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BCTYII

JIist  CTBOpPEHHSI 1HTENEKTyaJbHUX CHUCTEM YacTO 3aCTOCOBYIOTh €BOJIIOLiHHUM
miaxij, 1110 YMOBHO MOJKHA MOJIJIMTH HAa:

* EBosttoniitni aaropurMm (MOJEIIOBAaHHS 3arajiIbHUX 3aKOHOMIPHOCTEH €BOJIIOLIIT).
Ile cucremu, siki BUKOPHUCTOBYIOTh €60JIIOUINHI NPUHUURU PO36uUmKYy nonyiaayii. BoHu
YCHIITHO BUKOPHUCTOBYIOTHCS JIs 3aBAaHb (DYHKIIIOHAIBHOT ONTHMI3alli 1 MOXKYTh JIETKO
OyTH onurcaHl MaTEMaTUYHOIO MOBOIO.

* EBouontiiini Mopgedi. Ile cuctemu, ki BIATBOPIOIOTH O10JIOTIYHI MOMYJSIIT YH
CHUCTEMH 1 MOKH 1110 HE € KOPUCHUMHU B MPUKIAAHOMY ceHci. EBomtoriiini Mojeni Oiibiie
CXOX1 Ha OIOJOriYyHI CHUCTEMH, MAIOTh CKIAJHY NOBEAIHKY, Majo CHpPSIMOBaHI Ha
BUPIIICHHS TEXHIYHUX 3aBAaHb. J[0 IUX CUCTEM BITHOCATH TaK 3BAHE «IITYUHE KUTTS.

EBoarouiiini anropurMu

J10 HUX BIHOCSITHCS:
* ['eHeTnyH1 anropuT™Mu



* Mypaiuusi alroput™Mu

* EBoutronniiini cTparerii

* EBoutrontiiiHe mporpamMyBaHHS
* ['eHeTHYHE NpOrpamMyBaHHs

EBoutoniiiHi aaropurmMu - TepMiH, 10 YaCTO BUKOPUCTOBYETHCS ISl 3arajibHOTO
OMHCY QITOPUTMIB TIONIyKy, ONTHUMI3amii a00 HaBYaHHsS, M0 3aCHOBaHI Ha
dbopmaizoBaHUX MPUHITUTIAX PUPOTHOTO €BOTIOIIHHOTO TIPOIIECY.

EBomromiifHi MeTOAM TpHU3HAYEHI IS TMOLIYKYy Oa)KaHUX pIilIeHb 1 3aCHOBaHI Ha
CTaTUCTUYHOMY TMIAXOAl [0 MAOCHIKEHHS CUTyaliil Ta IiTepauiifHoMy HaOIMKeHHI
CUCTeMH [I0 IIyKaHoro ctany. Ha 6iominy 6i0 mounux memooie mamemamuuHo20
RPOZPAMYBAHHA eBONIOYIUHI Memoou 00380410Mb 3HAXO0UMU pilleHHs, OIU3bKI 00
ONMUMANILHUX, 30 NPUUHAMHUL 4acC, A HA GIOMIHY 6i0 8I00MUX €6PUCMUUHUX MEemOo)i8
onmumizayii xapaxmepuzyromuscs ICMOMHO MEHUWON0 3ANeHCHICmI0 8i0 0codIusocmel
0ooamky (binbul yHigepcanvhi) i 8 baeamvbox 8UNAOKAX 3a0e3neuyioms Kpauly CmyniHb
HAOIUIHCEHHS 00 ONMUMATLHO2O PIULEHHS.

OCHOBHOI mNepeBarol €BOJIOMINHUX METOIIB ONTHUMI3alll € MOKJIUBOCTI
BUPilIeHHsI 0araTOMOJAJbHMX (3 KUIbKOMA JIOKAJIbHUMH €KCTPEMYMAaMHM) 3aBIaHb 3
BEJMKOK PO3MIpPHICTIO 32 paxyHOK TO€JHAHHS €JEMEHTIB BHUIMAJKOBOCTI 1
JNETEPMIHOBAHOCTI TOYHO TaK camo, K 1€ BIAOYBAE€TbCS Y MPUPOJHOMY CEPEIOBMILII.
JleTepMIHOBaHICTh IIUX METOJIB MOJSATa€E B MOJICIIOBAHHI MPUPOJHUX MPOIIECIB BIIOOPY,
0 BiZOYyBalOThCA 3a CTPOTO BHU3HAUCHUMH TpABUIIAMH, OCHOBHUM 3 SIKHX € 3aKOH
€BOJIIOLIIT: «TepemMarae HalCUIIbLHIIININ.

[HIIMM ~ BaXJIMBUM YWHHUKOM €(EKTUBHOCTI €BOJNIOUIMHUX QJITOPUTMIB €
BIJITBOPEHHS] MPOLIECIB PO3BUTKY. PO3IIIAHYTI BapiaHTH pIIIEHb MOXYTh 33 MEBHUM
PaBUJIOM TMOPOJKYBAaTH HOBI PIlIEHHS, sIKI OyAyTh Ha - CIIQyBaTH Kpalll pUCH CBOiX
nmonepeaHuKiB. B SKOCTI BHIIaJKOBOTO €JIEMEHTa B METOJaX CBOJIIOIIMHUX OOYHCICHBb
BUKOPUCTOBYETHCSI MOJICTIOBaHHS Tpolecy myTamii. 3 i JOMOMOrow XapaKTepUCTHKU
TOTO YW 1HIIOTO PIMICHHS MOXYTh OyTH BHUIIQJKOBO 3MIHEHi, IO MPHU3BEIEC A0 HOBOTO
HaIpPSIMKY B TIPOIECI €BOJIIOIIIT PIIEHb 1 MOKE IPUCKOPUTHU MPOIIEC BUPOOJICHHS KPAIIOTo
pILIEHHS.

IlepeBaru eBOIIOLIMHUX AJITOPUTMIB

* [Ilupoka o61acTh 3aCTOCYBAHHS.

* MoxnuBICTh TPOOJIEMHO - OPIEHTOBAHOTO KOJYBaHHS PillIEHb, [M1100py NOYATKOBHX
yMOB, KOMOIHYBaHHS €BOJIIOIIMHUX OOYUCICHh 3 HE EBOJIOLIMHUMU alrOpUTMaMH,
MIPOJIOBXKEHHS TIPOIIECY €BOJIIOIIIT JI0 TUX MIp, MOKU € HEOOX1THI PECypCH.

* [IpuaaTHiCTh Ui MOUIYKY B CKJIaJHOMY HPOCTOP1 PIIIEHb BETUKOT PO3MIPHOCTI.

* BijicyTHIiCTh OOMEXXEHBb Ha BUJI LIJIBOBOI (PYHKIIII.

* ScHicTh cxemu 1 6a30BUX MPUHITUIIIB €BOJIOIMIHIUX 00YHUCIICHb.

* [HTErpOBaHICTh €BOJIIOIIMHUX OOYHCIICHD 3 1HITUMH HEKJIACHYHHMH IapagurMaMH
HITYYHOT'O 1HTEJIEKTY, TAKUMH SIK IITY4YHI HEHPOMEpEesKi Ta HeUITKa JIOTIKa.

Hepnoniku eBoIIOIITHNX aJITOPUTMIB
* EBpucTuunuii XapakTep €BOJIONIMHUX OOYHCICHh HE TapaHTy€ ONTHUMAIbHOCTI
OTPUMAHOIO pillleHHd (TpaBjaa, Ha MPaKTUIl, HaWYacTille, BaXKJIMBO 3a 3aJaHUM Yac



OTpUMAaTH OAHE a00 KUJIbKa CyOONTHUMAIbHUX aJbTEPHATUBHUX PIllIeHb, TUM OUIbIIE, 1110
BUXIJIHI JaHl B 3a7a4yl MOXYTh JUHAMIYHO 3MIHIOBATHUCS, OYTHU HETOUYHHMH abo
HETIOBHUMH ).

* BigzHocHO BHCOKa OOYHMCIIOBAJIbHA TPYAOMICTKICTh, $Ka MPOTE [O0JAE€ThCA 3a
paxyHOK po3mnapajeIioBaHHs Ha PiBHI OpraHi3ailii eBOJIOLIMHUX 00YMCIICHB 1 Ha PiBHI X
Oe3rocepeIHbOl peaizallii B 00UMCIIOBAIbHIN CUCTEMI.

* BigHocHO HeBHCOKAa €(DEKTHUBHICTh Ha 3aKIIOYHHUX (ha3ax MOMACITIOBAHHS EBOJOINT
(omepaTopy TOIIYKY B €BOJIOMIMHUX aJrOpUTMax HE OPI€EHTOBAHI HA MIBUJKE MOTATaHHS
B JIOKQJIbHUU ONTUMYM).

* HeBupimenicTh muTaHb camoaganTaiii.

EBomromiifHa Teopis CTBEpPKYE, MIO KOXEH OIONOTiYHUN BHJ LIJIECHPSIMOBAHO
PO3BUBAETHCS 1 3MIHIOEThCS Ui TOTO, MIO0 IIOHAWKpalmie MNPUCTOCYBaTHCS 0
HABKOJIMIITHBOTO CepeoBUIA. Y Mpolieci eBOOIIi 0araTo BUIIB KOMax 1 pub mpuadoamu
3axucHe (¢apOyBaHHs, 1KaK CTaB HEBPA3JIMBUM 3aBISKM TOJIKaM, JIOAMHA CTaja
BJIACHUKOM JIy’K€ CKJIaJHOI HEPBOBOI cHUCTeMU. MoowcHa ckazamu, wo esonoyia - ye
npoyec onmumizayii 6cix dxcusux opeauizmis. Po3riasiHeMo, SKUMH K 3aco0aMu MpUpojia
BUPIIIYE 1110 33724y ONTUMI3allii.

OcHOBHMII MexaHi3M eBoJionii - e npupoaHmii Bindip. Hozo cyms nonseae 6
momy, wo Oilbl NPUCMOCOBAHT 0COOU MAOMb Oiiblle MONCIUBOCTEL OJISl BUNCUBAHHSL |
DPO3MHOMNCEHHSL [, OMdHce, NPUHOCAMb OLIble HAWAOKIB, HIJC NO2AHO NPUCMOCOBAHI 0COOU.
[Ipn tboMy 3aBASKM Mepedadl IeHEeTHYHOi 1H(dopmarllli (FreHeTUYHOMY CHAJAKyBaHHIO)
HaIQJKK YCIMAaJKOBYIOTh BiJ OaThKIB OCHOBHI iXH1 SIKOCTi. Takum 4YMHOM, HaIllaJIKU
CUJIHUX 1HAWBIIYYMIB TaKOXX OYIyTh BITHOCHO JOOpe MPUCTOCOBAHUMH, a IXHS YacTKa B
3aranpHId Maci ocoOuH Oyzae 3pocrtatu. Ilicis 3MiHU IEKUTBKOX JECATKIB ab0 COTEHBb
MOKOJIIHb CEPEeJHS MTPUCTOCOBAHICTh OCOOUMH JTAHOTO BUY MIOMITHO 3POCTAE.

1. Illpupoaumnii BiAdGip y npupoai

[I{o6 3pobuTH 3p0O3yMUTUMH MPUHIMIN POOOTH ME€HETUUYHHUX aJITOPUTMIB, MOSICHUMO
TaKOX, K yJAIITOBaHI MEXaHI3MU TE€HETUYHOrO CHaJAKyBaHHS B MPHUPOAL. Y KOXKHIN
KJITUHI OylIb-KOI TBapUHHU YTPUMYETbCS BCS TeHeTHuYHa 1H(opmaia uie€i ocodu. Lls
iHdopmarlis 3anucaHa 'y Bual Habopy nayxke aosrux mosekyn JHK (Jlesoxcupudo
Hyxneinora Kucnora). Koxna monekyna JIHK - me naHmroxkok, IO CKJIaJaeThecs 3
MOJIEKYJT HyKJI€OTH/IIB YOTUPHOX THUMIB, 110 mo3HavyatTbes A, T, C1G.



Bnacne, iHdopmariito Hece mopsaok mnpoxomkeHHs HykieotuniB 'y JHK. Taxkum
YMHOM, T€HETHYHUH KOJ 1HAMBiAyMa - 1€ MPOCTO IyKe JOBTUH PAIOK CHMBOIIB, 1€
BUKOPHUCTOBYIOTHCSI BChOTO 4 OykBU. Y TBapuHHIN KIITHHI KokHa Monekyna JIHK
O0TOYCHA 000JIOHKOIO - TaKe YTBOPEHHS HA3UBAETHCS XPOMOCOMOIO.
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Pyrimidines Purines

KoskHa ypomkena saxicTh 0co0u (KoIip 0Ka, CagKOEMHI XBOPOOH, TUIT BOJIOCCS 1 T.11.)
KOAYETHCSI BU3HAYEHOIO YaCTUHOIO XPOMOCOMH, 110 HA3UBAETHCA 2eHOM €T BIACTHUBOCTI.
Hamnpukian, reH KoJibopy OKa MICTUTh 1H(OpMaIito, 0 KOAYE BU3HAUCHHUMN KOJIp OYEei.
Pi3H1 3HaUEHHS reHa Ha3UBAIOTHCA WOTO anesimMu.

[Ipn po3MHOXKEHHI TBapuUH BIIOYBAETHCSA 3IUTTS JBOX OATHKIBCBKMX CTaTEBUX
kmitiuH 1 ixHl JIHK B3aemomitots, ytBOproroun JIHK nHamanka. OcHoOBHMII cmociO
B3aeMOjIii - KpoccoBep (Cross-over, cxperryBanHs). IIpu kpoccosepi JIHK mnpenkis
PO3IUIAIOTHCS HA JIBl YaCTUHU, a TTOTIM OOMIHIOIOTHCSI CBOIMH TMOJIOBUHKAMHM.

[Ipu cnagkyBaHHI MOXKJIMBI MyTamii 4yepe3 paaioaKTHBHICTH a00 1HIII BIUIMBH, y
pe3ynbTaTi SKUX MOXYTh 3MIHUTUCS JI€SIKl T€HU B CTATEBUX KIITHHAX OJHOTO 3 OaThKiB.
3MiIHEHI IeHU TepeAaroThCs HAIaJIKOBI 1 10Jal0Th HOMY HOBI BJIACTHUBOCTI. SIKIIO I1i HOBI
BJIACTUBOCTI KOPHWCHI, BOHHU, IIBHJIIIE 32 BCE, 30€pEKyThCS B JAHOMY BHJIL - MPH I[LOMY
B1IOYACThCS CTPUOKOIOAIOHE ITiBUIICHHS HpI/ICTOCOBaHOCTi Buay. KmirouoBy posip B
eBOJIOLiHIT Teopii rpae mpupoaHmii Bix6ip. oro cyTs monsrae B ToMy, 0 HaHGiMBLT
IPUCTOCOBAaHI 0COOM Kpallle BWIKMUBAIOTH 1 MPUHOCATH OUIbIIE HAIIAIKIB, YUM MEHII
npucrocoBadi. [lomiTumo, MmO caMm Mo coO1 NpUPOAHUM BiAOIp 1Ie HE 3abe3neuye
PO3BUTOK O10JI0TTYHOT'O BULY.

ToMmy ayxe Ba)xJIMBO 3pO3YMITH, IKUM YHHOM Bi0YBa€ThCs CIAJKyBaHHS, TOOTO SIK
BJIACTHUBOCTI HaIlajaKa 3ajexaTh Bla BiacTuBocTeil OaTbkiB. (OCHOBHHH 32aKOH
CHAAKYBAHHA IHTYITUBHO 3PO3yMiJIMi KOKHOMY - BiH IOJIATA€ B TOMY, LII0 HAIAJIKH
cX0i Ha 0aTbKiB. 30KpeMa, HAaJAKK OUIbII MPUCTOCOBAHUX OATHKIB OYIyTh, IIBUJIIIE
3a BCE, OJHUMH 3 HaWOUIbII MPUCTOCOBAHUX y CBOeMy MokousiHHI. 1100 3po3ymiTH, Ha
YoMy 3aCHOBaHa II MOAIOHICTh, MOTPIOHO TPOXM MOTIMOUTHCA B OYJOBY MPUPOIHOI
KJIITUHY - Y CBIT T'€HIB 1 XpoMocoM. Maiike B KOXHIM KIITHHI Oyab-K0i ocoOu € HalIp



XPOMOCOM, IO HECYTh iH(popMaIlito mpo 10 0co0y. OCHOBHA YaCTHHA XPOMOCOMH - HUTKA
JHK, mo Bu3Haudae, siki XiMi4HI peakiiii OyayTh BiIOyBaTHCS B JaHIM KJIITHHI, SIK BOHA
Oyne po3BUBATUCS 1 sIKI PYHKIIIT BUKOHYBATH.

I'en - e Biapizok manirora JIHK, BiamoBinanbHUi 32 BU3HAYEHY BIACTUBICTH OCOOU,
HAIPHKIIA 38 KOJIP OYeH, THI BOJIOCCS, KOJIp MIKIPHU 1 T.1.

JTHK

XpoMoconma

RJI€TRAa

Ycsl CYKYNHICTH TEHEeTMYHHX O3HAK JIIOJAMHHM KOAYEThCS 34 J0IOMOIOK0
npudau3Ho 60 THC. reHiB, 10BKHHA IKUX CKJIaga€ OL1b 90 MUIH. HYKJI€OTHAIB.

Po3pi3HAIOTh [Ba BUAM KJIITHH: CTaTeBl (Taki, SIK CIEPMATO30id 1 SMIEKIITUHA) 1
COMaTH4HI. Y KOXXHI COMaTU4HIA KJITUHI JIOAUHU yTpuMyeTbesa 46 xpomocom. L1 46
XpPOMOCOM - Hacnpasail 23 mapu, IpU4oMy B KOKHII Mapi 0JJHa 3 XpOMOCOM OTpUMaHa BiJl
OaThka, a Apyra - Big matepi. [lapHi XpoMocomMu BIANOBIAIOTH 3a OJHAKOBI O3HAKHU -
HaIpUKJIaJ], 0aTbKIBCbKa XpOMOCOMAa MOXE MICTUTH I'€H YOPHOT'O KOJIbOPY OKa, a MapHa i
MaTE€pPUHChKA - F€H OJaKUTHOTO KOJbOpY. ICHYIOTH BH3HA4YeHi 3aKOHH, 0 KEePYHOTh
y4YacTi0 THX a00 iHIIUX TeHiB y PO3BUTKY 0CO0M. 30KpeMa, y HaIlIoMy MpHUKIaIl
HaIAI0K OyJie YOPHOOKHM, OCKIJIBKHM I'eH OJIJAKUTHUX Oo4YeH € "ciiabKuM'" 1 MpUIyITy€E€ThCS
T€HOM OYJ1b-SIKOTO 1HIIIOTO KOJIBOPY.

VY crareBUX KIITHHAX XpPOMOCOM TiUIbkd 23, 1 BoHM HemapHi. [lpu 3ammigHeHH]
B1I0YBA€THCS 3JUTTS YOJIOBIYOI 1 )KIHOYOI CTATEBUX KIIITUH 1 BUXOJIUTH KIIITHHA 3apOJKa,
10 MICTUTHh 46 XpoMocoM. SIKi BJIACTHBOCTI HAIAJOK OACPKHUTH Bij OaThKa, a Kl - BiJl
matepi? Lle 3anexuth BiA TOro, sIKI caMe CTaTeBl KJIITHHHW Opaju ydacTh Y 3arlliIHEHHI.
[Iporiec BUpOOJICHHSI CTaTeBUX KIITUH (TaK HAa3WBaHUN MeWO3) B OpraHi3Mi MiJIa€ThCs
HMOBIPHOCTSIM, 3aBASKU SIKMM HallaJKu 0araTo B 4OMY BIJIPI3HSIIOTHCS Bl CBOiX OaTbKiB.
[Ipn w™eiio31, BiAOYyBalOTbCS HACTYMHE: MapHI XPOMOCOMHU COMAaTHYHOI KIITHHH
30JMKar0Thes BOPUTYIL, MOTIM ixHI HUTKK JIHK po3puBatoThcs B JEKIIBKOX BUITAJIKOBHX
MICIISIX 1 XpOMOCOMU OOMIHIOIOTHCSI CBOIMU YacTUHamu (puc. 1).
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Puc. 1. YMoBHa cxeMa KpociHTOBepa



Ileit mnpomec 3abe3nedye TOSBY HOBHUX BaplaHTIB XpPOMOCOM 1 Ha3UBAETHCS
"kpocinrosep". KokHa 13 3HOBY 3'IBUBIIMXCS XPOMOCOM BHSIBUTBHCS IOTIM YyCepeauHi
OJIHIET 3 CTAaTeBUX KIITHH, 1 1l reHeTUYHA iH(opMalliss MOXKe pealli3yBaTUCs B Hallajgkax
JTAHO1 0COOU.

Hpyruii BaxyiuBui (aKTOp, IO BIUIMBAE HA CHAAKOBICTh, - 1€ Mymayii, IO
BUpaKaIOThe B 3MiHI Aeskux AutssHok JIHK. Myrainii Takok BUITaJKOBI 1 MOXKYTh OyTH
BUKJIMKAaHI PI3HUMH 30BHIIIHIMU (DakTOpamu, TaKUMH, K PaJl0aKTUBHE OINPOMIHEHHS.
Axmo wmytamis BigOyjacss B CTaTeBiil KJIITHHI, TO 3MIHEHHW T€H MOXE IMepeaaTucs
HAIaIKOB1 1 MPOSBUTHCS Y BHII CTIAIKOEMHOI XBOPOOHU 200 B 1HIITMX HOBUX BJIACTHBOCTSX
Haraaka. BBaxaeTnes, Mo came MyTarlii € MPUINHOO MOSBU HOBHUX O10JI0TIYHUX BHUJIB, &
KPOCIHTOBEp BH3HAa4Ya€ BXX€ MIHIUBICTh YCEpeAuHI BUAY (HANpUKIaA, TEHETUYHI
PO3XOHKEHHS MiXK JIFOJBMH).

2. OCHOBHI MOHSATTS TeHETHYHUX AJITOPUTMIB

I'eneTrnunmii anropurm (anri. Genetic algorithm) — 1ie eBpUCTUYHUIN aNTOPUTM
MOIIYKY, BUKOPUCTOBYBAHUM JJI PIIICHHS 3a]lad ONTHUMI3allli 1 MOJCIIOBAHHS IUISIXOM
MOCJIIIOBHOTO MM1/100py, KOMOIHYBaHHs 1 Bapiallii IIyKaHUX MMapaMeTpiB 3 BUKOPUCTAHHIM
MEXaHI3MIB, MI0 HarajayrTh OIOJOTiYHY €BOJIIOINI0. € pPI3HOBHUJIOM E€BOJIOLIMHUX
oOuucnens (aHri. evolutionary computation). BiAMIHHOIO PHCOIO FT€HETUYHOTO AITOPUTMY
€ aKIeHT Ha BHUKOPUCTAaHHS OMNEpaTopa «CXPEUIyBaHHS», IO POOUTH OMEPaIliio
pexkoMOiHalli pllIeHb-KaHIWJATIB, POJb SKOI AaHAJNOrYHA POJi CXPELIyBaHHS B YKUBIH
npupoi. «baTbKOM-3aCHOBHUKOM)» T€HETUYHUX aJITOPUTMIB, BBaKaeThes JIkoH XoJutaH
(aarn. John Holland), kaura sikoro «ApanTamis B OPUPOAHUX 1 IITYYHUX CHCTEMAX)
(anrn. Adaptationin Naturaland Artificial Systems) € ocHOBHOIO Tpalniero B Il 00J1acTi
JTOCJIIIKEHD.

Ilpu onuci cenemuynux aneopummis GUKOPUCMOBYIOMbCS O3HAUEHHS, 3AN03UYEHI 3
eenemuky. Hampukinan, MoBa e mpo MOMyNsIii ocoOWH, a AK 0a30Bl TMOHATTSA
3aCTOCOBYIOTHCS T'€H, XpOMOCOMA, T€HOTHUII, (PEHOTHII, anesb. TaKoK BUKOPUCTOBYIOTHCS
BIIMOBIAHUM ITUM TEepMiHAM O3HAYCHHS 3 TEXHIYHOI'O JICKCHMKOHA, 30KpeMa, JIaHIIIOT,
JIBOiYHA MOCTIIOBHICTh, CTPYKTYpa.

IMonmynsiuis - e KiHIIeBa MHOKMHA OCOOMH.

Oco0u, 110 BXOAATHh y MOMYJSLII0, Y TEHETUYHUX aJTOPUTMAax MPEACTABISIOTHCS
Xpomocomamu 3 3aKOJA0OBaHUM Y HUX MHOKMHAMHU MapaMeTpiB 3ajadi, TOOTO PillIeHb, K1
1HaKIIIe HA3WBAIOThCS TOUYKAMU B MPOCTOPi moiryky (search points). YV nmeskux podOoTax
0CcO0M Ha3MBAIOTHCS OPraHi3MaMHU.

Xpomocomu (iHIII Ha3BU - JIAHIMIKKH a00 KOAOBI mocJaigoBHOCTI) - 1Ie
YIOPSIIKOBaHI1 MOCIIIIOBHOCTI T'€HIB.

I'en (Takox Ha3WMBaHWW BIIACTHUBICTIO, 3HAKOM a00 JETEKTOPOM) - 1€ aTOMapHUM
€JIEMEHT I'€HOTHITY, 30KpPEMA, XPOMOCOMH.

I'enoTun a6o cTpykrypa - 1e Habip xpoMmocoMm aaHoi ocobu. OTxe, ocodbamu
nomyJsitii  MOXYTh OyTH TEHOTUNU abo OJWHWYHI XpoMocomMH (Y  JIOCUTh
PO3MOBCIOIKEHOMY BUIIA/IKY, KOJIM F€HOTHUI CKJIAJAETHCS 3 OJJHIET XPOMOCOMHU ).



®eHoTun - 1e HalIlp 3Ha4YeHb, IO BIJAMOBIIAIOTH JAHOMY TE€HOTHIIOBI, TOOTO
JIEKOJIOBaHa CTPYKTypa a00 MHOXHHA MapameTpiB 3anaul (pillieHHs, TOYKa IMPOCTOPY
MIOIIYKY).

AJlelb - 11 3HAYEHHS KOHKPETHOTO TIe€Ha, TakoX OOYMOBJIEHE SK 3HAYCHHS
BJIACTUBOCTI 200 BapiaHT BJIACTUBOCTI.

Jlokye abo mo3uilisi BKa3zye MICIIE PO3MIIIEHHS [aHOTO TeHa B XPOMOCOMI
(JTaHIFOKKY ). MHOYKHMHA TTO3HITIH TEeHIB - 1€ JIOKH.

Jly’)ke BaXIIMBHM TOHATTSAM Y TCHETHYHHX aITOPUTMaX BBAXXAEThCS (PyHKIList
npucrocoBanocti (fitness function), inakme HaswBaHa ¢yHKUiew oumiHku. Bona
IpEeJCTaBiIsiE Mipy MPUCTOCOBAHOCTI JaHOi ocoOu B momysmii. Ls ¢ynkuis Bigirpae
HaNBaXXJIMBIITY POJIb, OCKUIBKH J03BOJISIE OIIIHUTH CTYIIHb MPUCTOCOBAHOCTI KOHKPETHUX
0COOMH y TomyJAamii 1 BHOpaTH 3 HUX HAWOIIBII TPHCTOCOBaHI (TOOTO HAWOLIBIII
3HAYeHHS (YHKII, O[O0 MaTh MPUCTOCOBAHOCTI) BIAMOBIIHO JI0 EBOJIOLIKHOTO
OPUHIIMIY BIKMBAHHS «HAWUCWIBHIIMX» (HaWKkpaie mnpucrocyBaucs). DyHKIsA
IMPUCTOCOBAHOCTI TaKOX OJepKaja CBOIO Ha3By Oe3locepelHbO 3 TeHEeTHKU. BoHa
BITMBA€ Ha (DYHKI[IOHYBAHHS F€HETUYHUX JITOPUTMIB 1 MIOBUHHA MaTH TOYHE 1 KOPEKTHE
O3Ha4YeHHs. Y 3a7avyax oONTUMIZaIli (QYHKIIS TPUCTOCOBAHOCTI, SK MPaBUIIO,
ONTHUMI3YETHCS (TOUHIIIE KaXKy4d, MAKCUMI3Y€EThCS) 1 HA3UBAETHCS HLIbOBOIO (PyHKILi€IO.
VY 3amavax MiHIMI3alil IIb0Ba (YHKIlIS MEPETBOPIOETHCS, 1 TpodiemMa 3BOAUTHCS 0
Makcumizamii. Y Teopii KepyBaHHSA (PYHKI[ISI NPUCTOCOBAHOCTI MOXE IMPUKAMATH BH]L
@yukyii noxubku, a B Te0pii 1rop - eapmicroi ¢ynxyii. Ha KoxXHIii 1Tepailii TeHETUYHOTO
QITOPUTMY TIPUCTOCOBAHICTh KOYKHOT OCOOM JTaHO1 MOIMYJIAIIi OI[IHIOETHCS 32 IOTTOMOTOIO
@yukyii npucmocosanocmi, 1 Ha 11 OCHOBI CTBOPIOETHCS HACTYIHA MOMYJIALIS OCOOMH,
00 CKJI3JaloTh MHOXHWHY TMOTEHUIMHUX pIlIeHb MNpoOJeMU, HaNOpUKiIad, 3aaadl
ONTUMI3AIII].

Yepropa momyssllis B TEHETUYHOMY aJTOPUTMI HA3WBAETHCS MOKOJIHHAM, a JI0
3HOBY CTBOPIOBAHOI IOIYJIAIIi OCOOMH 3aCTOCOBYETHCS TEPMIH «HOBE IOKOJIHHS» a00
«IIOKOJIIHHS HaII[aIKIBY.

Ipuknao

Hexait nana nesika ckiagna GyHkiis (1iiiboBa GyHKINIS), M0 3AIEKUTH B IEKIJTBKOX
3MIHHUX, 1 MOTPIOHO 3HAWTHM Taki 3HAYCHHS 3MIHHHUX, MPU SKUX 3HAYCHHS (QYHKIN]
MakCcHMMaJilbHe. 3ajadi Takoro poJay Ha3MBaIOThCA 3ajadyaMyd ONTUMIZallli 1 BOHU
3yCTPI4alOThCS HA MPAKTHUIl AY’KE 4acTo.

OpuH 3 HaOUTBIII HAOYHUX TIPUKIIAIIB - 3a0aia po3nooiny ineecmuyii. Y 1A 3a1a4i
3MIHHUMHU € 00CATH 1HBECTUILIIN Y KOxeH mpoeKT (10 3MIHHUX), a PyHKI[I€I0, IKY TOTP1IOHO
MaKCHUMI3yBaTH - CyMapHH 10X1 iHBecTOpa. Takox MpHUBEACH] 3HAYEHHSI MIHIMAJIBHOTO 1
MaKCHUMAJIbBHOTO 00’€My BKJIaJICHHS B KOXXHHUM 13 MPOEKTIB, 110 3aJal0Th 00JacTh 3MiHU
KO>KHOI 13 3MIHHUX.

Cnpobyemo po3B’si3aTh 110 337ady, 3aCTOCOBYIOUM BIIOMI HaM TPHUPOAHI CriocoOu
ontuMmizaiii. bydemo poszensioamu Kodxcen eapianm iH8eCmy8aHHs (HAOIp 3HAYEHD
3MIHHUX) K IHOUBIOYYM, A NPUOYMKOBICMb Yb02O BAPIAHMA - SIK NPUCTMOCOBAHICIb Yb0O2O
iHousioyyma. Tomi B Tmporeci €BOJIOINIT (SKII0 MH 3yMIEMO HOTO OpraHi3yBaTH)
IPUCTOCOBAHICTD 1HAUBIAYYMIB OyJie 3pOCTaTH, & BUXOIUTh, OyAyTh 3'ABISATUCS yce OLIbII
1 OUThII JOXiAHI BapiaHTH 1HBECTYBaHHS. 3YNUHUBIIW E€BOJIIOIIO B JESKHH MOMEHT 1
BUOpaBUIM HAKPAIIOro 1HIMBIAyyMa, MH OJEP>KUMO JOCUTh FapHE PIICHHS 3a]1ayi.



TyT reHeTHYHH# AaJrOPUTM - 1€ TPOCTa MOJEIb €BOJIOIII B MPHUPOMl, SKa
pealizoBaHa y BUTJISA1 KOMITIOTEPHOT TPOrpaMu, 110 31HCHIOE ONTUMI3AIIIIO.

Y HbOMY BUKOPHCTOBYIOThCS SIK aHAJIOT MEXaHI3My T€HETUYHOTO CIaJKyBaHHS, TaK i
aHajor mpupoaHoro Bimoopy. Ilpum mpomy 30epiraeTbcss Oi0JIOTIYHA TEPMIHOJIOTIA B
crpoiieHomy Buji. OT K MOJIETIOEThCA TEHETUYHE CIIaIKyBaHHS

Xpomocoma - Bextop (MOCIiI0BHICTE) 3 HYJIIB 1 OJUHUIIb.

Koxxna no3uttis (61T) HA3UBAETHCS T€HOM.

InuBinym= reHeruuHuii ko1. - HaGip xpomocoM= BapiaHT pillleHHs 3a/1a4l

Kpocosep - Onepairisi, mpu sKiit 1B XpOMOCOMU OOMIHIOIOTHCSI CBOIMHU YaCTHHAMH

MyTranisi - BummagkoBa 3miHa o/1Hi€] a00 TEKITHKOX MO3HINN B XPOMOCOMI.

[Ilo6 3mozemtoBaTH EBOMIOIINHUI TMpolec, 3rEeHEPYEMO CIOYATKY BHUIAIKOBY
MOMYJISAIII0 - KUIbKA I1HAWBIAYMIB 3 BHIAJAKOBUM HAO0OPOM XPOMOCOM (YHCIIOBHX
BEKTOPiB). [ CHETHYHUI aJITOPUTM IMITYE €BOJIFOIIIO ITI€T MOMYJIALIT SK ITUKITYHUHN TTPOIIeC
CXpeIlyBaHHS 1HIUBIyYMiB 1 3MiHU MTOKOJI1Hb.

ANFOPUTM OBYMCHEHD
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NEPEX|A A0 HOBOIO NOKOMNIHHA

AKuTreBHil MUKJ MOMYJISANLII - 11e KUIbKa BUMAJAKOBUX CXPEIlyBaHb (3a JTOMOMOIOI0
KpOCCOoBepa) 1 MyTalliil, y pe3yJbTari SKUX 10 MOMYJAIli JOJAE€ThCS SKACh KIIbKICTh
HOBUX 1HAMBIAYyMiB. Bigbip y reHeTHUHOMY aJropuTmi - 1ie npoiec GopMyBaHHS HOBOL
nomyJsiiii 31 crapoi, micias 4oro crapa nomyisamis ruHe. [licns Bimbopy a0 HOBOI
MOMyJAIIi 3HOBY 3aCTOCOBYIOTBCSI oOIlepalii KpocoBepa 1 MyTailii, IMOTIM 3HOBY
B110yBa€eThCs Bi10Ip, 1 TAK Jali.

Biobip y eenemuunomy ancopummi micHo 38's3anuti i3 npuHyUNAMU NPUPOOHO2O
6i000py B IPUPOJIl B TAKUH CIIOCIO:

[IpucrocyBanHs 3HaueHHs LJIbOBOI (DYHKILIIT HA IOMY 1HAUBIIYYMI

1HMBIAyyMa

BwxuBanns ~ HaWOuibm | [lonmynsifis HACTymHOTO MOKOMIHHS (OPMYEThCS Y

MPUCTOCOBAHUX BIAMOBIAHOCTI 3  [UIbOBOK  dyHKIIEw. Yum
NPUCTOCOBAHIIIMKA  IHAWUBIAYYM, THUM  Ouiblla
WMOBIpHICTh HOTO Yy4acTi y KpOcCOBepi, TOOTO
PO3MHOKCHHI

Taxum unHOM, MOJIENb B1IOOPY BU3HAUAE, SIKUM YUHOM BapTO OyayBaTH MOMYJISIIO
HACTYIMHOTO TOKOJIHHA. AK npasuno, umogipHicms yuacmi iHOUBIOyyMa 6 CXpeujy8aHHi
bepemuvcsi NpoOnoOpyiuHo oo npucmocyéanHio. HYacto BHKOPUCTOBYETHCS TaK 3BaHa
CTpaTeris ejiTh3Ma, NpU SKIA KUIbKa KpalluxX 1HAMBIAYYMIB MEPEXOIATh Yy HACTYIHE



MOKOJIiHHS 0€3 3MiH, He OepydHu ydacTi y KpocoBepi 1 J00opi. Y Oylb-SKOMY BUIAIKY
KO)KHE HACTyIHE TMOKOJIHHSI Oyae B cepeaHbOMy Kpaimie mnonepenaboro. Komm
MPUCTOCOBAHICTh 1HJIUBIAYYMIB MEPECTAE MOMITHO 301IBIITYBATUCA, MPOLIEC 3YIMUHSIOTH 1
SK PO3B’s3aHHA 3a7a4l oNTUMI3aIlli OepyTh HAaWKpAIIOro 31 3HAHACHUX 1HIUBITYyMiB.

[ToBepTatouncey 10 3a7adyi ONTHUMAJIBHOTO PO3MOAULY 1HBECTHIIHM, TMOSICHUMO
0COOJIMBOCTI peai3allii TeHETUYHOTO AITOPUTMY B IbOMY BUIIAJIKY.

1. InguBigym = BapiaHT piiieHHs 3afa4l = Ha01p 3 10 xpomocoM X

2. XpoMocoma X; = 00cAr BKJIAACHHS B MPOEKT, ] = 16-po3psaHUil 3alKC LBOTO
quclia

3. Tax sik 06cATH BKIaJA€Hb OOMEXKEH1, HE BC1 3HAUEHHS XPOMOCOM € MPHUITYCTUMHUMH.
Lle BpaxoByeThCs TpH reHepallii MOMyJISIIii.

4. Tak sk cymapHuil o0cAr iHBECTULIN (PIKCOBaHMIA, TO peaIbHO BapiIOIOTHCS TUIHKU
9 xpoMocowm, a 3HaueHHs 10-01 BU3HAYAETHCS IO HUX OJTHO3HAYHO.

Huxde npuBeneHi pe3yiabTaTd poOOTH T'€HETUYHOTO alNrOpPUTMY JJIS TPHOX PI3HUX
3Ha4YeHb cyMapHoOro obcary iHBectuiid K (puc. 2). KBagparamu Ha rpadikax npuOyTKiB
BIJI3HAYECHO, SIKUH O0OCSAT BKJIAJACHHS B JAaHUNW HPOEKT PEKOMEHJOBAHO TI'€HETUYHUM
anroputMoM. BujiHo, 1m0 npu mManomy 3HaueHH1 K 1HBECTYIOTBHCS TIJIBKU Ti MPOEKTH, SIKI
mpUOYTKOBI MPY MIHIMAJIbHUX BKJIAJICHHSX.

MPBYTOK | = §00, nevipyTok = 1391.18
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KAMNMANOBKNALEHHA B NPOEKT
Puc. 2.

k1o 301UIBIIMTH CyMapHUN 00CAT 1HBECTHIIIN, CTAaE MPUOYTKOBUM BKJIAAATH TPOIITi
1 y 1B Topori mpoekTH (puc. 3).
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Puc. 3.

[Ipu nonanemomy 30uUTblIEHH] K TOCATAETHCS MOPIT MAKCHUMAJIbHOTO BKJIAJICHHS B
NpUOYTKOBI MMPOEKTH, 1 IHBECTYBAaHHS B MAJIONPUOYTKOBI MPOEKTH 3HOBY HaOyBa€ CEHCY.

3. Oco0MBOCTi FTeHETHYHHUX AJITOPUTMIB

['eHeTHYHMI aNTOPUTM - HOBITHIM, ajlé HE €JUHO MOJKJMBUW CIOCIO PO3B’S3aHHS
3a7ad onTuMizaiii. BinjgaBHa BiIoMl J1Ba OCHOBHMX IJISIXU PO3B’S3aHHS TAKUX 3ajay -
nepe0OPHUI 1 JTOKAJbHO-TPAXIEHTHHIA. Y ITUX METOIB CBOi JIOCTOTHCTBA 1 HEJOJIKH, 1 B
KOXXHOMY KOHKPETHOMY BHUIIAJKy BapTO IMOAYMATH, SIKHUWA 3 HUX BuUOpatu. PosrisHemo
JIOCTOTHCTBA 1 HENIOJIIKM CTaHAAPTHUX 1 TEHETUYHUX METOJIB Ha MPUKIAAl KIACUYHOI
3a0aui komigosicepa (TSP - travelling salesman problem). CyTs 3a7adi mosisrae B ToMy,
00 3HAWTU HAWKOPOTIIMKA 3aMKHEHUW MUIAX O00XO0Iy JIEKIIBKOX MICT, 3aJlaHUX CBOIMU
KoopauHaTtaMu. BusiBnsieTses, 1o Bxe s 30 MICT MOIIYK ONTUMAIBHOTO HUISIXY SIBIISIE
co0010 CKJIaJIHY 3ajia4y, 110 CIOHYKajda PO3BUTOK PI3HUX HOBUX METOJIB (Y TOMY 4YMCII
HEHPOMEPEXK 1 TeHETUYHUX AJITOPUTMIB).

Koxen BapianT po3B’si3aHHd (a5 30 MICT) - 1€ YHCIIOBUU pAJl, 1€ HA J-OMY MiCIll
CTOITh HOMEp J-Oro Mo MnopsAKy obxoxy Micta. Takum yuHOM, y wikd 3amadlr 30
napameTpiB, MPUYOMY HE BCl KOMOIHauli 3HadyeHb npumyctuMi. lIpupoaHo, mepiioro
17Ie€10 € MOBHMI mepedip ycix BaplaHTIB 00XO0ay.

Ilepebopruii memod HaWOUIBII TPOCTHH MO CBOIA CyTI 1 TpUBIATBHUN Y
nporpamyBaHHi. {15 moImyky onTUMalabHOTO PO3B’s3aHHS (TOYKH MAKCUMYMY IUIBOBOT
¢yHKI1i{) TOTPIOHO MOCTIOBHO OOYUCIUTH 3HAYEHHS IUIOBOT (PYHKITIT y BCIX MOYKIIMBHUX
TOYKaX, 3aam'sTOBYIOUH MaKCUMaJbHe 3 HUX (puc.7.4).



et

Puc. 4.

HemomikoM 150T0 METOAY € BeJIHMKa OOYMCIIOBAIIBHA BapTICTh (CKIATHICTB).
30kpeMa, y 3amadui KOMiBOspKepa Oyae MOTPiGHO mpopaxyBaTH mOBKHHE Oimbmr 10%°
BapiaHTIB IUJISAXIB, 110 30BCIM HEPEATBHO.

Opnak, sxmo mepedip ycix BapiaHTIB 32 PO3yMHHUHN Yac MOXJIMBUN, TO MOXHA OyTH
a0COJIIOTHO YIIEBHEHUM Y TOMY, 1[0 3HAWICHE PO3B’SI3aHHS NIHCHO ONTUMAIIBHE.

Jpyruit nomyisipHuii crnocid 3aCHOBaHUM Ha Memooi 2padi€HmHO20 CnycKa.

I'pagieAT — Mipa 3pocTaHHs 260 cmajaHHsi B NIPOCTOpi sIKoich QizsMIHOI
BeJIMYMHHN HA OIMHUIIO TOBKHUHH.

JUis ToO3HAueHHS TIpajileHTa BUKOPUCTOBYeThbcst omepatop [aminbrona V, abo
orepatop {grad}
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Omneparisi rpajieHTa MNepeTBOproe maropd (J1BOpyY), SKIIO AMBUTUCS HAa HBOTO
3BEpXY, Ha M0JIe BEKTOPIB (MpaBopyy). BUAHO, 110 BEKTOpU CIPSIMOBAHI «Bropy», 1 4uM
KPYTIIHWI HAXWJI, THUM BOHH JTOBUII.

[Ipu memooi epadienmuoco cnycka CHOYaTKy BUOMPAIOTHCS JESIKI BUITAKOBI
3HAYCHHS TMapaMeTpiB, a TMOTIM Il 3HAYEHHS IOCTYMOBO 3MIiHIOIOTh, JOMAararouyuch
HAWOUTBIIOT IBUKOCTI POCTY IMUIbOBOI (DyHKIIIT (puc.S).
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Puc. 5

Jlocsrm  JTOKaTbHOTO MAaKCUMyMy, TaKWM alTrOPUTM 3YNUHSETHCA, TOMY IS
MOIIYKY TJI00aTbHOTO ONTUMYMY OyAyTh MOTPiOHI JOJATKOBI 3yCHILISL.

['pangieHTHI METOAM TPAITIOIOTH AYKE IIBUAKO, A€ HE TapaHTYIOTh ONMTHMAIbHOCTI
3HaWJIEHOTO PO3B’s3aHHs. BoHU i1eanbHi 715 3aCTOCYBaHHS B TaK 3BaHUX YHIMOJAIBHUX
3amadax (puc. 6), ne mutboBa (YHKINS Ma€ €IUHUN JIOKAIbHUNA MakKCUMyM (BIH XKe -
riio0anpHuit). Jlerko 6aunTH, 110 3a/1a4a KOMIBOSDKEpa HE € YHIMOJIAIbHOIO.

Puc. 6.

TumnoBa nmpakTUyHa 3a/1ayda, K MPABUIO, MYIbMUMOOANbHA | bazamomipHa, TOOTO
MICTHTh OaraTo mapameTpiB. JIJisi Takux 3a1a4 HE ICHYE JKOJIHOTO YHIBEPCAIBLHOTO METO/TY,
1110 JTO3BOJISIB OM JOCUThH IIBUIKO 3HANTH aOCOJIFOTHO TOYHE PO3B’si3aHHs (puc. 7).
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[Tpuknan cknaaHoi GyHKIIIT AJ1s1 ABOX He3aleKHUX 3MiHHUX (pyHKIisS PacTpuruna)

Ras(x) =20+ x12 + x22 —10(cos2mx; + cos2mx, )



Globol minimum ot [0 0]

Opnak, KOMOiIHyIOUM TepeOOpHHU 1 TpaJi€eHTHUN METOAW, MOXKHA CIOJIBATHCA
oTpuMaTH xo4ya O HaOmmKeHe pO3B’s3aHHSA, TOYHICTH SKOTO Oynae 3pocTaTH MpH
301JIbIIICHH] Yacy po3paxyHKy (puc. 8).

T'enemuunuti ancopumm s6use coboio came maxkuil KoOmMOIHO8anutl memoo. MexaHi3MH
CXpellyBaHHsI 1 MyTallli B SKOMYCh 3MICTI peali3yloTh MepedOpHy YacCTUHY METOdy, a
n00ip Kpamux po3B’si3aHb - TpajiieHTHUNA cmyck. Ha pucyHky mnokaszaHo, IO Taka
KOMOIHAIIIS J103BOJIsI€ 3a0€3MEUUTH CTIMKO TapHy €(EeKTUBHICTh TEHETUYHOTO MOUTYKY JIJIst

OyIb-SIKMX THUIIB 3a1a4 (puc. 9).
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Puc. 9.



OTtxe, SKIIO HA JESIKIM MHOXXHMHI 3a/1aHa CKJIagHa (PYHKIIIS BiJ JEKUIHBKOX 3MIHHUX,
TO 2eHEMUYHUL AJI2OPUMM - Ye NPocpamd, wo 3d PO3YMHUIL YAC 3HAXOOUMb MOUKY, Oe
3HaueHHs QYHKYII documb Oauzbke 00 MAKCUMANbHO MOodcausozo. Bubuparouu
NPUHHATHUN 4Yac po3paxyHKY, MH OJICP)KMMO OJIHE 3 KpaIlllUX PO3B’s3aHb, IO y3araii
MO>KJIMBO OJICpKaTH 3a Iei Jac.

4. 3agavi onTuMi3auii i 3aCTOCYBaHHS AJITOPUTMIB

['eHeTHYHI aNrOpUTMH B OCHOBHOMY 3aCTOCOBYIOTHCS [UIsl PO3B’A3aHHS 3a7ad
onTHMi3aIlii, TOOTO 3a7a4, y SKUX € nesKa QyHKIlS AeKUTbKoX 3MiHHuX F(x1, X, ... ,Xp) 1
HEoOX11HO 3HalTH abo 11 MmakcuMyMm, abo i1 miHiMyMm. Dyukiis F HasuBaeTbes yinbosoro
@yHKyi€ro, a 3MIHHI - napamempamu @yukyii. ' eHeTHUHI aJrOpUTMHU "TIPUIITHBAIOTECS" 110
JTAHOI 3aj1a4l B TaKUi cociO.

[TapameTrpu 3aadi € TeHETUYHUM MatepiajgoM - eeramu. CyKYINHICTh T€HIB CKJIAJa€
xpomocomy. KoxkHa ocoba Mae CBOIO XpOMOCOMY, a, OTXKe, CBOI HaOOpH IMapaMeTpiB.
[lincTaBUBIIM MapaMeTpy B IUIBOBY (DYHKI[IIO, MOXKHA OJIEp)KATH SKECh 3Ha4eHHs. Te,
HACKUIbKU 1I€ 3HAYEHHS 33JI0BOJILHSIE TOCTABICHUM YMOBAaM, BU3HAYa€ XapaKTEPUCTUKY
ocobu, 10 HasuBaeThcs mpucTocoBaHicTio (fitness). @dywkiis, 0 BHU3HAYAE
MPUCTOCOBAHICTh MOBMHHA 33JI0BOJILHATH HACTYIHIM YMOBI: uwum "kpawa" ocoba, mum
suwe npucmocosanicms. 'eHeTUYHI alTOPUTMH TPAIIOIOTH 3 TOMYJIALIEI0 SK MPABHIO
(b1KCOBaHOTO pO3MIpy, IO CKJIAAAETHCS 3 OCOOMH, 3aJaHUX 3a JIONOMOIOK0 CIOCo0Y,
onucanoro Buiie. OcoOu "cxpemyroThcsa" MDK CO00H0 3a JONMOMOTOI 2eHemuyHux
onepamopis (PO Te, SIK BIIOYBA€ThCS 1€ mpoiiec — OyJe OMUCAHO OKPEMO), 1 B TaKui
Croci0 BUXOASATh HAwaoKu, MPUUOMY YacTHHA HAIAJKIB 3aMIHIOIOTH MPEICTaBHUKIB
OUIBII CTAaporo TMOKOJIHHA Yy BIANOBIAHOCTI 30 cmpameziclo opmyeants HO8020
nokonintsa. Bubip 0COOMH ISl CXpEIlyBaHHS MPOBOJUTHCS BIAMOBIIHO 00 CeneKmusHoi
cmpamezii (selection strategy). 3aHOBO c(hopMOBaHa MOMYJISAIISI 3HOBY OIIHIOETHCSA, MOTIM
BUOMPAIOTHCS HAWOUIBIN T1/IHI JJI CXPEUlyBaHHS OCOOM, IO CXPENIYIOThCS MiXK COOOIO,
BUXOJSITh «IITH» 1 3alMaIOTh MICIIE «CTapuX» 1HAMBIAYMIB 1 T.JI. YCI 1Ie IPOJAOBXKYETHCS
JOTH TIOKM HE 3HaWIeTbhcs 0co0a, TeHH SKOI MPEeJCTaBIsIOTh ONTUMAJbHUN HaOIp
napameTpiB, MpH SKUX 3HAYCHHA IIIbOBOI (YHKIIT OnHM3bKe 10 MakcuMymy abo
MIHIMYMY, a00 JOpIBHIOE HoMy. 3ynuHKa poOoTu I'A Moxke BiAOyTUCS TaKOX y BUIAAKY,
SKIIO TOMYJIAIIS BHPOIKYETHCS, TOOTO SKIIO MPAKTUYHO HEMA€ PO3MAITOCTI B TEHAX
0COOMH momyJisAUli, ad0 SKIIO0 NPOCTO BUHIIOB JIMIT 4acy. BUpOKEHHS MOMyJsIii
Ha3UBAIOTh nepeduacHoio 30ixdcHicmio (premature convergence).

Moxe cTBOpUTHCS BpakeHHs, 10 ['A € TmpocTO MNEpPeKPydYeHUM BapiaHTOM
BUIIAJIKOBOTO MOLIYKY. AJie TPUCTOCOBAHICTh OyJia BBEAeHa 30BCIM He napemHo. CrnpaBa B
TiM, 110 BOHA OE€3MOCEpeTHHO BIIMBAE HA IIAHC OCOOM B3STH y4acTh Yy CXpEIlyBaHHI 3
HACTYITHUM «HApOJDKEHHSM JiTel». BubOuparounm mopa3 s cXpellyBaHHS HaOUIbII
MPUCTOCOBAHUX OCOOWH, MOKHA 3 BU3HAYCHHUM CTETICHEM YIIEBHEHOCTI CTBEP/IXKYBATH, 110
Hamaaku OynyTh abo He HabaraTo ripmm, HbK OaThku, abo kpami ix. [IpubnuzHO 1mIO
BEJTMYMHY BIIEBHEHOCTI MOJKHA OI[IHUTH 3a JOTIOMOTOI0 meopemu wlabioHie (meopemu
wum).




TeopeTnuHi acnekTH, 0 BUILIUBAOTH HA ['A:
) IlpencraBieHHs JaHUX B FeHAX
] 'eneTn4HI onepaTopu
"] Mopneni 'A
[ dynkmii
[} Ctparerii Bin0opy 1 GopMyBaHHS HOBOT'O MOKOJIIHHS

IMpuxiaam 3aaa4 ae 3actocoByroThest I'A

* ExctpemanbHi 3a1a4i (MOIIYK TOYOK MIHIMYMY 1 MIHIMyMY);

* 3aa4i PO HAMKOPOTIIUH MIJISX;

* 3a1a4l KOMIOHYBaHHS;

» CkyaganHs PO3KIIa/IiB;

* Anipokcumartist QyHKITIH;

* JIoGip (dbiapTpallis) BXITHUX JTaHUX;

* HactporoBaHHs mITYy4HOI HEUPOHHOI MEPEXKI;

» MoaemoBanns mryuHoro xutts (Artificial life systems) ;

* bioindopmaruka (3ropranus 611kiB 1 PHK);

* IrpoBi cTparertii;

* Heminiitna Qinbrpanis;

» ArenTu, 1o po3BuBatoThcs/mMaimunu (Evolvable agents/machines);

e OnTuMi3allisd 3anuTiB B 0a3ax JaHUX

* Pi3zHomaniTHI 3agaui Ha rpadax (3amaya KomiBOsDKEpa, po3dapOyBaHHS,
3HAXO/PKEHHSI TAPOCIIOJIyYECHHb )

* HaByanHs mITY4HOI HEMPOHHOI MEpEexK1

e [lITy4He KUTTA

Jlesiki po3AUTA MOXKYTh MICTUTH TIAMYHKTH. Tak, Hampukiad, eKCTpeMalbHI 3a1adi
BKJIFOYAIOTH y ce0e I Kilac 3aj1a4 JIHIHHOTO 1 HEJIHIHHOTO MpOorpaMyBaHHs.

Ycporo 3acTocyBaHb JIyke 6araTto, TOMY IPUBEIEHUIN CIIMCOK HE € BUUEPITHUM.

Ilpuxnao

PosrisitHemo npocTuii mpukiaz - 3a1a4y 3HaX0KEHH MakcuMyMy (GyHKIIIT, 3aaHO01
BUpa3oM (1) i HinovncaoBoi 3MiHHOI X, 1110 ipuiiMae 3Ha4yeHHs Bix 0 1o 31.

fix) = 2x°+1 "

s 3acTocyBaHHS TE€HETUYHOTO alTOPUTMY HEOOXITHO HacaMmepes 3aKoIyBaTH
3HAQYEHHS 3MIHHOT X Yy BHJI JBIMKOBHX MOCHiAOBHOCTEH. OuUeBUIAHO, IO LI YHUCIa 3
iHTepBainy [0, 31] MoXHa TpPENCTaBUTH MOCHIIOBHOCTMU HYJIIB 1 OJUHUID,
BUKOPUCTOBYIOUM IXHE MPEACTABICHHS B ABIMKOBII CHCTEM1 YUUCICHHS.

Yucno 0 mpu upoMy 3anucyerbea sk 00000, a uucno 31 - sx 11111. ¥V nanomy
BUIAJKY XPOMOCOMH 3700yBatOTh BUJ JABINKOBUX IOCIHIIOBHOCTEH, 110 CKJIAJAIOTHCS 3 5
01TiB, TOOTO JIAHIFO’KKAMH JIOBKHUHOIO 5.

Takox oudeBHIHO, MO B poii GyHKIII MPUCTOCOBAHOCTI Oyae BUCTyHaTH ILIHOBA
¢byukmis f(x), 3anana sBupazom (1). Toai mpuctocoBanicTe xpomocomu ch;j, 1 = 1,2.....N,
Oyne Bu3HauaTHcs 3HaueHHsSM ¢yHkmii f(X) mis x, piBHOro (GeHOTHITOBI, 110 BiAMOBiAa€E
reHotumnoBi ch; . [TozHaunmo 11 denotunu chi*. ¥V takomy Bumnanky 3HaueHHs (yHKIIII



IPHUCTOCOBAHOCTI Xpomocomu ch; (Ttodto F(ch;)) Oyne mopisuioBatu f(ch*). Bubepemo
BUIIAJIKOBUM YMHOM BHUXIJHY MOMYJIALIO, IO CKJIAAAETHCSA 3 6 KOJOBUX IMOCIIIOBHOCTCH
(manmpukiaa, MmoxkHa 30 pasiB MIAKUHYTH MOHETY); TIPH IIboMYy N=06.

[Tpumyctumo, 1o 00paHo XPOMOCOMHU

ch; = [10011]

ch, = [00011]

ch; = [00111]

chy =[10101]

chs = [01000]

che = [11101]

BinnoBigHi HuM peHoTHNH - 1€ MpeACTaBIeH]1 HIbKYe uncia 3 inTepBaiy Big 0 g0 31:

Ch]_* =19
Chg* =3
Ch3*= 7
chy* =21
Ch5* =8
chg* =29

N = 92 . .
[To dbopmymi fx) = 2x"+1 (1) po3paxoByemMo 3HadeHHSI (PYHKIIIT MPUCTOCOBAHOCTI
JUTSL KOSKHOI XpOMOCOMM B MOITYJISILIT M OIEPKY€EMO

F(ch,) = 723
F(chy)= 19
F(ch) = 99
F(ch,) = 883
F(chs) = 129

F(che)=1683

Cenekuisi xpomocoM. Memoodom pyremku, BHOMpaeMO 6 XPOMOCOM IS
penpoaykiiii. Komeco pynerku npeacrasieHno Ha puc. 10.

v(ch,) = ps(ch;)100% |, 2

pslch)= \F(’ﬂ

> F(ch,)
3)

e



v (chy)

v {th}

Puc. 10. Kosneco pyneTku s CENEKIlii B TpUKIIaii 2.
[Ipunycrumo, 1o odpaHo uncia
97 26 54 13 31 88.

Lle o3Hauae BUOIp XpoMOCOM
Ch6 chy Che ch; chy Chg

Hexali cxpenryBaHHs BUKOHYEThCS 3 HMOBIpHICTIO p.~=l. Ilpunycrumo, mo s
cxpelryBaHHs c(hopMOBaHi napu

Ch]_ 1 Ch4 y Ch4 1 Ch6 y Ch6 1 Che .

Kpim Toro, npumyctumo, 1o BUMAaJKOBUM YHHOM OOpaHa TOYKa CXpPEIyBaHHS, pPIBHA
3 st xpomocoM chy, i chy, a TakoK TOYKa CXpeEllyBaHHS, piBHA 2 it XpoMocoM chy 1 chg
(puc.11).

ch 2[1[}[]11] CHPELLYBAKHA [lmﬂl]
chl*—"[lﬂlﬂl]l — [10111]

fk =3
ch, = [10101] CFEEATR  T10101]
chg = [11101] ? [11101]
fﬁ: =2
Puc. 11. [Ipouec cxpelryBaHHS XpOMOCOM Yy MIpUKIIaAi 2.

3a yMOBHM, IO WMOBIPHICTH MyTaulii py=0, y HOBY MNOMYJSILII0 BKIIOYAIOTHCS
XpOMOCOMU



Ch, = [10001]
Ch, = [10111]
Ch; = [10101]
Ch, = [11101]
Chs = [11101]
Che = [11101]

Jlnst po3paxyHKy 3Ha4deHb (YHKIlI MPUCTOCOBAHOCTI IMX XPOMOCOM HEOOXiTHO
JEKOyBaTH iXHI IBIKOBI MOCIIIOBHOCTI, IO TIPEACTABIISIOTh, 1 OJIEPKaTH BiAMOBIIHI iM
¢enotunu. [loznaummo ix Chi*. YV pesynbTari JexoayBaHHS OAEpKyeMo dyucaa (3
iaTepBany Bix 0 mo 31)

Chy*=17
Ch,* =23
Chg* =21
Chy* =29
Chs* =29
Chg* =29

BiamoBinHo, 3HaueHHs (YHKIT MPUCTOCOBAHOCTI XPOMOCOM HOBOI IMOMYJIAII],
po3paxoBaHi 1o popmyi (1), ckiaayTh

F(Chy)=579

F(Ch,)=1059

F(Chs)= 883

F(Ch,)=1683

F(Chs) = 1683

F(Chg)=1683

Jlerko moMITUTH, 10 B [bOMY BUMAJKYy CEpeIHE 3HAYEHHsI TPUCTOCOBAHOCTI 3pOCIIO
3 589 no 1262.

3BepTaeMo yBary, IO SIKIIO Ha HACTYIMHIM irepamii OyayTh cdopmoBaHi miis
cxpeliyBaHHs mapu xpomocom, Hanpukiaa, Chy i Chy, Chg i Ch, a6o Chg i Ch; i3 ToUuKOR0O
cxpeuryBaHHs 2 abo 3, To cepen iHIMX Oyne oTpuMmana xpomocoma [11111] 3 penoTunom,
piBHMUM uucny 31, mpu sSKOMy onTuMmizyema (QYHKLIS JOCSTa€ CBOTO MAaKCUMyMYy.
3HadyeHHs (YHKIT TPUCTOCOBAHOCTI IS 11€1 XPOMOCOMHU BHSIBISIETHCS HAMOUIBIIMM 1
ckiagae 1923. SIkmio Take croyiydeHHs map y JaHid itepauli He BiAOYyAEeThCs, TO MOXKHA
Oyle OdYiKyBaTH YTBOPEHHS XPOMOCOMU 3 HAWOUIBIIUM 3HAYEHHAM  (QYHKIIIT
PUCTOCOBAHOCTI HA HACTYMHHUX iTepamisx. Xpomocoma [11111] morna Oytu orpumana i
Ha TOTOYHIN 1Tepauii y Bumaaky ¢opmyBanHs s cxpeuryBaHHs napu Ch; 1 Chg 13
TOYKOIO CXpEUTyBaHHS 3.

Bigznaunmo, 1m0 mpu TOBXKKHI XPOMOCOM, PiBHIM 5 OiTaMm, MPOCTIp MOIIYKY Ty>Ke
MAJIHii i HapaxoBye BChOTo 2°=32 TOUKH.

[IpeacraBnenuii  mpukiIag  Ma€e  BHUHATKOBO  JICMOHCTpAIlIMHUNA  XapakTep.
3acTOCYBaHHS TE€HETUYHOTO AJIrOPUTMY JJsi TAaKOTO MPOCTOr0 MPUKIAAY HPAKTHUYHO
HEJIOIJIbHE, OCKUIBKU MOTO ONTUMAJIbHE PIIIEHHS MOXe OyTH oTpuMaHe MUTTEBO. OMHAK
el IPUKJIaa MPUAATHUHN I BUBYCHHS (PYHKITIOHYBaHHS TEHETHYHOTO aJITOPUTMY.



Taxosx BapTO 3rafaty, M0 B MAIUX MOMYJIAIIAX 9aCTO 3yCTPIYatOThCS CUTYAIlil, KOJIH
Ha TIOYAaTKOBOMY e€Tami KijJbka OCOOMH MAarOTh 3HAYHO OUIbINI 3HA4YeHHS (QYHKIIT
MPUHAJICKHOCTI, YUM 1HII OCOOM JaHOI MOMyJIsiii. 3aCTOCYBaHHS METOAY CeJeKIlli Ha
OCHOBI «KoOJIeca PYJCTKH» JI03BOJIIE B IIHOMY BHUNAAKY JIyK€ IIBHUIAKO BHUOpaTH
«HaMKpail» oco0u, 1HOAI - MPOTATOM <(CKHUTTS» OJHOTO TOKOJiHHA. OJHAK TaKui
PO3BUTOK TIONi BBAKAE€ThCA HEOAKAHWM, OCKUIBKM BiH CTa€ TOJIOBHOIO IMPHUYUHOIO
nepeadacHoi 301KHOCTI alTOPUTMY, IO HA3WBAETHCS 30DKHICTIO 0 HEONTUMAIBLHOTO
pimeHHs. 3 i€l NPUYUHA BUKOPUCTOBYIOTHCS M 1HIIII METOJIM CEJIEKIIIT, 10 BiAPI3HIIOTHCS
BiJl KOJIECa PYJIETKH, a00 3aCTOCOBYETHCS MacIITa0yBaHHS (DYHKIIiT IPHCTOCOBAHOCTI.

5. Onuc THIOBOI0 reHETHYHOI0 aJIropuTrmy

3amadya KOAYETHCS TAKUM YHWHOM, 1100 1i pIIIEHHS MOTJIO OyTH MpPEJCTaBICHE Y BHI
BeKTOpa («XpoMocoMay). BunajgkoBUM 4YMHOM CTBOPIOETHCS JIeKa KUIbKICTh MOYAaTKOBHUX
BEKTOPIB («IOYaTKOBA TMOMYJIAIIsS»). BOHM OIIHIOIOTHECS 3 BHKOPUCTAHHAM «(YHKIIIT
IPUCTOCOBAHOCTI», Y PE3yJbTaTli YOro KO)KHOMY BEKTOPOBI MPUBJIACHIOETHCS BU3HAUEHE
3HA4YCHHS («IPUCTOCOBAHICTHY»), IO BHU3HAYA€ WMOBIPHICTb BWIKMBAHHS OpTraHi3My,
IPEJCTaBICHOIO 1aHUM BEKTOpoM. Ilicis npOoro 3 BUKOPUCTaHHSM OTPUMAHUX 3HAYECHb
MPUCTOCOBAHOCTI BUOMPAIOTHCS BEKTOPH (CEJEKINii), MOMYIIeHl 10 «cxXpelryBaHHs». 1o
OUX BEKTOPIB 3aCTOCOBYIOThCS «I€HETH4YHl ornepaTtopu» (y OUIBIIOCTI BHIAJKIB
«CXPEILYBaHHSI»-CrossOVeri «MyTalls»-mutation), CTBOPIOIOYM B TaKUW CHOCIO HACTyIHE
«MOKOJIHHA». OcO0M HACTYNMHOIO MOKOJIHHS TaK0X OLIHIOIOTHCA, MOTIM BUPOOISETHCS
CEJIeKIIisl, 3aCTOCOBYIOTHCSI TEHETUYH1 ONepaTopH 1 T.J. Tak MOJIETIOETHCS «EBOTIOLIMHUI
IpoLEc», L0 NPOJOBXKYEThCA KUIbKA KUTTEBUX UUKIIB (TIOKOJIIHb), MOKH HEe Oyne
BUKOHAHWI KpUTePiil 3yNIMHKH aJropurmy. TakuM KputepieM Moxe OyTH:

* OTpUMAaHHS TJI00ABHOTO, a00 CYOONITUMANILHOTO PIIICHHS;
* BUYEPIIaHHA YUCJIa MOKOJiHb, BIAMYIIEHUX HA €BOJIOIIIIO;
* BUYEPIIaHHA Yacy, BIAMYIIIEHOTO Ha €BOJIIOIIIIO.

['eHEeTHYHI aNrOPUTMHU CIIYXKaTh, TOJOBHHUM YHWHOM, JUIS TIOIIYKY PIIMIEHb y JTyXKe
BEJIMKUX, CKJIAJIHUX MTPOCTOPAX MOIIYKY.

Mo:xHa BUIIJIMTH HACTYIIHI €TAllM TEHETHYHOI0 AJITOPUTMY:
1. CTBOpEeHHSI MOYaTKOBOT MOMYJISAILIIT
2. O6uncieHHst GyHKIIHA MPUCTOCOBAHOCTI JIJIsi OCOOMH MOMYJIsAIIiT (OLIIHIOBAHHS )
* (ITouatok HUKITY)
1. Bubip 1HauBIIIB 3 HOTOYHOI MOMYJIALIT (CENEKIIis)
2. CxperryBaHHs 1\a0o mMyTartis
3. OGuwucieHHs PyHKIIH TPUCTOCOBAHOCTI I BCiX OCOOWH
4. ®opmyBaHHS HOBOTO MOKOJIIHHS
5. S0 BUKOHYIOTBHCSI YMOBH 1HIIOTO, TO (KIHEIh IUKIY), 1HaKIIEe (IOYaToK
LUKITY ).

CTBOpEHHSA MOYATKOBOI MOMYJISIIIL



[lepen mepmuM KpOKOM MOTPIOHO BUTIAAKOBHUM YMHOM CTBOPHUTH SIKYCh TOYATKOBY
NOMYJIAIII0; HaBiTh SIKIIO BOHA BHSBHUTHCS 30BCIM HEKOHKYPEHTOCIPOMOKHOIO,
TeHETUYHHI aJITOPUTM yCE PIBHO JOCHUThH MIBUIKO TMEpeBee 11 B KUTTE3AATHY MOMYJIIAIIIO.
TakuM 4YMHOM, Ha MEPIIOMY KpOIli MOKHa OCOOJIMBO HE HAMaraTUCS 3pOOUTH 3aHAJTO
JTy’Ke TPUCTOCOBAHMX OCOOMH, JOCHTh, OO0 BOHM BiAMOBiZaIM (PopMaToBl 0COOMH
MONyJIALii, 1 Ha HUX MOXKHa OyJio mijpaxyBaTu (yHKIi0 mnpuctocoBaHocti (Fitness).
[TimcymkoM mepmroro Kpoky € momyssmist H, mo ckinamgaerbest 3 N ocoOuH.

Binoip

Ha erami BimGopy moTpiOHO 3 yci€l momynsauii BUOpaTH BU3HAYEHY ii 4acTKy, LIO
3aMUIINATBCA 'y )KMBHX'" Ha LOMY €Talli eBOJIowii. € pi3HI COCOOM MPOBOAUTH BiAOIp.
IIMOBipHiCTh BIKMBAaHHS 0coOM h TOBMHHA 3aleXaTH BiA 3HAUeHHA (YHKII
npuctocoBanocTi Fitness (h). Cama dwacTka 1m0 BmwKuia S 3a3BHYall € TapamMeTpoOM
TE€HETHUYHOI'0 alirOPUTMY, 1 1 IPOCTO 3a/1al0Th 3a3Aalieriab. 3a mijgcyMkamu Binoopy 3 N
ocoOMH momyJsAmii H MOBHMHHI 3aJUIIUTHCS S OCOOWH, IO BBIMAYTH Y IiJCYMKOBY
nomyJsito H'. [Hii ocoOu ruHyTh.

Po3mMHOKeHHsI

Po3MHOXEHHS B TEHETUYHUX alrOpUTMax 3a3BUYail MOJoBEe - MO0 3poOuTH
Halla/Ka, MOTpPiOHO NEKUIbKa OAThKIB; 3BUYATHO, OTPIOHO PIBHO J1Ba. PO3MHOMXEHHS B
PI3HUX aIropuTMax BU3HAYAETHCS IMO-PI3HOMY - BOHO, 3a3BUYail, 3aJIEXKUTh BIJ
NPENCTABICHHS JaHUX. [ 0106Ha 8UMO2a 00 POIMHONCEHHS - W00 HAWAOOK A0 HAWAOKU
MAnu MONCIUBICMb YCnaokysamu pucu 0060x bamvkie, "smiwasuwu"” ix saxum-ne6yosb
0oCcums pO3YMHUM CHOCOOOM.

B3aram roBopsuM, Ajig TOro mio0 MPOBECTH OINEpalil0 PO3MHOXKEHHS, MOTPIOHO
BuOpatu (1-s)p/2 map rimore3 3 H i mpoBecT 3 HUMU PO3MHOKEHHS, OJICPKABIIH TIO JIBa
HaIllaaKka Bl KOXKHOI mapu (SKIIO PO3MHOKEHHsSI BH3HAUCHE Tak, 100 JdaBaTH OJHOTO
Halaaka, noTpiono Bubparu (1-S)p map), i moxatu nux Hamaakis y H'. YV pesynsrati H'
oyne ckiagarucs 3 N ocoOun. Homy ocoOu 11t pO3MHOKEHHS 3BUYAaHO BUOUPAIOTHCS 3
yciel nonynsaiii H, a He 3 eneMeHTiB, 1m0 BIKWIK Ha niepiioMy kpoiii, Hy (xoda octanHii
BapiaHT TEX Mae€ npaBo Ha icHyBaHHs)? CrpaBa B TiM, II0 TOJIOBHA KpUTHKa OaraThoX
TCHETUYHUX AITOPUTMIB - Hedolik pozmaimocmi (diversity) 6 ocoounax. JIoCUTh MBUIKO
BUJIUISIETHCSI OJIUH-€JUHUAN T€HOTHI, IO SIBJISIE COOOI0 JIOKAJIbHUI MaKCUMYM, a MOTIM BCi
€JIEMEHTH MOMYJISILIl IpOorparTh oMy BHOIp, 1 BCA momyJsiuis "3a0UBaeThCs" KOMIsIMU
1i€i ocoOu. € pi3Hi crnocodu 00pPOTHOM 3 TAKUM HEOaKaHUM €(PEKTOM; OJIMH 3 HUX - BUOIp
JUTSl PO3MHOXEHHS HE CaMUX MPUCTOCOBAHUX, aji€ y3araji BCIX OCOOUH.

MyTrauii

Jlo myTariii BIZTHOCUTBCA BCE T€ X caMme, 10 1 JJO PO3MHOXKEHHS: € JIesiKka JacTKa
MYTaHTIB M, M0 € MapaMeTPOM T€HETHUYHOTO aJTOPUTMY, 1 Ha KpOIll MyTarliii moTpiOHO
BUOpaTH M O0COOWH, a MOTIM 3MIHUATH X BIAMOBIIHO JI0 3a3/1aJI€T1/1b BU3HAYEHUX OTepariin
MyTalii.

6. KitacuuHuii reHeTHYHUIA AJITOPUTM



OcHoBHHI (KJTacMYHUI) TeHETUYHUH anropuTM (TaKOXK HA3WBAHUU eleMEHTapHUM
a00 MPOCTHM F€HETHYHUM AJITOPUTMOM) CKJIAJIA€THCS 3 HACTYITHUX KPOKIB:

1) inimianizanis, abo BUOIp BUXITHOT MOMYJISIIT XPOMOCOM;

2) OllIHKA MPUCTOCOBAHOCT1 XPOMOCOM Y TOITYJISAIIIT;

3) mepeBipka YMOBH 3yITUHKH aJTOPUTMY,

4) CeNeKIlisi XpOMOCOM;

5) 3acTOCyBaHHS TEHETUYHHX OIEPATOPIB;

6) hopMyBaHHS HOBOI MOITYJISAIIII;

7) Bubip «HAWKPaII0i» XPOMOCOMH.

bnok-cxeMa 0OCHOBHOTO T€HETHYHOTO aJITOPUTMY 300pakeHa Ha puc. 12.

HILANIZALA - BMERP
MOHATEOBO! MMy AL POMOCoM

v v

JUHHISAHHA NPMCTOCYBAHHA
XPOMOCOM ¥ NONYNALL

YMOEY JABEPWEHHA
BlLAROHAHO?

CENEKLIA L
XPOMOCOW HARKPAWOF
XPOMOCONLA

JACTOCYBAHHA i
FEHETIAHHIAX
ONEPATORE HIHELE

CTBOPEHHA
HOBQ
nanynaul

Puc. 12. brok-cxema reHeTUYHOTO allTOPUTMY.

PosrnsiHeMo KOHKpETHI €Tanu IbOT0 aJITOPUTMY OUIBIN JOKJIAIHO 3 BUKOPHUCTAHHAM
JT0JIATKOBUX MOAPOOUITH, MPECTABICHUX HA puC. 13.
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Puc. 13. CxeMa BUKOHaHHSI TEHETUYHOIO aITOPUTMY.



Inimianizauia, T06T0 opMyBaHHS BUXIAHOI MOMYJISIi, MOJATaE y BUIIAJAKOBOMY
BUOOpPI 3alaHOi KIUIBKOCTI XpOoMOCOM (OCOOMH), WI0 MPEACTABISIOTHCS JBOIYHUMH
MOCIAOBHOCTAMHU (PIKCOBAHOT TOBXKHUHHU.

OuinoBaHHS MPUCTOCOBAHOCTI XPOMOCOM Y TOMYJIALIT CKIAAA€ThCS B PO3PAXYHKY
(GyYHKIIT MPUCTOCOBAHOCTI JJISI KOXKHOT XPOMOCOMH ITi€i momyssiii. Yum Oisibliie 3HaueHHsI
miei ¢QyHKII, TUM BHIIE <SIKICTB» Xpomocomu. PDopma (yHKIIT HPUCTOCOBAHOCTI
3aJIeKUTh B XapakTepy po3B's3yBaHoi 3amaui. IlepembauaeTnhcs, 1o GyHKITIS
IPUCTOCOBAHOCTI 3aBKU MpHUiiMae HEHETaTUBHI 3HAYEHHS 1, KPIM TOTO, L0 JJISl PIIICHHS
ONTHUMI3aIIMHOI 3a7a4i MOTPiOHO MakcuMizyBaTu mio (yHkIio. SAkmo BuxigHa (opma
(GYyHKIIT TpHUCTOCOBAHOCTI HE 3aJ0BOJIBHSE LIUM yMOBaM, TO BUKOHYETHCS BIiJIMOBIIHE
NEPETBOPEHHA (HANPHUKIIAM, 3a7auy MiHiMizamii (yHKIT MOXKHA JIETKO 3BECTH 10 3aj]adi
MaKCHMIi3allii).

IlepeBipka yMOBM 3yNMHKH aJropurMmy. BusHadeHHS yYMOBH 3YIHUHKH
TeHETUYHOIO QJITOPUTMY 3aJ€KHUTh B HOr0 KOHKPETHOTO 3acToCyBaHHA. B
ONTUMIZAIIMHUX 3aJa4yaxX, SKIIO BIJIOMO MakcuMmajabHe (200 MiHIMaJabHE) 3HAYCHHS
GbyHKII{ TPUCTOCOBAHOCTI, TO 3yNMHUHKA aJTOPUTMY MOKE BIAOYTHCS MICIs TOCSTHEHHS
OUYIKYBaHOTO ONTUMAJIBHOTO 3HAYEHHS, MOXJIMBO - 13 3aJIaHOI0 TOYHICTIO. 3yMHUHKA
QITOPUTMY TAKOX MOXKE BIAOYTHCS y BUIAJKY, KOJIM MO0 BUKOHAHHS HE MPUBOAUTH 0
MIOJTIMIIICHHST BXE JOCSITHYTOTO 3HAYCHHS. ANTOPHUTM MOXKEe OYTH 3yNMUHEHWH ITiCIs
3aKIHUYCHHS BHM3HAYCHOIO0 Yacy BHUKOHAaHHS a00 TMiCJisli BUKOHAHHS 3aJaHOi KIJIBKOCTI
ITepaliii. SIKImo ymMoBa 3yIMHKM BUKOHAHA, TO BUKOHYETBHCS IMEPEXi J0 3aBEPIIATBLHOTO
eTary BHOOpPY «HaWKpamioi» XpoMOCOMHU. Y TPOTUBHOMY BHUIMAJKy Ha HACTYITHOMY KpOIIi
BUKOHYETHCS CENEKITis.

Cegekuisi XpomMocoM 1moJisirae 'y BimOopi (MO po3paxOBaHMM Ha APYroMy eTarll
3HAYEHHAM (PYHKIIi MPUCTOCOBAHOCTI) THUX XPOMOCOM, IO OyayTh OpaTu y4dacTb y
CTBOPEHHI HAIAJKIB JJI HACTYIHOI MOMYJISIi, TOOTO JIJIi 4YeproBOro MOKOJiHHA. Takuii
BiJI01p BUKOHYETHCS BIJIMOBITHO 10 IPUHITUITY MPUPOJIHOTO BiIOOPY, MO SIKOMY HaMOUIbIIT
[IaHCHM Ha Y4YacTh y CTBOPEHHI HOBHUX OCOOMH MalOTh XPOMOCOMHU 3 HaMOUIBIIUMU
3HAYCHHSAMHM (PYHKII MPUCTOCOBAHOCTI. ICHYIOTH pi3HI MeTomau cenekimii. Haibinpir
MOMYJISIPHUM BBAXKAETHCSl TaK Ha3uBaHUU MeTon pyneTku (roulette wheel selection), 1o
CBOIO Ha3BY OJIEp>KaB 3a aHAJIOTIEI0 3 BIOMOIO a3apTHOIO Tpoto. KoxkHil XpoMocoMi MOXkKe
OyTH 3iCTaBIEHUI CEKTOp Kojieca PYJIETKH, BEIMYMHA SKOTO BCTAHOBIIOETHCS
MPOIOPIINAHO 3HAYECHHIO (DYHKIIIT MPUCTOCOBAHOCTI AaHOI XpOMOCOMHU. ToMy yuM OiJibie
3HaY€HHA (YHKLII TPUCTOCOBAHOCTI, TUM OLIBIIE CEKTOP Ha KOJIECI PYJIETKU. Y Ce KOJIECO
PYJIETKHU BIJMIOBIIa€ CyMi 3Ha4€Hb (PYHKIIII MPUCTOCOBAHOCTI BCIX XPOMOCOM PO3TJISIHYTO1
MOMYJISIIII.

KoxHniit xpomocomi, mo mo3Hadaerbess Ch; mis i=1,2,.., N (me N mno3Hayae
YHCEIBHICTh TOIMYJIALIT) BiAMOBiZae cexkTtop Koyieca Vv(Ch;), BUpakeHHH y BiICOTKax
BIJIMOBITHO 10 (hOPMYITH

v(ch) = ps(ch)100% , .
pi(
pelch)= }I_Flfchl__)
> F(ch)
f.: (7.3)



npuyomy F(ch) - 3HaueHHs (QYHKIHI mpucTocoBaHocTi xpomocomu ch; , a Ps(ch) -
HMOBIpHICTh cenekilii xpomocomu Ch; . Cesekiriss XpoMOCOMHU MOKe OyTH IMpeacTaBicHa
AK pe3yJbTaT IIOBOPOTY KoJieca PYJIETKH, OCKIJIbKH «BUTpaBIIa» (TOOTO oOpaHa)
XpOMOCOMA BITHOCUTBCS IO TOTO CEKTOpa KoJjeca, 1o BunaB. OueBHIHO, [0 YUM OLIbIIe
CEeKTOp, THUM OuIbllle HWMOBIPHICTh «IEPEMOTH» BIAMOBIIHOI XPOMOCOMH. Tomy
HMOBIpHICTh BUOOPY JTaHOT XPOMOCOMH BHSIBJISIETHCS TIPOMOPIIIMHOIO 3HAYCHHIO 11 yHKIIIT
IIPUCTOCOBAHOCTI.

S0 Bce KOJIo Kojieca pyJeTKH MpeACTaBUTH y BuIl mudposoro intepsany [0, 100],
TO BHOIP XpOMOCOMH MOKHA OTOTOKHHTH 3 BUOOpOM 4YHCIIa 3 iHTepBany [a, b], ne ai b
MO3HAYaI0Th BIJMOBIIHO MOYATOK 1 3aKiHUEHHS (parMeHTa KOJia, 10 BIAMOBIAAE IIBOMY
CEKTOPOB1 KoJieca; oueBUAHO, Mo 0<a<b<100. Y mpomy BuUMaaKy BHUOIp 3a JOMOMOTOIO
KoJjieca PYJETKH 3BOJIUTHCA 10 BHOOpYy umcna 3 intepBainy [0, 100], mo BigmoBimae
KOHKPETHIN TOYII Ha KOJIi KoJieca. [HIm MeToau cenexinii OyayTh po3TIIsaaaTUCs JaTi.

VY pesynbTari Impolecy CeNeKIlii CTBOPIOEThCS OaThbKIBChKA IMOMMYIIAIIS, sSKa TaKOXK
Ha3MBaHa 0aTbKIBCBKUM ITyJoM (mating pool) 3 uucenbHICTIO N, pIBHOI YHCEIbHOCTI
MOTOYHOT MOITYJISAIIII.

3acTocyBaHHSI TeHETUYHHMX OMEPATOPIB IO XpOMOCOM, BiIOpaHUM 3a JOTIOMOTOIO
CeNeKii, TPUBOAUTh 10 (POpMyBaHHS HOBOI MOIYJSAIIT HAIIAJIKIB BiJl CTBOPEHOI Ha
MONepeTHbOMY KpOIll 0aThKIBCHKOI MOMYJIALII].

VY KIacHYHOMY TeHETUYHOMY QJITOPUTMI 3aCTOCOBYIOTHCS IBA OCHOBHHUX T€HETHUYHUX
oTepaTopu: OIEpaTop CXpEIlyBaHHS (Crossover) 1 omeparop myrtaiii (mutation). OgHax
CNiJ 3a3HAYUTH, LI0 ONEpaTOp MyTallii I'pae SBHO IPYrOpsAAHY pOJib Yy MOPIBHSAHHI 3
orepaTopoM cxpemryBaHHs. Lle o3Hadae, M0 cXpelryBaHHS B KIACHYHOMY T€HETHYHOMY
QITOPUTMI BHUKOHYETHCS TNPAKTUYHO 3aBXKIU, TOAl SAK MyTalis - JOCHTb PIAKO.
JIMOBIpHICTh CXpEIIyBaHHS, K IPABHIO, JOCUTh BeIWKa (3a3Bmuail 0,5<p.<l), Toxmi fK
AMOBIPHICTh MyTallli BCTaHOBIIOETbCS TOCUTh Manow (Haiuactime 0< p, < 0,1). Le
BUILIMBAE 3 aHAJIOTIT 31 CBITOM »KHMBHUX OPraHi3MiB, Jie MyTaIlii BiIOYBarOThCS HAI3BUYANHO
piaKo. Y TEHETHUYHOMY aJTOPUTMI MyTallisi XpOMOCOM MOE BUKOHYBATHUCS Ha MOMYJISIIiT
OaThKIB Tepes] CXpellyBaHHSAM ab0 Ha TOMYJAIii HaIaIKiB, YTBOPEHHX Yy pe3yJbTaTi
CXpeIyBaHHS.

Onepartop cxpemyBannsi. Ha mepmioMy erami cxpellyBaHHsS BUOUPAIOTHCA Mapu
XpPOMOCOM 3 0aThKIBChKOT OMYJIsAIIT (0aThKIBChKOTO MyJa). e TuMuacoBa momyssinis, 1o
CKJIAJIa€EThCS 3 XPOMOCOM, BiNIOpaHUX Yy pe3yibTaTl celeKkuii 1 NpU3HAYeHUX s
NOJANIBIINX MEPETBOPEHDb OMNEPATOpPaMHU CXpEUlyBaHHS 1 MyTalii 3 MeTOI (OopMyBaHHS
HOBOI momyJssiiii Ham@aakiB. Ha ganomy erami XpoMocoMu 3 OaTbKiBCHKOI MOMYJISIIT
NOENHYIOTbCS B mapu. lle BUKOHYETbCS BHUIIAJKOBHM CIIOCOOOM BIJNOBIIHO 10
AMOBIPHOCTI cXpelryBaHHs pc. Jlami s KoxHoi napu BiaiOpaHux y Takuil ciocid 0aTbKiB
pO3Irpy€eThCsl MO3MIlSL TeHa (JIOKYC) Y XpOMOCOMI, II0 BH3HAauya€ TaK Ha3WBaHy TOYKY
cxpelryBaHHs. SIKIIo XpoMocoMa KOXKHOTO 3 0aThKIB CKJIaIa€Thes 3 L reHiB, TO OYEBUTHO,
0 TOo4YKa cxpenryBaHHs k siBise coboro HarypanmbHe ymcio, meHie L. Tomy dikcarris
TOYKHU CXpEIlyBaHHS 3BOJUTHCS 10 BHITAJIKOBOTO BHOOPY 4mcia 3 iHTepBany [1, -1]. ¥V
pe3yNbTaTi CXpelnlyBaHHS TMapu OaThbKIBCBKUX XPOMOCOM BHUXOJUTh HACTyMHa Tapa
HAIlaIKIB:

1) Hamamok, XxpoMocoMa SKOro Ha mo3ullisx Bif 1 10 k ckiIagaeThes 3 reHiB IepIioro
OarpKa, a Ha mo3uiisx Big k+1 mo L - 3 reniB apyroro 6aTeka;



2) HaAIM@AJ0K, XpOMOCOMa SIKOT0 Ha Mo3uIlisax BiA 1 10 k ckinagaeThes 3 TeHIB APYroro
0aTbKka, a Ha no3ullisax Big k+1 o L - 3 reHiB nepiioro 6aTbka.

Oneparop myTamii 3 WMOBIPHICTIO P, 3MIHIOE 3HAYEHHS I'€éHa B XPOMOCOMI Ha
npotuiexHe (Tooto 3 0 Ha 1 a6o Hazan). Hanpuknan, skuro B xpomocomi [100110101010]
MyTaIlii miAgaeThCs TeH Ha MO3MIlli 7, TO HOoro 3Ha4YeHHs, piBHE 1, 3MiHIOEThCA Ha 0, 110
NpU3BOJAUTH A0 yTBOpeHHs xpomocomu [100110001010]. Sk yke 3ramyBajiocsi BUIIIE,
AMOBIpHICTh MyTallii 3a3BHYail JyKe Maja, 1 came BijJ Hei 3aleXuTb, OyJe JAaHUU TeH
MYTHPOBaTH UM Hi. VIMOBipHiCTH p, MyTamil MOXe eMyIIOBaTHCS, HANPHKIAL,
BUIAJKOBUM BHOOpoM umcna 3 iHTepBamy [0, 1] mns koxHOro reHa i A0060poM Juis
BUKOHAHHS III€T omeparlii THX FeHiB, s SKUX PO3irpaHe YHCIo BUSBISETHCS MEHIITUM a00
PIBHUM 3HAYEHHIO P;.

®opMyBaHHA HOBOI momyJisiii. XpoMOCOMU, OTPUMaHI B pe3yJIbTaTi 3aCTOCYBaHHS
TeHEeTUYHUX  OINepaTopiB J0 XPOMOCOM THUMYAacOBOi  OaThKIBCHKOI  MOMYJISII,
BKJIIOYAIOTHCSA JO CKJIaAy HOBOi momyismii. BoHa cTae Tak Ha3MBaHOKO IMOTOYHOIO
MONYJIAIIEI0 JUISl TaHOI1 1Tepallli TeHETUYHOTO airopuTMy. Ha KOXHIM 4eprosiil iTepaiii
PO3paxoBYIOThCS 3HaYEHHS (PYHKIIIT MPUCTOCOBAHOCTI JIJISi BCIX XPOMOCOM III€T MOMYJIAIII],
MICTISl YOTO MEePEBIPSIETHCS YMOBA 3yIMIUHKU aJTOPUTMY i a00 (iKCyeThbes pe3yabTaT y BUII
XpPOMOCOMH 3 HAWOUIBIIMM 3Ha4YeHHSM (QYHKIII MPUCTOCOBAHOCTI, a00 3IMCHIOETHCS
nmepexiJi 0 HACTYIHOTO KpPOKY TE€HETHYHOro alrOpUTMy, TOOTO 110 cenekiii. Y
KJIACHMYHOMY T€HETUYHOMY QJITOPUTMI BCS TIOTIEPETHS MOIYJISAIIS XPOMOCOM 3aMIITY€EThCS
HOBOIO MOMYJISIIEI0 HAAAKIB, III0 MA€E TY K YUCEIbHICTD.

Bu0ip «Haiikpamo» XpoMocoMu. K10 yMOBa 3yIIMHKH alTOPUTMY BUKOHAaHA, TO
BapTO BUBECTH PE3YyJIbTAT pOOOTH, TOOTO MPEACTABUTHU LIyKaHE pillieHHd 3a1ayi. Kpamum
PIIICHHSIM BBaXKA€THCSA XPOMOCOMA 3 HAUOLIBIIUM 3HAYEHHAM (YHKIIIT TPUCTOCOBAHOCTI.

Ha 3aBepmieHHsT BapTO BHU3HATH, M0 TEHETUYHI aNTOPUTMH YCHAAKyBaJIH
BJIACTHBOCTI IPUPOTHOTO €BOJIOIIAHOTO MPOIIECY, 10 CKJIATAIOTHCS B TCHETUYHHUX 3MiHAX
MOMYJISIIA OpraHi3MiB 3 4acoM. ['0ioBHMI (pakTOp €BOMIOINIT - 1€ MPUPOIHUMN BIIOIp
(toOT0 TIpUpOJHA CENEKIs), IO TMPUBOJUTH JO TOro, IO Cepell T'CHETUYHO
PO3PI3HIIOYMXCSI OCOOMH OJIHIET 1 TI€T K MOMYJIALI BUKUBAIOTH 1 3AJIUIIAIOTH Y CIIAJIIIUHY
TUIBKM HaWOUIBII TMPUCTOCOBAHI JO HABKOJMIIHBOTO CEpPeAOBHUINA. Y TI'e€HETHYHHX
ANTOPUTMAxX TAaKOX BHIUISIETBCS €TaIll CEJEKIli, Ha SKOMY 3 TIOTOYHOI IOyl
B1IOMPAIOTHCS 1 BKIIFOYAIOTHCS B OATHKIBCHKY IOIYJIAIIID OCOOH, IO MAarOTh HAHOUIBIII
3Ha4YeHHs (yHKIII TpucTtocoBaHocTi. Ha HacTymHOMy erami, IO 1HOAI HA3UBAETHCS
€BOJIIOIIIEI0, 3aCTOCOBYIOThCSI TEHETHUYHI OINEpaTopu CXpeUlyBaHHS 1 MyTalii, 10
BUKOHYIOTh PEKOMOIHAIIII0 T€HIB Y XpOMOCOMaX.

Omnepaliist cxpelryBaHHs MOJIIra€ B 0OMiH1 hparMeHTaMu

JAHIIOKKIB MK JBOoMa OaTbKIBCBKUMHU XpomMocoMamu. I[lapum OatbkiB 1uis
CXpelyBaHHsI BUOMPAIOTHCS 3 OATbKIBCHKOIO IIyJa BHIIAJKOBUM YHHOM Tak, 0100
UMOBIPHICTh BUOOpPY KOHKPETHOI XpOMOCOMHM JUIsl CXpEILIyBaHHsS JOpiBHIOBaJa O
MoBipHOCTI pc. Hampukiana, Ko B SKOCTI 0aThbKiB BUMAAKOBUM YMHOM BUOMPAIOTHCS
JIBI XpPOMOCOMH 3 0aThKIBCHKOI MOMYJIsAIii uncenbHICcTIO N, To pc = 2N. AHaJIOTIYHO, SKITO
3 0aThKIBCHKOT TOMYJSAIIi uyucenbHICTIO N BuUOUpaeTbes 2z xpomocoMm (z<N/2), sxi
yTBOPATH Z map OaThKkiB, TO pc=27z/N. 3BepTraeMo yBary, 0 SKIIO BCl XPOMOCOMH
MOTOYHOI momyJsiii 00'eqHani B mapu 10 cxpenryBanHs, To pc=1. Ilicis omeparrii
CXpelryBaHHs 0aThKU B 0ATHKIBCHKIH MOMYJIAIT 3aMIIIAIOTHCS IXHIMU HaIlaIKaMHu.



Omnepariist MyTarlii 3MiHIOE 3HaYEHHsI T€HIB Y XpOMOCOMaXx 13 3aJlaHO0 WMOBIPHICTIO
PT crocoboM, MPEICTaBICHUM IPH OMKCI BIAMOBIIHOTO omepaTtopa. Lle mpuBoauTh 10
1HBEpTYBaHHS 3Ha4YeHb BijiiOpaHux reHiB 3 0 Ha 1 1 3BOPOTHO. 3HAYEHHS P,, SK MPABUIIO,
JTy’Ke Majie, TOMy MyTallli MI1aeThCs JUIIe HEBEJIMKa KITbKICTh TeH1B. CXpellyBaHHS - 11€
KITIOYOBHM OIEpaTop TEHETUYHHUX aITOPUTMIB, IO BHU3HAYA€ iXHIO MOXIHUBOCTI
¢(hEeKTUBHICTb.

Myrtanis rpae Ouibll oOOMeXeHy poib. BoHa BBOAUTH y TMOMYJNALIIO JAEAKY
PO3MAITICTh 1 MOTEPEKAE BTPATH, IO MOTJI O BiIOYTHCS YHACIIOK BUKITIOYCHHS SIKOTO-
HeOy/Ib 3HAYHOTO TeHa B Pe3yJIbTaTl CXPEIyBaHH.

OcHOBHUH (KJTACHYHWIN) TEHETUYHUN aJITOPUTM, SIK MU B)KE BiIMiYaju, BIIOMUU Y
JiTepaTypl fK 1HCTPYMEHT, y SIKOMY BUAUIAIOTHCS TPU BUIU OIEpalliil: penpomyKIli,
cxpemnryBaHHs 1 MyTarii. TepMiHM CeNeKIlis 1 pPemnpoayKiis B JaHOMY KOHTEKCTI
BUKOPUCTOBYIOTBCS SIK CHHOHIMH. [Ipy 1bOMYy pElpOAyKIliE B JaHOMY BHUIAIKY
3B'S3YETHCS CKOPIIIE 31 CTBOPEHHSIM KOIIH XpOMOCOM 0aThbKIBCHKOTO ITyJja, TOA1 SIK O1JIbIII
PO3MOBCIOKEHUH 3MICT IILOTO MOHATTS 03HAYa€ mporec GopMyBaHHS HOBUX OCOOHWH, 110
BiJIOYBAIOTHCA BiJI KOHKPETHUX OaThKIB . SIKIIO MM MpUIIMAEMO Take TIyMayeHHs, TO
OTepaTOpH CXpPEIIyBaHHS 1 MyTallli MOXXYTh BBa)KaTHUCS OlepaTOpaMy PENpOIYyKIli, a
CeJIeKIis - J000pOM 0COOUH (XpOMOCOM) JIJIsi PENPOIYKITIi.

I'eneTn4Hi oneparopu

YacTKOBO MpO TEHETUYHI OMEpPaTopu MU BKE TOBOPHIIU. 3YMMHUMOCS HA iXHBOMY
onucl OuTbII JTOKJIaAHO. ['eHeTHyYH1 omepaTtopu HEOOXIJHI, 100 3aCTOCYBATH MPUHIUIIU
CIAJKOBOCTI 1 MIHJIMBOCTI J10 BIpTyaibHOI momyJisamii. KpiM BIIMIHHHMX puc, TIPO sIKi Oyae
pO3Ka3aHO HI)KYE, y HHUX € Taka BIJACTUBICTh SIK HMOBIPHICTb. T0OTO OMKCYBaHi
omepaTopu He OOOB'S3KOBO 3aCTOCOBYIOTHCS /IO BCIX OCOOMH, Kl CXPEIIYIOThCS, IO
BHOCHUTH JIOJIATKOBUM €JIEMEHT HEBHU3HAUCHOCTI B MPOIEC MOIIYKY pILICHHS. Y JaHOMY
BUIIAJIKY, HEBU3HAUYCHICTh HE MAa€ Ha yBa3l HEraTUBHUH (haKTOp, a € TakuM co01 "cTernenem
BOMTI" POOOTH TE€HETUYHOTO ANTOPUTMY. TYT ONMHUCYIOTHCS TUIBKH JIBa HAWUIOIIMPEHINI 1
HEOOX1THUX orepaTopu. [CHYIOTH 1 1HIII TEHETHYHI oniepaTopu (HampUKIiIal, IHBEpCis), aje
BOHU 3aCTOCOBYIOTHCS YK€ PIAKO 1 TOMY MU IIPO HUX TOBOPUTHU HE OYyIEMO.

Omnepartop KpociHrosepa

OmnepaTtop KpociHroBepa (crossover operator), TakOXXK Ha3UBaHUI KpPOCOBEPOM, €
OCHOBHUM T€HETUYHHM OTIEPATOPOM, 332 PAXYHOK SKOT'O BUKOHYETHCS OOMiH T€HETUIHUM
MartepiajioM Mixk ocobamu. OmepaTop MOJEIIOE MPOoIEeC cXpeuryBaHHs ocoouH. Hexaii €
IB1 0aTBKIBCBKI 0coOu 3 XxpoMocomamu X={xi , i=1,L} 1 Y={y1 , i=1,L}. BunagkoBum
YUHOM BU3HAYA€THCS TOYKA YCEPEAMHI XPOMOCOMH, Y SIKI OOMJIBI XPOMOCOMHU JIISITHCA
Ha JIBI YaCTUHU 1 OOMIHIOIOThCS HMMH. Ha3BeMo 110 TOYKY TOUYKOIO PO3pUBY. ¥Y3arami
TOBOPSIYH, B @aHTJIOMOBHIH JIITEpaTypi BOHA HA3UBAETHCSI TOUKOIO KPOCIHTOBEpa (Crossover
point), TPOCTO, TOYKa PO3pHUBY OB 0Opa3Ha Ha3Ba 1 0 TOTO XK JO3BOJSE B JCSKHUX
BUIIAJKaX YHUKHYTH TaBTOJIOTii. OnucaHuii npouec 300paxeHo Ha puc.7.14.
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Puc.14. Kpocinrosep
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Jlanuii THTT KpPOCIHTOBEpA HA3UBAETBCS OOHOMOUKOBUM, TaK SK TIpU HBOMY
0aThKIBCbKI XpOMOCOMHM PO3PI13at0ThCsI TIIBKKM B OJHIM BUIIAIKOBIH TOYIll. TakoX ICHYIOTh
2-X 1 N-TOYKOBUH OMEpaTOpu KPOCIHroBepa. Y 2-X TOYKOBOMY KPOCIHTOBEpl TOYOK
PO3pUBY 2, a N-TOYKOBHM KPOCIHTOBEP € CBOEPIJTHUM y3araJbHEHHSIM 1- 1 2-TOYKOBOTO
KpPOCIHTOBEpIB JJIg n > 2.

KpiM omMCaHMX THIIB KPOCIHTOBEpiB € Ine OJHOPIMHMIL Kpocinrosep. Moro
OCOOJMBICTh TOJISITa€ B TIM, L0 3HAYEHHS KOXKHOTO OiTa B XPOMOCOMI Halajaka
BH3HAYAETHCS BHUIAJKOBHM YHHOM 3 BIAMOBIIHMX OiTiB O0aTbKiB. JIJIS IIbOTO BBOJUTHCS
neska BenumunmHa 0<pe<l, 1 KO0 BUMAIKOBE YHUCIO OUIBIIE Pg, TO HA N-y MO3HUIIIIO
NEPIIOro HallaaKa NoTparuisie n-il OIT mepmoro 6arbka, a Ha n-y MO3ULII0 APYroro - N-i
0iT apyroro Oarbka. Y MPOTUJICKHOMY BUIMAAKY IO MEPIIOro HaIajka MOTparvise OiT
npyroro 0aTbka, a J0 Apyroro - mnepuioro. Taka omeparlisi MPOBOAUTHCS JUIsl BCIX OITIB
XPOMOCOMH.

JIMOBipHiCTh KpOCiHrOBepa HaifBHMIIA cepe]] TEHETHUHHX OIEpaTopiB i JOPiBHIOE
3a3Buuai 60% 1 OLIbIIIE.

Omneparop myramii

Omnepatop myrtarii (mutation operator) HeoOXiqHUN A "BUOMBAHHA" MOMYJSIT 3
JIOKAJIBHOTO €KCTPEMyMY 1 CIpHsi€ 3aXMCTOBI BiJl mepenyacHoi 301kHOCTI. [locsraroThes
I[e 32 paxyHOK TOro, II0 IHBEPTYEThCA BUMAJAKOBO OOpaHUi OIT y XpoMmocomi, IO 1
MOKa3aHo Ha puc. 15.

D0 MyTAL MICNA MY TALE

e S

XXXy Moy 1 X Xeg - X L XXXy Xy 1 X X X

Puc. 15. Myraris

Tak camo K 1 KpOCIHTOBEp, MyTallisl MPOBOJUTHCS HE TUTHKU IO OJIHIM BUTAIKOBIN
Toulll. MoxxHa BUOMpATH AESKY KUIBKICTh TOYOK Y XpOMOCOMI JJIsl iHBEpCii, MPUUOMY TXHE
YHCIIO TAKOX MOXe OyTH BUIAAKOBUM. Tako’k MOKHA 1HBEPTYBATH Bipa3y JEsAKY IpyIy
TOYOK, IO HIyTh miaps. MIMoBipHiCTs MyTaIlii 3HAYHO MeHIITa IMOBIpHOCTI KpoCiHTOBepa
1 pinko nepeuinye 1%. Cepen pekoMmeHalii 3 BUOOpy HMOBIPHOCTI MyTallii HEPIIKO
MOXHa 3ycTpitd Bapiantu 1/L ab6o 1/N, ge L - gomxunHa xpomocomu, N - po3mip
nonyJsiii. HeoOXiIHO TakoX BIA3HAYUTH, IO JACSKI aBTOPU BBAXKAIOTh, IO OINEpPaTOP



MyTalii € OCHOBHMM IIOIIYKOBUM ONEPaTOpOM 1 BIIOMI aJITOPUTMHU, IO HE
BUKOPHUCTOBYIOTH 1HIIIMX OINEpPaTopiB (KPOCIHrOBEpP, IHBEPCis 1 T.J1.) KpIM MyTaIlii.

BHUKOPUCTOBYIOTHCS TAKOK KPOCIHTOBEPH:

» Apubmetnanuii kpocinrosep (Arithmetical crossover).

* 'eomeTpuunuii kpocinrosep (Geometrical crossover,).

» BLX-a kpocinrosep (BLX-a crossover).

* ImiToBanwmit GinapHuii kpocinrosep (Simulated binary crossover).

* Heuitka pexom6inaris (Fuzzy recombination).

Crparerii gopMyBaHHS HOBOI'0 OKOJiHHS

[Ticnst cxpenryBaHHS 0COOMH HEOOXITHO BUPIMIUTH MPOOJIEMY IPO TE, sIKI 3 HOBUX
0COOWH BBIMAYTh y HACTYIHE MOKOJIHHSA, a Kl - Hi, 1 M0 poOuTH 3 ix mpeakamu. € nBa
Crocoou:

1. HoBi ocobu (Hamagku) 3aiiMaroTh Miclsl cBOiX OatrbkiB. Ilicis doro Hacrtae
HACTYIHUM eTam, y SKOMY HalllaJIKh OI[IHIOIOThCS, BIAOUPAIOTHCS, AAIOTh MOTOMCTBO 1
MOCTYIAIOTHCS MiCIIeM CBOIM "miTsm".

2. CTBOpIOETHCS MPOMIKHA MOMYJIALIs, IO MICTUTh y €001 K OaThKIB, Tak 1 1XHIX
HamaakiB. YjaeHW I11€i TOMyJAIii OIIHIOIOTHCS, a TOTIM 3 HHUX BUOUpawThcsa N
HalKpalux, KOTpi 1 BBIMAYTh y HACTYITHE TOKOIIHHS.

Ti XTO 3HAOMHUN 3 €BOJIOLIMHUMH CTPATErisIMH, TO 3 LIMMH CIOCOOAaMU BHU BKE
3ycTpivyanuca. Skuid 3 [UX JBOX BapilaHTIB Kpalle — BIAMNOBICTH OJHO3HAYHO BaXKKO.
BoueBuap apyruii BapiaHT MpaKTUYHIMIMK (TaK K HE JO3BOJISIE 3aMIHSTH MPUCTOCOBAHUX
O0aThKiB Ha "HEBIIOMO Koro"), ajge TyT Moe OyTu Oulblne mpoOjeM 3 MepeayacHOIo
30DKHICTIO, YAM Y MepmioMy BapiaHTi. [lo Toro >k BiH BHMarae COpPTYBaHHS MacUBY
po3MipoM (sik MiHIMyM) 2*N. V3arani roBopsiuM, MOKHa KOMOIHYBAaTH CTpaterii Bi0opy 1
dhopMyBaHHS HACTYITHOTO MTOKOJIIHHS K 3aBIOJHO - 0OMEKEHbh HEMa€ HiIKUX.

Hpuauun "exituzmy"

CyTb 1bOr0 NMPUHIMITY MOJISTA€E B TIM, IO B HOBE IIOKOJIHHS BKIIFOYAIOTHCS Kpaun
GaTbKiBChKi 0COOM. IXHe umcno Moxke OyTu Bin 1 i Ginbiie. Bukopucranns "emitusmy"
JI03BOJISIE HE BTPATUTH TapHE MIPOMDKHE PIIICHHS, ajie, y TOH K€ Yac, 4epe3 e arOpuTM
MOKe "3acTpsArtu" y JIOKalbHOMY ekcTpeMymi. OfHak, TOCBIJ BUKOPUCTAHHS MPUHIIMITY
"emiTu3aMy" , 103BOJIsIE€ 3pOOUTH BUCHOBOK, 1110 B OIBIIIOCTI BUNAAKIB "eMiTU3M" aHITPOXH
HE IIKOJUTH IMOIIYKOB1 pIIICHHS, 1 TOJOBHE - II€ HAJaTH aJIrOPUTMOBI MOKIIHUBICTH
aHaI3yBaTH Pi3HI PSIAKHU 3 IPOCTOPY MOLIYKY.

Y KIIacMYHOMY OIKCI TEHETUYHOTO aJITrOPUTMY MA€ThCs Ha yBas3l CTBOPCHHS
MONyJISAIii HAIaAKIB 1 3aMIlIeHHs OaThKIBCBKMX OcoOMH ix "mitebmu". Takuit migxina
JNOCUTh TapHUM, ane He o0coO0JMBO e(EeKTUBHUN, TOMY IO HANlaJKd, OTPUMaHI B
pe3yNbTaTi TEHETUYHUX MEpPETBOPEHb, MOXYTh OYyTH Tipii OaThbKIBCBKUX OCOOWH. Y
pe3ynbTari 3'ABWIIOCA KiJbKa MiAXOJIB, '"BHUMpaBIAOYMX'" JaHE SBUINE, SKI MOXKHA
00'eqHaTH, BUKOPUCTOBYIOUM, SK MU Kazan, moHATTa "emitu3aM" (elitism) (iHOmI
"crpateris emtuaMy" (elitist strategy). Huxde Oyae mpuBeAeHO KOPOTKHUN OMUC IHUX
T1IXOTIB.

Ymosno enimuzm mooicna  posdinumu  Ha 08a  Kiacu-nioxoou, Ha3BEMO ix
KOHKYPEHTHUM 1 HEKOHKYPEHTHUM. KOpOTKO 1XHS CYTh Y HACTYITHOMY:



1. Kouxypemmnuii nioxio. baTbkiBChbki ocoOu '"3mararoTbcs" 3 HalaakaMu 1
nepeMoxIil (a00 mepeMosKellb) NEPEXOIATh Y HACTYITHE IMOKOJIIHHS.

2. Hexonxypenmmuuii nioxio. Y 11b0My BUMNAQJKy YaCTUHA OAThKIBCHKOT IMiAMOIYJISIIIT
(BumankoBa a00 BM3HAYCHA 3a 3a/ITaHUM IIPaBUJIOM) TEPEXOJUTh Y HOBE IMOKOJIHHS 0€3
SIKUX-HEOyIb 3amepedcHb 3 00Ky eJIeKTopaTy.

[HIIMMU clloBaMU, y TEpIIOMY KJIaci HAIIaIKH MICIs CTBOPEHHS MaloTh, 3arajioM,
piBHI MpaBa 3 OaTbKaMH Ha Te, 00 MEPEeHTH B HOBE MOKOJIHHS 1 BU3HAYaJIbHY POJIb TYT
rpa€e MPUCTOCOBAHICTh 0COOM, a HE 11 MOJIOKEHHS Ha TeHealoriuHoMYy JaepeBi. B npyromy
KJIacl cTapi 1HAWBIAN MAIOTh BH3HAYCHUHN MPIOPUTET 1 HABITh SAKIIO BCI HAMAIKUA OyIyTh
Kparie OyIb-IKoro 0aThKa, SKach YacTHHA OAThKIBCHKOI MIAMOIYJSIi HEMHHYYE OyIe
IPUCYTHS Y HOBOMY MOKOJIIHHI.

Po3srnsnemMo koxkeH kmac Oumbin nokianHo. [Ipu mpomy OyaeMo Mo MOXKIHMBOCTI
OpaTh 10 yBarM HampaimloBaHHA B 00JIaCTI EBOMIOMIAHUX cTpateriii (evolutionary
strategies).

1. KoHKypeHTHHUH ITiaX1]1

Buginumo B kjaci KOHKYPEHTHHMX MiAXoiB 2 migkiack (y JyXKKax IPUBEJICHI
YKapTOHH1 HA3BH, 1110 3yCTPIYAIOTHCS):

* rio0anpHe 3MaraHHs (MacoBe mo0oille, ) KOPCTOKE 1 HELATHE)

* JIOKaJIbHE 3Mara”Hs (001 MOMICHUX KHSI3bKIB Ha KyJIauKaXx)

[Tpu rnobanbHOMY 3MaraHHi COYaTKy CTBOPIOIOTHCS yCi HamaaKH (KJIIOYOBE CIOBO
"yci"), ikl TOTIM 3MararoThCsl Ha 3aralibHUX IMiICTaBax 3 yciMa 0aTbkaMu (KJIFOUOBE CIOBO
"ycimMa") 1 TI, XTO BHSBIATHCA KpallUMH, HE3aJEKHO BIJ BIKY, MEPEXOASITh Yy HOBE
NOKOMIHHSA. TOOTO MICHs CTBOPEHHS HAIIaJKIB BU3HAYAETHCS iXHA MPUCTOCOBAHICTH 1,
3HAIOYM TPUCTOCOBAHICTH Yy MOTOYHIA MOMYJISALii (TOOTO B MOMYJIALIi, 3 IKOI BUOMpAIUCS
0aThKIBCBbKI 0COOM), MOYKHA, BIJICOPTYBABIINM OCOOMH 3 TMOTOYHOI IMOIYJIAIIT 1 HAIAAKIB,
chopMyBaTH MOMYJIAIIKO JUISI HACTYITHOTO TOKOMIHHA. Y JaHOMY BHUIIQJIKy OINTHMICT
CKake, 110 BHOpaIy Kpalry 4acTHHY, a IECUMICT CKaxe, 10 BIAKUHYJIH TIpIIy YaCTUHY, 1
obuaBa OyIyTh IpaBi, TOUHO TAKOXK SK 1 y BUIAJKY 31 CKIISTHKOIO 3 BOjor0. Hamanku He
000B'SI3KOBO 3MararThCsl 3 yciMa 0co0aMu 3 MOTOYHOI TMOMYJIAIIl, MOKHA YJIAIITyBaTH
YEMITIOHAT Y3SBIIM TIIbKKM OaThKIBCBKMX OCOOMH 1 IXHIX HamankiB. [oloBHE B
rI100aNnbHUX 3MaraHHsXx, 100 0COOM 3Maraiucs pa3oMm.

Tpoxu 1HIIMIA M11X1] BAKOPUCTOBYETHCS B JTOKAJTBHUX 3MaraHHsX.

PosrnsHemMo J0CUTh PO3MOBCIOJKEHMM BHUMAAOK, KOJU JBlI OaThbKIBChKI 0COOM
BUKOPUCTOBYIOTBCSA JUIsl CTBOpPEHHS JABOX HamanakiB. Toxai, Oe3nocepeaHbo Micis
CTBOPEHHSI, BUKOHY€EThCS OI[IHKA HAIAJIKiB, a TOTIM HAIaJKW 3MararThCsi TUIBKU 31
cBoiMU OarbkaMu. TyT mpoOJjeMu pPOJMHU BUPILIYIOTHCS YCEPEIHWHI POAUHHU. Y Takui
cnocid MomyJisiisi HOBOrO MOKOJIIHHS (POPMYETHCS 3 MEPEMOXKIIIB YUCICHHUX JIOKAIbHUX
3Marasb.

3 MorysiAy CBOJIOIINHUX CTpaTerid KOHKYPEHTHUHM miaxia Biamosizae (mu + lambda)
cTparerii (sxka HasuBaeTbes '"mmoccTpateris” (plus strategy)), Ae mu -- KUJIBKICTh
0aThKIBCBKHX 0COOMH, a lambda -- KiJIbKICTh CTBOPEHHMX HAIIAJIKIB.

2. HexoHKypeHTHHMIA TiIX1]



Y HEKOHKYpEHTHOMY IMiAXOAl Bce 3Ha4yHO mpocTtimie. Ilicis OmiHKM TOTOYHOT
nonyJysiii BUOUPAIOTBCA KUIbKAa HaWKpammx oOcCOOMH (TOOTO OCOOMH SKI MOIOTh
MaKCUMajbHy TIPHUCTOCOBaHICT) 1 BOHHM "aBTOMAaTHYHO' TIOMAJAIOTh Yy HACTYITHE
nokoJiHHs. [Ipu oMy eiTHI 0cOOM MOXYTh OpaTH ydacTh Y CXpellyBaHHI HapiBHI 3
IHIIUMHA ocoO0aMu. Y CUJy TOro, 1110, TAKUM YMHOM, OaThKIBChKI OCOOM HE 3MaraloThCs B
Ti 260 1HIIK dopmi 3 HaIlaJAKaMM, TaKUW MAXIJT 1 oJepkKaB Ha3By HEKOHKYpPEHTHUH. B
CBOJIIOLIIMHUX CTpaTeriix HEKOHKYPEHTHHM Miaxia BigmoBimae (mu, lambda) crpaterii
(mocmiBHUYM TEpeKIa BUTIISIAE SK "KoMma-cTparteris’ (comma strategy)), 3MICT 3MIHHHUX
mu 1 lambda 3anumaeTbcs KOTUIIHIM.

Tyt Mu mpoaHanizyeMO HACHiJIKM BUKOPUCTaHHS, a00 HE BUKOPHCTAHHSA TOTO abo
iHII0TO MiAX0oAy A0 emitusmy. 1o sk TarHe BukopuctanHsa eniTuzMmy? O4eBUIHO, IO MPU
eNITU3MI MOBUIbHIIIE OOHOBIIAETHCS TeHEeTHYHA 1H(OpMAaLlis B TOIMYJIALIL, TaK sIK YacTUHA
0COOMH, TOYHIIIIE X TCHOMH, 3JIMIIAIOTHECS HE3MIHHUMHM TIPU 3MiHI IOKOIiHB. | X04a Take
MOXJIMBO 1 0e3 emiTu3Ma (HampHKJIajd, CXpEIlyBaHHS JBOX '"CXOXHX'" OaThbKIBCHKHX
0COOMH MOXXE MPUBECTH JI0 CTBOPEHHS 1ACHTHUYHUX 3 HUMH HAIIAJKIB) y BHUIAJKY 3
SITU3MOM UMOBIPHICTB I11€1 TTO/111 ICTOTHO 301IBIIYETHCS, HACAMIIEPE, Y CHITy CeIUupiKu
caMoro miaxoay 10 enituzmy. Jloope 1e uu norano?

CnpobyemMo mpoaHaIi3yBaTy.

Jns 1poro HEOOXiAHO 3PO3yMITH, KOJIU (HE)BUTIJHE IHTEHCHUBHE BiJHOBJICHHS
reHOMIB momyJisrii. OueBUAHO, M0 AKIIO0 MOMYJAlis "HaOMmKaeThea" 10 TII00aTHHOTO
OoNTUMYMY (TOOTO 3HAXOJUTHCS HA MOPIBHSIHO HEBEIMKOMY Bl HHOTO BUAAJIEHHI), TO Pi3Ki
3MIHU OCOOMH (OUIBIIICTh 3 SIKUX MarOTh BUCOKY MPUCTOCOBAHICTh) HEOAXKaH1, TOMY IO
MOXXYTh MOTIPIIATHA BIAMNOBIAHI UM OCOOMHAM pilieHHS. ToMy, y JaHOMY BHIAJIKY,
eITU3M, SIK croci0 30epexkeHHs "rapHux" ocoOuH, HeoOxiauui. [ToTpiOHO BiI3HAUUTH,
IO OMHCAaHa CHUTYyallisl, SK IPaBWJIO, HE CIOCTEPITaeTbCcs Ha MOYATKy EBOJIONIi, 3a
BUHSITKOM BHWIIAJIKIB, KOJIM BHPIIIYEThCS IyK€ MpOcTa 3amada, ane juisi Hux ['A, mo
BEIIUKOMY pPaxyHKY, HE IOTpiOHI. SKIIO % €BOJIOMIMHHI MONIYK 3HAXOAUTHCS HA CAMOMY
MOYaTKy, T0, Ma0yTh, HEOOX1THO aKTUBHO JOCIIHKYBATH MPOCTIP MOIIYKY, 1100 BUAUIATH
B HBbOMY TOTEHIIIIiHI 00JacTi, MPH BIYYEHHI B SKi, MOMyJslis OyJe MaTh BHUCOKY
MPUCTOCOBaHICTh. OHAK, SIKIIO B PE3yJIbTaTi TCHETHUYHUX MEPETBOPEHb BUXOIUTH 0c00a,
0 3HAXOAUThCA B OAHIM 3 Takux obnacted (I JOMYCTUMO Ma€ MaKCHUMAJIbHY
IPUCTOCOBAHICTh y TMOPIBHSAHHI 3 1HIIMMU 0CO0AMHM B MOMYJIsALIi) TO HEOOX1JHO, MO0
XapakTepHi sl 1i€i ocobu reHoTumniyHi (i, BIAMOBIAHO, (HEHOTUINIYHI) O3HAKHU
3aKpINWIKCS B MOMYJISLI, 1HAKILIE JaHa 00acTh HA HEBU3HAaYeHUi yac Oyze "3aryosieHa.

BucHoBKkHn

CpOro/iHi MPOJOBKYETHCS BIPOBAHKCHHS TEHETHYHUX AJITOPUTMIB Y TPHUKJIAIHI
obnacti Tta mporpamu. OmHAK CIiA BIAMITHTH, 10 TMPAKTUYHE 3aCTOCYBaHHS T€HETHYHI
QITOPUTMHU 3HAWTIUIN JIUTIIE JIs1 PIIIICHHS AyKe CKJIQHUX ONTUMI3AIIHHUX 3a]1ad, 3 SKUMHU
1HII QAJITOPUTMU ONTUMI3alli1 HE CIPABIISIOTHCS.



