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JI. Hypcepix®, ®@.P. I'vemanosa®, I A. A6oyaxapumosa®, K.C. Janvbexosa®

Lon-®apabu amvindasvr Kazax ynmmoix yuueepcumemi, Aimamul x., Kazaxeman
2A6aii amwinoager Kazax ynmmulk nedazo2uxanwiy yuugepcumemi, Amvamu 5., Kazaxcman
$Xanvikapanvix 6usnec ynusepcumemi, Anmamet K., Kazaxeman

3BPUCTHUKAJIBIK ’K9HE META3BPECTHKAJIbIK AJITOPUTMAEPTE IOJIY

Anoamna

Makanaza OHTailTaHIBIPY €ceNTepiHAe IBPUCTHKAIBIK aJITOPUTMACPAI KOJIAHY Macelnelepi KapacThIpbLIabl.
MeTa’BpHCTHKAHBIH HETi3ri KacHeTTepi JKOHE OChl METa’BPHCTHUKAHBIH KJIACTAPBIH KYPAWTBIH CTOXAaCTHKAJIBIK
OHTAMIaHABIPYABIH KOJINAHBICTAaFbl ANTOPUTMIEP] CHIATTAIFaH. DBOJIONMIIBIK alrOPUTMENepre Kajllbl CHIaTTama
OepinreH. Atam aiiTKaHAa TeHEeTHKAJBIK aITOPUTMICPIiH HEeTi3ri KaaMaapsl MEH KacHeTTepi KeNTipiire .

YCBIHBUIBIN OTHIPFAH MakKaJlaHbIH HEri3ri MakcaThl METa’BPHCTHKAHBIH TeHETHKAJbIK aJIrOPUTMIH TNaiijanaHa
OTBIPBII, KOJIK KypalaapblH OarbITTay MaceleciH menry 0oibin Tabbitazpl. Kemik KypannapeiH GarsiTTay Maceneci NP-
TOJIBIK KJIACCHIHA JKaTaThIH KYpAENi KOMOWHATOPJIBIK OHTaillaHAbIpy eceOi Oojbim Tadbuiagsl. MeTadBpHCTHKAIBIK
onicTepl KOoJIAaHy IIeMiMHIH OYKiJ KeHICTIriH 3epTTeMeii-ak cyOonTHMapl MenrMaepai ajayFa MyMKIHAIK OepeTiHi
KeNTipiiai. [ eHeTHKaIbIK allrOPUTM SBOJIOLMSIIBIK aJTOPUTMIIEP TOOBIHA XKaTa/ibl. ['€HEeTUKAIIBIK allrOPUTMIe TOH T'eH,
XPOMOCOMA, JKeKe TYJIFa(yprak), MOMyJIsus, YPIaK >KOHE OHBIH OIepaTopiiapbl, OyJaHIACTHIPY MEH MYTALHs jKOHE
KPOCCOBEp YFBIMApBIHA KBICKAIIA TYCiHiKTeMe Oepinai. ['eHeTHKAaNbIK aIrOPUTMIE aKbIPJIBI ABTOMATTAP TEOPHACHIHBIH
KOJIIAHBUTYBl JKailJIbl CHOATTANIBL. | CHETHKAJbIK alrOPHTM KOMETIMEeH ecenTepii IIemryne KOJIaHBUIATHIH
TEPMUHOJIOTHS, €CENTiH KOWBUIBIMBIHA TCHETUKAJIBIK AITOPUTMHIH CXeMachl KeNTipiJi.

TyiiiH ce3mep: TICHETHKANbIK AITOPHTM, 3BPHCTHKAIBIK SMIC, METadBPHCTUKAJIBIK AITOPHTM, 3BOJIIOLHUSIIBIK
QITOPHUTM, SBOJIOLHMSIIBIK 3BPHKA, SBOJFOLUS IPHHIMITEP], AKBIPIIBI aBTOMATTAP.

Annomayus
M. Hypcepix', @.P. I'vcmanosa®, I A. A6oyaxapumosa®, K.C. Hanvbexosa®
Kaszaxckuii nayuonanvuoiii ynusepcumem umenu anvo-Papabu, 2. Anmamol, Kazaxcman
2Kazaxckuil HayuoHanbHblll nedazo2uuecuxii ynueepcumem umeny Abas, 2. Anmamol, Kazaxcman
3Vuusepcumem mescoynapoonozo busneca, 2. Anmamol, Kazaxcman
OB30P 3BPUCTUYECKUX U METASBPECTUYECKHUX AJITOPUTMOB

B cratee paccMaTpuBaeTCs HCHOIB30BAHHME SBPUCTUYECKUX ATOPUTMOB AN 3a4ad onTuMu3anuu. OnucaHsl
NTOPUTMBI CTOXACTUYECKUX ONTUMU3ALMN, KOTOPBIE COCTABIISIIOT OCHOBHBIE CBOWCTBA META3BPUCTHKH U €€ KJ1accoB. B
00111eM BHJIE OTIMCAaHbI 3BOJIIOIMOHHBIE aJITOPUTMBI. B 4acTHOCTH, IpHBEICHBI OCHOBHBIE IIATH U CBOMCTBA T€HETHUECKUX
aNnrOPUTMOB.

OcHOBHas Lienb MpeyiaraéMol CTaThM — 3TO pPElIeHHE MPOONEeMBl MapUIPYTHU3AIMH TPAHCIOPTHBIX CPEJCTB C
HCTIONb30BaHHEM METa’BPUCTHUYECKOro anroputma. [Ipobimema MapmpyTH3alMM TPAaHCHOPTHBIX CPEICTB SIBISAETCS
CI0XKHOM KoMOuHaTopHO# NP-onHOM 3agaueit ontumu3zaruy. I1oka3aHo, 4T0 METa3BPUCTUIECKUN TTOAXO] K PEIICHUIO
Mpo06JIeMbl TO3BONAET MOIYYHTh CyOONTHMAaibHOE pElIeHHe 0e3 MCCIeOBAaHUS BCETO IPOCTPAHCTBA BO3MOXKHBIX
pemeHni. ['eHEeTHUYECKUI aNrOpUTM BXOAWUT B TPYIIY 3BONIONHMOHHBIX alIrOopuTMOB. KpaTko maHBI ompeneneHus
CBOHCTBEHHBIM ISl TCHETHYECKOTO aJIrOPUTMA TEPMHUHAM: T'€H, XpOMOCOMa, 0COO0H (ITOTOMOK), HOMYJISIHSI, ONIepaToOphI
MOTOMKOB, CKpEIMBaHHe, MyTauusi, KpoccoBep. OmnHchIBaeTCs NPUMEHEHHE TEOPUM KOHEUHBIX aBTOMAaTOB B
FEHETUYECKOM anropurMe. [IpemioxkeHbl TEpMUHOIOTHS U CXEMa TEHETHIECKOTO allTOPUTMA ITPU PELLIEHHH Pa3IMYHbIX 3a/1a4.

KuaroueBble cjioBa: TeHETUYECKHH aINTOPUTM, JBPHUCTHUECKUI METOJ, METadBPUCTUYECKHH aITOPUTM,
IBOJIIOL[UMHHBIN aJITOPUTM, IBOJIIOLUOHHAS 9BPHUKA, IPUHIIMIIEI YBOIIOLMH, KOHEYHbIE aBTOMATBHI.

Abstract
OVERVIEW OF HEURISTIC AND METAHEURISTIC ALGORITHMS
Nurserik D. %, Gusmanova F.R. !, Abdulkarimova G.4.?, Dalbekova K.S. 3
!Kazakh National University named after Al-Farabi, Almaty, Kazakhstan
2Kazakh National Pedagogical University after Abai, Almaty, Kazakhstan
SUniversity of international business, Almaty, Kazakhstan

The article discusses the use of heuristic algorithms for optimization problems. The algorithms for stochastic
optimization are described, which constitute the main properties of the metaheuristic and its classes. Evolutionary
algorithms are described in general terms. In particular, the main steps and properties of genetic algorithms are presented.

The main goal of this article is to solve the vehicle routing problem using a metaheuristic algorithm. The vehicle
routing problem is a complex combinatorial NP-complete optimization problem. It is shown that the metaheuristic
approach to solving the problem allows one to obtain a suboptimal solution without examining the entire space of possible
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solutions. The genetic algorithm belongs to the group of evolutionary algorithms. The definitions are briefly given to the
terms characteristic of the genetic algorithm: gene, chromosome, personality (descendant), population, descendant
operators, crossing, mutation, crossover. Application of the theory of finite automata in a genetic algorithm is described.
The terminology and scheme of the genetic algorithm for solving various problems are proposed.

Keywords: genetic algorithm, heuristic method, metaheuristic algorithm, evolutioninny algorithm, evolutionary
eureka, principles of evolution, finite automata.

Kasipri yakpITTa sKaH-)KaKThI cajaja >kacaH/bl HHTEJUICKT TEOPHSACH MEH MPAKTHKACHIH/A, SKOHOMHUKAJIBIK
FBUIBIM MEH 3aMaHayW OHW3HecCTe, )XaHa OarbITTap KapKBIHIBI TaMBII KeNedi, COHBIMEH Karap OCHI
MocemeNep il MWelliH THIM/I, €H OHTAaiIbI MIeHIiM MbIFapyFa "MeTasBpucTrka" Oipre AaMblll CypaHbICKa He
Ooyma. ODBpUCTHKA-OYII KypJemi MACENeHIH <OKETKLTIKTI» IIeNIiMiH KOJaliabl yakpIT iMIiH[E, OJapAblH
JYPBICTBIFBIH HEMECE OHTAWIBUIBIFBIH TCOPUSUIBIK TYPFBIAAH HETi3eMeHd, SIFHH SMIMPUKAIIBIK JKOJIMEH
TabaThIH aNrOpUTM. MeETa’BpUCTHKA OpPTYPJi KOCHIMINANApJaH KONTEreH 3KOHOMHUKAIBIK Macenenepi
(Oomxkay >xoHEe OHTaWIaHABIPY) LICITyre MyMKIHIIK OepeTiH KyaTThbl )KoHE FhUIBIMU-3€PTTEy OarbIThIHIA OTC
TaHBIMAaJI OHTAMIAHABIPY 9/1ici OOMNBIT TaOBIIA b,

Bomxayabia, oHTalIaHaBIPYIBIH XKoHEe OeiHeNepAl TaHyIbIH MaTeMaTHKAaJIbIK o/icTepi Ka3ipri 3aMaHFbI
SKOHOMHMKAJIBIK FBUILIM MeH 3aMaHayun OwusHecTiH IT-TexHonorusuapbl TeOpWsCHIHBIH Oemiri OGobn
TaOBUIAIEI.

HelipoHIbIK JKenmiepi, TeHeTHKAIBIK alrOPUTMI, TOCTYPIIl 9BPUCTUKA MEH 3aMaHayH METa3BPHUCTHKAHbI
KOJIIaHAThIH 0acka oJicTep MEH alrOpuTMACPAl KOJJAHYIbIH KEH MYMKIHIIKTEpi, COHJai-ak oyapra
HETI3eNIeH JKacaHIbl HMHTEUICKT OaraapiaMaliblK >KacaKTaMachlH NalijanaHy, 3€pTTENETIH TaKbIPHII
aiiMarbIHBIH Mpo0IeMaapblH THIMAL MeTliMIepre alHaIIbIPaIbL.

OBPHUCTUKAIBIK diCTEp HYCKAIAP/IbIH CaHBIH a3aliTyFa OarbITTaIFaH opTYPJIi poleaypaap bl Oiipei.
OBPUCTHKAJIBIK JJIICTEP OpIaiibIM JKYMBIC 1CTCHTIH, Oipak opaaibIiM OHTAMJIBI eMecC, MbICalibl, Oenrii Oip
TEOPUSHBIH aMBIMaybl, 0ACTaNKbl AEPEKTEPiH TOJBIK OOIMaybl HEMece AYphIC €MECTIrl calJapblHaH
TYBIHJIAFaH 3HUATKEPIIK MIBIFAPMAIIBUIBIK MOCENICHI IIeNly BIKTUMAIABIFBIH apTThIPaJbl. DBPUCTUKAIBIK
oicTep TINTI ©TE KYPAEHi, KYTIEreH Karaaiaap/aa Ja menrimM tada anajpl, 0ipak COHBIMEH Oipre THIMILTIr
OOMBIHIIIA OJTAp HAKTHI ATOPUTMIIK TOCUIACPACH TOMEH.

O3 Ke3eriHjie, METa’BPUCTHKAIBIK aITOPUTMACP KEHIHEH Tapaiabl >koHe 90- Kpurmapbl KOJIaHOabI
ecenTepAl WIelly YIIiH KojiJgaHbula Oactajpl >koHe OYTriHTi KyHre AeiiH >kanracyna. Ocbl uaesapra
HETi37eNTeH 0apiblK METa’BPUCTHKANIAD MEH ajlrOpUTMAEP Tipi KOHE KaHCHI3 Taburarra OOJBIN JKaTKaH
mporecTepAi OaKblIay HETi31H1e YCHIHBUIIEI.

MeTasBpUCTHKATIBIK ~alTOPUTMAEPAE WICHIM KaObUIIAYABIH TIePCIIEKTUBANBI calalapblHla TepeH
3epTTeyJiep JKyprizyre 6aca Hazap ayaapbuiaibl. byl ojictep amerTe KypAesi i3[ey epexesepiH, AepeKTep
KYPBUIBIMBIH JKOHE PEKOMOMHAIMSIBIK, Trenrimaepai Oipikripeni. OCkl oficTepMeH ajbIHFaH IIENTIMIEpIiH
carachbl, 9/IeTTe, KIIACCUKAIIBIK IBPUCTUKAFa KaparaH/a JJIJeKaii1a )KoFaphl, Oipak ecenTey yaKbIThl 1a apTabl.
CoHbIMEH Katap, Keii0ip MeTa’BpUCTUKTEp Oenrisi Oip MocesIeHiH MoHIHe, MoTiHIHe OaliIlaHBICTHI KoHE OacKka
MoceeNepi Menry YIIiH oJapIblH TapaTyblH KHbIHAATA aJaThiH JKaKChl PETTENIreH OacKapy mapaMeTpiiepi
Kaxer ereni. Kanmaii na Oip MarbIiHazma, METa’BPUCTHKA KYpJeNi >KETUIMIPUITeH alropuTMiepiaeH Oacka
CIITEHE eMeC JKOHE OJIap bl KIIACCUKAJBIK IBPUCTUKAHBIH TaOWUFH JKETUIIPLTY] peTiHe KapacThIpyFa Ooa bl
(JTammopre, T'enapay sxame 6ackamap., 2000 [1-3]). MeTasBprCTHKA HETI3T BPUCTHKAIBIK JIICTEPi i31€y
KEHICTITIH THIMII JKOHE THIMJI 3epTTeyre OaFbpITTallFaH >KOFapbl JNEHTeHI KyphUIBIMIapra OipiKTipeni.
MeTasBpucTiKa €Ki caHaTKa O6JliHei: JKePTUIKTI i3]Iey METa’BPUCTUKACHI JKOHE 3BOJFOIHSIIBIK
ITOPUTMJIED:

- KepriIiKTi 1318y MeTa’sBpHCTHKACH (enikTey [4], epekmenikrepmet i3ney (Tabu Search — Fred Glover,
1977, 1986) [5], amke3 pannomusanysiianFan anantubTi i31ey (GRASP) [6], aybicians aliHanaHbI i31€y d1ici
—~ VNS [7]);

- OBOJIOUMSUIBIK anroputmuep (reHetukaibik anroput™ — Genetic algorithm (Holland 1975 [Holland, 8];
Goldberg 1989; Whitley 1994; Fogel 1994; Michalewicz 1992; michalewicz & Fogel 2000), kymbipckanap
KOJIOHHMSICBIH OHTaMIaHABIPY — ant Systems, HEHPOHIBIK xeminep — neural network).

MeTasBpUCTUKAIBIK aJITOPUTMIIEP SPTYPJIi KOChIMIIAapiaH KONTEereH KypAeal Maceaeep it MIemimMin
TabyFa MYMKIHIIK OepeTiH OHTalIaHABIPY 9/IiCTEpPiHIH 6Te TaHBIMAN KJIACHI, aTall alTKaH1a YKOHOMUKAJIBIK
KOCBIMINIANIAPJIaFbl MOceleliepli Mely/e KeH KeleMJle MaiianaHbliapl. O31pJIeHTeH MeTa’BPUCTHKAHBIH
KyaThl OJIapbIH KYpAEIl MaceNeepiHiH MICIIMIH i37Iey KEHICTIMH emKeH-TerKeill cumarramai ey
KaOineTineH Typaasl. OCbIFaH CyHeHe OTBIPHII, OYJI 9AicTep Lielryre KUbIH oHTaiianaplpy NP-macenenepin
LIenryre MyMKiHAIK Oepei.
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MeTasBpucTHKaHbl OeIriji Oip IIapT OpbIHAAIFaHFa HEMECe KOPCETUINeH KalTalanyapablH Oenriai 0ip
CaHbIHA JKETKCHINIEC, MOCENICHI IICIIyAiH TIKEJIeH CTOXAaCTUKAIBIK i3l€yiH JKY3eTre achIpaThiH, OHTAMIIBI
ITOPUTM JeT TYCiHyTre OOomabl.

FoutbiMu onmebuerTepie METa’BpUCTHKA HETI3M 3BPHCTHUKAIBIK OICTEpHi (IOCTYpii KIACCHKANbIK
IBPUCTHKA) 13/Iey KEHICTITiH THIMAI 3epTTeyre XoHE THUIMII HenriMaep KaObUimayra MYMKIHAIK OepeTiH
YKOFapBI IEHTEMITI alIrOpuTMIIK Cytbanap sy KYphUIBIMBIHA OipikTipeni aen canamaasr [9-10].

[IpakTHkama Ke3/IeCeTiH METadBPUCTUKAHBIH KEJIeCi HEeTi3ri aHbIKTaMallapbl MEH KACHETTEPl IKBUBAJICHTTI.

1. mera’BpucThKa Oy OHTaimel ImrenriM TaOy YpIIiCiH aHBIKTAaWTBIH JKOHE OacKapaThlH KeHoip
cTpaTerusuiap,

2. METa’BPUCTUKA KOJIJAHYABIH HETri3ri MakcaThl - i37Icy KEHICTITiH THIMAI 3epTTEY KOHE OHTAWJIBI
menrimaepai tady;

3. METa’BPUCTHUKAJIBIK aJITOPUTM/ICP IIaMaMEH aibIHAJIbI )KOHE JJICTTE aHBIKTAIMAIbI;

4. METa’BPUCTUKANIBIK AJITOPUTM/ICP YCHIHATHIH SJIICTEP KaparaibiM JIOKaJIb/IbI IIPoLieypaliapian Oacrart,
OKBITY YPJICTEpiH KAMTHUTHIH KYpAEJIire npolenypanapra AciiH KaMTUIbL;

5. METa’BPHUCTUKANBIK aJTOPUTMAEP OAETTe 13[ey KEHICTITiHIH IeKTeysi alMarblHIa KepriliKTi
AKCTPEMYMHAH aJIaK OOTyABIH THIMII epexXellepiH KaMTHIbI;

6. METa’dBPUCTHKA HAKThI CCENTEP/i IICUIyre apHaJMaraH >KOHE OHBbI TEK aOCTPaKTili MaTEeMaTHKAJIBIK
NeHreiie cunartayra 0omasr;

7. MeTa’BpUCTUKANIAp OpKAIIaH TaKBIPBINT Typajbl OLMIMAlI IBPUCTHUKA PETIHAE YCBIHAIBI, OJIAp KOFAPHI
JCHTeHIeTI CTpaTerusMeH 0acKapbUIa bl

8. Kas3ipri 3aMaHFbl METa3BPUCTHKA 13/1ey 11 0aCKapy/IbIH OHTAMIAHBIPY MOCEJICCIH ISy YIIIiH CaKTaJFaH
13716y Ma3MYHBIH KOJIJJaHAIbI.

MeTa3BpUCTHKa KOJIAHBUIATHIH IICHIIMJIEP CAHbIHA Kapai OemiHe:

- MOMYJISILUSIIBIK eMec (Oip MOTSHIMAIBI MM NaiaIaHbUIa b );

- MOMYJSTMSIIBIK (TTOTSHIIUAIIBI IISITIMIED YKUBIHTHIFBI Al 1aTaHbLIaIbI).

[MomynsAIMsIIBIK eMeC METa3BPUCTUKAIAP:

- Taburn (OMOJOTHAJIBIK, SJICYMETTIK JKoHE (DU3UKAJIBIK);

- OHONOTHANBIK HeMece (UBMKANBIK >KYHeNnepAiH ypAicTepi MEH MeXaHHM3MJEpiH MOAETbAeyTe
HETi37eTMereH TaOuFu eMeC METadBPUCTUKTEP OOIBITT OemiHe .

[Monynsiiyst METa3BPUCTUKACHI

- 3BOJIIOLIUSIIBIK (I€TEPMHUHHUCTIK KOHE BIKTUMAJIJIBIK);

- Yi#iip (OHOIOTHUATIBIK XKoHE (PU3HUKAIIBIK);

- IMMYHJIBIK;

- HATYypaJJIbl eMec OOJIBIN OeTiHe .

MeTaBprCTHKa OPTYPJIi OHTAWTAHABIPY MaceJeepiH HIeny1e, MAIIMHAIIBIK OKBITY/1a, YIITiHI TaHy/1a KOHE
T.0. MoceneHi 0acka KapamailbM oMiCTEpPMEH IIeNry MYMKiH OolMaraH Ke3lle, METa’BpUCTHKAa KeOiHece
OHTaMJIBI HEMECE JKaKbIH IIenimMaepal Taba anaasl. COHBIMEH KaTap, €CenTey KeJieMi YJIKeH 00JIybl MyMKIH,
Oipak TarChIpMaHbIH OJIIIEMI YKOFapblUlaFaH CalblH OHBIH KbUIIAMIBIFBI 9I€TTe Oacka Oenriii amictepre
KaparaHja a3 6osaapl. KommnbroTepiik xykenep oTe ®bUIaM XKoHe ap3aH OOJFaHHAH KeHiH, METadBPUCTHKA
OYpbIH HICNIIMEHTIH OOJNBIN CaHAFaH OHTAWJIBI MAceNeNeplli INEeNIyJliH Heri3ri KypalJapblHbIH OipiHe
aliHaJIbI.

«OBONIONHUSIIBIK aNTOPUTMICP - OYJI KONTereH HAKThl JKOHE Kypieli KoChIMIanapnaa (3KOHOMHKAIBIK,
0acKapymIbUIBIK KoHE 0acKa MaceTeNep ie) COTTI KOJMAAHBUIATBIH CTOXACTUKAIIBIK 13/1€y SJIiCTEpi».

OBONIOIMSUIBIK ~ CTpaTerusjiapra  I'CHETUKAJBIK  aJllOPUTMIEP, TEHETHKAIBIK  Oarmapiamalnay,
KYMBIpBICKaJIap KOJOHHSCHIH OHTalnaHaelpy omxici, Estimation of Distribution Algorithms, Scatter Search
KapacThIPBLIAIBL.

I'eHeTHKABIK aIrOPUTMAEPTe )KaTKbI3yFa 00JIaThIH aaFaliKel xKapusianbivaap H.A.bapuuennure Tuecii
nen cananaael. OHbIH "Symbiogenetic evolution processes realised by artificial methods" (1957), "Numerical
testing of evolution theories" (1962) arTel eHOeKTepi, €H ANFAIIKbl TYKBIM KyalaylIbUIBIKTHIH TaOUFH
(heHOMEHIH TYCiHyTe OaFbITTaFaH.

J.Xommana Kazipri NeHETHKAJbIK aJrOPUTMICP TEOPUSCHIHBIH HETI3IH Kajaylibl OOJIBIT CaHaIabl.
Anaiina, ajXnbpIMEeH OHBI TaOWFU XKylhenepaiy OediMaeny KabineTi OipiHII Ke3eKTe KbI3BIKTBIP/bI, aj OHBIH
apMaHBI Ke3-KelTeH SKOJIOTUSIIBIK XKaFaiira OeriMierne aaThlH OChIH Al KYHeHi Kypy OOl

1975 xbinbl Xotang 3iHiH «Adaptation in Natural and Artificial Systems» aTThl €H TaHbBIMAJI TYBIHIBICHIH
xapustiaiael. Onga XoJaHI alJbIMEH «rEHETHKAJBIK aJrOpUTM» TEPMHUHIH EHTI3iM, KJIACCHUKAJIBIK
reHeTukanslK anroputMHiH (Canonical Genetic Algorithms) cynbacein yceiHapl. bonamakra «reHeTHKaIBIK
AJITOPUTMIEP» YFBIMBI ©T€ KeH OO0JI/IbI JKoHE KOOIHE 0JIap KIIaCCHUKAJIBIK M'€HETHKAJIBIK aJITOPUTMHEH MYIIJIEM
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esremre anropurMaepai Kamrbiabel. ko Xomraua (John Holland [8]) pempomykTuBTi skyiienep KiiackiHa
Kas3ipri ke3me Oenrigi reHeTukanbik aaroputmzepai (Canonical Genetic Algorithms) KojigaHa OTBIPBII
Tangaabl.

I'eneTHKanbIK anropuT™ — OYJT Ke3AeHCOK i37ey alnropuTMi, OHZA JKEeKe TYJIFajIapAblH HOMYJISIIUSCHIHBIH
IaMmy ypaici MojenbiaeHeni. BHoNormsuielK momynsnus TaOWFHW CYpPHINTAY 3aHAapblHA colikec OipHere
ypHakTapaa TaMHIBI, 0J1ap «CH JKaKChl OeHiMIeITeHi eMip Cypemi» ereH Karuaara OarpiHagpl. Opoip ypiak
Oenrini Oip menrimMre colikec Keei X&oHe OHBIH XKapaMIbUIBIFBIMEH CUTIATTaNabl, Oyl Oenrii O6ip yprnakTsiH
OoramarblH KepceTedl Je, MocelleHIiH MakcaT (YHKIMSCBIH €CKepe OTBHIPBINT aHbIKTanansl. JKaHa yprak
BIKTUMAJIABUIBIK OIEPaTOPIAPBIH (KPOCCOBEP) JKOHE MYTAIUSHBI KOJIAHY apKBUIBI KON JKETIMAI HerisJe
Kypbuiaasl. ByaanaacTeipy onepaTOpbIHBIH 9CepiHEeH €Ki aTa-aHa e3/1epiHiH OeNTiiepiH aMachI, eKi YprIaKThl
oyHuere okeneai. MyTanus orneparopsl afamra KilliripiM Ke3IeicoK e3repicTep eHri3y YIUiH KbI3MET eTei.
[MomynsusaIbIK reHeTUKAHBIH OMOIOTHSUIBIK MEXaHU3MICPiH MOJIETIbACY e HET13A€TeH, OHTalIaHbIPbIUIFaH
¢dyHKUMsIIapIbIH TYpiHe OedimMaik omici 6ombin Tadbutaabl. Ecentepai memnyeri skeke TYIFaHbIH, YPHIaKThIH
KaOiJeTiH MakcaT (PYyHKIMSHBIH KOMETIMEH aHBIKTAJaJIbl, ajl OJ KeJIeCi TYXKBIPhIMFAa HETi37CNe/i: MaKcat
(YHKIUSTHBIH, MOHI HEFYPIIBIM a3 0oJica, )KeKe TyJra corypibiM Oeiimaeneni [11]. 'eHeTHKaNBIK anroputm
eCenTepinae Ke3AeCeTiH TEPMUHOJIOTHFA KBICKAIIA TOKTAIBIT O TCHIK:

[NonynsiMsHBIH JXKEKe aaMIapblH jKacaHIbl XPOMOCOMAIAPAbIH PETTEITCH Ti3iMi JIel caHayFa OOJajbl,
MYHZIa 9p XpOMOCOMa YK KeJIiri >Kypill eTKeH konisl OefiHenelai. Op xpomocoMana K OyTiH caHmaps
Oonaznpl, MyHIarsel K -XpoMOCOMaHBIH KYpaMbIHIAFbl TEHAEP CaHbI.

I'en — Gapatsin sxep (knueHT). ['en OyTiH caH OOJIBIN Ta0bUTAB )KOHE KIMEHTTEPIiH CaHbIH OLTaipeai.

[Momynsmsaarsl TeHETUKAIBIK AITOPUTMHIH OIIEpaTOpiapbl MEH MPOIeaypaiaphl:

'eHeTukanblk  anropuTMIepAe KpoccoBep - OyJl  XpOMOCOMaHbIH HEMECE XPOMOCOMasap.blH
OarmapnamarnanyblH Oip ypliakTaH eKiHII Yprakka e3repTy YILIIH KOJJAHBUIATHIH T€HETUKANBIK OMEpaTop.
Bys1 reHeTHKaNbIK aNropuTMACP HEri3AeireH KeOer0 MEH OMOJIOTHSUIBIK KUBUIBICTBIH YKCACThIFBL EKi icke
achIPBUIFaH KPOCCOBED €Ki aTa-aHa apachlHa NTeHETUKAJIBIK MaTepPUANIbIH ©3apa aJMacyblH kacaMaiinbl. Omap
YKaHa YPIIaKThl KYPY YIIiH Oip aJjaMHaH akmmapar ajibll, eKiHIITICiHe eHTi3e/i.

['eHeTHKAIBIK AITOPUTMICP/IE MYTAIIUS - XPOMOCOMa MOMYJISIUACHIHBIH Oip YpIarblHAH CKIHIII YpITaFrbiHa
TCHETUKAJIBIK OPTYPJIUTIKTI Cakray YIIIH KOJJAAHBUIATBIH TEHETHKAJIBIK OIeparop. Bya OHOJOTHsIIBIK
MyTanusra ykcac. MyTtauusmapaslH naiiaa 00y bIKTUMANIBIFBIH J)KOHE MYTallMSHBIH MyJiAe maiiaa Oona ma
KOK Ta coNappl peTreyre 0omabl.

I'eHeTHKANBIK aJITOPUTMHIH PECMH CYJIOACHIH KYPY aJITOPUTMI:

1. ke3xeiicoK GacTanKbl HOMYIALUS KYPbUIAbI;

2. TOKTaTy KPUTEPHHi OpbIHIAIFaHFa JeHiH:

2.1. monmysIMsIIaH Ke3-KeJIreH eKi aTa-aHa TaHIaJIbIHAIbI;

2.2. OynaHAacThIpy ONepaTopbl KOJAAHBIN, Oenrii cl *xoHe ¢2 eKi YpIaKThl KYPY Kepek;

2.3. cl xoHe ¢2 MyTanus onepaTopbl KOJJAaHbLUIA;

2.4. eki Hamap HOTHXKEN YPIakThl MOMYJSAIMSAIaH HIBIFAPBIN, OHBIH OpHBIHA cl oHE C2 yprHakTapbl
OpHAaNIaCTHIPHLIAIBL.

DBONIOIVSITBIK, ABPUCTHKA Oip-OipiHeH epekmienenesni. bipak omapabiH OapiblFbl SBONIONHSIHBIH KeJeci
MPUHIMIITEPIHE HET13/IeNIe/i:

- aJamJapJIbIH eMip Cypy Mep3iMi IeKTeyii 00JIybIMeH OailyIaHbICThI KOOSO TYKBIM Kyasay YIIiH KaXeT;

- Oenrini Oip Aopekee ypraKkTap ara-aHaJlapbIHAH epeKIIeTIeHEe/Ti;

- ajamiap eMip cypy YIIiH Kypec OOJNBIN TaObUIATHIH OpTaja eMip Cypeli >KoHE ONIapIbIH e3repyi
KOpILIaFaH OpTa JKarIaiiapbiHa jKaKchl OeHIMIeIyTre bIKIIa eTe/l;

- TaOUFK TaHAay apKbUIbI JKaKchbl OeiMIeNreH agaMaap y3aKk eMip Cypyre jkoHe KeOipeK yprhakTap
meIFapyra Oeiim;

- YpHaKkTap ara-aHaNapbIHBIH [Maijaibl CHIIaTTaMalapblH Mypa eTelli, OYJl yakbIT oTe Kelle MKeKe
TYJIFanapIeH OeHiMIeyiH apTThIPaIb.

JKanmel reHeTHKaNbIK alrOPUTMHIH HET13T1 KagaMIaphl:

- MHHIMAM3aIusIay: 0acTaKhl MOMYJISIUSHBIH YPIIaFhl,

- KOpUIIep/i TaHIay ONepaTopiapbl: Crossover )koHe mutation oriepaTopiiapbliH TaHIAY;

- aTa-aHa KaHAWAATBIH TaHIAY: Ka3ipri NOmyJsiusra TaHday OlepaTOpbIH MaiianaHy,

- KagaMmJbl Oaranay / alfHaJIaHbl 3epTTEY: OHAIpLIMEHi;

- KaJaMJIbl icKe achlpy orepaTopiapsl: crossover, mutation, hill climbing omeparopnapsia naiinanany,
»KaHa TOMYJISIIUSCHIH aly YIIiH YPIIaK MeH aTa-aHaHbl TaHJAY;

- erep TOKTaTy KpUTEpHiiiepi OpbIHAaIMAaca, SBOJIIOLMSHBI JKAIFACThIPY HEMECE 3BOJIOLUS OJIIIeMIepiH
e3repry.
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Ocbl MakasaHbl JalbIHIAYIbIH 0acThl MAaKCAThl METAIBPUCTHKAHBIH T€HETHKAJIBIK AJITOPUTMIH TaijanaHa
OTBIPBII, KOJIKTEPIiH >KOCTapjaHFaH KeEIIEHIHE JMXETy MOCEJIECIH OHTAWIBI IIemry OOJBIT TaOBLIambI.
DBOIOLMSITBIK, CTpATEeTHsUIap MEH TeHETHKAJIBIK allTOPUTMIEPTe HEeTi3Aelil aKbpIpiibl aBTOMATTap KYPbLIaIbI.
Yitip omictepi xentereH NP TONBIK ecenTepiH MIBIFapyFa eTe THiMII 0ok TaObutagsl. by GarbiT Kaszipri
Ke3J1e FhUTBIM/Ia KeHIHEeH J1aMy Ke3eHiH/le. AHAJIUTHKAIBIK IOyl JKYPri3y OapbIChIHA, COHBIH IMIiHAE YHip
o/iciHE HETi3/IeNTeH aKbIPJIbl aBTOMATTAP/ABI KYPYIBIH Oip A€ Oip omici alKbIHIaIMaIbI.

ABTOMATTHl Oarmapiamanay-Oarfapiamanay HapaJurMachl, OHBIH asChIHAa OarmapiaMaiblK >KyHernep
©3apa OpEKeTTECEeTiH AaBTOMATTAaHIABIPBUTFaH OacKapy OOBEKTINEpiHIH JKUBIHTBIFBI TYPIHAE KYPBUTYHI
yeeiHbaAbl [11]. ABTOMaTTaHmBIpeITFaH Oackapy oObBekTici Oackapy aBTOMAaThIHAH KoHE Oackapy
oObekTiciHeH Typanbl. Ochliaiiiia, opOip aBTOMAaTTaHABIPBUIFAH OacKapy OOBEKTICiHIH opekeTi kebiHece
JETePMUHUPJICHTeH KYH MallMHACBIMEH cHuMarTananbl. KemrTereH TamcelpManap YUIiH MallnHajlapAbl
IBPUCTUKAIBIK TYp/E KOJIMEH jkacayra Oomanbl. Anaiina, keiOip sxarmaiinapaa MyHAal KYPBUIBIC THIM aybIp
HeMece OHTaWJIbBl eMec HOTIKenepre okeneni. MyHaall ecenTtepe MallMHAIapAbl KYpy YIIiH T€HETHKAIBIK
aNropuTMIEpl Konganyra Oomnansl [12]. ['eHeTHKaNBIK adropuT™ KOMETiMeH COHFBI MalllMHaNIapAbl KYPYIbIH
noctypii amici [ 13] kerOip ChIPTKBI OpTaga KypIeti opTa )KyHeHIH dKYMBICHIH MOJIEbICY HETi31HIe ecenTeyai
KOJIJTAaHABI.

I'eneTukanbik OaraapiamManay allrOPUTMIHJIETT aKBIPIJIbI aBTOMAT O0BEKT TYPIH/E YCHIHBUIA B, OHAA 9P KYH
YIIiH TyJIep/IiH CHIIaTTaMaIaphl )KoHe OacTarkpl Kyl HOMipi 00Jaapl. Op KYH YIIiH ©Tylep Ti3iMi caKTaiabl.
OpOip aybICy OCHI aybICY KY3€Te aChIPhIIATHIH OKHUFAMEH JKOHE OChI ayBICY/Ibl TAHJIAFaH Ke3JIe Maiia 00naThiH
HIBIFBIC OCEepIIePiHiH caHbIMEH cunartanaabl. Ocpiiaiilia, jkeke TyIFanapra TeK Oackapy MallMHACBHIHBIH
«KaHKachD» KOATANAbI, aJl OTyJIep/ie Makiaa 00IaThlH HAKTHI IIBIFBIC dcepiepi )KYMbICTa YChIHBUIFAHFa YKCac
Oenrimep/i KO alrOpUTMIiHIH KeMeriMeH aHbIKTanmaabl [14]. JKuekrtep Ti3iMAepiH KoiaHa OTBIPHIIL,
MalllMHAHBIH aybICy rpaduriH YChIHYIbI TaHaay (TOJBIK ©Ty KecTelepl KOoJJaHbUIFaH [15] KyMBICHIHAH
alBIPMAIBUIBIFRL), 9JETTe, KypAedi MiHe3-KYIKbl Oap skydenepai Oackapy aBTOMaTTapblHIa Op OKHFara
peaKIys op JKaraai/ia aHbIKTaIMAaNTHIHIBIFBIHA HET13/ICIITCH.

XKorapeiga allThuFanaai, op TEHETUKAIBIK aJrOPUTMIC KOIIY YIIiH OHbI TAHAAY KE3iHJe KaHIIA MIBIFBIC
acepJepi eHAIpiTyi KepeK eKeHIIT ska3bliFaH. COHFbI MallIMHAHBIH KipiCiHE TECTTEPIiH OipiHE COMKEC KeJICTIH
oKuFanap Ti30erin Oepemi3 KoHe MalllMHAHBIH KaHIai aybpIcynap »acaWThIHBIH OaiikaimMbi3. Ocbl eTyepai
JKOHE 9p aybICy/a KaHIIA MIBIFBIC SCEPIH kKacay KEePeKTiri Typasbl aKmapaTTsl Oifie OTHIPHIN, Kipic Ti30eriH
OHJICY/IC KOJIJAHBUIATHIH OTYJIEPIC KaHAal IIBIFBIC 9CEPIICPIH kKacay KePEeKTIriH aHbIKTayFa 00Jabl.
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