU NepeBaraMyu 3yMOBJIIOE X 110-
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R +U,  umpenns. Ilpote, sk yxe 3asnayanocs,

i ++F-° nepeMHKay Ha Gilto/ISIPIIMX TPAH3UCTO-
o vio pax Mac Kpalli K nepeMuKasbHi, Tak i
Bux. 2 i i -
Bx VTl Bog. ] JACTOTHI BJIaCTHBOCTI. Ile € mepeaymo
. HX. ‘o
0 BOIO ZI0 MMOCTiIHHOIO NIOIYKY HOBUX CXé-
—d MOTECXHIYHUX Ppilllenb A peatizauii

Puc. 16.14. Mpummmopa Oiousapunx IC. Tak, majixe oanovac-
elekTpuuHa cxema BJIE 121 HO pO3pO6UJIH eJIeMeHZTI/I IHTerpaabHoi

imkexuiinoi goriku (1°J1) ¢ipmu «Phi-
lips» i «IBM». BifnoBiany npuinunoBy eaekrpuuny cxemy BJIE

1211 HaBedeHO Ha puc. 16.14.

OcobuBoctsimu eneMentis 12J1 € Taki:

® BiZICYyTUICTh PE3UCTOPIB, IO 3HAUHO CIIPOLLYE TeXHOJIOTI0 BU-
pob6nunrsa IC;

¢ BUKODHCTANIlA IPUHLUUILY XKUBJACHHS 32 CTPYMOM, 32 KUM B
IC 3apaeTned He Harpyra, a cTpyM, 6€3I0CepeHbO IKEKTOBAHMI
B 06J1aCcTb HAIBIIPOBIJHUKA, [0 YTBOPIOE CTPYKTYDPY OJAHOTIO 3
TPAH3HUCTOPIB;

® [IPOCTOPOBE CIIOJYYeHIId B KPUCTAJNi HaNiBIPOBIAHUKA 06-
Jactedt, 1o GyHKIiOHATBIIO HATEXATD PistiuM TpaHsucTopam. [pu
IIbOMY CTPYKTYPa PO3MILLycTbCA AK II0 FOPU3OHTaJi, Tak i 1o
BepTuKani. Ile mae sMOry BiAMOBUTHCA BiJ 3aCTOCYBaHHS CIie-
1iaJIbIMX pillleHb AJs1 BUAYYEHIst ofstacTell, o Hasle)Xars PisHuM
eneMeHTaM, K NOoTpi6Ho pobutu B enementax TTJI i E3JI;

® Maje 3HaYeHH JIOTi4HOFO Iepenajy, Mo Ja€ 3MOTY MAaKCH-
MaJIbHO 361JBIINTH MIBU/KOAIIO eIeMEHTa.

VY naseneniit cxemi (auB. puc. 16.14) GararoxoaeKTOpHHIA Tpal-
suctop VT2 pukonye ¢$yukiio igBepTyBauBs BXi/[HOFO CUTTIAJY,
a tpansucrop VT1 — reneparopa (iwxxexropa) 6a3oBoro cTpy-
My Tpausuctopa VT2, [lo oco6iuBoCcTel eneMeHTa HAIEXKUTD i
MOCTilfHICTb CTPYMY iHKEKTOpa B yCiX peXXuMax poGOTH ejleMen-
ta. CTpyM imxekropa 3ajae pesuctop R, sixuit BUKOHYIOTH 3a-
FaJbHUM JIJIS TPYIIU €JIEMEHTIB.

Oco6mmBicTio eneMenta 1271 € MOJXKJIMBICTb 3MiHIOBaTH CTPYM
IHXXeKTOpa B 3HAYHHX MeXKaX, a TAKOXK HOro IMBHAKOAI0. Peanbiio
CTPYM iHXeKTopa Moxe 3MiHioBaTucs Bifg 1 HA mo 1 MA, T06TO
Ha 6 mopankiB. OCKiJIbKM JUIS 3a1aHOI CXEMOTEXHIKH €llepris
nmepeMHKallid eJeMeHTa — BeJIMYMHA IOCTilfHa, Y TaKMX CaMuX
MeXXaX MOXXe 3MiHIOBATHCS i MIBUJAKOMISI eJleMeHTa.

Mpunnun zii cxemun 21 TaKuii. ITpunrycrimMo, 30BHIiIIHBOTO
cUrlaJjLy, 1o BiANoBifae curHany gorivHoi «1», Ha BX0Ai eseMelr-
ta (6a3a tpansucropa VT2) memae. Y mboMy BHMIIAZKY CTPYM
imKeKTopa, NpoxoJsyu B 6a3y Tpausucropa VT2, Hacuuye iioro.
Ha #oro xoJjiekTopax, a 0TXKe, i 11a BUXiJIHUX BUBOJAX eJeMelTa
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HasBHAa HAMpyra HU3bKOrO PiBHS, AKa AOPIBIIOE HANpPy3i HacH-
4yeHHs Tpansuctopa VT2, to6to ue 0,1...0,2 B. '

Axmo 6asa Tpansuctopa VT2 GesnocepesiHbo UM uepes HaCcHU-
YeHUH TPaH3UCTOP WiAKMIOYella IO 3araJbHOi NIMHU, TO TPA3UC-
Top VT2 BHMKIEHUH, OCKIIbKH CTPYM iHXEKTOPa 3aMHKa€ETbCs
Ha 3arajibliy IIHHY, MHIIAIOYH HOTO eMiTepHuil lepexia. ¥ ubomy
BUMAKy HANpyra Ha Horo KoJeKTopax BU3HAYAETHCS 30BILiIHI-
MM KOJIaMH. 32 NOC/AiJOBHOTO BMUKAHHS KiJILKOX iHBEPTOPIB IIsi
Hampyra JOPiBHIOE IANpy3i eMiTeplioro HepexoAy HacTYIHOI'o
tpansuctopa. Otxe, ana BJIE 121 CTpaBeA MBI TaKi CHiBBiZ-
womemns: U® = 0,1...0,2 B, Ul = 0,6...0,7 B. I3 uux cnissigno-
1iellb BUIJIUBAE, 110 Jorivnnit nepenan i bJIE I2J1 CTanoBuTh
0,4...0,6 B.

Y pasi BUKOPHCTaHNSI HABEHEHOI CXeMH MOXKHA peali3yBaTH
ocniopHi Jyoriuti onepanii I —HE i ABO—HE. Jloriuny cxemy,
no6y0Bally 11a TPbOX iliBepTopax 1211, 306paxkeno na puc. 16.135.

Oco6uBicTio eementis 1271 € MOXIHBiCTB napaJjeabHoro
BMUKaHHA KifbKOX iXIIiX BUX0oAiB. I3 HaBeJeHol cXxeMU BHILJINBAE,
110 y pa3i NapaJielbHOr0 BMHKAHHS KiIbKOX BUXO/IB Y 3arajtbiii
TOYIli LIOA0 MOYATKOBUX 3MIlIHHX peasi3yeTbcs JIOrivna onepa-
uigs ABO —HE. lllono Buxiguux curuanis eeMenTiB peatisyeThes
Jorivia onepauis I. OTxe, Ko rajibBaHiuTIMIl TTOALA MiXK BXi/IHH-
MH i BUXiJIIUMM CUTTIAJIaMK 11eNOTPiOHui, To Jorivna oncparis [
BUKOHYETLCA 6¢3 Oy/Ib-SIKUX JIOIATKOBUX CXEMOTEXHIUIIUX BUTPAT
npoctuM 06'euanisM Bianosiaunx suxonis BJIE. Mics insep-
TYBaHHS Pe3yJAbTaTy BUKolanoi oliepaiii ABO — HE gomarkoBum
€JIeMEHTOM H[O/I0 IOYATKOBUX 3MiIHNX peati3yeThes JOriuia one-
paniss ABO, a mozao BUXiANKMX CUrHAMIB NepLIMX eJleMelTiB —
onepanis 1 —HE.

BJE 1271 nae 3MOI'y MaKCHUMajblio yniikyBaTv CTPYKTypy
IC, 3uu3uBIIN TLAOULY 1T KpUCTaIa, aGo 3MECHILUTH 11 CIIOAKUBAIII,

y 1

—0 Y1=X, F X=X 1 X

Xo
o-_L__ 1 3 — ==
Xy | ,f Yo=x1 X=X X0
1’2 L.

Puc. 16.15. Peasizania noriunnx oncpauiii 21 —HE i
2ABO—HE na BJIE 1471
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260 MiABUIHATH IIBUAKOAI0. 3a3Bu4aif TPUBATICTD 3aTPUMKH MO-
wrpenns BJIE 1271 3a cTpyMy inxekropa 0,1MKA cTaloOBUTH
10 me. Hpu nbomy eHeprisi mepeMuKaHHsI JUII ITbOTO eJieMEHTa Ha
KiJIbKa MOPS/IKiB MeHIla, Hix ans enementa TTJI.

¥ 3B’sA3KY 3 HEBEJIMKOIO 3aBAJJOCTIHKICTIO, 3yMOBJIEHOIO MaJIHM
JoriunuM nepenaaoM, bJIE 12J1 BUKOPHCTOBYIOTD JIIILle ¥ CKJIAI1
BIC i CBIC; sk okpemi IC mamoro crymenst inrerpauii ix e
pospo6stiors. IIpu 1ipoMy Bxiaui i BuxigHi kosua IC, Burorose-
HHUX 33 TEXHOJIOTIEIO 12]1, BUKOHYIOTb CYMiCHMMHU 32 JOTIYHUMU
piBusamu i3 curnanamu TTJL.

16.6. MynbTuBiOpaTOopM Ha NOTEHLiAHMX
NOriYHUX enemMeHTax

Iepexiani npoiecy, WO BU3HAYAIOTh 9aCTOTY i Nepioll KOJH-
BaHb y MyJbTHBIGpaTOpax Ha TPAH3UCTOPAX, ollepalliifHuX Higcu-
JI0BaYax, JOTiYHUX eJeMeHTax, aHajoriuni. CTPyKTypHO BOHH
TakOX OYAYIOTBCA 3a CXeMaMu: 2 TpaH3uCTOpH 3a cxeMoo CE
a6o 2JIE i3 3amepeuenusm tunis I—HI, ABO— HI, Bkaioyenux
noc1iioBHO. MyIbTHBIGpAaTOpP MaE ABA TUMYACOBO CTIHKUX CTa-
un: oguu JIE (Mikpocxema) 3akpuTuil, iHuIMit — BiAKpHTHIA i Ha-
Braky. ITapamerpu RC-nanmioris, 1o 3a1a10Th 4ac, BU3HAYAIOTh
4acTOTy MyJbTUBiGpaTOpa.

MynbTHBIOpAaTOPU MOXKYTH IIPALIIOBATH B TAKMX PEKUMAX:

* aBTOreHepaTopHHUI; ‘

® peXuM YeKalis,

* pexxuM cHHXpoHizanii (po6ora MyAbTHBIGpaTOpa CHHXPOHI-
30BaHa 30BHILIHIM reHepaTopoM, 1o 3a/1a€).

15t no6ynoBu My IbTHBIOPATOPIB Ha MOTEHUIHHO JOTIYIHX eJ1e-
MeHTaX MOXYTh BUKOpUCTOByBaTHcs eteMenTn ABO-HI, I-HI.
15 6araToBXOAOBUX €JIEMEHTIB HEBUKOPUCTOBYBaHi BXOAHM MOE/ -
HYIOTb, OAHAK IIPH I[bOMY 3pOCTAa€ BXi/IHA EMHICTD i 3MEHIIYETBCA
BXiA1UH omip, a6o miaAKM0YaoTh iX 10 ejgeMmenta I — HI na +E,,
nas enementa ABO—HI — na —E, (3aransHy mmny).

ITpunuunosy cxemy MysabTusi6patopa Ha enemenrax [— HI 306-
paxkeHo Ha puc. 16.16. Tpusarticth

, Y\.Dl DDI ¢opMyBanng iMnysabcy i may3um BH-
. EI_G U 3MAYAETBCS CTAIMMH  Yacy 3aps-
R1 >{C2 ¢ =l mxaHHS KOHAEHCaTOpiB Taapt = CIR1

(t = C2R?2). Pospsamkanus Bia-
Yp2 (Bopa

—Bt . -

‘{{: Ugux2 Puc. 16.16. Tpunnuiosa cxeMa MY JbTH-
R2 2 Bi6paropa na I[IJIE «I—HI»
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OyBaeTbcsl depe3 MiOAM, INO INPHCKOPIOIOTD  Tpoyy = Clrypy
(Tp032 = C2"VDZ)-

PosrisimemMo kosio 3apsigianus kompgelcaropa Cl: C1 3aps-
JKaeTbest, KO efement DD2 3HaXoAuThCA B CTaHi Joriynoi «1»,
npu npomy enxement DD1 — y crani joriynoro «0». Mix Buxij-
HUM 3atickoM DD?2 i fioro 3araibHOI0 MUHOIO eJeMeHT MOXKHA 110~
JAaTH eJIeKTPUYHOI0 Moie/Uno Y BUrsiai okepeaa EPC (puc. 16.17),
ne Ry,  — BUXiaHHil Omip eJeMelTa B CTaHi norivnoi «1», E” —
EPC mxepena (uus cepii K155 E”"=3,5B, R;,, =500...
...600 Om).

Kouo sapsamxanns konaencatopa Cl: Bin +E;( mxepena EPC

”

4epes BUXiAHui omip enementa DD2 Ry, , xougencarop Ct i
pesuctop R1 na xxusnenns EPC E”. Y momenr mepemukanns
ejemedta DD2 y cran Jjoriunoi «1s, #oro BHXiJHy Hampyry

UpxpDD2 = 3,9 B (ana cepii K155) 6yne npuxiazeno o Bxoay
DD1, ockinbku B Moment xoMyTallii Uy = 0, npu 1iboMy BuXiAna
nanpyra enemedta DD2 U, - ppy 3Menmyersest o 0 B. Y myabTu-
Bi6paTopi Mae Micue 1-if THMYacoBo cTifikuil ctan (DD2 y crani
Joriumoi «1», DD1 y craui soriynoro «0»). ¥ Mipy 3apamxanus
konjencaropa C1 nanpyra na sxoai DD1 sMemuycethes it y Busita-
Yeli MOMENT yacy gocsarae rpaimyiioro pisas U nop w wop = b 5B

aus cepii K155), 3a sixoro Big6yBactbest nepeMukaniss DD1 y cran

Joriunoi «1», 1o BiAnoBigno nepeBoauTs eneMent DD2 y cran
goriygoro «0». Ilpu uboMy Big6yBaeThcs mepexisi cxeMu B 2-H
TUMYacoBO CTifikuil cTan. Y uboMy crani kongencarop C1 pos-
psikaeThes, a koHaencarop C2 sapsmxaerbes. /st Kosta pospsi-
mxanusa C1 enement DD2 snaxomurses B ctani aoriunoro «0s.

Mix BUXigHMM 3aTHCcKadeM i 3araabnolo mmnoio DD2 Moxna

TO/IaTH TaKoIo e/ieKTpuuHoio Moaennio (puc. 16.18), ne R, —

BUXiZHUI omip ejieMenta B craui Jjoridnoro «0»; E° — EPC
woxepena (s cepii K155 E'=0,2...0,3B, R}, =100 Om).

Y pasi pospsakanns kougencatopa C1 pxepenom EPC y koni
€ Upy Wey = E"=3,5B). Kono pospsypxanisi Konjencaropa
Bif +Uc, uyepes R;mx, npotu EPC E' i npaAMui onip aioja
(R1>> rypyy i Bonu BBiMkHeni napanensno) na —Ug,. Po3ps-
JOKAHIST KOHZAENCATopa BiGYyBAEThCA IBHAKO BHACTIJOK Mol
nocTiiinoi 4acy pospsgxanus C1, ToMy MOMeNT HACTYINIONO T1e-

pemuKaiia Busnadaerses gocarnemaM Uy, ppy =U, ;. Cxema
3HOBY NepexoauTb y 1-H THMYacoBO CTiHkuH cTall.
OcuustorpaMit po6oTH MyJIbTUBIOpaTOpa 306paxketi 1a puc. 16.19.
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stl
U \ \
nop 5 T
g /
Usgxe
L/nop : ‘/”_}
i i
Puc. 16.17. Mopens esieMeH- 4 tz( (

ta DD2 y craHi Joriynoi «1»
st2
R r ‘
DD2 K\¥

stl

N

.

0 t
Puc. 16.18. Mogens eneveHTa Puc. 16.19. OcuunorpaMu poGOTH MY Jib-
DD2 y crasi sorignoro «0» tuBi6paropa Ha [IJIE

Po3paxyHOK TPHBAJIOCTi iMIyascy i nay3u My abTuBiGparo-
pa. Tpupasicts iMirysbcy MysabTuBiOpaTopa na ILJIE pospaxo-
BYIOTb 32 GOPMYJIOI0

1
- U
b = (R +RL_)Ct1n e =7 s * Urt.

nop

TpuBanicts may3u MyJbTHBI6paTOpa PO3paxoBYOTh 3a ¢op-
MYJIOI0

(]1

)C21In BHX___ "~ BMX + URZ ]

—(R2+R

BHX
nop

st cuMerprunoi cxemu R1 =R2, C1=C2i R> R}mx , TOMi

U1
=ty = RCln—2—

nop

axuo Uy, =0; 10 =0,3...0,5 MA.

BMX + UR

ne Ug =10R; 1% =1

BX?
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st 3a6esnedenHss HOpMaIbHOI po6OTH My IbTHBIGpaTOpa I1MO-
Tpibuo BukoHaTH YMOBY Up < Unop, 1[0 3YMOBJIOE 06Me>1<eH}m
Ha BepxHill piBeHp Beauuuiu pesucropa R. Axmo I =0,5 MA
(nna cepii K155) smauenns R He Mae nepeBnuxyBaTn BeJUYUHHI
2...2,5 kKOm.

Huni icHytoTh MyJIbTUBIOpaTOPY B iHTErpaibiOMY BUKOHAHHI:
218TM1(2) — BuMarae y3rojkeHHs piBHA curiauis; K218Td1
Mae esieMeHT Hesinifinoro 33, 1o 3abesneuye M’ siKe 30y/IKeHHs.

16.7. OpHoBiIGpaTOpK
Ha NOTeHLNHUX NOriYHUX enemeHTax

OunuoBi6paTop — reHepaTop OAUHMYHUX IMITyJIbCIB, 3arajJbMo-
BaHMH MyJibTuBIOparop. Akmlo nogaBaTH cepilo OAHIHYHEX
iMnyssciB Ha BXim, To ogHoBi6partop 6yie BHAaBaTH cepilo
iMnyabcie Ha Buxonai. Cxemy omHoBiGpaTopa Ha JIOTIYIIMX eJle-
menTax I—HI (puc. 16.20) MoxIia oTpUMaTH 3i CXEMH aBTOKO-
JIKBAJBHOTO MyJIbTUBI6paTopa Ha THX CaMHX ejeMenTax (uB.
puc. 16.22), BUK/IIOUUBILIM 3 OCTAHHBOI O/IHE KOJI0, 10 3a/1ac Yac,
R2, C2 3 niogom VD2. [Ipoiiecu reitepyBalilis iMITyJIbCiB B OHO-
Bi6paTopi aHasoridii mpouecaM B aBTOKOJHBAJIblIIOMY MYJbTH-
BiGpaTopi.

OcintorpaMu po6oTH 04HOBiIGpaTopa 306paxeni 1ma puc. 16.21.

O/HoBiGpaTOp Mae OUH CTIHKUI Ta OJUH TUMYACOBO CTiHKUI

" cran. Y BuXigHOMy cTaui cTifikoi pisuoBard (JIO HaZAXOMKEHIIA

iMIyJIbCy, w0 3amyckae) goridimii eneMent DD1 sakpurnit i U,
A0piBHIOE piBHIO Joriunoi «1» (ame. puc. 16.21). Takuit cran
eseMenta DD1 3a6e3nedyeTbest MiAKIIOYEHHSIM 10 HOTO BXOAY
pesucropa R1 HeBenukoro onopy. Jloriunuii enement DD2 Bizicpu-
THIT BUCOKUM PiBHEeM BXiJHOI HaNpyry, A4Ka HaAXOAUTDH Ha OUII i3
floro sxoxis. [lpu nvomy xongencatop C1 po3pspxenmii.

VY pasi noaaui 1a Bxin
CXeMH B MOMEHT qacy 4
HETaTUBHOTO IMIYJbCY VDI DDI
sanycky (piBeHb JioriyHo-
ro «0») enement DD?2
MepexXo/iuTh y 3aKPUTHHA
cTall i Hampyra Ha HOro
BUXO/i AOCATA€E PiBHA JIO-
rivnoi «1». Lel mosu-

Uauxl

Puc. 16.20. Ilpunmnnosa
cxeMa ogHoBiGpaTopa Ha IIJ1E
«[-HI»




U Puc. 16.21. Ocuunorpamut poGoru 0HO-
san Bi6bparopa Ha IIJIE
0 7 TUBHUI cTpu6OK Hanpyru U, o TIe-
1 pedaetbest yepe3 xoupencatop Ci
Usxi U Ha BXig esnemeHta DD1, 3akpun-
U R Balouy Horo. Hanpyra U, 4 3Hu-
Hop XKY€ETbcs A0 piBHA Jjorivuoro «0».
0 1. t  Konzencarop C1 npu upomy 3a-
pPSKAETbCs, HAIpyra Ha ioro o6-
KJaaKax 36impnryerses, a U axt A
Usnxl . .
UL : pesucropi R1 3Mennryerbest. Axio
o Ugux UBx1 = Unop (axmo ¢ = t2) , BLAGy-
BaETbCSl IepeKHIaHHs OJHOBi6pa-
0 ;  TOpa, K i B aBTOKOJMBAJIBIIOMY
MyJIbTUBIGpaTOpi (muB. yacosi mia-
Usixz rpamu Ha puc. 16.21 i puc. 16.19).
Uénx U0 Ha nsomy 3akindyernest popMyBaH-
R HA IMIysbcy i opmosi6partop me-
PEXOAUTD y BUXianui crilikuil cTan
0 {  piBHOBaru.

Tpusanicts nepeGyBanusg cxeMu
B THUMYacoBO CTiHKOMY CTaHi BH3HAYa€TbCs CTAJI00 4Yacy 3aps-
JUKQHHS KOH/JIEHCATOPA Ty, = RC. PeryaoBaHHS TpPUBAJIOCTi
iMITyJIbCY 3AIICHIOETHCA CTAJIO0I0 Yacy 3apAlKalHa KOHIeHCaTo-
pa Ty Crasa yacy Moxe 6yTH Bi/l COTeHb HaHOCEKYILX A0 OJH-
HUIb CEKYHJ.
IMryibe, L0 3amycKae, MOBUHEN MaTH HU3bKUH piBeHb (abo
KODOTKe 3aMUKAaHHs Ha 3aralbily WHHY); o0 o < iy, KPIM TO-
£ Liei cepii, mo6 y DD1 i DD2 Bin6ynocs

ro, t >21

3a11 min 3anJI

IEePEMUKAHHA).
PospaxyHok TpuBaJjocTi iMnyascy oaHoBiGparopa. Tpusa-

JicTb iMnybcy opHoBi6paTopa Ha IIJIE pO3paxoByIOTh, sK i IS

MyJbTUBi6paTopa, 3a GopMy.I0I0

ul vy 4 U
t, =(R+R;“xIMc)c11n Bax _pux "R
nop

ne Up=I0R; I° =1, axwo Uy, =0; I =0,5mA.
Jlns 3a6esneyenns HOPMaIbHOI PO6OTH My IBTHBIOpaTOpa I10-

Tpi6no BukoHatH yMoBY Up <U nops WO 3YMOBJIIOE o6MesKeHs
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Ha BepXHill piBeHs Benunuuny pesucropa R. Axilo ng =0,5 MA

(mna cepii K155 snadenns R He Mac MepeBHIIYBAaTH BeJWYHITH
2...2,5 xOm).

KoHTponbHi 3anutaHHs i 3aBAaHHA

. JlafiTe MOHSTTS IO3MTHBHOI i HETATHBHOI JOTIKH.
[lepeniuitTs OcHOBHI cTaTMCTHYHI # AMHaMiyHi napaMerpn nudpPOBUX
CJIEMEHTIB. )
Sxi joriuni pyHKuii MoxHa peanisysati Ha JATJI-cxemax?
IMepeniuity BapianTn Mogudikauiii enementiz TTJI-tuny i Mery, ana
pillleHHST SKOT BOHU 6YJIH PO3POGJICHI.
Unm nosicHoeThest omnpersa enementis TTJ-tuny?
Y uwoMy mepesara ciaeMcHTiB M H-Tumy?
Axa cxema € 6a30B010 4714 JoTiyHuX eacMentis M/AH-tuny?
~SIxi 0co6AHBOCTI MOTiYHMX €JIEMEHTIB I2Jl-mny?
TlosicHiTh NpUHUUT POGOTH JOTIYHUX eJeMeHTiR | JI-tuny.
. IlpoBeaite mopiBHANbDHUN aHaJi3 JOTiYHUX €JCMCHTIB 32 OCHOBHUMM
KIacudikalitHUMU 03HAKaMH.
11. Tlokaxite KoJ0 3apsaKkaHHa kKoHAexcaTopa Cl i cTanu JIOTiYHUX eJic-
MEHTIB, IO 3a6e3MeYyIOTh HOTO 3apsIIKaHHA.
12. TlokaxiTs KoJO po3psakanwHsa KoHAeHcaropa C1 i Bigmosigni cranm
JIOTIYHHX €JCMEHTIB.
Yomy mnanpyra Up Mac 6yTH MCHIIA 32 TPaHUUHY U"op? HoscHiTh
disuany cyrs U,

o om

SemNan

-

13

op*



Pozgin  KOAYBANbHI MPUCTPOI.
17 AHANOro-LUndPOBI
- N UWDOPOAHANOrOBI
MEPETBOPIOBAUI

ITix wac uudposoi o6pobxu ingopmanii Bci gocaijrxyBani Be-
JVYMHY TIOAAI0TBCS Y AUCKpeTHiH dopMi a6o y Burisai mudpo-
BOTO KoAy. SIKIO NoChiKyBana BeJMYMHA 3a/1aHA HEEPEPBHOIO
dyuxuieio (y BUIIAAI aHATIOTOBOrO CHPHANY), TO Tlepes; 06poGKOIo
ii caig nmeperBopury na uudgposy ¢opmy. Take neperBopenHs
MOXKHA 3QIACHUTH JMIle Y AUCKPETHI MOMEHTH 4acy, OTXke, Tpeba
3aaTy inTepBas Auckperusarii 3a vacoM (T), a MOTIM BU3HAYHTH
3Havenust GbyHkuii y ui Momentu yacy (puc. 17.1). Ili snavemns
¢dyuxuii HazuBaoTs ¢ubipxamu. IoTiM 3HaYenHss 1UX BHOIPOK
nepeTBOPIOIOTH Ha uudpoBuil kox. Takuil Merox muckperusarii
Ha3UBAIOTDb Juckpemu3sayieo 3a yacom. 11lo Meninii intepBan am-
ckperu3alii, To TouHine nepenaetbcs ¢ynxuig. OAHAK 32 MATUX
Ty noTpi6uuit BeJyKuit 06CAr IaM'ATi Ta BUCOKA IIBUAKOIIS KOH-
Tposiepa; T 4acTo BU3HAYalOTh, BUKODUCTOBYIOUM TeopeMmy Ko-
TeJIbHUKOBA Ta HOTOKYIOUY Mepiof AUCKpEeTU3alil 3i ciekTpatn-
HOIO XapaKTEePUCTHKOI0 JOCTiKyBanoro mpouecy f(t):

1
Ty ==,
2f,
le fy — BepxHsa YacroTa crextpa dyukuii f(t).
Y saranpHOMy BUNAZKY TepeTBopioBaHa GYHKILIS Moxe OyTH
noJaHa IOTOYHMM 3HAYeHHSM TPHUBAJOCTI YacOBHX iHTepBasiB

a60 NOTOYHNM 3HAYCHHSAM BEJMYUHY HANPYTH 94U CTPyMiB. Po3pis-
HIOIOTh KOAYBallHA YaCOBUX iHTepBaJiB i Hanpyr.

17.1. KoaysaHHA 4acoBUX
iHTepBaniB i Hanpyr
Hexait posrasanyra ¢hyHKLis Bigo6pakye 6yAb-IKuil 1acoBuit
inTepBas. Ak npuxJaZ MOXHa BUSHAYUTH iHTEPBAJ 4acy MiX ITO-

cJanuM i BiZ6uTUM BiJ HUiMl CHTHAJIOM PaliosioKaTopa 3 METOIO
BH3HAYeHNs Bijcraui Jo 1el. Ipucrpii, 3a J0oMoroio SKoro Moxxia
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Puc. 17.1. HenepeppHa ¢yHK-
mist 3 BUGipKaMu ()

BUMIpPSITU YacOBUii iTepBa,
306paxkenio Ha puc. 17.2, a
4acoBi miarpaMu foro po- T,
6otn — Ha puc. 17.3.

IToyaTkoBuii iMmyJibc U,
(mocunanns iMmyabcy pa-
JOJIOKATOPOM) HAIXOMUTh
Ha BXin S tpurepa T1 i BcTaHOBJIOE oo B craH JOriyHoi «1», a
iMoysiee Kinns U (npHxia BiAGMTOrO cUMrHaTy) HAJAXOMUTH lia
Bxix R rpurepa T1, BCTaHOBMOIOYHY HOro B cTall Jorivnoro «0».
Ha nepumit Bxia cxemn 36iry C1 nagxoants curnian Uy Big Tpu-
repa T1, a Ha apyruii BXig — TakToBi iMmysbcu U,. Ha Buxoni
cxemu 36iry C, HasBui JMlle Ti TaKTOB iMITy/IbCH, IO IOTPAns-
I0Th B iHTEPBAJI 4acy MiX HaAXOKeNHsIMH iMiyasciB U i U —
t,. o BHa TakToOBa YacToTa curiaiy U, To ToYHille BAMipIOETbCS
intepsax t, (nuB. puc. 17.3).

KinpkicTp iMIIy 1bCiB BiZIiTy€eThCS NiYMABHUKOM, 316paHuM I1a
tpurepax T2, T3, T4, i 3a curnajoM 3UHTYBAHHS Yepe3 CXEMH
36iry C,, C3, C, 1eif Ko/l BUCTAaBJIAETbCA Ha BUXOAi cxeMu. Yucno
pPO3pPAAIB JiUNJIBHNKA BUOHPAETHCA 32 YMOBHU:

2NT > ¢

Kmax?

3BiJIKM BUILIUBAE, 1O YUCJIO PO3PAAIB JdiunabliHka N

N2 ln%—/an.

T

L _JIi'-IHJIbHHK
Tl Ir— T2 T3 T4
YL s|T U & S T 45 T T &

YcraHoBNIeHHS HYJIs

CHrHan 34YHTYBaHHA & 1Co Cs C4
é - & (@)

Buxiguuit aABIAKOBUH KoJ

Prc. 17.2. TIpucTpiii mcpeTBOPCHHA YacOBOro iHTEPBaLY Ha IUpPOBHUIL KO
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Puc. 17.3. Yacosi agiarpamu po6oTH IIpH-
CTPOIO KOAYBaHHS 4aCOBOIO iHTepBaly
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oy
U(t) =
— Un —

Puc. 17.4. CxeMa KogyBaHHS Hanpyru

3a pificHoro 3HavyenHsA yucaa N CJiJ 3aCTOCYBaTH Oijbllie IIije
YUCTIO.

CxeMy meperBopeHinst ananorosoi nanpyru U(t) na undposuit
kox 306paxkero Ha puc. 17.4. Bola ckJiaJa€ThCsa 3 JBOX YaCTHH:

* cxeMu neperBopenns Harpyru U(#) Ha mpomopnifinuit fiomy
4acoBUH inTepBaJ tys
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¢ CXeMHU [IEPETBOPEHHS YacoBOro iHTepBa/ly Ha uudgpoBuil xoa
(poGoty wuiei cXeMu PO3IJISHYTO BHIIE).

TakToBuiif curtaJ U, HaaXonuTh Ha TOMiIBHUK Y4acTOTH, KU
¢dopmye cursan 1moyaTKy nepersopeHHs U, 10 HagXOTUTb Ha
CXeMy IepeTBOPEHHS YacoBOro iHTepBany Ha 1uposuii kog. Ilix
aiero mboro curnany tpurep T1 (nus. puc. 17.2) BcTaoBJIIOETH-
Cs B CTal JIOTiuHOI «1» i curman crpobysanma Upy HaAXOZUTh
[OJATKOBO HA reHepaTop Jiliiino aminosanoi nanpyru (IVI3H)
(anB. puc. 17.4). Ticas uporo curnany TJI3H noynnae ¢popmy-
BaTH MUJIKOTOAIOHY TiHifiHo 3pocTalody Hanpyry, 1o HaAX O[ATh
Ha BXi/| cxemn nopisusinus (komnapatop). Ha apyruit BXif koM-
naparopa HaAXOANTH BXiauuit curnan U(t).

Axmo Bxiana manpyra I'JI3H nocsrae snavenns (UFJISH >
2 U, (t)), cipaipoBye KoMmapaTop Ta ¢GpopMye iMIlyJIbC KiHI
Uy, mo nepemuxae Tpurep T1 y cran soriunoro «0». 3a siniitaoi
sajexnocti Upyzg(t) TpuBanicts t mix iMnyabcamu Uy i Uy
nponopuiiina U,,. Omxe, nndpoBuil KOA cXeMH NlepeTBOPEHIIs
YaCOBOTO iHTepBaTy Ha KoJ 6yae nponopuikinuii (4 gopisHioBa-
TUMe y BiAMOBiANOMY MaclnTaGi) BUMipIOBAHOMY BXiJIHOMY CH-
rinany. Curnaia jgorignoro <0» na suxoai Uty dpopmye 3BopoT-
uni xig IJI3H, cucreMa noBepTaeTbes y mov4aTkoBHit cTal i ye-
kae 4eprosoro iMnyascy (Up), 3yMOBJIEHOTO TAKTOBUMH iMITYJIb-
caMH.

YHacosi giarpamMu po6oTH cxeMM KOAYBalllld HANPYTH HaBejle-

1o ua puc. 17.35.
NIRINIE
t

UTT” AN
U,,T l. t
Urron| ™™ VU= U \_
U, ” ,

Ugp

g IRININININE|

Puc. 17.5. Yacosi aiarpaMu po6otn cxeMmu
KOMYBaHHA HanpyrTu
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17.2. AHanoro-ungpoBsi nepeTsoploBaui.
OCHOBHI. XapaKTepucTuku i napameTpu

Ananozo-yugpposuii nepemsoprosay (AL[I1) — npucTpiii nepe-
TBOpEHHS aHaJOTOBOTO CUTHamy Ha 1udposy dopmy (1udposuii
kox). Iudposuit curnan ua Buxoai ALl noxaeTbes y BUrasai
IOBiIKOBOTO CJI0Ba 260 MOCIZ0BIOCTI iMIYJIbCIB, TOOTO y opMi,
3araJsibHi# i3 MIMHOIO JaHUX IIEBHOTO MTEPCOHAILHOIO KOMII I0Tepa
abo Mikpormpollecopiol cucteMu. [cuye 6e3iid cmoco6ir nepe-
TBOPEHHS AHAJIOTOBOTO CUTHAMY Ha HugpoBuit kox. Yacro aHa0-
TOBHIl CHTHAM IEPETBOPIOETHLCS Ha MPOMiKHY dopMy (TpuBaiicTh
YacoBOTO CHIHaJy aGo Y4acTOTy), AOCTYMHINIY AJIS BUMipIOBAHHS
y uudposiit ¢opmi. [ToTiM npomixkna ¢opMa NMoOpiBHIOETHCS 3
€TAJIOHHOIO, Y PO3IJIAHYTOMY BHIAJKY L€ YaCTOTa TAKTOBOTO Te-
HepaTopa U, 4YUCJI0 iMIyJIbCiB AKOTO 3a BUMipIOBAHUH iHTepBaJ
yacy ty Bifsiuye aivunapHuk. Oanak He B ycix tunax AIIT curnan
NepeTBOPIOETLCA Ha IpoMixiy ¢opMmy, ase B ycix AIIII anamoro-
BUil CUTHAJ MOPIBHIOETbCA 3 eTatoHHuM (TAaKTOBUM iHTEpPBaOM
a60 cTabiNi30BAHOIO HAIPYTOIO).

OcnoBunmu xapakrepuctukamu ALIT e:

e ToyHicTh (1OXUO6KA);

® TPUBAJICTb TePeTBOpeHHs (LIBUAKOLIS);

* TUHAMIYHMH Aiana3oH BXiAHOro CUTHaLy;

* BXigHui omip R, ;

» Buxiguuit onip R

TounicTs BH3HAYa€TbCS KiNbKICTIO PO3PAAIB BUXIUOrO CJI0BA.
Hecarupospamui ALl MaloTh BigHOCHY mOXUOKY Gausbko 0,1 %,
nasamaauatupospaani AIIT — 0,01 %. Tpusanicts nepersope-
us (WBKMAKOAiA) — 1€ yac, MOTPiOHUHN A/ OTPHMAHHS BUXiTHO-
ro ABilikoBoro ciosa (Koay) micjs mogayi Ha BXiZ BUMipIOBaHOI
uanpyru U,;. IIpudoMy TpUBaXiCTh TIEPETBOPEHHS Di3HUX THILB
ATIIII craHOBUTH Big AecATKiB YAacTOK JO COTE€Hb MiKDOCEKYIII.
Nunamivnuii fiana3on BXiHOTO CUTHAJY BU3HAYa€ThCs 3HAYEH-
HSMM MiniMaJbHOTO I MakCHMaJbHOIO BXILHMX CHMrliafliB IOT0
BHpAasy ‘

D — UBXITIBX

C U ’

Bxmin

ne U BX max Bi/IMOBia€ MaKCUMAJAbHOMY 3HAYEHHIO BUXIAHOIO
kony ALIL UBX min
BUXiJHOTO KOAOY.

— BiANOBiZIa€ PiBHIO MOJIOALIOrO po3pany
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(0) Crapuuit pospsia A

<+
f1/4UOﬂ

I

Puc. 17.6. AIIIl Ha mapajelbHUX KOMIIapaTopax

Omip Al i3 60Ky BXiAIIMX i BUXiAIHUX 3aTHCKAYiB (s kox-
HOTO PO3PS/ly) XapaKTepU3YEThCA BiATIOBIIHO 3HAYeNNAMU R, i

BHX®

Cxemy ALl na naparervuux xomnapamopax 3o0pasxkeno 1a
puc. 17.6. dna 36inbumenis pxiaioro onopy AlLIT i po3p’a3ku
KOMNApaTopiB BiJ JKepeJa BXiJIHOTO CUTHAJY BUKOPDHUCTOBYIOTh
OydepHuii migcnmosay, 3i6paunii Ha OIIIIC y pexxumi mopropio-
Baua 3 100 %-M 3BopoTHUM 3B’s13koM. [IpH LLOMY crocTepiraeTbes
ZAy>XKe BHCOKHI1 RBx I Ayxe HU3bKHUIA R, .

Tabauys 17.1. Ctan xiniit AINII i #foro Buxianoro xoay 3anexkHo Bij
PiBHIB BXigHOrO cMruany

Bxiani curianan A B C D h1 b2
3
ZU"“ <Upgy 1 0 1 0 1 1
Ly <Uyy <3U o | o 1 0 1 0
3 Yon <Upgx <Z on
1 1
ZUOH <qu <-§U0" 0 1 1 1 0 1

1

U,y <ZU°” 0 1 0 0 0 0
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Jlxepesa onopHoi HAIPYTH, OTPHMaHi 3a JOIOMOTOIO IO/i/Ib-
HHKIB Ha TpeUU3ifiHuX pe3ucropax, 1[0 BUKOPHUCTOBYIOTh Hapa-
MeTpPHYHUI a60 eJeKTPOHHUE cTabi1i3aTopH, HAIPYTA AKHX HAT-
XOIUTh Ha BXOAM KoMIIapaTopiB Ges imBepTymanius DA, DA,,
DAj;. Ha Bxoam koMmapaTopiB 3 iNBepTYBaHHAM IOJAETHCA
BXiZHMU curHai 3 6ygepHOro mizcuaioBaya. ‘

Sxmo Ha Bxodax kommapartopa: Ugy > Uy, — Ha BuUXoAl
KoMITapatopa (pOpMYy€eTbCsl CUrHaN Joriunoi «1s; U, <U, ., —
Ha BUXOJi KOMIIapaTopa $hopMyeTbcs CUTHal JoridHoro «0».

Hnsa sxiguoro curmany Uy, = 0,6U,; Ha cxeMi 3a3Haveno
Jorivai crapy JAiHill i BUXigHui koA. CTaHM KOMMapaTopiB 3a
JOIIOMOTOI0 JIOTiYHUX CXeM IepeTBOPIOIOTbCS Ha ABiHKOBUH
nugpoBuil KOX, 3HaUYeHHS SKUX MPONOPIIiiiHe BXiAHOMY CHTHALY
(taba. 17.1).

17.3. UndpoaHanorosi nepeTsopioBavi.
CTpyKTypa, OCHOBHI XapaKTepucTuku
i napameTpu

Higcucrema BuBoay indopmanii, uo 38's3ye EOM yu MII
CHCTEMY 3 alapaTypol0 KepyBaHHs TEXHOJOTiYHHUM ITPOIECOM,
0608’ A13K0B0 Mae nugpoaHasorosi mepersopiosadi (IAID). Ile
3YMOBJIIOETBCA TUM, 110 OCHOBHI BUKOHaBYl MeXaHi3MU KepyBaH-
Hs TEXHOJIOTiYHUM [IPOLECOM PO3paxoBaHi HAa aHAJOrOBi CUTHA-
JIM, TOMY BOHHM TIOBUHHI MaTH NMPUCTPiH, SIKUI TepeTBOPUTD 1M PPOBi
KOJW Ha aHaJIorOBi CUTHAMMN.

[Ipuctpiii nepersopenusa 1UGPOBOrO KOAY Ha IPONOpliiine
oMy sHavents adanorosoi enmunnu (Hanpyru U a6o crpymy /)
Ha3uBaIoOTh yugpoanaiozosun nepemgoprogaiem (LIAIL). Binb-
micts AT ckragaroTbest 3 1'9TH (YHKIIOHANTBHUX eTeMEeHTIB
a6o moxyais (puc. 17.7):

e pericTpa I CXeMH KepyBaHHd,

® AHAJIOrOBOTO KJII0Ya;

* JpKepesia onopHoi Hanpyru (etasone 1Kepeso);

® eKOAyBaJbHOI CXeMU;

® NIiJCYMOBYBAJbHOTO MiACKIIOBAYA.

Ocnosni posxopkenns LIAIL crocyioTbest crioco6iB 3'equans
Ta BUroToBJeHHS MoaysiB. [lo xapakrepuctux I[AIl Hanexars:

* TounicTp (TMOX1n6Ka);

® DO3IIII0BaJIbHA 3JaTHICTD;

® TPUBAJICTb IIE€PETBOPEHHS,

e niama3oH 3MIHM BUX1JHOI BEJIUYUHU;
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Etanoune

/ JCKepesio
Uudposuit \\ Ananorosuit

KOZ Perictp, - - N BHXIiJ
RO | cxema |m|AHAIOTOBI TigcymoByBasb
KepyBaHHS Kimioui HUH MiACHIIOBAY >

Puc. 17.7. OcHosui dyHk- \ Tlexonypanbia /

HioHaJbHi 6moxku I[AITI i exema
MOKJIUBC iX KOMIIOHYBAHHSI

¢ noBHUH BUXiAHUH omip (Zgzyuy);

* TeMNepaTypHHi KoedillieHT HecTa6iTbHOCTI.

Tounicmv — BIIXUWJICHHA RKIHCIIOI BUXIAIOL allaJOroBO1 BeaH-
4yyHY BifA i1 Teopermynoro suadeliHd. Ha rounicte LAII BnsnBa-
I0Tb 3l{aYeHHS OCHOBHHX IapaMeTpiB i TeMmeparyphui apeidu:
€TaJIoIHOTO JKepeJa, MiAICYMOBYBaJIbHOTO MifICHIIOBAYa, JEKOAY-

-BaJIbHOI ¢XeMHU H aHaJOTOBHX KJIIOYiB.

Po3dinwearvna 30amuicmy — MiHiMaJIbHe 3HAYEHHS BXifioi
BEJIHYHHHU, fAKe BU3Ha4Yae BIANOBIAHY 3MiHY BHXiJHOI BETUYHHI

A - 1//271’

e n — PO3PAAHICTb KOXY.

Illo 6imbura pospsaunicts uH@posoro koay Ha Bxoxi [AIIL, to
BHIIA Horo posainioBaiblia 3TATHICTD.

Tpusaricms nepemsopenna — iNTePBAJI 4Hacy MiX HaAXo-
mxennam uudposoro xony ua Bxix HAII ta yacoM ycranosnen-
HsI BianoBigHOro oMy 31adeHlls HaNpyru a6o cTpyMy Ha BHXO-
Ji. BoHo mepeBakHO BM3HAYAETHCS IBUAKOIAIEI0 KJIIOUIB 1 feKo-
AYBaJBbIOI CXEMHU.

Hianason 3minu nanpyeu (U) abo cmpymy (I) — uoBIa kasa
aMinu nanpyri Big 0 10 Ugyy max a60 cTpymy 814 0 10 1y max.

ITosnut euxionui onip I[AIT (Z,,x) — BU3IAYAECTBCA 3 GOKY
BUXIZHUX 3aTvcKadiB. BiH 3/e6iMbIIOro 3aJeXUTh Bil BUXiAIOrO
onopy MiCYMORYBAJIbHOTO MIJACHJIOBAYA | Ma€ AECSTKY — COTHi
OMIB.

Temnepamypnui xoegiyicnm necmabirvnocmi (TKH)
ATl — BuM3HaAyaeThCs cTyneHeM 3Minu BUxignoi nanpyru (U)
a6o crpymy (I) Big temneparypu %/ °C) y poGodomy Aianazo-
ui Temneparyp. Y po6ouoMy mianasoui temueparyp ¢ = 0...40 °C
(m0 220 °C) 3a TKH =0,01%/ "C oTpumaeM0 3HAYEHs BiHOCHOL
noxubku LIATIT Big TeMieparypu B Mexkax aianmasony & = 10,2 %.

PosrasueMo cnentudiyui gist HATT nexoayBasibii cxeMd, OCKijib-
KM IOGYIOBY CXeM, aHAJIOTOBUX KJIIOUIB, JHKEPEN ONOPHO] Nalpy-
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TY, HiACYMOBYBAJbIINX MiJACHIIOBAYiB i PETiCTPiB BHCBITJEHO y
BiANOBIAHKX po3aiiax.

Aexodysanvna cxema npusHadeHa ANd 3abe3neyedna Ha ii
BUXO/I aHaJoTOBOro 3HaYEHHs HAampyTrH, abo CTpyMy, 3llayelHs
AKUX MaloTh. 6yTH NPOHOPILiliHi- BXIAHOMY IUPPOBOMY KOAY.
ITpouec nexoayBamilg NPUIycKae MiAKIIOYEHHS HalpyTi abo cTpy-
My BU3HA4IeHOI BEJIMYHUHHU 3a JOTIOMOTOIO aHAJOTOBUX KJIIOYIB Ta
NiACYMOBYBaHHS pe3yabTYIOUMX Hamlpyr abo CTpyMiB BiANOBiA-
HIM unHOM. Koxkua 1udpa 1eK0J0BAHOTO YUC/IA KEPY€E OKPEMUM
aHaJIOTOBHM KJIOYeM, | BeJIMYUHA CUTHANY BiJ €TaJI0HHOrO JIXKe-
peJia 3BXKYETHCA BiAIOBIAHO N0 3HAYEHHS MO3MUIT KOAY YUCTA.
Po3pisnaoth cxeMu 3i 3BaKeHUMU pesHCTOpamu - i Gararosai-
KOBi CXeMH Iia Pe3nCTopax.

3eaxeny cxemy Kepysanus Hanpyz0:0 nasezeno Ha puc. 17.8.
Bomna cxknanaeThea 3 ananoroBux KJIodiB S;—S;, jkepesa era-
JonHol Hanpyru Eqy i BUCOKoTOUHHX pesucropis. Po6ota cxemu
IPYHTYETLCS Ha TOMY, 110 KOJIHU -1 po3psa AOPIBIIOE JOMYHIN «1»,
TO KJII0Y Sk HiAKIIOYaeThCH A0 Eqy, a AKINO 1-1 po3psaz aopisHioe
JgoriunomMy «0», To KM04 Sy MiAKAIOYAETHCA A0 CHiAbIOL IMUHY i
et pospsn He Gepe ydacti y dhopMyBaHHi BUXigHO! Hampyru.
Bemuuunty G BHOHPAIOTh TaK, ui06 BHECOK KOXKIIOIO 1IACTYTIHOTO
po3psiny y opMyBanld BUXI/IIOT HAIPYTH 3MEHUTYBaBCs BAB{i.

Buxiana nanpyra IHAII gua 6yap-aKoro xoxy

Uy = i Un, = Eon i A 211—k
0~ 0k — G k ’
k=1 M1+ .65_ k=1

ae Ap = 1, akmo -ii po3psia fopiBuice ogununi; Ap = 0, sxito
{-# po3psaa ZOpIBHIOE HYJIIO.

Buxiana nposiauicte yciel cucteMu nocTiiina i BUsHavaeTbhCs
3a BUPa3oM

+E,,
L — 1 —©
L J L J L

S,, S,,-] S,.-z Sl SZ
G [leg{l2%¢ - -- 2G| |2™'G
. hd i (/o
S i
Q %,

Puc. 17.8. 3BaxcHa cxeMa KepyBaHHS Halpyrow
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Puc. 17.9. JlankoBa cxeMa KepyBaHHS Hallpyroio

.

S =y Bytepni] | Habip Jexony-

3 & KacKai¥ | | kmiouiB | |BanibHa Rs3

=4 5 ) 1 1 cxema

?E( - 1 B

3¢ |5 el | e[RRI

- E( 2 - ——
g . ) i b + Bux
Q
3 n —n —n _I: =-lRa3

= I°

Puc. 17.10. 3aranpda koHpirypauig LLAIT 3 acxoayBanbnon cxeMow

B 1o |ksr2 ;:%4)—+5B
—1 1 | A2 |UL}F=—+15B
SN 48 Is
o I 18
22111 I, 2

30 + Usx
6 I
o1 | & T4 .[ I
2Ll g GA
8, ap 22

-

Puc. 17.11. HAII B inTerpassHoMy BHKOHaHHI

To/i st1ayeHHs nosHoro Buxiauoro onopy LIAII cranosutuMe:
Ruux =1/ GO'

Hasenena nexofyBasbla cxeMa Ma€ MepeBary, sIka HOJISATaE B
TOMY, 1[0 BOHa MiCTHTb MiHiMaJjblle YUCJIO TIPEUN3iHIX pesucTo-
PiB IOPIBHAHO 3 iHIIMMU JeKOAYBaJlbUHUMU CXe€MaMH, O/HaK Npo-
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13 ©11s Puc. 17.12. AIIII B inTerpasbHOMY
UOTA“ K572 | ¢ 16 BHKOHaHHi
= A12iTIB3 | 1
14 17 . .
GA — rpae TUM, WO JHiallazoH IOMi-
- . 18 HaJiB Npenu3iliiHuX pe3nucTopiB
N- L peaukuii. Ile BcTanoB.Ioe o6Me-
12 JKEHHS Ha CHOCi6 BUTOTOBJIEHHS
| 3 pesucropiB. [lianasoH mnoMina-
1 K JIiB penu3iftHNX Pe3UCTOPIB CTa-
HOBHTD 27 — 1.

11 5 Jankosy cxemy xepysawHs
7 Us BUTO— Hanpyzot 306pakeHO Ha pHUC.
5] cs| | Ux '9_+5B 17.9. 1la cxeMa Mae JHlle JBa
— RD GD 3Ha4eHHsa HOMiHaIB Mpenusiii-

__I_ nux pesncropiB — R i 2R.

CxeMa € JiHIHHOIO, TOMY aHa-
JIOTi4HO pO3TJIIHYTil 3BaxkeHill cxemi orpumMaemo Uy, At 6yznb-
SIKOTO KOJLY

n
—k
Ug = X Upp = —%— °” ZAk2
bt
1+2G

ne Ap = 1, aximo 7-it po3psaa gopiBHIOE JOTiuHIR «1»; Ap = 0,
Ko 7-i po3psa AopiBHIOE JoriuHoMy <0».
Buxiama nposianicts i onmip LIAIl mocriitni it Bu3Ha4a10ThCs
BUPA30M
Gy =2G; R, =1/Gy.

3aransny xougirypauiio LIAII 3 zexoayBanbHOIO CXEMOIO Ha-
BeseHo Ha puc. 17.10.

udpoanamnorosi (LIAIT) ta ananoro-ungposi (ALII) mepe-
TBOPIOBaUi BUIIyCKAlOTh B iNTerpaibHOMYy BMKOHaHHi. Ha pic.
17.11 nomano LATI cepii 572 (K572I1A2), a na puc. 17.12 —
AIIT (K5721I1B3) B inTerpaJbHOMY BUKOHAHHI.

17.4. NMpwucTpin
BUGIpkn 30epeXxeHHs

IMig wac poboru ALIIl 3 ananoroBUMM BXiJHMUMH CHUIHaJaMU
6akano 3a6e3MeUnTH TOCTIHHUN piBeHb BUMipIoBallol Hanpyru B
TOYKaX KBaHTyBaHmHA 3a yacoM. [Ipu3HayeHHs IPUCTPOX BHOIp-
ku 36epexennsa (IIB3) — 3HATH 3BiT BXiHOTO CHTHAJIY B IIO-
Tpi6umit MOMeHT 1acy, 3adikcyBaTn H 36epiraTd cuUrHan Ha yac
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* Puc. 17.13. Yacosi aiarpamu 11B3
UBX(t)
I
| L
t 1 7 T
II 2: Kmou
U ] ' 3aMKHeHMH Pyc. 17.14. CxcMa NpUCTpoio BH-
‘ Kmou | 6ipKH 36epeskeHHs
poaiMk-
HeRHUH R2
. — N
by t t C
f —'H—
|
U;G . !tl 12 y Rl Kn >
Bugipka .
Uax (t) UK + Uaux
_[ I

nepersopennss ALIL. Yacosi alarpamu po6oTH Ta cxema NpH-
cTpolo BuOipKkH 36epexkeHts 306paxeni Ha puc. 17.13 i 17.14.

Suavenns napaMerpi cxemu [IB3: R2 cTaHOBHTBH meCSTKH
meraomis, C = 100...1000 nd, R1 — BHyTpiuLLiii onip /Hxepesa
EPC, saxe mae 6yTH Habarato MEHIUHAM, HiX R, migcunoBaya.

Pexxum BuGipku: katou samxuenuii, U, HaJXOAUTb 11a BXij
OIIIIC i na emuocti C 3anaM’ ATOBYETbCS BXiAHUH curiman. Y mMo-
MENT 4acy ¢y KJIOY PO3MHKAETHCS, i curniaa Uyy 1e Hagxo/urh
ta Bxia OIl. Ha Buxomi cxemu 3Hauemns curany Upgy nepen
PO3MUKaHHAM Kjio4a. OCKiZbkH 3a6e3NeYNBIIN BEJIUKY CTaly
4acy po3pALKaHIs KOHeHcaTopa C (Tpogp >> ey Algn) OTpH-
MaeMO Uyyy = U = Ugyx = const ma dac nepersopenust AIITT
(Eep anr)- Y MoMenT wacy £y (ty ~t > b, o) KIHOU 3aMU-
KaeTbes i 3110BY BiJIGYBAETbCS Npoec BUGIPKH.

KoHrponbHi 3anutaHHs

1. Yun BU3HAYAETDLCA TOHHICTD IPUCTPOIO AN BUMIPIOBRHNS 4acoBUX iHTC-
BastiB?

2. BraxiTh OCHOBHI Zxepeja NOXHOOK /LISl CXCMH KOAYBalis HATIPYT 3
MEepPCTBOPEHHAM HAIIPYTH Ha 4acoBHit iHTCpBA.

3. [Maitre pusHaycHus AN i #foro OCHOBHHMX XapaKTepHCTHK.

4. ki ocHoBHI cTpykTypHi caementn LAIL, #oro npusHauenns Ta xapax-
TEPUCTHKIT?

3. IHosicHITb IIPU3HAYCHIIA Ta OCHOBHI J{BA THIIH Rekonysaabaux cxem LAIL,

OUiHITb IXHi MCpeBary i HeLOJIKH.

Busnaute npusHaucHHEA cXeM BHGIPKH 36GepekeHHs, gaiiTe IXHIO CTPYK-

TYPY Ta OCHOBHi MapaMcTpH.

o
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YACTUHA M
CXEMOTEXHIKA

Pozgin  MATEMATWYHI OCHOBU
18 UADPPOBUX NPUCTPOIB

18.1. Cucremu yncneHHs. Mpasuna
nepeTsopeHHs. [lginkosa apugmeTuka

Cucmema wucienHs — cUCTeMa NPUHOMIB i IIPaBUJI, 1O AAIOTD
3MOry BCTaHOBJIIOBATH B3a€MIIO OJHO3HAYIY BiJANOBIZAHICTD MIX
6y b-sTKUM YUCJIOM 1 Horo 306pakeHHsIM Y BUIJLSIIL CYKYITHOCTi
CKiHYEeHIIOro Yucjia CUMBOJIB. 3aJeXXHo BiJ crocoby 306paxkel-
HS YHCes 3a.J0TIOMOroo nugp CUCTEeMU YUCJIeHHS NOAiJISIOTh Ha
HO3ULIMHI i Hemo3uniHi.

Y HenosuidHUX cucreMax Oyab-siKe YHUCI0 BH3HAYAIOTb SK
nesKy (pyHKUio Bim 4MC/JIOBHX 3HAauYeHb CYKymHocTi mudp, 1o
306pakyIoTh 1ie Yuca0. [udpu B HelO3ULUiIHHIX CHCTEMaX YNCJIeH-
1S BiJTIOBiZA0Th AeskuM ¢ikcoBaHUM 4yHcjaaM. Ilpukaax Heno-
3ULIHHOI CHCTEMH — PUMCBHKa CHCTeMa IHC/eHHs. B elekTpoHHUX
U POBUX NPUCTPOSIX 3aCTOCOBYIOTH MO3MLIHNI CUCTEMH YHUC/IeN-
Ha. CucTeMy YUCEHIIst HA3UBAIOTh HO3HUILIMIOI0 Yyepe3 Te, 1O 3Ha-
qelHsa KOAKHOI BXiAHOT y YHCAO UHQPH 3aJMeXHUTh i 3MIILIOETbCA
BiJ 11 IOMIOKEHHA B 3aIUCY YUCJA.

Byab-sky nosuuiiily cucreMy ydcieHHA 3 OCHOBOIO ¢ MOXKHa
NOJAaTH Y BUIJIIAL ToAiLOMa

Agy =1,q" +1,q" " 40 g + 158+ g
ae A( y — YHCJO B TMO3ULIHHIHN cUCTEMi YMCIelIsA 3 0OCHOBOIO G
r; — KoedillieHT; # — CTeNiNb Ta iHjAeKC.

IMosuiiini cucTeMH YHCAeHHST MOXYTh 6YTH Pi3HUMH 3aJeXII0
BiJl OCHOBH: JECSITKOBI — 3a OCHOBOIO JeCSIThb, BiCiMKOBI — 3a
OCHOBOIO BiciM, ABiilkoBi — 3a ocnosolo aBa i T. A. Hazgani, mo6
SIBHO 3a3HAYHTH CUCTEMY YMCJIEIHS, 0 BAKOPUCTOBYETBCS, Bi3bMEMO
YHMCJIO B JY>XKH 1 B iHAeKci BKaXKeMO OCHOBY CHCTEMHU YUCJEHHS.

3a ABilikoBOIO cHCTEMOIO YuC/eHHs KoedillienTaMu 7; € mmg-
pu0il, aocnoBoio — uncyao 2. ¥V 3araabHOMY BUTJIAAL YUCIIO 3a
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IBilIKOBOIO CHCTEMOIO YHCIeHHA MOXKHA 3alMCaTH TaK:
_ n n—1 1 0 -1
Ay =1, 2" +1, 2"+ 2 g2 v 27

Hundposi npucrpoi BHKOPUCTOBYIOTH €jleMelTH, SKi MalOTh
TiZbKH JBa CTiIKMX CTaHH, i TOMYy ABIHKOBa cHCTe€Ma YMCJIEHNA
aictasa NOLIMpeHHs: A/ HoAaHHs it 06pobmeHns iHdopMarltii.

BiciMkoBy cucTeMy 3aCTOCOBYIOTH /i1 BHKOHAIIHS JOTIOMIXK-
Hux (YHKILIA; BoHA CKOPOYYE 3alKC YHCI0BOI iHdopmanii i 3a-
6esmnevye MPOCTOTY NiepeBeJelils y ABIMKOBY cHCTEMY, OCKiIbKU
KOXHY BiciMkoBY ungpy Moxkna 3aMiHUTH Ha ABiliKoBe TpupoO3-
panne yacao — mpiady. Hafispyuuinlomn 3a 3amucoM € WicTHax-
LATKOBA No3uLiiila cacreMa. OcCIloBOIO cCUCTeMH € uneio 16, a 3a
koedimientu 6epyTh 1ugposi Ta aitepui cumso: 0, 1, 2, 3, 4, 5, 6,
7,8,9,A,B,C,D,E,F.

Tleperenenisa 3 AecATKOBOI CHCTEMM B OyIb-KYy IO3HUILIILY
CHUCTEeMY YHCJIEHHSI IPOBOJSITh METOAOM NOCAiJOBHOIO /AiJEHIIs Ha
OCHOBY HOBOi CHCTEMH JIOTH, JOKH YACTKa BiJl AineHHs lie 6y/ie Mell-
IHOI0, HiXK OcHOBa cucTeMu. Hycs0 B HOBill cHCTeMi 3amuCy10Th ¥
BUTJBAAL OCTavi Bi/l AiJIeHHS, OYMHAIOYU 3 OCTAHHDBOI YaCTKH, ClipaBa
HaniBo. [Ipo6oBe YHCIIO 3aMUCYIOTh Y BUIJIAAL LiMMX YaCTHH Ynce,
IO OTPUMYIOTD IIPH MHOKEHHI TiJIbKH APOGOBOT HACTHIH 114 OCHO-
BY, MOYUHAIOYH 3BepPXY MiCJsI KOMH, i IIPH LhOMY 33(al0Th TOYHICTb
o6uucelb.

Tabauys 18.1. Meroau neperecHEs WiAoro i APOGOBUX YHCES 3 AECATKOBOT
CHCTEMH YMCHCHHS

ini uncna J{po6oBi uncna
Tun Ninenns neproro xecat- | IToBropHe MHOXERHA HEBHOTO JCCATKOBO-
MEPeTBO- | xoporo yncaa Ha ¢. Oc- | ro yncaa wa g. Poapsia niepex xomolo aae
penns Taya A€ MepeTBOPeHe | pO3PAA NEPETBOPEHOTO THUCAA. 34 HOAATh-
YMCTO, WO YHTAETHCA B | HIOTO MHOXKCHHS BUKOPHCTOBYETHCS AHIlle
HanpAMi CTPIAKH Apo60Ba YACTHHA MPOMIXHOPO PE3YABTATY
Hecarkone |108 : 2 = octava 0 0,34 - 2 = ucpenocutoes 0
Ha gsiiikose| 54 : 2 = ocra4a 0 0,68 - 2 = ucpenocurbesn 1 (1,36)
27 1 2 =ocrava 1 0,36 - 2 = nepenocutihes O
13 : 2 = ocrava 1 0,72 - 2 = nepenocutbest 1 (1,44)
6 :2 =ocraua 0 0,44 - 2 = ncpesocurnes 0
3:2=ocraya 1 0,88 - 2 = nepenocurbes 1 (1,76)
1:2 = ocrava 1 0,76 - 2 = ncpenocuroes 1 (1,52)
10849y = 1101100,, |Tlepepusannsn 0,349y = 0,0101011,
Ilecatkose 108 : 8 = octava 4 0,34 - 8 = ncpernocurnes 2 (2,72)
na siciMope| 13 @ 8 = ocraua 5 0,72 - 8 = ncpenocutoes 5 (5,76)
1:8=ocrava 1 0,76 - 8 = nepenocntbes 6 (6,08)
10810y = 154g) 0,08 - 8 = nepenocuthes 0 (0,64)
0,64 - 8 = nepenocutben 5 (5,12)
Icpepuranns 0,34 gy = 0,256054,
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ITpodosxenns maba. 18.1

Him wucaa JpoboBi yncaa

Tin Hinenna nesroro gecat- | [losTopie MHOXeHHs TIEBHOTO A€CATKOBO-
REPETRO- | koporo yncaa Ha g. Octa- { ro uncaa Ha q. Poapsag nepex xomow aae
pennd Ya Ja€ NepeTBOPeHe YMC- | PO3PSA EPETBOPEHOTO YMCaa. 3a MoJa b-
JI0, 'O YUTAETHCH B Ha- | UIOTO MHOXEHHS BHKODHCTOBYETBCH JMULIE
paMi CTpinky Apo60Ba YaCTHHA TIPOMIXKHOTO Pe3y.abTaTy

Hecarkobe (108 :.16 = octaua 12 |0,34 - 16 = nepenocursca 5 (5,44)
Ha mictHag-| 6 : 16 = ocrava 6 0,44 - 16 = mepenocurbes 7 (7,04)
LATKOBE 10810y = 6C(yq) 0,04 - 16 = nepenocutnest 0

0,64 - 16 = nmepenocurses 10
Ilepepusanua 0,349y = 0,570 A

Tabruys 18.2. MeToaH NepeBeeHHs ¥ XECATKOBY CHCTEMY UMCICHHS

Lini yncaa po6oBi yucaa
Tun Ilosropue MuOXeHHA po- | [IoBTOPHE Ai/€HHS MPOMIXHOTO pe3y.ib-
NEPETBO- | MixHOro pe3yAbTaTy Ha ¢ | TaTy Ha ¢ i A0ZABAKHA 3 PO3PALOM NEBHO-
peHHsA i monaBanus 3i sHaweH- |ro uyucaa. IlepmuM npoMikHWM pesynb-

HSIM PO3psily IEBHOTO Y1- | TATOM € OCTaHHili po3psAA, MoAiNeHni Ha g
caa, Ilepmum mpoMis-
HUM DE3y/IbTATOM € Haji-
BUUMH po3psa

1 Jti2=05
1.2+1=3 0,5+1):2=0,75
3:2+0=6 0,75+ 0) : 2 =0,375
JIBiitkoBe 6-2+1=13 (0,375 + 1) : 2 = 0,6875
Ha gecsitkose| 13 - 2 + 1 = 27 (0,6875 + 0) : 2 = 0,34375
27 -2+ 0=54 (0,34375 + 1) : 2 = 0,67187
54-2+0=108 (0,67187 + 0) : 2 = 0,33593
11011005, = 1085, |0,01010115) = 0,33593 = 0,344y,
1 5:8=10,625
1-8+5=13 (0,625 + 0) : 8 = 0,078125
BiciMkose |13 -8 + 4 = 108 (0,078125 + 6) : 8 = 0,75976
Ha ziccaTkone| 154g) = 10850 (0,75976 + 5) : 8 = 0,71997
(0,71997 + 2) : 8 = 0,33999
0,25605 5, = 0,33999 = 0,345,
6 A: 16 = 0,625
Idicrrax- |6 - 16 + 12 = 108 (0,625 + 0) : 16 = 0,039062
watkoBe Ha [6C 6y = 108y, (0,039062 + 6) : 16 = 0,75976
ecATKOBE (0,75976 + 7) : 16 = 0,71997

(0,71997 + 5) : 16 = 0,33999
0,570A;6) = 0,33999 = 0,34,
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Ipaktuynuit inTepec MaloTh epepaxyHKH 3 IECATKOBOI cHCTe-
MU B JECSITKOBY CHUCTEMY YHCJEHHSA. AJNTOPUTM IepepaXxyHKY i
ekl IpuKJagy HaBeleHo B Taba. 18.1, 18.2.

[ns nepeBeneHHsd umMcsa 3 BiciMKOBOI cucteMH B ABINKOBY
KOXIe BiCIMKOBE YHCJIO CJiJ 3aMillMTH eKBiBaJEHTHHM 3-po3-
paanumM yuciaoMm. Harpukiaag, mepeBeaeMo YHcIo 2451(8) y ABilixo-
BY CHCTEMY YMCJIEHHA:

2 4 S 1 (8)
010 100 101 001 2

/IBiftkoBe 4uC0 HpU IepeBefenHi y BiCIMKOBY cHCTEMY IIOZi-
JIAI0TH Ha Tpiaau crpaBa HaJiBO i KOXIY Tpialy 3aMilliooTh Bi-
cimxoBnm yucaom. Hanpuknaz, yucrno 101 001 111,y y siciMkosiii
CUCTEMI:
101 001 111y
5 t 7 (s

AHaJIOriYHO IPOBOAATL NepeBeleHHs 3 ABINKOBOI cUCTEMHU B
iCTHaALUATKOBY 1 HaBHAKH, TiJbKU BUKOPUCTOBYIOTDH [ABIlKOBi
TeTpaau. Hanpuxiaj, BUKOHAEMO NlepeBeleH s

A 1 3¢16) 1000 1101 0101 (o
1010 0001 1100, 8 D S ()
Y nBiIKOBO-KOKOBALLM ACCATKOBIN cHCTEMI KOXKIY JIECATKOBY

g py NOJAI0Th ABIHKOBUM eKBiBajentoM. Hanpukaax, ymuciao
244, Y ABIHKOBO-KOJOBANill cHCTEM] IIOAAIOTD TaK:

24¢10) — 0010 01001k 1c)

18.2. OcHOBHI 3aKOHU anrebpun noriku
B anre6pi JoTiky BReJeHO TaKy CUCTEMY aKCioM, H[O BHU3HaYae
BJ1ACTHUBOCTI 1 BIAHHOCHHHN OCHOBIHNX olepamm:
at+b=b+a
alb+c)=ab+ac;
a+bec=(a+b)a+o)

a+d=1;
a+Eip+h
aa = bb.

3a NMMHM aKcioMaM¥ BEBOASATD yCi TEOPEMH, IO BUPAXKAIOTH OC-
HOBIN 32KONH anreGpu JOTIKH. X IA3HBAIOTH TAKOX CUCMCMOIO
pPieHO3HAUHUX nepemeopent Pynkyil, a60 PiGIOIHAUHOCTHAMU.
1. 3aKkoHH HYJABOBOI MHIOXKHIIN
0-a=0;
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O+a=a
0-adc...z2=0,
TOOTO KOH'IOHKIiA 6yAb-IKOTO YUCJa 3MIHHMX HaGyBa€ 3HAYEH-
Ha 0, gxkmo xoda 6 ofHa 3MiHHa Mae 3HaveHHsd (0 He3ae)KHO Bij
3HaYeHb iHIMMX 3MiHHHX.
2. 3axoHu yHiBepCaJbHOI MHOKUHHI
1-a=a;
1+a=1
1+a+b+...+z2=1,
TO6TO M3 I0OHKIIS 6YAb-IKOro YMCIa 3MiHHUX Ha(yBa€ 3HauYeH-
Ha 1, axio xo4a 6 ogHa 3 i 3MIHHUX Mac 3Ha4eHHS | He3aexHo

BiJ 3HaYeHp iHMIMX 3MIHHHX.
3. 3axounwm izeMnoTenTHocTi (1I0BTOpPEHHS, TaBTOJIOTIT)

aa...qa = a;
a+a+..+ta=a.

4. 3axonu moaBifHOI iHBepcil

a=a,

TOOTO TOABilHY iHBepCil0 MOXKHA 3HATH.
5. 3aKOHHU JONOBHSIBHOCTI:
a) joriyHe NPOTHPivYsA

aa =0,
TOOTO KOH'IOHKLis 6yab-s1K01 3MinHOI Ta ii iuBepcii € 0;
6) 3aKOH BHKJIOYEHOTO TPETHOTO
a+d=1,
TO6TO JU3’ W0HKIiA Oy aAb-sIKoI 3MiHHOI Ta ii
6. Komyratusuuii (nmepecrapuuii) sakon
ab = ba;
a+b=b+a,

TOOTO PE3YJILTATH BUKOHAHIS Ollepaliil Ko 10HKLI] i 113 0HKLii
He 3aJieXKaTh Bil TOTO, B AKOMY IOPSAKY PO3MillleHi 3MiHHi.
7. Acouniarushi (croy4ni) 3aK0HH

a(bc) = (ab)c = abc;
a+b+c)=(@+b)+c=a+c+b,

TOGTO /IS 3amMCy KOH'I0HKII] a6o Au3'IoHKUII AYXKM MOXHa
OIIyCTUTH.
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8. Jluctpu6yTuBHi (PO3N0AiNbHI) 3aKOHHU:
a) ko’ IOHKIMii 00 U3’ IOHKIIT

a(b +¢) = ab + ac;

6) au3 IOHKII 1040 KOH IOHKIiT

a+bc=(a+b)a+o).

9. 3akoHu NOrAMHAHHS |

ala +b) =g
aa+b)a+c)..(a+w) =g
a+ab=a;
a+ab+ac+..+aw =a;
a(@ + b) = ab;

a+ab=a+b.

10. 3axonu ckJeloBanus (HoWHMPEHHS )
ab+ab =g,
(a+b)a+b)=a.

11. 3akonu y3arajJbHEHOTO CKJIEIOBAIIHS

‘ab +ac +bc = ab +dc;
(@a+b)@+c)b+c)=(a+b)a+o),
(a+b)@+c)=ac+ab.

12. 3axonu ge Moprana (3akouu inBepcii):
a) A4S IBOX 3MIiHIKX

TO6TO l1iBepcis KOH I0HKIII € Au3' I0HKILIEIo 1Bepcii;
p

a+b=ab,

TOOTO iHBepcis AU3’IOHKIIT € KOH'IOHKIIEIO inBepciit;
6) ansa n sMinnux

abc. w=a+b+c+.. .+

a+b+c+.. +w=abc...w.



13. Teopema poskJananns (po3BHHEHHS)
Fla b, ..., w)=aFQ,b, .., w)+aFQ,b, ..., w);
F(a,b,....w)=[a+FQ,b, .., w]xl@a+FUb, .. o],
aF(a,a,b,c, ..., w)=aF{1,0,b,¢, ..., w);
aF(a,a,b,c,...,w)=aF(0,1,b,c, ..., w);
a+ Fa,a,b,c,...,w)=a+F0,1,b,¢,..., w);
a+Fla ab,c .., w)=d+F1,0b,c, .., w.

18.3. Gopmu noriyHKX yHKUIN
i MeToau MiHimi3auii noriyHMx cxem

3anexHicTh CKiHUEHINX 3MiHHUX ¥;, BUpakeHa Yepes CyKyl-
HiCTb TOYAaTKOBHX 3MiHHUX X,_4, ..., X1X, 3a JOMOMOIOIO Oflepa-
1iii asre6pH JIOTiKH, HA3UBAIOTh (hyHKYiCIO arzebpu noziku. [ns
n-pO3PAIHOTO ABIMKOBOTO KOAY X,_4, ..., XyXy iclye 2" pisnux
3Ha4YeHb ¥;.

Pi3ni koM6iHalil 3HaYeHb BXiTHUX 3MiHIUX Y Joridynux ¢yHk-
[ifAX Ha3WBAIOTb Habopamu. DYIUKLIS € UIAKOM 33[aHOI0, SKIO
BKasaiii if 3HayeHHs 1151 BCix HAOODiB 3HaYeHb BXiIHUX 3MilIIUX.
SIKImo 3aaTH KOXKHOMY Ha6opy 3HaueHHs dYHKILI, AKe JopiBIIoE
0 a6o 1, MoxxHa mictaTu TabauyHe 3aBjaHHA NeBHoI dyHKUil, mo
Ha3WBAIOTb MAGAUUEI0 Icmunnocmi, abo mabauyero 810nogioHocmi.

Poarnsremo noriuni ¢pyuxiii # apryMenTis, sSKIIo € 1abip ap-
TYMEHTIB i TaGuis iICTHHHOCT, B siKill BU3HAYEHO 3HaYEeHHS PYHK-
i /1Tt KOJKIIOTO MOeAtanist apryMentis. /111 Busnavenns N-ckinruen-
Horo yncna GhyHKIil BUKOpUCTOBYIOTh opmyry N = 22" - omske,
ZL1A IBO3HAYHOI cucTeMu Habip ¢GyHKUif ABOX 3MINUX AOpiBHIOE
16, a Bix oamiel aminHoi — 4. Jlorivyni ABifikoBi ¢yuxiii nasuBaloTh
6yneeumu Ha iM'a anrJiiicekoro mateMatuka XIX cr. [Ix. Byns.
HasBa, mosnadeliiis i 3navellls BCiX MICTHAMIATY 6y IeBnX PyuKuiil
U ZIBO3HAYNOI CHCTEMH ABOX 3MiHHHUX HaBedeHo B Tabu. 18.3
Pa3oM 3 Ha3BAMM CXeM JIOTIYHUX eJIeMEHTiB.

Troai BimoMO, 10 32 yMOBaME POGOTH APUCTPOIO MOABA NEAKUX
BXIAHHX KOAIB HEMOXUIHBA, i TOMY 3ladeHHsT (GyHKIIT anreSpH Joriku
Ha 1IIMX KoJaxX He 3ajaroThcs. [Ipw 1poMy BANMKAIOTh Tak 3Bali
¢akynbTaTHBHI, 260 HCOGOB’ A3KOBI, 3HAYCHIA (PYHKILiI, SKi MOXKYTb
3a/laBaTHCA JOBIIbHAME. BXifni xoau, Ana skux pyHKuisa anre6pu
JIOTiKY Ma€ (paKyIbTaTUBHI 3HAYeHlisl, HA3UBAIOTh 3d60POHEHUMU.

Jna onucy ¢yHkuil anre6pu JOTiKM BUKOPUMCTOBYIOTH i3l
crioco6u. OCHOBIMME 3 HUX € onuc GYHKIIN y croBecHi#t dopmi,
y BUIVISAAL TaOIULb ICTHHIIOCT], anre6pHYNuX BUpa3iB, IOCTiA0B-
HOCTEH JECATKOBUX YHCEJ, 4 TAKOXK KyOiuHIX KOMIIJIEKCIB.
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Tabauys 18.3. 3nauenns Gynerux Ppyuxuiit

3HaveHHst GyneBuUx

. i . . Ha3ssa
& QJZHKHM JANEKNO BIA| Moswa- 260 TO3HAUYEHHA
= PrYMeHTIB X Ta ¥ . ;
= ST YeHHS Hasa dynkuii CXEMH JIOTiYHOTO
< x PynKLii eJIEeMEeHTa
Y oft{o)t
1 FQ(x, y) |0j0f0]0 0 Kouncranta Hysp Teneparop Hyas
2 ﬂ(x, y) 010{0| 1| x A y | Kor'rorxkuis, noriyue
Xy | MHOXeHHs, [ Kon'ronkrop, I, &
3| F(x, y) [0{0]1]0] x Ay | 3abopona 3a x, 3ane-
pedeHnda iMmaikanii | Cxema 3a6oponn
F3x, ) {0[o|1|1] =« |3minmax [oBTopioBay x

5] Fi(x, ) [0[t]0]0]| y A x| Ba6opona 3a y, 3a-
nepeyenns iMmikauii] Cxema 3a6oponu

6| F(x, ) |0[t]0|1] y |3minmay TosTopiosay y
7| F(x,y) [0[1]1]0] x® y| Cyma 3a moxynem 2,
JIOTiYHa HCpPiBHO- JonaBanus 3a mo-
3Ha4YHICTD myaeMm 2, M2
8 F7(x, y) 01| 1|1{ x v y | [nz’1oHKUis, storiyHe | .
x + y | aogaBanus, ABO Jln3'orkTop, ABO

9| Fg(x, ) [1({0|0{0| x 1 y| Crpinka Ilipca, sane- | Exement Ilipca,
x vy | pcuennsa aus’woHknii | ABO—HE

10 | Fy(x, y) [1]ojo|1] x = y | ExsiBancurnics PiBHo3HauHiCTD
11 Fw(x, yy{t1{o] 1o y 3anepeycHHs, iHBep-
cis y {useprop HE
12 | Ay, ) |1]0]1 y = x| Imnairkanis sig y go x| EneMent imnicanii
13| Fp(x, ) |1{1]0]0] - x | 3amepeuerms,
iHBepeist x Iuseprop HE
14 ﬂs(x, P {110} 1] x - y| Imuixania six x a0 y| Enement immaikanii
15 | Fyx, ) (t[t|1]0| x/y | tpux Weddepa,
3alepeYeHHS Enement Iled-
KOH'IOHKIIIT ¢epa, [ —HE
16 1:15(x, w111 1 KoncranTa 1 T'cuepatop
OAMHU1LI

Caosecuuii onuc Qynkuiii aare6pu joriky naituacrime 3acto-
COBYIOTD JUIS1 HOYATKOBOTO OMHUCY MOBEIHKH JOTTHHOI0 NMPHCTPOIO.

Ilpukaan. Jloriuna hyHKHIS TPLOX 3MIHHHX JOPIBHIOE OAMHMIL, SIKBIO
Xo04a 6 IBi MOYATKOBi 3MiHHI JOPiBHIOITH 1.

Onuc ¢yuxuiit anre6pu Jgoriku y Burasai tabmini ictun-
HOCTi. TabauIfio, 1o MiCTUTb YCi MOXJIMBI KOM6iNALIT TOUaTKOBHX
3MINAWX X, _{, ..., XXy | BIANOBiAHI IM 3HAYEHNS CKilMENIHX
3MIINNX y;, Ha3HBAIOTb mabauyero icmunnocmi, abo kombinayii-
HOM0 Mmabauyero. Y 3araaploMy BUNIAAKY TaGJMLS iCTHINNOCT] Mic-
™Th 2" pAnKiB.
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Tabauysa 18.4. Tabauus ictunHoCTi Aorivnoi PyHkuii TpHOX 3MiHHMX

*2 X *o y *2 *1 *g Y
0 0 0 0 1 0 0 0
0 0 1 0 1 0 1 1
0 1 0 0 1 1 0 1
0 1 1 1 1 1 1 1

HMpukaax. Yiragemo ra6Iuuio iCTHHROCTE A48 QYHKUINR aare6pu Jjori-
kn (taba. 18.4) 3 momepegHbOTO NPUKJIALY.

Onuc ¢yukuiii aire6pu JAorikd y BHIIAAi aare6pHIHOTO
BUpa3zy. Asre6pa JIOTiKH Ja€ 3MOTY CTBOPIOBATH CKJIali QyHKIil,
ApTYMeHTH SKUX € (PYHKUISIMM iHIUX ABiHKOBHX apryMeHTIB.
Omnepauito 3amMinu apryMmentToM oaniel PpyHKuii immumu, 6ibm
IpocTUMK GYHKUIIMU Ha3UBAIOTh Cynepno3uuicto pynxyii. bara-
TOpPa30Be BUKOPUCTAHHSA NPHHLHUIY CYIepIO3UIlii Ja€ MOXKIUBICTb
aictaty QyHKLIT 62)KaHOro YHcaa apryMeHTiB.

EnemeHnTapHa KO’ IOHKIIiS YyTBOPIOETHCA KOH' IOHKILEIO CKiHYeH-
HOI MHOXHHY JOTiYHMX 3MiHHUX i ix 3amepedens. Hanpuxian,
P(x, y, 2) = xyZ.

EneMenTapia Ju3 IOHKI[iA YTBOPIOETbCS AU3 JOHKIEIO CKilmdeH-
HOI MHOMXMHM JIOTIYHMX 3MIiHHMX i ix 3amepeuens. Hampuxnan,
Plx,y,2)=x+y+7Z.

KinbkicTb 3MiHHMX B eneMeHTapHil Ko foHKIIT (A13’ OHKLiT)
Ha3UBaEThCA 11 dogxunow 1 BusHadae i paur. Hanpmkaap,
P(x,y,z2,w)=x+y+Z+w € 113 I0NKIi€I0 YETBEPTOrO PAHTY.

Minmepmon HazuBawts Qynkiio, mo HabyBae OAUHUYHOTO
3HAYEHHS [IPU OJHOMY 3 YCiX MOKJMBHX HaOOpiB apryMeHnTiB, a
Maxcmepmom Ha3UBAIOTh PYHKIiO, SKa HA6yBa€ HyIbOBOrO 3Ha-
YeHHs TPU OHOMY 3 MOXJIMBUX HAOODiB i OANHHYHOrO 3HAYCHHA
npH BCiX immmx. MiHTepM aire6pUyHO € KOH'IOHKIHEID apry-
MEHTIB, a4 MakcTepM — U3’ IOHKIEI0 apryMelTiB. SIKuo BUKOpH-
CTOBYIOTh JBifiKOBY CHCTeMy i uucJj0 Ha6OpiB apryMeHTiB 1, TO
yycJao MinTepMiB a6o MakcTepMiB N = 2",

JIn3 " 10HKIi10 6Yb-STKOT0 YHCJIa eleMeHTapHIX KON IOHKIiH Ha-
3UBAIOTH Ou3’ OHKMUSHOIO HOPMANLHOW d)opmom (JH®). Ha-
TIPUKJAaA, a + bc + abc + abe.

Kon'1o8Kk11i10 6y Ab-SIKOFO YKCJa eJleMEHTAPHUX AU3 IOHKUIN Ha-
3UBAIOTb KOH IOHKMUEHOI HOpMaavHoio popmoro (KHD). Ha-
npuknag, ala+b)(b +c)@+b+7¢).

Hopmanbhi ¢dopMu jorivnnx ¢pyHKUIHA HA3MBAIOTh KAHOHIUHIL-
Mu. Jloriuny ¢yuxuiio, 3agany 6yab-aKAM aHATITHYHHUM BHPa3oM,
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MO:kHa 6e310CepeAHbO IEPETBOPHUTH HA HOPMAJIbHY 13’ IOHKTHBHY
(a6o xon'oHkTHBHY) ¢opmy. I HBOro NOTPi6HO:
* BUPA3UTH BCi ONlepalii 4yepe3 omnepailii KOH IOHKILIT, 13 IOHKIT
Ta inBepcii;

¢ 11030yTHCs iEBepcil Hal UiJUMH BUpa3aMu, NepeHIoBInT 10

dopmu, B kil € iFBepcii TIMbKY OKPEMHX 3MiHHMX;

® DO3KPHUTH JY>KKU, 3aCTOCYBABLIM 3aKOH AUCTPUOYTUBHOCTI;

* 3BecTH KOH'IOHKII (au3'IOHKLIT) A0 eleMeHTapHUX onepartiii.

Axmo ao craagy JIOTi4HOT POPMyYJIHT HAJIEKATD uaéopn eneMen-
TapHUX KOH'IOHKII# 0AHaKOBOIO DaHry, 1os 's13alli AM3’I0HKUi€I0,
TO TaKy $OpMy MOoAaHIIs Joriynol ¢yHKIIT Ha3HBAIOTD docKkona-
21010 OU3’ 10HKMUBHOI0 HOPMANBHOIW hopmoro (JAHP). Tlpasuia
yreopenus JJJIH® ¢yukuii n aprymentis Taxi.

1. 3a xoxHuM Ha6OPOM ABIHKOBHX 3MiHHHUX, 34 SKUX GYIKILis
Ha6yBae 3HadeHust 1, CKJacTH ejeMeHTApHi Ko tonkmii (Min-
TEpMH).

2. B eneMenTtapuy KOH'IOHKLilO0 3almucaTH HeiHBEPTOBAaHUMH
3MIiHHi, IO 3aJaHi OAMHHIIEIO B Tab/MIi iCTHHHOCTI, a ilBepTOBalN-
MM — Ti 3MinHi, gKki B Tabuni icTunnocTi 3aKani nyaeM. 3100y-
THH Pe3yJIbTaT Ha3UBAIOTh KOHCTUTYEHTAMH OJIMHUILL.

3. EnemenrapHi xoH 10HKII] 06’€THATH 3HAKOM AM3 IOHKUIT.

Aocxonanoio xou’ onkmuenoio Hopmarshoto gpopmoro (JKHD)
Jioriqno (pyHKUii Ha3HBAIOTH TaKHii 11 BUpa3, AKHIA MiCTHTb eJleMeN-
Tapii Au3’I0UKNii oA1oro panry, nmos'siani ko' wukuieio. Ipa-
pusa yreopennsa [IKH® n aprymenrtiB Taki.

1. 3a xox1mM 1a6opoM ABIHKOBUX 3MIHINX, 32 AKHX YIIKILis
Ha6yBae 3uavenns 0, CKJIACTH eleMentapni aus’ionkuii (mMaxc-
TepMu).

2. B eneMeHTaphi Au3'IOHKUII 3anucaTH HeiHBepTOBAHMMMU
3MiHHi, 3aali HyJeM y Ta6Juli iCTUHIIOCT, a iHBEPTOBANUMM —
Ti 3Mimii, Aki B TabiMii icTamiocTi 3ajgaui oaunuielo. 3n06yri
CyMU Ha3MBAIOThb KOHCTUTYEHTAaMU HYJIA.

3. EneMenrapni mns’onkuii 06’ eauaTi 31aKoM KOIU IOHKIIIT.

Mpuxnan. Hexait TaGamuero ictunnocti sagana dynxuia FQxy, x4, xy)
(ta6n. 18.5) i motpi6Ho yrsopuru it JIJAH®D i JKH®D.

3a Tabanuco 3HaxoAMMo, 1o GyHkList F HayBae 3HaucHHA | npu 90TH-
pboX Habopax apryMeHTin, tomy dynxuis F y JIAHOD ckaasarumernes 3
JIOTIYHOI CYMH YOTHPbOX MIHTEPMIB:

F(XQ, x,, Xo) = :?2;T1x0 + z2x1f0 + xz.—fi.'?o + x2x1x0‘

Oyuknia F(xy, 1y, x9) y JKH® HabyBae 3HaucHHst 0 1pH YOTHPBOX
Ha6opax apryMCHTIB 1 CKAAJATUMETHCS 3 JIOTIYHOTO CHOJIYUCHHSL YOTHPBOX
MaKCTePMiB:

F(xy, 2y, xg) = (g + 2y + x)(xp + Ty + Ty ¥

X(iz + x4 +fo)(.¥2 +31 +.1’0).



Tabruysa 18.5. Ta6anus ictunnocri Gywxnii F(x,, x, x¢)

3HaveHHs1 apryMeHTy IHATeHHS AJHD AKHOD
Xy X1 Xo ¢ysxuii F MiHTEpM MaKkCTepM
0 0 0 0 - Xy + Xy + 2y
0 0 1 1 TyXyxg -

0 1 0 1 Xyxyx —

0 1 1 0 - Xy + Xy + X
1 0 0 1 XXX —

1 0 1 0 - Xy +x1+ X
1 1 0 0 - Xy + X + 19
1 1 1 1 XoXqXg -

[IKH® Bukopucrosyiots piaute 3a J[JJTH® y nporneci neperso-
PeHHs JIOTiYHHX BUpa3iB. 3400yTi dopMymn pynkuii, AKio He
3aCTOCOBYBATH HiSIKMX TIepeTBOPEHb, MOXIA BUKOPUCTATH JIJIT CHII-
Te3y GYHKIIOHANBHUX CXeM JIOTiYHUX IPHUCTpoiB. Tak, Ajs pe-
anisauii F(xy,24,%9) y AAH® moxHa cxopucTatucs puc. 18.1.

Cnin 3aznaunti, mwo Bia 6yab-axkoi JJH® moxna nepeiitn 1o
AAHD dyuxiii 3a ZOIOMOrol0 piBHO3ZHAYHUX IEpeTBOpelb.
Taxwuil mepexiji Ha3UBAIOTh po3zopmanHam. [1Js1 bOro NOTPiGHO:

® BBECTH BiICYyTHI 3MiHHi B KOKHY KOH IOHKIiI0 MHOXEHHSM Ii
Ha PiBHO3HAYHICTL BUTISAY d + @ =1, 1e @ — BifcyTHS 3MiHHA;

® DO3KPUTH AYKKHU, 3aCTOCYBABIIM KOMYTATHBIMN 3aKOH
(ab = ba);

® 036YTHCS KO TOHKIIH, 1[0 TIOBTOPIOIOTBCS, Ha OCIIOBI 3aK0-
Hy igemnorentsocti (¢ + a = a).

= &
. ~ hm - Flx, %1, %0)
&

Puc. 18.1. Peanisauis dyrxuii F(xy,x;,%)
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Ipukaaa. Hexait JH® byuxuii Ma€e BUrAAA
F = abc + at.
3a BHKJIafeHHM npaBuioM Nepexoay ao J/AHOD

F = abc + ac(b+ b) = abc + abt + abe.

Ilepexin Big KH® go AKH® 3aificH0OI0Th aHAJIOTiYHO Tepe-
xony Bin JH® o JAH®. Jas 1poro noTpibHO:

® BBECTH BiJICYTHi 3MiHHI B KOXXHY /I3 I0HKIil0, BUKOPHUCTAB-
HIA 3aKOH cymepeunocti ad =0 (a — BiAcyTHA 3MinHa);

® 3ICHUTH TIEPETBOPEHHS, 3aCTOCYBAaBINU JPYTHH 3aKoll IHU-
crpubytusuocti a + be = (a + b)(a + ¢) i koMyTaTHBHEI 3aK0H
atb=b+a; .

® Mo36yTHCS AN3 IOKILiH, 1[0 MOBTOPIOIOTBHCA, 112 OCHOBI 3aK0-
1y iIeMIIOTeHTHOCTI ad = d.

Ilpuxaaa. Posropranus KH® suraany
F=(a+b)d +c)a+7)
y AKH® BukoHyloTsh y Takuii croci6:
F=(a+b+0)(b +c+0)(@+T+0) =
=(a+b+ct)b +c+aad)(@+c+bb) =

=(@+b+c)b +c+aXa+c+b)a+b+T)b +c+a)a+c+b).

Ouuc ¢ynxyiii amre6pu JOrikm y BMrasjgi MoCaiJOBHOCTI
AecATKOBUX 4Hcea. [noai a4 ckopodenns samucy Qyukuiio
are6pH JOTiKH 300PaXKyIOTh Y BUTJISA OCAiAOBHOCTI IECITKOBUX
yces. IIpyu HboMy NOCAiZOBHO 3aIUCYIOTh AECSTKOBI €KBiBaJIeH-
TH ABIHKOBHX KOJiB BIANIOBiAHNX KoHcTHTYeHT 1 aGo 0.

Tpukaaa. 3amicaTi y BUTTISI TOCTIOBHOCTL yncen ¢ynkiiio F(ry, 1y, xy)
3 nonepeanboro npukaaay. ¥ JAJAH® nepma kosHcruryenTta 1 Bianosinae
AsiiikosoMy xoay 001. JccATKoBHI €KBiBaJ€HT LIbOro KOAY AOPiBHIOE 1.
AHanoriyHo 3aMCYIOTH iHINI KOHCTUTYEHTH:

F(X2, 1‘1, xo) = }:(1, 2, 4, 7) = V(1, 2, 4, 7)
Flxy, xq, x5) =TI(0, 3, 5,6) = A(0, 3, 5, 6).

18.4. Knacudikauia noriyHux npucTpois

Jloriviui npuctpoi MoxHa kKjacudikyBaTy 3a pislMMH 0311aKa-
MH. 3a cnoco00M BBeJenHsa-BuBeAenns indopMauii foriyii npu-
CTpOI MOAIMAIOTH 11 IOCLIOBIL, Mapaneblli i l10CaAioBIO-Tapa-
nenbii. ITocaidosHuM HasUBAIOTbL IPUCTPIN, B IKOMY IOHATKOBI
3MiHHI TOJAOTHCA 11a BXiA, a cKindenni 3Minui 3uiMaoThes 3 BU-
XOoZy e OJI0YacHo, a MOCTiOBHO, PO3DSA/ 3a PO3PAIOM.
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Iapanenvium Ha3UBAIOTb NPUCTPIii, B AKOMY BCi PO3pAAH II0-
YaTKOBMX 3MiHHHUX MOJAIOTHCA Ha BXiJ, a BCi pO3psIAH CKiHYeH-
HHUX 3MiHHUX 3HIMAIOTbCA 3 BUXOAY OJHOYACHO.

¥ nocaidosHo-napanresvrux TPUCTPOSIX NOYATKOBI i cKimyeni
3MiHHI nogaui.y pisuumx ¢opmax — a6o Ha BXim 3MiHHI moza-
IOTbCA MOCNIZOBHO CHMBOJI 34 CUMBOJIOM, a 3 BUXO/Y BOHH 3HiMa-
10TbCS1 0HO4Yaclio, a00 HaBIIAKM.

3a npuHUMIOM Jii BCi JOTiYili MPUCTPOI NOAINSIOTH HA JBa
KJacH — KoMGiHauiitdi i mocaizoBii.

Kom6inayitinumu npuctposamMu, abo aBToMaTaMu 6e3 ImaM’sTi,
Ha3UBaIOTh JOTiYHI IPUCTPOi, BUXiAHI CHTHAJH SIKUX OJHO3HAYHO
BU3HAYalOTbCS TiJIbKU AilOYOIO y NEeBHUH MOMEHT Ha BXOJi KOM-
6iHanicro 3MIHHMX i He 3aJeKaTh BiJ 3HaYeHb 3MiHHHX, 1O Hisdan
Ha BXO/li paHiure.

MocaidogHumu pucTPOSIMH, a60 aBTOMATaMH 3 TIaM’ATTIO, Ha-
3MBaIOTh JIOTiuHi IPUCTPOI, BUXiAHI CHTHAJIU AKHX BH3HAYAIOTbCA
He TLIBKH [JiI0400 y INEeBHMH MOMEHT Ha BXOAi kom6iHnalieio
3MININX, a it ycielo nocaifoBHICTIO MOYATKOBMX 3MIIIHHX, 10 Aid-
JIM y Tollepeli MOMEHTHU 4acy.

KomMm6inaniiiny cxemy MoxHa 306pa3wm y BULIsiAi m-k-mo-
mocuoro enemenra (puc. 18.2). Bxinue caoso (Bxigumit anda-
BiT) KOMGiHai#iHOl cXeMu 3aJaloTh 11a60POM CUMBOMIB M =
= myms ... m;, a BuXinue cioso (BuXixHui andasit) HabyBae 3Ha-
YeHHs 3 BUXifHUX cuMBoaiB K = kiky ... k;.

Y puckperHu#t MOMEHT 4Yacy CYKyNHiCThb BMXIAHMX CHIHaJIiB
OIHO3HAYHO BU3HAYAOTH HA00POM BXiJHUX CUTHAIIB, IO HANXO-
IOAThb Ha BXiX y Toif camuil MoMeHT dacy. KoM6inanifina cxema
XapaKTepU3yETLCS YMCIOM BXiHUX CUTHAMIB, YHCJIOM BUXIHIX
CUTHAJIB; JiorivHow ¢opMyiolo abo Tabaunelo icrummocti. Aag
KepyBaHHs po60Toi0 KOMOiNaIiinoi cXeMy BBOJSATb KepyIodi Tak-
TOBI CUTHAJH, 11100 110BUH HAOIp BXIANNX CUITIAJIB IaiflIOB Hicad
3aKiHYeHHS nepexiHUX MPOLECIB.

SIKIMo HMa BUXiAHI CUTHAJNM BIJIMBAE He BHYTPIlHIN cTaH KOM-
6iHauifinol cxemMy, a TIIbKY 3MiHA BXiTHHX CUTHAJIB, TO TaKy cXe-
My Ha3UBAIOTb aemomamom Ge3 nam’ami, abo npumimueHum
asmomamon.

Sxuro Ha Ha6ip BuxiaHux curnanis K BIMBAE He TinbKy mabip
BXiZIHUX CUTNAJIB, a if BUYTPilHiN cTaH KOMOiHAIIAHOI CXeMH, TO
TAKYy CXeMy Ha3WBaIOTh dEMOMAMOM

o) [}

S m ki \ & 3 nam’ammio, a6o nognum asmoma-
5| — [——— [~ N

S| — | O mom. ABTOMAT 3 TIaM’ATTIO 33/Ia€Th-
Q{ —> KC — [ . . .
AR : £ Cd TpbOMa HaGopaMu 3MiHHUX: M,
BT —| % K; Q, e Q — Ha6ip 3Minnux, mo
mtm; k,' s

BiZIo6pakaloTh BHYTPIlIHiH cTaH cxe-
Puc. 18.2. KoM6inauiiina cxema Mz (puc. 18.3).
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YV 6iablnocTi cxeM NMOBHMX aBTO- I | .
MAaTiB MOEAHAIIHS KOMOIHAUIHHNX eJie- M - > K
MENTIiB Ja€ 3MOTYy NOOYAYyBAaTH TaKHii <. KC -

oy . - |
MPUCTPiH, CUTHA/IM Ha BUXOZi SIKOTO
6e3nocepealbo 3aJ€XKaTHMYTD He Bil Q
BXIAIINX CUTHAJIB, a Jiylile Bix moexa- t TlaM' 516 Q1
HallHsA BXIZHUX CHTHAJIB i BHyTpill- Q&

HbOTrO CTally aBTOMaTa y MOMEHT Haj-
XOJ/’KeHHs CUTHasiB 11a BXO[i.

Jlna omcy po6oT aBTOMaTa B TaG/mUi iCTMHHOCTI BKa3yloTh
Ha6ip BXiIHKX CUTHaIiB, Ha0ip BiANOBIIHMX BIYTPILIHIX CTaIiB i
Ha6ip BuXignux curnams. KpiM toro, o60B’s13k0B0I0 € yMOBa PO3-
JAijernst BCiX HaGOpiB CHUTTIaJiB 3a THUMUYACOBHUMHA iHTepBaJaMH.
CrreniaibHO ZIOMOBJSAIOTbCA TPO BHYTPilHHiM cTall aBTOMara Jo
HaIXO/KEHHS BXiJIHOro CUrHaiy g, BHYTDPilMii cTall aBToMara,
IO 3MIHIOETbCA 3 HAAXOMXKEHHAM BXiAHOro curuany Qy, i Biy-
Tpilmiif cTan aBTOMaTa Tic/s 10Boi 3MilH BXiAnoro curnany Q;,q.

Po3pisHAI0Th Ba THIIM aBTOMATiB. ABTOMAT, Y KOFO CKinyel-
Ha 3MiHHAa B GyAb-AKOMY TaKTi f; 3al€XXHTb BiJl BHYTPiHIHDOTO
cTaHy i Bix nmovarkoBoi 3MiHHOI, Ha3UBAIOTb @agmomamom M UAL.

Voro sanators pisnsmiam K; =(Q;, M;). ABroMar, y 1Kkoro
cKiHYeHHa 3MiHHA B MOMEIIT [; 3aJIeXXHUTb TiILKH BiJl BHYTPillIIbO-
ro cTamy B f; -My TaKTi, Ha3HBAIOTb demomamom Mypa. Horo
3a/1al0Th pml{ﬂnnﬂM K; =f(Q)).

Puc. 18.3. Mosuuit aBTOMAT

18.5. MiHimizauia Gynesux dyHKuin

Jloriuny cxeMy, 1o peasiiye 3ajaluit aArOpUTM IepeTBOPEILs
CHTHAJIB, MOXKHa CUIITe3yBaTH Ge3nocepe/1ibo 3a BUPA30M, NOJAIUM
y suragai JJH®D a6o AKHO. Ipore oTpuMana npu nbomy
cxeMa, SIK TIPABIJIO, He ONTHMAaibHA 3 TOrJisiAy ii NPaKTHUHoL peati-
sauii. Tomy ckindenny soriuny GyHKUio 3BUYaiino MiliMi3yoTh.

Meroio MiniMisanii jgoriunoi Ppynkuii € 3Menureniss BapTocTi
il rexniunol peanizanii. Kpurepiit, BiAnoBifio g0 4K0ro BUKOiy-
I0Th MiliMi3aliio, 30BCiM HeOI031TaYlINH i 3aJICKUTD SIK B THTLY
3ajayi, Tak i Bii piBHsS PO3BUTKY TEXHOJIOTII.

OcHOBHMMHU BHMOTaMH JI0 3a/a4i CHHTE3Y €: MilliMa/blie YUCa0
eJleMelTaplinX KOH IOHKIiH a0 au3’ lonkuiil y soriuniit popMyi
i OMHOPI/IHICTD BUKOPHCTOBYBANUX onepauiii. KpiM BuMor Miiti-
Mi3allii € psaa o6Mexels i yMOB Ha BUOIp efieMenTHOI 6a3u 11
CHHTE30BAHOro IPUCTPOIV.

Merton niarpam Beitua, ynockonanenuin Kapso, 3actocoByloTth
TOAi, KOJIM YUCJI0 aprymentis nie 6iibure mix S5S-— 6. Kaptu Kap-
1o — ue rpadivire 3o6paxennsi tabauub ictunnocti. Koxiriit

257
17 5-104



Ta6ruysn 18.6. 3uawenuns $yskuili xoMOigallil 3MIHHEX MOXe BiAno-

F(a, b, ¢) BiflaTH IIeBHa KJiTuia Kaptu Kap-
HO. Y KJITHHY 3alHCYIOTH 3HaYeH-

a b ¢ Fa,b,c) .
1151 hyHKIIT (>(I) a6o 1) ans neBHOT

0 0 0 1 KOMOGilIalii MOYATKOBUX 3MiHHHX.
0 0 1 0 [Touarkosi 3MiHHi PO3MilLLYIOTh IO
0 1 0 0 30BUIILIIX CTOPOHAX KapT Ha-
0 1 1 1 BIIPOTH ii PAAKIB i CTOBNMYHKIB.
! 0| 0 0 IIpi 1boMy 3Hayells KOXHOI i3
! 0 ! 1 MOYATKOBUX 3MIHHUX HAJEKHUTD
! ! 0 0 IO BCbOTO PsiIKa a60 CTOBITYMKA i
! ! ! ! JOpiBHIOE 1, SIKIIO HABNPOTH PSIA-

ka (CTOBMYMKA) CTOITH. Mif K-
KOIO II03Ha4YeHHA i€l 3MIHHOI; AJIs iHUIUX PAAKIB (CTOBIIYHKIB)
3Ha4yeHHs miei 3MinHOi gopiBHIOE 0.

KoXHa 3 mMoYaTKOBHX 3MiHHUX JiJUTh MO-CBOEMY OYJb-sIKY
kapTy Kapuo Ha ABi piBHi YacTHHU, B OAHIH 3 AKUX 3HAYEIHS IET
aMminHoi fopismioe 1, a B inmii 0. Koxuill KaiTHUI KapTH BiANOBi-
Jla€ 1esIra KoMGiHaIlig 3HaYelb YCiX TOYaTKOBUX 3MiHIIMX, & KOXKHA
cTOpoLa KJITHHH € MeXelo MiX 3HayeHHAMH 3Mimnux. Hucio
kaiTan kaptd KapHo BH3HauaioTh Bemuuuiow 2", e n A0opis-
HIOE YUC/IY 1TI0YaTKOBUX 3MiHNMX.

Hanpuraazg, ans ¢dyuxuii Tppox sMiEHEX F (g, b, ¢), 3a1an010
Tabmuileio ictunnocti (ta6m. 18.6), kapry Kapuo 306paxeso Ha
puc. 18.4.

Kapry Kapmo st sorivsoi QyHxiil, 3aganoi anare6pudHuM
BUPA30M, MOKHA YKJIACTH B TAKOMY IOPAIAKY:

® 34 YMCJOM 3MINHUX, sTKi BXOJATb V BUpa3 3agaHoi ¢yHkuii,
6yayiors kapTy Kapmo 1 po3sMillyloTh 3MiHHI; 3ajJaHui ajre-
6puvnnii Bupas ssoaars 1o [JTHD;

» v kapri Kapuo ansa koxuoi koucruryentu 1 JI/TH® snaxo-
[ATh Bianosiguy kaituny (i3 TakuM caMuM HaGOPOM 3MIHHUX), ¥
sIKili 3anmucyioTs 1, B inmi kaituau kapty — 0.

BaactuBocti kaptu Kapuo Taxi:

1. Kom6inauii 3Havelb 3MiHHUX A8 cycigmix KJITHI KapTi
Kapuo po3pisHiooThes 3HadeHHsIM Juie oaHiel sMinnol. ¥ pasi
nepexony 3 OAMi€] KJIITHHHA B CYCIQHIO 3aBXK/IH 3MIHIOETBCA 3Ha-
JYeHHS JIHLIE OfHiel 3MiHHOI Bi/J] CBOro IPsIMOTO 311a4€HHA A0 Horo
inBepcii i HaBNaKn.

c
| A—|
b
| —
1101110 p g ‘K K
uc. 18.4. Kapra Kapno ans
a[ 0101 ¢pyuxuii Tppox 3MIHHUX
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2. CycignimMu Mix co6olo € kpaiini JiBi K1iTHHE KapTH Kapio
3 KpailHiMH TIpaBUMY i Kpaiini BepxHi KJIITHHYM KapTH 3 KpaHHiMU
mxHiMyu (1i61 kKapry 6yJiM 3rOPHYTI B IMMJIIHAPU O BepTHKAJI
i ropusonTaii).

Yci KAITMHH, WO BiAPi3HAIOTbCA 3HaYEHHAM TiJbKH OAIie]
3MillHOY, € CyCiaiMH, He3BaXKalo4yy Ha Te, M0 iHO/AI BOHU PO3Mi-
meni ne nopaa (ansg GyHKuili n’sa1y 3MiHAUX i Ginbie).

Hanpukiaz, posrissHeMo KapTy Ui IU'sti aMinaux (puc. 18.5),
He3BAXAI0YM Ha 3HadeHHA QYHKLIT y KIiTHHAX KapTH.

BunuuieMo koM6iHanii 3HaYeHb 3MITHUX A4 KAITHH JIPYroro
pAAKa 3J1iBa lanpaso:

1. abcde; 3. abcde;, 5. abede; 7. abede;
2. abcde; 4. abcde: 6. abede; 8. abede.

Knituna 1 € cycignuboio 3 kxitunoio 2 (Biapisuserbcs siadct-
HSIM 3MiHHOI ), 13 kaiTrnoIo 8 (BiApisHAEThCA 3HAYEIINAM 3MITITIOT
), i3 kaiTunoIO 4 (BinpislmeTbc;I 3HaveHHaM 3Minnoi 4). Kaitn-
na 5 e cycifmbor 3 kaituromo 4 (aMinHa ¢), 6 (3MinHa e) i 8 (amin-
Ha d). AIaJOriy1i0 BCTAHOBJIOOTD CYCiAICTBO iHIIAX KITHIL.

Jlas pedaxoi joriyHoi ¢yHx1ii, 3a/jaHOI 32 KOMOMOTroOI0 KapTH
Kapno, MOXHa 3anucaTti Kiabka aare6puduux BUHpPasiB pisiol
CKJIAAIIOCTI B N3’ IONKTHBHIH a60 KOII' IONKTUBLIHN ¢opmi.

IIpu 1poMy NOTPiIGIIO JOTPHMYBATHCS TaKHX TIPABMI.

1. Yci opununi (mpu 3anuci gyuxiii y ans’ onkrusiii ¢hopmi)
i Bci myni (mpm samuci B Kou'onkTUBHii QopMi) MaoTh GyTH
BaMKIieHi B TPAMOKYTI KOUTYpH. OAuHHYHI KONTYDH MOXYTh
06’eIIlyBaTH KifbKa OJHIINLDb, e 1€ IIOBUHILL MICTATH ycepe/iu-
ui cebe gysaiB. Hynbosl KOUTYpH MOXYTb 00’ €ANyBaTH KiTbKa
IyJIiB, aje 1te TIOBUHII MICTUTH ycepeaulli cebe oqmmuin. Onno-
HMEHHI KOUTYPH MOXYTDb aKJaJaTUCA OQUI 14 OII0TO, TOOTO Ta
caMa oguunna (a6o 1yab) MOXKe BXOAUTH B KiJTbKa OAUHHIHHX
(1ybOBMX) KONUTYPIB.

2. Ilnoma Gyab-aKOTO KOHTYPY Ma€ OYTH CUMCTPHHIIOD LIOI0
MEX 3MINNNX, 110 [IEPETUIIAIOTLCS 1IMM KOHTypoM. [1takine kaxyau,
YyC/I0 KJITHH § KOHTYpi A0piB-

moe 2", nen = 0,1, 2, 3,4, ..., e

TOOTO YHCJIO KIITHIL BUPAXKAETD- d

cauncaamu 1, 2, 4, 8, 16, 32, ... . " c

3. o6 yuukuyT! oTpuMal- ! ! ! :

HA 3afiBUX KOUTYPIB, ix 100y 10~ 0j]0j0[0]|1]|0[0}]O

By TOTpIiOHO NOYMHATH 3 THUX dalololilolo{1]o]o0

S — — oiofl1{olof1]|0]0O

Hc. L. Rapra KRapRo 414 (PYHKIIL

II' ATH 3MINHHX 0/0]1]0j0[1]0]0
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OJUHHIB a60 HYJIB, 10 MOXYTb YBifTH B OXUH €TUHHUI KONUTYP.
Saitéumy Ha3UBAIOTh KOHTYPH, BCi KIAITUHH SKUX YBIHIIN BKe B
iHDII KOHTYPH.

4. Y KOHTypu MoOXHa 00’eIyBaTH TiABKYU CycCimni KJIiTHiH,
1I0 MiCTATD OQUUHMII abo uyJi. JoTpuMaHHS HBOTO MPaBUIa 0C006-
JIMBO NOTPIOHO MEPEBIPATH, AKNIO YHCJAO 3MIHHMX Oijblle HiX
YOTUPHU i KOJHU CYCiAH] KIITHIH MOXYTb DO3MIIyBATHCS Ie IIO0-
pAA, TOMy KOHTYDU MOXYTb 3a3HaBaTH BUAUMOTO DO3PHBY.

5. KoxHift ouiuymiit KaiTuii BiIoBigae KOH IOHKIisL ITo4YaT-
KOBHX 3MIHHHX, 10 BU3HA4YalOTh 1[I0 KIITHHY. Koxuil HyipoBii
KJITUHI BiJMOBiAaE AU3 IOHKIISA iHBepCiil MOYATKOBUX 3MIHHIX,
[0 BH3HAYaIOTh IO KJITHHY.

6. Y KoHTYpi, 0 06’e1Hy€e ABI KJIITHHH, OZHA 31 SMIHHUX 3MIiHIOE
CBOE 3HAYECHHA, TOMY BHPa3 KOHTYPY 3 ABOX KJITHH He 3aJIeXXUTh
Bix niei aminHOi, a mogaeTbes ycima inmumu 3minnumu. e npa-
BUJIO CTOCYETBCS i KOHTYPIB, 1110 OXOILIIOIOTh YHCJIO KIITHH Gifblie
HiX [Ba, i Mae Take (DOPMYJIIOBAHHS: BUPA3M, L0 BiAMOBIIAIOT
KOIITypaM, He MiCTATb THX 3MIiHIHUX, YA MeXi IepeTHHAIOThCSA
I7I0M1e10, OOMEeXeHOIO UM KOHTYPOM.

7. Bupas soriunoi ¢pyHKIii MOXHA 3aITHCATH 33 BIATIOBI OO
kaptolo Kapuo B Au3’IOHKTHBHIiH a60 KOH'IOHKTHBIIH (dopMax.
Ju3’1oHKTUBHA OpMa CKIAAETHCA Y BUNJISIL AU3 IOHKIIT KOH 0K -
Ui, mo BiAMOBiZAIOTH OJUHMYIINM KOUTYPaM, BUAIJIEHUM Ifa KapTi
JJ1s1 BU3Ha4eHst (PYHKIi; KOH'IOHKTUBHA — Y BHTJIAAI KOH IOHKIII
U3’ IOHKUIH, M0 BiAIOBIZAIOTh HYJIbOBUM KOHTYpaM.

8. 11 KOHTYPiB, 110 OXOILIIOIOTh Pi3HY KUIBKICTb KJIITHH, YTBO-
PIOIOThbcA BHpa3u pi3Hol ckagiocti. Tomy aus neBHOI jorivydoi
¢ynxuii MoxkHa 3amucatH 3a il kapTolo KapHo kinbka anre6puy-
IIMX BUPa3iB, 10 BiApisIAIOTECA 3a ckaaaHicTio. Halickmaanitnii
BHPa3 BIANOBI/Ia€ BAMAJKY, KOJIH KOXKHIN KJXITHHI BiIIOBIRA€ CBiii
kouryp. llei supas € JAHO® a6o JKH® neBnoi ¢pyukuii.

I.1s oTpuManiis 32 kaptoio Kapio MiniMambHOTO BHPAsy Joriy-
HOT GYUKUIT caijt JOTPUMYBATUCS Takoro npasuia (KpiM 3aralb-

HUX, BUKJIQICHHX paHille): o/in-

e HUIL 260 HyJli MaloTb 06’ €AIyBa-
d THCA MiHiMAJIbHUAM YHCJIOM Hai-
¢ c 6iJIbIINX KOHTYPIB.

— Inoxi nns mesxkux ma6opis
offtile]ofo]|1]o II0YATKOBHX 3MillHUX 3HAYeHIIA
a 1[I0 4} o]of t|(n) 1] dyuxuii crporo He BusHayeHi, i
~M-1=1T=1T~T-~1l-l -1 ii xapra Kapso mMicTuth YMOBIii
b hJ TToToloilo YyJieHH, ToOTO Taki KJl.i"'I‘l/IlII/I, B

L~/ SIKHX 3HayeHHs (PYHKIIT MOXHa
BBaXKaTH TaKUMHM, 11O JOPIBHIO-
10Th oauHuNi a6o wymo. i yne-

Puc. 18.6. Kapra Kaphno
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HU Ha KapTi Mo3HayaoTs snakoM ~ (Tusibaa). IToposkHs kiaiTuHa
BI/ITOBi1a€ YMOBHOMY 3Ha4YeHHIO PYHKIII.

HagpHicTb 311akiB yMoBHOTo 3HaueHHA PYHKII] y KAiTHHAX Kap-
T KapHo fae 3MOTY BKJIOUATH Ui KJITHHHM B KOHTYDPH 3 OJMIIH-
1AM a6o HyasiMu (32 po3Cy/10M IPOEKTYBAIBHIUKA), MO CIPHsIE
OTPUMAHIIO MiHIMaILHUX anTe6pHYNMX BUPa3iB AJiA NeBHOI JoTid-

Hol DyHKI{i.

Tlpuknaa. MinimisyBatu ¢yHkuio, mogany y suriaai xaptu Kapuo
(puc. 18.6).

JOoTpUMYIOYHCh NPABUT BH3HAYEHHS aArcOPHMYIHHX BHPasiB 3a KapTow
KapHo, npapua MiHiMisanii, a TAK0X B3SABIIN 10 yBArK HAABHICTD YMOBHHX
3HayeHb GQYHKNIT, MOXKHA 3amMcaTH Taki BUpa3y 414 uiel aoriunoi GynKuii:

® 33 OJJMHUYHMMU KOHTYpaMH

Z =ac+ad +cd + cz;

® 332 HYJbOBUMH KOHTYDaMu

Z=(a+c)(c+d)a+d+8).

Meron MiniMizanii 3a gomomoroio kapt KapHno gae 3mory Ha-
OYIIO i JOCTATHBO IIPOCTO 3AiMiCHIOBATH MiHiMi3allilo Joridnoi
dyukuii 4 — 6 3sMinanX, xo4a iHoAi HOTro 3aCTOCOBYIOTD i JUIs Milli-
Mizanii ¢gynkuii 6inpuoro yncia amimmux. Ipore y pasi 36i1p-
HISHIIS YMCJa 3MIIHNX 3acTocyBanist KapT Kapio yckaanoern-
¢, OCKiJIbKH BUIIMKAIOTH TPYAIIOLL TIi/l yac BU3HaYeNs CyCiamix
cramis (KJAiTHII).

KOHTPONbHI 3anuTaHHS i 3aBAaHHA

1. HageniiTb 0CHOBHi onepauii 6yseBoi anre6pH. Ik BOHH OMUCYIOTLCS 34
JIOTIOMOr0I0 TaGJIMIb ICTHHHOCTI Ta 32 AOTIOMOTOK) aJIrCOPHYHHMX BUpasin?

2. 3a ko1 GopMyN0I0 BU3HAYAIOTh CKiHYEHHE YHCI0 (PYHKUIH 118 ABoX
apryMeHTiB ABO3HaYHOI cHCTCMH?

3. S ¢ynkuii sagani popmymamnx Ly, x/y, x = y,x @ y?

4. Hasegitn, npuxaan omucy GhyHKUIT aareG6pu Jorikn B cnosecHiit gopmi;
Y BUCASAL TabauNi iCTHHHOCTI; Y BUTASAL aarcOpHynoro BUpasy; y Jin-
3" IOHKTHBHII i KOH IOHKTUBHIH HOPMATbHEX doOpMaX; Y BUTAALL NOCHINOB-
HOCTI 9HCCJ; Y BUNIAAL Ky6a.

3. Ykaamith TaGJHUIO iICTHHHOCTI AJA KOH IOHKIIT TPLOX JOMTYIHX 3MIHHHX.

6. I1fo Taxe paHr pyHKUii?

7. Hapeaits xnacudikallilo JOriYHUX APHCTPOIB 3a CNOCOGOM BBCACHHS-
BHBCACHHS 3MiHHHX; 32 NMPUHIMUIOM Iii.



Posgin  KOMBIHAL|IAHI
19 CXEMU

19.1. Etanu noGyaosu
noriyHoi cxemu

Sxo gocBizx mo6yaoBu (CHHTE3y) JOTIYHEX CXeM Y PO3POOHIKA
HEeBENUKHUI, TO MOXHA PEKOMEHAYBATH HOMY TaKy MOCIiIIOBHICTD
JiH, ,

Eran 1. YxJagauns TaG/auili iCTHHHIOCTI. Hajicknaanimuii, ane
JIOCHUTDb IIOIIMpeNHi Ha NPAKTHLi CIOCI6 3aBJANNS CXEMH — 1€
nosicHenns if po6oTy Ha NOHATIHHOMY piBHI y BUr/IAAi Habopy
dpas 3Bruaitnoi Mosu. CkiafuicTb erany TMOB s3aHa 3 TUM, IO
3aBJallid OIIUCYEThCs HeOPMaJIbHUMH TepMiHaMu, AKi JonycKa-
I0Th HEOAHO3HayHe Horo Taymadenus. OcHOBIA MeTa eTamy —
dopmartizallis 3apfanid, y HPoLeci IKoro MOTpiGHO Mpoanaxisysa-
TH 3Ha4eHHs QyHKUil 414 KoxkHol KoMGiHALi] 3HaYeHb apTYMEHTIB.
Pesynbrar etany — rtabsauus icturHocti. Ile Bxke 3aBmauns, He-
OJIII03HaYHe TAYMadyeHHs IKOTO HeMoxuBe. TibKu sikiio Ta6im-
I BHACJiOK 3HAYHOTO YHCJA 3MiHHUX BUSBJSAETLCHA 3aHALTO
rpoMi3akoIo a6o Axkwo GyHKIig IpocTa i 3Mict ii abcomoTio 3po-
3yMiani#, MOkHa MOYUHATY 6e3NOCcepeHbO 3 HaIMCAITHS aHasi-
TiyHOi popmyIH.

Eran 2. fIxmo ¢ynknia BusHauyeHa He Ha BCix na6opax apry-
MEHTIB, TO NOTPIOHO JiKBilyBaTH HeOIHO3HAYHICTD Tabmuni. Y pasi
MaJoro Yucja HeBU3Na4eHHX 3HAUeHDb KPAlle PO3TJITHYTH KilbKa
BapianTis. SKIo uuc10 yMOBHHX 3HaUeHDb a60 CAMHX apryMeHTiB
BeJIMKE, TO, MOXKJUBO, JOBEAEThCS NOBHICTIO AOBU3NAYNTH (HYHK-
1i10 BciMa HyAMM a6o BCiMa OfMHALAMUE — TakK, 100 y pe3yJib-
TaTi 3MeHIInTH 4ucao 4ieHiB JJJH® mnpsmoi dyukuii abo ii
inBepcii.

Eran 3. 3a niskoM BusHnauenowo tabiuneo ckaactu JJJTHD.
Axuro posrisazaeTbes KilbKa BapialTi a6o SIKINO € CIIOiBAHHS,
1[0 iHBepcis PpyHxuii peasisoByBaTMMETbCS Kpallle, TO B MOAATBIIIH
po6oTi 6paTUMYTh y4acTb Kiabka Bapiantis JJHD.

Eran 4. Minimizysarn JJIH® 6yap-axumu JOCTYIIHUMY Me-
Tozamu. Ha ubomy eramni inoai notpi6ua pimryyicts, mo6 npunu-
HHTH IOLIYK Kpamoro Bapianra (1xoro, MoxJuso, i e icnye).
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Etan 5. PeanizyBaru 3naiizeni Aus3’I0OHKTHBHI QOpMH Ha J0-
rivnoMy Gasuci 3aganoi cepii enementis. CnpoOyBaru BapianTu
peasnisanii Ha | —ABO—HE i na I-HE, ABO—HE.

Eran 6. Ouinutin BracTuBOCTi ABOICTOCTI JIOTidHOI cXeMH 3
ypaxyBaHHAM 3MiHH YHcJIa BXiAHHUX | BUXIHUX iHBEPTOPIB.

Eran 7. CrpoGyBaTy 3HaHTH TaKy AeKOMIIO3HII0 GyHKIII, 106
Kox<el (parMeHT OTPHUMAHOrO PO3KJIaJanHs 3ajexas Bia Mel-
IIOT0 YMCJa apryMeHTiB, X nouaTkoBa pynkuis. CrnpobyBaru
BUKOHATH 1le PI3HUMHU CITOCOGaMH.

Eran 8. Bu6patu 3 orpuMalux La eramax 5, 6, 7 papiantis
HalinpugaTuimuil 3 TOrJsAAYy IOCTaBAENO] METH, _

3aspuvail B Mipy HaOyTTs JOCBiJy NiepepaxoBali etaiy mouu-
HAIOTh B3aEMHO MPOHUKATH OJMIT B OAHOr0, JedKi eTanu omycKa-
IOThCS 30BCIM 1 Bce Oibllle OLIIOK TOUMNAE BHKOTYBATUCS JYXKe
MIBMAKO, Makxe Ha IHTyiTHBHOMY PiBII.

19.2. CUHTe3 NOriYHMX NPUCTPOIB
y 3apaHomy Gasuci JIE

ITix yac mo6y0BH JOTIYHUX ITPUCTPOIB 3a3BUYaAl 1€ KOPHCTY-
10ThcsA (PyHKITIOHATBIO TOBHOIO cucTeMolo JIE, aky peanisyorn
yei Tpu ocnosui Jorigni onepauii: 1, AbO i HE. Ha upakruni 3
MCTOI0 CKOPOYEHITS IIOMENKJIATY DY eJIEMEIITIB KOPHCTYIOThCS (Py1IK-
IiONAIBIO TIOBHOIO CHCTEMOIO eJIEMENTIB, AKA MICTHTD TiJIbKH JiBa
eieMellTH, 1o BUKONYIOTh onepautii «I—HE» i «<ABO —HE», a6o
HABITH TLLKY OAMII i3 IUX eJIEMEIITIB, IIPUYOMY YHCIIO BXO/IB eJieMell-
TiB 3a3BMYail 3a4a110. ToOMy TUTAMIA CHIITE3Y JOMYIMX IPHCTPOTL
y saganoMy 6asuci JIE MaoTh HeaGusiKe NPaKTAYHE 311a9enis.

Ilepen THM AK TepeHTH 6e€3N0CEpPeANbo A0 MHUTalb CHIITE3Y
JIOTIUIMX IIPUCTPOIB y 3ajaiomy Gasuci JIE, ykaagemo tabimiio
(Ta6n. 19.1), B AKy A5 3pYUIIOCTi 3BeEMO MOXJNBI opMu 110-
nang Buxignux curuanis eacMentis «21—HE» i «<2ABO -~ HE»
3a YMOBHM, 1O Ha iXii BXOAU TOAANI JOMYUI 3MIINL Xy Ta x.

Ha ocnosi niei taGmuui Koxiy ¢yuxiiio anreOpu Joriku
(DAJT) moxiia 3anucatu B Gasuci JIE. Ilpu uboMy BuKopHCTOBY-
I0Tb IBa TEXHIYHUX NIPUIOMIL: 110BilIIe iHBEPTYBANIA BHXIALOTO
BUpa3y a0o iOro YaCTUIH Ta 3aCTOCYBalllld TeopeM ie Mopraiia.

Tabauus 19.1. Mopma 3anucy OCHOBHMX JOTivuHX onepauiii

. YmMonie (Mopma nopanHA
Eaewmenr NO3HAYMEHHN onepanii|  BAXIAHOTD cUrHAnY
21— HE (urrpux Ieddepa) x| xg X4Xg; :r: +3£
2ABO —HE (crpiaka Ilipca) x d xg X+ X Xqx,
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Axuo norpibro ssectn DAJI go 6asucy JIE I—HE, 10 32
JIOITIOMOT0I0 3a3HaYCHUX TNpHiioMiB YKL MOXHA 3BECTH A0
BHY, 1[0 MICTHTb Ti/IbKH OXepallii Jori4Horo MHOXKEHHS it iHBepcii.
Hani ii nepenncyioTh yepe3 yMOBHI mosHauky onepamii 1 —HE.
Ananorivyno po6saatb npu 3sesenni ®AJ no 6asucy JIE ABO —
HE. ¥V uboMy BUNMAAKY V BUpa3si 3aJMOIAIOTb TibKU onepanii
Jioriynoro goxasadns i inBepcii.

Mpuxnaa. 3asana ©AJ 2(x) = 1314 + (13095 ) (%, + 2;). 3pectn g0
6azucip JIE I-HE i ABO—HE.
basnuc JIE [ -HE:

2(x) = 2370 + (32,10 (5 + 1) = X370 (237, %) (2 + 1)) =

= X3Xg - X3X) X ‘.X2x—1 = (x3 lxo) l ((;3. ' Xy , x_o—) , (12 ' x_1))

Basuc JIE ABO—HE.:

2(x) = x3xg + (379 20ty + 2¢) = X3 + Xy + XgXy Xy + Xy + X, =

=X3+X) tXgF Xy + 2o+ Ly + Xy =

19.3. MynbTn-
N OeMynbTUNIeKcopn

My bTHIIIEKCOPOM HasWBaeTbesl KoMbinauifina cxema (KC),
wo Mae m + 2™ BXOAiB i OMMI BUXIA, Je m — wHCIO aapecHux
BxoZiB; 2" — uucno indopmauitinux BXOAiB MYJIbTHILIEKCOPA.
Bxoau My bTHIIIEKCOPA MOAIMSIOTH Ha ABi IPYNH: iHndopMamiini
i kepy1oui (agpecni). Aopecy nogaloThes 3a ABIMKOBUM KOAOM i
iM npucsoroeThes nomep j. Koxuiit aapeci 3 moMepoM j Bignosi-
Jae cBilf ingopMauifinuii BXin Aj, curHai 3 SIKOro HaIXOIUTb Ha
BuXiA. Tpaaunifine BUKOPHCTAaHHA MYJIbTUIIEKCOPIB MOJATAE Y
KepoBaHOMY IlepefaBaliii JalluX BiJ KiJbKOX BXiJHUX KalaJis B
omunl BUXianui xanai. Koxmuit i3 BXigHuMX KaHajiB 1m0 4epsi
MiAKJII0YA0Th JO BUXIAHOro HiJ KepyBaHHSM aJpecHOro CUIlla-
ay. MynbpTHniekcop BUKOHYe (VHKIIO

™M _yq
f= v AK:(V), (19.1)
o I
j=
ne v=_(x, .., xp), X, — ajpecHi curnamm; p =1, 2, ..., m;
A ; — Bxigui indopmaniiini curnasy MyabTHILIEKCOpa.
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IpunnunoBy cxeMy 4-KaHaJb- Ao &|1
HOFO MyJIGTHILIEKCOPA, L0 MAE /(A ]
aZIPecHHX BXOIM X{ i X,, 306pa- Al —T'E‘}ﬁ 1|
seHo ua puc. 19.1. ! &

Burnyckatorses cepii Mikpocxem, ] f
210 SICHX BXOJISATH MYJBTHILIEKCO- 5 T —
PpH, TI0 MAaIOTh YHCJIO aJpPecHUX
BXOJiB m =2, 314, NIpNyYOMY SKIIO xz~-—B -
YHCJIO aAPECHUX BXOAIB m = 2, BU- Aj &
FOTOBJASIOTH 31BOCHI 4-KanaabHi
(2™ = 4) MyJIbTHILIEKCOPH, YHCTIO

BXiAHUX iHQOPMANIAIMX CUTHAMIB  Pyc. 19.1. 4-Kamaxpumit MyasTi-
saxux 2™ + 2™ =8 (ui MyJbTUILIEK-  nACKcop

COPH MAIOTh BA BUXO/IH, [IPHYOMY

aapéca 3 HOMEPOM j Kepye ABoMa BXimmumu iHdopManifinumu
CHTHAJIaMH A]- i Bj). YMoBue rpadyiyne N03HAYEHHS 3ABOEHO-
TO 4-KaHAJIbHOTO MYJbTHILIEKCOPA 3i CTPOOYBAaHHAM HaBeJEHO Ha
puc. 19.2 (Mikpocxema 155KI12).

Ileit My IBTHILIEKCOP BUKOHYE TaKi (yHKLIi:

3 3
L=V ].‘;0 AK;(v); =V 7.‘:0 D;K;(v),

e v= (x1, xz); 171 i V2 — BXoAu cTpolyBamisi. Bxoau crpo6y-
BalHA BUKOPHCTOBYIOTD I/ TOGYA0BU KoMyTaTopis 3 k2™ indop-
MauifiupMu Bxozamu (k= 2, 3, 4, ...) Ha ocHoBi 2™-KaHaNblIuX
My JIBTHILIEKCOPIB.

16-Kananpiuil KOMyTaToOp, BUKOHAHUH Ha JBOX 8-KaHaJbIHX
ceseKTopax-My.bruiiekcopax (Mikpocxemu 155KI17), 306pakeno

15
na puc. 19.3. Ileit komyTtaTop Bukonye dyukitio [ = 'vo DK V),
_ 17

ne v=C(x;, x,, x3, x4). Bxia cTpoGysamns V Buxopucranumit
SIK AOJAaTKOBUH agpecuuii BXiz,

MybTUILIEKCOPU MOXKIIA BUKOHYBATY Ha OCHOBI JBOHATIPSMIIE-
[HX AHAMOTOBUX TepeMUKayiB. Taki MyIbTHIISIEKCOPY BUIIYCKAIOTH
y cepisix IC 3i crpykryporo KMOH, nanpukaax K564KII1 —
3aBoenui 4-kananpHui Mysabruiaekcop ta KS64KII2 — §-xa-
HATbUMH MyJIbTHILIEKCOP. JeMyIbTUILIEKCOPH BUKOUYIOTh byIIK-
1iIo, o6epHeily MyJIbTHILIEKCOPaM, TO6TO PO6IATh KOMYTALII0 0/-
1oro ingopManiiioro Bxiauore curuaty Ha 2™ BuXoAiB, ne m —
YUCJI0 aJApeCHUX BXOXIB.

Tlo6GyaoBy neMyjbTUIIEKCcOpPa 418 KoMyTauii ofuoro ildop-
Mallifilloro BXi/IHOTO CUTHaMY Ha 4 BUXOAH (1 > 4) ua enxemen-
tax | naBeneno na puc. 19.4. Po6oTy AeMy IbTHIIEKCOPA MOXKIIA
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s—dc | Ms
8 —d A0
7 — Al
6 —ad A2
5 — A3
4—24
— A5
4—J40 3
21 A6
MS 3 — Al [MS 5 i 110
f 2 — A2 Y1p—
Al 7 ‘a3 23 —] A8
B 'y 22 — A9
15—A 21 — A10
14 — A5 20 — All
13 —1 A6 19 —{ Al2
i 12 —1 A7 18 ——{ A13
2 ¥ | 17 — Al14
br=9 1n—x 16 —] Al5
10— Xy yol 8 15— X
91X 14—%2
13 — A
T—v 11 X
a 6 8

Puc. 19.2. Cxemn My"bTHILTICKCOPIB:

@ - 3ABOEHHUH ceMCKTOP-MyabTHiIeKcop 4—1 K155KII2; 6 — cenexrop-Mynb-
THILIekcop Ha 8 kaHanis K155KII7; ¢ — Te came, Ha 16 kamaniz K1535KII1

BO—— DO B8—— D0 | MsS ‘_
B—m | M BY——| D1 & ¢
B2— D2 B10——| D2 — L
B3— D3 B11—| D3 |
B4—— D4 Blo——| D4
B5—— D5 B13—| D5
B6—— D6 Bl4—| D6
B7T— D7 Bis—| D7

X4 X X

X3 Xz X,

x2 X3 X3 p—

]

Puc. 19.3. 16-Kananbunii My IbTHILIEKCOD, T0GYAOBAHMI Ha ABOX 8-KaHa/Ib-
HUX ceJekTopax-Mynbriiackcopax K155KII7

TiYol F
Y14150Y0 x— | px _FL
Yo—0 —L
H & £y Y1—1 b
] Z o
—H & F[
6
X _:|& F,
& ] f3 Puc. 19.4. Cxema pearisauii (a)
Ta yMOBHE TtosHaycuHs (6) me-
MYIBTHILICKCOPA
a

OIIMICATY TaKVMH JOTIYHUMY BUPA3AMH:
. fi =xm;; i=0,2" -1,

e m; — MiHTepMM 3MiHHHX.

YMOBIIO JeMyIbTHILIEKCOP No3uavaloTh Jitepamu DX, MMloso
MYJIBTUILIEKCOPIB i AeMYJbTHILIEKCOPIB BUKOPUCTOBYIOTh TAKOX
TepMill cenexmopu danux. '

19.4. llewmndpaTtopn, peuwmdpatopu-
AemMynbrTunnekcopm i wmdparopu

Hemm@paropy i mudpatopu Hasexarb 10 YACIa EPETBOPIOBA-
4iB konis. I3 momaTrsM 1wndpyBanusg NMOB’g3a1e YsBJAEHHS PO
CTUCHEHIIS JalliX, 3 MOLATTAM AeladpyBanis — o6eplene nepe-
TBOPEINIS.

B yMoBHnux nosnaueniax acutudpatopis i mmdpatopis BUKo-
puctosylors xitepst DC i CD (Bianosiauo Bix cnis decoder i
coder).

Iosnun dewugppamopor uasupaors KC, o mae n sxoais, 2"
BHUXOAIB i peanidye Ha KOXIIOMY BUX0Ji (pYHKIIIO, 10 € MiuTEp-
MoM n 3Minnnx F(v), ge v =(x, ..., x,); x, — BXigui curia-

m(s=1,2,..,n);:1=0,1,2, ..., -ty 1HOBHOMY JAeutngparopi
KOXHilt koMO6inaiii 3HaveHb BXiANNX CUIIAJIB BiANOBilae curna,
sIKUH Aopisioe 1, TiAbKY 112 OXIIOMY BUXO/1i, TOOTO 3a/I€XII0 Bijl
BXIAHOTO KOAY Ha BUXOAi 36y/KyeTbes ofne 3 ki, [Ipuniuioy
cxeMy Jemndparopa, 0 Mae /iBa BXOAM Xy i Xp Ta peanisye
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xl_

[&]_Fo ;

- DCl, |-£0

| 1 Fy  Puc. 19.5. Jdeumd-

xz___B &l fr miy 3 [F, patop 2 x 4:
— £ 11— ,_ TPUHIAIOBA CXC-
& |13 Ma; 6 — yMOBHE Tpa-
| ¢iuHC mo3HAYCHHA
a 6

yorupu Mintepmu Fy, F, F, i F3 (neumdparop 2 x4), 306pa-
sxeHo Ha puc. 19.5, a, a yMoBHe rpadidiie Ho3Ha4YeHIIA {bOTO Jie-
mugparopa — Ha puc. 19.5, 6. ¥ niBoMy Honi 3asyadedi Baru
BXi/THMX CHTHaAiB x; i x,, KOoMOiHaNil 3HaYEHb SIKNX PO3r/sija-
I0Th 4K ABiHKOBI uncaa. KokHoMy BXifHOMY ABiHKOBOMY YMCJY
Bi/iTOBiZae curHaj, gxuil JopiBlIoe | TiJIbKM I11a BUXOAi, HoMeD
SKOro, 3a3Hauenyil y IpaBoMy TOJI, 36iraeThcst 3 ABIIKOBHM 4HC-
JIOM. ‘

Henoeni dewugpamopu — 1e gelmndpartopu, AKi peasizyoTp
m < 2" minrepmis. Taki gemngpatopy BUKOPHCTOBYIOTD, HAIIPH-
KJIaf, LIS IepETBOPEHHS ABiHKOBO-IECATKOBOIO KOy Ha KOZ, IIPU-
3HaueHuil /19 KepyBaHHS AeCATKOBUM inpukatopoM (nemundpa-
Topu 4 X 10). ¥YMoBHe rpadiune nosnavends gemudparopa 4 x 10
(nampukaag, mikpocxemu K155M/11) maBegeno ma puc. 19.6.
Mikpocxema 155M /1 npusnavena 171 KePYyBaHHs BUCOKOBOJIBT-
HUM AeCATKOBUM iHAHKaTopoM (JaMuaM# 3 XOJIOIIUM KaToZOM
i3 cucremoro nudp Bix 0 10 9).

Henmndpatopy € nepeTBOPIOBAYAMU KOIB, O BUKOIYIOTH 1€
perBopenns /ABiiikoBoro i aBiiixoso-
JECSITKOBOTO KOJIB Ha YHITApHUR KO/.

x |, |PC (l) : }g Yuirapuuit Koz I[Bif/'IKOB(’)lI‘O n-po3pa-
3 1 HOrO YMCJIa NOJaeThes 2 PO3PAfaMU,
X3 2 —8 pimpku OJMH i3 PO3PSAAIB SKOTO AOPiB-

6 2 31—9 e 1.
X 413 [3 11aBeZIeHOTO BUILIMBAE, LIO AeUINd-
7 4 5 —14 parop peanisye okpeMuil BUNALOK Je-
X 6 11 wmyasrunnexcopa. OTxe, cxeMy femud-
4—8 7 ——10 paropa MoxHa AicTaTé 31 cxeMm Je-
8 —1 MyJbTHILIEKCODA IIPU BUMKHEHII 3 Hel
9 —2 indopmauiiinoro Bxogy Ta BUKOpUCTaH-

11l agpecHuX BXOZIB AK indopManiinmx.
IIs cxeMa € OJHOCTYIINYacToIO.

flff'l (} %Smgsgléﬁf arop ITix yac pospo6ens 1C na6yno mo-

K155M11) IIMpeHHs KiJbKa JOTi4HUX CTPYKTYp [e-

/
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mrudparopa. Ix ocHoBhna
BiAMIinHICTb Mixk co6oto 1o- Ao [& & 0
JIArae y YisBHAKO/ii Ta 4McJii "‘I_A'_‘ "I °
BUKOPHUCTOBYBAHHX €JieMeH- =] =1
rapaux JIE. 4 »-I o
Ha#i6inpm mBen in-
: foxnan H & &
HHM i BOJHOYAC HalCKIaI- l 02
HIilIMM € OJIHOCTYITiHYACTHIA,
. Y =
a6o mapanenbuui, aemmdg- & I &l o3
patop. Skimo aas pearni- ﬂ
3anii o6pobJeHHs] OJHOrO I &I 4
BXiJUIOTO JIOTI4HOTO CHIHA- 4,
Jy moTpi6Ha Jesika yMOB- o &
HQ OIMHUIA allapaTHUX 3a- - 5
co6iB, YHUCI0 OQUHNLD IIAX Z
amapaTHux 3acobiB A ..D—oﬁ
n-pospsaHoro Aemudparo-
pa BH3HAYaIOTh 3a Bupazom PHc. 19.7. Cxema &l 7
N =n-2" IripaMiJaabHOrO ]
- ) nrewndparopa

JIKIUO miJl 9ac MpoeKTy-
BaHHA OCHOBHOIO BHMOTOIO
€ IIPOCTOTA CXEMHOrO pilllelHA, 3aCTOCOBYIOTD illli CTPYKTYpH
AemngpaTopis, HANpHKAAL AeUIMpPATOPH NipaMiaiblol CTPYK-
Typu, Garatoctynindacri zeundparopu. Ilpore cnpontenns cTpyk-
TYPU AOCSATAETDLCA 34 paxXyHOK cnajalllist IBUIAKOALI.

Ines no6ynoBu nipaMizfasbroro genudpaTopa IpyuTyeThes a
TOMY, 1[0 AJIA OTpUMaIlIA gemudpaTopa n-po3psaaHOro Koay mo-
Tpi6lo ABi4i IOBTOPUTH BCi KOMGIHALIT #-PO3PSANOro KOAY BiAmo-
Biano 3i 3navennsaMu (n + 1)-ro pospsay 0 i 1. Cxemotexniuny
peanizaiilo LbOTo NPUILKILY Ha IPUKJIAdi neperBopentsa 3-pos-
PAAIIOro BXiJHOro Kogy 3o6paxerto Ha puc. 19.7, xe mTpux-nynk-
THPHOIO JUNICIO BUALIENO cXeMy IapajeabHoro 2-po3psaioro je-
mudparopa. 3a 4ucjaoM norpiunx eneMentapuux JIE ueii ge-
macdparop Ipoctilnil BiA oxHocTyninuactoro. Yneo yMOBIHX
anapaTHUX OJMHHULD, MOTPIOHUX /IS peatisaltii HBOro IPUIILIUMY
n-pospsigHoro geumcpparopa,

N=2-2"4(n-12"" (19.2)

Y pasi BeNHKHX PO3PSAHOCTEH BXI/IHOro Kojay sasnavenuii
MPHUHIMIT MOXIIa BUKOPUCTOBYBATH KiJbKa pa3iB. AKwo noTpiéno
Hie 6iblle CIIPOCTHTH cXeMy AemH(paTtopa, BHKOPUCTOBYIOTh 6a-
raToCTyIiHYacTi cTPyKTypH. Ines ix noGynosu noai6ua no iaei
no6yfoBH NipaMiganbuux aeumdparopis. Peanizaiiio 1soro
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Puc. 19.8. CxeMa GaraTocTymiH4acToro Acirngparopa

OpHHLMITY Ha MpUKAaai Aeumdparopa 4-po3psiHOTro Koy NoKa-
3ano ua puc. 19.8. 3a muM cnioco6oM /i Mo6yR0BU AemndpaTo-
pa morpi6no N =2-2"+2(n / 2)2"/? ymoBHEX omMuMIb Aa-
pariux 3acobis.

IlepeBaru 6aratocTyiHYacTUX CTPYKTYP BHABJIAIOTLCA y pasi
30iIBbIIIEHHS PO3PAIHOCTI BXiTHOTO KOAY. 3HAYHOTO [IOIIMPeHNs
BOHUN HaGy.JIu s nToOYJOBH MiKpocXeM I1aM’dTi. ‘

V pemmdpaTtopax uyacto mepefbadacTbcsl onepauis crpoby-
BaHUs, U0 A€ 3MOTY BUPOOJIATH BUXiAHI CUTHAIH TiJIbKY Y BU-
3HaYeHNX iHTepBajax yacy. CrpobyBanua Moxe 3ailicHioBaTucs
BBE/ICIINAM JIOJIATKOBOTO BXOy Tapasenbio indopmariiinnM (pic.
19.9, a) y xoxxuuil enement gemudparopa a6o 6OKyBaHIAM yCix
eJeMeHTiB yepes ofHe 3 BXiAumx xin (puc. 19.9, 6).

B ocTaHHbOMY BHMITAAKY 32 HYJLOBOTO 3HA4eHHs CUTHaIYy CTPO-
6yBanHa WTYYHO (POPMYIOTHCS HYJI B KOJIaX NPAMOro i iuBepc-
HOTO 3Hauenb 3MiHHOI, 1[0 3a6e3reyye HasiBHICTD Xo4a 6 OAIIOTO

e

Ho
Iewddpa-
Topa

Bxoau

Puc. 19.9. Cnoco6u crpobyBanHs gemtudparopa:
@ — BBCACHHS NOJATKOBOTO BXOZY; 6 — GJIOKYBAHHS BXiXHMX Kin
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Tabruys 19.2. TaGmuus icTunnocti dynxnionysanns mudparopa

36yaxenuii Buxig 36ymxenni Buxig
BXiJ as @ | 9 ay BXin ag a a a
F L L L £ 0 {1 |01
£ 0 0 0 1 Fg 0 1 1 0
B N I B Y F o | 1 {1
£ 0| o 1 1 Fy 1 o | ol o
F ot ]| o] o Fy 1t 1o lol 1t

HyJIS B UUCJi BXiHUX BeJMYUH A KOXHOTO eJleMeHTa maemndg-
patopa. Ilpu upoMy BCi BUXOAH 3BOIATH JIO IIYJAbOBUX 3llavenb,
OCKi/IbkH 6y/b-sKa 3MiHHA B IPAMOMY YM IHBEPCHOMY BUTJIs/i
HaJAXOAMTb Ha BCi eJeMeHTH Aeutndparopa. 3a OOIUHHUYHOTO 3Ha-
YeHHA CUFHaly cTPOGYBaHHS BiTHOBJIIOETbCS HOPMAJIbHE KOJIO
nepejJaBaHHsI 3MiHHOI Ha BX0JU Jemrndparopa.

OnucaHi BapiaHTH MOXKHA Ha3BaTH CTPOGYBAHHAM 32 BUXOAOM
i CTpOOYBaHHAM 32 BXOJIOM.

llindparopn BukoHyOTH PyHKLiO, 06epHeRy Aelindgparopam,
TO6TO NEepeTBOPIOIOTh YHITapHMIl KO/ Ha ABIHKOBMIT a60 ABiiiKo-
BO-/IECSITKOBHIi.

JIBijikoBi mudpatopu neperBopioioTh Koa «1 3 N» na asiitko-
BMI1 KOJ, TO6TO BUKOHYIOTb MiKpooIIepalliio, o6epiieny Mikpoorne-
pauii gemmdpatopis. Y pasi nopymeimis oJHoro 3 BXiallUx Kij
ningpaTopa 1a itoro Buxogax GopMyeEThCs CIOBO, 150 Bijo0paxae
HoMep 36ymxenoro kosaa. IloBuuil asilikoBuil mmdparop Mae
2" BxoniB i n BuxoniB. QHe 3 OCHOBHUX 3actocysails wudpa-
TOpa — BBeJeHHs JaHUX i3 KJaBlaTypu, 3a sSIKMM HaTUCKaNHs
KJaBillli 3 JeCATKOBOIO LIH(PPOIO MAE MPUBOANTH JIO TIEPCAABAIIIA
B NpUCTPill aBifikoBoro koay wuiel mudpu (rerpajau ABiAKOBO-
JIECSITKOBOTO Ko/ay). B 11bOMy BHIIAAKY IOTpi6Huit tenosuuit mmd-
parop 10—4, na IpuUKIaZi SKOTO PO3TJILIEMO IPUILUIY T06Y-
jqosu ummdparopis. @yukuionysasus mudparopa laBelelo B
ta6s. 19.2, 3 AKol BUIIMBAE, LIO

ay=F v FvFEvFvE
a1 =F v Fy3v Fyv F;
ay,=F, v FvFviy
az = Fg v Fg.
271



& ”
o— —-L-o__
io_ |
_L_z: g ™
] £ [
— & =1 &
ay gy -2
o— _Lo—- E
O—d
515+
i} O
&
iz
&
as Puc. 19.10. Cxema
e urigparopa 10—4

g peanizanii nmmdparopa 1a enementax TTJI, sxi yacTo 3a-
'CTOCOBYIOTD ¥ nepudepifiHIX NpUCTPOsiX, CAil BUPA3UTH 3800yTi
crisBigHourenns yepes onepaiio [ —HE. Toai

ay = KEsF5FFy;
o = RF3FeF;; ay = FiFFGF;; a3 = FF,

Ha migcraBi 1iux BUpasiB Oyayors wudparop, so6paxkennii Ha
puc. 19.10.

19.5. Cymatoput i Komnapartopu

Cymamop — xoMOinauifinwii jsoriuynmii NpucTpiif, npusnave-
HUH JJIS BAKOHAHHA onepanii apud)MeTHYHOro JoJaBaniis 41ce,
[IOAAHUX Y BUTIAAIL ABIIKOBUX KOAIB.

CyMartopH € OIHHM i3 OCHOBHHUX BY3J1iB apUPMETUKO-JIOri4H0-
ro TpUCTPoIo. TepMiH «CyMaTOp» OXOILIIOE UIMPOKUIT CIIEKTD NIpH-
CTPOIB, TMOYMHAIOYN 3 HAHIPOCTIIMMX JOTIYHKX CXeM i 3aKiHuy-
104y CKJaAuuMK 1uepoBumMu By3maamMu. CIIJIBHEM /IS BCIX IMX
OpuUCTPOiB € apudMeTHyle AOAABAHHS YMCEN, NOJAHUX y ABii-
KoBiit popmi. Knacudikauio cymMaTopis MoXHa BHKOILYBaTH 3a
Pi3HHMM O3HaKaMH.

3a yMCAOM BUBO/IIB PO3PISHSIOTH IIBCYMATOPH, OAHO- Ta 6arato-
po3padHi cyMaTOpH.
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Iiecymamop — TpucTpiil, npusHadeHul A1 R0JaBAHHS ABOX
OZHOPO3PALUUX KOJIB, KMl Mae JBa BXOAH, JBA BHXO/IU TA KU
¢opMye i3 BXIAHUX CUTTATIB CUTHAIY CYMHU, CUTHATH TIepeHeceH-
HA y cTapmmii po3paA.

Odnopospadnui cymamop — NPUCTPill, NpU3HAYEHUIT A JO-
JaBaHHS JBOX OJHOPO3PAAHUX KOMAIB, AKUH Ma€ TPU BXOJIM, Ba
BUXOJM Ta Skuil popMye i3 curuanip BXiAHUX JoAaHKiB i curua-
JIy IIepelleceHHs 3 MOJIOALINX PO3PSAAIB CHIHaAN CYMH Ta CHIa-
JIY TIEDEHECEHHS y CTapIuil po3ps.

Bazamopospaduui cymamop — NPHUCTPiil, IpU3HAYenul s
J0laBaHHS ABOX 6araTopo3pAAHMX KOAIB, skuil gopmye Ha BU-
X0/l KOJ CYMHU i cHrHAJ IIepeHecels y TOMY BHII/JIKY, SIKIIO
PEe3yJIbTAT AOJABANIHS Tie MoyKe 6YTH TOAAIMIA KOJIOM, PO3PSUIIICTD
SIKOTO 30iTA€TBCS 3 PO3PSIANICTIO KOAIB JAOJAANUKIB.

BaraTopospsgui cyMaTopu MOAINLIOTh Ha IIOCTIJOBHI Ta mapa-
genpui. [locaigoBanil cymMaTop BUKOHYE JOAABAIIHA YHCes IOPO3-
pAHo, MOYUIAIYH 3 MOJIOLUIOro po3pARy. B mapanenbnux cyMa-
TOpAax yci po3psAAM BXIANUX KOIIB IICYMOBYIOTBCS OAHOYACIIO.

3a crnoco6oM crpolyBansa (TaKTyBaHHA) PO3PI3HAIOTH CHI-
XPOHHI i aCHHXDOMHI CyMaTOPH. Y CUHXPOHHUX CYMAMOPAX TPR-
BaJicTb BHKoONAllg omepalii apudMeTHYHOro MiJACyMOBYBaNiis
JBOX KOJiB Ie 3aJIeKUThb Bil BUAY KOAIB i 3aBX/IU 3aJUIHAECTHCA
CTaMIM. Y ACUHXPOHHUX CYMAMOPAX TPUBAJICTL BUKONAHIIS Olle-
pauii 3aJIeXXUTh BiZi BUALY KOAiB AofankiB. ToMy micsst 3aBepuielr-
Hs1 BUKOHANHS ITiJICyMOBYBaHHS NOTPi61I0 BUPOGJISITH CIEIialb-
Y cUrHaJl 3aBepIlIelHs oneparii.

3aJexHo BiJjf BUKOPHUCTOBYBAIIOI CHCTEMH YHCJICHTIS PO3Pi3Hsl-
I0Th ABiKOBi, ABIHKOBO-AECATKOBI Ta iIlLIi THIIH CyMaTOPiB.

Hicranemo ¢yHKIii, D0 OMUCYIOTh OMepallii apudMeTHyIoro
AOAABAHHA ABOX 1-po3psiix ABIRKOBUX KOAIB x; i xg. AJro-
puTM I BUKOHAHIIS TOSACHIOETHCSE Tabsmieto ictunnocti (ta6a. 19.3).
Y cTOBNUI § HaBeAEIo 3NAYENTIS pe3yabTaty gofasais (cymu), a
y CTOBIIi p — OTpUMale HPH IIbOMY 3HAaYeHHs nepelecens y
crapiuit pospsan. IHorpibno 3BepuyTu ysary lia Bi/IMiHIOCTI pe-
3YJIbTATiB, 3406YTHX 332 apu(pPMETHUIIOr0 i JAOriYHOro JAOMABAMIISA.
Tax, 3a JOriHOro JoAaBaHII B OCTAllHbOMY PSAKY CTOBIIA s 6Y10
6 nassile 3uavenus 1. Bigminmocrti ] .

. - Tabauys 19.3. Tabanusn icrunnocri
Pe3yJIbTATIB LUX OIEpallll 1IC 1a~  no napapng 1-poapaanux aAsilikoBux
I0Tb 3MOT'M 3aCTOCYBATH 11 apud-  koais

METUYHOTO 1iJICyMOByBalus eJie-
meur ABO, a morpeGyiots pos- | Mt | %o g P
pobuieInisi cneniagizoBanoro NnNpu- 0 0 0 0
CTPOIO. 0 1 1 0
3layenns curiany nepenecen- 1 0 1 0
1151, IKe JOPiBHIOE 1 B oCTanubo- ! ! 0 !
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Puc. 19.11. Iiscymatop (a) Ta iforo Puc. 19.12. Cxcma 1-poapan-
yMoBsHe nosHadenns (6) HOTO ABiffKOBOrO cymatopa

My pagxy Tabm. 19.3, ¢BiAauTb OPO Te, 10 Pe3yAbTAaT, 3406y THI
Iix 9ac BUKOHAHHS onepaiii apuq)Mem‘moro JOJaBaHH4, y 1bO-
My BUNaAKy He MoXe OyTH HOAaHmi /JBIHKOBHM KOZOM, pO3-
PSAAHICTD AKOrO AOPIBHIOE PO3PSAHOCTI CJiB AoAaHKiB. s mo-
JAIHA PE3yJIbTaTy TOTpiGHe CJI0BO, IO MAE HA OUH Po3ps Giabie,
HIXX KOJH JoJallKiB.

Bukopucrosyloun HaBeAeHy TabaULIO, MOXKHA 3aIMCATH CHCTE-
My dyHKIIH anre6pu JOTikM, 110 OMUCYIOTH AJITOPHUTM onepatlii
apuMEeTHYHOro A0AABAHHSL:

S=XX taxg =% ®xy;  p=x4%,. (19.3)

[ ii Texuiunol peanisauii morpi6ui sioriuni exementu I ta
sukaoune ABO (puc. 19.11).

Omnepauis 101aBaHHs JOJATHUX ABIHKOBUX YUCE] BH3HAYAETHCA
TaKUMHU NpaBUJiaMH ABiliKOBO! apudMeTHKy.

1. 3Ha‘{e.HHH NEPEHECeHHS 2,1 ¥ (p + .1)-131 po3pAx J0piBHIOE
1, sxmo a8i a60 TpU BeTUIMHY 3 X, Yp 1 2, ROpiBIIOTD 1, KE
x, 1y, — pospamnm uucel XiY; z, — mnepeHecenns 3
(p - 1)-ro pospsaay;

2. 3HaueHHs p-TO PO3PALY S, CyMH YHCen X i Y popienioe
1, AKIMO HemapHe YMC/I0 BEWIHI X,, ¥, i 2, Kopisiioe 1.

311aueHHs [lepeHeceHns B NepUInil po3psia 3aBXAN AOPIBHIOE
0, To6to z = 0. fxmwo MA wac AOKABAHHS PO3PSAHA CiTKa He
IIEPETOBHIOETHCA, TO HepeHecenns y crapumit (n + 1)-# po3pan

Tabauys 19.4. Ta6mus ictHHHOCTI 1-pospsiaHoro ABilikoBoro cymaropa

Ll X [ Yp | B | Sp |Gt T % | Y | 2 | Sp | 2pst

0 0 0 0 0 0 4 1 0 0 1 0

1 0 0 1 1 0 S 1 0 1 0 1

2 0 1 0 1 0 6 1 1 0 0 1

3 0 1 1 0 1 7 1 1 1 1 1
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Puc. 19.13. Cxema 3-po3psaHOrO ABIHKOBOTO CyMaTopa

He Bin6yBaeTbes (z,,4 =0). ¥ saranpnomy BHIAAKY HOTpPi6IO
BUKOIYBaTH AO/AaBalHsl 1 BifuiManIIsa K JoAaTHHX, TaK i Big' eMHux
qUCeI.

Ta6nuiio ictnurocti (Taba. 19.4), mo ommcye 3akomn (pyHK-
njonysanns 1-po3psmloro ABIAKOBOTO CyMAaTOpa, YKJAAJAIOTH 34
copMyILOBANMM BUILE IPABUIOM JOJaBAHHS JOJATIIMX YHCe!.

CxeMy ogHOpPO3PAAHOrO IBiflKOBOTO CyMaTopa IaBeJIelo Ha
puc. 19.12.

H1s fonaBanusg JBOX n-pospsguux uyucea X i Y morpi6uo
BUKOPHMCTOBYBATH 7 1-po3psauux cyMatopis. Ha puc. 19.13 so6pa-
HKEHO CXEMy CyMaTopa Ana 3-pospsaanux yucen X(xz, x,, %) i
Y(y3, v, yp-

Hugposuit komnapamop — koMGinaniinuil Joriquyii npuCTpii,
IIpU3HAYCITHH JUULS TIOPIBIIAIIS YMCeT, TIOAAHUX Y ABIMKOBOMY KO-

KoMItapaTopy BUKOHYIOTE MiKpPOOIIEpaIilo BU3HAYeIIst Bijilio-
cHH MiX /BOMa cioBaMu. YHCJI0 BXOAIB KOMIaparopa BH3lia-
YAETHCSE PO3PAAHICTIO MOPIBHIOBAHUX KOJIB.

OcHOBIIEMH BiflHOCMHAMH MOXXHA BBXKATH <JOPiBHIOC» 1
«OimpInes , Il BiIHOCHHA MOKIA4 BH3LIAYMTH Yepes oclosii. Tak,
03HaKy IepiBHOCTI CJIiB MOXKHA OTPUMATH K 3aflepeucHiis 031
ki pisnocti (Fy,p = F4_p), BiAHOWENA «MeHure» — BHACII-

Puc. 19,14.'Cxema pis- T & x1— =1 1
HO3HAYHOCTI 4-po3psig- 7 | . -] |
. 9 9
HHUX KOJiB: — |
@ — 3 BUKOPUCTAHHAM 2] =1 *2—1 =1
JE 1; 6 — 3 sukopuc- 42 | <>£-(V) Y2 | R(v)
raudam JIE ABO x3— =1 x3— =1
ys— Ui I
JB—-‘ =1 X4 =1
7o I o B L I B
a 6

o]
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AOK 3MilH MicuaMu aprymentis y dyukuii Fy, p(F .5 = Fpo4),
a 1ecTpori HepiBHOCTI — 3a ¢opMyaMu:

Fasp =Fgp Vv Fyop = Fgo 45
Facp = Fyp vV Fycp =Fyp.

[Ipuctpoi nopiBHAHNS Ha PiBHiCTb 6YAYIOTb 11a OCHOBI NMOPO3-
PANHUX OHepaliif HaJ OAHOHMEHHHMH pPo3psaaaMu 060X ciiB. O3-
Haka r piBHOCTI PO3psAiB Mae 3madens 1, AKuo B 060X po3psi-
JIaX MIiCTSAThCS a60 OAMHMUIL, a6o HYJIi, To6TO

rExyvIy=xyviy=x@y=xQ@y=x@y.
Osmnaka piBHOCTI cJiB R nHaGyBae 3uadenns 1, sKmo Bci pos-
PAAM piBHi Mixk 06010, TOOTO
R= Y-1Tp-2---19-
Kom6inaniiina cxema, mo peanizye ¢yukuio R(v), ge v =
=X, .., Xy, Yq» --.» Yp), AKa JopiBHIOE 1 TiNBKHK TIpH Xy =Yy

Uit BCiX p = 1, 2, ..., n, 1a3HBAETLCS CXEMOI0 PIBHOIHAUHOCMT
xodig. Pospaau x, i Y, PiBHI Mix c0GOIO Ml TOAL, AKIIO

p
X, ®7, =1 Tomy dyHKuis
n n
R(W) = r[1(xp®yp):p\il(xp®yp) (19.4)
p:

nabyBae 3Havenns 1 TiTbKHM y pasi nonaproi piBHOCTI Beix 0QHO-
imMenHux pospaais koais. Ha puc. 19.14 306paxeno aABi cxemu,
o peanizyiors ¢pynkuio R(v) i no6yaosani aist n = 4 na niz-
cTaBi 3706yToro BUpasy.

KoHTponbHi 3anuTaHHs i 3aBAaHHS

1. Ha3BiTb eranu mo6ynoBu JIOridHOI cXeMu.
2. 1Mo taxe GyHKIIOHAIBHO NOBHA cucTeMa ta 6asuc JIE?

3. Cunresyiite cxeMmy g peartisaulil GyHKLil F = xy +xy + 2+ %y Ha
enemenTax [—HE.

4. SIKi MIPU3HAYCHHS i CTPYKTYpPHA CXEMa MYJBTHIICKCOPA Ta JeMYJIbTH-
IJIeKcopa?

5. SKi IpU3HAYCHHA Ta CTPYKTYPHI CXeMH OXHOCTYIIiHYACTOTO, ITipaMifiainh-
Horo i 6aratocrymindacroro Aeimucparopis?

6. Ski npu3naucHHs Ta JoridHa cxXeMa mudparopa?

7. 3ammmirs PAJI, mo peanizye apudMCTHIHE TiICYMOBYBaHHS 1-pospsaa-
HUX ABiHKOBUX KOAIB.

8. YumM BiapisHsAeThcsa miBcyMaTop BiZX 1-pospsiAHoro cymatopa?

9. fAxi npuaHaveHHs i JoriyHa cxeMa HUPOBOro KoMmapaTtopa?

Pozgin  TPUTEPHI
ZO ENNEMEHTU

20.1. ACUHXPOHHi
Ta CMHXPOHHI Tpurepu

RS-Tpurep -- 1ie Tpurep 3 IBOMa BXOJAMHU, AKMH NpH noja-
BaHHi aKTHBHOI'O CUTHANY Ha S-BXifl i HEAKTHBIIOTO CHITALy Ha
R-Bxin ycraHOBIIOETbCS B OAMHUYIINE CTAll; MPH NoJaBalllll aK-
THBIIOTO CHTHAJXY Ha R-BXiZl i HEAKTUBHOIO CMrHaiy Ha S-BXif
YCTAIlOBIIOETLCS B HYJIBOBUHU cTaH; 0JHOYACHE NOJaBaHiA JABOX
aKTHBHUX CUTHAJiB Ha S- i R-BXiji 3a60poHeN0; SIKILIO TaKa CHTya-
11isI BUIIMKAE, TO CTAH TPUTEPa BBAXKAIOTb HEBH3BAYEHHM.

PisnoBuau RS-Tpurepa Taki:

e S-Tpurep — 3 ABOMa BXOJ4aMH, IIO mpalioe gk RS-Tpurep;
3a o/iovaciol mojgayi ABOX aKTMBHUX CUTHAMIB Ha BXOAaX TPH-
rep YCTAaHOBJIOETHCS B OJUITMUIINEA CTali;

¢ R-Tpurep — 3 AIBOMa BXOJaMH, IO Ipanioe sik RS-tpurep;
34 OJHOYACMHOl MOAAYi JBOX AaKTHBHUX CHUTHAAIB 11a BXOJAaxX TPH-
rep YCTAIIOBJIIOETHCS B HYJbOBUH CTal;

o E-tpurep (Exclusive — oco6MMBMI) — 3 [IBOMA BXOAAMM,
o Ipauioe sk RS-Tpurep; 3a oanovacHoi mogadi ABOX aKTHB-
HUX CHIHAJIB Ha BX0JaX Tpurep 3bepirae nomepe/ie 3nayeniis.

Onuc ¢yuxuionysainsa RS-tpurepa Moxia nojatd 1 y su-
ragal tabauii mMepexoniB. Axio 3a akTuBHMil curnai ma R- i
S-BXojax B3sATH piBellb «1», To orpuMaemMo Taba. 20.1,

Y cropnui «HoMep nabopys 3anuCyeThCs ZECATKOBE YUCIO ~—
eKBiBaJeNT ABiiKOBOro xody, moganoro smimmumu R, S i Q.
3Mila R BBaXKaeTbCsl CTAPIIMM PO3PSIAOM JIBIHKOBOrO KOMIY.
I3 Ta6a. 20.1 sunnuBae, 1o RS-rpurep sbepirae ojiuil 3i cTifkux
cTamiB I1e3anexio Big 6araropasoBoi aminm indopmaniiiioro
CHTHAJIY 1A OIOMY BXOZi 3a 1yJIbOBOTO 3uayers itdopmaliiit-
HOrO CUTliaty na inmroMy sxozi. Ile Bractusicth 610KyBas —
oclloBila ¢pyuKUioHanblia BIAcTHBiCTb RS-Tpurepa, i caMmc Bona
POOUTH HOro eeMenTaplion 3anaM’ SToBYBaAbHOI0 KOMiPKOIO.

Y croBnui Q¢ 3anuCylOTbCs 31a4enHA cKilvennoi sMinmoi
Q y momenr yacy £ + 1. dxkmo Q,,q = Q;, To Takuii cTan Tpurepa
CTifikui i B cTOBNLI Q) 3aMMCYCTHCA B AYXKKaX; AKIO Q, 4 # Q;,
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TO CTaH TPUrepa HecTilikuii i B cToBIIi Qy,y 3amucyerncs 6e3
nyxok. [lng ocramubol cutyanii MOXAWBI [iBa BUHAJKU:

® TpUrep y pasi 0IHAKOBOro Habopy MOYATKOBUX 3MIiHHHUX TIe-
PEXOomuTD y cTifikuii cran (nepexia mosHavenuit cTpinkoio);

® TPHUrep y Pasi 0J11aKoBOro Habopy MOYATKOBUX 3MilHUX Gyie
NOCTiAHO 3MIHIOBATH CBill cTaH, TO6TO NepeGyBaTHME B ABTOKOJIU-
BasbHoMy pexumi. Ocralle cBiUMTb PO Te, LIO. TPUTEp i€l
CTPYKTYPH He MOXe KepyBaTHCS NOTeHUifIMu curinajaMu.

3 nosuuiit cxeMoTeXHikM ToUKH i3 curnamamu Q; i O
o/lHa # Ta caMa TouKa cxeMH. BuximHmit curnan tpurepa micis
3MIHM BXiZHHX CUTHAJIB YCTAaHOBJIOETLCS He paHillle, HiXk dyepes
4ac 3aTPUMKH INlepeMUKaHHA. Tpurep nepebyBaTuMe B CTIHKOMY
cTaHi, AKIO Yepes Yac ty; ., TCH 3MIHM BXiXHNX CUTHaIIB BiH
He 3MiHUTS cBill ctan. Tpurep nepeGyBaTuMe B HecTifKOMY cTaHi,
sncuuxo yepes yac tsT_nep TMicJId 3MIHM BXi/IHUMX CUTHAJIB 3MiHUTH
CBiH CTaH Ha NMPOTUJIEXHUIL.

Otxe, 3 Ta6s. 20.1 BUMINBae, WO IPH BCiX HaGopax IOYaTKO-
BuX 3Minmux R, S Tpurep Mae cTiiffiki cranm, mpudoMy nepea-
GavaeTbes, o Habip aMinuux RS = 11 y pasi wopmanabioi po-
6oTu RS-Tpurepa He BUHHKAE, TOMY 3l1a4€HHA Q4 TIPH I[bOMY
Habopi He BUKJHMKAE iHTepeCY 1 1103HAYAEThCA 3UAKOM X. Bii-
CYTHICTh HecTillkux cTaHiB y RS-Tpurepa cBi4HTL IIpo Te, L0
HOro XapaKTepUCTHYHE DiBHSIHSA LiMKOM BiZOOpaXKae CTPyKTy-
Py TOTEHLIAHO KepoBaoro Tpurepa

Q1 =S+ RO, (20.1)

Hasapnictb 3a6oponcHoi koMOiHaTii iHdopMaifiinX curnaiis
RS = 11 3amuireMo Tak:

RS = 0. (20:2)

BuGpasmu sk ejeMmentiy 6asy 6asuc «ABO —HE», neperso-
puMo ¢opMyary (20.1), BUKOPHUCTOBYIOUH 3aKOH 3allepedeHHs i

Tabauys 20.1. Ta6mus nepexoaie RS-rpurepa

,l,{a%zgg R s O Ot Ot
0 0 0 0 ) 1
1 0 0 1 ) 0
2 0 1 0 1) 0
3 ] 1 1 aXx 0
4 1 0 0 (0T 1
5 1 0 1 0 1
6 1 1 ] X x
7 1 1 1 x X
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npaBuiIo ge Moprana, 210 BALISAY
O, =S+R+0,. (20.3)
3 taba. 20.1 MOxHa OTpUMATH Bupas 1Jst Q4
0,11 =R+380,. (20.4)
Bupas (20.4) mepeTBOPUMO Ha BUTJISL
Q. =R+5+0,. (20.5)

I3 dopmyn €20.3) i (20.5) pumausae, wo RS-Tpurep € no-
cAifoBHUM 3 cananuaM asox egeMenTtiB ABO—HE, ski 3amx-
Hewni cami Ha ce6e (puc. 20.1, a —¢).

Bu6pasun sik efemeutny 6asy 6asuc I—HE, mepersopumo
(20.1), BUKOPHCTOBYIOUM TTpaBUJIo e Moprata:

Q1 =SRQ,, R+5=1. (20.6)

3 dpopmy.u (20.6) Brano, mo RS-tpurep (touninte, RS-tpu-
rep) € TOCJHIZIOBHMM 3’ €JHAHHAM ABOX CJEMEHTIB I—HE, axi
saMKHeni cami ua ceGe (puc. 20.1, 2). RS- i RS-tpurepu ny-
aJbHi.

2
[ -]
1%

[ ]
ol

%]

i)
X
0

kel
[ =]
%]
B3
Q
l(/)
[
Q
»n B
ﬂ
1 0O

%

[ &)
&N

o
| %

Q
|h

&

L)

0 e

Puc. 20.1. Cxemn RS-tpurcpa B Gasuci AbO—HE
(a, 6) i B Gasuci I—HE (2, d) Ta ix yMoBHI nosua-
yenns (6, €)
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Puc. 20.2. I'pad i xaptu Kapuo ans acunxpoHHoro RS-tpurepa

3akon ¢yukiionysannd RS-tpurepa Ha puc. 20.2 nopano y
Burssial rpacpa. Bepumny rpaga Ho3HavaloTh KOJAMH, yeepeau-
Hi AKHX 3anuCyIoTh cTaHd Tpurepis (imomi kpim undp ycepe-
auHi Kija abo MOPSA 3 HUMM 3alUCYIOTh CMMBOJIYHE NI03HAaYC¢HIIS
craHiB), a ayru rpada (HanpsimseHi peGpa) — JiHIAMH, WO MOYH-
HaTb y 6yab-akiit BepmuHi i 3akiHuy0Th y Till caMiit BepmuHi
(y uboMy BUNajKy Ayry Ha3WBAIOTH HeTjeio) a6o B Gyab-aKii
inmiit Bepimni. [yru i netsi xapakTepusyIioTh epeXo/iu TPUTe-
pa, aki Bin 3aiiiciioe miJ BIJIMBOM BXiJHUX CHTHAJIB, MPHYOMY
HopAA 3 Ayron abo TMeTael0 3arHCcyIoTh KOMOiHanii BXiAnuX CH-
ruanie (imoai KoM6inalii BXifUNX CUTHAJIB 3alHCYIOTh Y BUTJISA-
Ji cuMBoiYHOro mosnavenus). BiacyTHicTb na rpadi komGinamii
Bxiuux curnanie RS = 11 o3navae, 1o BoHa 3a60poHeHa.

3a momoMoromn xapakTepucTnunux piBusmp (20.1), (20.5),

(20.6) MoXHa BH3HAYUTH CTaH TPHrepa Q;41, B sIKHII BiH nepe-
fiie B MOMeHT yacy ¢ + |, skmo BizoMi xoMGinauii BXiIHKX CH-

Tabauys 20.4. Tabmuust GyHKUiOHYBAHHSA aCHHXPOHHOTO S-TpHrepa

Ha6ip SR SS Qt Qt-H R* S*
0 0 0 0 ()] X 0
1 0 0 1 (1) 0 X
2 0 1 0 1 0 1
3 0 1 1 D) 0 X
4 1 0 0 ) x 0
S 1 0 1 0 1 0
6 1 1 0 1 0 1
7 1 1 1 ) 0 X

Ta6auys 20.2. XapakrepHcTHuHa Tabruya 20.3. XapakrepHcTHYHA

ta6mus aas RS-rpurepa B 6asuci ta6auus Axs RS-tpurepa B 6asuci

ABO—HE I—HE

Tepexin Q; — Qpyq | R* | S* Mepexia Qp = Q;4q | R* | $*

00 x |0 00 x |1
01 0 1 01 1 0
10 1 0 10 0 1
11 0 X i1 1 X
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THaniB i cTan Tpurepa Q; y nonepeasiit moMenut yacy t. Ilig vac
CHITE3y MOCHIAOBINX cXeM (CKIaHMX TPUTEPiB, JiYMJIBIHKIB,
pericTpiB) Tpe6a po3B’A3aTH obepHely 3aauy: BU3HAUYHTH KOM-
6iHanilo BXiJHUX CUTHAJIB 3a NMOTPi6HOro nepexony 3 OJHOrO
cTaHy B iHmmii. Pe3yibTaToM po3B’sizaHus Li€ei 3afayi 6yae oTpH-
MaHHA XapakTepucTuynol Tabsmmi: ana RS-Tpurepa B 6Gasuci
ABO —HE e 1a6n. 20.2, a B 6asuci I—HE — Ta6u. 20.3.

XapakTepucTUIHy TaGJUII0 MOXHA OTPMMATH 3 TaGjuui Ie-
PexoiB, XapaKTepUCTHIHOTO PiBHAHHS a6o rpada.

Aculixponuuil S-Tpurep PpyHKIIiOHYE BiAIOBiHO 10 Tab. 20.4,
Ae Sp — BXiA, wo BiAnosiaac BxoAy R, a S¢ — BXia, WO Bijmo-
Bifae BXoay S RS-tpurepa. XapakTepliow 03HAKOI0 S-TpHUrepa €
Te, WO TPH aKTHBHMX BXiJIHUX curliafax Sp = S¢ Bill BCTanos-
JoETbCsA y cral Joridnol «1». 3akou (QyIKIionyBaHus acuii-
XpOHHOro S-Tpufrepa y BUTAsAAL rpada nopauo ua puc. 20.3.

3 tabs. 20.4 BUMIMBAE, LIO NPH BCiX HAGOPAX MOYATKOBUX
SMiNHHX Sp 1 S¢ TpUTep Mae CTiliKi cTany; oTKe, XapaKTepHCTHY-

/SRSS\
00,10 oLl 00,0111
)
SS Qt.H SS R‘ SS \S.
Se|[I]1]o[o] Sel[f]ifolX] Se|[o]x[iT1
o] L1 [X] 0 |X|XL
Q Q Q

Puc. 20.3. Tpad i kaprn Kapno acunxponuoro S-tpurcpa
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He pIBISIHHS Bigo6pa)kae CTPYKTYPY KepPOBAHOTO IOTEHLialoM
TpUrepa, IPUIOMY BiH MiCTHTH TiIbKU OHY eJeMeHTaply 3anaM’ -
TOBYBaJbHY KOMIpKY y Burisai RS-tpurepa.

Iz kaptn Kapno, 306paxenoi Ha prc. 20.3, BUIIINBAE, IO

Qp1 = S5 +SR0O,. (20.7)

Bupas (20.7) s6iractoca 3 supasoM (20.1), npudomy obme-
xenb (opmy.a (20.2) memae.
Bupaz (20.7) MoxkHa TIepeTBOPUTIH:

Opst = Sg + 850, + SR0O, = Sg +(Sg +SR)Q; =

3siacu

Qi1 =Ss +Ss +Sgp + 0. (20.9)

st cupolenis Npolefypy OTPUMAaHHS CTPYKTYPH S-TpHre-
pa CKOPHCTAEMOCs Y3araJbHEHOIO CXeMOI0 TPHIePHOTO TIPUCTPOIO
(nuB. puc. 20.1) i LIyKATHMEMO ¢byukuii 36yxenns R'i S
eJIeMEeHTapHOI 3araM’ ATOBYBAIbHOI KOMiDKH. 3a KOMIpKY pO3IJIs-
nemo RS- TpHrep, pukonanuit y 6asuci ABO—HE. Y ubomy su-
magky R i S — dymxuii aminmx Sr, Sg 12 Q.

[[orIOBHHMo Tabi. 20.4 aust momenty ¢+ 1 CTOBIIIISIMA R i
S* Ta BHecemo B Li cTOBIHNi 3Havenns R i S*, sxi saGesme-
4yIOTh nOoTpiGHui nepexin Q,Q;,q, ckopucrasumch Taba. 20.2.
Hanpukmian, Ha HYyJIbOBOMY Ha6opi S-tpurep 3ailicHIOE Nepexin
00, Toai 3 Tabs. 20.2 BUILIHBAE, L0 B PAAKY 3 HyJbOBUM Habo-
pOM y CcTOBILi R Tpeba 3amucatu X, y CTOBIIL] S —0ir
I3 pnc 20.3 BumnuBae, 1o

= SpSs; (20.10)
S* = Sq. (20.11)

Bpaxatumemo, 110 S-TpHUrep IIJIKOM BUKOMYETbCA B Gasuci
ABO —HE. Tozi 3a npasunoM jge Moprana 3 ¢gpopmyau (20.10)
3HafineMo

S Sg R* —_—
1 Q R* =3, + Ss. (20.12)

_ Otxe, Bupasu (20.11) i (20.12)
Q BimoGpaxyloth CTPYKTYPY S-TpHrepa,
3006paxeny wa puc. 20.4.

Piuc. 20.4, Cxema S-Tpurepa Crpykrypy R- i E-Tpurepis Mox-
8 Gasuci ABO — HE Ha OTPHUMATH 33 METOJMKOIO, HaBe/e-
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Tabauys 20.5. Tabmmus dyuxuionysanHs acunxponHoro D-tpurepa

Ha6ip D o, Oyet R s
0 0 0 €0) x 0
1 0 1 0 1 0
2 1 0 { 0 1
3 1 1 (1) 0 x

HoO A7 S-Tpurepa. AHaJOTIYHO MOXKIA IIpoaHati3yBaTH # oc-
HOBHi XapaKTepUCTUKHU IMBUAKOJII UUX TPHUTEpiB.

Acunxponnuit D-tpurep ¢yukiionye Biamosiano go taéa. 20.5
(6asuc ABO—HE).

3axon ¢ynkuiomysaus D-rpurepa na puc. 20.5 nojauuii y
BUraaii rpada.

3a anaJioriero 3 posraduyTuM Buige S-tpurepom (puc. 20.5)
MaeMo:

Qpey = D; (20.13)
R*=D; (20.14)
S*=D. (20.15)

JBa octannix BUpa3sH BU3HAYAIOTh CTPYKTYpy TpHrepa, 3400y-
Ty Ha OCHOBI y3araJ/iblieliol CXeMd TPHIepHoOro IPUCTPoIO, OANaK
3 Bupasy (20.13) summsae, wo orpuMana cxema (puc. 20.6) ¢
TPHBiaJbIIOI0, BHPOPKEHOIO, OCKIABKN D-TpHrep MoXxna gicratn
3 O/IIOT0 MOBTOPIOBaYa abo JIBOX NOC/IIOBHO BBIMKIENNX inBep-
TOPIB, AKIIO NoTPillle Napada3sue TOAABAIISA BHXi/IHUX CHTHAJIB.
CxeMmy, 306paxeriy Ha puc. 20.7, inoai Haznsaiors RS-Tpurepom
i3 1puMycoBUM napadasiiiM yCTAHOBJECHHAM.,

Acuuxpornuit T-tpurep (niunssiii Tpyurep) dyuxmionye Bia-
aoBigo 10 Taba. 20.6 (6asuc ABO - HE).

0 1-/0\1 Q Q Q
‘Q a’ Dl (1] 1 Dl olo Dl [x] 1]
oo 1[X olo

0 Q1+ R* S*

Puc. 20.5. Tpad i xaptu Kapno acuuxpoisoro D-tparepa

I ’Q D Q
Puc. 20.6. TpusiaubHa peanisailis

cxemu D-tpurepa 3 ofrodasamnm (@)
Ta napacasuum (6) Buxogamu a 6



Tabruys 20.6. Ta6mumsn GpyHKUiOHYBaHHS ACHHXPOH-
noro T-tpurepa

Ha6ip T O Qt41 R* S*

0 0 0 ()] X 0

1 0 1 ) 0 X

Puc. 20.7. Cxema 2 1 0 1 0 1

D-tpurepa B 6asuci 3 1 1 0 1 0
ABO—HE

3axoH ¢yuknionysanns T-tpurepa Ha puc. 20.8 mozmano y
BuUrAAdi rpada.

3 taba. 20.6 BuaHo, sixkuio T = 1 Tpurep Mae Hectilikuii craH,
TO6TO TIepeGyBae B ABTOKOJINBAJLHOMY DEXXUMi. 3 [bOTO BUILIHMBAE,
Mo acuHxpouiuit T-Tpurep 3 iMIyIbCHUM KepYBallHAM He MOXe
GyTH peajizoBaHuil 11a OJHIl eJeMeHTAPHI} 3a1TaM’ ATOBYBAIbHIN
KoMipili. Ananis po6otat T-rpurepa 3 iMIIyJIbCHHUM KepyBaHHSAM
BHKJIMKa€E inrepec, ockinpku 3a T = 0 Tpurep Mae cTiilKki cranu.
3a anajorielo 3 posrasAHyTUM Bullle S-Tpurepom i3 puc. 20.8
BUILIUBAE!

Qp41 =TO; +TQ;; (20.16)
R*=TQ, =T + 0, (20.17)
S*=TQ, =T +Q,. (20.18)

SIxio cxemy Bukolano B 6asuci ABO—HE, a tpurep xepyers-
cs nepenagamu 10 wa Bxoai T, mictanemo cxeMy, 3o6pakeny la
puc. 20.9.

T

0 17 Q Q Q
ol[ol] o] 2ol
‘0 ° o 0X x| 0
0 Qi1 R* S*
Puc. 20.8. T'pad i xaptu KapHo ansa T-Tpurcpa 3 iMIoyJibCHUM Kepy-

BaHHAM

Puc. 20.9. Cxema T-tpurepa 3 iMmymabc-
HUM KepysauusaM B 6asuci ABO—HE
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Otxe, cuaXpoHHi (TaKTOBi) TpUrepH MOXHa PO3TJISAATH SK
0cOOIMBUN TUII ACMHXDOHHUX TPHIepiB, V SKHX iCHYIOTb IeBHi
0OMesKeHHA Ha MOXKJIHUBICTD Zi1 indopMali fHUX CHrHAJIB, IO Ja€
3MOTy iCTOTHO CIIPOCTHTH iX cUHTe3 i aHami3. ¥ CHHXPOHHUX TpH-
repax ZOMyCKAEeTbCA 3MIiHIOBATH ilOpManiifHi CUTHANHM TiTbKH
IIPOTATOM I1epioJiB, KO TaKTOBI iMITyIbcu GJIOKYIOTh BXiJIHI Jai-
IIOTH | 3ano6iraoTe 3MiHi cTany Tpurepa (mepeadayeHo, oo cuH-
XPOHHHUH TpUTep Ma€ 3MIHIOBATH CBilf CTAH Mijl BIUIMBOM TAKTOBOTO
iMoysbey). BaxiuBa nepesara CHHXPOHHHX TPUTEPIB — MacKy-
BaHHS eeKTiB 3aTPUMOK, 3yMOBJEHUX 3aTPUMKAMU ITOINHPEHHs
JIOTIYHUX eleMeHTiB Ta Jdinii nepexasains indopmanii. Ocrains
00CTaBUHA JIA€ 3MOTY BBAa)KATH, IO JOTiUHi eJleMEHTH Ta Il Ma-
10T 1IyJILOBY 3aTPUMKY, & BUXO/JHU i CTaH! TPHTEPa MOXKHA PO3TJis-
JaTtH TiAbkH y ixcoBali MoMeHnTH yacy. 1i mpunymenus icToTno
CTIPOINYIOTH aHaMi3 i cuuTes 6yAb-sIKUX CHIIXPOILHUX MPUCTPOIB.

Cunxponunii RS-Tpurep QyHKIiOHY€e BiINOBiAHO A0 Taba. 20.7.
[IpunycriMo, mo cuHXpoHHUH RS-Tpurep Mae 6yTH BHKOIIAHUMA
y 6asuci [ -HE. 3 ta6n. 20.7 Bunnusae, mo ueit tpurep 36epi-
rae cBiil cras ipu C = 0 i npauioe AK acHHXpoHHU# RS-Tpurep,
axuo C = 1.

Is kaptu Kapno (puc. 20.10)

Q41 =SC+RQ; +Q,C, (20.19)

sBiaku pu C = 1 picranemo (20.1), anpu C =0 Q,, = Q;

Tabruya 20.7. Tabmus dynkuionysanus cuuxpounioro RS-tpurepa

Ha6ip c R S o Ot R* s*
0 0 0 0 0 0 X 1
1 0 0 0 1 1 1 X
2 0 0 1 0 0 X 1
3 0 0 1 1 1 1 X
4 0 1 0 0 0 X 1
5 0 1 0 1 1 1 X
6 0 1 1 0 0 X 1
7 0 1 1 1 1 1 X
8 1 0 0 0 0 X 1
9 1 0 0 1 1 1 X

10 1 0 1 0 0 1 0
11 1 0 1 1 1 1 X
12 1 1 0 0 0 X {
13 1 1 0 1 1 0 1
14 1 1 1 0 0 X X
15 1 1 1 1 1 X X
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S Qt+l S R S s
1 1 l i .
G ol JUlilt]x o XX
X[ X]o]o 2 X{X]0[X 2 X X1
ojtj1jo X111 X XX 1] B
oo X[1]1[X] 1| X|IX11
Q Q Q
Puc. 20.10. Kapru Kapno a5 takroBoro RS-Tpurepa
R'=R+C=RC; (20.20)
s'=5+C=3C. (20.21)

Bupasu (20.20) ta (20.21) BM3HAYalOTh CTPYKTYpy TaK-
TOBaHOro piBHeM «1» RS-Tpurepa, nasegeny ua puc. 20.11, a.
Cunxponnuit RS-Tpurep, Tak caMo Ak i acHHXpoHHuiT RS-Tpurep,
Mae 3abopoHeny xoMbinanio RS = 11. Moro cxemy mupoxo Bu-
KOPHCTOBYIOTD 111 4ac no6y/10BU pericTpis.

TaxToBani pisueM «1» R-, S- ta E-tpurepn npu C = 0 36epi-
raioTh ¢Biil cran, a npr C = 1 npaluiooTh TaK caMo, sK BiAIOBiAIO
acunuxpouHi R-, S- ta E-tpurepn. CHHTe3 IIUX Tpurepis anajoriu-
HU#l cunresy cHHEXpOHHOro RS-Tpurepa. CxemMu IuX TpUTepiB
306paxkeHo Bifnosiano na puc. 20.11, 6 —-e.

Taxrosi R-, S- i E-Tpurepu BHKODUCTOBYIOTb V IPHCTPOSIX
KepyBaHHS pisHUX HUPPOBUX CHCTEM.

Cunxpotnnit D-tpurep ¢pynkiionye sianosigso o taba. 20.8.
'IIpu C = 0 Bin 36epirae cBiii ctan, a npu C = 1 mpamoe sSK
acUIXpoHHUK D-Tpurep.

Tabauys 20.8. Tabmua GyHkuionyBaHus cHHXpOHHOro D-Tpurepa

Ha6ip C D Q; Qa1 R s
0 0 0 0 0 X 1
1 0 0 1 1 1 X
2 0 1 0 0 X 1
3 0 1 1 1 1 X
4 1 0 0 0 X 1
5 1 0 1 0 0 1
6 1 1 0 1 1 0
7 1 1 1 1 1 x
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Puc. 20.11. Cxemu (a—2) TaKTOBMX TpHrepin

D G D R D S
cl[Cfe Jo] cl[TolX]| cl[eXIE ]
lo ][ o IXh X

Q Q Q

Puc. 20.12. Kaptn KapHo s takToBoro D-tpurepa

SAxwmo Bxia D 3'enuatn 3 BEXoA0M Q Tpurepa, To BUPA3 g
Q41 = Oy 36iraervcs 3 (20.16), 106T0 IpU D = Q D-Tpurep
IIpaIlioe SIK JiYHJbHHI TPHIED, OANAK, OCKIJIbKH CXeMa MiCTHTb
JIgle oy 3anaM’sITOBYBAJbHY KOMIpKY, JIYMJIbHUHA TpHrEp Ia
6asi 1poro I)-Tpurepa MoXKe KepyBaTHCS TilbKy iMIyibcoM. Tomy
y TAKOMY PEXUMi CXeMy ile BHKOPUCTOBYIOTb.

Is kapr Kapuo (puc. 20.12)

R =D+C =DC; (20.22)
S =D+C=DC. (20.23)

1106 Buay4YnTH i1IBepTOp, HOTPIONUN st OTPUMAIIIST 3MILIIOL
— L
D, Bupas ans R 3anmiuemo y BT

R =DC+C. (20.24)

3rimio 3 gpopmyaoio (20.23) octaTouno gicTaneMmo
R =§"+C=s'C. (20.25)
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Puc. 20.13. Cxema taktToBoro D-Tpurepa B 6a3uci
I—-HE

Bupasu (20.23) i (20.25) Bio6pakaoTh
CTPYKTYPY TaxToBoro D-tpurepa, 306paxe-
noro Ha puc. 20.13. 1o cxeMy BUKOpPUCTO-
BYIOTb 47151 TOOYOBH PETiCTPiB i B IIPHCTPO-
sIX KepyBaHHS.

Y uudpoBUX NPUCTPOSX BUKOPUCTOBYIOTh RS-, RST-, DV-,
D- ta JK-Tpurep¥ sk OCHOBII THIW TpUrepis, IIpHYOMy Haii-
NMpOCTilii TPUTEPH BUKOHYIOTH Ha 6a30BUX BEHTUJIbHUX €JieMEHTaX
(Ko TX HeMae B CKJaji cepii JOTiYHUX €NeMEHTIB).

20.2. YHisepcanbHi Tpurepu

YuiBepcaJbHi TPUTepU MOXYTb NPAIIOBATH .B Pi3HHUX DPEXH-
Max i sk pisni tunu Tpurepis. Ilo3nayeuns yniBepcalbHMX TPH-
repiB 3o06paxeno Ha puc. 20.14. Xapakrepuctuuni Tabauni yHi-
BEPCAJbHUX TPHUIepiB BUKOPHUCTOBYIOTD IIifl 4Yac CHHTE3Y JOBiJib-
HUX LUUGPOBUX IPUCTPOIB.

Ta6n. 20.9 — 1le xapakTepucTUYHA TaGMMI YHiBEPCAJIBIIOTO
D-rpurepa, 10 NPAIIOE B CHHXPOHHOMY PeXHMi. YHiBepcanblMi
D-Tpurep MOXe IIPAliOBATH AK aCHHXpOHHUK RS-Tpurep npu By-
KOpPHCTanHi BCTAHOBJIOBAIBHUX BXOAIB R i S, IpUYOMy B LbOMY
BUNAAKy Ha iHQopMauiifHoMy i TaKTOBOMY BXOZaX MOXYTb [isiTH
6yab-saki piBHi «0» a6o «1».

Ta6n. 20.10 — xapaKTepucTHYHA TAGJMIA YHiBEPCAABHOTO

JK-Tpurepa, 1110 MpaIIOe B aCUHXPOHHOMY pexuMi. Y 1poMy pe-
JKUMI curnan Ha taktosoMy Bxoai C Mae nocTiiinuil pisenb «1».
Edexrtusni curuann J i K gopisnioiots 1, 4KII0 Ha BiAnoOBiAIMX
BX0/1aX Biz6yBaerbca repexizn 10, i zopisH00TL 0 IpH Hepexo-
max 01, 00, 11.

Puc. 20.14. YMoBHi O3HaYeHHs YHI-

RITT| Q Jl 1;( T Q pepcabHux D- (@) ta JK-tpurepis (6)
D
—— d—J
Q 15 Tabauys 20.9. Xapakrepucriyna 1a6-
S C JHua yHisepcamsuoro D-tprrepa, mo
h—% NpaIoe B CHHXPOHHOMY PEXHMi
[
an 1| e
1 S | 00 0 1
— o !
Y 10 0
a 6 11 1 0

Tabauys 20.10. Xapakrepucnirgna 1a6- Tabauuysa 20.11. Xapaxrepucriuna 1a6-
muns yuiBepcaapnoro JK-tpurepa, amua ywisepcamsHoro JK-rpurepa,
o TPalloe B ACHHXPOHHOMY PEXHMI 1O MPAIOE B CHHXPOHHOMY pexuMi

Q= 0| J K ¢ Qr = Q| J K ¢

00 0 X 1 00 0 x 1

01 1 X 1 01 1 x

10 X 1 1 10 x 1

11 x 0 1 11 x 0 0
Ta6n. 20.11 — xapakrepucTHdiia TaGauusd YIiBepcaJbHOro

JK-tpurepa, 10 IIpalioe B CUHXPOHHOMY pexuMi. Y iboMy pe-
KUMi curHaan Ha Bxogax J i K giote sk piBHiI «0» 1 «1», a
CHpalbOBYBaHHS TPHUTepa 3A4ilcHIoEThCA 3a nepexogoM 10 na Tak-
ToBOMY Bx0ai C.

Hassuicts xon'ionkuiit J = J;J,J3 i K = K{K,K3 B yniBep-
casbiux JK-Tpurepax He Tiibku Jla€ 3MOry OyAYBATH Pi3Hi THIIH
tpurepis (1a6a. 20.12), a i icTOTHO CIIPOLLY€E CTPYKTYDY HOBi/b-
HUX HUGPoBHX NPHCTPOiB (HaNPUKIa, JTiYMILHUKIB, PEricTpiB),
a TakoX OyIyBaTH Tak 3BaHi Ge3BEeHTWJIbHI JiYWIbHMKH, TOOGTO
BUMipIOBaIbHi IPUCTPOI 3 NOXiAHM MOAY/IEM PaxXyHKy TiJbKH 3
BAKOpHCTaHHSM MikpocxeM JK-TpurepiB 6e3 Gyab-sikUX 10A4T-
KOBUX JOriv1ux exeMentiB. YuiBepcanpui D- i JK-tpurepu uru-

Tabauys 20.12. XapakrepucTHuna Ta6aMIA Pi3HMX THIIR yHiBepCaJABHOTO
JK-tpurepa

Oynkuii BxoaiB yHiBepcaasHoro JK-tpurepa
Tun
TpH- ACHHXPOUHHIT peXIM CunxpoHHHUH pescum
repa
PRAR I (o |J3| € [Ky|Ky|Ks| S [ R |1y | T2 | U5 | € | K| Ko Kyl s
RS |RB|xix|x|x|x|x|[x|S
RS, .
JK 1 S:J 1 R; K 1
RST 1 S T R 1
JK 1 J C 1
D 1 D 1 D 1]1 D C D 1
Dv (1| b (v|t] D |v|t|t| D |vi|c| D |v|1
bw, — —
v VDV Vo1 [ DIV V|1 |1 |D[V[Vy|C|D |V Vs
T 1 T 1 T 101 1 T 1 1
v ot (vt vttt [viT] t |Vt
289

19 5-104



POKO BUKOPHCTOBYIOTD IIijl 9ac TOGYAOBM JIUAABHUKIB, PEricTpiB,
CyMaTopiB, IPUCTPOIB KePYBaHHs, MOAIIBHHKIB iIMIYIbCiB, Pi3HUX
IHdpPOBHX ABTOMATIB, a TAKOX Ii/Jl Yac CHHTE3y JOBLJIbHUX TPH-
TePHUX CTPYKTYp TOILIO.

20.3. Mpuknagn
BUKOPUCTAHHA TpUrepis

CrapTcronanii npucTpill y IpUCTposaX KepyBaHIId — CYKYIHICTh
6y ab-sK0T0 pi3sHOBHAY RS-Tpurepa i KepOBAHOrO HUM BEHTHJIS.
Ha puc. 20.15, a, 6 HaBezneno HafinpocTinty peaJisalino crapt-
CTOIHOTO TIPUCTPOIO Ha TPhOX BEHTUJSAX 3 ABOMA BXOJaMH i ya-
COBYy Jiarpamy iioro po6oTH. 3a3HAYUMO, 1[0 KOHKPETHY peasisa-
Li10 PO3I/ITHYTHX CX€M nepea6adeHo BUKOHYBATH Ha eJeMeliTaX
cepiii K133 ta K155. Tpusamicts 1y i Ty CTapTCTONMHUX iMIy/IhCiB
Mae GYTH OCTATHBOI AJIS CHpauboByBaHHS RS-Tpurepa if oalio-
4aCHO MEHINA 3a iliTepBas 4acy MixX CTapTCTOIIHUMH iMITyJIbCaMH,
IJI TOro 106 BUKJIOYATH MOXKJIMBICTD HOSIBU Ha BXOAAX 3a60po-
HeHoi KoMG6iHaii.

Axuo craprcroniie KepyBahHs (OPMYETbCS 3a AOMOMOToI0
KOHTaKTHUX llepeMUKaYiB TUIY peJie, KHOIOK TOLLO, TO JJI MOJIil-
HIEHHST IUHAMIYHHEX BJIACTHBOCTell Tpurepa i MiABMINEHHS iforo
3aBaJIOCTIHKOCTI «BifbHi» BUBOAU MikpocxeM ciix 3agikcyBaru
Ha piBnax «0» ta «1». IIpukaagoM Moxe 6yTu cxeMa, 306paske-
Ha na puc. 20.15, 6. Y uili cxemi Ry i Ry BuGupaioTs 3i CliBBiAHO-
HIeHHA

R =R, <UL /10 (20.26)
BX BX

ITig yac BukophcTanis 1iel cxeMu NoTpibHo BPaxOBYBaTH Take.
Sxmo curaan «Crapr» € 0JHOYACHO CUTHANIOM YCTaHOBJIEHHS
1yt (auB. HparMeHT CXeMH, 10 BUKOHAHMII ITPUXOBOIO Jillielo),
TO cxeMa HenpuitHaTHA. Ilicag KOPOTKOYAacHOro 3aMUKAHHA KOI-
takTiB «CTapT» y KoJi BcTaHoBaeHHS Y cTan «0» Mae GyTH piBeHb

«1», a B it cxemi U EMX + R Sx, e U}?HX — Hamnpyra Ha BUXOAi;

Ry BX — CTajJ HaIpPYTH Ha pes’cTopi Bifl CTPyMy BEPXHbLOTO Bell-
Tist RS-rpurepa. Llg cyMa cripuiiMaeTbes B KOJIi BCTaHOBJIEHHA
y cran «0» ax piseub «0», mo 610Kye poGOTy eIeMEHTIB, And
SKKX IIpH3HaJyeHe KOJIO BCTAHOBJEHHA y cTal «0».

3asHauennii HeZoMiK He MOXHA YCYHYTH 3aMilOI0 PE3UCTODIB
R11 R2 na peaucropu 3 BUCOKMM OTIOPOM, OCKiNBKH cXeMa 6yje
HIPaKTHYHO HE 3aXHUINEHOIO BiJ 3aBaJ. 3a3BHyYail 1[I0 CXEMY BUKO-
PUCTOBYIOTH SIK TeHepaTop OAUHUYHUX iMmyabcis (puc. 20.15, 2),
110 YCYBa€ JlepeH4aNils KOHTaKTiB lepeMuKayva.
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Puc. 20.15. Bapiantu ¢XcM CTapTCTOMHAX NPUCTPOIB 3 IMIYTbCHUM KCPY-
BAaHHAM:

a@ — 6azosa cxemd; 6—J3 — pearmizalis CTpykTypn RS-tpurepa; 6, € -
BiAMOBiAHI yacoBi giarpamu poGOTH CXEM @ Ta e
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o nepear cxeM, 306paxkerux Ha puc. 20.15, 8, z, HAIEXHUTD
Te, o pesucropu R1 i R2 re cioxxusaoTh NOTY>KHOCTI BIA JKe-
peJia NpU PO3iMKHEHHX KOHTaKTax (TOYHile, ISt MOTYXKHICTb Misep-
Ho Mana). Henonik, saznadenuii g1 cxemu Ha puc. 20.15, 6, ycy-
HYTHH y cxemi, 306paxeniit Ha puc. 20.13, d, ofHak SKIIO 32 Li€10
CXeMOI0 BUKOHYBATH T€HepaTop OAUHUYHNUX IMIIYJIbCiB, TO Pe3u-
CTOP, Y HOPMAJILIIOMY CTAHI 3aMKHEHHI Ha 3eMJII0, 6y /e CIIOKHUBa-
TH 3HAYHY [OTYXXHICTb B/l /Kepena XUBJIEHHSA.

MoxauBa peanisanis RS-Tpurepa Ha oZHOMY BeHTHJI I Ta
omnomy Bertuii ABO (puc. 20.15, e). Y 11poro Tpurepa na BiiMiHy
Bi/l HOPMAJBHUX CXEM BUXO/JM He JOJATKOBi i kepyBaHHs Ha BXO-
JAax 3AiHCHIOETBCA mepemnajlaMH pisHOI OJMAPHOCTI.

Ax sunsusae 3 miarpamu (puc. 20.15, €), Ha gKiit BpaxoBaui
3aTPUMKM TIONIHDEHHS BEHTUJIB, CHTHal Ha BUXOAI ¥4 3HaXo-
JUTbCsl BCepelUHi ilITepBasgy dacy, IO BiANOBigae TpHBAIOCTi
CHTHaly y,. HeBaxxxko IepeKOHATHCs, WO Ha Tapax eJeMeHTIB
[-HE, ABO—HE; ABO, I — HE ne MoxHa peasizyBaTu Tpurep-
HY CTPYKTYDY 3 BUKODHCTAHHSM JBOX IepeXpecHux Kil 3B’A3Ky.

Peanizanito RS-tpurepa na oauomy Bentuai I a6o ozxuomy
sentuii ABO nasegeno Ha puc. 20.15, x, 3. Hpumycrimo, mo
KepyBaHHA CXeMOIo 3iliCHIOEThCS KOHTAKTAaMU, SIKi 3aMUKaIOTh-
ca. Ha Bxoai x; 3a6esneuyeTbca pisenb «1» yepes pesucrop R
BiZ /[ykepeJsia >KUBJIEHHs; AKIINO KOPOTKOYaCHO 3aMKHYTH KOHTaKT
«Crapt», To Ha BUXOZi BCTAHOBUThCS PiBeHD «1» 1 Oyne yrpuMy-
BaTHCsI, TOMY 110 X, = y. KopoTkouacHe 3aMMKaHHS KOHTAaKTY
«Cromn» 3a6esneuye nosisy «0» Ha Buxoxi #f yrpuManygs Horo na
BXOAl Xy =Y.

Cxemu Ha puc. 20.15, x, 3 MOXXHa peaJlisyBaTH Ti/JbKM Ha BEHTH-
JIX, BUKOHauuXx 3a crpykrypoio [ = - HE—HE, a takox ABO =
= ABO—HE—HE, 106T0 3 BUKODHCTaHHsIM APy €JIEMENTIiB A4
orpumanns RS-tpurepa: [—-HE, HE; ABO—HE, HE, ane 3 oa-
HUM [IePeXPECHUM 3B’SI3KOM, X0Ya 30BHi BOHU BUSABJSIOTHCA SAK
enementu I, ABO. Jloriuni onepauii I ta ABO Moxna peanisysa-
TH MOHT2XHHM crioco6oMm. Cxemu Ha puc. 20.15, x, 3 MaloTh He-
3BMYAMHY BJIACTHUBiICTb — MiX CUTHAJOM Ha O/IHOMY 3 BXOJIB i
CHUTHAJIOM Ha BUXOJi lieMa€ BeliTUJIbHOI 3aTPUMKH; OJHAK y TPH-
repa € HeJOJiK —CHTHaJ HAa OXHOMY 3 BXOXiB 060B’A3KOBO
36iraeTbCs i3 CUIHAJOM Ha BUXOAi; y pa3i peanisanil KOHKpeTHOi
cxeM¥ Ti PyHKIIIOHYBaHHS Ma€ 3a6e3NeuyBaTHCS 3 NepefbaueHHsIM
3aXO0/iB 3aXMCTY BeHTHJIB 3a oAovacHol Jii curnaniB «Crapr»
i «Croms. :

B ycix cxemax ua puc. 20.15 xepyBainsa RS-rpurepamu saiiic-
HIOETbCS IMOYJBCHUMH CHIHAJAMU [JIsi YCYHEHHsI 3a60pOHeHHX
KoMGinauii Ha ixnix Bxogax. Oawak inoai morpi6rno 3abesme-
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Puc. 20.16. BapiaHTi cxeM CTapTCTOIHUX IIPUCTPOIB 3 KOMOIHOBaHUM Ke-
DYBaHHSM:

a, 6 — wa D-tpurepi BignosiaHo mpu D =0 1ta D = 1; 6, 2 — Bignosianxi
9acoBi giarpamMu poGoTH cXeM ¢ Ta 6; 0, € — cxemu Ha JK-Tpurcepi BinosiaHo
B ACHHXPOHHOMY Ta TAKTOBOMY PCXKHMAaX; e, X — BIANOBIAI 1acOBi AiarpaMu
po6oTH cXcM 9 Ta €

YUTH KOMGiHOBAHE KepyBaillisA: Ha OJIIOMY BXOAI — iMNy/bCHe, a
Ha ifImoMy — mepenaj HoTeHianis, IPUYOMY Gyab-saKe 3Haveli-
I MOTEHIIAJIB, a TAKOXK IXHil MPOTHUIeXHHUI llepenas 1ie MaloTh
BILTUBaTH Ha cxemy. [Ipuxiazay cxeMm, mo 3a40BOJbHAIOTH L BH-
MorH, HaBeZleHo Ha puc. 20.16. Pi3HuMu xoMGiHaLlissMU BCTAIIOB-
JIOBANbHUX, iHdOPMAMIHHEX | TAKTOBHX BXOMAIB KiJIbKIiCTh ¢XeM
MOXHA iCTOTHO 36iJbIIKTH.

Posrusanemo po6oty cxem 11a puc. 20.16, a. HpunycriMo, uo
BUXiZHMH cTad Tpurepa — <«0», a Ha BXofax R i § — «1» (puc.
20.16, 6). Ockiabku na Bxoai D nocriiiio € pisens «0», nepexo-
an 01 miATBepAKYIOTh HYyJIBOBHH cTaH. Tpurep Moxia BCTalo-
BUTH B CTaH «1» TiNbKYU iMIyJabcluM curitanoM «CrtapT», a B
ctal «0» TpHUrep nepeiizie 3 TPUXOAOM Tepilioro mepexoay 01 na
Bxoli «Cromy». Po6oTy iHMX CXeM pO3risAaloTh aHaJoTivHo.

BapiauTu cTapTCTOMHAX IPUCTPOIB 3 KepyBaHIAM Mepexo/ia-
MM 1a 060X BXoJax HaseeHo Ira puc. 20.17.

Y undpoBUX NPUCTPOSX PI3HOTO IPH3HAYEHIIS YACTO BHIH-
Kae 3ajiava BuAinenus nepexoxis 10 i 01 acuuxpoiinx curiaiis,
10 BUHHKAIOTh Y ZOBibHUI MOMEHT 4acy, 3 OA0YaCUM IpUB’si-

293



D

. Crapr} 2 fp (77
Crapy e —
R|TT Q 0 T
«l» D Cronm .
Crapr 17} 0 «l»

t Cron

-
-~

0

Puc. 20.17. BapianTi ¢XeM CTapTCTOIHUX Q
TIPHCTPOIB 3 KePYBaHHAM TICPEXOAAMU: 0
Q

0

a — cxema Ha D-Tpurepax; ¢ — cxema Ha
JK-tpurepi; 6, 2 — eiamosixni wacosi Aia-
TpaMi poGOTH CXEM d Ta 8

.3yBaHHSM BUAIJIEHHX 1epPeX0/iB 0 MOMENTY Yacy, 3yMOBJIEHOTO
TaKTOBMMHM iMmynbcaMu. [Ipukaaau Takux cxeM 300pakeHO Ha
puc. 20.18. PosraanemMo poboty cxeMu, Hapeneroi ua puc. 20.18, a.
3aBjaHns, WO BHPilllye 1A cXeMa, MOXHA COPMYJIIOBATH TakK:
po3pobury undposuil npucTpiil, Axuit BuAise nepexia 10 acun-
XPOIHOTO CHTHAJMY X Ta PO3Millye Ieil mepexin y MOMEHT dacy,
o BifnoBigae nepwomy Depexoly 01 TakTOBHX iMIYJbCIB i
BIIIHKAE Bigpasy micss nossu nepexony 10 curnany x, mpu4omy
TPUBAJICTh BUXIAIOTO CHITIANY 1{H(POBOTO IPUCTPOIO MAE AOPiB-
HIOBaTH TPUBAJIOCTI TAKTOBOTO iMIIYIBCY.

[Topamo curta’ x 1a BxiJ [ nepimoro D-Tpurepa, TOHi KOX-
il nepexia 01 curnamy T/ nepeBoauTs TpUrep y cTan Q = x.
Buxia Qy 3’eanaeMo 3 8xoaoM D apyroro D-tpurepa, Tofi Kox-
uuit nepexia 01 curnany nepesognTd Tpurep y cran Q, = Qq = x
31 3CYyBOM Ha MOJIOBAHY NEPio/y TAKTOBUX iMITyJIbCiB (3a mwmapy-
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Puc. 20.18. CxeMu UpUCTPOIB BUALICHHS § cTpolbyBsannst nepexonin 10 1a O01:
a — 10 na D-tpurepax; 6, ¢ — BiANOBIAHI YaCORi JiarpaMy pobOTH CXeM d i ¢

¢ — 01 na JK-tpurepax



BaTocTi 2). 3 yacosoi aiarpamu (puc. 20.18, 6) BummBae, wo
BUXIHUYI CUTHAM y MaE BUTJIAL

y= Q1Q2. (2027)

3asnaymumo, 10 OTpuManmil NPHUCTPiil HigK He pearye Ha me-
pexin 01 curnany x.

PoGoty cxemu, 306paxenoi Ha puc. 20.18, ¢, mio BHAiAAE Te-
pexia 01 curnany x tTa BMKOHaHa Ha yuiBepcansHux JK-tpure-
Pax, po3rAaloTh aHAJOTidHO.

KoHTponbHi 3anuTaHHA i 3aBpaHHA

1. Ilo rake TpurepHi npucrpoi (rpurepn)? Hassits ranysi ix sacrtocy-
BaHHS.

. Hasenitb kmacudikauifo Tpurepis 3a BH3HAYaJbHHMH O3HAKAMH.

SxuMn mapamMeTpaMu i XapakTepPHCTHKAMM BU3HAYA€THCI PpoGOTa TPH-

repa B CTAaTHYHOMY Ta JUHAMIiYHOMY PexHMax?

SxuMu croco6aMyu MOXHA ONUCATH 3aKOH (PYHKUIOHYBaHHA Tpurepa?

Iepeniuith pisHOBHAM RS-Tpurepa.

UuM NPHHUMIIOBO BiApisHAEThCS poboTa cxeMu T-Tpurepa Bif po6OTH

RS-Tpurcpa? :

[Tlo take miyuasnuit Tpurep? Ilo Take paxyHKOBHH pexuM po6OTH

yHiBepcaJbHOro Tpurepa?

. IIo Taxe CHHXDOHHI TpHUrepH?

9. Cdopmynolite BU3HAYEHHS /S YHIBEDCAIBHOTO TPHIEPA.

- 10. Omnuite poGoty yHiBepcanbuoro JK-Tpurepa s aCHHXPOHHOMY i CUH-

XPOHHOMY PCHUMAX.

Pos wN

N

Pospin  ®YHKLIOHAMBHI BY3/W
>1 MOCMIAOBHUX
fIOMYHUX MPUCTPOIB

21.1. Perictpu 3cyBy

Ha puc. 21.1 306paxeno uudpoBuii aBToMaT, 010 CKIATAETbCA
3 m nocaigosHo 3'eagannx D-rpurepis, pyHKuii 36y/Kenns SKuxX
MaloTh BUTJISA[

Dy=x, D, =0 r=2,3,...,m (21.1)

3i crnissizHowenns (21.1) srurumeae, o indopmaiis, sxa 36epi-
raeThcs y /€IKOMY TakTi B Tpurepi Q,_;, TepeJacTbcsa B Ha-
CTYIHOMY TakTi B Tpurep Q,, ToOTO BiZi0yBa€ThcA 3CyB indop-
Manii Bix Tpurepa Ao Tpurepa. Taki apToMaTH Ha3MBaIOTh pezi-
cmpamu 3cyey. 1X BUKOPUCTOBYIOTb JUJISL 3CYBY m-PO3PALHUX
YHCeN B OAHOMY HanpsiMi (3HavyeHis BXiZIHOTO CHrHANY X, LIO
BiATOBi/la€ JesIKOMY TaKTy, 3’ ABJISETbCA 11a BUXOJi pericTpa 3cy-
By Q,, Yepes m TakTiB).

SAxwo Q,, — crapmuil po3psa, To Bia6yBaeTheA 3CyB yoOik a60
JiBOpYY cTapux pospsais. fAximo Q, BBaXaTH MOJOAIIUM
PO3psIOM, TO Bin6yneTbcs 3cyB y6ik a60 mpaBopyy MOJONLIMX
pospsaaiB. KpiM ocHOBHOro npusnayenns (3cys uncen) perictpu
3CyBy BUKOPHCTOBYIOTD i /ISt 3CYBY He4HcJI0Boi indopmaiii (na-
NPUKJIaA, y pasi n06y10BY 3 HUX JiYUIbHUKIB).

8-Po3psyumii perictp 3cyBy, BUKoHauuii Ha MikpocxeMi K56411P2,
U0 € 3[BOEHUM 4-pO3PSAAHUM PETiCTPOM 3CYBY, 300paxelo Ia
puc. 21.2. Acviixponni Bxou R’ npusnavelni /i BCTAloBAeNs
perictpa 3cyBy y craili «0». lleil perictp 3cyBy MOXIla BUKODH-
CTOBYBATH /11 NIEPETBOPEHHS NMOCAIJOBHOTO KOJAY Ha MapaJjeib-
il (3YUTYBAHIIS B IIbOMY BHIIAAKY IPOBOJMTbCS 3 BOCHbMH BUXO/IiB
perictpa 3a gomomoroio cxeM I micjs BBefeiss B nporo 8-pos-
PALHOTO KOAY).

Perictp 3cyBy mokna Bukonatu i 3 RS-tpurepis. [lificuo,
nigcraBusum y dynxuino nepexonis (21.1) snavenns S =D i
R=D(R=25), nicraiemo ¢yuxiio nepexoais Q* = D, 106-
10 dynxuii 36yaxenna S, i R, pericrpa 3cyBy, BUKOHANOTo Ha
RS-rpurepax, nHa migcrasi ¢pynruii (21.1) Moxna mojiati y ta-
KOMY BULJISIII:

r—12
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Q Q, Qs
Dl D2 .D3 D

Puc. 21.1. Perictp 3cysy

X
12| R | 1 |—
C|— 2
4 fb— 6 |4
R 8 9—~<IC1|RG|, 13
c2 —
H D RG 1 1< D 2l2
C|— 2
4 o{p1| [4JU
R 8 3—D2
4 4103 8110
5— D4 —

Puc. 21.2. 8-Pospsauuit perictp 3cysy, Puc. 21.3. Perictp 3cyBy 3 cul-
BUKOHaHMH Ha Mikpocxemi KS6411P2 XPDOHHHM IMapaC/AbHHM 3aIli-
com K155UP1

S1 =X, SV = Qr_1, R1 =X, Rr = Qr‘_1, r= 2, 3, ey m,
ao Sy =x, §,=Q, 4, r=2,3,..,m R, =5,r=1,2,..,m

YHYacro norpibui cxaamumimi pericTpu 3cyBy: 3 mapasesnblluM
CHHXPOHHUM 3amucoM jndopMaliii, peBepcuBHi, peBepcHBIIi 3 T1a-
paJieJbHMM CHHXPOHHUM 3amucoM indopmanii. Taki perictpu i1a-
3UBAIOTDb YHIGEPCALLHUMU.

Mikpocxema K155MP1 — 1e 4-pospsaauuii perictp 3cyBy i3
CHIXPOHIMM 3amucoM indopmauii (puc. 21.3), BukoHanuii 1a
OCHOBi 90THPbOX RS-Tpurepis. dynkuii 36yaxenns S, i R, 1nux
TPHIepiB MaIOTh TaKWil BUTJISA:

81 = D1V N DV,
S,=D,VvQ,_,V,r=23,4, (21.2)

a R =S, ner=1, 2, 3, 4. Bxin D ¢ BxofoM MOCIiIOBHOrO
BBejlents indgopmanii. Yepes I7, NosnavaTuMeMo CHTHAT, AKHiF
HaAXO/JUTH Ha TaKTOBUI BXij 7-TO TpUrepa HaBiTb y TOMY BHNaJ-
Ky, AKIO H, He 3aJeXXUTh BiJl r. 3a/eXIH0 Bil BHYTPIlIIIbOI
CTPYKTYDPH TPUTepiB BIIMBATH 114 HUX MOXYTb curiama dH, abo
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di,. Y uvomy pasi H, =VC, vVC, Ta
dH, =VV'dC,vVV'dC, v C[C,dV v C,CydV. (21.3)

I3 uporo cniBBiAHONIEHHs BHILJIMBAE, 1O 11a TPUTEPH MOXYTb
BiauBatu curnanu dCy, dC,, dV idV.

Ockinbku curHan V Bxoputs y yukuii s6ymxenns (21.2), 1o
Horo 3MiHH He MAalOTh BIUIMBATH I1a Tpurepu. 3 Bupasy (21.3)
BUILIMBAE, 1[0 s 11bOTO CUTHAM V' Ma€ 3MiHIOBATHCS Ti/IbKA [IPU
snayennax C; =C, =0 a6o C; =C, =1. Y npoMy BUNAJIKy

dH, =VV dC,vVV'dC, (21.4)

(tyT, nanpukaan, MioxHuk VV* oznavae, mo curiian V ne noBu-
HeH 3MiHIoBatucd 3 0 na 1, sxwo dC,y =1).

3 supasis (21.2) i (21.3) sunuusae, wo npu V = 0 dyukuii
s6ynxenna Sy =D, S, =Q,_; tacurnan dH, = dC;, To6T0 cXema
IIpalioe AK PEricTp 3cyBY 3a Bil'emuuM mepenagoM (3 1 ua ()
curnany Cy, anpu V =1 gyukuii s6ymkenna S, = D, i curnan
dH, = dC,, To0TO cxeMa NIPalloe B PeXHMi CHHXPOHHOTO 3aflicy
B pericTp sHayend curiaiis D, 3a Biff'€éMHHM IlepenagoM CHIla-
ay Cy. SIxuo y dopmymi (21.4) B3sttu Cy = C,y = C, 1o gicraite-
Mo, 1o curnan dH, = dC, To6TO 3aeKHO BiJ{ 31IAYCIIIsE CUTHAY
V 6yne BupoGasaTics 3anmuc abo 3cyB 3a Bif'€MIIMM NepeiajioM
TOTO caMoro curnany C.

3 supazis (21.2) i (21.3) Bumwmsac, wo npu V = C, dyukiii
soymxennsa Sy =DCyv DGy, S, =D,CyvQ,_Cy i curunan
dH, = C,dC; v C;dC,, To6T0 mpu C, = 0 BinGyBacTbes 3anuc ili-
¢opmarii y perictp 3a Binx'eMHuM nepenafoM curnany C,, a
npu C, =0 — 3cys ii 3a Bix eMuum nepenajgom curnany C;. Ha
miacrasi dopmyn (21.2) i (21.3) nerko nepekouaTucs, wWo NpH
V = C; MoxnuBHii TiNbKH 3anuc indopmalii 3a Bia'cMuM nepe-
nagoM curitany C; npu snavenui curnany C, =1.

Skmo B perictpi scysy (muB. puc. 21.1) 3MinuTy anpam 3cy-
By indopMaliii, To pysKuii 36yKentst D-TpUrepiB BU3IIavaTH-
MYTbCSt 32 TAKUMHU CIIiBBIAHOUIEITIISIMHU:

D, =Q,,7r=12,..,m-1,D, =y. (21.5)

Sxkmo dyuxuii 36ymxenns (21.1) i (21.5) o6’ enquatu B TakHit
croci6:

D, =0V vV, D, =Q,+1Ver—t‘7’} (21.6)

r=23..,m-1 D,=yVvQ,_V,
TO JlicTanieMo pesepcuBumii perictp scyBy (nipu V = 0 — 3cyB
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aisopyy, anpu V =1 — npasopyy). Ha mikpocxemax K1551P1
MOXXHa BUKOHATH PEBEPCHBHUII PeTiCTp 3CYBY, SKIIO IS 3CYBY
IpaBopy4 BUKODUCTOBYBATH BXOoAW [),, mnpusHayeHi A/ napa-
JIeJIBHOTO CHHXPOHHOTO 3anucy indopmaii. Is MoxauBicTh BU-
NJNBae 3 NopiBHANEA cuiBBignomens (21.2) i (21.6). Ha puc.
21.4 306paxeno 8-po3paauuil peBepCUBHUN PETICTP 3CYBY, BUKO-
HaHuil Ha ABox MikpocxeMmax K135MP1. MoxansocTi piBHO36IX-
HOTo 3allUCy B bOMY pericTpi Hemae. /7151 3CyBY JiBOpYY MOX-
Ha 6ys10 6 BUKOPHCTOBYBaTH TakroBuil Bxix C1, a A5 3CyBY IIpa-
BopyY — TakToBuH BXin C2. 3 BuUXOAiB 2z i 2z, 3HiMaeTbCA
NoCIiAOBHUY KO IIPU 3CYBi IpaBopyd i JiBOpyY.

Mikpocxema K155MP13 € 8-po3psaanuM peBepcHBHUM PeTicT-
POM 3CYBY 3 IapaJjesJbHHM CHHXPOHHUM 3amucom imdopmamnii
(puc. 21.5) Ha ocHoBi RS-Tpurepis.

Oyukuii 36ymxenna S, i R, 1IUX TPUTepiB ONUCYIOThCS BH-
pasaMu:

Sy = QaVy v DRVy v DiViVy;
S, =0, 7vO, Vo vDVVyr=23..,7 Q1.7

r
58=DL‘/1VQ7V2 VD8‘/1V2,R’.= r,r=1, 2,...,8,
ne Dp i Dy — BXigni curnanau y pasi NOCHiZOBHOrO BBEJACHHS
ingopmanuii npu 3cyBax JiBopyd i mpaBopyd. IMmyascHuil Tax-
ToBM# curnan dH,, mo BIIMBAE Ha TPHIE€PH, BU3HAYAETHCA 3a

v
H
v v
cli cl
co|B8|1 ¢o ||
—— 2 ———
X D D 2
1| |* pi| |4
D2 8 D2 "
p3| |® —p3| |8
|_—D4 D4
y
2] 29

Puc. 21.4. 8-Pospsiannil peBepCUBHUI PETicTpP 3CYBY Ha IBOX
mikpocxemax K155MP1
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Puc. 21.5. 8-Po3psiaunii peBepcHBHM# perictp —1_][:]>
3CyBY 13 CHHXDOHHMM NapajebHUM :3alHCOM H=rc 01 4
K1554P13 e
23} |8 oo} -6
CHiBBiJHOIMEHHAM 2 Dp Q3 | 8
— 3
= — — D1
dH, =d[(V;vV,)C] = Slpg| [P
* = = 1 14
=(Viv1,) dCvCd(VivVy). (1.8)  To|P3 @5 —
15 [ 16
3 1bOro CIiBBiAHONIEHHA BUILIMBAE, 1O _T_i gg Q6
curnaan Vy i V, He MaloTh 3MiHIOBATHCS 19] e Q71_8
npu 3HavenHi curnany C = 0, ockiTbku BO- 21y e
‘ 0
HU BX0AATh Y pyHKUii 36ymxenns (21.7), 99 Q8=
a 3cyB i samuc indopmanii Bix6yBaOTbCA =2 Dy
3a loflaTHUM Tepenazaom (3 0 Ha 1) curna- 13
ay C npu Vyv V,=1. 3 supasis (21.7) _T

BUILUIMBAE, mo npu V; =0 i V, =1 sin6y-
BaeThbes 3cyB indopMauii npasopyd, mpu V; =11V, =0 — niso-
pyy, anpu V| =V, =1 — zanuc indopmauii y pericrp, npuiomy
pericTp Mae acHMXpPOHHMI NOTeHLiiHWE BXig R’ 4714 BCTaHOB-
JIEHHS CBOrO HYJIbOBOTO CTaHY.

21.2. NliumnbHukn 3a mod M

Byab-axkuil Ni4MJIbIIMK MOXIAa BUKOUATH ¥ BUIAAI CHHXPOII-
HOrO, ACHHXPOIHOTO NOTEHLI1Ioro a6o aCHIXPOUIIOro iMILy.IbC-
HOTO aBTOMaTa. ACHHXPONHi HOTenUiiii AIYHABIMKH BHACTIIOK
iXHBOI CKJIAMHOCTI BUKOPHUCTOBYBATU HeAOUiNbHO. ACHHXPOIH]
iMIy abcHi ATYUIBIMKN MOJKHA BUKOIATH i3 CHIIXPOUHHUX JIIYHTb-
HHKIB 3a JIOIMIOMOTOIO JIeIKMX TepeTBopelb. PO3rasiieMo B 0COB-
HOMY CHUXPOMNII AIYMABIUKH Ta JiYHUJAbHHKH 3MILIAHOTO THILY
(cHNXpOHHI NYHJIBHHKY 3 ACHIXPOHHNM MOTEHIIAIIMM YCTaHOB-
JIEHHSM JIesIKOro BHYTPIiILHBOTO CTany).

Cunxponnunm nivurvruxom 3a mod M 1a3nBaloTh UHPPOBUIL
CHHXPOHHHIT aBTOMAT 6€e3 BXOAIB, 1[0 Mac M pisnux BIyTpillliix
CTaHiB, AKI IUKJIIYHO 3MIHIOIOTLCA ITiJi BIJIMBOM 3Mill TAKTOBOTO
curnany H 3 1 na 0 (un 3 0 na 1). Ha BigMiny Bia peBepcuBHAX
JIYMABIMKIB i JIYMIBIHKIB 31 3MIIUM KoedillielIToM Nepepaxy-
Balisd JiYMABIUKY 3a mod M He MalOTh BXiJHUX CHTLAJIB X, SKi
KepyloTb NepexoZaMy MiX BHYTPIlUNIMU CTallaMH.

Oauu i3 M BHYTpPilHiX CTalliB JiYH/blIIMKA BUOUPAIOTH SK
novyaTkoBU#. OCKiJbKM BHYTPIillHi CTaHy JIIYHIIBIUKA 3MILIOIOTHCS
HUKJi4HO, TO micas M 3Mill TakToBoro curuany 3 1 na 0 (a6o 3 0
na 1) JMYAJIbHUK MOBEPTAETLCS B HOYATKOBUH CTall, IO CBIAYUTD
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Prc. 21.6. Tpadu nepe-

° G e ° ° XOAiB JIUYMALHHKIB 3a

l mod 2 (a) ta mod 7 (6)
(Do O~

a 6

IIpo Horo nepernoBHeHHs. SKIIO JiYAIBHUK epe0yBaB y 1104AaT-
KOBOMY cTaHi i TakToBHH cursan H 3Minueca N pasis, To mpu
N > M 3a KiHIEBHUM cTAaHOM JIMMJIbHUKA MOXKHA BU3HAYUTH JIH-
nle 3aJUIIOK Bif posnopainy uuciaa N Ha M, To6TO paxyHOK
3AifcHIOOTD 32 MosyneM M. Uucao M HasuBaloTb koeghiyienmom
nepepaxyeanns AlNUIbHUKA.

Haitnpocrimum € mivmibHuK 32 mod 2, 10 CTaHoBUTD cO6OIO
T-tpurep npu T =1. Hicro, axwo T = 1, HacTynuuii cTau Tpu-
repa Q"' =Q@®dH, a axmo dH =1, crau Q" = J, 10670 CTan
tpurepa 0 i 1 MUKJIiYHO 3MIHIOETHCA 32 KOXKHOI 3MiHN TAKTOBOrO
curdany H 3 1 na 0. I'pad nepexozis miuwapiuxa 3a mod 2
3o6paxkento Ha puc. 21.6, ¢, a na puc. 21.6, 6 — rpa¢ nepexouis
niuupHKEKa 3a mod 7, BHYTPIlIi CTAHY KOO MO3HaYeHo nud-
pamu Bix 1 o 7. L1t oTpuMaHHs ceMu pisiyX BHYTPILIHIX cTaliB
DOTpi6HO BUKOPHUCTATH HE MeHIe HiXK TPH TPUTEpH.

Crioci6 xoayBaHHs BHYTPIIMIIX CTAHIB JiMHJILHHKA MOXKe OYyTH
- toBinbHuM (BaXKJIMBO TiNbKM, mo6 yci BUyTpiumHi cranu 6ymau
pisni). ¥V 3arajibHOMY BHNAJKy BiJl BHGDAHOrO CIIOCO6Y KOAY-
BalllsA BUYTPILIHIX cTaliB aBTOMaTa 3aJI€XKHUTh HOTO CKAAJNHICTD.
3aKoxyeMO BRYTPIILI CTAHK JITHABHKKA 3HATEUHAMH BHXiAINAX
CUTHATIB TPbOX TpHrepis Q;, Q, i O3, Ak He 300paxcHO Ha
puc. 21.7.

Ha migcraBi puc. 21.7 Moxna ykjacT# TaGauUIo iCTHHIIOCTI

(ta6n. 21.1) i niarpamu Beitua aust pynxuiii Q3, Q5, Q) (puc.
21.8). Jlna cunTesy JiuK/IbHNKIS,

Q3Q,Q; JK i 6_y111>-511c1/1x udpoBUX aB-
TOMATIB, MOXHa BUKOPUCTOBYBa-

@ @ @ @ Td Tpurepu tumis: D, T ta JK.
CKJIaHICTD AaBTOMATa B 3araJib-

HOMY. BUIIQ/IKY 3aJIEXKUTD Bij BU-

KOPUCTAHUX THIIE Tpurepis. Ciix

@ @ @ 3a3HAYUTH, IO B OTHOMY aBTOMa-

Ti MOXXHAa BUKOPUCTOBYBATH TPH-

Puc. 21.7. Tpad nepexois niumap- T€PH PISHAX THITB. 3pOGUMO CHli-
HUKa 3a mod 7 Te3 JIYMIbHUKA 32 mod 7 i3 TpH-
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Tabauys 21.1. Tabauusa icTHHHOCTI AiYnabHUKA 32 mod 7

i Qs Q, Q4 03 05 of
4 1 0 0 0 0 1
1 0 4] 1 0 1 0
2 0 1 0 0 0 0
0 0 0 0 1 0 1
5 1 0 1 1 1 1
7 1 1 1 1 1 0
6 1 1 0 1 0 0

repis TuniB D, T ta JK. /lis 11p0ro noTpi6uo sHaity ix gpyuxuii
s6ymxenns D, T,, J, i K, (r = 1,2, 3). .

I3 dpynxuii nepexonis D-tpurepa (21.7) sunimsae, 1o Gynxuii
36y KEHHS

D, =0;, (21.9)

ToMy (yHKIii 36y aKeHls TPUTEPiB TiunabHuKa 3a mod 7 3Haxo-
ST 3a giarpamami Beita (qus. puc. 21.8):
D, = @.Gz vQ,03, Dy =0y,
D3 = Q03 v Q03 v O10,03.
I3 Gyukuii nepexosis T-purepa i BAaCTHBOCTE oncpallii «cyMa
3a MOJlyJIeM J(Bas BUILIMBae, o ¢yukuii 36ykemsi T, =Q, € Q,,

T00TO
+ _
Oy, sxumo Q, =0, (21.10)

- Q;, sxmo Q, =1.

3a MM COiBBIANOLIENTISIM 3amoBHOITL Aiarpamu Beiva ana
dbynxuii s6ymxenns Ty, T, i Ty (puc. 21.9).
Dynkiii 36ymxenns T-Tpurepis Jdivnibiinka 3a mod 7

T, = Qy @Oz VGQQy Ty =Q ®0Qy, Iy = 0102'

r

Q& e @ Q @
Ql[i]1Te[0] |[i]i[e[1] @l[t]o]®]o
o[1[o]1 olofolo 1[0]0]1

@ Qq Q

Puc. 21.8. [liarpama Beitua 1 dyHxuil nepexosin
JiYUIbHMKA 33 mod 7
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Q3 T3 @3 T Qs I
Q,|[oToJeT0] @|[iTo]e]1] @ifo]i]e]1
1{0]011 0[1j1]0 1(0{0]!
Q2 Q2 Q2
Puc. 21.9. Cunres niunibhuka 3a mod 7 wa T-Tpm-
repax

I3 (i)yx{xui'l' nepexoliB JK-Tpurepa BUIJIHBAE, 1O Q: = Grjr \%
v Q,K,— noriune piBusnnsa 3 AsoMa uesigomumu J, i K,, ki
noTpi6Ho po3B’A3aTH WoAe HUX HeBigoMuX. OCKIAbKY 118 PYHK-
it s6ymxenna J, i K, morpibio ckjiagaTtd TiJIbKY AiarpaMu
Beitua, To aaa oyukuii Q,.+ MOXKHA CKOPUCTATUCSA TAKUM METO-
nom. Hexait Q, =0, Togi Q; =0J, v 0K, . 3 ocTaiHboro piBHsH-
Hd BurumBae, o J, =Q,, a K, =@ — [oBiibHI 3HaYemIs.
Hexait tenep O, =1, tozi Q; = 1J, v'U?,. 3 1uporo piBHANIA
sunmBae, mo J, =D, a K, =Q;.

O6’eanapum o6uBa poss’askunpu Q, =0 i Q, =1, micranemo

Jy =@rQr+V®Qr’ K, =QrQ:V(DQr'

JliticHo, 3 1INX BUPa3iB MOXHAa 3POOHUTH BUCHOBOK, HIO

J :{Qi,ﬂmnocz‘=0;K _ |0/ mam0 O, =1 (91 41)
T, axmoQ, =1, 7 |@, axmo Q, =0.

Jiarpamu Beitua anst dyukuiit 36ymxerst J, i K, (puc. 21.10)
3aMOBHIOIOTH 32 AHAJIOTIEI0 i3 3aMORHEeHHSM AiarpaM Beitua s
dynxuidt 36ymxenna T,. Tomy 3 puc. 21.10 Buimsae, mo yikuii
36ynxends JK-rpurepiB aiunapHuka 32 mod 7:

./1 = sz K1 ZQz VC)3, .12 = Q1,
Ky =0y, J3=K3=0,0,.
[To6ymyemo NPHIIIMIIOBY CXeMy JiYAIbHNKa 32 (PYHKIISIMHA 30y-
mxenns Dy, D, i T3. [/lna uporo nmepersopuMo (PyHKLIO 36Yy-

wxennst Dy po surasay: Dy = Q,QQ3. Sxmo saMicTs IpsamMoro

BXO/y D BUKOPHMCTATH ilBepCHUil BXi/, To Buxomu Tpurepa Q i Q
noMingioTecs MicusMu. Ha puc. 21.11 306paskeH0 MPUHIIHNOBY
cXeMy JiumbH¥MKa 3a mod 7, BHKoHaly Ha MikpocxXeMmax cepii
K155 Bignosigno o orpuMannx Qymkuii s6ymkenna Dy, D,
i T (axmo nHa BXig enementa cepii K155 He HaaXOoAUTh HiSIKOTO
CHFHAJTY, TO 1l eKBiBAJIEHTHO HA/IXO/DKEHHIO Ha el BXif curnany 1).

304

al[o]o[e]o]| al[t]e]e[1] o|[o]o]e]®
olo/0]1 0lo|of0 1]o]o]1
Q. Q2 Q;

Qs K @ Ky Qs K
a|[0]o[e][®] @l[e]o]@[®] @[o]1]a[1

1{0]o]o ol1]1]o olo|olo
Q2 Q2 Q;

Puc. 21.10. Cunres niuunbiuka 3a mod 7 na JK-tpurepax

Q)

HERE

|

BN

Puc. 21.12. Cxema JgivnnapHuka 3a mod 7 na ID- ta /K-tpure-
pax

3ayBaxxuMo, 110 Tpy 3Mini ¢ynkuii 36yaxemna D na D acun-
XPpoHII noTelifiii BXoAn R’ 1 §” Takox IOMIISIOThCA MICILIMA.

ITo6y 1yeMO IpUHIMNOBY ¢XeMy JiMHIbHHKa 32 nod 7, BUKOPHC-
ToByloun dyukuii 30yokenns Jy, Ky, Dy, J3 1 K3 u1a mikpo-
cxeMax cepii K155 (puc. 21.12). Ockisnbku JK-Tpurepy cnpa-
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Q:Q:Q LbOBYIOTb IIPH 3HAYEHHI CUIHa-

ay dH = 1, a D-tpurep — npu

@ @ @ @ swavenni curnany dH =1, To
MOMEHTH CIIPABOBYBAHHS TPH-

repiB MOTPiOHO TOTO/PKYBATH 32

JOITOMOT'0I0 JIOTi9YHOTO eJieMel-
Ta HE.

Ilix yac npoekTyBaHHs Hu(-
Puc. 21.13. Tpadp nepexonis apiliko- POBHX IPUCTPOIB 0COOIMBE 3Ha-
BOTO JIiYu/JIbHHKa 32 mod 8 YeHHs MalOTh ABiWKOBI Ta ABiH-
KOBO-JIECATKOBI JIHIYMJABHUKH, KO-
JAyBaHH4 BHYTPIillIHIX CTaHiB SKUX BHKOHAHO 3a JONOMOIOIO IBiii-
KOBHX i ABIKOBO-mecATKOBMX umcen. /IBiMKOBMI JiYMIbHUK,
no6ynoBanuii 3 m Tpurepis, Mae 2™ BHYTPIillHiX CTaHiB, TO6TO €
nmiynnabaukoM 3a mod 2™, Kopysanus BHYTPilIHiX CTalliB ABiliKo-
BO-AECSATKOBUX JiYHJIBHUKIB BHKOHYETBCS KoaoM 8—4—2—1,
TO6TO i JIUUJIBHHKKM CHHUTE3YIOTHCA 3 YOTHPbOX TPHUTEpiB i €
jgiunapHukaMu 3a mod 10.

I'pad mepexozis ABiliKOBOTO MiuNIbHAKA 38 mod 23 HaBeJeHo
1a puc. 21.13. 3pobuMo cuHTE3 IHOrO AYUIBHUKA 11a T-Tpurepax.
VxiaBiu 3a rpadom epexolis Tabmigo icruntocti (taba. 21.2),
a noTim aiarpamu Beiua ans ¢ynkuiit O i T7, Moxna gicratn

T =1, T, = Qp T3 = Q0. (21.12)

SIxmo 3po6uTH CHUHTe3 JIYM/IbHHKA 32 mod 24, 10 $ynxuii
36ymxenns T-TpurepiB MaTHUMyThb BUIJIAM:

=1 T,=0; T3=00y;

' Tabauys 21.2. TaGmua icrunnocri AsiiikoBoro niyusmwHuka 3a mod 8
i Q3 Qy O 03 0 of
0 0 0 0 0 0 1
1 0 0 1 0 1 0
2 0 1 0 0 1 1
3 0 1 1 1 0 0
4 1 0 0 1 0 1
5 1 0 1 1 1 0
6 1 1 0 1 1 1
7 1 1 1 0 0 0
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Iopisuapim Bupasu (21.12) i (21.13), MokHa 3a3HAYNTH, 11O
¢yHKIIT 36yMKeHNs MePIINX TPhOX TPUrepiB He 3MiHUIIHCS. 3 1bO-
TO MOKHA JiHTH BUCHOBKY, 1m0 MYHKLIT 36yKeHHs JiMNJIbHHKA
3a mod 2” omucyloTbCS BMpasaMu:

r—1
=1 T,=1]9;; r=23..,m (21.14)
j=1

Bianmosigno go mux yHKIid 36ymkeHHs BUKOHAHW| G-pos-
panuuil AsifikoBuit ivuabHuK Ha MikpocxeMi K155UES.
Bupasam (21.14) MoKHa HAJaTH TAKOTO BUIJAMY:

r=2
=1 T,=0,4]]0; =0,.4T,_;; r=2,3,...,m. (21.15)
j=t

CxeMa jIBIHKOBOrO JYMABHUKA, 10 BiAOBIIA€ MM PYHKITISIM
30yJLKCNISL, 3044110 TIPOCTINA, HDK CXeMa JiYMJIbHUKA, 10 BiAIo-
Bigae gyukuism 36ymxenus (21.14), oiHak WBAAKOAIS Menina
BLACJIAOK IIOCJIiIOBIOr0 BMHKAHLS Jioriynoro esementa I (Makcu-
MasbHO AOIYCTHME 31auelllisd YacTOTU TaKToBoro curnany H 6ynie
MerIIie). YacTuny ABIHKOBOrO JiYMJIbHUKA, BUKOIALY BiANOBi-
10 10 pyuxuii s6ymwxerms (21.15), 306paxeno na puc. 21.14.

I'pad nepexoais ABiAKOBO-AeCATKOBOrO Jiuniblinka 3a mod 10
HaBeJieHo 1a puc. 21.15. dxuro 3a muM rpacdoM mepexo/iB 3po-

Tr—! T _ Tr T _Tr+l & Tr+2
Hr I Nr
1C 1C 1C
K K K

H

Puc. 21.14. Cxema agiiikoBoro JiumibHuka 3a mod 2™

() ~(on) o)) -9
)~ Q)9

Puc. 21.15. I'pa¢d nepexonins ABiIHKOBO-ACCATKOBOTO MiUHJIDHUKA
3a mod 10

) 307
20%5-104



&| 1 Ql-—-c} T <§t 71 1@ & 7| | Q4
Q2
¢ —C ~ic ¢
& &
K T K T K K
H.

Puc. 21.16. Cxema ABilfKOBO-A€CATKOBOTO JiUMIbHYKA Ha J K-Tpurepax

H, Hy H; H,
—=1 mod M, mod M, oo mod M,

Puc. 21.17. CipykTypHa cXeMa aCHMHXPOHHOIO Ji4HJb-
HHKa

O6UTH CHHTE3 CHHXPOHHOro Jiunnbhuka Ha JK- Ta T-Tpurepax,
TO MOXKHa JAicTaTH:

Ji=Ki =1, =Q1©4§ Ky, =0Qy;
K3 =J3=010y J4=010:03; K4=0y; (21.16)
Ty =1 T = Q04 T3 = 010y Ty = Q10 v Q1Q0505.

3a orpuMaHuMH yUKUiAMH 30yMKeHHI MOXHA HOGYAYBaTH
IPUHIIMIIOBI CXeMH ABIAKOBO-AECATKOBUX JiunibiukiB (puc. 21.16),
sukonanux Ha JK-tpurepax (Mixkpocxemu K135TB1; sxoawm, 1o
Ile BUKOPHCTOBYIOTBCS, He 306paxeHi).

3a3Buyait miynabHuKY 3a mod M BUKOHYIOTH Tak, IO B HUX €
tpurep (a6o JIE), Buxignuii cUrHam SKOTo 3MiHIOEThCS 3 1 Ha 0
(a6o 3 0 Ha 1) TiMBKM B MOMEHT MOBEPHEHHS JiYMJIbHEKA B MO-
yartkosuit (1rynboBuit) cran. Lleit curHa; CBITYMTD NPO Iepenos-
HeHHs JIYUIbHUKA ¥ pa3i HaAXO/KEHH: Ha Horo Bxif M My bciB
(dH = 1) i Moxe 6yTH BUKOPUCTAHNI K BXIHUIA CUTHAT {HIIOTO
jgiuunpHEKa. Jiunabauky samod M; (= 1, 2, ..., k) Moxua
3’emiysaru nocaigosno (puc. 21.17) A5 orpUMaHHS TiYNIBHAKIB
samod (MM, ...M}). SIKIIO NOCJIiOBIIO 3’ €AHATH M JiMAABHH-
KiB 32 mod 2, To Buiige gBiffkoBuil givnapnuk 3a mod 2™

Xoua koxuuil Jiunabuux 3a mod M j € CUHXPOHHHM, OJHAK
Aiwabhik 32 mod (MM, ... M) Gyne BXe aCHHXPOHHUM, OCKiJib-
KU HEMa€ €INHOr¢ TAKTOBOLO CUTHAJIY AJisi BChOTO JIYMJIBIIHKA
(y xoxuomy siuuapnuky 3a mod M; BUKOPHCTOBYETbCS CBIi
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takTOBHil curHax H.). HenosikoM Takux JIYHJIBHHUKIB € iX ITO-
CJIiIOBHE CIIPaIbOBYBAaHHS, 0 CIPUYMIIOE 3alli3HIOBAHHS CIIpa-
UbOBYBAHHs OCTAaHHUBOTO JIYMIbHUKA HIOJ0 TAaKTOBOTO CUTHAIY
MEPIIOTO.

21.3. JliuMnbHUKN Ha pericTpax 3cyBy

Jlns no6y10BY NiYMIBHUKIB Ha pericrpax 3cyBy IOTpi6HO BU-
KODUCTOBYBATU cIlellia/lblie KOAYBallHA iX BHYTDIMIHIX CTaHiB.
SAxmo na Bxix x (aus. puc. 21 .1) noaTty AesaKy meEpioAHYHY IT0-
caizoBHicTh cMMBOJIB 0 i 1, TO BIyTpimMi crauu pericTpa 3cyBy
(xom6inanii suavenp curnanis Q,) OyAyTh TAKOX TepioaMd-
HO TIOBTOPIOBATHUCS, TOGTO pericTp 3CyBy Oyjie MiYHILHHUKOM 3a
mod M, gxuio 3a3navena nepioaunyia MOCAIOBHICTb cOpMOBa-
1A CaM¥MM DPEriCTpOM 3CyBY. 3 LbOTO BHIIJIMBAE, L0 KOLYBAIILs

BUYTDIINIiX CTaHiB, HATIPUKJIA/ JiYMIbHEKA 32 mod 5, MoXxe 6yTH
3 Q2 Oy
3agane Takolo cxemoio «— 0 0 0 11.00011.

ITpocyBaioun Yepes pericTp, U0 CKIAAAETCS 3 TPhOX TPUTEPIB
Q;, O, 1a Qs, MeBHy NepioANYRY NOCHiOBHICTb cuMBoniB 01 1,
nicraneMo N'STh pi3HMX KOZOBUX KoMGiHauiit (BHyTpimHix
cranis): 000, 001, 011, 110, 100. 3a HoAANBIIOTO 3CYBY BUXO/STH
T1 caMi KoZI0Bi KOM6iHaIil, OCKiJIbKM NOCTIZOBHICTh CUMBOJIIB 0 j
1 mepioanyna.

I'pad nepexoai Jiyuapiuka 3a mod 5 3 OTpEMAIINM CIOCOGOM
KOAYBaHIIS BHYTPillIHiX cTalliB 306paxeno na puc. 21.18. Ckias-
uy 3a rpagoM nepexofis fiarpamy Beitua ana dynkuii Qf' (puc.
21.19), gicranemo Dy = Q5Qs3. [liarpamy Beitua Moxna ck1acTn
3a rpadoM nepexois 6e3 yKaazanus Tabauui icruiocti. Hampuk-
JIaZl, PO3IJISHEMO Iepexia Mixk BHyTpimmiMu cranaMu 000 i 001.
Cran 000 e Buxignum (Q3 =0, Qy =0, Qy = 0), Tomy BiAMOBiA-
He HoMy ABIHKOBE UMCJIO BH3Iadae HOMep KJITHHHM B Jlarpami
Beitua ¢ = 0. Cran 001 ansg uporo nepexo/y € HaCTyIIHUM, TOMY
dynxuii OF =0, Q5 =0, Q; =1. 3 1pOro BUILIMBaE, WO B
kaitunly giarpamu Beitya ana ¢ynxnii Q1+ 3 nomepom i = 0 cain

Q30:Q, o o
2 1
000
@ @ Q[ele]o1
010]2]1
@ @ Qs

Puc. 21.18. I'pad nepexoain Puc. 21.19. Cunres niynapuu-
Jiuuabhnka 32 mod 5 Ka 33 mod 5 Ha perictpi 3cyBy
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H

Puc. 21.20. CxeMa niuwipHuka 3a mod 5 Ha perictpi
3cyBy

sanzcat 3uadenus ¢ynkuii Qf =1. V Takmii cnoci6 3amucy-

10Tb yCi I'sITh 3HaueHb GyHKuii Qf =1. Y kiTuHM, 1o 3am1um-
JIUCH He3aTlOBHeHHMHU, 3aTHCYIOTD A0BiJbHI 3HaueHHs @, OCKiJb-
KM TPH BHYTPIlIHIX CTaHH He BUKOPHCTOBYIOThCS.

Dynkuii 36ymxenus Dy = Q; i D3 =Q, (1a mizcTaBi BHKO-
PUCTAHOr0 MeTOy KOAYBaHHsI BHYTPILHiX CTaHIB), Y YOMY Jierko
nepexonamca cKkaasln aiarpamu Befda s dbyuxuii Q2
ta Qj. SIKmo mix yac no6ya0BH NPHHIHIOBO] CXEMH BHKOPHC-

TOBYBaTH (yHKILi0 36y 1KeHlsA D1 = Q2Q3, TO [iCTAHEMO CXEMY,
306paxeny Ha puc. 21.20.

Y pasi koflyBaHHS BHYTPIllIHiX CTaHiB JiYMJIbHHUKIB 32 JOMOMO-
roro nepioguyHoi nocaigosHocti cuMsodis 0 i 1 caxig roTpuMyBa-
THCS TAKUX TPABUI:

1) wucno cumsonis M B ogHOMY nepioji IOCTiJOBHOCTI BU3HA-
vae xoedilieHT [lepepaxyBaHHs AIYHIBHUKA;

2) MiHiMaJiblie YHCJIO TPHUTEPIiB M 3HAXOAATb 3 yMOBY OTPH-
MaHHs IPH 3CyBi nepioanynoi mocnaigoBnocti cuMBosiB 01 1 M
pi3HMX KOJOBMX KOMOiHAIiN.

21.4. PeBepCUBHI NiYMILHUKA

PeBepanHi CHHXDONHi AYHIBIHKN MAIOTh OMH inaopMauiﬁ-
nuit BXiJ, Ha KW HAJIXOANUTD CUIHA X, IO 33/a€ HAIPSAM JiveH-
s (TO/1aBaHHA UM BiAHIMAHHsA) YiCcIa 3MiH TAKTOBOTO CHTHAITY 3
1 #a 0 (a6o 3 0 va 1). Hagani BBaxkaTuMeMo, 1o TpH x = 0
BUKOHYETbCS OAABaHHs, a Ipyu x = 1 — BiaHiMannsa. Hai6ine-
WKl npakTUYHME iHTepec CTaHOBJATH JBiffKOBI ¥ ABiliKOBO-1e-
csatkoBi (xog 8 —4—2— 1) peBepcuBHi AUMTBHAKM.

I'pad nepexozis 3-po3paaHOro PeBePCUBHOTO JiMUIBHHKA 300-
paxenio Ha puc. 21.21. Tisiku uporo rpada nozHaveHo 3HaveHs-
MU CUTHAJIB x/2y2y, le x — BXigumd indopmanuiiinnii curiar,
zy — BUXiAuwil curHaj, 10 CBiIYUTD PO JOAATHE NEPEIOBIEHHS
JIYWIBIIVKA; Z; ~— BUXIAHMIA CMIHAJ, IO CBIAYHTD IIPO Bia eMue
HepenoBHEeHHS JiYNIbIINKA.
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[Topsin 3 By3JaMu 3a3HadeHe YHCHO MONTYCHAX JIYMIbHHKOM 3
ypaxyBaHHSM 3Haka 3llauenb curnanis dH = 1 (iyuIbIIHK Nepe-
MOBHAETbCA 1ijl Yac nepexoxay 3i crany 011 y cran 100 — noaar-
He TiepenoBHeHHs Ta A yac nepexony 3i crany 100 y cran 011 —
Bix emue). MoxkHa HOMITHTH, IO PeRePCHBHUN /B fiKOBUI JiYHIIb-
HMK IIiApaxoBye 3Havelis curHaiis dif = 1y 101aTKOBOMY KOZi.
3navenns curnany Q3 BusHauae suak yncaa (Qz =0 — goaar-
e yncao, O3 =1 — Big'emue).

Yknasimu 3a rpagpom nepexomB (puc. 21.22) tabmiuio icTHH-
nocti (ta6n. 21.3) ana dymxuii Q, (r = 1, 2, 3), MoKHa oTpHMaTH

7‘121; T2 =fQ1V.XQ1; T3=.XG1Q2VXG102. (2117)
I3 1a6n. 21.3 sunumBae, mo
24 =fQ1on3; 2y = 101O2Q3. (2118)

Sxnto Y BHpasax (21.18) curnan Qg saMinHuTH Ha 1uBepcm/m
Q3, to BuitayTs Qrynkuii P i W, siki € nepeHecenHam y IIaCTyIIHHI/I
JBIKOBUIt PO3PA/I TA TI03MKOIO TIepelleceHHst 3 HaCTYITHOTO ABiiKo-

Boro pospany: P =x0Q9,03 W = leQZQ} Curgama P i W

«O» «+1» «+2» «+3»

«1» «=2» «3» «—4»

Puc. 21.21. Tpad nepexoniB 3-pospstgHoro
JBifIKOBOTO PCBEPCUBHOTO JIMUABHUKA

R=08
3

T @

Puc. 21.22. Cxema ABiHKOBOTO 3-PO3PAAHOrO PEBEPCHBHOLO JIUHIBHHKA
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BUKOPHUCTOBYIOTH JJI TIOC/iJOBHOTO BMUKAHHA JBIHKOBHUX peBep-
CHBHHX JIIYUJIBHAKIB 3 METOIO 36Gi/bIIeHHS IXHbOI PO3PSIAHOCTI.

Slkio mpoBecTH CUHTE3 JIBiilKOBOr0 peBepCUBHOIC JIYHIbHU-
Ka, sikuit Mae 2% BHyTpimHix cranis, To GyuKIii 36yIKenHs T,
(r =1, 2, 3, 4) i pyHKIi] BUX0Ay JiYUIbHHKA 2| TA Z) MATUMYTb
BULJISAL

Ti=1 T, =30 v xQ;; T3 =700 vx0i0; }
T4 _ EQIQ2Q3 v xQ1Q2Q3’Z1 = _;—fQ10203Q4,22 = XQ]QZQ3Q4
(21.19)

Mopisusasmu Bupasy (21.19) 3 (21.17) i (21.18), MoxxHa aiiiTi
BUCHOBKY: SKIIO ABiHKOBUI peBepCUBHMI JiYHJIbHHMK CKJIaJacTh-
ca 3 m T-tpurepis, To PyHKuii 36yxenHa T, i pyHkuii 2 Ta z,
BU3HAYaTUMYTbHCA 32 CHiBBiAHOLIIEHHAMHU:

r—1 r—1
T, =1 T, =%]] 0; vaO]-; r=23..m
j=1 j=1

3

1
j=t

m—1
21 :meHQj; 2y =xQy,
j=1

e Q)

Jyp o CHPRAJ, O BH3TIAYA€ 31avelrta 3HaKoBOTO po3pAany.

Tabauys 21.3. Ta6maus ictuanocTi Aas GyHKIii Q:

i x Q3 o) Q4 o3 | O | Of z z)
0 0 0 0 0 0 0 1 0 0
1 0 0 0 1 0 1 0 0 0
2 0 0 1 0 0 1 1 0 0
3 0 0 1 1 1 0 0 1 0
4 0 1 0 0 1 0 1 0 0
5 0 1 0 1 1 1 0 0 0
6 0 1 1 0 1 1 1 0 0
7 0 1 1 1 0 0 0 0 0
8 1 0 0 0 1 1 1 0 0
9 1 0 0 1 0 0 0 0 0

10 1 0 1 0 0 0 1 0 0

11 1 0 1 1 0 1 0 0 0

12 1 1 0 0 0 1 1 0 1

13 1 1 0 1 1 0 0 0 0

14 1 1 1 0 1 0 1 0 0

15 1 1 1 1 1 1 0 0 0
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®dynkuii 36ymxenus T-rpurepis (21.20) MoxHa mepeTBo-
putu tak: Iy =1; T, =XQ,_ ;v xQ,_; r =2,3,...,m. OtpuMa-
ui Gynkuii 36y 5KeHHA MOXKHA 0JATH TaKOX y BUrIafi: T = 1;
T, =(x®0Q, )T,

CxeMy 3-po3pALHOTO ABiKOBOIO peBEPCUBHOIO JIYUIbHUKA,
BHKOHAHY la MiJcTaBi ocTaHHiX BUpa3iB 3 T-Tpurepis, 3o06paxe-
1o 11a puc. 21.22, Y pasi 36iabIretHsA Yucaa po3psAis JidUIbHHKA
CTPYKTYpPa KOXXHOTO Po3psAy Oyze TaKoIo CaMoIo, SIK i CTPYKTypa
TPETbOTO PO3PANY.

"1 Bupasis (21.20) punsuBae, o

r—1 r-1 _
T,H=H=HvHy; T,H=HT[0,vH,[]0,
j=1 j=1

ne H =XH, H, = xH ta H{H, =0, T06T0 y ABilikOBOMY p€Bep-
CUBHOMY JIYMJIBHUKY MOXXHA BUKODMCTOBYBATH JBa TaKTOBHUX
curHaav Hy i Hy, mo B CYKYNHOCTI i3 CUrHalaMy IIepeHeceHHs
P i nosuku nepeneceriss W nae sMory 36i1bIIyBaTH PO3PAAHICTD
JIIYUNBHUKA.

KoHTponbHi 3anuTaHHA i 3aBAaHHS

——

. Lo Take perictp 3cyBy Ta siKi omepaiii MOXXHa BUKOHYBaTH 3a JAOMN0-
MOroI0 PericTpin?

. 3a AKHMM 03HAKaMU MOXHa KAacH@ikyBaTH perictpu?

. Hapeaith ocuoBii napamerpy il 03HaKW KAAcH(piKaLITl NiYUTBHAKIB.

. SIKNM YHHOM JOCATAECTHCS MiABHIEHHS WBHAKOAIT JiYMILHHKIB?

. TostcHiTh MpuaIUIKM POGOTH PEBEPCUBHOrO JiMHJADHHKA.

. Sk 34ilicHIOETDCA NONEPEAHE BCTAHOBAEHHA JIYMJIBHHKIB?

. TloAcHiTh TpHHUKIK po6OTH JIYHIBHUKA 31 3MIHHUM KocdillieHTOM nepe-
paxyBaHHA.

. [osicHiTh TPHHUHUNH po6OTH NMOCAIMOBHOTO ABIHKOBOLO CyMaTopa.
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Pozgin  MIKPOCXEMW
2 2 3ANMAM'ATOBYBAJIbHUX
MPUCTPOIB

22.1. Mikpocxemy CTaTUYHUX
i aMHamivHux 03N

JIL1st KOpOoTKOYaCcHOro 36epekeHHs HeBeMUKUX 06’eMiB KOAO-
BHX CJIB 3a3BHYaii BUKOPHCTOBYIOTH PeTicTpU. 3a notpe6u TpHu-
BaJioro 36epexenits a6o 36epexxeHHs BeJIUKHX 06’eMmiB iHdoOp-
Mallii 3aCTOCOBYIOTH 3amaM’ AToByBabHi mpucTpoi (311), BuKkoHaHi
Ha crueniamizoBaunx IC. 3acrocysanus 3II, 110 BUKOPUCTOBYIOTh
IC, nae 3Mory MakCHMaJbHO CIIPOCTUTH, allapaTHY YaCcTHHY eJIeK-
TPOHHUX IIPUCTPOTB.

3a BukonyBanuMu pyukuismu 311 MoxHa knacudikysaTu Tak:
onepaTuBHi 3amam’aTosyBabHi mpucrpoi (O3I1) i mocrifiui 3a-
nam’arosyBajbHi npuctpoi (II3I1).

Mo onepatuBuux Hameskats 311, 010 BHKOPUCTOBYIOTH 71 36e-
pexerna irdpopMaitii, oTpuMyBaiiol B Ipolieci po6oTH IPUCTPOIO,
i 3a6e31euyioTh MOPIBHAHHS Yacy X 3UMTYBAHHA Ta 3allicy.

Onepatusni 31 MOXXyTb 6YTH SIK CTATHYHEMH, TaK i ANHaMi4HHU-
mu. Y cratnunux O3II sanucana indopmanisa nocriino 36epirae-
TbCSI ¥ BHJILJIEHOMY g Hel Micni i He pyiiByeThea mij| 4ac ii 3yu-
TyBaHHsi. PyiiHyBanuA indopmaliil MOXIIMBe TUILKY Y pasi ii npumy-
COBOTO CTUPAHHA a60 BUMKHENHS HANPYTH JUKePesa SKUBJICHHA.

Y punamivaux O3Il indopmarnia nmoctilHo HUpKyII0E B Ma-
CHBi, BigBeaenomy /i 1i 36epexentia. Ilpu upboMmy 34uTyBaHHA
indopmanii cynpoBoyeTbea ii pyfinysanmam. [na s6epexen-
Hsa indopmauii if noTpi6HO mepe3anucaTH 3aHOBO.

JI1s1 mosHaye I Ha IpUHIMNOBHX enekrprunnx cxeMax 1C O3II
BUKODHCTOBYIOTH cKopouerss RAM (random access memory).

Tunosuii BapiadT CTpYKTypHOI NO6YIOBU MiKPOCXeMH CTaTHY-
noro Q311 naseaeno Ha puc. 22.1. Jas npuxiany subpama 11o-
piBIsNO HeckmamHa Mikpocxema mam'sti K361PY2 (564PY2)
emuicTio 256 6iT. CTpykTypHa cXeMa BMilllye€ BUKOHaHi Ha €1H-
HOMY KPHUCTaJi CHJIILiI0 MATPHUIIIO HAKOIIMYYBayia, JelHdpaTopH
Koty anpecu psaakis Ay — Az (A, — Mosoxumit pospan) i
cToBnuiB A; — Ay, mepeMuKadi Bu60Opy CTOBIUIB i NPUCTDI} BBe-
aenns-pusegenna (IIBB). PexumoM MiKpocxeMH KepYyIOTb CHr-
wamu CS (Bubip mixpocxemu) i W /R (3ammnc— 34uTyBaHHs).
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MaTpuns nakonuuyBada Mictutb 256 eneMentis nam'sti (EII),
PO3MillleHUX Ha IepeTuHaHHAX 16 psakie i 16 crosmuis. Kox-
muit EIT — me craruynuil Tpurep, mo Moxe 6yTH peaqizoBanuit
Ha ocHosi 6inosspuux a6o MIH-Tpansucropis.

3a BigcyrHocti curnaxy BuGipKM psiaka, to6to npu X = 0,
TlepeMUKasbll TPAH3UCTOPH 3aKPHUTI i Tpurep i3ojboBaluil Bijg
PO3PANHUX WML Y Takui cnoci6 peasi3yioTb y MATPHI pexuM
ssepranna g0 Ell ang sanumcy abo suutyBanus indopmauii ta
PEXUM 36epeskenHns iHpopManii.

Hna 36epexxenis incdopmalii B Tpurepi norpibue mxepeso
AKMBJIENHA, TOOTO TPUIrep PO3IJISTHYTOrO TUNY € eepreTHYHO 3a-
JEXHMM. 3a HagBHOCTI >KUBJEHHS TpHTep 3iartiuil 36epiraru
CBiH CTaH K 3aBrOAIO JIOBTO.

o6 sBepnyTtucs a0 Mikpocxemyt aag sanmucy 0 abo 1, ciin
miaBecty U0 indopmaiuio a0 Bxoay DI, nozaté Kon agpecu
A{Ay — Az}, curnan gossosy CS i curnan W /R, mo Bimtosinae
pexumy sanucy. 1Ipu sasHaveHHX cUrHasaX 36YIDKYETbCS 3a/1a-
HMHA pAgoK x;, BuOpanuii AenrgpaTopoM KOLY aApecH psiaKis, i B

Marpuus HakonUuyBaya

]
| |
o, . !
5 N : : :
A g : ' : i
=1 |
] Te| .
e § L .. 4 :
— 18w | : : : :
Ay % a : : : : : Il
_ 14 | +—EI ! ] !
i [T T
o -3 " )
- :_PI].IOI-_‘ P, -
Tl ozl I vio "
INepeMuxaui S [1BB
BuGOpY }
CTOBMIL{B ... T§L DI
Yo - Yj ees Yis VTI )
Jewmndpatop anpecu
CTOBNLIB
A A A A cs W/R

Puc. 22.1. Crpyxrypa mMikpocxemu craruanoro O3I1 3 1-pospsaanomo opraxi-
3ali€o
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PE3YAbTATi IIBOTO BiKPUBAETHCS JOCTYII IO PO3PSAHUX IIHHAX 1O
Bcix EII nporo psaka. OpHoyacHO 30y/KYETbCS OJUH 3 BUXO/IB
Y]- e paropa KoLy aapecu cropnuiB i, BiILKPI/IBaIO‘-II/I BiATIOBiAMi
TPaH3UCTOPU VT]-O, VTﬂ y 6Ji01li epeMUKaYiB BUOGOPY CTOBIIA,
KOMYTYe Bu6pamnuii cropnels Ha IIBB. locTyn 10 po3paaHnx MIHH
1poro crosis 3 6oxy I1BB 3a6esneuye curnan CS = 1, mo Biakpu-
Bae nepemukaui VT0 i VT1. Hacrporosanua 11BB na npuiimannsa
curHany 3 Bxony DI anificuroe curnan W /R = 1.

3BepTanisa 4o MiKPOCXeMHU 51 3UNTYBAHHS Bi0yBa€eThCA aHa-
JIOTiYHO, ajie Mpu 3HavenHi cursany W /R = 0.

Y 6inpmocti MikpocxeMm naM’ari [IBB Mictuth Buxigmmii ne-
peMUKAIbHUH IMizcuaioBad-(popMyBady, 3aTHII HabupaTH TPH CTa-
HM: ABa GyHKIioHanbHUX, BigmoBigHmux 0 a6o 1, i oqun BHCOKO-
oMHuui (TpeTiit) cTaH. ¥ TPETBOMY CTaHi BUXi/l IPAKTHYHNO BUMK-
HeHHH Big npuiiMaua ingopmauii, Hampukjazn indopmaiiinoi
UTHHHU.

HasBuicTs y MikpocxeMi BUXOLy Ha TPH CTaHd Ja€ 3MOry
3’eanyBary indopmaniitni Bxig i Buxig 414 miakI049eHHs iX 40
eauHol iHdopmaniiinol WKHY.

PosraanyTa crpykTypHa cxeMa (ams. puc. 22.1) € npukia-
noM peanizanii crarmunux O3II 3 1-pospsanoo opranisaimiero.
Ileit T MikpocxeM Mae IepeBary B Cy4acHiil HOMEHKJIaTypi MiKpo-
cxeM maM’ari. OcTaHHiM YacoM HaGyBaloTh IIOUIMPEHHI MiKpo-
cxemu cratuyanX O3I1 3 6araTopo3psiAHOIO CIOBHHMKOBOIO Opra-
wizanieo. [IpyHIND T06YAOBH TAKHX MIKPOCXEM PO3IJAANEMO Ha
npukaaai Mikpocxemu KP537PY8, o mMae indopmariiiiny eMHicTb
2K x 8 6it (puc. 22.2). Bona BMillye MaTpHILIO HaKOMHYyBaya 3
128 x 128 EII, perictpu i gemudpatopu Koay ajpecy pAAKiB i
CTOBIILIB, T/CHJIIOBAY] 3aITICy — 3UUTYBalHsA, IPUCTPill KepyBan-
us i npucrpiii BBegenns-pupegenns. Sk EIT sacTocosytors Tpu-
rep Ha KMJIH-Tpansnucropax.

Haxonnuysay mozainenuil na BiciM cexuiit mo 128 x 16 EIl y
KoxHiil. HoTHPH MOJIOAIINX DO3PAAM Komy afpecu A, — Aj
BUGHPAIOTH 10 OJHOMY CTOBIIIIO B KOXKHIH cexlil i koMyTyIoTh ix
3 [IBB. KepyBanus npucTpOEM BBe/leHHA-BUBEACHHS 3/11CHIOIOTH
curtamu CS, OFE i W / R, nonepeanbo 06po6yeni IpUCTpoEM
KepyBaHHsA. 3aiexIo BiJ 3HadeHb KepyIOuHX CUTHAJIB MiKpocxe-
Ma MO)KE TIPALOBATH B O/HOMY 3 TPbOX PeKHMiB: 3alliCy, 34Ty~
BaHHs i 36epexkeHHs. Y pexuMi 3anncy indopmanis 8-pospaa-
nuM kozxoM uepes [IBB i niacuinoBayi 3anucy — 34uTyBanHAa Hajl-
XOAMTb Yy BUOpaHy KoMipky nam ati. Ilpu suntysanni ingopma-
1isg 3 Bu6GpaHoi KoMipku naM'sari naaxoauntb Ha [IBB i uepes
HbOTO — Ha BuUxoAH. Curiazx gospBoiy Buxoay OF [ae 3MOTy B
PeKMMi 3YMTyBaHIsA 3a00POHSTH BHBeJeHHA iHdopManii: mpu
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afipecH CTOBIIL]B
Perictp
Puc. 22.2. Crpyxrypa Mik- aipecd CTOBILIB
pocxemu cratiyroro O311
3i CJIOBHHKOBOW OpraHiza- I I I r
i€ A A A A

OE =1 BX0IU-BUXO/U Ta6HPAIOTh TPETHOTO CTAHY, TOMY ildop-
Manii 1a BUXogax HeMaec.

Y pexxkumi 36epexeniisn CnoXuBaa MiKpoOCXeMaMu Bij Jkepe-
JIa XUBJICHH IOTYXKHICTDb 31IHXKXY€ETbCA 6isbine Hix y 1000 pasis.

Y MmixpocxeMax naM’siTi AnHaMivHoro tuiy dynkuii EIT suxonye
eJIEKTPMYHIHH KOHJeHcaTop, yTBopenuil ycepeauui M IH-crpyk-
Typu. IHdopMatis HaAX0IUTD Y BHIIAMI 3apsily: HAABIICTb 3a-
pALy Ha KoujeHcaTopi Bimiosigae noriunomy «0s, BiacyTHicts —
Joriuniil «1». OCKibKH TPHBAMICTD 36epexeHns KOuJAeHcaTo-
POM 3apsity oOMexkeHa, nepea6avyalorh nepiofuyite Bi/iNOBIENIs
(pereneparito) sanucanoi indopmauii. ¥ npoMy nossirac ojna 3
XapakrepHux ozHak junaMiynux O3IL. KpiM Toro, aasa nux mo-
Tpi6lia cHHXponi3alis, 1o 3abe3nedye ey MOC/IiIOBIICTb BMH-
KaHb | BUMHMKAHb (PyHKIiOHAJbHUX BY3JiB.
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JLns BarotoBjeHHs MikpocxeM auHamiynux Q311 nepeBakHO
3acTocoByioTh n-M JIH-rexHourorilo, o fa€ 3MOry Ii/IBUNIYBaTH
IIBMIKOMIIO i piBelb iHTerpanii MikpocxeM, 3a6e3meuyBaT Mati
CTPYMH BUTOKY 1 3aBASKH IIbOMY 3061iJbIIYBaTH TPUBAJICTHL 36e-
peXXeHHs 3aps/y Ha 3armaM’ ITOBYBaJIbHOMY KOHZEHCATOPi.

Posraauemo tTumosmii BapiaHT peajisanii gunamivynoro O311
Ha npukaaai Mikpocxemu KS65PY3 indopMauiitnon eMHiCTIO
16K x 1 6i1. Mlo ii cTpykrypHoi cxemn (puc. 22.3) Hamexarb
BHKOHAaNi B OTHOMY CHJiIi€BOMY KPHCTAJi MaTpUld HaKOIHUYY-
Bada, 1o Mictutb 16 384 eneMenTiB mam’siti, po3MillleHUX Ha Te-
petunanuasx 128 paakis i 128 crosnmis, 128 nigcuaoBayis 3un-
TYBaHHA i perenepartii, ferm@paTop PAAKIB i CTOBMIIB, IPUACTPiH
KepyBaHH:, IIPUCTPiil BBeICHHsI-BUBE/ICHIISA Ta MYJIbTHIIIEKCHHNA
pericTp azapecHu.

Marprus HakomrdyBaya no/inena Ha JABi yactury 110 64 x 64 EIL
y KOXHifl. Mi>xk HUMW po3MiHleHi IHACHII0BaYi TaK, MO KOXeH

—
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t t t
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Puc. 22.3. Crpykrypa MikpocxeMHu guHamiysoro O3I1
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CTOBIIELb CKJIAJAEThCs 3 ABOX CEeKLill, MiAKIIOYEeHHX 10 pi3HUX
IIedeil miZicuIoBaya.

Kpim macupy EII Ta migcu/moaqiB MaTpULd Ma€ y CBOIH CTPYK-
Typi omopsi eieMent (EOQ) — 10 0AHOMY €JIeMEHTY B KOXKHiH
mipmyHi. IIi eneMenTy B KOXHIff TOMOBUHI MATpHilli CTAHOBJSTDH
onopuuii psiiok (OP). Onopinii eeMenT no6yAo0BanHKii aHAIOTid-
HO 3amaM’ATOByBaJIbHOMY. Bin npusHaveHuil a1 nigTpuMyBaHHs
onopnoi nanpyri U, 3 Koo IifcHOBadY NOPIiBHIOE TIOTEHIiAN
nismuHY 3 Bu6paduM Ell Ta pearye na orpumany pisHHINIO HOTEH-
HiamB IiJ 9ac MOPIiBHAHNA NO3UTUBHOTO i HEraTHBHOTO 3HaKa 3a-
JIEXXHO Bifl piBHs 3unTyBaHHA. L5 omeparlist BiIGYBa€ThCA TakK: AKILO
BUOpAHO /1A 3BEPTaHHs PAJOK BePXHboi IiBMaTpHlli X;, TO CHI-
Han Ag CTapiioro pospsily Koy aJpecH psika KOMYTYE B Cellek-
TOPI OIOPHOTO PsIAKa KOO Yepes mepeMiKaIbHAN Tpansucrop VT12
ans curdany Fy, 1o OP,, posMimeHoro B HIOKIIA IiBMaTpyiL.

Otxe, y KoXHoMY i3 128 cTOBHUIB A0 MiACHMIOBA4Ya 3 Pi3HHX
6okiB ysiMkiteni EIl Ta EO. Ockinibku noteditian nismunau 3 EIT
BiJIpI3HAETBCA Bi/l ONOPHOro, TO B ONOpi TPAH3UCTOPIiB Pi3HUX
niededl nmigcumoBava-TpUrepa BHHHKAE AaCUMeTpisl, W0 HPH
BBIMKHENTi KOJIa HOTO >XUBJEHN CHTHAJIOM F3 COpHYMHIOE Hepe-
KHJAHIS TpUrepa 3a MepeBa>kHUM piBHeM. Y pe3yJsbraTi Ha BH-
xonax-Bxofax A ta B tpurepa GopMyIoTbhcs HOBHI PiBIli Joriy-
HOi «1» i soriutoro «0». Toft i3 curHanis, sKuit BiOGpaXKac
34uTany idopmMauio, KOMyTyeTbes Ha BXi/J IIPUCTPOIO BUBEJICHHS
yepes nepeMmukaabui Tpansuctopu VT7, VT9 i VT10, saxi Binkpu-
BalOTbCA CHrHanamu A, Fj i Y. OueBu/1110, 3UATAHUM MOXe
6yTH TiJTbKY OAMI CUTHAJ i3 BUGPAHOrO Aetiu¢paTopOM CTOBIIA.

Curnan Ha BxoAi-Buxoai A TpHUrepa-miJICHIioBaYa BAKOHYE Ta-
KO (PYHKIIIO BiJHOBJEHHS PiBHA 3apsiy 3anaM’sTOBYBaJbHOTO
kongencaropa C;;, 10610 ynkuiio perenepanii indopMauii, npu-
YoMy UA omepailisd BinOyBaetbes y Beix Ell Bu6panioro psjka
0AHOYACHO.

OTtxe, N Yac KOXKHOTO 3BEPTANHS IO MATPULI ISt 3UUTYBAITHS
indopmauii aBToMaTHYIIO 3AilICHIOETBCS peretepanist indopManii
v Bcix EIl, mo HanexaTp BUGpaHOMY PSI/IKY .

[ns anpecanii 16K enementis nam’sari notpi6umit 14-pospsaj-
HMH KOZ, a B PO3IVISIHYTOI MiKPOCXeMH TiIbKHU CiM apeclinX BXOIB.
3 MeTOoI0 3MelllIeHsT YuCia TOTPIGHHX BUBOAIB KOPIYCY B MiKpO-
cxeMax gunaMiunux O3II xox agpecu BBOASTH TaK: CNOYATKY
CiM MOJIOALIMX PO3PARIB Ay — Ag, CYHNPOBOMXKYIOUH iX CHUrIla-
JoM cTpobyBaiiid RAS, notiM ciM crapumx pospafis Ay — A3
i3 curnanom crpobysanns CAS. Ycepenuni MikpocxeMu KOJIu
aJIpecH PSAKiIB i CTOBIIIB (PiKCYIOTBCA 1A aJipCCHOMY PericTpi,
noTiM geltndpyioThes Ta 3aificiioloTh BU6ipKy aapectnoi EIL.
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Hnst opMyBanns BHYTPIlIHIX curHanis F; — Fj, xepylounmx
YBiMKHEHHSM i BUMHKAIIHAM y BU3IIaueniil nocuifioBHOCTI PpyHK-
HiolIaJIbHUX BY3JiB MiKpocxeMH, y ii cTpyKkTypi nepeabaueHUi

NIpUCTPi# KepyBaHHs, JUI IKOTO BXiAHUMHU € curHaym RAS, CAS,

W /R

Ilpucrpiii BBeACHHA-BUBEAEHHA 3a6e3lledye BUBEACHHS OAHO-
ro 6ira indopmauii DO y pexxuMi 34MTYBAHHS i BBEJIEHHS OJHOFO
6ira indopmanii DI 3 ii ¢ikcalieio 3a AOMOMOroo Tpurepa-3a-
CYBKM B pexuMi sanucy. B ycix pexxuMmax, kpiM pexxumy 34aTy-
BaHHsI, BUXi HaGupae BucOKOOMHOro (TpeTboro) nonoxenns. Ha-
ABHICTb ¥ BUXOAY BHCOKOOMHOIO CTaHy Jae 3MOry IO€JIHYBAaTH
indopmauiiini BXifA i BHXiZ IpH MiAKJIOYEHHI MIKPOCXEMH J0
3araspHO{ indopmManiitnol WuHA.

22.2. Mikpocxemu mackosux N3N

Mixkpocxemu 1311 3a crioco6oM mporpaMyBariiist, TOOTO 3aHeCeH-
HA B HUX indopMarii, noainaoTs na tpu rpynu: [I311, axi ogio-
KpPaTHO IIPOTpaMye BUIOTOBJIIOBAY 32 CIIOCO60M 3aMoBJenoro ¢o-
towabony (Macku), mackosi I13IT (II3IIM, ROM); 11311, sxi
0/IHOPA30BO NPOrpaMye€ KOPUCTYBay 3a CIOCOGOM Ieperopsatlls
NIaBKUX nepeMudok Ha xpucrani (IIM3T, PROM); 311, wo
6araTopasoso nporpamye kopucrysad, [13I1, ski penporpamye ko-
pucryBad (PII3II, EPROM).

3araabHOIO BiacTHBicTIO Beix MikpocxeM I1311 € ixus Garato-
pospaana (cIOBHUKOBA) opraHisallia, peXxuM 34UTYBaHHA K 0C-
HOBHUH pesxuM poboTH 11 eneprosanexuicts. OOlIak y HHX € #
icToTHI po3xo/KeHHS B cIOCO0i MpOTpaMyBalilis, pesxuMax 349H-
TYBaHIIA, Y 3BePTaHii J0O HUX MiJ] 4ac 3aCToCyBallisl. ToMy 01iab-
HO PO3TJIAHYTH Koxuy rpynty mikpocxeM II3I1 okpemo.

Mikpocxemu [131IM puroroBasdots 3a 6Ginosspuow TTJI-,
TTJII-TexHOMOTisAMY, n-KAHANBHOIO, p-KaHaTbHOW | KM /IH-Tex-
HoJorisamu. [Ipunnun nmo6yaoBN B GifbIIOCTi MiKpPOCXeM TPy
I13IIM oamaxorwii i MOXe 6YTH MOAAHHH CTPYKTYPOIO MiKpo-
cxeM K155PE21 —K155PE24 (puc. 22.4). OcHOBHUMH ejieMeH-
TaMM CTPYKTYPHOIL CX€MH €. MaTPHLA eJIeMEeHTIB naM’ AT, nenrmd-
partopu psiakis DCX i croBnuiB DCY, cenexropu (nepemuxaui
BHOOPY CTOBILIB), agpecHuil GopMyBad, NiACAIIOBAY] 3UMTYBal-
Hsi. Matpuns ckagaeTbes 3 MacuBy EIL, koxuuit i3 AKMX po3Mi-
1ienui Ha nepeTHHaIHi pajka i crosnug. Emement naM’sti [1311IM
€ PE3UCTUBHOIO 60 LAl BIPOBITHUKOBOIO (JIIOAHOK, TPAH3UCTOP-
HOIO) TIEPEMHYKOIO MiX PAAKOM i cToBiueM. Indopmauiio B MaTpH-
1[I0 3aHOCATb Yy Ipoleci BUTOTOBJIEHHS MiKPOCXeMH.
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Puc. 22.4. [loGynosa Mikpocxemu MackoBoro 1311 ua Ginoasap-
HUX CTPYKTYpax

MikpocxeMu Ha 6IMONIpHUX TPAHIKCTOPAX NPOTPAMYIOTh LIS~
xoM (opMyBaullsd MEePEeMUIOK MiXK PAIKAMH i CTOBOISIMH B THX
TOYKAX MaTpPHUILl, KyJU 3aHOCATD JOTiUHY «1». ¥V THX Toukax MaTt-
pHui, fe Mae 6yTH Joriyauit «0», nepeMirdky 1e GpOpMyIOTh.

Martpuusg na puc. 22.4 mictutb 32 x 32 EIL. Bona cknagaerts-
¢ 3 32 TpaH3HCTOPIB 32 YUCJOM PSAAKIB, KOKHUI 3 Akux Mae 32
eMiTepH 3a yncjioM ctoBruis (pospaauux nmun). Kosekropn Bcix
TPaH3UCTOPIB 3'€/IHAlLI i3 TUMHOIO XXuBeHHs. Dasy TpausnucTopin
YTBOPIOIOTh psIAKH Matpuui. Bonwm migkiloveni 1o BuxoniB ae-
mudpaTopa ajpecu psaakiB. Emitepu abo Matorts 3’ciurarmst 3
pospaanoio mmtolo (noriuna «1»), a6o 1ie MaloTs (Aorivnuii «0»).
Pospagui mvay HoJiJNeHi Ha YOTHPU TPYHH [0 BiciM IIMI Y KOXK-
Hil{, IpUYIOMY KOXHa 3 YJOTUPbOX CPYIl LIHH 3aMUKAETLCA 1A Ce-
JICKTOD, SKMH WiA KepyBamiaM CUTHAJiB i3 BUXoAiB AeuindpaTo-
pa ctosnuis DCY Bu6upae 3 BOCbMH IIMH OJIHY i KOMYTYE ii Ha
BHUXIA.

Ha Buxopmax celekTopiB YBIMKHEHI HiACUAIOBAY] 3UUTYBaIg
i3 curmajamu crpoGysanst CS1 i CS2. Ilpn CS1=CS2 =0
MiZICN/IOBAYl BIAKPHTI Jutsl 3udTyBamus indopMaitii, sa inmrx
xoMOinaniii ux cUrajdiB — 3akpHuTi i na iX BUXOAax yCTanoB-
JIOIOTHCS PiBHI «1».

Bubipxy 4-pospsanoro caoBa 3/iCHIOI0Tb 8-pO3PAIIHM KO-
JIOM AJ[PECH, LI HAIX0AUTh Ha aapeciinii ¢dopmysay F, motpiGuuii
ZUTST Y3TOJUKEHIS CXeM 11a KPUCTali i3 30BIIMHIMY KOJIaMH, i 110TiM
1ma BXoau AewndpatopiB psaakis A; — Az i cToBAUiB Ay — Ay.
Ha oanomy 3 BUX0AiB Kox10r0 Aemmndpatopa (POpMYIOTLCS BU-
COKi piBIli HANpyrH, siKi BUOUPAIOTh 3 MATPHL 4-pospsaile cjio-
Bo. Ha Buxix Mikpocxemu BuGpalle CJI0BO HaAXOANTH FIPH CUTIIA-
JaX KepyBamuiisd, U0 JaioTh 3Mory 3uutysatd CSq1 =CS2 =0.
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ITporpaMysanus mikpocxeM [I31IM 3piiiciioloTh 0ANOPa30EBO.
Ockinpku cxeMa 3’€JHaHb a60 TPaHWYHi HAIIPYrH TPaH3UCTOPIB
HE 3aJeKaTh B/l peKUMY poGOTH MIiKpOCXEeMH, BOHAa Ma€ BJIACTH-
BiCTb eHepPreTHYHOI 3a/1eXKHOCTi. 3aBAsIKA Hiil BJACTHBOCTI MiKPO-
cxemu [131IM 1mmpoko BUKOPHCTOBYIOTh SIK HOCIT OCTiHUX IIPO-
rpaM, MiANporpaM Pi3sHOTO MpU3HAYelNHs, KoJiB disHIHHX KOII-
cTanT, nMocTifiuux xoedinieHTis i nog. 3aieceny B II3IIM indop-
Mariio B rexHiuHiil ZOKyMeHTallil Ha3UBAIOTh NPOUUBAHHAM.

Mikpocxemu [13IIM npauoioTh y pekuMax 36epeskeHns i
sunryBaHis. s 3uutyBanna indopmanii notpiéuo noaaTH Koa
ajpecu i curHaad KepyBadHs. CHUTHAIN KepyBaHHA MOXIIA 10~
JaBaTH piBHeM «1», axiuo Bxia CS npamufl, abo «O», AKIIO BXiJ
inBepcHUH.

Bararto MikpocxeM MaloTh KiTbKa BXO/iB KepyBaHH:, 3a3BMYait
3B’s3alHUX BH3HAYEHUM JIOTIYHUM OIEpPaTOpoOM. Y TaKHX MIKpPO-
cxeMax IOTPi6HO MoaBaTH Ha Kepyiodi BXOAU BU3Haueny KoMbi-
Halio curgasis, nanpuraaa 00 ao 110, mwo6 ccopMyBaTi yMOBY
J03BOJ1y 3UUTYBaHHs.

OcunoBuuM aunamiynum napamerpoM Mikpocxem II3IIM e
TPUBAJIICTb BUGipKi ajgpecu. 3a noTpebu cTPoOYBaHHS BUXIANUX
cUTIAMIB Ha Kepylodi Bxoau CS ciaif nogaBaT iMOYALCH IiCJIsA
HAIXO/KEHHSA KOAY aJpecH. Y TakOoMy BHUIIQJKY B PO3PaxyloK
YaCy 3YMTYBAHHA CJAiJ OPATH TPUBAIICTD yCTaHOBJIEHIA CUTTaIy
CS 1040 agpecu i TpuBaJIicCTL BHOOPY.

Buxiani curnamm B ycix mikpocxemax I131IM mators TTJI-piBHi.
Buxozau no6yA0BaHi B OCHOBHOMY 3a CX€MOIO 3 TPbOMA CTaHAMMU.

Jlna 3HHXKEHHS CHOXUBaHOol IOTYXHOCTI Zeski MikpocxeMmu,
Hampukiaag KS96PE1, nomyckaloTs 3aCToCyBallHsl PEXKHMY IMITY/IbC-
IIOTO XUBJIEIIHSI, 3a AKMM XXUBJIEHHS Ha MIKpOCXeMY IOJaloTh
TINBKHM 1L 4ac 3yuTyBanus indgopmarii.

22.3. Mikpocxemu MN3M

Mikpocxemu nporpaMysaiabaux [1311 3a npuHuHIOM MOGY 10~
BHU i ¢yHkuionysBaunsa anamoriyni Mackosmm I131I, ane maioTh
icToTHY BiAMIHHICTD Yy TOMY, 1[0 JOTYCKAIOTh NPOrpaMyBaHIlsd Ha
MiCIli CBOTO 3aCTOCYBaHHs KopucTyBadeM. Onepariist nporpaMyBaH-
HA nonArae B pyinypaii (IeperopsHHi) YacTUHM IIABKHMX Tie-
pPEMUYOK Ha TOBepXIli KpHucTaja IMIYJbCAMH CTPYMY aMILIITY-
1010 30...50 MA. Texniuni 3aco6u s BUKONAIIHA i€l onepaiii
JOCHTDb TIPOCTi i1 MOXYTh 6yTH No6YI0BaHi CAMHM KOPUCTYBaYeM.
I1s o6¢cTaBuHa pa3oM 3 HU3bKOIO BAPTICTIO i AOCTYNHICTIO MIKPO-
cxeMm HII3I1 3ymoBuIa iX 3HAUHE MOIMHPEHHA Ha NPaKTHII.

Mixpocxemu ITTI311 3ae6iapmoro Burotosiors 3a TTJIII-
TEXHOIOTIEI0, 1 cepell HUX nepeBaxkae cepig K3556.
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Tunosuil Bapiant peasizanii Mikpocxemn ITII3II naseseHo na
puc. 22.5. Y BCiX OCHOBHHX eJeMeHTaX BOHA IIOBTOPIOE CTPYK-
Typy H3IIM, ane mae gonatkosi npuctpoi F; — F; ana gopmy-
BaHHSA CTPYMY IIPOTPAMYBAHHS.

Martpnus 1o IporpaMyBaHHsI, TOOTO ¥ BUXiAHOMY CTaHi, MiCTHTDb
OJHOPI/ITHAI MAaCcUB EPEMUYOK, 10 3’ €AHYIOTh PSIIKY | CTOBII B
yCixX Toukax iX mepetHHaub. [lepeMIYky BCTalOBIIOOTD 3 HiXpoO-
My (HanpukIaj, y mMikpocxemax cepii K5536), 3 monikpucraniano-
ro cuminio (K541), i3 cuainuay maarnum (K1608) Ta inmwmmx
MaTtepianiB. IlepeMuuka B marpuni Bukonye ¢pynxuiro EIT. Ha-
SIBIIICTh MEPEMUYKH KOAYIOTh JIOTIYHOIO «1», KO MiAcHIIOBAY
3UNTYBAHHS € MOBTOPIOBaveM, i JorigauM «0», aKulo mijcumopaq
3YNTYBaHHA — imBeprop. Otxe, mikpocxema 111311 y Baxinmno-
My CTaHi Ilepej IPOrpaMyBalHsIM 3aT€KII0 Bil XapaKTePUCTHKH
BHXi/IIOTO TiJCHIIOBaYa MOXXe MATH 3alOBHEINS MaTpHIi abo
aoritnmm «0», abo noriyHoo «1».

l1porpamysainis MikpocxeMy, MaTpHILA sIKoi y BUXi/IHOMY cralli
sanostena 0, nmossirae B neperopanui nepemudok y tux EII, ge
MaioTh 36epiratucst 1. SIKuo MaTpUUS y BUXIIHOMY CTaHi 3alOBIe-
na 1, To neperopsiors nepemuuxd B EII, e Mators 36epiratics 0.

Po6ota 3amporpaMopanoi Mikpocxemu ITII3I1 y pexxumi 3um-
TYBaHHS HiYMM 1le BiJpi3usieTbca Bix pobotn MikpocxeM [1311M,
PO3TIAHYTHX paiilre. Y Aesikux MikpocxeMax, 3okpeMa KP356PTS,
KP556PT17, ¢ BUBiA ANg Hapyryd nporpaMyBaiisi. Y pexkuMi
3YMTYBAHNSA Llei BHBI/J He 3a/{isiiuii.

Piznosuaom HII3I1 € uporpamosalii meperopanngM MiaBKuX
nepeMudoK Joriyunx Marpuis (IIJIM), Bukouanux sa TTJHHI-tex-

UCCI
Ar—pcx |9
AG— .
Ao W
A .3L1_. «O» «I» «O» «l»
Az—] 0
A,—{DCY
A— ! -
Ag— VT2 "™NVT3  ™VT4
CS, 7
CSQ V.’/S
'
DO,

Puc. 22.5. 1To6ynosa mixpocxemu ITIT3IT

99
(54
w

21%5-104



Houorieio, K336PT1 i K556PT2, mo MawoTh iZieHTHYHI XapaKTepy-
CTUKH 1 KOHCTPDYKTHBHI IapaMeTpH, aJjie BiAPi3HAIOTbCA TUIIOM
BUXOJLY: B NepuIili MiKpocxeMi BUXi/ 3 BIAKPUTHM KOJEKTOPOM, Y
ApyTiit — na Tpu ctanu. Li Mikpocxemu [1JIM maitoTs 16 BxoxiB
A5 — Ay Ana sMminuux, Hag axumu IIJIM BuKoHye 3ampo-
rpamoBaHi onepauii, Bxig CS 3 HyJIbOBIM piBHEM [03BOJY, BXiA
PR pno3Bony zamucy, To6TO mporpamyBanns, i BiciM BHXOAIB.
Crpyxrypa Mikpocxemu (puc. 22.6) cK/JajacTbcs 3 onepauiinoi
YACTHHH (Ma’rpnui I 1a ABO), BXiHUX i BUXiINUX NiACHIIOBAYIR
i mporpamyBasbuoi JactuHU 3 axpecHEumu opmiBuukamu FA1,
FA2 i nemudparopis DC PR.

B ocnosi IIJIM (puc. 22.7) — matpuui I ta ABO, Marpu-
us I Bukonye onepanii kon'ioukuii Hag 16 BxignuMu 3aMiHHUMA
Ta IX iHBepCHMMM 3HAUEHHAMH, M0 HAAXOASATh Ha PAAKOBI MIMHM
maTtpuni. Ilorpi6Hi sorivni go6yTku (GOpMYyIOThCsS Ha LIMHAX
CTOBIIIIB YHACII/IOK ePETOPAHHSA HEeNOTPiOHUX IepeMUYOK Mix
pagkamu i cropuusmu (pHa puc. 22.7 3a/ulleHi NepeMUYKH NO-
3HaYeHi TOYKaMu).

Yucso cTopniiis 48, omke, Ha Buxoai Marpuli I MoxkHa oTpumMa-
TH [0 48 yoriunx Jo6yTKiB, y KOXHE 3 SIKHX MOXKe BXOAUTH 10 16
3MiMHMX Ta IXHiX iHBepciil. Marpuus ABO BHUKoOHYE onepalilo
au3’ oKl Haj sorivnumMy fo6ytkaMu, cOpMOBaHUMH MarTpu-
teio 1. Yucsio Buxogis 1iei MaTpuli 8, ToMy BoHa 3/1aTHa cpopMyBa-
TH JI0 BOCBMY JIOTIYHUX CYM, ¥ KOXKHY 3 AKUX MOXE BXOAMTH JIo 48
soriynux Jo6ytkis. Omxe, Moxnsocti I11JIM xapakTepusyoTbes
yicIoM To4ok KomyTauii (y npomy mpuxiaai 1920). Ilporpamy-
Banus Marpuli ABO BuxoHyeTses Tak caMo, SK i MaTpuui I, yHa-
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Puc. 22.6. Crpykrypa Mikpocxemu I1JIM
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Puc. 22.7. OyuknionansHa cxema I[1JIM

CJIIOK TepenanioBaHIsl nenorpibuux nepemuuok. Ha puxonax
MaTpuni ABO posmileni mporpaMyBasibHi NiACHI0BaYi, sIKi 3a-
JIEXXHO BiJl CTaHy NepeMIYKH MOXKYTb IlepelaBaTH 3HavdeHis BUXij-
noi ¢yukuii y npamiil uu insepcuiit ¢popMi noganms.

Jlns nporpaMyBaniis npusnavelii BOyJ0Bali B MiKpocxeMy BY3-
JIY1 TPOrpaMyBaJIbIIOl YaCTHHA, Ki 36YIKye cUrlial Ao3Boiy PR.
TIporpamyBanns 3AiHcHIOIOTE CIOCO6OM, aHAJOTIYIIMM MpOrpa-
MyBannio II3I1, y Tpu eranu: cnoyaTky nporpaMyloTb MarpH-
uio I, moriM Matpuuo ABO i Buxinui inBepTopu.

IIupoko 3acrocosyiors I1JIM, nporpaMyBaJibHi 3a crnoco6omM
3aMoBJreHoro ¢oTtourabnoHy Ha 3aBoAi-Burorosiiosadi. Taki [IJIM
€ piznoBuaoM MackoBux I1311. Bouu nanexarnb, 3o0kpeMa, 10 CKJa-
ay 6aratbox Mikpompolecopuux komiiekrie sk 1I3I1 Mikpo-
xoMana. Ha ocuosi IIJIM Moxna 6yaysary pisui uu¢ppoBi npu-
CTPOI SIK KOMOIAIIAIIOro, TaK 1 MOC/TiJOBHOTO TUIIB.

22.4. Mikpocxemu PN3M

XapaxTepHoio oco6uBictio MikpocxeM PII3II € ix spatnicts
no Garartopasosoro (Bim 100 xo 10 tuc.) mepenporpamysaiiiist
caMUM KopuctysadeM. Lls BiacTuBicTb MiKpocXeM 3a6esneyeha
3acrocyBanusM EIl i3 BnacTMBOCTAMHU KeDOBaHUX NEPEMUYOK,
$yHKUI] SKMX BUKOIYIOTH TPAII3UCTOPHU 3i cTpykTypoio MHOH
(Metan Al — mitpua cuninio SigNg — okeng cuaimio SiOy —
naniBnposiguuk Si) i Tpansuctopu n-MOH i3 nnaBaounM 3aTBo-
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pom (I13) 3 BUKOPHCTAHHAM MeXaHi3My JaBuHNOI irsKeKuil 3a-
pany JIISMOH.

¥Ycio HoMenk.atypy mikpocxeM PII3TI MoxkHa MOAITHTH Ha 7Bi
rpynu: PII3II i3 3anucoM i cTUpAlHAM eJeKTPUYHAMH CUTHAIA-
mu (rpyna EC) ta PII3II i3 3amucoM eneKTPHYHUMH CHIHAIAMH
i crupannam yapTpadioneTosnsM BunpoMinioBattsM (rpyma Y D).

Exement mam’arti 3i ctpyxryporo MHOH e M/IH-Tpansucro-
poM 3 iHAyKoBaHUM KaHajdoM p-tuny (puc. 22.8, a) abo n-tumy,
1o Mae ABOMIAPOBHH AlesexTpuk mix saTBopom. Bepxuiit uiap
(POpMYIOTH 3 HITPUAY CHJILIIO, INDKHIA — 3 OKCHAY CHJILiIO, Ipu-
YOMY HIDKHIH Iap 3Ha4HO TOHIINI 3a Bepxuiii.

Axmo 10 3aTBOPY BiAHOCHO MIAKJIAAKM NPUKJIACTH iMITYJIbC
HanpyTry MO3UTUBHOI noJsspHocTi 3 aMmaitynowo 30...40 B, To mix
N€I0 CUIBHOIO €NEKTPUYHOrO MOJIS MiX 3aTBOPOM i MiKJIagKOIO
€JIEKTPOHM Ha0yBaloTh JOCTATIbOI eHeprii, 11106 Mpo#TH TOHKUH
JieJIeKTPUYHHIA Iap o Mexi Ioiny ABox AiesexTpukiB. Bepxiiiii
map (HITpHAY CUIILI0) Mae 3uadHy TOBIMHY, TOMY eJEKTPOIK
IoJ0JIaTi HOro He MOXYTb.

Haxomuuenuit ma Mexi Nnojiny ABOX AieJeKTPHYNMX IIapis
3apsl eNeKTPOHIB 3HMXKYE IPaHNdIly HAPYTy i 3Minye nepeaar-
HY XapaKTepUCTUKY TpaH3ucropa Jisopyy (puc. 22.8, 6). Llei
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cran EIl Bigmosimac noriuniii «1». Pexum 3aneceHHS 3apany
TiJ] 32TBOP HA3WBAIOTDH PEXUMOM NPOZPAMYEAHNA.

Jloriunomy «0» BiMOBiAAE cTal TpaH3UCTOPa 6e3 3apsfly eliek-
Tpouis y Aienexktpuky. lo6 3abesmeuntn Lefi cTan, Ha 3aTBOP
MOJAI0TD iMITYJIbC HAIPYIH BiJ’ €MII0f HOMIAPHOCTL 3 aMILJIITYI0IO
30...40 B. Ilpu nmpoMy eIeKTPOHU BUTICHAIOTbCS B HIAKJAIKY.
3a BiCyTHOCTI 3apsAAy eJeKTPOHIB IiJ 3aTBOPOM TepelaBasibua
XapaKTEPUCTUKA 3MIIYETBCA B 06JaCTh BUCOKHX IPAHUYHIX HAa-
npyr. PesxxuM BUTHCHEHHA 3apAly 3 IiA3aTBOPHOrO AieJIeKTPUKA
HA3UBAIOTb PeKUMOM CIIUPAHHA.

PexxuM crupanss i IporpaMyBaiisa MOXIla 3AIHCIHTH 3a 10-
IIOMOT'0I0 HAIIPYTH o/uiel noJsipuocti: neratusuoi 41 p-MHOH,
nosutusnoi s -MHOH crpyxryp. Ll MoxauBicTb rpylItyeTh-
¢4 11a BUKOPWCTAHHI SIBHMIIA JIABUHHOI {IKeKIil eJileKTPOHIB T
3aTBOP, 1O BiAOYBAETHCS, SIKIIO A0 JUKEpesa i CTOKY IPHKAACTH
iMmmysabe neratusnoi waupyru 30...40 B, a sarsop 1 niKnagky
3’ €IATH 3 KOPIMycoM. Y DPe3yJbTIati eJeKTPUYNoro npobolo me-
PEXOiB AKepeso — MiJKJIa/Ka i cTiKk — migxJaZKa BiAGYBalOTbCS
JIaBHHHE PO3MHOXKEHHS €JICKTPOHIB Ta iIDKeKIid JeAKHX 3 IIHX,
SIKi MaIOTb JOCTATHIO KilleTHYHY eleprilo ( «rapsunx» eJeKTPOHIB),
Ha FpaHuIlio MiXK UIapaMi AienekTpukiB. [ ctupanns norpiéno
10/aTH IMITYJIbC HErATUBHOI IATIPYTH 1ia 3aTBOP. Y PEKHMI 34HTY-
BaHHA HA 3aTBOP MOHAIOTDL Danpyry U,,, siavennsa aKoi JexXuTh
Mi ABOMa rpannunumu piBusimu. Sxmo B EI sanucana 1, tpan-
3UCTOP BIAKPHETHCH, KO 0 — 3aMMIINTBCA B 3aKPHTOMY CTalli.
3anexIio BiJl 11boro, K BUANO 3 puc. 22.8, 2, y pospsaniit mmnui
abo 6yjle IPOXOAUTH CTPYM Ha BHXiA, a6o 1i. llizcniosay sun-
TyBaHHS TpaHcGOpPMYE CTall UMM B piBeilb HanpyTH 1 abo () na
BUXO/i MIKPOCXEMHU.

Jlng noninmennsa xapaktepuctuk PII3IT mupoko 3acrocosy-
10Th Texnonorio suroronieutis EIT 1a n-MHOH tpansucropax.
Taki EIl ymamToBani anajoridiio posrJAllyTHM, aje MaloTb
NPOBIAINCTD MAKAAIKY pP-THILY, a AXKCPEJIO i ¢TiK — n-THIy.

Bapianr EII na ctpyxktypi JII3MOH 3 noasiiinuM 3arsopom
(puc. 22.8, ¢) ¢ n-MOH TpausucropoM, y ssKoro B o4I0OpiaItoMy
TiA3aTBOPIOMY JienekTpuky SiO, cdopmoBana izonboBana Ipo-
BiaHa o6aacTh 3 Merajly abo nojikpucTamiunoro cuiainiio. e
3aTBOD HA3UBAIOTh NAAGANUUM.

Y peskuMi IporpaMyBaHHA Ha KepyIouuil 3aTBOP, [DKepesIo i CTik
IoAaloTh iMmysibe nampyru 21...25 B nosutusioro sapsuy. Y 3Bo-
POTHO 3MIINEHUX p— n-IepexojaxX BHHUKAE TIPOIEC JaBHIIOro
PO3MIOKeIHsT HOCITB 3apsay Ta ilkeklia YacTUIH CJIEKTPOHIB ¥
[13. Y pesyabrati Hakomuyenis na I13 merarnsuoro aapsiy nepe-
JABaMblia XapaKTEPUCTUKA TPAH3UCTOPA 3MINYETLCS B 06JIACTD
BHCOKOI rpannynol Hanpyru (11pasopy+), mo Bianmosigae sammcy 0.
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Crupansa 3anucanoi indopMallii, To6T0 BATHCHEHHS 3apsy 3
I13, y crpykrypax JII3MOH 3aiiicHIOIOTS JBOMA CIIOCOGaMU: Y
PII3II-EC — enexkrpuunumu curuanamu, y PH3IT-Y® — 3za
aonomoroo Y@ BUIPOMiHIOBaHHS. Y CTPYKTypax 3i CTHpaIIHSIM
€JeKTPHYHUMH CUrHAJaMH iMIYyJbCOM TO3HTHBHOI HANpYr# Ha
Kepyoo4oMy 3aTBODi 3HiMaIOTh 3ap4/ eJleKTpoliB i3 113, BiaHOBIIO-
I0YM HHU3BKOBOJIBTHUI piBellb IpaHMYHOI HANPYrH, IO BiJAHOBi-
nae 1. Y crpykrypax 3 Y@ BUIIPDOMiHIOBAHHSIM €JIEKTPOHH PO3-
CMOKTYIOTbeS 3 I3 y miAKIaaKy BHACI/IOK MOCUIEHIIST TETLIOBO-
IO PyXY 3a paXyHOK OTPHMaHOi eHeprii Bia mxepena Y D sunpomi-
HIOBaHHA. PeXXUM 34dTyBaHHs 3ZIiHCHIOTH Tak caMo, sik y EII
Ha cTpykTypi MHOH. Y pexuMi 36epexeniiss 3a6e3neqyors
BiAcyTHICTD Hanpyr Ha ejekTpogax EIl, ans toro mo6 BUKIIOUHTH
PO3CMOKTYBaHHS 3apsA/1y B JieJIeKTPUUHOMY cepedoBuiii. Teope-
THYHUMH PO3paxyHKaMHU J0BeJeHa MOXKJHUBICTb 36epekeHns 3a-
psny coTHi pokis. Ha mpaxruni 1eit yac 06MeXyIoTh st OJHUX
THUILIB MiKPOCXeM KiJIbKOMa THCSYaMHU TOAMH, JJId iHIIUX — KLIBKO-
Ma pokaMi; Hanpukian, y K573P®6 rapantiiftunii repmin 36epe-
Kenust ingopmariii 6e3 XKUBJIEHHS CTAHOBUTD 11’ ATh POKiB. OTXe,
Mmikpocxemy PII3II nanexars 4o rpynu eHeproHe3aJeXXHUX.

[Tpununn no6yzaosu i pexxum po6otu PII3II posrasimemo na
npukaaii mikpocxemu KP1601PP3 emuictio 2K x 8 6it 3 EIl na
p-MHOH Ttpansucropax.

Crpyxrypua cxema (puc. 22.9) MicTuTb yci eneMeHTH, TOTpi6Hi
2T po6oti MikpocxeMy sik I1311: MaTpuuio 3 eJleMeHTAMM [TaM’sITi,
Aeunicpatopy Kooy aIpecH PsiIKiB i CTOBILIB, ceekTop (mepemu-
Kaui BHGODY CTOBIIIB), IpHCTPill BBeaennHs-BuBegents (IIBB).
KpiwM Toro, vy cTpykTypi nepeabaueni pyHKIIOHANbHI BY3/H, 1[0
3abesneuyioTs if po6oTy B pexiMax CTHpAaHHs i MpOrpaMyBanHs
(zanucy indopManii) — me KoMyTaTopu pexumis i ¢popMysadi
iMNyIbCiB HAMPYT MOTPI6HOT aMIIITY /M | TPUBAJIOCTI i3 HATIPYTH
nporpamysanns Upp. Ilopisuano s mixpocxemamu [13IIM i
TIII3II cucremMa KepyOUMX CUTTIATIB /IOIOBHEHA CUTHAJIAMH TIPO-
rpamyBannsg PR i crupanus ER. HakomuuyBau 3 MaTpH4HOIO
oprafizanieio Mictuts 128 psaakis i 128 cToBnuig, Ha nepeTnnan-
HSX SKUX po3Milleno 16 384 enemenrtu naM’ari. Kepysars Ha-
KOIIMYyBavyeM 3/iiCHIOIOTh ChbOMAa CTapIIMMU PO3psiIaMU afpec-
HOTO KOAY, SKWi nicis AemudpyBaHHA BUOUpPae paaok 3 128
ejgeMeHTaMu nam Ati. CurHanm, 3unTaHi 3 eieMeHTiB BUOPaHoro
PAOKA, HAAXOIATh HA BXOIU CEJIEKTOPa, MPU3IAYEHHS SIKOTO HO-
Jagrae y Bu6opi 3 128-po3psiaHoro koay Ha BXoAaX BOCBMH PO3-
PAIB, WO Aajxi HaaxoAsaTh depe3 [IBB 11a Buxoan Mikpocxemu.

CesiekTOpOM KepyIOTb YOTHPY MOJIOANX PO3PSAN aAPeCcHOro
Koay, AKi nicas e pyBanHs 3a6e3neyyioTb BUGipKYy 0AHOTO
8-pospsiHoro cnosa 3 16 ciiB, Mo MicTATbCSA ¥ BUOPAHOMY PSIKY.
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Puc. 22.9. Crpykrypa mixpocxemn PII3Y-EC

IIpuctpiit kepyBaliis NiJ BIJIMBOM CHTLAJIB I1Ia CBOIX BXOJaX
3a6esnedye po6OTy MIKPOCXEMH B OIIOMY 3 TAKUX PEXXHMIiB: 30¢-
peXkenmis, 3UMTyBaHIs, cTupanus, sanucy (mporpamysamns). Ke-
PYI04i cUrHAIM MaloTh Take npusniademisi: CS — BUOIp Mikpocxe-
Mu; PR — pmossia pexxumy samucy (nporpamysaimns); Upp
Hampyra nporpamyBaniisi; RD — curHan 3uumtysaund; ER —
cUTHaJ cTupaHus itiopmanii. Bxoay curnais insepcni, ToMmy
3IAYEHIIAM Z03B0JY IUX curnaiis € 0. Barato MikpocxeM rpyrim
EC aoiyckaioTh BUGIpKOBe CTHPAIIIS 32 aJpecolo.

Mg yac excruryatanii MikpocxeM PI3IT notpi6rio 3a6e3neynta
HeoOXiIHUN TOPANOK YBIMKHEUIIs i BAMKHeINIS Halpyr )uBJiel-
Hsi 1 TIporpaMyBalHs: IIpY BBIMKHenNi ¢lloYaTKy MoAaioTh 5 B,
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rmotiM' — 12 B i ocTaunpoio — Haupyry NpPOTrpaMyBaHHS; TIpU
BUMKHEHH] NIOCJIi/JOBHICTD 3MiHIOETBCA Ha obepleny. MoxHa Bei
TPH HalIpyTru BMUKATH | BUMHUKATU OAHOYACHO.

ITepesaromo mikpocxem PII3II rpynu EC e moxuBicTh mepe-
nporpamMyBanHs 6e3 BUJIy4eHHS iX i3 IPUCTPOIO, Je BOHU Tpaifio-
10Th. lHINO MO3UTHBHOIO BJAACTUBICTIO MiKpoCXeM i€l TpyIu €
3HAYHEe YHCIO MUKJIIB IepenporpaMyBaHHsA, L0 Jocsarae AJs
6impmocTi MikpocxeM 10 Tuc. Ils BiacTuBicTh pa3oM 3 eHepre-
THYHOK HE3aJIEXHICTIO Ja€ 3MOTy IX MHPOKO BUKOPHCTOBYBATH
B amapartypi Ak B6yzosani [131I1 3i smimoBaHoo0 indopmamieio.

¥ nmo6ynosi i pexkuMax pootu MikpocxeMm PII3II-Y D 6ararto
crnigbHOrO 3 Mikpocxemamu rpymu EC. Bunsatkom e pexxum cru-
paHHs, A peajisanii sixoro nmorpibee pxepeno YD BHIpOMi-
HIoBaHHA. [{Ja cTHpaHHs 3anucanoi indopmanii mikpocxeMy BH-
JIY4Y2IOTb 3 KOHTAKTHOTO IIPHCTPOIO, 3aMUKAIOTh yci i BUBOAH CMYX-
ko0 ¢osbTH i moMimraioTs mig Axepeao Y O BUNpOMiHIOBAHUS.

[Toganpnit possutok TexHosorii IIJIM cnopuss cTBopeHio
IporpaMyBaibHUX JOTiuANX iHTerpansaux cxem (IJIIC). Peai-
3oBali HUMH GYHKIT MOXKIA 6ATATOPa30BO 3MIiHIOBATH, HEPIAKO
AJA IbOTO HaBiTh Ile MOTPIOHO BUIYYATH MIKPOCXEMY 3 IIpH-
CTPOIO, B IKOMY BOHA MPAIIIOE.

Kpuctan [IJIIC MicTuTh 3Ha4Hy KiJbKICTH OJHOTHITIUX JOTiY-
HUX eJeMeHTiB. EneMellTd 3’ €AHyIOTh B MOTPiOHOMY IOPAAKY 32
JOTIOMOTOIO IEpeMUKaYiB Ha IOJIOBUX TPAH3UCTOPAX. Y KOXHO-
MY JIOTiYIOMY eJIeMeHTi € mepemukavi (MyJIbTUIIEKCOPH), 3a 10-
TTOMOTOIO SIKMX Ii/J 4ac IPorpaMyBalisa MOXHA 3MIHIOBAaTH BHKO-
HyBaHi pyHkii.

Maftxe sci sopuimui Busoau [IJIIC € yriepcambnumu. Kox-
Hu# Moxe 6yTH a60 BX00M, a60 BUXOAOM. [lesiki BUBOJHM MAIOTD
JogaTkoBi dyHKuil, Hanpuxjgaz rnporpaMyBaHHs KoH(pirypauii
MIKpOCXeMH, IIPOTe Lie He BHKAIOYAE IX BUKOPHCTAUIS AK 3BHU-
yaiiHoro Bxony a6o BUXOLY.

3a BHYTPIIHBOIO CTPYKTYPOIO i cIIOCO60M 3alaM’ ATOBYBAIHS
koudirypauii HJIIC ¢ipmu XILINX MoxHa noaisutu Ha JBa
sumu: FPGA (field programmable gate array — Marpuus Bel-
TUJTiB, TPOTpaMyBaJbHuX eeKTpudnuM noteM) i CPLD (complex
programmable logic device — cKJIaJia IporpaMyBaJjbla JIOTi4-
Ha MaTpPHIIs).

o FPGA wanexarb mikpocxemu cepiti XC2000, XC3000,
X C4000, XC5200, XC6000 i Spartan. [Toxi6no xo O3, Bonn
36epiraloTh 3aJaHy KoNQirypaliio Juiie 3a BBIMKHEHOIO >KHB-
JIEHHS i «3a6yBaloThy ii micag Bumuxanus. [lopasy, BMukaodn
xussenns, raky IIJIIC morpi6Ho nporpaMysaTu 3aHoBo. lIpo-
rpamy 3a3puuail 36epiraloTb y BCTAaHOBJIEHOMY Ha OAHiH IjaTi 3
[LJ1IC 3aBantaskyBaabroMy [1311, skuit Moxke 6yTH ITOCHII0BHUM
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1-po3psiaiuM abo 3puyaitHuM 8-pospsauuM. CHoci6 saBanTaXeus
kondirypanii 3a7a0Th JOTIYHUMU DIBHAMH Ha KepYIOUUX BXO-
Jax. Ilpouenypa nepesanucy BUKOHYETbCS aBTOMATHUHO, MiC/s
voro I1JIIC nepexoauts v poGoUMit pexXuM.

Hdo CPLD nanexarn Mixpocxemu cepiit XC7000 i XC9500.
Bouu 36epiraiors xoudirypauilo HesanexIo BiJl HasBHOCTI HAIIPY-
ru xuBJaennsa. Y Mikpocxemy XC7000 xoudirypaliio 3aHocars
3a JOIOMOIOI0 IIPUCTPOIO AJIS IIPOTpaMyBaHHs, a cTHpaloTh Yd
sunpoMiniosantaM. Taxi ILJIIC ycTanoBmooTh 3a3Budail y naja-
TO/KeHi npHcerpoi. /Iy Hasarof>kedHst 1oBUX BHPOGIB BOHH He-
3py4Hi BHac/iI0K TprBanoi (10 TOAHHK) NMPOIeLYPH OYUILIEHHS.

Mikpocxemu cepii XC9500, Bukonarti 3a texuosorieio FLLASH,
MOXKHa Heo110pPa30Bo IPOrpaMyBaTH, He BUWIYYAIOUH 3 TIPHCTPOIO.
[lis uporo B mux nepep6adenuii cnetianpiiit nopr JTAG. o6
3alluCcaTH BUXiAIly Kolrirypaiiio aGo BIECTH 3Milld, BUBO/IH [bOTO
NOPTY Yepes Kisbka 6ygepHux MiKpocxeM 3’ €HYIOTh KabejeM 3
noproM LPT nepconanbHoro KOMIT'10TEpa.

ITopt JTAG npusnadyeHuil He TiIbKH A/ IPOTpaMyBaltlis, a i
Yepes HbOIo KOMII I0Tep MOKe OTPUMaTH iHdopMauilo mpo Jorivlii
piBni 1ua Bcix Bupogax IIJIIC i B KOHTPONBHUX TOYKAX ycepe-
auui ii. MoxXJHMBiCTb opraiisyBaTi Takuil mopT nepegbaveiia i B
IVIIC crpykrypu FPGA ocrannix cepiit. BuBogan Mikpocxemu,
sajiizari noprom JTAG, MoxyTs GyTd 1 3BUUYAHHHMH BXOAaMU-
BUXOAaMHU.

KOHTpONbHi 3anuTaHHe i 3aBfaHHA

Y gomy npusnadenns [1311?

Ax cxnageni cxemu II3IT i Ha axux EII BOHM BUKOHYIOTHCA?

Sk MoxHa sazasatu 0 1 1 y marpuunux II3I1?

Sx TIporpamyoThCs 0JHOPA30BO IIpOrpaMyBajbHi [13Y?

Ha axux ciemeHTax BukoHyoThCs PII3Y?

[Mosicnite npuniun po6ortu EIT PII3Y.

Ax spiticHoerses 3anue ingopmanii 8 PII3Y?

Haspits mudposi cxeMu, 110 MOXKYTh HAJXCKATH A0 NPOrPAMYBaJbLIHX

JIOTI4HUX IPUCTPOIB.

9. Sxi ocHosHi cxaanosi ITJIIC?

10. Yum nosicHioeTbes GyHKUIOHAALHA THYUKicTs [1J1IC?

11. ¥ ywomy npusnavyenus O3I1?

12. Hassitb ocHosui napamerpu 3I1.

13. Dlo Take cieMcHTapHa 3amaM’ATOBYBAJbHA KOMIPKa?

14. ¥V oMy nossrae npunuun no6ygosu IC O3IL 3 1-pospsnon ta is
CJOBHMKOBOI opraHiszauicio?

15. Hapeaits npuxianu cneprosesanexuux EIT aas noGyaosy 03[

16. Hapeaits crpyxrypy IC aunamiunoro O3IT.

17. Y 4omy nosasirae oco6auBicThL gunamivunx Q3117



Po3nin - 3ACTOCYBAHHA
23 LADPOBUX IHTEFPAJIbHUX
MIKPOCXEM

23.1. 3aBagy i 3aBafOCTINKICTL
UMPpPOBUX MPUCTPOIB

Y Mipy BAOCKOHAJIIOBAHHS NPUCTPO! IHPOBOT TexHiKH HAOY-
BaOTh IIOLIMPEHHA AJIS aBTOMAaTH3allil KepyBaHHA PisHUMH 06’ K-
TAMHU: BePCTaTaMM, TEXHOJOrIYHUM YCTaTKyBaHHAM, arperartamMy
Ha TpaHCHOPTi, T06YTOBOIO TexHikomw. IIpu boMy B Gesnocepen-
Hif 6JM3BKOCTI BUSABJSIOTHCS €JEKTPOHHI IPUCTPOi i MOTYXHI
arperatil, Taki K eJIEKTPOABUTYHH, €JIEKTPOMArHiTH, eJIeKTpoHarpi-
BaJIbHi IpUJIaAX, 3BapIOBAIbHI MaluIHHU Touo. ToMy Bce 6inbro-
ro 3HayeHHs Ha6yBae Ipo6seMa 3MeHIEeHHs IIyMiB i 3a6esrre-
YEeHHA 3aBaJOCTIHKOCTi eJIeKTPOHHUX IpUCTPOiB. Ila mpobiema
TIOB'sI3aHa He TiJbKHM 31 36i1bIIEHHSM 30BHIILIHIX 3aBaj| BiJ{ PO3-
MillleHUX NO6JAU3Y arperaris, a i 31 36iJbLIEHHSIM BHYTpilltHiX
3aBaJl — B3aEMHOTO BIJIUBY e€JEMEHTIB 1 6JIOKIB eJeKTPOHHHX
IIPUCTPOIB OAUH Ha oAHOr0. OCTaHlE OCOGINBO BaKINBE ¥ 3B’ A3KY
3 TeH/IeHILI€I0 MiABMUIEHHS WBUAKOALI i MikpoMiHiaTIOpH3alUi€lo
€JIEKTPOHHUX CXeM.

Iludpopuii mpucTpii CTAHOBUTD MeEpeXxy 3’ €THAHNUX MiX CO-
6010 eneMenTiB. EnexTpHyuHe K0JI0, IO 3'€HYE BUXi/J OZHOTO ee-
menTa (/Kepesa CUTHaJLy) i3 BXOAOM iHIIOTo enementa (priiMada
CHTHANY ), YTBOPIOE KOHTYP, LIO € CBOEPIAHOIO aHTEHOIO, AKa Nepe-
TBOpIOE 3Miny enekTpoMarniTaoro noss Ha EPC i crpyM y koHTy-
pi. Ilix miero niei EPC 1a Bxoai eneMeHTa-npuiiMada BHHUKAE
3aBajia, 1o 3a/1€KUTD BiJl IO KOHTYPY, WIBHAKOCT] 3MiHH eJleK-
TPOMArHiTHOIO I0JIS, BHXIJHOIO OIODY eJeMeHTa-JpKepea i
BXiHOTO OTOpY esieMeHTa-IpuiiMava. 3aBaji, CTBOPIOBAHI eJleK-
TPOMArHiTIIUM II0JIEM, PO3IJISAAIOTE A/ JOCUTH BiJlIaJIeHUX JIXKe-
pen, AKMMHU 3BUYANHO € IIOPIBHAHO IMOTYXKHi arperatu. KpimM nux
€ TAKOX JIKepeJsia 3aBajl, po3Milneni B 6e3nocepeiHiil GIH3bKOCTI
BiJl BXianux KiJ esemenra. Ile cyciqni npoBigauku, 1o MaioTh i3
PO3IUISAHYTHM KOJIOM PO3NOAiNeHNH IHAYKTHRHNH | eMHICHUI 3B’ 5~
30K. 3aBaJy, CIPUYUHEeH] BIIJIMBAaMU BHACJINOK I[UX 3B’A3KiB mix
Yac repejaBaliisa CUTHaliB 110 CYCiIHIX KoJIaX, Ha3uBalOTh nepe-
XpecHumu.
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EnemeHTH, 1I0 HaJexaTh A0 cKAaly HUPOBOTO IPUCTPOIO,
[iJ[KII0YAI0TCA 4O CIIJIBHUX JpKepes >xuBjeHH:A. IIpu upomy
CTBOPIOIOTHCA 3aBaH Yepe3 CiIbHMIL BHXIAHMIT onlip R, Axepena
JKMBJIEHHS ¥ Oip UMK R, wo migsoasits xusnerns (puc. 23.1).

IuHy, Lo TiABOASTH KUBJIEHHS, MAIOTh PO3Mo/iJieHi napa-
METpPH: EMHICTD, iIHAYKTUBHICTD i onip. EXBiBantenTHy CXeMy IIKHA
XKUBJIEHHS eJleMeHTiB TpaHsucTop-Tpansucropioi goriku (TTJI)
306pakeHo Ha puc. 23.2.

IIpumycTiMo, 1o iHAYKTHBHICTD IPOBigHNMKA, SKHH 3’€AHye
BUBO/JW KUBJICHHA ABOX NOPsAA PO3MIIlEHUX MiKpPOCXeM, CTallo-
BuTh 20 HI', 2 eMHICTB MiKpOCXeMM MiK BHUBOJOM >KUBJEHHA i
puBoAOM <«3emii» — 30 nd. XBUJIbOBUH OTip Takoi CHCTEMH
LM i3 DiAKJI0YeHMMH MiKpocxeMaMu cTaHoBuTh 36 Om. Ha puc.
23.3 306pa>keHo TUIIOBY AiarpaMy iMITyJ1bCiB 3aBafH B TaKiil mumi
skuaenssi. Crnaj HanpyrH la CIiJIbHUX JJS BCiX eJIeMenTiB oMo-
pax R, i R, (ams.puc. 23.1) sMinioe HaupyTy, AKa Mi/IBOXATH-
ca o emementiB. Lli 36i7blueHHs HAPYTH XUBJEHHA 3 AeAKUM
nocaabaeHHsIM HepealoTbCsi Ha BUXiJ eJeMeHTa i 3yMOBJIOIOTh
3aBany. Haii6inbiui 3aBayt CTBOPIOIOTbCA ONIOPAMH AILMAHOK Hy-
10801 (3eMagnoi) wunu. 3 puc. 23.1 BHAHO, WO CUa] HANPYIH
Au Ha omopi R, { € 3aBa/I0I0, L0 /i€ B KOJi HepefaBaiisl CHrlia-
ay 3 Buxonay enementa E1 Ha Bxig enementa E2.

Buxin us L
Bxin EI [, E2 E3
af s« iy i3
| R|.ul RmZ

Puc. 23.1. 38’430k eJICMEHTIB YEPC3 CIIJILIC KEPEJIO HHB-
JIEHHA Ta WMHA TiABOAY

B
20 ul'y 20 HI1y 0.4}
30 n® C=F30n® o 10\ J20) |30 —tme
20 I 20 ulg _ 0,4f

Puc. 23.2. ExgiBaaentna cxema - Puc. 23.3. [iarpama iMybciB 3aa-
HU XUBJIEHHS JOTIYHUX CJIEMCHTIB AU B WIMHaX JKHBJICHHS
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3aBafocTiliKicTh JOriYHOro eJeMeHTa € Mipoto HOTo 34aTHOCT]
He pearyBaTH Ha NOMHAKOB] BXiJli CUI'HaH, CIIPHYMHEH] eJIeKTPO-
MAariiTHUMHU HaBeJeHHAMY Ha BXiZHE K0JO, IepeXPecHIMH 3aBa-
Aamu i 3aBagaMi B IIMHAX >kUBJAeHHS. OCKiJIbKYU BCi THIIY JOTiY-
HUX eJeMEHTIB YTPUMYIOTh iHepUiiHi KoMIOHeHTH (TPaH3UCTOPH,
RiO/M, MATHITHI CTPHIKIH ), U1 ePEMUKANHS AKUX MOTPi6HA M1eB-
Ha eleprisi BXIANOr0 CUTHaly, 3allaC 3aBaJloCTIHKOCT] eleMeHTa
JJIA TPUBAJINX | KOPOTKOYACHUX 34Ba]] HEOJHAKOBHH.
[TigBugenHs 3aBagoCTiKOCTi IPHCTPOIB MOKIA 3a6€3MEYHTH,
3 ofHOTO GOKY, BUOHPAIOYH eleMEHTH MigBuileHOI 3aBafOCTil-
KOCTi, a 3 pyroro — 3MEHIIVIOYM PiBEeHb 3aBaj/l Ha BXojax eJe-
MEHTIB 32 PaXyHOK Bi/ITIOBIAHNX KOHCTPYKTHBHHUX i CXEMHHUX 3a-
XOAiB.
3aBafOCTiliKiCTh eJleMeHTa TUM BHILA, YUM OiNbIdi BXiAHi Ha-
IPYTH i CTPYM, NOTPIOHI A4 Horo nepeMuKands, i yuM Gigplia
TPHBAJICTb lIePEMUKAHHA. ¥Y3araJbHIOIOYH i TIOKA3HHKH, MOKHA
PO3T/SIHYTH eHepriio, HOTPIGHY /A MepeMUKaHHA. 30KpeMa, eHep-
rif mepeMUKaHHA MardiTHUX eJeMeHTiB 3 AiogamMM Ha 2—3 no-
PAAKK BUILA 33 €HEPTilo NepeMHKaHHA [IOTCHIIHHUX eleMeNTiB
inTerpanbnux MikpocxeMm. Onnak Mig 4ac BHOOpY eneMeHTHOI
6a3u JOBOAMTHCS BPAXOBYBaTd il ilui (akTopH: MWBHAKO/IIIO,
BapTiCTh, piBeHb iHTerpallii, HOMENKIATYPY olepaLlifiHUX eieMeHTiB
i ¢dyHkuioHanbHUX 6JI0KIB, TEXHOJIOTIHICT BUPOGHUNUTBA amla-
parypu. [Ln4 3Menuenns 3aBaj y>KUBAIOTb TAKHX 3aX0JiB: 3MEH-
IeHs IO KOHTYPY KiJI, eKpaHyBaHHA 3’ €IHAHbD, 3a3eMICHHA,
(binbTpanio, o6MeKeHis MBUJKOCTI NEPEMHKAHD CTPYMY B KO-
JIaX, eKpanyBaHHs 0JI0KiB i MTPUCTPOIB TOIIO.

s 3MeHLIeHH 3aBa/l, 1110 BUIIHKAIOTh Y U POBHX JOMYITHX
cxXeMax, MOTPIOHO NPAaUIOBATH i3 CHTHAMAMH, IO MAIOTh BEJIHKI
9acy HapOCTAIIHA | CIAAY, MY aMIHTYY, OOMEXHTH YHCJIO CHITA-
JIiB, IO OANOYACHO I€PEMHKAIOTLCA, Ta 3aCTOCOBYBATH epeKTHURII
MeTonU IyHuTyBaund i 3azemiaenns. [ng nigsuilieHas crifixocTi
CXeM /10 30BHIUIHIX 3aBaj CJijJ] 3aCTOCOBYBAaTHU LOBiJbHI CXEMH
cunxpouisauii 3 tpurepamu IlImitta Ha Bxoal. fAkumio cucrema
Ma€ J1oBri KabeJii, MOTpi6HO BUKOPUCTOBYBATH AUdepelniiini me-
peaBasibti i MpUiMaIbii NPUCTPOI, 3’ €THANI CUMETDHYINMII JIiLIig-
MH 3B’A3Ky, OO 3IMU3UTU pPiBeHb CTBOPIOBANUX i CITpUiMaIUX
3aBaj.

UlynTyBagbii KOHAEHCATOPH — JUKEPesad IMIYIbCHOTO CTPY-
MY, CTIOKHMBAHOTO ITH(POBUMHU CXEMAMU 11ij] 9aC MEePeMUKAHHS, —
3MEINYIOTh CHa/l HAIIPDYTH B KOJAX JKUBJEHHSA Ta 3a3€MJEHIIS
i cnipusAoTh QiAbTpaltii 3aBaj, sIKi CTBOPIOIOTD AXKepea XKHBJICH-
us i 3asemsenns. Ha puc. 23.4, a 306pasxkeno Tpaaniuiiiiuii npo-

CTHR CcHOCIO IMYITYBAHNS, 3aCTOCOBYBAHUU y LUDPOBUX cXe-
Max. OKCHAUHN IYUTYBAIbUKMN KOUAECHCATOP BETUKOI €MHOCTI
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Puc. 23.5. HlyHTyBannst CAeMeHTIB, sSiKi HePEAAIOTh | NPHIIMATOTL CHIHAIH
3a Mexi APYKOBaHOI MaaTH:

@ — 1pH TNCPeXoai Big HHXHbOIO A0 BCPXHbOrO JOTIYHUIO PiBHs#; ¢ — HpH
nepexo/ii BiJl BEPXHBOIO A0 HMXKHBOTO JIOTIYHOTO DIBHS

(10...100 mx®D, Mk D na KOXKHY CXeMy) MICTUTHCH MOOJIH3Y JDKe-
pesa xusiennd. Ilopsan is koxnolo tpurephoio IC posmingenyii
Kepamiyuuif wyntyBaabiuii xongencarop emuicrio 0,1 Mx®, a
A0 IIBHAKOTIHUHX CXeM NPHEJUVIOTLCA TaKox KepaMiviri
WyHTYBajbli Kolgelcaropu mauoi emnocri (100...1000 nd).
Koxna cxeMa, 0o nepejac CHriaiun 3a Mexi ApyKoBalol IJIaTH,
11a Akill Boua po3MilLyeTbest, ab0 NPHIIMAE CHIHAMH 4epe3 MeX]
JApPYyKOoBaHOi IL1aTH, Mae KepaMiynuil mynryBaJbnuil xoujen-
carop emuicrio 0,1 Mx® Mix pxepesoM >KHUBJACHIS i JiHi€n
spopoTioro crpymy curnaay (puc. 23.5). Ha uactky iumux 1C
OPUNAZAIOTD KepaMidlll HIyHTyBajblll KOUACHCATOPH €MIICTIO
0,01...0,1 Mx®d, upuzomy na 5 IC npunagac npunaiMii oaun
Kotzienicarop. Hemosik Takoro cnocoGy IyntyBauia Moaarac B
TOMY, L0 IIYHTYBaJIbHi KOIICICATOPH ¢JIa0K0o PiabTPYyIOTh 3aBa-
JHU 3 4acToTolo BUIOIO 11k 10 M yHacrifiok H3bKHX BJIacHHX
Pe30HAHCHUX YacToT.

335



[Hmy cxeMy myHTyBaHHs 306paXkeHo na puc. 23.4, 6. Kouzeu-
caropu C1, C2 ta ¢epurose kinbiie yrBopioloth I1-roai6uuii dinptp,
o Hocaabiiioe BUCOKOYACTOTHI 3aBaJd B ApyKoBaHii miarti. [Jo
KOXHOI CXeMU, MO Mepeac CUTHAIM 3a MeXi APYKOBAHOI ILIaTH
a60 mpuiiMae CUTHAJM, INO HAMXOAATH Ha IJIATYy 330BHi, IIpHE]-
HYETBCSI KepaMivuHHid Iy HTyBaTbHA KoHaeHcaTop eMiicTio 0,1 Mx D,
AKUH PO3MIIMYETHhCS MiXK JuKepesoM xxusaenns U, i jilieio 38o-
porHoro crpymy (aus. puc. 23.5). Yci inui IC 3a6eaneuyioTbes
KXepaMiYHUMY NTYHTYBAJIbHAMY KOHAEHCATOPaMH 3 YIEBIOIO €MHICTIO:

C > 4,5nC,,

Ae n — uucao suxodis IC; C, — eMHicTb HaBaHTaXKeHHH, .

[To6m3y nxepena >KUBJEHHS MiCTUTbCSA TAaHTAJIOBUH OKCHIHUH
KoHgeHcaTop 11 difpTpanii HU3bKOYaCTOTHHX 3aBaA. €MHICTD
OCTaHHBOIO Mae€ IpunaiimMui B 10 pasiB nepeBHIlyBaTH €MHICTb
IHITMX KOH/JEHCATOPiB ¥y KOJIi,. pa3oM y3siTUX.

Take posmilenus KOMIIOHelTiB 3a6e3leuye 3aJ0BilbHe IIyH-
tysamns o gactor 100 MI' i 6inpime. KepaMiuii koliiencaTopu
IIOBUHHI MaTH eKBiBaJeHTIy IOCAIOBHY iHAYKTUBIICTh MEHILY
ik 20 uT i ekBiBaseHTHH TOCTiZOBHKH onip Menimit HiX 0,5 Om.
3 ypaxyBaIHaM iIIyKTUBHOCTi BUBOAIB TauTanoBi (abo mouikap-
60HATOBI) KOH/EIICATOPH NOBUHII MAaTH eKBiBaJeHTHI MOCAiT0BHI
IHAYKTUBHICTD i onip Bianosigno Menmre Hixk 30 HI i MeHIle Hix
1 Om. IMnezanc ¢hepuToBOro KiJbLd 32 TAXTOBOI YaCTOTH CXEMHU
He Mae mepeBumryBat# 10 OM, a 3a yacToT, LIO IePEeBULIYIOThH
TakToBy yactory IC y 5 pasis, iMmeaanc mae nepesuitysaTtu S0 OM
Ha po6ouoMy crpymi. Hafikpaii pesysabTaTi 3406yBaioTh, KO
OPOBIAHMK ABiYi MPOIYCKAIOTh Kpi3h (pepuTOBE Kimblle. AKIo
iMmenaruc onioro hepUTOBOTO KilbIlA 3aHAATO MaJMP, MOXKIIA 3a-
CTOCOBYBaTH IOCIiTOBHO KiJbKa KiJelb a60 O6iblI TOBCTE KiJIBIlE.
~ SIKmo cxeMa JonycKae JOAaTKOBHMI cnaj Halpyrd, 3amicts de-
PHUTOBOTO Kilbls MOXHA BHKOPHUCTOBYBaTH KOMIIO3HIiNHUI pe-
3UCTOp ONMopoM 6/u3bKo S1 OM.

¥ pianasoni yactot 30 MI...1 I'Tiu cunxponizaniiini TakToBi
curHaud i IXHi rapMOHiKK € OCHOBHOIO IPUYUIIOIO BUIIPOMIHIOBA-
Hux 3aBaj. [lapui rapMoHiku MoXHa pi3KO 3MEHINUTH, AKUIO BU-
KODHCTOBYBaTH CUIMalu cuuxpomizauii 3 50 % koedimientom
3anopHenns (axmwo TPHMBAJICTh CUTHAJIB CUHXPOUizanii npubaus-
HO JopiBHIOE BigcTani Mixk numu). Caif cnipo6yBaTil 3MEHIIHTH
gucsao IC, kepoBaHUX KOXIMM TAKTOBUM CUTHAIOM. fKINO Tak-
TOBi CHTHAJIM MAOTh HAAXOAUTU Ha KijibKa IJaT, Ak 6ydepn 6a-
’)KaHO BMKODHCTOBYBATH BXiJHi JIOTiuHi eEMEHTH Ha TpHUIepax
[IIMiTTa, a TaKOX OOMEKHUTU PO3Max HalPYTH i MIBUAKICTD 11apo-
cranus (dU /dt) aMILIITy 1M OCHOBHHX CUTHAJIIB CHIIXPOMi3alii.
Axmo curnasnu cunxponizanii kepyloTbcs TepeMHKAaYaMH I103a
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IJIaToI0, NOTPi6lIo YHAKATH 6e3M0cepelHbOro KepyBaHHs CHTHA-
JIAMYW CHHXPOHi3aHii Bil IUX nmepeMuKkadiB. 3aMicTb boro Tpeda
TIPHEIHATH JIO NepeMHKayiB K0JIa, gKi KepyIoTb JIOTIYHHMH eJieMeH-
TaMH Ha IJIaTi, 1O, ¥ CBOIO Yepry, 6y4yTh KepyBaTH TAKTOBUMH
CUTHAJIAMU. 3MEHUICHIIIO 3aBajl BiJf TAKTOBUX CUTIANIB GyAyTh
CHPUATH TaKoX iX posHeceHHd 110 ¢asi Ta JeleHTpaki3amis.

[Ipo6nemy 3aBaj MOXKHA BUPILIUTH BHACII/I0K PETEJIbHOI CHH-
Xponizamii cucremu. {11 3MeHNIeHHs epeXilIiUuX CTPYMIiB, 1O
BHUHHKAIOTh Y JKepesaxX SKUBJIEHHS 1 NMPUCTPOAX 3a3eMJIeHHH,
HOTPiGHO KepyBaTH HEBEJHKOIO I'PYIIOI0 MIKPOCXeM 34 [I0MOMOT0I0
PO3HECEHHX TaKTOBHUX cHrHaniB. Ckopouello 4acy, NpOTArOM
SIKOTO CHCTeMa Hai6iJbll 3a3Ha€ BIJIMBY 3aBajl, CIIpUAE 3aCTO-
CYyBaHHS CXeM CHHXPOHi3alii BXiAHMX CUTLIaMiB; KpiM ToTO, Ga-
XKaHo cTPOOYBAHHS JalUX.

Koxunit Bxiuuil curiai, mo HazaxoAuTh ia 1Jaty, morpibio
nofasaty Tiabka Ha oany IC (Gaxarno i3 Tpurepamu IlIMitTa 11a
BXO/IaxX); L€ AOIOMOsKe BHPIILHTH IIPOGIeMH CHHXPOHi3allii. Bxiaui
KoJia 11a Tpurepax LIMiTTa nigBumyoTh 3aBaJ03axHIIEHICTD CXEM
i moJeTHLYIOTh 00POGJIeINs CHFHANIB i3 TIOBLABHUM HAPOCTAHIISAM
ammityad. Ao BXiAnuil cHrHaJA HaAXOAUTh HA CTAILAPTHHI
JIOTIYHUH e/leMenT, TPHUBaJiCThb HApOCTaHHA i CIIaly CJiJ NiJTpu-
MYBaTH MaTUMH JIJI1 3aM06iTaHs Mapa3uTiinX KOJHBalib.

Oco6siuBy yBary CJiZ NPHAIIATH CUTHANAM, LIO BUXOAATD i3
naatu. Buxoam Tpurepis, JiUMABIHKIB | pericTpis 3cyBy norpiGio
JOMOBIIIOBATH JIOTIYIHMH ejeMeliTaMu Oydepa a60 nificuaoBa-
YaMu-nepejaBayaMH JJIsl BHpilmelld npo6iaeMu BioOGpaxenb i
BUKH/IB BiJ 11ey3ro/UKeHHUX JiHil 38 a3ky. [Ipomymernys i3 nua-
TH BUXIAIHX NMPOBIAHHKIB Kpi3b (pepHTOBE KiJIbIE JACTh 3MOTY
HigKJII0MaTH 10 BUXOAY Iey3ro/pkeni Jinii 3B’ 43Ky GilbInoi J0B-
kHiH. CHrHa/H, 0 BUXOJATD i3 MJIATH, 11e MOBHHHI HaIXO/UTH
1Ia BXOJHM CXeM, 110 po3minieni Ha niff nuari. Akmo 3uexryBaTn
Ui mpasuJia, TO MOXI1Ia llaTPANUTH Ha JYyXe cepifodui npo6aeMu
3aBa/l, WO BHIIUKAIOTD 11a BUXiZUOMY [lepeaBayi.

na 3ano6iramis BiAOUTTIO Ta BUKWAaM AOBTi JINT 3B A3KY
MAIOTh Y3TOMUKYBATHCA BIAMOBIANO O iX XapaKTePHCTHHIIOIQ
iMnegalcy. B uboMy BHIIAZIKY KOPHCIIUM MOXe BHSABUTHCS TOCIi-
JOBIIO MPUEANANUI Pe3HCTOD 32 YMOBH, UIO BCi NMPpUAMaibHi TpH-
CTPOi po3Milent Na JanekoMy Kilii Jinii 38’s3ky (puc. 23.6, a).
Pesucrop notpibiio miaiépata Tak, mob npu nepeMUKanHi curia-
Ny B Jilii 38’ 43Ky BUIHKAIN nuide Hesnayir suuan. oginennk
Ha pe3nCTOpax Ha JAJEKOMY Killlli JIiHil 3B'A3KY JaCTb 3MOTY
po3MiulyBaTH npuiiMaui B Oyab-sikomy ii Micii (puc. 23.6, 6).
I1lo6 3MelLINTH 3aBaAH B JOBTiIH KaGeJblliit Mepexi, ToTpi6Ho
3aCTOCOBYBATH Audpepeltiliiii nepeaaBaablii i NpUUMaNpIi 1IpH-
CTPOI i3 CHMETPHYHUMH JIiHisIMU 3B’ SA3KY.
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Puc. 23.6. CxeMu y3roZxeHHs HOBI'UX JiHiH 3B’I3KYy
JLIS 3MEHLIEHHS BiOGUTTS!

@ — 3 TOCJIZOBHO BBIMKHEHHM pPE3UCTOPOM; 6 — 3 TO-
AiTBHMKOM Ha pe3ucTopax Ha Kivmi mimii ‘

B oa110cpsaMoBaHuX JHHISX 3B A3KY NOTPiGHO MigKJIIOYATH Ha-
BaHTaXXeHIIs 10 Aajeknx Kinnis (puc. 23.7, @), a B ABOCIPAMOBA-
Hux — 10 06ox (puc. 23.7, 6). Y CUMETpHYHUX Jiilisx 3B’ 43Ky 3
Y3TO/RKEHNM HaBaHTa)KEHIISIM 3arJIyIIeHIIs 3aBaj MOXe JOCSITH
70 1B (3000 : 1) y miamasowi wactor 0...100 kT,

ITpueanaHus y3roKeHOTO HaBaHTAXKEeHH 10 KabGeaiB, KOHTAKT-
HUX ITIOLIAZOK APYKOBAHMX IIAT Ta IPOBOJIB 3B’A3KiB Mae
3ificHIOBATHCS 3aBXK/J¥M, KOJIH TPUBAMICTD [IOIIKMPEHHS CHTHATY
IIEPEBUIIYE TOJOBUILY TPUBAJIOCTI HapocTauHs abo cnany Horo
aMILrityan. IMmezalic y3roJxkens IJIOCKHX i KOaKciaJblnX Ka-
6esiB, a TaKoXK CKPYYeHHX Iap cTaHoBuTh npubiusuo 100 Om
(750M < Zy<120 Om). IMitealc y3roKeHst KOHTAKTHUX ILI0-
IMAIOK PYKOBAHUX IIJIaT Ma€ JOPIBHIOBATH IXHbOMY XapaKTepu-
cuaHoMy iMnenancy (20 Om < Z; <200 Om).

Zo/2

Zy/2

Puc. 23.7. Cxemu nmig-
KJIIOYEHHS HABAHTAXEH-
HSI KO CUMCTPMYHHX Ji-
Hiil 3B’A3KYy:

Zy/2 Zy/2 @ — OJHOCTIPAMOBAHHX;

{1 6 — asocnpamobarux

Zy/2 a Zy/2

6

%

(puc. 23.8, a) moxe 6yTu y3ro-
JKEHNM TaBalTaXEeHHSM 1 110-
AaBaTH 3CyB Ha JHilo 3B SI3Ky

6e3 JIOJATKOBUX JKEPes XHB- []Rz R4
nenns. Hanpuknan, crangaprui 20 Zy
1

[oninbuuk Ha pes3ucTOpax Ux U
Ri R3

Y3roUKeri HaBAHTAXKEHHS [T Cl
TTJI-cxeM cTaHoBIATH: Ry =
=330 Om ‘i Ry, =220 Om, mpu = 6
IIbOMY 3 BUXigHoro onopy 132 OmM
3HiMaeTbcs +2 B (U)K = +5 B); Puc. 23.8. 3131‘0,':1)1(011'1 HaBaNTaXKeH-
R1 = 150 OM l R2 = 470 OM, HA Ui JITHIA 3B A3KY !

IpH IbOMY 3 BHXiAloro omopy ¢ TTJI-cxem; 6 — KMOH-cxem
114 OM suimaiots +3,8 B Ta

Ry =120 Om i Ry = 470 OM, upu uboMy 3 BUXi/l1I0ro oniopy 96 Om
suimaeTbes +4 B.

Biabiicts KMOH IC 1e MaloTh HaBanTaxyBasJibHOI 3/1aTHOCTI,
JIOCTATHBOI AJIS TpUEIHAHHS TOJINBHUKIB Ha pesucTtopax. [lo
HUX MOXKHA TAKIIOYATH Pe3UCTOP — €MHICHUIT MOAIBHAK, 300pa-
xeunit Ha puc. 23.8, 6, ne R3 =1xOmM, R; =3300m i C; =
= 1000 n®.

¥Yci neBuxopucrani Bxoau IC maioth nepeéysatu a6o 1/ BU-
COKNMM, a60 Mg HM3bKHM noTenuianoM. Jlesaxi cucteMu nepeada-
YaIOTh MOKJHBICTD BUMKIICHUS IIEBUKOPUCTAHUX BY3JiB.

23.2. PekoMeHAaaLii WOAO0 MOHTaXy
iHTerpanbHMX Mikpocxem

Omiic1o 3 OCHOBINMX YMOB, 110 3a6e3nedyloTh Hagiiny poGory
eJEKTPOHHOI anapaTypi, CKOHCTPYHOBANOT i3 INHPOKUM 3aCTOCY-
BAMIAM IUPPOBUX IITCIPATBHAX MIKPOCXeEM, € JOTPUMAILIIS [Ipa-
BMJI OO IX yCTANOBJICHILS, NASHIIS | MOHTaXY.

OCHOBHUMY eJleMelITaMU KOIICTPYKILT BY3JiB i GMOKIB eJeKT-
poiunoi anapaTtypu, 10 Aa0ThL 3MOTY HaHIOBHIlIE peani3yBaTH
nepesaru IC, € gpykosalni nuati. JIpykosaui 11jary BUKOPHCTO-
BYIOTb ¥ MACOBOMY BUPOOGHUIITBI, & TAKOX [T CTBOPENIIS MBHIKO-
JUHINX i Masorabaputivx cucreM. 3 IX A0IOMOToIo MOXHa 361-
paTH CUCTEMH, BOIM KOMIIAKTIIi i MAIOTh XOPOII BUCOKOYACTOTI
XapaKTePUCTHKH. [X OCHOBHI UEJONIKM— TPHUBAJIUH Hac KOLCT-
PYIOBAMIUIA I TPYALOIU Y IIPoLieci BHECCIHST KOICTPYKTUBIIMX 3Mill.

KoncrpyiopallHs MOITaXXHHX TJIaT YMOBIIO MOJIJSIOTE 1A BiciM
OCIHIOBHHX €TamiB:

® BU3HAYerns po3MipiB i opMI AT, a TAKOXK IOJOXKCIIIS
3’€/I1IyBauiB;
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e Bu3Ha4YeHHS po3Milenns IC;

® DO3MIll[EHH:A Ha IJaTi Kia 3eMJ 1 XXKUBJIEHHS,

¢ pO3MillleHHSA AHCKPETHUX KOMIIOHEeHTiB;

® Bu3IavYel s TOMOJOTI] Kia 3eMJi i KUBJICHHS;

® DO3KJIaJIeHHS KiJ CHHXPOHi3amii;

® DO3KJIAJICHH 1HMIIUX CUTHANBHUX KiJj;

® OCTaTOYle J0BEJEHIIS IIPDOEKTY.

Posumip i hopMy ApYKOBaHUX IIJIAT, & TAKOXK MOJOXKENH 3 €Iny-
BayiB MOXKHA BU3HAUMTH, BUXOAS9HU 3 Gi3UYHOTO NPOEKTY BUPOOY.

Y nporeci po3po6aenHss KOUCTPYKLiH APYKOBAHUX ILJIAT IPUii-
MaloTh JesKi MPUHIMIIOBI pillleHHs, NOB s13aHi i3 BH6OPOM TaKUX
mapaMerpis, sk 4ucJI0 mo3uliilt m ans Beranosienns IC, xpok
ycrasossensst 1C y ropu3oHTanbHOMY hx i BepTHKAIbHOMY hy
HalpsiMax, YUCJ0 30BHIMHIX BUBOJIB ¢ Ta 4HCJIO IPOLIAPKiB A4
peanisamii 3’exmanb s. Bubip uux mapameTpiB nmoB’s3aHuit 3
ypaxyBalsaM eKOHOMIYHUX, TeXHOJIONYHIX, CXeMaTHYHHX, TeXHiY-
upx ¢akTopis i 3aificHIOETbCS 3a JocAiTHUMU AaHuMU. IIpn ubo-
My HOPYIIEHIIA ONTUMANbIUX CIIIBBIAHOIIENb MiXK ITapaMeTpaMu
iCTOTHO YCKJIAMHIOE MPOLEC KOHCTPYIOBAHHS i 3GL/IBIIY€E BAPTICTh
po3po06JieH s anaparypH.

Poaragiemo ocnoBHi cniBBiguontetins. [loTpi6ne 4ucao 308-
HinmiX BUBOIB MOXHA OLIHUTHU 3a HOPMYJIOI0 g = cnr, e ¢ —
cepexane yucao Busonis ma IC; n — uucno IC Ha miaati; r =
=0,57...0,75. Haiji6inblize 3HaYeHHS 7 BiAIIOBi/a€ onepaliliHuM
[IPUCTPOSIM TIAPAaieJbHOrO THILY, HaliMeHure — KoMOiHalifHUM
JIOTiYHHUM CXeMaM.

Kpoxku Bctanosnenus IC y ropusoHTanblioMy i BepTUKaAIbHOMY
HampsMax, 1[0 BUPKAIOThCS YUCJOM KPOKIB MiX APYKOBalMMH
TIPOBIZHUKAMH, MOJKHa 3HalTH TaK:

LN
4 ¥
ne a, b — BiATOBIZHO PO3MipM MOJXYJSi B3AOBX BEPTUKaJbIOI i
TOPU30OHTaJbHOI Ocell IIaTH, IO BHPaXalOTbCA YUCIOM KDOKiB
MiX APYKOBAaHMMHU IIPOBiAHUKAMHU, n, — 4ACIO0 ICy CTOBITYH-
Ky; n, — unucao ICy pany; ¢ — cepeane uuciao susosis y 1C.
[TuToma maoma 1aaty (Ha oMH MO/YJIb)

n,c
hx=b+-i—; hy =a+

2
nxnyc

16
3i 36iIbIIEHHAM YNCIa MOLYNIB nyN, MUTOMA ILIOLIA S 36iJb-
wyerbesd. Ilpyu 3aganoMy 4MCIi eeMEHTIB IIOLa IaTH Oyne

_ c
s = hxhy -ab+z(bnx +an,) +

. a . . .
MiHIMa/IbHa, AKWO Ny =17, 3a uux yMoB KoHQirypauia niaru
Ha6MUXAEThCs A0 kBagpara. KpiM Toro, Taka ¢opMa cripuse 3Mmeil-
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IEeHHIO JOBKUHH IPOBIAHUKIB Ta mosermye ii KOHCTPYIOBaHUA |
BHIOTOBJICHHS.

MaxcumanbiHuil po3Mip CTOPOHU APYKOBAHOI IJATH SIK OJHO-,
Tak i 6araTomapoBol He Mae mepesumryBatu 500 mM. Ie o6me-
KeHHs 3yMoBJlelle BUMOTaMH MiIlHOCTI M IIJBHICTIO MOHTaXY:
mo 6ifbmma nJara, TO MeHIIa WiibHicTh MouTaxy. Ha npakru-
i ApyKoBaHi miatd 31 croponoo o 100 Tosupin martepianay ai-
€NeKTPUKA BUTOTOBSIOTh 6e3 JAOJAaTKOBHX JeTanel, IO IIijBU-
IYIOTD i1 0pCTKicTh. [lJ4 maar 3 6iAbIUME Po3MipaMH Iepel-
6avaoTh Creliajibii 3aX041 MiABUIIEHIIS KOPCTKOCTi (monaTkoBi
TOUKH KPIIUTeHHs B HPHCTPOL, BBeJeH s peGep KOPCTKOCTI TOIIo).
Cnissignonrensi po3MipiB cTopill APYKOBAHOI MAATH JJISA CIPO-
HIeNHsT KOMIOHYBaHisa 6J0KiB | yiidikauii posmipis apykosa-
HUX AT pekoMenayorbesiTaki: 1:1,2:1,3:1,4:1,3:2,5: 2.
Hapeaeni ominku MOXyTb OYTH I04aTKOBOIO 643010 JUIsi BUGOPY
OCHOBHUX TlapaMeTpiB MJAaTHU.

Ha apyromy erani motpi6no Bupimmuru, e posmictut 1C. Big
HPABU/IbHOTO PO3MIIEHHA KOPIYCiB MiKpOCXeM Ha APYKOBAHHX
IJIaTax 3ajeXarh TakKi TapaMeTpU MPUIaLy, K raGapuTHi po3Mi-
pH, Maca, HaJiliHicTb po6ory. UNM wWwiibHilne OYAyTh PO3MilLyBa-
TUCA KOPIIyCH MIKPOCXCM Ha IUIOMIMHI JAPYKOBAaHUX TUJIAT, THM
CKJIA/IHIIIE AaBTOMATH3YBATH IXHil MOIITAX i THM YXOPCTKIilLUM 6yie
TeMIIePATYPHHH PEXHUM iX po6OTH, Ta THM GiJIbIIMI piBeHD 3aBaj)
6y/le HABOJUTHCS B CHTILAJIbIIUX 3B’sI3Kax. | aBnaku, mo 6inbina
BIJICTAIlb MK MiIKPOCX€MaMH, TO MeHil e)CKTHBIIO BHKOPHCTOBY-
€Tbest Pisuunnii 06’eM i TUM GinbIta JoBxuHa 38’ s3KiB. Tomy 1pn
BCTAaHOBJIEIIHI MIKPOCXeM lia JPYKOBaHI IIATH CJiJl YPaXOBYBaTH
BCi HacJHiAKH BUOOPY TOro a6o iHUIOro BapialTa iX posMiienis.

Bu6ip kpoky BCTaHOBJIEIIHS MiKPOCXEM Ha JAPYKOBalii miarti
3yMOBJIeHHIT TOTPIGHOIO UIiIBHICTIO KOMIIOHYBAIHS MiKpPOCXEM B
anapartypi, TeMnepaTypliuM peXXuMoM po6OTH, METOAOM PO3po6-
JIEHHSI TONOMOTi] APYKOBaHKUX maat (pyyluii, MAUIMININIA), CKAA-
HICTIO TIPUILMIIOBOI €JCKTPHUIIOl CXEMHU 1 KOHCTPYKTHBIUX ila-
pamerpis kopnycy Mikpocxemu. Hesanexno Big tuny koprycy
KDOK YCTAIIOBJEHHSA MIKPOCXEM PEKOMEIILYETHCsL OPATH KPATHIM
2,5 mm. IIpu 1bOMY 3a30PH MiX KOPIycaMu He mosHinlti GyTH
MEIIUMHI HiX 1,5 MM. Y Texuidllo oOrpylToBaltMX BHIaJKax
KPOK YCTaHOBJIEHHS MiKpocxeM Moxke OyTH Kpatium 1,25 MM.

Ha nmpyxosanux mmarax morpifuo gorpumysaTvcs Jiltiiino-
6araropsiiioro posmiutents IC. Oanak nomyckactbes iX poami-
IleHIst B HIAXOBOMY TOPA/IKY, OCKIMIBKY TAKe PO3Millells Kopily-
CiB MIKpOCX€eM J(a€ 3MOTY aBTOMaTH3YBATH NPOIECH CKIAAAINIS |
KOITPOJIIO, eeKTHBIIIIE BUKOPHCTOBYBATH KOPHCILY ILTOUTY /Py~
KOBalloi MJIATH 1 IPAMOKYTHY CUCTEMY KOODPIUIIAT AJIS BU3iA-
YeIHs MiCclisi MOHTYBaHIISI KOPIyCiB.
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Mikpocxemu 31 IITMPOBAMHE BUBOJAMH B KOPIIycaxX CJiJ BCTa-
HOBJIOBATH TiJIBKM 3 0AHOrO GOKYy ApyKoBanoi niaatu. Ile nosc-
BIOETHCS THM, IO MONTaX NITHPOBMX BHBOIIB 3a3BUYail po6IATH
V HAacKpi3Hi MeTali30BaHi OTBOPH, IPMYOMY KiHIli BUBOJIB BHCTY-
NaloTh Ha 3BOpOTHOMY Oolli riaTu. BcTaHoBreHHsT MikpocxeM y
KOpIlycaxX 3i INTHPOBMMY¥ BHBOJAMH Ha JAPYKOBaly IIaTy poo-
Jaare i3 3asopom- 1,0...2,0 MM a6o 3 eneKTPoi3oAALiiiloI0 Ipo-
KJaaKo10 3asToBmky 1,0...1,5 MM, nonepeHbo NPUKJIEOI0YH X
1o oBepxHi gpyxoBanoi naaru. IIpoknajgky noTpi6Ho posMiury-
BaTH I11i/] YCi€I0 MJIOUIEI0 OCHOBY KOPIHycy a60o MiX BUBOJAMH Ha
TLIONI He MeHIIe HiXK 2 /3 OCHOBH, IIpX IIbOMY BOla Ma€ BHKJIO-
YATH MOKJIUBICTh CTHKAIiH BHCTYMINX BUBO/IB. 3230p MiX KOpP-
nycoM IC i maaroro Mae 6ytH ue 6inpmmM Hix 1,5 MM; 3a30p
Mix kopnycamu IC mae 6yTu He MeHuUM Hix 1,6 MM; BUCTYnmi
YaCTUHM BHUBOJAIB MAIOTh PO3Mil[yBaTHCA HaJ NMOBEPXHEIO ILIATH
B Mexkax 0,5...1,0 MM (axuio B TY me nepenbauento iuine). Peko-
MeHxOBalii KPOK YCTAHOBJAEHHS MiKDOCXeMH 1ia By3bKOMY Oonti
Kopmycy cTanoBuTh 10 MM, Ha mmupokomy — 25 MM (puc. 23.9).

i yac Bcranossenirs C na ApykoBami 11/1aTH 4acTO BUHHKAE
niorpe6a y ¢popMyBalHi BUBoAiB. BuMoru 1o ¢opMyBalns Hase-
Jeno B Texuivniii qokymenrauii. [Iag MikpocxeM 3i mTupoBuMu
BUBOJIaMU I1/1aTa Ma€ GOPMYBATUCE 3 PaAlycOM BUTUIIY e Mel-
mum ik 2d (d — aiaMeTp BUBOAY) i BiJICTAaHHIO Bill KOpIyCy
MiKPOCXeMH [0 IeHTPa KOoJa BUTUHY He MeHuroio nisk 1 MM (Ko
B TEXHIYHUX yMoBax He mepenbaucto inme). Illtuposi BuBoAH
VTPUMYIOTh KOPIYC MiKPOCXeMU JOCHUTBH MIIHO i BUTPHUMYIOTb
IpaKTHYNO 6yAb-aKi MeXaHiuHi BIIKUBH.

MikpocxeMy 3 ITaHapHUME BUBOJAMHU TaKOX PEKOMEIIYETD-
CsT BCTAHOBJIOBATY 3 OAHOrO GOKY APYKOBaHoi NMJjaTH, JUINE B
TEXHIYHO 00T PYUTOBANIUX BUIIAZKaX JOIYCKAETHCS iX yCTAOBIIIO-
BatH 1o o6uaBa GOKM 1JATH. ICIIye TPy BapiaHTH BCTAHOBJECIHSA
KODPHYCiB MIKpocxeM y KOpIlycax i3 IJJOIUHHNMH BUBOJAMH Ha

0,5..1,5

e —-t'

| —

10

==y

10.20 4

Puc. 23.9. CxeMa BCTaHOBJIEHHA MikpocXeM 3i
IUTMPOBUMM BUBOJAMH Ha ADYKOBAHY ILIATY
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Puc. 23.10. Cxema
BCTAHOBJICHHSL Ha AIPY-
KOBaHy IIaTy KOpIIy-
ciB MiKpocxeM 3 IJI0-
IHHHUMY BHBOJAMU
a — 6¢3 3a30py; 6 —
i3 3a30poM; € — i3
NpOKAaAKo0; 2 —
dopmyBaHHa BUBOAIB
A/ BCTAHOBJIEHHS 13
3a3opoM; ¢ — opmy-
BaHHS BHBOAIB A5
BCTAHOBJICHHS 6e3 3a-
30py

0,1..0.3
L
o

1,35 —_

B

04..10,

apykosati wiatu (puc. 23.10, ¢ —6): 6e3 zasopy (popmysanis
3a puc. 23.10, 2), i3 3a30pom i Ha npoxsaaxy (PopMysaius 3a
puc. 23.10, ).

Y 1nporneci MonTaxy 6e3 3a30py KOpIyc MiKpOCXeMH BCTAll0B-
JHOIOTH HA APYKOBaHy IJ1aTy, BUBOAYN OPi€HTYIOTH IOJ0 KOHTAKT-
nuX naomaaokK i npurawiots. Kopnyc yrpuMyerbes 11a BuBoaax
a60 Horo NPHKJCIOIOTh 10 MOBEPXHI IJIATH HITPOKJIEEM a6o emo-
KCH/UIMM KJeeM. Y JCIKUX BUMAAKAX JIOMYCKACTHCS BCTAIIOB-
genna IC ynpurtya 1a naati aGo i3 3a30poM He GilbUIAM ik
0,7 MM (sxio 8 TY e nepeadaycuo iune).

Y pasi BCTallOBJIEIHsT MIKPOCXEM i3 3a30POM KOPIYC YTpu-
MY€ETbCA Ha ILIaTi Da MPUIAsIIMX BHROJAAX, A B pa3i BCTANOBJE!-
sl Ha IIPOKJIA/IKYy BUKOPUCTOBYIOTH i30JIs11iii11i a60 Metanesi mMa-
Tepiagu. 3a isomAuUiliny NMPOKIAAKYy MOXHA BHKOPUCTOBYBATL
cMy>xku Torkoro (1o 0,3 MM) ckaotekcTomiTy a6o nepgopopaiy
IUIBKY 3 BIKHaMy il BuBoAM MikpocxeM. [Ipoxiaaxy npuxierno-
IOTb /IO TMIOBEPXHi APYKOBANOI IJIATH, a 114 Hill TPHK/IEI0I0TH KOp-
nycu Mikpocxem. MeTajeBa mpokjaska npusiadena JJs Biaso-
Oy Tellia i BEKOIIYE Poab ekpana. 106 yHUKHYTH BUIHKIIENLs
KOPOTKUX 3aMMUKallb MiX JAPYKOBAHWMMU NPOBLIUTHKAMY Ha TLTATI,
METAJEBY NMPOKAAJKY 130I0I10Tb BiJl MOBePXIi MJATH CIIeIiaib-
HOIO IJIiBKOIO.

BapianTti BcTanosaeHHS MIKPOCXEM Y KOPIYCAX i3 TUIOLIUITIH-
MY BUBOJAMH HaBeJeHO Ha puc. 23.11. Kpok yerarojenns ia
BY3bKOMY 601l KOPITYCY CTAHOBHTD 17,5 MM, Ha IIMPOKOMY — 15 MM.

TTnouuni BABOAY YTPHMYTIOTH KOPIYC MIKPOCXEMH TiJIbKH de-
pe3 aaresilo MeTanizoBalnxX KONTAKTHHMX IJIOWA/0K 3 Matepia-
JoM mnath. OcKiabKU Li CHJIM NOPIBHANO HEBENHKI, a Maca Kop-
yCcy MOKe BUABHTHCA ICTOTHOIO 3d BEJHKHX IICPEBAINTAXKEID, TO
JUISL IPUCTPOIB, AKi 3a311al0Th IiJBURIEHOrO BIJIMBY yAapiB i
BiOpauii, norpi6io nepexdavaty JOAATKOBI 3aX0AM KpirJieiis
KOPILYCiB i3 IJIOUIMHHUMH BUBO/JAMU.
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Puc. 23.11. BapiaHTy BCTAHOBJICHHSA MIKPOCXEM ¥ KOPIIYCAX 13 IJIOL{HHHHK-
MH BHBOJAMIH:

@ — Ha TIOJIO3KOBHX MPOKJIaAKaX; 6 — Ha NMPOKTAIKY 3 BiKHaMH; 6 — 6¢3
mpokAagky; | — MPOKJIALKa

Puc. 23.12. IlepeBax-
Ha opieHTanis IC Ha
APYKOBARUX IJIATAX:

@ — ABOGIYTHI APYKOBA-
Hi naTH; 6 — TC came,
6araTomaposi

a 6

Caia Takox ypaxyBatu HalexHy opienraniio IC Ta immmx
BeJWKUX KoMitoleutiB. Tak, ma apo6ivnux maarax IC norpi6uo
PO3MinyBaTH ITapanebiio 3 eairysadaM (puc. 23.12, a), a y Bu-
najky 6araromapoBUX IJIAaT — Hapajeibllo GibINii oci mnaTu
(puc. 23.12, 6).

Y¢TanoBaenHs Ta KPinjeliisa MiKpocXeM Ha JIPYKOBAaHUX ILja-
TaxX MaloTh 3a6e3IIetyBaTH iX HOPMaJbHy po6OTY B yMOBAX eKCILIY-
artauii anaparypu. MixpocxeMu ciij BiJlangaTu BiJ eleMenTis,
gKi i 4ac po6OTH BUAINAIOTD BEINKY KiJdbKicTb Tenyotd. Ix e
[I03BOJIAETHCST PO3MILIYBATH B MATHITHHUX TOJSX MOCTIMIIMX Mar-
HiTiB, TpalichopMaTOPiB i ApOCeSiB.

38B’s3aHi Mi>X c060I0 CXeMH BCTaHOBJIOIOTH HOPSIA, OAIIAK IIPH
BOMY NMOTPI6HO YYTIUBI CXeMH PO3MIIyBaTH SKHalijani Bi cxeM,
B SKHX BeJIMKa MMOBipHicTb BUHHKIIEHUs 3aBaji. llIsuaxoainsi
aoriuni cxemu (kosa cuumxpouisailii, 30BHiumI JIOTivHi KoJa)
IMPUMHKAIOTb 10 OCHOBHOTO 3’€[IlyBaYa, cxeMH iHTepdeiicy — J10
3'e¢muyBayva inrepdeiicy, a anajJorosi cxeMH i30JbOBaHi BiJf nud-
posux (puc. 23.13). Matpuui 3anaM’ATOBYBaJbIKMX IPUCTPOIB
MOTPi6GHO MOAIJIMTH HABIIJ, a B NIPOMIXKKY MiX HUMH CIHijff pPo3-
MICTHTH CXeMU oGpaMJIeHHs.
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Puc. 23.13. Po3aMilcta KOMIIOHEHTIB HA APYKOBAUKX ILIATAX:
a — VpOICCOpHa narta; 6 — naata irepdeiicy; ¢ -~ nara 11311

[na npasmasioi opientauii IC 1a apykxosaniit niari Malorn
OyTu nepenbadeni mepeMrukayi, 10 BU3HAYAIOTDb IOJIOXKCIIIA TIep-
IIOTO BUBOAY KOokHOi MikpocxeMn (puc. 23.14). Mikpocxemu 3
BIZICTANHIO MiX BUBOJAMHU, KPATHOIO 2,5 MM, CJIiJi PO3MilllyBaTH
1a ApykoBaliil niari rak, mo6 ix BUBOAM 36iramucs 3 By3JaMu
KOOPAMHATHOI CiTKH; SIKIIO BiJcTalb Mix BusoAaMu 1C ne kpar-
1a 2,5 MM, ix Tpeba po3MillyBaTh Tak, U0 OJMII 4M KiJbKa BH-
BOJiB MiKPOCXeMHU 36iranucst 3 By3naMu KOOPAMHATIOL CITKH.

Ha tpetboMy eTami noTpiéno cKAACTH CXeMy XHBIEHIA i KiJ
3a3eMJiellllsl, BUKODHUCTOBYIOUYY Taki BapialTu: 1) naonpnmi ainii
nepefaBaniisi; 2) mapajiesasli mund; 3) MUIOMMHN 3a3eMJIeHTist
(puc. 23.15).

Komnanapui ninii joOpe 3apekoMmenayBasin cebe B njarax 3
MOUTAXEM NaKpy4YyBaHHaIM Ta ABOOIYHUX APYKOBAaNMX TUJIaTax.
Hapanesnlli HHE CIPUAIOTH 3MEHLIEHHIO 3aBajl, OUAK Yy HNUX
Mae OyTH criemtianpia ¢popMa. LlImimu Moxia po3MiugyBaTu I1ijg
IC a6o napasespno nuM. Bouu sgatui BUTPHMMYBATH CTPYM
2,5...15 A, Matotb posnogineni emnicrs (0,001...2 MkD /M) i inayk-
tuBiicTb (14...35 ul' /M), a iMIeaalic IKepeo SKNBAEIE — 3eMJist
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Puc. 23.14. Posumirka micup poaminmenss aas 1C 3 naomun-
HHUMH BHBOJAMH

Puc. 23.15. Po3MilleHHsA IHH KUB/ICHHS i 3a3CMJICHHS:
a — KOTLiaHapyi JiHil; 6 — [apafcabHe po3MIiTICHHA IHH, ¢ —
TIIOTHHHA 3a3CMJICHHSA

cranoButh 0,15...5 OM. [Ina sMeHUIeHIId 3aBaj Ha IMHHAX 323€M-
JIeHHS KOHTAKTHI MIOUIAKHM CXEM 343eMJIEHISI MAIOTh 6YTH BEJIH-
KHMH 1 PO3MIIYBATHC NEPIeIUKYAAPHO [0 K.

Y 6araTomapoBuX APYKOBANHX IIJATAX MOXIA BUKOPUCTOBY-
BaTH CYLIJIbHI IMapy 3a3eMJICHHS i Wapu >KUBJEId; MOXIIa Ta-
KOX PO3NOALMUTH LIAPY SKUBJIEHIA MDK KiTbKoMa JXKepesaMu.
g nagifininioro 3aXucTy Biz 3aBaj BepXii ¥ HUKII WADH [LIATH
MalThb OYTH LIapaMi 3a3eMJeHHS a60 JKUBJCIHA, a CHI'MAJDIT
wapu it nomilmgatu B cepeanui. Ilap sKuBJCHHA Hax WApoM
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Puc. 23.16. IIpHKIQIM CXCMH BCTAHOBJCHHS IHHEH JKHB-
JIcHHSL (3a3CMIICHHS)

@ — TCPNCHANKYJISPHO IO TUIONIHHY TINATH; 6 — Tapaicibio
10 NIOWMAY 1AaTH; | — HaBiCHA 1HHA KNUBJICHHS; 2 -— XUB-
nenns go IC

3aseMJIelia Mae posnofineny emuicts 0,1...10 Mx®D /M2 i Many
ingykTusiictn. ¥ miarax tany Multiwire BUKOPHCTOBYIOTD TiJib-
KU 1IapH 3a3eMJICHIA T XKUBACIHNA, & 4K CHIMANbHi Jigii 3acto-
COBYIOTD TOIKHI NMPOBIJT B 130J41i1.

3 METOIO PO3BAUTAXKEINIA JPYKOBAIOIO MOIITAXY i 3MeImuennsg
QHMCAA TAPIB TJIATH KUBJACHIEA 0 MIKPOCXEM MOXIIA UiABOAUTH
34 JIONOMOTOI0 NaBiciuX wui. HYucao wmn MoXxe JopiBIIOBATH
qQUCJY HOMINAMIB JKEpes XUBJCHd. 3acToCOBYIOTh JiBa CIIOCO-
OU BCTAHOBJIEHHS TAKUX IIUH — TEPICHARKYJIAPIO L0 ILIOIHIN
IJaTH 1 Iapajeiblo [0 lei.

Ha puc. 23.16, a cxeMaTiuiio 300paxeto NPUKJAL YCTAIORICH-
[ HABICTIOT MY JKUBJIEHHS [, HEPelJIMKY s POl 10 NAOUUINA
naartu. Kusgemus 2 g0 IC nigsoauThess KOPOTKUMU IPYKOBALIH-
MH NPOBIJITAKAMY, U0 BIAXOASTDL BLA BLABOIIB HABICIHOT 1ML,
samasix y Merasisosaili otsopu 1iartu. lluna cioayuena BijgBo-
JIOM 3 KOIITAKTOM PO3’€JITAIILs, JIO SIKOTO IHABO/MTLCA JKMBJICILLLS.

Ha puc. 23.16, 6 cxeMaruuiio 306paxeno KOIUCTPYKIio, B sikiil
HaBicIa IHHA XKUBJIEHHA | napaieanlia o mionunm matn. 1To-
Japanud cxusaenng 2 go 1C sailfcnoersesa inauBijyanbiliMu
BiasomamMu. [las xpimsems mmnnu norpibno nepebadaty cre-
HiaJIbITi CTOSKMH.

UeTsepTyit eTamn Noagarac B po3MIILEITil KOMIIONCHTIB y KOXKITH
cxeMi. JKIIO KOMITOHEHT [TAJeXXHTh BiJIpasdy /10 KiJTbKOX CXeM, TO
HOTo BCTAOBJAIOIOTH 1T0GAM3Y criabiol Mexi. O6’eMui korjcica-
Topu Ta HEPUTOBI KiNbI cijl noMicTuTy Aknalbionkye /10 BR-
BOJIB XXHBJICUHA | 3azemmena 3 eanysadis. Hlymrrysansii xon-
JIelICATOPH, PO3B’A3YBAIDLHL KOJA, a TAKOXK KOJId 3MCILILICIIIS AY-
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TOBOIrQ pO3Ps/ly Ta BUKH/IB HAllpYTd MaioTh PO3MILyBaTHCs Ha
MiHiMaJBHOMY BijiarneHHi (1e 6impuze Hixk 37 MM) Big koMro-
HeHTiB, 1o moTpe6yioTh BignoBigHoro 3axmucty. IllynTyBannbhi
KOHZEeHCATOPY MOHTYIOThH Ge3nocepefnbo iz 1C, wo xae sMory
11e 3MINI0BaTU TOIMOJIOTIIO IIJIaTH.

IT'saTuit etan — BuGip pO3MimeHIIA KOHTAKTIB CHIOBHX JIiHIl
Ta JiHiil 3a3emenus. Tpeba 3BepliyTH yBary Ha TONOJIOTIIO 11J1aT,
10 HeJOMiKiB AKOI HaneXarb HPOTAXHI KOHTYDHU IMPOXOAXKEHHA
CTPYMY, BUCOKA NMapa3uTHa iHAYKTUBHICTD MiX CUJIOBUMHU JiHisd-
MH Ta JilligMu 3a3eMienia. Ha uboMy eramni fictaB nmomupeHs
METO/] 3MEHIIeHHsT CIIJIbIINX JiMSHOK TPOXOIKEeHHs CTPYMIB eJre-
MEHTIiB 1o muHax xupJjeuus. Llefi MeTon nosadrae B ycraHos-
JIeHHi JOJaTKOBUX IIEPEMHUOK Y MIMHAX JKUBJICHHA 1 3a3eMIEHHA,
SIKi 3MEHIIVIOTh JOBXKHUHY CIIJIDHUX JAIJAAHOK IIPOXOJKCHHSA
CTPYMIiB eJIeMeHTiB.

Bapianrtu 3'egHaHHs eJIeMEHTIB IINHOIO XKUBJICHHS i 3a3eMJIell-
Hs 11aBezieno Ha puc. 23.17. Y nepmomy Bapianti (puc. 23.17, a)
nepeMMKalllia eeMeHTa, Hanpukaag E12 (3Mina cTpyMy croxu-
BAHHS CXEMH), MPU3BOJUTh 0 BUHMKHEHIIA MAPA3UTHOTO HaBe-
JeHIls B iHIIMX OAMHAAIATH €JeMEHTaX IO IMMHI XUBJIEHHA i
3asemyienua. ¥ apyromy Bapiauti (puc. 23.17, 6) us 3aBaia B
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Puc. 23.17. Cxemu (@¢—6) 3MCHIUCHHS CHIJIBHUX ALISHOK YPOXOKCHHS
CTPYMiB €JCMEHTIB 110 LIMHAX >KUBJICHHS

348

Puc. 23.18. Pisnosuau BUTUHY KOH-
TaKTHUX TLIOUIAZOK Ha JIPYKOBAHUX
mniarax:
@ — HeUpMHBATHUHN; 6 —z — 1upu-
WHATHMH

ripioMy BUIQJKY BILIUBAE TiMb-
K Ha YOTUPHU eJeMeHTH, a B a
TpeTboMy Bapianti (puc. 23.17,
6) 3aBaza e GiJjblue 3MeH-
LIYE€TbCSl BHACTIZIOK YBEAEHHS
JIOJIATKOBUX ITepeMHYOK. PiBelb 3w,
3aBaj y IJaTax 3 TaKolo TOMNO-
Joriero JIiHiN UBIeNNA i Ainii
3a3eMJIeHHS 6JIM3BKHH /10 TOTO,
IO CTIOCTEPIiraeThesl B BUCOKOBAPTICHNX 6araTroulapoBuXx ILTATaX.

ITocTuit eTan — MOHTAX CHUXPOII3YIOYUX KiJT TaK, L06 BOHU
posMimysanncs no6ausy Hudposoi 3emai ta Jani Bix 4yTINBUX
cxeM. [lo6pe 3apekoMenTyBaB cebe MeTol, 3a IKOTO (hOPMYEThCs
napa KiJ is mpsMoro i 3BOpOTHOTO IIPOBO/ALB CUTHANY CHHXPONi-
3anii. 3BopoTHi NPOBOAM CHUTHAJiB CHHXPOHi3anii moTpi6no
3'eaHaty 3 L POBOI0 3eMirelo Mo6au3y koxmnoi IC, aka nepeae
Yy NpuiiMae CUHXPOHi3yloui iMIyabcu. ¥ BUNa/IKy GaraTomiapo-
BUX IIJIaT PO3MIIMYBATH Li KoJa clij 1icas po3MillleHils 11apiB
AuBJeHns i 3azemuennd. KoJa cuirxpouisauii MatoTs 6yTH oyKe
KOPOTKHMH, OCKIJIbKY CHIIXPOHi3YIOUi IMIYJILCH Ta 1X TapMOHiKU
CTBOPIOIOTh CHJIbNE BHIpOMimoBailisg. OAHH KOWTYp IIOUIEIO
Giabure wixk 0,001 M2 MOsKe CTBOPIOBATH CJAEKTPOMATIIiTIE TIOJE,
1o HabaraTo TiepeBULIyE MOMYCTHMI MeXi.

IoTtiM 3a3BMYail PO3MIILYIOTH iHLI KOJa CHTHAJIBHUX JIiHii.
Slxmo € maTpuus kpuctanis [13I1, agpecy wmuy norpibiro pos-
MilllyBaTu B OAHOMY HAIIPAMI, a IWKMHY JallMX — B inmroMy. Koso
10 HaMOJIOALUOTO PO3PSAY aApecH Clifl po3MillyBaTH GesIoce-
pe/uIbo Micas KoNTakTy 3asemsents. ITorpi6no npariyT# /o Toro,
mo6 mupuna kin 6yJa e Giabme mix 1,/150 ix gosxunu, i 1e
JOTyCcKaTH 3ursaronogi6imx tpaxtie (puc. 23.18, a). Ak 3a-
KPYIJIMTH BepUIMHH KYTiB, OGMEXKUTH BULMIIH KYTOM y 45° 4i
BUKODHCTOBYBATH IaBHI kpusi (puc. 23.18, 6 —2), To 1e aacThb
3MOTY NiATPUMYBATH iMIlealC MOCTIHHMM 3a 9aCTOT BiJl HYJIst 10
KIJIbKOX Tirarepit.

Ha ocranibomy erani n1oTpi6Ho BupiumTh: 1) NackinbKe Mox-
JIMBO PO3UIMPHUTH KOJa JiHill >XUBJeHIs Ta JIHiH 3a3eMJeHIIs;
2) AKulo € Bi/bHe Miclie Ha MJaTi, 3aMOBHUTH Horo Ta 3’ej1aTy
MiX 06010 3aseMJelina UUPPOBUX cXeM; 3) 3allOBUUTH BiJbIi
JJISTHKH NOBePXHi Miio10 (hoJIbroio Ta 3a3eMJIMTH 1X 34 AOIOMO-
roio KiJ a6o HackpisHuX oTBOpiB. Ilpn nbOMy yTBOpPHTBCA NpoO-
TSDKHA CiTKa 3a3eMJIeHHs, (0 CIPUsE 3MEHNUIEHHIO CTPYMOBUX KOH-
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TYpiB, iMIeLalICy KiJI 3a3eMJIeHIA i 3aBajl, L0 YTBOPSITLCA 3a pa-
XYHOK IapasuTHOro 3B’S3KYy MiX JUKepesoM i 3eMielo Ta Mix
IIPOBiJHHKAMH 3a3e¢MJICHHS.

-3a norpelu IepeliaflaroKellls PeKOMeHAYETbCS KPUTUYHO
IIpoanaaisyBaTH HasgBIHA BapiaHT IPUCTPOIO /s BUSIBJIEIHS MOX-
auBocTedl yrockoliasenus, Caijf BUMiploBaTH piBelb 3aBaj 3eM-
a5 — 3eMJ1s Mixk 1C Ta 3aBaz KUBJIEHHS — 3eMJIA HOGAU3Y KOXKIOT
IC. [Jaxi norpi6uo mepeBipyuTH 3a JONOMOro ocuuaorpada, 4u
He BUHHKAIOTb NepexXi/iii HPOLEeCH Y BUIIAAL 3racalouydx KOJIH-
BaHb y €XeMaX CHHXpoIli3allii Ta ilHX KPUTHYHHUX cXeMaX.

3aHaJTo BeJHKA TPUBAMICTD HapoCTalls (PPOHTIB, IEPEBHILEHILT
piBHA 3aBaJ KUBJEHHA — 3eMJI Ta 3racaloyi KoJuBaHis Ha Ie-
peadix ¢poHTax iMIIyJIbCiB CBigYaTh IPO HENOIMYCTHMO MaJi
€MHOCTI HIYHTYBaJIbHHX KOHJZEHNCaTopiB. AMILIITy/Zia 3aBaj 3eM-
s — 3emuist Gibie nix 150...300 MB cBigunTth npo Benuky ma-
pasuTHy IHAYKTHBHICTb CXeMH 3a3eMienla. HasBHicTh 1apasuT-
HUX 3racaloyuxX KOJWBAlb Ha CIIaAHOMY (pPONTi CHrHAMIB 03Ia-
Ya€ NiABMIUEHY Napa3uTHY iHAYKTUBHICTDL MKUBJCIIHS — 3€MJIS.

MikpocxeMH 3 iMIUNMH eJT€MEHTAMH BY3JiB 1 GJOKIB eneKT-
poliol anaparypu 3aszsudaii 3’eINYIOTh, IPOIIAIOIOYH BUBOAH, TOMY
0coGJUBY yBary CJiZi 3BepUyTH la JKicTb MolTaxy. B cepiiino-
My BUPOOHMIITBI 9aCTO BUKOPHCTOBYIOTD TPYHOBe Masiilisl i NastiiHst
«XBUJIEIO». Y JlafoparoplinX yMoBax i 1pm 3aMiHi MixpocxeM
341cHIO0Th Nasguusd OJHOXKUIbHUM AsiIbIIUKOM.

VY pasi posnaoBanis naomHHEHAEX BUBO/AIB IC oqHOXMIBHEM
MasIBHUKOM MOTPIGHO ZOTPUMYBATHCA TAKUX BUMOr (AKIO B TEX-
HiYHUX YMOBaxX He mepexbadyeHo iHIIE): TeMmeparypa JKaja la-
SAMbHUKA Ma€e OYTU He 6iablnoio uixk 265 °C, TPUBATICTb MOTHKY
JI0 KOXIIOI0 BUBOAY — He 6lablnolo Hix 3 ¢, IHTepBal Mix nasi-
HAM cyciguix suBoaiB 3...10 ¢ (3axexiio Big TNy KOpnycy 1C),
BificTalb BiJ KOPIYCy [0 MiCLisl NastHiIst 3a JOBXKUHOIO BUBOJY Ma€
6yTH He MEHIIOo 1iX 1 MM.

[asg MikpocxeM 31 IITHPOBHMU BUBOJaMU TeMIepaTypa »xaJja
HasgIbHUKA He MOBUHHA 6yTH Oisibiolo Hixk 280 °C.

KOHTponbHi 3anuTaHHs i 3aBAaHHeA

. IlosicHiTh IIpUYMHY BUHUKHECHHS 3aBajJ Y HH(POBHX MPHCTPOSX.

. SIKMM YMHOM MOXHa NiABUIKTH 3aBAJOCTIHKICTD IH(MPOBUX IPHCTPOIR?

. SIxi BUOM INYHTYBaHHS BUKOPHCTOBYIOTb YV LM(PPOBHX cxeMax?

. HaBenith cxeMu ysroKCHHA JOBTHX JiHIH 3B'A3Ky /s 3MCHIICHHS
Big6uTKIB,

. Haspitp eTany KOHCTPYIOBAHHS MOHT4KHMX ILJAT.

. HaBezits pexomermanil mogo Mortaxy IC 31 nITHpoOBUMY BHBOZAMH.

. HaBenith peckoMergauii mono Moutaxy [C i3 miaHapHUMH BHBOAMH.

. Hepenivite BapiaHTH pO3MIIICHHSA LIMH XKUBJICHHS i 3a3CMJICHHA.

. IosicHiTh cXeMU 3MCHUICHHS CILJIBHUX AiAAHOK MIPOXOXKCHHA CTPYMIB
CJICMEHTIB [0 WIMHAX JKUBJICHHS Ta NOPIBHANTC TX ¢PCKTHBHICTD.

L, o O N

1 MIPOTNPOUECODPH
| MIKPOKOHIPOAEPIA

Posgin  OCHOBHI NMOHSATTH
2/ MIKPOMPOLEECOPHOI
T TEXHIKM

24.1. Knacndpikauis mikponpouecopis

Mixponpoyecop (MII) — mpucrtpiii, skuil 3/ificHioe mpuii-
MaHH#, 06po6aennd i Buaauy ingopmarii. Koncrpykrusiio MII
MiCTHTD oAy a60 KiJbKa iMTErpajbHux cxeM i BUKOHYE [ii 3a
NPOrpaMoIo, 3arucanolo B IaM’siti.

Mixponpoyecopna cucmema — oOIHCIIOBAIBHA, KOHTPOJBIIO-
BHMipIOBa/IbHA 260 KEPYIoUa CHCTEMA, B sIKiil OCHOBIMM NMPUCTPOEM
06po6kn indopmanii € MII. Mikpomnpouecopaa cucteMa CKia-
AA€Tbes 3 1a6opy Beawkux inrerpoanux cxem (BIC).

Mynvtmumicponpoyecopna, abo MyAbmunpoyecopud, cucme-
Ma — CHCTEMa, KA YTBOPIOEThCA 06’ €IHAIHAM JeIKOI KIMLKOCTI
yuisepcanbiux abo cnenjamisopanux MII, 3aBagxu yomy 3abes-
nevyeTbcs napanesbHa o6po6ka iHdopManii i posaijbie Kepy-
BaHHA. .

Mixponpoyecopnuti komnaexm (MIIK) — cykynuictb inre-
rPpaJbIUX CXeM, CyMiCHUX 32 eJeKTpU4YHAMM, indopMaliinnmMu
Ta KOHCTPYKTMBHUMH IapaMeTpaMM i NpUsHavelux /s nolyao-
BH €/JeKTPOHHO-00UYHCIIOBANBIOI anapatypr 1 MiKpOMpolecop-
UX cHcTeM Kepysauus. Tunosuit ckaag MITK: BIC MIT (oaun
4Y KiJbKa KOPILYCiB iHTerpaibnux cxem); BIC onepatusnux sana-
M’stToByBasbiiux npuctpois (O311); BIC nocriiinnx 3anaM’sTo-
ByBasblux mpuctpois (I13I1); inrepdeiicn, a6o xourponepu,
30BHIINNIX IPUCTPOIB; caysk6osi BIC (TaktoBuii reneparop, pe-
rictpy, munni GopMyBati, KONTPoJepH Ta ApOiTpHU wImi).

Mixponpolecopr Ta MiKpOTpolecopii KOMILIEKTH Kracui-
KYIOTDb 33 TAKUMHU O3IIAKaMU: IIpu3nadeniaM, kiavkictio BIC, cno-
co60M KepyBaHHsI, THTIOM apXiTEKTYPH | THIIOM CHCTEMH IOAA-
BaHHS KOMaH/.

3a npusnauennam MII noinsioTs 1a yniBepcaaplli Ta Cle-
uiasisopaili. Yuieepcaivnumu Mikponpouecopamu € MiKpoIpo-
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IIeCOPHU 3araJIbHOrQ TIpU3HavYeHHs!, SKi Jal0Th 3MOTY PO3B’SI3yBaTH
MUPOKMIL KJjac 3a7a4 — 06UNCaeHHEs], 06pobaeHHs | KepyBaHHs.
Cneyianizoeani mMikppnpoyecopu Ipusladeni A1a po3s’a3aHus
3aj1a4 JUIIIe [TeBHOro Kiacy. /o HuxX HasgexaTb cCUTHasIbIl, Meaiitni
Ta MyabTHMeaiitni MII, a Takox Tpaucll'I0TepH.

Cuznanvni npoyecopu Ipu3Hadeni aus nudposoro 06pobieH-
HSI CHTHAJIIB y peaibHoMy Macuirtabi yacy (uanpuxJan, dbiabrpa-
uig cHruajiis, oOYUCJHENHS 3TOPTKU, OOUYNCJIEHHS Kopeaamniiinol
yuxuil, mizcunenHs, ooMexernis i TpaucgopMaltis cursay, opsme
i 3Boportiie meperBopents interpaiais Myp’e). o curnaibuux
npoluecopis najexars npoiecopu ¢ipM «Texas Instrumentsy —
TMS320C80, «Analog Devices» — ADSP2106x, «Motorolar —
DSP560xx ta DSP9600x.

Meditini i myavmumediini npoyecopu BUKOPUCTOBYIOTD JUIS
o6pobuients ayaiocuryadis, rpagivgoi indopMauii, Bizeo3o6paxkeln
Ta JUISL PO3B’SI3aHH 3aJ4a4 Y MyJIbTHMEIIaKOMIT F0Tepax, irpamko-
BUX MPHCTaBKax, nobyrosiit Texmini. o Mexiinux i myapriMe-
JNifHNX TPOIECOPIB HalekaTh Iipoliecopu ¢ipM «MicroUnity» —
Mediaprocessor, «Philips» — Trimedia, «Cromatic Reserchs —
Mpact Media Engine, «Nvidias — NV1, «Cyrix» — MediaGX.

3a xiavkicmio BIC y MITK po3pisusiorh 6araTOKPUCTAJDbHL
MIIK ra omnokpucranbii Mikpokourposepu (OMK). Bararo-
KpucTaibii KoMitekty — 1e MIIK 3 oailokpUCTaNbHUMI i CeK-
uiftnumu MIL

Odnoxpucmanvrui mikponpoyecop, abo mixkponpouecop 3
¢hircosanow pozpadnicmio danux, € KOHCTPYKTHBHO 3aBeplle-
num Bupobom vy surasai oauiei BIC. /o uboro tunmy Haslexarh
npouecopu ¢ipm «Intel> — Pentium (PS5, P6, P7), «<xAMD» —
K35,K6, «Cyrix» — 6x86,«Diqital Equipment> — Alpha 21064,
21164A, «Silicon Graphics» — MIPS R10000, «Motorolay —
Power PC 603, 604, 620, «Hewlett Packard> — PA-8000, «Sun
Microsystems» — Ultra SPARC I1.

OonoxpucmarvHull MIKPOKOHMPOAep — TIPUCTPIll, IO KOHCT-
PYKTUBHO BUKoHanmi B ogHomy xopnyci BIC i MicTurs ocuosii
cknanoBi MITK. /lo Takux MikpokoHTposepis Hanexarb OMK
dipm «Intely — MCS-196,/296, «MicroChip» — PIC17C4x,
PIC17C75%, «Mitsubishi Electric» — M3820, «Motorolar —
MC33035, MC33039.

3a munom apximexmypu, a6o NPUHIATIOM TOGYA0OBH, PO3-
pisustiorb MII 3 donneriManiBcbkolo apxirexktypoio i MII 3 rap-
BapACHKOIO apXiTeKTypoIo. ‘

3a munom cucmemu Komano pospisusiors CISC (Com-
plete Instruction Set Computing) — NPoOLECOPH 3 OBHUM 160~
pom komaun i RISC (Reduced Instruction Set Computing) —
IPOIIeCOPH 3i 3MeHIllenuM HabopoM KOMAHL.
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Cuain sasnaunty, uo 6arato MITK nignagaiors nij pisni kaacu-
¢ikanifini o3naku, OCKiJbBKM 34aTili BUPIULYBAaTH 3a4ati Pi3HHUX
kaacis. Tak, icuyiors yuiBepcanbii MIT 3 Mynptumenifinum pos-
nmpensM H1abopis komaild, sanpukaag, Pentium MMX, Pentium I,
Cyrix 6x86MX, AMD K6, Ultra SPARC. ¥V CISC-upoitecopax:
Pentium PRO peanizoBano anpo 3 RISC-apxitextryporo.

24.2, OpraHisauis WKH

[Tuna — iudopmanifinmit kanalt, mwo o6’eqiye Bei Gynkuio-
rabii 6ok MIIC i 3a6esnedaye o6Min JaHUMU Y BULJISLA JBIHKO-
BUX uuces. KOHCTPYKTHBHO ITHHA CKJIAJAETCS 3 1 IPOBIIHUKIB
Ta 3 OOTO CHinbIoro npopiguuka (zemai). Jlaui IepeaaloTHCS
Mo wruii y BULJSEAL CJIiB, [0 € TPyl 6iTiB.

Y napanervriv wuni n GiTiB NepeAIOTLCS 10 OKPEMUX JIIAX
OHOYACHO, Y NOCAL008HIT — TI0 €TUIIN JiNT MOCAIAOBIIO ¥ 4aci.
[lapanespHi UIMHKA BUKOHYIOTh ¥ BUIJS/IL NAOCKOTO Kabesio, a
MOCTiAOBIL — Yy BHTJSAI KOaKCiaAbHOTO a60 BOJOKOIO-OITHY-
1oro xabeaio. KoaxciaapHuil kabestb BUKOPUCTOBYIOTD IS 1epe-
JaBaInist gannx Ha sizcranb g0 100 M, y3romxyouu nepeasaibii
Ta NPUITMaIbI KacKagH 3 XBHJIBOBUM onopoM .iiii. Bosokon-
1O-OITHYIIHIT Kabe b BUKOPHCTOBYIOTD JUIS IIePe/laBalis Ha 311au-
HO OibLIl BiCTAT.

¥ci ocnoBui 6noku MIIC 3'ejananii 3 €U1010 TapaJsesinblioln
MIMHOI0, SKY 1A3UBAIOTH cucmemnow wuiow SB (System Bus).
CucereMia IUMAA MICTHTD TPU WUHIH — AJAPECH, JIANNX | KePYBATIIIsL.

HTuna adpecu AB (Address Bus) € opuonanpsmaenon. Boua
npH3Havelia A MepeaBallHa aipeck KOMipKu 11aM’ aTi abo 1pu-
CTPOIO BBeAeHII-BuBeAenns. HanpaM nepejasainisa no unni aj-
pecu — Big MII go soBuimmix npHcrpois. Bapianty ymopiux
HO3IaYellb OJIOHATIPAMICHOI Hapaaeblol IOIIH HOKA3AIM0 Ha
puc. 24.1, 11a sKOMY CTPifKa BKa3y€ UAMPAM lepeiaBainig.

Yucno 16 ua puc. 24.1 oznavac pospsiuicTh NITH. 3a311a14HMO,
IO IOTIYCKAETHCS TTOITATEIITis AT i 663 NABEACHHST PO3Ps/IIOCT.

HTuna danux DB (Data Bus) € psonanpamienon. Bona npu-
3navena QI8 rmepefaBaiiis ganux Mik 6moxamu MIIC. Indop-
Mallis o OZHUX i THX caMux Jimsax DB Moxe uepejgaBarucs v
ABox HanmpaMax — sk Jo MII, rak i Big nporo. Bapianry ymon-
WX [0311aYend BONAIIPAMJIICHO] WA TOKA3ano 1Ha puc. 24.2.

e (e

Puc. 24.2. Bapiantn yMoBHIX 110~
JHAYCHD JABOMANpPAMACIHO] 1apa-
JCALHOT 8-po3pstaliol WnHT

16
— 16 >

Puc. 24.1. BapianTu yMOBHIX 110-
JHAUYCHb OJHOHAIPSIMJICHOL Hapa-
JeabHol 16-pospaaHol WK

23 5-104 353



Iluna xepysanns CB (Control Bus) npusHadena s nepe-
AaBalllisl KepyIOUUX CHIHAMiB. Xo4a HalPAM KepylOyHX CHIHATIB
MO>Ke OYTH pi3lAM, OAHAK UIMHA KePYBAHIA He € ABONAlpsAMIe-
HOIO, OCKiJIbKH IJISI CUTHAJIB Di3Oro HAIpsiMy BUKOPHCTOBY-
I0TbCA OKpeMi JiHii.

24.3. MpuHuunK nobyposu
MiKPOMPOLLECOPHUX CUCTEM

B ociopy mo6ynosu Mikpompouecopuux cucreM (MIIC) mo-
KJIaIeH0 TPH IPUHUHUIN — MaricTpaabHOCTI, MOAYJIbHOCTI, MiKpPO-
[IPOTPaMIIOTr0 KepyBaHHSI.

I punyun mazicmparvrocmi BUZHAYAE XAPAKTEP 3B’ A3KiB Mixk
dbyukionaaprumu 6mokamMu MIIC — yci 6y0ku 3'ennani 3 equ-
HOIO CHCTEMHOIO UIHHOIO.

ITpunyun modyavrocmi NOJATAE B TOMY, IO cHCTeMa GYyeTh-
cA Ma OCHOBi oO6Mexelol KiMbKOCTi THHIIB KOHCTPYKTHBHO i
dyuxnionanpHo 3aBepiennx moayais. Koskmuit mopyms MIT
CUCTEMU Ma€ BXij kepyBanis TperiM (BHCOKOIMIEAICHUM) CTa-
oM. Ieit Bxinx masuBaetvcs CS (Chip Select) — Bubip kpuc-
Tala abo OF (Qutput Enable) — nossia suxony.

Hito curnany CS nJsi Tpurepa nmokasaHo Ha puc. 24.3. Buxin-
il curnas rpurepa Q 3'sSBJASETLCS 1A BUBO/IL JHILE 32 AKTUBIO-
ro (y npoMy BUIIaJIKy — HyJbOBOro) piBus curnamy CS. fxigo
CS =1, Tpurep nepeBOAUTHCA Y BUCOKOIMIEACHHH cTall. Buxin
TpHTepa € mpucmabiioHuM, To6T0 MOXKe 1epe6yBaTH B OJIOMY 3
TPbOX CTailiB: JOriqHOI OAMHMILL, JOriYHOTO HyJIs1 a60 Y BUCOKOIM-
negancuoMy. Y KOKIWH MOMENT dacy /o cucteMioi umny MIIC
Iix’e[Halo Jnille ABa MOAYJI — TOM, 1O puiiMae, 1 Toil, o nepe-
+ fae indopMariio. [HIi 3SHAXOAATHCS Y BUCOKOIMITEAIICIIOMY CTATii,

IIpuHouny MaricTpasbocTi Ta MOAYJIBHOCTI AAIOTh 3MOTY lia-
pomyBaTH Kepyloui # o6uucsioBaabHi MoxauBocti MII yepes
i/’ € JUAHHS iHIIUX MOAYJIB.

¥Y3arambneny crpykryplly cxemy MIIC 306paskeHo Ha puc. 24.4.

[Jo ckaaxy MIIC BX0AATh UelITPAIBIHI

l npouecop (IUT), II31I1, O3II, cucrema

T CS nepepHBalb, TaMep, HBB IIPHCTpo'i
— QF—"_. BBe/elHs-BUBeJEHHSA MiJ €AIali 10 CH-
CcTeMHOI IINHM dYepe3 iliTepdelicu BBe-

—] [e] JleHHsI-BUBEIEHHS.
[Mocriiinuii Ta oneparuBnnii 3anam’a-

. TOBYBaJIbHi IIPUCTPOI — 1le cucmemd nd-.
Puc. 24.3. Jlig curnany CS M Ami, AKY BUKOPHCTOBYIOTD /114 36epe-
LJ1s TPUrepa Ketust iHgopManii y BuriIsagi Abifiko-
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CHcTeMHa LIHHA

Cucrema Inrepoeiic Intepoeiic Taiimep
IepepHBaHb BBeZEHHS BHBe[leHHSI
3anutu Tpucrpii MpucTpiit Imnymben
CHHXPOHI3aLLi
nepepHBaHb BBeJleHHsI BHBeJleHHS

Puc. 24.4. ¥Y3arajbHeHa CTPYKTYPHA CXCMa MIKPONPONCCOPHOT CHCTCMH
KEPYBaHHs

Bux uHcen. IToctiiiuil 3anam’STOBYBJIbIMN DPUCTPIH Hpu3ita-
yenui [ 36epexelnst IporpaM KepyBaHllst TaGMNLb i KONUCTAlT,
a omepaTHBHHIl 3anam’aTosyBaabumii npuctpiii (O3I1) — s
36epexellns IPOMDKIINX pe3yJibTariB o6unciens. [lam’arb oprari-
30BalO y BUTJS/II MACHBY KOMIPOK, KOXIA 3 SIKHX Mac CBOIO aji-
pecy i MictHTb Gaiit a0 ¢noBo. Datimom Ua3sUBAOTL IPYMy i3
8 6it. Ci0BO MOXKe MaTH 6y/1b-AKY NOBXUHY B GiTax. 11i c1060M
HaifyacTilile pO3yMiIOTh /BiHKOBE YHCJIO 3aBJIOBKKM J1Ba Gaidrn.

JLnst 3BepieHns 40 KOMipky naM’siti noTpi6no suaary ii aape-
cy ua muny aapec. CTpyktypy nam’sti 3 8 oto6adToBNX KOMi-
POK, Jie KOXKHIN ajpeci BIAMOBiAae NeBuMil BMiCT KOMipKH, 300pa-
xeno na puc. 24.5. Tax, xomipka 3 aapecolo 000 Mae BMicT
01011111, = SF .

Mody.ab yenmpanvrozo npoyecopd 3aifcnioe 06poGacs aa-
HHX i Kepye BciMa immuMH MoAyaamu cuctemu. Kpim BIC Ml
HENTPABIIUH 1IPOLCCOP MICTHTh CXEMH CHUXpollisaflii Ta inrep-
(eiicy i3 cucreMnolo urmnomo. Binm BuGupae koam koMan 3 maM’ari,
aeurndpye ix i BUKOIye. BIpoJoBx yacy BMKOHAINA KoMall-
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- Puc. 24.5. Crpykrypa mam’ati 3 8 oguoGait-
Anpeca Lani TOBHX KOMipPOK

000 01011111

OU — KOMAHOHOZO YUKAY — HEHTPaJb-
001 00010011 muit nmpouecop (III1) sukonye Taki aii:
® BICTABJSAC aApecy KOMallAX Ha HIH-
010 | otiloirl | 1y aapecu AB;
® OTPUMYE KOJ KOMaHAu 3 NaM’aTi Ta
011 00001100 Jpeurngpye Horo;
® OGUNCIIIOE AIPECH OTIePaH/Ia i 3UUTYE
100 00000000 JaHi;
® BIKOHYE ONepallilo, BU3liadeHy KoMali-
101 11111111 010,

110 ¢ cripuifMae 30BHilINI Kepyioui cUrHa-
10101010 JIN, NIATIPUKJIA] 3alIUTH IIepepuBallb;
111 11110000 ® refiepye CUTHAIM CTaly 1 KepyBaHIIs,

noTpi6i A1 po6OTH TaM ST T4 IIPUCTPOIO
BBezenns-susenenns (IIBB).

Hpucmpoi ecedenna-susedenus, abo 308niwmni npucmpoi, —
ue npucTpoi, npusnadeni 44 BBefennd indopmainii B MIT a6o
susezenng indopmauii 3 nporo. Ilpuknagamu ITBB e aucrined,
APYyKyBaJbHi IPHCTPOl, KIaBiaTypa, HudpoalaIoroBuii Ta arajlo-
ro-uudposmit mpuctpoi, pene, komyraropu, [Aas 3’exnanns [IBB
i3 cuCTeMHOIO INHOI0 IX1i CUIHAalIu MAlOThb BiAIOBI/IaTH TIEBIIMM
cranjaptaM. lle gocsraersest 3a gonoMoroio inrepdeiiciB Bae-
JeHHsA-BUBE/ICHHS.

ITumepdpeiicu s6edenns-eusedenns HasUBAIOTb TAKOK KONMPO-
Aepamu, 260 adanmepamu. MiKponpoIecop 38epTacTbCs JI0 ilTep-
(peficiB 3a 0MOMOroIO ClIEIiaTbHHX KOMAH/ BBEAEHHSA-BUBEICII-
uda. Ilpn mpomy MII Bucravisie wa wuny aapecd AB aapecy
inTepdeiicy i mo muni gaugx DB 34nTye Aani 3 npHCTPOIO BBe-
Jenns abo 3anucye y npuctpiit Busesenus. Ha puc. 24.4 306pa-
Xero oaun inTepdeic BBeeHHs Ta oAUl iHTepdeiic BUBeeHIIS.

Cucmema nepepusans nae smory MITC pearyBatu Ha 30BIIiUIL
CHTHAIM — 3alUTH NepepUBaHb, JXKepeJaMi IKHX MOXYTb OYTH
CHI'HAJIM TOTOBHOCTI BiJi 30BHIIHIX IPHCTPOIB, CUTHAJH Bif rele-
PATODIB Ta CHI'HAJIM 3 BUXO/JIB JATYUKIB. 3 IIOSBOIO 3aIIUTY Ilepe-

“pusanns I{II nepepuBae OCHOBHY HporpaMy i mepexXoguTb IO
BMKOHAHIIS MiANPOrpaMy 06GCTYTOBYBANHS 3aIIUTY TIEPEePUBAHHS.
g mo6yaosu cuctemu mepepusBanb MIIK micrars BIC cne-
HiaJpbHEX NPOrPAMOBANMX KOHTPOJIEPIB NepepUBAHD.

Taiimep npu3Hadeunii sl peastizalii GpyHKiii, o’ a3auux 3
BifstikoM vacy. Ilicas Toro sik MII 3aBanTaxkye B TaiiMep 4KcIO,
110 3a/1a€ 4acTOTy, 3aTPUMKY abo koedilieHT ainenus, taitmep
peanizye norpi6ny ¢GyHKILiO.
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24.4. MopaHHs Yicen y Mikponpouecopax

V perictpax a6o xomipxax nam’sti MII indopmanio posmi-
IIEHO ¥ BHIVISAL ABIIIKOBUX Yiices1, IPHUOMY AJIA KOXKHOIO PO3PH-
[y YiCIa BiABeZEO OKPEMY KOMIPKY, 1o 36epirae oaun 6irt indop-
Mallii. CyKyIHiCTh KOMIPOK, IPA3HAYEHUX IS PO3MILIEIIIT OJ1-
HOI'O JIBIfIKOBOTI'O GHC/ia, HA3UBAIOT Po3pAdHow cimkorw. Kinbkicts
KOMIPOK Yy PO3pAAHIl ciTii oOMeskena i 3a/1eXUTh B/l KOICTPYK-
THBHUX ocobanBocteit MII.

Hoaanus uinux yucea 8 MII. bDessnakosi niai yncna nmoaa-
11 y MIT natypasbuum KogoM. Hamyparvrum kodom nasusa-
I0TDb MOJANIISA YHCIA 9K 4ilozo 6e33HaAK06020 ¥ ABIKOBIN cucTe-
Mi uncsenns. /lianason yucea y 1aTypajbHOMy KO/l 118 n-po3-
paauoi citky cranosuts Big 0 1o 2" —1, To610 Ans 8-po3ps ol
CITKH Alamas3on 4uceJ y HATYpPaJbHOMY KOAI cTaloBUTh Bij 0
fo 255. Hampuxnag, maTypaabiuii Ko 4ucia 53y y 8-pospsa/mii
citui HaBe#eHO Ha puC. 24.6.

T8 MOJanNs yiaux 3HAKOGUX Yuce] BAKOPHCTOBYIOTh dodam-
xoeutl xod. CTapuuii po3psaa CiTKM € 311aKOBUM. 3HAUeIs 1bo-
ro PO3PSAY ZOPiBIIOE HYJIO 414 AOAATHUX YHCeN 1 OJUIHIE —
Jast Big'emMnux. B illinx pospsaax posMilllyeTbhest MOAYJIb YHC-
na. Jlodamni uucaa NMOJAIOTHCS HATYPAJILHUM KoaoM. Tak, Jo-
AaTHe YMCH0 +53,, Mae BUIJIAJ, nofannii na puc. 24.6. Ockiabkn
cTapIiuuii pO3PsIA ¢ 3IAKOBHM, Jiana3oll AoJIaTIHX YMCce CTalo-
BuTh BiJ1 0 g0 271 — 1. Hanpukjag, nns 8-pospsamioi citku gia-
Ma30H JOJATHUX YHCeJ CTaHOBUTH Bix 0 no +127.

Ioganist 610’ €MHO2z0 wucAd Y HONATKOBOMY KO 3iRCIITOETD-
cq OOYUCTENIAM YUCTA, SKe JOIOBHIOE 0/aTiie YHCI0 3 THM Ca-
MMM MOZYJeM 10 HaflGiabUIoro 6e33ilakoBOTO YMCJIA, 3 110Jajib-
UIMM JOJABAaHHAM OJMHULI A0 pe3yabTary. OTxe, AOJATKOBUH
KO/I OTPHMYIOTh AofasaInisgM 1 o obepiictioro (iBepcHoro) Koy .

JlogaTkoBuil KO/ MOXIIA OTPUMATH 3a NACTyTIIM (popMalb-
HUM ITPABWIOM: IM(PY IPSIMOTO KOY AOJATIOTO 91caa oTpilio
ilBepTYBaTH MOCJiOBIIO 3J1iBA HAIIPABO [0 OCTAIIbBOT OHINTL,
He BrJovatoyn Ti. Ocrannio npasy oJHHUINO i HACTYIIL 3a HCIO
(paBopyy4) 1y noTpi6io sanuimTh 6¢3 3Mmiim. Jlianason Bt eM-
HMX 4UCENT Y AOAATKOBOMY KoAi cTanosuts Bia 0 jo -2#1. Ha
pHc. 24.7 nokazano AOAATKOBUE KOJ YUCAA =33, ¥ 8-pospauii

Pospsau D7 D6 D5 D4 D3 D2 D1 DO
Bara pospsuis 27 26 23 24 23 22 21 20
5345 0 0 1 1 0 1 0 1

Puc. 24.6. Harypambumit xoa uncna 53,y y 8-poapsiuiif citui
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Poszpsaun D7 D6 D5 D4 D3I D2 D1 DO

Bara pospsanis — 26 25 24 23 22 21 20

3Hak

anca Moayan unciaa

1 1]0}0T1Lo]1|1

Puc. 24.7. JlomatkoBuit xox 4icna =53 v 8-pospsaiit citui

CiTIi, A/A sikol AiamasoH Bif'€MHHMX YHCEJ CTAaHOBUTH Bij 0 10
—128,,. Ilpn ubOMy HOOATKOBHM KOJAOM HaiiMEHIIOr0 YHC/Ia
~128,, € uucmo 10 000 000,

Oco6auBicTIO 16AaTKOBOTO KOJy € Te, UIO Ollepalliio BiHiMaH-
Hs ABIAKOBHX 4HCEJ MOXHA 3aMiHHUTH OTepauliclo JoJaBaHHS y
AOJATKOBOMY KOJI.

IlepeBaramMu 101aTKOBOTO KOALY € MPOCTOTA ONepalliii oTpuMan-
1 Ta JOAABAHISA YHCEN 3 PI3HUMH 3HaKaMH, a TaKOX Te, WO HYJIb
Mae equne noganna 0 = 00 000 000. 3aBasku uum IepeBaram
IOJaTKOBHH KOJI BHKOPHCTOBYIOTD HaiiyacTile.

Ilonanua apo6osux uncenr 8 MIL. Cnoci6 posmimenns pos-
pAziB Yucaa B po3pAAHil ciTUi BU3NaYaeThes GopMOI0 MoAalHA
ABifikoBUX 4ncea — i3 BikcoBaloo a6o 3 MIaBAIYOI0 KOMOIO.

ITodanna yucen y gopmi 3 gixcosanow xomor. 1 posmi-
IeHHs] ABifiKOBOTO YMC/a, 10 MiCTHTDb LY i ZPOGOBY YaCTHHM
(6es ypaxyBauus 3uaka), y n-pospamiift citui k& KOMipoK mpu-
AINAIOTh AT PO3MiLleHHs iMoi yacTHHM Ta n — k KOMIpOK —
[IJs1 po3MimenHss [po6oBoi. 3a Takoro MOAAIIHA ABIMKOBUX 4u-
CeJt MOJIOXKEHHA KOMU y Po3psafuiil citii dikcopano.

ITodanmns yucen y hopmi 3 naasawuow xomow. Mopmy 3 na-
BAIOY0I0 KOMOIO 3aCTOCOBYIOTh [JIS DO3LINPEHHS AialTa3oHy i 3Mel-
IeHHs BiJHOCHOI IOXUOKH NMofaHus yucen y MIL.

Yucao N 306pakyioTh y BUIVIAAL 06y TKyY. lepimum MHOXHU-
KOM € IpaBUJIbHU Api6 a, AKU Ha3MUBacThCI MAHMUCOIO YKC-
na. JIpyrumM MIOXXHHKOM € OCHOBa 2, ITi/{Hecella /10 CTeNels p,
AKUI Ha3UBaEThC NOPAOKoM yucaa: N = ta - 27,

Mantica i TOPSACK € 3HAKOBUMH unciamu. JIJs 3asnadeHis
3HAKiB y pO3pAAMIA CiTHi BIABOAATbCA 2 JOAATKOBUX PO3PSIH.
3 Tako10 (opMoI0 IOAANNA iICHYIOTb Di3ili BAPiaHTH 3allUCy OHOIO
i Toro camoro yucaa. Hampuxaan, uncno 11,01, MoxxHa sanucaru
ax 0,01101, - 2112 460 ax 0,01101, - 210 Orxe, xoMa y MaHTHCI
Mosxe 3cyBarucs (111aBaTH), a MaHTHCa MOXe Hab6yBaTH Pi3HHX
3HaYeNlb, MeHIIKX BiJ OAMHMLI, 32 BiANOBIAHMX 3Ha4Yellb nopsa-
Ky. QopMa nogaHils 9uCca, B SKOMY CTapIIHi po3psaj MalTHCH
1e gopisiioe 0, Ha3UBAETbCA HOPMAAIZo8anum. Yci imui dop-
MU ITOZaHHS € HEHOPMAJi30BaHUMH.
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Koa manTHCH Kon nopsaxy
/ i |
3HaKoBWH k 3uakosuit "k
po3pAX pospsa
MaHTHCH HOPSAKY

Puc. 24.8. INoganus gucesn y ¢opMi 3 I1aBalodol0 KOMOIO

Y MiKpONIpOIeCOPIINX CUCTEMAX, B AKHX peali3oBalio o aulis
yucen y ¢opMi 3 IJIaBAIOY0I0 KOMOIO, YHC/Ia 30epiralorh y mopMa-
nisosanomy Burgsiii. [lpu npomy 6ipla KiJbKicTh PO3psiiiB
BUKOPUCTOBYETHCS 118 36epirais Jpo6OBO] 4aCcTHIIH, BIIACJLi/JOK
4Oro MiABUIYETbCA TOYHICTD 064UCAenb. AKUIO TicAA BUKOHAI-
Hs1 apidMETHUYHNX oNepalliil, TAMPUKJIAL BIAILIMAIIIS, Pe3y/ibTar
BUABJSETbCS HEHOPMATi30BAIINM, TO TICPE/] 3a1IECEIHAM YHCA B
naM’ATh BHKOHYIOTH iOro HOpMadmisaliio, To6TO 3CyB MalTHCH
JIBOPYY Ha BiANOBIANY KiJbKiCTH PO3PAAIB, 1 3Menulels mo-
PAZKY 4YHCJa HA BIANOBIAHY KiJbKICTb OJMHHIIb.

ITix wac 3amucy ABilikoBoro uucja y ¢opMi 3 IIaBAOY0IO KO-
Moio y (n + 2)-po3psimiii citui k KOMipok TIPpUAINAIOTH JIIA PO3-
MilIenNs MalnTHCH, a it~ R KOMIPOK — /g po3Milieinnid NOPAAKY,
a 2 pospsaaM — 1A sasunadelnns anakis (puc. 24.8).

Jianasoi yucen y ¢opMi 3 NIaBaIOU0I0 KOMOIO 3114410 WHp-
urmii, ik i3 GIKCOBAHOI XOMOIO, a BIALIOCHA NOXNOKA 3Uav00
Menma. QopMy nogaiig ABIHKOBHX wHCE] 06HPAIOTDh 3uJIEXKII0
BiJ THITY 3a/a4i, TOTPIGHOT MBHKOALL, TOUIOCTI BHKOUANIIS apu(-
MEeTHYHUX Oomnepailifi i Aianasolly 3MINH 311a49elb BEJIMYNH, 3 K0~
Mu onepye MIIL.

KoHTponbHi 3anuTaHHA

. Hassitb cxaanosi MITK. :

3a akuMu knacudikatiiaaMu oswakamu noainsiors MIT i MITK?

Ha posp’sSsaimsa AKX 3aj1ad OpieHToBaHl cnellianisopani MI1?

Slxc npHsHAYCHHA Ta SKi CKAXOBI CHCTCMHOL 1WHHIM?

Haspite MPHHUANM NepeAaBaHHA iHGOpMamii Mo IWMHHaX - QJPCCH,

NAHUX, KePyBAaHHSA.

Hassits npunuumy no6yaosu MIIC i cxapakTepusyiiTe iX.

Haseaits Tunosy crpyktypy MIIC i nosicuits upistaucunsg pyHeiio-

HaJIbHUX MOAYJIIB.

8. Tlopaiite uncio =75 y AOAATKOBOMY KOAI.

9. Haspith HIAITA30H 3HAYCHD JOJATHHX i BII’EMHHX YHCCH Y HOMATKOBO-
My KoJli: a) 7 = 4; 6) n =8; 8) n = 16.

10. Poskaxith Hpo HepeBard J0AaTKOBOYO KOIY.

11. 3anuuits uncaa 1110110,011, y Hopmanisopaniii Ta HeopMaTi3oBaHil
¢opMax i3 MIaBaOY00 KOMOIO.

12. TloACHITD NPH3HAYCHHSA BXOAY KCPYBaHIA TPCTIM CTAHOM.,

Ulb.OJNl-b

Ne



Pozgin  APXITEKTYPA
25 MIKPOMPOLIECOPIB

25.1. ApxiTekTypa
8-po3psaaHUX Mikponpouecopis

CTPYKTYpHY CXeMY y3arajbHEHOTro 8-pO3DPSAHOTO OAMOKPUC-
tansuoro MIT sobpaskenio na puc. 25.1. Cxema Mae emHy BHYTpiu-
HIO 8-DO3PAAHY IIHHY, 110 AKill IepefaloThes AaHi, KOAM KOMAHA
Ta aJpecHu.

CrpyxkTypia cxeMa MicTiTh IpucTpiit kepysanus [1K, gemmgppa-
top koMaug JIIK, perictp komanun PK, apudmernano-iorivnuit
npuctpift AJIII, akymyiaTop A, 4acoBul akymyastop YA, yacoBuit
perictp UP, perictp npanopuis F, 610k 8-po3psaAHUX PericTpiB
3arajploro npusnavenus P31, MyJbTUILIEKCOD, TTOKAXKIUK CTe-
Ky (Stack Pointer SP), noxaxuuk xoMang (Instruction Pointer
IP), 6ydepuutt perictp aapecu BA, Gydepnuii perictp namux
B/, cxemy inxpemenra-gexpemenra CIL/I.

IIpucmpiii xepyeannsa BiANOBIAHO A0 AeUPPOBAHNX KOIIB
KOMaH/{ Ta 30BlILIMIX KEPYIOYNX CUFHAMIB reHepye Kepylodi cur-
HaJU 175 BCiX 6JIOKIB CTPYKTYPHOI CXeMH.

Dynxyia nouamrxoeozo ecmanogaenns MII. 3opuinmiii cur-
HaJs ITOYaTKOBOro BCTaloBJes npouecopa RESET ¢hopMyeTh-
¢4 nicas BBIMKHeNHS JKepesa xubaennsa MIT a6o micas natnc-
xanug kHonku RESET. 3a nosBy UbOTO CUTHAJLY IPUCTDIlt Kepy-
BaHHA 3a6e3ieuye 3aBAHTAXKeIHs HYJIbOBOTO 3HAYEHHS Y IPOrpaM-
Ui MYAIBHUK, 10 iHilioe BubupanHs 3 naM’sTi 6aiita KoManu
i3 mys1pOBOIO aapecolo. Hanpukinii BUGHpaHHs BMICT JidMIbHU-
Ka KOMaH/ 3061/IbIIYETBCS 11a ONHNAIIO, | BUGHPAETBCS 6allT KOMAI
3 HACTYIHOIO aapecolo. TakuM YMHOM BHKOHYETBCS BCs 3aliuca-
Ha y maM’'siTi mporpamMa.

Dyuxyis cunxponizayii. 3riano i3 30BHIUHIMHE KepylounMH
CUrHAJaMHU | cUrHajaMy CURXpocuriagisanii npucrpiii kepysan-
Hsl CHHXPOHiI3ye poboTy Beix 6aokir MIL.

Dynryia nepepusansv. 3 HAIXOLKEHIAM CUTHATY TlepepUBANISA
npucTpill KepyBanus ifinioe po6oTy nianporpamMu 06poGKY BiANo-
Bianoro nepepuBanns. Ilotpe6a y peanizauii dyukiiiit nepepu-
BAllb BUHUKAE TOAL, KOJM i/ YaC BUKOHAHHS OCHOBHOI IpoTpaMul
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tpeba nepesectd MII Ha poss’gsannd iHmoi 3agayi, HanpuK.Iajn
06po6Ku aBapiitiol curyauii a6o po6oru 3 IIBB,

Dynruyis y3200xenHs weudxodii Mooynie MikponpoyecopHol
cucmenmu. Ilin 4ac obcayrosysanus nam’sri ta IIBB i3 snauno
MeHUIow weuakoaieto, uix MII, ysromxenna msuakonii Bupi-
myeTbcs TeHepallielo TakTiB ovikysanHa MII, a mig gac o6cyro-
BYBaHHd IIPUCTPOIB 3 6i/blioI0 IIBUAKOAIE0, Hixk MII, Bukopuc-
TOBYETBCS PEXUM Ge3MOCEPEAIIbOTO AOCTYNY A0 naM'sTi.

Hdewudpamop xomand dopmye curnaaum gias IPHCTPOIO
KepyBallHs 3riglio 3 gemudpoBaHuM KOAOM KoMmauau. Y 8-pos-
psLLIIOMY pezicmpi KomMaro 36epiraeTbest MAIIMIIMI KO KOMa-
au (ogun 6aiit).

Apuchmemuxo-noziunuit npucmpiii — ne xomGinaniiina
cxXeMa Ha OCIIOBi CyMaTopa i JIOriyiIX eJIeMelITiB, SKHi curilasa-
MH 3 BUXOJIB IIPUCTPOIO KepyBallisi HAJATOKYEThCS Ha TY 4N
inmry apudMeruuny abo JOTiuHy oOmepamiio — AOAAaBAIIA,
Bimmimannsg, I, ABO, BUK/IIOYAJIBHE ABO, HI, scys.

Axymyaamop € 8-po3psaunM PETiCTPOM, B IKOMY 36epiraeth-
CSL OIMH 3 OUEPAHAIR ¥ ABOOUEPAHIHNX KOMAHAAX, A TAKOK pe-

{;

1

Perictp -
mpanopuis F [ " ATl
i
2 UP g|| uA
Fl= L R
F2~ f ¢ 1A 3
RESET = TK IIIK
T
PK g
=~ WAIT
= HLDA
—~ INTE
READY~ - DBIN
HOLD~ ~ WR
INT —SYNC

Puc. 25.1. CtpykrypHa cxeMma
8-po3pAIHOro MiKpOIIPOLIECOPA

—
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syJabrar onepauii. Hampuksaaa, y KoMauzi JogaBania
ADD B; A+B—A

BKa3aHo JMIIe OJ1H onepana — 8-pospsauuil perictp B. Perictp
B — oaun i3 perictpip saranbioro npusnavenust (P3I1). V ze-
axux MII P31l nosnayaiorbest JiTepaMH JaTHHCBKOIO andasiTy:
B,C,D,H, L,simuux — R0, R1, R2,... . JIpyruM ollepas/ioM €
akyMyJsitop. Pe3ysabrar mofjaBaHHA BMICTY aKyMyJnATopa Ta pe-
ricrpa B mepeHoCUThCSA B aKyMYAATOD, IO CHMBOJLYHO 3aIIUCYETh-
Cs1 B KOMEHTapi 40 KOMaHIu.

Yacoeuil akymyasamop i yacosuii pezicmp — ue 8-pos-
panui 6ydepni pericTpy, AKi JaloThb 3MOTY BI/IOKDEMUTH BXOIU
AJIII Bix tioro BEXOZY, TOOTO BUKJIOUHTH «TOHKY» CHTHAJIB.

Pezicmp npanopuie F (Flags-npanopui), a6o o3Hak, —
Kisbka Tpurepis (I1'sATh a60 WIiCTh), SIKi BCTAHOBJIIOOTHCS B O/H-
Huunnit (a60 CKMJAIOThCA B HYJIbOBMIA) CTal 3ajieXXHO BiJ pe-
ayabrary onepauii B AJIIT.

Pezicmpu 3azanvnozo npusrnauenms — 6J0K 8-pospai-
mux P3II, B sxkux 36epirailoTscs JaHi Ta IPOMIXKHI pe3y ibTaTH.
Ieit 610k P3II MoXHa po3TIsaaTy K IuBuAKoAiouu#t O3, mo
Mae nHai6iabmy mBugkoailo cepea O3 pisHux THNiB, OCKiIbKH
BiH posMimennii Gesnocepeauno 1a kpucrani BIC MIL. /[lesiki
T 8-pospsAHUX Npolecopis, kpiM 8-pospaanux P3I1, mMicrars
16-pospsiani inAeKcii pericTpy 444 opradizauii nenpsaMol ajpe-
canii, iHmi — NIPONyCKalOTh 3B€pPHEHINA A0 Mapu 8-pO3pAIHUX
perictpiB sk fo oanoro 16-po3psanoro.

Myavmunaexcop — TpucTpiii, Mo 3’€AHy€E OJUH 3 PETiCTPIB
P31 i3 Buyrpiunibolo mnow MIIL.

Hoxaxuux cmexy SP (Stack Pointer) — 16-po3psiaunii
peTicTp, B AKOMY 36epiraeTbcs apeca OCTallIboi 3afIIATO] KOMipKH
CTeKy.

Hoxaxuux xomand IP (Instruction Pointer) — 16-pos-
paanuit pericTp, B AKoMy 36epiraeTocs ajpeca KOMaHAH, L0 BU-
xonyerbes. [licast BUGipKU 3 IaM'sTi mporpaM KOoXXHOTo GaifTa
koMari BMicT IP 36iJplIyeTbcsl Ha OJUHULIO. Y JiTeparypi
neif perictp inkosu nasusaots PC (Program Counter) — npo-
TPaMHUH JiYNUTbHAK.

Bydepnuii pezicmp adpecu 1a 6ydepnuii pezicmp da-
HUX — PEricTpU 3 TPhOMA CTAaHAMH BUXOJY, NpH3NaveHi JJs
¢opmyBaliis BiANOBI/IIO CUTIANIB Ha JiHIAX 1WA aAPECH 1 JaHuX.

Cxema inkpemenma-dexkpemenma — npuctpiii, 1mwo jgae
amory 6e3 y4acti AJITI 36iaburuTi a60 3MEHIIUTH Ha OAUIHIIIO
BMmicT oaHoro 3 pericrpis P3II, IP a6o SP.

Kouerpykrusuo BIC 8-pospagnoro npolecopa BUKOHAO B
Kopmyci 3 40 BUBoaamy, 3 AKUX 16 npunmazae Ha IIHHY aAPECH,
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8 — Ha mudy naunx, 2 (4) — . ' . '

Ha BBIMKHEHIsS >KUBJEIHS, a FIT_I L _JL T _J_
iHu — Ha JiHil mMuHA Kepy- i i i t
Bauisa. OcHoBHI JiHi] IIMHE Ke- F2L|"| N | B N g
PYBaHHI [I0K43aHO HA PHC. 25.1: ¢

F1, F2 — Bxig ABOX 10-
CJiJIOBHOCTEN iMITyJIBCIB CHH-
Xponisauii, 1o He NepexpuBa-
iotbes (puc. 25.2);

RESET — Bxiz curHaly 1o4aTKkoBOrO BeraHopgenns (cxu-
Jauia);

READY — BXiA cHTHaJly FOTOBIOCT] 30BHiMIHBOTO NPHCTPOIO
abo naM’aTi 10 06Mily; BUKOPHCTOBYETbCA /IS Oprasisaiii 06-
Miny 3 Memn wBuaxkoAiogumMu (nopisuano 3 MIT) npucrpoamu;

WAIT — Buxin curuajly NiATBepI)KeHA-04iKyBalllid; aKTHB-
Hu¥ piBenb CUrHamy CBIAYHUTH IO Te, IO Ipoliecop nepeiiinos y
PEXUM OUiKyBaHHSA i BUKOHYE XOJOCTi TaKTH;

HOLD — Bxig curnaly 3anuty npamozo docmyny 0o nam’s-
mi a60 3aUNT 3aXOIJIEHHS NIHH; BHKOPUCTOBYETHCA [ Opraiii-
3airii o6Miy 3 OPUCTPOSIMHM, IIBUAKOMIS SKUX BHUINA, 111K IBH/I-
KO/1isl Ipouecopa,

HLDA (HoLD Acknow-ledge) — Buxim curnany nia-
TBEP/IKEIIHSA NPSAMOTO JOCTYITY /10 IaM’ATi; akTHBHHI piBeb UbLOro
CHUTTIATY CBiYMTD IIPO Te, L0 Ipoliecop MepeBiB CBOI MHHU aJl-
pecH, JaHUX Ta KePyBalfHs Y BUCOKOIMUeAANCIHI cTall;

INT (INTerrupt) — BXiJl CMrliajly 3amuTy NepepuBaliis;

INTE (INTerrupt Enable) — Buxinx curnajiy Jo3Boay lepe-
PHBaHHS;

DBIN (Data Bus IN) — BuXiJ curuajly 9uTains; BHCOKHii
piBetrs (H-piBellb) 1IIbOTO CHIHANY BKa3ye, IO ABONALDPAMIACIIA
MMIia JanuX 311aXonThcA y pexxuMi npuiiomy indopmariii;

WR (WRite) — Buxin CUTHANY 3aITHCY; 1IU3bKIH PiBEHb [[bO-
FO CHFIIANY. CBLIYWTD PO Te, MO JBOUANPSIMJIENa IUIIa JAlinX
31aXOQUTBCS Y PCKUMI BUaBalls ildopmMalrii;

SYNC (SYNChronization) — BAXiJl CMrHaTy CHIXPONi3allii;
BUCOKHI{ piBeHb LbOT'O CHIIIAJLY O311a4a€, UI0 1a MM AanuX ne-
peaaerbes 6aiT cTally, SIKHI BUKOPUCTOBYETHCS ANst hopMyBall-
IS IesTKUX KepyIouMX CHUTTIAiB,

Cxemn oxpemux MII BiapisnugioTbes KifbKIiCTIO Ta No311aven-
TISIM PeTiCTPiB, a TaKOX JeAKHIMH KepyIOUUMI curtianamu. Hampu-
kaaj, y MII i8085 3amicth ABOX curnajis F1 i F2 BuKopHCTO-
BYeThCs oMt curtian cuixponizaiii CLK (CLocK); saMicrh curia-
ay DBIN — curnaa uaranist RD (ReaD). Hyawosuii pisenn
LBOTO CUTHATY CBIAYMTD PO Te, WO ABONANPAMIENA TIHHA JAlnX

Puc. 25.2. Yacosi miarpamu iMIyancin
cunxpoHrizauil F1 i F2
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3HAXOMUTHCA y pexkuMi npuitManus ingopmanii. ¥ MII i8085 e
noparkosuit curnian M /10 (Memory/Input-Output) — osua-
Ka 3BepHeHns o naM’sati (JlorivHa oguHuia) a6o 0 IPUCTPOIO
BBeJIeHlA-ByBeAeHHA (J1oriunyi Hyb), ane HeMae curuany SYNC.

CxeMa upaimioe Tak (quB. puc. 25.1). Ilix vac BBiMKHEHHS
JKHUBJIElsE a6o mig yac (OpPMYBaHHs CHTHAJY TIOYAaTKOBOTO BCTa-
HoBJenust RESET BMict nokaxkuuka koMan/ I P naGyBae HyJIbO-
BOTO 3HAYEHIIs i HOYHHAETHCS MAIMHHMIL UK BUOiPKH KOMaHIH1
3 maM’Ari. BMict koMipKku naM’siti 3a 11yJhOBOIO a/IpECOIO dyepes
6ydepuuii perictp panux ta BEyTpimmmo muny MII nagxoauTsb
y pericTp xoMau/, a miciad Iboro — y aemmudparop KOMaHji.
Bianosiaio go gemrm¢poBalinx KoJiB KOMaHJ i 30BHIIHIX cHr-
HaliB CUIIXPOHi3amii Ta KepyBaHHS NpUCTPill kKepyBanusa ¢op-
My€ Kepylodi iMIyJIbCH AJA KOXHOI MiKpoonepallil KoMaHau.

Buxonanus xomang B MII i8080. Koxna xomanzga B MII
BUKOHYETbCS BIPOLOBXK KoManOHozo yuxay. KoMalauui NHKI
CKJIAJIAEThCA 3 UUKAY BUBIPKU KOMAHOU TA YUKAY BUKOHAHHA
xomandu (puc. 25.3).

TpuBanicts yuxay eubipxu xoMandu 3aJeXuTb Bix dopmarty
xoManu (kigpkocTi 6aiiTiB y MamminoMy Koxi komanm). Koman-
1 3afiMaloTh Bij OAIIOro A0 TpboX 6AlTiB y nporpaMuiil mam’sIti.
BaraTo6aiitosi koMangy 36epiraloThCs y CYCiAHIX KOMipKax maM’ -
Ti. Jlns Bubipku ognobaiitoBoi koManayu (Hanpukiajt, JodaBan-
na akyMmyJasropa A i pericrpa B-ADD B) norpi6He ofHe 3Bep-
HeHIs 0 TaM’'aTi, A14 BuGipku Tpubaiitosoi Komanau (Hanpuk-
Jlajl, BUKJIMKY mignporpamu sa agpecoio ADDR-CALL ADDR) —
TpHU 3BepHens. TPHBATICTb YUKAY SUKOHAHHAL KOMAHOU 3aje-
KUTH Bifl criocoby aapecaii onepanais. Tak, mig 9ac BUKOHAIHSA
KOMaIlI 3 pericTpoBo afpecatielo 1oJaTKoBe 3BEPHEHHA A0 Ia-
M'STi A7 YMTaHlisl omepaliia He BUKOPUCTOBYETbCS, a B KOMaill-
JaX 3 HEMPSMOIO ajipecallielo Take 3BepHeHHs 060B’ 43K0Be.

Tomy Tpusagdicts xoMananoro nukay 8 MII i8080 e pisuorwno
JUIsSL PISHUX KOMAI/ i BU31IA9a€ThCs KiJbKiCTIO 3BepHEND A0 liaM’ A~
Ti 260 Z0 30BHIiLIHNPOTO MPUCTPOIO. IHTEPBAJ, YIPOAOBXK AKOrO
3aifCHIOEThCSA O/lle 3BepIIeHis Ipollecopa 0 NaM'aTi 4i [0 30B-
HINIHBOTO MTPUCTPOIO, BU3HAUAETCS SIK MAMITHMIA k1 M. Orxe,
KOMAaH/IIHIT LMK TpoLiecopa CKIaAAEThCs 3 AeAKol KiJIbKOCTI Ma-
IMHHUX MUKJIIB (3a71€XHO BijL
TUILy KOMaHau). Y HaBeleHo-
My Ha puc. 25.2 mpuKJIaai
I[UKJ BUGIPKY Mae JIBa MalliH-
uux uukiam (M11iM2), a quki
BUKOHAHHSA — OJUH MAaIluH-
uuit uuka (M3). Y komanzi

uxn Bubipku | LIMKI BUKOHAHHS
ML i M2 M3

KoMaHanui UHKI

Puc. 25.3. Ilpuxsan KOMaHAHOTO LHK-
ay 8-pospaanoro MII
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Moxke 6yTH Bif oanoro (A1 0AHOGARTOBUX KOMAH/I 3 PEricTpo-
BOIO afipecalieio) o n'arn (A1 TpUGARTOBUX CKIAIHNX KOMAHI)
MalIHHHUX LMKJIB.

Mammuii LHKJ, ¥ CBOIO Yepry, MOAUISIETLCS Ha JAesIKY KiJIbKiCTh
MaUIMHHUX TakTiB T, yIPOAOBXK KOMHOIO 3 SKUX BUKOHYETHCS
esieMentapua gist (Mikpoonepatisi) y npoiecopi. KinbkicTp TakTis
Yy LUK BU3LIAYAETbCI KOJOM KOMaHIW i CTaHOBMUTDH Big 3 0 5.
TpusanicTs TaxkTy 3afa€Tbcd NepioioM IMIYJIbCIB CHIIX POHi3alil
i BU3HAYa€TbCA AK iHTEpBaJ Hacy MiX QpolTaMu ABOX Cyciamix
iMnybciB nocaigosnocti F1, sska GpopMyeThCs 30BHIIINIMH JaH-
mioramu. OTke, koMauaui muka MIT (8080 cknagaeTbes 3 nes-
HOI KiJIBKOCTI MaUIMIINX ITUKJiB, a KOXKIIHN MAUIHIHUN LHKI —
3 BU3HAYEHOI KiJIBKOCTI TaKTiB, YIPOAOBX SAKHX BUKOHYIOTBCS Ti
9y iHIOI eJeMeNTapHl Ail y npouecopi.

Sx mpuknaz posridneMo BHKolanns xkoMmaunin ADD B 3a
Mikpoonepanismu. KoManga Micturs oaus Maummnmii kg BU-
BIPKA, nio BUKOHY€ETbCS 32 YOTHDH TAKTH, a MOTPIOHA A/ BU-

BaiiT crany ~ Aapeca P R
r $o7-po Yais-a0 14 ] g

| BIL ]! BA J rAKyMmeoP IL q1'> JI:Pericrp ]
1

Kon komauau
T3 lD?—DO TAIS—AO

L sa [ sr |

Perictp

KOManj Puc. 23.4. Buxonanns xomanan ADD B sa Mikpo-

onepauiaMu:
8 a, 6, 6, 2, 0 — BinmosigHo raxtu T1, T2, T3, T4, TS
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KOHAHHS KOMaHM MiKpOOTIEpAllis II' ITOT0 TAKTy BUKOHYETHCA B Tak-
1i T2 macrymioi komauau. Ha puc 25.4, @ — 0 nokazano aii MITy
KOXXHOMY TakTi Mamminoro uukiy. ¥ takti T'1 (puc. 25.4, a) Ha
HIMHY aJpecH BUAAETBCS BMICT IOKaXkdyuka komamni [P, gxkuil B
takTi T2 (puc. 25.4, 6) 36iAbIIyeTbCA HA OMMIMIIO LIS aApe-
carii Hacrymiol xomamnau. Komanna BuGupaerbes 3 mam'sri y
taxTi T3 (puc. 25.4, ). ¥ taxti T4 (puc. 25.4, 2) aAificHIOETbCS
miArOTOBKA OIMEpaHJiB [0 AojaBallHda: BMicT perictpa B no
BHYTpPilIMi#l IMH] MepecuIaeTbCsa B YaCOBULL pericTp, a BMICT aky-
myJsitopa A — B perictp y yacoBuif akyMyaarop. Y I'aToMy
TakTi, siKuil cyMmilreHuit 3 takroM T2 HacTymHoi KOMaHAu AJd
36iIbIENHS NTBUAKOAL], BHKOHYETBCS [OAABaHHA onepanis. Pe-
3yJIbTaT AOAABAHHs 3alaM ATOBYETHCA B aKyMYyJIATOPI.

25.2. ApxitekTypa
16-po3psaHMUX MiKponpoLecopis

Ilo 16-pospaanux MII mepuroro nokoninng nanexars MII
18086 /18088 ra 18018680188, mo MII apyroro — i80286.
Bemka inrerpanpua cxema MII 18086 3 reoMeTpuulIHMH po3Mi-
pamMun 5,5 x 5,5 MM Mae 40 KouTakriB, MicTUTb 6au3bko 29 000
TpansucTopiB i coxkuBae 1,7 BT Bijg axepena skubiaenns +5 B,
TakToBa vacrora — 3,8 abo 10 MI.

Mikpormpoiecop Bukollye onepauii 3 8- Ta 16-pospsaauumu
JAHUMY, HaBeJeHUMHU y ABINKOBOMY a6o ABilIKOBO-IECATKOBOMY
BUIIs1, MOke 06po6JsaTH TeBHI 6iTu Ta psaaxy abo MacWBH /a-
nux. Bin mae B6ynoBani anmapatiii 3aco6y MHOXKeIH:A i AimeHHs.
dopmMatu gangx i BUKOHYBall onepaiii HaBegeHo B taba. 25.1
Mikponponecop Mae BHYTPIILUIIi# HajomepaTHBHME 3araM’s-
‘toByBanbuuii puctpit (HO3I) emuictio 14 X 16 Gaiit. luna
agpecu 20-pospsiaua, 10 Aae 3MOTy 6e310cepeIHbO AJpecyBaTH
1o 220 =1 048 576 komipok mam’sti (1 M6aiit). Ilpocrip aapec
BBe/IeHHs-BUBelelHsA cTanoBuTh 64 Ko6aiit. Y BIC i8086 peauri-
30BaHO 6araTopiBHEBY BEKTOPHY CUCTEMY IIePEPUBAIIDb 3 KiJbKICTIO
BeKTODIB 10 256. [lepen6avenio TaKoxX opraHisaliiio npsMoro ao-
crymy jo mam’siti, mieas yoro MIT mpunuisie po6oty ta nepeso-
JWTH Y TPeTid cTaH UM apecH, JaHuX i KepyBalils.

Cepejtsi TPUBATICTD BUKOHAHHS KOMaHAu 3aiiMae 12 taxris.
Ocob6ausicrio MII i8086 e MoxuBicTh HacTKOBOI pexoHpiry-
pauii anapatHoi yacTunu AJs 3abesnedelnss pobOTH ¥ ABOX pe-
KHUMaX — MiliMaJpHOMY ‘1 MaKCUMaabHOMy. Pexxumu poboru
3a/1aI0TbCS ANIAPATHO. Y MINIMAABHOMY PeXuMi, 1[0 BUKOPUCTO-
BYETDbCA JIIA MoGYA0BU oanonpolecopuux cucreMm, MII camocriiinio
opmye Bci curnasy KepyBalHsA BHYTPIWIHIM CHCTEMHUM iHTep-
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Tabruya 25.1. Mopmaru gaHux i onepaniii, o BukonyloTbes MII i8086

Tun ganux Dopmar Jianason Omnepanii
Baiir 76543210 0...255 JlogaBaHHA,
6¢3 3HaKa [™ ] BiAHIMAHH,

T MHOCHHS,
OiNeHHsT
Crapiunii 3Ha4y Uil po3pan
Baiir 3i 76543210 —128...+127 | Te came
3HAKOM | T |
Craputuil 3HayyLHif
po3paL
3uakoBHit Po3psix
C1oBo 6e3 15 14 .......... 10 0...65 535 -« -
3HaKa T I
CrapHuil 3Ha4yIIKit PO3pAn
CaoBo 3i 15 14 .......... 10 -32768 ... -« =
3HAKOM L ] +32 767
Crapimyii 3Ha9ymu i
po3psia
3HakoBuii po3psij,
Ynakosawe (7 6 5 4 3 2 1 0 0...99 Ilonapanusi,
Apifikozo- [ T BiHIMANHA
ACCATKOBC T 3 KOpeKuieo
YUCJIO
Crapma  Moaoauma
TeTpana TCTpada
(0-9) (0--9)
PoanakoBaue (|7 6 5 4 3 2 1 0 0...9 Jlogaganns,
ABiltKOBO- v | BigHIMaHHS,
ACCATKOBC T MHOXCHIISA,
YHCO JUACHIA 3
Crapiua Monoaua KOPCKIL€10
TCeTpaja  TCTpaja
0) 0—-9)

IMpumitxa 3HaxkoBi YuCIa NOJAIOTh ¥ JOAATKOBOMY KOAL.
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deficom. Y maxcumanrvromy pexumi, SKUt BAKOPHCTOBYETBCS AJIs
o6y J0BY My abTUIpolecopHuX cucteM, MIT dopmye na minisx
cTaHy ABiHKOBUH KO/, AKUI 3a/€XUTDb BiJ TUIIY IUKJIY IIMHH.
Bianosiguo g0 usoro xoxy cucremuunii koutposep K1810BI88
opmye curuanu kepyBanHs unow. KouTakTty, sxi 3BITbHIII-
ca micaa koAyBamnusa indgopmanii, BAKOPUCTOBYIOTLCS A Kepy-
BaHHA MYJIbTUIIpoIlecopiuM peskumoM. i wac BukopucTanHAa
apHdMETUYHOTr0 CHIiBIIpONecopa Cail 06HpaTH MaKCHMAJAbHUH
PeXHuM.

Crpykrypua cxema. Y MII i8086 3acrocosano KonBeepHY
apXiTeKTypy, WO Ja€ 3MOry CYMIILYBaTH y Jaci UHKJIM BHOUDPAl-
HS KOMaHAM Ta BUOIPKHU 3 naM’ ATi KOAiB HacTyHUX KoMaug. Ie
JOCSTaeTbCs Tapajesbiolo po6OTO0 IBOX IOPIBHAHO HE3aJeX-
HUX NPUCTPOIB — ollepallifinoro IpUCTPOIO Ta IMUHHOTO iHTEp-
deiicy. Crpyxrypiy cxemy MII i8086 so6paxkero Ha puc. 25.5.
Oneparuiitauii TpucTpili BUKOHYE KOMaH/Y, a IIMHAMIA inTepdeiic
3xilfciiioe B3aeMOJIi10 i3 30BHIIINbLOKO MIKUHOI0 — BUCTABJAE ajipe-
CH, 3YUTYE KOJU KOMaHJ, olepaliu, 3aIHCY€E pe3yabTaTH 06Yuc-
JIEHDb ¥ TaM'ATh a60 npHCTpoi BBeAeHHs-BUBEEHIIA.

Ornepauiituu —
IpHCTPil i l CyMaro e
AH | AL | AX i {f 6 inTepdedc
BH | BL | BX | >
CH,l CL 4 CX | CS s
pH | DL | bx [ DS | |y
P3N BP LSS e
i ES
SP 1 i
: IP 16
ST ! ;
i | Pericrpy 16 )
DI s ; SB’HBKyT 3oBHilHs
7'y E y'y } LuKHa
< h 4 I \ 4 J‘““j
TA A A j:‘ —p DIl ¢
A\ 4 1
BydepHi i
pericTpH '
A A E
y Y ; Yepra KOMaH/
Mpanopuil| Ay (||sKracle 1| 2][3[4]5]6

[

Puc. 25.5. CrpykrypHa cxeMa Mikponpouecopa i8086
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Onepamniiinuit npuctpiii ckiagaerses 3 P31, mpusHadenux aas
36epiraniisg NpoMi>XHUX pe3yabTaTiB — manux Ta aapec; AJIII 3
6ydepunMu pericTpaMy; pericTpa Npanopiis; 610Ky KepyBanils
Ta cuHxponisaii, gkl gerngpye Koau KoMals i TeHepye Kepy-
foui curHa/mu gus Bcix 6iokiB cxemu MIL. [Ilunnuit intepdeiic
ckyazaerbes 3 mecTn6aliToBol pericTpoBol maM’aTi, SIKy HasuBa-
10Th ¥epzor0 KOMAHO, YOTHPDBOX cerMeHTHuX perictpis: CS, DS,
ES, SS, nokaxunka xoMana I P, cyMaTopa AOIIOMDXHHIX PEricTpiB
3B's3Ky 1 Oydepiiux cxem WU aapecn-ganux. Yepra xoMaua
npaioe 3a npuniunoM FIFO (First Input — First Output,
TOOTO nepuu nputiuos — nepuiut niwoe) i 30epirae Ha BUXOAI
MOPSTOK HAAXo/KeuHd koMan. [lossxkuia yepru — 6 6aitt. ko
onepalliiHuil MpUCTpiil 3aiIIATHI BUKOHAIIIAM KOMAT/IH, TIHITIIH
intepdeiic camoctiitiio ininiloe Bunepeikanblly BUOIPKY KO/IB
KOMaH/I 3 aM’sti y yepry komau/. Bubnpauns 3 nam’arti 9epro-
BOTO KOMaHZHOTO CJIOBa 3[1HCII0ETbCS TO/i, KOJNM B 4ep3i BUSAB-
JIIETBCSL B BUIbHHUX Gaiity. Yepra 36isblye MBHAKOALIO Mpolle-
copa y pasi mocJIiIo0BHOro BUKOHAHHS koMauA. I1ia vac BnGupamis
KOMallJl IepPeXoiB, BEKJIMKIB i TOBEPHENb 3 MiIIporpaM Ta o6pob-
JIETIHST 3aTMTiB HepepuBallb Yepra KOMalyl CKMAAETbCS i BUGUpaii-
1151 ITOYMITAETHCA 3 HOBOTO MICUA NMPOrPaMHoOi NaM’siTi.

Kpim Toro, oanuM i3 3apaaus wminioro inrepdeiicy € gopmy-
satrmst ¢isudiioi 20-po3psianoi aapec i3 ABox 16-po3psi/iNuX Chis.
ITepmmM cO0BOM € BMICT 0111010 i3 cermeutinx pericrpis CS, SS,
DS, ES, apyre cJ0BO 3aJIe3XUTh BiZ THIIY aJipecallii oniepanja abo
Koy xoManau. Craaganis 16-po3psaux ciaiB BiAOyBacThCs 3i
3MINENHAM 14 YOTUPH PO3PAAM 1 3AIMCHIOETBCA 32 JOIOMOT0I0
CyMatopa, 110 BXOJUTh A0 CKJIAAY IIMIIIOrO intepdeiicy.

Oprauizanis nam'gri. [Jam'a1s — Macus emuictio 1 M6aiir,
To610 220 8-pospanuux xoMmipox (puc. 25.6). Y nam'sari abepira-
I0TbCS K GaltT, Tak i gBoGaiitosi caosa. CJIOBA POBMIILYIOTHCS
y ABOX CYCIJIIIX KOMIpXax naM sti — crapiwuil 6aiiT 30epiraers-
€y KOMIPHI 31 CTAPUIOIO aJIPecolo, MOJOMIHE - 3 MOJOJIION.
AJIPecoIo ¢JI0Ba BBAXKAETHCA aapeca Horo Mosoauoro 6aiira. Ha
pHc. 25.6 nogano Npukjaj, ko 3a agpecoio 00000 36epiraethes
Gaitt 35H, a 3a aapecoio 00001 — caoso 784AH. Ilouarkosi
(000001 —003FFH) i xiuuesi aapecu (FFFFOH —FFFFFI)
3apes3epBOBalli BiANOBIALIO A1 CUCTEMH IepepHBallb Ta TovatT-
KOBOTO BCT2HOBJIEHIA.

Opramnisanis nam’ari, Koy xoxIiil ajpeci Bignosigae sMmicr
omuiel koMipku mam’ati (quB. puc. 253.6) HasHBaIOTL AINLENOI0.
Y MIT 18086 3acTtocoBatio cezmenmity opraizamiio nam’[ati, ska
XapaKTePU3YETHCS THM, 1[0 MIPOrPaMHO-JOCTYIIION € Iie Bea 1a-
M’SITh, a JIMINE JesiKi CerMelTH, To0To obsacTi maM’gaTi. ¥Ycepeamii
cerMelTa BHKOPHCTOBYIOTH JiHiiily azpecaniio.

3
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00000 35 Puc. 25.6. TIporpamua MoAens maM' siTi

00001 4A
00002 78 Brposamxkennsa cerMentHoi oprasisamii na-
M'ATI MOXKHa NOACHHTH Tak. Mikpompouecop
18086 — 1e 16-po3psanuii nporecop, To6TO BiH
Mae 16-po3psaHy BIyTpimHio muuy, 16-pos-
paznui perictpu i cymaropu. IIparueiist po3po6-
FFFFE nukiB BIC agpecysatu Axomora 6ib1mmil MacHB
FFFEF Hahd’ﬂ'l‘l 3YMOBHUJIO BUKOPHCTaHHA 20-po3psi-

nof mmny gauunx. Juag nopisuguus: 16-pos-
pAnna WIMHA ajpecu Aa€ 3MOIY aJpecyBaTtu
216 = 64 Koaiit, a 20-pospsinna — 220 = 1M6aiit.

g ¢opmysania 20-pospaauol axpecu y 16-pospsamnomy npo-
1ecopi BHKOPUCTOBYIOTH indopmanilo ABox 16-po3paamux
pericrpis. ¥ MII i8086 20-poapsana anpeca GopMyeTbea 3 ABOX
16-po3panHuX ajpec, sIKi Ha3UBAIOTD J102iUHUMU.

Ilepmra soriuna agpeca, AOMOBHEHA [IPABOPYM HOTUPMAa HYJs-
MH, — lle [I04aTKOBa aJpeca cermelrra emuicrio 64 Kéaiir. [pyra
JIOTiYila aZipeca BKa3ye 3MillleHHA Y CerMeHTi, BU3HAYaIOYy BiZICTaHb
BiJ MOYATKy cerMelnTa A0 ajpecoBanol KoMipku. SKiio BoHa Mag
0000, To axpecyeTbcs Teplia KOMipKa cerMenTa, aximo FFFFH, —
To octanus. OTxe, joriunuii azpecuui npocrip noaizeHo ua 6o-
KU CyMIKHUX azpec po3MipoM 64 K6aliT, To6TO cerMeHTH.

Taknii miaxin zo opramisanii mam’si 3pydunuil mwe i ToMy, 1Mo
naM’ATb 3a3BHYAail JOTIYHO IIO/IIAIOTh Ha 061acTi Koy (riporpam-
HOT aM’s1Ti), JannX i creky. Misuyiia 20-po3psiaHa aapeca KOMip-
KH ITaM’Aati QopMmyeTbest 3 ABOX 16-po3psaaiinx agpec — aJpecH
cerMerita Seg i BUKOHaBYol agpecu EA (Executive Address), axi
JOJIAI0TBCS 31 3MILIEHHSAM Ha yoTupu pospsau (puc. 25.7).

S3MIIeHIsT 4IPecy CETMEHTA HA YOTHPU PO3PSIAU JIBOPYY eKBi-
BastenTHe Horo Mioxkeuo ma 24. Tosi disuuna agpeca gopisioe
16 X Seg + EA. Y Burnaai nepuroi noriusoi agpect Seg BUKopu-
CTOBY€TDBCS BMICT OMIIOTO 3 HOTHPbHOX CETMEHTHHX pericTpis: CS
(Code Segment — cerment kozis), DS (Data Segment — cerment
nannx), ES (Extended Segment — nonaTkoBuii cerMenT ganux),
SS (Stack Segment — cerment ctexy). JIpyra Jioriuna agpeca
EA, a6o 3mimenns, 3a1eXuTh Big cerMenta. Tak, y cerMenTi KouiB
sk EA BUKODHCTOBYETBCS BMICT JIIMHMJIbHUKA ilCTPYyKLii [P, y cer-
MeHTaxX JaHUX 3HauyeHHsa EA 3a71exuTh Big crmocolby aapecaliii ore-
palfa, B CEIMEIITi CTeKy BHKOPHCTOBYIOTbCA perictpu SP a6o BP.

Ilepersopenns joriynnx agpec Ha (iswyHi € 3aBXAM O/TIO-
3na4nnM, To610 1napi Seg i EA Bignosigae exuna disuuna aape-
ca. 3BODPOTIHe IIEPETBOPEHHS He ¢ 0AHo3HauHuM: Dizuuly aapecy
MO’KHa IozaTy 3a zonomorolo 4096 nap jgoriunux azapec.
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Puc. 23.7. @opMmysanhs Hhisuynoi aapecn 15 0

- ——

Cermenr Seg 0000 :

Y nopanplioMy 6yaeMo Io3Haua- el
i (isuuHy agpecy y suriani Seg:EA, + 15 0
: ) [=——=
Ae Ak Seg i EA MOXYTb BUKOPHCTO ' 0000 Swimerns EA
ByBaTHCS SIK II03Ha4YeHHs pericTpis,

I
tak i 16-pospaui gami.
19 0
prlxnazx 25.1. 3uajitu 3HadveHHs Gi- bianuna agpeca
3U4YHOL ajpecH 3a ABOMA 3HAYEHHSIMI JIO-
riunux aapec CS:IP.
Hexait ymictoM cermerrtaoro perictpa CS € umeno 2002 H, pmicrom
nmoxkaxanka komang [P — 3175H. JTopaMo ao 3hadcnna CS 90THPH Hyii
TIpaBopy4:

CS(0000) = 0010 0000 0000 0010 00008 = 20020H.

BHKOHaBIIM ONEPaLilo JOABAHHS L€l BETHYHHH JO BMicTy pericrpa 1P,
orpuMaeMo disuuny aapecy:

0010 0000 0000 0010 0000

0011 00010111 0101

0010 0011 0001 1001 0101 BIH.

Tomy sanmuc CS:1P 3a CS = 2002H, 1P = 3175 ripnoninae $isnunii
aapeci 23195 H.

Mpukaan 25.2. 3naiiTn 3HaYCHHA JABOX JOTIYHNX aJpCc, sIKi 6 Binmo-
pigasn disnaniit agpeci 231953H i He JOPIBHIOBATM JIOTTYHHM QjIpecaM
npukaagy 25.1.

3uauenHs (isuunol agpecn 23195H MOXKHA OTPUMATH JOAABEHHAM /IBOX

tHUNX JoriyHux aapec 2100H: 2195H:
0010 0001 0000 0000 0000

0010 0001 1001 0101

=23195 1.
0010 0011 0001 1001 0101 A

CEMuictb maM’ a1l 1 MOaiiT, moyuHaloyn 3 myIb0BOi APECH, Po3-
Gusaiors Ha napazpagdu no 16 6aidt. CerMenT MOXC YIOUHHATHCS
Jauie na Mexi naparpada, To6To B aipeci cerMenta Moo
qoTHpH OiTH agpecn — 1yAboBi. PosMimernrs cerMeuriB y nam’svi
JIOBIJIBIIE: CErMEHTH MOXKYTD YACTKOBO 260 1OBIICTIO IEPEeKPUBa-
THCH a00 He MATH 3arajJbluX HacTHI. 3MIlo0IH 3IadeHius AK
nepuiof, Tak i APyTol JOTIUIHNX aipec, MoXIla aapecyBaTh Gyin-
AKY KOMipKy i3 3arabliol rmam’saTi emmicrio 1 M6aiir.

PosMimenig y rpocropi itam’ati 1 Méafit 4oTUphoX cerMenTin
no 64 K6aliT Ges nepekpuTTs ToKkasano na puc. 25.8, «. Ioyvar-
KOBI aZpecH cermMenTiB BU3HAUAIOThCs BMicToM 16-pospaanux cer-
MENTIIMX PericTpis, sIKi JOMOBUCIO TIPABOPYY YOTHPMa 11y TbOBH-
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CS:0000 | | o4 Kemite:| Cerment CS:0000
IP\ | = | Kogis
DS:0000
DS:0000 Cerment
EA /ﬂaHHX
SS:0000
1 M6asir
Cermenrt
$8:0000 cTeRy
SP
ES:0000
JlonaTKoBHH
CEerMeHT
ES:0000
EA

a

Puc. 25.8. PoaMilicHHS cerMeHTiB y NPOCTOPi maM’siti 1 MOafit:
a — 6e3 nepexpyuTTs; § — i3 YaCTKOBHM ICPEKPUTTAM

My GitamMi. 3MiufelHsA B CerMenTi KOAiB BU3HAYA€THCS BMiCTOM
perictpa /P, 3MmillecHIst B CerMeHTi JaHMX i JIOOATKOBOMY cCer-
MeHTI fJaiux — edeKTHBHOIO agpecolo EA, gxa HaBOAMTbCA y
KOMaIlIfli, ¥ CerMeliTi CTEKY — BMICTOM perictpa SP.

Y cermentax KoAiB POMilleIIo KOAW KOMAHJK, TOOTO IporpaMa y
MAIMMHHHUX KOJaX, y peuti cerMedTiB — aami. Ilporpama Moxe
3BepTaTHCSA JIHLIE 10 JaiMX y cermenTax (puc. 25.8), Aki nosmna-
Yeni 3al0TPUXOBAHHMH OGJNACTAMH.

3MINIOIOYH BMICT CerMeHTHHX PETICTPiB, MOXHa TepecyBaTH
CerMenTH B Mexax yciel mam’sri 1 M6aiit. Ha puc. 2.15, 6 no-
Kaszallo po3MilleNss CerMeHTiB KOAiB, JalMX, CTEKY Ta JIOAaT-
KOBOTO CerMenTa i3 4acTKOBHM IepekpuTTaM. Ile Bunnkae Togi,
KOJIW BMICT CETMEHNTHHX pericTpiB BiZIpi3iisieThcA MeHI HiX Ha
64 Koéaitr /16 = 4096 Gaiit.
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Iporpamna mMozean. ITporpamna moaeas MII i8086 (puc. 25.9)
ckaamacThes 3 P31, cerMeHTINX PeTicTPiB, MOKAKYHKA KOMAH/T i
pericTpa JIparnopuis.

PericTpu 3arasbHOro IpU3Havelns [IoAiJgioTh Jla pericTpu la-
nux i pericrpu-nokaxynki. /o pezicmpie danux nanexarp do-
ipu 16-pospsanux pericrpu: AX, BX, CX, DX. Koxmnuii i3 nux
pericTpip ckJagaeTbes 3 ABOX 8-pO3pAAIHNX pericTpis, AKi MOX-
11a He3aneXxIio agpecyBaTy 3a cuMponiunumu iMenamuy AH, BH,
CH, DH (crapmi 6aittu — High) tfa AL, BL, CL, DL (mMonozwi

PericTpy naHux
15 8 7 0

AX AH AL
BX BH BL

X CH cL
DX DH . DL

PericTpHu-moKaXXYNKH
15 P 0

SP
BP
SI

DI

CerMeHTHi pericTpu
15 penictp 0

CS
DS
ES
SS

15 ITokax4uK KOMaHA 0

| 1P |

Perictp npanopuis F

[ x[ x| x| x|or|pF] 17 [ 7r| sF| zF| x |aF| x | PF| x[cA

Puc. 25.9. HporpaMua Mogens MIT 18086
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Gaiitn — Low). Pezicmpu-noxaxuuxu SP (Stack Pointer —
noKaX4HK creky), BP (Base Pointer — 6asoguii perictp), ST
(Source Index — inmexc mxepena), DI (Destination Index —
inmexc npusHadeniis) € 16-pospagmnmu. Yci P31 Moxua Buko-
pucTaTH A4 36epiralns JaHUX, aje B JeSKNX KOMaHJaX IPUILyC-
Ka€eThCsl BHKOPUCTAlIHA IIEBHOTO DPEricTpa 332 3aMOBYYBAHHAM:
AX — mig yac MHOXKEHIIS, 1iIeHHS, BBeJeIH Ta BUBE/JCHI CJIiB;
AL — mig yac MHOXEHHS, JlileHHsI, BBeJIEHHA Ta BUBEEH A OaliTiB,
JIeCATKOBOI KOpeKLii, mepersopenns 6aiitis (xomanga XLAT);
AH — mig yac MHOXeHHA i aineHHsa Oalitis; BX — mig dac
Tpamcadaiil; CX — aK JiYMJbHHMK HMHKJIB i MOKaXUMK JOBXKUHK
pAIKiB y pankoux KoMangax; CL — /14 30epiraHHs sMimenus
3 YKa3aHHsaM 3MiHHO1; DX — mif 4ac MHOXKeHHS i AiJAeHHS CIIiB,
BBeJleHIA i BUBEACHHA 3 HeUpsAMOIO aApecatieio; SP — mig yac
onepanii 3i crekoM; SI, DI — nia yac psaaxoBux oneparnii. Ha
BiAMiHy Big 8-po3pagHux MII pericrp SP 36epirae amilneHts
OCTAHHBOI 3alHATOI KOMiDKH CTeKy 111010 TI0YATKy CEeTMeNTa cTe-
Ky, a ToBHa aZpeca CTeKy BH3HAYa€TbCA Ik SS : SP.

Ceemenmnui pezicmpu CS, DS, ES, SS BUSHa4aI0Th MOYATKOBI
a/pect YOTUPbOX CErMEHTIB MaM’siTi. BUKOPHUCTAITHST CerMEHTHIX
pericTpiB BU3LAYAETHCA THIIOM 3BepHentst o nam’ ati (tabu. 25.2).

g nesdkux TUNIB 3BepHellb JONYCKAETbCSI 3aMiHa CETMEHT-
HOI'O peTicTpa 3a 3aMOBYYBaHHSM Ha aJbTepHATUBHMH, sKka pea-
JisyeTbest npedikcamu xomang CS:, DS:, §S:, ES:.

Hpuxaag 25.3. [lepecnary BMict koMipku mam’sri 3 aapecoto DS:1000H
B pericTp-akymyaarop AL.

st Toro o6 TepecaaTi BMiCT KOMIPKU MaM’sITi B aKyMyasiTop, Tpeba
BUKODUCTATH KOMaHAY nepecuaxu MOV dst, src, Ae ONepaHIOM NpH3Ha-

Tabauysn 25.2. BUkopucTaHHs pericTpie mijg yac aapecauii mam’sri

] CerMeHTHHUI pericTp )
Tun 3BCPHEHHA /10 ITaM ATH 34 3aMOB- aIBTCPHA- 3M1HICHHH
4yBaHHAM THBHMH]

Bu6ipka xomaus cs Hemae 1p
CrekoBi onepartii S5S Hemae SP
Axnpecauis 3minnoi DS CS, ES, SS| EA
Papox-mxepeno* DS CS, ES, §S S1
Panox-npufimay* ES Hemae DI
Buxopucranusa BP mij dac 3Bep-

HeHHs J0 CTeKy y mporeci

YUTaHHA / 3allUCy JaHUX SS CS, ES, DS EA

* Paiox->kepesio 1 pAAOK-NpHiiMay — 1e psaku fanux (MacuBn), ski
GepyTh y4acTb Y PSAKOBHX KOMaH[IAX.
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yennsa dst (Destination) € perictp AL, a onepanjoM pxepena iHgopMauii
src (Source) — xomipka mam’arti. Komipka mam'sTi 1o3HavaeTbcsl KBad-
PaTHUMM JAY>XKAMH, BCCPCANHI SIKUX 3AIMCYEThCSE 3MIICHHS Y CCrMEHTi, T06TO
Apyra foriyda agpeca. [fepuia noriyHa agpeca 3a 3aMOBYYBAHHSM € BMICTOM
pericrpa DS.

[Micas 3amucy MHEMOHIKM KOMaHAH Iepccrnadus MOV sammcyerbcs
OTIepaHA-NIPU3HAUCHHS, & IIOTIM ucpe3 KoMy — omnepasi-Txepeao. Iicms
ONEpPAHAIB dcpe3 KPANKy 3 KOMOK 3alHCYETHCA KOMCHTap J0 KOMAaHIM.
OTxKe, 32 KOMaHJ0I0

MOV AL, [1000H]; AL « DS:[1000H]

y perictp AL nepecunaerhest 6aiit 3 KoMipky Tam'sATi 3 agpecon DS:1000H .

3a3Ha9UMO, 10 Tepe/l BUKOpHCTaHHAM Liel koManau puict perictpa DS
Mae 6yTH BUIHAYEHHM.

Tipukaan 25.4. Tlepecaarn ByicT koMipkw mam’siti 3 anpecoro ES:1000H
B pericrp-akymyystop AL.

3a koMaHzAo0MW0 3 npedikcom ES

MOV AL, ES: [1000H]; AL « ES:[1000H]

B AL ncpecunaeTbcst BMICT KoMipku naM'sti 3 agpecoo ES: 1000H.

Ha piaMiny Bia 8-pospsaguux MII nokxaxsux xoMania [P 36epirae
3MIiHICHHST B CerMeHTi KOAiB NOTOYHOI KOMaHIH.

Pezicmp npanopyig 36cpirae 03HAKH PC3YJbTATIB BUKOHAHHS aphdme-
THYHMX | JJOTiMHAX onepauiil Ta Kepyrodi O3HaKH, siKi MOXKHA BCTAHOBUTH
a60 CKMHYTH mporpaMHO. THIM Hpamopuis IogaHo B Taba. 25.3.

Ilpukaapn 25.5. BUsHaYNTH 3HAYCHHS NPANOPUIB NICAS BUKOHAHHS KOMaH-
1 ADD AL, BL (aopasanus sMicty 8-pospapunx pericrpis AL, Bl;
PE3YABTAT liepeaacTbes B ALY, sxmo B pericrpi AL mictatbest vueno 4911,
a B perictpi BL—68H.

[Tic/ist BUKOHAHHA KOMAH/IM JOZABAHHS IPAIOpPi BCTAUHOBJIOTDL Tak:

011 0JTiJol0T1] AL

+
[0T1J3iToT1f0oT0T0] BL

CF=00F=1AF =1

[T70TTTiJol0T01 1] AL

AF=1,CF=0,0F=1,8F=1,PF=1,2F=0.

TTosICHUMO BCTAHOBJICHHA NIPATOPLIB. PesypTar olepail AojaBaHst He
€ HYJIbOBHM, TOMY Ipanopelb Z F ckuuyto, To6To ZF = 0. Crapnmii pospsig
pesyJbraty AopisHioe oxunuui, Tomy SF = 1. KiapkicTh OUHHIL ¥ Pe3yih-
Tati 4, To6TO mapue yucao, oxe, PF = 1. [licas fosapanis BHHHKIIO Mepe-
TOBHCHHS 3 MOA0AIOI TeTpagu y crapity (AF = 1), y 3HakoBUit pospsit
(OF = 1). llepcnoBuenus po3psanoi citki He Bindynocs, Tomy CF = 0.

Anpecanis noprie BBegeHHs-BUBeAeHHs. [Ipoctip ajpec noprin
BBe/ICIIIA-BUBEAEHIIA llecerMelTopatnit, saiiMae 64 KOailT i aape-
cyernest 16 MonoamuMu pospagamMu 20-po3pamirol I a/[Pecy.
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Tabauys 25.3. Tipuanayenus pisHuX THRIB Npanopuis

TNosHavenns
Mpanopis

IIpu3navucHHs IIpanopus

Pospsaaxicts

omepanja

8

16

AF

Auxiliary Flag — npamnopens JONOMiXHO-
r0 [ePEHECEHHS-NO3UKH 3 MOJOAWIOI TeT-
papu y crapury (3 pospany D3 y pospsan
D4). BUKODHCTOBYETHCS 3a ACCATKOBOI
apHMCTUKH

+

CF

Carry Flag — mupanopeup mnepeHeceHHs-
no3ukd. BeranoB0eThCs Y pasi Buxoay pe-
3yabTary nojaBanus (BifHiMaHHA) Ge33Ha-
KOBHMX OfepaHfiB 3a MexXy Jlamadony. Y
KoMaH/lax 3cyBy npanopenb CF dikcye 3Ha-
HeHHS cTapioro 6ira

OF

Overflow Flag — mpanopeus nepernoBHeH-
Hsl, BCTAHOBJIIOETbCA Y Pa3i BUXOLY 3HAKO-
BOTO PE3yJbTaTy 3a MeXy Aiana3oHy

Sign Flag — mnpanopenb 3Haka. [Jy6moe
3HAYCHHA CTAPMIOTo 6iTa peayabTary; SF =
=0 aag no3utwBHUX yuceyg i SF = 1 =
JULSE HEFATHBHUX

PF

Parity Flag — npanopeus napurcry (map-
HOCTi). BCTAHOBJIOETbCA 33 DAPHOLO 9HC-
Jla OJMHUIb Y Pe3yJabTaTi

ZF

Zero Flag — npanopenib Hy1b0ROTO pe3yib-
TaTy. BcraHoBI/IOETHCA Y pa3i OTpHMAaHHA
HYJILOBOTO pe3yJIbTaTy omepartii

Direction Flag — upanopens KepyBaHHS
HAIPSMOM YV PA/IKOBHX ofiepauiax. 3a DF =
=1 ingexcHi pericrpu SI, DI, mo GepyTp
YYaCTh Y PSAKOBUX ONEPAIifAX, aBTOMAaTHY-
HO MIEKPEMEHTYIOTBCA Ha KiJbKicTh OaiiTiB
onepaHzia, 3a DF = 0 — iHKPCMCHTYIOTbCS

IF

Interrupt-enable Flag — npamnopeub nos-
BOJIy nepepusaHb. 3a [F = | 103BOJSAETD-
€Sl BAKOHAHHS MACKOBAHMX ANapaTHHX Ile-
pepHBaHb

TF

Trap Flag — upanopeup Tpacysasss (mo-
KPOKOBOTro pexxuMy). Ilicast Horo BCTaHOB-
JieHHs1 | BUKOHAHHS KOXXHOI KOMaHM BinGy-
Ba€ThcA BHYTpiluHe nepepuBannst 1 (INT 1)
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IHoptu MoxyTh 6yTH SIK 8-, Tak 1 16-pospsiannmu. Byab-ski gBa
CYMDKIMX 8-po3psAaNuX IMOPTH MOXHa BBaxatH 16-pospsianum
IIOPTOM aHaJIoriyHo ¢jaoBy B nam’ari. Ilpu ubomy s o6Miny 3
8-po3pAANMMY IIOPTaMU BUKODHUCTOBYETbcS perictp AL, a 3
16-pospsianumu — perictp AX. Iepmi 256 nopris (3 nomepamy
0—0FFH) Moxua aapecyBaT 3a AOTIOMOroIQ IpaMoi aapecarii.

Hpuxaag 25.6. Beectu indopmanino 3 8-po3psiiHOro mopty 3 aApecorn
36H y perictp-akymyasitop AL.

Jnsg toro mo6 BBecTH iHboOpManio 3 8-po3PAAHOrO MOPTY 3 aAPECOIO
56H B axymymasatop AL, cnif BUKOHaTy KoMaHIY BBeaeHHs /N (BBeaeHH:).
ITepmnM onepan oM KOMaHAM € MO3HAYCHHS aKyMyJIsiTopa AL, SKIIO BBO-
IuTbed Gaitt indopManii, a60 AX, K10 BBOAUTLCS CA0BO. Y UBOMY BHIIAA-
Ky NOTPi6HO BUKOPUCTATH onepann AL. JIpyruM ONepaHagoM € HOMCP Hop-
1y S6H. ToMy 3a KOMaHA0W0

IN AL, S6H AL « Pg(S6H)

Big6yxeTbes BBeAeHHs iHdopManil 3 8-pospsianoro nopty 3 agpecow S6H
J0 aKyMyJgropa.

3a3HaYNMO, UIO JONYCKAETbCA HO3HAYCHHA HOMCPA MOPTY Y KBAAPATHUX
AYXKKax:

IN AL, [56H] AL  Pg(56H).

IIpukaan 25.7. Buseccru indopManio 3 perictpa-akymyastopa AX y
16-poapsiaHuit mopr 3 anpecoio 34H.

Hns toro wob BuBecty iHdopMaliiio 3 akymyaatopa AX no 16-pospsa-
HOTO MOPTY 3 aApccoto 34H, cnig BukoHaTu KoMauiay suseacHiiss OUT.
ITepmuM oncpaHioM KOMaHM € HoMep niopty 34H, ApyruM — nosnauenns
akymyastopa AL, skio BuBoguThes 6aiT indopmanii, 460 AX, AKIO BUBO-
IUTbCA CJI0BO. Y UbOMY pasi noTpi6HO BHKopHcTath onepana AX. Orxe,
3a KOMaH/IOI0

OUT 34H, AX

Big6yaeThca BUBCACHHA iHdopMauii 3 pericvpa AX Ha 16-pospsguuil nopr
3 aapecow 34H.

Yci 64 Kbaiit nopTis aapecyioTbes HCMPAMO -— 3a JONOMOTOK PericTpa
DX.

Hpuxaan 25.8. Beectn indopMauiio 3 8-poapsaaioro nopry 3 aapecoio,
mo sHaxomuTnea y perictpi DX, y perictp-akkymyastop AL.

Jnsa Toro mo6 BectH iHOPMallilo, HOTPIGHO BUKOHATH KOMAHAY BBC-
Jends IN, mepmuM onepanfoM AKOi € HO3HAYCHHS akyMyJisitopa AL, a npy-
rMM — DO3HadYcHHA perictpa DX.

ToMy 3a koMaHI0I0

IN AL, DX
BiA6ymeThCA BBeAcHHA iHDOPMalii B akymMyastop AL 3 8-pospaaHoro nop-
TY 3 aJpecolo, 1o 3HAXO0AUTLCA B pericTpi DX. Bumict perictpa DX mae

6yTI/l BU3HAaUYCHUH 1O MOMCHTY BHKOHaHHSA KOMaHAMN BBCJCITHA.
ﬂOHyCKaGTbCH 3anuc KOMaHAHN 3 HCIPAMOIO anpccauielo y BUIJISAAI

IN AL, |[DX].

; AX — P o(34H)

s AL « Py(DX)
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Tunu nepepuBans. lIponecop i8086 mMoxe o6pobsaTu 1o 256
THIIiB NlepepuBaHb. KOXKHOMY NepepuBaHHIO BiIOBi/a€ CBifl Bek-
TOp — MO/BIiiHe CJIOBO, 10 MiCTUTH aapecy CS: I P nianporpamu,
1o BUKANKaeThest. [iff BekTOpH DepepuBanb y 3arajbHOMY IIPO-
cTopi azipec maM’gri BigBoautbes 1 Kéaiit, nounHatoun 3 HY AbO-
Boi anpecu (puc. 25.10).

Hig yac mepexoay na mianporpamy o6po6xu nepepusanb INT n
(n — THN mepepHBaHiiA) THpOileCcOp TepeMilye y CTeK BMiCT
pericrpis IP, CS, pericrp npanopuis F i ckujae npanopelib 103-
BOJy nepepuBanus I F; o6uuciioe agpecy 4 X n i nepiile ci0Bo 3a
1ielo agpecoto nepemimye y 1P, apyre — y CS. IlocaigoBHicTb
IMX Aill exBiBajsleHTHa KOMaH/aM:

PUSHF ; 3amaM ATOBYBAaHHS y CTEKY IIpa-
; IOPILiB

CALL FAR i_proc_4n ; Janexuil BHK/JUK MiAIIpOTrpaMu o6-
; poOKHI
; TepepUBaHHs

CxuzanHs npanopus NepepuBaing I F He qo3BoMse NepepBa-
TH BUKOHaAHHS IianporpaMu 06po6Ky IepepuBaius /Jo ii sasep-
IIeHHs a60 BUKOHANHS KOMalay 103Boay ST/, OcTaHIboo KoMall-
010 HOignmporpaMu o6po6KH mepepuBalns ¢ koManaa [RET. 3a
1[I€10 KOMAHI0I0 TIpoLiecop BUOMPAE 3i CTeKy aApecy NOBepHeNHs
(aapecy xoMan 1, HacTynHoi 3a koManoio INT) i BMicT perictpa
IIpanopIiis. ‘

Tunu nepepuBanb nmokasano Ha puc. 25.11. Ilepepusanns nogi-
JSI0Th Ha 308HiwWHI anapamui tTa enympiwmni. 3anuty IRQ i
30BHINIHIX anapaTHUX IepepuBallb HaAX0IATh J0 CHCTEMHU Tiepe-
puBaib a6o 1ua BUBiA HeMackoBauoro nepepnsauiis NMI MIL
Cucrema niepepuBanig dopmye curtaa INTR MackoBalloro nepe-
pusanua MII. 3asnavuMo, 10 MackoBalle IepepuBanils Biapis-
HSETHCS Bifl HEMACKOBAHOTO THM, [0 Teplie MoXe 6yTH 3a60po-

HEHO POrpaMHO — KOMalL/1010

CKUAHHS TIPanopud A03BOJY
00000 —— [P — mnepepuBaub /F. Y 1poMy pasi
INT O 00001 mig yac maXolKeHs 3auTiB
00002 cs TepepuBanlis Bony 6y/1yTh irHo-
00003 pyBarucs. Buyrpimmi nepepn-
BalHs Tpollecopa MOAINAI0Th
---------------- Ha npozpamMi Ta Anapamui.
[xepenaMn eHympiuHix npo-
003FCH Zpamnux TepepuBaHb (.,ZII/IB.
003FDH P puc. 25.11) e moMmaxa miner-
INT 225
003FEH cS Puc. 25.10. Kapta BekTOpiB nepe-
003FFH PHBaHD
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_ANTR(tunn) | ] NMI (ran 2)
Cucrema i . Cxema mMn E
NepepHBaHb i nepepusanb MII i
i| Komanpa IMomuska [TokpokoBHit i
IRQOIRQ1  IRQT INT1 niNeHHs pexuM i
'l (tun n) (tun 0) (tam 1) |
3anutH i i
nepepHBaHb : E
E Komanpna OnHobGattoBa !
: INTO komanna INT3 i
E (ren 4) (tun 3) !
I . !
3oBHimni BayTpiwsi

Puc. 25.11. Tunu nepepuBaHb

g (run 0), moxpoxosuii pexum (tun 1) i komanga INTO
(Tun 4).

Buyrpinmi nporpamii nepepusamns INT n ta INT 3 suxony-
IOTBCS 32 KOMallIaMH TIEPEPHBAUHS i JO3BOJAIOTH BHKAWKATH
nianporpamu o6poOkn nepepnBaib (HaNpUK/Ia, cepBicii MiAnpo-
rpamn BIOS i DOS) 6es zactocyBauns Aanbllix BUkinkis. IHa
Biaminy Bin INT n nepepusanns INT 3 € omo6aiiTosolo xoMan/on
i 3a3BUYal BUKOPHCTOBYETBCS [J/1: TlepefaBalillsd KepyBaliis Nianpo-
rpami-nanarompkysauy. CiIi/ 3a3HaTHTH, 10 BUKOHAIHS IPOrPaMIIX
nepepuBallb He 3aJesKUTD Bl MPANoplst I03RONY NepepuBanb 11,

BiiyTpiumni anapatii mepepHBaHILst IIPOLCCOPA BHITMKAIOTH Y
TAKUX BUIAKAX:

e 11i wac ginemsa ma nyap Crum 0);

® 3a BCTAlIOBJICTIOTO panopus tpacypantisa (turm 1). Y ubomy pa-
31 HepepUBalilisl BiA0YBAETbCS HICsT BUKOUAIINS KOXIIOI KOMAT/IN;

o nicaa xomaiau INTO (tun 4), sSIKIo BCTAHOBIEN UL 1pano-
petlb nepenosuents OF.

Anapartiii nepepuBanlisi BUIMKAIOTh y Pa3i aKTHBIIOrO piBls
curnanis ia xoutakrax MII-N M/ (iieMackoBaiie nepepiBans —
i 2) i INTR (MackoBani, lepepuBaniis THuM 5— 255). Macko-
Balli ICPEPHBAIIIS BUKOIYIOTLCSA 32 BCTAIIOBIEIIOro npamopus / F.
Ilig wac mepexony Jo niauporpaMu o6poGKH affapaTHOTO Jepe-
puBanis nponecop GopMye /iBa IIHKIN MATBEP;DKCIIA TICPCPH-
BallHs O/JMH 3a OJIHHM, B SIKUX renepyctbest curnajg INTA. 3a
ApyruM iMnysnbcoM INTA xouTpoJiep mepepHBallb LEPCAAE IO
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IIMHI JaHUX HoMep BeKTopa NepepuBanHA n. [lani aii npoueco-
Pa anaJoTiYHi BUKOHAHHIO IIPOrpaMHOro nepepupanus. O6podka
MOTOYHOTO HepepHBalllid MoXke OyTH MepepBaHa HEMACKOBAHUM
nepepuBanHsAM a60 iHIIMM MaCKOBaHMM IlepepHUBAHHSIM BHLIOIO
MPiOPUTETY TOAI, SIKUIO IHATNPOrpaMa-06po6HHK BCTAaHOBUTD Mpa-
nopenb A03sony nepepusauiisi /F. Hemackosane nepepHBallHs
BUKOHYETBCA He3ajexXNo Bix crany mpanopus IF.

Mikpoupouecop 8088 Biapisuserbca BiA Mikpolpoilecopa
18086 TuM, 10 Ma€ 30BHIIUHIO 8-PO3PAAHY WIMHY HaHUX 32 HaAB-
HOCTI BHYTPilIHbOi 16-po3paanol Luuuy. 3MeHIIeHs po3pAaocTi
IIHHK JaHUX CIpollye no6yaoBy 6okiB MaM’'4Ti inTepdelicy i3
30BHIIIHIMH TIPICTPOSIMM, ajle IPOAYKTHUBHICTD Npollecopa 3HH-
xyerbes Ha 20— 30 %. CrpykrypHa cxema MII i8088 anasoriy-
Ha cxeMi MII 28086, onnak goBxuHA 4epTH KOMaHA CKOpoYela
20 4 Gaitt, a monepeans BUGIpKa BUKOHYETbCA 3a HAsIBHOCTI O/~
HOro BiabHOTo Gaiita. Ili BJACTHBOCTI ONTHUMI3YIOTH KOUBEED 3
ypaxyBaHHSAM PO3PSIAIIOCTI UHH. 3 MOrASAY IPOrpaMHoro 3a-
GesredyenHs MpoLecopH iMeHTHYHI, iXHs cucTeMa KoMail] i nabip
pericTpis omnaxosi. Tak camo, sk i MIT i8086, MII i8088 Bukonye
8- i 16-pospsaaui sorivui ta apudMeTHYHI onepanii, BKAOYAIOYH
MHOMeHHs i1 AiJenns B JABitKOBOMY Ta JBIHKOBO-AeCATKOBOMY
Kozax, omeparii 3 pAKaMM, NIATPUMYe PEeXHUMHU IepepHBaHus,
TIPAMOTO JOCTYIy 0 NaM'sTi, ollepaliii 3 mopramMu. PosMiLleins
xoHTakTiB MII 18088 i {8086 36iracThcs, 32 BUHATKOM TOTO, IO
niniit AD15— AD8 BHKOPUCTOBYIOTLCS JMLIE A4 ajpect, a Jidis
BHE 3aminena Jjitieio crany ST0. Curnamu ST0, DT /R i1O0 /M
MOXKYTb OYTH BUKOpHCTAHi 415 iRenrudikalii LUKy nimnm.

Mixkponpouecopn i80186(i80188) ¢ nporpamuo cymicHuMy 3
MII i8086. Pospsaiictd munu agpecu — 20, Mnuy AaUX —
Bigmosiaxo 16 i 8. Ilpouecopu mMaloTh B6yA0BaHi mepudepiini
KOITpOJepy IlepepuBalib, IIPSAMOro AOCTYIy A0 naM'saTi, Tpu-
KaHaJbHU TaliMep i TakTOBUil reHeparop. Mikponpolecopu
i80C186,/180C188 o6naanani 3aco6aMu KepyBaHis eHeprocIio-
xuBannaM. € moaudixkanii MIT 3 BOygoBalluM IOCTiZOBIEM
TIOPTOM Ta KOHTpoJiepaMy AMHaMidHol IaM’ATi.

Mikponpouecop 80286 mnanexuth A0 APYroro IOKOMiMHA
16-pospaauux MII. Bin Bukomnanuii 3a texmosorieo 1,5 Mk,
MmictuTh 134 000 TpausucTopiB i mpallioe 3 TAKTOBOIO YaCTOTOIO
12,5 MTu. Ilicns BoockoHatens apXiTeKTypH weuakonis MII
180286 v 6 pasir muiua, uix MII {8086 3 TakTOBOIO YACTOTOIO
5 MTu. Pospazuicts perictpiB popisuioe 16. Ilnma agpecn
24-po3psapua, 1o gae 3MoOry agpecysatu 224 = 16 Moaiit nmam’ari.
ITpocTip axpec BBefens-BUBeeNHA cTaloBUTb 64 K6aiit. Cuc-
TeMa KoMang MicTuTh yci xomanay 18086, Kijsbka HOBUX KOMaIL]
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3aTajJIbHOTO JIDM3HAYEeHHS Ta KOMAHJW KePYBAHHA 3aXHCTOM.
Mixponpouecop i80280 Mae cneuianbHi 3aco6u A1 po6OTH y
cucreMax 3 GararbMa KOpPHUCTYBadaMHM Ta 0ararosajladiux pe-
xuMax. VMoro naficroTHimorno BiAMiHHiCTIO BiA MikpoIpolecopiB
cepii 18086 /88 € mexaniaMm kepyBaHHs aJpecalieio naMm’sri, 1o
3abes3reyye YOTHPHPIBHEBY CHCTEMY 3aXUCTY Ta HiATPUMKY
BipTyasbnoi mam’gati. CrnenianbHi 3aco6u NpU3RAYEHO AN Tif-
TPUMKM MeXallisMy NepeMuKaHHs 3a1a4. Mikporporecop i80286
Ma€ 3aco6U KOHTPOJIIO 32 NEPEeXOJOM Yepe3 MeXy CerMeHTa, AKi
MpalioloTh ¥ PEaJbHOMY DeXKUMi.

Mikponpoluecop Moxe MpalloBaTH Y JBOX PEXUMAX:

¢ 8080 Real Address Mode, aGo Real Mode, — pexxuM peaJb-
HOI azpecauii, a6o peasbiuil pexxuM. Y 1pomy pexumi MI1 180286
taxtnuno € BucokomBuakicaum MII 8086 i anpecye 1 M6aiir
mnaMm’ aTi;

e Protected Virtual Address Mode, a6o Protected Mode, —
3aXHIEHNH PEXUM BIPTYaJbHOL ajipecaii a60 IPOCTO 3aXUNIEHH
pexxuM. Y npoMmy pexumi MIT aapecye no 16 Mo6aiit mam’sri, a
3a BUKOPMCTAHHs MeXaHi3My CTOPiHKOBOI aipecanii mo 1 I'Gaitr
BipTyaJbHOI NaM’ATi KOXHOT 3a7a4i.

IlepeMukanns y 3axuilieNuil pexxuM 3AiHCHIOETHCS BUAKO —
oaniero koMaryoso (i3 3a3aaserib NiArOTOBAEHUMA TaGIULSIMK
JECKPHTITOPIB), a B PEXXHM pealibloi afipecallii — NOBiAbLO, JHLIE
Yyepe3 anaparHe cKugalHa npouecopa. ¥ MS DOS Bukopucro-
BYETBCSI peasiblinii pexkuM. 3axXHIEeHNH Pe>KHM BUKOPUCTOBY€ETh-
cAa B onepaiiitiinx cucremax Ha spasok XENIX, UNIX, OS/2,
NetWare286, MS Windows.

Hns npouecopa :80286 Moxuusi 256 pisunx tumis nepepH-
Banb. Biapisusersca Big cucremu nepepusanb MIT 18086 nepe-
PMBAHIISM IiZ Yac BHHUKHEHHS 0COOJUBHX YMOB I Yac BUKOIIal-
HS KOMaHJI, HallpyKJajJ 32 po3MilleHnst ABO6AHTOBOTO Onepania
B OCTaHMi# KoMipili cermenta ganux 3i amimennsam FFFFH. Taxe
TepePUBAHILA HASHBAIOTh OCOOAUGUM BUNAOKOM, A60 GUHAMKOM.
Ha BizmMiny Bijt nepepuBaib nicis o6po6aeist BUIATKIB (Kpim
BUHSITKY 9, 110 CTOCY€THCST CHIBIPOLECOPA) KEPYBAMIIS IEPEJACTD-
s 31OBY Tilk caMill komani (BKJIouawoun Bei mpediken), mo 3y-
MoBHJa HepepuBanus. llicas ycynenns ymMoB, 10 CIPHYHIIHIIN
BUIATOK, BIIOYBAETHCS TOBTOPIIE BUKOIIAIIILS KOMAIL/IH.

Y peasnniioMy pexkuMi ajipecallist naM’sSiTi mepeBaXIo Taka cama,
sk i 8 MII i8086. BiaMinuicTs mossirae y MOXJUBOCTi BUKOPH-
CTaNIA JOAATKOBOTO 6J0Ka TaM a1l emuictio 64 Ko6aiit. Skmio y
npolleci BUKOHAHHs KOMAIAY Tij] yac OGUUCTeNIIs A7pect KOMip-
KM IIaM’ATi BUHHKAE MepeNoBICHS Y ABAALUSTHH PO3PSI IINIY
aapecu A20, nponecop NOYKUHAE MIPAIIOBATH 3 KOMIpKAMU MaM’q-
Ti, aJ]pecu SKUX 3HaxX0A4ThCs B Alanasoni 100 000H —10FFFFH.
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Y 3aXUIIEHOMY PEXUMi TAKOX BUKODHCTOBYETbCA CETMEHTIA
ajpecalis; KijJibKicTb cerMeHTiB MOoKe OyTH Bif 1 g0 16 M6aiit,
JIOBXHNHA CEerMeHdTiB 3aJa€Tbcst i MoxXe BapiloBatu Big 1 mo
64 Koaiit, 3agaloTbcsa aTpuGyTi a0 IpaBa AOCTYIY /IO CETMEHTA
(1103Bia1 3anuCy a60 AMIlIe YUTAIIA, PiBHi IpHBieiB Tomo). Kox-
HUH CcerMeHT XapaKTepH3yeTbCs 8-pO3pAfHOI0 CTPYKTYPOIO Ja-
HHX — Jeckpunmopom cezmenmd, Mo MicTHTS ilidopManiio mpo
6a30By azpecy cerMenTa, Horo Mexxy ta arpubyTu. [leckpunropu
PO3MillleHi y crieniaJlbHUuX TabMUUAX — TJI06aJbHiH JECKpHII-
TopHiil Tabuuui GDT a6o JoxaibHii feckpunTopHiit Tabmuri LDT,
ski 36epiraiotbes B O3I1. Hesanexso Bia piBHA NPHUBiJIEo IPO-
rpaMa lie MoXe 3BepTaTHC 10 CETMEHTa JOTH, AOKH BiH He OIu-
CaHHil y AeCKpUNTOPHiH TabaHLi.

25.3. ApxitekTypa
32-pospsgHux Mikponpouecopis

[cnyioui 32-pospsiaui MII i386, 1486, Pentium, Pentium Pro i
Pentium [I MaioTh po3psAmauicTb pericTpiB Ta IIUHU agpecH, sIKa
popisuioe 32. Hlmra parmx pus ponecopis 1386, i486 ¢ 32-pos-
psAHoIo, a aud npoliecopiB Pentium, Pentium Pro i Pentium IT —
64-po3psinioio. Bouwu gaiorh 3Mory agpecysatu 4 T6aiit mam’sri
3a HasgBHOCTi 3aC06iB MIATPUMKM CETMEHTHOI Ta CTOPiHKOBOI aj-
pecanii nam’sti. [Iponiecopy MaloTh YOTHPUPIBHEBY CUCTEMY 3a-
XUCTY HaM 4Tl Ta NOPTiB BBeJelHA-BUBEIEHHSA, MOXYTh [IPalll0-
BaTH y GaratozajayHomy pexkuMi. o pexnmiB po6oru MIT i80286
nonanuit Virtual Real Mode — pexxum BipTyanbHoro mpoueco-
pa 18086. Mikponponecopu AOMYyCKAalOThb MapasejbHy poGoTy
KiJIbKOX BipTyanbHuX IpolecopiB 18086 mnin KepyBaiuaM omepa-
iiinoi cucremu tuny Windows, OS /2, Unix. IIponecopn omepy-
10T 3 OiTaMi, 1oaaMu GiTiB, 8-, 16- Ta 32-6iTOBUME onepaH/aMH,
psaxamu GiTiB, GaiiTis, c/is (16-pospaaHux faHUX) i MoABIHHEX
caiB (32-pospaanux ganux). B apxitektypy mpoluecopis BBeje-
HO 3acO0H HAJIATOJXKEeHHS I TeCTyBaHHs.

IIporpamua moaeas. IlporpaMiy MoZeib 32-po3pamioro
npollecopa 3o6paxeno Ha puc. 25.12. Boua Mictutp Taxi rpy-
M PericTpiB: pericTpy 3arajbHoro IpU3HAYEIHs, JiYUIbHHUK
KOMAaH/, PeTiCTp Ipanopuis, cerMeNTii pericTpy, PericTpu kepy-
BaHIIsl, CUCTEMH] afipecli pericTp, pericrpy HaJaro[Kenis i Tecry-
BaHHSL.

Pezicmpu 3a2a1vH020 npusnaueHns MicTsaTb yci pericr-
pu panux i pericrpu-mokaxyuxyu MIT i8086 ta i80286 i crisbku
caMo J0JATKOBUX 32-po3psauux perictpiB. Y nosnaveli 32-pos-
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PericTpn 3aranbHoro mpH3HaueHHSs CermenTHi pericTpu

31 1615 0 15 0
AH AX AL EAX cS Kon
BH BX BL EBX SS Crek
CHCXCL | ECX DS
DH DX DL EDX ES Jlani
SI ESI : FS aul
DI EDI GS
BP EBR
SP ESP
JliyunpbHUK KOMaHA i pericTp nmpamnopuis Kepyroui perictpu
31 16 15 0 15 0
L [P EIP SRO MSw
[ F EF SRI1
. L SR2
CHcTeMHI ajipecHi pericTpu SR3
47 16 15 0 SR4
Jlinifina 6a3oBa
anpeca Mexa GDTR
JlinifiHa 6a3oBa
anpeca I Mexa | pTR
CucreMHi cerMeHTHI TinboBi pericTpu meckpunTOpiB
15 pericTpu

0 ——————————————— |

Perictpu Hanaropxenns Perictpy TectyBaHHA

31 0 31 0
DRO T
DR1 fr‘l[g‘]
DR2 TR3
DR3 TR
DR TR5
DR5 TR6 _
DR6 TR7
DR7

Puc. 25.12. TIporpamMBa MoacHb 32-PO3PSIIHOLO OPOUCCOPA

pA/ImX pericTpiB BuKopucToByeThes Jitepa E (Expanded —
posuupenutl).

Aivunvnux komand EIP Mictutb 3Milens 1acTynnoi su-
KolyBanoi Komanay B cermenti koiis. Jlus 16-pospsaunx aapec
BUKOPHCTOBYIOTLCS Moo 16 pospanis (I P).

Pezicmp npanopuyie EF posumpeno 1o 32 pospsajis. Mo-
ngoawi 16 pospsiais perictpa EF ¢TBOPIOIOTH perictp npanop-
uis F 16-pospsaanoro npouecopa. Y perictp EF gomano nosi
IIpanopii:

383



ID (Identification Flag) — mpamnopeub 03BOJY KOMAaHIH
inenrrudixauii CPUID (Pentium+ i geski nponecopu tuity 486)*;

VIP (Virtual Interrupt Pending) — BipTyaJbluil 3aIT Ire-
pepusanus (Pentium+);

VIF (Virtual Interrupt Flag) — BipTyaJblia Bepcisi mpanop-
sl A03BOAy mepepuBadus [F pns 6ararosaladyHHX CHCTEM
(Pentium+);

AC (Alignment Check) — mpamnopeub KOHTPOJIO BUPIBHIO-
BaHHA. BUKODUCTOBYEThCS JMINE Ha piBHi nmpusineis 3. ko
AC=11AM =1 (AM — 6ir y pericrpi kepysaiis CR0), 10y
pasi 3BepHEeHHs [0 olepania, e BUPIBISAHOTO 3a BiANOBiAlIOIO
meskero (2, 4, 8 6aitT)**, Bi6yBaeThcs BuHATOK 17 (i1486+);

VM (Virtual 8086 Mode) — y 3axnueHOMY pexXuMi BMHKa€
pexuM BipTyassHoro npouecopa 8086. Cripo6a BUKOPHCTaHHS NTPU-
BiJlelloBaHMX KOMAIJ Y L{bOMY BUITAJKY IpUBeae 40 BUHATKY 13;

RF (Resume Flag) — mupanopeiib NOHOBjeIHA. Y pexuMi
HaJIaro/pKeHNs ofuHNYe 3nadyeHHs RF J03BOARE 3AIACHHUTH pe-
CTAPT KOMAH/M HiC/st OCOGIUBOro BUMAAKY Halaro[Kes.

Cezmenmni pezicmpu. Kpim cermentiux pericrpis MII
18086 Ta 180286 (DS, CS, SS, ES) nporpaMia Moe b MiCTUTD /Ba
JIOJATKOBUX CerMeHTHHX perictpu nanux — FS 1 GS. 3 xoxnmm
i3 mrecTw cerMedTHHX pericTpiB mos’si3aHi TiHboBiI pericTpnu
JECKPUNTOPIR. VY TiHBOBI PETiCTPU y 3axXMIlElIOMy DeKHMi Iepe-
IHCYIOThest 32-po3psaalia 6asosa agpeca cermenra, 20-poapaana
Mexa B arpu6yTu (rmpaBa AOCTYIY) 3 AECKPUNTOPHUX TAGIMIb.

Kepyroui pezicmpu CR0— CR3 (Control Register) 36epira-
I0Th O3HaKM CTaHy ITpoilecopa, chiibli A4 Bcix sagady. Mosoami
qoTupy pospsau pericrpa CRO Micrars Gitu perictpa MSW MII
180286 1 gesaki inuni 6itn xepyBanus. Perictp CR1 3ape3epBoBa-
Ho; perictp CR2 36epirae 32-pospaauy niniiiny agpecy, 3a K00
OTPHMAIO BiIMOBY cTopiuky nam'sti; perictp CR3 y crapuux 20
pospsiziax 36epirae isnuiry 6a30By aapecy TabJHIl KaTajIora cro-
pitioK i 6iTi KepyBaH1s Kenl-iaM’ATTIO, a pericrp CR4 (Pentium+)
MiCTHTB GiTH J03BOJIB apXiTeKTypHuX posurupent MII.

Cucmemni adpecui pezicmpu. CucreMini nokaxuuxu (pe-
rictpu ryo6anbHol geckpunroproi tabanui GDTR i tabimui 1re-
pepuBanb I DTR) 36epirators Bi/noBiano 32-pospsaii 6a30Bi aj-
pecu i 16-poapsiani Mexi Tabauib. CUcTeMHi cerMeHTHI peTicT-
pu 3amay TR i jAokanabnol meckpunrtopuoi Tabauni LDTR e

*¥Y nopaspiioMy nosHaucHHA 1386+, i486+, Pentium+ o3HauaoTh, mo
HaBeJeHl maHi crnpaBeAnuBi maf BkasaHoi Mozmeai MIT i Bcix crapmmx
Mogeeif.

**BupiBHIOBaHHS OMEpaHa o MeKi 2, 4, 8 03Hayae, 110 agpeca oIIepaH-
J1a € KpaTHOMW0, ToOTO 2, 4, 8.
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6-pO3pAAHUMY CeJIEKTOPAMU. IM BinnmOBigAKOTH TiHBOBI pericTpu
JEeCKPUITOPIB, AKi MiCTATb 32-po3psaany 6a3oBy aaApecy CerMen-
1a, 20-po3psaauy Mexy i mpaBa JOCTYIY.

Pezicmpu nanazodxenns DRO—DR3 (Debug Register)
36epiralotb 32-po3paani aapecu TOYOK 3yMHIIYy B PeXXHMi HaJa-
rojokenHs, DR4— D RS 3apesepBoBaili i He BUKOPHCTOBYIOTBCH;
DR6 — Bigobpaxye crai KOHTpoablioi Touku; DR7 — kepye
PO3MIIIEHHAM y OPOrpaMi KOHTPOAbIIUX TOYOK.

Pezicmpu mecmysanna TR (Test Register) BXonats 110
rpynu Mogeabno-crienugiviinx pericTpis, ixuiil cknag i kijgp-
KicTb 3ajiexaTb Big Tunly npoilecopa: B MII 386 Bukopucto-
ByBasucs ABa perictpy — TR6 i TR7, y Pentium-12 — TR1—
TR12. 1Is rpyna pericTpiB 36epirae pesyibraTH TeCTyBalltis
MII i keuwr-nmam’4rTi.

CermentHa opranizania nam’sri. Y 32-pospsianux MII pos-
Pi3HAIOTH TPU aApPECHi NPOCTOPH NaM’ATi — JAOTIYHME, AiHiHNHA
i disuynuii. Jloriuna aapeca (a6o BipTyanbHa) CKIANAEThCH 3
cenexTopa i 3miulenua EA. Jliniiina agpeca yTBoploeTbest joja-
BalmisIM 6a30B0Oi afipecy cerMeHTa 1o egekTuBIol aapecu. Mizuuna
azpeca nam’ATi CTBOPIOETHCS TiCJISI IEPETBOPEHHS JiHIAHOL afipecH
6JI0KOM CTOPILKOBOI Mepeagpecattii.

Opranisauist naM’sTi 3an1eXuTh Bijg pexxumy pobora MI1. Y pe-
arviomy i gipmyanvrony pexnmax 18086 axpecainist map’ i Taka
cama, gk y MII i8086. Y saxuwenomy pexnMi sniiiciioernest
cerMelltia i cropinkoBa opraiizainisa nam’siti. CermMenTiia opratri-
3allisl BUKOPUCTOBYETHCS Ha IPUKJIAALIOMY PiBIL, a CTopilkosa —
na cucreMHoMy. DOpMyBaHHS aApecH KOMIPKY aM’ aTi y 3aXu-
HIEHOMY PexxUMi mozaiio Ha puc. 25.13. Buaok cerMenrarii mepe-
TBOPIOE NIPOCTip JOriMHHX ajpec lla UpocTip MHIKuMX agpec.

Bsiok o6yucIeHHS
e(eKTUBHOI afipecu

Edekrupna agpeca  JliHifiHa .
39 EA agpeca DiznyHa
/ 32 | Bsok cropinkoroj | 3Apeca
i Baiok cermenTauii t— nepeajpecatii e
’14 (Heo60B’a3KOBHI)
[Hpexc neckpunropa

Cexnextop CermMeHTHHE pericTp

Puc. 25.13. (DOPMYBAHHS a/IPCCH KOMIpKM TaM'aTi ¥ 3aXUILCHOMY
PEXKUMI

385
25 5-104



Buxignumu ganumu a71s 670Ka cerMentauii € sMimenust EA y
CerMeHTi Ta CerMeHTHUH pericTp, AKi 3aJal0Tbcs y KoMaHzai. BMicr
CerMelTHOro PericTpa y 3aXuIeHoMy pesKUMi € celekTopoM. Bin
MicTuTb iHpOPMALIIO IPO THIT JecKPUNTOPHOT Tabuni (T106abiol
a6o Jokasbioi) Ta ingexc neckpunropa (aus. puc. 3.1). Ingexc
JECKPHIITOpa € HOMEPOM JecKpullTopa y Tabaumi. Jdeckpuurop
MicTHTb 6a30By azipecy cermenta. Jlinifina agpeca CTBOPIOETbCA
nomasaniaMm 6a30Boi Ta edexTUBHOI ajpec..

baox cropinkosoi nepeaapecanii dopmye disnuny ajapecy
maM’aTi. 3a BUMKHenoro 6oka JiHiliHa agpeca 36iraeTbea 3
¢pisuunono. Brox obuncaenns eQpeKTUBHOI agpecH 0GUUCIIOE
aJpecy-3MillleHHd oNepallfia y cerMeHTi y BiANOBiAHOCTI 3 THTIOM
azapecarnii.

VY peanbHOMy peXUMi 32 3aMOBUYBAHHSAM BHKOPHUCTOBYETHCS
16-6iToBa agpecanis, axe 3a JonoMoroio npedikca 3MiHE po3psal-
HOCTi aZpecy MOXKHA epeMKHyTH Ha 16-po3psaanuit pexum. Y 3a-
XUINEHOMY PexXXUMi THN aZipecanii 3anexurs Bix 6ita D y neckpui-
TOopi KomoBoro cermenta (3a D = 0 BukopucToByeThes 16-pos-
psiaHa azpecaiis, a 3a D = 1 — 32-pospsaana).

DopmyBanHa 6a30B0i aApecH cerMelTa NOSICHIOE pUC. 25.14.
ITone TI cenektopa cerMenTa BUsladae poOOYy AeCKPUITOPHY
Tabanuio (rao6anbHy a6o JOKaAbHY), 1€ 3HaXOAUThCSA MOYaTKO-
Ba ajpeca CerMeHTa.

[Tone RPL Bu3Hayae 3alpolIeHUil piBeHb IPUBIJICIO CETMEHTA,
amoJie Index — 3Mimenus BiJg HOYaTKOBOI afpecy TaGmil. 3asHa-

15 0

L :
Index TI RPL] Ceunexrop
|

GDT —_ A LDT
Ilpasa | BasoBa M Ilpapa | baszosa M
mocryny| ampeca exa moctyny| ampeca exa
31 . 0

BasoBa agpeca cememaj

Puc. 25.14. @opmyBanHs 6a30B0i aIPeCH CErMCHTa
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YIMO, 10 [I0YaTKOBa aJapeca Tabiuii 36epiraeTbest abo y pericTpi
GDTR — nnd rao6anbHoi Tabuauii, abo y Tinboomy pericTpi. B
OCTAHHbOMY BUNAAKY perictp LDTR, y ¢BOIO Yepry, € CeleKTo-
pOM i Bkasye, Ae B IoGaabHill AecKpuUITOPHil Tabumili 3Haxo-
JAUThCs iH(OPMAallis IPO MOYATKOBY aJpecy JOKaIbHOI Tab/mii.
s indopMalia mepenucyeTbes y TiHbOBUH pericTp.

Dopmar feckpunTopa Aas 32-po3psAHuX NIPOLECOPiB MOLaHO
Ha puc. 25.15. [leckpunrop MII {80286 Mmictuth Hy/ap y Oitax
63—48, a moss 6asoBol agpecu i Mexi 3alMaloThb BiAIOBiAIIO
24 i 16 6it. ¥ 32-pospsaguHomy MII nose 6asoBoi aapecu 3alima-
I0Th ApYTUil, TpeTi, YyeTBepTUIl i CbOMUIL GaiiTH JECKPHIITOpA.
V nporjeci BUKoHaINA KOMaHAX i GafiTi 00’ €AIyIOThCA B OAHY
32-pospanuy 6a3oBy afpecy.

[Tose Mexi saliMae Gaiitn 3 HoMepamu 0, 1 1 Monoawi worupy
6itTu mocroro Gaiita geckpunrtopa. Mexa 3a/lae MaKCUMATbHE
aMimentsa y cerMenTi abo ocTaHIIO OAHHHULIO, IO apPecyeThes B
cerMenTi. 3a 20-po3psanol Mexi MakcuMaJiblle 3laveliils ee-
MENTiB, 0 agpecyloThes, cTaHoBuTh 220, OCKiNbKH eneMeHTOM
cerMenTa € He Jquime 6afiT, a i cropitika 4 K6aiir, cermenT Moxe
MIiCTHTH BiZ oxHoro 6airta no 4 T6aiir. baiit 3 HomepoM 5 fiec-
kpunropa AR (Access Rights) MicTHTb MIPABO JOCTYILY, 30KpeMa,
taki 6itn kepysanus: P (Present) — 6it nassuocti; DPL
(Descripter Privilege Level) — mnose piBlist IPUBIACIB cerMet-
ta; S (System) — cucremuuit 6it; Type — nosie THILY CeTMEHTa;
A (Accessed) — 6it 3BepHelHs, _

Bim npucymunocmi P [opiBHI0€ OAMINI, SKILO CCIMENT
suaxoautbes y ¢isuuniit mam’sti (O311). Y cucremi sipryann-
1101 aM’SITi onepauiiiHa CUCTEMa MOXKe TIepeJaBaTH BMICT JICAKUX
CerMeHTiB Ha JUCK, IIPH 1IbOMY BOHA ckuJae 6ir P y cran Jorid-
1I0T0 11yJIs1 B IECKPHIITOPi IbOTO cerMenTa. SKuio nporpaMa ricis
LIbOT'O 3HOBY 3BEPTAETBCS J0 CErMeHTa, BUIAKAC 0coOauBHil BH-
TAJI0K BIACYTNOCTI cerMenta. Onepaniiina cucTeMa IyKa€e Bilbly

IpaBa noctyny
AR
63 47 39 32
Basosa agpeca ' 4 VUV Mexa V11T LT T Basona agpeca
31-24 GDXU 19-16 P DPL 8 Type A 23-16
31 15 7 0
T T
Ba3sosa agpeca 15-0 Mexa 15-0

Puc. 25.15. DopMaT ACCKPHITOPA AJS 32-PO3PSUIHUX OPOLCCOPIB
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o6aactb disuanoi nam’sTi (Ip 1HOMyY, MOXKJIMBO, BiANIPaBJIsE Ha
JUCK JesiKUi iHmmii cerMenT), KOTiloe BMICT 3alIpOLIeHOTO CerMeHTa
3 IMCKa y [aM’siTh, 3allUCYE€ B HOro AeCKpUNTOp HOBY 6a3oBy
ajgpecy Ta 3iificHioe pecTapT kKOMaHIH, L0 BUKJHKaIa 0COGTHU-
BUll Bumagok 11 BigcyTHOCTi cermenTa. Onucanuil npoliec Ha3u-
BaIoTh cgonirzom (swapping), abo 0osanmaxennam.

ITone piena npueineieé ceemenma DPL Mictuth 2 6itn.
HaiiBumoMy piBHIO IpUBinelo BignoBifae 3Havenus 0, Haltmik-
YoMy — 3HayeHHs 3.

Cucmemnuti 6im S Mae Hyabose 3uadenus (S = 0) y nec-
KPUNTOPAaX cerMeHTa KOAIB, CHCTEMHUX CeTMeHTIB /i 36epiran-
HsI TIOKaJbHUX TabJauIb JeCKPUNTOPIB, cTaHiB 3agau T'SS (Task
State Segment) Ta y AeCKPUNTOpAX, IO HA3UBAIOTD 8EHMUNIMU
(Gate), a6o wmosamu. B inmux Bunagkax S =1.

Benrtuap mictuth indopManio npo JoriyHy agpecy BXOAy A0
Aestkoi cucTeMHol porpaMu i 3aiimMae 8 6aiit.

CropinkoBa opraHisauia mam’sri. Ileil Tun opranisanii 3me-
61JIbIIOrO 3aCTOCOBYIOTD Y CUCTEMAX BiPTyaJbHOI MaM’sTi, 10 fae
3MOTY TIpPOrpaMicTy BUKOPUCTOBYBaTH GiAbIMI MpOCTip azapec,
Hix icnyroya ¢isuuna nmam’sth. BpaxoByoun BiracTuBicTh mpo-
CTOPOBOI JIOKAJBHOCTI KOAIB i JanuX (6JAM3BKOrO pO3MillleHHs!
HOTPI6HUX KOMIpOK Iam’sTi), ZOUiTbHO onepyBaTh He GaiiTamu,
a JeAKUMH HEBENMKUMH MOAYJAMM HaM'ATi — cropinkamu. 3a
CTODIHKOBOIO IIepeTBOPeHHsl Bech JMiHIHHMI ajgpecHHil NpocTip
32-pospsannoro MII emuictio 4 I'6aitT po36uBaeTbes Ha 2°° CTODI-
nok o 4 K6aiit. disnynnii npoctip nam’sTi Mikpompouecopuoi
CHCTEMH TaKOX PO3GHBAETHCS HA CTOPIHKY, nmpuuomy y ¢isuumiii
IaM’sATi CTOPiHOK 3HAYNO MeHIIe 220, Hanpuxnan, 3a emnocri na-
M'aTi 4 MGaiit kigbkicts disnynux cropitok (ixX e Ha3uBaIOTDH
' CTOpIHKOBHMH KaapaMu, a6o page frame) CTaHOBUTD 210, BincyTmi
y BIC disuynoi nam'sari 36epiraioThes y 30BHILININ mam’sTi (11a-
KOTIMYYBa4i 1{a TBEPAOMY MATHITHOMY AMCKY) i 3a moTpebu 3a-
BaHTaXYIOTbcA y (PisUYHY NaM ATb, TO6TO BiGyBaeTbCHd NpolleC
ceominry. Ilpuxiazui nporpaMu MoXXyTb PO3TODSIMKATHUCS BCIM
npoctopoM Biptyasaphoi mam’'ati — 4 [6aiir. [Ipoiec cTopinko-
BOTO NEPETBOPEHHA aJpecy IoJaHo Ha puc. 25.16.

¥ npoueci nepersopenus crapuri 20 6it 32-pospsanoi JiniHoi
ajpecy 3aMiHIOIOTbCs iHMUM 20-pO3PSAHUM 3HAYEHIISIM — HO-
MepoM i3MYHOI CTOPIMKH 3TiAHO 3 MEeXaHi3MOM IepPEeTBOPEHHS
agpecu (aus. puc. 25.16). Pericrp kepysauns CR3 PDBR (Page
Directory Base Register) Mictutb ¢isnuny 6a3oBy aapecy Ka-
Tajora cTopinok. Kamanoe cmopinox 3uHaxoautbea y ¢isuuniii
nam’ATi noctiftHo i He 6epe yuacti y cominry. Biu mictute 1024
32-pospaaui agpecu PDE (Page Directory Entry). Koxua 3
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JlinifiHa agpeca

31 22 21 12 11 0
rKa'raJror L Ta6bnuus 3mimenns 1
Katanor cropinok
PDBR 31 0
CR3 0
|
Tabnuus cTopinok
31 0
PDE 0

®iznuna naM’'ats

PTE
1’ Baiit

CTOpiHKOBHH
Kazp

Puc. 25.16. CtopiHKOBe NepPEeTBOPCHHS aJpecH

HMX € [I0YaTKOBOIO afpecoio Tabiauup cropinok. Tabauys cmo-
pinox PTE (Page Table Entry) MicTuTb alpecH CTOPIIIKOBUX
Ka/IpiB y ¢isnyniil mam sTi.

diznuna 6a3oBa agpeca KaTajora ctopiiiok Qopmyernes i3
31avYenHs psagka Tabiuii cropinok PTE i 12 po3paais aMinlenis
JNiHilHOI a/ipecH.

3axwucr 3a npusijgesmu. CucTeMy Npusijeis IpUsNayelo s
3ano6iranis HeJ03BONEHUM B3aEMOAISIM KOPUCTYBAYiB, 11€CalKilio-
HOBAIIOMY AOCTYTY A0 JAaHHX, MOLIKO/KENNIO IPOrpaM i Jafux.
YacTkoBO 11i 3a7a4i po3B’SI3YIOTbC OPraHi3alli€lo 3aXMUIEoro
PeXXUMY MaM’sTi, YaCTKOBO — 3aXHCTOM 32 NpHBineamu; 32-pos-
PAAHI IIPOLECOPH HMiATPUMYIOTH YOTHPH piBNi npuBineis 0—3,
npuyomy piBenb 0 € HaiiGigbur npusisieitoBanuM. Pisensb 0 3a-
3BUYail IIPUCBOIOETbCA SAPY onepaliiinoi cuctemu, piseis § —
CHCTEMHMM CepBicaM, piBelib 2 — PO3LIMPeIsM olepariinoi cu-
cTeMH i piBenb 3 — MPUKJIALHUM TIporpamaM Kopuctysada. [1ix
yac BUKONAHIIS TTPOTpaMy KOITPOJIIOETbCA, YU MOXe ITPOrpaMa.

e 3(iCHIOBATH IPUBiJeHOBAIll KOMAIIY;

¢ 3BepTAaTUCA /IO JAHUX illIMX IIporpam;

® IepellaBaTH KePYBaHs iHulill mporpaMi KOMalzaMu nepeia-
Ballng xepyBanus tuny FAR.
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o npupineifoBaHnX KOMaHA HajleXaTh KOMAHAH, IO 3MiHi0-
I0Tb CErMeHTallio, BIJAUBAIOTh Ha MeXaHi3M 3aXHCTy, MOJU]iKy-
I0Th Npanopeudb J03BOJIY NnepepuBanb [F. 3a cnpobu BUKOHATH
Lli KOMaH/U 11a piBHAX NpusBijeiB 1, 2, 3 reHepyeTbes BUHATOK 13.

L1 KOHTPOJIIO 3BepieHHs MporpaMH 0 JaHuX iHinux Ipo-
rpaM BHKOPUCTOBYIOThest Tosisi CPL (Current Privilege Level
a6o Code Privilege Level — morouHuil piBenp OPUBiNeiB; 3a-
JaeTbest nosieM RPL cenextopa CS) i Aeckpunropa ganux DPL.
Hoctyn no aanux no3sonserses, skito CPL < DPL.

IlepenaBanes KepyBaHHs IIporpaM Pi3HUX DiBHIB NpHUBiJiEiB
311HCHIOETBCS 3a JOIIOMOTOI0 BUKOPUCTAHHS

® TiAJer1uxX CerMeHTiB KOAy;

® JIECKPUNTOPIB BEHTUIiB BUKINKIB (II1103iB).

Y IiAernux cerMeHTaxX BHKONAHHS KOMaHJ MOXKJWBE, SKIIO
notoyHuil piBens npusiieis (CPL) He HWXYUR BiA piBHA NpH-
BiJIeiB JecKpunrTopa (DPL) mifnerioro cerMenrta, y Henijmuer-
JIUX — KepyBaHHA cerMeHTa nepefaerbcs 3a CPL = DPL. 3a-
3BMYAN y MijUIerIUX CerMeHTax KoZAiB posMimylors 6i6mioTeku,
J0 SAKMX MOXYTh 3BePTAaTHCA [IPOrPaMi Pi3liMX piBIIiB IPUBiJIEIB.
Buxopucramust mieramx KoJJOBUX CETMEHTIB 1€ 3MillIoe II0ToY-
1M piBeHs MpuBiNeiB. €anuUM crioco60M 3MiHU PiBHS TIPUBLIEIO
€ BUKODMCTaHIsL BeHTHJIB BUKJAMKIB. Bentuai imeHtTndikyiorts
[03BOJIEH] TOUKM BXOAY B KOAOBI cerMeHTM 3 OiIbHIMM PiBHEM
IpyBiJIEI0. Y NeCKPUNTOPI BElITH/IS 33/1a€ThCS IOBHA aIPEca TOYKH
Bxozy (ceJeKTop: 3Milenns) Tiei mpoueaypH, sKiit nepenacTbcsa
KepyBaHHs.

HepeMukannsg 3agay. Y 6arato3ajadydux cucTeMax i cuCTe-
MaX 3 BEJHKOIO KiJbKicTIo KopucTyBayis MII BuxoHye aesky
YacTHHY KOMaHA ofiii€ei 3agavi (mporpam), Iic/st bOro nepemu-
KA€TbCA Na BMKOHAHHA INIIOL 3afadi i Tak TpHBa€ JOTH, JOKH
3HOBY He HOBEPTAEThCA [0 11epiuoi 3aaavi. [lasa miarpuMku 6ara-
To3ajaysoro pexxuMy B MII € taki 3aco6u:

® cerMeHT cTany 3agadi T'SS;

® JIeCKPHITOP CeTMEHTa CTaHy 3a/iavi;

¢ perictp 3amaui TR;

® BEHTUID 3a/iaui.

Jeckpunrop cermMenta cTany 3ajavi BKAasye Ha CerMeHT, HIO
MICTHTD HOBIWIT CTal 3afa4i, a BEHTHJIb 33/1a4i MiCTHTb CEJIEKTOP,
110 BKasye 1a aeckpunrop I'SS. Perictp TR e cesieKTopoM cer-
menta T.SS norounol 3azavi. KokHa 3ajava Mae cBill cermMenT
craiy. B cermenti T'S'S Micturbes indopmMauis npo crai mpone-
Copa Ha Jac NepeMUKaHlA 3aJa4y — YyMICT Maike BCix pericTpis
MII, BKJIIOYAIOYH PETICTD NIPAIIOPILB, PO3ALIbIL MOKAXKIMKU CTeKiB

g pisuis npusineis 0, 1, 2 i nocunanns na cenextop TSS 3a-
Jadi, 1o ii BUKJINKAJIA.
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IlepeMuKaiHa 3aa4 34iHCHI0ETbCSA a60 32 KOMaHAaMH MidK-
cerMeHTHUX TiepexodiB JMP FAR 4yui BUKNUKIB HNIANPOTpaM
CALL FAR, a6o 32 anapaTHIMH YU IPOTrPAMINMHU IepEePUBaAH-
HAMH i BUHsTKaMu, Y MePHIOMY BUIIAIKY POTPAMa Mae€ MMOCHIa-
THCH la cerMedT cTaily 3agadi T'S.S a6o 11a JIeCKPUNTOPH BeHTHIIA
sagadi B GDT(LDT), y apyroMy — BijHOBi/ Il llepepHBAHIIIO
JeckpunTop B Tabuuii nepepuBanb DT mMae 6yTH AeCKPHNTO-
POM BeNTUNA 3a/a4i.

ITix vac NepeiaBaHHA KepyBalHsd BUKJIWKaiiit 3agaui 3a
koMangolo IRET mepeBipgerbcs Ipanopelib BKJIaJeHOl 3aja-
yi NT (Nested Task). fIxmo NT = 0, komanjia [RET mpawmoe y
3BMYANHOMY peXuMi, 3amilIalovich y NMOTouHil 3ajadi. fAKigo
NT =1, komanjga IRET BUKOHY€E NepeMHUKAII 11a TOIepeIlo
3azauy.

25.4. OcobnuBoCTi apxiTekTypy
mikponpouecopiB Pentium

Mikpomnponecop Pentium — BucoxompoaykTusumit 32-pos-
pAABWii npouecop 3 BHYTPIIDHBOIO 64-po3psHOIO WIHIOIO Ja-
nux. IIpouecop € NpoAOBXEHHIM pO3PO6OK Iporecopis 180 x 86
i mporpaMIio-cyMicrmii 3 IMMH, ae Mae nieBl ocobmsocti. ¥ M1l
Pentium ynepiie 3acrocopato 0,8 mxm BiCMOS-texnonorilo, ska
HOEMIYE MepeBart ABOX TEXIOMOMH — IMBUAKOIIIO 6inojsapHoi i
Maje eneprocrioxxusanisg CMOS. Bukopgcralins cyOMikponnoi
TeXHoJorii [ajJo 3MOry 361JbIUNTH KiJIbKiCTb TPaN3ncTopis 10
3,1 muH. st mopisisiaust: npouecop 8086 MicTuTb 29 THC. Tpai-
3McTOpiB, a Naibmkumit 1o Pentium mpouecop 1486 — 1,2 man
TpaH3HCTOpPiB. 36iablIenIia KiJbKocTi Tpalsuctopis (Giablie 1idx
YABIUI) JIAN0 3MOTY PO3MICTHTH B O/IHIH MiKPOCXeMi KOMIIONCITH,
1[0 paiiiiie po3MinlyBaancs B immmx Mikpocxemax. Le smernuu-
JIO TPUBANICTD AOCTYIY i 361MbLIMIO HPOAYKTHBHICTE 1IPOIECO-
pa. Bucoka TakToBa YacToT, CYyNepCKaspia apxitekTypa, pos-
JIiJIbIIa Ken-fiaM’ aTb JI/Isl IPOrPaM i JIalux Ta ilui Bockonasens
CTIpHsyid GiNbIUiM MPOAYKTUBLOCTI Ta CYMiCUOCTE 3 TIporpamitnm
3a6esnedetisM, pospobrenuM A Mikpolpoliecopis dipmu «Intels .
Mikponpouecop Pentium ztae 3MOTY BHKOPMCTOBYBATH Takl ofe-
paniitmi cucremu, axk UNIX, Windows NT, OS2, Solaris i
NEXTstep. PosrasaieMo 0co6IMBOCTI apXiTCKTYPH.

CrpyKTypHa cXema i XapakrepucTUKH. Y 3arajibHeia cTpyK-
Typita cxemMa MIT Pentium (puc. 25.17) MicTHTDL:

o Il — 64-pospsaauuit munnui inrepdeiic;

* 1Ba 32-po3paauux iigounciaosux AJLII,
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.| Kewr-nam’site
KOMaHJ, BIIAIL
X
2561 ¢
L & v
64 BBB |
V-KomaeepA i | U-KouBeep BKOIIK
3oBHilWHA Y.
WHHA :
I e A i A | [
64 .i 64 Muoxenus
Puc. 25.17. P3IT;
Y3araipHeHa H JopaBanus
CTPYKTYDHA 391 e
cxeMa MIiKpo- y_ Vv :
Tporiecopa ,| Keurmam'site || Hinenns
Pentium "|__AaHux

® Kelli-TIaM’siTb KOMaHJ;

® Kell-IlaM'sITh JIJAHUX;

e P3II;

e 6ycdepnu BuGipku 3 punepemxennsm (BBB);

* 610k mepeaGavens aapecu nepexonay (BITAID);

* (0K KOMBeepIMX 0GYHCIeHb 3 MTaBaioyoo komoio (BKOIIK).

Inanui inrepdeiic npusnaveHuii A5 CIOJYYEHHS BHYTPilL-
HbOI IIHHY IPOLEcopa i3 30BHINIIBOIO IIHHOIO.

Posmmpena 64-paspsaana muna aaHux. 3apasku ripoMy MIT
Pentium nmiaTpuMye Kinbka THHIB HUKJ/IB IIUHH, BKJIKOYAIOUY i
TIaxeTHUH PeXUM, 3a IKOFO YacTHHA JauuX 3 256 6it nepenaerbest
y Kenl-naM’ATh JallUX 33 ojuH 1uKJ. lle icToTHo migBuInye mBUHA-
KicTb nepejaBaliis HopiBAsHO 3 IpoliecopoM 1486 D X. Hanpukian,
MII Pentium 3 yactoroio uman 66 MI't Mae mBuAKicTh nepeaa-
BanHA 528 M6aitt /¢, MII i486 DX 3 yacrororo munu 50 MIt —
160 Mboaiitr /c. Posmupena mumna gannx 3abesnedye KOHBeEpPH-
3aIlifo MUKJIB WIHIHH, 10 36iabIIye TPONYCKIY 3/IaTHICTh ITMHY i
Jae 3MOry JpYyroMy HHUKJY PO3NOYMHATHCS paHillle, HiX 3aBep-
IIUBCS I1ePIIMi.

Cynepckanspha apxirektypa. TepMiH «cynepcKkaisipHa» 03Ha-
Yyae MiKpOHPOUEeCOPHY apXiTeKTypy, IO MiCTUTD GiJbIe HidXK OJuIl
o6uucaiopanbauit 610k, ITponecop Pentium mae aBa konseepu,
SIKi MOKYTb BUKOHYBATH JBi KOMaH/[M ofHodacHo — U-Kkonseep 3
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NOBHUM HabopoM i V-koHBeep 3 o6MexxeHUM HaGopoM koMana. Ha
puc. 25.17 KOUBeepH CIPOINEHO NMOAAHO JBOMA IiJOYMCIOBH-
mu AJITI, P311i bBB.

Bucoxonpoayxrusamii MaTeMaTnunuii crismporecop BKOITK
MiCTHTD 8-TAKTOBUIT KOHBEED Ta allapaTtHi 3acobu peasizarii apudg-
METHYHUX OIepalliii — MHOXeHHsI, 10JaBauus, AijJeHHs. bimbia
YacTHMHa KoMallJ ollepaliif 3 IJaBaloYolo KOMOIO MOXYTb BHKO-
HYBATHCS B OJHOMY LiJIOYUCIOBOMY KOHBe€pi, MiCJs 4OTO BOIM
HAZXO/Th Y KOHBeEp OOUWCICIDb 3 MJAABa4oi0 komowo. IIpo-
AYKTUBIICTb BOYJ0BaHOrO apudMeTHYHOro chiBiporecopa Pen-
tium nepeBaxxae NPOAYKTUBIICTb MaTeMAaTHYIIOrO CHiBIPOLECO-
pa FPU-486 (Floating-Point Unit) y 2—10 pasis.

Bukopuctanns moaBiiilioro koliBeepa ia€ 3MOry KiJibkoM KOMaH-
JlaM 3HaXOANTHCA Y Pi3HHX CTaJlisIX BUKOHAHIA i TOJATKOBO 3611b-
UIyBaTd NpoAyKTUBHiCTE MII MOBHHM 3amOBHEHHSIM KOHBEEPIB
koMaHgamMu. Y npoiecopi Pentium BUKOpHCTOBYETbCA amapar-
He BUKOHAHHSA KOMaHJ, IO TAaKOX IiJBHILy€ NPOAYKTHBHICTDH
1Ipolecopa.

Po3sainbui kem-nam’aTi AAa KOMaH[ i AaHUX. Mikporpole-
cop Pentium Mae posgineni xeln-nam’siti koMaHa i ganux. Lle
Jlae 3MOTY VIMKIYTH KOHQKTIB MiX 1polecoM BUOIpKU IS
oAliel KoMaHaM i JOCTYIIOM A0 JAalMX AJd 1MoL, AKI MOXYTb
BUHMKATH, MANpHKJaL, y mpouecopi 1486. ITix yac peanizaiii pos-
JiMbIIUX Kenl-TlaM’sITi A/ KoMally i JaluuxX oGUABI KOMAal/I! MO-
KYTb BUKOHYBAaTHCS OJHoYacHO. €MHICTb KeNI-TIaM’siTi KOMallI
Ta Kell-flaM’SITi Janux y npoliecopi Pentium oznakosa i cranosurn
8 Koajit. Kemr-maM’saTh KOMaH/J 1 JlallMX BUKOIIAHO 3a CXCMOIO
JBOKaHAJIbHOI acOiaTHBHOI KelI-NaM’ATi, IPUYOMY Kelli-naM’ ATh
nanux Mae aBa intepdeiicu (110 0AOMY AT KOXKIIOrO KolBeepa),
110 Aae 3Mory 3a6e3neyyBaTu JaHUMU JIBi OKPeMi KOMalltH BIPO-
JOBX OJHOr0 MalIMIIIOTO HUKJY.

Kew-nam amo danux npauioe 3 BijkaagenuM (0 3BiAblIeIHs
30BIIIIIBOI ITHITH) 3aMTHCOM i MAJATO/UKYETHCA Y PEKHM HACKPi3-
110ro a6o 3BOPOTHOrO 3amucy. B ocTaniiboMy BUNAAKY Aani 34u-
TYIOTbCA 3 Kelll-llaM'sITi, a Iicas [bOTro 3amiCyiOThCsl B OCHOBRY
naM’a1b. Takuil cnoci6 BuKopHCTallls KemI-maM’sTi clpHsic
36i/IpIIEHHI0 TIPOAYKTHBIIOCTI MOPIBHANIO 3 KEWI-NaM ' ATTIO i3 Ges-
[IOCEPEAIIM 3aIIMCOM, 3a SIKOTO MPOLCCOp 3arucye Aalli ooyac-
HO B Kell-IIaM’STh Ta OCHOBHY 11aM’ATb.

IigTpuMyBanHsS MYJALTHNPOLECOPHOTO pekuMy poloTH.
Apxirextypa MII Pentium gae 3Mory npaioBaTty JBoM i Ginbie
Pentium-npoiecopaM y MyJabTHITPOLECOPINX cHcTeMax. Peani-
3oBaio intepdeiic 1106y10BY ABONPOIECOPHUX CUCTEM i3 CHMET-
pHYHOIO apXiTekTypoio (moynnaiodu 3 apyroro nokosimis MII
Pentium).
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3aco6u 3apanHg poaMipy cTOpiHKHM nmaM ari. Pentium-mpo-
necop Mae ommiio (crneniaapHmil 6iT KepyBaHHS) Ausi BUGOPY
po3Mipy cTopimox mam’sTi — Tpaauuiiiny (4 K6aiir) i posuu-
peny (4 Mo6aiit). 36iabiienns po3Mipy CTOPIHKY AOUIJbHE TiA
Yac BUKOPYCTAHHSI TPOMI3AKUX IpadiuHuX J0AATKiB.

3aco6u BusBJEHHA IOMHJIOK i TECTYBaHHS 3a JOIIOMOTOI0
¢dyHuxuioHanbHoi HaAMipHOCTI. 3 METOIO IiABUIIENHS Ha iiHOCTI
y mpouecopi Pentium nepen6aderio BUyTPillIHE BUABJIEHHA IOMU-
JIOK BHYTPilIHiX mpucTpoiB. (BUyTpiluHiii KOHTPOIb HapHTETY)
Ta 30BHIIIHBOTO MUHHOTO iliTepgeiicy, KOHTPO/b TapUTETY LITHH
agpecH Ta TeCTYBaHHs 3a JOIOMorolo (pyHKIioHaabnoi naj-
MiplocTi. Buympiune eunadenns noMuoK NoJsrae y J0noBHeH-
Hi KOAiB KoMal/ i faHuX GiTOM MapHOCTI, 1[0 Ja€ 3MOT'Y BU3Hada-~
TH TIOMUJKM HEIIOMITHO SIK ISt CHCTEMH, TaK i /11 KOPUCTyBada.
Tecmyeanna 3a 00nomozo10 GYHKYIOHANbHOT HAOMIPHOCTL BH-
KOPHUCTOBYETBCS ¥ TIPOrPAMHUX JORATKAX, 0COOIHBO KPUTHUIIHX
1100 AOCTOBipHOCTI pe3yibTariB. TecTyBannsa 3a AOIOMOrolo
dyukionaablIoi HaAMipHOCTI IPYyHTyEThCA Ha poboTi ABox Pen-
tium-npouecopis y xoudirypauii 20108Huli-KoHmpoabosanui
(master /checker). Y takiit koudirypauii oclopnuit npoiecop
Ipalioe y 38M4aiiHioMy oHonpoliecopioMy pexuMi. Kolrpoibo-
BaIlil poHecop BUKOHYE Ti caMi onepallii, aje He Kepy€e UIMHOIO,
i mopiBHIoE BUXiAHi CUIaJX OCHOBHOTO MPOLECOPa 3 THMHU CHTHA-
JaMu, sIKi Bill rerepye caM. Y pasi po36iXkHOCTi OTpUMaNUX pe-
3yJIBTATIB (DOPMYETHCS CUTHAJ IOMUIKY, KUl MOXKe 06pOGIATH-
cs CHCTEMOIO AK mepepyuBanis. Takuil croci6 gae 3MOTy BUSBIIA-
T oHag 99 % momusox. KpiM toro, saco6u TectyBasIis mnepes-
6avatoTh MOXTHBICTD BUKOHAHHSA B6yAoBatioro Tecta BIST (Built
In Self Test), mo 3a6e3nedye BUABIEHIIA NOMUIOK MIEMOKO/IB,
IPOrpaMoBaNuX JOTIYHUX MAaTpPHUIb, TEeCTyBAaHHS Kell-TlaMm’ ATi
KoMaHJ i ganux, aapecuux 6ygepis i [I13I1. Y ninomy camorec-
TyBaHIa oxomaoe mona 70 % BysJiB Ipouecopa. Yci Ipomeco-
P¥ MaloTh CTAnAapTiini TectoBult nopt [EEE 1149.1 nn4a camo-
TECTYBAIIHS 3a JONOMOTOIO cTalfapTHoro intepgeiicy JTAG.

25.5. OcobnumBocTi
apxitekTypu 64-po3psaHux
MikponpoLiecopis

Y 1997 p. dipmu «Intel» i «Hewlett-Packards pospo6unu
HOBY Mikponpouecopity apxitektypy EPIC (Explicitly Parallel
Instruction Computing — SBHOro HapajelbHoro o04ucienHs
IHCTPYKIL#), Ky 6yJI0 NOKJIANENO0 B OCHOBY 64-DO3PSANINX MIKPO-
npouecopis 1A-64, McKinley, Itanium, Itanium 2.
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Oco6auBoctsmu apxirektypu EPIC e:

8equKa KiavKicms pezicmpie 3a2aavH020 npunaven-
ua. Tak, kinpkicrs perictpiB MII 1A-64 mictuth 128 64-po3psa-
HUX pericTpiB A/ onepalill 3 misumu uncaamu i 12880 — 3 apo-
60BUMHU;

ROWYK 3daeXHOCMEN MiX KOMAHOAMU, TIPHIOMY IIO-
UIYK BUKOHY€ He mpoliecop, a komniasatop. Komangn MII [A-64
TPYIIYIOTHCS KOMIIIATOPOM ¥ «3B’SI3KY» 3aBJIOBXKKU 128 pospsaais.
3B’43Ka MICTHTh TPH KOMaHAY i WaGJoH, B IKOMY 3a3iadeli 3a-
JexXHOCTI MK KoMalgamu (TO6TO BH3HAYAETbCSA, UM MOXKHA 3
KOMaH/1010 K1 BUKOIATH OAHOYACHO KOMaH/Ay K2 a6o KoMaIaa K2
Ma€ BUKOHATHCS JIMIIE [MicAs KoManau K1), a Takoxk Midx iHImnmMu
3B’s13KaMu (YU MOXKHa 3 KOManaow k3 3i 38’s3kn ¢l BHKOHATH
O/THOYACHO KOMAHAY K4 31 3B'43KH ¢2);

Macumabosanicms apximexmypu, To6TO IPUCTOCY Ball-
1 Habopy KOMAHA A0 BEIHKOI KibKOCTI (pylKIIOHAIBHAX HPH-
crpois. Hanpux.Jjaz, onHa 3B’si3Ka i3 TPHOX KOMamj Bifnosimae
Ha6opOoBi 3 TPbOX (HYHKUIOHANTBHUX MPUCTPOIB npouecopa. Ipo-
necopn [A-64 MOXyTb MaTH pPi3HYy KifAbKiCTh Takux (QyHKIio-
HAJBIHX IIPUCTPOIB, 3aJUNIAI0YUCH IPH IIBOMY CYMICHHMH 32
KOJIOM. 3aBJAKH TOMY, 1[0 B MAGNOHI 3a3lla4eHa 3aJEXHICTD i
Mi>X 3B’d3KaMHM, Tipoliecopy 3 N olHAKOBUMH GIOKaMM i3 TPLOX
(ynxIionaspluX NPHCTPOIB BIANOBIAATHME KOMAIIIC CAOBO 3
N x 3 komaia (N 38’5130K);

npeduxauisn ( Predication). IIpeduxayierno maznpalorn cnoci6
00pOGKH YMOBHUX PO3ranyxenb. KoMaiau 3 pisiunx rinox ymos-
OO PO3rajiy>kKeNls I1031adaloThes IPeAUKATHUMH oMy (Ho-
JISIMH YMOB) | BUKOILYIOTBCSI TIAPANENbIO, ajle X1 PesyabTaTH Iie
3aMHCYIOTBCS, JOKU 3HAYEHIIA IPEAUKATIHX pericTpiB 11e BU3iia-
venli. JKIo HaNpUKiN HUKIY BH3IAYAETLCS yMOBAa PO3ray-
JKEHIs, IPEAKATIIY pericTp, AKUH BlAoBifac «ITpaBubITii» rimii,
BCTANOBJIOETLCSA Y CTAIl JOTIHIO] OUIIMI, a APYruif — y cran
Joriynoro nyas. Ilepex samcoM pesyspraris rpouecop mepe-
BipAe IpeanKatie 1noje i 3ancye pesyabTaTi JULIC TUX KOMAarL,
NpeuKaTIIe ToJe SKHX MIiCTUTD OJMIIHILIO;

3asanmaxkenna 3a npunywenusam (Speculative loading).
[Te#t MexanisM mpHsHa4elnil 3UU3UTH MPOCTOI 1TpoLecopa, 0B -
3anl 3 YEKaIIAM BHKOLAUILA KOMAIl 3aBAHTAXKEIS 3 BIJUIOCHO
HOBLIBIOT 0CHOBUOL naM’ati. KoMniasarop nepemingye xomairu
3aBallTakenyms JlaHux 3 nam’siri Tak, L[[()() BOIIM BUKOUYBaJIHCA
AaxoMora panimme. OTsxe, STKILO Jatii 3 HaM'si 311aJ0619Thest 6y b
AKIA KOMaIAl, potecop He IpocroloBaTMe.

ITpouecop Itanium 2, sukonanuit sa 0,18 Mxm texiosnoricio,
3/aTHUH BMKOHYBATH WICTh KOMAILJ 34 OJMII MAIIMIINA 1IHKJI.
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¥ cyxynHocTi 3 niIBHINEHHSAM TaKTOBOI 9aCTOTH Ta MPOMYCKHOI
cnpomoxnocti cucremuoi mmuy (6,4 I6,/¢, yactora munu —
400 MT1, pospammicts mmnu — 128) 1eil YMHHUK 3a6e3mnedye B
1,5 — 2 pasu 6iabuly IpOAYKTHBHICTD, HiX y npollecopi Itanium.
[Mpouecop Mae BeMMKYy €MHICTb KeWI-TIaM ATi TPETbOTO PiBHA,
posMimenoi Ha xpucrani (o 3 MGaiiT mpaiioe Ha YacTOTi a4pa).

¥ 2003 potii Ha PHHKY 3’ SIBUJIHCA POLIECOPU, BUTOTOBJIEHI 32
0,12 MKM TEXHOJOrI€IO:

¢ Deerfield, npusnadenuii A5l BUKOPHCTaHNS B ABOXIIpOLie-
COpPIIUX CHCTEMAX;

® Madison, opieHToBanuil Ha MyJABTHIPOIIECOPHI CUCTEMM.

IIpouecop, Montecito, 6yne BuUpo6IeHUA 3 BUKOPUCTAHNAM
90 HM TexHOJOTiI HAHOGMMXKIUM JaCOM.

KoHTponbHi 3anuTaHHsA

1. Po3skaxiTh PO TpPM3HAYEHHsT PETICTpa KOMaHX, aKyMyJsaTopa, 6J0Ka
P3IL

2. Slxe mpusHadeHHs npamnopuis y MII?

3. ki xepywoui curnanu suxkopuctoBye MII nas 3a6eaneyenns po6o-
T4 3 MPUCTPOSIMH, MBHAKO/iSI IKHX 3HAYHO MEHINA, HiX IIBUAKOMLIA
camoro MII?

4. Ski xcpyroui curHasu BuKoprcToBye MII 171 3a6e3nedeHHs Po6OTH 3
OPUCTPOSIMU, IIBUAKOZISA SIKUX TICPEBUIye MBUAKOAIID MIT?

3. ki xii BukoHye mpouecop 3a curdanom RESET?

6. Hassito icuyioui dopmaru gannx MII i8086.

7. Hasenits npHKIagyu YIaKOBAHOIO i pO3NMaKoBaHOro ABifKOBO-aecATKO-
BHX YHCEJ.

8. Sk y MII nogary Bix'eMui uucaa?

9. IosicHiTs MPUHIMI KOHBCEPHOI apXiTEKTYPH. ’

10. Hassite dyuxuii omepamifiHoro mpucrpoio i WHHHOTO iHTepdeiicy.

11. dxi 6ok MII GepyTs yuacts y dopMysansi 20-pospagnol disudnoi
aapecu?

12. O6uucxits 20-pospsauy disuuny agpecy DS:SI, axmo DS = 1234H,
SI = 5678H.

13. Mix6epits aABi napu 16-po3psaaHMX JOTiYHUX aJpec, SIKi € EKBiBaJCHT-
numu iznaHii aapeci 12008H.

14. Sxi rpynu pericTpiB BXOAATb A0 mporpamuoi Mogeai MII?

15. SIxi cerMeHTHI pericTpH 3a 3aMOBYYBaHHSAM aAPecyloTb IIOYaTOK cer-
MCHTIB KOJiB, CTEKY, JaHUX?

16. Slxe npu3HaveHHS pericTpa Npanopuis?

17. HaBezith IpUKIaJ BUKOHAHHS KOMAHIH, MICAS AKOI BCTAHOBIIOETLCS
TIparnopelb 3HaKA.

18. HapeniTh IIPUKJIA/] BUKOHAHHS KOMaHIM, HiCAA SKOI BCTAHOBJIOETHCS
Ipanopenn MapuTery.

19. HapenaiTb NMpHKJAaJ BUKOHAHHA KOMaHIM, HiC/aAsA AKOI BCTAHOBIIOETHCS
IIpanopens HYJbOBOrO PC3YJBTATY.

20. [laiiTe BU3HAYCHHS BEKTOPA ICPCPUBAHD | KAPTU BEKTOPIB NIEpEPUBAHD.

21. Hassits Ta cxapaktepuayiite icyroui tTunyu nepepusanp MII i8086.

396

22. SIxe mpU3HaYeHHA PCTIiCTPiB, W0 BXOAATb QO MPOTrpaMHOI MoAei
32-pospsaHoro mpolecopa?

23. Slke NMpH3HAYCHHS NpaNopLiB, IO BXOASATh [JO HPOTPaMHOI MojeJi
32-pospsaHoro mporecopa?

24. SIke NpU3Ha4YeHHS PCricTPiB KepyBaHHS i PEricTpiB TecTyBaHHA?

23. Po3kaxiTh Npo TMPH3HAYEHHS Ta iCHYIOUi THNH ACCKPUIITOPHHX Ta6-
JULb.

26. [laiite BU3HaYCHHS NIPOLECY CBOIIHTY i MOSICHITD, SK BiH BiIGYyBA€EThLCS,

27. IloAcHiTh IPUHUKI CTOPiHKOBOI opraHi3amii maM’ ari.

28. MMosicHiTs MOTPe6y i MPHHUMI PYHKIIOHYBAHHS MeXaHi3My 3aXHCTY 3a
IIpUBiNesaMHu.

29. 3a SKHX YMOB [O3BOJSIETbCA 3uuTyBaTH (3amucyBaTH) HaHi MCBHOro
cerMeHra?

30. ITosacHiITH 0COGAUBOCTI 6AraTo3afa4HOTO PCXKUMY POGOTH.

31. Sxe npusHadeHHs perictpa TR?

32. dxi onepariitai cucreMn MOXyTb BUKopHcToByBatucst y MIT Pentium?

33. HasBits npusHadeHHSI OCHOBHUX GJIOKiB CTPYKTYPHOI CXEMH IpPOIICCO-
pa Pentium.

34. TloscHitb po6oTy 610Ka NepeabadeHHA agpccH MEPEXOAY Ha MPHKJIAL
BUKOHaHHs koManau JC LABEL.

35. dra edexTHBHICTD MOAINY KeNI-aM’'sITi Ha Kell-MaM’ATb KOMaHA Ta
Kelll-aM’ 4Th JaHux?

36. SIki 3aco6u BUsSBJICHHST MOMMJIOK Ma€ mpoiecop Pentium?

37. Y 4yoMmy mossarae OpUHUMI TCCTYBAHHSA 32 JONOMOrol0 GyHKUiOHaALHOT
HaAMipHOCTI?

38. Aki dyuxuii TectyBannst Mae mpotccop Pentium?

39. IToscHiTh NO3WTHBHUIL cpeKT NpeanKawii.

40. SIxi nepepard Mae 3aBaHTAXKCHHA MO NMPUMYLICHHIO MOPiBNAHO i3 3BU-
YaiHUM?

41. dAxi ocobausocti apxitekrypu EPIC?



Posgin  OCHOBWU
2 6 NMPOrPAMYBAHHA
MOBOIKO ACEMBIEP

26.1. Gopmar KomaHa

ITpozpara — nocaifoBHiCTb KOMaH/, BUKOHAHHS SKUX IIPUBO-
JUTh 10 PO3B’A3aHHs 3a/a4i.

Komanda susnavae omepanio, axy Mae BukoHatd MII 3 ga-
HUMH Ta MiCTUTb y SBHiH a6o nessHilt gopmi indopmariio npo Te,
Jie 6yJie po3MillleHHi pe3yIbTaT olepalii, Ta Ipo aZpecy acTyn-
Hoi xoMan/u. Kox KoManan cKJIafaeTbes 3 KiJbKOX 9acTHH, sIKi
HasuBalOTh roasmu. CKJIaA, OpH3HAYEHHS i PO3MIlellsa MoiB
HABUBAETLCSA hopmamom Komandu. Y 3aralbHOMY BUNAIKY Gop-
MaT KOMallIM MICTUTb ollepaliitiny ta agpecny vactunu. Onepa-
uiifHa YacTHHA MICTHTh KO/ omepalii, HanpukJIaZ AOJABAIHA,
MHOXEHHS, Tlepe/laBalilsd JaHuX. AIPecHa YacTHHA CKJIaJaEThCs
3 KiJTbKOX 110J1iB i Mae iHdopMailio Ipo ajpecH onepaH/IiB, pe3yJib-
TaTy onepalii Ta HacTynHi koMaHau. DopMaT KOMaHIH, B AKOMY
aJ[pecHa 4acTMHA CKJIAJAETbCs 3 JBOX TojiB (o3Haku agpecairii
Ta aipecu olepaHiB), 306paxeHo Ha puc. 26.1.

Ilone <«osmaka aapecanii» BH3HAYae crmoci6 ajxpecaiii ore-
panzga. Bity nonis «O3naka azpecaitiis Ta «Azipecu onepanyis»
Pa3oM BU3LAYAIOTb KOMIpKH NaM’siTi, B SIKMX 36epiralorbcs ole-
pangu.

Po3pi3HAIOTH TaKi rpynu KoMauA: 1) KOMaHAH IepegaBaHus
JaHuX; 2) KoMallii oNlepaliil BBeJeNHsa-BUBeNelHs; 3) KoMalau
06pobaenns indopmartii (apudmernyni, rorivii, 3CyBy, MOPIBILAIILsA
onepanjiB, JECATKOBOI KOPEKIIii); 4) KoMalay KepyBailHs Mo-
PANKOM BHKOHaHHA TiporpaMu (fepexo/ly, BUKJIHKIB NIAIIPOTpaM,
NOBEPHEHHS 3 NiANPOTPaM, NEPEPUBAND); 5) KOMAIIM 3a/IalHs
pexuMiB po6otu MII.

3aranbHy KiJqbKicTh GIiTiB y KOJi KOMAHAM HA3UBAIOTb 006X U-
Ho10 gopmamy. Kinbkictp ABiHiKOBUX po3psaliB m y MoJi <Kox
omnepaltii» 3a6e3nevuye MOXKJIUBICTh IMOJAAHHS BCiX onepalliii, ski
Bukonye MII. dxkuro MII Bukonye M pisuux omnepauiii, to
KiJIBKICTh PO3PsAAIB BU3HAYAETHCA TAK:

m 2logy, M.
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Kox onepanif OsHaka anpecéui'f Anpecu omepanzis
(m pospanis) (% pospsgis) (n pospsxis)
OnepauiiiHa yacTHHa Anpecna yacTHHa

Puc. 26.1. @opmar KoMaHIH

SAxmo mam’ste MictuTs S KOMIpPOK, TO MOTpi6HA A/ 3aIHCy
aJpecu OJNOro olnepainja KiJbKicTh pO3pALiB V TOJI <«aApecH
OonepaH/iB» CTaHOBUTD

n2 10g2 S.

Hosxuna dbopMary KoManIu BU3HAYAE IUBAAKICTD BUKONAIIILA
KOMaH[J¥ 1 3aJeXUTh Bil crioco6y aapecainii onepanmis.

26.2. CucteMa KomaHp,
mikponpouecopa 18086

Cucrema xomans Mikponpouecopa :8086 (ta6a. 26.1) MicTuTb
91 mueMoxod. Yci komanaun MII noginsaioTh Ha N’ ATh rpym:

® KOMamHIH iepefaBatiis indopmartii (KOMalm repecuIaniis,
POGOTH 3i CTEKOM, BREACITHS-BHBE/ICIINSL);

* koMaiyiu o6poGaenns indopmanii (apudmernani, aoriuni,
KOMAI/IH 3CYBY);

® PAJKOBI KOMaHAY,

® KOMaHJHU fiepeJaBalilisa KepyBalllisd, BKIOYAIOUM KOMA/IH T1e-
pepuBalb;

* KoMalliu KepyBaniisa cranom MII.

Y niit TabaUIli BUKOPUCTAHO Taki MO3naderrs:

STC — ONepaHA-Kepeso;

dest — onepalI-mpusIadcHIis;

reg — 8-/ 16-pospsaauuii P311;

reg8 — 8-pospsaauuit P3I1;

reg16 — 16-pospammmii P311;

S*¥ — CeTMEIITHMI1 pericTp;

mem — 8- /16-po3psana KoMipka nam’sri;

mem8 — 8-po3psajla KOMipKa maM’'siri;

mem16 — 16-pospsana KOMipka nam’sri;

r/m — 8- /16-po3psaauuii perictp a6o KOMipKa nam’siTi;

r/m/i — 8- /16-pospaanuii perictp, KoMipka 11aM’ati a6o Ges-
nocepe/(iiit onepaiyi,

immed — Ge3nocepeanii onepan;

disp — 8-/16-pospaarie 3MillleHIs i/ 4aC 3a4a1HsT AJPCCH;
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disp8 — 8-po3psHe 3MillleHH:;

disp16 — 16-po3psiaHe 3MillleHHS;

target — miTKa, O SKOI 3AIUCHIOETHCA NIEPEXin;

seg target — meplia joriyna agpeca (cerMeHTHUit azipec) MiTKU
target;

offset target — npyra moriuna ajpeca (3MileHHs y cerMenTi)
MiTKH target;

A — akymyastop AL a6o AX;

mldisp] — xomipka nam’sri 3 edrekTUBHOIO agpecoio EA = disp.

3uavuerHs KiJbKOCTi TakTiB EA, HOTpi6He A/IsT o6UMCIeH s edhek-
THBHOI aJpecH, 3aJeXHTb BiA crmocoby azpecalii omepamnga
(ta6. 26.2).

Briue xoMana Ha 3HadeHHA IPaNopliB iaocTpye Taba. 26.3,
B AKill NO3HaYeHO: «+» — KOMaHJa BILJIMBAaE Ha Mpamopeilb;
«—» — Ile BILIUBaE; «1» — BCTAHOBJIOE MpAIOpelb Y CTaH JIo-
riunoi omuuuii; «0» — ckuzae mpamnopelnb y CTaH JOTiYHOTO
HYJsA; «?» — CTaH HeBusHaveHHH (3a/€XUTh BiJ KOHKPETHHMX
3IaueHb ONEPaH/iB).

Tabauys 26.1. CucreMa Komanj Mikponpouecopa i8086

MueMoKOx, Omuc xoMaHan ANTOPHUTM Kimskicr|KismbKicTs)
KoMaHa# ‘ KOMaHAH Gaitr TaKTiB
KOMAH/IX TIEPEJABAHHS THOOPMAIII
Komanou nepecunannsn

MOV dest, | TlepecrIaHHs ZaHHX reg < reg 2 2
src 3 pericTpa, KOMipKu ST <—reg 2 2
nam’ati a6o Gesnoce- req < sr 2 2
PEAHBOTO OTIepaHAd mem « reg 2-4"17 19+ EA
y perictp a6o reg « mem 2-4"1 |8+ EA
HaM’STh mem « Sr 2-4'' 9+Ea
ST mem 24" |8+ EA
a < mem 3 1
mem — d 3 11
mem8 « immed | 3-5"7 [10 + EA
mem16 « immed | 4-6" |10 + EA
reg8 « immed 2 4
reg16 « immed 3 4
XCHG r/m, | O6MiH AaHUMH MiX reg «—— reg 2 4
reg pericrpamMm a6o pe- mem «——> reg 2-4"" (17 + EA
ricTpoM i maM’aTTIo A &> reg 1 3
XLAT [epexoayBanus AL « ES: [BX + 1 ¢
BMicTy AL y 3HaycH- + (AL))
HA Gafita naMm’siTi,
3 a/Ipecoro
ES: [BX + (AL)]
400
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26 5-104

MueMoKkox Onnc xoMaHIn Asroput™ Kinbkicts|KinbkicTs)
KOMaH(1 KOMaHAN 6aiir TaKTiB
LEA reg16, | 3apautaskenna cdex- reg — EA 2-4"1 |2+ EA
mem THBHOI aZpecy KOMip-
KM maM’aTi mem 'y
pericTp
LDS reg16, | 3apanTaxeHHd y pe- reg < [mem)
mem TicTp regl6 cnosa is | DS« [mem+2) | 2-4"' 116 + EA
KOMipKM naM’sTi 3a
azpecoto [mem],
y DS - nacrynuoro
cJI0oBa 3 KOMipKH 3a
aapecowo [mem + 2]
LES reg16, | 3aBaHTaXeHHS y pe- reg « [mem]
mem rictp reg16 cnosa i3 | ES < [mem + 2] 2—4"1 16 + EA
KOMiIpKH TaM'sITi 3a
anpecoio [mem], B
ES — nacrynHoro
CI0Ba 3 KOMipKH 32
aapecoto [mem + 2]
LAHF 3aBaHTAXCHHA MO- AH « FL 1 4
JNOAmoro Gaiita pe-
ricTpa npanopuiB
FL 8 AH
SAHF 36¢pexenns AH FL « AH 1 4
y MonoamoMmy Gaiiri
pericTpa mnpanop-
uis FL
Komandu pobomu 3i cmexom
PUSH IepccunanAs cJIoBa SP «SP -2 2-4"Y 11016 +
r/m/sr 3 pericTpa a6o 3 ma- [SS:SP] « r/m + EA)
M'ATI Y CTeK
SP &SP -2 1 10
[SS:SP] « sr
PUSHF Ilepecunanns y ctek SP e« SP -2 1 10
BMICTY pericTpa npa- [SS:SPl « F
nopuiB
POP Tlepecunanns cioba r/m < |SS:SP] 24" | 8116 +
r/m/sr IaHAX 3i cTexy B pe- SP &SP +2 + EA)
rictp a6o nadM’ATh
sr e« [SS:5P] 1 8
SP « SP+2
POPF Tcepecnnanns maHIX F « [85:5P] 1 8
3i CTCKY B pericTp SP « SP + 2
Mpanopuis
401



IIpodosx. mabnr. 26.1

IIpodossx. maba. 26.1

MueMoKo I . Anropurm Kimp- | Kire-
KOMaHi Omwe koMAHAH Komapnnn KicTb | KicTb
6afiT | TakTiB
Komanou eeedenns-eusedenus
IN AL, P8 | Beeaenus B akyMy- AL « Topr (P8) 2 10
IN AL, DX | narop AL Gaitra AL ¢ Tlopt (DX) 1 8
3 8-pospsiaHoro mop-
Ty 3 azpecoro P8 a6o
3 afpecoo, 1o 36¢pi-
raetecsa B DX
IN AX, P8 | BBeaeHHS B akyMy- " AX « Hopr (P8) 2 10
IN AX, DX| natop AX cioBa i3 AX « Topr (DX) 1 8
16-po3paaHoro nopry
3 agpecow P8 a6o
3 ajipecoro, mio 36epi-
raetbcsa B DX
OUT P8, | Busenenns Gaiita Mopt (P8) « AL 2 10
AL 3 akymyJatopa AL Topr (DX) « AL 1 8
OUT DX, y 8-pospsaHuil mopt
AL 3 agpecoio P8 a6o
3 aApecor, 1o 36¢epi-
raetscs B DX
OUT P8, BusejeHHs cJ10Ba Tlopt (P8) <~ AX 2 10
AX 3 akymy./atopa AX opr (DX) « AX 1 8
OUT DX, |y 16-po3psaHuil nopT
AX 3 aapecoo P8 a6o
3 azpeco, 1o 36epi-
raerbest B DX
KOMAH/IM OBPOBJIEHHS ITHO®OPMAIL
Apudpmemuuni xomanou
ADD v/m, | HoaaBaHHs ABOX r/reg < r/reg + reg 2 3
r/m/i oncpanis reg «—reg + r/m 2-4"! [16 +EA
reg8 < reg8 + immed | 2-4"' (9 + EA
regl6 « reg16 +
+ immed 3 4
mem8 «— mem8 +
+ immed 4 4
mem16 « mem16 +
+ immed 3-5"% [17+EA
AL - AL + immed 2 4
AX  AX + immed 3 4
ADC r/m, JlogaBaHHS ABOX Ofic- |reg «—reg + reg + CF 2 3
r/mfi panais i npamopis mem < mem +
nepenecenns CF Bin +reg +CF 2-4"" |16+ EA
nonepeAnbol onepatii. reg «reg +
ITpanopeis mepeHc- + mem + CF 2-4"1 [9+ EA
402
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Muemoxoa AJTopuTM K.im,- Kiap-
KOMaHAH Omitc xomamr KOMaH/H KICTb | KICTR
Gaiit | TakTiB
CCHHS JI0/Ja€TbCAd A0 reg8 « reg8 +
MoJozmoro 6ira pe- + immed + CF 3 4
3yAbTATy regl6 - regl16 +
+ immed + CF 4 4
mem8 - mem8 +
+ immed + CF 3-5"2 |17+ EA
mem16 < mem16 +
+imm + CF 4-63 M7 +EA
AL « AL +
+ immed + CF 2 4
AX « AX +
+ immed + CF 3 4
INC r/m InkpeMerT (moapaBanis| reg8 < reg8 + 1 2 3
3 oaunniten). Koman- | regl6 < regi6 + 1 1 2
Jla He Aie Ha mparno- mem < mem+1 2-4"Y NS+ EA
peits CF
AAA Kopeknist nicas poxaBaHHsl po3naKOBAaHUX
IBIRKOBO-ICCATKOBAX YHCCJ 1 4
DAA Kopcernis nicas aomabaBHs ynakOBaHHX
ABIHKOBO-ACCATKOBHX UHCEN 1 4
SUB r/m, Bianimanus gBox one-| reg «reg — reg 2 3
r/m/i paHzin mem « mem —reg | 2-4"' |16 + EA
reg <—reg —mem | 2-4"' |9+ EA
reg8 < req — immed 3 4
regl6 «—regl —
— immed 4 4
mem8 < mem —
— immed 3-5"2 17 + EA
mem16 < mem{ — )
- immed 4-6" H7+EA
AL < A — immed 2 4
AX «— A — immned 3 4
SBB r/m, BinwiManas Gaiita Ta |reg < reg — reg — CI 2 3
r/mfi npanopns nosuku CF mem < mem —
BiAl TIOIEPEAHBOT OmnC- ~reg — CF 2-4"" 16+ EA
pauii. TTpanopens no- |req «req —mem — CF| 2-4"' |9 + EA
3UKM BIAHIMAETbCA reg8 « reg8 —
B MONOAUIOTO GiTa ~immed — CF 3 4
pe3yabraty regl6 « req16 —
= immed — CF 4 4
mem8 - mem8 —
= immed — CF 3-5"2 17+ EA
mem16— mem!6 —
~ immed —CF 4-6"3 |17+ EA
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IIpodosx. madr. 26.1

Mrewoxox Onnc xoMaH AJropuT K'im:- -
KOMaHIH aHan KOMaHAH KICTb | KICTh
6aiiT | TakriB
AL - AL —
— immed — CF 2 4
AX « AX -
~ immed -~ CF 3 4
DEC v/m Hexpement (BigdimMan-| reg8 < reg8 — 1 2 3
Hs oavHnLi). KoMan- | reg16 « reg16 — 1 1 2
Aa He Ai€ Ha mparo- mem —mem — 1 | 2-4"1 15 + EA
peus CF
NEG v/m 3MiHa 3HaKa onepaHIl reg <« — reg 3 3
mem ¢~ — mem 24" |16 + EA
CMP r/m, | lopisuanua asox one{ F &reg — reg 2 3
r/m/i paHaiB — BCTaHOBJACH- | [ < mem — reg 2-4"11 9+ EA
HA BMICTY pericTpa Fereg—mem | 2-4"'|9+EA
npanopis F 3a pesysie{ F <reg8 — immed 3 4
TaTOM BiAHIMaHHSs F < regl6 — immed 4 4
(6e3 36epexeHra pe- | F e= mem8 ~ immed | 3-5'2 | 1 + EA
3yabTaTy BiaHiMaHus) | F & mem16 — immed 461 + EA
F e AL - immed 2 4
F & AX - immed 3 4
AAS Kopexkuis nicis BiaHiMaHHA po3nakoBaHMX
IBIKOBO-JECATKOBUX YHCEN 1 4
DAS Kopekuida micas BigHiMaHHS ymakoBaHMX
NBIfIKOBO-AECATKOBUX YHCEJ] 1 4
MUL v/m | Muoxenns AL (AX) | AX «|AL| x |reg8| 2 70-77
Ha Ge33HAKORe (DX, AX) «|AX]|x
SHAYCHHSL 1/m x |reg16] 2 118133
AX «|AL| x|mem8| | 2-4"1 | 76-83 +
+ EA
(DX, AX) «|AX|x
x [mem16] 2-4"1 124-139+
+ EA
IMUL v/m | Muoxenns AL (AX) | AX « |AL| x|reg8| 2 |80-98
HA 3HAKOBC 3HAYEH- (DX, AX) AX|x
HS r/m x|reg16| 2 [128-154
AX <« |AL| x|mem8| | 24" |96-104+
+ EA
(DX, AX) < AX|x
X [mem16] 2-4"" 1134-160+
+ EA
AAM Kopexkiiisa micas MHOXEHHSA pO3NaKOBaHUX
ABIfIKOBO-ACCATKOBHX HHCEJ 2 83
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Muemoxoz o —— AnToputm Kinp- | Kis-
KOMaBIK ; KOMaHIH KICTh | KICTD
Gaiit | TaxTis
DIV r/m Hinewus akymyastopa| AX] : |reg8 — AL
Ha 6e33HaKOBC THC/IO (ocrana AH) 2 80 - 90
(ninenns Ha myan 3y- (DX, AX|:|reg16]— AX
MOBJIOE TICPCPHBAHHSA (ocraua DX) 2 144 - 162
INT 0) IAX} : lmem8| — AL | 2471 | 86~96 +
(ocrava AH) + EA
DX, AX]: lmem16)| — | 2-4"1 [ 150—168
— AX (ocrawa DX) + EA
IDIV r/m | Jlincuusa axymyJasropal AX : reg8 — AL
Ha tine wncao (8- a6o (ocraua AH) 2 101-112
16-poapsanuc). Hdinen- | (DX,AX):reg16-AX
HA Ha HYJb 3YMOBJIOE (octava DX) 2 165184
nepepusanas INT 0 | AX : mem8 — AL | 2-4"1 [144-168+
(ocraua AH) + EA
DX, AX : mem16 — | 2-4" {166—-190+
— AX (ocraua DX) + EA
AAD Kopexuis ncpea mineHHAM pO3NaKOBaHHX
ABIHKOBO-ACCITKOBHX THCCIT 2 60
CBW Ileperpopess Gaiita AH « (ALT) 1 2
AL Ha caopo AX
(TOBTOPCHHST BMicCTY
3HAKOBOTO PO3PALY
(AL7) perictpa AL
B YCiX po3psfax pe-
rictpa AH)
CWD TleperTsopenHs cnoBa DX «(4X15) 1 5
AX wa nozsifiEe c0BO
DX, AX (nosTopeHHA
BMICTy 3HAKOBOTO pO3-
paay (AX15) perictpa
AX B ycix pospanax
perictpa DX)
Joziuni xomanou
NOT r/m InBepcia (iuBepcis reg «reg 2 3
Bcix 6iTiB omepanga) mem < mem 2-4"V |16 + EA
AND r/m, | Jloriuue 1 asox ore- reg - reg Areg 2 3
r/m/i paHais mem < mem Areg | 2~4"V |16 + EA
reg « reg amem | 2-4"1 1 9+ EA
reg8 < reg8 A immed| 3 4
reg16 «-reg16 Aimmed 4 4
mem8 «—mem8 aimmed| 3-57% [17 + EA
mem16¢—mem16 A
A immed 4-6"4 117 + EA
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IIpodosx. mabr. 26.1

IIpodosx. maba. 26.1

MHueMoOKOx AsropuTt™ Kinp-| Kinp-
KOMaH/H Ormc KoMaRay KOMaHIH KICTD | KICTB
Gaiit | TakrTiB
AL « AL A immed 2 4
AX « AX Aimmed 3 4
OR 7/m, JIOTIYHE ABO reg «reg v reg 2 3
r/m/i ABOX OTepaHiB mem « mem v reg | 2—4' |16 + EA
reg < regvmem | 2-4"119+EA
reg8 « reg8 v immed| 3 | 4
regl6 «regl6 vimmed| 4 4
mem8 «— mem8 v immed| 3-3"? |17 + EA
mem16 « mem16 v
v immed 4-6"3 {17 + EA
AL « AL v immed 2 4
AX < AX v immed 3 4
XOR r/m, | BUKJIOYAJ/IDHE reg « reg @ reg 2 3
r/m/i ABO agox oncpangis{ mem « mem® reg | 2-4"1 |16 + EA
reg « reg@®mem | 2-4"' |9+ EA
reg8 « reg8 @ immed| 3 4
reg16 «regli6 ®
@ immed 4 4
mem8 < mem8 ©
® immed 3-5"2 |17 + EA
mem16 < mem16 ®
® immed 4-6"3 |17 + EA
AL « AL ® immed 2 4
AX ¢~ AX ® immed 3 4
TEST r/m, | Hepesipka (ioriuge 1 F ¢<=reg nreg 2 3
r/m/i 6e3 samicy pesyabraty! F <= mem Areg 2-4"11 9+ FE4
i BCTAaHOBJIEHHS NIpa- F & reg Anmem 2-4"1 [ 9+ EA
nopiis BignosigHo xo| F & reg8 A immed 3 4
pesysbTaty) F < reg16 A immed 4 4
F < mem8 ~immed | 3-572 |10 + EA
F < mem16 A immed| 4-6" (10 + EA
F &= AL Aimmed 2 4
F & AX ~immed 3 4
Komanou acyey
Huxorivauit 3cyB JiBOpyUY-paBOpyY 4epes
6it CF:
RCL/RCR Ha OJHY NO3HIIiI0 2 2
71 2-4"1 {15 + EA
RCL/RCR
m, 1
RCL/RCR Ha CL nosmmiii 2 |8+4CL
r, CL JBOPYY 2-4"1 20+
RCL/RCR + EA +
m, CL NPaBoOpyH + 4CL
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MHueMOKOX o Anropurm K.im,— KAiJU"
KOMaHIW TC KoMaHAu KOMaHIH KICTB | KICTB
6aiiT | Taxtin
Iukaiuauil 3¢yB JiBOPYY-TIPaBOpyY:
ROL/ROR Ha OJHY TO3UII0 2 . 2
1 2-4"V 115+ EA
ROL/ROR Ha CL nosuniit SAL/SAR 2 8+ 4CL
m,1 niBopyd 2-4"11 20+
ROL/ROR + EA +
r, CL + 4CI,
ROL/ROR .I npasopyy
m, CL
3cys apudmernuHnii miBopyU-npaBopyy.
SAL/SAR r, 1 Ha OHY TO3MILiI0 2 . 2
SAL/SAR m,1 2-4"" 15 + EA
SAL/SAR Ha CL noswmii 2 8+ 4CL
r, CL 0 niBopyu
SAL/SAR
m, CL 1paBopyd 2-4"V | 20+
‘ + FA +
+ 4CL
[lix 4ac 3cyBy mpaBopy4 3HaucHHs Oita y
CTAPIIOMY PO3PAZl 3ITHINAETLCH HC3MIHHUM
3cys aoriunnii mpasopyd’:
SHRr, 1 Ha OAHY TO3HILI0 2 2
SHR m, 1 24"V 15 + EA
SHR r, CL na CL wnosmiiit 2 18+4CL
SHR m, CL{0 2671 20+
+ FA +
+ 4CL
Psadxosi xomandu
REP ITpcdike MoBTOPCHHS PAAKOBUX omepartiii 1
Tpugae A0tH, Aok CX # 0 (CX pexpe-
MCHTYETbCSl THCAS BAKOHAHHS KOXHOI psfl-
KOBOI ornepaitii)
REPE IIpedike yMOBHOTO TOBTOPCHHA ~ NOBTO- i
(REPZ) pennst 3a ZF = 1 a6o 3a CX # 0
REPNE Ilpedpike yMOBHOTO TOBTOPCHHS — MOBTO- 1
(REPNZ) |pcuuaza ZF =0 a6o 3a CX # 0
MOVSB Komitosanus Gaitta ES:[DI}« 1 18
3 KOMIpKM mam'siTi « DS:[ST] 9+
a aapecoto DS: [ST] +17CX’6
y komipxy ES:[DI} ST « ST+ 17,
DI DI = 17
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IIpodoex. maba. 26.1

IIpodoex. madr. 26.1

MHeMoKO AnTropuTt™M K_”"" K.”""
P — Onuc KOMaHIH KOMABAK KicTh [ KicTh
Gaiit | Taktis
MOVSW KoriroBauus cioBa 3 ES:[DI] « 1 18"
DS:[S1)y ES:[ DI] <« DS:[SI] 9+
ST« SI+277; +17CX"™
DI « DI+2"7
LODSB Komixopamus Gaiita AL « DS:[SI] 1 11°3
3 DS:{SI] B AL ST SI+1"7 9 +
+10 CX"8
LODSW | KonioBa#HA croBa AX « DS:[SI} 1 11°%
3 DS:[SI] B AX ST « S1+2"7 9+
+10 CX"6
STOSB 3amuc Gaiita 3 AL ES:[DI] <« AL 1 113
B ES:[DI] DI« DI +17 9+
: +10 CX'6
STOSW 3anuc caoBa 3 AX ES:[DIl « AX 1 1173
B ES:[DI] DI «-DJ =277 9+
+10 CX'8
CMPSB IopisHsiuua GaHTiB F « ES:[DI] - 1 22°
DS:[SI1i ES:|DI] ~ DS:[SI] ST « 9 +
i3 3amucOM pe3yJbTaty « SI =17, +22 CX'®
nopisHsuus y perictp | DI « DI =177
npanopuiB
CMPSW Hopisusannua ciB F < ES:|DI] - 1 27
DS:[SI)i ES:[DI)i3| - DS:[SI]SI« 9+
3aMHCOM pE3yJIBTATy «SI+27; +22 CX'6
HOPiBHSAHHA Y PCTicTP DI « DI+ 27
NMpanopitis
SCASB Mopipusnnus Gaiita F < [DS:SI) -AL; 1 153
DS:[SINi AL i3 zamn-| ST« SI =17 9+
COM pesy.TbTaTy MopiB- H15 CX7¢
HAHHA y pericTp mpa-
MopiiB
SCASW Hopipusuns cnopa | F < [DS:SI] - AX;| 1 1573
[DS:SI]i AX i3 3a- ST« SI =27 9+
MACOM Pe3yJIbTaTy +15 CX'6
MOPiBHAHHA y pericTp
npanopiis
KOMAHIN NNEPEJABAHHA KEPYBAHHSA
JMPpP BuytpimuabocermeHt- | IP « IP + disp16 3 15
target16 Huit 6e3yMoBHMIT ne-
JMP NEAR)| pexiz no uinbosoi IP « IP + disp8 2 15
target8 angpecu target (mepe-
JMP reg xin y Mexax cermenta| IP « IP + reg 2 2
JMP mem | sapnobxku 64 K6aitt) | IP « IP + mem | 2-4"' |18 + EA
408

Kinp-|{ Kinp-
Muemokoxn AJITOPHTM A ;
KOMaH/au Omwe komarmm KOMAHIR KicTb | KicTb
) 6aiiT | Takris
JMP FAR | MixcerMeaTHHH 1P « offset target, 5 13
target 6e3yMOBHII 1Tepexia CS «seg target
JMP FAR | no ninnosoi agpecu IP « [mem) 2-4"V (24 + EA
mem target (nepexin y Me- IP « [mem+2]
Kax yciel eMHOCTI
nmam’sti 1 M6aitr)
JCX target | lepexin, sxmo CX =0 2 18/6™8
LooOP Huxn: CX « CX — 1 i nepexin, 2 16/4°8
target skigo CX # 0
LOOPE CX « CX - 1 i nepexia, akmo CX # 0 2 18/6°8
(LOOPZ) |iZF=1
target
LOOPNE | CX « CX - 1 i nepexia, akuwo CX # 0 2 19/5°8
(LOOPNZ)|iZF =0
target
JA (JNBE) | Ilepexia, skio nepirdit 6e33HaKkoBHit ome- 2 16/4°8
target panz 6inbme, Hix apyruii (CF = ZF = 0)
JAE (JNB) ] Tepexia, axino nepiic 6e33sHakose YMCAO HE 2 16/478
target McHine, Hix apyre (CF = 0)
JB (JC) Ilepexia, sikue nepnie 6¢33HAKOBE IUCTO 2 16/4°8
target meHute, Hix apyre (CF = 1)
JE (JZ) Ilepexia, sKiuo 9ncia gopisHiolot (ZF = 1) 2 16/4"8
target
JG (JNLE) | Ilepexia, AKIO Teplie 3HaKOBC YUCIO 2 16/47%
target 6inpie 3a apyre (SF = (ZF&OF))
JGE (JNL)| Icpexia, sxuto nepuie 3HaKoBE YHCAO 2 161478
target 6isbine aGo popisHE Apyromy (SF = OF)
JL (JNGE) | llcpexia, AKUO nepuic 3HAKOBE 4HCA0 2 16/4°8
target McHlie 3a apyre (SF # OF)
JLE (JNG)| Ilcpexia, Ao nepuic 3HAKOBE YHCAO 2 16/478
target Menule abo gopisHioe apyromy (SF # OF
abo ZF = 0)
INC ITepexia, axmo nepetecenns Hemace (CF = 0) 2 16/4°8
(JAE/INB)
target
JNE (JNZ)| Hcpexia, axmo yucna uepisni (ZF = 0) 2 16/4"8
target
JNO target | Ilepexia, sxuio Hemae nepenoshetnst (OF = 0) 2 16/4"8
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IIpodosx. maba. 26.1

Ki Ki
MHuemoxop ' Asnroput™m el kel
KOMaHIH Onuc xomMaHIH KOMaRI Kicrs | KicTh
GaliT | TakTin
JNP (JPO)| MNepexin, sxuo naputet Henapuuit (PF = 0) 2 16/4"8
target
JNS target | Tlepexia, AKIIO NOSUTUBHMI peay.IbTAT 2 16/4'8
(SF =0)
JO target | Ilepexig, axmpo € nepenosrenus (OF = 1) 2 16/4"8
JP (JPE) | Hepexiz, axuo napurer napuuit (PF = 1) 2 16/4"8
target
JS target Ilepexin, sKio HeTaTUBHMI pe3yabTaT 2 16/4"8
(SF=1)
CALL BHYTpilTHbOCETMEHT- SP « SP -2 3 19
NEAR target| nuit BUKANK mIpoOLELy- [SS:SP] « IP;
CALL pn (BHRJAMK y Mexax IP « target
NEAR reg | cerMeHTa 3aBIOBXKH -
CALL 64 K6aiir) IP reg 2 16
NEAR mem IP  mem 2-4"1 21 + EA
CALL FAR | MixcerMedTHUI SP « SP -2 5 28
target BHKJHMK TTPOLELypHu [SS:SP]«CS
(BukHK Y Mexax SP « SP - 2
yciei eMHOCTi maMm’aTi [SS:SP] « IP;
1 M6aiit) CS, IP «target
CALL FAR IP « [mem], 2-4"1 |37 + EA
mem CS & [mem + 2]
RET TloBepHenHs 3 BHY- IP « [SS:.SP]; 1 8
RET NEAR| TpimHbOCETMCHTHOT SP « SP +2
‘ TIpoNeaypH.
RET (n) Heo6os'st3koBuit mapa{ IP « [SS:SP]; 3 12
RET NEAR| me1p n 3aa€ KOPeEK- SP «SP +n
(n) {10 3HaYeHHS BKa3iB-
HHMKa CTEKY
RET FAR IToBepHEHHA 3 MiX- IP « {S5:SP]; 1 18
cerMenTHOl npoueaypuy SP <SP + 2
RET FAR | Heo6oB'askoBmit napa- CS « [SS:SP]; 3 17
(n) METp 7 3a/1a€ KOpEK- SP « SP +2
{0 3HAYCHHSA BKa3is-
HUKA CTEKY
Komanou nepepusansv
INT n Buxkonarua nporpam- SP e« SP ~ 2 2 51
HOTO MEpepHUBaHHA [SS:SPl« F
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MHeMOKO. Anroput™ Kime-} Kine-
) Onuc KoMaHAR p Kkicts | KicTs
KOMAH/IN KOMaH¥ 6anit | Taxris
SP«SP - 2
[SS:SP] «CS
SP &SP -2
[SS:SP) « IP
INT 3 BukonaHHsA MporpaMHOro TIePEpUBAHHA 3 1 52
INTO BuxoHaHHA TpOTrpaMHOTO ITepEPHBARHS 4, 1 53/4"°
saxuio npanopeip OF = 1
TRET [loBepHeHHs 3 nepe- IP « [S5:5P]; 1 24
PUBaHHS SP «SP+2
CS « [SS:5P);
SP « SP+2;
F«[SS:SP];
SP « SP+2
KOMAH/IHU KEPYBAHHA CTAHOM MII
CLC CKUIaHHS NPariopust CF«0 1 2
TiepeHeCeH s
CcMC Inpepceia npanopis CF «CF 1 2
MICPCHCCCHHA
STC YcraHon/icHHA Tpa- CF 1 1 2
nopus TNepeHeceHHs
CLD CkuaaHHS npanopus DF «0 1 2
HanpaMy
STD YcranosacHHs npa- DF 1 1 2
nopis HAIpsIMY
CLI 3a6opoHa MackoBa- IF «0 1 2
HUX aMmapaTHUX nepe-
pHUBaHb
STI J103BiJ1 MacKOBaHMX IF 1 1 2
aNapaTHUX TICPCPHBAHD
HLT 3ynuuka oporecopa 1 2
WAIT OuiKyBaHHA CHTHATY 1 3
Ha ninii TEST
ESC Hepeaasanus kony komauan msk aGo kony 2 2
msk/mem Ta onepaHna mem apudpMETUIHOMY 2-4"' | 8+ EA
CIIiBIPOTICCOPY
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IIpodosx. maba. 26.1

Mpodoex. mabnr. 26.2

Muemokog 0 - AnropurM Kinn- | Kinp-
KOMAHIH mc KOMaH[ KOMAHTIH xicts | xicts
6aiiT | TakTiB
LOCK IIpedike 60KyBaHHA WHMHYM Ha Yac BHKO- 1 2
HAHHST HACTYMHOI IHCTPYKIl y MaKcuMa/b-
HOMY DCXHMi
NOP Omnepaniit Hemae 1 2

IIpumiTku:

*1Komanga 3aiiMae qBa GaliTi, SKIIO I Yac agpecanii KOMipKu maM’aTi
He BUKOPHCTOBYETHCS 3MiteHHs, To610 disp = 0, HalpHK.JajA, IO3HAUCHHS
KOMipKM maM STi mem BianosiZae nosHaueHHIo [S7]; xoManAa 3aiiMa€e Tpu
6aliTi, SKUIO0 BUKODUCTOBYETHCS 8-po3psiaHe 3MiueHHs disp8, HanpHKiIaz,
[SI + 25H]; komanzga 3aliMae dotupu GaliTH, AKWO 3MilcHHsA16-po3pa-
He - disp16, nanpuxaag, [ST + 1000H].

*2Komanpa 3aitmae tpu Galitn 3a disp = 0, worupu Gaiftu 3a disp8 i
n'sTe Gaitr mpu disp16.

*3Komanzia safiMae doTupu Gaiitu 3a disp = 0, w'ath Gaiit 3a disp8 i
mictb GafiT 3a disp16.

*4JToriuHuil 3cys TiBOpyY 36iraetncs 3 apuMETHUHHUM 3CYBOM JTIBOPYY.
HomyckaeThess 3aMicTh MosHaucHHs SAL BUKOPUCTOBYBATH IO3HAYCHHs
SHL.

*SHaBefeHO TPUBAMICTh BUKOHaHHS PsAKOBOI KoManju Ges npedikca
NOBTODEHHS.

*6HaBefeHO TPHBAJICTh BUKOHAHHS PAAKOBOI KOMan[M i3 npedikcom
nosropensi. Y perictpi CX sanucaHo KijibKiCThb NOBTOPEHbD.

*73a BCTaHOBJICHOTO Hpanopls nanpsamy (DF = 1) — ue onepauis gosa-
BaHHs a0 BifHIMaHH:.

*$m /n - NiA Yac BUKOHAHHS MepexoAy KOMaHJa BHKOHYETbCs 33 m abo
3a 7 TaKTiB.

*93a pcranopscxoro npanopus (OF = 1) KOMaH#a BUKOHYETbCA 3a 53
a60 3a YOTUPHU TAKTH.

Tabruys 26.2. O6uncaenns edexrunoi anpecu EA

Anpecanist Crioci6 o6uucieHHs Kinpkicrs
TaKTiB

Mpama (disp} 6
Henpsama [BX], [BP], [S1], IDI] S
Basoba a6o iHAeKCHa [BX + disp), [BP + disp],

[ST + disp), [DI + disp] 9
BazoBo-iHaeKkcHa [BP + DI}, [BX + SI], 7
6e3 3MillleHHA [BP + 511, [BX + DI} 8

412

Anpecanis Cnoci6 o6uncieHEs Kinbkicrs
TaKTiB
Ba3opo-iHaeKcHa [BP + DI + disp], 11
31 3MillleHHAM [BX + SI + disp], 11
[BP + SI + disp], 12
[BX + DI + disp] 12
Tabauys 26.3. BcTaHoBACHHS IPaNOPLiB
Oneparis Komauamn Hpanopui
OF|CF|AF|SF|ZF{PF|DF|IF|TF
Honasan- AQD: ADC,
us, pigni- |SUB. SBB S B B N I R R B I
MaHHs CMP, NEG, CMPS,
SCAS +i+ |+ +]+f+} -1~
INC, DEC + i~ +{+]+l+} -] -]~
Muoxeuns| MUL, IMUL +1+l2{2 212 -1-1|-
HMincuua | DIV, IDIV 20202121212 —--]-
Tlecsirkosa | DAA, DAS, 2 T U I B Bl I
Kopekuiss | AAA, AAS 21+ +1 21212 -]-]-
AAM, AAD 21212+ ++]--]-
Joriuni AND, OR, XOR, .
KOMaHIH TEST olot 2+ +|+]-]~-1-
3cyB RCL, RCR, + -l == -1]-1=
ROL, ROR dest -
dest, CL 2+l 2= = =-]-)=]-=
SHL, SHR dest + | +{ 21+ |+ -1-1=
—dest, CL 21+t 21+1 +l+]=]1=1=
SAR Ol +j2|+fj+|+]-]-1|-
Bianos- POPF, IRET + 1+ +l+] +t+] +] +1+
JNCHHA SAHF |+t |+ +]+] -] -1 -
Npanopuis
[lepepu- |INT, INTO -l-1-1-1-1~-1-=-1o0lo
BaHHs
K STC i1l -l=-1-1t=1-1-1-=
epyBaH- _ N
HA Ipa- cLC P_
nopisimu | CMC ~-|ICFl -|-1-]1-|-}-1-
STD - -t-1-1-=1-111-1-=
CLD -|=-t=-1=-1=1-1otl-1-
STI - =-1~-l=-1-1=-1=-11]-=
CLI -1-1-V=1-1t=-1=1o0]-
413



26.3. Mpuknagn BMKOHaHHA KOMaHA,

PosrasiieMo NpUKIaAu BUKOHAHHA KOMaH/] IepejaBanHsd
indopmauii. [o giel rpynu koMaH[ HajeXaTbh KOMaHAH NE€PeCcH-
JIAHIA JAHHX 3 PeTicTpiB y pericTpu, 3 pericTpiB y mam’dTb, 3
faM’sITi y pericTpH, 3 mam’sITi Ao IaM’ATi, B TOMY YHCJi ¥ CTeK Ta
3i cTeky.

Mpuxnax 26.1. Hepenaru gani 3 pericrpa CL y perictp BL. [fo Buxo-
HaHHs KoManau pericrp BL micrurs wucao 101011111, a CL — 00001111.
3a KOMaHIoI0

MOV BL,CL; BL « CL

(MOVe — ncpecaatn) sumict pericrpa CL nepecunaerbes y pericrp BL.
ITicna BUKOHAHHA KOMaH M BMicT perictpa BL nopisnioe 00001111, BMmicr
CL He 3MiHI0ETHCA, To6T0 B MII BMICT TBOX pericTpiB cTa€ OXHAKOBHM:

BL = 00001111, CL = 00001111.

Mpukaax 26.2. Hepccaaru BMict xoMipku mam’'ati DS:[100EH] y
perictp CX.
3a KOMaHJ0I0

MOV CX, [00EH] ; CX « DS:[100EH]

BMmicT 16-pospagnol KoMipku maM’saTi 3 axpecoo DS:[100EH] nepecnnaetbes
y 16-pospsianuit perictp CX. Hexalf 10 BUKOHAHHS KOMaHAM BMICT pericTpa
CX nopisnopas 1234H, to6to 0001001000110100,, a B mam’ati 3a BKa3zanoIO
aJIPCCOI0 3HAXOAUTLCS €080 S678H, mpudoMy Mojoamuil 6afir ciosa 78H
poamilllenuii. 3a agpecor DS:[100EH], crapumii afit S56H -~ 3a agpecoio
DS:[100FH]. Tlicas BMKOHaHHS KOMAHIM MOJOAHINH 6aiiT cjaoBa B maM’ AT
NeperuInerhest y MoJioaury dactuHy pericrpa CX, 10610 Ha CL, a crapumit
Gaittr — y crapuy 4dactuny, 10610 Ha CH, yHacaigox 4oro sMict CX 6ysae
5678H, a indopManisg y MaM'aTi 3aTUUINTLCS HesMiHHOWO (puc. 26.2).
3asHayuMo, 10 Y ABOXONEPaH/JHHX KOMaH/JaxX THILY

MOV dest, src
OJMH 3 ollepaHjiiB Mae 6yTH BMICTOM pericTpa:
MOV rl,r2;rl <12
MOV m,riméer
MOVr,m;rem

Ipukaan 26.3. 3apantaxxut cerMeHTHHH pericTp DS 104aTKOBUM 3Ha-
yennsam 4000H.

Ocxiabku koMangu MOV sr, immed He icHYE, TO U1 TOrO 100 3aBaHTAKH-
TH B CETMEHTHUI pericTp 6yab-sKe 3HAYCHHS, MOTPi6HO 3anucaTy fioro y P31,
a MOTiM nepeaty Horo B CCrMEHTHUI pericTp, To6TO BAKOPUCTATH B KOMAH/IH.

MOV AX, 4000H ; AX « 4000H
MOV DS, AX ; DS « AX.
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7 0

M1l DS:0000H | Cerment manux
ES:BX «0»
= ES:BX+1 «l»
cx I

cHICL DS:100EH ES:BX+2 «2»
DS:100FH r ES:BX+3 «3»

j :
ES:BX+9 <9»

Puc. 26.2. BukoHauna komaum MOV [100EH], Puc. 26.3. PosmiuicHus
CX CCMHCCIMEHTHHX KOMIB y
maM’ aTi

Mpuxaan 26.4. 3ailicuuta o6Min BMicty ABox perictpis — BL i CL.
3a koMaHzoIo

XCNG BL,CL ; BL «— CL

(¢XChaNGe - o6Min) smict perictpiB BL i CL o6MiHIOETbCA MicTaMH.
Hexaii snauenus pericrpis BL = 10101111, CL = 00001111. licns Bu-
KOHaHHS KOMaHAH BMICT pericTpiB 6yne

BL = 00001111;
CL = 10101111

3a3HauuMO, 10 M/l 4ac BUKOHAHRSA i€l KOMAaHAH, KPiM pericTpis, siki
6CpYTb y4yacTp Y KOMAHAlL, BHKOPUCTOBYIOTLCS GydepHi perictpu MII, wo
36CPIraloTh TPOMDKHI JaHi.

Hpuxaan 26.5. Hexaii B Ta6mumi 3 movatkosolo agpecoo ES : BX io-
cMifoBHO po3MilieHo GaliTu cemucermentHoro xoay uudp Bix 0 po 9
(puc. 26.3). 3aMiHUTH 3HaYeHHA BMicTy pericTpa AL Ha Binuosianuii cemu-
CCrMEeHTHUH KOoJ.

Jl1st BUPILICHHS 3aBAaHHS CKOPHCTAEMOCS KOMAH0H0

XLAT ; AL « ES:[BX + AL],

ae XLAT (indeX Load Accumulator from Table) — inacxcue (3a wenps-
MOIO aAPECANiCIo) 3aBaHTAKCHHS AKyMyasTopa AaxnMu (s, puc. 26.3),
110 3aMiHIE BMicT AL Ha BMicT KOMipKH maM’siti, PO3MILLICHOI ¥ CCTMCHTI
ES 3i amiwteHHsiMm BX + AL.

[0 KOMaHIY BHKOPHCTOBYIOTD JIJist TICPCKOLY BAHHS CHMBOMY, AKHI{ 31a-
xoauThesi B AL, Ha 6aitt i3 Tabmmni nepekoxysans. Insa kopexTnoi po6o-
TH KOMaHM Tpe6a, o6 TabAuist GYJIa PO3MINICHA 34 MEBHOIO dIPCCcolo, a
came, 3a movarkoBo aapecoto ES:BX. JlopxnHa TabMuIl He Maeg 1ICpeB-
L{yBaTH 256 GaiT.

Axmo B perictpi AL A0 BUKOHAHHS KOMAH/U 3HAXOAUTLCS, HAILPHIJIAL,
41ea0 3, To TcJA BUKOHAHHS B AL Gyjgc ceMucerMeHTHHIL KoJ wica 3.

Komanny XLAT nouinbHO BMKOPHCTOBYBATH JUIS 3aMiHM apryMmMcHTY
3HAYEHHSIM (PYHKUIT, 4 sHauCHHS (YHKUIH 3a3Ma/eriIb sanucyBaTu y Tab-
JIAI,
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Hpuxaag 26.6. 3anam’statn B cTeky BMicT 16-pospagHoro pericrpa
3arajIbHOTO TTPH3HAYEHHS.
3a KOMaHAOIo

PUSH AX -~ ; SP «~ SP — 2, AX « S§: [SP],

(PUSH — 3aHecTH) BMicT MOKaXX4YiKa cTeky SP 3MCHIIYETbCS Ha ABA,
10610 SP ¢~ SP — 2, nas aapecyBaHHs BEeDXHbOI BIIbHOI KOMipKM CTEKY.
ITicss nboro BMicT pericrpa AX 3anam’siToByeThesl y 16-po3psagHii xoMipmi
cTexy 3 aapecoio SS:SP. BUKOHaHHS KOMaHAM HaBeJcHO Ha puc. 26.4.

KoMaHgu 3aImucy y CcTex Ta 34UTYBAHHAM 31 CTEKY MOXYTh ONCpPyBaTH
aunic 3 16-po3pALHUMH OIEPAHJAMH.

Omnepauii 3i cTeKOM € HGiIbLI MIBUAKOAIIOYMMHI HOPIiBHAHO 31 3BCPHEHHA-
MH 10 [aM'sITi 3 AOBiTBbHOI BUGIPKOIO 3aBASKM TOMY, IO ajpeca KOMipKH
creky QopMyeTbes aBroMaTnuHo. IIporpaMict Mae jnine inililoBath Bep-
WMHY CTEKY Ha [0YaTKy IPOrpaMH, ToOTO 3ammcaTH B perictpu SS i SP
TMOYaTKOBi 3HAYEHHS:

MOV AX, 7000H ; AX « 7000H
MOV 85, AX ;55 « AX
MOV SP, 4000H ; SP « 4000H
Io4aTKOBOK 2IPECOI0 CTEKY B IboMy Tpukaasi € 7000H:4000H.
PoarnaseMo NMPUKJIAAM BUKOHAHHA apHGMETHYHHX, JOTIYHHX KOMaHZ
Ta KOMaHJ 3CYBiB.
Ipukaan 26.7. Joxaru BMict aBox pericrpis: CL i DL. Jlo BUKOHAHHS
KoMaHau BMicT perictpin: CL = 10011100, DL = 11000101.
3a KOMaHA0I0
ADD CL,DL ;CL « CL + DL
(ADD — pofaTtu) MOAAOTHCS ABa ONEPAHIM; IPH LIbOMY PE3yAbTar 3alli-
Cy€TbCS Ha Micue nepinoro onepanaa. ITicasa pukoHaHHA KOMaHAM y pericTpi
CL 6yae sHayenns 01100001:
psaok nepeseceds 1 11
10011100

+
11000101
01100001

15 0
MII S$S:0000 | Cermenr creky
S8S:5P-2
SS:8pP

ss ||
SP

]

Puc. 26.4. Buxodanus koMmangu PUSH AX
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pesyJbTar);
ey craH nyas: ZF — npamopeus Hyast (pe- DX
_ 3yJIbTAT HCHYJboBHIL); PF — mpamopclis napute-

Puc. 26.5. Buxonanns komanau ADC DX, [2002H]

DX

VYci apudmMeTHuHi KoMaH 1 BIJIMBAIOTh Ha BCTa-
HOBJICHHA NpanopuiB. Tax, micsas BUKOHaHHA L€l
KOMaHAH Ipanopii BCTAHOBJIOIOTD! DS:[2002]

®y cTa" oAuHuNi: AF — mpamnopeub nepenc-
cenns 3 pospary D3 B pospsag D4; CF — npano-
peus nepeHecenHd 3 pospsaay D7; OF — mpano- CF
peus nepenosHeHHs (B pesybTari J0JaBaHHS 1BOX
3HaKOBUX Bi/Jl'€EMHHX YHCEJ OTPHMAHO NO3HTHBHMUIA

-+

Ty (MMca0 OAMEMIIDb y pe3ybTaTi Hemaphe); SF —
npanopelb 3Haka (3HAKOBUH PO3PSA Y PE3Y.IbTATi AOPIBHIOE HYJIO).
IIpukaan 26.8. BUKOHATH AOZ2BaHHS YOTMPUOANTOBHX ONCPAHIIB, AKi
MICTATBCS Yy CycigHIX KOMipKaxX maM’ATi 3 NOYaTKOBUMY aapecamu DS:1000H
i DS : 2000H. Pesyaptar 3anaM’sraty y perictpax CX, DX.
Jns BUKOHAHHA I{HOTO 3aBXAHHA NOTPIGHO NEPCCAATH BMICT MOJOALIOTO
cMoBa Nepuoro jJoxaHka y perictp CX Ta CKIACTH 3 MOJOJIIHM CJIOBOM
JIPYTOTO AOJAHKa 32 AOTIOMOrow KoMaHiu ADD:

MOV CX,[1000H} ; CX « DS:[1000H]
ADD CX, [2000H] ; CX « CX + DS:[2000H]

Jlast Toro mo6 BpaxyBaTH NCPEHCCCHHS, SIKC MOXC BUHMKHYTH T/ 4ac
AOJABAHHA MOJOMIIHX CNiB, TPCOa BUKOHATH JIOAABAHHA NACTYITHUX CJiB
orepaHjiB 3a gonoMorolo xoMaHau ADC, mo nepeabadae N0AaBaHHS 3Ha-
yeHHs Gita CF o orpumanol cymn. dxmo CF = 0, cyMa HC 3MiHIOETbCS.

Ormxe, HOTPi6HO MEPCCAATH BMICT CTAPINOro COBA HEPLIOTO /JOAAHKA Y
perictp DX Ta CKJTACTH 3i CTAapLUIMM CJOBOM APYTOro JMOMAHKA:

MOV DX,[1002H] ; DX « DS:[1002H]
ADC DX, {2002H] ; DX « DX+ DS:[2002H] + 6it CF

Axmo caoBa 3aliMaloTh y maM'ati ABi cycidi KOMipKH, AN ajpecadii
CTapUIOro CA0Ba JOJAHKA aApecy Cij 36iAbIMTH Ha ABa.

AJIropiT™M KOMaH/AH AOJUBAHHS 3 YPAXYBAHHAM HepeHeceHus ADC DX,
[2002H] (ADC - Add with Carry - J04aTH 3 IICPCHCCCHHSIM) 306pac-
HO Ha puc. 26.5.

JonaBaHHS HACTYNHUX GaiiTiB 6araToGaliTOBMX OICPANAIB BUKOUYETBCS
TaK: MOJOAWI GalTH ONMepaHAiB A0ZaKThCA 3a KoMalyow ADD, a Bei inui
Gafitn — 3a komangow ADC.

INpuxaaa 26.9. Bukonarn signiManusa Big BMicty pericrpa AX
uyucna S000H.

3a KOMaHJO

SUB AX,5000H ; AX « AX — 5000H

(SUB - SUBtract — siauatu) pisuuua AX —5000H nepecumaernes 3
akymynarop AX.

Ilpukaaa 26.10. BukoHaTH BiAHIMAHHSA BMICTY KOMIpKH IaM’siTi 3 ajpe-
cow DS:1000H rta uncaa 35H 3 ypaxypaHHsIM TIO3MKH BiJI TIONCPCAHLOT
oreparii.

417
27 5-104



Jlasa Toro mo6 BpaxyBaTH ITO3MKY, MOTPIGHO BUKOHATH BiAHIMaHHA 32
Aomomorow komanau SBB, sika nepenbavae sinnimManus Gira CF vix otpu-
Maoi pisauii [ DS:1000H ] ~ 35H. SAxmo CF = 0, To pe3ynbrar BigHiMaH-
HS 3aJIUIINUThCST HE3MIHHUM:

SBB [1000H],35H ; [DS:1000H] « [DS:1000H] — 35H-6it CF

Komanay SBB BUKOPUCTOBYIOTH JUISI BigHIMaHHS 6arato6aitToBUX OIne-
PAHAIB 3 YpaXyBaHHSM IO3MKHU 3 MONepeHiX onepauiil. BianiManus 6ara-
TO6aRTOBUX ONCPaHIiB 3AiHCHIOEThCSA TaK: MOJOMI OGaliTH BiHIMAIOTBCS
3a komanzgowo SUB, a Bci i — 3a koMasAow SBB.

Hpuxaag 26.11. BusHaunTu Z0AaTKOBUH KO onepa}ma AKHH MICTUTH-
cs y perictpi BX.

3a KOMAHAOK

NEG BX ; BX « BX +1

(NEG — NEGative) BUKOHYETbCS IIEPEBEICHHS YHC/Ia Y AOAATKOBUH KOJ,
TOOTO CHOYATKY 3AIHCHIOETbCS Horo 1no6iToBa iHBepcis, a MOTIM JoJaBaHHA
OJUHUII.
Mpuxnazx 26.12. TlopisHATY 3Ha4YCHHA BMiCTY aKyMyJ/asTopa i pericrpa CX.
3a XKOMaHIOK
CMP AX, CX ;AX - CX=F

(CoMPare — nopisaarn) Bix BMicTy AX BigHiMaetncs smict CX. Ilpn
UboMy pisHuns Hize He ikcyeTbesi, age 3TiTHO 3 HEIO BCTAHOBIIOIOTHCS
npanopui. Tak, mpamopens Hys Z F yCTaHOBIIOETLCA Y CTaH JIOTiYHOI 0JH-
HHUI, AKIIO YMCJIa TOTOXHI. Skmo sHadenHs AX 3a MOAyJeM MeHIe Hix
CX, BCTAaHOBJIIOETHCA Mpatiopenp mos3uxu CF.

IIpukaax 26.13. 3naititn D06YTOK ABOX Ge33HAKOBUX 8-pO3PSIHUX OIle-
paHais, AKi 3HaxoasTbes y pericrpax DL i AL.

V xoMangi maoxenns MUL (MULtiplay — nepeMHOXUTH) Ge33HaKO-
BHUX YMCEJ BKa3Y€ETbhCA JHULIE OHH onepaHa — DL, oCKiIbKM JAPYrHil MHOX-
HHK 33 3aMOBYYBAHHSM 3HAXOIMUTHCSA B aKyMyJsiTopi. PesyibTaT MHOXKCH-
HA OalitiB posmiulyerscs v 16-pospsaHoMy perictpi AX:

MUL DL ; AL x DL — AX.

Hpuxaazn 26.14. 3ualitn 106yTOK ABOX 6€33HAKOBUX 16-pO3PATHUX Olle-
paHAiB, AKi 3HaxousTbCA ¥ pericrpax CX i AX.

ITiz yac MHOXKeHHS ABOGANTOBUX omepaHAiB y MHeMoHini komanau M UL
BKa3yeThCs Juie ogud onepana CX. [Ipyruil onepana 3a 3aMoBYYBaHHAM
3HAXOANTBCS B akymyasiropi AX. Mosoaiua yacTuHa J06YTKY 36CpiracTbcs
B AX, crapwa — B DX. Peaysnbrar posMmimyerbes y perictpax AX i DX:

MUL CX ;AX X CX - (DX, AX).

Mpukaag 26.15. 3uaiitu pesyasTar AlJeHHs BMIiCTy akyMyJsTopa AX
Ha BMicT perictpa CL.
3a KOMaH/I010

DIV CL ; AX:.CL — AL, ocraua — AH

(DIVide — mopinuti) emict AX aginntbes Ha BmicT CL, pesyJIbTar saiu-
cyerbesa B AL, a ocraya Big ginenHs — B AH.

Hpukaax 26.16. Buxonaty xoMaHAy AiiCHHS NOABIHHOrO cA0Ba, WO
36epiraeToes y perictpax DX i AX, Ha cnoBo y perictpi CX.
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Ilig wac aineHHs MOABIMHOTO €I0OBa Ha CJIOBO y MHEMOHINi KOMaHAH
DIV BxasyeTbcs JMIIe AiMBHUK, kUM sHaxomursest y perictpi CX. Mo-
JIO/IIA YACTHHA JiJICHOTO 3a 3aMOBYYBAHHAM 3HAXOJMTHCS Y pericrpi AX,
cTapua YacTHHa — y perictpi DX. PesyapTar posMilyeTbes v perictpax
AX i DX:

DIV CX ;(DX,AX):CX - AX, ocraua —» DX.

Ipuxaan 26.17. BuxoHatn KOMaHIy AECATKOBOI KOPEKUil peayAbTaTy
NO/IABAHHSA ABOX YNaKOBaHUX ABINIKOBO-AECITKOBHX YHCEJ, AKi 3HAXOAATh-
cay perictpax AL = 25H, BL = 37H. KoManay AoJaBanHs 3allAcaTH Tak,
06 micas i BUKOHAHHS pe3yabTat GyB posMimenuii y pericrpi AL.

KoManga

DAA

(Decimal correction of Accumulator at Addition — necatkoBa Kopexilis
aKyMyJATOpA M Yac JONABAHHA) BHKOPHCTOBYETbCA TICJsE KOMaHAH 10-
JIABaHHA i NEPeTBOPIOE PC3YJbTAT LOAABAHHA ABIHKOBO-AECATKOBHX YHCC
Ha ABilikoBO-fecATKOBe uHca0. KOpeKIis NOJSsirae B y3roIKeHHi nepeHc-
CEHb y MPOLECi JOAaBaHH NeCATKOBUX Ta IUICTHAALNATKOBHX guces. Taka
KOPCKIifl NOTPi6Ha, OCKi/IbKH 32 TOPO3PSIAHOTO JONABAHHA JECATKOBHX YH-
CeJI MCPCHCCCHHA BUKOHYETLCS, AKILO Pe3y.IbTaT NCPeBUILye 9, a 3a Mopos-
PSITHOFO ROAABAHHS INICTHAANATKOBHX YUCE, SKIIO Pe3yAbTaT HepeBHLLyE
F = 15(;. AJTODHTM JecATKOBOI KOPCKIIi Takuii:

eaxuwio npanopens AF = 1 a6o Monomimta Terpaga AL>9, 710
AL ¢« AL + 06, AF « 1,

eakuo mnpanopeun CF = 1 abo crapmwa terpaga AL >9, T0
AL « AL + 60H, CF « 1.

[Ticnss BUKOHAHHA KOMQHIH

ADD AL,BL
BMicT perictpa AL BU3HAYAETHCA Tak:
00100101

+
00110111

ot011100 - >

e uucmo MicTHTL JTCPH, TOOTO HC € ABIHKOBO-ALCATKOBMM HMHUCAOM,
TOMY Ticas KOMaHAH ADD puKOHYeThCs KoMawiua DAA, BHacHiA0K BHKO-
HAHHS AKOI PE3YALTAT JOJABAHHA 3MIHIOCTLCS. 3HAYCHHS MOJOAILOT TETPAIAH
pesyabraty G6inpuie Hix 9. 3riaHo 3 airoputMom

01011100
+
110
011000105 1

[ijicHo, 25 + 37 = 62. Peaysbrar 1oLaBadHsa 62 € 1BIiKOBO-ICCATKOBAM
YHCIOM.

Ipuxnan 26.18. 3aiiicantn nopospsany onepauio JIOTTUHE ABO
HaJl uucaaMHi, AKi MicTaTbes y perictpax BL=11011010 ta CL=10001001.
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Komanaa
OR BL, CL- ; BL« BL v CL

(OR — abo) suxonuye oncpauio JIOTTUYHE ABO, pesynsTar sKoi po3Mi-
IYEThCS Ha Micui mepumoro omepanaa. Ilicas BHKOMaHHA KOMaHAH
BL = 11011011,

Tax caMo NOpo3psAIHO AIFOTD yci Jorivni omepanii: AND, XOR, NOT.

Jloriuni koMaHgu AilOTh Ha npanopiui Tak: npanopui CF i OF BCTaHOB-
JIOIOTHCSL ¥ CTaH JorivHoro ®y./d, npanopui ZF, SF, PF — BignoBiHO 10
peayaptaty (aus. Taba. 25.3), a 3HadeHHst npanopus AF He BU3HAdYEHO.
Hicnsa BUKOHAHHSA KOMAHAX NMPanoplli HabyBaoTb TAKUX 3HadeHb: ZF = O,
SF=1,PF=1.

Hpuxkaaz 26.19. YcTaHOBUTH IPanopili Bi/INOBIAHO 0 pe3yabTaTy one-
pauii JIOTTUHE I Hag uucaom 38H, sixe micturees y perictpi CL, Ta 4nc-
aom 35H.

3a KOMaHJ0Io

TEST CL,35H ;CL A3SH=F

(TEST — nepenipka) 3iHCHIOETbCS KOH IOHKINS ONEPAHAIB, 32 pC3yabTa-
TOM BCTAaHOBJIIOIOTLCA IIPANOpLi, aje pe3ysbTaTr onepauil He dixcyerbes.
IMTictss BUKOHAHHS KOMaHAMN

00111000

A
00110101
00110000

npanopui HabyBaoTh 3HAUEHD BiATIOBIAHO A0 pe3yabTaty onepanii: ZF = 0,
PF =1,SF =0, CF =0, OF =0, cran npanopus AF He BU3HaueHUH,
Mpukaag 26.20. BuxoHatu nUKJIIYHUHA 3cyB BMicTy perictpa BX niBo-
PYyY Ha OAMH DO3pPsA.
3a KOMaHJ0I0 :
ROL BX, 1
a6o
ROL BX, CL

" (ROL — ROtate shift Left — uukaiysuit 3cys JiBopy4) 3AifCHIOETBCA
IHKiYHAH 3cyB BMicTy pericrpa BX niBopyu BifnoBizHO Ha oauH a6o CL
pospsaais (puc. 26.6). 3a peayjbraTaMy Omepailii 3MiHIOIOTbCS 3HAYEHHS
npanopuis CF, SF, ZF, PF. KoMaHza 3cy8y Ha OZHH PO3PAA 3MIHIOE TaK0XK
nparoperb OF — BiH YCTaHOBJIOETHCS Y CTaH JorivyHoi. «1» 32 Bianosia-
HOJ 3MiHM 3HAKOBOTO PO3PAAY.

Po3riastHeMo NPUKJIAAX BUKOHAHHS TPyIH piokogux xomand. Psaxoni
KOMaH/H ONMEPYIOTh 3 MACHBAMHM AaHMX DAJKaMH. 3a 3aMOBYYBaHHAM OAHH
3 MacuBiB (/pKepeno iHgopManii) sHaXoZUTbCsL B CEIMeHTI Aanux DS 3
TIOYATKOBOIO aPECOI0, SIKa BU3HAYAETbHCA BMicTOM pericrpa S1, a npyruit
macus (mpuiiMay indopmauii) — y AZOAATKOBOMY cerMcHTi gaHux ES 3
MOYATKOBOIO 4PECOI0, sIKa BUBHAYA€EThCs BMicToM perictpa DI. Enemenra-
MM PSIAKIB € cJIoBa abo Gaiitu. HanpsiM o6pobnedns iHdopMalii y paakax

CF BX ‘] Puc. 26.6. BukoHaHHS KOMaHAH
ROL BX,1
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BU3HavaeTbcs npanopuceM Hanpsamy DF. 3a DF = 0 o6pob6naenns ingop-
Mallii HOYMHAETBC 3 MOAOAIIHX aapec, 3a DF = 1 — 3i crapmux aapec.

Ipuknan 26.21. TlepcaaTu BMicT 8-po3psaaHOi KOMipKM HaM sITi 3 aApe-
coto DS:SI y koMipky mam’siTi 3 agpecoto ES:DI.

st BUKOHAHHSA UBOTO 3aBIAHHS BHKOPMCTOBYETbCH KoManAda MOVSB
(MOVe Serial Byte — NCpeMiCTMTH ROCHIAOBHICTD 6aiTiB), sAKa lepecH-
nae Gaitt 260 NOCHIZOBHICTb 6aiiTiB 3 oAHiel o6macTi mam’daTi B iHy. Akmio -
Y MHEMOHILi KOMaHAM BHKOPHCTOBYEThes npedike REP, 1o nepecHIaeThes
TOCAIAOBHICTb GafiTiB, NPH LLOMY KiJbKicTh GaliTiB y HOCIIAOBHOCTI 3a-
JaeThest BMicToM perictpa CX; AKio y MHeMOHin koManau npedixca REP
HEMAE, TO MEePCCHNAETHCA BMICT oAHiel KOMipkH mam'siti. 3a saMoBYyBaH-
HAM A 4a¢ BUKOHaHHS KoMaHau M OV.SB nepecunaerbes BMiCT KOMipKH
mam’stti 3 aapecoro DS:S1 y komipky nam’aTi 3 aapecoio ES:DJ.

Mpuxkaag 26.22. Tlepecaati ¢a0Bo, MOJOAUIMI GAHT SIKOTO 30epiracThcs
y xomipui mam’ati 3 agpecoxw DS:SI, a crapummii 6aiit — y KoMipii 3
aapecowo DS:ST + 1, y xoMipky nam’ri 3 agpecoro ES:DI.

3a KOMaHAOI

MOVSW

(MOVe Serial Word — mcpeMicTHTH DANOK CJiB) BUKOHYETBHCS ITe-
pecuianns cioBa (3a 3aMOBYYBAHHSIM BUKOPHCTOBYIOTbCS Ti caMi aapeci
KOMIipOK, mo if y npukjaafi 26.21).

Hpukaax 26.23. I[lepeciaatn Macus, WO ckiaamaeTbest 3i 100 cxis, 3 06-
AacTi mam’sTi, AKa Ma€ modatkosy aapecy DS:SI (DS = 2000H,
SI = 1000H) B o6nactb mam'aTi, wo Mae novatkosy aapecy ES:DJ
(ES = 3000H, DI =4000H).

34 KOMaHIO0W

REP MOVSW

(REPeat MOV.SW) BUKOMYETbCA HCPECHAARHS CIB, KIJILKICTH IKIX 36C~
piraerscst 3a 3aMoBYyBaHHAM y perictpi CX.
Ilepecnnanusa MacHBY 3/ilICHIOETbCS BUKOHaHHSM TakKoi NOCHLOBHOCTI

" KOMAaHA:

MOV  CX,100 ; 3anectn y CX 3HAaYeHHS JOBXHHHU MacHBY
CLD ; CKHHYTH Tmpamnopelb HanpsiMy AJsA aBTOiHKpC-

; MCHTaUii

; aApeC MacuBin
MOV  AX,2000H ; 3auccru B perictpu DS i S1 aapecu cerMeHTa Ta
MOV DS,AX ; 3MIIICHHS JpKepeaa
MOV  S1,1000H ;
MOV  AX,3000H ; 3ancctu B perictpu ES i DI agpecy cermenTa ta
MOV  ES AX ; 3MILCHHA pericTpa-npuiiMavda Aasux
MOV  DI1000H ;
REP MOVSW ; Mlepecnaty psapok ciin

Po3risiHEMO NPUKJIaAH BUKOHAHHA TPYIH Komand nepedasanis xepy-

eanns. KoManau rnepefaBaHHs KCPYBAHHSA 3a3BMYAH 3MIHIOIOTH YMICT 1O~
KaXKuuka KoMana I P, a gesiki uge if ymicr pericrpa cermenra komang CS. 3a
JIOTIOMOTOI0 LIHX KOMAaHA MOXHA 3MiHHTH MOCHLIOBHICTb BUKOIAHHS KOMaH){
y nporpami, ockiJbku perictp CS MicTuth 6a30By ajpecy NOTOYHOTO Cer-
MeHTa KOMAaHJ, 3 SIKOTO BUOMpAIOThCSI KOMaHAH, a pericrp [P — aapecy,
AKa 33/1a€ 3MIlIEHHA KOMaH/ 1MOA0 IOYaTKy cermcHTa komaud. llicas Bu-
KOHAaHHA KOMAHAH NCPCAaBAHHA KCPYBaHHA NPHUCTpiil xepysBanust MII,
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BUKOPHUCTOBYIOYM HOBMit yMicT perictpiB CS i IP, Bubupae 3 nam’ati Ha-
CTYIIHY KOMaHy, OTX¢, BAKOHYETbCS AepeoGOpPMIEHHS Yepru KOMaH, AKi
HaAXoAATb y 6a0K onepaniiinoro npucrpow (auBs. puc..25.5).

o miei rpynu KoMaH[T HanexKaTh: KOMaHAM 6€3yMOBHOTO Ta YMOBHOLO
NepexoiiB; KOMAHAH BHKJIMKIB HifIpOrpaM Ta NOBCPHEHDb 3 I/IIPOTpaM;
KOMaH/JH LHKJiB; KOMAaHIH II€PEPUBAHD.

Ilpukaan 26.24. BuxoHatn 6e3yMOBHUIL BHY TPITHBOCEIMEHTHUI TEpPEXif.

3a KOMaHA0I0
JMP NEAR LABEL
a6o .

JMP LABEL

(JuMP NEAR — cTpu6oK Hemojasik) 3AiliCHIOETbCA Tiepexig M0 BHKO-
HaHHA KOMaH/, Ncplla 3 AKHX No3HadeHa MiTkolo LABEL, mo 3HaX0AUTbCA
y TOTOYHOMY CCTMEHTi KOJIiB, To6T0 6;1M3bKo 64 K6aiit. SIknto tun nepexo-
Ay He BKa3aHO, 32 3aMOBIYBAHHAM BUKOHYEThes Tun NEAR. Tlif qac nepe-
XOAY B MeXaX CerMCHTA 3MiHIOETbCS BMICT IIPOrPaMHOro JiduabHuka I P
‘LABEL’, ne LABEL — cumBoniuHa aapeca abo mitka, a ‘LABEL’ —
3MILICHHA ¥ CerMCHTI KOJIB i€l MiTKH.

Ipuxaas 26.25. BukoHaTn 6e3yMOBHUI MiXKCCrMEHTHHII IEpeXi.

3a xoMaHAo

JMP FAR LABEL

(JuMP FAR — cTpu60OK Aamexo) 3miliCHIOETbCS TIEPCXifi A0 BHKOHAHHS
KOMaH/{, TIeplly 3 SIKMX NO3HadeHo MiTKoio LABEL. 15 MiTka 3HaXOAUTHCS
y Mexax Beiel mam’ari emuicTio 1 M6ajir. ¥ pasi MisKCErMCHTHOro nepe-
XOAY 3MIHIOETHCS AK BMiCT IIPOTPaMHOro AiuuabHuKa I P, Tak i BMICT cerMeHT-
Horo perictpa xozis CS 3rizHo 3 MiTkowo LABEL.

Ipuxnax 26.26. BuxonaTu yMoBHHII mepeXiZ 3ajieXXHO Bix CTaHy
npanopusa CF.

3a KoMaHJoI

JC LABEL

(Jump if Carry — cTpu6oK, SIKIIO € DEPEHECCHHS) 3AIHCHIOETbCA TIepexig
BUKOHAHHS KoMaHA Ha MiTKy LABEL muwe toai, xoau npamnopeus CF = 1,
:a fxmio mpanopens CF = 0, 3AiCHIOEThCA TepexiZ 10 BUKOHAHHS KOMaH-
[, HacTYIHOI IicAg KOMaH/ 1 YMOBHOTO HepexXony.

Ipuxaan 26.27. Buxankary miAnporpamy, po3MilieHy y NaM'aTi eMHICTIO
1 M6aiit i3 cuMBosiuHO0 aapecoio NAME.

[lna nepexoAy A0 BUKOHaHHS TMiANpOrpaMyu BUKOPHCTOBYIOTH KOMaHZY
CALL. Ilixg yac BuxoHaHHs koMaHau CAL L 3MiHIOIOTHCS 3HAYCHHS PEricTpiB
CS i IP. Tlepex BUKOHaHHAM KOMAaHAM 3amaM’ sSITOBYIOTLCS 3HAYCHHA LUX
pericTpis, o6 Micas BUKOHAHHA MIANPOrpaMu MOXHa 6yJIO MOBECDHYTUCS
JIO BIKOHAHHS OCHOBHOI NporpaMy. 3anaM’sSTOBYBaHHS 3HAYCHb PEricTpiB
BiIOYBA€ETLCA Y CTEKY.

3a KOMaHAOO

CALL FAR NAME

(CALL — BUMKJIHK) BUKJMKa€TbCs MiANMporpama 3 aapecolo NAME:
eBMicT SP 3MCHUIYETHCA Ha 2;
® y XoMipky nam’sti 3 agpecoro SS:SP nepecuiiaerses BMICT perictpa CS;
e BMicT SP 3MeHIIy€eThesl Ha 2;
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&y KOMipKY MaM’sTi 3 aapecoio SS:SP nepecunaeTbed BMicT perictpa 1P,

ep /P i CS 3aBaHTaXYIOTbCS HOBi 3HAa4eHHs, AKi BiANOBIJAIOTb CHUM-
BOJTiuHi agpeci NAME.

VY peayabrati unx gill y cTeky 3amaM’SITOBYEThCS BMiCT perictpis CS
i IP, To6to nosHa aapeca CS:IP Tiei komanu, sIKy NMOTpi6HO BHKOHATH
micasa 3akiHdcHust migmporpamu NAME. OcTaHHBOI KOMaHJO0K0 MiANpo-
rpaM, U0 BUKJIUKAeTbesA, € KoManAa RET FAR. 3a uicw KoMaHaoK 3i
CTEKY BHTATYIOTHCS JIBA COBA, AKi 6y 3anucaHi MiJ Yac BEKJIUKY MiANPO-
rpaMu, i 3aHocaTbes y pericrpu CS i IP, T06TO BiZIHOBIIOETHCA NOTOYHA
agpeca CS:/P xoMaHIU OCHOBHOI IIPOrPaMH.

Ipukaag 26.28. Bukonaru nocaiosHicTb xoMany 100 pasis.

Jlns NoBTOpeHHs BAKOHAHHA HocxifoBHOCTI koMany, 100 pa3sis noTpi6no
B perictpi CX 3amaTH KiJbKiCTb IIOBTOPEHD

MOV CX,100.

TToTiM 3amMCyETHCS MOCTIAOBHICTb KOMAHA, NCPIIA 3 AKHX HO3HAYAETBCST

MIiTKOIO
M1: <mocHiAOBHICTD KOMaHA>

Ta BHKOHYETbCS KOMaHJa
LOOP M1

(LOOP — meraa). Komanpga LOOP M1 3McHwye BMict CX Ha oauHH-
0, a TOTIM nopiBHE Horo 3 HyxeM. Axuo CX # 0,70 3ailicHIOETHCA TIC-
peXiA A0 BUKOHaHHSA KOMaHAu 3 MiTkolo M1, a sikmo CX = 0, To BHKO-
Hy€Tbcs KoMaitaa, HacTynHa 32 LOOP M1 (uxif i3 unkmay).

Jlo KOMaHA LMKJIiB HaJCXaTb

LOOPE M1
(LOOP if Equal — neras, SKiio JOPiBHIOE) Ta
LOOPNE M1

(LOOP if Not Equal — neras, skuwo 1c gopisawe). Ii koManan peaxizy-
I0Th BUX1J 3 MHKAY, AKUI0 260 CX = (0, a60 BUKOHYETLCA JOAATKOBA yMOBa:
sHaveunsi npanopus ZF =1 a6o ZF = 0. IIpanopenn Z F Moxe 6yTH BeTa-
HOBAECHU#H 260 BiAGYTUCS HOr0 CKUIAHHS B PC3YAbTATI BUKOHAHAS O/Hic 3
KOMaH INKJY.

Hpuxrag 26.29. Iepeiitn o nianporpamu oO6poGKR 11¢PCPHBAHHS THILY
n=8.

Mixponpouecop 18086 06pobasie 10 2536 THNIB NepepUBaHb. Y CIICHHANbHIH
o6macti nam’dTi, sKa posMilicHa sa novarkosow aapecoio 0000:0000 i nasu-
BAETLCS. KAPIMOIO BEKMOPIS NEPePURAND, 3ATINCAHO TONKN BXOMIB Y NiLHpO-
rpamu 00poGku niepepuBalb. 3a aapecoio 0000:4 x <nomep nepepuBanBs™>
s6cpiratothes aHadcHns [P, 3a agpecoto 0000:4 X <uoMep iepepnBamis>+2
36epiraloteest sHaucHBg CS. Hosi sHauenns CS:IP pusHaqaorh aapecy
TEpIIOT KOMAHIM TIATIPOrpaMut 06POGICHHS TICPCPUBARHS.

Komanga

INT 8
iHililoEe Taky MOCJAiJOBHICTD Ailf:

® BiI6YBAETLCS CKMAAHHS npanopuiB IF i TF, mo 3a6oponsie nepepu-
BaHHS Ta MOKOMaHAHY poGoty MIT;
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*pMicT SP 3MEHIIYETbCA Ha 2;

*y KoMipKy mam’sTi 3 agpecoio SS:SP 1nepecusaeTbCcs BMICT pericTpa
npamopuis F;

* 3MicT SP 3MCHUIYETbCA Ha 2;

*y KoMipKy mam’sTi 3 ajgpecoo SS:SP nepecunaerscs BMicT pericrpa CS;

epMicT SP 3MeHUIyeTbCs Ha 2;

*y XoMipKy mam’ari 3 agpecoro SS:SP nepecunaetscs BMicT perictpa IP;

¢ HOMep NepepHUBAaHHA MHOXUTbCA Ha 4:.4 x 8 = 20H;

ey perictpu /P i CS 3aBaHTaXYIOTbCS HOBi 3HAYEHHS 3 KAPTH BEKTODIiB
TepepuBans (novarkosa aapeca 0000H):

IP « [0000:0020H1,
CS « [0000:0022H].

Y pesyJipraTi HMX Al 31iHCHIOETbCS MiXKCETMEHTHUI HEIIPAMUN BUKJIHMK
miAmporpaMu oGpo6KH IIEPEPUBAHHS, IPHUOMY ajpeca HiANporpaMi OJHO-
3HAYHO BH3HAYAETHCS HOMCPOM IepepUBaHHSL.

Omxe, 3a koMangoo INT 8 y cTeky 3ammcyerses BMicT perictpis [P, CS
i F, a moriMm y pericrpu IP i CS 3aIHCYIOTBCS HOBi 3HAYEHHS 3 KapTH
BEKTOpiB mepepuBaHb; MII mepexoauTh A0 BUKOHAHHS HiANPOrpamMu o6-
POGKH IlepepuBaHHs 3 HoMepoM 8.

Buxonaxusa koMauau INT n Moxe 6yTH iHiLiOBaHe K IIPOTPAMHO, TaK
i amapaTHo. Y mecplioMy BHOAAKy MAlMHHAN Kox koMauau INT 34UTyeTh-
€5 3 MporpaMHoi naM’siTi, y ApyroMy — MaurvHeMif kox koManau {NT cdop-
MYE Ha IIMHI JaHUX CHCTEMA NePEePUBAHD.

PosrnsneMo NpPUKJIaM BUKOHAHHSA [PYIH KOMAHO KEPyEAHHA CMAHOM
MII. [To uiei rpynu Hasexath TakKi KOMaH/(H; CKH/IAHHS, BCTAHOBJIEHHSI, iIHBEpCil
npanopuis, komanaa ESC (nepemukanns Ha cnisnpouecop), LOCK (saxon-
JexHst ek ), NOP (nemae onepauii), HLT (synuika), WAIT (ouixypanus).

Ipukxax 26.30. IpoBectH ckupaHus npanopus Hanpsamy DF y crax
JIOTiYHOTO HYJIS.

3a xoMaHAo©

CLD ;DFe&« 0

(CLear DF — oumucnns DF) pigGyBsactbcst ckuanns npanopua DF y
CTaH JIOTiYHOTrO HYJS. :

Ilpnxaan 26.31. YcranoButu npanopeus HanpsaMmy DF y ctad JIOri4HOi
ONUHUIN.

3a xoMaHAOIO

STD ; DF « 1

(SeT DF — pcranosaenus DF) npanopeup DF BCTaHOBRIOETHCA y CTaH
JIOTIYHOl QOJUHHILI.

26.4. Tunn appecauii onepaHais

PisnomaniTii ciocobu adpecayii, TO6TO BU3HAYeIHA MicLlesla-
XOKEHHA OllepPaIlLy, CIPOILYIOTh OPraii3aililo Ta BUKOPUCTAHHSA
CKJIAIHUX CTPYKTYp Aanux (0oaHo- i ABOBUMipHUX MacHBiB) Ta
PO3LIMPIOIOTH THYUKICTh BUKOPHCTAHHS KOMAN/.

Y MII 8086 icHyioTb Taki crmoco6u agpecauii: perictposa,
Gesnocepents, NpaAMa, HepsAMa, BIIHOCHA, HesIBHA.
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Pezicmpoea adpecauia. Onepan/i 3HaXOAUTHCS B OHOMY
3 perictpis MII. Perictp BH3HauaeTbcsi abo B €AnHOMY GaiiTi
oanoGaiitoBoro ¢opMary koMan ¥, aéo B ApyroMy 6aiiti 1BoGaii-
TOBOTO (popMaty.

ITpukaaz 26.32. BHKOPHCTOBYIOMH PericTpOBY aApecauiio, 36iIbmuTH
Ha oJIMHHII BMicT perictpy BX.

3a KOMaH/J0I0
INC BX ; BX < BX+1

BMicT BX 36ibIIy€eThCs HA OJUHHLI.

3asHa4yuMo, mo B ojHobaiitosux xomaugax INC r, DEC r, PUSH v,
POP r, XCHG AX,r perictp BusHa4a€Thes B 6iTax 2—0, a B KoMaHZax
PUSH sr, POP sr — B 6itax 4 i 3. B inmux 6itax BU3HA4EHO KO oIc-
pauii.

DopmaT ABOGAHTOBUX KOMaHA 3 PCTicTPOBOIO AAPCCAILEID 306paskeHO
Ha puc. 26.7. Taxk, y 6aiiti 1 KoMaHAM MiCTUTBCS Ko onepaltii Ta aBa 6ita —
6it Hampsimy d Ta 6it caoBa w. Ilpu d = 1 nepespava 3aificHETDCA B
pericTp, 10 BUSHAYAEThCA TT0JieM reg Galita 2, npu d = 0 — i3 pericTpa reg.
Bir w Bkasye Ha pO3psiAHICTh onepaHAiB — Npu @ = 1 KOMaHAa omepye
¢n0BoM, ipy @ = 0 — Gaiitom. ¥ npomy npuxiaagid = 1, w = 0.

Baiit 2, abo nocmfaiim, Bu3Hadae onepaHAM — perictpu. Ioct6aift
MicTutb Tpu noas: md — pexuM, reg — perictp (apyrwuit onepang), r/m —
pericTp / koMipka nam’sti (epiunii onepana). Onepanu BUSHAYAIOTH 3TiAHO
3 Taba. 26 4.

3a pericrpoBoi agapecauii nose md = 11.

Besnocepedns adpecayisn. 3uavenns onepaiiy posmille-
1o 6esnocepenibo y dopMati KOMAILIM — B ocTalllliX Gafitax.

uMu 3uradeHIMH 3a3BHYall € JeAKI KOHCTAIITH, 3a3/jajeriab
BiZloMi niporpamicty. Y nponeci BUKOHAHHS MPOrpaMu 3HUa4eHlis
OllepaH/iB 3aMHLIAJOTHCS He3MiHIIMMU, OCKiJBKH BOHH PA3oM i3
komanzowo po3Miuryiorbcs B [1311. BukopucTtaiis Takoro crnoco-
6y He norpebye agpec onepanlis.

Mpuxaaj 26.33. BukopucToByI0Un GC3MOCCPEHHIO AAPECALK, 3aBaH-
rtaxurd B BX wncno 1234H.
3a KOMaHA00

MOV BX, 1234H

y BX sanuierncs wncno 1234H.
3asHaunmo, mo yHcao 1234H Bxoauts y dopMar xoMaHaN.

Hpama adpecayia. 3a takoi aapecaiii edextusna ajgpeca
oIepalia BKa3alla 6e3nocepeanbo B KoMallAi. Sk IpukIajn posris-

Baiit 1 Bair 2
[ Koz oncpauii d w I I md reg r/m |

Puc. 26.7. dopMar KOMaHIM NPAMOTIO 3aBaHTaKCHHS
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Tabauys 26.4. Buanawenns perictTpis-onepauais

reg, r/m w=0 w =1 reg, r/m w =0 w =1
000 AL AX 100 AH SpP
001 CL CcX 101 CH BP
010 DL DX 110 DH SI
011 BL BX 111 BH DI

HeMo koMmalgy MII 8086 npsiMoro 3aBaHTakeHHS aKyMyJIATOpa
BMIiCTOM KOMipKH nam’4Ti, po3MilneHoi 3a agpecoio DS:00124¢4:

MOV AL, [0012H]

dopmMar 1iei koMaHAR 306pakeno Ha puc. 26.8. Baut 1 Busia-
Ya€eTbCA TaK CaMo, 5K i B npukjaai 26.32. B 6aiiti 2 npu uboMy
cnoco6i aapecanii monst-md = 00, r/m = 110, reg — BU3HAYAE
perictp (B namomy pasi AL).

Baiitu 3 i 4 MicTaTh aapecy KOMipKHd maM’sati. Y 6aiiti 3 pos-
mitenmit Mosommmii (1246), a B Gaitti 4 — crapmmii (004¢) Gaiitn
agpecu. CxeMy BUKOHAHHS i€ KOMaH/IH 306paxerio Ha puc. 26.9.

Komipka mam’sti 3 aapecoto 00121 mae Bmict 110101113 Bwmicr
akyMyasTopa a0 onepariii ctanosuts 000000005 ITicas Bukowati-
HS KOMAalZU 3HAYEIHS BMICTy KOMIPKH TaM’ATi KOMIOETbCA B aKy-
MYJISTOP.

Henpsama agpecanin. 3a takoi agpecanii y dopMaTi KOMaHAR
BKa3YETbCS HOMep pericipa, B SKOMY 30epiraeTbes agpeca KOMipKu
naMm’gTi, 110 MICTUTD onepaz.

Henpsama aapecauis mMae Taki pisHoBuau: 6a30Ba; iHIeKCHa;
6a30Bo-ilgeKcHa.

IMona md ta r/m BU31AYAI0TD CHOCIO oétmcnunm edeKTUBHO]
axpecu onepanza (1aéi. 26.5).

[Tone md BusHayae BapiallT BUKOPUCTANILA 3MilelHA disp, sIKe
3azaeTbea y 3 Ta 4 Gaiitax KOMaH/u:

00, disp =0
md = {01, disp =dispL
10, disp = dispH, dispL

Iam’atp MII
BuicT akyMmysiTopa
Agpeca Buict xoMipox maM’sTi 110 3aBAHTAXCHHS
KOMipOK CerMCHTY JaHHX
DS: 001044 e 00000000
DS: 0011, e
DS: 00124 11010111 ‘E 11010111 '

Buict akyMmyasTopa
0 3aBaHTaXKCHHA

Puc. 26.9. CxeMa BUKOHaHHS! IIPSIMOTO 3aBAHTAXKCHHSL B AKYMYJISATOP BMIiCTy
KOMIpKH MnaM’sTi

Axmo md = 00, 3mimenns BizgcyTHe, sxmo 01 — 1e 8-poapsia-
me yucao, Akuo 10 — 16-pospsiane yucio.

Basoea adpecayia. Edexrusna ajpeca onepasnga EA o6uucmio-
€ThcA CKRMalauiisiM BMicTy 6a3oBux pericrpiB BX a6o BP i
aMintensm (8- aGo 16-pospsianoro 3nakoBoro uncaa). B okpemo-
My BHIAJKy 3Millellllss MOXe e BiAGyBaTHCA.

IIpchlaa 26.34. Ilepccaatu B perictp-akymyastop AX BMicT koMipiu
TIaM 'ATi, AKa PO3MIIICHA Y CCTMCHTI JaHUX i Mae cdvcxmnuy anpecy (aMinich-
HSL Y CCTMCHTI), {0 AOPIBHIOE CyMi BMicTy pcnupd BX i uncaa 2000H.

s Toro, WoG uepecaaTH BMICT KOMIPKH NaM'ATi B akyMyJasATop, 10-
TPi6HO BHKOPHCTATH KOMaHAy nepecuaku MOV dst, src, ac onepangom
npusHaichus dst (destination) € ptl‘lCT]) AX, a OTEPAHAOM JDKCPC/IA ingop-
mauii src (source) — xomipka nam'sri. KoMipka naMm'sTi Mo3HavaeThea
KBaJpaTHUMM Y KKaMH, BCCPCAUHI 3aIIUCY€ETLCS 3HAYEHHSA eheKTHBHOT aJi-
pecu, To6to BX + 2000H.

Tabruys 26.5. O6uncrenns epCcKTHBHOI agpecH oNicpania 3a HENPAMOI
aapecanii

Baiir 1 Baiit 2 Baiit 3 Baiit 4
Koz omepanii d w| [ md reg r/m I 1246 | I 00, —I
OmnepariiiiHa YacTUHa AnpecHa yacTHHa

Puc. 26.8. Mopmar KoMaH/ U IPSIMOTO 3aBAHTAXKEHHA B aKyMYJISATOP BMICTY
KOMipKky mam’aTi
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Tone r/m Ederrusna agpeca Tun agpecanii
000 BX+SI+disp
001 BX+DI+disp )
010 BP+SI+disp Basoso-igackcHa
011 BP+DI+disp
100 ST+disp
101 DI+disp Inpexcua
110 BX+disp .
"1 BP+disp basona
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Omxe, 33 KOMaHZOI0
MOV AX, [BX + 2000H] :AX « DS:[BX + 2000H]

y perictp AX Tmepecusaerbesa Gaiit i3 KoMipkn 1IaM’STi 3 TaKO0 aJpecoo:
DS:[BX + 2000H].

3a3HayyMo, IO Ncpel BUKOPHCTAHHAM L€l KOMaHAH BMiCTH pericTpiB
DS i BX susaHavaloTbcs 3a3Jaserijb.

Indexcua adpecayia. 3a ingexcHoi aapecallil sk azpecu
3MillleHHs BUKOPHCTOBYETHCS BMICT iHAEKCHUX peTicTpiB ST abo
DI ta amimeHHa y BUTJIAAL 4HC/A.

Ipuxaan 26.35. Ilepecnaru y pericrp-axymyJasarop AX BMiCT KOMipxi
mam’siTi, po3MimeHiii y cerMenTi nanux 3 epeXKTHBHOL ajpecono (aminmenHa
y cerMeHTi), sika JopiBHIOE cyMi BMicty perictpa ST i uncaa 5000H.

3a KoMaH100

MOV AX, [SI + 5000H] ; AX « DS: [ST + 5000H]

y perictp AX nepecniaetbest 6aift i3 KoMipk maM’saTi 3 Takow ajapecoo:
DS:[SI + 5000H].

[Tepen BUKOPUCTAHHIM Ii€l KOMAHAM BMICTH pericTpiB DS 1 S7 BusHava-
IOTBCS 3a3]aTerias.

Basoeo-indexcna adpecayis. E¢dextubna aapeca odepanja EA
JopiBHioe cyMi BMicTy 6azoBux perictpis BX a6o BP, ingexciux
perictpiB SI a6o DI Ta 3MilledHsA. 3aslayuMo, 110 YHCIOBE
3MilleHHs Moxxe OyTH BiACYTHIM.

Hpuxaaa 26.36. Ilepecraru y perictp-axymyasTop AX BMicT KoMipku
maM’'sTi, 1o poaMimeHa y cerMeHTi AaHMX i Mae edeKTMBHY aapecy, siKa
JODiBHIOE cyMi BMicTy aBox perictpis ST i BX.

3a KOMaHAoW

MOV AX, [SI + BX] ; AX « DS: [SI + BX]

y perictp AX mepccunaetbes 6aiiT i3 KoMipku maM’sTi 3 Takolo aapecoo:
DS:[SI + BX].

Hepen suxopuctaHHaM uiei xomaHau Bmicty perictpis DS, SI i BX
BU3HAYAWTHCS 3a3JaJeriab.

Bazosy Ta inaexcHy agpecanino 3acTOCOBYIOThH A 3BEPHCHHS /0 €JIEMCH-
TiB OJHOBHMIPHOTO MacHBY, 6a30BO-iHAEKCHA — /IO JABOBUMipHOTO MacHBY.

Bignocua aapecanis. 3a BigHocmoi agpecatii agpeca orne-
paHZia BU3SHAYAETbCH JOJABaHIIAM BMICTY NPOrpaMIlOro JJidub-
HUKa i3 3a3HayennM y KoMaHi umcjaoM. BHKOpPHCTOBYETLCA B
KOMalilaxX Mepexo/iB, BUKJAUKAX MiANporpaM, KepyBaHUs HHKIA-
mu. [lix yac aBToMaTUYHOTO aceMOI0BAllHA IPOTPAaMH BKa3y€eTh-
¢4 MiTKa KOMaHan, KOTpPiil nepe/aeTbcsl KepyBallHd, a moTpiliie
3MilIeHHA 0GUHCIIOETBCSA IPOrpamoIo AcemoJep.

Hesasua aapecauis. Onepaiis BKa3yeTbCsi pa3oM i3 KOAOM ore-
pauii. Bin 6epe yyactp y uiit xoManzi 3a 3amoBuyBanuaM. Takui
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crioci6 ajpecarii BUKOPHCTOBYIOTh y KOMaHZaX-NOpAAKax, Je
perictp SI azpecye nepuuii eneMedT psiAka-ixepesa indgop-
Marii, a perictp DI — mepiuuil eemMent psjika-oTpuMyBava ingop-
Marii.

26.5. MNporpamyBaHHs
moBolo Acembrnep

Y MIIC BUKOPHCTOBYETHCS IporpaMyBaHHs MOBOIO AceMOJep.
Acem6.1epoMm 1a3UBAETHCA | MOBa TIPOTPaMyBaHid y MIEMOKO-
Jlax KoMalj, i creniasblia mporpaMa-TpaHc/IsiTop, Lo epeBOAUTh
(TpaHcaI0E) MHEMOKOAW Ila MAuIMilni KOAM, SIKi 3YUTYIOThCS
MIiKPOHPOILECOPOM 3 TIaM’sITi TporpaM, Aeun¢pyIoThes | BUKOHY-
10Tbes. Ilpolec nepeBefenHs MIeMOKO/IB Ha MAIUUIINi KOAHK 11a-
3UBAIOTD dCeMONI0BAHHAM.

ITporpama ma mMoBi AceM6iep MiCTUTb ABa THIIM 6uUpd3ig:

® KOMaH/I{, L0 TPAHCAIOOTHCA Ha MAIIMHHI KOOHU;

® IUPEKTHUBH, IO KEPYIOTb XOA0M TPAHCASILIL.

Bupa3z Mae takuil BUIVIAA:

{<mirka>}: <mueMoxox> {<omepaua>} {,} {< omepana >}
{; xomenTap}.

Y QirypHux gyxkkax HaseAeHo eJeMENTH BHPA3y, AKUX MOXe
He OyTH y JesikuX koManjaax. Mitka, MUeMoOKo/, i ollepanjid Biiok-
peMITIOIOTBC X04a 6 ofuuM NpoGiaoM abo Tabyasuieo. Makcn-
MaJiblia JIOBXHIA PSAAKA CTalnoBUTbh 132 cuMBOJH, aje Hal4yacTi-
1Ie BUKOPHCTOBYIOTbCS Psiiky 3 80 cMMBOJIIB, O BiNIOBiaE 10B-
JKMHI eKpaHa.

IMpuxnagamMu xomand MoBu AceMbiep e:

Mirtka Muemokon Omnepana(n) Komenrtap
MOV AX, 0 ; Komanina, asa onepanan
M1 ADD AX, BX ; Mitka, KoMallga, JBa one-
; panm
DELAY: MOV CX, 1234 ; Mitka, koMarja, /iBa olic-
; panau

[puxnanoM dupexmueu e:
MiTtka Muemokon Omnepana(u) Komenrap
COUNT: DB 1 ; Mitka, KoMaija, oauH
; onepatji

Mimxa na moBi AceM6iiep € CUMBONIYIIOID a/Ipecolo KoMall-
au. MiTkaMM TI03HA4al0ThCA 11¢ BCi KOMAIAM, a aylue Ti, 0 aKUX
NOTPi6HO BUKOIYBATH NEpeXia 3a JOTOMOrolo KOMAIL Nepexolin
a60 BMKJIMKIB IigmporpaM. Y KoMaugax Hepexo/is a0o BUKIMKIB
nignporpaM Io3HaveNIns MiTKH BUKOPUCTOBYETBCA AK Oliepang —
CUMBOJIIYIIa aJipeca epexoay, HalpUKIaL:
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MiTtka Muemoxon Omnepana(u) Komentapi
JMP M1 ; Hepexix go xomanam 3
; MiTkOIO M 1 :
CALL DELAY ; Buxnuk nignporpamu 3
; MiTkoio DELAY.

ITicng MiTku cTaBUTLCA ABOKpanka. IlepurumM cuMBosIoM vy MiTI
Mae 6yTH JiTepa a6o OAMH i3 CIENiaJbHUX CHMBOJIB: 3IIaK NHU-
TAHHS «?»; KpalKa «.»; 3HaK aMIiiepcanf «@»; OiJKpec/oBanius
«_»; 31aK JoJapa «$». 3HaK IIUTAHHS i KpAlKa MOXYTh 3aiiMa-
TH JINIIe [eplle Miclle. MaKkCHMaJsIbHa JOBXUHA MiTKM — 31 cum-
sou. ITpuknamu mitox: COUNT, PAGE?23, $E10. PekoMenayerbest
BUKOPUCTOBYBATH ONHCOBI i cMMCJIOBI MiTKH. Yci MiTKE y npo-
rpaMi MaioTh 6yTH YHIKaJbHUMH, TOOTO He MOKe OYTH KiJbKOX
KOMaH/J| 3 OfHAKOBUMYU MiTKaMu. KpiM Toro, six MiTKM He MOXKIIa
BUKOPHCTOBYBaTH 3ape3epBOBalii aceMOJIEpPOM CJIOBa, OO SKHX
HaJeXaThb KOAY KOMaH/[, JUPEeKTUBH, iMena perictpiB. Hanpuk-
nag, imena AX, DI ta AL ¢ 3ape3epBOBaHHMHU i BUKOPHACTOBYIOTHCS
JIuIe JUIs 3a3HaveNIs BiAIIOBIANUX pericTpis.

Muemoxod igenrudikye xomanny aceMbepa. [1a MIIeMOKO-
[iB BIKOPHCTOBYIOTh CKOpoYeli a6o noBHi aHraiichbki ca0Ba, AKi
nepejaloTh 3HaYeHHs ocHoBHOl GyHKIIT kKoManau: ADD — moga-
i, SUB (SUBtract) — einustu, XCHG (eXCHanGe) —
TIOMIHATH.

Onepanodu BigoxkpeMIOIOTECA KOMaMi. SIKIIO 3aJaHo ABa Ole-
paligyu, TO Mepluui i3 HUX 3aBXAU € IpuUiiMayeM, a ApYTHHA —
JxepesioM indopmanii. KomManga Moxxe MicTHTH pi3Hy KiJIbKicTh
OIIEpaN/iB Pi3HUX TUIIIB, HAIPUKJIAL:

Mirka Muemokon Onepanu(u) Komenrapi

RET ; Mosepuytucs (onepangu me
: BKasaHi)
INC CX ; 36imbumra CX (oui omeparyt)

ADD AX, 12H ; Homatu 12H po Bmicty AX
; (1Ba onepamau)
MOV BX, [SI] ; 3anecty go pericrpa BX uwuc-
; 10 3 KOMIDKH
; Mam’ari 3 agpecoio DS:ST
; (aBa onmepanan)
Komenmapi irnopyiorbes y mpolleci TpaucaaLii i BAKOPHCTO-
BYIOTbCA UL JOKYMEHTYBAHHS Ta Kpal[oro PO3YMiMHIs 3MicTy
nporpamu. KoMenrap 3aBXAHM IIOYHHAETHCA i3 CHUMBOJY «;» |
MOXe MiCTUTH 6Yab-9Ki CUMBOJIU. Binr Moxxe TakoX 3aiiMaTy Bech
PAAOK a60 6YTH PO3MIIENNM 32 KOMAIIA0IO B OXHOMY PAAKY, Ia-
MPUKJIAMI:
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Mirka Mruemokonx Omepann(u)  Komenrapi
; et pagox € koMeHTa-
; peM
ADD AX, BX ; Komanna i xoMeHTap B
; OTHOMY PAIKY

OcKinbKM KOMEHTapi He TPAHCJAIOITbCS Ha MAaIIMIHI KOgH, TO
{XHs1 KiMBKIiCTh He BILIMBAE Ha epeKTUBHICTh BUKOHAHHS IPOrPaMy.

IIporpaMa MOBOI0O AceMOyep Ha3UBAETbCS NOYAMKOE0I0 NPO-
epamorn, abo NOYAMKOBUM NPOZPAMHUM MOOYem. AceMOMIOBalT-
1A, abo mepeBeleHH s [I0YaTKOBOI IporpaMu la MalluHHi KOau,
BUKOHYE TIporpaMa-TpaHcsitop, Hanpukiag TASM.COM. 3a-
JIEXHO BiJ YCTaHOBOK, fAKi 3aJja€ KOPHCTyBady, IIporpaMa mepe-
BOJMTH IOYaTKOBUH MOIYAb B OAHXII 3 IBOX IIPOrPaMIIMX MO/LY JIiB:
koMaluuit Moxy b (daits 3 posimpennsm .COM) a6o 06’ exrnvi
moayab (daitn 3 posumpennsm .OBJ).

Komanonuit Mody.ab MicTUTb MallMHIi KOJM KOMaHA 3 a6co-
JIOTIUMH afipecamy i BukonyeTbesa MIL. Komanauwit Moayis 1o-
11iJ1b110 BUKOPHCTOBYBATHU TOAl, KOJHM EMHICTh IIpOrpaMu He nepe-
BHIye po3Mipy omuoro cermenta (64 K6aiit). ITepuriM onepa-
TOpoM KoMatoro Moy st € aupektnsa ORG 100H (ORIGIN —
II0YATOK), AKA PO3MIILY€ NepILy KOMALY NPOTPaMH y CEIMEHTI
koaiB 3i smimennsam 100H. 3akinuysarucs nporpaMa Mae a6o
xkoMargoo RET, a6o cTtanaapTiion npoueaypoio KOpPeKTIIOro Bu-
xony no MSDOS:

Mirka Muemokoa Omnepana(u) Komenrapi

MOV AH, 4ACH ; 3amect B AH uncno 4CH
; (3HavenHs mapamerpa re-
; pepusaniis INT 21H)
; Bukaukatu crapgaprily
; Ipoienypy
; lepepusainist 21 H-KopekT-
; 1Horo sBuxony 10 MSDOS.

OcTaHiiM s3anMcoM ImporpaMu Mae 6yTu aupextusa END.

06’exmuuii MOOJYab MicTUTb MANMHIL KOAM KOMaHmJ 3
BiIIOCHUMH ajipecamu i BuKolryerbes MIT micaa saminm Biioc-
HEX aJpec Ha abcofoTii 3a JOIOMOTo0 IIPorpaMmu-ykjiagala,
nanpukiag LINK.EXE, axa renepyc MOJAYAb 13 POSUIMPEIITM
.EXE (EXE-(aiin a6o EXE-nporpamy); EXE-daitn, na Biaminy
BiJl KOMAUIIOTO MOJIYJISl, MOXKE TTEPEBHIILY BATH €MIIICTh OJIIOLO Cer-
Mmenta. Oafak y boMy pasi 060B’I3KOBUM € BU3IIAYCIIISL CErMell-
TiB 3a JIOHOMOTOI0 JUPEKTUB aceMmbiepa. 3akinuyetbes EXE-dain
CTAIlZaPTIIOn TIPOLELYPOI0 KOPEKTHOro Buxoay a0 MSDOS.

[Iporpama-ykJazad Mae Iue ofue npusnauenis. Boua o6’eanye
06’ exTIH MOAY Db 3 616Ti0TEUITMMEI MOLYASIMU a00 KiJTbKa OKpe-
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MHUX 06’eKTHHX MoAaydiB o6’eanye B onud EXE-aiin. Bibaio-
meunumu Mo0YAsSIMU NA3NBAOTL 06’ €xTHI aiinu, mo MicTaTs Hall-
noumpeninn nianporpamu. Bi6iaioTeuni Moy po3MillyIoThCs Y
creniaJbHOMY cucTeMuoMy ¢aitni — 6i6aioreui (LIBRARY).

ITia yac aceMOJIIOBaNHS TPOrpaMa-TPAHCAATOP reHepye JICTHIIT
i daitn micruury nporpamu. Jicmune — BifoOpakelHs HA JTHC-
1iei aGo manepi TEKCTiB MOYATKOBOTO MPOrPaMHOro MOYJIst, TIPO-
rpamitoro Moay.ast (.COM a6o .OBJ) Ta noBimoMieHb, sIKi BKa-
3YIOTb Ha TIOMUJIKH NPOFPaMyBaHHsI, 3yMOBJIelli TOPYIICHHSM Ipa-
BWJI 3aIIMCY BUPa3iB, HaNPUKIAA HEMa€ onepaHfa a6o HelIpaBUJIb-
HUH MHEMOKOJ KOMaH/H.

Hupexmueu npusHayeHi /st KepyBaHHA NPoOLECOM aceMO-
moBaHHA i dopMmyBalna aictunry. Bouu giloTe ymure y mpoueci
aceMG6JIIOBalHg IPOrpaMH i Ile IepeBOASITbCS HAa MAUIMHHI KOJH.
MoBa Acem6Jiep MiCTHTb TaKi OCHOBHi AUDEKTHBHU:

® MovaTokK i Kieub cerMenta SEGMENT ta ENDS;

* 104aToK i Kitielb npoueaypu PROC ta ENDP;

e npu3Havenus cerMeHtiB ASSUME;

e ouatok ORG;

» posmnojin Ta ininiroBanug nam’ati DB, DW, DD

e 3apepiuens nporpaMmut END;

e pixsunavenus LABEL.

Aupexmusu nouwamxy i xinya ceemenma SEGMENT
ta ENDS mpusnayeni /1 OIUCY CETMEHTIB, SIKi BUKOPUCTOBYE
nporpama. JIMpeXTHBHU IMOYATKY 1 KiHIA CErMEHTa BHKOPUCTOBY-
IOTb Pa30M, HATIPUKJIA/:

Hassa MueMoKko Omnepann
DATASG SEGMENT {<napamerpu>}

. Tumi koManay abo AMPEKTHRH CeT-
. MeHTa

DATASG ENDS
O6uasi nupektusu SEGMENT i ENDS noBunni Matn ojia-
xoBi Ha3su. [JlupektuBa SEGMENT Moxe MICTUTH TpPU THIIU
TapaMeTpiB: BUPiBHIOBaNHNS, 06 eAlanis i kaacy.
Hapamnemp eupieniogannsa BU3IAaYae NIOYATKOBY aapecy, abo
MeXY, CerMeNTa, HalpUKJIaL:
PAGE = xxx00;
PARA = xxxx0 (Mexa 3a 3aMOBYyBaHHsM);
WORD = xxxxe (napua Mexa);
BYTE = XXXXX,

Je X — 6yap-sika WicTHaAUuATKoBa udpa; € — naplia micTiaj-
IATKOBa undpa. KLU0 HeMae NMapaMeTpa BHUPIBHIOBAlINS 3a 3a-
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MOBYYBaHHAM, 6epeThbcst mapaMerp PARA, sikuil Bkasye Ha Te, 1[0
CerMenT PO3MilllyeThCs 11a MOYaTKy naparpada, a MOYaTKOBa aj-
peca cerMelita € kparnow 16. [Tapazpagom 1a3uBaoTh 061aCTh
maM’aTi po3MipoM 16 6aiiT, nmoyaTkoBa ajpeca kol kpaTHa 16,
TOGTO Ma€ MPaBOPYyY YOTHPH HYJbOBHX PO3PS/IM.

Hapamemp 06’ ednanna Bkasye Ha cnoci6 o6po6KH cerMeHTa
MiJ 9a¢ KOMIIOHYBaHH: KiJbKOX NMPOrPaMHNX MOLYJIB:

e NONE: 3Hadenns 3a 3amoBuyyBanusM. Cerment Mae 6yTH
JIOTiYHO BiJOKPEMJIEHUM BiJ illIINX cerMeHTiB, Xo4a (isuuHo Bill
MOXe po3MillyBarucs nopsg. [lepes6adaeTbes, MO cerMelT Mae
BIacHy 6a30By aJpecy;

e PUBLIC: yci PUBLIC — cerMenTH 3 0JJHAKOBUMH Ha3BOIO
i KJIacOM 3aBaHTaXyIOTbCA Y CYMiXHI 061acTi Ta MAalOTh OAHY
6a30By azpecy;

e STACK: npusnavenHsi ananoriuge nmapamerpy PUBLIC.
Y 6yap-akiil nporpaMi Mae 6yTH BU3HaueHUH NMpUUAHMII oaull
cerMent STACK. Sxuio BusHaveHo 6iJbilie OAHOrO CTEKY, TO HO-
kax4uK cTeky SP (Stack Pointer) BCTaHOBJIOETBCS 11a IOYATOK
[epUIoro CTeKy;

¢ COMMON: ana cermentiB COMMON 3 oaHaKOBHMHU Ha-
3BaMM Ta KJacaMli BCTAlIOBJIIOETbCS OAIIA CNinAbHa 6a30Ba ajpe-
ca. Ilig yac BUKOHANHS MPOrpaMH 3AICHIOETbCS HaKJIaJdaHHA
IPYroro cerMelira Ha nepinuii. PoaMip 3aram)1101 061acTi BU3NA-
YaE€ThCS HANJOBUIMM CETMENTOM;

* AT-napazpag: neit napametp 3abesnedye BU3NAYeHIIsI MiTOK
Ta 3MINHUX 32 (piKcoBallMMHK aJipecaMu y ¢iKCOBAIUX 0OAACTIX
maMm’ siti;

e ‘Knac': ueit napaverp Moxe Maty Gy Ab-IKy IPaBUJIbILY 1Ia3BY,
SKa PO3MINYETBCS B ONUIIAPHUX JankaX. [lapaMeTp BHKODHCTO-
BY€ThCSI 1151 06pOGKM CerMelTiB, 0 MaIoTh OAIIAKOBi Ha3BH Ta
kiacu. TunoBumu € kiaacu ‘STACK’ ta ‘CODE’, 1alpukaaj;
Ha3sBa ‘ MueMoK Onepann
STACKSG SEGMEN PARA STACK ‘STACK’

SIxino mporpaMa 1e Mae 06’ €AIyBaTHCS 3 iHHIAMH IporpaMa-
MM, TapaMeTp 06'e€/IaHIs He BKa3y€eThes.

Aupexmueu nouamxy i kinua npoyedypu PROC 1a
ENDP pukopucTOBYIOTBCS JIJIA BU3NadeHns NiANporpaM y cer-
MeHTi KOAIB 1 MaloTh Takuil popMar:

<Hassa> PROC {<tun npoueaypu>}.

Mo /MBI 1Ba THITM NTPOLEAYD:

o NEAR — prouenypa BIIaXOIIIITbCS{ B TOMY CaMOMY CEIMCNTi,
e FAR — npouenypa snaxonmbca 34 MEXaMUu cerMenta.

3a 3aMoBUyBanisiM 6epeTbest TUM pouelypH NEAR.
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CerMeHT KOJIiB MOXe MiCTHTU Kijsbka mponeayp. OmucaHns
CcerMeHTa KOoJAiB, 1[0 MiCTUTD JIMIIE OAIY IIPOLEAYPY, MA€ TaKui
BUTASII:

Hasga Muemokosa Omnepann

IM’s_cermenTta SEGMENT PARA

IM’g_nponeaypu PROC FAR
RET

Im’s_mpoueaypu ENDP
IM’ss_cermenta ENDS
Im'st mponesypu Mae 6yTH 060B’s13K0BO | 36iraTncs 3 iMeHeM y
pupextusl ENDP, axa Bu3nadae KiHelb IIpoLeaypH.
Hdupexmuea npuznauenns ceemenmia ASSUME suxo-
PHCTOBYEThHCS [JIs1 BCTAHOBJIEHHS BiATOBIAHOCTI MiX cerMeHTa-
MU Ta CErMEHTHUMH pericTpamm i Mae Takuil ¢popMar:

ASSUME <cermeutnuii perictp>:<iMm's>{,}{...}.

Hanpukaan, samuc SS:iM_cTex BKasye, 1o iM’d cTeKy BU3Ha-
yaeTbest BMicToM perictpa SS. Oxna qupexktusa ASS UME Moxe
[IPU3HAYATH JIO YOTUPHOX CETMENTHHX perictpis y Gyab-skiii no-
CJLAOBHOCTI, HAIPUKJIAL:

MueMoKo Onepann(i)
ASSUME SS:iM_crek, DS:iM_nani, CS:imM_xox,
ES:iM_nonaTtkoBuii_xani

JLnas ckacyBaHHS 6yAb-SKOI'O NIPU3HAYEHOrO PaHime y JUPEK-
tuBi ASSUME cerMenTHOro pericrpa noTpi6HO BUKOPHCTOBYBA-
1 cioBo NOTHING:

MHueMoKoa Onepann(u)
ASSUME ES: NOTHING.

Sxio mporpama He BUKOPUCTOBYE 6y b-sIKUI cermenrr, To BiO-
BIAHHMH HOMYy omnepaHa MOXHA BIAMYCTUTH ab0 BKa3aTH CJIOBO
NOTHING.

Hupexmuea OR G BUKOPUCTOBYETLCS AJS 3MiHH BMIiCTY IIpO-
TPAMOBAHOTO JIYMIBHMKA 6e3 KOMaH/ YMOBHOIO Yn 6e3y MOBHOTO
mepexony. Haiivyacrile 110 JUPEKTURY BUKODUCTOBYIOTD [/ BCTa-
HOBJIEHHS TOYATKOBOI agpecy NporpaMy, HanpUKIad JUPEeKTUBRA
ORG 100H BcTanOBJIOE IPOTPaMOBalMi JiYHIBHUK H1a 3MilleH-
s 100H mono moyaTky cermenta koAiB. Omepang 3i 3HaxoM
Jonapa «$» Mae NOTOYHe 3HAYEHHSI IPOrPaMOBANOTO JiYUIbIIM-
Ka, Hanpuxiaa aupektusa ORG $+10H 36isblrye agpecy, 3aBan-
Ta)Kely B IporpaMoBanuil siunabpuuk, na 10H.

Hdupexmueu po3nodiay ma iHiuir08anHs nam’ ami su-
KOPUCTOBYIOTBCS /IS BU3HAYEHIIsl BMICTY i pesepByBaHHSA KOMi-
DOX TIaM’sTi.
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JupexTusa Mae (popmar:
{ <iM’'a>} Dn {kinbkicTs nosropens D UP}<supas>,

DB
DwW
e MHEMOKOA Dn =4{DD } BKa3ye Ha NoBXuHy nanux: DB —

DQ

DT
6aiit; DW — cnoso (iBa 6aittn); DD — noasiiine cnogo; DQ —
40oTHPH cnoBa; DT — pecarb 6aiiTis. Axio y ¢dopmari nassie
iM’d, TO Majii y mporpaMi BOHO MOe BUKOPHCTOBYBATHCS JUJIsi
MO3HAYEHHA KOMIPKH NaM’STi.

<Bupas> y ¢opmati AMPEKTHBH MiCTUTD O/ITY a60 KijbKa KOH-
CTAHT AJIsI 3aalHs MOYATKOBUX 3HaueHb BMiCTY KOMipOK naM’s-
Ti a60 3HaK «?» JIJIA HeBU3HAYEHOrO 3HayeHns Bmicty. Hanpuk-
J1ajl, ANPEKTUBA
ALPHA DB 34

0311a4a€, MO KoMipKa mamM’srTi 3 iMetleM ALPHA mictutb uncso 34.
Y Xoai BHKOIamis NporpaMu BMICT KOMIpKH MOxe GyTH 3Mine-
auid. /lupektusa

BETA DW ?

BH3Havae, uio komipka 3 iMmenem BETA mae pospsiaticts 16, ane
BMICT KOMIDKH € HeBH3HadenmuM. /{upekTuBa MOXKe MiCTUTH KiJbKa
KOIICTAHT, PO3JiJeHUX KOMaMH i OOMexXeHUX JIHMLIe JOBXHUIIOKI
paaka. Hanpuxnian, Bupas

ARRAY DB 01, 02, 11,12, 21, 22

BH31AYAE 6 KOMCTAIT ¥ BUTJISA/ TOCIJOBHOCTI CyMiXKIINX GallTiB.
[Tocunanna ma xomipky 3 imeneM ARRAY Bkasye 11a nepiuy
korcranry (01), 3 imenem ARRAY + 1 — ua apyry (02), 3 ime-
HeM ARRAY + 2 — ua tperio (11) i t. a. 3amec MOV AL,

ARRAY + 4 zapantaxye y perictp AL snavenns 21.

Oniia IMpexTHBAa MOXeE BU3IAYUTH KilbKA KOMIpPOK naM’siTi.
Y upoMy pasi AMPCKTUBA MA€E BULJSIA:

{ <iM’sa> } Dn {kiabkicrb nosropenn} DUP <supas>.

Hanpukaaj, AupekTuBa, Mo BH3HaYae S 6aiiT, AKi MicTSTb YHC-
Jo 21, 3aIucyeThes TaK:

DB 5 DUP (21).
Hupexmuea zasepuienna npoepamu END ¢ ocraniboio
y Iporpami ta Mae takuil opmar:
END {<craproBa ajpeca>}.

435
28%5-104



ITapamerp AMPEKTHBH <CTAPTOBa apeca> BUKOPUCTOBYIOTH
e 1 crBopena EXFE-gaiinis.

Aupexmuea 6id3nauenns LABEL npusnadena 115 BCTa-
HOBJEHHS BiAmOBigHOCTI MiXx iMeHeM i TumoM 3minnux. Bona
Mae Takult popMart:

<iMm'ss> LABEL {<tum>}.

Ax THI MOXKHa BHKOpHCTOBYBaTH cioBa BYTE, WORD,
DWORD, uo BU3Ha4aloTh JOBXMHY JaHUX: 6ailT, cj0Bo a6o
noagiitne ciaopo. [lupextuBa LABEL mepeBusHavyae lapaMeTpH
npoueayp NEAR a6o FAR. Hanpukiaz, AupeKTHBa

TOS LABEL WORD

IIpUCBOIOE KoMipui maM’ari iM’a TOS i 3a3Havae, wio ii BMicT €
CJIOBOM.

IIpukaaan HanmHCaHHA npocTHX nporpam. lIpocti mporpamu
JIOTiBII0 opOPMJISTH Y BUIJIsiAi KoManauux ¢aitnis. Ilepmoio
JMUPEKTHBOIO TaKUX nporpaMm € gupektuBa ORG 100H, ocran-
#0100 — END.

Tpuxaaa 26.37. Hamucaru nporpaMy ZojJaBaHHA BMiCTy ABOX 8-pos-
PSIIHAX KOMiPOK TaM'sITi, IO 3HAXOMAThCS B cerMeHTi AaHux DS 3i aMimeH-
Hamu 1000H i 1001 H. Peayaprat po3aMicTHTH y KoMipli maM’ATi 3 azpecoo
DS : 1002H.

Y 11bOMY mpUKJAALi 418 HPOCTOTH HE 6YAeMO BPaXOBYBaTH MOXKJIMBICTb
BHHUKHeHHS nmepeHeceHHA. IIporpaMa MaTHMe TaKMil BUTJIAL!

Muemokog  Omepaup(u)  Komenrapi

ORG 100H ; IlouaTok nporpamu
MOV AL, [1000H] ; AL « DS:[1000H]
; Ilcpecnatu y 8-pospsaauuit perictp AL
; BMIiCT KOMipKH .
: mam’sTi 3 axpecoro DS:1000H
ADD - AL, [1000H] ; AL « AL + DS:[1000H]
; Honatn ao sMicty AL sMicT xoMmipku
‘ - DS:[1001H]
MOV [1002H], AL  ; DS:[1002H] « AL
; Hepecaatn Buict AL y koMipky DS:[1002H]
END ; 3aBeplUCHHA NporpamMu

3a3Haunmo, mo 3amc MOV AL, [1000H ] pipHo3HauHuit 3aiucy MOV
AL, DS:[1000H], ockinbku cerMent D.S npuiinatuii 3a 3aMOBYYBaHHAM.

IIpukaan 26.38. Hanucatu nporpamy, fika 3a6canedye po3nofin BMicTy
16-poapaaHoi koMmipkd mam’siti 3 agpecoto ES:[2000H] na yotupu Tetpa-
au. Terpagu MaoTh 6yTH 3alMCaHi Y MOJIOANII YACTHHH YOTHPbOX IIOCTIA0B-
HiX 8-po3psaAHNX KOMipOK IaM’ATi, modnHaloun 3 aapecu D.S:1000, npn-
4OMy Crapliy TeTpaAy NOTPi6HO 3aMHMCATH y KOMipKYy 3i CTapLIO0 a[{pCCoIo.

V. upoMy npuKJAagi AN 3aNHCY PC3YJbTaTy Kpame BUKODHCTOBYBaTH
Henpamy agpecauio. [IporpamMa Mae Takuil BUTJIAA:
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Muemoxog Omnepanza(u)

ORG
MOV

MOV
AND

MOV

MOV

MOV
AND

MOV
ROR

INC
MOV

MOV
AND
INC
MOV
MOV
AND
INC
MOV
ROR

MOV
END.

100H
AX, ES:{2000H]

DX, AX
AX, 000FH

51, 1000H

[S1], AL

AX, DX
AX, 00FOH

CL.4
AL, CL

SI
(SI], AL

AX, DX
AX, OF00H
ST

[S1],AH
AX, DX
AX, 0F000H
SI

CL,4
AH,CL
[SI],AH

Komenrapi

; AX « ES:[2000H]

; lepecaatu Bmict 16-po3psagHoi Komip-
; ku ES:[2000H]

; ¥ 16-pospsianuii perictp AX

; DX « AX, 36epcrtu MOYaTKOBE YUCJIIO
;B DX

; AXAX A 0000 0000 0000 1111

; Bugimuta Momoamy terpagy (ckumyTy
; BCi po3psian

; AX, KpiM YOTHPHOX MOJOALIUX)

; ST « 1000H

; 3anucaty B ST moyarxkoBy ajpecy pe-
; 3yJbTATy

; DS:[SI] « AL

; [lepecnati BMicT KOMipKH NaM’aTi 3
; agpecoo DS:STy

; Mooy 8-pospsAHy dactuHy AL pe-
; rictpa AX

; AX « DX

; Mlepecnary novarkose ymuceno 3 DX y AX
7 AXeAX A 0000 0000 1111 0000

; Buainutu Apyry teTpany

; 3apanTaxkurn y CL 4ica0 po3psajiB 3¢yBy
; Hmxoriaanii 3cys AL na woTupu pospsan
; IPABoOpyd,

; YHACJHiI0K YOr0 BUALJICHC YOTHPUPOSIPAN-
; He YHCI0

; mepeMicTuTbes B AL

i ST« ST +1

; 36impuTH ST A4 3a0HCY APYIOro Iucia
; DS:[SI] <~ AL, 3anam’sitatu APYry TCT-
; pany

; v koMmipui DS:[ST]

; AX ¢~ DX, nepecaaTi Io4aTKOBC YHCAO
;3 DX yAX

; AX « AX A 0000 1111 0000 0000,

; Buainuty tpetio Tetpany

3 ST e ST+ 1, 36iabmuTu aapecy pesyJin-

; TATy

: DS:[SI] « AH, 3anaM’siTatd TPETIO TET-
s pany

; AXeDX, nepeciary BuxifHe uncio 3 DX
iy AX

; AX « AX A 1111 0000 0000 0000,

; Bupimuru 4eTBepTy TCTpany

; 36IMBUIATH AXPCCY Pe3yJIbTaTy

; 3aBantaxxuth y CL dncio pospsiais

; Oukaiynuit 3cys AL Ha YOTUPH pospsaan
; NpaBopy4

; 3amaM’sITaTM YeTBCPTY TCTPALY
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g sMeHmenHsa TPOMI3AKOCT! TporpaMH, ii JoIiJIbHO 3BOAUTH
A0 OJHOTHUIIRMX KPOKiB I BUKODHCTOBYBATU IUKJiYHi omepaii.
PosrisinyTuii npukaal MOXHa CIIPOCTHTH, SIKIIO BHKOHATH 3CYB
16-pospaanoro 4ncsaa Tak, Wob Terpaja, sSKa BUAJIAETHCS, 3aB-
KA 6yaa MOTOALION. AJITODHTM TaKoi MporpaMu pasoM 3 KOMaH-
JaMy 306paxkeHo Ha pHC. 26.10.

IToyaTox

ORG 100H
L 4
[ AX+—ES:[2000H] MOV AX ES:[2000H]
v
DX+AX MOV DX, AX
y
S/+~1000H MOV SI, 1000H
BL+0 MOV BL,O
BH—4 MOV BH, 4
y
M1:MOV CL, BL
CLeBL MOV AX, DX
AXeDX
v
’ 3cys Ha CL pospsuie ROR AX, CL

Buninenus
AND AX, 000FH

MOJIOALIO] TeTpanH

v

[ Dsisiea MOV [SI}, AL
!
F BL~BL + 47 BHe BH—1 DEC BH
; JZ EN
i INC SI
F SIS+ 1 INC ST
IMP Ml
Tak

EN:NOP

duc, 26.10. Axropurs po3p’sg3aHHa 3agayi npukiany 26.38

Tunosi 06unca0BaAbHi NpolEeAYPH. AJITOPHTM TUIIOBOI 06-
yncaiopanbioi npoueaypu AKITO-TO-IHAKIIE 306paxeno iia
puc. 26.11.

Lo mpoiey py 3aCTOCOBYIOTD TOAL, KOJIM Tpeba pPeasisyBaTy me-
pexia no oaniei 3 ABOX 06YMCAIOBAIBINX NIPOLEAYP 3AMEKHO Bijl
ymoBu. Hanncamsa mporpam MoBoio AceM6J1ep BUKOHYIOTbCSI KOMATi-
JaMH TICPEXO/IIB 32 YMOBAMH BCTAHOBJIeHHsT (CKUAAMIIS) TPaNopIiB.

IMpuxaan 26.39. Hanncatu nporpamy aijsenHs smicty AX Ha sMict BL.
Pesyantat noMictuty y 8-po3psaHy koMipky Ham'ati 3 aapecowo DS : 1000H.
Octauelo Bia HiJleHHA 3HeXTyBaTH. Slkwo BMict BL = 0, To gincuHs He
BHKOHYBaTH, Ha Miclle pesyJibTaTy noMicTHTH 4iicno OFFH.

ITporpaMa Ma€e Takuil BHIJIAA:

Mitka  Mucemoxoa  Onepana(u)  Kowmenrtapi

TIpouenypa 1 Tpouenypa 2

|

Puc. 26.11. Anropury npoueaypu AKIHO-TO-IHAKLIE

ORG 100H
CMP BL .0 ; Hopisast Bmict BL 3 uysem
; Pe3yAbTaT
; KOMaBA¥ BIAHBAE Ha BCTAHOB-
; JICHHS NPAnopus
; By Z
Jz M1 ; dxmo Z = 1 (BL = 0), 1o me-
; pexix Ha MiTky M1,
DIV BL ; IHaKIIe BUKOHATM AineHust AL «
AX - BL,
; octada — AH
JMP M2 ; beaymosHuit nepexijy na Mitky M2
M1: MOV AL OFFH ; 3ancery wieno OFFH y AL
M2: MOV [1000H], AL ; 3anaM'aTaT pesyasraT y Ko-
; Mipui DS {10001
END.
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.« € HJACTKOBWM BUITAKOM
—2aarn1TE 1 BUKODHCTOBYETBCA TOAY, KOAU
~-113YBATH OHY OOYWCIIIOBAIBIY TIPOLIEAYDY 3aJe3XK-

- BU YMOBYU .,

bonenypy POBU-TTIOKU (puc. 26.13) BUKOPUCTOBYIOTD AJIsk
NOBTOpenns ognoTunuux Aiit 10 MOMEHTY BUKOHAHNHS YMOBM 3a-
KinyenHs UUKITY.

Mpuxnan 26.40. Hanucatu nporpamMy AOXaBaHHsS 3a MoxyieM 256 ma-
cusy 3 100H 6Gaiir, posMiumleHuX 3a royatrkoBow axpecoio 7000H:3000H.

Peaynbrar y Burasiai oa"Horo OGalita 3anMcaTé y KOMLPKY 3 aZpecolo
7000H :5000H .

o )

Tak
YmMosa

Ipouenypa

| I
L Buxing

puc 26.12. Aaroput™m npoueaypu AKI{O-TO

L Bxin

]

ITponeaypa l

Tax 4

26 13. AaropurMm npoueaypu POBH-IIOKH
puc. <77

[lporpama Mae Takuit Buris:

Mitka Muemokon Onepann(u)

ORG 100H
MOV AX, T000H
MOV DS, AX
MOV S1,3000H
MOV CX,101H
MOV AL, ST}

M1 LOOP MO

MOV {S000H1, AL
JMP EXIT

M0O: INC SI
ADD AL, S
JMP M1
END.

Komentapi

, Hovarok

; amanTaxury B AX agpecy cerMenta
; JapanTaxuti B DS afpecy cervenra

y 3anantakitd B ST aMinienns nep-
; THOTO

; €JIEMCHTA MacuBy

; JapanTaxuTH Y Tiwnaniak CX fos-
; KHHY

; Macugy +1

; 3apanTaxcut y AL nepurui ene-
; MCHT MaCHBY

; 3mcHmuTy BMict CX na 1, saxmo
, CX 20,10

, nepefitu Ha MiTky M0,

; IHAKIie 3amaM’ ATaTé Pe3yAbTaT ¥
; DS:{5000H1

; BUXiA

3 ST« ST+ 1 — aapeca RacTyntoro
; CACMCHTA

; Honarn smict DS:SI no nonepes-
; HbOI CYMH
; B akymyaatopu AL

; Hepeittu na Mitky M1 g nepe-
; BipK# yMoBu

; BUXOAY 3 LUKNY

[poueaypa IOBTOPION-AO-TOTO-AK (puc. 26.14) ana-
JIOTiYIIa rfonepe/Ini, ane oAHOTUIHI Jii BUKOIYIOTbCA nepe lie-

PEBIPKOIO YMOBH.

d

[Ipouenypa

Hi

: y

YMmoBa

Tak |

Puc.. 26.14. Anropurs nponcaypu
[TOBTOPIOW-A0-TOTO-AK
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[IporpaMa BMKOHAHHS 3aBJaHHA MpHKJAaxy 26.40 3rigHo 3 aaropuTMoM
(26.14) Mae Takuil BUTJISA:
Mirtka Muemokox Onmnepana(u) Komenrapi

ORG
MOV

MOV
MOV
MOV
MOV
MO: INC
ADD

LOOP

MOV

JMP
END.

100H
AX,7000H

DS, AX
S1,3000H
CX,100H
AL [ST]
ST

AL IST]

MO

{S000H],AL

EXIT

; TToyaTok

; 3aBanTtaxkutu B AX appecy cerMes-
; Ta

; 3aBanTtaxkutd B DS agpecy cerMeH-
; Ta

; 3aBantaxut B S/ 3MillleHHA Tep-
; IIOTO €JIeMEHTa MacHUBY

; 3aBaHTaXUTH B Jivuabhuk CX J0B-
; JKUHY MacHBYy +1

; 3aBaHTaXKUTU B AL meplunii eJeMeHT
; MacuBy

; SI«SI+1 — aapeca HaCTYMHOTO eJe-
; MEHTa

; HDopatu BMict DS:S1 o nmonepeaHboi
; cymu B AL

: 3MenmuTH BMicT CX Ha OXUHMINO,
; ko CX # 0, To nepeiiTu Jo MiTKH
; MO,

; iHaKIIe 3amaM’ATaTi Pe3yJIbTaT

; y DS:[5000H]

; BUXiJ

Hanucanua EXE-nporpam. Hamucanna EXE-nporpaM Mae

BHKOHYBATHCA 34 TaKUX YMOB!

® 3a3HAYEHHS BiANIOBIAIIOCTI MiX cerMeHTaMH Ta CErMEHTHUMHU

pericrpamy;

¢ 36epiranus BMicty DS y cTeky,

e 3amucyBaHHs 4ncaa 0 y CcTek;

® 32BAHTAXKEHHS ajipecH CerMelrTa jAanux y perictp DS,

[lepira BUMOTa BUKOUYETBCS 32 ROTIOMOTOIO AupexTusu ASSUME,
i — 3a ZOMOMOTOIO BiAMOBIAHMX KOMaH[ aceMbepa.

-

Mpukaax 26.41. Hamucatn EXE-iporpaMy 3HaXOJOKEHHS MaKCHMaJIb-
HOTO YHCJIa y MacHBi 8-po3psAHUX 6e33HAKOBUX yHcesl. PesyabTaT 3amuca-

T4 B perictp DL.

IIporpama Mae Taxkuil BUrIsA:

MiTka
(a6o iM's)

MHeMOKOA

Onepana(u)

KomenTapi

DATASG SEGMENT PARA ‘DATA’ ; BU3HAuuTH CCIMCHT JaHHX

MASSIV DB
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01,02,03,45, ; BusHauMTH Y cerMeHTi
56,67,78,89, ; maHux 10 3HaueHb MacHBY
OFE 10 ; 3 imenem MASSIV

DATASG
STACKSG

TOS

STACKSG
CODESG

COMP:

NEXT:

CODESG

ENDS

SEGMENT PARA STACK
‘Stack’
DW 100 DUP (?)
LABEL WORD
ENDS
SEGMENT PARA ‘CODE’
BEGIN PROC FAR
ASSUME  SS: STACKSG,
DS:DATASG,
. CS: CODESG
PUSH DS
SUB AX,AX
PUSH AX
MOV AX,DATASG
MOV DS, AX
LEA BX,MASSIV
MOV CX,10
MOV DL ,[BX]
MOV AL,[BX]
CMP AL,[BX+1]
JAE NEXT
MoV DL ,[BX+1]
INC BX
LOOP coMP
RET
BEGIN ENDP
ENDS
END.

; BM3HaYUTH CCTMEHT CTeKy

; Busnauutn 100 cnis
; BusHauuty iM’a i dopmMar
; Bepmunn crexy

; BU3HAYUTH CEIMCHT KOXIB
; ITodatox nmpoueaypu

; 3aBaHTaXuTu BMict DS
; ¥ CTEK

; BcranoBuTH HYIBOBHI BMiCT
iy AX

; 3anucaTH HyJb Y CTEK

; 3asanTaxuT aapecy DATASG
3y AX

; 3amucatu axpecy DATASG
; ¥y perictp DS

; 3aBaHTaXkuTH y perictp BX
; aapecy MEpIIOro ¢JaeMeHTa
; MACHBY

; 3aBantaxuty y CX K0BXHHY
; MacuBy

; DL«DS:[BX]

; AL«-DS:[BX]

; HopiBusTn aBa cyciguix

; €JICMEHTU MacuBy

; SIKIo BMIiCT NONEpeaHBOTO

; enemeHTa Macusy [ BX] 6inb-
; WM a60 AOPIBHIOE BMiCTY

; Hacrymsoro {BX +1], To 1e-
; peiitn na Mitky NEXT,

; iHaKwe 3aBaHTaxutu y DL
; 3HaueHHst [BX + 1]

; 36igapwuty BX ans anpe-
; callil HACTYIHOTO CACMCHTa
; MACHBY

; IEPeBipKa YMOBH BHXOAY 3
; MUKAY

; TIOBCPHCHHS

; KiHeub npoueaypu BEGIN
; KiHCIIb cCrMecHTa KOAiB

; KiHellb IporpaMu
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Y posrasiyromy npuknaai Buxig y MS DOS 3pilicHIoETbes
KkoMaHgol0 RET 3 BHKOPHCTAaHHSM JJISI {BOTO aJIpeCH, 3alUcaHoi
Yy CTeK Ha mouaTky mporpamm komannoio PUSH DS. Inakue
MO>KHa 32BEPIUIMTH porpaMy komanzoio INT 20H.

KoHTponbHi 3anutaHHsa

1. Jailite BusHa4yeHHs dopMaTy KOMaHIH.

2. Ski nonst BXoasaTh y popMaT KoMaHgU?

3. Hassirs rpynu komana MII.

4. Hasgitp Ta cxapakrepusyiite icHyloui THnu nepepusanp MII i8086.

3. Ha saxi rpynu noaissiors komanmu MIT i8086?

6. ki rpynu xoMaH/ He BIJIMBAaIOTh HA BCTAHOBJICHHS MPaNoOpiliB?

7. Po3skaxiTb npo 3HaYCHHA NPANOpPLiB, AKi BCTAHOBJIOIOTBCA IiA 9ac A0-
AaBaHHs yncen 25H i 97TH?

8. dxi aii Bukonye MII micas Bukamky npoueaypu tuny FAR ta tumy
NEAR?

9. SIxi npamopui 3MIiHIOIOTBCS 32 BUKJIMKIB LICPEPHBaHb?

10. BkaxiTh MiClIe3HAXOMKCHHS ONMEPAHAA 3 IIPSIMOIO hﬂpecauiem.

11. TlosicHiTh, SIK BU3HAYAETHCS a/(peca oNepaH/ia 3 HCIPSAMOIO aiPCCalli€ro.

12. TosicHiTh, AK BH3HAYAETHCA 3HAYEHHS ONEPan/a 3 6e3NOCEPE/IHbOIO al-
pecamiemn.

13. Hanumits nporpaMy nepecuatssi BMicTy 8-po3psiiHOl KOMipKH IaM’ati
3 aapecoo 7000H:1000H y 8-pospsianuit pericrp AL. .

14. Hanumrite nmporpamy BiJHIMaHHSI BMICTYy ABOX IIOCHiIZOBHHX KOMipOK
nam’'ari 3 aapecamu DS:35A0H i 35A1H i3 3anucoM pe3yJbrary B
KOMipKy 3 agpecoio 3342H.

15. Hanuwite mporpamy aojaBaHHst MacuBiB 6aiiTiB 3 axpecamu 8350:4735H
i 3660:2200H 3a mpaBwioM <«lepinuil 3 Meplmium, APYTUH 3 APYTUM
iT. n.». 3anectn B macus 6250:2400H agpecy THX nap AOAAHKIB, cyma
SIKUX AopiBHioe Hyao. {oBxxkuna macusy 100H.

16. Buxonalite ginenns macusy 3 25H caie 5800:3000H una macus 3 25H
6aiitr 5C00:4000H 3a mpaBHIOM «IepLIXH Ha NepLvit, APYTUil HA Apy-
ruff i T.4.». Peaynapratu 3anectn B macue 6000:5000H. 3a morpebu
Ainenus Ha ( JifeHHS He MPOBOAUTH, a GalTH Pe3y/IbTaTy 3aBAHTAXKHTH
yuciom 14H.

Posgin  MOBYJAOBA_

277 ANAPATHOI HACTUHW
MIKPOIPOLIECOPHUX
CUCTEM

27.1. MobynoBa Moayns LeHTpanbHOro
npouecopa Ha 6asi 18086

[Ana nobynosu Moxysst LIL crig 3a6e3lieyuTd CHHXPOUi3aliio
po6oTH cucTeMH Ta y3romkentsa pobotn LI i3 cuctemnoro munolo.

Cxema cumxponizanii. /s cunxpoHizanii BAKOPHCTOBY€ETD-
Csl FEHEPATOP TAKTOBUX iMIyJIbciB 18284, skl reHepye CUrHaIu
CHHXPOHIi3alii /i LeHTpaipHOro mpoiecopa i nepudepiiinux
NPUCTPOIB, a TaKOX CHHXPOHI3y€ 30BHIilIHi CUTHA/MK FOTOBHOCTI
READY i nouyatkoBoro BcranopJyienHst RESET 3 TaKTOBUMM CUTHa-
namu MII. Tenepatop TakToBUX iMnyJbciB (puc. 27.1) MicTHTB no-
JiJIBHUKY YacToTH 112 3 i Ha 2 Ta JIoriKy KepyBaHIi CUTHAJIB CKH-
naunst i rotoBHOCTi.- Po6ora 3T cra6inidyerbca kBapLlOBUM DPe3o-
HaToOpoM, KM Mia eqHyeTbest 10 Bxoais X1, X2 (uB. puc. 27.1).
Bxin TANK BUKODHUCTOBYETLCS /s OLATKOBOroO I1ijJ'€Ianus
TapaJieibiioro pesoliancioro LC-kouTtypa, 10 1a€ 3MOTy Hpaliio-
BATH Ha BUIMAX rapMolliKaX KBapioBoro pesonaropa. Ipu nbo-
My OIOpHa YacToTa 3ajaBajibHoro remeparopa (3T) Busnaua-

. . 1 . =
€ThCH NapaMeTpaMM KOHTypa i Jopisiwe ———. Bxig F /C
panerp ypa1aop 2LC

fo3BoJiste  obparu  sopmimmiit (F /C =1) a6o suyTpiumiit

(F /C =0) renieparop. Y pasi 06panusi 30BHIilIILOTO refepaTopa
3 yacrotolo iMnyabcis FEF] fioro nigkaiodaioTb A0 Bxoay EFI.

Cxema ¢opMyBaniist TAKTOBUX iMITyIbCiB (POPMYy€ TakKi curiia-
Jau: CLK — rtaktoBoi vactotu Feoy g ansg I, Pop g — TakToBol
vactotu Fpey g Ansa kepysanmnd nepudepiitimmu BIC, OSC —
takToBoi wactotu 3I, moTpibui /s KepyBallls HPHCTPOSIMU
Ta KOHUTPOJIO YacToT. YacToTH IUX cUrHAJB OB s3aHi NEeBHH-
Mu cuiBsigHolenusmy: Fosc = 3Fcrx = 6Fpcrk Y PeXuMi Biy-
Tpimnporo reneparopa ta Fppy = 3Fcrx = 6Fpcrk y pexumi
30BHIMINBOTO reHeparopa. Buximuuit curnan CLK ¢opmyerbed
OANHMM 3 TPBOX €NocO6iB: 1) 3 KOJUBAINb OCHOBLOI YacTOTH KBap-
II0BOTO pe3oHaTopa, i euanoro fo Bxois X1iX2; 2) 3 tperboi
rapMOILKH KBApIIOBOIO Pe30HATOPa, 1110 BujisieTsest LC-inbrpon,
3'equanuM i3 BxoaoM TANK; 3) Big 30BHIIHBOrG reneparTopa,
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X1 —]
x2—— 3r osc,
TANK ,
F/c ——— Y D13 CLK,
EFI

1% pr2 [P,
CSYNC : >
__ | T
RES — _0' RESET,

D

RDYI
Fv] — 1 & 1 L C| T
AENI H | READY,
AEN: —| 137 & D
RDY?2

Puc. 27.1. CrpykrypHa cxema BIC reHepatopa i8284

nigxmoyenoro a0 Bxoay EFI. Cxema (GhopMyBaHHS TaKTOBMX
iMmysbeiB Mae Bxij 3oBHimIHboI cunxponisauii CSYNC, sa jo-
IIOMOTOIO SIKOIO MOKHA CHHXPOHi3yBaTH po6OTYy KiTbKOX reHepa-
TOPiB TaKTOBUX iMITyJIbCiB, IO BXOAATH A0 ckJaany cuctemu. Cur-
Haa CSYNC BOAMBaE TaKOX I1a IMOXIMBHUK 4aCTOTH Ha 2 AKIIO
CSYNC =0, po6ora 1oilbHIKa IPUNHHAETHCS, a Ko CSYNC =
=1, — BiAHOBJIOETHCA.

Buxiaunii curnan READY BHKOPHCTOBYIOTD AJIs MiZTBEPAXKEH-
Hs TOTOBHOCTI 10 06Miny. Bucokuii piBeHb 1[bOTO CHUTHANY BKa-
3yc Ha HassllicTh ganux Ha DB. Cxemy cdopmyBailis curaany
READY no6yaoBaHo Tak, 106 CIPOCTHTH BMUKAHIIS CUCTEMH B
- inTepdeiicny muny crangapty Multibus. Bona MicTRTb ABi ifen-
THYHi napy curuafiis RDY 1, AEN1 taRDY2, AEN 2, 06’eaua-

mnx cxemolo ABO. Curiann
RDY1 ta RDY2 dopmytoTs-

C 17 — X1 G| RESET |— 10 cs eneMenttamMu, 110 BXOAATH 10
16 —| X2 CKJIaJTy CHCTeMH, i CBiaTh Ipo
;g | ;‘}%’K 12 iXHIO TOTOBICTb 4O OOMIHY.

B e osc Cirnamn AEN1 1a AEN2 na-
1 — CSYNC CLK |—8 iotb3mory ¢opMmyBaru curaan
11 — RES READY 3a curnajaMu RDYA
4 —{ RDYI1 PCLK }— 2 i RDY2, miaTBepaxXyIio4u aj-
3 AENT pecaniio eJeMeITis.

-6 RDY2 |
7 AEN? READY}— 5 Puc. 27.2. TpadiuHe nosHaueHHs

BIC rencpatopa 18284
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D] T
Plsw
DIT-DI0 71
—p [T DO7-DO0
STB C |
OF

Puc. 27.3. CrpykTypHa cxeMa 6ycepHoro perictpa

Cxema (popMyBalist BUXiZHOTO cUrHamy ckufaisg RESET Mae
Ha Bxomi Tpurep IIIMiTTa, a Ha BuXoai — Tpurep, wo Qopmye
¢pont curnany RESET no 3pisy curnany CLK. 3assuyail 1o
Bxony RES mix’emuyerbess RC-kono, wo 3a6e3nedye aBToMaTHYIIC
¢opMyBanHsa CUFHANY IIiJ{ Yac BMHKaHHA JKepeJa XUBJIeMIIs.

Ipaciuie mosHadeHns remeparopa 3o06pakeHo Ha puc. 27.2.

Iutepdeiic IIII i3 cucTeMHOI0 MAHOIO BUKONYE Taki PyHKIIIT:

* [IeMyJIbTUILIEKCYBAlHs HIMIH afipecH-fanux (posnoain ii ma
IWuHy agpecu AB ta nvny pauux DB);

e 6ydepusaniio mun (36LIbIIEHHS HABAHTAKYBAIbLHOL 34aTHO-
CTi NiHi# WnH Ta 3abe3nedeHilss MOXJIMBOCTI IXHBOTO HEPEXOY B
Z-CTan);

¢ (popMyBaHHS CUTHAJIB KepyBaliis.

Buxonannus mnepiroi pynkuii 3AiACHIOETbCSA 3a - [OIOMOTIOIO
perictpiB-(ikcatopis, HanpukJjaa 6ydepunx pericrpin 18282, i8283.
Vsaranbliena CTPyKTypHa cxeMma perictpa-samka (puc. 27.3)
MicTuTh BiciM D-Tpurepis 3 BUXiAHUMU cxeMaMu S W, siki MaoTh
tpu cranu. Curuaau sanucy indopmauii STB i no3sony BU6Gip-

1— DIO RG | DOO}— 19 1— DI0 RG | DOO 19
2— D1l DOl [— 18 2—| bil DO1 18
3—| D2 DO2 |— 17 3—{ D12 DO2¢— 17
4—| D3 DO3— 16 4— DB3 DO3+— 16
5— D14 DO4 — 15 5— DIA DO4 15
7— DI6 DO6 | — 13 7—]| D6 DO6 o— 13
8§— DI7 DO7 |— 12 8— DI7 DO7 12
11— STB Ucc }— 20 11— STB Ucc |— 20
9— OF GND|—;p  9—{OE GND|— 19
Puc. 27.4. Tpadiyne mo3HadCHHS Puc. 27.5. I'padivic nosHaveHns

6ydepHoro perictpa 18282 6ydcepHoro perictpa (8283

447



B7-B0 Puc. 27.6. CtpykTypHa cxeMa HInH-

;7’47—'40 - l> Horo ¢opMyBada
]
KH 6E € CHiJIbHUMMU JJId BCiX
L < tpurepis BIC. ¥ 6ydeprnomy
OE perictpi 18282 (puc. 27.4) no
1 cxeM SW nin’egnani npsmi Bu-

xonu D-Tpurepis, a B 6ydepro-
My pericrpi 18283 (puc. 27.5) —
inBepcHi Buxoau. Skmo cur-
HaJl Ma€ BUCOKHI piBeHb, TO Ha
-xoAi STB cran Bxinnux jidit D17 — DI0 nepenaeTbes Ha BUXiAHI
ainii DO7 — DOO0. 3anuc indopmanii y D-Tpurepax 3aificHIOETbeA
1o 3pisy curtany STB. Manuii Bxifiuuil i JOCHTb BeJUKHEH BH-
Xignuit cTpyMu gaoth 3Mory BukopuctoByBatH BIC 6ydeprix
pericTpiB Ak pericTpu-gikcaropu a6o mmuHi ¢opmyBaui. ITig
Jac BUKOPHUCTaHHA 6ydepHUX pericTpiB K WHHINHX GOPMYBaYiB
BXiJ STB 3’eIHyeTbCSA 3 BUBOJOM >KUBJEHHA +5 B uepes pesu-
crop 3 onopoM 1 kOM, a Bxifi OFE — 3i cHiJbHOI0 UIHHOIO.

JUst 36iNbIIeHHs HaBalITAXyBaIbHOT 3aTHOCTI ABOHATIPAM.Ie-
HOI . IDWHH JaHWX BHKOPHCTOBYIOTH 8-po3ps/ii umHHi ¢opMy-
Baui 18286, i8287. dopmyBay (8286 He iHBepTyE AaHi, a GopMy-
Bad 18287 - iHBepTye.

CTpykTypua cxema wmuHiroro gpopmysada (puc. 27.6) mictutsb
BiciM oJHaKOBHX (YHKUiOHAIbHUX OJIOKIiB 3 TPhOMA CTAlIAMH i
CHiJIBHMMH CHTHAJIOM KepyBaHus, HanpsaMoM nepegasanus T Ta
CHTHAJIOM A03BOJy nepeaasanns OF.

3a nusbkoro pisua curnany T (T = 0) sziifcioerses nepesa-
BaHnd jganux 3 Jigiil B7 — B0 na ainii A7 — A0, a 3a BUCOKOTO
- piBust curnany (T = 1) — nepegasanus 3 Ainiit A7 — A0 Ha minii

1—{40 | RG | BO |—19 1— 40 | RG | BO 19
2— Al Bl 18 2—Al Bl 18
3— 42 B2 —17 3— A2 B2 17
4—43 | B3 |—16  4— A3 B3 — 16
5— A4 B4 (—15  5— A4 B4 15
6—45 | B5 14 6—45 B5 ¢— 14
7— 46 B6 13 7— A6 B6 13
8§— A7 B7 —12 8 — A7 B7 12
n—r Ucc |—20 n—er Ucc |20
9— OE GND|— ¢ 9-45? GND{— 19

Puc. 27.7. I'padivHe nosHadeHHS
IHHHOrO dopmyBaya 8286
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Puc. 27.8. T'padiune mosHauYeHHS
muHHoro ¢popmysaua 8287



vO1-¢ 63

K1810BM86 XKPSSOI/IP82 BHE (Bu6ipxa
Uce = cTapuoro 6asKy)
g —_|CPU BHE [ R F
K1810I' P86 /S6-S3 (anpeca)
X1|G Al5-A0rTST8 A0 (ubipka
- | X2 CLK}— CLK ALE OE L Mosoporo 6aHKy)
—F/E BUSEN (no3pin ummanu)
omocil B2V |prcr| | ppser 2 HEREOBASE
FOTOBHOCTI | ——— L
e -
AEl | | READ| READ A |'lg} |P157D9
Ucc AET IluHa
RES DEN |— OF NaHHX
U DT/R—LT -
€€ Zagurn M INTA | JliATBED/OKEHHs| nepepHBAHHS
= 70O L MEMR
MEPEpHBAHD | 7 M/IQ L HE MEMw
il — TEST PR It T0R
Crupauus ?IaII[TI%T— HOLD HLDA
[TigrBepmxenns [TAI1

Puc. 27.9. @yHKUiOHAIbHA CXCMa MOAV.IA LEHTPAIbHOTO I1POLECopa



B7—B0. flxmo OF =0, nepegasanHs A03BOJSIETbCI, a SKLIO
OE =1, — 3abopouserbes. I'padivni nosnavenns popMyBayis
18286, 18287 BianosimHo 306paxkeno Ha pHuc. 27.7 i 27.8.

[puxaan ¢pynkuionanssloil cxemu Moayst LI ana oguonpo-
LEeCOpIHX cucteM 306paxkenio a puc. 27.9. Mikponpouecop i8086
BBIMKHeHMIi y MilliManbHOMY pexxumi. Cxema cuHxponisauii pe-
amizoBana na 6asi BIC raktomoro reneparopa 8284, ma Bxia
RDY 1 akoi nofgaeThCcsA CHriaJjl FOTOBHOCTI 30BHILIHIX APHCTPOiB
abo maM’saTi qug o6Milly. Y MiHiMaJbHOMY peXXMMi BUKODHUCTO-
BYEThCA O/(HAa IMHHA, TOMY BXift RDY?2 3’exnanuil yepe3 pesuc-
TOp 3 BUBOAOM >XuBJelns. /{eMyapbTUlLIeKCYRaHHS IDMHH ajpe-
CU-JAHUX i WIWHU ajIpeci-CTaHy Ha ABi WWMHHU 3AiACHIOCTBCA 3a
JoNoMOorolo TphoX GydepHux pericrpis i8282.

3a3HayuMMo, [0 CHTHAJ J03BOJy cTapiioro 6aiita BHE, o
3'IBJISETbCS BOAHOYAC 13 AifiCHOIO aipecolo, TaKoX (PikCyeTheA B
OIHOMY 3 po3paliB pericrpiB-¢hikcaropis. Curuann BHE i A0
BHKODUCTOBYIOTHCSA Ad BUOIpKY GankiB cucreMu mmam’sari. Oop-
MyBay 16-po3psanoi WUHH AaHUX BUKOHaHO 11a ABoX BIC mmnn-
uux popmysavin i8286.

Y sMinimanbiiomy pL)KHMi npoliecop GOpMVeE Kepyiodi CHrlra-
JIY HITH q)opMyBaqlB i pericrpiB-hixcaTopiB, a TaKoX CHrNAJK
M /IO RD, WR, 3 sKuX 32 IOIIOMOTOIO JIOTiYHAX €JIeMEHTIB

¢ opMyIOThCSI YOTHPH CUTHANK KEPYBaHHA YHTAHHAM-3alIUCOM LIS
mam’ari i [1BB. IInnu agpecH, faHUX | KepyBaHHd HEPEBOAATH-

csy z-cran curdHanoM BUSEN | mo dopmye KOHTpOJIep TpsMo-
ro JOCTyIy JO mam aTi.

3asnauumo, wo BUSEN y uift cxeMi e egunolo Jinielo cuc-
~ TeMHOI KK, AKa GOPMYEThCA 30BUIIIHIM TpHcTpoeM. Yl inmi
" aimii cucreMilof mmmnu, a caMe — UIMHM JalUX, aapecu i Jinii
KepyBaHHA YHTAHHAM, 3alIHCOM y TaM’aTh Ta 1IBB ¢ropMytorpea
monyiem 1111,

27.2. NMobGyposa mopyns M3

Cuctema nam’sri € pyuUKIIioUaabIIOI0 YACTHHOIO MiKpOIIpolie-
COPIIOT CHCTEMU, IPU3IAYEHOIO JJIS 3aIMCy, 30epirains Ta BHjadvi
indopmarii.

Hocriitna namM’sitb — clheniaipia MikpocxeMa, IO MiCTUTD
indpopmariio, sxa e Mae 3MiHIOBATUCA Y ITpolleci BUKOIIANHS [IPO-
rpamy. g indopmauia sauocutbes y 11311 mix yac BUroToBAenHs
a6o Ha erani iforo mporpaMyBalllid y cneuiajibioMy IpucTpoi —
mporpamaropi, i 8 mpoueci poSoTH MiKpONIpOIecOpHOI CHCTeMI
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moxke quure 3yurysarucs. Ilocrifina naM’ste y MIIC npammoe B
peskuMax 30epiraHisd Ta 3YNTYBAHUS | BUKOPUCTOBYETbCA IS
36epiraniist TaGaMIb, KOHCTAHT, KOAIB KOMAlLI IPOTpaM, CTaHAapT-
HUX IIinporpam, nanpukian, nignporpamM BIOS, POS. 3aspnuaii
11311 mae emnictb 64...128 Ke6aiir. 3amucana B 11311 indopma-
Iis 36epira€Tbcst UiJl Yac BUMKHeHIs kuBJenHs. 1o Biaacrusicrs
H3II na3uBaloTh enepzone3anexnicmio.

Ocnosnoo ckaanosoio 11311 € eremenm nam’ami, siknit 36e-
pirae 1 6ir indopmauii. Enementn mam’sri 06’enani y MaTpuIno
IakonuuyBada irrpopmartii. CyxynicTb 3 n eJileMenTiB aM’ 4Ti, B
AKiH po3MiIyeThCA n-PO3PAAHE CJIOBO, HA3UBAKTh KOMIPKOIO NA-
M’ smi, IPH 1BOMY BEJHYHIIA 1 BU3HAYAC POIPAOHICING KOMIPKU.

Tunosa BIC 1131l mac kinbka aapecnux jiniii, 8 suximnnx
Aiuiit ganux Ta Ainii kepyBanus wnramusM OFE Ta BUGIpKOIO
CS (puc. 27.10). KinbkicTs KOMipOK naM’saTi AOPIBIIOE 2™, ¢
m — KiIbKiCTh afjpecHxX BXOAIB, a indopManiiina eMHicTb MIKpo-
cxeMu — 2™ X n 6iT. [Ins KokII0i KOMIPKH 1aM’ATi € cBos aape-
ca. binpuricts 11311 MaloTh cIOBIINKOBY opranisaiiio, To6To 103-
BOJIAIOTH MapaJieiibHe 3YUTYBAHUS # po3paain ciosa D,y — Dy.

PosrasiiemMo 6yzoBy Moaysst noctifiaol mam’siti s MIIC na
6a3i 16-po3paauuX MpoUecoPiB, AKI MOXYTb ONEPYBATH SIK 3
8-, Tak i 3 16-po3psanuMu KoMipkaMy naM’sTi. Jing BUKopHcTaI-

A0 10| a0 lEPROM| ©
Al 91 At Do | 11
A2 81 A2 D1 [ 12 D
A3 71 A3 D2 [I3 D
A4 61 A4 D3 75 D
A 51 A5 D4l J6 D
A 41 A6 D5 [ {7 D
A7 31 A7 D6 [ 78 D6
A8 25] A8 D7 |19 D7
A 24| 49
AlQ 211 A10
All 23] A1t
Al2 21412
MEMR _ 20[ g g
Al3 22 14
AldT] g OE 0B $+—
AlS 26 pp

—_'UPR

Puc. 27.10. Moaynn 31T emuicTio 8 KGaiit x 8
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1A 8-pospagumx BIC y moayasx mam’sti 16-pospsaanux mpo-
LecopiB, Hapukaal, 3 iHdopmMaliinoo eMHicTio 1M X 8, mocriii-
Ha MaM’Tb BUKOHYETbCA Y BUTJIAAL ABOX 6ankie mo 512 Koaiir
koxuaui. Oauyg 3 6aHKiB 3’eAllaHUil 3 MOJOJUIOK HOJIOBHHOIO
WHHY JaHUX, ToOTO A0 po3padis D7 — D0, i nasuBaerbes #0100-
wuM, IPYTUE — [0 CTapuiol NOJOBMHM Muuy Aanux (pospsaju
D15—D8) i nasnsaetbes ctmapuum. Mosoaummit 6ank MiCTUTD
Gaittn 3 napuumu agpecamu (A0 = 0), cTapumii — 3 HeIAPHUMHU
(40 = 1).

s agpecanii 6aitTa BcepeinHi 6aHKY BUKOPHCTOBYIOTb aipec-
ui pospanu A19—A1. 3uurysauns 3 [13I1 opragizosano Tak, mo
nig vac 3sepHenus go I3l na wrwry ganux MII sasxan Hang-
XOAATH ABa 62Ty, TOOTO 3UMTYEThCSA BMICT 060X GAUKIB OJHOYACHO.
V pasi motpe6u mpoitecop Moxe 06UpPATH OJUH TOTPi6HMH 6aitT
3 mBox. CucteMy maM’'sari y BUIMIsA ABOX 6aHKiB 306paxkeno Ha
puc. 27.11. Koxiuil 3 6aHKIB BUKOHAHO 3a CTPYKTYPHOIO CXe-
Moo Moayas 1311 gas 8-po3paanux npounecopis, po3TAAHyTHX
BHLIE.

Y MiKpOTMPOIIECOPHUX CHCTEMaX 3 32-PO3PSIIHOI0 WIKHOIO /-
ix Moxyab 13T BuKomyeTbes y BUDVIAAI YOTHPbOX GallKis.
[ndopmartis 3untyersbes 0QnoYacHo 3 yeix YOTAPbOX GaHKiB, I1ic/A
yoro MIT o6upae oguo-, g8o- a60 4oTHpHOANTOBE CJIOBO 3a7€X-
HO BiJT KOMaHIM, IO BUKOHYETHCS,

Al3-Al Al13-A1 R
MEMR |4 ) AB
A 4 \ 4
CS OE Al2-A0 CS OF Al12-40
ROM ROM
Mounoxumi Crapnii
6aHK 6aHK
D7-D0 D7-D0
L 16, A 4 \ 4 .
D7-D0 D15—-D8 DB

Puc. 27.11. Mogyas II3IT y 16-pospsauux MIIC
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27.3. Nobyaosa mopaynis O30

Onepatueda nam’are — O3I1 cratuyiioro a6o AUHAMIYIIOrO
Tumy. B MikpocxeMax cTaTHYHOTO THIY eJIeMEHTOM IaM ATi €
Tpurep Ha 6iTOIPHHUX TPAH3UCTOPaX aGo TPAU3HUCTOPAaX 3i CTPYK-
TYpoI0 MeTaa — aiejekrpuk —Hanisnposiauuk (M/TH). B O311
OUHaMIYHOTO THIIY eJeMeUTOM HaM’siTi € KolimeHcaTop. Ornepa-
THBHA [1aM’ATb MIPUIIYCKA€E 3Milly CBOrO BMICTY T1iJl Yac BUKOHAIN-
Hs TIpolecopoM O6YUC/IIOBATBHEX ONepaliil 3 AaHUMH i MOXKe
NPaLoBaTy B peXUMi 3alucy, 3uuTyBaHHA i 36epiranns indop-
manii. Oneparnpiia maM’siTh Hpu3Havena Jas 36epirains sMinnoi
ingopmanii — NOTOYHMX AaNUX, Pe3yabTaTiB obumucsens. li
eMIicTb CTaHoBuTS 1...64 M6aitt, rpuBanicts gocryny 70— 200 ic.
OmnepatuBuMii 3an1aM’ STOBYBaIbHUI IIPUCTPIH € eHePro3ancKImM,
OCKiIbKY iHGopMailis, 3a1lMcaia B HbOMY, BTPAY4a€ThCA T1iC/AS BUMK-
HEeHHS KUBJIEHHA.

Benuxi inrrerpaansni cxemu Q311 apyroro tamy MaioTh 1 i11¢pop-
Mauiitunx Bxoais-suxoaiB DIO,—y — DIOy. Takuit O3II upu-
MyCKae 4UuTallig-zanuc 8-pospsaasoro koay. Kepysanus pexn-
Mamu (3amucy, 3unTyBaiiis, 36epiraHus) 3AHCHIOETbCS 3a JOTIOMO-

roio curnanis CS i W,/ R . Onutinaiidii cran curtany W/ R Bu-
3Navae peXXHM samucy 6ita itpopMallii B eneMenrt 1aMm'ati, a ByJibo-
BUIl — pexkuM suuTyBars 6ita indopManii 3 eseMerTa 1naM sTi.

Moayas O311, Tak camo, sk i 11311, BukoilyeTbest y BUTJsLIi
ABOX GaHKiB, mij ¢ HanuX BIAMOBIAHO A0 MOJOALIOT Ta CTAPIHOT
MOJIOBUH UIMITH JaHHX.

Hpuxaaa 27 1. Pospobura cxemy Moy O311 ingopmauiimon emnictio
16K x 16 nna MIIC i3 16-poapsianum MIL

Y cxemuilt peanizanii moxyas O3II mMae Oyt 3a0C31CHCHE YUHTAHHS-
sanuc sk 8-, tak i 16-pospsiguux mamnx. Mogyan O3I1 cxnapaetnes 3
ABOX GaHKiB ~ MoJommoro i crapuroro (puc. 27.12).

Aapecni pospsau A13—A1 3'eanauni 3 aapecnnmu sxofamu A12-- AQ
060ox GankiB. BuGipka GaHkin 34iHCHIOETHCS OJHHHYHHM SHAUCHHAM CHI-
Hany na Buxoai acundparopa DC, curanadmi A0 iz puOIpIH MOJOAN0-
ro Ganky a6o BHE (Bus High Enable — possia crapuioro Gaiita utnit)
1S BUGIpKH cTapmoro Ganky. OMMuudHni piBenn curiaty Ha suxoai DC
3" ABJAETBCS NHCAS HAAXO/UKCHIS Ha WHHY aapecu AB BiIMoBigHOT agpech
O3II. Curhan MEMR a6o MEMW BKa3sye Ha BUKOHaMUA BIANOBIANO
mixny YUTAHHA DAM'ATI a6o 3AITUC Y NNAM'ATb.

Kom6inatiis 3nadenub curuanis AQ i BHE Buanavae JOTHPH MOXJINBUX
BHIAJKH 3BCPHCHHS A0 MaM SITi:

¢ pu6ipky OaifTa 3a MapHOIO al\pCColo;

¢ BHOIpKY Gajita 32 HCTAPHOI aAPCCOIO;

*

®

BHGIPKY €J0Ba 3d MAapHOIO 4APCCOIO;
BUGIPKY CJIOBa 33 HCMAPHOIO APECOI0.



Al13-Al Al13-A1 -
MEMW AB
MEMR
in D
Bix DC | VBHE
5 y y
CS OEA12—-A0 W/R||CSOF A12-40 W/R
RAM RAM
Mounopmi Crapumit
6aHK 6aHk
D7-D0 D7-D0
« y y o
D7-D0 D15-D0 DB

Puc. 27.12. Moayab O3Il y 16-pospsaannx MIIC

Il vac eubipku Gadma 3a napuow adpecoio A0 = 0, BHE = 1. Baiir 3
NMAapHOIO AJPEcol) MepeAacThes 1o JdiHiax D7-- D0, tobTo 3mificHI0eTHCS
3YHTYBaHHg abo 3amuc balita. Y pasi sanmcy Gaiita y Moaogmnil GaHk
indopmania B cTapmoMy 6aHKy 3aXHIIeHa Bil CTHPaHHsA, TOOTO OAMHMUYHE
3HAYCHHA cUrHamy BHE 3a60pOHS€ 3BePHEHHS 10 CTapmoro 6aHKy.

1lix yac subipxu 6atima 3a nenapnow adpecow A0 =1, BHE = 0. Ha-
NIPHKJaJ, 33 KOMaH/I0I0

MOV BL, BYTE PTR [10001H]

BMicT KOoMipku nam’srti 3 agpecow DS:10001H nepecniaerbes B Mooy
nonoBuHY 16-pospsagHoro perictpa BX, 10670 y 8-pospsiauuit pericrp BL.
ITpu mpoMy BMICT KOMIPKM ItaM Tl 3anucyerbes y pospsiau D15 — D8, 106-
TO CTApIIy ITOJOBHHY IIUHY AaHUX, TTOTIM, y Ipoieci BUKOHAHHA KOMAaHIH,
Ha MOJIOALLY MOJIOBHEY BHYTpimHboi 16-pospagroi wmnru MII, a micas ubo-
ro — B pericrp BL. Ueil npouec, SKHif HA3UBAIOTh MApwupymusayico 6ai-
ma, BiTGYBAaETbCSA AaBTOMATHYHO i HEIIOMITHO LJis MpoTpamicra.

i vac eubipxu croea 3a napuoi adpecoww BHE =0, A0 = 0. Y ubomy
pasi BogHoYac o6HpaloThes ABa GaHkH, i 16-PO3psiHEe CAOBO IepCIAETbCs
o #iHisx D15—D0 3a oANH UHKJI IIMHH.

SAkmo cnoBo Mae HemapHy ajipecy, oro MonoAuUMit GaitT po3MimyeTbes
y crapmioMy OaHKY mMaM'siTi, a cTapmuil 6afit — y MoJoamomy GaHKY.
Y npoueci subipru crosa 3a nenapnorw adpecoio cnodatky A0 = 1, BHE =0,
i mo migiax mmun D15— D8 nepegaetbea monogwnil Gair. ITicns nporo
reHepyioThea curHaan A0 =0, BHE =1, saiiicuioetbes inkpemenm (36inb-
HIeHHSA Ha ofMHuLI0) moBHol azpecu A19— A0, crapumii 6aiit cioBa nepe-
Ja€eThCst 3 MOJIOALIOrO HaHKY a00 B MOJIO/ U 6afak no Jiniax wueu D7 — DO.
Orxe, BHOIpKa CJOBa 32 HCMAPHOIO AAPCCOI0 NOTPCOYE JBa LMK IUIHHA.
Tomy cioBa gouiibHO PO3MILYBAaTH 3a NapHHMH afgpecaMHi, OCOGIMBO Mijx
4ac oprani3anii onepauiif 3i cTckoM.
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27.4. Nobyposa iHTepdency
BBe[leHHs-BUBe[eHHSI

OpanuM 3 HallBAXJMBIIUX 3aBAallb npoekTyBamisg MIIC e
opranisalia B3a€MOJil i3 30BHIUIHIMU NPUCTPOAMH — [Kepelia-
My i npuitMagamu Jauux. Ilpukaazamu npucTpoiB BBECHIS-BHY-
segeins (IIBB), mo € gk /xepenamy, Tak i npuitMadamu itdpop-
Marnii, € HaKOMHYyBadi 11a THYYKHMX 1 TBePAUX MArHiTHUX JUCKaAX.
o npucTpoiB BReAEHIISA HaleXXaTh MepeMuKadi, KjaasiaTypa, ata-
Joro-iposi nepersopiosayi (AIIT), garunku asiitkoBoi i op-
Mallii, a 10 OPUCTPOIB BUBEAEHUIA — IIAMKATOPH, CBITJIOAI0AH,
Juctinei, ApyKyBasbHi IPHCTPOI, MHGPOABAIOroBi ltepeTRopIoBaydi
(IIATT), Tpausucropii KJiovi, peae, komyratopu. [Ipucrpoi sse-
JeNHS-BUBEJEIHS BiIpi3HAIOThCSA PO3PAMIICTIO AAlINX, LIBU/IKO-
[1€10, TIPOTOKOJIaMH, TOOTO BU3HAUEHUM TOPSIAKOM 00MIHY, Kepy-
1ouumu curnajamu. Jami y [IBB sMinoiotecsa y goBiabunii a6o
4iTKO BU3HAaueHUH MoMenT wacy. 3’eananlis IIBB 3 cucremiown
wmnoro MIIC 3aificaioeTbes 3a fonoMorom intepdeiicy Bpejetn-
uA-BUBeqeH s, sikuii yaro/pkye IIBB 3 cuctemnoro oo MII1C.
3assuyaii intepdeiic ckIafaeThC 3 0JHOTO a60 KiNBKOX nopmis
66eJeHNA-6UBeJeHRA Ta CXeM KePyBaHIs HUMHU.

i vac npoexryBanng inrepdeiicy BBeAeHHI-BHBECIIIS 10~
Tpi6HO 3a6€3NMeUnuTH:

¢ 36epiraniig iudopmallii, aka nagxoxurs sia [1BB;

¢ goctyn Ao indopmaitii 3 6oxy MII;

® KepyBaHsA OOMIHOM,

e nepeTBopenia GopMarip JaHux.

36epiranns indopmauii i goctyn a0 nei 3 6oxy MIL. Bae-
Jemrst i BuBegeHs idopMartii BUKOIYEThCS 32 JI0TIOMOTOIO ITOPTiB
BBE/IEILS-BUBCHS, AKi € 8- a60 16-po3pa/iiuMu PericTpaMy 3
cxeMaMi BHOIPKH Ta KepyBafid wuuranuam-sanucoM. Sk nop-
TA MOXYTb OyTH BHUKOpHcTani Oydeplii pericTpu, manpux/an
18282, 18285, KP380MP82, KP389MUP12, KP580BB55. Buxo-
pucrania perictpa KPS80MP82 jnst 3’e¢miaymsa sianosigno 3
OPHCTPOEM BBEJCHISE TAa IIPUCTPOEM BUBEACINS 300pakeno ia
puc. 27.13,ai6.

Ao pericTp BUKOPHCTOBYCTLCS SK TOPT BBe/elns (puc.
27.13, @), To gali Bifl IPUCTPOIO BBEACHHS HAAXOAATH Y PericTp
mo ginisx DI7—DI0 i sanucyorsest 3a crpoGom STB. Buxiaui
pani DO7 — DOO0 siopry nagxonats y MIIC no mani gannx. MI11

dopMye TaKOK CUTITAJ KEPYBAIHSA YUTAIIIAM i BUOIPKOIO OPTY,

SIKUT aAXoMATh Ha BXixg OF . JdKuo perictp BAKOPHCTOBYETHCA
ax mopt BuBezenst (iuB. puc. 27.13, 6), o pani sig M1 vax-
XOAATh MO 1AMl Aanux ua sxoau DI7— DJ0 mopry ta ¢ynpoBo-
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JKYIOThCS CHIHalaMM KepyBauHs 3amucoM i Bubipku BIC. Bu-
xigni gani DO7 —DO0 nopTy HAAXOALTD Y IPUCTPiil BUBEASHHS.

Beegenna a6o BUBeJennA AaHUX MOXHA 3[IHCHIOBATH JABOMa
crioco6amu:

* 3 BUKOPHCTAHHSAM OKPeMoro ajapecroro npocropy I1BB;

® 3 BUKODHCTAHIISIM CHiJIBHOTO i3 1aM ATTIO aJIPECHOTO TIPO-
CTOPY, TOOTO 3 Bito6paKeHHIM Ha TaM’ATb.

Y nepiuoMy BUNa/iKy BBeJCHIIS i BUBEAECHHS IAHUX BUKOHYETHCS
3a xomausamu IN ta OUT.

Hpuxnax 27.2. BukoHaTH BMBeJCHHS AaHHX Ha 16-pospsyuuii mopr 3
agpecoto 1000H.

Anpeca nopty saiimae aBa Gaiitu, ToMy TS aapecanii OPTY CAiA BUKO-
PHCTAaTH HETIpsIMY PericTpoBy aApecauiio. /114 uporo-norpi6Ho aapecy 1000H
3aHECTH y perictp DX, a moTiM BHKOHATY KOMaHAY BHBEACHHS:

MOV DX, 1000H ; 3anectu y DX uucao 1000H

OUT DX, AX ; BuBectu BMmict AX Ha 16-pospsianuii NOPT BUBC-
; JIEHHA 3
; azpecoo, gKka 3Haxoautbcsd y DX, 10610 AX —
; o P(DX).
Jlo wuHM
D7 RG | DOT7| panux MII
> I
Mpuctpidt DIO D00
BBeJIeHHS
— OF
STB

Curtan Bubipku/
yutanus BIC

a
Bin muuu
DO7| RG | DIT | panux MII
< : ; [e—

Ipuctpiit DOO DIo
BUBEEHHSA

OF

STB

|" Curnan KepyBaHHs

3aMACOM
Curnsan Bu6ipru BIC

6

Puc. 27.13. Buxopucrauua perictpa KP580VIP82 nns 3’eananua:
a — 3 NPHCTPOEM BBCAEHHH, 6 — 3 NMPHCTPOEM BHBEJECHHS
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ITig uac BukoHanHa komauam OUT DX, AX ua niHiax A15— A0 munu
aJpecH 3 IBJSETHCA ajJpeca MOPTyY:

A13 A14 A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AD
o 0 o0 {1 o0 0 00 00 O0O0 O O0O 0 0 =1000H,

YCTaHOBJIOETHCS HU3bKHIT PiBEHD CHTHAJTY 3aNUCy BBCJAeHHS-BuBeaeHst IOW,
i BMicT akyMyasaTopa AX nepefiaeTbes Ha 16-po3pAAHy WIMHY AaHuX. Jina
¢ikcanii aannx (ymicry AX) notpi6Ho BUKOPHCTaTH ABA 8-PO3PAAHHX TOPTH,
OJIMH 3 IKMX 3’ €XHaMIi 3 MOJOALIOI NOJIOBHHOK IIKHHU JAHMX, A APYTHA —
3i crapmowo. CHIHaJM KCPYBaHHS 3alHCOM i BHOIDKH MOAAOTbCA Hapa-
JeJbHO Ha [Ba MOPTH.

Ilpukaag 27.3. BukoHaTtn BBCAeHHS AaHHX i3 8-pospsiaHoro mopry 3
aapecowo 32H.

BBeacnHa JaHnx 3aiHCHIOETDCSA 32 KOMaH/IOI0 BBCACHHA:

IN AL, 32H; AL « Pg(32H).

Hii MIl y uboMy BUMAgXy aHAJOTiYHi HAaBCACHAM y mprkjaami 27.2.
BigMidHiCTh MOATaE JULIC B TOMY, IO aKTHBHUM cTa€ curHaa JOR yurtan-
HsA BBEICHHA-BUBCACHHS, 1 icpeAaBaHas inGopmaIlil 3ailicHIOETbeA Bif HOPTY
no MIT no Monomiil notosuHi muaw fagux D7 —DO0.

3a apyruM crnoco6oM azipecy MOPTIB PO3MINIYIOTECS Y CHiNBHOMY 3 Ma-
M'4TTIO AJPECHOMY IPOCTOPI, i 3BCPHEHHS A0 MOPTIB He BiAPI3HACTLCA BL
3BEPHCHHS 0 KOMipKH Iam'ATi.

Curnanu su6ipku BIC (ame. puc. 27.13, 6) xoHKpeTHUX nopTis Gopmy-
I0TBCA 32 JOTIOMOTol0 Aemudpatopis. Aapeca 16-poapsianoro nopry P
Mae GYTH NAapHO0, MO6 3BCPHCHHSA /10 HCT BIAGYNOCS 34 ONMH 1UICT WA,
Anpecu 8-po3psAHUX NMOPTIB BBCACHNA-BUBCACHHA Py MOXYTD GyTd GYab-
axumMu (DapHUMM, HCTAPHUMH), QJIC 33 mapHOi aapcecH 8-pospsiini NopTi
¢ 3 EAHATH 3 MOJIOAITON NOJOBHHOIO NTHHE faaux D7 — D0, a 3a aenap-
HOI — 3i cTaplioio NoJOBUHOW D135~ D8.

Ipuxaax 27.4. Pospobutu (pyHkuioHaNbHY cXeMy Jcmumdparopa
(puc. 27.14) na BIC K155U 17 anst agpecatlii BOChbMH 8-po3psiiHuX i BOCLMIT
16-po3psasux mopris, NpHUoMy aapecu 8-po3pstiHuX HOPTIB o6pard He-
HaPHHMHE, 2 agpeck 16-po3psaHnX — uapHuMH.

Cxema mictuth aa BIC gemudparopis DCt 1 DC2. I3 nuxogis xe-
mnpaTopis CHCHAIM HAAX0A4Th Ha BXxoan OF sinnosianux mopris. Tomy
ua cxema (puc. 27.14) gae smory aapecynatu 16 mopri.

Caig 3asznauuty, mo Bei suxiani curdamu 0—7 BIC maors H-pinni,
SAKIO HC 3a0C3ICUCHE HAAXOMKCHAS CUMHAMIB L-PiBHS Ha [HBCPCHI BXOAR
possony E1 1 E2 rta curdany H-pisua Ha Bxia E3. Inaxme curpan wa
suxoni DC, ABIAKOBHIE KOJ HOMEPA SKOTO BU3HAYAETLCA KOAOM Ha iHdop-
mauiitnux sxogax DC X2, X1, X0, ¢ aktusnum, ro0ro Mae L-piseus. Cur-
HaJHM Ha IHOIMX BHXOJaX MaloTbh H-piscub. [leit npunumn poGorn DC jae
3Mory B 6yAb-axuit MomcHT poGotr MII spepryTHea jguuie 1o 0JHOTO 3
nopTis. BusHaumMo aapecH mopris.

Huspki piBai Ha Buxospi DC1 3'SBASIOTLCS, AKINO 3HAUCHHS CHIHAAIB Ha
aapecnux Jginisx A4 = 1, A0 = 0, i curnan suGipiy crapioro 6auxy BHE = 0,

Curnas Ha suxozi 0 DC1 Gyae axrusHuM (L-pisenb) ans agpecu

A15 Al4d A13 A12 A1 A10 A9 A8 AT AG AS A4 A3 A2 A1 AQ
r x x x x x x x x x x 1 0 0 0 0 =0010H,
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Al —» X0 | DC1| ©
A2 X1 1
A3 X2 .
Ad [Tapsi
— : | ampecn
ﬂ —>¢ El nnsa Py
BHE po E2
E3 7
Curnanu
BHOIpKH
BIC nopris
X0 | DC2y O
X1 1
X2 Henapsi
— : agpecu
El
o s P
E2 :
E3 7

Puc. 27.14. @yHkuioHaIbHa cxema aemudpaTopa IOpTis

a Ha BUXOAL 1 — Axs agpecu

x x x x x x x x x x x 1 0 0 1 0 =0012H,
Ha BUXOJi 2 — AJs agpccH

x x x x x x x x x x x 1 0 1 0 0 =0014H,
Ha BUXOMI 7 — AJs azpecu

xr xr x x x x xx x xr x 1 1 1 1 0 =001EH.

Husbki piBui Ha puxomi DC2 3’spasiorbes, skuo A4 = 0, A0 = 1,
BHE = 0. Curnan na snxoai 0 DC2 6yne axrunum ( L-Hu3bk#il pienn)
I apecH

A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 AS A4 A3 A2 A1 AO
¥ x x x x x x xx x x 0 0 0 0 1 =0001H,

Ha Buxodi 1 s agpecu
x x x x x x x x x x x 0 0 0 t 1 =00034,

Ha BUX04i 7 AJXI ajpecu
r x x x x x x x x x x 0 1 1 1 1 =000FH.

3a3Ha4uMO, WO 8-pO3PAAHI MOPTH 3 HCIAPDHUMM ajfipecaMy MalTh OYTH
3’€AHaHUMH 31 CTAPUIOK NMOJOBUHOI IIMHY JaHux D15—D8.
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KepyBaunsa o6minom. BimoMo Tpy cmoco6u kepyBanist 06-
MiHOM:

e nporpaMHuil o6Min;

® 06MiH 3 [lepepHBaHIISIM;

® 00Mill y peXXuMi IIpsIMOro AOCTYMy [0 IaM’sTi.

Hpoepamnuii 06min iniuioetves MII i saificHioerbess mijg
Horo kepyBaunsaM. Po3pisusioTb npocmutl npozpamuuii 06min Ta
npozpamnui 06Min 3a cmpoboM 20moeHocmi. 3a IPOCTOro Mpo-
rpaMHOTo 06Milly BBakaloTh, 110 IIBB y 6yab-sakuii MoMenT roro-
BHiT 10 o6Minty 3a xomanzamu IN a6o OUT. 1lix wac obminty 3a
ctpoboMm rortosrocTi IIBB cmoBilfae Impo CBOIO TOTOBHICTH 1O
o6Miny ctpobom. Hanpukiaza, Bujaya 8-po3psaIunX JaHux cylpo-
BOXKYETDLCS JeB’ATUM 6iTOM — cTpo6oM. VY Tipolieci Takoro o6Mi-
1y cxeMa iutepdelicy MicTHTb Tpurep a6o HOPT KepyBaHHs A4
36epiranus indopmMalii Ipo rOTOBHICTb 30BHINIHLOTO TTPUCTPOIO
Jo obuMitry. IIpouecop onutye BiAOBiAHMI O3PS/ MOPTY KEpy-
BalIHs JIJ1s1 BU3HAYENIIs CTaHy TOTOBHOCTI 30BHILUHBOTO TPHCTPOIO.

Hpukxag 27.5. Po3po6uTy GyHKUIOHAABHY CXCMY BBCACHHS | BHBCICH-
HA 8-po3pAAHMX JAaHMX 33 CTPOGOM TOTOBHOCTI. AJpeca IOPTY BBEeICH-
Ha — 02H, nopty kepysanas — 03H, noprty BuBcAeHHA — 04H.

(DyHKUioHaTBHY cXeMy 06MiHY 3a CTpo60M TOTOBHOCTI 3006paXeHoO Ha
puc. 27.15. Cxema MicTHTD: NPUCTPill BBeAeHHs, 3’ cAHAHNIT 3 TOPTOM BBC-
JCHHS; TMPUCTPill BUBCIeHHS, 3'€AHaHHIl 3 TOPTOM BHBCACHHS; ITOPT KCPY-
BanHa A 36cpiradHs CHTHaAlR TOTOBHOCTI 1IPUCTPOIB BBCACHHS i BHDC-
acung. [Iprctpiil BBCACHHS Mae BiciM iHdopManiiBuX BEXUIHAX AiHiil Ta
ONHY BMXiIHY Jififo cTpoOy cynpoBoxcHas AaHnx. [logsa nporo ¢rpoly
CHrHaJi3y€ Ipo TC, Mo AaHi Ha iHpopMaliinux JiHisX ¢ JiiicunMu (xopexr-
uumu). [pucrpiil BuBegeHns Mae BiciM indopMaliifHUX BXigHHX Jiuiil Ta
OJ(Hy BHXifHy Jillilo cTpo6y mATBep/UKCHHA mpHitmManus jpanux. Hoana
ULOro ¢Tpofy CHUTHANI3Ye Mpo Te, MO JaHi MpHitHATI npucrpoeM i MIT
MOJXC CPCAaBaTH HOBY MopIin gaHux. [lopt xepysanns s6epirae indop-
Mallio 1mpo cTpoOH BiJ ABOX NMPHCTPOIB.

, AB
7'} DB
| 10R J;IOR lIOIV
¥ v
CS DO RD CS DORD CS DIWR
Topr seenenHs (02) || Topr kepysanus (03)||ITopr BuBenenns (04)
DI STB DI0 DIl DO
P v J
— Crpob Crpob6 ' A —
MpucTpif CympoBo- nigTBEp- [Tpuctpint
BBEACHHA | rirenng Ikenns | BHBEAGHHS
JNaHHX npHHAOMY

Puc. 27.15. CxcMa BBCACHHSA-BABCACHHS AaHUX 34 cTPOGOM FOTOBHOCT]
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IIporpama BBezieHHs 33 CTPOGOM TOTOBHOCTI Ma€ TaKiif BIHIJIAL:

M1: IN AL, 03 ; AL « nopt xepysauns (aapeca 03)
AND AL, 000000018 ; MackyBaHHs BCiX po3psiais, kpim DO
JZ M1 ; Ao DO = Q (mopr He ToTOBMIT), TO Ha M1,
INAL, 02 ; iHakme — BBCAcHHA iHdopMalil 3 MOPTY

; BBeAenns (agpeca 02)
Hporpama BuBezieHHS 332 CTPOGOM TOTOBHOCTI:

M2: INAL,03 ; AL < noprt kepysanus (agpeca 03)
AND AL, 00000010B ; MackyBaHH# BciX po3psaiB, kpim D1
JZ M2 ; Slxmo D1=0 (mopr He roToBHil), To Ha M2
OUT 04, AL ; iHaKIIe — BHUBeACHHA iHdopMalii Ha MOpT

; BuBenteHHsa (azgpeca 04)

Axmo [1BB mae B6yaoBasiuii anapaThuil 3aci6 A1 BU3HaYeHHS
TOTOBHOCTI AJ1 06MiHy, TO IIPO CTaH MPHCTPOIO CBiAYUTH Ipano-
peub rotoBiocTi READY a6o mpanopenb TOTOBHOCTi-3aiiHATOCTI
READY /BUSY. IndopmManis npo roToBHiCTh NPUCTPOIB Hane-
XKHTb I0 cmamycHol inghopmayii i BXOAUTD 10 CKAAZy CA08d Ca-
Hy npUcTpolo. [HoAi cTall rOTOBHOCTI Ta 3aliHATOCTI inenTHIKy€ETD-
¢ OKpeMHMH mnpanopusmu — READY i BUSY. Ilpanopeus
READY saminioe 6it mopry kepysarina (aus. puc. 27.15).

CxeMy arOpuTMy NpoOrpaMHOro OOMiHy AAllMMH 32 3HadeH-
uaM npanopus READY 3o6paxero 1a puc. 27.16.

SAxiio [IBB ue rotosuit 1o o6Miny, To MII sHaxogutbes y pe-
KHMI IIpOrpaMHoro O4iKyBaHIlsi FOTOBHOCT] 30BHIIIHBOTO IIPUCTPOIO,
BUKOHYIOUHN KOMaHan 60kiB 11 2. Ilic/s BHAB/IEHHS CTally TOTOB-
nocti MII nepenae aaii 3a xoManmgami 6J0Ka 3, a TOTiM [IpaLlioe
3 IIPOJIOBXKEHHSAM OCHOBHOI mporpaMu. Ha uurtanis crarycuoi ix-
dopmauii Ta i1 ananiz MII puTpadae KiJbKa IUKJIIB POGOTH, IO
IIPU3BOJUTD 4O HENPOAYKTUBHUX BTpaT lioro dacy. Hepomikamn

IIPOTPAMIIOro 0OMiHY 3a CTpO-

: L 6OM I'OTOBIIOCTI € Te, 1O LeH

f.‘ croci6 obminy indopmarieio

3‘“'1?‘;' ¥ 1 BBECTH 1ie Jae 3MOTH 30BIILIHIM IIpU-
ingopmauiio o .

Hpo CTaH MPHCTPOO CTPOSIM iHil[iIoBATH OOGMII.

[lepeBara mporpamitoro o6-

uxn nporpaMHoro - i
ouiKyBaHHs Mify OJISITa€ y IIPOCTOTi pe-

anizanii Ta y ToMy, IO He-
Ma€ oTpebu V A0ZATKOBUX
anapaTimx 3acobax.
[Tporpamuuii 06MiH BUKO-
PHCTOBYETbCS IJIS 0OMINY 3
II1BB, npoayKTHBHICTb AKHX

Hi

READY=1?

3yntatH ] ; Kl
iHbopMaL Puc. 27.16. MEHIIa, HiXK POy KTUBHICTD
pMmaLjio MII
3 IIPHCTPOX Anropurm .
IIporpaMHoro 06:Ml.n.3a nepepueanT
! BBEJCHHA Ham iHinioerncs [IBB i
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3faificHioeTbea mig xkepysanuaM MIL. Y ubomy pasi curnasa ro-
tosHocTi IIBB /10 06Milly BUKODHCTOBYETBCS SIK 3aITUT IlepepH-
BaHH# i HAZXOAUTD /IO IPOIPAMOBAlIOro KOHTPOJIepa HepepUBalb
(ITKI1) (puc. 27.17). Beexenus a6o BHBeAelHs 3.iliCIIOETbCA
3a MiAIpOrpaMolo 06po6JeH s 3alUTy NePePHBAILIIS. '

Tlpucrpiii BBeneuns-BuBefeHHss (HOPMYE CHTHaJ TOTOBHOCTI
IRQ, xonu Bid rotoBuil 7io o6Miny. [IporpamMoBanunit kourpoaep
nepepuBauna (us. puc. 27.17) 3pariuil copuifHATH 8 CHTHAMIB
IRQ7—IRQ0. Ha puc. 27.17 cursan rorosuocti 11BB naaxo-
auth Ha BXig IRQ6. Curnan rorosuocti IIBB — ie Buxiganii
CUTHaJ Tpurepa, sikuii ¢pikcye cran rorosaocti READY. Ha Bu-
XOi TPOrpaMOBAHOrO KOITpOJepa HepepUBaHb acHIIXPOHIIO 3
nisimn MI1 dpopmyeTbest curnan INT. 3aspanerigp 1ie BiioMo, B
AKHH MOMeHT Ta siKi mepudepiiini npucTpoi iHiliooTh Nepepu-
BanHs. Pearyioum na curnan INT, MII nepepuBae BUKOHAIA
NpoTrpaMy, igeHTH(iky€e TpHCTPi, NepexoaUThb 0 I AIIPOrpaMu
06CTyrOBYBaliHs IepepHUBalib pOGOTH LIbOTO IIPUCTPOIO, a Mica ii
3apeplieniliss BLIHOBJOE BUKOHAHTMs MepepBaHol MporpaMu. 3a
koMango10 INT yMicT IpOrpaMoBaHOro JiYMJIbHUKA Ta MPAIOPIiB
ABTOMATHYHO 3aIlaM’ ATOBYETHCS y CTEKY. BMicT akyMyIsiTopa Ta
P3I1 notpi6no 3amect y crex 3a gonoMoroio koMauau PUSH y
mignporpaMi 06po6KY IepepuBaHHS.

Y xoxnomy MII peanizoalio oco6auBy CTPYKTYpPY CHCTEMH
nepepuBanb. OAIax 3arajbiia MOCAIJOBHICTb 00Milly 3a TiepepH-
BaHHSM MICTHUTD TaKi Aii:

o TIBB renepye curuajs roroBHOCTi, SIKUH BUKJIHKAE HOABY- CUT-
HaJly epepuBanHsi, U0 NojaeThea Ha Bxig INT MII,

o MII 3aBepinye BUKOHAINS TOTOYHOI KOMaHAM i, AKULO nepe-
puBanus gossoJseni (e 3amackoBaui), ¢opmye curnan INTA
IDiATBEP/KEeHHST TlepepUBaHHs;

CHcTeMHa IUMHa

<+ Y »
INTA INT
MKIT Mopr
KP1810BH5 BBeJleHHA-BUBe/IeHHSA
. 7y
T T CHIHa/l roTOBHOCTI
1
TRQO — IRQ6 IRQT7
© T1BB
Puc. 27.17. Cxema o6Miny
34 MEPCPUBAHHAM
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o MII 3xificuioe 3amaM’siTOBYBaHIA BMICTY akyMyJ/IsITOpa, IIpo-
rpamosaHoro jgiuniabruka, P3I1 y cTexy;

o MII igenTidikye npucTpill, 10 3yMOBUB NEPEPUBAHHS, i BY-
KOHye BiAmoBigny miATiporpaMy oOcCJyIOBYBaHUA IepepUBaHIIA;

* 3a gomoMmorolo KoMmatiau POP BiAHOBAIOETHCS 3HAUEHHS
BMicTy akymyasitopa ta P31 3i crexy;

® 33 KOMaHJOIO [ToBepHelHd 3 NepepuBannsg RET, 1o € ocran-
HBOIO KOMAH/OIO INHANPOTpaMU O6CAYTOBYBAHHS HEPEPHUBAHHS,
BIATIOBJTIOIOTHCS 3HAYENHS IPOrPAMOBAHOTO JIUNJIBHUKA Ta TIPa-
HOpUiB i Tp¥Bae BUKOHAHNS NePEPBaHOl porpaMu.

OO6MiH 3a mepepuUBaHHIM IPOAYKTUBHIIINHA, HiX TTporpaMHUN
00MiH, OCKiTBKH He IOTPeOYE Yacy I/ OMUTYBAHHS CTaly TOTOB-
Hocti [IBB 10 o6Miny.

O6Min y pexumi npamozo docmyny 00 nam’ami iui-
nitoetsves 11BB, 3aificHIOETbCs TTiA KepyBaHHAM KOHTpPOJepa nps-
moro goctymy go nmam'sri (KIIAIT) 6e3 yyacti MII. 3a neo6xin-
Hocti 06Miny Mixk [TBB i mam’aTTio Hemae oTpe6u y 1epecimanmi
nanux yepes MIIL. [lani 3a gomomoroio KILJAIT nepecumaorbes
6eanocepennso 3 [IBB y nam'ste a6o maBnaku. Hpamuii goctyn
JI0 maM’ATi Tij Yac BUKOHANINA oNlepaliil BBeellIs-BUBEIeHHS 1ae
3MOTy 3HAYHO 36iIbIUNTH IIBUAKICTD epegaBallild Janux i 1ijBu-
muT eeKTUBHICTD BuKopucranns 3acobis MII. Cxemy obMiny B
pexxuMi I1/IT1 306paskeno ua puc. 27.18. Kourposep mpsimoro
JocTyny npuiiMae 3anut Big [1BB, ¢opmye curnan sanuty 3axon-
geans nmH MIT HOLD i, orpumasum Big MII nosein HLDA,
¢opumye agpecn nam’saTi Ta Kepyloui curnany MEMR, IOW —
y pasi unTanus mam'ati, abo MEMW, IOR — y pasi 3anucy B
nam'gTb.

IuadopMmariio po o61actb TaM’sATi, 1[0 BUKOPUCTOBYETHCS 7151

- 06Mily y BUTJIAAL T09aTKOBOI aZpecH i JOBXMHMA MacuBy, 3aBal-

MII 03Il
7 Y
P HOLD v R
KT1TT ITopT
BREJIEHHS
4 Ctpo6 rotosHoCTi T
1

Puc. 27.18. Cxema o6MiHy 1IBB

B pexxumi IT/I1
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raxyiors y KII/JIT nix gwac nporpamysanns. llpoaykTushicTb
ob6miny B pexkumi I/ € nmaiiBumoro.

IleperBopenns popMatiB AaHUX. SIKIIO PO3PS/IHICTD NANHKX,
3 axnmu onepye MII, MeHmwa, HiXk po3psiAHICTD AaHMX, 3 AKHMU
onepye IIBB, To [ y3TOIKEHHST PO3PSAHOCTI 36i/MbIIYETHCS
KIJIBKiCTh HOPTiB BBEJIEHHA-BUBeAEHH:. SIKIMO poO3pAAlicTd Aa-
nux, 3 gkuMu onepye MII, 6inbina, HiXk po3psAAHICTL AalMX, 3
axumu onepye [I1BB, To 14 y3roaskeHHst po3psAHOCTi BUKOILYETh-
€S MAaKyBAHHS IAHUX, OTPUMAHHUX 3 KiZIbKOX JKepelI, B O/jile CJIOBO
noTpi6HOT Po3pAaHOCTI a60 AOTIOBHEHHS HyJIAMH. [t epeTBo-
peHHs HOCAiZIOBHOTO KOAY Ha NapaJie/IbHUH i HaBnaky BUKOPHUC-
TOBYIOTb KOHTPOJIED IIOCJIiIOBHOTO OOMiHYy.

KoHTponbHi 3anutaHHs

1. IosAcHiTh NpU3HAYEHHS BXIAHHMX I BUXIIHMX CHTHAJIB CXEMH CHHXDO-
Hi3zairii.

2. Omnuurite ¢yHkuii BIC reneparopa 18284 ta intepdeiicy neHtpaabno-
rO MPOIecopa 3 CHCTeMHOIO LIHHOIO.

3. ToacHith npunnun ¢pyHKIIOHYBaHHS cxeMu GydepHoro perictpa.

4. HosicHits NpuHIMI GYHKLUIOHYBaHHSA IMHHOTO hopMyBada.

5. na woro npusHavenmit [311?

6. [MosicHiTh MOHATTS GAHKY HaM'ATi.

7. Hasegits npuian noGyaosn monyust 311 y 16-pospsaniii MITC wa

6asi 8-pospsauux BIC IT3II.

. Sxi cHTHAMM BUKOPUCTOBYIOTBCS /IS BUGipKY Gaukis nam’siri O311?

. Haspite YoTHPH MOXJIMBHX BHIIAAKM 3BCPHCHMSL Jfo Tam'sTi y 16-pos-

PAAHUX MpoLecopax?

10. [llo Takc MapIUIpyTU3yBaHHA OaliTa?

11. Sxi pexoMesgauii MOXHA AaTH 1{OA0 POIMILICHHS JaHUX Y CTEKy?

12. dx sabesneuyernes 36epiranus indopmanii, wo Hagxouauts sin [1BB?

13. HassiTth crioco6u aapecyBaHHS NMOPTIB BBCACHHA-BUBCACHHS.

14. Jalite mOpiBHAABHY XapaKTCPUCTUKY BUALB OOMiHY.

13. ki ¢ THIU nporpamMHoro o6MiHy?

16. Hapeaite cTpyxTypiy cxeMy 06Mily 3a ¢TpoGOM IOTOBHOCTI.

17. HapeliTb CTpyKTYpHY cXCMy OGMiHY 3d ICPCPHUBAHHSM.

18. Hanenaits crpyxrypHy cxemy o6Miny B8 pexxumi [TJIIT.

19. Sx BiaGyBaeThca 3anaM’ITOBYBAHHS BMICTY akymyasTopa, P3I1, npo-
TPAMHOTO JMiMUABHUKA Ta TMPANOpUiB Nif vac oOMiHy sa HepepHBa-
HsM?

20. B AKHMX BANAAKAX ZOUIJABHO 34CTOCOBYBATH IIPAMMI JOCTYT 10 TtaM’ATi?



Pozgin  CYYACHI
2 8 MIKPOKOHTPOJEPU
| MPOLIECOPU

28.1. OgHoKpuCTanbHi MiKPOKOHTponepu
3 CISC-apxiTeKTypoio

O0noKpuCcmMasLHUL MIKPOKOHMpPOLEp — TIPACTPiil, BUKOHAHUIL
KOHCTPYKTHBHO B ofuoMy kopnyci BIC, o Mictuts yei KoMmo-
uwenTtt MIIC: mpoiecop, naM’saTh JaHuX, TaM’ 4Th IporpaM, mnpo-
rpaMoBani inrepdeficu. OANOKPUCTAIBHUM MiKPOKOHTPOJIEPAM
(OMK) npuramanui Taki oco6IHBOCTi:

® CHCTeMa KOMauJ, 30pi€eHToBaHA Ha BUKOHAHHS 33734 Kepy-
BaHHA i peryJjioBanis;

® AJTOPUTMI, Lo peasisylorbesd na OMK, malors 6araTo pos-
TaJyXKeHb 3aJ€KHO Bi/l 30BHINNIIX CUTHaJiB,

o nani, 3 SkuMK onepyioth OMK, 11e moBumIii MaTH BEJUKY
PO3PAAUICTD;

e cxeMya peaJiizamis cucreM Kepypaunst Ha 6a3i OMK 1e-
CKJIaiHa i Ma€ HEBHCOKY BapTiCTh;

® yuiBepcagbHICTD i MOXKIMBICTD posuupens GpyHKill kepy-
Balllisl 3HAYHO HIDKYL, XK Y CUCTeMAaX 3 OQHOKpHCTaAbHuMu MIT.

OaHoKpUCTATbHI MIKPOKOHTPOAEPH € 3PYYHUM iHCTPYMEHTOM
JUIsE CTBODEUHSI CydacHNX ROY/JOBAaHMUX NPUCTPOIB KepyBaITH:A
pisnuM 061aIIaNHsM, HANIPHK A ABTOMOGIIBIOI0 €eKTPOHIKOIO,
o6YTOBOIO TEXHIKOIO, MOGIIbHIMY TeledoHaAMU TOWIO.

Crpykrypy OMK Ta ¢ynxiuionysanus oclioBHUX 610KiB po3-
rasiemo na npukiaai BIC K1816BESt (i80x51) (puc. 28.1).

Crpykrypna cxema OMK MicTuth: 610K 8-pospsaHOro iei-
tpasbioro npouecopa LIT; nam sarb nporpam 11311 emuictio 4 K6aiir;
naM’sath ganux O3I1 emuictio 128 GaiiT; yoTHpU 8-pOo3psaaHux
MPOTPAMOBAHUX NOPTH BBeJcnus-BuBedenis PO — P3; mocaiaos-
UK 1opT; ABa 16-PO3PSIAHUX IPOTPAMOBAHNX TaiiMepHd / JTidIb-
uuku T /CO, T /C1; cucteMy mepepiBalib 3 I1'siThMa BEKTOPAMH i
JIBOMa PIiBHAMY IPiopuTeTiB; 60K KepyBaiiisg (BK).

Baok 111 Mictute 8-pospsuuit AJII, aBa axymymstopu A i
B, perictp crnosa crany npotiecopa PSW (Processor State Word)
Ta mporpamuo-uefoctynii 6ydepui pericrpu YA 1 UP, ii(0 BUKO-
uyIoTh ¢yuknii posmoainy Bxianux Ta BUXiguux ganux AJIIL.
LenTpassnuii mpolecop BUKoNye ollepallii fofzaBaitis, BinimMan,
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MHOXeHIIs, JIJIeHlist, Joriuydi oneparii 1, ABO, HE, BUKJIIOYAJIb-
HE ABO, onepanii 3cyBy i ckuaauns. Bin onmepye 3 TakuMu
THUnaMu sMinuux: 6yresumu (1 6ir), undposumu (4 6ir), Gaiiro-
puMn (8 6it) ta aapecuumu (16 6it). XapakrepHoio 0co0au-
picTio OMK e Besmkuii naGip onepaiiii 3 6iTaMu: okpeMi 6iTH
3MIITHMX MOXXYTb 6yTH BCTAaHOBJIEHI, CKUHYTI, ilBepTOBaHi, nepe-
Bipemi, nepenani. Ile nae 3Mory Jierko peani3oBYBATH AJTOPUTMH,
1[0 MIiCTATH omnepailii HaA OyJeBUMU 3MiHHUMU THOY <TaK-Hi»
(«true-false»).

AKyMyJATOp A € JKepeaoM OAHOTO 3 OllepaHAiB i MicueM po3-
MinreHiis pe3yJIbTaTy BUKOHAHHs 6ararbox KoMaua. Psi kxoMan,
HannpuKJiaf, epefasanis indopManii B /i3 O311, xomanu TEST,
INC, DEC MOXyTb BHKOHYBaTHCS 6€3 y4acTi aKyMyasiTopa. AKy-
MyJISITOP B BUKODHUCTOBYETLCS SIK aKyMyJIITOD JHIIE B KOMaHAaX
MHOXEHHS 1 Aifennd, a B iHmux Bunajgkax — sk P3I1.

|1 ol

T = I =
311
DPTR
=R == =
031
sp Kok P K
— — TxD
ocsifoBRUl [
C—::) nopT leD
(:& T/CO0 [«—T0
T/Cl |eTI
Cucrema [€—_
(=) nepepHBaHb IINTO

INT 1

Puc. 28.1. Crpykrypua cxema OMK K1816BES1
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Perictp cioBa ctady npouecopa PSW 36epirae indopMariio
nmpo ctan AJII] y npoueci BUKonaHHsA IporpaMu.

IMocriiinuii 3anamM’ ATOBYBaJIbHUI HPHCTPill, 260 pe3H/IeHTHA
naM’sarp nporpam (PII) mae indopmaniiiny emuicts 4 K6aiir i
sukouanuit y Buraaai I1311 nporpammoio Mackolo. Inmi OMK,
uanpukaag K1816751, mawors 1311 EPROM. 11311 Mae 16-
PO3PAANY afpecHy LIHHY, MO A€ 3MOTy PO3IINPHTHA HaM’ AThb J0
64 Koaiit uepes nia’eananns soprinmix BIC I1311. Axpeca Bus-
HayaeThes BMicToM niumiabnuka komanga PC (Program Counter)
a6o BMicToM pericTpa-mokaxunka fannx DPTR (Data Pointer
Register). Perictp DPTR BUKODHCTOBYETHCS 3a HENPAMHEX Ne-
pexofliB y mporpami abo iz yac agpecanii TabanIp, a6o 9K 0JUH
16-po3psanuii perictp, abo sik Ba He3aIeXHUX 8-po3paIHUX pe-
ricrpu DPH i DPL.

OnepaTupamii 3anaM’ ATOBYBAJIbHMIA IPHCTPiii, 200 pe3HaAeHT-
da nam’sars gaamx (PII), ckiamaerscs 3 aBox obuacteif. Ilep-
mwa o6macts — O3I] ganux 3 indopmaniiinoo emuicrio 128 x 8
Git 3 aapecamu 0—7FH, npyra obnactb — pericrp# cremiasb-
nux ¢pynxuiit (SFR — Special Function Registers) 3 agpecaMmu
80H —FFH.

Baok kepysammst ckiagaetsest 3 renepatopa (I) TakToBHX
CHITAaMiB, POrpaMHO-HeocTynHoro perictpa xomanga (PK) Ta
cxemu kepysannd i cunxponizanii (CK i C). CrpykTypity cXeMy
610Ka KepyBaHus 306paxeHo Ha puc. 28.2. Kog xomanau, 3unra-
moi 3 PIIII, samam’sitoByeThCs y 8-pospsignomy PK i nagxonurs
Ha genmdpatop xomana (1K), skuit Bxoauts 1o ciiaazy CK
i C. Demundparop xoMaua dopMmye 24-pospaaunil Ko, Mo IHal-
XOJUTb Ha TporpaMoBaiy Jjoriyny marpuuio (IIJIM), a micas
LBOrO — Ha GJIOK JOTiKM KepyBaHHS.

B0k noriky KepyBalHs Ha 11iCTaBi JEKOZOBAIIOTO KOLY KoMall-
I, 30BHININIX KepYyIOYuX curHaiis RST (curnany zarajbuoro
cknganns), EA (curnany 6soxysaunst po6orn 3 PIIII) Ta cur-
HajdiB BiJl BuyTpimlHboro ¢opMyBaua iMIYJALCiB CHIXpOHisalli
BUPOGJISie BHYTPIIIHI CHTIANK KepyBaHHA.

BuyTpiumiii ¢popMyBad iMIyibcis cuuxponisauii gopmye:

® BHYTPIiUIN] CHrHANM CUIIXPOHi3allil MAIMHINX I[HKJIB,;

» Buxignmmi curnag gossony dikcauii axpecu ALE;

e curnaa Ao3oay mporpamuoi maM'ati PME (dopMyeTbes
JIMire i 9ac po6OTH i3 30BHIIIHBOIO MaM’SITTIO).

VY 670K KepyBallllg BXOAUTb TaKOX PeETiCTp KepyBallld CIIO-
xupannssm PCON (Power CONtrol).

IlopTtu BReAcHAsA-BUBeAeuus PO0— P3 mpusnadeni 114 3a6es3-
rnederita nobaittioro o6Miny indopmaniero OMK i3 sopminmimMu
NPUCTPOAMH 110 32 J1iNiAX BBeAEHHA-BUBEAEHIs.
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Ifluna ganux

-~ 1 - T =7 ™ T 7 BuyrpimHi
:_CKI C ¥ h 4 cgr:a.rm
] JUIIK PCON | | xepysauus
I |
I Jlorika [+
I ‘—-—> KepyBaHusl |

S I
RST——  Buyrpiwmiti |——— > ALE
! tdopmyBau |

FA | cumxpoimmyascis ——— > PME

L___? _________ a

X1 ——»
X2

Puc. 28.2. CrpykrypHa cxcMa 6y0ka KCpyBamiss

ITopt PO € aBONAUpPSAMAENHM, OCKIABKH Yepe3 HbOro MOXHA Y
6yab-gaKHH MOMENT BROAMTH Ta BUBOAUTH itdopmanilo. Busoau
nopry PO mMarorb Tpu ctanu. Yepes mopr PO:

® BUBOJAUTHCS MOJIOAIUI Gaitt ajipecu A7 —AQ nia yac poGotu
i3 sopuimuiM 11311 i sosunimmiM O31;

e puaethed 3 OMK ra npuiiMacroes B OMK 6Gaitr nanux y
Tipolieci po6oTH i3 30BHIIUNBLOIO NaM'STTIO, NIPU LIbOMY 06MiIl Gail-
TOM JIAllHX Ta BUBEACUIISA MOJIOJIOT0 OaiiTa aapecd 30BITIIILOT
I1aM’ ATl MYJIBTHIIIEKCOBALIO ¥ Yaci;

e 33/1a10ThCcsl falli A 1porpaMyBaiinia Buyrpitmoro 1311
EPROM.

Hoptn P1—P3 ¢ kBasiiBouanpsaMaelMMu, OCKIAbKU Y Oyib-
SIKHIT MOMENT 'epe3 ITIOPTH MOXIIa Julile BIBOJAATH ildropMaiio.
s BBestenns indpopMalil ¢aijf 3aUMCaTy B yci pospsyin perict-
pa-(ikcaropa Joriuni oxunuii. IMicas 1boro Moxia BUKONYBa-
TH BBCJCIIHSA.

Yepes nopt P1: 3aaeThbest MOAOMIIUI OaliT ajpecn mij yac
nporpaMysaniis Buytpitmisoro [I3IT EPROM Ta ui vac, untaims
puyrtpinsoro I1311.

Uepes n1opT P2: BUBOANTBCA cTapiMil 6aiiT aapecn A15—A8y
nmpoteci pobdory i3 3opuiumiM 11311 i 3osninmim O3I11 toxi, ko-
an appeca € 16-po3psjiiolo; 3aJaeTbes ctapniuii 6aift A15— A8
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azpec¥ miJ{ 4ac mporpaMysannd BuyTpimnsoro 1311 EPROM
Ta yutaHiA BEyTpimHboro I1311.

ITopt P3 Mo>k1na BUKOPHCTOBYBATH SK A/ BBe/CHHsA-BUBEAECH-
B indopMaii, Tak i Ana peasyisaiii aJbTepHATUBHUX DYHKIIH
obminy indgopmaniero. Koxiy 3 BocbMu Jinifi nopry P3 xopuc-
TyBay MOXKe 3alporpaMyBarTH lla BUKOHAIHS aJbTEPHATHBHHUX
$yHKUil 3anucoM JoriuHol oAMIMLi Y BiANMOBiAHI 6iTH pericTpa-
samxa (P3.0—P3.7) nopry P3.

Hocainosumit nopt (fuB. puc. 28.1) npusHavenuil aus 3a6e3-
TIedeN s MOCIiJOBHOTO o6Miny AanuMu. oro Moxna BHKOPHCTO-
BYBATU a60 SIK PETICTP 3CYBY, a60 9K yHIBEPCAAbHUU ACUHXPOH-
Hud npuimay-nepedasay 3 ¢ikcoBaHo a0 3MiIHHOIO IBHAKiC-
TI0 OOMIiHY Ta i3 MOMKJIMBICTIO AYIIEKCHOTO peskuMy. llocaigosHuit
IOPT MOXe IIPallloBaTH B OJHOMY 3 YOTHPbOX pexumis: (pexum 0,
pexum 1, pexxum 2, peskum 3). [TocmiIoBHUil TIOPT IPOTPaMyeTh-
€S Ha OV 3 PeXXMMIB Yepes 3allCc KepYIo4yoro CJ0Ba B Perictp
SCON (Serial port CONtrol).

YV pexcumi 0 nocainosnuii mopr — ue 8-po3psaHuil pericTp
3cyBy. Baiit indopmallil mepesaeTbest i npuiiMaeTbes depes BABiA
RxD, npu upomy depe3 BuBil I'xD BUAAIOTCS CHIIAIB CUHXPO-
mizanii 3cyBy. IlpuitManus i sugaBaHns 6aiita MOYMHAETBCA 3
MOJIOAIIOTO po3psAny i 3akiHuyerbes crapumM. lHBuakicts o6-
Miny ¢ixcopana i xopismioe fo /12, ae fo — 4acToTa cuuxXpoli-
zanii OMK.

Y pexumi 1 nocaigosuuii 1opt — 8-po3psaHMil yHiRepcan-
M acCMHXPOHHUH NpUiiMay-niepesaBay 3i 3MiHHOIO THBUAKICTIO
obMminy. Hepes TxD nepenaiotbesl, a yepe3d RxD npuitMaoThes
10 6itiB: HysboBUiL cTapT-6ir, 8 6iT indopmanii Ta oaunuyIit
cron-6iT. HIsuaxicts o6Miny € 3Minnow. Bona BU3HAYAETHCS Yac-
TOTOIO IepenoBHeHHSA Taiimepa 1 fy,p 1 6iToM SMOD pericrpa
PCON.

Y pexumax 2 i 3 nocaigosnuil mopr — e 9-pospsannil
yHiBepcaJbHUI CHHXPOHHUI NpuilMay-nepenasay 3 ¢pikcoBanoo
(mas pexxumy 2) ta aMinnomo (1718 pexumy 3) IMBUAKICTIO 06Mi-
Hy. Y pexumi 2 wBuikictp o6miny aopisuioe fo /32 3a SMOD =
=1 a6o fg,/64 3a SMOD = 0. Y pexumi 3 mWBUAKICTb 06Milly
BU3HAYa€Thcs TaiiMepoM 1, gk i B pexumi 1.

Biok raiiMepiB-Ai9uAbHUKIB NpU3HavYeHUN AJS TMiAPAXYHKY
30BUIIHIX noAill (dyHKUis JiURIbLHUKA), peanizauil nporpaMuo
KepOBAHVX 3aTPHMOK Ta BUKOHAHIIs (hyHKIIH 3a1auHs Yacy ($yHK-
uist Tafimepa). Ilix yac BUKOHAHHS QyHKUII TaliMepa BMict T/ C
IHKpEMENTYEThCS B KOXKHOMY MAllIMHHOMY IUKJI, TOOGTO yepes
xoxni 12 nepioais pesoHatopa. Y mporteci BukoHaunsa GyiKuil
aiynasHuKka Bmict T/C iHKDEMEHTYETHhCA T BIJIMBOM Iiepe-
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xo/ly 3i cTaHy Joriunoi «1» y crad goriunoro «0» 30BHIIIHBOTO
BXi/[HOTO CHTHAJY, D0 HAAXOAMTDb Ha Bigmosigmuit (T0, T1) Busig
OMK. Buicr giunnpuyuka 36iMbUIYETHCS Ha OJUHUIIO, SKIO Y
ToIepeIHbOMY LUK HAMIHIIOB BXiAHWHA CUTHAJ BUCOKOTO PiBHSA
(1), a B macTynHoMy — curuaj uusbkoro pisusg (0). Hpanopui
nepenosrenns TF0 i TF1 BCTallOBAIOIOTbCA aNlapaTHO ITiCJst Tie-
penosuenns signosianux T /C (nepexia sMicty pericrpa T /C 3i
CTaly <«BCi OMUIINII» Y CTaH <Yci HyJi»). SIKIIO mpH UbOMY Tie-
pepuBanis Bif BianoBianoro T/ C 7103BOAAETHCA, TO BCTallOBJE-
Ha npanopus TF Bukmikae nepepusanns. CkUAanus npanopuis
TFO i TF1 Bin6yBaerbcsl anmapaTHo Mij Jac TepeJaBaHlns Kepy-
BaHIIA IporpaMi 06po6ieHHs BimoBiiHoro nepepusauns. Ilepe-
puBalius npanopuis TF0 ta TF1 Moxxe BinGyBaTucs Iicjisi BUK-
auky (Bcrauosaenns TF) a6o siaminu (ckugauns TF).

Pexumu po6otu 6aoka T /C. PexuM po6ot Koxuoro 6710-
ka T/C Bu3HauyaeTbca 3uaveHNsiMu 6iTiB M0, M1 y pericTpi
TMOD. Taiimepu T,/ CO0O ta T /C1 Mal0Tb YOTHPH PEXHMHU PO-
6ortu. Pexxumu 0, 1, 2 omgnakosi A o6ox T /C; y UMX pexuMax
BOHH TNOBHICTIO He3ajexhi onuu Big oxuoro. Po6ora T/ CO ta
T/C1 y pexudi 3 weognakoa. IIpyd IboMy BCTalOBJIEHIIS pe-
xumy 3 y taiimepi T /CO0 BruBae Ha pexuM poGoTu TaiiMepa
T/C1.

Pexcum 0 (MO = 0, M1 = 0). Taiimep y pexumi O — ue
mpuctpiit na 6asi 13-pospaauoro pericrpa, i Bill € 8-po3paanmM
TaiiMepoM (JMHJIBIIMKOM) 3 11 ATAPO3PANIIAM TIePE/IIoi IbHU-
KOM Ha 32.

Pexum 1 (MO = 1, M1 = 0). BiaMiunicts Big pexumy 0
[IOJISITa€ B TOMY, 1[0 BCTanoBJaenHs pexxuMy 1 nepersopioe T,/C
I1a npucTpiit i3 16-pospsiaimm perictpoM. st T/ CO perictp
CKJIafaeTbcd 3 IporpamMupo Joctynuux nap TLO, THO, ana
T /C1 — 3 nmporpamuo gocrynuux nap TL1, TH1.

Pexum 2 (MO =0, M1 =1). Y pexumi 2 T/C — 1e npuctpiit
Ha 6a3i 8-pospanuoro pericrpa TLO ans T/ CO Ta pericrpa T'L1
aas T/ C1. 1lig yac koxxnoro nepenosueuns T'L, Kpim Beralios-
Jenus B perictpi TCON npanopus TF, BiiGyBaeTbcs aBTOMATHY-
e nepesaBantaxenns sMicty TH y TL. Perictpu THO ta TH1
3aBalTaxyloTbes nporpamito. [lepesasautaxennsa TLO 3 THO Ta
TL1 3 TH1 ne BniuBae na BM™icr perictpis THO ta THA.

Pexun 3. Taitmep-niuuabunk 1 sa6aokosarnmii i s6epirae cBo€
3navenIs. TaliMep-riuuaninuk O y pexxuMi 3 — Le [Ba Hesasex-
Hux Inpuctpoi Ha Gasi 8-pospaauux perictpis TL0 i THO.
ITpuctpift ma 6asi TLO Moxe NpanioBaTy K y pexuMi taiimepa,
Tak i B pexxuMi niuynsipnuka, a 1na 6a3i THO — nuuie y pesxumi
TaliMepa.
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Husexnit piBens. npiopurety
Bucokuit pieeHb npiopurety
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3arasbHHH 03BN OTUTYBAHHS
npanopuis

Puc. 28.3. dDyuxnionanbHa ¢XeMa CHCTEMH NepepUBaHb

CucreMa nepepusanb (puc. 28.3) npusHaueHa A5 pearypai-
HA Ua 30BHilnmi Ta BHyTpimui noxii. /lo 30BHiMMIX Toaiil Hate-
)KaTb TOSBH IIyJboBoro motenmiany (aGo 3pisy) Ha BUBOJax
INT 0, INT 1, no BHYTpIlIHIX - IepenoBleHIs TaklMepiB-1iunib-
HUKIB, 3aBeplueulis nocaigosnoro o6Mminy. 3oBuimmi a6o BHy-
TPillIHi IOAIl BUKJIMKAIOTh BCTAHOBJIEHIIS BiIOBIAHUX IIPANIOPILiB:
IEQ, IE1, TFO, TF1, R1i T1, mo i CHpNYNHAIOTb NepepUBaHIS.
3a3nayyMo, 10 BCi Imepesiveni Mpanopli MOXYTb 6yTH TPOTrpaM-
HO BCTaHOBJeHI a60 CKUHYTi, UpH IbOMY {XH€ nmporpamiie Bcra-
HOBJIEHHS] BUKJIMKAE IlepepuBaniid Tak caMo, fK i pearyBaiHg Ha
nozilo. OT)Ke, epepuBaHA MOXYTb IIPOTPaMIIO BUKJIHKATHCA a60

rporpamio ycysatucs. Kpism toro, nepepusanis 11a xodax INT 0,

INT 1 MOXYTb BUKJIHKATHCA IPOTpaMHIM CKHAannayM Oiris P3.2
i P3.3.

Bogniwni nepepusanns 3ajnexHo i crany 6itis /T0, IT1 pe-
ricrpa TCON crpuiiMaioTbest a60 3a I€PEX0/JI0M CUIHay 1a BXO-
pax INT O Tta INT1 3 H-piBEs y L-pisenb, a6o 3a 11yJbOBUM
piBHEM cHTHaMY.

470

Hepepusanns ¢id maiimepis-AiyuipbHUK16 BUKINKAIOTCS O/11-
HMYHHEMY 3HadeHHAMy npanopiiis TF0 a6o TF1 y pericrpi TCON.
ITpanopui TF0 ta TF1 BCTAaHOBJIIOTHCS 11i/] Yac NeperOBHEHH
BixmoBianmx TaitMepis. Cxupaiist npanopiie TF0O ta TF1 Bin6y-
BAETbCA AaBTOMATHYHO Yy TNpOIleCi Tepexody Ao MimporpaM o6-
po6JieHHs ITepepUBalb.

Ilepepusanns 610 nocaidoenozo nopmy BUKIMKAIOTHCA BCTa-
HosaensiM npanopuis 77 abo Rl y periCTpi SCON. Ckujanns
npanopiis T'1 a6o RI 3xebinbuioro 3111HCHIO€TI:C$I y Ti/irporpami
06pO6IEHHS TepePUBAHHA.

Kosxuuil 3 omMcannx THTIB epepUBaHb MOXKe GYTH 03BOJC-
uuit a6o 3a6opoHeluil 3a JOTOMOrO0 BCTaHOBJIENIS-CKUAAIIIA
Bianosianoro 6ira y perictpi IE.

Pexumu eneprocnoxkusanust OMK. B OMK, Bukonanux sa
n-MJIH-rexmnosoriero, perictp PCON Mae sauuie 1 6it SMOD,
1[0 Kepye IIBUIAKICTIO NepefaBaHHst MocaiaeBioro nopty. Tomy
icHye JIUIIE PeXUM 3HUKEHOZO CROKUSAHNS, AKHH 3a0e3nedye
skupsenng Buytpimmmporo O30, Axnio sHayeHus curnany na By-
Boai RST 6insure, 1ix 11a uBoai Ucc. Lle peanizyeTbea 3a fo-
IIOMOTOI0 JABOX JnozuB 3 KaTo/iB SKUX 3AiHCHIOETbCA XKHBICIIA
O3Il, a anoau 3’emnani 3 suogamu RST ta Ucc (puc. 28.4).

B OMK, Bukonaunx 3a KM/IH-texnomori€io, € gpa pexxumu
3MEHIIEINIOro eHeProCIOXNBAHIIS: PeXUM XOA0CMOz0 X00y i pe-
KUM MIKPOCNOXKUGAHHS. JKCPENOM XXUBCIHA Y PEXHMI X0JIOC-
TOTO X0/[y Ta Mikpocnoxusaniis € susifg Ucc. Bubip i kepysait-
sl peXXKMMaMy 3JiHCHIOETDCS 32 IONOMOTOIO PETiCTPa KepyBallild
crioxuBanisiMm PCON. PexxuMu 3MellLIeHOTO eHeproclionpali-
14 1HIII0I0ThCS BCTaHOBJIeIHGM 6itis PD ta IDL.

Pexum x0a0cmoz0 x00y 3a[2€THCA KOMAIJIO0, AKA BCTAHOB-
moe Git IDL y crau goriunoi <1», nanpukiaaa, MOV PCON,
#01. Y uboMy pesxumi 670KyioTbesa (ynKIionainii Bysan 6.10-
xa [IIT (CPU). Buyrpiunriii rexieparop cursais cuirxpolisanii
npoaoBxKye pobory. Bel perictpr, moKaskuuk ¢TeKy, NporpaMmoBa-
i aiunaenuk, PSW, akymynsarop ta suytpinmii O3I11 36epi-
raioTh cBoi 3Havennst. Ha BuBogax ycix nopTiB yTpuMy€eThes TOM
JIOPiuunit cTad, AKMi GYB Ha HUX y MOMENT HEPEXO/ly B PEXKHM

xoaoctoro xoxay. Ha susonax ALE ta PME ¢dhopMyeThes piBeib
aoriunoi ogunMili.

UCC

Puc. 28.4. 3a6cancHeiHsa Jun- pUoan
gennsa O3I1 y pexumi 3unxe-  pST
HOTO CIIOKUBAHHS °“H‘—
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Icnye aBa cnoco6u BHXOLY '3 PEKUMY XOJOCTOTO X0y — 3a
flepepUBaHHAM a0 3a CHTHAJIOM AllapaTHOro CKU/JAHHS Ha BXOA]
RST. AxTuBizanis 6yab-aKOro JI03BOJEHOrO IlepepUBaHHs aABTO-
MaTHYHO BeZie [0 BCTaHoBJAeHHs 6ita IDL y ctan soriunoro «0»,
TO6TO 10 TIPUNUHEHHS PeXUMy XoJocTtoro xoxay. llicas suko-
Hannsa xoMauau RETI (Buxin i3 mignmporpamu 00C/IyTOBYBaHHSA
IIepepHBaHHS) BUKOHYETHCSA KOMAla, HACTYIIHA 3a KOMaH/IOK, 10
nepesesa OMK y pexum xosoctoro xomy.

3axinuennsa pexxXHMy X0JIOCTOTO XOAY BiAGYBa€TbCA TaKOX 3
IIOSIBOIO CUTHAJIY amaparHoro CKugaHis Ha BuBoAl RST rtpusa-
JIHCTIO He MeHlle ABOX MAallMHHUX LUKJIB. AKTHBHUIT cCUTHaJ Ha
suBoai RST acumxponHO ckupae 6it [DL y cran Jnoriunoro
unynas. Ockinbku TakToBuI remeparop npaiioe, OMK. Bigpasy
micas ckujanus 6ira IDL y cran jgoridHOro HyJIst IOYHHAE BUKO-
HyBaTH IIporpamy 3 KOMauay, HaCTyITHOI Iic/IsT KOMaHH, 1[0 BU-
KJUKajla PeXHM XOJOCTOTO XoJy. TpHuBaicTh inTepBasy Mix
CKUIAHHSM Gita IDL Ta MOMEITOM, KOJIN BMUKAETLCS BHYTPilIHii
AJITOPUTM CKUJAHHS, MOXKe CTAHOBHUTH [0 ABOX MalIMHHUX LHUKIiB.
YIpoaoBxX IBOTO iHTEpBAJY 6JI0KYEThCS JOCTYII A0 BHYTPIlIIBO-
ro O3II, ane 1e 6,10KyeTbCs ZOCTYN 0 MOPTiB. ToMy BUKOPHCTO-
BYBAaTH KOMAaH/H 3BEPHEHHS 0 NOPTiB 6€3NM0CEPeaHbO MiCJIs
KOMaH/! BCTaHoBIeHHA 6ita IDL 1ie peKOMEHAYETbCS.

Pexcum Mixpocnoxusanns iHiIIETbCA BCTaHOBJEHHAM 6iTa
PD y crau soriunoi «1», nampukjag, 3a koManjioio MOV PCON,
#02. V uboMy pexuMi reiepaTop BUMHMKAETbCS, IPHIMHIIOUN
po6ory Bcix BysuiB OMK, 36epiraetbcs aume Bmict O3I1 Ta
perictpis crenianpiinx ¢ynkuiii. Ha BHBogax moptiB yTpumy-
I0ThCS 3HaYelHsA, SAKi BiANOBIAAIOTL BMicTy ixmix Oydepuux
pericrpis. Buxoau curnanxis ALE 1a PME cxunaiorsca. Enexr-
_POKUBJIEHHSA Bin6yBaeTbcsl vepes BUBIA RST /Vpp,. ¥V uvomy
‘pexxumMi Hanpyra Ucc Moxe 6yTu 3Meliitena jo 2 B i mae Bi/o-
BUTHCS JI0 HOMiHaJbHOTO 31IaYeHHS Iepe/l BUXO/OM 3 PEXUMY.
Buiitn 3 pexcumMy MiKpoCHOXHBaHHS MOXHa JIHIIe 32 CUTHAJIOM
. anapaTtHoro ckujaini na sueodi RST TpuBaiicTIo Ie Melile
Hix 10 Mc (TpuBaJicTh BIAHOBIEHHA PO6OTH FreHepaTOPa IMITYJIbCIB
CHHXpoHi3anii). 3a oanovacHoro sHaveHus IDL =1 ta PD =1
nepesary Mae 6it PD.

28.2. OfHOKpPUCTaNbHi MiKPOKOHTponepu
3 RISC-apxitekTypoto

CISC-MikpOKOHTpPOJIEPH XapaKTepHU3YIOTbCS JOCHTb PO3BU-
HEHOl CHCTEMOIO, HAaNPUKJIAJA, MiKpoKoHTpoJepH cepii 180 x 51
Matots 111 komana. OpHak aHaji3 nporpaM Hokasas, mo 20 %
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KOMaH/| BUKOPUCTOBYIOThCsS y 80 % Bumaakis, a femmndpaTop Ko-
Manyl salimae monaf 70 % yciel mromti kpucrana. Tomy y pos-
po6nukis MII BUHUKIIA iZed CKOPOTUTH KiJbKiCTh KOMaHZ, MIPH-
JaTv iM eaunuii gopMar i 3MeHIINTH [JIONY KpHUcTaaa, To6To
sukopuctati RISC (Reduced Instruction Set Computer) apxi-
TEKTYPY .

Oco6auBicTIO KOHTpOJIepiB, BUKOHanx 3a RISC-apxirekTypolo,
€ Te, 110 BCi KOMaHAY BUKOHYIOTBLCS 32 OMH-TPH TaKTH, ToAl SIK ¥
CISC-koHuTposMepax — 3a OAMH-TPH MAUIMHHUX LUUKIU, KOKHHIH
i3 AIKMX CKJIAMAETHCSA 3 KiJbKOX TAaKTiR, HAaNpuKIad A i80x 51 —
3 12 taxris. Tomy RISC-KoHTpO/IEpY MAIOTh 3HAYHO GiJIBIIY LIBH/-
xogio. Oauak mosHima cuctema koMaug CISC-xontposepis y
JeAKMX BUMAAKaX CIpusie ekoHoMil yacy BukoHnamia meBuux ¢par-
MEHTIiB [IPOrpaMu Ta eKOHOMIl maM’sTi mporpam.

Tunosumu npeacrasiimkamMu RISC-npouecopis € PIC-kontpo-
nepu (Periferial Interface Controller — konrponepu nepudepii-
nux iHTepdeiicis) Bupo6uuuTBa pipMu «Microchips. PIC-Kon-
TPOJIEPH 34CTOCOBYIOTH Y CHCTEMaX BHCOKONIBHIKiICHOTO Kepy-
BaHlis aBTOMOGLIbAUMY H eJIeKTPUYHNMY JBUTYHAMH, NIPUJIaiaxX
mo6yTOBOI eNeKTPOHiKH, TejedolHHNX npuctaBkax 3 ABH, cucre-
Max OXOpouw i3 cuosilaHuaM 1o teaedonnii ainii, Mini-ATC.
Oxkpemi BIC sigpisusiorbes pospsaauicrio 1I311: Bix 12 go 14 6ir
nns cepii PIC16Cxx ta 16 6iT ans cepii PIC17Cxx. 3asaakn
cKopouelriit kimbxocti komang (Bix 33 go 35) yci xoManan 3aif-
MaioTh y naM’sSTi ofiie cIoBo. TPHBaMiCTb BHKONAHHS -KOXHOI
KOMallid, KpiM KOMauj po3Tajy’KelHs, CTallOBUTb YOTUPH TaK-
™ — oaun uuka (200 ue 3a yactoru 20 MTI'n). OnepaTuBuuit
3anaM’ATOBYBAJMbHUI UPHUCTPiil BUKOIAHO 3a CXEMOIO 3 J0Bijb-
HOI0 BUGIPKOIO Ta MOKJMBICTIO 6e3NocepeAnboi afpecalii y Koai
KOMaHau Ajs 6yab-s1xoi koMipku. CTek peanizoBalio amaparuo 3
raa6unolo 2, 8 a6o 16 xomipok. Maiixke B ycix P1C-koutponepax
€ CHCTeMa IepepyBalib, JoKepeJoM SKUX Moxe 6yTH Taiimep, a
TaKO 3Mila cTaliB CUTTIANIB 11a AesikuX Bxonax. ¥ PIC-koHTpo-
nepax nepeadaveno Git saxucty I13I1, uo 3anobirae nemneranb-
HOMY KOTHIOBaHHIO.

Apxirekrypa PIC-konrposepiB. Apxirekrypy PIC-xontpo-
nepiB posrasHeMo 1ia mpukaaai BIC PIC16C71 (puc. 28.5).
OcC110BOIO apXiTEKTYPH € PO3AIJIbIL 1HNUHK Ta objaacTi nam’sTi and
Jainx i komana. HIuna ganux ta koMipka O3I1 e 8-pospammmi,
a 1Mna KoMany i nporpamiia nam’ate (ILI3I1) — 14-pospsanumi;

14-po3pajiiia kKoMaHga BUGHPAETbCA 32 OfHH HUKJL. JIBocxigyacThii
KolBeep 3abe3redye og1o4acHe BUOMpaHs i BUKOTIaHIsE KOMAILIH.
CucremMa KoMana MiCTUTh 35 KOMaNA. ¥Yci KOMan BUKOHYIOThCS
3a OJIVIH IIUKJI, 33 BUHSTKOM KOMAll/l IepeXo/liB, 10 BUKOHYIOTbCA
3a JIBa ITMKJIH.
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Puc. 28.5. CrpykrypHa
cXeMa KOHTpoJiepa
PIC16C71

;epynam—m —I MCLR

[ Perictp xougirypauii I1311]

CTpyKTypHa cXeMa KOHTpOJepa MICTHTD:

® BOCbMUPiBHEBHUI arrapaTHUi CTEK;

* 13-po3psaanuil nporpamMuuil Aiunapuux PC;

¢ 8-pospagunit AJIII;

e O3II, axuit ck1anaerbes 3 36 8-pospsanux P31,

¢ 15 perictpiB crenianpuux ¢yuxuiit SFR (ua puc. 28.5 mo-
Ka3alo pericTp nenpsiMoi agpecanii W ta perictpu cratycy, onuiﬁ
i xoudirypauii [1311);

* 8-po3psAAHUI TaliMep-JiYUAbHUK 3 8-PO3PSTHUM HpOI‘de-
HUM IIePeaIIOIiIbIIKOM;

e moaynb AIIl 3 yoTupMa BXOZaMu;

¢ 13 niniil BBenenHA-suBenents (YOTHPHPO3PAALNIL opT RA,
8-pospamnnit nopt RB, ninig RTCC);

® CTOPOKOBUM TaiiMep;

* dopmysad 3oBHiIEbOTO curnaty RTCC abo curnaay cro-
POXOBOrO TaliMepa;

® cucTeMa KepyBalllisl i cuXponisanii 3 BHyTpiuniiM reuepa-
TOPOM.

PIC-Koutponepn 3a ¢cBOIMHU TapaMeTpaMu KOHKYPYIOTb 3 OAII0-
kpuctanbuumMu MikpoEOM 1a OMK. [lesixi Mmogudikanii PIC-

KOHTpPOJIEPiB MaloTh Ginbiy wBuAKoxilo, Hixk OMK. PIC-Kon-

tposepu Ta OMK 3acToCOBYIOTH Y BOYZOBAHUX CUCTEMaX Kepy-
BaHHS Pi3HOTO MPU3HAYENIIS. .

Opunoxpucransui AV R-MikpokouTposiepu — ue 8-pospsiani Bu-
cokonpoaykTusHi RISC-xoirposiepn 3araibHoro NmpuslaveHHs.
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Bowuu 6yau cTBOpeHi rpynolo po3po6iioBaviB. AOCTITHUIBKOTO
uentpy Ppipmu «Atmel Corp.» (Hopserist), ininianm skux chop-
MyBasin Mapky AVR. Ocob6mBictio AVR-MiKpOKOHTpOJIEDIB €
iX HIMpOKa HOMEHNKJIATYpa, (0 A€ 3MOTY KOPHCTyBady BHOpaTn
MiKPOKOHTPOJIEP 3 MiHIiMaJbHOIO allapaTHOIO HAJJHUIKOBICTIO i,
oTKe, HailMen ol BaprocTi. Tak, y HoMenkaatypy rpynu AT90S
pxoaath npuiaan 3 1311 emuicrio Big 1 no 8 K6aiir i3 pisun-
Mu HaGopamu nepudepii y KopIycax i3 KifAbKicTio BUBOAIB BiJ 8
no 48. Huni y cepiiinoMy BHPOGHHITBI 3HaXOASTbCA TPH Ci-
meiictea AVR — Tiny, Classic i Mega. Mixpokonrponepu Tiny —
HafijenreBuli i MaloTh Halmpoctimy cTpykrypy, Mega — naii-
HOTYXHili, a Classic — 3aliMaloTh TIPOMiXKITe TIOJOXKEIHST MiX
HUMH.

Cucrema koMaig AVR waniaye go 133 pisHux inCTpyKUiH.
Po3pisusioTe n'ATb rpyn koMang AVR: yMOBHOrO posranyxen-
Hs1, 6€3yMOBHOTO PO3rajy>XeHHs, apupMeTHui Ta Jioriuii one-
pallii, KOMaHAH TlepeCHJIaHHs JaHUX, KOMaH/IH poOGOTH 3 GiTaMu.
B ocraniix pospobkax AVR cimeiictBa Mega peanizoBaiia Qpynk-
i anaparnoro Mnoxenns. 3a KiJbKiCTio peasizoBanux Kol-
cTpykuiit AVR-MikpokonrpoJiepu Gispire sa CISC, ik na RISC-
npouecopu. ¥ PIC-koHTposepiB cucteMa KOMaH/ Hatiuye noai6-
HHX A0 75 pi3uuX iHcTpykuii, a B MCS51 Bona cranosutb 111.

3aranom nporpecnBia RISC-apxitexrypa AVR y citosyueni
3 POBIHPEHOI0 CHCTEMOIO KOMAI A€ 3MOTY CTBOPIOBATH KOM-
TAKTHI TIPOTPAMK 3 BHCOKOIO NIBMAKICTIO BUKONATIIA.

28.3. CurHanbHi npouecopu

CurnaapHi TIpOIECOPH HaJEXaTh 10 KkJacy crenianizoBalux
MI1. Bouu pospobieni s po3B’s3auns 3ajgay nadppoBoro o6-
poGJIEHIA CUTIANIB, TIPUKJIAJaMH SKOTO €:

e disbpTpauia curiany,

® 3rOPTKA JBOX CHUTHAJIB;

e o6uucaels 3navenp Kopessiinol Gyuxkuii ABox curnaiis;

¢ o6umCaeNid aBTOKOPEsiinol gpynxiii;

¢ psAMe-3BOPOTIIe NepeTBopenns interpanis dyp’e Touo.

3azaui nudpororo o6pobaeniis po3B’A3yI0Thes B anapaTypi
3B'SI3KY 1 mepejaBalis Jalux, sacofax riapo- i pagiojoxarnii,
MeIHYIIOMY YCTATKYBAIHI Ta pOOOTOTEXINL, KepyBalli ABUrylia-
M, B aBTOMOGIIbIIH eNeKTpolili, Tesebauciiii, BUMipIoBaabIIii
TeXHilll TOLIO.

BiaMiimiow 031axo0 3aga4 nugpoBoro o6po6aenIist cHrnais
€ IIOTOKOBHH XapakTep 06po6JeHHs BeJIUKUX 06CATiB JaliuxX y
peanbiioMy pesxkumi vacy. PoGora y peanbiioMy yaci norpebye
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mizBuitleHHs mBuAKoAiT MII, a 06po6iieHs BeIMKHX MAacHBIB Ja-
HUAX — alapaTHHUX 3aco6iB iTEHCHBHOro OOMiHY i3 30BHiLIHIMHU
NPUCTPOSIMH .

Bucoka mBuakozia curuaipaux MII pocsraetbcsd 3aBAgKu:

® 3acrocyBanHo MoaudikoBaHoi RISC-apxitexTypuy;

* Npo6GJIeMHO-OPi€HTOBAlIH cuCTeMi KOMAaH, HAPUKAAJL, BKJIIO-
4eHHIO B CHCTeMY KOMallJ TaKHX olliepaliil, sK MHOXKEHIs 3 HAKO-
nudysaiHaM MAC (C:= AxB +C) i3 3a3Ha4eHUM Yy KOMaHAi
YHCJIOM BHKOHallb Y UMK/ Ta 3 IPAaBUJIOM 3MillM iHIEKCiB eJe-
MeHTiB MacuBiB 4 i B;

® 33CTOCYBaHIS CII0CO6iB CKOPOYEHHS TPHBAJOCTI KOMaHIHO-
ro INKJy, HalIPHKJa/J KOHBeEpU3alisa KoMan,

¢ DO3MilleHHIO ONepaH/iB G6iJbLUIOCTI KOMaH Y pericTpax;

® BUKODHUCTAHHIO TilbOBUX PETICTPIB A 36epexeHHs CTaHy
o0uMC/Ienb 111/ 9aC MepeMUKANH KOHTEKCTY;

® [1agBHOCTI anapaTHOro MIIOXKeIHs, IO A€ 3MOT'Y BUKOHYBa-
TH MHOXKEHH J[BOX 4HcCeJ 3a OJUH KOMAaHJHHI TaKT;

® anapaTHif MATPUMII [TPOrpaMHUX IIMKJIB.

Cursanpii Tpoluecopy pislinX KOMIAHIA-BUPOOIUKIB moxiis-
IOTh Ha JBa KJacH NpollecopiB: Ha MPOCTi Ta AellleBi Mikponpo-
ecopu 06po6ielns gauux y ¢dopmati 3 GikcoBaHO KOMOIO Ta
I1a JOpOTi MiKPONIPOLECOPH, IO allapaTHo NiATPUMYIOTH oNepalrii
HaZ AaHuMU y ¢GopMaTi 3 MJIABAIOYOI0 KOMOIO.

Cuznaasvi npouecopu 3 rikco6ano0 komoro. Iepimii
curnapuuit apotiecop TMS320C10, pospobennti pipmoro «Texas
Instrumentss y 1982 p., o6po6aaB uncnaa 3 piKCOBAHOI KOMOIO.

ITpouecop BuKonaHUH 3a rapBapJCchbKOIO apXiTeKTypoIo, OCHO-
BOIO STKOT € PO3MO/I/I IUHH JIOCTYIY [0 BOYAOBaHOI naM’sTi mpo-
rpaM i ganux. Ile gae 3Mory a3mificHuTu BUOIPKY KOMauau i aa-
HHX B OZHOMY MalINIHOMY LMK/ i 3a6e3T1€4UTY BUKOHANHS 61/b-
1IoCTi KOMaiA 3a OAUH UK.

Curnansuuit mporecop TMS320XCOX CKIALAETHCS 3 LIEHT-
pasbioro npouecopuoro npucrpoio (CPU), B6ynoBanoi mam’ i
nporpaum i ganux, 6aratoyHkuioHaapHux nepudepiiinux npu-
CTPOIB, WO Y 6LIbIIOCTI BUMTAJKIB 1AIOTh 3MOTY NO30YTHCS HOAAT-
KOBOi 30BHIlINbOI allapaTypHu.

Cuznaavni npoyecopu 3 naasarouoro komor. Buxopuc-
Talllld CUTHAJIBHUX ITIPOLecopiB Asg obpobuends pauux y ¢op-
Mari 3 IJABAIOY0I0 KOMOIO 3YMOBJIOETHCS psfoM 3agau (imre-
rpajbii NepeTBOpenns, alfOpUTMH KOMIIpeCil, AeKoMIIpecii, aaai-
THBHOI (bibTpauUii), SIKi BUMAraloTh BUCOKOI TOYHOCTI Mogauiist
JaHUX y IUUPOKOMY AUHAMiYHOMY AianasoHi. PoGora 3 nanumu y
¢opMari 3 11aBalOYOI0 KOMOIO CHIPOINYE i PUCKOPIOE iX 06pob-
Jielns, NiJBULLYE HAAiRHICTh TPOrPaMH, OCKiJIbKH IIe MOTpebye
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BUKOHAHHA orepalliif OKpyTaeHHs | HopMaJisalii AaHUX, BiJcTe-
JKEHHS CUTYalill BTpaTH 3HAUYMMOCTI Ta mepenoBHenHns. OJHaK
amapatHi it Bapricui satpatu Takux MII 3nauno 6inpuii, HiXk Dpo-
necopiB o6pobaendsa nanux y ¢opMari 3 (piKCOBaHOIO KOMOIO.

[leputuM npeaCTaBHAKOM KJIACy npouecopiB 3 IJIaBAIOY0IO KO-
Moo 6y MII TMS320C30.

Hpouecop Mae 32-po3psAny MUHY KoManj i AanuX Ta 24-pos-
psaany wuiy azgpecu, Mictuth 2 6ok O3I1 no 1K 32-pospsan-
HUX CNiB, 32-po3pafAHUi 6JIOK MHOXEHHS 3 IL1aBalo4yol) KOMOIO,
Kelll-flaM’ITb KOMaHZ eMHICcTIO 64 32-po3paanux CiiB, 8 pericTpin
JUL omepallifi 3 MiABUIEHOIO TOYHICTIO, 2 reHepaTopu aApecH i
perictpoBuii daitn, peanisye pisi coco6u agpecanii. 40-Pos-
panie AJIIT mpouecopa mpaiio€e AK 3 UiJIMMH YMCJIAMH, Tak i 3
yucjaamu y GopMaTi 3 IiaBaiodoio koMoio. Béynosanuit kolTpo-
aep IJIII gae smMory cnosyyaTu B Haci o64yucIeHHs: Ta 0OMiH Aa-
aumu 3 mam’artio. Hasaswaicts y MII TMS320C30 My abtHipoLe-
copHoro inTepdeiicy, ABoX 30BHIMIHIX inTepdeHdcHAX Ta ABOX MO-
CJHiIOBHUX MOPTiB, PO3LWIUPENO] CUCTEMH MEPEPHBAHD CIIPOLLY€E
KOHCTPYIOBAHHS CHCTEM 11a I0r0 OCHOBI.

Yci omepallii B mpollecopi BUKOHYIOTbCA 32 ofuil TakT. IIpo-
[ecop MOXe Iapajie/iblio BUKOHYBATH B OJJHOMY TaKTi ornepamuio
MHOKEHHS Ta apUGbMETHKO-JIOTIYHY oreparilo 3 Yucaamu y gop-
MaTi 3 pikcoBaHOIO YU MIaBaO4010 KoMomw. [Iponecop Mae riyy-
Ky CHCTEMY KOMaHJ Ta NiATPUMKY MOBH BHCOKOTO piBHa C.

28.4. OcHOBHi NOHATTA i 3aBAAHHS
HeMPOHHUX 0O4MCTIOBaYIB

VY momnepenHix posaijsax 6yJio posr/sillyTo NPHKJIAAM PO3B’°A-
3aITHs 337144, sKi fo6pe opmanisoBaii, To6TO Ui HUX po3pol-
JeHi MaTeMaTudili MoAei i MOXKyTb 6YTH 3aCTOCOBalll aJropur-
MM, H[0 IPYHTYIOTBCS 11a IIPABUJIAX THITY «IKIIO A, To bB». Oxitax
icHy10Tb 3a1a4i, SKi BaXXKO opManisysaTi, TOOTO 3HAUTH iTKHH
anTopuT™M po3B’sizanusa. Jo Takux 3ajay HaJleXaTb:

* po3Ni3HABAHHA 306DAXxeNy, HATPUKIA, PO3II3HABAIINA PYKO-
MHCINX | APYKAPCHKUX CUMBOJIIB T1i]] 1ac ONTHYHOTO BBEJEIHS B
EOM, posniznaBanns TUIIB KJAITUH KPOBi, PO3MNi3NaBaliisl MOBIL
IIpu uboMy 06’eKT, 14O PO3IIZHAETHCS, € MACHBOM JANNX, AKUN
MOTPi6HO BiAiecTH A0 OJHOTO i3 3a3fanerigb BiIOMUX KJACiB,

e xracmepusayia danux (IOLIYK 3aKoHoMipliocteit). Bximmi
JaHi caia Bifmectd Ko Gyab-skoi rpynu (kjaactepy) 3a BJIACTH-
BOIO IM «6MM3BKICTIO, IPUYOMY YMCJIO KJACTEPIB 3a3/ajerigb
nepigoMe. Sk KpUTepii «6AM3BKOCTI> MOXYTb Oy TH BUKOPHCTa]
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Bi/ICTalb MiXK BEKTOpaMi Janux, 3HaueHna xoedimienta xope-
asuii Tomo;

* anpoxcuMayis dynxyii. 3ualitn GyHKIi0O, IO ATPOKCUMYE
HeBiOMYy, HaNpUKJaak Ha6ip ekcnepuMeHTabHuX Aanux. s 3a-
Jlada akTyanblia OiJl 4ac MOZEMIOBaHIIS CKAATHAX CUCTEM i CTBO-
PellsA CUCTEM KepyBaHHsS CKJAAMIUMU AMHAMIYHHMH 06’ €KTaMH,
ISt po6acTHOTO KepyBaHHS;

® npozno3ycanns. 3a nonepeHiM N0BOIKeHHAM (YHKILI cripo-
THO3yBaTH ii moBoMXeHHsA y Mai6yTHboMy. Llg 3amava akTyasb-
Ha /11 KepyBaHHA CUCTeMaMHK 3 [IPOTHO3YBAIIHAM Ta Ul CHCTEM
NIpUHHATTA pilieHb;

® onmumisayis. MeTa IMX 3324 — 3HalTH ONTUMaJIbHE 3HA-
YeHHd HiIboBOi PYHKIIL, IO 33/I0BOJIBHAE PSIAY OOMeXeHb.

Carix 3a3HauuTH, HO JIOJUHA Jo6pe PO3B’A3y€ 3a/1adi, sAKi Bax-
ko dopManisyBatTi, — po3MisHae 306paxeliisi, Kaacudikye aami,
IIportosye Tomo. ToMy ifaest CTBOPeHHS WITYYIIOFO PO3yMY CTaja
JNOCUTH akTyarbHoo. OAHaK AN 1IbOro NoTpibHO 6yJI0 NpoBecTH
YUCJIeHHI JOCAI/PKeHHs TPUHIMIB GYIKIIOHYBAHNS MO3KY JIO-
JVHM 3 Torisaay o6pobaenns indopmaltii.

Mo30ok JOauHH € HalCKJIAAHINIOoI0 3 BiJOMUX CHCTEM Iiepe-
poOku itidopmarii. B ubomy Mictuthea 6susbko 100 Mapa nep-
BOBUX KJiTHH, a00 HeHpOHIB, KOXHa 3 SKUX B CepelllbOMY MA€
10 000 3B's3xiB.

Hediponu — ocob6auBuil BUz KIiTHH, GCHOBHE IPU3HAYEIHS SKUX
[IOJIATAE B OMEpAaTUBHOMY KepyBaHui opranizmoMm. CxeMmaTuuHe
306pakelris 1efipora HaBeaeHo Ha puc. 28.6.

Heiipon Mae tino (comy) 2, mepeso sxoais (menaputy) f i
BuxoiB (axcouis) 4. JeHAPHTH CHABHO PO3TANYKYIOTHCS, TIPO-
HH3YIOUH TIOPIBHANO BEJUKUH HpocTip HaBkoJo neitpona. Ilo-
9aTKOBHUH CErMEHT aKCola — CTOBUIEHWH akCOHOBUH rop6ok 3,
U0 MIPUJSTAE XO TiMa KJIITUHU. Y Mipy BifjaJeHHs BiJg KJAITUHY
BiH ITOCTYIIOBO 3BYXYETbCA i lla
IIbOMY 3'ABJSETHCS MieniloBa
0060JOHKA, 1[0 MAE€ BUCOKMIL eleK-
TpuuHuH omip. Ha comMi Ta Ha aen-

JPHUTaX PO3MINTYIOTLCA 3aKiHYeH-
HA aKCOHiB, 1[0 #AYTh Big iHmmx
nepBoBUX KJaiTun. Koxie Take
3aKiHYeHHs 5 Mae BUIIAA CTOB-
IeHIId, IKe Ha3UBAIOTh CHHANTHY-
HOIO 6JSIIKOIO, a60 CUIIATICOM.
Bxiani curuamu AenapuTioro fe-
pesa (mocTcHHANTHYHI MOTEHI-

Puc. 28.6. CxemariaHe 306paxen- i
Hs Heﬁpoﬂa aﬂ}l) 3BAXYIOTHCA 1 NACYMOBY-
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I0THCA Ha IWIAXY A0 AKCOHOBOTO rop6Ka, X, 2

Jie rellepyeThes BUXiauuit immynse. Voro W, y

HasBHiCTh (260 iHTEHCHBHICTB) € QPynK- X2 — P fs(x;, w)) =»
- N . . - w

I€I0 3BKEHO] CYMU BXiAHUX CATHALB. ~ Wa

Buxianuil curian NpoXoAuTh M0 TiJIKax
AKCONA i Jocsrae CUHAICIB, IO 3’ eaHy-
I0Th aKCOHH 3 AeHAPUTHUMU JiepeBaMK
innmx neiponiB. Uepe3 cHHAIICU CHI-
HaJ TpaHC(OPMYETHCA HA HOBUI BXiHMI CUTHA AJH CYMiKINX
neipoHin. Llei BXignuii curnan Moxe OyTH NO3UTHBHHUM i Hera-
THRHIM (36yauBUM 260 TaJbMyIOYMM) 3aJ1€XKHO BiJ BUAY CH-
HanCiB. 3Ha4eHHs BXiJHOTO CUTHAMY, [0 TeHepy€EThCS CHHATICOM,
MOXe€ Bi/Ipi3HATUCS Bil 3MaYeHHS] CHTHANY, AKHH [PHXOAHTD Y
cunamnc. Ili posxomxkenns BusHa4aoTh eeXTUBIICTD, a60 Bary
cunanca. CuHanTuyda Bara Mo’ke 3MIiHIOBATHCA y Ipolleci
¢yHKkUionyBaHHS CHHAIICA.

YueHi pisHMX clielliaJbHOCTeH pOOHJIN CIPO6H CTBOPUTH Ma-
TeMaTH4lly Mojiesb HeifipoHa. Tax, 6GioJlorn 1amaraaucs oTpuMa-
TH allaliTHYIe ysBJelnns delpoHa, U0 BpaxoByBaao 6 yci iHoro
BigoMi yHKnionaabHi xapakrepuctuku. OAHak OCHOBHE 3aB-
Jadns — nepegaBaHHa indopmallii HepBOBUM iMITYJILCOM — BTpa-
qalocs cepesl MIOXHHYM TiapaMeTpiB, WO Hajexatb o ¢isu-
KU NPOBIAHOCTI iMmyJibciB. ToMy cnpoGyBann 3aMiuuty (pisyd-
Huli onuc neiipona norivauM. Ilpu nboMy HepBoBa KJIiTHHA PO3-
raspagacs sk eJeMelrt, ue nepegae indopmanito. Y 1943 p. sue-
Hi-MaTeMaTukn Mak-Kanox i Ilitc 306pa3utn neipon sk npo-
cTUll TepeMUKaNIbHUI eJleMellT, 0 MOXKe 3WaXOJUTHCS B OANIOMY
i3 ABOX CTiWiKHUX cTaniB «BBiMKIeies abo «BuMKIele». Heiipon
CIpalboBYE, AKIIO airedpaiuna cyMa BXOAIB y Leil yac Giyblia,
HiX nopora. Helipoil y TakoMy ysiBJIelIli MOXe BUKOPUCTOBYBA-
tics sik eqement EOM i jae sMory no6y/yBaTi Mepexy 3 Hei-
POIIB i3 BIANMOBIIHUMMU IOpOTaMHU i 3B’A3KaMM, 10 peanisony-
Bata 6 foBijpiy 6yiaeBy ¢yHKIio abo tabauuo ictuirnocti. Li
JOCHIKENHS IPUBEIHN 10 YUCACHHUX BUMAXO/IB cXeM 06pober-
ug indopmarnii, npucTpoiB poanizliaBania i CEHCOPHUX ananisa-
TOpIB.

Huni naifuacrime BUKOPHCTOBYIOTh MOJeb Helpona, 3o06pa-
®KeHy Ha puc. 28.7.

Heitpon mae n onocnpsaMoBaHMX BXoJis (cunancis), 3’e1na-
HUX i3 BUXOJaMIl iHIUX Helponis Ta Buxix y (akcoir), mo skomy
curnan (30ypxenisi aG0 raIbMyBalllsd) HAAXOAMTD 11 CHHATICH
HacTynuux Heiiponis. CHIIANIC XaPaKTEPU3YEThCS 3HAMCIIIAM CH-
HANTHYHOTO 3B’ 513Ky, a0 Baru w;, o 3a (i3uuNuM 3MicTOM exBi-
BaJIENTHHH eleKTpHuHiil nposiguHocti. Koxamit neiipoi xapaxre-

Puc. 28.7. Moxesn Heiipo-
Ha
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Tabauys 28.1. Myukuii akTupanii Heiipona

Haspa ¢yHkuii Busnavenus
Cxinyacra noporosa f(s) = {0, s<a
1, s2a
- 0, s<q
JliniiiHa noporoaa f(s)=1ks+b, a;<s<a
1, s2a
Curmoinna fG)=0U+ e hs-a)y-1
JliniftHa f(s)=ks+b
laycciana £(s) = o—k(s=a)?

PH3YETbCA CBOIM NOMOYHUM CINAHOM S 33 ALAJIOTIEIO 3 HEPBOBUMHE
KJiTMHAMH TOJOBIOrO MO3KY, IO MOXYTb 6yTH 36ymxkeHi a6o
3ara/IbMOBaHi.

IToToynuii cTan Heiipoila 3a/1eXXUTh BiAl 31aYellis HOro BXOJiB,
Bar Ta, MOXXJIUBO, nonepeHboro crany. Haituacriue ctan veiipo-
Ia BU3HAYAETbCA abo SAK 3BaXkella CyMa HOro BXOiB

S = inwi, (281)
260 AK BiJICTaHb MIXX BEKTOPOM BXOMIB i BEKTOPOM Bar BXOiB
n—-x
s= Y |w-x] (28.2)
i=1

Buxizn y seitpona e ¢yuxuicio iforo crany:
X 14 Y y = f(s). (28.3)

Oyuxniio f(s) HasuBaoOTL Pynk-
Yic1o axmueayil.

HaiinomupenimumMu ¢GyHkuisMu
aKTHBalii € cXiAyacra IOPOTOBa,
JqinifiHa TIOPOroBa, CHIMOIANA Ta
Jinifina i raycciana, gki HaBeneni B
Tabsa. 28.1.

Heiiponmma Mepexka CTBOPIOETbHCS
BHACJITOK 06’ €A1aHIId BUXO/IiB Heil-

Puc. 28.8. Oaxowmaposuii nep- T .
cenTpon pouiB 3i BXOJaMH iHIIUX, IPHYOMY
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Puc. 28.9. /IpomapoBuii ncpcenTpoH

Hellpony CTBOPIOIOTh WApH, AKi 3’ eaHaHi Mix cobolo. Hedponna
Mepexd — e Mepexa 3 KillleBUM YMCJIOM IHapiB, MO CKJIaja-
I0TbCA 3 OAIIOTHNOBUX €leMeHTiB Ta Pi3HUX THIIB 3B’A3KiB MiX
wapaMy Heitponis. Ilpm nboMy KinbkicTp HelipoHis y mapax
BHOMPAIOTH i3 PO3PaXyHKY 3aGes3Nedenist 3aal0i AKOCTi po3B’ -
3allld 3aa4i, a KiJIbKiCTh HIapiB Ie#polliB — SIKOMOTA MEIuM
JJIst 3MEHLIEN ST TPUBANOCTI Po3B’ A3aHis.

HaitnipocTiury onHomaposy 11eiipolniy Mepexy, AKYy Lie nasiBa-
I0Th TAKOK IIPOCTHM TIEPCENTPONoM, 3o6paxerio Ha pic. 28.8. Ha
7 BXO/IB HA/IXOATb CUTTIAJH, SIKi IPOXOAATH HO CHHAIICAX Ha TPH
HeApOIH, O YTBOPIOIOTh € AUMHHHA NIAP 3 BUXIIMMHY CATHATAMU

n
y] =f lewl] ,L[ej =1...3.

i=1

JIBO1apoBmii nepcenTpon, OTpUMa-
HMA 3 OANOILAPOBOTO NOAABAILLAM
JPYToro UIapy, 1o CKAIAEThCA 3 ABOX
1elponis, 306paxeno 1a puc. 28.9.
[Ipu upoMy lreiHiAnicTb aKTUBRAILIK-
noi ¢ynkuii Mae BesMKe 3HAYENHS:
aKk6u i 11e 6yn0, pe3yabpTat HyHKILi-
ollyBalitist Oy Ab-sIKOI p-IIAPOBOI Iiei-
POHIOI MepeXxi 3 BarOBUMH MaTpH-
wiva W, i=1,2,..p 1is KOKIO-  Pye. 28.10. Luknina HCHPOH-
ro Iapy i 3BOJAUBCS 0 N0 MEPEMHO- Ba MCPCKa
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KYBAHHs BXiZHOTO BeKTOpa curuanmis X Ha Marpuuio W) =
=WO*W)* | *W), 10610 pakTHuNO Taka p-lIaposa ieii-
poulia Mepexa Gyna 6 exBiBajenTHa OHOLIAPOBill 3 BaroBowo
MaTPHLEIO €AMHOIO W1apy W(S )Y = XW),

KpiM uncna mapis i 38’a3kiB Mik HuMu, HeliponHi Mepesxi
KJIacH(DiKy0TbCA AK aUNKIi9Hi a6o nukaiuni. Haseneni na puc.
28.8 Ta 28.9 npukiagM HajexaTb A0 ANMKAIYHEX HefipoH-
Hux Mepex. ITpuxman nuxiaivHoi weilipoHHOT Mepexi 306pakeHo
Ha puc. 28.10.

Axmo posrasanyTi cxemu (aus. puc. 28.8—28.10) nonosnuTH
TIOJIOXKENIAM TIPO TAKTYBAIiHA Mepexi (3a71aTh TPUBAICTh cIpa-
IIOBAHHS HefipOHiB), TO OTPUMAEMO allaparT /i 3aBAANHS Pi3HHX
aJropuTMis 06po6aeHHs JaHHUX 3a JOMOMOrol0 HepOHHUX Me-
PeX, AKI MOXHa BUKODHCTATH it po3B’s13aHHS K dopMaizoBa-
HKX 3a7a4, TaK i 3a4a4, AKi Baxko (popManizysatu. B ocranmbo-
MY BHIQJIKY 3aCTOCYBaHHS HEHPOHHHMX MepeX IPYHTYETLCs He
Ha BUKOHAHHI 3alpONOHOBAIIOTG aJTOPUTMY, a Ha 3anaM’sITOBY-
BaHHI Mepexelo NOJAaHUX W IPUKJIA/JLIB Ha eTari CTBOPEIs Me-
pexi Ta BUpOGITKY Pe3Y.ibTaTiB, MOro/PKenX i3 ITUMH [TPUKJIaga-
MH, 12 eTani po3B’A3aHIld 3a/aui.

3a THIOM CHTHAJIB y HeHPOHHIH Mepexi OCTanHi MOAIIAIOTh
na 6inapui (undposi) it anarozosi. Binapui onepyiors ABiliKo-
BHUMM CUTHaJIaMH, 1 BUXiZ KOXHOro HelipoHa MoXe HaOyBaTH JIUILE
aBa 3gavenHs — 0 a6o 1.

3a MOXJ/IUBICTIO ajanTanii MoskHa BUZIJNTH: HeHpPOHHI Me-
Pexi, IO KoHCMmpYI010ms Ta HAGuAMb. Y MePeXi, Io KOHCTPYIO-
IOTh, 337aI0Th YMCJIO i THIT HelponiB, rpady MiXKHeHPOHINX 3B'A3KiB,
Bary BXO/iB, 4 B MEPeXi, 1[0 HaBYaloTh, — Tpadu MbxkHeRPONHNX
3B’S3KiB Ta Baru BXOMiB, L0 3MIHIOIOTHCS IIiJl 4aC BUKOHAHHS
, QJTOPUTMY lIaBUalHs.
© 3a anaropuTMoM HaBYallld Mepexki NOJINAI0Th Ha Mepexi, 3a
AKUMHU Cnocmepizdiomn, He cnocmepizaiomy i amiuani (ribpusmi).
Ilepiri y mporeci HaBYaHIIA NMOPiBHIOIOTH 3a3Jalerinb BioMuil
pesyiabTar 3 orpumauum. [Apyri napualoThcd, He 3HAIOYH IIpa-
BHJIbHUX 3HaYeHb pe3yabTaTy. Bonu rpyIyioTh BXiaui aaHi Tax,
o6 Bonu dopMmyBasu Tol camuit Buxia mepexi. Takuil miaxin
BHKODUCTOBYIOTh, HATIPUKJIAJ T 9ac PO3B’A3aMls 3aa4i Kjac-
Tepusanii. 3a 3MiIMaHOro AJrOPUTMY HaBYAHIIA YACTHHA BAr BU3-
HayaeTbCd TIiJ 4ac CIoCTepeXkeHHs, a YacTuHa — Oe3 crocrepe-
KEHHA.

KOHTpONbHI 3anuTaHHs

1. Ha3sBite ocHoBHi cxiazosi 6;10ka OMK.
2. TMoscHiTh CTPYXTYpy Ta IpUHIMN GYHKIiIOHyBaHHA 6/0Ka KepVBdHHﬁ
OMK.
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3. SIke mpu3HaueHHs Ta xapakTepucTuku PIIII?

4. SIxe npusHaueHHs Ta xapakrtepHctuku PIIJ?

5. SIke mpuU3HavYeHHS Ta PEXHMH POOOTH TajiMepis?

6. Slxe mpusHaueHus ta pexxumu po6otu noprie OMK?

7. SIkc MpHU3HAYCHHS Ta PEXUMH POGOTH TocaigoBHoro nopty OMK?

8. SIxe npH3HAYeHHS CUCTEMM IICPEPHBAHD i IKepesa uepepuBaHb B OMK?

9. Hasgitb ramysi sacrocysanns PIC-koHTpo.epiB.

10. Hassirp ocuoBHi 610xu cTpykTypHOI cxeMd PIC-xonTpoacpa.

11. Sxi nepudepiiini npucrpoi 3acrocopyors y PIC-konuTposepax?

12. 3a AKoI0 apxiTeKTypolo BUKOHaHMil AVR-MikpokoHTpoJep?

13. Axi cdepn BUKOPUCTAHHS CHTHAJBHUX MPOLECOPIB?

14. Haseaith npuksaay 3agay HPpoBoro o6poGIeHHS CHTHAIB.

15. Axumu paxTopamy BU3HAYAETHCS WBUAKOAIS CHIHAMBHUX TIPOLIECOPIB?

16. Aki € xnacu CUrHaAbHUX TIPOLCCOPIB?

17. [Insa po3p’si3aaHHA SIKOTO KJAcy 3afa4 BUKOPHCTOBYIOTb HeMpOMpole-
copu? Ha3sith npukjaasf Takux 3agad.

18. ¥V 4oMy mossirae 3araJbHa CyTh BHKOPUCTAHHS HCHPOHHUX MCPeXXEBHX
0GYHCIeHb?

19. [Majite BUSHAYCHHS NOHATL <HEHPOH» i «HEHPOHHA MepexKas.

20. [lafiTc BU3HAUCHHSA Ta HaBeAiTh NpuKAaau QyHKLIN cTany HeiipoHa.

21. [lajite BUBHAYCHHS TA HABEAITh HPUKIATH byHuxuii axruBizanii Helipo-
Ha.

22. HapeniTh NpUKJIaAH OJHO- TA ABOUIAPOBHX HEHPOHHUX MCPCIK.

23. Ynm BiAPI3HAIOTHCS NHKAIYHI HEHPOHHI MepeXi Bil aunKIiyauX?

24. FKi € THIIU HEe}{POHHUX Mepex?
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YACTUHA DE /\ A
5 AEKTPOXMBAEHHS

Pospin  IMIMYJIbCHI JXXEPENA XWBJEHHS,

29 ENEMEHTHA BA3A '
CUNOBOI ENEKTPOHIKH,
MEPCIMEKTUBW PO3BUTKY

29.1. CTPYKTypHi cxeMM i OCHOBHi npoBnemu
IMAYAbCHUX JDKepen eneKTPOXMBIEHHS

Bukonanus ¢ynxuionaibHux By3JiB eJeKTPOHHO] allapaTtypH
Ha HaNiBIIPOBIAHNKOBUX IpHUIaJaxX Ta iHTerpaabHUX MIKpOCXeMax
Zat0 3MOTY ICTOTHO 3MEHNINTH rabapuTHi po3MipH i Macy OCHOB-
uux 6J0kiB anaparypu. Kpim Toro, ais (pyHKUioHyBaHIIA alapa-
TYypH HOTPiGHA TOCTilHa anpyra BUCOKOI siKkocTi. ¥ craiioHap-
HUX YMOBaX >KHBJIEHHA allapaTypH [1epeBayKHO 3AIHCHIOETbCS BiJ
Mepexi 3Miloro crpyMy IpoMuCa0Boi YacToTH. BukopucTanus
TpaJULiNHUX MeTOAIB o6y AOBY MKepesi XuBJeHns (Hu3bkovac-
TOTHUH culoBuil TpancopMaTOp — BHIOPAMJLIY 3i 3TJIa/DKyBajlb-
HUM (iabTpoM — Ge3nepepBHHH cTa6ili3aTOp HANPYTH) IPH3BO-
JUThb 0 TOTO, L0 Fa6apHTHi PO3MIipH i Maca XKMBJICHHS BU3HAYAIOTh
Macora6apHTHi OKa3HHKH anapaTtypy B LijJoMy. BuKkopucranns
1A cTabinizanii anpyru 6esnepepBunx cTa6ii3aTopiB, gKi Ma-
1oth KK/I ne 6inbire HiX 75 %, IPU3BOANTD O BEJUKHUX BTPAT
TIOTY>KHOCTi Ha PeryJIioBaJbHOMY €JIEMeHTi, 1o NoTpe6ye 3acTo-
CYBaHHA ClielliajlbHuX 3ac06iB /LA BiABe/IEHHS TEILJIOTH, KA BU-
ainserbes, npuuomy KK/ sMeHmyeTbes 1iJ 4ac posmupeniis
MeX 3MiHH HaIpyTrH >KUBUJIbHOI MepesKi.

[na noninuiennHs MacoraGapuTHUX Ta eHepreTUYNUX [OKa3HU-
KiB AXepeja XKMBIEHHS BUKOHYIOTHCA 32 CXEMOIO 3 BHCOKOYacC-
TOTHHM IEPETBOPEHHSM eJIEKTPUYHOl eHeprii. Fa6apntHi posmi-
P¥ i Maca caynoBUX TpaHcOpPMATOpiB Ha 4aCTOTaX JECATKU —
COTHi KiJIOTepliiB 3HaYHO MEHINi, HiX y pa3i BUKOPUCTAaHHS Ha-
NpYTH IPOMUCJIOBOI YacToTH. EneMenTy sriaaxyBaabiaux iib-
TPiB Ha BUCOKHUX YaCcTOTaX MAIOTh 3HAYHO MEHII HOMiHaAbNi 31a-
YeHHS, OTXKe, i MeH1Ii rabapyuTHi po3Mipu Ta Macy.

Buxopucranua ans ctabigizanii Hanpyru iMmyJjbCHOrO pexu-
My POOGOTH PeryiioBajbHMX TPAH3UCTOPIB A€ 3MOTY iCTOTHO
3MEHIIUTH BTPATH MOTYKIIOCTI B ¢Tabini3aTopi i i IBUILKATH HOTO
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KK/ ta pxepena sxusienns go 80-—90 %, npuaomy KK/ 36e-
pirae 1e 3sHadyeHHA B IIMPOKOMY Jialla3olii 3MiHH HaIpYTH KH-
BusIbHOI Mepexki. Taki axkepeia eJCKTPOXUBJIEHIIS Ha3UBalOTh
IMAYALCHUMU OXKeperamu eNeKmpoXucieHns, abo KepeJaMn
KUBJEHHS 3 6e3Tpanc@OpMaTOpHUM BXOAOM, OCKIIBKE BOHHU IC
MICTSITh HZ3bKOYACTOTHOTO CHJI0OBOTO TpaHcdopmaropa. Cxemu
iMOyJIbCHUX HKEPes sKUBJEHHS cKIaguinl, Hixk 6e3lepepBHUX,
ajJie BUCOKI MHATOMI MacorabapuTHi Ta €HEpreTH4Hi NMOKa3HUKH
BH3HAYMIK IX LIMPOKe 3aCTOCYBaHHS.

OcuosnuM (GaXxTopoM, IO Aa€ 3MOIY iCTOTHO 3MEIIIUTH a-
6apuTHi pO3MIpY i Macy ZXepesna KUBJEHHS, € BUKIIOYEHIId 3i
CXeMU JKepesa CHJOBOTO. HU3BKOYACTOTHOrO TpaHcgopMaTo-
pa. Hampyra mepexi 3MiHHOro ¢crpyMmy HpOMUC/IOBOIL 4acTOTHU IIO-
JlaeThes 6e3nocepeiHbo 11a BUIPSAMIIAY, BUXiHa Hanpyra SKoro
npu6JAN3HO JOPIBHIOE aMILIITYAHOMY 3HAUEHHIO HAIIPDYTH MePeXxi.
OrpuMana mocTiffHa Hampyra 3a JOTOMOTOI0 TPaH3UCTOPHOIO
TIEPETBOPIOBaYa NePeTBOPIOETLC Ha 3MiHily HAIPYry NPAMOKYT-
Hoi ¢dopMu 3 4acTorolo Aecsitku ximoreprniB. CuioBuil TpaHc-
dbopMaTop Ha TaKMX YACTOTAX Mae HeBeJHKi raGapuTHi po3Mipu
i Macy, a YHCJIO Ta 3HAYeHHs MOTPIGHMX HANpPYT BU3HAYAIOTHCA
nmapaMeTpaMU BTOPUHHMX OOMOTOK CHUJIOBOTO TpaHCOpMaTOpa.

[ oTpUMaHHS MOCTiHIMX HANPYT Hallpyra KOXHoi BTOPHII-
HOi OOMOTKH BUIPSIMJISIETHCS BUCOKOYACTOTHUM BUIIPAMJAUEM 3
BIAMOBIANNM 3rJjaxkyBaaplMM iabrpoM. Crabinisalis BUXia-
10i Manpyru 34iiicioeTbes a6o 3a JOMOMOroIO iMITYAbCHOTO CTa-
6inizaTopa Hanmpyru, a6o 3a JOIOMOroin perysaboBaioro (cra6i-
JIi3yBaJibHOTO) mepeTBOpIoBada. ToMy GaraTokailagbii iMNy.bCli
J>Kepeia XHBJIEHHs MalOTh TakKi CTPyKTypii cxemu (puc. 29.1),
Ha Akux MB — wMepexnmii Bunpsamusy; ICH — iMmynscumii

Yurme —{ica—{ | 1B48

a

Puc. 29.1. CTpyKTYpHi CXCMH iMITYJILCHHX JXKepest
KUBJIEHHES
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crabixizarop nanpyru; IIH — neperBopiosay nanpyru; PITH —
peryiboBaumii NepeTBOPIoBaY HaNpyrH; CK — cxema KepyBaH-
ng; BUB — Bucokouactornuii sunpsamiasy; KCH — kxommnenca-
Lilinuit ctabinisaTop HaIpyrH.

xepena xuUBJeHHS 3a cxeMolo Ha puc. 29.1, a Mictars y
CBOEMY CKJafdi iMuysbcHmit crabinizarop Hanpyru (ICH) sx
okpeMiil GyHKIIoHaNbHIHA 6JI0K, 10 BUKOIYE JBi BaxKINBi (hyHK-
uii: mo-nepiue, ICH smnxye BUXiAly HaNpyry MepeXHOTO BHIIPSIM-
asya (MB), Aka cTalloBUTD COTII BOJIBT, 10 3HATEHHA, GiJIbII IpHii-
HSITHOTO A/l po6oTH neperBopiosaya Hanpyru (ITH); mo-apyre,

BiH cTabinisye nanpyry xusnaenns ITH, npu ubomy crabinizyiorbca

HalpyTH Ha BCiX BTOPUHIIUX O6MOTKAaX CHJIOBOTO TpaHc(opMaTopa
ITH. Buxigna nanpyra IIH y cxemi na puc. 29.1, a mae ¢popmy
NIPAMOKYTHHX PIi3HONOJISAPHUX IMIYJbCIB 3i HIIIapyBaTiCTIO, NIO
nopisrioe nBoM. Taka ¢opMa HAIIPYTH € ONTUMAJIBHOIO JJISL PO-
60TH BHCOKOYACTOTHOTO BUNPAMJISYA 3 TOTJISAY SIKOCTi BUIIDSM-
JIEHOI Halpyru.

OcnoBHUM 6JI0KOM JIKepeJT XUBJIeHHs, BUKOHAHNX 32 CXEMOI0
Ha puc. 29.1, 6, ¢ peryaboBanuii nepersopioay Hanpyru (PITH),
AKuil 37ilicHioe ogHOYacHO (PyHKUIl IepeTBOpeHHA NOCTiiHoi
HAIIPyTH Ha 3Minmy ta crabijisanii Bunpsamienoi nanpyra (Buxiz-
Hoi Hanpyru BUB). Cra6inizallis HaIpyru 3/1iicHIOETHCS 3aBsI-
KU TOMY, 110 HATIPYTH Ha BTOPUHHUX 06MOTKaX CUJIOBOLO TPAHC-
(popMaTopa MaoTh GOpPMy NPAMOKYTHUX IMIIYJBCIB 3 «Iay30I0
na wyai» i mig vac 3Minu Hanpyru sxusaenns PIIH tpuBanmicts
iMITy/IbCY 3MIHIOETBCA TaK, IO cepe/HE 3HadYeHHA 3MiHHOI Hanpy-
I'H 32 MOJOBUILY NEePIOAY 3aMUIAETHCA MPUGIU3HO TOCTIHINM.

3MiHa TpUBAIOCTI IMIIYIbCY 3a6€3IeUyEThCsT CXEMOIO KePyBaHIISA
(CK), ma Bxia Akoi HaJXOAMTh BUIIPSMJEHA HAIpyra OJHOTO 3
kaHa/1iB. ToMmy cTaGibHICTD BHUXIAHUX HAMPYr {HIIMX KaHAJIB
6yze Takoo caMolo, sIK 1 Iboro kanamay. SIkicTs BUXigHOI Haripyru
BYB nix yac BUNpSAMJISAHHS HAIpPYTH 3 <«Iay30I0 Ha LyJji» He
ay’Ke BUCOKa, ToMy micsist PITH gk Buxigmuit 670k MOXXKHA BHKO-
. PHCTOBYBaTH Geanepepsiuii (KoMmelcamniiimii) crabinisatop 1a-
npyru (KCH). 3a ueBesukoi 3MiHu nanpym Ha Bxoni KCH
moxe mMati KKJI no 95 %.

Y npoueci po3pobKu cxeM IMIYIbCHUX JXKEPeJT KUBJIEHH TO-
TPi6HO BPaXOBYBATH IM3KY (DAKTOPIB, He BIACTUBUX 6e3lepepBINM
JKepesaM KUBJeHHA. MB 3a3Buuail BUKOHYETHCS 33 MOCTOBOIO
CXeMoI0 3 éMHicHUM HaBaHTaxenusiMm. Ilix 4ac BHKOpHCTaHHs Y
BUIIPSMJISY] HU3BKOYACTOTHOTO CUJIOBOTO TpaHcdopMaTopa 3a-
PAMKANHA BUXIAHOro KoHAeHcaTopa BHIIpAMJsYA Bi6yBaeThCs
IJIaBHO, 6e3 BEeJUKUX IMIyJbCHUX cTPyMiB. B iMmysnscnux maxe-
peJlax JKUBJIeHHs ITic/1g BMUKaHHs HaNpyra Mepexi HaX0AuTh 6e3-
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mocepeJHbO Ha AioAIMH MicT i yepe3 HbOrO Ha KOHZEHCATOP.
Pospsakenii korgeHcaTop 10 MOMEHTY BMUKAHHS €KBiBaJeITHUH
KOPOTKOMY 3aMHKaHHIO, a OCKifbK¥M BMHUKAHHS JUKepesa MOXKe
BiaGyBaTHCst 3a 6yAb-s1K01 (hasy HANIPYTH MepeXi, TO 10 Ai0AHOTO
MOCTa MOXKe OYTH NMpHKJaJela Hampyra ax [0 aMILIiTyAHOTO
sHadenig. Bliacjaifox Manoro 3nuavenns BHYTPIIIHLOIO ONOPY
Mepexi aMILTiTya iMIyJbcy CTPYMY B MOMEHT BMHMKaHIIS MOXe
pocarati cotelb aminepis. Tomy B MB norpi6no BxuBaTH 3a-
XOMiB A/ 0GMeXKeHHS aMILTITY AU 3apSAHOro CTPYMY KOH/eHCa-
Topa Iij] Yac BMUKaHHA JKepea.

Axio sanpyra Mepexi 220 B, Buxigna nanpyra MB crano-
BuTh npubmmsno 300 B. Tomy B HactynnoMmy 6Jsolli jxepena
xupiennst (ICH a6o [TH) BUKOPHCTOBYIOTH NMOTYKHi BHCOKO-
BOJIBTHI TpaH3ucToph. [isg 3abe3nedenns Oe3nevnnx pexuUMiB
TMOTY>KHUX BUCOKOBOJIbTHMX TPAaH3UCTOPiB BOHH MAIOTh He JIMIIE
NpanioBaTH B peXuMax, IO He 1epeBUIYIOTh IPaHH41lo-J0nyc-
THUMi, a f MaTH JIOCTaTHi 3al1aCH 32 HAIIPYIroo Ta MOTYXHICTIO, 10
PO3CIIOETDCS.

CyuacHi BHCOKOBOJIBTHI IePEMHKANbHI TPAH3UCTOPH 3/1€6i1h-
1roro aApeiidosi, B AKAX TPHBAIICTh IEPEMUKAHHS Ma€ OJUH MOPS-
JIOK 3i CTasI010 Yacy TPAH3UCTOPa, TOMY BILJIMBOM Hacy BiJIKpUBaIliA
TpaH3UCTOpa Ha iMIyJbC CTPYMY B TPaH3UCTOPi, IO 3aKpHBae-
ThCst, 11EXTYBATU e MOKHA. BHacIij0k TbOro B MOTY KIIHX BHCOKO-
BOJIBTHUX TPAH3MCTOPAX Pi3KO 361JIBITYETLCS MUTTEBA HOTYXKUICTD,
sIKa BUIIJISAETHCS MM/l 4ac TepPexXo/y TPaH3UCTOpa 3 DPEXUMY
Bi/ICIKAHHS y peKUM HAaCHYEHHS i HaBNAKH. BUCOKOBOJIBLTIIL TPaH-
3MCTOPY 3a3BUYAll BUKOHYIOTH 3a MesallaHapnoio judysiiinon
TEXHOJIOTIEI0, TOMY KOJEKTOPHMH CTPYM He BCTHTA€E PiBUOMipHO
POBTOAINATHCS 1O TJIOIL] IEPEXO/Ly, IO NPU3BOAUTH /10 JIOKANh-
HUX 1I€PerpiBiB AesKUX AIMAHOK. LA 3imxkentis MUTTEBOI 110-
TYXKIIOCTI JOBOJUTBHCS YCKJIAAHIOBATH CXEMY KCpYBallisl.

Y BHCOKOBOJBTIINX TPAUSUCTOPAX, LIO MPALIOIOTL Y KAIOMOBO-
My peXxuMi, pisko 3pocTae pofb 3aXHUCTY 34 CTPYMOM CHAOBHX
TPaH3UCTOPIB. 32 IU3BKUX IANIPYT ¥ TIpoTieci BUXOY 3 NacuueH-
HS HACTa€ IpoLEeC CaMOOOMeKentis CTPYMy. ¥ BHCOKOBOJDTHHX
IepeTBOPIOBaYax TPAH3UCTOD, BUHIIOBIIN 3 HlacHYelllls, 11e MOXe
icToTiO 3MIHUTH CTPYM KOJeKkTopa. lle mpn3BOAUTD A0 Nepesal-
Ta’)KeHHsT BUCOKOBOJIBTINX TPAIIZUCTOPIB i BuxoLy 1X 3 jJaxy. Tomy
BUMOTH 1LI[0/10 3aXUCTY 3a CTPYMOM 311ayll0 >KOPCTKiMIi.

Crabinisauiss BUXiKX HaIPYT IMIYAbCHUX JIKEPeJ SKUBJeI-
ns aaidicnioerbes 3a gonomoroio ICH a6o PITH, mo MictsTts y
CBOEMY CKJIQJ1 CXCMU KepyBallHA. Y poGOdYOMY PexUMi SKUBIEIISA
CK 37iiiCHIOETBCS BiJl IOJATKOBUX 06MOTOK CIHIOBOTO Tpancdop-
MaTopa HepeTBoploBaya Hanpyru. Ilix wac BMuKaius jKepesa,
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KOJIU TepeTBOPIOBaY lie He npaifioe, skusjenns CK 3aiiicHoeTs-
cs BiA fAomoMixuux nadok kusneHnd. Ilicaa mowarky po6oTu
[TH Bin6yBaerscs nepemukaiis xuBiaennst CK Big qomoMixxiiux
JnaHok Ha ocHOBHi. Ilory>xHictp napku >xuBnennsa CK ue nepe-
Buiye 2—3 Br.

29.2. CxemoTexHika
OCHOBHMX OnokiB

iMRYNbCHUX poKepen
eNeKTPOXUBNIEHHSA

Mepexunii Bunpamiaay. O6MexeHHs aMILITyAHd 3apsiAHOro
IMIyIbCY CTPYMY KONJeHCaTopa IIpH BKJIIOYEHHi JKepesa Hali-
IpocTillle 3AiHCHIOETHCS 32 OTIOMOTOIO pe3ucTopa (tepMicropa),
M0 TIK/IIOYAEThCA TOCTIIOBHO B KOJO 3aps/Kalilsd KoHAeHca-
Topa. Pe3uctop Moxxe 6yTH HigKIIOYEHU AK IO Ai0THOTO MOCTA,
TaK i micag Hporo (puc. 29.2).

Ilix yac BMukanng mJxepesa Kougencatop C po3psxenui, i
CTPYM y KOJi o6MexyeTbca peauctopoM R ¢ . Onip o6mexy-
BaJIbHOTO PE3UCTOpPa BU3HAUAETHCH AJNA Halripliux yMOB: Mak-
CHMaJIBHOTO 3HAaYeHHsI HApyry Mepexi (3 ypaxyBaHHsM jomnyc-
Ky Ha MeXi 3Mily Hanpyru) i JOIyCTUMOTO IMITYJIbCHOTO CTPYMY
miopa I

> UC max 2U11‘np

obM =
Iﬂ.iM

R

O6MexyBaJbauil Pe3UCTOp IIOTPiGHHl JMIle Y MOMENT BMU-
KaHH#A, a B Ipolieci po60TH JKepeJia BiH Bilirpae NacuBlly poJb,
Ila HbOMY BTPa4a€eTbCs 3Hayula IOTYXHicTb. /{715 3MenIen s BTpart
NOTYXHOCTi Ha R ¢, #oro omip mae 6yTu AKOMOTa MEHIIUM, AJ1A
YOro pPeKOMEHAYETbCS BHOMpATU AIOAW 3 BEJHKHUM 3HAYEHIISM
JOIYCTUMOrO iMITyJIbCHOTO CTPYMY.

3MEHUIUTH BTPATH HOTYxHOCT] Ha R o MOXKHA, BUKODUCTOBYIO-

o6M

un 9K R g, Tepmicrop 3 neratusnum TKO. Ilix yac BMukanHa

JUKepeJia onip pesucTopa MaKCHMaJsIbHUMH, 3a PaXyHOK 4Oro aMIuii-
TyJa 3apAAHOr0 IMIy/IbCY CTPYMY HeBeJIuKa. Y Mipy posirpibainis
TepMicTopa HOro omnip 3MeHIIyeThb-

Roow Cs1, BHACHIIOK YOr'0 3MEHIIYIOThCA

BTpaTH NOTY>XKHOCTI Ha HboMy. He-
JOJIIKOM 3aCcTOCYBaHIIA TepMicTopa

Puc. 29.2. MepexHuil BUnpamaay is
CTPYMOOGMEKYBAJBHUM PE3HCTOPOM

K Rygy € Horo inepuiiinicts. ¥ pasi KOpoTKOYaCHOrO BUMMKAH-
Hf HAPYTH MepeXi noBTOpHe BMUKAHHS MOXHa POOGUTH depes
JeAKNi yac, MOTPiGHMI i1 0X0A0MKeHHs TepMicTopa, illakiie
aMILIiTyAa IMOYJIbCY 3aps/Ilioro CTPYMY NepeBHIHTD PO3PaxyH-
KOBe 3HAYCHHS.

Hampyra na Buxoji MB npu6smsno na 5— 10 % Menura, Hix
aMniTy/iHe 3MaYeHIIs HAIIPYTyd Mepexi, a TyJbcalii BUIIpAMJIe-
HOI Hanpyru 3ajexarhb Bij eMnocti xoigencaropa C. Ilix yac
BHOODPY KOHJEHCATOPa CJiZl BPaXOBYBAaTH aMILIITYAy 3apsialioro
CTPYMY B IIpolieci BMHKAHHS JKepeJia, TOMY 33 BeJHKHUX 311a4ellb
IbOT'O CTPYMY BHKODHMCTOBYIOTb MapaJie/ibHe MiKAI0YeH1s JBOX
KOH/eHCcaTopiB.

IMmnyabcui craGiaizatopu Hanpyru. OCHOBHOIO NepeBa-
roio iMmyJabcHuX crabinisaropis unanpyru (ICH) nopisusio 3
6eanepepsauMy (KOMIencaniinuMi) cTabiisatopaMu € Te, IO B
ICH peryoBaabHUil TPAaH3HCTOP NPAIIOE B KIIOYOBOMY PEXH-
mi (y pexxuMi BiJcikanHs a6o y pexxuMi HaCHYeHHs1), TOMY BTpa-
TH MOTY>KHOCTi 1a HboMy MiHiMasbHi. OTxe, ICH mMae Bucokmit
KK (o 95 %), mpuuomy KKJ]I 36epirae Take 3HaYeHns B IHPO-
KOMY Aiamasoni 3MiHM BXiiHOI HaIpyr¥ Ta CTPyMy HaBaHTa-
HKEHHS.

Y npunnunosii cxemi ICH MoxxHa BHAIIUTH JBi CKJA30BI
YaCTUHH: CUJIOBY YacTHHY, IO € iMIIyJbCHHM DEryJsITOpOM Ha-
npyru (IPH), i cxeMmy kepyBanist pexxumoM poGortu IPH, 1o nizx
vac 3Minu Bxianoi nanpyru ICH 3Minooe pexuM po6oTu pery.Jio-
BaJbIIOTO TPAH3UCTOPA TaK, 106 Buxiaua nanpyra [CH sanuua-
Jacs IpUGIN3HO TOCTIRHOIO.

[punuunosy cxemy IPH snmxyBasbioro Tuny so6paxeno 1a
puc. 29.3, a yacoBi aiarpamu, 1o no4cuiooTs npunnun aii IPH, —
Ha puc. 29.4.

Ipunnun ail IPH takuit. Perysmosanbnuii Tpansucrop VT mig
Jliel0 KepyBaJblioi IIAaNpyTH, sika Ma€ GOpMy NPSAMOKYTHHX
immyabeis 3 yactotolo f i koedimientom sanosnenns K, =t /T
(muB. puc. 29.4) nepeGyBac B pexXUMi Hacuueniis, abo y pexxumi
Bifcixanna. Crana yacy Kosla HaBaHTaxennsa T, = L /R, 3nay-
no Gijplia, HX TPUBAJICTD iMIyJbcy £, TOMY Yy BiIKpUTOMY
TpansucTopi ctpyMm apoceas L 36iablryeTbest pakTHUIO 34
AinifinuM 3akonoM (auB. puc. 29.4)

ix(t) = Z'L(t) = Inig +(IBKM _Imin):c't_

H

Y 3aKpUTOMY TPAal3UCTOPi CTPYM ApOCe]s 3aMHKAEThCS 4e-
pes miox VD, 1o BigxpuBcs, 1 TaKoX 3MiHIOETbCS 3a JiliAHUM
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Puc. 29.3. IPH sHixyBanbHOTO THITY

EBX

Puc. 29.4. Hacosi giarpamn IPH sun- [ |———dm oo~ I F—
KYBaJBHOTO THITY

3aKOHOM!

iL(t):]max 1*{— ,
H

t:
o = M
ae Loy = Inin + (IBI/IM - Imin),[—'
H
Ctpym npocesis 3MIHIOETDCS BiANOBIAHO B Mexax Lo Tmaxs
IIanpyra Ha Jpocesi y BIAKPUTOMY TPaH3MCTOPI
Al I
= - L _ max min
ULt = Ly ~UKE wac ~Un = =L J
At Lim
a Hanpyra Ha HaBaHTaXXeHHi
Uy = Egx ~UKE sac ~UL+-

VY 3aKpHUTOMY TpaH3HCTOpi Halpyra Ha Apocesi

I.. -1 I — I
UL— = U + U — IJ min max - _L max min ,
H A 1Ip T _ tiM T _ tiM

a Hanpyra Ha HaBalTaKeHHi
Uy = ‘UL— l -U,. 1p-
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CepeaHe 3HadelHS CTPYMY APOCEeA AOPIBHIOE CTPYMY HaBaH-
TAXKECHHA
— [max + Imin

Ich =1 ‘—'—2-—_:

a 3MiHHa CKJIQJOBOTO CTPYMY APOCEJs 3aMHUKAETBCS depe3 KOH-
percarop C. BHaciifiok KiHIIEBOTO 3HAYEHHS OIIOPY KOH/IEHCATOPA
Ha HbOMY BiZ6YyBacThCs CHaJ HAIPYr¥ 3 YacTOTOI0 KOMyTalii
PeryJioBagbHOTO TPAH3NCTOPA, SIKe 3YMOBJIOE HyJibcallii BHXil-
noi nanpyru. s 3a6esnedenns AONYyCTHMOTO 3Haverns Koedi-
nieHTa myJbcaniit K eMHiCTb KoH/JeHcaTopa BUGHPAIOTh 3a TaKoi
YMOBH: ‘
C> (Imax =T )T
4nK U,

YactoTa KOMyTallii pery.oBajpHOTO TPAH3WCTOPA iCTOTHOIO
31adenns He Mae€ i 3a3BU4all BHOGHPAETbCA ACATKIB KisorepiiB.
Ha BHCOKHX 4acToTax 3MEHIIYIOThCA HOMiHAMDbHI 3HAYeHHS iHAYK-
tuBnocTi gpocesst L i emHocti xoHaeHcatopa C. B TPH peko-
MEH/IYIOTbCS BUKOPUCTOBYBATH DEXHM 6e3NepepBHUX CTPYMiB
apocens, koau I ;> 0, ToMy 3Mila cTpyMy ApOceis Ma€ Biano-
Bimarty yMoOBi
-1

Al =1 V<20

max mir

Hamnpyra na gioai VD (aus. puc. 29.4) 3a ¢popmoio — 1ie
NPpAMOKYTHi iMIIyJIbCH 3 aMILTITY 1010 Egy i KoediniciToM 3anos-
nenns Ky = ty,/T (uwanpyramu UKE yae i Uy, np Y HepUIOMy
maGKenni Moxia 3Hextysatu). Hanpyra va nasantaxenti ¢
cepeaniM 3HavYeHHaM Liei Hanpyru

UH = EHXKI) ‘

Busmauusim notpiie smavenis koedinienta sarnosneins i
3a/JJaBLINCH JOIIYCTUMOIO 3MINIOI0 CTPYMY JIPOCEIST, BHOMPAIOTD vac-
TOTY KOMYyTallil peryloBajblioro TpausucTopa i BU3NAJaloTh I10-
Tpibie 3HaYEeHHs IHIYKTHUBIOCTI APOCest

Otxe, 3Milo04Y Koe(pilieHT 3amoBlenIs, TOOTO 3MIIIOIOUN
TPUBAJIICTb IMNYJABCY 3a LE3MINNOT0 Mepiojly NpoXosKeis
iMILy/IbCiB, MOJK1Ia 3MIilJIOBATH | PEryJIOBaTH IIATIPYTY 11a BUXOMI.
Tomy npunuun aii ICH nosnsrae B ToMy, 1o nij 9ac 3Miiy BXianoi
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nanpyru cxema kepyBanust (CK) sMinioe koedinienT sanosuen-
HSI KEPYBAJBHUX iMITy/IbCIiB TAKUM YMHOM, IIIO HAIIPYTa Ha BUXOAI
aMinuaacs 6 He 6imblie, HiX Ha IPUIyCTUMY Beawuuny AU, , T06-
TO 3anuajacs 6 npubausHo TmocTiiino. s BuKoHaHHS wiel
dbyukuii CK sailicnioe HeraTuBHUHN 3BOPOTHHI 3B’ 30K 3a Hanpy-
roo, sk i B KCH. ®yuxnionansiy cxemy CK 3o6paxeno Ha
puc. 29.5. ‘

Ax i 8 KCH, cxema xepyBanHsa ICH MicTuTh BuMipIoBabHuit
enement (moAi/IbHUK Hanpyrd Ha pesucropax R1, R2), mxepeso
ondpioi nanpyrd (mapaMeTpuyHuil crabisizaTop HAUPyru Ha
crabinitponi VD2) i cxeMy NOpiBHAHHS, Ha BUXO/i AKOI yTBO-
PIOETBHCST CUTHAJ TTOXUOKY, TPOIOPIiHHNI BIAXUIEHHIO HATIPYTH
Ha BUXOJ] BiJ IOTPI6HOTO 3HAYEIIHS.

3a piBHOCTi HanpyTU Ha BUXO/i 3alaHOMY 3HAUEHHIO Hallpyra
NMOXNOKU JOPIBHIOE HYJIO, IPH 1bOMY KoedillieHT 3aloBLENHs
KepyBAJbHOIO iMIIYJIbCY PeryJioBalbloOro TPaH3UCTOPa AOPiB-
HI0€ y pasi HexTyBanHsa BeUYUHAMA Uyp o 1 Uy qp:

— UI[
3 E ‘

BX

K

VY pasi 36inbnrenns pxiguoi zanpyru CK mae sMeHIINTH Koe-
¢inienT 3anoBHenIsT 10 3HAYECHHS

U, +0,5AU
K. . =_H H
3 min ’
EBX max
a asi sMeNIIeNnHsA BXiAHOI HAIPYIrH — 306iJbIINTH
Py
K _ U, —0,5AU,
3 max ~ E . ’
BX min

Jns suxouanna uiel ¢pyuxuii CK y cBoeMy ckiaaai MicTUTDb
UIHPOTHO-iMiy TbcHIA Moy asirop (IIIM). BxiaHo0 BeMYUHOIO
HIIM e curuan moxu6xy, BUXIZHOI — TPUBAICTb iMITyJbCY,

VT L
4o > Y
| —

Ep évm IRs :

e b

|| BK —LIIM}— ITIT [ : =C [] R,

Z

{ CK 2

Ao T -

Puc. 29.5. ®dyukuionansHa cxema CK ICH
492

nponoplUiiiHa BeJMYuHi curHady noxuokm. [Ipuxuun aii UIIM
MOJIATA€ y NOPIiBHAHHI JiHiMHO 3MiMIOBaHOI HANpPYTH i3 CUTHa-
JIOM IOXHOKH. 3a JJONIOMOTroI0 KoMIIapaTopa BU3HAYa€ThCA iHTep-
BaJI YacCy, BIIPOJIOBXK SKOTO Jillii{HO 3MiHIOBaHa ilallpyra rnepeBu-
Iye HaIpyry CUTrHAXy NOXUOKU. AMIJITYAa JiHiliHO 3MimIioBa-
Hol Hanpyru Mae 6yTH He MEHINOoIOo, Hi’k MaKCHMaJbHe 3HaYeHHs
CUTHAJIY TOXUOKH, TOMY JIJisI OTPUMAHNA aMIUIITY A1 JiHiHIIO 3MiHIO-
Banol Hanpyru 1 —2 B curHan noxu6ku 3a3faneriib MiACHIIOETHCA
nigcumosayem moxubku (I1I1). YacroTta aimiiiHo 3MiH0Baioi
HAIIPYTU BU3HAYAE YACTOTY KOMYyTallii peryJoBajbloro Tpausu-
CTOpa, a JiHiNHY 3a71€XHICTb TPUBANOCTI IMITYJIbCY BiJ 311ayerlis
CUTHaIY NoXHOKHU 3a6e3neuye Hanpyra TpukyTHoi ¢gropmu. Taka
Hanpyra GpopMyeTbCs Y MYyJbTHBIOPATODI 11a onepauifiioMy miacu-
JoBaui, mo BUKonye (yHKIiT 3agaBanabHoro reireparopa (30).

3Mina TpUBaMOCTi iMIyJbCy Aty 3aJeXUTb Bill aMIUIITYIH
TPUKyTHOI HAanpyrd Uy, i 3MiHM BUXiZHOI HaNpyry NiACHIIOBaYa
nomunxkn AUppy

AtiM = EFT
m

3navennss AUy 3aJ€XUTh BiJl NPHIYCTUMOT 3MilIM HANIPYTH
Ha Buxofi AU, xoedinienTa nepenadi BUMiploBaIbHOrO MOALTb-

muka K =U_ /U, i xoediuicura nigcaneuns IIT Ky,
AUHH = AUI-IKIIKHH‘

Koedinienr crabixisanii [CH BusHaualots 3a 3pMuaiinon Me-
TOAUKOIO:

K = AEBX Ul[ = AEBX K
cr 3°
AU[I EBX AUll
3 ypaxysalnaM 3an1eXHoCcTi BAXiANOI HallpyTH BiA BXiAmoi Ta

3MiHH TPUBAJIOCTI KEPYBAJIBLIIOTO iMIyJbCy KoedilienT cTabimi-
sauii ICH

=1+ KnKHHEBx .

KCT - 2Um

Hotpi6iie 3navennst Kq; 3a6e3ne4yeTbcs NCPEeBaXIIO 31a4cI-
uaM Ky, ockinbky snavenns Ky i U, 3anexats BiJi BeIHYNIN
BUXimuol nanpyry i cxemuux piwrens IITIM. Ha siaminy sig KCH
B ICH miacunioBay moxmubku Mae OyTd neillBepTyBaJblUM i 3a-
3BUYall BUKOHYETbCS Ha omepaliiioMy HiJcHIIoBaYi, BHacTi-
JIOK 4Or0 BeJHUMIIA OMMOPHOI HAIPYTH oOMexella JONyCTHMUM
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3HavYeHHsM Bxianoi cundasnol Hanpyru onepauifnoro migcuO-
Baya.

Ocnozsnomwo ¢yuxiieio 11I1IM e dopMyBaHHS TpUBAIOCTI iMITY Jb-
Cy, @ Y3TO KellNs JalKH KepYBaHHS PeryoBajblIUM TPal3UCTO-
poM 3 BuxozoM II1IM 3xilicHIOETHCS 3a JOIIOMOTOIO ZOJATKOBOTO
BUXIJIOTO KAacKajdy, L0 € OANOTAaKTHUM HNiACHIIOBaYeM IOTYX-
HocTi 3 TpancgopmaropauM BuxogoM. e nae aMory saiiiciutu
rajbBaliyHy po3B’sa3ky cuaoBoi wactunu [CH i cxemu kepyBan-
Ha. B ICH ne npakTHKyeTbCS BUKODUCTAHHS PETYJIOBAIBHOIO
CKJ1a/IeHOro TPaH3}MCTOPa, OCKiJIbKY Hallpyra HaCU4eHHs CKJaje-
HOTO TPAH3UCTOPA B Ki/TbKa pasiB 6i/iblia, HiXK Hanupyra Hacuyel-
Hs1 OXPEMOro MOTYXXHOIO TPaH3UCTOPA.

B ICH Bapro po3pisHATH MOHATTA IyJibcalii Ta HecTabimtb-
HocTi Buxiguol Hanpyru. lynpcarnii Buxignol nanpyru ICH 3y-
MosJooThed npuniunoMm Aii IPH. HYacrora nyascaniil fopisuioe
4acTOTi KOMyTalil CUAIOBOTO TPAL3HCTOPA, & 3HaYeH1sd Koedilrienta
myJbcallill BU3NAYAE€TbCA 3IIaYeHHAMY iIAYKTUBIOCTI Apoces L
Ta eMHOCTi koHZeHcatopa C, ski yTBOPIOIOTh 3TJIA/IKYBabHUi
dinpTp. Biznosiauum subopom suavensd L i C snadenus xoedi-
nieHTa IyJabCalliff BUXiZHOT HANPYFH MOXHA JOBECTH /10 GYIb-
SIKOT'O TIOTPi6HOr0 3HAMETHSL.

Hecra6inpHicTh BUXIJHOI HAIPYTH 3YMOBJIOETLCS 3MIlIOI0
Bxianoi wanpyru ICH, Axa 3a1eXuTh Iie JHIIE Big 3MillM Tanpy-
I'l KUBUJBIIO] Mepeski, a it mysabcauii BuxigHol Hanpyru Mepex-
HOTO BULIPAMJISYA. 3a OJuH Iepioj myJabcauiff BUuxiznoi Hanpyru
MB ICH sagiftciioe cotui nukiaiB crabimisauii cBoei BHXigHOI
nanpyru. Tomy BianocHa 3mina Bxianoi Hanpyru ICH:

Afyy =a+b+2K
EBX

i’

Jle @ i b — Bi/MOBIANO BepxXHA i HIKHA MeXi 3MiuM Hanpyru
Mepexi; K — Koedilient my/bcauiii BUXiaHOI HALIPYTH.
IlepeTrBopioBaui Hanpyru. B iMnyabClMX JKepesax eleKTpo-
JKUBJICHHS BUKOPHCTOBYIOTH NEepeTBOPIOBaYi HOCTilNoOl Hanpyru
Ha 3MiHIYy Hampyry npsaMokyTiioi ¢gopmu. 3a yacToT 3Miloi
HATPYTH JECATKA KiJOreplliB cUJI0Bi TpaHCGHOPMATOPH TIEPETBO-
PIOBaviB BUKOHYIOTbCS Ha OCep/sX, 1[0 MalOTh NPSIMOKYTIY (op-
My KpUBOi HaMaruiuyBaiisi. TpHBaMiCTb NepeMaruidyBauiis fyep
TaKOI'0 OCEPAS BiJl MAKCHMAJbHO AOIYCTHMOrO 3HaY€HHs iy KIii
—B,, no 3sHaueHus +B,, BU3HAYa€TbCA MapaMeTpaMy Tpaucgop-
MaTopa i IPUKJIAZENol0 A0 IepBHilHol 0OMOTKH HAIPYrolo

2B, S, Ko

m* oc
nep —

t
E-10%
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ae Soc — IMepeTHH ocepls, CM2; wy — YHCJIO BUTKiB IepBUHHOI
o6MoTtkH TpaHcdopmaropa; Ko — koedilieHT 3an10BHEHHS OCePas
CTAJLIIO.

Akio mpollecn y nmepBUHHIN o6MoTHi TpancdopMaTopa Ipo-
XO/IATb YIPOJAOBXK 4Yacy MemIIe, Mk fgep, TO TpaiicdopMaTop
BHKOHYE€ CBOI 6esniocepeani pynkuii, To6TO Hanmpyra Ha BTOPHHIH
o6MoTIIi 3a (OPMOIO MTOBTOPIOE HAIPYTY Ha NepBUHHIH 06MOTI,
BEJMYMIIA SIKOI BU3HAYAETBCA KoeditienToM Tpancdopmanii, a
CTPYM HEePBUNHOI 06MOTKH 3YMOBJIIOE CTPYM BTOPHHHOI 06MOT-
k. ToMy ocepas TpancdopMaTropa HACHYYETbCS 1 CTPyM Tep-
BUHHOT O6MOTKY 06MeXYEThCA NHlle AKTUBHUM OIIOPOM II€pPBHH-
HOI O6MOTKH, a HAaTIpyTH Ha BciX 06MoTKax TpaHcdopMaTopa 10-
piBHIOIOTH Hyai0. OTXe, B IepeTBOPIOBavYaXx Halpyru 4acosi Ia-
paMeTpH BUXiAHoI Hanpyryu 3yMOBJIEN] 44COM IepeMarii4yBaiis
ocepzs TpaHcdopmaropa.

3a npuHuMIIOM Aii NepeTBOpIOBaui HAIPYrH NOALIAIOTH IIa
nepeTBopIoBayi i3 camoa6ymxenuam (a6o aBTOreHepaTOpHi), siKi
€ IiIcKAI0BaYaMH, 1[0 OXOIUJIEHi CHJAbHUM IIO3UTUBHUM 3BOPOT-
HUM 3B’ I3KOM, 1 IepeTBOpIOBayi i3 30BHINIHIM 36YIKENIIAM, B SIKIX
CUTHAJIM KePYBAHHs MOTYXHUMU TPAaH3UCTOPaMy 3a0e3HedyI0oTh-
cs 3a7aBanbHuM renepaTopoM (3T).

Y mepeTBOpIOBaYax i3 caMo36y>KeHHsIM KPHBa HaMarluivyBats
ocepAsl BUKOPHCTOBYETBCS Ma Beift aingnui Bix —By, A0 +By, i
JacTOTa BUXiZIHOI HAIIPYTY [I€PETBOPIOBAYA:

fo= E-104
" " 4B, S, @Ko

Y mepersopioBayax i3 30BHIIUIIM 36y/keHIIsIM yacToTa 31 Mae
OyTH Takomw, mo6 ocepas TpancdopMaTopa 1ie ACHIyBATIOCs 10i
3a sikuX yMOB. /I bOTO Ma€ BHKOIYBATUCSI TaKd YMOBA:

1
Lyop > 57 -
uep 2fup

[leperBopioBadi HATPYTH NO/IASIIOTD 114 IBi TPYIH — OJHO- Ta
asotaxtHi. OAHOTAKTI TNepeTBOpioBavi (hOPMYIOTH 3MiHIy Ha-
npyry NpsIMOKYTHO1 JOpME, HECUMETPUYHY OO OCi Hacy, ABO-
TAKTIli — IEeHTPaJbHO-CHMETPUYITY LIOAO OCi Yacy.

VY mxepenax xusJenlis cepeanboi noryxuocrti (1o 100 Br)
BHKODPHCTOBYIOTh OJIIOTAaKTI nepersopiosavi nanpyru (OIIH).
Yuacailok HecCMMETPUYIIOCT] HAIPYIU Ia BTOPHINILA OOMOTIL
rpancopmatopa OIIH y cBoeMy ckilazli MiCTATb BHCOKOYACTOT-
it sunpsamasg (BUB), Tomy Bo1m € neperzopiosataMu HOCTii-
1101 HATIPYry OJHOTO PiBIA 11a ITOCTIHNY HanpyTy illiIoro pisug.
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VD Puc. 29.6. OITH 3i 3BopoTHuM mid-
KJIIOYEHHSIM Jioaa

M+

Ci|R

_[— ) 3a cnoco6oM nepeiaBatis eHep-
rii 3 KoJa JXKepesa BXiqHoi Ha-
MPYTH B KOJIO HABAHTAKEHHS PO3-
Usep pisusiiore OITH 3i 3BopoTHuM Ta
OIIH i3 npaMuM miAKIOYeHHAM

nioza.

Cxemy OIIH 3i 3BopoTIIHM HiJKIIOYEHHAM mona i3 30BHIlI-
niM 36yKeHHsIM 300paXkeHo Ha puc. 29.6.

B OIIH 3i 3BOPOTHUM HiAKIIOYEHHAM Hi0Aa TIPH BiLKPHTOMY
nia Ai€lo kepyBajibHOI Hanpyry Tpau3ucropi VT Hanpyra Ha BTO-
puiniiii o6MoTIi TpancdopMaTopa Mae Taky NONAPHICTD, 3a SIKOi
xioa VD saxpurmii. IIpu nbomy panime 3apsiykeHuii KOHAeHCa-
Top C pO3PSA/KAETHCA HA ONip HABAHTAXEHHS, a CHJAOBHI Tpalic-
($hopMaToOp BUKOPHCTOBYETbCA AK APOCENb 3 iMAyKTHBHICTIO L.
3a 4Yac BiIKPHUTOTO CTaHy TpaH3UCTOpA L, KOJEKTOPHHI CTPYM
3pOCTa€ MPaKTUIHO 3a JilliffHUM 3aKOHOM BiJ 3Ha4eHHS [ { i, A0
anayenns .y (sx y IPH). ITics 3akpuTTS TpAH3UCTOpa EHepris,
HaKoNuyeHa B ocepai TpancdopMaropa, Bi/JIa€Thcsl B HaBaHTa-
XEHIIS 110 KoJIy BTOPUHHOI 06MOTKY TpaHcdopMaTopa — Jpoce-
A 3 iBAYKTUBHICTIO L. Hamnpyra na BTOpHHHIN 06MOTLI 3MillI0€
nossgpHicTs i giox VD Binkpusaerbesa. CTpyM BTOPHHHOL 06MOT-
KU TIpY 1IJbOMY 3MENIIYEThCS 3a JiHiTHUM 3aKOHOM Bil 3HAYeHIs
Iomax 2o 3navenns Iomin.

Orxe, cunoBuit Tpancdopmarop y cxemi OITH 3i 3BopoTHIM
HiAKJIIOYEHHM 1i0a BUKOPUCTOBYETLCS SIK JBOXOOMOTKOBUH ApO-
ceJib. YHacHAiZOK Oe3mepepBHocti eHeprii y MOMeHT 3aKpHTTS
TPaH3KUCTOpA CHiBBiAHOWIENHS MiX CTpYMaMU [ 1min i Iomin, {1max
i Inmax BU3HAvaTheA KoedilientoM Tpaicdopmalii cuIoBOro
TpancdopMaTopa.

Cepeane 3Ha4eHHs CTPYMY BTOPUHHOI 0OMOTKH Tpancdopma-
TOpa € CTPYMOM HaBaHTAKEHHS

— — IZmax +I2min tiM
Tpep =1y = 2maso—2min gt |,

a 3MiHy BHXiZHO{ HANPyTH, 3yMOBJIEIly NMPOLECOM PO3PAIKAIIA
konzencaropa C 3a TpMBaJicTh t;,, BU3HAYAIOTh 32 (POPMYJIOI0

Ut
AU, =—HiM _Zuyg
H RHC C M
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Harnpyra ua nepsunniit o6MoTiti Tpancgopmaropa (apocei L1)
3a BizkpuToro Tpansucropa npu6musHo gopisHIoE E (Ukg yac =
=0)

E = Ll Ilmax —I1min
tiM

Axuio TpaH3UCTOP 3aKPUTHH, HAIIpyra Ha BTOPHHHiA o6MOTIH
TpancdopMaTopa (npocem L2) npu6ausio AOPiBHIOE Hanpysi
na Buxofi (Ug np =

U, =U, =L, Iy max ~ 2 min g_(limax_limin)n
2 T t n2 T_t]M ’

Pospinmueumm E na U, picranemo:

_E_ tiM
nT-t,

OTrxe, HATIPYTa HA HABaHTAXXEHHi BU3HAYAETDCA 11e JTHlle Koedi-
gientoM TtpaHcgopMalii n, a i mapaMeTpaMm KepyBaAbHOTO
iMnybcy — xoediuientom sanosnems K, =¢, /T.

B OITH 3i 3BopoTIIMM MiAKJIIOYEHHAM i0Ja i3 caMo36yKen-
am (puc. 29.7) enepris, Hakonuyena B ocepi TpancgopMatopa,
BiAZa€ThCA HAa BUXOAI HOBHICTIO, TOMY I2min = I {min = 0, a Bean-
ynia Iy . BH3NayaeThcsA TPUBAJIICTIO IepeMartivyBamis ocep/is
TpalichopMaTopa 10 KOJy iHAYKTUBHOCTI NMEPBUINIO] 0OMOTKY
tpancdopmaropa, To6to L. Imui criBBignomens Taki caMi, sx i
ans OITH i3 soBuimmmivM 36ymKentisM,

B OIIH i3 npamum niakmouenuam aioaa (puc. 29.8) cunosnit
TpalichopMaTop BUKOPHCTOBYETHCS 3a NMPAMMM TPU3HAYEITHAM,
TOGTO SIKIO Yy BIAKPHTOMY TPAN3UCTOPI CTPYM TIPOTiKAE 4epes
MepBUHILY 06MOTKY TpaHcgopMaropa, HAIpyra Ita BTOpUHIILii 06-
moTUi TpancdopMmaropa Mae Taky HOJSpHicTh, mo Aiog VD2
BIIKPUTHIT, TOMy HAIPYTrH i cTpyMu oOMOTOK Tpaticpopmaropa
MoB’sA3ali M co6010 Yepes koedimient Tpancdopmaii rpaiuc-
dopmartopa. Koo sropunioi 06MoTky axtuuno € IPH sunmxy-
BaJIbHOrO THITY. (DYHKIIT AXepesia )KUBJEIS i TPAI3UCTOPa, 110
KOMYTY€ETbCS 3 4aCTOTOIO [, BUKOIIY€ HAnpyra BTOPHINOI 06MOT-
ku-TpaticopMatopa i Aiox VD2, ToMmy nmanpyra 11a BUXoJli BU3I1a-
YaEeTbCS TaK caMo, sk i B IPH:

U, = Ugp K.

3Bigku U, =
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Puc. 29.7. OIIH i3 camo-
36y IPKeHHAM

A

Ll

CrpyM HaBaHTaXeHId JOPiBHIOE cepeJIHbOMY 3Ha4YEHHIO CTPY-
My zpocess 3 iRAYKTHUBHiICTIO L, a 3MiHa CTpyMy Apocenas BiA
3Ha4YeHHSA [omin [0 Iomax 3YMOBJIOE MyJabcallii Halpyru Ha BH-
XO0/i, {0 BU3HAYAIOThCH Tak caMo, gk i B IPH.

YHacai ok KiHleBoro 3ladeHsa iHAYKTUBHOCTI [TepBUHIIO] 06-
MOTKM TpaHcdopmaTopa L, B ocepii TpaHcdopMaTopa HaKoITH-
YYEThCST €JIEeKTPOMATHiTHa eNneprisg. Skuio He BXKUBATH 3aX0[iB
MO0 PO3MATHiNyBaHHs ocepld, Bill MOXXe HaMarHiTUTHCS J0 Ha-
cudenna. Koso poamaruiyyBalisa B HaHIIpOCTINIOMY BHIVIALI
MICTUTD JOJATKOBY CEKIil0 MePBUHHOI 0OMOTKH TpaHcdopMaTo-
pa i mion VD1 (aus. puc. 29.8). Kosma posMariiyyBanis ycKa-
oioth cxemy OITH, toMy B IMIOyJIbCHHX [Kepeaax >KHBIECHHA
HeBeJHKoi moTysxHocTi BukopucroByoTb OITH 3i sBoporum mig-
KJIOYeHHSAM Jioga.

Y neperBopioBayax Besukoi morysuocti (monaz 100 Br) sa-
CTOCOBYIOTb ABOTaKTHi IlepeTBOpioBadi Hanpyru. [Hayknia B ocepai
CHJIOBOTO TpallchopMaTopa 3MIHIOETbCA B Mexkax +B <iB, , To-
MY B [BOTAKTIIMX [EPETBOPIOBAYAX PO3MArHidyBaTH OCCpAs He
norpiéuo. Y IepeTBOPIOBAYAX i3 caMO30Yy/KEHHAM iILIYKIiS B
ocep/li 3MIHIOETbCA BiA —By,, no +Bp, y neperBopioBavax i3
BOBLINIHIM 36y/KelHIM ocepasl TpaHcgopMaropa He IOBHHHE
HaCHIYBATHCA, TOMY iIAYKIiA 3MIHIOCTbCA B MEHIIHX MeXaxX —
npubsusuo sig —0,8B,, 1o +0,8B,,. :

[ BoTaxTHi NepeTBOpIOBaui BUKOHYIOTHCS 3a CXEMOI i3 cepes-
HboIo Toukoio (puc. 29.9, @), MocroBowo (ams. puc. 29.9, 6) i

VD1 T % VD2
+§— ¥
VT
Ube Puc. 29.8. OITH i3 nps-
~0—d P MMM IHAKTIOYCHHAM dioJa
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Puc. 29.9. [sorakrHi [IH i3 ca-
Mo36yaxkeHHam (a) Ta i3 s0B-
HilIHIM 36ymxentaM (6, &)

HaniBMocToBoIO (4MB. pHC.
29.9, 6) cxemamu. Cxema i3

cepeallboo TOYKOIO i3 caMo- vD2
36yll>K€]H {AIM 3aCTOCOBY€ETbHCA,
SAKIIO HOTy)KHOCTi HnaBanTa- a

xkenus zo 100 Br, a Mocto-
Ba i HaMiBMOCTOBA CXeMH —
SKIIO IOTYXHOCTI HaBaHTa-
xennsg momag 100 Br i me-
PEBAXIIO BEKOPUCTOBYIOThCS
y BapiaHTi i3 30BIIIHIM 36y-
JOKEHHSIM,

Y Hepery/boBaHUX [IBO-
TAKTHUX [IepeTBOpIOBaYax Ha-
npyru aioye (cepeaHe 3a mis-
nepioay) # aMILIiTyIHe 311a-
YeHIIsT HATIPYT Ha KOXHiH 06-
MoTIi piBHI Mix coboio. Ha- T2
TIPYFH i CTPYMH HEPBHHHOI 3r
Ta BTOPUHIIOI 0GMOTOK 110B’51-
3aHi MX cO060I0 yepes Koe- 6
¢iniernrr Tpancdopmarii. [le-
peTBOpeHHA 3MilHOI Hanpy- @ _L clr
M KOXHOI BTOPKIINOI 06- T "
MOTKH Ha 1I0CTiliHy 3aiiicnIo- =1 :

VTI Ry T2

€TBCs1 32 IOIIOMOT010 BUITPAM-
JIs94a 3 €MHICHOW Peaklli€elo
HaBAHTaXeIHs1. 3a IH3bKHX
nanpyr (meum wix 15 B)
JOUIJIBHO BUKOPUCTOBYBATH
JIBOIIiBIIEPIOAIlYy CXeMY i3 ce-
peAnboIo Touykow (IIpH 1bo- 8

MYy 3MEHINYIOTbCA BTPATH JIO-

TYXIIOCTi Ha Ai0AaX BUIPSAMJISYA), 32 BEJTUKHX DAOPYT [U1s 3Mel-
LIeHIA KiJIbKOCTI BHUTKIB BTOPHHIIOT OOMOTKH PEKOMCIIYETLCS
BUKOPUCTOBYBATH MOCTOBY CX€MY BHIIPAMJIAYA.

BiaMinnicTs y raGapuTiiiii TOTY>XHOCTI CHI0BOTO Tpaticop-
Martopa (U1 MOCTOBOT CXeMH TaGapuTHa NOTYXICTh Tpancdop-
Matopa Ha 25—40 % meunna, HixXX A CXeMH i3 cepelibolo To4-
KOI0) iCTOTHOTO 3HAYeHIIs 1€ Ma€, OCKiJIbKH 11a BUCOKHX TacToTax
3 METOIO 3MEIILENTI YHCTA BUTKIB 0OMOTOK PEKOMENYEThCA BU-
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61paTtu ocepAd i3 3amacoM Ha BuXoAi y 3—J pasiB. Konneuca-
TOP y TAKUX BUNIPAMIISIAX OTPIOGHMIA f1s 3a6e3reueH s Hanpy-
T Ha BUXOAi B MOMEHT 3MIilld NOJAPIOCTI il 11a BTOPUHHIN 06-
Mot Tpancdgopmaropa. Ha npaxmiui mpotiec 3Minm ronstprocti (tpu-
BaJTicTh (PPOHTIB IPSIMOKYTHOI HANIPYTH) MIPOTiKa€ BIPOJAOBK 4acy
tgp = (0,02...0,05)T. ToMy eMHiCTh KOIIEHCATOPA, 3a AKOI 3MiHa
BUXi[I101 HAIPYI'¥ BHIPAMJIAYA 34 Yac {,, 1€ IIePeBUNIUTD JOomyC-

THMOro 3Havennsa AU, BUsHa4acTbCA 33 POPMYJIOI0

¢
C> ¢

U
R - —H
NG AT,

OcKi/Ibky HAIIPYTH i CTPYMH B yCiX JTaHKaX JBOTAKTHUX Tepe-
TBOPIOBAYiB HAIPYTH MAioTb (POpMY NPSIMOKYTHUX iMIYJBCIB 3
koedinientoM 3anoBHerns 0,5, To A9 BU3HAYEHHS PEXUMY PO-
60TH CHJIOBUX TPal3HCTOPIB, LIO MPAaUIOIOTh Y KJIIOYOBOMY pe-
JKYMi, BUKOPUCTOBYIOTDb TaKi CIiBBiIHONIEHHS:

Py, =U,1;

U, =U"+Ua'np;
Ut = E ~UKE nac’
Py =Py /My
Ix yac = P2 /Uy
I5 wae = 1K wac /' MAE min-

st 3a6esmedenIrs TACHYEHOTO CTANY CHJIOBUX TPAH3UCTOPIB
puxigna panpyra 3I (a6o nampyra Ha o6MOTKaX IO3UTUBHOTO
3BOPOTHOTO 3B’SI3KY B IIEPETBOPIOBAYAX i3 CAMO3GYIMKEUIIAM) MAE
6yTH He Menlle, 1k 2— 3 B 3a MiHiManbHOT TTHOUIN HACHYEHHS
tpansucropa 1,2—1,3 B. Hapauirok Hanpyry racurecs ma go-
aatkoBomy pesucropi Rp. e morpi6no a1s ycylneHHs BILTUBY
PO3KHAY NapaMeTpiB BXiAIIMX XapAKTePUCTHK CUJIOBHUX TPal3HC-
TOPIiB Ha BEJMYHNY CTPYMY 6a3u.

CxeMn IBOTAKTIIMX N€PEeTBOPIOBAYIB MAIOTh MEBH 0COGIMBOCTI.
Y cxeMi nepeTBopioBaya i3 cepenuboro Toukoio (aus. puc. 29.9, a)
Halpyra Ha NOBHIH nepBunHill o6MoTni TpancdopMaTopa BABIYI
6irbina, 11iXK HATIPYTa XXUBJIEHHS, TOMY TPAH3UCTOPH BUOHPAIOTh
Ha nanpyry ne meumy, nix (2,2...2,4)Ey. Y MocToBiii cxeMi
nepetBopioBaya (aus. puc. 29.9, 6) [onycTUMa Hanpyra Tpaisuc-
TopiB gopiBnioe (1,1...1,2)Ey, ajle 4HCIO TPAU3UCTOPIB YABidi
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6iabine. Y nanipMocrosiit cxemi (uB. puc. 29.9, ) aBa TpaH3H-
CTOpH 3aMiHeHi ABOMa KOHAeHCATOpaMHU 0fHakoBoi eMHocTi. I]o-
Telllliasl TOYKH 3’ €THAHHSA KON/elIcaTopiB AOPiBHIOE ITOJIOBUHI Ha-
NPYTH JoKepeJa KUBJIEHA NepeTBOpIoBaJa, TOMY aMILIiTyAa lla-
TMpyTH Ha nepBUHHIA 06MoTLi TpancdopMaTopa

U1 = E)K - UKE Rac O'SEx( = 0’5E>|< - UKE Hac*

CrpyM TiepBHHHOI 006MOTKH TpancdopMaTopa i BiAKPUTOTO
TPAH3UCTOPA CKAAJAETHCS 3i CTPYMY JUKePea i po3psAaHoro crpy-
My BiAMOBIiAiIOr0 KoHAeHcatopa (immuii Kongencarop y nei yac
3apsKAETbCS. CTPYMOM Jjikepena). OCKifbKM CyMa HAmpyr Ha
KOTIReHcaTopax AopiBIIoe Eyx, To KiJbKICTh €Hepril, BiAanoi oj-
HUM KOIIZEINICAaTOPOM, JOPIBHIOE KiJBKOCTI eneprii, oTpuMaHol
i, 13 Hboro BUILIMBAE, 1O CTPYM AXKepeJia i po3paanni CTpyM
KoHZleHcaTopa ofnakosi. ToMmy nepBuHHa OOMOTKa CHJIOBOTO
TpaHcgopMaTopa Ma€ 6YTH po3paxoBaHa Ha CTPYM yABIUL 6iblini,
13K CTPYM JiKepesia. He3nauyHUM He0iKOM HaiBMOCTOBOI CXe-
MM € HEBEJMKHI CIIaJ BePILMNIY iMITyIbCy BHXiANOI Hanpyry, 3y-
MOBJECHUH IpoLlecaMH 3aps/KaHHA 1 PO3PSAXaHuA KOHJAEHCa-
Topis. 1106 HanNpyru Ha KOHAEHCATOPAX 3MiHIOBAVCA He GiJblle,
Hixk Ha AU, e€MHICTb KONAeHCATOPiB BUGHPAIOTD 32 TaKolo (op-
My JIOI0:

C> IK 1ac )
2fAU,

PeryaboBani nepersopioBayi manpyru. Perynpvosani (a6o
crabinisysanbui) meperBopioBadi (PIIH) pawors amory miarpu-
myBath Buxigmy Hanpyry (micis BUB) npu6rusio nocriifiomno
3a paXyHOK 3MiHH TpuBajocTi BiakpuTtoro (a6o sakpurToro) cra-
uy Tpansucropa. [l 1boro cxeMa KepyBaiist 3aiffciiioe 3sBopor-
nuit 38’g430K 3a nanpyromwo, stk i 8 ICH (qus. puc. 29.1, 6). 3a
anasorieio 3 ICH cxema kepysaiius PIIH MicTuTh BUMiploBasb-
HUH eJIEMEHT — HOAINMBHEUK TAIPYTH, /KEPEJO ONOPHOI Hanpy-
ru — mapaMeTpUYHUil cTaGini3aTop HANpPYTH, CXeMy NOPIBHAHINS
i mgcumioBay NOXMOKM, NEPeTBOPIOBAY CUTIIALY NOXMOKH Ha
TPHUBAJIICTh KEPYBAJIbIOTO iMIIYJILCY.

B OIIH ans miarpuMaunist BUXiAoi Hanpyry la ne3Miliomy
PIBII 1TOTPI6IIO 3MINIOBATH TPUBAJIICTb a60 BIAKPUTOro, 460 3aK-
PUTOrO CTaHy Tpausucropa. JocsAraetbes e 3a JONOMOTOIO J0-
IAaTKOBOI 0GMOTKY CHJIOBOro TpaucdopMaropa, naMariiivysaapua
CHJIa sIKOT TIponopUiliila BeJHunIli ciuriaay NoxXuOKy, a nanpam ii
3a/€eXUTh BiJl TOTO, i IO i AK Mae BIJIMBATH HAMArIiyyBaJbHa
CuJla — la TPUBAJICTD BIAKPUTOTO 460 3aKPUTOrO CTaly TPal3nuc-
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Puc. 29.10. dsoraktuuit PITH

topa. Ilpn upoMmy dacrtora nepersopenns OITH i3 camosGy-
JUKEHHAM 3MIiHIOETbCS, OCKIJIBKY IIiJ Yac 3MiHU TPUBAJIOCTI BiIKpU-
TOIC CTally TPaH3UCTOPa TPUBAJICTD 3aKPUTOrO CTaHy 3aJUINAETh-
€S CTAJIOIO 1 HAaBIIAKHU.

Y aBotakTHHX IepeTBopioBayax Hanpyru (puc. 29.10) norpi6uo
i/IEHTUYHO 3MIHIOBATH TPHUBAJICTh BIAKPUTOrO CTally KOXHOTO
1JIe4a NepeTBOpIOBaya, o6 YHUKITYTH TOSBY TOCTIHHOTO migMar-
uivyBannsa ocepAs TpauncdopmaTopa. 3MiHa TPUBAJIOCTI Kepy-
BAJIbHUX IMITYJIBCIB ¥ ABOTAKTHUX TlepeTBOPIOBAaYaX 3/[iCHIOETD-
cs tak camo, sk i B ICH, ane na BigMiny Bin CK ICH zaagasans-
HHUI TeHepaTop TeHepye HAIpPYTy TPUKYTHOI GOPMHU 3 YacTOTOIO
BABiWI 6i/bINOIO, HiXK YacTOTH BUXiAHOI HATIPYTH HNEPETBOPIOBA-
va. Buxiani iMoyapen IIIM nagxoasTh Ha OAiTBHUK iMITYJIbCIB
(P1), mo posnoiise iMIyabcH MO JalKaX KepyBallHs KOXHOTO
IJIeda IePeTBopIoBava, TOMY 4acToTa KOMYTAaIlii KOXIIOTro Tpamn-
3UCTOPA 3MENNIYETHCS BABIUI.

BuxinHa Hampyra pery/IbOBaHoro ABOTAKTHOIO MEPETBOPIOBAYA
BU3HaYacThCs Tak caMo, AK i B IPH mormwxkyBasbroOro Ty, aje
KoedilnieHT 3alOBHEHHS KePyBaJbHHUX IMNIYJBbCIB BHU3HAYAETHCS
1OJO TIOJIOBHHHU TIEPiO/ly HANMPYTH Ha BTOPUHHIN 0OMOTIL TpaHC-
dopmMaropa, OCKiJIbKH TCJsA BUIPSIMJIEHH 1€l HAXPYIH 4acTOTa
iMIyJIbCiB . MOABOIOETHCSI. BusHadeHHST MeX 3MillM TPUBAJOCTI

, iMmyIbCiB 3aiHCHIOETBCS Tak caMo, sik i B ICH, anme cowatky Bu3-
HayaeTheA MiHiMasbHe 3HaYeHHs aMILIiTYW HAIIPYTH Ha BTOPUHHIN
o6mori TpacgopMaTopa 3a YMOBH, MO KOeDilieHT 3aiOBHENHS
FIpH UbOMY Ma€ 6yTH MermM 3a oauimiio (mpubmmsno 0,9...0,95).
HoMinambHe i MiHiMazblie 3nadennst Koedilli€HTa 3aIlOBHEHIIS
BU3HAYAIOTHCA TAK CaMo, SK MiJ 4ac aHanizy ICH.

AcuMertpis XpuBOi IIaMarHiuyBaullg ocepAd MPU3BOAUTH /O
acuMeTpii TPUBAMOCTI KEPYBAJbHUX iMIYJIBCIB, IO COPUIHHIOE
36inblreHHs HecTabiNbHOCTI BUXiaNoi nanpyry, Tomy B PITH va-
CTO BUKOPUCTOBYIOTb KOMIIeHcallifini cTabii3aTopyu HAlpyTy JJs
HiBUIIEeHHs SKocTi BUXiaioi uanpyrn (aus. puc. 29.1, 6).
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29.3. CunoBi HaniBNpOBiAHUKOBI
efleMeHTH

Tun cuJIOBUX HAMiBIPOBIIHUKOBUX €JeMEHTIB BU3HA4YA€ THIL
HaIiBIPOBIAHUKOBOIO IIePETBOPIOBada, a IlapaMeTpu CUJIOBOrO
HaMiBOPOBIAHMKOBOTO eJeMeHTa — HOro cTaTuyiii Ta aunaMiuni
XapaKTepPUCTHKMU.

CusioBi HaniBIPOBIAHUKOBI €1EMENTH B IePETBOPIOBAYAX 3a-
3BMYAl IPAIOIOTh Y KJIIOUOBOMY DEXUMi. 3aBAAKU TaKOMY pe-
KUMY po6OTU BTPATH B CHJIOBOMY HAIliBIPOBITHHKOBOMY eJe-
MeHTi Ay’Xe MaJi MOpiBHANO 3 IepeTBopeHoio motyxHicTio. Lli
BTpaTH CKJAAJJAI0ThCSA 3 yTPaT MiJ Yac UPOTIKaHHS IPAMOTO CTPY-
MY, KOJIM CHJIOBUI HANiBIIPOBIAHUKOBHIA eleMenT BiikpuTuil a6o
HacUYeHuH, yTparT Iijl Yac NPOTiKaHHA 3BOPOTIIOrO CTPYMY, KOJIH
CUJIOBUH HamMiBIIPOBIANHKOBUY eeMeUT 3aKpPUTHH Ta BTPAT Mil
Yac MEepeMyKanHs 3 OJHOro cTaHy Ha iHmmi. llapamerpu, o
HaBOASATLCA B IOBIJHMKAX, BUSHAYAIOTh Lii BTpaTH.

Kracudikailiio cua0BaX HaNiBIPOBIANNKOBUX €E€MEHTiB 300~

" paskeno na puc. 29.11.

IcTroTnmii cTpuGoK y PO3BUTKY HEepeTBOPIOBAJbHOI TeXHiKH
BiAGYBCS 3 NMOSIBOIO GiMOJISIPHIX BUCOKOBOJBTHUX TPAH3HMCTOPIB i
nosuictio keposanux GTO (Gate Transisto Oxide) tupucropis,
a moTiM GimonApHMX TPau3HCTOPIB 3 isosboBanon Gasowo IGBT
(Insulated Gate Bipolar Transistor) i MOTYXXHMX IIOJbOBHX Tpall-
suctopip MOSFET (Metal Oxide Semiconductor Field Effect
Transistor).

Crpykrypa GTO-tupucropa B 06JacTIX aHo/a L KaTo/la CKJa-
JAETHCSA 3 BEJIHKOTO UMCHA TEXIIOJIOTIMHUX eleMellTiB — OKpe-
MHUX THPUCTOPIB, NiJIKJIIOIEHUX N1apaenbllo, BIACKIJOK 10ro Bill
3ATHHHA BUKJIIOYATHCS 32 CHTHAJIOM KepyBaJIbLOTO CJIEKTPOAA.

_ Cuaosi .
HaniBIPOBIIHUKOBI
IPUJIAIH
I

! ' '
L Hionu I [ TupucTtopu ] ITpaH3HCTOpHI

Bunpamui HenosxicTio I Binoaspui |

KepoBaHi

Bucoko-

YacTOTHI IlosHicTIO

kepoBani GTO

Puc. 29.11. Knacudixanis cuaoBUX HaMiBNPOBIAHUKOBUX NPHAAIIB

503



6 8

Puc. 29.12. Crpyxrypa, yMoBHe 306paskeHHs Ta BOJIbT-aMIIEPHA Xapakre-
puctuxa GTO-tupucTOopa
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Puc. 29.13. /[nuamiuni mpolecu mig gac
BMuKaHHs /BuMukanHs GTO-tupucropa

Crpykrypy GTO-tupucropa 3o06paxeno na puc. 29.12, a, itoro
306paXKeHHs Ha MPUHUUIIOBIH cxeMi — Ha puc. 29.12, 6, a BosbT-
amnepHy xapakTepuctuky GTO-tupucropa — ua puc. 29.12, 6.
BoHa NOBTOPIOE XapaKTePHCTUKY HENOBHICTIO KEPOBAHOTO TH-
pucropa (SCR — Silicon Controlled Rectifier). B ysimkueno-
My ctali GTO-TupHCTOP XapaKTepU3yEThCA TAKUMHU TapaMeTpa-
mMu: Ur y — TPaHHYHOIO HANIPYTOIO; ¥y, — AMHAMIYHUM OMOPOM.

Junamiyni npouecw nig vac nepemuxanus GTO-THpucTOpa
306pakeHO Ha puc. 29.13. TpuBanicTh Npollecy BMUKAHHSA CKJa-
JA€TbCA 3 TPUBAJIOCTI 3aTPUMKH BMUKAIHS . Ta TPMBAJOCTi
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HaPOCTAHNA lyap, BIPOAOBX SKOFO HAIPYTa Ha TUPHCTOP] 3MeH-
myetbest Ao 0,1 Big mouaTkoBoro 3uavennd. CyMa IHX IPOMiXKiB
Yacy CTAHOBHUTDb TPUBAJICTh BMHKAIILA:
tM = t3aT + tHap
Jlng 3abesriedeH s MaJoro 4acy i MaJuX BTPAT BMMKAHHS CTPYM
ila KepyBaJbHOMY €JIEKTPO/ii i3 caMoTo ToYaTKy Mae 6yTH 3i 3Hay-
HOIO IIBU/KICTIO HAPOCTAHHS

al > 5A /MKC.

dt

Ina GTO-TupHUCTOPiB XapaKTepHHH HOCHTH NOBiabHUN MpoO-
IleC BUMHKAHHS, 10 CKJIAJAEThCA 3 ABOX craniil (ymB. puc. 29. 13).
Ha nepurit crazii ctpyM tupucropa . crnagae o 0,1...0,2 ceoro
[10YaTKOBOro 3Havennsi. Ha apyriit crazil Biz6yBaeThcs noBijbHe
3MEHIIeHHS CTPYMY. TPUBAJICTD 3aTATYBAHHA Hpollecy BUMHKAlI-
151 6ibIna, HiXK TPUBAIiCTh crafy, i #oro c/IiA BpaxoByBarH.

Herarusuuit cTpyM KepyBaJIbHOTO €JeKTPOAA, LI0 BHMMKAE
TUPHCTOP, NOBUIIEH MATH 3HaYHy UIBUIKICTh HAPOCTAHHA i 3HaY-
1y ammaityay. B cyvyaciux GTO-THpHCTOPIB I aMIiTYAa A0-
carae 30 % aMnaiTyau cTpyMy aHoja. JlyA 3HMKeHHS AMHAMIY-
HUX BTpaT Mij Yac nepeMUKaHH:A Ta 3a6e3nevyeHls Hadiinoi po-
6otn B cxeMax 3 GTO-TUpHCTOpaMH BHKOPHCTOBYIOTH cHaGepH
(snubbers) — cremiaabHi cxeMu (popMyBalllls JUHAMIYIINX 11PO-
necis. Haiinpocritoio cxeMo1o cliaéepa € KoJo, 1[0 CKAaAEThCd
3 IIOCJIi{OBIO MiAK/IIOYEHUX PEe3HCTOpa i KoliJencaropa.

DipMa «Siemens» BUNYycKka€ (POTOCMMUCTOPM IIiji HA3BOIO
SITAK. ®@orotupuctopu i ¢GOTOCHMHCTOPH ~ 1€ THPUCTOPH Ta
cumucTopy (cUMeTpuUHi THPHCTOPH) 3 (HOTOCIEKTPOHIIUM Kepy-
BaIlISAM, B IKMX KePyBaJblinii eleKTpo/ 3aMinennii indpauepso-
1IEM CBiTJIOBHM JiofioM i poToupuiiMayeM 3i CXeMOI0 KepyBalllis.
OCHOBIIOI0 MEPEBATOI0 1UX TIPHJIAMIB € rajbBaniviia po3s’a3Ka
KiJl xepyBaHHS Bif cuioBMX Kin. Taxuii npunax cuoxupae i3
BXO/IOM KEPyBaHHSA CBITJOBUM Aio oM cTpyM Oimabko 1,5 MA, a
KOMYTY€E y BUXiJHOMY KoJi sminmuuit crpym 0,3 A 3a nanpyru 1o
600 B.

Ili npunau IWNPOKO R,
3aCTOCOBYIOTb SIK KJHOYI . al+58 R,=3x0m
3MIIIOTO CTPYMY 3 30160~ { & § Y
BanuM kepyBanmsM. Ix |Xe M et
TaKOX MOXXHA BUKOPUCTO- =8 SITAC

BYBATH IiJ{ Yac KepyBali-

11 GBI IOTYXKIUMA TH-  pye. 29 14, TlimcmoucHHs: doTocuMHcTOpa
pucropamMu abo cHMeT- SITAK go MiKponpouecopa
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PUYHHMHA THPUCTOPAMH, 3a6e3Me4yIout IIPU. LIbOMY TaJbBalliylry
PO3B’S3Ky KiJ KepyBaulld. MaJjie cHOXHUBAUHS TIOTYXIIOCTI KO-
JIoM KepyBanng gae 3vory nigkaodarn SITAK xo Buxoay Mikpo-
npotiecopa Ta MikpoEOM. Ha puc. 29.14 306paxeno npuk./jaj
nigxstouends npuiaaay SITAK ao mikponpouecopa i1 peryaio-
BalIs CTPYMY Ha BMXO/I, MiAKJIIOYE€HOTO 0 Mepexi 3Millloi 11a-
npyru 220 B, Koau MakcHMaJblia MOTYXHICTh focsirae 66 BT.

Y nonboBux a60 YHINOJAPUUX TPAIIZHCTOPAX 3Milia eJeKTpHY-
Hoi NPoBiANOCTI Kanajy 3AiHcHIOETbCA 3a JOIOMOr0I0 eJIeKTpHY-
HOTO HOJs, NEPIeHAUKYISPHOTO 40 HalpAMY IPOXO/IKEIHS CTPY-
My. EnexTpoan, nigkaodeii 10 MPOBiIHOTO Kauany, nA3ugdwms
cmoxom (Drain) i eumoxom (Source), a KepyBaJbHUii esek-
tpoa — 3ameopom (Gate). Hanpyra kepyBaiiss, 1o CTBOPIOE 10JIe
B Kallaji, TiJKIIOYAETHCS MiXK 3aTBOPOM i BUTOKOM. Y CHJIOBHUX
tpansuctopax MOSFET BUKOPUCTOBYETHCSA KOHCTPYKTHBIIO 130-
JhOBanuil Bif MpoBiAHOrO Kanaay 3atBop. CTPYKTypy Tpausuc-
Topa 306paxeno na puc. 29.15, ¢, a yMOBHe N03HavelNa TpaHsuc-
Topa — lia puc. 29.13, 6.

Anasoriumno 6inoAsploMy TPall3UCTOPOBI mosboBHit Mae ABi
o6macti poGotu: 06aacTh JiHIIIOr0 pexnMy Ta 00JacTh lacu-

Butik 3areop Crix

Hanie- Hienextpux
NPOBITHHK SiO, C
‘ 3
IMigknanka n
| B
a 6

Puc. 29.15. Crpyxrypa if ymMoBHe nosHaucaus MOSFET-tpansncropa

AKTHBHa 06J1aCTb

I I TO6 mamm S el B

L c2|O6nacte! 4, Jol
HacHYeHHA
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Obnacts npoSo

.
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4
o

a 6

Puc. 29.16. Bompt-amncpHi xapaktepuctiixiy MOSFET-tpansucropa
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Puc. 29.17. Cxema (@) i guna-
Miuti npoieck nepemukanis (6)
TOABOBOTO TPAH3HCTOPA

getmst (061aCTh MAIOTO OTIO-
py crik-BUTIK). Y 1ux pe-
xumax MOSFET-rpansuc-
TOP TIOBOAUTLCS AHAJIOTIMHO
GiNONSpPHOMY TPaH3UCTOPO-

Bi. Bxiana i puxigni Bonabt- - a
aMnepHi  XapaKTePHCTHKH ;
MOSFET-rpansucropa 306- t U
paxeni Ha puc. 29.16, q, 6. °

lunamivHi XxapakTepucru- 0
KH TOJIbOBHUX TPAH3UCTOPIB
JL1S KJITOYOBOTO PEXHMY PO-
60TH PO3TJSIHEMO HA TPH- L
KJlagi NIpolieciB BMUKaHHS i
BUMHKANs, KOPUCTYIOUYHCH
cxeMo10 Ha pHc. 29.17, a.

Mg nepemuxammsa Tpas-
31CTOpA Ha HOTO 3aTBOP TI0/Ia-
€THCS TIPSIMOKYTHHH: IMITYJTBC
manpyru U_ . CriovaTky Bia-
6YBA€ETbCA 3apsa/pKaNilsg KOII-
AelicaTopa KoJla 3aTBOP-BU-
TiK emuictio C,; yepe3 pe-
3UCTOP JKepeJia CHTHaNy 3
onopoM Rp. Sxmo nanpyra 6
na emuocti C,, ue gocsArae
rpaHMYIIol Tanpyru Unop, TO CTPYM CTOKY JOPIBILIOE NYAI0 i la-
Inpyra Ila CTOIi AOPIBIIOE HAUPY3i Jukepea xupieist Ey.

Axmo exBiBaserria eMuicTb Cayp KOJIA 3aTBOP-BHTIK 3aPAAMTD-
cs Jo nanpyrin Upep, TPANBUCTOP ACAKHIi Yac Oyae 3HaXOLNTHCS
B 0GJacTi HacHuelns. Y uboMy BUTIQ/IKY BXiZlIa €MIICTb BXiAHO-
ro KoJIa TPAI3HCTOpa pisko 36inpliyeThes. IBnakicTs napoctal-
11 HAIIPYTH Ha 3aTBOPi TPAH3NCTOPa 3MENILYETLCSA 06epHelo TIPo-
NopuiiHo 36iabiennio eMiocti Cyy. 11ia yac 36iabuiemnis manpy-
I'M Ha 3aTBOPi NIOCTYNOBO 3POCTaTHMe CTPYM CTOKY i 3MelllyBa-
TUMETbCS Halpyra 1a cToii. OTxe, POLEC 3apsjiKaiiils €MIIOCTI
Cpx TPUBATHMC IOTH, JOKH HAIPYTA Ha CTOHI 1E 3MEINHUTLCS J10
3HAYEHHS, 32 KOO TPAUSHCTOP BHABHTLCA Y JiNilinili oGaacri. 11pn
IBOMY BXi/itia €MILCTb JopiBoBaTiMe C, i MBUAKICTD i sapsypkants
Pi3Ko 306inbIUNTbCA, TOMY IANPHUKIiIIL TPOLECY BMUKANHA Tpall-
3HCTOpa Ma 3aTBOPi Gyae nanpyra U,

!
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[1ig yac mpoitecy BMUKaHHS BUXiHUH iMITYJIbC CTPYMY CTOKY
3aTPAMYETHCS WIOA0 HAJAXOKEHHS iMITYJIbCY KepYBaHIIA Ha TPH-
BaMicTh £y = by, + tHap. Ananorit_n—mﬁ npolec Bi_ﬂéyBaeTbc;l y
nporneci BUMHKAHHS TPAH3UCTOPA 1 CKJAIAETLCS i3 TPUBALOCTI
3aTPMMKH BUMHKANHA €, o, TPUBAJIOCTI BAMUKAHIIS gy, BIPO-
JIOBXK SIKOTO CIIAJ]a€ IMIIyJBC CTPYMy CTOKY, Ta TPUBAJIOCTi BCTa-
HOBJIEHNA £, BHXiJIHOrO CTany.

Binonspmi TpamnsucTopn 3 izomboBanuM 3aTBopoM (BTI3)
BHKOHAHi sIK CNOJIy4eHHs BXiqHoro yuinosisipaoro (1oyb08oro)
TpaHaucropa 3 i3oapoBanuM 3atBopoM (IITI3) i Buxiamnoro Gino-
aspHoro n—-p-n-tpansucropa (BT). € Garato pisunx cmocobis
CTBODeEIIIIS TAKUX HPUJIAJIB, OJHAK HAHGIIBLUIOTO OUIMPEH Ha-
6ysu npuiajgu IGBT, B AKX BAAJO MOEXHYIOTHCA OCOBJIHBOCTI
OJIPOBHX TPAH3UCTOPiB 3 BePTHKAJPHHM KaHAJIOM i J0JaTKOBO-
ro 6iIoJApHOTO TPaH3NCTOPA.

Y npolieci BUrOTOBRJIEHHS OJIBOBUX TPAH3HCTOPIB 3 130b0OBa-
HHUM 3aTBOPOM, SIKi MAlOTh BePTHKAJBHHI Kallajl, YTBOPIOBAaBCA
MapasuTHMH 6iMOJSIPHUE TPAH3UCTOP, U0 3aBa’Kaslo MHPOKOMY
IPAKTUYHOMY 3acTocyBaHHIO. CXeMaTUYHO Takuil TpaHsucTop
306paxeno na puc. 29.18, a, ne VIl — nosboBu# TpansucTop 3
isosnboBanuM 3arsopoM, VT2 — mapasutnuil 6inonspuuit Tpan-
suctop, R1 — nocaigouuil onip kanany MoJLOBOTO TPaH3UCTO-
pa. lllyutyBanns nepexony 6asa—emiTep GiIOJSIPHOro TPal3H-
cropa VT2 3a6esneuysanocs onopoM R2, 3aBasxu skoMmy 6imo-
JISPUKIA TPaH3UCTOP 3aMKHEHHH Ta iICTOTHO He BILIMBAE Ha pobo-
Ty nospoBoro Tpausuctopa VT1. Buxiani Bonbr-aMitepii xapak-
tepuctuku I1TI3, s06paxeni na prc. 29.18, 6, xapaKkTepH3yOThCs
KpyTicTio S Ta omopoM KaHauy R1.

Crpyxrypa tpansuctopa IGBT ananoriuna crpyxrypi 1ITI3,
aJie JIOTIOBHeNa Ie OXHUM p—n-TIePEXOAOM, 3aBAAKU SKOMY B cxeMi
samimenns (us. puc. 29.18, ¢) 3'siBUBCA Iile OMH p—n—p-TPaH-
auctop VT2. CTpykTypa, o yTBOpUJIacs i3 ABOX TPaH3UCTOPIB
VT2 i VT3, mae rauboKuil BHYTPIILHi} TO3UTUBHUN 3BOPOTHHH
3B’30K, OCKIJIBKH CTPYM KoJieKTopa Tpansucropa VT3 BiiuBae
Ha cTpyM 6a3u Tpanauctopa VT2, a cTpyM KOJIeKTOpa TPaH3uCTO-
pa VT2 Busnavae crpym 6asu TpaHaucropa VT3. llpniiMaioun,
1o kKoedinieuTn nepegadi cTpyMy emiTepa Tpansucropis VT2 i
VT3 BianoBiano MaoTh 3Ha4eHd o i oy, 3HaiaeMo Iy, = 1,70,
Iy =10 i I = Iy + Igy +1.. 3 OCTAaHHBOTO PIBHAHHS MOX-
Ha BU3HAYUTH CTPYM CTOKY IIOJIbOBOTO TPaH3UCTOPa

IC = Ie(i"a1 —a2).

Ockinbku ctpyM ctoky I, IITI3 Mokna BH3HAuUTH uyepes
kpyticth S Ta nanpyry Ug na satsopi I, =SUjz, Bu3HauuMo
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crpyM IGBT tpansucropa

SUs

Iy =1, =——23
K™% (g +ay)

=SU3z,

ae S, =S /[1—(ay +0,)] — exBiBasenTHA KPYTiCTh Ginmoasp-
HOro TPaH3UCTOPA 3 i30JIbOBAHMM 3ATBOPOM.

Ouernano, mo 3a (o +0,) =1 exBiBasenTHa KPYTiCTh 3HAY-
Ho nepepuuiye KpyTicts [ITI3. PerymoBatu snavenna oy i o
MOXHa 3MiHoIo ortopiB R1 i R2 mig yac BUroTOBJIEHHS TpaH3NC-
topa. Ha puc. 29.18, 2z HaBeJieHi BOIbT-aMIIepHi XapaKTepHCTHKH
IGBT-Tpan3ucropa, 1o MOKa3yIoTh 3Ha4He 301IbLIeHHs KPYTOCTi
XapakTepucTnky nopisnsHo 3 I1TI3.

Inuomo nepesaroio IGBT-TpansucTopis € 3HauHe 3IDKEHHS
[IOCJIIIOBHOTO OMOPY i, OTXKe, 3HUXXEeHHsI CIay HATIPYTH I1a 3aMK-

Iey C
R1 Ic, A
J U3B=3O

T1 vT2 |U

V;_ CB 0] Uss =20

| et
o__J h Usp=10
3 —t R2 5_ 3B

Us B 0 2 4 6 8UgB

6

U3F_=8

Puc. 29.18. Cxema 3amimenns [ITI3 3 peprukanpium kananom (@) i jforo
BOJIBT-aMIIepHi XxapakTepueTuky (6) Ta cXeMa 3aMili{CHHS TPAaH3HCTOPA THILY
IGBT (g) i loro BoabT-aMnepHi xapaktepucTuku (2)
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Puc. 29.19. YmMosHe rpadiuHe 306pakCHHS TPAH3IUCTO-
pa BTI3 (a) i iioro o6aactb 6esneunoi poGotu (6)
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Puc. 29.22. Moctu Ha GTO-THpHCcTOpax
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Puc. 29.20. Moctu Ha giogax
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Puc. 29.21. MocTi Ha THPHCTOPAx

HeHoMy Kaioui. Ocranne MNOACHIOETbCS THUM, IO Big0yBaeThCs
IIYHTYBaHHs TTOCJi0BIIOT0 onopy R2 kaltamy ABoMa HaCHYeHHMH
tpausuctopamu VT2 i VT3, miaxmodeHUMK NOCAIIOBHO. Y MOB-
ne cxemaruune so6paxeuist BTI3 zo6paxkeno ya puc. 29.19, a.
Lle no3madeHs MKPECAIOE HOTO Ti6pUAHICTh THM, L0 130JIL0-
Baluil 3aTBOp 306paxyeThbed gk y IITI3, a enexTpoan koaexro-
pa Ta eMmitepa 306paxyIoTbhcd AK y 6iONIPHOTO TPAH3HCTOPA.

O6mnactp 6esneunoi po6otn BTI3 nmoaibua IITI3, TobTO ¥ Hiii
BiZICYTHA OiMIAHMKA BTOPHHHOrO Ipobolo, XapakTepua s 6ino-
aapuux Tpausucropis. Ha puc. 29.19, 6 3o6paxerno 06.1acTb
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a
Puc. 29.23. Mocrtu na MOSFET-Tpansuctopax

6esneyttoi pobotu (OBP) Tpausucropa tHny IGBT 3 Makcumarb-
1010 pobo4oio Hanpyrolo 1200 B 3a rpusaiocti iMmnoyascy 10 mMxc,
1o rapantye iforo maziitnicto Ta 6e3BiAMOBIICTL. OCKiNbKU B
oclioBy Tpansucropis tuiry [GBT nokaageni [IT13 3 inmmykosa-
ITUM KallaJoM, TO IANpyra Ia 3aTBOpi Mae OyTH OLIbMIo, 11K
rpaHMYHa HAIpyTa, o Mae 3Havelns 5...6 B.

HIsuaxonisg BTI3 Tpoxu nskya 3a WBHKOMII0 MOJBOBHX TPaH-
3UCTOPIB, ajie 3HAYHO BHIIA 32 IBUAKOAIIO GIITONAPHUX TPAN3HC-
TopiB. JocaiKenia nokasaay, o AJs OiIbIIOCTI TPAH3UCTOPIB
tuny [GBT TpuBanicTb BMUKAIIIA Ta BUMUKAHIIS He MCPEBUILYE
0,5...1,0 Mxc.

Po3BuToK TeXHOMOTii BUTOTOBJEHHSA CUJIOBUX HAalliBIPOBIANH-
KOBUX €JIEMENTIB IIPUBIB 4O CTBOPEHIS MO/YJ/ILHKX Ta IIITErpasib-
X CHJIOBUX €JIeMeHTiB. Y MOAYJLHUX KOUCTPYKIIAX, AK NPaBH-
JIO, TEXHOJIOTIYHO 3'€iHall TPAH3UCTOP | MiAKMOYedi 10 HbOTo
3yCTPIMIIO-IapaIenblio IMBUAKOAIIOUHN 3BOPOTHHI Aloa. B iure-
rpanbiux Korcrpykuisix (PIC — Power Integrated Circuit) o6’ea-
HaHO KiJbKa MOAYJIiB, 110 YTBOPIOIOTh CHJIOBUH I1alliBIPOBiAIH-
KOBUI IepeTBOPIOBaY. ¥MOBUI CXEMU CUJIOBUX HANiBIPOBIIHH-
KOBUX TepeTBOPIOBaviB 3006paxeni Ha puc. 29.20—29.24. Ilpu
ILOMY MOXYTb OYTH peaJiizoBalli OJII0IlIeYi CXCMHU, KOJIM BHKO-
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Puc. 29.24. Moctu Ha IGBT-TpaHsucTopax
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PHCTOBYIOTbCS JIMIE OJHe IIJede, MOCTOBI oxHO- Ta TpudasHi
cxeMd. 3ajleXXHO Bifi IpH3HAueHHS MepeTBODIOBaYA 3aTHCKayi
aMinitoro crpyMmy ABC MoxyTh 6yt BRignumu (us. puc, 29.20 —
29.24, a), a6o suxignumu (qus. puc. 29.20—29.24, 6).

Hagepneni cxemu cu10B0i eJIEKTPOHIKY HAGYIH IMMUPOKOTO MPaK-
THYHOrO 3aCTOCYBAHNS B PI3HUX Tajy3sx TexHikyu (Tpamuiiiiniii
ellepreTHlli, TEXHOJOTIYIOMY i TATOBOMY €JeKTPOIPHRO/I, BTOPHII-
HUX JKepesaxX KUBJEHIS) Ta IPOMHCIOBOCTI.

29.4. TeHpeHUiT po3BUTKY
eNeKTPOHHUX KOMMOHEHTIB

[llupoke BIPOBaKEHHS TEXHOJOTIYHUX HOCATHEHb MIiKpo-
eJeKTPOHIKN B CUJIOBe HANiBIPOBIIHHKOBE NPUJIAZ06YIYBAIIHs
JlaJlo 3MOTY CTBOPDUTH HOBi kJacu npuianiB. OckiJTbku 1aii-
6IVDKYYM 4acoM Tpafuiliiiia enepreTuka 3aJUIINTbCS OCIIOBHEM
JOKepesioM eNeKTPUYHOi eneprii, To HOBI MOXJMBOCTI 3acToCy-
BaHHSI CHJIOBOI eJIEKTPOUIKM B TpaAnUiinijl eHepreTuili € axrty-
aJbHUM THTaHnaM. 1li MOXIMBOCTI BiAKPHBAIOTLCA B 3B’SA3KY 3
TIOSIBOIO €HEePreTHUHOTO PUHKY, XOPCTKICTIO BUMOT /IO SIKOCTI eJiek-
TPONOCTaYaHus Ta y 3B 43Ky i3 3pocTanmHAM KiJBKOCTI BUPOG-
HUNTB, AKi MoTpe6yIoTh Gesnepebiitnoro >xuBjaents. Jx naciigok,
TMiBUIIYIOTHCST BUMOTH 10 eheKTHBHOCTI MepesaBallHs Ta CIo-
SKMBAHHS eJIeKTPUYHOI eHeprii.

Jlasi 6iybIrocTi HOBUX PO3pOOOK B eHepreTUHi moTpibio .mmo-
Tyxuauit (1...300 MBT) HaniBnpoBiAHUKOBUI [epETBOPIOBAY, 1O
Ipallioe Ha IPOMHUCAOBY TpudasHy Mepexy 3MIHHOTO CTpyMy.
Taxuil meperBopioBaY Mae 3a0e3NeuyBaTH ILJIaBHE i Hesaslexue
peryJioBaHHs ITOTOKY aKTUBIIOI # peaKTUBHOI MOTYXXHOCTI Ta 1e
3yMOBJIIOBATH IepekpyuyBalinsa ¢opMu Hanpyru Mepexi. To6ro
CTPYM Mepexi MmepeTBopioBada Mae OyTH OJUIBKUM [0 CHHYCOi-
au, a BeJuuyHa i dasa cTpyMy perysioBaTHCS He3aslexHOo ojla
Bif oanoi. Cydacui CUJIOBI HATIBIIPOBIANUKOBI IpHaagu (Tupuc-
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topu, GTO, IGBT) naioTh 3MOTY peanisyBaTi pisHi cXeMHi Bapi-
AQUTHA IOTY>KHOrO IepeTBOpIOBava, sIKi MaloTb 3a3HavyeHi BHILeE
BJIACTUBOCTI.

3 NOSBOIO CHJIOBHX TPAH3UCTOPiB, BUKOHaHUX 3a MOH-TexHo-
aorieio (MOSFET i IGBT), 3’siBusacsi MOKJIUBICTb CTBOpENILsA
I1a ixuill 6asi moTyKHUX BHUCOKOedeKTHBHUX IeHepaTopiB, sIKi
MaloTh 3HayHi IepeBaru MOPiBHANO 3 TUMHU, sIKi moOyaoBalli Ha
eJIeKTPOHHUX jaMIax i Tupuctopax. Lleit HoBuii Tun reneparopis
i3 po3smMpeHuM YacTOTHUM Aiama3oHoM Bia 10 go 200 xI'u nae
3MOry 3aMiHHTH eJeKTpoHHi JaMIloBi reHepatopu. HaiiBaxxiu-
BillMMU IlepeBaraM TaKUX reHepaTopiB HOPiBHAHO 3 JJaMIIOBUMH
¢ Bumi KK/ ta TepMmin ciayk6u, a TakoxX MeHili Maca Ta raba-
PUTHi pO3MipH.

Humni cunosi IGBT-moyni Bumyckators s crpymy 10...2400 A
Ta HanpyTH koMyTanii 600, 1200, 1700, 2500 i 3300 B. ix 3acro-
COBYIOTb Yy peryJIbOBaHOMY TEXHOJIOTIYHOMY i TATOBOMY €JIEKT-
PONPHUBO/L, BTOPDHHHUX JKepeax KUBJICHIS, Y MeTayprii, XiMii,
MalIMHOOYIyBallli, 3B’ A3KY, ellepreTHii, CTBOPIOIOYH IEPETBOPIO-
Bayvi IIOTYKILCTIO BiJ OAMHHIL KiNOBaT A0 OAMHHIbL Merasart.
Maioun xpaui xapakrepuctuks (Majry HOTYXKHICTh KepyBaHHS i
KOMYTalliifHi BTpaTH, BUCOKI HMIBHAKOCTI KOMYyTallii Ta CcTiflKicTh
IIpOTH IlepeBaliTa)keHb TOIO), BOHHM BUTHCHYJW B IUX TaJly3sax
32CTOCYBaHIIS He JIHIIE CUJIOBUX OiMOJSIPIHX TPAaH3UCTOPIB, a i
HaBiTb TUPUCTOPIB.

Punox IGBT-moay1iB AultaMiuHo pO3BUBAETHCH i 3 MIOPIYHUM
mpupoctoM 10 30 % mocsr 61u3bKo MiBMijbApAa Aonapis. Be-
NyThest po3pobKU i posmovato BupoOuuireo IGBT-moayiie na
Hanpyry komyTtauii 4,5...6,5 kB. Ycio raMy cHI0BUX MoAyJiB
noAingoTh Ha 3pudaiini IGBT-moxyni Ta <iuTenekTyanblii».
3suuaiini (craHTapTHI) MO/YJIi BHILYCKAIOTh B OAHO-, ABO-, YOTH~
pH- i IIECTUKJIIO4OBOMY BHKolanHi i3 (6e3) 3BopoTnumMu aiofa-
mu mBuaxoro eianosaenns FRD (Field Rectifier Direct).

Intenexktyansui cunosi monyni (IPM — Intelligent Power
Modules) ynepuie 3’siBuucs na puuky B 1988 p. Kpim cutosoi
JACTUIU CXeMH MepeTBoploBaya (MOCTOBOTO Ofil0- a6o Tpudas-
HOr0 BUIPAMJISTYA, MOCTOBOTO iHBEPTOPA) MICTATH y €AMIIOMY
KOPIYCi TaKOX JATYHUKM, CXeMH ApaiBepiB, 3aXUCTY, AIaTHOCTHKH,
JKepeJsi XKUBJIEHIIS TOIIO.

Craugaptui IGBT-Moays1i yMOBHO MOZIAAIOTH Ha ABa THIIH:
[TaAHO0l KOHCTPYKIII 3 130/IbOBAIIOI0 OCHOBOIO 1 IPUTUCKIOT KOH-
crpykuii (Press-Pack). 3a cyuacuoro pisus supoGuunnrsa IGBT
MaKCUMaJIbHUH MOCTIHIMI CTPYM, 1O IPOILYCKAETHCSI OAHHUM KPH-

_crasom (ainom) IGBT, cranosuts 100 A. ToMy B CHIOBOMY MO-

AyJIi BUKOPUCTOBYIOTh apasiefbie 3'eamanns Kiapkox (ruui a0
24) yinie IGBT. Ockinbku IGBT MatoTh nosutusnunit TeMnepa-
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Puc. 29.25. [lagsa xoncrpykuis cutosnx IGBT-moxynis

TypHHI KoedilienT i cydacHa TeX110J0Tia iXIboro BUpoGINLTBA
3a0e3reyye Maanii po3Ku/1 apaMeTpis uinis, npobiema napasiesb-
HOTro 3'€HaHIid HaBiTh TaKol BEJHMKOI KiJIbKOCTI 4YilliB He JyKe
ckaagia. Cxemarnuno 6a30oBy Nasy KOUCTPYKIIIO CydacluX
cugosux 1GBT-Monynis 306paxeno Ha puc. 29.235.

Yinu cumosux mamnisnposiauukosux npuaaniz IGBT i FRD
npunaloioTses 1ta DCB-kepamiky (Direct Copper Bonding), mo
BUKOHYE POJIb €JEKTPOI30I0BANBIIOTO | TeIJIONPOBIAHOTO Wapy
MIXK Yinamu Ta 0CHOBOIO — BiaBojaoM L Ternotn. DCB-Kepa-
mika 8 — e miocka tonka Al,O5- a6o AIN-kepamika, nokpura 3
ABOX 6OKiB Milo10 ¢GoJbroio MetogoM npamoro (audysiiiinoro)
apomyBatiig, Hioxnift utap — cyuinpiuil, Bepxuiii — y BATIALI
APyKOBaliol IIaTH, mo 3a6e3ieyye ejgeKTpudle 3’ eAHaHHs CUI0-
BHX KJII0YiB, CHJIOBUX 2 1 KepyBaabliuX [/ BUBOXIB.

3’equaung cuaosux (Busoais eMitepa mias IGBT i kaToquux
a1 FRD) Ta KepyBaJbllHX BUBOAIB YilliB 3 KOHTAKTHHUMH 710~
magkamu DCB-xkepaMmiku 3ilCHIOETbCA YAbTPa3BYKOBUM 3Ba-
ploBanusM amioMimieBum gporoMm 6. DCB-Kepamika 3 mpunas-
UMMH CHJIOBAMH BUBOAAMU Ta lamasiiumMu (IpuBapeHuMn) uina-
mu IGBT i FRD nmpunaoerncsa 11a Migny ocHoBy 9. [lo miatoi
OCHOBH IIPHKJIEIOETHCS JIACTMACOBHH KOPIYC 3, yCepe/uHi SKoro
Al BIPOBIIUUKOBI 4ilK i KepaMika 3aXuaoTbes (3a/MBaIOTh-
cs) cuminifiopraHidyiuM rejieM 7, W0 He 3MIHIOE ¢BOI Mexalivli
Ta eNeKTpoisoNAuifini BAacTUBOCTI MiJ BILAMBOM TeMilepaTypH,
Bostorocti i wacy. [loJaTKOBY KODPCTKiCTh KOHCTPYKUil MOLy i
JI0fla¢ Map eNoKCHAN0ro KoMmaynay 5. CuioBi BUBoAU 2 3arn-
HAIOThCS 1141 Taifkolo 1 32 JoToMOroio I'BUHTIB NPHEAHYIOTHCA KO
LKL CHJIOBOI cXeMH MepeTBoploBavya. KepyBanblti BuBoAH | maii-
KOIo 3’eIHYI0ThCS 31 cXeMolo ApaiiBepa.

g 3a6e3neyenns HaAiHOTO BiIBO/Y TEILIOTH i BUCOKOI €JleK-
TpUUHOT 130741111 B 6araTomapoBiif KOICTPYKIlii CHIOBUX MOAYJIB
IassHoi KOHCTPYKILiT 3 i30JIbOBAHOI0 OCHOBOIO 3aCTOCOBYIOTh Ma-
Tepiau 3 pisuuMu koediltienTaMu TepMiuHOTO posuHpenns. s
pPO3po6OK 3 BUCOKUMU BHMOTaMH OAO HaAIHIIOCTI Ta TepMivnoi,
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uukaiunoi crifikocri dipmamur «Toshiba» ta «Hitachi» sanpo-
MOHOBANO KOMCTPYKUII0 MOAYRS 6e3 OCHOBHM 3 IPSAMUM MAasHUM
xonurakrom DCB-kepamixu 1a saznaserigp nixeabosanuii AlSiC-
oxonoanuk. Iloxi6iy xoncTpyK1ilo BUKOPHCTOBYE i (pipMa «Semi-
krons 'y cepii inrerpanprux intenekryaapbHux Moayuis SKIIP
(Semikron Integrated Intelligent Power Module), sukaouusum
nmasgHuil wap Mbx oxonomiukoM i DCB-kepaMikomw.

Ojogacto i3 po3BHTKOM TeXHOJOrIH TasHol koucrpykuii cu-
JIOBUX MO/YJB OCTANIIM YacoM MoYaja ilTEeHCUBHO PO3BHBa-
THCA Texuosorias nputHckHo! koucTpykuii IGBT-monyais. Ha
puc. 29.26 s3o6paxerno pospis koncrpykuii IGBT-moayas npu-
THCKHOT KOHCTPYKLUi].

Yinun IGBT Ta gioais WBKAKOTO BiAHOBICHIS, po3/iiieHi cena-
paTopoM, MAlOTb NIIPUTUCKHI KOUTAKTH 11a KOJEKTOP Ta eMirep
(anon i xaron mioma) vepes Moni6aenosi miaactunu (TepMiyni
KoMnencaropn). Busizi 3aTBODIiB Takox 3a6e3nevyeThes IPATHCK-
1AM KOUTakToM (30H0M) 3 MOCHIIOBIINM PE3UCTOPOM 1A KOX-
init uin IGBT pas ycyienns napasuruux Kosubaiib, Taka xou-
CTPYKUIA NOTYKIIOCTPYMOBOTO MOJYJISE MA€ 1abarato MEHIIHH Tern-
n0Buit omip, 1ix win-ocnosa (11 K/kBt ans 1000 A Mmonyna),
OXOJIOZKEIIIA 11a OOHABA GOKW, BUCOKI €HEPreTAvIty, TepMivny i
unkaivny crifikicts Ha piBiii GTO-TipHCTOPIBE TAGAETKOBOT KOH-
crpykuii (o 100 THe. THKAIB).

®ipma «Toshiba Semiconductor Group» (Snotisn) sinyckae B
TabaeTKOBIH Metanokepamiuniit koncerpykitii IGBT-mMonyni (si 3po-
pornuM xiogom) @75 mm tumy STBO00FXF21 (800 A,/3300 B),
ST1000EX21 (1000 A /2500 B) i @85 mum mvmy ST1200FX¥F21 n1a
crpyM 1200 A ra nanpyry 3300 B. B ocranimsoMy Moayii 06’ ej-

7 6

Puc. 29.26. Pospis koucrpykuiil IGBT-Moayas npHTHCKHOT KOHCTPYKILET:
! — nmonibachosi npokaaaku; 2 — soumit; 3 — cenapatopu; 4 — paMka; 5 —
kepaMmiunnit kopriye; 6 — winn IGBT; 7 — wimn FRD; 8 -- momi6acHosmit anck
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Hago 15 gimis IGBT (80 A /3300 B) i 6 zinis FRD (200 A /3300 B)
poaMipoM 15 X% 15 MM koxuuii. /[ns 3a6esnedenHs ITPOGUBHOI
Hanpyru 3300 B xoxuuil 4in no nepuMeTpy 3axulllenu# i3oJro-
BaJIbHOIO PAMKOIO.

IGBT-Moayai nputickHoi KOHCTPYKIiI KpiM BHCOKOI Haaii-
HocTi, TepMivyHol, NUKIiYHOI CTIMKOCTi, JBOCTOPOHHBOTO 0X0J0-
JKEHHS 3 MaJHM TElIOBUM OIOPOM Yill-0CHOBA MAIOTh IE Oy
nepeBary — Majly NapasuTHY iMAYKTHBHiCTb BUBOAIB (OAMHHIUI
HaHoreHpi). 3a BeIMKUX LUIBHAKOCTENR KOMYTAIT CTPYMY Ha TaKiii
IHAYKTUBHOCTI e MOXKYTh BUIMKATHU IepeHATIPYTH, 110 3abe3me-
4y€ AOAATKOBO BUCOKY HaAiHHICTB po6GOTH MOAYJIB.

MiniMisanis BHYTPiIHBOI IHAYKTUBHOCTI BUBOAIB MOTYXHO-
crpymoBux IGBT-moaysis (>800 A) € akTyalbHUM 3aBIaHHSM.
Y Taxux MOAYJISAX AOBOJUTHCA MOEAHYBATH JecsiTky uiniB [GBT
i FRD. Benunka napasuTHa iHAyKTUBHICTD BUBOIB i, SIK HaCJIiIOK,
BEJIMKI mepeHanpyru Ha GpoHTax KOMyTalil 06MeXyioTh 061aCTh
6e3meunol po6OTH MOJYJIiB Ta 3HWXKYIOTh HaAiliHicTh IX1bOI po-
60TH.

s nigBuienus yiiBepcaabHOCTi, IIPOCTOTH H 3py4HOCTi 3a-
crocyBanusa cunoBnx IGBT-mMonyniB y cxeMax nmepeTBoploBadvis
po3pobiiioBayi MoOZyJIiB NPOMONYIOTHb KijlbKa BapiaHTIB KOHCT-
PYKIi#t MOAYJIIB 3 6araTbMa KJIOYaMHU, L0 MAIOTb Y CBOEMY CKJIaAi
MOBHI MOCTOBi cxeMU. HHUHi MOXHa rOBOPUTH HIpO [Ba CTaHAap-
Tt Ha IGBT-moyai 3 6aratsma kmodamu: EconoPack i ECONO+
(Eupec, Siemens, Semikron, Toshiba) i LoPak4, LoPak3 (ABB
Semiconductors AG, Semikron). Moayai cepii Econo mmpoko
3aCTOCOBYIOTbCSA PO3PO6JIOBaYaMU B NepeTBOPIOBAYaX 4acTOTH
eJIEKTPOIIPUBGC/IiB 3MIHHOTO CTPYMY HOTYXKHICTIO IO AeCATKIB Kijo-
BarT.

Moayai LoPak4 i LoPak5 mMaoTh Taki rpaHWyHi XapaKTepuc-
tHku: 6x300 A/1200 B; 2x900 A /200 B; 6x225A/1700B i
2x675 A /1700 B. Ix BunyckaloTh y JBOX BapiaHTax: 3 MiZjloI0
OCHOBOIO Ta 6e3 OCHOBW 3 mpsiMuM KoHTakToM DCB-kepamiku
MOJAYJISI Ha 0X0noAHMK. Moaysi MaloTh HE3bKY IIapa3UTHY iHAYK-
THMBIICTD Ik BHYTPIillIHiX BUBOMIB, TaK i 30BUIlINIX MyH. 30BHILINI
CHJIOBI IIUHKA BCTAHOBJIOOTb Ha OOJTH CUJIOBOTO MOAY.JIA i NpH-
KpPY4YyIOTh ralikaMu.

Haiinonmpeninmm cepen TpHJAaJAiB CUAOBOI €JIeKTPOHIKH €
ejexTponpusil. Knacuuny (hpyHKIiOHANBIY CXeMy ITepeTBOPIOBa-
4a YaCTOTH 3 KOJIOM HOCTifiHOro cTpyMy 306paskeHo Ha puc. 29.27.
Bxima manpyra HaIxoAWTb Ha MOCTOBHil BHMIDSIMJIAY  Ha Iio-
Jax, BXiJ SIKOre 3axuuleHni oO6MexxyBayaMu mepenanpyr 8. [o
BHXOJY BHIIPSMJISTYA iAK/I04ena (hiIbTPOBa EMHICTD IHUHE TOCTilR-
HOTQ CTPYMY 3i CXEMOI0 <M’SIKOTO» 3apsiXaHHA 9 i MocTOBMiA
inBeprop nanpyru 4 na IGBT. ¥V npusoaax Mainoi i cepeanboi
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NOTY>KHOCT] O IIMHY TIOCTIAHOro CTPYyMy TiJKJIIOUeHa CXeMa Tajib-
MyBaHHa 5. CujoBa 4acTHHA NIePETBOPIOBAYA MICTUTD TaKOXK JaT-
4YUKH cTpyMy 2 i Temiuepatypu 3. CxeMa KepyBaHHS MiCTHTDL Apait-
Bepu 12 1y KepyBaHHS TPaH3UCTOPaMHU iHBepTopa i rangbma 3i.
cxeMamu 3axucty 10, 13, kourposep KepyBaHHsS 4 i mxepena
supsenns 1./, OCkinbKH CHIIOBA CXeMa | YacTHHA CUCTeMM Kepy-
Baius (1paliBepH, JATYUKY, CXeMU JIarHOCTUKY | 3aXMCTy) € ofia-
KOBHMHU A4 GiibLIocTi 3acTocyBalb, 6axano o6’exHarty ii ene-
MelTH B €IuHy KoHCTpYyKUilo. [Tossa MOH- xepopanux npunanis,
1110 MAIOTh MaJli INOTYKIOCTi KepyBaHiis, Ta BUCOKa cTifikicts IGBT
[IpOTH IIePEBAHTAXEHD Ta JIETKICTh KePYBaHHA HHMHU B aBapiliux
pekuMax Janau 3Mory of’efHaTH B €AMHOMY KOPIIYCi CHJIOBI Yac-
THIH NIEPeTBOPIOBadva i cxeMu JpaiiBepiB, AiarHOCTHKYU # 3aXUCTy.

CusoBy 4acTHILy 1MTeNeKTyasbHOTO MO/LYJISI BUTOTOBJISIIOTh, SIK
I cranfapTHi MOAYAL MasgHOI KOHCTPYKUIL, 3 i30/1bOBAHOIO OCHO-
BoI0. TyT TakoX BUKOPUCTOBYIOTH TEXHOJIOTiYHI HPUHOMH, KO
JIal0Th 3MOTY MiABUIIUTH HARIHHICTD, TePMiYIly, MUKIMITY CTIMKICTD
MOJIYJIiB, 3IIM3HTH NApasKTIi IIAYKTUBIIOCTiI BUBOAIB. IHTEmEKTY-
aJbpHa yacTHIa MOJTY 1A po3MilleHa Ha 6araTollaposiil ApykoBaHii
nnaTi, Bctanoserniii nax DCB-nuataMu i3 cHIOBIMM HaniBIpo-
BiZIIMKOBMMM YillaMu.

3a Taxolo TexHousorieio dipMamu «Fujis, «Mitsubishi», «Toshibas
BHTIYCKA€TbCA 1ijla raMa iHTeJeKTyaABHHX CHIIOBHX Moayais IPM
na 300 A/1200 B y sukonanui asox kJyawo4is i 100 A/1200 B
(osu0r0 KJII0Ma), Y MECTH- | CEMUKJIIOYOBOMY BHKONHall. Mynk-
HioHaJbHY CXeMy TaKHX MOAYJIiB 300paxkelo na puc. 29.28. Sk
CXeMH ApaiiBepiB 3aCTOCOBYIOTH BUCOKOBOJIbTHI CHJIOBI iHTCIPAD-
Hi CXeMH, o 3a6e3medyioTh KpiM (HopMyBanils iMilyIbCiB Kepy-

Bxin [T_‘—_]
Ihiz (3] | 4 @

Buxin

T THEN

Puc. 29.27. ®yuknionansbHa CXCMa NEPCTBOPIOBAYa YaCTOTH 3 KOJIOM NOCTii-
HOTO CTPYMY
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Puc. 29.28. Oynkuiona pHa cXeMa CUJIOBOTO Moxyasa IPM

BanHA Ha 3arBopu IGBT 5 rtakox ¢yukiuii 3axucry cunoBux
KJIOUIB BiJ TepesanTaxenns 3a crpymom 6 (OC — Over Current),
BKJTI0HAI0YH KOpoTKe 3amuxarns 7 (SC — Short Current), saxuct
Bin neperpiBanns 9 (OT — Over Temperature), Big asapii
(HempuITyCTUMOTO 3HMIKEHHS) HAIpYTH )KHBJEHHS IpaiBepin 8
(UV — Under Voltage). B okpemux IPM ¢: rarpBaHiuia po3-
B'A3Ka KepyBaJbHUX CUrHaJiB 3, AKepeja HUBJEHHS OpaiiBe-
piB 2. ¥ HacTynIMX MOKOJIHHSX HIAHYETHCS BKJIIOYATH JO CKJIA-
ay IPM Takox i xontposep KepyBamus /.

Cunosi IGBT-moayni 3afiisau JOMinyIode NOJOXEHIS Ha
PUHKY NpUJIaJAiB CUI0BOI €JeKTPOHIKY /I BCiX NpakTHYIIO BU/IB
[1ePeTBOPIOBAJILIIONO YCTAaTKYBalllsd IIOTYXHICTIO BiJf OJMHUIIb
KiJIOBOJIbTaMIIepa 0 OAUHHKIb MeraBoJibTaMiepa. Po3pobaioBadi
Ta Bupobuuky cuioux IGBT-MoayniB BexyTs poboTH 3 MoAepili-
sanii MozyJiB MasHOI KOHCTPYKIII 3 METOI0 MOJIIIIEHHsS IXHIX
CNeKTPHYHIX XapaKTePUCTHK, IT/IBUIIEHHS FPAUYHIX TaPaMeTpiB,
30i/bIUEHHS HaAiHoCTi # TepMiunoi, HUKIIYHOI cTifiKOCTI NpH
sumokenni uinu. Ils Mera pocAraeTbcs 3acTOCYBaHHAM HOBMX
MaTepianiB i TexHoJMOrif CKIafianHd MOJYJIB 3 BUKOPUCTAHISAM
tonkux Al,O3- i AIN DCB-kepamiunux miak/Iaa0K, 3acTocyBaH-
HSM KOHCTPYKIIi#t MOAY/1iB 6e3 MiIHOT OCHOBHU 1 3 OCHOBOIO 3 MaT-
PHYHNX KOMIIO3ULINHUX MaTepiatiB, HOBUX KOHCTPYKIiil Mogy-
JIiB 3 BUBOJAM¥ MaJiol IHAYKTUBHOCTI, PO3POOKOIO crelliaIbHuX
KOHCTPVKIIi# MOZYJIIB 3 iHTEIPOBANNM PIANHHUM OXO0JO/KEHIIM,
po3po6koio HoBUX KopmyciB IGBT-Moaynis, mo 3a6e3neuyioTh
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MaKCHMaJIbHi IPOCTOTY 1 3pYy4YHiCTh BUKOPUCTAHIA IX Y [IEPETBO-
PIOBUIBHOMY YCTaTKYBaliti.

IMopsa 3 po3BUTKOM TeXHOJIOTiH Nasgiol KOHCTPYKLii Moy IiB
3 i30JIbOBAHOIO OCHOBOIO OCTAHHIM YacOM iITEHCHBHO PO3BHBAETHC
TexHoJsoris NpuTHcKHOl KoHeTpykilii IGBT-MoayniB, mo MaoTh
JIBOCTOPOHHE OXOJIOIXKeHIIsA, HU3bKY iIHAYKTUBHICTb BUBOAIB, BH-
COKy HAJilHiCTh Ta €eHepreTUYIy, TePMidHy, HHKJIIYNY CTilKiCThb.

TomoBHUM HAPAMOM PO3BUTKY CHJIOBOI €JIEKTPOHIKH € CHC-
TeMIa iHTerpaitist, TO6TO HaJJaHHS KOPHCTYyBaya ilTeJleKTyaIbHOTo
CUJIOBOTO MOAYJIA, & B MafOYyTHLOMY — iHTETpaJibHOTO [ePeTBOPIO-
panblioro npucrpolo. Huni MOSFET ta IGBT cunosi inTerpanbui
CXeMH i Moy, B TOMY 4MCi inTenekTyaabi IPM BuTiCHAIOTH
NPaKTHYIIO 3 ycix cdep 3acTOCOBYBali paHilie THPUCTOPH, 6irio-
JIApHi TPAH3UCTOPH, OCKIJIBKY 32 TUX CaMHX KOMYTalliiliiX CTpyMiB
i IIampyT BOHH MAaIOTh 3HAYHO MEHIIY IIOTY>KHIiCTh KepyBaHIIA Ta
TPUBAIICTH KOMYTaLii, MUpUIy 061acThb Ge3nednol po6oTy if BuIi
YACTOTH HEePETBOPENHA.

3a npornosamu IGBT nosxicTio 3aMimuTs GilloAspll Tpalsuc-
topu (BPT) i nosnictio keposani tTupucropu (GTO) B nepeTno-
PIOBAJIbHOMY OOJaANAIT IOTYXKHICTIO 1O OJMHHIIL METaBOJbT-
aMiep, B 06/1aCTi MAIHX NOTYXKHOCTel (B ILH3bKOBOJLTIIMX Mepe-
TBOpIOBaYax) fAoMitysarume MOSFET, a B o6JacTi 3nauimx no-
ryxHocreii — GTO.

KoHTponbHi 3anutaHHs

1. SIxi mepeBaru MawTh JKePCJaa SKUBJICHHA 3 BUCOKOYACTOTHHM 1(CPCTBO-
PEHHSIM eHeprii?

2. 51k o6MexyeThes aMIUITYAAa iMNYJIbLCY 3apsliHOro CTPpYyMY KOHJICHCATO-
pa MEepPC>KHOTO BHHPAMISUA?

3. Hosicuite opuHumi i IMIYJIbCHOTO CTaGiAi3aTOPa HaIPyri.

4. Y 4oMmy nossirae BIAMIHHICTD MiX¢( OAHOTAKTHHMH NCPCTBOPIOBAYAMH
HANPYTH 31 3BOPOTHUM Ta NMPAMUM HIAKTIOYCHHAM JTiofa?

3. [MoscHits npuHIUN Aii PCryanoBaloro ABOTAKTHOIO ICPCTBOPIOBAYA Ha-
Npyru.



CMUCOK
PEKOMEHOOBAHOI NITEPATYPU

Yactuna 1

1.

10.

11

12.

13.

14.

520

Bunozpados FO. B. OCHOBBI 3/€KTPOHHOM U NMOJIYIPOBOIHUKOBOI
TEeXHUKH. — 2-e usd., gorm. — M.: DHeprus, 1982. — 536 c.

. Manaxoe B. II, DeKTpOHHDIE LIeNd HEITPEPbIBHOTO H UMITYJIbCHOTO

neiicteua. — Kues; Opecca: Jiubigs, 1991. — 256 c.

. Manaxoe B. I1. CxeMoTexHUKa aHaJOTOBBIX ycrpoiicts. — Ogec-

ca: Acrpolipunt, 2000. — 212 c.

Speauc K. 3., Cmenanenxo H. I1. DneKTPOHHbIE YCUIHUTENU. —
M.: Hayxa, 1964. — 540 c.

TI'yces B. I., I'yces FO. M. JnextpoHuka. — M.: Bpicur. mxk.,
1991. — 622 c.

Cesun JI. IloneBble TPaH3HCTOPDI: Hei). c anrsi. — M.: Cos. pa-
auo, 1968. -~ 184 c. )

Pyodenxo B. C., Cenvxo B. H., Tpugponiox B. B. OcHoBbl npo-
MbinLteHHol asexkrpoHuku. — K.: Bumta mk., 1985. — 400 c.

Anexceenxo A. I., llazypun H. H. MukpocxeMoTexHuka. — M.:
Paano u cBsiszp, 1990. — 496 c.

Luxun I'. C. dnexrponnbie ycunuremu. — M.: Cpsisp, 1965. —510c.

Hoixun T'. C. Yeuautenu aJeKTpruuecKux curvanos. — M.: Cs3bp,
1967. — 424 c.

. Pacuem snextponHbix cxeMm: IIpumeps: u sanaun / I'. K. Ussiopo-

Ba, A. @. lasuaos, JI. U. lleronesa u ap. — M.: Bpicwi. wk.,
1987. — 330 c.

Cmenanenxo H. [1. Ocuosbr Mukpoasiexrponuku. — M.: Cos. pa-
auo, 1980. — 424 c.

3axapos B. K. DnexTpoHHbIE 3JIEMEHTHI ABTOMATHKU. — M.: JHep-
rusi, 1967. — 352c. :

ITpoexmupoeanue u npuMeHeHME ONEPALHOHHBIX YCHIUTENEH /
Ilox pen. Ax. I'pama u ap. — M.: Mup, 1974. — 510 c.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

. Mapwe 7K. OnepaunoHHble yCHANTE M U UX TpUMeHerne. — M.:

Mup, 1976. — 258 c.

HIuno B. JI. JIuHeliHble ¥ HHTErPajibHbIE CXEMbI B PaJH03J€KTPOH-
Hoit anmapatype. — M.: Cos. paauo, 1974. — 312 c.

Il{epbaxoe B. H., I'pesos I'. H. DnexTPOHHDIE CXEMbI HA OlIepalln-
OoHHBIX ycusuTensx: Cnpas. — K.: Texuuxa, 1983. — 213 c.

Cnpagounux o uHTerpaisHsM Mukpocxemam / Ilox pea. B. B. Ta-
pabpuna. — M.: Pajguo u cBsisp, 1985, — 528 c.

Anexcees A. I., Botweuano I B. OnepalliOHHblE YCUJIUTENH H
ux npumenenue, — M.: Paguo u cBsisb, 1989. — 120 c.

Hecmepenxo b. K. HnrerpanbHble onepauMoOHHbIE YCHIUTE/H:
Crpas. nocobue 1o npuMeHenunio. — M.: Jueprousaar, 1982, —
128 c.

Cagpowrun KO. B. YacrorHo-usbuparenbnble RC-cxeMbl Ha TO-
JIyPOBOAHUKOBBIX Tpuojgax. — M.: Cos. paano, 1963. — 218 c.

Ananoeoseas u undposas snexrporuxa / Hox pex. O. II. [nynku-
Ha. — M.: Fopsiwag Jlunua-TenexoM, 1999. — 768 c.

Axynos H. H., Bapxun B. ., Barumoe P. A. Pagnorexuyuec-
KHe CXeMbl Ha TPAH3HCTOPAX U TYHHEJIbHBIX auojax. — M.: Cpasb,

1966. — 512 c.

Bondapenxo B. I'. RC-reHepaTopbl CHHYCOMAANBHbIX KOJeOaHMiT. —
M.: Cssassp, 1976. — 208 c.

Boiixo B. I., 3opi A. A. OcHOBH €/1eKTPOHHUX CUCTEM: BCTy"H o
daxy. — Hounenpx: JHTY, 2002. — 207 c.

YacTuna 2

1.

3axapoe B. K., JTunapev 10. H. JiaeKkTpoHHble ycTPOlCTBA aBTO-
MaTHKU M TeaemexaHukH. — JI.: Dueproatomusgar, 1984. —
432 c.

Epogees FO. H. Umnynbcnas texunka. — M.: Boicn. mik., 1984, —
386 c.

Egpemos B. [J., 3axapoe B. K. VIMny/ibcHble 31€MEHTBI aBTOMA-
THKH M BBIYHCAUTEbHOR TeXHUKM. — M.: Dneprusa, 1977. — 248 c.

Cxapxena B. A., Jyyenxo A. H. DiekTponnKa H MUKPOCXEMO-
texnuka. Y. 1. DjiekTpouHble ycTpoiicTBa HHGOPMAUHOHHOI aBTO-
matuku / Iloa o6ut. pea. A. A. Kpacuonpoummuoil. — K.: Buina
wk., 1989. — 431 c. :

Muxpocxemvs namamu, HATI u ALIT: Cnpas. / O. H. Jle6enes,
A. 1. Mupoumuyenko, B. A. Teneu n ap. — 2-cusa. — M.: KY6K-a,
1996. — 384 c.

521



10.

. Je6edes O. H. lIpuMeHeHHE MUKPOCXEM MAMATH B 3JEKTPOHHBIX

yerpoiictBax: Chpas. nocobue. — M.: Paawo u cBasp, 1994. —
216 c.

Jedebes O. H., Mupownuuenxo A. H., Teaey B. A. Vizaenns anex-
TpoHHOH TexHnku. I{ndposbie MukpocxeMbpl. MUKPOCXEeMBI HaMsi-
tH. Mukpocxempt JIAT] n AIIIl: Cnpa. — M.: Paauo u cBa3sp,
1994. — 248 c.

. Ilpumenenue nurerpasbupix MukpocxeM mamstu: Cnpas. / Tloa

pen. A. 1O. Topnonosa, A. A. lepiornda. — M.: Paguo u cBsa3b,
1994. — 232 c.

. Tonvoenbepz JI. M. Umnyavcasie yerpoiictea. — M.: Pagwo m

cBg3b, 1981. — 222 c.

boiixo B. 1., 3opi A. A. OcHoBH eneKTpoHHHX cucTeM. Beryn go
¢axy. — Hosveusx: JATHTY, 2002. — 207 c.

Yactuna 3

1.

10.

522

Anexceenxo A. I'. OcHoBbl MukpocxeMorexiuku. — M.: Cos. pa-
auo, 1977. — 205 c.

. Andpees B. II. PII3Y Ha ocHOBe CTeXJ000pa3HBIX MONYNPOBOA-

HUKOB. — M.: Paguo u cBsasp, 1985. — 201 c.

Boavwue unterpanpHble CXeMbI 3a0MHHAOINX yeTpoiicts: Crpas.
/A. 10. Topaounos, H. B. Bexun, B. B. Hupkun u ap.; ox pea.
A. IO. Topaonosa. — M.: Paguo u cssse, 1990, — 288 c.

. bpux E. A. TexHuka IIOCTOSIHHBIX 3alIOMHHAIOIIAX YCTPOHCTB. —

M.: Cos. paauo, 1973. — 240 c.

. baetxcau T. P. IlpoexrupoBanue 1udpoBbIX YCTPOHCTB ¢ MaJibl-
{ yerp

MU U 60JBIIMMU MHTETPANbHbIMU cxeMaMu. — K.: Buma wmk. To-
JoBHOe u3A-Bo, 1981. — 336 c.

Boixo B. I., 3opi A. A. OcHoBM eleKTPOHHUX cucTeM. Berym o
daxy. — Houensr: JHTY, 2002. — 207 c.

. Banues K. A., Opauxoscrxuii A. A. IlonynpoBoAHUKOBbIE UHTE-

rpajbHble CXeMbl ITaMSITU HA GHIOJSIPHBIX TPAH3UCTOPHBIX CTPYK-
typax. — M.: Cos. paauo, 1979. — 269 c.

Benuamunos B. H., Jlebedes O. H ., Mupownuuenxo A. H. Muxpo-
CXeMbl M UX IpHUMeHeHue.— 3-e¢ u3f., nepepab.— M.: Paguo u
csa3b, 1989. — 240 c.

I'nymxos B. M. Cunre3 udpopbix aBroMatoB. — M.: ®Duamart-
rus, 1962. — 361 c.

Kanabexoe 5. A., Mamszenee H. A. OcHOBBI aBTOMAaTUKH M Bbl-
YUCANTENBHOM Texuuku. — M.: Csa3p, 1980. — 223 c.

11.

12.
13.
14.
15.
16.
17.

18.

19.

20.

21.

22.

23.
24,
25.

26.

27.

Kapaxanan 3. P., Huaun B. A. [luHaMnavecKkHe HHTETPajb-
Hele cxembl mamsty ¢ M/ crpykrypoit. — M.: Pamio u cBssp,
1984. — 136 c.

Kondyan C. Jloruueckuii cuHTE3 peseiinsix yerpoiicts. — M.: Uan-
BO HHOCTP. JHT., 1962. — 153 c.

Kopnuiuyx B. H., Tapaceuxo B. II. Beluncaurenpnvie ycrpoli-
cTBa Ha MikpocxeMax. — K.: Texnika, 1988. — 351 c.

Kocapes FO. A., Bunoepados C. H. DieKTpHYECKH HU3MeHseMble
113Y. — J1.: dueproaromusuar, 1985. — 320 c.

Jazep H. M., lly6apes B. A. Ycroituusoctb tupoBbIX MHKPO-
9JEKTPOHHBIX ycTpoiictB: — M.: Paauo u cBasp, 1983. — 201 c.

Jauun B. H., Casenoe H. C. dnexrponuxa. — Pocros 1/ [:
Mennkc, 2000. — 440 c.

Je6edes O. H. MuxpocxeMbl naMsTH W UX DpuMeHenne. — M.:
Paauo u ceasp, 1990. — 160 c.

Haynmos 0. E., Agaes H. A., Bedpexoscxuii M. A. ITomMexoycroii-
YUBOCTH YCTPOMCTB HA UHTETPAJIbHBIX JIOTMYECKHX cXeMmax. — M.:
Cos. paawo, 1975, — 216 c.

Oznee H. B., lllamaes IO. M. IlpoekTupoBanie 3all0OMHHAIOWNX
ycrpoitcrs. — M.: Beicin. mk., 1979. — 320 c.

Onaouuit FO. @., I'nyoxun O. II., T'ypoe A. M. Ananoropas u
unposast ssekTpoHnka. — M.: Fopsiyas munausa-Tenekom, 1999, —
768 c.

[Tanepnos A. A. Jlorudeckue ocHOBBI LM POBOIT BHIYNCANTE/IbHOM
texuukn. — M.: CoB. paauo, 1972. — 345 c.

IToaynpoeodnuKogsie 3aTIOMWHAIONINE YCTPOICTBA U X TIPHMeHe-
Hue / B. A. Auapees, B. B. Bapauos, H. B. Bexun u ap.; 1loa
pea: A. IO. Topaosa. — M.: Paauo u cBsisb, 1981. — 343 c.

ITocnenoe [I. A. Apubdmernueckue OCHOBDI BLIYMCIUTENbHBIX Ma-
IIUH JUCKPETHOrO AeiicTBusi. — M.: Borcm. wk., 1970. — 345 c.

IMomemxun H. C. DyHKUHOHAIBHBIE Y316l HU(POBOH aBTOMATH-
K. — M.: DHeproatomuzaar, 1988. — 320 c.

ITpecnyxun JI. H., Bopobves H. B., Illuwxesuy A. A. Pacuet sne-
MeHTOB LubPoBbIx ycTpoiicts. — M.: Boienr. mk., 1991, — 326 c.

ITpumenenue uuTErpanbHbIX MUKPOCXEM B 3JCKTPOHHON BBIYUCIH-
TesbHOM TexHuke: Cripas. / P. B. lannnos, C. A. Enpbuosa, 10. 1. Usa-
HOB H 1p.; [lox pea. B. H. Maiizynaena, b. B. Tapabpuna. — M.:
Paauo u cBsi3p, 1987. — 384 c.

ITpoexmupoeanue MMIYyJAbCHbIX M LMQPOBBIX YCTPOHCTB pauo-
texunuecknx cucrem / IMox pea. IO. M. Kasapunmosa. — M.:
Beicr. mik., 1985. — 319 c.

523



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

524

Hpanuwnuxose B. A. Snextponnka. — CII6.: Kopona npunr,
1998. — 398 c.
Hyxanvcxwi I'. H. Jlornueckoe npoexTUpoBaHue HUQPOBLIX YCT-

poiict panuoTexHuyeckux cucteM. — JI.: Uaa-Bo Jlenunrp. yH-ta,
1976. — 133 c.

Pacuem anemeHTOB UMIyJIbCHBIX H HHQPOBbIX CXEM DAZHOTEXHHU-
qeckux ycrpoticts / B. I1. Bacuavena, O, I1. Tpunmu, B. I1. 3w0-
6enko u ap.; IMox pex. KO. M. Kasapunosa. — M.: Beicm. mxk.,
1976. — 243 c.

Pydenxo B. C., Pomawxo B. 4., Tpugponiox B. B. Tlpomuciosa
eaexrponika. — K.: JIu6iap, 1993. — 256 c.

Casenves A. 5. ApudMernyeckne M JOTHYECKHE OCHOBBI IH(PO-
BbIX aBTOMarToB. — M.: Bbicul. mik., 1980. — 255 c.

Cxapnem [lx. TTJl-unrerpanbHeie cxeMbl 1 HX npumeHeHue: Ilep.
c aura. — M.: Mup, 1974. — 288 c.

Cnpasounux 1o L poBoii BhiuncauTenbHol Texuuke / [Tog pex.
b. H. Mannuosckoro. — K.: Texuuka, 1974. — 493 c.

Cnpaeounux no MHTErpaibHbIM Mukpocxemam / B. B. Tapa6pun,
C. B. dxy6osckuit, H. A. Bapkanosu ap.; loxa pea. b. B. Tapa6-
puHa. — M.: Dneprus, 1981, — 607 c.

Cmapoc @. I'., Kpaiizmep JI. I1. TloaynpoBoAHUKOBbIE HHTET PaJib-
Hble 3allOMUHalolme ycTpoiictea. — JI.: Jueprus, 1973. — 112 c.

Cmenanenxo M. II. OcHoBbI MHKpO3aekTpoHMKH. — M.: Cos.
paauo, 1980. — 320 c.

Cxemomexnuxa BYIC mocTOSIHHBIX 3alOMUHAKIMX yCTPOHCTB /
O. A. Tlerpocsan, 1. . Koswips, JI. A. Koaenos, 10. 1 lleru-
HUH. — M.: Paguo u cBsisb, 1987. — 304 c.

Toxxeim P. Ocuosbl nudposoii snekrpounku: Ilep. ¢ aHra. —
M.: Mup, 1988. — 392 c.

Yepromos E. II. IlpoekTupoBanue sneMeHTOB ¥ y3jnos DBM. —
M.: Bprcur. mx., 1987. — 318 c.

Xoposuy, I1., Xuan V. HckyccrBo CXeMOTeXHUKH: B 3 T.: ITep. ¢
anrna. — M.: Mup, 1993. — 367 c.

Xeow C. T., Bapauncxuti H. H., IIonos E. A. Muxporponeccops
¥ MUKpo-IBM B cxeMax aBToMaruyeckoro ynpasJjenus: Cropas. /
Ilox o6ur. pea. C. T. Xpowa. — JI.: MamunocTpoenue, 1987. —
640 c.

Dpudman A., Menon I1. Teopus u NPOEKTUPOBAHUE MEPEKJIIOYA-
TenabHbIX cxem: [lep. ¢ anra. — M.: Mup, 1978. — 345 c.

ITuno B. JI. Tlomynspuble undposbie MUKpOcXeMbl. — M.: Paguo
u cBg3b, 1987. — 352 c.

45.

46.

47.

45.

lezonesa Jl. H., [lasvidoe A. @. OCHOBbI BBIYUNCIUTEABHOM TEX-
HUKY M nporpamMupoBanusi. — JI.: JHeprousaar, 1981. — 256 c.

@ucmep M. Jlornyeckoe MPOEKTHPOBaHUE LUMPOBLIX BBITHCIU-
teabHblx MawnH. — K.: Texnika, 1964. — 275 c.

Axyboecxuii C. B., Bapxanoe H. A., Kydpawoe B. I1. Ananoro-
Bble H LUHQPOBbIE WHTErpasibHble MUKpPOcXeMbl. — M.: Pagno u
cBa3p, 1983. — 365 c.

Boiixo B. I., 3opi A. A. OcHoBM enexTpoHHHX cucreM. Beryn o
daxy. — Houeupk: IHTY, 2002. — 207 c.

YacTuna 4

1.

10.

Abenv I1. Aspix Accembaepa s IBM PC u nporpammupoBanune /

-lep. ¢ anra. 10. B. CaspaukoBa. — M.: Boicur. mk., 1992, —

447 c.

Anexcenxo A. I'., Fanuyvin A. A., Heannuxos A. /. TIpoextupo-
BaHME PAAUO3IEKTPOHHOI annapaTypbl Ha MHKPONPOLIECCOPAaX. —
M.: Paguo u cBsisb, 1984. — 272 c.

Banawos E. I1., I'puzopves B. JI., Ilempos I. A. MuKpo- 1 MUHH-
3BM. — JI.: Dueproatomusaar, 1984. — 376.

. Bepwunun O. E. IlpnMenenune MHKPONPOLECCOPOB /I aBTOMa-

TH3AIHH TEXHOJOTHYeCKUX npoueccos. — JI.: Dneproarommusiar,
1986. — 208 c.

. Bnacos A. H. AnnapatHast peaau3ails HeHAPOBBIYHC/IHTEIbHBIX

ynpasasiomnx cucrem / / IIpu6opbl U cHCTEMbl ynipaBeHus. —
1999. — Ne 2. — C. 61—65.

. Tanywrxun A. H. HekoTopble HCTOPMYECKHE ACTIEKTBL Pa3BUTHA dJ1€-

MEHTHOH 6a3bl BBIYHCANTENbHBIX CHCTEM ¢ MACCOBBIM NAPAJIENN3-
mom (80 —90-e roapt) / / HeitpoxoMmbiotep. — 2000. — Ne 1. —
C. 68—82.

. TomvdenGepe A. M., Manes B. A., Manvko I'. 5. Llndposbie ycTpoii-

CTBa M MHKPOIIPOIECCOPHbIE CUCTEMBL: 3a/a4l M YrpaskHeHus. —
M.: Paayo u cBasb, 1993. — 256 c.

. Top6ynos B. /1., Hangunos /. H., Hpecuyxun /1. 1. Mukponpo-

1eccopbi. OcuoBbl noctpoends Mukpo-9BM. — M.: Boicui. wk.,
1984. — 144 c.

. T'pe6uee B. B. OpHokpucranbabie MUkpo-OBM cemeiictea AT89

dupmbr Atmel. — CII6.: 2DO, 1998. — 76 c.

T'yx M. Tlpoueccopst Intel: or 8086 ao Pentium II. — CII6.: TIn-
Tep, 1997. — 224 c.

525



1.

12.

13.

14.

13.

16.

I'yx M. Tpoueccopst Pentium II, Pentium Pro u npocro Pentium. —
CII6.: TTutep KoM, 1999. — 228 c.

Eecmuznees A. B. Mukpoxourposiepst AVR cemeitcrba Classic
dbupmst «<ATMEL». — M.: JO/IDKA-XXI, 2002. — 228 c.

Kosauenxo B. @. MHUKPOKOHTPOJIEPDI: PYKOBOACTBO 10 fIpUMe-
HeHulo 18-paspsianbiii Mukpokortpoaiepos Intel MCD-196 /296
BO BCTPOEHHBIX cuUcTeMax ynpasjienus. — M.: 3KOM, 1997. —
688 c.

Kopnees B. B., Kuceaes A. B. CoBpeMeHHBIe MUKDONPOIECCO-
pel. — M.: HOJIU/IK, 2000. — 320 c.

Jebedes O. H. MuxpocxeMbl HaMaTH M WX NpuMeHeHne. — M.:
Paavio n cBasp, 1990. — 234 c.

Jeeenmans J1. Beenenne B Muxponpoueccopsl. Ilporpammuoe obec-

© NeYeHWeE, annapaTtiHbie CpeacTBa, NpPOTpaMMHUpOBaHMe. — M.

18.

19.

20.

21.

22.

23.

24.

25.

526

dueproatomusgat, 1983. — 464 c.

. Jlunogeuyxuii I'. I1., JTumeuncxuii I. B., Oxcunv O. H. OJHOKPH-

crambrpte MEKpoIBM. Cemeiictso MK48, Cemeiicteo MK51. Tex-
HUYeCKoe OIUCAHNEe U PYKOBOJACTBO 10 TipuMeHenuo. — M.: MII
«bunoms», 1992. — 339 c.

Jlo FO-Uoxen, I'u6con I'. Muxpompoueccopst cemelictsa 8086,/ 8088.
ApDXUTeKTypa, NPOTPaMMUPOBAHUE M TPOEKTHPOBAHUE MUKPO-
xoMnbioTepHbIx cucteM: [lep. ¢ aurn. — M.: Paguo u cBsi3b, 1987. —
S12c.

Maiiopoe B. I'., I'aepunos A. H. [1pakTudeckuif Kypc nporpamMmmu-

poBaHHA MHKDOMNPOLECCOPHDbIX CHCTEM. — M.: Maxunuocrpoenuc, ’

1989. — 215 c.

Muxpoxonmpoanepw: C6. — M.: JOAIKA, 1998. — Boirr. 1. —
384 c.

Muxponpoueccopnwiti xomnaekr Ki1810: Cupas. kuura. - M.:
Breicur. mk., 1990. — 269 c.

Mopc C. II., Amnbepm [. [J. ApxuTeKTypa MHKDOIPOLECCOpa
80286. — M.: Paano u cBssb. — 1990. — 304 c.

Camogpanos K. I'., Buxmpos O. B., Kysnsx A. K. Muxponpoliec-
copbl. — K.: Texnika, 1986. — 278 c.

Cnpasounux 10 MUKPOTIPOLIECCOPHBIM ycrpoiicTBaMm / A. A. Mour-
yanos, B. 1. Kopreiiuyk, B. II. Tapacenko n ap. — K.: Texuika,
1987. — 228 c.

Cmawun B. B., ¥Ypycos A, B., Monozonyesa O. @. TIpoekTupoBpa-
HUe HUQPPOBHIX yCTPOMCTB HA OAHOKPHCTANBHBIX MHKPOKOHTPOJLIIC-
pax. — M.: Oueproaromusaar, 1990. — 221 c:

Yacruna 5

1.

Bunozpados FO. B. OCHOBBI 2JIeKTPOHHON U HOJTYyIPOBOAHUKOBOI
TeXHUKU. — 2-€ u3d., jon. — M.: Dueprust, 1982, — 536 c.

. Pydenuxo B. C., Cenvxo B, H., Tpuconrox B. B. OcHOBBl Npo-

MblIILIeHHOM snekTporukd., — K.: Buma wk., 1985. — 400 c.

Hemounyxu 31eKTPONIUTAHUS PAAMO3ICKTPOHHOM anmapaTypsl:
Cupas. / Iloxg pea. I'. C. Haiipesibra. — M.: Paauo u cBA3b,
1986. — 576 c.

. F'anxun C. I'. Cuiosas anexrponuka. — CII6.: Kopona npusr,

2002. — 304 c.

Boiixo B. I., 3opi A, A. OcHOBY eneKTpoHHUX cucreM. Beryn no
daxy. — Joueupk: JHTY, 2002. — 207 c.

Hb ITHYC

I

672540



HasyaapHe BHJAHHSA

CACMOr
TCXHKA

€1eKTPOHHUX
acTemM

botiko Bimanii Ieanosuu
Typxii Anopiit Muxonratiosuu
Kytixoe Barepiu Hrosuy
3opi Anamoaiii Anamoniiioguu
Cokon €ezen leanosuu
Cnisax Bixmop Muxatirosuy
Tepewenwxo Temana Onexcandpiena

Xynoxue odopmienss I.. C. Mypamosoi
Texuiuunii pegaxtop A. I. Omoxogcvka
Kopexropu: JI. M. Baiibopodina,

H. M. Menvnux, P. B. Ilonosun, H. I'. Ilomanina
Komm'totepna seperka H, I1. [osremyxaesoi

Ilign. po apyky 17.12.2004. ®dopyar 84 x 108 ,/5,.
[Tanip. odec. Ne 1. Tapuirypa Peterburg. Odec. apyk.
VM. apyk. apk. 27,72. O6x.-Bua. apk. 29,42. Tupax 1000 np.
Bujg. Ne 10591, 3am. Ne 5104

Bugasanurso «Bua wikonay, Bya. [oroaisceka, 71, M. Knis, 01054

Caigourso npo Brecenus a0 [lepx. peecrpy Bin 04.12.2000
cepis [IK Ne 268

HanpyxoBano 3 miiBoK, BUrOTOBJEHMX Y BHAaBHUITBI «Buuia mxonas,
y BAT «KnuxkoBa ApykapHsi HAYKOBOT KHHIH»
pya. BarrosyriBebka, 17-21, m. Kuis, 04107



