
I 

I 

I 

06bE1lV1HEHHbii/t I tHCTkfTYT ~llEPHbiX VICC.nE1lOBAHV11/t 

fla6oparopHH reoperHqecKOH ¢H3HKH 

p -275 

¢. KawnyH 

OB ACVIMnTOTHLJECKOM YCJIOBHVI 

H YCnOBHH nPVTl.JHHHOCTH 

B KBAHTOBOH TEOPHH flOJI.H 

~vo e,·w~ /tJsY, vI~ ~61 1 sY!-~ . 

Dy6Ha, 1959ro.ll 
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ct>, KawnyH 

OB ACYIMOTOTYILJ:ECKOM YCJlOBYIYI 

J1 YCJlOBMM nPYILJ:YIHHOCTYI 

•B .l<BAHTOBOtl TEOPYIH OOJl.H 

p -275 



noKa38HO, 'ITO MaT3MaTH'IeCKHl1 MeTOLl neMaHa, 3HMaHUHKa H UHMMepMaHa HeH36em

HO npHBO.[lHT K npH'IHHHOH TeOpHH nonH, B KOTOpOH KOMMyTaTOpbl onepaTOpOB nonSI o6pa 

IU8IOTCH B Hynb .UnSI npOCTpaHCTBeHHO-nO.UOOHbiX HHTepBanoB • 

.[lnH TOr'0 1 'ITOObl H3Y'IHTb STOT c}:JaKT C ooixee oomeii: TO'IKH 3peHilSI 1 Mbl WHpOKO 

ncno~b30BanH napHaUHOHHbie npoH3BOLlHbie ~ - MaTpHUbi no onepaTopaM cno6o.uHoro non~, 
E - .5 . 121 E ·· KaK sTo npo.uenana oroniO on H .up. onee .ueTanbHO accne.uyeTcSI MeTo.u, B KOTopoM 

fleMaH, 3aMaHUHK H UiiMMepMaH onpe.ueixmoT a npHMeHHIOT accHMTOTH'IecKoe ycnonHe. B 

3aKniO'Ietme Mbl c.uenanH HeKOTOpbie yTBepm.ueHIISI 0 KOHUenUHH npii'IHHHOCTH B. KBaHTOBOH 

TeOpHH IIOnH, noKaa?H0 1 'ITO .UnH o6mero no.uxo.ua B KB8H'I'OBOH Teop~iH IIOnH 1 H8IIpiiMep, 

a, TeOpHH LlHCIIepCHOHHbiX CO~THOWeHHH 1 HeOOXOLlHM'O HCnOnb30BaHHe ycnoBHSI npH'IHHHOCTU 
. . 121 

TonbKO n c}:JopMe Eoroni06ona H .up. I a He ycnonae B c}:JopMe KOMMyTaTopal. 

l.Bne.ueHHe 

. 11 d 
fleMaH, 3HMaHUHK H U HMMepMaH He.uaBHO UCCne.uonanH KOHUenUHIO npH'IHHHOli ,J_ -

I 

MaTpHUbi 1 HCIIOnb3yH 38II83Ll~IB8!0IUHe MHOr'OKpaTHbie. KOMMYT8TOpbl onepaTopoB nonH, 

B cnoeM Hccne.uonaHHH ·oHH BbiBenH cne.uyiOmee KOMMyTauHOHHOe cooTHO UleHae .zinH 

onepaTopa nonH cP (xf peanbHOro cKanHpHoro 5oaencKoro nonH c onepaTopoM yHH'ITO)!<e
xl 

HHSI a in (l(J COOTBeTCTByiOIUero BXOLlHIUero nonH 

rue R. (X,Y) HBnHeTCSI aana3.llbiBaiOIUHM KOMMyTaTOpOM 

10HH B . .ueliCTBHTenbHOCTH nony'IHnH Bbipa)KeHHSI .UnSI OOOOIUeHHbiX npOH3Be.ueHHli rz_ one

paTOpOB nonH, o.uHaKo·.unH Hawax ueneu .uocTaTO'IHbi Ill, 121/, B npouecce Bbmo.ua aTux 

B bipam eHHH OHH npe.unono)KHnH , 'ITO ¢(X) TaK)K e MO)K eT Ob!Tb oiiepaTopoM HenpH'IHHHoro 

nOns'l 1 KOTOpb!li HeOOSI3aTenbHO YLlOBneTBOpHeT ycnOBHIO IlpH'IHHHOCTH B c}:JOpMe KOMMyTa-

Top a 

131 

r.z:.te X"- y oaHatiaeT, 'ITO X-~ HBnHeTCH npocTpaHCTBeHHo-:-no.uo6H:biM. O.z:.tHaKo, nerKo 

noKaaaTb, 'ITO onepaTop ¢'(:X) B 11 I, 121 .uon)Ken 6biTb o6H3aTenbHO npH'IHHHbiM onepa

TOpOM, KOTOpbili YLlOBneTBOpHeT 131, LlnH Toro,· 'ITOObl paaoop: STOr'O c}:JaKTa HOCHn oonee 

I 1 I 
x M bi ynoTpeonHeM HecKonbKO HHYIO cHcTeMy o6oaHa'IeHHl1, tieM n 
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oorunii n no aosMO)KHOCTH saaepureHHbiH xapaKTep,, Mbi B pas.JJ;ene 2/ BbiBO.UHM HecKonbKO 

KOMMyTaUHOHHbiX COOTHOUleHHi\ s - MaTpliUbi C onepaTopaMH CBOOOAHOrO B T'epMHHaX Ba

pliaUHOHHbiX ~poHsBO.UHbiX S -MaTpHUbi no 9THM one'paTopaM, KaK obmo npe.uno)KeHo 6o-

·2/ -
roniOOOBbiM ll COTpy.UHilKaMH • 0AH6KO Mbi TO'IHO pa3nil'laeM BXO,ll.SltUee ll BbiXO.Ustruee 

nonst. '· . 

B pas.uene 3/ Mbi noKasbraaeMi 'ITO npnMeHenne acHMnTOTH'IecKoro ycnoBHSI, KaK aTo 

c.uenaHO neMaHOM, 3HM6HUHKOM ll UHMMepMaHoM, Henocpe.JJ;CTBeHHO npHBO.UHT K npH'IllHHOH 

TeopHH nonSI. 3TO OOCTOSITenbCTBO .JJ;eTanbHO HCCne.JJ;OBaH0 1 H npHBeno HaC K 3aKniO'IeHHI0 1 

'ITO Hll HX onpeg~_J_I_~HUe, HH ~X npHMeHeHHe aCHMnTOTH'IeCKOrO ycnOBHSI He SIBnSIIOTCSl .UOCTa

TO'IHO onpe.u~neHHbiMH, HanpHMep, <}:lyHKUHSI e ui-~) B /2/ I /1 I SIBnSieTCSI coaepmeHHO 

npousaonbHoii: oua :non)KHa nnmb YAOBneTBopSITb ycnoBHIO $(x-yJ = 1 ~~-oo H () cx-:J)=O, 
D 

ecnu ~:::.+oo c HctiesaiOruHMH npoHSBO.UHbiMH na 9THX npe.uenax. 

.B pas.uene 4/ Mbi .JJ;enaeM ueKOTOpbie OOUllle YTBep)K,UeUHSI 0 KOHUenuHH npH'IHHHO-

CTH B KBaHToBoii Teopun non£1. Mccne.JJ;oBaHHSI noKa3braaroT, 'ITO .unSI ooruero no.uxo.ua B 

KBaHTOBOH TeopHH non£1 1 uanpHMep, B TeopHH .UHCnepCHOHllblX COOTHOUleUUH 1 HeOOXO.UHMO 

ncnoni.soaaHHe ycnoBHSI npri:tiHHHOCTH. TOnbKO B <flop Me, npe.uno)K eHHoii 6oronroooBbiM H .up. 
121

' 

/a He B <}:JopMe KOMMyTaTopa/; 

2. s -MaTpHUa ll ycnoBri:e npll'IHHHOCTH 

M bl, npHHHMaeM cne.u YIOtUYIO cTpyKTYPY 
~ 2/ 
,J ~ - MaTpHUbl 

~ ==f Jdx, ... dxnf ... c xi,···, x ... )~ cpin (xt) ... cpi,. l x ... ). 
n.=o 

/4/ 

rue cP111 (x) onHCbiBaeT naAalOIUHe tiacTHUbl, 

( 0-: m2 ) ¢en. (X):::. 0 [cPin·lx>, ctlcrt (~)]::iLl LX-~) •. 
/5/ 

3anHmeM 

A-. (x>_i_ Jdf{e'q;r.a < ... e-i4" *-~} 
'-f-olii'L - (21;)%. ffq· in q ) _,_ a in ( q _> ' 

qo =-t-Vnz2+if:' 
/6/ 

rue 

( - * ... , ]. J: -+•-+ arn {q ),ain cq} ==ocq-q) [Cl.tn (qJ, a,n clf'>]=O 171 

)(. 

3l 

f< 

J= 

c 



0' 

- 5 -

3aTeM H3 Toro 1 'ITo Mhi npe.r:urono)KHJIH B /4/. 1 161 n: 17 I HeMe.r:zneaao cne.r:zyeT: · 

181 

Koaeqao 1 Mhi npe.r:znonaraeM: 

191 

llanee Mhi BBO.r:IHM OIIepaTOp IIOJISI cpoo.t (X) 1 KOTOpbiH OIIHCbiBaeT.yXO£IH!l!He 'IElCTIIUhi 

cne.r:zyiO!l!HM o6paaoM: 

1101 

. . xl 
B cne.r:zcTBIIe 191 1 MO)KHO HBIIHCBTb 141 B TOH )Ke cpopMe li £I1IH BbiXO£IH!llliX IIOJieti , - ' . . : 

S =L J d:t_1.··· dxnfn (X_.,· ... , X.;_): ~i/x1 ) ... cf:! ... l-(Xtt): 
n.;;;O 

1111 

0THOWeHHH 15/ - 18/·IIplii"O.r:IHhi TBK)K.e li £I1IH. BbiXO£IH!l!liX noneti 6ea BCHKHX li3Me

HeHHti IHy)KHO T01IbKO 3BMeHHTb HH.r:IeKC BXO.z:ta· Ha HH.r:zeKC BbiXO.r:Ial, 

no MeTo.r:zy Boroni06oBa H COTPY£IHHKOB Mbi onpe.r:zenHeM onepaTop TOKa IIyTeM: 

xxl xxx/ /12/ 

Bcne.r:zCTBHe 1101 1 .r:IBa Bbipa)KeHHH CIIpaBa .r:zeticTBHTenbHO OIIpe.r:zenHIOT TOT me ca-

Mbiti 

x/ 

.. 

· xxl 

xxx/ 

} (X) 1 B TO BpeMH 1 KBK £I1IH MaTpHUbi Mhl HMeeM /41 H ·/91, · 

/13/ 

Cne.r:zyeT OTMeTHTb 1 'ITO aneMeHTbi S B OTHO WeHHH K COCTOHHHHM C KOHe'IHbiM 
K01IH'IeCTBOM 'IBCTHU IIpe.r:zcTaBneHhl 

imKaKofi IIp061IGMbi CXO£IHMOCTH, 
KOHG'IHbiMH CYMMBMH 1 TBK 'ITO He B03HIIKBGT 

CTporo roBopH 1 Borom66oB H coTpy.r:zHHKH Hcnonb30BanH T01IbKO BTopoe Bbipa)Ke
HHe £I1IH Bb!XO£IH!l!ero IIOJIH, ... ~,. .. 

. ., . . oS c .. 
Dpyroe onpe.r:zeneaHe £I1IH oi:IepaTopa TOKa' £I01I)KH0 6biJb J {X) =I o$· (X);> 0£IHBKO 

Bcrie.r:zcTi:me [o~Jo¢,nCx)]~+=~[o$JJcp.,<.t £XJ]~+;>+ aToro- b':rpe.r:zeneaHe, 

K8)KeTCS1 1 He TSKHM y)K II01Ie3HbiM /cpaBHHM . TBK)Ke /21 I 
1 

r.r:ze He IIOS1B1IHGTCH Ta-
KOe Bbipa)K euHel, · · · 



II 

;1:: 
! ' 

!I I, 

II 
II 
I 

Tor-na Mhi nonyqaeM: 

- 6- . 

--, 0 i_£X} :: ;_~+- · d- 02? + •. • 
d ¢~"'< ~> O'<P, .. t~>ocf7i~l:X:J 'JJ~>;<.c> 

tf }CX) . 

dcPo..t ( Y) 
<f1S ~+ . 

d''*'o.aC~) cfcP..._._(a:) v + ij (~)j c.:p 

BcnencTBHe paneHCTBa 

. J:L~ - J1~ 

ocPin <Y> OcPin (X)- cf4>.n (XJOcRn C!J) 
ouh ~~ out 11,.t 

nonyqaeM 

J j (:.:) 

. d' cp~"t (~) . 
O'iCYJ . OtPinc:~t> ==i=l[jcx>,jl!f>] 

' ....... ' . 

1141 

,, 

114' I 

/151 

/16/ 

n 0 MSTony Bor-omo5oBa ll C?aBTOpOB Mhl onpenenSieM npH'IllHHYIO ::; -MaTpnuy cnenyiO-

IUI:IM o5pa30M: 

J' j (X) = 0 
ocfJ,,. <~> 

{jj(X) ::.0. 
c5' cP D<Lt ( y) 

-~--~X ,./171 

~~X 
117' I 

rne ~::;t.X I~-::: I 03HalJaeT, 'ITO ~ noa:>KeJpaHblllS/' 'ISM r 'nnn l:-'(1· SIBnSieTCSI 

npOCTp8HCTB9HHO-nono5HhlM BeKTOpOMo 

VIa 1161 ycnonne npH'IHHHOCTH Tor-.na cnenyeT·-n o5hi'IHOii ¢opMe KOMMyTaTopa 

[j<x.>,j(~)]=b x--~ 
118/ 

a TaK:>Ke npencTanneHne 

''d'/cx) - 1{.:. e'(x:..~J}[J(x),j (~J]. ' 
-- e (:~-x> · 

/19/ 

ou-t . v 

3aMeTH~, 'ITO HSB03MO:>KHO na 118/ BhiBeCTH ycnonne 1111; /17 'I nnn npencTanne-

HHe /191 <lcpaBHI:I ·/14( n 116/; na 116/, HanpnMep, cnen·yeT TonbKo: 
. . , . 

~ ~'; ,. 

:d/;:x) - d' j ( y( 
d'cpin (U) - d'cPcn (X) 

out- d owt 

X"'~ 

l c~ 

I CT 

11 

a 

yT 

HO 

np 

CT. 

r.n 

MC 

CT 

KO 

c 
ac 
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cMoTpu TaKm_e paa6op B paanene 41/. C npyroii cTopoHbi, rrpencTaBneHne 1191 Herrocpen-
. 1 

CTBeHHO rrpuBonrrT K ycnoBHIO npn~mHHOCTII B cpopMe 117 I, 117 I, TaK KaK OHo cnenyeT rra 

1191 

J'j (X) = 0 
OcP,:,. LU) ,,.,,. d 

ecnn 1201 

a TaKm e !10 I1pll'IHHe KOBapH8HTHOCTH 1 KOTOpaSI: crrpa_BennnBa. If ,llJISI X""' 'J • nocnenHee 

yTBepmneHne, a TaKme ycnoBHe npH'IHHHocTn B cpopMe KOMMYTaTopa 1181 HerrocpencTBeH-:

Ho' BhiTeKaiOT 1{3 /191 16ea· HCI10Jlb30B8HHSI K8KHx-nn6o npyrnx o;rHoweHniil. VI TaK, Mbi 

rrprrxonnM K BhiBony: rrpencTaBneHne /19/ orrpenemreT yme rrpntiHHHyro Teopnro rronn. 

KoH'IaSI aToT paanen, Mbi BhiBOAIIM 

cnenyroruero. Vfa /10/, 191, 161 n 18/ cnenyeT: 

. COOTHOW9Hlf9 1 H900XOAIIM09 ,llJlSI rro-

1211 

rne icx) onpeneneH /oooHMH BhrpameHHSIMH/ 112/ H L\ l::C-:- 'j) KaK o6hi'IHO. 121 I 

MOmeT OhiTb HCI10Jlb30B8!!0 ,llJlSI ·OOOCHOB8HHSI orrpeneneHHSI 1121 AJISI orrepaTopa TOKa. 

3. s - M8TpHU8 H 8CHMI1TOTII'IeCKOe YCJIOBHe 

fleMaH, 3nMaHUHK H UnMMepMaH HAYT nanbwe n BBOASIT orrepaTop rronn ct:>cxJ rrocpen-

CTBOM 

I 221 

KOTOphrfi "HHT9pi10J1HpyeTCSI" Memny l1pOWJ1biM H 6ynyiUHM 1 T.e. M9:>KAY cpin, (X) If 

cpo"'t (X.)., _nnn KOToporo y Hac ecTb CBSI3b 1101 n 121 I. OHH nanee npenrronom:unn 

8CHM!1TOTH'I9CKOe yCJIOBHe 



! 
I• 

i" 

I 
' I 

rne 

X I 

a.Cl{
1 
t>:: a in Cq) 

t _,. + 00 '· · · o.d 
lim 

_. iqx 
! . J d-cP x> o e -a(q,U:::(ZJir't.z.' X ( [);LO izqo-

,, 

:::. iqx. a . iq,c . 
- 1. , i J d. -{c;p c~> u .. e . cpcoc) 1L- } = C /! fil'lt . X . ; . OX' V2q.o - ;;o ... V 2q' 

rh J. Jd(/ {·· iq'l: * --+ . -iqx. _.. .··} 0 . ~ 
'·t-dXl=(Zfr)J/.l Vzqo e· Q.(q,t)+e··· acq,t) jq:::-r(mz-rq2 

Vi cno_nbGYH ycnOBIIe /23/ B CBH31I C /24/, /25/ 1 OHII Bbi'IIICnHIOT KOMMyT8TOp 

[ain ( zn I cp(x)] 

B cpopMe /1 I, /2/ cornacHo HIOKecnen.yromeMy 

I 
/23/ 

/24/ 

/25/ 

/26/ 

- iq~ i 
. [a in Cii' cPC~>J = eim [a({{,~·), cfJ (X)]= &_rn. -

2
J.. 3/. i 5 d~ [cpcx) ,cfJcy)] ~. e'{fQ.q• = \j 

I Y'--OQ y•-t-oa ( Jj) :.2 <I • . 
c. , _2__ .. -·-~ I , • • 

=~~,..(~i>'l< S cifi ec<--~) [cj>(x),<P(~J] ~· ~;:, = (2 /;J'I~ )cJ-~ :~,{-(G(:<-~J[4>r.<>,<J><~J)X 
/27/ 

X ()~· ~~·;,; ::(2~J''•s dY y e;;: io~ ~ rn'> R ( X,!f J 

rne R (X,~) onpen.eneHo /2/o 
·, 2 . . . ·1 .: 

npuMeHHH ( o.- m ) K /27/ ll IICITOJib3y,H /22 It nonyqaeM 

[ 
- . . ] - _L J rl e iq:~ a· : 2. -

ai.n cq )1 J ex> -:-(2.!1)3/:z. .. ~~ V zqo .< ~- m )(Oy-m >Rex,~) /28/ 

x/ B 6 · onee CTpOrOM M8T9M8TII'IeCKOM paCCMOTpeHRII OHII IICITOnb3YIOT ·D.HCKpeTHYIO 
opTOHOpMilpOB8HHYIO cncTeMy{J~lx)} BM9CTO {i /C21i)~l2 e-iqx I iff;:jO ll 
KOTopaH ·n.eiicTBnTenbHO ueo6xon.nMa B nocnen.HeM aTane /27/, rne cnenaHa nH
TerpauuH no qacTHM. CooTHOllleHne /23/ TaK)Ke onpeneneHo B TaKoii cpopMe, 'ITO 

0 onepaTOpbl OCT8IOTCH B M8TpH'IHOM aneMeHT9o 0D.H8KO .nnH .HBWIIX ueneii D,OCTa
TO"iHO BbiwenpnBe.neuHoro pacna.neHRSI o 3aMeTnM, "iTO cymecTByeT pasnn'I!Ie B 

::sHaKe B 1 I M9)KD.Y /18/ n · npnMeHeuneM acnMnToTn"ieCKoro ycnoBRSI Ha cTpo328o 

'l 
l 

l 
I 



3/ 

:4/ 

!5/ 

!6/ 

27/ 

'28/ 

llrH

~. 'ITO 

cTa

e B 

:328. 
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3aM9TliMj 'ITO KOMMY_T8UIIOiiH09 COOTHOllH~Hli9 _ /28/ onpe.ueneHO He 9.llliHCTB9HHbiM 

o6pa30M: ecnii. Mbi nenocpe.ucTBenno saMeHIIM cJ:> <:~C-) Ha j<:JCJ B /27/, -TO BMeCTO 

/28/ nony"'IIM: 

. /29/ 

T,e,, onepaTop CTOIIT Tenepb BIIpaBO OT ecx-~) . O.unaKO liM99TCSI 

( 0~- rrl 1 J{ e (X-~) [ cP(X) I cp ( y >1}-; e <x-~n< OJ(- m 1J[<Pcx) ,cPl:f >1 = 

·== p ( a~o) 6 ex"- 'J") 
I . 

/30/ 

I" .ll e p ( : "f.o ) 

38BliCS!lllliMli OT 

a· 
SIBIJSI9TCSI IIOIJIIHOMOM /nepBOI"O IIOpSI.llKa/ IIO a;:o · 
X' Tf . II X 0 

• c .upyroit C'I'OpOHbi i e ( x..:. 'J) . 
C KQScpcpliUli9HTOMli 1 

. . 
onpe.ueneno TOllbKO 

.llll.SI X 0 ~YO HO He ,lllJSI X 0 :::: ~ 0 . ; TaK 'ITO /30/ He CO,ll9p)KliT 6onee HliK8KOH. H90II':'" 

xl xx/ 
pe.ueneHHOCTII TeOpliii 

no.uo6HbiM o6pa30M .Mbi ycTaHaBIJIIBaeM, 'ITO /28/ lillli /29/ SIBIJSI9TCSI SKBHB81J9HTHbiM 

[a in (q ), j_C ~)] = ( 2~J'Iz5 d~, ~ ~;o {- i e (X-ijJ [j (X J,J ( yJJ} 
/31/ 

.Tenepb steen cne.u yromliit Illar: II3 pas.u en a 2/ HaM II3BecTHO, 'ITO KOMMYT~Top /31 I 

MO)K eT • 6biTb T8K)K e H8IlliC8H B cpopMe 

[a . - · ·· )- i J d. eiqy Jj ex> 
trdq >,J (X) - (2liJ'Iz ~ Vzqo oc/J;nl:J) 

I 32/ 

YITaK, Mbi npiiXO.lliiM K pesynbTaTy 

6'icx) =-i e(x-'J)[j(x},J lyJ] 
0 ¢,,. ( y) /33/ 

li li3 38M9"18HIIH 1 C,ll91l8HHbiX IIOC~e /20/, Mbi 38K1JI0"189M, 'ITO IIpliM9H9HH9 8CliMTOTli"19CKO-

1"0 ycnOBliSl /23/ H9IIOCp9.llCTB9HHO IIpHBO,llliT K IIpii"'liHHOfi T90pHII, 

xl CpaBHII TO *e nono)KeHII!'l B onpe.ueneniiii J- npoiisae.ueHHSI B 
2~ cnocKe 1 na 

.,CTp,185 B H9M9UKOM nepeBO,lle, 

XX/ npoii3BO.llH8SI /27/ OIIpe.ueneHO T8KliM )K9 H9II01JHbiM o6pa30M, TaK KaK "i:) /o'J" 
. Mo)KeT .ueitcTaoaaTh na _e c x-'j) IInii sTa aosMo)KnocTb IIcKnroqaeTcst, Mbr 

IIpHHliM89M nepByro B03MO)KHOCTb, · 
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Tenepb Mhl UMeeM cnenyromyro CUTyauHro: B -122 I 6bl1J CKOHCTpyupoBaH .on epa Top no

mt. cP(X)1 rue. J"lX} MO:>KeT 6hiTb npe.unonomeu npuqunnhiM iinu uenpntJ:HHHhiM onepaTopoM 

Is nocne.uneM cnyqae Mhi npe~nonaraeM, 'iTO 4> (:X:) s:tsmteTcs:t uenpH'lHHHhiM onepaTopoMI, 

O.unaKo, ua npnMenenus:t acnMnToTuqecKoro yi::nosus:t 1231. B css:taii c 1241, 1251,. nonyqaeT-

c s:~, 'iTO onepaTop cP ( x.) B .nro6oM cnyqae .uonmeH 6hiTb npH'lHHHhiM, J:.1TaK , 
' . . ~- '. ; . 

Mhl ,UOJI)KHbi 38KniD'lHTb, 'iTO HH onpe,neneune aCUMnTOTH'leCKOI'O ycnoBUs:t, HH ero npHMe-. 

ueuue HnH name B3SIThie BMecTe1 ne s:tBns:troTcs:t .uocTaTO'lHO onpe.ueneHHhiMH. 

B nocne.uneM cnyqae .ueno .ueficTBUTenbHO o6cTOHT TaK: ~cnu Mhl aaMeHHM /251 ua 
{ 

/241, TO nonyqHM 
··! 

.... -;t ; 0 - t> a <q,t) =a <Li,o -r Zq" iH a <q, 1341 

ecnH onpe,nenHM _£_ 4> (X) TaKHM o6p830M, 'lT06bi. Mhi MOrmi: .UHtPc!JepeHUHpOB8Tb Q..(i:(-1;) 
• 0 X" . . · · · · 1 · · 
It- ' IHJIH, a.( q 

1 
-b) COOTBeTCTBeHHOI TaKme U .no _BpeMeHH, T,e, .'lT06hi Mhi HMenH . .UHtPtPepeHuH-

·pOB8HHe no. ~onHofi BpeMenuofi aaBHCUMOCTH cP('X)' i Ecnn Mhi onpe.uens:teMr·.Jl. cP(x) . . a y.o 
TaKHM o6pa30M, 'iTO no,npa3yMeBaeTCS1 TOJibKO .UHtPtPepeHUHpOBaHI{e no BpeMeHHOH 38BUCH-. 

. - · x/' · · i o --+ 
MOCTH B 9KCITQHeHTe e-r rqx , , TO B9TOt;i cn~qae 'ln,eH Uf ~Q.(q,-f;) He II03BOJis:teT-

CS1 B 1341 I 'ITO HaM Tpe6osanochl. V!TaK Mhi BH.UHM: speMeHHoe nn¢¢epenuHposaHne B 

1241, a cooTBeTCTBenHo H acHMnToTuqecKo~ ycnosue 123/, TaK KaK Mhi npennonaraeM 

1241, onpeneneHhi uenocTaTO'lHO, !---: 

B s:tBHOM npHMeaeHHH acnMnToTHtJ:ecKoro ycnoaus:t B 127 I Mhi .,neficTBHTenbuo npnnll-. 

Man I!,· 'ITo no.upaayMeBaeTcs:t .llll¢¢epeuunposaune 110 nonuoii BpeMenuoii aasucHMOCTU B 

c? (~), OnuaKo, Tor.ua nonyqaeTcs:t npoTHBopeqHe B 1341. 

Da:>Ke 6onee Ba:>K llhiM Ka:>K eTcs:t cnenY!QlllHH cP8KT! ¢y~KUHS1 g (X- 'j) BBenenHas:t B 

127/ SIBJis:teTCSI COBepweHUO npOH3BOJibHOii; 0118 ,UOJI:>KH8 TOJibKO Y!:(OBneTBOpSITb ycnOBHIO 

ecx~'J)::; i 
. - ecnH yo=- oo H 

ttTo 
0

() 
0 

.ueiicTByeT TaKme ua 

ecnn uo . 
11 ::::-r 00 n ecnn Mhi npHMeM, e ex- 'J>= o 

G (~--~> , 'i'o apeM~nnas:t nponaaonHas:t l)cx-:o .uo[Imna 
y' . ' . ' ' ' ' 

ua ·aTHX npe.uenax cooTBeTcTBeauo o6paTHTbcs:t BHynb· lcM,TaKme npnno:>Keunel, 3To Bbl-
. . ~ -. . ' ' 

. pa:>KaeT TOT ¢aKT, q~o OHa MO:>KeT 6hlTb npe,nCTaBneH~ q,;HK~Hefi B ¢HKC~pOB8HHOH TO'!Ke 
• f • \ • • • J. •• ·.-,. ;·· ' ,: ••• > ·'" :.: : ··. ·. . .. . ' '"' . . . . :: 

KaK uuTerpan no onpe.ueneunoMy UHTepsany, o.unaKo Bhl~ameHue non HHTerpanoM onpe.ue-
( < • • > • • • • • ./ ' _, • • • " " • ~ • • • • ' • ~ 

nneTCSI He e,UHHCTBeHUhlM o6p830M, 

vlTaK, Mhi .uenaeM aan.nroqeuue: HH onpe.ueneune, HH npnMeueuue acHMnToTuqecKoro 

ycnoBHSI He s:tBns:teTcs:t ,UOCT8TO'!HO onpe.uenemihiMH B nonxo.L4'e lleMaHa, 3HM811llHK8 H UnM-

MepMaHa, 

xiCTporo I'OBOps:t 118M Tpe6osanOCb. HCnonbaOB8Tb.' BOJIHOBbie naKeTbl . { fc~. (:~)} 
lcpaBHH CHOCKY X./ H8 CTp.8 I, O,UH8KO 9TO He Mais:teT nono:>Keaue, T,K. 1341 
MO)KeT 6hiTb nonyqeHO B Henpepb!BHOH ¢opMe H3 cnyqag C BOJIIIOBh!MH naKeTaMH, 
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4; KoHuenung npn~MHHOCTU 

M hi o6o6waeM Bhii.lle npoaeneHHo.e paccMoTpeHue u yTaep>KnaeM: Teopu~ nomt, a · 

KOTopyiO TaKne Bhipa:>KeHng, KaK T -· npouaaeneHust 

/35/ 

unu R - npouaaen eHue 

f!lXOJlgT B Kaqec.TBe CKanstpHhiX BellU'IllH /a ~· -MaTpuua ll1lll 1 CTpOI'O I'OBOpst 1 MBTpuua , 

T BhipaJKena HMU KBK rix ¢ypbe-o6paa/ ': nonJKHa 6biTb npu'IUHHOJ.t Teopueii nang, DoKa:

aaTenbCTBO aToro yTaep:>KneHug He npepcTaangeT. CllO)KHOCTU · Ia npuHuune aT~ HH B KoeM 

cnyqae ne HBngeTcst HOBhiMI: T - npouaaeaenue. HeCKOllbKUX cKangpuhiX onepaTopoa MO

:>KeT 6hiTb CKanstpHhiM~ T,e, llHBapiiaHTHhiM Bh!pa:>KeHUeM, TOllbKO. II ecnu ,TOllbKO 9TH onepa- ,· 

TOphi KOMMYTIIpyiOT B npOCTpaHCTBeHHO":"'nO)l06Hh!X 001lllCTSIX 1 .TaK KaK BpeMeHHOH nopRU~K 

·UMeeT KOBapuaHTHhiM CMhiCll TOllbKO BO apeMeHHa-nO)l06HhiX 001lllCTstX,, 

R - npouaBeaeHne /2' I TaK:>Ke . Ma:>KeT OhtTb cKangpHhiM T01lbKO ·u ecnu T01lbKo onepa

Topb! j (X)) j (~) -KOMMYTUpyiOT B npacTpaHCTBeHHOnO.llOOHhiX o6nacTgx, TBK KaK OHO oo- .· 

pawae;rcg B HY1lb .llllg X 4 ~· II no npll'IUHe KOB~pUaHTHOCTII OHO' .ll01l>KHO. oopawaTbCst B 

HY1lb TBK:>Ke II BO Bee!\ IIpOCTpaHCTBeHHO-nO.llOOHOft 00118CT.ll, 

C apyrofi CTOpOHhi 1 ec111I 'Mhi HllnUI.lleM /cpaBHII /14/. U /161/ 

/36/ 

To Mhi He Ma>KeM aaKmO'IIITb, 'ITO TJ (X) j ( ~) aon:>KHo 6htTb cKangpubiM I T.e. J<x> a on -

:>KeH ObiTb npii'IIIHHhiM anepaTOpaM/, TBK KllK TOllbKO uenoe Bhlpll)K9Hlle B npaBOit CTOpOHGl 

/36/ .ll01l:>KHO 6hiTb CKB.Jil1pHhiM, .B. 9TOM cpopM811~3Me He BCTpeqaeTcg liiiKllKUX npaTIIBO-
• > • ' \ - ; 

pe'IHit, Ecmc Mbi Tpe6yeM npn'IIIHiiocTb B ¢opMe /17/, nocneauue aaa qneHa a /36 I o6pa-

maiOTc~. B HY1lb u Tj (X) j ( ~) TaK)Ke fiBngeTcg cKangpHhiM. O.ci!JaKo, ecnu Mhi npHM9M 

npii'IIIHHOCTb T01lbKO B cPOpMe KOMMYTllTOpa /18/,,.Mhl MO)KeM 38K1l!Ottl!Tb T01lbK0 1 · liTO 

./;37/ 
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SIBmieTCSI CKanSipOM 1 HO ~OTOpblll SIBnSieTCSI HeorrpeneneHHbiM, M hi H~ MO.>KeM 3aKniO'II:ITb 1 'ITO 

/37/ non.>KHO uneHTH'IHhiM o6pa3oM o6pawaTbCSI B uynb /nnSI npyrux Bhipa.>Kenufi, nnSI KOTopbiX 

cnenyeT,'ITO /37/oopawaeTcSI B nynb 6yneT BhiTeKaTb ycnoBne npn'IHHnocTH B c!JopMe/17//,V!TaK, 

Mhi ewe pa3 npuxonHM K BbiBony: ycnoBHe rrpH'l~HHOCTH B c!JopMe KOMMyTaTopa /18/ ueno-

cTaTO'IHO nmt onpeneneHHSI /36/ B Ka'IecTBe T -npoH3BeneHHSI /To .>Ke nono.>Keuue, 'ITO H . ,, 
nnSI Bbipa.>KeHHSI /19// 1 KOTOpOe ueo6xonHM0 1• HarrpHMep 1 B Teopi:IH nncrrepCI:IOHHbiX COOTHO -

l!leuuii. 

nofineM, onuaKo, nanbllle. CymecTBenuoe cPH3H'IecKoe pasnuque Me.>Kny ycnoBHeM npu

'IHHHocTll /17/, 11111 H /18/ 3aKnroqaeTcSI B TOM, 'ITO nepBoe onpenenSii:n BpeMSI, a Ta~?Ke 
naeT ycnomte rrpll'II:IHHOCTI:I nnSI .BpeMeHuo:-nono6HbiX o6nacTeii. YcnoBHe rrpi:I'II:IHHOCTI:I B c!Jop

Me KOMMyTaTopa /18/ HH'Iero He r'OBOpi:IT 0 rrpi:I'II:IHHOCTI:I nnSI BpeMeHHo-nono6HbiX I:IHTepBa

noB H noaToMy Ka.>KeTCSI uenonHhiM. TaKHM o6paaoM B03HHKaeT Bonpoc:· KaKHM o6pa30M cTa

HOBHTCSI · B03MO.>KHbiM 1 'ITO STO ycnOBI:Ie MO.>KeT ObiTb nocTaTO'IHbiM nnSI Orr pen eneHHSI TeOpi:IH 

rr~nSI B Ka'IeCTBe rrpi:I'II:IHHOH TeopHH 1 B KOTOpOfi HCITOrib3YIOTCSI TOnbKO ~ -MaTpHUa 1:I one-

paTOpbi nonS! I:I HI:I'Iero 6onee. KoHe'IHO, JleMaH, 3HMaHUI:IK a UHMMepMaH I:ICITOnb3YIOT BOnHo-
1 . -~ . 

BOe ypaBHeHHe /22 / 1 He TOnbKO B KaqecTBe onpeneneHI:ISI nnSI '+"(X) B COOTBeTCTBI:II:I C /22/, 

1:I rrpencTaBnSieTCSI O'IeHb HerrpaBnorrono6llhiM1 'ITO aCHMITTOTH'IeCKOe ycnOBI:Ie MO.>KeT 3aMeHHTl:. 

ycnoBne npH'IHHHO.CTH BO BpeMeHHo-nono6HhiX o6nacTSix.· B pa3nene 3/ 6bmo rroKaaano, 'iTO ux 

nonxon BeneT B caMOM nene K coBepl!leHHO npouaBonbHhiM peaynbTaTaM. C npyrofi cTopouhi, 

Bhillle Obino rroKa3aHo, 'ITO ycnoBue npu•mHHOCTH /17'/ ,· 117' I, ncnonb30Bauuoe Boronro6oBbiM n . . . 
coTpynunKaMn,smnSieTcSI MaTeMaTH'IeCKH nocTaTo'IHhiM Bhipa.>KeuneM .rinSI 'npn'lnimocTn B ToM CMpiC-

ne, 'ITO TaKoe ycnoBHe HerrocpenCTBeHHO rrpHBOnHT K ynOMSIHYTOMY BO BpeMeHI:I OITHCaHHIO B BpeMeH

HO-nOnOOHbiX1 KOTOpoe, KOHe'IH0 1 ue HMeeT CMbiCn B rrpOCTpaHCTBeHHO-rronoOHbiX oonaCTSIX! 

ecnn Mhi onpenenSieM rrpH'iHHHOCTb TonbKO nnSI npocTpaucTBeuHo-nono6HhiX o6nacTeii, To 

BpeMSI, KaK oTnH'IHMaSI Benn<Inua, ue rroSIBnSieTcSI /ycnoBHe KOMMyTaTopa 118/ I. Ecnn Mhi npn-

6aBHM K penSITHBHCTCKOfi TeOpi:II:I ycnOBHe rrpi:I'iHHH?CTH 1 TO ueooxonHMO. pa3nH'I8Tb BpeMSI1 on

HaKo' aTo ue HapylllaeT TpeooBaHHSI KOBapuauTuocTn /aTo obmo Obi nHlllb B ToM cny'lae, ecnn 

uaM Tpe6yeTcSI onpeneneiiuoe ynopSinoqeune no BpEH.H~HH B npocTpaucTBe~u6-nono6uhiX oG 
x/ ·. -

naCTSIX , B TeOpHH nncrrepCHOHHbiX COOTHOllleHHfi HaM B neiiCTBHTenbHOCTH TpeoyeTCSI 9Ta 

cP OpMa rrpH'II:IHH,OCTH, 

TaK.>Ke Mo.>KeT ObiTb Ba.>KHhiM cnenyrowee-nono)Keuue /o. KoTopoM y.>Ke ynoMHHanocb B 

CHOCKe 8
31

/: ycnOBHS rrp.H'IHHHOCTH /171, 117'/HMeeT Ta~yroc!JopMy, 'ITOOHa TBK.>Ke orrpe

n enSieT rrpH'IHHHOCTb B. HepenSITHBI:ICTCKOH TeopHH lrne ycnoBne KOMMyTaTopa /18i TepHeT. 

x/ .. . 
roBopSI ewe 6onee cTporo: npn'InuuocTb ue oTnnqaeT BpeMeuuoe HarrpaBneHne, a 
TOnbKO npennnchmaeT onpeneneuHhiii nopS!noK BpeMeun. Vlcnonb3oBanue BxonSiwnx 
H BbiXOnSIWHX rronefi SIBnSieTCSI ITOnHOCTbiO· SKBHBaneHTHbiM, 
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CB9H CMhicnl. HaM HY:>KHO rrpocTo saMeHHTb y:;:, X Ha ';j> X B 117 I H~ll[ 'cl ~ X 

Ha , IJ "'-X B 117' I cooTBeTCTBeHHO, Tor.r:r.a MesoHHaSI TeopHSI c o6pesanneM, KOTopaSI, 11a-
• < < 

IIpHMep, paCCMaTpHBaeT IIYKliOHhl llepenSITHBHCTCKH 1 Heo6XOi:J.HMO SIBnHeTCSI 11pi1'::HIIHOH Te0p11efi 

/raMimbTOIIIIall HMeeT' npeMeiiiiYIO HesaBHCHMOCTbl. KoHe•wo, TaKaSI Teopl15! 11e HBnSieTcii no

Kanbllofi. B .r:r.anbHefiweM 11eT Meo6xo.r:r.HMOCTH rrpnMeiiSITb MeTo.r:r. BTopn•mor6 KBaiiTOBaHHSI .r:r.ns:~ 

onpe.r:r.eneiiHSl OIIepaTopa TOKa C II01IeBOH TO'IKH speHHSI: .l1,0CT8TO'IIIO 06bi'IHOI'O pacCMOTpeiiUSl 

BOliHOBbiX cpyiiKUHfi Wpe.r:r.nHrepa /j (X), .r:r.ocTaTO'iHO orrpe.r:r. eneH rrocpe .r:r. CTBOM /121 I. 

Oco6e11110 9TO 38KOIIHO< .l1.1ISI CTaTH'ieCKOll MO.r:r.enn LJy, KOTOpyiO HaM IIY:>KHO orrpe.r:r.enUTb KBK 

xl 
IIp!!'IHHHYIO HO He1IOK81IbHyiO,, TeopHIO lc Hawefi TO'IKH 3peHUSl 1 rrpe.r:r.CT8B1ISIIOT HHTepec 38Me-

4/ 
'iaHHSI rrocne cpopMynhi /61 I B /. 

MHe xoTenocb 6bi rro6naro.r:r.apHTb E.B. Me.r:r.ae.r:r.eaa sa rrpO'ii!TaHHe pyKorrncH n ueHHYIO 

.n ncKyccn 10, 

npHliO:>KeHHe 

Mo)KHO rrpoBepnTb MeTo.n JleMaHa, 3HJ'18HUHKa n UnMMepMaua B cnyqae, Kor.na 

.l1.8HO He IIOCpe.l1,CTBOM /24/ 1 a IIOCpe.r:r.cTBOM 06bi'IHOI'O COKpaLUeHUSl: Q c ~ 7 t) 

H r.r:r.e Tpe6yeTCSl 8CHMIITOTH'ieCKOe YCliOBHe K8K B 1231 

a (lj",t) = Q .:n Ci() 
.. ut 

Tor.r:r.a BMecTo 127 I Mbl rrHweM: 

== f!im. '(Ur~3/.z 5dy @(x-yJ[¢(yJ,cfJ(x)] Viqoe;q~= 
YD--00 

., 

IAI I 

IA21 

I A.31 

XI PenSITHBHCTCK851 TeOpHSl cpop.M-cpaKTOpa SlB1ISleTCSl 1 KOHe'IH0 1 HerrpH'IHHHOll H ueno

Kam:,Hofi, O.l1,H8KO .l1,1ISI HepenHTHBHCTCKOll TeopHH 9T9 OIIpe.r:r.eneHHe He .l1,01I)KIIO 

6b!Tb TeM :>Ke C8MbiM, 
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Bcne.ucTBIIe K~BapliaHTHOCTII VZq 0 [a,l'l an I cp (X)] ,UOll)KHO 6biTb. CKamtpHbiMI 

Mhr aaTeM MO)KeM 3aK1IIOttliTb, ttTO cP(X..) .uon)KHo 6biTb nplittliHHbiM onepaTopoM, O.uHa-

KO, 3aMeTIIM 1 'ITO BBe,UeHue cPY!IKUilll fJ (X-~) He ,UOCTaTO"'HO onpe.ueneuo: e,UIIHCTBeH-

llbiM Tpe6oBaHHeM SIBllSieTcSI TO, 'ITO cPYHKUilSI e('X-~) I Be.ueHIISI B IA.31 .UOll)!{Ha Y.UOB-

'lleTBOpSITb! 

l!im 
t-:;:oo 

. { l ecx-y>= 0 

,, 

IA.41. 

ttTo co.uep:>KHT 6onblllYIO Heonpe.ueneHHOCTb IKoHettHo, Mhr npnmi:MaeM, ttTo I A .41 He BnuSI-
. . ' "'' ,. . 

eT H8 rpaHli"'HOe 3HatteHIIe ero COMHO)KIITenSI B IA.311, HecMOTpSI H8 9T0 1 MO)KeT cny-
-·---~-·· ... -. 

ttliTbCSI 11 TaK, ttT;-(!)op"Myna· ·I A.3 I ·noneaHa _B TOM no.uxo.ue B KBaHTOBofi Teopnu nonSI, B 

KOTOpOM,II36eraiOT SIBHO'liCU01lb30BaTb BapHaUIIOHHOe UpOII3Be,UeHHe, 
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