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YUCJEHHOE HCCIENOBAHUE 3AJIAY C HEPEMEHHOM
I'PAHUIIEN

Pa3pa60TaH YUCTICHHBIN AJITOPUATM PCUICHUSA TUTOCKOW KOHTAKTHOM 3a/1a4¥, 3aKJIIOYAIOIIEHCS B orpenae-
JIECHUM MUHUMYMa HEKOTOPOr'o KBaApaTU4YHOI'O q)yHKI.II/IOHaJ'Ia, 3aJaHHOIO B oﬁnacm, COI[Cp)KaH.[Cﬁ 3a-
paHeC HCU3BECTHYIO I'pDaHHULLY. TTocnenuss onpeacsAeTesa U3 yCJIOBUA MHUHUMAJIbBHOCTH q)yHI(LIHOHaJ'Ia.
PaCCMO’I‘pCHBI 3a/1a4d JJIS TJIOCKOM 00JTACTH. I[ByMCpHa?I 3a7ava penracTcsa METOI0M CETOK. Tlonoxenune
TpaHUlbl HAXOAUTCA U3 YCJIOBUA MUHHUMYMa. HJ’IH TIOMCKa MUHHUMYMa HCII0JIb30BaHbI Pa3JINIHbIC METO-
JAbl, B YaCTHOCTHU, FTCHETUYECCKUEC AJITOPUTMBI.

Po3pobiiennii YiceNbHIIT alnropuT™ pillleHHsI INIOCKOT KOHTAKTHOI 3a/adi, 110 TIOJIATae y BU3HAYCHHI MiHIMY-
My JESKOro KBaJpPaTHYHOTrO (yHKIIOHAIA, 33JaHOr0 B 00JIACTI, [0 MICTHTh 3a3/aJerib HEBIIOMY MEXKY.
OcTaHHs BH3HAYAETHCS 3 yMOBU MIHIMAIBHOCTI (pyHKIiOHAIA. PO3MISHYTI 3aBaHHS UL IUIOCKOI 00IACTi.
JIBOBHMIpHE 3aBIaHHS BHPILIYETHCS METOIOM CiTOK. [10JIOKEHHS MeXi 3HAXOIUTHCS 3 YMOBH MiHIMyMY.
Jli1s1 momryky MiHIMyMY BUKOPHCTaHI Pi3Hi METOIH, 30KpeMa, TeHETUYHI aITOPHTMH.

The numerical algorithm of the flat contact problem decision consisting in definition of a minimum
some square-law functional, set in the area containing in advance unknown border is developed. It is de-
fined from a minimality condition of functional. Problems for flat area are considered. The two-
dimensional problem dares a method of grids. Border position find from a minimum condition. For
minimum search various methods, in particular, genetic algorithms are used.

BBenenue. MatemaTu4ecKkue MOJEIM MHOTHUX (DU3UYECKHX IPOLECCOB MPH-
BOUIT K IJIOCKMM 3aladaM O KOHTaKTe MOJYHIPOCTPAHCTB C CYXUM TPEHHEM, MpH
KOTOpPOM ToriepevHbie 3(h(HEeKTsl 1 HOPMAIbHOE JABJICHUE pacIpeeieHsl mo [ep-
y. [IpumMepom Takol 3aaud SBJISETCS IUIOCKAs 3a/ada JiUlsl IBYX HWIMHIPOB, Ka-
TALIMXCSL APYT TIO0 APYTY C CYyXUM TPCHUEM.

JIist penreHusl TAKUX KOHTAKTHBIX 3a]1a4 MCIIOJB3YIOTCS METOJBI JIMHCHHOTO
MPOrPaMMHPOBAHUS, TAKKE JJIS PELHICHUS 33a]1a4 C HCU3BECTHOM TPaHUIICH ITHPOKO
MPUMEHSIOTCSI BapUALIMOHHBIC METOMABI. Ves pelieHus Takod 3ala4d COCTOUT B
OTpEe/IeJICHUH SKCTPEMAIbHOI'O HJIM CTAlMOHAPHOTO PEIICHUS] COOTBETCTBYIOILIETO
¢dynkmonana. OcoOEHHOCTBIO TAHHOTO KJlacca 3a/1ad sBISETCS TO, YTO TMPU Bapb-
HMPOBAHUM HYKHO PacCMaTPHBATh HE TOJBKO HEW3BECTHbIE (YHKIMH, HO H IOJIO-
JKEHUE HEeM3BECTHOM rpaHullbl. Takum 00pa3oMm, MaTeMaTHueckas 3a/ia4ua COCTOUT B

TOM, 4TOOBI HallTh Takume u*I*: [ (u*,F *)= min / (g, I ), rae u — HEKOTOPBIE
ue HI

(yHKIMH U3 ONPE/IeIEHHOTo IpocTpaHcTBa H, a I” — mojio)keHue HeUM3BECTHOM rpa-
HuIbl. MaTeMaTuueckass TeOpUsi TaKOro Kiacca 3aJad B ONpPEJCIEHHON CTeNeHU
pa3BuTa [8]. BmecTe ¢ TeM, 4MCIEHHOE HCCIEJOBaHUE TaKHUX 3a7ay BCTPEYaeT 3Ha-
YHUTEJILHBIE CIOKHOCTH. B nmanHOM paboTe mpemnokeH HEKOTOPBIN YHCICHHBIN all-
TOPHUTM IS PEIICHUS 33/1a9 C HEU3BECTHBIMH TPaHUIIAMH.
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I/Iﬂeﬂ METOAa COCTOUT B CJICAYIOLICM.
Hpe[[HOJ'IO)KI/IM, YTO HaM H3BCCTHO KaKOC-TO ITIOJIOXKCHUC F . Tor;[a, pemiasa

3ajady moucka i min J (u,f ), MOJKHO Ha#TH I , cooTBeTcTBytomei /. Iloxcras-
u

msis @ B I, noaydnm QyHKIMOHAT, 3aBUCSLINN TOJIBKO OT [
T(r)=1(a),r).
I[anee peuiacM 3aa4y rnonucka MUHUMYyMa T

mrin T, r).

[aru anropuT™Ma MOKHO YCIIOBHO IPEACTABUTH CIEAYIOIINM 00pa3oM:
1) 3amaercs HavanbHOE MOJOKEHUE TPAHMIIBL: [ .

2) HaxomuTcsti COOTBETCTBYIOIIEE PEIICHUE Uy.

3) Beruucnsercs [, =1 (uO,F 0).

4) BeiBepsiercs cieayrouiee npuonmkeHue 1,
5) Haxoaures pewenne u, : min I(u,I,).
u

6) Brruucnsercs [, =1 (un,F n).

7) IlpoBepsieTcs yCIOBUE CXOAUMOCTH.

KiroueBbIMu BompocamMu SABIISIOTCS:

a) BBIOOp ciienyrotel uteparuu I

0) BBIOOp YCIIOBUS CXOAMMOCTH MUHUMHU3AITUOHHON TIOCIISIOBATEILHOCTH ;.

B pabote paccMOTpeHBI peanu3anné JaHHOTO METOAa ABYMEPHBIM 3a/adaM
(I" 3amaercst nuHUeW Ha TuiockocTH). [lokazaHo, YTO B KaXKIIOM M3 ATHUX CIydaeB
MPEUIOKEHHBIN aNTOPUTM MO3BOJISIET HAWTH peIIeHHe, T.e. KaK HEW3BECTHYIO
(hYHKIIHIO, TaK U TOJI0KCHUE TPAHUIIBL.

1. IocTanoBka 3amauM. PaccMoTpuM 1Ba Tena, COMPUKACAIOIIUXCS TIO
TIOBEPXHOCTH P, Ha3pIBa€MOil 30Ha KOHTAKTa (CM. PUCYHOK 1).

Cwuna crerieHus1, IpyKaapiBaeMast TeJIoM | K Temy 2, sBiseTcs QYHKIUEH Ko-
OpAMHATHI U pacKiajbiBaeTcs Ha Z(x) 1 X(x), rae Z(x) — HopMaibHasi COCTaBIISIOLIAs],
TePIEeHANKYIISIPHAsi TOBEPXHOCTH KOHTaKTa, X(Xx) — KacaTellbHas CHJIa CLEIUICHUS (X
— pamguyc-BEKTOp TOYEK IOBEPXHOCTH), KOTOpas MoguuHsieTcss 3akoHy Kynona-
AMOHTOHA, IO KOTOPOMY 30Ha KOHTakTa (F) NenuTcsl Ha 30HBI CKoybxeHus (E,) u
cueruienus (Ey):

E=E.UE,.

Jns Z(x) nzBectHo: Z(x)>0 B R, Z(x)=0 BHE 30HBI KOHTAKTa.

B 30HEe cKONBXKEHUS:
X(x)=uZ(x)e(x),
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rae e(x)=v(x)/llv(x)ll — exMHUYHBIIA BEKTOP B HAPaBJIEHUU CKOJIbx)eHUs (v£0, v(x) —
MECTHAsI CKOPOCTh Teia | OTHOCHTENBHO Tela 2); y — MOCTOSHHBIA KO3 QHUIUEHT
TpeHus (B 00IIEM Cilydae epeMEHHBIN).

Pucynoxk 1 — /IBa nprxaThIX APYr K APYrYy LMIMHAPA

B obnactu cuermienus v(x)=0.
Kpowme toro, IIX(x)lI<uZ(x).
HopmanbsHoe naBienne pacnpeneneHo no ['epuy:

260=Q0)la)f -x? s o=--1 1+ 1L

2A|R, R,

rae R; — pagnyc KpUBU3HBI Teja i B Ha4aJle KOOpAUHAT.

3ajaga COCTOWT B MHUHAMHU3AINH PA3HOCTH MEXIYy MOIIHOCTHIO, paccMaTpH-
BaeMOM KYJIOHOBOW CHJIOW CIIETIIICHHS, 00YCIOBJIICHHOW CKOJIbKEHHUEM, M MOIITHO-
CThIO, PAacCEMBAEMOW CHJIOM CIIETNICHMSI, BBI3BIBAIOIICH 3TO CKOJBbXKEHHE. Takum
00pa3oM, HEH3BECTHASI TPAHUIIA HAXOAUTCS U3 YCJIOBUH MUHIMYMa (QYHKIIMOHATIA

F= J(HZ () 1 v() 11 =X (x) - v(x) }dx.

30HA KOHmMaxkmada

2. I'enernyeckuii aaroput™m. OTMETHM, YTO B PE3yJIbTaTe MBI pPelIaeM 3aja-
4y MHHAMYMa MHOTHX TIepeMeHHBIX. J[Is1 IByMepHO 3aJaun 9ucCiio MepeMeHHbBIX
PABHO YJIBOCHHOMY YHCJY y3JIOB, HCIIOJNB3YEMBIX JUIS AlPOKCHMAIUN HEU3BECT-
HOW rpaHuIbl. [I03TOMY CYIIECTBEHHBIM SIBIISICTCS BOIPOC O BRIOOPE METO/Ia MOUC-
Ka MUHEMYMa. [IepCrIeKTUBHBIM KIIACCOM aJTOPUTMOB SIBIISIOTCS TAK HA3HIBACMBIC
TCHETUYCCKUC aNTOPUTMEI.

['eHeTHYCCKUI aNrOpUT™M — 3TO METOJ PCIICHHS 3aa4 ONTHMHU3AIUH Ha OC-
HOBE €CTECTBEHHOTO O0TOOpA, aHAJOTHYHO TOMY, KaK 3TO IMPOUCXOAUT B IPOLECCE
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OHMOJIOTUYECKO IBOMIONUK. B TeHETHYECKOM alTOPUTME MPOUCXOIUT MHOTOKpAT-
Hasi MOJU(UKALKSI CEMEHCTBA OTACIBHBIX pelicHuid. Ha KakaoM 1are B TeHETHYC-
CKOM aJITOPUTME MPOBOJUTCS OTOOP BBHIOPAHHBIX HAyrall CyOBEKTOB U3 MOJyYCH-
HOTO TEKYIIETO PELIECHUs, HA3bIBAEMOT0 POJUTEIBCKUM M KOTOPOE HCIOJIBb3YeTCs
JUIsl TEHEpaLid MOCIEAYIOEro JoyepHero nokosjeHus. [locpenctsom mocienosa-
TEJLHOTO 0TOOpa MOKOJCHHUH MPOUCXOIUT "IBONIONHUSA" MO0 HANPABJICHUIO K OINTHU-
MaJbHOMY PEIICHHIO.

B otnmume ot cymecTByromux MeToauk, I'A HaunmHaeT paboTy ¢ HEKOTOPOTO
CIIy9aifHOTO Habopa MCXOJHBIX PEIIeHUH, KOTOPHIN Ha3bIBaeTCs momyJusiuen. Ka-
JKIBIA AMIEMEHT W3 TOIYJIAUN HA3bIBACTCS XPOMOCOMON M MPENCTABISAET HEKOTO-
poe pemieHne npodJieMBl B TIEPBOM MPUOIIDKEHUH. XpOMOCOMa IPEACTaBIsIET CO-
00l CTPOKY CHMBOJIOB HEKOTOPOW MPUPOABI, HE 00513aTeIbHO OMHAPHBIX. XPOMO-
COMBI 3BOJIFOLMOHUPYIOT HA MPOTSDKCHUH MHOXKECTBA UTEPAIMiA, HOCAIINX Ha3Ba-
HUE MOKOJIeHUH (mn reHepanuil). B xone xaxaoi urepanuu XxpomMocoma OLCHUBA-
€TCs C UCIOJIb30BaHUEM HEKOTOPOM Mepbl cooTBeTCTBUA (aHri. fitness function),
KOTOPYIO MBI OyZieM Ha3bIBaTh (YHKIUEH COOTBETCTBUS. s cO3maHus Cleayro-
LIET0 MOKOJCHUS HOBBIC XPOMOCOMEBI, HA3bIBAEMBIC OTIPBICKAMH, (HOPMUPYIOTCS
MO0 TyTeM CKpEIIMBAaHMsI (aHTJI. CroSSOVer) IBYX XpOMOCOM — POJUTENeH U3 Te-
Kyliei TomyJIsamud, 1100 MyTeM CIyJaiHOTo U3MEHEeHHs (MyTaIluK) OJTHON XpOMO-
combl. HoBast momymsitiust popmupyeTcs mytem (a) BIOOpa corfiacHO (GYHKITUH CO-
OTBETCTBHSI HEKOTOPBIX POAWTENEH W OTIPHICKOB U (0) yHaJCHHUS OCTABIIUXCS I
TOTO, YTOOBI COXPAHSATH MMOCTOSTHHBIM Pa3Mep IOMYIILINH.

XpoMocoMBbl ¢ OoJbIe (yHKIIMEH COOTBETCTBHS HUMEIOT OOJIBbIIE IIAHCOB
OBITh BEIOpaHHBIMH (BBIKHTSH). [10CIIC HECKOIILKUX UTEPAIUIl aNITOPUTM CXOIHUTCS K
JyqIeii XpoMocoMe, KOTopas SBISCTCs TUOO ONTUMAIbHBIM, JTHOO OJM3KUM K OII-
TUMAJIbHOMY PCIICHHEM.

Takum 00pa3oM, HCIIONB3YIOTCS JBa BHA OTCPAIIHi:

1. l'eHeTHYeCKHE OMEPALIUU: CKPCIIIMBAHUC U MYTaIHs;

2. DBOJIFOLIMOHHAS OTICPAIUs: BEIOOD.

I'eneTmdeckue omepanuy HAIOMHUHAIOT IPOIECC HACIEIOBAHHUSA TE€HOB MPH
CO3/IaHMH HOBOTO OTIPHICKA B KAXKI0W TeHEPAITUH.

CkpelyBaHue SBISETCS TIABHOW TeHETHUYECKOH oreparmei. Jta omeparus
BBITIOJTHSACTCS HaJ JABYMS XPOMOCOMaMH- POAMTEIISIMH M CO3JAeT OTIPBICK ITyTEM
KOMOWHHUPOBaHUS 0COOCHHOCTEH 000X POTUTEICH.

OTOT METOA PaboTaeT OYEHb XOPOLIO, ECII XPOMOCOMBI IIPEICTABIISIIOT cOO0H
ouroBbie cTpouku. KpoMme TOro, Mpon3BOAUTEIFHOCTh BCEIO TEHETHIECKOTO ajro-
pUTMa B TIEPBYIO OYEPEIb 3aBHCUT OT MPOU3BOIUTECIHLHOCTH HCIIOIB3YEMOH omepa-
MU CKPEIIUBAHMUS.

Myranwmst — 370 (poHOBas omepaIys, IPOU3BOINIAs CIYIaiiHOC U3MCHECHHUC B
pa3IMYHBIX XpoMocoMax. Haumpocreiuii BapuaHT MyTalld COCTOWUT B CIIydYaii-
HOM HM3MEHEHHH OJHOTO WM Oonee reHoB. B ['A myrtamus urpaer BaXHYIO pOJb
It (2) BOCCTaHOBJICHHS T€HOB, BRINIABIIINX U3 MOIMYJISINH B XOJI€ ONIEPAIldH BHIOO-
pa, TaK 9TO OHH MOTYT OBITh OPOOOBAHBI B HOBBIX KOMOMHAIMAX, (0) popmupoBa-

142



HUS T€HOB, KOTOPBIC HE OBUIH MPECTABICHBI B UCXOIHOW TOMYISIHH.

IMowuck sBIsIETCA OJHUM U3 HaWOOJEEe YHUBEPCAIBHBIX METOMIOB HAXOXKICHHUS
peuieHust s Ciiy4aeB, KOTJa anpuopu HE U3BECTHA IMOCIE0BATEIbHOCTh LIAroB,
BeIyIIasi K ONTUMYMY.

Cy1lIecTBYIOT 1B€ IOUCKOBBIE CTpATETUU:

1. DxcrutyaTanysi HAaWJIy4IIero pelieHus, HanpuMep, rpailueHTHBIA METOT

2. WccrienoBanne MpocTpaHCcTBa penieHui. [IpumMepoM SBISETCS CITyJaiHbIN
TTONCK — METOA, KOTOPHIN HCCIeNyeT MPOCTPAHCTBO PEIICHUH, HTHOPHUPYS HCCIie-
JIOBAaHHUE MEPCIIEKTUBHBIX 00JIacTel MOMCKOBOTO MPOCTPAHCTBA.

I'eHeTHYECKUH aNTOPUTM MpENCTaBiseT coOON Kiracc TMOMCKOBBIX METOJIOB
o0mero Ha3Ha4YeHUs, KOTOPbIe KOMOWHUPYIOT 3JIEMEHTBl 000WX cTparterwit. Mc-
MOJIb30BAHKUE ITHX METOJIOB MO3BOJIACT YACPKHUBATH MPUCMIIEMBIN OaTaHC MEXITY
HCCIICIOBAHUEM M JKCILTyaTalleld HaWIydIlero penieHus. B Hayane paboThl reHe-
TUYECKOr0 aJITOPUTMA MOMYJISIMs ClydaiiHa U MMEeT Pa3HOOOpPa3HbIC AJIEMEHTEHI.
[Toatomy omepaTop CKpeHIMBaHUS OCYIISCTBISCT OOMIMPHOE HMCCICIOBAaHUC IPO-
cTpancTBa pemeHuid. C pocToM 3HA4YeHUs (QYHKIMH COOTBETCTBHUS IMOJTYyYaeMbIX
PELICHUH OIlepaTop CKPEIUBAHUS 00CCIICUNBACT UCCIICIOBAaHUE OKPECTHOCTEH Ka-
JKI0TO U3 HUX. JpyrumMu cioBaMu, THUIT TIOUCKOBOM CTpaTeruu (IKCITyaTalus Hau-
JYYIIEeTO PeIeHus WIN HCCIeI0BaHNe 00JIACTH PEIICHHA) TS OIlepaTopa CKpeIu-
BaHU OTIPEICTIICTCS Pa3HOOOpa3HeM IMOIYIIILINH, & HE CAMHIM THM OIIEPAaTOPOM.

3. AIropuTm pemeHmusi.

1. —a<x<a. 3amaem a, h — mar pazoueHws, U.

2. [I[pyauMaem, dYTO CWIa CHIEIICHUS OIMCHIBACTCS KYCOYHO-JTHHEHHON
(byHKITHEH.

3. ITyrem npeoOpa3oBanmii B [ 1] mosrydaeM BeIpaXeHHE IS HHTETpaIa

minF = Z alu Za(aot"'ba) - V(fvz i/u Zt) - Z l‘KA Zi(Pz—Qi),

/i€ IEPEMEHHBIMH SIBISIIOTCS Ay, Doy Pos Qs V1s Va-
4. 3ammyckaeMm ISl GyHKITHOHAJIA TEHETHUECKUHA alTOPUTM.

4. TlpeumMyIlIecCTBO JAHHOTO MeToAa mepex ApyrumMu. CyIliecTBYIOT aBa
TJIaBHBIX  TMPEUMYIIECTBA MPUMEHEHHS TEHETHYECKHUX aJTOPUTMOB  Tepen
KJIACCHYECKMMU ONTUMHU3AIMOHHBIMH METONKAMM:

1. T'A He UMeeT 3HAYUTEIBHBIX MAaTEMATHUECCKUX TPEOOBaHUN K BUAAM IIelie-
BBIX ()YHKIUH U orpanmdcHui. MccienoBarenpb He TODKEH yIPOIIaTh MOJEIb 00b-
€KTa, Tepsis ee aJeKBaTHOCTh M UCKYCCTBCHHO JOOHMBAsICh BO3MOYKHOCTH MPHMEHE-
HUS JOCTYMHBIX MaTeMaTH4YeCKUX MeTOJ0B. [Ipu 3TOM MOTYT MCHOJB30BAThCS Ca-
MEBIC pa3HOOOpa3HbIe IeNeBbIc (DYHKIIMK U BUIBI OTPAHUYCHUH (JTIMHEWHBIC U HEIU-
HeWHbIE), OMpe/le]ICHHbIE Ha AUCKPETHBIX, HEMPEPhIBHBIX U CMEIIAHHBIX YHUBEP-
CaJIbHBIX MHOKECTBAX.

2. Ilpu BCTIONB30BaHUH KIACCHUECKHUX TMOMIATOBBIX METOIMK TJIOOATBHBIA OIT-
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TAMYM MOXCT OBITH Haﬁ[[eH TOJIBKO B TOM CjIy4dae, Koraa npo6neMa 06na,uaeT
CBOMCTBOM BBIITYKJIOCTH. B Toxe BPEMs SBOJJIIOIIMOHHBIC ONEPALlMU I'CHCTUYCCKUX
AJITOPUTMOB MTO3BOJIAIOT 3(1)(1)€KTI/IBHO OTBLICKHABATH TTI00AILHBIN OINITUMYM.

3akJoueHue:

1. [Ins ABYMEpHBIX 3a/ad cO CBOOOJIHOHW (3apaHee HEM3BECTHOH) rpaHuLed
pa3paboTaH YHCIEHHBIC AJITOPUTM, MMO3BOJISIONINN HAHTH €€ MOJIOKEHHE, KOTOpOoe
OIpeeseTCs U3 YCIOBUSI MUHUMAJILHOCTH COOTBETCTBYIOIIETO (DyHKIMOHAJA.

2. BbIsSBIIEHO, UTO yBEIUUEHHE CKOPOCTU MPOCKAIB3bIBAHUSA NPUBOJUT K BbI-
poxnennto obnactu cuersenust £y (cM. pUCYHOK 2) M BO3pacTaHUIO KO PHULIMEH-
Ta TPEHMUSI.

< > <—>
Ey | E.
] I
Pucynok 2 — Pacnipenesnenune kacaTeabHbIX HAIPSXKEHUH
MpY Kaue€HUH LUIUHIPOB

3. Pa3pa60TaHHLIﬁ AJITOPUTM MO3BOJIACT OMPCACIIUTD obmact CHCIICHUA E()-
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