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AHHOTAIINA

B pabore paccmarpuBaiorcst pernrennst (DyHKIIMOHATLHOTO YPABHEHUS HA,
COOCTBEHHBIE COCTOSIHUST KBAHTOBOI'O TaMWIHTOHMAHA CBOOOTHOTO mojst. K
MCKOMBIM DEMICHUAM TTPEIbABIAIOTCA Tpe6OBaHI/IH KOHEYHOCTHU HOPMUPOBKMN
U CODCTBEHHBIX 3HAUEHUN OTHOCUTEIHHO HOPMUDPOBKH W COOCTBEHHOTO 3HA-
JeHUsT OCHOBHOTO COCTOSTHUsT CBoOommHoi Teopnn. [TokazkiBaeTcst, 9ToO B MpoO-
CTEHINX CAyYasX Jjs TaMUIBTOHHAHOB CKAJSIPHOTO U BEKTOPHOTO OIS B
kambpoBke Kymona Ttakwme pernrenus CyIecTByIOT U 00IaIaI0T OTPHUIATETb-
Hoit sueprueii. [lomyuerubie DYHKIMOHAIBI ABASIIOTCS DECKOHETHOMEPHBIMY
aHajoraMu coocTBEHHBIX DYHKIINI N3 TEOPUHU CUHTYJISIPHBIX BO3MYIIIEHUIT KO-
HEYHOMEPHBIX OMEPATOPOB U MOTYT OBITH UCIOIB30BAHBI [IJTsT TOCTPOEHUS T1e-
PEHOPMUPOBAHHBIX COCTOSIHUI CHCTEM, 00/IaTaf0NNX aCUMITOTUIECKON CBO-
00/1014.

KimroueBbie cjioBa: omeparop [aMuibroHa CBOOOSHOTO OIS, 3aAMKHYTHIE
pacrupenust KBaapaTndabix dopm, dpopmyna Kpeitna mia pe3oabBeHTH!
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BBenenune

lamunasToHEMaH cBODOIHOTO KBAHTOBOTO TOJIST STBISIETCS OECKOHETHOMEPHBIM
AHAJIOTOM TaMUJIBTOHUAHA TAPMOHUYECKOTO OCITUJLISITOPA, €r0 JTeHCTBUEe CO-
CTOUT W3 JIBYX YaCTE: KHHETUIECKON — CYMMBbI BAPUAIIMOHHBIX TPOU3BOTHBIX
¥ TOHTEHINAJIHHOW — KBAAPATUIHON (DOPMBI JIAITACHAHA,

6 0 OBk 2
_ 3 3 x
= /Rad " SBE 6BE /Rad 7 o ) M

Jl1st Toro, 9ToOBI 3aJaTh OMEepaToOp KBAHTOBOM TEOPHM, HEOOXOINMO TaKIKe
3aduKCHpPOBATH TPAHUYHBIE YCJIOBHUS WM HAOOP COOCTBEHHBIX COCTOSHHUIA.
st omepaTopa, OMUCHIBAIONIEr0 CBOOOIHYIO JUHAMHUKY STOT HADOP MOPOXK-
JAeTC BAKYyMHBIM (OCHOBHBIM) COCTOsTHUEM — ['ayccoBBIM (DYHKIIMOHATIOM
KBaIpaTWIHOI (hOPMBI KOPHST W3 oreparopa Jlamraca

Qa(B) = exp{—%QA(B)}, ()

roe
82

B) = (B,A?B), A=_-—.
Qa(B) = (B, ) 927

[Tomumo cBOGOIHO# Teopun, Bhipazkenue (1) MOSBISIETCS KAK Pe3yIbTaT Te-
PEHOPMUPOBKH (CTPEMJIEHHUST K HYJIIO TTAPAMETPa CBSI3U) TaMHUJIBTOHUAHOB,
COMIEPZKAIINX B3AUMOJIEHCTBIE C JIPYTUMHU TOJSIMU U (W) CaMOJEHCTBHE.
[Ipu HEKOTOPBIX YCJIOBUAX B TaKOW cucreMe (HANPUMED, B TEOPUU MOJIS
Slura-Mwunica) BO3HMKAET sBJIEHWE ACMMITOTUIECKOH CBOOOIBI, OJHUM U3
MPOSIBJIEHN KOTOPOTO SIBJISIETCS ACHUMITOTUYECKOE CTPEMJIEHUE COCTOSHWIA
IPY BBICOKWX YHEPTUAX K COCTOSHUSIM CBODOIHOM Teopun. MoKHO TPeImoIo-
JKUTh, 9TO €CJIM HAM YIaCThCS MTOCTPOUTEH HADOP COBCTBEHHBIX COCTOSTHUN JIJTsT
oneparopa (1), ormmuansii oT HAGOPa, MOPOKIAEMOTO BAKYyMOM CBOOOIHOTO
moJist (2), To Takast cucreMa OyIeT ABAATHCS MOJEBIO ISl OTIUCAHUS HEKOTO-
poii acuMnITOTHIeCKU-CBOOOTHON Teopru. KoHETHOMEPHBIM aHAIOTOM TAKOMN
KOHCTPYKITAU SIBJISIIOTCS CUCTEMbI 3 TEOPUU CUHTYJISIPHBIX B3aUMOIeHCTBMI
[1], [2]. C ommoit cropoHbI, 3Ta TEOPUsT ONMUCHIBAET HABGOP COBCTBEHHBIX COCTO-
SIHUI OTIepaTopa SHEPTUHU CBOOOIHON YACTUIBI C HETPUBUAJLHBIMYU DAHUY-
HBIMHU YCJIOBUSIMU. A ¢ IPyroii CTOPOHBI 3TOT HADOP MOYKET OBITH MOJIYUIEH B
pe3ysibTaTe CTPEMJIeHNs K HYJIIO MapaMeTpa B FaMUJILTOHUAHE, COAEPKAIIEM
B3amMO/IeiCcTBIe, HATIPUMED
62
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3amMeTuM, UTO B MOCTETHEM Caydae oneparop H,—2 ompeneieH A KOHETHBIX
€, B TOM 9YHCJIe PA3HOTO 3HaKa (B 3aBUCHMOCTH OT PA3MEPHOCTH MTPOCTPAH-
crea d).

B nannoit pabore Mbl OyaeM NCKATEH PEITeHnsT yPABHEHUS Ha, COOCTBEHHBIE
COCTOSTHUST JIJIsT TAMUJIBTOHMAHA CBOOOHOTO TOJIST

fozz— e — 0.

HO = EQpy (3)

B BHJie ['ayccoBBIX (DYHKIMOHATIOB ¢ HEKOTOPBIM 1poM Qaq (X, y)

Qpi(B) = exp{—%QM(B)} _ exp{—% /R3 BaQui(@,y)By da &y} (4)

Mpebr norpebyem, aTobbr ypasaenue (3) ObLIO CpaBeInBo MO Kpaiinei Mepe
Ha MHOXKECTBe OfWH pa3 muddepeHnupyeMblx (DYHKIINH HA MTPOCTPAHCTBE
R3, u, KpoMe TOT0, UTOOBI GBLIN BBHITOTHEHE! CIIEIYIOIINE YCIOBHUS:

1. Koneunocts HOpMUPOBKHU (hyHKITMOHATA §)A¢, BRIPAYKEHHON MeTOJaMu
GYHKIIMOHATBHOTO HHTETPUPOBAHUS Yepe3 HOPMHUPOBKY OCHOBHOTO CO-
crostaust {2A ormeparopa CBOOOMHOI Teopun.

2. KonednocTh u BemeCTBEHHOCTHh PA3HOCTHA COOCTBEHHBIX 3HAYEHWI Ta-
mubToHMaHa (1) mpu geficrBum Ha byHKIHOHAT )\ W HA OCHOBHOE
cocrosinue cBoboHO# Teopun a. B 6osee obiem Buje, 1 obecnede-
HIAS YHATAPHOCTH MOIEIN HEOOXOINMO MOTPeOOBATH BEIIECTBEHHOCTH
neiicreus Beipazkennst (1) Ha Bce BO3MOXKHBIE BO30YK/IeHWsI HOBOT'O Ba-
KYYMHOI'O COCTOSIHMSI.

Mpg1 6yem Ha3bIBATH (DYHKITHOHAJIBI, YIOBAETBOPSAOIINAE TIEPEINC/TEHHBIM BbI-
e TpeboBaHUSIM JONYCMUMBLMUY (DYHKITHOHATIAMUA.

W est mocTpoenust perennii ypaBaerust (3) ¢ MOMOIIBIO PACITHPEHN KBAT-
parnanbix dhopm obcyxaanack B [3]. Ograko 31eck Mbl Gy1eM penoararh,
9TO KBaJIpaTudHbie GOpMbI () A¢ OYIYT 3aBUCETH HE OT OJHOI, 8 OT HECKOJIb-
KUX TOYEK L1,...&L N TPEXMEPHOIO MPOCTPAHCTBA, & TaK¥Ke OT HEKOTOPOi
MaTpHUIbl M, yecTaHABIMBAOINIEH CBI3U MeXK Ty 3HadeHuaMru QyHKIHi By B
sTux Toukax. Toukn {@, } ecrecTBEHHO acCOIMUPOBATH C ONIEPATOPAMH POXK-
JIeHUsT JaCTUI] BTOPOro (hepMHOHHOTO) MO, KOTOPOE JI0 TIePEHOPMUPOBKA
B3ammoJeiictBoBao ¢ mojeM B. [Ipu 3ToM ecTecTBEHHO CYUTAThH, UTO MaT-
putta M siBstercst (PYHKIWEH MOJIOXKEHUsI, KBAHTOBBIX dHCe] (DEPMUOHOB U



3HAYEHNS WX BOJHOBOH (DYHKIINHU, & ee KOHKPETHBIH BUJ OMpEIeIsIeTcs B3a-
UMOJEICTBUEM U IIPOLEy PO IIEPEHOPMUPOBKU.

OnuceiBaeMyo 371eCh TEXHUKY MOYKHO TAKXKe WHTEPIPETHPOBATH KaK BTO-
pUYHOEe KBAHTOBAHWE 3-MEPHON CHCTeMBl ¢ MHOTOTOYEYHBIM CHHTYJISIPHBIM
BO3MYIIICHUEM U I'PAHUYHBIMA yCJIOBUAMU, CBA3BIBAIOIINMI 3HAYCHAS TTOJIA B
PA3HBIX TOYKAX MpocTpancTBa. OIHAKO, JATEKO He BCe CUCTEMBI C CHHTYJISAD-
HBIMHW BO3MYIIEHUAMM JIONYCKAIOT BTOPUYHOEC KBAHTOBAHUE B OMUCHIBACMOM
37eCh BUJE.

OcHoBHBIE BBIKJIAJKKA B pabore OyIyT TPOBEIEHBI I TaMUJIHTOHUAHA
BEKTOPHOTO MOTEPETHOro (HO30HHOTO) MOJIST

Bk . iBj,g =0,

ka
g 60J1ee MPOCTOro CAydas CKAASPHOTO IO MBI IPHBEIEM OTBETHI He3
BBIYUCJICHUIA.

MBI moKaxkeM, 9TO JOIMYCTHMBbIE PelleHns OyHKIINOHAJILHOTO YPaBHEHHIST
(3) cymectBytor mo kperitaeit Mmepe npu N = 2 u B COIEPKATENTHHBIX CJTy-
YagxX MMEIOT OTPUIATENBHYIO SHEPruio (OTHOCHTETHHO OECKOHEUHOI 3Hep-
rum Bakyyma CBoGomHON Teopun). To eCcTh Takme COCTOSTHMST OKA3LIBAIOTCS
SHEpreTuYecKn 60jee BHRITOAHBIMI 10 CPABHEHMIO C COCTOSHUSIME CBOOOIHOM
Teopun. HecMoTpst Ha TO, 94TO SHEPIUS — 3TO PA3MEPHasd BEIUYNHA, PACCMAT-
pPUBAEMbIe PEIIeHns N3HAYAILHO UMEIOT MACIITA0 — PACCTOSHIE MEXKIY TOT-
Kamu {x,}. IToaroMy MHOXKECTBO JOIYCTHMBIX DEIIEHWH OMMCHIBAETCH Kak
BeIEeCTBEHHAS YaCTh IMPOEKTUBHBIX MPOCTPAHCTB, TO €CTh B H€3pa3MepHBIX
TepMuHaxX. MBI ITOKAKEM, 9TO 3TO MHOXKECTBO MMEET CBA3HBIE KOMIIOHEHTHI
C HENPEPHLIBHO MEHSIoIIeica sHeprueil. 91o 06CTOATENHCTBO O3BOJISET UC-
MIOJIL30BaTh PACCMATPUBAEMYIO MOJEIb M OMICAHNS CUCTEM C pa3MepHOit
TpaHCMyTalneil, Tak Kak B 00IIeM Ciiydae MaTpuia M MOKeT HeTPUBUAIBLHO
(To ecTh HE O6PATHO-MIPOMOPIMOHATBLHO) 3aBUCETH OT MACHITa0a PACCTOSHII
Me}Krﬂ;y TOYKaMMU.

TepMuHbl 1 ycJIOBHBIE 0003Ha4YeHusi. B paboTe nCIOIBL3YIOTCS Ciie-
nytorue obo3uaderus. [IoBTOpsIIONInecs MeI09nC/IeHHbIe WHIIEKCHI TI0IPa3y-
MeBatoT cyMMupoBanne. CKaIsIpHOe IPON3BeSeHne B KPYIVIBIX CKOOKAX 03HAa-
YaeT .T[I/I6O nHTEerpaJ 1Mo TpeXMepHOMy HpOCTpa.HCTBy %1 CyMMI/IpOBaHI/Ie 10
MEeJTOYUCTIEHHBIM HHIEKCAM, MO0 TOJIBKO CYMMHUPOBaHUE (B 3aBHCHMOCTH OT
06BbEKTOB, K KOTOPBIM OHO TIPUMEHSIETCS )

A B) = Ak BE @3g.
(4,B) ;/R B '



Mzu1 6ymeM HasbIBaThL omeparopoM Jlammaca A caMOCOIPSIKEHHBIH OIepaTop
C JIeificTBUeM )
Ao
Oz;
3aAHHBIN HA 3aMBIKAHUN TPOCTPAHCTBA TVIAAKNAX (DYHKITHI (CKaJ[HpHBIX nim
MOTIEPEYHBIX ) B TIPOCTPAHCTBE R3. Mer OyIeM CUMTATh, YTO pa3pe3 KBaJpaT-

HOT'O KOPHS HAPaBJIEH B0 MOJOXKUTETHHON TTOJTyOCH

\/—_:—\/i, 0 < arg A < 2,

U TIPU 3TOM BBIOpAaHA BETBb

Vp=+p+i0>0, p>0.

[Ton o6o3navennem ¢ MBI TOHUMAEM TIPEIET COOTBETCTBYIOIIETO BHIPAYKEHUS
co ciaraeMbiM tie ipu € — +0

v p il = l_igclox/piie.
£

Crpykrypa paborsbi. /lanbHeiinee n310KeHNe COCTOUT U3 CIETYIOTIIX
qacreit. Hactu 1-3 aBIs0OTCA HHTEPIPETAIEeil M3BECTHBIX PE3YIBTATOB TEO0-
pUM KBAHTOBBIX MOJIEll W TEOPUHU OMepaTopoB B ['ManOEPTOBBIX MPOCTPAH-
creax. B wactu 1 MBI BRIBOAMM ypPaBHEHUS IS SAPa KBAIAPATUIHONW (HOp-
MBI TayccoBa (pYHKITMOHAIA U 3AMUCHIBAEM UX PEIIeHUs, MOIb3ysICh Teopueii
pacImupenunit 3aMKHYTHIX MOJIYOTPAHUYIEHHBIX KBAAPATHYIHBIX (opm. B ga-
CTH 2 BBIBOJSTCS BhIPAYKEHUST JI/TsT PE30TBBEHT CAMOCOTIPSIZKEHHBIX PaCITApe-
HUII CHMMETPAYECKUX OTEePATOPOB, TapaMeTPU30BAHHBIX C IOMOIIBIO MATPHUI]
M, CBA3BIBAIONINX TPAHUYHBIE 3HAUEHWs. B gacTu 3, MOJb3ysiCh (DYHKIHO-
HAJIBbHBIM HCUHUCJIEHUEM ONepaTOPOB, YCJAOBUS JOIMYCTUMOCTH 3aIUCBIBAIOTCS
B TEPMWHAX WHTETPAJIOB OT PE30JbLBEHT M MX MPOu3BOAHBIX. B wactu 4 cxo-
JMMOCTD BBINNIEHA3BAHHBIX MHTErPAJIOB MEPENUCHIBACTCA B BUJIE YCIOBUIT HA
marpuily M. B msroit qactu BEIYUCISIETCS PA3HOCTH SHEPTUI JJIsT JOTYCTH-
MBIX (DYHKITHOHAJIOB HEKOTOPOTO CIIEIUATLHOTO BUIA.



1 PemeHnus ypaBHeHHUS AJi COOCTBEHHBIX COCTOSI-
HUN

VpaBHenust ajs siapa rayccosa (pyHKImOHaJsa. 3amumem jeiicTBue
ravmsronnana H ra rayccos dynkmmonan exp{—3Q(B)}

Hexp{~5Q(B)} =

= — /RS d&”@%% exp{—%Q(B)} +¢(B) exp{—%Q(B)} -
0Q(B) 6Q(B 520(B 1
- <_ /RS d*x ?}(33,2 ) %g) + /R3 d%% + q(B)) exp{—5Q(B)}.

(5)

Baecw ¢(B) — sro kBagparndnas dhopma omeparopa Jlamraca

OBE 4
B)= | dz(Z=2)".
a(B) / ()
[MoxcraBuM BMecTO KBagpaTudHoii (hopmbl Q(B) ee BbIpaykeHue depes sijpo
Q" (z,y)
Q(B) = / 0z %y BEQH (. y)BL,
RS

TOr/Ia BeIpayKeHue (5) MEepenuiercsa B CaeIyIOMeM BIJIe

1

sexp(—5QB)} = (=5 [ By(Q @ w)@" @ 2)+

+ QM (y,2)QM (2, 2)) BL dr dy d’ + 4(B) + Tr Q) exp{— 5 Q(B)),

rIe

TrQ = >z Qkk(a:,a:).
R3
Js1 Toro, aTo6b! dynknuonat exp{—3Q(B)} GbL1 cOGCTBEHHBIM COCTOAHN-
em omeparopa H ¢ cobcrBennubiM 3HaderreM Tr (), HEOOXOAMMO, YTOOHI OBLIO
BBITIOJTHEHO YCJIOBHE

! /R By (Q" (@, 9)Q" (. 2) + Q" (v, 2)Q" (w, 2)) B d*x dy &’z =

2
_/Rde(—axl) . (6)



Mg 6yemM ncKaTh (pyHKIIMOHAJT exp{—% (B)} kak (byHKIHOHA C CHMMET-
prareiv sapom QM (x,y) = Q% (y, ), B sTom cayuae yeaosue (6) mveer
6osiee mpoCTOit BUI

, , Bk
/ BLQ™(y,2)Q* (z,2z)BL &z d*y d*> = / d3x(8 z)2(7)
]R3

R3 axl
Baech m gasee Mbl cumrtaeM, uto n mose BE. w supo QF(x,y) nomepeu-
HBI TI0 TlepeMeHHbIM (&, k), (y,[]) u He TpeOYIOT BBEJEHUS JTOMOJTHUTETHHBIX
MPOEKTOPOB.
OcHOBHOE cOCTOsIHUE CBOOOSHOrO IOJIsi. YcioBue (7) 09eBUIHO BBI-
MOJTHEHO, eCn () SIBISETCSA SIPOM MOJIOKUTETHHOTO KBAJAPATHOTO KOPHS 13
omeparopa Jlammaca A

Qa = A2 (8)
Bakyywmublit byHKITMOHAT
1
Q4 = exp{~5Qa(B)} (9)

7 ero BO30YKIeHUs 33/Tal0T COOCTBEHHBIE COCTOSTHIS oneparopa [amMmanTona
CBODOHOTO KBAHTOBOTO MOJIsT. DHEPTUsl TAKOTO (DYHKITMOHAJIA TPOMOPIINO-

HaJIbHa WHTErpaJly
o0
TrQAN/ d%/ Ad\
R3 0

U SIBJISIETCS GECKOHEYHOM BEIMYNHOM, KOTOPYIO HEOOXOTMMO BBIMHTATEH IIPH
BBIUUC/IEHUN SHEPrUM BO30YKIEHHBIX COCTOsTHUIL. JleficTBUTENBbHO, KBAHTO-
BOE COCTOSIHHUE, 33[aBAEMOe [IPOM3BEICHIEM [MOJTHHOMHUATLHOIO (DYHKI[HOHA-
na a(B) crenenn M wa A PaCK/Ia(bIBACTCS B CyMMY (MHTErpaJI)

M
a(B)Oa = Z/dp1...dpmwg___am(pl,...pm)zs’g;...B;ZQA, (10)
m=0

rjie By — onepartop pojenust 6030Ha C MMIYJILCOM P W TOJISPU3AIHEit 0.
[TocTpoenue omepaTopoB POKIEHUS BKIOYUAET B CeOsT TUATOHATUZAIINIO IPA
(8) ¢ momompbio mpeobpazosanns Pypbe, Tak, YTOOLI PE3YIbLTAT YIOBIETBO-
PsJT KOMMYTAITMOHHOMY COOTHOIITEHUO

HBy, = By (H + |p|)-
Orcroma cieayer, 9To

M m
Ha(B)Qa = ) /dpl e dpm B (015 Pm) (O 1Pkl + TrQa)Qa,
m=0 k=1



TO ecTh neficTeue ramunbronnana Hp wa cocroguue (10) cBOaUTCS K yMHO-
xkermio Ha Tr QA W cyMMe HEKOTOPOTO 9HC/Ia KOHEIHBIX (B 3aBHCUMOCTH OT
KO(UIMEHTOB 1)) 100aBOK.

Meroap! byHKIMOHAILHOTO WHTErpUPOBaHUst [4] MO3BOIAIOT BBECTH HA
muOKecTBe hynkrmonanos suaa (10) ckansproe nponssenenune. Onpegennm
ero Kak (pyHKITMOHAIBHBIN HHTErPAJT IT0 BCEM TOJIIM By, HA KOTOPBIX 33,1aHa
kBajparnaras dhopma Qa(B)

@10) = [ u(B)0u(B) [] 65
x,k

u 3aduKCHpyeM HOPMUPOBKY
(QA|QA) = 1.

Torma, monaras, 9To MOYHKIIMOHAJIHHBIN WHTErPAJI HE MEHSIETCS MIPU CIBUTE
mepeMeHHOt MHTErpUPOBAHNA

@alexp(2 [ A5BEEa}0s) = el [ ASQLL (@ w4, dad'y)
RS
CKaJIsIpHOE TIpon3Bejienne coctogumii Buaa (10) Beraucisiercsa mo dpopmyste
(a1(B)Qalaz(B)2a) = (a1 (B)ax(B)Qa) =

5A)a2(§5A)exp{/R3 A’;Qg}d(m,y)A; A3z dgy}.

31ech lekl(a:, Y) — 9TO SIPO oreparopa, 0OPaTHOTO K A2,

Jlpyrue peiieHusi ypaBHeHUs JJisi 9/1pa KBAaAPATUIHON (POPMBI.
[Mokaskem, aro y ypasaenus (7) MOTYT CyIIECTBOBATH IPYTHE PENIEHUS], KPO-
Me si7Tpa KBaIpATHOTO KOpHS U3 oneparopa Jlammaca. Mer cienuaabHO 3amu-
CHIBAEM 9TO YPaBHEHUE HE B BUJIE PABEHCTBA OMEPATOPOR, a B BUIE PABEHCTRA
BHAYMEHUN KBaPATUIHBIX (DOPM. DTO TMO3BOJISET BOCIOIH30BATHCS BO3ZMOXK-
HOCTBIO CYIIECTBOBAHUS PA3IUIHBIX KBAAPATHIHBIX (OPM, MPUHIMAOIINX
OJIMHAKOBbIE 3HAUEHUS Ha O0IIeli dacTu (mepecedennn) ux obacreii ompese-
nernsi. O6osnauny kak D[A] MHOXKeCTBO Tmajkux oauH pa3 anddepeHim-
pyeMbIxX TrotiepednbIxX byHKIiT Ha mpocTpancTie R3. Savbkanme D][A] sTo-
0 MHOXKECTBA, TI0 HOpMe, 33/I1aBaeMOil TIOJIOKUTEHHON KBAIPATUIHON (HOop-
moii ¢(B), coxparsier ycaoBue nornepedHocTr. I1o3romy Mbl Oyuem caurarh,
9T0 (PYHKIIMOHAIBI KBAHTOBOW TEOPUN M3HAYTAJIBHO OMpPEIe/IeHbl Ha MHOXKe-
cre D[A] n nermrpepwisrO pofoKaotess wa D[A]. Keaaparwawas dbopma



q(B) oneparopa Jlammaca Ha MOMEpeIHOM TOIMPOCTPAHCTBE NMEET HETPUBHU-
aJIbHBIE TTOJIyOrPDAHMIEHHBIE 3aMKHYThIE PACIIupenus. 10 eCTh CyIecTBYIOT
KBaIpATUIHBbIE (DOPMBI

QM(B) : DM — (c’
TAKne, 9To
qm(B) = q(B), B € D[A] C Dy,

1 pu 3ToM 06s1acTh onpesenenusi Dy crporo 6oubine, vem D[A]. Taee mbl
OyJeM mapaMeTpu30BaTh WHTEPECHBIE HAM PACIIUPEHUS C MOMOIIBI0 Habopa
TOYEK X1,...EL N U CHMMeTpudHOil Marpuibl M paszmepa 3N x 3N.

ITo Teopeme VIIL.15 u3 [5] kBagparuunas dopma ga(B) Moxker GBITH
3a/1aHa C TIOMOIIHIO HEKOTOPOTO CAMOCONPSYKEHHOTO oneparopa Ty

qM(B) = (B,TMB), B e D(TM) C Dp.

JlanHOE COOTHOIIEHWE BBIMOJHSAETCS Ha OOJACTH ONMpeNeeHns OnepaTopa
D(Tm), ¥, TIOAB3YSICh TIOAYOTPAHNYEHHOCTHIO, HEITPEPHIBHO TPOI0JIKALTCS
JI0 3aMKHYTOTO MHOXKeCTBa Djy, KOTOpOE B JINTEPATYpPE TaKkzkKe 0003HAYa-
ercst kak D[Trq]. 3nas crnekrpajibHOe pas3jioxkenune orneparopa Ty MOXKHO

. 1/2
TTOCTPOUTH KBAIPATHBIN KOpeHb 1 / , TO €CTh, OTIEPaTOp, /g KOTOPOro, B
TOM YHWCJIEe, BBITTOJTHAETCST COOTHOITEHE

(TV2B, T\’ B) = qum(B),

KOTOpOe TIpH Cy>KeHnn Ha MHOxKecTBO D[A] naer pemenne ypasuernust (6).

U, rakum obpaszom, kBagparuunas dpopma Qa(B) omeparopa ij
1/2
Qum(B) = (B,T\(’B), B € D(Ty) (11)

MOXKeT 6EITB NCIIOJIB30BaHa IOJId TIOCTPOCHWA CO6CTB€HHBIX COCTOSHUIA
1 1 1/2
i = exp{5Qu(B)} = el [ BT e )Bydad'y) (12
R

oneparopa H
H O = T Ty Q.

31eCh CTOUT OTMETHTD, 9TO HECMOTPSA Ha TO, YTO KBAIPATHIHAT (DOPMa A
Ha mHOkectBe D[A] C D[Tp] coenagaer ¢ kpaaparudnoit dopwmoii g(B)
omeparopa Jlammaca A, meiicteue kBagparudaoii ¢hbopMer Qaq(B) omeparo-
pa T}V/IZ Ha D[A] npuHmunmasbHo otanydaercs ot jeficteust hbopmbl QA (B)
KOpH# 13 omeparopa Jlammaca. To ecTs rayccop dpyHKIMOHAT )\ ABIAETCA
ere OJHUM, OTJUIHBIM OT CBOOOJHOIO, PEIICHNeM yPaBHEHHS HA COOCTBEH-
HBIE cocTOsTHAS (3).
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2 Pe30JbBeHTHI CAMOCOIIPAXKEHHBIX pacIIupeHuii CuM-
METPUYECKOTr0 Ooreparopa

®opmyaa Kpeiina. Paccmorpum 6osiee moapo6HO, KAK BBINISIAAT 3aMKHY-
ThIE pacCHIMpennst KBaaparnanoii popmbr oneparopa Jlamaca ¢(B). s sro-
ro obparmmMcs K Teopun Bupmana-Bummmka-Kpeitaa [6], [7], [8], omuceiato-
meit CTPYKTYPY CaMOCOMPSI?KEHHBIX PACIIUPEeHUH TTOJTyOTPAHNIEeHHBIX CUM-
MEeTPUYIECKUX OMEePATOPOB. BymeMm mpeamoarars, YTo0 aCUMITOTUIECKHT CBO-
6omHOE B3aMMOeCTBIE TOJIsT B ¢ APYTUME TIOJISIMU TIOCJIe TIePEHOPMUPOB-
KU CBOJIUTCS K TOSIBJIEHUIO HETPUBUAILHBIX TPAHUYHBIX YCJIOBUA. A MMEHHO,
TTPEAITOJIO?KUM, 9TO OIMepaTOPhl POXKACHUA BTOPOTO TTOJIA B TOYKaX L1,... LN
TPUBOAAT K BO3MOXKHOCTHU HEOTPDAHWYIEHHOTI'O POCTa IJIdA TTOJIA B B 9TUX TOY-
KaX U PACXOIUMOCTSIM, TJIABHBIE UJIEHBI ACUMITOTUK KOTOPHIX CBABAHBI MEXK-
Iy coboit marpureit M, 3aBUCSIIEH OT BOJHOBOW (DYHKITMH BTOPOTO TOJISI.

Paccmorpum omepatop A{mn}, JeiicTBre KOTOPOro COBIIAAeT C NeiCTBU-
em oneparopa Jlannaca, Ho onpejenennbiii Ha MHOKecTBe Wip 1 TIAIKNX
MIOTIePEUHBIX (DYHKITUI, UCUE3A0NUX B TOYKAX &1, ...L N BMECTe C MepPBbI-
MU TIPOU3BOAHBIMU. TaKOl OmMepaTop ABJSIETCS CHMMETPUIECKUM OTepPaTo-
poM ¢ HerpuBHAIbHBIMU WHIAekcamu jpedekta (3N,3N) wim (3NC,3NC),
C > 1 gjis Teopun ¢ BHyTpeHHeil cuMmMerpueii. [[jist ommcanust caMocorpsi-
JKEHHBIX PACIIUPEHUl 3TOr0 OMepaTopa B TEPMUHAX TPDAHWTHBIX 3HAUEHUI
YI00HO BOCII0JIL30BAThCS TeOpHeli BEKTOPOB TPAHNYHBIX 3HadeHuii [9].

Teopust Bupmana-Bumuka-Kpeitra ncmonbp3yer monstue aHaInTHIeCKO-
ro nedexTHoro BekTopa' . IlycTs byHKIImMS DS (x), = {m,n} apnaerca sme-
MeHToM JedeKTHOro noAnpocrpancTea oneparopa Ay y st Toukn A € C,
He JIeXKAIleil Ha TOJIOKUTEIBHON TOTYOCH, TO €CTh YI0BJETBOPSET ypaBHE-
HUIO

(D%, (A - )\)h) =0, he W{wn}

[ycrs Taxxe dyskmus D (x) anaamTudsa 1m0 mapaMerpy A U yI0BIE€TBO-
PSIET YCJIOBHIO
Dy =Dy, + (A — p)RyD,,, (13)

re Ry —9T0 pe30/ibBEHTA HEKOTOPOTO BBIIEJIEHHOTO CAMOCOTIPSI:KEHHOTO PAC-
mupenust oneparopa Agg 1. Y100HO cunTarh, 4ro R\ — 3TO pesosbBeHTa

!31ech TepMUHE 6exmOp WCMOMB3YETCS B MATEMATHUECKOM CMBICIE I 0003HAMEHMs
3JIEMEeHTa KOHEYHOMEPHOTOo jedekTHoro moanpocrpancTsa. C Touku 3penus: (pU3MKu BBO-
JUMBI OOBEKT SIBJISIETCS TEH30POM, TaK KaK TTOMUMO WHIEKCA M, COIEPYKAIIEroCs B (r, OH,
KaK 3JIEMEHT MPOCTPAHCTBA TIOMEPEYHBIX (DYHKIINI, UMEET eIe OAUH BEKTOPHBINH WHIIEKC.
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omeparopa Jlammaca

" eiﬁkz:fy\
RY" (2,y) = ———— 0w,

Ar|x — y
KOTODast, KaK HECJIOXKHO YBHUJETh, OCTABJISET MOMEPETHOE TPOCTPAHCTBO MH-
BapWaHTHBIM. B 9TOM CJ/Iy4Yae OnepeYHbIe aHAJIUTUIECKNEe 'Z[e(i)eKTHbIe BEK-

TOPBI UMEIOT creytontuii Bu [10]

\/iw(\/X]a:—w”\)Y x—x"

D™ (x) = 0 x ((@ — ™) x ) Z Y 1m(‘x_xn‘

), (14)

rIe

3det—1 3, .
w(t) = =— = (ite — e +1 15
a Y1, — 910 cdepruueckast pyHKINs. AHaIUTIIECKNEe Je(hEeKTHBIE BEKTOPHI
JIJIS CKAJITPHOTO OIepaTopa A{mn} BBITVIAIAT CAEAYIONIAM 00pa3oM

. P )
eZ\F)\\m z"|

D§ = (16)

z—z"|
Teopust cunrynSpHBIX BO3MYyIIeHwit [2| wHTepmpernpyer BekTOphl DY Kak
pe3yIbTaT MPUMEHEHUsT PE30JIBBEHTHI HEBO3MYITIEHHOTO oreparopa A K CHH-
TYJASIPHOMY TTOTEHIIHAJTY, TO eCTh K §-PyHKIN, B3sATOH B OTHOM M3 TOUYEK L.
Hna ckansproro caydast (16) sra wHTEpHperaryst OUYeBHIHA (C TOYHOCTHIO
110 ko3 duImenTa), B TO BpeMst KaK /Il BEKTOPHOTO OHA He OYeHb HATJISIIHA
n3-32 HEOOXOJUMOCTH TTPUMEHEHUS TPOEKTOPOB.
B pa6ore Kpeiina [8] mokazano, uro pe3osbBenTa R\ CaMOCONPSIZKEHHOTO
pacimpenust obIiero Buja onepatopa Ay 1 BHIPAXKAeTCsl Yepe3 Pe3o/IhBeH-
Ty R, ciexyonuM obpazom

Ry = Ra+bag(\DS(DS, ), (17)

mpu ycnoBnu, 9to GyHKnns beg(A) ymowmersopsier ypasrenuio (dbopuyie
Kpeiina)

-1 -1

basN) = bog (1) = (1 = N)(DS, D). (18)
Takum ob6pasoM, mepebupas pas3mble perienns ypasaerusi (18) mbl Gymem

MOy 9aTh Pe30IbBeHTHI (17) pasHbIX CAMOCONPSIZKEHHBIX PACHIMPEHWi CrM-
MeTprdeckoro omneparopa Agg 1.
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Peurenus ypasuenus u3 dopmynnt Kpeitna. s napamerpu3anun

pemenwii ypasaenusi (18) obpaTumcs K TeOpUM BEKTOPOB TPAHWYHBIX 3HA-
o * o

venwii. Paccmorpum omeparop A {w,}> COTMPAKEHHDIH K Ayg,y- Ero obmacts

onpeneeana Wi COCTOWT M3 3JEMEHTOB d, TAKWX, YTO BbIPasKEHNE
{m } ) )
n

(d,Ag,h) = (d,Ah), heWg,

SIBJISIETCS OTPAHUYEHHBIM JIMHEHHBIM yHKImnonaaom mo h. Tak kak omepa-
TOp Afg,} 3a/aH Ha MHOKeCTBe (DYHKIUIT, HCUE3AI0MIX B OKPECTHOCTAX TO-
Y€K T,, BMECTE C MEPBBIMU MPOU3BOTHBIMU, TO OTIEPATOP A?mn} omrpesesieH Ha
boJtee MUPOKOM MHOXKECTBE, BKJIIOYAIONIEM B ce0st (DYHKIINM, HEOTPDAHUIEH-
HO PACTYIIHE B TOYKAX &y (3aMBIKAEMOCTH OMEPATOPa A{g,} U cOXpaHeHHe
moBesieHrs 00/TACTH ONPENIE/IEHUST B TOYKAX &, JOJKHBI, PA3yMEeTcs, MPo-
BEPSATHCS OT/IENILHO). BBeieM Ha MHOKECTBe W“E 2} OTICPATOPDI TPAHITHEIX
suadennit = u [’ kak juHeiHbIE 0TOOPAYKEHWS

E: Wiy = CN, T W, , —C,

obparaioniecss B HOJIb Ha MHOXKecTBe Wiy 1 M YIOBJIETBOPAIONINE DaBeH-
CTBY

(Algds 9) — (d, AL, 1 9) = (T'd,Eg) — (Ed,T'g), d,g € Wi, ;-

3/ech B TIPaBOil 9aCTH CTOSIT CKaJISIPHBIE TTPOU3BEIEHUsST B KOHETHOMEPHOM
npocrpanctee C3V. B ynpomennom Buje Z un I' MOXKHO HOHMMATH KaK BEK-
TOPHBIE JIMHEHHBIE (DYHKIIMOHAIBI, COMOCTAB/IAIONINE TTOTIEPEIHBIM (DYHKITH-
sIM, COOTBETCTBEHHO, BEKTOPA TEPBLIX U BTOPHIX KOIDMUIMEHTOB pa3iokKe-
HUST B OKPECTHOCTAX TOUEK Ly,.

Omneparopsr 2 u I', 0ueBUIHO, OMpeIeIeHbl ¢ TOTYHOCTHIO 10 YHUTAPHOTO
npeo6pazosanus B C3V. Bosee Toro, mx MOKHO BBHIODATH TAKIM 06DPAa3OM,
9TOOBI J7IST BCEX TOUEK A, B KOTOPBIX OMpemeaeHa pe3oabBenTa Ry v anaan-
THUecKue JedeKTHble BeKTOphl DY, BBIMOIHAIOCH YCIOBHE

[EDS]g = das,

(To ectb KO3(DMUIMEHTHI TPKU CTAPIIMX PACXOAUMOCTAX B TOYKAX Ty Y 3
Pa3HBIX KOMIIOHEHT aHaJIUTHYIECKNX JlebeKTHBIX BeKTopos DY paBHBI e1u-
uune). B 1o e Bpema 1is meiictsus onepatopa I' Ha BekTOps! D MBI Oy/1€M
MIPE0/IaraTh BBIMOJHEHNE YCAOBUI BEITECTBEHHOCTA W CUMMETPUIHOCTH

D], = [PD§]s,  [TD3]s = [FDS]a-
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Tereps MOXKHO TOKa3aTh, 9T0 GYHKINA bag(A), ONpeseeHHas uepes coOT-
HOITIEeHUEe

bas(A) = Mag — [[DS]g, (19)
yaoBierBopsier ypasaeruio (18). [eficTBUTEIHHO
bas(N)=b5(n) = [[Dg]s — [MDR]s = [[Dyla — [FD)s =
D"‘ ,T'D}) — (U'D§,ED}) = (DS, Afyy Dp) — (A, D§, D)) =
= A)(DS, Dp). (20)

(=
(

s Toro, 9To0BI (DYHKITHS R)\ , IOCTPOEHHAs 110 BhIpazkenuio (17) ¢ momo-
mpio Gyakmum (19), aBasIach Pe30BBEHTON CAMOCOTPSIZKEHHOTO OMEePaTO-
pa, HeobXOIUMO, ITOOB! OBLIO BBITIOJHEHO YCJIOBUE

Ry =Ry, R (2, y) = [RY']7(y, 2).
W3 sroro yciaoeust u CBO#CTBA
DY = Dy,
CJIeTyeT, ITO

bap(A) = bpa(N),

U Jjajiee Mbl IPUXOIUM K YCJOBUIO SPMUTOBOCTHA MaTpuiibl M u3 (19)
ME =M, Mup = Mg,

OueBUIHO, UYTO PA3HBIM SPMUTOBBIM MaTpuiiaMm M COOTBETCTBYIOT si/ipa pas3-
HBIX Pe30sbBeHT (17), TO ecTh pasHble CAaMOCONPSIKEHHBIE PACITUPEHUS OTe-
patopa A, y. [la TOro, 9To0b TEpeuucinTh Pe30TbBEHT BCEX BO3MOXK-
HBIX CAMOCONPSI?KEHHBIX PacHpennii oneparopa Ay, }, HEOOXOIMMO TaKKe
MPUHSTH B PAacUeT MATPUITHI, OOpAIIAOIecs B OECKOHEUHOCTh HA KAKWIX-
760 mommpocTparcTeax mpocrparctea CV. U, wro Gosee Touwo, HE0O6-
X0IMMO JoToIHATE opmyny Kpeitrna nmpoektopamu P2 Ha Bce BO3MOXKHBIE
noampocTpancTBa pasmepuoctu M, 0 < M < 3N

R = Ry + by (NP DS(PY' DS, -), mym’ =1,... M,  (21)

rae
bt (\) = Moy — PTDS) Py, PIPY = S (22)

B uactmocTu, omeparopy Jlammaca coorsercrByer maTpuiia M, beckonedHass
ma BceM mpocrpamcTse C3V,| wam mpoekTop P Ha mycToe IpOCTPAHCTBO, ITO
mopok gaeT BYHKIWIO byg(\), TOKIECTBEHHO PABHYIO HYJIIO.
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Taxzke CTOUT OTMETHUTH, YTO HYJIH OIPEJEJIATEN MPABOil YACTH B pere-
ausix (19) u (22) mopoxkpator nosroca pe3osabsenThl (17).

I'panununbie 3HaveHusi u Matpuna M. [Tokaxkem Tenepb, KAk MaTPH-
1a M onmchiBaeT 061aCTh OMPEIETCHTsT CAMOCOTTPSIZKEHHOTO PACITAPEH B
TEepMUHAX IPAHUYHBIX 3HAYCHWI. Y TBEpIKIeHNe COCTOUT B TOM, 9TO 00J1aCTh
OTIPe/TeTEHTST CAMOCTIPSIZKeRHOro pactaperns Ty ¢ pesombeentoit R4, 3a-
nasaemoit ¢ momompio dhyrkuun (19), nmeer ciaemyrommit Buy

D(Tp) = {d € W},,, : MEd=Td}. (23)

Tn} :

HeiictBurensro, u3 repun bupmana-Bumuka-Kpeitaa ciaemyer, aTo 061acTh

orpejiesieHust orieparopa 1 a4 paszjaraercsd B MPAMYI0 CyMMY MPOCTPAHCTBA
N M B

Wyg,} u mumeiinoit 0bomoukn BeKTOpoB 4" Dy, 1 < 0

D(Tpm) = Wig,y +H{RY'D]}, <.

Omeparopsr = n [' papabl Hym0 Ha poCTpancTBe Wiy 1, HOSTOMY JOCTATOU-
HO MPOBEPUTH, UTO omepatop M= —1" 3anynsercs Ha BEKTOPax BUIA Rj\MDE,
[Moneiicreyem omeparopom MZ — I Ha, s/1eMeHT Rf\MDﬁ

Maw [ERY'DY o — TRY'DE) o = Moo [ERADS 0+ (24)
+Maa’[ED;\/]a/bw/()‘)(Dg 7D5) - [FRADﬁ]a - [FD;]abW/()‘)(Dg 7D5) =
= Moo [ER\D/]]os + (Mar — [[D}]a)byy (A)(DY, D) — T RADS ..

(25)

Ecan Ry — 310 pe3onneenTa omeparopa Jlammraca, To 0b1acTh ee 3HAUEHTIT He

—

COMIEPKUT pacxojsinecd MYHKINN u 00Hy/Istercs: omeparopom =. [Tostomy
mepBoe cjaaraeMoe B (25) COmep:KUT HYIeBON COMHOKUTE

[ER\D)o = 0.
U3 onpenenenuns (19) creyer, aro
(Mom/ - [FDz]a)bw’()‘) = %av’

u, TakuM 06pa3oM, BTOpOE ciaaraemoe B (25) paBHO (D;,Dg). Tperbe cia-
raeMoe ¢ MoMOIbio ypasuenus (13) mpeoGpazyercs caeayionmM o6pa3oM

[PRAD]a = (A= p) "' [T(DY — D)o =
= (v (ED3,TD) - (D, ED))) = (D5, DY),

1, CJIEJIOBATENIHLHO, MTOCTEIHNE JBA CAAraeMbIX B (25) COKpAIIaioTCs.
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3 VYcyoBus JOIIyCTUMOCTUA B TEPMUHAX MaTPUIlbl M

PezonnBenTa omeparopa 1o MO3BOIAET TMOCTPOUTD [JIsT HETO (DYHKIIMOHAIh-
Hoe ucuncsenue. s dyaknun f ¢ KOHEUHBIM YHUCIOM Pa3pe30B W OCOOEH-
HOCTE OT oreparopa 1z ¢ HENPEPBIBHBIM CIHEKTPOM JIEXKAIIIUM Ha, TTOJIO¥XK -
TeJIHLHON TTOJIyOCH M KOHEYHBIM YUCJ/JIOM JIUCKPETHBIX OTPUIATE/IHHBIX CO6-
CTBEHHBIX 3HAYEHUIL Py, CIPABEINBA, CJEIYIONAas hopMy/Ia

1

2mi

F(Tm) = AWWﬁm—Eﬁdmmm—XH@mR%Wﬁhmw@@

[Tpu sTom ocobeHHOCTH — TIOJIIOCA ¥ pa3pe3bl — MYHKIUN f He JOJKHBI Ha-
KJTAIBIBATHCSA HA, OCODEHHOCTU PE30JbBEHTHI.

Bocnonbsyemcs Boipaskeaunem (26) m1s onpeiesiennst HOpMUPOBKH (byHK-
monasia (12). @opmysa st GyHKIMOHATBLHOTO WHTErpaJsa or LayccoBa pyHK-
[IMOHAJIA JIaeT CJIe/IyIOIee COOTHOITEHNE

Qm|Qm Det A/4 1
<<QA;QA>> D t(ReT/?)1/2 - eXp{§ Tr(ln AY? - lnReTflv/tz)}- (27)
€ (] M

[Tpu momnbiTKe T10/ICTABUTH MHTErpas (26) B 9T0 COOTHOIIEHWE BUIHO, YTO OT-
pHunaTebHbIe COOCTBEHHBIE 3HAYEHNS UCKPETHOTO CIEKTPA Py, JATYT BKJIA-
JIbI BUJA

1 1
exp{—§ InRey/pm} = exp{—§ In 0},

TO eCcTh DECKOHEUHO OOJIBINNE COMHOXHUTEIN B HOpMuUpoBke. Takmm obpa-
30M, MOYKHO CZeJIaTh BBIBOJ, YTO PACIIHPeHns 14 ¢ IUCKPETHBIM CIEKTPOM
SIBJIAIOTCA HEIOMyCTUMBIMA C TOYKW 3pernst yciaosus 1 Ha crp. 4. [To sroit
MPUYMHE JajTee MBI OYIeM pacCMaTpUBATL TOJIBKO Takue omepaTopbl T, v
KOTOPBLIX OTCYTCTBYET IUCKPETHLIN CIIEKTP.

[Tpumennm Teneps dopmyy (26) mast nocrpoerns camoro byHKIIMOHAIA
Qnrq. PaccmarpuBast mHTErpasbl M0 KOHTYPY BOKPYT MOJIOKUTETHHON TTOJTY-
0CH, MOYKHO TOKa3aTh, 4TO €C/IH B35Th B KadecTe f(p) KBaJpaTHBIN KOPEHb
U HAIIPABUTH €r0 pa3pe3 BIOIL OTPUIIATENILHON TOIYOCH, TO I A/1pa

1 o0
m%m:—AWmemmeﬁm

21

OyJeT BBITIOJIHEHO PABEHCTBO

1/2 o
T (Rﬁjlrz‘o - R;/)\/—tiO)p dp ="Tpm.

12 1
MT

M _27TZ 0
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J1gt TOro, YTO6b BBIMOTHAIOCH ypaBHenue (7) HeobXoauMa, CAMMETPUIHOCTD

Apa, T}V/IQ. [Moncranoska pe3onbenTs n3 hopmyanl Kpeitna (17) B (26) naer
JIJISE 9TOTO sifpa, CIEIYIONee BhIpasKeHue

1 o
T ) = 5 | (Bpein(e.) +baslo +0)DF0() D)~

— Rp_io(,y) — bag(p —i0)Dy_jo(x ) p— 0(Y ))\/_dp

1/2
3/1ech MBI OMYCTUIN WHIAEKCHI Y T/\//t (z,y), Ra(z,y) u DY(x). Jna Toro,
1/2
9TOOBI STAPO T/\//t (x,y) BBIIO CHMMETPUIHO, HEOOXOANMO, YTOOBI MaTPHIA
M, KoTOpas BXOIUT B bag(A), OBLTA HE TIPOCTO SPMUTOBOI, & CUMMETPHY-
HOW.
T . 1/2

erepb, BOCIOJIBb30BABIIHCH bopMynoit mis sapa T/~ (x,y), 3amumem

Pa3HOCTh CJEJOB KBaAPATHLIX KOpHeH pacmmpenns Ty m oneparopa Jla-

IjIaca
1/2 I .
BM) = T Tl = Te A2 = o [ (b4 0)(D 10,0 )-

— bag(p — 10)(D5 4, foio))\/ﬁdp- (28)

Boruncnenne (20) mossoasier mpeobpa3oBaTh CKaISPHBIE TPON3BEIEHUST

(D% D§+i0), IEACTBUTETHHO

p—i0»
o DRl — TD3s
(DS, DY) = MM—A A (29)
Orcroma cieayer, 9To
d
D%, DS rp-
(Df. D}) = - [TDfs

U B pe3ysbrare, ucnosb3yst (19), Mbl HOIy9YaeM Cieiyoliee BhIPAKeHHe J1Ist
pasHocTH cyesioB (28)

1 [ dry? . ars?
EM) = i J, ( i (M — ﬂ)aﬁ‘eriO i ——M =Ty, |p i0)VPdp,
(30)

1€ MbI BBEJ/IN €CTECTBEHHOE 0b03HAUeHIE

rgﬁ = [[DY]5.
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[TpuMuHAUTETLHO K HOPMUPOBKe (27), DyHKITMOHATBLHOE HCIUCTIEHNE JIJIST OTIe-
paropa T\ Jlaer cieayronmii pe3yyibrar

Q@m0 1 /OO ars? B
Sembem) - 1 T -
(QalQa) 27 Jy ( du (M “)a5|p+zo

dre?

dp

(M — Fu);ﬁl ‘p_io) Inpdp. (31)

Takum obpazom, yCIoBre HOMyCTUMOCTH (DYHKIMOHAJTA, {) A, 32 JaHHOTO BbI-
paxkenneM (12), CBOAUTCS K OTCYTCTBUIO TUCKPETHOTO CIIEKTPA M KOHEUHOCTH
unrerpasios (30) u (31).

4 CxoamMOCTh MHTETPAJIOB

[TocMoTpyM, KaKMM YCJIOBHAM JOJXKHA YAOBAETBOPITH MaTpuiia M, 9100561
dyurmmonas 2 6611 qomycTUMBIM. KiTI04eBhIM 00BEKTOM J1JIsT BRIUUCIEHUS
unarerpasos (30) u (31) aBiserca maTpuna I‘f{ﬁ , I3HAYATIHHO OIpe/Ie/IeHHAs
KaK MATPUIA BTOPHIX KOIMDUIIMEHTOB B PA3IOKEHNN CHHTYJIAPHOCTEH aHa-
JINTUYECKUAX Te(PEKTHBIX BEKTOPOB B OKPECTHOCTAX TOYEK &1,...ELN. Apy-
TUM OTPEIEICHUEM I MATPHUITHI Fﬁﬁ MOXKeT CJIyKUTh ypasaerne (29), pe-
IIeHre KOTOPOro (PUKCUPYETCS ¢ TOYHOCTHIO IO MATPHUIILI, HE 3aBUCAIIEH OT
CTEeKTPAJIBHOTO MapaMerpa. TakuM 00pa3oM BBOAUTCS (Q-pYHKIIHSI, UCITOTh-
3yeMasi B TEOPUU CHHTYJISIPHBIX Bo3MYyIenuii [2]. B manbHeimux Borancienn-
SIX MBI HUTIE He OyJIeM OMUpPaThCs Ha MPOUCXOXKIEHNE MATPUIIBI F,Ojﬁ , OJTHA-
KO, HaM OyeT yIoOHO MMeTh [I/Ist Hee YOBIBAIOIILYI0 aCUMITOTUKY Ha OecKo-
HEYHOCTH JI/Tsl BHEINATOHAIBHBIX IIeHOB. [103TOMY MBI TIO-TIpEXKHEMY OyIeM
CYNTATh, YTO I‘Z‘B — 3TO MATPHUIA BEKTOPOB T'PAHUYHBIX 3HAUCHMIN.

B mammoit pabore Mbr orparuunMcst cayaaem N = 2 B3auMOAeiCcTBUS MO~
JIg B ¢ IByMsT BHEIITHUMHE YACTUIIAMU. B 3TOH cuTyaluym MaTpuIia I’,Ojﬁ aro-
Ha/M3yeMa OJHUM TTPeoOpa30BaHUEM il BCEX 3HAUEHUH (4 W OOJIBIITIMHCTBO
BBIYUC/IEHUIT MOXKHO MPOBECTH 0e3 TPUMEHEHUsT YUCIeHHBIX MeToJ0B. Jljst
CIYy9as B3ANMOAEHCTBUS CKAJISIPHOTO MO C 2 TOUYEIHBIMA NCTOYHUKAMHI Ta,
MAaTPHUIA UMEET TTPOCTON BUJ

pon' [ W (32)
I eVET g
SN
rae r = |xy — 1| — 910 paccrosiHue Mexkjay Toukamu xp u r2. Coydvaii

BEKTOPHOTO MOMEPETHOro mojist Obi1 pazobpan B [10], ecam ycmoBuThest, 9ro
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a=m,n,  =m',n', nHIeKC N HyMepyeT CTPOKH, a n/ CTOJIONbI, TO MATPHIIA
afs . .
I',)” umeer ciepyrommuii 6104HBIA Bi

an,n’m’ _ Z\//_llmm/ %U}(\//_LT)(3Jmm/ — Imm’) (33)
8 7w (y/r) (3T = L) i/l ’

re
(2 — x1)m (T2 — 1)
T2 — a1

—

Imm’ = 5mm’, Jmm )

a dynknua w 6s11a onpesenena panee B (15). Tax xax smementsr marpur Iy,
SIBJITIOTCS CKAJIIPHBIMU TTPOW3BEIEHUSIME, TO WX BUJ JIETKO 0000IaeTcs Ha
mpou3Bo ibHOe 3Havenne N. [[jist 3TOro JOCTATOYHO YBEJUUUTH YUCJIO CTPOK
u croabuos B (32), (33), n 3aMeHUTH BHE JMArOHAJN PAa3HOCTH Xy — L1 HA
Ty — Ty, UT = |y — 1| HA Ty = | Xy, — Ty

KoneuyHocTh pa3HocTH COOCTBEHHBIX 3HAYEHWU. Borancanm ycio-
Bus Ha Marpuily M, HeobxoaumbIe 11t TOro, arobnl maTerpas (30) 6bu1 KO-
HeueH. PacxonMocTs 3TOro nHTErpaJja CBs3aHa MpexKIe BCero ¢ moBeIeHneM
MOIMHTErpaIbHOM PyHKINN Ha beckonedHoCTH. C yIeToM BO3MOKHOCTH TIO-
SIBJIEHMSI TIPOEKTOPA B (hopMysie it pe30bBeHThl (22), GyaeM permars 6otee
obutyio 3azady. A UMeHHO, mycTh MaTpunsl [ F;Lm” MMeIOT CIIeTyIONIni
BHT

rie nosegerne G, u G, Ha GECKOHEYHOCTH YCTPOEHO CJEYIOMNM 00pa-

30M

n

C i\/ﬁrmn 1 . C i\/ﬁrmn
Gmn _ mn€ +Omn(_)7 G;nn _ mnCmn€

Vi iz Vi

Buro, uro, monyckas B npasbix 9actax Gy, G CyMMHPOBaHWE TIO Te-

+O:nn<%>- (35)

PHOIIAM Ty, 9T 33J1a9a BKJIIOUAET B ceba Kak Marpuiy (33), Tak u BCe
BO3MOYKHBIE JIECTBUS Ha Hee MPOEKTOPOR. 3aluilieM CAeAYyIOIe OlMeHKN

Det(M —T) = (—iy/m)M + Tr(M — T)(—iy/m) 1 + O(—iy/n)™ =2, (36)

(M=T)h, = Det (M =T)[((=iy/m)™ 1+ Te(M = G) (—i/m)™ %) i —
- (M - G)mn(_i\/ﬁ)M72 + Omn(_i\/ﬁ)Miﬂ- (37)
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Yuuoxkast (34) wHa (37) U cyMMuUDYsI IO WHIEKCAM MOJTYIaeM

13—2) = 2\% Det ™ (M — T) [(M + Glp) (—i/m)™M 1+

+ (M = 1) Te(M = Q) + Te(M — Q) Tr G’ + Tr(M — G)G') (—i/m)M 2+
+O(—iyp)M 2], (38)

Tr((M —T)

Kosdbdumument npn (—i\/ﬁ)M’2
wp) =M -1)Tr(M -G) + Tr(M - G) Tr G' + Tr(M — G)&

MMeeT CJIe/IyIolee MOBeeHne Ha OECKOHEIHOCTH

Cpn eVFrmn

T

rie CppeVH'mn gpgerca cyMMOil SKCIIOHEHT C PA3IHIHBIMU TEPHOTAMI.
[Moxcrasmsia (38) u (36) B (30) momyuaem

wp)=(M -1)Tr(M - G) + + O(—), (39)

1
I

1M 4 G (—i/P) M+ wH (=i B2 + O(—i 5N
BM) = 277/0 [ (—iy/P)M + Tr(M — G*)(—i/p)M =1 + O(—iy/p)M 2 *
(O + G (PP o PP Ol 2,y
(DM + Te(M — G ) (iy/p) "1 + O(i/7) 12
31ecn

GE, = Gon(£VD), G =Ghn(EVD), w® =w(Eyp),

a 3HaK Yy BTOPOTI'O CjIara€MoOro M3MEHHJICA 3a CYeT COOTHOIIECHUA

VP Vp+i0 _
Vp—1i0  /p—i0 '

Jlamee mpuBeeM cjaaraeMbie K ODIIEMY 3HAMEHATENII0 U MOJIYIUM HHTerpaJ
oT Apobu, B 9uC/IMTEEe KOTOPOIl CTOUT BHIPAXKEHWE

PTG — G )pM12 ¢ M TTM —wt —w™ = M TGt + G )+

+Tr M Tr(G/+ + G'*) TGt TG —Tr G~ Tr G*)pM* n O(pM—3/2)
(41)

a B 3HaMeHaTeJIe

pM i (G =G24+ 0(pM ). (42)
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[oncrasngas pasnoxerns (35), (39) st G, Gl,, 1 W MOXKHO YBHJIETb,

9TO WHTErpaJs OT MEPBOTO caaraeMoro B (41) cxomuTcst Kaxk MHTErpasa BUIA

/OO Cn sin(\/ﬁrmn)@. (43)
0 P

B 10 e BpeMmsi, BO BTOPOM CJIaraeMoM COJIEPXKUTCS JiorapupMudeckass pac-
XOAUMOCTh, TTPOMoOpIoHa bHast Tr M

1 [ 2MTr M —wh —w™ do—
%/0 P iTe(G — GHp T2 1 O(pM1) P ™

1 [®2Tr MpM~1 — Cppp sin(y/prmn ) pM =32 + O(pM~2)
~2m o pM i (G — GH)pM 172+ O(pM 1)

dp. (44)

Orcroga cremyer, 9T0 HEOOXOAMMBIM W JOCTATOYHBIM YCIOBHEM KOHEIHOCTH
unarerpana (40) sBaSETCS PABHECTBO HYJIIO CIeaa MaTpuis: M

Tr M = 0. (45)

[Toxoxk¥e BBIYUCTEHUS [T CAyYas CKAISPHOrO Mo (32) MOKA3BIBAIOT, UTO
MOMUMO paBeHCTBa (45) /171 KOHEYHOCTH COOTBETCTBYIOMIEil PA3HOCTH CJIE/I0B
TpebyeTcst TaKyKe CXOMUMOCTb WHTErpasa

K (G~ - G'Y)
2 0 \/ﬁ

KOTODHIil yyke He Oyxer uverh Buj (43).

[TpuBeeHnbIe BBIIIE BBIK/IAIKI MOKHO TaKKe UCITOIb30BATH JJTsI OTIEHKH
pasnoctu crenor jgorapudmos (31). Beranciennst ocraioress TakuMu ke, HO
B 3HaMeHaTese (42) HOABIAETCS JOMOJHUTEILHBIN MHOXKHTETb /P, & HHC-
marens (41) momuoxkaercst Ha Inp. BuaHo, 9T0 3TM M3MEHEHWS CHUMAOT
tpeboBaume (45), To ecTb orHOmmeHne (31) ocTaeTCs KOHEUHBIM IS JII00O
MaTpuIlbl M, He TPUBOJISINEH K TMOSBICHUIO JUCKPETHOTO CIEKTPa y orepa-
Topa Tr.

Ncnonb3oBanue HeoTpuIiaTeJbHOCTU. B mpembiayimeit gactu ObLI0
MOKA3aHOo, 9TO Marpuia M, Ompesessaionas caMOCOTPSIKEHHbIE DACIIIpe-
HUs omepaTopa Ay v, J0MKHA 00IaTaTh HYJEBBIM CIEJOM U He JIO/IKHA
MPUBOINTH K TIOSIBJICHUIO JUCKPETHBIX cOOCTBeHHBIX 3HaueHnil. [TocmoTpmm,
KaK 9TH TPeOOBAHUS COUETAIOTCS APYT ¢ ApyroM. [[js Hawgama pacCMOTPUM
npefensHbIil caydailt 1 — 00 (T — 0o g N > 2), 6o cayqait N = 1.
Marpuna I';, Torza cTaHOBHTCS TPOMOPIMOHATBLHON €MHNTIHOM MaTPHIIe

T, =iyl (46)

dp,
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marpmia I, Takxke MpOMOPIMOHATBHA ETHHUTHO, A MOJOKEHHe TOTIOCOB
dbyHuKIINN
by = (M —i/ul)™

ONPEEIACTCS OTPUNATEIBHBIMA COOCTBEHHBLIMA 3HAYEHUSAMI MATPHUIBI M.
OueBnHO, 9TO yCAOBHSI HY/1eBOTO ciaeqa y M u orcyrersust mosocos y b(u)
MOTYT OBITH YJOBIETBOPEHBI TOJLKO IIPH HYJIeBOH mMaTpuie M, 9To IpuBO-
IUT K HyseBoMy sHadennio E(M). Bamernm, 9T0 caMOCONPsIKEHHOE Pac-
mmpenue Ty, coorsercTByiomee M = 0, He gBagerca omepaTopoM Jlammaca
A.

O6paTuMcst Terepb K CIy9ai0 KOHEUHOTO PACCTOSTHUS 1 (T, it N > 2).
Hecoxuo yBumers, 9T0 yC/I0BUE OTCYTCTBUSI JUCKPETHOTO CIIEKTPA Y OTepa-
Topa Thq BIeder 3a coboil yCcaoBMe HEOTPUIATEILHOCTH ero KBaJApaTudHOl
dopMbI

0 <qm(B), B e D[]

BBe/ieM Ha MHOXKECTBE CAMOCOIPSIZKEHHBIX paciupenuii Th 9acTuIHOe yIio-
psiounsanne. CrazkeM, 910 Ty, < Ty, ecitt D[Thy,] C DT, | n

Q./Vh(B) < gm, (B)’ B e D[TMQ]' (47)

Teopuss Bupmana-Bumnka-KpeitHa yTBep:KIaeT, 9TO Cpeand BCeX HEOTPHIIA-
TEJIBHBIX CaMOCOITPAZKEHHBIX pa.CH_H/IpeHI/Iﬁ 3aMbIKa€MOTr'0 CUMMETPUYIECKOTO
OlepaTopa C KOHEUYHBIMU WHAEKCaMu nedeKTa CYIeCTBYeT MUHUMAJIbLHOE
T'pmy 1 MakcuMasibHOe 1o, pacmmuperus. 1o ecTh A1 IPOU3BOJILHOTO HEOT-
puniaTeIbHOTO pactupenns 1y yCTaHOBJIEHBI OTHOITEHWS

Trmyx <Tm, Trwm < Ty

Kpowme roro, ynopsnounsanue (47) OKa3bIBA€TCSI MOHOTOHHBIM 10 M B CMBIC-
JIe yIOpsiJOUNBaHUsT KOHeUYHOMePHBIX MaTpull. To ects ecimr Thy, < Tay,, TO

D(Ms) C D(My) 1
(b, M1b) < (b, M2b), b€ D(My),

re Mbl YIUTBIBAEM, 9T0 MaTpuipl M u Mo MOTYT OBITH OTpese/IeHbl Ha,
Pa3HBIX MOAIPOCTPANCTBAX KoHeuHoMepHoro mpocrpamcrsa C3V. Orciona,
YUYUTHIBAsl PABEHCTBO HYJIIO CIenoB My, Ms u uxX pa3HOCTH, CTAHOBUTCS
sicHO, uro ecju wHTerpas (30) cxomurcs st Kakoi-mubo marpurpsl My u
MBI XOTUM, 4TOObI OH CXOIWJICA LIt MaTpuibl Mo, TO HEoOX0muMO, 4TI
Marpuribl My 1 Mo coBmagann Ha 00aacCTU onpemenserus Mo

Mqb = Mzb, be D(Mz) C 'D(Ml)
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B mamem ciyuae MakcuMaIbHOE pACIIUPEHUE, HA3BIBAEMOE DPACITHPEHNeM
Opugpuxca, siBjasiercss oneparopom Jlammaca A, ompemessiercss MaTpUIlei
M, 3ajJjaHHON TOJBKO HA HYJIEBOM BEKTOpPE, U COOTBETCTBYET OCHOBHOMY
cocrostHnio §2A CBOGOIHOW KBAaHTOBON Teopuu. MuHUMAIRHOE paCITUpEHe
(pacmupenne Kpeitna) 3amaercs marpureit

0 — 3 (3Jmms — L)
M — F — 4r mm mm N — 2
K M‘M:o _%(&Jmm’ _ Imm’) 0 ) )
KOTOpasA ABJIACTCA 'B;OHyCTI/IMOI‘/JI C TOYKHW 3PEHNA KOHEYHOCTU WHTErpPaJiOB
(30), (31). Hnga caygasa ckaagpHOro moJst marpuria My umeer 6ojee mpo-

CTOW BWJ,
0 1

T
W TakyKe mMeeT HyJsieBoit ciern. Takwm 0Opas3om, MOXKHO CIeIaTh BBIBOJ,
9TO BCE CAMOCOTPSIKEHHBIE PACIITUPEHUS, VAOBIETBOPSIONINE YCIOBUAM IS
cyuiecrBoBanust nHTerpana E(M), nopoxunaiorcs pacimipennem Kpeiina,
CYKEHHBIM C TIOMOIIIHIO OPTOTOHAIBHBIX ITPOEKTOPOB P Ha BCE BO3MOYKHBIE
MTOIIPOCTPAHCTBA, C COXPAHEHNEM PABEHCTBA HYJIIO CIEIA

P M PR = .

Bamernm, 9TO I8 CAydaeB r — oo Wi N = 1, OMUCHIBAEMBIX MaTPHUIEi
(46), pacrmupenne Kpeiira coorBercTByer HyseBoit marpuie Mg = 0. Jlio-
Ooe ee cy’KeHue Ha TOJNIPOCTPAHCTBO Tpy Marpuie I'),, nponopuronaabHoit
eIMHUTHOMN, MOPOXKIAeT HyJeByio pasHocthb cienos (30). To ects mas cy-
vasg N = 1 Bce gomycTuMble COCTOSTHUS () A OKA3BIBAIOTCS SHEPTETUIECKH HE
BBITOJHEE, YeM CBODOIHAST TEOPU.

5 BpruncieHne pa3HOCTH COOCTBEHHBIX 3HAYEHUI

Pasznocts ciienos nuisi pacmnpenns Kpeiina. Boranciny unrerpan E(Mg)
[T MATPUIHI, COOTBETCTBYIONIEH MWHUMAJILHOMY pacIiupeHnio. Beemgem B
3-MepHOM MPOCTPAHCTBE OPTOHOPMUPOBAHHEIN 6asuc (r, p, q)

$2—$1

T p-r=0, q-r=0, p-gq=0.

et el

Takue BEKTOPHI SABIAIOTCS COOCTBEHHBIMHU IS si9eeK MaTpuilbl (33), meii-
CTBUTEJIHHO

BJ—-DIr=2r, 3J-I)p=-p, BJ—-I)g=—gq.
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Hecsox®o yBumers, uTo 3amMena Hasuca

1
€mn — e{r’p g E(eml + em2){Tm, Pm, Gm } (48)

nm,n’'m’
nuaronanmusyer marpuiy ')

TIPU 3TOM PaBHBI

mpu obom . CobCTBeHHBIE 3HAYEHUST

L) = iV (R, AP0 = i F (),

riae dyuknus w(t) onpenenena B (15). Kak ciencrsue, 3amena (48) nuaro-
Hasm3yeT Takxke mMarpuiy Mg =T',[,—0 ¢ COGCTBEHHBIMU 3HAYEHHSIMA

{ }
T b,q

dl’
" MaTpumy d_# C COOCTBEHHBIMU 3HAYCHUSAMU

V() = ﬁ(l 20/ (i), AP () = ﬁ(l -/ (/iir):

Taxum obpazom, warerpan (30) mag marpunsl Mg pacmazaercs Ha CyMMy
6 mHTErpaJsioB, TOIHKO 4 U3 KOTOPBIX OTIUIAIOTCS APYT OT apyra. B 6e3pas-
MEPHBIX MEPeMEHHBIX ¢ = |/pr 3Ta CyMMa BBIDIAJUT CJIeJYIONIM 00pasoM

(t)—1
i Z / §+zt+§w()tdt'

5 1717727

7 )

[IpuMmenenre 9NCIEHHBIX METOMOB JAET JJI CYMMBbI HHTErPAJIOB IPUOINKEH-
Hoe 3Hauenne —0.63, 9TO TOBOPUT O TOM, YTO OCHOBHOE COCTOsTHHE (pqy
OKa3bIBAETCS IHEPreTHIECKN 00Jiee BHITOMHBIM, YeM OCHOBHOE COCTOSHHIE (A
cBoboaHOM Teopun. ITogobHBIE BRIYNCIEHNUST IJIsT B3ANMOIEHCTBUST CKAJISTPHO-
rO TOJIS C IBYMST MCTOYHUKAMH (BHENTHUMH YACTHUIIAME) TAIOT 3aBUCHMOCTD
E(Mk) caenyiomero Buia

1
E(Mg) = —0.33~.
T

CBHBHaﬂ KOMIIOHEHTA. HOKa}KeM, Y9TO MHOXKECTBO JOIIYCTHMBIX MaT-

pur ipu N = 2 nMeeT CBsA3HYIO KOMIOHEHTY. MbI Oy/1eM MCKATh €€ B CIemy-
I0IIeM WHBAPUAHTHOM OTHOCHTEILHO TPYIIBI Bpalienuit Bume. PaccMoTpum
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TPU BEKTODPA
DL’G = 7 (cos GDZLI + sin GDZL?),
Dﬁ’e = pm(cos GDZL1 + sin HDZQ),
Dz’g = ¢ (cos HDL””1 + sin GDlTZ),

re 0 — 6e3pa3MepHast BETUINHA, TTAPAMETPUIYIONIAs CBSI3HYI0 KOMIOHEHTY.
Hecnoxno ysugers, ato D);”, s = r,p, q, SBASSCH IMHEHHOH KOMOMHAIME!H
BeKTOPOB D)™, Takke ABJIAIOTCA AHATATHICCKAMA TePEeKTHBIMI BEKTOPAMA
U MOTYT OBITH MCIIOJIB30BAHBI JIJI TTOCTPOEHUS PE30IBLBEHT CAMOCOPIZKEH-
HBIX pacrmpennii oneparopa Ay, y. CkansgpHble MPOM3BeIeHNsT BEKTOPOB

DS,G
I JIETKO BBIYUCJIAIOTCA
1 1
(u— (D, DY) = iy/i — iv/A + 2sin 26(—w(y/r) - ;w(x/Xr)),
1 1
(n— N(DE’, DY) = iy/i — iv/X — sin 26~ w(y/fir) - Fw(ﬁr)),

1 1
(u— )\)(Dg’e, DYy =i/ — VA — sin 29(—w(\/ﬁr) — ;w(\/Xr)),
(D%, D}%) = (D7, DY) = (D5, DY) =

U TO3BOJIAIOT BBECTHU JWAroHAJIbHOE pelleHne ypaBHeHNd (29

r

Y =i/ul + sin 20 M ) (49)

-1
DTa MATPHUIA BIOJHE YIOBIECTBOPSIET YCIOBUSAM 34), (35) ;[JI;{ CXO,Z[I/IMOCTI/I
unrerpasa (30) u pu sToM onpeennresns marpuibl M () —

3 -2 0 0
M(0) = \ﬂo 1 sin 20 8 (1)(1) ,

He obparaercs B HOTb. TakuM 06pa3oM, pe3o/bBEHTa
'.0
R, = R, + D" (M(9) = T) (D, ), s=rpig

JIA€T CAMOCOTIPSIKEHHOE PACIITIPEHNe ¢ KOHEIHBIM 3HadeHneM narerpaia F(M(0)).
[Moncrasss (49) B (30) MBI IPUXOANM K CJIELYIONIEMY BHIPAIKEHUIO

1 [ 2sin 20 w'(t) — 1
EM(0)) = — R
(M(©)) 2777“/0 e<%sin20+it+281n20w(t)

sin 20 w'(t) + 1
— W) )tdt.
4 sin 26 — it + sin 20 w(t)
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Ipadux 3asucumoctn Gespaszmepnoii Bemuanns rE(M(0)) ot 0,0 < 0 <7
TTPUBEJIEH Ha PHUCYHKE

Basucumocts rE(M(0)) or 0

0 1 + 1
/4 /2 3r/4 ™

Bunavenna 6§ = 0,7 u ¢ = 5 coorsercTBytoT pacmupenuio Kpeitna s
N =1, rjie CUHTYJIAPHBIE TPAHUYHBIE YCIOBUST COCPEIOTOYEHBI JIMOO B TOUKE
x1 (0 = 0,m), mbo B Touke x3 (0 = §). Kak u ciegosano oxugars, pas-
HocTh suepruit (30) gma Takmx pemenmit pasua mymo E(M({0, 5, 7})) = 0.
Jloxambubie MurIMyMb 0 = T 71 6 = ‘%ﬂ COOTBETCTBYIOT I'DAHUYHBIM YCJIOBHU-
M, IPU KOTOPBIX 3HAUEHMd 10N B B TOUKax @1 U T2 coBmamaior (6 = 7),
aUHO COBIMAMAIOT TTO MOYJIIO, HO HAPABIEHBI B MPOTUBOTIOIOKHBIE CTOPO-
HBl (0 = %’T) Ocrampanpie Toukn 6 # 0, 5,7 337a10T TPaHUYHBIE YCIOBHL,
TP KOTOPBIX 3HAYEHUA TI0JId B TOYKAX 1 W L9 CBA3AHBI APYT C APYTOM
Ko3ddurmenTom ctg

lim By =ctgf lim B,
T—T] T2

TO €CTh MBI IPUXOAUM K 3(DHEKTUBHON TaTHLHOIEHCTBYONIEH Teopun.

TaKI/IM 06pa30M, MBI BUAUM, 9YTO MHOZKECTBO AOIMYCTUMBIX MATPWUIL 1A
FAMUIBTOHUAHA TTOTIEPETHOTO TIOJIS UMEET CBA3HYIO KOMIIOHEHTY, OMMUCHLIBAES-
myto Gespasvepubim napamerpom . Pazuocrs suepruit E(M(0)) npu n3me-
HEHVN § HEMPEPHIBHO MEHSAETCS OT HYJIS 0 HEKOTOPOTO OTPHUIATETLHOTO 3HA-
TEHWA. JTO TTO3BOJISET NCTOIH30BATH PACCMATPUBAEMYIO MOJETh JIJIsT OTTHCA-
HUS CUCTEM C Pa3MepHOil TpaHcMyTarueit. [aiicTBUTeIbHO, TPU TTOCTPOSHUHT
OCHOBHOTO cocTosHMst {) () MapamMerp 6 MOKeT OBbITh PA3HBIM I PA3HBIX
SHAYEHUI PACCTOSTHUS T MEXKJIy YACTUIAMU BTOPOrO ((DepMHOHHOTO) TOJIS.
JItobast ero HeTpwBMAIbHAS 3aBUCUMOCTH

0(r) # const

O3HAYAET MOABJEHUE PA3MEPHOIO MMapaMeTpa, TO eCTh Pa3MEpHYI0 TPAHCMY-
ranuio. KoHkpeTHbIil Buj 3aBrcuMocTn 6(r) onpeensiercss MCXOAHBIM B3an-
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MOJIEIICTBUEM U TIPOIIETypoil meperopMmupoBKu. OHa BOupaer B cebs “06/1aK0”
BUPTYA/JIbHBIX YACTHUIl U Jpyrue HenepTypOaTuBHbie 3(hdeKTh, 8 Ha BBIXOIE
JAeT JIUIIL raMuIbTOHnaH H ¢ HaGopoM COOCTBEHHBIX COCTOSIHUN W 3aBUCH-
MocTh 6 oT 7.

3akJo4deHmne

Mg paccMoTpesn pa3/indHble Pelienns YPpaBHeHWs Ha, COOCTBEHHBIE COCTOSI-
HUsT CBODOTHOT0 KBAHTOBOTO TAMUIBTOHNAHA CKAJISIPHOTO MOJISI B BEKTOPHOTO
mosist B Kasmoposke Kysona. Jlamubie perennst He SIBJIAIOTCS COCTOSTHUSIMU
CBODO/THOTO TIOJIST ¥, TIO0 AHAJOTUU C KOHEYHOMEPHON Teopueil CHHTY/ISIPHBIX
BOBMYIIIEHUI, MOTYT OBITH MPOWHTEPIPETUPOBAHBI KaK COOCTBEHHBIE (DYHK-
I BO3MYITEHNS omeparopa ['aMuaIbToHa cBOOOIHOTO TIOJIst, MO0 KaK COb-
cTBeHHBIE (DYHKITUN HEKOTOPO# aCHMITOTUYIECKU-CBOOOMTHON CUCTEMBI MTOCTE
TIPOIEIy PBI TTEPEHOPMUPOBKH.

Astop BeIpazkaer Gaarogapuoctsh C. H. Haboko 3a 3amedarenbHbIe KOH-
cyabranuu o teopun Bupmana-Bumunka-Kpeiina.
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