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OO0cyx1aeTcst pojib U METO/IONIOTUS TPUMEHEHHS KBAHTOBBIX BLIYHUCIEHWIA B 33/1a4ax NPOEKTUPOBAHMS PO-
0aCTHBIX MHTE/LIEKTYAIbHLIX CUCTEM YIIPABICHUS B YCIIOBHAX HEMNMPEABHIAEHHBLIX CUTYALUNA YIIPpABIEHHA.
Pa3zpa®GoTaH KBaHTOBBIH AJITOPUTM YIIPABJIEHHUSI CAMOOPraHU3alUuel, coAaepXKalMi KaKk YaCTHBIA ciyuain
AJITOPUTM YIPaBIEHUs] caMOopralusalmeit podactHelx 6a3 3HaHWA. BbinosiHeHWe BBEIEHHOTO TEPMOIH-
HAMMYECKOIro KpuTepusi (B BHIE MUHUMYMa ODODLIEHHBINH 3HTPONWKA B YCTAHOBJIEHHOM COOTHOLLIEHUH
MEXKIY TAKMMH KaueCTBEHHBIMHM XapaKTEPUCTUKAMH YIIPABIEHUH, KAK YCTOWYUBOCTh, YIIPABISIEMOCTb
poBACTHOCTD) ABAAETCS LENALIO IPUMEHEHHUS KBAHTOBOIO aJIFOPUTMA YIIpaBieHusl caMoopraHusaimei 6as
3HAHUI, UCTOJIB3YEMOTO B KOHTYpE yrpasienus. Ha npumepe cylnecTBeHHO HeJIMHEHHOTo U 1106anbHo
HEYCTOHYHBOIO 0OBEKTA YITPABIEHHS PACCMOTPEHO NPUMEHEHHE KBAHTOBOTO A/ITOPUTMA YIIPABJIEHUsI ca-
MOOPraHu3alMei K peleH o 33J1a44 BEKTOPHOW ONTHUMH3AIIMK HA OCHOBE NMPUHLMIIA JIEKOMTIO3U1IMK Da3

3HAHWM.

Beenenune. Ilpobaembl pa3paboOTKH HMHTEIEKTY-
AJBHBIX CHCTEM YNPABJCHHA H Uejb padornl. OnHUM
M3 OCHOBHbIX Ha3HA4YeHU U npeuMmyllecTs 3¢ dek-
TUBHOTO TIPUMEHEHHSI WHTEJUICKTYAIbHBIX CHCTEM
ynpasienus (MCY) sapnsiercsi BO3BMOXHOCTE rapam-
TUPOBAHHOI'O JJOCTHKEHHUS LLIEJIW YITPABJICHUA C MAK-
CUMaJIbHBIM KaueCTBOM VIIPABJICHUSI Ha BEpPXHEM
YPOBHE ¥ MMHMMAJIBHBIM PACXOJIOM TOJIE3HOTO pe-
cypca cuctembl “obsexm ynpaeaenus (OY) + peayas-
mop” Ha HUXHEM (MCIMOJHUTEILCKOM) YPOBHE
HepapXUUuecKO CUCTEMbl aBTOMAaTHMYECKOrO yIpas-
nenus | 1]. Ha conepxare/ibHOM YpOBHE JaHHas BO3-
MOXHOCTh OTpa)xaeT Ha3HauyeHMWE LeJieHanpaBieH-
Hou nestensHocTH MCY B oBlieM ciiyyae HenpeaBu-
NIEHHBIX  cuTyauuid  ynpasieHusa. [lpu  3ToM
s¢pdexTusiocts npumMeHenus MCY sasucur or
YPOBHSI MHTe/UIEKTYanbHOCTH |2]| paspabotaHHOIH
cuctemsbl ((hopmbl, BHIA W IJIYOMHHOIO NMpejacrapiie-
Hust 3HaHKi [3]). Baxnyio ponb npu hopMupoBaHumn
ypoBHsi uHTeeKTyaibHocTn CAY wurpaer Boibop

HCITOJIb3YEMOI0 MHCTPYMCHTAPHUS TEXHOJOIHHU HMH-

TeJUIEKTYaIbHbIX BHIYMCTCHMIT st MpPOeKTHpOBa-

HUSI COOTBETCTBYIOWIENH Oa3el 3nanuii (b3) npu 3a-
JIAHHOW LIEJTH YITpaBJIeHUsI.

A. Poav MCY. Pazpaborka UCY mist TpaiMIIMOH -
HbIX cHcTeM aBroMatuyeckoro ynpasieuus (CAY) ¢

U Onpenenenuie u TepMUH "WHTEIIEKTYAILHBIE BHIUMCTCHHA"
BBedeHbl B cepeauHe 90-x roaos npounoro cronetust [4]. ITo-
CAEAYIONIEE PA3BHTHE TEXHOMOIMMH HHTEJUIEKTYAIbHBIX BbIYHC-
JICHHH HALJIO B HOBBIX BUIAX 3BOIOLMOHHOIO MPOrpaMMHpo-
BAHMS, AITOPUTMAX ONTHMH3ALUMH THIIA UMMYHHbBIX aJITOPUT-
MOB, HA OCHOBE [TOBEIEHUYCCKHUX peakuuii Tonnsl (Jioaei B
TOHHEE, KOJOHHI MypaBbeB, cTail NTHLL U PbIO, KHUBOTHBIX U
T.11.), KBAHTOBBIX TeHEeTHYECKHX AITOPHUTMOB r100aIbHOI On-
TUMH3ALMH M KBAHTOBBIX HEHPOHHbIX CETAX 00YUYeHHs U JIp.

MOBBILLIEHHON PODACTHOCTHIO, CMOCOOHBLIX MOMIEP-
KUBaATh TPEOYEMbIC YPOBHU TOYHOCTH M HAIEXKHOCTH
B YCJIOBMSIX HETPENBUACHHBIX CUTYallMi yripasiie-
HMs1, CTJ1a OOBEKTOM MHTE/UIEKTYATbHOH CODCTBEH-
HOCTH [5] MU MMEEeT CYIIECTBEHHOE TEOPETHUYECKOE,
MPaKTUYECKOE U KoMMepueckoe 3Hadenue. [Mporpam-
MHo-annaparHas noiepxka MCY crana Toapom rpu
KOMMEPLHMAIM3ALMA MHTEUICKTYAIBHOIO TMPONYKTA B
MHXKEHEPHOM MEHEKMEHTE, OCHOBAHHOIO HA 3HAHUSIX
[6]. B yactHOCTH, BaXKHbBIM HATIPABJICHUEM MPUKJIAIHO-
ro npumenenunst UCY simisiercs noBbilieHUE podacmuo-
cmu tpanuumonHbix (I/TTU/TL/TTUT)-peryastopos,
MCII0/IBb3YeMbIX Ha HUKHEM YPOBHE KOHTYPOB YITpaBiie-
HUS.

[Tpumeuanwue |. CornacHo [5], Tpanuiimon-
Hblit B Teopuu ynpasinenusi [MHU]/1-perynsitop mc-
nosb3yetcst B bonee ueM 85% CAY. [Toaromy onHoii
M3 BaXKHBIX KOHKPETHBIX (TEOPETUYECKHUX U NMPAKTHU-
yeckux) npobsiem B cosnanuu UCY sasnsercs paspa-
0OTKA METOJIOB M AJITOPUTMOB TMOBBILICHUSA HANEXK-
HOCTM M KauyecTBa VIpaBlIeHUs MCIOJTHUTEIBLCKOTO
(HuxHero) ypoBHsi CAY, OCHOBAaHHOTIO Ha TPaIMIIM-
onnom IN1HUd-peryasitope. [Mpu stom, cnenys [1, 7],
BBITTOJIHSIETCSl TIPUHLIAIN  “Hepaspyuwienus Ucnoanu-
menbeKoeo ypoeHa™ , YTO TIPUBOAMUT K JAOINOJIHHUTE/Ib-
HOMY (D(HEKTUBHOMY MCITONIB30BAHUIO CYLLIECTBYIO-
IUX OTJIAXKCHHBIX TCXHOIOTHYECKUX TMPOLIECCOB M
MOBBIIIIEHHOMY 3KOHOMUYeCcKOMY addekTy. [Tpume-
HeHue HedeTKux peryasitopos (HP) cosmecrHo ¢
[THU]/I-perynsaTopoM MNpUBEIO K CO3AaHUIO THOpUI-
HbiX HeueTknx MCY ¢ pasnuunbIMU YPOBHSIMM MH-
TEJUIEKTYATbHOCTH B 3aBUCHMMOCTH OT MOJHOTBI W
KOPPEKTHOCTH cripoekTupoBaHHoi b3 [2].

B nanHoii pabore non repmuHom b3 nonumaercs
cranjapraoe st reopuu HP onpenenenue b3 (2, 4]
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B BUJIE KOHEUHOTO MHOXKECTBA MPOAYKIIMOHHBIX Mpa-
suit (look-up table) onpeneneHHON MOIE/INM HEYETKO-
rO BbIBOJIA ¢ KOHKPETHBIMW THMAMU M NapaMmeTpaMu
GhYHKIMI NPUHALICKHOCTH, (DOPMUPYIOLIUX 3aKOHbI
ynpagierus OY. IMapamerpbl v U HyHKIMKU TIPU-
HaLICKHOCTH XpaHaTes B 6a3e ganHbix HP. Crpykry-
pa HeueTkoro camoopranusyitoinerocs [MH-peryns-
TOpa ¢ ONpeaeeHHbIM YPOBHEM HHTEIIEKTYaIbHO-
cru |2] 6b1a BBeieHa B | 8] M Mcnonb3yeTcs B JIAHHOM
crarbe.

Mpumeuanwue 2. [Iag NOAHOTH U3TOKEHUSA
npe/iMeTa MCCIeNOBAHUS HUXe B pasi. 4 npuBeeH
npumMep rpoekruposanus b3 B BUIE NMPOAYKIIMOH-
Hbix npasun “Ecau A, To B, rne Au B — niuHrBUCTH-
YECKHE MEPEMEHHBIC C OTIPE/ICACHHBIMU (PYHKIIHSIMU
NPUHALIEKHOCTH, ChHOPMHUPOBAHHBIE C MOMOIIBIO
onrumusaropa b3 (OB3) na MsIrkux BbIYMCIIEHUSIX
Juist ninHamuueckoro QY “kaperka repeMelieHust —
nepesepHyThHIH MaaTHUK”. Ha 2T1OM Xe npumepe
IPOMJLTIOCTPUPOBAHO TIPUMEHEHUE KBAHTOBOIO HE-
yeTkoro Beisoaa (KHB) s hopmuposanus podact-
HbIX CUTHAJIOB YIpasjieHust Koo PUUMEHTAMH YCU-
senus Heuetkoro [TUd-peryasTopa 3a cuet caMoop-
raHu3alluy paHee CNpPOeKTHPOBAHHBIX (C MOMOIIBIO
OB3) B3.

B. llpobaemor pazpabomrxu HUCY. Onnoit w3 tTpya-
HocTei pazpaborkn MCY juist HEenpeaBuacHHbIX CH-
TYalMW YIPAaBIEHUs SABISETCA PelIeHUe 1pobieMbl
NPOEKTUPOBAHUSA COOTBETCTBYIONICH pobacTHoi B3
| 1], ucnonb3yionieii OObEKTUBHBIC 3HAHUS O JTUHA-
MuueckoM noseseHun OV u Heuerkux MNMUJ1-pery-
JsiTopoB. Pellienue 1aHHOM 3a1a4M CYLLIECTBEHHO 3a-
BUCUT OT BO3MOXHOCTH pa3zpabOTKH alropuTMHye-
CKM  paspeliumoi, (u3nvecKu/MaTeMaTHIeCKu
KOPPEKTHOU Moaeu |9] u uHcTpyMeHTapus 1npakTH-
YecKOM peanusalluM mpoliecca M3BAeUeHus, odpa-
00TKM ¥ (hOPMUPOBAHUSI OOBEKTUBHLIX 3HAHUK Oe3
yuacTtus skcnepra |4, 7]. Beenenue (pu3HUeCKHX M
WHMOPMAIIMOHHBIX OTpaHUYEHWI B (popMan30BaH-
Hoe onucanue moaenu OY [1, 9] cyliecTBeHHO BaUsI-
eT Ha kKadecTBo popmupyemoi b3 8 UCY, a uckiio-
YEHUE ITUX OTPAHUUEHUI U3 onucaHus Moaesiei OV
MPUBOUT K HEKOPPEKTHOCTH U MOTEPE pobACTHOCTH
MPOEKTHPYEMbIX 3aKOHOB  YIIPABJIEHHS COOTBET-
cTBeHHoO [10].

[ToaToMy OHOH M3 COXHBIX U KITHOUEBBIX MMPO-
onem paszpaboTKM OCHOBBI MH(MOPMALIMOHHON Tex-
Hofioruu npoekruposanus MCY juis Takoro 1ivpo-
koro kiacca QY sipiisieTcst co3laHUue MMpoLecca npo-
exkTupoBanusa podactHbix B3 B HenpeaBUASHHBIX
cUTyalMsax yrnpapjieHus ISl UCMOMHUTENBCKOIO
YPOBHS MEPAPXMYECKON CTPYKTYPbI YIIpaBJIeHMUSI,
YUMTBIBAIOLLIETO B MPOLYKLMOHHbBIX npasuiax b3 pe-
ajibHblc (PU3UYCCKUE U UH(OPMAIIMOHHBIE OrpaHu-
yeHust [8].

B. Texnonoeus npoexmupocanus u cmpyKmypol
HCY. PucyHok |, @ moKa3bIBaeT TUIIOBYIO CTPYKTYPY
MU CY u onuceiBaeT paccmarpuBacMyIo B IaHHOMN cTa-
The MpoBdJieMy TNPOEKTUPOBAHUS O0BeKTHBHOI B3.
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Pucynok 1, 6 npeacrasisieT CTPYKTYPHYIO CXEMY WH-
(hopMALIMOHHOM TEXHOJIOTMM U 3Talbl MPOCKTHPOBA-
Hust oObekTUBHOW B3 mwist pobacrusix UCY, ocHo-
BaHHBIX HA HOBBIX BUIAX HHTEJJICKTYAJIBHBIX BBIYHC-
JIEHU#.

OtmeTnM, 4TO BbIXOAHOM curHan uz HP na puc. 1,
a onpenensiet Bekrop K = {k,,,k,_,,k,,} KoahdunmueH-
tos ycunenust [TU/1-perynaropa, a {kp,kpk ;| 03Ha-
4aeT MPONOPUMOHAIBHBIN, AU depeHnaIbHBbIA 1
UHTErPaIbHbIA KOYDMUIIMEHTBI YCUIIEHUSI COOTBET-
crBeHHO. [lepeuepkuyTbiil GJ0K “DkcneprHas cu-
crema” o3HaA4aeT, 4yTto paspaboTaHHasi TEXHOJIOTMS
NMpoeKTUpoBaHus pobacTHbIX b3 He ucnoab3yeT aKc-
NEepPTHbIE CYOBEKTUBHBIC OLUCHKH MPOAYKUHOHHBIX
npasua B B3, KoTOpbie MOSBISIIOTCS 11PU MHTEPIIPE-
TAUMW DKCIEPTAaMM PE3YILTATOR M3MEPEHUsl M Ha-
osronenus BeIXoaHoro curdaina X w3 OV (puc. 1, a).

[Mpumevanue 3. OObEKTUBHO W3IMEPEHHbIH
curHasn X' — ucxoaHasi uHdopmatius JUist 3KCnepra,
OLIEHKAa KOTOPOTO IKCHEpTOM MpH rnoctpoeHun b3
HOCHUT B 0DLLEeM cay4ae (Hanmpumep, npu 00Jibioi
pasMepHOCTH) CYOBCKTHBHBLIN xapaktep. C nomo-
HIBIO TEXHOJOIMIH MHTEIUICKTYAIbHBLIX BLIYUCICHHWIA
MOXHO MPUMEHSITL HENMOCPEJACTBEHHO PE3YJLTaTh
M3MEPEHUI U M3BJICKATD M3 HUX 3HaHMWs 6e3 cyObek-
THUBHOW MHTEPMNpeTalmy 3a cyer (DyHKUMHA IPpUroj-
Hoctu B [A. lMoguepkHem, 4To B JAHHOI CTATHE BBE-
JIEHbI CTAH/IAPTHbIE 0003HAYEHUS CTPYKTYPHBIX CXEM
HUCY |[1,2,7].

[TosTomy 3anauciit TEXHOJIOIHU TTPOCKTHPOBAHMSA
(0003Ha4YeHHOM HAa puC. |, @ U CTPYKTYPHO MPEICTaB-
JIEHHOW Ha puc. |, 0) sipisiercs (POPMUPOBAHNE OOb-
exTUBHbIX pobacTHbix b3 B UCY nna wenpeasuac-
HbBIX CUTYaLIMI YIIpaBIeHUSI.

[MTpumevanwue 4. Ha puc. | (u Huxe Ha
puc. 2), a TakxKe AaJiee 10 TEKCTY BBEACHBI CJC/IY10-
LIME ODO3HAYEHUSI: 3.C. — 3aAOMHK curHan (1eib
yrpasneHus); u(f) — ynpasasiiomas cuia; m(t) — ciy-
yaliHble WyMBI (BoaMylieHus Ha OV), BOCNpouU3Bo-
JuMblie dopmupyotmmu  uasrpamu |7 UF —
YOPaB/Aonas cuia ¢ HANOXKEHHBLIM 1IyMoM; X —
BbIXOAHOU curHan OV, € — owuMOKa yrpaBieHus;
K(r) — koadduumentsr yewienus [MA/1-peryasto-
pa; I'A — redernueckuit aniropurm; HP — HeueTkuii
perynstop; KHB — KBaHTOBRBIH HEUETKMII BBIBOIL;
OBb3 — onrrumusarop 6a3 suanuii; FTMOC — rmobaib-
HAasl MHTEJUIeKTYANbHAs obpaTHast ceadb; KA — kBaH-
ToBbIi anroput™; OY — obbekr yrpasinchus. [TyHk-
THUpHas paMmka G10Ka “3akoH yrparieHus” He OXBa-
ThigaeT [MTHU]1-peryisTop, XoTa yrnpasisioniMi CUrHal
1 QOPMUPYETCH UMEHHO THUM YCTPOMCTBOM (puc. |, a).

3akoHbl (hopMUPOBAHHS yIIPABIAIOLIEN CHIlbl u(1)
cnenytoT U3 ctpykrypsl [THU-perynsitopa n xopoiio
M3BECTHBLI, DTOT (akT ABAICTCH JIOCTOMHCTBOM
MUd-perynstopos. MeHee W3BECTHBI PELICHMSI
(hopMHUPOBAHUS BO BPECMCHM ONTHUMATLHBIX 3aKOHOB
ynpagieHus koadgpuimenramu ycunenus [MTHU]/1-pe-
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Puc. 1. [1poektrposanue pobacTHiIX B3 B ycIOBHAX HENPeABUACHHBIX CHTYALIUIl YIIPaBIeHUA: @ — NpobieMa NpoeKTHPOBa-

Hus b3; 6 — cTpYKTYpa TEXHONOTHM U ATAMBI TPOCKTUPOBAHMS

IYJISITOPOB, HECMOTPS! Ha J0CTATOMHO DOJbLIOE KOJU-
4eCTBO MyOUKalui pe3yisTatoB (M3BecTo donee 85
[ATEHTOB MO (HOPMHUPOBAHUIO 3AKOHOB YIPABJICHUS
koaddumentamu yeunenust [TWU1-perynsitopa).

[ToaToMy METONONOIMYECKH B JAHHOWH CTaThe B
CHUITY MHTEHCUBHOTIO NPUMEHEHUS B KaUeCTBE MCXOI-
Horo Beibpan [THU]1-perynstop, a JaHHbBIH OJ10K BblJie-
JICH M K HEMy NpUMeHeH TepMHUH “3aKoH yrnpasie-
HusA” . OTMETHM, MTO MHOTHE PETYISITOPBI CO CKOJIL3S -
mumu pexkumamu, CAY ¢ nepeMeHHON CTPYKTYPOid,

M3BECTHSA PAH.

npobHbie peryasitopsl (fractional wiau noninteger order
controllers) u jip. ObUTH MCCICIOBAHBI ABTOPAMM JIaH-
HOM cTaTbM M nokasaHo |11], uyTto onu Takxke addek-
TUBHO MPOEKTUPYIOTCS pa3paboTaHHOW TeXHOJIOTHU-
eil, npeacrasneHHoi Ha puc. 1. [1pocrora dusuue-
CKOH peaM3alMyd  CHPOEKTUPOBAHHBIX 3aKOHOB
YIPABACHHUS UL MCMOJHUTENBCKOTO YPOBHS COB-
MECTHO C MOBbIUEHHBIM “YPOBHEM WHTC/UICKTYa/lb-
HOCTH” M HaeT HeoOXOIMMbIM TeXHUYeCKUt adpekT
[10, 11]: e paspylieHUe HCTIOJIHUTETLCKOTO YPOBHSI
2009
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C rapaHTUpOBaAHHON ((HEKTUBHOCTBIO U HAJIEKHO-
CThIO YIPABICHUWsI 33 CUET [MOBbILLIEHUS YPOBHS €ro
UHTEJJIEKTYAIbHOCTH.

OTMeTMM M KpaTKO ONMUILEM OCHOBHBIC ITAllbl
UHGDOPMALMOHHOW  TEXHONOTMU  MPOEKTUPOBAHUS
pobactHeix b3, npeacrasieHHON Ha puc. |, 6.

Ha srane | npoekTHpoBaHUs C MOMOILIBIO TEXHO-
JIOTUK MSITKUX Bblunciaenui (6aok OB3) dopmupy-
eTCsi KOHEMHOE MHOXKeCcTBO B3 juisi KOHKPETHBIX CH-
TYaUU ylpaB/IeHUs, OTMEYEHHbIE HA pUc. |, 6 Bbi-
HOCKO# “O6yuyalonive cutyaliiu ynpasienus”. Ha
JIAHHOM 3Tarie, Kak rnokasaHo B |7, 8|, peuaercst 3a-
nayda hopMupoBaHust yactuaHou podacrnoctn UCY,
npu kKotopoit UCY BbinosHseT 3anauud yripabieHUst
JUTSE 3a/1aHHOTO KJlacca cuTyalimia yripasienusi. Borpoc
(hopMHUpOBaHMsL CBOKCTBA M100ANbLHON pobacTHOCTH
M CY (obo3naueH Ha puc. |, 6 BBIHOCKO# BOrpoca) co-
crapiser npodiemy, KOTopyo petaet AaHHast MuH(op-
MalMOHHAsH TEXHOJIOTHSI TPOCKTUPOBAHMSI.

[MocnenoBatebHblid Mepexoa (0T 4aCTUMHOW K
rnodaIbHOW poDACTHOCTH) MPUBOJUT K TMPOLIECCY
npoekTupoBaHus ksaHtooro HP ¢ ucnonszosanu-
€M KBaHTOBBIX CTPATEIMi B HEUETKOM JIOFMYECKOM
Boiozie (B Buae KHB, obo3HavueHHbI COOTBETCTBY -
IO1ICH BBIHOCKOM Ha puc. 1, 6). Peanusaiuus 1aHHOro
nepexo/ia ocyuectsasercs Ha atanax [1-1V coorser-
crenno. [locie nonyueHusi pesyibTaToB pabOTh
KHB 610k TA dopmupyer koadduiimenTst mikamm-
poBaHus 1 000DIIEHHbIX KOI(D(DUIIMEHTOB yCHIe-
nus [TU1-peryasitopa. Pesyasrarel (ii) € atany Il u
(iii) € srany III. OcranbHble noadTanbl Mpoiecca
MPOCKTUPOBAHMUSI  110Ka3aHbl COOTBETCTBYIOLLIMMHU
BBIHOCKAMH Ha puc. |, 6, MHTEpnpeTaums KOTOPbIX
npencrasneHa Huxe. [lpouece npoekrupoBaHus ca-
MoopraHuzaumu podactHbix b3 B Henpe/nsuieHHbIX
CUTYalMsIX  YITPABICHMSI PEAlM3YeTCsl CyMMapHbIM
NEHCTBUEM NMEPEUMCICHHBIX 9TAIIOB ITPOSKTUPOBAHUS .

Crpykrypbl pobactibix MCY, ocHopammbic Ha
pa3paboTaHHON TEXHOJIOTMK TPOSKTUPOBAHUS (CM.
puc. 1, 6), npuBeneHbl Ha puc. 2.

OTMETUM HEKOTOPBIE 0OCODEHHOCTH 0003HAYCH Ui
Ha puc. 2.

JByctopoHHsist crpesika “I1pou3BoiCcTBO SHTPO-
MUU” Ha pUc. 2, 6 O3HAYAET MPOILIECC BBIYMUCICHHS
IPOM3BOJICTBA IHTPOTNIUMU CUTHATAMU X M 1, 4TO DK-
BUBAJEHTHO HaTMUMIO OJ10Ka BhivucaeHust “Ipous-
BOJICTBO DHTPOIUK” B 00EUX CBA3SIX. DTOT MpoLECe
1nojapobHo onucan B [2, 7, 8]. INpou3BojacTBO 3HTPO-
nuu paccMatpuBaercs B ['A Kak oiHa U3 KOMITOHEHT
(YHKUMM  MPUFOAHOCTH  (KPUTEPUH  MUHHUMYMAa
00O00LLIEHHOM SHTPOMUM, CM. HUXKE pUC. 6, @) v sIBJIsI-
eTcsl TepMOJIMHAMHUYeCKOoil BennunHo. [Moatomy B
CYMMATOPE Ha PUC. 2 BBITIOJIHAETCA KOPPEKTHAs One-
pauusi ¢ (PU3HYECKU OJIHOPO/IHBIMU TIEPEMEHHBIMHU
(B COOTBETCTBMMU C 3aKOHAMU TEPMOJMHAMMKH OT-
KpbITbIX cucteM). [lpumep npumeHeHus DaHHOM
onepalmm paccMOTPEH HUXe B pas. 4.

M3BECTHA PAH. TEOPHUA U CUCTEMBI YIIPABJIEHUA

B monenn KHB Ha puc. 2, 6 ocyiuectsasiercst us-
BJICYCHUE KBAHTOBbIX 3HAHWI, KOTOPbIE CKPbLITHI B
KJIACCHUYECKUX COCTOSTHUSAX, TOTYHYEHHBIX HA BLIXOJIC
onoka “Mopmuposarive OOBEKTUBHBLIX 3HAHWIA Ha
OCHOBE MSITKMX BBIYMCIeHUI” . B HernpeaBuacHHbIX
cutyaumsx ynpasieHuss KHB Ha ocHoBe peakiuid
MPOAYKIMOHHBIX MpaBui pobacthbix b3, crnipoekTn-
posaHHbIX HP (cM. Huxe puc. 13 u 18), dopmupyer
U peasiu3yeT B peaibHOM BPEMEHM 3aKOHbLI YIIpaBiie-
HUS C YYETOM HEJIMHEHHBIX (PU3MUYECKUX U MH(pOpMa-
LWMOHHBIX OrpaHMyYeHMi Ha YCI0BUS (hYHKIIMOHUPO-
sanus OY. B pesyasrare ¢ nomonibio KHB pobacrt-
Hocte MCY npoekTupyercss B 3aKOHAX yripaBlieHus!
koapuumenramu  yeuneuust  [MTHL-peryasitopa,
BKJIIOUAIOLIMX OTMEUYEeHHBIE OCOOEHHOCTH.

B kauecTBE MHCTPYMEHTApHsI MOJIETMPOBAHMSI
MPOJYKIIMOHHLIX MPaBui b3 ncrnosb3yrores TeXHoN0-
MU MATKMX M KBAHTOBBIX BblUMCIeHUH |4, [2—15].

I'. lleav paGomobi. B nanHoi nydjiMKalMm, COCTOs-
e U3 BYX B3aUMOCBS3aHHBIX YaCTeH, paccMaTpu-
BaloTcs pelicHus AByx npobsiem. B u. | npeacrarnen
KA ynpasjieHusi camoopraHu3saliMeid 3HaHuid U poJib
aHa/oroB (hM3UYECKUX (KBAHTOBbBIX M TEPMOJIMHAMMH -
yeckux) ahpekToB B peanuzaiimu npoiecca rapaH-
TUPOBAHHOTO AOCTHXCHMSI KavyecTBa YIPABIEHMUS.
[IpM 5TOM OCHOBHOE BHMMAHME YJICHSETCS Kade-
CTBEHHBIM OCOBEHHOCTSIM OMOJIOTHYECKH BOCTIPOU3-
BOJIMMOI 3BOJIIOIIMU CAMOOPTaHU3allMKi, OCHOBHbIE
KOMITOHEHTbl KOTOPOM OIMCHIBAIOTCS KBAHTOBLIMMU
OIEPaTOPAMU U COCTABIISIIOT colepXaHue pa3padbo-
TaHHOU Mozaen KA yrnpaBsiaeHus nmporeccoM camo-
opranusaumu. PaccmaTrpuBaercs 3anada pobacTHOTro
VIIPABJIEHUS B HEMPEABUICHHBIX CUTYalIMSX HA OC-
HOBE KBAHTOBBLIX CTPATErHil MPUHATHS PCIICHUA B
suie uHetpyMenrtapus KHB kak uacrHoro ciyuas
paspaboraHHoro obodieHHoro KA yrnpasjieHus ca-
mMoopratusaumeit. B u. Il neMmoHcTpupytoTes pesy.ib-
Tarbl IIPUMEHEHUS! TEXHOJOIMU TIPOECKTUPOBAHUS
pobactubix b3 B ctpykrype UCY (em. puc. 1,61 2, 6).

H. Hpukaadnsvie acnexkmor. Pazpaborannbiii 1ipo-
FPAMMHbBI MHCTPYMEHTAPUM HOBBIX MHTEJUIEKTY-
AJIBHBIX BBIYUC/ICHHH (unconventional computational
intelligence [15]) BkiovaeT npuHuUMIT cCaMOOpPraHu-
s3auun b3 Ha ocHOBE KBAHTOBOrO MOAXOAa M OCY-
LIECTBISAET peajin3allvmio TEPMOJAMHAMMYECKOrO KPH-
TEPHH ONTUMATIBLHOTO COOTHONICHUSI KA4eCTB yIpaB-
JIEHUSI, TAKUX, KAK YCTOWYUBOCTh, YIIPAB/ISIEMOCTDb U
poBACTHOCTD.

Beeaenubiii B ganHoi cratbe KA sipnsiercs Ho-
BbIM KBaHTOBBIM MOMCKOBbIM asiroputmom. Peuie-
HME 314K TIPOEKTUPOBaHUs pobaCTHOTO yrpaBie-
Hust OY (1OKaNbHO WIH I100aJIbHO HEYCTOMYMBBIM K
CYUIECTBEHHO HEJIMHEHHBIM) C BEKTOPHBIM KPUTEPHU-
€M KauecTBa yINpaBJieHUs paccMaTpuBaeTcs B JaH-
HOI crarbe B Kauecrse npumepa (Benchmark) adgp-
(PeKTUBHOTO MCIOJIL30BAHUS pa3pabOTaHHONH WH-
(hopMalIMOHHOM TEXHOJIOTUH MPOCKTUPOBAHMUSI.

Huxe, B pasi. 4, WITIOCTPUPYETCS BO3MOXKHOCTD
5((PEeKTUBHOrO MPUMEHEHUS TEXHOJIOIMU KBAHTO-
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