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AHHOTanus. PaccMOTpEeHBI MOAX0ABI K (POPMYIMPOBKE M PEIICHUIO 3a7aull BEIOOpa KOHMUTYpaluu OOPTOBOTO
KoMILIeKca Kocmmdeckoro ammapara (KA), obecrnieunBaromero mpoBeicHue aBTOHOMHOM pexoHpuryparun KA. Brige-
JICHO JTBA HAIIPABIICHUS PCIICHUS TAKWUX 33aJad: Ha OCHOBE (hopMalIM3alliii MapKOBCKOTO MPOIeCcCa MPUHSATUS PEIICHUM
(Markov decision process, MDP) u ¢ UCIIOJIb30BaHIEM JHHAMHUYECKOTO MPOrPAMMHIPOBAHUS M MATHHHOTO O0YUCHUSI, U
Ha OCHOBE ydYeTa CTPYKTYpPHO-(YHKIHOHAIBHBIX 3aBHCHMOCTEH 3JIEMEHTOB OOPTOBOTO KOMIUTEKca ympaBieHus KA
(6opToBOii anmapatypsl) ¢ MPUMEHEHHEM OOIIETO JIOTHKO-BEPOATHOCTHOTO TOAX0/a (BKIII0OUAsi MAIIMHHOE MIPECTaBIe-
HHE CXEeMbI (PYHKIIHOHAIBFHON IIEIOCTHOCTH) M TEOPHH CTPYKTYPHOH IWHAMMKH CIOXHBIX cucteM. [lomxom Ha ocHOBe
MDP npenctaBieH 3apy0eKHBIMHA aBTOpaMH, KOTOPBIE PacCMAaTPHUBAIOT PEKOHPHUTYpaIMIO B KOHTEKCTE TUIAHUPOBAHUS
ceaHcoB 1eseBoi ammapatypsl KA. Ilogxon Ha OCHOBE CTPYKTYPHO-(pYHKIIHOHATBHBIX 3aBUCHIMOCTEH (popMynupyercs,
MPEeX/Ie BCETo, KaK CHHTE3 HOBOTO CTPYKTYpHOTo cocTossHus KA mocie BO3HUKHOBEHUs 0TKa3a. [Ipu 3ToM Kak oTedecT-
BEHHBIE, TaK U 3apyOeXHbIC aBTOPHI, HE3aBUCHMO JIPYT OT ApyTa MPUXOIAT K cenn(UIecKkoil MOCTAaHOBKE 3a/1a4H BBI-
0opa KoH(pUTypauu 6O0PTOBOrO KOMIUIEKCA, MPEAIOIaras Py 3TOM, YTO BBIOOP HEOOXOIUMOMN palMoOHAIbHON KOH(U-
Typaluy OCYIIECTBISICTCS B 33IaHHBIX PeKUMaMU (GyHKIIMOHUPOBaHUs KA yCcIoBHAX.
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Abstract. Approaches to formulation and solution of the problem of choosing the configuration of spacecraft
onboard equipment, which ensures autonomous reconfiguration of the spacecraft, are considered. Two directions for
solving such problems are singled out: based on the formalization of the Markov decision process (MDP) and using dy-
namic programming and machine learning, and on the basis of account for structural and functional dependencies of the
spacecraft onboard control complex (onboard equipment) elements with application of general logical-probabilistic ap-
proach (including machine representation of functional integrity scheme) and the theory of structural dynamics of complex
systems. The MDP-based approach is presented by foreign authors who consider reconfiguration in the context of
scheduling sessions of the target spacecraft equipment. The approach based on structural-functional dependencies is
formulated, first of all, as a synthesis of a new structural state of the spacecraft after a failure occurs. At the same time,
both domestic and foreign authors, independently of each other, come to a specific formulation of the problem of choos-
ing the configuration of onboard equipment, while assuming that the choice of the necessary rational configuration is car-
ried out under specified conditions, defined as the required modes of functioning of the spacecraft and the limitations as-
sociated with them.
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BBenenue. 3amaua Beibopa koHpurypanuu 6oproBoro komiuiekca (bK) mist BoccranoBneHus
paborocmocobHOCTH KOocMudeckoro ammapata (KA) sBrsiercss oqHOM U3 Hanboliee akTyaabHBIX, pe-
IAEMBIX B XOJI€ peaJIM3allMi TEXHOJIOTUI OTKa30yCTOMYMBOTrO yrpasiieHus. [lanee npouecc Boccra-
HOBJIIEHHs paboTocniocoOHocTH OyneM Ha3biBaTh pekoHpurypanueit BK KA. Ilox 60pToBeIM KOM-
IIeKCoM OyzieM MOHUMAaTh KaK KOMIUIEKC YIPaBJIeHUs B LIEJIOM, TaK U OT/AeNbHbIe OOPTOBBIE CHCTE-
MBI (WJIM UX COBOKYIHOCTH), a mof snemenTamMmu BK — GopToByro anmnapatypy. Taxke cinenyer oT-
METHUTh, YTO B 3apYOCIKHOM JTUTEpAType TEPMUH ,,peKOHGUTYpaIns* UMeeT O0jiee IUPOKOE TOJIKO-
BaHUe, ABISACH CHHOHUMOM 0000menHoro moustust FDIR (fault detection, isolation and recovery),
KOTOpPOE MEPEBOUTCS KakK ,,00HAPYKEHNE HENCITPABHOCTEH, JIOKAJIU3AIUs U BOCCTaHOBIeHHE  [1].

BaxHo paznenuTh moaxonsl U METOAbI OTKA30YCTOMYMBOIO YIpPaBJICHUS, OCHOBaHHBIC HAa He-
MPEPBIBHBIX MOENSAX U TEOPHUH aBTOMATUYECKOT0 YIpaBieHUsl (IIyCTh U C IPUMEHEHUEM TaKUX METO-
JIOB UCKYCCTBEHHOTO MHTEIICKTA, KaK HEYeTKas JJOTMKa WM MAITUHHOE 00YyYEHUE), a TAKKE MOAXO0-
JIbl U METO/IbI TUIAHUPOBaHUS PEKOH(PUTYypaIKi, OCHOBAaHHBIE HAa MOJIESIX U TEOPUU HCKYCCTBEHHOTO
MHTEIJIEKTa, OOIIEM JIOTMKO-BEPOSITHOCTHOM METO/JIE, TEOPUU CTPYKTYPHOM TUHAMUKH CJIOXHBIX CHC-
TEM, METOAAaX ¥ MOJIEJISIX IMHAMHYECKOTO POrPaMMHUPOBAHUS U MAIIMHHOTO O0yUEHUsI.

Mertopl 0TKa30yCTOMYMBOTO YIPABICHUS, OCHOBAaHHbBIE HA HEMPEPBHIBHBIX MOJENIAX M TEOPHH
ABTOMATHUYECKOTo YyIpaBieHus, (OKYCHUPYIOTCS Ha pa3paboTKe OTKa30yCTOMYMBBIX PEryJsiTo-
poB/KoHTpoILIEpOB [2]. Pa3paboTka TakuX peryisTOpOB/KOHTPOJUIEPOB CBs3aHa OO C yIpaBIeHHEM
KA, npu dopmMupoBaHu# KOTOPOTO YUMTHIBAETCSl MapamMeTpHyecKkass HEONpeIeNeHHOCTb OCHOBHBIX
xapaktepuctuk bBK, m1ubo ¢ 70paboTKO# MTATHRIX PEryIATOPOB MPU BOZHUKHOBEHUH HEUCIIPABHOCTH.

Kak mpaBuio, KoHIenTyaqbHasi MOCTAaHOBKA 3aj[auyl IJIaHupoBaHus pekoH¢purypamun bBK KA
CBOJIUTCS K CIEayIoleMy. /[aHo: KOHEUHOE MHOKECTBO BCEX BO3MOKHBIX cocTosHui KA u ero BK,
MHO>KECTBA MX HAYAIBHBIX U KOHEYHBIX COCTOSHUM, MHOXKECTBO BO3MOXKHBIX YIIPABISIONINX BO3-
nercTBui (B 3aBUCUMOCTH OT Tekyiero cocrosiuus bK KA). Tpeoyemcs maiimu mocinenoBaTeNb-
HOCTb YIPaBJISIONINX BO3AeHCTBHIA, KoTopas nepeBoauT bK KA u3 HadanpHOro (HauanbHBIX) B 3a-
JnaHHoe coctosiHue (coctosiHus) [3]. BaxkHOW cocTaBHOW 4acThIO 3a7a4d TUIAHUPOBAHUS PEKOH(H-
rypauuu siBisiercst BeIoop padoueil konpuryparuu bK.

AHaJaM3 TeKyllero cocTosiHusi Bbioopa padodeit konpurypanun BK. B psane uccnenona-
HUI 3apyOeXHbIe CIEIUATUCTBl PEelIaloT 3a1ady BbeiOOpa paboueit koHdurypauuu BK B pamkax
MPEIOKEHHOTO UMH opMaau3Ma (MOJIeNIN) MapKOBCKOTO Tporiecca npuHaATHs pereHuit (Markov
decision process, MDP), npumenss MeToas! (a1aTUBHOTO) JUHAMUYECKOTO ITPOrPaMMHUPOBAHUS U
00ydeHus ¢ moAKpeTuIeHueM [4].

B paGore [5] BbiOOp onTumanbHON KoH(puUrypanuu BK mpezacraBieH kak 4acTh pemieHust 00-
nee oOmiel 3aaun TIaHupPOBaHUs paboThl HaydHOU anmapatypsl KA Ha ocHoBe MDP. Ha conep-
XKaTeJIbHOM YPOBHE COOTBETCTBYIOLIAS MOJIENb OMKCAaHA B paMKaxX CIEAYIOIIUX JOMYIIECHHH: MHC-
cus KA mpenmnonaraer pemieHrHe MHOXKECTBA 3a7a4; B PE3YyJbTaTe PEUICHUS KaKIOW 3a/1adud COOT-
BETCTBYIOIIASA 1I€JIb MOXKET OBITh JOCTUTHYTA JUOO HE JOCTHUTHYTA; KaXIOe NeHCTBHE MMEET ABa
COCTOSIHHS (BBITIOJTHSIETCSI/HE BBITIONHAETCS); OOopTOBBIe cucTteMbl (i BK) mMeroT BcTpoeHHYIO
JIMAarHOCTUKY HEHCIIPaBHOCTEW; B KauecTBE IMokasareneil pabotocnocoOHocTH 3nemenToB BK wc-
MOJIB3YIOTCSL JIMOO BEPOSTHOCTH BO3SHUKHOBEHHS HEUCIPABHOCTEH, OO 00OOIICHHBIC 3HAYCHUS
MOKA3aHUW NaTYMKOB (HA OCHOBE KOTOPBIX YKa3aHHBIE BEPOSTHOCTH MOTYT OBITh PACCUUTAHBI);
YIPaBISIOLIUE BO3ACUCTBUS 10 PEKOH(UTYpaIK Pealn3yI0TCsS MITHOBEHHO.
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Texnomnorust ucnons3oBanust MDP myis perenus 3aqauu miiaHUPOBaHKs paOOThl HAYYHOH amma-
parypsl OMPENeNnseTcss C YIeTOM: COCTOSIHUS BBITTOHEHMSI 3a]1ad MUCCUU U JIeHCTBUN, HH(pOpMaIuy,
TEeHEPUPYEMOM CHUCTEMOI TMarHOCTUKH, BEPOSITHOCTU MPAaBUIIBHOCTU OIPENEIECHUS] HEUCIPAaBHOCTU
BK, Texymeit konpurypauuu BK u 3akona ynpasnenus 3nemenToB bK (MCIOTHUTEIBHBIX OPTaHOB).
JelicTBUsI MOTYT BKJIIOUaTh B ce0s1 1100 BBIOOp KOHKpeTHOU KoHpuryparuu bBK u cooTBercTByIO-
niero 3akoHa ynpasneHus (3Y), 1100 0TCyTCTBUE KAKUX-TO JEHCTBHIA.

B pabote [5] omucaHo pemieHHE 3amaydl IIAHUPOBAHUS pekoHuUryparuu Ha mnpumepe KA
FUSE, B cocraB BK xotoporo Bxomst: ueTsipe nBurarens-MmaxoBuka (/IM), ase cOOpKH TPeXOCEBbIX
U3MEPUTENIbHBIX TUPOCKOIOB, TPEX AJIEKTPOMArHUTOB M TPEXOCEBbIX MArHUTOMETPOB (MarHUTHas
cUCTEeMa), OTHOKOOPIUHATHBIX U ABYXKOOPJMHATHBIX AaT4rkoB COJHIIA U MOJIE3HOM Harpy3ku. B 3a-
Jlaue paccMaTpUBAETCs TONBKO pekoHburypamus M (mpu coBMecTHOM paboTe ¢ MarHUTHOW CHCTe-
MOi1) 1 TupockornoB. [Ipu 3ToMm u3-3a 6osbIoi pasmepHoctu MDP 3anaua pazouBaercs Ha ABe: o1HA —
s JIM m ux 3Y, npyras — niis rupockonos. [lanee npuBoautcs onucanue coctosuust MDP st pe-
koH(puryparmu JIM. Taxke ucnoib3yercs ynpoleHue, yto 3Y 0IHO3HAYHO ONpPEessioT KOH(PHTY-
paruto /IM (detwipe 3akona ynpasnenus ¢ Tpems JIM, mects 3Y ¢ asyms JIM u detsipe 3V ¢ ogHuM
JIM, nipu ynpasneHun Ha ogHoM [IM Takxke 3a1efiCTBYETCSI MAarHUTHAsI CUCTEMA).

OyHKIUS BOZHATPAXKIACHUS onpeesseTcs A noacucremsl JIM ciaexyrommm oopasom. Yuu-
TBIBAIOTCS IITpadbl 3a HCIONb30BaHUE MeHee PPekTHBHOr0 3Y Ui KaXIOW W3 Lelneld MUCCUU
(menee 2 dexTuBHBIM cunTaeTcs 3V, UCTOIB3YIONUH MEHbIee KonmruecTBo JIM) u mpuopuTeT 1ie-
neii. Taxxe ycTaHaBiauBaroTcs mTpadsl 3a ucnoiab3oBanue [IM ¢ mpU3HAKOM HEUCIPABHOCTU U He-
ucnonb3oBanue JIM ¢ mpusHakom ucrnpaBHOCTH. [lonpoOHOcTH onrcanust GyHKIIMKA BO3HATrpa)e-
HUS TIpUBeNeHBI B [S]. B pamkax 3Toro mpumepa aBTOpbI YIPOCTHIIH (POPMYIIUPOBKY PEIICHHS 3a7a-
YW IUJIAHUPOBAHUS PEKOHPUTYpallMU: YTOObl HAMTH ONTUMAJIbHYIO TEXHOJOTHIO PEKOH(PHUTypaluu
BK KA, HeoO6xonuMo BeIOMpATh AeiicTBHE (YIPABISIONIEE BO3JACHCTBHE), MPUHOCSIIEE MAKCUMAITh-
HBIM BBIUTPBILI C TOYKU 3pEHUs MOKazaTess kayecTBa ynpasieHus KA, a Takke UCX0/ls U3 TeKyIle-
ro coctosinust BK KA npu nepeBoze ero B cneaytoriee Tpedyemoe (BO3MOXKHOE) COCTOSIHUE.

Hpyrue 3apy0OexxHbie aBTOPHI [6] paccMaTpuBaroT 3a1ady BeiOopa koHduryparuu bK KA nHa
OCHOBE TIAHUPOBAHUS padOThI UCIIOJHUTEIBHBIX OPTAaHOB CHUCTEMBI yIpaBieHUs aBxkeHHeM KA c
KOMOWHHUPOBAHHBIM HCITOJIb30BAHUEM aJIalITUBHOTO JUHAMHYECKOTO MporpammupoBaHus (adaptive
dynamic programming) 1 UCKYCCTBEHHBIX HEUpOHHBIX cerei (artificial neural networks). Conepika-
TEIbHYI0O MOCTAaHOBKY TaKOW 3aJlayd aBTOPbI OMUCHIBAIOT cieayrouuMm obpazoM. JlaHa cucrema
yIpaBJIeHUS ABMKEHHEM, KOTopas obecrieunBaeT nepeBos KA B TpeOyeMylo OpUEHTALUIO IO OKOH-
yaHus ceanca neneBor anmaparypsl (CILIA), uatepBanbl CIIA He mepeKphIBaIOTCS, KaXAbId CEaHC
UMeeT TpeOOBaHUS 10 TOYHOCTH OPHEHTALMU W CTAOMIIU3allMU, YCIOBHS BBIMOJTHEHHUS] CEAHCOB HE
CBSI3aHBI MEXAY COOOH, ISl KaXKIOro ceaHca 3a/JaHbl IPUOPUTET U OTpaHUuYEHUE Ha SHEPronorped-
JIEHUE UCIIOJIHUTENBHBIX opraHoB B CLIA.

Texnonorus ucnonbzoBanus MDP st mmanupoBanusi paboOThl UCIIOJIHUTEIBHBIX opraHoB KA
OTIPEIEIIIETCS ¢ YUETOM: TEKYIIEro yrioBoro monoxkeHus KA, texymei konpurypamuu BK, peanu-
syemoro CILIA, undopmaruu o cboe/oTkaze anementa BK. JlelicTBHs BKIIIOUAIOT: MEPEKIIIOUEHUE
xoHduryparnuu bBK, nepeopuenranuio KA, peanuzanuto CLIA, ,.xomoctoit xon™ (neiicTBUS HE BBI-
TIOJTHSIFOTCST) ¥ TIEPEX0J] B 0€30MaCHBINA PEKUM.

C y4eToM BBILIEU3I0KEHHOTO 3a/1a4a IIIaHUPOBaHMs B [6] ObLIa Mpe/cTaBlIeHa B CIIEAYIOLIEM BH-
ne. /{lano: mHOxecTBO 3arutaHupoBaHHbIX CLIA u moctymubix koH(purypammii BK KA. Heobxomnmo
NPUHATH pelieHus, creayer o pekoHdurypupoBats BK KA, kak ux pekoH(UrypupoBars U Kak ONTH-
MU3UPOBaTh TOKa3aTenu npousBoauTeabHOCTH KA mocne coosi/otkaza BK. Takum obpazom, Heobxoou-
mo Hatimu: 1) nogmuoxecTBo CLIA 17151 MX MOCTEAYIOIEeH pean3auy; 2) ONTUMAIbHYIO TEXHOIOTHIO
pexoHpHTryparym, Ha OCHOBE KOTOPOH MOXKET OBbITh HaiiJieHa IMOCIe0BaTeIbHOCTh ICHCTBHM, o0ecre-
YUBAIOIIUX TIEPEHACTPONKY yrpaBieHust KA Ui yCIenHoro 3aBepIleHns] CEaHCOB, a TAKIKE MAKCUMHU-
3a1uio Tokazarenst oomiei nmpousBoautenbHOCTH BK KA B X0ne Beimonuenust cepun CLIA u MuHMM#I3a-
IIUFO BO3MOXKHBIX 3aTpar SHEPTUU HA BHIIOJTHEHHE PEKOHPHUTYpALIUH.
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st onieHKkW nedcTBuid 1o nmepeopueHTanuu KA ObpUIM MOJyd9eHbl aHATUTHYECKHUE 3aBUCHMO-
CTH 10 BPEMEHU NEPEOPUEHTAIINH, IHEPIETUUECKUM 3aTpaTaM U MPUPALICHUI0 KHUHETUYECKOTO MO-
MeHTa. BXOJHBIMM JaHHBIMM JJI PEIICHUs 33aa4d OLIEHUBAHUS ITUX MAPaMETPOB SIBJIIOTCS: MO-
MeHThl uHepiuHn KA, ynpasnstomuii MomeHT M, cKOpocTh epeopueHTaly, Ha4YaJIbHOE U 3a/laH-
HOE YTJIOBBIE MOJI0KEHU, MaTpUIa yCTaHOBKHU JIM, MakKCUMaJIbHBIM KUHETUYECKUI MOMEHT JIM.

Jns TiaHupoBaHHMS pPEKOH(UrypalMu HUCIOJHUTENBHBIX OpPraHoB B [6] mnpuMmeHsiercs
Q-o6yuenue. TpaguIIMOHHO KOHCTPYKLIMU, MCTIONB3YIOIIKECS B aJalTUBHOM JAMHAMHUYECKOM IPO-
IrpaMMHUPOBAaHUH, Oa3UPYIOTCS Ha HEHPOHHON CeTH JACUCTBHUM M ceTH ,,KpUTHKOB™ (yuurteneit). [Toa-
X0, MPEMJIOKEHHBIA B [7], CONEPKUT NBE CETH ,,KpUTUKOB®, ceTb CLIA M ceTh, OMUCHIBAIOULYIO
sHepreTuueckue 3arpatsl. [Ipu peanuzaruu takoro noaxona (puc. 1) ucnonssytores nse cetn CLIA
U JIBE€ CETH 3HEprosarpar, MOAYyJb KOAUPOBAHUS COCTOSHUS-ACUCTBUSA, aJTOPUTM BBIOOpA ONTHU-
MaJIbHOTO JEMCTBUS U IEPEXOJ COCTOSHUS.

CeTb CLIA @
2y

Ay Moayns Qi(Sk+1,aK+1) Uit
+ + +
SEHE ' | xo;mposaHms .| Cerb CLA Y ikt it
Sk COCTOAHUE- . \_/
2 sker | Moayne NPUHATAS neiicTeie
Mepexon 5 peLueHuii o
ar COCTOSAHWA pekoHurypaumm Vo @-(Sm.aw)
aynb L
KoAMpoBaHUA | Cetb . Ue(Sk+1,ak+1)
COCTOSIHWE- aHeprosaTpar
aewncrame
“
Cetb |
sHeprosarpar
Puc. 1

Cets CLA ucnons3yeTcs Aisl OLEeHKH nokasarens O, (sk,ak) , @ pe3ysbTaT ee paboThl — UL
ouenku mokasarens O, (s;,a;). CeTb SHEProsarpar MCIONb3yeTCs Ui OLEHKH IOKa3aTels

0, (sk,ak) , pesylIbTar ee paboThl — st oueHky nokasarens O, (s;,a; ). [TOCKOIbKY COCTOSHIS Sy

U JICUCTBUS @) COACPKAT KaK HEMPEPHIBHbBIC, TAK U JTUCKPETHBIE IEPEMEHHBIEC, aBTOPHI UCIIOIb3YIOT
MOJY/Tb KOAUPOBAHUS COCTOSIHUSI-IEHCTBUS C LENbI0 X MepeBoia B IBOMUHYIO (HOpMY, CIIYKAaIIyIO
BXOIHBIMH JAaHHBIMU JJIS JIByX T[IEPEUUCIICHHBIX ceTeld. MOoynb TNpUHATHS pPEIIeHUs O

o A K
peKOH(I)I/IpraL[I/II/I HCIIOJIB3YCTCA MJIsI IIOJYYCHHS OLCHKHM OITHMAJIBHOIO JOCUCTBUA a; IIPpH

3aJIaHHOM COCTOSIHUH Si. C MOMOIIBI0 MOIY/IS IPUHSITHSI PEUICHHS O PEKOH(UTYpaAIIUU OIICHUBACTCS
ONTUMaJbHOE NEUCTBHE I Tepexoma u3 mekyujeeo coctosiuus BK KA B Bo3MoxkHOE 1H00
Tpedyemoe. JIjisi WTEpaTHBHOTO OOYYCHHS HEUPOHHBIX CETEH TMPUHAT JABYXKPUTECPHUATHHBINA
AJTOPUTM, 3HAUEHHUS €r0 BBIXOAHBIX MEPEMEHHBIX NP 3aJaHHOW mape ,,JeHCTBHe—COCTOsSHUE
JNOJKHBl UTEPAllMOHHO CXOAUTHhCS UM oOecrevyrBaTh MAaKCUMM3AIMIO IIOKa3aTess KauecTBa
ynpaeneHuss CIIA, a Takke MUHUMHU3AIHUIO OOIIUX HHEPreTHUECKHX 3arpaT Ha yIpaBJICHUE
anemeHntamu bK KA.

OTteyecTBEHHBIE MCCIIEOBATENN NpeAsaraloT uHoW moxxon. Tak, B pabore [8] pemenue
COOTBETCTBYIOIIICH 3a/1aui HE CBSI3aHO HANPSMYIO C YIPaBJICHHEM pekoHburypamueid Ha 6opty KA,
a OPMEHTHUPOBAaHO Ha 00OCHOBaHUE BhIOOpa cocTaBa bK Ha 3Tame mpoeKkTUpOBaHUS ¢ TOUKH 3PEHUS
TpeOOBaHUH, MPEABIBIAEMBIX K 3HAYCHUsIM IOKaszaresiei skuBydectu manbix KA. B pabore [9]
aBTOPBI TMPEJIOKUIN HUCIONb30BaTh METOJIMKY, MPUMEHAEMYI0 IpH mnpoekTupoBanun KA ms
BBIOOpa KOH(UTYpAIIMU Ha dTAre JICTHON AKCILTyaTaIuu.
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[Tokazarens >xuBydecTH omnpezaensercs kak otHomeHue 3ddexrtuBHoctn BK KA mocne
BO3HUKHOBEHUS MOCIIEIOBATEILHOCTH OTKA30B Ha MPOTSHKEHUU BpeMeHu 14¢ K 3ddexTuBHOCTU B
HayalbHBIH MOMEHT BpeMeHu. DddexktuBHOCTh (yHKIIMOHUpoBaHUS KA ompeznensercs ¢ ydeTrom
BepoaTHOCTH HaxoxkJeHus KA u asnemeHToB ero BK B BO3MOXHBIX COCTOSHUSX U TOKa3aTels
3((PEKTUBHOCTH BBHITIOJHEHUS KOHKPETHOW IeNieBOM 3amaun B ATUX cocTosHusx. CocrtosHus KA
OTpeNeNsoTcs 4epe3 cocrosHus dneMmeHToB bBbK  (paborocmocoben/Hepaborocnocoben). Jlms
pemeHuss Kaxaou 3amadn ((yHKIUU) 3aJelcTBYyeTCs omnpezaeneHHas koHpurypanus BK, xotopas
UMeeT CBOM MoKazaTenb 3(p(PEeKTUBHOCTH BINOIHEHHS 3a1a4H ((QyHKIINN).

B kadecTBe MCXOAHBIX MaHHBIX s Kaxaoro sneMenTa bK KA 3amaercs mepeuenp (yHK-
[[UH, IPU BBITTOJIHEHHH KOTOPHIX OHA MOKET OBITh UCIIOJI30BaHA, a TAKKE PACCUUTHIBACTCS KO-
bunreHT 3G HEeKTUBHOCTH €€ MPUMEHEHHS, KOTOPBIF HOpMUpyeTcs B mHTepBasie oT 0 1o 1.

B paborax [8, 9] paccMaTpuBaroTCsl CIEIYIONINE BApUAHTHI 3a/IaHUsI UCXOHBIX JaHHBIX IS
BbK manbix KA: (1) angutuBabiii Bapuant — ¢yakuust BK KA BemonHsercst XoTst 061 OTHUM U3 €e
3IIEMEHTOB, K03 PULmeHTHI 3P PEKTUBHOCTH CYMMUPYIOTCS (,,rOpsSunii pe3eps); (2) 3aMeraronuii
BapUaHT — OJHUM M3 PaOOTOCIIOCOOHBIX 3JIEMEHTOB, UMEIONMINX HAuOONbIHNA KOdDPHUImeHT 3¢-
dexTuBHOCTH (,,XOTOMHBIA pe3epB); (3) COBMECTHBIA BapHaHT — (PYHKIIHS BBITIONHSIETCS BCEMH
3JIEMEHTaMHU OJTHOBPEMEHHO, KOA(hPurueHTs 3 PEeKTUBHOCTH NMTEPEMHOKAIOTCH.

Jlnist sTana mpoeKTUPOBAaHUS MPEUIOKEH CIEAYIOUINA anroput™M Bbibopa koHpurypamuu bK
KA, ocHOBaHHBIN Ha ONTHUMHU3AIMK TOKA3aTeNs €€ KUBYYECTH. {15 BHITOTHEHUS JTHO00H (DYHKITUH
ompenernsercs cnocod peanmuzanui KA B 3aBUCHMOCTH OT MHOXKECTBA 3JIEMEHTAPHBIX (DYHKIMH, KOTO-
prie BeimonaseT Best BK. Tpu npoextrposannu coctaBa bK manmoro KA mMoxer ObITh 11e7IeHaIIpaBIeHHO
CHHTE3UpOBaHa (DyHKIIHMOHAIbHAS U30BITOYHOCTD, IPH KOTOPOM KakoH-T100 3a1aue (PyHKIMH) armapa-
Ta COTIOCTABIISIETCS O0JIee OTHOTO Croco0a ee peleHUs (peaTn3aIim).

Hannure HeCKONbKHX CIIOCOOOB PEIICHUS 33[a4M MO3BOJISIET B CIydae HEIMITAaTHOW CUTYaIluu
MPOU3BOJIUTH IMYJISIIIUIO OTCYTCTBYIOIIUX 3JIEMEHTAPHBIX (YHKUIMNA (KOTOpBIE BBHIMOJIHAI OTKa3aB-
MK 3JIEMEHT), TAKUM 00pa3oM, UCHOJb3yeTcs yxke HoBas KoH¢urypanus bK. IIpuaumas Bo BHu-
MaHHE BO3MOXKHYIO HEOJHO3HAYHOCTH BHIOOpA SKBHUBAJIEHTHOTO (PYHKIIMOHAIBHOI'O COOTBETCTBUS
koHurypauuu bK (unm Gaiinmaca — B TEPMHHOJIOTUH MOJX0a, paccMoTpeHHoro B [10]), Heobxo-
JUMO pEelIMTh 33/1adyy ONTHUMaIbHOTO BblOOpa koHpurypanuit bBK, onpenenus nepedeHb >KBUBa-
JICHTHBIX KOH(UTYpaIMil Isl KaXKI0T0 anropuT™a. B 3TOM ciiydae mepBbIM KPUTEPUEM ONTUMHU3A-
LUU SIBJISIETCS MUHUMAJIbHOE CHIDKEHHE Iokaszarens 3(dextuBHocTu (yHKIuoHupoanus KA mo
OTHOIICHHIO K €r0 HadajdbHOMY 3HadeHuio. Ecnu nBe koHdurypamuu bK KA mno3Bonsor noctuds
0IMHAKOBOM 3P (HEKTUBHOCTH (HYHKIIMOHUPOBAHUS, HEOOXOIUMO BHIOpaTh KOH(PUTYpAIMIO ¢ MEHb-
IIMM 3HA4YE€HUEM MOTpeOIseMoil AeKTposHepruu. Takum oOpa3oM, sl KaXKI0TO alropuTMa mnepe-
YeHb 3KBUBAJICHTHBIX KOH(UTYpaluii OyIeT paHKUPOBaH IO 3a/1aHHBIM KPUTEPUSIM.

[Ipumepsl peanuzanuu HU3I0KEHHOTO aJNTrOpUTMa MpeACTaBiIeHbl B pabotax [8] — BbIOOD
koHpurypanmuun bK KA npu npoektupoBanuu, [9] — obecrneueHne KUBYYECTH Ha dTare dKCILTya-
taiu KA. Creyer oTMETUTh, UTO 3apyOeKHbIe aBTOPHI [5, 7] onmuchIBalOT 3a1a4u peKoHpuUrypa-
uu BK KA B popmymupoBkax MDP, npumeHsisi METOIbI pEIICHUS, paCIPOCTPAHEHHBIE B TMHAMH-
4EeCKOM NMPOTrPaMMHUPOBAHHHU U ,,MAaIIUHHOM 00y4deHuun*. IIpu 3Tom 1160 BOOOIIE HE aKIIEHTUPYETCS
BHHUMaHUE Ha CTPYKTYpHO-(DYHKIIMOHAIBHBIX CBs3sIX 3neMeHToB BK, 1100 nx yduThIBaloT B JocTa-
TOYHO arperupoBaHHOM BHUZE. bosnee Toro, HEAOCTAaTKOM MOAX0Ja, OCHOBAHHOro Ha MDP, moxHO
CUMTATh ,,[IPOKIIATHE PA3MEPHOCTH Jaxke JJi1 HEOOJBIINX CUCTEM, COCTOALIUX, HAIIPUMED, TOJIBKO
Y3 TUPOCKONOB U JIBUTaTENIE-MaXOBUKOB. [10M0KUTENBHON CTOPOHOM TAKOr0 MOAXOAA SIBJISETCS
M3HavyaJIbHasl TOCTAaHOBKA HE 3aJja4uM O ,,paHle’, a 3ajayu I1aHupoBaHus. OpUTHHAIBHBIN MTOIX0/
Ha ocHOoBe MDP, B paMkax KOTOpOTro BO3MOXXHO OOBEAMHUTH METOJbI IUIAHUPOBAHUS PEKOH(UTY-
panuu ¢ METoAaMH OTKa30yCTOMYMBOTO YIIPABJICHHUS, ONUCAH B pabdoTe [7].

OTtedecTBEHHBIE aBTOPHI OMUCHIBAIOT 3a1auy pexkoHpurypanuu bK KA ¢ nomompio cratu-
yecko Mozenu OyjeBa MPOrpaMMHUPOBAHUSA, U3HAYAIBHO YXOJAS OT CTPOTOro pelieHus 3aJayu
IUTAHUPOBAHUS U OPUEHTHPYSCh Ha IBPUCTHUYECKUE crocoObl 1 MeTobl [7]. C npyroit cTopoHsI,
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aBTOPHI [7] OCHOBHOE BHUMAaHHUE YACNSIOT CTPYKTYPHO-(QYHKLIHMOHAJIbHBIM CBS35IM 3JEMEHTOB
BK KA, onucbiBaeMbIM C MOMOIIBIO 0COOBIX MOKa3aTeneil 3 PpeKTUBHOCTH (HYyHKIIMOHUPOBAHUS
KA, B KOTOpBIX yYHUTHIBAETCA JIOTMKA B3aUMOJCHCTBUS 3TUX 3JEMEHTOB IIPU BBIIOJHEHHUH 3a]a4
KA. OgHako HEIOCTaTKOM TaKOro MOJAXOJAa SBISETCS HEOOXOIUMOCTh COCTABJICHUS CIIOKHBIX
GyHKIUN 3QpPEKTUBHOCTH ,,BPYYHYIO®, UTO MOXET 3HAUMTENIbHO 3aTPYJHUTh €r0 NpPUMEHEHHE
Ha MpakTuke. Takke MOKHO YTBEpXKAaTh, YTO 3a/1a4ya MAaTEMAaTHYECKOTO IPOrpaMMHPOBAHHUS, O
KOTOpOW TOBOpHUTCSA B pabore [9], He mpenmosaraeT U3MEHEHHUs pexuMa (HYHKIIMOHUPOBAHUS
KA, a orpannunBaercs TOIbKO MOMCKOM KoH(purypauuu BK B TexyiieM pexume, BBITOTHSIIOMEH
(GYHKIHIO, aHAJTOTHYHYIO MOTEPSHHOM (,,0TKa3aBIICH ).

Bbi0op onTuManbHON KOH(pHUIrypaunu BocCTaHOBJIeHUusi padorocnocodHoctn BK Ha oc-
HOBE BEPOSITHOCTHOIO IMOJHHOMA. B KauecTBe anbTepHATUBBI PACCMOTPEHHBIM paHee MOIX0AaM K
peenuro 3agauu Beidopa koHpurypanuu bK KA ¢ yueroMm MHOropeXMMHOCTH €ro (PyHKIIHOHUPO-
BaHMsI TIPEJIaraeTcsl UCIOIb30BaTh MOIX0/1, 0a3UPYIONMIUHCA Ha BEPOSITHOCTHOM mojuHome [11, 12]
(mayiee OyneM Ha3bIBAaTh TAKOM MOAXO0[ K pEKOH(PUTYpalluu CTPYKTYPHO-()YHKIIHOHAIBHBIM).

KittoueByro posb B 3TOM 3a/1a4ue OyAET UrpaTh BEPOSTHOCTHBIN MOJTMHOM, KOTOPBIH (OpMUPYET-
Csl C TIOMOIIBIO OOIIEro JIOTHKO-BEPOSITHOCTHOTO MeTona [13] Ha ocHOBe cxeMbl (PYHKIIMOHAIBHOMN
LIEJIOCTHOCTH, IPOEKTUPYEMOH IKCIEpTaMHU (KaK MpaBUJIO, CHELMAINCTaMH 110 OOPTOBBIM CHCTEMaM
KA) u onuceiBaromeit pyakiuonupoBanre KA, B ToMm uucie ¢ yuerom MHOropexumHaoctu. [o cy-
TH, TIOJMHOM HpPEJCTaBIsieT 0a3y 3HaHUI HKCHEPTOB, ONMCAHHYIO B BHJIE€ MHOTOWIEHOB OOJIBLION
pa3mepHocTu. [lonuHoM conep HT 3HaHUS 000 Bcex paborocrnocoOHbIX KoHpurypamusx bK B 3a-
JAHHBIX PEXHMMax U Oy/ET ONUCBIBATHCS CIIELYIOIUM 00pa3oM:

R(Boois P By Qo0 0y G101y ) (1)
rie Pj, O — BEpOATHOCTb HACTYIUIEHUS adbTEPHATUBHBIX COOBITUI, XapakTepu3ytomuias paboTocmo-
COOHOCTB M OTKa3 j-I'0 3JIEMEHTA, a O; — CTENEHb UCIONIb30BaHNUs [-I0 PEKUMA.

B pabote [14] npennokeHa METOIMKA CTPYKTYPHO-(YHKIIMOHATIBLHON PEKOH(UTYpalUH, KO-
TOpasi CBOJIUTCS K TUTAHUPOBAHHUIO CMEHBI pexknMoB KA. PekoHuryparus BBIOIHIETCS IO MPUH-
UITy aBTOMAaTHYECKOT0 YIpaBJICHUsI, MTOJIyYaOIIero Ha BXOJ paccoriacoBaHue (0Tka3 uiu cOoil B
BK), a na Beixone opmupytomero ynpasisioniee Bosaeiictsue (padbouyro kongurypamuio bBK, co-
OTBETCTBYIOIIYIO €€ TeKylemy pexumy). OyaknunonupoBanne bK KA (cMmena ero pexxumMoB) 1uia-
HUPYETCS UCXOS U3 JIOTUKH PaHKUPOBAHUSI COOTBETCTBYIOIIUX PEKUMOB I10 MPABIITY: TPHOPHUTET-
HBI peXUM — TEKYIIUH, Janee rpynna albTepHATUBHBIX PEKUMOB, KOTOpas oOecreuuBaeT Mpu-
meHeHne KA mo neneBoMy HazHaueHUIO, 3aTeM — JII000M pekuM, KOTOPBIH sBJsieTcs obecneyu-
BAIONIMM IIpH MTAaTHOM (QyHKIMOHUpOoBaHUU KA, mocie 3Toro — ,,aBapuiHbIN pekuM (UCIIOJIB3Y-
€TCsl MUHUMAaJIbHO BO3MOXHBIN cocTaB bK, a KA HaxomuTcs B OpUEHTHUPOBAHHOM TOJIOKEHUU IS
BBITMIOJTHEHHS] CEaHCOB CBSI3U C Ha3eMHBbIM KomIuiekcoM yrpasienus (HKY) unu ans nonnepxanus
MUHUMAJIBHO HEOOXOAMMOT0 YHEprodaianca).

Jlnarnoctuka rexauueckoro cocrosiuusi bK KA <_—
s s I 7 ¢ A — HKY
bTKaS BocdTaHoRneHme LlImamnvle pescumobl
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[Ipennoxennas B [14] MeTomuKa CTPYKTYpHO-(QYHKIIMOHATBLHONW PEKOH(PUTYpaIUn, KOTOpas
CBsI3aHa C IUIAHUPOBAHHEM CMEHbI peskuMoB KA (puc. 2), COCTOUT U3 CIEAYIOIINX 1IaroB.

[ar 1. Aranu3 Bo3MOXHOCTH BbIOOpa koHuryparuu bK B Texymem pexume. Eciu umeercs
BO3MO>KHOCTb, TO IIEPEXO/] Ha 1Iar 5, UHa4e — NEPEXOo/ Ha 1war 2.

[Iar 2. Aranu3 BO3MOXXKHOCTH BbIOOpa kKoH(purypanuu BK B anpTepHaTHBHOM MKW O00ecTiedu-
BarolieM pexume. Eciu Bo3MokHO, nepexo/] Ha mmar 6, iHaye — Ha miar 3.

[ITar 3. Araim3 BO3MOXXHOCTH BbIOOpa koHpurypamuu bK B ,,aBapuitHoM pexxume 0e3 Ha-
3eMHOT'0 KOMILJIEKCa yrpaBieHus (IonagaHue B CUTyanuio, korga KA He crmocoOeH BBINMOJIHATH 3a-
Ja4¥ 110 MpeaHa3HaueHuto). Ecinu Bo3M0oXkHO, Iepexo;] Ha miar 7, nHaue — 1mar 4.

[ar 4. Ilepexox B peXUM HEOPUEHTUPOBAHHOIO I0JIeTa. BBI30B Ha3eMHOro KOMILIEKCA
ynpasieHus. Beixon u3 anropurma.

Hlar 5. Pemenne 3anaun Bei6opa koHpurypanuu bBK KA B tekymem pexxume, BximoueHne bK
B KOHTYp YIIPaBJICHUS WIH €T0 UCKItoueHue. Boixoa u3 anroputma.

Hlar 6. Bei6op xondurypanmu BK KA B anpTepHaTuBHOM pexuMe, BKItoYeHue semenTa bK
B KOHTYp YIIpaBJICHUS WIH €€ UCKItoueHue. Boixos u3 anropurma.

Hlar 7. Beibop xonpurypauuu BK KA B ,,aBapuitHoM* pexxume, BKItoueHue snementa bK B
KOHTYp YIPaBJICHUS WIH €ro UCKIIoueHue. Boixo u3 anroputma.

IIpoBepka Bo3zmokHOCTH BbIOOpa KoH(purypauuu BK B 3anannom pexxume (maru 1, 2, 3 meto-
JTUKUA CTPYKTYpHO-(DYHKIIMOHAIBHON peKOH(UTYpallK) OCYIIECTBISETCS Ha OCHOBE pacueTa MoKa-
3aTens KUBYUYECTH JJIS ATOIO PEXKHUMA C HUCIOJIB30BAHUEM BEPOSITHOCTHOIO MOJIMHOMA. Y Ka3aHHas
MPOBEPKA COCTOUT B aHAJIN3€ BHIMOIHUMOCTH CIEAYIOLIEr0 YCIOBHUS:

ER(SJr ) >0, 2)
re s’ = {u,a,l} — BekTop cocrosiHus KA, npu kotopom B pabouyio koHpurypauuto BK u Bkitto-

4eHBbl BCE PaOOTOCIIOCOOHBIE IEMEHTBI U BEKTOP (O, = {O,...lr,. . .0} COOTBETCTBYET 33JJaHHOMY pe-

KUMY (WIN TPYIIE PEXUMOB O, = {O,...lrl,...er,...,O} , 1, ..., N — rpynna aabTepHaTUBHBIX WJIN

o0ecreynBaroOIuX pexuMoB). Ecim 310 ycinoBue yaoBIeTBOPSETCS, MOKHO MEPEXOUTH K PEILICHHIO
3amaun BeIOOpa KoHpurypanuu BK KA B TpebyeMom pexxume.
B o0miem citydae 3ta 3a1a4a MOXKeT OBITh IIPECTaBICHA BUJIE:

G; (u) > extr, (3)

R, (s)>0, 4)

s'={u,a,}lcO, (5)

0 ={s|R(s')>0}, (6)

rae G; (u) — KpuTepHalbHble (YHKINHU, XapakTepusyroume 3h(HeKTuBHOCTh BEIOpaHHOW KOH(H-

rypaiun bK u; R; (s') — (hyHKIIMH, ONMCHIBAIOLINE OTPAaHUYCHUS Ha BHIOOP KOHUTYpaAIMH U C

y4eToM TpeOyeMoro pexuma a,. ; i, j € O — MHOXKECTBO (QYHKUUHN, XapaKTePU3YIOIIHUX MPUHIUIIBI

o
dbyaknuonnpoanust KA; s' — Bektop cocrostaust KA, omuceiBaeMblii koHpurypamueir bBK u u

BEKTOPOM pexuMOB (pyHkunoHupoBanus KA a,; ®' — MHOXeCTBO pabOTOCIIOCOOHBIX KOH(HUTY-
paLyii A1 YyCTaHOBJICHHOTO B BEKTOpE @, PeXuMa; R — MOIMHOM, COOTBETCTBYIOIINIT BEIOpaH-

HOMY BapHaHTy (yHKIIMOHUpoBaHus KA.

Jnst yrporieHusl TaJbHEUIIUX 3aluce pacCMOTPHUM OIKMCAHUE M PEIIeHUEe 3a/adyu BbIOOpa
koHpurypamuu bK KA (cMm. maru 5, 6, 7 METOIUKU CTPYKTYPHO-(PYHKITMOHATHHOU peKOH(UTYpa-
IIUU) JJIs CTydasi, KOTJa UCIONB3YIOTCS OJIMH MMOKa3aTellb KaueCTBA YIPaBICHUS U JBAa OTpaHHYe-
HUS:

G; (u) — max, (7)
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R (s ') >0, (8)
R, (s ') >0, 9)
rjae u= (ul, .. .,un) — BEKTOp, XapakTepHu3youmii padouyro konurypauuto bBK KA, ecnu u; = 0 —
B paboueil KoH(pUTYpaluu He 3a1eHCTBYeTCA i-i JIEMEHT, €Clii U; = | — B IIPOTUBOIIOJIOKHOM CITy-
sae; Ry (s')=R{(u)=R(s")=R(B ..., B, -1, O, *ihy,..., 0, 10,y 0y,...,0,...,0,,)  — oleHKa
)kuBydectd KA st i-ro (TpedyeMoro) pexxuma ¢ yaetoM padboueit KoHUrypauuu W, m — 4YUCIO

pexumoB KA; R, (s')=E; —E(u), E(u) — pacxon snexrposnepruu paboueil KoHurypanueit

BK u, E; — Hakannmpaemas >JIEKTPOJHEPTHS B i-M PEKHMME 3a ONPEJIENEHHBIA POMEKYTOK BpE-

n n
MEHHU (HarpuMep, BUTOK, CYTKH | T.IL.); G (ﬁ ) = Zu,- g Zu,- — neneBas QYHKIHS, XapaKTepH-
i=1 i=1
3yIolasl pacxoa BpeMeHHoro pecypca bK, koTopsiit He06X0aUMO TIepepacpeIeIUTh MPU PEIICHUN
p

I - i

3a7a4u BbIOOpA, rae ¢; = —— — Kod(dunueHt ucnons3opanus i-i BK B TeueHne skcmiyara-
i

unn KA, T, — BpeMeHHOM pecypce dieMeHTa, T, — HapaboTKa s1eMenTa. OTMETUM, YTO 3HAYCHHE

KPUTEPHATIBHONH (QYHKIUHU (ITOKa3aTeNsl PECypCOEeMKOCTH) G'l(u) CTAHOBUTCS TEM BBIIIE, YEM

6onbiee konmyectBoO BK ¢ Hemspacxol0oBaHHBIM BPEMEHHBIM PECYPCOM BKIIIOYAETCS B pabouyro
KOH(UTYpaIHIO.

Jlna pemieHus 3a1auy ¢ y4eTOM ONMCAHHBIX OTPAHUYEHUN U MoKazarens pecypcoeMkoctd bK
KA npennaraercst ucnonb3oBath MeTOIbI [ 15], 6a3upyromuecss Ha OMOHMYECKOM TIOJIXO0/I€ M TEOPUH
CIIy4ailHOTO ITOMCKa, a MMEHHO aJIFOPUTM CIIy4alHOTO HaIpaBJIE€HHOTO MOMCKA U ,,KaJHbIN anro-
put™M. CyIIHOCTh MPUMEHEHUS ITUX aJTOPUTMOB COCTOUT B OpraHMU3AIMK MOBTOPSIONICHCS TeHepa-
[[UU U TIOWCKE JIOMYCTUMBIX albTEPHATUB (KOHPUTypalnii) B X0JI€ MHOTOYHCIEHHBIX MAIIMHHBIX
skciepuMeHToB. [lo pe3ynbraram Kakaoro skcmepumeHTa (Gopmupyercs padodas (momycTumas)
koH(purypanus bK u3 uncna creHepupoBaHHBIX anbTepHATUB. 110 OKOHYaHHM PabOTHI aNropuUTMa
BBIOMPAETCS ONITUMAJIbHASI KOH(MUTYpaIIns.

KpaTtko octaHOBHMCSI Ha OCOOCHHOCTSIX pealli3allii MpeIaraeMbIX alropuTMoB. Tak, moka-
3arenb xuBydectd KA mis Beioupaemoni koHpurypanun BK B i-M pexuMe OlleHMBAETCS MO Clie-
nyroten hopmye:

Ry (uy)=

- I _ (10)
=R (Bttys ooy P o Bythyys Qs Qi 5 Oyl O+ o5 Ol 5 Oy

P}:QJZO’S’ jzls' -1, OC,H,I:O,S

Econ Ry; (uk): 0, To xoH(uUTrypanus cautaercs HepaboTocnocoOHoM. Torma Tpedyercst BbI-
OpaTh ¥ BBECTH B KOHUTYypaInio paboTocriocoOHbIH dyieMenT. HoBast koHurypamus Oyner xapak-

TEPU30BATbCSI BEKTOPOM U = Uy @ej, rae e; = (01,...,1j,...,0n) — BEKTOpP, COOTBETCTBYIOIIUIA

BKJIIOYCHHIO HEKOTOPOTO HMCIIPABHOTO j-TO 3JIeMEHTa B pabouyro koH(purypamuto, © — omnepartop
Oynesa cioxenus. Ecnu mocie BBona j-ro anemenTa coctossaue BK KA ocraercs HepaboTocmocoo-

HBIM (Rh-(uk +1) =0), TO mpouecc hopmupoBaHus padoueit korndurypamuu bK cremyer mpomo-

KHTb. B IPOTHUBOIIOI0KHOM Cllydae (Rli (uy +1) > O) IPOLECC 3aBEPLIACTC.

[IpumeM 3a HaYAJIBHYIO TaKyl0 KOHGUTYpaInIo, Korna Hu oauH siemMeHT bK He BkitoueH (T.e.

u :(01,02,...,0n), Ri;(ug)=0). Toraa cueHapuii BKIIOYCHHs JIEMEHTOB B pabodyio KOHHTY-
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eq=1 ey =l
paumio BK MOHO NpenCTaBUTh MOCIEN0BATEIbHOCTBIO U J—) N | VA J—) u, ...—>. [Ipu dpopmu-
pPOBaHMM YKa3aHHOM MOCJIEI0BAaTEIbHOCTH IJ1aBHAs 3a7a4ya COCTOUT B BBIOOPE OYEPEIHOI0 JIEMEHTa
U3 ymclia paboTOCIIOCOOHBIX.
Jnst Tekymedt KoHPUTYypaIuy Kaxabplid paboTOCIIOCOOHBIN U HE BKJIIOYCHHBIM B KOH(HUTYpa-
LUIO U, j-H DJIEMEHT XapaKTepU3yeTCs CTPYKTYPHON 3HAYMMOCTBIO, BBIYUCIIIEMOM 10 CIEAYIOMIEH

dopmyne [16]:
e (u) =9, %R, an

rac 9‘{]+=9{J(fiul,,])juﬁ,Pnun,QIL_ll,, jl’_lj"">QnL_tn90n+l>""an+i9"'>0n+m7 rac PI-ZO,S,
0,=0,5, i=l....j=Lj+L...n,P, =1, Q;=0, a,,; =0,5,

R, =R (Bt Pt Bty Qi Qs Qo5 o O )
rne P =0,5 0 =0,5, i=1,...j—1,j+1,...,n,Pj=0, szl, a,.; =0,5. Ipyrumu cnoBamuy, 2’;j

OTpakaeT CyMMapHBbIH BKJIaJ JAaHHOTO 3JeMEHTa B XHUBydecTh KA.

B 3aBucumocTu oT mpasuiia BbIOOpa sieMeHTa KOHGUTYpaluy MpeajgaraeTcs pemarh 3agady
MaTEeMATHYECKOTO MPOTPaMMHUPOBAHUS JTMOO , KaIHBIM® aITOPUTMOM, Ha KaXKJIOM IIare BhIOMpas
3JIEMEHT C MaKCUMAaJIbHON CTPYKTYPHON 3HAYUMOCTBIO, JTMO0 aIrOpUTMOM CIIYy4ailHOrO HarpaBieH-
HOT'O TIOUCKA, TJie BEIOOP OCYIIECTBIISICTCS CIy4aiiHO, HO O0jIee BEpOSTHO /s 3ieMeHTa (mpudopa) ¢
OoJpliel 3HAYUMOCTBIO (asroput™ softmax) [4]. Jlis paBHO3HAYHBIX 3JIEMEHTOB IPEJIaracTcs hc-
MO0JIb30BaTh KOMOMHHPOBAHHBIN aJITOPUTM.

»Kaguplii® anropurM. Ha xaxxoii k-if urepanuu BRIOOP BKIFOUAEMOTO SJIEMEHTA OCYIIECTB-
JSIETCS IO CIICAYIOIIEMY MPaBHITY:

F,jk:max{cij(uk)‘ukfzo,feq)}, (12)

rae @ — MHOXECTBO HepabOTOCIIOCOOHBIX AJIEMEHTOB, TO €CTh BEIOUPACTCS SJIEMEHT C MAaKCUMAaJTh-
HOM 3HAYUMOCTBIO U3 YHCia pabOTOCTIOCOOHBIX.

AJITOPUTM CJIY4ailHOro HampaBJ/ieHHOro nomucka. IIpu noctpoenun paboueit koHpurypa-
MM Kbl DIEMEHT BbIOMpaeTcs cieayromuM odpasom. s BekTopa u; (GopMHpyeTcs BEKTOp

BEJIMYMH 3HAYUMOCTH paboTtocmocodnoro bBK {él,...,ij,...,il} = {ij (uk )‘ upg =0,f¢€ (D}, pUYeM

g€ [0,1] . st moucka unrtepsan [0,1] pa3dbuBaercst Ha MOABIHTEPBAIBI TAK, YTO KOOPIAMHATHI KOH-

IIOB TIO/IBIHTEPBAJIOB 00Pa3yIOT MOCIIEI0BATEILHOCTh

€,

/
— — — _2J —
O,(Dl _b17(’02 =y +b2,...,(,0l _(’Ol—1+bl’ rac b] —X, A—zgj
i

31ech, 4eM MEHBIIE 3HAYNMOCTb SMEMEHTa &; B CTPYKTYPHOM IOCTPOEHHH, TEM MEHbIIAs
JUIMHA IO/bIHTepBana [®;_j,®;] orBoaures snementy padorocnocooHoro bBK.

Jiist BBIOOpa BKIIIOUAEMOT0 3JIEMEHTA TeHEpUpyeTCsl ciaydaiiHoe yucio (, pacupeeneHHOe 110
paBHOMEpHOMY 3akOoHy Ha uHTepBane [0, 1], koTopoe mnomazaeT B HEKOTOPHINA MOJBIHTEPBAI
[® i1, O j,] U TEM CaMbIM OIPEIEIIsIeT BHIOOD ,,BOCCTAaHABIMBAEMOTO 3JieMeHTa. TakuM o0pa3om, B

COOTBECTCTBHU C HOCTpOCHHOﬁ BGpOSITHOCTHOﬁ TUIIOTE30M OpraHu3yecTCsa IMOUCK r100aIbHOrO JKC-

TPEMyMa, NIPUYEM B OKPECTHOCTH TIJI00AJBLHOIO HKCTPEMYyMa IUIOTHOCTH CIIy4aiiHO BBIOMPAEMBIX
e;1=l e =1
CLICHApHUEB ,,BOCCTAHOBICHUA Uy —> ... U;_; —> U, ...—> OyaeT HauOONbLIEH.
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KomOunupoBaHHblii aaroputm. UtoOsl chopMUpOBaTh MHOKECTBO aJIbTEPHATHUB, IO aHAJIO-
UM C aJTOPUTMOM CIIY4allHOTO HAIPaBJICHHOI'O MOMCKA JUIA ,,)KaJHOTO alroputMa, HeoOXO0IuMO
IIPOBECTH CEPUIO MCHBITAHUN, T/I€ MIPU KAXAOM MOCIEIYIOIEM UCIBITAHUN BO3MOXKHO ITOCTPOEHHUE
HOBOH paboueii koHpurypauuu BK. Tak kak B KOHTYyp ynpasieHuss KA BXOZAT 3JIEMEHTHI, UMEIO-
II1€ OJUHAKOBYIO 3HaYMMOCTH (T.€. DKBUBAJCHTHBIE C TOUKH 3PEHUSI CTPYKTYPHOTO MOCTPOCHHUS),
TO IPU MOCJIEI0BATEIILHOM BKIIFOUEHUH 3JIEMEHTOB B pabouyio KOH(UTypaIio U BO3HUKAET HEOJI-
HO3HAYHOCTh B BBIOOpE 3JIEMEHTa C MAaKCHUMaJIbHOM 3HAYMMOCTBIO (CTPYKTypa MOXET MUMETh He-
CKOJIBKO TaKHX 3JIEMEHTOB). B pe3ynbraTe BHIOOD 37€MEHTa 11e71eCO00Pa3HO OCYIIECTBIISATh CIIydaid-
HBIM 00pa3oM. Tem cambiM, MpejyraraeTcss KOMOMHUPOBATS ,,)KaHBIN‘ U CITydallHBINA BBIOOD.

Peanu3zanus anroputMoB moucka padorocnocoOHbx koHpurypammii BK ocymectBusiercs N
pas. Tlo 3aBepiienun N 9KCIEPUMEHTOB (POPMHUPYETCSI MHOXKECTBO ajbTepHAaTHB O, U3 KOTOPBIX

BBIOMPAIOTCS. BAPUAHTHI, yJOBIETBOPSIOIINE OTPAHUUEHHIO Ha SHEpromnorpedieHue R, (s') >0. U3
OCTaBIIUXCSI KOH(UTYpalluii BHIOUPAIOTCS ONTUMAJIbHBIC, YAOBICTBOPSIONIUE CIEAYIOLIEMY KpHUTe-
puto G (u) —> max . B ciy4yae HEOJHO3HAYHOCTH MOIYYAEMbIX PE3YyIbTaTOB MOYKHO TAK)KE IPUME-

HUTb CITy4aifHbIN BBIOOD.

3akiarodeHue. B cratbe KpaTko pacCMOTpPEHbI BapHaHTHl pElIeHUs 3aJadyu BbiOOpa paboTo-
cnocoOHoi koH¢purypamun BK KA B xoHtekcre 6onee obuieit 3amaun pekonurypanun KA umm
JaXKe TUTAaHUPOBAHUS €ro paboTsl [5, 7—9].

OCHOBHBIE HEJOCTATKH CYIIECTBYIOUIMX BapHaHTOB KoH(purypauuu (u pekoHdurypauuun bK
KA), npennoxeHHbIX 3apyOeXHbIMU U OTEUECTBEHHBIMU aBTOPAaMH, COCTOSIT JIMOO B OTCYTCTBUU
yudeTa CTPYKTypHO-() YHKIIMOHATBHBIX B3auMocBsi3ell anemeHToB bK (mpeacraBneHHbIX, HApUMeED, B
MoAX0/axX, OCHOBaHHBIX Ha Moaelsix MDP), nu6o B ux cimaboit popmanmzanuu (CM. OTEYECTBEHHBIX
aBTOpOB [8, 9]), onmceIBaroeil 3anauy Beibopa koudurypanuu bK (6aiinaca) B BecbMa orpaHU4eH-
HOM MOCTAaHOBKE (paccMaTPUBAIKMCH TOJBKO JBE IeJieBble (YHKIMH: dHEpromnorpedaeHue u 3gpdek-
tuBHOCTh BK KA). Taxke k HemocTaTkaMm MoAXoja, MPeasiaraeMoro OT€YECTBEHHBIMU aBTOPAMH,
MOKHO OTHECTH OTCYTCTBHE y4yeTa MHOTOPEKHUMHOCTH (pyHKIHOHUpoBaHus KA u, kak cienctsue,
HEJOCTATOYHOE BHUMAaHUE BOMPOCY CMEHBI PEKUMOB MPU MTPOBEJCHUH PEKOHPUTYPALIUH.

be3ycnoBHBI MHTEpEC MPENCTABISAET AATbHEWUIIMI CUHTE3 MOJIXOJAO0B HAa OCHOBE MOJENEH
MDP ¢ yueToM MHOTOPEKMMHOCTH (pyHKIMOHUpOBaHMUA He Tonbko KA, HO u snemenTtoB BK, a
TaKk)Xe CTPYKTYPHO-(QYHKIIMOHATIBHBIX B3aHMMOCBA3€H, BO3HUKaOMUX Npu QpyHkunonuporanuun bK
KA.
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