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BCTYII

Indopmartiiiii TexHoMOrIl — 1le CYKYIHICTh METOIB 1 MpOrpaMHO-
TEXHIYHUX 3aco0iB, 00’€AHAHHUX Yy TEXHOJIOTIYHUM JIAHIFOKOK, IO
3a0e3redye 30upaHHs, 00pOOJIeHHs, 30epiraHHs, MOUIMPEHHS Ta Biao-
OpaxkeHHs iHGoOpMaIlil 3 METOIO 3MEHIIeHHS TPYJOMICTKOCTI MpoLeciB
BUKOpPHUCTaHHS iHQOPMAILIIHHOTO pecypcy, a TaKoXK MiJIBUIIEHHS TXHbOT
HaJliIfHOCTI Ta ONepPaTUBHOCTI.

3a poKHM PO3BUTKY TEXHIUHUX 3acO0iB KOMI'IOTepa i BiAMOBIAHOTO
MPOrpaMHOTro 3a0e3rNeveHHs BUHUKIIO CTUTbKU iH(pOpMAIIHUX TEeXHO-
JIOTiH, CKIJIbKM MOTPiOHO, 11100 OXOIMUTH BCi CTOPOHH JKUTTEMISIBHOCTI
JOAUHM. 3alIe)KHO Bif] TOTO, SIKY iH(pOpMAaIlito BOHA 00poOIIsSIoTh abo Jie
iX BUKOPUCTOBYIOTb, IH(OpMAIiliHi TEXHOJIOTii OTPUMYIOTh HAa3BH:
Internet-rexHonorii, WW W-texHosorii, odicHi iHhopmaliiiHi cucTemu,
MepekeBi TexXHoJorii, reoiHdopmalliiiHi TexHoJorii, TexHojorii 6a3
naHux Toio. KokeH 3 WX HanpsMiB BUKOPUCTAHHS BUBYAIOTH CTYACH-
TH B 0a30BUX 1 crnemiaibHUii Kypcax. Tox 110 € OCHOBOI YCIX LMX
TEXHOJOT1i?

Ha mymky aBTOpa, B OCHOBI iH(OpPMAIIITHUX TEXHOJIOTIH, MeperyciM
HaWCKJIAIHIIIMX, IKUMH CbOTO/HI € CUCTEeMHU KepyBaHHs 0a3aMu JaHMX,
BUHMKAIOTh TaKi MpobieMu: sik 30epiraTu Besivki 06’ eMu iHdopMallii; sk
3MicTOBHO ¢dopMyBaTh iHpOpMAILiFO B 3aMUCH i OJOKH; K e(eKTUBHO
noctynutucsa 1o iHdopManii, BpaxoByroud ii Benuki 00’emu. Came
BHCBITJICHHIO LIUX MPOOJIEM MPUCBAYESHO TEKCTH JISKLIH.

VY nepiuomy po3aiii po3misHyTO MpodiaeMu 30epiraHHs iHpopmMalii.
3HauHy yBary MpUOIJICHO TMPHUCTPOSM, NMPU3HAYEHUM [yl 30epiraHHs
indopmanii, nepemyciM nuckam. OIIHEHO UIBUKOMIO aJTOPUTMIB
00poOkM JaHMX, sKI HEOOXiJHO NepeMilllaTh MK OMNepaTUBHOIO
nam’sSITTIO i BTOPUHHUMU a00 TPETUHHUMU MPUCTPOsMU 30epiranHs. Ha
NPUKJIAJI QITOPUTMY COPTYBaHHS JABO(A3HUM 0araTOKOMIIOHEHTHUM
3UTTAM  TPOUTIOCTPOBAHO, SIK BHUKOPHUCTOBYBaTH pi3HI mpHiioMH
NOHW)KEHHS YacOBHMX 3aTpaT Ha omnepaiii YUTaHHS JaHUX 3 JucKa i
3anKCyBaHHs JaHUX Ha AMCK. PO3rJsiHYTO Takok METOIM MiJABHULICHHS
HaAIMHOCTI TMCKOBUX CHUCTEM, SIKi Jal0Th 3MOTY MOJOJAaTH MEePioauyHi
NOMUJIKA UWTAHHSI-3aMUCY, & TaKo)K 30epertd JaHi micias MOJOMKH
OIIHOTO YM JEKIJIBKOX JUCKIB.



Jpyruii po3ai  MpUCBAYEHO TNHMTaHHAM 30epiraHHS OKpeMHX

eJIeMEHTIB JlaHUX — BIiJHOIIEHb, KOPTEXiB, 3HA4YeHb aTpUOYTIB i
PIBHOLIIHHMX WIOJAO0 HHUX CYTHOCTEH, $Ki 3aCTOCOBYIOTh B IHIIHUX
MOJEJIIX MpeacTaBieHHs iH(opmallii, — 3riH0 3 BUMOramu OJOYHOT

MoOJieNli  IUCKOBUX JaHWX. T00TO TpoilmocTpoBaHO —BiAOOpakeHHS
aTpuOyTiB gK OalTOBMX moOCIigoBHOCTeW (iX HAa3WUBAIOTh TMOJSMH)
nocTiiiHoi abo 3MiHHOT JOBXMHM. Sk Tmond, y CBOIO 4epry,
00’eIHYIOTbCsI B HAOOpU JaHUX MOCTIMHOT a0o 3MiHHOT AoBXHHM (iX
HA3WBAIOTh 3allCcaMM) 1 BiJNOBiNalOTh KopTexaMm abo 00’ekTam.
3a3HavyeHo sk 3anucu 30epiratoTbes Y ¢izuunHux Onokax. Jlns
(hopMyBaHHs GJIOKIB BUKOPHCTAHO Pi3HI MiIXO/U, KOPUCHI, MEpeaycim,
npu Moaudikaiii JaHuX.

VY TperboMy po3Aisli pO3JISTHYTO MPOOJIEMHU BUKOPUCTAHHS pi3HOMa-
HITHUX CTPYKTYP JaHUX JJIs OOy IOBH iHAEKCIB 3 METOIO 3a0e3neueHHs
edexkTrBHOTO moctymy no iHdopmamii. Ha koHKpeTHHX mpuKIanax
MPOLIIOCTPOBAHO SIK OyAYHOThCS IHIASKCH [UIsl TMOCHiAOBHUX (haiinis,
BTOPUHHI 1HJACKCH [Js HeBrnopsakoBaHux (aiinie, B-mepeBa s
opraHizauii IHAEKCIB A1 JOBUIbHUX (aiisiiB, rew-radnuui s
MpeJICTaBJICHHS 1H/IEKCIB.

YerBepTuii po3aiii MPUCBSAUEHO MOHATTIO 0araTOBUMIPHUX JaHHUX,
SKi BUKOPUCTOBYIOTb B TreoiH(opMaliiHMX CcHcTeMax 1 cucreMax
MIATPUMKHA TPUHHATTSA pilieHb. Y HBOMY PO3TJISTHYTO OCOOJIMBOCTI
noOy/IOBU IHIEKCIB Ul LIBHUAKOTO JOCTYIY /O MPOCTOPOBHX JaHHX.
OOGroBOPIOIOTHCS XapPaKTEPUCTHKHU CITKOBUX (hailiB, pO3AUIbHUX Iell-
dbyHKUiE, IHAGKCIB 3 JAekibkoma kimouyamu, kd-gepem, nepeB
KBa/IpaHTiB, R-nepes.

[TpoTsroM ycboro BWIAHHS BHKIIQJ MaTepially CYNpPOBOIKY€EThCS
NPUKJIaZaMH 1 BIIpaBaMu il CAMOCTIHHOIO BUKOHAHHS.



IPUHIIUTINA 3BEPIT AHHSA ITHOOPMAIIIT

VY Jekuisx HaeTbcs Mpo Te, K cucmemu Kepyeawus 0azamu OaHux
(CKBJI) cripapistoThes 3 BeIMKMMU 00’ eMamu iHdopmaiiii. [IpoGiaema
3BOJIUTHCS JIO IBOX OCHOBOTMOJIOKHUX MHUTaHb:

1) sk koM’ POTepHa cucTema 30epirae aHi i Kepye HUMU;

2) sxi QopMM TpelCcTaBlIeHHs 1 CTPYKTYpPH JaHUX Halikpaiie
CIPUSIOTh Mi/JBUIIEHHIO e(eKTUBHOCTI omnepauiii 3 oO0poOku
HaHux?

Hwxye My onuiiemo npuctpoi, ki BUKOPUCTOBYIOTh [Uisl 30epira-
H KpPYNHUX MacuBiB iHpopmalii (30Kkpema, JHCKH), PO3TITHEMO
iepapxit0 TIPUCTPOIB Mam’SITi i MPOAEMOHCTPYEMO, SK IIBUIAKOJIS
anropuTMiB OOpOOKM JaHMX 3aJie)KUTh Bil CIOCOOIB TMepeMillleHHs
nopuii iHpopmallii Mk OMepaTMBHOIO TMaM’SATTIO 1 BTOPUHHUMH
(3a3Buuali, 1MckaMu) ab0 HaBITh TPETUHHUMHU MPUCTPOSIMH 30epiraHHs.
3BepHeMO yBary Ha pi3Hi NPUAOMM 3HW)KEHHs YacOBMX 3aTpaTr Ha
omepalii 4WTaHHS JaHUX 3 JUCKAa Ta IiXHE 3anucyBaHHA. Takok
00roBOPMMO METOIM MiABUILIEHHS HAJIMHOCTI AUCKOBHUX CHUCTEM, SIKi
Jal0Th 3MOTY TMOJOJaTH TOMMWJIKM YMTaHHSA-3alUCyBaHHA 1 HaBiTh
BUMNAJKHM LIJIKOBUTOT «BIIMOBK) JUCKA.

PosnouneMo 3 mpukiany, AKWH JIEMOHCTPYE OCOOJIMBOCTI AESKOl
uragaHoi CKB/[, B ocHOBY sKOi NMOKIaJAEHO HENpaBWIbHI MPOEKTHI
pillleHHs, 10 He BiAMOBIAAOTH 3aralbHONPUMHSATIN MPaKTHIL.

Tema 1. Ilpukiaan BUraganoi cucreMu 6a3 JaHux

SAxmo Bu ke kopucrtypamuch Oynb-skoto CKBJI, To, #iMoBipHO,
Bam 3maetbes, mo peanizailis MOMiOHMX CHUCTEM He HAITO CKJIaJaHa.
Haspemo wamry suramany CKBJI Straw. Llsg cucremMa HalleuTh 10
KaTeropii pensuidiHux, marpumye SQOL i po3MoBCIOJKYETLCS SIK OKpeMi
Bepcil yist 6araTboX onepaiiiHuX cucTeM, y TiM uncii UNIX.

1.1. Ocobaueocmi peanizauii CKB/] Straw

VY GazoBiii Bepcii Straw s 30epeskeHHs BiaHolneHb (iHdopmallito
Npo pesisitifHy MOJIeNib TaHUX TIOJIaHO Y JI0IaTOKY A) BUKOPHUCTOBYIOTh
daiinoy cucremy UNIX. Hanpukinan, BinHowenns Students (name,
id, dept) mosxna nonatu sk daiin /USR/db/Students. Koxen 3amuc y



daitni Students signorimae ogHOMYy KOpTEKY. 3HaYEHHS KOMIIOHEHTIB
KOPTeXKY 30epiratoTbcss y  psAAKax, PO3JAUICHUX  CrelialbHUMHU
cumBoJlamMu-mapkepamu  #. Bwmict ¢aiina /USR/db/Students wmoxe
BUIJIAATH, HATIPUKIIA/, TaK:

Smith # 123 # CS
Vasyl Sydorchuk # 522 # EE

Onuc cxemu 06a3W JaHUX PO3MIIILYEThCS Y CrieliaTbHOMY (aiii
/usr/db/schema. KoxxoMy BigHOIIEHHIO 0a3W JaHUX BiAMOBigae OAWH
panok Qaiina Schema, skuil po3NMOYMHAETBCS 3 Ha3BU BiJHOIICHHS,
Jaii TofaHo mapu iMeH aTtpuOyTiB i ixHi TMnM. Bcei eneMeHTH psjika
posninstoThes mo3Haukoro # Daiin /usr/db/schema moxe 36epiratu
TaKi PSIIKH:

Students # name # STR #id # INT # dept # STR
Depts # name # STR # office # STR

Tyt mu BBaxkaemo, 1o (aiinn Schema MicTuTh omnMc BiAHOIIEHHS
Students (name, id, dept) i3 psakosumu (STR) arpubyramu name i
dept i uinouncnosum (INT) atpubytom id, a Tako)K BiJHOLICHHS
Deps(name, office).

IHpuxnao 1. PozrnsHemo 3uuaiinmii ceanc B3aemofii 3 CKBJ[
Straw. Ham HajaHO npaBo 3BepTaTHCs 10 KOPUCTYBAIbHOIO iHTepdhercy
Straw, BBOAsAUM HeoOXiaHi koMaHad SQL y BianoBiab Ha 3ampoIEHHS
(&) cucremu. OTok 3anmuT 10 0a3U AAHUX BUTIISLY

& SELECT * FROM Students #

noBepTae TaGJ’II/IL[I-OI

Name id dept
Smith 23 CS
Vasyl Sydorchuk 522 EE

CKB/]] Straw nmae 3mory 36epiratu pe3yJbTaTd BUKOHAHHS 3alUTIB Y
HOBHUX (haiiyiax: 3 Li€0 METOK TeKCT KOMaHIW HEeOOXiAHO TOMOBHUTH



CHUMBOJIOM BEpTHKAJIbHOI pUcku 3 iMeHeM daiina. Hanpuxian,
BHUKOHAHHS KOMaHI!

& SELECT * FROM Students WHERE id >= 500 | Highid #
cTBopuTh Qaiin /usr/db/Highid, skuii MicTUTh OTUH PSITOK:
Vasyl Sydorchuk #522 # EE

1.2. Ax CKB/] Straw eukonyc 3anumu

Posrasinemo tunoBy dopmy SQL-3anuty:
SELECT * FROM R WHERE <ymoBa>

VY BiAnoBige Ha MOAIOHMI 3aUT Straw BUKOHYE TaKi Jii:
1) 3Bepraethes Ao daiina schema 3a indopmaticro npo aTpudyTH
BigHoweHHs R i IXHi ThmH;
2) mnepeBipse, uYMd MPaBWIBHO 3aJaHa <yMoOBa> 3 TOIJISIY
CEeMAaHTHKH BiJiHOLIeHHS R;
3) mnepenae Ha ekpaH KOMIT FOTepa 3arojOoBOK pPe3yJIbTaTy 3aluTy 3
HallMeHyBaHHSAM aTpUOYTIB, IMiKpEeCIeHU JiHIETO;
4) 3uutye daiin, skuil Binnosigae BiaHOMIEeHHIO R, i 1uis KOXKHOTO
psaKa-3anucy:
a) nepesipse <yMOBY>;
B) KO <yMOBa™> MpaBUJIbHA, BUBOJWTH HA €KpPaH PsJOK-
KOPTEX.
[Tin yac BUKOHAHHS KOMaH/{ TUITY

SELECT * FROM R WHERE <ymoBa> | T

Straw BUKOHYE€ TaKi il
1) onpaipoBye 3anuT Tak, fAK i paHille, MPOTe Mpomyckae .3,
TOOTO HE 'EHEPYE 3aroJIOBKa Pe3yJIbTYIOUYOro BiJHOLICHHS;
2) 36epirae pe3ysbTaT y HoBOMY (haiini /usr/db/T;
3) nmomae 'y daiin /usr/db/schema psaok 3 onrcoM BigHOIIEHHS T,
noniGHUIA o psijka 3 iHpopMaliero po cxemy BigHOIIeHHS R.

Ilpuknao 2. PosrnsHeMo CKIAIHINIMKA 3amuT, SKWKA Mependadae
3’eqHaHHs (JOIN) KopTexiB ABOX BigHoweHb Students i Depts :
SELECT office
FROM Students, Depts
WHERE Students.name = 'Smith® AND
Studets.dept = Depts.name #
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3anut 3MyIye CUCTeMY 3iHCHUTH 3’€IHaHHs BinHOueHs Students
i Depts, TOOGTO pO3rIAHYTH KOKHY IMapy KOPTEXiB (IO OJHOMY 3
riepesTliueHrX BiTHOIIEeHb) i BU3HAYUTH, YU :
1) wictate komnonentu Studets.dept i Depts.name onvn i Toit
caMuii pIOK 3 Ha3BOIO (aKyJIbTETY;
2) e npizBuiiem cryaenta (Students.name) psimok "Smith".
AJITOPUTM BUKOHAHHS I[LOTO 3aNUTy He()OPMaIbHO MOYKE BUTJISIATH
TaK:
FOR (J1J151) xoxxHoro koptexy S i3 Studets (BUKOHATHW) DO
FOR (J1J151) xoxuoro koprexy d i3 Depts (BUKOHATH) DO
IF (AKUIO) s i d 3apoBonbHsitoTh yMoBy WHERE (TOJII) THEN
BiZIoOpa3uTH 3HaYeHHs KOMITOHeHTa Office koptexy d

1.3. Hezamueni momenmu é cucmemi Straw

3a3Buyaii, Hi IS KOTO He € croprpu3oM, mo «crpaexHi» CKBJ]
pealizyroThCsl 30BCIM He Tak, sSK BHragaHo Straw. MoxkHa Ha3BaTH
Oe3Jiu MpUUKH, Yepe3 sKi Hallla CUCTeMa He BiJINOBilae BUMOram, siKi
CTaBJIATH Y 3B’SI3KYy 31 3pOCTaHHAM OO0’€MiB JaHWX i/ab0 KiJIbKICTIO
BOJHOYAC MIJKIIOYCHUX [0 CHUCTeMH KOopHcTyBadiB. [lepepaxyemo
TIJIBKY JIesKi 3 6araTboX MOKJIMBHX MPOOJIEM.

e MeroauKa pO3MIlliEeHHS KOPTEXKIB Ha JMCKAX HE BiA3HAYAETHCA
THYYKICTIO, HEOOXITHOIO Ui BUKOHAHHS onepauiii Moaudikarii.
SIKIIO, HANPHUKIIaJ, B OJHOMY 3 KOpTexXiB BigHomeHHs Students
HeoOXinHO 3MiHUTH 3HaueHHs komnoHeHTa dept 3 EE na ECOM,
TO cuctemi HeoOXimHO Oyne mepenwcaTd Bech (haiiyl, 3CyBarO4H
KO>KeH HACTYIHHUM CUMBOJT Ha JIBI NO3MLIT «BHU3Y.

e Omepaliii MoIyKy HaA3BUYaWHO TpyaoMicTki. CHucTemMa 3aBKIau
MOBWHHA TeperyisgaTd BiIHOUIGHHS 3arajioM — HaBiTh y THX
BUIMAAKaX, KOJIM (K B 3alUTi 3 MPUKIaLy 2) 3aJaHO OJHE 4Hu
JIeKiJIbKa 3HaYeHb, SKi Jal0Th 3MOTY 30CEPEIUTH YBary TiJIbKA Ha
0OMesKeHIH rpyri KOPTexKiB.

e Cucrema He mnepeabavac MOXKIMBOCTI Oydepuzaiii OKpeMHUx
KKOPUCHHMX» (parMeHTiB JaHWUX B OMNEpaTHUBHINA maM’ATi;
KOJKHOTO pasy, KOJIM BUHMKae mnorpeda B OTpUMaHHI Tiei 4u
iHLIOT iHpOpMallii, BOHH 3UUTYIOThCS 3 IMCKA 3HOBY.

e V cucrtemMi He mependavyeHo 3aco0iB KepyBaHHs NapalieibHUMU
3aBAaHHAMHU. Jlekiibka  KOpUCTYBa4iB  MOXKE  BOAHOYAC
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Moau(iKyBaTH OJWH I TOM camuii aiii, 10 MOXKEe CIPUYHMHHUTH
JI0 HerlepeAOaYyBaHUX HACII/IKIB.
e Cucrema HeHafiiiHa. Y Bumanaky 300iB JaHi MOXKHa BTPaTWUTH, a
orepatlii — nepepBaTH.
3roJoM MU PO3IJISIHEMO TEXHOJIOTIl, SIKi JaloTh 3MOry e(eKTHBHO
BUPINIyBaTH TiepesiueHi BUIEe NMPOOJeMH i SKi BUKOPUCTOBYIOTH IS
pobotu 3 Benukrumu 00’ emaMu iHdopmariii.

Tema 2. Iepapxist npucTpoiB mam’siTi

TunoBa koMm’IOTepHa cHUCTeMa HaJliuy€e Kijlbka KOMITIOHEHTIB,
npu3HaueHuX 11 30epiraHHs naHUX. KOMIOHEHTH pO3pI3HAIOTH 3a
micmkicmio 1 weuoKicmio IOCTyNy 10 JaHuX, a TaKkoX eapmicmio
30epieanns Gaiita iHpopmalii. CTymiHb BiIMIHHOCTEH 3HaYeHb TePUINX
JBOX TMapaMmeTpiB OLIHIOEThCS, LOHAHMEeHIIe, Yy ciM TNOPAAKIB.
Benuunnu BaptocTi 30epiranHs Oaiita iHdopmalii B KOMIIOHEHTaX
TAKOXK BIJIPI3HSAIOTLCS, NMPOTE HE TAK CEPH03HO — BapTiCTh Haiijelies-
LIMX KOMIIOHEHTIB Ha mpu nopsioku HWxKYa, HiK Haiinopoxkunx. He mae
HIYOro JMBHOTO B TOMY, HIO MPUCTPOi HANMEHIIOT €MHOCTI MaloTh
HalBUILI XapaKTePUCTUKM LIBUAKOCTI TOCTYMY [0 JaHUX 1 HaWOLbLny
BapTicTh 30epiraHHs ogHOTO Oaiita. CxeMy iepapxii MpUCTPOTB maM’ATi
KOMI t0Tepa HABEJAEHO Ha puc. 1.

v KopucHo BHaTM. OamHMI]I BHMIipOBaHHS 067€e-
MiB mamM’saTi. 3a TpaIylie€wn TOBOPATH NPO MicTkicTb
KOMIT' IOTePHMX KOMIIOHeHT1B mnam’ari Tak, HiOm 11
BYMipooTE cTeneHsamy umcia 10 - merabanTtu, rira-
Bavtn 1 T.OO. Hacnpasni, npucTpoi  nam’ ari,
(HampukJan, HaliBOPOBIiOHMKOBMM Yil) MNPOEKTYIOTH
Tak, WO BOHM 30epiranTs KijgepkicTe OiTiB, gdkKa
nopieHioe crTeneHi uwmcyia 2. Came ToMy, WO BeJIMYMHA
2'1°=1024 He gyxe BimpisHseTbcs Bim Tucsui,
MNPUMHATO BUKOPUCTOBYBATM MJISI CKOPOYEHOT'O 3Balllcy

2% mpedikc «ximo», 2%2° - «verax», 23° - «riraw, 24°
- «repa» i 2°° - «mera». Ti x npedikcu B
oBjlacTax, Inajlekyux Bin 1HbopMaLlVHMX TexHOJIOT1N,
o3HavaoThL, Bimnoeimuo - 10°, 10°, 10°, 10%'?, 10%°.

Y Mipy BpocTaHHsS BesmMuMHa HeBlnnmosinHocTi 36isb-
myeTncs, amke 10°=1 000 000, a omvu wMerabamr -



220=1 048 576 oanT. s rnosHauveHHsa npedbikca
«K1J10» BUKOPUCTOBYITHL CTAaHOAPTHE CKOpOoueHHA «K»,

«Mera» — «M», «rira» -»I'», «Tepa» - «T», «nera»
- «II». Hanpwkiazn, 16 TI'GamT - uUe, CTPOTO Kaxyuu,
23" Baitr.

IS BMMIPIOBAHHS dYacy po6oTuM TUX UM 1HIMX [OpU-
CTPOIB kOMII'OTepa BUKOPUCTOBYTL, 3mefijbmoro,
CeKyHIOM, INOMHOXeH1 Ha Bin’emMHy crTeniHe umcia 10,

a came 107° ¢ - 1 wmimicexyuma (mc); 107 ¢ - 1
MikpocekyHOa (MKC), 107 ¢ - 1 HaHocekyHna (HC),
107 ¢ - 1 nikxocexyHnoa (nc).

CKBJI

ITporpamu;

CKB/,

po3TalloBaHi B TpeTuHHi
OTnepaTUBHI mpucTpoi
nam’sTi 30epiraHHs

Bipty-
ajJbHA
nam’siTh

daiinoBa
cucremMa

OnepaTtuBHa naM’SITh

Kemr-nam’ate

Puc.1. lepapxis npuctpoiB mam’gri
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2.1. Kew-nam’amop

Ha HwkHBOMY piBHI iepapXii po3TamoBaHa xeut-nam sme (cache
memory). Boyoosanuii xews (on-board cache) nepeOyBae y ToMy XK uini,
110 1 MiKponpouecop, a A0AaTKoBUl xewt 2-20 pisnus (level-2 cache)
peanizyeTbes K okpemuit win. EnemenT qanux (y TiM 4uCIi MallWHHI
IHCTpPYKLii) y Kewm-nam’sTi € KOMiAMH BMICTy TNEBHUX JiJISTHOK
onepamuenoi nam’smi (main memory). O6MiH iHpOpMAaLIi€r0 MiXK Kell-
nam’STTIO Ta OMNEPAaTUBHOIO TNaM’sATTIO, 3a3BUuai, 30IHCHIOETHCS
JIeKiTbKOMa  TOpPIisIMA, 00’€M  SKHX OOYHCITIOEThCS  JIeKiJIbKoMa
oatimavu. Kem-nam’ste — e CXOBHIIE OKPEMHUX MAIIWHHUX IHCTPYK-
i, LIIOYMCIIOBUX BEJIMYMH, YUCEN 3 TUIABalOYOK0 KOMOIO i KOPOTKHX
CHUMBOJIBHUX PSIJIKIB.

Y komm’rorepax, siki BuroroieHo a0 2001 poky, MiCTKICTb
MPUCTPOIB Kel-nam’sati carana 1 MOalit. Yac oOMiHy naHUMHM Mix
KeUI-MaM’ATTIO 1 TIPOLIECOPOM BHM3HAYAEThCS YaCTOTOI Mpoiiecopa i
obumcIoeThes  JeKibkoMa HanocekyHmamu (107 ¢). Ilporte, wuac,
HeoOXimHWH JyIs Tiepedadi NaHUX 3 OMNEepaTUBHOI TaMm’aTi B Kell-
nam’siTh, i HABMaKH, 3HAYHO OiMbIIHii i csrae 100 HaHOCEKYH]I.

2.2. Onepamuena nam’anmo

LenTpom mofiii, ski BiAOYBarOThCS Y KOMIT IOTEPi, € OnepamugHa
nam’ame (main memory). Yci nii, siIKi BAKOHYFOTbCS KOMIT FOTEpOM, TaK
Yd  [HAKIIEe CTOCYIOThCA  TPOTPAMHMX  IHCTPYKIIH 1  JaHuX,
posraimoBanux B onepatuBHid mnam’sati (OIT). Komm’rorepu, ski
BUrotopjieHo g0 2001 poky, OcHallyBall OMNEPaTUBHOIO MaM’ STTIO,
cepeaHiii 06’ em sikoT craHoBHB OnM3bko 100 MGaiit — 10 ["OaidT.

[Tpuctpoi omnepaTvBHOT mam’saTi 3a0e3MeuyloTh NOBUILHHNA J0CTYM
(random access) no kKOMipok, a 1€ O3Hayae€, 10 Ha OTPUMAaHHS OyIb-
sKoro Oaiita JaHMX 3aTpavyaeThCsl OJIMH 1 TOM caMMii yac — 3a3BUYAid, Lie
10—100 nanocekyHn (10% =107 ¢).

2.3. Bipmyanona nam’amep

[Tin yac BUKOHAHHS NMPOrpaMu JaHi, SKUMH BOHA Orepye (3MiHHI 4M
3Ha4YeHHs, 3uWTaHi 3 (halina), pO3MIIIyIOTECA B TMPOCTOPi ajapec
gipmyanvroi  nam’ami  (virtual memory). Uumano xommtoTepiB
niarpumye 32-po3psaAHUi aapecHuit NpocTip, TOOTO MOKHA 3BEPTATHUCS
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3a ajgpecamu, 3arajbHa KiIbKicTh sIKHX € 2% (To6ro 4 I'Gaiirm).
OCKiJIbKM TIPOCTip BipTyalibHOT TMaM’STi 3HAYHO TEPEeBUIIYE pPO3MIp
OIepaTUBHOI MaM’ATi 3BMYAWHOrO KOMIT'IOTEpa, TO OUIbIY YacTHHY
BMICTYy BipTyallbHOI NaM’sITi HacrpaB/li po3TalloBaHO Ha aAuckax. Juck
JUIATBCA HA JIOTiuHI OAMHMII — Onoxu, po3mipom Bing 4 Kbaiit mo
56 Koaiit. Ilepecuiika JaHMX MIXK JDUCKOM 1 ONEPAaTHBHOKO MaM’ITTHO B
paMKax BipTyalbHOI mMaM’ATi 3iHCHIOEThCA LITUMH OJIOKaMH, sKi B
KOHTEKCTi OIEepaTHBHOI MaM’sATi Ha3WBalOTh CTOPIHKaMHU. AmnapaTHe
3a0e3rneyeHHs] Ta oMepaliliHa cucTeMa KOMITIoTepa JaloTh 3MOTY
PO3TAIIOBYBAaTH CTOPIHKM BipTyallbHOT MaM’ATi B JOBUIbHINA 4YacTWHI
omepaTHBHOI mam’sATi 1 3a0e3leuyroTh KOpPEKTHE BiJOOpaXkeHHs
KOJKHOTO OaliTa B cepelinHi OJioKa afpecaMu BipTyanbHOT Mam’ sTi.

YactuHa cxeMd Ha puc. |, sika CTOCYEThCS BIpTyajbHOT mam’sTi,
NPEJICTABNISAE Te, SIK OCTAHHS TPAKTYETHCS 3BMYAWHMMH MPOrpPaMHUMHU
3aCTOCYBaHHAMM 1 He Ma€ BIiJHOIIEHHS JO CHOCOOIB KepyBaHHS
iHpopmauieto B cuctemax 6a3 nanux. Bunstkom € CKB/l, po3ramosani
B ONEpaTUBHIA MaM’dTi, SKi HACHpaBli KEpyKOTh JaHWUMH 3aco0amu
MeXaHi3My CTOpPiHKOBOI Mepecuiku iHopMallii B orepaTUBHY MaM’siThb,
U0 MiATPUMYIOTbCS Ha piBHI omepauiiiHoi cuctemu. Cucremu 06a3
JIaHUX, PO3TAIllOBaHI B OMEpaTHBHIM Mam’sTi, K i 3HAYHA KiIbKICTh
«3BUYAHHUX)» 3aCTOCYBaHb JEMOHCTPYIOTh HalHOLIbLIy e(heKTUBHICTD Y
THUX BUMAJKaX, KOJU PO3MIp JAaHUX, SKUMU BOHH ONEPYIOTh, HACTIJIbKH
Malliii, O JaHi MOXKYTh NepedyBaTH B ONepaTHBHINA Mam’sTi NpOTArom
BCBOTO CeaHcy poOOTH, 1 HEOOXiTHOCTI B iXHiM migkauli (swapping)
3acobamu OC Hemae.

3a3Buuaii, s Oararbox «3BHYAHHMX» Mmporpam 32-X po3psiiB
aJIpecHOro MpocTopy JocTaTHho. OpaHaK #WOro HemOCTaTHbO JUIs
cepiio3HMX 3aCTOCYBaHb cucTeM 0a3 naHux. KepyBaHHs iHdopMmalieto B
kpynHomaciutabuux CKB ]I He o6xoauThes 0€3 y4acTi AMCKIB.

2.4. Bmopunni npucmpoi 30epicanna

[lpakTHYHO KOXKEH KOMIT'IOTep OCHAIEHO THUMHM YW I[HIIMMH
BTOPUHHUMHU TIPUCTPOsIMU 30epiranHs (secondary storage devices)
iHpopMalii, IKi MalOTh 3HAYHO OLIbIIY MICTKICTh I MEHIILY UIBHJIKOJiO
MOPIiBHSHO 3 OMNEpPAaTUBHOIO MaM’SATTIO. Y CYyYaCHUX KOMIT FOTEPHHUX
CHUCTeMax poJib BTOPUHHHUX MPHUCTPOIB 30epiraHHs BilirparoTh OUCKuU
(disks) — maenimuuii, onmuunuil, maenimoonmuynuit. OCTaHHIMN,
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3a3BHMYAii, JCIICBIIWIA, OIHAK BiH 3a0e3rneuye OOMEXeHY MiITPUMKY
peKHMMY 3alHMCy, OTOX BHKOHYE (YHKIIIO CXOBMIIA apXiBHOT
iHdopmartii.

Ha puc. 1 npoinocTpoBaHO, 10 AWCK BMKOHYE MIATPUMKY SIK
BipTyaJpbHOI mam’sTi, Tak i ¢aiinoBoi cucrtemu. OOMiH daitioBuMu
JaHUMU MK JUCKOM 1 OMEpaTHBHOIO MaM’SITTIO BUKOHYETHCS OJIOKaMH
nig kepisuuuTeoM OC ad6o CKB/I. Ilepemitnenns 6aoka 3 aucka B OI1
HA3WBAIOTh YMTAHHSIM JMCKOBMX JaHUX, a OOEpHEHy omnepauio —
3alMCcOM JIMCKOBUX JaHux. OOwaBi omepauii NpUAHATO Ha3MBaTH
TEPMIHOM Ouckose gedenns/susedennss (disk 1/0). Jlesxi dparmeHTH
OMepaTUBHOI Mam’sTi BUKOPUCTOBYIOTb JUis Oydepuzallii JUCKOBUX
(batinie, ToOTO AN TUMUYacoBoro 30epiraHHs 1ux Qaitnis. Hanpuknan,
ko Qaiin BinkpuBaeTbes ais yutanHs, OC Moke 3ape3epByBaTH B
OI1 650k po3mipom 4 Kobaiitu six 6ydep. Criouatky B Oydep KomitoeTh-
cst nepwmid 6ok aiina. Ilicns Toro, ik NpUKJIaJHA IPOrpaMa BUKOHAE
HeoOXi/HiI Jii 3 ompaifoBaHHS 3YMTaHMX JaHUX, Y Oydep MoMillarTh
HACTYMHUI OJIOK, SKWH moTparuise Ha Micue nonepenHboro. [Ipornec,
NPOUTIOCTPOBAHUIA HA PUC. 2, MPOOBKYETHCS IOTH, TOKH (aiin He Oyne
orepaTUBHO ab0 MPUMYCOBO 3aKPHUTO.

daiin

gl

bydep &

Puc. 2. ®aiin i Binnosinauit 6ydep OI1

CKB/| kepyroTh mnepeMillleHHIM AUCKOBUX OnokiB Mk OIl i
BTOPHUHHUMH MTPUCTPOSIMU 30epiraHHs caMOCTiHO, He TIOCUIIAIOUUCh Ha
3acobu MeHemkepa ¢aitnie OC. OyHKUIT KepyBaHHs i NpoOJIeMH, sKi
[I0/I0 IbOTO BUHHWKAKOTh, IJIs HUX He 3HUKaoTh. Yac, HeoOXiaHui 1is
3MiHCHEHHS] TUMOBOI oOmepallil YMTaHHS YW 3amucy, BHMIPIOETHCS Y
10-30 mimicekyna (0,01 — 0,03 ¢). 3a uell yac cydacHuii mporecop
BUKOHY€ JeKiJlbka MIIBHOHIB MAaIIWHHMX IHCTPYKIiH. Sk Hacmigok
BUHUKAE CUTYallisl, KOJIM 3aTPaTH Ha YMUTAHHS-3alUC JIUCKOBOro 0OJ0Ka
3HAYHO TMEPEBHIIYE PeCypc Yacy, HeOOXiIHUH IJIs ONpaLItOBaHHS BMIiCTY

13



1poro 0soka. OTOXK JKUTTEBO BAXJIMBOIO € peajizallis Takol YMOBH: Y
OyIb-IKUX CUTYAIliSX, SKIIO 11e MOXKITUBO, TUCKOBHM OJIOK, BMICT SIKOTO
Ma€ omnpalbOBYBaTUCS, MOBWHEH 3aBuacHO OyTu mnpucytHiMm B OIL
ko 10 yMOBY BHUKOHAaHO, TO CHcTeMi He Tpeba BUTpauyaTu
JIOPOTOIIHHHN qac Ha  TPYJIOMICTKi omepariii  JTMCKOBOTO
BBEJIEHHS/BUBEIEHH.

3HaueHHs BMICTY MAarHiTHOro JuWcka JOCSATraloTh  IO3HAYKU
100 I'Gaiit i Oinbiue. OcKiJIbKA KOMIT FOTEP MOYKHA OCHACTUTH JEKIIbKO-
Ma JUCKOBMMH TPHUCTPOSMU, TO WIAEThCS TPO COTHI Tirabaiir,
JOCTYNIHUX y paMKax OJHI€T CMCTeMH. Xouya BTOPWMHHA MaM’sATh Ha
5 nopsakiB MeHUI NpPOMYKTMBHA BiJi ONEpaTHBHOI, 3aTe MICTKIiCTh
JIMCKOBUX MPHUCTPOIB y COTHI pasiB Buma Big o6’emy OIL Iluroma
BapTicTh 30epiraHHs OAHOro Oaiita JAMCKOBUX JaHUX 3HAYHO HIDKYA
nopieasHo 3 OIl. 1lina B nepepaxyHky Ha 1 MOalT MicTKOCTi JTUCKIB
KOJIMBA€ThCS BiA 1-ro 10 2-X IIEHTiB, BOJHOYAC BapTicTh 30epiraHHs
uporo Merabaiita B OIl ctanoButh 1-2 nonapmu.

2.5. Tpemunni npucmpoi 36epizanns

Jlekonu He BAETbCS PO3MICTUTH HAa BTOPUHHUX MNPUCTPOSX
30epiranHs (auckax) peanbHi 0a3u nanux. Hanmpukiaa, marazuHu pos-
ApiGHOT TOPriBji KOKHOTO POKy HaKomuuyioTh Tepabaiitu (10'* Gaiir)
JaHUX 3 OINHUCOM 3JIIHCHEHUX TMOKYMOK, a 00’eMu iHQopMauii, sKy
HAJICHJIAIOTh CYITyTHUKH, BUMIpIOIOTh netaGaitramu (10" Gaiir).

llono Takux BUMAKIB PO3pOOJIEHO MpemuHHi TIPUCTPOL 30epiraHHs
(tertiary storage devices) naHuMx, SKUM BJIACTHBI 3HAYHO HKKYI
MOKa3HUKK MPOAYKTUBHOCTI Onepaliii 4MTaHHA-3amucy 1 JellieBlia
MUTOMAa BapTiCTh 30epiraHHs JaHUX MOPIBHIHO 3 MArHITHUMH JTUCKAMHU.

JIo TpeTUHHUX MPUCTPOTB 30epiraHHs JaHUX HaJeKaTh:

l.  Maenimui cmpiuku, axi gcmanognioioms 3a éumozoro. Ilpoctuit
i B MUHYJOMY €IWHWIA MiIXil A0 OpraHizamii TPEeTHHHUX
cxoBull iH(opMallii, 10 CTOCYEThCA 3anucy JaHUX Ha OOOiHM
a0o0 KaceTy 3 MarHiTHUMU CTpiYKaMH Ta iXHIM PO3MILIEHHIM Ha
CTiliKax-cTenaxax.

2. AemomamuyHi NpuGOOU ONMUYHUX OUCKIG. 3a JI0NOMOIOK0

poboTa aBTOMATHYHWI TPHBIJ OOCIYyroBye CTiHKH, Ha SKHUX
po3TalloBaHi oNTU4HI kKoMmnakT-aucku CD-ROM.



3. Cmpiuxosi oOynxepu (tape silos). byHkep — lLie chenjajJbHO
oOJjaJlHaHe TIPUMIIIEHHS, B SKOMY € CTIMKHM 3 MarHiTHUMH
crpiukamu. Pobom, SKUM Kepye KOMIT'IOTep, BCTAHOBIIIOE
NOTPiOHI KaceTH y BijIbHI IPUBOJIH.

CepenHst MiCTKICTh KaceTu 3i crpiukoto B 2001 poui oniHroBanack y

50 I'Gaiit. MICTKICTh CTaHIAPTHOrO ONTUYHOTO KomnakT-nucka CD-
ROM € 2/3 rirabaiita, aucku HoBoro mnokoniHHg (DVD) 3nari
30epiratu 1o 2,5 ['6aiit nanux. CTpiukoBi OyHKEpW i MacHMBU JMCKiB
JTAOTh 3MoTry 30epiraTi TepabaiiTy iHdopmarii.

Jna poctyny 10 3a1aHOrO €JIEMEHTY JAaHMX Ha HOCIT TPETHHHOTO
NPUCTPOIO HEOOXIIHO BiJl AEKIILKOX CEKYH/I 0 AEKIIBKOX XBUJIMH.

Omxe, 4ac JOCTYNMy 1O AaHMX Ha HOCISIX TPETWHHUX MPUCTPOTB
npubnmmzHo y 1 000 pasziB mepeBuIlye aHANOTIYHI XapaKTEPUCTHKH
BTOPMHHHUX MPUCTPOIB (CEKYHAU MPOTH MiliceKyHN). SKIO MOpiBHATH
CepeHIO MICTKICTh TPETHHHHMX i BTOPMHHMX TNPHCTPOIB, TO 3a LM
MOKa3HUKOM Meplli nepeBulytoTh apyri y Ti xk 1000 paziB (coTHi
TepabaliT MPOTH COTeHb rirabaiiT).

I'padik, HaBeaeHU Ha puc. 3, NEMOHCTpPYE JiorapudmiuHy 3ajiex-
HICTh MiX TOKa3HMKAMH IIBUIKOCTI 1 MICTKICTIO TpUCTpoiB. ['opusoH-
TajbHA — YacoBa — BiCh, IpajlyiioBaHa 3HAYCHHSIMHU cTereHs uucaa 10:
HampuKiaz, -3 osHauae 107 cexyHa. BepTukanbHa Bich MpecTaBiise
BeJIMUMHY MICTKOCTI B Oaiitax: Hampukian, 8 o3nadae 100 MOalit
(10°® Gaitr).

2.6. Enepzozanesicni ma enepzonesanescui npucmpoi nam’ami

HonarkoBuii KpUTepii 3icTaBlICHHS pi3HUX  TNPUCTPOIB
KOMIT FOTEpHOI MaM’sITI CTOCY€EThCS iXHBOI 3aJIe)KHOCTI BijJl 30BHILIHIX
JOKepeNl eHeproXKUBICHHS. EnepeosanedicHuil TIPUCTPId Y BUMKHEHOMY
crani abo mig uyac 30010 JKUBJIEHHS «3a0yBae» Bce, 1O B HBOMY
30epiranock.  EHeproHeszanexkHi  MpHCTpOi,  HABMaKW,  3[aTHI
MiATPUMYBATU JaHi UIMMU MPOTATOM TPUBAJIOro 4acy 0e3 KMBIJICHHS.
Bak/IMBICTh aCHEKTy HE3aJeKHOCTI Bill €JEKTPOKUBJIEHHS OYEBHUJHE,
OCKiJIBKM of1Ha 13 KimouoBrx XapakTepucTik CKbBJI nonsirae y 3maTHoOCTI
MiATPUMYBAaTH LUTICHICTh JAaHUX HAaBiThb 3a YMOBU 300iB i BigMOB
(30Kpema THX, 10 CTOCYIOThCS TOPYIICHHS XKUBJICHHS ).

MarsnitTHi Matepianu 30epiraioTh cBiii (i3W4HUIl cTaH i 3a BiACYT-
HOCTi 30BHIIIHBOTO JiXKepena enekTpoeHeprii. OTox MpUCTpoT mam’aTi 3
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MarHiTHUMM HOCISIMH, TaKi sSK JUCKHM 1 CTPIYKM, HajexaTb J0
eHeproHe3ajie:xHuX. ONTUYHI BIIACTHBOCTI MaTepiajliB KOMIIaKT-IUCKiB
TaKoXK He 3aJle’kKaTh BiJl JKUBJICHHA. MarTpuls «OUTHX» 1 «YOpHUX)
LSITOK Ha IMOBEpPXHI ONTHUYHOrO JAMCKA, 30epekeHa B MOMEHT 3aIlucy,
3aJTUIIAETHCS HE3MIHHOK. OTOXK MPAKTUYHO BCi BTOPHHHI 1 TPEeTWHHI
npucTpoi 30eperkeHHsl iHpopMallii € eHeproHe3aie)KHUMU.

MicTkicTh . .
Tperunninpucrpoi
13
12 Q Bropunni npucrpoi
11
10
9
3 O Jucku Zip OrnepatyBHA MaM’sITh
7
Iayuxi muexu
6 O A O Kenrnam’ste
5

21 0 -1 2 3 -4 -5 -6 -7 -8 -9 HYac

Puc. 3. 3anexHicTs 3Ha4eHB Yacy NOCTYITY /10 JAHUX | MiCTKOCTi IPUCTPOIB, SIKi
HaJIeKaTh PI3HUM PiBHAM iepapxii mam’aTi

3a3HauuMoO, WI0 MPHUCTPOI OMepaTWBHOI NaM’sATi, 37e0iIbLIOro,
eHepro3anexxHi. Cucrema 0a3 naHWX, ska QYHKIIIOHYE Ha KOMIT IOTepi,
OCHAIIIEHOMY E€HEepro3ajie)kHOI OMEpPaTUBHOK MNaM’ATTI0, MOBUHHA
HeBIAKJIAaAHO (IKCYBaTH Ha JUCKax BCi BHeceHi 3MiHM. lHakuie y
BUMAJIKy 30010 eJIEKTPOKUBIICHHS BUHHUKAE cepiio3Ha Hebesrneka BTpaTH
maHux. Sk HachmifoK, MiJ 4Yac BHUKOHAHHS ormepaiiii Moaudikarii
CUCTEMI JOBOAMTHCS 3BEPTATUCA 10 JAMCKa Oe3iu pasiB.

Tema 3. {ucku

Te, sk CKbJ] BUKOpHUCTOBYIOTH BTOPUHHI MPHUCTPOi 30epiraHHs,
3HAYHOIO MIpOIO BM3HAUaA€E KUTTEBO BaKJIMBI (PYHKIIIOHAJbHI Xapakre-
PUCTUKM 1MX cucTeM. Ponb BTOPMHHMX TPUCTPOIB 30epiraHHs
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NPaKTUYHO HAJIEKUTh MarHiTHUM auckam. OTOX mnepea O3HaHiOMJIEH-
HAM 3 TeXHoJoriasMu o0poOku iHpopMalii JOLITPHO JETalbHO
PO3TJISIHYTH BHYTPIILIIHIO OYAOBY TMCKOBOTO MPHUCTPOIO.

3.1. Buympiwini Mexanizmu OucKo8UX HAKONUYYBAYiE

Ha puc. 4 npoimocTpoBaHO TOJIOBHI PYXOMi €JIeMEHTH TUCKOBOTO
npuBoAy — 0110k ouckie (disk assembly) i 6ok eonosox (head assembly).
Brok nuckiB Hajiuye OOHY UM JCKibKa KPYIJIMX RIACHUH, SKi
00epTaroThesl HABKOJIO LIGHTPAIILHOTO IIMTUH/IEIS.

BepxHs 1 HHXKHSI TOBEPXHi TJIACTUH TOKPUTI TOHKUM IIAPOM MarHiT-
HOrO MaTepially, NpH3Ha4deHoro mjisi 30epiraHHs OiTiB  iH(opmariii.
3BUYaiiHUil iaMeTp TUIaCTHH JMCKa CTaHOBMTH 3,5 mokiMa = 8,80 cm
(1 mroiim = 2,54 cm; 1 dyT = 12 mroiimie = 30,48 cm), Xoua BUIYCKAOTb-
s JIUCKH 3 MJIaCTUHAMM JliaMeTpoM Bix | qrolimMa 1o JeKiabKoX (yTiB.

i ap
brok ronoBok

\

aCThHa
3 JIBOMa ITOBEPXHAMU

ANAQN

v

Puc. 4. Cxema BHyTpilIHBOI OYyI0BU NPUBOIY MArHITHUX JUCKiB

JlinsHKM HamarHiueHoi MOBEpXHi MJIACTUH OpraHizoBaHi y ¢opmi
Oopidcox (tracks), ki € KOHIIGHTPUYHUMH KosiaMu. Jlopixkku 3afiMaroTh
Malike BCIO TIOBEPXHIO, 32 BUHITKOM cepeAuHu (puc. 5). BoHu po3ouTi
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Ha cexmopu 3a NOTIOMOTOI0 3a30pi6 (ki He € HamarHidyeHumu). Cekrop
€ HEeMOJIIJIPHOIO OJJUHMIICIO MICTKOCTI JIUCKA — SIK 1 3 IOy onepartiit
3UMTYBaHHS Ta 3alMCy, Tak i 110 CTOCYETbCA CTIMKOCTI MPUCTPOIO 110
MOXJTUBUX TOIIKO/PKEHb. 3a30pyW BUKOPUCTOBYIOTh JUisl ineHTUdikauii
nouaTky cekropiB. CymapHa moina 3a30piB CTaHOBUTH Onm3bko 10%
BiJ mutomli AOpixkku. JIMCKOBi OJIOKK (MPO sIKi TOBOPHUIIOCS BHUIIE) €
JIOTIYHUMH  OJIMHMLIAIMU BUMIpY 00’eMiB (parMeHTiB JaHuX, sKi
NepeMillaloThCs MiZK JUCKOM 1 OMEPAaTUBHOIO NMaM’ITTHO, I CKIaJatoThCs
3 OHOTO 200 JIEKIJTbKOX CEKTOPIB.

Tenep BU3HAUMMO, 1110 Take OJIOK ToJIOBOK. ['0JIOBKM 3akpiruieHi Ha
Ba)KeNi, SIKUH pyXaerbcs mocTynoBo. KokHili MOBEpXHi MUIACTHH
BIJIMIOBila€ BIacHAa TOJIOBKA, SKAa PYyXaeTbCs JyKe OJNIM3BKO Bif
MOBEPXHi, MPOTe He AOTOpKAa€eThCs N0 Hei. ['0J0BKa 31aTHa BU3HAUUTH
3aps]i eJIeMEHTIB MarHiTHOro uiapy, TOOTO 3YMTYyBaTH OiTH JaHUX, i
3MIHIOBATH 3apsi]i €JIeMEHTIB 3 MeTor 30epexkeHHs iHdopMmaii. Akiio
rOJIOBKA BUMAAKOBO JOTOPKHETHCS 10 MOBEPXHI MJIACTUHU, TO NOBEPXHS
3pYHHYEThCS 1 TUCKOBUE MPHUCTPIi 3iMcyeThes.

Jlopbk K1

CexTop

Puc. 5. CtpykTypa MoBepXHi IMJIaCTHHU TUCKA: BUTIIST 3BEPXY

v' KopmcrHo BHaTu. CexTopu i 6yoku. Harama-
€EMO, IO CeKTop - Le O(izsMuHa CTPYKTypHa OIOMHUILA
noBepxHi mucka, a OJOK — JoTiuHa omuHuLg o006’ emy
OMCKOBUX IOAaHVX, SKY BVKOPMCTOBYITH IJIS Iepemaui
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indopmanii Bim nmowmcka npmo OC ab6o n§mo CKBIO, 1
HaBrnaku. Mm BXe TOBOPWUIIM, WO 3BBUYAMHUM OJIOK
MOXe BilpnoBimaTm 3a o06’emMoM ogHOMy afo OekiJb-
KOM CeKTopaM, Xoua HeMae HidoTo HEeIprPOIHOTO B
TOMy, SKIO BeJMUMHa OJIOKa BMSBUTHCS MEHUOW Bin
MicTkOoCTi cekTopa i B cexkTopi 3MOXY Th
KIIOM1CTUTHUCSH» IOekijibka OJIOKiB (y »OedKux BacTa-
plamx cucreMax BUKOPMCTEHO cCaMe Takui ninxin) .

3.2. Konmponep ouckie

OnHuM abo NeKiTbKOMa JUCKOBUMHU MPUCTPOSMHU KOMIT IOTepa Kepye
xonmponep ouckie (disk controller) — HeBequKUW creLiaai3o0BaHUi
niporiecop. OnumieMo Horo GyHKIILIi:

1.

KepyBaHHs eleKTpOMEeXaHIYHUM BUKOHABYMM TPHBOJIOM, KU
nepemilae 0JIOK roJIOBOK Ha HEOOXiIHY JIiHIHHY BEJIMYMHY TaK,
mo0 Mopsia 3 KOXKHOKO TOJIOBKOIO BHHHWKJIA TEBHA JOPiKKa
BiJIMOBIIHOT MOBEPXHI TUIACTUHM, JTOCTYIHA JUIsl YATaHHS a0o
3anucy gaHux. CyKynHICTH JIOPDKOK, fKi TepeOyBaloTh
BOJIHOYAC Ti/I/Haj KOJKHOIO TOJIOBKOIO, Ha3UBAIOTh yuliHOPOM
(cylinder).

Bubip noBepxHi MIacTHHY 1 BU3HAYEHHS CeKTOpa Ili€l MoBepXHi
3 METOI 3JiHCHEHHS onepaliii 3YWTYBaHHI YU 3amucy

iHdopmMariii.
[lepenaua 3uutaHux 3 cekTopa OITOBMX JaHHUX B ONEpPATUBHY
nam’aTh 1 3amuc y HeoOXiAHWH CeKTOp THX JaHWX, SIKi

OTPUMAHO 3 ONEPATUBHOT MaM’ATi.

Ha puc. 6. mpoimocTpoBaHO cXeMy MPOCTOi OHOIPOLIECOPHOL
KOMIT FOTePHOI CUCTEMHU.

[Ipouecop 3a AONOMOIOK wiuHU OAHUX B3aEMOJIE 3 OMEPaTUBHOKO
nam’SITTIO 1 KOHTpoJiepoM AuckiB. KoHTponep muckiB Moxke 0JHOYaCHO
KepyBaTH JeKUIbKOMa IMCKOBUMU MPUCTPOsIMU (Ha puc. 6 iX € Tpu).

3.3. 3azanvni napamempu ouckis

[lotpebu edekrrrHOTO 30€perkeHHs MOCTIHHO 3pOCTalOUuX 00’ €MiB
iHdopmalil BUMaraloTh BJOCKOHAJICHHS TEXHOJIOTIi BUTOTOBJICHHS
JUCKOBUX MpHUCTpoiB. [lepeniunMo rojoBHI KpUTepii OLIHKK 1 cepeHe
3HAYeHHsI, IO BilNOBiJa€e 3pa3KaM NPUCTPOIB, siki BUmyckanu B 2001 p.
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IIpouecop

y

A
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OneparvBHa
nam’siTb

KonTponep
IACKIB

Jucku

IIImna nanux

Puc. 6. Cxema npocToi KoMII I0TEPHOI CUCTEMHU

Llsuokicme obepmannst onoxa ouckig: 5 400 06./xB., TOOTO
NpuONIU3HO OAHe oO0epTaHHS KoxHi 11 MijiceKkyH[, Xo4a iCHYIOTb
JIMCKH 3 O1JTb11I0I0 00 MEHILOO IBUAKICTIO 00epTaHHS.

Kinvxicme naacmun.

3BUYAiHUI AMCKOBWIA MpPHUCTPid Mae

S mnactud (10 moBepxoHb). Asie THyukuid JOuck (amckera) abo
nuck dopMmaty «Zip» ckiagaeTbes 3 OJHIE] TuiacTUHU. Takoxk
BUIYCKAIOTh MOJIENi TMPHBOJIB, Ki JAIOTh 3MOTY BHKOPHCTOBY-
Batu 70 30-TH MOBEPXOHb.
Kinvxicms oopiogicox na nosepxui. IloBepxHs 3BUMAMHOI ITJTACTUHU
nucka 3aatHa mictuty 10 20 000 mopixkok, Xxo4a i AWCKeT 1ei
MOKAa3HUK 3HAYHO HIKUMH (40 TOPIXKOK).

Kinvkicme  6aiimic  na Oopidicyi.

3BHuaifHa JOpiKKAa MOXKe

30epiraTyi OJM3bKO MiJibiiOHA OaiTIB, OAHAK MOPIKKU JUCKETH
MaroTh 3HauHO MeHImy eMHicTh (18 750 Gaiirie). Haramaemo, 1o
JIOpIXKKK po30uTi Ha cekTopu. Ha puc. 5 mnpoimoctpoBaHO
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12 cexTopiB Ha JOpDKII, XOo4ya HACTpaBAi JOPIKKHA Cy4YacHHUX
Mojeneld auckiB 3matHi mictutu o 500 cektopiB. MicTkicTh
OJIHOTO CEKTOpa BUMIPIOEThCS ACKIIbKOMa THCSIYaMU OakTIB.

Ilpurknao 3. PosrisHeMO XapaKTepPUCTHKHM TCiMOTETHMYHOT MOJedi
JTUCKOBOTO MPUCTPOr «Soaring 747», OMHOTO 3 HalKpaluX MpeIcTaB-
HUKIB IUCKIB:

8 miactun abo 16 nmoBepXoHb;

2'" 260 16 384 nopixok Ha MOBEpPXHI;

B cepeHbOMy 27, a6o 128 cexTopiB Ha JOpiKIL;
e 2'7a60 4 096 Gaiiris y cekTopi.

Jlna o6uuMceHHs 3arajbHOi MICTKOCTI JUCKOBMX IIJIACTHUH MPHUBOIY
«Soaring 747»  1OCTaTHLO TOMHOMXMTH MDK COOOK  3HAYeHHs
16 (moBepxonb), 16 384 (nopixok), 128 (cekropir) i 4 096 (OaiiTiB). Ak
pesysbTaT oTpuMaenmo 2° Gaiitie, a6o 128 I'Gaiit. OxHa KOpiKKa MOXKe
30epiratu 128+4096 OGaiitie, abo 512 Koaiit. Skumo po3mip Onoka
nopisrioe 2 a6o 16 384 Gaiitie, TO oxMH GIOK MOXKe MICTHTH HaHi 3
YOTUPHOX MOCIiAOBHUX CEKTOPIB, i TOJIi HA OJIHY JIOPIXKKY MpUTIaiaTUMe
128/4 =32 Gnoka.

Hiamerp mmactuH auckiB «Soaring 747» popiBHioe 3,5 aroiimu.
Jlopixkku  3aliMalOTh  30BHILIHIO TMOBEPXHIO TUIACTUHU  IIMPUHOIO
1 mrotim, a BHyTpilHA YacThHa mupuHOo 0,75 mroiiMa 3ajuimaeTbes
BisibHOO. [luTOMA rycTtuHa 3amucy B pafiajJbHOMY HampsiMi CTaHOBUTD
16 384 GiTiB Ha ArOAM, BIANOBIAHO 10 KUILKOCTI JOPIAKOK.

OpHak TycTMHa 3anMcy B MeXaX JOPDKKM CyTTeBO Oinblia.
[lpunycTumMo, 1O KOXHA JOpiXKKA MICTUTh Yy CEpeaHbOMY IO
128 cekropiB, a 3a30pu 3aiimaroTh 10% mutoLi JOPIKKH, OTOXK 3rajaHi
suuie 512 Kb6aiit (4 MOit) moBuHHiI posnozinutucs Ha 90% nuorui
nopixku. JIoBkuHa 30BHIIIHBOI TOPIXKKK JTOPiBHIOE 3,5 T, a60 OJIU3BKO
11 mroiimie. [ani 06’emoM 4 MOIT 30epiraroThesi Ha JUISHKAX AOPiKKH
3araJibHOKO J0BXKHHOIO Osiu3bko 9,9 aroiima (90% Bin 11 aroiimie), 0TOXK
TYCTUHA 3aluCy Ha 30BHIIIHIA JOPDKII CTAaHOBUTH MPUOIU3HO
420 000 0OiTiB Ha OrOIM.

BHyTpilHs qopiXkka, OIHaK, Mae JliaMeTp Tiibku 1,5 nroiiMa, Tak mio
Ti )k 4 MOIT JaHMX TMOBWHHI BMICTHTHCSA Ha (parMeHTax TOPiKKH
nosxkuHow 0,9*1,5%m, abo 4,2 mroiima. ['ycTrHa 3anucy Ha BHYTpIiLIHIH
JIOPIXKI[i CTAHOBMTb, BiAMOBIAHO, O13bK0 1 MOIT Ha atoiim.
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Ockinbku (y BUNAIKy OJHOPIAHONO PO3MOJNITY CEKTOpPIB MO
JIOpIXKKaX) 3HAYeHHs TYCTUHM 3alucy Ha 30BHIIOHINA 1 BHYTpilmHiH
JIOPIXKKAX CYTTEBO BiJIpi3HSETbCA, y «Soaring 747», sk 1 B iHIIMX
CyyaCHMX  MOJeNX  JIUCKOBMX  TNPUCTPOIB,  MiATPUMYETbCS
KOHCTPYKTHUBHE PIllIeHHS, 3TiJHO 3 SIKUM 30BHIIIHI JOPIXKKU MICTATh
OiNBIY KITBKICTh CEKTOpiB, HiX BHYTpilmmHi. Hanpuknan, MHOXHHY
JIOPIKOK MOKHa OyJio 6 po3AiIUTH B pajialibHOMY HamnpsMi Ha TpH
YaCTMHU 1 BB&XKATH, L0 «BHYTPILIHD» JOPDKKM MicTATh 1o 96,
«cepenHi» — no 128, a «3oeHimHI» — mo 160 cekropi. Tomi 3HaYeHHS
I'YCTHHM 3aIlUCy 3MIHIOBaTUMETbCS He Tak mrpoko — Big 530 000 6it no
742 000 OiT y HarpsMi Biji 30BHILIHIX IOPIXOK 10 BHYTPIllIHIX.

Ilpuknao 4. Slxmo npucTpoi Ha MarHITHUX JUCKaX BIOPSIKYBaTH 3a
3HAYEHHSIMH €EMHOCTI TXHIX HOCITB i pO3MICTHUTH Ha TiMOTETHYHIH Oci, TO
HEJIAJIEKO BiJ HYJS BiZJIOKPEMJIEHO PO3MICTUTBCS TIpyna MpPUBOJIB
CTaHOapTHUX 3,5-m0iMOBUX AuCKeT. JlMckeTa MiCTUTh OHY TUIACTHHY
3 IBOMa MOBEPXHSAMH, KOKHA 3 AKUX MICTUTb No 40 nopikok. 3arajibHa
mictkicte aucketd y ¢opmari PC abo MAC craHoBUTH OJM3bKO
1,5 Moaiit, abo 150 000 6itie (18 750 GaiiTiB) 3 po3paxyHKy Ha OJHY
JNOPLKKY. binM3bko UeTBEpTUHM MIOLLI MOBEPXHi MIIACTUHHU BiABOAUTHCS
mig 3a30pyM Ta iHUI CIy:KOOBi 00MacTi, He3alexHO Bil CHocoly
(dopmaryBaHHS.

3.4. Ilapamempu 0ocmyny 00 OGHUX HA OUCKY

BuBuaroun iHQoOpMalliiiHi TEXHOJIOTil, HEOOXiTHO pO3YMITH He
TIIbKU Te, 5K 30epiraroTbCsl AMCKOBI JaHi, aje i 3po3yMITH MeXaHI3MHU
MaHinyJsaii uuMu qaHuMu. OCKiIbKY B mpoliecax o04HcieHb Oe3noce-
pelHIo yuyacTh Oepe TUIbKU Ta iHdopMallis, Ky po3TalloBaHO B omepa-
THBHI# mam’sTi a00 Kell-rmaM’aTi, TO €IMHUKM acleKT, KUK CITiBBiHO-
CUTb Ui MpoLecH 3 AMCKaMH, CTOCyeTbcs (YHKLIH mepenaui OJ0KiB
nanux Mix nuckamu Ta OIl. Onepattii 3unTyBaHHs i 3arucy 0sokiB (abo
MOC/IiZIOBHUX CEKTOPIB JMCKA, 1110 BIANOBIAIOTh OJIOKaM) 31MCHIOIOTh
32 BUKOHAHHs TaKUX YMOB:

a) TOJIOBKM 3aliMarOTh TO3WIIO Ha IWIIHAPI, MO MICTUThH
JIOPIXKKY, Ha SIKil po3TallloBaHi MOTPiOHI ceKTopu;
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0) ceKkTopu MOBepXHi MacThHU (1110 o0epTaeThes), siKi Tpeda
3ynTaTH abo 3amucaTd, po3TalloBaHi Ge3nocepeHbO
ia/Haa TOJIOBKOKO.

[Mpomi>kok 4Yacy, sSIKMH BiJUIiIsiE MOMEHT AaKTHBi3allil 3amuTy Ha
yuTaHHS abo 3aMmuc TMCKOBOTO OJIOKA BiJi MOMEHTY, KOJIM BMICT OJoka
3’SIBUTbCS B OIEpaTUBHI maMm’sATi abo 30epekeTbcs Ha JIUCKY,
Ha3UBAIOTh vacom 3ampumiu (latency time) nucka.

Yac 3aTpuMKHU Hajliuye KilbKa NepioJiB:

1. Yac, skuii BUTpauae mpoiiecop abo KOHTpoOJep IHCKiB

Ha aKTUBI3ALIIO 3aluTy, L0, 3a3BUYaii, JOPIBHIOE YacTKam
MilTiceKyHAM (HUM MOxKHa 3HexTyBatu). [Ipomikkamu dacy,
MPOTATOM SIKMX KOHTpOJiep i/abo MmKHa 3aiHSTI onpalfoBaHHIM
3aMUTIB HA YWTAHHS YW 3aMUC ITMCKOBOI iH(opMallii, mociaHux
IHIIIMMU [POLIECaMHU MOXKHA TaKOXK MPOIrHOPYBAaTH.

2. Yac noutyxy (seek time) — e IPOMIXKOK Yacy, HEOOXiI-
HUI U1 BCTaHOBJICHHS 0Jl0Ka FOJIOBOK Ha NMeBHUU uuiinap. Yac
MOXe JTOPIBHIOBATH HYJIIO, SIKIIO TOJIOBKH, SIK BHSBHJIOCH, BXKE
nepeOyBalOTh Ha MOTPIOHOMY LMJIHAPI. 3arajgoM OJIOKOBI
roJIOBOK HEOOXiJIHI AesKi He3HAYHI MepioAu vacy Jyis Toro, uood
posnouamu pyx, a NOTiM (Y MOMEHT AOCSATHEHHS MOTPIOHOro
WWIiHAPa) — 00 3YRUHUMUCL, & TaKOX Ui GUKOHAHHS
nepemiwyenns sk Taxoro. Ilepiogm crapty, pyXy Bim omHiel
JIOPIKKK 10 CYCIIHBOI 1 3YNMUHKU B CyMi OOYHMCIIOIOTBHCS
JIEKiIbKOMa MIJTICeKYHaMH, TpOTe [Uisd MepeMilleHHs BciMa
nopixkkamu notpiden uac — 10-40 minicekyHa.

3. Yac obepmanna — ue mnepion yacy, HEOOXiOHWIA is
o0epTaHHs IUIACTUHU JMCKAa IO MOMEHTY, JOKH TOJIOBKA He
JIOCSITHE TepUIoro i3 CeKTOpiB, sKi HallexaTh OJIOKOBI, LIO
MiJsirae YuTaHHIO abo 3anucyBaHHIO. Yac MoBHOro obepTaHHs
MIACTUHU, 3a3BHYaii, cTaHOBUTH 10 MijicekyHI. Y cepeqHboMy
HaOMMOKEHHI  MOXKHA  BBayKaTH, 1[0 JUIS  BCTAHOBJIEHHS
MOTPIOHOTO CeKTOpa HABIPOTH T'OJIOBKM HEOOXiTHO 3MiMCHUTH
MiBOOOPOT MIacTHHU, TOOTO BUTpaTUTH S5 MimicekyHa. Lleit
Npoliec MPOLTIOCTPOBAHO HA puC. 7.

4.  Yac nepedaui — ue NPOMDKOK 4acy, HEOOXIAHUM 1is
obepTaHHs TJIACTHHU Ha KYT, OCTaTHIN Aj1s TOro, 00 rojioBka
MOIJIa 3UUTATH BMICT YCiX CEKTOPiB, 110 GOpMYIOTh 010K, SIKIII0
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nopixkka mictute 250 000 Oaiir, a vac moBHOro oOepTaHHS
TUTAaCTHHU  OL[IHIOEThCS  BelWuuHOK 10 MimicekyHA, To 3a
1 miticekyHy MoxHa 3unTaTil 25 KbaliT qanux, a yac nepenadi
6Jsioka B 16 384 OaiiT ctaHOBUTD 0JIM3bKO 2/3 MiiCeKyHIU.

Ilpuxnao 5. CripoOyemMo OIIHWTH 4Yac, HEOOXIAHWHA I YUTaHHS
Oyoka maHux po3mipom 16 384 GaiitiB 3 aucka mopeni «Soaring 747»
(nuB. npukian 3). CrnoyaTky HeoOXiIHO 3amam’saTaTH TakKi 4YacoBi
XapaKTEePUCTUKH MPUCTPOIO.

e biiok auckiB obepraerbes 3i wmBHakicTio 7 200 00./xB., TOOTO
3I1MCHIOE OJIHE oOepTaHHs 3a 8,33 MiJTICeKYHI!
(60 000 mc/7200).

o BJIoK roioBoK Ha cTapT, nepeMiieHHs Ha Biggaab B 1 000 muJiiH-
JpiB 1 3yNMHKY BUTpayae 1o ofHii minicekyHai. OTOK roJ0BKU
TepeMillaroThCs BiJl JOPIXKKU 0 Aopixkku 3a 1,001 mimicekyHau,
a Bi BHYTpIIIHBOT A0 30BHIIHBOI (ycix Aopixok 16 384) —
npubIM3HO 3a yac B 17,38 minicekyHau.

bikyde
Hanpsm TIOJIOKEHHS
o0epraHHs TOJIOBKM

[MoTpidHwMii
CEeKTOp

Puc. 7. O6epranHs Ans 3aliHATTS MO3ULIIT CEKTOPOM HABIPOTH OJOBKH

O0uncnMMO  MakCUMallbHUM, MIHIMAJIBHUNW 1 cepelHiid  dac,
HeoOXiTHUM s ynTaHHg Osioka po3MipoM 16 384 Gaiit. MiHIMambHUIA
yac 4YMWTaHHsA OJioOKa 3a BHMHATKOM BEJIMYMH MOMJIMBHX TMEPiOJiB
3aHATOCTI KOHTpoJiepa 1/abo0 WIMHM, SKUMW MOJXKHA 3HEXTYBAaTH,
HacmpaBli 3BOAUTBCA A0 uacy mnepenadi. Y HaWKpalioMy BUMAAKY
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rojloBKa MoOxke OyTH Oe3rnocepeHbO HABMPOTH MOTPIOHUX JOPIKOK i
MepIoro cekropa 6Joka, SKuid HeoOXiTHO TPOYUTATH.

Ockinbku «Soaring 747» moxe 30epiratu 4 096 GalTiB y cekTopi, TO
Osiok 3aiimae uyotupu cektopu. OTOX AJi1 uuTaHHA OJlOKa IOJIOBKA
MOBUHHA «TTPONTH» HaJ YOTHPMa CEKTOPaMH i TPhOMa 3a30paMH, IO iX
po3nminstoTe. Haramaemo, 1mo cymapHi mmonii 3a30piB i CeKTopiB
CTaHOBJIATH, BiamoriaHo, 10% i 90% Bin muomti gopixkku. Jopikka Ha
macTuHi npuBony «Soaring 747» mictuth 128 cekTopiB 1 CTIIBKM XK
3a30piB. OCKiJIbKM 3a30pW BCi pa30M MOKPHBAIOTh KyT 36 rpaaycie, a
cexkTopy — 324 rpamycH, TO BETMYMHA LUEHTPAIBHOTO KyTa IOYTH, sKa
OXOILIIOE 4 CEKTOpHU i 3 3a30pH, JIOPIBHIOE
36%(3/128)+324+(4/128)=10,97 rpamyca. Omxe, uyac nepeaayi
craHoutume (10,97/360)%0,00833=0,000253 cekynau, abo Onu3bKO
4YeTBEPTOI YacTUHHU MiicekyHau, ae 10,97/360 — yacTvHa MOBHOIO KyTa
MOBOPOTY, fKa 3a0e3leuye MOMNJIMBICTb 4YMTaHHS OJoka, a
0,00833 cekynan — uac, SKWHA BHTpPAayvaEeTbcs HAa TMOBHe OOepTaHHs
TIACTHHM.

Tenep oLiHUMO MaKCUMAaJIbHO MOKJIMBY TPUBAJIICTh MPOMIXKKY 4acy,
HEOOXiIHOTO Ui YMTaHHS JUCKOBOro OJioka. Y TipIIOMY BHMAagKy
MOXKHa BBaKaTH, LIO TOJIOBKA PO3TAIllOBaHA HAJl CAMUM BHYTPILIHIM
UWIIHAPOM, a 4YMTaTH IOTPIOHO CEKTOpH, 10 HajieXkaTb CaMoOMy
30BHIIIHBOMY IWIiHApOBI (abo Haemaku). Ilepure, 1o nNOBHUHEH
BUKOHATH KOHTpOJep, — e MepeMicTUTH OJIOK TONoBOK. Sk
3raflyBajioch BMILE, [IJ1s IEPEMILICHHs FOJIOBOK NpuBoay «Soaring 747»
Mo BCiX IWIiHApax HeoOximHo 3arparutu 17,38 wminmicekynau — 1e
HaNUOUTBIINIA Yac MOIIYKY.

Haiiripiie, 1o Moxe cTaTucs micis TOro, K roJioBka npuoysia 10
HOTPIOHOro LMIIHAPA, — i€ BAHMKHEHHS CUTYAlLlii, KOJIM FOJIOBKA po3Ta-
mioBaHa Oe3mocepeHbO IMiC/IA MEPIIOro CeKTopa MoTpiOHOro OJoKa.
OCKiJIbKA OJIOK 3YHUTYBAaTMMETBhCS 3 MEPIIOrO CeKTopa, TO HaM JOBe-
JeThes movekaty 8,33 MilliceKyH/H, JOKH TUTACTHHA He BUKOHAE TOBHE
obepraHHs, OO TMoOYaTOK OJIoKa BUSBHUBCA Oe3mocepeHbO Ol
TOJIOBKH. SIK TIJIBKH 1€ cTajiocs, OJIOK 3UMTAEThCA MPOTATOM Yacy nepe-
nadi, skuii cranoputuMe 0,25 mimicekynau. OTxke, Yac 3aTPUMKH JTUCKA
B Haliripiomy Bumnaaky craHoBurume 17,38+8,33+0,25=25,96 mc.

3periToro, O0UMCIMMO cepelHili vac uuTaHHsa Onoka. CepenHe
3HAYeHHs Yacy mnepenadi i yacy oOepTaHHs MipaxyBaTh JOCUTb JIETKO:

25



nepiue, sK i paHilie, CTAHOBUTb NPUOJIM3HO YBEPTb MINICEKYyHIH, a
JIpyre — Ile 4acOBHWI MPOMIXKOK, HEOOXiAHWIA s MOBOPOTY TJIACTUHU
Ha 180 rpanyciB, BiH gopiBHIo€ 4,17 MminicekyHau. MokHa BBaKATH, 110
cepelHiil yac MoIIyKy — e MPOCTO Mepioj, MPOTIrOM SIKOrO rojoBKa
MOJKE «IPOOIrTH» Yy pajiaIbHOMY HampsiMi uepe3 TOJIOBUHY JTOPikKOK.
Taka rinore3a, oJHaK, He WIJIKOM BipHAa, OCKiJIbKH, WMOBIipHille, 110
CHOYaTKy T'OJIOBKM € Ha MO3MLIT OJIMKUYE 10 CEPEeMHU TIAaCTHHH, OTOX
JUIs TIePEMILICHHsT 10 HEOOXiJHOro LWJiHApPa BOHM, Y CEpPeIHbOMY,
MpOHAYyTh KOPOTIIMH UUIsX. TouHINIY OIiHKY CepeAHbOi KUTbKOCTI
JIOPIKOK, depe3 SKi MOBMHHA MEPEeMIiCTUTUCS TOJIOBKaA, 100 MOTpParuTH
Ha LIyKaHy JOPDKKY, MOXHAa OTPUMATH HACTyNHMM YHHOM.
[IpunycTtumMo, 1m0 B TMOYATKOBHMI MOMEHT 4Yacy TOJIOBKA MOXKe
nepedyBaTd 3 OJHAKOBOKO HMOBIpHICTIO Ha  Oyap-fkomMy 3
16 384 uwmninapis. Skino e uuIiHAPYU 3 HOMepamu 1 abo 16 384, Toni
cepeqHs BenwuuHa jgopieHroBaTUMe (1+2+...+16 383)/16 384, abo
onmspko 8192. Slkmo rosjoBka crodaTky nepeOyBae Ha cCepeqHbOMY
UUITiHAPI 3 HoMmepoMm 8 192, Tomi AJid MEpeMillleHHS 10 MOTPiOHOro
UWITIHApPa Y JOBIIbHOMY HanpsMi i HeoOxiaHo Oynxe nozjonaru
uetBepTuHY (4 096) Bim 3aranbHOT KijbKOCTI HumiHApPiB. OTXKe, SKIIO
BHXiJHA ITO3MIIiSI TOJIOBKM 3MIHMTBECA B Mexkax Bigx 1 g0 8 192, To
cepenHs Bimaaab 3MmeHuMThes 3 8§ 192 nmo 4 096 3a kBampaTUYHUM
3aKOHOM. AHAJIOrYHO, AKIIO [MOYATKOBE ITOJ0KEHHS TOJIOBKU — 8 192-
16384, TO cepemHs BiAgaNb TaKOXK OLIHIOETHCS KBaJIPaTUYHOIO
¢dyHkuiero, mwo 3poctae Big 4 096 no 8§ 192.

Axkuio npocyMyBaTH OTpUMaHi pe3ysbTaTH, TO HEBAKKO 3POOUTH
BHUCHOBOK, 11O CEepe/Hs Biiajib, Ky JOJIa€ TOJIOBKA B3JIOBXK AKCKA B
paziajbHOMY Hampsimi, JOPIBHIOE OJIHIM TPETii Bi 3arajibHOl KiJIbKOCTI
Jnopixok, ado 5 461. Omke, cepenHiii yac MOIIYKY, AKUN CKJIAAA€ThCA 3
CyMH BeJMYMHU TEpiofy CTapTy i mepemilleHHS Mo TpeTiii 4YacTHHi
nopixok, nopiBHioe 145 461/1 000=6,46 minicekyHau. A cepenHiii yac
3aTPUMKM JTMCKA 31 3HAYEHHSM TPbOX KOMIIOHEHTIB — CEePeAHbOr0 4acy
MOUIYKY, CepellHbOro Yacy oOepTaHHS 1 CepelIHbOro 4dacy mnepenavi —
6,46+4,17+0,25=10,88 minicekyHau.

3.5. 3anucysanna dnokie

[lpouec 3anmcy OsokiB B Horo mpoctiii ¢dopmi (6e3 mnepeBipku
KOpPEKTHOCTi 30epeskeHHsl iHpopmanii) aHamoriyHuit n0 QyHKUIT
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3udTyBaHHs OJOKiB. MiHiMalbHe, MakcUMallbHe i cepelHe 3HauCHHs
Yacy 3amucyBaHHs OJioka 30iraeTbcs 3 OJHONMEHHHMMH TapameTpamu
NpoLiecy YMTaHHS OJIOKa.

3.6. Moougixauia emicmy 610Kie

MoaudikyBatu BMicT Oj0ka Oe3nocepeHbO Ha JUCKY HEMOXIIUBO.
HaBite y TOMYy BUMaaky, KOJM 3MIHUTH HEOOXIAHO JMINE AEKiTbKa
Oaiitip OsioKa (HamNpHUK/IaA, 3HAUEHHS KOMITIOHEHTH OJHOTO 3 KOPTEXIB
BiIHOILIEHHS ), HEOOXIAHO BUKOHATH TaKi [Iii:

1) 3miticHuTH ynTaHHs OJ0Ka B OTIEpAaTHBHY TlaM’STh;

2) BHecTH HeOOXiJHI 3MiHHU y BMicT korii 6iioka B OI1;

3) 30epertu 0JIOK Ha JUCKY;

4) 3nidcHUTH, 32 HEOOXIAHOCTI, MepeBipKy KOPEKTHOCTI 3alTMCaHnX
JaHUX.

Omxe, 3HAYeHHsA 3arajbHOro uacy wmoaudikauii BmicTy Ojoka
BHU3HAYAEThCS CYMOIO MEPiOAiB YWTAHHS, OHOBJICHHS AaHWX Y Mam’sTi
(MOXXHa 3HEXTYyBaTH 3 OIJISIy MAJIOCTI Yy TOPIBHSAHHI 3 TPUBAIICTIO
JUCKOBUX oOrepailiii), 3amucyBaHHS, a TaKOX, SKIIO BUKOHYETHCS
nepeBipka KOPEKTHOCTI, Yacy MOBHOro o0epTaHHs JAUCKa I NOJAaTKOBOT
onepauii YATaHHSL.

Bnpaeu ona onpauiosannsn

Bnpaea 1. JTuckosuii npusig "Soaring 777" Mae Taki napameTpu:
® JieciTh MOBEPXOHb, o 10 000 1opiXKOK Ha KOXKHIIA;
KO)KHa fopikka MicTuTh 1 000 cexTopiB MicTKicTiO 512 OaiiTiB;
3a30pu 3aiiMaroTs 20% oL TOpiKKY;
I1aCTUHU 00epTatoThed 31 wBuAkicTio 10 000 06./xB.;
4yac TepeMillleHHs TOJIOBKM uepe3 /1 JOPDKOK OLIHIOETbCS
BeanunHoro 1+0,001*n.
Buznauutu:
1. Slka 3arajibHa MICTKICTh JUCKIB PUBOIY?
Slke MakcuManbHe 3HaUEHHS 4Yacy MOLIyKy?
Slke MakcUMalTbHE 3HaUEHHS Yacy obepTaHH:?
SIkimo BBakaTH, 1O OJlok MicTuth 16 384 Oaiitu, TOOTO
OXOIUTIOE 32 CeKTOPH, TO SIKHIA Yac nepesiadi Takoro onoka?
Ske cepenHe 3HAUYEHHS Yacy MOLIYKY?
6. Slke cepenHe 3HauUeHHs yacy oOepTaHHs?

AW N
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Bnpasa 2. [lpunyctumo, 1o rosioBka npusoay "Soaring 747" (aue.
npukiag 3) 3HAXOAWTHCA Ha JAOpikiUi 3 HomepoMm 2 048, ToOTO Ha
BiJIaJIi BiJl Kparo IIacTHHU, 1o nopiBHIOE 1/8 ii paniyca. [lpunyctumo
TaKOX, 1110 YeproBuii 3anuT nepeadavae HeoOXiMHICTb yMTaHHs OJ0Ka 3
JIOBUTBHOT Jopixkku. OOYMCIITh cepedHili 4Yac BHKOHAHHS MOHIOHOT
onepartii YATaHHS.

Tema 4. BukopucTaHHsi BTOPUHHHUX NPHUCTPOIB 30epiranus

3nebinpioro, mifg 4Yac AOCTIKeHHS allTOPUTMIB OOpOOKH JaHuX
BBaXKAIOTh, 110 iH(QopMaiis posramosaHa B Ol i Ha gocTyn 1o ogHOTO
eJleMeHTa JaHUX BUTpAvacThcs He Olblle i He MEHIIe 4Yacy, HiK Ha
3BepTaHHS 1o Oyab-skoro iHmoro enemeHta. [logiOHy cxemy niit
TIPUIHATO HA3WUBATU MOOELII0 OOUUCHEHb 3 O08LIbHUM OO0CMYNOM 00
Oanux. SIKIIO X WAEThCS MPO pO3POOKY TEXHOJOr 00pOOKH 3HAUHUX
o0csrie iHdopmauii (Hanpukian, CKBJI), To HeoOXimHO NpUAHSITH
MOJIOXKEHHS PO Te, IO Kot O eMHOI0 He BusiBuiiachk Oll, 3aranom He
BJAETbCS PO3MICTUTH B Hil yci HEOOXiaHi JaHi LIJKOBUTO. Y MM
cuTyauii Npv MPOEKTYBaHHI e(DEKTUBHHUX AaJTOPUTMIB MaHIMyJIsLil
JaHMMH HE MOXKHa HE BpaxoBYyBaTH HEOOXiAHOCTI 3BEpPTaHHS [0
BTOPUHHUX 1 HaBiTh TPETHMHHUX MPUCTPOIB 30epiranns. Haiikparii
ajropuT™Mu  00poOkM iHdopMalii HAATO BEJIMKMX O0’€MIB AyxKe
Cepiio3HO BIJIPI3HAIOTHCS BiJl aHAJIOTIB, OPIEHTOBAHUX Ha PO3B’s3aHHS
THX K€ TIpoOJeM y paMKax Mojesli OOYMCIIeHb 3 IOBUIBHUM AOCTYTIOM
JI0 TaHUX.

VY uiii Temi MM 30cepeaMMO YBary IMepeBakHO Ha crocobax
e(heKTUBHOT B3aeMOJIl MPUCTPOIB OMEepaTHBHOI i BTOPUHHOI IMaM’STi.
3okpeMa, NPOAEMOHCTPYEMO, LIO Haibinbuly nepeBary Mae TOM
IrOPUTM, SIKUH 3a0e3neuye MiHIMaJIbHY KiNbKICTh 3BE€pTaHb 10 JUCKa,
— HaBiThb y TOMY BHMaJKy, KOJIM 3 momisiay mozeni obuuciens B Ol
HOro BBaXKaloTh He Hale(PeKTUBHILINM.

4.1. Mooenv o6uucnens 3 PyHKkyiamu 66e0eHHA/6UCCOCHHA

Po3rnssHeMO  mpocThii  KOMITIOTEP 3  OJHUM  TPOILIECOPOM,
KOHTpoJlepoM i auckoM, Ha skomy mpaioe CKBJl, mo oOcmyroye
3HAYHY KINbKICTh KOPHUCTYBadiB, SIKi 3BEpPTalOThCS JO Hei sK i3
3andTaMmu, Tak i 3 koMaHgamu moaudikauii gaHux. [Ipunyctumo, 1o
0a3a JaHMX HACTiNbKM BEJMKa, 1O He Moxe OyTu 3aBaHTaxkeHa B Ol
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LIJIKOBUTO. Y BHUMNAAKY HAsSBHOCTI 3HAYHOI KIJbKOCTI OJHOYACHO
MpalfOOYUX KOPUCTYBauiB, KOXKEH 3 SKHX HAJCWJIAE 3alluTH Ha
BUKOHAHHS oOrepailiii JAMCKOBOrO BBEJCHHS/BUBEJCHHS, KOHTpOJEp
JIMCKIB 3MYLICHWI OpraHizoByBaty 4epry 3anuris. Jlani My po3riasHeMo
pi3HI  crMOCOOM  MiABWINEHHS TPOAYKTHBHOCTI Takoi CHCTEMH,
JOTPUMYIOUMCh TAKOTrO MpaBUJIa, SIKe BU3HAYAE CYThb MoOeii 0OYUCIeHb
3 ynxyismu seedennsi/susedenns ((I/0 computation model).

o [lpe3ymnuin HOHUIICCHHS 3ampam Ha onepauii
66edeHHA/6UGedeHHA. SIKIIO JOBeneThcs OIpaloBaTh  OJOK
JIMCKOBUX JaHMX, TO 4ac, HEOOXITHUI [/Is BUKOHAHHS orepariiii
BBEJICHHS/BUBEICHHS, CYTTEBO  MEPEBUINMTh  Yac,  SAKHH
BUTpayaeTbcss Ha Madimynsuito gaammMua B Ol Otox
MPOAYKTUBHICTh AJIFOPUTMIB 3HAYHOIO MIpPOI0 3aJIEXKHUTh Bij
KIJIbKOCTI 3BEpPTaHb [0 JMCKa [Isi YMTaHHS 1 3aluCyBaHHI.
OcTaHHE HEOOXiTHO MiHIMi3yBaTH.

VY nopanemivx MpUKiIagax BBaKATUMEMO, 1O po3Mip Onoka JaHuxX
nopiBHioe 16 KOaliT i BHUKOpPHCTOBYBaTUMEMO MOJeIi JAUCKOBOTO
npucTporo «Soaring 747», 4acoBi XapaKTEpPUCTHKH SKOro (30Kpema,
Cepe/iHid uac uWTaHHS 1 3anmucyBaHHS OJloKa, SKWUH JIOPIBHIOE
11 minicekyHa) BU3HAYEHO Y IPUKIIAMI 5.

Ilpurnao 6. Hexaii y 6a3i nanux € BigHoueHHs R i 3anut nossrae y
BillykaHHI B R KOpTeXy, SKUHA MICTHTh KIIOYOBE 3HA4YCHHS K.
BaxxvBo (3rofioM MH po3TIyMavrMO 1ie JeTaNbHIllIe) CTBOPUTH 1HIIEKC
s R, axuii maBatuMe 3Mory imeHTH(]iKyBaTH IHWCKOBHMM OJIOK, IO
MICTHTh KOPTEX i3 3amaHuM 3HaueHHsM K. [IpoTe 3arajom He 30Bcim
BaXIIMBO, YM MOXKE 1HJIEKC «ITiJJKa3aTh», B SKOMY Miclli OJ0ka po3ra-
LIOBaHO IUYKAaHUM KOpPTEeX. AJPKe Ha OMNepaLilo YMTaHHS AUCKOBOTO
6so0ka po3mipoM 16 Kbaiit notpioHo BuTparutH 11 MijicekyHn, a 3a
TaKWil Yac Cy4YacHUH MiKpONpoLecop MO)Ke BHMKOHATH MiJbHOHH
iHcTpykLid. BogHovac Ha mounyk 3HaueHHs K y OJoi, sikuii Bxke € B
OIl, noBemeTbcs BUTPATUTH BCHbOTO AEKiIbKA THUCSY €JIEMEHTapHHUX
IHCTpYKUil (HaBiTb Yy TOMY BHWIAQJKY, KOJM BUKOPHCTOBYEThHCS
«HAWYypHillIa» cTpareris JiHiKHOTO momryky). OTke, MPOMIXKOK 4Yacy,
HeoOXiaHui i nowyky 3HadeHHs B OIl, myske mManuii (HUM MOXHa
3HEXTYBATH) MOPIBHIHO 3 YACOM 3UUTYBaHHS JUCKOBOTO OJIOKA.
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4.2. Copmyeanna 0aHux y 6MOPUHHUX CXOBUWAX

Sk mpuknag, Mo UToCTpye HEoOXiAHICTh MoauGiKallii alropuTMiB
OMpalfOBaHHS AaHUX TIPU Mepexoi 10 MoJelli 00uncieHb 3 (GyHKIISIMU
BBEJICHHS/BUBEIECHHS, PO3MJITHEMO MpoOJeMy COPTYBaHHS JaHHUX,
3arabHUN 00’€M sSKUX 3HA4HO TiepeBuinye Mictkicth OIl. CrouaTky
KOHKPETU3YEMO 3a/1auy 1 10JJaMO OMUC XapaKTepUCTUK KOMIT FoTepa, Ha
SKOMY 1T HEOOXIZTHO BUKOHYBATH.

Ipuknao 7. TlpunycTUMO, 0 MH MAEMO CIIPABY 3 BigHOIIEHHIM R
KpyMHOTO po3mipy, ske Hamiuye 10 000 000 koprexie. KoxkeH koprex
NpeACTaBICHUI 3anyMcoM 3 JEKiIbKOMa MOJSIMM, OHE 3 SIKUX € MOJeM
knoua copmysanns (sort key), abo mpocro xuouogum moneM. Mera,
NIOCTaBJICHA Mepejl AITOPUTMOM COPTYBaHHSI, MOJISITae y BIOPSAKYBaHHI
3aIMCiB 3a 3pOCTaHHAM 3HaYeHb KJII0Ua COPTYBaHHS.

Kurou copryBanHs Moxke OyTr abo Moke He OyTH «KITFOYEM» Y TOMY
po3yMiHHi, ke HagaeTbes B SQL MOHATTIO nepeunnozo kmoua (primary
key). Sk BigOMO, TEpBUHHHWI KIIOY rapaHTye, 10 3HA4YEeHHS KHOro
KOMTIOHEHTIB y MeXaX BCiX KOPTEXKIB BiJHOIIEHHS € YHIKaJbHUMH.
Ao K MOXKIMBICT AyOJIOBAaHHA 3HA4YeHb KJIOYa COPTYBAaHHS
nependayeHo, TO BBaXKAIOTh MOKJIMBUM JIOBUILHUIA MOPSIOK po3Tally-
BaHHA 3aMKCiB 3 OJHAKOBMM BMiCTOM Kioya. BBakaTuMemo, 110
3Ha4YeHHs KJI0Ya COPTYBaHHS YHiKalbHi.

MHoxuHa 3anmuciB (KOpTexiB) BifHOMIEHHS R pO3MIlyeThcsi B
JIUCKOBUX OJokax posmipom 16 384 OGaiiri. [lpunyctumo, 1o onuH
osiok Hamiuye 100 3amuciB (kokeH 3amuc 3aiimae 160 Oaiitie). Skino
BpaxyBaTH, IO pa3oM 3 3amucaMd Yy OJIOLi MICTUTBCS /0JaTKOBa
ciy»x0oBa iHopMalisa (po3riasiHeMo Hukue), To aias 100 3anuciB sikpa3
ningifine 610k po3mipom 16 384 GaiitiB. OTxke, BimHOwIeHHS R 3aiima-
trme 100 000 GsoKiB 3arajbHOO MICTKICTIO Oyin3bko 1,64 Minbspaip
OaiitiB =1,6 ['Gaiir.

Komm’rotep, Ha $KOMY BHKOHYETHCS COpPTYBaHHS, OCHAIICHHI
OJIHUM JIMCKOBUM MpuBoioM «Soaring 747» (nuB. npukiag 3) i OIl,
100 MbGaiit skoi goctymHi ans Oydepusaitii OJOKiB 3 KOpTexaMu
BigHotieHHss R. ®aktuunuii 06’em OIl 6inbinWii, oAHAK YacCTHHY
nam’sTi BUKOPUCTOBYe cucTteMa. KinbKiCTh OJIOKIB, SKi MOXKHA
posmictut y 100 M6aiitax mam’sti (e 100-2°° Gaiit), cTaHOBHTH
100%2%°/2, a6o 6 400.
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Skuio naHi, siKi HeoOXIiAHO mMmocopTyBaTH, nomiujarotbes B Ol
LIJTKOBUTO, TO iX MOJKHA BIOPSIIKYBATH 3a JIOTIOMOTOIO Pi3HOMaHITHUX
anroputmiB  [4,5]. HaiiegekTUBHIIIUM € aJIrOPUTM  IIBUIKOTO
copryBaHHsa. OfHi€l0 3 KpallMX BBaXKalOTh BEpCilo, ska Mnepeadayae
BIOPSAKYBAHHS TiIBKM KIFOYOBUX TOJIB, 30epiratodu pa3zoM 3 HUMH
NOKa)KYMKH Ha MOBHI 3aM1CH.

3ayBaXKMMO, 10 11i aJITOPUTMHU BTpayarOTh CBOT MepeBar, KO AaHi
po3TalloBaHi Ha BTOPMHHUX HOciAX. SKiio iHpopmaltis, sKy HeoOXiTHO
NOCOPTYBaTH, po3TalioBaHa, 3aebinbimoro, nosa OIl, To mouinbHO
BUKOPMCTATH TaKMi MiaxXil, kUi nependayae BUKOHAHHS MiHIMabHOT
KiBKOCTI  MepeMilleHb OJNOKIB JaHUX 13 BTOPUHHOI Mam’sTi B
omnepaTvBHy. YacTo MOMiOHI alrOpUTMH TependadaroTh 3IiHCHEHHS
JIeKIJIbKOX MPOXOiB, i Mi/l Yac OJTHOTO MPOXOAY KOXKeH OJIOK OAMH pa3
suntyethes 3 aucka B Ol i 306epiraeTbes Ha qucky. Y nyHKTI 4.4 Mu
PO3TJISTHEMO OJTUH 13 TAKUX AJITOPUTMIB JeTaJbHillle.

4.3. Copmyeanns 31ummam

BigoMo, 10 anroput™m copmysanns saummsm (merge Ssort) nae
3Mory o0’elHyBaTH IOCOPTOBaHI CMHUCKM B KPYMHIilli MOCOPTOBaHi
cncku. Lleit anroput™ nependavae LMKIiYHE 3iCTaBICHHS HAMEHLINX
KJIIOUiB, TIO OJTHOMY 3 KOXKHOTO CITUCKY, TEpeMillleHHs 3amnucy, SKUh
Bi/IMOBi/Ia€ 3HAHIGHOMY HAHMEHUIOMY KJIIOUY, B MiJICYMKOBHI CIUCOK, i
MOBTOPEHHs omnepalliii A0TH, IOKW OJIMH 3i CIUCKIB He Oyje BUUEPIIaHo.
[lotiM 10 pe3yibTYIOUOro CHMCKY [dOYYaloTh 3aJIMIIOK OAHOro 3i
cnuckiB. TakuM LUISXOM OTPUMYIOTh BHYEPNHUN CIHMCOK 3aluCiB 3
JIBOX BUXIJIHUX CIHCKIB, IOCOPTOBAHUI 32 3pOCTAHHAM 3Ha4YEHb KJIIOYa.

Ilpuxnao 8. Hexaii mMaeMo ABa TOCOPTOBaHI CIHCKU 3 YOTHpMa
3anMcaMu y KOKHOMY. BBakaTMMeMO, 11O CTPYKTypa 3arucy MiCTHTb
TIIbKK  KJIIOYOBMM  eJIeMEHT  LijiounciaoBoro tumy. CHIUCKM Taki:
(1,3,4,9) 1 (2, 5, 7, 8). Itepauii npoliecy 31UTTS MPOLTIOCTPOBAHO HA
puc. 8.

Ha nepuuiii itepauii nopiBHIOIOTh HaliMeHwIl efeMeHTH, 1 12, 3 00ox
cnuckiB. Ockinbku 1<2, TO enemeHT 1, BiliOpaHuii 3 MepIIOro CIUCKY,
CTa€ TOYAaTKOBUM €JIEMEHTOM [MiACyMKOBOro cmnucky. Ha apyriii
iTepauii MOPIBHIOIOTH €JIeMEHTH 3 1 2; elleMeHT 2 «repeMaraey i
NEePEeHOCUTHLCS B MiJCYMKOBHI criucok. [Ipouec mpoaoBKyeTbes IOTH,
JIOKM Ha iTepauii 7 Apyruil cnvicok He OyJie BUYEpIaHO, MICIsl 40To
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YacTHHA MEpPILIOro CHHCKY, IO 3alULIMIAcs, MEPEeHOCUThCS B KiHellb
MiJCYMKOBOTO CHHCKY, 1 3JMTTSA 3aKiHYY€Thcs. 3BEpHITH yBary, IO
eJIEeMeHTH 00’€JHAHOTO CITUCKY, fAK 1 BUMAarajaocsi, po3TalloBaHi Yy
NOPSIAKY 3pOCTaHHs, OCKIJIbKM Ha KOXKHIM iTepallii o0upaay HaiMeHIIui
i3 eJIEeMEHTIB, IO 3aJTUIIVIIHCS.

ITepartis Crucok 1 Cnucok 2 | IlizcyMkoBuii CLIMCOK
IMoyatox | 1,3,4,9 2,5,7,8 [MopoxHiit

D 3,49 2,5,7,8 1

2) 13,4,9 5,7,8 1,2

3) (4,9 5,7,8 1,2,3

4 |9 5,7,8 1,2,3,4

5 |9 7,8 1,2,3,4,5

6) |9 8 1,2,3,4,5,7

NEE IMopoxnini | 1,2,3,4,5,7,8

8) | llopoxmniii | [lopoxwniit | 1,2,3,4,5,7,8,9

Puc. 8. 3nuTTs 1BOX MOCOPTOBAHUX CIKCKIB B OJJMH

Uac 31HTTA CIUCKIB B ONEPAaTUBHINA MaM’ATi JHINHO 3alle)HTh Bij
CYyMH IXHIX JOBXXHH: OCKUIBKM BUXiJJHI CIUCKH paHillle TOCOPTOBaHi, TO
MpeTeHICHTaMH Ha JIONYYEHHS JI0 Pe3yJIbTYyHOUOro CHHCKY € TiJIbKU
eJIEMEHTH Ha TepIlii MO3UIIiT CIHCKIB, i KOXHA orepallis iX MopiBHIHHS
BUKOHYETHCSI TPOTATOM TOCTIHHOrO MNpPOMDKKY uacy. Kiacuunwuii
BapiaHT QJITOPUTMY COPTYBAaHHS  3JIUTTAM, SKUH  BHKOHYETHCS
pekypcuBHO 3a /0g,h iTepartiii (KO COPTYETHCS N €JIEMEHTIB), MOYKHA
OIKCATH TakK.

Ocnoega. SIK1o CNMCOK CKJIAAETHCS 3 OJHOTO €JEeMEHTa, TO HIi40ro
He MoTpiOHO POOUTH, OCKIJIBKH CITUCOK TTOCOPTOBAHUH.

Inoykuisn. SIKIo CNMCOK Hajiuye MOHaA OJUH €JIEMEHT, TO JITUMO
Horo MOBITBHO Ha JBa CIUCKM OJHAKOBOI JIOBXXMHM a00 OJWH Ha
OJMHULIO [OBUIMH Yy BHUMAAKy HeMapHOI KUIBKOCTI eJIeMEHTIB Yy
BUXIZIHOMY CITMCKY. PeKypcHBHO MOCOpTyBaTH /iBa MiJICIMCKU, a MOTIM
X 3JIMTH B OIMH MMOCOPTOBAHHIA CITUCOK.
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AHaNITUYHI OLIHKMA SKOCTI LLOrO ajiropuTMmy aodpe Bimomi. Yac
T(n), HeoOXigHMii 11 COPTYBAHHS /1 €JIEMEHTIB, MOKHA OL[HHUTH SIK
T(n)=0O(nlog,n), To6T0 BearuKMHa npornopiiiiiHa nlog,n.

4.4. Copmyeanns 08ohasnum 6azamoKOMHOHEHMHUM 3AUMMAM

PosryisHemMo, SIK MO)XXHa BUKOPHCTAaTH AaJTOPUTM  COPMYBAHHS
osoghaznum bazamoxomnonenmuum snummsam (two —phase, multiway
merge sort — TPMMS) 3 MeTor BHOpPSAAKYBaHHS BifHOUIeHHS R 3
npuKiany 7, Ha KOMIT'IOTepi 3 mapaMeTpamu, 3a3HaYCHUMHU B TOMY K
npukiani. TPMMS — onuH 3 HalimomyJsSpHIIIMX alTOPUTMIB, SKUH
BUKOPHUCTOBYIOTh B 0araTboX 3acTocyBaHHsX 0a3 naHux. BiH mossirac B
HACTYITHOMY:

e @gza 1. BukoHaTu COpPTYBaHHS JIOBUIBHOI KUTBKOCTI CITMCKIB
JAHUX, MaKCUMallbHUi 00°€éM  SKHX JIOPIBHIOE JIOCTYIHIH
mictkocti OIT.

e @Paza 2. 3niACHUTH 37UTTS MMOCOPTOBAHUX MiJICTTUCKIB, OTpUMa-
HUX Ha ToTiepe/Hiit ¢azi, B OIMH TOCOPTOBAHUI CITUCOK.

Sxuio x maHi 3HaYHOTO 00’€My PO3TallOBaHi HA BTOPUHHUX HOCISX,
TO PO3IMOYMHATH COPTYBaHHS, MOYMHAKOYM 3 0a3UCy pPeKypcii, 3rigHo 3
SIKUM HEeOOXIiIHO pO3rJIsJaTH TUTBKU OJUH a00 JeKijbKa 3aMuciB, He Mae
ceHcy. OTOX JOUIIBHO 3IiHCHIOBATHM PEKYpCilo, 3aroBHIOIOUYM BCIO
poctynHy obgacth OIl  LIAKOBMTO 1 BHUKOPHUCTOBYIOUH IIBHJIKI
AITOPUTMHM COPTYBaHHs. [l BUKOHaHHS mepiioi (a3u MOBTOPIOIOTH
HACTYITHI iTepallii HeoOXiHy KibKIiCTh pa3iB:

1) 3amopHuTH BinbHY oOmacth OIl Ojokamu, sKi  MICTATh
BIJHOLIEHHS, 1110 Tpeda NocopTyBaTH;

2) mocopryBatu 3anvicu B OIl, BUKOPHCTOBYIOUM HIBUIKOAIFOUi
ITOPUTMU;

3) 36eperTy MOCOPTOBAHMI MMiJICIIMCOK Y HOBIH HiNIHIII BTOPUHHOT
nam’sITi

[Ticnst 3aBepueHHs nepuiol a3y BCi 3aMMCU BUXITHOTO BiJHOIICHHS
OynyTh onvH pa3 3uutadi B OIl 1 goiaydeHi 10 MOCOPTOBAHUX
MiJICTIMCKIB, 30€pe)KeHUX Ha TUCKY.
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Ipuknao 9. Posrnauemo BimHomenns R 3 npukiany 7. Sk Gyio
BcTaHoBieHo, OIl xomm’ioTepa 3 mapameTpamu, 3aJaHUMHU Y TOMY K
npukiagi, Moxke BMictutH 6 400 3 3arambHOi KiTBKOCTI OJIOKIB, sKa
ctadoButh 100 000. OToxx nmis BHMKOHaHHA nepiioi (a3u HeoOXiITHO
16 pazis 3anosHioBatd OIl 3unTaHumMu OJ0KaMM, COPTYBATH 3alKCH, a
nmoTiM 30epiraTd TOCOPTOBaHI TiACUCKA Ha jaucky. OcTaHHIH
nigcnucok mae 4 000 6mokis, a He 6 400, sk koxkeH i3 15-Tu onepenHix
ITiICITUCKIB.

To »x cKilbkM Yacy 3HaJ0OMTHCS Ha BHKOHaHHS mepiuoi (a3u
anroputmy? Ham noBeneTbcs OAMH pa3 34MTAaTH i 3aHOBO 3amucaTd
100 000 6GunokiB, TOOTO BHKOHaTH 200000 omepaniii AUCKOBOrO
BBE/ICHHs/BUBEJeHHs. J[s npukiagy MoKHa BBaXKaTH, WIO OJIOKH
po3TalIoBaHi Ha JMCKY B JOBUIBHOMY TOPSAKY. Y IIbOMY BHIAIKy
Cepe/iHil Yac KOXHOI orepalii 34MTyBaHHs 1 3arnvcyBaHHS JIOpPiBHIOE
11 minicekyna. Otoxk Ha omepauii  BBEICHHS/BUBEIACHHS,  SIKi
BUKOHYIOThCS Tia 4ac mepmoi ¢da3u, HeoOximHo Butpatute 2 200
cekyHa, abo wmaibke 37 xB. (nMOHajy 2 XB. Ha BBE/ICHHS/BUBECHHS
KOKHOTO Mijicriucky). OckijibkH 3a | ¢ mpoiecop MOXe BUKOHATH COTHI
MIJTBHOHIB iIHCTPYKILIH, TO YacoMm copTyBaHHs B OIl Mo>kHa 3HEXTyBaTH.
OTok  BBaKATMMEMO, IO TPHUBATICTh Nepwoi ¢asu mpouecy
COPTYBaHHSI CTAHOBUTH OJIN3BKO 37 XBUJIHH.

Tenep posriasiHeMO MPOLEAYPY 3/JMTTSA MOCOPTOBAHMX IMiACMKMCKIB,
OTpUMaHMX Ha Tepuriii (azi. BUKOPHUCTOBYIOUM KIIaCUYHY CTpaTerito
COPTYBaHHs 3JIUTTAM, MOXKHA 3/iHCHUTH TIOCIiOBHE 00’ €JHAaHHS
KO’KHOI mapu migcnuckiB. OfHAK y UbOMY BHUMAAKY JIOBEAETHCS
3YMTYBATH | 3alMCyBaTH KO)KeH 3 OJIOKiB maHux 2/0g-n pas, me N —
KUTBKIiCTh TOCOPTOBAHUX MiJICITUCKIB, OTPUMAHUX MMicis nepiioi dasu. Y
HAUIOMY TMpPHUKIaAl Ui 31dTTS  16-TH MOCOPTOBAaHMX IMiICTIMCKIB
HEOOXiTHO 3UMTaTH 1 30eperTv OJIOKU KOXHOT Napy MiJICMUCKIB 3 METOIO
dbopmyBaHHs 8-MU 00’€HAHWUX MIJCMUCKIB, TMOTIM TOCIiZIOBHO
MOBTOPUTHU T€ came JJIsi OTPUMaHHS 4-X i 2-X KpyMHHIIIUX MiICTIUCKIB i,
3pEUITO), BHKOHATH 3JUTTS JBOX IIACMHUCKIE Y MIACYMKOBHH
nocoproBaHuii cnmcok. OTke, Ha KOKeH OJIOK mpunajgae 8 onepailiid
JIMCKOBOTO BBE/ICHHS/BUBEICHHSI.

JlopeuHile 3uyuTyBaTH Tepuii OJOKKM KOKHOTO 3 MOCOPTOBAaHHX
nigcnuckie y BxigHi Oydepu OIl. fkuo BuxigHe BiJHOLICHHS
HACTUTbKM 00’€MHe, WIO Micis BUKOHAaHHA Tepuioi ¢asu mporecy
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KUJIbKICTh MIJCIMCKIB Jy»e BeJMKa, TO HMOBIPHO, IO HEMOXJIMBO
3unTaTtHl Io ogHoMy Ornoky B OII (npo we y myHkri 4.5). licTHamusaTi
nificnycKaM i3 puKiagy 7 e He 3arpoxye.

Ile onun (BuxinHuit) Oydep OIl BUKOPUCTOBYIOTH 1yis 30€piraHHs
0JioKa, SIKUI MICTHTH OiKydy TOPIIFO JaHWUX MMOCOPTOBAHOTO CITUCKY, i
00’em Oydepa mNOBUHEH OyTH HACTUIBKM BEJIMKUM, HACKIIBKU Ie
MoxnBo. Criouatky BuXigHui Oydep nopoxHii. CxeMy oprasizaiii
npoiiecy OOUYMCIIeHb 3 YUYacTIO BXiJJHUX 1 BUXigHOro OydepiB HaBeaeHO
Ha puc. 9.

Ilo0 3AIMCHUTH 3JIMTTS [OCOPTOBAHUX MIiJCIUCKIB, HEOOXiAHO
BUKOHATH Taki Ail.

1. Cepen KIOYIB TeplIMX eJIEMEHTIB YCIX MiJICTUCKIB 3HAWTH
K04 3  MiHIMabHUM  3HaueHHsAM. OCKilbkd — omeparlil
BUKOHYIOTbcs B OIl, TO WiNKOM JOCTaTHBO BHKOPHUCTATH
aJITOPUTM JIiHiliHOTO TIoIyKY (200 iHmmwid [1]).

2. llepemicTuTu 3HalifeHWIi MiHIMAIBHUN €JIEMEHT Ha MepILy
JOCTYITHY TO3HUIIIO CITUCKY Y BUXiTHOMY Oydepi.

3. Skuio BuxigHuii Oydep 3anoBHEHO, TO 30€perty MOro BMicT Ha
JUCKY 1 3HOBY iHiliroBaTH ueli Oydep mns 30epiraHHs
HACTYIMHOT NOPLi AaHUX.

4. Skuio 650K, 3 IKOro B3ATO MiHIMajbHHUI €J1€MEHT, BUUEPaHuUH,
TO 3OIMCHUTH YWTaHHS HacTynmHoro Oloka LBOro K
MOCOPTOBAHOIO MIACMUCKY B Leil ke BXigHwii Oydep. SAkino
BUUEPIIAHO 1 TMIJCNKMCOK, TO 3aJUIIUTH Oydep NOpPOXKHIM i
OiJiblie 1O HLOTO HE 3BEPTATHUCS.

Ha Bigminy Bix mepmoi a3y, npu BUKoHaHHI Apyroi (azu OJ0Ku
3YUTYIOTBCS B JIOBUIBHOMY MOPSAKY, OCKIJIbKY Hanepe1 HeBiIoMO, SKHH
3 OJIOKIB BUYEpHAaeThCs MepuiuM. AJie KOKeH OJIOK YMTAEThCs 3 AMCKA
TibKK OJIMH pa3. OToXk 3arajbHa KiJbKICTh Orepaiiii YnTaHHs OJOKiB
nopieHtoe 100 000. AHamoriyHO, KOXKeH 3amnuc HaJXOAWTh Y BHUXIJIHUX
Oydep, BMICT sKOro moTiM 30epira€rbcs Ha AMCKY. BianorimHo,
zanucyBaHb Oyme 100 000. Ockiabkd i B 1BOMY BHIQAKY 4YacoM
obumcnens B OIl MoxHa 3HEXTyBaTH, TO Yac BUKOHAHHA Jpyroi ¢azu
TaKo)X CTaHOBUTHMe 37 XB. 3arajbHHiA yac COpTyBaHHS — 74 XB.
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Bxinni Oydepn,
[0 OJTHOMY Ha KOXK€H BiJICOPTOBAHUM MiICIUCOK

—» | — P —

IMokakumku
Ha TIeprri
HeBUOpaHi
3arucy

Bubip
MiHIMaJILHOTO
KJIo4a

Puc. 9. Cxema o0uucieHb npyu BUKOHAHHI ApYroi (pa3u copTyBaHHS
6araTOKOMIIOHEHTHUM 3JIMTTSIM

v'  Kopmcuo sHaTu. HaCKIJEBKM BEJIMKMMM ITOBMHHI
6yTyu OGJOKM? BUBUAUM XAPAKTEPUCTUKM OUCKOBOTO
npuBony «Soaring 747», MM BBaxaeMo, WO pPO3Mip
BJioka CTaHOBUTL 16 KbamT. OmHak MOXHA HaBECTU
apryMeHTM Ha KOPMCThL BubOopy OJjioka O1Jbmoro
o6’'emy. Y npukiani 5, HaramaemMo, MM BCTaHOBWJIIM,
o yac nepenaui oJioKa IOOBXMVHOI 16 Koaut
CTaHOBUTL 1/4 MisicekyHmm, MpoTe cyMa cepenHix
3Ha4YEeHb yacy [nomyky 1 dyacy  ofepTaHHA @ —
10,63 Minmicexynmu. MAxmo pos3Mip OJsoka [OIBOITH,
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TO HaM BHacTbca yaBiui 3HUBUTY  Ki1JbKi1CTb
ornepaliim OMCKOBOTO BBEIEeHHS/BUBEIEHHd, HeoOxim-
HMX IJIS BMKOHAHHS aJITOPUTMIiB OOpOOKM OaHUX,
nonid6umx pmo TPMMS. Illomo UObOTO dYac Iepenaydi
Byoka 3pocTae Bcboro mo 0,50 mimicexkynmm. OTxe,
3araJjibHUM yac COpPTYyBaHHSA S3MEHIMTHECA — Mayxe
BOBiui. HAxmo 30igpmmTM po3Mip ©sioxka mo 512
Kbamr (TobTo mo BeauumHM O00’emy U101l nDopixku
mmcka «Soaring 747»), ToO uyac nepemadyi s3pocTe IO
8 mimicekyHmO, a 3arajlbHMM uYac uMTaHHa OJoka -—
no 20 wMijgicexkyHn, aJje Jid 3O01MCHEHHS »OBOX das
COPTYBAHHSA TOTO X MacCWUBY HOaHMUX, SAKUM PO3TIIAHYTO
B npukiani 9, HaM HeoOxX1OHO BUMKOHATM 3arajioM
12 500 onepauim 3 OJgokamy, O HOaBaTUME 3MOTY
3MEHIMTY  BaTajlbHUM dYac COPTYBaHHA Yy  I[IOHAD

17 pazis.
ICHYOTL apryMeHTM 1 npoTu 301JbWeHHS pOo3Mipy
Onoka. Ilo-mepue, AKWO OJIOK OXOIUIOE HekiJsbka

OoOpixok, TO 3anpornoHyBaTy edeKTMBHI crnocodu
BUKOPUCTAHHS NOonibHMx OJIOK1iB mnpobjeMaTuyHo. I[lo-
opyre, BlOHOmWEHHS HEBEJIMKOTO pPO3Mipy MOXYTb
3arviMaTV T1JIbKM dYacTuHy OJiOKa, WO CIPUYMHUTEL OO
3aViBMX BUTPAT IOMUCKOBOI nam’ gati. OxpiMmM Toro, miada
36epiranHs  iHbopmanii  Ha  HOC1iAX  BTOPMHHMX
MNPUCTPOIB BUKOPUCTOBYIOTH ClelliajibHl CTpyKTYypHU

DaHUX, XapaKTePUCTUKN AKUX BimsHadawoTbLCA
nineumeHow ebOeKTMBHICTIO, SAKIO IaHl poO3MnonijeHo
Mix BHauyHOO KijbkicTi OJokiB, TOOTO PO3MipU

6J10k1iB He HaAOTo BeJuki. Ak OyIe NpoiloCcTPOBAaHO
y nyHkTi 4.5, umM xpynHimi OJIOKM, TUM MeHIyY
KimpkicTh 2anucis MOXHa IOCOPTYBaTHU 3a
OOMOoMOTOKn ajropuTMmy TPMMS. OpmHak 31 3pocTaHHAM
NPOOYKTMBHOCT1 nmpouecopie 1 emMHOCTi IOMCKOBUX
NPpUCTPOIB icHye TeHpmeHuis 1 mo 30ijabmeHHs
po3MipirB OiiokiB.

4.5. Bazamokomnonenmue 3nummsa i HA036UYAUHO 8ETUKI
iOHOWEeHHA

PosrnsiHyTuid BuIle aJroput™M COpTyBaHHS JABodasHUM Oararo-
KOMITOHEHTHUM 3JIUTTAM JIa€ 3MOTY ONpalbOBYBAaTH i HaJA3BUYAHO
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KpynHi MHOkMHH 3anuciB. 11[o0 oTpumary 4MciIOBi OLIIHKM AOMYCTH-
MUX 00’€MiB TaHUX, BBEJEMO TaKi Mo3HaYeHHd (y OaiTax):

1) B - posmip 6oka;

2) M—06’em OIl, noctynuuii qyis Oy depusariii 6J10KiB;

3) R —poamip 3anucy.

KinbkicTb Oydepis, siki Baactbes posmictutu B OI1, craHoButs M/B.
MakcumanbHa ~ KiJIbKICTh  MOCOPTOBAHMX  MiJCIHUCKIB  OLIIHIOETHCS
BeanunHoo (M/B)-1 (opun Oydep — BuxinHuii). Llum uuciom Bu3Ha-
YaeThCs 1 KUIbKICTh CTa/ili 3aMOBHEHHS OMEPAaTUBHOI MaM’sTi 3anMcamu,
AKi HeoOXifHO mocopTyBaTh. Ha KokHIH cramii copTyBaTumeTbes
MakcumyM M/R 3anucis. OTox BepxHs Mexa KiJIbKOCTI 3amuciB, sKi
MOXKHa mocoptyBartu, craHoputume (M/R) ((M/B)-1), abo nabnwkeHo
M*(RB).

Ilpuxnao 10. Sxkmo Opatu A0 yBard 3HA4YEHHs TMapaMeTpiB 3
npukiany 7, To otpumaemo M = 104 857 600, B = 16 384, R = 160.
BepxHsi Meka KiJIbKOCTi 3aIlMCiB, sSIKi MOYKHA IMOCOPTYBaTH, Y LIbOMY
BunazKy craHoputime M¥RB = 4.2 minbspaa. st ixHboro 36epiranms
HeoOxinHo 0,67 Toaiit. BinHolueHHs Takoro 06’eMy He MOKHa Po3Mic-
TWUTH Ha HOCIAX MpuBOIYy «Soaring 747».

SIKI0 HeoOX1THO MOCOPTYBATH OUTBIILY KiJIbKICTh 3aITUCIB, TO MOYKHA
JIOTIOBHUTH TIpOLIeC TPeThoro (ha3o: CrouYaTKy, BHUKOPUCTOBYIOUM
anroputm TPMMS, croputi Ha ocHoBi rpyn 3 MYRB sammcis
MOCOPTOBAHI MiJACIUCKH, a 3romoM 3aikcHutd 3autTs (M/B)-1 Takux
MiJCTIHUCKIB Y MiICYyMKOBHI MOCOPTOBAHUIA CITUCOK.

Tperst dasa mac 3mory copryBatu Maibke MY/RB? sammcis, ski
saiimators M?/B® GriokiB. 3 ypaxyBaHHAM JaHHX 3 mpuKiagy 7 wi
napamMeTpyd MaTUMyTh 3HauYeHHs: 27 TpuibioHiB 3anuciB i 4,3 Il6aiirt
00’emy. CroromHi 1ie HeudyBaHi AaHi. OCKIJIbKM MICTKICTh CYYacHUX
BTOPUHHUX MPUCTPOIB Nasieka HaBith Big 0,67 TOalT (mpumyctuma s
anroputmy TPMMS), To nBOda3HOI Bepcii allropuTMy IIJTKOM BHCTavdae
JUIsl BUPILIEHHS OYyIb-SIKUX peajlbHUX 3a/]au.

Bnpaeu ona onpaurosanns

Bnpasa 3. PosrnsHemo BinHoueHHs R, sike Haidye 10 000 000 kop-
TeXIB. 3aluch  PO3MILIYIOThCS B JIMCKOBHMX OJIOKaX pPo3Mipom
16 384 Gaiitie. [Ipunyctumo, 1110 B oauH 010K BMilnaerbes 100 3anucis.
Otox BigHomenns R 3zaiimatume 100 000 6sokiB. Komm’rorep, Ha
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SIKOMY BHKOHYETHCSI COPTYBaHHS, OCHAlIEHWH OJHUM JIUCKOBHM
npuBoJioM "Soaring 777", XapaKTepUCTUKH SKOTO 3aJlaHO Y BIpaBi 1, i
Mae ornepaTuBHY mam’sTh, 100 MOaliTiB ko1 gocTymnHi ans Oydepuzanii
6JsiokiB. SlkuM Oyje yac copryBaHHsS ABO(A3HUM 0AraTOKOMIIOHEHTHUM
3JIMTTAM BinHOweHHs R?

Bnpaea 4. Ckinbku ornepaiiiii BBeJCHHS/BHBEIIEHHS HeOOXiTHO
BHUKOHATH JJIi COPTYBaHHS 3a JOMOMOIOI ajrOpuTMy ABOGAa3HUM
0araTOKOMIOHEHTHUM 3JUTTAM BigHOUIeHHS R 3 mpukiaxy 7, SKIIO
3HAQYEHHS OKPEeMHUX TMapaMeTpiB  BiJHOWIEHHs 1  KoHirypaii
KOMIT 10Tepa 3MiHEHO TaK:

1) KIIBKICTH KOPTEXKIB BiJIHOIIEHHS TIOJIBOEHO 1 BOHA
cranosuth 20 000 000;

2) JOBXHMHY KOPTEXKY BiJHOIIEHHs 30UIbIIEHO BIBIYi,
BOHA CTaHOBUTH 320 OaiTiB.

3) posmip Gi10ka noaBo€eHO 10 32 768 GalTie.

4) 06’em noctynuoi OI1 36inbieHo a0 200 MoaiiTis.

Bnpaea 5. Hexali 3anaHO BiAHOLICHHS, K€ MICTUTb 11 KOPTEXKIB,
JIOBXXMHA KOXKHOTO 3 fKHMX JOpiBHIOE R OaiitiB, i mnapamerpu
xomm’totepa — 06’em M oneparuBHoil nam’sti i po3mip B auckoBoro
6s0ka. Lle nae 3Mory mocopTyBaTH KOPTEXi BiJTHOLICHHS 3a JIOTIOMOTOIO
anroputmy TPMMS. Sk 3miHuTH N, 3ainumiaoyuu yci iHOii ymoBu 0e3
3MiH, SIKILIO [IOABOITH 3HaYeHHs: a) B; 0) R; B) M?

Bnpaea 6. BuxoHailiTe BnipaBy 5 3a YMOBH, IO JIJIs1 BIOPSIAKYBaHHS
KOPTeXKIiB  3aCTOCOBYIOTH  aJlOPUTM  COPTYBaHHs  Tpu(a3zHUM
6araTOKOMMOHEHTHUM 3JIUTTSIM.

Bnpaea 7. Sx npeactaBUTH KiJIbKICTh 3allMCiB, SIKI  MOKHA
BIIOPAIKYBATH 3a JIOTIOMOTOK) QJITOPUTMY COPTYBaHHS K-(hazHuM
6araTOKOMIIOHEHTHUM 3JUTTAM siK QyHKIi0 Bia napametpis R, M i B
(muB. BpaBy 5) i IJIOYKCIOBOrO 3HaYeHHS K?

Tema 5. IlinBumeHHs epeKTUBHOCTI AUCKOBHX onepanii
3MiHCHIOIOUN aHalli3 MPOJAYKTUBHOCTI alrOpUTMIB  COPTYBaHHS

MUCKOBUX JnaHuX (y TmyHKTi 4.4), MU BBaXanu, mo iHdopmarlis
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30epira€TbCs Ha €AMHOMY JMCKY 1 OJIOKHM 34YMTYHOTHCS 3 JOBLIbHUX
no3utiii. [logibHa rimoresa Mae ceHC y TOMY BHIIAAKY, KOIW HIOSThCS
MpO CUCTEMY, IO BUKOHYE BOAHOYAC O€3Ji4 3aIuTiB, SKi CTOCYHOThCS
HeBeJIMKUX (parMeHTiB aaHux. OnHak, SKUO y Oyab-sikuid nepion
3ajaua CUCTEMH 3BOJUTHCA 10 COPTYBaHHS KPYMHOTO BiJHOIICHHS, TO
MOXKHAa CYTTEBO 3MEHIIMTH BHUTPATH 4Yacy Ha BMKOHAHHS JUCKOBUX
orepailiii, KO MOTypOyBaTHCS IMPO CTPOTrMi MOPSIOK PO3MILICHHS
OJIOKIB JaHUX, SIKi COPTYIOThCS, HA HOCIT.

HacrynHi 1ii naroTh 3M0ry NpUHIBUIIIATA 0OpOOKY 3aruTiB i/abo 3a
OJIMHUIIIO YacCy BUKOHYBATH TXHIO OljIbly KUJIBKICTb.

Po3micTuti OJ0KHM, sKi HEOOXIHO OMpallbOBYBAaTH pa3oM, Ha
OJTHOMY LMJIHIApPi, 110 AaBaTUME 3MOTY 3MEHIUMTH JI0 HyJs
3HAYEHHs Yacy MOUIyKY i, MOKJIMBO, yacy oOepTaHHS.

PosmictuTi iHpOpMalliro Ha IEKITBKOX TUCKaX MEHINOro 06’ emMy
3aMiCTh TOTO, 1[00 BUKOPUCTOBYBATH OJIUH TUCK TOT'O 3K 00’€MY.
3a HassBHOCTI OJIOKIB IOJIOBOK, sIKi pyXalOThCsl HE3aJeKHO, 00’ €M
JIAaHUX, SKi MOXYTh OyTHM 3uWTaHi/3amucaHi 3a OJAVHMIIIO Yacy,
3pocTae NponopuiiHO KUTbKOCTI JUCKOBUX MPUCTPOIB.

CTBOpUTH «A3epKajibHI» KOMii OJHMX i THX CaMHUX JaHUX Ha
JIeKiIbKoX auckax. Lle naBatrMe 3Mory He TijbKW 30€perTH aaHi
y BUINAJKYy BUXOIY 3 JIaJly OJHOTO 3 JTUCKOBUX MPHUCTPOIB, aje i
30UIBIIUTH MPOITYCKHY 31aTHICTh CUCTEMH.

Buxkopucrosysaru anroputmu pisas OC, CKb/l abo koHTposepa
JIUCKIB, SIKI CIYTYIOThb JUIS BIOPSJAKYBAaHHS B 4aci 3amuTiB JI0
0JIOKY MCKa.

3acTocoByBaTH cTparerii MonepelHbOro 3UYMUTYBAHHS MEBHUX
nopuiit auckoBux aanux B OIl, siki mepeayroTb BHKOPHCTaHHIO
LMX JaHUX.

5.1. I'pynyeanns oanux no yuaiHOpax OUcCKa

OckijbkM Hac MouryKy 3a0upae Mmaiike He TOJIOBUHY CepeIHbOro
yacy 3YMTyBaHH:i/3anmucy 0JI0Ka, TO JOLUIBLHO MepeadavyuTy MOKIIUBICTh
PO3MIllleHHSI IaHKX, SKi, KIMOBIpHO, OMPAalbOBYIOTHCS CHLIBHO, Y MeKaX
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ONHOrO UWIIHApa. SIKIIO OJHOro LMJIHApPAa HE J0CTaTHbO, TO
BHUKOPUCTOBYIOThCS JIEKIJIbKA CYMiKHHUX.

SAxmio Bei OJIOKK OJIHIET AOPIKKKM YK OTHOTO LIUJIIHAPA 3YUTYHOTHCS
NOCJIiZIOBHO, MU MOYKEMO 3HEXTYBATH BCiMa CKJIaJ0OBUMH YacCy YMTaHHS,
OKpIM TepIIoro nepioay 4acy Nouryky, HeoOXiTHOTO /s TIepeMillleHHsI
rOJIOBOK JI0 MOTPIOHOTO LUITIHpPA, TIEPILIOro MPOMDKKY Yacy oOepTaHHS
JUIS  JIOCSITHEHHS TMOYaTKOBOIO CEKTopa MOC/iIOBHOCTI OJIOKIB 1,
OUYEeBHIHO, 4Yacy nmnepemadi. Y TakOMy BWIAAKy HaM BJacThbCA
HAOMU3UTHUCS [0 TEOPETHUYHOI MeXKi INBUAKOCTI TepeMillleHHs JaHWX
Mix guckom i OIT.

Ilpuknao 11. 3HOBY npoaHaNli3yeMO NPOAYKTUBHICTb aJlTOPUTMY
COpPTYBaHHs JBO(a3HUM 0araTOKOMIOHEHTHHUM 3JIUTTAM. Y TIpUKIIadi S,
HaraJjaeMo, MM BHM3HAUWIM, IO CEpeJHE 3HAuUeHHS Yacy mnepenadi,
MOLIYKY Ta 00epTaHHS JUCKOBOIro mMpuBoay «Soaring 747» CTaHOBHUTH
0,25, 6,46 i 4,17 MinmicekyHIu, BIAMOBIAHO. BCTaHOBIEHO TakoXk, IO
Mpoleaypa COPTYBaHHs BiJHOLIEHHS, ske ckiamaerses 3 10 000 000
3anuciB i 3aiimae 6mu3bko 1 ['Gaiita TMCKOBOTO MPOCTOPY, BUKOHYETHCS
3a 74 xB. lleit yac ninutbes Ha 4 piBHI MPOMIKKK, HEOOXigHI Jyist
3milicHeHHs QYHKIIM 3anucy 1 uYuTaHHS ONOKiB s 1BoX a3
aJIrOPUTMY.

CripoOyeMo BiINOBICTH HA MHUTaHHSA, YU JIONOMOXKE BIIOPSAKYBAHHS
JAaHUX TIO LWIIHApaX 3MEHIIMTH 4Yac copTyBaHHs. llepma crajis
MPOLECY CTOCYEThCSl YWTAaHHS BHUXIAHMX OJIOKiB. Y mpukiaai 9 mu
scranopwin, mo OIl 3anoBHioerbess ganuMu o6’emom 6 400 GrokiB
16 pazis.

Linkom Mmoo nepeadauntu 36epiranHs 100 000 GimokiB maHUX
Ha mocaigoBHUX wuuiiHapax. Koxken i3 16 384 wuninapis npuBody
«Soaring 747» moxe 30epiratu Onuzbko 8 MoOaiit y 512-tu Onokax.
OTo AJ1s PO3MIILIIeHHS BXiAHUX JIaHWUX HeoOxinHo 196 muminapis, a s
onHopaszoBoro 3anoBHeHHs OIl HeoOxigHO 3Bepratvics 10 13-Tm
LMJTIHAPIB.

Ha yntanHs qaHux 3 oAHOTO IMJIiHAPA HEOOXiTHO OJIMH Tepiof Yacy
nouryky. ['oIoBKM MOTPiOHO TepeMiliaTd Bifg OJHOTO LWIIHApPa N0
cycigHboro 12 pasie, Ha 110 BUTpayaeThes o 1 MimicekyHi. Omxke, yac,
SKM HeoOXimHWMH s oAHOpa3oBoro uumraHHs gaHux B OIl,
BU3HAYAETHCS CYMOIO TaKMX KOMIIOHEHTIB!
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1) 6,46 minicekyHau (cepelHiit yac o/Hi€eT oneparii nouyky);
2) 12 wimicekyHn (Yac TOIIYKY KOXHOro i3 12-TM cycimHix
WITIHJPIB);

3) 1,6 cekyHnau (uac nepeaaui 6 400 Gs10KiB).

JlBomMa mepmmMMM KOMITOHEHTaMH MoO)KHa 0e3 Oy/b-IKOT MIKOIH
3HexTyBaru. Ockinbku 3anoBHioBaTH OIl nanumu noxoautekcs 16 pasis,
TO 3arajibHUi 4Yac 34YMTYBaHHA JaHWX Ha nepuid ¢asi nporecy
cTaHOBUTH Oau3bko 26 ¢. Haragaemo, 1o 3a «BUMNAAKOBOrO» pPO3Mi-
eHHs OJIOKIB Ha IfO 3K Ofepallito HeoOXiAHO OyJI0 O BUTpaTUTH Maiike
18 xB. Jlna 30epexkeHHs JaHMX 16-TM TMOCOPTOBAHMX MiJICIKMCKIB
MOXKYTb BUKOPUCTOBYBAaTHCs iHUII 196 cycimHIX LMIiHIAPIB 1 4acoBi
napaMeTpu Tpoliecy 3anucyBaHHS OyayTh TakuMmu x: 26 c. Yac BuKo-
HaHHS niepinoi ¢as3u 3aranoM — 52 ¢ (mopiBHAlTe: 37 XB. HEOOXITHO Y
BUTIAJIKY «BHIMAJAKOBOT0)» PO3MIllleHHs OJIOKIB).

3 iHmoro OOKy, MpUIOMM OpraHizaimii 30epekKeHHs [aHUX Ha
MOCTiIOBHUX LWIIHApaX HE 3[1aTHI 3MEHIIWTH 4Yac BUKOHAHHS JAPYrol
(dasu copryBanHs. Haramaemo, 1o mig 4ac BHKOHaHHA Apyroi dasu
OJIOKH 3YMTYIOTHCS 3 MEPLIUX MO3MIIIK 16-TH NOCOPTOBAHUX MiACMMCKIB
y TNOpsIZIKY, 0OYMOBIIEHOMY BJIACTUBOCTSAIMH JIJaHUX SIK TakuX. BuximHi
OJIOKM Ppe3yJIbTYHO4YOro TMOCOPTOBAHOIO CIHCKY 30€piratoThes 1o
OJTHOMY 1 YepryloThCs 3 onepauisMu uutaHHs. OTOX Al BUKOHAHHS
JIpyroi ¢azu aiaroputMy HeoOXigHO, sk 1 panime, 37 xB. OTxe,
BIIOPSAAKYBaHHS JaHUX MO IQUIIHApPaX 3/aTHe 3MEHIIUTH 4Yac
COpPTYBaHHs BIBiYi, 1 Kpamoro pe3yiabraty ©0e3 BHUKOPHCTaHHs
JOJATKOBUX aJIbTEPHATUBHUX IMiIXO/1iB JIOCSATHYTH HE BIIAETHCS.

5.2. Bukopucmannsa 0eKiibKOX OUCKOBUX NPUCMPOiE

[pormyckHy 3JaTHICTh CUCTEMU BJAETHCS CYTTEBO MiJIBUIINTH, SKILIO
3aMiHUTH OJMH JIMCKOBUM mNpuBia Jekiiabkoma. [lomiGHy apxitektypy
CXEMaTUYHO MPOUTIOCTPOBAHO HA PUC. 6, KON OUH KOHTPOJIEp AWCKIB
Kepye BoAHouYac TpboMma JuckaMd. OCKIIbKM NpPOOYKTHUBHICTbH
KoHTposiepa, wuHKW nanux i OIl 3HauHO BMINA, TO 3arajibHUI 4ac
BUKOHAHHs AMCKOBUX oOrepalliii 3a moaiOHOro miJXoxy 3MEHIIYEThCS
MPOMOPLIAHO 1O KUIBKOCTI AMCKOBHX mpucTpoiB. [lpointocTpyemo
CKazaHe MPUKJIAJIOM.
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Ilpuknao 12. Tpurnycrtyumo, o AUCKOBUI npucTpiii «Soaring 737»
Ma€ Ti %K XapaKTepUCTHKH, 10 i Mofelb «Soaring 747», oTHaK MiCTUTh
TUIbKK JIBI miacTWHU (4 TIOBEpPXHi) Ta Jae 3MOry 30epertv Mmaibke
32 I'6aiir  pmanux. IlpunmyctimMo  TakoK, 10  KOHQIrypaiio
KOMTIT' FOTepHOI CHCTEMU 3MIHEHO Tak, 10 OAWH MpuBin «Soaring 747»
3aMiHEHO YOTHUpMa HakonudyBadamu «Soaring 737». Ilpoananizyemo,
K TOBOAWTHME cebe B TaKkMX YyMOBaX aJIrOPUTM COPTYBaHHS
nBo(asHUM 0araTOKOMIIOHEHTHUM 3JIUTTSM JJISi COPTYBaHHS TOTO K
BigHomenHs R, mo micture 100 000 650kiB Mo 16 384 GaiiTiB y KOXK-
HOMY.

INepenyciM, MHOXHHY 3anuciB BiTHOUIEHHS R AOLITBHO PO3ALTUTH
MK YOTHPMa JUCKaAMH Tak, 1100 Ha KOKHOMY JMCKY JaHi 30epiraaucs
Ha 49-tTh cycigHiX wWIHIpax. Y UBOMY BHIAAKY MH 3MOXKEMO
CKOpUCTATHCS T[epeBaraMd TpyNyBaHHS JaHUX MO IWIIHOpAaXx,
posrnsHyTiMHM y nipukiazi 11. Ipu 3anosuenni Ol nig yac BUKOHAHHS
nepiuoi ¢azu mij AaHi, sIKi 3UUTYIOTCS 3 KOXKHOTO 3 JJUCKIB, HEOOXiTHO
BUOKpeMUTH 1/4 yactrau nam’siti. Ha onepartito untanus 1 600 GiiokiB
3 KOXKHOTO Aucka HeoOxinHo Oyne nuuie 400 MimicekyHa 3amicTh 1,6 ¢
Npy BUKOPUCTaHHI OJIHOTO JIMCKa.

AHanoriuHo, BUKOHYIOUH MiJl Yac nepuioi (pa3u 3anvicyBaHHs JaHUX,
MU MOXEMO PO3MOAUIMTH BMICT Oyab-KOro 3 TIOCOPTOBAHUX
MiACMUCKIB Y 4-X auckax i 13-TH CyCiAHIX LMIIHApPaX KOXKHOIO JMCKa,
30epiratoun Ue W ke 4-kpaTHuil BUrpam y wmBuakocti. Omke, Ha
BUKOHaHHs Nepuioi ¢a3u 3arasiomM HeoOXimHo 13 ¢ 3amicTh 52-X ¢, fKi
HEOOXiMHI i1 BMIAAKy 3acTOCYBaHHA JiMIIEe OJHIEl cTparerii
rpyrnyBaHHs AaHUX MO LWIIHApaX, i 37 XB., HEOOXIJHUX MPU BUKOPH-
CTaHHI TPSMOIIIHIKHOTO TiAXOMy, IO TMepeadavae «BUMAIKOBE»
po3MiteHHs OJI0KiB.

Tenep nocnimumo napamerpu apyroi ¢aszu anropurmy. Ham, sik i
paHiiiie, HeOOXiJTHO 3UMTYBATH OJIOKH 3 MEPIIUX MO3UIili TOCOPTOBAHUX
MiJCIHUCKIB y EIKOMY MOPSAKY, OJM3bKOMY 10 «BHIAJKOBOTO», KU
MPOJIUKTOBAHO XapaKTePUCTUKAMM JIaHWX K TakuX. OTOX HasBHICTh
4-X IUCKIB 3aMicTh OAHOro mnepepar He 3abesneuye. YactuHa Apyroi
(hasu, sKa CTOCYeThCS 3amUCy JAAHUX, MIAAAETHCS ONTHMI3allil 3HAYHO
nerme. JIns KOKHOTO 3 HOTHPbOX JUCKIB MOXKHa CTBOPUTH BJIACHUIA
BuxigHui Oydep. OnHaK He MOKHA rapaHTyBaTH, IO YOTUPU JAUCKH
(byHKIIOHYBaTUMYTh MapaliellbHO MPOTATOM BChOTO Yacy COPTYBaHHS.
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OTOK MPUPICT NPOAYKTUBHOCTI OLIHIOEThCS MPUOJM3HUM KoedillieH-
ToM 2-3. Ilpore i 1le HemoraHo: S§KIIO B3STH 2, TO EKOHOMis
ctadoButuMe 9 xB. Omke, 3amiHa OJHOrO JAHMCKAa HA YOTHpPU i
BUKOPUCTAHHs CTpaTerii rpynyBaHHs AaHUX IO LMJIIHApPaX 3arajom
JABaTUMYTh 3MOTY 3HHM3WTH 3arajlLHUH 4ac COpPTyBaHHS 3 74-X XBUIUH
Ha 27 xB 13 c.

5.3. Cmeopenns ozepkanvrux Koniii OUCKie

BuHukatoTh cutyailii, Koiau JouinbHO 30epirath Ha JBOX abo
NEKUIPKOX [MCKAaX IJEHTHYHI KOIii OJHUX 1 THUX caMuX OaHuX. Taki
JIMCKHA Ha3WBalOTh OzepranvHumu (mirror). OOWH i3 apryMeHTiB Ha
KOPHUCTh 3epKaIbHUX JUCKIB MOJISITa€ B TOMY, 110 Y BUNAJKY BUXOIY 3
Jlay OJHOTO JUCKA JaHi BIAEThCA 34YUTATH 3 Aucka-kormii. Okpim
TOJIOBHOTO MPU3HAYCHHS, SIKE TOJIATaE y MiJIBULICHHI PiBHS HaAiMHOCTI
30epiranHs iHdopMmallii, A3epKanbHi TUCKH YaCTO BUKOHYIOTh (DYHKIIiT
301IbIIIEHHS MPOITYCKHOT 3IaTHOCTI CCTEMHU.

Axmo npunbatu 4 AucKoBUX NpUCTpoi «Soaring 747» 3aMmicTh
OJTHOTO, TO CHCTEMa BOJIHOYAC BUKOHYBATUME YOTHPU ormepaiii
yuTaHHA OJIOKIB. |HINMMH ClIOBaMH, HE3aJE€XKHO Bif TOro, ski came
4OoTUpPU OJIOKM TMOTPIOHI B TOW 4YM IHIIMA MOMEHT, HaM BJA€ThCS
3YUTATH KOKEH HEOOXiTHUI OJI0K 3 OYAb-SKOTO 13 HOTHUPHOX JMCKIB.

BukopucTaHHs I3epKajibHMX AMCKIB HE Ja€ 3MOI'M MPUIIBUIIINTH
MpOLeCH 3aMucy, XOoYa CIOBIIbHEHHS pOOOTH TaKOX He CIOCTe-
piraerbcs. biok 3amucyeThscs 3pa3y kK Ha BCi AUCKH, MPoTe (OCKIIbKU
orepallii BUKOHYIOThCS MapajielibHO) BOHW BUMAraroTh NpUOIU3HO TOTO
K 4Yacy, 10 I B CHCTEMi 3 €IMHUM JHMCKOM. 3BUYaiHO, aOCOIIOTHO
TOYHOT CMHXPOHHOCTI omnepauiii 3anucy Ha JA3epKajbHi JMCKH JOCST-
HYTH HaBpsJ Y4 BAACTBCS, OCKIJIBKM TOJIOBKU OJIHOTO JIMCKA, HAIPHK-
Jlaj, MOXYThb OyTH pO3MIllIEHI «HEBMIigHO», TOOTO Oe3mocepeaHbO
TICJIS CEKTOPA, 3 SIKOTO HeOOXiTHO PO3MOYMHATH 3aITHUCYBaTH OJIOK.

5.4. Bnopaoxysanna ouckogux onepauiii i anzopumm jaigpma

llle oauH cmoci® MiABMILEHHS MPOMYCKHOT 3JaTHOCTI CHUCTEMHU
noJjisirae 'y 3acToCyBaHHi aneopummie (MU TOBOPUTHMEMO MpPO ajro-
PUTMU pIBHS KOHTpOJIepa JUCKIB, XO4a Liel acreKT He Mae MPUHILIU-
MOBOr0 3Ha4yeHHs), fKi [OalTh 3MOry enopsoxosyeamu (schedule)
3alUTH HA BUKOHAHHS JUCKOBUX orepatliil y yaci Ta oOuparu, siki 3 HUX
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MalOTh BUKOHYBATHCS TEPIIMMU. Y BUMAAKY COPTYBaHHS JaHUX
BiJTHOIIEHHS, KOJIM CUCTEMa 3YUTYE 1 3aMHCy€e JUCKOB1 OJIOKM y TIeBHiH
MOCJTIZIOBHOCTI, i allfOPUTMHU HEe € HaATO KopucHUMHU. [IpoTe B cutya-
LisX, KOJIM CUMCTeMa BUKOHYE OJHOYAaCHO YMMAJIO 3alMTIB, SIKI 3adi-
MaroTh He3HAYHI MOPIIT TaHUX, 3acO0M MOOYJOBH JUHAMIYHUX PO3KJIa-
JliB 0OCJTyrOBYBaHHs 3alUTIB MOKYTh OYTH JTIOCUTH KOPHUCHUMHU.

OpnuH i3 MpocTHX Ta eeKTUBHUX CMOCOOIB BIOPSAAKYBAaHHS 3alUTiB
J10 IMCKa B 4aci Ha3uBaIOTh aneopummom jigpma (elevator algorithm).
LlinkoM mpaBOMipHO BBa)kaTW, IO OJIOK TOJIOBOK MPUBOAY 3IIHCHIOE
NepeMillleHHs] Bijl BHYTPILTHBOTO JI0 30BHIIIHBOTO IUTiHApPA (1 HAaBMaKH)
TaK caMo, sK JiT BUCOKOro OYyAUHKY, PyXatOUnUCh IOTOPH i JIOHU3Y.

Ilpuknao 13. Hexaii 3a gomoMororo anropurmy Jidra HeoOXiTHO
BIIOPSKYBaTH 3BEpPHEHHs 10 nucka «Soaring 747», cepeiHi 4acoBi
napameTpH SIKOro, HaraaaemMo (IUB. MPHUKIIAJ 5) € TAKUMU: Yac TOUIyKy
— 6,46, yac obepranns — 4,17 i yac nepenaui — 0,25 (yci 3Ha4YeHHS B
MminicekyHaax). [Ipumyctumo, 1o B aeskuii (HyJ1bOBUH) MOMEHT 4acy
Hagivmm 3 3anuTH, sAKi nependadvaroTh 3BEPHEHHS A0 LMJIIHAPIB 3
Homepamu 2 000, 6 000 i 14 000, a OJOK roJIOBOK pO3TalllOBAHUM
HaBrpoty wwiiHApa 2 000. OxpiM TOro, NpUITyCTUMO, IO Yepes
KOPOTKHi yac Hafiiae uie Tpy 3anuty. [lapameTpy BCiX LIECTH 3aMUTIiB
HaBeJeHO Ha puc. 10 (Hampukiaa, 3amuT, SKWE  nependavae
HEOOXiIHICTh 3BepTaHHS 0 wwiiHapa 3 HomepoM 4 000, HAAXOIUTH
npotsiroM 10-Tu MislicekyHI).

s BUKOHaHHSA OfHieT omeparlii 3 OJOKOM HEOOXiTHO BHUTPATHTH
Takuii yac: 0,25 MminiceKyHAM Ha HajacuiaHHs, 4,17 MIigiCeKyHIu — Ha
obOepraHHs. 3araniom 4,42 MiliceKyHAH, TUTFOC BIATIOBIAHUI Yac MOUIYKY
KOHKPETHOTO LMIiHpa. Yac moiyky Jierko 004YUCIUTH, KOPUCTYIOUYHChH
NpaBUIIOM, BUKJIQJIGHUM Y MpUKIIaAi 5: | + KiIbKICTb AOPIXKOK, MO/IiIeHa
Ha 1 000. PosrnsgHemo miro anropurmy Jidra. ns o6poOku 3anury
mozao 2 000-ro nuiaiHapa mouryky poOUTH He MOTPiOHO, OCKUTBKU OJI0K
rosioBok Ha micui. Otox y vac 4,42 ueid 3anur Oyae LIIKOBUTO
BUKOHaHO. 3armut Ao nwrtiHapa 4 000 me He HaaidIIoB, OTOXK TOJIOBKU
nepeMilaroTbess 1o wuiiHgpa 6 000. Yac nepexomy 3 2 000-ro mo
6 000-ro wuMIiHIpPA CTAHOBMTH 5 MIiJIICEKYH, OTOX OMNpAaLOBAHHS
JIpyroro 3amnury po3novHeTbes B 9,42 i 3aBepuunTbes 3a 4,42 Mc, ToOTO
B 13,84. Ha ueii yac ke aktuizoanmii 3anut 1m0 4 000 uminapa,
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NpOTe FOJIOBKH BXKe HOro MUHYJIH, 1 HE MOBEPHYTHCS 10 HHOIO, JOKH HE
OTIPAIIOIOTh BCi 3aNUTH A0 «JATBHIX» IUITiHIPIB.

Homep uuninapa MoMeHT HaaXxOKeHHS (MC)
2 000 0
6 000 0
14 000 0
4000 10
16 000 20
10 000 30

Puc. 10. [TaHi, gki iTFOCTPYIOTh 3aCTOCYBaHHS aJlTOPUTMY JTidpra

Tenep Hamitina uvepra 3anuty no 14 000 umiHzapa, i Ha mepemi-
IIeHHs JI0 HhOTO Oyne BUTpadeHo 9 Mc, a Ha 34YWTyBaHHS OJioka —
4,42 mc. OTo ompalbOBYBaHHS TPETbOrO 3alUTy 3aBEpLUUTHCS 3a
27,26 mc. Ha 1ieii MOMEHT Bike HafiiioB 3anmuT a0 16 000 umaingpa,
OTOX PYX F'OJIOBKM B OOpaHOMY HampsMi MpOJOBXKYETbes. Hac moiyky
CTaHOBUTH 3 MC, OTOXK OTfiepallisl 3aBeplIuTbes 3a 27,26 + 3 + 4,42 =
=34,68 mc.

Ha ueit yac Bxe € 3anut no 10 000 yuniHapa, OTOXK 3alMUIIAIOTHCS
HeomparlbOBaHUMU 3arajoM fBa 3anuty, aapecosaHi g0 10 000 i 4 000
UWIIHAPIB, a 3alMTIiB 10 UWIHAPIB 3 OUIBIIMMH HOMEpPaMU HEMaE.
OTxe, HampsM TMepeMillleHHs TOoJOBOK 3MiHUThes. [locigoBHO
OMpalbOBYBaTUMYThCS JIBA 3aluTH, ski 3amumunucs. Ha puc. 11
MOJIAaHO MOMEHTH 3aBEpILEHHS ONpPALIOBaHHS BCIX 3aMUTiB.

Howmep umingpa MoMeHT 3aBeplieHHs (Mc)
2 000 4,42
6 000 13,84
14 000 27,26
16 000 34,68
10 000 46,10
4 000 57,52

Puc. 11. Po3knaa o0ciyroByBaHHS 3aMUTiB 32 aIrOPUTMOM Jidra
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CnpoOyeMo MOPIBHATH MPOAYKTUBHICTh CHCTEMH 3 Ti€l, sKa
BUKOPHCTOBYE TIPSIMOITiHIMHY CTPATEeTito «nepuium npuiiuios — nepuium
oocinyzoeyemocay (FIFO). Tpu mepiii 3anuT onpaiboBYIOTECS TaK ca-
MO, SIKIIIO BpaxyBaTH, 110 ixXHii nopsaok takuii: 2 000, 6 000 i 14 000.

OpHak miciast 00poOKH TPEThOTO 3aMUTy MU MEPEXOIUMO JIO 3aluTy,
KW nependavae 3BepHeHHs 10 uuiiHapa 3 Homepom 4 000, ockinbku
e 3anuT HaniimoB deTBepTrM. Yac mouryky muiiHapa (mepexia Bin
uwiidapa 14 000) cranoButh 11 mc. JIinst BUKOHAHHS I°SITOrO 3amury,
agpecoBaHoro no muiinapa 16 000, yac momyky craHoputuMe 13 Mc, a
Ha TMOBEpHEHHs 10 uuiiHapa 3 HomepoM 10 000 3 MeTO BUKOHAHHS
OCTaHHBOTO 3amMUTy BUTpaTtuThes 7 Mc. Ha puc. 12 HaBeneHo pe3ynbra-
TA BUKOHAHHS 3allUTIB 3TiHO 3 aJTOPUTMOM «HepUiuM HNPULULO8 —
nepuLumM 00Ciy208YEMbCY.

Howmep tuningpa MowmeHT 3aBepuieHHs (Mc)
2 000 4,42
6 000 13,84
14 000 27,26
4000 42,68
16 000 60,10
10 000 71,52

Puc. 12. Po3kiaz onpaiiioBaHHs 3aIUTIB 32 MPUHIIUIIOM HePULUM NPUTULOE — NePULUM
06cy208yemoca»

Pi3HuLs MK OTpUMaHMMM pe3yjibTaTaMd Ha TepIUMid MOrIsia He
JIy’Ke 3HauHa — BCbOro 14 Mc, OfHaK 3a3HauMMO, 1110 KiJIbKICTh 3aIluTiB
y HalloMy MpHKIaai HaaTo Mana (6) i, OKpiM TOro, TpU 3 HUX Y JBOX
BUIA/IKaX OMpPalbOBYBAIUCH B OTHOMY i TOMY 5K TIOPSZIKY .

Skimo cepefHs KiJbKICTh 3aMUTIB, fAKi OYIKYIOTh OINpAIlOBaHHS,
3pocTe, TO, BIANOBIAHO, 30IMBIIMTLCS 1 BiJHOCHA €(EKTUBHICTD
anroput™my Jidra. SKIO K KUIBKICTh 3alUTIB CTa€ HaJA3BUYANHO
BEJIMKOIO, TO 4ac, SKMH BUTPAvacThCsl HAa OYiKyBaHHsS OOCITyrOBYBaHHS
KOJKHOT'O 3aTHTYy, B CEPETHbOMY, TAKOXK 3pOCTe.
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5.5. Ilonepeone 3uumyeanna i Kpynnomacuwimadona oypepuzavia
OaHux

PosrnssHeMo  ocTaHHIO METOAMKY MiABUINEHHS e(QEeKTUBHOCTI
BUKOPHUCTaHHs BTOPUHHMX MNpUCTpOiB 30epiraHHs. [loe’s3aHa BoHa 3
nOnepeoHiM 3UUmy8aHHam abo KpynHomacumaobHoio Oygepuzayicio
JaHuX. Y JesIKMX 3acTOCYBaHHSX MOXKHA Hamepea nependadynuTu
MOPSIJIOK, B IKOMY OJIOKM MOBHHHI 34MTYBaTHC 3 IUcKa. SKIo cnpasa €
caMe TakOK, TO MOXKHA 3aBaHTaXUTH auckosi aadi B OIl me g0 Toro
MOMEHTY, KOJIM BOHHM Hacmpap[i OyayTh moTpiOHi. OgHa 3 mepeBar y
OMY BUTAJKy 3yMOBJIEHA THUM, 1[0 SKICTh PO3KIaay 0OCIyroByBaHHS
3BEpHEHb J0 JMCKA, 3TiHO 3 TUM K€ ajJropuTMoM Jidra, Moke OyTH
TMiJBUINEHA 32 paXyHOK 3MEHIIEHHsI CepeTHhOro Yacy o0poOku Oioka.

Ilpuxnao 15. llpogeMOHCTpyeMO BUrOAy, OTPUMaHy T d4ac
BUKOPHMCTaHHS MOMEPEIHbOr0 3YMTYBAaHHS JIaHMX. 3HOBY PO3IJITHEMO
Ipyry ¢a3y aaroputMy COpTyBaHHS ABO(A3HUM 6araTOKOMIIOHEHTHUM
3nmuTTsaM. Haramaemo (auB. mpuxnan 9), mo B mpoueci 3murts B OI1
3UUTYETHCS MO OJJHOMY OJIOKOBi 3 KOXKHOTO MOCOPTOBAHOIO MiJICTIUCKY,
3arajibHa KiJIbKIiCTh AKUX € 16. SIKIIO MPUIyCTUTH, LIO MiACMIUCKIB Tak
OaraTo, [0 MHOYKHMHA HACTYITHUX OJIOKIB, Ki 3UUTYIOThCS, Taka BEJIHKA,
o uinkoBuro 3amnoBHioe OIl, To HIYOro Kpaiioro mpuayMaTH,
OYEBUIHO, BxKe He BaacThes. IlpoTe B Haimomy npukiaii yactuHa OIl
3alUIIA€Thesl BUTbHOI. OTOX I[IJIKOM TMPABOMIPHO CTBOPHUTH IS
KOXKHOTO MiJICIIUCKY HE ONIMH, a JBa Oydepu, i 3aloBHIOBATH iX Yy TOM
yac, KOJIM IHIIMHM «HaZae» JaHi, M0 MiISraloTh 3JIATTIO. SIKIIo oauH
Oydep BuuepnaHo, To 0e3 Oy 1b-SIKUX 3BOJIIKaHb MOYKHA MEPEKITIOUUTHUCS
Ha 1HIIWA.

3a3Buuaii, cxema, 3anpornoHOBaHa y NMPUKIai 15, caMocTiiiHO He aae
3MOTM 3MEHUIUTH 3arajlbHUi uac, HeoOXiIHWI AN 3UMTYBaHHS YCIiX
100 000 6mokiB mocopToBaHMX miacnuckiB. MoxHa Oyino 6 00’eqHaTH
CTpaTerii MOMEepPeIHbOr0 3YUTYBaHHS 3 TpPYIyBaHHSAM JaHUX [IO0
LUITIHApaX, AKIIO rnepeadayeHo:

e 30epiraHHs MOCOPTOBAHUX IMIACMMCKIB HA MOCITIIOBHMX LIMJIiH-
JIpax 3 JOTPUMaHHIM TOTO TMOPSJAKY PO3TallyBaHHS OJIOKIB Ha
KOXKHIM JTOPIKIL 1 HA JOpIKKAX Y MexKax LWIIHAPA, SKUI 3a1aHo
i ACTIMCKOM;
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® YHUTaHHA JOPIKOK ab0 LMIIHAPIB, SKi MPEACTaB/ISIOTh JaHi TOro
YK IHUIOTO MiJCIMCKY, 3arajaoMm.

Ilpuknao 16. 3uoBy posrasHemo apyry ¢dazy amroputmy TPMMS
(nuB. npuknan 9). Kinekicte BinbHOT OIl mae 3mory opraHizyBaTu 1o
nBa Oydepu 00’ eMOM, SIKUH TOPIBHIOE MICTKOCTI AOPIKKH, [J11 KOXKHOI'O
3 16-T mocopToBaHuWx mincnuckiB. Haramaemo, 1o mopixkka aucka
«Soaring 747» nae 3mory 30epertu 512 KoOaiiT maHuX, oToxx 00’eM
HeoOxinHot obmacti OIl — 16 MoGaiir. MoskHa MOYMHATH 3YMTYBaHHS
JIOPIXKKK 3 OyJb-sKoro cekropa. Yac, HeoOXimHUN A/ 3aBaHTaKEHHS
JAaHUX 3 OJHIET TOPIKKH, CKIANAEThCA 3 OJHOr0 MEpiofy CepeHbOro
yacy MOUIyKy 1 4acy TIOBHOro obOepraHHs  jaucka, abo
6,46+8,33=14,79 mc. OckiibKA i 34YUTYBaHHS AaHUX YCiX 16-Tu
MOCOPTOBAHUX MiACIUCKIB MOTPIOHO 3BepHYTHCS 110 3 136-TH IOpinkOK
196-Tn 1uniHApiB, TO 3arajibHMI yac 3aBaHTaxkeHHs iHpopmanii B OI1
CTaHOBHUTH 46 c.

[Moka3zHUKKM TMPOAYKTHBHOCTI MOKHA 3HAYHO TOKPALIUTH, SKIIO
BUKOPUCTATH JJIsi KOXKHOTO MiJACHKCKY Mo ABa Oydepu 00’eMoM, SKHiA
Ma€e MicTKicTh HuaiHapa. OcKiibkM LUMIIHAP Y NMpHuBOAi «Soaring 747»
Mae 16 nopixok, To HaM HeoOXinHo 32 Oydepu no 4 MoOalT KoxKeH,
to0TO 128 Mbaiit. OgHak maM’ATh HAIIOTO MiATOCTIAHOTO KOMIT IoTepa
Tiabku 100 MOaiiT, xoua 128 MOalT —peasibHiliie YncIo.

3a yMOBU BUKOpHUCTaHHA OydepiB po3mipoM 3 00’€MOM UMIIiHApA
HEeoOXiJTHO TUTbKA OAWH TepioJ Yacy MOIIyKy B po3paxyHKy Ha | 1u-
JiHap. 3aranbHU Yac MOIIYKY i 3UMTYyBaHHA JaHWX 3 16-TH JOPiXKOK
LUWTIHIpA Y bOMY BHIAAKY CTaHOBUTHME 6,46+16+%8,33=140 mc, a uac
3aBaHTaXXCHHs ycCiX AaHux 3 196-tu umninapie — 27 c.

Ille NpoayKTHUBHILIOI € KOHLEMNLisi CTBOPEHHs KpyHMHOMAacWITaOHUX
BuxinHUX Oydepie 00’eMoM 3 AOpiKKY abo muWIiHAP Aucka. SKino
napameTpu CHCTEeMHM 1 XapaKTep 3aCTOCYBaHHsS JIAlOTh 3MOTY 3iMCHUTH
3aIruc JaHUX TAKUMU KPYTTHUMHU MOPLISIMH, 11€ JONIOMOYKE 3MEHIIUTH J10
HYJISl Yac MOILIYKY i o0epTaHHs Ta JOCSITTH TEOPETUYHO MaKCUMAIIbHOT
UIBMIKOCTI 3aMucy AaHWX Ha AMCK. SIKIIO0, HAOpuKian, nepeadadnTd,
0 Mg 4Yac BUKOHAaHHA JApyroi ¢asM npouecy COpPTYBaHHs
BUKOPHUCTOBYETLCS JiBa BUXiAHI Oydepu 006’emom mo 4 MbOaiit, TO MU
Mo O «CKHIATH» Ha LWJIIHAP MOCOPTOBaHI JaHi 3 ogHoro Oydepa
napajesibHO i3 3alOBHEHHSM iHIIOrO. Y [bOMY BHIIQJIKy 4Yac 3arucy
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craHoBuTUMe 27 ¢ (MK Yac YMTaHHs B MpuKiaai 16), a yac BUKOHAHHS
Jpyroi a3y 3arajJoM — MeHIIe, Hix 1 xB.

[Iponymane moemHaHHs i Blana peanizallisi TEXHOJIOTI TPyITyBaHHS

JaHUX TIO LMJIIHJpPAX, MONepeIHbOro 3UMTYBaHHs | KpynHoMacTaOHoOl
BUXi/THOT Oy(hepH3aiiii 34aTHI 3MEHIIUTH Yac COPTYBAaHHS PO3TIISTHYTOTO
MacuBy JIJaHUX 10 2-X XBUJIMH (3aMicTh 74 XB, Ki HEOOXIHO BUTPATUTH
NpY BUKOPHUCTaHHI cTparerii «sk bor gacte»).

5.6. Ipuiiomu onmumizauii Ouckosux onepauiil: nepesazu i HeOOiKU

Mu o3HaioMwiIHcs 3 TATbMa MiAXOJaMH, SKi JalOTh 3MOTY

i ABUIIMTH MPOYKTHUBHICTb JUCKOBUX CHCTEM:

)
2)
3)
4)
5)

IpyIyBaHHs JaHUX MO LMJIIHIpaX JAUCKa;

BUKOPHUCTAHHS JIEKIIBKOX TUCKOBHX MPUCTPOTB;

CTBOPEHHS J3epKajibHUX KOMiH AUCKIB;

BIOPSIJIKYBaHHS IMCKOBUX Orepalliid 3a anropurMom Jidra;

norepe/IHE  34YUTYBAaHHS 1 KpynHomacutabHa Oydepuzaris
JAHUX.

Po3risiHy M TakoX MOpPUKIaAM TXHbOIO 3acCTOCYBaHHS 10 JBOX,

JIESIKOIO MIpOIO MPOTHUIIEIKHUX, CUTYaLIiM:

I.

IL.

Bukonanns mnepmoi ¢aszu anmroputmy TPMMS, ne OGnoku
YUTAIOTHCSA 1 3aMKMCYIOThCS Y Harepe BioMiit mociigoBHOCTI (B
OJIMH 1 TOM K€ MOMEHT 4acy JI0 JIMCKa 3BEPTAEThCS TUJIbKU OJJUH
MpoLec).

AKTHBI3allisl OKpEeMHX NpoleciB, IMOB’s3aHUX, HANPHUKIA, 3
OpOHIOBAaHHSIM ~ aBiaKBUTKIB a00 BUKOHAaHHSAM OaHKiBCHKMX
onepauii. [Ipoliecu npoTikaloTh napaieabHO i BAKOPUCTOBYIOTh
OJIHI 1 Ti K JTUCKH | HE JOIMYCKAarOTh MOMJIMBOCTI X04a O SKOCh
a/IeKBaTHO rnepeadaYuT IXHI XapaKTepUCTHUKH.

KopoTko onuiiemMo nepeBaru i He0MKH KOJKHOIO 13 MiXO/iB.

I'pynysanns oanux no yuainopax oucka:

o [lepesaza: lmocTpye XOpolli MOKa3HUKK JUIS 3aCTOCYBaHb
tuny (I), Ae mopsAAOK 3BepHEHb 10 IMCKA Hanepe BioMuii i
B OyJb-IKHMii MOMEHT 4acy 3 JMCKOM IMpAaLlO€ TUIbKU OJUH
rporiec.
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e  HeOonix. He MO)Xe ONTHUMI3yBaTH 4yac BHKOHAaHHS 3acToO-
cyBanb tumy (1), ne pexxrM BUKOPUCTaHHS IHCKa Herepe/I-
OaueHuH.

Bukopucmannsa oekinpkox ouckosux npucmpois:

o [lepesaca: 30inblllye INBUIKICTH OOCITYyrOBYBaHHS 3alWTiB
Ha YMTaHHs/3aUC IUCKOBUX JaHUX IS 3aCTOCYBaHb 000X
THITIB.

e [lpobnema: 3amUTH HAa UWTAHHA/3alUC  JaHWUX, SKi
nependavaroTh 3BEPHEHHS IO OJHOrO i TOrO K JUCKA, He
MO’KHA BMKOHATH BOJHOYAC, OTOX KOE(DILIEHT MiABUIIEHHS
NPOAYKTUBHOCTI MOKE€ BHUSBMTHCS HIKYUM, HDK KIJIBbKICTh
JTUCKIB.

e Heoonik: BapTicTh IEKUIBKOX JWCKOBUX MNPUCTPOI BHIIA,
HiK BapTiCTh OJTHOTO MPHUCTPOIO Ti€T K CyMapHOi MiCTKOCTI.

Cmeopenns 03epKaibHUX KORiil OUCKi8:

o [lepesaeca: 30inbllly€e INBUIKICTH OOCIYyrOBYBaHHS 3allMTiB
Ha YWTaHHS/3aMUC AUCKOBUX JaHUX JJIs 3aCTOCYBaHb 000X
TUIIB; HE CHPUYMHIOE MPOOJIeMU 3HMKEHHS TPOYKTHB-
HOCTI, MPUTaMaHHOT j1s1 BAKOPUCTAHHS JEKIJIbKOX «3BUYaii-
HUX» (HE «3ePKAIBHUX» ) IUCKIB.

o [lepesaza: 3abe3neuye MiJBUIICHHS CTYMNEHS HaJiAHOCTI
30epiraHHs 1aHUX.

e Heoonik: Tpy TiABUINEHIN BapTOCTI MEKUTBKOX IUCKOBHX
NPUCTPOIB (HaKTHUHO BUKOPUCTOBYETHCS 00’€M OJHOTO 3
HUX.

Bnopaoxysanna  Oucxkoeux  onepauiii 34 00nOMO2010
anzopummy Jaipma:

o [lepesaca: cKOpouye CepeiHiM 4Yac 34YMTyBaHHs/3anucy
OJIOKIB y CUTYaLlisX, KOJIM MOPSIOK 3alluTIB 10 AMCKA Herle-
pendadyBaHUIA.
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o [Ipobnema: anropuT™M NPOSIBIIsiE HAHOIIbIY e(DEeKTHBHICTD Y
THUX BUNAJIKaX, KOJIM icHye 0e3Ji4 HeonpalbOBaHUX 3allUTiB;
OJIHaK Yy IIbOMY BHMAJKYy 3pOCTaE CepeHiii yac O4iKyBaHHS
Ha 00CITyroBYBaHHS KOXKHOTO 3aITUTY.

Ilonepeone 3uumyeanusa i KpynHomawimaona o0ygepezauia
OaHux:

e [lepesaeca: 3MeHIye 3arajlbHUN Yac BUKOHAHHS JUCKOBHX
orepaiiid, SKIO TOPAAOK 3YUTYBaHHS/3aMUCy JaHHX
BIZIOMUIA Harepe, X04a XapaKTepPUCTHKH MPOIiecy 3aeKaTh
Bijl BJIACTUBOCTEW caMMX JaHMX (K [MPU BUKOHaHHI JIpyroi
(hazu anropurmy TPMMS).

e Heoonix: BUMarae HapolyBaHHd 00’€My oOIepaTUBHOI
nam’aTi JAjs CTBOPEHHs I0JaTKOBUX OydepiB; He Hamae
CYyTTEBOI BUIOAM, SKIINO IMOTIK 3aluTIB [0 JUCKa
BUNAAKOBUH.

Bnpaegu 01a onpauroeanna

Bnpaga 8. TlpunyctuMo, 10 HEOOXiJIHO BMOPSIKYBAaTH TpOLIEC
00poOKkM 3amuTiB (MepesiueHUuX Ha puc. 13) A0 AMCKOBOTO TPUBOIY
Moneni «Soaring 747» 3a yMOBH, IO Y TOYaTKOBUN MOMEHT 4acy OJI0K
TOJIOBOK PO3MILIGHWIT HAaBMPOTH wWIiHApa 3 HomepoMm 8§ 000.
[ToGynyiiTe po3kiian 0OCAYroByBaHHs 3aIlUTIB:

a) 3rigHO 3 anropuTMoM JidTa (MOYATKOBUM HANPSIMOM
nepeMilleHHs 6JI0Ka TOJIOBOK MOXHa 00paTh Oyab-sKuil);

0) 3a crparteri€ro «mepHiMM MNPUHIIOB — TEpPIIMM O0CITyTo-
BYETBCS».

Bnpasa 9. Hexaii nBa nuckoBux npuBomu «Soaring 747» BUKO-
PUCTOBYIOTb JUIsl 30epiraHHs a3epkajibHUX Komiil nanux. [Ipunyctumo,
110 3aMiCTh TOTO, 00 OJIOKM JaHUX MOIJIM 3UUTYBATHCS 3 OYb-SIKOTO
JIUCKa, TOJIOBKH MEPLIOro JAUCKA MEPeMillaloThCsl TUIbKU BHYTPILIHBOIO
MOJOBMHOK LMIIIHAPIB, a TOJIOBKKM JAPYroro JUCKa — 30BHILIHBOO.
3Bakarouu Ha Te, L0 3alUTH Ha YUTaHHs aJIpecoBaHi IO BHUIAJKOBUX
0J10KIB, JaiiTe BiANOBIAI HA TaKl 3alIMTaAHHS:

1. SlkuM € cepenHiii yac onparfoBaHHs OJHOIO 3aIUTy?
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2. Hackinbku Bifpi3HSETbCS CepelHii yac uMTaHHs OJoka
y BHUMNAIKy, KOJM 3a3HaueHe OOMEXEHHS, IO CTOCYEThCA
MOJKJIMBOCTI TlepeMillleHHsT OJIOKIB TOJIOBOK J3epPKaJbHUX
IIACKIB, 3HATE?

o]

3. Slki HemomiKW, 3YMOBJICHI HaKJIaJaHHIM OOMEKEeHHS,
Bu MmoxxeTe HazBaTtu?

Homep uuninapa MoMeHT HaIXOKeHHS (MC)
2000 0

12000 1

1000 10

10000 20

Puc. 13. [lani no Brpasu 8

Bnpasa 10. Skuio HeoOXiAHO OMpAIfOBATH 3aMWTH HAa 4YMTaHHA K
OJIOKIB, SIKi BUMAJKOBO PO3MOMUICHI B MeXax AESKOro IWIIHApPA, TO
SKUI cepefHiii vac oOepTaHHsS, HEOOXiAHWI M 3YMTYBAaHHS LIMX

OJI0KIB?

Tema 6. BinmoBu 11cKOBUX NIPHCTPOIB

VY wiit i HacTymHiA TemMax MM PO3IJISHEMO CHUTYyallii, MOB’s3aHi 3
BIIMOBaMHU JIMCKOBUX MPHUBOJIB, 1 CHOCOOM MOAOJAHHSA MOXKIIUBUX
HacuinkiB. Hkde nepeniveHi pi3Hi kpurtepii BiAMOB, KiacudikoBaHi y
MOPSAKY 3POCTaHHS CTyHeHs TXHbOT BaKKOCTI.

I.

Ilepioouuna 8iomo6a — BUHWKAE TIEPIOJMYHO 1 BUPAXKAETHCS B
TOMY, 1[0 OJ]HA cMpo0a YMTAHHS/3AMUCY CEKTOpa BUSIBJIAETHCS
0e3ycCrillHOIO, MpOTe 3a YMOBM 11 TOBTOPEHHS OMepaLito
BIA€THCS BUKOHATH.

Biomosa 3anucy — 4acTo BHUHUKAaE YyHacCHiOK 30010 eHep-
TOKMBJICHHS B MOMEHT BMKOHAHHsI orepawii 3anucy cekropa i
MPOSIBIISIEThCS Y HEMOXKJIMBOCTI  3amucy iHdopManii  Ta
3YUTYBAHHS TIONIEPEIHBOTO BMICTY CEKTOpA.

Pyiinyeanus Hocisi — 4aCTHHA CEKTOpa CTAaE HEMPUAATHOIO, OTOXK
onepaLilo 3YMTYBaHHs JaHUX i3 CEeKTOpa HE MOXKHA BUKOHATH 3a
JKOJTHUX YMOB 1 HE3aJIeXKHO Bifl KIJIBKOCTI cripo0.
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4. [inkoguma 6iomo6a Oucka — panTopa MoJIOMKa, YHACIIZOK K0T
MoJlaJIbIla eKCILTyaTallisi MPUCTPOIO CTa€ HEMOYKITUBOIO.

OTOX 3yNUHUMOCS Ha TPOCTiii MOJENi BiIMOB JHCKIB, pO3TJISTHEMO
TEXHOJIOTII0 KOHMPOJII0 NAPHOCHI, SIKI JalOTh 3MOTY BUSIBUTH CUTYaLlil
MePiOAMYHUX BiJIMOB, i 3’ICYyEMO, SIK OPTaHI30BYIOThCS CIILIKI CX08UA,
SKi 3acTepiraroTh BiJ MOXJIMBOCTI BTpaTH MaHMUX IIiJl 4Yac BiJIMOBHU
3arucy 1 pyiHyBaHHS HOCIS.

6.1. Ilepioouuni giomosu

CekTopH IWCKa, 3a3BUYail, MICTATh TOJATKOBI HAJIMINKOBI OiTH.
Ixni 3HaueHHs #AlOTH 3MOTY BH3HAYMTH KOPEKTHICTH iH(OpMALi,
3YUTAHOI 3 CeKTOpa abo 3aMmucaHol B CEKTOP.

3a onHi€IO 31 3pyYHUX MoOJeliel ornepaiiii 3YUTyBaHHS JTUCKOBUX
JIAHUX BBAXKAIOTh, 10 (DYHKIIiSl YUTaHHS TIoBepTae napy (W, S) 3HaUeHb,
e W — BIlacHe JaHi, a S — 0im inouxayii cmauy (status bif), sixuit
3acBiuye, UM YCHIIIHUI pe3yJbTaT olepallii, TOOTO UM W MpaBUIBHO
BifjoOpakae cekTop. Y BUIAJKY NMEepPioJUUHKUX BiIMOB (YHKIIiSl YATAHHS
MOJKe TIOBEePTATH «XMOHUI» OIT iHAMKAIT CTaHy JeKisibka pasiB. SKiio
JK TIOBTOPIOBATH OIlepallilo TpuBaiuii 4ac (3BUuaiiHa Mexa — 1o 100
pasiB), IMOBIpPHO, 1110 (D)YHKI[isl BCE-TaKH MOBEPHE «iICTUHHUEI» OIT, AKUH
NiATBEPAUTh KOPEKTHICTh 3YMTAHMX JaHUX. XO0uya MOXKJIMBA CUTYallid,
Koiu OIT iHOMKaLii MICTUTh 3HAY€HHA «ICTHHA», a 34YWTaHi [OaHi
HacnipaB/i moraHi. [IpuitHIBIIM BiAMOBiMHI MipHW, SKi MONATAIOTH Yy
BUKOPUCTaHHI Yy MeXax CeKTopa JOAaTKOBUX HaJJIMIIKOBUX OIiTiB,
MOXKHa 3HU3WUTH WMOBIPHICTh BUHUKHEHHS TaKOi TOJil HACTIJIBbKH,
HACKUIBKM L€ HeOOXiIHO.

biT iHaMKauii ctaHy KOpPUCHMI 1 Y BHMAAKY BHKOHAHHS omepaii
3anmucy. AJpKe s TEepeBIpKM  KOPEKTHOCTI  pe3yJibTary —3arucy
iHpopMmalii B CEKTOPM MOXKHA 3AIMCHWUTH TOBTOPHE YWUTaHHS |
MOPIBHATH 34MTaHUK Oyok 3 3amucaHuMm. OaHaK 3amicTh 3iHCHEHHS
TaKol MEepeBipKM KOHTPOJIEP MUCKIB MiC/s YUTAHHS MOXKE MEPEeBipUTH
nuie OiT iHAMKAIll CTaHy: 3HAYeHHS «ICTHHA» 3acBiluye, IO 3aIic
BUKOHAHO YCIIIIHO; B IHIIOMY BHIAAKy 3amucyBaHHS HEOOXiIHO
MOBTOPUTH.

3azHauMMoO, IO SK 1 T 4Yac BUKOHAHHS Olepalii YUTaHHS,
«icTUHHe» 3Ha4yeHHs Oira IHAMKALIl CTaHy M€ He € IUIKOBUTOIO
rapaHTi€l0 TPABUIILHOCTI pe3ysbTaTy 3amucy. 3 METOK 3HMKEHHS
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HAMOBIpPHOCTI BMHMKHEHHS MNOJIOHMX SIBMI HEOOXiIHO 3aCTOCOBYBATH
aZieKBaTHI MipH, MPO AKi PO3KAKEMO HIKYE.

6.2. Konmpoawhi cymu

Ha nepiumii norssiz, 3aBaaHHs MEPeBipKu «SIKOCTI» JAHUX Y CEKTOpI
NPy BUKOHAHHI iXHBOrO YWTAaHHS BHIJISAAE Hepo3B’s3HUM. OHak
CrpaBa € 3HAYHO TPOCTILIOK: Yy Cy4YacHUX JUCKOBHMX MPUCTPOSIX
KO>KHOMY CEKTOPOBI HOCIsl BIIMOBIJAlOTh JEKiJibKa JOJATKOBUX OiTiB,
AKi Ha3MBAIOTh KOHMpONwLHolo cymoio (check sum). IxHe 3HaueHHs
BCTAHOBITIOETBCS 3aJIEXKHO BiJl 3MICTy JaHUX, SKi 30epiraroThes y
cekropi. Skiio (yHKIS YUTaHHS BHSBIAE HEBIAMOBIAHICTH JaHUX
KOHTPOJIBbHIM CyMi, TO BOHA [TOBEPTAE CTaH «XMOHAY, a B IPOTUJICKHOMY
BUMNAJAKY — «icThHay. [IpoTe icHye mMana HMOBiIpHICTh BUHHKHEHHS TaKOT
nopii, Konu OITH JaHWX 3YUTaHI HENpPaBUJILHO, a IXHS KOHTPOJIbHA cyMa
30iraeThes 3 Ti€lO, fKa BiAMOBifae kKopekTHUM Oitam. L{to iiMOBipHICTD
B/IAETHCS 3HU3UTH 1O OY/b-SKOTO TMPUIYCTHMOTO 3HAYeHHS LUITXOM
301IbIIEHHS KiJIbKOCTI OiTiB KOHTPOJIBHOT CYyMHU.

KontposnbHa cyma B CcBOiii npocTiii (opMi IpyHTyeTbCs Ha
BJIACTUBOCTI naprnocmi (parity) ycix 0iTiB cekropa. Skio B Habopi OiTiB
JnaHux € Henapua (odd) KinbKicTh OAWHUIE, TO OIT MApHOCTI Mae
3HaveHHs |. Skumo >k KinbKicTh onWHWLL napHa (even), TO OITOBI
napHocTi npucBoroeTbes 0. [cHye Take npaBuiio:

® KUIBKICTh OAMHULL y HaOopi OITiB HaHWUX, y TiM 4ucli OIT
NapHOCTI, 3aBX/I1 MapHa.

BukoHyrouM 3amucyBaHHS JaHUX Y CEKTOP, KOHTPOJIep JHMCKIB
3MaTHUM OOYMCIIMTH 3HAYE€HHs OiTa MapHOCTI I JoJaaTH MOro J0 mocii-
JOBHOCTI OiTiB, sKi 3anucytoTbcsi. OTiKe, KOKEH CEKTOp MiCTHUTHME
MapHy KiIbKICTh OITIB 3 OJUHHUYKAMHU.

Ilpukaao 17. llpunyctumo, 110 B CEKTOpi HeoOXiaHO 30epertu
nociigoHicTh OitiB ganux 01101000. KijibkicTs 0AMHUILL € HEMAPHOLO,
ToMy OiTy mapHocTi Tpeba mnpucBoitm 3HaueHHs 1. Otpumaemo
011010001. Sxmo mowyaTkoBa MOCIHIAOBHICTE HaOyae BHUIIIALY
11101110, To 6ir mapHocti Oyane HynpoBum: 111011100. 3BepHiTh
yBary, UI0 KOXKHA 3 OCTATOYHHMX MOCIIOBHOCTEW MICTUTh MapHy
KUTBKICTh OJIMHULIb.
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JloBiibHA MOMMJIKA, sIKA BUHUKAE MiJ Yac CIIOTBOPEHHsS OJHOro Oita
MOCIAOBHOCTI JaHWUX, 3YMOBIIOE OTPUMaHHA HaOopy HaHUX 3
HEeMapHOIO KUIbKICTIO oguHULL. KOHTposiep aAucka oapasy BHUABIISE, LIO
pe3yJibTaT YMTaHHS HeMpaBUIbHUM.

O4eBUTHO, IO MOMIKOPKEHUMU MOXKYTh BUSIBUTHCS 1 IeKiJibka OiTiB
CeKTopa BOAHOYAC. Y I[bOMY BHUMAAKy 3 iMoBipHicTIO 50% KiNbKIiCTh
OJIMHUILIb Y CEKTOpi BUSBUTHCS MAPHOIO 1 MOMWIIKY He BHUSABIATH. Jlns
TOro, 100 BUSBUTH NIOMUJIKY, SIKA OXOIUIIOE JieKilibka OiTiB, HaOip OiTiB
MapHOCTI HEOOXiAHO po3mupuTH. Hanpuknan, skmo mnependoadunuTH
8 6itiB mapHocTi (0 omHOMYy Ha oauH OIT KOXHOro O0aiita), TO
HAMOBIpPHICTB TOrO, L0 OJeH 3 OITIB MapHOCTI HE 3MOXKE MiATBEPAMTH
MIOMUJIKY, OL[IHIOETBCS BEIMUMHOIO 1/256. SIKI10 X BUKOPUCTOBYBATH 1
He3alle)KHUX ~ OITiB  MapHOCTi, TO  WMOBIpPHICTh  BUHUKHEHHS
He3ayBaXKEHOT TMOMUWIKK craHoButume 1/2". Hanpuknan, —SKio
BUOKPEMUTH TiJ] KOHTPOJIbHY cyMy 4 OalTH, TO MOMUJIKA 3aJIMIIUThLCS
HEBHSBJICHOIO TIJIbKM B OTHOMY 3 4 MJIpZ BUMAJKiB.

6.3. Cmiiiki cxosuwa

Xoya MeXaHi3M KOHTPOJIbHUX CyM 3aBXIHW Ja€ 3MOTY BHSBHMTH
30iliHI MIITHKKA HOCiS 1 MOMWIIKY Omepalliii YATaHHs/3amucy, BiH HE B
3MO03i 3a0e3MEeUMTH MOXNJIMBICTh BUIPABJICHHS MOMWJIOK. MOX/uBa
CUTYyallisl, KOJIM MicAs BUKOHAHHS CHpOOU 3amnucy BHUSBJSETHCA, IO
NoMNepeHii BMICT CeKTOpa Bike BTPAye€HO, & HOBMI 34HUTATH MOBTOPHO
BXKE He MOXHA. YSBiTh, B AKy MpoOyieMy Bce e MOKe OOepHYTHCH,
SIKIO MOBa UTHMe MPO 3MiHM 3aTUIIKY Ha OaHKIBCBKOMY PaxyHKY, KOJH
BUSIBJISIFOTHCS. BTpAY€HMMHU OOMIBa 3HAYEHHS 3ajIMIIKY, cTape i HoBe. 3
METOI YHUKHEHHS TaKoi CUTyalii Ha 6a3i 0JTHOTO YU EeKUTbKOX JIMCKIB
MOJXKHAa OpraHi3yBaTU TaK 3BaHe cmiiike cxosuuje (stable storage).
3arayibHa iies noyisrae B TOMy, 110 CEKTOPH JUCKa (JUCKIB) 00’ €aHYO-
ThCs B MapH, i KOYKHA Mapa npejcTasise BMicT X OfHOro cekropa. Mu
MOCUJIATUMEMOCH Ha CEKTOPH Mapu sk Ha «1iBuit» (XL) i «npaBuiin(Xg),
i BBayKaTIMEMO, 1110 OOW/IBA CEKTOPU MICTATh JIOCTATHIO KiJIbKICTh OITiB
napHocTi. OTOX BBaOKaTUMEMO, 10 W Bi0OpaXKaeThes BipHO, SKIIO IS
cektopa X; abo Xg (QyHKIS 4YMTAHHSA TOBEPTAE 3HAYCHHI W i
«ICTUHHUIY OIT IHAMKALIT CTaHy.

ANropuTM 3aIluCcy JaHuX Y CTiKe CXOBMIIE MOKHA MNpPEACTaBUTH
TaK:
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1. 36epertu X B X. [lepeBiputy, uu OiT iHaMKallii CTaHy MiCTHTh
«icTHHaY, TOOTO OiTH 30epexeHol Komil JaHuX BipHi. fAkuio Hi,
TO TIOBTOPWUTH OIlepaiiro. SIKImo micas AeKibKoX crnpod
30epertu X B X, He BAAETbCsA, TO BBAXATH, IO CEKTOP
MOLIKO/>KEHHIA, 1 3aMIHUTH CEKTOp X IHIINM.

2. Tlosropuru mii m.1 mis cekropa Xg.

[Mpoueaypa unTaHHs 1aHUX 3i CTIHKOrO CXOBMILA TaKA!

1. 3Buwmrary 3Havenns X 3 X;. Skio (yHKIis YUTaHHS MOBEPTAE
«xubHe» 3HaueHHs Oita iHAMKalii cTaHy, TO JAEKiJbka pa3iB
MOBTOPUTH omepailito. SIKio Ha aeskiil iTepalii moBepTaeTbes
«ICTUHHUIY» OIT IHAUKALIT CTaHy, TO BBayKaTH, 1110 3UMTaHIi JaHi
€ 3Ha4eHHsAMHU X.

2. Slkmo cnpobu umrtaHHs 3 X| BHUSBWINCS HEBIAIMMH, TO
MOBTOPHUTH Aii 1.1 cTocoBHO cekTopa Xg.

6.4. Ilooonanna Haciiokie nOMu10K

BukopucranHs cTyneHiB 3axucTy iHdopmalii (CTIHKUX CXOBHIIL) Ja€e
3MOTY BiJJHOBUTH 1H(POPMALIit0 y TAKUX BUMAIKAX.

1. Pyinysanns nocia (media decay). SIkumio nicns 30epexeHHs
nanux X y cektopax X; i Xgr OAMH i3 HUX CTae
HeMmpuIaTHUM  dYepe3  pyHHyBaHHA Hocis 1 cTae
HeunTabebHUM, TO BIIHOBUTH 3Ha4YeHHs X BAEThCS
3aBX/H, 3BEPHYBIIMCH JI0 iHIIOTO — BLIJIIOTO — CEKTOpA.
SAkmo cekrop Xg 3sincytwid, a X; — Hi, TO, 3TiJHO 3
aNrOPUTMOM YMTaHHS, JaHi GepyTbes 3 Xj, HaBiTh He
3Bepratourick 10 Xg. Paxkr Buxomy 3 yaxy Xg Oyne
BUABJCHO TMiJ Yac HACTYMHOT CIPOOM 3alucy HOBOIO
3HaueHHs X. SIKm0 >k, HaBMaK, 3pyWHOBAHWUN TITbKH
cektop X, To HeoOXxigHo 3umratd X 3 Xg. Skmio x
BOJHOYAC 3pyHHOBaHI OOMIBa CEKTOPH, TO 3HadeHHS X
Oyne BTpayeHO, TPOTe HMOBIPHICTH BHUHUKHEHHS TaKoOT
noJIii ay»e Masa.

2. Biomosa 3anucy (write failure). I1punycTiUmo, 1110 B MOMEHT
3anucy 3HadeHHs X cTaBcs KOPOTKOYacHWi 30iil cuctemu
(BTpata eeKTpOoXKHMBJIeHHs TowIO). IMOBipHa cuTyauis, KOJu
sHaueHHst X B OIl BingcyTHe, a fioro komis MouIKo/keHa B
MOMEHT 30epe)KeHHs] Ha WCKY: HaIlpUKJall, Yy TOJOBUHI
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CEKTOpa € B)KE€ YacTWHA HOBOrO 3HadeHHS X, a B iHIIii

MOJIOBUHI — monepeiHe 3HadeHHs1. [licis 3amycky cucremMu

MU 3MOKEMO BiJHOBUTH abo crape, a00 HOBe 3HAuUeHHS X.

Mo>kMBI Taki CUTYyaLii:

a) 30iif BigOyBes mimg vac 3ammcy X, OTOX 3HaueHHsS OiTa
ingukanii crany s Xy Oyne «XuOHUN»; OCKITBKH J0
MoMeHTy 30010 HOBI maHi X y cektop Xgr Ime He
3alUCyBaIUCh, TOMY i3 Xg MOXKHA B3STH CTape
3HaueHHss X (1151 BiJHOBIIGHHS cTaHy cektopa X y
HbOrO Tpeba ckomitoBaTh AaHi 3 Xg);

0) 30iif cucTeMH cTaBcs Micis 3aBepilieHHs 3amucy X,
orok X; MICTUTh HOBe 3HaueHHs X, ske 3a
HEOOXiTHOCTI MOYKHA YCHIIIHO 3YMTATH; HE3aJIeKHO Bif
crany cekropa Xg, ¥ HbOro Tpeba CKOIMIFOBATH BMiCT
XL

Bnpaeu oaa onpaurosanus

Bnpaea 11. OGuucniTh 3Ha4YeHHs 0iTa MAPHOCTI AJIs TaKUX OITOBUX
MOCITiZIOBHOCTEH:

1) 00111011;
2)  00000000;
3) 10101101.

Bnpaea 12. Jlns koxHOT 3 OITOBUX INOCIIZIOBHOCTEH BHM3HAUTE
3Ha4YeHHs JIBOX OITiB MapHOCTI, Meplnii 3 IKUX BignoBimae Oitam Ha
HerapHUX MO3ULISX TOCHIAOBHOCTI, a Jpyruii — OiTaM Ha mNapHUX
MO3ULIAX:

1) 00111011,
2) 00000000;
3) 10101101.

Tema 7. BigHoB/J1eHHSA JAHHX 32 HIJIKOBHTOI BIIMOBH JHCKA

VY wili TeMi MU pO3TIITHEMO HalCepPHO3HIIIMIA PI3HOBU]T BiIMOB, KOJIH
JIUCKOBUU TPUCTPIH CTae HeNpUIATHUM, HAMPHUKIAA, YHACHiIO0K
JIOTOPKAaHHS TOJOBKM JI0 TMOBEPXHI IUIacTUHM. SIKio iHdopmallio
nornepenHbO He CKOMIHOBaHO HA IHIIWI HOCIM — HalpuKIaa, pe3epBHY
MAarHiTHy CTPiuKy YW M3€pPKaJIbHUN TUCK, — TO ii Oe3HaiHHO BTpayeHo.
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s Oararbox 3acrocyBaHb CKBJ] (Takux sik OaHKIBCbKI Ta IHIII
(biHAaHCOBI CHCTEMH, CHUCTEeMH KEpPyBaHHS TMOJIbOTaMH, OPOHIOBaHHS
KBUTKIB, BEICHHS CKJIAJICHKOrO OOMIKY 1 T. I.) L€ 03HA4ae I[IIKOBUTHI
Kpax.

ChOroJiHi iCHy€e 4MMaJio CTpaTerii, MOKIMKAHWX 3HU3WUTH 3arposy
BTPATH JaHUX Yepe3 JJaMaHHsS IUCKOBHUX MPHUBOAIB. YCi BOHU, 3a3BUUail,
nepeadavyaroTh BUKOPUCTAHHSA Ti€l 4YM I1HIIOT MOJENi HaIJIUIIKY i
no3HavaroThest criibhum TepMiHoM RAID (Bin Redundant Array of
Independent Disks — pesepgoganuii macus ne3anexncHux OUcKia).

7.1. Mooenaw eiomoeu ouckosux npucmpois

Po3rjastHeMO CTaTUCTUKY LIUIKOBUTOI BIIMOBHM JIHMCKOBUX TMPHUBO/IIB.
IIpocTa ogvHMLA BUMipIOBaHHS 4YaCTOTH BUHUKHEHHS LMX SIBULL BiToMa
K cepeonill uac HanpayiosanHs Ha 8iomogy (mean time to failure). lle
NPOMDKOK Hacy, mpoTsaroM sikoro 50% AMCKOBHUX MPUCTPOIB MEBHOT
MoJesi UiJKOBUTO BWiiAe 3 naay. s cydacHUX Monened MpHUBOJIB
MAarHiTHUX AMCKIB CepellHili yac HampaltoBaHHsI Ha BiIMOBY CTaHOBHUTb
npubau3Ho 10 pokiB.

[H[o6 cnpocTuTH CpUMHATTS LBOrO Napamerpa, MOJKHA BBaXKATH,
o0 OfHa JdecATa BCIX J[JMCKOBMX TMPHUCTPOIB CTa€ HEMPUAATHOIO
NPOTArOM OJIHOT'O POKY, i B LIbOMY BHIIQJIKY BiJICOTOK Mpaye30amHocmi
(survival) 3apaloTh K €KCHOHEHTY cnajzatodoi QyHkuii. Ha npakruui
KpWBa mMpane3fgaTHocTi Oinplne moaiOHa Ha Ty, Ky 300pakeHO Ha
puc. 14.

BincoTok
Mpane3aaTHOCTI

Yac —>

Puc. 14. KpuBa npane3aaTHoCTi IMCKOBUX TPUCTPOIB
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Sk i aas OLIBIIOCTI PI3HOBUIIB €JEKTPOHHOIrO O0JIaiHAHHS, 3HaYHA
YacTHHA BiIMOB JMCKOBUX MPUCTPOIB TPAILIIETHCS HA CAMOMY MOYATKY
nepiogy iXHBOI eKcIUTyaTallili BHACHiJOK He3HA4YHUX TEXHOJIOTIYHUX
nedekriB. 3ae0inboro, BUpoOM 3 TUMHU UM IHIIMMH MOPYLICHHSAMU
BiIOPaKOBYIOTh Il HAa CTajlii TEXHIYHOrO KOHTPOJIO 1 TecTyBaHHS.
[Ipore okpemi HeHOJIIKM MpPOSBISIOTBCS HE OApasy, a 4epe3 JAesKHii
NpOMiXKOK uacy. Brimae ojHe: nuck, SIKWM He BHWIIOB 3 JNajay Ha
MOYaTKy eKcIulyarauii, HailiMOBipHilIe NPOCIYKUTh YCHILIHO 1
OaraTo pokiB. OgHak OJMK4Ye A0 KiHIS KUTTEBOTO IUKIY MPUCTPOIO
MOYMHAIOTH TMPOSBIISATUCS HETaTHBHI BIUIMBM TaKWX YWHHUKIB, K
CTapiHHA MaTepialliB, CTUPaHHS YacTHH, SIKI TPYTbCs, 1 HAKOMMUESHHS
HaWApIOHIIINX YaCTUHOK TOPOXY, IO 30UIbIIye WMOBIPHICTh BUHUK-
HEHHSI HECIIPaBHOCTI.

CepenHiii yac HampalLOBaHHS Ha BiMOBY — lie, OJIHaK, HE Te came,
0 CepelHili uYac BUHWMKHEHHS TOAIl BTpaTd JaHUX, OCKUIbKH
BukopuctaHHs cxem RAID pae 3mory 30epiratu iHdopMalito HiJor0
HaBITh 3a YMOBU BUXOJy IUCKIB 3 Jany. Bei cxemu RAID nepenba-
YalOTh BUKOPUCTAHHS OJHOro abo NEKIbKOX OUCKI6 OaHUX Y CYKYIHO-
CTi 3 OJHUM a00 JEKITbKOMa pezepeHumMu OUCKamMu, IPU3HAUCHUMH JUTS
30epiraHHs ciy>x00Boi iH(oOpMaLlii, ckjaa Kol LIJIKOBUTO BH3Haua-
€TbCs BMICTOM JMCKIB JaHUX. 32 YMOBM MOJIOMKHM AMCKa JaHUX abo
pe3epBHOTrO AMcka JJIs BiJHOBJIEHHS iHQOpMalii BUKOPHUCTOBYIOTh
BMICT pelITH IOUCKIB MacHBY, TaK IO HENONpPaBHOI BTpaTH JaHUX
BIAETHCS YHUKHYTH.

7.2. /[3epkanvhi oucku Ak 3acio peszepeysanns

[Ipoctuit miaxig A0 po3p’s3aHHS 3a7adi MiJBUIICHHS CTYyMEHS
HaJliiHOCTI 30epiraHHs iHdopMallii MoJsirae y BUKOPUCTaHHI pe3epBHUX
JIMCKIB, SIKI MICTATb A3epKajibHi KOIMIi IUCKIB AaHUX. Y LIbOMY BUNAIKY
JIUCKY JaHWUX | pe3epBHI JUCKM IUIKOBUTO B3aEMO3aMiHHi. TexHomoris
BUKOPHUCTaHHS [JI3epKalbHUX JUCKIB K 3aco0y 3amobiraHHs BTpaTH
JaHUX, Ky 4acTo Ha3uBaloTh cxemoro RAID pieHs 1, 3aGesnedye
3HAYHO BUILE 3HAYEHHS CEPEAHbOr0 4acy BWHHUKHEHHS MOAil BTpaTH
JIAHUX TOPIiBHSAHO 3 CEpe/IHIM YacOoM HalpalloBaHHS Ha BIiJMOBY, i
HACTYITHUI MPUKJIAL e LIFOCTPYE. 3ayBaXKMMO, 1110 €MHOIO CUTYaLII€l0,
sKa MOXKE€ CHPUYMHMTH [0 BTpaTH AaHUX IPU BUKOPUCTAHHI J3ep-
KaJlbHUX JMCKIB 1 Jeskux iHmMX BapiaHTiB cxemM RAID, wmoxke
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CAyryBaTud MOJOMKa Jpyroro JHWCKa MacuBy Y MOMEHT, KO
BiIOYBa€ThCS BiTHOBJICHHS JaHUX MEPIIOTO MOJIAMAHOTO JUCKA.

Ilpurknao 18. llpunmycTuMoO, 1O KOXEH JHUCK XapaKTepU3yeThCs
10-piuHUM cepeqHIM YacoM HalpallOBaHHS Ha BiMOBY, OTOX
IMOBIpHICTh HOTO TIOIOMKH y Oyab-sikomMy pomi — 10%. fAxmo aucku
JI3epKaNibHi, TO TPY BUXO/I 3 JIay OJIHOTO 3 HUX JOCTaTHBO 3/iMCHUTH
3aMiHy JMCKa Ta CKOIIOBATH JaHi 3 MpPalforo4yoro JUCKa, i cUCTeMy
Oy/ie BITHOBJIEHO 10 i1 MMOMEPeIHbOrO CTaHy.

€IMHa HEeTIPUEMHICTD, KA MOXKE CTaTHhcs (XOo4a WMOBIPHICTh I[LOTO
JIy’Ke MaJia), CTOCYEThCS TIOJIOMKH JMCKa 3 MOBHOILIIHHUMHU JIaHUMH Y
MOMEHT TXHBOIO KOINIFOBaHHS HA HOBMM JOMCK. Y LIbOMY BHIAAKY
iHdopMmallito BTpavarOTh WIJIKOBUTO 0e3 Oyab-1KOi MOMXJIMBOCTI il
BITHOBJICHHS.

Slka WiMOBIpHICTH came Takoro mepeOiry nomii? [lpumyctumo, 1o
Tpoliec 3aMiHU TIOJJaMaHOTO JUcKa TpuBae 3 ronuHu, To06to 1/8 nobwm,
abo 1/2 920 poky. OcCkinbkH, SK MH BBa)XKaeMO, LIJIKOBHTa BiMOBa
JIUCKa TPAIUISIEThCS B CEPeJHbOMY OJIMH pa3 y 10 pokiB, TO HMOBIpHICTb
TOro, IO JA3€pKajbHUM JUCK BUHAE 3 J1aJy B MOMEHT KOINiFOBaHHS
JlaHUX, OLIIHIOEThCS BenmuuuHoro (1/10)#(1/2 920)=1/29 200. Sxuio
cepeqHili yac HampalloBaHHS Ha BiZIMOBY OJHOTO aucka € 10 pokiB, To
OIMH 3 JIBOX JMCKIB MOXKE TOJaMaThCs B CepellHbOMY OIWH pa3 3a
5 pokiB. Y 1pbOMY BHMMAKy Tijbku oaHa 3 29 200 momiOHMX BiAMOB
MOXKE CIPUYMHMTH [0 BTpaT aAaHux. Orke, cepeHiii 4ac
HamNpalOBaHHA Ha BIiIMOBY, SKHA CIPUYMHUTH JO BTPATU JaHUX Yy
CHUCTeMi 3 JBOMAa [3EepKaJbHHMH JIMCKaMH, CTaHOBUTH 5%29 200 =
=146 000 poki..

7.3. Baoku napnocmi

Xo4a TEeXHOJIOTisi BUKOPUCTAHHS I3ePKATbHUX JTUCKIB € e(peKTUBHUM
3ac000M TIOHIDKEHHsI HMOBIpHOCTI BTpaTH JdaHUX Y 3B 3Ky 3
LIJIKOBUTOIO BiZIMOBOIO OJTHOTO 3 MPHUCTPOIB, 11 HEMOJIIKOM € Te, IO s
yOJIIoBaHHS KOXKHOI'O JMCKa JaHWX HEOOXIIHUN OKpeMuii pe3epBHUIA
muck. lHmmid minxin, sxkwii HaszuBaioTh cxemoro RAID pisus 4,
nependavae BUKOPUCTAHHS TUIBKM OJHOTO pPE3epBHOTO CIyKOOBOTO
IIMCKA HE3AJIEXKHO Bij KUIBKOCTI JUCKIB JAaHUX.
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BBasxaTMeMo, IO BCi AWUCKH IAEHTHYHI, OTOK TXHI OJIOKHM MOXKHA
YMOBHO MPOHYyMepyBaTH BiJ 1-ro m0 N. 3po3yMijio, 1110 BCi OJIOKU BCiX
JTUCKIB MICTSTh OJJHAKOBY KiUIbKicTh OiTiB. Harpukman, 010ku po3mipom
16 384 OaiiT, saKki BUKOPUCTOBYBAJIM TpW 3BEpPTaHHI JIO JHCKa
«Soaring 747», mictaTth o § * 16 384=131 072 GitiB. bnok 3 HOMepoMm i
pe3epBHOTO JMCKa CKJIaJaeThes 3 OITIB MAPHOCTI JUis i-X OJIOKIB ycCiX
nuckiB naHuX. ToOTo mocaioBHICTh j-X OiTiB j-X OJIOKIB YCiX JUCKIB, Y
TIM 4HCJIl pe3epBHOI0, MOBUHHA MICTHTH MapHY KUIbKICTh OJUHUYOK, 1
Lie MpaBHJIO MOKe OyTH BHUKOHaHe BuOOpoM eiamorigHoro (0 aGo 1)
3Ha4YeHHs j-ro OiTa j-ro OJiOKa pe3epBHOro JuckKa. B OCHOBI LbOro
MpaBWiia JIOKWUTh OMepallis OOYMCIeHHS CyMH 3a Moayjem 2
(Honarok B). Cyma 3a momynem 2 3HaudeHb OiTiB AopiBHIOE 0, SKIIO
cepel UMX 3Ha4eHb € MapHa KiUIbKICTh OAMHUYOK, 1 OPIBHIOE 1, SKIIO
KUTbKICTh OJTUHUIIb HETIapHa.

Ilpurnao 19. Po3rnsgHeMo Haa3BUYaHO COpPOLICHUI BUMAJO0K, KOJU
KOKeH OJIoK MicTUTh Beboro 1 GaiiT (8 Gitie). [Ipumyctumo, mo macus
CKJIQJIa€ThCS 3 TPHOX JUCKIB JaHUX (Ha3MBaTMMEMO 1X «IUCK 1»,
«IUCK 2», «OUCK 3») 1 OIHOro pe3epBHOrO JUCKa («IUCK 4»).
3ocepeauMo yBary, HalpuKIIaj, Ha nepiirx 0jJokax ycix AuckiB. Skio
B HUX 30€piratoThcsi OiTOBI MOCIiJOBHOCTI

quck 1 : 11110000,
quck 2 : 10101010,
muck 3 : 00111000,

TOAI mepiuii 6J0K pe3epBHOTO AKicka MOBUHEH MICTUTH BiAMOBITHI

OiTK mapHOCTI
auck 4 : 01100010.

3BepHITh yBary, 10 BCi YOTUpU 8-0ITOBI MOC/IAOBHOCTI, sKi Biaro-
BiJJalOTh KOXKHiM MO3UIiT ONOKIB TPhOX IUCKIB JaHWX i Pe3epBHOTO
JIUCKa, MICTATh MapHy KiIbKICTh OJMHHIL: JABI OJMHHII Ha MO3MLIAX
1,2,4,517,yoTpu — Ha MO3MILi1 3 i )KOAHOT — Ha MO3MLIsAX 6 i 8.

3uumyeanna. Onepallis 34nTyBaHHA OJIOKIB 3 JMCKIB JaHHX
macuBy RAID piBHs 4 HiuMM He BiJpPI3HAETbCA BiJ AHAJIOTIYHUX
npoLenyp, sKi 3aCTOCOBYIOTh /10 3BUYAMHHUX JMCKIB. 3UUTYBaTH BMICT
pe3epBHOrO JAMCKa, 3a3BUYald, HENOLIbHO, Xo4ya (OopManbHO He
3a00poHeHO. 3a NeBHUX OOCTaBHH JIESKY BUIOJY MOXKHA OTPUMATH Bij
OJJTHOYACHOTO BUKOHAHHS 3alUTiB HA YUTaHHS, aJ[pEeCOBAHUX OIHOMY i
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TOMY JK JUCKY AaHuX. Xoya 30ir yMOB, 3a SKMX 1€ CTA€ BUIIIHUM,
BUHUKAE JTIOBOJIi PiJIKO.

Ilpurnao 20. Tpunyctumo, 1O Mix Yac YUTaHHS AesKoro OJjioka 3
NEepUIOro IucKa NaHMX HaAXOAWTh 3alMT Ha YMTaHHS iHIIOro OJoka,
Hanpukiaaa, Ojgoka 1 3 Toro >k aucka. Skuio misTd B TpamuuidHik
MaHepi, Mepej] OINpAaLOBaHHIM JIPyroro 3anmuTy HaM HeoOXiJHO
JoYeKaTuCsl 3aBeplleHHS OOCIyroByBaHHs NeplIoro. SKLIO >KOIEeH 3
pelTH AMCKIB MacuBy B Lieli MOMEHT HE 3alHATHH, TO UIIKOM
MPaBOMIPHO 3IACHUTH 4YMUTaHHSA Oj0Ka 1 3 KOXKHOrO JuCKa, OKpiM
MIEPIIOro, a TMOTIM OOYUCIIUTH BMICT IIIyKaHOTo Oyioka 1 meprioro aricka
3a JOMOMOrol0 omnepawii cymMyBaHHs 3a moayseMm 2. SIkio, 30Kkpema,
JIMCKW BIANOBiJAIOTh yMOBaM Npukiaaay 19, To MokHa 3AIMCHUTH
YuTaHHs OJIOKIB JPYroro, TPEThOTro i pe3epPBHOTO AMUCKIB:

auck 2 :10101010;

quck 3 : 00111000;

nuck 4 : 01100010.

Ilotim, 3acTocoBylOuM onepauilo [J0JaBaHHA 3a MOAyJieM 2,
OTPUMYIOTH TOCIIJJOBHICTh OITIiB, sika 30epiracrbcs B OJIOLI MEpIIOro
JIcKa:

mack 1 :11110000.

3anucyeanna. Tlin yac BUKOHaHHsS omepallii 3amMCyBaHHS HOBOTO
OJI0Ka Ha JUCK JAaHWX HEOOXIAHO 3MIHMTH He TUIBKM Liei OJoK, ajie i
BiIMOBiIHUI1 GJIOK pe3epBHOrO AKMCKA, 100 BiH 3HOBY MICTHUB MpaBUIIbHI
OiT mapHOCTi, AKi BiJMOBimalOTh OiTaM OJHONMEHHUX OJIOKIB YCix
JIUCKIB JaHuX. TpuBiabHUI 1 TPAMONIHIMHWMN NiAXin nNojsrae y
3YUTYBaHHI BIAMOBIAHUX OJIOKIB N JUCKIB JaHUX, OOYMCICHHI CyMHM 3a
MojyJieM 2 JJisi KOKHOTO po3psaay OJokiB i 30epexeHHi OTpUMaHOro
pe3yibTaTy y 6J0Li pe3epBHOro aucka. Y 1bOMY BHMAAKY JOBEAEThCS
BUKOHATH Orfeparllii 3anucy BUXigHOro Ojoka, uutanHsa N-1 6okie 3
peLITH JUCKIB IaHUX i 3amucy OJI0Ka Ha pe3epBHUI IHCK, TOOTO pa3oM
n+1 omepatiiii BBeJICHHA/BUBEIECHHS.

EdektuBHilmii croci6 nependavae MaHinmyJsiuii 31 CTapuM i HOBUM
BMicTOM i-ro OJOKa, SIKMH 3amucyeThes, i OJOKa Pe3epBHOTO JHUCKA.
SIKIO 0GUMCIIUTH CyMy 3a MOJTyJIeM 2 CTaporo i HOBOTO 3Ha4YeHb 0JI0Ka,
IO 3aMUCYEThCS, TO MU 3MOXKEMO BU3HAYUTH, B SAKMX IOC/iIOBHOCTAX
OiTiB M1 KOXKHOT MO3ULIT i-X OJIOKIB QUCKIB JAHUX 3MIHWIACH KiJTbKICTb
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oiMHUIlb. OCKUIBKU KIJIbKOCTI MOXKYTh 3MIHIOBATUCS TiJIbKW Ha 1, mapHa
KUTBKICTh OJUHHMIIb CTa€ HemapHO. SIKIO 3MIHUTH BMICT BiJlMOBiIHUX
OiTiB i-ro ONOKa pe3epBHOrO AKMCKA, TO KUIBKICTh OJUHHIL B YCIX
NOC/IIIOBHOCTAX 3HOBY CTaHe napHOowo. JIjs BMKOHAHHS UMX [ii
JIOCTaTHHO BUKOHATH YOTUPHU AUCKOBI Orleparlii:
1) 3untatu crape 3HaueHHS OJOKa JaHUX, SKUA HEOOXiITHO
3aIiCaTH;
2) 34MTaTH 3HAYEHHS BIANOBIIHOrO 0JIOKA PE3ePBHOrO JUCKA;
3) sanmcaTu HOBMIA OJIOK JaHUX;
4) BUKOHATH OOYMCIIEHHS i 30epertd 3MiHEeHWH OJIOK Pe3epBHOIO
JIACKA.

Ilpuxnao 21.Hexaii nepuri OJOKHM TPhOX JTUCKIB BUTJISIAIOTH TaK, SIK
y npukinani 19:

guck 1 : 11110000,

quck 2 : 10101010;

uck 3 : 00111000.

[TpunycTrmMo, 110 3HaveHHs 6J0ka aucka 2 3MiHtoeTbes 3 10101010
Ha 11001100. JJopaBaHHs 3a MomyJieM 2 CTaporo i HOBOrO 3Ha4€Hb
omoka nmae 01100110, mo 3acBimuye, U0 B nepiomy OJIOLi pe3epBHOTO
JIUCKa HEOOXIiHO 3MIHMTH 3Ha4eHHs OiTiB y mo3uiisx 2, 3, 6, 7. biaok
pe3epBHOro jaucka HeoOximHo 3udrtatv: 01100010 i ngomatu 3a
MonyJyieM 2 3 oTpumaHoro cymoro 01100110, mo nmae B miACyMKy
00000100. ITicnsa 3anucy Onoka Ha IPYruid TUCK JaHMX i Monudikaiii
0J10Ka pe3epBHOro JIMcKa OJIOKH yCiX JIMCKIB HAO0YAyTh 3HAYEHb:

auck 1 : 11110000,

auck 2 : 11001100;

qauck 3 : 00111000,

auck 4 : 00000100.

3ayBa)xMMoO, 1110 BCi TOCIiIOBHOCTI OiTiB JJI KOXHOT MO3UIiT OJIOKIB
3HOBY MICTUTUMYTb NapHY KUTbKICTh OJTUHUIIb.

Bionoenennn oOanux nicnn eiomosu oucka. PosrisHemo [ii,
3aBASKH SKMM MOKHA TOMOITHUCS BIJHOBJIEHHS JaHUX ITICJIS LIUIKOBUTOT
BiIMOBH OAHOTO 3 AuckiB MacuBy RAID piBHs 4. fkiio Buiiios 3 nagy
pe3epBHUI AUCK, TO I10CTATHLO BCTAHOBUTH HOBUI MPHUCTPIi, MOC/IiI0B-
HO 34YMTaTH OJHOMMEHHI OJIOKM BCIX JHUCKIB, OOUYMCIIMTH KOHTPOJIbHI
CyMH Ajis OGITOBMX TOCHIIOBHOCTElH KOXKHOI MO3MIIIT 1 30epertu oTpu-
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MaHi pe3yJbTaTu K OJIOKH pe3epBHOrO AucKa. SIKIO Tpamnuiach apapis
3 OJTHUM 3 JTUCKIB JaHWX, TO TOCTATHBO 3aMiHUTH MOro0 HOBUM i OOUH-
CIIMTHU JaHi Ha OcHOBI iHpopMaliil pewrTy nuckis. [IpaBuiio oGurcIeHHs
BTPayYCHMX JaHUX JIy’KEe MPOCTE 1 JIi€ He3aJIeXKHO BiJ] TOr0, IKHM 3 TUCKIB
(pe3epBHMIT UM JMCK JAHMX) CTAB HEMpUAaTHUM. Moro dopMymooTs
Tak:

e 3HayeHHs OiTa 06JI0Ka OJTHOTO JIMCKa JOPIBHIOE CyMi 32 MOJTyJieM 2
OiTiB, pO3MilllEHUX Ha Til ke MO3UILil, YCieT pellTH IUCKIB.

Axkuio cyma 3a MoayJsieM 2 10piBHIOE | (TOOTO KUIBKICTh OJUHULIb
HernapHa), TO 1 BiIHOBIIFOBaHOMY OiTOBiI Tpeba mpuCBOITH 3HAa4YeHHs 1, i
HaBIaKH.

Ilpukaao 22. PosrnsHeMO TOW jX€ MacWB JMCKIiB, 11O I B NpH-
knani 19, i npunyctuMo, 1mo 3 lagy BUAMIOB Auck 2. Po3rasHemo, sk
BUTIIAJAIOTH Meplili OJIOKK BCIX YOTUPHOX JAMCKIB:

auck 1 :11110000;
IUCK 2 : 27977979:

........ N

auck 3 : 00111000;
nuck 4 : 01100010.
O0UHKCTIONYU CyMH 32 MOJyJIeM 2 OITIB KOKHOT MO3ULLii, OTPUMAEMO
0JIoK Ipyroro Jucka B oro nepeuHHOMY Buriisi: 10101010.

7.4. Macueu RAID pigna 5

Cxema RAID piBHs 4 edektuBHO 3a0e3rneuye 30epexeHHs AaHUX
JIOTH, JOKH BOJHOYAC HE BHJe 3 Jaay Oexiibka JWCKIB MAacuBy.
By3bkum wmiciiem mozaeni RAID piBHs 4 Takox € 3amuc HOBOro OJioka
nanux. KokHoro pa3y IOBOAWTBCS 3UUTYBATH 1 30epiraT 00K pe3epe-
HOro aMcKa. SIKIIO KiIbKiCTh IMCKIB JaHUX JOPIBHIOE N, TO KiJBbKICTh
omepalliii 3anMcy Ha pe3epBHUM AUCK B 11 pa3iB MepEeBUIILyBaTUME
CepeHIO KiJIBKICTh omnepalliii 3anucy Ha Oy/Ib-SIKWil 3 TUCKIB TaHUX.

SK mpoiNOCTPOBaHO y MpUKIaAi 22, MPaBWIIO BiJHOBIECHHS JaHHUX
OJIHAKOBE SIK JIA BCIX JMCKIB JaHUX, TakK 1 JJIs pe3epBHOrO AUCKa, i
3BOJIUTHCS 10 OOUUCIICHHS CyM 3a MOJTyJieM 2 OiTOBHX TOCIiIOBHOCTEH.
OTxxe, BBOKATU OJUH JUCK CIy»OOBHUM, a iHIII — «3BUYAWHUMMY» HE
000B’si3k0B0. KokeH aHMcKk Moke BHKOHYBaTH pOJib PE3ePBHOTO
CTOCOBHO 0 NeBHMX HaOopiB OsiokiB. Came L0 i[el0 MOKJAJAEHO B
OCHOBY cxeMH nquckoBoro macuBy RAID piBHs 5.
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Hanpuknan, sikuio € HaOip 3 n+] nucka, ski nepeHyMepoBaHo Bia 0
JI0 1, TO MOYKHA IHTEPIIPETYBaTH i-i IWITIHJP j-TO IUCKA K Pe3ePBHUM Y
TOMY BUIIQJIKY, KOJIM j € 3aJIMIIKOM BiJl AijIeHHS i Ha n+ 1.

Ilpuknao 23. PosrnsiHemMo MacuB i3 4-X JMCKIB 1 TIOKJIaAeMO H=3.
Juck 3 HomMepoM 0 MoOke BHMKOHYBaTH (YHKIIFO PE3epPBHOTO Jjis
HWIiHAPIB 3 HOMepamu 4, 8, 12 i Tak [aimi, OCKUIbKM 3aJIMIIOK Bij
JIJIGHHS LMX HOMEpIB Ha 3arajbHy KUIBKICTH AMCKIB (4) HOpiBHIOE
HyJI0. AHANOri4HO, MUCK | Moke OyTH pe3epBHUM Uil LIMJIIHAPIB
1, 5,9 i tak mami, auck 2 — s tputiHApiB 2, 6, 10 i Tak mami, auck 3 —
s udaiHapis 3, 7, 11 1 tak pani Sk Hacaimok — koedillieHT 3aBaHTa-
JKEHHS YCIX JIMCKIB BUSIBUTHCS OJHAKOBUM. SIKIIIO omepallis 3anucy BCix
OJIOKIB BUKOHYETHCS 3 OJJHAKOBOIO YaCTOTOI, TO WMOBIPHICTh TOTO, 1110
omepawio aapecoBaHO MEBHOMY JAMUCKOBI, cTaHOBUTH 1/4. Slkumio x
orepallilo apecoBaHo IHIIOMY JUCKOBI, TO 3 iIMOBipHicTIO 1/3 BiH Oyne
pesepBHUM i Onoka, 1o 30epiraetbes. OTKe, KOXKEH 3 YOTHPbOX
JMCKIB OpaTvMe y4acTh y 3anucyBaHHi 3 iMOBipHicTiO 1/4+3/4+1/3=1/2.

7.5. Bionoenenns oanux nicis 6ioMoeu 0eKijibKoOX OUCKIG

TexHomnorii BimHOBIIEHHS iH(oOpMaIlil TICAA BiIMOBH JIEKUTbKOX
JMCKIB MacuBy (pe3epBHMX ab0 AMCKIB JaHMX) pealli3oBaHO y cXeMi
RAID natiBumoro piBHs — RAID pienss 6. BoHU IpyHTYIOThCS Ha Teopii
K00i6 3 gunpasiienus nomMuiok (error-correcting codes) i AalOTb 3MOTyY
NoJ0JaTH HACJiKW aBapii JOBUIBHOTO CTYMEHsS BaXXKOCTI — Juiie O
KiNIbKICTh pe3epBHUX AMCKIB OyJa 10CTATHBOIO.

Po3risiHemMo KOpOTKMI NpUKIad, IO CTOCYETbCA OJHOYACHOT
BIIMOBHU JIBOX JMCKIB I BAKOPUCTAHHS CTpaTerii BiIHOBJICHHS JaHUX Ha
OCHOBI NPOCTOrO KOAY 3 BUITPABJICHHS MOMMWJIOK, BiIOMOTro sIK KOO
Xemminea (Hamming code).

3BepHEMOCh /10 MacHuBYy, SKMI CKI1aga€TbCsi 3 CEMH JMCKIB,
nepeHymepoBanux Bif 1 g0 7. [lepiii 4oTUpPHU AMCKM € AUCKAMM JaHUX,
a JMCKU 5-7 BUKOHYIOTH (YHKIIO pe3epBHUX. B3aeMo3B’SI3kM Mix
JUCKaMM JaHUX 1 pe3epBHUMM AMCKAMW MAacuBy ONUCAaHO OiHAPHOIO
Matpuuero 3#*7, mpencTaBleHOd Ha puc. 15. 3BepHeMo yBary Ha
HacTyIHe:

a) MaTpuls MICTMThb BCi MOXJIMBI 3-OiTOBI MOC/IJOBHOCTI
OJIMHUIb 1 HYJTiB, OKpiM HAbOPY 3 TPHOX HYJIIB;
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0) CTOBIILII, SIKI BIAMOBIIalOTh PE3EPBHUM JIMCKaM, MICTSATh IO
OJIHIM OUHMULI;
B) CTOBMIIi, AKi BiAMOBIIalOTh TUCKAM JaHUX, MICTSATh IO JIBi
OJIMHMLI.
3MiCT KOKHOTO 3 TPhOX PSJIKIB MATPHUIl TaKH. SIKIO MOTISHYTH Ha
OiTH, sSIKi BINMOBIAAIOTh KOKHOMY 3 CEMH JMCKIB MacuBy, i 3aJMIIWTH
TIIbKK JUCKM, SKUM Yy PAAKY BiIMOBINalOTh OJMHUYKH, TO Cyma 3a
MOJyJieM 2 3HaueHb OITiB A LMX JMCKIB JOPIBHIOBATUME HYIIIO.
[HITUMK CITOBAMU: TUCKH, IKAM BiJTMOBIAalOTh OJMHUYKHA B KOXKHOMY 3
PAOKIB MaTpHlli, BBaXKarOThcs 00’enHaHMMM B MacuB RAID pigus 4.
Otoxx A 0o0uMciieHHS OITiB OAHOrO 3 Pe3epPBHMX MAMCKIB JOCHTH
3HAUTH PAZOK MATPUIl, B AKOMY Le¥ TUCK MO3HAYeHO OJWHHUICIO, i
3MIMCHUTH JOAaBaHHA 3a MOJyJIeM 2 3HaueHb BiJMOBIIHUX OITiB iHIINUX
JIUCKIB, TIO3HAYEHUX OJUHMLIAMU B TOMY K PSJIKY.

Jucku ; PeseprHi nucku
JIaHUX :

Howmep nucka 1234 567
1110 : 100
1101 010
1011 001

Puc. 15. Marpuiist pe3epByBaHHS [ CUCTEMH, KA Niependayac BiiHOBICHHS TaHUX
TiCJIsS OJJTHOYACHOT BiIMOBH JIBOX JHCKiB

Skio 3BepHYTHCS [0 MaTpulli Ha puc. 15, To 3rajaHe NHpaBUIIO
O3Hayac:
1) Oitm nucka 5 — me cyma (3a MomyJieM 2) BiANOBiIHUX OiTiB
muckiB 1,21 3;
2) Oity aumcka 6 — 1e cyma (3a MoaysieM 2) BianoBiaHuX OiTiB
muckis 1,2 14;
3) Oitu aucka 7 — 1e cyma (3a MoaysieM 2) BiANOBiAHUX OiTiB
nuckiB 1,3 14.
Tox po3srnsHeMo, K KOHKPETHHI HaOip OiTiB MaTpwWIli BKa3zye Ha
MPOCTH croci® BimHOBIIEHHS iHGOpMAIil Ticls OIHOYACHOI BiIIMOBHU
Oy/1b-SIKUX JBOX JUCKIB.
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3uumyeanna. Jlani 3 Oyab-1KOro JUcka MacuBY 3YMTYIOTh 3BHYAli-
HUM criocoOoM. 3unTyBaTH iHhOpMAIliIO 3 pe3epBHUX JTUCKIB 3 METOIO
BUKOPUCTaHHS y NMPUKJIAJAHUX 3aJadaxX HeAOLIbHO, Xo4ya (popmanbHO
e He 3a00POHEHO.

3anucyeanna. CriocoOU 3anucy aHaJIOTIvHI 10 THX, SKi 3rayBaiid y
NyHKTi 7.3, OJHaK y I1bOMY BHIIQJKy ONepalis 3amnucy Moxe
CTOCyBaTHCs JEKiIbKOX pe3epBHUX nuckiB. Llo6 3amumcatu Giok Ha
Oyab-IKMil 3 JUCKIB JaHMX, HEOOXigHO JoJaTU 3a MoayJieM 2
nonepe/JHE 1 HOBE 3HAYEeHHS OJIOKA, SKWA OHOBIIOETBCS, a TOTIM
OTPUMaHM pe3ysibTaT A0AaTH (3a MOIyJieM 2) 10 3Ha4YeHb BiIMOBIIHUX
OJIOKIB yCIX pe3epBHUX IMCKIB, MO3HAYEHUX OJMHUYKAMM Y pAAKaXx, B
SKWX TIO3HAYECHO OJJMHULICIO TUCK, 0 MOJU(IKYETHCS.

Ilpuxnao 24. 3voBy posriasHemo MacuB RAID pieus 6, skuii
CKJIAJIa€ThCS 3 CEMM JWCKIB 3 MaTpullelo pe3epByBaHHS (puc. 15) i
NOKJIaJieMo, 1110 OJIOKM MaroTh AoBkUHY 8 OiTiB. [IpumycTmMo Takok,
1o nepii OJOKU BCIX CeMH IUCKIB BUIJISAAIOTh TaK, SIK MPOLIHOCTPO-
BaHO Ha puc. 16. 3ayBaxrTe, 110 OJOK JMCKa 5 € CYMOIO 3a MOAYyJieM 2
OJI0KIB MepuIMX TPbOX AMCKIB, PSAOK 6 € pe3ysbTaroM AO0AaBaHH: 3a
monayaem 2 psaakie 1, 2 1 4, a ocTaHHIM pSAIoOK — L€ CyMa 3a MOyJieM 2
paakie 1, 3 i4.

Jlnck BumicT
1) 11110000
2) 10101010
3) 00111000
4) 01000001
5) 01100010
6) 00011011
7) 10001001

Puc. 16. 3nauenns nepimmx GJIOKIB yCiX JHUCKIB

Hexaii HOBUM 3HaueHHSIM TepiIoro 0jioka Aucka 2 Mae ctaTh OaiT
00001111. BukoHaBUIM jAodaBaHHS 3a MoayjdeM 2 1iei OitoBoi
MocIigoBHOCTI 3 monepeAaHiM Bmictom Omoka 10101010, orpumaemo
10100101. Skmo 3BepHYTHCS O CTOBMIS MATPHIl Ha puC. 15, sKuii
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BiMOBifae aucka 2, TO MOKHA IMOOAYMTH, IO BIH MICTHTL OJMHHII B
nepuux ABOX paakax. OCkinbku B psaakax | i 2 onMHULSAMU MO3HAYEHi
pe3epBHi aucku 5 1 6, To Tpeba AogaTH 3a MOAYJIeM 2 BMICT MeplIux
0JIOKIB IUCKIB 5 1 6 3 oOurcnenum puite 6aiTom 10100101, PesynbraT
MPOLITIOCTPOBAHO Ha puc. 17.

Jluck Bwmict

1) 11110000
2) 00001111
3) 00111000
4) 01000001
5) 11000111
6) 10111110
7) 10001001

Puc. 17. 3nauenHs nepmux ONOKIB ycix
JIUCKIB  THCAS  OHOBJIEHHS  2-T0 i
BiJIMIOBiIHUX PE3EPBHUX JUCKIB

3BEpHITh yBary, 110 HOBi 3HA4eHHs BCiX OJIOKIB 3HOBY 3aJI0BOJIb-
HSIFOTh BUMOTaM MaTpHili 3 puc. 15: cyMu 3a MoyJieM 2 3HaueHb OJIOKIB
JMCKIB, MO3HAYEHHX OJMHMLCIO y KOXKHOMY pSAKY MaTpulli, JOpiB-
HIOIOTh HYJIIO.

Bionoenennsa oanux nicisa 00HOUACHOT 8i0MOBU 080X OUCKIS.
Tenep po3riisHEMO, SIK CXeMa pe3epBYBaHHS JAHUX, PO3MISHYTA BHIIIE,
Jla€ 3MOTy TMOJOJaTH HACiJKK OJHOYACHOT BiIMOBM JBOX JUCKIB.
[To3HauUMO IMCKH, L0 BUMLIIIM 3 Jany, K @ i b. OCKiJbKY yCi CTOBIILI
MaTpulli Ha puc. 15 pi3Hi, TO HEOOXiAHO 3HAWTH JesKUll PAIAOK F, B
SIKOMY BMICT KOMIpOK CTOBIUIB a i b He 30iraetbes. [Ipunyctumo, 1o
Ha MepeTHHI pszKa 7 31 cTormueM a € 0, a B KOMIpLi 3 KOOpAUHATAMHU 7 i
b-1.

Jns oOurcneHHs BTpaueHOro 3HAa4YeHHsS OJIoKa TUcka b HeoOXiTHO
NOTNapHO I0JIaBaTh 3a MoayJieM 2 OiTH GJIOKIB yCiX TUCKIB, KpiM b, sKi
MICTATh OJMHMLII B PAAKY 7 MaTpPHL. 3ayBaKUMO, L0 Cepe] LUX JUCKIB
JTIUCKA a HEMAE, OTOXK yci OJIOKM Oy yTh JocTyMHUMHU. OCKITbKY KOKEH
CTOBIELlb MAaTpPHULli MICTUTh OAWHHUII (Xo4a O B OJIHOMY PSIKY), TO
MOJKHA CKOPUCTATHUCA OJHHMM 3 LMX PAJAKIB Ajs oOuuciaeHHs Ojoka
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JIUCKa a, OOYMCIIIOIOYM CYMY 3a MOJyJieM 2 3Ha4eHb OJIOKIB THX JAMCKIB
(okpim @), sIKi B IbOMY PSIIKY MO3HAYEHO OJMHUIICIO.

Ilpuknao 25. TlpunyctuMo, mo Maike B OAWH 1 TOH k€ MOMEHT
yacy JUCKH 2 i 5 Buiiiy 3 nany. [TornsHyBIIM Ha MaTpHLito, 300paxe-
Hy Ha puc. 15, BU3HaYMMO, IO 3HAYEHHS Yy KOMipKaxX CTOBIIIIIB, IO
BiJIMOBIIalOTh JAUCKaM 2 i 5, PO3PI3HAIOTHCA B PAOKY 2, e IUCK 2
MO3HAYEHO OJMHHUILECIO, a JUCK 5 — HysdeMm. OTOX Ais BiJHOBJICHHS
Onoka nucka 2 MOXKHA JIOJaTH 3a MOAyJeM 2 OJIOKM TpbOX IHIINX
JTUCKIB, TTO3HAYEHUX OJUHHIIIMHU B PIIKY 2 — auckiB 1, 4 i 6. 3ayBaxu-
MO, 1110 >KOJEH 3 IIAX JUCKIB HE € TMOIIKOIKEHUM.

SKwo npunmycTUTH, WO mepili OJIOKM BCIX JMCKIB CIHOYATKY
BUMIAJIAIA TaK, K TMPOLTIOCTPOBAaHO Ha puc. 17, TO cHTyallifo micis
BiIMOBM JUCKIB 2 1 5 MOXKHa cXeMaTHM4YHO moaatd y dopmi Tabmuii
(puc. 18):

Jluck Bwmict
1) 11110000
2) 222272972
3) 00111000
4) 01000001
5) 292272292
6) 10111110
7) 10001001

Puc. 18. 3nauenHs nepiux GJIOKIB YCiX JUCKIB MicIs
BiZIMOBHM JIUCKIB 2 1 5

Slkimo nmomatu 3a MomyJsieM 2 3HaudeHHs OJokiB nuckiB 1, 4 i 6
(11110000, 01000001 i 10111110, BiAMOBiAHO), TO OTPUMAEMO BiJCYT-
Hiit 6ait 00001111 gucka 2. OueBUIHO, 11O BiH 30iracThed 3 TUM, IKHA
MICTUTBCS Y IpYroMy psiiky Ha puc. 17. Tenep curyaitist BUrisigae Tak,
K Ha puc. 19.

3ayBa)KMMO, 1110 JUCK 5 MO3HAYEHO OJUHMLICIO B PSAKY 1 MaTpuili Ha
puc. 15. Ortoxx s BigHOBIIEHHS OJioka JaHUX JMCKAa 5 HEOOXiAHO
JOJIaTU 3a MOJyJieM 2 3HauyeHHs OJIOKIB TPbOX IHIIMX JMCKIB, sKi
Mo3HauYeHO ojuHMIe0 B panky | — muckiB 1, 2 i 3. lllykana cyma
nopisHioe 11000111, 3HOBY OYEBHIHO, 110 BOHA 30ira€ThCs 3 BUXITHUM
BMICTOM 0J10Ka 5-r0 IMCKa, NpOiIIOCTPOBAHOrO Ha puc. 17.
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Jlnck Bwmict
1) 11110000
2) 00001111
3) 00111000
4) 01000001
5) 29977227
6) 10111110
7) 10001001

Puc. 19. 3nauenns nepumx OJIOKIB yCiX JUCKIB IMicIst
BiJIHOBJICHHS JIMCKa 2

Hooamxoei 3ayeasricenta 00 cxemu RAID pigna 6:

LinkoM MoxJMBO 00’e€mHATH imei, MOKJIaJeHI B OCHOBY CXeM
RAID piBHiB 5 i 6, 100 po3noAiTuTy PYHKIIIT pe3epByBaHHS 3a
HOMepaMu OJIOKiB ab0 LMITIHAPIE 3 METOI 3MEHIIIEHHS HaBaH-
Ta)XCHHS HA BUOKPEMJICHI Pe3epBHI JUCKH.

Cxema RAID 6-ro piBHS He € OOMEKEHOI HOTHpMa JUCKAMHU
JaHUX. 3arajibHa KiJIbKICTh JUCKIB MOXKe OyTH Ha OJIMHHILIIO
MEHILIOK MOTPIOHOro CTyIEHs 4Mcia 2, HanpuKiai, 2k-1, ne k
JIUCKIB € pe3epBHUMH, a pellra 2" k-1 — ue aWcku naHuXx.
CtyniHb pe3epBYBaHHS 3pOCTa€ MPUOJIM3HO SIK jorapudm Bifg
KIJIbKOCTI JUCKIB AaHMX. [ JOBUILHOrO A He BaXkKKo moOymy-
BaTW MaTpULIIO, MOAIOHY IO TIpeJcTaBlieHol Ha puc. 15, cTomili
SIKOT MICTSTB Yyci pi3Hi k-OiTOBI MOCiOBHOCTI HYJIIB i OJVHULIb,
3a BUHATKOM Habopy 3 k HyJiB. [Ipy LibOMY CTOBIILI 3 €IUHOIO
ONIMHULCIO BIAMOBIAAIOTh PE3EPBHUM JUCKaM, a BCi IHIN —
JHUCKaM JaHUX.

Bnpaeu ona onpaurosannsn

Bnpaea 13. IlpunycTiMo, 110 BUKOPUCTOBYETHCS CXeMa CTBOPEHHS
J3epKalIbHAX JIMCKIB, aHaJOriyHa [0 HaBeneHol B mpukiafi 18,
MPUUOMY KWMOBIPHICTh TOJIOMKH KOXXHOTO JHCKAa Yy Oyab-SKOMY pOILLi
nopiBHioe 4%, a Ha 3aMiHy MOJaMaHOro AUCKa MOTPiOHO 8 roauH. Skuii
y I1bOMY BHWIIQJIKy CEpelHiii uYac HamnpallOBaHHsS Ha BiIMOBY, IO
CIPUYMHUTD /10 BTPaTH JaHUX?
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Bnpaea 14. Hexali auck Moke BUWTH 3 JIay MNPOTArOM IEBHOTO
pokKy 3 iMmoBipHicTIO F i Ha Horo 3amiHy HeoOximHo H ronuH.
BusnaunTu:

1) cepenHiii 4Yac BHUHUKHEHHS TMOXIl BTpaTH JaHUX,
3anucaHuil Ik QyHKUis Big F i H, AKIO BUKOPHCTOBYETHCS
MeXaHi3M J3epKaJIbHUX JTUCKIB;

2) cepeaHiii 4Yac BHHUKHEHHS TIOAil BTpaTH JaHUX,
3anucaHuil sk QyHkuis Big F, H i N, K0 BUKOPUCTOBYETHLCS
macue RAID pieHs 4 abo 5, 1m0 MicTUTh N TUCKIB.

Bnpaga 15. [llpunyctumo, 1o rpyna J3epKajbHUX JTUCKIB
CKJIAJIA€ThCs 3 TPhOX MPUCTPOIB, TOOTO KOXKEH 3 HUX MIiCTHUTD IICHTHUHY
indopmanito. SAKo 3HaYeHHs HMOBIpPHOCTI BUXOAY OJHOTO JHCKA 3
namxy B Oynb-SKOMY polli JIOpiBHIOE F, a Ha Horo 3amiHy HEOOXiJTHO
H roaus, To KM cepeHiil yac BAHUKHEHHS NOJii BTpaTH JaHUX?

Bnpaea 16. Pozrnsaemo mMacuB RAID piBHS 4 3 4OTUPHOX AMCKIB
JIaHUX 1 OJHOTrO pe3epBHOro aucka. llpumyctrmo, mo koxkeH OJI0K
OyIib-SIKOr0 AMCKa CKJIamaEThcs 3 ofaHOoro Oairta. ONMINITE MeXaHi3M
OTpUMaHHS JaHMX IS PEe3epBHOrO AMCKa I BU3HAUTE BMIcT OJioka
PEe3epBHOTO IUCKA, SIKIIO BIAMOBIIHI OJOKH JUCKIB TaHUX TaKi:

a) 01010110, 11000000, 00111011, 11111011;
0) 11110000, 11111000, 00111111, 00000001.

Bnpaea 17. Pozrnsaemo mMacuB RAID piBHS 4 3 4OTUPHOX AMCKIB
JIaHUX 1 oJfHOTO pe3epBHOro nucka. [lpumycTrmo, Mo BHHILIOB 3 Jamy
muck 1. BukoHaiiTe BiZHOBJEHHs BMicTy OJOKa [IbOrO JIHCKa,
BPaxOBYIOUH TaKi BUMOI'H:

1) nuckm 2-4 mictare 6ioku 01010110, 11000000 i 00111011,
BiJINOBITHO, a pe3epBHUI quck — 6ok 11111011;

2) ngucku 2-4 mictare Ogoku 11110000, 11111000 i 00111111,
BiZIMOBiTHO, a pe3epBHUil nuck — 610k 00000001.

Bnpaea 18. [lpunyctiumo, 110 BMIcT 6JI0Ka MEPIIOro AXCKa MacHBy,
posrnssHyTOoro |y mnpukiani 24, 3mineno Ha 10101010. Sk Tpeba
MoandikyBaTy OJOKH iHIINX JTUCKIB?

Bnpaea 19. Jlano macus RAID piBHs 6, yTBOpeHHMId BiMOBIIHO 10
CXeMHM, PO3IJIAHYTOI y mnpukiani 24. Blnoku 4oTHphOX IMCKIB JaHUX
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macuBy Mictare Oaiitu 00111100, 11000111, 01010101 i 10000100,
BIAMOBIIHO. BuzHauuTu:
1) sK MOBWHHI BUIJIAATH BiMOBIIHI OJIOKM pe3epBHUX JUCKIB;
2) sKuio 3Ha4YeHHs O1oka TpeThoro Aricka 3MmineHo Ha 10000000,
To sAKki mii ans Moaudikarlii BMICTY peliTd TUCKIB Tpeba
BUKOHATH?

Bnpaea 20. Onuvuiith NopsaoK Aii, sSKi HEOOXITHO BHUKOHATH 3
METOIO BiHOBJEHHs naHuX y MacuBi RAID piBHs 6 3 ciMoMa aAucKaMH,
PO3MITHYTOMY B MpUKiIai 24, Mpy BUXO/i 3 Jaly TAKUX TUCKIB:

a) 117,
6) 1i4
B) 3i6.

Bnpaea 21. 3anpornonyiite cxemy macuBy RAID piBHs 6 3 m’siTHaI-
UATbMa JWCKaMH, YOTHPU 3 SKHUX € PE3ePBHUMH, Y3arajlbHUBIIH
MaTpUII0 XeMMiHra Jjisi 7-MU TUCKiB, 300pakeHy Ha puc. 15.

Bnpaea 22. 3anpononyiite cxemy MacuBy RAID piBHs 6 3 necsaTbma
JIUCKaMH Taky, ska JaBaTUMe 3MOTY BiIHOBIIOBaTH iH(oOpMaLio 3a
OJTHOYACHOT'O BUXO/JIY 3 JIaJy TPhOX JUCKIB.
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HNPEACTABJIEHHSA EJIEMEHTIB TAHUX
HA BTOPUHHUX ITPUCTPOSAX 3BEPII'AHHA

OOroeopuMo MojieNb 0J10Ki6 NAHUX, SIKI PO3MILLYIOTBCS Ha HOCISX
BTOPUHHUX TPUCTPOIB  30epiraHHs, TMpoTe BXKE Ha BHCOKOMY
CTPYKTYpHOMY piBHi. PO3MoYHeMO 3 BU3HAYCHHS TOTO, SIK Y BTOPUHHUX
CXOBHIIAX MPEACTABISAIOTLCS BiIHOLIEHHS a00 MHOXKUHHU 00’ €KTIB.

o Ampubymu BinoOpaxkaroTh K 0aWTOBI MOCIIIOBHOCTI MOCTIMHOT

abo0 3MiHHOT TOBKWHMU, Ki Ha3UBarOTh noamu (fields).

o [lons 3HOBY 3k 00’€mHYIOTBCS B HAOOpHM JaHHWX TOCTIHHOI 4M
3MIHHOI JOBXKWHH, sKi MO3HAYalOTh TePMiHOM 3anuc (record) i
BI/IMOBiIAIOTH KOpTexkaM abo 00’ ekTam.

® 3anucu 306epiratothess y Gizmunux 6aoxax (blocks). Jns
¢dopmyBaHHs OJIOKIB BUKOPUCTOBYIOTb Pi3HI CIMPYKMYpU OAHUX,
KOpHCHI, MepenyciM, y THUX CHUTyallifiX, KOJIW 3MICT JaHuX
3MIHIOEThCA.

e HaGopu 3amuciB, sKi BiMOBifalOTh BiJHOLIEHHIM abo
eK3eMIUIsIpaM KiaciB, 30epiraroTbCsi sK KOJIEKLil OJIOKiB, SKi
Ha3MBAIOTh (aiiiavu’ (files). 3 MeTorO 3a6e3reueHHs MOXJIN-
BOCTi e)eKTUBHOI 0OpOOKH 3amuTiB i KOMaHI MoaudiKallil TaKux
KOJIEKLIM  (aiiiM  JOMOBHIOWOTH OJHIEW abo  JAeKiJbkoMa
CTPYKTypamH inoexcig (index).

Tema 8. EneMenTu 1anux i moJjas

CrioyaTky MNPOUIIOCTPYEMO, SK 3HAUCHHS aTpUOYTIB — BiANpaBHI
eyieMeHTH iHdopMallii, ski 30epiratoTecs B 6a3ax JIaHUX, IO KepyHOThCs
pensuiiHuMu abo 00’ €KTHO-OPIEHTOBAaHUMH CHCTEMaMH, — Ipe/ICTaB-
JIAOTh Y hopMi mosmiB. 3yMUHUMOCSA TaKOX Ha crocobax 00’ eaHaHHs
TMOJTiB y OiJIBII CTPYKTYPH — 3anvicy, OJIOKH i aiiim.

! Tepmin ¢haiin y xontekeri CKBJ] Mae mupiie noHATTs, HiXK OTHOMMEHHUI TepMiH
B OmnepaliifHux cucreMax. Xoua aitnom 6a3n naHux Moxke OyTH i HECTPYKTYpOBaHHIA
noTik 6aiiTiB, Haituacrimme Taxi Qaiinm ckinanaroTees 3 HabopiB GIOKIB, OPraHi3oBaHUX y
CTPOr0 BU3HAYCHOMY TOPSAKY, SKi JIOMYCKAIOTh IHIACKCYBaHHS 1 3acTOCYBaHHS
e()eKTUBHUX CIECLiaNi30BaHUX METOIIB IOCTYIY J0 IXHHOT'O 3MiCTYy.
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8.1. Ilpeocmaenennsa enemenmie peaayiiinux 6az OaHux

[IpunycTrmMo, moO B KOHTEKCTI pensuiiiHoi 6a3u naHWx 3acobamu
SQL-komanmu CREATE TABLE, sxy npencrasieHo Ha puc. 20,
OroJIoLIeHO BifHoLIeHHs 3 imeHeM MovieStar. 3anaua cTpyKTypyBaHHsI
i 30epiraHHs BiHOIIEHHS, OMMCAHOTO II€I0 KOMAaH/IOM, TIOKJIaaeThCs
Ha BianoBigHy CKB/I. Ockijibku BiIHOILIEHHS € MHOKMHOKO KOPTEXIB, a
KOpTeXi 3a O3HAYeHHSM MOAIOHI i3 3armucamMu abo «cTpyKTypammy» (y
pPO3yMiHHI, fiIKke TpPUAHATO B MOBI mnporpamyBanHs C++), MoxHa
NPUITYCTHUTH, IO KOXKEH KOPTexk Oy/ie 30epeeHo Ha JUCKY SIK OKpeMHid
3amuc. 3amuc 3aiiMae NesKuid AUCKOBHi OJIoKk abo HWOro 4yacTuHy, a B
cepeArHi 3alucy 3HaYeHHIO KO>KHOTO KOMIIOHEHTa KOPTEXKY BiANOBigae
NeBHE ToJIe.

1) CREATE TABLE Movie Star (

2) name CHAR(30) PRIMARY KEY,
3) address VARCHAR (255),

4) gender CHAR(1),

5) birthdate DATE

Puc. 20. Ilpuknan BiTHOIIEHHS, OTOJIOIIEHOr0 MOBOIO SQL

Xo4a Ha mepIIHii oI BCe BUTIISIIAE TIPOCTO i MPO30pO, HACTIpaBIi
TyT HE BCe TaK IPOCTO, OTOXK HabepeMoch TEpHiHHS i crpoOyeMo
BiJINOBICTH HA KiJIbKA 3allUTaHb.

1. Sk npexacraensroTh y ¢GopMi TONIB 3HAYEHHS THITIB JaHUX
SQL?

2. Sk kopTexi 36epiraroThes y GhopMmi 3anucin?

3. Sk nabopwm 3anuciB abo kopTexiB BimoOpaxatoTbes y pisnuHux
Oyiokax mam’sTi?

4. Sk BigHoweHHS OQOPMISIFOThCA 1 30epiraTbcs y BUIIISII
KoOJIeKLiH O6y0kiB?

5. llo pobutH, SKIIO KOPTEKAaM BiANOBIJAIOTh 3alMCH Pi3HOT
JOBKAHU a00 3alMCHU TOYHO HE MOMILLIAIOTHCI B MEXKaxX OJIOKIB?
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6. 1o BinOyBa€eThCs, KOJIM MiCJsi OHOBJICHHS BMICTY I€AKOIO MOJIs
po3Mip 3amucy 3MiHIeThes? Sk BimimmykaTH HeoOXimHUN
MpOCTip ycepeauHi OJOKa, MepeayciM y THUX BHUMAIKax, KOJIHU
JIOBXKMHA 3aMuCy 301UIbIIYEThCS?

[Tepwiii mpoGiieMi mpucBsvYeHo 10 Temy. [[Ba HAcTymHi NMUTaHHS
BHCBITJIEHO y TeMi 9, octanHi — y Temax 11 i 12, BignoigHo. YerBepTa
TeMa, sKa 3adinae TakKi CIMOCOOM NpPEACTaBJeHHS BiJHOLIEHb, SKi
3a0e3MeuyloTh MOXJIMBICTh €(DEKTUBHOTrO [IOCTYIy A0 KOPTEXKIB LIMX
BiJTHOIIIEHb, BUBYATHMEMO Y pO3ili 3.

3acayroByroTh yBarm i METOAM HH3BKOTO PIiBHS MPeACTaBICHHS
JAHUX JISSIKUX CHelliaJlbHUX PI3HOBUIHOCTEH, 110 aKTMBHO BUKOPHUCTO-
BYIOTbCSI B Cy4acCHUX 00’ €KTHO-PEIALIHHUX 1 00’ €KTHO-OPi€EHTOBAHUX
cucTeMax, a came — ineHTUdikaTopiB 00’ekTiB (a00 MOKAKYMKIB Ha
3armvc) Ta 00’ektiB THNy «BLOB» (Hampukiaza, BigeodparMeHTiB
dopmaty MPEG o06’emoM y nekinbka rirabaiitie). Llfo indopmaiiiro
Oyne BukiageHo y temax 101 11.

8.2. IIpeocmasnenns 06’ ckmis

VY neskoMmy HaOmmkeHHI 00’€KT MOXKHA CHIpUMaTH K KOPTEX, a
foro mons — sK KOMIOHeHTH arpuOyTiB. Koprexki B 00’ekTHO-
pensuiiHux 0a3ax AaHUX BeJIbMH HaraiyloTh KOPTEXi «3BHYaAHHHX»
(pensuiiinux) 0a3 nanux. OgHaK ICHYE KijbKa L[iKaBUX OOCTaBMH, MpO
SIKi MM He 3rajJlyBajii y TIyHKTi 8.1.

1. O0’exT MOxHa acouioBatd 3 (YHKIISAMHU, SKi Ha3UBalOTh
memooamu. Ko MeToliB € 4aCTHHOIO CXeMM KJiacy, J0 SKOIo
HAJIEKUTE 00’ €KT.

2. KoxeH 00’ekT, 3a3BUYai, BOJIOMI€ BIACHUM i0eHmughikayiiiHum
nomepom (object identity — OID), sikuii MOXKHa TpPaKTyBaTH, K
NEeBHY ajapecy B JCSIKOMY 100 lbHOMY agpeCHOMY MPOCTOPI,
o0 OJHO3HAYHO BH3Hauae 1eil 00°ekT. OO’€KTH Hepiako
3B’S3yI0Th 3 IHIIUMU 00’ekTamu. [lomiOHI 3B’SI3kM ONMUCYIOTH
MOKaKYMKaMU a00 CIIMCKaMU MTOKaKYHKIB.

Kon mertonie 30epiraeTbcsi y cxemi, OTOX HaJeXWTh 0a3i JaHUX

3arajioM, a He OKpeMHUM 00’ ekTaM. 3 MeTOro 3abe3rneueHHs MOXKIUBOCTI
3BepTaHHS 10 METOMY, OAHAK, HeOOXilHO, 100 3aIuc, SKUi mpeacTas-
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Jisie 00’ €KT, MICTHUB M0JI€, L0 3aCBiI4uy€e HOro MPUHAICKHICTh 10 NEBHO-
ro KJiacy.

Cnoco0u mpe/cTaBlIeHHs apec — YM 1e € ieHTH]IKaliiiH1i HoMep
00’eKTa YW MOCWUJIAHHS Ha IHIOMKH O0’€KT — OOrOBOPIOBATUMEMO Y
Ttemi 10. 3B’s3ku — sk iX posrisnarote y MoBi ODL (Object Definition
Language —mosa  eusHauenns 00 ’€xmig), — HallexKaTb 00’ €KTOBI,
it indbopmartito mpo HUX HEOoOXiHO sSKOCh 30epirath B 0a3i JaHuUX.
OCKINBKM  KIJIBKICTh  B3a€MO3B’sA3aHMX 00 €KTIB, fKi MiAJIsAraroTh
CTBOPEHHIO, Harepes HeBifoMa (IoHaliMeHIle, Y TUX BHIMAJAKaX, KOJH
finerbes npo 00’ eKTH, 3’€HaHI 3B’ SI3KaMU THIY «0arato 10 0araThbox»
abo sKi HajexaTh 10 Kareropii «6araTo» 3B’s3KiB BUIIIALY «0Oarato a0
OJTHOTO»), TO I OMUCY 3B’A3KiB BUIAJAE KOPUCTYBATHCS 3arKcamu
3MIHHOT IOBXKHMHU (JIeTaJbHille mpo e —y Temi 11).

8.3. IIpeocmaesnenns eiemenmie OAHUX NOAAMU

Po3znounemo 3 BUBUYEHHS crocoOiB 30epiraHHs eJIeMeHTIB JaHUX, fKi
e ocHosuumu tunamu SQL (Jonatok I'). Ix npencrasnsiors sk mons
3anuciB. BakiuBo po3ymiTH, 110 BCi JaHi OMMCYHOThCS MOCJIi-
noBHOCTsMH OairiB. Hampuknan, 3Hadyenns arpubyta tuny INTEGER,
3a3BUYal, BioOpakaeTbcs y MBOX ab0 YOTHUPHOX OaiiTax, a AJisd THITY
FLOAT wneo6xigno Big 4-x go 8-mm Gaitri. Ilimi i midicHi umcia
rpeJicTaBIeHO Habopamu OiTiB, sIKi IHTEpIPETYIOThCS arapaTHUM 3a0e3-
MEeUeHHIM KOMIT'IoTepa Tak, o0 3pOoOHTH MOXJIMBUM BHKOHAHHS
TPaJULIHHUX apU(PMETHUHUX OTepariil.

CumeonbHi paoku nocmiinoi 0oexycunu. Havinpoctimmii pi3HOBH]
psankie cumBoutiB onucyetbesi B SQL — tunom CHAR(n), sikuii BusHauae
MHOXXUHY pAOKiB TmocTiiiHOl posxuHu N. [lome, mo BignoBimae
aTpubyTy MOAIGHOTO THITY, € MACHBOM 3 1 OalTiB (1ie CrIpaBeTUBO JJIst
8-0itoBux HabopiB cumBodiB ASCII, amxe cumBon y ¢opmati Unicode
npeacTaBiseTbes sk 16 6itiB abo 2 Oaiita). Skiio 3HaYeHHIM aTpuOyTa
€ KOpOTIIMI PSJOK, TO B KOXKHY «3aiiBy» MO3UIIIO MOJS 3aHOCHThCS
cnieuianbHuil Hesnauywuii (pad) cumBoi, 8-GiTOBUII KOJA SKOro He
30iraeTbcss 3 KOAOM OyAb-KOTO 3 THX CHMBOJIB, SIKi J03BOJICHO
BKJItOUaTu B psaku SQL.

Ilpuknao 26. Sxuwo oronoiieHHs artpubyta A 3acBimuye Horo
npuHanexHicte g0 tunmy CHAR(5), To mons, ski BianoeimaroTh
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aTpuOyTOBI, B yCIX KOPTEKaX CTAaHOBUTUMYTh MAacHBM 3 5-TU CHUMBOJIIB.
SIKII0 KOMMOHEHT aTprOyTa A B OZIHOMY 3 KOPTEXKiB MOBUHEH MICTUTH
'cat’, To MacCUB BUTIISIIaTHME TaK

catll

Tyt L npencrapnsie HesHauyumii CUMBOJI-3aTIOBHIOBAY, KOJ| SKOTO
3aHOCUTBbCS Yy 4YETBEPTUHM 1 I'STHH OalTU-eieMEHTH MacuBy.
3ayBa)KMMO, 1[0 CUMBOJIM OJIMHAPHUX JIATIOK, SIKi BUKOPUCTOBYIOTH IS
no3HaveHHs psaAkie 'y SQL-mporpamax, 10 3HaYeHHs psjakKa He
3aUYMCIIAIOTh, Y BIANOBIAHOMY MOJIi X He 30epiraroTh.

CumeonvHi paoku 3MiHHOI 008cuHuU. THKOMU TOBXKUHA PSIKOBHUX
3Ha4eHb KOMIIOHEHTa TEBHOro arpudyTa BiJHOLUEHHS  MOXe
3MIHIOBATHCS y UIMPOKWMX Mekax. Y TakuUX BHUMAJKax arpuOyTH,
3a3Buyait, BimHocsTeest o tuny VARCHAR(n). 3aranom, npu peaiti-
3aii MOAIOHMX THINB ITiJ 3HAYEHHS MOXKHA BigBoautd n+1 Oailr
HEe3aJIe)KHO BiJl CHPaBXHBOrO po3Mipy psaka. Otox  SQL-tun
VARCHAR wacnpaeai € mosieM (iKCOBaHOI JOBKHHH, XO4Ya PO3Mip
BMicTy Moske 3MiHIOBaTHca. OcoONMBOCTI MONIB 1 3alMCiB JaHUX
3MiHHOT JOBXMHHU MU JI€TaJIbHO po3risHeMo y Temi 11.

3rajgaeMo KOPOTKO [1Ba 3arajlbHUX CMOCOOM MpeAcCTaBIeHHs PAIKiB
tunny VARCHAR.

1. Hosorcuna natoc emicm. Cuctema opraHizye macus 3 n+1 Oalita.

Y mnepmomy Oaiiti sk §-GiToBe minme uyucno 30epiraerbcs
KUTbKicTh OalTiB y psaaky. JloBkuHa psaka He MoOxe
MEpeBUIIYBAaTH 7, a BeJIMYMHA A, TaKOK He TMOBUHHA OYyTH
OinbLIOO Bif 255 — iHaKIIe AOBXKUHY psAKa HE MOXHA MNpei-
CTaBUTH 3a JIONMOMOror oAHoro Oakita. Jlpyruiti i HacTynHi
OaiiTh BiZOOpaXkaroTh CHMBOJIM psJKa. SIKIO PSAIOK CKiana-
€TbCSl 3 MEHIIOI KiJIbKOCTI CUMBOJIIB, peluTa OaliTiB MacuBy He
MOXe IHTeprpeTyBaTHUCs K YacTUHA BMICTYy, OTOX HEIO irHo-
PYIOTb.

2. Psoku, sxi sakinuylomecs cumeonom hull. Y upomy Bumaaky
TakoK PopMyeTbcs MacuB 3 n+1 Oaiita. MacuB 3amOBHIOETHCS
CUMBOJIaMHU pAKa, a B €JIEMEHT, PO3TAalIOBaHHWH 3a OCTaHHIM
6aliToM BMICTy psKa, 3aHOCUTBHCS crelialbHUi cumBos NUll,
KU He 30iracTtbcd 3 >KOMNHUM i3 CHMMBOJIB, IO JIO3BOJIEHO
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BUKOpPHUCTOBYBaTH BcepeauHi psaakie SQL. Sk i B monepen-
HBOMY BHUTIQJIKY, PEIITOrO OalTiB MacHUBY irHOPYIOTb.

Ipuxnao 27. TlpunycTyMo, 110 OroJoNIeHHsT aTpubyta A MIiCTUTh
tun - VARCHAR (10). V 3amucax, sKi TNpeACTaBsiiOTh KOPTEXi
BiJIHOLIEHHS 3 aTpUOyTOM A, CTBOPIOIOTHCS MOJS-MAaCHBU JTOBKHHOIO
11 Gaiirie mis 36epiraHHs KOMIOHEHTiB arpubOyTa A. Hexait 3HaueHHIM
OJIHOTO 3 KOMIIOHEHTIB € psiaoK ‘cat’. Tofi, 3riiHO 3 MePUIMM ITiX0A0M,
y TIOYAaTKOBMI OaiiT MacuBY 3aHOCHUTBCS UYMCIO 3, SIKE 3a1a€ AOBXKHUHY
psika, a B HAacTymHi 3 0alTh — CUMBOJM psaKa. 3HAYEHHSMH PeLuTH
ceMH OaiTiB iIrHOPYIOTh. Y 1IbOMY BHIIQ/IKy MACUB HAOY/e BUTIISALY:

3cat

3ayBaxxumo, 1o «3» — 1e §-6iToe 1ine uncio (todTo 00000011), a
He cuMBOIT 3°.

Kepytounch Apyrum miaxoaoM, CUCTeMa 3aroOBHUTh TPU IMEPIIMX
6aiiTH MaCMBY CHMBOJIAMH PSI/IKa, a B YETBEPTHI 3aHece cuMBoj hull:

catl

3unauennsn oamu i yacy. 3HaueHHs JaTH, 3a3BUYai, TIPEICTABIISETHCS
SK CHUMBOJIbHI PSAKM TIOCTIMHOI JOBXWHM 1 TMPHUHLMIIOBO HIiUYUM HeE
BiJIpI3HAETbCA BiJl 3BMYAWHUX PAJKIB CUMBOJIIB MOAIOHOrO Qopmary.
YacoBi Bequ4MHU mNepeadavyaroTh aHajOriuHe MpeACTaBieHHS. Y KOH-
KpeTHHUX peattizalisx SQL 3Ha4YeHHsSM JaTH i 4acy BiJIOBiNalOTh cIie-
uianebHi iy ganux DATE(°1948-05-14) i TIME (°15:00:03.1415”).
®opmar 3HaueHb TIME Hanexwuth 10 kaTeropil psAAKiB JOBUTBHOT
JIOBYKWHU, OCKIJIBKM BiH J1a€ 3MOry 30epiraTi 3Ha4eHHs 4acy 3 TOUHICTIO
110 ApoOoBUX 4acTok cekyHau. OTiKe, iCHYeE JBa albTePHATHUBHI 3acO0M

OMKCY 3HAYEHb Yacy:
1. Cucrema 3aaTHa OOMEXMTH TOUYHICTH MPEACTABICHHS YaCOBUX
BEJIMYMH TakK, HiIOW BoHu Hanexats 10 tuny VARCHAR(n), ne
7 — MaKCUMMaJlbHO AOIYyCTHMMAa JOBKMHA PsJKa 3 OMUCOM 3Ha-

YEeHHS Yacy.
2. YacoBi 3HaYeHHs MOXKYTh 30epiraTvics i BHKOPUCTOBYBATHUCS SIK
PAAKM IIHCHO 3MIHHOT JTOBXKHMHM (33 ACTalsIMH 3BEpTalTeCh 110

Temu 11).

Bimoei nocniooenocmi. I1ocnigoBHocTi 0iTiB, onMcaHi 3HAYEHHIMU
SQL-tuny BIT(n), ninste Ha rpynu 3 8-Mu OITiB y KOXHIM, sKi
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YMaKOBYIOThCS B Oaiitu. Slkio » He ninuthess Ha 8 Oe3 ocraui, TO
3aiiBUMH OiTaMM ocTaHHbOTO OaliTa irHopyroTh. Hampukian, GiToBy
nociigoBHicte 010111110011 nerko omumcatd aBoMa OailitaMu —
01011111 i 00110000. OcrtaHHi 4YoTWUpM Hyji Apyroro Oaiita He €
YaCTHHOIO 3HAYEHHS TOJIS.

VYV 4YacTKOBOMY BHUMNAAKy OalWT MOXKHa BHKOPUCTOBYBATH MJIs
MPEJACTABJIEHHS JIOTIYHOI BEJIMYMHH, TOOTO BMICTy €IMHOro Oita —
10000000 (rrue) i 00000000 (false). Y nesikux cuTyaulisiX BUTIAHILINAM €
MIPEJICTaBJICHHS, KOJIU BEIMUUHH [rue i false Binpi3HSIIOTHCS B ycix OiTax
Gaiita — Bigmosimgao, 11111111 1 00000000.

Hepeniueni munu. IHKOAM 3pydyHE BMKOPMCTAHHS MAalOTh TaKi
aTpuOyTH, BMICT SIKUX BHOUPAOTh i3 (DiKCOBAHMX MHOXHWH 3HAYEHb.
IToniOHUM 3HAa4YeHHSM TPHUCBOIOIOTH CHMBOJIBHI iMeHa. Tum, B
OTOJIOUIEHH] SKOTr0 3a3Ha4aroTh Hal0ip CUMBOJILHUX iMEH, Ha3WUBalOTh
nepenivenum (enumerative type). llpukinagom nepenidyeHUx THUIIB CITy-
ryoTb MHOXXMHM Ha3B nHiB TwkHa {SUN, MON, TUE, WED, THU,
FRI, SAT} a6o xonbopu {RED, GREEN, BLUE, YELLOW}.

3HaueHHs MepesliueHUX TUMIB MOYKHA NPEJACTaBUTH LIIJIOYMCIOBUMHU
KOJaMH 3 BUKOPUCTaHHAM HEOOXimHOI KinbkocTi OaiitiB. Hampukian,
st onucy 3HadyeHHd RED moskHa B3ty unceno 0, 3HauenHs GREEN —
1, BLUE — 2; YELLOW - 3. [Ina npeacTapiieHHs. NOAiOHOT MHOXKMHU
LIUJIMX YKCeN JOCTaTHBO 1BOX OitiB — BimmosigHo, 00, 01, 10, 11.
3pemiToro, HaBiTh Yy THX BHIAAKaX, KOJIM MHOXHWHA 3Ha4yeHb
nepesliueHoro TUIy MaJia, TO 3pyuHillle BUKOPUCTOBYBATH Liijli OaiTH, a
He ixHi yacTuHU. 3a Takoro migxoay 3HaueHHO YELLOW eiamnosina-
tame Oaiit 00000011. 3arasoMm 3a JOMOMOro OJHOro 0OaiiTa MOXKHA
npeACTaBUTA A0 256-TH PI3HMX 3HAUYeHb TMepeNiiueHoro Tumy. 3a
HeoOxinHocTi OepyTh Ounbuie OalTiB (HAMpUKIal, UIJIOYMCIOBUI THN
SHORTINT).

Tema 9. 3anucu

[Toroopumo mnpo cmnocobu dopmyBaHHs 3anucie (record), ski
00’enHyt0Th y cebe rpynu mnofiB. [ToniOHI mUTaHHS pO3rasAaTUMEMO
TakoX y TeMi 11, mpucBsUeHii mossM i 3anrcam 3MIHHOT JJOBXKHHHU.

3arajioM KOKHOMY THITy 3alKcCy, BUKOPUCTAHOMY B KOHTEKCTi 0a3u
JAaHUX, HEOOXiIHO CTaBUTU Y BIAMOBIHICT CXeMy, SKa TaKOXK
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30epiraeTbes. Cxema MICTUTh ONMUC IMEH I THITIB JaHMUX MOJIIB, @ TAKOX
BeJIMUMHU TXHBOTO 3mityenns (offset) Bim novarky 3anmcy. [Hpopmaitiro
CXeMH BHKOPHCTOBYE CHCTeMa 3a HEOOXIIHOCTi 3BepTaHHS 10 KOMIIO-
HEHTIB 3amucy.

9.1. Koncmpyroeanns 3anucie nocmiiinoi 008xcunu

Koprexi BigHOlIEHb MNpPEACTABJISIOTLCS 3aMKMCaMH, CKIaJCHUMHU 3
MOJIB Pi3HUX THUMIB. Y HalMpOCTIIIOMY BUMAJKY, KOJIM BCi MOJISl MalOTh
NOCTIMHY MOBXKHMHY, TO 3alUC MOXKHA OTPUMATH MPOCTUM 3YEIICHHSM
TOJTIB.

Ipuxnao 28. 3BepHemoch 110 oroJoiueHHs BiaHowmenHs MovieStar,
HaBejieHOro Ha puc. 20. BoHo Hajtiuye 4oTHpH MOJIs:

1) name — 30-6aiiToBuWil psIOK CUMBOJTIB;

2) address — cumBoabhuii psmok tuny VARCHAR(255),
TIpeJICTaBJICHUH MacuBOM i3 256-Tu GaliTiB;

3) gender — onauH 6aiiT, SKUi MICTUTh KOJ OJJHOTO 3 JBOX
JIOMYyCTUMMX cMMBOJTiB — ‘F’ abo ‘M’;

4) birthdate — Benvuuna tuny DATE (BBaxkaroTh, 110 TYT
BUKOpHcTaHO 10-0aiiToBe npesicTaBlieHHs 3Ha4eHb naT SQL).

Omxe, 3araibHa JoBxuHa 3amucy Tturny MovieStar cranoButh
30+256+1+10=297 GaiitiB. 3anuc cxeMaTUYHO 300paxkeHO Ha pwc. 21.
Y HWXKHIN YacTWHI pPUCYHKAa TMOJAHO 3HAYEHHsS 3MIllleHb — KilbKICTh
0aliTiB BiJ MOYATKy 3amucy — Ui KOXKHOTO TONs. 3MillleHHS ToJs
name nopienroe 0 (nepiuuii GaiT 3anucy mae HoMep 0), MO4aTOK MOJIs
address posrarioBanuii Bif movatky 3armmcy Ha 30 Gaiirie, gender —
Ha 286 Oaiitis, a birthdate — na 287 GaliTis.

Jeski apxXiTekTypu KOMIT'IOTEpiB MiATPUMYIOTh e(deKTHUBHIlI
QJITOPUTMM 3UMTYBAHHSA 1 3allUCy €JIEMEHTIB JaHUX, SKIIO OCTaHHI
posmiiytoThes B OIl 3a anpecamu 3 Homepamu, kparHumu 4 (abo 8,
SKIIO KOMIT'IOTep OCHalleHuid 64-GitoBuM miporiecopoM). s meBHHX
TUITIB JTAHUX, TAKWUX SK LiJi YKciia, BUMOTra pO3MIICHHS 3a aJipecaMu,
KpaTHUMHU 4, MOKE€ BHABUTHCA OOOB’SI3KOBOIO, a [JJIS  IHIIKX
(HanpuKIIa, Yrcel 3 TIaBar0Y0I0 KOMOIO), MOMJIMBO, TaKOIO K YMOBOIO
MOXe OYTH «TPUB’A3Ka» 10 aJpec 3 MHOXKHUKOM 8.
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gender birthdate

|
|
name | address
1
|

0 30 286 287 297
Puc. 21. 3anmc tuny MovieStar

Xo4a KopTexi BiJHOIIEHHS TMOCTiliHO 30epiratoThes Ha JIMCKY, a HE B
OIl, He BpaxoByBaTH MoMAi0OHI OOCTABMHU HE MOYKHA, OCKIJIBKH TiJ 4Yac
34MTyBaHHs auckoBoro Gmoka B OIl mepiumii Gaiit 6y0ka Oyne 4iTKO
po3TanioBaHUi 3a agpecoro, kpaTHow 4, ado sika BiAnoBigae OimbLIIM
CTereHi uucna 2 (Hanpukian, 212, SKIIO OJIOKM 1 CTOPIHKM MarOTh
JOBKHHY, piBHY 4 096=2'%). OTsKe, BUMOTY PO3MilLIeHHs MOMIB JaHKX 32
CTPOro BH3HAYEHWUMHM aJipecaMH Mam’sTi, kpaTHUMHU 4, 8 i Tak nani,
MOJKHA TPaKTYBaTH K YMOBY 3MIllIEHHs IIUX TIOJIiB BiJ Mo4aTKy Ojioka
Ha BIATIOBIAHY BEJIMYKHY .

Jlns cnpollleHHs NPUIYCTHMO, L0 BCi MOJs JAHUX HEOOXiJHO
posramyBatu 3a agpecamu OIl, kpatHumu 4. Illo6 BukOHATH 11O
BHUMOTY, IOCTaTHBO JOTPUMYBATUCh TAKUX YMOB:

a) KOXXEH 3amuc 3MIllleHUH BiJ MoYaTKy OJIoKa Ha BEJIHYHHY,
KpatHy 4;

0) 3HauYeHHs 3MillleHHs KOXKHOTO TMOJIsl Bill MOYATKY 3aITUCy TaKOX
KpaTHe 4.

[HIIMMU cIOBaMU, MU 320KPYTJIIOEMO JIOBXKMHY BCiX MMOJIIB i 3aUCIB
JI0 HAMOJIMKUOTr0 3HAUSHHSI, KPaTHOTO 4.

Hpuknao 29. Tlpunycrumo, mo koptexi BimHotneHus MovieStar
MOBMHHI NPEJCTARIATUCS B MaM’ATi 3a BKa3aHOKO BHIIIE BUMOI0I0, TOOTO
KOKHE T0JIe 3alucy HeoOXIJHO po3MovYMHATH 3 OaiiTa, HOMEp SIKOro €
MHOXXHUKOM 4. ToJi 3HauYeHHs] 3MILICHHS TOJIiB BiJl MOYATKy 3amucy
Oymyte Ttakumu: 0, 32, 288, i 292. 3aranpHa [OBXHMHA 3amnucy
craHoButruMe 304 Gaiitu. @opmaT 3anucy NpoiTIOCTPOBAHO Ha puc. 22.
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JloBkrHa miepuioro noJis, Name, craHoeuth 30 OaiiTiB, oIHAK Ipyre
nosie address, He MOBMHHO PO3MOYMHATHCS OE3MOCEPEHBO MiCIIs
nepmoro — HOro HEOOXiJHO 3MICTUTH [0 HAWOIMKYOi MO3HAYKH,
kpatHoi 4, a 11e — 3HaueHHs 32. Posmip nons address mopieHioe 256,
OTOK 3MIIEHHS TpeThoro moisi, gender, cranosutume 288. Tlone
gender motpebye nuie oaHoro OaiiTa, MpoTe BiaBecTH s HOro
30epiraHHsT MeHIe, Hik 4 OaliTh, He MOXKHA, OTOX 3MIIlEHHS
HactynHoro mnofsi, birthdate, cranosutume 292. Tlone birthdate mae
noBxuHy 10 GaiiTiB 1 3aBepluyeTbcs ejleMeHTOM mij Homepom 301,
OTOX 3arajibHa JIOBKHMHA 3aMucy MOBUHHA cTaHOBUTH 302 GaliT (3HOBY
HarajaemMo, 10 mepiuii 0aiT 3amucy mae Homep (), OJHAK OCKINBbKH
HEeOoOXiIHO, 11100 3HAUEHHS JTOBXHMHM 3aMUCy Takox Oyyio KpaTHe 4, To
3aMuc JOMOBHIOIOTH JBOMa «3aiBUMK» Oakitamu. JIOLINBHO TOJY4YHUTH
i aBa Oaiitu 1o nons birthdate, o6 ix HeMOXIHBO OYJIO BUMAIKOBO
BUKOPHCTATH JUTS HIIUX I[iJTEH.

gender birthdate

name address

0 32 288 292 304

Puc. 22. Po3ramyBanHs nosniB koprexis MovieStar 3i 3milieHHSIM, KpaTHUM 4

9.2. 3azonoeku 3anucie

IcHye mie ogHa mnpoGnema, ska TPArUIIETbCA MPH MPOEKTYBaHHI
CTpYyKTypu 3amucy. Yacro y 3ammci HeoOximHO 30epiraTv mopiii
nonatkoBoi iHdopMallii, sKa He HalekKUTh 10 KOJAHOrO 3 IOJIB,
HaNpHUKJIA:

1) mani npo cxeMy 3anucy abo nokax4uk Ha te micie, 1e CKBbJ]
30epirae cxemy 3arucy 1bOro TUIY;
2) BIZIOMOCTI MO 3arajibHy JORKHUHY 3aITUCY;
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3) HdaHi Npo 4ac OCTaHHLOIO 3BEPTaHHS 10 3aMMCcy 3 METOK HOro
YuTaHHA a00 MoudiKallii.

Otox y 0araThbOX BUMAaAKax [0 CTPYKTYpU 3alucCy AOIy4arOThb
3ae01060k (record header), sikuii CKilaaeThCsi, 3a3BUYak, 3 HEBEJIUKOI
KUTBKOCTi OalTiB 3 TONaTKOBUMU JIAaHUMH TOTO UM iHIIIOTO BHTY.

CKBJl, naragaemo, 30epirac i miaTpuMye B akTyallbHOMY CTaHi
iHhopMallif0o CXeMH BiJHOIIECHHS, sKa HACIpaBli BigoOpaXkae 3MicT
Binnosignoi komangu CREATE TABLE:

1) mnepenik Ha3B aTpUOYTIB;

2) CHHUCOK TUIIB aTpUOYTiB;

3) mnopsAnoK po3TallyBaHHS KOMIIOHEHTIB aTpUOYTIB Y KOPTEXi;

4) oOMexeHHs, SIKi CTOCYIOTbCS OKpeMHMX arpuOyTiB i/abo
BiZIHOLIEHHS 3arajioM (HampHKIIa/, BiJOMOCTi TIPO EPBUHHUI
K04 abo OOMEXeHHs TPUHAIISKHOCTI 3HAueHb JIeTKOMY
NPUITYCTUMOMY Jliaria30Hy YW MHOKUHI).

O4eBUIHO, 110 PO3TALIOBYBATH MOAIOHY iH(OPMALIO Y KOXKHOMY
3aMMci KOPTEXKY BiHOLICHHS HE BapToO. Jl0OCTaTHHO JOMTYUUTH JI0 3AIUCy
MMOKAKYMK Ha MicClle, 1€ CHCTEMa 3MOXKE JIEFKO 3HaWTH Bce, IO TH
HeoOXiHO. 3 iHIOoro OOKy, Xo4a JIOBKUHY KOPTEXKY JIETKO OTPUMATH 3i
CXeMH BiJHOILIEHHsS, iHOMI 3pyuHinmie 30epiraTd 1€ 3Ha4YCHHS
Oe3nocepelHbO Y 3allici 3 METOK) YHHUKHEHHS 3BEpTaHHsA A0 CXEMH
(i BUKOHAHHS J0JaTKOBUX ONepaliii BBeICHHS/BUBEJCHHs]), a TaKOX 3
METOIO IIBUJIKOTO TOIIYKY MOYaTKy HACTYITHOTO 3arucy.

Ilpuknao 30. JIoMOBHUMO CTPYKTYpY 3amucy, pO3IJIIHYTOro Yy
npuknazi 29, 3aronoBkoM AoBxkuHow 12 Gaiirie. [lepiui yotupu Gaiitu
3arojoBKa NpU3HA4YeHO AJis 30epiraHHs TMOKaK4YMKa, SKWH 3am1ae
BEJIMUMHY 3MillleHHs B oOuyiacTi daiina 6a3u naHUX, A€ MpeacTaBlICHO
iHpopManito om0 cxemu BimHoweHHs. Hactymui dotupu Gaiitn
NPE/ICTABISAIOTh LIJIOYUCIIOBE 3HAYEHHS JIOBXKWHM 3alucy, a pelira
4OoTUpY OaliTM — ULIIOYMCIOBY BeNMYMHY, SKa BHM3HAYa€ MOMEHT
BCTaBKM YW OHOBJICHHSI KOpTexy. Ternep JOBKMHA 3aMucy CTaHOBHTH
316 Gaiitie. CTpyKTypy 3anucy MpeJcTaBiIeHo Ha puc. 23.

9.3. I pynyeanns 3anucie ROCMIiiiHOT 006)CUHU 8 OOKU

3anucy, sKi NPeCTaBIsAIOTh KOPTEXKi BIHOIIEHHS, 30epiratoTbes y
auckoBux Onokax i mepemimatoteess B OIl (y ckiagi BiamoBiaHUX
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OJIOKIB) 3a HEOOXIZIHOCTI IXHBOrO YMTAHHS YW OHOBIIEHHS. CTPYKTYypy
6J10Ka, IKMI MICTUTB 3alMCH BiJIHOLICHHS, HABEJICHO Ha pucC. 24.

ITokaxkuuk Ha cxemy

HomxxuHa 3anucy

gender birthdate
| Yac BCTaBKHU/OHOBJIEHHS ‘ ‘
IRRRRR | vy
{11 name address b
0 12 44 300 304 316
« o
3aronoBok

Puc. 23. 3anuc tuty MovieStar i3 3aroioBkom

3aronoBok Sarmic 1 Samc 2 -

Puc. 24. CtpykTypa TUIOBOro 06;10ka 3ammcis

biok Moxke HajiuyBaTH HEOOOB’SI3KOBUI 3arojlOBOK, SIKUM MICTHUTh
Taky iHpopmalliro:

1) mocumaHHS Ha OOWH YK JEKijJbKa OJIOKIB, SKi € YaCTUHOIO
Mepesxi OJIOKIB; 1[I0 YACTMHY BUKOPUCTOBYIOTH Ui CTBOPEH-
HSl CTPYKTYP iHIAEKCIB, IO MOJETTIYIOTh AOCTYT 0 KOPTEKIB
BilHOIIEHHs (3a JAeTalbHOIO iH(OpMalli€l0 3BepTalTeCh [0
pozainy 3);

2) BigoMmocTi mnpo QyHKUiIO, SKY BHUKOHye OJOK B CKiaai
nonioHOT Mepexi OOKIB;

3) maHi Opo Te, KOPTEXi SKOro BITHOUIEHHS MPEACTaBICHO
3anucamu OiXKydoro 0JI0Ka;

4) Tabnuio 31 3HAYEHHSAMM 3MillleHb KOXKHOTO 3amucy Bij
royaTky OJoKa;
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5) «inenTudikarop» 610Ka (neTanbHime —y Temi 10);
6) 3HayYeHHS 4Yacy OCTaHHLOTO 3BEPTaHHs N0 OJioka i/abo #ioro
Moauikarii.

V HaiinpocTioMy BUNaaKy 0JIOK MICTUTh 3alIMCH, SIKi BiMOBIAAIOTh
KOpTeXaM OJIHOTO BifHOIIEHHS, i (opMaT TUX 3anmciB (hikcoBaHUil.
OTto ozpa3y 3a 3arojloBKOM OJIOK HaJlidy€ TaKy KilbKICTh 3aITUCIB, SKY
BIA€Thcs NOMICTUTH. Perity nmpoctopy 6710ka He BUKOPHUCTOBYIOTb.

Ilpuxnao 31. Hexaii HeoOxinHO ynakyBaTd B 0J0Ku po3MipoMm 4 096
Gaiitis BMmicT BigHomeHHs MovieStar. KoxkeH KOpPTeX BiAHOIIEHHS
MPEJCTABIEHO 3aMKCOM, CTPYKTYPY SKOrO MpOLUTIOCTPOBAaHO Ha puc. 23.
JomxknHa 3anucy craHOBUTH 316 Gaiitie. Ilin 3aromoBok Oioka
BigBeneHo 12 Oaiitie, 4 084 OGaiitiB nependadeHo A PO3MILIEHHS
12-Tu 3amnuciB, 1 292 6aiiTH 3aJIMIIAIOTHECA BIIbBHUMH.

Bnpaeu oaa onpauroeannsn

Bnpaea 23. lpurnyctumMo, 1110 3aNuC CKJIAAAEThCSA 3 MOJIB, Mepeli-
YeHHWX y MOTPIOHOMY MOPSIKY: PSAAOK i3 15-TM cUMBOIIB, 1ijie po3Mi-
pom 2 Gaiitu, psanok natu gopmary SQL (10 OGaliTi) i psnok yacy dop-
maTy SQL (8 GaiiTie). SIka 1OBKHMHA 3aNKCY, SKUIO:

1) 3MmimIeHHs MOiB AOBIJIBHI,
2) 3Ha4eHHs 3MiLIEeHHS KOXKHOT'O TOJIs KpaTHi 4;
3) 3HaYeHHs 3MILEHHs KOXKHOTO MoJist KpaTHi §.

Bnpasa 24. BukoHalite 3aBaaHHs 3 BripaBy 23 3a YMOBH, L0 CITUCOK
MOJIIB TakWii: JificHe uwucino po3mipom § OaiiriB, psmok i3 17-Tu
CHUMBOIJIIB, OKpeMul 0alT i mata 'y ¢popmari SQL.

Bnpaea 25. BuxonaiiTe 3aBmaHHs 3 BIpaBd 23, BBaKAIOYM, IO
CIIMCOK MOJIIB TaKUil caMUM, OJHAK KOXKEH 3aIliC Ma€ 3aroJIOBOK, KU
CKJIaIaeThCs 3 NBOX 4-0alTOBUX MOKAXKYMKIB i CHMBOITY.

Bnpaea 26. Bukonaiite 3aBiaHHs 3 BIIpaBH 24 3 ypaxyBaHHSM TOTO,
110 KOJKEH 3aIlMC Ma€ 3aroJjioBOK, KU Hajliuye 8-0alTOBMI MOKAXKUHK 1
necsTh 2-0aiiTOBUX LIIOYUCIIOBUX 3HAYCHB.

Bnpaea 27. Ilpunyctyumo, 0 CTPYKTYypa 3alucy BiANOBigae yMOBI 3
BOpaBu 23 i HeoOXiAHO ymakyBaTh B OJIOKM po3mipom 4 096 GaiitiB
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MaKCHUMaJIbHO MOXJIMBY KiJIbKICTh 3aIIMCIiB, BPaXOBYIOUHM, IO 3ar0JIOBOK
Oiioka MicTuTh aecarb 4-0aiitoBux winmx uucesd. CKUIBKA 3aMUciB
BJIaCTbCS TOMICTUTH B OJIOK y KOXHIM 3 TphOX CHUTyalliid, IO
CTOCYIOTBCSI BUPIBHIOBAHHS TOJIiB 1[I0 MOYATKY 3anucy?

Bnpaea 28. Bukonaiite 3aBgaHHs 3 BOpaBU 27 CTOCOBHO CTPYKTYpH
3amnucy, 3a3HadeHol y BOpami 26, Ta 3 ypaxXyBaHHSIM TOrO, LIO PO3Mip
6s0ka nopiBHioe 16 384 GaiiTu i OI0K MICTHUTH 3aroJjIOBOK, KM HaJlivye
TpU 4-0aMTOBMX LIIMX udcia 1 TaOJMLIIO 3MILEHHs, 110 MICTUTh IO
2 GaiiTh JaHKX 3 PO3paxyHKy Ha KOXEH 3anuc OJoka.

Tema 10. IlpeacraBiaenns ajapec 3anuciB i 0J10KiB

O3HalioMUMOCh 3i crioco0amMu BioOpakeHHs aJipec, MOKaKYHUKIB i
MoCcHUJIaHb Ha 3alKcH i OJIOKH, OCKUTBKA BOHU JIOBOIIi YacTO BifirparoTh
POJIb CKJTAZIOBUX YaCTHH IHIINUX 3aMuCiB. ICHYIOTh TaKOX iHII MPUUWHH,
SIKi 3YMOBJIIOIOTh HEOOXi/JIHICTb PO3YMIHHS METOJIB OIUCY ajpec Y
BTOPUHHUX CXOBHIIAX JaHUX. 3roJoM (Y po3fidi 3), po3noBiiaouu npo
e(eKTHBHI CTPYKTYPH JAHUX TNPENICTABJICHHS BiJHOLICHb 1 (aiiniB, Mu
HaBeJeMO KiJIbKa BOKJIMBUX MPUKIIA/IiB BUKOPUCTAHHS aJpec 3auciB i
OJIOKIB.

ITicnst 3aBanTaxenHs Oinoka B Oydep OIl agpecu Gnoka Ta okpeMux
3aMnMciB ycepeauHi Oj0Ka MO)KHA CIpPMMMAaTH SIK BIIIMOBIIHI agpecu
nepmmx OalTiB Onoka i 3anmucy y BipryanbHid mam’sti. [Ipore, skimo
070K L1e He 3uuTaHuil i nepeOyBae Ha AWCKY BTOPUHHOIO MPUCTPOIO
30epiraHHsi, TO BiH HE € YaCTHHOI MPOCTOPY ajpec BIpTyanbHOT
naM’saTi. Y 1pOMY BUMAJAKY po3TalllyBaHHs Ojioka B 0a3i JaHUX, SKOIO
kepye CKBJI, ormcyeTbcsi IEBHOKO MOCITiAOBHICTIO OalTiB, 110 MiCTUTh
BiIOMOCTI NIpO iAeHTU(DIKATOP TUCKOBOTO MPUCTPOIO, HOMEP LUIiHapa i
TaKk Jajli, a 3anMc ycepeauHi OJoKa BM3HAYAEThCS 3MILEHHAM KHOro
nepioro 6aiTa moAo movyaTrky OJIoKa.

Lo Temy MM po3MO4HEMO 3 OOFOBOPEHHS OCOOIMBOCTEH aApecHUX
NPOCTOPIB y TOMY PO3YMiHHI, K X TIPEACTaBIAIOTh B apXiTEKTypi
«KJIIEHT/CepBep», MOTIM HAaBEAEMO pI3HI CMOCOOM Omucy ajapec Ta
ONMILIEMO METOJIM «IiIMIHKY» TMOKAKYMKIB, TOOTO IXHE MEpeTBOPEHHS
nig yac mepenavi iHdopmalii 3 cepepa 0a3u JaHUX MPUKIAIHUM
nporpaMmam-KJlieHTaMm.
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10.1. Cucmemu «knienmv/cepeep»

Tunosa CKBJl dyHKIliOHYe sk TIpoliec cepgepa, SKUN OOCITyTOBYE
3alMTH Ha OTPUMAHHS JaHUX i3 BTOPUHHUX MPHUCTPOIB 30epiraHHs, 110
HAAXOJATh Bil MPOLIECIB KIicHMi6 — 3aCTOCYBaHb-KOPUCTYBauiB
inpopmarii 3 Oa3u panmx. [lpolecu cepmBepa i KITI€HTIB MOXKYTh
BUKOHYBATHCS SIK HA OJIHOMY KOMIT FOTepi, TaK i B paMKax po3noAiIeHol
Mepeski KOMIT I0TepiB.

KnieHTChbKiI 3acTOCyBaHHS, 3a3BMuail, BUKOPUCTOBYIOTH 32-po3-
pAAHUN BipTyanbHHI alpecHUl MPOCTip, SKUM MICTUTH MOHam 4 mMipx
pizHux anpec. OC a6o CKBJl yxBantoe pilieHHs Mpo Te, SIKi YaCTHHU
a/IpeCHOrO MPOCTOPY B TOM 4M iHIUMI MOMEHT Hacy HeOOXiJHO po3Mic-
tati B Oll, a anapatHe 3abe3neueHHs] Hece BiMOBiNaIbHICTD 32 BCTa-
HOBJICHHS B3a€MHO OJIHO3HAYHOI BiJMOBIIHOCTI MiX BIpTyaJIbHUMH
aapecamu i ¢iznunumu agpecamu OIl. He BmaBatumemoch y neraini
MIEePEeTBOPEHHS BipTyalIbHUX afipec Y (hi3uuHi i cripuiiMaTumMeMo ajapec-
HMI MPOCTIip KITi€HTa TaK, Haue HOro LNKOBUTO po3raioBaHo B OI1.

Indopmaliis cepBepa «mnepedyBae» B aJpecHOMY MpocTopi Gasu
JaHUX. AJIpecy B TAaKOMY MPOCTOPi BKa3yrOTh Ha GJIOKH i, MOXKIIMBO, HA
3MilleHHs BcepeAuHi OyokiB. IcHye aekinbka crnocobiB npeacTaBieHHS
noIiOHMX azpec.

1. @izuuni aopecu — Habopu OaiTiB, SKi 1alOTh 3MOTYy BU3HAYUTH
po3TalryBaHHS OJIoOka 4YM 3amMcy Ha HOCIT BTOPHMHHOTO
npuctporo 30epiraHHsa. @isuuyHa ajpeca Halliuye  Taki
KOMITOHEHTH:

a) aapecy KOMI'lOTepa, [0 SKOro MIAKIIOYEHO MPUCTPii
30epiraHHs (Ko 6a3a NaHUX PO3MOiNIeHA MiXK IeKisb-
KOMa KOMIT I0TepaMHu);

6) ineHtudikaTop (AMCKOBOrO) MPUCTPOIO 30epiraHHs, Ha
SKOMY PO3MILLEHHH LIyKaHWi OJIOK TaHKX;

B) HOMep LMJIIHIpa JHUCKA;

r) HOMEp JAOPDKKM UWIiHApa (SKWIO MPUCTPId MICTHTh
TUIACTUHU 3 JeKiJIbKOMa MOBEPXHAMH);

1) Homep OJoKa B MeXax JOPIKKHU;

e) 3MmilleHHs mnepuworo OalTta 3amucy Bij mMouatky OJoka
(KO afpecyeThCs 3ammc).
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2. Jloeiuni adpecu. Koxxen 010k abo 3aric MarOTh JIOTTUHY aapecy
— JIOBIJIEHY TIOCHTIIOBHICTh OaNTIB JIeAKOi (pikCOBaHOT AOBKUHH.
Jloriuni agpecu TpaHCMIOOTBCS y i3WYHI 32 JTOMNOMOTOKO
maonuyi eionosionocmi (map table), ska 30epira€rbcs y
MeBHOMY Miclli Aucka. TaOyuiro BiAMOBIAHOCTI CXEMaTHYHO
300paxxeHo Ha puc. 25.

Jloriuna

anpeca
N =

<

®diznuna
anpeca

Puc. 25. Tabnuud BinnosixHoCTI

3ayBakumo, 1mo (i3UuUHI aJpecH BiA3HAYAIOTBCS BEJIMKUMH
po3mipamu. BicimM OailiTiB — 1e TOW MiHIMyM, 3a SKOTO B ajpecy
BJIA€THCS BKIIIOYMTH X0ua O esKi 3 nepesiiueHrX BUIIE KOMIOHEHTIB. Y
JIeSKUX CUCTeMax IiJ KOxkHY (i3udHy aapecy BinseieHo 16 OaiTis.
YsBuMo, 1Jis npukiamy, 6a3zy gaHux o0’ €KTiB, CIIPOEKTOBaHY Tak, 100
3a0e3MeunuTH MOXITUBICTh BUKOpHcTaHHs nipotsrom 100 pokis. [pumy-
CTUMO, 1[0 B MaliOyTHLOMY CHCTEMa JAOPOCTE A0 TaKUX pO3MipiB, 110 11
JIOBEJIEThCSl PO3MOMAUIATH Ha MUIBMOH KOMII IOTEpIB, KOXKEH i3 SKHUX
BOJIOJIIE PO3IIUPEHUM AJPECHUM TPOCTOPOM 1 HACTIIBKH TMPOIYKTHB-
HUM, LIO 3[aT€H CTBOPIOBATU MO OJHOMY OO0’€KTY MPOTATOM KOMKHOT
HaHocekyHnu. Taka cuctema 3Moxke 30epiraTvl 10 277 00’€eKTiB, 1 a4
TIpeJICTaBJICHHs] KOXKHOI 3 ajipec HeOOXiAHO OyJie He MeHIlle, HiK JIeCsaTh
OaiitiB. OCKUIBKM B KOXKHIM azpeci H0BeAEThCS MOAATH MOCUIAHHS Ha
KOMIT'FOTep, ieHTH(]IKAaTOp MPHUCTPOIO 30epiraHHs i, WMOBIPHO, e
YMMaJi0 KOMIIOHEHTIB, TO PO3Mip aJipecu 3HaYHO MepeBUIIUTH BUXIIHY
10-0aiiToBy MexKy.
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10.2. Jloziuni i cmpyxkmyposani aopecu

3aKOHOMIPHUM € MUTaHHS, sKe MPU3HAYeHHs JIOTiYHUX ajpec. Bero
HeoOXiHy iH(opMalliro npo Qi3uyHI agpecd MOKHA B3ATH i3 TaOJHII
BignosigHocteit. 1106 mpocTekuTH 3a JOriYHUMH MOCHJIAHHAMM, SIKI
BKa3ylOTh ~Ha  3allUCH, JOCTaTHbO 3BEpPHYyTHCA 10  Tabiuui
BiMOBiTHOCTEH 1 3HAWTM HeoOXiAHi ¢izuuni agpecu. OkpiM TOTO,
piBeHb OMOCEPEIKOBAHOCTI, IKUH 3aKiIaIeHO y TabJIMLi BiAMOBIHOCTEH,
3a0e3neyye 3HaA4HI IepeBard B rHydukocTi. Hanpukmaz, mig uac
BUKOPHUCTaHHS pi3HUX (opM opraHizaiii JaHWX HEoOXiTHO 3[iHCHFO-
BaTH TiepeMillleHHs 3aIUCiB — SIK BcepellnHi 0JIoKa, Tak i 3 oHOro 6Joka
B IHmMHA. 3a BUKOPUCTaHHSA TaOJULi BIAMOBIAHOCTEH 3OBHILLIHI
MOKAXKYMKHW TOCHIIAIOThCS TUTBKHM Ha ii KoMipku. | Bce, 1m0 HeoOXimHO
3poOMTH AJi MEPEeMILEHHS Y BMJIYYEHHsS 3amucy, — L€ 3MIiHUTH
EBHUU eJ1eMEHT TaOJINL BiAMOBIIHOCTEM.

3acTOCOBYIOTH 1 CXEMH TIPEJICTABICHHS CMPYKMYPOGAHUX adpec
(structured address), ki NPOMOHYIOTh Ti YW IHLII MOXJIMBOCTI CyMi-
mieHHs (i3MYHUX i JIOTiYHUX anpec. Hanpukian, wiikom npasaomnouio-
HOIO € CHUTYyallis, KOJM JJisl TIOCUIIaHHs Ha OJIOK (ajle He Ha 3MilleHHs
BCepe/rHi 0J0Ka) BUKOPUCTOBYIOTH (Pi3MUHY ajpecy, sKa CyNpOBOJ-
JKYEThCS KJTFOYOBHUM 3HAYeHHSM IykaHoro 3amucy. Toai 670k Bianny-
KYIOTh 3a «(i3UYHOI» YACTHHOK ajpecH, a MOTIM JJisi OTPUMaHHS
HEeoOXiIHOTO 3amnKcy aHalli3y€eThCs 3a/1aHe KIIFOUOBE 3HAUYCHHS.

OueBuAHO, AJisl Meperjsany 3anuciB ycepeauHi Ojioka HEoOXinHO
BOJIO/ITA JIOCTATHBOK iH(oOpMaIlli€to, sKa Jae 3MOTY BH3HAYUTH
po3TalllyBaHHS 3aMuciB 1 PO3Pi3HATH iX. Y HalmpocTilmoMy BUMaaKy
3aMyCH MalOTh IMOCTIMHY JOBXHUHY 1 BOJIOAIIOTH KJIFOUYOBMMHU MOJISIMM,
PO3TAIIOBAHUMH 31 CTPOrO BU3HAYCHUM 3MillleHHSIM. To/li 3aauiaeThest
3BEpHYTHCS /IO €JeMEHTa 3arojioBka OJIOKa, SKUM MICTUTh 3HAYEHHS
JIIYWIbHUKA 3alMCIB, 10 HajlesKaTh OJIOKOBI, — 1 MM YITKO BU3HAYMMO,
Jie 1IyKaTH KJIFOYOBI MOJISi, BMICT OIHOIO 3 SKMX 3aJaHO K YaCTHHY
aapecu. IIpore Giokn MoxHa dopMyBaTh i OararbMa iHITUMH CITOCO-
Oamu (neranpHimly iHpOpMALitO MOIaMO HUXKYE), IKi TaBATUMYTh 3MOTY
BHOKPEMITIOBATH 3alTCH BcepeinHi GIoKa.

[MoniOHmit 1 wiAKOM 3py4YHMH BapiaHT MOEJHAHHSA (I3UYHUX i
JIOTIYHUX ajipec nependavae 30epiraHHs y KOXKHOMY OJI0Li crielianbHO1
maonuyi smiwens (offset table), sixka MiCTUTh 3HAYEHHS 3MILICHHS Bif
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noyaTtky OJIOKa JJi1 KOXKHOI'O 3amucy, 110 HaJexuTh 0JokoBi. Cxemy
Gyioka 3 Tabnuiero 3MillleHb TIOJaHO Ha puc. 26. 3BepHITh yBary, II0O
TaOMLIA 3MIlleHb HAPOUILYEThLCS BiJl MOYATKY OJIOKA, a 3arUCH 3aHOCHMO
B OJIOK Y 3BOPOTHOMY Hampsimi. Takuil miaXijy Hal3py4HIIIMWi, SKIIO
JIOBXKMHA 3aMKCiB HE OJTHAKOBA.

Bintnaa
0011acTh

3arojgo0BoK >

Tabnuus

3MIIlICHb
—

-

3anuc 4 3anuc 3 3anuc 2 3anuc 1

Puc. 26. Cxema 6;10ka 3 TaOJUICIO 3MIILIEHHS 3aIIMCIB

VY 1upoMy BUMAAKY afpeca 3anucy BU3HAYae€Thes (I3UUHOIO aIpecoro
OJIOKa 1 3HAYEHHSIM BIAMNOBIAHOrO e€JiIEMEeHTAa TaOJMULl 3MILLEHb.
[ToniOHMiT piBeHb oOIMOCEpPeKOBAHOCTI 3HAYEHb ajJipec € 3PYUHIIIUi
MOPIBHSHO 3 MOJEJUTIO JIOTIYHUX ajipec 1 yCyBae HeOOXiHICTh BUKO-
puUcTaHHs ri00abHOT TaOJUI BIAMOBIAHOCTEM.

o [Ipu 3MiHI MOJIOKEHHS 3amlKMCy BCEepeaMHI OJioKa J0CTaTHBO
MoaM(pIKyBaTH BMICT ejieMeHTa TaOJMLi 3MillleHb;, 3HA4YEHHs
30BHIIIHIX MOKAKYKKIB Ha 3aMKC BUITPABIIEHHS HEe IOTPEOYIOTh.

e SIKmio po3MIpHICTH €NeMEeHTIB TaOJuIli 3MillleHb OCTaTHS JJis
30epiraHHsl «IOBIMX» ajpec, TO 3alKuC MOKHA NEePEMICTUTH
HaBITH B IHIIUI OJIOK.

e [Ipu BujaneHHi 3amucy iCHY€ MOXIIMBICTb MO3HAYMTH BiIoO-
BIOHUI eJIeMEHT TaOMWLl 3MILIEHb CHELIATBHOI TTO3HAYKOK —
«obenickomy (tombstone), ikl 3acBiquyBaTUMe (hakT BUITYUYEH-
HS 3anucy. SIKIO 3amuc BUJIYYEHO, TO ily4d 3a 3HAYEHHSAMU
MOKA)KYMKIB, CHCTeMa BIJIIyKae TMO3HAYKYy-«00emick» i Oyne
3MyllleHa TMPUCBOITH MOKAKYMKAM HYJbOBI 3HaueHHs abo
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3MIHUTH CTPYKTYPU JAHUX TaK, W00 BWIYUYUTH TMOCWJIAHHS Ha
HeiCHYIOuMii 3aruc.

10.3. ITiomina nokascuuxis

YacTo cTpyKTypa 3anuciB Hajliuye nokaxyuku ado aapecu. [loaioHy
CHTYAIli}0 He MOKHA Ha3BaTH TUTIOBOKO JUTS 3aMUCIB, SKi MPEACTaBISIOTh
KOPTEXIi BiJIHOLIEHb, OJIHAK BOHA JIOCTATHBO MOLIMPEHA, SKIIO WAEThCs
npo 00’extH. OKpiM TOro, cyuacHi 00’eKTHO-pemsiiiiHi cuctemMu 0a3
JIAaHUX JaI0Th 3MOT'Y BUKOPUCTOBYBATH aTpUOyTH THUIY MOKaXKYMKA (SKi
Ha3WBAIOTh MOCHJIAHHIMHM), TaK 10 HEOOXiTHICTh OIMUCY MOKAKUYUKIB Y
KOHTEKCTI 3amnMciB BMHHUKAE HAaBITh Y PeALIAHOMY CepeIoBHIIi.
3pewiTolo, Ha OCHOBI OJIOKIB, B3aEMO3B’s3aHUX MK Co0OK 3a
JIOTIOMOTOK0 ~ TIOK&)KYMKiB,  (OPMYIOTbCS  CTPYKTYpPH  iHJAEKCIiB
(meranphime mpo mHe y po3gini 3). Otox oOroBopumo mpodieMy
KEepyBaHHs MMOKAKYMKAMU TpU MepeMillleHHi OJIOKiB i3 BTOPHUHHUX
cxosu ganux B OIl, i HaBnakwu.

Sk Mu 3ragyBanu padiiie, KoxeH OJOK, 3amuic, 00 €KT YW IHIIWI
aZipecoBaHUi eIeMEHT JaHUX BOJIOJIIE apecaMu JIBOX THITIB.

1. Aodpeca ¢ b6azi oanux — aapeca y npocropi aapec ceppepa 6asu
IaHUX, sIKa MICTUTb, 3a3BHYaii, OJIM3bKO BOCEMM OaiiTiB 1 3a7ae
MiClIepO3TalllyBaHHS €JIeMeHTa JIaHUX Y BTOPMHHOMY CXOBMILI.

2. Aopeca nam’smi — ajapeca y BIPTyallbHOMY a/IpECHOMY
npocTopi micns Oydepusanii ejeMeHTa y BipTyalbHiil mam’ sTi,
sKa HaJidye, 3a3BU4aii, YOTUPHU OalTH.

SIKIo eneMeHT po3TalloBaHo y 0a3i JaHWX, MOCHIATHCS Ha HbOTO
HEeOOXi/IHO, BUKOPUCTOBYIOUM ajpecy B 0a3i mAaHuX. SIKIIO K €IeMEHT
3unrrtano B OIl, To BiH qOMycKae MOMIIMBICTb 3BEPTaHHs 10 HHOTO SK 3a
azipecoro B 0a3i AaHMX, TaK i 3a afgpecoro mam’srti. 3aCTOCOBYIOUM IS
MOCUJIaHHS Ha eJIeMEHT, KW € y BIpTyalibHid nam’siTi, MOKaX4uK,
3py4Hillle BUKOPUCTOBYBATH ajJpecy Mam’sTi, OCKUJIbKM MepeMilarucs
32 3HA4YEHHSIM TaKOrO MOKaXKYMKA BJAETHCS 3a JOMOMOIOI €JUHOT
MAIIMHHOT IHCTPYKLIi.

Bukopucranus aapec y 0a3i JaHMX, HaBMaKd, BUMarae 3HaYHHUX
00YMCITIOBATILHUX BUTPAT, SKi TOJATalOTh y BUKOPUCTAHHI TaOJMIi
TpaHCIALIT. 3a JoMmoMoroo 1€l Tabnuii «06a30Bi» aJipecu BCiX eJleMeH-
TiB, 5IKi epedyBalOTh Y Lieil Yac y BipTyallbHiil mam’sTi, TPaHCIIOOThCS
B ajipecy nam’sti. Tabmuis TpaHCnALii, sKy CXeMaTHYHO 300pakeHo Ha
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puc. 27, Haraaye TaOJMLIIO BiANOBIAHOCTEH, 1110 BUKOHYE MEPETBOPEHHS
JIOTIYHUX ajfipec y (pizuuHi. 3ayBakuMo, OJTHAK, I110:

a)

0)

i JloriuHi, i Qi3u4Hi agpecu € popmMaMu NpeACTaBICHHS afpec
y 0a3i gaHux; 3 iHworo OOKy, ajpecu mam’sTi, mepeniueHi B
TaONIWUi TpaHCHANil, BKa3ylOTh Ha Komii 00’eKTiB y BipTy-
aJIbHIM mam’A4Ti;

TabMMUsA  BIAMOBIAHOCTEM  MICTUTh  PSAOKM A BCiX
aJipecoBaHUX eJieMeHTIB 0a3u JaHux, a B TaOJMili TpaHCIsALil
3raJlyloThCsl aIPeCH TIIBKW THX €JIEMEHTIB, SKi 3aBaHTa)XEHO Yy
BIpTYyaJibHy Mam’STb.

Anpeca B
0a3i 1aHuX

|

—p _

Anpeca

B I1aM’ATI

Puc. 27. TaGnuus TpaHCIALIT 111 IEPETBOPEHHS aapec y
0a3i JaHKX B aJ[pecH ram sTi

3 MeTol 3MEHUICHHS HAaKJIaJHUX BUTPAT, SKi HaKOMUYYIOThCS
YHaCIiIOK HernepepBHOr0 TMOBTOPEHHS MpOLEAYp TpaHcisuii agpec y
0a3i JAaHUX B aJpecd mam’sTi, po3poOJIEHO Kilbka MPUHOMIB, fKi B
CYKYMHOCTI TIPUAHATO Ha3WBAaTH MIOMIHOIO HnoKadicuukie (pointer
swizzling). lnes nojsirae B ToMy, 110 Mij Yac nepeMillieHHs 0JI0Ka AaHuX
i3 BropunHoro cxopuiia B OIl mokakunku BcepenuHi Onoka «miami-
HAIOTBCA», TOOTO iXHIM BMICT MEPETBOPIOETHCS 3 MPOCTOPY aapec 0azu
JAHUX Yy BipTyajbHUM aapecHui mpoctip. [lokaxuuk y 1bOMY BUIAIKY
MOBHHEH MIiCTUTH TaKi KOMITOHEHTH:
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1) OiT, sakuii 3acBimuye, L0 MOKAKYMK MICTUTH aapecy B 0asi
naHux abo (MmiaMiHeHy) agpecy maMm’siTi;

2) aapecy B 6a3i maHux a0o ajapecy nam’sTi — Te, 10 HEOOXiTHO
B KOHKPETHOMY BHNAJKy; Juis 30epiraHHs aapecu BiiBO-
JUTBCS OJIHAKOBE Miclle He3aJe:KHO Bija ii TUMy (OYEeBHJIHO,
110, BUKOPUCTOBYIOUM ajapecy mam’sTi, sKa, 3a3BU4ai,
KOpOTIlIa BiJ ajapec B 0a3l JaHMX, YaCTHHA IPOCTOPY
3aJTULIAETHCS BIJILHOIO).

Ilpuknao 32. Ha puc. 28 mpointocTpoBaHO NPOCTy cUTyalliro: 6ok 1
MICTUTh 3aMKC 3 MOKAKYHUKAMU, NEPIINi 3 SKUX TOCUIAETHCS Ha 1HIIHH
3anmuc TOro » OJsioka, a apyruii — Ha 3anuc y Omoui2. Ilim yac
kormitoBaHHs Onoka 1 B OIl BinOyBaeTbcs migMiHA TOKaXYWKa, SKUH
ajpecye 3ammc ycepe[uHi IbOro OJIOKa, TIcis YOro BiH MicTUTUME
NOCWJIAaHHS Ha aJpecy Mam’sTi, 3a SKOK PO3TAlIOBAaHWN UIyKaHWH
3arnmuc.

briok 2 3anuimaerbes Ha TUCKY, OTOXK MIAMIHUTH APYTUH MOKKYUK
6noka 1 He BaaeThes. Bin, K 1 paHilie, TOBUHEH MOCUIIATHCS HA aJjpecy
3anucy B 0asi gaHuX. SIKIO MPUIYCTUTH, LIO 3roJoM OJIOK 2 TaKox
oyne 3untano B Oll, To y 11boMy BUMAJIKy, IMOBIpHO, CUCTEMA OTPUMAE
MOJIMBICTh MIAMIHUTH 1 JPYrvid MOKAXYWK y 3anuci Oioka 1 — Bce
3aJIe)KUTh BiJ| CTpATerii MiIMiHY, SIKY 3aCTOCOBYIOTb.

[cHye pekinbka cTpaTeridi BUKOPUCTaHHS MEXaHI3MYy MiJMiHH
NOKayKYMKIB.

Aemomamuuna «niomina». Sk Tineku 610k 3untyerbes B Ol B
fioro 3amucax BiILIYKYIOThCS BCi MOKaKYMKHK Ta ajpecd i BBOAATHCS B
TabJMIEO TPaHCALIT (AKILO Lie He 3pobJieHo paHiiie). JIo HUX HanekaTh
i MOKaKYMKH, IO TMOCHWIJIAKOTHCS 3 3aluciB OJioka Ha30BHI, W ajpecu
Omoka sk Takoro i/abo 3ammciB ycepenuHi Ojoka. HeoOxigHum €
BIZMOBIJHUIM MeXaHi3M, SIKWH Jae 3MOry BiJILIYKaTH MOMAiIOHI MOKax-
YUKH Y OJIOII.

1. ko O0JIOK MICTUTH 3alIMCH 3 BIZIOMHMH CXEMAaMH, TO OCTaHHI
JIOTIOMOXKYTb ~ BIILIYKaTH y CTPYKTYpi 3amuciB  OyIb-siKi
€JIeMEHTH (30KpeMa, i MOKAKUUKH).

2. Skmo 010K BUKOPHCTOBYETBHCS B CTPYKTYpi iHAeKcy (Ipo It0
CUTYyallil0 JIOKJIafHile y po3auti 3), TO Miclle po3TalryBaHHS
MOKaKYMKIB BiZJOME Hamepe.
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3. 3arojoBoK OJI0Ka MOKE€ MICTUTH CHELAJILHUM CIIUCOK, KU
3aj7la€ 3HAYEHHS aJapec PO3TAllyBaHHS MOKAKYMKIB ycepeauHi

OJIOKa.
Juck [lam’sTH
3aBaHTaKEHHS
7 B I1aM’SITh e
- —> au
ITigmina .
ry
Brok 1
» [Toka)kyuk He ImiAMIHEHO
=
bnok 2

Puc. 28. Tlpuknan BUKOpHCTaHHS MEXaHI3My ITiIMiHU MMOKaXIHKIB

[lpu BcTaBmi y Tabnuiro TpaHcnsmii aapec OJokiB i/abo Horo
3aIuCiB, IIOWHO CKOMIMOBAHUX Y TaM’sITh, MOJIOXKeHHs OJoka B Oydepi
nam’ati Bxke Bimome. OTOX IOJYUWMTH 10 TaOJULi TpaHCIALil aapecu
nmam’Ti JJIs 3aBaHTa)XKEHUX eJIEMEHTIB HeBakko. MoxITMBa cUTYyallis,
KOJIM MiJl Yac crnpoOu BHECEHHS B TaOMIIFO TpaHCHAUil agpecu A 6azu
JIAHUX BUSIBUTBCS, 1O ajjpeca BKe MPHUCYTHS B TaOJMI, OCKUTbKH OJIOK
3 agpecoro A 3aBaHTaKHBCA paHilie. Y IbOMY BHIAIKy IOCTATHBO
3aMiHUTH BMICT MOKaKYMKA Ha A B 6JIOL, IKMH LLIOMHO 34MTAHO, BiAmO-
BIHOIO aJpecor0 nam’saTi I MHPUCBOITH OITOBI «IMIAMIHM» 3HAYEHHS
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«ictuHay. Ko K afapecy A ie He BHECEHO B TabJHINO TPAHCIALI, TO
OJIOK 3 LII€I0 aIPecolo 1e HEe 3UMTYBaBCs y naM’siTh. OTOXK MOKAKYMK Ha
A miaMiHUTH He MO)Ha i Horo aapeca, sk i paHille, HaJie)kKaTUMe 10
Kareropii azmpec y 6a3i JaHuX.

SAkimo y cnpobi cnigyBaHHS 3a MOKaK4YMKOM P 3 neskoro 6jioka
BUSIBUTBHCS, L0 LIEM MOKWKYMK L€ HE MiAMIHEHO, TOOTO BiH MOCHJa-
€ThCs Ha ajipecy B 0a3i JaHWX, TO HEOOXITHO MEpeBipUTH, UM 3aBaHTa-
JKEHO Yy mam’aTh 670K B, 1mo MicTuTh efleMeHT 3 afpecoro P. Skino B
TabvLl TpaHCHALiT aapeck P Hemae, To HeoOXiHO cKomiroBaTh 60k B
y Oydep OIT i nigmiHuTH nokaxduk P, 3MiHIOI04K ajapecy B 0a3i JaHUX
Ha piBHO3HAYHY aJipecy ram’sTi.

«Iliomina» 3a eumozoro. AnbTepHATUBHUN MIIXiA 10 BUKOPUCTAHHS
MEXaHi3My «MiAMIHMY» MOKAKYMKIB TMOJiAra€ B TOMY, IHO IiC/s
IMOYaTKOBOro 3aBaHTakeHHsa Ojoka B OIl BMICT MOKa)KYMKIB 3ajIuIIa-
€Tbcs 0e3 3MiH. Y TaOJMLIIO TpaHC/ALIT 3aHOCATh €JIeMEHTH, SKi Ipe-
CTaBJIAIOTH ajjpecy B 0a3i NaHWX i B mam’sTi: OJioka, 3anmuciB y OJori i
MOKAXKYMKIB y 3amucax. SIKIo HeoOXiHO MepeMicTUTHUCS 3a aJpecoro
nam’siTi, 3a/1aHO0 JAeIKUM MOKAXKYMKOM P, TO 1ieil MOKaXUuK MepeTBo-
PIOETBCS TaK, K 1y BUMAJKY BUKOPUCTAHHS aBTOMATHYHOT MiIMIHMU.

PizHuMnsg Mixk crpaTerisMyd aBTOMAaTWYHOI TpaHCIALIl 1 MiAMIHK 3a
BUMOTOIO TOJIATAE B TOMY, IO TepIla BUKOHYE MEPETBOPEHHS BMICTY
BCIX MOKa)KYMKIB NpHU 3aBaHTakeHHI 6yioka B OIl. MoskiuBa ekoHOMis,
sKa OTPUMYEThCS 33 OJHOYACHOT TPAHCIIALIT BCIX MOKAXKUYMKIB y Onowi,
WMOBIpPHO, 3piBHOBaXKYEThCS THM, IO HE BCi MiAMiHEHI MOKAKYMKHU
BUKOPUCTOBYBATHUMYTh Y MalOyTHbOMY. [HIIMMHU cloBamu, #HaeTbes
npo 3aiBi 3arpaTd 4Yacy Ha TMEPETBOPEHHs, pPe3yJbTaTH SKUX He
BUKOPUCTOBYIOTb.

3abopona «niominu». MexaHi3M TiAMIHA TOKKYHMKIB MOXKHA He
BHUKOPUCTOBYBATH 30BCIM. Y 1K cuTyalii TabnuLs TpaHC/IALIT BCe 111e
HeoOXilHa, 1 TepeMicTUTHCS 3a TMOKaXYMKAMU MOXKHa B iXHIH
«3BUYAlHINY (He «migMmiHeHii») dopmi. [lomiOHWit miaxin mae Ty
niepeBary, 10 Ja€ 3MOTY YHUKHYTH 3aIHCiB, «3aKPIiTNIEeHUX» y Mam’sTi
(meranpHime npo ne — y nyHkTi 10.5), i HeoOXimHOCTI NPUNAHATTS
pillieHHs 110,10 GOPMHU MPECTABICHHS MOKAKYUKIB.
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Ilpozpamne KepyeaHHs MeXAHIZMOM «RIOMIHU» ROKAMCYUKIG. Y
JIeKUX BWITaJIKaX TPOrPaMICT, SKH CTBOPIOE 3aCTOCYBaHHS, MOXKe
Hanepe] 3HaTH MO Te, KOJIHM i AKi MOKaXKYUKHK y OJowi OyayTh noTpio-
HUMH, | MOTypOyBaTUCs MpPO IXHIO MPUMYCOBY «IiIMiHY» B NpOLIECi
3aBaHTaxeHHs Onoka B Ol abo 3a crienianbHO0 BUMoOror. Hanpukoian,
SKIIO Hamepes BigoMo, 110 iHdopMallito 0JIoKa, KU 3aBaHTAXKYEThCS
(mpurmycTMO, KopeHeBoro 0sioka B-nmepera), akTHBHO BUKOPHCTOBYBa-
TUMYThb, TO TIOK&KYMKHM, HAINEBHO, 3PYy4Hillle «IMiJMIHUTH» OJpazy.
[Tpote nmokaxkumku y O70Kax, SKi MiCHsl 3YUTYBAHHSI BUKOPHUCTOBYIOTHCS
OJIHOPA30BO, HMOBIPHO, € CEHC HE 3MIHIOBATH 1 TPAHCIIOBATH BUKJIFOUHO
3a HeoOXiTHOCTI.

10.4. 36epesricennn 610Ki6 Ha OUCKy

Axmo Onok JaHMX y mam’aTi HeoOXigHO 30eperTv Ha JHUCKY, TO
BMICT YCiX TMOKaXYHKIiB ycepenuHi Ojoka Tpeba TEpeTBOPUTH B
«3BOPOTHOMY» HampsMi, TOOTO aipecH ram’sITi 3aMiHUTH BiJMOBiTHUMH
aapecamu B 0a3i maHux. TaOnuito TpaHcmslii, ska NMOB’A3ye aapecH
000X THIIIB, MO)KHA BUKOPUCTOBYBATH 1 Ul BiJIIyKaHHs ajapec y 0a3i
JAaHUX 3a 3aJlaHuMK ajapecamu nam’ati. [Ipore OGyno 6 HeaOUIIBHUM
3MIACHIOBATH Teperiisiy TaONWUi TpaHCHALil LIJIKOBUTO TijJ dbac
HEeOoOXiTHOCTI BUKOHAHHS KOXKHOT omepailil, 00epHeHOT 10 «IigMiHN»
NnoKax4YuKiB. OTOX TaOMMLA TpaHC/IALil Ma€ BIAMOBIAHI 1HAEKCH, 1
3ajavy BiAIIyKaHHS aJpecd Mam’aTi 3a 3aJlaHol0 ajpecoro x y Oazi
JIAHUX MOJKHA 3BECTH JIO BUKOHAHHS 3aIlUTy:

SELECT numAddr
FROM TranslationTable
WHERE dbAddr = x;

V 1boMy BUMNAKY NOLIIBHUM PILlIEHHSIM OyJI0 O CTBOPEHHS iHIEKCY
s atpubyty dbAddry dopmi rem-rabunuii (JeTaibHilie po3riiTHeMO
y po3nini 3), y kil QyHKIUiI0 KII04iB BUKOHYIOTh aJipecy B 0a3i 1aHuX.

10.5. «3akpinneni» 3anucu i 610Ku

BBakaroTh, 1110 OJI0K «3akpirieHo» (pinned) y mam’sTi, SKIIO HOro
He MOXKHa Oe3nevHO 30epertd Ha JIMCKY, He BUKOHYIOUM JNOJATKOBHX
NliKi. 3aroioBok OJIoKa MOXKe MaTH CHellialibHUi OiT, SKU IeMOHCTPYE,
uy «3akpimeHuit» 0710k, ud Hi. OOGCTaBUHHU, 3a SKHX MependayvaroTh
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«3aKpimieHHs» Ojoka B mam’sTi, € pisHoMaHiTHUMU. Hampuknazn, e
HEOOXIiJTHICTh ~ MIATPUMKH BUMOT, SKi BHUCTaBIS€ TijJcHUcTeMa
BiJTHOBJIEHHs JaHUX. [HIIOIO HeMaJIOBaXKHOKO MIJCTABOIO VIS «3aKpir-
JIEHHS» JEAKOro OJIOKa € HagBHICTH ITOCHMJIAHbL Ha €JEMEHTH LLOro
OJs1oKka 3 OOKy MiAMiHEHHX MOKAKYHKIB 1HIIUX OJIOKIB.

Slkmo y Omoui B; «migMiHeHO» TOKaKYMK, SIKUH aapecye AesKuil
eleMeHT naaHux Osoka B,, To mepemiuieHHs Ha auck Ojioka B, i
ouutieHHs 6ydepa OIl Tpeba BUKOHYBaTH 3BayKeHO. IHaKIe HaC/iIKu
MOXYTh BHUSBHUTHCS JyXe TpariyHuMHu. SKIIO He BKHUTH 3aXMCHUX
3aX0[liB, TO TMOKaX4YWK y B; (AKI0 panTom A0BeAETbCS HUM
CKOpHCTaTHCs) TIpUBelie cucTeMy 10 Oydepa, B skomy Onok B, Bike
BiJICYTHIH — HACHiKU MOXYTh BHUSBUTHCS HaWTparidyHimumu. OTox
ook (monibHmii 1o B,), mo aapecyeTbcs 330BHI, HaOyBae craTycy
«3aKPITIEHOr 0.

[Tix yac cnipobu 30epekeHHs OJIoKa MaM’SITi Ha TUCKY HeoOXiTHO He
TIIbKM  TPAHCIIOBATH 3BOPOTHO «MiIMiHEHI» TIOKKYUKH, ane u
3’ICYBaTH, Ui OJIOK HE € «3aKpiluIeHuM». K0 OJIOK «3aKPirieHO», TO
HeoOXi/IHO a00 YCYHYTH MpPUYMHH, 32 SKUX OJIOK MOTpanuB y Liei cTaH,
abo 3anuImuTH OJIOK Ha Micili (OYeBHUIHO, TOTOKYIOUYHUCh 3 THM, IO
Oydep mam’siTi, BiaBeAeHHH mia OJIOK, HE MOXKHAa OyJie BUKOPHCTOBY-
BaTM i iHwWoi wmetu). Illo60 mo3GapuT OJOK Big O3HAKU
«3aKpiryieHHs», BCTAHOBJIIGHOT y 3B’S3Ky 3 HASBHICTIO 30BHIIIHIX
«IIAMIHEHUX» IMOKaKYMKIB, 10 IOCWIAIOThCI Ha €JeMeHTH OJIoKa,
HEOOXiTHO 3IMCHUTH OOepHEHE MEePETBOPEHHS LUX MOKaXUMKiB. OTOX
y TaOMLI TPAHCIALIT 11 KOXKHOT aapecy B 0a3i naHuX, sAKii BiNoBinae
MeBHUH eJleMeHT y nam’ATi, Tpeba 30epiratu il agpecu nam’sTi, B STKUX
PO3TALOBAHO «MiAMIHEHI» MOKAKYMKH, 1110 apeCyroTh e eleMeHT. 3
L[IEF0 METOO 3aCTOCOBYIOTh JIBA MIJAXOMH, 3a IKUX HEOOXITHO:

1. IlinTprMyBaTH Tiepenik MOCUIaHb HA afpecH Mam’sITi y BUTIISAL
3B’S3aHOrO CMHWCKY, SIKUM MOCTAaBIEHUN Y BiAMOBIAHICTH TOMY
a00 iHUIOMY eJIEMEHTOBI TPaHCIALLII.

2. Slkmo aapecu mamM’sATi CyTTEBO KOPOTII Bifl aapec y 6a3i AaHUX,
TO CTBOPUTH 3B’S3aHMM CHMCOK Y MPOCTOPi, SKWA BHKO-
PHMCTOBYIOTb IS PO3MILIICHHS MOKa)kunKa. ToOTO po3MiCTUTH B
00yacTi MoKayK4MKa Ha ajipecy B 0a3i JaHHX:

a) «IigMiHEeHUH IMOKaKUIHK;
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0) IHIOMH TOKaXYWK, SK YacTHHY 3B’S3aHOTO CITMCKY
MOKa)KYHKIB, IO TIOCHJIAIOTHCS HA OJIHY aJpecy mam’sTi.
Ha puc. 29 mpointoctpoBaHo criocid 3B’S3yBaHHS y CIHMCOK YCiX
MOKa)KYMKIB, SIKI MOCHIAIOTBCS HA ajipecy B MaMm’sTi, MOYMHAIOYM 3
eJieMeHTa Ta0JIHIII TPAHCIIAIIIT, SKUI CTaBUTh Y BiJIMOBIIHICTh aJipeci x y
0a3i 1aHuX anpecy ).

1 —

TaOnuist TpaHcsiy i

Puc. 29. [IpeacraBneHHs 3B’ 13aHOTO CIHCKY MOKAKYKKIB, 10
aZpecyroTh OJTHY apecy Imam’sTi

Bnpaeu ona onpauiosannsn

Bnpaea 29. PozrnsHeMo AvcKoBHI MpUBiA «Soaring 747», skuii Mae
Taki XapaKTepuCTHMKHM: 8 riacTuH abo 16 moBepxons; 2'* aBo
16 384 nopixkok Ha ToBepXHi; B cepeaHbomy 2’, aGo 128 cexrtopis Ha
nopixui; 2'? a6o 4 096 Gaiitis y cextopi. SIKIIO MpeacTaBUTH (i3HuHi
azpecu CTPYKTYPHHX €JIEMEHTIB LMX HOCIiB, BUOKPEMJIIOIOUM OKpeMi
0aiiTh A1 OMHMCY KOXKHOTO IMITIHApA, NOPDKKK IwiliHApa i Onoka
BCEpeMHI ULWIIHApa, TO CKiJbKM OalTiB 1yid LbOro HeoOXiaHO?
3BepHITH yBary Ha MaKCUMAJIbHO MOXJIMBY KUTBKIiCTh OJIOKIB Ha
JIOPXKI 1 BpaxyiTe, IO KUIbKICTh CEKTOPIB 3 PO3paxyHKY Ha OJHY
JIOPIKKY 3MIHIOETBCA.

Bnpaea 30. Buxonaiite 3aBnaHHs 3 BripaBu 29 CTOCOBHO MapameTpiB
nucka «Soaring 777». XapaKTepUCTUKU: JAECATb TOBEPXOHb, IO
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10 000 nopi>kok Ha KOXKHiM; KokHa Jopixkka Mictuth 1 000 cekropi
MicCTKicTIO 512 GaiiTiB; 3a30pu 3aiiMaroTh 20% IO TOPIKKY.

Bnpaea 31. Slxmo mopsm 3 ommcoM ajpec OJIOKIB HeOoOXiTHO
NpeACTaBUTH aJpecd 3aluCiB ycepeAuHi OJIOKIB, TO OBEAEThCS
3a]lydYUTH JOJATKOBi Oaiitm. BBaxaroum, mo, sk i y Brpasi29,
po3risaeTbes AWCKOBHMN mpucTpiii «Soaring 747», nalite BiAmoBib,
CKiJIbKK OalTIB HEOOXiIHO [T apec 3aMMCiB, SKILIO:

a) 10 ckaaay (i3U4YHOT aapecH NOaYUYUTH HOMep Oaiita BCcepeauHi
0710Ka;

0) s MOCWITaHHS Ha 3alMCH BUKOPHUCTOBYBATH CTPYKTYpPOBaHi
ajZipecu, BBa)KarOuH, 110 KOKHOMY 3alluCy BIAINOBinae K4 —
4-0aUToOBE LIJIE YHACIIO.

Bnpaea 32. ]lns npencraBieHHS aJpecy KOMIT IOTepa, 3TiIHO 3
BUMOTramu npotokoiy /P, neobxinHo 4 6aiitu. [Ipunmyctumo, mo agpeca
0JIoKa JUCKOBUX AaHUX Y CHUCTEMI, BIAKPUTIH i AocTymy 3 Internet,
Haniuye [P-ampecy komm’iorepa, HOMep MAHMCKOBOTO TMPUCTPOIO 3
intepBaiy 1-1 000 i agpecy Gyioka Ha KOHKPETHOMY MPHUCTPOI (HaeThes
npo «Soaring 747»). Hackinbkn JOBrol0 BHSBHTBCS TIOBHA ajpeca
6noka?

Bnpaea 33. llpunyctumo, 1o Tpolec aBTOMATHYHOI «ITiJMiHM
MOKa)KYMKIB 3aifiMae MOJIOBUHY 4acy, HeOOXiJHOIro y BHMAAKY, KO O
KOKEH MOKAKYMK «IIAMIHABCS» OKPEMO I HE3aJeKHO Bij iHIIMX. K0
HWMOBIpPHICTh TOTO, IO MOKAXKYHUK Yy MaM’STi OyJie BUKOPUCTAHO Xoua O
OJIMH pa3, JOPIBHIOE P, TO 3a SIKMX 3HAUY€Hb P MPOLIEC aBTOMATHYHOL
«MiAMIHWY»  BHUSABUThCA €(EKTHUBHIIIUM TMOPIBHAHO 3 MeXaHi3MOM
«IIIMIHA» 32 BUMOIOIO?

Tema 11. EreMenTH JaHHUX i 3anMCcH 3MIHHOT JOBKHHH

Jlo 1poro vacy Mu KOPUCTYBAJIUCA CHIPOLUCHUMHM MPHUITYIIEHHIMHU
npo Te, 10 KOJKEH €JEMEHT JaHUX Ma€ MOCTIMHY JOBKUHY, BCI 3amucu
ONUCYIOTHCS (PIKCOBAHOIO CXEMOIO 1 KOXKEH 3aITuC sIBIISiE COOOKD CITUCOK
MoJIiB MoCTiiiHOro po3mipy. [IpoTe Ha MpakTHIli He Bce TakK iiealbHO.
LlisikoM npaBaonoaiOHUMHU € CUTYyaLlil, KOJW JOBOIUTLCS MaTH CIIpaBy 3
TaKUMH 00’ €KTaMH Ta YMOBaMHU:
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Enemenmu oanux 3sminnozo posmipy. Hanpukian, Ha puc. 20
HaBeJIeHO oroJjionieHHs BigHoirenHs MovieStar 3 arpubyrom-
noneM address, NOBXXKHMHA SKOrO MOXKE JocsaraTéd 255 GalTis.
Jesiki psaku aapec AIMCHO MOXYTh OyTH TaKMMHU JTOBTUMH,
nporte, 3/1e0UTBIIOro, IXHil pO3Mip CTAaHOBWTH, HAWIMOBIpHillle,
50 OaiitiB a0o MeHuie. SIKIIO BIABOAUTH Mil KOXKHY aapecy
CTiIBKM OaWTIB, CKITBKU CIIpaB/ai HEOOXigHO, TO HaM BJIACThCS
Oinmplle, HDK YJBIYi, CKOPOTHTH TMPOCTip, HEOOXiAHWH s
30epesKeHHS BMICTY BiJIHOLICHHSI.

Ione, saxe nosmopiocmuvcs. 3a HEOOXiHOCTI MPEICTABICHHS B
paMKax 3arucy, KWW BIATOBIZae AEIKOMY 00’ €KTOBI, 3B’SI3KY
THIy «0arato 10 6araThox» AOLIIBHO 30epiraTtd y 3amuci Taky
KIJIBKICTh TIOCHIIaHb, dKa BiAMOBiZace KIIBKOCTI 00’€KTIB, 110
aZpecyroTbes OLKyYUM 00’ €EKTOM.

3anucu 3minnoeo ¢opmanmy. Y NEBHUX CHUTyallifX TMOMEPEIHS
iHdopMalist MOA0 KIIbKOCTI €K3eMILISPIB MMOJIB Yy 3amuci abo
Mpo HOMEHKJIATypy MOJIiB Hanepe/ BincyTHs. Hanpukian, neski
KiHOAKTOpW BOAHO4YAC € i pexkucepamu. OTOXK MOXKIHBO, IO
JIOBEIETLCS JIOMOBHUTU 3alKCH 3 BIJOMOCTSIMHU MPO aKTOPiB
MOCUJIAHHAMM Ha 3HATI HUMU  KiHODUTbMH.  OCKiNbKH,
31e0IbIIOro, aKTOpPW BCe-TaKM HE € Hi pexucepamu, Hi
NpoJIrocepaMu/KepiBHUKAMHU, TO pe3epByBaTH BiJlMOBIHE Miclie
Ui MoNiOHOT iHpopMaLil y KOXKHOMY 3amuci Mpo akropa He
OLIIBHO.

Hons muny «BLOB»y» («xpynui 0sitikosi 06 ’cxmuy). CydacHi
CKBJl niarpumyroTh aTpuOyTH, 3HAYEHHSIMM SKUX MOXYTb
CJIyTyBaTH KPYMHi mopiil Aanux. Hanpukniaz, y aeskux BUMaj-
Kax JOLIIbHUM BHUSBUTHCS BKJIIOUSHHS IO CXEMM BiJHOIICHHS
MovieStar arpubyra picture, npusHaueHOro Aas 30€peKEHHS
(dororpadii aktopa y dopmari GIF. 3amuc 3 BigoMOCTAMH PO
KIHO(IBM LIIJIKOM 3JaTHUM MICTUTH T0JI€ 3 JaHUMH 00’ €MOM Y
JleKiibKa rirabaliTiB, ske MpeJCcTaByise Bepcito KiHODIIBMY B
dopmati MPEG. Tloai6Hi nonis € HacTUIbKK BEIUKHUMH, IO
MOJIelTb, SKa Tepeadadac MOXKIMBICTh PO3MILIEHHS JEKiTbKOX
3aMuciB y Mexax OJioKa, MiJyiirae KapaAuHaabHOMY MEPerisay.
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11.1.3anucu 3 nonamu 3sminnoi 006rrcunu

Slkmo ogHe abo Aekiiibka MOJIiB 3aMKucy MarOTh 3MIHHY JOBXKHHY, TO
3aMuc TMOBUHEH MICTUTH IHQoOpMarifo, HeOOXiAHY i JOCTaTHIO s
BifIlLyKaHHS Oylb-sakoro 3 mnoniB. OHIEIO 3 MPOCTHX Ta ePEeKTHMBHUX
BBaXKAIOTh CXeMY, fKka nepeabdavyae po3MillleHHs BCiX MOJIB MOCTIHHOTO
po3Mipy Ha TOYaTKy 3amucy, a BCIX pellTa MOJiB — HalpUKiHIII.
3arosioBOK 3arucy MOBUHEH MiCTHTH:

1) 3HaueHHs JOBXKMHU 3amMCYy;

2) azapecu (3MilleHHs) MepHIMX OalTIB yciX TOJIB 3MIiHHOTO
pPO3Mipy; SIKIIO TaKi MOJs 3aBXAM PO3TAIOBAHI Y MexKax
3arucy B OJHOMY i TOMY K MOPSJKY, TO Mepuie 3 HUX He
norpedye TOKaXYMKa — 3po3yMillo, L0 BOHO iine
Oe3nocepeIHbO 3a FPYIOO MOJTiB MOCTIHHOT TOBXKUHHU.

Ipuxnao 33. Po3rasHeMo 3anuc, KWl npeacTasise BiIOMOCTI MPo
iM’s (name), anpecy (address), cratb (gender) i naty HapoIKeHHs
(birthdate) axkropa. Beaxxatumemo, mo gender i birthdate e nonsmu
noctifiHoi momkuuu — 1 i 12 Gaitis, BianopiaHo. Jlns atpudyTtis hame
i address, onmHak, MOUINBHO BiJIBOOUTH TOJS Takoi JOBKWHH, fKa
HeoOXiHa y KO)KHOMY KOHKpeTHoMy Bumnaiky. Ha pwuc. 30 momano
cXeMy, fiKa 1IIOCTpyeE 3amuc 3a3HadeHoro ¢opmaty. SAkiio noje iMeHi
3aB)K/IM PO3TALIOBYBATH IMepe] MOJIeM aJpecH, TO MOXKHa o0ilTHCh 6e3
MOKaKYMKA HA TIepIINi OalT iMeHi, OCKINBbKH, 3TiHO 3 TPUHHATOIO
HaMH YTOJIOK0, TOJIS 3MiHHOI JIOBXKHMHHW 3HAXOJAThCs Oe3rnocepeHbo
MicCJIs NOJIiB MOCTIMHOT YaCTHHU 3aMKCY .

v KopucHo BHaTH . IllpencraBJIeHHA BSHa4YEeHH
NULL. Koprexi BilOHOmEHb yacTo HaJliuyoTb
KOMIIOHEHTU 31 3HaYeHHAaMU NULL. IIi 3HaAYeHHd
3PYUYHO npencrTaBilaT v bopmaTi 3anmncy,
npoijmocrpoBanoMy Ha  puc. 30. Axmo B [OJIi,

nonidbHoMmy mo address, HeoOxigHO BaHecTu NULL, TO
OOCTAaTHBLO pPO3MiCTMTM y T[OJII 3arojioBka 3 I10-
KaXuMkoM Ha address HyJbOBUM TIMNokaxuumk. O00JlacTb
nin sMmicTt address He ©Oyne mnorpifdHonw 1 wMicue
3HamDOOUTHECA TiJbpky A 30epiTaHHA [OoKaXuuka Yy
3aToJIOBKY. [NomibHmi ninxin 3abesneuye CYyTTEBY

€KOHOM110 B cCepenHbOMy — B1lH Mae repeBarm HaBiTb
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y TMX BUIAaOKax, KoOJM Tnoje address € mnocTinHol
OOBXMHM, [IPOTE MOT'O BMIiCT He BMBHAUEHO.

[Hnma i1 dopmariis 3arososka
JloBknHa 3anucy
3MmimeHHs moisg address
gender

| ILIVILI

. 1+ . , Dbirthdate

name address

Puc. 30. 3anuc tuny MovieStar 3 komnonenramu name i address, siki peanizosani sk
10JISI 3MIHHOI JIOBKUHUA

11.2. 3anucu 3 noaamu, AKi NOBMOPIOIOMbCA

Curyariist, moaiOHa 10 po3MISHYTOI y MyHKTi 11.1, TOBTOPIOETHCS i B
TOMY BWIIAJKy, KOJM 3allUC MICTUTh 3MIHHY KUIbKICTh €K3eMIUIIPIiB
noJsisi eskoro Tumy F, oHak came Lie mnojie Mae (iKCOBaHWM po3Mip.
3pyuHO 00’€eHATH BCi BXODKEHHS MO B OJTHY IpyIy i AOJYUYHUTH 10
3aroJIoBKa 3alMuCy IMOKaKYMK, SIKUHA aapecye NMEepUIMi €JeMEHT TpyIH.
Jlnst BiAuryKaHHs IOBUTBHOTO eK3eMIuisipa nosisi F A0CTaTHbO BUKOHATH
HacTynHe. [To3HaUMMO KiNbKicTh GaiiTiB, BimBeaeHuX s mods F, ax L,
a 3Ha4YeHHsA 3MileHHs rpynu mojiB F — sk S. Tomi 3mimmeHHs
eKk3eMIuisspa nosist 3 Homepom K, e k=0, 1, 2, ..., nopisHroe S+K*L.

Ilpuxnao 34. Hexaii HeoOXiIHO 3MIHUTU CTPYKTYpY 3amucy THILY
MovieStar tak, o6 36epertu moas name i address i 3abe3neuntu
npenacTaeieHHs iHpopMmanii npo kiHodinbMH 3 yvacTio akropa. Ha
puc. 31 HaBegeHO cxeMmy, sKa UIIOCTpPYeE OAMH 31 CIOCOOiB
KOMIIOHYBaHHS MMOIiOHOTO 3aIUCy.

3arosioBOK 3amucy MICTHTh TOKaXYWKWA Ha Meplvid OalT mnons
address (Mu BBaXaeMo, 1110 N0Jie NAMe po3MillyeThCs 0pa3y * Mics
3aroJIoBKa, OTOXK MOKaKYMKA He MOTpedye) i Ha MepInuii i3 TOKaKYKKIB,
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o ajapecyroth 3amdcu tuny Movie, — Bigome 3HaueHHS JOBKWUHU
3aMucy JIa€ 3MOT'Y BU3HAYMTH iXHIO KiJIbKICTb.

Inma iHpopmartis 3aronoBka

JloBxuHa 3anucy

3MimeHHs moss adress

3MilleHHs TPy MOJTiB, SKi MOBTOPIOIOTHCS

IRRARARN

name

address

TTokaxxunku Ha 3armicu Movie

Puc. 31. [Ipuknaz 3amucy 3 rpymnoro MoJiB, sKi MOBTOPIOIOTHCS

AnbTepHaTUBHUI MiAXiA nonsirac y 30epeeHHi MOCTiMHOT YacTUHH
3anucy B ii nonepenHiid Gpopmi Ta nepemMillieHHi 3MiHHOT MOPLIii JaHUX —
MOJIiB 3MIHHOT JIOBXKWMHH 1/a00 Ipyny TOJiB, SKi MOBTOPIOIOTHCS, — B
okpemMuii 010k, BuxigHuii 3a1uc moBUHEH MICTUTH:

1) aapecu KOXKHOTO 3 «KBUHECEHHX» TOJIIB;
2) KiIbKicTh MOAIOHMX TONIB a00, KOJM MOoys pi3Hi, 3HAYEHHs
IXHIX JOBKHH.

Ha pwuc. 32 npointocTpoBaHo iHIIMiT BapiaHT KOMIIOHYBaHHS 3aIlucy,
SKUM PO3MJISIHYTO y TpHKIAfdi 34: mons 3MiHHOI JOBXKWUHM hame i
address, a Takoxx Trpyna TMoJliB MOKaX4ukiB Ha 3anuvcu Movie
riepeHeceHo B okpeMuii 010k abo AeKiibka OJIOKIB.

PosrnsHyTuii nmpuiioM, skuii nepeadadae po3MOALT MOCTIAHOT |
3MIHHOT YaCTHHM 3aI1Cy Y Pi3HHUX OJIOKaX, Mae i nmepeBary, i HeJOJiKu:

® OJIHAKOBA JOBKMHA 3alKCIB Ja€ 3MOTY NMPHLIBHALIMTH TPOLECH
NOIIYKY, 3MEHIIMTH PO3MIpHU 3arojiOBKiB i CIIPOCTUTH 3aaady
nepeMillieHHs 3aluciB  ycepelnHi OJOKIB 1 MiXK PI3HUMH
O10KaMu;
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e 30epiraHHs 3MIHHMX 4YacTMH B OKpeMHX OJloKaX, OJHaK,
CIIPUUYHUHIOE 301/IbIIIEHHS KIJIBKOCTI onepalliii BBeIeHHs/BUBEICH-
Hsl, HEOOXITHUX JJIsl TIePerJisy BMICTY KOXKHOTO 3amlucy LIiIKO-

BHUTO.
Taopmarris 3arosioBka
[Tokax4uK Ha 110Jie name
JloB>XMHA 1OJIs hame
[Toxarxunk Ha moJie adress
JloBxuHa mois adress
Anpeca rpynu NOKaK4YHKIB
lKiﬂbKiCTb MOKAXIUKIB
HRE ¢ : * I ¢
3anmc ¥ YV Yy v
H H H H ‘ H
HA W j F
address name

JlonaTkoBuit pocTip \_/

[Tokasxurky Ha 3anucu Movie

Puc. 32. Cxema po3mnoainy HOCTilHOT i 3MiHHOT HaCTHH y pi3HUX OJI0KaX

KomripomicHe pillieHHs MOJISIra€ B TOMY, 11100 BUOKPEMHUTH B paMKax
nopuii 3ammMcy TMOCTIHHOT JOBXHHHM TaKy oO0JIaCTh, BMICTY SKOI
JOCTaTHBO ISl MPE/ICTABIICHHS:

1) neskol «po3yMHOT» KiJIBKOCTI KOMii TOJIiB, SIKi MOBTOPIO-
IOThCS,

2) moKaxuWKa, KW 3a7ae aapecy MicUsd pO3MillleHHs H0/aT-
KOBHX €K3eMIUISIPiB MOJTIB;
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3) niuMIbHMKA OJATKOBUX €K3EMILISPIB MOJIIB.
SIKIO KiTBKICTh MOJIB BUSBUTHCS MEHIIOK, Hixk OyIi0 niependayeHo,
TO JesKy 4YacTHHY o0JlacTi Mnpocto He Oylne BHKOPHUCTaHO 3a
NpyU3HaYeHHSIM. SIKIIO K KUIBKICTh J0AaTKOBUX IOJIIB 3pOCTaTUME, TO
MOKAXKUMKY B TOJIOBHOMY 3aruci MPHUCBOSTH BiAMOBiIHE HEHYJLOBE
3HAYeHHs, SKe 3a/JlaBaTUMe aJIpecy PO3MILLEHHs MOJIB Y 30BHIIIIHLOMY
Gnori.

11.3. 3anucu 3minnozo gopmamy

CKkJIaHIIOI0 BBAaKAIOTh CUTYallil0, KA CTOCYETHCS BUKOPUCTaHHS
3aMUCiB, CTPYKTYpa IKMX He BIAMOBIAE Hamepea BU3HAUEHIH moCTiiHIk
CXeMi: Hamnpukiaa, pO3MIPHOCTI TNOJiB i/ad0 MOpSaOK IXHBOrO
pO3TalllyBaHHS B MeXax 3alucy He LIJIKOM BH3HAYalOThCS OrOJOLIEH-
HSIMU BiJTHOIIIEHHS a00 Kj1acy, KOpTexki 4i 00’ €KTH SKUX MPEICTaBICHO
TaKUMH 3amucamu. Y HaWMpocTilioMy BapiaHTi 3amucy 3MIiHHOTO
hopmaTy s onmcy ToJs nepeadavyeHo BUKOPUCTAHHS IMOCIiJOBHOCTI
meezie (tagged fields), KoxeH 3 SIKUX MPU3HAYECHO N1 30epiraHHs:

1) BimoMocteii Mpo GyHKIIOHAILHE TPU3HAYCHHS TT0JIsl, a caMe:

a) iM’s noJjs uu aTpudyTa;

0) HaliMEeHyBaHHS TUIMY MO, SKUIO Ui JaHI HE MOYKHA OTPUMATH

3a IHIIUMHU eJIEMEHTaMH CXEMHU;

B) 3HAYCHHs JOBXKHUHHU MOJIS, SIKUIO LI€ 3HA4YEHHsS Oe3nmocepeaHbo
He BU3HAYEHO iH(POPMALIi€I0 TTPO THIT TIOJIS;

2) 3Ha4eHHs MoJs.

3a3HauMMo, MPUHAKMHI, JBi IPUYMHH, SIKi 3yMOBJIIOIOTh JOLIIBHICTD
BUKOPHUCTAHHS MOJIB TETiB.

1. Posnoscroooicenicme 3acmocysams, ki inmezpyloms iHghopma-
yito. YacTo BiJJHOIIEHHS KOHCTPYIOIOTBCS 3 TPAIUIIMHUX JDKe-
pen iHdopmauii pisHOMaHITHMX TuMmiB. Hanpukiaa, BigoMocCTi
Mpo KiHOQITEMU Ta aKTOPiB, SKi HAFINILIM y UEHTPaTi30BaHy
0a3y naHuUX, MOXKHAa OTPUMATHU Bill PI3HUX MOCTAYAILHUKIB
iHpopMmaii, onHi 3 AKUX nependayaoTh HeOOXiIHICTb 30epiraH-
HSl JaHWX TPO JaTH HApOLKEHHS aKTOpiB, APYri L0 BUMOTY
ICHOPYIOTB, TPETi HaJal0Th BilIOMOCTI MPO aapecH B IOBIJIbHOMY
(dopmari, a 4eTBepTi MATPUMYIOTh YITKO OTOBOPEHY CTPYKTYpPY
i T.1. Skuio nosie Hebararo, KMOBIPHO, 3pyUHillle 3alOBHIOBATH
sHayeHHAMU NULL Ti 3 HUX, BMICT KMX HE BU3HA4Ye€HO. SIK1IO
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JK KUTBKICTh 1 HOMEHKJIaTypa THIIIB MOJIiB HaJA3BUYaliHO BEJIMKI,
To 3HadeHHst NULL noBeneTbcst BUKOPUCTOBYBATH HAATO YacTo.
JouinpHime 3¢eKOHOMUTH TPOCTIP i CKOPUCTATHUCS CTPYKTYPOKO
MOJIB TeriB, SIKi MPEACTABJIAIOTh TUIBKA TaKi 3HAYeHHS, SKi
BinminHi Bim NULL.

2. Buxopucmanua 3anucie ginbnoco @opmamy. ko 3anmc
MICTUTh YAMATy KUTBKIiCTh TOJIIB i 6arato 3 HUX 4acTo He BUKO-
PHCTOBYIOTBCS a00 MepenivyroThesl B JOBUTBHOMY MOPSIKY, TO
CTPYKTYpH TOJIiB TETiB MaloTh 3Ha4YHY nepesary. Hampukian, B
0COOOBHX KapTKax MaIli€HTIB MEIUYHUX 3aKJIaJ[iB MOXKE MiCTH-
THCs iHOpMAILiS MPO Pi3HI TECTU Ta aHANI3M, KUIbKICTb Pi3HO-
BUJIHOCTEH TaKWX TECTIB HAIIYYEThCS THCAYAMH, MPOTE TiJIbKH
JesKi 3 HUX BUKOPUCTOBYIOTH NMPH OOCTEXKEHHI KOMKHOTO KOH-
KPETHOT0 Malli€HTa.

Ilpuxnao 35. llpunyctyumo, 1o nopsij 3i 3BUYaHUMHU BiIOMOCTAMH
npo akTopiB € okpeMi mnopuii iHpopMauii: B skux ¢QisbMax ToW 4u
iHIIMi akTop OYB pesKUCEPOM; sIKi iMeHa KOJHIIHIX JPYKHUH (YOJIOBIKIB)
akTopiB (akTpuc); sAkAM Oi3HecoM 3aiiMaloTbcs akTopu (€ BOHHM
BJaCHUKaMU pecTopaHiB abo marasuHiB) i T.1. Ha puc. 33 300pakeHo
(hparMeHT TiMOTETUYHOTO 3aMUCy 3MIHHOTO (hopMaTy 3 BUKOPUCTAHHAM
TeriB. BBakaroTh, 1110 iMEHA TOJIB i HAa3BM iXHIX THIB OMNHUCYIOTHCS
onHOOalWTOBUMHU KoAaMu. Ha cxemi mnpoimoctpoBaHo aBa mons 3
BiAnoBigHUMU Teramu. OOUBa MO HajleKaTh 10 PSAKOBOIO THITY.

Kox imeni Kon pecropannoro 63HeCy
Kop psiikoBoro Tuiy Kon pstikoBoro tumy
JloBkuHa JloB>xuHa
N[ S 14 Clint Eastwood R| S 16 Hog’s Breath Inn

Puc. 33. CrpykTypa 3anmcy 3 noJissMU TETiB
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11.4. 3anucu kpynnozo 06’emy

PosrnsHeMo iHmy mpoGiemy. Ii 3HaunmicTh 3pocTae BiamoBimHO 10
posnoscrokenHs CKBJI, mo migrpumyrors kpynHodOpMaTHI THITH
JAHUX: MU PO3MOBIMO MPO CHOCOOM MPE/CTaBICHHS 3HA4Y€Hb, PO3MIp
SKMX 3a3janerinp nepeBuulye o0’eM Ojoka. TunoBuMH mNpUKIagamu
TaKUX JaHuX € (parMeHTH ayjaio- 4d BifeosanuciB. YacTo eneMeHTH
nojioHoi iHpopMallii MalTh 1 3MiHHY JOBXKHUHY. SIKIIO XK JTOBKWHA
(hikcoBaHa, TO BCe OJHO /IS MPEACTaBICHHS TaKUX 3Ha4eHb HEOOXIAHI
0co0sMBI ipuiioMu. Y 1IbOMY MYHKTI MU 30CepeIMMO yBary Ha Mojieni
36 ’S3aHUX 3aNUCI6 — 3PYYHOMY MEXaHI3MI KepyBaHHS 3alMCcaMM, SKi
HEMOMJIMBO MOMICTUTH Yy Onok. [luTaHHs mpencraBieHHs 3amuciB
HAJIBEJTUKUX PO3MIpiB, IO BUMIPIOIOThCS MerabaliTamu uu rirabaitamu,
posrisHeMo y myHkTi 11.5.

Mogenb 3B’s3aHUX 3alUCIB Mae TepeBard i B THX BUMAJKaX, KOJIH
pO3MipH 3amuciB He TMEpeBHINYIOTh 00’eMy OJoka, MpoTe TMia Yac
rpymnyBaHHs 3aMuciB y OJOKH ryOnsaThes uyuMalli (pparMeHTH mpocTopy
nam’aTi. Y npuknani 31 B aHasorivyHid cuTyailii, fKa CTOCYETbCS
po3MilleHHs 3anuciB y Ojoui, po3mip o0yacTi, U0 HE BUKOPHUCTOBY-
€ThCSl, CTAHOBHMB OM3bKO 7% Bif 3araiabHOro o0’emy Onoka. Skiio
NPUIMYCTUTH, WO JIOBXKMHA 3alUCy HE HAJATO TEPEBHILYE MOJOBUHY
po3mipy Gnoka (y OJIOK BAA€ThCS MOMICTUTU TUIBKM OAMH 3aIlvc), TO
BTpatu OyayTh HaONMKaTHCS 110 o3Hadku S0 %.

3 METOI MOAOJaHHA 3a3HAuYeHUX BMLLE MpodjeM OaxaHO MaTH
MOJKJIMBICTh PO3MILUEHHS 3aMMCiB y JAEKiIbKOX Osiokax. 3amnucH, SKi
CKJIalaloThess 3 (ParMEeHTIB, PO3TAILIOBAHUX Y [JEKIIbKOX OJioKax,
MPUIHATO HA3UBATH 38 ‘A3anumu (spanned records).

Skuo 3anvcu nependavaloTh 3B’ SI3YBaHHS, TO IS OMUCY KOXKHOTO
3anucy i Woro okpemux ()parMeHTIB HEOOXiqHO B iXHiX 3arojioBKax
MOJIATH TOJIATKOBY iH(opMaIito:

1) 3arojoBOK KOXKHOTrO 3amucy i ()parmMeHT moBuHEH 30epiratu
OKpeMHUii OiT, sIKWil 3acBiguye, 4d € Mmopuis JaHux QparmeH-
TOM 3aIucy;

2) 3aronoBoK (parmMeHTa HEOOXiIHO [OMOBHUTH OiTamu, sKi
3aCBiIUYIOTh, U0 (pparMeHT € nepiumM (OCTaHHIM) y JIaHLIO-
ry 3B’3aHUX ()parMeHTIB 3amucy;
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3) 3arojioBOK (pparMeHTa 3arucy MOBMHEH MICTUTH MOKAXKUMKH
Ha Torniepe/Hit i/abo HacTyNHUH pparMeHTy.

Ilpuknao 36. Ha puc. 34 mpouTiOCTPOBAHO CXeMY PO3IMOALTY TPhOX
3anmuciB y JABOX Oiokax (po3Mip OJHOTO 3alucy CTAHOBUTb OJIM3BKO
60 % Big 00’emy Onoka). 3arojoBoK (parMeHTra 2a 3amnucy 2 MiCTUTh
OiT-iHqukaTop (parmeHTa — OIT, KMl 3a3Havae, MO (parMeHT €
NepInM, 1 OKXKYMK Ha ApyTrHii (2b) GparmeHT 3anucy 2. AHaJOTIuHO,
3arojioBok (¢parMeHTa 2b MicTuTh OiT-iHAMKaTOp (parmMeHTa, OiT-
03HAaKy 3aKJIFO4YHOro (pparMeHTa i MOKaXKUMK Ha nepiuii (2a) pparmeHT
3anucy 2.

11.5. O6’ckmu BLOB

PosrnsHemo crnocoOu TipeAcTaBlieHHS 3aluciB abo TOJMIB HAITO
BeJMKUX po3MipiB. [lpuknagamu nopibHux ganux € rpadivHi 300pa-
»eHHst pisHux ¢parmentiB (GIF a6o JPEG), ¢hparmeHTH Bifeo3anucis
(xomyBanust MPEG), pisHoMaHiTHa aynioiHdopMallis, CHTHAJIM pajiapiB
i T.n. EnemMenTH Takoi iHopMmalii npuiHATO Mno3HavyaTyu abpeBiaTyporo
BLOB (Bin Binary Large Objects — «kpyn#i 08iiiko6i 060 ckmuy).

3aroyioBok 0Ji0ka

3aroJoBOK 3amHCy

|
i a 7 | | 7
3ammc 1 i 3ammc 2a / 3ame 3amic 3 %ﬁ
I 2b vl
' | 7 T ' ' %
Brok 1 Biok 2

Puc. 34. Po3nionin 3B’ s13aHKX 3ammciB y 610kax

Yumanus 06’ckmie BLOB. [1pupogHo BuMaratu, njo6 670K JaHUX,
SKUA OYiKye KIIIEHT, CHCTeMa TMoBepTaia IMOBHICTIO. 3i 3pOCTaHHAM
PO3MIpIB €JeMEHTIB MaHUX Takuh MiAXiA MiJisra€ paavkaibHOMY
Meperyisy: MOXKHa BBakaTW, MIO0 CHCTeMa TIOBMHHA TepeaBaTH
BOJHOYAC 1 LIJIKOBUTO TUIBKUA «HEBEJIMKI» 3HAYEHHS MOJIB 3alHUCIB 1
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JlaBaTH 3MOTry KJIIEHTOBI BMMaratu okpemi 0yioku 00’ekta BLOB mo
OJTHOMY B KOKHHMI MOMEHT 4acy i He3aJIe:KHO BiJi HassBHOCTI OJIOKiB, 10
e 3anumiarotbes. Hanpuknaa, skmo o6’ekr BLOB npencrasise
JIBOFOJIMHHUI KIHOQIIBM 1 KJIIEHT MOCKIIAE 3aMUT Ha HOro BiATBOPEHHS,
TO CHUCTeMa TMOBHMHHA 3YMTYBATH 1 TepelaBaTH KIIEHTOBI TMOCHTiIOBHI
OJIOKHM 00’ €KTa 3 JOCTATHHOKO LIBUIKICTIO.

YV OaraThOox BHMNAJIKax BaXIJHMBO, MO0 KIiEHTOBI Oyno HagaHO
MOXKJTMBICTh 3YMTYBAaHHS OKPEMHUX MOPLiH AaHUX (HANpUKIajJ, TUTPIB
KiHOGinbMy abo (iHATBHOI YAaCTHHM aymiOKJiNa) He3alle)kHO Bif
MOpSIIKY  TXHBOTO ~ pO3TAlllyBaHHS — «ycepelauHi» o0’ekta 1 0Oe3
HEOOXIJHOCTI LIJIKOBUTOrO 3aBaHTa)KeHHd o00’ekra. JIKIo cucrema
nigTpuMye moAiOHI omepauii, To i, IMOBIpHO, HEOOXiJHI CTPYKTYpH
iHIeKCHUX 3Ha4yeHb (HANpUKIaZd, sKi BKa3ylTh Ha MOYATOK KOXXHOTO
MOCEKYHHOTO parmeHTa Qibmy).

Bnpaeu oaa onpaurosanns

Bnpasa 34. llpumyctumo, 10 KapTKa MAalliEHTa JIiKyBaJIbHOTO
3aKkjajly Haliuye JaTy HapOJKeHHsS, HOMEp IOJIiCY COL[iaibHOro
CTpaxyBaHHs U ifeHTU]IKATOP — MiJ KOXKHE ToJie (ikCOBAaHOTO PO3MIipy
BigBeneno mo 10 GaiiTie. 3anmMc MICTUTEL TAKOK ITOJISL 3MIHHOT TOBKMHH,
npu3HaueHi 17 30epiraHHs psiJIKiB iMeHi, aapecH i BioMocTeit 3 icTopil
XBOpOOU. SIKIIO KOXKEH MOKKYMUK YCepeOuHi 3amucy 1 JIYMIbHUK
JIOBXXMHHW 3aliMaloTh 1o 4 0aiiTH, a BUMOTH CTOCOBHO BUPIBHIOBaHHS
NOJIiIB HE TMOCTABJICHO, TO SKMM BHUSBMTBLCS PO3MIp 3anucy 0e3 ypaxy-
BaHHs oO0jacTi, HeoOXimHOT Ans 30epiraHHS BMICTY TMONIB 3MiHHOT
JOBXKUHU?

Bnpaesa 35. [1punyctmMo, 10 CTPYKTYpa 3alucCy BiNOBiIa€ yMOBaM
BIIpaBu 34, MPOTe PO3MipH BMICTY TIOJIIB 3MIHHOI IOBXKUHU PiBHOMIPHO
po3MnojisieHi B HACTyNHUX iHTepBanax: im’s — 10-50 GaiirtiB, agpeca —
20-80 Gaiitie, icropis xpopoou — 0-1 000 Oaiitie. BuzHauutu cepeaHio
JIOBXKVHY 3aIucy 3 iHQOpMAaLliero Npo naiieHTa.

Bnpaea 36. [1punyctrMo, 110 CTPYKTYpa 3aMucy 3 BiAOMOCTSAMH TIPO
nauieHTa JiKyBaJIbHOrO 3aKiajy, po3risHyTa y Brpaei 34, momnoBHeHa
TMOJISIMU, IO TIOBTOPIOKOTHCS 1 BiJOOpaXkarOTh pe3ysIbTaTH aHami3iB Ha
HasBHICTh XoJiecTepuHy B KpoBi. KoxkHe Take mose Bumarae 16 OaiitiB
JUIsl TIpEJICTABJICHHS JaTH MpPOBEJEHHS 1 IIIOYUCIOBOTO pe3yJibTaTy
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aHaJtizy. 3amnpornoHyWTe BapiaHTH KOMIIOHYBaHHsS KapTKH Malli€HTa,
SKIIO:
a) MoJis 3 pe3yJibTaTaMH aHalli3iB, SKi TOBTOPIOIOTHCS, MICTAThCS
Oe3nocepeIHLO B CAMOMY 3aIluCi;
0) pesynbTatu 30epiratoThcs B OKpeMHX OJIOKaX, a 3aMuc Hallivye
JMLIe TOKaKYMKHU Ha HUX.

Bnpaea 37. Hexaii y 3anuc i3 CTPYKTYpOIO, 3allPONIOHOBAHOIO Y
BrpaBi 34, HeOOXiJHO AOJATH IOJS 3 OMMCOM Ha3BM aHalli3iB, JdaTH
TXHBOTO MPOBEJCHHS Ta OTPUMaHUX pe3yibTaTiB. KoxkHi Tpu mons, ski
MPeACTARIIAIOTh JaHi Npo OAMH aHali3, 3aiimMaioTh 40 Gaiirie. [Tpumy-
CTUMO, 1110 HMOBIPHICTh MPOXOHKEHHS KOKHUM Malll€EHTOM Oy Ib-S1KOIro
3 TECTIiB JIOPIiBHIOE P.

1. Hexaii s 30epiraHHs MOKaXX4MKa i LIJIOr0 3HAYEHHS TOTPiOHO

no 4 GaiiTy, a Bci aHi aHaJi3iB 30epiraloThesl BCepeAnHi 3aIucy
K 1Ol 3MIHHOI JOBXKMHU. BU3HAUYUTH CepelHIO KiJbKICTh
OaiiTiB, SIKy BiBEICHO IS OTIMCY aHAJi3iB OJIHOTO MAIli€HTA.

2. Bukonaiite 3aBmaHHS 1.1, SKIO pe3ysibTaTH aHaliziB 30epi-

raroThCs 11034 3aITMCOM, a 3aIliC MICTUTE BiANOBIIHI MOKAKYNKH.

Tema 12. Moaudikauisi 3anucis

Omnepanii BCTaBKH, BWJIYYEHHsS Ta OHOBJIEHHS 3alMCIB JaHUX
CTBOPIOIOTH  crieliMiuHi npoOjaeMu, sKi 3aciyroBytoTb 0COOJUBOT
yBaru. [Ipobremu HaOyBarOTh HaOUIBII cepHO3HOrO XapakTepy, SKIIO
3MIHIOETBCS JOBXKMHA 3alKCiB, XO04ua IHKOJIW BUHHUKAIOTH i TOMI, KOJHU
3aIKCH i MOJIS MarOTh MOCTIHHI po3MipH.

12.1. Bcmaeka

CriouaTKy pO3IJISIHEMO Ofepalilo BCTAaBKM HOBUX KOPTEXIB Y
BigHoOLIeHHs (a0, 10 Maike Te caMe, 00 €KTIB y OLKYUMM eK3eMILIsp
Kkiacy). SKiio 3anucu, 10 MPeACTaBJIsIOTh BMICT BiAHOLIEHHS, 30epi-
raloThCsl y TOBUTBHOMY MOPSIKY, TO JOCTATHLO MPOCTO 3HAWTH JEeSIKUiA
0JIoK 3 BiNBHOK 00JacTiO, TOCTATHIM A PO3MILIEHHS TOJaTKOBUX
3anuciB, abo, SKIIO TAKOro Hemae, 3alpOCUTH HOBWM OJoK. 3a3Buuai,
cucTema 0a3 IaHUX MiTPUMYE JIeIKU MeXaHi3M e()eKTUBHOTO MOIIYKY
BCiX OJIOKIB, SIKi MICTSTh KOpPTEXi MEBHOrO BiHOIIEHHS YW 00’ €KTH
3a3HAYEHOro KJjacy.
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[TpobnemMu 301IbIIYIOTLCS, SIKIO KOPTEKi HEOOXiTHO pO3TallyBaTH B
JesKOMY 3a/laHOMy TIOpsAKY (TakoMy, sikuil 3a0es3medye, HarpuKiaz,
COPTYBaHHSI BIJHOIICHHS 3a 3HAYCHHSIMH KOMIIOHEHTIB TMEPBUHHOTO
kntoua). IcHye 4umano ceplo3HMX JNOKa3iB Ha KOPHUCTb 30epiraHHs
3anKCciB  BMNOPSIKOBAHUMH, OCKUIBKM B LBOMY BHUIMAAKYy CYTTEBO
CIPOIILYEThCS BUKOHAHHS 3alMTIB MEBHUX Kareropiil. 3a HeoOXimHOCTI
BCTaBKM HOBOTO 3allUCy CHCTeMi HEOOXiJqHO, TepeayciM, BU3HAYMTH
MicLepo3TalllyBaHHs OJioKa, B SKMM JOLJIbHO MOMICTUTH LEH 3amuc,
CIOJIIBAlOYUCH, IO OJOK MIiCTUTh MOTPiOHY BiNbHY 00iacTh. OCKiNbKU
o0  3amnuciB  mnepeabaveHuid  3aJaHuil  MOPSIOK  PO3TALTYBaHHS,
MOXJIMBO, JOBEICThCS IEepecyBaTH 3alkMCH BcepeauHi Osioka, 1100
3BUIBHUTH MPOCTIpP IOCTaTHHOTO 00’ €MY.

Slkmo HeoOXigHO 3AIMCHUTH 3CYB 3allMCiB ycepeauHi Oyioka, To
CTPYKTYpa, 3alporoHOBaHa Ha puc. 26 i BiATBOpeHa Ha puc. 35, Oyae
ay>ke nopedHoro. Haramaemo, 1o 3arojoBok Ooka Moxke HaJliuyBaTH
Tabnuio 3MinieHpb (puc. 35), sika MICTUTh MOKKYMKHW Ha Tepili OalTh
KOXKHOTO 3arucy BcepeanHi Onoka. SIKIo MOKaXKUWK MOCHIIAEThCS Ha
3aMuC 3a MeKamu OJI0Ka, TO BiH MOBUHEH MICTUTH CHIPYKHIYPOGAHY
aopecy, WO CKIAAAETHCS 3 aapecH IHIIOro OJoKa Ta aJpecH eeMeHTa
3aroJioBKka LbOro OJIoKa, B SIKOMY 30epiraeTbcs 3HAYEHHS 3MILLCHHS
HEOOXITHOTO 3aIucy.

Bitbna
001acThb

= 3aronosox ™

Tabnuus
3MIIIEHD
—>

-

3anuc 4 Bamnuc 3 3anuc 2 Bamwc 1

Puc. 35. Tabnus 3MileHs CIIPOIIY€ 3a/1a4y NepecyBaHHS 3alkCciB ycepeauHi 610ka

SIKIo MpOCTOpY Ui HOBOTO 3amucy B OikydoMy OJIOLi JOCTaTHBO,
TO 3aITUCH TIEPECYBAOTHCS | MOKAXKUYMKH B TAOJHUILI 3MillleHh OTPUMYIOTh
OHOBJIGHI aJIPeCHi 3HAUYEHHS, MICJAs 4YOro 3amluMc BCTaBSAETHCS Ha
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BUBLIbHEHE Micle OJioka 1 B TaOJMLIO 3MILIEHb NOJAEThCd HOBUI
MOKAKYHMK, IKUM MOCHUTAEThCSA Ha ajpecy Mepiioro Oaita BCTABIEHOTO
3arucy.

S0 k y Groli MicLs AJ11 HOBOIO 3alKcy HEMae, TO MiALIYKYEThCs
MO3MIIisA 11 HOro BCTaBKHM 3a MexaMu Ojioka. ICHYIOTh J1Ba TOJIOBHI
MiAXOAU IIOMO PO3B’s3aHHA TNOAIOHOT 3amavi Ta Kilbka IXHIX
KOMOIHOBaHHX BapiaHTIB.

1. 3uatimu micye y nationuocuomy onoyi. Hanpuknan, skiuo, 3riaHo

3 3aJlaHUM TOPSIIKOM  CNTiyBaHHS 3amuciB, HOBHM 3amuc
nijgsarae BCTaBli y 06J10K B, a JOCTaTHBOI'O BiJIBHOTO MPOCTOPY B
HbOMY HEMae, TO HEOOXIJHO 3BEepHYTHMCS A0 HACTYIHOIro 3a
nopsakoM Onoka B,. Skmo Onok B, Mae BinbHMI (parmMeHT
MOTPIOHOTO poO3Mipy, TO HEOOXIHO TMepeMICTUTH OJauH abo
JIeKiJIbKa 3arnuciB 3 HaBULIMMK HOMepaMu 3 Onioka By y B,
MEePeCyHYTH 3amuck B 000X OJ0KaX i MPUCBOITH MOKAXKYUKAM Y
TabNuIli 3MillleHb Bj, SIKi MOCUIIAIOTHCS HA 3allKCH, NIEpeHeceH] B
010K B>, «10Bri» CTPYKTYpPOBaHI aipecH BiMOBIAHUX €JIEMEHTIB
Tabnuii 3MileHb Oyioka B,. Y 1LbOMY BMIAAKy, OYEBHIHO,
po3mip obacti Tabnwin 3MimeHb 010ka B 3pocre.

2. Cmeopumu 010k nepenosnents. Y 3arojioBKy KOKHOro 6jioka B

HEOOXiJIHO MependauyuTH Miclie ISl CreLiaJbHOro MOKaKUYMKa,
0 aJipecye NOAATKOBUE 0.0k nepenosnenns (overflow block),
Npu3HauYeHWi Juis 30epiraHHs 3amnuciB, sKi MOBUHHI Oynu O
Halle:)kaTh OJIOKOBiI B, ofHak y HbOMY He momictuincs. OnauH
0JIOK MepenoBHEHHS, SKWi 3B’s3aHuii 3 OJOoKkOoM B, 31aTHUM
MOCUJIaTHCS HAa HACTYMHUH OJIOK nepenoBHeHHs i T.1. CTpYKTypy
MPOLTIOCTPOBAHO Ha puc. 36.

12.2. Bunyuenna

[lix yac BuiTyueHHsS 3amucy 3 SBISETHCS MOJMIIMBICTH TOBTOPHOTO
BUKOPUCTaHHs ()parMeHTa mpoctopy Osioka, SIKMi 3BUIbHSETbCA. SKIIO
BUKOPHCTOBYETLCSl CTPYKTypa Onoka, nojaHa Ha puc. 35, i 3anucu
30aTHI TiepecyBaTHCs B MekaxX OJloka, TO CHCTeMi BIAacTbCs JIETKO
ONTHUMI3YBaTH PO3MIlllEHHS 3aIUCiB, 00 OYUCTUTH O0NACTh YCepeauHi
670Ka.

Skuio 3cyB 3anuciB BUKOHYBaTH HE MOXKHA, TO CHCTeMa MOBHHHA
MiATPUMYBAaTH  Jeskuii  cnvcok  (QparMeHTiB  OJioka, 10  He
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BUKOPHCTOBYIOThCS, 11100 MPU BCTABJISHHI HOBOTO 3amucy OyJio 3po3y-
MiJIO, UM Ma€e OJIOK JTIOCTaTHBO BUTLHOTO MPOCTOPY i, SKIIO BiJIIMOBiAb
MO3UTHBHA, JIe caMme PO3MIllleHi JOCTYMNHI MiJITHKK i HACKIJIbKH BOHH
Benuki. CnMcoK BiIbHUX oOnacTeit He 000B’sA3KOBO 30epiratu B 3aro-
JOBKY Ojoka. J[ocTaTHRO PO3MICTUTH Yy HBOMY TiJIbKH TOJOBHHIA
eJIEMEHT-TIOKaKYMK 3B’S3aHOTO CIMCKY, a PEIlTy eJeMEHTIB 30epiraTu
0e3nocepeIHbo y BiIbHUX 00J1aCTSX.

o |

bnok B brok nepenoBHeHHs
A 6noka B

Puc. 36. OcHoBHWMii 610K i BiMOBiIHMI OJIOK MEPETIOBHEHHS

BusydyeHHst 3anucy iHKOMM CHOPUYMHIOE 1O TOro, U0 MOTpeda y
BHUKOPHMCTaHHI 0JI0Ka MepernoBHEHHs 3HMKae. SIKIO 3amuc BUAAIAETHCS
3 Os10ka B ab0 3 NOBUILHOrO OJIOKA, 1110 HAJISKUTD JIAHLIFOKKY 3B’ A3aHUX
OJIOKIB TIeperoBHEHHs, SIKi Hajiexarb 0 OJoka B, TO chcTeMa MOXe
niipaxyBaTH 3arajibHuil 00’eM obnacTeii ycix OGJIokiB naHuora. SKino
JUIsl pO3TalllyBaHHS 3alMCiB BAAETbCS BUKOPUCTATH MEHILY KiIbKICTh
OJIOKIB, TO cUcTeMa 37aTHa TPUKHATH pIlIeHHsS WIOAO peopraHizarfii
CTPYKTypH OJIOKIB.

OnHak siky © 31 cXeMm MpelCTaBlieHHs 3amuciB y OJlokax He OyJio
ob6paHO, He MOKHA 3a0yBaTH MPO OJHY MPOOJEMY, IO CYMPOBOKYE
omepailil BUIy4eHHs 3anuciB. L[inkoM MOXIIMBO, 110 iCHYIOTh 30BHIlIHI
MOKAKYMKH, SKi aapecyroTh 3aluc, 110 BUIy4aeTbesa. Ko mnomiOHi
NOK&)KYMKH AIMCHO iCHYIOTh, TO OyJl0 O HENpaBWIILHO 3AJUIIUTH 1X Y
HEeBU3HAYEHOMY («MiIBILIEHOMY») CTaHi a0 J03BOJUTH MOCUIATUCS HA
HOBMI 3anuc, IKWi, iMOBIPHO, 3 4acoM OyJie BCTaBJIEHO y OJIOK Ha Micle
BUJIy4Y€HOro. 3BUYaiiHa rpakTuka nepeadayae po3railyBaHHs CrieLiaib-
HOT o3Haxu-«obenickay(tombstone) Ha NO3HIIIL, Ky 3aliMaB BUITy4YeHUH
sanmuc. O3HaKy HeOOXiHO YTPUMYBaTH TYT JO MOMEHTY I[LTIKOBUTOT
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peKoHCTpyKLil 0a3u AaHux. Jle came po3ralioBaHa O3HaKa-«00eIiCKy —
1le 3aJIeKUTh BiJl TPUPOJIN TIOKKYHMKIB Ha 3amuc. SIKIIO MOKaKYUKH
afpecyroTh Jeski (iKcoBaHi TO3MWIIi, HAa SKAX pO3TAIOBAHI iHIII
MOKKYMKH, [0 TOCHJIAIOTCA Ha 3aluC, TO O3HAKU-«O0ENmiCKU»
CTaBJIATh HA Ha3BaHi (ikcoBaHi Mmo3uilii. Po3riisHeMo 1Ba NpyKIaau.

1. Skmo BUKOPUCTOBYIOTH cXeMy OJioka 3 TaOJuIer0 3MIlleHb
3amuciB (quB. 1m.10.2), To posib «obenicka» MOKe BUKOHYBATH
HYJbOBUM MOK&KYMK y TaONMLI 3MIillleHb, OCKIIbKM 30BHILIHI
MOKAXKYMKU TIOCWJIAIOTBCSA caMe CIOJIM, a He Ha ajjpecy 3arucy
0e3nocepeHbO.

2. Skwo pns TpaHCHAUil JIOTIYHWX ajapec 3amuciB y  (i3uuHi
BUKOPHUCTOBYIOTh TaONHIIO BignoBigHocTel (AuB. puc. 25), TO
03HaKY-«00eIiCK» SIK HyJIbOBUM MOKaXYMK PO3TALIOBYIOTH Ha
Micii (hi3MYHOT aJpecyl BUAATICHOTO 3aITuCy .

SIKI0 HEOOXIAHO 3aMIHUTH O3HAKOKO-«00EIICKOMY» CaMe 3allkC, a He
MOCUJIaHHA Ha HBOTO, TO AOLIIBHO HAa CaMOMY IIOYATKy 3arojloBKa
3anucy nepeAdayuTy creuiaibHUi OiT-«00eTiCK», MPUCBOIOKYHA HOMY
3HaueHHs 0, fAKWIO 3amyMc He BUIANEHWH, 1 | — y MpOTHIIEKHOMY
Bunazaky. [licns puydeHHs 3anucy OIT MOBWHEH 3aJIMIIATHUCS HA MICIi,
npore BCi HacTynHi OaliT BUBIIBHEHOI MAUNSHKK OJoka MOXHA
BUKOPHUCTATH JIJIsl BCTABKK HOBOTO 3amucy (puc. 37). SAkino momns 3anucy
MiJJIArafoTh BUPIBHIOBaHHIO (MB. TyHKT 9.1), To omHuM OalToM, 1110
MICTUTh OiT-«00eicK», BiIOYTHUCS HEe BAACTHCSI — MOXKITUBO, JOBEIEThCS
NOXKEPTBYBaTH YOTHPMa abo Oijiblie OaiTaMu.

Ao cucreMa NpPOCTEKUTh 3a BMICTOM 30BHILIHBOIO MOKaKYMKA,
SKUI aJpecye BUJIYYEHHM 3amuc, TO BHABHUTH «OOeNicKk», sSKUi
3acBiuyBaTUMe, IO 3aMWC BUIIYYCHHWH i 3UMTyBaTH HACTYMHI OaiiTh
MPOCTO HEMAE 3MiCTy.

@ Banmc 1 3anuc 2

Puc. 37. [lo3HaueHHs 03HAKOIO-«00TiCKOM»3arncy 1 Micis BUTyYeHHS
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12.3. Onoenennsa

Onepalliss OHOBJIEHHS BMICTY 3alMCy TOCTIHOT TOBXHMHH HE Mae
BIUIMBY Ha CTPYKTYpY 30epiraHHs, OCKUIbKHM HOBI JIaHi TOBUHHI 3aliMaTH
TOW camuii mpocTip, o i nonepenHi. [lpore micns 3MiHM 3HauYeHb
3aMucy 3MIiHHOT JJOBKWHHM CUCTeMa MaTHMe Ti 3k npoOiemu (Xiba 1o 3a
BUHSATKOM HEOOXiAHOCTI BUKOPUCTAHHS O3HAaK-«OOEJICKIBY»), SKi
BUHHKAIOTh TIi/I 4Yac orepailii BCTABKM HOBHMX 1 BHJIYYEHHS iCHYHOUMX
3aITUCiB.

Skmo 06’eM HOBOro BMICTY 3alMCy TIEPEBUILYE TONEPETHBO
BCTAHOBJICHI MeXi, TO 3HAJAOOMTBCSA PO3LIMPEHHS BiJbHOI 0OJacTi 3a
paxyHOK 3CyBY 3aluCiB ycepeauHi 0j0ka abo CTBOPEHHS | BUKOPUCTaH-
Hs OJioKa mepernoBHeHHs. SIKIIo parMeHTH 3amucy 3MiHHOI JOBKHUHU
30epiraroTbcss B OKpeMoMy OJiolli, SK MPOLTIOCTPOBAaHO Ha pwuc. 32,
cvcTeMi, WMOBIPHO, JOBEAEThCS BIOPAAKOBYBATH €IEMEHTH 1bOTO
Omoka abo CTBOPUTH HOBUWI OJOK, TNpu3HauYeHWH nans 30epiraHHs
3MIHHOI MOpIii JaHUX 3anucy. SIKINO K, HaBMaKW, 00’ €M BMICTY 3amucy
3MEHLIYEThCS, TO CHCTEMa OTPUMYE Ti K MOMIIMBOCTI KOHCOJiAaLii i
MOBTOPHOTO BUKOPHUCTAHHS BIJILHOTO MPOCTOpY OJOKa 4YM BHUITYYEHHS
OJIOKIB TIepeNOBHEHHS, 1110 1 P BUIIyUSHHI 3amucy.
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CTPYKTYPHU IHAEKCIB

VY nonepeaHbOMY PO3/iTI PO3MISHYTO CIOCOOM 30epiraHHs MOJIB i
3anuciB. Termep BUBYATHMEMO, K TMPEACTABISAIOTHCS BIIHOIIEHHS Ta
eK3eMIUIIPY  KJaciB IMOBHICTIO. JSIKIO BBakaTu, IO JOCTATHBLO
OOMEXHUTHUCA PO3MOJIIJIOM 3amuciB, fAKI MICTSITh AaHi KOPTEXKIB YU
00’€KTIB eK3eMIuIgpa KJiacy IO JOBUIBHUX JMCKOBHUX OJIOKax, TO 1€
rnMdoka ToMHIIKa. YsBiMO cobi mpoiec 0oOpoOKM HaMMpoCTioro
sarury Buny SELECT * FROM R, 3BepHeHoro mo BimHomneHHs R,
3alKCU SKOTO «PO3KUAAHI» MO BChbOMY OHUCKy. Cucremi y mnoniOHii
cuTyalii JIOBeJeThCs TPOBIPATH KOXKEH OJIOK JaHUX y BTOPUHHOMY
CXOBHIII, CHOMIBAIOYMCh, 1[0 3aroJIOBKM OJIOKIB 1 3alMCIB MICTATH
JIOCTATHIO iH(pOpMAILifO IS TOTO, OO0 BU3HAYUTH, JIe TOYATOK KOXKHOTO
3arnucy, Jie 3aBeplieHHs i 10 SKOro BiIHOLIEHHS BiH HAJIEKHUTh.

Kpaiiie pitieHHs moJisirae B pe3epByBaHHI 111 KOJKHOTO BiJHOIIEHHS
MEeBHOI KUTBKOCTI OJIOKIiB, MOMKJIMBO, HaBiTh LIJIMX IWJIIHAPIB AMCKA.
Tenep y npotieci nolrykKy OJIOKiB BMICTYy BiJIHOIIEHHS CUCTEMi BACThCS
YHUKHYTH, TepeayciM, HEeoOXiJHOCTI CKaHyBaHHS BChOTO MPOCTOPY
auckoBoro cxoeuina. [Ipore moaiOHuii crnoci® opraHizaiii gaHUX yiKe
He B CTaHi CIPOCTUTH 3a7auy OOpOOKM Jenio CKJIAJHILIOrO 3aruTy —
Hanpukian, SELECT * FROM R WHERE a=10. Y upoMy BHNaJKy €
BaYKJINBUMH CTBOPEHHS 1 BUOIp indexcié BIAHOLICHHS, 110 AalOTh 3MOTY
NPULIBUALIMTH MOLIYK TaKWX KOPTEKIB, MEBHI KOMIIOHEHTH SKHX
3aJI0BOJILHSAIOTE 3a/aHiii yMoBi. Sk mpoigocTpoBaHo Ha pwuc. 38,
iHIEKC — lle JesdKa CTPYKTypa JaHuX, fKa K «rIapamerp» OTPUMYE
3aJaHy «BJIACTMBICTb» 3amMciB (3a3BMuai, 3HAuUEHHS OAHOro abo
JEKIIbKOX TIONIB) i «IIBUAKO» 3HAXOAWTh 3alWCH, SKi MaroTh IO
BJIACTUBICTb.

Bnanuii  iHgekc Jgae  3MOry  BiAUIyKaTd HEOOXiJAHWUK 3amwmc,
3BEPTAlOYMCh TIJbKW J0 HEBEJIMKOI YaCTHHW MOBHOI MHOXKHMHM 3alMCIB
(B imeam Oe3mocepeqHbO A0 Tpynu LIykaHux 3amuciB). [loms, 3a
3HAYEHHSIMHM SIKUX 1HIEKC KOHCTPYIOEThCS, HA3UBAIOTh KIOUeM HOULYKY,
ab0 NMpPoCTO «KIFOUEMY, SKIIO i3 KOHTEKCTY 3pO3yMiJio, IO MOBa WTUME
Mpo iH/AEKC.

Inmekcn MoxyTh OynyBaTHCh SIK HaWpi3HOMaHITHIlII CTPYKTYpH
naHux. PosrisiHeMo BapiaHTH iHIEKCIB:
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1) mpocTi iHAeKCcH A7 BIIOPSAKOBAHUX (aiiiliB;

2) BTOpPWHHI iHJIEKCH JIJIs HEBMOPSIIKOBaHUX (haiiiB;

3) B-nepema — MoJieNb, Ky 3aCTOCOBYIOTh 3 METOIO OpraHizarii
IHIEKCIB sl OBiIbHUX (aiiiB;

4) rew-TabnMill — ajdbTePHATHBHY CTPYKTYpY MpeACTaBICHHS
iHIIEKCIB, KA HIMPOKO BUKOPUCTOBYETHCA.

Brnoxu I ]_I_]yKaH i

3HaueHHss —»| IHJeKc
HaHUX 3alnucu

Puc. 38. Cxema BinnykaHHs JaHUX 3a JOTIOMOTOIO iHIEKCY

Tema 13. Ingexcu 1J1s1 NOCTiAI0BHUX (paiitiB

OsHaiioMUMOCh 3 iHEKCaMU 3 HAWMPOCTIIIOTO BapiaHTa CTPYKTYPH:
nocoproBaHomy aiinosi oanux (data file) Binnoeinae ¢aiin inoexcy
(index file), chopMoBaHHiA 3 Map BUAY «KIOU-ROKAXCHUKy. 3HaueHHsT K
KJIloYa TOIYKY B (paiii iHOeKCy acolifoBaHe 3 MOKaKYHKOM, SKHA
NOCUIIa€Thesl Ha 3amuc (Qaiina JaHux, wo Bosiodie 3HavyeHHsM K.
[loniOHa iHOEKCHA CTPYKTypa MOXKe OYTHU winvhoio (dense) y TOMY
PO3YMiHHI, IO KodcHomy 3amnmcy (alina JMaHUX BiANOBiTa€E TMeBHUH
eJleMeHT Qaiinia iHIeKcy, abo pospiodicenoio (sparse) — Qaiin iHIEKCY
MICTUTb MOKaXXYMKH TIJIbKUA Ha JesiKi 3anucy (aiiga naHux (Harmpukiiaj,
OJIMH €JIEMEHT 3 PO3PaxyHKY Ha KOKeH OJIOK 1aHHX).

13.1. IlocniooeHi ghaiinu

OnHa 3 HaWNPOCTINIMX THACKCHUX CTPYKTYp I'PYHTYEThCsS Ha daiii,
NOCOPTOBAaHOMY 3a 3HaueHHsMU aTpuOyTiB iHaekcy. [loniOuuii daiin
Ha3UBa€eThCs nocuiooguum (sequential file). CTpykrypa iHAEKCY IjIst
nocJioBHOro (aiina 0coONMBO KOPUCHA Y THX BHUINAJKaX, KOJIM KIFOY
nouryky 30iraeTbcs 3 TIEpBUHHUM KJloueM BijHomeHHs. Ha puc.39
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CXeMAaTU4YHO 300pakeHO BIJHOLICHHS, MPEICTaBJIeHe K MOC/iIOBHUIA
hatin.

Koprtexi BinHomIeHHs, sike 30epiraerbcs y (hopMi MOCHIIOBHOTO
¢aiina, mocopToBaHi 3a 3HAYSHHSMH TIEPBUHHOrO Kitoua. PUCyHOK
BiJIMOBila€ CUTYyallii, KOJIM KJIIOYaMU € MIJIOYUCIIOBI 3Ha4YeHHS. TyT
MOKAa3aHO TUIBKKM KITFOYOBI TMOJISi i BUCYHYTO JOBOJIi HETHUIIOBE TPUITY-
LICHHSA MPO Te, 110 KOXEH OJIOK MOXKe MICTUTH TiIIbKW JIBa 3aIMCH.
Hampuknan, y nepiioMy Guoui po3MilieHi 3anucu 3 kmouvamu 10 i 20.
OkpiM TOrO, Y 1IbOMY i 0araTbOX HACTYIHHUX MPHUKJIAJaX K KIFOUYOBI
3HaYeHHs BUKOPHCTOBYIOThH MOC/IAOBHI Ll 4ucaa, kpatHi 10, xoua,
OYEBHHO, 1110 Ha MPaKTULi NOJiOHa BUMOra He CTaBMThCSA — TaK CaMoO
K i Te, mo0 B iHAeKci i Qaiini maHux OyJM MPUCYTHI BCi 3HAYEHHH,
kpatHi 10, 3 BU3HaYeHOro iHTepBay.

13.2. Hlinvni indexcu

Ha ocHoBi mocopToBaHux 3anuciB ¢aiiia JaHUX MOXHA CTBOPUTH
winbHUll iHOexc, IKUK ABIIIE COOOKO MOCTITOBHICTD OJIOKIB, IO MICTATH
KJIFOYi 3aMMCiB JaHMX 1 MOKaXYMKM Ha i 3anucy (MiJ MOKaKYMKaMH
pPO3yMilOTh aJpecu — Y TOMY pO3YMiHHi, ik roBopuiiock y Temi 10).
LIlinbHEIM Ha3WBaIOTh IHACKC, SKUW MICTUTh KU IJIS KOJCHO2O
3anucy Qaiina naHux. Po3zpiooiceni iHIeKCH (MU pPO3MOBIMO MPO HUX Y
HACTYMHOMY IMyHKTI), HaBMakKW, 3a3BU4Yaii, 30epiratoTb MO OJAHOMY
KJTFOUOBOMY 3HAUEHHIO Tl KO3KHOTO Orioka aiina naHux.

3anucu (aiina MNBHOTO IHAEKCY BIOPAIKOBYIOTh TaK camo, SK i
3anucu daitna qaHnx. OCKIBKM KJTIOUI 1 MOKaKYMKH 3aMaroTh CyTTEBO
MEHILKMA MpOCTip, HDK IMOBHI 3alMCH, MOYKHA OYIKyBaTH, IO JJis
30epiraHHs iHAEeKCY HeoOXiqHO OyJie 3HaYHO MEHIIe JUCKOBHUX OJIOKIB.
[lepeBaru inmexcHoro (aiina BiguyTHI, MepeayciMm, y cUTyalii, KoJiu
fioro Oyne 3aBaHtaxeHo B OIl uikoBUTO, a BiANOBIAHKI (aiin naHux —
Hi. 3a I0MOMOT0r0 MOAIOHOTO iHIEKCY BIIAEThCS BiIITYKAaTH MOTPiOHUI
3aIuc JaHuX 3a 33JaHUM KITFOYeM IIUISXOM €MHOT onepallii JUCKOBOro
BBECHHS/BUBEIEHHS.

Ilpuknao 37. Ha puc. 40 300pakeHO TOYaTKOBI OJIOKW daiina
iHOeKcy Iuis mociigoBHOro ¢aiina, skuii HaBeaeHo Ha puc. 39. [lns
3pYyYHOCTI BBaKaTUMEMO, 10 3HAYEHHS KIo4iB KpaTHi 10, xoua Ha
NPaKTHL MO/1i0HA 3aKOHOMIPHICTh TPAIUIAETbCS, 3a3BUYAM, 1yKe PIAKO.
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BBaxkaTMeMO TaKoK, 1110 OJIOKM IHIEKCHOro ¢aiisia MICTATh MO YOTUPU
napy BUILY KIIOU-NOKANACYUK» . 3a3HAYMMO, IO 1 114 TiroTe3a Aajneka Bij
peallbHOCTI — Y TUIIOBOMY JUCKOBOMY OJIOIi MOYKYTh BMICTUTUCS COTHI
nonioHuX nap. [lepmmii 6710k iHAEKCY MICTUTh  TIOKaKYMKH HA YOTUPH

MOYATKOBI 3aIMCH JaHUX, APYTHH OJIOK — HA HACTYITHI YOTUPHU 3aMKCH i
T.4. Ha mpaktuii iHKOIM JOUIIBHO 3amoOBHIOBATH OJIOKHM iHAEKCHOTO

(hatina He ITKOM — JTOKa3W Ha KOPUCTh NMOAIOHOTO pillieHHs] HABEJIEHO B
nyHKTi 13.6.

10 10 ™10
20 20 ™1 20
30 —~
30 40 \Q 30
40 40
50 —~
50 o e 50
60 70 e
80 \
70 \ 70
80 90 80
100
90 '1;8 — 90
100 \‘ 100
®aiin iHaeKCy daiin janux
Puc. 39. [Ipuknan Puc. 40. llinbuuit inaexc (31iBa) 1is
MOCITiZIOBHOTO (haiina MOCIiZIOBHOTO (aiina 1aHuX (crpasa)

LinbHUi iHAEKC A€ 3MOry CHUCTeMi yCmiliHO oOpoOsITH 3anuTH, B
SKHX Mepen0ayeHo BiIUTyKaHHS 3aMyCiB 3a 3aaHUM 3HAUYeHHSAM KITFOYa.
Cucrema niepernsaae 6J0Ku iHIEKCY B molnykax 3HaueHHs K kiroua, a
NOTiM, KOJNHW 3amuc iHaekcy 3 kiatodeM K 3HaliIeHO, 3BepTaeThCs 3a
MOKAXXYMKOM, WIO aJpecye 3amvc JaHuX 3 THM JK€ KIIOUOBHM
3HaveHHsM. Ha mepiuuii mornsg Moxke BUAATUCS, LIO JAJIs BilUIYKaHHS
3anucy iHAeKcy 3 KioueM K cucTeMi JOBeleThCs TMeperiisiiaTi KOKeH
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OJi0K iHAekcy (abo B cepelHbOMY — IOJOBHMHY OJIOKIB), OHAK iCHYIOTh
YUHHUKH, $Ki Jal0Th 3MOTY 3Ha4HO 30UIBIINTH TPOJYKTHUBHICThH
oneparliii MouryKky 3a iHJeKCOM.

1. Po3mip caiina innekcy, 3a3Buuaii, CyTTEBO MEHIIUM Bia 00’ eMy
(hatina naHux.

2. Ockinbku KoYl  30epiratloTbes  yHOPSIKOBaHO, TO  JUIs
BijlIyKaHHs 3Ha4eHHs K I0LiNbHO BUKOPUCTOBYBATH ajrOPUTM
OiHapHOro momIyKy. Ko iHIEKC MiIicTUTh N OJIOKiB, TO
CHCTEMI TOBEJETHCS 3BEPHYTHCS TiNBKH 10 |0gon 3 HUX.

3. Inmekc mMoxke OyTH TaKMM MayluM, IO HOTO BAACTbCS IIJIKOM
3apaHTaxutu B OIl i 30epirati TyT npoTsarom HeoOXiTHOTO
yacy. Y ULbOMY BHMMAiKy s BiAllyKaHHs Kitoda mouryky K
JIOCTaTHLO BMKOHATH Kijbka onepatliii B OIl, He 3BepTatouunch
JI0 JIKCKa.

Ilpuknao 38. Hexaii naHo BigHomeHHs, ske mictutb 1 000 000 xop-
TexiB. Bimomo, mo s 30epiraHHS KOXKHUX JIECATH KOPTEXIB
HeoOXimHo omaun 4 096-OaiitoBuii 00K, a 3arajJibHUH 00°cM JaHUX
BiJTHOIIIEHHs CTaHOBUTH TpubmmzHo 400 Moaiitie. lle HagTo Gararo,
mo6 3aBadtaxxutu iHdopMmanito B OIl winkosuro. [lpumyctumo, 1o
JIOBXKHHA KJIFOUOBOTO MMOJIsi cTaHOBUTH 30 OaliTiB, a po3Mip MOKaKIMKA —
8 GaiiriB. Toni B ogun 4 096-6aiiToBuit 00K (3 ypaxyBaHHSIM BUTpaT Ha
3arojioBok OJioka) Braerbes momictutu 100 map BUAY «KiHOY-noKadic-
yux». J{ns moOynoru 1ibHOTO iHAeKCY HeoOXxiaHo 10 000 6jokie, abo
40 MoaiitiB. Takuii iHAeKc 3a MEBHUX YMOB MOXKHA 3aBAHTAXKUTH Y
oydepu OIl — Bce 3amexkuTh Bif ii 3araibHOTO 00’€MYy 1 pO3MIpiB
objacti, BinpHOT Bin iHmmx aanux. Ockinbku 10g,(10 000) cranoBuTh
Osv3bko 13-TH, TO Ui BiALIyKaHHS MOTPIOHOro KJrO4a JOBEACTHCS
BukoHaTH 13 abo 14 3BepraHb 10 OnokiB iHAekcy. OCKiNbKM TpH
BUKOPHCTaHHI Oyab-1KOro BapiaHTa OiHApHOTO TIOLIYKY aJpecyeThCs
He3HayHa MiJMHOXKMHA Yycix OJokiB (Hampukiaj, OJOK ycepeauHi
CIIMCKY, 0JIOKM Ha mo3uuisx 1/4 i 3/4, va nosuuisx 1/8, 3/8, 5/8, 7/8
i T.I.), TO HaBiTh Y BUIAJKY, SKIIO PO3MICTUTH BeCh iHJIEKC y Tam sTi
HEMOJKIIMBO, 3aBaHTA)KUTH OCHOBHI OJIOKM Bce Taku BaacTbes. OTOXK
JUIs OTPUMAaHHS 3anucy 3 JOBUILHUM KIIOUEM HEOOXiJIHO 3HA4HO
MeHille, Hi’k 14 onepalliii AUCKOBOro BBEIECHHS / BUBEICHHS.
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13.3. Po3piosceni inoexcu

SIKIO LIBHUE iHOEKC BHUSBUTHCS HAATO BEJIMKMM, TO IHKOJM
JOLIJBHO ~ CKOPUCTATUCS  MOJIOHOK  CTPYKTYPOIO  po3piddiceH02o
inoexcy, dKa Aae 3MOry 3MEHLIMTH po3Mip (aiiia 1iHOI WMOBIpHOTO
301IbIIEHHS] TTPOMIKKY Hacy, HEOOXiJIHOTO JJISl BiJIIyKaHHS 3aIucy 3a
3a7laHiM 3HaueHHsM Kitova. Ha puc. 41 nmpoutocTpoBaHo po3pikeHHid
iHEKC, SIKMH MICTHUTh TIIbKK MO OJHOMY IMOKa)KYMKY Ha KOXKEH OJIOK
(dalina nmaHux, a KJIOYaMHU IHAEKCY € KIIIOYOBI 3HAYEHHs MepLIuX
3aMuciB KOXXHOTO OJI0Ka TaHUX.

10 [ —F+—10

30 | — 20

50 | —

70 30
40

90

10| ~ 20

130 \:“ 60

150 \\“ | 5
80

170 | —~|—{ 9%

190 [ —|Y 100

210 N

230 —~

\

Puc. 41. Po3pimkennii inaexc s mocninoBHoro (aitna qanux
Ilpuxnao 39. Braxarumemo, mo ¢aiil JaHUX € MOCOPTOBAHHUM,

3HAUEHHSIMHM KITFoua € 1T urcia, kpaTHi 10-Tu, i KoxkeH OJIoK iHIeKcy
MICTHUTB IO YOTHUPH MApH BULLY «KHI0U-ROKAdCUuK». OTOX nepuinii 010K
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IHIEKCY MICTUTh €JIEMEHTH, SIKi BiIMOBIAAaIOTH MOYATKOBUM 3amucam
MepIuX YOTUPLOX OJOKIB maHux, TooTo 10, 30, 50 i 70. AHamorivHo,
JIPYTHid iHAEeKCHUHM OJIOK MICTHTh 3HAYSHHSI KJIFOYa IS MepIlrX 3anuciB
naHux 3 Homepamu 5 — 8, a ue 90, 110, 130 i 150. Ha pucynky
300paXkeHO 1 TpeTiil OJIOK iHIEKCY, MOKAKUYUKU SKOTO MOCHIIAIOTHCS Ha
TMepiii 3aMUcy FiNOTeTUYHUX OJIOKIB JaHux 9 — 12.

Ilpuknao 40. Po3pimkeHuii iHAeKkc, 3a3BHYaid, 3aiiMae 3HAYHO
MEHIIIe JIUCKOBOTO MPOCTOPY, HIK LIUTbHUN. SIKIIO 3HOBY 3BEpHYTHCS
JIo yMOBHM nipuKiIany 38, ne nani posmingysaiauce y 100 000 6:1okiB, a Ha
KO>KeH 0JIoK iHAeKcy npunanano o 100 nap BUAY «KHOU-HOKANCUUK », 1
3aMICTh LIUILHOTO iHAEKCY CTBOPUTH PO3pimKEeHWH, TO AJis 30epiraHHs
ocTaHHbOro HeoOXimHo Timbku 1 000 GiyokiB i Bchoro 4 MoOaiiT mipo-
cropy. Takuit 06’emM naHux, iMOBipHO, TOMicTUThCsI B Oydepax Ol

3 iHmoro OOKy, UIJIbHUM iHIEKC Ha€e 3MOry CHCTeMi 00poOsATH
3alUTH BHUAY «4YHM ICHYE 3amuMC 3 KIIOUYOBMM 3HaudeHHAM K?», He
BHMAarar4y 3aBaHTaXKEHHS BCbOro OJioKa 3 IIyKaHWM 3arucoM. [ apaH-
Ti€to icHyBaHHs 3anucy 3 kmodeM K ciayrye 3HaueHHs K, MpuCyTHe y
KJIIOYOBOMY MO 1ijbHOTO iHaekey. [1in yac 0OpoOKU LBOTO Xk 3aruTy
32 y4acTIO PO3PIMKEHOro IHAEKCY CHUCTeMi JOBEAEThCS BMKOHATH
orepario JAUCKOBOTO BBEJICHHS/BUBEJCHHS JJIS 3aBaHTaXKeHHs OJIOKa,
KM (MOIIMBO!) MiCTUTE 3amuc 3 KiroueM K.

11[06 3a tonmoMorow po3pimKeHoro iHAEKCY BiIIyKaTH 3aIlluC TaHUX
3 wnodeM K, TpebGa 3HAWTH 3anuc iHAEKCY 3 HaHOUIBIIMM KITFOYOBUM
3HaueHHAM, MeHImUM ab6o piBauM K. Ockinbku  daiin  iHaekcy
MOCOPTOBAHO 3a KJIIOYEM, TO 3a3HAYEHHUI eJIEMEeHT iHIIEKCY He BaXKKO
BHSIBUTH, 3aCTOCOBYIOUM MOAU(IKOBaHMIA BapiaHT alnroputMmy OiHapHO-
ro nouryky. I[Tokakuuk, sikuii BiAMOBIgAE 3HAWACHOMY KITIOUY, aJIpecye
BU3HAYeHUH OJIOK AaHUX. 3BEpPTalOuMCh A0 LbOro OJoKa, cUcTeMa
TIOBMHHA 3HAWTH B HHOMY 3ammc 3 kiodeM K. @opmatu onmcy 6710Ka i
3aMnucy JaHuX MOKJIVKaHI Ha/laBaTH BIAMOBIMHY iH(opMallito, JOCTATHIO
s ineHTHdikaii 3anucy BcepeluHi OJ0Ka Ta OKPEMUX EJIEMEHTIB
BMICTy camoro 3anucy (3a I0BiJikamu 3BepTaiitech 10 TeM 9 i 10).

13.4. Bazamopisneei indexcu

OTOX iHIEKC MOXKE BUSIBUTHCS JOCTaTHHO 00’ eMHMM. HaBiTh y ToMy
BUIMAJKY, SKIIO IS BiJUIYKAHHS eJIeMEHTa IHIACKCY BHKOPHCTOBYIOTh
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aJropuT™M OIHAPHOIO MOLIYKY, TO CHCTEMI JOCHUTh 4acTO JOBOJUTHCS
BUKOHYBaTH quMay KiTbKiCTh omnepartii JTIUCKOBOTO
BBEICHHS/BUBEIEHHS. 3 METOIO NMPUIIBUALLCHHS MEpersay iHAeKCHOro
(baiina MOKHA CTBOPUTH JOJATKOBMI IHACKC IPYroro piBHS «iHAEKC s
iHIEKCYY.

Ha puc. 42 naBegeHo 3amo3uueHy 3 puc. 4l cxemy, AONOBHEHY
iHIIEKCOM JIpyroro piBHs (Hexail KJIIoueM CIyryBaTUMYTh 4HCIA,
kpartHi 10). MoxxHa Takoxk crnpoOyBaTH CTBOPUTH, 3a HEOOXiJIHOCTI,
iHIeKcH TpeThoro piBHS, deTBeptoro i T.a. llpoTe Takomy mimxomy
BJIACTHBI  TeBHI  BHYTpIlIHI  oOMexkeHHS. 3a  HeoOXiJAHOCTI
KOHCTPYIOBaHHSI iHJIEKCIB JIEKUIbKOX pIiBHIB TlepeBara [Mojisirac y
3BepTaHHi JI0 CTPYKTYypH B-nepeBa (neranpHime —y temi 15).
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Puc. 42. [Ipuknan 1BOpiBHEBOTO PO3PiHKEHOTO iHACKCY

VY upomy Bunajky (puc. 42) iHaeKc Mepuioro piBHS € Po3piIKEeHUM,
Xo4a Jyis IBOrO PiBHS MOXKHA OyJio O CTBOPUTH i HIUTBHWI iHJIEKC.
OpHak iHAEKCH yciX PiBHIB, OKpIM MepIIOro, 3i 3pOCTaHHSIM HoOMepa
piBHS TOBUHHI OYTH pO3PiMKEHILIMMH, OCKIIbKA B TNPOTUIEKHOMY
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BUIAJKy CHCTeMa He OTPUMAE JKOJHHUX MepeBar — iHJISKC MiCTUTHME
CTIJIBKM K €JIEMEHTIB, CKIJIbKHM i «CYCiTHii» iHIeKC MEHIIOro pPiBHA, i
3aliMaTUMe TaKUi CaMUii TUCKOBHIA TTPOCTIp.

Ilpuxnao 41. lpunycTumMo, 1110 10 PO3PIAKEHOrO IHAEKCY MepIIoro
pieHs (npuknax 40) pomyvaroTh iHAekc apyroro piBHA. OCKinbKH
ingekc nepioro piBHs 3aiiMae 1 000 OnOKiB i la€ 3MOTY «yTaKyBaTH»
no 100 map BUAY «KIOY-HOKANCUUK» Y KOXKEH OJIOK, TO JJIs 1HIEKCY
apyroro piBHs HeoOXinHo Oyae 10 Gnoki. Llinkom iMoBipHO, mio w1i
10 6nokie 3aBanTaxartb y 0ydepu OIl BogHouac. Toxi ans BinurykaHHs
3alucy JAaHMX i3 3aJaHUM  KIIOYOBMM 3HadeHHsM K cnouatky
HEOOXi/IHO TIeperyIsHyTH iHAEKC JIPYroro piBHs, MI00 3HAWTH Yy HHOMY
3anuc 3 HaUOUIbIIMM KJIFOUOBUM 3HAYCHHSM, sIKe MeH1Ie abo JOPIBHIOE
K. BimnoBigHwii MOKaKYMK TpUBENe 0 JesAKoro Omoka B iHmekcy
Meplioro piBHSA, 3BiAKM CHUCTEMa, HAlEeBHO, OTPUMAE AOCTYN [0
LIyKaHOTO 3aM1cy JaHWX, OHAK IS ToYaTKy MOTpiOHO 34nTaTH O6jok B
y OIl (sKk1o 1poro He 3po0JIeHO paHilie). 3ayBasKUMO, 10 TOKH-IIIO 1€
nepiia onepaiis JAMCKOBOTO BBEACHHS/BUBEICHHS, SKY BHKOHAHO.
Tenep cucrema 3000B’s3aHa meperisHyTH Onok By moumrykax
HaWOIIBIIOro KJIFOYOBOIO 3HAYeHHs, ske MeHine abo mopisHioe K, i
eJIEMEHT iHAEKCY 3 LM KIIIo4eM Oe3nocepeJHbO BKaXke Ha OJIOK JaHMX,
1[0 MIiCTHUTh 3aMKC 3 KIIIOYOBMM 3HaueHHsAM K — 3BUYaiiHO, SKIIO TaKHii
icHye. [l 3uMTyBaHHs 3HaKAEHOro OJI0Ka JaHUX HEOOXiJHO BUKOHATH
JpYTY, i OCTaHHIO, OTepaLlifo JMCKOBOTO BBEJICHHS/BUBEICHHS.

13.5. /lyonikamu Knio4o8ux 3HaueHs

Jloci MU BBaKaiM, IO KJIKOY IMOLIYKY, IS SKOIO CTBOPHOETHCS
iHeKc, 30iraeThes 3 KIIIOUEM BiJHOIICHHS, TOOTO KOXXHOMY 3HA4€HHIO
KJIIoYa BIAMNOBigae He OuTbllle OAHOro 3amucy naaHuxX. OgHaK Yacto
IHIIEKCH KOHCTPYIOIOTh Uil aTpUOYTiB, SKi HE YTBOPIOIOTH NMEPBUHHUN
KJIFOY, OTOX LIUJIKOM IMOBIpHa CHUTYyallisl, 3a SIKOT OJiHE 1 T€ 3K KJIHYOBE
3HAYEHHS MPUCYTHE B IEKIJIbKOX 3amucax. SKINo 3amicu CoOpTyOThes 3a
KJIIOYaMM TIOLIYKY 1 TOPSIOK pO3TalllyBaHHsS 3alWCiB 3 OJHAKOBHUMH
KJIFOYaMy JTOBUIbHUM, TO BCI MONEPEAHbO PO3IJISHYTI MIAXOAM LIIKOM
NpUAATHI 1 IS BUMAAKY, KOJM KIIKOY TONIYKY HE € KJIoYeM BifHO-
LICHHS.

IMOBipHO, HAMITPOCTILIIHI BapiaHT PO3MIMPEHHS MOMNepeIHbOI MOJeIT
MOJISITa€ Y CTBOPEHHI IIIBHOTO iHAEKCY, B IKOMY JJIsl KOXKHOTO 3aMucy
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¢aiina maHux 3i 3HaYeHHAMH Kio4a momyky K icHye eneMeHT i3
kiodemM K. [HmmMu croBamu, y Qailsli  iHAEKCY JIOMyCKAaeThes
MPUCYTHICTH MyONiKaTiB 3HaYeHb KJIIOYa TOIYKY. 3a/avya BiAllyKaHHS
yCiX 3aMuciB JaHMX, SKi MICTATh 3aaHuii Kiarod noiryky K, € mpocToro:
ineHTudikyBaTn y Qaiiai iHaeKkcy NMepiinii eK3eMIUIp 3arucy 3 KII4eM
K, 3HaiiTi yci iHII ek3eMIuiipd (BOHM TOBHHHI iTH Oe3rnocepenHbo
Micyisl MepIloro) i MepeMiCTUTUCS 3a ajpecaMy MOKaKUUKIB Ha 3arucH
JIaHUX 3 KJIFOUYOBUM 3HaueHHsM K.

Jemo edekTuBHimMii BapiaHT Tiependavae BKIIOUEHHS Yy  aiin
UIJILHOTO IHAEKCY MO OJHOMY 3aluCy JJI KOKHOTO 3HAa4YeHHS KJIro4a
morryky K. TToKaK4MK y IbOMY 3anuci ajpecye TepIunii i3 3amnmciB
JaHuX 3 KirouoBuM 3HayeHHsM K. 1106 3HaiiTi peliTy 3amuciB AaHuX 3
TaKUM CaMHMM 3HAY€HHAM KJIoYa, JOCTATHBO 3UMTATH HACTYITHI 3allUcH
JIAaHUX JI0 MOMEHTY 3MiHM BMICTY KJIFOYOBOTO TOJII — OCKINIBKHM (haiin
JAHUX € TIOCOPTOBAHMM 32 KITFOUOBHM TI0JIEM, TO 3alTUCH 3 OJJHAKOBUMH
3HAYeHHSIMHM moNis OynyTh 3iOpaHumMu B okpeMmi rpynu. lmero
MPOLTIOCTPOBAHO Ha puc. 43.

10 > 10
20 10
30
40 10
> 20
50
e o 20
= 30
30
30
= 40
= 50

Puc. 43. 1llinbHuii inaexe ans ¢aiina 3 1y6nikaTaMu 3HaAYECHb KITIOYA TOUIYKY
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Ilpuxnao 42. Ilpunyctumo, 110 HEOOXITHO BiAUIYKATH TaKi 3amucy
(batina maHux, 300parkeHOT0 Ha puic. 43, AKi MICTATh 3HAYEHHS KItOYa
nomyky piBHoro 20. Cuctema BUSBUTH y (aiiii iHOSKCY €JIEMEHT 3
kiarodeM 20 i, cTekayu 3a aJApecoro MOKaKUMKa, BUSBUTh NEPLIMIA 3anuc
naHux 3 kimoueM nomyky 20. [loTiM HEOOXiAHO MeperyisiHyTH HACTYITHI
3anucu ¢aitna gaHnux. OcKiUTbKM ODKyYMM € OCTaHHIHM 3amuc Jpyroro
0JI0Ka, TO CUCTEMA MEPEXOUTh J0 TPEThOro Oj0Ka (BBaKATHUMEMO, 1110
0ok aiina aaHuUX oOpraHizoBaHi y ¢opMi 3B’S3aHOr0 CHMCKY 1
3arojIoBOK KOXKHOTO OJIOKa MIiCTUTh MOKaXYMK Ha HACTYIHHH OJIOK).
TyT xirouoBuM 3HadeHHsM 20 BOJIOJi€ MEPIIMiA 3amMuc, OJHAK JPYruii
Mmictuth Kiod 30. OTox mpoliec MOILIYKY 3aBEpIIYETbCS, OCKIIbKU
3amuciB 3 kiodeM 20 Ginble HeMae.

Otxe, cucTemMa BUSIBUTH 2 3alMCH 31 3HAUCHHSM KJIFOUa MOLIYKY, SIKe
nopisHioe 20.

Ha puc. 44 npoimtocTpoBaHO BapiaHT PO3PIMKEHOTO IHACKCY IS
Toro x (pailina maHux, mwo i Ha puc.43. lleli iHmekc BUrsLmae sk
3BUYAMHO: BIH MICTUTh MapH BUIY «KIOY-HOKANCYUKY, 1O BiAMOBI-
JIAIOTh 3HAYEHHSM KJIF04a MOLIYKY MeplirX 3anuciB OJIOKIB JaHHX.

11106 3HaiiTu 3anucu i3 3amaHuM 3HadeHHs M K Kio4a Mouryky B
Takiii CTPYKTypi, HEOOXiJHO BiAIIYKaTH eJIeMEHT iHAEKCY (Ha3BeMO
foro E17) 3 HailOnplIMM HOMEpOM, SIKMI Mae 3HAYCHHs KJI0Ya, MEHIIe
a6o pieHe K. IToTiM HeOOXimHO mMepeMiliaTHCsA 10 TOYaTKy iHAEKCY
JIOTU, JOKM He OyJe AOCATHYTO MEPLIOro eJeMEeHTa IHACKCY uu
enemeHta E2 3i 3HavyeHHsM kitoua, ctporo MeHmum Bing K (y
4aCTKOBOMY BMIAJKy, Koiu E7 Bxke MICTUTh 3Ha4YeHHs Kio4a, sKe
crporo Mmenme Big K, To E2 3Giraetecs 3 E7). brnoku nanux, ski
MOKYTh MICTUTH 3amicH 3i 3HaYeHHsAM K KITroua MouIyKy, aapecyroThest
eJleMeHTaMH iHAeKCY 3 HoMepaMHu 3 iHTepBany Bix E2 no E71 BkirouHO).

Ipuxnao 43. TlpunyctuMo, 1O y CTPYKTYpi, MpelcTaBieHid Ha
puc. 44, HeoOXiAHO 3HANTH 3anMCH AaHMUX 31 3HAYSHHSM KJIKO4a IMOLIy-
Ky, piauM 20. Pons E7 y nboMy BUMaaKy BUKOHYBaTHME TPETIH 3ammc
nepuioro 6;10Ka iHASKCY — 11 €JeMEHT 3 HalOIIbIIUM HOMEPOM, TaKHIA,
10 3HAa4YeHHS HOro Kifoya He mepeBuIlye 3afaHy mexy 20. Yepropwuii
€JIEMEHT, HaMOMMKYMI 710 MOYaTKy iHAEKCY, MICTUTh 3HAYEHHS KJto4a
(10), crporo menme Big 20. OToxk egeMeHTOM E2 BUSBUTBCS Opyruit
3anuc nepiuoro 6ioka inaekcy. [Tokaxunku B 3anucax E2 i E1 ingekcy
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OOMEXKYIOTh IIyKaHWi Jiana3oH ¢aiila JaHUX JPYyrdM i TpeTiM
OJIoKaMH — caMme TYT IMOBUHHI pO3MIIlIaTUCS 3aNTUCH JJAaHUX 31 3HAYSHHSIM
KJTIOYa MOIIyKy, piBHUM 20.
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Puc. 44. Po3pimkxeHuii iHaeKC, eeMEHTH SKOTO MiCTATh HaliMEHIIli 3HAYeHHS KJII0Ya B
KO>KHOMY OJIOLI TAaHUX

PosrisHemo e omun npukian. ko B3std K=70, Toai eneMeHT
E1 — uwe apyruit 3amuc nepimoro Oj0ka iHAeKCcy, a eremeHta E2
Hacmpap/i He ICHY€, OCKIJIbKH KJH0Ya 3 MEHIIMM 3HAYeHHSIM Yy CKiaii
iHmekcy Hemae. OTOX Ui BilUIyKaHHS 3amlKCiB JaHUX 3 KJITFOUOBUM
3HayeHHs M 10 HeoOXiHO BHMKOPHUCTATH TMOKAXYWUKWA Yy MepuoMy i
JIPyromy ejeMeHTax iHAEKCY, SIKi aJApecyloTh JBa MEPIIUX OJIOKU TaHuX.

Jelo iHIy cxemy oprasizauii iHA€KCY MPOLIFOCTPOBAHO Ha puc. 45.
TyT eneMeHT iHIEKCy, SKWM BIAMOBigae OJIOKOBI JaHWUX, MICTHUTh
HaliMeHIlIe #o6e 3HaYeHHs KJItoua MOUIyKy, TOOTO Take, IKOro He OyJio B
nornepeaHboMy Osowi. Skiio y Ononi AaHMX HeMae HOBMX 3Ha4eHb
KJTro4a (yci 3ar1cH BOJIOIIIOTh OTHAKOBUM — CTapUM» — KITFOYEM), TO Y
BIZIMIOBIIHUI €/IEMEHT IHAEKCY 3aHOCUTbCS caMe Lie 3HaueHHs. Cuctema
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3MOJKE 3HAWTH 3alMcH JaHWX 3i 3HaueHHaAM K Kitoua MOIMyKy, SKIIO
3BEPHETHCS JI0 MEPLIOro eJIeMEHTa IHAEKCY, KIIFOUOBE 3HAUYSHHS IKOTO

a) nopieuioe K

abo

6) mentue Bia K, mpoTe HACTYNHUI Kitou Oinbiuuii Bin K,
a MOTIM MEPEMICTUTBCS 3a aJpecoro, Ha Ky MOCHJIAEThCS MOKAKUUK Y
OMY eJleMeHTi. SIKio 3HaiiieHuii OJIOK JaHWX MICTUTh Xoua O OJuH
3anuc 3 KaodeM K, TO peluTy 3amuciB 3 THM K KITFOUeM (SKIIO BOHH
ICHYIOTb) BJACTbCHA BiJIIyKaTH, TMeperisJaloud BMICT HACTYMHUX
GIOKiB.
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Puc. 45. Po3pimkennii iHIEKC, SIEMEHTH SKOT0 MiCTATh HAMEHIII HOBi 3HAYEHHS
KJIFOYa Y KOXKHOMY OJIOIIi JJaHuX

Ilpuknao 44. 3BepHeMoCh 10 CTPYKTYpH, HaBeleHO! Ha puc. 45, i
npumnyctumo, mo K=20. 3a BU3HAYEHUM BHIIE MPABUIOM OOHPAETHCS
JIpyTUil elleMeHT iHIeKCY — HOro MOKaKYMK MPUBOJWTHL A0 MEpIIOro
0JioKa IaHuX, IKMH MICTUTh 3anuc 3 kiodeM 20 (ue 010k 3 HomepoM 2).
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[lepexoasun 10 HACTYMHOro OJIOKa AaHUX, CUCTEMa 3MOXKE BIALIYKATH
e OOWH 3amuc 3 KiroueM 20.

Skmo B3ath K=30, TO mpaBUIO 3MYCHThb HAC 3BEPHYTHCS 10
TPETHOTO €JIeMeHTa IHACKCY, MOKAKYMK SIKOTO aapecye TpeTiid OJiok
JIAHUX, 10 MICTUTh NEPIINi eK3eMIUIsp 3anucy 3 kmouem 30 (moganbii
i ouerwmHi). 3pemToro, skmo mokmactu K=25, To goBemerhcs
CKOpHCTATHCSA TMYHKTOM (6) TpaBWia i 3UUTATH JAPYTMHA eleMeHT
iHIEKCY, MOKaXKYHK SKOr0 MOCHUIAEThCS Ha IPYTHid OJIoK AaHuX. SKiio 0
(haiin maHWX MICTHB 3allMCH 31 3HAYCHHSMH KIIOYa TOUIYKY, PIBHUMH
25, 1o xo4ya 6 oMH 3 HUX OyB OW OyTH MPUCYTHIM Yy LBOMY OJIOII,
OCKIJIBKH, SIK HaM BiJIOMO, «HOBE» 3HA4YEHHs KIlloYa B TPEThOMY OJIoLi
nopiBHioe 30. OckiNibKy 3aNKciB 3 KIItoYeM 25 y daiini 1aHuX HeMae, To
npoLeAypa MOUIyKy 3aBepIlyeThes 0€3yCMillHO.

13.6. Kepysanns inoexcamu nio uac moouikauii oanux

Jlo mporo uacy Mu BBakajqu, o (aiaM JaHUX Ta IHOCKCIB €
[IOC/IIOBHOCTSAMHM OJIOKIB, LIJILHO 3allOBHEHUX 3allMCaAMU BiAMOBIIHUX
tumiB. OckilbkM 3 YacoM iHdopMalliss 3MIHIOETBCA, TO MOXHA
OUiKyBaTH, IO KOPUCTYBadi CUCTEMH, NMOBIPHO, 3BEPTATUMYThCS O
¢daiiniB gaHUMX 3 KOMaHIAaMM BCTABKM, BHWIIYUCHHS Ta OHOBJICHHS
3amuciB. OTOXK 30BCIM HE 000B’A3KOBO, 110 CHLOI'OAHILIHIN BMICT OJI0KIB
CTPYKTYpH, TIOJIIOHOT 10 MOCHIIOBHOTO (aiiyia, y He3MIHHOMY BUIJISAIL
30epexxerbest i 3aBTpa. Jlng  peopraHizaumii - QaiiniB - JaHWX
BUKOPHUCTOBYIOTh METO/IM i IPUIiOMH, 3a3HaUeH] y Temi 12.

Haranmaemo nesiki 3 HUX.

1. CrBOpeHHs 0.10Ki8 nepenosHenns, KO He BUCTAYAE MiCLs
B ICHyrouMx OJjokax JaHMX, 1 BWIy4YeHHs OJIOKIiB
TIePETIOBHEHHS Y BUMAKY BHBUJIbHEHHSI KPYITHUX oOJlacTeid
y Onokax micis BUIy4YeHHsS rpynu 3amuciB. PospimkeHuii
iHJEKC HE MICTUTb €JIEMEHTIB, sKi BKa3ylOTh Ha OJIOKU
MEepPEernoBHEHHS, — OCTaHHI TPaKTYIOTHCS SK PO3LIMPEHHS
OCHOBHHUX OJIOKIB.

2. IHomi icHye MOXKITUBICTH 3aMiCTh OJIOKIB TIeperOBHEHHS
CTBOPIOBATH HOBi OCHOBHI OJIOKHM JIaHHMX, PO3MILLYIOUH X Yy
BIJMOBIHMX MO3MLISX NMOCIiI0BHOCTI 0J10KiB (aiina. V wii
CUTyallii MoJaHUM OJIOKaM JaHWX BiIMOBiAaTUMYTh HOBI
€JIeMEHTH po3pi/KeHoro iHaekcy. HeoOxigHo mam’staTi,
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110 31 3MIHOIO IHIEKCY MOXYTh BUHUKHYTH Ti XK MPOOJIeMH,
AKi CTOCYIOThCS 3araJibHOr0 KOMIOHYBaHHS (aiina mia yac
BUKOHAHHS OTepalliii BCTaBJISHHS, BUTYUYEHHS | OHOBJICHHS
3anuciB ¢aiina nanux. Ilig yac cTBOpeHHS HOBUX OJIOKIB
iHIeKCY cHUCTeMi HeoOXiHO pO3TaIllOBYBaTH iX HACTIIbKH
«BIAJIO», HACKUIBKHY LI€ MOKIIABO.
3. Skmo mig Yac BCTaBASHHA 3amuMcy y OJIOK JaHMX
BUSIBUTBCS, 110 Yy OJoli Hemae BUIbHUX oOJacTei
JIOCTaTHLOI JOBXKHHHU, TO MOXHA 3JIHCHUTH MepeMillleHHs
3aMuciB y CcyciiHi OJIOKM 3 METOI0 BHMBIUTBHEHHS HEOOXia-
HOro mpoctopy. SKINO K, HAaBHAKH, ICJIS BUIYYEHHS
3aMUCiB  CyCimHI OJIOKM BUSIBJISIOTBCS — 3allOBHEHUMH
HELILHO, TO 1HKOJIM IXHI JaHl BoacThed 00’ €aHATH B OIUH
OJIOK.
3miHa paiiya 1aHUX YacTo CIIPUYHHIOE IO HEOOXIAHOCTI BiAMOBIqHOT
monuikanii ¢aiina iHgekcy. Bubip migxomgy uacTo 3alieduTh Bif
NPUHAJIEXKHOCTI 1HAEKCY 10 YHuclia IIiJbHUX abo pOo3piKeHHX i Bin
TOro, sKi i3 MepejidyeHUx BUIIE METOJiB BUKOPUCTOBYIOTh Y IMpPOLECI
3Mminn  (abina pganux. OnOHaK iCHye OJWH 3arajbHUA TPHUHILIMII,
cripaBeyIMBUIN y Oyib-sKiil cuTyarii.

o daiin iHmekcy € mociainoBHUM. Ilapu BUAY «KIOU-NOKAMCHUK»
MOJKHA CHpUAMATH SK 3anuMcy, MOCOPTOBAaHI 3a 3HAYEHHSAMMU
Karoua momyky. OToX yci cTparerii, siki BUKOPUCTOBYIOTh IS
MiATPUMKHN Tipoleyp Moaudikallii nociaiioBHUX (aiiiiB naHuX,
€ 3aCTOCOBHI 1 10 (paiiiiB iHAEKCIB.

Ha puc. 46 nepeniyeHo yci nii, siki BinOyBaioTbcs 3 Qaiinamu
PO3pIKEHUX 1 WIITBHUX [HAEKCIB, MMiJl Yac BUKOHAHHS KOXKHOI i3 ceMH
pi3HMX omepalid Haa QaiinaMM JTaHUX — CTBOPEHHS/BUITYyUCHHS
NOPOXKHIX OJIOKIB MepenoBHeHHs abo OJIOKIB MociifioBHOro ¢aiina, a
TaKO)X BCTABJISIHHS, BUWJIYYECHHS 1 MepeMillieHHs 3anuciB. BaxaroTs, 1o
CTBOpIOBAaTH ab0 BWIIyYaTW MOXKHA TUIBKM MOPOXkHI Oj0ku. 30Kpema,
SKIIO BUJIYYEHHIO Miajsirae OJIOK, 10 MICTMTh 3alMCH, TO CIIOYATKY
HEOOXiTHO «IMO30yTHUCS» 3amlKCiB IbOrO OJOKa — BWIYYMTH IX YU
MEPEeHECTH B iHIIUK OJIOK.
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Hisi HlinbHuii ingexe | Po3pimkennii ingexc

CTBOpEHHS MOPOKHBOTO
OJI0Ka MepPeTIOBHEHHS

BuityueHHs1 Opo>KHBOTO
0JI0Ka MepPeTOBHEHHS

CTBOpEHHSI TOPOKHBOTO Bcraska

IOCHiAOBHOrO OJI0Ka

BuityueHHs1 Opo>KHBOTO . Butyuenns
MOCITiIOBHOTO 6J10Ka

BcraBka 3anmcy BcraBka Omnosnenns (7)
Bunydenns 3anmcy Bunyuenns Omnosnenns (7)
[NepemirtenHs 3anucy OHOBIIEHHA Omnosnenns (?)

Puc. 46. Brutus Ha (aitn iHIeKCy Jilf, 10 CTOCYIOThCS MOCIOBHOTO (aiiia JaHux

PosristHeMo BMiCT TaOMUL JeTAJIBHILIIE.

Onepanii cTBOpeHHs a00 BHWIyYeHHsS TMOPOKHBOro OJoKa
NeperoBHEHHS HE BIUIMBAIOTh Ha iHAEKCH 000X THITIB: eJIeMEHTH
IIIJTBHOTO 1HAEKCY BKa3yIOThb HAa OKpeMi 3alucH; eJleMEHTH
PO3PIHKEHOTO iHAEKCY aapecyroTh TiTbKM OCHOBHI OJIOKH, a He
OJIOKHM MeperoBHEeHHS.

Onepatii cTBopeHHs a00 BHITyUeHHs 0JI0Ka MOCIiJOBHOTO daiina
HE BIUIMBAIOTL Ha IIUTBHUN IHIEKC, OCKIIBLKM MOro eJleMEeHTH
NOCHJIAIOThCS Ha 3alvcH, a He Ha OJokd. SIKIO K iHJeKC €
PO3piPKeHUM, TO TiJ Yac CTBOpPeHHs a0o BUWIIyuYeHHs OJioka
JlaHUX CcHCTeMa 3000B’s3aHa, BiAIMOBIAHO, BCTaBUTH Yy aiin
iHaeKcy abo BUIYYHTH 3 HbOT'O TICBHUH €JIEMEHT.

[1in yac BcTaBnsSHHSA a00 BUJIyUEHHS 3aMuCy JaHWUX 3MIHIOETbCS 1
UITBHUHN iHAEKC — y HBOTO HEOOXiJIHO BCTaBUTH BiMTOBiIHY
napy BHIY «KIIOY-HOKAJXCUUK» a00 BUIAIUTH Taky mapy.
[TonibHa curtyauis, 3a3Bu4Yaii, He BIUIMBAE Ha PO3PiAKEHUI
iHaeKke. €AMHMI BUHATOK BUHUKAE Y CUTYaIlil, KOJIM 3a4ilaeThes
nepuivii 3anuc y 0ol JaHuX, — y LUbOMY BHUIAAKY MiIjisrae
OHOBJICHHIO 1 BiJIMOBi/IHE KJIFOUOBE 3HAYCHHS Y (aiiili po3pike-
Horo iHgekcy. OTOXX TpU OCTaHHIX €JIeMEHTH CTOBIILS
«PospimkeHuii iHAEKC» TaONMLI BiA3HAUYEHI CHMBOJIOM «3HAK
3anWTaHHSA» — Ollepallis OHOBJIEHHS IHJEKCY, MOXIIMBO, Oyne
HEOOXiTHOIO, MPOTE HE 3aBXKIU.
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e AHJIOTIYHO, olepalis TMepeMillleHHs 3amucy (K ycepeauHi
Osioka, TaKk 1 MDK OJIOKAMH) CIPUUYMHIOE 10 HEOOXIIHOCTI
OHOBJICHHS BiJIMOBIIHOTO €JIeMEeHTa IIIJIbHOTO iHJAEKCY, MpoTe
3auinae po3piPKeHUI IHACKC TUMBKH y TOMY BHWIIAAKy, KOJIH
3aruc, 110 nepeMillaeTbes, 3aiiMaB ab0 MOBUHEH 3aiHATH mepiny
MO3UILiI0 Y OJIOLII JaHUX.

v Kopucuo smarwu. HIx nepenbauyuTy pesyJsbTaTu
eBOJIIT1 T TaHMX. Ock1ybKMU BlOHOWEHHAM i
eK3eMIJjigpaM KJIaClB BJlaCTMBaA CTilMka TeHOeHLida
oo BpocTaHHg o6’emiB iHbopmanii, To dYacTo
POBYMHO Halepem 3akjacTy Yy OJOKM IaHux 1
iHmexkciB gpomaTkoBili BismpH1 o6jgacTi. dAxkmo Oo
MOMEHTY [IOUAaTKYy AaKTUMBHOI ekKcIJlyarauil ©6asu
OaHMx 3arnoBHeHOo 1no 75% mnpocTopy 6J0KiB, TO
MOXHa cCcrnomgiBaTmcs, WO OedKMM uYac BIOAaCThCH
oBiviTucs ©0e3 CTBOPEeHHs OJIOK1B I[epernoBHEeHHS 1

rnepeMimeHHs 3anucia Mix BIJIoKaMM . AxIo
kinmbkicTe  OJIOKIB  MepenoBHeHHs  3BeneHa IO
MiHiMyMy, TO KOXHa npouenypa nicraBaHHA

zanucy Oyne norpebyBaTy, B CepelHbOMY, TIiJILKU
onHiel omnepalii IOMCKOBOTO BBEIEHHI/BUBEIEHHS.
YuMm Oijpme OJIOK1IB NepenoBHEeHHA, TUM  BMIl
3aTpaTy Ha IMOWYyK 3BalMcy 13 3amaHuM KJIoUeM.

Jisa imocTpatii 0coONMBOCTEH aNTrOpUTMIB, Ki BUKOPUCTOBYIOTH Y
MepesiveHnX HaMHM CUTYyalliiX, MW HaBe[eMO KuIbKa TPUKIAAIB, e
PO3IJITHEMO 1 WIUIBHI/PO3PiyKEeHI IHAEKCH, 1 TEXHIKY MepeMillleHHs
3aIKCiB Ta BAKOPUCTAHHS OJIOKIB TIEperOBHEHHS.

Ilpuknao 45. Cnovarky po3risiHeMO orepallifo BUTyUSHHs 3amucy 3
Oyioka mociioBHOro daina JaHuX 3a HASBHOCTI IIIJIBHOrO iHIEKCY.
3BepHEMOCS 10 CTPYKTYpPH, 300pakeHol Ha puc. 40, i mpuIycTUMo, 1110
BWJIYUYCHHIO Tissrae 3anuc 3 kiodeM 30. Ha puc. 47 npoimtoctpoBaHo
(bparMeHT Ti€l kK CTPYKTYPH Ticisl BAKOHAHHS OTieparlii BUITy4YeHHS.

Crouatky 3 mociifioBHOro aiina AaHuX BUAASIOTH 3amuc 3
kmoyeM 30. LlikoM MOXIIMBE iCHYBaHHS 30BHIIIHIX MOKaKYHKIB, SKi
MOCUNIAIOTbCS Ha 3amuc OJoKa, 110 3aJMLIMBCS, OTOXK MepecyBaTH
3aMyCy Ha MOYaToK OJioKa HEAOLIJIBHO: Ha MiCLi BHIAJIEHOTO 3arucy
CHUCTeMa 3[1aTHa «TIOCTaBUTH» O3HAKY-«obemicky» (auB. . 12.2).
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Jaui 3 iHaeKkcy BUIyYarOTh Mapy «KIHOY-NOKANCHUKY 31 3HAYCHHIM
kmoya 30. 30BHIIIHI TOKKYMKK Ha 3alucy  iHJAGKCY, WMOBIpHO,
BiJICYTHI I HEOOXITHOCTI y BHUKOPUCTAaHHI «o0eiicka» Hemae. OTOXK €
CEHC TMEepPEeMICTUTHU 3allMCH, 110 3aUIIWIuCs, Y OJ01i iHAeKCy, Ha OJIHY
MO3UILII0 «BBEPX» ISl TOTO, MO0 KOHCOJIAYBAaTH BiNBbHI JUISHKH
ycepeauHi 610ka (SIKIIO 1X AeKiUIbKa) B OJTHY KPYIHIlly 001acTh.
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Puc. 47. Pesynprar BuityueHHs 3anucy 3 kiarodeM 30 3i CTPYKTYpH 3 IITEHAM iHAEKCOM
(nuB. puc. 40)

Ilpuxnao 46. Tenep npoIeMOHCTPYEMO, K BUKOHYIOTHCS Oomnepartii
BUJIYYEHHs JIBOX 3allMCIB i3 MOCHiOBHOro (aiina naHuX, SIKAHA Mae
po3pimkeHnii iHIeke. BizbMeMo 3a OCHOBY CTPYKTYpy, 300pakeHy Ha
puc. 41, i NpUMyCcTUMO, IO TMEPIIUM HEOOXiTHO BUIAIWTU 3amluc 3
katodeM 30. OkpiM TOro, BBaXKaTUMEMO, 1110 MEPEMIIIIEHHIO 3aITUCIB MiX
0JIoOKaMH HIllIO He 3arpokye — abo Harepe] BilOMO, 10 30BHIlIHI
MOKAXKYUKH, SKi MOIJIM O TOCHIIaTHCS Ha 3alliCH ycepelnuHi OJioka,
BIICYTHi, a0 IS MIATPUMKHW omepalliii nmepeMilleHHs 3anuciB Mixk
0JIoOKaMU  BUKOPUCTOBYETbCS TaOJML 3MillleHb, aHaJOriyHa [0
npeacTapieHol Ha puc. 35.

Pesynbrar BuilydeHHs 3anucy naHuX 3 kimodeM 30 cXeMaTH4HO
300paxkeHo Ha puc. 48. Ilicnga BuimydeHHs 3anucy 3 kiatodem 30
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HACTYNHUK 3anuc Ojoka, skui Mae kiod 40, 3MilleHUN «BBEpX» 3
METO YKPYIHEHHs BiJIbHOT 001acTi BcepennHi 00ka. OCKilTbKH 3amuc
3 kioueM 40 Ternep 3aiiMae miepuly NO3UIIIIO Yy ApyroMy OJoLi JaHUX, TO
HEOOXITHO OHOBUTH BMICT €JIEMEHTA KJIIO4a, SIKMi MOCHIIACTLCS Ha ek
oniok. Ha puc. 48 npoinrocTpoBaHo, 10 3HAYSHHS KJIIOYa, SKOMY BiAIo-
BiJla€ MOKAXKYUK, 1110 aJipecye npyruii 0Jok naHux, 3mineHo 3 30 Ha 40.
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Puc. 48. Pezynbrar BuydeHHs 3amucy naHux 3 kimouem 30 3i CTpyKTypH 3
pO3pimKeHuM iHaeKcoM (IuB. puc. 41)

Hexali Tenep HeOOXIAHO BHIANIMTH 1 3amuc JgaHUX 3 kiodem 40,
ITincymok omepatii HaBemeHo Ha puic. 49. [pyruii OJ0Kk AaHHWX cTae
MOPOKHIM. SIKIIo mocigoBHUM (haiin 30epiraeTbes y JOBUTbHUX OJIOKaX
(a He y cyMmbkHUX OjoKax LMIIHApa, 10 OyJo 6 TakoX LIIJIKOM
MOKIIMBO), TO BHBUJIbHEHHIH OJIOK MOXHA JOJYYHUTH JO CIHCKa
o0macrteli AUCKOBOTO MPOCTOPY, IKi He BUKOPUCTOBYIOTb.

[o6 3aBepuMTH onepariito, HeoOXimHO MomudikyBatd 1 aiin
iHaekcy. OckinbKU Apyroro 0JjiokKa JAaHUX BXKE€ HEMae, TO BIAMOBIAHUI
elIeMeHT iHJEeKCY HeoOXiTHO BWIYYMTH. 3amluich IiHIEKCY, SK
MPOLITFOCTPOBAHO Ha puC. 49, MOXKHA 3MICTUTH /IO MOYATKy 0JIOKa, Xo4a
U i He 000B’ A3KOBA.
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Ilpuknao 47. 3ocepenuMo yBary Ha omepailii BCTaBJISHHS 3amucy
JaHuX. 3BepHeMocs A0 puc. 48, skuil imocTpye cUTyarliro, KO 3amuc 3
kmtodeM 30 10iHO BUTydeHO 3 (paiiia NaHuX 3 pO3piMKEeHUM iHIEKCOM,
OJIHAK 3aIuc, 10 MicTuTh Kimtou 40, 3anuinaeTbes Ha Micui. [Ipunycru-
MO, MO0 HeoOXiHO BCTaBUTH Yy (aiil JaHuUX 3ammuc 3 Kiouem 15.
3BepTatounch 10 (aiina po3piKeHOro iHAeKCY, BU3HAYUMO, 110 3aMuc 3
KJTFOUeM 15 TOBMHEH Haje)xaTu mepiioMy OJIOKOBI JaHUX. Aje e
0JIOK 3aNIOBHEHUI — y HOMY BxKe € 3anucu 3 kiirouamu 10 i 20.
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Puc. 49. Pesyabrar BuitydeHHs 3anucy 3 kiaodeM 40 (auB. puc. 48)

OpnuH i3 BapiaHTIB MoJalblIMX il nependayae MOUIYK HaWOJIMK-
yoro 0J10Ka IaHuX, B IKOMY € BijibHa 00J1acTh HEOOXiaHOro po3mipy. Y
HAIIOMY BWIAJAKY TOUIYK TPUBOJAWTH A0 JApyroro Onoka. 3amuc 3
katoueM 20 MepeHOCUThes 3 Mepuioro 6Jioka y Ipyruid, 3BijbHSIOUYM
Micle Ijs 3anucy 3 kimoudem 15. Pesynbrar HaBeneHo Ha puc. 50. J{ns
po3mileHHs 3anucy 20 y apyromy 6soui 3anuc 40 HeoOXiiHO 3CYHYTH
Ha OJHY TIO3MIIII0 «BHU3», W00 30eperT BCTAHOBJIECHUU MOPAIAOK
COPTYBaHHSI.

Ha ocrannbomy Kpolli HeoOXinHo MoaudikyBaTu BMICT iHaekcy. 3a
MEeBHUX OOCTaBMH MOXKe BHHUKHYTH CHUTYyallis, KOJM HaM JIOBeIEThCS
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OHOBUTH BMICT MOJI KJItOYa Y BIMOBIAHOMY €JI€MEHTI iHAeKCY, IpoTe y
LOMY BHUMAJKy TaKOro poOUTH He JOBEIEeThCs, OCKIIbKA BCTaBJICHHIA
3aruc He € mepiuM 3anucoM 01o0ka. HeoOxinHo, oqHak, MonudikyBaTH
KJIKOY Y IPYTOMY €JIEMEHTI IHACKCY, a/pke 3HauUeHHS KJroYa y MepliomMy
3anuci Apyroro Oioka AaHuX 3MmiHwiIock 3 40 Ha 20.

Ilpuknao 48. Ilinxin, npeacraBiaeHuii y npukiani 47, He CIPUUUHIOE
JI0 TIpOOJieM TUTbKUA Yy TOMY BWIAJKYy, KOJHM BiJIbHY 00JIacTh BIA€ThCS
3HalTH Oe3nocepeHbO y CyciiHbOMY Ouonli naHux. Skmo 6 3amuc 3
kmoueM 30 mornepeHL0 HE BUIATWIN, TO MPOLEC MOUIYKY MiISTHKH,
MPUAATHOT ISl BCTAaBKKM HOBOTO 3amucy, He OyB OM TaKMM KOPOTKHUM —
JUTS 3BUTBHEHHS MICLS ITiJT HOBUH 3amuc HeoOXiqHO Oyyio O MociiJoBHO
3MilATH BCi 3amucH, no4uHaioud 3 20-ro, a0 KiHug (aiina i
CTBOPIOBATH 10IaTKOBUIA OJI0K.
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Puc. 50. Pe3ynprar BcraBky 3anmcy JaHUX 3 KIIO4YEM 15y CTPYKTYpy 3 pO3piJKeHUM
iH1eKCOM (1uB. puc. 48)

Skio Qaiin MICTUTh BeJIMKY KUIbKICTh 3alKCiB, TO Taka CTpareris,
OYEBHIHO, TNpHUBENEC JIO CEepHO3HUX BHUTpAT, OTOX JOLUIbHIIIE
CKOpHUCTaTHCS  albTEPHATMBHMM MEXaHI3MOM  CTBOpEHHsI  OJIOKiB
neperoBHeHHs. Ha puc. 51 npoiirocTpoBaHO pe3ysibTaT BCTaBKU 3aIUCy
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3 KioueM 15 y OJIOK mepernoBHEHHs, JNOJTYYEeHHWH O CTPYKTYpH, SIKY
HaBeieHO Ha puc. 48. YV mepmiomy Ononi JaHWX BiTbHOI 00JacTi,
JIOCTaTHBOI /11 BCTABKM HOBOT'O 3aIUCy, HeMa€e. 3aMiCTh MepeMilleHHs
3anucy 3 kiarodeM 20 y apyruii 070K CTBOPIOEThCS OJIOK MEPENOBHEHHS
JUTS TIEPIIOTO OCHOBHOTO OJIOKA.
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Puc. 51. Onepattis BcTaBkM 3aIucy JaHuX, ska rnepeadavac BUKOpUCTaHHS OJ0Kka
MEPENOBHEHHS

Ha puc. 51 kokeH OJIOK JaHWX TMMO3HAYEHO CrpaBa JOJaTKOBUM
NPSIMOKYTHUM «BUCTYTIOMY, SKH CUMBOJIIYHO MPEACTABIIAE Te MICIE Y
3aroJiIoBKy 0OJIOKa, Je¢ PO3TalllOBaHWM MOKaXKYHMK Ha BiAMOBiAHME 00K
nepenoBHeHHd. OTOoX 0 OJHOrO OJiOKa MEepernoBHEHHS  JIErKO
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NpUeaHaTd Apyrui, A0 Apyroro TpetTid 1 T.a. Jladutor OJokKiB
TIepEeTIOBHEHHS [JI1 OCHOBHOTO OJIOKa YTBOPIOE 3B’ SI3aHUI CITHUCOK.

Otke, 3amuc 3 KJIOYEM 15 BCTaBISETHCS Ha BIAMOBIAHY MO3MIIIO
0Ji0Ka Mic/s 3amucy, 1o MicTuTh Kitou 10, a 3anuc 3 kinouem 20, skuii
3BUIBHAE  HEoOXimHWH mpocTip y  Ofomi, mepeMillaeTbes Yy
HOBOYTBOPEHHMIA OJIOK TepernoBHeHHs. 3MIHIOBaTH iHJIEKC He TOTPiOHO,
OCKIJTbKHM TMEePIIUii 3armuc Apyroro OJ0Ka JaHUX 3aJIMIIAEThC HEJO0TOp-
KaHUM. 3BEpHITh yBary, IO OKPEMHUIl eleMeHT iHjaekcy najs Ojoka
NIEPETIOBHEHHSI HE CTBOPIOETHCS — BIH TPAKTYEThCS SK PO3MIMPEHHS
OCHOBHOIro OJIOKa [JaHMX, a HE SK CAMOCTIHMHWIA OJIOK ITOCITiIOBHOTO
(haiina naHux.

Bnpaeu oaa onpaurosanns

Bnpaea 38. llpunyctumo, mo B OJOK MOMIIAIOTHCS TPU 3aIllUCH
JaHuX abo JecaTh MNap BUIVIALY «KIOU-NOKAXNCYUKY. 3aruvlliTh Yy
Burjsadi  yHKUIT Big 4ucia N 3a0uMciB JAaHUX KUIbKICTh OJIOKIB,
HeoOXiTHUX i 30epiraHHs Qaiina 1aHuX i

a) WIITBHOTO iHJEKCY;
6) PO3PIIKEHOrO IHAEKCY.

Bnpaea 39. BukoHaiite 3aBnaHHs 3 BIpaBU 38, SKIIO KOXeH OJIOK
Moke Mmictutd 10 30-tu 3amuciB gaHux ado 200 iHAEKCHUX €JIEMEHTIB
«KIOY-NOKANCUUK», OJTHAK JKOZIEH 3 OJIOKIB JaHUX i OJIOKIB iHIEKCY He
[MIOBUHEH 3aroBHIoBaTUCs moHazn 80%.

Bnpaea 40. BukoHalite 3aBnaHHs 3 BrpaBu 38, gKmio mnependava-
€ThCSI CTBOPEHHS TaKOi KUNBKOCTI PIBHIB IHJEKCIB, 3a SIKOT BEpXHil
piBEeHb HIIEKCY HaJli1yBaTUME JIMILE OWH OJIOK.

Bnpaea 41. 3BepHiTbcS 1O CTPYKTYpH, HaBeleHoi Ha pwuc. 50, i
MPOAOBXKY#Te Tporiec Moaudikallii JaHuX, sIKUi nependadae BUITYYeH-
Hs 3anMciB AaHux 3 karodamu 60, 70 1 80 3 HaCTYNMHHUM BCTaBJICHHIM
3anuciB 3 Kioyamu 21, 22 1 T.1. ax 10 3anucy 3 KirodeM 29, BBaKarouu,
110 HEOOXiTHUI MPOCTip HAAAETHCS TaK:

a) CTBOPEHHSAM OJIOKIB TNEpernoBHEHHs i (aijla JaHuX Yu
(haiina ingekcy;
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0) nepeMilIeHHSIM 3allUCiB «BHU3» 1 CTBOPEHHSIM J0JATKOBMX
OJtoKiB HanpuKiHLi (aiiia JaHux uu daiina iHIeKcy;

6) BCTaBJSHHAM HOBHX OJIOKIB JaHMX YM IHISKCHHX OJIOKIB
ycepeAuHy BiAMOBIAHOro daiina.

Tema 14. BropunHi ingexcu

CTpyKTypH, mpo ski iiuia MoBa y TeMi 13, MpUAHATO Ha3WBaTH
nepeunnumu inoexcamu (primary indexes) — BOHM BHU3Ha4yarOTh PO3Ta-
IIyBaHHS 1HIEKCOBAHUX 3aluCiB y (aiini JaHuX, sIKUii MOCOpPTOBAaHO 3a
KJTIOYEM TOLIYKY.

[HOAi BHMHHMKAae HEOOXIAHICTh CTBOPEHHS OeKiIbKOX 1HIEKCIB Jis
OJJHOTO 1 TOrO > BIAHOWIEHHS, SKi JAlOTh 3MOTY MPUIIBUILINTH
00poOKy 3amuTiB pi3HUX KaTeropiii. Hampuknan, nmepBUHHUM KiTtOYeM
signourenuss MovieStar (nuB. puc. 20) € atpubyt name (im’s), OTOX
MOYKHa CTBOPUTH TICPBUHHMI IHJIEKC HAa OCHOBI 3HAuU€HHS LHOTO
aTpuOyTa, BBAXKAIOUH, 1[0 Y YAMATIH KiJIbKOCTI 3aMWTiB 3a/1aBaTUMEThCS
iM’s  akropa. OpHak mNpUNMYCTUMO, WO iHOpPMAILF0 BiAHOIICHHS
MovieStar yacto BUKOPUCTOBYIOTH 1 Ajis MiATOTOBKM TMpPUBITATBHUX
MocNiaHb aKkTopaM 3 HaroJu iXHbOTO IOBNEI0. 3  1i€0 METOK
BUKOPUCTOBYIOTb 3aITUTH BUTIISAY

SELECT name, address
FROM MovieStar
WHERE birthdate = DATE ‘1952-01-01";

Jnis  migBummeHHs edekTUBHOCTI TipolieciB  0OpoOKM MOAIOHMX
3aMUTiB JOLUTLHUM Oyae emopunuuil inoekc (secondary index) nns
atpubyta birthdate. V SQL-cucreMi i1 CTBOPEHHS TaKOTO iHIEKCY
BUKOPHUCTOBYIOTh KOMaHy

CREATE INDEX BDIndex ON MovieStar (birthdate);

BropuHHuUi iHAEKC BUKOHYE TY K (YHKILIO, 1110 i OyAb-SKUN HIIUIA
iHnekc. BiH € cTpykTypoto, sika moJieriye noulyK 3anuciB 3a 3aJaHUMU
3HaYSHHSIMH OJHOTO a0 JeKiabKoX mofiB. OMHAaK BTOPUHHHUMA iHIEKC
BiJIpi3HSE€TbCSA BiJi MEPBUHHOTO TWUM, IO BiH He BHW3HAYaE, a TUIBKH
BKa3ye TMO3MLiI0 3anuciB y aiiai gaHux. 3 MeTOH BH3HAaYeHHS
B3a€MHOIO  pO3TalllyBaHHS  3alMCiB  MOXKHa  BMKOPMCTOBYBATH
MEepBUHHUN IHAEKC [ JesKoro iHmoro atpulyra. Baxnupwii
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HACJII/IOK, 3YMOBJICHWH pI3HHUIICI0O MiXK MEpBUHHUM 1 BTOPUHHUM
IHIeKCaMH, € TaKHi:
® CTBOPIOBATH po3piddiceni BTOPWUHHI IHISKCH HeMae 3MicTy,
OCKIJIbKM BTOPUHHUI iH/EKC He BIUIMBA€E Ha (Pi3UYHE MOJI0KEH-
Hs 3anuciB y Qaiisi naHux i Horo He MO>KHa BUKOPHUCTOBYBATH
SK IHCTPYMEHT TiepeAOayYeHHs TIO3MIIi JOBUTRHOIO 3aIucy,
KIIIOY SKOr0 He 3rafaHo y aiini iHAeKkcy SBHO; BTOPWUHHI
iHIEKCH 3aBXKAM MOBUHHI OYTH yiibHUMU.

14.1. Ilpoekmysanna emopuHHUX iHOeKCi8

BropuHHuit iHIeke — 1e MiIbHUN iHACKC, KW, 3a3BUYaii, MICTUTh
nyOJliKaTH KIIFOUOBHMX 3HaveHb. Sk i paHilie, iHIEKC CKIagaeThes 3 map
3Ha4YeHb BUIY «KItoY-nokaxcyuxy. «Knou» y 1boMy BMNAAKy — L€
KUY MOIMIYKY, i BHUMOTH MIOAO HOr0 YHIKAJBLHOCTI HE CTaBJISATh.
Enementu ¢aiina inaekcy nocopToBaHi 3a 3HAUCHHIMU KJIFOUa — e J1a€
3MOT'Y MPUIIBUALINATH MOLIYK HEOOXIAHOro eneMeHTa. SIKio HeoOXiaHO
JIOTIOBHUTH CTPYKTYPY iHIAEKCY IPYTHUM PiBHEM, TO JIHIIE PO3PiTHKEHUM
— BiJINOBIJIHI J0Ka31 MU MPUBOAWIM Y NMYyHKTi 13.4.

Ilpuxnao 49. Ha puc. 52 HaBeeHO THUIOBY CTPYKTYPY AaHHUX, SKa
MICTUTh BTOPUHHHUHI iHAekc. BimmoBiaHO 10 yXBajeHUX HaMM
JOMOBJieHOCcTeH Ojoku (aiina maHuxX MicTATh Mo JaBa 3anucu. Ha
PUCYHKY 300pa)k€HO TiJIbKM 3HAY€HHS KIIFOYOBMX [MOJIIB 3aMMCIB 1 1ii
3Ha4YeHHs, K 1 paHiwe, kpatHi 10. 3ayBakre, 110, Ha BiAMIHY Bij
(atinip gaHMX, poO3rNAHYTHX y TyHKTI 13.5, daiin maHux y upomy
BUMNAJAKy HE € MOCOPTOBAHMM 3a KitoyeM moiunyky. [Ipote eremeHTH
(aiina iHaeKkCy nocopmoeani 3a 3HaUCHHAMM Kro4a. OTOXK MOKaKUMKH
B 3amucax OJHOro OJioka BTOPUHHOrO iHJEKCY 3JaTHi aJipecyBaTH
Halpi3HOMaHITHIlII GJIOKK 1aHWX, a He OMH abo JeKiIbKa MOCIiJOBHUX
OJIOKIB, SIK 32 YMOBH BHKOPHCTaHHS MEPBUHHOTO iHjAekcy. Hanpukian,
1100 BUHHATH YCI 3anMcu JaHuX 3 kiaodem 20, 10BeACTbCS HE TUIbKU
3BEpHYTHCS 10 JABOX OJIOKIB iHJEKCY, ajie i 3BEepHYTHCS 3a BiMOBil-
HUMU 3HAUYEHHSIMH MMOKAKUYMKIB JIO TPhOX PI3HUX OJIOKIB JaHUX.

OTxe, 3acTocyBaHHS BTOPMHHMX 1HJEKCIB 3arajloM BHMarae
BUKOHAHHS] 3HA4HO OUIBIIOI  KIIBKOCTI  omepariii  JIUCKOBOTO
BBEJICHHS/BUBEICHHS TIOPIBHAHO 3 THUM, KOJIM Ta X KUIBKICTh 3alHCiB
JlaHUX € BIOPSAKOBAHOK 3a JOMOMOIOK MepBUHHOrO iHaekcy. [Ipore
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MM HE MOXEMO CIOJIBAaTUCh Ha Te, LIO MOPSIOK 3alluCiB JaHUX
BUSIBUTBCS CaMe TaKUM, KU HEOoOXiIHWi, a/yke BiH MOXKE 3aJieKaTH
BiJ| IHIIUX aTpUOYTiB.
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Puc. 52. Ilpuknan cTpyKTypy 3 BTOPUHHUM iHIEKCOM

L{islkoM MOXJIMBO JOTIOBHUTH CTPYKTYPY, MOJIOHY 70 HaBeleHOi Ha
puc. 52, npyrum piBHeMm iHaekcy. lleii — pospimkeHuii — iHOeKC
MOBUHEH MICTUTH €JIEeMEHTH, SIKi a/ipecyioTh HaliMeHuli abo HaliMeHIui
HOBi 3HAuYeHHs KJIOYIB KOXKHOro Oioka aaHMX (Mpo me Wowiocs y
nyHkTi 13.5).

14.2. Buxopucmanna 6mopuHHUux iH0eKcie

Kpim 3a0e3neueHHs: MOMXIIMBOCTI LIBUAKOI OOpOOKM Pi3HMX 3aruTiB
JI0 BimHOIeHb (200 eK3eMIUIApIB KJaciB), OpraHi30BaHUX Y BUIIIAII
noclifoBHUX (aiiyliB, BTOPUHHI iHAEKCH 3JIaTHI BUKOHYBaTH KOPHCHI
(yHKUIT i NP BUKOPUCTAHHI 31 CTPYKTYpPaMH IHLIMX TUIIB, TAKUMH SIK
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«kyna» (heap), ne 3amucu JaHUX PO3TALIOBYIOTH Y JIOBUILHOMY
MOPSITIKY .

BropuHHi iHIEKCH YacTO BUKOPUCTOBYIOTH 1 JUIS ONTHUMIi3aLii
JIOCTYMy A0 CTPYKTYP IHINOT Kareropii, ki 4acToO BUKOPUCTOBYIOTHCH I
HA3UBAIOTBCA KOMHAKMHO 32pynoganumu ¢paiinamu (clustered files).
PosrnsHemo BigHoutenus R i S, 3’enHaHi 3B’3KoM THIy «6arato 110
OJTHOTO», CrpsiMOBaHOro Bin R 10 S. YV nesdkux cuTyalisx Mae ceHc
30epiraTd KOK€H KOPTeX R CIUIBHO i3 3B’s3aHUM KOpTE:KeM S, a He
BIOPSIIKOBYBaTH R 3a mepBUHHUM KiroueM. I[poimocTpyemo ckazaHe
3a JIONOMOTOI0 PeallbHOTO MPUKIIAY .

Ilpuknao 50. 3epHeMocs 10 3HAHOMHUX BiJTHOIIEHb «KiHEMATO-
rpadivHOi» 0a3u JaHMX:

Movie (title, year, length, inColor, studioName, producerC#)
Studio (name, address, presC#)

[IpunycTrmo, 110 OAHUM i3 «HAWMOMYJIAPHILIUX) 3alUTIB € TAKUMU:
SELECT title, year

FROM Movie, Studio

WHERE presC# = zzz AND Movie.studioName =
Studio.name;

Je ZZZ — Nesikuil KOHKpeTHHM cepTudikoBaHUM HOMep TMpe3uaeHTa
KiHocTyAil. OTke, HaeTbes Npo BialmykaHHs iHQopMalii 11040 BCiX
(binbpMiB, 3HATUX Ha KIHOCTY[il, MPE3UCHTOM SKOi € 0coba 3 3aJaHUM
cepTudiKoBaHUM HOMEPOM.

SKimo TakMi 3amMT JIACHO HAJEKWUTHL 1O HAWTHIOBIIINX, TOII
3aMicTh BIOPAIKYBaHHS KOPTEeKiB BimHOueHHs Movie 3a 3HaueHHAMH
nepeuHHoro kimtoua (title, year) nouinbHillle CTBOPUTH CTPYKTYPY
KOMHAKMHO 32pynosanozo @aitia, sxa o0’enaHye iHdopMalito BigHO-
wienp Studio i Movie Ttak, sk npoinroctpoBaHo Ha puc. 53. Koxen
KopTex BigHomeHHs Studio, mo onucye naHi Npo JesKy KiHOCTY/Iito,
CYMpPOBOJDKYE rpyrna KopTexiB BiaHowmeHHs Movie, ski npeacTaBiasitoTh
BiJTOMOCTI II0/10 yCiX KiHO(JIbMIB, BUITYIIEHUX II€F0 CTY/I€I0.
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Crynis 1 Crynis 2 Crynist 3 Crynis 4

N
Dinpmu Dinpmu Dinpmu Dinpmu
crymii 1 cTymii 2 crymii 3 crynii 4

Puc. 53. Ilpukian KOMIaKTHO 3rpyTOBaHOTO (aiiia

SIKIIO CTBOPHTH iHAEKC uTs BigHoeHHs Studio 3a KiroueM norryKy
presC#, To ue paBaTMMe 3MOry INBHIKO BiIIIyKaTH KOPTEXK 3
iH(dopMaIliero PO KiHOCTYiFO IS JOBUTRHO 3aJaHOTO 3HAYeHHS ZZZ.
Oxpim Toro, Bci KopTexi-3anucu Movie, BMICT KOMIOHEHTIB
StudioName sxkux 30iraerbcsi 31 3HAYEHHAM KOMIIOHEHTa Name
koprexy Studio, posraiioBaHi y KOMIAKTHO 3rpyrnoBaHOMY Qaiti
Ge3mocepenHbo michas  BignoeimHoro 3anmcy Studio. Otox s
OTPUMaHHS JaHUX TPO KiHO(MIIBMH, BHIYIIEHI TEBHOIO CTYIER0,
JIOCTaTHBO OyJe BUKOHATH TaKy KUIBKICTh OIepatiii JUCKOBOTO
BBEJICHH:/BUBE/ICHHS, siKa OJIM3bKa 0 TEOPETUYHOTO MIHIMYMY .

14.3. /looamkogi pigni y 6mopunHux inoeKkcax

BukopucraHHs CTPYKTYpH, HaBeIeHOT Ha puC. 52, IHKOJIM MOB’si3aHe
3 3aiiBUMK (i He MalMMH) 3aTpaTaMH JUCKOBOTO MpOCTOpy. SIKIIO
3HAUCHHS KJIIOYa TOIIYKY MPUCYTHE Yy (aiili JaHux N pasie, TO BOHO
CTiIIbKK K paziB dirypye y oaiini inaekcy. byno © nouinbHiuie
30epiraT¥ TiJIbKM OJHY KOIIKO 3HAYEHHs K/IouYa CIHUIbHO 3 yciMma
MOKKYMKaMH, SKi aJpecyloTh 3alMCH HaHWX, IO BOJOAIIOTH LM
KJTIOUYEM.

IIlo6 yHWKHYTH HEOOXiHOCTi TIOBTOPEHHS KIFOYOBUX 3HA4YeHb,
MOXKHa PpO3MICTUTH MK BTOPUHHHM iHAGKCOM 1 (aiiloM maHux
JIOJIATKOBUM pIBEHb 1HAEKCY, SIKUM CKJIAJAETbCs 13 TPYI-ceaMenmic
(buckets) nmokaxuukiB. KoxxkHomy BimnosigHomy 3HaudeHHio K Kiova
MOWIYKY BiATIOBIZa€ €IUHUI €JIEeMEHT BTOPUHHOTO iHAEKCY, MOKAKYHK
SIKOTO ajipecy€ TMeBHY MO3UIlil0 y «hakli cerMeHTiB», Jie po3TalioBaHa
rpyrna noKax4uKis, uio Bignosinarote kmouy K (puc. 54).

Ilpuxnao 51. 3sepHeMOoCh 10 CTPYKTYPH, SIKY 300paXkeHO Ha puc. 54,
i IPOCTEIKUMO BiJ| elieMeHTa iHAeKcy 3 KirodeM nomyky S50 y Hanpsmi
MOKa)KUMKa JI0 BiAMOBIIHOT MO3ULIIT Y MPOMI>)KHOMY «(aiili CerMeHTIBY.
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Ha wiii nmo3uuii po3MillleHHi MOKaKYMK Ha 3aluc JaHuX, SKUi 3aiimae
octaHHe Miciie B Orowi (atina cermentiB. HacTynHwmii mokaxkuuk 3 Tiel
3K TPYINH PO3TAIIOBAHWI Ha MOYATKy Apyroro 6yioka (aiina cerMeHTiB, a
Jaii ige MOKaXK4YdK, SKUM MNOB’S3aHMM 3 IHIIMM eJleMEHTOM (SIKuid
MicTuth Kmod 60) iHaekcHoro daitna. OTxke, aill cerMeHTiB MiCTUTh
rpyny 3 JOBOX MOKAKYMKIB, SIKi MOCWJIAIOTHCS HA 3amucy JaHuX 3i
3HAYEHHSM KJTIo4a TMOIIyKY, 110 A0piBHIOE 50.

20
10 - 40
20 —
30 B >\
40 10
= 20
\
50 - % 50
60 = 7 p 30
- 10
50
/
> ] 60
20
®daiin HaEKCY CermeHTH ®daiin naHnx

Puc. 54. JlonatkoBuii piBeHb OMOCEPEAKYBaHHS Y BTOPUHHOMY iHIEKCI

Cxema, HaBeJleHa Ha puc. 54, nae 3MOry 3€KOHOMMTH MpOCTip Ha
JIUCKY TITbKH Y TOMY BUMAZKY, KOJM 3HAYCHHS KJIFOUa MOUIYKY BUMArae
OiNbLe MICILIS, HI>K BMICT MOKa)K4MKIB, 1 TOBTOPIOETHCS HE MEHIIE, HiK
nBa pa3u. JlomaTkoBuili piBeHb OMNOCEpeAKYBaHHS MiXK BTOPUHHUM
iHIeKCcOM 1 aiiyioM JaHuX, OHAK, 00ilige CYTTEBI MepeBary i ToAi, KOu
JIOCATTH 3HAYHOI €KOHOMIi Mam’aTi He BAAEThCSA: YacTO MOKAKYMKH Y
(haiini cerMeHTIiB MOXYTb JONOMOITH CHCTEMI OOpOOMTH 3amuT 3
MiHIMaJIBHOIO KiIBKICTIO 3BepHeHb 10 (aiia maHux. 30Kpema, SKIIO
3alAT MICTUTh JAEKUIbKa YMOB i KOXKHIH 3 HHMX BiJlOBilae mMeBHUI
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BTOPUHHMI iHAEKC, TO LUISIXOM orepailii MolyKy MepeTHHY MHOMXHHHU
MOKAXKYMKIB B OMEPATHUBHIN MaM’ATi MOXKHA BHSBUTH TOKKYHMKH, SKi
3aJI0BOJILHSIOTh BOAHOYAC YCi YMOBH, i OOMEXKHUTH Hadip 3aIuciB, SKi
3UUTYIOTBCS, TUIBKM THUMH, SKi  aJIpecyloThCsl  MOKaKYMKAMU
Pe3yibTyouoi MHOKMHHM. OTOX CUCTEeMi BHACTbCS YHUKHYTH BHTpAT,
MOB’S3aHUX i3 3aBAHTAXKEHHSM 3alUCiB, 110 3a70BOJbHSAIOTH JESIKUM,
OJIHAK He BCiM, yMOBaM .

Ilpuxnao 52. Po3rnsHeMo BiHOIICHHS:
Movie (title, year, length, inColor, studioName, producerC#)

i3 «xiHemaTorpadiuHoi» 06azu panux. [lpunmycTrMo, 1O CTBOpEHi
BTOPHHHI iHJEKCH 3 MPOMIKHUMH CErMEHTaMH JUIs 3Ha4eHb aTpuOyTiB
studioName i year i HeoOXigHO OTpUMATH BiANOBIAL HA 3AITAT

SELECT title, year
FROM Movie

WHERE studioName = ‘Disney’ AND year = 1995;

AKUA Mae Biguiykatd iHdopmalilo Npo BCi KiHOQIIbMH, BHITYLISHI
crynieto «Disney» y 1995 pori.

Ha puc. 55 nHaBemeHo cxemy aiil, HEOOXiOZHMX Ui OINpPALIOBAHHS
3aMUTy i3 3alydeHHsSIM BTOPWHHUX IHAEKCIB. 3a JOMOMOTOI iHIEKCY
i arpubyra StudioName moskHa MBUIKO 3HAWTH MOKAKYMKU Ha BCi
3amucy, 1O BiAMNOBigaroTh KiHodimebMmam ctyaii «Disney» (3ayBaxre,
10 feTbes TIIbKKU MPO MOKAKUYMKU — )KOIHOTO 3aMucy Lie He 3aBaHTa-
xeHo B OIl). ¥V cBoro wepry, iHaekc mjis arpubyra year cnpustame
BUSBJICHHIO MOKKYMKIB Ha 3alKUCH 3 ONMCOM YCIX KiHOQUIBbMIB, sKi
BUWILTK Ha ekpaHu y 1995 poui. Tenep qocTaTHRO BUKOHATH OTEPALlit0
MEePeTUHY IBOX MHOXKHMH MOKKYMKIB, 100 BUSBUTH caMme Ti i3 HUX, fKi
Bi/IMOBiAIOTH 3anmucam npo KiHogineMu ctyail «Disney», 3HsaTi y 1995
poLli, a TOTIM 3aBaHTAXKWUTH B TaM’STh yci OJIOKM AaHuX (i TiBKU Taki

* TpIoK 3 TIePETMHOM MHOKHHH MOKA)KUMKiB MOKHa BHKOPHCTOBYBATH i B
TOMY BHWITQJKy, KOJNH TOKa)XYWKW po3TalnoBaHi y ¢ailm iHmekcy, a He y
NMPOMIXKHUX Tpynax-cermMeHTax. OpHaKk HasBHICTH (aiiyia CEerMeHTiB 4YacTo
3HW)KYy€ BHUTpaTH Ha omnepauii JUCKOBOrO BBEIECHHs-BUBEICHHS, OCKLIbKH
MOKAXXYMKHM MEHII 00’ €MHI, HK Mapu «KITIOY-MOKaKYMK» 1HACKCY.
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O/IOKM), 10 MICTATh 3aMucH, SIKi aJpecyloTbcsl TOKaKUYUKAMH
MiZICyMKOBOT MHOXHHH.

CerMeHnTH st Koprexi BinHOIIeHH 1 CermeHTH JUIst
studioName Movie year
Disney 1995

Puc. 55. Ileperrn MHOXUH nokax4ukiB B OI1

14.4. Ilowyx 0oKymenmie i 36epHeni inoexcu

[IpoTrsarom TpuBasioro yacy kopucTyBaui iHdopmarii Oy cTypbo-
BaHi TnpoOjieMaMH e(eKTHMBHOrO NOUIYKY JOKYMEHTIiB 3a 3aJlaHOK
MHOXHHOIO KJIIOUOBHX ciiB. 3 mpuxosom texHonorii Word Wide Web,
SIKi 320€3MeuyloTh MOMIIMBICTb JOCTYITY JI0 IOKYMEHTIB y peXuMi on-
line, 1i MpoOGIEMU 3aroCTPIOIOTHCS, OTOX 3aCIYTOBYIOTh Ha TiABUILNEHY
yBary. Jlns BimmiykaHHs BiANOBIMHUX JOKYMEHTIB KOpPHUCTyBadi
3aCTOCOBYIOThH Haiipi3HOMaHiTHIiuN 3anutu. Haiinpocrimy i noumpeny
(hopMy momiOHUX 3aMUTIB MOYKHA MPEICTABUTH HACTYTTHUM CIIOCOOOM.

e [HpopMmalis, ska ONKMCYe NOKYMEHT, TPaKTYeThCS SIK KOPTEX

neskoro BimHommeHHs DocC. BinHomeHHs Mae ayke BeluKy
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KiNbKIiCTb aTpUOYTIB, MO OJHOMY Ha KOXKHE CJIOBO B JOKYMEHTI.
Koxxen arpuOyT 3auvcieHo a0 JjoriuHoro Tumy. KoMmmoHeHT
aTpuOyTy 3acBiguye, YW TMPUCYTHE BINMOBIJHE CJIOBO Yy
JIOKyMeHTi, un Hi. [Ipukian cxemu BigHomeHus DoOC Burismae
tak: Doc (hasCat, hasDog, ...), ae KOMIIOHEHT, MOMIOHMI 1O
hasCat, mae 3nauenns TRUE, SKIIO i TiBKHM SAKIIO JOKYMEHT
MIiCTUTh Y KPaliHbOMY BHIAJIKy OAMH €K3eMIUISP BiANOBiAHOrO
croBa (y HaloMy BUTIAZIKY —cat).

e Koxen arpuOyt BimHouieHHs DOC Mae BTOpWUHHHE iHIEKC;
IHIEKC MICTUTHL TUILKHM TaKi €JIEMEHTH, SKi BIAIIOBIZAlOThH
3HaueHHsM TRUE xmroua mnomyky, TOOTO BKa3syrTh Ha
JOKYMEHTH, 5IKi MICTATb MEBHE CJIOBO.

e VYci iHmekcu 00’€qHYIOTBCS B OJHOMY, 38epHeHomy (inverted),
iHgekci. 3BEepHEHHMM IHAEKC BHKOPHMCTOBYETHCS CIIJIBHO 3
MPOMI>KHUM PiBHEM I'PyT-CErMEHTIB OKaXKYMKIB.

Ilpuxnao 53. Cnoci0 3acTocyBaHHS 3BEPHEHOrO iHIEKCY MPOiNto-
cTpoBaHOo Ha puc. 56. Ha wmicui daiina i3 3anucaMu BUKOPHCTAHO
KOJIEKILIIF0 JOKYMEHTIB, KOXKEH 3 SIKUX 30epira€erbcs B OJHOMY abo
JISKIJTBKOX JTUCKOBMX OJyiokax. 3BepHeHH iHIeKc cdopMoBaHO 3
MHO)KMHU TIap BHUIIISAY  «CH080-ROKAMCUUK»». CloBa BUKOHYIOThH
(YHKIiIO 3HaYeHb KJIOYa MOLIYKY. 3BEpHEHUH iHIEKC, K 1 Oy b-IKuid
iHIIMHA  iHOEKC, MICTUThCS B TOCHIJOBHMX Oyiokax. OpHak y
3aCTOCYBaHHSX, fKi CTOCYIOThCS MOUIYKY JOKYMEHTIiB, iHdopmarlis
OiNbLI cTaTHYHA, HIXK BMICT 3BUYaliHUX 0a3 maaHux. OTOX cUTyallii, 110
nepeadavaroTh HEOOXiTHICTh CTBOpPeHHS OJIOKIB TeperoBHeHHS abo
3MiHM iHIEKCY, BHHUKAIOTh pijllie.

[TokakuMkK B ejleMeHTax IHAEKCY aapecyroTh Mo3uiil «daiina
cermeHTiBy. Ha puc. 56, Hampukialn, NOKaKYMK 3aMucy IHIEKCY 3
KJTFOUOBHM CJIOBOM Caf MOCHUIIAEThCS HA MOYATOK IPYIH MOKAKYMKIB, AKi
aJipecyroTh JOKYMEHTH, L0 MICTATh y CBOEMY CKIaji cioBo car. Ha
PUCYHKY CHMBOJIIYHO MPEACTABICHO JAeKi 3 TaKuX JOKYMEHTIB.
AHAJIOTIYHO, eNleMeHT 3 KJoueM dog ChpsMOBaHWM [0 rpynu
MOKaKYMKIB, SIKi TOCUIIAIOThCS HA IOKYMEHTH 3i CIIOBOM dog.
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HeKe seldom
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CerMenTu
JlokymeHTH

Puc. 56. [omyk 10KyMEHTIB 3a IOTIOMOTOIO 3BEPHEHOTO iHACKCY

v KopucHo BHaTw. Jlemo HNpo IHomyk 1Hpopmarjii
3a KJIOYOBMMM CJIOBaMM. ICHye UYMMaJiO IPUMOMiE,
Akl cnpuanTs nineBumeHH ebeKTMBHOCTI1 npouenyp
MowyKy IOKYMEHT1B 3a KJIOUOBMMM CJIOBaMM. Xoda
meTajibHe BUCBIlTJIeHHA IpelMeTa BUXOOUTL  3a

paMkyM  TeKCTy JIeKLiMr, OoIHakK IBa KOPMUCHUX
MEeTOOV IOHaMo.
1. BupgijeHHS KOpPEHeBOl OCHOBM CJI1B.

[lepen BKJIOUEHHAM B 1HIOEKC KOXHe CJIOBO im-
naerbcsa oO0pobui, gka nepenbadyae BUIYUEHHS
npebikcis, cybikciB 1 3akiHUeHb, a TaKoOXx
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BMKOHAHHA 1HmMX HeoOximHmMx nin. Hanpukian,
iMEeHHMKM Yy MHOXMHI MNPMBOIATE OO OIHWHU
(uell npmMMoM BMKOPMCTAHO Y CTPYKTypi, B0-
BpaxeHin Ha puc. 56, OCK1JIbKM  IIpoLecC
MOWYKY Ba KJIOUOBMM CJIOBOM «dOg» TMPUBOOUTDL
0O OTpMMaHHA »OOKyMeHTiB, fAxi MicTaTp He

TinpkM CcJOBO «dog», aJjsie ¥ BinonmosinHum
BapilaHT MHOXVHM — «dOgs») .
2. BimkupmaHHa coaiB-po3aigbHMKIB. Crio—

JIYUYHUKM, YaCTKM, apPTUKJIIL, [OPUMMEHHUKM Ta
inmi momi®Hi cJjoBa, sfki1 YacTO BUKOPUCTO-
BYIOTbLCS, 1 He HeCcyTh OCOOGJMBOIO 3M1CTOBOIO
HaBaHTaXeHHs 1 € m[OpuUCyTHIMM [OpParkTUUYHO Yy
OyIb—AKOMY IOKYMEHT1, 31 3BepHeHOTO iHmek-
Cy, B3asBuuUam, BUWIYyYalnTbCH. BUIYUYEHHS CJI1B-
po3mOisbHMKIB He BIJIMBAE Ha SKICTbL pesysib—
TaTiB Mnomwyky 1 mae 3MOT'y CYTTEBO SMEHIUTU
posMmipm danna iHmexkcy 1 uyac, HeoOxinoHuM
IJIg MIOTO TMeperJiany.

®Daiinn cerMeHTIB MOXKe MiCTUTH:

1) MOKa)KYMKH Ha JOKYMEHTH 3arajioMm;

2) MOKa)XXUUKH, AKi TTOCUIIAIOThCS HA eK3eMIUISPU KIIFOYOBOTO CJIOBA
BCEpE/IMHI JIOKYMEHTa;, Y LbOMY BHMAAKY TOKOKYUK MOXKE
CKJIQIATHCS 3 IBOX YaCTHH — aJJpecy Mepuoro 0Jioka JOKyYMeHTa i
[IJIOUUCIIOBOTO HOMEpa CJIOBA y TOKYMEHTI.

3a BUKOpPUCTaHHS APYyroro BapiaHTta, L0 nepeadayae 3acToCyBaHHS

MOKa)KYHKIB, SKi apecyloTh OKpeMi BXO/KEHHs KJIFOUOBOTO CJIOBa B
TEKCTi JOKYMEeHTa, MOJiesib (paiijia CerMEeHTIB MOxKe OyTH PO3LIHUPEHOI0
3a paxyHOK J0JaTKOBOI iH(hopMallil Mpo KOXKEeH eK3eMILISpP KJIYOBOIro
cJoBa BeepeauHi nokymeHTa. Tenep (aiin cerMeHTIB caMm 1o coli crae
KOJIEKI[I€I0 3aMUCIiB JOCTAaTHhO CKIIQAHOI CTpyKTypH. llepmui peanizariii
no/1iOHOT Mojesi JaBajid 3MOTY PO3PI3HATH 3pa3Ky KJIIOUOBOIO CJIOBA,
NPUCYTHI y Ha3Bi, aHOTALl i TiNi AOKYMEHTa. 3 PO3BUTKOM TEXHOJOTii
ommcy Web-nokymenTie 3acobamum HTML, XML Ta iHmmmx MoB
PO3MITKM CTajJO0 MOXJIMBUM 3a7aBaTv i pi3Hi O3HaKu (popMyBaHHS
KJIIOYOBUX CIiB, SIKI HEeoOXifgHO Bimumrykatu. Tenep cucTema 3aaTHa
30BCIM HE3QJIXKHO pO3PI3HATH CIIOBA, SIKi MPUCYTHI B Ha3Bax,
3aroJjioBKax, TabIHMLAX, ()parMeHTax «3BHYAHOTO» TEKCTy abo psakax
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rineprocuiianb, 00 BOHM HaOpaHi 32 JOMOMOrol NMEBHUX HIPUPTIB abo
BiihopMaTOBaHi 3 BUKOPUCTAHHSIM THUX a00 iHIITNX O3HAK.

Ilpuknao 54. Ha puc. 57 300paxeHo ¢aiil cerMeHTIB, KUl Jae
3MOT'y 3HaXOJHWTH E€K3eMIUIApH CiiB Y HokymeHTax gopmary HTML.
Komipka mnepumioro cTOBMIS OMNKHCYE THII CJIOBa — TMPHUHATIEKHICTh
eK3eMIUIIpa cJoBa TEBHIM CKIaIOBid YacTHWHI JOKYMEHTa, O3HaKu
(opmaTyBaHHs CJIOBA i T.I. 3HAYEHHS Y APYTOMY I TPETbOMY CTOBIILISIX
Y CYKYIHOCTi YTBOPIOIOTh MOKKYMK HA eK3eMIUIAP CJI0BA B JIOKYMEHTI:
TpeTs KOMipKa MICTUTh TMOCHJIaHHS Ha JJOKYMEHT, a Jpyra MpezicTaBiisie
HOMeEp CJIOBa B IOKYMEHTI.

Tun Homep

title 5 ~

header 10 Ny
cat anchor 3 N

text

dog
Tl title 100 -
title 12 ]

Puc. 57. 3BepHeHuit iHACKC 3 10JATKOBOIO iHPOPMAITIEIO PO EK3EMILTIPU KIFOYOBUX
ciiB

[MonibHa cTpykTypa AaHUX Jae 3MOry OTPUMYBATH BiIINMOBiJi Ha
pi3HI 3aMUTH, MO CTOCYHOThCS 3MICTy JOKYMEHTIB, He MOTpeOyroun
JIeTaJIbHOr0 BUBYEHHSI KOXKHOTO JIOKyMeHTa. [IpumycTumo, Hanpukiaz,
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110 HEOOXIAHO BIAIIYKATH IOKYMEHTH, SKI NPUCBIYEHO cobakaM |
MICTATB 3raJIki PO KOTIB. SIKIIO He BUMTYBATUCS Y KOKHUN JOKYMEHT
JIeTaJIbHO, TO OTPUMAaHHS WYiTKOI BiJMOBiNI Ha moAiOHe 3amUTaHHS
JIOBOJIi MpobiieMaTnyHe. 3arajoM, HeroraHy OCHOBY JJIsi MOJAJILIIOTO
aHaJlizy He BaKKO 3a0€3MeYMTH, SKIIO CIPOOYBATH 3HAWTH JTOKYMEHTH,
B SIKHX:
a) cjoBo dog (cobaka) 3ranyeTbes y Ha3Bi;
0) cnoBo cat (xim) MICTUTbCS B OOJACTAX TEKCTY, SIKI CIYTYIOThb
rineprnocuiIaHHsIMU (BKa3ylOTh Ha JOKYMEHTH, TMPHCBIYCHI
KOTaMm).

1llo6 oTpumard BIiAMOBIAL HA 3amUTH, AOCTATHLO 3AIMCHUTH
orepailiro epeTHHy MHOYKWH Nokak4uKiB. [lokaxxunk y daiini iHgekcy,
SKWIl BIAMOBINAE KIIOYOBOMY CJIOBY calf, Ja€ 3MOTY BM3HAUUTH TIPYILY
MOKAXUHWKIB, IO aJPECcyOTh €K3eMIUISPH LLOTO CJIOBA B JIOKYMEHTaX.
Cepen TOKaXYMKIB TpyINU-cerMEHTa HEOOXiqHO o0paru Taki, ki
HajlexaTh 10 TUIYy anchor (005acTh Tekcty rinepnocunanns). [lotim
BIILIYKY€ETLCS TPyNa TMOKaXKYUKIB, SKi MOCHIIAIOTBCS HA EK3eMIUISpH
cinoBa dog y NOKYMEHTAax, i y Hili BUOMPAIOTHCS MOKAKUMKU THUIY fitle
(Ha3Ba). Omepallis MepeTHHy ABOX MHOXKHH TMOKa)XYMKIB BH3HAUUThH
HaOip MOCHJIaHb Ha [OKYMEHTH, SIKI 3aJ0BOJIbHAIOTH OOM/IBI YMOBH:
cioBa dog NpUCYTHI y Ha3BaX, a clioBa cal — B 00JacTiAX TEKCTY
TineprocHIaHHs.

v Kopwmcro smmarm. oariiu CcerMeHTIiB: omneparis
BCTABJSHHS 1 BMIYYEHHS eJeMeHTIB. CTPpyKTypYy
bariniB cerMeHTiB NPUMMHATO 300paxaTu (gx Le
3poBJIeHO, HamnpmMkiam, Ha puc. 56) y Bumagni ma-
cuBiB eJjleMeHTiB. VY peajibHOCT1 TpynM-CcerMeHTU
CKJIaIanThbCs iz 3anmcis 3 €IVIHYIM rnoJjieM
nokaxumka 1 30epirawnThbca y OJiokax, gk 1 Oynob-
gkl iHmi xosiexkuil sanmcis. OTOX y BUIAOKY MO-—
oubikanii  danaie  cerMmeHTiB, mo rnependavae
BCTABJIAHHA 1 BWJIyYeHHS I[IOKAXYMKiB, IONYyCTMMO
BYKOPUCTOBYBATU I[IPUVOMM, PO3ITJIAHYT1 BUIle: 10—
nepenHiy poznonis 3anmciB no 6Jokax, Ba SKOTO
OJIOKM BalOBHEHO He LU1JIKOBMUTO, IO CIPOUYE PO3—
uMpeHHs  dbamsa B MaMOyTHBOMY;  BUKOPMCTAHHSA
OJIOK1B IepernoBHeHHA 1 IepeMilleHHs 3anmMciB yce-
penuHi 6sioka 1 Mix OGsiokaMM (B OCT@HHBOMY BU-—
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nanky Heo6ximHo noTypByBaTucda 1 npo BianorBimHy
3MiHY BMICTYy IIOKaxXuyMkKiB y 3BepHeHOMYy 1HIeKci,
Akl nocuJjlalTbCA Ha 3anmMcu damjila CcerMeHT1iB, 1o
rnepeMimanTsCs) .

Bnpaeu oaa onpaurosanns

Bnpaea 42. 1lix yac 3nilicHeHHs omepalliii BCTaBKH 3aMuciB y (aiin
JIaHUX 1 BUJIYUYECHHS 3aIMCIiB BiAMOBIAHOrO OHOBJIEHHS MOTPeOye 1 daiia
BTOPUHHOI'O iHJIEKCY. 3anpornoHyiite crparerii NiATPUMKH BTOPHUHHOTO
IH/IEKCY B aKTyaJIbHOMY CTaHi 3a 3MiHU Qaiifia TaHuX.

Bnpaea 43. PosrnsHeMo CTPYKTypy KOMIIAKTHO 3TpyNOBaHOTO
(haiina, moaiOHy A0 HaBeAeHOI HAa puC. 53, I MPUIYCTUMO, IO B OAMH
OJIOK TTOMIIIAOThCS IeCATH 3alUCIB JaHUX, SKi TIPEJCTABISIOTh KOPTEXi
BigHouienb Movie a6o Studio. TlpumycTuMo Takok, IO KiTBKICTh
GinbpMiB, fKi  BIIMOBINAIOTH CTYJii, PIBHOMIPHO pO3MOJIJIEHO Ha
inrepBani Bim 1 go m. Sk Burasmae GyHKIUS Big M, ska oOUMCITIOE
CepeIHE YMCJIO Ofepalliii IUCKOBOro BBEACHHS/BUBEICHHS, HEOOXITHMUX
JUIs. OTPUMaHHS iH(oOpMalii Mpo KiHOCTYAil i Bci (iIbMU, BUITyIIEeHi
Hero? SIkoro BUSBHMTBCA LIl BEJIMYMHA, SIKIIO MPUIYCTUTH, 10 PO3MOILT
iHpopMaNii npo KiHO(MINBMHU Y TUCKOBUX OJIOKaX CUCTEMAaTU30BaHO?

Bnpaea 44. llpunycrtumo, 1o koxeH OJOK 31aTeH 30epiraTv TpU
3alMCU JAHUX, JECATh Map BUAY «KIOY-NOKAJCYUKY abo I STHECST
MOKAXUWKIB 1 rmepeadavyacTbcss BUKOPUCTAHHS CXEMH 3 TPOMIKHUM
piBHEM rpyrn-cerMeHTiB (AuB. puc. 54).

1. ko KoXHE B3HAYeHHS KIOYa TMOLIYKY MICTUTbCS B
cepenHboMy B 10-TH 3amucax, TO CKiJIbKM OJIOKIB HEOOXiIHO
st 30epirannds 3 000 3anuciB AaHUX i BiAMOBIHOT CTPYKTYpH
BTOpUHHOTO iHAekcy? Ckinmbku OJIOKIB HeoOXimHO Oynmo 6
BUOKPEMUTH, IKOU He OyJio (paiina cerMeHTiB?

2. SIkuo OOMe)XeHb Ha KUIBKICTh 3alMCiB JaHUX 3 [EBHUM
3HAYeHHSIM KJIFO4a TMONIYKy HeMae, TO fKa MiHiMajbHa 1|
MaKCHUMaJIbHA OL[iHKA KUJIBKOCTI HEOOXiTHUX OJIOKIB?

Bnpaea 45. Po3mmpenuii BapiaHT 3BEPHEHOT0 iHAEKCY, NOAIOHUH 10
HaBEJICHOro Ha puc. 57, Aae 3MOTy BUKOHYBATU 3allMTH Pi3HUX BHIIB.
SIk MO’KHAa BMKOPUCTOBYBATH el iHAEKC IJIsl BiALIYKAHHS JOKYMEHTIB,
B SIKUX:
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a) cioBa cat 1 dog 4epryroThCcs Ha IUSThOX CYCIIHIX MO3HUILIAX
TEKCTOBOrO (parMeHTa OJHOTO THIY, HANMPUKIaJ, title (Ha3Ba),
fext (3BU4aliHuii Tekct) a00 anchor (00MacTk TiNeprnoCcuIaHH);

6) 3a cJI0BOM dog po3TalloBaHO JOBIUIbHE CJIOBO i CJIOBO cat;
8) cioBa dog i cat € B Ha3B1 JOKYMEHTA.
Tema 15. B-nepeBa

Xoua OaraTtopiBHeBi iHAEKCH BBaKAIOTh HEMOTaHUM iHCTPYMEHTOM
MPULIBUAIIEHHS TpolleciB OOpPOOKM 3aluTiB, iCHYE Yy3arallbHeHWi,
THyYKdd Ta e(eKTUBHUK PI3HOBUA CTPYKTYp, AKi HaWLIMpLIE 3acTOCO-
By10Th Y komepuiitnux CKBJI. Minetbcs mpo cTpyKTypH, siki HA3MBAKOTh
B-oepesamu  (B-tree). Haiinommpeniuium €  Bapiant B+-0depeso
(B+-tree).

Ocob6muBocTi B-0epeg Taxi:

e aBTOMAaTHUYHA MiJTPUMKA HEOOXiTHOT KITLKOCTI piBHIB iHAEKCAllil,

110 BiATNIOBigae po3mMipy daiia JaHuX, SKUH 1HIEKCYEThCS;

o e(dekTHBHE KepyBaHHS PO3MIpOM BUIBHUX obnacteli ycepeauHi
OnokiB (piBeHb 3aroBHEHHs OJIOKIB KonuBaeTbes Bin 50% 1o
100%) i BigcyTHicTh TIOTpeOM Yy BUKOPUCTaHHI OJIOKIiB
MepPErOBHEHHS.

Hwxue Mu oOroBoproBaTUMEMO TaKi XapakTepUCTUKHM B-nepes, siki

LIJIKOM cIipaBe/inBi 1y B+-nepes.

15.1. Cmpyxmypa B-oepesa

Sk BUTUTMBAE 3 HA3BM CTPYKTYpH B-nepeBa, 11 OJ0KH opraHizoBaHi y
BUTIIAI  Oepesonoodionozo epagpa (tree-like graph). B-nepeBo ¢
s30anancosanum — y TOMY PO3YMIiHHI, 11O JOBXKHMHHU BCIX UUIAXIiB Bij
Kopenegol (root) BepminHU 10 Oyab-iKoi 3 BepuuuH-nucmis (leaves) €
piBuumu. TunoBe B-nmepeBo MICTUTh TpW pPiBHI: KOPEHEBY BEpILUMHY,
MPOMIXKHI BepIIMHM 1 JIMCTH, — XO4Ya MOXKE HAIiuyBaTH i JIOBUIbHY
KinbKicTh piBHiB. 1106 oTpumaru movarkoBe ysiBieHHs npo B-nepera,
MOrJIIHbTE Ha pHC. 58 1 59, sKi ONUCYIOTh OKPEMi BEPIIMHH, 1 Ha puc.60,
1110 300pakae HeBeNMKe MmoBHe B-epero.

Koxuomy B-nepeBornoniOHOMy iHIEKCY BiAMoOBigae mapamerp M,
KM BU3HA4Ya€ BJIIACTMBOCTI KOMIIOHyBaHHs OJiokiB B-nepeBa. Koxxen
0JIOK Ma€e MpocTip, AOCTaTHIM [yis PO3MILLEHHS /1 3HA4YeHb KJo4a
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nouryky i n+71 mokaxkuwkiB. Blok JepeBa HacmpaBii MOMIOHUN [0
iHIEeKCHUX OJIOKIB, SIKi PO3IJISIHYTO y TeMi 13, 3a BUHSTKOM TOTO, IIO
Nopsz 3 N mapaMu BUIY «KAIOY-NOKAXNCYUK» BIH MICTUTh JOAATKOBHIA,
n+1-ii, mokaxxunk. BenudnHa N oOupaeTbes Tak, OO 3a0e3NeuuTH
MOXKITMBICTh 30epiraHHsa y Onomi N+71 MOKaXYMKIB i N KIOYOBUX
3HAYCHb.

Ilpuknao 55. Hexait nuckoBuii 65ok mae posmip 4 096 Oaiiti.
[TpunycTumo, o ¢GyHKIi0 KIHOYiB BUKOHYIOTh 4-0alTORI LIJIOYUCIIOBI
3HAYEHHSA, a i KOXKEH IMOKaKYMK BigseneHo mo 8 OaiitiB. Slkimo
BBAXKaTH, [0 OJJOKM HE MICTATH 3arojIOBKiB, TO HaMOIILIINM LJIMM
3HA4YeHHSM /1, siKe 3a70BOJIbHsE YMOBY 4n+8(n+1) <4 096, Oyne 340.

IcHy€e Kinbka BaXKJIMBUX TMPaBUI, SKi PErjaMeHTYIOTh CKJaj BMICTY
6s0kiB B-nepeea.

e Kito4oBi 3HaueHHS, SKi 3HAXOAATHCS Y BEPLIMHAX-TUCTAX, €
KOMisIMU KJIFOUiB 3anuciB abina nanux. Kiroui po3aisieHi mo
BEPIIMHAX-JINCTAX 3JliBa HANpPaBO Yy MOPSAKY 3POCTaHHS
3Ha4YeHb.

e KopeHeBa  BepliMHa  MICTUTb,  IIOHalMeHIle,  JBa
MOKAXUYWKH, AKi apecyloTh OJIOKH BEPLIMHW HACTYIHOrO
piBns B-nepesa’.

e OcraHHI TNOKWKYMK BEPIIMHM-JIMCTA IOCHUIAEThCS Ha
YeproBy BepLIMHY-JIMCT chpaBa, TOOTO Ha OJIOK, SKUM
MICTUTh HACTYMHY 3a TOPSJKOM TMOPI[I0  KIFOUYOBHX
3HaueHb. llloHaliMeHine |_(n+1)/2J 3 N NOKaXK4MKIB® y
OJI0LI-TUCTI BUKOPUCTOBYIOTh U MOCWJIAHHS Ha 3arucu
JAHWUX, a peliTa BBAXKAIOTh BUILHUMH Ta IHTEPIPETYIOTh
TaK, Haue BOHU MaroTh 3Ha4eHHs NUll; j-i MOKaK4MK, AKIIO
HOro BUKOPUCTOBYIOTh, aAPECYE 3aIUC 3 i-M KIFOYEM.

! MoxmiBa cutyais, komu $haiin JaHUX MiCTUTh TilTbKM OJIWH 3aITHC, OTOX
B-nepeBo ckmagaTUMeEThCS 3 €IMHOT BEPUIMHM, SKa BOJIOIIE€ OMIHIEI0 Mapor
BUMIy «KIIOY-MOKAJICUUK» 1 € BOIHOYAC i KopeHeM, i JMcTKoM. [lomiGHwuii
BUPOIKEHUH BUMA/IOK y MOJAIBIIOMY MU iITHOPYBaTHUMEMO.

* Bupasn Lx|i[x] o3Hauarors «HaiiGinbme wmine, MeHme Bix x» (BUIiNEHHS
[0 YacTWHU X) i «HalMeHIme Iiijie, Oinblme Bim Xx» (3a0KPYIJIEHHS X IO
HaNOIKIOT0 OLIBIIOTO IIJTOT0), BiAMOBIIHO.
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e VYci N+l Nokax4yukiB y TPOMIXKHIH BEpPIIUHI MOKHA BUKO-
PHUCTOBYBATH U TIOCWJIAHHS Ha OJIOKM HACTYIHOIO PiBHS
B-nepeBa, xoua peanbHO TMOBHHHI BHKOPHUCTOBYBATHCS
IoHalMeHIIe r(n+1)/2—| 3 HUX (Harajgaemo, 1o, He3aJeKHO
BiJl BEJIMYMHU /1, KOpEHeBa BepUIMHA MOXKE MICTUTH He
MeHile, HiK 2 MOKKYMKH, sKi BHKOPHUCTOBYIOTHCS 3a
NpU3HauYeHHAM). SKIIO MilOYMMH € j TOKaXUHUKiB, TO 1M
Bigmosinatote j-1 kmouiB (Hanpuknan, Ki, Kz ..., Kig).
Teprmii MOKaKYMK anpecye Ty YacTUHy B-mepea, ska mae
3MOTY BiJIIYKaTH 3alucd 3 KIOYOBUMHU 3HAYEHHSIMH,
mentmmu Ky, JIpyruii moKaKYMK MOCHIaeThesl Ha pparMeHT
JlepeBa, BIAMOBiNAJIbHUH 3a BUSBIEHHS 3aluCiB  3i
3HAUEHHSAMM KJto4a, siki Ounbini abo gopiBHiorOTh K; i
crporo MeHmi Bin Kz, i T.a1. 3pemToro, j-il MOKaX4yuk
NPUBOJUTH 1O TIIKM JiepeBa, sKa BIJNIMOBIJae 3amucam 3
KIIOYOBUMH 3HAYCHHSAMHM, piBHUMH abo Oinbmumu Kjq.
3ayBakuMo, 110 3aMUCH 3 KJIOYaMH, Habarato MEHIINMU
Bin Ky i 3HauHo Oinbmmu Bin Kjs, 3 Obkyuoro Ouoka,
MOKJIMBO, 1 HEIOCS)KHI — Y TaKOMY BHIAJAKY iM BiaNoBima-
TUMYTb MEBHI CYCiIHI OJIOKH, SIKi HaJIe)KaTh J0 TOTO K PiBHS
JiepeRa.

Ilpuknao 56. Y upoMy i HACTYITHHX MpPUKIIaAaX, U0 CTOCYIOThes B-
JepeB, MU BBaKaTUMEMO, 110 N1 = 3, TOOTO KOXeH OJI0K MOXKe MiCTUTH
TPU KIFOYOBHX 3HAYEHHS, AKi € HEBENMKUMHU (1Ie MPUITYILICHHS IIIKOM
npapnonoAiOHe) MUIMMU YHCIIaMH, 1 YOTUpW Tokakuuku. Ha puc. 58
NPOUTIOCTPOBAHO BEPLUMHY-JHUCT, YCi MOKAKUYMKU SIKOT BUKOPUCTAHO 32
NpU3HA4YeHHSIM. BJiok BepiiMHU MicTHTh TpH Kitoui — 57, 81 1 95. Tepui
TPU TIOKKYUKHU aJPECYIOTh 3alUCH JaHUX 3 3a3HAYEHUMHU KITIOYaMH, a
ocTaHHil (SIK i B Oyab-siIKOMY JIUCTI B-nepeBa) MocuiaeTbesi Ha CycCiaHii
JUCT crpasa Bin Oixyuoro. Skio Gixkyda BepIIMHA-TUCT € OCTaHHBOIO,
TO MOKa)KYMKY NMPUCBOIOETHCS 3HaYeHHs Null.

Mmu Bke TOBOPWIIH, IO JOMYCTUMO HE 3allOBHIOBATH OJIOK-JIUCT JI0
KiHLS, ajle B HalIOMy BUNaaKy (3a ymoBU N =3) OJIOK NOBHUHEH
MICTHTH, SIK MIHIMYM, JIBi TIapu BUIY «Kmou-noxaxcuuky (y cxemi Ha
puc. 58 wmou 95 i BiANOBiTHUI HOMY MOKaXKYMK, 3a3HaYeHU K «Jlo
3arucy 3 KimodeM 95» MoxyTh OyTH BiICYyTHIMH).
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57 | 81 |95

v N T Jlo HacTymHoro

JTUCTa
Jo 3ammcy o 3anucy Jo 3ammcy
3 KJII0YeM 3 KJII0YeM 3 KJII0YeM

57 81 95

Puc. 58.Cxemariyne 300paXeHHs TUIIOBOT BepLIMHU-UCTa B-1epesa

Ha puc. 59 300paxkeHo 3BMYAiiHy NpOMDKHY BepliuHy B-mepesa.
BoHa MicTUTh TpH K04 (MU oOpaiu Ti 5K 3HAYEHHS, L0 i B 3pa3Ky
BePLIMHH-ITMCTA, TPOLTIOCTPOBaHOMY Ha pwc. 58 — 57, 81 i 95)' i
YOTUPH NOKKYMKH. [leplumii moka>kuuk NOCUIA€TLCs Ha TiKy JepeBa,
KA Jla€ 3MOTY 3BepTaTHCs 10 3aMKuCiB 3 KIFOYaMH, MEHIIMMH BiJ 57.
Jpyruii NoKaKYMK 3JaTHUH NPUBECTH [0 3alUCIB 3 KJIIOYOBUMH
3HAUEHHSIMH 3 POMIKKY Bijx 57 (BKiIrO4HO) 110 81, TpeTiit — o 3anucis 3
Kioyamu 3 iHTepBany Big 81 (BxirouHo) a0 95, a uerBepTuii — 10
3aIUCiB, 3HAYEHHS KJIIOYiB SKMX HE MEHIIE Bif 95.

SIk i B po3rJIssHyTOMY BHILE NpHUKIaai Jucta B-nepesa, 30BciM He
000B’S13k0BO, 1100 OyNM 3alHATHMHU BCi «KOMIpPKH», MPU3HAYEHI JUIs
30epiraHHs KJIOUiB i MokaxunkiB. OpHaK y BUMAAKy N=3 MpoMmikHa
BEpIIMHA TOBHHHA MICTHUTH IIIOHaWMeHIle OJWH KoY 1 JiBa
nokaxuuku. HalfekcTpeManbHilIMM BapiaHTOM BUSBUBCS O Takuii, KOJU
OJIOK MICTUTP KJIt0U 57 i TITBKH JIBa TOYAaTKOBUX MOKAKYHKU: TIEPIIHIA 3
HUX aJpecye KIoYi, MeHIli Bix 57, a qpyruit — Oiibini abo piBHI 57.

'He nmBnsumch Ha 36iraHHsA KIIOUOBHX 3HAY€Hb, JIMCTOK HAa puC. 58 i
MPOMi’KHA BepIMHa Ha puc. 59 HigK Mk co00r0 He TOB’s3aHi. binbme Toro,
LIJIKOM MOXXJIMBO, IO BOHM HIKONM He OyIyTh OJHOYACHO TIpENCTaBieHI B
onHOMYy i ToMy % B-nmepesi.

157



57 181 |95

Jo xmoviB Jlo xitouiB o xmoviB Jo wiouiB
K <57 57<K<81 81<K<95 K>95

Puc. 59. Ipuxnan npomixnoi Bepiutu B-nepesa

Ilpuxnao 57. Ha puc. 60 300paxkeHe B-aepeBo, 1o Mae Tpu piBHI Ta
MICTUTb BEPLIMHH, 3pa3KU SKUX PO3IJISIHYTO Yy MpUKIali 56. Beaxators,
o ¢ain gaHuX CKIAJaeThCs 3 3alMCiB, KIKOYOBI 3HAYEHHS SKHX €
MPOCTUMH YHCTIAMH 3 iHTepBay Bim 2 mo 47. 3BepHiTh yBary, 1o Ha
PiBHI BEpUIMH-JIUCTIB KOXKEH KIIIOY HE TMOBTOPIOETHhCS ABIYi, 1 KITHOYi
BIOPSIIKOBAHO 3a 3POCTaHHSAM BiJl «JIIBUX» BEPIIMH JO «IPABHXY.
KoxkeH OJIOK-JIUCT MICTUTh Bil JBOX 10 TPhOX Map BUAY «KIOY-
NOKAJICYUK», & TaKOX TMOKAXKYWK, SKUHA aapecye HacTYNMHMH JIUCT
HOCJIiIOBHOCTI.

7L[ 23[31[43
[ ] ANR

| N

| 13[17]19] [23]29] 31L37[41 43]47]
NNEANRE L]
Y

Puc. 60. Ipuknan B-gepesa
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KopeHeBa BepliMHa MICTUTh TIIbKW J1Ba MOKaXYHUKH (MiHIMaIbHO
MOXJIMBY KiJIbKICTB), X0Ua MOIJIa O HaJidyBaTH JI0 YOTUPHOX. €IUHUH
KJIFOY KOPEHeBOI BEPLUMHU IiIUTh MHOXHMHY KJIIOYiB Ha ABI YaCTHHU:
OJlHA JIOCTYITHA 33 MOCEPEJAHMUTBOM MEPIIOro MOKaKYMKA, a Jpyra —
npyroro. Kirodi 31 3HadeHHsME 2-11 (He 2-12, sk 31a€ThCs, OCKIIBKH 3a
HALLIOIO TOMOBJICHICTIO KJIFOUi € MPOCTUMHU YUCIaMHU) MOKHA BilllIyKaTH
B JIIBOMY TiIJepeBi BIAHOCHO KOPEHEBOT BEpLIMHM, a KIIOYi 3i
3Ha4YeHHsAMH 13 i BULIe — y TpaBoOMY.

[lepwa (;iBa) moUipHs BeplIMHA KOPEHEBOI BEPIUMHM, IO MIiCTUThH
KJIFO4 7, TaKkoX BOJIOJIE JIBOMA TMOKKYMKAMH, TepIIuil 3 SKWX
MOCHJIAETHCS Ha KJIKOYi, MEHIII Bix 7, a Apyruii — Ha KiItoul, OuIbLi a6o
piBHi 7. 3ayBa)kuMo, L0 APYTHH MOKAKYMK JA€ 3MOTY 3BEPHYTHMCS 10
kmodiB 7 1 11, a He 1o BCIX KIIIOUiB, He MeHIIWX Bia 7 (Hanpukian, 13),
— peluTa KIItOoUiB JOCSHKHI 13 CYCiIHbOT MPOMIXKHOT BEpIIIMHU JIepeBa.

3pewroto, Apyra (mpaBa) IO4YipHS BEpLIMHA MIiCTUTh BCI YOTHpPHU
nokaxuuku. [lepumii aapecye MmigMHOKMHY KJIOUiB, MEHLIMX Big 23
(acame — 13,17119), npyruii nocunaerbcs Ha witoui K, ski 3amo-
BOJILHAIOTh YMOBY 23<K<31, TpeTiii 1a€ 3MOry 3HalTH KJIIOYi, TaKi, O
31<K<43, a ueTBepTHIi MPUBOIUTD JIO MiAMHOKUHU KITFOUiB K>43.

15.2. Buxopucmannsa B-oepee

Mogens B-pepeBa € TNOTYXHUM IHCTPYMEHTOM KOHCTPYIOBaHHS
iHgekciB. Iloc/iOBHICTh TMOKaKUMKIB Ha 3amMCH, SKi MICTATbCA Y
BepIIMHAX-JINCTaX, 3/laTHA BUKOHYBaTH Ti )k (yHKUIi, 10 i Oyab-ika
MIAMHOKMHA TOKaXYMKIB Y «TPagullifHUX» IHASKCHUX aiinax, sKi
po3risHyTO y Temax 13 i 14,

Haeegemo mekinbka mpukiiafis.

1. Kimou nmomyky B B-neperi € nepuHHUM KitoueM (aiina
JIAaHUX, 1HJEKC HaJIeKUTh 10 Kareropil IUIbHUX. [HIIUMU
CJIOBaMH, OJIOKHM-JIMCTHU IHAEKCY MICTATh MO OJHIH mapi
«KIIOY-NOKAJICYUKY JUIS KOXKHOTO 3amucy aaHux. @aiin
JaHuX Moxke OyTH (abo Moxe 1 He OyTH) NOCOPTOBaHUM 3a
NEPBUHHUM KJTFOUEM.

2. @aiin naHUX € MOCOPTOBAHMM 3a MEPBUHHUM KIIOYEM, i
B-nepeBo dirypye sik po3pipkeHUH 1HAEKC, JUCTH SKOTO
MICTATh TO OJHIA Mapi BULY «KIOU-HOKANCYUKY IJIA
KOXKHOT'O OJI0KAa JaHHX.
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3. @aiin gaHUX € TOCOPTOBAHMM 3a 3HAYEHHSIMHU aTpulyTa,
SKWH He € MEepPBUHHUM KIFodeM, i Leill aTtpubyT ciayrye
KJIFoUeM Momyky B B-mepeBi. [ KOXHOTrO KITHOYOBOTO
3HaueHHs1 K, sike TPUCYTHE B 3amucax JaHUX, y JEAKOMY
OJIOLI-IUCTI ICHYE OJHA Tapa BUAY «KIHOY-HOKANCHUKY, 1
NOKKYMK ajpecye Mepuidid i3 3amuciB, 1O BOJOIIOTH
3HaueHHsIM K.

Bapiantu B-mepeB, 110 A0MyCKalOTh HAsABHICTH TyOITiKaTiB 3HaY€Hb
KII0Ya MOWIYKY', TAKOX MAaiOTh LIMPOKE BMKOPHUCTaHHS. IIpuKiaj
nofiOHoro B-nmepeBa mpenactaBieHo Ha puc. 61, 1 BiH TOCTpye
po3lIMpeHy Mojellb B-nepeB, aHaNOriuHy [0 CXeMH «3BHYAMHUX»
IHIEKCIB 31 3HAUEHHSIMH KJIIOYa, 1110 MOBTOPIOKOTHCS (IUB. MyHKT 13.5).

7] 1
NU

7L[ -|37|43
[ 11 AN

'
3|5 7||3| 13|17|23 23|23| 23|37|41 43|47|
|

INEENNNEANEE NNNE
R REERA R

v

L]
———
T

Puc. 61. B-nepeBo 3 ay0iikataMu 3HAYCHb KIIIOYa

Skmo kiarou B-mepeBa momyckae HasSBHICTH 3HaueHBb-AyOJIiKaTIB,
HEOOXIiJTHO TPOXM TMEPeryITHyTH CcIocid iHTepnperanii KJIO4iB, fKi
HaJieXKaTh MPOMDKHUM BeplIMHAM (MU TOBOPHIIU TIPO 1ie Y MyHKTI 15.1).
[MpunycTuMo, MO0 NPOMIXKHA BEpIIMHA MICTHTh KJIIOUOBI 3HAYEHHS
K1,K>,...,Kn. Toni K; 6yne HaiiMeHIIIMM HOBMM 3HAYEHHSAM, TIPUCYTHIM Y

1 . . . .
HaranaeMo, 110 TEPMIH K104 noutyKy HE 3aBXKIHW 3aCB1AYY€ YHIKAJIbHICTh
KIIFOYOBUX 3HAYCHb
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Till YaCTUHI MiggepeBa, KA € JOCTYITHOIO 3a MOCEPENHHUIITBOM [+7-T0
nokaxurka. CJI0BO «HOBHI» O3Hauae, 1o ek3emruiipu K; BiacyTHi B
YJaCTHHI JIepeBa, po3TalloBaHiil 37iBa Bif /+7-ro migmepeBa, OmHAK L€
miggepeBo MICTUTh IMoHakMeHIme oauH eksemmissp K. V.  meskux
BHUIaJIKax TAKOro 3HaYeHHS Moske i He OyTH, i Todi K; TpakTyeThes K
null. OgHak BiAMOBIOHUN MOKAKYHUK € BCE 1€ HEOOXIITHUM, OCKIIBKHA
BiH ajJpecy€ 3Ha4YHy 4YacTHHY JiepeBa, sika BHSABWJIACh 3B’S3aHOIO 3
€IIMHHAM KJIIOYOBHMM 3HAYEHHSIM.

Ipuknao 58. Ha puc. 61 HaBeneno B-aepeBo, moioHe 10 300paske-
HOro Ha puc. 60, mpore BOHO AOMyCKAae MOBTOPEHHS 3HAYEHb KIOYa
(3okpema, 3HavueHHs 11 3amiHene Ha 13, a 19, 29 i 31 — na 23). Sk
HACJTi/IOK, KJIIOUOBUM 3HAYEHHSAM KOpEHEBOi BepiuHM cTae 17 (3amicThb
13). IlpuumHa monsrae B ToMy, 1O Xxo4ya 13 i ciayrye MiHiMaJIbHUM
KJIFOYEM MpaBoro miagepesa, MpoTe Le 3HaUeHHsS He € HOBUM, OCKIJIbKH
BXKE MPUCYTHE B JIIBOMY MiJIJIepERI.

He zanummnace 6e3 moaudikauii i mpaBa NpoMi>KHA BepLIMHA.
3HaueHHs Apyroro Kiro4va 3MiHeHe 3 31 Ha 37, OCKiIbKY caMe I1e YUCIIO
CTajJo0 HaWMEHUIMM HOBMM KIIIOYeM Yy N’AToMy 3iiBa JucTi. OpHak
HaiillikaBillUM € Te, 10 MEepUuIMid KoY MPaBoOi NPOMIXKHOI BEPLIMHU
HaOyB 3Ha4yeHHs NUll, OCKIIbKY YeTBepTHid 3J1iBa JIUCT HE MICTUTh HOBUX
KJIIO4YiB. [HIIMMH CITOBaMU, SKILO MPOLIEC MOLIYKY MPUBOIUTH A0 MPaBoi
JOYIpHBOI BEpPLIMHU KOPEHEBOl1 BEPLUMHHM, TO MPOAOBXKYBaTH MOLIYK 3
YeTBEPTOrO JIMCTA HE Ma€ 3MICTy: SKIIO MOTPIOHO 3HAWTH Kitou 23 abo
MEHILUM, HEOOXiAHO TaK YW iHaKIle 3BEpHYTHCS 10 TPEThOrO JIMCTA.
Oxkpim TOro, HeoOXiTHO B3ATH JI0 YBarv Taki 0OCTaBUHU.

e Slkio HeoOXiHO BiaUIyKaTd Kitod 13, To 3 KOpeHeBOl BepIIMHU
NMoTpiOHO 3BepHYTHCS [0 JiBOi (a He 10 TpaBoi) JOUipHBOT
BEPUIMHHU.

e Sxmo nepeabayeHo BiAIIyKaTH KIIOYi 3 TIPOMiKKY 24-36, To
JOBENIeThCSl MOMPSIMYyBAaTH 1O TPETbOrO JIMCTa, TpOTe 3a
BiZI’€MHOTO pe3yJIbTaTy TOLIyKY 3BepTaTHcs JO JIUCTIB CrpaBa,
OueBMIHO, He mnoTpiOHo. Hampuknan, skuo y Ojokax-jJyMcrax
HeoOXiJTHO 3HAWTH KoY 24, TO OTo MOXHA OyJ10 O BiUIyKaTH Y
yerBepToMy JiMcTi (i B TakomMy BHNaiky kimod null mpasoi
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MPOMIXKHOT BEpIIMHU HaOyje 3HadeHHs 24), abo B I’aToMy (Tozi
Ha 24 Tpeba Oyyio O 3MiHUTH 3HaUeHHS 37 MPOMIXXHOT BEPIIUHM).

15.3. Ilowyk y B-oepesax

IloBepHemMocs [0 MOMEPEIHbLOrO MPUITYIIEHHS, 3TIAHO 3 SAKUM
BEPUIMHHU-TMCTH B-epeBa He MOXKYTh MICTUTH 3HAYE€HHS KJIIOYa, SKi
MOBTOPIOIOTECA. BBakarumemo, mo B-nepeBornoaiOHuit  iHIEKC €
IIUJTbHUM — KOXKHE KJIFOYOBE 3HAYeHHs, MPUCYTHE y daiii JaHuX,
HeoAMiHHO Oyne mpejacrtaBiieHe y Onokax-nucrax B-pepeBa. [lomiOHi
MPUITYLIEHHS JalOTh 3MOI'Y 3HAYHO CIPOCTUTH PO3IMJIS] OCOOIMBOCTEMH
omnepaliii 3 B-nepeBamu i BOJHOUYAC HE 3a4iMarOTh CYTI LMX Omepariiii.
VY cBoro uepry, npoueaypu Moaudikamii pospimkenux B-aeper anano-
riYHi 10 THX, SKi 3aCTOCOBYIOTH 1010 «3BUYAMHMX» IHAEKCIB Jis
nociigoBHUX (aiinie (que. m. 13.3).

Hexaii 3a pomomororo B-nepeBonoiiOHOro iHaekcy HeoOXimaHO
3HAMTH 3amucC JaHWX, KUK Bosonie 3HayeHHsM K Kioda MOIIYKY.
[Ipouec moOLIYKY BHUKOHYETbCS PEKYPCHMBHO — PO3IMOYMHAETHCA 3
KOPEHEBOI BEpLIMHW JepeBa 1 3aBEpUIYETbCA IICJAS JAOCATHEHHs
BEPIIMHU-JTUCTA.

Baszuc. ko nocsrHyta Aesika BEpLUIMHA-UCT, TO MNEPENVISHYTH
3HAYEHHS KITIOYa, sKi il Hamexars. SIKIIo i-Te 3HaYeHHs AopiBHIOE K, TO
i-i NOKAKUYMK apecye LIyKAaHUN 3alucC 1aHuX.

Inoykuia. SIxkmio nocsrHyTa Jeska MpoMidKHA BepIMHA, IO MiCTHUTh
kmoui Ky, Ka,...,Kp,., TO [UIS BU3HAUEHHS YeproBoi JOYipHBOI BEPIIUHHM,
no skoi Tpeba nmepeiTH, HeOOXiJHO KepyBaTHCS NpaBUJIaMH,
BUKJIIaJIeHUMU y TyHKTi 15.1. IcHye enmHa nowipHs BepiumHa, 3 SKOT
BIaCTbCS JIOCATHYTH 3anucy aaHux 3 kmouem K: skmo K< K, To
HEeOOXiHO MepelTH 10 mepuiol AouipHboi BepiunHu; ko K;<K< K, —
Jo apyroi i Tak gaii. [IpogoBxKUTH MOIIYyK PeKypPCHUBHO BiJ| 3HANAEHOT
BEPLIMHHU.

Ilpuxnao 59. llpunyctumo, MmO HEOOXiAHO 3HAWTH 3amuc 3
kiroueM 40 y cTpykTypi B-nmepesa, siky HaBeneHo Ha puc. 60. Tporec
MOLIYKY PO3MOYHEMO 3 KOPEHEBOI BEPLUMHH, SIKA MICTUTh €AUHUN KIIHOY
13. Ockinbku 13<40, To monmpsMyeMo 3a BKa3iBKOIO JPYroro MoKax-
4HKa, SIKWH ajipecye MpOMiKHY BeplluHy 3 kimrouamu 23, 31 i 43. Tyt
BU3HA4YaeMo, 1110 31<40<43, 0TOK CKOPUCTAEMOCS TPETIM MOKAKUYUKOM,
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SKMI MPUBOAWTL A0 BepIIMHHU-IMCTa 3 Kitoyamu 31, 37 1 41. Skio
¢aiin naHux wmictutume 3amuc 3 kimodem 40, TO 3HaWAeHWH JHCT
JlaBaTUMe 3MOTY KOro BiJlIyKaTH, Ta OCKiUIbKHU Kitod 40 y OJIOKy-IUCTI
BiJICYTHIH, TO IOBEJEThCS 3pOOUTH BUCHOBOK, LIO 3amucy 3 Kirouem 40
y daiii JaHUX HEeMae.

Skimo HeoOXimHO Oysio O 3HAWTH 3amuc 3 KiIro4eM 37, TO Tpolec
NOUIYKY NMpUBIB OW 10 TOro K Jincta AepeBa. OCKiabkH 3HaveHHS 37
NPUCYTHE Cepell KIIIOYiB LBOr0 JIMCTa, TO BIAMOBIAHMNA TMOKaXYHUK
(npyruii) agpecye myKkaHUiH 3aMic JaHHX.

15.4. 3anumu y dianazonax 3nauens

B-nepeBonioniGHi iHIEKCH 3aCTOCOBYIOTh HE TIJIBKH 33 HEOOXIAHOCTI
BIJIIIIyKAHHS €MHOIO 3HAYEHHs KJIO4Ya, ajie ¥ y TUX BMIAJKaxX, KOJIU
3aMuT Tependadae TONIYK 3amuciB, sSKi 3aJOBOJBHIIOTH Jiana3oHy
3HaueHb, TOOTO MicTUTh peueHHs WHERE 3 onepaTopaMu MOpiBHAHHS,
BIIMIHHUMHU Bin = («piBHe») i <> («HepiBHe»). [lopiGHMI 3amuT 10
BigHOImEHHA R 3 aTpuOyTOM K, 1110 BUKOHYE POJIb KJIFOUa MOIIYKY, MOKE
BUTTISIATH, HAMPUKIIAJ, TaK

SELECT *
FROM R
WHERE R.k>40;
abo Tak
SELECT *
FROM R
WHERE R.k >= 10 AND R.k <= 25;

Skimo y 6mokax-nvctax B-mepesa HeoOXiqHO 3HAWTH BCi KITHOUi, SIKi
HajeKaTh (3aKpUTOMY) JiamasoHy [a,b], To moBemeThes 3amaTmcs
METOI BiIUIyKaTH JIUCT 3 KJroueM a. Hesase:kHo Bia Toro, 4u icHye
K04 @ SIK TaKWii, Yd Hi, mpolec MOIIyKy MpUBeAe A0 JIUCTA, B IKOMY
Lei KJIH0Y Mir OW 3HaXOJUTHCS, L0 JaBaTUME 3MOTY BIIIYKATH KU,
HEe MeHIIi Bix @ i He Onpwi Big b. 3 KOXXKHAM MOMIOHMM KITIOUEM
MOB’sI3aHUI MEBHUN MOKAXKYHUK, 10 aIpPecye 3anuc AaHUX, KUY SKOTO
3a/I0BOJIbHSE 33/IaHOMY Jliana3oHy.

SAkio y 6ikydoMy 6J0LI-TUCTI HEMAe KITIOUiB, SKi MepeBUIIYIOTh D,
TO 3a JIONOMOIOK MOKaKYMKa 3IIMCHIOETHCS Mepexia 10 4YeproBoro
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JIUCTA; TYT 3HOBY IMOCIIJIOBHO MEPEBIPAETLCS HAICKHICTh KOXKHOIO
KJTFOYa BCTAHOBJIGHOMY Jliara3oHy, i SKIIO YMOBA 33/I0BOJILHIETHCS, TO
BUKOPHUCTOBYETHCS BIAMOBIHUI MOKAXKYHK, L0 MOCUIAETHCS HA LIyKa-
HMii 3anuc naHux. [Ipoliec moBTOpIOETHCS NOTH, OKKU He Oyje 3Haline-
HO KJIFOY, 3HAUEHHS SIKOT0 MepeBuiLye b.

SIkmo b=+, TOOTO 3aJaHO TIILKA HIDKHIO MEKY Jiarna3oHy, TO
MeperyisaaroThcsl BCi  OJIOKU-JIUCTH, TOYMHAKOYM Bin OlloKa, SKHA
MICTHTbh KJIFOY &, 1 3aBeplUIYIOUM OCTaHHIM OJIOKOM Y JIAHIIIOXKKY. SKIIo
K 8=-° (3aJaHO TUTbKM BEPXHIO MEXKY Jiana3oHy), TO MOLIYK PO3MOYH-
HA€eThCs 3 MEPUIOTO JIMCTAa JiepeBa i MPOJOBXKYEThCS TaK, K OMUCAHO
BHIIE, TOOTO /10 IOCATHEHHS KJTH04a, 3HAUSHHS SIKOTO MepeBuliye b.

Ilpuxknao 60. Tlpunyctumo, mo y B-neperi, 306paxkeHOMy Ha
puc. 60, HEoOXiAHO BiAIIYKATH KITIOYi, IO HaJiexaTh (BIAKPUTOMY)
nianazony (10,25). Cnpob6a 3nHalitu kimou 10 MpUBOAWTH IO JPyroro
nucra. [lepunii kiarou 7, menmuii Bin 10, npote apyruid, 11, HaneKuTh
3alaHOMy niana3oHy. [lokaxunk nmae 3MOTy BiAIyKaTH BiaNoBiTHUH
3aIyC JaHUX i JOJTYUYUTH HOTO JI0 TiJCYMKOBOT MHOXKHHHU.

Habip kmtouiB apyroro OJioka-nucTa BHYEpHaHWN, OTOX Mepexo-
JIUMO 10 TPEThOro JIMCTA, SIKUH MicTUTh Kiaroui 13, 17 i 19. Yci BoHu
CTpPOro MEHIi BiJ BEpXHBbOI MeXi Jdiana3oHy, piBHOI 25, mo 1ae
MiJICTaBU 3BEPHYTHCS 3a JOMOMOrOK IMOKAKYHMKIB JI0 BiJMNOBiIHMX
3aMuciB 1 JOJYYMTH LI 3alMCH 0 MiJACYMKOBOI MHOXHHH. 3PELITORO,
Micis TepeMillleHHs JI0 YeTBepTOro JINCTA MHOXKWHA TMOTIOBHUTHCS
3anucoM 3 kimoueM 23. Ueprosuit kitoy jMcrta, OJHAK, BOJIO/i€ 3HAUCH-
HsIM 29, sike MepeBuIIye 25, 0TOXK MOUIYK 3aBepluyeTbes. OTke, miicyM-
KOBa MHO>KMHA MICTUTHUME 3anucH 3 kimrouamu 11, 13,17, 191 23.

15.5. Bcmaenannua eemenmie y B-oepeeo

OpnHa 3 mepeBar mozesi B-gepeB MOpIiBHSHO 3 MPOCTILLOI CXEMOKO
OaraTopiBHEBUX IHAEKCIB, PO3MIIHYTOI Yy MyHKTi 13.4, moB’s3aHa 3i
CTIPOIIEHHSAM Ofepalliii BCTaBJISHHA HOBHUX KIIOYOBHX EJIEMEHTIB.
BceraBnsHHs 3anuciB y Qaiin n1aHuX, iHAGKCOBaHMN 3 BUKOPHCTAHHIM
B-nepeBa, 3miliCHIOETBCS 3a JIOMIOMOTOK OyIb-SKOTO 3 METO/IB,
sraannx y Ttemi 13. 3ocepenuMo yBary Ha TOMY, SKHM 3MiHaM y
BI/IMOBi/Ib HA BCTABJISHHSA 3aITUCY AaHUX MMiagacThes B-nepeBononionmii
inaekc. [Iporiec 3a CBOIM XapaKkTepoM € peKypCUBHHM.
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e Binmykaru y BinnoBigHoMy GJIOL-TKCTI BiJIbHE MicLie, TpUAATHE
JUIs  pO3TalllyBaHHS HOBOI Mapu BUAY «KIIOU-HOKANCYUKY, |
BCTaBUTH Mapy, SKIIO TaKe Miclie iCHYE.

e Skmio BilbHE Miclie B JINCTI BiICYyTHE, TO PO3IIIATH JIUCT HA JIBa
JUCTH 1 PO3AUTMTH MK HMMU BHXIJIHY MHOXXHHY KIIOUIiB i
MOKaKYMKIB MOPIBHO (200, SIKIIO KiNbKICTh KIHOYIB € HEMapHOIO,
TO TIOMICTUTH B OJMH OJIOK Ha OAHY TMapy BHIY «KIHOY-
noxadicuuk» MeHIIe adbo Oinplie).

e PosznineHHs BeplIMHU nepeBa Ha OJAHOMY pPiBHI CHPUYHMHIOE IO
HEOOXiTHOCTI BCTABJISIHHS HOBOT Mapy BUAY «KIIOUY-NOKANCHUK» Y
BIAMOBi/IHY BEPLIMHY HACTYIHOrO BUIIOTO PiBHA. 3 L€ METOIO
BUKOPUCTOBYIOTh TaKy » CTpaTerito: SKIIO MiCls JTOCUTh, TO
BCTaBUTH Mapy; Y MPOTHICKHOMY BHMIMAIAKy PO3AIUIATH BEPLIMHY
Ha JIBi 1 POIOBKUTH NPOLIEC Bropy Mo JAEPeBy.

e V Bunajaky, KOJIM Mpu crnpodbi BCTaBIsSHHS HOBOT Napu BUIY
«KNOY-NOKAXCUUK» Y KOPEHEeBY BEPIIMHY BHUSBUTHCH, IO
BUILHOTO Miclli HeMae, 1i pO3AUISAIOTh Ha JBI TPOMIDKHI i
CTBOPIOIOTb HOBY KOpeHeBy BepwiuHa. Haranaemo, wio,
HE3aJIKHO BiJl KIJILKOCTI N «KOMIpOK» Jyis 30epiraHHsi KIIOYiB Yy
MeXaxX BEpINUHM, KOPEHEeBa BepIIMHA MOXKE MICTHUTH MiHIMyM
OJIMH KJIFOM 1 JIBa MOKAKUUKHU.

Bunamok, MoB’s3aHUN 3 PO3MIIEHHSAM BEPIIMHH 1 BCTABISHHIM
HOBOT TapH BUIY «KIOU-HOKAJCUUK» 'y OAThKIBCbKY BEpIIMHY,
3acyroBye ocobyiMBoi yBaru. [IpumycTumo, 1110 3ailCHI0EThCs crnpoda
BCTaBJISIHHS N+7-01 Mapu BUAY «KIIOU-NOKAJICUUKY Y BepIIUHY-TUCT N,
MaKCcHUMaJlbHa KiIbKICTh KJIFOYIB IKOi OpiBHIOE N. CTBOPIOETHCS HOBA
cycians BepiimHa-nmiuct M, sika posramioBana cripasa Big N i Mae 110 5k
GarbkiBebky BepumHy, 1o i N. Iepuwi [ (n+1)/2] nap eugy «xmou-
nokadxcuuxy 30epirarotecs y BepimmHi N, pemra nepemimaerscs B M.
IMopsmok  postamyeanuss kmodie 'y N i M 36epiraerbesa. OOHBi
sepuiviid, N i M, oTpuUMYIOTh JOCTATHIO KUIbKICTh Map BUAY «KIIOY-
ROKAJICYUK », HE MEHILY Bijl L(n+1)/2..

Tenep mpumnyctumo, mo N — mpomikHa BepuIMHA, KA MICTHUTb N
KJtO4iB 1 N+7 MOKaX4WK, 1 BHACIIAOK PO3ZiICHHs A04ipHBOT BEpILMHU
3aificHeHo crpoOy moaaBanHs B N HOBOI TApH BUAY «KAHOU-NOKANCUUK ».
Heo0OxinHo BUKOHATH TaKi Ail.
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1. Croput HOBY BepuiuHy M Toro » piBHs, mo i N, ska
postammoBaHa 6esmocepenHpo crpaea Bim N i mae o x
0aThKIBChKY BEpIIHHY.

2. 36epertu B N[ (n+2)/2 | nepuunx nokaxunkie i nepenect
B M peurry | (n+2)/2] nokaxuuxie, 36epiratoun nopsaok
TXHBOTO PO3TAlllyBaHHS.

3. 36epertu B N [n/2] mepumx wmouis i nepenectd B
M perrry Ln/2] knrouie. Oaun i3 kmouis K, po3TanioBaHui
rocepeIvHi MOCIiJOBHOCTI, 3aBX/IH BUSBIISETHCS 3alBUM i
He npucBoroetbes Hi N, Hi M. Kmou K e nHaliMeHmmm
KJIFOUEM, JOCTYMHUM 3 Mepiuoi BEPIUMHH, JOYipHLOT Jyis
M. Xoua K sBHO He Hanexutrb Hi 10 N, Hi no M, BiH
acoriroetecst 3 M (y ToMy pO3yMiHHI, IO TpPeCTaBIIsIe
HaWMeHUIN# KITto4, gocTynHui 3 M) i BUKOPUCTOBYETBCS Y
BepiuuHi, O0aTbkiBebKid oo N i M, sk kputepiii noainy
Oikydoi TiJKM JepeBa Ha TMiAnepeBa, sKi BiJMOBialOTh
BepuiviHam N i M.

Ilpuknao 61. PosrnsHemo mnpouec BCTaBisiHHS Kimoya 40 vy
B-nepeso, HaBeneHe Ha puc. 60. J[ng BigmiykaHHs OJOKa-JIHMCTKA, L0
MiAXOJMThL [ BCTABKM HOBOTO KITHOYa, BUKOPUCTOBYIOTH MPOLERYPY,
posrgHyTy y nyHkTi 15.3. Sk mpoistocTpoBaHo 'y mpuKiani 59,
mMomaudikamii migmsarae waTH Grok-mucTok. Ockimbku N=3, a mucT
MOBUHEH MICTHUTH BX€ YOTHPU TMapH BHIY «KITOU-MOKANCUUKY 3i
3HaueHHsMu kimouiB 31, 37, 40 i 41, To Horo HEOOXiAHO PO3ILUIUTH.
Ilepma d¢asza (puc. 62) mnonsgrae y CTBOPEHHI HOBOro JHCTa i
NEePEHECeHHI Y HbOI'O JBOX OCTaHHIX KitodiB, 40 i 41, 3 BiAMOBIAHUMU
MoKaKUYMKamMu. Xoda Ha Tepiidil MOorif[ MoOKe 31aTHCA, L0 HOBHIA
BapiaHT JiepeBa MICTUTh YOTHUPH PiBHI, IX HACTIpaB/i, AK i paHilie, TPy —
HIWKHIM piBeHb CKIIQJA€EThCA 13 CEMH BEPIIMH-JIMCTIB, 3 €JHAHUX Y
JIQHILIFOT 3J1iBa HAIPAaBO.

Tenep mpomixHy BepumHy 3 kimodamu 23, 31 i 43 HeoOXigHO
JIOTIOBHUTH TOKaKYUKOM, SKUHA afpecye HOBWM JIMCT, 1O MICTUTh
kmtoui 40 i 41. OxpiM Toro HeoOXigHO, MO0 MOKAKYKMKY BiAIMOBiIaB
kirod 40 — MiHIMAILHUIA KITIOY, JOCSIKHUM 3a JOMOMOrOI HOBOTO
nucTa. Ha skanb, BepiinHa 3 kimouamu 23, 31 1 43, OaTbKiBChbKa 1110710
PO3/iIJIEHOro JIMCTa, 3allOBHEHAa — y Hili HeMae Micus JIJs 10JaTKOBOT
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napu Buay «xuiou-nokadicuuxy. OTOX BOHAa TakokK MOTpeOye
PO3IIiICHHSI.

13| |
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31 37| 40[41]

Puc. 62. Pe3ynsrar BUKOHaHHS Mepiioi a3y npoliecy BCTaBISHHS Kitova 40 y
B-nepeso, npoimocrposane Ha puc. 60

Po3ryisHeMO NMOKaXUMKH, K aJpecylOTb OCTaHHIX M’ ATh JIUCTIB, i
niepii kiroui — 23, 31, 40 i 43 — YOTUPHOX OCTAHHIX JTUCTIB, IO MICTATh
i nokaxuukd. [lepuri Tpy TNOKaXYMKK 1 Teplri  ABa  KIodi
3aJMIIAIOTLCS B PO3JUICHIM MPOMDKHINA BepuiMHi, a oOcTaHHI JBa
MOKKYMKU 1 OCTaHHIM KJIIOY MEePeHOCATh Y HOBY NIPOMIDKHY BEpILHHY.
Kitou 40, mo 3anvimmBes, € HaWMEHIIUM KJIOYeM, JOCTYITHHM 32
JIONOMOIOK0 HOBOI BEPLUIMHM.

Puc. 63 imoctpye napyry, 3akiroudy, ¢asy onepauii BCTaBJISHHS
kioua 40. KopeneBa BepiiMHa BOJIOZIE€ BXkKe TpboMa JIOUipHIMU
BepiMHaMHK. J[Bi OcTaHHI € pe3yibTaToM PO3MAiJIEHHS APYroi momnepes-
HbOI MPOMDKHOT BEpIUIMHU. 3BepHITH yBary, wmo ko4 40, skuil €
MiHIMQJIBHUM KITFOYEM, JOCTYIHHMM 3 HOBOI TPOMIDKHOI BEpILHMHH,
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3aHOCUTbCS B KOPEHEBY BEpUIMHY 1 PO3AUISE «IpaBy» IMiIMHOXKHUHY
KITIOYiB MiK APYTOFO i TPEThOIO MPOMIXKHUMU BEPUIMHAMU.
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Puc. 63. Ocrarounuii pe3ynbrar npouecy BeraBisiais kioda 40 y B-nepeso,
MpoiMocTpoBaHe Ha puc. 60

15.6. Bunyuennsa enemenmie 3 B-oepesa

3a HeoOXigHOCTI BHIydYeHHs 3amucy i3 3agaHuM Kiaodem K
nepeayciM HeoOXiJTHO BU3HAYMTH TMOJIOKEHHS 1LOTO KJIFO4a B OJHIN 3
BepIIUH-ITUCTIB B-nepesa. 1 yacTrHa mpoliecy BHUITyUYEHHSI CTOCYEThCS
nouryky, i onvcaHo B myHkTi 15.3. Tlicns BiflnykaHHS 3anucy AaHUX
fioro BuaasaoTh. [1oTiM BUAANICHHIO MiUIsrae BiAMOBIAHA Mapa BUIY
«KI0Y-noxaxcuuk» B-nepesa.

Sxmo BepmwuHa N B-;mepeBa, ska 3adimaeTbes MPOLIEAYPOIO
BUJTYYEHHS, BCE L€ MIiCTUTh Takui HAOIp Map BUAY «KIHOU-NOKANCUUK ),
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KiJIbKICTb SIKUX HE € MEHIIOK Bijl MPHUITyCTUMOTO MiHIMYMY, TO KOJIHHX
JTOJTATKOBUX Jiii BAKOHYBAaTH He HOTpi6H01.

OpHak MOXJIMBA cHTyallisi, konu BepiivHa N 36epirae HaliMeHIny 3
MOJKJIMBMX KIUIBKICTh Map BUAY «KIIOY-NOKANCHUK», OTOXK BUITYUYECHHS
OJlHIeT 3 HUX CIPUYMHUTHL N0 MOPYLICHHS OOMekeHHs. Y MoaiOHUX
BUTAJKaX HEOOXiIHO BWKOHATH OJHY i3 TMepeNlidyeHrux HIK4e il
(MOXITMBO, 3 peKYPCHUBHUM OHOBJIEHHSIM BEPIIHH BBEPX MO JICPEBY).

1.

Skio xo4a 6 oHa 3 1BOX HaOmkuKX 10 N BepIvH TOro
K PiBH#A, 110 MalTh crijibHy 3 N 6aThKiBCbKY BepUINHY,
BOJIOJII€ BMILOK 3a MIiHIMaJbHY KIJIBKICTIO KIIIOUIB |
MOK)KYHKIB, TO OIHY 3 Map BUJLY «KIFOY-HOKANCUUK» TAKOT
BepliMHM MOxkHa mniepemictut B N 31 30epexeHHIM
MOPSIZIKY po3TainyBaHHs KirodiB. Linkom iMOBipHO, 110 B
TAaKOMY BUNAAKY HEOOXIiAHO 3MIHMTH 3HAYEHHS KJIIOYIB 1y
BepunHi, GarbkiBebkii momo N. Hampuknanm, sxmo N
OTpPUMYE Tapy BHUIY «KIIOY-NOKANCUUK» Bl CYCIIHBOI
BeplivHU crpaBa (HazBemo ii M), To wirou wiei mapu
MOBHHEH OyTHM HalMeHIIMM MiK yciMa kmouamu M. YV
BepinHi, 6atbkiBebkid mis N i M, icHye kirou, skuit €
MiHIMaJIbHUM, A0cTYyHUM 3 M. 3HauyeHHS LBOro KiIoYa
HEOOXiHO 30UIbIIMTH. SIKIIO JK mapa BUAY «KHOY-
nokadicuuk» nepemiiaetbes B N i3 cycianpboi Bepraa M
3J1iBa, TO KITIOY Li€i Mapu MOBUHEH OyTH HANHOUTBIIMM MiX
kmoyamMd M, 1 3HaueHHs MiHIMaJIbHOrO KJKOYa Y
0aTbKiBChKill BEPIUIMHI MiIArae 3MEHIIEHHIO.

Curtyallis BUSBISETBCA CEPHO3HILLIONW, SKIIO KOJAHA 3
HaWOMM)KYMX CYCiZHIX BepIlMH, IO HalleXkaTh 10 Ti€l K
0aThKIBCbKOT BEpIIMHU, He MOXKke Hazatu BepumHi N mapy
BUNLY «KAIOY-NOKAXCYUKY, SIKOI He BuUcTayae. lIpote y
noAiOHOMY BUNAAKy OJHA 3 JIBOX CYMDKHUX BepUIMH
(tobro N i omHa 3 JOTHYHUX 1O Hel BEpIIUH) BOJOJi€
MIiHIMAIBHOK KUIBKICTIO KJIIOYIB, a Jpyra MICTUTh Ha

Km0 3amuic DaHux, Mo BHIANAETHCS, BOJOMIE KITFOUEM, 3HAYEHHS SKOTO €
MiHIMaJIbHUM IJTSl BEePINWHU-JIACTA, TO € MOXKIUBICTH 30iIbIIEHHS 3HAYCHHS
BIZIMIOBITHOTO KJTFOYa B OJHIH i3 0aThKiBCHKMX BEpIIMH. Xo04Ya POOWTH IIe HE
000B’3KOBO — MpAIe3aTHICTh MPOIEAYP MOUIYKY 30BCIM HE OCTpakaae
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ONMHUIKO MEHIIY KUIbKiCTh Kmo4iB. OTox 00uIBi
BEpPIIMHA Pa3oM MaloTh He Oifbllie Map BUILY «KIHOY-
NOKAJICUUK», HDK JO3BOJCHO Ul OJHi€l BepIMHU (OCh
YoMy MiHIM&JIBHO JOMYCTMMUM OOpaHO MOJOBUHHMI
piBeHb 3aroBHEeHHS BepluH B-nepeBa). MoxHa 31iHCHUTH
37MTTS BMICTY TaKUX BEpIUWH, BUIAIMBIIM OAHY 3 HHX,
micas 4YOro JIOBEAETbCS BHIPAaBUTH 3HAYEHHs KIFOYIB
0aTbKIBCHLKOT BEPIIWHM | BUIAIUTH B Hill OIHY mapy BHIY
«KIOY-NOKAXNCUUK». SIKINO piBeHb 3allOBHEHHs OaTHKIiBCh-
KOl BEpIIMHHU 3aJIMILAETbCS 3aOBUIBHUM, TO OIepailis
BWJIyYEHHS 3aBEpIIYEThcS. Y TMPOTHIEKHOMY BHIAAKY
NpOLIEC PEKYPCUBHUM YMHOM IMOBTOPIOETHCS Ui BEpIIWH
BCE BHUINMX PIBHIB JiepeBa &k J0 JOCATHEHHS KOPEHEeBOI
BEPUIMHHU.

Ilpuxknao 62. 3uoBy 3BepHemocs A0 B-nmepeBa, 306paxkeHoro Ha
puc. 60, i HpUNYCTHMO, IO BUAAICHHIO MiUIAra€ 3amnuc JaHuX 3
KJTFOUOBHMM 3HadeHHSIM 7. BinmoBiqHMiA K04 HAJIEKUTh APYTOMY JIUCTY
nepeBa. Kirod HeOOXiAHO BUAAIUTH, a MOTIM BMIAJIMTH BIANOBiIHHUIA
MOKa)KUYMK 1 3aM1C JaHUX, Ha KU LIel MOKAKUYKMK [MOCUTAETHCS.

Ha >xanp, micnst BUIy4YeHHS APYTHHA JIMCT MiCTUTHME TiJIbKU OHY
napy BUAY «KIOY-HOKAJNCYUUK», a HEeOoOXimHui MiHiMym — nBi. [lpote
CUTYyaLlil0 pATYye 3aiiBUM KJIHOY Y JIiBIA CyMDKHIN (Hiepiuii) BepluvHi-
sicti. OTok HAObLIMI KITIOY 1€l BeplurHU (5) pa3oM 3 BiNOBiAHUM
MOKXKYMKOM MOXKHA MEPEeHeCcTH y APYruid Juct. OCTaTouHUi BapiaHT
B-nepesa npesctaBiieHo Ha puc. 64. Ockifbky HaWMEHUIMM KJIFOYEM Y
JIPYroMy JIMCTI Tenep € 5, To 3Ha4YeHHs KJtoua y 0aThbKiBChbKiM BEpILUUHI
3MiHeHo 3 7 Ha 5.

Hexaii HeoOXximHO BupanuTH me i kimod 11. Onepaiis 3HOBY mae
aHaJIoOTiuHy Ji10 Ha JIPYruil JIMCT JiepeBa — KiTbKICTh Map BUAY «KIHOY-
NOKAJICYUK» 3MEHUIYETLCS HIKYE MPUIYCTUMOro MiHimymy. Llporo
pazy MO3WYKTH JIaHi, IKUX HE BUCTAUaE, 3 MePIIOro JUCTa He BAACThCS —
BiH MICTUTh TpPaHMYHO Majlly KuUIbKiCTh  KimrouiB.  Curyartlis
YCKJIaIHIOEThCS THM, IO JIMCTa 3 MpaBoro OOKY, KW HajiexkaB OH 10
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Tiel  OaThbKiBCbKOI BEpILIMHM 1 10 TOro > BOJIOAIB OW 3aliBUMHU
MOKaKUMKAMH, HeMae ' .
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Puc. 64. Pesynprar BuiyuenHst kimoda 7 3 B-nepesa, npoimocTpoBaHoro Ha puc. 60

Tpu napu BUmY «K104-nOKANHCUUK Y, K] 3ATTUITUIINCS Y TIEPIIUX JIBOX
JMCTaX, MOXYTh TIOMICTHTHCS B OJHOMY, OTOX Mapy 3 KIO4YeM 5
MEepeHOCATh Yy MepLIMd JIMCT, a APYTUMil JIMCT BHIAISIOTH. Terep
IiJIsirae YTOYHEHHIO 1 BMICT 0aThbKIBCHKOT BEPUIMHU: JIBA MOMEpPeIHIX
MOKAKYMKH 3aMIiHAIOTh OJHUM (KU ajpecye Meplinii JIMCT), a KoY 5
BUKHJIAIOTH K Takui, 0 He BiAmoBigae AiicHocti. Lo da3y npouecy
BUJIyUeHHS TIPOITIOCTPOBAHO Ha puc. 65.

Ha »anb, BUIy4YeHHS JIUCTA HEraTHBHO BIUIMHYJIO Ha OaTbKIBCbKY
BEpIIMHY — JIBY JOYipHIO BEpUIMHY M0N0 KopeHeBoi. Sk Oaummo 3
puc. 65, BeplIMHa He MICTUTh JKOAHOTO KJIKOYa 1 BOJIOAIE €IMHUM
nokaxuukoM. OTOX CHpoOy€eEMO 3amo3UYUTH HEOOXiIHY mapy BHAY
«KIOY-NOKANCYUK» 3 CYCIIHbOT BEPIIUHM TOTO K PIiBHS 3i CIUTBHOIO

! 3ayBaxnmo, 110 npaBuit (TpeTiit) mucT, wo Bosozie kmouamu 13, 171 19,
Mae 30BCiM iHIIY OaThKiBCbKY BepiimHy. CTporo Kakydu, MokHa Oyino O
3aMo3WYHUTH Tapy BHIOY «KIIOUY-TIOKOKYUK» 1 3 LBOTO JIMCTAa, OMHAK TOII
noBeocs O 3acTOCOBYBATH CKIIQNHIIIWKA alrOpUTM BUIPABICHHS 3HaueHb
KJIIOYiB y BepUIMHAX, «PO3KUIAHUX» MO BChbOMY jepeBy. Lleit BapiaHT mu
3aJIMIIAEMO YUTaYy SK BIPaBY
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0aTbKIBCbKOIO BEPIIMHOIO. Y HAIIOMY BWIIQJIKy TaKa MOXJIMBICTh €:
MpaBa MPOMiXKHA BepIlIMHA MOKe HAJaTH JiBil CBil MiHIMATbHUI KITFOY
3 BIAMOBIIHAM MOKAKYUKOM.

13| |
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Puc. 65. Pe3yabrar BUKOHaHHs repinoi ¢asu mnpotecy BuinydenHs ko4a 11 3 B-nepesa,
MPOLIFOCTPOBAHOTO Ha pUC. 64

Curyariito, ska ckiajiacs, BigmoOpaxkeHo Ha puc. 66. [lokaxkuuk Ha
yucT 3 kmouamu 13, 17 i 19 nepeHeceHo 3 mpaBoi MPOMiXKHOT BEPIIMHA
B JIBY.

23] |
L]

[37]5 13[17]19] [23]29] 31[37]41] [43]47]
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x R

Puc. 66. OcrarouHuii pe3y/ibTaT BUKOHAHHS MPOLECY BUITy4eHHs kitoda 11 3 B-nepesa,
MIPOLIOCTPOBAHOIO Ha puc. 64
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SMIHWIKCH 1 JesIKi KoYl MPOMIKHMX 1 KOpeHeBoi BepuivH. Kirou
13, po3raimioBaHHWii y KOpEHEBiii BEpIIHMHIi, NMpPEJCTABISB HaliMEHIIe
KJTIOYOBE 3HA4YeHHs, JAOCTYITHE 4Yepe3 LIOHHO MepeMillleHUi MOKaK4HK.
Tenep BiH HeoOXimHWIA sl Mepiloi MPOMIXKHOT BEpIIMHU. 3 IHIIOrO
OoKy, KITtoY 23, AKUN PO3MAIIAB MiAMHOXKHHH KITFOYIB APYroi i TpeThoi
BEepIIMH-JIUCTIB, Y 1Iel MOMEHT € MiHIMaJIbHUM KITFOYeM, JOCTYITHUM Y
npaBoMy mignepesi. OTox HOro rnepeHeceHO Y KOPEHEBY BEPIIUHY .

15.7. Ouinku eghexmusnocmi B-oepesonodionux inoexcie

KoskHa 3 mpouenyp mouniyky, BCTaBKH i BUNYUEHHS 3amKCiB JJaHHX,
NpOIHAEKCOBAaHUX 3a JOMOMOrow B-nepeBa, Bumarae BUKOHAHHS
HE3HA4YHOI KIJIBKOCTI omepallii JHUCKOBOIO BBEACHHS/BHBEICHHS.
[Mo-nepie, KO KiNBKICTh Map BUAY «KIIOY-HOKAJICYUK», SKI MOXKHA
po3TalyBaTd B OHOMY OJIOI, JOCTaTHLO Besivka (Hanpukian, 10 abo
Oinble), To moTpeda B po3AiieHHI a00 3IUTTI BEPLIMH-0JIOKIB BUHHUKAE
nopiBHsHO piako. [lo-apyre, HaBiTh y TOMY BUMAaAKY, SKLIO MOiOHI
omepallii € Bce-Takd HEOOXiTHUMH, TO IXHIH BIUIMB Mabie 3aBXKIU €
JIOKAJIbHUM — 3a4iNaroThCs TUIBKU IBA JIMCTH 1 BiANOBIIHA OaThKIBCHKA
BepirHa. OTOoK 3aTparaMy Ha peopraHizaliito JiepeBa HaCIpaB/i MOXKHA
3HEXTYBATH.

OpnHak a7 BUKOHAaHHsA Oy[b-sAKOI1 omepallii MOILIYKY 3aluciB, SKi
BOJIOZIFOTh 3aJaHUM KJIFOUOBUM 3HAYEHHSM, HEOOXITHO BiALIyKaTH
BINMOBIAHI IMOK&KYMKKM Ha 3aldcH, TOOTO TMOJOJNATH LUIIX Bifg
KOpEeHeBOi BepliMHU a0 nesikoro jucra. Ockinbku Onoku B-aepea
TINIBKM 3YMTYIOTHCS, YMCIIO OMepalliii JUCKOBOrO BBEJCHHS/BUBEICHHS
CKJIQ/Ia€ThCs 3 KiJIbKOCTI PiBHIB JiepeBa Ta ofHiel (mig yac noiyky) abo
nBOX (MiJg 4yac BCTaBJIsAHHA 1 BHMJAJICHHs) omepalii, HeOOXiqHUX s
MaHIimyJIALii i3 3anucoM JaHuX K TakMM. BUHMKae 3aKOHHE 3amuTaH-
HS: CKUIbKM PiBHIB MICTUTh B-IepeBo y TOMy uM iHIIOMY BUMNAnaKy?
Skuto GpaT 1O yBaru «TUIOBi» PO3MipH KJIIOYIB, MOKAKYMKIB 1 GJIOKIB,
TO TPHOX PIBHIB JiepeBa BUSBIISAETHCS JIOCTATHBO JJIs BCiX 0a3 JMaHUX,
OKpiM ocobnuBo kpynHux. Otxe, 3 — e Ta uudpa, sAKo, 3a3BUUAil,
XapakTepu3yIoTh KUTbKICTh piBHIB B-nepes. [ToscHUMO 1ie Ha npuKiIazi.

Ilpuxknao 63. Haragaemo pe3yabTaTh aHaji3y, 3iHCHEHOro y
npuksiaai 55. BceraHoBieHO, O oaMH OJIOK «3BUYAMHOTO» PO3Mipy
(4 096 Oaiitie) Moxke Mictutu 340 map BUILY «KIHOY-HOKANCUUK).
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[TpunycTiMo, 1O 3HAYEHHs pPiBHS 3aMOBHEHHs OJIOKA BHU3HAYAETHCS
CEePeUHOI0 TMPOMIXKKY MK MiHIMAJILHOK 1 MaKCHUMalbHOK MeXaMH
(340/2+340/4), TobT0 010K MicTUTH 255 mokakumkiB. OTKe, KOpeHeBa
BepUIMHA afipecye 255 MPOMiKHUX BEPILIMH, SKi pa30M MOCUJIAIOThCS Ha
255%=65 025 JIUCTIB, a KOXKEH JIMCT BKa3ye Ha 255 3amuciB, 1Mo nae
3Mory 3Bepratucs g0 255°, aGo 16,6 Minbiionis 3amucie. IHmmuMu
CJIOBaMH, SIKIIO KIJIBKICTh 3alUCiB He mMepeBuulye 16,6 MIIH, TO Jyist
iHmeKcarii Takoro ¢aiiaa J0cTaTHRO 3-piBHEBOTO B-nepena.

OnHak Ha TIpaKTUII KiIBKICTh OMepallii JTMCKOBOTO BBEJCH-
Hs/BUBEJICHHS, HEOOXiIHUX I TepecyBaHHS [IE€PeBOM, MOXKe OyTH
HaBiTh MEHIIOW Bif Tphox. KopeHeruii Gnok B-aepeBa — npekpacHuii
KaHaAuAaT Juis noctiiiHoro posMinieHHs B Oydepi OIl. Take pimenHs
JIa€ 3MOTY CKOPOTHUTH KUTbKICTh 3BEpPHEHb JIO JUCKa B Tpoleci
reperyisay AepeBa 0 ABOX. 3a esKuX 0o0cTaBUH € ceHe OydepusyBaTu
B nam’sATi HaBiTh OJIOKK BepILWH Apyroro piBHg B-aepesa, 1o JjaBatume
3MOI'y 3MEHIIUTH KiJIbKICTh OMepalii TUCKOBOTO BBEIACHHS/BUBEICHHS
11le Ha OJIHY OJIMHUIIIO.

v KopucHo szmarTH. Yy  HeOOXx1OHO  BHUOAJIATH
BepmmHM B-mepeBa? ICcHyoOTbL Takl peaniszauii
MomeJii B-nepeBononibHux inpexkcis, Yy AKUX
oriepalili BMJIydeHHd €JIEMEHT1B He nepenbadyeHo
30BCimM. dkmo JMCT < OepeBa MICTUTL  BCLOTO
nexijyibka mnap BULY «KJIOY-IIOKAXYMK», TO ITO3BO-—
JIEHO 3ajmmaTy Bce 06e3 3MiH. ApPIyMEeHTOM € Te,
mo OimpmwicTe GaMyIiB maHMx 3 YacoM pPO3MMPI-—
0TbLCHA, i AKIMO B OIOMH  MOMEHT  olepalisg
BUJIYUEeHHS T[PVBOOUTL OO SMEHIeHHS KiJbKOCTI1
KJIOU1B HIMXUYe BCTAHOBJIEHOTO MiHiMyMy, TO B
inmmyt  iMoBipHa omnepauis BCcTaBkM  B1OHOBJIIOE
rnopymeHuy oOaJjlaHc.

OxpiM TOTO, HKmO 3alMcC OAaHUX aOpPeCcyeTbCs He
TibKM 3 BepwyrHM B-mepeBa, ajie ¥ 330BH1, TO
npy BUIOAJIEHH1 Takoro 3anmMcy Ha MWoro wMicui,
3a3BUYaN, HeOOX1MHO BalIMIMTU O3HAKY-«O0eJIiCcK»
(oyB. n. 12.2). Y uUboMy BUIAOKy PO BUJIYUYEHHS
[IoKaxdmka, AKUM nocmjaeTrsCcs Ha nonioHmm
3anmc, He mnmeTbcd. Y IedKMx CcUuTyallax, KoJu
TapaHTyeTHLCA, WO BC1l MOXJIMB1 3BEepPHEHHS IO
BMOAJIEHOTO  3alucy  BUKOHYKOTHBCS  TiJbKM  [pu
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nocepenHMuTBl B-mepeBornomi®HoTo 1HOeKcy, TO
O3HaKy-«00eJIiCK» MOXHa IepeHecTu 3 3alucy
OaHMX Ha Micle nokaxumMka y BlanoBipgHoMy JmMcTi
nepera, o naBaTHMe 3MOTY TTOBTOPHO
BMKOPUCTOBYBAaTK OOJIACTbL BanmMcy HOaHUX.

Bnpaeu oaa onpaurosanns

Bnpaea 46. IlpuryctuMo, 1m0 auckoBuii OJ0k Moxke 30epiratu 10
3anuciB AaHux abo 99 kmouis i 100 nokaxumkis. [IpunycTuMo Takox,
1o 60K BepiMHKA B-nepeBa 3anoBHeHuit y cepenHbomy Ha 70%, To6TO
MicTuTh Timeku 69 Kmowie i 70 mokaxkuukiB. B-mepeBa MoxkHa
BUKOPHCTOBYBATH SIK CKJIaJIOBY YacCTHHY Pi3HHUX CTPYKTYp. BBakaroum,
110 CHOYATKY >KOJHOT iH(popMallii B OnepaTUBHY NaM’ITh HE 3aBaHTaXKY-
BaJIM 1 KJIIOY MOIIYKY € BOJHOYAC i MEPBUHHUM KJIHOYEM 3alMCIiB JaHUX,
JUIS KOXKHOI 3 OMHUCAaHUX HWXKYE CTPYKTYp HEOOXigHO BU3HA4MTH (i)
3arajibHy KilbKicTh OJNOKiB, HeoOXimHWX s 30epiranHs daiimy 3
1 000 000 3ammciB, i (ii) cepedHIO KUIBKICTh oOrmepaliid JUCKOBOIO
BBEJICHHS/BUBEICHHS, HEOOXiMHMX i1 OTpPMMaHHS 3amucy, SKHUH
MICTUTB 3aJIaHUI KITFOY TIOIIYKY.

1. Jani po3mimieHi B mociimoBHOMY aiilli, TOCOPTOBAaHOMY 3a
KJIFO4YeM TIOIIYKY, 1 KO)KeH OJIOK ckiamaerbes 3 10-TH 3ammciB.
B-neperonoaiOHuii iHAEKC € LIITBHUM.

2. Tex, mo iBm.1, ogHak 3anucu (daiiia JaHUX He BIIOPSIKOBaHi.
3. Tex, mo i B n.l, ogHak B-aepeBo € po3piukeHUM.

4. Jluctu B-mepeBa MicTATh HE MOKAKYMKH Ha 3aMyCH JaHUX, a
cami 3anucu. biok 3aated nomictuty 10 3amuciB, ogHak OJIOK-
JIUCT 3aloBHEHO Yy cepenHboMy Ha 70%, T0OTO 30epirae
7 3amuciB.

5. ®@aiin nmaHux € TOCHIIOBHUM, a B-mepeBo — po3pimkeHuM,
OJIHAK KOJKHOMY OCHOBHOMY OJIOKY JaHMX BiAmoBigae OJOk
nepernopHeHHs. KojkeH  OCHOBHHME  GJIOK,  37€0iIbILIOro,
3arMoBHEHO, a 001acTh OJIOKa TMepernoBHeHHS BUKOPHUCTAHO Ha
50%. 3anucu B OCHOBHUX OJloKax i OJIOKaxX MepernoBHEHHS He
BITOPSIIKOBAHO.
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Bnpaea 47. BuxoHailite 3aBnaHHs 3 BIpaBd 46 3 NPUIYIIEHHSM, IO
nianaz3oH 3anuty oxorutoe 1 000 3anucis.

Bnpaea 48. llpunyctumo, 1m0 po3Mip MOKaKYMKA CTAHOBUTH 4 OaiiTh,
JOBKMHA Kitoua — 12 GaiiriB. CKifIbKM map BUAY «KIOY-NOKAMICUUKY
BJIACThCS «3araKkyBaTh» y 0siok 06’emom 16 384 Gaiitu?

Bnpasa 49. Sxi MiHiManbHI KiJBKOCTI KIIIOYIB 1 MOKaXYMKIB, SKI
MOXYThb 30epirarucs B (i) mpoMi>kHUX BeplIMHAX i (ii) uctax B-gepesa,
AKIIO:

a) n=10, T06TO OMOK MOXe MictuT 10 KIrFOUIB i
11 nokask4uKis;

6) n=11 (MakcMMasbHi KIIbKOCTI KJIOYiB 1 TMOK&XYHKIB Y
ouoni mopiBHIOOTH 11 1 12, BiNMOBiAHO).

Bnpasa 50. BuxonaiiTe rmnepesideHi HiKYe oOmnepaiii CTOCOBHO
cTpykTypu B-nepesa, HaBeneHol Ha puc. 60. OnuiniTe 3MiHH, ki He0O-
XiJIHO BHECTH B CTPYKTYPY MiJ] Yac 31ificHeHHs ornepatiid Moandikarii.

[Touryk 3anucy 3 kimodem 41.

[Tormyk 3amucy 3 kirodem 40.

[Momyk ycix 3anuciB 31 3HaUSHHSIMH KJTtoua B Jiana3oni 20-30.
[Momyk ycix 3anuciB 31 3HAUSHHSIMH KITFoYa, MeHIIMMH Bif 30.
[Mouryk ycix 3anmuciB 3i 3HaYeHHIMH Kitoua, Oibinmu Bij 30.
BcraBisHHs 3anucy 3 kioueM 1.

BceTaBisgHHSA 3anuciB i3 3HAYEHHSIMM KJ1ro4a B fianasoHi 14-16.
Bunyuenns 3anucy 3 kiatouem 23.

R SRR RN A o e

BustydeHHSs yciX 3amuciB 3 KITFOYaMH, He MEHIIUMH Bifl 23.
Tema 16. I'em-Tadauii

[cHye uMMasio KOPUCHUX CTPYKTYP IHIEKCIB, SKi pealli3yroTh MOJIeJb
eeut-madnuys (hash tables). BaxxaTumeMo, 10 4YHWTa4d 3HAHOMMEA 3
BapiaHTaMW BUKOPUCTAHHS reii-Taduib K 3aco0y opraHizallil 1aHuX B
OI1. KoskHiii noaiOHil cTpykTypi Binnosinae neska ceut-gyuxyisn (hash
function), ska OTpUMY€e SK MapamMeTp 3HAYEHHS KJroua Momyky (y
JJaHOMY BHUIAJAKY BapTO Ha3uBaTW HoOro eew-xmovem — hash key) i
obuwmctoe unco 3 intepBany Bia 0 1o B-1, ae B — kinbkicTb ceemenmis
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(buckets). Enementu macugy ceemenmis (bucket array) npoiHaekcoBaHi
Bix O mo B-1 i MmicTare 3aronoBku 3B’sA3aHUX CIHUCKIB (TXHS KiNBKICTh
JopiBHIOE B), 1Mo 0HOMY Ha KOXX€H €eJIEMEHT-CETMEHT MacHBy. SIKIIO
3anuc Bosiolie 3HaueHHsAM K KilioYa MOIIYKY, TO BiH MPHEIHYETHCS 10
crniucky cermenta 3 Homepom h(K), ne h — reu-pyHkis.

16.1. I'emi-madauyi 0na OAGHUX y 6MOPUHHUX CXOBUMLAX

["et-tabius, sika MICTUTh HACTINIBKK BEJIMKY KUIbKICTb 3aMUCIB, 110
iX TOBOAWTbCS PO3TALIOBYBATH, 37€011bIIOr0, y BTOPUHHOMY CXOBHILL,
BiIpi3HAETbCA  BiAg  BapiaHTa rem-Tabiuili, TNpU3HAYEHOI  JUIs
cTpyktypyBanHs nganux B OIl, JgekinbkoMa BaKJIMBUMH acleKTaMH.
IlepemyciM, MacWB CerMeHTIB TMOBWHEH CKJaaaTucs 3 OJIOKiB, a He
OKpPEeMHX TMOKKYUKIB Ha 3arojIOBKU 3B’sS3aHUX CIUCKIB. 3MilllaHi reii-
(YHKIIIEIO 3aITUCH HaJle)KaTh JI0 TIEBHUX CErMEHTIB i 3aiiMaloTh Miclle y
0j0Kax, 10 BIAMOBIZAOTH UMM CEerMeHTaM. JSIKIO CerMeHT
MEePenoBHIOETBCS (Y TOMY PO3YMiHHI, 10 y HOro 670K BOAHOUYAC He
MOMIIIIAFOTHCS BCi 3aMMCH, SIKiI HAJIEXKATh CETMEHTOBI), TO IO OCHOBHOTO
0JioKa CerMeHTa NPUEAHYEThCS JIAHLIIOKOK OJIOKIB MEepernoBHEHHS, sKi
JIAFOTh 3MOTY 30eperTH J0aTKOBI 3arKCH.

BBaxkaTimMeMo, 1[I0 Miclie po3TallyBaHHS OCHOBHOro 0JiOKa i-ro
cerMeHTa MOXKHa BiflnykaTH Ge3nocepeaHbo 3a HomepoM i. Hampukiian,
npunyctuMo 30epiratu B OIl MacuB MOKaXUMKIiB Ha OJIOKH CErMEHTIB,
SKUM MPOIHAEKCOBAHO 3a HOMEpPaMH CErMEHTIB. AJIbTepHATUBHUIA
cnocid MoB’si3aHui 3 PO3MIILIEHHSIM OCHOBHUX OJIOKIB YCiX CErMEHTIB Yy
(biKCOBaHMX MOCJITOBHUX MO3ULIISIX AMCKA.

v Kopucuno smarm. Ak obupaTH Iell-QyHKI1o?
Tem—-byHKII1S TOKIMKaHa «IepeMimyBaTu»  KJI0U1
Tak, mWod ULijourcJioBe  BHAUEeHHd, gKe  BOHa
noeeprac, OyJI0 OJIM 3B KUM oo BUIMNAOKOBOT
BEeJIMYMHY, WO 3aJIexXVTh Bl KJOUa-apIyMeHTY .
lNonibHa GyHKU1g Mae TeHOeHU il OO0 pPiBHOMIPHOTO
poznoniny =3anmciB no cerMeHTax Tabauii, Mo
(ax npoisocTpoBaHO Yy NOyHKTi 16.4) cChnpuumHioE
0O BHMWXEHHS dYacCOoBMX 3aTpaT Ha OOCTyI OO
3anmMcise. OxpiMm ToOTO, rem-QpyHKL1d IIOBMHHA
JIeTKO OOUMCIIOBATUCSHA, OCKIJBKM KOPUCTYBaATUCSH
Hel OOBOIMTLCH IOyXe YacTo.
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e 3BMUaAMHMNM BapiaHT Tew-byHKU1I, KJIOUi-
apTyMeHTH gaKoi e L ivMm yycJiaMm,
rnepenbavae OOUMCJIIEHHHA 3aJIMUKY Bin
nisenua K/B, me K — 3HadeHHd KJjoya, a B
- KijgpkicTh CeTrMeHTiB. S3pedisemoro,
3HAYEeHHAM B CJyiyr'ye oOHe 3 IPOCTUX
yyceJ, Xouya I1CHYIOTb M[OOKasM Ha KOPUCTH
nprpiBHOBaHHA B »o creneHi umcia 2 (3a
neTajgsaMy 3BepTamTechb OO MNYHKTY 16.5).

e JKmO KJIOYaAMM CJIyTYOTb PSOKM  CHUMBOJILIB,
TO KOXEeH 13 CUMMBOJIIB TPakKTyeETbLCS HAK
uise umcao; yci umcia, gxki BignoBimanTb
CYMBOJIAM pPAOKa, OOOamnThb, a norTiM obumc—
JIOTL  3aJiMmWOK Bim mijieHHsa  OTpuMMaHOL
CyMM Ha KiJbkicTb cerMeHTiB B.

Ilpuxnao 64. Ha puc. 67 HaBemeHo 3pazok rem-tabmuni. 11]o6
CIPOCTUTH TMOJaJIbllie PO3MIPKOBYBaHHS, BBaKATHUMEMO, IO KOXKEH
60k MoOxke 30epiratd He Oijblne ABOX 3amuciB i B=4, T06TO rem-
¢yHkuis h noBeprae 3HaueHHs 3 iHTepBany 0-3. Tabauis MicTUTBH
JEKiIbKa 3aluciB 3 KIOYaMH, MO3HAYEeHHMH JiiTepamH Bix @ g0 f.
Beaxarots, mo h(d)=0, h(c)=h(e)=1, h(b)=2 i h(a)=h(f)=3. Orox
IICTh 3aMKUCIB PO3MOAUICHO y OJIOKaX caMe Tak, K MPOiFOCTPOBaHO Ha
puc. 67.

3BepHITh yBary, 1o Ha puc. 67 KokeH OJIOK TO3Ha4YeHO 3 TPaBOro
OOKy JOJATKOBMM MPSAMOKYTHHMM BHCTYIIOM, IIO CHUMBOJIIYHO
Npe/ICTaBlISe Te Miclle B 3arojioBKy OJioka, Je, HanpuKiIall, MOXHa
po3TalllyBaTd MMOKaXKYMK Ha BIAMOBIAHMM OJIOK NepenoBHEHHSA. Y
nmyHKTi 16.5 1 mani BUKOPUCTOBYBATUMEMO MOJIOHI «BHCTYNH» 1 JUIs
MPEJCTARJICHHS 1HIOT BayKJIMBOI iHGopMaLlil 11010 Gi10Ka.

16.2. Bcmaenanna 3anucie y zeui-maoauuio

3a HeoOXiTHOCTI BCTABISHHS Y Tell-Ta0JIHLIIO 3alucy 3i 3HAYCHHSIM
K xmoua monryky HeoOxinHo obuwcnuTi renr-¢pyHkiio h(K). Skmio y
6noui cermeHta 3 HoMmepoMm h(K) e BinbHWE mpocTip, AOCTaTHIM [is
PO3MIILLEHHS 3alKrCy, TO 3alKMC BCTABJISAEThCS Yy OJIOK IL[bOTO CErMeHTa.
SK110 OCHOBHUH OJIOK 3alOBHEHO, TO 3allkC 30€piracTbcs B OJHOMY 3
BIJIMOBIHUX OJIOKIB TIepenoBHEHHs. SIKIIO >k Hi OCHOBHUU OJOK, Hi
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Oyab-IKUi 13 OJIOKIB INEPENOBHEHHS HEMae Miclid, TO 10 JaHLIFOKKA
OJIOKIB TIeperOBHEHHS TTPUEAHYIOTh HOBUI OJIOK.

AR

e H

.

e H
;

Puc. 67. Ilpuknan rem-rabmumni

Ilpuknao 65. Hexaii y rem-tabnuio, mpejactaBieHy Ha puc. 67,
HeoOXiJHO BCTaBUTH 3amuc 3 KimodeM g i h(g)=1. Banuc mignsrae
po3MillleHHIO Y OJiolli cermeHTra 3 HomepoMm 1. Brok, omHak, Bixke
3anoBHeHO. HeoOXigHO CTBOPUTH HOBHIA OJIOK TEperOBHEHHS 1 3’ €THATH
Horo 3 OCHOBHUM OJIOKOM cerMeHTa 1. 3amuc 3 KioueM § po3TalloBy-
I0Th Y HIOWHO J0JjaHOMY GJIOLLi, K MPOLTOCTPOBAHO Ha puc. 68.

16.3. Bunyuennsa 3anucie 3 zewi-maodauyi

[Tpoueaypa BuIyueHHs 3ammicy abo JeKiTbKOX 3amuciB 3 Kiaodem K
BUKOHYEThCS 32 IIJIKOM TlepeA0auyBaHOK CXeMOK: HeoOXiTHO TepeiiTu
1o cermeHta 3 HomepoMm h(K), Bimimykatd B Horo Gyiokax 3amucu 3i
3HaYeHHsAMH Kiatoua nowyky K i Buganuti ix. SIKIIO € MOXIUBICTH
MepeMillleHHs 3aluciB MK OJIOKaMu, TO TMicis BHJIYYEHHs 3aluciB
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MOJKHa KOHCOJIiyBaTH 3aluCH, SKi 3aJMUIMIMCA, Y MEHLIIN MHOXHUHI
-]
OJIOKIB .

S
e e
i
e
;

Puc. 68. Pe3ynbrar BcTaBissHH 3aMucy 3 KJIO4YeM g y rem-rabiulio,
MPOiNOCTPOBaHy Ha puc. 67

IIpuxnao 66. Ha puc. 69 BinoOpakeHO pe3yJIbTaT BUITyYeHHS 3aMucy
3 KJIIo4YeM C 3 rem-talnuii, Ky HaBeieHO Ha puc. 68. Haramaemo, 1o
h(c)=1, orox HeOOXiAHO 3BepHYTHCS OO CerMeHTa 3 Homepom | i
NepersisiHyTH Bei OJIOKH, SKi HOMY HallexaTh, y TIolIyKax 3amucy (abo
JEKIJIbKOX 3aluCiB, SKIIO KJIIOY TMOUIYKY HE € BOJHOYAC MEPBHMHHUM
KJIlOUeM) 3 KJIoueM C. 3amnuc po3TallioBaHWi B OCHOBHOMY OJowi
cermeHta 1. [licng ¥oro BWIIydeHHs 3BIIBHAEThCS O0JIacTh OIIOKa,
JOCTaTHS Ul PO3MIIEHHs 3amucy 3 KiodeM g, skuid nepeOyBae y
6ustorli nepenopHeHHs. OTOK MPH OaKaHHI 3aMMC MOKHA MEPEHECTH, a
0JIOK MEPernoBHEHHS — BWIy4MTH (puc. 69 BiAMNOBIigaE came TaKOMYy
BapiaHTy niil). I3 rem-Tabnuii BUAaIeHWH TaKoXK 3amuc 3 KIIOuYeM a,

! Henmonik Takoro pillTleHHST TMPOSABJISIETHCA Y THX BUTAIKAX, KOJH OTrepaii
BCTABJITHHS 1 BHWIYYeHHS 3aIiCiB, IO YEPrylOThCA, TMPHBOAATH [0
HEOOXITHOCTI MOYEProBOro BUKOHAHHS TPYAOMICTKUX MPOIEAYP CTBOPEHHS
HOBHX 1 3HULIEHHS 3aiiBUX OJIOKIB
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II0 J]a€ 3MOTY TEePEHECTH 3aruc 3 KiodeM f 3 KiHig Gioka cerMeHTa 3
Ha HOro rnovyaTok.

16.4. Oyinka ehpexmuenocmi zeuio8anux iHoekcie

B ineanbHOMY BHIAAKy BMICTMME KOKHOIO CEerMEHTa Iell-Ta0JIMLi
3aMOBHIOE JiMLIe OAMH OJIOK, 1 TOAl mpoleaypa NOIIYKY 3amucy
notpebye BUKOHAHHS €IUHOT Orepallil TMCKOBOTO BBEJICHH/BUBEICHHS,
a mpolileypa BCTaBKH/BUITyUeHHS 3amnuciB — IBOX orepauiid. Llg orminka
3HAYHO TMEPEBHIINYE TOKA3HUKH e(EKTUBHOCTI, SKMMH BOJIOIIIOThH
«3BUYAlHI» pO3pimKeHi/minbHI abo B-mepeBomomiOHi iHOEKCH, Xoua
OCTaHHI TiATPUMYIOTH MOMXJIMBICTh «IIBHIKOD» OOpOOKH 3alUTIB Yy
Jliarma3zoHax 3HavyeHb (AuWB. MyHKT 15.4), a TpaauuiliHi BapiaHTHU reii-
TaOJIMLb — Hi.

EREEEEEEEE

Puc. 69. Peaynbrar BuilyueHHs 3amuciB 3
KIIOYaMM € Ta a 3 Trem-TadIuil,
NPOLTIOCTPOBaHOi Ha puc. 68

[IpoTte BHachimok 3pocTaHHS pPo3MipiB ¢aiina HeMUHy4Ye BHHHUKAE
CUTYaLlis, KOJIU Jyis 30€piraHHs BMICTYy THUIIOBOTO CErMEHTa TOBOUTHCS
BUKOPUCTOBYBAaTH JIOCTaTHbO JIOBIM JaHIIOr OJOKiB. Y 1bOMY
BUIIQJIKY B MPOLIEC] MOLIYKY HEOOXIHO 3iHCHIOBATH 110 OJHI# onepariii
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JIMCKOBOI'O BBE/ICHHS/BUBEICHHS JI 3BEPTaHHS O KOKHOro 3 OJIOKIiB
madmrora.  Ortok  HeoOXimHO — HAOMMKATHCA OO0  TOro, 100
CIIBBITHOILICHHSI KiJTbKOCTI OJIOKIB y pO3paxyHKy Ha OAWH CErMEHT
3aJIM111aJ10Ch HACTIIbKY THYYKUM, HACKIIBKH 11€ MOKIIMBO.

Jo 11pOro yacy WILIOCs MO CTATHUYHI rell-TabnIi, B IKUX 3HAUYEHHS
napametpa B (KijbKiCTh CErMeHTIB) 3alIMINAEThC He3MiHHUM. OHak
aKTHBHE 3aCTOCYBaHHS MalOTh i Pi3HI BapiaHTHU CTPYKTYp IWHAMIYHUX
rem-tabivilb, Je 3HaueHHs mapameTpa B 103BofieHO BapitoBaTH
CIIBPO3MIPHO YacTL[ BiA MIJIGHHS 3arajibHOi KUIBKOCTI 3alMCiB Ha
HaWOiTbIIe YWCIIO 3amuciB B OJHOMY OJiolli, TOOTO 3 METOK
3a0e3revYeHHss MOMJIMBOCTI pPO3MIIIEHHS BMICTYy CEerMEHTa B MeKax
enuHoro Onoka. Hwxkye MM 30cepemuMmo yBary Ha JBOX MOJIOHUX
MOJENAX: Yy MyHKTI 16.5 po3misHyTo CcnocoOu pO3LIMPIOBAHOTO
relyBaHHs, a MyHKT 16.7 MPUCBSYEHO cXeMaM JIiHIMHOrO rerryBaHHS.
O6unei Moaeni nepeadavaroTh 30UTbIICHHST 3HAYEeHHS Mapamerpa B 3i
3pOCTaHHAM KiJIbKOCTI 3aMMCIB: y MeplIoOMYy BHUMAJKy 3Ha4yeHHs B 3a
HEeOOXiIHOCTI MO/IBOIOETHLCS, & B IPYyroMy — 301IbIIYEThCS HA OJTUHHMLIIO.

16.5. I'emi-maodauui, wio po3umuprOIOmovcsa

[lepmuit BapiaHT AMHAMIYHOTO TeIlyBaHHS, KWW MU PO3TJISHEMO,
CTOCYETbCS ~ BUKOPHUCTAHHS  2eut-mabnuyvb, wo  PO3ULUPIOIOMbC
(extensible hash tables). Ixui ronoBHi BimMiHHOCTI Big Mozeni
CTaTMYHUX Tell-Ta0JIULb NIepeNiueHO HUKYE.

1. BBoauTbcsi HOBHWIA piBeHb OMOCEPEJKYBAaHHS: CErMEHT
NpPEJCTABIAETbCS MACUBOM TMOKAKYMKIB Ha OJIOKM, a He
CIHHUCKOM OJIOKIB K TAKHX.

2. MacuB TMOKaX4WKIB 3/JaTe€H pPO3UIMPIOBATHUCS. Horo
JIOB)KMHA 3aBXIW JOPIBHIOE CTeNeHi uucia 2, OTOXK Ha
HACTYITHOMY  Kpolli  30UTbIIEHHS MaCUBY  KiJIBbKICTh
CErMeHTIB TaOJUL TOABOIOETHC.

3. KokHOMY cerMeHTOBI He 00OB’SI3KOBO BiZNOBIa€ OKpEMHUii
OJIOK: SIKIIO CyMapHa KiJIbKICTh 3alMCIB Y JCKIIbKOX
CerMeHTaxX He IMEePEeBUIIy€e MPUIMYCTUMOTO YHCIa 3alucCiB y
0JI011i, TO CErMEHTH MOXYTb BOJIOJIITH OJIOKOM CHiJIbHO.

4. Tew-pyHkuis h o0UMCTIOE OIS KOKHOTO — KITKOYa
MOCJIiIOBHICTE i3 K OiTiB, 16 K — 3a1aHe JOCTATHBLO BEJUKE
uine uywcno (Hanpukian, 32). OpHak Ayis  HOMepiB
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CErMEeHTIB BUKOPUCTOBYBAaTUMEThCS JICsIKAa MEHIIA KIbKICTh
OiTiB (HarmpuKiIazd, / ), OTPUMaHKX 3 MOYATKY MOCIIi0OBHOCTI.
OTxe, JOBXMHA MACHBY CETMEHTIB CTaHOBHTUMe 2 s
Oyab-aKoro i<K.

Ilpuknao 67. Ha puc. 70 mpencraBieHO HEBEIHMKY TIell-Ta0JHIIIO,
10 PO3MMPIOETHCS. [T CIIPOIEHHsS BBaXKATUMEMO K=4: rerr-(yHKITis
noseprae OiTOBi mocHigoBHOCTI noBxkuHOlO 4. [lpumyctumo, mo B
JaHUH MOMEHT [yl TO3HaueHHS HOMEpIiB CEerMEHTIB BHKOPHUCTAaHO
TiIIBKM OAMH OIT (K JEMOHCTpYe MoO3Hayka /=7, po3TamioBaHa Haj
MAacCHBOM CErMeHTIiB), TOOTO MacHMB CKJIAJac€ThCs BCHOTO 3 JIBOX
€JIEMEHTIB.

0001 1
i=1
0
1 ~| 1001 1
1100
CermeHTtu brnoku nanux

Puc. 70. [Ipuknan rem-rabmauili, o po3IUPIOETHCS

EnemMeHTH MacHMBY CerMeHTIB MOCHJIalOThcs Ha JBa Onoku. [lepumit
MICTUTh YCi HasBHI B MEBHUH MOMEHT 3alKCH, KIIIOUi MOIIYKY SKUX
remoBani B GITOBI MOCTIMOBHOCTI 3 HyJIeM Y MepIliil MO3uIil, a ApYrui
— 3anMcy 3 OITOBHMH Iell-KOJaMH, 10 PO3MOYMHAIOTLCSA 3 OJUHMIIL.
s Hao4HOCTI KJTFOYi MpeACcTaBIeHO MOBHUMHU TOCITIIOBHOCTAMU OiTiB,
SIKi TIOBEPTAIOThCS Tell-(PYHKIII€I0: BEPXHiii OJI0K MICTUTH OJIMH 3aruc 3
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KJIro4eM mnoinyky, remoBaHuM y 0001, a HWKHINA — 1Ba 3anMcy 3 reul-
komamu 10011 1100.

Heo0OxinHo 3BepHYTH yBary Ha OJIMHMUILI, MOCTABJICH] B MPSIMOKY THUX
«BUCTYNAX», IKUMH MO3HAYEHO KOoxkeH 010K Ha puc. 70. Lle uucrno, ske
Moriio O aificHo OyTHM TPUCYTHIM y 3arojoBKy OJIOKa, BKa3ye Ha Te,
CKUTbKMA OITIB TIOCTIZIOBHOCTi, WO TMOBEpPTAETbCS rell-(QyHKIE,
BUKOPUCTOBYEThCS Il BU3HAUEHHS MPHHAICKHOCTI 3aIUcy O1KyUOMy
OsiokoBi. Y cuTyalii, po3risHyTii y npukiani 67, aas BCiX OJIOKIB i
3anuciB  OepeTbCs 1O yBaru TiIBKM OAWH OiT, OJHaK, sk OyJe
MPOLFOCTPOBAHO HKXKYE, 31 301IbLISHHIM 00’ €My TabJIUII Lie 3HAYSHHS
JUI pi3HUX OJIOKIB MOXKE 3MIHIOBATUCH. [HIIMMU CIIOBaMH, PO3MIp
MacHBY CErMEHTIB BHU3HAYAa€ThCS MAaKCHMAJLHOK KiJIbKIiCTIO OiTiB, sKi
BUKOPUMCTaHO B JaHWMIl MOMEHT (41 JAeskuX OJIOKIB, MOKIMBO,
HeoOXigHa MeHIIA KiJIbKICTh OiTiB).

16.6. Bcmagaanua 3anucie y ceit-maoauuio, wio po3uiupiocmsca

[TouaTkoBi (a3u MpoleciB BCTABISHHS 3aMKCIB y Tell-Ta0JHUIlIO, 110
PO3LIMPIOETHCS, 1 CTaTUUHY Tell-TabJuLI0 3a CyTTHO 30iraroThes. 11106
3MIACHATH BCTAaBKYy 3amucy 3 KiodeM K, HeoOXimHO OoOuUMCIUTH
sHaueHHs ¢Qyskmii A(K), BUOKpEMHTH 3 OTpPHUMAaHOi IOCiTOBHOCTI
nepmmux 7/ OiTiB 1 3BepHYTHCS 1O €JeMEeHTa MAacHBY CETrMEHTIB, IO
BOJIOAIIOTH IHAEKCOM, SIKHii JIOPiBHIOE 3Ha4YeHHIO HuX OiTiB. KoHkpeTHY
BEJIMYMHY | BW3HAUWTH JIETKO, OCKUTbKM BOHa 30epiraerbcs sK
HEBIiJl’éMHA YacTUHA CTPYKTYPH rell-TaduLli.

IMokaxxunk, skud 30epiraeTbCs y BiIIyKaHOMY €JIeMEHTI MAacHUBY
CerMeHTIB, MOCUIIAETLCS Ha Aeskuii 610k B. SIkio 610K MICTUTh BiIbHY
00jacTh JIOCTaTHLOT JOBXKHHHM, TO 3alMC BCTaBISETbCA 1 IMPOLEC
YCIIMIHO 3aBepiyeThes. Ko sk Takoi obmacti y 6soui B Hemae, To
ICHYIOTh JIBi aJbTepHATHBHM TOJAIBIINX i, i BHOIp OIHIET 3 HUX
3aJIe)KUTh BiJl BEJIMYMHM j, INO BHU3HAYa€e, 5Ky KUIBKICTh OITIB
MOCJIJIOBHOCTI, ~MOBEPHEHOI  rell-QpyHKIIE, BHUKOPHCTAaHO  JUIst
BU3HAYEHHS MPUHAIEKHOCTI 3anucy Ojoka B (Haragaemo, 1o came 1e
3HAYEeHHS BKa3aHe B MPIMOKYTHHX «BHUCTYMax», SIKUMH TMO3HAYEHO
KO>KeH 0110k Ha puc. 70-72).

1. Skmo j<i, To MacuB CerMeHTiB He moTpedye Moaudikariii.
JlocTaTHBO BUKOHATU HACTYITHE:
a) posninutu 650K B Ha 1Ba 6J10KM;
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0) pO3MOIIIMTH 3aIKMCH, SKi Halexarthb 6J10KoBiI B, y 1Ba
OJIOKM, KEPYIOUWCh 3HAueHHSIMH f+1-ro 6ita rer-
KOJy; 3amlucy 3 HyJieM Y 3a3HaueHiil mosuilii reiu-
KOy 3ayMiuaTi y 6soui B, a pemita nepeMicTUTH B
HOBHI OJI0K;

B) 3aMIiHMTU 3HAYEHHS Y «BHUCTYMAax» KOXKHOrO 3 JABOX
OTpUMaHuX OJIOKIB Ha j+1;

I) BUMPABUTH 3HAYEHHS TMOKAKYMKIB B eJlleMeHTax
MacHBY CETMEHTIB Tak, II00 MOKaKYMKH, SKi paHille
ajzpecyBaniu 610k B, Tenep nocunanucs Ha B abo Ha
HOBM OJIOK — 3aJI€KHO Bin 3HaueHHs f+1-ro Oira
rei-Komy.

3ayBaKMMO, 110 OJHOpa30Be po3niieHHs Onoka B,
MOJIMBO, HE BUPIIIUTh MPOOJIeMYy, OCKUTBKHA IIJIKOM
iMOBipHO, 1m0 Bci 3ammcu 3 Ojgoka B, 1minkoBuTo
MePEMICTATHCS B OJJMH i3 HOBHX OJIOKIB, Ha sIKi B po3ijeHo.
YV upboMy BUNAAKy HEOOXiJHO MOBTOPUTH MpOLIEC
PO3MiJIEHHS MEePEeroBHEHOr0 0JIoKa, 3HOBY 301IbIIMBIILY j HA
OJIMHHLIJO.

2. Skmo > j=i, TO 30iNBIICHHIO HAa OAWHUIIIO MiajsArae
sHadyeHHst i. [lig yac LBOro NOBXKMHA MAcCHBY CErMEHTIB
noaBoroeThes i ctae pisnoto 2’ ', Ilpunycrumo, mwo W —
MOCJIIOBHICTE 13 I OITIB, fKa € iHIEKCOM OJIHOro 3
€JIEMEHTIB TOMepPeIHbOr0 MAacHUBY CErMeHTIiB. Y HOBOMY
MacuBi enemeHtd 3 iHgekcamu WO 1 w1 (ducnamuy,
oTpuMaHuMU 3 W nonaBanHsM 0 i 1) anpecytoTb Toi camuii
OJIOK, Ha SKHUI MMOCWIABCS MOKAKYUK €JIEMEHTA 3 1HIEKCOM
w. lHmuMu ciaoBaMH, IBa HOBHX €JIEMEHTH BOJOMIIOTH
OoAHUM OJIOKOM CIUIbHO, a OJIOK SIK Takuii 3MiHaM He
nignaerbes. HanexHicTh 3amuciB 1poMy OJIOKOBI Bce e
MO’KHA BU3HAYUTH 34 JOMOMOIOK0 MOCIIJIOBHOCTI 3 TIEKO XK
KijbKicTIO 6iTiB, 110 i panime. ITorim 6ok B HeoOximHO
PO3IUTKTH, K i Y BUMAJAKY, onvMcaHomy B 1.1 (Temep ymoBa
J<i BUKOHYETbCS1).

Ilpuknao 68. Hexaii y rem-tabnuio, npeactasie”Hy Ha pwuc.70,
HEOOXiIHO BCTaBUTH 3aluCc 3 KJIIOYEM, LI0 TeUIyeTbes B OIiTOBY

185



nociigoBHicTh 1010. Ockiibk 3HaYSHHS MEPIIOro OiTa MOCIiA0BHOCTI
JOOopiBHIOE 1, TO 3amvc TOBWMHEH HajeXaTH ApPYromy (HHKHbOMY)
6s10K0Bi. biiok, Ha *allb, Byke 3alTOBHEHUIA, OTOXK MOTpeOy€e pO3ALIeHHS.
VYV nHamomy Bunaaky j=i=l. Omxe, cno4yarky HEOOXiJHO MOABOITH
PO3Mip MacHMBY CErMEHTIB, SIK MPOITIOCTPOBaHO Ha puc. 71 (TyT ke €
MPUCYTHBOIO MO3HAYKA i=2).

i=2

00

2
1001
on| / / ______________________

10 / 1010

11 —

Puc. 71. Pe3yabrar BcraBku 3anucy 3 rem-kojom 1010 y rem-radauiiio,
MpoiatocTpoBany Ha puc. 70

3ayBajKUMO, 110 J1Ba €JIeMEHTH MAacHUBY 3 HYJSIMU B MepIiil MO3MLIT
iHIEKCIB BKa3ylOTh Ha OJIOK 13 3amnMcaMu, [Iell-KOAW SIKHX
PO3MOYHMHAIOTECS 3 HYJIS, 1 OJIOK y CBOEMY «BHCTYII» BCE Il MiCTHUTh
OJIMHHUIIIO, KA 3aCBiAUYe€, 110 JAJsl BU3HAUCHHS HAJIEKHOCTI 3amucy J10
O50Ka JOCTaTHLO OAHOrO mepioro Oita rem-kony. OpHak G5Ok i3
3afnycamu, Telll-KOAM SKUX PO3MOYMHAKOTLCS 3 OIWHMLI, IMiIsrae
PO3MIJICHHIO, OTOX MHOXKMHA 3aIlUCiB PO30MBAETBCS HA JIBi IMiMHO-
JKUHM: OJHI 3alMCH MaroTh reui-koau 3 npedikcamu 10, a rem-koau
IHIIMX 3anuciB posnounHaroTbess 3 mnapu OitiB 11. TlozHauka 2 y
«BUCTYTI» KOXKHOTO 3 JIBOX OJIOKIB 3acBildye€, IO Jii BCTAHOBJICHHS
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(akTy yjeHcTBa 3amnucy y OJiolli BUKOpUCTaHO JBa OiTH rem-koay. Ha
acTs, pe3yJibTaT PO3/IiJICHHS BUSBUBCS YCITIIIHUM: OCKUTBKUA KOXKEH i3
JIBOX HOBUX OJIOKIB OTpHMMaB IO OJHOMY 3amucy, TO HEOOXiAHOCTI
MOJIAJIBIIOTO PEKYPCUBHOIO PO3LICIIEHHS BAAOCh YHUKHYTH.

Tenep npumnycTuMo, 110 HEOOXiAHO TIOMOBHUTH TAOJIHINIO 3anrcaMu
3 KIIOYaMu, SIKi renryrotecs B OiToBi mociimoBHocti 0000 i O111.
OOuaBa 3amvcy HEOOXiAHO pO3TallyBaTH B MepimioMy (BEPXHbOMY)
6J1011i, L0 CIPUYUHIOE 10 HOro nepenoBHeHHs. OCKIBKY B POJli O3HAKK
HAJIe)KHOCTI 3aMKCiB I[bOMY OJIOKOBi BUKOPHCTAHO TUTbKU OAWH OIT Mpu
=2, TO 3MIHIOBATH OPraHi3allil0 MaCHUBY CErMEHTIB He MOTPiOHO.

JloctaTHBO NPOCTO PO3ALIUTH OJIOK, 3aJMLIAlOud B HOro BUXIIHIM
yacTuHi 3anucH 3 rem-koxamu 0000 i 0001 i nmepemimiaroun B HOBUit
6ok 3anuc 3 rem-kogoM 0111. Tlokaxuuk «01»-ro enemeHTa MacuBy
CEerMEeHTIB OTPUMYE B POJIi 3HAUEHHS ajpecy HOBOTO OJioka. | 3HOBY Ham
TOLIACTHIIO: 3AMMCH He «TIEPEUIITHY B OIMH i3 HOBUX OJIOKIB yCi pazom,
OTOK TOTpPeOM B MONAJIBIIOMY PEKYPCUBHOMY pPO3[iJIEHHI OJIOKIB
HEMae.

PosrnsiHemo mpoueaypy BeTaBku 3amnucy 3 reur-kogom 1000. biok,
Ha skl Bkazye «10»-il elleMeHT MacuBY CETMEHTIB, MEepPEerOBHIOEThCS.
Ockinbky ¢akT 4JSHCTBA 3aMKCIB y LIbOMY OJIOL[ BU3HAYAETHCS JIBOMA
OiTaMM rew-kojy, OAHaK /=2, TO JOBENCThCA 30UMbLIMTU 3HAYCHHS
napametpa i (7=3) i MoJBOITH MICTKICTh MacHUBY cerMeHTiB. Pe3ynbraT
HaBeAeHO Ha pwuc.72. biaok pang 3anMciB 3 rem-kKoaaMu, sKi
posnounHaroThes 3 10, posgineHo Ha Gyioku 100 i 101, a HanexHIiCTh
3aMuMCiB peluTH OJIOKIB, 5K 1 paHille, BU3HAYAEThCS ABOMA OiTaMu.

16.7. Tininni zewi-maoauui

Mogenb reur-Tabnuib, MO PO3WIMPIOIOTECS (PO3MIISHYTO Y JIBOX
nornepe/iHiX MyHKTax) Mae KiJlbka BaXIIMBUX IepeBar, HalicyTTeBilia 3
SKUX TMOJiAirae B TOMY, IO [iJl 4ac MOINYKY 3aruciB 3a 3aJaHuM
3HAYEHHSM KJI0Ya JIOBOAUTHLCS 3BepTAaTUCS He Oiblile, HiXK 10 OJHOrO
Osioka AaHuX. 3po3yMisio, IO HEOOXIIHO TaKOX MEeperyisaaTd BMICT
€JIEMEHTIB MaCHBY CErMEHTIB, OJHAaK BiH Takui Mamuit (Moxe
30epiratucs B OIl), mo HeoOXiMHOCTI BHUKOHAHHS TPYIAOMICTKUX
ornepailiii IMCKOBOro BBEACHHS/BUBEACHHS Y LIbOMY BHIIQAKY BIAETHCS
yHUKHYTH. [lpoTe nouinbHO HarazaTv i Npo cepilo3HI HEMOJIKH, fKi
3MEHIIYIOTh LIHHICTh MOJIENI reli-Tabuilb, 0 PO3LIUPIOIOTHCS.
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Puc. 72. Pezynbrat BcTaBnsHHs 3anmucis 3 rem-kogamu 0000, 0111 i 1000 B remm-
TaOIUIIO, TPOIMIOCTPOBaHy Ha puc. 71

1. Tlpouenypa NMoABOEHHS PO3Mipy MacuBY CErMEHTIB IMOB’si3aHa 3
YUMaJIUMH  OOYMCITIOBAJIbBHUMH  3aTpaTaMd  (SKIIO 3HAYEHHS
napamMeTrpa [ BeJMKe) i CIPUUUHIOE MPU3YMUHEHHS MpPOLEeCiB
0o0poOku 3anuTiB 10 ¢aiina JaHWX Ha TOPIBHAHO TpUBAi
nepioau yacy.

2. Pizke 30ijblleHHS [JOBXKMHM MacWBY CErMEHTIB 37aTHe
CIIPUYMHMTH 0 TOTO, 110 MAacHB OiNbllie HE 3MOXe 30epiraTucs B
OIl, He BuTiCHANOUM 3 Hel iHII LIHHI nopuii iH(opmauii,
BHACJIZIOK 4YOro CHCTeMi, [0 JeMOHCTpyBajJa JO LbOro
HOpPMaJibHI  MOKAa3HWKU  WIBUAKOJIl, pamnToBO JIOBEAETHCS
3IMCHIOBATH CYTTEBO OLNbly KUIBKICTH omnepalliii JUMCKOBOIO
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BBEJICHH/BUBEICHHS, 10 HEraTUBHO BIUIMHE Ha 1 MpPOAyK-
THUBHICTb.

3. JSkmo MicTkicTh OJioka Majia, TO HEOOXINHICTh pO3AiTeHHS
OJIOKIB BHMHHKAC dacTillle, HDK Ii€¢ BHMAarajoch 3a IHIIAX
obcraBuH. Hampukmian, skmo koxeH Onok 30epirae mo JBa
3amucu (K Yy PO3MISHYTHX BHUIE TNPUKIANax), TO LIKOM
MOKJIMBA CHUTYyallisl, KOJM TPH 3alMCH BOJIOHIIOThH Ielll-KOJaMH,
sKi 30iratoTbes y nepimx 20-tu Oitax, Xo4a 3arajibHa KiJIbKiCTb
samucie 3HauHo Menma Big 2.V MONiGHOMY  BHIAIKY
JoBeneThest Opatu =20 i BUKOPMCTOBYBATH MAacCHB CETMEHTIB 3
MUILMOHOM €JIEMEHTIB HaBIThL TOMI, KOJH KIJLKICTE OJIOKIB
CYTTEBO MEHIIIA BiJl MiJIbHOHA.

IHma crpateris, WO CTOCYETbCS BHUKOPUCTAHHS JIHIHHMX Tell-
TabJIMIb, A€ 3MOry HapOIILyBaTH KiJIbKICTh CErMEHTIB IIJIaBHille.
OCcHOBHI iJie1 MoJiedTi JIIHIMHOTO TelllyBaHHS TakKi:

e KilbKiCTh N CerMeHTIB Tel-TabJUIli 3aBKAN OOMPAIOTh TakK,
o0 BiIHOIIGHHS CepedHbOi KUTbKOCTI 3amuciB y OJowi 10
MaKCUMaJbHO JOMYCTUMOT 3aJMIIAioch MOCTIHHUM (Harpu-
knaz, 80%).

o OCKUIbKM pO3/ilieHHss OJIOKIB He 3aBXKAU MOJKJIHUBE, TO
MIPUITYCTUMO BUKOPHCTOBYBATH OJIOKM TEpPETOBHEHHS, X0oua
cepeiHsd TIMUTOMa KUIbKICTh OJIOKIB  TIEpENOBHEHHS Y
pO3paxyHKy Ha OJMH CerMeHT TaOjuili 3HAaYHO MEHIa Bin
OJIUHULII.

o KinbkicTh OiTiB, sfKi BHUKOPHCTOBYIOTBCA JJIsl HyMmepanii
€JIEMEHTIB MacHBY CErMEHTIB, CTaHOBMTH rlogzn1 e n —
OiKy4a KiJIBKICTh CerMeHTiB. bitu oOuparoTe 3 Moyoammx
po3psfie (MpaBoi YaCTHHM) MOCIIIOBHOCTI, SIKa MOBEPTAETHCS
reui-()yHKLI€O.

e [lpunyctumo, 10 i Hymepalii eleMEeHTIB MacuBy
CEerMEHTIB BUKOPUCTOBYIOTh i OITiB TOCTiIOBHOCTEH, sKi
OTPUMYIOTh SIK Pe3yJIbTaT OOUMCIICHHS rell-QyHKIL, 1 3anmc
3 kiroueM K miggsira€ po3MillleHHIO B CErMEHTI 3 HOMEpOM
aa,...aj, TOOTO a185...4; — 1€ | MOJOAIINX OITIB IMOCHTiTOB-
HocTi, moBepHyToi QyHkuiero h(K). Tlpumyctumo, 1110
MOCJIIIOBHICTh 878y2...8; TPAKTYEThCS K i-pO3psAAHe BIMKOBE
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LIiJIe YUCIIO, SIKE JOPIBHIOE IECATKOBOMY 3HA4YEeHHIO M. SIKIo
m<n, To 1ie O3HAYaE, 1[0 CErMEHT 3 HOMEPOM /17 iCHYE 1 3aruc
y IbOMY CerMeHTi MoxkHa 36epertu. Skmo NnSm<2, To
CerMeHTa /M HeMae, OTOXK 3allkuC PO3TAlyEThCs y CErMEHTI
m-2"1, TOOTO y CETMEHTI, SIKUii MOXKHAa OTPUMATH, 3MiHIOIOYH
3HaueHHs a8y (sike popiBHIOE 1) Ha 0.

Ilpuxnao 69. Ha puc. 73 npencraBieHo JiHiHHY reln-Ta0luIlio, sSKa
3a70BOJIbHSIE YMOBY N=2. JIns BH3HAYeHHs NPHHAIEKHOCTI 3aIuciB
CerMeHTaM y TMEeBHMM 4ac BUKOPUCTOBYIOTh TUIbKM OAuMH OiT. Sk i B
npuKiIaai 67, JUis CHOPOIIEHHS BBaXaTHMEMO, IO Teml-(QyHKIis
noBepTae OITOBI MOCHIIOBHOCTI TOBXKHUHOIO 4 OiTH, 1 U1 TIpecTaBIIeH-
HSl TeII-KOJIiB 3aMUCiB BAKOPUCTOBYIOTH yci 4 OiTH.

0000
i=1
O ______________________
n=2 1010
r=3 1111
1 Fe-emmmmmmmmmm e

Puc. 73. [puknan niniiiHoi remr-radnuii

Tabauis Haliuye JBa CErMEHTH, KOKEH 3 SIKUX MICTHTh [0 OJHOMY
osokoBi. CermeHTu nepenymepoai sik 0 i 1. Bcei 3anucu 3 Mojioauinm
HYJbOBUM PO3PSIIOM TelI-KOAY MOTParvIsiioTh y Mepuiuii (BepxHiit)
CErMEHT, a 3allMCH 3 OJMHHUILICIO B MOJIOJILIOMY PO3PSi — Y ApYyTHid.

YacTUHOIO CTPYKTYpU € mapaMeTpu i (KUIbKICTb OITiB MOCIiIOB-
HOCTI, SIKi BUKOPUCTOBYIOTh y TEBHHUI MOMeHT), N (Oikyd4a KiJbKicTh
cerMeHrTiB) i I (Oikyda KiJNIBKiCTh 3ammuciB, ski 30epiraroTbcs B Tell-
Tabnuii). BinHowenHs 17N oGMexkeHo Tak, o6 A 30epiraHHs OHOro
cerMeHTa HeoOXigHO OyJlo, Yy cepeAHbOMY, OJUH JUCKOBHIA Ojok. Mu
JIOTPUMYEMOCS TAKOT TOJIITUKK BHUOOPY 3HAYEHHS N, 3TiIHO 3 SKOIO
(aitn mictus 6u He Ginbine, Hixk 1,70 3amucie, To6T0 r<1,7n. IHIUMH
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ClIOBaMH, OCKIIbKM OJIOK yMill[a€ TUIbKM JBa 3alUCH, TO CEpeaHii
piBeHb 3alOBHEHHS CErMEHTIB He MOBHHEH mepeBuiyBaTy 85% Bin
MICTKOCTI O/10Ka.

16.8. Bcmaeka 3anucis y AiHIilHY 2eut-madauuio

3a HeoOXiHOCTI BCTaBKM B TeII-TA0JIMII0O HOBOTO 3amucy JUis
BU3HAYEHHS CerMeHTa TaOJMili, SKWM MiaXO0AUTh, BUKOPHCTOBYIOTh
ajirOpUTM, pO3rAsHYTHH y nyHkTi 16.7. CrouaTKy [jis 3aJ1aHOro
3HavenHs K KITlOYa MOIMYKy 3armicy o64ucmoroTh rem-pyakiiro h(K), i
K IIyKaHUA HOMEp /1 CerMeHTa BUKOPUCTOBYIOTH i MOJIOJIIMX OiTiB
nocmigosrocti h(K). SIkimo m<n, To 3ammic 3aHOCHTBCS Yy CErMEHT M,
SIKILO 7K MM=N, TO 3aIkC PO3TAIlOBYeThcs y cermenti m-2''. Slkio B
00paHOMY CerMeHTi HeMa€ BIILHOTO MiClisi, TO CTBOPIOEThCS OJIOK
NeperioBHEHHS, SKHH MPUETHYETHCS JIO JIAHIIIOTa OJIOKIB CerMeHTa.

ITin yac BUKOHAaHHS KOXKHOT orepaLiii BCTaBKM 3HaYeHHs CIiBBiIHO-
LICHHS 17N aHaJi3yI0Th 3 ypaXyBaHHSM KiJIbKOCTI I 3aIKCiB, siKa 3pocia.
SIKuio cniBBiAHOLIGHHS CTAE HAJITO BEJMKUM, TO B TAOJHLIO J1OJA€THCS
HOBMM CerMeHT. 3ayBa)KUMO, III0 CErMEHT, SIKWH JI0[a€ThCs, HE Mae
BIJHOLICHHS [0 TOro, B SKMM BCTaBJISE€TbCSA 4eproBuil 3amuc. SIKIio
OGiHapHUM TMpeJCTaBICHHSAM HOMepa JO0JJaHOTO CerMeHTa € MOCHiIoB-
HicTh 1a5...8;, To po3ainsgerses cerMeHT 0a,...a;. 3anucu 3aHOCAThCS B
ONIMH i3 JIBOX OTPUMaHUX CErMEHTIB 3alle)kKHO BiJi 3HA4YeHHs OITiB a;.
3asHaynMo, 10 BCi I 3amMCH TOBHHHI MaTH TelI-KOIH, SKi
3aBEPINYIOThCS TOCIIIOBHICTIO d,...8; 1 PO3MISIATUMEThCS TiJIbKH
3Ha4YeHHs i-ro 0iTa 3 mpaBoro OOKy.

1lle oavH BaXJIMBUI aCMEKT CTOCYEThCSA CUTYyAllil, KOJIM 3HAYESHHS N
nepesuilye 2. V upoMy BUMaaky ObKydMid BMICT / 30iIbLIYETHCS Ha
ONMHULIO 1 Ha MoYaTrKy OITOBOrO MpEACTaBACHHS HOMEpa KOXKHOrO
cerMeHTa 3aHOCHThCs moaaTkoBuii 0. Hacmpapi HiYOro He 3MiHIOETBCS,
OCKIIBKH OITOBi TIOCITIIOBHOCTI, SIKi IHTEPIPETYOThCS SIK I[iTi IECATKOBI
YKCNa, 3aTUIIAIThCS MOMepeHIMU.

Ilpurnao 70. IlpoaoBxuMo po3riisj CTPYKTYPH, MPEeAcTaBIeHOT Ha
puc. 73, i NpUMyCTUMO, 110 B HET HEOOXiJHO BCTABUTH 3aIMC 3 KITIOUEM,
110 reutyeThbes y 6itoBy nociigoBHicTh 0101, Ockinbku OCTaHHIM GiTOM
€ 1, To 3anmc HeoOXiHO po3TallyBaTH y APYyromy (HMKHBOMY)
cermMeHTi. CerMeHT Mae JOCTaTHbO BIILHOTO TPOCTOPY, OTOXK OJIOK
MePENOBHEHHS HE CTBOPIOETHCH.
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Tenep, omke, 4 3anucy po3TalloBaHO y 2-X cerMeHTax, TOOTO 3a7aHe
BiHOLIEHHs 1,7 mepeBuileHe, i MU 3000B’s13aHi 301IbLIMTH 3HAUEHHS 1

10 3-X. OcKijbku |710g2 3—|: 2,TO HOMepaMHu CcerMeHTiB 3amicTh 0 i |

cratoTh 3HadeHHs 00 i 01, mpore CTpykTypa HaHMX 3aJUIIAETHCS
nornepeiHbo0. Tabnuiis JOMOBHIOEThCS HOBHM CErMEHTOM 3 HOMEpPOM
10. Ilotim cermeHT 3 HOoMepoM 00 (sikuii BiApI3HAETHCS Bl HOMeEpa
HIOWHO CTBOPEHOTO CErMEHTa JIMIEe OJHUM OiTOM) pO3Iinserscs. Y
bOMY BUMAJAKY 3amuc 3 remi-kogom 0000 3anumaerbes B cermenti 00
(rem-xoj, 3aBepuryetbes Oitamm 00), a 3anuc 3 rem-kojom 1010,
aHaJIOTiYHO, TiepeHocuThess B cerMeHT 10. Pesynbrar HaBengeHo Ha
puc. 74.

i= 0000

00 oo
n=3

=4 0101
01 fommmmmmmmm -

1111

1010
10 [T

Puc. 74. Pesynbrar BcraBku 3anucy 3 rem-koaom 0101 i qonydenns
CErMeHTa B JIiHIHY TaOJUINO, IPOITFOCTPOBaHy Ha puc. 73

PosrnsHeMo Terep omepatito BcTaBkd 3anucy 3 remi-kogom 0001.
JBa ocranHix GiTh koay — 1ie 01, OTOX 3aMuc MiAJIsIrae po3MilleHHIO B
icHyroumii cermeHT 3 HomepoM 01. Ha »asib, cCerMeHT Bike 3allOBHEHO, |
JI0 HBOTO TPHUETHYEThCS OJIOK TmepernoBHeHHs. Tpu  3amucu
PO3MOAUIAIOTECA Y ABOX OJIOKaX CEerMeHTa BiJIOBiHO 10 YHUCJIOBOTO
MOPSIJIKY CJTilyBaHHS TXHIX TenI-KoJliB (BUOIp MEBHOTO MOPSIKY HE AyxKe
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BaUiMBUi). OCKUIBKM BIJHOLIGHHS KUIBKOCTI 3alMCiB 10 4Mcia
CerMeHTIB Tabnuili 3apa3 JopiBHIOE 5/3, ToOTO € MeHmMM Bin 1,7, TO
HOBUH CErMEHT He CTBOproBaTMMeMO. Pe3ynbTar BigoOpakeHO Ha
puc. 75.

OnuiieMo TOCTiIOBHICTh Jiii, HEOOXiTHUX Ui BCTABKW 3alucy 3
kimodem, remoBaHuM B 0111, OcranHi nBa Oitu rewm-komy, 11,
3a3Ha4YaloTh HOMEp CEerMeHTa, B IKOMY HEOOXiJJHO pO3TalllyBaTH 3arluc,
OJIHAaK TaKOro cermMeHTa B Tabnuill Hemae. OTOXK 3alUC CKEPOBYETHCS Y
cermeHT 01, HOMep SIKOTO Bi/Ipi3HAETHCS HyJIeM y TiepiioMy 06iti. 3anuc
3aiiMae BiiibHe Miclie y 0101 nepenoBHeHHs cermeHTa 01.

i= 0000
00 [~
n=3
=5 0001 > 1111
0 e A st
0101
1010
10 [T

Puc. 75. Pe3yabrar BcTaBku 3anucy 3 remi-kozom 0001 i qonyueHHs 6i10ka
MEPENOBHEHHS B rei-TabJulIio, MPOiTCTPOBaHy Ha puc. 74

OpnHak Teriep BiTHOIIEHHS KiJIBKOCTI 3alHCIB JI0 YWCJIa CETMEHTIB
remi-Ta0Nuili ByKe TMepeBullye mopir 1,7, OTOX HEOOXiTHO CTBOPUTH
HOBHUU CErMEHT 3 ueproBuM Homepom, l1. Tak cranock, mo ue gkpa3
TO CEerMeHT, B KUl MOTPiOHO OyJI0 MOMICTUTH HOBHIA 3amuc. 3anucy 3
rem-konamu 0001 1 0101, sxi HanexkaTh cermeHTy 01, 3anumaroThes Ha
micui, a apa iHmi (0111 i 1111) nmepeHocATbCS B HOBUH CErMEHT.
Ockinbku cermeHT 01 Tenep MICTUTh TiNBKH JIBa 3aNIMCH, TO OJIOK nepe-
MOBHEHHS € 3aiiBUM i BUOanseTbcs. OCTaTOUHY CTPYKTYpY NpeacTaB-
JIEeHO Ha puc. 76.

193



3ayBaKUMO, 1110 YeproBa MOXIIMBA Orepallisi BCTABKU 3aITUCYy B relll-
TaOJIMIIO0 HAa pUcC. 76 CIIPUYMHUTE IO TIepeBHIeHHS nopory 1,7, oTox
HeoOXiqHO 30UIBIIMTH 3HaUYE€HHSA N Ta i 10 5 1 3, BIAMOBIIHO.

i=2 0000
O
n=4
r=6 0001
) R
0101
1010
)
0111
1
1111
Puc. 76. Pesynbrar BcTaBky 3anucy 3 rem-koaom 0111 i qoaydeHHs cerMeHTa B reli-

TaOJMIIIO, TIPOLTIOCTPOBAHY Ha pHC. 75

Ilpuxnao 71. llomyk y INiHIHHUX Trel-TaONMISIX BUKOHYETHCS
BIZIMOBIIHO JIO OINMUCAHOI BHIIE MPOLEAYPH, SIKY BUKOPUCTOBYIOTH MPH
BUOOpi CerMeHTa, B KU HEOOXiTHO MOMICTHTH 3aruc, IO BCTABIIAETh-
cs. SIKIo mIykaHOro 3amucy B OOpaHOMY CErMEHTI HeMae, TO HOoro
Hemae Hizne. 1[0 npoimocTpyBaty ckazaHe, 3B€pHEMOCH JIO CTPYKTYPH
rem-rabnuili, HaBeneHoi Ha puc. 74, ne =2 i n=3. CnouaTky
HaAMaraTUMeMOCh 3HAWTH 3amuc 3 KIIOYeM, TelIOBaHUM Yy OiToBYy
nocnigoBHicTe 1010. Ockinbku =2, TO 3BepHEMO yBary Ha JBa
OCTaHHiX OiTu reu-koay 3anucy — 10. SIKiio iX iHTeprnpeTyBaTH SK Liijie
JIECATKOBE YHCJIO, TO Ile O3Hayarume M =2. Ockiaeku mM<n, To
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cerMeHT 10 icHyE 1 3a 3arMCOM HEOOXiTHO 3BEPHYTHUCS came 10 HbOro.
3BepHITh yBary, o (akT BiaIykaHHs 3anucy 3 rem-koaom 1010 me He
O3Hayae, W0 Le LWyKaHuid 3anuc. s BOEBHEHOCTI HEOOXimHO
NepeBipUTH NMOBHE 3HAYCHHS KJIIoYa 3aIucy.

Tenep posriasHeMoO Mpolec MOLIYKY 3amucy 3 remi-kogom 1011,
Lporo pa3y HeoOXimHO 3BepHYTUCS OO cerMeHra 3 Homepom 11.
Ockinbky 3HaYeHHs 11, MOTpakTOBaHE fAK LiiJie NECATKOBE YMCIO, €
m=3, To MaEMO M=N, a 1ie 03Ha4ae, O cermMeHTa 11 y TabiauLi HeMaE.
3aMiHMMO TOYaTKOBY OJMHMLII0O HOMEpa Ha HyJlb i mepelaeMo 10
cermenta 01. OnHak y LbOMY CErMEHTI HEMAa€ 3amucy 3 rell-KOI0oM
1011, i My MOkeMO OyTH BIIEBHEHI, 1110 HOro HeMae i B ycili Tabuuili.

Bnpaeu ona onpayroeanns

Bnpaea 51. TloscHiTh, K BIUIMHYTH HAa BMICT CETMEHTIB Tell-Ta0JIHLIi,
HaBeJIeHOT Ha puc. 67, mepesiiueHi HuKye orepalii BCTAaBKUA 1 3aMiHM
3aMuCIB 13 3aJaHUMU KIIFOUYAMU:

a) 3amnKcH g-j BCTaBJIAIOThCS y cerMeHTH 0-3, BiAMOBITHO;

0) 3amucH a i b BUIATAIOTHCS;

B) 3amnucu k-n BCTaBIAOThCA y cerMeHTH 0-3, BiMOBIHO;

T') 3aIiCH ¢ i d BUJANSIOThCA.

Bnpaea 52. llpunyctumo, 10 KJIIOYi 3alKCiB TellytoTbes B 4-0iTOBI
MOCJTIJOBHOCTI (SIK Y BCIX MPUKIIAAAX 3 PO3MIMPEHUM 1 JIIHIHHUM reuny-
BaHHAM, PO3IJSIHYTHX BUlle). BBaxarumemo, 1o OJIOKM BOJNOAIIOTH
MICTKICTIO, JIOCTaTHBOIO JIJIs 30epiraHHs TpboX (a He ABOX, SK paHilie)
3aMUCiB, i PO3IJIITHEMO Tell-Ta0JUIIIo 3 ABOMA MOPOXKHIMU OJIoKamMu (3
Homepamu 0 i 1). Slk BUrIsgaTMMe CTPYKTypa Micis BCTABKH 3aIKCIB 3
HACTYITHUMH TelI-KOJaMu:

a) 0000, 0001, ..., 1111; rem-Tabauugs, MO PO3LIUPIOETHCS;

6) 0000, 0001, .., 1111; rem-rabmuug € JiHIAHOIO 3
rPAaHUYHUM 3HAYEHHSAM BIJHOLICHHS KiUJIbKOCTI 3amMCiB 110
4yKClla CerMEHTIB, ke nopiBHioe 100%;

B) 1111, 1110, ..., 0000; rer-Tabauiis, O PO3LIMPIOETHCS;
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r) 1111, 1110, .., 0000; rew-tabauus € JIHIKHOWO 3
IpaHUYHAM 3HAYCHHSM BiJTHOILIEHHS KiJIbKOCTI 3amuciB 110
yHclia CeTMEHTIB, sike nopiBHIOE 75%.

Bnpasa 53. Hexaii icnye daiin ganux 3 1 000 000 3anucis, siki HeoOXi-
Ho remryBaT# B Tabmuio 3 1 000 cermenTiB. OquH 070K MOXKe BMiCTUTH
100 3amuciB. HeoOxigHO miATpriMyBaTH HACTIIBKM BHCOKWH piBEeHb
3arMoBHEHHS OJIOKIB, HACKIJIbKM 116 MOKJIMBO, BPAaXOBYIOYHM, IO OJIOKH
He TOBMHHI BHUKOPHUCTOBYBATHCSl CIIIJIbBHO JEKiIbKOMa CEerMEHTaMM.
Slkoi kinmbKkocTi OJIOKIB (MiHIMAJBHOI I MaKCHMAJTBHOIT) TOCTaTHBO JUIS
30epiraHHs 3a3HaueHOT CTPYKTYpH?
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IHAEKCHU JISA BATATOBUMIPHUX JTAHUX

Yci cTpyKTypH, sKi pO3TJSHYTO paHillle, € OMHOBUMIPHUMH, TOOTO
MaloTh €IMHUI KITFOY TMOIIYKY 1 IAalOTh 3MOTY 3HAXOJUTH 3alliCH JaHuX,
IO 3aJOBOJILHSIOTh 3HA4YeHHSIM Lporo kimoua. Jlo mporo vacy mu
BBaKaJIH, 1O (YHKILIO KITFOYa TOIIYKY BUKOHYE OKpeMul aTpuOyT abo
none. Jlo kareropii OAHOBUMIPHUX MOXYTh HaJIeXKaTH 1 Taki iHIEKCH,
KJIHOY TMOLIYKY SKMX YTBOPIOETHCS Ha OCHOBI JEKIIbKOX MOJIiB. SKIIo
HeoOXiTHWUH OJHOBUMIPHUM iHJIEKC 3 KIFOYEM TOIIYKY, chpOopMOBaHUM
3i cniucky noniB (F4, Fo, ..., Fi), To BMICT KJtOua MOYKHA TIPEICTABIIATH
y BMIVIAII JIaHIfOra 3B°sA3aHMX pa3oM 3HadeHb momie Fi, Fr 1 T.a.,
PO3IICHUX ClieLiaTbHUMU CUMBOJIAMH.

Ipuknao 72. Slxuio none F; HaleXWUTh 0 PIJKOBOrO THUIY, a MoJie
F2 — no uinoyuciaoBoro i po3aibHUKOM ciyrye cumBon #, skuii y
UbOMY BUMNAAKy 3a00pOHEHO BHUKOPUCTOBYBATH B CEPEIUHI PSIKOBUX
3Ha4YeHb, TO KOMOiHamiro BenuuuH F;=‘abed’ i F>=123 wmoxHa
oopmuTti sik psiiok ‘abcd#123’.

VY monepeAHbOMY PO3JiJli MU 3a3HAYWIIA TepEeBaru OJJHOBHUMIipHOTO
MPOCTOPY 3HAYEHb KITFOYA TIOUIYKY.

o EdekturHicTs B-mepes Ta iHIEKCIB A1 TOCTIIOBHUX (haititis
3yMOBJICHA THM, WIO KIIIOYOBI 3HA4YeHHS pO3TalIOBaHO
YIOPSIIKOBAHO.

o Jlomyk y rem-tabnuili cra€ MOXJIMBUM TiTbKH B TOMY
BUMAJKY, SKIIO 3HA4YeHHS KJoYa [MOMYKY JOCTOBIPHO
BijloMe. SIKINO KJIIOY YTBOPEHO 3 JIEKIIBKOX MOJIB 1 BMICT
OJIHOTO 3 HUX HE BHW3HAUEHO, TO Tenl-(pyHKIIIO 3acTOCOBY-
BaTH HE BIIAEThCA — 3aMICTh I[bOTO HEOOXIJTHO TMEperyisHyTH
BMICT BCIX CEFMEHTIB TaOIULLi.

IcHye yMMalio 3acTocyBaHb, SIKi BUMAraioThb, 1100 JaHi TpaKkTyBaJKlCh
y KOHTeKCTi 2-, 3- ab0 HaBiTh N-BUMIpHUX MpocTopiB. Jledki 3 Takux
3acTtocyBaHb MiATpuMYytoThes Tpanuiiitnumu CKbBJl, oqHak po3poGneHo
crietianizoBaHi CUCTEMHU, OPIEHTOBAHI Ha 00CITYTOBYBaHHS 3aCTOCYBaHb,
110 B3aEMOAIIOTh 3 OaraToBUMIpHUMHM AaHuMu. OJHa 3 TOJOBHUX
0COONIMBOCTEN MOAIOHUX CHCTEM CTOCYETHCS MIATPUMKA HUMHU TaKUX
CTPYKTYP JaHMX, fKi nepeadavaroTh 00poOKy IEAKHUX Pi3HOBHIHOCTEH
3aMuTIiB, 10 HE € TUIOBUMH JUId TpaauulidHuX 3actocyBaHb SQL. YV
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Temi 17 mpelncTaBaeHo AesKi 3pa3ku 3auTiB, eQeKTUBHICT 00CITyroBY-
BaHHS SIKUX CYTTEBO 3POCTAE 32 BUKOPUCTAHHS iHJEKCIB i OaraToBu-
MipHHX 1aHuX. Temu 18 i 19 npucBsiueHo 0OroBOPEeHHIO XapaKTePUCTUK
nepesliueHuX HWK4E CTPYKTYp NaHHX.

1. Cimxkosi ¢paiinu (grid files) — OaratoBuMipHa Bepcis Tell-
TabJIULb.

2. Pozoineni  eew-pynxyii  (partitioned  hash  functions) —
aNbTepHATUBHUI croci0 peanizaiii MexaHi3My reu-Tadiuup y
3aCTOCYBaHHI JI0 0araTOBUMipHHUX JTaHUX.

3. Inoexcu 3 Oexinvkoma wutouamu (multiple-key indexes) —
CTPYKTYPH, B AKUX 1HJCKCHI 3HAUYEHHS OJHOIO KJIOua MoB’s3aHi
31 3HAUEHHSIMU KJII0Ua iHIeKCiB HACTYITHOTO PiBHSA i T.1I.

4. kd-oepesa (kd-trees) — y3aranbHeHi wmojeni B-mepeBa y
3aCTOCYBaHHI 10 MHOXKHMH TOYOK.

5. llepesa ksaopamwmie (quad trees) — nepeBa, KOXXHa [OYipHS
BEpIUMHA SIKUX NPEACTaBJsAE OJIMH 13 KBaJpPaHTIB IO, IO
OIUCYETbCs 0ATHKIBCHKOIO BEPLIMHOIO.

6. R-Oepesa (R-trees) — ysaraibHeHHs Mojeni B-gepesa ans
MpeJICTaBJIeHHs MHOXKUH 00J1acTel mpocTopy.

Tema 17. 3acTocyBaHHsI Mo/1e/Ii 0AaraTOBUMIPHHUX JTaHHUX

VY wiii Temi posrisHEMO IiBa KJIacHU 3acTOCYBaHb, SIKi peaii3yroTh
MoJienb OararoBuMipHuX JgaHuX. OJIWH CTOCYeThCS TreorpadidHux
iHpOpMa[iiHUX CcHUCTeM, e eJleMEeHTH JaHUX OIMHUCYIOTh CYTHOCTI
JIBOBUMIpHOTO (iHKOJIM TPUBUMIPHOTO) CBiTY. Y 3acTOCYyBaHHSX JIPyro-
ro KjJacy MOHSATTS BHUMIPY TPaKTYEThCS Nel0 aOCTPaKTHO: KOXKEH
aTpuOyT BiJHOIIEHHS MOXKHA IHTEPNPETYBaTH K ACSIKUHA BUMIp; TOJI
KOPTEXI1 IOLILHO CNPUMATH SK MEBHI TOYKW Yy MPOCTOpi, 0OMexe-
HOMY aTpuOyTaMHU-BUMipaMH.

OkpiM TOro, MM NpoaHali3yeMO CHOCOOM 3aCTOCYBaHHS Tpaauiliii-
HUX IHJIEKCiB, TakuWxX SK B-mepeBa, 118 MIATPUMKH 3aIlUTIiB 0
0araTOBUMIpHUX JaHUX. Y NESIKMX BUNAAKaX MNOAIOHMN MiaXia AOLiIb-
HU 1 eeKTUBHUIA, X04a B iHIIIMX 3HAYHO PO3YMHIillle BUKOPUCTOBYBATH
MEeBHI CTPYKTYPH CIEiaTbHOTO MPU3HAYCHHS.
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17.1. I'eocpaghiuni ingpopmauiiini cucmemu

Tunosa 2eoepagiuna inpopmayiiina cucmema wmae crpaBy 3
00’exTamMy JBOBUMIipHOTO (pijiilie — TpUBUMipHOTr0) nipocTopy. Yacto B
0a3ax JaHuX TONIOHMX CHUCTeM TMpejcTaBieHa Kaprorpadiyna
iHdopMallis, SKa OMUCYE TOJIOKEHHS i B3a€MHY OpI€HTAIlil0 CIIOpY,
Jlopir, MOcCTiB, TpyOOmnpoBOAiB i OaraThoX iHMMX (Hi3MUHUX OO’ EKTIB.
[Mpuknan moniGHOT KapTH HaBelleHO Ha puc. 77.

100
MMxona
np. Ceobogn Bynmmox
o2
By?\;?m{ EYI JrieHKA
]
0 100

Puc. 77. llexinbka 06’ €KTiB ABOBUMiPHOTO MTPOCTOPY

IcHye unMano iHIIMX o6yacTel 3acCTOCYBAaHHS MOAIOHUX CHCTEM.
Hampuknan, MoOHTax iHTerpajibHOi CXeMH BWIIAZae sk Halip
JIBOBUMIPHHUX KapT MPSIMOKYTHUX obJacTeld, BHKOHAHMX 3i CriellialbHUX
MarepiaiiB 1 opraHizoBaHux y Qopmi «uiapiBy. BikHa i mikrorpamu Ha
eKpaHi KOMIT I0Tepa TaKOXK MO)KHA TPAKTYyBaTH SIK 00 €KTH JIBOBUMIp-
HOT'O MPOCTOPY.
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3anuTH, sKi 00CIYroBYIOTbcs reorpadiuHuMu iHGOpMaLiiHUMU
cHCTeMaMH, He Halle)kaTh 10 TpaauLiiHOT cdepu Bukopuctanus SQL,
XO4Ya 3a MEeBHUX YMOB IX BCE-TaKM BJAETHCS 3amKcaTd oOrepaTopamu
SQL. Huwkue nepesntiueHo AesKi 3 pi3HOBUAIB NOAIOHUX 3aMMTIB.

1.

3anumu 0o oanux 3i 30ieaHHAM OKpeMUX KOOPOUHAN: 3a1al0ThCS
3HAaueHHs KOOpAWHAT OAHOro abo [eKUIbKOX BHMIpIB i
NoBepTaeThesl iHdopMallis MPo BCi TOUKU MPOCTOPY JAaHHUX, SKi
3a710BOJILHSIOTH KPUTEPIIO MOLIYKY.

3anumu ¢ Jianazouax 3HayeHv: 3aJaIOTbCS Aialla30HW 3HAYCHD
JUis ogHOro abo JEeKiIbKOX BUMIpIB I BMMAararOThCs JaHi Mpo
TOUKH, KOOPAMHATH SKUX Halle)kaTh J0 UMX Jiana3oHiB
(npuknagomM Moxke OyTH 3amuT, SIKMM nepeadayvae BidlIyKaHHS
yCiX JBOBUMIPHMX T'e€OMETPUYHMX (iryp, 10 YacTKOBO abo
LIIJIKOBUTO HaJieXaTh 3a3Ha4eHUM 00JacTsIM ruioiyHK). [ToaiOHi
3alUTH € Y3araJbHeHHSM MoJelli OAHOBUMIPHMX 3allUTiB Y
aianazoHax 3HayeHb, PO SIKYy MU PO3MOBinanu y myHKTi 15.4.
Howyx nationusicuux cycionix 06 ’ckmis. Hanpukiaz, 3ragaemo
3aluT, KUK mnependavae BUSBJICHHS TOYKW, HAMOIMXKYOI 10
3aJaHol. SIKIIO TOYKM MpPeaCcTaBisIOTh MicTa, TO OAHUM i3
NofiOHUX 3anmuTiB  Moxke OyTH Takuid: 3HaWTH MicTo 3
HACeJICHHSIM, IO TEpeBHIIYE 3aJaHy MEXKY UHCENbHOCTI, SKe
HaMOIMKUe 10 BKA3aHOrO MiCTa.

Busnauennus micyesnaxoooicenns 00’ekma: 3aJa€TbCs TOYKA 1
BUMAratoThCsi BiJIOMOCTI MPO MPUHAIEKHICTh TOYKH JIO0 THX YW
iHIMX ¢iryp, obnacreii un 00’ ekTiB. XapaKTepHUM MPUKIAIOM
Moke OyTM 3ajauya BM3HAYEHHS [MOJIOKEHHS Kypcopa 1100
€KpaHHUX 00’ €KTIB Y MOMEHT HaTUCKAHHS KJIaBillli MUILI.

17.2. Kyou oanux

OnHe 3 HeIaBHIX AOCATHEHb B 00JIACTI TEXHOJOrIM 0a3 JaHMX, sKe
peanizoBaHe B neskux komepuiiinnx CKBJI, crocyerbcs miaTpuMku
Mozaeni ky6ig¢ Oanux, ne iHQopmallis IHTEpPHPETYETbCS Yy KOHTEKCTI
OaraToBuMipHOTO TIpocTOpy. bararo kopmopaiiii 3aiiHATI 30MpaHHIM
0araToBUMIpHUX [AaHUX, SIKi BUKOPUCTOBYIOTb y 3aCTOCYBaHHSX HiO-
MPUMKYU NPUUHAMMS piuleHs, O Jae 3MOTY, HalpUKIaj, TpoaHalizy-
BaTU IMOKA3HUKW TOCMOAAPCHKOI MAisJILHOCTI MiNPUEMCTBA HA OCHOBI
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iHdopmMmarlii npo npoaaxi ToBapis, 10 BUPOOIstOThes. L iHpopMalis
HaJuye:

1) nary i4ac yroau;

2) HaliMeHyBaHHS IyHKTY MPOJAXYy;

3) Ha3By TOBapy, HOTo KOIlip, apTUKYJI, PO3MIp i T.II.

3a3Buyaii, AaHi NPUHHATO IHTepripeTyBaTH y (OpPMi BiIHOIIEHHS,
K€ MICTUTh 1O OJHOMY aTpUOYyTy Uil CITUCKY KOXKHOI BJIACTHBOCTI
JIeSIKOT CYTHOCTi. ATpUOYTH BiJIHOLIEHHS MOXKHA CHIPUHAMATH K OKpeMi
BUMipH 0araTOBUMIipHOTO TMpocTopy, abo «kyba daHWX», a KOXKeH
KOPTEXK — SIK TOYKY B ILOMY MPOCTOPi. AHAIIITUKH BBOJATH 3aIUTH, SKi
IpyNyloTh JaHi 3a TMEBHMM BUMIpOM, a [OTIM [MiJACyMOBYIOTh
pe3yJbTaTh, OTPUMaHi JJIsl TPyM, 3a JONMOMOTOK (YHKIIN arperartii.
Ochb Takuii npuknan nogioHoro 3anuty: «Hackinbku Benuki 00’emu
MPOAAXY OpaHXKEBUX KpaBaTOK apTukymy 223-322 y KOXKHOMY 3
Mara3uHiB Mepexi momicaus 3a 1998 pik?»

17.3. SQL-3anumu 00 dazamoeumipHux OaHux

KoskHe i3 mepestiueHUX BUIIIE 3aCTOCYBaHb MOXKHA CHOPMYITIOBATH Y
Burasanai - SQL-3anuTy, 3BepHEHOro A0 pesauiiHol 0a3u  JaHux
TpaauLiiiHOT CTPYKTYpH. Po3risHemMo aeKiibka npuKiIaziiB.

Ilpuxnao 73. llpumyctriMo, IO HEOOXiJHO BUKOHYBaTH cepii
3aMuTiB, SKi MependavaroTh MOIIYK HaWOIMKYMX CYCITHIX TOYOK
JIBOBUMIpHOTO npoctopy. [HdopMallito mpo TOYKH MOXKHA NPEACTaBUTH
BIJTHOLLEHHSM, IK€ MICTUTb Napu AIMCHUX YUCEJI:

Points (x,y).

IHmMMK crioBamu, cxema BimHouieHHs Points micTuTh aTpubyTH
X 1), KOMIOHEHTH SKUX MICTATh KOOPAWHATH X Ta Y TOYOK IJIOLIMHU.
Jlo BiHOILIIEHHS MOXKYTh HAJIEKATH 1 JIONATKOBI aTpUOyTH, MPU3HAYCHI
It 30epiraHHs 3HaveHb IHIIUX BJIACTUBOCTEH TOYOK.

Hexaii Tpeba BW3HAUMTHM TOYKY, HAWOMKYY 1O TOYKH 3
koopauHatamu (10.0,20.0). BigmopigHuii 3anUT, TEKCT SKOrO HaBEIEHO
Ha puc. 78, BM3HaYae, 4d iCHye IS KOXKHOI TOYKH P Jesika Todka (,
posTaioBaHa OivK4e JI0 3a1aHOT TOYKH, HiXK P. Y TIOpiBHSHHI OepyTh
y4acTh 3HA4YeHHs Bifmaneil, ski OOYHMCIIOIOTBCA SK CYMH KBaJpaTiB
pisHup koopauHat x i y ToukH (10.0,20.0) i «Oikydoi» TOYKH, IO
pPO3MJISAAAaEThCS Y KOHKPETHUH MOMEHT. 3BEpHiTh yBary, IO IS
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3MEHIIEHHs 4acy OOpoOKM 3amuTy CHpaBXHs BiJlaib MiXK TOYKaMHU
(kBagpaTHi KOpeHI CyMH KBaJpaTiB 3Ha4eHb) He OOYMCITIOETHCS:
NOPIBHSIHHS KBaJpaTiB BEJIMYMH JaBaTMMe TaKWi pe3ysbTaT, o i
3iCTaBJIEHHS CAMUX BEJIMYMH.

SELECT *
FROM POINTS p
WHERE NOT EXISTS (
SELECT *
FROM POINTS q
WHERE (q.x-10.0)*(q.x-10.0)+(q.y-20.0)*(q.e-20.0)<
(p-x-10.0)*(p.x-10.0)+(p.y-20.0)*(p.y-20/0)
);

Puc. 78. Ilpukian 3anury, kUi 1ae 3MOTy 3HaAWTH TOUKY, HAHOIMKYY 10 3a1aHOT

Ilpuxnao 74. OG’ektamu reorpadiyHuX IHPOPMALIHUX CHCTEM
BEJIbMU 4acTo € NMpIMOKyTHi dirypu. [IpsIMOKYTHUK Ha MIIONIMHI MOXKE
OyTH omMcaHO JeKiibkoMma crnocobamu. OnauH i3 HalyKHUBaHIIIKMX
nependayvae 3a1aHHs KOOPAMHAT HHXKHBOTO JIIBOTO i BEPXHBOTO MPaBOrO
kyTiB. Konekuito MpsSMOKYTHHKIB JIETKO TPEICTABUTH SK BiIHOIIECHHS
Rectangles 3 arpubyrtamu ineHtudikatopa ¢irypu i 3HaueHb
KOOpAMHAT ii KyTiB (a TakoK OyJb-SKMMH IHUIUMH aTpuOyTamu, sKi
BiJIMOBIIalOTh BHMOTaM KOHKpPETHOI cwTyalii). Y 1poMy TpHUKIIaIi
KOPHCTYBaTHUMEMOCH CXEMOIO

Rectangles (id, xll, yll, xur, yur),

aTpubyTH sKOT Tpu3HadeHO 1y 30epiranHs ineHTudikaropa (id)
MPSIMOKYTHHKA, & TaKo»K abCIMC i OpJMHAT HOro HUKHBOro JtiBoro (XI i
yll) i BepxHBOTO MpaBOro (XUr i YUr) KyTiB.

Ha puc. 79 HaBeaeHO TeKCT 3amuTy, KM Aa€ 3MOIY BWU3HAYMUTH
MPSIMOKYTHUKH, 110 OXOIUTIOIOTh TOUKY 3 koopauHatamu (10.0, 20.0).
VYmoga peuennss WHERE noctatHbo oyeBuaHa: o6 touka (10.0, 20.0)
HaJieasa esKoMy MPSAMOKYTHHUKY, HEOOXIIHO, 11100 3HaYeHHs abCLucH
HW)KHBOTO JIIBOTO KyTa IIbOTO NPSIMOKYTHUKA OyJii He Oinbimi, Hixk 10.0,
a BeMYMHA opauHath — He Oinmbiua, Hix 20.0. OxpiM TOrO, 3HaYSHHS
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abcLMCcH 1 OpAMHATH BEPXHBOrO MPaBOro KyTa MOBMHHI OyTH MEHIIMMHU
Bixg 10.0 1 20.0, BignoBigHO.

SELECT id

FROM Rectangles

WHERE xlI<=10.0 AND yll<=20.0 AND
xur>=10.0 AND yur>=20.0;

Puc. 79. [lpuxnan 3anury, skuit 1a€ 3MOTY BiJIIIyKaTH MPSIMOKYTHUKH, 1110 OXOILTIOIOThH
3aJ1aHy TOUKY

Ilpuxnao 75. ladopmaniio B cucreMax, SKi peaizyloTh MOJAEb
KyOiB JaHMX, 3a3BHYail, opraHizoBaHo y dopMmi mabruyi paxmuunux
3HAueHb, WO TIPEJCTABIsEe 0a30Bi €IEMEHTH JaHHX, Ki 30epiraloThbes
(Hanpukian, BIiAOMOCTI NPO KOXKHY oOMepaliio mpojaxy), i Habopy
maodnuys po3mipHocmeti, SKi OMKUCYIOTh BIACTUBOCTI 0a30BHX 3HAYCHb
Mo KOXKHOMY BUMIipy. Hanpukian, Ko ofHUM i3 BUMIpIiB € mapamerp,
KW BHU3HA4ae Micue 3JIIHCHEHHS yroau Mpoaaxy (MarasuH), TO
aTpubyTaMu TaOJuLi PO3MipHOCTEH, 1110 BiJNOBIIAE 1[LOMY MapamMer-
pOBi, TOBWHHI OyTH azpeca, HOMep TenedoHy Ta iM’sS Kepyrudoro
MarazuHoM.

Po3mMipHOCcTAMU TabnuLli (haKTUUHUX 3HAUCHD

Sales (day, store, item, color, article)

€ TlapamMeTpu, 3a3HaveHi y myHkri 17.2. Teker 3anuty, skuii nependadae
OTpUMaHHs cyMapHOi iHpopMauii npo 00’eMU MPOJAXKY OpaHKEBUX
KpaBaTOK Y KO’)KHOMY 3 MarasuHiB i 3a JaTaMH, MOXe BUIJISAATH TaK, K
npointoctpoano Ha puc. 80. Tyt ponb aTpuOyTiB, sKi TPYMyIOTh,
BUKOHYIOTh aTpuOyTH-po3mipHocTi day i Store, a paHi BCIX iHIIWX
BUMIpIB arperytotbcs 3a gonomoroto onepatopa COUNT. Mu 3ocepen-
JKYEMO yBary TiJIbKM Ha THX TOYKax Ky0a JaHMX, sKi 3aJ0BOJIbHSIOTH
ymoBi 3nHaueHHs WHERE, T1o0TO narTh BiJOMOCTI MpPO KpaBaTKH
OpaHKEBOTO KOJIbOPY .

SELECT day, store, COUNT (*) AS totalSales
FROM Sales

WHERE item=‘tie’ AND color=‘orange’
GROUP BY day, store;

Puc. 80. [Ipuknan 3anuty, skuii moBepTae cymMapHy iH(opMallito Ipo NpoJaxK TOBAPiB
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17.4. 3anumu ¢ dianazonax 3HavyeHsb 3 GUKOPUCMAHHAM
mpaouuiiinux inoekcie

Tenep gocniauMo CTyMiHb MiABUINEHHS e(EeKTUBHOCTI MPOLIECiB
00poOKM 3amuTiB y Jiana3oHax 3Ha4eHb 3 BUKOPUCTAHHSAM CTPYKTYP
iHIeKCiB, SKi PO3MIIHYTO y TMonepeaHboMy po3aiti. [Ipumyctumo, mo
WaeTbcs TpO NBOBUMIPHHUM TPOCTIp BIIACTUBOCTEN CYTHOCTEH, SKi
PO3risAaloThes. 3a HassBHOCTI BTOPUHHUX 1HJIEKCIB, CKOHCTPYHOBaHWX
JUIE KOXKHOTO 3 BHUMIpiB X 1 ), HAWKOPHMCHIIIMM JJis BiALIYKaHHS
3HauYeHb, K1 HAJEXKaTh 33JJaHUM J[ialla30HaM IMX BUMIpiB, BUSBUTHCS
B-nepesononi6buuii inaekc. Criouatky Juctu B-nepeBa fatoTh 3mory
OTPpUMATH MHOXKUHY MOKaKYMKIB Ha 3alMCH JaHUX, IKi 3aJ0BOJIbHAIOTh
nianazony Bumipy x. Ilotim B-nepeBo BHUKOPHUCTOBYEThCS IS
BiJIIIyKaHHS TIOKa)XXYMKIB Ha 3alMCH, SKi BiAMOBIAAIOTh TOYKaM,
KOOpAMHATU Yy SKUX HajexkaTh J0 JHiana3oHy Bumipy y. Hapermri, 3a
JIOTIOMOIOI0  MIPUKMOMY, OIMcaHoro B MNyHKTI 14.3, oOuHCIIOeThCS
NEePETUH MHOYKHH MOKaXKUYMKiB. SIKIIO nokakuuku posmiiueHi B OIl, To
3arajibHa  KUTBKICTh  Ofepaliii  JAWCKOBOTO  BBEJCHHS/BUBEIEHHS
BU3HAYAETHCS KINBKICTIO TUCTIB B-nepesa, 10 NiajsraioTh neperasuy, i
BUMArae JeKijibka J0JaTKOBHMX Orepalii, HEOOXIAHUX IS TMepeMilieH-
Hs o aepeBy (auB. nyHKT 15.7). Jlo uporo uucia A0aar0Th Ti AUCKOBI
omeparlii, ki HEOOXigHI JUIs 3YWTYBaHHS 3alWCIiB JaHUX, IO
3a/IOBOJILHSIFOTh KPUTEPii MOUIYKY (TaKWX 3aMuciB MOXKE BUSBUTHCS
4UMaJo).

Ilpuxnao 76. PosrnsHemo rinorernyny MHoOxuHy 3 1 000 000 TO-
YOK, PO3MO/IiJICHUX JOBIBHO Y TBOBUMIPHOMY MPOCTOPI, SIKi BOJIOAIIOTH
KOOpAWHATaMU X i Y, 10 HaOyBarOTh 3HaueHb y pdiamazoni 0-1 000.
[IpunycTumMo TakoX, 1O B OAMH JAWCKOBUN OJOK MOMIIAIOTHC
100 3anuciB 3 iHpOpMALLi€l0 PO TOYKHM i JTUCTOK B-fepera MicTHTD, B
cepennbomy, 200 map BuAY «KmOu-noxkadcyux» (Haragaemo, 1O B
KO)KeH MOMEHT 4acy 3alHiTI He OOOB’S3KOBO BCi KOMipku OJIOKiB-
BeplIVH JepeBa). BBaxkatumemo, 10 [yIsi BUMIPIB X 1 Y CTBOPEHi OKpeMi
B-nepesononibHi inaekcu. YsIBUMO, 110 MOTPIOHO OTpUMATH BiAMOBIIb
Ha 3amnuT, sikuil nependavae BiALIYKaHHs TOUYOK, IO HajleXaTh KBaapary
3i croponotro 100, sikuit po3MillleHO B IEHTPI BUXiAHOTO KBajapaTa
1000*1000. InmmmMu cnoBaMu, KOOPAMHATH TOYOK MOBUHHI 3a7]0BOJIb-
HATH yMOBHU 450=x<550 i 450<)<550. BukopucroBytoun B-nepeso mis
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aTpubyTa X, HeBa)KKO 3HAWUTH MOKA)KYMKM Ha 3alMCH, 11O BIANOBINAIOThH
Toukam, aOCUMcH SKHMX HalexaTb A0 3aJaHoro Adiama3oHy. Takux
MOKaXXuuKiB BUsBUTHCs pubiu3Ho 100 000, i HeoOXiqHO, 11100 yci BOHU
nomictuaucs B Oydepax OIl. AnanorivHo, 3a gonomorow B-nepesa
Ui atpuOyTa ) BIIUIYKYIOThCS MOKaKYMKHM (iX 3HOBY Oynae OIU3bKO
100 000) Ha 3amucH 3i 3HA4YEHHSAMU ) 3 3a/laHOrO Jiana3oHy. Omneparis
NepeTUHY MHOXHWH TNOKaXUYMKIB Ja€ B pe3yjbTaTi MHOXHUHY, fKa
MicTuTh npuOan3Ho 10 000 Moka>k4MKiB Ha 3alKMCH, 110 33JOBOJIBHAIOTh
0o0OWBI YMOBH BOJHOYAC.

Tenep cnpoOyemMO OLIHUTH KUIBKICTh OMNEpaliii  JTUCKOBOTO
BBEJICHHS/BUBEICHHS, SKi HEOOXIAHI Ui OTPMMaHHS BIANOBiAI Ha
sanut. [lepenycim, sik 3ragyBanocst y myHKTi 15.7, y 6Garatbox BUNaakax
BEJIbMH MPOAYKTUBHHM BHUSIBUTbCA  pIlleHHsS, sKe nependavae
30epiranHs kopeHeBol BepiunHu B-nepeBa B OI1. Ockiibku HEOOXITHO
BiJILIYKATH Y KOXKHOMY i3 JIBOX B-7iepeB BiAMOBIAHUIA Jiana30H 3HaYeHb
KJIFoYa TOUIyKy (Maroud Ha yBasi, 1O MOKAKYMKUA B JIUCTaX JIepeB
BIOPSIKOBaHI 3a BeJIMYMHAMHM KIIOYiB), TO JAJs JOCTYMy [0
100 000 mokax4rKiB y KOXKHOMY BHMipi HEOOXIJHO 3BEpHYTHCS 0
oJtHieT MPOMIXHOT BEPIIMHU 1 JIO0 BCIX JIUCTIB, SIKi MICTSTh TOTPIOHI
NOKKYMKK. MU BBaXKaeMo, 110 OAMH JIMCT MICTUTh Oau3bko 200 nap
BUAY «KIIOY-NOKAJICYUKY, OTOXK Yy KOXKHOMY 3 JepeB JOBEAEThCs
nepersisHyTd 500  OnokiB-mMcTiB.  SIKIIO  BpaXyBaTH  IpoLenypy
3uMTyBaHHs 0JI0Ka MPOMIXKHOT BEPLIMHU KOKHOTO JIepeBa, TO 3arajbHa
KUTBbKICTh Omeparliii JUCKOBOTO BBEJICHHS/BUBEJCHHS CTaHOBUTUME
1 002.

3peniToro, HEOOXiJHO  3aBAHTAKUTH  OJIOKHM, dKi  MICTATh
10 000 mrykaHuX 3anuciB. SIKIIO 3amucu Po3MOAiIEHI BUMAIKOBO, TO
Ham jioBeieTbes MaTu cripaBy 3 10 000 pisHux OsokiB. OCKUIBKH, SIK MU
BBaxkaemo, 1 000 000 3amuciB (aiina posnogineni y 10 000 6iokax, To
fineTbcs Mpo HEOOXiOHICTH Meperyisiay B CepelHbOMY KOXKHOro OJioKa
(datina gaamx. Otmxke, TpamuuUidHi iHIekcH (LIOHAWMEHIIE B IOMY
BUMNAJKY) HaBpsa ud OyAdyTh KOPHUCHUMH NpYU OTPUMAaHHI BiAMOBIAI Ha
3aMuT y Jiana3oHax 3HaueHb. Skiio 6 aiana3oHu Oyiu KOPOTIIUMU, TO
ornepauisi MEepeTUHY MHOKMHM MOKKYMKIB JaBana O 3MOry 3BY3WUTH
o0nacTh MOIIYKY O HEBEJIMKOI YacTUHM OJIOKiB (halina naHux.
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17.5. IHowyk naiionuxcuux cycionix 00’ ckmie 3 6UKOPUCMAHHAM
mpaouuiiinux inoekcie

Jns  BimmmykaHHs 00’€KTiB, HaWONMKYMX IIMOAO 33JaHOTrO, SK
BUJAETLCS Ha MEpIIMH MOrJsAd, 3rOAUTbCS MNPAKTUYHO JOBiIbHA
iHIEKCHAa CTPYKTypa: AOCTATHbO, HAMPHKIAJA, BU3HAUUTH MPUAHATHI
Jliana3oHU B KOXKHOMY BHMIipi, BHMKOHaTH 3aluT, MNOAIOHUH 1O
PO3MJISIHYTOrO B MONEPEIHLOMY MYHKTI, i 00paTH TOUKY, siKa 3aJ0BOJIb-
HsC BCI Jiana3oHu i Haiomkya 10 3amadol. [lomiOnmit miaxin, Ha JKab,
He BPaxOBYE JIBi HMOBIpHI cUTYyallil, 32 SKUX:

1) oOpaHi Jiama3oHu He MICTUTUMYTh MOTPIOHOT TOUKH;

2) HaibaMK4a TOYKa, KA 3aJ0BOJIbHSIE OOMEKEHHs iara3oHiB, HE

Oy/e HalOJIMKYOK Y CTPOTOMY PO3yMiHHI LILOTO CIIOBA.

[Ipoananizyemo o0uaBi TpobleMHM B KOHTEKCTI 3amuTy 3
npuknany 73, BBaKaKOUM, SIK 1 B IPUKIIAAL 76, 110 KOXKeH i3 aTpuOyTiB X
i y Mae TIeBHUIA iHJEKC.

SIkmo 6 MM MaJli JOCTAaTHRO MiJCTaB BBAXKATH, 10 HA Bigmaimi d Bin
toukn (10.0, 20.0) icHye xoua O ojHa TOYKa, TO MH 3MOITH O
ckopucTaTucs B-nepeBoM Aisi OTpUMaHHS MOKAKYMKIB HA BCI 3aIldCH,
sIKI IPEJCTABJIAIOTh TOYKH 3 aOCLIMCAMU X, L0 HaJle)aTh Jiana3oHy Bif
10-d no 10+d. Ananoriuno, B-nepeso s atpubyTa y aBaTUMe 3MOTY
BUSIBUTH MOKKYMKH Ha 3aMUCH 3 iHPOPMAIIIEI0 MPO TOYKH, OPJAWHATH
SKMX po3TamioBaHi BcepeauHi mpomikky [20-d, 20+d]. Ao
BHACJIIJIOK MEPETHUHY MHOXHH MOKa)XYHKiB OyJi0o 6 OTpUMaHO oAHY abo
JIeKiJIbKa TOUOK (KJItoYaMu, siKi 30epiraroTbcs pa3oM 3 MOKaKYMKAMU, Y
[bOMY BHIAJIKy CIYTY€ 3HAUSHHS KOOPAWHAT X Ta ), TO MU 3MOIJH O
BH3HAYMTH, fSKa 3 TOYOK € HahOmmkyoro mo touku (10.0, 20.0),
BUKOHYIOUM 3aBaHTa)KEHHS JiMlIe OAHOro 3anucy. Ha »kanb, rapanriii
TOrO, 1110 X04a O 0/IHa TOYKA PO3TallOBaHa Ha Bimmasi d Bij 3a1aHOl, He
iCHye, OTOX Bech TMpolleC JOBEAEThCS TMOBTOPUTH  (MOXKITHBO,
HEOZIHOPA30BO) TS AEAKOTO OiNbIIOro 3HaYeHHS d.

Skmo xoya 6 ogHa Touka B OOpaHOMY Jiarna3oHi W icHye, TO 3a
NeBHUX 00OCTaBUH HaHOJM)KYa TOUKA, sKA HAJCKUTh Jiana3oHy,
BUSIBUTBCS BiJajIeHILIOK Bif 3a4aHOl, HDK A€dKa TOYKa, IO JIEKUTH
no3a nianazoHoMm. Curyaliro mpoimtocTpoBaHo Ha puc. 81. ¥V mpomy
BUTIAJIKy HEOOXiJIHO PO3IIUPUTH Jiana3oH i MOBTOPUTH TOUIYK, 1100
MepeKoHaTHEs, IO ONMMKYMX TOUOK HEMae: SKIIO HakOsimkua Touka,
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sIKa HAJIEKUTh 70 0OpaHOro Jiana3oHy, 3HaXOIUThCsA Ha Bimmani d' Bix
3ajaHoi Touku i d>d, TO MU 3000B’si3aHi 3MIHCHUTH MOUIYK 3HOBY,
BUKOPUCTOBYIOUH 3amicThb d 3HaveHHs d".

Ilpuknao 77. 3BepHeMoch 1O Ha0oOpy JMAaHWX Ta iHJEKCIB,
PO3MISIHYTHX Y Tipukiazii 76. [IpumycTiumo, 1o HeoOXiHO BiquIyKaTH
TouKy, Habmmkay mo Touku p=(10.0, 20.0). Beakatumemo, mo d=1.
OcCKiNIbKM B KOXXHOMY KBaJIpaTi OJMHUYHOI TUIOWi B CEpeIHbOMY
po3TanioBaHa OfIHA TOYKA, TO B KBaJApaT 3i CTOPOHOIO 2, Y LEHTPi SKOrO
€ TOYKa P, 3 TIEBHOIO YACTKOK WMOBIPHOCTI «IOTPANMTh» YOTHPH
TOYKH.

Haii6nmxua ®

TOYKA B el

. . // !

Jliarma3oHi d - |
s 1 d

// !

s 1

4 1

\ // |

7/ 1

¢ 1

1

ILle O6nukya TOUKa
(mo3a giamazoHoMm)

Puc. 81. Touka HaJie:)KNUTH 0OpaHOMY Jliana3oHy, OJHAK HE € HAOIMKUYOIO J10 3a1aHO0T

Awnaniz BMicTy JnucTiB B-nmepeBa ans  KJIIOYOBHX — aTpUOyTIB-
KOOpJIWHAT X 31 3Ha4YeHHsAMH B jianasoHi 9.0<x <11.0 pmae 3mory
orpumartu maixke 2 000 Touok. Illogo 1pOro moBeAeThCS 3BEPHYTHUCH,
moHatimernme, 1o 10-tu OyiokiB (HaliiMOBipHime, HaBiTh 10 11-TH,
OCKITbKW HaBpsAJ YW TMOYATKOBMM KJIOUOBMM 3HAYCHHSAM MEPIIOro
Omoka BusiBUTBCA x =9.0). Sk i B mpukiaai 76, KOpeHeBY BepIIMHY
B-nepesa mouineHo 36epiratu B OIl, 1110 JaBaTuMe 3MOTY CKOPOTHTH
KITbKIiCTh Orlepalliii JUCKOBOTO BBeJICHHS/BUBEACHHS A0 12-TW: omHa
onepalliss HeoOXiHa JiJIsl 3YUTYBaHHs OJ0Ka MPOMiXKHOI BepivHU i 11 —
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JUIs 3BepHeHHs a0 OsokiB-nuctiB. llle 12 omepauiii HeoOXimHO s
BiMLIYKAaHHS y ApyroMmy B-nmepeBi Takux KJIIOUYiB-KOOpAMHAT Y, SKI
HaJsiexars Jianasony 9.0<y <11.0.

BukoHyouM mepeTHH ABOX MHOXHH 13 3arajlbHOK KUIBKICTIO
NOKaKYMKIB, sika Maibke aopiBHioe 4 000, My BialykaemMo, HMOBIpHO,
YOTHPHU TaKUX MOKAKYMKH, AKi aIpecyloTh TOUKH, IO € HalKpalluMmH
KaHJUIaTaMU Ha PoJib HAlOMMKUnX «cyciniBy Touku pP. 11]o6 Bu3Haum-
TH €IUHY WIyKaHy TOYKY, JIOCTATHBO B3SITH 3B’sA3aHi 3 MOKAXKYHUKAMU
3HA4YeHHS KJIOYiB X 1 Yy, OOYMCIMTH Bifjadi, MOPIBHATH 1IX 1
3aBaHTAXHUTHU BiAMOBiAHMIA 3anuc. OTxe, y mpoueci oOpoOKku 3amuTy
JIOBEJEThCS BUKOHATU 25 omepauiii AMCKOBOrO BBEIEHHS/BUBEICHHS.
Skio xk kBaapar 3i croponoro 2 (npu d = 1) He MiCTHTB KOAHOT TOUKH i
TOYKa, HAWOMMKYa [0 3aJaHol, po3TallloBaHAa 3a MEXKaMH LIbOro
KBaJIpaTa, TO MOUIYK JOBEAEThCs OBTOPUTH IS OLIbIIOrO 3HaYeHHs d.

HanpouyeTrbess HacTynmHHMI BUCHOBOK: Xo4a TPaAMUiiiHI CTPYKTYpH
IHIEKCIB y JIeAKHUX BMIAJKaX MPUIATHI JUIs 0OCIyroByBaHHs 3allUTiB,
AKi nependavaroTh MOLIYK 00’€KTa, HAHOIMKYOro A0 3a/laHOro, BOHM
BCe-TaKW BUMAararoTh BUKOHAHHS CYTTEBO OUIBIIOI KiJIBKOCTI omepartiii
JUCKOBOTO BBEIEHHS/BUBEINCHHS, HIK Y THUX BUMNagKaX, KOJIW 3a
Jonomoror0  B-pepeBa  HeoOXifHO BiAUIyKaTW 3amuc 3a  3agaHUM
3Ha4YeHHSM KJrouda (Ha 110, HMOBipHO, Oyze MOoTpiOHO He Oinbliie IBOX-
TpbOX omepauiii). MeTtoau, siKi po3risfgaTUMEMO B HACTYIHHUX TeMax
UbOro  po3AlTy, 34aTHi 3a0e3nedydTd 3HAYHO BUIIMKA  piBeHb
NPOIYKTUBHOCTI CHCTEMH, OTOXK 3HAXOJATh IUPOKE BHUKOPHUCTAHHS B
CKB/], siki opi€eHTOBaHO Ha MIATPUMKY OAraTOBUMipHHUX JaHUX.

17.6. Inwi oomesiceHHA mpaouuiiHux cmpykmyp iHOeKcie

3rajaHi paHille iHASKCHI CTPYKTYpH AEMOHCTPYIOTh cebe He 3
Kpaioro GOKy 1 Iiji 4ac BUKOHAHHS 3alMTIB Yy Jiana3oHax 3HauyeHb, i
Mij yac MmoiyKy o0’ekrta, HalOmmk4uoro o 3agadoro. [ligxin, Bukopu-
CTaHWii y mpukiani 77 anas po3B’s3aHHS 3afadi BiJUIyKaHHS HaiOmmK-
yoro 00’ekTa, (JaKTUYHO 3BOJMTHLCS 10 3alUTY B Jiana3oHax 3HAa4YeHb i
JIOMYIICHHS TIPO Te, 110 He3HAaYHi pOo3MipH LUX Jiana3oHiB BUSBISATHCS
JIOCTAaTHIMM I BiIykaHHs Xoda O ogHOro o0’ekra. Ilpote He Baskko
VABUTH, IO BiAOyJIeThCA, SAKIIO Jiana3oHW CTaHYTh MUPUIUMH, —
KIUTBbKICTh Omepalliii IUCKOBOTO BBeJICHHS/BUBEICHHS, HEOOXiTHUX IS
OTpUMaHHs BCiX MOKAaKYMKIB Ha 3amucH 3 iHdopmalliero npo o0’ ekTH,
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110 € MOTEeHLIMHUMHU KaHIUJaTaMU Ha Pojib «HAWOIMKYOro cycimay,
3pocTe OaraToKpaTHo.

SkicTh MATPUMKHM 3amuTiB i3 0araTOBUMIpPHOIO —arperatiero
3aco0aMM TpaJULIMHKX iH/AEKCIB, AHAIOTIYHUX JIO0 PO3MISHYTHUX Y
MpuKIJIazdi 75, Takoxk He Bpakae. 3a HasBHOCTI 1HJEKCIB [T aTpUOyTIB
item i color mu, 3BicHO, 3[aTHI BiIIyKaTH MOKAKYMKH Ha BCi 3aIUCH,
SKi TPeACTaBISIOTh pPIBHI Npomaxy KpaBaTOK 1 TPeAMETiB OAsTy
OpaHKEeBOTO KOJbOPY, 1| BHKOHATH MEPETHH MHOXKHH 1MX MOKKYHKIB 32
TOKO JK CXeMOw, 1o i B mpukiami 77. OngHak HaliMeHmIa 3MiHa
CTPYKTYpH 3anuTy (Hanpukiaa, noaaHHs B pedenns WHERE ymosw,
sKa CTOCY€TbCcS OyAb-KOro IHIIOro aTpuOyTa) mnoTpedyBaTuMe
JIOJTATKOBOIO IHIEKCY.

o me ripuie, BNOPSAKOBYIOUM (ailyl JaHWX 32 OJHWM i3 I’ STH
aTpuOyTiB, MM HE MOKEMO BOJHOYAC MIATPUMYBATH MOPSIOK
COpPTYBaHHs 1 3a 1BoMa atpuOyTamu. OTOXK AJ11 BUKOHAHHS OiIbIIOCTI
3anuTiB, NOAIOHMX 3a QopMOIO A0 PpO3MISHYTUX Yy Npukiami 75,
HeoOXi/THO 3BEpPHYTHCS SKINO He JO BCiX, TO Maibke A0 BCiX OJIOKIB
(daiina maHux. KO JgaHi PO3MILIYIOTBCS Ha HOCISIX BTOPUHHUX
NPUCTPOIB 30epiraHHs, TO BUTPATH CTAIOTh HA/ITO BEJTMKUMHU.

17.7. Ozna0 cmpykmyp inoekcie 0nsa 6azamoeuUMIpHUX OAHUX

binpuiicTh iHIEKCHUX CTPYKTYP, NPUAATHUX IS TIIATPUMKH 3aIUTIB
0 0araTOBUMIpHUX JaHHUX, MOKHA 3a4MCIIMTH J0 OJHiel 3 JBOX
KaTeropiii:

1) rem-nofiGHI CTPYKTYpH;

2) nepeBomnoAiOHI CTPYKTYpPH.

[lepeniuuMo Ti XapakTePUCTUKW IHIACKCIB [Ji1 OJHOBUMIPHHMX
CTPYKTYp, fKi PO3MNISHYTO Yy TIOMEPEeIHbOMY PpO3AUT 1 Bia SKHX
HEOOXIi/THO BIIMOBUTHCS MPH MEPeXO/li 10 0araTOBUMipHUX JaHHX.

e lem-noniOHi cxeMu — CITKOBI Gaiimu 1 po3disibHi rei-
¢dyHkuii (netanpHie y Temi 18) — He 3a0e3neuyoTh rapaHTii
TOro, WO A OTPUMAHHS BiMOBiAi Ha 3aMUT JOBEAEThCS
3BEpPHYTHCSA TIIBKH 10 OJHOro cermenTa. KojxxHa 31 CTpyKTYyp
Ja€  3MOry  OOMEXKUTHM  0o0nacTh  MOLIYKY  JESKOKO
MIJIMHO>KUHOKO CET'MEHTIB.

e JlepeBomnofiOHI cXeMH BTpa4alOTh IIOHAWMEHINEe OJHY 3
nepesTiYeHuX BIaCTUBOCTEH:
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a) OanaHc JepeBa, 3a SIKOTO BCi BEPLIMHHU-JIUCTH HajeXarTb
JI0 OJTHOTO PiBHS;
0) OQHO3HAYHY BINMOBIMHICTE MK BepUIMHAMHU JepeBa i
JHMCKOBMMH OJIOKaMUu;
B) MOXIIUBICTh MBUIAKOT MOAHDIKAIIiT TaHUX.
3ayBakrMO, IO TUIKA JIepeB IHJEKCIB, CKOHCTpyHOBaHi AJist
0araTOBMMIpHUX JaHUX, YacTO BOJIOAIIOTh PI3HOIO JOBXKHUHOIO: OiJIbIIN
rUIKK HEPIAKO MPeACTaBjsioTh 001acTi, O MICTATH OUIbLIY KUIBKICTD
00’ekTiB. OKpiM TOTrO, MOCHUTH PO3MOBCIOJKEHOI € CHUTYallis, KOJH
00’eM iHdopMallil, 1110 ONMKUCY€E OJJHY BEPUIMHY JepeBa, 3HAYHO MEHIIMMA
BiJi MICTKOCTI IHMCKOBOro OJIOKa, IO CHPUYMHIOE 10 HEOOXiJHOCTI
rpynyBaHHS BepIWH y OloKax.

Bnpaeu on1a onpaurosanna

Bnpasa 54. BUkopycToBYIO4H CXEMY BiIHOIICHHS
Rectangles(id, xll, yll, xur, yur),

onucaHy B npukiaui 74, cpopmynoiite Taki SQL-3anuru.

1. 3HaliTh MHOXWHY MpPSIMOKYTHHKIB, $Ki TMepeTUHAIOThCA 3
NPSMOKYTHUKOM, HWXHIiM JIiBUI 1 BEpXHill NpaBuil KyTH SIKOTO
posramoBaHi 'y Toukax 3 koopauHatamu (10.0,20.0) i
(40.0,30.0), BigmosigHO.

2. 3HaiiTu napu NpsMOKYTHHMKIB, IKi NEPETUHAIOTHCA.

3. 3HaiTH NpSAMOKYTHMKH, SIKi OXOIUTIOIOTH MPSIMOKYTHHK 3 KOOp-
JUHATaMU KYTiB, 3a3HAYEHUMH Yy M. 1.

4. 3HallT MpSIMOKYTHUKH, SIKI pO3TallOBaHi BCEpeIWHI MpPsSMO-
KyTHHKa 3 KOOpAUHATaAMHU KYTiB, 3a3Ha4€HUMH Y 11.1.

5. 3HalTH KopTexi BigHOLIeHHS 3 iHQopMali€ro, ska He MOXKe
NPE/ICTABIIATH NMPSIMOKYTHUKH, IO peajibHO iCHYIOTb.
3a3Haute iHgekcw (SAKWIO Taki HEOOXigHi), sKi CHOPUATUMYTb
e(heKTUBHOMY BUKOHAHHIO KOXKHOTO i3 3aITUTiB.

Bnpaea 55. BukoHnaiite 3aBaaHHs 3 npukiany 76, BBaXkarouu, 110 3a0UT
nependayae BiJIYKaHHS TOUOK, SIKi HAJIe)KaTh KBAJIPaTy 3i CTOPOHOIO N,
po3raiioBaHoMy B UeHTpi BuxigHoro keaapara 1 000x1 000, ne
1<n<1 000. Ckinbky onepaliii IMCKOBOrO BBEJCHHs/BUBEICHHS HEOO-
XiIHO 3MIMCHUTH A1 OTpUMaHHA Bianomidi? [[ng skux 3HaYeHb N
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TPaUILiliHI CTPYKTYPH 3IIaTHI 3HU3UTH TPYAOMICTKICTh 00CIyroByBaH-
H$ 3amuTy?

Bnpaea 56. BukoHaliTe 3aBHaHHs 3 BOpaBu S5, SKo 3anucu daiiia
JIAHUX [TOCOPTOBaHI 3a 3HAYCHHSIMH X.

Tema 18. I'em-nogioHi cTpyKTYpH AJ151 6araTOBUMipHHX JaHUX

VY miii TeMi MM 30cepemMMO YBary Ha JIBOX CTPYKTypax, SfKi
y3arajibHIOIOTh  KJaCHMYHy CXeMy remi-taOiuipb, 110 nepeadayana
BUKOPHUCTaHHS €IUHOTO KJto4a. Y KOXHIH 31 CTPYKTYp HOMEp CerMeHTa,
IO BIATIOBiAA€ TOYI, € (PYHKIIi€IO BCiX aTpuOyTiB a0o BuMipiB. Ilepina
CTpyKTYypa, (cimxosuii ¢haiin — grid file), 3a3Buuyaii, He mnependavae
«mepeMimyBaHHs» (hash) 3Ha4YeHb 3a BHUMipaMH, OJHAK PO3JILISE
BUMIpHM LIJISIXOM COPTYBaHHS 3Ha4yeHb, SKi O HUX Haiexarb. Cxema
po3oinbnux  2eui-hynxyii  (partitioned hash functions), HaBNakw,
nepenbavyae rellyBaHHs 3HaueHb BUMIpPIB Tak, LIO0 KOXEH BUMIp
BHOCHTB Y HOMEp CerMeHTa BJIacHY CKJIa[IOBY.

18.1. Cimkoei ¢haiinu

OnHy 3 HaMMPOCTIIIMX CXeM iHjAeKcalil, sKa 4acTo MepeBUllye 3a
e(PeKTHUBHICTIO TPaaUIlifiHI 1HIEKCH, IO BUKOPUCTOBYIOTBHCS ISt
00poOkM 3anuTiB 10 OaraTOBUMIpHHUX JaHWX, HA3UBAIOThb CIiMKOBUM
¢aiinom. Mopenn citkoBoro (aiina Mo)KHa TpPeACTaBUTH Tak, HIOM
MPOCTIP TOYOK-00’€KTIB PO3OMBAEThCS HA YAaCTUHU YSABHOKO CIiMKOI).
Jlinii cimku, napanenibHi O OCeil KOXXHOTO BUMIpy, MUIATH MPOCTIp Ha
cvyeu. Touku, 1O HajeKaTh JIiHII, KA € HUKHBOK MEXKEI MEBHOT
CMYTH, HanexaTb 10 1€l cMyrd. KiibKicTh JiHINM CITKM 3a pi3HUMM
BUMipaM#l Moke OyTH pizHOI0. OKpiM TOTO, IMUPUHA CMYT TaK0X MOXKE
OyTH pi3HOIO — HaBITh Y MeXax OJIHOTO BUMIpY.

Ilpuknao 78. PosrnsHemo 3anuT (MU 3BEpTAaTUMEMOCH A0 HbOIO
HEOIHOPA30BO Y LIbOMY PO3iJi), SKUil MOXKHA KOPOTKO chopMyJTroBaTH
Tak: «Ski ocoOu 3maTHi npuadaTH KOIITOBHOCTI?» YABHUMO, IO ICHYE
0aza paHux 3 iH(OpMaIli€Er0 TIPO KITIEHTIB IOBEJIiPHUX MarasuHiB, sKa
MICTUTh HaWpPi3HOMAaHITHIIII BIZOMOCTI MPO KOXHOTO KJlieHTa — HOro
iM’s, anpecy, HOMep TeledoHy i T.I. 3 METOIO CITPOLLEHHS 00MEXKUMOCH
TIIBKM JIBOMa aTpuOyTamMH, KOMIIOHEHTH SIKMX 30epiraroTb 3HaueHHs
BiKY KIIi€HTa 1 IOro pi4HOro NpudyTKY, BUPAKEHOT0 y THCAYaX J0JIapiB
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(K). Ilpumycrtumo, mo ©0a3a pgaHuX MICTUTh iH(oOpMaLi0 MOpo
JIBAHA/IUATHOX KIIEHTIB, Ky TIpeAcCTaBlieHo Yy ¢dopMi map «Bik —
MpUOYTOKY

(25,60) (45,60) (50,75) (50,100)

(50,120) | (70,110) | (85,140) | (30,260)

(25,400) | (45350) | (50,275) | (60,260)

Ha puc. 82 300paxkeHo 12 TOYOK, pO3MOALIEHUX y ABOBUMipHOMY
npocrtopi. KoxkeH BUMIp MOAIICHO HA CMYTH JEKIIbKOMA JIIHIIMH CITKH.
VY Hamomy BHMNaAKy MM BUKOPHCTOBYBAJIM MO ABi JIiHIT A KOXKHOTO
BUMIpYy, L0 CHOPUYMHMIO [0 PO3OUTTS NpPOCTOPY Ha [eB’STb
MPSIMOKYTHHUX 00J1acTel, Xoua »KOJHUX OCOOJMBHUX TOBOJIB Ha KOPUCTh
BUOOpY OJIHAKOBOT KiJIbKOCTI JIiHIM CITKW Jjisl BCIX BUMIpPIB HE iCHYE.
JIiHil po3TaioBaHi Tak, 0 CMYTH MalOTh pi3HY IIUpUHY. BepTukanpHi
CMYTH, IO Bi/MOBIIAIOTh BUMIPY «BiK», HANPUKIAJ, MalOTh UIMPHHY
40, 15145.

VY HawoMy MpMKiai >KoJHa TOYKa He po3TalioBaHa Oe3nocepenHbo
Ha JIiHIT CITKH, X04a B 3araJlLHOMY BHUMAJKY BiAMOBiTHUI NMPIMOKYTHUK
MICTUTh TaKi TOYKH, SKi HaJle)KaThb HMOro HIDKHIM abo miBii (ae He
BepxHiii abo npagiii) Mexkam. Hampuknan, UeHTpanbHUI NPSIMOKYTHUK
Ha puc. 82 npeAcTaBisE€ TOYKH, KOOPAMHATH SIKUX 3aJ0BOJIbHSIOTDH
yMoBH 40<6ix<55 i 90<npudymox<225.

18.2. Ilowyk 3anucie y cimkoeomy ¢haiini

KoyxHy 3 MpsMOKYTHHX 0OJacTei, IO OTPUMYIOThCS SIK Pe3yJsbTaT
MepeTHHy CMYT MPOCTOPY, MOXKHA TPAKTyBaTH SIK Ce2MeHm 2eul-
mabauyi: TOYKH, sKi HajexaThb 00JacTi, MPEACTABJIEHO 3alKCaMH,
pO3TAIIOBAHUMU Y 0/10Yi, KW HaJIEKHUTh 0 BiAMOBIAHOTO CErMeHTA.
Slkmo nns 30epiraHHs iHdopManii Mpo Bci TOYKKM 00JacTi MICTKOCTI
olHOro 0Jloka He JOCTaTHbO, TO CTBOPIOIOTH HEOOXimHI OJoKH
nepenoHeHHs..
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Puc. 82. ®parmeHT 1BOBUMipHOTO IPOCTOPY JaHHUX

Ha BigmiHy BiJ OJHOBMMIPHOTO MAacHBY CErMEHTIB, 1[0 BUKOPHCTO-
BYEThCS B TPATUIIMHKUX TelI-TaOIUIAX, CITKOBUI (aiiil MICTUTh MacuB
CErMEHTIB, KiJIbKICTb PO3MIpPHOCTEH SIKOTO 30iracThbes 3 UUCIOM BUMIPIB
(aitna nanux. 11106 BUABUTH (pakT HaEKHOCTI TOYKH IO TIEBHOTO
cerMeHTa, HeOOXiJHO BOJIOAITHM CIMCKAMM MO3ULIM JiHIM CITKM 3a
KO>)KHUM BuMipoM. [lpouiec remryBaHHs iHdopmaiii 1100 TOYKH Y
LIbOMY BUIAAKY BIAPI3HAETLCS BiJi 3BMYAWHOTO BUKOPUCTAHHS TIell-
(yHKIIT 10 3HaYEeHb KOMIOHEHTIB JAHWX, IO MPEACTaBJISIOTh TOYKY:
3HAYeHHS KOXKHOI KOOpJAMHATH TOYKH TOPIBHIOETbCS 31 CIMCKOM
MO3MLIIA JIHIM CITKM U1 BIiAMOBIIHONO BHMMIipPY;, HOMEp CermMeHTa
BU3HAYAETHCS CYKYITHICTIO O3HAK HAJIE)KHOCTI TOUKH CMYyTaM MpOCTOpY
B yCiX BUMIipax.

Ilpuknao 79. Ha puc. 83 300paxkeHo aaHi puc. 82, po3nofijieHi y
cerMeHTH rer-Tadauii. OCKIJIbKU KiBKICTh CMYT Y KOXKHOMY 3 JIBOX
BUMIpIB JIOpiBHIOE 3, TO MacuB cermMeHTiB € Mmatpuueto 3x3. Jlpa
CEerMeHTH, TIepIIuii 3 SKUX BU3HA4YaeThcs ymoBaMu 0<gik<40 i
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90<npudymox<225, a apyruii — ymoBamu 6ix>55 1 0<npubymox<90, €
nopokHiMu. OTOX JUCKOBI OJIOKH, IO iM BiJIMOBiNAIOTh, A0 Jiarpamu
He 3aumciieHo. KoxeH 3 OJIOKIB peliTh CerMeHTiB MICTUTh He Oinblie,
HDK 71Ba 3anucu (O4e€BMJHO, IO MOAIOHA CUTYyalliss JOCUTH ILITYYHA),
OTO HEeOOXIiTHOCTI y BUKOPUCTAHHI OJIOKIB NIepEeNOBHEHHS HE BUHUKAE.

0-40  40-55 55+

295+
90.225
0-90
30, 260 70,110
mil- |
55 400 85, 140
25 60 60, 260
45. 60 45,350
. | i
50,75 50,275
50, 100
50, 120 -

Puc. 83. Citkorwii daiin, skuit npeacTapiise naHi 3 puc. 82
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v' KopmumcHo BuaTu. JocTynl JO CerMeHTiB ciT-
KOBOI'O (Qariia. BimmykaHHS CceTMeHTa, SKOMY
HaJIeXTh TOYKa 13 KOOpIMHATAMM, Yy CLlTKOBOMY
bamyi 3 HeBeJIMKOKL KiJbKiCTIO CcMyT (Hanpu-
kjan, 3x3, gK Ha puc. 83) - Le, OUEeBUIOHO,
He npobJseMa . THwa crpasa, AKIO BMM1p
MicTuUTes 3HauHo Oijgpwy KiJgbkicTe cMyT. VY
nonio6uimnm curTyauil ftes iHpexkcis, KJIIOU 1
[IOWyKy  AKMX CJAYIYIOTh 3HAUYEHHAMM IIO3BULIN
JiHiM ciTkM OJ19 KOXHOTO BUMMIipy, 3BicHO He
o001iNTHUCE .

Iyl 3amaHoTo 3HauyeHHd V »Oedkol KOOpIVHAaTHU
BM3HAYAThL KJIOUOBE 3HAUEHHS w, He Oljbue
Bim v. BigwykaHa BeJuMumMHa w 3B’ a3yeTbcd

iHODekcoM 3 HOMEpPOM CMyTHM, SAK1i¥ HaJIeXUThb
TOUuKa 3 KOOPIMHATOI0 V. BUKOPUCTOBYIOUM
aHaJiorivHi omnepauil miag KOXHOTO BUMMIPY, MM
3MOXEMO BUBHATHU eJIeMEeHT MaTpULi, AKUM
npencTaBJjige MyKaHUM CceTMeHT, a [OTiM 3a
IOIIOMOT OO oKaxumka, o MicTuThCH B
cerMeHTi, nepeMicrurucs oo BignosimHoroO
OVMCKOBOT'O OJIOKA .

B ekxcTpeMaJlbHMX CUTyallsax, KOJIM  MaTpulls
HaOTo BeJIMKa i po3pimxeHa, 36epiraHus

indpopmanii npo BCl NOPOXHI CEerMeHTM MOXe
BUABUTUCS HenouijgpHuMM abo HaBiTb  HeMOX-—
JTUBMM. Y TNONi0HMX BUIaIKax MaTPMLIO HeoO-—
X1OHO MepeTBOPUTM Yy BIlOHOWEHHS 3 KOMIIOHEeH—
Tamy, gK1 MICTATL «KOOPIMHATMY» HENOPOXHIX
cerMeHTiB 1 mnokaxuMKM Ha IOMCKOB1 OJoku,
ampecosaHli wumMmM cermMeHTamMyu. IllOWyK IaHUX Y
TakoMy  BlOHOWeEHHI, 3as3BUUan, 3aJIMIAaEThCA
SaraToBMMipHMM, OIHaK 3aBOAKU MeHIIVIM
po3MipaM CcTpyKTypu BiH Oyne ebexTuMBHImMM.

18.3. Bcmaeka 3anucie y cimkoeguil ¢haiin

Jli1s BCTAaBKM HOBOIO 3amucy B CiTKOBMH (haiin croyaTKy HeoOXiIHO
BU3HAYUTU CErMEHT, SIKUH MiAXOauTh, BUKOPUCTOBYIOUM MpPOLEIYPY,
KOpPOTKO OMHCaHy B TMOMEPeJHbOMY TMNYHKTI. SKI0 OJIOK, SKHii
BiJIMOBi/Ia€ CErMEHTOBi, MICTUTh JIOCTATHHO BIILHOIO MPOCTOPY, TO
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3anmuc BCTaBJIsIETbCsl M omepauis  3aBepuyeTbes. [lpore 3anmaua
YCKIAJHIOEThCA, AKIO OJIoK Bke 3amoBHeHo. lllogo i po3p’s3aHHs
BUKOPHUCTOBYIOTH JIBi CTpaTerii.

1. Jonaru Onok nepenioBHeHHs. [lomiOHWi migXin HemoraHui
TIJIBKM Y THX BUMAJKaX, KOJM JIAHIOT OJIOKIB MepernoBHEHHS
HE HAATO JOBrHM. Y TPOTUIEKHOMY BHIAAKY KiJIbKICTh
oriepaiiii JHCKOBOrO BBEICHHS/BUBEICHHS, HeoOXimHa s
BUKOHAHHS MPOLIEAYPHU MOIIYKY, BCTABKU | BUJTy4EHHS 3aIlUCIB,
CTa€ HEMPUUHATHO BEJTHKOIO.

2. Peopranizypatd CTPYKTYpYy LUISXOM JOJAaBaHHS JIiHIHA CITKH
abo ixHboro nmnepemiuieHHs. [lpuitomM Haraaye TEXHOJOTiIO
JUHAMIYHOTO TelllyBaHHS, MPO SKHM MU PO3MOBIAaM y TeMi
16, onHak npoGyiema YCKIaHIOEThCS TUM, 110 BMICT CErMEHTIB
y MeXax BHUMIpPIiB B3aeMONOB’sA3aHWi. [HIIMMM clloOBaMH,
BCTaBJIEHHS HOBOI JIiHIi CITKH CMPUYHHUTL IO PO3IIETICHHS
ycix oOmacreli-cerMeHTiB, siki BOHa mepeTrHae. Bulip niHil,
«BOAJION» I BCIX CErMEHTIB 0€3 BMHSATKY, MOXKE BUSIBUTHCS
HeMOxJIMBUM. Hanpukian, AKIo piBeHb 3alIOBHEHHS JESKOrO
CerMeHTa HAJTO BUCOKWM, IIUTKOM iMOBipHa CHUTYyallisf, KOJH
NpocTO  HEe  BAAEThCS  3HAWTH  BHUMIp, 1O  MiJJidrae
pO3LICIUIEHHIO, a00 TOuKy, MO0JAM3Y SKOi  JOLIbHO
«MPOBECTW» JIHIIO CITKH, HE CTBOPIOIOYH HAATO BEJTHUKOT
KUTBKOCTI TOPOXHIX CEerMEHTIB 1 He 3aJMlIaloydd  iHIIl
CErMEHTH HaJTO 3alTOBHECHUMHU.

Ilpurnao 80. llpunyctumMo, 10 aKTUBHUM MOKYILIEM KOLUTOBHOCTEH
€ ocoba BiKOM 52 pokH, sika BOJIO/I€ PIUHUM MPUOYTKOM, LIO JIOPiBHIOE
200 tucsu monapie. Touka, ska BiANOBigae LLOMY KJIEHTY, MOBUHHA
HaJIe)KaTH LIEHTPaJIbHIN NpAMOKYTHIHA o0nacTi mpocTopy, 300pakeHOro
Ha puc. 82. Iliciast nOAydYeHHS TOYKH CErMEHT MICTUTHME BXKE TpH
3anmucu. Jlns po3TallyBaHHS HOBOTO 3amucy MOXKHA CTBOPUTH OJIOK
MepenoBHeHHsA. KO K CerMeHT HEeoOXiAHO pO3LICMUTH, TO
JIOBEZIETLCSL 00paTH, Mo-rfeplie, OJUH i3 JBOX BHMIpIB i, mo-mapyre,
MO3HULLIIO JIiHIT CITKM BCepeinHi cerMeHTa. IcHye Tpu BapiaHTH po3Taiiy-
BaHHS JIiHIT CiTKH, fKi 3a0e3MeuyroTh PpO3IICIUICHHS IEHTPAIbHOTO
CerMeHTa Tak, 100 ABI TOUYKM 3aJIMIIWINCH 3 OAHOro OOKY Bij JiHii, a
TpeTsi — 3 IHILIOTO.
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1. BeprukanbHa JiHis 3 KOOPAMHATOIO Gik=51, sika BilIOKpEMITIOE
JBi TOYKHM 3 KOOPAMHATOIO 8ik=50 BiJ TOUKM 3 KOOPAMHATOIO
6ik=52. MHOXMHa TOYOK BEPXHBOTO i HHMKHBOIO CErMEHTIB,
sKI BiAMOBimaroTh TiMl ke ymoBi 40<6ix<55, He 3auinarOThbCs,
OCKIJIBKM BCi TOYKH OJTHOTO i IPYTOro 3aJUIIAIOTECS 3 JIIBOTO
OOKy BijJ HOBOT JIiHIi CITKH.

2. TopuszoHTanbHa  JiHiA, fKa  BIJOKPEMJIIOE  TOYKY 3
KoopauHarowo npudymok=200 Big IBOX IHIIMX TOYOK 3
MeHmMU koopauHatamu (100 i 120). 3HaveHHS KOOpAWHATH
npubymok JiHii CiTku MOKHa oOpaTy piBHUM, Hanpukian, 130,
UI0 CIPUYMHUTEL A0 PO3UICTUICHHS MHOXXHHM TOYOK MpPaBOro
CerMeHTa,  sSKUHA  3aJ0BOJIBHSE  yYMOBM  @ik>55 i
90<npubymox<225.

3. TopuzoHTanbHa JiHif, fKa BiJOKPEMJIIOE TOUKY 3 KOOpPJIWHA-
Toto npudymok=100 Big OBOX IHIIUX TOYOK 3 OUTBIIUMHU
koopaunHatamu (120 i 200). 3HaueHHSIM KOOPAWHATH HPUOYIIOK
JIHIT CITKK Terep MoXe cIyryBaTh oOpaHe Yyucio, (HanpuKIias,
115), i Ue 3HOBY CHPUYMHUTH HEOOXIAHICTH PO3LICTICHHS
MHOHHHU TOYOK MPABOTr0 CErMEHTA.

Bapiant 1, #iMoBipHO, He HalKpalMii, OCKUTbKM Tia dYac Horo
BUKOPHUCTaHHS BMICT iHLIMX CErMEHTIB, OKPIM LIEHTPaJILHOIO, HE PO3-
HICTUTIOEThCS 1 CTBOPIOKOTHCS 3aliBi MOPOXHI cerMeHTH. Bapiantu 2 i 3,
K BMJAETHCS, OJHAKOBO XOpOLUi, MPOTEe IPYTrdd, MOXIMBO, KpalluH,
OCKIJIbKH JIiHiSl CITKU 3 KOOPAWHATOO npudymox=130 npoxoauTs Oiamx-
4e 710 cepearHu aianasony 90-225. Pesynbrat 300paskeHo Ha puc. 84.

18.4. Ouinku eqhexkmuernocmi cmpykmyp cimkoeux ¢haiinie

Po3rnsiHemMo, CKibKM omepaliii JTUCKOBOrO BBEJACHHS/BUBEACHHS
HEOOXiqHO /I BUKOHAHHS PpI3HMX 3alMTIB A0 JaHuX, SKI
MPOIHAEKCOBAHO 3a JIOTIOMOTOK CiTKOBHX (aiiiB. 30cepeuMo yBary
Ha JBOBUMIpHIN Bepcii ciTkoBUX (aiiyiB, X0o4a Ti K BUCHOBKH MOXKHA
PO3MOBCIOJIUTH 1 HA CTPYKTYPH 3 AOBUIBHOIO KUTBKICTIO BUMipiB. OaHa 3
TOJIOBHUX TMpo0JieM, siKa CYNpPOBOIKYE BUKOPUCTAHHS OaraTOBMMipHUX
CITKOBUX (paiijiiB, MOJISATae B TOMY, IO 3 JIOJIAHHSAM 4epProBOro BUMIpY
KiJIbKICTh CErMEHTIB 3POCTAa€ 3a €KCIOHEHIIaJbHUM 3aKOHOM. SIKIIo
KPYIHI JUISHKH TPOCTOPY 3aJIMIIAIOTLCS MOPOXKHIMM, TO MAaTpULM
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BUSIBIISIETBCSL pO3pi/keHo0. Taka >k cuTyallis MOXIIMBA HaBiTh TPH
BHKOPHUCTaHHI JIBOX BUMIpiB.
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Puc. 84. BeraBka touku (52,200) y ¢pparMeHT NpocTopy JaHUX, KU MPOITIOCTPOBAHO
Ha puc. 82, i3 pO3MICIIIICHHSIM CETMEHTIB

[TpumycTiMo, 1O 3HAYEHHS BiKy 1 MNPUOYTKY 3HAYHOIO MIpOIO
KOpeJbOBaHO; To/i, (AUB. puc. 82) OnbLIICTh TOUOK Oyje 30ceperKeHO
noOu3y AiaroHaji MaTpulli, i, He3aJleXKHO BiJ TO3WINN JIiHINA CiTKH,
CerMEeHTH M03a JIarOHAJITIO BUSIBJIATHCS MOPOXKHIMU. SIKIIO 3K PO3MOIT
TOYOK OJIM3bKUHI 10 PIBHOMIPHOTO i (aiisl JaHUX He HAJATO BEIUKHM, TO
MOJIOXKEHHS JTiHIM CITKM MoO)kHa oOpaTv TakuMm, 100 3abe3neunTH
BUKOHAHHS HACTYTHUX YMOB:

1. KingbkicTe CerMeHTIB HACTUIbKM Majia, 10 iHAEeKCHUM (aiin
BaaeTbes po3mictutu B OIl Lle mae 3Mory yHHKHYTH
HEOOXi/THOCTI BHWKOHAHHS OIepariii JUCKOBOTO BBeJeHHS/
BUBEJCHHA TMiJ 4Yac JOCTyNy JO CerMeHTIB IHIEKCYy |
JI0JIaBaHHS CMYT' y BUMAJKy BCTABKM HOBHUX JIiHIM CITKH.
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2. lHpekcu [ 3HAYeHb MMO3UILIN JIHIA CITKA LIOAO KOXKHOI'O
BuMipy 306epiratotbes B OIl abo HeoOXigHICTh BUKOPUCTAHHS
iHAEKCIB 3HUKAE YHACNiJOK 3aCTOCYBaHHS BiJMOBIIHUX
npotueayp 6iHAPHOro MOUIYKY TaKUX 3HAUYEHb.

3. TunoBWi cerMeHT MICTUTHL He OUIblIe, HiK JeKiJbKa OJIOKIB
MeperoBHEeHHs, 110 Ja€ 3MOTry YHUKHYTH 3allBHUX 3aTpaT Mix
4ac 3BepTaHHs 10 CerMeHTa.

[Mpoananizyemo, sk TMOBOAATH cebe CiTKOBI  Qaiinu, 10
3aJI0BOJIBHSIOTh BKa3aHi YMOBHW, ITiJl Yyac OOpOOKH 3amuTiB JEKIIBKOX
OCHOBHHUX KaTeropii.

Ilowyk 3a0anoi mouku. Koopaunat Touku Oe3nocepeqHbo
TelIyloThCs B HOMEp CerMeHTa, L0 MICTUTh MOKaXYMK Ha OJOK; Juis
JOCTYNy 10 OCTaHHBOrO HeOoOXiZmHa OJHa JMCKOBa oOmepailis
BBeJIeHHs/BUBeAeHHs. [1in yac BCTaBKW/BUITYUYEHHS 3aMCy HEOOXiTHOIO
€ JomaTkoBa JauckoBa ormepauis. [Ipouenypa BCTaBkHM, IO BHUMarae
CTBOpeHHS OJloKa MeperoBHEHHS, 30UIbLIye KUTbKICTh AMCKOBUX
ornepallii e Ha OJUHULIFO.

3anumu 0o oanux i3 pienicmio okpemux koopounam. Ilpuknagamu
MOMIGHUX 3aIUTIB MOXKYTh OYTH TaKi, SIK «3HAUTH iH(OpPMALLitO PO BCiX
50-piuHMX KJTiEHTiB» a0 «IMOBEPHYTH BIJIOMOCTI MPO TMOKYMIIB 3
npudyTkoM y 200 THCcs4 nonapiBy. Y noJiOHUX BUMagKaxX JAOBOIUTHCS
3BepTaTHCh JI0 BCIX CErMEHTIB, sKi Halle)aTh MEBHii cMy3i TpocTopy.
Sxmo cMmyra MIicTUTh 0araTo HEMOPOXKHIX CEerMEHTIB, TO KilbKICTh
orepaliii TUCKOBOTO BBEICHHS/BUBEIEHHSI CYTTEBO 3POCTAE.

3anumu ¢ OJianazonax 3Hauenvb. 3anuT Yy [Aiana3oHi 3HaYCHb
BHU3HAYa€ MpPSIMOKYTHY OOJNAcTh CITKHM, i BIANOBII/IF0 Ha HBOro Oyne
MHO)KHHA TOYOK, 1110 HaJe)KaTh CerMeHTaM, sIKi BKPUBAIOTH 1110 00J1acTh
(32 BUHATKOM JIeSIKMX TOYOK y CErMEHTaxX, L0 MPWIAraloTh 1O MexXi
obmnacti momryky). Hanpukinan, 3a HeoOXimHOCTI BilTyKaHHS BilOMO-
CTell mpo MOKYyMLiB BikoM 35-45 pokiB 3 npuOyTtkoM y Mexax 50-100
TUCSIY JI0NapiB JIOBENETbCS 3BEPHYTHCS [0 UYOTHUPHOX CErMEHTIB Y
HWKHIN TiBil yacThHi puc. 82. Y 1bOMY BHIAJIKY >KOJEH i3 CErMEHTIB
HE HAJICKUTh 00JIacTi MOUIYKY LIIKOBUTO, OTOX 3HA4YHY YaCTHHY TOYOK
3 OCTaTOYHOI BIAMOBIJi, KMOBIPHO, JOBEAETbCS BUKMHYTH. SIKIIO K
00J1aCTh MOIIYKY OXOIUIFOE 3HAUYHY KiJIbKICTh CErMEHTIB, YUMaJI0 3 SIKUX
BUSIBIISIIOTBCS BCEpeWHI 00JacTi, TO Bci iXHI TOYKM Ofpa3zy Xk
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3a7I0BOJIbHAIOTH KpUTepii mnomyky. Ockiibkd 00poOka 3amuTiB y
JiamazoHax 3HauYeHb YacTO 3alieKUTb BiAg meperyiagy OaraTbox
CerMeHTIB, TO KUIbKICTh omepalili JUCKOBOrO BBeJICHHS/BUBEICHHS
MOKE BUSBUTHCS BEJIbMU 3HAUHOIO. SIK pe3ysibTaT BUKOHAHHS MOAIOHMX
3aIuTiB, 3a3BUYali, MOBEPTAIOTHCS KPYMHI MOPLIi JaHUX, OTOX 3aTpaTH
Ha 3YUTYBaHHsA OJIOKIB (hailla BHUXIAHMX JaHUX CIIBPO3MIipHI 3
BUTpaTaMu Ha 3amdc OJIOKIB (JKIIO Takuid TmependaqvaeTbes) 3
MiZCYMKOBOIO iH(OpMaLi€ro.

Iowyk Haiibaudcuux cycionix 00°ckmie. Ilowyk  TOYOK,
HaWOMHKUMX 100 AesKol 3aJaHoi TOYKM P, po3novMHaeThes 3
BU3HAYEHHS CErMEHTa, SKOMY HaleKUTh P. SIKIIO CerMeHT MicTUTh
xoua O 1Ie OJHY TOYKY Q, TO T MOXHAa BBaXXATU IOTEHLIMHUM
KaHIMAATOM Ha poJib INYKAaHOI TOYKU. Tpamistorbes BUMAAKHU, KOJIM
TOYKH y CYMDKHHX CerMEHTaX po3TalioBaHi Onmkye 10 P, Hixk Touka Q
3 Toro k cermenra. [Ipuknamom moxe Oytu puc. 82. OTok HeoOXiTHO
NepeKOHATHCs, YA He MEHIIa Bigaib BiJl TOYKH P 0 MeXi CerMeHTa,
JI0 SIKOTO BOHA HAJIEKWTb, HiK aucTaHiis Mik P i Q. Skuio cutyartis
came Taka, TO HEOOXITHO MPOaHANi3yBaTH 1 MICLIE3HAXOIKEHHS TOYOK
BiIMOBiIHOTO CyciAHbOTO cermeHTa. OKpiM TOTO, SKIIO NPSAMOKY THUKHU-
CErMEHTH HaJITO PO3TATHYTI B OJHOMY BUMIpI i {y’>Ke BY3bKi B IpyTrOMY,
TO HMOBIpHO, IO JOBEAETHCSA 3BEPHYTHCS HE TUIBKU 10 HANOIMIKYMX,
aJe i 1o BifaleHilmmX «CycCiiiBy cerMenTa 3 TOuKoro P.

Ilpuxnao 81. Hexaii y crpykrypi, 300pakeHiii Ha pwuc. 82,
HEeOOXIZIHO 3HAWTH TOYKy, HalHOmmwk4dyy nmo Touku P=(45,200).
HaitOnmxua Touka, sika HaleXWTh AO TOrO 3K CErMeHTa, BOJIOZIE
koopauHaramu (50,120) i € Big Toukn P na Bigmani 80,2. XKomna 3
TOYOK TPBOX HIKHIX CErMEHTIB He Moxke OyTH ONMXKUYOI, OCKINBbKH
BEPXHbOIO MEXKEIO LIMX CEMEHTIB € JIiHiA CITKM 3 KOOpPAMHATOIO
npudoymox=90, otox 200-90>80,2, i cerMeHTH MOXKHA HE PO3TJISAaTH.
[Ipore m’aTh iHIKMX CerMeHTIB 3BiCHO MOTPeOYIOTh yBard, i Haimi
3YCHJUIS BUSIBIISIFOTbCS HE MAapHUMH: TYT MU BIJIIYKA€EMO JIBi TOUKH 3
xoopauHaTamu (30,260) i (60,260), po3rauioBaHi Ha OJHAKOBIHM Biadai
Big Toukn P, wmo gopiBHroe 61,8. 3aramom, mpoueaypa MOIIYKY
HaMOIMKUYOro CyciHbOro 06’ €KTa, 3a3BUYaii, 00MEeKYEThCS IeKiTbKkoMa
CerMeHTaMH, OTOK BUMarae BUKOHAHHS HEBEJTMKOI KUTbKOCTI oneparlii
JHUCKOBOro BBeJeHHs/BUBeAeHHS. OCKIJIbKM CErMEHTH, HaMOMMK4i 110
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BUXIJJHOTO, MOXYTb BHSBHUTHCS T[OPOXKHIMH, TO BEPXHIO MEXKY
TPYAOMICTKOCTi MOLIYKY Harepen nepeadadnuTd HEMOXKIIUBO.

18.5. Po3oinvhi 2eui-hynxuii

[em-¢pyHKLiT K apryMeHT 34aTHI OTPUMYBATH CIHCKW 3HA4Y€Hb
aTpuOyTiB, X0Oua, 3a3BUUAl, relyBaHHIO MiJJAI0ThCsS 3HAUEHHS OJHOTO
atpubyta. Hanmpuknaa, skmo @ i b — UiTOYMCITOBHI 1 PSIIKOBHIA
aTtpuOyTH, BiJNOBINHO, TO i OOYMCIIEHHS HOMepa CerMeHTa rell-
TabmuLli, BUKOPHCTAHO! sSK iHAEKC /i map 3HadyeHb (a,b), MoxHa
nonatu Bennunny a 3 ASCII-komamu ycix CUMBOIIB psika b, mominuTH
OTpUMaHy CYMYy Ha KUIbKICTb CETMEHTIB 1 B3ATH 3aJIMLIOK BiJ JUTECHHS.
OpnHak mopiOHy remi-(GbyHKI[IFO MOXXHAa BHUKOPUCTATH TIIbKM B TaKUX
3anuTax, B SKUX BOJHOYAC OepyTh ydacTh 3HauYeHHs aTpuOyTiB @ i b.
Kpariiie >x npoekTyBatu rei-GpyHKIiO Tak, 1100 BOHA NOBepTajia MeBHY
KUTBKICTh OITiB (Harmpukian, K), po3noIiieHux Mk N atpubyTamu, 1ie K;

OITIB rem-koAy OOYMCIIOIOTH Ha MiACTaBi i-ro arpudyTa i Zk‘ =k.

i=1
Skuio kasatu TouHille, To reu-GpyHkKiis A Hacnpasai € cnickom (.
hy. ..., hp) rew-dyHkuii, ne GyHkiis h; 3aCTOCOBYETbCS 10 3HAYCHHS
i-ro aTpuOyTa i MoBepTae MOCTiOBHICTh 3 K; GiTie. Homep cermenta
IHIEKCY, 3 SKOTO apecy€eThesi KOPTEXK 3i 3HaAUeHHAMH (Vy, Va, ..., Vo) N
aTpuOyTiB, OOYMCIIOEThCS IUISXOM 3YEIUIEHHS YacTKOBUX OITOBUX
nociigoBrocte: h4(V1)ha(Va).. .ha(Vy).

Ilpurknao 82. TlpunycTuMo, W0 € KOPTEX, KOMIIOHEHT & SIKOro
MICTUTB 3Ha4eHHs A, a KOMIOHEHT b — 3Ha4eHHs B (iH KOMIOHEHTH
B TrelllyBaHHi y4vacTi He OepyTh). Hexaii cermeHTH reur-Ta0nuii
BOJIOAIOTh 10-0iTOBUMH HOMepaMH, TOOTO TaOJIMIIA MOXE MICTHTH J0
1024 cermeHTiB, i 4oTHpHW OITH BiABOAATHCA Ui aTpuOyTa @, a pelTa
uicte — arpubyTta b. ®@yHkuis h, nos’s3aHa 3 atpuOyToM &, rerye
3HaueHHs A i noBeprae yotupu OiTi (Hanpukian, 0101), a dyHkuis hp,
MOCTaBJieHa Y BIiAMOBIAHICTH aTpuOyTOBi D, Ha OCHOBi 3HauYeHHs B
obuncmoe mociinoBHicTh i3 mecty OitiB (111000). Otox KopTexKy
(A,B) BimnoBigatme cerMeHT ren-TabiuIl, IO BOJOAIE HOMEPOM
0101111000, sxuii Hajsiuye aABI 4acTKOBI OITOBI MOCIiJOBHOCTI,
oTpuMaHi Juts 3HaveHb A i B.
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Take po3dinibHe reulryBaHHS Mae Ty TMepeBary, UIO Jae 3MOTy
BUKOPHUCTOBYBATH BiJIOMi 3HaueHHS OyNb-SKUX OJHOTO a0 JEKIIBKOX
KOMIIOHEHTIB, $IKIi BHOCATh CBili BKJIQl B OCTATOYHWHA TIeII-KOJ.
Hanpuknaz, naHo 3HadeHHs A atpubyTa a, sike 3a I0MOMOTO0 BUKJTHKY
byHkuit h,(A) retnyersbes B 6iToBy nociigoBricts 0101. IMocunanus Ha
Oyap-sKi KOpTeXi, IO MICTATh Y KOMITOHEHTaX & 3Ha4yeHHs A,
HeOoOXiJTHO IMyKaTH TUTbKM B MeXKaxX 64-X CerMeHTiB, HOMEpH SKUX
OMMCYIOThCS  OiTOBUMM  TociifmoBHOCcTsMU  ¢opmary 0101..., ne
TPHKpAIiKa Mo3Hayae IicTh AOBIILHUX OITiB. AHAJIOTIYHO, SKIIO BioMe
3HaueHHs1 B aTpubyTa b, TO 11e ae 3MOry 0OMeXHUTH 00JIacTh MOLIYKY
16-Ma  cerMeHTamMH, HOMEpPHU SKHX  3aBepIUylOTbCcS  OITOBOIO
nochigosHicTio hp(B)=111000.

Ilpuxnao 83. Tlpunyctyumo, 1110 JaHi Npo MOKYIMLiB KOIUTOBHOCTEHH,
po3risHYTI 'y mpukiami 78, HeoOXimHO mnpeAcTaBUTH Y  dopmi
PO3IiIbHOI rem-Tabnuil 3 8-Ma cerMeHTaMu, BIABOIAYM IMiJi HOMEpP
cerMeHTa mo Tpu OiT (OAMH BimnoBigae arpuOyTy BiKy, a JBa —
atpubyTy mpubyTKy). Sk i paHimie, BBakKaTUMeMoO, IO OJOK MOXe
MICTUTH He OLIbllIe, HIXK ABA 3aIUCH.

[Mpunyctumo, mo rem-GyHKIiS Ui aTpuOyTa «BiK» OO0YHCIIOE
pe3ysbTar JiJieHHS 3HaueHHs BiKy 3a MoayJjeM 2. [HmuMMHM cioBamu,
BMICT KOPTEXKY «BIK-PUOYTOK» /s TAPHOTO 3HAYEHHS BiKY IeLIy€eThCs
B OiTOBY mociioBHICTh BUrsay OXy 3 meskumu Oitamu X i Y, a ais
HermapHoro — y mochimoBHicth 1Xy. [em-dynkuis s aTpuOyTta
«npuOYTOK» aHAJOriYHO BU3HAYAE Pe3yJbTaT IiIJCHHS MPUOYTKY, LIO
BUpaKaeThCs B THUCSYaX, 3a moayieMm 4. Hampuknaa, s BeMUUHU
npuOyTKy, noaiOHil 57, sika ninutbes Ha 4 i3 ocrauero 1, mapa 3HaYeHb
«BIK-MIPUOYTOK» TEUIYEThCS Y MochifoBHicTh Burasay z01 3 meskum
OiTom Z.

Ha puc. 85 mnpoinocTpoBaHo pe3yJibTaT PO3AIABHOIO rellyBaHHs
JaHUX 3 TpUKIaxy 78 BiANMOBIAHO OO BKA3aHOTO BHILE ajrOPHTMY.
3BepHIT, yBary Ha TaKy OOCTaBUHY: OCKIJIBKM OiIBINICTH OOpaHUX
3Ha4eHb BiKy 1 NpuOyTKy nimuThes Ha 10, rem-QyHKIiS He Moxe
320e3MeYnTH JOCTATHHO PIBHOMIPHUI PO3IMOJIIJ TOYOK Y cerMeHTH. J[Ba
i3 BOCbMHM CETMEHTIB MICTATh MO YOTHUPH 3aIKCH 1 NOTPeOyIOTh OJIOKIB
MEPETIOBHEHHS, & TPY CErMEHTH 3aJIMIIAI0THCS TOPOIKHIMH.
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Puc. 85. [lpuknan po3aineHoi rem-Tadaumii

18.6. Ilopienanna cmpykmyp cimkosux aiinie i po30inpHux zeut-
maoauusp

[Toka3HWUKM TPOITYKTUBHOCTI CTPYKTYp IHAEKCIB, PO3MIISHYTHX Y LIiid
TeMi, 3HAa4YHO Biapi3HAOThCA. Hukue nepestiueHi OCHOBHI OL[IHKH
e(PeKTUBHOCTI CTPYKTYp CITKOBHX (aiiiiB 1 Tabiulb, SIKi OTPUMYIOTb
PO3MITBHUM TellyBaHHSM.

e 3 METOO MOIIYKY HaHOIMKUYMX CYCimHIX 00’ €KTiB i 00poOKH
3aMWTIB Yy Jliarma3oHax 3Ha4YeHb pPO3AUIbHI rem-Tabiauii
MEHILle KOPHWCHI, HDK CITKOBi (aiiiii, OCKUIbKM 3HAueHHS
¢diznuHMX  Bimganmedt MK ~ TOYKAMM  He  3HAXOMATH
BioOpakeHHsI B OJIU3BKOCTI HOMEpIB CErMEHTIB, SKUM
HaJle)kaTh 1[I TOYKH. 3BICHO, MOXKHA Oysio O CIpOeKTyBaTH
rem-QyHKIi0 IS Jeskoro arpubyra a Tak, o6 s
MIHIMaJIbHOrO 3HAa4YeHHsS & reHepyBaBcs OITOBUH PSIOK, LIO
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npeAcTaBisie HaliMeHINe YMUCII0, TOOTO MICTHUTh BCi HYJIbOBI
0iTH, HACTYMHOMY 3a BEJIMYMHOIO 3HAYEHHIO & BIAMORBIAAIO
oinbine yucno surisamy 00...01 i T.1. [Ipore y nupomy BuUnaaxy
MH 3HOBY MHMOBOJIi MOBEPHYJIMCh 10 CTPYKTYPH CITKOBOTO
(hatina.

e Bpano oOpani pesynbratu reu-QyHKIUil 31aTHI 3a0e3MeUnTH
PO3MOLT TOUOK MPOCTOPY Y CETMEHTH iHAEKCY, OJU3bKHNA 10
piBHOMipHOTO. CIiTKOBI (hailyii, OJfHaK, «CXWJIbHI» 3aJHIIATH
YuMajly KUIBKICTh CErMEHTIB MOpOXHIMM (mepeayciM, s
3HAYHOI KUIBKOCTI po3MipHocTeii). [IpuurHa nossirae B Tomy,
110 332 HAasABHOCTI 0araThoX aTpuOyTiB LIOHAWMeHINe AesKi 3
HUX 3HAYHOKO MIPOI0 KOPEIbOBAaHO, OTOX 3HA4yHI 00JacTi
NpoOCTOPY BHUSBJISIOTHCS He3amoBHeHWMH. Hampuknan, y
nyHkTi 18.4 Mu 3ramyBaiv mpo Te, IO YMHHUK KOPEJNSIil
3Ha4YeHb BIKY i MPUOYTKY 3yMOBJIIOE PO3MIILIEHHS OIBIIOCTI
TOYOK ()parMeHTa MPOCTOPY, MPOLTIOCTPOBAHOrO Ha puc. 82,
B3JIOBXK JiaroHani Marpuii. Sk HaclligoK, 32 BUKOPUCTaHHS
pO3MITILHOI  Tel-TabNMulli BAAEThCS OOIMTHUCH  MEHILOO
KIJIBKICTIO CErMEHTIB 1 OJIOKIB MEepenoBHEHHS, HI2K Y BUIA/IKY
BUKOPHUCTaHHS CITKOBOTO (paiia.

OTOX, SIKIIO MAEeThCS MepeBaKHO MPO BUKOHAHHS 3alUTIB A0 AaHUX
i3 PIBHICTIO OKpEeMHX KOOpPAWHAT, J€ 3aJal0Th 3HAYEHHS OIHUX
aTtpuOyTiB 1 ICHOPYIOTh IHIIMMM, TO PO3JiNbHA Trew-Tadbauus 3
OiNBIIOI0 HMOBIPHICTIO TIEPEBUIIUTHh 3a TMPOAYKTHBHICTIO iHAEKC Ha
OCHOBI ciTkoBOro ¢aiina. | HaBmaku, SKIIO B CUCTeMi CHUCTEMAaTHYHO
BUKOHYIOTb TMOLIYK HaWOMMKYMX CYCiHIX 00’ekTiB abo 3amuTu y
Jiarna3oHax 3HaueHb, TO TepeBary Tpeba HagaBaTH CTPYKTypam
ciTKOBUX (paiiniB.

Bnpaeu 01a onpauroeanna
Bnpaea 57. PosrnsHeMo BiHOWIGHHS, sK€ MIiCTHTh iH(OpMAaLlilO MPo
MEPCOHANbHI KOMIT FOTEPU Ta OMUCYETHCI CXEMOIO:
PC(model, speed, ram, hd)

Ha puc. 86 HaBeneHo cneuudikaiii 12 nepcoHaIbHUX KOMIT IOTEPIB.
Hexaii HeoOXigHO CTBOpPUTH iHIEKC Jis aTpuOyTiB IIBHUAKOMIT
npotiecopa (Speed) i MicTkocTi sopeTkoro aucka (hd).
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1. OOGepiTh mo3uuii 'ty JNiHIK ciTkK (fiIeTbcs MpO 3arajbHYy
KUTBbKICTh JIHIM A7 ABOX BUMIpiB) ciTkoBoro (aiina, ski
3a0e3MevyIoTh MOTPAIUISIHHS Y KOXEeH CerMeHT He OuTbliie, Hix
JIBOX TOYOK.

2. U4 MOXJIMBO BHKOHATH 3aBJaHHA 3 TM.l, BUKOPHCTOBYIOUH
TIJIBKY YOTHPH JiHii ciTku? HaBeniTh nokasu 3a abo nporu.

3. 3anpomnoHyiiTe BapiaHT PO3AUILHOIO TelIyBaHHS, 3a SKOrO
KO)KEH 3 YOTUPbOX CErMEHTIB MICTUTMME He Oijblie, HiK
YOTHUPH TOUKH.

model speed ram hd
1001 700 64 10
1002 1500 128 60
1003 866 128 20
1004 866 64 10
1005 1000 128 20
1006 1300 256 40
1007 1400 128 80
1008 700 64 30
1009 1200 128 80
1010 750 64 30
1011 1100 128 60
10013 733 256 60

Puc. 86. ®parment ek3emiuisipa BinHowueHHst PC 3 xapakreprcTukaMu nepcoHalIbHUX
KOMIT'IOTEpiB

Bnpaea 58. Hexaii HeoOXiTHO pO3MICTUTH JlaHi, HaBeAEHI Ha puc. 86, y
TPUBUMIpPHOMY CiTKOBOMY (hailyli, BUMIpH SKOro BiANMOBIJAOTH
aTpubyTraM MBHAKOIII Tpomecopa (speed), o6’emy omnepaTuBHOL
nam’sTi (ram) i micTkocTi kopctkoro aucka (hd). 3anpomonyiire
BapiaHT PO30OUTTS MPOCTOPY AAaHUX JIHISIMH CITKH, KW 3a0e3redye
PIBHOMIPHHIA PO3MOJIiJI TOYOK Y CEerMEHTaXx.

Bnpaea 59. Po3pobith Bepcito Ha0Opy po3niNbHUX rem-(QyHKIil, ki
MepETBOPIOIOTh 3HaueHHs aTpuOyTiB speed, ram i hd sigHomeHHs,
300paxkeHOro Ha puc. 86, B 0OJHOOITOBI YaCTKOBI MOCTIIOBHOCTI i 3a0e3-
NeuyloTh PIBHOMIPHUH PO3MOJIiN TOYOK Y CeTMEHTaX.
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Bnpasa 60. Tlpunyctumo, 1110 AaHi, HaBeeH] Ha puc. 86, 0hOpPMIIEHO K
ciTkoBHi (haiis 3 1BOMA BUMipaMu, sKi BiMOBiAal0Th aTpubytam speed
i ram. Jlinii citku ans oci speed maroth koopaunatu 720, 950, 1150 i
1350, a yiHii ciTku UIs BUMIpY ram posrtamioBaHi Ha mozumisx 100 i
200. [MpumycTriMo TakoXK, 1110 OJOK cerMeHTa MOXKe MICTHUTH He Oinblie,
HDDK JBa 3amicH. 3anpornoHyiiTe ONTUMalbHI BapiaHTH PO3LIETICHHS
CErMEHTIB JIJIsl BCTABKU TOYOK 3 KOOPIMHATAMMU:

a) speed=1000, ram=192;
6) speed=800, ram128 i speed=833, ram=96.

Tema 19. /lepeBonoioHI CTPYKTYPH AJIs OAraTOBUMipHHUX
JaHHX

PosrnsHeMo Kinbka IHAEGKCHUX CTPYKTYp, ki edeKTHBHI Mmia dvac
00pOoOKM 3anuTiB y Aiana3oHaxX 3HA4YeHb i MOIIYKY 00’ €KTiB, HAWOJIMK-
YMX J10 33J]aHOr0:

1) iHOEKCH 3 JEKIIbKOMA KITIOUaMHu;

2) kd-nepesa;

3) nepeBa KBaJIpaHTIB;

4) R-nepesa.

Tpu mepiui CTPyKTYpH MNpHU3HAYEHO Uil MPEACTaBICHHS MHOMXHH
TO4YOK. R-nepeBa, 3a3BMyaii, BUKOPHCTOBYIOTh 3 METOIO ONUCY MHOKHH
objacTeii MpocTopy, Xoua 3aCTOCOBYIOTh 1 ISl BiIOOpakeHHsT MHOYKHH
TOYOK.

19.1. Inoexcu 3 oexinbkoma Kirouamu

[Mpunmyctumo, 1o cXema BiJHOIIEHHS MICTUTh aTpulyTH, §Ki
NPe/ICTaBIIAIOTh 3HAYCHHS KOOPJWHAT eJIEMEHTIB JaHUX OaraToBUMIp-
HOTO TPOCTOpPY, 1 HEOoOXiHO 3abe3neunTH e(PEeKTUBHY MiATPUMKY
3alUTiB y Jlianma3oHaX 3HaueHb KOOpJAMHAT abo Mpoleayp MOUIyKy
00’€eKTiB, HaWOMMK4Mx [0 3agaHoro. OngHe 3 MPOCTUX PpillleHb
MOB’si3aHe 3 BHUKOPHUCTAHHSAM IHACKCY iHJeKkciB abo (y3arajibHeHoO),
JIepeBOMNOIIOHOT cXeMU, B sKiil BepIIMHU KOXKHOTO PIBHS € iHIEKCaMU
U151 TIEBHOrO aTpulyTa.

lonmoBHy ifet0 mpoigrocTpoBaHO Ha pHc. 87 Ha MpHKIaZi IBOX
atpuOyTiB. «KopeHem nepeBa» ciyrye iHIeKC Ui MepLioro atpulyTa.
[ToniGHy poJsib MOXKe BifirpaBaTH iHAEKC OYIb-IKOTO 3 TPaJMLIMHUX
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THIIB, TaKUX AK B-mepeBo a6o rern-rabmvig. [Haeke MoB’13ye 3HAUEHHS
KJIFOYa MOUIYKY (BMICT KOMIIOHEHTa MEPILIOro aTpuOyTa) 3 NOKaKYMKOM
Ha JIesKui iHaeke ajig apyroro atpubdyTa. Skio V — BMicT KOMIMOHEHTa
nepuioro aTpudyTa, TO BiAIIYKABIIM eJIeMEHT 3i 3HaueHHsM V Kkiroda
MOIIYKY B TEPLIOMY iHAEKCI 1 MPOCTYIOUM Y «HAmNpsMi» MOKaKYHKa,
3B’S3aHOr0 3 IMM €JIEMEHTOM, MH «IOTPanuMO» 10 IHAEKCY, IO
MpeACTaBNsge MiAMHOKHHY TOYOK, TMepili KOOPAUHATH SKHUX TOPiBHIO-
10Th V, a Ipyri MicTSTh TOBiNTbHI 3HAYEHHS.

AN

Innexc nis

MepLIOro

arpubyra
Innexc nis
JPYyTOTO
aTpuoOyTa

Puc. 87. [lpuknan 6aratopiBHEBOr0 iHAEKCY 3 AEKiIbKOMA KIHOUaMU

Ilpuknao 84. Ha puc. 88 cxemaTnuHo 300pakeHO iHIEKC 3 JEKiJb-
KOMa K/IIoYaMM, SKUH BiAMOBigae MpuUKiIady, 10 MU PO3MISLAAEMO, i
SKUA  CTOCYEThCS BIIOMOCTEH TPO KOJIEKI[IOHEPiB KOIITOBHOCTEH:
«MepuKuM» aTpudyTOM Y UbOMY BHUMAIKY € «8ik», a «IAPYTUM» —
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«npubymox». «KopeHeBuit» iHaekc, iKMW BiAmnoBigae aTpuOyTy BiKY,
PO3TAIIOBAHO Y JiBil 4acTUHI pUcyHKa. TyT MU He YTOUHIOEMO JieTasieit
peattizaiiii UBOro IHAEKCY — CIM HOro map BUAY «KIHOU-HOKANCUUKY,
HaINpUKJIad, MOXKYTh 3ailiMaTH MO3MLIT Y BeplIMHax-iucTax B-nmepesa.
Baxknugilie Te, 1110 iHAEKC MICTUTh TIJIbKW TaKi KJIFOYOBI 3HAYEHHS BIKY,
SIKUM BiJINIOBiJIa€ 0JTHA a00 JIeKiJIbKa iCHYIOYMX TOUOK MPOCTOPY JTaHUX,
i Jae 3MOry JIerko BIiJIIYKaTH TOKKYMK, 3B’S3aHU 3 TICBHUM
3HAYEHHAM KJIIOYa.

60 —_—
400 —_—T
260 —_—
25 / 60 —_
30 / 350 I
45
75 — T
50 - |
100 T ™
60
120 T =
70 275 —
85
260 B E—
110 —
140 —_—

Puc. 88. Innexcn 3 nekinpkoMa KIFoHaMu JUIsl IBOBUMiIPHOTO MIPOCTOPY JAHWX «BiK-
pudyTOK»
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Y npaBiii 4actunHi puc. 88 posraioBaHo CciM IHOCGKCIB, SKi
3a0e3MneuytoTh 10CcTyn Oe3nocepeHbO 10 3aMUCiB JaHUX.

Hanpuxnan, 3BepTatourch 10 (KOPEHEBOI0) IHACKCY 3 KIIOUEM «Gik»
i cTekauu 3a aJpecCHUM B3HAYCHHSIM TOKaKYMKA, TOB’I3aHOrO 3i
3HAYEHHSM KOOPAWHATH BiKYy, fKa CTaHOBUTH 50, MM moTpanumo 10
MiANOPSAKOBAHOIO 1HAEKCY 3 KIIIOUYEM «MPpUOYmoK», YOTUPU eJIeMEHTH
SKOTO TIPEJICTABJIAIOTh 3HAYEHHS KOOPJAWHATH MPUOYTKY TOYOK, IO
3aJJ0BONIbHAIOTh YMOBY 6ik=50. (I 3HOBy MU He aKLEHTyeEMO yBary Ha
0COOJIMBOCTAX pealtizailii MoJiOHUX I1HIEKCIB — JAOCTaTHbO HASBHOCTI
nap BUAY «KIHO4-3HaYeHHs»). [okaKuMKM B cerMeHTax iHIeKcy, SKi
BIZMOBIAIOTh KOXKHOMY 3 YOTMPbHOX KIIIOUOBMX 3HaueHb NpuOyTKy (75,
100, 120 i 275), appecyroTh KOHKPETHi 3alycy AaHUX (HAIMPUKIIA,
MOKAXYMK, 110 CTOCYEThCSl 3HAUEHHS KIIOYOBOI  KOOpAMHATH
npudymox=100, nae 3MOry 3HalTH 3amuc, U0 NPEACTABIIAE 0CO0Y BIKOM
50 pokiB, sika Bomnoiie mpuOyTKoM y po3mipi 100 Trcsy qonapis).

VY crpykrypax iHAEKCIB 3 JAEKiIbKOMa KJIFOUYaMH IHACKCH APYroro
abo BUIIOrO PIiBHIB MiAMOPSIKOBAHOCTI MOXKYTh MaTH JyXe Majuid
o0’eMm. Hanpuknaa, 4othpu 3 ceMM IHAEKCIB JPYroro piBHS,
300paxkeHUX Ha puc. 88, MicTATh O OgHOMY erneMeHTy. Taki iHgeKcu
JIOLIIJIbHO peajli3yBaTH K MPOCTi TabJIMLI, YIaKOBaHi B OJUH CHiJIbHUMA
O710K.

19.2. Oyinku eghekmuenocmi cmpykmyp iHOeKcié 3 0eKiibKoMa
K1ouamu

Po3riasiHeMO XapaKTePUCTUKM MOBEAIHKK IHAEKCIB 3 JeKiJibkoMa
KJIIOYaMM TiJl Yac BUKOPUCTaHHsS AJisl PI3HUX KaTeropii 3amuriB y
KOHTEKCTI OaraToBUMIpHMX JaHuMX. Mu 30cepearMoO yBary Ha
CTPYKTypaXx 3 JBOMa aTpuOyTaMH, Xo4a BCi BHCHOBKHM JIETKO
y3araJbHUTH Ha BUMAJIOK TOBUILHOT KIJILKOCTI aTpUOYTiB.

3anumu 0o Oanux 3 pieHicmio oKpemux KoopouHam. Sxuwo B
3aMuTi 33aJaHO 3HAa4YeHHs arpulyTa, SKUK BiAIOBIAE KOPEHEBOMY
iHIEeKCY, TO IH/JEKCHA CTPYKTypa TMpOSBISE BHUCOKY €(EKTHBHICTb.
KopeHeBuii iHIEKC BHUKOPUCTOBYIOTH Ui BiALIYKaHHS OJHOrO i3
NiANOPSAAKOBAHUX IHIEKCIB, SIKMM, y CBOIO 4Yepry, CHpOBaLKyeE [0
1rykaHol Toukd. Haripuknan, siKio KOpeHeBHi iHAEeKC opopMIICHO SIK
B-nepeBo, TO s mepexomy [0 BH3HAYEHOrO MiAMOPSAKOBAHOTO
iHeKcy HeoOXigqHO BHUKOHATH [Bi abo Tpu omepaiii JTUCKOBOTO
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BBE/ICHHS/BUBEJICHHS, a Ui Teperjisay 3HalJeHOro 4YacTKOBOIo
iHOEKCY 1 3aBaHTaKEHHsS IIYyKaHOTO 3alucy HaHWuX — LIe JeKiJIbka
nofioHUX onepaiid. 3 iHmoro 60Ky, SKIO 3HAYeHHS aTpuOyTa, KU €
KJIIO4YeM TMOUIYKY B KOPEHEBOMY IHJAEKCI, B 3alMTi HE 3rajiaHo, TO
CHCTEMi JIOBEIETbCS 3BEPHYTHCS A0 KOXHOTO TMiANOPSAKOBAHOTO
iHIeKCy, 110, WMOBIpHO, MoTpeOyBaTMMe HEMalMX 3aTpar uacy Ta
00YHCITIOBATILHUX PECYPCIB.

3anumu y oianaszonax 3nauems. Ilin yac BUKOHAaHHS 3aNUTIB Yy
niarna3oHax 3HAuYeHb IHAEKC 3 JEKUJIbKOMa KIFoYaMH JeMOHCTPYE
JIOOPOTHI  TOKAa3HUKHM MPOAYKTUBHOCTI — 3BICHO, SKIIO YaCTKOBI
iHIEKCH, IO Hajexarb 0 HboOro (Hanpukman, B-mepesa abo
«3BUYAMHI» 1HIAGKCH M MOCHiIOBHUX (aiiniB), Y CBOIO 4epry,
MIATPUMYIOTh 3allUTH Yy Jiarna3oHaX 3MiHM 3Ha4YeHb BiJINOBiIHUX
atpuOyTiB. JlianazoHn 3Ha4eHb KJIIOYa MOUIYKY KOPEHEBOTO iHJEKCY B
CYKYIMHOCTI 3 [iana3oHaMM 3MIiHM KJIIOUIB MiJNOPSAKOBAHUX IHIEKCIB
Jal0Th 3MOTY BHSIBUTH BCi IIyKaHi TOYKH MPOCTOPY.

Ilpuxnao 85. 3BepHeMocs 110 CTPYKTYpW IHIEKCY 3 JeKiIbKoMa
katodamu (puc. 88) 1 mpumycTUMO, 1110 HEOOXITHO BHUKOHATH 3alMT Yy
TaKWX JdianazoHax 3HaueHb: 35<gix<55 i 100<npubymox<120. Ilix uac
neperssly eleMEHTIB KOPEHEBOro IHJAEKCY BIAE€ThCS BUSBUTH /Ba
kirodi (45 1 50), sAki 3a0BOJILHAIOTH 3a/JlaHOMY Jliana3oHy 3MiHH
3HaueHb atpubyra «gik». [loB’A3aHi 31 3HalJEHUMU KJIOYaMU
MOKAXYMKM aApecyloTh [Ba MiAMOPSAAKOBaHI iHAEKCH IJis KIo4a
NOLIYKY «HpuOymox». IHOeKc Al KOOpAMHATH 6ik=45 He MiCTUTb
3Ha4YeHb NMPUOYTKY B 3aJaHOMY Jiarna3oHi, NpoTe iHJEKC, 110 BiANOBiaa€E
yMoBi 6ix=50, Bojofie qBoMa BinnorigHumMu eemenTamu — 100 i 120.
OTxe, pe3yabTaTOM MOLLYKY BHSBJISIOTHCS JBi TOUKHU 3 KOOpAMHATAMU
(50,100) 1 (50,120).

Howyk mnatidaurncuux cycionix o00’ckmis. Ilouryk 00’€ekTiB,
HaOMMKYMX [0 3aAaHOro, 3a JAONOMOIOI0 IHAEKCY 3 JeKilbKkoma
KJIIOYaMHM BUKOHY€ThCS 32 TIEO XK CTpaTericto, 1o ¥ Maibke Bei iHII
3aIUTH, SKi pO3MIISHYTO y LUbOMY po3aini. s BiaulykaHHs HAHOIMKUIOT
«CYCIIKW» TOYKH (Xy, )y) OOMparOTh BiIalib d, YTBOPIOKOTH 00JIACTH 3
LEHTPOM Y (Xg V), fKa, SIK OYIKY€TbCSA, MICTUTb LIOHAHMEHLIE OIHY
Touky. [TOTiIM BUKOHYIOTH 3anmuT y Aiana3zoHaX Xy — d < x < xy + d i
vo-d <y < yy+d 3HavyeHb koopaMHAT. SIKIIO 3anuT € Ge3pe3ysIbTaTHUM
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abo moBepTae TOYKY, pO3TallOBaHy Ha Bimmasi Bin (xo,)g), OUIbLIINH HiK
d, To TpeOa 301IBIIUTH 3HAYeHHS d 1 TIOBTOPUTHU TIPOLETy Py MOIIYKY.

19.3. Buxopucmannsa kd-oepee 014 noodyoosu inoexcie

CTpykTypy, fika ciayrye s npencraeieHHs iHdopmauii B OIT i
y3arajbHIOE  MOJeNb ~ OiHAPHMX JepeB TOIIYKy Ha  BHIAIOK
OaraToBUMIpHUX JaHUX, HA3UBAIOTh kd-Oepesom (k-dimensional search
tree). PosrnsHemo, miepeayciM, TOJOBHI XapaKTEPUCTHKH CXEMH
kd-nepeBa, a moTiM po3mMOBiMO TIpo OcOOAMBOCTI i1 peamizamii B
KOHTEKCTi OJIOKOBUX BTOPMHHMX CXOBHII AaHUX. Ake Kd-nepeBo — 1ie
OiHapHe IepeBO, 3 KOPEHEBOI 1 NPOMIKHHMMHU BEepUIMHAMU SKOTO
acotilioBaHi aTpuOyT &, 10 NPEICTABIAE JesIKy PO3MipHICTh JHaHWX, i
NeBHE 3Ha4YEHHs V LbOro aTpulyTa, siKe MOJILIAE MHOXKHUHY TOYOK JaHUX
Ha JABi [MJAMHOXXHMHH: TOYKAM OJHi€l MiAMHOXXWHU BiJMNOBIJAIOTh
3Ha4YeHHs aTpuOyTa &, MeHIi BiJ V, a TOYKaM JIpYroi — 3HaueHHs a,
piBHi abo Oinbwi Bix V. ATpuOyTH B MekaX OJHOTO piBHs JiepeBa
OJTHAKOBI, a B CYCiJIHIX pIBHAX — Ppi3Hi: pyXarO4Wch BiJ KOpEeHEBOI
BEpILIMHU JepeBa «BHH3», PIBHAMHU MPOMIKHUX BEpINUH, YCi aTpUOyTH
PO3MIPHOCTI LIMKJIIYHO 3aMillIalOTh OMH OJIHOTO.
VY knacuyHomy Kd-nepeBi, ik i B jAepeBi OiHAPHOro MOINYKY, 3
BEpIIMHAMH TTOB’s3aHi TOYKM AaHWX. OHaK MU JIEIIO0 3MiHUMO CXeMy
TakuM crnocoboMm, MO0 amantyBaTH ii A0 OcoOJMBOCTEH Momeri
GJIOYHOTO CXOBHIIA AAHUX:
1) KOXHi TMpPOMiXKHIA BepIIMHI BilMOBigaTUMe AesKUW aTpulyT,
KOHKPETHE «pO3/iJIbHE» 3HAUSHHS LIbOro aTprOyTa i MOKaKYMKHU-
IYTH, SIKi aIpecyIoTh JIiBY 1 IpaBy JOYipHi BEPUIMHHU;

2) JUCTH JAepeBa MPeACTaBIATUMYTh OJIOKH, 3/1aTHI MICTUTH Taky
KiJTBKIiCTP 3aIUCIB, SIKYy 3yMOBJICHO (hi3UYHUM 00’ €MOM OIoKa.

Ilpuknao 86. Ha puc. 89 HaBenaeHo kd-nmepeBo, ske MpeACTaBIIsSe
JIBAaHALATh TOYOK-3AMMCIB 13 MPHUKIALy, 110 Hajgae iHpopmalliio npo
KOJIEKLIIOHEepiB  KOWITOBHOCTEM. JIjis chpolieHHs MicTKicTh OJioka
oOMexeHo aBoMa 3anuicaMu. [lomiOHI OMOKM pa3oM 3 iXHIM BMiCTOM
300pakeHO SK TPSIMOKYTHI BepIIMHHU-THCTU. [IpoMikHI BepiivHU
MaroTh (pOpMY OBaJIiB, B SKHMX IMOJaHO HA3BU OJHOTO 3 JIBOX aTpPUOYTiB-
poamMipHOcTel («IpUOyTOK» abo «BiK») 1 BiAMOBigHE 3HAYEHHS LIBOTO
atpuOyta. Hanpuknan, xkopeHeBa BepliMHA PO3IiNsi€ MHOXHUHY TOYOK
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Ha Bl MIIMHOXXKHMHH 3aJI€XKHO Bifl 3HAYEHHS aTpuOyTa «MPUOYTOK»: yCi
TOUKH-3AMUCH, K1 33]I0BOJILHSIIOTh YMOBY npubymox<150, Hanexars 10
JIBOTO TiajgepeBa, a pemTa TOYOK (SKi BIAMOBIZAIOTH YMOBI
npudymox >150) — no npaporo.

[puGyrox 50, 275

300

[pubyrox

0 70, 110

60, 260

85, 140
50, 100 30, 260 25, 400
50, 120 45,350
25, 60 45,60
50,75

Puc. 89. Ilpuknan kd-nepeBa

BepiuHu  gpyroro piBHS BUKOPHCTOBYIOTH Ui  MOJAJLIIOTO
PO3OUTTS MiAMHOKWH TOYOK BiJAMOBIHO 0 3HAa4YeHb aTpUOyTa «GiKy.
Hanpuknan, niBa 1o4ipHsi BEpIIMHA PO3/IIE MHOXKUHY TOYOK 3aJI€KHO
BiJl BUKOHAHHA YMOBH gixk<60: KOOpAWHATH TOUYOK, OMHCAHi JiBUM
MiJJIepeBOM, 3a/I0BOJILHSIOTE BUMOraM 6ik<60 i npubymox<150, a
TOYKM, SIKI HajeKaTh 0 MPaABOro IijjepeBa, BiANOBINalOTh yMOBaM
6ik>60 i npudymox<150. Ha puc. 90 300pakeHO cxeMy po30UTTS
MPOCTOPY TOYOK MO OJI0KaX-KCTaX, IKa Bianosigae rpady, HaBeaeHOMY
Ha puc. 89. Hanpukian, ropuzoHTanmpHa TMpsMa 3 KOOPIHWHATOIO
npudymox=150 mnpencrarisge KOpeHeBY BepuiMHy naepea. O06sacTh
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NPOCTOPY MiJ MPAMOIO PO30UBAETHCS BEPTUKAIILHOIO JTiHiEK 6ik=60 (110
BiJIMOBilae JIiBii JMOUipHIA BeplIMHi), a OO0JNacTh HaJ TPIMOK —
BEePTUKAJILHOIO JTiHi€IO gik=47 (10 TpeacTaBlise TpaBy IOYipHIO
BEPLUUHY).

500K
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_______________________ oo
e @
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& L@ @ ;
0 s |
0 100
B

Puc. 90. Po36utTst npocTopy To4YoK 3a nocepeaHunTBoM kd-aepesa, 300paxeHoro Ha
puc. 89

19.4. Onepauii 3 kd-oepesamu

[Mpoueaypa BimulykaHHs TOUKHW (3amMcy) 3a 3alaHUMU 3HAYEHHSIMU
KOOPAWHAT-KOMITOHEHTIB BHUKOHYEThCS TaK caMo, SIK i B OiHapHOMY
JIepeBi MONIYKY: Ha KOXKHIA MPOMIKHINM BEpIIMHI YXBaJlIOIOTh PillleHHS
II0/I0 TOr0, SIKOIO TUJIKOK MPOCYBATUCH Jalli, aX 10 JOCATHEHHS €IUHOT
BEPUIMHU-JIUCTA, KA NPE/ICTABIISE OJIOK i3 IIyKAHUMH JAHUMMU.
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Onepatlis  BCTaBKM TOYKHM (3ammcy) mnepeadadae HeoOXiTHICTb
3BEpHEHHS JI0 MPOLEeIypH MOUIYKY BiAMOBiIHOrO GiioKa, SIKY OMUCAHO
Buule. Sknio ONOK, O BIAMOBIAE 3HANWACHOMY JIUCTY JepeBa, Mae
JIOCTaTHLO BIJILHOIO MPOCTOPY, TO 3alMC HAAXOAUTh y OJIOK i omepalis
YCHILIHO 3aBepPUIYETHCS. Y MPOTHIICKHOMY BHUIMAAKY Ha MiCLli BEPIIHHU-
JMCTa CTBOPIOEThCS HOBA MPOMDKHA BepIlMHA, sSKa BiAMOBiAaTUME
TEBHOMY aTpUGYTOBI i «PO3JITIOIOYOMY» 3HAUYEHHIO LIbOTO aTpuOyTa',
OJIOK JIMCTa PO3AUIAETLCS HA JBA HOBUX 1 HOro BMICT PO3MOALISETHCS
MiXk OJIOKaMH BiAMIOBiTHO A0 OOpPaHUX 3HaYeHb aTprOyTa.

Ilpuxknao 87. Tlpumyctumo, 1o 3a gornoMoror Kd-mepesa y 6asy
JaHUX 3 iHQOpMAaIli€0 MPOo TOKYMIB KOIITOBHOCTEW HEOOXiTHO
3aHeCTH BigoMocTi mnpo 35-piuHy ocoOy, sKa BOJIOJiE€ PIYHUM
npuOyTkoM po3Mmipom 500 THcau gonapiB. YMoBa, fKy 3alaHO
KOPEHEBOK BepIIMHOKW (npubymox=150), 3mMyinye NpoWTH A0 mparoi
JovipHbOI BeplumHu (npubymorx=>150). Tyt 3HaueHHs 35 NOPiBHIOIOTH 3
«PO3ILTIOIOUMMY 3HaUYEHHM BiKy (47): ockinbku 35<47, To noBeaeTbes
nepeTd 10 JiBOI JOYipHBbOT BEpUIMHU. BepuiHu TpeThoro piBHS
JlepeBa 3HOBY BiJNOBIAIOTh KOOPAWHATI «TIpUOYTOK». OCKiIbKH
500>300, To MM AOCATHYJM JHCTa, AKWH MicTUTh Touku (25,400) i
(45,300), — crogu x Tpeba momictutu i Touky (35,500). OgHak Oiok
LIJIKOBUTO 3alOBHEHHH, OTO HOro HeoOXiAHO po3aiaiuTH. Bepuivnu
4YeTBEPTOro PiBHA JAepeBa MOBMHHI BiJNOBIIATH KOOpAMHATI «Bik». Mu
o0MpaTMMEMO TaKe 3HAYeHHs KOOPAMHATH, SKe AaBaTUME 3MOTY
PO3MOMAUIMTH 3amMch y JiBa HOBI OJIOKM HACTIIBKKM PIBHOMIPHO,
HACKUIbKM 1Ie MOXJIMBO. Baanum, sik HaM 37aeTbesi, Oyjo O 3Ha4YeHHs
35, OTOX JIUCT 3aMiHIOETHCS IPOMIXKHOIO BEPIIMHOIO 3 YMOBOIO 8ik=35.
VY niBuii nucT-6510k nepeHocuThes Touka (25,400), a B mpaBuii — TOYKH
(35,500) i (45,350). PesynbraT onepallii BCTABKH MPOLIIOCTPOBAHO Ha
puc. 91.

3anumu 0o Oanux i3 pieHicmio OKpemux Koopounam. Skuo
3HAYeHHS JeAKUX aTpUOYTIB 3aJaHO, TO L€ Ja€ 3MOTYy MepeMillaThcs
JISPEBOM Bijl piBHs, SKOMY BIJIOBinae oauH i3 aTpuOyTIB 3 BiOMUM

' MosknmBa Taka cHTyamis: yci TOWKM, SIKi HaleaTh OJIOKOBi, MaiOTh

OJTHAKOB1 3HAYEHHS MEBHOT KOOPIUHATH, OTOXK PO3IITATH OJIOK 3a 3HAUCHHSIMH
i€l KOOpOWHATH He BHAEThCA. Y TOMIOHIM cHTyallii MOXKHa CIpoOyBaTH
o0OpartH iHITy KOOpAWHATY a00 CTBOPUTH OJIOK IMEePETOBHEHHS
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3Ha4YeHHsM. SIKi1o *k OiKyuya BepUIMHA HAJICKUTH IO TAKOTO PiBHS, JUIs
SIKOTO 3HAYECHHS BiJIOBIITHOTO aTpUOyTa He BU3HAYECHE, TO JOBEICThCS
3NIACHUTH TMepeBipKy YMOB 000X AodipHiX BepwuuH. /s npukiamy
PO3rIITHEMO, SIK OOpOOJISETHCS 3aIuUT, SIKMK Tependavae BilIyKaHHs
ycixX TOYOK 3 KoopAuHarow 6ik=50 3a gonomorow Kd-nepesa,
MpeAcTaBIeHOro Ha puc. §9.

25,60 45, 60 25,400 35,500

50,75 45,350

Puc. 91. Cxemarnune 300paxents kd-nepesa (nuB. puc. 89) micis BCTaBKH TOUKH
(35,500)

OCKUTbKM KOpEHeBil BepIIMHI BiJIOBI/Ia€ KOOPAUHATA «ITPUOYTOKY,
a He «BiK», TO HEOOXiJIHO MpoaHai3yBaTH YMOBH 000X BEpILHUH,
JIOUIPHIX 10 KOPEHEBOI: 3HAa4YeHHIO 6ik=50 3aJ0BOJILHAIOTH JliBa rijka
JiBOT BepHIMHU 1 mpaBa rinka mpapoi. Jlami HeoOXimHO TpsIMyBaTH
o0oma OOpaHMMHU TiIKaMH, TMEpeBipsIOYd HAa KOXKHOMY piBHI yci
anbTEepHATUBU, &X JIO JOCSATHEHHsS BCiX BEpPUIMH-JIMCTIB, LIO MiCTATh
TOYKH, KOOPAMHATH SIKMX 3aJOBOJILHAIOTH 3aJaHy YyMOBY Gik=50
(3aranmom Takux Touok Yotupu — (50,75), (50,100), (50,120) i (50,275)).
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Sximo kd-mepeBo € 30anaHcoBaHe, TO KiIBKICTh BEPIIHH-JUCTIB, SKi
nepeBipsatoThes, Oye He OibIIOI0 /77 BiJ 3arajbHOTO YKCHA 1 JIUCTIB.

3anumu ¢ Jdianazonax 3nayensp. IHOAI 3aMaHUM J1aMa30H € TaKUM,
0 Jae 3MOry mepemiliatucs Big Obkydol BepmuHu Kd-nepeBa
Oe3rocepeTHbO 0 OJIHIET TOUipHBOT BEpPIIMHH. SIKIIO K «PO3JITIOI0UE)
3HaYeHHs aTpuOyTa Oiky4dol BeplIMHU NepeOyBae Bcepe/IHi Jliana3oHy,
TO HEOOXITHO PO3MIISAIATH OOMIBI TOUipHI BepIIMHHA. 3HOBY 3BEPHEMOCH
no kd-nmepesa, 306paxkeHOro Ha puc. 89, i MPUITYCTUMO, IO 3aIUT
nepeadayae MOIIYK TOYOK, KOOPAWHATH SKUX HaJieXKaTh Jliara3oHam
35< ik <55 1 100< mpubymox <200. Jliama3oH 3Ha4YeHb MNPUOYTKY
MICTUTh «po3fimoroue» 3HadeHHs (150) arpubyra «puOYTOK»
KOpPEeHeBOl BeplIMHH, OTOX 3BEpHEMO YyBary Ha OOHWJBI BepIIWHH,
JovipHi 10 KopeHeBoi. PosnodyHeMo 3 JiBOT JOYipHBOI BEpIIMHU.
3amaHuii  Jiana3oH  3HA4Y€Hb BIKY  pO3TAllOBAaHWM  JiBilne  Bif
«po3aimorouoi» BenuuuHU (60) KOOpAMHATH «BiK», IO A€ 3MOTY
nepeMicTUTHCS 10 JiBOT A04ipHBOT BepnHu npudymox=380. OcKilibku
3aJaHuil Jiana3oH NMpUOYTKY pO3TAlIOBAHWH IITKOM MpaBillle, TO MH
MepexouMo JIo Oroka-iucra 3 Toukamu-3anucamu (50,100) i (50,120).
Koopaunaty To4ok 3a0BONIBHAIOTH O0MIBa jiana3oHu. Temep
MOBEpPHEMOCST 10 MNpaBoi JOYipHBOI BEpPUIMHM LIOAO KOPEHEBOI.
«Poznintoroue» 3HaueHHS gixk=47 TiepeOyBae BCepeliMHI 3aIaHOTO
Jliara3oHy 3Ha4YeHb «BIK», OTOXK HEOOXiHO TpoaHalli3yBaTH OOWABI
novipHi BepmnHU. [lepemicTuBiivcs 10 BepinHu npudymox=300, Mu
MOXKEMO pyXaTWCh TUIbKH BJiBO: koopauHaTh ToukH (30,260) He
HaJleXaTh JKOJHOMY 3 Jiana3oHiB. lIpaBoro no4ipHBOIO BepIIMHOIO
LIO0 BEPLIMHM 6ik=47 € NHUCT 3 IBOMa 3aMrcaMU-TOUYKaMHM, NPOTe iXHi
KOOpAMHATH HE BIANOBINAIOThH Jiana3oHaM, OrOJIOIIEHUM B YMOBaXx
3aruTy.

Howyk naibnuxicuux cycionix o06’ckmie. O06poOka 3amnuTiB, SKi
nepenbavaroTh  BIiMUIyKaHHS 3a JoMoMorow Kd-jepeBa  TOYOK,
HaWOMMOKUMX 0 3aJaHOT, BUKOHYETHCS 3a TIEKD K CXEMOIO, MPO SKY
Hnutocs y myHkTi 19.2: 3amavya 3BOIUTBHCS 10 BUKOHAHHS 3allUTy B
MEBHOMY Jiamna3oHi; SKIIO pe3yJbTaT He OTPUMaHO, TO Jiara3oH
PO3UIMPIOETHCS.
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19.5. Hokpawenns cmpykmypu kd-oepeea ona oanux y emopunnux
cxosumax

Hexaii HeoOXiTHO cTBOpHTH iHAEKC i (paiiia JaHUX 332 JOTIOMOTOO
kd-nepera 3 n BepummHamu-aucTaMu. CepefHsa JOBKHAHA MUIAXY Bij
KOpeHsi 10 Jeskoro simcta Kd-nepeBa, sk i B Oyab-ikoMy OiHapHOMY
JIEpeBi, OIIHIOEThCS BenuuuHOK l0gon. SIKmo BeprumHi BiAmoBigae
onvH OJOK, TO B TpoIeci TMepeMillleHHs JepeBOM HeoOXiTHO
BUKOHYBATH MO OJHIM omepauii IMCKOBOrO BBEICHHS/BUBEICHHS s
3UMTYBaHHS JaHUX KOXKHOI BeplunHd. Hanpuknan, npu n=1000 tunosa
npoLeypa NouiyKy 3anucy B Kd-iepeBi BUMaraTuMe BUKOHaHHS Maiixke
10 nuckoBHMX omepalliif, MO 3HAYHO TEPEBHILYE TPYIOMICTKICTh
(2-3 onepariii) aHaJOTiYHOT TIPOLEAYPU TIOLIYKY B 3HAYHO OUIBIIOMY
B-nepesononioHomy daiini. OkpiM TOT0, OCKIJIBKHM MPOMIXKHI BEPITUHU
kd-nepeBa — e mopiBHAHO Maii (parMeHTH iH(MopMmallii, TO OIOKU
JiepeBa, 37e01bII0r0, BUSBIIAIOTHCS HE 3alIOBHEHUMHU.

3anadi 3MeHIIEHHS CepeAHbOT JIOBKMHM ULUISIXYy B JlepeBi Ta
onTHMi3allii piBHIB 3allOBHEHHS OJIOKIB € B3a€EMO3AJICKHUMHU —
JOMOTITHCS 000X 1ijiel BogHouYac He BAAeThbes. OHaK MU HaBeIeMO JBa
MiIXO0AH, SIKi 301IbIIYIOTh MPOJAYKTUBHICT CUCTEMHU.

Bazamoxpamnue zanyscenna. KopeHeBy i nmpoMikHy BepiunuHd Kd-
JiepeBa MOYKHa TPaKTyBaTH Tak, SIK i BepIUMHH B-nepeBa, mio MicTsTh
NiIMHOKMHU Tap AaHUX BHIY «KIOU-HOKAXCUUKY. SIKIO BepIUMHI
MOCTaBUTH Y BIANOBIAHICTH HE OJHE, a N KIIOYOBHUX 3HA4eHb, TO 1€
Jano 6 3MOry pO3AIMTH 3HaueHHs aTpuOyta @ Ha N+1 niana3oHiB i
3BepTAaTHCA TIIBKK JIO0 OJHOTO 3 N+2 mimmeper, sKe BiAmoimae
MiIMHOXHHI TOYOK 31 3HAYEHHsAMU aTpubyTa a 3 MOTPIOHOrO /1iana3oHy.

3i cnpoboro peopradizailii BepIIMH 3 METOK PiBHOMipHOTO
posnoainy 3amuciB i 3a0e3nedyeHHs OanaHcy (sK, 3a3BHuail, BinOyBa-
eTbes 3 B-nepeBamu) HacmipaBai MOXKYTb BUHMKHYTH JIesiKi mpoOiemMH.
[Mpunyctumo, s mpUKiIany, M0 po3AiIeHHIO mimsarae BepuinHa kd-
JlepeBa, L0 BiAMOBizae aTpuOyTOBi «BiK», 1 HEOOXIiAHO 3AIACHHUTH
3IUTTS 11 JOUipHIX BEpUIMH, KOKHA 3 SKHUX MpPEACTaBJIsE JesKe
«po3aimooUue» 3HaueHHs arpubyTa «npuOyTok». MM He MOKeMO
CTBOPUTU HOBY BepUIMHY UIISIXOM OO0 €AHaHHS Jiana3oHiB aTpulOyTa
«MpUOYTOK» JIOYipHIX BEPINWH, OCKUTbKA IIi Jliara3oHH, 3a3BUYA,
MepeKPUBAIOThCS. 3BEPHITH yBary, HacKiIbkd O CHpOCTHIACh 3ajaua,
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akimo 6 (sxk y B-nmepeBi) oOuaBI AO4ipHI BEpIIMHH  CIYTyBalu
NOAAJbIIMM YTOYHEHHSIM Jiana3oHy TOro >K aTpuOyTa «Bik», SKUH
BiJINOBIi1a€ OAaThKiBCHKIill BEpIINHI.

I'pynyeannua npomixcuux eepuiun no 0ao0xkax. MOXIMBUA TaKOX
IHIIWI Tiaxia, 3a SKOro yMOBa HAJISKHOCTI BEPIIWHI TUIbKHA JIBOX
JIOUipHIX BEPIIUH CIIpaBejIvBa, MPOTe iHPOpMAaLLis 3 OMTUCOM AEKIIBKOX
BEpIIMH YNaKOBYETbc B OnWMH nuckoBwii Onok. lllo6 wmiHiMizyBaTH
KUJIbKICTh Onepaliii IUCKOBOro BBEIACHHS/BUBEICHHS, 1110 BUKOHYETHCS
B TIpoLleci NepecyBaHHs BiJl KOPEHEBOi BEpIIMHM AepeBa 10 MEeBHOTO
JMCTa, TOLUTLHO 3po0uTH cripoly 30epe)keHHs JaHMX Li€i BEepUIMHU i
BCIX T «CHaJKOEMIIIBY a)k 10 NIEBHOIO PIiBHS B MEKax OAHOro OJjioka. Y
UbOMY BHIMAJKYy, 3aBaHTaXXylOud OJIOK, IO BiAMOBiNa€ BepLIMHI, MU
MoOkeMO OyTH BIeBHEHi, 10 OJOK MICTHTh JiaHi Ie JeKiJIbKOX piBHIB
BEpPIUMWH, AOYIpHIX 10 ObKydYoi, i s TXHBOro meperisay J0AaTKOBi
JIUCKOBI onepauii He notpiOHi. [IpunycTumo, ajs npukiary, wo o6’ em
Osioka JocTaTHiM ans posMileHHs iHopmallii mpo Tpu (OBaJIbHI)
BEpUIMHU: HAMpUKiIall, KOpeHeBy i JABI JIO4YipHI BepUIMHU JepeBa,
MPeJCTaBIeHOro Ha puc. 89, MOXHa omucaTH 3a JOTMOMOTOI0 OJHOTO
Osioka, BepwuHY npudymox=80 3 Ti JIBOIO OYIPHBOI BEPIIMHOIO
po3TauryBatd y Apyruid OOk, a BepuiuHy npuoymox=300 — y Tperiii
(iMoBipHO, npyruii i TpeTiii OJOKM MOXKHA 00 ’€HATH, Xo4a MojAiOHa
omepailisi CIPUUMHUTL [0 YMMAaJMX 3aTparT Mg 4ac HeoOXimHOCTI
monudikamiii gepesa). Omke, AJg BigurykaHHs 3anucy (25,60), Hanpu-
KJIaJl, HEeOOX1/THO 3BEPHYTHCS JIMIIIE /IO IBOX OJIOKIB i3 BiIOMOCTSMU TIPO
KOPEHEeBy 1 NpPOMDKHI BEepUIMHM, XOdYa 3arajbHa KiJbKICTh TaKWX
BEpIIMH, fKi MiIJISAraroTh Meperisay y Tpoleci MOIIyKy, CTaHOBUTH
YOTHUPH.

19.6. /lepesa xeaopanmie

Y Oepesi xeadpanmis (quad tree) KoKHa TNPOMIDKHA BepUIMHA
BIJIMOBIIa€ TEBHOMY KBAQJPAHTY TMPOCTOPY JaHUX — MPIMOKYTHIi
JBOBUMIpHIA obnacti abo K-eumipnomy napanenenineny, SKIIO
KiJIbKICTh BUMIpiB J0piBHIOE K. SIK i Mif Yyac po3risiay peliTd CTPYKTYp
JIaHUX, L0 OIMHMCYIOThCS B LIbOMY PO3iJi, MH 30CepeiuMO yBary Ha
BUMAAKY JBOX BHUMIpiB. SIKIIO KiBKICTh TOYOK, $IKi HajlexaTh
KBaJpaHTy, HW)KYA Bijl MPUITYCTUMOrO MAaKCUMyMY, TO KBaJpaHT Tpebda
cnpuiiMatd K BepUIMHY-JIMCT  JiepeBa, IO  MPEJCTaBISIEThCS
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BIIMOBiAHUM OJIOKOM. JSIKIO K, HaBIAKH, KUIBKICTH TOYOK HAITO
BEJMKA, TO KBAJPaHT IHTEPNPETYeThCS AK MPOMiKHA (HA MOYATKy —
KOpeHeBa) BeplIMHA 3 4YOTHUpMa JIOYIPHIMH  BepIIMHAMH, IO
BIJIMOBI1al0Th YaCTKOBUM KBaJpaHTaM.

Ilpuknao 88. Ha puc. 92 300paxkeHO MHOXKWHY TOYOK 3 iHQOpma-
Li€I0 MPO MOKYIIIB KOIITOBHOCTEH; TOYKH pO3MOJIijeHI B 0OacTsX-
KBaJpaHTaX, SKi BiAMOBigaloTh BepuiMHaMm naepera. 11]o6 crpocTutH
O0YMCIIEHHS, MW OOMEKWJIM Jiiafa30H 3MiHM 3HA4Y€Hb KOOPAMUHATH
«mpudyTok» 1o 0-400 3amicte 3BuuaitHoro 0-500, sSKkuii BUKOpHCTO-
BYBaBCS B TIOMEpeHIX NMpUKiIagax. Sk i padiiie, BBaXKATUMEMO, IO
0JI0K Ma€ MICTKICTh, IOCTATHIO /151 30€piraHHs ABOX 3alMCIB.

400K

= oHd<oaxT o

0 100
Bik

Puc. 92. ®parmeHT npocTopy aHuX, po30UTHiT Ha KBaIpaHTH
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Ha puc. 93 300pakeHO aepeBO KBaapaHTIiB sik Take. KBaapaHTu i
BiJIMOBI/THI JIOYipHi BEpIIMHU T[IO3HAYEHO Ha3BaMU TreorpadiuHux
HamnpsMiB: Tak, Hampukian, adopesiatypa «IIn3» o3Havae «miBaeHHUI
3axify, TOOTO HAETbCS NP0 HWXKHIM JIIBMA YacCTKOBUM KBaJpaHT
Oixkydoro kBazapaHTty (pemra ckopoueHb — «I1nC», «ITHC» i «[TH3» —
po3M(POBYIOTbCS K  «IIBAGHHUH CXif», «MHIBHIYHAW cXig»y 1
«MiBHIYHWA 3axiay», BignoBigHo). [lopsmok ciigyBaHHS —AOYipHIX
BEPIUMH-KBAPAHTIB 30€piracTbCcs TakuM, SKUM 3aJaHO AJisi KOPEHEBOT
BepLIMHU (Y HAIIOMY BUMAaAKy reorpadiuHi HarmpsIMu NepepaxoByOThCS
MPOTH TOAMHHUKOBOT CTPIJIKH, IMOUYMHAKOYM 3 MIBIASHHOIO 3aXoidy).
KosxHa npomirkHa BepuiMHa (Taki BEPLUIMHU [MO3HAYEHO OBajlaMM) 3aja€e
KOOPAWHATH LIEHTPY 00J1acTi O1>Ky4oro KBagpaHTa.

50,75 85, 140 50, 120 30, 260 25, 400
50, 100 70,110 45,350

Puc. 93. JlepeBo kBajipaHTiB JuId parMeHTa MPOCTOpYy JaHUX, 300pakeHoro Ha puc. 92

OCKiJIbKM  3arajibHa KiJIBKICTh TOYOK, OXOIUIeHWX (parMeHTOM
MPOCTOPY, IO PO3MIIANAEThCA, AOPiBHIOE 12, OfHAaK KOXKeH OJIOK MOXe
BMICTUTU He Oljblile, HDXK JBI TOYKM, TO MPOCTIp Tpeda po30uTU Ha
KBaJIpaHTH (OCTaHHI MO3HAYEHO Ha puc. 92 MTPUXOBUMH JTiHisMH). [[Ba
3 OTPUMaHUX KBaJIPAHTIB — MiBJACHHO-3aXIIHUN 1 MIBHIYHO-CXIAHUNA —
MICTATE TIABKM MO JBi TOYKH, OTOXK BiJNOBIZAlOTH OJOKAM-JIACTAM
JiepeBa i He MiAJIAraoTh MOJANbLIIOMY PO3LICIUICHHIO.
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Ha kokeH 3 ABOX IHUIMX KBaJpaHTIB MpuUnagae Oulblie, HDK JBI
Toukd. OTOX KBaJpaHTH MiAJAIOTbCA TONAIBLIOMY PO3IiTIEHHIO.
UYacTkoBi KBaJI[paHTH TIO3HAYEHO Ha pUc. 92 TOUKOBUMU JiHisMU. KoxkeH
3 HUX MICTUTh He Oijiblile, HK JBI TOUKM, OTOXK MOJAJIbLIE PO3AIICHHS
He MoTpiOHe.

OckiNbkM KOpeHeBa 1 KOKHa TPOMIDKHA BeplIMHA K-BUMipHOTO
JiepeBa KBaJPaHTIB BONOMIIOTH 2X 1odipHiMU BepuIMHAMM, TO iCHYIOTH
MeBHI 3HaueHHs K, 3a sKUX IHQOpMALlis BEPUIMHU «BIUCYEThCS» Y
JMCKOBHMM Ojiok. SIkiio, Hampukiaa, OJIOK 3JaTeH MICTHTH 128=27
NMOKaXYHKIB, Tomi K=7 — «Bgama» KiJbKicTh po3MipHOCcTel. VY
JIBOBUMIPHOMY BHWIIaJIKy, OJHAK, CUTYallisl He Habararo Kpaiia, Hixk mpu
BUKOpUCTaHHI Kd-mepeB: KOopeHeBa i MPOMIDKHI BEpIIMHU MiCTATh
BCHOTO MO YOTHPH J04YipHi Bepimvuu. OkpiMm Toro, ko B Kd-mepesi
BUOIp «pO3MLIIOIOYOro» 3HAYCHHS arpulyTa BEpIIUHU HIUUM He
00MEXeHO, TO BEpIIMHA B JIEPEBi KBAaAPaHTIB 3aBXKAM NPEACTABIISE
1eHTp OiKydoi o0acTi mpocTopy, sKa Mifyiarae po30UTTIO HA YaCTKOBI
KBaJIpAHTH, SIKUMU Oijbie ado (110 3HAYHO Tipile) MeHIle piBHOMipHO
PO3MOJIIAIOTLCS TOUKK 00J1acTi. SKIIO KiTbKICTh pO3MipHOCTEH BENUKa,
TO BapTO OYIKyBaTM BMHHUKHEHHS YUMol KIJIBKOCTI «HYJIbOBUX)»
MOKAKYMKIB, 1O agpecyloTh MYyCTi KBagpaHTHU. 3BICHO, MpallOlouu 3
0araTOBUMIpHUM JIEPEBOM KBAJPaHTiB, MOXKHA MOJ0ATH MpO HOro
E€KOHOMIUHillle TIPe/ICTaBJICHHS 3a paxXyHOK BWIIYYEHHS HYJIbOBHX
MOKAKYUKIB 1 BXKHUTTA 3aXOAiB, SKi JaBaTUMYTh 3MOTY PO3Pi3HATH,
SIKOMY KBaJpaHTY BiJIIOBI/Ia€ TOM UM IHIIWI MOKAKYIHUK.

He 3ynuHsTMMEMOCh Ha JeTayisiX, sKi CTOCYIOTbCS BHUKOHaHHS
CTaHIApPTHUX omepaliil (MogiOHUX MO0 TUX, SKi PO3TJISIHYTO B IyHKTI
19.4 cTtocoBHO Kd-nepeB) 3 iepeBaMH KBaJPaHTIB: BUCHOBKH, OTPUMaHi
Ui Kd-nepeB, IiJTKOM 3aCTOCOBHI 1 10 MOJIesTi IepeB KBaJPaHTIB.

19.7. R-oepesa

R-oepeso (R-tree, abo region tree — Odepeeo obnacmeti) — 1€
CTPYKTypa JaHWX, sKa Hacllijlye 4YMMaJlo BJIACTUBOCTEH MoJeli
B-nepeBa y 3actocyBanHi 10 GararoBumipHoi iHdopmarii. Haramaemo,
o BepliMHa B-nmepeBa MIiCTHTH MiIMHOXKHMHY 3HAa4YeHb KIroda, sKi
JUISTh YKUCIIOBY BiCh Ha CerMEHTH Tak, SK 300pakeHO Ha pwuc. 94.
KoxxHa Touka oci MoXKe HaleXKaTH TiUIBKM OJHOMY CErMEHTOBI.
Binmykatu 3amaHy TO4YKy B B-mepeBi He BaKKO, OCKUIBKM TOUKa
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po3TaiioBaHa Ha OcCi, TMpeacTaBlieHi BepiiuHOW B-mepeBa, i mu
MOKEMO BHM3HAYMTH E€JIMHUN CErMEeHT (JIOUipHIO BEPIIWHY), SIKUH aae
3MOTy 3BY3UTH 0O0JIaCTh MOINYKY i, 3peluToro, abo 3HaWTH TOYKy, abo
MepeKoHaTHCS, 11O ii He ICHYE.

Puc. 94. Bepuiuna B-aepesa po3mnoiise 3Ha4€HHs KJI04a MOUIYKY [0 OCi i po3insie
OCT@HHIO Ha CerMEHTH

R-nepeBo, 3 iHuoro 60Ky, mpejacTapisie iHhoOpMallilo y BUDIAA 2-
abo K-BuMipHuX obracmeii danux. Kopenesa (a0 mpoMidkHa) BepIIMHA
R-nepea BiamoBimae peski ewympiwmniti obnacmi, abo TMPOCTO
«o0uacTi», siKa, 3a3BM4Yail, He € objacTio gaHuX. O0JlacTh MOXKE MaTu
Oyab-aKy QopMy, Xo4a Ha TMpaKTHIli, 3a3BUYaii, BUKOPHUCTOBYIOThH
obnacTi MpSIMOKYTHHX 4M iHIIKMX npocTux ¢opMm. Bepummna R-nepesa
3aMicTh KJIFOUOBHX 3HAuU€Hb MICTUTh ni000aacmi, SKi ONMCYIOTh BMICT
novipHix BepmvH. Ha puc. 95 306paxeHo BepinHy R-aepeBa, acouiiio-
BaHy 3 BEJIMKHMM MPSMOKYTHHKOM, IO3HAYE€HUM CYLIBHOIO JIHIEH.
BHyTpilllHi MPSIMOKYTHUKH, OOMEXEHi Bipi3KaMH TOUKOBHMX JIiHIH,
MPeJCTaBIAIOTh Mio0nacTi, MO BiAMOBIJAIOTE YOTUPHOM JOUipHIM
BeplIMHAM. 3BEpHITh yBary, 10 MigodnacTi He BKpUBalOTH 00acTh
LIJKOBUTO — 1ie  HopMaibHO. OkpiM Toro, o01acTi MOXYTh
NepPEeTUHATHCS, X0Ua CTYIiHb MOAIOHUX HaKIaI0K Oa)kaHO 3MEHIIIYBaTH.

19.8. Onepauii 3 R-0oepesamu

TUMoBMM TPUKIAIOM 3aMuTy, Mg 4ac oO0pobku skoro R-aepero
BUSIBJIAETbCS  OCOOJIMBO KOPUCHWUM, MOXKE CIYTYBaTH 3anuT, MI0
nepeadayae BU3HAUYCHHS MICLIE3HAXOMKEHHS 00’ €KTa: 3a1a€ThCs AesKa
Toyka P i BMMararoThCsl BiJJOMOCTI MPO HAJEKHICTh TOYKH THM UM
iHIUM obnactam. CriouaTKy po3riisaacThes KOpEeHeBa BepIIMHA AepeBa,
3 KO TOB’s3aHa KpynHa obnacte. [loTiM mepeBipseThbcs KOXKHA
nigo0bnacTh KOpeHeBOT BEpUIMHU 1 BCTAHOBIIOETHCS, SIKi BEPIIWHH,
JIOYipHI 70 KOpeHeBOi U acolliiioBaHi 3 BHYTPIIIHIMH 0OJacTIMH,
MicTaTh Touky P. Takux obnacteii Moxke 6yTH oaHa abo aekinbka (abo
MOke He OyTu 30BciM). Skino obnacteit Hemae, TO ormepaiis
3aBepIIyeThes: P He HaleXWTh JKOIHIN 0bacTi qanux. SIKINo, HaBMaKH,
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icHye, B KpaliHbOMY BHIIQJIKy, OJIHA BHYTPILIHs 00JIACTb, IO OXOILTIOE
TOYKY P, To HeOOXiIHO 3AIMCHUTH PeKYPCUBHUMN MEPersisi BepIlrH, 1110
BiAMOBigaroTh KOXHIM i3 oOmacrtel, skum Hamexuts P. Ilicna
JIOCSATHEHHS OJ{Hi€T a00 NEeKiIbKOX BEPIIMH-JIUCTIB MU BUSIBUMO IIyKaHi
o0j1acTi JaHux y GopMi caMMX 3anuciB ab0 MOKaKUMKIB Ha TaKi 3alUCH.

aasesssssascaganscncansannany

ERRRRRR R

R PR PR R RRIY
.
v
.
v
anas

Puc. 95. O6nacts Bepumau R-nepesa, sika OXOIUTIOE Mi1o6aacTi 104ipHiX BepIiuH

ITin wac BcraBkW HOBOI obmacti R, y R-mepeBo HeoOximHO
3BEPHYTHCS /10 KOPEHEBOi BEpUIMHU 1 crpoOyBaTH 3HAWTH JESKY
migo6aacTe, MPUAATHY A7 PO3MilleHHS B Hill obmacti Ry Skino
nonioHUX migoOnmacTeii Aekinbka, TO O0OUparOTh OJHY OOJIACTb,
nepexoAsTh A0 BIAMOBIAHOI 1H JOYipHBOI BEpLIMHMA JepeBa i
MOBTOPIOIOTH MPOLIEC MOILIYKY B Il mimoOaacti. SAkuio migodaacTeid,
3MaTHUX MicTTH Ry, Hemae, TO OaHy i3 mimoOsiacTeli HeOOXimaHO
posuiMputd. PimieHHs mnpo Te, Ky 3 mimobnacTei  HaleKUTh
PO3LIMPUTH, YacTO He OueBWAHE. IHTYilig migKa3ye, 1I0 BIUIMB Ha
icHyroui o0sacTi HeoOXiHO 3BeCTH 10 MiHiMymy. OTOX AOLIIBHO
BU3HAYUTH, KA i3 Mi00IacTedl JOoUipHiX BEpPIIUH BUMAarae HaliMeHIIoro
30iMbIIEHHS, JOCTaTHHOrO JJs1 pO3MillleHHs B Hiil obnmacti Ry, |,
BI/IMOBIIHO, 3MIHUTH MeXXi BH3Ha4YeHOI o0NacTi i BHECTH PEKYPCHBHI
3MiHH Y CTPYKTYpY JepeBa.

3 yacoM MU JIOCATHEMO BEPIIUHU-JIUCTA, KyJIH i HEOOXiJTHO BCTABUTH
obnacth Ry SAkio B obnacTi, ska Bianowimae aucty, ans R, HeMmae
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MICILIsl, TO JIMCT HEOOXIIHO PO3JIUTH; K came — Lie 0COOJIMBE MUTaHHS.
Xorinocs 6, mob6 oOuasi Mmigo07acTi BUABUINCH TAKMMU MAaJIUMHU,
HACKIJIBKU 116 MOXJIMBO, TPOTe BCe K MOKPUBaIM BCi OOJIACTi JaHUX
BuxigHoro nucra. Ilig yac posaineHHs JiMcta 001acTh i MOKaXKYUK Ha
JIUCT, PO3TAILOBAHI Y BEPINWHI, 0aTHKIiBChKill IIO/I0 JINCTA, 3aMiHSIOTHCS
napoto obnacrel i MOKaXKYMKIB, IO BiJMOBiIalOTh JBOM HOBUM JIUCTaM.
Skmo Oj0K OaThbKIBCHKOI BEPIIMHH BOJOJIE JOCTATHIM BiIbHUM
NpOCTOPOM, TO MPOLIEAYpa YCIHILIHO 3aBepLIYEThCsS. Y NPOTUICKHOMY
BUMAIKY, AK i IMiJ Yyac BMKOHAHHS aHAJOriuHOiI orepaiiii B B-mepesi,
PEKYpCUBHUM YMHOM PO3JLUTIOIOTHCS BEpPIIMHU PiBHIB, BCe OJMKUMX /10
KOPEHEBOT BEPLUMHHU.

Ilpuxnao 89. PosrnsHeMo ormepailifo BCTaBKM HOBOTo 00’€KTa y
(hparMeHT JIBOBUMIpPHOroO MpocTopy, 300pakeHuid Ha pwuc. 77. Ilpu-
mycTHMO, 10 00K JucTa R-mepeBa mae 3mory 36epiraTd ONMUC MECTH
obnacreii. BBakaTMMeMo Tako)K, IO LIICTH 00JacTei-00’€KTiB
(nuB. puc. 77) mnpeAcTaBieHi B OJHOMY JIMCTi, 0OJacTb SKOTO
300paxkeHO Ha pHC. 96 MNPAMOKYTHHUKOM, OOMEKEHHUM Biapi3KaMu
CYLUTBHOT JTiHiT.

o0 N
i i Ilikosa Myseit i :

i E up.CeoGoau E : i

o E i | bymuHok | |1

' : : Ne 2 x

" ! B. |! N

; ; Bynunox E ; i E

h No 1 r |i BymOrienka |

[ I S R THO]U T * E

¥ a i :
01} | i
O 100

Puc. 96. Po3ainenns MHOKHUH 00’ €KTiB
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[lpunyctumMo Takoxk, 110 HOpsa 3 00’€KTamMM, 300pakeHUMH Ha
KapTi, BIAKpWIM HOBUH My3eil. Ockillbkh chbOMa OO0JIACTh JaHUX He
Moke OyTu 30epekeHO0 B TOMY JK JIMCTi JiepeBa, TO JIMCT MiJUIsIrae
PO3IIJICHHIO: YOTUPHU 00J1aCTi HajeKaTh 0 OAHOrO, OMHO CTBOPEHOrO
aucTa, a Tpu — A0 Apyroro. KinbKicTh MOMJIMBHUX —aJIbTEPHATHB
pO3IliJIeHHS BejWKa, MpoTte Mu obOpanu Taky (Ha puc 96 mimobnacti
MO3HAYEHO INTPUXOBUMU TPAMOKYTHUKAMH), sSKa MiHIMI3ye piBEeHb
nepekpuTTs obnactell i 3abe3neuye pIBHOMIpHHWM po3nojin 00’ €eKTiB
MK HUMH.

Ha puc. 97 300paxeHo, sk JBa HOBUX JIMCTH 3aHOCSTHCS B R-1epeBo.
barpkiBcbka BeplIMHA MICTUTh TMOKQKYMKM Ha OOWIBA JIUCTH i
MOB’5I3aHi 3 HUMM 3HAa4YEeHHS KOOPAMHAT HWXKHBOTO JIIBOTO 1 BEPXHBOTO
NPaBOro KyTiB MPSIMOKYTHHUX 00JIaCTeM, 0 ONMHUCYIOThCS JINCTAMHU.

((0,0),(60,50)) |, | ((20,20),(100,80)) | ,

np.Ceoboau | Bynm.boryna| Bym.Ne 1

[kona | bym.Ne2 | Byn.Orienka | My3eii

Puc. 97. llpuknan R-nepesa

Ilpuknao 90. IlpunycTuMo, 10 y NpaBy HIWKHIO YaCTUHY KapTH Ha
puc. 96 HeoOXigHO BHeCTH iHdopMarifo nMpo OyJIWHOK, SKHil moOymy-
BaM. KoopauHaTH HWKHBOTO JIIBOTO i BEPXHBOIO MpPaBOro KyTiB
npsAMOKyTHHUKA «OyanHoK Ne3y» nopieHiooTh (70,5) 1 (80,15), Bignosia-
HO. OCKiNbKM 00’€KT LIJIKOBUTO HE MOMIIIAETHCS B KOAHY 3 o0nacTei,
110 BiATOBIZAIOTH JIKICTaM JIepeBa, TO HEOOXigHO BUOpaTH 00IacTh, Ska
MiAJSIrae pO3MMPEHHIO. SIKIIO PO3IIUPUTH HWXKHIO JIIBY 00JIacTh, IO
Bi/IMOBiIa€ JiBOMY JMCTY R-nepeBa, HaBeaeHOro Ha puc. 97, To mioia
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o0sacti 30utbMThes Ha 1 000 KBaApaTHUX OAMHMILIL (TOPU3OHTAIBHHMIMA
po3mip 3pocte Ha 20 oaMHUIK). SIKIIO K PO3IMIUPHUTH TIPaBy BEPXHIO
00J1acTh (MepeMiCTUTH 11 HWXKHIO TPaHUIIO Ha 15 OAWHUIB BHU3), TO 11e
COPUYMHMUTL 10 30iblIeHHS Mol obmacti Ha 1200 kBampaTHUX
onuHUIb. Mu obepemo miepmuii BapianT. Pe3ynprar nii 300paxeHo Ha
puc. 98. Onuc obnacti B KOpeHeBili BeplluHI JepeBa Ha puc. 97 HeoO-
xinHo 3minutH 3 ((0,0),(60,50)) Ha ((0,0),(80,50)).
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i i | Illkomna Myseii ii
- p.CBOGOIH o
H : BynuHok |11}
¥ i Ne2 [ii
H : B, b
H ByauHok E e
¥ Ne 1 r Byn.OrieHKa |1}
1 A S A il
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:: Ne3 oo
04 1R
I._-_6__-_-_-_-_-___-_-_-_-__.__-_-_-_-_-___-_-_-_-_-.__-_-_-_-_-___-___-_-__.__-.-_-_-_-___i_i_)-_()_._'

Puc. 98. Posmmpenns 061acTi 3 METOKO BKJIFOUEHHS HOBOTO 00’ €KTa

Bnpaeu oaa onpaurosanns

Bnpaea 61 300pa3ziTh CTpYKTypy IHIEKCY 3 JIeKiJIbKOMa KIIOYaMu JJis
JAaHUX, HaBeJeHUX Ha puc. 86, SKIIO TNOPSIOK MiAMOPSIKOBAHOCTI
IHOEKCIB TaKWii:

a) speed, ram;

6) ram, hd;

B) speed, ram, hd.
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Bnpasa 62. TlpencraBre mani, 306paxeni Ha puc. 86, y urmami Kd-
JlepeBa, BBaXkaro4M, L0 OJIOK MoOke 30epiraTv He Oinblle, HDK JBa
3aMMcy, i JJI BEpUIMH KOXKHOTO PiBHS BUOEPITH «PO3LITIOKOYE)
3HaueHHS aTpuOyTIB Take, sKe 3a0e3rnedye PiBHOMIPHUHM PO3MOdiT
JAHUX, HACKIIBKM MOXJIMBO, SIKIIO aTpuOyTH BININOBIJAlOTh PiBHIM
JiepeBa BiJl KOPEHsI B HANPSAMI JIUCTIB Y BKA3aHOMY HKYE MOPSIIIKY:

a) speed i ram, noueproso;

0) speed, ram i hd, moueprogo;

B) Ha KOXXHOMY piBHI 0OWpaeTbcs Takuii aTpuOyT, SKUH

3abe3neuye HalpiBHOMIPHILIMHA PO3MOALT TaHUX.

Bnpaea 63. 300pa3ite BapiaHTH JepeBa, MpeACTaBIeHOro Ha puc. 91,
micys BectaBku Touku (20, 110), a motim Toukwu (40, 400).

Bnpasa 64. llpencraBre naHi, 300pakeHi Ha puc. 86, K aepeBO
KBAJIPaHTiB 3 pO3MipHOCTAMHU Speed i ram, BBaXkalouw, L0 JTiana3oHu
3MiHM 3Ha4YeHb aTpuOyTiB speed i ram mopiuioroTe 100-500 i 0-256,
BIJIMTOBITHO.

Bnpaea 65. BuxoHnaiiTe 3aBnaHHs 3 BIpaBu 64, nonaBuiy TpeTiii BUMip
hd 3 nianasoHom 3HaueHb, iKWt qopiBHIOE 0-32.

Bnpasa 66. IlpunyctuMo, 110 HOBa 00JIaCcTh, sIKa BCTaBJIAETHCS B
R-nepero, 306paskeHe Ha puc. 98, Moxke OyTH HOMileHa B MMig00acTh,
KA OXOIUTIOE 00’€KT «ILKoJay, ado B IiJ00J1acTh, IKa MICTUTh 00’€KT
«OynuHOK Ne3». BkaxiTh 00J1acTi, Ki OTPUMYIOTh BUTpalll BiJ] TOTO, 110
HOBa 00JIaCTh PO3MILILYEThCS B Mi1001aCTi 3 00’ €KTOM «IKOIa» (TOOTO
Mo1iOHMI BUOip MiHIMI3ye 30UThIIEHHS PO3MipiB MigobacTi).
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TOJATOK A. PEJSIIITHA MOJIEJD IIPEJACTABJIEHHS
JAHUX

A.1. OcHoBHi NOHATTH pejsuiiiHoi MoaeJi

Pensuiitna Monens nependadae equHMI CrociO MpeACTaBleHHS IaHUX — Y
BUIJIAAI HaboOpy JBOBHUMIpHMX TalOJWllb, SIKi HA3WBAIOTh GIOHOUEHHAMU
(relations). Ha puc. A.1 wHaBemeHo mnpuknan BimHomenus Movies, ske
npu3HadeHe i 30epiraHHs iHdopmauii Mpo eneMEeHTH MHOXXHMHHU CYTHOCTI
Movies («kiHodinbMuy).

Koxen pspgox BigHowenHs Movies BiAmnoBizmae oOpaHIA  CyTHOCTI
«KIHO(ITBM», a KO)KEH CTOBICIb — OJTHOMY 13 ampubymie MHOXHHN CYTHOCTEH
Movies.

title year length filimType
Star Wars 1977 124 color
Mighty Ducks 1991 104 color
Wayne's World 1992 95 color

Puc. A.1. Bignomenns Movies

Ampuoymu. Y BepxHiii 4acTUHI TaOJUIIi-BiTHOIICHHS 3aJa€ThCS TMEPENTiK
HaliMeHyBaHb atpuOyTiB: litle, year, length, fiimType. AtpuGyTtu BimgHO-
LIEHHS BHUKOHYIOTH (YHKLiIO HaiiMeHyBaHHS IOro CTOBMLIB i 3MICTOBHO
OMUCYIOTh 3HAYEHHS | MPU3HAYCHHS EJIEMEHTIB [aHWX, PO3TAILOBAHHX Y
BIZIMOBITHMX KOMipKaX.

Cxemu. HaiimeHyBaHHS BiIHOLIEGHHsS Ta aTpUOYTIB IIOTO BiJHOINCHHS B
CYKYIHOCTI Ha3MBaIOTh cxemolo (schema) BimHowenHs. Hampuknan, cxema
BinHowIeHHs1 MOvies Moxe BUIIIAIATH Tak:

Movies (title, year, length, film Type)

[MpoekT 6a3u naHWX, BUKOHAHWI y pamKax pesuifiHOT Moneni, MIiCTUTh
onHy abo jekiibka cxeM BigHoleHb. Habip cxem BigHOLEHb HA3UBAIOTh
pensiiiiiHolo cxeMor 6a3u JaHuX, abo mpocTo cxemoro 6azu danux (database
schema).

Kopmesici. Psinky BiJHOIIEHHS, OKpiM TOTO pslKa, AKHH MICTHTh Ha3By
aTpuOyTiB, Ha3WBalOTh rxopmexcamu (tuples). KopTexx MICTHTH MO OTHOMY
KOMROHeHNTy JJIsl KOKHOro atpuOyTa BiHOUICHHS. SIKIIO HeoOXimHO omucaTtu
KOPTEX OKPEMO BiJl BiTHOLIEHHS, TO 1 Oro 3a1al0Th TakK:

(Star Wars, 1977, 124, color).
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/lomenu. OnHa 3 BAMOT peJAMINHOT MOJEINI TOJISATaeE B TOMY, IO KOXKEH
KOMITOHEHT KOPTEXY MOBHHEH OyTH aTOMapHHUM, TOOTO HaJjieXKaTh 1O NEsSKOTO
0a30BOro THUMy, TAKOro SIK LIIOYUCIOBUI ab0 psakoBuil. Sk 3HAueHHS
KOMITOHEHTIB KOPTEXY He MOXKHA BHKOPUCTOBYBATH 3alUCHU, MHOXKUHH,
CMMCKU, MacuBU abo iHIII 00’€KTH, AKi OMYCKAIOTh MPUPOJIHE PO3OUTTS Ha
JPIOHILII elIEeMEHTH.

OxkpiM TOro, BBaXalOTh, W0 3 KOXHUM aTPUOYTOM  BiJHOLICHHS
acoLiloeThes NeBHUil domen (domain), To6TO nesikuil 6a30BUiM TUM. 3HAUCHHS
KOMTIOHEHTIB BCiX KOPTEXIB TOBHHHI HaJie)KaTH BiIMOBIIHAM AOMeHaM, sKi
BU3HAYAIOTHCS KOXKHUM 3 aTpuOyTiB BimHOIIeHHs. ToOTO mepii KOMMOHEHTH
BCIX KOpTeXiB BigHolieHHss Movies noBuHHiI OyTu psiakamu, APYri i TpeTi —
OiTAMA YHCITaMH, a YeTBEPTi MOBUHHI MICTHTH OHHY 3 JBOX JOMYCTHMHX
PANKOBUX KOHCTaHT, color abo black and white. JlomeHr € gacTHHOIO CXeMH
BIHOILIEHHS.

Dopmu npedcmagieHHA GiOHOUWIeHb. BiTHOIIEHHS — 116 MHOYKWHH (ajie He
BINOPSIAKOBAaHI  crucku) — kopTexiB.  [lopsimok, B sIKOMY — KOpTexi
MEePeUnCITIOIOTLCS Y paMKax BiHOILICHHS, € HecyTTeBuUM. Llikom MOXITMBO
MpEeACTAaBUTH KOPTEXi BigHolieHHs MOVieS HoBUIbHMM i3 IIECTH Pi3HUX
croco0iB. Ile HiSK He BIUIMHE Ha HOro 3micT. MoOKHA TaKO)K 3MIiHIOBATH i
MOPSIIOK aTPUOYTIB BiHOILICHHS.

Exzemnasapu eionowienns. BigHolleHHs, sike MIiCTUTh iH(OpMAL0 Npo
KiHO(iMIbMH, 32 CBOEIO MPUPOJIOIO HEe € cTarndHuM. Momy i Ginbwocti iHummx
BiZIHOLLICHb 3 YacOM BJIaCTMBO 3MiHIOBaTHCs. KOHKpPETHY MHOXHHY KOPTEXiB
BiIITHOIIICHHS HA3WBAIOTh eK3eMMIApoM GiOHouteHHs. TpamuiliiiHi cucteMu 0a3
JIAHWX, 3a3BUYai, MATPUMYIOTh TIIbKW OIHY BEpCit0 OyIb-IKOTO BiIHOIICHHS:
Ha0ip KOpPTEeXiB, AKi MICTATBCA y BINHOIIEHHI «B HaHWid dYacy. Takwii
€K3eMIUTAP BiJHOLIEHHS Ha3UBAIOTh O1KYUYMM €K3EMIUIAPOM.

A.2. Kiroui BigHomenn

MuoxuHa BULYy {A|, A,,...,A,}, sKa CKJIAJa€ThCS 3 OJHOTO ab0 JEKiIbKOX
aTpuOyTiB, € KIF0YeM BiHOLICHHS R, SIKIIO BUKOHYIOTHCS HACTYITHI YMOBH:

1. Atpubytu A,, A,,...,A;, QyHKIIOHATEHO 00YMOBIIIOIOTH BCIO PELlTY
aTpuOyTIB BIJIHOLLICHHS; CHUTYyallis, KOJM JBa pi3Hi kopTexi R
30irafoThes B YCiX atpudyTax Aj, A,,...,A, € HEMOKIIHBOIO.

2. XomHa 3 HOMYCTUMMX TWiAMHOXWH MHOXHHH {A;, A,,...,A,}
aTpuOyTiB He € (QyHKIIOHATBHUM OOYMOBIIEHHSM PELITH aTpuOyTiB
BIIHOILIEHHS, TOOTO K04 MIHIMATbHUIL.

Dynxyionanvna s3anexcwicmo (FD) misd BigHOIIEHHS R — IIe TBepIKEHHS
HACTYMHOTO BUIY: <«SIKIIO [Ba KOpPTeXi BigHOWeHHS R 36iraoTbes B
atpubyTtax A,A,,...,A,, TO BOHU 30iraTUMyThes 1 B iHIIOMY aTpuOyTi, B»:

A], Az,...,An—> B
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A], Az,...,An - B], Bz,..., Bm
IHoni ans BimHOLIEHHS MOXe OyTH CTBOPEHO NeKilbKa KiItoYiB. Y Takiid
cHUTyalii, 3a3BUYail, OMHOMY 3 HHUX BiIBOOUTBCS POJIb HEPEUHHO2O KIHOYd
(primary key). Y xomepiiliHux cuctemax 6a3 naHUX BUOIp MEPBUHHOTO KIFOUA
MOJKe BIUIMBATM Ha TMEBHI BJIACTUBOCTI peaniaiii, HAampuKian, Ha Te, sK
BiJIHOLLICHHS 30epiraeThCsi Ha TUCKY.

A.3. Ingexkcu

Inoexc (index) atpudyTa A nesKoro BiMHOIIEHHS R — Iie CTPYKTypa NaHuX,
sKa Ja€ 3MOTry TiJBMLIMTH e(EeKTUBHICTh MPOLEAYPH TMOUIYKY IesIKOro
KOHKPETHOTO 3HaueHHs, WO 30epiracthcsi B KOMIOHEHTax atpubyta A.
HasiBHicTb iHAEKCY, 3a3BUUAii, 31aTHA COPUYMHUTH 0 CyTTEBOTO 3MEHIICHHS
yacy ONpalOBaHHS 3alWTIiB, y SIKUX 3HA4YeHHs! aTtpuOyTa A MOPIBHIOETHCS 3
KOHCTaHTaMU 3a I0TMIOMOTr'0I0 TAKMX BUPa3iB, sik 4=3 abo, HaBiTh 4<3.

Bubip BinnmoBigHMX iHIEKCIB HAJNICKUTHh 10 KaTeropii 3aaad, siki poOsTh
BUKJIMK MPOEKTYBAJIbHUKY 0a3M JaHUX 1 MaKCUMallbHO BH3HAYalOTh
NPOAYKTUBHICTh OCTaHHBOT 1 HaBiTh 11 nojasibuly momo. [lig yac BubOpy
iH/IEKCIB HEOOXIIHO OpaTh 0 yBaru 1Ba BaXJIMBUX YMHHUKH:

e HasBHiCTh iHOEKCY M1 TICBHOTO aTpuOyTa CHPUYMHIOE [0
CYTTEBOTO MiIBUILIEHHS INBUIKOCTI OMpAIlOBaHHS 3allUTIiB, B SKHUX
3a/1al0ThCsl 3HAUCHHs LLOro aTpuOyTa, i B NESIKUX BUMAIKaX Jae
3MOrY TaKOX TMPHUIIBUALINTA oOfepauii 3’€IHAHHS 3 Y4YacTio
aTpudyTa.

e 3 iHmoro 00Ky, HasBHICTh B 0a3i JaHUX OyAb-SKOrO IHJAEKCY,
CTBOPEHOr0 il aTpuOyTiB BiJHOLICHHS, 3[aTHA YCKIATHUTH i
CHOBUILHUTU TMPOLEOYPU BCTABKU, BHUJIyUEHHS Ta OHOBIICHHS
KOPTEXkIB BiJHOILICHHSI.

Bubip anekBaTHUX IHIOEKCIB — OJHA 3 HAMCKIagHIIUMX cTafiii mpouecy
NPOEKTYBaHHs, 1 A 1 YCHIIUHOTO «IPOXOMNKEHHs» OaxaHo OoTpUMaru
JIOCTOBIpHY BINIOBIh HAa THTAHHA IIOJ0 HOMEHKJIATYPH 3allUTIB Ta IHIIAX
KOMaHf, 3 SIKMMH KOpUCTyBaui OynyTh 3BepTaTuca 10 0a3M HaHuX Y
MaiioyTHbOMY .
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JOJATOK b. AJITEBPA TOJABAHHS 3A MOJAYJIEM 2

Jlis  po3yMiHHS MeXaHi3MiB KOHTPOJIIO TAapHOCTI KOPHCHO 3HATH
anreOpUYHi 3aKOHU, CIIpaBeUIMBI JIs ONepalliil 10JaBaHHs 32 MOJYJieM 2, 110
3aCTOCOBYIOTbCS 10 0iTOBUX BekTOpiB. Omneparop n0AaBaHHS 33 MOAyJieM 2
MO3HAa4YaloTh CUMBOJIOM @. SIK mNpuKIam MOXKHa HaBECTH CITiBBiJHOLICHHS
1100©1010=0110. Hwkue mnepesniueHo neski 3 Haily)KUBAHIINX MPaBUIT
anreOpy JOJaBaHHA 32 MOIYJIeM 2:

e KOMYTaTHBHHH 3aKOH : XDy = y@®x;

e acouiaTuBHUI 3ak0H: XB(yDz)=(xDy)Dz;

e  [I0IaBaHHS NOBLIBHOTO BEKTOpa 3 HynboBHM: XDO = O®x = X;

e BracHa imBepcin: x@x = O; onuH i3 Hacmigkie: axkmo x®y = z, Togi i3
X®xPy = xDz punnupae y = x®z.
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JOJATOK B. TUIIM JAHUX BIJHOHIEHD ¥ SQL

Po3rissHeMO OCHOBHI aromMapHi TWUNM JAaHUX, SKi MiATPUMYIOThCS
6inbinictio CKBJ[ (koxHuii atpubyT Oynb-SKOro BiJHOLUCHHS MOBUHEH
BIZIMOBIAATH TOMY UM IHILIOMY THITY AaHUX).

1.

w

Psioxu cumeonie mocriitnoi abo 3minnoi nopxkuuu. Tun CHAR(#)
Mo3HavYa€e PAIOK MOCTIHHOT MOBKUHHM, KU MICTHTh # CHMBOJIIB. THIT
VARCHAR(n) Bu3Havae psook 3MIiHHOT MOBXKHHU 3 KIJIBKICTIO
CUMBOJTIB Bix 1 /10 7.

Psoku 6imie mMocTiliHOT abo0 3MiHHOI NOBXXHHHU, B SIKUX MOXYTh
36epiratucs tinbku ‘0" abo 'l'. BIT(n) — mocriitnoi nosxwuHu, BIT
VARYING(#) 3MiHHOT TOBXHHU.

Jloziuni 3nauenns: BOOLEAN.

Llinouucnosi snauennsi: INT; SHORTINT;,

Yucnoai snavernHs 3 niasarouoro komor. FLOAT (REAL); DOUBLE
RRECISION; DECIMAL(#,d), n — kinbKicTh po3psadiB y wLimii
4acTuHi umncna, d — y npoodosiii uactuni; NUMERIC;

3uauennsi dam i uacy. 3uavenns tunis DATE i TIME BignoigHo €
CHMBOJIbHUMH PSIAKAMM, 3allMCaHUMH Y CrielliaibHoMy (dopmari:
'1948-05-14', '15:00:03.1415'
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OCHOBHI HANMPAMU BUKOPUCTAHHA IHOOPMALIIMHUX
TEXHOJ1OTIN B ®I3U4HOMY BUXOBAHHI

Hockanenko C.M., Kypcanm ¢pakynoememy ncuxosioeii, MmeHeOdmeHmMy,
coyianeHux ma iHgpopmauyitiHux mexxHonoeziii XHYBC

Anorania. B crarTi posrisgaerscs npobneMa iHrerpanii Ta BUKOpUCTAHHs iHQOPMAIITHUX TeXHOIOT ¥ cepi
(isnaHOro BUXOBaHHs1, pOOMTHCS aHAJII3 TA CUCTEMATH3AL[is 3HAHD 1[bOT0 HAIPSMKY.
Kirouosi cnosa: disudase BuxoBaHHs, iHpopMariiiai TeXHOMOTII.

MMocranoBka mupob6memu. Cy-
YaCHMII KypC HIpOTpecy IepemoBUX KpalH CBITYy
6asyeTbcs Ha KOHIeNLii yceOGiYHOrO Ky/IbTYpPHOTrO,
iHTenexTyanbHoro, npodeciiinoro i ¢gisuynoro pos-
BUTKY KOXXHOTO IHAMBIiJA, AK OSMHMUII CYCHibCTBA.
IIpm npomy, B peamisanii i€l MeTU OCHOBHE Micle
BiIBOAUTHCA cucTeMi ocBiTH. ChOTOMHI caMe 3aBIAKN
IiJBUILEHHIO PiBHA BYEHOCTi HACE/IEHHA PO3BUHEHI
KpaiHM CBiTY 3aliMaloTh Iepiui 1aBu. Tomy HeoOXigHO
POSIJIIHYTH YCi acreKkTy iHTerpauii KOMIT I0TepHUX
CUCTEM Ta MepeX B Hally cucreMy ocBiTu. CydacHi
indopmaniitHi TexHOOTiI B HABYA/IbHNUX 3aK/IajiaX SAB-
JATHCA €MEPP)KEHTHIM IIPOSIBOM €BO/IIOLIIOHyBaHHA
CUCTEMM OCBiTH, AIKICHO HOBMM iHCTPYMEHTOM JIJIA 10-
CATHEHHS «BUIIOI» METU Ilepefjadi HOBMX 3HaHb. Pos-
poOka MeTomo/Iorii Ta 3aX0fiB OO0 BUKOPUCTAHHA Ta
BIIPOBA/>KEHHs iHDOPMAIITHIX TEXHOJOTiI B OCBITi
- OJfHA 3 KJIIOYOBUX IIPOO/IEM PO3SBUTKY CYCII/IbCTBA, SIK
Ha HAI[ilOHaJIbHOMY, TaK i Ha I7T06/IbHOMY PiBHI - IUIAX
JO MOJEpHi3allil OCBITAHCHKOI CUCTEMU B L[I/IOMY.

s BinpHOI opienTanii B iHpopmManiitHux Imo-
TOKax cy4acHmil ¢axiBenp Oyib-sKoro mpodinmo mo-
BUHEH YMIiTU OTPUMYBATH, 0OpOOIATU i BUKOPUCTO-
ByBaTi iH(QOpMalio 3a LOIMOMOTOK KOMIT IOTEpiB,
TeJIeKOMYHiKaliil Ta iHmmx 3aco6isB iHdopManiitHIx
TexHoorin. Peanisamis miei noTpebu HeMOXKIMBa 6€3
BKJIIOYEHHS iHQOpManifHOI KOMIIOHEHTU B CUCTEMY
MiATOTOBKY i MEPENiATOTOBKMA CY4acHOIO daxisug. Le
HOBHOIO Mipolo BifHOCKTBCA i Ko paxiBuiB 3 ¢isnunOl
KY/IBTYPH i CIIOPTY.

AHami3 OCTaHHIX FOCHifKeHb i myOmikamiit.
He € cexperoM Te, mo B Ham 4Yac MaiiOyTHE 3a
inpopMmaniiiHUMu TexHONOTiAMM. BOHM 3HAXOLATDH
CBOIO POJIb B OYAb-AKUX TaTy3sAX, TOMY He IMBHO, L0
OipITicTh HAyKOBUX ITyOiKaliil IIOB’SI3aHO TaK, 4Yu
iHakiie 3 iHhopmarnsarien.

ITpore, He BCi mpaui ABISOTHC PyHIAMEHTab-
HUMM, TAa TAKUMMU, AKi O Jilisaam Hac 3a Iapagurmy
cBizoMocTi, 4nM IpoOymKyBau 6 10 aKTUBHMX HisHb.

© Jlockanmenko C.M., 2011.
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QyngaMeHTaNTbHO IS YCIX JOCTIIHKeHb i yOiKaii
Ha TeMaTuKy indopmaniinux cucrem € mpaus Ma-
nyena Kacrenbca — «MepexeBe CycHiJibCTBO».
Bona HalOi/bII MOBHO i YiTKO OKPEC/IOE MOJIe/b
indopmauiitHOro cycminbcTaa.

B HaykoBo-MmeTojgMuHOMYy BufaHHiI «Teopia Ta
MeTofiuKa (i3MYHOTO BUXOBAHHA» B3araji € pospin,
OpyCBAYeHNI iHQOpMALIIHNM Ta KOMITI0TepHUM
TEXHONOTiAM B (i3sMYHOMY BUXOBaHHi Ta cropti. B
it pyOpuLi po3risaaoTbcs HailpisHOMaHITHIIII ITpo-
67emM1, @ TAKOXK LUIAXM iX BUPILlIEHHS, 3a JOIIOMOTOK0
TeXHOJIOTiN IBafliATh IEpIIOro cropivysa. 3o0Kpema,
criopo6anach CTaTTA, B KOTPiil HAOYHO OOIPYHTOBAHMIT
gps KOHTPOJIb 32 eKinmakamu paniitHux ronok (TM®B
6°2010c.3). Oppasy BUHMKA€E IMTaHHA, a Y HE BLOCKO-
HaJIMTU cucTeMy? MOJKHaA 3aCTOCYBaTy JaHUIl METO,
moyo OiryHiB, BeTOCUIIEANCTIB, aJj)Ke i3 MpOorpecoMm
Taki IpucTpol (gps MasuKy) 3MEHIIYIOTHC.

Hespakaroun Ha TeBHI TpyjHOUIi, ITOB’s3aHi 3
OpraHisaliifiHuMM, MaTepia/lbHO-TeXHIYHUMM, HAYKO-
BO-METOVYHNMMIY acCHEKTaMy PO3pOOKN i BIIPOBa/KEH-
HSl CydacHUX iHQOpMaLiltHNX TEXHO/IOTil B 00/1acTh
(i3VIHOI Ky/IBTYpH i CIIOPTY, BOHM BUK/IMKAIOTD IIEBHUI
inTepec y psany GaxiBLiB, OCKIIBKY TYT, 5K i B iHIINX 00-
JIACTAX, Haspia HeOOXiTHICTb ITepeXoay Bill BUKOPUCTAH-
HA TPAfULiHNUX 3aco6iB 10 Cy4acHVX iHpopManiitHmux
i KOMyHiKalli/fHUX TEXHOJIOTiN, IO JO3BOJIAITH 3HAY-
HO e(eKTUBHille 3[iICHIOBATY aKKyMY/IIOBaHHA, 00-
pobKy i mepepauy indopmanii, BecTu caMoOCTiiHy
p060Ty i caMOOCBITY, AKICHO 3MiHIOBATM 3MiCT, Me-
Topu i opraHisaniitHy ¢opMy HaBYaHHS, IiATOTOBKY
BUCOKOKBaTi(hiKOBAHUX CIOPTCMEHIB i CyA/iB, MpoBe-
feHHs Gi3KYIBTYPHO-03[0POBUMX POOIT 3 HACETEHHSM.
BaxuBe sHaueHHS [1/14 TOJA/IBIIOL PO3POOKY i BIPOBai-
JKEHHS B IIPAKTUKY HOBMX 3acO0iB Ta METOJIIB HaBYaH-
Hs | TpeHyYBaHHsI HAa OCHOBI Cy4acHUX iHpOpMaIiitHIX
TEXHOJIOTi} Mal0Th HAYKOBI IOC/TI/PKEHHA.

Tomy, meroro niei crarri e ymidikanis, mo-
OymoBa TeopeTMYHOI HapajuIMM 3acCTOCYBaH-
Hsa iHpopMalitHMX Ta KOMIT'IOTEPHMX CUCTEM Ta
TEXHOJIOTi B (i3sYHOMY BMXOBaHHi i criopri.
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JIng toro, mo6 ycHiHO pyxaTucs BHepep,
HeoOXifIHO 4Yac Bif yacy poOutu 3BipAHHA 3 BEKTO-
poM, AKMIT MU 3aJany Ha IOYaTKy UuLaxy. Ilpoiiuo
memo 6inble fecsaTu poKiB € TUX Mip, K B HaNIii
KpaiHi OyB y3ATHit Kypc Ha KOMIT I0TepU3alliio cucre-
MM OCBiTH, 30KpeMa, ¥ cdepi PisnuHOro BUXOBAHHS.
SAkwo panime psigoBnit gaxisenp B odnacti ¢piznuHoi
KYZBTYPU i CIIOPTY i MPiATYU HE MiT PO Te, L0 Ha iI0ro
poboyomy Mmicii Oyfe mepcoHanbHUIT KOMIT IOTED,
TO TeIep MOXXHa TOBOPUTH IIPO Te, IO KOMIT IOTEPK
yBiiilm Ko Hac o OyAuMHKY. SIKi )X JHOCATHEHHS i
MepCIeKTUBY KOMIT 0Tepusalii y GpisuuHiit Kynbrypi
i ciopti? Cnig 3asHa4MTH, IO IPOrpec B Liil 061acTi
JIIOZICHKOI [iANbHOCTI BeIU4Ye3HMil. 32 JOCUTb KOPOT-
KUJI T1epiof] TPUK/IaSHi IPOrpaMHi NPOAYKTY IPOLI-
U IIAX BifJj IPOTpaM I MiKPOKaJIbKyAATOPiB 10
KITacTePHUX CUCTEM HAJINOTYXXHUX CepBepiB, 110
CTBOPEHI /11 MOJIENIIOBAHHA PYXiB MIOAVHN, PO3pa-
XyHOK (i3VYHUX HaBaHTaXXeHb, CBOEYACHY 0OPOOKY
indopmarii, cTBOpeHHs BipTya/lbHOTO cepejoBUINA
I TpeHyBaHb, HaBYaHHA MailOyTHiX ¢axiBuiB 3
¢isnunoi KynpTypu i ciopty i T.1. Tomy HOBM3HA f1a-
HOTO JOCTI[PKEHHS IIOJISTAE Y JOCUTDH aMOi1i03Hiil 11ii
— 3BECTHM 1O Ky 3HaHH:, Nigagadi iy TUTYII i€l
npani, JOIOMOITH cbaxiBuﬂM OprasisyBaTu BJIACHI
inopmaniitni pecypcu, IMpUCBAYEHI MeTOLOMOTI]
¢bizan4HOrO BMXOBaHHS.

Indopmanirni Texnonorii y disuyniit Kyn1bTypi BU-
KOPMCTOBYIOTBCA B y>Ke INMPOKOMY CIIEKTPi HAIIPAMIB.
[IyiMu HanpsAMaMu €: CIIOPTYUBHI 3MaraHH:, Y400BUIA
Ipoliec, CHOPTVBHE TPeHYBaHH:A, 0370poBYa (isnyHa
KYJIBTYPa, CIOPTMBHE YIIPAB/IiHHA i PEryII0BaHHA Ka-
IpoBoro noteHiany ranysi. [Ipore, Haitbinbir ronos-
HYIM JIOCSITHEHHSM, SIK i B pO3BUTKY (isNYHOI KyJIbTY-
PU, TaK i iHIIUX ranysen, ABIAETbCA CUCTEMATU3ALiA
JIIOJCBKUX 3HAHb 3a JIONIOMOro iHpopMaLiltHNX cu-
cTeM, 30KpeMa, 3a JoroMoromw Internet.

IToBHOLIIHHA HAayKOBAa i OCBITHA [iA/NbHICTD HEMIC-
nuMa 6e3 MOCTITHOTO HAKOMMYEHHS 1 TIepe0CMUCTIeH-
HA 3HaHb TIPO IOCTIIKyBaHy peaMeTHY ob6macTb. He-
3BKAKOYM Ha OYPX/IMBUIL PiCT BUABHUYO]L JIis/IbHOCTI
i nommpenns Internet, xxopcrkuit gediunt nireparypn
i HegocTynHicTh KoHKperHOI iHndopmanii, y cdepi
bi3NYHOI KyJIBTYpU 3a/IMIIAETHCS yCE€ TAKOK X TO-
cTpoto mpo6eMor. ITpiramHy 6araTo B YoMy KpUIOThCSA
B HecUCTeMHill opranisauii inpopmaniiinux pecypcis,
AKa UIEMY «3HalTu ab0 BUYMCIIUTY» BUPIIIye Ha
Kopuctp mepuioi fii. [lo6 3momatu 10 6€3BUXifb,
HeoOxifHO opraHizyBaryu iHdopManuiiiHi pecypcy Ha
OCHOBi CUCTEMHUX IpefCcTaB/leHb, 10 (GOPMYOTh
IIPOCTIpP Ji/I1 CTBOPEHHA KOHTEKCTY, Y PaMKax AKOTO
BUSICHIOIOTBCS MIPOTUPIUYSA i BUABIAIOTHCS 3aCO0U 1X
BUPpillIeHHA, TOOTO Te, 10 CKIAaJa€ OCHOBY BUPillIeHHA
BUHUKAIOYOI JOCTigHNLIBbKOI pobnemu. Tob6To, Ha-
IpUK/IaJ, NpY CTBOpeHHi iHpopmaniiiHux caiTis,
HeOOXiTHO O3HAOMUTUCD i3 PENATMBHOI CHCTEMOIO
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opraHisanii 3sHaHb, i3 IOIIYKOBOK ONTUMi3alli€ro i
MIPEAMETHOI CTPYKTYpU3ALIi€lO.

YuboBuit mporec, Ak i y ¢isnvniit migroTosiy,
Tak i B iHIMNUX cepax JIOACHKOL JisNMbHOCT, ICTOTHO
CIIPOIIYETHCA 1 YIOCKOHATIOETHCA, KON MIETHCA PO
indopmariiitai TexHOMTOTII.

ITo-niepiite, po3poOIAIOTHCSA HaBYa/IbHI CUCTEMH,
CHOpsAMOBaHI Ha NOBiJOM/IEHHA CTY[€HTaM T€OpPEeTnY-
HYX BifjomocTel i pakTiB 3 y460BYUX AUCLUITIIH i KOH-
TPOJIb IX TEOPETUYHNUX 3HAHD. [HOpMaIiiiHi cucTeMn
MO3BOJIAKTDL CHCTEMATU3YBATH NOCTYII 10 3HAHb, 3a-
6e31euy0Th SKICHI MOXXIMBOCTI /151 OIIYKY i Binbopy
JAHUX 3a IEBHUMM KPUTEPIAMU.

Ilo-gpyre, copolyeTbcAd KOHTPOJIb 3HaHb —
KOMIT'IOTEpPHE ONMUTYBAHHS BUKOPUCTOBYETHCS [IS
Bibopy abiTypieHTiB i cTyeHTiB, TOOTO CTBOPIOIOTHCSA
MIPOCYHYTi CUCTEMU TECTYBAHHA.

Sy cnopti, Tak i B 030pOBYOI0 Pi3UYHIN KYIBTYPi,
dhopMyBaHHS i 3aKpil/IEeHHS HOBUX PYyXOBUX HaBUYOK
ABJIAETHCA BOXIUBUM 3aBIAHHAM. YCIILIHICTh BUKO-
HAaHHS [[bOTO 3aBJJaHHS 6AraTo B YOMY BUSHAYAETHCS
XapaKTepoM B3aeMmofii yuurend i yunda. IIpudomy,
nepeBaXkayo GopMO opraHisallii 3aHATTS Ha IO-
YaTKOBOMY €Talli € JeMOHCTPallisd y4UTeNIeM CKIaJHOI
KOMIUICKCHOI BIIpaB) abo ioro eneMeHTiB. Bep6aib-
Huit crioci6 nepepanus iHopmanii yuHeBi Ha 10-
YaTKOBOMY €Talli 3aCBOEHHA HOBUX PyXOBUX Ha-
BUYOK HaBpPAM 4YM MOXXHA BBa)XKaTy ONTUMAJIbHIIM.
[Tpn OCBOEHHI HOBMX PYXOBMX HaBUYOK (axiBui
HiIKPeCIIIOITh BaX/IUBICTh GOPMYBAHHS IIOYATKO-
BUX 00pasiB-yABIeHb mpo MaitbyTHi Aii. Takum 4u-
HOM, ITOYATKOBMII €Tall HAaBYaHHA B Lill IpeJMeTHIiN
o6nacTi BMMarae MaKCUMalbHOTO BVKOPUCTAHHSA
HAOYHOCTI 1 IIpefT IB/IsiE BUCOKI BUMOTH JIO BUK/Iajjada
B IJIaHi IPaBUJIbHOI IEMOHCTPALIil OKPEMUX €/IEMEHTIB
i CKIagHUX TeXHIYHUX NpUtoMiB. [Ind JOCATHEHHA
MOCTaBJIEHUX Ilizieli HaBYaHHSA 1 MigBUIIEeHHS J10TO
pe3yIbTaTMBHOCTI, I€peBara MOBMHHA BifaBaTuCs
neJarorivyHM TEXHOJOTisAM, SKi 3a6esneqy}0Tb MEH-
Uy 3aJIeXKHICTh Pe3y/nbTaTiB HaBYAHHA Biff piBHA
kBamdikarii BUKIagadya, MakCUMaabHy TOYHICTD i
IIpaBU/IbHICTD 1M0Ka3y. ONTUMi3yBaTy IpOLeC HaBYaH-
HsI [I03BOJISIE BUKOPYUCTAHH MY/IbTUME/iHNX 3aC00iB,
10 MICTATH IEMOHCTPALiifHi €/IeMEHTH Y BUKOHAHHI
BICOKOKBasTipikoBaHUX (axiBIiB.

Indopmarniitai TeXHOMOTII JO3BOSIOTH €PEKTUBHO
ONEPYBATH 3 NAHVMMMU. SICKpaBUM IPUKIAZOM LIOTO €
crnopTyBHi 3MaraHH:A. [Ipu npoBefenHi 3Maranb piBHA
Onimnilicbkux irop sacrocyBaHHs iHGoOpManiliHUX
TeXHOJIOTi 3abesreuye onepaTuBHMI 36ip, epenayy,
36epiranss i 06poOKy Bennkoi KinbkocTi iHopmariii.
Ha Onimniiicbkyx irpax BUKOPUCTOBYETbCA IEpefada
JaHUX [IPO pe3ylbTaTy 3MaraHb yepes Internet. Oxpim
po6oTu 3 BenuKuMU iHGOpPMALiITHUMU MaCcUBAMU,
MepCOHANbHI KOMITI0TEPU BUKOPUCTOBYIOTHCS /A
CTaTUCTUYHOI 06poOKM pesynbraTiB 3MaraHb. Lle oco-

ThHlws, —2011. — Ne 9
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6/1MBO BaXX/IMBO /I TUX BUJIIB CLIOPTY, B AKMX pe3y/b-
TaT CIIOPTCMEHA OLIHIOETHCA CYAAAMU-EKCIEPTAMM.
Binbie Toro, ingopmaiiiiini TeXHOOTIi O3BOMAIOTH
AKiCHillIe IPOTHO3yBaTy PE3Y/IbTAaTy CIIOPTUBHUX 3Ma-
raHp HUIIXOM IMIUIeMeHTAaLil psy CKIajHuX QyHKIin
i popmys, Ha pO3paxyHOK JIeAKUX 3 AKUX y JTIOJUHU
i 6 POKIL.

Ospoposua disnuHakynsrypa. [IpupospHo, 0 Bax-
JIMBUM HaIlpsIMOM BIUIMBY iHOpMaLiliHNX TeXHOIOT 1/
[OB’513aHO 3 PO3POOKOI MPOTrpam Al 03[0POBYO]
¢isuuHOI KynbTypu. IIporpamy LbOro HaIPsAMY MOX-
Ha PO3JiINTY Ha [JiarHOCTUYHI, peKOMeH IaLiifHi i TaKi,
IO YIPaBIAKTb AialHOCTUYHO-pPEKOMEHALITHNM
LMK/IOM. Y IepLIOMy BUIIAfIKy IMporpaMa HO3BOJIAE
¢axiBueBi MBKUALIE TOCTABUTU JialHO3, B APYTOMY -
Pa3oM 3 1iarHO30M KOPUCTYBa4€eBi IPOIIOHYEThCS IIEB-
HUT Habip peKoMeH/Iallill, 110 Bi/JIOBi/la€ BUSBIEHOMY
PIBHIO 3H0pPOB’sL i PyXOBOI aKTUBHOCTI. Y TPeTbOMY
BUIIAJIKY KOMII'IOTEp 3[iJICHIOE B3aEMOJII0 3 KOPUCTY-
BayeM 3a MPUHIMIIOM 3BOPOTHOTO 3B’AI3KY: BUJIAE 3a-
BJJaHHA, KOHTPOJIIOE IX BUKOHAHHA, a 3a pe3y/ibTara-
MM HOBUX TECTiB CTBOPIOE BiIIOBiJ{HI peKOMeHalil.
Buxonyerbcs aktuBHa poboTa 110 po3po0O1i mporpam-
HIIX IIaKeTiB I10 MOHITOPMHIY CTaHy 34OPOB’S B LIKO-
nax i BH3. Lle gosBo/mmMTh cucTeMaTU3yBaTH JJaHi PO
HaO1/IbII YacTi IPUYMHM 3aXBOPIOBAHb yUHIB i ortepa-
TUBHO KOPWIYBaTy HaBYa/lbHO-METOLVYHMII MaTepial
IS THYYKiIOro ¢isyMyHOro BUXOBAHHS YYHIB.

Haykosa pisgnbHicTh. Ycyneped saraiabHii gymui
PO Te, IO HayKoBa JAi/IbHICTD Y isnuHiil KyIbTypi
Mae OyTM CIpsIMOBaHAa Ha BOCKOHAJEHHS abo po3-
pOOKY MeTOROJIOrill TpeHyBaHH, 5 BBaXKalo, 110 Ha-
yKOBa Jis/NIbHICTb Mae OyTH CIIpsIMOBaHa Ha PO3BUTOK

B TaKuX HaIpsMax, K poOOTOTexHika, biomexaHika
KVBUX CUCTeM 1 TIOAVIHY, 6i0IpOTe3yBaHH, IIPOEKTY-
BaHHA €K30CKe/IeTiB, CTUIi yIpaBIiHHA OIOHO-PyXO-
BIM anapaToM, METOJIM CUHTe3y nporpaM ¢GismaHOro
HaBYaHHA, CUCTEMHMIT aHaMi3. OT>Ke, BUMaTbOBY€ETbCS
MIepCIIEKTVBA MOJANbIINX JJOCTI/KE€Hb, CaMe 3 TOYKU
3o0py indopmariiiHux ynpasjsounx cucrem. Le 06-
YMOBJIEHO TUM, IO OKpiM T€OPETMYHMUX 3HAHb IPO
(yHKIiOHyBaHHS OIIOPHO-PYXOBOTO aIapary JIrojn-
HU, Y cepi (pisuyHOro BUXOBaHHA Ma€ Miclje cepiios-
HUIl IPUKIaZHNI aClIeKT. A CTBOpeHHs HOJi0HUX Cci-
CTeM HEMOXX/IVBe 03 CIIOCTEPEKeHH S i IPOeL[iloBaHHsA
«KUBJX» IPOTOTHUIIIB HA MEXAHIKY.

IIpn oniHni cydacHoro eramy PpO3BUTKY
indopmaniiiHux TexHoMOrill B Hamii ramysi, JoBo-
JIUTbCA KOHCTaTyBaTlM, 110 HE3Ba)KAIOUM Ha BENUKY
KUIBKICTb HAaIpsAMIB IX 3aCTOCYBaHHA i myOmikanii, 1
pPO3pOOKM HOCATb NMPUBATHMIT XapaKTep i He MalOTh
LIV POKOTO NOIINPEHHS.
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Buxopucranns iHpopManiiiHuX TeXHOJIOTIi
B npoueci paxoBoi MiAr0TOBKU Mail0yTHLOT0 BUMTeIs1 (Pi3MUHOT
KYJbTYPHU SIK MepeayMoBa npogeciiiHOro po3BUTKY
B yMoBax iHgopMaTu3allii BUIIIOT OCBITH

[parues 10.B.

Jlyeancvkuil HayionanvHuil yHisepcumem imeni Tapaca lllesuenka

AHoTauit:
HaronowyeTbca Ha TOMYy, LWO
came 3acToCyBaHHs iHdopMa-

LiHMX TexHonorin y daxos.in
niaroToBUi NOBWHHO BignoBiga-
TW CyyYaCHWM CBIiTOBUM CTaH-
AaptaMm  npodecinHoro  pos-
BUTKY ManbyTHbOro  BuYMTENSs
i3NYHOT KynbTypu B yMOBax
iH(bOopMaLlinHO-0CBITHLOTO  NpO-
cTopy. BkasyeTbcs, Wo B AaHun
yac y 3B’AI3Ky 3 ['PYHTOBHUMWU
3MiHaMK y BULLiA (i3KyNbTYPHIN
OCBITI, WO BiabyBalOTLCA B Ha-
wun  KpaiHi, niginmatoTbecs nu-
TaHHS, NOB’A3aHi 3 NPOdeCinHNM
CaMOBMW3HaAYEHHsIM 0COOMCTOCTI
ManbyTHbOro BUMTENs hisnyHOT
KynbTYpUW; BU3HAYalOTLCA LUNAXN
noro camopeanisaudieto B Man-
OyTHI NpodecinHin AisnbHOCTI.

KnwouvoBi cnoBa:
npogpecitiHuli  po3sumok, mal-
OymHi equmeni i3u4HOI Kyrib-
mypu,
oceimu, ¢haxoea nideomoska.

iHgpopmamu3auii  euwjor

OpardieB 10.B. WUcnonb3oBaHue wuH(popma-
LIMOHHbIX TEXHONOrMi B npouecce npodec-
CUOHaNLHOM MOArOoTOBKW OyAywero yuurens
dom3nyeckoh KynbTypbl Kak npeanocbinka
npog)eccUoHaNLHOro pasBUTUA B YCNOBM-
sIX WHdopmaTusauumM BbIiClWEero obpa3oBa-
HuA. OTMeuvaeTcsi, YTO WMEHHO MpUMEHeHune
MHMOPMaLMOHHBIX TEXHOMNOIIA B NpodeccnoHanb-
HOW MOATOTOBKE AOMKHO O0TBEYaTb COBPEMEHHBIM
MMUPOBbLIM CTaHAapTaM NPodecCcMoHarbHOro pas-
BUTUSI Byaywiero yuntens oU3nNYeckonm KynbTypbl
B YCINOBUSIX MHOPMaLMOHHO-06pa3oBaTeENbHOro
npocTpaHcTBa. YkasblBaeTcs, UTO B HacTosiee
BpeMsi B CBSI3W C OCHOBATENbHbIMU W3MEHEHU-
AMU B BbICLIEM (PU3KYNbTYpHOM 0OpasoBaHuu,
KOTOpble MPONCXOAAT B HalUel CTpaHe, NogHUMa-
I0TCS1 BOMPOCHI, CBSA3aHHblE C NPOECCUOHANbHbIM
camoonpeaeneHMem NMYHOCTM ByayLiero yuutens
PM3NYECKON KynbTypbl; ONpeaensitoTcs nyTu ero
camopeanusauven B Oyayuiein npodeccmoHanb-
HOW JeATENLHOCTU.

npoghbeccuoHanbHoe passumue, 6ydywue yyume-
N5 gpusudeckol Kynbmypbl, UHhoOpMamu3ayuu
8bicwe20 0bpa3osaHus, MPOpECCUOHabLHAs 0-
deomoska.

Dragnev Y.V. Use of information tech-
nologies in the process of profes-
sional preparation of future teacher
of physical culture as pre-condition
of professional development in the
conditions of informatization of higher
education. It is marked that exactly ap-
plication of information technologies in
professional preparation must answer the
modern world standards of professional
development of future teacher of physical
culture in the conditions of informatively-
educational space. Specified, that pres-
ently in connection with sound changes
in higher athletic education, which take
place in sew on to the country, questions,
related to professional self-determination
of personality of future teacher of physi-
cal culture, rise; ways are determined by
his self-realization in future professional
activity.

professional development, future teach-
ers of physical culture, informatizations of
higher education, professional prepara-
tion.

Beryn.

[IpoGnemMu, mo cTocyroThesl MmpodeciiitHoro po3Bu-
TKY MaiiOyTHBOTO BUMTeNsl i3UUHOI KyJIbTYpH, HOCTIiii-
HO 3HAxOIAThCS B IIEHTPi yBaru nenaroris, ¢axisuiB 3
(hi3u4HOrO BHUXOBaHHS i CIOPTYy Ta iHIIUX BUEHUX. B
JIaHu{ 4Yac y 3B’SI3Ky 3 ITPYHTOBHUMU 3MiHAMU Yy BUILiH
(hi3KyabTYpHIl OCBITI, 0 BiI0yBalOTHCS B HAIIUH Kpa-
THi, mixiiMaloTbCsl MUTAHHS, OB’ sI3aHi 3 npodeciitHum
CaMOBH3HAUEHHSAM OCOOUCTOCTI MaiiOyTHHOTO BUMTEIS
¢i3nuHOT KyJIbTypH; BU3HAUAIOTHCS LUIAXH HOTO camMo-
peastizaniero B MaiiOyTHil npodeciiniii aisuibHOCTI. T1i
NUTaHHS NpUA0aiu 0COOIUBY aKTyallbHICTh B iHpopMma-
HifiHOMY CycIinbCTBi, e iHopmaTH3auii ocBiTH ocTae
Maiixe Ha TepLomy Micli.

V npodecifiHoMy po3BUTKY JIOIMHU NPUPOAHE i cyc-
nisibHe, GiosorivHe i colliaibHe € Mepl 3a Bee MepeLyMo-
BaMH, 3 SKUX JIIOAWHA cama Oyaye CBO€E XHUTTS B mpodecii
[8]. Lle TBepaKeHHs, HA Hallly JTyMKY, HOBUHHO CTOCYBa-
THCs # iHdopmaru3auii ocBiTh, Ae MalOyTHIH BUMTEND
¢i3nuHOl KynbTYypH HOBHHEH caM OyIyBaTH CBOE Maii-
OyTHe mpodeciiiHe )KUTTA y cydacHOMY iHpopmariiiHOMy
CYCIiJIbCTBI.

P. KnonoB HaroJouye: ,,HuHi nmpouec inpopmaruszanii
oCBiTH Ha0yBa€e aKkTyaJIbHOCTI Ha T/ CBITOBOI TEHACHIIT
indopmaruzanii cycninsersa. IIpiopureTHicts ubOro Ha-
NPSIMKY cepe]l iHIIKX Y CyCIiJIbHOMY JKUTTi He3anepeyHa,
OCKiJIbKU B OCBiTHIN cepi popmyroThes couianbhi, neu-
XOJIOT'i4Hi, 3arajibHOKYJIBTYpHI Ta npodeciiiti nepeaymo-
BU 11bOTO NPOLIECY B cycninbeTi” [3, ¢. 73]. Mu noroaxy-
€MOCS 3 AYMKOIO BYEHOro, L0 mpolec iHdopmarusawil
OCBiTH Ha0yBac aKkTyanbHOCTI Ha Tl CBiTOBOT TeHAEHUIT
© [Oparnes H0.B., 2011

indopmaruzauii cycninbcrsa. 3a paxyHOK LBOro ¢axosa
HiIroToBKa Mail0y THLOTO BUMTENS Pi3UUHOT KYJILTYPH 110-
BUHHA OyTH 30pi€HTOBaHA Ha CBITOBI TEHAEHIIT, 10 Bij-
OyBaroThcs y Bulil ociti. Came 3acrocyBaHHs iHdop-
MaliifHUX TexHouoriil y ¢axosiii miAroToBUi JomoMoxe
Bi/lNOBiIaTH Cy4acHUM CBiTOBUM CcTaHaapram npodeciii-
HOT'O PO3BUTKY Maii0y THBOTO BUMTES Pi3UUHOT KyJIbTY pU
B yMOBax iH(OpMaliiiHO-0CBITHLOTO IPOCTOPY.
Indopmariiini TexHosorii € HaiOIIBII BaXIUBOIO
CKJIaJIOBOIO MPOLIECY BUKOpHCTaHHs iHdopMauiiiHux pe-
cypciB cycninbeTBa. JIo ChOrojiHi BOHM MPOMIUIM KiJibka
€BOTIOLIMHUX €TalliB, 3MiHa SKMX BU3HAYAIACS TOJIOBHUM
YHHOM PO3BUTKOM HAayKOBO-TEXHIYHOIO IMpOrpecy, IMo-
SIBOI0 HOBUX TEXHIYHMX 3ac00iB nepepoOku iHdopmanii.
VY cy4acHOMy CyCIiJIbCTBi OCHOBHUM TEXHIYHUM 3aCO00M
TEXHOJIOTiT epepoOku iHdopmarlii CIIy>)KUTh KOMIT t0Tep,
10 iCTOTHO BIUIMHYB SIK Ha KOHIICTII[iI0 TTOOYI0BU i BU-
KOPHUCTAHHS TEXHOJIOTIYHUX MPOIIECIB, TaK i Ha SKICTh pe-
3yJbTyI04O01 iHpopMaii. BipoBapkeHHs epcoHaiIbHOTo
KOMIT’foTepa B iHopMalliitHy cdepy i 3acTocyBaHHs Tele-
KOMYHiKalliiHUX 32c00iB 3B’ S13Ky BU3HAYMIIN HOBUH eTarl
PO3BHUTKY iHPOpMAIliHHOT TeXHOJOTIT 1, IK HACHiIO0K, 3Mi-
Hy 1 Ha3BH 32 paxXyHOK MPUEHAHHS OJHOTO i3 CHHOHIMIB:
,.-HOBa”, , KOMI'toTepHa” 4H ,,cydacHa” [6]. 3 1poro npu-
BOJIy Jly>K€ BJIajl0 BKa3y€ Ha aKTyaJbHICTh 3aCTOCYBaHHS
KOMIT'FOTepa, K 3aco0y TeXHOJIOTIT nepepoOky iHdopma-
uii B. BojkoB, Haroiouyrouu Ha TOMY, 1110 KOMIT IOTepHi
TEXHOJIOTil, sK dYacTuHa iHGOpPMAaliHUX TEXHOJIOTiMH,
(popMyIOTH TPUHIMIIOBO BiAMIHHUH CTWIb POOOTH,
SIKUM BUSIBIISIETBCS OUJIBIN TICHUXOJIOTIYHO TPHUHHSTHUM,
koMpopTHUM, MO MOOITI3ye TBOpPYI MOXJIMBOCTI i
inTenekTyanpHuit morennian smoxaunu [1]. Taki mymku
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HaJal0Th MiJICTaBM MifiiMaTH MUTAHHS MPO IiIBUILEHHS
piBHSL KOMII'IOTEPHOI TpaMOTHOCTI Ta iHdopmaniinoi
KyJbTYpH MaitiOyTHbOTro BuuTenst (Hi3M4HOI KyJIBTypH B
iHopmaLiiiHOMY CyCHinbCTBI.

Cnia Bkasaru, 110 OCHOBH iH(opMmauiiiHoi KyabTypu
3aK/Naal0ThCs HE TUILKM NPH OCBOEHHI (haxiBISIMHU
inopmaniiHUX TeXHOJIOT i, 1Ki po3po0IIeHi 32 1010MOr 010
JOCSITHEHb KOMIT IOTEPHOT 1 TeneKoMy HikaliiiHOT TexHiky,
X04Ya BOHM HAWOMKYMMHM POKAMH CTaHyTh OCHOBOIO
e(eKTUBHOCTI yIpaBIiHHS HABYAILHUM i TPEHYBaJIbHUM
mporiecamu B cdepax  (i3mUHOrO  BHUXOBaHHS,
MacoBOI'0 i €JiTHOro cHopry. 3acTOCYBaHHS Cy4YacHUX
iHpopMalliHHUX TEXHOJIOTiIH JO03BOJIIE pallioHATBHO
3MiHUTH CTHJIb POOOTH, MPUCKOPUTH BUKOHAHHS 4YacTo
MOBTOPIOBAHMX Jlill, 3a0e3MeYnTH MBUIKUHA JOCTYH 10
pizHOMaHiTHOT iHpopmaii Tomo [4]. Mu moromkyemocs
3 TaKoI0 JIyMKOIO, IO OCHOBHU iH(OpMaIiiHOT KYJIBTYpH
MOBMHHI 3aKJIaJaTUCS HE TiJIbKH IIPU OCBOEHHI MalOy THIM
BUMTEeM i3UIHOTKYJIBTY pUiHPOPMaLli HHUX TEXHOJIOT 1,
ajie i aKTMBHOTO BKJIIOYEHHS y Tpouec iX po3poOku, a
came po3poOKH MPOrpamMHO-METOJUYHOr0 3a0e3MeueHHs
MaitOy THBOT IpodeciitHOT AisITEHOCTI.

AHali3 oCcTaHHIX JOCIiKeHb i myOmikaiiid nokasye,
0 pO3DNISYy KOMITIOTEPHHMX TEXHOJOTiH y Qi3uuHiid
KyJIBTYpi i OCBITHBOMY TpOILI€Ci TPUCBSYCHO JIOCIi/IKEeH-
Ha Takux yuyeHux (B. Bonkos, JI. 3aneBcbka, P. Kiomnos
ta in.) [1; 5]. IIpodeciitHomy po3BHTKY OcoOHMCTOCTI
(I. Bonomyk, A. Cygsoposa ma in.) [2; 3; 9].

CraTTsi BAKOHAHA B PyCIli JOCIiKyBaHOT B [HCTHTYTI
(hizmuHOrO BUXOBaHHS i ciopty JlyraHchKoro HalioHasb-
Horo yHiBepcutety iMeHi Tapaca [lleBuenka Temu ,.I'eopist
i MeToaMKa 3aCTOCYBaHHs iHpOpMaliiHUX TEXHOJOTIH y
npodeciiiniit migrorosui MaiOyTHIX (axiBiiB 3 (izuuHOT
KYJIBTYPHU i OCHOB 3I0pOB’Sl B YMOBaX HenepepBHOI OCBi-
™" ([epxaBHuii peecrpaniitnuit Homep 0110U000756).

Merta, 3aB1aHHs po6oTH, MaTepiaJ i MmeToau.

Mema cmammi ionsrae B TomMy, 100 PO3KPUTH BUKO-
pucranHs iHpopManiitHuX TexHoJOTiH B mpoueci gaxoBoi
TiATOTOBKH Mai0y THHOTO BUMTENS Pi3NUHOT KyIBTYpH SIK
niepeyMoBa npodeciiiHoro po3BUTKy B yMoBax iHpopma-
TH3allii BUIIOT OCBITH.

PesynbTaTn gocsiixKkeHHs.

OnHi€ero 3 TeHAEHLiH PO3BUTKY CydacHOi (i3KyIbTyp-
HOT OCBIiTH € 11 iHopMaTH3alLis Ta koM oTepu3alis. B
JaHUH 4ac MM € CBiKamM BIPOBaJLKEHHsS iHdopMmaiii-
HHUX TEXHOJIOTIH y raiysb 3HaHb ,,Di3nuHe BUXOBAHHS,
CropT i 310poB’st MmoauHu”. PO3BUTOK (i3HUHOT KyJIBTYpH
i copry B YkpaiHi € OJHUM 3 HalBOKJIMBIIIMX aCEKTIiB
poGot MiHicTepcTBa OCBITH i HAyKH HAIIOl JepiaBH
Ta IHIIMX KepiBHUX OpraHiB Biamu. Y cucreMi ¢izuu-
HOTO BHUXOBaHHs HalBaXJIMBILIMM €JIEMEHTOM € BUUTE-
Ji ¢i3udHOI KyJbTypH, KOMIOETEHTHICTb SKUX 3aJEXKUTh
Bij sikoCTi 3100yTOT HUMHU BULIOT (hi3KyJIBTYPHOT OCBITH.
Tomy BIpoBaJuKEHHS iH(POPMALIHHUX TEXHOIOriH y da-
XOBY HiJArOoTOBKY MaiOyTHBHOro BuuTess (izuuHOI KyJb-
Typu HaOyBa€e 0COOIMBOI aKTyalbHOCTI, OCKiNbKY Bix 1X
piBHs iHdopManiiHOT KyJbTYpH 3aJI€KUTh i1€0I0rUHU
PO3BUTOK CUCTEMH (i3MHHOrO BUXOBAaHHA B iHoOpMaLiii-
HOMY cycrinberBi. CaMe 3acTocyBaHHS iHpOpMaIiiHIX
TEXHOJIOTi# y (haxoBiit miAroToBIi MaifOyTHHOTO BUUTEIS
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(i3uuHOT KyJIbTypH BUBEAE YKPaiHCBKY cucTeMy ¢i3ud-
HOTO BUXOBaHHs 10 €BpOMEHCbKMX CTAHAAPTIB BHULIOT
OCBITH.

JI. 3aneBcbka BKasye Ha Te, WO iHGopmauiiini
KOMIT'IOTE€pHI TeXHoJIorii Jenaii LMpiie BUKOPUCTOBY-
I0TbCsl Y (pi3HuHOMY BUXOBaHHI, CIOPTi Ta Typusmi. Bu-
BUCHHS T4 TBOPYE BUKOPUCTAHHS BiMOBIIHOTO JA0CBiY,
3100y TKiB, HampallOBaHb YKPAaiHCBbKUX Ta 3apyOiKHUX
BUCHUX Yy IMiJroTOBII KBalli(hikOBaHWX CHEIallicTiB Ta
BITPOBA/DKEHHS 1IOTO JOCBiJy y TpOLEC MiArOTOBKH
(axiBiiB (i3MYHOrO BUXOBAHHS....CTA€ BAXKJIWBHM 3a-
BranasM BH3 ¢izkynerypHoro npodimo [5]. Taka qymka
BiJIMIOBi/1a€ aKTyaJlbHOCTI HAIOTO JNOCHTikeHHs. Buena
BKasye, 10 iH(opMalliiiHi KOMI I0TEepHI TEXHOJIOTIT 1ea-
JIi IMpIIe BUKOPUCTOBYIOTHCS Y (pi3MUHOMY BHXOBaHHi.
Buxozastuu 3 uporo tpeba 3BepHYTH yBary Ha Te, L0 He
y Bcix BH3, ne e dakynsretnn abo Iucrutytun ¢izudno-
IO BHXOBaHHsI 3aCTOCOBYIOThCS iH(OpMaIiliHi TEXHOJIO-
rii. Lle moB’s;3aH0 3 TUM, MO Opakyro IIe HeoOXiIHOTO
MarepiajibHO-TEXHIYHOro 3a0e3eyeHHsl.

Cnin Haromocutd, 1o iH(opMaliifHa TEXHOJOTris
— TpolIeC, 1110 BUKOPUCTOBYE CYKYIHICTH 3aco0iB i Me-
ToAiB 300py, 0OpoOku ¥ mepenadi gaHuX (TEPBUHHOL
indopmarii) st oxepxkanHs iHgopMmanii HOBOI SKOCTI
mpo craH 006’€eKTa, npoiiecy 4u sipuina (indopmaiinoro
Mponykry)... IHdopmariiina TexHOJOris — CyKyHHICTh
YiTKO BU3HAYEHHUX LIJIECIPSAMOBAHUX il MepcoHaly Mo
nepepoOiti indopmarii Ha koM ’totepi [6]. [ndopmarriiini
texnooril, I'T, inpopmarntiiHo-koMyHiKaIlliiiHi TEXHOIOTIT
(Information and Communication Technologies, ICT) —
CYKYIHICTb METOJ1iB, BAPOOHUYHUX MTPOIECIB i MpOrpaMHO-
TEeXHIYHUX 3ac00iB, IHTErpOBaHHUX 3 METOI0 30WMpaHHS,
00po0OKH, 30epiranHs, pO3NOBCIOKEHHS, BiJOOpayKEHHS
i BuKopucranus indopmarii B inTepecax 11 KOpHUCTyBaviB.
[ndopmariina TexHomoris — 1€ CyKyMHICTb METOHIB,
BHPOOHMYMX TPOLECIB Ta MPOrpaMHO-TEXH{UHHUX 3aco-
0iB, 00’€IHAaHMX y TEXHOJOTIYHUH JIAHLIOKOK, LI0 3a-
Oesmnevye BUKOHAHHS iH(opMaLiiiHuX NporeciB 3 METOIO
HiBUIIIEHHS TXHBOT HAIHHOCTI Ta ONepaTUBHOCTI i 3HU-
KEHHS TPYAOMICTKOCTI X0y BUKOPUCTaHHs iH(popmariii-
Horo pecypcey [7]. Taki BU3Ha4YeHHsI Jal0Th MOXJIMBICTb
3pO3YMITH Ta YCBIIOMUTH, L0 Take iHpopMalliliHi TeXHO-
Jorii, i BianoBigHo X BUKOpHCTOBYBatH y (axoBilt mia-
rotoBui MaiiOyTHHOrO BUMTENS (Pi3UYHOI KyJIBTYpH, LI0
Oyzie MO3UTHBHO BIIMBATH Ha TX MpodeciiiHuii po3BUTOK
B yMOBax iH()OpMaliiiHO-0CBITHBOTO POCTOPY.

A. Cysopoea exaszye, wo npogeciiiHuii pO3BUTOK €
HPOAYKTOM 1 pe3yJIbTaroM [isuIbHOCTI camMoi JIFOAMHMU.
HaliBa)xJIMBIilIIOI BJIACTHUBICTIO Li€T TEOPETUUHOT i€l BU-
CTyNae MOXJIUBICTb 3pO3yMiTH, SIK BinOyBa€ThCs ,,CTBO-
peHHs”, ,,KOHCTPYIOBaHHS" OpaKyIounx (yHKLiOHATbHUX
OprasiB, CBOTO poJy HOBOYTBOPEHb, SIKi B IPUHLMII He-
MOXJIMBO PEAYKYBaTu JIO THX abo0 iHIIMX KOMIIOHEHTIB
nouarkoBoi cucremu. [1podeciiinuii po3BUTOK MOXKE po-
3yMITHUCS 1 SIK HEraTUBHA 3MiHa 0COOMCTOCTI B mpoweci ic-
HyBaHHs iHAMBina B npodeciiiHoMy cepeloBHILi, 3aCBO-
€HHS podeciiiHOro JOCBiLY, OBONIOAIHHS CTaHIAPTAMH i
LiHHOCTAMU mpodeciiiHoro CriBTOBapHCTBa; K MPOLEC
peasizaiii HeraTMBHUX acHeKTiB HaKOMHYEHOTo Ipo-
(eciiinoro 10cBixy, B SKOMY pi3Hi TUIH JIECTPYKTHUBHOT
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MOBE/IIHKKM BUSIBJISIFOTBCS, HE TIILKH SIK IiIIOPSKY BAaHHS
30BHILLHIM BUMOraM, a LIBUJILIC K BUOIp ONTHUMAJbHO
JUIsl KepiBHMKA MOBEIIHKOBOTO pillIEHHS, SK BiATBOpEH-
Hs CTEPEOTHIIHMX COLialbHUX KOMYyHikaulili B mpoueci
yIpaBJiHChKOT AisuibHOCTI [9]. MU noromkyemocs 3 1ym-
KOIO BYEHOI, 110 Npodeciiinnii po3BUTOK MOXeE po3yMi-
THCS i K HeraTuBHA 3MiHa 0COOUCTOCTI B mpoleci icHy-
BaHH iHAMBIAA B npodeciiinomy cepenosuiii. Buxonsuu
3 mbOro mpodeciiiHuii po3BUTOK MalOyTHHOTO BUMTEIS
(hi3uuHOT KyIbTypW MOBHHEH BiJIIOBIiTaTH MO3WUTUBHUM
3MiHaM OCOOHMCTOCTi, 3acTOCOBYIOUH iH(OpMaIliitHi Tex-
HOJIOTiT y ¢axoBilf MiATOTOBIII.

Alle BHKOpUCTaHHS iH(OpMAliHHUX TEXHOJOTiH Yy
nporieci nmpodeciiiHoro po3BUTKY B yMOBax iH(opMaTH-
3arlii BUIIOT OCBITH CTOCY€EThCS i TpeHepiB 3 BiANOBij-
Horo By cropty. Jlus 3abe3nedeHHs1 BUCOKOT eeKTHB-
HOCTi opraHizaiiiiHoi poboTu TpeHepa € 6araro IUIsIXiB,
MpOTe 3 CyYaCHUX METOJIiB HAUOJIbII €(PEeKTHBHUM € BH-
KOPUCTAHHS KOMIT FOTEPHOT TeXHIKH. YMiHHS MpalioBaTH
3 Pi3HOMaHITHUMH KOMII'IOTEPHUMHU IIpOrpaMamiu J103BO-
JISITh BUKJIAJIA4y 1 TpeHepy 3HaHOMUTHCS 3 HOBITHBOIO iH-
tdhopmarieto uepes cucremy lurepuer. ¥ cBoro yepry, Iu-
TEPHET PO3KPUBAE CBOT MOXUIMBOCTI 32 YMOBH XOPOLIOT0
BOJIOJIiIHHS iHO3eMHOI0 MOBOIO [4]. Came Takuit miaxin, ne
JI71s1 3a0e3neYeH s BUCOKOT e(peKTUBHOCTI opranizaiiHol
po6oTH TpeHepa HaOIIbIN €PEKTUBHUM € BUKOPUCTAHHS
KOMIT IOT€PHOT TEXHIKH, € NEePCHEKTUBHUM i aKTyaJlbHUM
y CydacHHX yMOBax iH(opmaruzailii OCBiTH.

BuchHoBkn.

Posrsinanns nmpoGnemut BUKOpUCTaHHS iHoOpMaIliidi-
HUX TEXHOJIOTiH B mpoiieci ¢axoBoi MiAroTOBKA MaiOyT-
HBOTO BUMTENs (i3UYHOT KyJIbTYPHU SIK HEpelyMOBHU IMpO-
(hecilinoro po3BUTKY B yMmMoBax iHopmaru3zarii BHIIOL
OCBITH HaJaj0 MOXKJIHMBICTH BU3HAYMTH, III0 CaMe 3aCTO-
cyBaHHs iH(opmauiitHux TexHounorii y ¢axogiit miaro-
TOBIi TMOBUHHO Bi/IMOBIJJaTH Cy4YacHHUM CBiTOBHM CTaH-
JapTam npodeciiHoro po3BUTKY MalOyTHHOTO BUMTEIS
GiznuHOT KyJIBTypH B yMOBaX iH(OpPMaLiiHO-0CBITHHOTO
poCTOPY.

VY xoi TeopeTHuHOro anamnily OyJo 3’sCOBaHO, 110 B
JaHUK 4ac y 3B’A3Ky 3 IPyHTOBHHUMHU 3MiHaMu y BHILiH
hizkyabTypHiit ocBiTi, HEOOXinHO miAiiMard MUTaHHS,
0B’ s13aHi 3 podeciiiHuM caMOBU3HAYEHHSIM 0COOUCTOC-
Ti Maii0yTHbOTO BunTENs (Pi3MUHOT KyIbTYypH; BU3HAYATH
LIISIXM Moro camopeadizauii B MailOyTHiit npodeciiiniii
NiSUTBHOCTI.

VY nepcrexTuBi NUIIAHYETbCS NPUAUIMTH yBary iH-
(opmarniiiniii KymeTypi MaiOyTHHOTO BUMTENs (Hi3MUHOT
KyJIBTYpH Yy Tipolieci npog)eciiHOro po3BHTKY B yMOBax
iHpopMaIifHO-OCBITHEOTO MTPOCTOPY.
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Po3B'si3yBaHHS D0caiAHUUbKHX 3a4a4 3 Qi3UKH i3 3acTOCYBAHHAM
HOBHUX iH(popManiliHMX TeXHOJOTil

10.0. XKyxk

CraHoBJIeHHSI YKpaiHU SIK CaMOCTIMHOT JepKaBH, COIIaIbHO-€KOHOMIUHI 3MIHU Y
CYCHUIBCTBI BHCYBAIOTh TIEpE] OCBITOIO 3aBJIaHHS BiJPO/DKCHHS 1HTEJICKTYaTbHOTO
MOTEHITially Hapody, BUXOMY BITUM3HAHOI HAyKd Ha CBITOBHWHA piBeHb. OmHUM 3
OCHOBHUX HAIIPSIMKIB peaizallii MOCTaBIECHUX 3aBJaHb € 3a0e3MEeUYeHHSI PO3BUTKY
OCBITM Ha 0a3i HOBUX IPOTPECHUBHUX KOHIICMIif, BIpOBa/PKEHHS IH(MOpMAIITHIX
TEXHOJIOT1H 1 HAyKOBO-METOAMYHUX JIOCIIDKEHb Y HaBYaIbHUIA TTPOIIEC.

HaykoBo-TexHIYHUI POTpec MPU3BOUTH JI0 BCE OUIBIIOTO YCKJIAAHCHHS 3MICTY 1
NpUOMIB TPYA0BOI MiSIBHOCTI MroauHU. LIS MSUTBHICTH XapaKTepu3yeThCs pucamu
TOIIYKY, BOHA BUMArae BiJ| JIIOJJUHU TEXHIYHUX 1 TEXHOJOTTYHUX 3HaHb, ONIEPATHBHOCTI
IpU TPUAHATI PINIEHb, BMIHHSA KOPUCTYBAaTHCS CYYaCHUMH 3aco0aMHl  YIIpaBIiHHS
iHpopMaLiiHUMU ToToKamMu. OcoOIMBOroO 3HaUEHHS Ha0yBarOTh 1HTEJIEKTyalbHI 3a1adi
Ta iX pO3B'SI3aHHS 3 BUKOPUCTAHHAM 1HGOPMAIIHHUX TEXHOJIOTM.

OgHuM 3 HampsMKIB BJIOCKOHAJEHHS INKUIBHOrO Kypey '®dismka",
pO3MUpeHHs i TOTIUOJEHHS] HOTO TEOPETUYHUX OCHOB 1 MiJIBUINECHHS MPAKTUIHOT
3HAUYIIOCTI pe3yJbTaTiB HaBYaHHS € 30UIbIIEHHS Y MKUIbHUX IIporpamax 3 (i3uku
KOMIIOHEHTa TBOPYO-I0CIIITHUIILKOI TiSTBHOCTI YUHSI.

Oco0anBO MUPOKI MEPCTICKTUBU TYT BIAKPUBAIOTHCS 3 BIIPOBAPKEHHSIM HOBUX
inpopmarniiinux TexHomoriii HaBuanHs (HITH). Ileid TBOpYO-TOCITiTHUIIEKHIA
KOMITOHEHT Mae (hopMyBaThCs, y TEPITy Yepry, 3 JOCHITHUIBKUX 3a7a4, JOOpaHuX
Tak, Mo0 iX po3B'sI30Kk OyB SIKOMOTA YHAOUHEHUM TPU BUKOPUCTAHHI KOMI'TOTEPHHUX
porpamMHuX 3aco0iB.

Crnemudiuni iHCTpyMeHTanpHI MoxmBocTi [IEOM, cnermianbHi memarorivi
nporpamui 3acobu (I1113) € BaXIMBOIO CKJIAJOBOK CY4acHOI METOJUYHOI CHUCTEMH
HaBYaHHS (I3MKKA 1 BHU3HAYAIOTh €(EKTHBHICTH BUKOPHCTAHHS KOMITIOTEPIB Y
¢i3uuHii ocBiTi. 3MIHM y 3MICTi, Me€TO/Jax Ta oprafizamiifHux ¢opmax (i3UIHOL

OCBITHU MarOTh O6a3yBaTHcCs Ha IHCTpYMeHTaJlbHOMY BukopucTtanHi [IEOM Ha ypokax



3 (I3UKHM Ta opraHi3aiii Ha Iiii OCHOBI HOBUX BH/IIB HABYAJILHOI JISUTBHOCTI, 30KpeMa
JTOCITITHUITLKOTO CIPSIMYBaHHS.

[Ipy 1bOMY OCOOJIMBO aKTyaJbHUM CTa€ TPUINCIUVICHHS YYHSIM HABUKIB
JOCIITHUIIBKOTO  MIJXOJQy O BUBUEHHS OTOYYIOUOIO CBITY 3 aKTUBHHUM
BUKOPHCTAaHHSIM  3ac00iB  HOBHX iH(OpMAaLIdHUX TeXHOJOri (IIaHyBaHHSI
EKCIIEPUMEHTY, CTBOPEHHS TEOPETHYHOIT MOJEJI SBUIIA, IO BUBYAETHCS, PO3pOOKa
MaTeMaTUYHOT MOJICJI SIBUIA YW TIPOIECy, MPOBECHHS BUMIpPIOBaHb 3 JIOCTATHIM
CTYIIEHEM TOYHOCTI, BU3HAYCHHSI TOXMOOK BUMipIOBaHb, BUKOPHCTAHHS y TpOIlECi
Hi3HAHHS MIKpPOMPOIECOpHOT TexHikH, Toino). [TocTaroTh npoOJeMu BU3HAUCHHS
HampsIMKIB 3MICTy, METOIB, 3aco0iB, opraHizamiiiHux (opM HaBYaHHS (I3UKH,
YIpaBJIiHHS HaBUAJbHUM IPOILECOM B YMOBax IIMPOKOTO BHKOPHCTaHHS 3aco0iB
HIT.

JlocnipkeHHS TIpOOJIeMH TIATOTOBKH y CEPEIHId MIKOJI KOPUCTyBayda, SKHUMA
Mae YSBIEHHS Tpo 3acoOW U MeTOAW pO3B'SI3yBaHHS JAOCTITHUIBKUX 3a/a4d 3
JIOTIOMOTOI0 KOMIT'FOTepa € aKTyaJbHUM IS BJOCKOHAJIEHHS METOJUYHOI CHUCTEMU
BUBYCHHS QI3UKM y cepenHiid mkoii. Pazom 3 TuM ocoOamBocTi ¢GopMyBaHHS
OCHOBHHX INMPUMOMIB HaBYAJIbHO-TOCIIIHUIIBKOI JISTHHOCTI YYHIB CTApIIUX KJIAciB
cepeHbOl KoM npu BuBYeHHI ¢i3uku B ymoBax HITH no cporogni 3amumanucs
no3a yBarowo jgocmigHukiB. Ille He gocTaTHRO po3pobieHa  MeTOaUKa
BUKopucTaHHa 3aco0iB  HIT jusg  mimecnpsMoOBaHOTO — PO3BUTKY — TBOPYO-
JOCTI THUIEKOT JiSITBHOCT1 YUHIB.

[IpoTupiuus MK 3MICTOM Cy4acHOTO IIKUIBHOTO Kypcy "dizuka" 1 po30ir y
norisgax Ha Horo BHKJIagaHHa Ha ocHoBl HIT, 3 ogHoro OoOKy, 1 BHUMOTH
Cy4acHOCTI, MEPCIEKTUBH, IO BIAKPUBAIOTHCA y 3B'A3KY 3 1H(OpMaTH3aIlI€IO
HAaBYAJIBHOTO TIPOIECY 1 BIPOBA/PKCHHS HOBHX 1H(GOPMALIMHUX TEXHOJOT1i
HaBYaHHS, 3 JPYTroro 00Ky, BU3HAYAIOTh COIiaJIbHO BaXKIUBY MpoOieMy. Y 3B'S3Ky 3
UM pO3poOKa HOBHUX METOJIIB BUBYCHHS (PI3UKH Yy IIKOJI, 3'SCYBaHHS MOXJIHUBUX
HaNPSMKIB MOJIEpHi3aIlii 3MICTy MIKITHHOT (i3SMYHOI OCBITH, TiABUIICHHS MPAKTUIHOT
3HAUYMIOCTI pE3yJbTaTiB HaBYaHHS B YMOBAaXx PO3BMHEHOTO iH(GOPMAIIITHOTO

CYCIUIBCTBA € aKTYAILHOIO TTPOOIIEMOFO.



Y mpakTulli IMKUTBHOTO HaBYAJIBHOTO Tporiecy pobora i3 3acobamm HIT
KOHKPETHU3Y€ThCS, Y Tepiry 4epry, B poOoTi 3 nepcoranbHuM Komm'torepoM (I1K) i
nporpamuuM 3acobom (I13), mo ympasisie podororo IIK. Onna i3 3agau IIK —
aBTOMATH3aIlisl 1HTEJEKTyaJbHO! TMpalli, MNiABUIICHHS €(QEeKTUBHOCTI MiSUTHHOCTI
moguan. ['osnoBHOIO ocobmuBicTio IIK € pobGota 3 Takumu 13, mo opieHTOBaHI Ha
KOpHCTyBaua, SIKAH HE BOJIOJIE MOBaMH TporpamyBaHHs. Takuil miaxix J03BOJISE
noJ1oJ1aTu 6ap'ep, MO BiJOKPEMITIOE JIFOIMHY BiJl KOMITIOTEpa.

CporojiHi iCHYIOTh Y BENIMKIN KIJBKOCTI Ta TOCTIHHO 3'IBIISIOTHCS BCE HOBI
naketd npukiagaux nporpam (ITIII), mo €, mo cyTi, MareMaTUYHUMH MaKETaMH,
OCHOBHOIO TIEPEBarol0 SIKUX € 3arajJbHONPUIHATA MaTeMaTUYHA MOBA, 3 JIONMOMOTOIO
SIKO1 3/IMCHIOETHCSI CIUIKYBaHHS Y cucTeMi ''moanHa — komm'iorep'. IlpusHaveHi,
Hacamrepe/, s iHKCHEpHUX 1 HaAyKOBUX po3paxyHKiB, i [T BUKOpUCTOBYIOTHCS
JUIST MaTeMaTHYHOI IMiITPUMKH HaBYAJIHHOTO TIPOIIECY TOMY, IO HE BHUMAraroTh Bij
KOPUCTyBauya BMIHHS MPOrpaMyBaTH Ta HE PYWHYIOTh 0OpaHy BHKJIQJaueM METOJIUKY
HaBYaHHS., Y CBITI MMPOKO momupeHi Taki iHcrpymenrtanpHi I1III1, sx Mathcad,
Martnemarica, Eureka, Derive, Mathlab [3]. I1]oo BUKOpUCTaHHS B CepeIHiii KO
3az”HaueHux 1 nmonioumx IIII1, ciix ckaszard, 10 BOHU MArOTh 30MTOK MaTeMaTUYHUX
MOKJIMBOCTEH, BUMAraroTh TPHUBAJIOI IIATOTOBKA KOPUCTyBadya depe3 CKIIAJHI
JMPEKTOPii TOCTYIy /10 HEOOXiTHOI /Ui KOHKPETHOTO PO3PAaxyHKY YaCTHHU CHCTEMH,
TPOMI3IKUMHM  TpaBWJIaMH, SKUMH HEOOXIJIHO KOpPHCTyBaThcs Mpu  Habopi
GYHKITIOHATEHUX 3aJIeKHOCTEH, o0y 10B1 TpadikiB, YuceIbHOT 00poOKH iHMOpMaIIii.

Ha xadenpi inpopmatuku YJIITY im. M. I1. [IparomanoBa mijg KepiBHUIITBOM
akamemika AITH VYkpaimm M. 1. XKamgmaka pospobiaeno IIII3 Granl, mo nae
JOCTATHIO MaTeMaTUYHY MiATPUMKY KypciB "Maremaruka" ta "®izuka" [i]. JlocBin
Bukopuctanus [1113 Granl npu BukIagaHHI MKUTEHOTO Kypey "®izuka" mokasye, 1Mo
NpocTOoTa ¥ JOCTYNHICTH BBEJCHHS 1HQOpMaIli, BAaJIO OpraHi3oBaHWil iHTepdeiic
KOpUCTYyBaya, HassBHICTh KOHTEKCTHOI IHCTPYKITil JIOMIOMAararoTh YUHSIM JOCUThH IIIBUJIKO
OIMMaHyBaTH OlepalliiiHy KOMIIOHEHTY AisTbHOCTI 3 januM [1113.

3actocyBanns 3aco0iB HIT y Tomy pakypci, 1mo Horo BuMarae€ BUKOPHCTaHHSI

[TI13 matemaruynoi miarpumMku (ITI13 MII), Hanpukiag npud po3B'I3yBaHHI 3a1adi,



00OB'SI3KOBO BKJIIOUAE y MPOIIEC HABYAIBHOI JiSUTHHOCTI €Tall CTBOPEHHSI MAaTeMaTHYHOT
MO/IeNTi PO3B'sI3aHHS 3a/1aui, TOOTO BUKOPUCTAaHHS (YOPMATBHOTO arnapary MaTeMaTHKH.
Hami meparoriydi CHocTepexeHHs! MOKa3yloTh HEOOXITHICTh MEBHOTO MiATOTOBYOTO
nepioy, 1o Mepeaye caMOCTIHHOMY PO3B'SI3yBaHHIO YYHAMH 33/1a4  Kypey "®izuka”
cepeaaboi mkosm 3 BukopuctanHsMm 11113 MII. Ileit mepiox, y cBoro  depry,
pO3Ma/IaeThCs Ha JIBa €Talld, Ha KOKHOMY 3 SIKUX PO3B'S3YIOTHCS CBOI METOMYHI
3ajaui. Y pesyibTaTi peanizaiii IepIioro eramy IMiAroroB4oro Iepiogy ydeHb
MOBHHEH:
®0OMaHyBaTH OCHOBHUMHM IOHSATTSIMHU MaTepiaiy, 110 BUBYAETHCS,
*0BOJIOJIITH HaBUUKamu pobotu 3 I1K;
® OBOJIOJIITY HABUYKAMU BUKOPHUCTAaHHS KOHKpeTHoro [13.
[IpoTsirom Apyroro erary y4eHb TOBUHEH:
®pO3B'sI3aTM  HU3KY CIHEMiallbHO TMiAiOpaHuX 3ajad 3 TEMH, IO
BUBYAETHCS, 13 3pOCTAHHSAM CTYIICHS  CKJIAIHOCTI,
®pO3B'A3aTH HU3KY 3ajad, JIe yBara 30Cepe/KyeTbcs caMe Ha MoOyJI0Bi
MaTeMaTUYHOI MOJIei (i3HIHOTO MPOIIECY, IO BUBYAETHCS,
®I[IPOBECTU JOKJIAJHUN aHalli3 CBOEI JISJBHOCTI IPHU PO3B'A3yBaHHI
3aJ1a4y, BUKOHAHHS SIKUX Tiepea0adae BUKopucTanHs 3aco0ip HIT.

TakumM YWHOM, T[MOYATOK CAMOCTIMHOI HaBYAIBHOI  JISJIBHOCTI 3
BUKOpHCTaHHAM 3aco0iB HIT posmounHaeThcst micis MpOXOHKEHHS YUHSIMU CTamil
PENpPOAYKTUBHOI JiISITFHOCTI TPU PO3B'SI3yBaHHI HABUAJIBHUX 3a/1a4 3 MPOEKTYBAHHS
i€l JSUTPHOCTI HAa MOXKJIUBICTH 3acTocyBaHHsA 3aco0iB HIT. m mpomy KoXXHUIA
€JeMEHT IiJITOTOBYMX eTamiB Moxe OyTtu posmupeHuit. Hanpukmaan, mnpu
pO3B'sI3yBaHHI 3a7a4 TeMH HEOOXiJIHO 3BEpHYTHM YBary Ha OBOJIOAIHHS YUYHSIMH
TAaKUMU TUIIAMU HaBYAJIbHUX JIil, SIK IEPETBOPEHHS MaTeMaTUYHUX BUpasiB (popmy:i),
BUBEJICHHS (hOPMYJI, BAKOPUCTAHHS POPMY L.

Ilpu anamizi BIAacHOI MISUIBHOCTI YYHI TIOBMHHI BMITH CKJIAcTH aJrOpPUTM
JUSITBHOCTI, IO JoloMarae iM CBIJJOMO BHOMpaTH €TalM, Ha SKUX BOHHU ITOBHUHHI
BUKOPHCTOBYBATH 3acO0M MaTeMaTW4HOI ITiITPUMKH IPOIeCy PO3B'sI3yBaHHS 3ajadi,

Hagani HIT. Caig 3BepHYTH yBary y4HiB Ha paifioHaJIbHYy CTOPOHY IXHBOI JISJIBHOCTI



/T 9ac yrIpaBIiHHS MPOIIECOM MO0y I0BH rpadiaHoro odpasy, TiayMadeHHs rpadigHoro
ysIBIEHHS (QYHKI[IOHATBHOT 3aleKHOCTI, TIAyMadeHHs YHCEIbHUX pe3yJIbTaTiB
JIAHITIO’KKA pe3yJIbTaTiB, PO3PaXyHKIB 1 T. iH.

OmHUM 3 EKCIEpUMEHTAILHUX OO'€KTIB HAIIMX JIOCHIPKCHb BUCTYIIA€
MaTeMaTUIHE MOJICITFOBAHHS K OKPEMUI BUJT AiSLTEHOCTI MOJICTFOBAHHS, 1110 JTO3BOJISIE
orpuMatu rpadiuHe mogaHHd (Gi3MYHUX TPOIIECIB, SIKi MOJCIIOIOTHCS, K MPOMIKHHIMA
eTan po3B'I3yBaHHS HABYAJIBHOI 3ajadi. 3 MOSBOK TaKWUX MPOTPAMHUX 3aco0iB, K
Mathcad, Eureka, Derive, Granl Ta iHmmx, eTam mporpamyBaHHS i3 MisUIBHOCTI
KOPUCTYBaya MOYKHA BUKJIIOYMTH y THX BHUIIaJIKaX, KO po3podiieHa (CKOHCTpyiioBaHa)
MaTeMaTUYHa MOJIeJb pO3B'A3yBaHHS 3ajadi Juisl sBUINAa abo Tporecy, IIo
pO3IIIAEThCS, Y 3BUYHIA I y4HA 3HakoBik ¢opmi. Ile posmmproe cohepy
3actocyBaHHs 3aco0iB HIT, ToMy 1110 He BUMarae BijJ y4HIB BUCOKOT'O PIBHS BOJIOJIHHS
METO0JIaM1 MaTeMAaTHKH Ta OCHOBaMH IIPOrpamMyBaHHS, IPUCKOPIOE MPOIIEC OTPUMAHHSI
KIiHIIEBOTO pE3yJIbTAaTy PO3B'si3aHHS (Di3UUHOI 3a/1a4i.

Bukopucranns III13, 3mgarHux Bi3yamidyBatd JOCHIDKyBaHI  MOJENi, €
OTIOCEPEIKYBAHHSIM TPEIMETHO-MAHIITYISITABHOTO CHOCO0Y aHaji3y, OCKIUJIBKH J1a€
MOXJIMBICTH ~ OINEpYyBaTH  BiJNOBITHUMU €KpaHHUMH oOpaszamu. Y  BHUIAJIKY
BUKOPUCTAHHSI TEaroriyHO OpI€HTOBAaHMX MporpamMHux 3aco0iB tumy Granl,
npeMeTaMy MaHIIMy TIOBaHHS € rpadiku QYHKIIIH, 0 pearizyroThes (Bi3yali3yroThes
Ha ekpati [IEOM) KOHCTpyKTOpOM 00pa3y Ha OCHOBI CTBOPEHOI HMM MaTeMaTHYHOT
MOJIeJIi po3B'sI3yBaHHS 3a/1a4i.

[Ipu BuKOpHcTaHHI TpadidyHOro obpaszy B MpoIieci po3B'SI3yBaHHS HaBYAJILHOL
3a7a4i OCHOBHHMIM IIPEIMETOM JISUTHHOCTI BHCTYIIA€, BOUEBH]b, caMa 3aaada. IlIpore,
3aJIe)KHO BiJ] KOHKPETHOTO eTamy JiSUIbHOCTI, BiIOYBA€ThCs MEPEHECEHHsS aKICHTY ITi€l
JisutbHOCTI  (JTOKanmbHE MinecnpsmyBaHHs). Tak, mpu aHajiizi rpadidyHoro obpasy
OCHOBHUM IIPEAMETOM JIISUIBHOCTI BUCTyIA€e caMm rpadiunuii oOpa3 GyHKIIOHATBLHOT
3aJIe)KHOCTI, a HaBYalibHa 3aj1a4a (a0o 11 pparMeHT) BiAXOIUThH HA JPYTUil IUIaH.

[lemaroriuni  cmocTepeXeHHs TOKazaaw, Mo Tmpu pobori 13  3acobamwu
OOUYHMCITIOBATBHOT TEXHIKM Ta KOHKPETHUMH TIEJaroriYHUMH TPOrPpaMHUMU 3aco0aMu

JUIE  KOMITIOTEPHOTO  aHai3y  BUAMOBIIHUX  MaTEeMAaTUYHUX  MOJICJICH, IO



BUKOPHUCTOBYIOTBCS JIJII PO3B'SI3yBaHHS HABYAIBHOI 3a/1a4i, MpeJMETHA Taiy3b SIKOi
3HAXO/JUTHCS 32 MEXKaMU BJaCHE OOUYMCITIOBAILHOI TEXHIKM, yYeHb 3HAXOJUTHCS B
curyarlii, KOJ¥M Ma€ BHUKOPHCTOBYBATU [IBI TapajiejbHO-TIOCIIIOBHI TEpPIENTHBHI
cxemu. OnHa cxema (OCHOBHA) JI03BOJISIE HOMY 3JIIMCHIOBATH JLSUTBHICTD Y MPEAMETHIM
rajgysi HaB4YaIbHOI 3ajadi, iHma (0JaTKoBa) J03BOJIIE HOMY 3IiMCHIOBATH TisSUIHHICTH
IIOJI0 YNPABIiHHS 3aco00aMu OOYKMCIIOBAIBHOT TeXHIKM (KOJIM yYeHb BHCTYIAE SIK
aktuBHuil xopuctyBad I1I13). Ilpu 3BepTaHHi A0 Ti€l YM iHIIOT MEPIECITUBHOI CXEMU
0JIHA 3 HUX BIJICTYIIa€ HA JPYruid Ij1aH, TOOTO MEPEXOoaUTh B 00JACTh '3aTEMHEHHS .
IlepeBesieHHss yBaru, IIEPEHECEHHS AaKIEHTIB JIISUIBHOCTI BHM3HA4yae crHerudiky
3aCTOCYBaHHs 0O0uncIoBaibHOI TexHiku Ta [1[13 y HaByampHOMY Mpolieci, BILTMBA€E Ha
NPOLIEC IPUIHATTSI PIllICHHS.

Busnadyeno Tunu 3amad, npu po3B'si3yBaHHI Skux 3actocyBanHHs 1113 HalOimbI
JOLJIBHE

a) 3ajadi, SIKi HEMOJYKJIMBO PO3B'I3yBaTH B CEepe/HIN IIKOJI 0€3 3acTOCYBaHHs
obOumcimoBa bHUX 3ac00iB, Hajganux [II13 (Bu3HAueHHS TIUIONI KPUBOJIHIHHOL
Tpanenii, JOBKUHHA JyTW KPHWBOI, 3HAUCHHS BU3HAYCHOr'O IHTErpasly, ampoKCHMAIlil
(YHKIIIOHATTFHOI 3aJIEXKHOCTI Ta iH.);

0) 3ajmaui, 10 BHUMararOTh IIBHUJIKOIO  ONpAIfOBaHHS  pe3yJbTaTiB
€KCIIEpUMEHTY, BHKOHAHHS TrpadidyHuX IMOOYJ0B AyXkKe CKIaJHUX (YHKIIOHATBHUX
3aJIeKHOCTEN,

B) 3a4ayi, IA SKUX HaAWOLIbII palioOHAJIbHUM METOJOM pO3B'SI3aHHSA €
rpadiyHuii;

) 3ajadi JICMOHCTpAIliiHO-aHAIITHIHOTO XapakTepy (aHasi3 noBe iHKu QyHKIIii
y pi3Hux oOnactsx i1 Bu3HaueHHs. Hampuknan: piBHSHHS cTaHy pealbHHUX TasiB,
CHJTU MDKMOJIEKYJISIPHOT B3a€EMOJIiT Ta 1H);

1) 3aja4i JIeMOHCTpAIliifHO-HABUAOUOTO XapakTepy (JAeMOHCTpaIlil CKIaJHUX
(GYHKIIOHATBHUX 3JIKHOCTEH dYepe3 iX rpadiyHe MOJAHHS HAMPUKIAA. Qirypu
Jliccaxxy, TOTY)XHICTh Ta €HEpris KOJWBaJbHMX IMPOIECiB, I1HTepdepeHIliiHi Ta
AUQPaKIiifHi IPOIECH Ta iH.).

PosrnsiHyTo XapakTtepHi 0COOIMBOCTI TMPOLECY KOHCTPYIOBAHHS MaTeMaTUYHOT



MOJIeTi  PO3B'SI3yBaHHS HABYAJIBHO-JIOCIITHUAIBKOT  3a7adi, 3HAKOBO-CUMBOJIIYHOL
JisTbHOCTI yuHIB mipu BukopuctanHi I113, ocoGmmBocTi BUKOpuCTaHHSI rpadidHUX
YSIBJICHb (YHKI[IOHATbHUX 3aJISKHOCTEH SK Bizyasizalii MareMaTuyHol Mojemi y
BUIJISA/I €KpaHHOTO 00pa3y MpH po3B'sa3yBaHHI 3a/1a4 3 (i3UKH.

[IporioHoBaHMiA MiAXiJ MOPIBHSHO 3 OMMCAHUMU DPAHIIIE €KCIIEPUMEHTATLHUMMU
JOCIIIJIKEHHSIMA  BIITHOCHO BUKOPUCTAHHS MOJIEIIOBAHHS SIK METOJy Ii3HAHHS 1
3ac00y po3B'A3yBaHHS 3ajlay XapaKTepUu3yeThCs TUM, 1110

1) BUALIAETHCS TISUTBHICTD 31 3HAKOBO-CHMBOJIIYHUMU obpazamu,
orpumanumu 3 Bukopuctanusam 1113 i BisyamnizoBanumu Ha expani [IEOM,;

2) po3rIAaloThesl  cneludiuni  GyHKIil BHKOPHCTOBYBaHHMX 3aco0iB  Ta
orepaIioHaJIbHUIA CKJIaJl JiSJIBHOCTI, 10 JUKTY€eThcs HIT;

3) hbopMyBaHHS 3HAKOBO-CUMBOJIIYHOT TisSTIBHOCTI PO3IIISIAETHCS 3 YPaXyBaHHIM
MOJKJIMBOCTI ~ MaTEeMaTUYHOTO  ONpAIfOBaHHS  3HAKOBO-CUMBOJIUHUX  300pakeHb
3aco0aMu 00YUCITIOBAILHOT TEXHIKH.

Bupineno HaiOITbII XapakTepHi TUMHA TIOMHJIOK 1 PO3MISTHYTO TPUYUHH iX
BUHHUKHEHHS TIPY KOHCTPYIOBAaHHI HABYAJIBHOI MAaTEeMaTHYHOI MOJIENIi PO3B’SI3yBaHHS
¢bi3ndHOI 3a/1a4i Ta 3acTocyBaHHi 3aco0iB HIT:

a) cHTyalliliHa TOMHJIKAa — HENpaBWIbHE BH3HAYCHHS I€papxii MapamerpiB
3ajadi, TOOTO iX B3aeMomiANopsaAKoBaHOCTI. [lpym omaHyBaHHI Teopiero MoAIOHA
MIOMWJIKA, SIK TIPaBWJIO, TTOB'SI3aHA 3 HEJIOCTATHIM JIOCBIJIOM PO3B'SI3yBaHHS 3a7ad;

0) HOMMJIKA cUCTeMaTHh3allii — MOMMJIKOBE BiJIHECEHHS sBHINA (Di3UUHOT MO/l
[0 ONMCaHe B YMOBI 3aJ1a4i, 710 BiIOMOT0 (hi3MYHOT0 3aKOHY, TEOPIl;

B) IOMUJIKA pO3Mi3HABaHHS — I[IOMIJIKOBA ifeHTU(IKAIiss TepMiHiB,
BUKOpHUCTaHUX Yy 3ajadi. [loMuiku cucremarusailii Ta po3mizHaBaHHS BKa3ylOTh HA
MPOrajvuHU B TEOPETUUHUX 3HAHHSX;

) omepalliiiHi MOMUIKA — BUHUKAIOTH y MPOIECi MAaTEMaTUYHUX [IEPETBOPCHb
(3Minn GopMu MaTeMaTHYHOro 3amucy). HaiiyacTime i MOMMIKM IOB'SI3aHi 3
pO3CiIOBaHHSIM YBaru, BTPaTOK 30CEPEHKEHOCTI B JISUIBHOCTI. bumbIl HIX BiJ
BJIaCHUX O0COOJMBOCTEH YUHIB MOsBA I[UX MMOMWIOK 3aJIEKUTh BiJl 00CTaBUH, B SIKMX

BiJIOYBa€ThCS NISIIBHICTH, TOOTO TPOAYKTOM €prOHOMIKH,



1) olepallioHaJbHI TMOMUJIKH — TOMWIKA TPU POOOTI 3 TPOrpaMHUMHU Ta
anapataumu 3acobamu HIT. Bonu mano BnimBaioTh Ha mpoIiec 03B'a3yBaHHsI 3a/1a4i

€) amapaTHi DOMHIKH -— 300i B po6Ooti 3aco6iB HIT. Taki momMuiku He
3aJIe)KaTh BiJ YUHIB IIPH JOCTATHIN TEXHIUHIN SIKOCTI POrPaMHOT0 PO AyKTy. Yacrime
BOHU CIIOCTEPIralOThCsl MPU 3aHECEHHI KOMI'IOTEPHUX BIPYCiB 10 MPOrpaMHO-
anapaTtHux 3aco6iB HIT.

Ha ocHOBI pe3yJIpTaTiB POBEICHOTO JOCTIHKSHHS 1 TIeIarOriYHOr0 eKCIepUMEHTY
MOYKHa 3pOOWTH BHCHOBKH, IO BHUKOPHCTAHHS HOBUX iH(QOPMAIHHUX TEXHOJIOTIH
HaBYaHHS (30KpeMa TIejarorivaumx nporpamMHux 3aco0iB  tumy GRAN s
KOMITFOTEPHOI MIATPAMKHM aHaTi3y MaTEeMAaTUYHHX MOJICJICH) JI03BOJIIE 3HAYHO
pO3MUPHUTH 3MICT Kypcy "®i3zuka" cepemHboi MmKoau 0e3 30UIBIICHHS MaTeMaTUIHOT
MIFOTOBKY IIKOJISIPIB, ICTOTHO MIiJBUIINUTH PE3yJIbTaTUBHICTh HABYAJILHOI JISUTLHOCTI
Oe3rmocepeTHLO Ha YpOIl, MOrTHOUTH PO3YMIHHS YYHSMH HaBUAJILHOIO Matepiaiy,
HaJIaTh HABYAHHIO TBOPYO-JIOCIITHAIIBKOTO XapakTepy, B IMUPOKUX MeKaxX 3a0e3MeunTn
nudepeHItialiro HaBYaHHs, MiJCUIUTH TPUKIaAHy 3HAUYIICTh PE3yJIbTaTiB HaBUYaHHS
Gi3UKK y TIKOJI1 32 paXyHOK

1) po3mMpeHHss KOMIIOHEHTH HAaBYAILHO-IOCIIAHUAIBKOT — MisUIBHOCTI  yUHIB
Oesrocepe/THO HA YPOKax;

2) CTUMYJIIOBaHHSI PO3BUTKY OOpa3HO-€CTETUYHOTO i aOCTpaKTHO- JIOTIYHOIO
MUCJIEHHS 3aBJSKM BHKOPHUCTAHHIO KOMITIOTepHOI rpadiku g Bi3yamizalli
aOCTpaKTHUX MaTeMaTUYHUX O0'EKTIB;

3) 3MiLHEHHS  MDKIOPEAMETHHUX  3B'I3KiB  3aBASKM  BUKOPUCTAHHIO
MaTeMaTUYHUX METOJIB 3 BIIMOBITHOIO KOMITTOTEPHOIO IMiATPUMKOIO, CTOCOBHO JI0
00'€KTIB Pi3HUX MPEIMETHHUX TaJTy3ei;

4)popmyBaHHs HaBUUKIB KoprcTyBaua 3acobamu HIT sk HeoOXiqHOTO eneMeHTa
JSTTLHOCTI JIFOJIMHKA B YMOBaX Cy4acHOTO iH(pOPMATH30BAHOTO CYCIUILCTRA,

5)3acTocyBaHHS HOBHX METOJMYHUX IIIJXO/AIB JI0O BUBYEHHS Matepialry Kypcy
"®dizuka" B cepeHIN MIKOII;

6)po3MUpeHHsT 3MiCTY MIKUIbHOT (DI3MYHOI OCBITH 3aBJSKM BBCJICHHIO HOBHUX

PO3JILTIB 1 TeM, BUBYEHHS SKUX TPaJMIliitHO Oa3yBajocs Ha 3HaHHI YUHSIMU €JIEMEHTIB



BUIIIO] MAaTeMAaTHUKH.

Jocaimkenns Bukopuctanas [IK sk 3aco0y HaB4aHHS TMOCTaBUIO P
po0JieM, [0 BUMAratoTh MO/ajIbIIIOr0 BUBYCHHS:

a) IeTaJbHO PO3POOUTH 3MICT, METOJHM W OpraHizamiiiHi (GOpMH BUBYCHHSI
OKpEeMHUX pO3JiIiB Kypcy '®dizuka" 3 BUKOPHUCTAaHHSIM HOBHX HGpOpMaIiiHIX
TEXHOJIOT1H, 30KpeMa BUKOPUCTaHHS 3aco0iB MaTeMaTWYHOI MiATPUMKHU HaBUAIbHOI
TISUTBHOCTI,

0) BJIOCKOHAJIUTH  CTPYKTYpPY THPOrpaMHOrO 3abe3NedyeHHs, IS MiATPUMKH
METO/IUK, 110 0a3yIThes Ha 3acTocyBaHHI 3aco0iB HIT;

B) BUSHAYUTH HANPSMKH YIOCKOHAJICHHS 3MICTy (Di3UYHOI OCBITH B cepejHiii
IIKOJII 3 YpaXyBaHHSM COIllalbHUX MOTPeOd CyCcHibCcTBa MPHU MOCTIHHOMY 3pOCTaHHI
BUKOPHUCTAHHsS 3ac00iB 1HGOpMAIIMHMX TEXHOJOTI Yy PI3HUX Taly3siX JIOACHKOT

JISUTBHOCTI.
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