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Bb!BOUhi, llOJiy'!eHHb!e B HenaBHefi pa6oTe, 0 CBSI3H M8)KUY llOUXOUOM K KBau

TOBOH TeopHH IIOJISI MeTOUOM neMaHHa, CHMaH3HKa II UrrMMepMaHa c HCIIO.Tih30B8HH

eM OIIepaTopa B38HMOD8fiCTBYIOIU8I"O llOJISI H IIO,UXOUOM K KBaHTOBOfi TeopHII IIOJISI 

MeTonoM Eoron106osa c npHMeueurreM cpyuKuuouanhHoro nrrcpcpepeuuHposauHSI H3Jia.,.. 

raiOTCSI B nauuoii: pa6oTe 6onee nonpo6uo. B 'IaCTHOCTH, nol\a3auo, 'ITO yc1IoBne npw 

'IHHHOCTH Eoron106osa SIBJISieTCSI ueo6xonHMhiM . ycnosneM HHTerpnpyeMocTH nnSI 3a

IIa3UhiBaiOruero H onepe*aiOruero peweurrii: ueonuoponuoro ypasueunSI KnSiii:ua-rop

noua. B CBSI3H C :9THM UOBOJihHO nonpo6uo paCCMaTpHB88TCH TOT cpaKT /cBSI3aH

Hb!H C TeopeMOfi: Xaara/, 'ITO TpauccpopM8UHOHHb!H .onepaTop, KOTOpb!H CBSI3b!B88T ·• 

oiiepaTop B3anMoneii:cTByiOruero noJISI co cso6onuhiMH onepaTopaMH Ut- HJIH ~ 
-nOJISI MO)K8T 6b!Th YHHTapHblM TO.TihKO C TO'IHOCThiO UO llOJIO)KHT8JihHOH IIOCTOSIHHOH 

nepeHop:V!HpOBKH, M8HhW8H 8UHHHUbl UJIH peaJihHb!X B38HMOU8HCTBHfi • .Llanee Mbl 

o6cy*naeM pa3JIH'IHSI, cyruecTByiOrurre !VIe*nY nsyMSI nonxonaMH oTuocuTeJihHo 

:9:KCTp8TIOJIHURR npHB8U8HHbiX 9JI8M8HTOB s .,..MaTpHUhl Ha o6JiaCTh BHe O~OJIO'IKH 

M8CCbl• J::3 38KJIIO'I8HH8 Mbl TIOK83b!B88M', 'ITO UJIH 8H8JIHTH'I8CKOI"O ITOB8U8HHSI npu-· 

B8U8HHb!X :9JI8M8HTOB £ - MaTpHUbl B nonxone c uciiOJih3oBauueM qnepa-

Topa B38HMOU8HCTBYIOIU8I"O ITOJISI, paCCMOTp8HHOI"O B TeopHll UIICnepCHOHHbiX COOT

HOW eHHfi:, HeBa:lKHO, Bb!ITOJIHSI8TCSI HJIH He Bb!ITOJIHSI8TCSI YCJIOBH8 npH'IHHHOCTH UJISI 

onepaTopa B38HMOU8llCTBYIOIU8I"O ITOJISI B BHU8 KOMMyTaTopa • •• ' 



1. B B e n e H H e 

II I 
B HenaBHell: pa5oTe Mbi H3Y'IHJIH IHa rrpenBapHTeJibHOM 9Tarrel CBH3b 

Me)Kny rronxonoM K KBBHTOBOfi TeopHH rronH MeTonoM J1eMaHHa, CHMaH3HKa, UHMMep-

121 
MaHa c HCIIOJ1b30BaHHeM orrepaTopa B3aHMoneticTByJOmero rro.rur n rronxonoM 

. . 31 
K KBaHTOBOH TeopnH rronH MeTonoM EoronJ05oBa c rrpuMeHeHHeM cflYHKUHOHaJibHO-

ro ..'lHcfJcfJepeHUHpOB8HHH, 3KBHBaJ1eHTHOCTb MeMny DBYMH IIODXOD8MH, B OCHOBHOM; 

He HBJlHeTCH OqeBHDHOH, TaK KBK o5a IIODXO..'l8 HCXODHT H3 coo5paMeHHH o5meit 

TeopHH rronH ITeopHH 

s 
s -MaTpHUbi, B ,KOTOpOH BbiBODHTCH IIpHBeneHHbie cfJOpMy.Tibi 

cy, 

- MaTpiiUbi rryTeM ·pa3HbiX MaTeMaTH'IeCKHX MeTODOB: rrepBbiH 

MCIIOJlb3yeT OIIepaTOpbi B38MMODeHQ,TBYIOI.l(eT'O IIOJIH KBK 3_8II83..'lbiB8IOI.l(Me HJIH OIIepe

M8IOI.l(He peweHHH HeonHoponHoro ypaBHeHHst Knstll:Ha-ropnoHa H acuMrrToTuqecKoe 

ycnoBHe, Torna KaK rrocnenHHH rronHoCTbro oT5pacbrBaeT rrpenbrnyiiTee tr HMeeT neno 

JlHWb C DBHHOH 5 -MaTpHUeiJ:, K8K cfJYHKUHOH8J10M CB050DHbiX orrepaTOpOB fA.'V 

HJlH 0wC - IIOJ1Sl H ee BapHBUHOHHbiMH IIpOH3BODHbiMH OTHOCHTeJlbHO 9Tl!X orrepaTo

pOB CB050DHOT'O IIOJISI, npH'IHHHhle TeOpHH IIOJlH p8CCM8TpHB8IOTCH KaK oco5hle CJiy

'IaH o5mell: TeopHH, orpaHH'IeHHbre: Tpe5oBaHHeM rrpH'IHHH ocTH. OnHaKo, ycnoBHe rrpn-

'IHHHOCTH, rrpenrronararomee B rrepBoM rronxone, 'ITO KOMMyTaTop orrepaTopa B3aHMo-

neiJ:CTByromero IIOllH JJ;OJlMeH HC'Ie38Tb DJIH IIpOCTpaHCTBeHHO IIOD05HbiX paCCTOHHHH 

COOTBeTCTByiOI.l(HX TO'IeK IIpOCTp8HCTBa-BpeM.eHH, CcfJOpMynHpOB8HO BO BTOpOM rron

XODe cnenyiOI.l(HM o5pa3oM: orrepaTOP TOKa 12 I, IIOCTpoeHHbiir H3 s - MBTPHUbi H 

ee BapHaUHOHHofi rrpOH3Bonnoi1 OTHOCHTeJibHO cBo5onHoro orrepaTopa il] un:u OtA-"t.. 

rronst, nonMeH HMeTb aarraanbrBaromue HJIH orrepeMaromHe cBoficTBa 181,18' I nnst 

BapHaUHOHHOH rrpoM3BODHOi'r oTHOCHTeJibHO cBo5onHoro orrepaTopa ~n HJIH OuVi-rronH 
COOTBeTCTBeHHO, nocnenHee ycJIOBHe IB rrpoTHBOIIOJlOMHOCTb rrepBOMY I BKJIIQqaeT, 

ycnoBHe rrpH'IHHHOCTH nnst BpeMeHH-rro-

no5HbiX paCCTOSIHHfi COOTBeTCTBYIOI.l(HX TO'IeK IIPOCTp8HCTBa-BpeMeHH 0 KOTOpoe 

DOJlMHO 5biTb He05XODHMbiM DJIH OIIpeneneHHH "npH'IHHHOCTH" C cfJH3H'IeCKOH TO'IKlf 

3peHHSI 0 C npyroiJ: CTOpOHbi, Tpe5yeMOe yctiOBHe IIpH'IHHfTOCTH ..'lJlH orrepaTopa B38HMo

neifCTBYIO :.ero nonH B Bune KOMMyTaTnpa rrpenrronaraeT cymecTBOBaHHe rrocnenHerc 

KaK aarra3DbiBaromHe rmu orrepeMaromHe peweHHH HeonHoponHoro ypaBHeHHH 

KnHifHa-ropnoHa, a HBHoe oTcyTcTBHe BpeMH-paanu'Iaromero ycnoBHH rrpH'IHHHOCTH 

nnH BpeMeHH-rrono5HhlX paccTOHHMH Morno 5hl 5hlTb rrpeononeHo TeM, 'ITO orrepaTop 

B38HMODe~CTByiOI.l(ero IIOJIH, IIOCTpoeHHbiH BbiWeyKa38HHbiM CIIOC050M cymeCTByeT 

TOJlbKO ..'lJlSl TeOpHH IIOJIH, KOTOpbie SlBJIHIOTCH IIpH'IHHHb!MH, B TOM CMb!CJle, B KOTO-
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poM rrx paccMaTprrBaeT Eoroni06oB /rro xpafiHefi Mepe, Mhi Tpe6yeM ycJIOBIISI KOMMy ... 

Taurrrr .UJISI orrepaTopa BsarrMo.ueficTByiOUiero rronSII. On:HaKo, rrs .uaHHOH pa6oTbi 

CTaHeT SICHhlM, ~TO B n:efiCTBIITeJibHOCTII yCJIOB!Ie KOMMyTBUIIII .UJIH OIIepaTopa B381IM?

.U eficTByiOmero rroJISI, B rrpoTrr BorroJIO)!{HOCTh ycnoBrr IO Eo ron I06oBa, He MO* eT pac-

CM8Tp1IB8TbCH KaK YCJIOB!Ie Ha IIp!IBen:eHHbie 9JieMeHTbi s -MaTpHUhi, KOTOpoe 

Ba )!{HO .UJISI IIX 8H8JIIITII'leCKOI'O IIOBe.U eHIIH 1):0 TeOpiiii .UHCIIepCHOHH hi X COOTHOlli eHIIH 

IKaK 9To C'IIITanoc& rrpe)!{.uel. 

HaCTOH1U8SI pa6oTa IIOCBSilUeHa OCHOBaTeJibHOMy IICCJie.UOB8HH!O BbiBO.UOB, 

IIOJiy'leHHbiX B 1, a IIMeHHO, 'ITO 1 I IIOUXO.U C HCIIOJih30B8HIIeM orrepaTopa B381IM0"'7 

n:eHCTBYIOIUero IIOJISI IIMeeT CIIJiy .UJISI llpii'IIIHHhiX TeOp!IH IIOJISI IB llpOTIIBOIIOJIO>K'!'"' 

HOCTh yTBep)!{LJ:eHII!O a
2 J II 21 yCJIOBHe 11p!I'IHHHOCTII .UJISI OIIepaTOpa B381IMO.Ueii

CTBY!OIUero IIOJISI B BII.Ue KOMMyTaTopa He MO)!{eT 6biTb .UOCTaTO'IHbiM .UJIH o6mero 

IIO.UXO.Ua K KB8HTOBOH TeOpiiH IIOJISI, K8K 9TO IIMeeT MeCTO B TeOpHII .UIICIIepqrroH

HhiX COOTHOllieHIIH. npe)!{ne BCero Mbi IIOKa)!{eM, 'ITO ycJIOB!Ie _llp!I'IIIHHOCTII 110 

EoroJII06oay SIBJIHeTcSI Heo6xon:IIM&IM ycnoilrreM rrHTerpnpyeMOCTH nnSI sallasnhmaiO

mrrx IIJIII orrepe)!{aiOmrrx peweHrrfi Heon:HoponHoro ypaBHeHIIH KJISIHHa-ropnoHa 

lpas.uen 21. B aToM CMhlcne 11onxo.u ~ !ICIIOJih30BaHIIeM o11epaTopa B3&HMoneficTay

IOlU ero IIOJISI 11pen11onaraeT ycno arre llpii'IIIHHOCTII 110 Eoroni06oay •. II ecnrr llocnen-

Hee y'IIIThiBaeTcSI, Mhi He O)!{HnaeM 11p1IHUIIIIHan&HhiX TpynHocTefi B 11prrMeHeHrrii 
. 41 

acrrMIIToTrr'lecxoro yc.TIOBIIH fcp. TaK)!{e rr pasnen 4 I. B CBH3H c 9TIIM M hi 

paCCMaTp!IBaeM IIO.Up06Ho TOT ciJaKT, CBH38HHhiH C TeopeMOH Xaara, 'ITO '::'paHcciJop-

MaUIIOHHhiH OllepaTop, KuTOpbiH CBSI3biBaa'I' OllepaTOp B381IMO.UeHCTBYIOUlei'O IIOJISI 

f ('I.) CO CP060.UHbiM ollepaTOpOM . f.;._ l() Ut, 
DWf: 

Hnrr ow-t - IIOJISI MO)!{eT 

6hlTh yHIITapHhlM TOJibKO C TO'IHOCTb!O .UO IIOJIO)!{IITeJibHOH IIOCTOSIHHOH llepeHopMII-

pOBKII, MeH&illeH eniiHIIUbi n:nSI pean&HbiX BsarrMo.ueficTBIIH .noxan&HOJ'O TIIIIa. OT-

M eqaeTCSI ero BJIHSIHHe H8 rrepecTaHOBO'IHbie COOTHOlli9HIISI orrepaTOpOB CB060.UHOI'O 

IIOJlSI • .[lanee M bi o6cy .UIIM p83JlH'IIISI, CYlUBCTBY!OlUIIB Me)!{ny IIO.UXO.UOM II HCIIOJib30• 

B8HH9M OIIepaTopa B38IIMO.U9HCTBY!OlU9I'O IIOJlSI C IIO.UXO.UOM C 11p!IMeHeHH9M cPYHKIIH

OH8JlhHOro .UHcPcP9p9HUHpOB8HHSI OTHOCHT9JihHO 9KCTpaiiOJISIUHH 11pHB9.U9HHhlX 9JieMeH-

TOB 5 -MaTpHUbi H8 06JI8CTb BH9 o60JIO"'iKH MaCChi 1 ITO TeopHH .UHCIIepcHoH-

HbiX COOTHOlli9HHil:; pa3.U9JI 31. 8 38KJIIO'leHIIe Mbi IIOK83biBaeM, 'ITO .UJISI 8H8JIHTH-

-qecxoro rroaeneHHSI rrpHBe.ueHHhlX aneMeHTOB s -MaTpiiiibi B 11onxone c Hcrronb-

30B8HH9M orrepaTopa B38HMO.UefiCTBY!OJ¥9I'O IIOJISI ITO TeopiiH .UHCrrepCIIOHHbiX COOTHO-
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WeHHH He B8~HO BhlDOllHHeTCH HllH He BhlDOJIH~eTCH yCJIOBHe npH"lHHHOCTH anH one

paTopa B38HMoaeficTBYIOW:ero nonH B Bnae KOMMyTaTopa lpaaaen 41. 3To oaaaqa

eT, 'ITO YCllOBHe KOMMyTaUHH anH onepaTopa B38HMoaeiiCTByiOW:ero DOJIS1 He MO~eT 

TOllKOBaTbCH K8K YCllOBHe Ha l1pMBeaeHHh!e 9lleMeHThl 5 -MaTpHUhi, H3 KOTOpCl'O 

BhiTeKaiOT HeKoTophre aaamtTHqecKHe cneacTBHH anH Teoprrrr arrcnepcrroHHhiX cooT

Howeanii, HO 'ITO CBOllCTB8 DpH"lHHHOCTU OnepaTopa B38HMOaefiCTByiOWef'O DOJIS1 

nprrHHMaiOTCH anpHOpHO nprr BhlBOae nprrBeaeHHol ¢opMynhl IBepoSJTHo, rryTeM uc

nonbaOBBHHH acrrMrr'IOTH'lecKoro ycnoBHHI. B aToM CMhicne Mhi aon~Hbi rroHHTb 

YK838HHe 2 B 1. 

21 YcnoBrre npH'IHHHOCTH KaK ycnoBne HHTerprrpyeMOCTH 

ypaBHeHHH K nSJfiaa-ropaoaa 

M hi noKa:>KeM nocne HeKoTopbiX BCTym1TenbHbiX aaM e"laHIIil:, '!To yc.noBHe 

npH'IHHHOCTH Eoroni06oBa SJBnSJeTCSJ Heo6xoaHMhlM ycnoBrreM HHTerprrpyeMOCTH anH 

aanaaahiBaiOLUHX rrnrr onepe~a10w:rrx pew·eHrrfi HeoaHopo.o:Horo ypanneHHSJ KnHfina

ropaoua. 

Ill 

rae II 1121 I 

121 
T DS 

j . (x} ~ L 5 ---=L 
o·fu, (xJ 

- onepaTop ToKa. s MaTprrua paccMaTpHBaeTcSJ KaK o6mrrfi onepaTop B rrrnb-

6epTOBOM rrpOCTp8HCTBe HJIH Owl: -coCTOHHHit CB060aHh!X '18CTHU n: ao-

nycKaeT noaToMy npeacTaBneHHe 11 141, 111111 

131 

K'Oraa 

141 
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( [J - Jn J.) 1 ~~ { x ) = 0 
oM: 

[ f U, (x) f," ( 'lf}) = iLi (x-ll l 
out 1 

Olfff <1 d/ 151 

M 

'fo~rtt ( x) == S + f,~ ( x) .S • 161 

0"1eBM.llHO, 'ITO lcp. TBK)Ke .llHCKyccMIO a
21 

I napMaUMOHHhie npoM3BO.llHhie n 121 ·He 

MoryT 6hiTh orrpe.lleneHhi H3 5 -MaTpHUhi 13 I O.llHMM cnoco6oM, TaK KaK· cPYHKUHH 

paano )K.emHI fn.. { X1 ••• , X~) 
f,~, (xt, ... , X~) BHOCSIT BKJJa,ll 

IIOJJHOCTh!O He Onpe,lleJJSIIOTCSI pa3JJO)K9HHe~ 131. 

npH'IHHa cne.llyiOIUaSI: na-aa 15 I ct:>yphe-o6pa3hi 

TOJJhKO Ha 06JJBCTh Ha 060JJ0"1Ke MaCChi B 131, B npoTHBOIIOJJO)KHOCTh TOMy, 'ITO 

HMeeT M9CTO B 121, T.e. B OCHOBHOM 121 3aBHCHT H OT 9KCTpaiiOJJSIUHH Ha o6naCTh 

XI 
BHe o6ono'IKH Macchi conepweHHO npoManonhHo •. B caMoM .Ilene, "'TO KacaeTcSI 

HX BKJJa,llOB Ha o6nacTb o60JJO"'K.H MaCChi, cfJYHKUliH pa3JJO:>I<eltHSI t n ('f-a ) .~ 1 Y- n) 
.n;OJJ)!{Hhi BhiiiOJJHSITb HeKOTOphie ycnoBHSI, B "'aCTHOCTH, ycnonne yHHTapHOCTH 14 I 

H Tpe6oBaHHe HHBapHBHTHOCTli OTHOCkTenbHO HeO,llHOPO.llHOA JJopeHUOBOI rpynnhl, 

noMHMO 9TOr'O B npli"'MHHOA TeopHH IIOJJSI OHli .llOJJ)KHhi IIO.ll"'liHSITbCSI YCJJOBHIO npH

"'HHHOCTH, 0 KOTOpOM 6y,lleT H,llTH pe'Ih .llanee. Boo6rue,. OHH MOryT 6hiTh Bhipa:>KeHhl 

I . . ~ 

X 3aMeTHM, "'TO BhiiiOJJH9HU9 cfJYHKUHOHaJJbHOr'O .lllicfJcflepeHUHpOBaHHSI p -Ma-

TpHUbi 131 oTnocuTenhHO onepaTopoa·cao6oAHoro nonst 'f;.,(")(.} nnn ~o~t ('f..) 
o6hi"'H.hiM o6paaoM ,llenaeT anpnopno Heo6XO.llHMhiM paano)KeHue npu onpe.llenennn: 

S -MaTpHUhi 1 TaK . KaK npM 9TOM He o6parpaeTC.H BHliMaHH9 Ha TOT cflaKT, "'TO onepa

TOphi cno60.llHoro rron.H .llOJJ)KHhi y.llonneTBopSITb ypaBaenuSIM 15 I. YfTaK, 'IT06hi no-

ny"'HTh 12/ Mbi .llOJJ)!{Hhi BhiHTH aa npe,lleJJhi 
11

cfJH3H"'eCKOil" S -MaTpliUhi /3/, 
r'.ll9 IIOJJSt few (X) HJJH fouf .(X) IIO,ll"'HHSIIOTCH 151 ,.llJIH <JKCTPI:1110nlipOBaHHO:ll: S -Ma-

TpHUhi, KOTopaSI HBnSI.eTcSI cPYHKunoHanoM rroneii: 'f itt.- 'X.} nm1 fuwt c.y
3

, 
paCCMBTpHB89MbiX KBK IIpOH3BOJJhHhl9 KJJaCCH'leCKH9 cfJYHKUHH lcM.TaK)Ke ~ oco6el!

HO CHOCKY Ha CTp. 180 B H9M9UKOM nepeBO,llel • 0"19BH.llHO, "'TO TaKaS! 9KCTpaiiOJJSI

UHSI IIpOH3BOJJhHa, TaK KaK cfJYHKUliH pa3JJO)K9HHSI -/,'- (~:1'"'' X.._) He SIBJJSIIOTC~ e,llHH-.· 

CTB9HHO orrpe,ll9JJ9HHhiMH 131 H 151, TO )Ke CaMoe CIIp8B9,llJJHBO ,llJJSI pe3yJJbTaTa 

!jlyHKUliOH8JJhHOr'O .llli!jlcfJepeHUHpOB8HHSI, KOTOpoe. B KOH9"1HOM C"'9T9. paccMaTpltBaeTCSI 

KBK cfJYHKUHOHaJJ onepaTopOB IIOJJSt lf i~ ( 1() HJJH tfotvf: (Xj , IIO.ll"'HHSIIOUlRXCSI 15/ 
II npe,llCTBBJJeHHhlX B BH,lle HOpMBJJbHOr'O IIpOM3Be,ll9HHll, 
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qepeq BeJIH'iiiHbi BaKyyM~OI'O OMII.llSHII.II BSpiiSUIIOHHbiX IIpOII3BO.llHbiX 

II 0 eCJIII Mbl liHTepecyeMCH TOJibKO MaTpii'iHbiMII :9JieMeHTBMII 5 M e:m:ay COCTOSI-

HII.IIMII 0 I' ae BCe liMIIyJibC bi IIpiiXO.ll.II W:liX 'iSCTliU OTJIII'ia IOTC.II OT liMIIYJibCOB YXO.llH

ll{IIX, 'iTO Mbi TSKMe IIpiiHRMaeM .llJI.II 191, 1101 II 1101, Mbi MOMeM liCIIOJib30B8Tb 

npocToe npeacTaaneHHe 

11 I Mo:m:eT 6biTb nerKo npoaepeHo Ha ocHoae paano:m:eHHSI 13 I. Bo BTopo:ii cTpO'iKe 

11 I Mbi HCIIOJib30BBJIII CTS6IIJibHOCTb BaKyyMa 0 IIOJI8I'8SI
0 

'iTO IIpOII3BOJibHbi:ii K0:9cPqJH

UlieHT cP83bi paBeH eaHHIIUe. 

Ecnn Mbi onpeaennM npR'iiiHHyro Teopnro nonSI c IIOMOW:bro II I 1!1 I I, I 117 I 

J/ (_x) 
=0 trrUt rgJ ecnn · JJ~X. 181 

ifi ( )() 
-=. 0 ecnn % ~-X B tf llMA; r 'JJ J 

181 

11 HcnonbayeM onpeaeneHHe 121, To aoaMOMHo aanHcaTb 11 I a BH.lle 

/91 

xl 
lcp. 1 1341 I. TaK ·KaK 181, 18'1 He BKJIIO'iaeT·ycnoBH:ii anSI X.Q=Jo 

xl 
3Ta cPOpMyJia, 0.llH8K0 0 CO.llepMliT OIIe'iSTKy: B IIepBOM Bbipa:m:eHliii 

nponyw:eH aHaK MHHyc. 
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Bbrpa)KeHMH 191, Ill I n Ill' I orrpenenmoTcH TOJibKO c TO'IHOCTbiO no BKnanoa 

xl 
OT KBa3HJIOKaJibHbiX OIIepaTOpOB • Ba)KHO OTMeTHTb TO/ 'ITO lcp.TaK)Ke LlHCKyCCHIO 

B 
21 

I 181 , 18' I HBJIHeTcH, B o6meM, ycrroBHeM nnSI <:Pypbe-o6paaoa cpyHKUHi'! 

pa3JIO)KeHHH f,, ( XJ., ... 1 X.,) Ha o6nacTn Ha o6oJIO'!Ke Mace hi B 13 I, a TaK)Ke Ha 

HX SKCTpanOJIHUHM BHe 06JiaCTH 060JIO'IKH MaCCbi B 121, 0nHaKo, IIOCJienHee He Mo-

)KeT 6biTb nepBOU BB)KHQCTH B TeOpHH S -MaTpHUhr: Ka)Knoe ycnoBHe npH'lHHHo-

CTH SKBHBaJieHTHO 181, 18'1, eCJIH TOJibKO HMeeT Te )Ke CJiellCTBIHI nng "cpH3II'leCKOf.' 

s -MaTpHUbi 181 t T.e. nng BKJianoB cpyHKUMii: pa3JIO)KeHHH f,_ ( x1 I ... I X~t-) 
Ha o6nacTn Ha o5ono'!Ke Macchi. 

Ecnn Mbi nMeeM neno TOJibKO co cnyqaeM nByx npHxonHmnx HJIII LlBYX yxonH

lllHX qacTn:u B sneMeHTax 5 -MaTpnuhr, To cpyHKun:u pa3JIO)KeHnH j., (x
1

, ... , X,) 
MOryT 6biTb rrpencTaBJI9Hbi KaK B8Jlll'IHHbi BaKyyMHOro 0)KHnaHH51 OIIepe)KBIOUlHX IIJIH 

aanaanbrBaiOmnx nponaseneHnii: orrepaTopa ToKa cooTBeTCTBeHHO, 

(i) f (x11 ... ,Xw}=-
~ 

(f) 
j ( ~11"' J t,):: 

"' 

-L 

w! 

-[. 

h,! 

< 0 j 1/ (x!i x-t , ... , xff-)J o > 

< 0-/ R, ('<1 ; X~ ' ... ' X~) I 0 > 

1101 

110', 

211211 I. ~ n·i ) 
rAe /cp. TaK>«e 6 •·J· ( x l} ' = {- i) [; (9 (x it- X ~-:1. ... 

{i71111 
1/ { x,, x,, ... 'X .. )" < 1,,..(<,) ... 5 f,.t,.:.x,~ ( x,- x,) 0fr,., ). .. /j(x.),j(x,~ 

;j"-'·(x,) ~(-i} r:ox,-x.., ... rY o n-i ( ) {') (x 1-d:,- x11.-) .( ) 
J 111'1 

R. ( x,.x.._ ... , x.. = ~ rP. ( x,) ... 0 f.-.J< .. ) . ( )'1 d. (x,.,.Jil 
''"' [. [· lx1JJ J(~:J·.. 'J X ... d \ , 

xI .Lln51 51 
onpeneneHnH rrocnenHnx eM. i OHM npMBOLlHT K 'IJieHaM anna 

P (;>:,.M.) o (xi -x!l.)' ... ~'(xj_ -Xtv), 
KOBapM8HTHbill IIOJIHHOM OTHOCHT8JibHO CJ/JX.t C IIOCTOHHHhiMH KOScp-

,P-
rne . P ()~i,J-
cbn:uaeuTaMn. 
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1101 COOTB9TCTByeT C.1Iy'IaiO .llBYX TipHXO.llHIIlHX 'IaCTHU, a 110' 1-cny'IaiO .llBYX 

yxo.uHIUHX 'IaCTHU, cyMMHpoBaHHe B Ill I H I 11 • I npoBO.llHTCH no · BceM nepecTanoB

KaM (hr-i} KOOP.llHHaT X~, ... , x.,_ • :3TH cpopMy.1Ibi MoryT ObiTb nerKO .llOKa3aHbi 

onepauHHMH, npo.uenaHHhiMH B pa3.uene 2 lcooTHoruenHH 1801, 181 I I H npHMeHenn

eM yC.1IOBHH IIpH'IHHHOCTH 13'1 H.1IH 181 B 1111 H.1IH 111'1 COOTB9TCTB9HHO. 

Tenepb Mbi nepexo.uHM K o6cy*.ueHHIO 3ana3.llbiBaiOIUHX HnH onepe)KaiOIUIIX 

pewenHii neo.unopo.unoro ypaBHeHHH K nHiina-rop.uona 11 I. M hi 3anHrueM nx B BH.ll e: 

f(x)= ft {:£)-j~"tU (x-ff)/jy)d) II pH 
1121 

f 

f(x)=ft (x)-j !1qc/v (x-~)/~J)ci'J x .. < t' npH 
112' I 

- t>C7 

- pewenHe o.unopo.unoro ypaBHeHHH K nHiina-rop.uona 

( 0- fn,.t) ft (X) == Q I 
1131 

KOTopoe COBna.uaeT c f ( x) IIpH X 0 == -t 

II pH x .. == f. 1141 

Hac ocooenno HHTepecywT npe.uenbi C ~ - t>o B 1121,H B 112'1 -1:.,- +CO 

115 I 

+oo 

f (x) • f ...t ( •)- f 4 atlv (x)Ji{ ~)of~' f..l (x) • e.:.., ft (x} 115' I 
-oo 

KOTOpbie, H9COMH9HH0 1 IIpHBO.llHT K H900XO.llHMOCTH I1pHM9HHH a:z::tHaoaTU'I9CKOi1 

KOHU9IIUHH. C .upyroil: CTOpOHbi, Mbi MO)KeM HCII0.1Ib30BaTb CBOiiCTBa HHBapHaHTHOCTH 

B0.1IHOBOI'O ypaBH9HHH Ill, II0.1IaraH, 'ITO 8KCTp8II0.1IHUHH BHe OonacTH 000.1IO'IKH 

MaCChi BO 121 IIpOBO.llHTCH nopenu-HHBapHaHTHbiM 
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Hott HHBapnaHTHOCTH BhlTeKaeT cywecTBOBaHne onepaTopa SHeprnn-nMnyn&ca 

KaK onepaTopa cMeweHnsr B CMhrcne 

<) J-}w f ( ]() = i [ ~ 
1 
f (X)] 

1 [ !],._, Pv): 0 
TaK 'ITO OTHOCHTen&HO BpeM 9HHOfi KOOp,llllH8Tbi CYW9CTByeT COOTHOill9HHe 

I 

iP. (x -x ) · , 
'() o , o - ,. ) -i P, (x - x ) 
1 (")=e tf (x_,xo e j o • 

llnsr OilepaTopa CB060,llHOrO nonsr 1131 Mbi HMeeM BHanorn'IHbiM o6pa30M 

d 1t (x)= i [~ {!)1 ~ (xlj 1 [t;: (f), P,' (t))=O, 

!;,· 

1161 

1111 

1181 

r.lle 

J~ 
r;:. (t) - onepaTop SHeprnn-nMnyn&ca cncTeMbr co cBo60.llHOil qacTnueu, 

.f. 
~ . IJ.anee: cooTseTcTByroweu HatJan&HOMy ycnosnro npn BpeMeHn 

iP:(fJ(x.,-x;) -iP~" {I:J(x,-x~) 
~ ~~}=e ft(?;x.'J 

1191 

npn t ~ ::;: lXl 1181 ll I 19/ nepeXO,llSIT B COOTB9TCTBYIOWH9 COOTHOill9HHSI .llnSI fA-t, 

ll 0Uil: nonett COOTB9TCTB9HHO lcp. 115/ ·' 115' // 1 H8ilpHMep, 

• p_ fJ 

f.;, ( t) = e' ··f.:, 
owb 

, 
(X o-X,) 

fi« 
- -i p" (X,J(~}f 0 ':::t (Xo-x:) 

~ 

A". :: tu., P .. (I:) 
D,£14 D j 

Did- -(; - t D9 119'./ 

llnsr npOCTOTbi Mbi ilpHHHM89M paBeHCTBO M9>K,lly C06CTB9.HHbiMH BenH'JllHBMH 

n e: (/:} xl 
!)._ 

(~a.) 

~ 'f"' = ~ Cf"' /20/ 

~ ( t J zr: { r. J = ~("'} ¥.," c f) 1211 

x/3THM C8MhlM nonaraeM, lTD He B03HHKaeT HHK8KHX CBSI38HHhlX COCTOSIHHfi 

lo B03~u*HOcTn paccMu~peHnsr nocne.llHero cnyqag BMecTe c MO.lln¢nunposaHHoA, 
a,llna6aTnqecxoA KoHuenunett eM. 6/ I. 
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H Tpe6yeM HanH'IHH COCTOHHHH C H8HM9HbWHM C06CTB9HHhlM 3H8'19HH9M 9HeprHH, 

BaKyyM lfo HnH o/:o{f) cooTBeTcTBeHHO (f.! (o~ Q) . Ypasaeaue /21 I B03MO)!{HO 

anH npOH3BOnbHOrO t 1 TaK K8K cymecTsyeT YHHTapaoe npeo6paaosaaHe Me)!{ay 

~ ( i;) H !):, ( t'} , KoTopoe 6yaeT aaao aanee /eM. /37//, /20/H /21 I BMec-

Te oaaa:<~aiOT cy_mecTsonaaue YHHTapaoro npeo6paaosaHHH, KoTopoe CBH3hiBaeT I{,_ 
c ¥: ( t) 

!f~ = U (t) ¥: (-t}, 11.-(f) u.,_(~}~Y/(t) U-{t}: i. 
/22/ 

OnepaTop 'tv ( t} ,KoTophiii aeAcTsye~ B rHnb6epTOBOM npocTpaHcTse cocToH-

HHA 1Jf: { t.) . co cso6oaHhiMH :<~acTHUSMH, MO)!{eT 6hiTb npeacTasneH KaK paano:»<:e ... 

HHe OTHOCHTenbHO HOpManbHhiX npoHaseaeHHil onepaTopa cso6onaoro nonB 16 ( x). 
/cp. /3/ I. 

/23/ 

EcnH y:<~eCTb XOpOWO H3BeCTHhiil cP8KT1 'ITO COCTOHHHH MoryT 6hiTb DOCTpoeHhi H3 

BSKYYMHoro COCTOBHHB ljf/1,
0 

( t) C DOMOI.Ub!O DOBTOpHoro npHM9HeHHB onepaTOpa 

. -ilf~ -i~x 

1,.~)¥. jot•{r. (•Jf.. ~- :x. f.(<) -0t: } • 1241 

rae /cp. 1161, 11711 

tO (x)=- i ~ ;~ r~ (f)eL~+~: ('[)e ilJtxJJ 'f~·= + ~ 
7t (~JJ) ~ ~· . - /25/ 

H [ai(f), lN: (f'J] .. a (f-f'), [~~Cf}, a.-i:(f'J]=o 

0~ CfJ r: (tJ=o /26/ 

TO, 0'18BHaHO, npHHHM8B BO BHHM8HHe /23/ 1 'ITO nesoe Bbipa:»<:ea:ue /22/ npeacTaB

nHeT paano:»<:eH:He COCTOBHHii OTHOC:HTenbHO COCTOHH:Hii CO CB06oaHhiM:H '18CT:HU 8MB 

ljl: (t) • npH t ~ f 0o Mhi nonyqaeM H3 BhiWenepe'IHCn9HHhiX COOTHOWeHHii 
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COOTB9TCTBYIOLU99. ami CB060aHbiX OnepaTOpOB /.# H1IH ow(; -nonn. M bl y:lKe OT-

-1 e"'ami /eM~- nplUlO:lKeHHe/, 'il'Q onepaTopbi P.,: nt.-- H ~
0 

1 Owl aon:n<Hbl 6biTb 

OTo:lKaecTB1IeHbi C C8MHM P.. 
., 

P.. 1 tJt, ""' p; qUJt : fJ 
I 0 I 

/27 I 

TaK 'ITO Mbi HMeeM /c TO'iHOCTbiO ao H9KOTOporo cpa30BOrO K03cpcpHitH9HTa/ 

'U-i~. = Uord = i , . /28/ 

Tenepb M hi npeo6paayeM . I 17 I npH. .l(: = f, cne.nyiOLUHM o6paaoM 

t i ~r>(t}(Xo-t) - -i P0 '(t}(x.-t) 
lf(x)=U(Xo,i)t r(x,t)e . U,(x,,i) 12'fu 

npH iP/(t)(x,-t)e-i. PD (xr1-t) 

U- ( Xo, f)= e 

rae, O"'9BHaH0
1 

+ .+ 

U (Xo,-t) U {xo,t )"'= 111 {x", £) U (x,,i; )=- i. 

~CIT01Ib3YH _/14/ H /Ul/, Mbl MO:lKeM 38ITHC8Tb /29/ B BHae: 

f (x} ~ U { Xo, t) ft {x) U-{><o, t) = ft- (J()+ U (;<o, t) [ ft {x), U (x,, t)]. 

VI a /30/ cneayeT 

-iJ! 0 (t)(xo-t) t -i ~o(:<o)(xo-t}( -i Po {xo-fJ ) 
e U ( x~, f)=~ (t~ xo) e == e 

H OTcroaa, HCIT01Ib3YH /31 / 
) 

eo ( )(,)" U, ( b~x.,) ?,<> ( t) 1{,. (Xo, t). 

/30/ 

/31.1 

/32/ 

/33/ 

/34/ 
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nepecTaHaMHBaSI Xo Ii t B /33/, rrony'liiM C DPYI"OH CTOpOHbl 

/35/ 

/34/ ii /35/ BMecTe c /311 nonpa3yMeBaiOT 

/36/ 

TaKHM o6pa3oM, /34/ Mo:>KeT 6biTh TaKX<e 3arrncaHo B anne: 

po• ( X 0 ) = U-{- (X o J;) ?, " ( t; U (X{), t) 
1 /37 I 

'ITO D88T CBS13h L!JlH ypaBH8HHH /2} /. rrpH pa3JIH'fHblX 1: 

II I1pHM8HSISI 3Ty cpOpMyny BTOpOH pa3, Mbi HBXOL!HM: 

/39/ 

VICI10Jlb3YSI XOpOWO H3B8CTHbi8 TeopeMbi CJIO:>KeHHSI .[(JISI 3KC!10H8HUH8JlhHbiX 

onepaTopOB, Mbi MO:>KeM 3al1IiC8Th /30/~ B BRAe 

U (x,, t) = U, (x.,t) = expJi ;;:{ (t)oU'}, 
t 

/40/ 

rne 
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I
. i.P~"(t:J(t'-t.) · -iP~(6){t'-i) 

I L ( o 
Po (i,t)=oe R, Lt) e. ~i ( t) r P., - Po 

0 

( t). /41/ 

3HaK nniDc npennnchlBaeT xpoHonornqecKnA nopnnoK onepaTopoB B pasnomeHHH 

OTHOCIITenbHO p~ ct.; t.) . Yl'HneKc f B Ut; (x(), c) .aonmeu B .aanbHefiweM 
. ( I 

6hiTb cBnsaH c -6 -saBIICHMOCTbiD Po
1 

t, t) , a apryMe!IT "C c sa:sncHMOCTbiD 

HHTerpanbHoro npenena /eM. TaK)Ke /43/ I. Boo5we 1-fb (xo, i) -peweHue Llillflcpe

peHuuanhHhlX ypaBHeHHfi 

d Ut (Xo,t) =-L ~i (J(o,t)Ut (Xoli}, d /1.1; (Xo,t} _ i 41 (Ko f) /!1 (t) 
---- v Jll/t I /42/ (1{;, a Xo 

c HaqanhllhlM ycnoBneM 

~~t (X.Jt)==i fo.'f- X o: f 
/42' I 

HnH HHTerpanbHhlX ypaBH8HIIfi 
Xo t 

u, (x., tJ+i j P..; c (tJ u.{t;tJdi'" i+i j u, ex., t) P: Ct; tJ li-t 
i. Xo 

/43 I 

B /42/ nonpa3yMBBaeTCR TOnbKO AH~~epeHUHpOB8!IH8 OTHOCHTenbHO apryMeHTa ~ 

/cp. /43/ • COOTHOW8HHe YHHTapHOCTH /31/ Tenepb HMeeT BHA 

t + ~ . 
Ut (Xo,t) Ut: (:<a,t)~ U+, (Xo,t) Ut. (xo, f)=i, 

H3 KOTOporo BhlTeKaeT BamHoe COOTHOW8HHe /B CBR3Il C /43t/ 
' 

f 
Ut (X,, t}-;,. Ut ( Xo, t) Ut (Xo};) 1Vt {:<o, t)==- zt-J(. ( xo))1 

/44/ 

/45/ 

TBK ~K i I T u;,"(t)(f~{;j L -L P 0 {t)(t~t) 
Ut: (xv,t)P., (t,t) Ut (Xo/t)=U(xo,f)e Po (t)e o U(x.,,~ 

t + 1 ( I / 
0

( ) +( 1 ( t • =-Ut (Xo,t}U(t,t)P,U- t,t)Ulxo,tj-Pa Xo =U Xo,t)Pozt- X"~t)-Pa (xo) 
. . 0" I I 46 I 

L P
0
° ( :( 0 } ( i 1

- X 0 ) R i ( } -do (X J { f- -X o ) _ p_ i ( t I X ) - e x. e - 0 , " ' 
- 0 
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rae Mbi HCITOJib30Bami nepBOe ypaBH9HHe /40/, /41/, /30/, /36/, /37/ H /39/. 

npHM9HSUI /45/ Mbi MO:>KeM caenaTb Tenepb BbiBOabi ami ul: (Xu.l f:) H3 /36/x/. 

/47 I 

H H3 /39/ 

/48/ 

B /48/ Mbi HCITOJib30Bann:, KpOMe TOI'0
0 

/4.4/ H /47/ H 

/49/ 

'ITO OlJ9BH.z:iHO BBn:ay /43/, /44/ H /46/. 

I xx/ Tenepb nepexoaH K npeaenaM r;--:>- =f oo B /32/, M:or nony'IaeM 

/50/ 

x/ 
COOTHOW9HHe 

H3 /43/. 

xx/ CM. TaK:>Ke an:cKyccn:JO B KOHue aToro pasaena. 3aMeTn:M, 'ITo n:s-sa· /45/ 
Mb! MO:>KeM BbinOJIHHTb npeaeJI -t~-:;: Oo B /32/ T8KHM o6pa30M

0 
'ITO 'lhu- (XoJ -:;:oo) 

38M9HH9TCH B /50/ 11,-Xo(Xo,-=t="OO). Owf; 



16 

!IerKo aHneTh, 'ITO a TaKn:x cnyqanx, Korna P/ ( t) 3aan:cHT TonhKO OT onepaTopa 

nonsr ~-b (l;t)=fCJ{--; b) , a He OT npOH3BOLlHhiX no BpeMeHH) Po,
1

w (t) eCTh HH 'ITO 

PI ( ) • out; 1 
n:Hoe KaK 

0 
t , Bhipa:>KeHHOe V£1- n:nn: fUV/;- nonSIMH npn: apeMeHn: -!: • /52 I 

nonycKaeT pa3no:>KeHHSI oTHocn:TenhHO HOpManhHhiX npon:3aenemrii cao6onHhiX onepa

Topoa t.1t.- n:nn: !£l ttVb - nonn cooTBeTCTBeHHO I cp. /3 I n:nn: /23 I I; Hcnonh3YSI 

npeo6pa3oBaHn:e KaK n: B 1 /21 I, Mhi Mo:>KeM 3ann:caTb /50/B an:ne 

f(t)<f~i. (<)ti 1 ~I!. (<-!j) u:'tt (x,,+Oo) 
~ Ut<t- { Xq_=t-oo) 

o.u, 
/53/ I 

D'<{ifw (J) 

S /.,{1M. ( Xo, -eo) 

rlf~ Cj) /54/ 

n:nn: j ~(x)=f~ (x)t~ rMJf1 (x-~) Ut (Xo,=t oo) 

f J 'l?otd ( + oo 1 x o) . -r { 
fCxJ=1ou.t(x)-i cMjLl(x-y) ~ro. ( UottJ;, -roo)xo). 

row{; ~) 
154

1
1 

I 
YpaBHeHHe /54/ Han:6onee COOTB9TCTByeT cnenyroiUHM pe3y1lhT8T8M, ecnn: HCXOLlHTb 

/n:cnonh3YSI /47 I I H3 spMn:Toao-conpSI:>KeHHoro ypaaHeHn:SI /29/. 

I 
, CpaBHeHn:e /54/, /54/ c /15/, /15' I o6SI3aTenbHO Tpe6yeT Hanuqn:SI 3ana3nbr-

Barorun:x H1lll onepe:>KalOIUHX CBOHCTB 

b ~~ (X o, - oo) ~'", 

'jo>Xo /55 I ~o ecn:u 

5 ft« (~) 

b Uuvt(+oo)xo) ecn:u JoL.. 'lo /55'/ 

0 
5 f~ {J) 
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M hi HaaoBeM /56/ H /56' I "co5cTBeHH hiM ycnoBHeM rrpH'IHHHOCTH ", KOTopoe c 

MaTeMaTH'I9CKOfi TO'IKH 3p9HHH. HMeeT CMbiCn He05XO.[{HMOrO ycnOBHH HHTerpHpyeMo

CTH AnH onepe}KaiOIUHX HnH 38II83AbiB8lOIUHX pellleHHll. H90AHOp0AHOrO ypaBHeHHH 

K nHiiHa-ropaoHa. 

6 'Uro«A:, (-t-OJ,xa) 

~foM; (y) 

/56/ 

/56'/ 

IIpH /cp. /48//, KOTOpOe Mbi T8K}K9 HCITOnbayeM anH 5ecKOH9'IHOro t x/ 

rae , H9COMH9HHO, 

:::. L 
g fkotd; (1-e>o, Xo) 

~ford, {~) 

/57./ 

B COOTBeTCTBHH C /49/ Il /4/ /cp.TaK-

+ /68' I 
(~ -oo) 1//" (x.-o.~U~ .. L(1-0o xi)== 

0) J . 6 td I ) ~ J , 

x/ 
CM. AHCKYCCHIO B KOHUe paaaena. 

06"Le.lll!lit:lmu~ · :w CT: 

~.,UCpH!JX UCCJlCllOll;;' 

6M5JU10TEHA. 
~'~------------------
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3.nech Mhi TaK){<e n:cnonb3onamr TO, 'ITO 11 U." ( + Oo I X o) Ite MOmeT 38BHCeTb 

OT fi~ ( ~) UpH yo <( )(., n:3-3a /55'/, a llotd (xo,-oo) ue MomeT 3aBn:ceTh 

OT for-t.t (y) npn: ~ 0 > Xo .n:3-3a /551,/ Mhi OTMeTRM, 'ITo, aanpnMep, 

Uowf;. (xo,-0.. )~ s-t il-U-t ('t,,-e<>)fB COOTBeTCTBHR c /49/ nnn /6/ R pa3nomeaneM 

no HOpManhHhiM npoR3Be.neHHSIM Uv nnn out noneii cooTBeTcTneHHOj H3 no-

cne.nH.ero BbiTeKaroT BhillJenpnBe.neHHbie paccy){{.lleHHSI I. e - cpyHKIUIIi' B /56/. /56' I 
XI 

. cny .nyiOT R3 co6cTBeuuoro ycnoBHSI npH'IHHHOCTH /55/, /55' I . 

M hi nonytJaeM 

~· {~) :0 
~ r~ (t) 

~· ( ?J) = 0 

~ f ouk (z,} 

ecnn: "/.,, >.Xo /yo /59/ 

ecnn ;{C> < x., <. ~" /59/ 

H3 /56 I, /56'J,Hcnonh3YSI co6cTBeuaoe ycnoBn:e npH'IHHHOCTH /55/ /55' I, Yf 3 ,/591, 
, . , XX I 

/59/ Mhi MomeM BhiBecTH ycnoBHe npR'IHHHocTH EoromoooBa 181. /8 I , TaK KaK 

Mhi MomeM Bhi6paTh Xo OtJeHh 5nH3KRM K ~" D /59/, /59/. 3aaK B /8/ ,18'1, 

KpOMe TOI'0 1 SIBnSieTCSI IIpOCThiM cne.llCTBHeM H3 TpeooBaHHSI KOBapn:aHTHOCTH, Yf TaK, 

M hi noKa3anH, 'ITO ycnoBne npH'IHHHOCTH /8/, /8' I SIBnqeTcSI aeo5xo.nnMhiM ycnoBneM 

HHTerpHpyeMOCTH .nnSI onepemarou!Hx unn 3ana3.n hiBa IOIIIHX peilleHHii ueo.nuopo.naoro 

ypaBHeHHSI KnSiiiHa-rop.llOHa /15/, /15'/, KOTOpoMy paBHhl COOTHOllJeHHSI /54/, /54'/ 

B npe.nnonomeHHH /55/, /55'/ B COOTBeTCTBHH C /56/, /56'/. Yf3 STHX COOTHOllJe

HHil otJeBnnuo, 'ITO Mhi ue nMeeM npe.nnncaHHSI .nnH Xo"";j" B /8/, 18'1, 'ITO npH

BO.llHT K B03MomuocTH npK6anneaKSI KBa3KnoKanhHhiX onepaTopoB K /8/, 18' I. 

Bhiillenpnse.neHHhie paccylli.neHHSI MoryT OhiTh o6o5meHhi ua cnytJaii, B KOTo

poM TpaHCnSIUHOHHaSI HHBapHaHTHOCTh MO){{eT He UpHHHM8TbCSI fT.e. Ha cnytJatt OTKpbi

.ThiX CHCTeM/. Mbi HCXO.llHM H3 COOTHOilleHHii /12/, /12' f, r.ne Mhl KBaHTyeM anepa

TOp cBo6o.nn:oro nonSI fc (x} B cooTBeTcTBRH c /cp. /25 I, /26 I I 

x/ PaBeHcTBO Mem.ny BbipameHHSIMH npaBoii n neBott tJaCTH /56/, /56' I MomeT 
obiTh BbiBe.neuo nyTeM npHMoro cpaBaeHHSI /54/, /54' I c /15/ /15' ~ H onpe.nene
Hne /2/ onepaTopa TOKa 0'19BH.llHO BDH.llY 1/21 •. 

xx/ 
3annilleM 3.nech TonhKO J BMecTo X H 1., BMeCTO J 
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1601 

r.oe npaBaSI tf8CTb He 38BHCHT OT + t T.e. OT cneUH81IbHOI'O H8'181IbHOi:'O YC1IOBHst. 

1'2JTo xopowo H3BecTsoe caoiicTBo peweuuii o.ouopo.ouoro ypaBHeHHSI KnHiiua-rop-

7 
.ooua; cp. . 1221 I. Ho H3 1601 cne.oyeT cymecTBOBaHHe yHHTapuoro npeo6paaoBa-

HHSI 1 TB:KOI'0 1 'ITO 

1611 

+ + I I 

1-V ( ( i) u (t, {) =- u (t, t.) u ( tl -t ) = 1 . 1621 

B cooTBeTCTBHH c 1141 Mhr.nonyqaeM H3 161 I npH Xc = {; BMecTo 

·(I 
+ f (x)= U {Xo,t} eft (x) U {Xo, t). 

1631 

YJTaK, Mbl npHW1IH K COOTHOWeHHSIM THna 1381 H 1321, C KOTOJlbiMH MO)J{HO noc'ry

nHTb1 KaK yKaaauo BhiW e. 

0TMeTHM, 'ITO YC1IOBHe npH'IHHHOCTH .ll1ISI onepaTopa B38HMO.Oe1iCTBYIOLUero non~ 

1641 

Bbin01IHSieTCSI Tp8BH81IBH0 1 T8K K8K Mbi HMeeM B COOTBeTCTBHH C 1631, 1621 H 1601 

H no npH'IHHe KOB8pH8HTHOCTH 1651 Jl01I!KHO TaK)J{e HMeTb CH1IY .ll1ISI )( "-~ • B 

BhrwenpHae.oeHHhiX paccy*.oeuHHX npHHHMaeTcH, 'ITO· onepaTop U-1: { Xo, '-t) 
H1IH Ut 0 (xo)i) HMeeT xopowo onpe.oeneHHhiil: npe.uen npn (b-,.. =t.Oa) n: 'ITO 

YC1IOBI!e yHn:TapHOCTH 1441 Il:MeeT CH1IY B STUX npe.uenaX I O'leBHaHo, 'ITO 1441 Mo-

)J{9T 6biTb npaBH1IbHhiM .ll1ISI KOHe'IHbiX b H )( o 1 BBH.llY 1301 H 1401/. 0,llH8K0 1 

KaK xopowo HaBeCTHo, nepexo.oH K npe.oenaM 1::. - :;: !)0 1 Mbi .llOJI)J{Hbi npH-

HSITb ocio6yro a.oHa6aTH'IeCKyro KounenuHro I'IT06bi nony'IHTb MaTeMaTnqecKH xopowo 

onpe.oeneHHbie peaynbTaThi/, a npe.uenbHhiil: nponecc Mo)J{eT noBnHHTb ua cao1icTBO 
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x/ 
YHHTapHOCTH onepaTOpOB /52/ • 3TO 6yneT BHnEO B nanbH9HW9M. 

PaccMoTpHM cHa'lana onepaTop /cp. /40/, /41 I n /30/ I 

x. 

UD ( x.J t) ~ exp+{-i J~ i (i>) oU'} =- e iP.,o (o)xo e-i Po (Xo-i) ' -t.:F?, a ( o)-b 
t . e ' 166/ 

rne 

HhiX 

• o ( )t' 1 i · 1 t P, O i - i P
0
° { 0) t t' 0 

~ ( t) o) = e ~ ( o) e } Po ( o) ~ R,- ~ (c) . /67 I 

0'leBnnHo
1 

'ITO BBnny /66/ Uo / Xo, l) SIBnSieTcSI yHHTapHhiM nnSI KOJ;Ieq

t H )( o • 1'enepb M hi SIBHO BBeneM anHa6aTH'l9CKYIO KOHU9llUHIO B BHne 

P.
[(j_/ ) -c_/(;'j 0 i ( 1 ) 

0 
1/t 0 -----?- {!_ ro £J 0 I /68/ 

-! !~'/ 
rne' e. - K08cPcPHUH9HT 38TYX8HHSI B TOM CM~lCne, 'ITO nocne npoBeneHHSI pacqe-

~ 0 xxl T.a HymHo B3SJ:Tb npenen c.- . Yl3 npaaoro ypaBHeHnsr /43/ Mhi nonyqaeM 

t ~ 
Uo (x,J)d +i} U-, ( x,, t') P.' ( t; o)olt' /69/ 

x, 

H H3 aToro, nonaraSI, 'ITO >( D-= 0 n f = + Oo 

'U-, ( o, + "") y :· {o) < { 1 +i j'J:l'e-' /£'!/ (P.- P. r .. )t~;(o)} lfJo) < 

0 /70/ 

{ 
j_ i 

1

l 
~ 1 + P. ( .. )~ P. ± il e (o) J lf< ( o)' 

x/ M hi He pa36HpaeM ~ecb nonomeHHe, Korna nonmHhi paccMaTpHBaTbCSI 

CBH38HHhi9 COCTOHHHH /eM. / • 

xx/ 8/ 
DpyraH B03MomHoCTh onpeneneHHH npenenbHoro npouecca naHa B 
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I',lle !!~" (o~' r~v J Jl8HO B 121 I H Mhi HCDOllb30B8ll:H COOTHOllleHHe lcp. 166/, 167 I I 

1711 

Via 170'/ BhiBO.ll:HM 38KlliO'L!eHne, Hcnonbayst npaBoe ypaBHeHHe /67 I 

1121 

T .e. COCTOSIH:HSI 

'1731 

SIBllSIIOTCH co6cTBeHHhiMH COCTOHH:HSIMH onepaTopa SHeprHH R, DOllHOH CHCTeM hi 

/cp. /201 I, cooTBeTcTByiOlllefi nono:>KeHHIO co CB060.llHhiMH 'L!acTnuaMH lfl: { O) 
npn b :;: oo • 

Tenepb Mhi noKa:>KeM, 'LITO nn6o Uo {0:;:. oo) He HBllHIOTCH yHHTapHhiM1 nH6o ne 

CyiUeCTByeT B38HMO,llefiCTBHH Me:>KJlY 'LJ8CTHU8MH. noKa3aTellbCTBO COCTOHT H3 2-x 

qacTefi: cHa'L!ana Mhi n~Ka:>KeM, 'LITO yHHTapHOCTb y Uo { q -::;. 0o) He Mo:>KeT BllHHTb 

H8 yCTOfi'LJHBhie COCTOSIHHH CHCTeM hi, 8 38TeM npH,lleM K Bh!BO.llY 0 'LITO He MO:>KeT 

cymeCTBOB8Tb MHK8KOI'O B38HMO,lle:iiCTBHH Me:>KJlY .llByM>r 'LJ8CTHU8MHo. 

nnH nepBOfi 'LJ8CTH Mhi Bhi6HpaeM ¥: (o) K8K yCTOH'LJHBOe COCTOfiHHe ¥s 0
(0), 

/BaKyyMHOe HllH O.llHO'LJ8CTH'LJHOe COCTOHHHf!l H nonyqaeM H3 1701 

Ys ~ U, ( OJ + OQ) X 0 

( 0) ~ uo ¥s 0 

{ 0) = { 1 + p (: p_ . P, i ( 0) } lff 
0 

( 0)' 
0 0 

1741 

T8K K8K yCT8HOBlleHHe CHHI'YllSipHOCTH He HBllf!eTCH He06XO.lllfMhiM B STOM Clly'L!ae. 

0JlH8KO, Mhi :HMeeM 

1. 
1751 P(~ Po 

0 

r.lle onepaTOp 1\ DpOeKTHpyeT COCTOf!HlfH lfs 0 

(o) H BBHii.y · 1741 SICH0 0 'LITO 

yHHT8pHhiH on epa Top 1fo He BllHHeT H8 ycTOfi'LJliBhie COCTOHHHH lfs0 

( 0 ), HH8'LJe: 

eCllH lfso ( 0) - HOpMHpOB8HHOe COCTOHHHe, COCTOf!HHe lfls He MO:>KeT 6hiTb HOpMH-
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poBaHHbJMI. 4TOObi llOK838Tb. /75/ t Mbi nocTynaeM cne.oyiOUlHM oopaaoM: H3 /cp./20 I • 
/21// 

A, lf{ -:. Po(s) lfs , Pa0 
{ o) lfs" (o} =- Po(l) ~" (o), q, "-?, "{o )r F;,i {oj 

H 

lfs:. Cs lfs" (o)-rl\ lfls, 

rae Cs - nocTosraaast aopMHpOBKH, cne.oyeT 

Polf/s c.Po (cs lf'5"{o)+l\l(s)-::. Cs(Po(s~P~{oJ)lfs"(o)-tP.,/\lfs: 

= Pb(sJ lfs o;. P/s) (Cs lfs" (o) +II lfs) 

H H3 STOro 

(sJ i " 
(Pr, .. P.) A 1j{ ,_ c s Po_ ( o) lfs ( o) , 

176/ 

177/ 

178/ 

1791 

T.e. Kawe yTaep>K.aeaae 1751 IHa-aa cTa6HnbaocTH lfl
5
° {o), onepaTop (P:Sj_ P} 

&MeeT 9llHJICTB9HHbiA oopaTHbiA onepaTop B 179/ I. 

. Bo BTOpOA '18CTH HaiLero llOK838TenbCTB8 Mbi ITOK83biBaeM, 'ITO He MO)KeT 

6bJTb B38HMO.ll9A:CTBHSI Me)K.oy llBYMSI '18CTHU8MH, ecnH TOnbKO YHHTapHbiA onepa

TOp U, (Ol:;: oo). 11e BnHsreT Ha ycTofi'IHBhie 'cocToHHHst. M &I paccMoTpHM o6mHA ane-

M 9HT ~ - M8TpHUbi llnSI 2-x ITpHXOllSilllHX '18CTHU! 

~ n /sf h, P;-., {; ~ I sf~~ • 'f.,_~= ,<.; Jq,, '~-• >.:_ "~; ~·; q/ ~"'I R,f '~-" ~· >."" 1 oo 1 

llt t,o ~ + -/ kJ,l-+ f/ , 

j -iq,,7. . . } -i~,K 
-i ' J~ ,~ ~ '{JM}q,.>,.,r (:..~]"'' d~ ;~,0, 

-i j-' ~ e-t-~,1(-L~~/ ·; $j ( x) /OYBI I 
- DIX <n. v 
- j_ , I,. " ' old; ~tfowt (d) 

npa 

< n, /It/ 'h· ~~>td::. 
old; o 

~<tt(o/_.~. (tra.) 1• ("}[o>-r 
&&c.i Q. &«; v q 

,._ 
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npHB9.ll9HHhiH C ITOMOlllblO nepecTaHOBO'IHhiX COOTHOW9HHH THmi 1/8/, 1 /32/ B no.u

XO.lle K. KBaHTOBOft TeOpHH nonSI nyTeM cPYHKUHOHanbHOI'O .llHcPciJepeHUHpOB8HIHI 1 /B /80t 

M hi Bhi6panH cocToSIHHSI /CJ,J. ' ~ n.) / n.- > KaK BhiXO.llHhie cocTOSIHHSI, 'IT06hi ·Hcnonb3o

BaTb onpe.ueneHH9 /2/ ,llnSI onepaTopa TOKa B CB5I3H CO CBOHCTBOM YCTOH'IHBOCTH 

:>.llHO'IaCTH'IHhiX cocTOSIHHil nocne nepaoro npHBe.u eHHSI: / () > - KaK H B /7 I aeK-

Top COCTOSIHHSI BaKyyMa C npHXO.llSllllHMH HnH YXO.llSllllHMH CB060.llHhiMH 'laCTHU8MH, 

!-1 CITOnb3yg 1 /19/ Mhi nonyqaeM .unSI npH'IHHHOH TeOpHH C TO'IHOCTb lO .llO BKna.UOB 

) 

OT COOTB9TCTBylOlllHX KB83~noKanbHhiX 

.S ~~-I R-J h·1· ~.b.~ t;~J'' 

+ 

B no.uxo.ue c noMOil.lblO onepaTopa B3a¥Mo.ueficTByiOil.lero nonSI /8 2/ npHHHMaeT 

BH.ll /cp. TaK:>Ke pa3.uen 4/ 

-L }o! 
( .ttr) 3/t, X 

t 

nepBOe Bhipa:>KeHH9 CnpaBa B /81/, /82/ H /83/ HC'I9389T ITOKa O.llHH H3 

HMnynhCOB B KOH9'1HOM COCTOHHHH I fl, >owf; ne paBeH r~ H TaK:>Ke HC'I93aeT, 

ecnH /tt- >1/M/( .uayxqacTH'IHoe cocToSIHHe 6naro.uapSI /90 I, /91 I. CHa'!ana M hi 
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( od- m/) e ( ~-x) ( o~-m-) o~ rt /r (J) <f (xj / tJ>} 
/83/ 

tl . = -t -1 WJ~.t.r i{ ~ 1

• Yt,a r~ J 

I'.lle Mbi npo.aenanH '18eTIPIHOe HHTerpHpOB8HHe /eM. 6onee .lleTB.TibHO TBKMe c.neuy

IOWHH paa.aenl. N\.br paanoJKHM MaTpH'IHbre aneMeHThi onepaTopoa nonSI a /83/ oT

HOeHTenbHO llO.TIHOI'O Ha6opa eoeTOSIHHH e npHXO.llSIWHMH H.TIH YXO.llSIIUHMH 'laeTHU8MH 

j n,.' )e:k- , aanpuMep, 

out 

< ft ff (x) f (~) /o> = L < ~ /f (x) /rv'>~ 
0 ~ fV I D1.v{; 01A/(; 

I 

< n'j cr ry J 1 o > 
~ 

1841 

H paeeMoTpHM MaTpH'IHbri!: aneMeHT $ f1, 11 {J) I 0) , KOTOp h!H M hi npe.acTa BHM 

ene.ayiOWHM o6paaoM • 
1 

ot-W 

~ /crj 14< h) j f {o)jo > ~< ~'jf(~}/o> 
0/.f.i CAd 

i~ ~ {; . I = · e. ·<·lj{," ( o) / Uo { 01 -:;: oo) <f'a ( o) 1{,, ( 01 -:,: 0o) lfo o ( o)) = 

1851 

• I 

:. e L q; 1 < ~~ { 0) I ct., ( 0 ).'/ lfo 0 (o) > ' 
( 

I'.lle Mbi HenO.Tib30B8.TIH Tp8HClJSIUHOHHYIO HHB8pH8HTHOeTb / C/. - BeKTOp 9HeprHH-/ . y 
HMnyn.bea' eocTOSIHHSI I ht ) ~ I, Bhrpaaua Bee aenH'IHHbi a o6br'IHOM npe.a-

eTaB.TI9HHH B38HMO.lleil:eTBHSI /'ITO B03MOJKH0
1 

T8K KaK Uo { ~ :;: ry npHHHMaeTeSI 

KaK YHHTapHbri!:; ep. nono)Keaue, oeo6eHHO IA.6/, /A.7/ H IA.Bj,u Ha nocne.aHeM 

9Tane HCll01lb30B8.TIH Harue· npe.anonoMeHHe, 'ITO U.o (01 =i=Oo) H.TIH u:(o, =i=DO) 

eooTaeTcTBeHHo He B.TIHSieT Ha yeToi!:'IHBhre cocTOSIHHSI Cfs 0 
{ 0) / To, 'ITO npu t . 

U0 (0,-=~}TaK)Ke H 1{;0 (0, 'f.OO} He
7 

B.TIHSieT Ha yeTOH'IHBbre coeTOSIHHSI, BbiTeKaeT npSIMO 

ua yenoaHSJ YHHTapHOCTH 'lfo ( ~ "f oo} Uo { 0, 7f oo). lp
5
° (o }=j 'fls" {o} /. 

0.llH8K0 1 Ha OCHOB8HHH /85/ Mbi ,llenaeM BbiBO.ll,· 'ITO /83/ T8KMe HC'Ie3aeT, T8K 
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K8K B COOTBeTCTBHH C 1851 TO!IbKO O.UHoqaCTHqHhle COCTOHHHH BHOCHT BKnan B 183'1 

n npnMeHeHne cooTBeTcTByiOlUHX onepaTopoe KnHiiHa-ropnoHa naeT HY.Tib, Vf3 9Toro 

Bll.UH0 1 qTo nepBbi:lt qneH B 1831 T8K>Ke HCqe3aeT. 3TO .UOIIO.TIHH9T Harne .U0Ka38T91Ib" 

xl 
CTBO 

YfTaK, Mhi noKa3ann, qTo onepaTop Uo { ()::;:: 00) He MO>KeT 6b!Tb YHHTapHh!M 

.U1IH peanbHhiX B3aHMO.U9HCTBHH 1 H TO >Ke caMoe, .UO!I>KHO 6h!Tb npaBH!IbHh!M .U!IH 

onepaTopa UUt ( 0,::;: Oo} -, TaK KaK Mhi HMeeM, HanpnMep, Uo (OJ -:;: f>o) =-
'f; ~ 

1/{,L,n (~+ot>)f.,l,i,n (olot>}IJ.-i,t (o/-:;:ct>} a cooTBeTcTBIUI c 1491. TaK KaK, onHaKo, B 

~ 0~ ~ ( 
cooTBeTcTBHII c npennono>KeHHeM 120 I ,I~ I I lfJ n.... II L1l 

0 
o}cBH3aHhl YHHTapHbiM rrpe-

\::111 It 
o6pa3oBaHII9M, onepaTOp ~(_,rJ(0,~o0), KOTOpb!H rrpeo6pa3yeT IIX, non>KeH 6b!Tb COOT-

B9TCTB9HHO yHHT8pHb!M C ToqnoCTblO .UO o6me:lt KOHeqHOH IIOCTOHHHOH lnepeHop-

MHpOBKII I nanee OTHOCSllU9HCH K TIOCTOHHHOH 

nolle3HO TaK>Ke paccM'oTpeTb aTo nono>KeHne nyTeM n3yqenns nepecTaHoaoq

HbiX COOTHOW9HHH, Vf3 1321 H1IH 1631 cnenyeT, HCTI01Ib3YH 142/ H 1601 

[ f 1 x), '{(y IJ j ~ [ U t ( Xo, t) <?,(xi U ( t,, f /+ U t (x,, {' fJ<) ~ (x, t)'f (~!}(2, 

t U+(Xa.~t) [~ (xJ}ft (~J)U(xo,t)j=_ 
It x,-do 

1861 

ecnn M bl nonycTHM Ha nocnenHeM aTarre, qTo ~L { f J 3aBHCHT TonbKO oT caM oro 

onepaTopa nomr ft. {t.-:
1 t}=f{l.'t) ~· ne 3aancuT oTero rrpoH3BO.UHhiX no BpeMeHH 

IB COOTB9TCTBHH C 1411 H 1191 rr (xo,t) MO>KeT T01IbKO 38BHC9Tb OT 1t(><:'xr~ 
TaK qTo 

xl 
flerKO IIOK838Tb 1 qTo HBW e .UOKa3aTe1IbCTBO MO>K eT 6b!Tb pacnpocTpaHeHO 

Ha cnyqafi, Korna Mbl nMeeM 6qnee nayx np11xonsrmnx qacTnu, 1 rne neo6xonHMC. 

HMeTb neno c T - npon3eenennstMn, cp. 191 I, HO KOTophlii:, onnaKo, ne npencTaa· 

nsteT nenocpencTBeHnoro cpH3nqecKoro HHTepeca. M aTeMaTnqecKH oH nonHOCTbiO 

noKa3an 6bi, qTo YHHTapHoe npeo6pa30BaHHe Me>Kny Cf (x) n l{' U, (i.) 
B03MO>KHo TonbKO B cnyqae cao6onHoro nonsr «Ut;f; Dwt 
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BbiiiOnHHeTcHx/. OaHaKo, 186/ He MO:>KeT 6biTb cnpaBeammo, ecmr ~~(~ ) IIMeeT 

tu-l-
BII)l 115 I, I IS' I, I' .ll e onepaTopbr cBo6oaHoro nonH UO.ll'IIIHSIJOTCSI 15 I B CBH3II 

[ P.,1 (Xo,-1:}
1 

eft {x}] =0 

c 
Tpe6oBaHIIeM CTa6IInbHOCTII JlnSI O.llHOlJaCTII'IHbiX COCTOSIHIIil:.M bl . .llOn>KHbi HMeTb 

'iaCTIIu). 

KaK II B 17 f II 181 I BeKTOp COCTOSIHIISI BaKyyMa UpiiXOJlHIUIIX IInii YXOJlHrlliiX CB060)lHbiX 

~o> 

<oj [cf(x),<f'{yJ] jo> /xo=Jo ~-i 1,-j_a (X:i+-) 
181 I 

raexx/ 

z- 1~ fo!rf Y,J~i 1881 

xl 1861 cnpaneaniiBO TaK:me B 6onee o6miix cny'iaSix, HanpiiMep, ecnii PaL (t) 
38BIICIIT eme H OT nepBOil: UpOH3BO.llHOH UO BpeMeHH onepaTOpa UOnSI nepBOI"O UOpSIJl• 

Ka. M bi Y'IHTbiBaeM Bceraa TonbKO noi<anbHbre B3aiiMoaeil:cTBHSI, anSI KOTOpbiX 1861 
M O:>KeT f5biTb BbiUOnHeHo. 

xxl :7 0 
Mbr HCKnJO'iaeM cny'iail:, KOI".lla ~ ::- • OH 03Ha'ian 6br, 'ITO peweHHe HeoaHopoJT-

HOI"O ypat~HeHHSI KnSiil:Ha-ropaoHa He Mo:>KeT IIMeTb BH.ll /12 I, 112' I nnn 1291 B Teo

piiH KB8HTOB8HHhlX UOneil:, TaK KaK KB8HTOB8HIIe 1931 JlnSI OUepaTopa CB060.llHOI"O 

nong He HMeeT CMbrcna. C apyroil: cTopOHbi , 1151, 115' I npeacTaBnSieT co6oil: npe

aelrbHbiil: cnyqail: 1121 , /12' I~TMeTIIM TaK:me, 'ITO npeaenbHbre peweHIISI 1151, 115'1 
~oryT 6biTb nceraa npeacTaBneHbr B nnae 1121, II2i' npH 

[
f.;, (<)+ fd hJJ"fyJ<fJ 

~' (<}- 'f,,.t ( ')- J. ~ ( x-3]j (3} ~ 
npH 

npii 

X.,>& 

-<o<.t 

'ITO, O'ieBH)lHO, UO)l'iiiHSieTCSI 1131 II /}4J..nanee, OH 03Ha'l:an 6br, 'ITO Mbi He 

Mom eM HCKnJO'iHTb cnyqail: I KoTopbril: SIBnSieTcSI 6onee CIIHrynSipHbiM , qeM d' 

cpyHKUHSII,KOI".ll,a Ha-aa 187 I KB83IInOK8nbHbie onepaTOpbi
0 

UOSIBnSIJOIUH9CSI
0 

HaUpH-

Mep, B 11081, IIM910T 6eCKOH9'l:Hbie K09clJclJIIUH9HTbi,(BepOSITH0
0 

HBHO BbiUIIC8HHbiH 
qneH B 11081 He 6yaeT HM9Tb CMbiCna .) 
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J 0/- X'OpOWO H3BBCTH8SI CIIBKTp8llbH8SI cpyHKilHSI 

KOTopaH BhlTBKaeT H3 pa3JiomeHHSI JIBBOH ~8CTH /87/ 

9/ 10/ 
"lfenneHa n: J1eMaHHa , 

IIO IIOJIHOMy Ha6opy COCTOSIHnfi 

c yxo.umunMn nnn: npnxo.umun:Mn cBo6o.uHhiMJ'l cBo6o.uHhiMH ~acTn:uaMrr /cp. /84/1 • 

.llJIH peaJibHO B38HMO.UBfiCTByiOIUHX IIOJIBH OH8 LlOJimHa 6biTb 

-i z > i' 
/89/ 

T8K K8K 

/89'/ 

Bh!TBK8BT H3 BKJI8Ll8 YCTOH'!HBhiX O.UHO~aCT~~HhiX COCTOSIHHH( f( ~:t) :::: 8 ( ('~ }'\'\:_~• 
/89/ 6biJIO 9KBHB8JIBHTHO Clly~aiO, K0f'.lll8 ~[ . . L (o 7:f 0o)He BllHSIB'! Ha YCTOH-

o, !11-, Owr;; 1 

~HBblB COCTOSIHHSI /cp. C006pameHHSI B /84/ H .uanee, KOTOpblB Mbl LlOll:W.:Hbl HCKJIIO-

~HTb B COOTBBTCTBHII C paCCMOTpBHHSIMH /84/ H Ll8Jiee. TOJibKO LlllH BKll8Ll8 IIpo

Me.II<yTO~HbiX O.[lH0~8CTli~HbiX COCTOHHHH B /87/' OIIepaTop u, ~ ( 0
1 

+ oo] He IIOLl-
owt 

BepraeTCSI HI!K8KOMy BJIHSIHHIO B COOTBeTCTBHH C /cp. /15'l, /15/, /25/ :II /26// 

i e - t'}" 

.. ./90/ 

T8K K8K 

< o I i (x J I f > = 0 /91/ 

/91/ cne.nyeT H3 YCJIOBHSI CTa6HJibHOCTH 

/92/ 

~T06bi ITOK838Tb ST0 0 HCITOllo3yeM IIepecT8HOBO~HOe COOTHOWBHHB /J / 

VIa BhiwenpHBe.neuubJX paccym.uemrfi Mhi .nenaeM BhiBOLl, ~To onepaTop cBo6o.a· 

HOf'O IIOJISI fc (~J LlllSI KOHB'lHOI"O t LlOJimeH 6b!Tb KB8HTOB8H B COOTBBTCTBHH Cx/ 

xl 
3aMeTHM, ~To /93/ KaK ·11 /60/ .naeT /61 I, /62/. Y uac neT npu~n:u aaSIB-

JIHTb, ~To 'li-(6, t 
1

) He yHUTapHo .nnH 6ecKOHB'lHhiX BpeMeH. H o B rrpe.unonomeHHH 

/93/ COOTHOWBHHSI /86/ 11 /87/ COBMBCTHMbl LlJISI YHHTapHOI"O ~(£,t') , T8K K8K 

Terrepb KOScpcpHUHBHT .z_-1. IIOHBJISIBTCSI TaKme B /86/. 
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[fc {x)l ft (:J)] =i z~1. 4 (x-y) 
/93/ 

B IIpOTHBOIIOJIO}KHOCTb /60/ru, CJienoBaTeJibHO, M bl noJI}!{Hbl BBeCTH TOT }Ke K09cpcpn

UHeHT B /26J HJIH B COOT;eTCTBI1H C rrpeneJibHbiM 3H8'1eHHeM IIpH -t;, --7" :j:-0""' 

[ f ~~ (X 1) 1 1 ~·'::t· ( J) J = L /J (X-:;) /93
1
/ 

/96/ H /93/ IIOK83b!B8!0T 1 'lTO OIIepaTOp Lf.x 0,~ ( X" ± oo) KOTOpbifi CBSI3biBaeT 
owt 1 

on epa Top 

HJIH \!V.vJ. 

B38IIM on eficT BY !OI.Uero IIOJISI 

- IIOJISI tf ~ :x) MO}!{eT 
cuv(. 

f ( ll} CO CB06onHh!Mii OIIepaTopaMU I# 

6b!Tb YHHTapHb!M C TO'lHOCTb!O no IIOCTOSIHHOH 

'li • TaKHM o6pa3oM, rrpHMenenne 

IIOJISI ~ ~ CJ() non'lliHSI!OTCSI /5/ 

pemennfi /15/, /15' /, rne orrepaTop&I cBo6onuoro 

BMeCTe C YCJIOBlleM CTa6HJibHOCTH /92/ HJIH, B006-

me I'OBOpSI, Tpe60B8Hlle COBMeCTHMOCTH rrepeCT8HOB0'1Hb!X COOTHOI.UeHHfi fKBBHTOBa

HUe/ C onnofi CTOpOHhl, ll CBOHCTB8 CIIeKTpa M8CC ll BeKTOpOB COCTOSIHHSI /rHJib-

6epTOBO IIpOCTpaHCTBO/, C LlPYI'Oll CTOpOHbi, nenaeT He06XOLlHMb!M IIOBTOpHOe OIIpe

neJieHHe KB8HTOB8HiiH nJISI orrepaTopa CB060nHOI'O IIOJISI fe { l() IIpH KOH8'1HOM 1: X~ 

X I npo6neMa cymecTBOB8HH SI YHHTapHOI'O orrepaTopa % ( 0 j -=t-oo,} BIIepBb!e pa36H

panacb XaaroM 11 • i\1\ bl rrp:nHSIJIH cnenyiOI.UyiO TO'IKY 3pea:uSI: Torna KaK /93/ II 

/93' I rroKa3biBaioT, 'lTO B neficTBIITeJibHOCTH He MO}!{eT cymecTBoBaTb yHnTapaoe 

npeo6pa30B8HHe Me:>l<LlY orrepaTopoM CB060LlHOI'O IIOJIH tf+- (X) HJIIi/ TBK KaK f(l(}~f{x) 
rrp:u ~ 0 =-tforrepaTopoM B3a:nMoneficTByiOI.Uero rro:tSI ft(:<}n CBo6onn&IMH orrepaTopa-

MH 11-t HJIII cuvt IIOJIH Y'~ (X) 1oHO eme cymecrByeT B COOTBeTCTBUII C /93/ II 

/93' I Me}!{ny ife ( x) 'f; 
0

HJIII tj ( t.} u "L -~ </U. (:1.) /:un:u MeiKny nepenopMupo-

BaHHhiM OIIepaTOpOM 7.., :11 (1.} If cfitu {x2, • 0'18BHLlH0 1 'lTO COOTHOWeHire YHIITap

HOCTH nJISI 'Jt.ii,Uc,aMt (x,, -E eo) MO:>l<eT 6b!Tb COOTBeTCTBeHHO CIIp8B9LlJIIIBb!M TOJibKO 

C TO'lHOCTb!O no K09¢cpHUH9HT8 nepeHOpMHpOBKH, KOTOpbiH, H9COMH8HH0 1 SIBJISieTCSI 

He CTOJib B8:>1<Hh!M JlJISI H3y'leHIHI yCJIOBl!ll HHTerpn:pyeMOCTU nnn pewen:ufi /15/ H 

/15'/ BonnoBoro ypaBnenn:n ·;1 I. OnnaKo, cnenyeT TaK':>i<e 3aMeTHTb, 'lTO coBep

wenno HeHr.l-lO MO}!{eT JIH KB8HTOB8Hlle /93/, /93' / , KOTopoe nenaeT TeopU!O 

CIIpaBe.OJIHBOfi TOJibKO BIIOCJI9LlCTBHH, IIpUB8.CTH K TeOpHH 2 KOTOpa11 crrpaBe.OJIHBa 

B006I.Ue /u, BepOSITH0 1 OHa MO}!{eT 6b!Th CIIp8B9LlJIHBOll TOJibKO C TO'lHOCTbiO LlO 

Ko9cpcp:uuuenTa nepenopM:upoBKH 'l I. HarrpuMep, ecnu M bi y'lTeM /93/, /93' I 
B COOTB9TCTBHH C /50/ 1 CB060.llH8SI BOJIHOBaSI '18CTb nOJI}!{Ha 6b!Tb YMH0}!{9H8 Ha 

KoacpcpHun:enT nepenopMuponKu 1.1~, a TaK}!{e j (lC) B /f-8/, /58' I o6a B npoTn

BOIIOJIO}!{HOCTb HaWeMy npeniiOJI0}!{9HHIO, CLl9.l18HHOMy IIpll pa36ope /86/ 1 KOTOpbill 

LlOJI:>i{9H 6b!Th BIIOCJienCTBHH H3M2HeH pacCy}!{neHHSIMH, aHa . .TIOI'H'lHO /86/, KOTOpbie 

MOI'YT 6b!Tb IIOBTOpeHhl H8 6eCKOH9'1HOCTH. Eonee TOI'O 1 Bcerna LlOJl}KHO 6b!Tb 

B03MO)Kllb!M 3aMeHIITb Uiu.,~ (lCJ,'fC"l) Ha u~o (XI, :t Do} /cp. CHOCKY K /50/ I I HO 

9TH nBa OIIepaTopa He MOI'YT 6b!Th TO}!{LleCTBeHHbi B COOTBeTCTBHU C /45/, eCJIH 

/93/. /93' / V'lHTbiBaiOTCSI. 3aMeTHM 2 'lTO BbiTeKaeT COBepweHHO O'leBHLlHO Ii3 Bb!We-

rrpnBe.neHHbiX paccy)!<nen:ufi, 'lTO Mbl Bt..erna HMeeM Ll9JIO TOJibKO C 9KB!1BaJieHTHf.I-

Mli 06b!'1HbiMH P.pencTaBJieHHSIMH rrepeCT8HOB0'1HbiX COOTHOWeHHM, nJIH KOTOpb!X Ba-

KYYMllbJe COCTOSIHHSI cyi.UeCTByiOT H KOTOpbie CBSI38Hbi YHHTapHb!MH IIDeo6pa30B8HIISI-

MU, P8CC'\181'PIJBI;llQWfiMU '60Tl.'?OC: ~ lHWQ~ no UOCTO~HHOii KaK IIDOhneMv nepeHODMH-

pOBKlf no rrocToSinnoii ~ 1 CBH3anny 10 nerrocpencTBenno c unna6aTU'leci<ol! Konuen· 

uueil /cp. /93/,/93'//, 
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3/. 8KCTpanOmipOB8HHbl9 9JI9M9HTbl s -MaTpl!Ubl 

Baa"'ane Mbi Hay"'HM nono:>Kea~:~e~ CBSiaaaaoe c npo6neMoll: aKcTpanonSIUHH np~:~

ae.neaHbiX aneMeHTOB S -MaTpl!Ubi aa o6nacTb BHe o6ono"'KH· MaCChi B no.nxo.ne 

K KB8HTOBOll: TeOpl!ll ITOJISI C npl!MElH9ltl!9M cpyHKUl!OH8JlbHOr'O .llllcpcpepeHUllpOB8HliH. 

Ecn1:1 Mhi aanHweM I 1/16/ B BH.ne 

/94/ 

Y'MHO:>Kl!M aTo ypaaaea~:~e aa ~ (X,~} 1:1 ~H6aBHM cnpaBa 1:1 cneaa no "'neay 

(} (X~) ~· (.V) r'.ll9 ())1 (X,~) ll 67,_, (X,~ J ITO.ll"'l!HSI.IOTCSI COOTHOW9Hl!IO ~ I ~~t# (~/ 

/95/ 

M bl ITOJIY"'l!M 

TaK "'TO B COOTBeTCTBl!l! C /95/ 

/99/ 
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M hi nonyqaeM nnsr npn'IHHHoil: TeopHH H3 197 I B cooTBeTcTBHH c I 81 

[a,~ ( fJi ( •J ]· (; li) r~ j "t,e; {- i 6' { x-:f)[J(x)/(;rJ] }; F,;;;;;;: n oo , 

npH {;'(x),i ( ~)) = 0 u X"'~ lcp. 1 1181 I, no 'IneHoB, nony<JeHHhiX Ira cooTBeT-

CTBYIOIUHX onepaTopoB. HecOMH9HH0 1 B 9TOM cnyqae Mhi MO>K9M TaK:>I<e HM9Tb neno 

, c 6onee o6ruHM npencTaBJieHHeM 197 I n Ba:>i<HO 'ITO sTo B03MO:>i<HO /6ea BBeneHHSI 

H3M9 H9HHfi/, 9CJIH Mhi SKCTpanOJIHpyeM 197 I Ha o6naCTb BHe 060liO'IKH MaCChi B 

cooTBeTCTBHH c Hneefi Boron106osa 

fit,<,- 1: 1101 I 

KaK HCXOllHOfi TO'IKOfi llliSI 

HhiX 9J19M9HTOB 1}001 no 

8llHa6aTH'I9CKOrO npOllOll>K9HHSI COOTB9TCTBYIOI.UHX MaTpHq-
3/ i 

~, • npH'IHHa B TOM, 'ITO 1961 CaM0 SIB1ISI9TCSI IIpOCThiM 

cnpaBennnBo TOJibKO Ha o6onoqxe MaCChi B /97 I 1 T.e. Bhi-TO>KiJ.eCTBOM 1 KOTOpOe He 

6op tJ - ¢yHKUUU He BliHSI9T Ha 9KCTpanonupoBaHHhl9 COOTHOI.U9HUSJ, 

B fi0llXOll9 K KBaHTOBOH TeOpHU fiOliSI C UCfi0llb30BaHU9M onepaTopa B3aHMO

ll9fiCTBYIOIUero fiOliSI Mhi CT81IKUBa9MCSI C COB9pi.U9HHO npyrUM fiOJlO:>i<eHUeM. 3necb 

xl 
npU'IUHHhi9 CBOfiCTBa TeopHH fiOliSl Bhipa:>i<9Hhi 'lepea 

[ tf {J<)) r (J)] e (I}) et.Au X"' y I 1641 

8 B 1 fiOK83aH0 1 'ITO B npHB9ll9HHOii ¢opMyne 11291, BhiB9ll9HHOii IIyTeM fiPHM9H9HHSI 

xx/ 
acHMnTOTH'Iecxoro ycnoBHSI 

~'I 

[a,r, ( fJ .J· (x)f =- (£~fll>ff2}du ~ ( Og-mgJ{~i G!wt (:x:,~ )(O,-m'[r<xJ,f<yJ}(' 02
' 

0 I d £9o qo""+-Vrnt-rq:t' 
¢YHKUHSI e'tef. (X,:J) MO>KeT 6hiTb OIIpeneneHa TOllbKO rpaHH'IHhiMH 3Ha'I9HHSIMH 

.flm 
yo~';[- 00 

fYwt (X,'j)= { ~ /1031 

xl 
M hi nonaraeM anecb, 'ITo 1641 HBJISieTcSI ycnoBHeM ua cpopManuaM, KoTopoe 

Ba>KHO llliSI aHaliUTH'I9CKOro IIOB9ll9HHSI npHB9ll9HHhiX 9ll9M9HTOB s -MaTpHUhi. 

xxl 
Mhi aannchmaeM anecb B 6onee o6rueM snne f}'Ud;{:X:,lJ) BMecTo 8(X.-'J ). 
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c HC"'e3a!OLUHM!i npo!i3BO.llHhiMH ;;/ &ruA ( x, Y) B 3THX npenenaxxl Ecnu 

:v!hl, O.llH8KO, 3KCTpaiiOJ1HpyeM 110i; Ha o6JlaCTh BHe 060J10"1KH MaCChi B COOTBeT

GTBHH C 1101 I, IIOSIBJlSIIOTCSI .llOilOJlHHTeJlbHhie "'JleHhi, 3aBHCSILUHe OT ()-r.v{; ( X,1j ), 

'ITO nenaeT aHaJlHTH"'eCKOe IIpO.llOJl)KeHHe COOTBeTCTBYIOIUHX MaTpH"'HhiX 3JleMeHTOB 

I 1021 no ty s B OCHOBHOM, HeB03MO)KHhiM. 

M hi MO)KeM H3Y"'HTh 3TO cne.ny!OLUHM o6pa30M, npe)Kne BCero HCHO, "'TO B 

COOTBeTCTBHii C 11031 Mhl MO)K8M IIp!i6aBHTh K .ll8HHOH cPYHKUHH f9'u;(;, (X.,~) 

B 1102 I npon3BOJlhHYIO norronHHTeJlhHYIO cPYHKUHIO fY q,...- (X,~) , rron"'HHHIOLUYIOCH 

rpaHH"'HOMy YCJIOB!i!O l< ~-6Jcz., (X,~) ==- 0 1 o'8)c HC"'e3a!OIUHMH npOll3BO.llHhiMH 
() <lo- .,.- CO "' a-: @a., {X I y) J Yo - =r- D<J B 3THX ripenenax. npwmHa cneny!OLU8SI: .Ha 

o6o~O'IKe MaCChi COOTHOllieHHe 

1105. 

xxl 
cnpaBennHBo • OnHaKo, ecnH Mhi aKcTpanomipyeM BHe o6o.rro"'K!i Macchi B cooTBeT 

CTBHH C 1101 f, COOTHOllJeHHe 11051 IIpHMeT BH.ll: 

11061 

a BKJ18.ll OT cPYHKUHll 6JIV (x,~J IlpHBe.neT COOTBeTCTB8HHO K .llOIIOJIHHTeJlhHOMy 'IJ18H) 

xl OTMeTHM, "'TO "'aCT!i"'HOe HHTerRHPOBaHHe Ha nocnenHeM 3Tane 1 127 I He 

IIO.nBepr~TCH .BJIHSIHii!O_ 3aBHCiiMOCT!i fiUJf: (f, 'lJ} OT Henocpe.ncTBeHHhlX KOOp-

LlHHaT 1 • ,DnSI 3aBHC!iMOCTii OT J( HeT YCJlOBHH lnoKa 11031 He HapyilleHoj. 

xxl 
CTporo roBopH, 3To npaBHJlhHO TOJlhKo B TOM criy"'ae, ecnH M h1 3aMennM 

IlJlOCKHe BOJlHhl B 11021 COOTBeTCTBY!OlUHMH BOJlHOBh!Mll' HaKeTaMH C llOJIU)KH-

TeJlbHOll aHeprliefi; cpaBHH npeo6pa3oBaHiie B 1127/. 



~.· 

32 

(r: -"'') /•i -"" J dy ,e;. {- iiJ.,_((,JJ{)r.;, 'f{JJ]j; 
~ Cfo-: + ,; 1:+ r;. 

1107 I 

B SKCTpanonHpOBaHHOM COOTHOlll9Hii:H 1102 I. 

EcnH Mbi Bbi6RpaeM n 11021 fYm (x,~) KaK o6bxqHyiO cpyHKUHIO, Mbi nonyqa-

9M 

[a-u,(fJ,i(xJ} r; r.-J¥. j ~ ~;; {;tY(x-~J{;(xJ.;'(yJ}} 11081 

~o ~ + vi m,-ll -t-i{J. I 

DpH [}(xJ,i(yJ]=-0 H DpH X"'V y lcp. 16411, C TOqHo'CTbiO LlO BKJia.UOB OT 

H9KOTOpbiX KBa3HJlOKaJlbHbiX onepaTopoB. 11081 SKBHBaneHTHO COOTHOlll9HHIO /100i. 

EcnH SKCTpanonRponaHHe BhlnonHeHo BHe o6onoqK~ Macchl, aHanHTHq?cKoe npoaon*e

HHe COOTB9TCTByiOIIlHX MaTpH'IHbiX SJI9M9HTOB il081 MO*eT 6biTb npo.uenaHO 06bxq-

31 
HbiM o6pa30M • 0.uHaKo, HCDOJlb30BaHH9 LlPYI'HX cpyHKUHH ~DpHBO.[lHT K DOSIBJ19HHIO 

.uononHHTenbHbiX 'IneHOB BH!la 1107 I, KOTopbre ·aBHLlY ycnoBHst.l1041 .uenaiOT noo6-

lll9 H9B03MO*HbiM aHaJIHTRqeCKOe DpO!lOJI*9HH9 MaTpHqHbiX SJI9M9HTOB 9KCTpanonR-

() xl 
pOBaHHOI'O COOTHOIU9HHSI 11021 DO y • Ho T8K KaK B COOTB9TCTBHH C 1107 I STH 

H9aHaJIHTHqecKH9 BKJla!lbi DpHBO.[lSIT K HyJI9BbiM BKna.ua'M 'Ha o6onoqKe MaCCb~ac HH

TepecyeT TOJlbKO KOHeqHbiH peaynbTaT .[lJlSI '(;"-+- M JUj. TO OHH Ha CaM OM .uene SIB

JISIIOTCSI JlO*HbiMH: y HaC H9T He06XO.[lHM.OCTH HX DpO.UOJI*aTb aHaJIHTHqecKH. 

1:1TaK~ Mbi DOKaaanH, qTo o6a DOLlXO.[la DpHJ30LlSIT, B OCHOBHOM, K pa3JIHqHbiM 

9KCTpaDOJlSIUHSIM DPHB9Ll9HHbiX SJI9M9HTOB s -MaTpHUbi BH9 o6onoqKH MaCChi: Ta 

qacTb, KOTopaSI MO*eT 6biTb aHanHTII'IeCKH npo.uon*eHa, onpe.ueneHa ycnoaHeM npH

qJiHHOCTH Boron106ona H cooTBeTcTayeT o~o6oMy Bbr6opy @ -cpyHKUHH a no.uxo.ue 

C HCDOJlb30BaHH9M onepaTopa B3aHMO.[l9HCTBYIOlll9I'O DOJISI. 

xl 
0TM9THM, qTo SKCTpanonHpOBaHHbi9 COOTHOlll9HHSI 1 1281, } 1291, KOTOpbi9 

M bi He MOA{9M paanRqaTb anpHOpHO, OTJIUqaiOTCSI TaK*e LlPYI' OT .upyra '!Jl9HaMH 

BU.[la 11011. 
" 

Ll efic-r 

nOB9Ll 

on epa 

C 9TC 

I cp. 

npR 

c 

,( 6 

r.ue 

CT8H( 

DOJISI 

Tene 

'cTBe 

8TOT 

1p0C~ 

/x-
THqE 
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4. YcnoBHe ~pH~HHHOCTH B nonxone c Hcnonb30BaH~eM onepaTopa 

B3BHMOD eilCT BYJOI.Uero TIOJ1SI 

B 3aKnJO~eHHe Mbi noKa3hiBaeM, ~To ycnoBHe npH~HHHOCTH nnst onepaTopa B3BHMC 

neilCTBYIOI.Uero TIOJ1SI B BHne KOMMyTaTopa He HMeeT 3Ha~elj:HSI DJlSI BHBJlHTH~eCKOrO 

aoBeneHHSI npHBeneHHhlX 9J1eMeHTOB s -MaTpHUhl B nonxona C HCTIOJlb30BBHHeM 

orrepaTopa B3aHMoneilcTByror.uero TIOJlSI TIO TeopHH nn:crrepCHOHHbiX COOTHOW8HHH. 

C aToil uenbJO Mhi paccMaTprmaeM aneMeHT 5 -MaTpHUhl nnst yrrpyroro pacceHHHSI 

lcp. 1801, 18311. 

I 1091 

rrpn: 

.11101 

rne cpyHKUHS 6)aJv {x, ~} non:>KHa TOJlbKO ynoBneTBOpstTb ycnoBHJO 11031 npH nepe

cTaHoBKe rrpenenoB lrrpowenwee 

riOJlS f (x) SBJ1H8TCS HeripH~HHHbiM, 
H 6ynyr.ueel. npenriOJlO:>KHM, ~TO OriepaTOp 

[ ~(x}, f(~J] F 0 ecnn 11111 

Terrepb Mhi Bhi6npaeM cpyHKUHJO ~ollf (x,'}j} TaK, ·.~To .oHa nc~e3aeT nnst npocTpaH

'cTBeHHo-rrono6Ho ynaneHHhlX To~ei 

( ,'(, 11 , =- 0 
4' 

) ecnH 1112 I 

3TOT BeKTOp COBMeCTHM C YCJ10BHeM 1}031 rrpH nepecTaHOBKe rrpenenoB, TaK KaK 

1pOCTpaHCTBeHHO-rrOno6HaH ~acTb ( x_- y} He~ eaaeT rrpH }/ o =- =t= oo ITaKHe To~KH 

ne:>KaT BCHMUTO-I x- ~ J -TH~ecKH Ha cBeTOBOM KOHyce: OH~ HMeJOT 6ecKoHe~Hbie 3Ha"JeHHS To~eK X 

J KOTOphle MOryT BHOCHTb BKJ1BD HB TIJlOCKOCTHX yo==- ":fOO -HJlH Jj 
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nonH f ( x), { (J} caM ucqe

Mbi Bbr6upaeM B adv (X, 1J) 
.a 06b!t.{HOM npOCTp8HCTBe, I'.lle I KpOMe TOI'O, onepaTOp 

aaeTxl I • .LlnH epeMeHHo-no.llo6HbiX ToqeK ( !.-';/) 
T8K 1 t.{T0 OH paaeH 9.llRHRU9 B 38,llHeM CBeTOBOM KOHyce R paBcH HyniD B nepe,llHeM 

CB9TOBOM KOHyce B (X-~) - npOCTp8HCTBe, t.{TO H8XO.llRTCSI B COOTB9TCTBRR CO 

11031 npR nepecTaHOBKe npe.llenoB. 8TO DOK83biBaeT, t.{TO BC9I'.ll8 B03MO)KHO aanu

C8Tb 11101 B TaKoM BR.lle, qTo oHo 6y.lleT npe,llcTaBnHTb ¢1ypbe-o6paa cpyHKURR 

f (XI ~) , KOTOpaH OTnRt.{H8 OT Hyng TOnbKO B ~8.llH9M CB9TOBOM KOHyce (X-,Jj) • · 
Ho aTo CBOitcTBO no.llpaay;MeBaeT ece, qTo HY*HO nonyquTb oT .. ycnomrSI npuqnHHOCTl! 

B TeopRR ,llRCnepCROHHbiX COOTHOlli9HRH. 

B C8MOM ,llene, Mbl He Ct.{RTaeM, t.{TO COOl'HOUleHue 11101, BbiBe,lleHHOe R3 

npRM9H9HRSI 8CHMDTOTHt.{9CKOf'O ycnoBRSI 1 RMeeT npf~)H3BOnbHbiH CMbiCn B HenpRt.{HHHOH 

xxl 
Teopuu nomr • Ka)KeTcn oqeBR.llHbiM, qTo npuqnHHbiit xapaKTep Teopuu npHHHMaeT-

CSI anpHOpHO npH BbiB9,ll9HHH cpopMynbi 11101. 

EcnR C,llenaTb nepsoe npRBe,ll9HHe B 11091 B COOTBeTCTBHH C COOTHOlli9HR9M 

lcp. 112111 e utx 
ltf j (x) 1114 I aUf (f }: ct{UV[; (f} + 

l Jot. 
(;,J{;s~ 

TO BH,llHO Henocpe,llCTBeHHO, t.{TO H906XO.llHMO pelUHTb BOnHOBOe ypaBHeHRe 11 I ,llnSI 

npoBe.lleHRSI .llanbueii:lUHX onepauuii B Ill 01. Bo BTopoM npnBe.lleHHR npHHHMaeTcH, 

qTo pelUeHHe f ( ~} HMeeT xopolUo onpe.lleneHHoe 

npH ~ O ~ + 00 R K8)K9TCSI ManoBepoSITHbiM 1 ~TO 

8CRMUTOTRqecKoe noBe,lleHRe 

<f (y) MO)KeT 6biTb .llPYI'RM 

xl C . 
Tporo roeopSI, Mbi .llOn*Hbi ,llnSI aToro aaMeHHTb ecer.lla nnocKHe eonHbi 

pelUeHHHMH sonHoBoro naKeTa nono*RTenbHOii aHepruu I anSI <f(x) npHHHMaeM 

paano)KeHne B BH.lle 11251 2 no,llpaayMeBaeMoe anSI sonHOBbiX rpynnOBbiX pellleHHii/ 

TonbKO B KOHet.{HbiX peaynbTaTax Mbi nepexoaHM K npeaenbHOMy cnyqaro nnocKux 

sonH lcp. 21 • .Oanee aaMeTHM .llnSI cnyqag B03MO)KHbiX oco6eHHOCTea B npocTpaH-. 

CTBeHHO UO,ll06HbiX o6naCTSIX, t.{T01 K8K 06b!t.{H0 npHPIRMaeTCH, HHTerpan no HHM npH 

Koaeqaoa Q -cpyHKUHH onpe,llenea., 

xxl 
B npoTHBHOM cnyqae ancnepcnoHHbre coOTHollieHRH 6bmR 6br cnpaBe-.llnHBbi 

K8K anSI npHt.{HHHOii, T8K H .llnSI HenpHt.{HHHOH TeopHH nong, t.{TO npOTHBOpeqnT peaynb~ 

TaTaM noaxoaa C HCUOnb30B8HH9M BapHaUHOHHOit npOH3BOaHOH. 3aKniDqeHHe 0 TOM, 

t.{TO BKna,llbi OT npocTpaHCTBeHHO noao6HbiX paCCTOSIHRii KOMM.yTaTopa 1111/ ae MO

ryT HMeTb KaKoro-nn6o CMbrcna B npnBe.lleHHOii cpopMyne noaxoaa c ncnonbaosa

HHeM onepaTopa B3aHMoaeiicTByroruero nong MO*eT 6biTb TaK*e nonyqeHo H3 Tpe-

6oBaHHSI KOBapHaHTHOCTH lapryMeHT8UHH, HCUOnb30B8HH8SI B 11. 
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peweuneM, TaKHM, uanpnMep, KaK onepellia10wee, KoTopoe npHHHMaeT 

ycnoane npnqHHHOCTH Boron106oaa 181 KaK Heo6ionnMoe ycnoan~ HHTerpnpyeMocTH 

R COOTB9TCTBHH C pa3D91IOM 2, 

B n106oM cnyqae ycnoBMe npMqHHHOCTH 164 I He MollieT .Z.onKoaaThCH KaK ycno-

ane Ha npMseneHHhlfi aneMeHT $ -MaTpHUbi 11101, KoTopoe Balliuo nns:r ero ana-

1IIIT.HqecKoro TIOBeneHMH UO TeOpMM JlHCUepcHOHHbiX COOTHOill9HMfi, EcnM Heo6XODHMO 

H3yqMTh C1I9DCTBHH B03MOlliHOH HenpnqMHHOH CTpyKTypbi KBaHTOBOH Teop.HM TI01IH, 

qTQ siB1IHeTCSI BalliHOit cpM3MqecKofi 3aD8"Jefi T8Kllie l3 paM.KaX TeopMM DMCUepCMOH-: 
. . . \ ' . . . . 

HbiX 'COOTHOW~HMH, HYlliHO HCTI01Ih30B8Th cpopMyny npHBeneHHH D1ISI ·aneMeHTOB s 
MaTpHUbi, nonyqeHHbiX B nonxone C HCTIOirba~>B8HHeM cpyHKUHOHa1IhHOro DHcpcpepeHuH-

poBaHHSI, 

.H XoTen 6br no6naronapHTh aKaneMHKa Boron106oaa H Menseneaa, 

a TaKllie npocpeccopa !IeMaHHa H noKTopa CHMaH3HKa 3a ueHHbre o6cyllineuns:r, Ko

Topbre OK8381IH 601IhlUOe B1IHHHHe Ha H8CTOHWY!O pa6oTy, .H TaKllie oqeHh 6.rraronape11 

npocpeccopy Dpenny 38 ero 6onhrnofi HHTepec K pa6oTe, 

npH1IOlli9HHe 

M bl BbiBeneM H9KOTOpb!9 COOTHOill9HHSI, KOTOpbre cnpaaennHBbi D1IH npen

CT8B1I9HHH npH npOH3B01IhHOM £ • BbmanHHM 

rne 

H lcp. 13/ H 141 
Oo 

Jol•r·dx,.j,_(x., ... ,x,.); f.(~,) ... 'f, (x~); 
StSt=StSt=i 

IA.l I 

IA.2 I 

I A.3 I 
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c lcp. 1381 I 

+ 
ft {x) ~ U i~ ( t, =t= oo) f u, ( )(}. '/;V~"u (t., ;; r>o) 

owt O£t,i; out 

xl 
0TMeTHM 1 'ITO DO DpHttHHe 145/ 

U:u (t, ~ ()o) = ul; (~:~-:;=Do) 
awt 

.qnSI MaTpH'!HbiX 911eM eHTOB <f (X) M bl 38DHUJeM 

I A.41 

I A.5 I 

.<n/fff(x)jtv)~ =< U~;{(-:;:Oo)lfl:,(~:)j<f(x)Ut(t,-:;:oo)lf:(l)> IA.al 
U! a.wl . . 
oui 

TaK KaK B cooTBeTCTBHH c IA.21 H IA.51 

+ oo) 1(.
0 (tJ=/~>~ 

11- aw(;-

IA.7 I u t ( -t, 

u rne Mbi MO)KeM HcnonbaoeaTb B npaeofi ttacTH IA.61, npuMeHsur 1321 u 1171 

dl.( t if~ (Xo-t) -iPo (x-i) 
7 x)-:: 1ft (Xo, f:) cf~:(x) Ut (Xo,/:)"'" e lf(x-;f:) e 

0 

IA.81 

~~ 

K8K onepaTOp B38HMonefiCTByiOIUero DOJISI, COOTBeTCTBYIOillHfi f { 1-npencTaBJieHHIO. 

B cooTBeTcTBHH c 121 I Mbl HMeeM nnH I A.7 I 

P. 
0

· .. 1 1£,-b (t, +oo) ~<J ( {;j = P/~t,) Ut (tJ 1- oo) Y: (t) j ~ 0 (t) lj(o {t) =-
O,I!LI,OL!I(; I A.91 · 

rne, otteeunHo, lcp.l37 I I = ~(~}lf~o (t) 

xl .Unsr Ux,ttt,ow{; {1:,-:t=DO) Mbi MO)KeM TaK)Ke HMeTb eeuny npencTaeneHusr euna 

131 unH 1231, nnH KOTOpbiX 1451 TpueuanbHO ua-aa 1381. 3necb Mhi npeHe6peraeM 
KaK o6bi'!HO cpaKTOM, 'ITO Ui-n-,()lfi: (t,-:r t>o) Mo)KeT 6biTb YHUTapHhiM c TOttHOCTbiO 
no DOCTOSIHHOfi leCJIU DpHHSITb BO BHUM8HUe TO, 'ITO BCerna Heo6xonUMO 38Me-

HUTb 'f {Xi) Ha 1_f/:~, t{f: (xi) unu oT6pachiB8Tb- Z -Koa¢cpuuneHT e 1931 u 
HOpMUpOB8Tb COCTOSIHIISI 'fl~ (t) i CM. T8K)!{e CHOCKY B KOHUe paanena 21. 

n 
BJ 

c 
0 

c 

r 
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IA.lOI 

t=O I A.9 I npHHHMaeT 

BH.ll 

Po 
CpaBHHBaSI aTo c 1721, Mbi npHXOLUiM K ToMy, "'TO o,Ut-,owf; non)KHo 6biTh 

oTom:.oecTaneHo c A, , KaK 6brno ycTaHoasfeHo :a 127 I. 

B aaKniO"'eHHe Mbi BbiBOLlHM ycnoBHSI npH"'HHHOCTH1 cnpaaennHBbie a f -npe.o.:. 

JJ. L /~.41, /54'/ HMeeT B"Llxx 1 
CTaBneHHH. nSI KOHe"'HOI'O '!;;" • n 

f(x) ~{t (x)-i Jay (x-y} 

a tt~. ( x o, t) 

_'Sft {J) 

KaK B paanene 2 Mbi npHHHMaeM "co6cTBeHHoe ycnoBHe npH"'HHHOCTH" 

ecnu 

ecnu 

x/ 112 I 
3TOT cny"'atl: CM. TaK:>Ke B 

tA.12/ 

IA.12'/ 

/A.l3'/ 

xx/ 
JJ.nst KBaHTOBaHHSI :a cooT:aeTCTBHH c 193 I HHTerpanhHbie "'neHbi :a I A.121, 

I A.12'/ non:>KHbi ObiTh yMHO:>KeHbi Ha % -i • TaK KaK aToT Koact:>ct:>uuueHT He 
st:ansteTcSI :aa:>KHbiM nnst Hay"'eHHSI ycno:autl: HHTerpHpyeMocTH nnSI peweHHfl I 121, 
/12'/ BOnHOBOI'O ypaBHeHHSI 11/, Mbl OT6paCbiBaeM ero KaK H B paanene 2. 
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H ycnoane npnqnHHOCTH 

~ 
6 tf'b (z) 

J { + ( L) dU-~: (Xo,t) } 
i ~ Xo 1 t; = 0 (J(.,w Z

0 
>x > ?-t . 

0' tf t (Z} t b lfe ( J) ' o jo I A .14 I 

6i(~) =- 6 {i S fl~: (1:, Xo) 

6cft (yJ 
1

) IA.l4'/ 

Utt {t, Xo)j=-0, -ec..w Z0<Xo<1jo <t 
~~f; ('L) oqi; (z) 

K8K HeOOXO.llHMbie ycnOBHSI. HHTei'pHpyeMOCTH .llnSI 381183.llbiB810lUHX HnH onepe>KaiO

IUHX perueHnil: 1121, 112'1. OTMeTHM TaK>Ke cpopMyny 

·c J ·J· + bs . ~s s+ 
X:.{, =-L -J -or~ (><J <... - . -

IA.151 

( .l + & St -t . t ~ b S f ( ) 
=. i 14 /;,-r>oj ~ ~lP (f) uf; ( t, -r>o) =. (, 1it {fOol t) Sl,b /,;--; 5t ut (+ Dol f) I 

KOTOpaSI oqeBH,llH8 BBH.llY 131, IA.31 H IA.41. Jlnst onepaTopa 

it C:<J = i sf; 
~ St ~ S-t ..,. 

'bfe {x) = ~ 6 i~ (~<) s t I 

IA.I61 

4;1 
' 

r.ue 

it {X) ~ sf. t ~ (X) S t , s t- ~ S i IA.I71 

lcp. I A.31 I Mbi nonyqaeM na 181, 18' I H I A.31 H I A.41 ycnoeHe npnqnunocTn 

~j. (x) ~o. > ecnH 

f>1t (1) 
1j:?:,X 

bit- (X) " - 0 L. 
i) f ( ) - 1 ecnn l1j "" X , 
. t 1j s 

KOTOpoe HeOOXO,llli:MO llpH BhlBe,lleHHII 11pHBe,lleHHOil: cpOpMynhl ,llnSI 

a t -npe.ucTaaneHHH. 

I A.l 81 

IA.l8'1 

MaTpHUbl 
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