Crabum3anns ynpaBJjisieMoii MHOTOCBA3HOI
CHCTEMBI C UCIIOJIb30BAaHUEM I'€HEeTUYeCKOI'0o
AJITOPUTMA,

E. A. Kanemunal, 1. M. I'ycpkoBa?

B pabore paccmarpuBaeTcsi MHOTOCBA3HAS yIPaBJIgeMasi JTAHAMUI-
qecKasl CHCTeMa, C JIOKAJbHBIM yIpaBeHneM. Ha ocHOBe reHeTHYecKo-
r'0 aJIrOpUTMa Pa3pabOoTaH METO/I TOCTPOEHNUS JIOKAJbHBIX YITPABJIEHUI,
CTaOMIN3UPYIOMINX CUCTEMY B 1iejIoM. [IpruBeieHbl nCoIb3yeMbie mapa-
MEeTPBI T€HETHIECKOI0 AJITOPUTMA, a UMEHHO OIEPATOPBI 0TOOPAa, KPOC-
coBepa, MyTalluu, B (PYHKINN IIPUCIIOCODJIEHHOCTH U KPUTEPUU OC-
nosa. [IpoBesieno MojieTMpoBaHue U aHAJIN3 TIOJIYIEHHBIX PE3Y/IbTaTOB.

KuroueBble cJioBa: TreHETHYECKUE AJTOPUTMBI, MHOTOCBSI3HAS
JUHAMHUYeCKasl CHCTEMa, JIOKAJIBHOE YIIPABJIEHUE, aCUMIITOTUYECKAs
YCTOWYHUBOCTD, CTAOUIABAIIMS.

1. IlocranoBka 3agavnm

PasBuTne MeTON0B MCKYCCTBEHHOTO MHTE/IIEKTa B HACTOSAIIEE BPEMs TTO3BO-
JisleT IPUMEHSATH UX K Bce 6oJiee IMUPOKOMY KPYTy IIpobJieM, BKIIoYast 3a1adu
aHAJIM3a yCTONIMBOCTU JTUHAMUYIECKUX CHCTEM, UX CTAOWIN3AINU U CUHTE3a
orrrumaJibHOro ynpasienus. Tak, B paborax [1] — [5] paccmorpenbr momxo-
JIbl K cunTe3y GyHKnun JIamyHoBa 1t HeIMHEHHBIX JUHAMIIECKAX CHCTEM,
OCHOBaHHBIE HA UCIIOJIL30BAHUM HEHPOHHBIX ceTeil. Tak»Ke HEWPOHHBIE CETH
[PSIMOTO PACIIPOCTPAHEHUST JJOCTATOTHO AKTUBHO UCIIOJIB3YIOTCS JIJIsE IOCTPO-
€HUs YIPABJIEHHUs PA3IHMIHBIX JHHAMIYeCKuX cucreM |6]-[9].

Ormernm, 9To J1j1s1 06y UeHUsI HEHPOHHBIX CeTell Yalle BCero UCIoIb3yeTcst
MeToz1, 00paTHOrO paciupocTpanenus ommbku [10], uTo Hak/IaIbIBaET ONpejIe-
JIEHHBIE O'DAHUYEHUs HA X UCIIOJIb30BaHue. HelipoceTeBbie METO/IbI YCIIEITHO
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HCTIOJIB3YIOTCS, TPEXKJIE BCEro, B TEX 3a7a4ax, IJie TOJyYeHbl TOJbKO TPH-
OJIMYKEHHBIE METOJIbI PEIIEHUsI JINOO BpeMsl UX PeITeHUs] TOUHBIMA MEeTOaMU
JIOCTATOYHO BeMKo. Kpome Toro, mjis pacdera rpajneHTa (OyHKIUH OMIHO-
KU MOT'YT UCIIOJIb30BATHCSI CTPYKTYPbBI, HMUTHPYIONHE OObEKTHI YIIPAB/ICHUSI.
WNubiMu cjioBamu, Jijisi TIOCTPOEHUsT YIIPaBIEHUsT HEOOXOIMM «00pas3ery st
obyuenust HeHPOHHOM CeTH.

YkazaHHast CIOXKHOCTH CO3JIA€T CIOPOC HA HCCJIETOBAHUE METOMO0B WC-
KYCCTBEHHOT'O MHTEJIJIEKTa, o0ydJalomuxcs 0e3 yuuressd. K ux 9uciay OTHO-
CSATCSl PeHeTUYecKre U 9BOJIOIMOHHbIE ajqropuTmbl [11], [12], npeacrasis-
forue coboil MeTOJIbl CJIYyIaifHONO MMOUCKA ONTUMAJIBHBIX PEIeHU, UMUATH-
pyformue mportece 3Bosorun. JlaHHbIe aarOPpUTMbI TPIMEHUMBI K CHCTEMAM
GOJIBITION Pa3MEPHOCTH, 3aJia9aM CO CJIOKHBIM MATEMATHIECKUM TTPEJICTaB-
JIEHUEM, TOJJIep:KUBAOT paclapasiieJIiBaHue U [MPUTOIHBI K HEIPEPBIBHO-
My obydenuio. B HacTosiIee BpeMst TeHETHIECKUE AITOPUTMBI UCTIOTB3YIOTCST
JUIsl aHAJM3a YCTONYMBOCTH JIMHAMUYECKUX HeJMHEHHBIX cucreM [13], s
peleHns 3a/iad MHOTOIIapaMeTprdeckoil crabmimsamun [14], [15] u cunresa
OUTHMAJIBHBIX CUCTEM yrpasienus [16].

B nmammoit pabore m3ydaeTcss BOMPOC CTAOMIM3AINN MHOTOCBSIZHON JTH-
HENHON JMHAMUYECKON CUCTEMBI IIOCPEJCTBOM JIOKAJIbHBIX YIIPABJIEHUN, OC-
HOBAHHBIN HA MCIOJIH30BAHUN TEHETUIECKOTO AJITOPUTMA.

PaccMOoTpuM MHOTOCBSIZHYIO YIIPABJISEMYO JIMTHEHHYIO CHCTEMY
dr _ Az + Bu, (1)
dt
rmex € R*, B € R", A— Mmarpulia pasMepHOCTH 1. X 11, JOIIYCKAIOIIasi Hellepe-
KPBIBAIOTITYTOCST JIEKOMIIO3UINIO, U € R — cKaisgpHoe ympasienne. Y INThIBasT
JIEKOMIIOBUIHIO, crucTeMy (1) MOXKHO 3aIicaTh B BUJIE COBOKYITHOCTHU ¢ CUCTEM

q
Ty = AgTs + Z Agjxj + Boug, s=1,q, (2)
J=Lj#s
rae rs € R", Ay — KBajpaTHBIC MAaTPHIBI Pa3SMEPHOCTH N, X Ng; Agj
q
MaTPHILI PA3MEPHOCTH Mg X Nj, Zns =n.
s=1
Yupasiienust B cucreMe (2) UMEIOT BUJ Us = K;‘Fxs, rae Ko uimeHTs
yeuienns Ky € R™ crabuimsupyior JIMHERHbIE T0/ICUCTEMbI

iy = Asws + Bsus, s=1,q,
WIN, C y9eTOM BU/JIa yIIpaBJIeHuil,

s = (As + BSKST)xs, s=1,q. (3)



OrmeruM, 9TO NOCTpOEHME ylpaBJeHuii jijist cucreM Buja (2) paccmar-
puBajioch B paborax [17], [18], riae npuBeeHbl JONOJIHUTEIbHBIE YCIOBHUSI,
HaKJa/piBaeMble Ha KO3(MD(MUINEHTh YCUICHIsS YIIPABICHIH JTUHERHBIX 1101~
cucreM. Vcnosib30BaHne TeHETHIECKOTO aJITOPUTMA YIIPOIIAET MOUCK JIOKAJIb-
HBIX KO(DMDUIUEHTOB YCUIEHUS, YIOBIETBOPSIONINX JAHHBIM YCJIOBUSM Cpe-
JIM BCEIO MHOKECTBA BO3MOYKHBIX YIPABJICHUH, CTAOUIU3UPYIOMINX CHCTEMBI
(3). Ilporpammuasi peasm3alnusi pacCMATPHBAEMOIO aJlOPUTMa He TpebyeT
HUKAKKUX JIONOJIHUTE/IbHBIX KPUTEPUEB, KPOME UCXO/IHOI cucrembr (1) u pas-
MEDPHOCTH €€ TOJICHCTEM.

2. I'eneTnyecKuii aJropuTMm JIJjid CTAOMIN3AIIA MHO-
TOCBA3HOI CUCTEMBbI

lenermyeckoe aIrOPUTMBI IPEICTABIIAIOT COOON PaHIOMU3UPOBAHHBINA SBPH-
CTUYECKUN METO/L ITIOMCKa IKCTPEMYyMa, OCHOBAHHbIN Ha aHAJIOTUU C IIPUHITN-
IIaMM 9BOJIIOIMOHHOM Teopun JlapBuHa.

JlamHbIe aJIrOPUTMBI 110 AHAJIOTUU C BOJIIOIUEH B IPUPOIE POPMUPYIOT
MOILYJISAIIAIO OTAEIbHBIX 0CO0Ei, IIPEeACTABIAIONINX COOO0I TOTeHIINAILHBIE Pe-
IIIeHU IIOCTaBJIEHHO 3a/1a91, KOTOPbIC Ha3bIBaOTCA NHAUBUAYYMaMMU. Ka}K—
JIOMY WHJINBUIYYMY CTABUTCS B COOTBETCTBHE XPOMOCOMAa B BHE HabOpa re-
HOB. BCGM NHAUBUAYYMaM B XO/le aJI'OpUTMa HUTEePaTUBHO IIPpUCBanBaeTCA
OIIeHKa, OT KOTOPOH 3aBHCHUT, OyJIeT JIM IMOTEHIINAJIbHOE PEIeHne yIaCTBO-
BaTh B CO3JAHUU CJIEYIOIIEro MOKOJIEHUs, TaK KaK 0oJjiee MpeioITUTE b
HbI€ WHIUBUILYYMBI 0013/ 1a10T O0JIbIIell BEPOATHOCTHIO IIPEOIOIeTh OTOOD U
IepeaTh CBOM CBOMCTBa mOoTOMKaM. TaknM o0pa30M, IOCTEIIEHHO COBEPIIIEH-
CTBYIOTCd NOTEHIMAJIbHBIC DEIICHUA 3a/laIH.

st popMupoBaHUst HOBOI IO IAIMA UHANBULY YMOB HCIIOJIB3yETCA OT-
0op, B mporecce KOTOPOTO BBIOMPAIOTCS T€ 0cOOU, KOTOPbIe Oy/IyT yYIacTBO-
BaTh B CO3JIAHUH CJIEIYIONIErO ITOKOJIEHNS, Ha OCHOBAHUN HAIEHHOTO 3HAaYe-
Hus PYHKIUU IpuctnocodbseHnoctu. Hanbosiee mpucmocodbaeHHbIe MHINBUILY-
VMBI BBIOUPAIOTCSA C OOJIBINEH BEPOSITHOCTHIO.

[Tocsie ortepariuu 0TGOpa BLIOMPAETCS ITapa POIUTEIeH, YacTh UX XPOMO-
COM CKPEIHUBAIOTCS € 3apaHee 33 IaHHON BEPOSTHOCTHIO W B MHOIYJSIANA 00-
Pa3yITCsi HOBBIE WHIUBULYYMbI, TO €CTh IIPOUCXOJIUT IIPOIECC CKPEIUBAHUS
(kpoccosepa). Eciin ckpeluBanue He IPOU30IIIIO, TO POJUTEIH IEPEXO/ISAT B
HOBOE IIOKOJIeHnEe 6e3 M3MEeHEHMUIA.

MyTarust — 3aBepIAIONIAI STAIl TEHETUIECKOTO aJITOPUMa, TPUMEHSIeMbIi
[P CO3JaHUKM HOBOIO mokoJjeHusi. OHa IpeacTaBiseT coOoli OMepIuio, KOTO-
pas MOXKeT IIPOU3NTHU B XPOMOCOME C 33JaHHON OYEHDb MaJIOil BEPOATHOCTBIO.
Hens omeparopa MyTaluu — HEOXKHUIAHHBIM 00pPa3oM HU3MEHATH M€H B XPO-
MOCOME 0cobM, TeM CaMbIM OOHOBJIATDH HOIYJAu0. MyTalnus obecrieanBaeT



IIOUCK PEIIeHNI B HE3aTPOHYTHIX ydacTKax mpoctpaHcTBa. OmMHAKO ITpUMe-
HEeHUe ollepaTopa MYTAIlud K WHIWUBAILYYMY MOXKET TaKKe W yXYIIIUTH €ro
[IPUCIIOCODJIEHHOCTD.

3. PeaJ'II/I?)a,I_[I/ISI reHeTu4eCKoro aJiropurmMa

s peasu3aiiun ajaropuTMa HOUCKa CTAOIM3UPYIONINX YIIPABIEHUN CUCTEMbI
(2) 6bLI UCTIOJIB30BAH sI3bIK TporpamMupoBanusi Python u maker DEAP —
YHUBEPCAJIBHBIN U THOKUI KAPKAC 9BOJIIOIUOHHBIX BHIUUC/TIEHUN JIJIsT PEITeHUS
MPAKTUYIECKUX 33/1a9 C TOMOIIBIO TeHeTHIecKnx ajroputmoB. Ha pucynke 1
IMOKa3aHa 0JI0K-cxeMa paboThl JAHHOTO aJrOPUTMA.

Ha mepBomM 3Talie aaropurmMa mpoUCXOIUT WHUMAIN3AINS THHBIX: 3318~
eTCsl Pa3MEPHOCTh UCXOHOM cucTeMbl (1) U pasMepHOCTb JIMHEHHBIX [OJICH-
creM ng, s = 1, q. [Jajee ocymecTBIseTCsS MPOBEPKa YIIPABISEMOCTH BBEICH-
HOit cucrembr [19]. st sToro crpourcst marpuna yupasisiemoctu [B, AB,

A(”_I)B] " BhIUHCIsAeTcs ee padr. Eciu oH paBeH pa3zmepHOCTH BBe-
JIEHHOM CUCTEMbI, TO CUCTEMAa YIIPAaBJsIeMa, U TOTJA OCYIIECTBISIETCH MOUCK
CTAOUIN3UPYIONINX YIPABJIEHUN, NHAYE CUCTEMa HE yIpaBjsgeMa U Ha 3TOM
AJITOPUTM 3aBEPIINACTCH.

JL1st moncKa, JIOKAJIbHBIX YIPABICHUN JIMHEHHBIX MOJCUCTEM HCIIO/IH3YeT-
¢l PEHETUYIECKUN AJI'OPUTM, B KOTOPOM HHJIMBHUIYYMaMU SIBJISIOTCSH KO-
durmentsl ycuaenus. Kakaplii MHIWNBUIYYM IIPEJICTABIISAET COOOM CIIHMCOK
BEIIIECTBEHHBIX YUCEJI Pa3MEPHOCTBIO Ng. Ha mepBoM Iare reHeTHIecKoro
AJITOPUTMa, BCSI TIOIYJISIIIUS 3AM0THIETCS CAYYANHBIMUA 3HATCHUIMU.

T
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Puc. 1. Brok-cxema paboThl TEHETHIECKOTO aJITOPUTMA,

OreHKa TOIMYJIANNA TPOUCKOUT € IIOMOIIBIO (DYHKITUH [TPUCIIOCODIEHHO-
cTu. 3a/1ava TeHeTHIECKOro aJirOPUTMa OIITUMUABUPOBATE 5Ty (PYHKIIN0. Bug



dbyHKIMI TPUCTIOCOBJIEHHOCTH JIJIsi TOCTaBIeHHON 3asa4un [20):

n

Z e N max, (4)

J=1

rue Aj, s = 1,q — coGCTBeHHBIE “nCsIa MATPUIL JTMHEAHBIX mojcucTeM (3).

OTmeTnM, 9TO 3aMeHB 3HAK IIepes Aj Ha IPOTUBOIOJIOKHELM, 3aa4dy 110~
ncKa MakcuMmyMa yHKIHU (4) MOXKHO 3aMEHUTH Ha [MOMCK MUHHUMYMA.

st Toro, 9T00Bl TEHETUIECKUN aJTOPUTM BBITIOJHSJI CBOO IEJIb HEOOXO-
JIUMO 3aPErUCTPUPOBATH T€HETUYECKHUE OIepaToOpPbl 0TOOpA, CKPEIUBAHUS U
myTamnuu. Oueparop orbopa UCHOJIb3yeTCs J1jist (POPMUPOBAHIS HOBOT'O TIOKO-
JICHUA UHINBUAYYMOB Ha OCHOBaHUHN HaﬁﬂeHHOFO SHaAYECHU A (byHKL[I/II/I opu-
criocobsieHHoCcTH. B pabore OBLI MCIOJIB30BAH METOJ, TYPHHUPHOIO 0TOOpa C
pasmepoM TypHHUpa paBHBIM 3. JIaHHBII METOJ 3aKJIFOUAeTCsT B TOM, 9TO Ha
KasyKJIOM Iare orbopa n3 MOMyJISIIIIN OTOMPAIOTCS Tpu WHANBHAyyMa. [Ipo-
XOJIUT OTOOP Ta 0COOb, Ube 3HaUYeHHe (DYHKIMU MPUCIOCOOIECHHOCTH 0O0JIb-
e ocTaabHbIX. OTMeTHM, 9TO MpH GOJIBITIEM pa3Mepe TYPHUPA BEPOSATHOCTD
oTOOpa MeHee TPUCIOCOOJICHHBIX UHIUBUAILYYMOB YMEHBIIACTCH, ITO MOXKET
MIPUBECTH K BBIPOXKIEHUIO MOIYJIAINN. B KadecTBe onepaTopa KpoccoBepa uc-
[IOJIb30BAH METO/I UMHUTAIIUN JIBOUYHOIO CKperuBanus. OCHOBHOE CBOHCTBO
JIAHHOTO METO/Ia — CPE/IHEee 3HATEHIE TeHOB POINTEEH 1 IIOTOMKOB COOTBET-
CTBEHHO PAaBHbBI. 3HAYEHUS M€HOB ITOTOMKOB BBIUUCJISIIOTCS 110 (hOpMyJIam

of fspring; = %[(1 + B)parent; + (1 — B)parent)s]

of fsprings = 5[(1 — B)parent: + (1 + B)parent)s),

rme B — caydaiiHoe YnCiIo, Ha3blBaeMoe KO3(h@PUIMEHTOM pacIpeIe/IeHnsd,
parent; 1 parento — 3HaUEHUS I'€HOB POJIUTEJIEN.

IIpu ckperuBaHuU BaXKHO COXPAHATH CXOJICTBO POJUTENEHl U IOTOMKOB,
JIst 3TOr0 B HY»KHO BBIOMpATH U3 CIydaiiHoro pacnpesesnenus. [losromy mH-
JIEKC PACIIPEIEJIEHUs BBIYUCIISIETCS C MOMOIIBIO CJIyYaiiHOl paBHOMEPHO Pac-
npejesienHoit Ha orpeske [0, 1] Besmunnbl u. B Takom ciyuae [ maxomurest
o hopMyJIam:

ecimu <0.5: = (QU)ﬁ;
1

1 1
ecmu > 0.5: 8= (5(1 —u))nt,

r7e 1) — IOCTOSHHAs, Ha3bIBaeMasl NHJIEKCOM pacipeseseHus. B pabore ObL1
HCIIOJIB30BAH UHJEKC pactpeneseHus 1 = 20.

Takke B paboTe OBLT UCIIOIB30BAH METOJ, FayCCOBON MyTallll, KOTOPAas
COCTOUT B 3aM€HE 3HAYEHUsI I'eHa Ha CJIydaiiHOe YHCJIO OJIM3KOe K UCXOLHOMY,



B35ITOE M3 HOPMAJIBHO PACIPEICTICHHON My TaIuu ¢ napamMerpamu i = 0, 0 =
0,2.

KoHcTaHTBI UCTIOTBE3YEMOT0 TEHETUYIECKOTO AJITOPUTMA

— BeposiTHOCTb ckpeniuBanus 0,9;

— BEpPOSITHOCTHL MyTanuu wHausmayyma 0,1.

VCIIOBUSIMIA OCTAHOBA NEHETUIECKOIO aJITOPUTMA SIBJISIETCS] ACUMITTOTIIE-
CKasl yCTOHUNBOCTD JIMHEHHBIX HojcucTeM (3) n cucteMmsr (2) B riestom. Ilepsoe
YCJIOBHUE BBIIIOJIHSIETCs IIPU BBINOJIHEHNN HepaBeHCTB Re;(Ag + BsKI) <o,
j =1,ns, s = 1,q. JlanHoe ycjoBIe IPOBEPAETCA ¢ TOMOIILIO (bYHKINH TIPH-
criocobsierHocTH (4).

JL71st TpOBEPKH TOTO, ITO MCXOTHAST CHCTEMA CTAOMIN3UPYETCS JIOKATHHBI-
MU yIIpaBJIeHUSIMU, UCIIOJIb30BaHa BeKTop-dyukiust JIsmynosa V = (V7 ...,
V). Tak Kak acuMOTOTHYECKasl yCTOWIMBOCTHL JIMHEHHBIX mojcucreM (3)
obecrieueHa paboOTON TeHETHIECKOTO AJTOPUTMA, JIEMEHTHI BEKTOP-(DYHKITNN
JIgamyHnoBa mpecTaB/ISIOTC B BUJie KBaApaTUIHbIX hopm Vg = xZngs, rie
Cs — cuMMeTpUYHbIE TTOJIOKUTEJILHO OlpeiesieHHble MaTpuiibl. B padore Cy
HAXOJISITCSI U3 ypaBHeHui JIsmyHoBa

(As + B KDYTCy + Cy(As + B,KD) = — B,

rie E — equnnunas maTpuiia coorsercTByionieil pasmeproctu. [lonydennbre
dbyukuun JIsmynosa 6yyT yaoBieTBopsTh HepaBeHcTBaM Kpacosckoro [21],

)\lstsH2 < ‘/s(xs) < )\QSHst27

OVs(xs)
hAEALYA I
01'5 — CS”$5||7
VS(*TS) _ 2
dt = —ds||zs]|7,

®3)
e Ais = An(Cs), Aas = Ay (Cs), ¢s = An(E), An(Cs). Buech gepes Ay,

u Aj; 0003HaYEHBI COOTBETCTBEHHO HAMMEHbIIIee M HAauOOIbIlee COOCTBEHHDIE
qnciia marpui, Cy. st IpOBEpKH aCUMIITOTHYECKON YCTORIMBOCTH UCXOTHOM



CHCTEMBbI BOCIIOJIb3YeMCsl TeopeMoii 13 paborsl 18| u cocraBum marpuiry

_di alAe| allAy

2A21 3 \3 343

112 11Mg

col[Aal  d2 ol Ay

~ 343 222 343
A= 12M1 12'1¢q
caldal cldel g

1 1 1 2A2q

I 1 I 1
2 2 2 2
1M1 )\lq 12
Torma myist Toro, urobbl cucrema (2) GbLIa ACUMITOTHYECKH YCTOWUIUBOIA,
HEeOOX0UMO, ITOOBI JMEeHCTBATEIbHBIE YACTH COOCTBEHHDLIX YUHUCEJI MATPHUIIBI

A ObLIN OTPHUIATE/bHEI.
Takum 06pa30oM yCI0BUST OCTAHOBA, AJTOPUTMA OYIyT UMETh BT

[ Re Mj(As+ BsKD), j=T1,n5, s=1,s,
Y=\ Re nj(A) <0, j=T,4.

4. IIpumep

B kagecTBe MILTIOCTPATUBHOrO IPUMEPa, PACCMOTPUM YIIPABJIAEMYIO CHCTEMY
BHUIA
x1 = —3,35x1 + 6,2bx9 — 6,83x3 + 4,05x4 + 2, 82uyq,
To = 3,44x1 — 6,21x9 — 7,3923 + 1,98x4 — 1,01us, (5)
T3 =9,7921 + 3,899 — 9,44x35 + 1,56x4 — 0, 39us,
T4 = —6,82x1 + 8,890 — 9,1223 + 4, 1324 — 2, 37uy.

PazmepnocTs cucreMbl n = 4, pa3MepHOCTD JIMHEWHBIX OJICUCTEM N1 = 2,
ng = 2. JlaHHas cucreMa yIpaBisieMa, TaK KaK PaHl MaTPHUIILI YIIPABJISIeMO-
ctu paBen 4. JIokajgbHBIE yIpaBeHNs, JeHCTBYIONINE HA JMHEHHBIE TO/ICH-
creMbl, UMetoT Bus u1 = Kix1, us = Koxo, us = k3 K3, ugy = K4x4 u BeIOUpa-
IOTCSI TAKUM 00pa30M, 9TO0bI CTaOMIM3UPOBATL COOTBETCTBYIOIINE JINHEHHBIE
CUCTEMBI

T = (—3, 3521 + 2, 82K1)l‘1,

.C‘CQ = (—6, 21%2 - 1, OlKQ)l'Q, (6)
i,‘g = (—9, 44:173 — 0, 39K3)l’3,

iy = (4,134 — 2,37TKy)24.

Pazpaborannblii reHeTHYECKUil aJITOPUTM IIPOU3BE IOUCK KO3 dum-
enToB ycmienusi 3a 501 mokosienue. PesysibTaToM ero mpuUMeHEHHs CTajo



HaiifleHHOI cTabuimsupyomiee yupasienue Bug u; = —20,0015x1, us =
19,9999x9, uz = 17,9253x3, ug = 8, 5736x4.

Ha pucynkax 2-3 nmokasaHo JBuKkeHue JuHeHHBbIX nogacucrem (6). Ode-
BUJHO, YTO HAaliJIEHHBbIC YIIPpaBJICHUS ICHCTBUTEIHLHO 00ECIIEINBAIOT ACUMII-
TOTHYECKYIO YCTONIMBOCTh 0DEUX JIMHEWHBIX IOJICUCTEM, TaK Kak rpadukn
UX JIBUKEHUS C TEUCHUEM BPEMEHU CXOJIATCH.

x1
P

Puc. 2. Crabumsanus JimHeHHbIX nojcucTeM (6) OTHOCHTEIBHO
[EPEMEHHBIX X1, T2

- o

w
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Puc. 3. Crabumsanus juHedHbIX nojcucTeM (6) OTHOCHTEIBHO
HEePEeMEHHBIX T3, T4

JL1st TOrO 9TOOBI YI0CTOBEPUTHCS, 9TO JIOKAJIbHBIE YIIPABJICHUS TapaHTH-
PYIOT YCTONYUBOCTD CUCTEMbBI B IIE€JIOM TAKXK€ ITOCTPOEH IpauK JIBUKEHUS
cucremsl (5).I1o pucyHKy 4 MOXKHO OKOHYATEIHHO yOEUThCsI, UTO [IOCTPOEH-
HBIE YIIPABJIEHUs] CTAOMIM3UPYIOT CUCTEMY B IEJIOM.

5. BeiBoabl

B pabote paszpaboran u mporpaMMHO peaJIn30BaH AJITOPUTM ITOCTPOEHUS JIO-
KaJIbHBIX YIIPABJIECHUN, CTAOUIN3UPYIOMINX KaK IIOJCACTEMBI, TaK ¥ BCIO CH-
CTEMBI B TI€JIOM. Y IPABJISIOIINE BO3AENCTBIUSI CTPOSITCS B BUIE JIMHEHHOM 00-
paTHOIl CBsI3U, a ITOUCK KO3(M(DUIIMEHTOB YCUJIEHUSA OCYIIECTBJISIETCS C HC-



Puc. 4. ITponecc crabuimsaryn cucreMsl (5) OTHOCHTEIBHO BCEX TEPEMEHHBIX

MIOJIb30BaHUEM T'€HEeTUIeCKOro aaropurMa. IIpenio:keHHbIil aJIropuT™ OTIIH-
qaeTcs OOIIMM TI0/IXO/IOM K PEIICHUIO ITOCTABICHHOM 3a/1a11, TaK KaK, B OTJIH-
que OT JIPYTUX METOJIOB MAIIUHHOTO 00yueHusi, He TpedyeT MpudINKeHHOIO
pellleHus Wik APYTUX MIPUMEPOB IJisd O0YIeHUS.
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Stabilization of a controlled multiply connected system using a

1]

genetic algorithm
Kaledina E.A., Guskova I.M.

In this work, a multiply connected controlled dynamic system with
local control is reviewed. Based on a genetic algorithm, a method for
constructing local controls that stabilize the system as a whole has
been developed. In this case, the parame-ters of the genetic algorithm
are used, namely the selection, crossover, mutation operators, the type
of fitness function and the critical basis. Modeling and analysis of the
results obtained were carried out.

Keywords: genetic algorithms, multiply connected dynamic system,
local control, asymptotic stability, stabilization.
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