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SddexTuBnorTs TEXHONOIHHM OPOSKTHPOBAHKS POBACTHBIX Gas 3HAHWH Ha
OCHOBE MATKHX M RLONTOBBIX BHIMHCJICHUAX JEMOBCTPHDYOTCS HA NpHMe-
pe HeyCTOWYHBOrO CyILeCineHHO-HEeJIRHERHOr0 0fhexTa ¢ MCHoNs208AHE-
€M TepMOAMHAMITICCKOro Kpuiepns., Paspaboral KBadTOBRIN ajropursma
CaMOOPIaHM3AIH 3HARMI, HCTIORLAY:omkd JOTIOMHHTEALHYI0 KBALTCRY i
MHDOPMALMIO, CKPHITYIO B CYTIEPIO3HUAN KAacChi weokux CoCTOATHM CHr-
HAJIOB YIPABIeHHs, W TPHHIMI MAHAMYMA SHTPOIMY B €METe/ifeRTYaI-
HOM» cOCTOsiHEM, IIpHMeHeEMe KBAHTOBOr0 HOYeTKOr0 BHIBOIA H NPHHIEA
MHHMMYMA SETPOIMH B ¢MHTEEKTYATBHOM? COCTOSHAT CHCTEMBl VIPaB-
JIEHHS. TADAHNTHEPYET AOCTHXKEeHHe TPeOYeMOro ypoeHs pobacTHOCTH npu
HETPE/IBAIEHHBIX CHTYANUAX.

Effectiveness of robust knowledgebase design technology is demonstrated
with thermodynamic criteria using the Benchmark as unstable essentially
nonlinear control object. Quantum control algorithm of knowledgebase
self-organization is developed. In tlus aigorithm cdlitional quantum in-
formation (as hidden information in classical states superpositivi) and
minimum entropy in «intelligent» control state are used. Application of
quantum fuzzy inference and entropy minimum principle guarantee the
achievement of required robustaess level in unpredicted control situations.

KmoyeBsie c1oBa: camooprann3anps 06a3 suaimi, KsauroBeif never-
KHil BBIBOJ, UPHHIMI MHHAMYMa 3HTPONNH, DOBACTHOCTL, HENDEIRRCH-
HBI€ CHTYAIHH YIDaBICHHS.

Keywords: kuowledgebase seif-organization, quantmn fuzzy inference,
minimum entropy principle, robustness, unpredicted control sitnations.

Beegeune. [Ippvenenne KBARTOBBIX MHTEIEKTYANBHEIX BEIMUCICEHE B TE-
XHOJIOPMHK IIPOEKTHPOBAHMS PODACTHOTO YIIPABJISHMN

O,H0M 13 0cHOBHBIX Miel 5(hdeKTHBHOIO HCNOABL30BAHNS UHTCLICKTYANLHbIX Bhl-
qHCaeHMH B 3asatax PoDACTHOrO YIPABACHHS SIBJISLIOCL NOBBILEHHC HaJeXHOCTH
bYHKIUMOBNPOBAHNST B HENPEABMECHHBIX CHTYAIMAX YIPABICHMS 38 CHel HOBbile-
AHS MHTe/LIeKTYAILHOCTH HIDKHETO HCNOJHHTEILHOO YpoBHs TpaunuoHnsx CAY.
Pemenne 3anaum OCHOBAHO HA BO3MOXCHOCTH NOBbINleans pobactHoctd 6a3 sHapmi
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(B53) cooTBeTCTBYIOIMX MHTELIEKTYAILHEIX cucrem yrpasienus (MCY) ¢ uenoasso-
BaHMEM COOTBETCTBYIOUIEro wHeTpymenTapus (toolkit). Mndopmamuonnasi Texnono-
rus upoexTHpoBaHus pobacthex B3 pna meuerkmx perynstopos (HP) menonssyer
HOBLIE BIIH HHTELNEKTYAJILHEX BEMHCAeHMN | noka3ana Ha puc.l. [Iponece npoex-
TupoBaang pobacTaHbX B3 cocTonT H3 ABYX B3aMMOCBSI3aHHBIX TANOE, OCHOBAHHBIX
Ha MATKMX B KBAHTOBBLIX BLIYHCJIEHHSX COOTBETCTBEHHO,

pp— -

I TexHOMOrEN OpoeKTHPOBAHAS (3man I) oCHOBAHRAR H2 OB3

i 1
l—-l Tiponecc MPOeKTHPOBAHES HEIHBHIYATNEY B3
[

" TexHOAOTES OpoeKTRPOBAERS (Jman II) ocHOBAHHBAS HA mﬂ
1

Hndpopmannonnes
TEXHONOIWA

BpeexTRpo

[Knmosm OHTHEME3ATO) HEAHBHAVAILELE B3 |

il

R T A

. ;lumlnop YHPaRIPARE !
pacnpencxennes B3 Hrmsrrywamie i

[ I—

Puc. 1: Cmpyxmypa undopmaur:onnot mernorouy npoexmuposanus pobacmunr B3
unmezpuposurnnir wenernvur HCY (HHHCY)

Ha mepBoM 3TANe Opouecca TPOEKTHEpOBaHms (oM., puc. 1) dopmupyiores maan-
BugyaneHsie B3 guis ayx (wme Gonee) HP, hyBKumoHNpYIOmMME B KOHKDETHLIX CH-
Tyaumuax ynpasjienuas. Ha jgamnrom srtane wcnonesyercs ontumusarop B3 (0B3) ¢
ODHMCHERHEM TEXHOJOTHH MATKUAY BHMYUCICHAN H HEYETKOrO CTOXACTHYECKOTO MOJe-
maposarmst. Mecienosanus, nposefierrne B [1], noKasam cymecTsoBaERe JOCTATOTHO
mupoKoli obaacTi coxpanends pobacTHOCTH HHAWBEIyaneHEX B3 cnpoekTupopas-
HAIX HA OCHOBE MATKHAX Bhradcnenudt. Mcnomsobaize TeXHOJOI'EM MATKHX BhIYHUCJIS-
Hilt (ocHOBaRHON Ha reserudeckux amwopurMax (I'A) ¥ HeweTEHX BepOHABX CeTax
(HHC)) pacumpuno obnacti schdexrustnoro npimvenemna HP 3a cyer nobapienus
HOBBIX (DyHKIMHE B Brje 00y4YeHus W aJalITalH.

OnHaKO OPH 5TOM 049eHb TPYAHO CIPOSKTHPOBATH TIODANLHO «XODOMYIOs H DO-
6acraywo crpyxrypy MCYV. Hdannoe orpannyenne ocoGoHHC XapaKTepHO Ui HeIpe -
BYWICHHEIX CHTyalmil ynpasnerus, korga ofwexr ynpaenenus (OY) dyuxnporupyer
B PE3KO H3MEHsIONE@XCA YCNOBHsSX (OTKA3 JATYAKOB WM MIyM B H3IMEDHTEILHON CH-
cTeMe, HalIHYMe BPEMEHN 3aIePXKKH CHMHAJIOB YNDABJIEHHS WIH USMEDEHHS, DE3KOoe
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uaMmenenue crpykrypsl O wim eé napamerpos 1 1. n.). B psje npakruueckux cayva-
€B TAKOT'O POja YCJAOBHH MOTYT BBITH IPEJCKA3AHbL, HO TPYIHO PealM30BaTh pobacT-
HOE YIPABICHHE B HEIPEABHACHHLIX CHTVALMHX HAa OCHOBE CIPOSKTHPOBAHHON (115
DHKCHPOBAHHON cHTYAInME ynpasieHnas) Oaser 3pamui (B3) ogworo HP (maxke ma
BCEM MHOXKECTBE) NPEICKA3AHHEIX CaydafiHuix caTyaumit. OJHIM B3 CYMEecTBYRITHX
pemenuit npexcrasiserca (popmEpoBanue KoHewHoro uncnaa B3 HP gt MuOXKecTBa
(bHKCHPOBAHHBIX CHTyaupil ynpasjieHusi. BO3HUKaET BONPOC: KAK ONPeJenuTh Kakas
u3 B3 joarkua 66T HCIOAL30BAHA B KOHKPeTHbIM MoMenT Bpemenn? B arom cayuae
0coby0 BaxHOCTL npHobperaeT Bubop 0600IWENHON crpaTeruy, KOTOpas naBana Dbl
BO3MOXHOCTD HEPEKTIOMATH HOTOK YIPABAAKIIHWX CHIHAJNOB, MOCTYHAKUIAX ¢ BRIXOAA
pazmmunbix B3 HP, u (ecan neofxoaumo) MouduumpoBaTh WX BRIXOIHON CHIHAN 0
Tekympe yeraosus hyakmonuposanus OV, IIpocTeM BADHAHTOM PerieHns 1O Ipo-
6reMB IBIFETCA HCNOAB30BAHAE METOA B3BEIIEHHBIX BECOB H ATDETHPOBAHHS BRIXOI-
HEIX CHTHAJO0B OT Kaxaoro HesapucuMoro HP. Ho, ¥ coxanennto, Takolt MeTo (Kak
MOKA3a/IH Pe3y/ILTaThl MOJIEIHPOBAHKA) HMEET OrPAHNYEHHBIE BOIMOKHOCTH, TAK KaK
pacripe/iejieHue BecoBbiX (haKTOPOB HacTO HEODXOIMMO OUPEIENsTh B JHHAMWKE pe-
ANLHOrO BPEMEHH U IPOIeLyPa ORCKa HOCAT KoMOHIaTopHEI xapakrep. [Ipn peakom
H3MEHEHHH CHTYaIMH YOpaRJIeHHs pobacTHOCTE COpPOeKTHPORAHAEIX B3 Moxer GBITH
notepaHa. Pemenne Takoro posa npobaem MoxkeT OBITH HallJeHO HA BTODPOM 3Tane
NPOEXTHPOBAHUA HA OCHOBE BBEACHMS NPUHIMIA CAMOODPAHW3AIHN B Mpoiece (yHK-
unomnposatns B3 s HP, koropsiil peaiusyercd W HPOMPAMMHO T10/IEPKHBACTCH
paspaboTaHHON MOIENIBLI0 KBAHTOBOTO HeueTkoro Busoga (KHB) ¢ npuvenenuem me-
TONOJIOTHH KBAHTOBLIX MSAIKMX BBIYHCIACHHA # cucTeMHOR MHxKeHepuu — System of
Systems Engineering, ucnonb3ys CMHepreTHYecknii IPHHIAN caMoopranuaanyy [2].

B gannoit pabore pemenne nocTaBIeHHON TpoGIeMBI MPOJAEMOHCTPHPOBAHO HC-
NOJB30BAEMEM KBARTOBOTO aaroputma (KA), B KOTOpOM peaan30BaHbl BOIMOXKHOCTH
M3BJCYEHAS JONOMHATEILHOR KBAHTOBON HH(MOPMAINH, CKPHITOR (M TOIBKO 4acTHY-
HO JIOCTYNHON) B KOPPEIATMOHHLIX KIACCHYECKHX COCTOHHUSX 3AKOHOB YIIDABJIEHMH,
CHPOCKTHPOBAINBIX TOJLKO HA OCHOBE KJACCHYECKHX METOJOB TEXHOJOIHM MArKHX
Buuc/ienuit. B uacrThocTn, pealusaiyst IpoLecca caMooprasnsanyyn pobacranix B3
TIPH TAKOM TIOIAXOJie OCYIIECTRIASTCS 3a cuéT 0boOmeHns cTpaTeruil He9ETKOro A0TH-
weckoro susoja B suae KHB [3]. OnuceiBaetes cTpyKTypa B CHCTEMA MOJETHPOBAHAS
pobactarix B3 aas HP, samocrpupyomas aqdexrusrocrs npavenesua KHB. Mo-
ment paspaboransoro KHB pacemarpusaeTcs KaK HOBBIA BHJ HOUCKOBOIO KBAHTOBOTO
ajaropurMa ua 0b60bmuEnnom npocrpasctTee B3 HP # Kak BRIXOIHOR De3yJILTAT HPOCK-
THpyeTcs 0boOmEnnbI pobacTHull curnan ynpasienns koaddunpentamMu yeuieHus
neyerkoro [T /I-peryaaropa.

1. Ilenp ¥ NOCTAHOBKA 3AIAYH

OH0i ¥3 OCHOBHBIX 33J1a4 COBPEMEHHOI TeXH00rHH npoekTnponanua HP anns-
erca mocrpoenue u BHeApenue pobactubix B3 B crpykrypnt HCY (1] ¢ neasio no-
BLIMIEHMS MX CHOCOBHOCTH K caMooByteHHIO, cCaMOoaiallTalliH, CaMOODraHH3aIlHA LA
caMOpasBHTHIO. B 1aHHO#M CTATHE CTABATCH caeayiomas sajada: Paspaborars KA ca-
Mooprauusamms pobactEeix B3 B uaTennzexTyanbaeix HP B peanbroM Bpeveru Ha
OCHOBE MPHUMEHEHWs KBAHTOBBLIX Bulvucienuil (3ran 2 npoexktTuposanns B3 na puc.
1) B Buae KHB.

Ilennio paspaborky gsisiercs obecnedeHue I0CTHXEHHA TapaiTHPOBAHHOrO YIPAs-
JIeHUS B HENDEIBAJEHHbBIX (BHEIITATHEIX) CHTYAUHAX YIIDABJIEHHS B DEAIBHOM BpeMe-
HH KaK pesyibTaT npuMenenns KHB B crpykType camoopramasyomeiica UCY.
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Pemenne pannoit 3a/a4M NPHBOJMT, B KOHEYHOM CYETe, K IOBLIMICHUIO VDPOBHS
pobacriocry crpykrypsl UCY u nanexuocru dynkuponnposanus OV,

1.1 Ocobennocmu npoyecca npoexmuposanus pobocmnwr B3

Ha ocHoBe cpapHeHHs pe3yJbTATOB MOJEIHPOBAHMA, NONyYeHHBX B |1] nmokasa-
HO, YTO NPH JOCTATOYHO MMPOKOM JMAana30He H3MEeHEHHs NapaMeTPOB, XapaKTepH-
3YIOMUX 3aJaHHYI0 CHTYAnuio ynpasienns, OB3 gaer cymecTBeHHBIN BRUrpLIN (110
CPABHEHHMIO C JDYT'HMM NPOrPAMMHBIMA MHCTPYMEHTADHAMH) TIPH JOCTHAKEHHAM B IPO-
ekTupoBanuu Tpedbyemoro yposns pobGactioctr B3, JIpyrue npoMbiliieHHBIE HHCTDY-
mentapuu dopmuponanus B3 rakue kak HHC ANFIS (Berpoenusiit MoJysib B CHCTe-
my Moaesmposannst MarJIa6) win AFM (paspaborka ST Microelectronics) 1 ap. kak
crporo nokasano B [1], 061aJa10T NOBEILEHHON YYBCTBUTEIBHOCTHIO, IO CPABHEHHIO
¢ mHerpymenTapuem OB3, K HaMeHeHHI0 NapaMeTpoB (XapaKTepPH3YIOMMX 3a1aHHYO
CHTYALMIO YIIPABJIEHHS) ¥ UPUBOAST K noTepe pobacTHocTH ynpasienus. B3 camoro
naTeanexTyanbHoro HP qus 3ajauuofl cuTyawdn yupaeierus. B wactaoern, B |1, em.,
puc. 1, 2| npeacTaBAEHO B3aMMOOTHOLIEHHE MEXKJY MEDAMH KAHECTBA YIPABJIEHUS M
THIIAMH MHCTPYMEHTADHA HHTEIEKTYaJIbHEIX BhMHCAeHnH. Boliiu necaenosanb tak-
Ke CBA3H MeXKJy YCTORYHBOCTHIO, YIPABIAEMOCTHIO H POBACTHOCTHIO HA OCHOBE Tep-
MOJMHAMHYECKOro moaxofa |2, puc. 6,a]. CooTBeTcTByOMEE KONHYECTEEHRRIE MEDbI
H 3aKOHOMEDHOCTH B3aNMOJENCTENA JAHHBIX KPHTCPHEB KaYeCTBa YIpaB/ieHus Obum
BKJIOYEHH B nporpaMmuoe obecnedenue OB3. B pesyanrare, B hUKCHPOBAHABLIX CH-
ryanax ynpasienns HP ¢ B3 (cnpoexrrposannsie ¢ nomompio OB3) ofaasaior no-
BhLIIEHHOM POBACTHOCTHIO, COOTBETCTRYIONIME 3aKOHEL! YIPABACHAS COJIEDAKAT MEHbIIe
n3bnrrounoft nadopmaimy [4 - 6], HCNEIL3YIOT MHHMMATLHOE KOJHYCCTBO JATUYHKOB
u uexonuof undopmaimu |7 - 10]. Tlosromy, cnpoekTHpoBanukie Takum obpasom B3
HCIOMB3YIOTCs B KayecTBe BXogHoro currana ans KHB (B coorsercrsuu ¢ paspabo-
TAHHON TeXHONOrHelt MpoexTHpoBanus podacTHeXx B3 ma puc. 1).

Crnexyer noguepKkHyTh, YTO HaJHYHe H3OLITOYHOCTH HH(ODPMAIMM B 3aKOHAX YII-
paBieHUs ABjAeTcs (HU3NYecKol 06BLEKTHBHOCTLIO, KOTOPas NPHCYTCTBYET BCJIEI-
CTBHE UCIOJIb30BAHMA B Hponeccax ontamMusaimn B3 cayuaiinoro noucka B suae TA
[9], a Takxke caenyer u3 3akoHOB Teopuu HHMOPMAIEM O HEOOXOAMMOCTH HAJMTHS
H30BITOYHOCTH B HEHANEXKHBIX KAHAJAX MepeJadd JAHHBIX ¢ moMexaMmu. 9rtor dakt
ABIseTCH Hem36eKHON IUIATON 3a BO3MOXKHOCTH NOJTYYMTH PEIleHHe 3a]a4¥ ONTH-
MAJIBHONO YIpaBJeHHs CymecTBeHHo-HenuHettHbMu OV B yCIOBHAX HEONPeIeNIeHHO-
CTH HCXOAHOHA MH(OPMALMM H MHOTOKDHTEPHAIBHOCTH YCIOBHIT OITHMH3ALIMH.

1.2 IIpoexmupoeanie pobacmumz B3 das nenpedsudennma cumyanyuil ynpeeienus

B ciay4ae HenpejBHACHHON CHTYAIMM YIDABIEHUA JOUOJHWTEILHAS H3OLITOY-
HOCTb MHGOpMaIMK B 3aKkoHax ynpanienusi HP nosisisiercs kak cyMmapuntii pesyiib-
raT HeajekparHoi peaknpu OV (B BHje HOBOH OMOKM YUDABJCHHHA)] M JIOTHYECKH
HEKOpPeKTHOH! HATeprperaiun ucnonab3yembivd HP mammpmanusanmu cooreercTsy-
OIEX OPOAYKIHORHEX npasuia B B3 (00yuyeHHBIX TONBKO HA 3aJlAHHBIE CHTYAIMH
yupasyienus ). Pazpaborannas ke mogesns KHB npeacrasasier cobolt HoBbIlt By
KBAHTOBOI'O TIOMCKOBOTO a/iropUTMa Ha 0060BIEHHOM POCTPAHCTEE CTPYKTYPUPOBAH-
HBIX JIAHHLIX M HA OCHOBE METO/0B TEOPHH KBAHTOBLIX Bhiumcjenuii (cm., [Ipuioxe-
HHe) nospoisier 3(PEeKTHBHO pelnaTh 3aja4dl YIPABJICHHS PAHEE AJITOPHTMHYECKH
HePa3peImMMEX Ha KJIACCHYECKOM YDOBHe.
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OnucuiBaercs npunmunuaibias crpykrypa KHB u ero nporpamMmvubas noiepxea
B npoueccax npoektuposanus B3 pobacrhbix camooprannsyiompxcs HP B pexxkume
DPeaTbHGIO BpeMend. B yactHocTH, npupeieHa $yHKIMOHAIbHASA CTPYKTYPa CUCTEMb
Mozeauposains pobactHeix B3 maas HP, nossonsiomaa noebicHTE 3h¢heKTHBHOCTE
npuverenns KHB.

B npunoxennn upuseseHsl HeoOXO M MBI CBeIEHAS H3 TEODHHA KBAHTOBBIX BHIYHC-
JieHult H KBAHTOBOM TeopHH HHOMOPMALMM, HCHOJb3yeMble Jyid pa3paborku U oboc-
nosannd crpykrypst KA 8 KBH. Paspaboraunnii nojxos BIEpBbe MPUMEHHETCH B
Teopun # npakTike UCY. [osromy nacrosmas crarbd ssiasercs 0bobileHuem u pas-
BHTHEM pe3yibTaTos [1, 2].

2. Mogeas KHB u nponeccs! camoopraiuzanun pobactasix B3

Ha puec. 2 nokazana HyHKIMORATEHAS CTPYKTYpa yrpomerroi voaem KHB kak
YacTHBI caydatt obobmenHolt mosenn KA camoopranmsai(s, NpeJcTaBIeHHON Ha
puc. 5,6 (em., B [2]).

2.1 Keanmoswniti aazopumsm 6 modeiu KHB

B npexioxennoii mogenn KA aas KHB [3] peamasyiorea cneaymomue srams: (1)
0bpabaThBAKTCA Pe3yILTATH HEYETKOrO BLIBOAA Kaxoro mesasucumoro HP; (2) ma
OCHOBE METOJIOB KBAHTOBON TeopuH MHGDOPMALINY H3BIEKAETCH [eHHAS] KBAHTOBAS HH-
dopmamms, ckphiTas B He3aBHCHMBIX (MEIMBMAYyameHLIX) B3; u (3) B pexume pe-
&JLHOTO BPEMEHH 1POeKTHpYeTest 060BIEeHHbIH BLIXOEOR poGACTHBIT CHIHAaJl yNpas-
genms na muoxecrse B3 HP. B arom cayuae smxomuo#t curnas KHB B pexume
PEeAILHOTO BPEMEHM MPEJCTARIAET ONTUMAJbLHBIN CHIHAJ YUDABJIEHWH H3MEHEHHEM
ko3¢ buumenTos yeuaerus Hederkoro ITH-peryasropa, KOTOpBI BKIIOYAET B Ce-
651 HeoOxoAuMBIe (HAMIYNIME) KAYeCTBEHHBIE XAPAKTEeDHCTHKH BhIXOIHBIX CHIHAJOB
ynpasaenns Kaxaoro m3 HP, peaamnays teM caMbiM npuHiun camooprasusampu. [o-
sromy obnacts addexrusnoro dynxkiponuposanus crpykrypet HCY moxer 6eith
CYLIECTBEHHO PACUIMPeHa 34 CHér BKIIOUEHHH TAKOH BAXKHOH XapPaKTCPUCTHKH Kade-
CTBa yNpaBJIeHus, KAK PobacTHOCTE.

PobacTHOCTE yNPaBJSIOWIEro CHTHAIA - OCHOBA ISt MO/IEPKKH HAJEKHOCTH H
TOYHOCTH YIIPABJSHHS B YCIOBHAX Heonpegenénnoctd uagopmauyi wim caabo dop-
MAJIH30BAHHOTO OMHCAHMs YCIOBHIT (DY HKIMOHAPOBAHKSA U/ W needt ynpasienus |7].

2.2 Ocobernocrmu smanose KHB

Paccmorpum KpaTko ocnoBHEle 3Tansl pabore KA 8 KHB. Ha Bxon KHB & peans-
HOM BDPEMCHH IOCTYHAIOT CHI'HAJLL yIPaBIenns na cnpoekTuposaninix B3 na marknx
sruiuncienusix (OB3) mist HP (mar «Bxoj» va puc. 2,a). CaeayonyM marom asaser-
est nponece HopMasmzaruu (610K 1 Ha puc. 2,a) NOAYHMEHHBIX CUIHAJIOR B HHTEPBAJC
[0,1] myrem mesenusi aMIUIATYA TPaeKTOPHA CHTHAJIOB YIPABJEHHS HAa MaKCHMAlb-
Hble aMmnTyast (610 max K cosmectro ¢ 6aokom I sa puc, 2,a). Iocae HopMu-
POBKHM CHIHAJIOB OCyIlecTRIsSercsd hopMHpoBaHue KBaHTOBLIX 6uros (60K 2 Ha puc.
2,a) M3 TEKYIMX 3HAYEHWA HOPMHPOBAHHBIX CHIHAJOB ynpapjenus. C 910H 1eibio
TPE/IBADHTEIRLIO ONPEAeNsiores (byHKIMH IJOTHOCTH PAcIpeleienns BeposiTHOCTeH
10 NPEeACTABATEILHLIM BHIOGOPOYHEIM TPAEKTOPHSIM CHIHAJIOB YIIDABJICHHSA, MOJY4eH-
HBIX ¢ noMombio OB3 Ha MATKMX BBEIYHCICHAAX.
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Puc. 2: Cmpyrmypras peaiusayua npouecca camoopzenusayuy 6 modeau KHB.
(a) empyxmypa KHB; (6) unmepnpemayus peaiusauyuy npoyecca camoop2aniuaayu
HE OCHO6e FOPMUPOBAHUA KEAHMOBO20 COCTMOSHUSA cynepnosuyuyu 6 modeau KHB
{aman IV)

Hanee myreM onepaiiiy HHTEPHPOBAHKS HOMYYEHHERX QYHKIMH IA0THOCTH pac-
npefielieHAs] BEPOSITHOCTER ONPENeNsioTcs HATerpaibHble (DYHKIWH pacIpeeleHns
peposTHOCTel (6nokn P u I ma puc. 2,a). Ilomygennnie Takam ofipasom GyHKIHK
pacnpeieieHHsi BEPOATHOCTEH NO3BONAIOT BRUIEIMTL ¢BHPTYAILHEEY COCTOSHUA [1)
CHTHAJIOB YNIDaBJeHus AJs (POPMHPOBAHHKS CYNEPIO3UIAH C NOMOMBIO MPeobpasosa-
HUsE AjaMapa W3 TeKYIero COCTOSHRS BBEACHHBIX CHTHAIOB yupasienus. IIpn sTom
MCTIONb3yeTcs 3aKoH BeposTHocTed Tina P(|0)) + P(|1)) = 1, rae P (|0))n P (1))
- BEPOSITHOCTH TEKYIIEro PEeaNbHOI0 M BHPTYAILHOIO COCTOSHER CHTHAJA yIIpaBJe-
HHSI COOTBETCTBEHHO. [17Is TEXYmEero peambHOr0 HOPMAPOBAHHOTO COCTOSHMS CHIHANA
yrpasienns |0)c NOMOIBLI0 HHTErPANLHON (MYHKIME DACIpDEIeNeHHA BEPOSTHOCTE!N
OlpeieNIsieTCst ero BeposTHOCTE (MBI OIycKaeM IPOMEXKYTOYHBIE BLIKIIAIKH, CM., PHC.
2,6).

W3 3axoRa coxpaHeHHs BEPOSTHOCTEN PACCIUTHBALTCA BEPOSTHOCTE BEPTYAILHO-
T'0 COCTOSHNAA HOPMHPOBAHHOIO CHTHAJA yIIpaBsjeHus. JiCnons3ys TOT e MHTerpaib-
HBI! 38KOH paclpejelieHHs BepOsiTHOCTell, myrémM obparHoro oTo0parkeHMs BEIYHC-
JIfieTCsl 3HAYEHNE COOTBETCTBYIONIEro BUPTYAILHOTO COCTOSHAS CUTHAJIA YIPABJIEHNMH,
Cynepnosuims KBAHTOBON CHCTEMEI ¢PEALHOE COCTOSHHE — BAPTYAILHOE COCTOAHME
HMEEeT caelymomuit Bua;

) =5 (VPO [0) + V=P (0D 1)) = xaamosia G

Ha puc. 2,6 cxemarnuno orofpaeH BhMHCIHTENLHLE mpouece ¥ GopMUpOBaHHE
KBAaHTOBOrO OMTA B BHJIE KBAHTOBON CYNEPIOSHIAN I8 TEKYINero COCTOSHASA HOPMH-
POBAHHOr'O CHUI'HAJIA YIPABIEHHS, OIECHBAIOMEro K03 (OHIMERTE YCHIeHHs He9eTKO-
ro I1W/I-perynsaropa B crpyxType ICV.






