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HesBaxkatoun Ha 3Ha4yHiI yCHixu B 00J1acTi
YAOCKOHAJICHHSI PO3POOKU HOBHX TEXHOJOTI-
YHUX TPOIECIB, SAKI TO3BOJISAIOTH TIEPEUTH B
CyOMIKpOHHMI Jiana3oH TOMOJOTIYHUX pPO3-
MipiB cTpyktyp BIC (Menme 1 MxMm) Heanek-
BaTHE PO3YMIHHS POJIi TEXHOJOTTUYHUX (PAKTO-
piB ipu GopMyBaHHI €IeKTPODI3UIHUX Tapa-
METpIB €JIEMEHTIB CTPYKTyp He 3abesnedye
00’€KTHBHOTO  TEXHOJOTIYHOTO  KOHTPOJIIO
npu (HopMyBaHHI iX (QYHKLIIOHAIBHUX ILIAPIB
[1]. Bimpm ToOro, i3 3MEHIIEHHSM pPO3MIpiB
TOTIOJIOTIYHUX E€JIEMEHTIB, POCTOM CTYIIEH1
iHTerpamii 1 30UTbIIEHHSAM TUIONII KPUCTATY
TEXHOJIOTIYHUN KOHTPOJb CUJIBHO YCKIIAJHIO-
€TBCS 1 BXKE HE MOKE 3a0€3MeUHTH peastizalliio
fioro B Imporeci BAKOHAHHS CaMOTO TEXHOJIO-
T1YHOTO TIPOIIECY .

Buxopuctannas tecroBux ctpykryp (TC)
JUIsl OpraHi3allii aBTOMaTH30BaHOTO TapameT-
puuHoro tectoBoro koutponto (AIITK) pa-
30M 13 3aCTOCYBaHHSM METOJIB CTATUCTHYHOI
00pOOKH J103BOJISIE OpPraHi3yBaTH TEXHOJIOT1Y-
HUW KOHTPOJIb B pealbHOMY MaciiTadi Jacy 1
BCTAHOBHUTH 3AJICKHICTh BHXOIY MNPHIATHUX
Ta HAJIHHOCTI CTPYKTYpP B 3QJIEKHOCTI BiJ I1i-
160B01 (DyHKIIT JepeKTHOCTI (DyHKI[IOHAb-
HUX IIapiB IUISIXOM MMOOY/I0BU MaTeMaTHIHHUX
Mojernelt B3aeMo3B’ 3Ky mapamerpiB TC 3 on-
THUMaJIbHUMH pexuMaMu (popmyBaHHS (DyHK-

nioHaapHUX mapiB cTpykTyp BIC.

BHacnigok TOro, mo cy4yacHMH MapuipyT
dbopmyBanHus ctpyktyp BIC mictuth Oinble
250 TEeXHOJIOTIYHUX OMEepalliil 1 BXKe € CKIa-
HOIO JMHAMIYHOIO CHCTEMOIO, TO MpobiemMa
opraizanii HaJiifHOrO TECTOBOI'O KOHTPOJIO
crae OaratodakropHoro 3amaueio [2]. Came
AIITK Moe BCTaHOBUTH 1 3a0€3MEUUTH B3a-
€MO3B’SI30K MIXK €JIEMEHTaMU CHUCTEMHOI TeX-
Hoyorii ¢opmyBanus cTpykTyp BIC. Ilpm
IbOMY, BHXIJ NMPUAATHUX CTPYKTYp 1 iX Ha-
JIMHICTh BXXE € IHTETPOBAHUMH MapaMeTpaMu
TYCTHHH Je(PeKTHOCTI (yHKIIIOHAJBbHUX IIIa-
piB.

Came mepexig B CyOMIKpOHHHI TOIOJIOTI-
yHUi fiana3oH cTpykTyp BIC Bumarae pos-
pOOJIEHHST METOO0JIOTIi CHUCTEMHOTO aHalli3y
JUIL  YOPaBIiHHS TEXHOJOTIYHUM MPOIECOM
dbopmyBanus ctpyktyp BIC 3 Meroro 3a0e3-
MEYCHHS] BUCOKOTO  BHUXOAY  MPHIATHUX
(>85%) Ta ix wmamiitHOCTI (< 20-30 ppm)
HUIAXOM MiHiMi3amii 6araTodakTopHoi HiIbO-
Boi ¢yHKIII nedekTHOCTI (PYHKIIOHATHHUX
mapiB. ToMy TeCTOBUI KOHTPOJIb BUKOHYIOTb
Ha BCIX eramax cTBOpeHHs cTpykTyp BIC, Bin
MPOEKTYBaHHS JI0 X BUTOTOBJICHHS. Y BiJIO-
BIJTHOCTI 10 IIOTO MO’KHA BHUIAUIMTH OCHOBHI
3ajaui, sIKi BUPIIIYIOTHCS 3 JJONIOMOTOIO Tec-
TOBOro KOHTpouto [1,3], a came:
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1. Ha eTami TOmoJIOTi9YHOTO TTPOCKTYBaHHS
OOTPYHTOBYIOTBCSI IPOEKTHI HOPMHU KOHCTPY-
KTOPChKO-TeXHOJOTiuHUX oOMmexeHs (KTO)
Ha pO3MIpH €JIEMEHTIB, 3a30pU MK €JIeMEH-
TaMH, TOYHICTH JITOrpadiyHOTO CYMIIICHHS,
PO3MIIICHHST 1 OpIEHTAII0 EJIEMEHTIB OJUH
BIJIHOCHO OJTHOTO, BCTAHOBJTIOETHCS PO3/ILJIbHA
3IATHICTH MPOEKLiiHOi miTorpadii Ha OCHOBI
TECTOBUX CTPyKTyp. Ha erami cxemoTrexHidu-
HOTO MOJIEIOBaHHS 1 Bepudikaiii Bxke HeoO-
X1JIHO MaTH YiTKI MaTeMaTU9HI MOJEI IMpH-
JaJHUX CTPYKTYpP 1 TEXHOJIOTIYHUX IPOILIECIB
(dopmyBaHHS (QyHKIIOHATBHUX IIApPiB, AKi Ta-
KO’ BH3HAYalOThCsI HA OCHOBI TECTOBUX CTpPY-
KTYpP.

Jlani, oTpuMaHi B pe3yJNbTaTi KOHTPOIIO
enekrpodiznyanx mnapamerpiB TC Ha erami
MPOEKTyBaHHs Tomoorii ctpyktypu BIC no-
3BOJISIFOTh YiTKO BH3HAUUTH MPOEKTHI HOPMHU
KTO, Bubpatn ontumanbHUi MapmpyT (op-
MYBaHHS CTPYKTYp 3 MiHIMQJIbHOIO Ae(eKTHi-
CTIO (YHKIIOHAJILHUX IIAPiB, OLIHUTH BHO-
cuMy Ne(EeKTTHICTh Ta BU3HAYUTH €()EKTUB-
HICTh TETEepPYBaHHsS NOMIMIOK 1 AedeKTiB y
nporeci ¢popmysanns crpykryp BIC [4]. Lei
eTam 3B’SI3y€ TOMOJOTIYHE 1 TEXHOJOTI4He
MOJICITIOBaHHS Ta (POPMY€E MPOTOKOJI MPOEKT-
Hux HopMm KTO.

2. Ha erani npoekTyBaHHSI TEXHOJIOTIYHO-
ro Mapupyty ¢popmysanHs ctpyktyp BIC Bu-
KOpHUCTOBYIOTh Taki TC, siki JO3BOJSIOTH BH-
MIpIOBaTH eNeKTpo(di3uuHI mapamMeTpu QyHK-
IIOHATBHUX MIapiB, BCTAHOBUTH 3B’SI3KA MiXK
€JIEMEHTaMU CUCTEMHOI TE€XHOJIOT11, 3aMIHUTH
BHUCOKOTEMIIEpaTypH1 (AepeKTH1) IpoiecH Ha
HU3BbKOTEMIIEpaTypHi (Mano nedekTHi), oIli-
HUTU €(DEKTHBHICTh TETEPHUX OOPOOOK Ta 3a
JOTIOMOTOI0 ~ €JIeKTPO(i3UYHOTO /11arHOCTY-
BaHHS OLIHUTH HaaiiHICTh cTpykTyp BIC. Ha
bOMY €Tarli HeoOXigHWi Halip CTaTUCTHY-
HUX JIaHUX TI0 B3a€MO3B’SI3KY €JIEeKTpodi3znd-
Hux mapametrpiB TC, posnoniny rycTHHM Jie-
(exTHOCTI (PyHKIIOHATBHUX MIAPIB IS TPO-
THO3yBaHHSA BUXOJY MPHUJIATHUX IO BCTaHOB-
JeHUM iX MexaMm. JlaHuil eranm 3aKiHUyeTbCs
(hopMyBaHHSM MPOTOKOIY AJISl HOPM Iapame-
tpiB TC 1 po3poOKOI0 KOHCTPYKTOPCHKO-
TEXHOJIOTIYHUX BapiaHTIB PO3MIILIEHHS iX Ha
KpeMHi€eBil TutactuHi [4,5].

3. Ha eramax cTaTUCTUYHOTO KOHTPOJIIO 1
aHaJli3y TEXHOJIOTIYHOTO Iporecy GpopMyBaH-
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Ha cTpyKTyp BIC BCTaHOBIIOIOTH TPaHUII AJIS
HQJIAMITYBaHHA 1 TOYHOCTI TEXHOJIOTTYHUX
MPOIIECIB, PO3MOAUTY TYCTHHH AePEKTHOCTI
(GyHKIIOHANBPHUX MIApiB 1 ITBOBOI (YHKIIIT
ne(eKTHOCTI, sIKa 1HTErPOBAaHO BU3HAYA€ BH-
X1l TPUJATHUX, BCTAHOBIIOIOTbCA KpUTEPii
HAJIHHOCTI, BUXOJIAYN 3 TEPMOTIOJIBOBUX Xa-
PaKTEepUCTUK BUOpPAHUX TECTOBHX CTPYKTYP.
Jlanuii eram 3aKiHUye€ThCS BHOOpPOM aBTOMa-
TUYHOTO TecTepa 1 PO3pOOKH MporpaMu, 3a
JIOTIOMOTOF0 SIKUX OyJie 3MIMCHIOBATHCH 00pO-
Oka Ta HaKONMW4YeHHs iH(opmalii TeCTOBOTrO
KOHTPOJIIO.

B ymoBax aBTOMaTHM30BaHOIO CTaTHCTUY-
HOTO KOHTPOJIIO 1 aHalli3y CHCTEMHOI TEXHO-
norii ¢popmyBanHs cTpykryp BIC B peanbHO-
My MaciITadl yacy HalOuIbIl JOIUIBHUM Ba-
piantom € po3miiieHHss TC Ha ckpaiibepHUX
JOpiKKax abo y BUI KOHBEpTa Ha KPEMHIEBiH
miacTuHi. B 1mpoMy BuManky 30epiraerbcs
Kopessiist Mk mapamerpamu TE 1 cTpykTy-
poto BIC; mosiBns€eThCsl MOXKIMBICTh OLIIHKH
posnoauty napametpiB TC B Mexax MIacTUHU
1 mapTii; yTOYHSETHCS TECTOBA MOCTIAOBHICTh
¢dyskmionyBanHs ctpykryp BIC.

I Ha 3aBepIlIEHHS TEXHOJIOTIYHOIO LUKITY
TECTOBI CTPYKTYPH CIIy>KaTh JJISl OIIHKK Ha-
niiHocTi okpemux enemeHTiB BIC, sxi xope-
JIOI0Th 3 BUIPOOYBAaHHAMU Ha O€3BI1IMOB-
HICTHh Ta JOBroBiuHicTh. Ha manomy ertami
YTOUYHIOIOTbCS TEXHOJIOTIYHI BiOpaKyBasbHI
BUNIPOOYBaHHS Ta MPOrpaMU BHMIPIOBAHHS
SJIEKTpUIHKUX NapameTpiB cTpykTyp BIC [5].

TakuM 4YMHOM, 3a JOIIOMOI'OI0 TECTOBOIO
KOHTPOJTEO 3TIMCHIOETBCS B3aEMO3B’SI30K MIiXK
€JIEMEHTaMU CHCTEMHOI TEXHOJIOTIT 3 METOI0
MiHIMI3aIil IUTBOBOT (QYHKINT JAePEKTHOCTI
JUIs. OTPUMaHHS MaKCHMAJIbHOTO BUXO/y IpH-
JaTHHUX Ta BUCOKOI HaMiHHOCTI cTpykTyp BIC.

TecToB1 CTPYKTYpPH, KI BUKOPUCTOBYIOTb-
Cs B TECTOBOMY TEXHOJIOTTYHOMY KOHTPOJII
MOKHa KJacu(]iKyBaTH 3a HACTyIHMMHU Xa-
PaKTepUCTUKAMHU:

IMapamerpuuni TC npusHadeHi i J0-
CII/DKEHHS  €NEKTPOQI3NYHUX  IapaMeTpiB
enemMeHTiB cTpyktyp BIC: reomerpuunux
PO3MipiB, MUTOMHUX 00’ EMHOTO 1 TIOBEPXHEBO-
rO OMOpIB; Yacy >KUTTS 1 PyXJIMBOCTI HOCIiB
3apsiay; TEPMOIIOJIOBOI  CTAOUIBHOCTI MiXK-
¢dazoi rpaHUIl PO3ALTY; €IeKTPUYHOI MIIIHOC-
Ti JTIENEKTPHKIB; SIKOCTI CyMIIlICHHS;, KOHTaK-
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THOT'O OIOPY; MOPOTrOBOi HANPYTH 1 €JEKTPHU-
YHOI CTaOIbHOCT] 3aTBOPHOI CHCTEMH.

dyuknionanabni TC npusHayeHi st 10-
CIIDKEHHS (YHKILIOHAJBHUX BJIACTUBOCTEH
koMrioHeHTiB BIC mj1st koHTpodto mparnes3aar-
HocTi BIC micnst 3akiHYeHHSI TEXHOJOTIYHOTO
Ky ix gopmyBaHHA. KOHCTpYKTMBHO BOHM
BUKOHYIOTBCSl Y BHJI KOHJICHCATOpiB, pe3uc-
TOPIB, M10JiB, TPAH3UCTOPIB, KIJBIIEBUX T'CHE-
paTopiB, Pi3HUX JIOTIYHUX E€IEMEHTIB 1 103BO-
JSIFOTh KOHTPOJIIOBATH TapaMeTpu (PyHKITio-
HAJIbHUX ILIApiB: PYXJUBICTb Ta 4Yac >KUTTS
HOCIiB 3apsiay B 3amaHuX o001acTsX; reHepa-
[iHO-peKOMOiHallIHI ~ mpolecHu Mo  m-
(baxTopy; KOHIEHTpaLiiHi Tpodiii po3moaiTy
JOMIMIOK Ticas AuQy31MHUX YM IMIIaTaIii-
HUX TIPOIECIB; IMHAMIYHI XapaKTEPUCTHKH
OpUIaJHUX CTPYKTYD, TOLIO.

3 TOUYKM 30py BUKOHAHHS (YHKIIH TeCTO-
BOTO KOHTPOJIO B CKJIAJ] TECTOBOTO MOIYJIS
MOXYTh OyTH BHUKOpHUCTaHI wicTh TUmiB TC:
JUIs BHU3HAUEHHs NapaMeTpiB KOMIIOHEHTIB
eneMmeHTHOI 0asu crpykryp BIC; mepeBipku
npoekTHUX HOopM KTOj; aHanmizy TexHojaOriu-
HUX MapaMeTpiB HpoLecy JUisl HOro MOJEINo-
BaHHS; aHaNI3y CTPYKTYPHHUX Ae(EeKTiB PyHK-
[[IOHAJILHUX IIIAPiB; OI[IHKYA CJICKTPUYHUX Ta-
pametpiB cTpyktyp BIC mo ix aucnepcii, Mi-
HIMQJILHOMY, CEPEeIHHOMY, MaKCHMAaIbHOMY
3HA4YEeHHSX; OLIIHKM MPOTHO30BaHOi HaliHHOC-
Ti ctpyktyp BIC [5].

Bucoka e(eKkTUBHICTb CHUCTEMHOI TEXHO-
norii popmyBanus cTpykTyp BIC mocsraerscs
SK 3@ PaxyHOK ONTHUMAaJbHOCTI CTPYKTYpH,
TaK 1 ONTHMAJILHOCTI TEXHOJIOTIYHOTO TPOIIe-
Cy. A KpUTEpieM ONTUMAIBHOCTI B I[bOMY BU-
najKy BUCTymae OaraTtoakTopHa IIJTHOBA
byHKIis 1e(heKTHOCTI, HA OCHOBI SIKOi MPOBO-
JUTHCS CTATHCTUYHUN aHAI3 BUXOIy MpHUaa-
THHX 1 HAIIWHHOCTI.

3BUUAiHO, TPUYMHHU 3HIDKEHHS BHUXOIY
npugatiux crpykryp BIC mnoxinstoTsess Ha
TPH KaTeropii: TEXHOJIOTiuHI (akTopH, (ak-
TOpY MPOEKTYBaHHSI, Ta Ne(EKTHICTh (YHKITI-
OHaJBHUX IapiB. TexHoJOTiUHI (hakTOpU BU-
3HAYalOTh PO3JAUIBHY 3AaTHICTh Ha (opMy-
BaHHs MIHIMaJIbHOTO PO3Mipy TOIOJOTIYHOTO
esieMeHTy. DaKkTopy NPOEKTYyBaHHS BKIIOYA-
10Th B cebe npoekTHl Hopmu KTO, mo Bu3Ha-
YaloThCA TEXHOJOTIYHUMH JIOMyCKaMH BHO-
paHoi TexHOJOTii popMyBaHHS CTPYKTYD.

[Tepmi aB1 kaTeropii MOXKyTh OyTH MiHIMI-
30BaHi ONTUMAJIbHUM BHOOPOM MapuUIpyTy
npoektyBanHsa Tomojyorii BIC [4], skwi
BKIJIOUae cebe MOJENOBaHHs 1 Bepudikallito
EJEKTPUYHOI CXEMH, EKCTPAKIlilo0 1 Bepudika-
Ii}0 TOMOJIOTI] Ta KOHTPOJb MPOEKTHUX HOPM
KTO. Tomy Bu3Ha4ampHUM (PAaKTOPOM BHXOIY
MPUIATHUX 1 HAJIHHOCTI 3auIIaeTbes aedex-
THICTh iX ()YHKIIIOHAJIbHUX IIapiB. A MiHIMI-
3aiist boBO1 (yHKIT 1e(hEeKTHOCTI 3 BHKO-
PUCTAHHSIM TECTOBOTO KOHTPOJIIIO CTA€ OCHOB-
HOIO 3aaauero ontuMizanii. lg 3amava i Bupi-
myetbesi TexnosoriyauMm  CAIIP, B ocHOBI
SIKOTO JIeKHUTh HaOlp TECTOBUX CTPYKTYp 1
BCTAQHOBJICHUX JUIsI HUX HOPM eJIeKTpodi3nd-
HuX napametpis [1,5].

Buxin mpumataux crpykryp BIC, orpu-
MaHUX Ha KPEMHI€BIN TUIACTUHI 3 HEOTHOPI-
HUM po3nozaiioM nedextiB D Bu3HadaeThCs
CHIBBITHOLIECHHSIM:

Y =[eP (D) dD . (1)

ne f(D) — dynkiis ryctuan posnoainy nede-
KTHOCTI (I1b0Ba (pyHKIIS), A — IUIOIa CTpy-
ktypH, Do=n/NA- ryctuna aedekrnocti, N —
KUTBKICTh MPUIATHUX CTPYKTYDP.

B 3aneXHOCTI BijJl TOro, SKUM 3aKOHOM BH-
3HAYa€ThCSl TYCTHHA PO3MOALTY IILOBOI (Y-
HKI1 nedextHocTi f(D) 11 90TUphOX pi3HUX
PO3MOILTIB BUXiJ MPUAATHUX CTPYKTYp OyIe
BHU3HAYaTUCh BHpA3aMHU:

s nenbra-¢yHkiii f(D)=06(D-Dy):

Y, =e¢ DA | (2)
JUTSL TPUKYTHOTO PO3IOJILTY:
2
1-e—DoA
Yo=| |, (3)
DoA
IS TIPSIMOKYTHOT'O PO3IIOILITY
1 — e_2DOA
Ys=— ", 4)
2Do A
JUTSE TaMMa-pO3TOJILTY:
1
ey (5)
(1+saDg)

ne S = Var(D)/D02=1/0L, Dy= af3, aucnepcis D
BHU3HAYaeThes K var(D) = OLBZ.
INamma-¢yHKIs BUXOAY MPHUIATHUX B 3a-
JeKHOCTI Bin KoediumieHTy Qopmu S myxke
TICHO OMHUCY€E Ne(EeKTHICTh KOHKPETHUX (PyH-
KIIIOHATBHMX IIapiB B 3aJICKHOCTI Bij TUIOINII
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ctpyktypu kpuctany BIC Ta ryctunu nedek-
THOCTI.

BukopuctoByroun ramma-QyHKIIIO BUXO-
Iy TPUAATHUX IS KOKHOTO (PYHKIIIOHAJIBHO-
ro mapy (1o Buaam aeeKTiB) y BUTITISIIL

1

1/
(1+SnAnDn0) S
OTPUMAEMO TaKMil BUPa3 JUIs BUXOY MPHIAT-

HUX CTPYKTYp uepe3 nedeKTHiCTh (yHKIIIO-
HaJbHUX IIAPIB:

N N ~
Y= 1_—[1Y“ - H(1+SnAnDn0) vS, (7

n=l

Y, = (6)

BpaxoBytoun Te, 110 Ui BUCOKOS(EKTHB-
HoI TexHoaorii SpAnDno<<1, TO

N
InY = Z_An Dno 5 (8)
n=1

abo uepe3 TycTHHY Ie(eKTiB (YHKIIOHATb-
HUX IIapiB:

N _
Y =exp|— 2 ApDnpo| =€xp (—A D), 9)
n=1
_ 1 N
e D=—2 An.Dn — I'yCcTHHA JeheKTHOC-
A n=1

Ti PYHKILIOHAJIBHOTO Iapy.

Tobto, ns BUCOKOE(PEKTUBHOI CHUCTEMHOT
texronorii (Y =0,85) Buximi mnpuaaTHuUX
CTPYKTYp BHU3HAYa€ThCS EKCIOHEHIINHO He-
3aJIeKHUMH BiJl GopMH JIePEeKTHOCTIMU BYH-
KI[IOHAIbHUX MapiB. A TycThHa ne]exTiB
KO)KHOTO (DYHKI[IOHAJIIBHOTO MIapy BU3HAya-
€TbCSI TUIIOM CXE€MHU 1 HOro TOMOJOTIYHOIO
wioniero. To0To, MU TIEPEeXOUMO JI0 JEKOM-
no3uirii OaraToakToOpHOi IITLOBOT (PYHKITIT
nedeKTHOCTI, a caMe, A0 3aJadi onTuMizamii
nedekTHOCTI (yHKIIOHATBLHUX IIapiB CTPYK-
typ BIC, ab0 10 onmTumizaliii TEXHOJIOTTUHUX
nporieciB iX (GopMyBaHHS 3 METOI MiHIMI3a-
1ii JeeKTHOCTI.

Bimomo, mo onTuMizallisg TEXHOJIOTTYHUX
npoueciB (TII) peanizyerbes y ABoX ii BUgax:
CTPYKTYpHIH 1 mapamerpuuHiii [6]. Ilpu cTpy-
KTypHIi onTuMmi3amii AJsg JOCATHEHHS EKCT-
peManbHUX 3HAYEHb IUJILOBOI (QYHKIII cam
amapar onTuMi3allii 3aCTOCOBYIOTh JIO Camoi
ctpykrypu TII, T0OTO, 3MIHIOIOTH METOIU
(cmocoOu) iX BHKOHAHHS, MOCJIJOBHICTh IIe-
PEXOiB, CKJIAJ 1 THIT TEXHOJIOTITYHOTO 00IaI-
HaHHS. O4YeBHIIHO, L0 3aJayi CTPYKTYpPHOI
OINTHUMI3aIlil BHHUKAIOTh TIIPKU HAa €Talli Tpo-
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exTyBaHHs uu MozepHizaii TII.

Yacrime oNTUMI3AIil0 MPOBOJSATH BXKE
Tpu 3a/aHii (BuOpaniit) ctpykrypi TII, xomm
JUISL TOCSATHEHHS €KCTPEeMalbHOTO (MiHIMab-
HOTO) 3HaYCHHs 1ITLOBOT PyHKIIIT nedeKTHO-
CTI MOKHa 3MIHIOBATH TUIBKH HOTO (hi3HKO-
TEXHOJIOT14HI TlapameTpu. ToMy TaKy OonTHMI-
samito TII Ha3UBAIOTH NapaMETPUYHOIO. Ii
MOXXHa TIOJIaTH y BHJI “UOPHOTO SIIUKA” 3
HA0OpOM BXIJHMX Ta BHUXIJIHUX 3MIHHUX
(puc. 1): X — BEKTOp BXITHHUX YMPABISIOUUX

TII

AR

Puc. 1. [TapamerprdHa ONTHMI3aLlisl TEXHOJO-
TIYHOTO MPOLIECY.

3MIHHUX, Y — BEKTOp BUXIJIHHX 3MIHHUX, P —
BEKTOP BXIJHHX KOHTPOJIOIOUUX, alie He
YIpaBJISIOUNX 3MIHHHX, K1 Ha3WBarOTh (hak-
TOpaMH, €-BEKTOp BHUMAAKOBUX 30ypeHb. B
TAKOMY BHITAJKY IapamMeTpHyHa ONTHUMI3allis
TII monsirae B 3HaXOJKEHHI 1 peamizalii Ta-
KHX CIIOCO0IB Bapialii yrpaBiIsiFounx 3MiHHHX
Xopr(t), MpU SIKUX Yy paMKaX BCTAHOBJIEHHUX
TEXHOJIOTIYHUX OOMEKEHb Ha 3MiHHI X 1y 3a-
0e3meuyeThesi eKCTpeMyM LiUTbOBOi (PyHKIIIT,
HE3BAXKAIOUM Ha 3MiHY KOHTPOJIOIOYHMX 3MiH-
HUX P Ta BIUTUBY BUIAJIKOBHX 30ypEHb €.

Tenep Bxke BUpIILIEHHS TOCTaBJICHOI 3a/a-
9l omnTmMizamii Mae aBa ertamu: 1) 3HaXo-
okeHHa MatemaTuuHoi mopnem TII; 2) pos-
poOKa ONTHMAIILHOTO AJITOPUTMY YIIPABIIHHSI
JUIS 3HAXOMKEHHS IUIbOBOT (PYHKIIT Ha €KCT-
peMaIbHOMY piBHI, HE3Ba)Kal0OUM Ha [0 HE
yOpaBsiiounx (pakTopiB p 1 BUMaIKOBUX 30Y-
PEHb &.

Cnenmdika BuroroBieHHs cTpykryp BIC
taka, mo TII Ha ¢hopmyBaHHs iX QyHKIIOHA-
JBHUX IIapiB HOCUTH IAUCKPETHUH Xapakrtep.
B npomy BumNajaky icHye J1Ba MiAXOAU [0 TO-
OynoBu mozeni auckpernoro TII:

— (i3uuHUIA, KON CHiBBIIHOIICHHS MIX BXi-
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THAMM 1 BUXIIHUMHA 3MIHHAMHY BAU3HAYAIOTh 13
aHaiizy (i3MKO-XIMIYHHUX TPOIECIB, IO MpPO-
XOJIATh B IaHIM TEXHOJIOTIYHIN omepariii:

y, = fi(xl,X2~-~Xn;p1,P2~-~pk)i =1,m (10)
— eKCINePUMEHTAIbHO-CTATUCTUYHHU M, SKUN
0a3yeThCsl Ha CTATUCTUYHIA OOpoOIl JaHUX.
Toni y =f(x;) 1 Taky QyHKUiIO, sKa 3B’s3y€
napamMeTp onTuMizailii y 3 ¢dakropamMu X Ha-
3UBaIOTh BXke (yHKIi€0 Biakiuky. CphoroaHi
JUISL Takoi MapaMEeTPUYHOI ONTHMI3allii BHKO-
PHUCTOBYIOTh 3aMiCTh METOJIy TOYEPrOBOI 3Mi-
HU napametpiB x; ([aycca-3aiingens) meroau
0araTo(akTOPHOTO EKCIEPUMEHTY, KOJIHU O/
HOYACHO 3MIHIOIOTH BCi (pakTopu 1 TIPOBO-
JTUTHCS OLlIHKA 6araToMipHOT 3a71€KHOCTI:
(11)
Amnaniz ¢opmyBanus crpykryp BIC mo
cymimenux Bi-K-MOH i JI-MOH TexHooTi-
SIX JI03BOJISIE 3pOOMTH BHCHOBOK, IIIO TaKa CH-
CTEMHA TEXHOJIOTISI MPEACTaBIIsie€ COOOI0 IHC-
KPETHY TMOCIIOBHICTh TEXHOJOTIYHHX OTle-

y =f (Xl,Xz---Xk);xl,Xz.-.xk=var

parttiid, ki MOXHa po30MTH Ha JEeKUJIbKa Xapa-
KTepHUX Irpyn (puc. 2). OCHOBHUMHU € omepa-
1ii mepmux TphoX rpym, 60 BOHU (GOPMYIOTH
BHYTpilHIO cTpyKTypy BIC.

TaxkuM yuHOM, IS 3OIMCHEHHS ONTHMIi3a-
mii TII meobximHo matu: moaeas TII, 1e mo-
nepmie, Ta e€(OEeKTUBHI METOIW OITHUMI3allii,
no-npyre. OcraHHI BKIIIOYalOTh B cebe: 1) me-
TOAM OE3yMOBHOT ONTUMI3AIlii; 2) METOIU Ma-
TEMaTUYHOTO TPOTpaMyBaHHS; 3) METOAH
CTaTHCTUYHOI ONTHMI3aIlii.

CporoHi B MiKpOEJIEKTPOHIIl BEJIUKE MO-
IIMPEHHS OTPUMAaB TPETid MeTox (eKcrepu-
MEHTAJIbHO-CTATUCTUYHUIN) 10 BUPILICHHS 3a-
naudi yrpasininas TII. Bin nmonsrae B Tomy, mo
3B’SI30K MK TEXHOJOTIYHHUMH 3MIHHUMU TIPO-
necy 1 Buxignumu napamerpamu BIC posris-
JaeThes He Oe3nmocepeiHbo, a yepes ii CTpyk-
TYpY, AKa (OPMYETbCS B PE3YIbTATI BHUKO-
HaHHS MEBHUX OMNEpalliif Ha CTBOPEHHS (PYyHK-
IIOHAIBHUX TIapiB. BiAMOBIIHO BCTaHOBIIO-
€THCSI TAaKUiA 3B’S130K: (hi3MKa TEXHOJOTIT Mpo-

1 .Onepanii ¢opmy BaHHsS B BUXigHIN Si-IDTacTuHi 001acTel i3 3a JaHIMHU Xap &K Tep HCTUKAMU (TIapaM eTpaMHu).

K 4 v

X

Judy 3is

TonH a iMIUIaH TaLjs

Oxcuiy BaHHs

I'a30 hazde ocaieHHS

Enitakds 1mapis

2. Omne pauii op MyBaHHS TOIONIOr ii (hy HKIiOHAIEHOT'O HIApY.

K 4

X

Jlitorpadist [na3mMo-XiM iuHe Tpa BICHHS

PomipHa dOpobka

c(hoKy COBaMH I1POMEHSIM 1

Jlazepra 0Opodka

3. Omnepanii GpopMyBaHHS 3AXUCHHUX, P €3UCTUBHUX 1 KOMyTaIIHHIX IIapiB.

¥ v

X

Maruet poHHe Tepmoionne

EnexrponHo-

OcamKeHHst
noii-S1; cyTin umi

PO3IMJI CHHS HaInJICHHA

PO MCHE BE

OcoJ1 KeHHS BI

112 CHBY FOUH X [11apiB

4. Orne panii MOHTaXy Kp UCTJIiB B KOPIYC (HOCIH), BUIIPO Oy BaHHS.

"4

4

CkpaifOyBaHHA

MonTax
B KOPIIYC

v

X

X

Po3 Bapka
BUB OJ(IB

Iep meTi3ais

Bin GpakyBaJisHi
BM 110 Oy BaHHSI

5. Omnepanii TecBOro i QyHKIIIOHAJEHOTO KOHTP OO

4

4

v

X

KonTpons uyncro-
TH MaTepiais,
ra3iB, BOH

Bumipro BanHs
rapame Tpis
TECTOBH X CTPYKTYP

BiMiproBaHHS

Xap KT EPUCTHK

eIIEKTP OPI3UIHU X

Enexrtp odiznune
J1iarHOC Ty BAHHI
HaiHHO CTi

ITpoBipka ¢dyHKIioH
Ta IMHAM I9HIX
napaMeT piB

Puc. 2. OcHOBHI rpyIu omnepaniii TeXHOJIOTIYHOTO Tporiecy Burotorienns BIC.
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necy — copmoBana crpykrypa BIC — BuxinHi
rapaMeTpu MNpUIagHol cTpykrypu. Ilpu mpo-
My HEOOX1THO BU3HAUUTHU: a) MIPUIAJIHY CTPY-
KTYypy, sIKa MOXe 3a0e3MeYnTH 3a1aHi BUX1TH]
XapaKTEPUCTUKU; O) COCOOM OTPUMaHHS Ta-
Kol cTpykTypu. Tomy TecToBa CTpyKTypa i €
TI€I0 JIAHKOIO, Yepe3 Ky 3A1HCHIOEThCS TaKUMA
3B’s130K [1,6]. Kpim 1isoro TC no3Bosisie B mo-
BHIM Mipi peaii3yBaTH METOJIU CTaTUCTHYHOI
ontuMizarii Ha Bcix eramax BIC (Bix po3po06-
KM 70 BUTOTOBJIEHHS 1 BUIPOOYBaHHS) 3 BH-
KOPHUCTAaHHSAM SIK (iI3MYHUX, TaK 1 MaTeMaTuy-
HUX MOJIEIIEH.

TecTtoBuif KOHTPOIb BUKOPUCTOBYE TpHU
rpymu izmunux mMoxenei. [leprra rpyna — e
Mozenl, SKi BCTAHOBIIOIOTH 3B’A30K MIXK
CTPYKTYPOIO 1 BUXITHUMHU XapPaKTCPUCTUKAMU
BIC. Mogeni 1i€i rpynu OTpUMaroTh IpU po3-
sl Gi3uku poOOTH €IEMEHTIB TPUIIAHUX
cTpykTyp. Jpyra rpyna ¢izudHux Mojaenen —
e MO, MmO 3a0e3MeuyloTh 3B 30K MiXK
¢i3uunumu 3minHuMu  TII 1 mapamerpamu
ctpykrypu BIC. Taki mozeni BUKOPHCTOBY-
I0Th ISl YNPaBIIiHHA IpoiecoM (opMyBaHHS
npunanuoi crpykrypu BIC. Tpers rpymna ¢i-
3UYHMX MOJENe — 1e Mojeni, siKi 103BOJIs-
I0Tb BCTAaHOBUTHU 3B’SI30K B)KE€ MIK XapakTe-
puctukamu ¢izuunux BenuuuH TII mig yac
roro mposeneHHs L{g Bike Mozaelb BUKOpPHC-
TOBYETbCA 11 yripaBiiHHs xoaom T1I.

Bci ¢i3zuuni mogeni 00’eqHye MaTeMaTH4-
Ha mogenb TII, sixka 3abe3neuye BUCOKOTOYHI
XapaKTepUCTHKH MPUJIAJHUX CTPYKTYp Ta
BpaxoBye npoekTHi HopMu KTO. Ilpu mepe-
X0/l B CyOMIKpOHHHUH Jiana3zoH Juist 3a0esre-

a)

YEeHHS BUCOKOI aJIeKBaTHOCTI BX€ BUKOPHCTO-
BYIOTH JIBO — T TPUBUMIpPHI MOJEIII.

Sk 3ramyBalioch BHINE, ONTHMI3AIls TEX-
HOJIOTIYHOTO TIPOIECy BKIIOYae B cebe aBa
eranu: 1) onuc TII 3 momomoror MaremaTuy-
HOi Mojeni; 2) MPOBEACHHS NapaMeTPUYHOL
ontuMmizaiii 6aratodakTopHOi 1iTHOBOI (DyH-
KIIii.

MeToau HanpaBIEHOTO TOIIYKY ONTHMa-
TBHOT 00J1aCTi 1TbOBOT (PYHKIIIT iICHYBalH 1 10
PO3pOOKH HAYKOBHX ITOJIOXEHb Oararoakto-
pHUX ekcrnepuMeHTiB. Haiibinein crapum €
Meton ["aycca-3aitnens, mo onucye ogHodak-
TOPHHUH eKcrepuMeHT. BiH Bumarae mpose-
JICHHST BEJHMKOI KiNBKOCTI EKCIEpUMEHTIB 1
po3paxyHkiB. CborojHi, iM Ha 3MiHy HpUHII-
T MeToAM OaratopakTOPHOrO EKCIepUMEH-
Ty, SIKI I03BOJISIFOTH TIPH Mallii KiJIbKOCTI eKC-
MEPUMEHTIB BU3HAYUTH ONTHMAaJbHE 3HAYCH-
HS UiIboBOI PyHKwii. Jfo Takux MeToniB BiA-
HocuThCsl MeToJ] bokca-Binbcona (rpazieHT-
HUI METO), KOJM PyX J0 ONTHMAaIbHOI 007a-
CTi TIPOXOJUTh KOPOTKHM IUIIXOM — IO Tpa-
TIEHTY 3 OJHOYACHOK0 3MIHOIO 3HA4YeHb BCIX
¢akropis. Lleit MeTox 0cO0IMBO edeKTUBHUN
IpY BUKOPHUCTAHHI TECTOBOTO KOHTpodto. [Tpn
poMy anroput™ bokca-BinbcoHa crae Ta-
KUM:

1) mobymoBa OGaraTo(hakTOPHOTO EKCIIe-
PUMEHTY IS IEBHOT IbOBOT PYHKIIIT;

2) omuc TOBEPXHI BIATYKY 3 JOIIOMOTOIO
MaTeMaTUYHOI MOJIEi;

3) obumcneHHs TpagieHTIB QyHKIIT Mo pe-
3yJIbTaTaM eKCIEePHUMEHTY 1 MaTeMaTHYHOI
MOJIENI;

%, ' .

0)

Puc. 3. TecToBi CTpYKTYpH [UIsl OLIHKHM JeQEKTHOCTI: a) AieIeKTPHYHHX [IapiB; 0) MPOBIAHMX IIAPIB.
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@ opMyBAHH 51 CTATUCTUIHOIO
MacuBy map ameTpiB TC

y

OOYHCIICHH 5 CepEeTHIX
3HaYCHb IapaMETPIB

A 4

> CTaTHUCTHY HUH KOHT P OJTh
ce peHiX 3H a4eHb [1apaMeTpiB

O09mMCT CHHS TUC TIePCii
rapame TpiB

|

CTaTHCTHYHAN KOHTPOJb
JACTICPCiii TapaM eTpiB

AHani3 po3momi 1y
> 3HaYCH b MapAME TPIB

’ Minim Bamist 6araropakTopHOT ' Mimniwmizamist ned eKTHOCTI
760 BOl Py HKIII ieheK THOCTI i

(dbyHKIL map B

y

Anauniz Buxony . .
—> < Perpecusnuii ananiz
TPHT aTHUX P <
L) Amnau3 pe3ynsratis ) [TpoexrHi Hopmu KT O
CTaTKOHTP 010 TONQIOrT

Puc. 4. CTpykTypHa cXeMa TECTOBOTO KOHTPOJIIO TEXHOJIOTITHOTO Mpotiecy (popMyBaHHS
crpyktyp BIC.

4) pyx B HampsMi Tpai€eHTa MUIbOBOI (y-
HKIIT 70 1 ONTUMAJIBHOTO 3HAYEHHS;

5) 3HaXOMKEHHS EKCTpeMyMy (MiHiMi3a-
1ii) uinekoBoi (yHKIII B Tpaai€eHTHOMY Ha-
TPSIMI.

s minimizanii 6aratogakTopHOI ITbO-
Boi (¢yHKmii medekTHOCTI (QYyHKIIOHATHHUX
1apiB BUKOPUCTOBYIOTH Ipu Lbomy TC s
OIHKY TycTHHH AedekTiB [1,3], sKki moka3aHi
Ha puc.3. CyyacHMIl PO3BUTOK CHUCTEMHOIL
texHosorii BIC Bumarae He TiBKH yIOCKO-
HaJICHHsI TEXHOJIOT1i ()OpMyBaHHsS CTPYKTYP,
ayie 1 yIOCKOHAJICHHSI METO/iB BUMIPIOBaHHS 1
ontuMizanii mapamerpiB TC. Cporoani Tex-
HOJIOTiSl BUTOTOBJICHHS CTPYKTYP KPHCTAiB
BIC Bkitouyae B ceGe cyMillleHy TEXHOJIOTiIO
¢opmysanns BI-K-MOH i I-MOH Ttpan3uc-
TOpiB. A 1€ BXke NoTpedye HOBOI'O MAKETy Te-
CTOBHX CTPYKTYP JJISI TAKOT TEXHOJIOTII.

s BuszHaueHHS Ne(EeKTHOCTI (YHKIIO-
HanpHUX mapiB ctpykryp BIC BukopucrToBy-

10Th BiJITIOBiTHO aBTOMAaTH30BaHi
KOMIT'IOTepHI cucTemMu. HaiOinpIn BimoMuUMH
3apyoikHuMu cuctemamu TK € Accutest,
Keithly System, Lomac, sxi 06a3yroTbcsi Ha
aBTOMATHU30BAaHUX BUMIproBayax miaactud HP-
1000 ta cmeuianizoBaHi Ha 0a3i mepcoOHab-
Hux komm 'rotepiB HP-9830 [6,7]. 3acmyro-
By1oTh yBaru tecrepa T-4503 ta AUK-TECT
(ICT-205C), sixi 103BOJSIOTH MPOBECTH ABTO-
MaTU30BaHy 0O0poOKy HakomuyeHoi iHdopma-
1ii 1Mo 3aanoMy anroputmy. [Ipn BuU3HaUeHH1
rycTuHU JAe(eKTHOCTI (YHKIIOHATBHUX IIa-
piB HEOOXiTHO BCTaHOBHUTHU JEPEKTHICTH ca-
MOTO MOHOKPEMHIIO Ta Je(eKTHICTh MacKYIO-
4oi TUTiBKU oropesucty. i 1Iboro BUKOPH-
CTOBYIOTH cIieriaynizoBaHi BumipioBaui TC:
Surfscan, MPV-SP, MPV-SD.

Jns aHamizy pes3ysbTaTiB CTaTUCTHYHOI
iHpopMamii y 3amadax TECTOBOTO KOHTPOIIIO
BUKOPUCTOBYIOTh TPU PEXHMU POOOTH TecTe-
piB: aBTOMAaTHYHUI, IHTEPaKTUBHUU 1 miao-
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ropuii. B aBTOMaTnyHOMY pEXHMI cCHUCTEMa
BUKOHY€ IPOLEAYpPY CTATUCTUYHOTO KOHTPO-
mo TII Ha oCHOBI MapaMeTpU4HOI ONTHUMI3a-
1ii, Ka TPOBOJUTHCS IUISIXOM MaKeTHOTO BU-
MiploBaHHsI Ta oOIiHKKA mapameTrpiB TC 1
BKJTIOYAE:

— TEPBUHHY CTAaTHUCTHYHY OOpPOOKY BHIMI-
pPIOBAaHMX MapaMeTpiB Ta IX MNapaMeTPUUHy
OIITHUMI3ALIiIOo;

— KOHTPOJIb BUXO/Y 3a JIOMYCTHUMI I'paHUIIL
CTaTUCTHYHHUX XapaKTEPUCTUK, IO MArOTh
3a/laHull 1HTEepBaj 3MiH;

— BU3HAYCHHS 3aKOHIB PO3MOTy mapame-
TpiB 1 1e(EeKTiB;

— BHKIIIOYA€ AHOMAIBHICTh pE3yJIbTATIB
BHUMIPIOBaHb;

— TPOTHO3YBaHHSI BUXOAY TNPHIATHHUX SK
MO PiBHIO AEPEKTHOCTI, TaK 1 MO PIBHIO €JIEeK-
TPOQi3UIHUX ITapaMeTpiB.

CTpyKTypHa cXxema TECTOBOI'O KOHTPOJIIO
TII nmpuBenena Ha puc. 4. 1 J03BOJISIE TIPAITIO-
BaTH B TPhOX pexumax podotu. IIpu BcTano-
BJICHOMY TEXHOJIOTIYHOMY TIpolieci ¢popmy-
BaHHs cTpykTyp BIC ix sKkicTh 1 HamilHICTb
BU3HAYAIOTHCS B IMEPIIY YEpry CTaOUTBHICTIO
BIITBOPEHHS IMapaMmeTpiB BCiX (YHKIIOHATb-
HUX MIapiB Ta MiHIMI30BaHOIO iX Ae]eKTHic-
TI0. TOMy OCHOBHOIO 3a]1a4€l0 TECTOBOT'O KO-
HTPOJIIO B Iili 00JacTi € OTpUMaHHS MaKCH-
MaJbHOI iH(OopMalii PO mapamMeTpu KOKHOTO
TEXHOJIOTIYHOTO MIapy, @ BHUPIMICHHS i€l 3a-
Jadi MOBUHHO OYyTH 3aBepllieHe 1€ Ha eTari
npoektyBanHs BIC, konu 3aknagaroTbes npo-
extHi Hopmu KTO.

Bemuka mmoma kpucrama BIC  (60-
1000 MMz), BHUCOKA IIUIBHICTh TMaKyBaHHS
€JICMCHTIB BUCYBAIOTh MiJABHUIICHI BUMOTH IO
JIOIyCTUMOTO PO3KUAY MapaMeTpiB IIapiB He
TUIBKW TI0 TUTACTHHI, ajie 1 Ha kpucrtaii. Pea-
abHe po3mimeHHs TC Ha kpucTaii, CTaTUCTHU-
yHa 00poOKa pe3ynbTaTiB BUMIpIOBaHb, TIO-
OynoBa Mojenei imeHTudikaimii MmporeciB Ta
NpUJIAHUX CTPYKTYP JO3BOJIIE TIPOBECTH
aHaJli3 B3a€MO3B’S3Ky BHUXIJHUX MapaMeTpiB,
10 BU3HAYAIOTH SIKICTh, 3 XapaKTEPHUCTUKAMHU
(yHKIIOHANBHUX [IapiB, BCTAHOBUTH 1 BUO-
paTu ONTHMAaNbHI iX 3HaYEHHs aJs 3a0e3re-

186

YEeHHsI BUCOKOTO BUXOy MpuIaTHUX (> 85 %)
1 HaxiitHOCTI (< 20-30 ppm).

B Texnonoriunomy CAIIPi Ha ocHOBI Tec-
TOBOTO KOHTPOJIO HAaMU BUKOPUCTOBYETHCS
yHI(pIKOBaHUN TECTOBHM KPHUCTAT MOJIYJIHHOL
CTPYKTYpPHU, KOKHHUH 13 BOCBMU MOJYJIB SIKOTO
ckiangaeThest 13 TC mMEeBHOTO MUIBOBOTO TMPH-
3HAYEHHS:

1 — cTpyKTYypH 171l BAMIPIOBaHHS OIOPIB 1
IIUPUHY JTiHIH;

2 — CTPYKTYpH IUIsl BUMIPIOBaHHS OMOPiB
KOHTAKTIB;

3 — CTPYKTYpH AJisi BUMIPIOBaHHS €MHOC-
Tel 1 CTpyMiB BTpAT;

4 — CTpyKTypu AJi1 BUMIPIOBaHHS THapa-
METpIiB IUTIBOK (YHKIIOHATBHUX MIAPIB 1
Bimanmed MIXK JIETOBAaHUMU O0JIaCTSIMU;

5 — TpPaH3UCTOPHI CTPYKTYpPHU BCIX BHIIB:
oinonsapuanx, K-MOH, JI-MOH;

6 — NIOAHI CTPYKTYpHU 3€HEPIBCHKHUX p-n-
MEPEXO/iB 1 CTaOLTITPOHIB;

7 — DUHAMIYHI CTPYKTYpU Ta CTPYKTYpH
rmam’siTi;

8 — cTpyKTypH A (DI3UYHUX 1 ONTUYHHUX
BHUMIpIOBaHb, B TOMY YHCJIi KPEMHIEBI €ITiTaK-
CiliHI CTPYKTYpH.

OpranizaiiiifHa CTpyKTypa TeCTOBOTO KOH-
tpomo TII cymimenux Bi-K-MOH 1 I-MOH
TEXHOJIOTI/ ToZjaHa Ha puc. 5. SKicTh mpoBe-
JIEHHSI TEXHOJIOTIYHOT'O MPOLECY OILIHIOBAIACh
1o BUXoay npunaTtHux. OJHOPIIHICTE AHCIIe-
pciit € mokasHukom ctarionapHocti TII 1 omi-
HIOBajiach mo kpurepito Pimepa. Ouinka on-
HOpIAHOCTEN AMcIepciii 3a OKpeMHMHU mapa-
MeTpamu Uit pennsiiitanx BIC moxasye, 1mo
BIJIMOBIAAILHUMU K 33 BUXIJ NPUAATHUX,
TaK 1 TeMIIEpaTypHy CTaOUIBHICTh TapaMeTpiB
€ craH MiK(pazHoi rpanuni po3airy Si-SiO,.
Taka crTabinbHICTP TOBHHHA BH3HAYATHCH
3MIHOIO 3apsIOBOTO CTaHy B IHTEpBall TeM-
nepaTyp 3a OJWHUINO 4Yacy. A 3a Iie BXKe BiJ-
MIOB1/Ia€ TEXHOJIOTisI OKCUAYBaHHs, sIKa MOBU-
HHa 3a0€3MEeYUTH HE TUIBKM Mally TYCTHHY
nedekTiB, ane 1 Maje 3HaYeHHS apeidy 3apsi-
noBoro crany Si-SiO, mpu BHUCOKIH #oro
LIJIBHOCTI.
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Puc. 5. Opranizaiiiina cCTpyKTypa aBTOMaTH30BaHOT'O TECTOBOTO KOHTPOJIIO cTpykTyp BIC.

IIpoexTHI HOPMHU KOHCTPYKTOPCHKO-TEX-
HoJoTiuHUX oOMexenp Tomnojorii BIC 3ana-
I0TBCS TOYHICTIO JiTorpadii Ta mia3Moximiu-
HUX TIPOLIECIB TpaBJICHHS (YHKIIOHATBHUX
nrapiB 1 TicHo 3B’si3aHi 3 TII mpoektyBaHHs
oe3nedextHoi Tomosorii [4]. BoHn BKIIOYa-
I0Th B ceOe HOpMH Ha eNeKkTpodi3uyHi mapa-
METPH B 3QJICKHOCTI BiJl THIy KpPEMHIEBHUX
IUTACTHH, HA TOMOJIOTIYHI PO3MIPH E€JIEMEHTIB
1 iX po3kuam Ha jitorpadii Ta miazmMoximii,
JOTYCKU Ha CyMIIIEHHS TomojoriyHux (¢yH-
KI[IOHAJPHHX) MIApiB 1 MEPEKPUTTS 00JIaCTEH.
[Ticnst excTpakiii eleKTpPUYHOi CXeMH 13 To-
MOJIOTIYHOI TIPOBOJUTKCS MOBTOPHE ii MOje-
JrOBaHHS 1 Bepuikallis 3 mepeBipKkoro peab-
HUX HOpM KTO Tomomnorii y BimmoBimHOCTI 3
NPOEKTHUMHU.

[Ipu mapamerpuuHiii onTumizamii SKiCTb
BIC B cucrtemHiif Te€XHOJIOTIi MiKpOEIEKTPO-
HIKH JIOCSTAIOTh TIJTBKHA B TOMY BHITQJKy, KO-
7 11 MPOBOJSATH HA CTAIIl:

— KOHCTPYKTOPCHKO-TE€XHOJIOTIYHOT OITH-
Mi3allii CTPYKTYpH KpUCTana;

— ONTHUMI3AIil TEXHOJIOTIYHOTO TPOIIECY
(dbopMyBaHHS CTPYKTYP;

— onrtuMizamii 00’eMy 1 TPHBAJIOCTI Bij-
OpakyBaJbHUX TEXHOJOTTYHUX BUIPOOYBaHb.

OueBuAHO, 110 TEXHOJOTIUHI BigOpaKyBa-
abHI BUNpoOyBaHHs BIC He Tinbku 301u1b1IY-
IOTh IIMKJI iX BUTOTOBJICHHS, aJIe 1 3MEHIIYIOTh

pecypc ix poOOTH Ta HE JNAIOTh JOCTOBIPHOI
iHpopMarii Mpo HaAIHHICTH Ta TOBTOBIYHICTH,
00, SIK TPaBHUIIO, BCI METOAU BUIIPOOYBaHb €
pyhHiBHUMH. Tomy mis  (QyHKIIOHAIHHO
cknagaux BIC Ttaka MeTonoi0rist OLiHKK Ha-
niftHocTi Bxke Hemomyctuma. Croam TpHXO-
JSTh HEPYWHIBHI METOJIU €NEeKTPO(I3UIHOr0o
niaraoctyBanHs (ME®]]) [5], mo 6a3yroTbes
Ha TECTOBUX CTpPYKTypax, SKi HECyTb
00’eKTHBHY 1H(OpMAIIiI0 IPO YaCOBY 3MiHY iX
eNeKTpoi3UYHNX TapaMeTpiB B PeaTbHOMY
Macmitadi yacy.

IcHye nBa OCHOBHHX JiaMeTpalbHO IIPO-
THJIC)KHHUX HANpsMH, IO J03BOJIIOTH CKOPO-
TUTH TEXHOJOTIYHI BiAOpaKyBalbHI BUIIPOOY-
BaHHSA — NEePUINH 3B’ A3aHUI 3 IPOTHO30BAHOIO
3MiHOIO enekTpodiznunux napamerpiB TC, a
IpyTuil — 3 oprasizamielo (GopcoBaHHX BH-
npoOyBaHb, KOJM 30BHIIIHI BIJTUBU OibIIi
JOMyCTUMUX. SICHO, IO B APYTOMY HANpsIMKY
Iy’e CyTTeBO 3HMXKYyeTbes pecypc BIC, a Ta-
KO HeoOXiJIHe BUCOKOHAJiHE BHIIPOOYBa-
JbHE 00JIaJIHAHHA, KOJIM MOBa #ae mpo Oara-
toynkiionansri BIC. Tomy mipu pocri cTy-
MeHsl iHTerpanii HeoOXiIHO 3IIMCHUTH Tepe-
X1 10 eJeKTPO(I3NIHIX METOJIB JiarHOCTY-
BaHHSI HaJIHOCTI CTPYKTYpP, OO BOHHU JO3BO-
JSIOTH WOTO MPOBOJUTH 1€ Ha CTamisx Qop-
MyBaHHS (PYHKI[IOHAJIbHUX IapiB.

3anexHO BiJl criocoOy peectparii po3pis-
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C.I1. HoBocsammii

Mertoau AarHOCTYBaHHS 3a
IHT erpaJIbH MU ey KTaMu
He JTiHIHHOC Ti

47\

Merton, 1110 BAKOPUCTOBYKOTh NEPiOTHYHHIL
TECT-CHI'HAJI IIPH MOXKJIMBOMY BapiaHTi
CHTHAITY 3MIIICHHS

;

Meo11 1, 1110 BUKOPHCTO BYIOTh
HeIepi OAMYHHI TeCT-CH MBOI

/\

BuaineHss i 00po Oka curHany-
BIIKIMKY B YaCTOTHIi 0O acTi

Buninenss i 06po0Oka curnamy-
BIJKJIMKY B 4acOBiii o0nacTi

Buninenns i 00poGk a curnan y-
BII KIIMKY B TTapaMeT pU4Hii
obnacti

Tomirap -
MOHIYHH i
TECT-CH ' HAT

birapwmo-
HIYH Ui
TECT-CHT'HAJl

Monorap-
MOHIY HU
TECT-C UI' HA1

3 npoBeIeHHIM
1 poBOrO
1 ep eHITIFOBaHHS

3 npoBe JICHHAM
uupoBoro
nig ep e HIliFoBaH Hsl

bes nposene Hut
11 poBOTO
JH( epeHIIiIo BaHHS

Orinka OriHKa Ouinka
napaMeTpiB napamer pis napam eTpiB
OCHOBHHUX BHIINX KOMOIH arii
@M OHIK rapMOHi K rapMoHIK

Puc. 6. Kitacudixkartist eexTpodi3naHOro MiarHoCTyBaHHS HAIIHHOCTI 3a iIHTETpaATbHIMH eQeKTaMu
HemiHitHOCTI enekTpodiznunux mapamerpis TC.

HSAIOTH Tpu OCHOBHI rpynu ME®/] 3a inrer-
POBaHUMH €JIEKTPOQIZUIHUMHU MapaMeTpaMu:
1) poscitoBanHs a00 AucHUIIaLlli eHeprii Bcepe-
JUHI CHCTEMH 1 B 30BHIIIHE cepeaoBHUIIe, 2)
BHYTpIIIHIX ¢uyKTyamiii, 3) He niHIHHOCTEH
(YHKIIIOHATEHIX XapaKTEPUCTHUK.

JInst TeCTOBOTO KOHTPOJIO OCOOJIHMBO aK-
TyaJbHOIO € TpeTs rpyna. Kimacudikaris ene-
KTpO(I3UYHUX METOMIB MAIarHOCTYBaHHS 3a
IHTETpOBaHMMHU O3HAaKaMHU HE JIHIHHOCTI 3a-
NeXHO Bif crmocoOy oTpuMaHHs iH(opmarii
nojmaHa Ha puc. 6. Jlo miei rpynmu BigHOCATH
Taki METOAW: BOJIbTAMIIEPOMETpii, aHaJIoro-
BOro ta nudpoBoro audepenmiroBanas BAX,
IMITyTbCHO-MOAYJIbOBAHUX 1  JWHAMIYHHX
BAX, nunamiuaux i cratmaanx BOX, aude-
pentianbHoi nposigHocti (JAII), Bumux ra-
pmoHnik (MBI'), metonu nmpyroi i TpeThoi rap-
MoHiku (MITT'), nynpoBux Ourrie (MHB),
pizHuneBoi wacroru (MPY).

BinmoBigHO Taki METOAU NiarHOCTYyBaHHS
noTpeOyIOTh CBOIX TECTOBUX CTPYKTYp 1 IS
HUX PO3POOJICHUX METOJIUK €JIeKTPO(di3HUHO-
ro KoHTpoio. Hanpuknan, crabinpHICTh 3re-
HEpOBaHUX IMOBEPXHEBUX CTaHIB Ha TpaHMII
po3ainy Si-SiO, BHU3HAYAETHCS 13 CITIBBIIHO-
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IICHHA:
_ Cox
A Nss - q_A (UT - UFB)a
: 12
ANy, _ Coe d (Ur=Uss) (12
i q ot

ne Cox — MATOMA EMHICTP ITiJ[3aTBOPHOTO Jic-
nextpuka, Ur, Upg — moporosa Hampyra i Ha-
npyra miockux 308 MOH-cTpykTypu.

Taka rycTHHa CTaHIB BiJIHECE€HAa Ha OAU-
HUIIIO TJIOMII OKCHY TPH 3MiHI TeMIIEpaTypu
1 yacy € HOBUM HocieM iHQopmarlii npo Ha-
nmifiicts MOH-BIC.

TakuM 4YMHOM, BUKOPUCTOBYIOUM TEXHO-
noriunuii CAIIP y BUTISAI TECTOBOTO KOHT-
pOII0  eNEeKTPOdi3UYHUX TMapaMeTpiB CTPYK-
Typ BIC 3a0e3neuyerbes ix BUCOkoe(eKTUBHE
KpHUCTalbHEe BUPOOHUIITBO SIK 110 BUXOY HpU-
natHux (> 85 %), Tak i ix HaxmidHOCTI (< 20-
30 ppm). Moro BHCOka edeKTHBHICTH JOCHT-
uyta Ha IC cepiii K140, K564, K1564, K580,
K132, K1830, K1816, K1008.

C.II. Hogocaonuit — x.m.H., npogecop raghedpu pa-
010GhI3UKY | eeKMPOHIKU.
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It has been developed the consept of technological automated design engineering (ADE)
system on the basis of test control in the submicron technology of large-scale integrated
(LSI) circuits structures engineering. Its background is a minimization of multifactorial tar-
get function of functional layers presence defects.
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