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B crarbe paccMATDHBAETCA TEXHOJIOTMA ITPOEKTHPOBAaHHS POOACTHBIX
VCY u npeanaraercss apxuTeKTypa nNporpaMMHOro obecnedeHns ONTHMH-
saTopa Ga3 3HaHuil, opueHTHpoBaHHOrO Ha paspaborky UCY cnoxmsoit
kondurypaunn. Ha npumepe paccmarpusaerca pabora CV, cozpannoi c
HCNOJIb30BAHHEM TPelaraeMbIX TEXHOJOTHH.

tems is examined and an architecture for knowledge base optimizer for
complex control systems is proposed. Example of operation of control
system created with the suggested technology is shown.

KunroueBble cJI0BA: HEYETKHIT PeryiaTop, onTuMH3aius 6a3el 3HaHUI.
Keywords: fuzzy controller, knowledge base optimization.

1. Beegenue

Hn>kenepHble METOABI TEOPHH YIIPABJIEHNSA B TEXHOJIOMHH POEKTHPOBAHUA CHCTEM
asromaruueckoro ynpasienns (CAY) cdopmuposansl B NpowioM cToieTHu. B
3AJI07KEHBI, B YACTHOCTH, OCHOBLI CTOXACTHYECKOTO H AANTHBHOTO yIIPABJICHUS CJI0XK-
HBIMH JTAHAMHYECKMMH CHCTeMamu (B oBIeM ciiydae ¢ mepeMeHHOH CTPYKTYpoii) B
yCI0BHSAX HH(MOPMAIHOHHOH HEONPeIeNeHHOCTH.

CaeayiomuM maroM B 3TOM HAIPABIEHHH SBWJIACH PAa3pabOTKa NPHHIMIIOB MOJE-
JIMPOBAHUA W NPOEKTHPOBaHKA HedueTKuX CAY B yCJHOBHAX HEONpeJeseHHOCTH, Y4H-
THIBAIOMIAS MHAWBUAYATbHEIE 0OCOOEHHOCTH NOBEIeHUS BLIGOPOYHBIX TPAEKTOPHIl ABH-
xernsi OV [1]. 3a ocHOBY HaHHOHN METONONOTHH NPOEKTHPOBAHHSA IPHHATA TEOPHHA
JIMHCBACTHYECKOH anpoKCHMAIMK ¥ HEYeTKOro Jornyeckoro seisoga (J1. 3aze u ap.)
ans coznanus pobactabix 6a3 3nanuil (B3) HHTe/TeKTyasbHBIX HEYETKHX perysid-
topoe (HP) [2], [3]. B pamkax ykasaHHOHi MeTOJONOTHH NpPOEKTHPOBAHHS 3aKOHOB
yrpaBleHHs Ha OCHOBe (bH3uYecKux MeToa0B (HH(pOPMAIMOHHO-TEPMOINHAMUYECKHE
¥ KBAHTOBO-PeNATHBHCTCKHE Meroast onucanus OV u npoueccos ynpasienns [4]) B
cepeanne T0-X DoA0B MPOILIOrO CTOJIETHs GbLIA 3aJI0)KEHbI OCHOBbI TEXHOIOTHH MPo-
exTupopanus uTeLNeKkTyansEbx CAY (MCY) [5] - (8] 1.

! [Tepshie npakTHYECKAE PE3YIILTATHI, Oy YCHHbIE HA OCHOBE Pa3paboTannoil METONONOTHHA MPOeK-
Tuposanus HP B pamxax nporpamuel «Hnrepkocmocs, Guumu nonoxkens: 30 mer Hazad KOJIEKTHBOM
asropos comecTHo ¢ B.H. ITerpoeeim u B.C. Ilyrayernim ma 7-om Konmrpecce IFAC, XenbcrrKkH,
1978 [6]. Jloxnan ma komrpecc 6ma mpeacrasmen Prof. L. Zadeh. [lannas pafora sBaseTcs paspe-
THeM nonydenanix mxosnoit B.H. IleTposa pesynnTaToB B JaHHOM HaNpabJeHHH 3a nepuoa 1977 -
2007 [7].
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HCY nepporo nokoJeHHs npeacTaBnsam coboli skcneprayio cncremy (3C) ¢ pas-
JUYHBIME TIO T1yOuHe npejicraBieHnsaMH 3HaHui. Takyw cHCTeMY MOXHO COpoexTH-
poBaTh, HanpuMep, BBegenHeM B cTpyKTypy CAY 6/i0Ka HEUeTKOro JOTHISCHOn0 Bhi-
Boga. OcHoBHyI0 po/b B 3Tux DC Hrpano KagecTso ucnoab3yemoil B3, xotopoe zass-
CHT OT ONbITA M CYOBLEKTUBHBIX 3HaHHN YenoBeka-skcnepra. OHAKO B cayEase yOpas-
nenns r7i00aibHO HEYCTONYUBBEIMH H CcyniecTBenHO HesmuefiHbiMA OV, samonsmmns-
sl TIoJ, BO3AEfCTBHEM CJIOMKHBIX CTOXACTHYECKHX LIYMOB, JaXKe ONBITHOMY Sel0sexy-
3KCNEPTY TPYAHO NoA0OpaTh ONTHMAIBHYI (¢ TOYKH 3PEHHs KAUeCTBA yHpassesms )
B3 HP. Xopomo uzsecred GakT, 9T0 OPH CAyYailHBIX BO3MYIICHHAX 118 Bemmsed-
Hoit CAY ¢ TpeMsi BXOAHBIMH H JABYMS BBEIXOAHBIMH CHCHAJIAMHE IKCTIEDTY yiEe TPVAEO
cchopmupoBaTh onHcanne GYHKIMIE TPHHAIIEKHOCTH H KOJTHYECTBO NDOIY KIISOSHEL
npasus B B3, obecneunsaomue Tpebyembiil ypoBeHb pobacTHOCTH ynpassesws D

pesyabrare Benymas dupma «Ompon» (HAnonus) npuocTaHOBHIA cepulisssl ssamycx

HP pnst o6bekTOB ynpasiaeHns co COXKHOM cTpykTypoii. 9ta npobaema - yamoe wecro
BCeX NepBbIX (M uX nocaeaymomux Mogudukamuii) HCY (2], [3]. Ilosromy mcoomssosa-
aue 9C B KAYECTBE HHCTPYMEHTADHS H3BJIeUYeHHs 3HaHUi U (hopumuposasms B3 (xax
ocHOBBI TexHojiorun npoektuposasus VCY) He NpuBeNO K 0XKHIaEMOMY CymecTees-
HOMY ycmexy (XOTsi CyMIeCTBYeT MHOIO mPHMEPOB 3((hEKTHBHOTO NPOMBIESSSSOr0
suepenus [5], [9]) B cuay caoxnocrn OV n cyObeKTHBHOCTH HEGDOpMAIImN, BSOCH-
MOt IKCIIEPTOM.

C TOYKH 3pEeHHs] TEXHOJIOTHH IPOEKTHPOBAHHA OCHOBHOH nmpofnewmoli ssespesus
HCY nepBoro nokoJyieHus ABIAIACH HX cj1abas aJaNTHBHOCT K H3MEHEHESMW BapameT-
pos OV (BrI3BaHHBIX, HAPEMED, CTapeHHeM CTPYKTYphl OV nin peskau msescsmen
BHEIIHeil Cpejbl), & TAKKe HU3Kas POBACTHOCTb MOJYYEHHBIX 3aKOHOB yIDasIeswHs.
Hna pemrerus nmonobusx mpobaem Gpuin paspaboranst UCY proporo momomesms c
rIyOMHHBIM NPEJCTABICHHEM 3HAHMN, HCIIONB3YA TEXHOJIOTHH TAK HASHBASMEIT MAT-
KHUX BBIYUCIIeHH, 00beIUMHSIOMEE B €IUHYIO HENOYKY FeHeTHYecKue anroparss: (TA),
Heuerkue Heifponnsie cetu (HHC) u HP.

B panbueiimem Bropoe noxosenue MCY crano ucnons3opars HOB sma ofpar-
HO¥ CBsA3M, HA3bIBAEMOH rnobanbHON HHTEIeKTyaabHOH obpaTHO# cesssm (THOC)
[1], [3], [8], [10]. D10 maeT BO3MOKHOCTL H3BJIEKATH OObEKTHBHbIE 3HAHNS HENOCDES-
CTBEHHO M3 CaMOro JHHAMHYecKoro npouecca nosefenns OV m BcnosssTesssoro
yerpoiicrea CAY. Kontyp 'MOC Brmouaer I'A ana nonyyenns urdopsamss of on-
THMAJILHOM CHTHAJIE YNPaBIeHHs (MCXOAS N3 QUHAMUYECKOTO ¥ TEPMOINHAMNSSCKOr0
nosenennsa OV u I[N /I-perynaropa) 1 HHC, annpokcuMupyiomeii nasnnil omreears-
HEBIl CHPHAN YIIPABJIEHUS C MOMOMILIO 33JaHHON CTPYKTYpPhl Hefiponso# cerm. Laxod
[OXOJ, paccMoTpeH B [1].

Auanu3 pesynbraToB Mmogeimposanna CAY na 6ase nepBoro srana paspaborassoi
TeXHOJIOTHU NpoeKTHpoBanus B3 1noka3an OCHOBHO HEJOCTATOK - HEOUTEMAILHLI
soibop crpykrypsl HHC. Kak npasmio, B cucremax npoekrupopaams 53 HCY r1a-
KOTO THITa nocrpoenne coorsercrByomedt crpykTypel HHC Boznoxerno sa omssrsoro
4eJI0BeKA-9KCIepTa. 3aa4a 3Kkcnepra npu onpeaenennn crpykTypst HHC caommres x
BEIGOPY MOJENH HeYETKOr( BEIBOMA ¥ NIARHEM 0GPAZ0M K THHIBHCTHSSCKOMY ONECA-
HHIO 330aHH0r0 obyvaromero currana (OC). Ograko pelneHne 3Tof 3a3a%s BPYIEYIO
B CJIOXKHBIX CUTYalMAX YIpaBJeHHs npeicrapiser Oonbuiyio npofiewmy zame 1is
ONBITHBIX KCIEPTOB.

Jpyro#t Baxkaoit mpobiemoii ocraeTcs onpejeseHne TpebyeMmoro COOTEOmEHHS

MesK 1y TOYHOCTbIO onucanus (annpokcumanin) OC u HeoGxoAUMEIM YpoBEes pobact-
Hoctu Beedi crpykTypsl HHC. Ofe yka3zanubie npobieMbl peiaioTcs Ha BTOPOM ITane
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Texsonoruu nocrpoerus B3 UCY ¢ moMompio nporpaMMHBIX CPeACTB HHCTPYMEHTa-
pHA, Ha3BanHoro ontumusarop 6a3 3manmit (OB3) (3], [7], [10] - [13]. B aauuoit cra-
The PaCcCMOTPEHA IPOrpaMMHAsi APXHTEKTypa, npuHsaras 3a ocuosy OB3. OcHosHOe
BHHMaHNe CKOHLEHTPHPOBAHO TaK:kKe HA OMHCAHWH KOHKPETHBIX Pe3yJbTAaTOB MOJe-
nuposanus VICY cl0XHLIME CYIIECTBEHHO HEJIMHEHHBIMH 0ObEKTAMH YIIPABJIEHHUS CO
cay4daiiHno uamengwoneiica CTpyKTypoi.

2. Texsosorus npoekTupoBaHus pobacTHbIX Da3 3HaHMN MHTEJLIEKTYalIb-
HBIX CHCTeM yIpaBJIeHHs

OB3 sBaserca HOBbIM 3¢ EKTHBHLIM NPOTPAMMHBIM HHCTPYMEHTapHEM MOCTPO-
enns B3 pobactaex MICY Ha ocHOBE MATKHMX BBIYMCIEHHH C MCIOAL30BAHMEM HOBBIX
KPHTEpHeB ONTHMM3anuK (B BHAE HOBhIX THNOB dyuxkuuii npuroznoctu I'A). B ka-
YECTBE TAKOBBIX BBICTYNAIT TEPMOIMHAMHYECKHE H MHGMODPMALHOHHO-3HTPONHUITHbIE
KPHTEPHH Ka4yecTBa ynpasienust [2].

Jna nocrpoenns B3 ¢ ncnons3osannem OB3 nHeobxoanmo Hamnaue OC, koTopsrit
MOXKeT OBITH TOsydeH JubO Ha 3Tale CTOXACTHYECKOrQ MOIEIMPOBAHHA IIOBEIEHHS
OV, npoBeIeHHOro ¢ MCIIONB30BAHHEM €r0 MaTeMaTHdecKoll mMoxenu, aubo sxkcnepu-
MEHTaJIbHO, IyTEeM HEMNOCPEICTBEHHOr0 M3MEPEHHs IHHAMWYECKHX NMapaMeTpoB (hH-
3nyeckoit Mmogemn OV.

Coznanre B3 npoucxonuT B HECKOILKO 3TANOB:

Dran 1. Bubop modeau nevemxozo éweoda. Ilosb30BaTeslb KOHKPETH3UPYET THIT
HedeTKo# Mozenn BuiBoga (Cyreno, Mamaanu 1 T.1.), onepanuio HeYeTKON KOHbIOHK-
unH (IPOU3BEJEHHE MM MHHAMYM ), YACTO BXOJHBIX ¥ BBIXOJHBIX E€PEMEHHBIX.

Bran 2. Cosdanue aunzeucmuveckur nepemennniz. C NOMOIIBIO FeHETHYECKOro
anropurMa (['Al) onpesensiercs onTHMaIbLHOE YHCIO DYHKUME IPHHALIEKHOCTH 1715
KaX10#1 BXOJHOH NMHIBUCTHYECKON NEPEMEHHO1, a Tak>Ke BhIOHpaeTcs ONTHMAIbHASA
dhopma mpecrasienns uxX (GyHKImH TpHHALIEKHOCTH (TpeyroiabHas, layccoBckas
¥ T.7.). B xauecTBe KpHTEpHs ONTHMAILHOCTH TOH WM MHON KOH(MDUIypPaiyH JIHHL-
BHCTHYECKHX TIEDEMEHHBIX HMCIOJb3YeTCd MaKCHMYyM COBMECTHOH MH(DOPMALMOHHOM
SHTPOIHHK ¥ MEHHMYM HHGDOPMALHMM O CHTHANAX B OTAEJILHOCTH, KOTOPBIE HMEIOT BHJL

H(j’” - H(

XilXe ™ lei?e=#§_ -1-'1-=|u‘xk )

N | 1)
= = Dl (i(8)) * i, () (O gl (2:(8) * ()0

u
Hy, = —p,log(p,) = —plzilz: = vk, ) loglp(zile: = pk,)]
, P -
=~ 57 2_ i, (:(t)) loglu, (x:(t))]
t=1

COOTBETCTBEHHO.

3neck * - BHIOpaHHas onepanysi HeueTKON KOHbIOHKIMK; X;, i = 1,...,m — Ha-
60p JMHIBHCTHYECKMX MEPEMEHHBIX, cooTBercTByIoImX KoMnonentam OC; py , i =
L,...,myj; = 1,...,lx, TepM-MHOXkeCTBO, cooTBeTcTBYyIONEE i-0ff Komnorente OC;
z(t) = (z1(t),...,Zm(t)) - komnonenTsr OC; N - uncno xomnonenror OC.

Sran 3. Cosdanue 6a3wne npasus. Ha NaHHOM 3Tame HCHONb3YeTCH ClEIHATLHbBIN
anropuTM orbopa Hanboiee «poDACTHBIX NPABHJI» B COOTBETCTBHH CO CJIEIYIOMIMMH
IOBYMSl KDHTEPHAMH:
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1) «cymMMapHBI#i» KpuTepuii: BHIGPATL TOMBKO Te NpaBuia |, KOTOpbIE yA0BJIeTBO-
PSAIOT CIEAYIOMEMY YCAOBHIO:
R; % L,

totaly,

rae TL (threshold level) - 3anantbiii (BpY4HYIO HiH BHIOPaHHbLII ABTOMATHYECKH)
PPaHHYHbIA YPOBEHb AKTHBALNH DABHIIA, U

N
1 l
Ristat,, = 3 Ris(th),
k=1

Ry, (tx) = H[#;l (@1 (k) ), (z2(tk)), - - - 15, (Tn(ti)),

roe fp - MOMeHTH Bpemenu, k = 1,..., N ;ﬂfn (zk),k = 1,...,n - byHKUMH NpUHAI-
JIEXKHOCTH BXOIHBIX NepeMEeHHBIX, [ - mEnekc npasuna B B3; cumBon «[]» oboznavaer
Onepanyn HevdeTKOl KOHBIOHKIHH (B YACTHOCTH, MOMXKET HHTEPHPETHPOBATLCH KAk
IpOH3BeJieHNe HIH MHHUMYM);
2) «MaKCHMAaJIbHEIH» KpUTepnii: BRIOpaTL TOJNBKO T€ MpaBuia [, KOTOPBIe yAOBIe-
TBOPAIT YCJIOBHIO
max, RL.(t) > TL.

t=ty,.eny

Dran 4. Onmumudayus 6a3er npasud. C NOMOLILK PeHETHYECKOrO AJrOPUTMA
(I’A2) onruMusnpyioTcs mpaesbie vacTu npasui B3, onpenenennoit Ha arane 3. Kpn-
TepHeM KadeCcTBa Ha 3TOM 3Taie BLICTYIAST MHHUMYM ommbOku annpoxcumanun OC
(of6yuatomero curaaa):

N
B ZE‘, (2)
t=1
B = S(P@(t),2a(t), .., 2m (1)) — )P,

rae F- sexon UCY, d(t) — menepoe cocroanus O cornacio OC B MOMeHT BpeMeHH
ts t= by bive

Ha nannom 3tane HaxoauTcs pelnenue, Giu3koe K rIo6abHOMY ONTHMYMY (MH-
auMyM omubkn annpokcuManng OC). C moMouisio CIeayioUero sTamna 3T0 peueHne
MO2KeT ObITh JTOKAILHO YIy4ILeHO.

Sran 5. Hacmpoiixa 6z npasur. C nomolpio reserudeckoro anropatva (FA3)
ONTHMH3HPYIOTCA JIEBbIe H Ipasble YacTH npasui B3, 1.e. nonbupaoTes onTuMasbHbE
HapaMerphl PyHKLINN NpHHALIEKHOCTH BXOJHBIX, BhIXOAHDIX HEPEMEHHEDIX (C TOUKH
3pennsd 3amanHoit dyukun npurogaocty ['A). B nannom nporecce onTUMH3ALHE HC-
MOAB3YIOTCS PA3NHYHbIE (DYHKIMA IPUTOJHOCTH, BRIDHpaeMble moaks3oBaTenemM. B ka-
JecTBe TAKUX (OYHKUHMH MOXKET BBICTYNATH KAK MHHHMYM OWHOGKH ANNpPOKCHMALINH
(2), Tak ¥ MAKCHMYM COBMECTHOM MH(bOPMATHOHHOH suTporm#A (1).

Kpome Toro, Moxer npoucxonuts HacTpoitka B3 ¢ nOMOIIBI0 APYrEX OnTHMH3A-
IHOHHBIX AJITOPHTMOE, TAKHX KAK ANTOPUTM O6PATHOrO PACHPOCTPAHEHUA OLIUOKH.

3. IIlporpamMHas peanu3anus onTumusaropa B3
3.1 Modeav HCY

Ilepsasa sepcus OB3 [11], [13] ucnoas3obana GpUKCHPOBAHHYIO CTPYKTYPY OTITH-
ME3HpyeMoll HEeYeTKOH CHCTEMbI yNPABIIEHHs, COCTOANLYI0 W3 OAHOrO OJI0Ka JIMHIBH-
CTHYECKHMX IIePeMEeHHBIX M OHO# 6a3bl HEYEeTKHX IIPABKI, U3 KOTOPBIX OJHOBPEMEHHO
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MOIJIa MCIIOJIB30BaThCA TOJMIBKO 04HA. IIpakTHYecKoe MCHONb30BaHHE ONTHMH3ATOPA
[I0KA3aJ10, YTO TAKAS CXeMa SIBJISIeTCS CJMIIKOM JKEeCTKON M OrpaHHYHBAET BO3MOXKHO-
cru npoektaposanns MCY. B kadecTBe MpOMEXYTOYHOTO pelieHHs 1715 MOBBIIEeHHS
rubKOCTH ONTHMU3ATOPA B Hero Obuna 106aBIeHa BO3MOKHOCTD NOJJEPIKKH HECKOMb-
kux 6a3 nansex. I[Tpu 3ToMm ToabKo ogHa 6a3a Moryia 6biTh BEIGpaHa B Ka9ecTBe aKTHB-
HOIf (HCTIONB30BaNACh U1 ONTHMH3ALEHA W pabOTHL), M Bee 6a3bl HMEJIN OHH H TOT 3Ke
Tun. Ha 3TOM BO3MOKHOCTH PACIIMPEHHS] HMEBIIEHCs KeCTKOH CXeMBI ONTHMH3aTOPa
6bLTH HCHYEepIaHEL.

Jns moctpoenns Broporo nokonenus OB3 (ontummzaropa 6a3wr 3naumit) UCY
Obu1a BeIOpaHa MOAYJIBHAS CXE€Ma, KOTOPAs NOAPA3yMEBAeT NOCTPOeHHE MOIb30BaTe-
sem mozenu MCY u3 nabopa dbyHKuHOHAILHBIX GJI0KOB, TAKHX KaK MOAYAH BBOJAA H
BbIBOAA JAHHBIX, JIHHTBHCTHYECKHX NEPEMEHHBIX, HEYETKOTO BhiBOJA W ApyTHux. Iipu
3TOM IOJIB30BATENb MOXKET IPOM3BOJIBLHEIM 00Da30M coeauHATh 3TH buoki, hopMupys
Monenn caoxaex ICY.

B ocnore monyneuott monemn MCY nexar knaccsr Model, DataArchive u Block.

Knace Model unkancymupyer Bce o6beKTsl, HeoOXOAHMBIC AJSE MOCTPOEHAS MO-
nenu UCV u obecneunsaer p3anmozaeticreue Mexay HuMu. OH OTBeUYaeT 3a BeIeHHE
croucka nmeromuxes B Mozenu VICY monyneli, orcnexupBaer KOPPEKTHOCTL CBs3eil
MeX/Ay MOLYJIAMH, OPEIOCTaBisieT HHTepdeichl 1A nepeiadyn JaHHBIX MOINH I
BBIMUCJIEHHS, & TAKXKE NOJIy4eHns pe3ynabraToB. OH0# U3 OCHOBHBIX (DYHKLMIA 3TOrO
KJacca fB/gerca obecneueHne MpaBHWJIBHOrO MOPSIKA BHI3OBOB MOIyJseil npu npose-
JieHUH BhIuucjieHns. KoppeKTHBI MOpsiI0K BEIMHCISHNIT I04pa3yMEeBaeT BLINOIHEHHE
CIeAYIOMUX YCIOBHIA:

® BCE MOJY/IH, HA BXOJ KOTOPBIX NOCTYIIHJIM HOBbIE JIaHHbIE, OYIYT BEI3BAHbI;
® MOIY/IH, Ha BXOJ KOTOPBIX He NOCTYIIAIO HOBBIX JAHHBIX, HE BHI3HIBAIOTCH;

® MOJIy.b He JOJKEeH BBI3BIBATHCS A0 TEX IO, MOKa BCe HOBBIE JAHHBIE HA €ro
BXOZaX He 6yAyT AOCTYIHBIZ,

Samenanue. g peanu3anun TAKOrO NOPSIKA, BCE MOLYIN Pa3bMBalOTCH HA KJac-
Cbi, B 3aBHCHMOCTH OT NOpsKa Beraucaenuii. K kiaccy ¢ HAaHBBICHIHM HPHOPHTETOM
(0) orHOCATCS MOAY/H, HE MMEIOIIME BXOJHLIX NMOPTOB. Bhimonnenue (yHKumi 3THX
MOZyJIel IPOM3BOAMTCS B NIEPBYIO OYepeab. s oCTANbHBIX MOZAYJiell MPHOPHTET No-
JIATAeTCsA PABHBIM MAKCHMYMY PHOPHTETOB MOy e, BHIXOAHBIE MOPTHI KOTOPBIX CBSI-
3aHbI C BXOAHBIMH MOPTAMH PACCMATPHBAEMOIO MOMYJ/fA, YBEJHYEHHOMY HA eIHHHILY
(puc. 1). Buavenns npuopuTeTa OOHOBAAIOTCA TPH MU3MEHEHUH CBA3EH MEXKIY MOLY-
JISIMH.

Knace Block sisnsiercs 6a30BbIM KJ1accoM Jyis peaiH3alull pa3sinuYHbIX MOAyJei
HCY. Ou npenocrasaser obumil uurepdetic, HeobXoXHMBIH IS TPOBEIEHHA pacye-
TOB, a Takxe obecneunsaeT 6a30BbIe QyHKIEN, HeODX0 UMbIE DOIBIIHMHCTBY MOIyei.
Kax bl MOAY/Ib MOXKET MMeThb OJMH HJIM HECKOJbKO BXOAHBIX H BBIXOIHBIX TIOPTOB,
Yepes KOTOpbie IPOU3BOAMTCH 0OMeH TaHHBIME ¢ APYTHME Moay/aMu. O6beKkTsI 9TOro
KJIacCa TAKXKe MOIYT ABIATHLCHA LEJIeBLIMH O0BLEKTAMH ONTHMH3AINH JJIs reHeTHye-
CKHMX aJrOpUTMOB.

Knace DataArchive ofecieunBaeT XpaHeHHe W H3BJIEYEHHE JAHHBLIX, TepeIaBae-
MBIX BHYTPH MOZeIH. B 3TOM Kjacce XpaHATCA JAHHbBIE, OPOXKIAEMble BHIXOAHBIMM
HOPTAMH BCEX MOIYJel B CHCTeMe, & TAKXKe BXOJAHbIE M BBIXOAHbIE NaHHbIe Monenu. Bo
BpeMsl BLIYHCIIEHHI JAaHHBIE C BEIXOJIHOTO MOPTA KK 00 MOJAYJIA 3aHOCATCS B APXHUB.

2Cucrema He NOMNEPKABACT NHUKJIHYECKHE CCHUTKH MEXY MOMY/ISMH.
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Kmacc: 0 1 2 3 4
Tlopagex eumosHensa: Inl, In2, In3, B, C, A, D, E, Ouf2, F, Outl, Out3

Puc. 1: Kaacew npuopumemos modyaetl © nopadox 6unoieHul

Ecan nmerorest Apyrue MOy/IH, BXOAHBIE TIOPThI KOTOPBIX TMOIKIIOYEHBI K paccMar-
PHBAEMOMY BBIXOJHOMY IOPTY, TO JJid NPOBEIEHHS BHIYNCAEHUN ITH MOIY/IH H3BJe-
KAlOT COOTBETCTBYIOLIHE JaHHbIE W3 apXuBa. [laHHble Kax 10l HTepalii BEMHCICHHA
B apXHBE MOT'YT COXPAHATHCH I MOCHEAYIOMEro H3y4YeHHa MOC/e 3aBepIIeHus Bbi-
uyncaeHnl, a TAKXKe MOTYT HCIOIb30BATHCH B CJEAYIONHEX HTEPAUMAX, €CJIH CHCTeMa
OIPEeNIAT, YTO KAKHE-TO U3 JaHHBIX He TpebyloT mepecyera.

Ha prcynke 2 NOKa3aHO B3aHMOIEHCTBHE OCHOBHBIX KOMIIOHEHTOE MOJIEJH CJI0XK-
noit UCY. Knaccw In, LinguisticVariable, Sugeno, Mamdani, Deffuzfication, Genera-
lizator 1 Out asnsroTca noroMkamn Kiaacca Block.

3.2 Peaiu3auun 2eMemuMeckol OnMumMu3ayuy

B onTuMHU3aTOpe peann30BaHO JABA MEHETHYECKHX AJITOPUTMA — OOLIYHBIH IeHeTH-
Yeckuil anroput™, obecneduBalomuii MHHUMH3ALMIO BENeCTBEHHON uenesoll (yHK-
HH, a Takke aaropury tana NSGA [14], [15], koTopsili HAXOAUT MHOXKECTBO NAPeTo-
ONTHMANLHEIX PEIIeHHi U1 3aJa4y MHHHMH3AIHMH HECKOJILKHX LENeBbIX (hyHKIHIA.
DTH ANTOPHTME! MOTYT HCIONL20BATLCH € ABYMS THIAMH ¥YDOMOCOM, B KOTODBIX KO-
JMPOBAHHE PemIeHuit IPORCXOMHT ¢ noMomsio Gunapuoit «/ IHK» nau nabopom sere-
CTBEHHBIX YHCEJ.

Jna nonuep:KKu reHeruueckoit onTumusaumu OGbuin pa3paboTaHBl HECKOJIBKO
uepapxuil knaccos: OptimizationTarget, Chromosome, ChromosomeFactory u Opti-
mization-Engine (puc. 3).

Knacc OptimizationTarget o6basnsier unrepdeiic 1is 06bLEKTOB, KOTOPbIE MOTYT
OLITH ONTHMH3NPOBAHBI C TIOMOLUBIO FeHETHYEeCKHX aropuTMOB. OCHOBHBIE DYHKIHH,
KOTODBIE JOJIKHBI [IPEI0CTaBUTh TaKue O0BEKTHI 9TO (DYHKIMH KOAHPOBAHUS U JEKO-
JUPOBAHHS COCTOAHMSA ODBbEKTA B XPOMOCOME, 4 TAKIKE BbIYHCIAeHHE DYHKUHN [OJe3-
HOCTH JUIsl TEKYIIEro COCTOAHUSA OObEKTA.

Tak:ke B 3T70M uHTepdelice IPeayCMOTPEHBI BCOMOraTe/IbHBIE (DYHKINH, H3BEIa-
1o1He 00HEKT O Hauasle W KOHIIE POLECCa ONTHMHU3AINH, TEKYLIEM nporpecce u (byHK-
w0 Optimizeable, no3BOASAIONIYI0 TPOBEPHTH MOTOBHOCTh 06bHEKTa K ONTHMH3ALNA.
Knace OptimizationTarget obecneunBaer peann3aiiio 3Tux GYHKUEHA N0 YMOTHaHHIO,
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Puc. 2: Ocnosnvie xomnonenmu. modeau HCY

B g aw eraer i mat f EES =

| OptmizationTarget | | OptimizationEngine
N ss— B

Block | |OptimizationManager | GAEngine

— | Chromosome “NSGAEngne
B Input e
{_ Ooweu ] [BnirsChomsserne | | ResiChromasme | _
e GradieniEngine
(- LinguisticVanable | !
e ChramosomeFactory |
e e i
— Sugeno 1
e —— S il T e
L ! |BinaryChromosomeF actory | | RealChromosomeFactory

Puc. 3: Cmpyxmypae xaaccoé nodcucmemvt ONMUMUIGUUL
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KOTOpasi Mpe0TBPALaeT IOBTOPHOE UCHOb30BaHNe 06bEKTa HECKOIBKUMH AJIrOpHT-
MaMH ONTHMH3AIMK onHOBpeMeHHO. K nodepHnM obbeKkTaM 3TOro Kiacca, Hapsaiy ¢
HEKOTOPBIMH ApPYyTuMH oDbeKkTaMu, oTHocHTes basoestit knace moayneit ICY — Block,
YTO MO3BOJISET IIPOBOAUTEL ONTHMH3ALNIO M00bIX W3 HMmetolnuxcsa B cocrase ICY mo-
ayaei.

Monynu, He NOJAEPXKUBAIOIINE ONTHMH3AINIO, JOJIKHBI TIePeonpesennTh (yHK-
nuio Optimizeable, 4To6p! 3anpeTuTs NpUMEHEHHE K HUM ONTHMH3ALINH.

Knace Chromosome sipnisiercsi 6a30BbIM ISt ABYX KJaCCOB XpoMocoMm — Binary-
Chromosome u RealChromosome, ofecrednBaiomyM COOTBETCTBEHHO ABOMYHOE KO-
JUpOBaHHE M KOAHPOBAHHE C MOMOMNIBIO JeHCTBUTENBHBIX YHCE.

Dror knace semosHaer ase (hyakupn. C oanoil CTOPOHBI OH onpemenser obmui
unTepdetic 1A paboTel ¢ XPOMOCOMAaMH, KOTOPEIE 00eCIeYHBaLT TeHeTHYECKHE Olle-
panud ¥ Onepalyi KOAMPOBaHHA/JEKOAUPOBAHUS OTAEIBHBIX MAPAMETPOB ONTHMH-
3UpYyeMoro 00beKTa B XpOMOCOME.

C apyroii cTOpOHBI, OH TaxkXe ofecneunpaer HOYepHHE KJacchl HHdOpManmeit o
CTPYKType onTuMusnapyemoro obbekrta. [lid 3Toll Heiad B HEM Deann30BaH MHTEp-
deiic komupopauus nadopmanuu 06 00beKTe, KOTOPLIH ofecneuynBaeT HUKCALHIO Na-
paMeTpoB KOOHPYEMBIX 0OBbEKTOB (KAKOrO THNA NAPaMEeTPhl 3AlPALIHBAJIMCH, KAKHE
MHHMMAJIbHbBIE H MAKCHMAJIbHBIC 3HAYCHNUS NAPAMETPOB, KAKOe KOJMMYecTBO OUT U apy-
ras undopmanns). B gampuefimem sta nHbOpManHs HCOOIB3YeTCS LA OCTPOCHHUS
copep:Kamux HHMOPMAIHID XPOMOCOM, KOTOPEIM nepenaerca obmiee uucao 6T mnd
KOIMPOBAHHUA B CJIy4ae JBOHYHLIX XPOMOCOM MJIH HHCJIO ADAMETPOB U JAHATIA30HBI HX
H3MEHeHHs 71 XPOMOCOM C JefCTBHTEeILHBIME YHCIAMH.

Ira uHOPMAINA TAKIKE MOXKET HCIOIb30BATHCS IS TPOCMOTPA TEKYIMIHX IIOMy-
nANAA TeHEeTHYECKUX AJIFOPUTMOB BO BPEMs ONTHMH3ALMH, 4 TAKXKE IKCIIOPTa COOT-
BETCTBYIOIIMX JAHHBIX BO BHEMHHE (ailyibl AJs AaibHEHIero anainsa, He meperpy-
aa godepHue 00bekTs Kinacca OptimizationTarget peanmsaipedf cOOTBOTCTBY IOMIMX
byHKumi.

TTockonbKy peaiH30BaHHBIE B XPOMOCOMAX FEHETHYECKHE ONEPAIMH (& TaKxKe Pl
JPYTEX OHepamui MeXx Iy XpOMOCOMAaMH) HMEIOT CMBICI TOJILKO TIPH BHIIOTHEHHH HA
XPOMOCOMAaMH OIHOTO THITA H OJHOH CTPYKTYDHI (C OXHHAKOBEIMH pazmepoM «IHK»
WM 9HCIIOM [IapaMeTPOB), HeODXOOMMO TapaHTHPOBATH COBMECTHOE HCIOJIb30BAHHE
XPOMOCOM OZHOf CTPYKTYPBI. DTO PeaJH30BaHO € NOMOMBI0 06bekToB-(abpuk [16],
orHocamuxcs K uepapxun ChromosomeFactory.

xpomocom. Kmace ChromsomeFactory o6bsisnsier uarepdeiic, KOTOpLIil pearu3oBas
B ABYX modepHuX Kaaccax — BinaryChromosomeFactory, cozaaiomem aBouYHbBIE XPO-
mocomsl, # RealChromosomeFactory, cozpaiomem XpoMOCOMBI ¢ A€HCTBHTEILHBIMH
napamerpamu. Ilepen ucnons3oBanuneM (abpukn Heo6X0qMMO HHHIHATH3HPOBATE €8,
nepegas uHGopMauuio 06 onTrME3EPYeMoM 00bekTe (KoTOpas OyZer HCnoib30BaHA
JIJ151 BBISBJICHHS €r0 CTPYKTYPhI) 1 HeOOXOAMMBIX CBOHICTBAX XPOMOCOM (pa3smMepHOCTE
BeKTOP-(DYHKIIHH NOJIE3HOCTH, YHCJIO JOMOJHATENIBHBIX IAPAMETPOB) 8 TaKyKe mapa-
METPhI TeHeTHYEeCKHX Onepaiyil (Takue KaK BepOSTHOCTH MYTal[Hi W CKDPeLIHBAHMH).
®abpuka xpaauT HeobXxoaUMY0 HHGPOPMAIHIO, a TAKXKe BblAeNdeT HeoOXOIHMbIe 17
BBLIMOIHEHNS FeHeTHYeCKHX ONepalil JonojaruTenbHbe pecypebl. Takoit moaxon nos-
BOJISIET OJHOBPEMEHHO H30eXKaTh KaK BBLIEJIEHHS 3THX PECYDPCOB IIPH CO3TAHNH KaK-
0t XpOMOCOMBI, TAK H AMHAMHYECKOTO BbIAEJIEHHS HX BO BDEMs ONTHMH3AIINH, 9TO
CYMECTBEHHO CHH3WIO Obl MpoOH3BOAMTENbLHOCTh. Pa3Mmeinenue 3ol HHOpPMAIME B
BHJIE CTATHYECKHUX 4ieHOB Kiaacca Chromosome He no3onuio Obl OPraHu30BaTh Na-
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paJLIeSIBHY0 PaboTy HECKOJIbKUX KONHUil MeHeTHYeCKHX AJTOPHTMOB C PAa3HBIMH Na-
paMeTpaMu, 4TO BO3MOXHO npu Hamewm pemennd. Ilocne nanupannsamun dabpuka
HCIIONb3YeTes I CO3JAHMS XPOMOCOM ONpeNesieHHOTO THIIA, CO CTPYKTYPOif coBMe-
CTHMOIT [17is1 KOAMPOBAHUSA [EJIEBOr0 00BbEeKTa.

Koscrpykrops! obbekToB kiaacca Chromosome ciesasbl 3alMIIEHHBIMU, YTO HC-
KJTIOUAEeT CO3JaHHe 3THX 06beKTOB B 06x01 nenosb3osanusi ¢pabpuk (KOTOpbIe, B CBOIO
ouepe/ib, 0O bABIEHBI KAK «IPy3bsA» COOTBETCTBYIOMNX Kiaccor). Ilpu cozpaunu 06b-
exroB tuna Chromosome uM mepegaercs ajgpec cosaaBiuel nx (abpHKH, KGTOPLIH B
JasbHefileM HCIoIb3yeTcs XPOMOCOMaMH /st TTOMyYeHHsl JOCTYNA K HHGpOPMAIn# O
napamMerpax reHeTHYeCKHX omepauuil.

leneTu4ecKue aJropuTMbl PEAIM30BAHEL B 00LEKTAX, IPHHALIEKAIINX HepapXUH
OptimizationEngine. Ba3ossiit kKiacc 00bABAseT HHTEPQEC, KOTOPBIH BKIIOYaeT clie-
JYIOIIHE ONepaliu:

® MHUIMANH3ALMIO 00beKTa ¢ neperadell eMy CCHUIKH Ha meseBoil 0ObeKkT THha
OptimizationTarget,

® 3anpoc ¥y NOb30BATENs NapaMeTPOB aJrOPUTMA, ¢ MCMOAb30BAHHEM IHAJIOTO-
BOTO OKHA,

e BbIbOp (babpHuKH 1S CO3TAHUA XPOMOCOM,

® [OJIYYEHHE WJIM YCTAHOBKA TEKyIIero cocroauus (Habopa xpomocoM, obpasyro-
IIEro TeKyIuee MOKOJeHHe),

® CTapT JrOPUTMAa ONTHMH3ALMH.

ITpouecc onTHMU3ALNE MPOTEKALT CJIeayIomuM obpas3om.

Cravana BuibHpaeTcs 00beKT U1 ONTHMH3ALHH, H CO3AaeTca 00beKT, pealn3yio-
mu# OnTHMH3ANMOHHBI anropuTM. [lapaMerps! anropuTMa 3anpammuBalOTCs y MOJb-
30BaTeJsl, UCIOJIb3YA JHAJIOrOBOE OKHO H COOTBETCTBYIOMuUi Kiacc s o6paboTku
BBOZA [OJIb30BaTeJIs. 3aTeM BbI3BIBAETCH NpOLEeLypa onTHMu3aiud. B mepsyio ove-
pelp OHA BRIBLIBAET MHANHann3aumio (abpuku xpomocom. Pabpuka coznaer obbekT
knacca Chromosome W ¢ ero mOMOMEBIO ONPENENsieT CTPYKTYPY ONTHMH3HPYEMOTO
of'bexTa, KOTOpas COXPaHAETCH AJis OC/IeYIOWIero Henob3osanus (puc. 4). Onramu-
3aI[HOHHBI AJTOPHUTM KCMOAL3yeT (abpuKy I CO3/aHHs MePBOro IMOKOIEHHA XPO-
MOCOM CO CIIy4alHBIM COAEPKUMBIM. XPOMOCOMBI 3TOTO MOKOJIEHHS 10 OYEPeH AeKO-
JUPYIOTCH ONTHMH3HPYEMbIM OOBEKTOM M U1l HHX BBIYHCJIAIOTCA COOTBETCTBYIOLIHE
3uavenus (HyHKUHH nonesnocty (puc. 5). ITocne 3T0ro ONTHMH3ANHONHEIN AJINOPHTM
CO318eT HOBOE NOKOJIEHHE, HCIOJb3YS ONpeJe/IeHHbIe TeHETHYECKHEe ONepalii U cop-
THPOBKH XPOMOCOM Ha 0a3e BHIYMCJEHHBIX 3HauYeHuil dbyHkuuit nonesnoctu. Ilponece
MPOJOJZKAETCA OO 3aBEPILEHHs ONTHMH3AL|K, COMJIACHO BLIOPAHHBIM IIOJIb30BATENIEM
YCTIOBHAM.

ITonobrasa cxema mossosieT 3(HEKTHBHO PEATM30BATh CHCTEMY, KOTOPas MOXKeT
HCTIONB30BATh ISl ONTHMH3AIINHA PA3IHYHbIE BH/IbI FeHETHYECKUX AJIrOPUTMOB, a TaK-
JKe IpPYrHe ANrOPUTMBI, B3aMMOJEHCTBHEe KOTOPBIX C ONTHMH3HPYEMBIM OOBEKTOM
MOKHO OPraHM30BaTh aHAJIOrHYHEIM o6pa3om. B sactHocTy, B OB3 Gbinu peanusopa-
Hbl AITOPUTMEL TPAJANEHTHOTO CIYCKa, a Takke anropurM Downhill Simplex Method
[17].



40 COPOKHH C.B., MTUTBUHIEBA JI1.B., VJIbAHOB C.B.

OptimizationEngine ChromesemeFaciory Chromoseme OptObject

|| new Chromosome

; . Encode(Chromosome)

Puc. 4: Onpedenenue cmpysmypst ONMUMUSUPYEM020 006sexma

OptimizationEngine Chromosome Factory Binary Chromosome OptObject
CreateSi
= ingleQ .@ new BinaryChromosome
=
Decode(Chromosome)
DecodelntegeQf |

F DecodsFloat)
GetFitness

Puc. 5: Cozdanue nepeozo noKoseHun
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3.8 Iodcucmenma ewvucienusd GUHKYUL NOAEIHOCTIIL

Oauoii U3 OCHOBHBIX Npof/IeM NPaKTHYECKOrO NPHMEHEHHA TeHeTHIeCKOH OnTHMN-
3anud s cosganus cucrem VICY sapnsiercs HeoBXoAMMOCTh HPOBeaeHns BOIBIIOro
9HCIa Beraucaennit dyskunn nonessocty |18|. IlpoBenenne reneTHIeCKOH ONTHMH3A-
1K ¢ poBepkoii paborocnocobrocti UCY Ha peasbHOM 00BEKTe yIPABIEHHS, TAKHM
06pa3oM, 3aHIMALT 3HAYNTEILHOE BpeMs U Tpebyer Gonbiuux pecypcos. Kpome Toro,
BO MHOI'HX CJIy4asx HA TOMHOCTb M NOBTOPAEMOCTH BBIMHC/ICHHA (PYHKIHH TPHTOIHO-
CTH CYIIECTBEHHOE BIMSHHME MOTYT OKA3bIBATh NOTPEIIHOCTH H3MEpPeHHN M Pasiugms
B HavaIbHLIX cocTosHEs OV. Bpemsa u cTOMMOCTE ONTHMH3AIMHE MOXKeT ObITb COKpa-
LIEHO 32 CYeT NPHUMEHEHHsl ONTHMH3ALNN ¢ HCIOAb30BaHHeM 00y4aloero CHrHaua |
MaTeMaTHYeCKHX Mozeel o0bexkTa yupaBlieHHs.

Takum 06pa3oMm, NPaKTHYECKH [eNeco0bpa3HbiM MPEICTARIAETCA MOAX0M, K CO-
spanuo 6a3 3panuit ICY, npu koropoM Havaibhbie dtansr ontumusanud B3 (6aswt
3HaHuil) nposoaaTcs ¢ uenonb3opannem OC uaM MaTeMAaTHYECKHX MoOjeneil, a Ha
hHUHAIBLHOM 3Talle pelleHns, nokasasnite cebs JOCTATOYHO XOPOIIO Ha MOJEJSAX, IPo-
BEDSIOTCSA Ha PEasIbHOM 06BHEKTe yIpaBIeHHs.

IMonpozs uTOr BRIIECKA3AHHOMY, MOXKHO caenaTh Bemog, yro OB3 nomxken obec-
[IeYHBATH CAEAYIOMHME BO3MOKHOCTH:

e PaznuvHble peskuMbl paboThl, BKIIOYAs:

o Onrumuzanus no 3anaszomy OC, B ciyuae 4yero BblUMCIeHHe (QYHKIMH
NIOJIE3HOCTH POU3EOAMTCS HENOCPEICTBEHHO ONTHMHUBATOPOM MYy TeM CPaB-
Henus ¢ komnouentamu OC.

o OnTHMH3amHEA C HCNOAb30BaHHeM nposepkH paborsr MCY Ha Mozenn, pe-
ajm3oBaHHON BO BHemHell cucreme, unu Ha QY. Ilpu stom dyHkums no-
JIE3HOCTH MOZKET BRIMHCATHCH WM BO BHeIIHe!N cucTeme/ycTpolicTse, win
camum OB3 nyrem cpaBHeHHS OTHOTO U3 BHEIIHHX CHIHAJIOB C ¥KeIaeMbIM
3HAYEHHEM.

e [Iposepky coorBeTcTBHA HadaabHOrO cocToanus OY HEeKOTOPBIM 331aHHBIM HA-
YAJIbHBIM YCJIOBUSM NEPEe] HAYAIOM BhIYMCIeHHA (DYHKINH IIOJIE3HOCTH.

¢ Bo3MOXKHOCTE OZHOBPEMEHHON PabOTHI HECKOJIBKHX ONTHMH3ALMOHHBIX AJIr0-
PHTMOB, YTO MOXeT 3HAYHTEIbHO YCKOPHTH ONTHMH3AINI0 HE CBA3AHHLIX IPYyT
¢ npyrom uacreit ICY.

o Tlorck ¥ BLISIBJIHWE MOBTOPHBLIX 3AIPOCOB HA BbIMUC/IeHWE (DYHKIHNA [0Je3-
HOCTH C JaJbHefiiieli BO3MOKHOCTBIO MCTIONL30BAHUS 3HAUEHMS, IOJIYYeHHOro
opu Teppoil 1PoBepkn Jnbo yCPEOHEHHs 3Ha4YeHust (DYHKLUU M0 Pe3yIbTaTam
HECKOJILKHX HCILITAHUK B 3aBUCHMOCTH OT MPEIITOYTEHHI OL30BATENA.

e BosmoxHOCTh MPHOCTAHABIUBATh ONTHMH3AINIO U ITPOOOJI2KaThH €€ B JajbHek-
mieM, BOSMOXKHO UCIIONB3Ys pa3jiidyHble HaCTIJOﬁKH AJrOPUTMOB WU daXKe pas-
HbIC aJFrOPHTMLI.

e PexxuM MHOrOKPaTHOTO TeCTHPOBAHUA DEIeHH i C b0 MOBBIIEHUT TOYHOCTH
u3MepeHus DYHKIUH MPUTOIHOCTH.

IMockoapKy 3Ty (DYHKUHOHAIBHOCTH HeOGXOIHMO Pealii30BaTh BO BCEX ONTHMH-
3aIMOHHBIX AJITOPHTMAX, NMPEACTABIAETCH DA3yMHBIM BBIHECTH €€ 3a Npejens! pea-
Ju3anun coDCTBEHHO ANTOPHTMOB ONTHMH3AINHK U BHIIOJIHHUTE €€ B BHAE OTAENLHOI
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MOACHCTEMBI, YIIPABJIsOmeit mponeccoM onTumu3aryn. OcHOBHbIE (DYHKIHA 9TOH moa-
cucremsl B OB3 semomuser knace OptimizationManager. On peanuzyer unrepdetic
OptimizationTarget, 4To no3BossAeT nepegaBaTh €ro ONTHMH3ANHOHHBIM aJINOPHTMAaM
B Ka4ecTBe ONTUMH3HUPyeMoro obbexkra. DToT Kiace 06pabareiBaeT 3ampocs! AJIrOpUT-
Ma ONTHMH3aINH K ONTHMH3AIMOHHOMY OOBEKTY H NepeHanpasiiseT UX cOGCTBEHHO
ONTHMHU3HpPYEMBIM 00bEKTaM, BHIIONHASA HeOOXoMuMbIe HeACTBHSA N0 CHHXPOHH3ALNH
BEI30BOB, TPOBEPKE NOBTOPEHUH XPOMOCOM, PEATTH3YeT Pa3/IHYHbIE CTPATErHH BEIYUC-
nenus QYHKUHKE NONTe3HOCTH.

Kaxxaprit onTuMH3aLUEOHALIN anropuT™ paboTaeT B OTAENbHOM MOTOKE, 4To obec-
NeYMBAET HE3ABHCHMOCTE paboTh! Beex aaropuTMoB. Bee poruncienus GyHKmy npi-
FOZHOCTH MPOM3BOAATCS B OTAEIBHOM MOTOKe, npuramiexamemM OptimizationMana-
ger’y. OptimizationManager coiepKUT CHHCOK AKTHBHLIX B JAHHBIH MOMEHT AJro-
PHTMOB ONTHMH3ALHH, B KOTOPOM (DUKCHDPYET MX 3aIpOCHI HA BEIYHCIEHHE DYHKIHH
nosiessocTH. [Ipu NocTynaeHUN HOBOTO 3aIpOca IPOBEPSAETCs], BCe JIH AKTHBHEIE AJIro-
PHUTMBI CIENAJH 3alPOChl, H 3aNPOCHBIIHIT BEIYHC/IEHHE TTOTOK MEPEBOIMTCH B PEXKHM
oxkuganuda. [locne nOCTYyNIERRs 3aMpOCOB OT BCEX AJTOPATMOB AKTHBH3HPYETCs I0-
TOK, OTBeYanmuil 3a perauciienne GyHkuun nosesnoctd. OH MPOU3BOIUT BHIYHCIIE-
HHS COTIACHO BHIDpaHHOMY pekuMy (HAIpPHMED, IPOH3BOAMT MPOroH paboThl MOJENH
NCY no obyuaromemy CHIHATY UM BbI3bIBAET BHEIIHIOW CHCTEMY MONEIHPOBAHUA).
3apepmne BErYHCIeHNe (QYHKINUHA NOJE3HOCTH, NOTOK BHIYHCICHUA (DYHKUMM N0Je3-
HOCTH AKTHBH3UPYET NOTOKH ONTHMHU3AIIHH, & CaM TMEPEXOJHT B PEXKHM OXKHIAHHA 0
NOCTYIIIEHHS CJIeIYIONIEro 3ampoca.

CoHCOK aKTHBHBIX aJTOPHTMOB TAKIKE COJEPXKHT X3II-TabJIHIBI XPOMOCOM, [Is
KOTOPBIX JAHHBIA AJrOPUTM YK€ IIPOBOJANII BhIYHCAeHHe (DYHKIAH NPATOJHOCTH, KO-
TOPBIE UCTIONb3YeTCs [T HCKIIIOYEHHs IOBTOPHBIX BLIYHCIIEHUI WK YCDejHEeHHS 3Ha-
qeHHd QYHKIHA NONE3HOCTH.

Opnoit w3 dyHEKUM MOACHCTEMBI YNIPABICHHS ONTHMH3AIMENH SBISETCH TaKKe
ofecredeHre MOJB30BATENLCKOrO HHTEpdeiica s 3anycka ¥ BhIDOpa mapaMeTpos
ontaMmE3anui. ItH (yHKUMM peanusyiorcs auasiorosbiMu okHamu OptStartDialog
u OptOptionsDialog.

Ha pucynxe 6 noka3aHbI OCHOBHBIE B3AHMOCBS3H MKy NOACHCTEMO# yIpaBIeHns
omruMuzanmyu ¥ Apyrumu cucremamu OB3.

Hns obecrnieuernsi BO3MOXKHOCTH HPHOCTAHOBKH BBIMHCJIEHHII € BO3MOMHOCTBIO
JalbHeRIIUX BbIYMCAEHUH NpelyCMOTPEH MeXaHM3M COXPaHEeHH:A COCTOAHHWSA I'eHeTH-
yeckux anropurmos. OptimizationManager o6pabarbiBaer BEI30BEl (hyHKIHHA HHDOP-
muposanus obbekra OptimizationTarget o mporpecce ONTHMH3ALMH ¥ MOXKET TPH-
OCTAaHABJIHMBATL PabOTy PeHEeTHHECKOrD ANTOPHTMA NOCie Kaxkaoro mokojexus. Ilpu
3TOM IIOJIb30BATENb MOXET AKTHBHPOBATH ONEPALMI0 IKCNOPTA TEKyLIEero IoKoJe-
HAA. DKCOOPT MPOM3BOAMTCA C MCHOJIb30BAHHEM CHELHMAJbHOrO WHTepdelica kimac-
cos Optimization-Engine, koTopbIii NO3BOJIsAET CKONMPOBATL TEKYILee NOKOIEHHE B
ornenbHbli Knace OptimizationState, sipasomuiicss XpaHuIuIeM Habopa XpoOMOCOM.
TMoay4ernoe TakuM 0Bpa3OM COCTOSHUE MOXKeT ObITh COXPAHEHO B ONEPATHEHON maMs-
TH, B haliie Ha JUCKe U 3aTe€M HCIOIB30BaHO KaK HaYajbHOE COCTOSHHE MPH 3aIyCcKe
HOBBIX @JITOPHTMOB ONTHMHU3ALHA.

3.4 Humepgetic noavsosamenn

Moaynbrbii noaxon K nocrpoernto Mogenu UCY mukryer nocrpoenne untepdeii-
ca noJb30BaTes, 00eCIeYHBaIOIIero BH Ha CHCTEMY KaK Ha Habop 6710koB 1 caa3eit
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Puc. 6: IModcucmema ynpasrenus npoueccom oNMUMU3AUUY

mexkny Humu. [lonb3oBaTens MoXKeT HOGABIATh WIH yIalaTh Gi0KH, MoaudHIMpo-
BaTbh CBA3M Mexay Humu. JIOCTYN K HACTDOMKaM KaxI0ro B1I0Ka OCymEeCTBIAeTCs ¢
TIOMOMIBIO OTAETBLHOIO IHAJIOTOBOTO OKHA, KOTOPOE MOXKHO BBI3BATH LIENYKOM MbIIIH
Ha Oioxe.

Taxoii mHTepdeiic obecredrpaer MAKCHMAJILHYI0 THOKOCTD IPH CO3AAHUM CJIOK-
Herx MICY. Oamaxo B cnygae, ecim OB3 npuMenserca As ONTHMM3AIMH CHCTEMBI
YIpPaBJIeHUs NPOCTOM CTPYKTYPbl, NpuMenenne nogobHoro untepdeiica byaer cosaa-
BaTh HeynobeTBO Auis nonb3osaTens. B cayuae, eciu mMozemupyemas CVY comepxut
OIWH WM HEeCKOJbKO OQHOTHIHBEIX GIOKOB, COEIMHEHHBIX (DHKCHPOBAHHBEIM 06pa30M,
1esrecoobpa3sHo ofecneunTs NOMb30BATENIO NPAMOIl JOCTYN K HACTPOKaM DIOKOB.

Yrobst 0becnieynTh BO3MOXKHOCTE CO3JaHus HHTepdelicoB pasnuyHoro Tuna, OB3
GBI BBIOJIHEH B BHje OubIHOTEKH, comepKamell 0CHORHBIE (DYHKIHM ONTHMH3ATOPA,
a Takyke Te yactu uHTepdeiica, KOTOPBIE MOTYT OBITH MCHOJIB30BAHBI B PA3IHYHBIX
npoekTax. DTa 6ubiamoTeKa 3aTeM MOXKeT ObITh HCIOJIL30BAHA AJS CO3JAHHSA PEasH-
sanuiit OB3 ¢ paznuunemvn uaTepdeticamu. Havu 6bumn paspaboranst gea uarepdeii-
ca: 1epsbIif BADHAHT, HPELyCMATPHBAIOMMA BO3MOKHOCTL MAHHIYJIHPOBAHHA OIOKOB
u cBazelt Mexxay Humu (puc. 7), ¥ BTOpOif, npeaHazHaveHHuIl ana cozganna [TI-
perynaTopos (puc. 8).

Bo BropoM cityuae nonb3osaTenbeKnit urrepdelic NOJHOCTHIO CKPLIBAET OT MOJib-
30BaTellss HCHONb30BaHue GIOYHON CTPYKTYPHI Mojenu. 1ot untepdeiic camoctos-
TEJLHO 00ECIIeYHBALT CO3AaHHE MOIeny ¢ HeoOxoauMbiM ynenom TTH/I-perynstopos,
KOHMHUI'YPUPOBAHME BXOIOE H BBIXOAOB H YCTAHOBIEHIE HEOBXOINMBIX CRA3EH M1y
Giokamu. Ilonb30BaTemnio NPeaOCTaBIACTCS HEMOCPECTBEHHbII JOCTYII K YIPABIEHAIO
K03 dUIHEHTAME KOHTPOJIEPOB W IPOCTPAHCTBOM IOUCKA 71 ONTHMH3ALHH,

4. ITpumep ucnosbz0BaHMeA onTrMu3aTopa 6a3 sHanni

Paccmorpum pesyabrarsr mogesuposanns ctpykryp VICY ¢ npumenennem OB3.
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Ynpasnsiowas _— L LyM
cuna u >0

Puc. 9: @uauvecxan modeavr OV

4.1 Cucmema enepesepHymuiii MAATNHUK - KCPETMKE NEPEMEULCHURS

JBuxxenne AMHAMUYECKON CHCTEMBI «IePeBEePHYTHIA MasTHHK-KAPETKa nepeMmelie-
HUs», (PH3UYECKass MOJEJIb KOTOpOli MOKa3aHa Ha PUCYHKe 9, OMHCHIBAETCHA ClIeayIO-
IMHUMH ypaBHEHHAMH:

( (ut&(t))+{a ;tianii-mx@ sin®y _ 1
l(ﬁ _ mcos? @

37 "mtm ) (3)

_u+E(t) + {—a1z — azz} + mi(6?sin© — O cos O)

Me + M

gsin® + cos ©

s

b

rfie g - yckopenue csoboaHoro naaenns (9.8 mM/c?), m. - Macca KapeTku, m — Macca
MafATHHKA, | — NOJIOBHHA JUIHHBI MAaATHHKA, (t) - cTOXacTHYECKOe BO3AEiCTBHE H U —
YIPABJIAIOWAS CHIA, JAefiCTBYIOMAS HA KapEeTKY.

YpaBHenusi 4715 ckopocTH npou3BoacTsa suTpornnd B OY u [11/I-peryaarope nve-
0T CAeOYIONIHA BHI:

&2 sin 20
d k©? 4 mio a0 d d
- 56 = o = a18% = 8y = kaé?, (4)
dt l( _ mccoijne) e
COOTBETCTBEHHO.
Paccmorpum cieayoniyio 3aia4dy yIpasieHns JBHKEHHEM NEPeBepHyTOr0 MasT-

auka (OV).

3adaua ynpasaenus: Ilpn sHanmaun PaseeBCKOro cTOXaCTHIECKOro MIyMa (C HECHM-
MeTpu4HOH (yHKIHe# pacnpeneseHus NJOTHOCTH BEPOATHOCTH), AeHCTBYIOMEro Ha
KAPeTKy, H NPH HAJIMYHHM BPEMEHH 33JepyKKH CHI'HAJA B CHCTEME H3MEpPEeHHsi [OJIO-
»kenns Maarauka (passoro 0.001 c), nepeBecTH MasSTHHK U3 HAYAJILHOTO TIOIOKEHHS
B 1esieBoe Bepraxaibuoe (0 = 0) u yaepkupars asuxenue OV B 33JaHHOM BEPTH-
KaJIbHOM TIOJIOXKEHWH. 3a/auM CJIeyioliie 3Ha4eH!s apaMeTpos:

me=1;m=0.1;l=0.5;k=04;a; =0.1;a2 =5,
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Puc. 10: Peayavmamu modeauposarus ynpasaenua OV na ocnoee ITH/]-pezyasmopa

H HAYAIILHOI'O TOJIOXKeHus (O, B0, 20, Zo] = [10,0.1,0,0]. Beenem Tak:xe orpasnyeHue
na cuny ynpasaesns: —5.0 < u < +5.0 N.

IIpu HamHYHA CTOXACTHYECKHX MIYMOB JeHCTBYIOUMX Ha KapPeTKy H NPH HAJIHYHH
BPEMEHH 33/IePYKKHU CHIHAJIA B CHCTEME H3MEDEHHs! [OJI0YKEHHSI MASITHAKA, TPaIHLHA-
onnsit [T I-peryistop (¢ mocTosHEBIME KO3 QHIHEHTaAME) He BCELIA CIPABIAET-
csi ¢ BhIIEYKA3aHHON 3ajadell ynpasieHus (Kak, HAOPAMEpP, B CHTYALMH, ITOKA3aH-
Hoit Ha pucynke 10). Ilpu 3nauennsix kosdduunenros ycunenns ITHI-perynsiropa
K =[50, 50, 50] MaATHAK r106aJbHO HEYCTONYMB.

ITpumenarue. Kpome TOro, onpeneianTh BPYYHYIO ONTHMAaJbHbie KO3hhUIHEHTH!
yeunenusi [T /I-perynaropa 1y noguep:KaHus MasiTHHKA B BEDTHKAIBHOM IIOJIOXKe-
HHH, ABJISIETCS CJIOXKHOI KoMOuHATOPHOI 331a4eif H He BCerJa 1o, CHIIy JazKe OMBITHO-
My npoekTupoBmEKy CAY. [TonbITKY pelmaTs JaHHYIO 3324y CPeACTBAME HHTEILIEK-
ryansasx HP o ckonb3sanmmu pexkumamu [19] npHBOAMIN K YCIOKHEHHBIM 3aKOHAM
yOpABJIEHHs H HE BKJIIOYAIM BayKHble BOIPOCH! oueHKH pobactaocta ICY.

Pacemorpum UCY, conepxamero neyerkuit [T I-perynsrop, ynpasasionmit 18u-
JKEeHHeM MAasiTHHKA, C HCIOJb30BaHueM paspaborannoro macrpymentapus OB3.

Iporornnamu dpusnueckoii MoaeM paccMaTpUBaeMOl JuHaMuYeckolt cuctemst (3)
ABJIAIOTCH MOTOUMKII € Y48TOM GHOMEXaHHYECKHUX XapaKTepHcTHK BommTens [20] wim
eé obobmienne Ha TPEXMEPHBIH cirydail CHCTeMa «OJHOKONECHbIH poboT - BeJOCHIIen»
[21].

Ha nepeom mare paspaborkn UCY crpourca B3 mns 3a1annol cuTyanun ynpas-
sienus (T.H. obyyaromas CHTyalms), 3aTeM Ha CJe[yIOlieM mare nposepsiercs pobact-
HOCTH nostyuenHolt B3 B HOBBIX (HENPEIBHASHHLIX) CHTYALMSIX YIIDABIEHHS.

Ha pucynkax 11, 12, 13 u 14 noka3aHbl pe3yJIbTaThl MOJETHPOBAHAS JBHMKEHUS
CHCTeMBI B ABYX caydasix ynpasienus: (1) ¢ momompio HP, B3 koroporo 6buta mo-
CTPOEHa € MCHoJib3oBaHueM paspaborannoro OB3; u (2) ¢ nmoMoupbIo KIacCHIECKo-
ro [T d-perynaropa ¢ koadduunentamu ycunenus K = [80,15,60], nony4yeHHbIMu
yepeanenueM koadbduimentos yeuienns HP.

ITpumeyanue. Ha prcynkax 11, 12, 13 u 14 ucnons3opansl cieayionise obo3naqe-
uus: X — pendulum angle — yros oTKJIOHeHUs MasSITHHKa; Z — cart position — moso-
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Pue. 11: Cpasnenue pesyavmamos modeauposanus ynpasaenus OV ¢ nomowwpro HP
(FC) u mpaduyuonnozo ITHI (PID)-pesyasmopa

JKeHHe KapeTkw; control error — onmbka yupasmaenust; control force — ynpasasiionias
cuia; Sp - npoussoacTso surponuy B OV; S, - NpOM3BOACTBO IHTPONHHA B PErYJIATOPE;
Kp, K1, Kp - xoaddumentsr ycunenus [THI-perynsropa, cooTBeTcTBEHHO.

PesynbraTsl MOAEIHPOBAHASA NOKA3bIBAIOT cienyiomee. C TOYKY 3peHHs ONTHMH-
samuu CAY no KpuTepusiM KadecTBa yNpPaBjeHHs, TAKMM KaK: MHHUMYM OMWHOKH
YIpABJIeHHsi; MEHAMYM IIPOH3BOJACTBA IHTPONHH B 06beKTe ynpasieHus (T.e. MHHH-
MYM TEIJIOBBIX I0TEPb, TOTEPh NOJIe3HOH PabOTEL U SHEPIHHA), & TAKIKE C Y4eTOM Orpa-
HudeHu# Ha ynpasssmouryio cuny — UCY, paspaborannas wa ocuose OB3, apnsaercs
a¢pdexrrsree Tpasuuronasx [T I-perynaTopos.

4.2 Heeaedosanue pobacmuocmu nocmpoenmott HCY

Hcenenyem Teneps cpolicteo pobactroctu mocrpoenHoilt B3 HP ynpasnsomero
JBHJKEHHEM NEPEBEPHYTOro MasTHHKA. PaccMOTDHM 3alauyy yNpaBleHHs ¢ HOBBIMH
YCIOBUSAMH, OTAHMYHYI0 OT NEPBOHAYANBHON 33124 yIpaBIeHUd, Ul KOTOPO# mom-
GHpaJICs ONTHMAJILHBIH 06y Yalomii CHIHAN, ¥ CPABHHM PE3YJILTAThHI MOJETHPOBAHHS.

3adava YNpaeAEHUA ¢ HOBBMU YCAOBUAMU:

- HOBBI myM, Bo3geficrByroumii Ha OV: layccopckuil mym;
- HOBOE BpeMs 3aJepXKKH B cucreMme mamepenus = 0.002 c.

Ha pucynkax 15, 16, 17 1 18 noxkasaHbl pe3yabTarbl MOJAE/INPOBAHISA JBIUKEHHUA
CHCTeMBI B HOBOIi (HempeIBHIeHHON) CATYAIlHH YIIPABIEHHUS.

CpaBHenne gaercs Ansd ABYX ciydaeB ynpaemaenns: (1) ¢ momonpio HP, B3 ko-
Toporo Oblz1a IOCTPOEHA ¢ ucnonb3oBanueM paspaboransoro OB3; u (2) ¢ noMompio
kiaccuyeckoro ITHI-perynaropa ¢ Koaddumentamu yeuernns K = [80, 15, 60], no-
JIy49eHHbIMH ycpeanenneM KoadduruenTon yenneaus HP.
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Pue. 12: Cpasnenue peayavmamoe modeaupoeanus ynpasaenus OV ¢ nomowpio HP
(FC) u mpaduyuonnoezo ITH/T (PID)-pezyaamopa
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Puc. 13: Cpasnenue peayavinamos modeauposarus npouseodcmea snmponuu 6 O,
HP (FC) u 6 mpaduyuonrom ITHJ] (PID)-pezyarsmope
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Puc. 14: Baronw ynpasaenus xosdduyuenmamu yeuienus HeNEMK020 u ycpeonénno-
20 ITHJT] (PID)-peeyaamopa

B wactHocTH, Ha (pHC. 15) AaHO CpaBHEHHE Pe3YJLTATOB JBIKEHHS MAATHHKA H
KapeTKH nepemeinenns; Ha (puc. 16) mokasaHo cpaBHeHHe yIpaBJAiomiell CHIbI, HA
(puc. 17) cpaBHuBaioTCH TepMoaMHaMHYecKne Xapaktepucrukd OV u perynaropos
(norepu nonesHoli paboThl) B COOTBETCTBHY ¢ ypaBHeHHeM (4); u Ha (puc. 18) moka-
3aHbl 3aKOHBI ynpasjienus ko3 dUIHEeHTAMH YCHIEHHs HEYeTKOr0 U TPAIUIIHOHHOTO
MU O-perynsaTopos.

Pesynbrarbi MO#eIHPOBAHHS OKA3BIBAIOT:

1) nocrpoennas B3 HP, ynpasnsiomero apukKeHHeM NEpPEBEPHYTONO MAATHHKA,
ABJIsieTC podaCTHOI;

2) € TOYKH 3PCHUA KPUTEPUES KAMECTEA YUPABIEHUA, TAKUX KAK: MUHUMYM OnO-
KH YTIPABIEHHS; MUHAMYM [IPOH3BOACTBA SHTPONHK B 0ObEeKTe YIPABJICHUS U CHCTEMe
yIpaBieHud (T.e. MUHMMYM TeILIOBbLIX [I0TEPH H NOTEPb I0J1e3H0H paboTHl ¥ SHEPrHH ),
a TakyKe C y4eToM MHHHMYMa yhpapiswomeil cuisl — paspaborannas VICY adbdek-
TuBHee Tpaguumuonasx 1M I-peryisitopos.

4.8 Hpumepw npaxmunecxozo npumenenus OB3 6 peaaviwz OV

WucrpymenTapuit OB3 Ha MATKEX BuIMUCACHHSX OBLI HCHIOIBL30BAH IPH MPOEKTH-
poBanun pobactabix UCY npoMbmuienabiME OV; Mpoén sKcnepuMeHTaIbHY NPo-
BepKy Ha peanbibx OV, Takux, Kak nepeBépHyThIl dH3nYeckuil MaaTHEK 623 MarTe-
MATHYeCKON MOJIesH, IOJIYAKTUBHAS NOABECKa aBToMobuan [22], ynpasnenue naBura-
umelt poboToM-MoTOLMKIIOM [23], ynpaBiieH#e ABUraTesieM BHYTPeHHEro cropanus 24|

H Ip.
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Puc. 15: Cpasnenue peayavmamos modeauposarus ynpaesernus OV ¢ nomowwpro HP
(FC) u mpaduyuonnozo ITHI (PID)-pezyasamopa (Henpedeudennas cumyayus ynpas-
AeHuR)
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Puc. 16: Cpasnenue pesyavmamos modeauposanus ynpasaenus OV ¢ nomowpro HP
(FC) u mpaduyuonnozo ITHI (PID)-peayasmopa (nenpedeudennan cumyayus ynpas-
AeHUA)
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Puc. 17: Cpasnenue pesyavmamoe modeauposarus npoussodemsa snwmponuu ¢ OV,
HP (FC) u mpaduyuonnom ITHI (PID)-pezyasmopa (nenpedeudennos cumyayus
ynpasaenus)
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Puc. 18: 3axonn ynpasaenus xoshuyuenmamu Yycuienus HeYEmnozo u ycpednénno-
20 ITHJ] (PID)-pezyaamopa (nenpedeudennas cumyayua ynpasienus)
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[IpoBenieHHbIE HCMBITAHWS MOKA3bIBAMIH BBICOKYHO 3¢ dexktnsaocts paborer OB3
HA MATKHX BBIYHCIEHMAX Kak Ha OV ¢ MOenbio, Tak M ¢ HCNOJIb30BAHHEM SKCIIEPH-
MEHTaJbHbIX JAHHBIX, OJIy4YeHHBIX ¢ (pu3ndeckoii mogesn OV. PesynsraThl Momenn-
pOBaHNA W MPOMBIILIEHHON 3KCIUIYATAIIMH TPOJAEMOHCTPHPOBAJIH CIIEAYIOLIee:

IMocrpoennas B3 HP, ynpasnsiomero apuxkenmem OV, asasercs pobacTHoil; ©
TOYKH 3PEHHMs] KPUTEPHeB KadeCTBA YNPABICHHdA, TAKHX, KAK MHHHMYM OIIMOKH yTI-
papieHus; MAHMMYM NPOU3BOACTBA IHTPONUM B 06bEKTe YNPABIEHHSA U CUCTEME YII-
pasJienust (T.e. MUHHMYM TEIUIOBBIX IOTEPH U NOTEPh NONe3HOH paboTel H 9HEPrHH), a
TaKKe C y9eToM MHHHMYMa YNpaBJsiomeil cuibl paspaborantas crpykrypa ICY ad-
dexrnsHee TpanuuuonHex [T /1-perynaropo 1 HP, cnpoekTHpOBaHHBIX HAa OCHOBE
TPaNUIMOHHOrO HHCTPYMEHTApUs MArKux Bhraucyennit Tuna HHC.

5. BakmoueHue

Paccmorpennas B crathe apxurtexktypa OB3 nossommia co3garh HHCTPyMEHTa-
puii, nozsossomuii npoektuposars UCY ciaoxnoit kondurypauuu. Ha ocnose npez-
noxenHoro uHcrpymenTtapus OB3 moryTr 6uITh pacCMOTpPEHBI AKTYAJLHBIE 33Ja4H
cdopmuposanns B3 ans npoektnposanns pobacrasx HP, Hanpumep 3a1a4a Koopan-
HAIHOHHOrO yIpaBJIeHus KoadduuuenTamMu ycuienns ayx 111 /1-peryasitopos, npe-
CTaBJIAIMIAA CAMOCTOATENILHBIN HHTEPEC 1/ TEOPHH H cHcTeM yrnpasienns. enons-
3oBanne mHCTPpyMenTapus OB3 nossosser 0AHOBPEMEHHO PEATH30BATH MPOLECC MPOo-
exkTupoBaHus pobacrHex B3 Ha ocHOBe anropuTMOB 00YYEHNS H AJANTALMH.
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