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I. KaK H3BeCTHO, B KBaHTOBOlt TeOpHH nona HMeeTCH Tpy~HOCTb, CBH3&HHaH C·ITOHBneHHeM 

norapH~MHQeCKoro nonnca B OTpHUaTenbHOlt o6naCTH HnH T.H. "~YXOBOrO COCTOHHHH". ]nH MO~enH 

1IH 6uno noKa3auo·I, 4To non oco6eHHocnn o6na~aeT T04Hoe pemeHHe. B KBaHTOBoll 3neKrpo~HHaMHKe 
2 xx) 

H ApyrHX donee peanHCTH4eCKHX TeOpHSIX ITOJIH 0 HaJIHQHH ITOJIX>Ca 3&KJIX>qaKJT Ha OCHOB.e HCCJie~o-

B&HHSI &CHMITTOTHQeCKHX CBOilCTB CYMM "rJI&BHllX QJieHOB" pSi~OB TeOpHH B03MYIJteHHil, npHqeM, ecTeCT

BeHHO, BOnpoc 0 HaJIHQHH TaKOil Tpy~HOCTH B TOQHOM pemeHHH OCTaeTCH OTKpHTllM. ilOCJie~OBaTenbHOe 

npoBe~eHHe TOil TOQKH 3peHHSI, QTO T&KHe cyMMll rrpaBHJibHO nepe~am CBO!tCT.Ba TOqHoro perueHHSI BO 

Been o6nacTH HMnynbcon, npHBo~n K TaK Ha3unaeMof.t npo6neue "HYJib-3apSJ~a"· 2 • 

He~aBRO 6uno yKa3aHo 4' 5 , 4To co~epl!tamHe norapH~MH4eCKHlt noJIJOC Bl:lpallteRHSJ ~JIH ~YRKUH!t 
rpHRa npOTHBOpeqar BhlTeK&DiltHM H3 C&MllX 06IJtHX ~H3H4eCKHX npe~nOJIOl!teHHlt cneKTpaJibHllM TeopeMaM 

qeJIJieHa- JleMaHa 6, H 6llJI npe~JIOl!teH MeTO~ MO~H¢HK&UHH ~YHKUH!t rpHHa, npHBO~HIJtHlt HX B COrJiaCHe 

CO cneKTpanbHllMH reop~M&MH, KOTOpl:l!t Mli 6y~eM Ha3HBaTb pe~MOH~H3&UHell. 

Pe~MOH~ JK&31:lBaer, qro npeAJIOllteHH&Sl npoue~ypa MOl!teT HMeTb TpOSIKHlt CMllCJI: (I) TOQHOe 

perueHHe 06JiaAaeT TeM xe He~H3H4eCKHM llOJ!DCOM; TOr~a pe~MOH~H3&U~H CBO~HTCSI K H3MeHeHHD raMHJlb

TOHH&lla. (2) TeOpHH llOJ!Sl He onpe~eJIHeT T04HOrO pemeHHSI MHHCTBeHHllM o6pa30M;. pe~MOH~H3&UHH 

COCTOHT B OT6ope O~HOrO, ~H3H4eCKH pa3yMHOfo, perueHHH H3 Ml!OllteCTBa B03MOlii:HllX .(3) T04HOe 

pemeHHe He o6na~aer He~H3H4eCKHMH cBollcTBaMH; pe~MOH~H3aUHSJ ecn ynyqrueHHe Mero)la np116JIHl!tE)JiH_SJ_._ 

KaKaH H3 3TI1X B03MOl!CHOCTell ocymeCTBJIHeTCSI B HaCTOHIJIOlt KB&HTOBOit TeOpHH llOJIH - Hei13BeCTHO. qT0-

6H BhlHCHI1Tb K KaKHM ~H3HQeCKHM CJie~CTBHHM npHBeJIO 6ll ocymeCTBJieHI1e nepBoU B03MOlii:HOCTH, Mll 

paCCMOTpHM MO~eJib JIH, B KOTOpOil rapaHTHpOBaHHO OCYIJteCTBJIHeTCH cnyqalt (I). 

2. B MO~eJII1 JIH 7 roqHaH peuopMHpoBaHHaH ~YHKUHH rpHH& ~JIH v -QaCTHUll UMeer.BH~: 

r~e 

{("l)e~ {t+ ~~JL ~ ;-f1.(tJ) 
./¥ 

' (2) 

I x) .t .t 
- ~YHKUHH, BBe~eHHaH qeJIJieHOM H .UayJlH • B CJiy4ae ~ ~9Cit-it , KOTOpl:lil Mhl TOnbKO H 6y~eM 

paCCMaTpHBaT:_, 9 (x) HMeeT He~H3H4eCKHit llOJIDC npH X =-).. • KpoMe Toro, H3 (I), (2) BIIIAHO, 

QTO <f>yHKU11H 9 ("£) aHaJI11TIII4Ha BO BCeil KOMllJieKCHOlt llJIOCKOCTlf, HCKJIDQ&Sl BTOpOlt ~H3H4eCKHlt 

TIOJlllC npH "£cO H JIHHHIJ pa3pe3a OT (* ~0 oo B~OJlb BemeCTBeHHOit OCH. ilpH t --

...., ( ) ( l!.)- i .Jr' L < O • ~~-1.,.1{ J (3) 

IT03TOMY K. f (1) MOlii:HO npHMeHHTb reope'My KoruH c xourypoM, oKpymvmi1M BCD ·KOMnJieKCHYD -nnoc-

-------------------------------------------~------

x).MI:l llOJib3yeMCH 0603Ha4eHHHMH 3TO!t pa60Tll. 

XX) . CM. O~HaKOJ 
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/' '. 
KOCTb 1 lr1CKJI10llal! B8Ui8CTB8HHylO OCb OT l-=-fo ,D;O %=+eo 1 KOTOphl!l 1 B Clr1JIY (3) 1 CBO,l\MTCII K 

(B311TblM C OTprn~aTElJibllllM 3l!aKOM) Bllli8Tal.l. B TIOJ!lOCaX- .,t H 0 H. pa3HOCTH HHTerpaJIOB no BepxHe- · 

MY H HHl!tHeMY deperaM JIHHHH pa3pe3a. MII npH,neM TaKVIM oc5pa3oM K cneKTpanbHOMY npe,liCTaBJieHVIKJ 

,JJ;Jil! r ('!;} 
~ . ~ 

~(lJ-J i(x}dx =- 1 · _1 -~-1· I(x)dx 
~ . -.A. :t-X (l-t.A.)Nf -t. l --}4 . ~-X (4) 

r,11.e 

l {~):-t I m~(x)-=- c5'(:;/) + 8 {x)+I (x); F (xJo:-Ji; fCx) 07i .N 1.= _. J M•) I 
.A ~ >0 • (5) 

~--..t 

BllliHCJIIIII C ilOMOUiblO (!)~ (2) 1 (5) IIBH08 BIIpa~eHH8'AJIII Cil8KTpaJibHOH HHT8HCHBHOCTV! 

BH,JJ;HM 1 liTO 

I(x) = v {x?u:) F(x)' 
[iTP] ... F(x')·xdx.'].t+[Ji:<F{x)]~ >0 

:,w x'-x · 
OHO HM88T TV!ilHllHhl~, OTM8ll8HH~R B 4

1
5 pe30HaHCHhiR xapaKT~p. 

-(6) 

CneKTpaJibHoe npe.n.cTaBJieHHe (4), Hano_:.mHall no :PopMe rpedyeMoe TeopeMoil T{eJIJieHa.:.JieMaHa, 

co.n:epl!:V!T q;n3HlleCKH He,nonyCTHMhll1 BKJia,JJ; B I (x) B oTpH~aTeJibHOll odnacTH, T. e. H3""3a HaJIVI\Illll He

cpV!3HtiecKoro COCTOIIHV!Sl (- .,\) napymaeTCII HeOdXO,ll.HMOe ,JJ;JISI BblBO,l(a T.eopeMH '!8JIJI8Ha-JieMaHa YCJIOBH8 

cneKTpaJibHOCTH .• 

3. Pe,ll.MOH,!(H3a~nll 4' 5cocTOV!T B 3aMeue 

g(7.J-f'(1J=9(lJ- rL~JN./· , C7) 

nocJie qero ,n;JIII HOB OR ¢ynK~Hu rpHua ff (l)MII noJiyllaeM yJS:e HOpMaJibHoe npe,!LcTaBJiemw l!eJIJieHa-JleMaHa 

_,( 1. 00 9 1)=-y-.+ j _ I (x)dx 
)# (8) 

c Tol-l llte caMoR, .KaK nerKo yde,l\VITbcst, q;ynK~HeR I (x) • 

I1cCJI8,!(0BaHH8 aCHMilTOTV!ll8CKHX GBOVICTB .HOBOR cpyHKl\11Vl rpHHa noKa3I:maeT 1 liTO npV! 1, _. 0. pe,!L

MOH,ll,H3a~HSI He GKa3lJBae_TCII (no-npelltHeMy ~r~- i/c) 1 TipH CTpeMJI8HHI!! )l(e 1:.' K 00 BM8CTO (3) TIOJiy

qaeTCII 

g1('l)::{t;JI'J-
1

, r;lle ;;JY,~ = 1/.1(~+ ;&.A.t-. 
(~) 

MO:I!l:HO ilOKa3aTb 1 liTO HOBall KOHCTaHTa nepeHOpMHpOBKH dy,n;eT Y.lLOBJI8TBOp11Tb cpH3Hli8CKHM TpedoBaHI!!IIM 
• • A < 

0 k .!(':!. !::1 . 
(IO) 

ITOCKOJibKY MH pa6oTaJIH C TOllHO!-l ¢YHK~Hel-l J:'prma .f r~J 1 TO IICHO, '-ITO HOBal! 9' (1;} 
He dy,!LeT OTBellaTh nepBOHal!aJibHOMy raMHJ!bTOJU!aHy, Hama ~8-'lh dy,!LeT COCTOI!Th Teneph-· B TOM 1 

. - ; •". 1. ' .. 
dH HaRTH MO.D:VllPHrtHpOBaHHHI-l raMHJ!bTOHtl:aH 1 ,1\JIII KOTOporo '~ (1:) . ciy)leT lPYHKl(He!-l rpHJia,. 

yJKe 

liTO,;. 
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' I. . :. i . ,· 

~ (1) "' f (1). 
. 

J . (II) 

H BBe,ILeM <PYHK~HlO Ui;;J .. l-.l. h' (1:) • B CHJIY csollcTB <PYHK~HH g'('l:J , 2 (~) · 6y.ILeT aHaJIHTH4ecKolt 

BClO.lLY, 11~KJII04aSinOJIK!CUpH "f:.cO .H paspes.()!-
1
+ 00 ) • J(ell~TBHTeJ!bHO, B CHJIY (8) f'(l) He. 

MOll{eT HMeTh HY Jiefi • HH BHe Bel!leCTBeHI!Oll OCH, HH 11a1 OTpf{~?lTeJihHOll Bel!leCTBeHIIOll IIOJIJOCH.: B. 

HI!TepBaJie xe (0,1) f1
(X) He MOXeT o6paTHThCR B IIYJih, IIOCKOJibKY ona (a) MOHOTOHHa B 

HeM, KaK 3TO BH,!(HO H3 (8),(6)>0 npH X--tO H (B) npH X-J"¥ frjv)·h--~)+0-+J.t~-;0 
(MI:J BOCIIOJ!b30BaJIHCb ·cneKTpaJibHHM npe,ILCTaBJieHHeM (2) ,!LJIR h, ywJ) • fi0.3TOMY K. 2 ('l:) MOXIIO 

ripHMeii.HTb TeopeMy, KOIUH C KOHTypoM, 06XO.lLRI!lHM B riOJIOXHTeJibHOM CMhiCiie BCD KOMIIJieKCHJlO._riJIOCKOCTh, 

t (l)= .Y.I. + ~ 
00

F
1

{xJ itJx~'t j F1(1CJ-=(Y.f[)Imi (x+it) 

YMHOll:eHHeM Ha %:. riOJiyq~eM OTCD,!(a CrieKTpaJibHOe npe,!L~TBBJieHHe )(JIR 4
1 
(l) 

(12) 

CO cneKTpaJibHOlt <flYHK~He\1 
I 

·(n) 

CpaBHHBaR (12) · C npe,lLCTaBJieHHeM (2) ,!(Jifl h-. (1:} , BH,!(HM, 4TO OHH pa3JIH4alOTCR JIHIUb SaMeH0\1 

cneKTpaJibHOlt '<PYHKI\HH. F (](} Ha F' (x) • IlOCKOJ!bKY (/5/) <PH.3H4eCKH t= (x) 'npe,ItCTaBJIReT codon 

KBa,npaT np0113Be,!(eHI1fl Ha6JIJO)l:aeMOrO 3apR,!La Ha <flopM-<flaKTOp ~ (l<) , TO 4T06hl MOllHO 6h!JIO 6bl TaK 

xe HHTepnpeTHpoBaTh F'(x) ·.lLJIR HOBoro raMHJihTOH~aHa, Ha,no; 4T06H ~'(x) 6h!JIO 6hl noJioxHTeJihHHM •. 

flBHOe Bhi4HCJI6Hl1e, HCIIOJib.3Jill!l6e (II), (7), (5) l1 (2) ,naeT 

I. · V (><-;#) F (x) 

F ( x)= [ x ( j .., a w )~1 :t. [. 

. J+ (x+J.J N;." i+P /'1' F ("')_:-w 1 + . ;::~~t.r ' 
T.e. 3TO JCJIOBl16 OKa3biBaeTCR BHIIOJIHeHHHM. 

l1TaK, eCJIH BBeCTH Terre ph HOBI:Jll <flOpM-<flaKTOp · / ( W) : 

. Fr{~):~ f'~(w) ~ 
'iJ{t., .• ~~ , ...•. } . (15) 

To HOB hilt rauHJihTOHHaH, oTJIH4all!liHllcn oT nepBoHaJibHoro JIHmh ,npynu <flopu-<Panopoi.c-f ![~ , . npH-

Be.n:eT B TOQHOCTH K. TOll xe <flyHKUHH fpHHa, QTO 11 pe,ltJLOH)lH3HpOBaHHaR <flYHK~HSI fpHHa .ff' (]() nepBOHa

qaJibHOrO raMHJihTOHHaHa •. l1HHMH CJIOBaMH,B· CJiyqae (I) pe,!LMOH,!LH3a~HR COCTOHT B 3aMeHe <flopM-<flaKTOpa,··. 
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npHBO,ll;l'!BWero K Mlii1MO!l KOIICTI.lHTenepeHOpMI1pOBK11 (J) Ha ,11;pyro11, O,IJ;H03HI.lllHO no He My Onpe,IJ;eJIIIe

M!ll1 qJOpM-qJI.lKTOp, KOTOp!ll1 (/9/) He npHBe,IJ;eT ClOJiee H11 K MHI1MOI1 nepeHOpMHpOBKe, HH, CJie,IJ;OBaTeJI~

H01 K ".nyxonoMy cocTOIIHHKJ", 

5, ITpO,li;CTI.lBJIIIOT HHTepec paCCMOTpeTh cneUHI.lJihH!llt CJiyqalt OTCYTCTBHII qJOpM-qJI.lKTOpa j(w)ci 

.HBH!llt BH,n h- (l<) Mil 3Toro cnyllall npHne,neH B paeloTe qenneua H ITayJm 1 , a 3Ha.lleHHII KOHCTaHT 
~ 

)., H .}\1~ M01KHO HallTH B ·npHClJIHJ!OHHIIX CJiaelOI1 H CHJihHOit CBII3H, J!JIII CJiaelon CBII311 

!.!1.. )•1 e r 1-:t=t t = gX:r~. 

HcnOJih3YII 3TH 3HalleHHII 1 HaX0,1J;HM B npe,li;OJihH!lX CJiyllaiiX MaJI!lX H CBepXB!lCOKHX 3HeprHI1 

(I6) 

j '(~)=1 ' w ;/" ; J '(w):.: ~1 '-11/fo' ; t,.(t:} ·>"7 i, IV» .;t _. 07) 

HaKoHeu,npH "yMepeHHO BHCOKHX" 3Hepr"HIIX Lc)._. .A_ qJOpM-qJaKTOp OC!Hapyl!:HBaeT pe30HaHCH09 nOB9)1.9HI19: 

i ,~ ,, . ·.l.~] .t j (~;... 1+f [1.-tH, ~ 1 + 
[t + (I+ J.jw ).Jo/J.t-

:ljl. t: ~ 
(i + .Afw )~-.!1} 

ITepnHn qneH B sHaMeHaTene B (IB) oelpamaeTCII n uynh npi'l tc) = kl , npi'I 3TOM 

tV~ &,6 .i\ ; 
I j {w) ~~ttl. 

0TMeTHM eme, qTQ )!.Jill nepeHOpMHpOBKH 38.pll,ll.a nonyqaeTCII: 

-~ 
N-:.oo j 

,z. t 
.!{,.~,_( I'I f~(~11~ :~. 

(I B) 

(I9) 

(20) 

6. BllBO,IJ;ll: HTaK, B CJiyqae (I), KOr,IJ;a raMHJibTOHHI.lH npHBO,li.HT K qJI13Hil9CKH HO,li.OnyCTHM!lM 

CJIO,li;CTBHIIM 1 npOIIBJIIIKllllHMCII B HapyweHHH TeopeM!l lleMaHa-4eJIJIOHa 1 npH9M Pe,IJ;MOH,IJ;a HCnpaBJIIIeT ~e

JIO 38. cqeT )l.Oell.lBJIOHHII K raMHJihTOHHaHy KOHTp-qJieHa THna ( f~J) 1 He IIB~IIKlJilerOCII noJIHHOMOM 

no W H nOTOMY cymeCTBOHHO HOJIOKaJibHOro, B HepeJIIITHBHCTCKOa TOOpi'IH 3T0 1 KOHeqHo, He 

BHOCHT npHHQHnHaJihH!lX OCJIO~HOHHll, 

ITpH non!lTKe nepei1TH K p9JIIITHBHCTCKOI1 TOOpHH Mil CTOJIKHeMCII C )l.BYMII TPYAHOCTIIMH, Bo-nep

B!lX1 npocTpaHCTBO H BpOMII He Cly,nyT ClOJiee pacuenJIOH!l H Mil npH,ll;eM K TeOpHH 1 HeJIOKaJihHOI1 He 

TOJihKO no npoc!paHcTny, HO 11 no npeMeHH - To ecth K peniiTHBHCTCKon HOJIOKaJihHoa.TeopHH nona co 

BCOMH npHCYIIlHMH en npOClJie~MH, 
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Bo-nropux, B ~acro&m~x penRTMBHCTCKHX reopMRX nona ~u He 3HaeM roqHoro perneHHR, a 

MOllteM, B cnyqae, TOnhKO npocyMM~pOBBTb HeKOTOpble "rJiaBHble" ,li.HarpaMMbl, Bonpoc 0 COOTHOllieHHH 

TBKOI CYMMbl H TQqHoro perueHHR OCTBHTCR, KOf!CqHo, COBeprneHHO OTKpHTHM, 

7. lvlbl xorenn 6u noelnaro,llapHTh II.H. Eoronroelona n JI.B. IllllpKoBa 3a oelcyllt,ll.emte nonyqeHHbiX 

pe3ynhraron, B·TBKllte IT. Pe,li.MOH.lla 3a npllcunKy npenpllHTa. 
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