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BCTYII

MerToro BUKIaJaHHS HaBYAJIbHOI quctuIiing «[HhopmaTuka 1 OCHOBH CUCTEMHOTO
aHai3y» €: BUPOOUTH HaBUYKU €(PEKTUBHOTO BUKOPHCTAHHS Cy4acHHX 1H(OpMaIiifHo-
KOMYHIKAI[IHHUX TEXHOJOT1H y mpodecioHaNbHINA MiSJIBHOCTI, BUPOOUTH HABUYKHU
CHUCTEMHOTO MUCJIEHHS y CTYICHTIB 1 MIATOTYBATU iX A0 PIMICHHS MPAaKTUYHHUX 3aJa4
aHaJli3y 1 CUHTE3y CUCTEM.

OCHOBHMMHU 3aBAAHHSMU BUBYCHHS JUCHUIUIIHKU «lHpopMaTuka 1 OCHOBHU
CHUCTEMHOTO aHaJi3y» €: BUBUYEHHS TEOPETHYHHX OCHOB i1H(GOpMATUKH 1 HAOyTTA
HABUYOK BUKOPUCTAHHS TPUKIAAHUX CHUCTEM OOpOOJEHHS MJaHWX ISl PO3B’SA3aHHS
3aBAaHb (HaxOBOTO CIPSIMYBaHHS, BUBUCHHS METOJOJIOT1i CUCTEMHOTO MIAXO0dY, ITHPOKO
3aCTOCOBYBAHOTO TpU BHUPIMICHHI MIOOATBPHUX 1 CHOCIMIAIBHUX MPOOIEeM, TaKUX SK
€KOJIOTTYHUN MOHITOPHMHT, KEPYBaHHS TEXHOJOTTYHUMHM MPOIECAMHU, TPOMHUCIOBUMH 1
TPAHCIIOPTHUMHU CUCTEMAMH, HAYKOB1 IOCIIJKEHHS, TEXHIYHE JIarHOCTYBaHHS.

Y pesynbTaTi BUBYEHHS HABYAJIbHOI AWCIUIUIIHK CTYACHT TIOBMHEH 3HATHU
OPUHUUNKA TOOYA0BU Ta (YHKLUIOHYBaHHS OOYMCIIIOBAJbHUX MAlLIMH, OpraHi3aliio
OOYMCITIOBAJILHUX TMPOIIECIB Ha TMEPCOHAJIBLHUX KOMIT IOTepax Ta iX aJrOpUTMIi3alliio,
nporpaMHe 3a0e3leueHHs MEePCOHANbHUX KOMIT'IOTEPIB, METOAM Ta 3aXoJaMu
CHUCTEMHOTO aHalli3y, MOJIEIIOBaHHSI CHUCTeM. BiH TOBUHEH BMITHU:MPALIOBATH Y
cepenoBuIlli onepaniiHoi cuctemu Microsoft Windows, 3actocoByBatH TaOIM4HI
MPOLIECOPH, 3aCTOCOBYBAaTH 0a3u MaHMX, aHAII3yBaTH Ta BUOMpATH OOYMCIIOBAIbLHI
METOJM PO3B'SI3aHHS 3a/1au MPOCKTYBAHHA 3a KPUTEPIAMH MiHIMI3allii 00YMCIIOBAIbHUX
BUTpAT, CTIAKOCTI, CKJIQAHOCTI TOIO, MPOBOAUTH TMONIYK ONTHUMAJbHUX PIIICHh B

MpolLIeC] YIPaBIiHHS BUPOOHHUIITBOM.



3M 2 OCHOBHU CUCTEMHOI'O AHAJII3Y
1 CUCTEMA SIK OB’€EKT JOCJII)KEHHSA
1.1 Micue cucTeMHOro aHanizy cepen HaykoBux aucuuriuiii. OCHOBHa MeTa
CHUCTEMHOTO aHaIi3y.
1.2 OG’exTH 1 cUCTEMH.
1.3 Knacudixkarist cuctem.
1.4 )KuTTeBuii IUKII CUCTEMU.

1.5 YnpaBniHHS CUCTEMOIO.

1.1 Micue cucTeMHOr0 aHaJi3y cepel HAYKOBUX AUCUUILIIH. OCHOBHA MeTa
CHCTEMHOT0 AHAJII3Y

HaBkomuiHidi Hac CBIT 1 IIJBHICTh JIIOJWHU, CHPSMOBAHI Ha TMI3HAHHSA 1
MIEPETBOPEHHS CBITY, 3 TOUKH 30PY CY4aCHOI HayKH, HOCATh CUCTEMHHUI XapakTep.

CHCTEeMHICTh CBITY BHUPAXAaEThCA y BUTIIAAI O0'€KTUBHO 1CHYIOYOI i€papXii pi3Ha
OpraHi30BaHMX, B3a€MOIIOYMX MK COOOI0 TPUPOTHUX 1 IITYIHUX CUCTEM.

CuCTEeMHICTh MHCIICHHS TOJIATAa€ B TOMY, IO HAllll 3HAHHS MPEACTaBISIOTHCSA Y
BUTJISI/II 1€pApXi4HOT CUCTEMH B3a€MOIIOB I3aHUX MOJIJIEH HAaBKOJIHUIITHLOTO CBITY.

VY HalmpocTiuiil TpakTyBaHHI TEPMiH «CHUCTEMa» O3HAYA€ MHOXHHY €JIEMEHTIB 1
BIJTHOCUH MK HUMH.

TepmiH «BIAHOCHHM» BKJIIOYA€ HACTYMHUN HAOIp POAMHHUX MOHSATH: CTPYKTYpa,
oprasisaiiisi, 3B's130K, B3aEMO3aJIC)KHICTh, KOPEJIAIisA, 0OMEKEHHS 1 T. .

Knacudikamiro BCiX HayKOBHX HaNpsSMKIB MOKHa 3JIMCHUTH 3a JIOMOMOTOIO
OJTHOTO 3 IBOX QyHAAMEHTATBHUX KPUTEPIiB BIAMIHHOCTI:

— BUJUICHHS HANPSMKIB, sIK1 0a3yIOThCS HA IEBHUX TUIAX €JIEMEHTIB;

— BUJIUICHHS HAMPSIMKIB, sIK1 0a3yIOThCS HA TIEBHUX TUIIAaX BiTHOCHUH.

3a AOMOMOTOI0 TIEPIIOT0 KPUTEPIIO 3MIMCHIOETHCS TPAAUIIIMHUHN MIAPO3ILT HAYKH 1
TEXHIKM Ha IUCUUIUIIHA Ta creniagbHOCTI. Ko)KHa 3 HUX 3aiiMa€eThCsi IEBHUM THUIIOM
€JIEMEHTIB, HampukiIaa, GI3UYHUX, XIMIYHUX, €KOHOMIYHUX 1 T. 1. [Ipu 1ipbomy HigKul

TUT BIAHOCUH HE QikcyeThes. g xmacudikallis Mae eKCiepuMeHTaIbHy OCHOBY, TOMY
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0 €JIEMEHTH pPI3HUX THUIIIB BUMAaraloTh EKCIEPUMEHTAIBHUX (IHCTPYMEHTAIbHUX)
3aco0i1B, 1J1s1 300py TaHHX.

Jpyruii kputepiid J03BOJISIE BUAUIUTH KJIaC HAYKOBUX HAIPSMIB, SKUH 3a0a€THCS
MIEBHUM THUIIOM BIJHOCHH, a THUIl €JIECMEHTIB, Ha SKWX BU3HAYAIOTHCS IIl BITHOCHUHU, HE
¢ikcyroThes. Taka kmacudikairis mos'sizana 3 00poOKOI0 TaHUX, a HE 3 iX 30upaHHsIM, 1
OCHOBA 11 MEPEBAKHO TEOPETUYHA.

JlpyruM KJIacoM CHCTEM 1 3aliMa€ThCS CHCTEMOJIOTISI K HayKa. XapaKTEepHOIO
O0COOJIMBICTIO CHUCTEMOJIOTIT € Te, 10 1i 3HAHHA 1 METOJOJIOTISI MOXYTb OyTH
BUKOPHUCTaHI y BCIX 0€3 BHUHATKY pPO3AUIaX TPaAWIIiHOI HAYKH, caMe TOMY iX 1HO/II
Ha3WBaIOTh METa3HAaHHAMU a00 3HAHHSAMHM, 1HBApIAHTHHUMH JI0 00'€KTa JOCIIIKCHHS

(puc. 1.1).

CucreMonoris

Teopid cuctem CucreMHUM aHaii3

[IpuknaaHi HAYKOB1 HAPSIMKA

(dpizuka, ximis1, 6Giomoris, MexaHika, reorpadis, icTOpisti T. 1m.)

Pucynok 1.1 — 3B’5130k cucTeMOIOrii 3 IHIIMMU HayKaMu

Cucremonoria K HaykKa BKJIIOYA€ JBa HAYKOBUX HAIpPSMKH TEOPI0 CHUCTEM 1
CHCTEMHHUH aHaII3.

Teopis cucteMm 3aliMaeTbCs MUTAHHSIMHU JOCHIKEHHS 1 TOOYIOBHM Mojenei
CKJIaJIHUX CHCTEM, BHUSBJICHHS iX 130MOpGHHUX BiIacTUBOCTEH. OCHOBHUMH KaTETOPIIMHU

TEOPii CUCTEM €: CUCTEMA, CIIEMEHT, M1ICUCTeMA, BITHOCUHH, CTPYKTYpPa, BIACTUBICTb.



CucteMHUll aHami3 pPO3TISIAETHCS SAK CYKYIHICTH METOJOJIOTIYHUX 3aco0iB,
BUKOPHUCTOBYBAHUX ISl MIATOTOBKHU 1 OOIPYHTYBaHHS PILICHHS CKJIAJHUX MPOOJIeM, 110
BHUHHMKAIOTh B IPOIECi BIMHOCHH O00’€KTIB 13 30BHIMHIM cepenoBuiieM. CUCTeMHUN
aHaii3 1€ CYKYMHICTh (opmalizoBaHuX, clabo (GopmanizoBaHux 1 HedOpMaTi30BaHUX
METOJIIB 1 MPOLEAYp, IO I03BOJISIOTh peaji3yBaTh CUCTEMHUN MIAXIJ 0 YHIPaBIiHHS
CUCTEMHOIO JISJIBHICTIO JIIOJWHU 1 (PYHKI[IOHYBAaHHSIM CKJIaJIHUX CHCTEM Ha PI3HUX
eTamax J>KATTEBOrO MHKIYy. [HOAI KaxyTh, IO CHUCTEMHHMM aHali3 IIe TpHUKIagHA
JlaJeKTUKa, TOMY IO caMe [iajeKThKa (Hayka Tpo 3arajbHi 3aKOHHU PyXy, 3MIHH,
MIOHOBJICHHS 1 PO3BUTKY MPHUPOJIU, CYCIUIBCTBA 1 MUCIEHHS) € WOTO METOJ0JIOTIYHOIO
OCHOBOIO.

[IpakTryHa IHHICTE CUCTEMHOTO aHANI3y MOJSATAE B TOMY, IO BiH € METOJUKOIO 1
MPAKTUKOIO IIJIECIIPSMOBAHOTO TIEPETBOPEHHS SIK CaMOi JIFOJIMHH, TaK 1 HABKOJIUIITHBOTO
Horo CBITY.

[Ipouienypy CHUCTEMHOTO aHaNi3y COPSAMOBAHI Ha BHUABJICHHS ajJbTEPHATUBHUX
BapiaHTIB BUPILICHHS MPOOJIeMH, BUSBICHHS MacIITa01B HEBU3HAUYEHOCTI 10 KOKHOMY 3
BapiaHTIB 1 3pIBHAHHS BapiaHTIB MO TUM UM 1HIIUM KPUTEPISIM €(DEeKTUBHOCTI.

OCHOBHOI0O METOIO CHCTEMHOTO aHami3y € Tmo0yaoBa y3arajabHEHOI MOJeni
B3a€MOJIIi JaHOTO O00'€KTy 3 HABKOJUIIHIM CEPENOBUINEM B KOHKPETHIA CHUTYyamii i
BUPOOJICHHS PEKOMEH/IAIIIN 1O JOCATHEHHIO IIUM 00’ €KTOM MEBHOT METH.

B icTopuuHoMy 11aH1 CUCTEeMHHM aHaJI3 € HACTYITHUKOM JOCIIIKSHHSI OTepaltii -
HampsiMy KiOGpHETHMKHM 3aCHOBAaHOTO Ha amapari ONTHMAaIbHOTO MAaTeMaTHUYHOTO
MporpamMyBaHHs, TEOPii MAaCOBOT0 0OCIyroByBaHHs, TEOPii irop.

1.2 O0’exTH i cucremun

[Tlim o00’eKTOM pO3yMi€TbCsl 4YacTWHA CBITY (MPUPOAHOTO abo0 IITYYHOTO,
MaTepiadbHOTO a00 aOCTPaKTHOTO), BUIUICHOTO MTOCTIAHUKOM SK €IUHE IiIe s
JIOCATHEHHSI OyIb-KUX IIed JochimxkeHHs abo BukopucTtaHHsi. OO’€KTH MaloTh
MPaKTUYHO HECKIHYECHHE YKCIIO BJIACTHUBOCTEH, 1 HEMA€ MOXKIMBOCTI 1 HEOOXITHOCTI iX

BCl BUBYATH. Y KOKHOMY KOHKPETHOMY BMMAJKY JUIl BHUPILIEHHS NEBHOI 3ajadl Jis



00’€KTa BUAUIAETHCS CYKYMHICTh OCHOBHUX (3 TOYKH 30PY JIOCJIIHHUKA) BIACTUBOCTEH,
K1 MOTIM H1JIaI0ThCs MPOLEAYPl BUMIPIOBAHHS, BIJOOpaKalouu KOXKHY BIACTUBICTD Y
BHTJISA/II IESKOT aOCTPAaKTHOT 3MIHHOI.

CucreMma — 1e BHJIUIEHA 3 CEpEJOBUINA CYKYIHICTh MaTreplajibHUX abo
abcTpakTHUX O00’€KTiB (110 BOJOMIIOTH MEBHUM HA0OpOM BIIACTMBOCTEH), B3a€MOJISA
AKUX 3a0e31euye NOCATHEHHS He0OX1THOI METH MPOTSITrOM MEBHOTO Yacy.

Bbynp-sika cuctema mae Taki BIaCTUBOCTI fK:

— BIJIOKPEMIJICHICTIO BiJl HABKOJIMIIIHBOT'O CEPEIOBUIIA — HAABHICTh KOPAOHIB;

— XapakTep 3B’A3KIB 3 HABKOJHIIIHIM CEPEIOBUILIEM;

— CTPYKTYPOBAHICTh — HasIBHICTb €JIEMEHTIB 1 3B’A3KiB M)XK HUMU;

— JWHAMIYHICTh — 3/IaTHICTH 3MIHIOBATHCS B 4aci;

— €MEp/KEHTHICTh — I0siBa TaKUX BJIACTHUBOCTEW CHCTeMHM, SIKi He Oynu y Ti
CJICMCHTIB,;

— 1€papXiuHICTh — TaKa CTPYKTypa, KOJW KOKHA YAaCTHHA CHCTEMH TEX SBISE
co0010 CUCTEMY, 1110 CKJIA/IA€ThCS 3 €JIEMEHTIB,;

— MANOPSAKOBaHICTh (YHKIIOHYBAHHS BCIX €JIEMEHTIB CUCTEMHU OJHIET METH.

Takum yuHOM, CUCTEMHE ySIBJICHHS 00’ €KTa NOCTIKeHHS O3HAYAE:

— BUABJICHHS €J€MEHTHOIO CKJIAJy, 10 OPOIKY€E BIACTUBOCTI CUCTEMU;

— MoOy/a0Ba TEPMIHOJOTIYHOTO MPOCTOPY Y BHUIJISAI HAOOpPY BHUXITHUX MOHSTH
(curHatyp), OB’ A3aHUX 3 PO3TISHYTUMHU BIIACTUBOCTSIMU CUCTEMU;

— 3HAaXOJKEHHs (BCTAHOBJICHHSI) CHUCTEMO YTBOPIOIOYHMX  BIJHOCHH MK
€JIEMEHTaMH OJIHOTO PIBHSI CUCTEMHU 1 BITHOCHH MIXK 1€papX1YHUMU PIBHAMH CHCTEMH;

— BCTAHOBJICHHS €MEP/PKCHTHOW (CHCTEMO YTBOPIOIOYi) BIACTUBOCTI CHUCTEMH,
SKa TIEPETBOPIOE CYKYIHICTh OKPEMHUX KOMIIOHEHT B CUCTEMY;

— 1moOyaI0Ba KOMIUIEKCHOT KBAJIIMETPUYHOT MOJIEJi BIACTUBOCTEN SAKOCT1 CUCTEMH.

KBanimeTpist — KUIbKICHA OIIHKA SIKOCTI.



1.3 Kanacudikaunisa cucrem
[ToHATTS cucTeMa OXOTUTIOE Maiike BC1 00’ €KTH OTOYYIOYOT0 HAaC CBITY, TOMY ICHY€
BEeNMKAa PI3HOMAaHITHICTh Kiacuikamii cuctem. Ha pucynky 1.2 mnpencraBieHa

KJ1acudiKaIlisi CHCTEM 3a MOXOKCHHSIM.

Kiacu@ikalis cucteM 3a NOXOIKEHHIM

Cucremu
/ \
I TyamH1 3MinIaHi ITpuponani
v v v

— 3HAPSAIIS — 010TEXHIYHI — SKWUBI
— MeXaHi3MH — Oprasi3zariini — HEXXUBI
— MAaIIVHU — aBTOMAaTHU30BaHl. .. — eKOJOTriYHi
— aBTOMAaTHu — corlajbpH1
— poboTH —

Pucynok 1.2 — Knacudikariis cucteM 3a MOXOKEHHSIM.

[ITyyHOIO0 HA3MBAaIOTh CUCTEMY, sIKa Ma€ KIHIEBY METy CBOro (hyHKLI1OHYBaHHS
(icHyBaHHS1) 1 TEHETHYHHM OMHUC, TOOTO TJaH, 3a SKUM MOOyAoBaHa ii CTPYKTypa,
noB’A3aH1 QYHKIIT CKJIaJOBHX 1i YACTHH.

[lpupogHi cuctemMu BIAPI3HAIOTHCA BiA IITYYHUX THUM, IO JUII HUX BAXKO
chopMyTIOBaTH METY 1X ICHYBaHHS. Y CUCTEMax 3MIIIAHOTO THUIY (COIIalbHO - TEXHIYHI
CUCTEMH, HANIPUKJIaJ HayKOBO — BUPOOHWY1 00’ eqHaHHS ab0 opOiTajmbHa CTAHIlIA) L1,

SK TPABWIO, MAIOTh i€papXiuyHy cTpyKTypy. Llii BepXxHbOro piBHS (METAIliIl) 3a3BUYA



HOCSITh CyO’€KTUBHUM XapaKTep, a Ha HIWKHIX PIBHIX AJS PI3HUX MIJCUCTEM MalOTh
MicCIIe K Cy0’€KTHBHI, TaK 1 00’ €KTHUBHI ILI1JI.

Knacudikarig cuctem mo xapaktepy 3B 3Ky 13 30BHIIIHIM CEPEIOBUIIIEM.

Binkputi — cuctemu, skl B MPOIECi CBOTO YKUTTEBOTO ITMKIY OOMIHIOIOTHCS 3
CEpEIOBUIIEM, MAacOI0, CHEPri€r0 Ta iH(HOPMAITIETO.

3akputi (130JIbOBaH1, 3AMKHYT1) CHCTEMH TaKoOi 3JaTHOCT1 HE MAIOTh.

OcoOnuBICTh 3aMKHYTUX CHUCTEM TOJIATa€ B TOMY, IO /s HUX BUKOHYETHCS
IPYTH 3aKOH TEPMOJUHAMIKH, SKUM TPOSABISETHCS y BUTIIANI 3POCTAHHS EHTPOIIII.
EnTpomis xapaktepusye Mipy HEBU3HAUEHOCTI CTaHy CHUCTeMH (MIpy Xaocy): 4uM
OlnbllIe Mipa HEBU3HAYEHOCT], TUM OLIbIIIE EHTPOITIs.

Kiacudikariis cuctem 3a CKIaaHICTIO:

1) HexuBI:

— CTaTW4HI CTPYKTypH a00 X OCHOBU (KpHUCTan);
— MPOCTI AMHAMIYHI 13 3aJJaHUM 3aKOHOM MOBEIIHKU (TOJIMHHUK);
— KIOEpHETHYHI CHUCTEMH 3 YIPaBIIHCHBKUMHU IIMKJIAMH 3BOPOTHOTO 3B'SI3KY

(TepmocTat, po0oT);

2) )KuBI:

— BIAKPHUTI CUCTEMH 3 CTPYKTYPOIO, sika cama 30epiraeTbcs (KIITHHH);
— JKHBI OPTaHi3MH 3 HU3BKOIO 3/IATHICTIO CIIPUHAMATH 1HPOPMAIIitO (POCITUHU);
— JKHB1 OpraHi3MH 3 OUIBII PO3BMHEHOIO CUCTEMOIO CHPUHHATTA 1HQOpMaIii

(TBapuHU);

— JKHMBI1 OpPTaHI3MH 3 CAMOCBIIOMICTIO (JIFOMHA);
— coIianbHI CHCTEMH (€THOC, HaIlif);

— TPAHCILIEHJICHTH1 CUCTEMH a0 CUCTEMH, IO JIeXKATh 11032 HAIITUM PO3YMIHHSM.

1.4 dKurTeBU HUKJ CUCTEMH
KuTTEBUM ITUKIIOM CUCTEMHU HA3UBAIOTh MEPIOJ YaCy Bl MOMEHTY MOSIBH MOTpeOU
B CTBOPEHH1 CUCTEMHU JI0 MOMEHTY ii yTHIIi3aIrii.

dopmalibHa MOJEb KUTTEBOTO IIUKITY CUCTEMH IIPEJCTaBIIeHa HA PUCYHKY 1.3.
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PO3BHTOK
z7

-
b

: i ITPUMKA

o ——— —_—

— iHTeI‘paJIBHI/Iﬁ IIOKa3HHUK SIKOCT1 CHCTEMH

perpec

I

v

T, T, T, T, T, t
Pucynok 1.3 — ®opmanbHa MOJEINb )KUTTEBOTO IIUKITY CUCTEMH

ETanu >kUTTEBOTO UKy CUCTEMU:

1) mosia pyHKIIOHATBHOT MOTPEOU B CUCTEMI,

2) popMyBaHHSI CUCTEMU;

3) HopmasibHE (YHKIIIOHYBaHHS, 3pOCTAHHS M PO3BUTOK CUCTEMU;

4) perpec (3arubesb CUICTEMH);

5) bopmyBaHHS yTHIII30BaHOI CUCTEMH ISl JOCATHEHHS 1HIINX IIJICH.

1.5 YnpaB/iiHHSI CHCTEMOIO

Buay y3aranpHeHO1 METH CUCTEMM:

— JIOCSITHEHHS TIEBHOT'O KIHIIEBOT'O CTaHY;

— peamizaliisi HEOOX1THOTO MOPAJIKY 3MIHU CTaHIB (HEOOX1IHUM PyX);

— 3a0e3mneueHHs] HEOOXITHOrO HANpAMKY pyXy cucTeMd Oe3 KOHKpeTH3alii

KIHIICBOTO CTaHy CUCTEMH.
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HaiipocTimmii KOHTYp yrHpaBiIiHHS CUCTEMOIO MTOKa3aHUN HA PUCYHKY 1.4.

Cucrema ynpaBimiHHS 3aaTunK

METH

Kepyroua cucrema

A

_

— > | Ilpsmuii 3B's130K
(xepyroumit
BILJIVIB)

3BOpOTHIH
3B'SI30K

Bonus Ha
cepeny

Bonus
cepelloBuIIa

KepoBana cuctema

30BHINTHE CEPEIOBHIIE

Pucynok 1.4 — HaiinpocTimuii KOHTYp ylpaBiIiHHS CUCTEMOIO

3aMKHYTUMHU Ha3UBAIOTHCS CUCTEMH, 10 MAIOTh 3BOPOTHHI 3B’ SA30K.

Po3’eqHannMy Ha3MBAIOTHCS CUCTEMH SIK1 HE MAIOTh 3BOPOTHOTO 3B SI3KY.

3aKoH yHpaBIIHHS — 11€ TIEBHE MPABUIIO BUPOOJIEHHS MOCIIIOBHOCTI YIIPaBISIOUNX
i, 1o 3a0e3neuyoTh JOCATHEHHSI KEPOBAHOIO0 CUCTEMOIO 3a]aHO1 METH.

LinboBa QyHKIIIS yIpaBIiHHS - 1€ TOKa3HUK SKOCT1 YIpPaBIIIHHS.

ETanu nporpamMHO-LITEOBOTO METOTY YIIPABIIHHS:

1) BupOOJIeHHSI TIPOTPaMHOTO YIPABIIHHA JJIA 3a0€3MEeUeHHS MPOrpaMHOTO PyXY
00’€KTa ynpaBIiHHS J0 METH;

2) BUpOOJICHHSI KOPHUTYIOUEro YIpPaBJIiHHA, IO 3BOJUTH BIIXWICHHS pPE3yJbTaTy
peasIbHOTO YNpaBJIiHHS BiJ IPOrPaMHOr0 pyXy 0 AOMYCTUMOI'O 3HaYEHHS.

3akoH HeoOXiaHO1 pizHOMaHITHOCTI Embi: ang ynpaBiiHHA Oyb-sSKOIO CHCTEMOIO
Kepyloua cucTemMa MOBUHHA OyTH 3/1aTHa 10 CHOPUHHATTS MPUHANMHI Ti€l &K KIUIbKOCTI

PI3HMX CUTHAIB, IKE MOXE 3 IBUTHUCS HAa BUXOJ1 KEPOBAHOT CUCTEMH.

12



2 3ACAJIM TEOPII MOJEJIOBAHHSA

2.1 BusHayeHHS TOHSATH MOJIEIN1 Ta MOJICITIOBAHHS.

2.2 IlpuHIIMIIA MOJETIOBAHHS.

2.3 Kimacudikamis Moaemnei.

2.4 Tli3HaBanbHI Ta MparMaTHYH1 MOJIENI.

2.5 Kimacudikaris imeanbHuX (a0CTpaKTHUX ) MOJCIICH.

2.6 MarepianbHi MOJEII.

2.7 Slkictb Mozedi.

2.8 BimHOIIEHHS MK MOJIEJUTIO 1 pEeabHICTIO.

2.1 BuzHa4yeHHs NOHATH MOJeJIi Ta MOJIeJTI0BAHHS

Monens (nat. — Mipa, 3pa3okK) — 1€ AKHICh 00 €KT, SKUi B MEBHUX YMOBAX 3aMIHIOE
00’€KT-OpUTIHAJ, BIATBOPIOIOYM BJIACTUBOCTI 1 XapaKTePUCTUKU OpUTIHATY, SKI
LIKaBIATh HAc, MalOuUud MpPU I[bOMY CYTTEBI IEpeBaru BUKOPUCTAHHSA (HAOYHICTb,
BUJUMICTb, TIOCTYMHICTh BUTPOOYBaHb Ta 1H.)

MopentoBanHs — 1€ JOCTIUKEHHS OyAb-SIKUX TMPOIECIB, SBUI a00 CHUCTEM
(00’exTiB) HUIAXOM MOOYMOBM 1 BUBYEHHS iX MOJEJICH; BHUKOPHUCTAHHS MOJEICH s
BU3HAYCHHS a00 YTOYHEHHS XapaKTepUCTHK 1 pallioHanizallii crmoco6iB moOya0BH 3HOBY
CTBOPIOBAaHHUX 00’ E€KTIB.

MeTta — ne o6pa3 6akaHoro MaiOyTHbOro, TOOTO MOJENb CTaHy, Ha JAOCATHEHHS
SKOTO CIIPSIMOBaHA JISITHHICTb.

Mopens € He B3arajgl SKAMOCh BIIOOpPOKEHHSIM OpUTiHANY, a I[IJIbOBUM
B1100pa’KeHHSIM.

2.2 llpyHUOMIN MO/IeTIOBAHHS

[loOynoBa 1 BUKOpPUCTaHHS MoJenei 0a3yeTbcsi Ha HACTYIHMX OCHOBHHX
MPUHIUTAX

— 1H(OpMAaIlitHOT JOCTATHOCTI;

— 3I1MCHEHHOCTI;

— MHOKHHHOCTI MOJICJICH;

13



— arperyBaHHS;
— TapameTpu3arlii.
2.3 Knacudikania moaesei
[TimcraBoro mis kaacudikallii Moaeneit € Meta MoeatoBaHHs. [{imboBa opieHTAITIS
MoieNiel 103BoJisie€ Kiacu(iKyBaTH iX 3a TUMAMH IIUJIeH, MO crmocoOam BIATBOPEHHS, 31

3MIHU Ha PI3HUX eTarnax XKUTTEBOTo UKy (puc. 2.1):

z| |8 |g -

fp— — ani

= = = m = =

< = < - =) -

M < — = ~ =

< S o < = <

== = o O S =

%) < 5 = = =

— = =
N /L /AN J

' Y Y

3a TUuIamMu 33{ Croco0aMu 33 3MiHIOBAHHSIM
e BIITBOPCHHS y uaci

Pucynok 2.1 — Knacudikauisa moaenei
2.4 IlizHaBaJbHi Ta IparMaTU4YHi MoaeJi
Pi3Huns mizHaBanbHUX 1 MparMaTUYHUX MOJENICH MPOSBISETHCS B iX BIAHOIICHHI
710 OpPUT1HAY B TIPOILIEC] AISITBHOCTI.
[TiznaBanbpHI MOJENi € (OPMOIO OpraHizallii Ta MoJaHHs 3HaHb, 3aCO00M 3’ €THAHHS
HOBUX 3HaHb 3 HASIBHUMH.
[Iparmatuuni Momeni € 3aco0OM YIpaBiIiHHA MNPAKTHYHUMH disIMH, CIOCOOOM

NoJIaHHS HEOOX1AHUX Aii a0 iX pe3yabpTaTy, TOOTO € pOOOYUM MOJAHHAM LLTI.
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2.5 Knacudikania ineasbHux (a0CTpaKTHUX) MojieJiei
Knacuikauis ineanbHUX MOJeNeH NpeIcCTaBlIeHa Ha PUCYHKY 2.2.
3a crmocoOoM MOIaHHA CEMAaHTUYHUX MOJIEJICH PO3PI3HIIOTh: MAaTEMaTUYHI1, JTOT14H1
Ta rpadiuHi. MaremaTn4Hi MOJEINI BiIrparOTh BU3HAYAJIbHY POJb cepell HIIMX (opM
3HAKOBUX MOJIEIIEH.

InTyiTUBHI MOzEN1 OYyIOThCSI Ha BepOaJIbHOMY PiBHI.

[neansH1 Monem

/\

3HaKOBI (CEMaHTHUYHI) [HTYITHBHI
| ©
é 2 : _ = =
i = i T = < ()
- | E E E| |Ez
i g = i = = o
i = = ; = (5) = g8 &
i (5} = i 8 = < ® 2
| 5 = | i O S > 3
p= i = ()
; ©)

: Jloriko-maTeMaTH4Hi

AnamiTHuHi AnroputmiuHi ImiTamini

Pucynok 2.2 — Knacudikauis iileanbHUX MOJETEH.

2.6 MarepiajabHi MoaeJti

Knacudikamis matepiaibHUX MOJENIEH MpeIcTaBlIeHa Ha PUCYHKY 2.3.
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Marepianpai Moaemi

d13uyuH1 AHAJIOTOB1

Pucynok 2.3 — Knacudikauis MaTepialbHUX MOJENEH.

Jlng Toro mo0 MarepiaJbHa MOJENb MOTJIa 3aMIHUTH OpHUTIHAT B MPOIEC]
[IJIECTIPSIMOBAHOI  JISTIBHOCTI HEOOXITHO MK MOJCJUTIO 1 OPHUTiHAJIOM BCTAHOBUTH
BIIHOCUHU TOA10HOCTI.

OcHOBHI BHIU TTOIOHOCTI:

— npsame (Ppizuune);

— HEeTpsME;

— YMOBHE.

[Mpuknaau npsimoi (pizuyHOT) MOTIOHOCTI:

— rosiorpadiyHUi 3HIMOK 00’ €KTa;

— CKYJBITYPHUHN TOPTPET JIIOANHH;

— MOJIENb JIiTaKa;

— KOIIisl TBOPY MUCTENTBA (KapTUHU, IIKATYJIKH, CKYJIBITYPH 1 T. IL.).

HemnpsiMmy moo0y BCTaHOBIIOETHCS IUIAXOM BHUSBJICHHS 00’ €KTHBHO ICHYIOUMX B
MPUPOJII AHAJIOTIM MK PO3IIITHYTUM 00’ €KTOM 1 Oynb-akuM iHIMM. [lpukiazn: 6arato
EJEKTPUYHMX 1 MEXaHIYHUX MPOIECIB OMUCYIOTHCS OJTHAKOBUMH PIBHSIHHIMU.

YMoOBHY M0/100y BCTAHOBIIIOETHCS B pe3yibTaTi yroau. [Ipukmanu:

— macropt (odiriiiHa MOACIIh BJaCHUKA);

— rpoii (MoJeNb BapTOCTI;

— KpeclieHHs (MOJIeJIb BUPOOH );

16



— curHaiau (MOJeIIi MOBITOMJICHHS );
— pe3yibTaTH MCUXOJOTTYHOTO TeCTY (MOJIEIb JIOIUHN);
- 1T. 1
2.7 SAkicTh Moaei
SIkicTh MoAeni, K 1 J000ro i1HWOro o00'e€kTa, SIBISE COOOI0 CYKYIHICTh PI3HHX

BIIACTUBOCTEH, 10 MAIOTh 1€PAPXIYHY CTPYKTYpY (puc 2.4).

BrnactuBocTi siKOCT1 MOIEN1

N

[{insoBi1 Excrutyarariitai Monudikartiitai
BJIACTHUBOCTI BJIACTUBOCTI BJIACTUBOCTI
— aJICKBaTHICTh — IPOAYKTUBHICTh — 3pO3yMUTICTh
— CTIMKICTh — Ha/lMHICTh — CTYKTYPOBAaHICTb
— TOYHICTb — 3aXHILEHICTh — PO3LINPIOBAHICTh
— pe3yJIbTaTUBHICTD — 3aBEPIICHICTD — JIOCTYIIHICTh

Pucynok 2.4 — BnacTuBOCTI SIKOCTI MOJIE1

2.8 BigHOomIeHHS MizK MOJIEJJTIO i peaJIbHICTIO

IcHye 4oTupw THNKM BIJHOCHMH MDK CIPaBXKHBOIO CHCTEMOIO 1 MOJEIUII0, B

3aJIEKHOCTI Bij iX mpupoan: $izndHoi abo abctpakTHOI. L1 BiqHOCMHY MpeacTaBiIeH] Ha

pUCYHKY 2.5.
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CropasxHs Moaentroroua
cucrema cucrema
I Tun
II Tun
T T
IV Ttun

Pucynok 2.5 — Tunu BiIHOIIEHb MIXX MOJIEJUTIO 1 PEAJIbHICTIO

JIng OIIHKK CTyHeHs BiAMOBIAHOCTI MOJENl 1 OpPHUTiHATY BBOJUTHCS MOHSITTS
«aJIeKBaTHICTh MOJCIIY.

AZIEKBaTHOIO HA3WBAIOTh TaKy MOJENb, Ui SAKOT BUMOTH TOBHOTH TOYHOCTI 1
ICTUHHOCTI MOJIeJll BUKOHYIOThCSl HE B3arajl B MOBHIM Mipi, a TUIBKM B Tid Mipi, siKa

MPU3BOJUTH JI0 IOCSTHEHHSI METH.

3 TEXHOJIOI'II CACTEMHOI'O AHAJI3Y

3.1 Anani3 i CUHTE3 B CUCTEMHHUX JOCIIKEHHSX.

3.2 JlekoMmo3uiis.

3.3 IloOynoBa iepapxiii (CTpyKTypH3allig BiAHOCHH). MaTeMaTuyHa MOJEIb
iepapxii. [ToHsaTTs ipo iepapxii.

3.4 TloOynoBa iepapxiit i CUCTEMH 3 IIUKJIAMH.

3.5 Meton ananizy iepapxiii. OCHOBHI €Talmy METOly aHaII3y iepapxiit

3.6 llIxkama T. Caari.
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3.7 MeTon napHUX MOPIBHSHb.

3.8 CtyniHb MOTOIKEHOCTI.

3.9 BekTop npiopuTeTiB.

3.10 Po3paxyHok sokanbHUX npiopuTeTiB. CHHTE3 MPIOPUTETIB.

3.1 AHaJi3 i CMHTE3 B CMCTEMHHUX JTOCJIIIKeHHAX

AHaJi3 — 11¢ mpoIlec BU3HAYCHHS BJIACTHBOCTEH, IPUTAMaHHUX CHCTEMI.

CyTb aHamizy moJisira€ B MOJUIl LUIOIO HA YaCTUHHU, CKJIAJHOTO — HA CYKYIHICTb

MPOCTIMINX KOMITOHEHT.

CuHte3 — 3’€THaHHS PI3HUX €JIEMEHTIB 00’ €KTa B €IMHE IILJIE.

CuHTe3 — 1e Ipouec MOPOJXKEHHSI (YHKIIN 1 CTPYKTYp, HEOOXITHUX 1 JOCTaTHIX

AJIA OTpUMAaHHA IICBHUX pGSyHBTaTiB

Tabnuusg 3.1 — [opiBHATBHA XapaKTEPUCTHKA €TAIIB aHATI3Y 1 CHHTE3Y

Howmep Amnanis Cunres
eTamy
1 [Toxin 06'exTa HA YACTUHM. Posrasg o6'exkta sk 1UIOTO (YacTUHH
MaKpOCUCTEMH).

2 [Tosicnenna moBeAiHku KOXHOT | [losicHeHHs  moOBeniHKM  00'€ekTa B
4aCTHHH 00'€KTa OKPEMO. MaKpOCHUCTEMI.

3 3HaHHSA po yacTUHU | PO3yMiHHS ~ 3MICTYy  MakpOCHUCTEMHU
MEPETBOPIOETHCS B 3HAHHS PO | BAKOPUCTOBYETHCSA I MOSICHEHHA 11
1iie. YacTHH.

[le mocAraeTpcs UUIAXOM PO3KPUTTA iX
pouieli (hyHKII) B MAKPOCUCTEMI.

4 B amamizsi  poskpuBaerbcs | CuHTE3  (DYHKI[IOHYBaHHS  CHUCTEMH

CTPYKTypa CHUCTEMH 1 Te, SK
BOHA TMPAIIIOE.
[IpoayKT aHamizy — 3HaHHS.

II0Ka3y€e, YOMYy BOHA Ma€ caMe TaKHi
BUIJIS.
[IpoaykT cUHTE3y — pO3yMIHHS.

Merta aHamni3y — 3HAHHS.

MeTa cuHTE3y — PO3yMiHHSL.
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3.2 JlekoMIo3u1Iist

Jlexommo3uiiisi — 1ie mpoueaypa GopMaabHOTO MOAUTY IIUJIOT0 HAa YacTHUHH, IO
nepeaye moAanbIIoMy aHalli3y WX YacTHH.

B ocHOBI HaykOBOro miJIXoay A0 JIE€KOMIO3ULIi JI€KUTh TBEPIKEHHS MPO Te, 110
MIJICTaBOIO BCSAKOI JEKOMITO3HIIIT € MOJIeNTb JaHOT CUCTEMH.

Hampuknan, B KOHCTPYKTOPCHKO-TEXHIYHOI JOKYMEHTAIlll 4acTO 3yCTPidarOThCs
7IBA BUIM JEKOMIIO3MIIIHHUX MoOJeNel: OJoK-cXema 1 MPUHIMIOBA CXeMa TEeXHIYHOi
CUCTEMH.

Enementamu Gnok-cxemu (TOYKa 30py TEXHOJIOTA) € TEXHOJOTIUHI OJUHUII, fAKI
BUITYCKAIOThCS IPOMHUCIIOBICTIO.

[IpuaiunoBa cxema (Touka 30py KOHCTPYKTOpa 1 CHOXKHMBada) mepeadadae
JEKOMIIO3UIIIIO, sIKa TOBUHHA MOSCHIOBATH (PYHKIIIOHYBaHHS 00 €KTa.

Monens cuctemu, 3a K010 (200 3a JOTIOMOTOIO SIKO1) 3AIMCHIOETHCS IEKOMITO3HUITIsA,

B CUCTCMHOMY aHaJji31 Ha3UBAEThCSI MOICIIFO-OCHOBOIO

3.3 IloOynoBa iepapxiii (cTpyKkTypHu3aunisa BigHocuH). MaTeMaTH4YHa MOJeJb
iepapxii. IlousiTTs Npo iepapxii

lepapxis — e cuctema, 10 CKIATAETHCSA 3 00 €KTIB (€IEMEHTIB), 3rpYNOBaHUX Y
He3aIeXKH1 MiAMHOXKUHU (Tpynu). OO0’ekTu i-0i rpynu mepeOyBarOTh il BILIUBOM
00’exTiB (i + /) rpynu 1, y TOH K€ Yac, BIUIUBAIOTh Ha 00'ekTH (7 - 1) rpynu. Lli rpymnu,
pO3TaIIoBaHi1 MEBHUM YMHOM (Haa a0o MiJl IHIIOI0 TPYIIOI0), HA3UBAIOTHCS PIBHAMH (200
Kimactepamu). BBaxkaerbcs (s OarathoxX 3amad), IO CJIEMEHTH OJHOTO pIBHS
HE3aJIeXKHI.

Ichye kinbKka BUAIB i€papxiil, ABa 3 AKUX MPEACTaBICHI HA PUCYHKY 3.1:

— JIOMIHAHTHI i€papxii;

— XoJyapxii.

JlomiHaHTH1 iepapxii OyBarOTh MOBHHUMH ¥ HEMOBHUMH. [IOBHMMM Ha3MBaIOTHCS
TaKi, y SIKMX KOKHHUM €JIeMEHT HUXKHBOTO (I + /) piBHS 3B'I3aHUH 3 KOKHUM €JIEMEHTOM

i-eo piBHA (puc. 4.1, a), a HEIOBHUMH Ha3WBAIOTHCS TaKi i€epapXii, A AKUX 151 yMOBa HE
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BUKOHYETBHCS, TOOTO JIeAKi €JIeMEHTH (i + /) piBHs 3B’s13aH1 HE 3 BCIMa €JI€MEHTaAMU i-20

PTG

Pucynok. 3.1 — Buau iepapxii:

PIBHA.

— JIOMIHAHTHA ITIOBHA;
— JIOMIHAHTHA HEIIOBHA;

— Xoyapxis

XonapxisiMd Ha3WBAIOTh JOMIHAHTHI i€papxii 31 3BOPOTHHUM 3B’SI3KOM. Xonapxii
TaKOXX OyBalOTh TOBHUMH 1 HETIOBHUMU.

IcHye mie onuH BUA i€papXiid, AKUH HA3WBAIOTh 1HOJI «KUTAMCHKOIO MIKATYIKOIOY.
Bin mpexacraBisie Take CHIBBIIHOIIEHHS MK KjacaMd O00’€KTIB, KOJIW OJUH KJac
00’€KTIB € MiAMHOXMHOIO OUIBII MOTYTHHOT MHOXHHHU, IO, Y CBOIO YEpry, €
MIAMHOKMHOIO HACTYNMHHUX IIe OlfbIl MOTYTHIX MHOXHH 1 T. J. Taky iepapXiuHy
CTPYKTYpPY Ma€ HaBKOJIMIIHIM HAc CBIT 3 yciMa HOro CKJIaTHUMU 00’ €KTaMH.

[TobynoBa mpocTux iepapxiit JOMIHAHTHOTO THITY

[Ipunyctmo, 1m0 MaeTbcs Jesika MHOXHHA €JIEeMEHTIB, MDK SIKHMHU ICHYIOTh
BU3HAYCHI BITHOCUHHU.

Onuc Takoi cucTeMH MOXe OyTH peai3oBaHO y JBOX B3aEMO3alexkHUX (popmax: y
BU/I1 O1HAPHOT MaTpHIIl i Y BUJII CIIPSIMOBAaHOTO rpada.

binapua watpunsgs wmoxke OyTH TIpeACTaBiIeHAa MAaTPHUIECIO JOCSIKHOCTI, IO

BU3HAYAETHCS IO MATPHIIl 3a7ICKHOCTI.
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Matpuiis 3aneKHOCT1 B 3aTTOBHIOETHCS B TakHil croci0. SAKio MHOKKWHA BepiinH H
BH3HAUCHa, TO 3a JOTOMOrOIK OIHAPHOTO BITHOIICHHS «3aJCKHUTh BIT» MOXKHA
3alIOBHUTH MATPHUITIO TaK, 110 BIAMOBIAI «Tak» (PIKCYIOTh «OJMHUIICIO», @ BIATIOBIAI «HI»
(GIKCYIOTh «HYJIEM», TOOTO €IEMEHT b;; MaTpuIli

_ %ﬂKWO i 3anexcums 8io j
Y , AKWO [ He 3aNeHCUmb8io j.

[ToOynyBaBIIM B Takui CHOCIO MaTpUIIO, MEPEXOAUMO 10 (HOpPMyBaHHS MaTPHIlL
JOCSHKHOCTI.

s mporo gopmyemo OiHapHy Matpuiiro (I+B), (ne I — onvuHMYHA MaTpHIl) 1
3BOMMO 1i 'y JeSKMM  CTymiHb k, Takuidh 10 BUKOHYETHCS  yMOBa:
(I+B)"'<(1+B)*=1+B)"""

Marpuus (I+B)*=(1+B)""" i 6yne maTpuuero 1ocsHOCTI.

Matpuus IOCSHKHOCTI Moke OyTH moOyaoBaHa 1 OUIbII MHPOCTHM IUISXOM,
0e31mocepeIHbO TI0 BUXITHOMY CIIpsiMOBaHOMY rpadi. ¥ mpomy rpadi gyra BUXOAUTH 13
3aJIE)KHOTO €JeMEeHTa. 3allOBHEHHSI MAaTPUIll OIHAPHUMH €JIeMEHTaMHU 31IMCHIOETHCS TI0
pAaKy (JIBOPYY MpaBOpyU) 3a MPABUIOM

1, skwgo 3 1. modHcHO nonacmu 8 j

Y00, inakwe

HasBHICTP MaTpuill JOCSIKHOCTI [IO3BOJISE PO3AUITUTH MHOXHHY BEpIIMH Ha
M1IMHOXHHH PiBHIB.

JIJ1st 1IbOT0 BEPIIMHY TTOAUISAIOTH HA JOCSHKHI M MOTepeaHi.

Bepumny /; Ha3uBalOTh TOCSDKHOIO 3 BEPIIMHMU /;, SKILO B OPIEHTOBaHOMY rpadi
ICHy€e mUIAX 13 A; 10 A;. 1lo3HauMMO NIAMHOMKHUHY BEPUIMH, HOCSKHHUX 13 BEPIUUHHU /;

yepe3 R(h;). BepmuHy /; Ha3suBarOTh IONEPENHIA BEPIIMHI /;, SAKIIO MOXKIMBO

HNOCATHEHHS /; 13 h;. Ilo3HaYyMMO NIAMHOKUHY BEPINMH, IO NEPEAYIOTh BEPUIMHI /;

yepes A(h;).
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Muoxwuna Ttux BepwuH A(h)=R(h)NA(h;), nna SKAX BUKOHYETHCA YMOBa
HEJIOCSDKHOCTI 3 KOXKHOT 3 3aJIMIIMBIINXCS BEPIIMH MHOKUHU H, Moke OyTu mo3HaueHa
K piBeHb lepapxii. ToOTo, mns CTPYKTypu3allli AesKOi MHOXHHU €JIeMEHTIB H,

3B’A3aHUX BHM3HAYEHHWMM BIJIHOCMHAMM 3aJIEKHOCTI, HEOOXIJHO BHUKOHATH HACTYIIHI

MPOIEAYPH:

1) ckiactu cripsiMoBaHMi rpad BiIHOCHH MK €IeMEHTaMU MHOXKWUHU H;

2) cdopMyBaTH MaTPUIIIO TOCSIKHOCTI MO CIPSIMOBaHOMY Tpadi;

3) cdopmyBaTu Tabnuiro 3 eneMmentamu h;, R(h;), A(h;) 1 R(hy)NA(h,).

Jns  ¢dopmyBaHHS TiAMHOXUHU R(h) 3 i-0i psaka waTpuil JOCSKHOCTI
BUIMUCYIOThCSI HOMEpPU THUX €JEMEHTIB, [0 MICTITh oAuHuili. Jus dopmyBaHHS
MiAMHOXUHU A(h;) 3 i-e0 CTOBMI MaTPHUIll JOCSHKHOCTI BUIHUCYIOTHCS HOMEPU THX
€JIEMEHTIB, 110 MICTATb OJIMHHII].

[linmuoxuna R(h)NA(h;) opMyeThCsl SIK JIOTIYHE MEpPETUHAHHS (CIIONYYEHHS)
CJICMEHTIB ABOX IT1JIMHOHH;

4) 3HaWTH eJeMEeHTHU B TaOJIULI, A1 IKUX BUKOHYETbCS yMOBA!

A(hy)=R(hy)NA(hy).
i ereMeHTH i yTBOPATH MEPIIU PIBEHbD;

5) Bukpeciutu oTpuMaHi Ha TMeEpIIid 1Tepaiii eleMeHTH 1 3acTOCyBaTH
BUlleonucani mnporeaypu (mm. 1-4) 3HOBY. ITepailii NMOBTOPIOIOTHCS MOTH, MOKHU
3aJIUIIAETHCS OUTBIIT OJJHOTO €JIeMEHTA.

3.4 IloOGynoBa iepapxiii 1JIs CHCTEMH 3 HUKJIAMH

Ils 3amaga, Garato B 4yoMy, aHAJOTIYHA 3a/Jadl PO3TIASHYTOI B TOMEPEIHBOMY
NYHKTI, aje ii OcOONMBICTb MOJIATaE B TOMY, IO aHajli30BaHa CUCTEMa € OLIbLI
CKJIaHOI0 ¥ mpeacTaBieHa rpadom 3 mukiamMud. Tomy nans ii pillleHHA CIOYaTKy
noTpiOHO 00 ’€THATHU €IIEMEHTH, 3B’ sA3aH1 IUKJIOM, y Tpynu (y KIach €KBIBaJIEHTHOCTI).

EnemeHTH X; 1 X; 3B'A3aH1 LUKJIOM, SKILO BOHU 3aJ0BOJIbHAIOTH BIIHOIIEHHIO: ICHY€
IIIAX 3 €JIEMEHTa X; B €JIEeMEHT X; 1 Ha3zal. 30Kpema, IpU 1 = ] €JEeMEHT X; MOXe

3aMHKaTHCA Ha ce0e, TOOTO € MUKIIYHUM €JIEMEHTOM. Y MaTPHII 3aJIeKHOCTI UK MIXK
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€JIEMEHTAMH X;, Xj IPEACTaBIIAETCA MOCIIIOBHICTIO OJUHULb Y BIANOBIIHUX OCepeKaXx,
110 3B'SI3YIOTh X; 1 Xj, HApUKIaK, aKkmwo (1, J) = 1 1 (J, 1) = 1, T0 X;, X; 3B'A3aH1 LUKIOM;
axkmo (1,j) =11, k) =11(k, 1) = 1, T0 Xj, X; 3B'13aH1 UMKIOM 1 T.4. LluKiI14HMil eneMeHT
y MaTpHIll 3aJIe)KHOCT1 MPEACTABISAETHCS OJUHUILCIO Y BIANOBIJHOMY HOMY OCEpeIKY,
Hampuknan, ko (i, 1) = 1, To eaeMeHT X; MUKIIYHUK. [licas BUKOHAHHS 3a3HAYeHOL
ormepailii 00'€lHaHHS MHOXKHMHA E€JIEMEHTIB BUSBIIETHCS PO3OUTOI0 HA KiTbKa KJIAciB
ekBiBasieHTHOCTI, Hanmpuknad: Cl = {x1, x5, x6)}, C2 = {x3, x4}, C3 = {x2, x7, x10},
C4 = {x8} 1 1. 1. EneMeHTH y KOXHOMY KJIaci 3B'i3aH1 MK COOOIO ITMKIaMHU, TOOTO
BBAXKAIOThCA HEpo3pi3HeHUMH. [10TiM anropuT™m pileHHs 3aa4i, po3rISHYTOi B poOOTi
Ne 1 3acTocoByeThCS BKE HE 10 OKpEMHUX €JIEMEHTIB, a 110 kiaciB Cl, C2, C3, C4, tomy
10 111 KJIACH YTBOPIOIOTH MpocThii rpad 0e3 KoHTypiB. s moOyaoBU piBHIB MOPSIKY
Ha KJlacax y BHUXIJHIA MaTpullli BCl OAMHUIIl B OCEpEIKaxX MaTpHIli, MO0 3B SI3YIOTh
€JIEMEHTH 3 OJHOTO KJacy, 3aMiHAIOThCA HyJsaMmH. [licis nporo 10 psAAKIB 1 CTOBMIIB

OJTHOTO KJIaCy 3aCTOCOBYETHCS OTEpallisi Jo/aBaHHS.

3.5 Meton anaJi3y iepapxiii. OCHOBHI eTany MeTO1y aHAJI3y iepapxii
bynp-sika mpobnema saBmsie co00I0 CKIAIHUNA OO0’€KT, IO Ma€ iepapXidyHy
cTpykTypy. llpm anamizi Takoro 00’e€kTa JOCIITHUK, 3BHYAMHO, 3IIITOBXYETHCA 31
CKJIQJJHOIO CUCTEMOIO B3a€MO/I11 KOMIIOHEHT MpobsieMu (pecypcu, MeTH, BINIMBOBI 0cOOU
W Tpynu, MOJMITHYHI, EKOHOMIYHI 1 1HII (HaKTOpH), K1 MOTPIOHO MpOaHATI3yBaTH.
Meton ananizy iepapxiit (MAI) € cucteMaTUYHOIO MPOLIETYPOIO ISl I€PAPXIYHOTO
MIPEACTABICHHS KOMIIOHEHTIB Mpo0aeMu. MeTon CTaHOBUTD y JIEKOMITO3HIlT TpoOIeMu
Ha yce OUIBII MPOCTi CKIAJO0BIN 1 MOAANIBINIM 00pOOIll MOCTIOBHOCTI CYIKEHb 0CO0OH,
o npuitmae pimenns (JIIIP), 3a mapuumu mopiBHAHHSAMHU. Y pe3yiabTaTi MOxe OyTu
OTPMMAaHUN BINHOCHUU CTyMiHb (IHTEHCHBHICTH) B3a€MOI1i (BIUIMBY) KOMIIOHEHTIB
HUKHBOTO 1 pIBHS Ha KOMIIOHEHTH BepXHBOTO (i-1) piBHA ab0 1 piBHS HA caMUil BEpXHIN
(mynpoBUii) piBeHb. Ll oIiHKM BUpaxkaloTbCcs MOTIM uncenbHOo. MAI BKiIIOUae
MPOLEIYPH CHUHTE3Y MHOXHUHHUX CYIKE€Hb, OJEPKaHHS MPIOPUTETHOCTI KPUTEPIiB 1
MOIIYKY aJbTEPHATUBHUX PIIICHb.
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Teopis cucteM Hajana KOHIENTYalbHY OCHOBY ISl TOOY/I0BH HOBOT METOIOJIOT 1,
0 J03BOJIAE, OMUCYBAaTH CHUCTEMY 1 1i MpoOieMH B TEepMIHAX B3a€EMO3AICIKHOI
iepapxiuHoi CTpykTypu. Llg wmeTomonoris mpomoHye 3aco0M il BCTaHOBJICHHS
VIOPSAIKYBaHHS TPIOPUTETIB 1 BHUMIPY IHTEHCHMBHOCTI B3a€MOJli KOMIOHEHT, IO
OMMUCYIOTh CTPYKTYpPY CHUCTeMH iepapxii. MeTodomorisi BpaxoBy€ pOJb JIOJUHU (K
eJIeMEHTa 1epapxii) y CKIAIHUX COILIbHUX 1 OpraHi3alliiHUX CHUCTEMax 1 MPUMHUPSE
YHUCJICHH] 1 CyNepeunuBl yCTPEMIIIHHS, 10 MAlOThCS B JIFOACH, Uni IHTEPECH TOPKAIOTh
MOBOPKEHHS CUCTEMH.

MeTon aHanizy iepapxiil BKIIOYa€ HACTYIH1 OCHOBHI €TaIlu:

— JIEKOMITO3HIIisl TPoOIeMU;

— MoOy0Ba i€EpapXiuHOi CTPYKTYpH MOJEIN1 MPOoOIeMH;

— EKCIepTHE OLIIHIOBaHHS TEepeBar;

— MmoOyI0Ba JOKaJIbHUX MPIOPUTETIB;

— OIliHKA IOT0/I)KEHOCT1 CYIKEHb;

— CHUHTE3 JIOKAJIbHUX MPIOPUTETIB;

— BHUCHOBKHM U MPOMO3UIIIT IJIs1 IPUHHATTS PillICHb.

3.6 llIkana T. Caari
MeTton aHamizy iepapxii nmpu moOyJIoBI €AMHOI IIKAIW ISl PI3HUX KOMIIOHEHTIB
Mpo0JIeMUu BUKOPUCTOBYE MIpY CTYIEHS BIUIMBY KOXHOTO (pakTopa OJHOTO PIBHS Ha
(dakTOopu BEpXHBOTO PiBHA ab0 Ha KiHIEeBY MeTy. Lla mipa yTBOpuThCS B pe3ynbTaTi
BHUCJIOBJICHHSI  CYJI’)KE€Hb PO CTYMiHb BIUIMBY (BaXJIMUBOCTI) [HMX (aKTOPIB.
AmepukaHchkuii axiBenp 13 cucteMHoro anamizy T. CaaTi 3ampomoHyBaB IIKaITy

BIIHOCHOT Ba)KJIMBOCTI (3HAYYIIIOCTI, IEPEBAru) MpeAcTaBiIeHy B Tadmuii 3.2.
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Tabnuns 3.2 — llkana BIAHOCHOT 3HAYYLIOCTI

Cryminp nepeBaryd 0AHOTo 00'€KTa Mmepe] HIIIM

Mipa BaxJIMBOCTI (3HAYUMOCT1)

nepeBaru

PiBHa Ba)XIMBICTH (3HAYUMICTB ).

Hewmae nepesaru

CrnaOka mepeBara 1mo BaKJIMBOCTI.

Cnalxka nepeBara.

IcToTHa ab0 cuiibHA epeBara o BaXKJIMBOCTI
(3HaYUMOCT1).

CunbHa mepesara.

Jyxe cuiibHa ab0 3HaYHa repenara 1o
BKJIMBOCTI (3HAYUMOCTI).

Jlyke ciiibHa nepesara.

AOcor0THA IepeBara.

[IpomixkHa OlliHKa Mipy TIEpeBaru MiXx CyClIHIMHU

3HAaYCHHAMU

2,4,6,8

Bubip nmuckpetrnoi mkamu «1 — 9» A OLIHKK MOPIBHSUIBHOT MIpH Ba)KJIMBOCTI
(3HauuMOCTI abo pIBHS TepeBar), OJCpPKyBaHOI B Pe3yJbTaTl BHUCIIOBICHHS CYIKCHb
€KCIIEPTOM, IPYHTYETHCS HAa HACTYIMHUX MEePeyMOBax:

1) AKiCHI PO3XO/KEHHSI 3HAUYMMI Ha TMPaKTHUIl 1 MAalOTh €JIEMEHT TOYHOCTI, KOJH

BEJIMYMHA TOPIBHIOBAHUX O00’€KTIB (MpEeaMETIB, SBUII, MPOIECIB, BUIIB HISLITHHOCTI)

OJTHOTO OPAAKY 200 00'eKTH OJIM3BKI MO0 BIACTUBOCTI, 10 AKIi BOHU MOPIBHIOIOTHC,
9 b

2) ICUXOMETPUYHI BJIACTUBOCTI JIIOJWHHM JO3BOJISIOTH JOCHUTH TOOpE MPOBOJIUTH
AKICHI PO3MEXYBaHHS MIp BJIACTUBOCTEH MOPIBHIOBAHWX OO'€KTIB MO HACTYIMHUM
PIBHAM: HeMA€E PO3X0O0NCEHHs, CIAOKe PO3X0OHCEHHS, CUNbHE DO3XOONCeHHS, Oyice
CUTIbHE PO3X0O0NCEHHS, AOCONOMHE PO3X00JCeHHs. 3 OTJISIAYy Ha KOMIIPOMICHI OIIHKHU

PO3XO/KEHHS MDK TIepepaxOBaHWMHU BHIIE PIBHAMU 3HAYYIIOCTI
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OJIEP)KYyeEMO JEB'ATh PIBHIB (CTYINEHIB) PO3XO/KEHHSA, IO MOXYTh OyTH mo00pe
ITOT'OKCHI,

3) y ICUXOJIOT11 ICHY€ TIOHSTTS TICUXOJIOTTYHOT MEX1 3JaTHOCTI JIIOJUHU OJHOYACHO
PO3PI3HATH SKECh YUCJIO MPEIMETIB IO SIKiMCh BIacTHBOCTL. L1 Mexa mopiBHIOE 742,
TOOTO AJi1 CTBOPEHHS INKAIH, Ha SKIM 11 peAMeTH OyAayTh po30ipiauBi, HEOOXiaHO 9
TOYOK. 3 OIJIAAy Ha BHINEcKazaHe, mkamry CaaTi 1HOJI Ha3UBAIOTh MCUXOMETPUUYHOIO
HIKAJIOKO.

3.7 Metox napHUuX NOPIiBHAHb

Jlng moOynoBM IIKaM MPIOPUTETIB (mepeBar), OJAEp:KyBaHOI MPU EKCIEPTHOMY
BUCJIOBJICHHI CY/K€Hb IMPO PIBEHb PO3XOHKCHHS MDK MOPIBHIOBAHUMH O00'€eKTaMU B
MALI 3acTOCOBYETHCS METOJ MMAPHUX MOPIBHAHDB. SKIIO A7 mopiBHAHHS oOpaHe n (Aj,
As,...,A;) 00’€KTiB, TO pe3yJabTaTU MOPIBHSAHb 3aHOCSATHCA B KBaJApaTHYy N -MipHY

Matpuio (puc. 3.2).

A, | A, A A,
Al a; | ap ay; a,
Az Ay | ap ay; as
Ai ail a12 al_] ain
A, la, la, | ay ... a,

Pucynok. 3.2 — Matpuiisi mapHUX MOPiBHSAHb

EnemeHTOM L€l MaTpuLll a;; € Mipa niepeBaru 00’ekTa A;y MOPIBHAHHI 3 00 €KTOM
A;. TakuM 4MHOM, 1-i PANOK MATPHULI IIOKa3y€e MIpy IepeBard i-ro 00’€KTa HaJ| IHIIUMU
(n-1) o6’extamu 1 Hag caMuM coboro. Mipa mepeBaru BUPaKAETbCS EKCIIEPTOM Yy IITKal
Caari 1 mpuitMae 3Ha4eHHS Bif 1 10 9, Skmio 00’€kT A; OUIBII Ba)KJIMBUH, YUM 00’ €KT
A;. Y Bumazaky, Koiau 1 = j, MIpa IepeBaru JOpiBHIOE 1, TOOTO AiaroHalbH1 €IE€MEHTH
MaTpUIll MapHUX TOPIBHSAHB 3aBXau piBHI 1. BapTo BpaxoByBaTu, 110 AJIA MaTpHIll

MapHUX MOPIBHIHb BUKOHYETHCSA Taka yMOBA!
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Lle o3Hauae, mo sgxmo no mkani Caari 00’€KT A; OLIbII BaXKIMBUHA, YUM 00 €KT A;
1 I Mipa nepeBaru AOPIBHIOE a; (HAIpUKIAX a;=>), TO Mipa mepeBaru A;-ro 00’ekra B
HOPIBHAHHI 3 00’€KTOM A; — BelIMYMHA 3BOPOTHA a; (ToOTO a;=1/5). Takum 4ymHOM,
€KCIIEPTOM 3aMOBHIOETHCS TIIBKHM BEPXHS HaAlIOraHAIbHA YaCTUHA MAaTPUIll MTAPHUX
MOPIBHSAHb 1 MaTpullsd 3700yBa€ HACTYNMHHN BHA (HANpUKIAA, [JIs YOTHPHOX

MOPiBHIOBaHUX 00'€KTIB, puc. 3.3):

A | A, | A, LA,

1 1 a12 a13 a14

A

A, |1/a, 1 A, | A,
A, | 1l/a, | 1/a,, 1 Ja,,
A, | 1/a, |1/a,, |l/a, | 1

Pucynok. 3.3 — Martpuiist mapHUX MOPIBHSAHB ISl YOTUPHOX MOPIBHIOBAHUX 00'€KTIB

3.8 CTtynmiHb MOroA»KeHOCTi
VY 3aranpHOMY BUNAJKY IiJ MOTOHKEHICTIO MA€ThCS Ha yBasl Te, IO MPHU HAsBHOCTI
OCHOBHOT'O MAacCHBY HEONpAallbOBAaHUX JAHUX YCl I1HIN JaHl MOXYTb OYyTH JIOT1YHO
OTpYMaHi 3 HUX. SIKIIO MOPIBHIOIOTHCA N 00 €KTIB, TO MTOCUTH (n-1) CyIKEHHS, Y SKHUX
MOPIBHIOBaHI 00'€KTH TPEACTaBICHI, MPUHANMHI, OAUH pa3. Yci 1HII CymKeHHsS (Y

BUIAJIKY IOI'0JKEHOCTI CYJDKEHb) MOXKYTh OyTH BUBEJICHI 3 HUX.

[ToBHA MOTOKEHICTh BKIIIOYAE SIK NOPAOKOB8)Y HO200HCEHICMb, IO HA3UBAIOTH III€
BIIACTUBICTIO mpaH3umueHocmi (KO A; Mae€ nepeBary Hal A;, a A; Mae nepeBary Hal
Ay, T0 Aj Mae niepeBary Hazl Ay), TaK 1 KapOUHanvbHy no200dceHicms (i ajk =aik).

O4eBuaHO, IO JOMOTTUCSA TTOBHOT MOTOMKEHOCTI MAaTPHUIll TAPHUX MOPIBHSAHB MPHU
EKCIIEPTHUX OIlIHKaX 00 ’€KTIB HEMOXJIHBO. [IpupoaHO MICIsS €KCHEepPTHUX OIIHOK IO
METOAY MAapHUX MOPIBHIHB MOPYIIUTH MUTAHHS MPO CTYIIHb MOTOIKEHOCTI OTPUMAaHHX

OL[IHOK.
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Sk Mipy MOTO/KEHOCTI PO3TIISAIAl0Th IBA MTOKA3HUKHU:

— 1agekc moromxeHocTi (1IT);

— BigHOIIEHHS noropxeHocTi (BIT).

3 Teopii MaTpHIls BIOMO, IO MOTOKEHICTh 3BOPOTHO CUMETPUYHOT MATPHII (sIKa
BUXOJHTH SIK PE3YJIbTAT 3aCTOCYBAHHS €KCIIEPTOM METOJy MapHUX MOPIBHSIHB MO KAl
Caari) ekBiBaJ€HTHa BHMO31 PIBHOCTI il MaKCHMAaJbHOTO BJIACHOTO 3HAYCHHS Ay 1
Yucia TOPIBHIOBAHUX 00 €KTIB N (A0 = N).

Tomy sik Mipy HEY3TOJKEHOCTI PO3TIIANAI0Th HOPMOBAHE BIIXHMJICHHS Ayqy BII N,
HA3UBAHE [HOEKCOM NO200NCEHOCMI:

i A — n
n—1

Jlyis Toro mo0 OIIHUTH, YM € OTPUMAHE Y3TOJUKEHHS MPUUHIATHUM YH Hi, HOTO
MTOPIBHIOIOTH 13 BUTMTAAKOBUM iHACKCcOM (BI).

Bunaokosum inoexcom Ha3uMBaIOTh IHIAEKC IOTOKEHOCTI, PO3PaXxOBAHUU IS
KBQJIPAaTHOI N-MIPHOi MO3UTUBHOI 3BOPOTHO CHMETPUYHOI MATpPHIl, E€IEMEHTH SIKOi
TeHEPOBaH1 JATYMKOM BUMAAKOBUX UMCEN, PO3MOAICHUX IO PIBHOMIPHOMY 3aKOHY IS
iHTepBany 3Hauens: 1/9, 1/8, 1/7, 1/6, 1/5, 1/4, 1/3, 1/2, 1, 2, 3,4, 5, 6, 7, 8, 9. lnxa
MaTpuIll 3 GIKCOBAaHUM 3HAYEHHSM N 1HJIEKC PO3PAXOBYETHCS K CepeHE 3HAUCHHS s
BuOipkn N (mampukmaa, N = 100). Hmwxde npexncraBieHa TaOIWIs BEITUYUH

BUIIAJIKOBOTO 1HACKCY JJIs PI3HUX MaTPHUIlb MOPSAKY Bim 2 1o 15.

Tabnuns 3.3 — Tabnuis BeNUYUH BUMIAAKOBOTO 1HIEKCY

[Topsimox
MaTpHIIi 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(n x n)
Bunangkouii
0] 058 |09 | 1,12 | 1,24 | 1,32 | 141 1,45 1,49 | 1,51 1,54 | 1,56 1,57 1,59
innekc (BI)
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OpepxaBmu B pe3yibTaTi pPO3paxyHKy IHJAEKC MOTOKEHOCT1 1, BUOpaBIIU 3
TaONMIIl BUMAAKOBUW 1HACKC MJIs 3aJaHOTO TMOPSAAKY MATpPHIl, pPO3PaxOBYIOThH

BiOHOWEHHS no2oddcenocmi (BII):

anﬂ.
BI

Sxmo BenmumHa BII menme 0,1, TO cTymiHb MOTOJKEHOCTI BapTO BBa)KaTH
rapHoro. Y JeSKUX BUIMAJAKAX MPUUHATHUM CTYMEHEM IOTOJKEHOCTI MOXKHA BBa)KaTH
niamazoH (0,1 — 0,3). Lle, sx mpaBuUi10, BITHOCUTHUCS A0 MPOOIEM, I SKHX IPUHHATI 110
€KCIIEpTHUX BUCHOBKaX PIllIEHHSA HE CIIPUYMHSAIOTH CEPHO3HUX HETATUBHUX HACIIJKIB. Y
nporuBHOMY BUNAAKy (ko OC > 0,1 — 0.3) ekcnepTy peKOMEHAY€EThCS MEPErITHYTH
CBOi cymkeHHs. Jlyig 1[boro HEeOOXiMHO BUSBUTH Ti MO3MUIII B MATPHUIll CYIKEHb, IO
BHOCSITh MaKCHUMaJbHUN BKJIaJl y BEJIMYMHY BIJHOCHHHU IMOTOKEHOCTI, 1 cIpoOyBaTH
3MIHUTU MIpY HEMOI'0/HKEHOCTI B MEHILY CTOPOHY Ha OCHOB1 OLIbII TJIMOOKOrO aHami3y

IIUTaHHA.

3.9 BexTop npiopureris
[IpoBenemo MaTeMaTuyHy OOpOOKY MaTpuill MapHUX MOPiBHAHB y mikani CaaTi 3
METOI0 OJICp’KaHHS BEKTOpa IPIOPHTETIB MOPIBHIOBAHMX O0'€KTIB. 3 MaTeMaTHYHOL
TOYKH 30pYy 3aj/la4a 3BOJAUTHCSA A0 OOUYUCICHHS TOJIOBHOTO BJIACHOTO BEKTOPA, IO MiCIs

HOpMaJTi3aIlli cTae BEKTOPOM MPIOPUTETIB.

Touynuit croci® oO4YMCIEHHS TOJIOBHOTO BJIACHOTO BEKTOpa MAaTPHIl MApHUX
NOpIBHSAHb TOJIATAa€E B 3BEJCHHI MAaTpHUIll B JAOCTATHHO BEIHMKI CTYNEHI 1 MOJALT CyMH
KOXXHOTO pAJIKa Ha 3arajbHy CyMy €JE€MEHTIB MaTpuill. MU CKOpPHCTaEMOCS IHIIUM,

OUTBII MPOCTHM, CIOCOOOM, IO Aae AoOpe HabamKeHHS (Tadu. 3.4).
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Tabnuusg 3.4 — Tabnuisg 00YMCIICHHS] BEKTOpA IPIOPUTETIB

['onoBHMIt
Bekrop
O0’extH A A, ... A, BJIACHUH
MPIOPUTETIB
BEKTOD
A aj an an Vi P,
A, a) ax e A V, P,
An dnl an2 e ann Vn Pn

KommoHEeHTa TOJOBHOTO BJIACHOTO BCKTOpPa 00U CITIOETHCS

reOMEeTpUYHE 3HAYEeHb Y PSIIKY MaTpPHILI

SK  CepeiHe

KommoneHnTa BekTOpa NPIOPHUTETIB OOUYHCIIOETHCS SK HOPMOBAaHE 3HAYCHHS

T'OJIOBHOT'O BJIACHOT'O BEKTOpA:

HaGmmxkeni 3Ha4YeHHSA A,y IS OI[IHKM BIJIHOCHHU

PO3paxyBaTH 3a HACTYITHOK (POPMYJIOHO:

n
e M i= ;a j — CyMa eJIEMEHTIB 1-I0 CTOBIILS MATPHULIL
1=

P; — BexTOp npiopuTeTiB aHATI30BaHOI MaTPULIL.
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3.10 Po3paxyHok JiokaJbHUX NpiopuTeTiB. CHHTE3 NpiopUTETIB

Posrasemo npobnemy «Bubip 1 mokymnka OyIuHKY i3 3a0aHum pigHem sikocmi abo
MOKYTIKa TaKoro OyAUHKY, KU OU BUKIIUKAB 3a2anbHe 3a00801EHHSD.

Sk anpTEepHATUBHI BapiaHTH po3riisiiaemMo Tpu Oyaunku (A, b, B)

Jlns Toro 1mo6 npuiHATH OOIpyHTOBAHE pIUIEHHsS HAa BUOIp OyIAMHKY HEOOXIIHO,
BUKOHATH HACTYIIHE.

[Ticns moOymoBuU iepapxidHoi Moem1 MpoOieMU TTOYMHAEMO ISP eTar aHamizy,
IO CKJIAJAEThCSl B JOCHIIKEHH! CTYINEHs BIUIMBY IMOKAa3HHMKIB BJIACTHBOCTEW SKOCTI
OyIuMHKY Ha 3arajJibHe 3aJ0BOJICHHS OyIuHKOM. Y (QopMambHOMY BHIl 1€ eTar
CKJIQJIA€ThCSl B aHali31 BIUIMBY (DaKTOPIB MEPIIOTO PIBHA i€papXii Ha METy aHalizy —
HYJIbOBHUM PiBEHb.. 3aMIOBHIOEMO MATPUIIIO TAPHUX MOPIBHAHD Ui (pakTopiB 1-TO piBHSA
CyKeHHsAMH ekcriepTa mo mkaini Caari. Ha mimctaBi mux JaHUX BHU3HAYAEMO BEKTOP
MPIOPUTETIB, Amax, 111, BIL.

Ha gpyromy erami mepexoauMo 10 PO3TIsly BIUIMBY (DaKTOpIiB APYroro piBHS Ha
(dakTopu mepuioro piBHA, TOOTO A0 aHAIIZY «Baru» (MmepeBaru) KOKHOTO 3 PO3TIISTHYTUX
oymuHkiB (A, b, B) cTtocoBHO KokHOTO (hakTOpa mepiioro piBHsA. st 110ro HeoOXiaHO
chopmyBaTH i1 0OpPOOUTH CTUTBKH €KCIIEPTHUX MATPHUIIb TAPHOTO MOPIBHAHHS CKUIBKH €
(hakTOpiB MEPIIOro PiBHS.

Ha Ttpethomy erami 3m1MCHIOETBCA CHHTE3 JIOKAJbHUX MPIOPUTETIB ab0 OIliHKa
y3arajqbHeHUX (T7100aTbHUX) MPIOPUTETIB. Y HAIIIM MPUKIIAAl MOBA M€ MPO OJCPKAHHS
BEKTOpa MIOOAIBHUX TMPIOPUTETIB OYIMHKIB CTOCOBHO METH BEPXHBOI'O PIBHSA —
3arajJbHOTO 33I0BOJICHHS OYJTUHKOM.

JUis 11bOTO MATPUII0 JIOKAJBHUX MPIOPUTETIB 2-TO PiBHA MHOXATh Ha BEKTOP
JIOKaJIbHUX MPIOPUTETIB MEPIIOTO PIBHS.

Y pe3ynbTari OnepKyeMO y3araJibHEHHH (T7100anbHUM) BEKTOp TMPIOPUTETIB

OyauHkiB (A, b, B) cTocOBHO KiHIIEBOi METH — MOKYII[1 OyAMHKY.
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AesKOol MHOKMHM BaplaHTiB pilieHb : E, € E. bynemo posriasgatd BUNAIOK,

maxe; .

4 METOJM NOIIYKY ¥ BUBOPY PIIIEHb B YMOBAX
HEBU3HAUYEHOCTI. KJIACUYHI KPUTEPII IPUMHATTSA PILNIEHD
4.1 MaremaTtnyHa OCTaHOBKA 3aJ1ayi.
4.2 Bunu omiHHUX (DYHKIIIH.
4.3 Minimakcuuii kpurepid (MM).
4.4 Kpurtepiit baiteca — Jlannaca (BL-kputepiii).
4.5 Kputepiit CeBimka (S-kpuTepiid).
4.6 Tlpuknag BUKOPUCTAHHS KIACUYHUX KPUTEPIiB.
4.7 Kputepiit 'ypsina (HW-kputepiit).
4.8 Kputepiit Xomxka — Jlemana (HL-kpurepiii).
4.9 Kpurtepiit ['epmeiiepa (G-kputepiii).

4.10 Ilpuxnaa BUKOPUCTAHHS MTOX1THUX KPUTEPIiB.

4.1 MaTreMaTH4YHA IOCTAHOBKA 3a/1a4i

3aja4ya NpUMHATTSA PIIIEHHSA TPAKTYEThCS K 3a7ada BUOOPY OJHOro Bapianra E, 3

MA€ThCA JIMIIE KiHLEBE 4ucao BapiaHTBE ,E,,..., E,,..,E . YMOBUMOCS, IO KOXXHUM
BapilaHTOM FE, OJHO3HAYHO BU3HAYAETLCS AESKUU pe3ynbTaT e,. LI pe3ynbTaTé MOBHHHI
JOIYCKaTH KUIBKICHY OIIHKY, SIKy TaKOX OyJeMO I103Ha4aTH CHUMBOJOM e,. bynemo

IIyKaTH BapiaHT 13 MaKCMMalbHUM pPe3yibTaTOM, TOOTO METOI0 HAIOro BHOOPY €

HagiiHOCTI. TakuM 4rHOM, BHOIp ONTHUMAJILHOTO BapiaHTa PIIICHHS 3IACHIOETHCS 3a

JIOTIOMOTOX0 KPUTEPIIO

EO :{EiO /EiO eE N €0~ maxel}. (41)
[
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IlpaBuno (4.1) iHTepnpeTyeTbcsd B Takuil croci0: MHOXKHMHA FE, ONTHMalbHUX
BapIaHTIB CKIANAEThCA 3 TUX BapiaHTIB E,, 10 HalekaTh MHOXKHHI £ yCIX BapiaHTIB, 1
OLIHKA e,, MAKCUMaJlbHa Cepell BCIX OLIHOK e,.

PosrnsHyTHii BUMAMOK TPUUHATTA pIllleHb, TPH SKOMY KOXHOMY BapiaHTy
pIllICHHS BIAMOBIAA€ €IMHUA 30BHIMIHIA CTaH (€AMHUN pPE3ynbTaT), € BUMAIKOM
JIeTepMIHOBaHUX pimeHb. lleil BUMagok € HAWOmpOCTIHMM 1 YacTKOBUM. Y OUIbII

CKJIAJIHUX CTPYKTypax KOXKHOMY BapiaHTy pilleHHs E, BHAcCIIOK PI3HUX 30BHINIHIX

YMOB F'; MOXYTb BIINOBIAATH Pi3HI PE3YIbTATH €, PILICHb.
Iix pe3ysnbraTtoM pilleHHs e; OyAeMO PO3YMITH OLIHKY, LIO BIANOBIIAE BapiaHTy
E, it ymoBaM F; 1 sika XapakTepusye eKOHOMIYHUH e(pekT (MpUbyTOK), KOPUCHICTH abo

HaJ1iHICTh BUPOOY. CiMEHCTBO PIIIEHh OMUCYETHCS IEIKOI0 MAaTPHUIICIO:

E Fj Fn
E (e, € €1
Ele - ¢ - e, | (4.2)
Em eml e emj e emn

Ocoba, mo mnpuiimae pimenHs (OIIP), namaraeTbcss BuUOpaTH pillleHHS 3
HaWKpalMMU pe3yiabTaTaMd. Y JaHOMY BHUIAAKy, MEpBICHA 3ajadya MaKcuUMizalli
BIIMOBIMHO 10 Kputepiro (4.1) moBuHHa OyTHM 3aMiHEHA IHIIOIO, KOTpa Oynae
BPaxOBYBATH BC1 HACIIIIKH KO>KHOTO 3 Bapi1aHTIB pilleHHS E, .

1106 mpuiiTH A0 OJHO3HAYHOTO 1 HAWBUTIAHIIIIOrO BapiaHTa PIICHHS, KOJIH SKUM-
HeOy b BapiaHTaM pillleHb MOXYTh BiJIMOBIIATH Pi3HI YMOBH, MO>KHA BBECTH TT1IX OIS

ominHi (11boB1) PyHkIii. [Ipu ibomy maTpuis (4.2) 3BOAUTHCS A0 OAHOTO CTOBIIIIS.
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El el r
Et' eir
Em emr

KoxxHOMy BapiaHTy MpUIIUCYETHCS, TaKUM YMHOM, JESKUM pe3ysibTaT, 1o
XapaKTepu3ye, y IUIOMY, yCi1 HacliIKU IbOro pimeHHsa. Takuil pe3ynbrar Mu OyJaemMo
HaJlaJll I03HAa4aTH CUMBOJIOM e, .

[Ipouenypa BHOOpPY ONTHUMAJIBHOTO PIMICHHS 3BOAUTHCS OO0 NPOOIEMH BKIAIACHHS

3MICTY B pe3ynsTar e,. 3 normany OIIP vacTime 6axxaHuil pe3synbraT GOPMYETbCA MIK

ONTUMICTUYHUMU ¥ IECUMICTUYHUMHU CIIOCOOaMU TOOYIOBHU OIIHHUX (YHKIIIMH.

4.2 Buay oniHHUX QyHKILIH
Posrnsinemo ouinHi QyHkuii, mo moxxe BuOpatu OIIP:
1) ontumictuyna no3uiis OIIP:

max e;,. = max( max ejj ). (4.3)
i i

Touka 3o0py azaptHoro rpaBig. OIIP pobOute craBky Ha Te, o Oyzae
HAWBUTIIHIIIAN BUITa0K;

2) mo3uilisi HEUTpaiTeTy:
1 n
max e, =max —Zeij . (4.4)
i i no-
j=1

OIIP BuxoAWTH 13 TOTO, MO yCi BIAXWJICHHS pE3yJbTaTy BIiJ «CEPEIHBOTO»
BUIAJIKy MPUITYCTUMI, 1 BUOUpAE PIIICHHS, ONTUMAJBHI 3 IILOTO MOTJISY;

3) I[lecumictrana no3uist OIIP:

max e, =max mine; |. (4.5)
J
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OIIP Buxomuth 3 TOrO, IO TpebOa OpIEHTYBATHUCA HA HAWMEHII CHPUSTIUBHMA
BUMAJIOK 1 MPUIHCYE KOXKXHOMY 3 aJbTEPHATHBHUX BaplaHTIB HAWTIPUINN 3 MOKIHMBHX
pesynbraTiB. Ilicns 1mporo BiH BuOMpae camMuil BUTITHUN BapiaHT, TOOTO OYIKye
HaWKpaIIoro pe3yibTaTy B HAUTIPIIOMY BUTIAJKY;

4) IMozuris BimHocHOTO NiecuMizmy OITP:

min e, = min max
i i J

(max e, — el.j). (4.6)

i

Jlna xoxxHoro Bapianta pimenHs OIIP orinioe BTpaTu B pe3yabTari B MOPIBHAHHI 3
BU3HAYEHUM I10 KOKHOMY BaplaHTy HaWKpalluM pe3ysbTaToM, a MOTIM 13 CYKYyIHOCT1
Haripumx pesynbTaTiB OIIP BuOuMpae Hailikpaimuii BIAMOBIZHO A0 MPEACTABICHOI
OIIHHOT PYHKITI].

Psin Takux omiHHMX (QYHKIIH MOXKHa Oyn0 MPOAOBXKUTU. Jleski 3 HUX oJepKaiu
IMPOKE TOIIMPEHHA B TOCHOJAPCHKIN MIAIBHOCTI. Tak, SKIIO YMOBH €KCILTyaTarii
3a3/1ajerilb He B1JIOMi, OPIEHTYIOThCS, 3BUYAHO, HA HAMMEHIL CHPUSITIUBY CUTYALIIO.
Lle BignoBigae ominHOI GyHKIIT (4.5). HacTo BUKOPUCTOBYIOThCA TaKOXK (PyHKIT (4.4) 1
(4.6). Ouinna Qyskuis (4.3) gorenep y TEXHIYHMX JOJATKaX HE 3aCTOCOBYBajacs.

PosrasineMo knacu4Hi KpuTepii NIpUHHATTS PIIICHb.

4.3 Minimakcuuii kpurepiii (MM)
Lle#t kpuTepiit BUKOPUCTOBYE OIIHHY QYHKIIIO (6.5), 110 BIAMOBIAAE MO3HITIT
KpalHbOi 00€pEKHOCT1, TOOTO

Zyy =Mmax mine; (4.7)
i J

ne z,,, — ouiHHa GyHKUIT MM-KpuTepito 1 cipaBeyIMBO HACTYITHE CIIBBIAHOIIEHHS

E,= iEl.O/El.0 eEne, = max mine, }

OO6pani BapiaHTH IIJTKOM BUKIIOUYarOTh pu3uK. Lle o3Hauae, mo OIIP He moxe

3IITOBXHYTHUCS 3 TIPIIUM PE3YJIbTATOM, YAM TOH, Ha SIKWI BOHA OpPIEHTYEThCS. SIKi Ou

YMOBH [, HI 3yCTPLIUCS, PE3YJITAT HE MOKE BUSBUTHCS HIXKYE Zz,,, . LI BIacTuUBICTH
3MYIITy€ BBAXATH MIHIMAaKCHUN KPUTEPIi OJHUM 13 PyHIAMEHTAIbHUX. ToMy B
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TEXHIYHUX 3a/]a4ax BiH 3aCTOCOBY€ETHCS HalyacTiiie, ik CBIJOMO, TaK 1 HE YCB1AOMJIEHO.
OpHak, MONOXKEHHS MPO BIACYTHICTh PU3UKY KOILITYE PI3HUX yTparT.
Hexait maTpuis pilieHp npecTaBieHa y TAKOMYBUTIISIIL:
F F F
E 1 100 E 1, Zyy = L1
E, L1 11 E, 11

Xoua BapiaHT E| 37a€ThCs OUIBII BUT1THUM, BIANOBIAHO 10 MM-kpuTtepito (4.7)
ONTUMAIBLHEM BapTo BBaKATH E, = {E,}. YXBaneHHs pillleHHs 32 JaHUM KpUTEpieM
MOY€E BUSIBUTHUCS L€ MEHIII PO3YMHUM, SIKILO CTaH F, 3yCTPIYa€ThCs YaCTIIe, HIK CTaH
F| 1 pilleHHs peanizyeTbes 6araTopasoso.

Bubupatouu Bapiant E,, 0 NponoHyeTbess MM-KkpuTepieM, MU YHUKAEMO
HEBJIAJIOr0 Pe3yibTarTy 1, O peani3yeTbes y BapiaHTi £, NpU 30BHIIIHbOMY CTaH1 F),
3are BTpayaeMo Burpai 100, onepxxyroun ycboro Tuibku 1,1. Lleit npukian mokasye,
10 B YUCJICHHUX MPAKTUYHUX CUTYaIlIIX MecuMisM MM-KpUTEpit0 MOKE BUSIBUTUCS
Ty’K€ HEBUT1THUM.

Tomy 3acTocyBanHss MM-KpUTEPiIO BUMIPABIYETHCS, SIKIIO CUTYAIlis, Y AKIN
MPUIMAETHCS PIIICHHS, XapaKTEePU3yEThCS HACTYITHUMU 00CTaBUHAMMU

~ TIPO MOKJIMBOCTI IIOSIBU 30BHILIHIX CTaHIB [, HIYOrO HE BiIOMO;

— pILIEHHS peati3yeThCs JHIIE OAUH pa3;

— HEOOX1JHO BUKJIIOUUTH KU OU Te Hi OyJI0 pU3UK, TOOTO H1 PU AKUX YMOBax

F; He [I0NyCKAEThCsI OJIEPIKATU PE3YIIbTAT, MCHIIMN YUM Zjy.

4.4 Kpurepiii baiieca — Jlansaca (BL-kpuTepiii)

Hexaii p; — IMOBIPHICTb IOSIBH 30BHILIIHLOTO cTany F,, Toai mis BL-kputepiro

olriHHa (YHKIIIS BUTJISAA€ TaK:

n
Zpp =Mmaxe;. =max y e;p; , (4.8)
i I i
j=l1

37



E,= El.o/EierAeiO:maxZel.jpj /\ij =1
bojE j=1

[IpaBuio BUOOPY MOKHA IHTEPIPETYBATH B TAKHUM CIIOCI0: MaTpUIls PIllICHb Heif H

JOIIOBHIOETHCA 1€ OJHHUM CTOBIILIEM, IITIO MICTHTh MaTEMAaTUYHE YEKaHHS 3HAUYECHb

KOXHOTO 3 psAAKiB. BuOupatorecs Ti BapianT £, y pAaKax SKUX € HaWOLIbIIe

i0?°
3HAa4Y€HHs e, LbOr0 CTOBIILA .
YMOBH, TPH SIKUX BUKOPUCTOBYETHCS JaHUW KPUTEPIN:

— IMOBIPHOCTI OSIBM CTaHIB F; BIIOMI 1 HE 3aJI€KaTh Bijl 4acy;

— pIIIEHHS peani3yeThCs (TEOPETUYHO) HECKIHUEHHO 06araTo pasis;

— IS KIHIIEBOTO YHCJIa peaizallii pillleHHs TOMyCKAEThCS IEIKUN PU3UK.
4.5 Kpurepiit CeBixka (S-kpurepii).

Cdopmyemo oninny pyHnkuiro. Hexai

a; = mlaxel.j —e; (4.9)

e, =max a, :max(max e; —e..j, (4.10)

TOJI1 OIlIHHA (PYHKI[iS MAa€ BUTJIS T

z§ =min e;. =min max(quel-j—el-j) : (4.11)
1 1 i
J

Toni MHOXWHA ONITUMABLHUX BapiaHTIB PIIICHHS €

E,= {Eio

BCJ'H/ILII/IHy aij = l’l’llaX el.j — el.j MOKHa IHTCPIPETYBATHU IMOABINHO:

E,eEne,= min e, }

— SIK MAaKCHUMAaJbHHUM TOJJATKOBUW BUTPAIII, IO JOCATAETHCSA, KO B CTaH1 Fj

3aMICTb BapiaHTa E, BUOpaTu IHIIMH, ONTUMAIbHUN A7 [OTO 30BHIIIHBOIO CTaHY

BapiaHT;
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— sIK yrpatu (wrpadu), o BAHKKAIOTh Y CTaHi F; npu 3aMiHi ONTHMAIBHOIO JUIs
HBOI'O BapiaHTa Ha BapiaHT E, .

Toni Benn4nHa e, sBIsiE COOOI0 — NPU IHTEPNPETALT @;; SIK yTPATH — MAKCUMAJIBHO
MO’KIIMB1 BTpATH (110 BCIX 30BHIMIHIX cTaHax [, j =1,..,n)y BunaaKy BubOpy BapiaHTa
E.. lani MakcuMallbHO MOXKIIMB1 BTPaTu MIHIMI3YIOTbCA 33 paXyHOK BUOODY
HiIXOAAIIOro BapiaHTta E,.

[TpaBuio BubOpy ONTUMAILHOTO BapiaHTa 3a kKputepiem CeBimpka:

— KOKHMM €JIEMEHT MaTPHIIl PIllIEHb Heif H BIIHIMA€ETHCS 3 HAUOLIBIIIOTO PE3yIbTATY
max e; BIJIOBIAHOTO cTOBII. Pi3HMIN a;; YTBOPSITH MAaTPHILIFO 3aJIMIIKIB Haij H s
i

MAaTpHLs JOMOBHIOETHCS CTOBILIEM HalOLIBIIUX PI3HULD e, ;
— BUOUPAIOTHCA T1 BaplaHTH E, ), y pAlKax SKAX € HAHMEHIIE IS [IbOIO CTOBIILS

3HAYCHHS.
YMOBU 3aCTOCYBaHHS S-KPUTEPIIO Taki XK, K Ai11 MM-kpurepiro.

4.6 IlpukJajg BUKOPUCTAHHS KJIACMYHUX KPUTePIiB

JlaHo MaTpuIlio pilieHb H €ij |, posamipom m x n , m=8 , n =8, pe3ynbTaTaMu

akoi € 30utku (puc. 4.1). 3aiiicHuTH BuUOIp HAWKpAIIOTO BapiaHTy pIlICHHS 3a
JIOTIOMOTOI0 KpHUTEpiiB: MiHIMakcHOro, baiteca — Jlammaca 1 Ceimka. Bimomo, 110

IMOBIPDHOCTI NOSBM 30BHIMHIX cra”iB F; , j=1,..,8 MaoTh Taki 3Ha4YEHHI:
P1 = 0,3 s P2 = . . . :O,l.

-5 -75 -24 -7,1 -817 -6,2 -385 -64
-57 =506 -63 -79 -80 =51 -48 -622
-85 =572 -6l18 -31 -12 =55 =72 =316
‘ _ | =751 =615 -42 -158 -77 -62 911 -4]8

-48 -612 -60 -82 =513 -714 -902 =517
=311 -546 -62 -73 =311 -926 -70 -60
-517 -326 -54 -48 -68 -53 =612 =573
-21 -683 -52 -57 -6l1 -85 -54 -6438I

| ei;

Pucynok 4.1 — Matpuiis pimieHb
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Pimenns. Cnouatky OyneMo IIyKaTd ONTUMaJbHUNA BapiaHT pIIIEHHS 3a
nonomororo  MM-kpurepito, Uisi IIbOTO MATPULIIO PIIEHb JOMOBHIOEMO CTOBIMIIEM

€ir = min €;; — HAWMEHLIMX PE3YJILTATIB KOXKHOTO PsIKa, TOOTO

-8,17
-8.,0
-8.,5

-9,11

H Cir H ~ 1 -9,02

-9,26
-638 < E7
-8,5

Tenep obepemo Bapiantu E (o, y pAIkax sKuX € HalOUIbIIe 3HAYEHHA €;,; IIHOTO

CTOBHIS, TOOTO Z )y = max €;, = -6,8. Llell pe3ynbTaT BIANOBIIAE ONTUMAIBLHOMY
1

Bapianty E ¢ = { E~ }

3acrocyeMo kputepiit baiteca — Jlamnaca st moumyky ONTUMalbHOI'O BapiaHTa.

n
3HaiIeMO MaTeMAaTHYHI YEKaHHA KOXKHOTO psAlAKa > €;jp; 1 3amdmeMo iXx y
j=1

JIOJATKOBUM CTOBIICLb €, :

-5,10x0,3 - 0,1x(7,50+2,40+7,10+8,17+6,20 + 3,85 + 6,40)
-5,70x0,3 - 0,1x(5,06+6,30+7,90+8,00+5,10+4,80+6,22)
-8,50%x0,3 - 0,1x(5,72+6,18+3,10+1,20+5,50+ 7,20 +3,16)
-7,51x0,3 - 0,1x(6,15+4,20+1,58+7,70+6,20+9,11+4,18)
-4,80x0,3 - 0,1x(6,12+6,00+8,20+5,13+7,14+9,02+5,17)
-3,11x0,3 - 0,1x(5,46+6,20+7,30+3,11+9,26 +7,00 + 6,00)
-5,17x0,3 - 0,1x(3,26+5,40+4,80+6,80+5,30+6,12 +5,30)
-2,10x0,3 - 0,1x(6,83+5,20+5,70+6,11+8,50+5,40+6,81)
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-5,692
- 6,048
-5,756
= |-6,165 | =]e
-6,118
-5,366
-5,249
-5,085 < Eqg

irH

Hami 3actocyemo omiHHy ¢yHKIiI0 (4.8) 1 3HaiiIeMO ONTHMAaIbHUM BapiaHT.

Ockinpkn Zpy, = max €, = -5,085, To Takuii pe3yabTaT BiIlIOBiga€ ONTUMATEHOMY
1

Bapianty E ¢ = { Eg }
s BukopuctanHs kputepito CeBimxka MOOyIyeEMO MATPHUIIO PI3HUID H ajj H

BIMOBIIHO 10 hopmynu (4.9):

3,00 424 0,00 552 6,97 1,10 0,00 3,24
3,60 1,80 3,90 632 6,80 0,00 095 3,06
640 246 3,78 1,52 0,00 0,40 3,35 0,00

541 2,89 1,80 0,00 6,550 1,10 526 1,02
i | 2,70 2,86 3,60 6,62 3,93 2,04 517 2,01
1,01 220 3,80 572 191 4,16 3,15 2,84
3,07 0,00 3,00 322 560 020 227 2,14
0,00 3,57 2,80 4,12 491 340 1,55 3,65

|2

Jnis 1iei MaTpuill moOyayeMoO JOAATKOBUN CTOBMEIb €;, = max a; j BIJIITOBIHO
j

(dopmyni (4.10) 1 3a ronoMororo oniH0Y0i GyHKIIT Zg = min e, = 4,91 3HainemMo
1

ONTUMAJILHUI BapiaHT pimenHs E ;¢ = { Eg }

41



6,97
6,80
6,40
| 650
[eir | = 6.62
5,72
5,60
491 | « Eq

TakuM 4YMHOM, BHKOPHCTOBYIOYHM KJIACHYHI KpUTEpii, MU OJAEpXKadu psf
onTUMaJbHUX BapiaHTiB E;( = { E-, Eg } Jlsia BuOOpY HaMKpamoro 3 HUX HEOOX1mH1

JI0JTATKOB1 YMOBH.

4.7 Kpurepiii I'ypina (HW-kpurepiii)
Hamararounch 3aiiHsTH HailOUIbII YpiBHOBa)KeHY MO3MIiI0, ['ypBil] 3amponoHyBaB
KpUTEpiH, OIiHHA (PYHKI[IS SIKOTO 3HAXOJIUTHCS JECh MIX TOYKAMHU 30py TPAaHUYHOTO

ONMTUMI3MY 1 KpaHHbOT'O MTECUMI3MY.

Zyy =maxe, = qu(cmj;’n e, +(1 —c)mjax el.j), (4.12)

1 1
ne 0 <c¢<1- MHOXHHK Bary.

Toni

Eier/\el.O:max(cmjz_'neij+(1—c)mjc_lxel.j)/\03c£1}.

1

E, = {Eio
[IpaBuno BubGopy BiamoimHo no HW-kputepito GpopMymtoeTscs B Takuid CIocio:

MaTpHIlsl PIMICHb Hey” JOTIOBHIOETHCS  CTOBIIIIEM, IO MICTUTh CEpeIHI 3Ba)KeHI1

HalMEHIIOro 1 HAlOUIBIIOr0 Pe3yNbTaTiB JJIsl KOKHOTO PsI/IKa.

Bubuparotecs Ti Bapiantd E,,, y pAKaX AKMX € HaiOUIbIII €JIeMEHTHU e, LbOro

i0
CTOBITLISL.

Hnsa ¢ =1 xputepiit I'ypBuna nepetBoproerbcsi B MM-kputepiit, a it ¢ =0 BiH
MEPETBOPIOETLCS B KPUTEpIM a3apTHOro rpaBmsd. Hailyacrime MHOXHUK Baru
MPUIMAETHCS B AKOCTI IESIKO1 «CepeTHbOI» TOUKH 30py, ¢ =0,5.

[Tpu BuGopi HW-kputepito npea'siBasrOThCs HACTYIHI BUMOTH:
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— TIPO HMOBIPHOCTI NOSIBH CTaHIB F; HIYOr0 HEBIZAOMO;

— peami3yeThCs JUIe Maia KiJIbKICTh PillieHb;
— JIOIIYCKA€ThCS NEIKUU PU3HUK.
4.8 Kpurepiii Xomxka — Jlemana (HL-kpurepiii)
OminHa QyHKIIIS JAHOTO KPUTEPit0 BU3HAYAETHCS:
n
Zpy, =Mmaxe, =max vz;el.jpj + (1 - v)mjm e; ,0<v<I. (4.13)
=

MHOXH1Ha ONITUMAJIbHUX PIIIEHb 3aMUCYETHCS Y BU/IL

1
1

E,={E,JE,cEne, :max{viel.jpj +(1=v)min el.j]/\OSVSI
j=1 J

[lapameTp v BuUpaxkae CTYMiHb JOBIpM A0 po3monairy imoBipHocTel. lleit
napamMeTp MPaKTUYHO HE MIANAEThCA OLIHII, TOOTO BUOIp mapameTpa vV MiAHAEThCS
BIUIMBY Cy0'€KTHBI3MY.

4.9 Kpurepiii I'epmeiiepa (G-kpurepiii)
Jlanuii KpUTEpi OpIEHTOBAHWM HA BEIWYMHU BTPAT, TOOTO HA HETATHUBHI 3HAYCHHS

yeix e, .

OminHoMO (PyHKITIEIO € BUpa3

Zg =maxe, = mlaxmjm e;D,;s (4.14)

TOM1

E, :{E[O E,eE ne, = maxmine;p; A e; <0 }

OcCkiJIbKM B TOCHOJApChKUX 3ajadyax TMEePeBaXKHO MAlOTh CIpaBy 3 BUTpaTaMH,
yMoBa ¢; <0 3BHYaiiHa BAKOHYETHCSL.
Y BUmIAIKy K, KOIM CEPel BEIUYUH e, 3yCTPIYAIOThCS 1 IMO3UTHBHI 3HAYCHHS,

MOKHa HCpCfITH A0 CTPOro HETaTUBHUX 3HAYCHL 3a JOIIOMOI'OI0 IICPECTBOPCHHA eij —a,
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mpu a>0, ne a=maxe; +1 . Bubip ontumanpHOro BapiaHTa pIlIEHHS 1CTOTHO
i,j
3aJIEKUTH BIJ @ .

[IpaBuno BubOOpy BiAMOBIAHO A0 G-KpuUTepito (OPMYTIOETHCS B TaKUW CIOCIO:

MaTpHIsl PilleHb Hey” JIOTIOBHIOETHCA 1€ OJHHUM CTOBIIIEM, IO MICTHUTh Y KOKHOMY

pAAKY HallMeHIIMM 70OyTOK HAsBHOIO Yy Hill pe3ynbTaTy Ha WMOBIPHICTb BIANOBIJHOTO

crany F;. BuOuparorbcs Ti BapiaHTH E,), Yy psKax sAKHX 3HAXOIUTHCS HaiOlnbLie

3HAa4Y€HHS e, 1bOT'0 CTOBIIL.

G-xputepiii y3aranapHioe MM-kpuTepiii. Y BHUMAAKy PIBHOMIPHOTO PO3MOALTY

| o s )

p,=—,Jj= 1,2,...,n xputepii G 1 MM cTaroTh iA€CHTUYHUMH.
n
YMoBH 3acTOCOBHOCTI G-KpHUTEPitO:

— IMOBIPHOCTI TOSIBM CTaHIB F; BIIOME;

— pIIIEHHS peanti30BYEThCA OANH ab0 6arato pasis;

— JOMYCKAETHCS AEAKUU PU3HK.

ko QyHKIIS po3moAUTy BiJOMa HE HACTUIBKH SBHO, TO TpH BkuBaHHI G-
KpUTEPit0, MaIOTh HEBUIIPAB/IAHO BEJTUKHUI PU3HK.

4.10 IIpukiaax BUKOPUCTAHHS MOXIAHUX KPUTEPIiB

PosrnsigaeThes 3amaua BUOOPY ONTHMMAIbHOTO BapiaHTa PIMICHHS 3a JIOMOMOTOIO
noxinHux kputepiiB ['ypsina, Xomka — Jlemana, ['epmeiiepa qisi MaTpulll pimieHb 3
MOTMEPEIHBOT0 MPUKIAAY 13 TAKUMH X YMOBAMH PO3MOJUTY WMOBIPHOCTEH TOSIBU
30BHIIIHIX CTaHIB, AKIIO Bijiomo, o ¢ = 0,5, v=10,5.

Pimennsa. CriouaTky 3HaieMO ONTHUMAaJbHUN BapiaHT PIIICHHS 3a JIOMOMOTOIO

HW-kpurepito, s LBOr0 BHU3HAYMMO MAaKCMMajbHI ~ max €i; 1 MIHIMaIbHI
j

min €;; pPEe3yJbTaTH KOKHOIO PAJKA 1 MIOMHOXHUMO iX Ha Koedinientu (1 —¢) = 0,5,
j

¢ = 0,5, BiAOBIIHO. AJKeE:
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-2,4x0,5 -1,2
-4,8x0,5 -2,4
-1,2x0,5 -0,6
-1,58%0,5 -0,79
0,5 x max e, = =
j : -4,8 x0,5 -2,4
-3,11x 0,5 -1,55
-3,26x0,5 -1,63
-2,1x0,5 -1,05
-8,17x0,5 -4,08
-8,0x0,5 -4,0
-8,5%0,5 -4,25
. -911x0,5 -4,55
05 x min e, = =
j ’ -9,02x0,5 -4,51
-9,26x0,5 -4,63
-6,8x0,5 -3,4
-8,5%0,5 -4,25
JlonaTKOBUH CTOBIIELb €, = ( c min ¢ + ( l-c¢ )m_ax e, j) HaOyBa€ BUIIISALY
J J
-1,2 - 4,08 - 5,28
- 2,4 - 4,0 - 6,4
- 0,6 - 4,25 - 4,85 < Ej
B R CI I IR SR N A
H Cir H T -24 -451 | | -691
- 1,55 - 4,63 - 6,18
- 1,63 -34 - 5,03
- 1,05 - 4,25 -53

[To d¢opmyni (4.12) 3HadyeHHs oiiH0O0OY01 QyHKIII Kputepiro ['ypBina €

Zyuw = -4,85, 1m0 BianoBijae onTuMaibHOMY BapianTy E;( = { E; }
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3acrocyeMo kputepiii Xomxka — JlemaHa najs MOILIYKY ONTHMAJIbHOTO BaplaHTa.

n
3HaliIeMO MaTEMaTHYHI YEKAHHA Y € P 1 MIHIMAJbHI €IEMEHTH MmN €;;j KOXHOIO
j=1

psAIKa 1 TOMHOXHUMO ix Ha Koedimieata v=0,51 (1 — v) = 0,5, BiamoBigHo. AmKe:

-5,692 x0,5 -2,846
-6,048 x0,5 -3,024
-5,756 x0,5 -2,878
n -6,165 x0,5 -3,082
05 x e; p; = =

j=1 -6,118 x0,5 -3,059
-5,366 x0,5 -2,683
-5,249 x0,5 -2,624
-5,085 x0,5 -2,542
-8,17x0,5 -4,08

-8,0x0,5 -4,0
-8,5%0,5 -4,25
0.5 x min ¢;; = -911x0,5 _ -4,55
J -9,02x0,5 -4,51
-9,26x0,5 -4,63

-6,8x0,5 -3,4
-8,5%0,5 -4,25

n
JlomaTKOBHM CTOBIEIb €i =| V D, €{jp; + (1 -V )m;’n €; 11 HaOyBa€ BUTIISIY:
j=1 j

46



22,846 24,08 26,926
23,024 _4,0 27,024
22,878 -425 27,128
23,082 -4,55 27,632
23059 | | -451 | | -7.569
22,683 _4,63 27,313
22,624 23,4 _6,024 | « E,
22,542 _425 26,792

Hami 3actocyemo oriHo4y (ynkimito (4.13) 1 3HalieM0 ONTUMAaIbHUNM BaplaHT.

Ockinpku Z,;, = max e,

Bapianty E ¢ = { E~ }

JIns BUKOPUCTaHHSA

=-6,024, ToO Takuil pe3yJbTaT BIANOBIJAE ONTHUMAIbHOMY

kputepito ['epmeiiepa moOyayeMo IOIAaTKOBUH CTOBIEIb

eir = m}n(eij pj ):
51 x03 <75 x01 -24 x01 -71 x01 -817 x01 -62 x0,1 -385 x01 -64 x0,
25,7 x03 -506 x01 -63x 01 -7.9 x01 -80 x0,1 -51 x0,1 -48 x0]1 - 622x0
85 x03 -572x 01 -618 x01 -31 x01 -12 x01 -55 x01 -72 x01  -316 0,
12751 %03 -615v01 -42 x01 -158 x01 -7.7 x0,1 -62 x01 -9, 11 x01 -418 x01 |
T 48 %03 =612 x01 -60 x01 -82 x01 -513 x01 -714x0,1 -9,02 x01 -517 0,1
301 x 03 -546x 01 -62 x01 -73 x0]1 -311 x01 -9.26x01 -7,0 x01  -60 x0,1
517 x03 -326 x01 -54 x0]1 -48 x0]1 -68 x01 -53x01 -612 x01 -53 x0
21 x03 683 x01 -52 x01 -57x01 -611x0]1 -85x01 -54 x0,1 -681 x0,1
153 =075 -024  -071  -082  -062 -039  -0,64
171 051 =063 -079  -080 -051  -048  -0,62
255 =057 -062  -031  -012  -055 -072  -032
, 225 -062  -042 -016  -0,77 -062  -091  -042
STl 144 -061 -060  -082  -051  -071  -090  -0,52 B
2093 -055  -062 -073 -031 -093 -070  -0,60
155 -033  -054  -048  -0,68 -053 -061  -053
0,63 -0,68 -052  -057 -061 -085 -054 -068
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-1,53
-1,71
-2,55
225 |=[eir |
-1,44
-0,93
-1,55
-0,85 | Eq

Bennuuna  omiHmoorowoi  ¢yHKmii  BiamoBimHo Ao dopmynu  (4.14) €

Zg = max e = -0,85.

1

3HaiiieMo ONTUMAIBHUN BapiaHT pimeHHs: E;( = { Eg }

5 KJIACTEPHUM AHAJI3. KJTACU®DIKAIISA OF’EKTIB

5.1 OcHOBHA MeTa KJIACTEPHOTO aHATI3y.

5.2 HopMyBaHHsI MOKa3HUKIB 00'€KTIB.

5.3 I1OHATTS METPUKH.

5.4 OcHOBHI BJaCTUBOCTI KJIACTEPIB.

5.5 Orasaa MEeToAIB KJIACTEPHOTO aHaTi3y.

5.6 Ilpsamuit anroput™ Knacudikarii n 00’ €KTiB.

5.7. Ctpaterisa HalOIMKIOTO Cycina.

5.8 Tlpuxian BUKOPUCTAHHS CTPATET1i HAMOIMKIOTO Cycia.

5.9Crparteris panekoro cyciza.

5.10 Crparteris cepeHbOTO 3B SI3KY, 110 HE 3BAKYETHCS.

5.11 'myuka cTpareris.

5.12 Crpareris ariioMepaTUBHOTO 00’ €THAHHS.

5.1 OcHOBHa MeTa KJIACTEPHOI0 aHAJI3Y

OcHOBHA ME€Ta KIACMepHO20 aHANi3y — BUAUINTH y BUXITHUX OaraTOMIpHUX JaHUX
Taki OJHOPINHI MiAMHOXHWHHU, 00 O0’€KTH ycepeAauHl rpynu Oyiau CXOX1 OJWH Ha
OJTHOTO, a 00’€KTH 3 PI3HUX TPyM — HEe cx0xl1. [1ix momiOHICTIO pO3yMIETHCS OIU3BKICTh

00’€kTiB y OaraToMipHOMY MPOCTOpP1 O3HAK, 1 TOMA1 3a/laua 3BOJUTHCS IO BUJIJICHHS B

48



bOMY TPOCTOP1 TPHUPOJHUX CKyMuYeHb (KIacTepiB) OO €KTiB, IO BBa)KAIOThCA
OJTHOPIAHUMHU TPyTIaMHU.

VY knactepHomy aHani3i icHye mpoOrnema BUMIpY OIM3bKOCTI 00’ekTiB. OCHOBHI
TPYIHOIIIi, III0 BUHUKAIOTh NIPU 1IbOMY: HEOJHO3HAYHICTh BUOOPY CITOCOOY HOPMYBaHHS
1 BU3HAYCHHS BiJICTaHI MK 00’ €KTaMH.

5.2 HopmyBaHHSI NOKA3HUKIB 00’ €KTIiB

HopmyBanHs moka3HuKiB (03HaK) 00’€KTIB sIBIS€ CO0OI0 Mepexil A0 ACSKOTO
OJTHAKOBOTO OMNHUCY BCIX O3HAaK 1 BBEJIEHHIO HOBOI YMOBHOI OJWHHUII BUMIpPY.
HopmyBanHs HE0OX11HO, KOJIU O3HAKK OOMIPIOBaH1 B PI3HUX OJIMHULISIX BUMIDY.

[TpuBeneMo HAWOLIBII PO3MOBCIOKEHI CITOCOOM HOPMYBAaHHS O3HAaK (TIEpexil Bin

BHUX1/IHMX 3HAY€Hb X J0 HOPMOBAHOTO Z):

' =(x-x)/o,

2P =x/X,
2 =x/x,
zt=x/x

max

ZS = (‘x - x)/(‘xmax - ‘xmin )’

Je X,0 — BIANOBIAHO CepelHE W CepeJHE KBaJApaTUYHE BIAXHJICHHS O3HAKH X ; X' —
— HaWOUIbIIE W HAWMEHIIC

JesIKe €TAJIOHHE (HOpPMAaTUBHE) 3HAYEHHA X , X, ,X

max 2 “¥min

3HAYEHHS X .
5.3 IIoHATTS METPUKH

BincranHio (MeTpukoio) MiX 00’€KTaMM B TMPOCTOpPI O3HAK HA3MBAETHCS Taka
BeMYMHA d (x, y), 110 33JJ0BOJIbHSE aKC1IOMaM:

1) cumerpis: d(x,y)=d(y,x)>0;

2)HEepiBHICTh TpUKyTHUKA. [laHO Tpu 00'€eKTH Xx,y,z BIACTaHI MDK HUMU
3a710BONBHSIOTE YMOBi: d(x,y)<d(x,z)+d(z,y);

3) pO3pi3HEHHs HETOTOXHUX 00’ ekTiB: aximo d(x, y) #0,Te X # );

4) HEpO3pI3HEHICTh 1IEHTUYHHUX 00 €KTiB: AKImO d(x,y)=0,Te x ¥ y iIEHTHUYHI.
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[lepepaxoBaHi 4OTUPH BUMOTH TMOBUHHI OyTH OOOB’SI3KOBUMH aTpuOyTamMu Mipu
nmoaAiOHOCTI Mk 00’ ekTamu. Po3risitHeMo OCHOBHI CTOCOOM BU3HAYCHHS OM3BKOCT1 MIXK
00’exTamMu a00 MipH MOAI0HOCTI. BUIIIAIOTH HACTYMHI METPUKHU:

Jinitina iocmans (MaHxemenbCcka 6i0CcmaHb ab0 8i0CMAHb MICLKUX K8APMAIiB):

d; = ;‘xlk — Xyl (5.1)

Iie dl.j — BIICTaHb MK 00’€KTaMH i, j, X; — 3HA4€HHs k -1 03HAKH JUIA i -T0 00’ €KTa;

Eexnioosa éiocmanw:

m

d; = Z(xik ~ X )2 . (5.2)

k=1

V3acanvnena eiocmanv Minkosecbko2o:

d; :[;/Z(‘xik —x, ). (5.3)
k=1

MeTpuku BiICTaHI MarOTh HEAOJIKH, [0 CKJIAJAIThCSd B TIM, IO OIlIHKA

MOAIOHOCTI 3alleKUTh BiJl PO3XO/KEHb y 3CYBY HaHuX. O3HaKH, y SKHX OJIHOYACHO

BENWKI a0COJIFOTHI 3HA4YeHHS 1 CTAaHAApTHI BIAXWJICHHSA, MOXYTh NPUHHU3UTU BIUIUB

O3HaK 13 MEHIIUMHU aOCOTIOTHUMH PO3MipaMH 1 CTaHIApTHUMHU BimxwuieHHsMuU. [1[06

3MEHIINTH TaKHii BILTHB, BUXiHI JaHi HOPMYIOTb 3a JJOIOMOTOI0 HOPMYBAaHb z' 260 z°.
5.4 OcHOBHI BJIACTHBOCTI KJIacTepiB

Xo4a HEMa€ 3araJbHOMPUMHSATOTO CTPOTOr0 MaTEMATUYHOTO BHU3HAYEHHS MOHATTS
«KJacTep», 0arato AOCHITHUKIB BHUIUIAIOTH OCHOBHI 61acmugocmi Kiacmepie —
HIUTBHICTB, AUCTIEPCisl, po3Mip, popma i BIIAIIBHICTS.

[l]inbHicmb — 1Ie BIACTUBICTh, IO JI03BOJIAE BU3HAYUTHU KJIAcTep, K CKYMUYCHHS
TOYOK y MPOCTOpI JAaHUX, BIIHOCHO IIIJIbHE B MOPIBHAHHI 3 IHIIMMH OOJACTAMHU
MPOCTOPY, IO MICTATH 00 Majio TOYOK, a00 HE MAIOTh 1X 30BCIM.

Jlucnepcin xapakTepu3ye CTYIIHb PO3CIIOBAaHHS TOUYOK Y MPOCTOPI MIOJAO0 IIEHTpa
Kiactepa. Jlucmepcis ¥ HIUIBHICTh TICHO B3aeMoO3ajieXHiI MK coboro. Kimactep mokHa

HAa3BaTH «IIUILHUMY, SIKIIO BC1 TOYKU 3HAXOSATHCA MOOIN3Y MOT0 IEHTpa Bary.
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BrnactuBicTh KnacTepiB — po3mip 3B’S3aHUH 3 qucriepciero. SKIo kiacTep MoOXKHA
11eHTU(IKYyBaTH, TO MOXXHa BUMIPUTH Horo paniyc. Lls BmacTHUBICTH KOpHCHA, SKIIO
PO3IIIAHYTI KJIAaCTEpH € Tinmepcdepamu B 6araToMipHOMY MPOCTOPI.

@opma — 11€ pO3TaIIyBaHHS TOUOK y mpocTopi. He3Baxkaroun Ha Te€ IO KiIacTepH
300paxyoTh y (opMi rimepchep abo emincoimiB, MOXKIMBI KiacTepu, SKI MaroTh
MOAOBXKEH1 (GopMH.

Biooinbricms xapakTepusye CTYIIHb NEPEKPUTTS KJIACTEPIB 1 HACKLIBKUA AAJIEKO
JPYT BiJ Apyra BOHHU PO3TAIIOBaH1 B MPOCTOPI.

3rimHo EBepiTy kmactepu — 1e  Oe3mepepBHI 00JacTi MPOCTOPY 3 BiAHOCHO
BHCOKOIO IIUJIBHICTIO TOYOK, BIAAICHI BIJ IHIIMX TaKHX caMO 00jacTed o0JacTsIMH 3

BIJTHOCHO HU3bKOIO IIIJIbHICTIO TOYOK.

5.5 OrJisa MeToiB KJIACTEPHOI0 aHAJI3Y

KrnactepHi MeToau yTBOPIOIOTH CIM OCHOBHUX CIMEHCTB:

1) iepapxidHi arioMepaTUBHI METOIH;

2) iepapxi4yHi J1BI3IMHI METOJIH;

3) iTepaTuBH1 METO/AU YTPYTOBAHHS;

4) MeToIu NMOIIYKY MOJAIbHUX 3HAYEHb IUIBHOCTI,

5) dbakTopHi MeTOIH;

6) METOM 3TYLICHb;

7) MeToaH, 110 BUKOPUCTOBYIOTH TEOPIIO TpadiB.

Jlani ciMmeiicTBa BIAMOBIZAIOTH PI3HUM TMIAXOJaM JIO CTBOPEHHA Tpym, 1
3aCTOCYBaHHS PI3HUX METOJIB 0 TUX CAMUX JAHWUX MOKE MPUBECTH J0 PE3YyJIbTaTIB, AKi
CHWJIBHO PO3PI3HIIOTHCS.

I3 cimMelcTB KIacTepHMX METOJIB HAWOLIbIIE YacTO HAa MPAKTHUIl BKUBAIOTHCA
. . . . . . 1L E P
iepapXidyHi arJmoMepaTUBHI METO/HU, IO BUKOPHCTOBYIOTh METpHKHM BiacTani d;, d;f, d;

JUIS BU3HAYEHHS MIpH MOAIOHOCTI MK 00’ekTamu. lepapxiduHi arioMepaTuBHI METOIU

PO3PI3HAIOTHCA, TOJIOBHUM YMHOM, 32 MpaBWIaMH (CTpaTeTisiMU) MOOYAOBH KIIACTEPIB.

51



Icaye OGarato pi3HHMX CTpaTerii CTBOPEHHA KJIACTEpPIiB, KOKHA 3 SIKMX IOPOIKYE
crnenudiYHUN 1€papXidHUNA METOJ: HAHOIMIKUOTo Cycina, JaJeKoTo Cyciaa, cepeaHboro
HE3BA)XCHOTO 3B’S3KY, THYYKHU, ariomepaTuBHE 00 ’eaHaHHsA ¥ iHIm. OnHak, yci Il

METOAM MIJIETII1 €IMHOMY QJITOPUTMY — MPSIMOMY aJITOpUTMY Kiacudikailii n 00’ €KTiB.

5.6 IIpsimuii anropuTm Kiaacudikaumii n 00’ ekTiB

Hexaii 3agana matpuus 4,.,,, A€ n — YUCIO OO'€KTIB, m — YUCIO O3HAK, LIO

OIUCYIOTh KOXHHH 00’€KT; ay, I

=1,...,n, j=1,..m — enemMeHnr marpuui A4, , IO

BU3HAYA€ 3HAYCHHS j O3HAKM Ui { 00’ekTa; a; 2 0.

Kpox 1. Ha nbomy KpoI11i KOKHUN 00’ €KT BBAKAETHCS OKPEMHUM KJIACTEPOM, TOOTO

Ha MOYAaTKy MaeMo n kiactepiB. O0uuciumo yci Bincrani d i, 1, j=1,2,...,n 0 OHIH 3

ijo
dopmya (1) — (3). Cxmagemo matpuiro G po3MipoM n X N BiJICTaHEHW MIX yciMa n

00’ekTamMu, TOOTO

d]] d12 In

d,, d,, ... d,,
G =

dn—],] dn—],Z o dn—/,n

dnl an v dnn

Kpox 2. ¥ matpuni G Bifmrykaemo MiHiManbHy BincTanb d i, i# j , (1€ 3HA4YUTD,

o e e

o 1-i 1 j-i 00’€KTH MarOTh MaKCUMaJIbHY MIpy MOAIOHOCTI) 1 CKIaAeMO 3 HUX HOBUU

(nt+1)-it xmacrep. Ilo3naummo 1eit kmacrep uepes h=(1Uj). Skmo € aexinbka

MiHIMaTBHUX d ;:, TO BUOUPAIOTH SKUN-HEOYb 13 HUX.

ij
Kpoxk 3. O6uncaumMo BiCTaH1 Mi>K HOBUM KJIacTepoM h 1 iHIIMMH 00’ €KTaMHu, 110

3ITAIITIKCS 11I€ HeKIacu()IKOBAaHUMU , IO GOpMYITi
dyn = o dix + ax dj + Bdi; + V‘dik_djk (5.4)

k=12, .i-Lit],..j-1j+1,..n,
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ne d i — BiacTanb MK K-M 00’€KTOM i i-M 00’€KTOM, 110 BXOIUTb y Knactep h, d;, —
BijicTaHb MK k 06’ €KTOM 1] 00’€KTOM, 110 BXOJUTH y KiacTep h, dij — BIJICTaHb, 11O

Oyno 3HaiaeHo Ha kpoti 2. [To popmyi (8.4) He BU3HAYAETHCS B1ICTaHb MK OKPEMHUMHU
00’€KTaMM, a BU3HAYAETHCS BIICTaHb MK KJIACTEPOM 1 KJIaCTepOM ab0 MIXK KJIaCTepOM 1
00’€KTOM.

[Tapametpu a., a BHU3HAYAIOTH cTpaTerii 00’ €HaHHSA KJIaCcTEPIB V HOBI
19 29 9

KJIACTEpHU.
Kpox 4. IToOyayemo HOBY MaTpuilio Biactanei Gy 3 marpuili G nuisixom
k=1,2,...,1-1,1+1,... -

noxasaHHs (n+1) psaka 1 (nt+1) croBnus 3 enemenramu d, , ,

1,j+1,...,n, mOTIM 1-# 1 J-¥ pAIKH, a TAKOXK 1-1 1 J-i CTOBIIL BUKPECTIOIOTHCS. JlJis
Matpuill G; MykaeMo 3HOBY MIHIMaJIbHY BiJICTaHb dij, i#j 1¢dopMyeEMO HACTYNTHUN
(n+2) knmacrep. Jamni, skimo e kaactep mae Homep (2n-1), To mporeaypa GopMyBaHHS
KJIACTEPIB 3aKIHUYETHCS M EPEXOTUMO 10 KPOKY 5, SKIIO0 HOMEp KiacTepa He TOPIBHIOE
(2n-1), Te mepexoaumo 110 Kpoky 3. Ha kokHOMY Kpolii 3an1aM’ITOBY€MO MIiHIMAJbHY
BEJIMYMHY 1 JI0 SIKOTO KJIacTepa BOHA BiTHOCUTHCA.

Kpoxk 5. Bynyemo tak HazuBaHy aeHaporpamy (rpadik mOKpoKoBoi kiacudikalrii
00’€KTiB), Jie TI0 OC1 a0CIKC BiAKIagaeMO HOMEpa 00’ €KTiB (KJIacTepiB), a Mo oci

OpIMHAT piBeHb 00’ €iHaHHs a00 3Ha4YeHHs MiHiManbHuXx d, . Kineup anroputmy.

5.7 Crpareriss HalOJIHKYIOTO cyciga
BincTane MDK JBOMa KacTepaMd BHU3HAYAETHCS SK BIACTaHb MK JBOMa
HaWOIMKYMMH 00’ €KTaMH B IIUX KJIacTepax:
d,, =min(d,.d, ) (5.5)
[TapameTpu ctpaterii:a, =a, =0,5, =0,y =-0,5.
Crpareris € MOHOTOHHOIO, TOOTO BiJl KPOKY 10 KPOKY 3HaU€HHS MaKCUMaJIbHO1

MIpH MOA10HOCTI HE 3MEHIITYEThCHA.
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Jlana crtpareris cTilka A0 OyAb-IKMX NEpPeTBOPEHb JaHUX 1 OyAb-KOMY
nepeynopsaAKyBaHHIO 00’ekTiB y Matpuili A . [omoBHMI Hemosik cTparerii
HaWOMMKUOTO Cycima B TiM, IO BOHA MPUBOJUTH A0 TOSBU «JIAHIIOXKKIBY (TOSIBI

BEJIMKHUX JIOBTacTHX KJIACTEPIB).

5.8 Ilpukjag BUKOPUCTAHHS CTPATeril HAWOJIMKYIOro cyciga
JlaHO MaTpULIO O3HAK H e H po3MipoM n X m, n=7, m=2. 3A1liCHUTH

kiacu@ikaiiro 06’ €KTIB y CX0XK1 rpynH (KJIacTepy), BUKOPUCTOBYIOUH MIPSIMIN aITOPUTM
kinacudikauii. Jns o6unciaeHHs BiacTaHi Mk 00’ €KTaMu HEOOX1HO BUKOPUCTOBYBAaTH
MeTpuky EBKitizna i cTpaTerito HalOmmK4oro cyciza.

Pimenns.

Kpox 1. Maemo ciMm 00’ €KTiB, 110 OMUCYIOTHCS ABOMA O3HAKAMH € | ,€ 5 .

5

N A 9 O W A~ 0
AN W W N

2

BBaxkaemo, 1110 K0o’KHHM OKpeMuit 00’ eKT BUu3Havae kiactep. [looymyemo

MOYaTKOBY MaTpUIIIO BiacTaneh G, it boro o0unciaumo BiacTadi EBkiina mo dopmyii

2 I .
d?j:\/lzl(eik_ejk) y1L,)=L2, . T 1# ]

Martpuiis BicTaHeld CUMeTpUYHaA 1 Ma€e Takui BUris (tadm. 5.1):

54



Tabnmuusg 5.1 — [NouaTtkoBa maTpuils Biacranen G

Howmep knactepa 1 2 3 4 5 6 7 min
1 0,00 5,66 5,83 2,24 1,00 4,12 4,24 1,00
2 0,00 1,41 5,39 5,00 5,00 1,41 1,41
3 0,00 6,08 5,00 4,12 2,00 2,00
4 0,00 2,83 5,83 4,12 2,83
5 0,00 3,16 3,61 3,16
6 0,00 4,12 4,12
7 0,00

Kpox 2. Enement d ; =mind ;, =1 matpuni Bifictaneit G € MiHiManbHuit, T06T0
1]

00’extu 1 15 HaWOLIBII CXOXKI1, 1 CKIIAAal0Th HOBU § KiacTtep abo 8 =(1U5).
min = 1,00 Kiactep 8: 1,5

Kpox 3,4. O6uncnumo o dpopmyii (5.5) BiacTaHi Mi>K HOBUM 8 KIACTEPOM 1

IHITUMH 00’ €KTaMU, 110 3aJTUIITAINCS MTOKHA HEKIAacH(piKOBAaHUMH, TOOTO
d,, =min(d, ,d, ), k=2,3,4,6,7,
d,,=5,00;d,,=5,00;d,, =2,24;d,,=3,16;d,, =3,61

HoBa matpuns Biactanein G; ¢opmyeThea 3 Matpuili G HUIAXOM JOJaBaHHS &

d d d amorim 1, 5 paakm i 1,

psnka i 8 croBnug 3 eneMentamu d,, , d

38 48 68 2 78

5 cToBMmIIl BiAmansOThCs (Tabdm. 5.2).

55



Tabmug 5.2 — Marpuns Bincranei Gy

Howmep knactepa 2 3 4 6 7 8 min
2 0,00 1,41 5,39 5,00 1,41 5,00 1,41
3 0,00 6,08 4,12 2,00 5,00 2,00
4 0,00 5,83 4,12 2,24 2,24
6 0,00 4,12 3,16 3,16
7 0,00 3,61 3,61
8 0,00

Ha matpuii G; nrykaemo MiHIMalIbHUHN €1€MEHT, TOOTO — 11e ejemMeHT 1,41, mo
Bianosinae d,, abo d,.. Obupaemo skuii-HeOynb 3 HUX, Hanpuknaj, d,, = 1,41, Todto
00’eKTH 2 13 OENHYIOTHCS B HOBUH, JIeB’ATUI KIIacTep.

min = 1,41 Knacrep 9: 2, 3

Ockinbku HOMEp 9 KimacTepa He JopiBHIOE (2n— 1) = 13, TO TOBTOPIOEMO KPOKH 3,

3a ¢opmyroro (5.5) o6urciIuMo BIACTaHI MK KJacTepoM 9 Ta IHIIMMH 00’ €KTaMu
U KJIacTepamu:
d,, =min(d,,,d, ), k=4,6,7,8;
d,, =539;d,=4,12;d,,=14; d,, =5,00.
Hosa matpuns Biacraneit G, hopmyerbes 3 MaTpuili G; IUIIXOM JA0JaBaHHS psiliKa

i croBmud 3 enementamu d,, , d,,, d.,, d,, ,nOTiM psaku 2, 31 croBmui 2, 3

BimansroThes (Tabm. 5.3).
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Tabmug 5.3 — Martpuns Bigcraneit G,

Howmep knactepa 4 6 7 8 9 min
4 0,00 5,83 4,12 2,24 5,39 2,24
6 0,00 4,12 3,16 4,12 3,16
7 0,00 3,61 1,41 1,41
8 0,00 5,00 5,00
9 0,00

Ha matpuiii G, nrykaemo MiHIManbHUM €IEMEHT, 1€ eneMeHT 1,41, o BiamoBigae

d

.o» TOOTO 00’€kTH 7 19 MOEIHYIOThCS B HOBHH KiacTtep 10:

min = 1,41 Kiacrep 10: 7, 9.
Ockinbku HOMED 10 # 13, TO 3HOBY MOBTOPIOEMO KpOKH 3, 4.
O6uuncnroemo BiacTani Mix ki1actepoM 10Ta iHIIUMH 00’ €KTaMU U KJIacTepaMu:

d, , =min(d,,,d, ), k=4,6,8;

Tk
d4,10 = 4712; d6,10 = 4)12; dS,IO = 3,61.

Hosa matpuns Biacraneit G; popmyerbes 3 Matpuili G, IUIAXOM J0aBaHHS PsIAKa

1 cToBIILd 3 eleMeHTaMu d d d, ,,», 710 TOro X paaxu 7, 9 i croemui 7, 9

4,10 ? 6,10 2

BimmansroThes (Tabi. 5.4).
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Tabmug 5.4 — Marpuns Bigcraneit Gs

Howmep knactepa 4 6 8 10 min
4 0,00 5,83 2,24 4,12 2,24
6 0,00 3,16 4,12 3,16
8 0,00 3,61 3,61
10 0,00

Minimansauii enement matpuni Gz € d, = 2,24, T100TO 00’€kTH 418

MOEJHYIOTHCS B HOBUM, OTMHAIIATANA KIACTED:

min = 2,24,

Ockinbku HOMED 1113, TO 3HOBY MOBTOPIOEMO KPOKH 3, 4.

OO6uncnuMo BizicTaHl MK KiactepoM 11Ta iHmmMu 06’ ekTaMu abo Ki1acTepamu:
d,,, =min(d,,,dg ), k=6, 10.

Orxe, d,,, =3,16 , d
Hosa matpuns Biacraneit G4 hopmyerbes 3 MaTpuili G; IUIAXOM JA0JaBaHHS psiliKa

U cToBILA 3 eneMeHTamMu d

BimansroThes (Tabm. 5.5).

10, 11

6,11 °

= 3,61.

Kinacrep 11: 4, 8.

d,, ,,» 10 Toro x psaaku 4, 8 i crosnui 4, 8

Tabmug 5.5 — Matpuns Bigcraneit Gy

Howmep knactepa 6 10 11 min
6 0,00 4,12 3,16 3,16
10 0,00 3,61 3,61
11 0,00
Minimanbuuii enement Matpuii Gy € d, |, = 3,16, T06T0 06’€KTH 6 1 11

MOEJHYIOTHCS B HOBUM, ABAHAAUATUI KJIacTep:
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min = 3, 16. Kinacrep 12: 6, 11.
Ockinbku HOMED 12 # 13, TO 3HOBY MOBTOPIOEMO KPOKH 3, 4.
OO6uncnuMo BizicTaHl MK 12 KIacTepoM 1 IHIIMMU 00’ €KTaMU U KJlacTepaMu, 110

SAJINIIHNIINCA:

d, , =min(d,,.d,,, ), k=10

6k >

d,,=3,6l.

10,12
Hosa matpuis Biacraneit Gs popmyerbes 3 MaTpuili G4 IUIAXOM J0IaBaHHS PsIAKa

1 cToBHLS 3 €1eMEeHTOM d,, ,,, 10 TOoro Xk psaaku 6, 11 i crosmui 6, 11

BimmansroThcsa(Tadm. 5.6).

Tabmug 5.6 — Matpuns Bigcraneit Gs

Howmep knactepa 10 12 min
10 0,00 3,61 3,61
12 0,00

MinimaneHui enemednT Matpulli Gs emunmii d , ., = 3,61, To0T0 00’€kTH 10 1 12

10,12
MOEHYIOThCS B HOBUHM, 13-i1 kmactep. Ockinmbku HOMep 13 = 13, To anroput™m
3aKIHUYETHCS, 1 IEPEXOANMO JI0 KPOKY 5.

Kpox 5. Byayemo nennporpamy o6’eanans (puc. 5.1).

A
13
3.61 L | -
+
11
224 L -
B @ W
1.00| |

[1] [5] [4] [e]

Pucynok 5.1 — [lengporpama
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5.9 Crpareris naJjiekoro cyciga
VY mi#t cTpaTerii BiACTaHb MDK JIBOMa KJIaCTEpaMU BHU3HAYAETHCS SK BIJICTAaHb MK

JIBOMa CAMUMHU B1JIaJIEHUMU MIPEACTaBHUKAMU ITUX KIACTEPIB:
d, =max(d,.d, (5.6)

[Tapamerpu crpaterii: @, =a, =0,5,4 =0,y =0,5.

["onoBHUI HEJOJIK TaHOI CTpATETii MOJATa€ B TOMY, IO HA MEPIINX KPOoKax
YTBOPIOIOTHCS KJIACTEPH 3 HECXOXKUX 00 €EKTIB.

5.10 Crparerisi cepeaAHbOI0 3B’ I3KY, 110 He 3BAKYEThCS

3anponionoBana Miuenepom 1 Cokermom y 1958 pomi sk 3acid GopoThOHM 13
KpaHOCTSIMU ~ CTpaTerii  Habmmx4yoro ¥ gamekoro  cyciga.  Haifwacrime
BUKOPUCTOBYETHCS BapiaHT, KO OOUHUCITIOIOTH CepeaHI0 apu(PMeTHUHY OAIOHICTh MIXK

00’eKTaMHM KJIacTepa i KaHAUAAaTOM Ha BKiIOYeHHsS. CTpaTeris MOHOTOHHA.

dyn = oy dix + axdjx + Bd;i; + 7‘dik_djk‘ (5.7)
k=12, i-Lit 1, j-1j+1,...n.

[Tapametpu ctpaterii y popmyii (8.4) HactynHi a, =a, =0,5, 8 =y =0, T00TO
d.,, =05d, + 0,5d,.

Taka cTpareris BuUOyAOBYye KiacTepu, IO Yy TPOCTOpi O3HAK YTBOPIOIOTH

rinepcdepu.
5.11 I'nyuka crpareris

Hnst wiel crparerii: o +a, + =1, a,=a,,<1,y=0. Crparerias MoHOTOHHa, ii
BJIACTHBOCTI IIUTKOM 3aniexaTh Bim [. Skmo S > 0, To cTpareris cTUCKae MpocTip i
HaBHaku po3tsarye mnpoctip npu < 0. Ha mpakrwii, 3BHYaliHO, BHUKOPHUCTOBYIOThH
3HaueHHA «, =0, =0,625, 3 =-0,25,y =0.

d,, =0,625d,, + 0,625d, — 0,25d,,

Crpareris aae kiactepu y Bul rinepedep.
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5.12 Crparerisi arJ10MepaTUBHOIO 00’ €ITHAHHA
o=a,=1 f=y=0.
dkh = dik + djk'
VYci mepepaxoBaHl cTpaTerii HajexaTh [0 KJIacy MOHOTOHHHUX CTpaTerid 3
rnapameTpamu a,a,, By, TUIst SIKMX CITpaBeINBI HEPIBHOCTI:

o, +o,+pB21, a,+a,20, y=-min(a,,a,).
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