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OBITTA A XAPAKTEPUCTUKA PABOTBI

O6bexT HCcJIeoBaHud M aKTyaJIbHOCTb TeMBbl.

OnHOM U3 BAKHBIX 33144 COBPEMEHHON MaTeMaTUIeCKOil (PU3NKY ABJIAETC M-
CJIEZIOBAHTE UHTEIPUPYEMBIX CUCTEM. KOHEYHOMEDHBIMU UHTEIPUPYEMBIMU CH-
CTeMaM¥ KaK MPABUJIO HA3BIBAIOTCS MAMUILTOHOBBI CHCTEMBI, B KOTOPBIX YHC-
710 KOMMYTHPYIOIUX HHTErpPajioB IBUKEHUS PABHO HHCIY CTeneHedl cBOGOIBL.
B ciyuae GeckoHEUHOMEDHBIX MOJIEBBIX [AMUJIBTOHOBHIX CUCTEM HHTETDHDYe-
MOCTH BIEepBbIe ucciemoBasiach JI.J. @aneeprim u B.E. 3axaposbim mpu usy-
yennu ypapaerui KaB.

Ucropuyecku MHTEPEC K MHTErPUPYEMBIM MOJIEJIsIM BO3HUK TIPU HCCIEI0-
sanuy Teopun X X X,y cnuHOBO# nemouku Iefisenbepra u momenu Msunra.
Korza xBanTOBasI TEOpUs HaYaJa CBOE Pa3BUTHE U JOOUIACH TIEPBBIX YCIIEXOB,
TO Mozuenb V3uHra, sIBJAASCH KIACCHUECKOH, OblIa NpU3HAHA HEYIOBIETBODU-
renpHoi. B 1928 ropy lefizenbepr npenmoKusl KBAHTOBYIO CIUHOBYIO MOJIEb,
B KOTOpO# KJacCuuecKuil cnuH Momenun V3uHra, IPHHUMAIONMHE TOJBKO ABA
BO3MOIKHBIX COCTOSIHUSA, OBl 3aMeHEH Ha MaTpulbl [1aymu, COOTBETCTBYOLIVE
ciwry 1/2. OpHOMEpHAsS BepCHsl TON MOEJY UMEIOIIAs HA3BAHNE CIIMHOBA
nenouka [eiizenbepra Ovra pemena Bere B 1931, npu noMouy KOHCTPYKIMU
HBIHE U3BECTHOM, Kak Bere anzair.

B Teuenme mOITrOro BpeMeHM MOCJE ITOTO TEOPUS UHTEIPHPYEMBIX CUCTEM
HE Pa3BUBAJACK, J0 TeX IOp, moka OHcarep He Hamén B 1944 romy pemerve
vozenu zunra. DT0 pelueHre MMesi0 OrPOMHOE 3HAUEHHe IJis CTATHCTHYE-
CKUX MOZeJiell, B 4aCTHOCTH IJIsl TOHMMaHUs (DU3UKH KPUTUYECKUX SIBIICHWUI.
CrezicTBHEM 9TOrO pellleHus! sIBUIIOCH NosiBjeHue B 50-X rofax OOJBIIOrO 4Yuc-
jia paboT MO TOYHO PElIaeMbIM MOJEISIM, KOTOPbIe BCKOpPE BKJIOYWIA B cebsd
paboty Bere 1 B CKOpOM BPEMEHM HHTEIPUDPYEMBIE CHCTEMBI CTATH OOBHEKTOM
TIPUCTAILHOTO BHUMAHUS (DUBUKOB U MATEMATUKOB.

B gacrsocTH, B Teopuu nons omHuM u3 Haubosiee W3BECTHBIX NPUMEDPOB

HHTErpupyeMoit MOJIENn sBJjsAeTcs: ypasHenue Sine-Gordon
O +m?sing = 0,

ISl CKAJSAPHOTO 1Mogid ¢(x,t), KOTOPOe MOJaraeTcs PeIsTHBUCTCKAM W HeJH-

HEHAHBIM.



Kax xopoio ussectHo, npobiaeMbl TEOPETHKO-TIONEBBIX MOJIENIe CO B3au-
MOZIEHiICTBUEM CBSI3aHBI C HAAMYHEM PACXOAUMOCTEH ¥ HeoOXOAUMO BBOIUTH Pe-
ryagapusanuy. Juckpern3aiys IpoCTPAHCTRE, WIK JPYTUMY CIOBAMHU, TIEPEXO
K PEIETOMHBIM MOJEJISIM, SIBSETCA OJIHUM U3 CIIOCOO0B TAKOH Peryispu3aii.
DTOT MOIXO, CBOLUT IIOJIEBYIO MOJEIEL B KOHEYHOM OObEME K CUCTEME ¢ KOHeU-
HBIM YHCJIOM CTeneneit cBoGOIbL.

B nauane 80-bix ronos, B ocHOBHOM Giarozaps pabore Wzepruua u Kope-
mHa, OBIO0 OCOZHAHO, UTO MHTEMPUPYEMBIE TIOJEBbIE MOJIEH CBSI3AHbL C PerIé-
TOYHBIMYU HHTEIPUPYEMbIMI MOIEISIMH, KOTOPbIE B HEKOTOPBIX CILydasX MOTYT
ObITh HHTEPIPETHPOBAHbI KAK MOJEIH KBAHTOBBIX CIIMHOBBLIX Henodek. JIpyru-
MU IPDHUMEHEHHUAMHA Mo,aeneﬁ CIIAHOBBIX IIEII0OYEK B COBPEMEHHBIX TEOPpHUAX II0-
JIs1, ABJISIOTCS BBIMUCIICHUSA aHOMAJIBHBIX PA3MEPHOCTe! KOMIIO3UTHBIX IO B
N = 4 cynepcummerpudHsix Teopusix Aur-Musuica u npu M3y4EeHHH BBHICOKO-
9HEepPreTHyIecKoro npejesa reopuit KX/,

Bosppamiasck K CTATUCTUYECKHM TEOPUAM, CTOMT YIIOMSHYTb TaKHE MO-
[T, KaK aCCHUMEeTPHYHBIE MPOIECCH € MCKIUEeHHEeM, KOTOPHIE (DHU3UIeCKH
MOYKHO PACCMATPUBATH, KAK CTOXACTHYECKYIO CUCTEMY YaCTHIL], COBEPIIAIONINX
CKaYKH B COCEIHUE Y3Jbl IO TAKUM HMPABHJIAM, UTO JBE YACTHIBI HE MOTYT HAa-
XOOUTHCS B OLHOM y3jle M He MOTYT oOOrHATH JAPYT APYyra, U HAXOIAILYIOCH
IT0/T BJIMSIHIIEM BHEIIHErO IOJsl, KOTOPOe NBHXKET YACTHI[bI B HEKOTOPOM BbLIe-
JIeHHOM HamnpasijieHun. JMHAMEKY JaHHOH CHCTEMbI OIMCHIBAET FaMUIIBTOHUAH

XX 7, o anmsorponsoit Mogenm [efizenbepra, nMeromuit By

n—1 —1
+ —
H= Z s¥sT . +sYsY  + 1r4 2q sty + -4 (s% —s2),
i=1

rae ¢ bopManbHBI MapaMerp, CyMMHUPOBaHue GEPETCA TO N y3/1aM LETIOYKH, 3
s%,sY, s* — marpunamu Iaymu.

OpHuUM ¥3 METOAOB HCCIEI0BAHUS TAKMX TaMUJILTOHOBBIX CHCTEM SIBJISET-
€1 KBAHTOBBIN MeToz, 06paTHOM 3308490 PACCesTHUS, M CBI3AHHbIN ¢ HUM ajred-
pandeckuii ausan bBere. AnreOpamueckuil amzall Bere, pa3suBaomwuil TOAXOX,
Bere, 6511 pazpabdoran JI.Z1. Panneesbim u ero mkoJioi. Mcnonb3oBaHue aH3a-

Ira Bere noseonser JOCTUTHYTH MHOXKECTBA MHTEPECHBIX PE3YJIbTaTOB, ONIAaKO,



[TOMMUMO KBaHTOBOTO METOJ3 0DpaTHON 331241 PACCESTHUS CYIIECTBYET NHTEPEC
K aJbTepPHATUBHBIM (POPMaM U3YUEHUs! IOJO0HBIX KBAHTOBBIX TaMUJILTOHOBBIX
CHCTEM.

DTO CBA3AHO ¢ TE€M, YTO IPH H3YUEHHH KOHKDETHBIX CHCTEM He Tak IIpo-
CTO OIPEIEJIUTD, SIBJISIIOTCS JIH OHU MHTErpupyeMbeiMu uiu Het. Hekoropyio un-
dopmalmio, KOTopas MO3BOJSEeT OTBETHTH HA 3TOT BOMPOC, MOYKHO MOIYYIHTH
HCIIONb3YsT anrebpandeckie CBOHCTBA JIOKAJIbHBIX MATPUIL B3auMmojeiicteus. B

YACTHOM CJIy4ae, ecjiu BBectu R marpuiy Buma

q 0 0 0
1
R:qu 10’
0 1 00
0 0 0 q

xoropas geficteyer B mpocrpanctee (C2)®2) u onpenenuts onepatop R; aeit-
CTBYIOUMI Ha, 1,1+ 1 y3/ax COMHOBOM LEIMOYKHM, TO KaK ObLIO [I0KA3aHO B pa-

6orax xumMO0 9TOT OHEPATOP YHOBJIETBOPAET COOTHONIEHUAM aJaredpst [ekke

KOTODBIe TIOKA3BIBAOT, YTO MATPHUIBI R; peanusyorT HEKOTOPOE NPeICTaBIeHNe
anrebpe! I'exke. JlanHoe MaTpUYHOE TIPEACTABJIEHYE I03BOJISET NEPENCcaTh T'a-
MubTOREAH X X Z /9 MOAENH C OTKDPBITHIMA TPAHMYHBIMA YCJIOBUAMYU B Clle-

Ayioieit npocroit popme
H = Z R«L'.
i

Mozxkuo chopmynuposarh 60jee OOIIYI0 33434y TONCKA CHEKTDA MJIsi PA3Ind-
HBIX NIPENCTABJCHUN CHeIHaIbHOrO aneMenTa aarebpsr I'ekke, KOTOPHIN nMeeT

Ty ke dopmy

H=) T,



rae T; obpasyuiue anrebpsl I'ekke. BaskHbIM C/IeACTBUEM JAHHOIO HAOJII0ACHS
ABJIAETCS CIIENYIONEe yTBEPKAeHre: 000 CTOXaCTHYECKHMH TPOIECC OIUCHIBA-
eMBbIi CyMMOH JIOKQJIbHBIX MATPHIL, B3aUMOAEHCTBUA, YIOBJETBOPSIOUINX COOT-
HomeHuaM ajredbpnl [exke, aBigeTcs MHTErpupyeMbuIM nponeccoM. Bosee Toro,
moboe mpeAcTaBienne p anredpul I'ekke JA8T MHTETPHPYEMYIO CHCTEMY, THIIA
CTOXaCTHYECKOTO HOpLecca, ¢ ramubrornaoM p( H). Takum o6pasoM BaskHOM
3aa4ell SBJISErcs HCC/IeNOBAHME CIIEKTPa raMuiIsToHmana asurebpnr [exxe B
pa3nmyuHbIX €€ mpejcraBieHuax. /laHmasa 3ama4a OMeBHIHO CBOAUTCA K U3Y'e-
HUIO CIIEKTPA HENPUBOAUMBIX IIPEICTABIICHU.

IMean paGoTsl.

Tlenwro HacTosMIEHl IUCCEPTAIMY ABJISIETCS IIOCTPOSHUE CIIEKTPa, TaMUJILTOHUA-
Ha nenouky lexxe,0606matomero ramuibronuan X X Z) /5 KBaHTOBOM CIHHOBO!
UEMOYKH, JJ5 PA3IUYHBIX HEIIPUBOIUMBIX npencTasienuit anrebp Tekke A Tu-
ma, & TaKXKe JeTajibHoe HCCaeroBanmue caMux anrebp [exkke sys ciayuas q He

ABJIAIIEIOCA KOPHEM U3 €IUHUIIbI.

Hayqﬂaﬂ HOBHU3HA 1 IIpaKTHYeCKad II€HHOCTb.

Brin pa3paboran u NpuMeHEH IJIsl KOHKDETHBIX BBIYMCJICHMM METO[ MOUCKA
CTIeKTPa TaMMIbTOHHAHA JJI HEKOTOPBIX CHEIMaNbHbIX npencTasienuii. Ilomy-
YeHB! YCJIOBHA AJIS BhIPAYKEHUS HENPUBOIMMBIX MpelcTaBiennii anredbps: Iex-
Ke OJHOI'O BHMA YePe3 OrpaHuYeHNsl TeH30PHBIX IPOM3BEICHII HETIPUBOIUMBIX
IIpeICTaBJIeHI ! JPYroro B, UTO IO3BOJIAET BBECTH Ha HEKOTODBIX MIPELCTAB-
nerusax anrebper lekke KOHCTPYKINIO AHAJIOTHYHYI0 KOHCTPYKLMYE KOYMHOKe-
Husa. TeM caMBbIM BO3HHKAET BO3MOXKHOCTS BBIYHCIATH CHEKTPBI TaMUJIBTOHMA-
Ha 1enoukn [exke ns 60nee CIOXKHBIX IPEJICTABNCHUHN, YTO JaET BO3SMOYKHOCTD
paccMaTpUBATh HOBBIE HHTEIPHPYEMBIE CIIMHOBBIE H CTOXACTHUYECKUE MOIEIH.
IMonygyenrHoe npencrapieHyue MAeMIOTeHTOB anrebpel ['ekke B BHIE IPO-
u3BeJeHHs 0aKCTEPU3OBAHHBIX DJIEMEHTOB AAET IIPOCTYIO KOHCTPYKIIHMIO IPO-
HeAypbl CHuAHMA. Pe3yibTaroM 3TOr0 SBJSETCs, B YaCTHOCTH, BO3MOXKHOCTH
MIOJIy4eHNsT HOBBIX PelleHnit nyid aaredpautecKkoro aHajora ypaBHeHHE oTpa-
xeguii. Takske MOABIIAETCH BO3MOXKHOCTD 3alUCATH COOTHOLICHHS ISl HIEMEH-~
ToB anrebpsl I'ekke, KOTOPBIE B R-MaTpPUYHOM IIPeACTaBICHUN COBIIaalT ¢ 1'Q)
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YpaBHEHUAMU BaKCTepa, YTO B CBOIO OYEPEb MO3BOJIUT IIOJIYYaTh CIIEKTPHBI I'a-
MHUJABTOHHUAHOB Pa3JIMYHBIX (bI/IBI/I‘IGCKI/IX MOJeJiel Ha OCHOBE aHAJIUTHIECKOI'O

anzaig bere.

Anpobanusa paboThI.
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TypbI u3 59 HaUMEHOBAHUM.



OCHOBHOE COJEP>XKAHHNE PABOTHI

Bo BBegennu npeacTaBiieH KpaTKuil 0630p OCHOBHBIX pabOT U pe3yibTa-
TOB I10 TeMe HHTerpupyemsrx cucreMm u anredp ekxe. Tam rxe KpaTKO OMICAHBI

OCHOBHBIE DE3YJIbTAThI, COCTABIAIOININE JAHHYIO JUCCEPTALIUIO.

B nepsoii rnaBe - “Addunnvie zpynns. Koc” — ONUCBIBAETCS TEOPUS

Py KOc, coOTBercTByommx adduuubM u HeadduuubiM rpadam IbHKE-
Ha. Jta cyiyvas rpynn Koc A Tna W3/araercs KOHCTPYKIHUS TaK Ha3bIBAEeMO-
ro “smeMeHTapHOro roMoMopdusmMa’ (COOTBETCTBYIOIMH AHIVIMHCKUH TEepMUH
“evaluation homomorphism” se nmeer bosree aJeKBATHOIO IEPEBOA HA PYCCKUIL
SI3bIK ), [IPY IOMOLIM KOTOPOTO YAAETCs CHCTeMATHIECKH ONUCATE CBOWCTBA, CIIe-
UAIBHBIX 00'bEKTOB COOTBETCTBYIOWIEH anreOpsl [ekKe, KOTOPHIE Ha3bIBAIOTCS
snementamu FOmuca-Mépdu u 6buim BoiBesensl Junmepom u IxxelimcoM mpu
060bwmennn pesyasraToB FOuuca u Mépdu mjist CuMMETPUYECKOM TPYIIIbL.
'pynma Koc coorBercrByoinas neadbunuoMmy rpady dpiukuna A Tuma mo-
poxkmaeTcs HabopoMm obpasyromux 14, . .., T,, KOTOpbie YIOBIETBOPSIOT COOT-

HOIICHUAM

LTy =T;T;, li—jl =2,
T T = T T

Dnemertsr HOuunca-Mépdu onpenensroTcsa mpyu 3TOM U3 CIELYIOUUX PEKKY-
DEHTHBIX COOTHOIIEHUH

y1=1, Yi+1 = Ty T

OcHOBHagA e MOCTPOEHUS DIIEMEHTAPHOIO OMOMOpPGU3MA 3aK/II0YAET-
ci B TOM, 4TO B aduHHON rpynmne KOC yHaETcs BBIIOJHUTH OZHOBDPEMEHHO
reckosibKO yeiosmit. Cama 1o cebe addunnaa rpynma xoc (Boobine rosops
paCHIMpPEHHAs, HO B TEKCTE JIJIs YIPOILEHWs 9TO CJIOBO OyIeM OIyCKaTb) MO-
Ker OBITH ONpenesieHa HECKOJbKUME PAa3HBIMH SKBHBAJIEHTHBIME CIOCODAMH.
C ozmmoli cTOpOHBI OHA onpegesiercss HaGopoM obpasytomux {Tp, ..., Tn}, KO-
TOpBIE YOOBJIETBOPSIOT COOTHOIIEHUSAM KOC, U dneMeHTamMu 7 € , rae Q) ¢y=-
[JaMeHTaJIbHas TPyINa AaHHOM anreOpsl Jlu, unu, OPYyruMu CJIOBaMM, IPyNIa
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aBTOMOPGU3MOB CcoOTBeTCTBYIomEro adgpduunoro rpada JIpmkuna. C apyroi
CTOPOHBI, IJjisi ad@UHHBIX TPYNN KOC eCTeCTBEHHBIM 00Pa30M ONPEAEesseTCst
HNOATPYIINa CABUIOB Y, u3oMOpdHas pemérke KoBecos, u acdduHHAsS TPyNIa
KOC OHHCHIBAETCSI B ITOM CIy4Yae 3JEMEHTAMH NOATPYIbl CABUIOB U 06pa3y-
tommma {14, ...,T,}, KOTOpbe caMu 1o cebe SBJSIOTCS 0OPa3yIOUIMU yIKe
uHeaddunno rpynnsr koc. Tak kak noarpynna Y sBisercs 06pa3oM peméTku
KOBECOB, TO TE€M CAMbIM OHA HUIPAET BAaXKHYIO POJIb B TEODUH HPEICTaBIEHUH
IPYII KOC 1 cooTBeTcTByIouux ahpdunubix anredp I'exke. [Tockonbky 3To g8a
Da3JIMYHBLIX OMHCAHMS ONHOM U TOi ke adduuHONU anreGpbl, TO MEXKIY HU-
MH CYUECTBYeT CBfA3b, KOTODAs OIMMCHIBAETCS NPU IOMOIIYM IOHSITHUS JJIUHBI.
9710 mocTpoeHue B ciydae aQ@UHHBIX TPYNI ABJSETCA BCETO JUIIb PACLIApe-
HUEM KJIACCHYECKOrO MOHSITUS U TOTOMY MHOT'HE TeOPeMbl IEPEHOCSTCS TPaK-
Tudeckn 6e3 uamenenuit. C UCIOIB30BAHNEM KOHCTPYKLHUM IJIMHBL B ciiydae A
CepHHU JJIsi KOBECA COOTBETCTBYIOIIErO CTAPIIEMY KOBECY aHTH(YHIAMEHTA b
HOTO IPeICTABJIEHHs NONy4Yaercs Bhipaskenue Buma Yo = m,T\Ty ... Ty, tae
Ty = ThAn. OmHAKO, ¢ APYTOH CTOPOHBI, B HeaddOUHHON IPynIe KOC, Cylle-
CTBYeT BHYTPeHHHU#l aBTOMOpGbU3M, NOpoxgaemseli siemenrom X = T,,...7T;
KOTOPBI# feficTByeT cx0XuM 0Opa3om. HanBHO MOXKHO €Ka3aTh, YTO CYLIECTBY-
er romoMopdu3sM achbuHHOI rpynnsl KOc Ha HeadGUHHYIO MPYHILY C UCIOIb30-
BaHHEM OTOXKIECTBJIeHHs T — X . DTO He COBCEM TOYHO, TaK KaK JAHHOE 0TOO-
DakeHue He sIBJISEeTCH KOPPEKTHO ONpeesEHHbIM, OJHAKO, KaK OKAa3bIBAETCS B
JaJIbHEHIeM, HETOYHOCTh, KOTOPasi JOIYCKAETCA IIPU TAKOM OTOXKIECTBIIEHUU
He sBJsIeTCs cyiuecTBeHHOH. C yu€ToM 3TOro 3aMedaHus MOIyYaeTcs, YTo JIe-
menty Y coorsercrsyer mekoTopsiil anement FOmuca-Mépdu. Paccmarpusas
JIpyTHe KOBECa, W UCIOJb3Ysl TO XKe oTobpakeHue, misd HeadduHHON anrebpsr
Tekke mosyuaercss Bcé ceMeiicrBo oneparopos FOmuca-Mépdu, koropsie, Ta-
KuM 00pa3oM SBJIIOTCS 06Pa30M PEIIETKY KOBECOB U HACAEAYIOT €€ CBOMCTBA.
A mmeHHO, OHU 00Pa3yIOT MAKCUMAJIBHYIO KOMMYTATHBHYIO HOAIPYIILY, & TaK-
K€ B [IOCJIEAYIOIIEM C MX IOMOILBIO ONKCHIBAETCS TEOPUs IPEICTABIIEHHN COOT-
BercTByoLEl anrebpst lekke. Ipyroit moaxon K BHIYUCIEHUIO JIEMEHTAPHOTO
romoMopdusMa yxe B anrebpax ['ekke, CBsI3aH C UCHONb30BAHMEM KBAHTOBBIX
rpymnmn u 6bL1 onucan B pabore U, Yepenuuka.



Bo BTOpoii riase — “Aazebpa lexxe u eé npedcmasaenus” — onpenens-

10TCsl anredpr! I'ekke U, pu HOMONITH BREIEHHBIX daeMenToB FOuuca-Mépdu y;,
CTPOUTCH UX TEOPW NpeACTaB/IeHNs. [JaHHast TeOpUs, B CUILY IIPUIMH YIOMSHY-
TBIX BBIIIE, OKA3BbIBAETCH CBA3AHHON ¢ Teopueit npeacrassienus anredp Jlu sly.
IToaromy B 06emx TeOpusxX UCIONB3YETCs CXOMHBINA A3bIK, & UMEHHO SI3bIK JHa-
rpamM FOnra. Bce Bo3MoxkHbIe pencTaBienns aaredp Iekke mpu 3TOM OMUCHI-
BalOTCA OKpalieHHbM rpadom FOHra, B BepruHax KOTOPOro CTOSAT AUArPaMMbI
FOura. Kazxnoit quarpamme FOHra npu sToM CTABUTCS B COOTBETCTBHE HADOD
craagapTabix Tabmun FOura 7', KOTopbie CB3aHbL CO CIIeNUaIbLHBIMH dJIeMEeHTa-
Mu Ep anrebpsl [ekke, HA3BLIBAIOIIUXCS HAEMIOTEHTAMH, TO €CTh YAOBIETBODSI-
foyx coorHomenusiM E2 = Ep. VlneMnorenTs 0618 I310T PSIOM CBOICTB, BO-
HEPBBIX OHU SIBJISIOTCA COOCTBEHHBIME “BeKTOpaMu’ anemenTos FOuuca-Mépdu
viEr = Epy; = ¢;Ep, tne ¢; — “conepxumoe”’ KJIeTKu ¢ KOOpAuHaTaMu (1, m),
¢ = ¢*"~™), Bo-BTODBIX, HAEMIIOTEHTHI MOKHO 3aIUCATh KAK (DYHKIUHA STUX
ke asiemenToB FOuuca-Mépdu. Bosee Toro, cymecTsyer anbrepHaTusHas Hop-
Ma HX 3aIUCU 4epe3 OAKCTePH30BAHHbIE 3JIEMEHTH
Tiy-T '
Ti(way)=”~m~—*a z,y €C,

KOTOpas UCCIELyeTCs B AUCCEPTALUYU U SBJseTCs] 0000IIeHneM aHAJIOTHIHON
KOHCTPYKIMH JJIsI CAMMETPUYECKOH I'DYIIIBL.

FOuucom 6buIO 3aMeEYEHO, YTO NPUMUTHUBHBIE HIAEMIIOTEHTHI CHMMETPUYE-
CKOM I'DYIIIBI, MOTYT OBITH ITOJIyYEHBI KaK HEKOTODLIH mpeen MYHKIMHA MHO-
I'UX IEPEeMEeHHbBIX CHENUANLHOIO BUJA, C PALlMOHAILHBIME K03Gb(DUIMEHTAMU U
CO 3HAYEHUSMHU B CUMMeETpHUeckoil rpymme. Touka B KOTOpo# Oepércsa mpe-
JeJI ONIPEeNIAeTCs COLEPKMMbIM COOTBETCTBYIOIINX KJIETOK 3aIaHHOM TabauIbl
FOwura, st KOTOPO# HIIETCst UAESMIIOTEHT. DTa, (PYHKIHS UMEET BHJ,

(14)
@(ul,...,un): H (1—m—),
1<i<ign ¢ J
rae ui,...,Up ABJISIOTCA KOMILIEKCHBIMU IIEPEMEHHBIMU ¥ TIPOU3BEIEHUE BbI-
4ncisAeTcs: B rpynnosoii anreGpe C[6,] ¢ nexcuxorpaduieckum ynopsiounsa-
HEeM 1o mapaM (i, 7).



Cxonnas KOHCTPYKUWs, Ha3blBaeMasda “mpouenypa ciusHus’ (OPUTrHHAIbL-
HBII auramitckuit Tepmus “fusion procedure”), 6s1a paspatorana YepegHukom
U TOJIHOE JOKa3aTesbeTBO ObLI0 Brepsbie naHo Hazaposeiv. Ilo3anee sta KOH-
CcTpyKums ObLIa HOCTpoeHa s ciaydas ajiredp lekke, B wactHocTH ['paiimom
ObLIa UCIIOIB30BAHA BEPCHSl OCHOBAHHAS HA IVIABHBIX KpIOKax pa3buenus. On-
Hako MoJsieBbIM HeIaBHO ObLIO HAMIEHO ropa3ao HoJiee MPOCTast BEPCHU [NOKa-
3aTENLCTBA 9TOM KOHCTPYKIMU B CIIy4Yae CUMMETPUYeCcKoil rpynnsl. B muccep-
Taiyyu ObLIO IOCTPOEHO 000DIIeHHe 3TOr0 MOKa3aTeabcTBa Iiist auredp Iekke,
YTO MO3BOJIAIO MOJYUYUTh HPOCTYIO KOHCTPYKLHMIO CHUSHUA. A MMEHHO, s
IPOM3BOJILHON cTanmaptHol Tabauiel FOura T muarpammbl A = (A,...,\;),
COOTBETCTBYIOIIUHA MAEMIOTeHT E | mojiyvaeTcst B Pe3yIbTaTe IOCIeI0BATENb-

HOI'O BBIYHCJICHUA (i)yHKH,HI/I

Er=F(\)Yi(ci;us) ... Yyo1(cr,c2, . . . Camt1; Un)|

uz=cz lua=63 T lup=cy?

rue

Yi(er,cay .o ycisu) =Ty, Ti(er, w)Th—1(c2,u) .. . Ti(ck, u) 71

Wrt1?

ka = (T1 . ..Ti_g Ti-l)(Tl . ..Ti_g) T (T1 Tg) Tl, 7= 2, ey

Hopmuposounstit koapdunyent F()\) BbIYUCIAETCS B IPOLECCE OCTPOe-

Hys uaemMnoTenToB. C OJHOM CTOPOHBI, OH DaBeH

1
(ha)g’

’
F(\) = "))
€A
e npousseneHue 6epeTcs 10 BceM KileTkaM ¢ = (1, j) AuarpaMMsl A, Juarpam-
Ma A = (A},...,A]) aBasercs compsxénnoit k . Kpiok h, ompezenserca xKax
l
. . m___—m .
ho =Xi+A; —i—j+1, gameno (m)g = L=Lr, aneno n(A) = 30 (1 —1) i
i=1
C mpyroit CTOPOHBL, 3TOT HOPMUPOBOYHBIH KO3 DUIHEHT OKA3BIBAETCS CBSI-
3aHHBIM C TaK HA3bIBAEMOIl ¢-pa3mMepHOCMbI CTAHIAPTHBIX TAOMHUI] U CJIEOM
Oxueany-MapkoBa OT COOTBETCTBYIOLIMX UIEMIOTEHTOB.

B tperneii rnase — “Aazebpa Iexxe u unmezpupyemoie modeau” — BbI-

YUCIAETCA CIeKTD raMUJIbTOHHAHA LENMOYKHU FeKKe, A1 ClIyvasd ClelaJIbHBIX



npencrasienuit anredbp I'ekke, coorsercrByomux auarpamvam FOHra yrioeo-
ro Tuma. VICXOmHO B JAHHON IJIaBe OMMCBIBAETCS KOHCTPYKIMS CHEIUAIbHbIX
ajieMenToB ayirebpnsl [eKke aHAJOrMYHBIX MarpuuaMm MouompoMuu CKISHHUHA.
Ionyyennbie onmepaTOpHbIE MATPUILI MOHOAPOMUY SIBJSIOTCS IPOU3BOASAILMMU
dyHKIMAMU ceMeiicTBa KOMMYTUDYIOUIUX 3JEMEHTOB ajrebpnl [ekke, omHuM
U3 KOTOPBIX ¥ SIBJISETC COOCTBEHHO TaMMJIbTOHHAH Lernodyku Lexke. Jamnas
KOMMyTaTuBHAas nogaiaredbpa HassiBaeTcs nojainredpoit Bere. Tem cambiv ycra-
HABJIUBAETCS CBSA3b MEXKY MHTErPUPYEMBIMHU MOJEJSIMU CBsi3aHHBIMU ¢ X X Z
MOZENSIMUA UCCJEIOBAHHBIMU Bere u MHTEerpupyeMbIMU CUCTEMAaMHU, ONHCHIBAL-
MBIMH PaMHJIbTOHMAaHAMHU oganrebpst Bere. B pesynbsrare, 3amaua ucciemnosa-
HUS (NEeKTPA TAaMMIIBTOHMAHA CBONUTCS K WMCCIEIOBAHUIO COOCTBEHHBIX 3HAUE-
HUE COOTBETCTBYIOMIUX JIEMEHTOB IIOHAITeOpsl Bere B pas3iinvHbIX HEIIPUBOIHU-
MBIX NPECTABICHUIX.

CoGCTBEHHO NOCTPOEHWE CIEeKTPa TaMHAbTOHHAHA UEnodkd L[ekke s
[IPEJCTaBIEHNHA, COOTBETCTBYIOUIUX YIJIOBBIM JHATPDAMMaM, COCTOMT W3 [IBYX
yacreii. BHavajie IpOu3BOAUTCS BHIYUCIICHHE CIIEKTPa, IJIsl IPEACTABICHUM CO-
OTBETCTBYIOIUX yIVIOBBIM AUarpaMMaM IIPOCTERIIEr0 TUIIA, & IMEHHO JUarpaM-
Mau Buga {k, 1}, T0 ecTb cOCTOAMUX U3 ABYX px,ﬁOB, npu4éM BO BTOPOM PsiiLy
HAXOOUTCS JIAIIb OJHA Kjerka. ajee, 6ojee CIIOXKHBIE IPEICTABICHUS CTPO-
ATCA U3 TPOCTEMINNX KaK AHTHCUMMETDPU3AIHS UX TEH30PHBIX IPOU3BEIEHUI.
Boobme rosopsi, anrebpa ['ekke He siBjsiercst Guanre6poit u mosToMmy, B 00LIEM
cJiyyae, KOyMHOXKEHUE B Hell He OMpeNesieH0. DT0 3HAYNUT, YTO IPOLEypa TeH-
30PHOr0 IPOU3BEJEHUS ABYX IPEICTaBJeHUN aaredbpbl [eKKe He NPUBOIUT K
HoBOMy mpezcTasienuio. OgHako, B pabore (GopMyaupyercs oOumii pesyib-
TaT, KOTOPBII YKa3bIBAET YCIIOBHUsI MIPU KOTOPHIX AAHHYIO IPOLEAYPY IIPOBECTH
MOXKHO. B wacrHOCTH yHAaércs MOCTPOWTH IIPEICTaBJIEHHSI COOTBETCTBYIOUIUE
TIpOU3BOJILHOM AuarpaMme FOHra yrioBoro tuma, u yKa3aTh KOYMHOXKEHUE [IJid
obpazyiomux ajrebpel ['ekke B JaHHOM MpPEICTABIeHHM. B Ccuily yKa3aHHOM
KOHCTPYKIMH, CIEKTP TaMUIbTOHNAHa H (1) TOTydaeTcsa KaK CyMMa COOCTBeH-

HBIX 3HaYEHUY raMUIbTOHUAHOB COOTBETCTBYIOIIMX YIVIOBBIM OuarpaMmMaM TH-
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na {k,1} u pasen
! Tm;
Spec(H,py) = {; 2cos m,l <mp<mg---<my < k+1}

JlaHHBIM PE3YAbTAT SBJISEICS CIIEKTPOM CBOOOIHBIX (DEPMIOHOB

B zak/roueHnH KpaTkKO CHOPMYIMPOBAHBI HOJYyUEHHBIE B AUCCEPTALNY

pe3ysibTaThl, KOTOPbIC 1 BBIHOCATCA Ha 3AITUTY.

Ha 3alqUTy BBIABUI'aXOTCH CJIeYyIOIfue pe3yJibTaThbl:

e JIns raMmJIbTOHMAHA IENOYKY [eKKe TOIydeH TOUHBINA CHeKTD SHEPruu,
B Cllydae HEeIPUBOJMMBIX Ipeacrasienuii anredp I'exkke A Tuma, coor-

BETCTBYIOIIUX YIIOBBIM auarpamMam FOura.

o Jlns anrebp [exxe A Turia nOIy<eHs! yCIOBYS, IPU KOTOPHIX OIHHU TIPeJi-
CTaBJIEHNUS, MOYKHO BBIPDAXKATh YEpe3 ClelHalIibHbIe KOMOHHAIMY TEH30D-
HBIX TIPOU3BEIEHUI JPYIUX IPEICTABIIEHMUI.

o JIjisi NPUMUTHBHBIX MIAEMIIOTEHTOB aireOpbl [exkke (KBAHTOBBIX AHAJIO-
roB cumMerpu3aTopoB FOnra) mosydenst ux GpakTOpU30BaHHBIE (POPMBI,
3anuCaHHbBIE B TEDMHUHAX pelinenuil ypaBuenus fura-Bakcrepa, 3amucan-

HbIE B TepMHUHaX oOpa3yromux aarebpsr Iexkke.

o Jlnsa yka3aHHOH (HOPMBI IPUMUTUBHBIX HAEMIIOTEHTOB BBIUHCIIEHBI BbI-
PaKeHUs JJIs HOPMUPOBOYHBIX K03 DUIMEHTOB, KOTOPBIE BHIPAKAIOTCS

Jepe3 ¢-pa3sMEePHOCTH HENPUBOAUMBIX mpeacrasienuit rpymn SU, (N).
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