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TTpeaMeT Hamett KOH~epeHUHH OTHOCHTCR K·npo6neMaM KBaHTOBOfi Teo­

PHH. nong. . B OCHQBe KBaHTOBOfi TeopHH nong ne:»rnT, 'BO-nepBbIX, Ilpli.EUITaR 

B TeOpHH·OTHOCHTenbHOCTH 

A. MeTpHKa npocTpaHCTBa_- BpeMeHH. 8Ta MeTpHKa BeneT 

K aByM ~yHaaMeHTanbHb!M Tpe6oBaHHRM: TpepoBaHHIO co6n10neHHR. npH.lmHna 

a) penRTHBHCTCKOfi IlpHqHHHOCTH, cornacHO KOTOpOMY CKOPOCTb pac­

npocTpaHeHHR n106oro CHrHana ·(B3aHMOAefiCTBH~) He npeBbIWaeT CKOpOCTb 

CBeTa B nycTOTe, H 

xi 
B) nopeHUOBCKOfi HHBapHaHTHOCTH 

BT◊pag OCHOBa TeOpHH :3TO 

. B. .ll H Ha M HK a. .llHHaMHKa TeopHH nong aaHMCTBOBaHa H3 HepenRTH­

BHCTCKOfi KBaHTOBOfi MeXaHHKH H npencTaBnReT co6ofi ee pacnpocTpaHeHHe 

Ha CHCTeMbl C 6ecKOH81JHO 6onbWHM 'IHCnoM CTeneHefi CB060Abl. 

Tpe6oBaHHfi a) H B) H npennono~eHHR, 'ITO coBpeMeHHaR TeopHR 

cnpaBennHBa ang CB060AHbIX 'laCTHU (HHblMH cnOBaMH, nns1 6onbWHX pac­

CTOSIHHfi0 Me~ny qacTHUaMH) I AOCTaTO'IHO, 1JT06b! IlOKaaaTb I 'ITO Ba~Hefi­

x/ 
3aMeTHM, 'ITO Tpe6oBaHHR a) H B) HeaaBHCHMbl. HanpHMep, TeopHR no-

ng C MHHMofi Maccofi (m2 < 0) IlOA'IHHReTCR Tpe6oBaHHIO B) I HO npoTHBOpe­

'IHT a). 
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nme lWSI TeOpHH cpyHKUHH pacnpoCTpaHemrn CHI'HanOB (B3aHMOlleHCTBHH) 6y-

. . ' /1/ 
llYT HMeTb CHHrynnpHOCTH Ha CBeTOBOM Koayce 

2 2 ' ➔ ➔ 2 
s ,,,(tx-ty) -(x-y) =0. 

B qacTH0CTH, TaKOI'O pona CHHrynSipH0C~H HMeeT H rrpHqHHHaSI cpyHK­

UHSI" ·Tc ( x- y ) , orrpenennJOman B KBaHTOB0H Te0pHH saKOH pacrrpocTpa­

HeHHSI B3aHMOlleHCTBHH, 

3TH CHHI'ynnpH0CTH qacTuqao H3BeCTHbl eme H3 MaKpOCKOITHqecK0H 

q>H3HKH, OnHaKo B MaKpOCKOIIHqecKOH <pH3HKe HCTOqHHKH nonn pacnpeneneHbl 

B npocTpaHCTBe H BpeMeHH H II09TOMy CHHrynnpH0CTH KnaccHqecKOH cpyHK­

UHH fpHHa He HMeJOT nypHblX nocne.iic'TBHH, 

B KBaHTOBOH TeopHH nonn H3-sa Toro, qTo aneMeHTapHhie qacTHUhI 

B nepBOM IIpH6nm1<eHHH SIBnSIJOTCSI T0qeqHblMH o6'IJeKTaMH, CHHI'ynnpHOCTH B 

BepmHHe CBeT0B0I'O K0Hyca OKa3bIBa!OTCSI BeCbMa snoBpenHhIMH: 0HH IIpirno­

llSIT K 6ecKOHeqHoH co6CTBeHHOH 9HepI'HH qaCTHU,, K HeorpaHHqeHHOH nonn­

pH3aUHH BaKyyMa H T,II, 

CymeCTByeT Knacc KBaHT0BblX none:ii, nnn KOT0pb!X B03MO)KHO 060:iiTH 

9TH TPYllHOCTH nocpencTB0M nepeaopMHp0BKH, OnHaKO 9T0T Knacc BeCbMa 

orpaHHqeH, TTepeHOPMHpOBKa HeB03MO,KHa B cnyqae HenHHeHHbIX noneH, K0I'­

na B narpaH,KHaHe B3aHMoneHCTBHSI BCTpeqaJOTCSI qneHhl BHna: 

W"" f!, <p n n> 4, ( 1 ) 

· B cnyqae qeTbipexcpepMHOHHblX B38HMoneHCTBHH 

w = g f r
1 

f . ¢ r
2 

¢ ( 1') 

H BO MHOI'IIX npyrnx Ba)KHbJX cnyqanx 
/2/ 
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! 
l 

noaTOMY COBpeMeHHaSI KBaHTOBaSI Te0pHSI nonn He o6nanaeT HH TOH 

KpaC0TOH, HH TeM noruqecKHM COBepmeHCTBOM, K0TOpbie xapaKTepHbl nnn 

nonHoH Teopun, 

OnHaKo BB,KHO HMeTb B BHllY, qTo 9TH HeC0BepmeHCTBa noKanbHOH 

TeOpHII eme He o6Hapy,KHB8JOTCSI B Ollb!Te npSIMblM o6pa30M II 0CTaJOTCSI 

IIOKa npo6neMaMH, OTHOCSIII1HMHCSI K B0IIp0CaM BHyTpeHHeH nocnenoBaTenb­

H0CTH TeopHH H K BonpocaM O rpaHHuax. ee B03MO,KHOCTeH, 

ToqHee I'OB0pSI, H3 HMeJ01I1HXCSI OIIblTHblX naHHblX ITO aneKTpOMBI'HHT­

HbIM H cnnbHblM B38HMOlleHCTBHSIM cnenyeT, qTo no paCCTOSIHHH rropnnKa 

-14 -15 
10 -10 CM He o6Hapy)KIIBBeTCSI rrpoTHBOpeqHH co cnencTBHSIMH H3 no-

/3,4/ 
KanbHOH TeopHH . 

Ha HameH KoH¢epeHUHH 6ynyT npencTaBneHbI crreuuanbHbie n0Knanh1, 

IT0CBSIII1eHHble 9KCrrepHMeHTanbHOH rrpoBe'pKe noKanbHOH TeopHII, B oco6eH­

HOCTH, B CBSI3H C H0BbJMH naHHblMII 06 aCIIMITTOTHqeCKOM IT0BeneHIIH non-
• C /5/ 

HblX ceqeHHII, rronyqeHHbIX_ Ha YCK0pHTene B eprryxoBe 

§2. OcHOBHaSI rrpo6neMa HenoKanbHOH nnu 

cymeCTBeHH0 HenHHe:iiHOH Te0pHH rronn 

BcnencTBHe HCKYCCTBeHHOCTH H orpaHHqeHH0CTH MeTona rrepeHopMH­

p0BKH ll8BHO B03HHKna HlleSI ITOCTpOeHHSI HenoKanbHOH HnH cymeCTBeHHO He-

. • /4/ ' 
nHHeHH0H Te0pHII KBaHT0B0I'0 rronn 

B T8KOH TeopHH BB0llHTCSI HeK0T0paSI aneMeHT8pH8SI nnHH8 a unu a6• 

conJOTHbJH M8ClliTa6 CHnbI rronSI b 

CTBeHH0-BpeMeHHYlO o6naCTb 
4 

""a 

, IT03B0nSIJOII11Ie 0I'p8HHqHTb IIpOCTpaH-

' BHYTPH KOTOpOH B TOH nnn IIHOH cpopMC 

rrpenrronaraeTCSI OTK83 OT MeTpnqeCKIIX COOTHOllieHIIH, ITPIIHSIThlX, B crreun­

. anbHOH Te0plIII OTHOCHTenbH0CTII, B qaCTHOCTII, OT co6nJOneHHSI 1Ip1IHUIIIT8 
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□pHqHHHOCTH B ·ero KnaccnqeCKOH ¢opMynHpOBKe {§l,A)~
1

0nHaKO npennona­

~aeTCSI, qTo o6bJqHaSI npHqHHHOCTb Ha 60l1bJIIHX paCCTOSIHHSIX It I, r >> a cox­

paHSleT CBOIO cuny. T aKylO ocna6neHHYIO npuqHHHOCTb Mb! 6yneM Ha3bIBaTb 

MaKponpHqHHHOCTblO, ToqHee: 

c. Ma K p On pH q H H HOC Tb MO:lKHO c¢opMynupoBaTb cneny10!llHM o6pa-

3oM: aKayaanbHblii: CHrHan, T,e. CHrHan, pacnpOCTpaHSIIOlllHHCSI co CKOpOCTblO, 

6onb!llefi CKOpOCTH CBeTa C HnH HMelOII(HH HeBepHoe HanpaBneHHe BO Bpe-

MeHH, non)KeH y6bIBaTb C paCCTOSIHHeM cymeCTBeHHO 6bJCTpee, qeM 1/ r. 

3To ycno~He He SIBnSieTCSI -CHnbHhlM orpaHHqeHHeM, TBK K8K IlpHqHH­

HOCTb npennonaraeT He TOnbKO pacnpocTpaHeHHe CHrHan BHYTPH KOHyca 

6ynymero, HOH nepenaqy curHana KBaHTaMH c nono:iKHTenbHofi sHeprneii:, 

OnHo H3 STHX Tpe60B8HHH - npoctpaHCTBeHHO-BpeMeHHOe, npyroe -

HMnynbCHo-sHepreT11qecKoe, TaKHM o6paaoM, ¢opMynnpoBKa ·¢uanqecKoro 

ycnoBHSI IlpH~HHHOCTH Tpe6yeT onHoBpeMeHHOro npuMeHeHHSI npocTpaHCTB 

:j{ 4 (x) H :j{ 3 (p) , B cuny COOTHOllleHHSI HeonpeneneHHOCTefi MaKponpuqnH­

HOCTb OKa3bIBaeTCSI TO:lKlleCTBeHHOH C KnaccuqecKOH npHqHHHOCTblO, KOTOpag 

onpeneneHa TOnbKO nng cnrHanoB B BonHoBofi aoHe, T,e, nng r >> A 

nnuHa BOnHbI CHrHana), B STOH 06.naCTH CHrHan y6bIBaeT KaK 1 / r . 

,\ 

l1a sToro o6cy:iKneHHSI cnenyeT, qTo Tpe6qBaHHS1, BbITeKa10mne H3 ye-

noBHSI MaKponpHqHHHOCTH, SIBnSIIOTCSI BeCbMa TonepaHTHbIMH; .TeM He MeHee 

OHH IlpHBOllSIT K nepBOH n OCHOBHOH npo6neMe HenoKanbHOH TeOpHH, 3Ta 

npo6neMa 3aKn10qaeTCSI B Tpe6oBaHHH: 

1. OrpaHHqHTb HenoKanbHOCTb Mano~ o6naCTblO npocTpaHCTBa-BpeMeHH 

6ea HapyllleHHSI nopeHueBCKOH HHBapHaHTHOCTH. 

HeTpHBHanbHOCTb pemeHHSI STOH aanaqn 3aKn10qaeTCSI B TOM, qTo B 

noKanbHoii: Teopn:u, K8K 6binO OTMeqeHO BbJIJJe, CHHrynSipHOCTH ¢YHKUHH BnHSI- . 

HHSI ne:iKaT Ha CBeTOBOM KOHYCe s 
2 

.. 0 ' H 9TO 06CTOS1TenbCTBO. He Il03B0-

xi 
3aMeTHM, qTo BennqHHbl a H b CBSl3aHbl Me:iKny co6010 qepea KOH-

CT8HTy CBSl3H £ 

besc/a 2 

6 

nSieT 6ea HapyllleHHSI ndpeHUOBCKOH HHBapH8HTHOCTH oTnenSITb Manbie pac­

C_TOSIHHSI OT .6onbJIIHX. PenSITHBHCTCKH HHBapnaHTHaSI ¢yHKUHSI, cocpenoToqeiH­

HaSI B orpaHuqeHHOH o6naCTH qeTbipexMJpHoro npocTpaHCTBa-'BpeMeHH, He 

MO:lKeT 6bITb ¢yHKUHefi Ton_bKO HHTepBana 
2 2 2 ➔ 2 

s sax ""t -x 

Heo6xonHMO HMeTb B CBOeM pacnopSI:iKeHHH no Kpaii:Hefi· Mepe onHH 

BpeMeH.Hil0ll06HbIH BeKTOp n , KOTOpb!H MO:lKHO cqHTaTb 0llHHHqHbIM D 
2 

= 1 . 

l1a nByX HHBapnaHTOB 

2 2 
·S '= X H 

2 
I= (n x) 

y:iKe MO:lKHO IlOCTpOHTb ¢yHKUHIO, noKanH30BaHHYIO B :Jl 4 ( X) • 

(2) 

TaKOH BeKTOp MO:lKeT 6b!Tb OTO:lKileCTBneH c HanpaBneHHeM MHpOBOH 

nHHHH CHCTeMbl qacTHU H MO:lKeT BXOllHTb B HenoKanbHYIO TeOpHIO SIBHO HnH 

xi 
KOCBeHHO 

ilanhHeHJIIHe npo6neMbl yno6Hee ¢opMynnpOBaTb Ha Sl3bIKe s -MaTpH-

Ubl, 

ilonymeHHSI O npHMeHHMOCTH noKanbHOH TeopHH nng llBH:lKeHHSI CB06on­

Hb!X qacTHU H co6n10neHHe ycnOBHSI MaKpOCKOillfqecKOH npuqHHHOCTH Il03B0-

nSIIOT npennonaraTb cymeCTBOBaHHe HenoKanbHOH MaTpHUbl pacceSIHHSI S ,._. 

Ha Sl3bIKe s -MaTpHUbl BTOpoe Tpe6oBaHHe K HenoKanbHOH Teopn:n eCTb 

Tpe6oBaHHe: 

2, YHHTapHOCTH HenoKanbHOH 5._ -MaTpHUbI: 

+ 
S,._ Sa=l. (3) 

xi 
HanpHMep, STOT BeKTOp MO:lKeT 6b!Tb napanneneH nonHOMY qeTbipex-

MepHOMY HMilynhcy qacTHU; OH MO:lKeT BXOllHTb B TeopHIO HeSIBHO, xapaKTe­

pH3YSI noKanHaauHIO BOnHOBb!X naKeTOB HnH o6naCTb CHnbHOH HennHeHHOCTH 

nong H T,n, 
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KaK noKasann paHHli0 IlOilbITKli nocTp00HliR HenOKanbHOH TeOplili, coonIOAe-

HHS 9Toro ycnoBHR B0CbMa HeTpliBHanbHO, TpeTbe Tpe00B8Hli0 OTHOCHTCR 

K cnyqaJO, KOrAa B paCCMOTpeHne BKnIOqaIOTCR aneKTpOMarmrTHbl0 npoueCCbl, 

8To TpeooBaHne: 

3, Kann6poBoqHOH liHBapliaHTHOCTli TeOplili, KoHeqHo, MO)KHO COMH0-

B8TbCR B OOR3aTenbHOCTli ToqHqro Bb!IlOnHeHHR Tp000B8HHH 2 li 3, 0AH8KO 

AO CliX nop He Obinli npoaHanH3Hp0B8Hbl cneACTBHR npn6nH)K0HHOro Bbmon­

HSHHR 9TliX Tpe6oBaHHH, B CBR3li C H3nO)KSHHhlMli Tpe60B8HliRMli yMeCTHO 

/6 7 / 
OTMSTHTb, 'ITO B pa6oTaX ' ObinO IlOK838HO, 'ITO ecnH cymeCTByeT no-

KanbHaR MaTpnua S , TO BOnH3li Hee cymeCTByeT IlO'ITli noKanbHaR MaTpH-

ua S ,,_ , YAOBneTBOpRIOIUaR Tpe6oBaHHRM 1 n 2, 

!i3, CymeCTB0B8Hli0 HenoKanbHOH MaTpliUbl pacceRHliR 

ApryMeHTBUHR, ne)Kamag B OCHOBe yTB0P,)KA8HIIR O cymeCTBOB8Hlili He-

noKanbHOH S ._ -MaTpliUbI, T8KOBa: npeACTaBHM noKanbHyIO MaTpnuy pac-

CSRHHR s B BRAS: 

S= e•T/ (4) 

rAe T/ eCTb 9pMHTOB onepaTOp cpa3bl 

T/+= T/ (5) 

MaTpliqHbie aneMeHTbl 9Toro onepaTopa B npocTpaHCTBe HMnynbCOB 

:_R 3 ( p ) liMSIOT BHA: 

(plT/lp')= 
~(p,p') 

(6) 

y2p
0 

••• y2p': 

8 

rAe p - COBOKynHOCTb HMnynbCOB B KOHeqHOM COCTORHHH, a p' TO )K0 B 

Ha'lanbHOM; ~(p,p')- HHBapnaHTHaR IPYHKUHR HMnynbcoB p,p', •.• ;p
0

p~---

HX 'l0TB0pTbl0 KOMilOHSHTb!, 

B KOOPAHH8THOM npeACTaBneHHH 'ToT')Ke aneMSHT 6yAeT HM0Tb BRA: 

(x IT/ I x'h T/ (x-x'). (7) 

3aM0HliM 9TOT aneMeHT Ha HOBb!H HenoKanbHbIH: 

(xJ71 Ix')= J71(x-x'-,;)p(f,,a,n)d\;, .. (8) 

rAe p (f,, a, n) ecTb "HCToqHHK, pacnpeAeneHHhIH B6nnsn ToqKn If, I = 0 , a -

aneMeHTapHaR AnHHa, a n - 8AHHHqHbIH Bp0M0HHilOAOOHbIH BeKTOp, cl>yHK­

Ull'R p (,;, a, n) M0)K0T Ob!Tb Bblp8)K0Ha C IlOMOIUb!O HHBapHaHTa 

2 2 2 
R =2(,;,n) -,; ~O, 

R2 
p (f,, a, n ) = p ( --

2 
, a ) . 

a 

(9) 

( 10) 

3aM0THM, 'ITO B CHCTSMe OTC'leTa, rAe 

.Uanee npeAnonaraeTcR, 'ITO 

·2 2 ➔ 2 
n=(l,0,0,0), R =T +,; , r = <; 

4 
• 

R2 
p ( -- , a ) ➔ 0 IlpH 

a2 
R/ a ➔ oo (11) 

li 

R 2 4 
p (--2, a) ➔ 0 (fl IlpH a ➔ 0. (11 ') 

a 
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YcnOBIHI ( 11) II ( 11' ). 06ecneq11Ba10T M8KpocKon11qecKy10 np11q11HHOCTb. nen­

CTBHTenbHO, ecn11 MaTp11qHb1ii aneMeHT (x\'7I x') perym1peH np11-s
2

,es(x-x1
2
=0, 

To aneMeHT ( x I T/., \ x') n11J1Ib necywecTBeHHO 0Tn11qaeTCSI OT ( x I T/ I x ') . 

Ecn11 )Ke aneMeHT (x\ T/ Ix') c11nrynsipeH np11 s 2 =O, TO OH SIBnSieTcSI onnoii 113 

cjJyHKUHH pacnpocTpaHeHHSI 11 3aMeHa (7) na (8) 03HaqaeT 3aMeHy Toqeqnoro 

l!CTOqHl!Ka Ha l!CToqH11K, pacnpeneneHHblH B6nH311 Bepllll!Hbl KOHyca s 2 = .0. 

TaKoii: 11cToqn11K 113nan11, T.e, rrp11,\t-t'\, \x'-x''I» a 6yneT BbII'nSI-

neTb KaK ToqeqHbiii:, II cjly HKUIISI ( 8) B 3TOR o6naCTI! annpoKCIIMHpyeTCSI no­

KanhHOii: ¢YHKU11eii (7). Mo)KHO cKa3aTb HHaqe: B6n11311 I t-t '\ ,\x--:_~,I"' a 

1!3MeHeH 3aKOH pacrrpOCTpaHeHHSI Cl!I'Hana. 

CymecTBeHHO OTMeTl!Tb, qTo TaKaSI noKam13aUHSI HenoKanbHOCTII B 

MaClllTa6ax "aneMeHTapnoii nn11HhI" a oKa3anacb B03MO)KHOii 6naronapg 

IICIIOnb30BaHH10 BpeMeHHOI'O BeKTopa n ' C IIOMOlllblO KOTOporo II 6hm 

IIOCTpoen rronO)Kl!TenbHO necjJHHHTHblll IIHBap11aHT (9). Bb16op 3TOI'O BeKTO­

pa illlKTyeTCSI Tpe60BaH11eM penSITl!BIICTCKOii: IIHBapl!aHTHOCTII II Tpe6oBaHHeM 

3pMHTOBOCTI! nenoKanhHOI'O orrepaTopa cjla3bl n._ • 

I ffl/ 
3TOT BeKTOp He non)KeH 6h1Tb "BHelllHIIM" (cM. ) ' T.e. OH non)KeH 

6bITb o6pa30BaH TOnbKO 113 HMnynhCOB p II p ~ypbe-o6pa3 HenoKanh-

Horo aneMeHTa (p I 71_ \p'\B c11ny (8) 6yneT HOCHTh xapaKTep CBepTKH: .. 
(p\71 \p')= .. 

j (p,p ') p (p~p', a,n) 

vr-... vT 
0 0 

(6') 

rne p(p,p', a,n) ec_Tb ¢ypbe-o6pa3 ¢YHKUHH p(',;,a,n) • J;I3 (6) cne-

nyeT, qTo HenoKanhHbiii onepaTop T/ 6yneT apMHTOB, ecnH ¢yphe-o6pai3 
"" 
p (p, p', a, n) o6nanaeT 3TIIM CBORCTBOM. HeTpynno IlOKa3aTb, qTo p(p,p ', a,n) 

6yneT o6nanaTb 3TIIM CBORCTBOM, ecn11 ¢YHKUHSI (10) neiiCTBHTenhHa, ~ 

BeKTOP n Cl!MMeTp11qen OTHOCl!TenhHO p II p' (nocTaToqHbie ycnoBHSI! ) • 

B c11ny apMHTOBOCTH onepaTopa T/.. HOBaSI, nenoKanbHaSI MaTp11ua pac-

10 

11' 

::r .. 

! 
I I 

l' 

ceSIHIISI s .. . ' cornaCHO ( 4) I OCTBHeTCSI yHHTapHOR II np11 a ➔ 0 I B COOT­

BeTCTBl!ll C (11), 6yneT nepeXOilHTb B 11cxonny10, noKanhHYJO, 

' 
§4. HenoKanbHaSI Teop11si B03MyllleHHSI 

fopa3no 6onee Tpynnou SIBnSieTCSI 3anaqa nocTpoeHHSI nenoKanbHOii: 

Teop1111 B03MyllleHHii, TaKaSI 3anaqa np11BneKaTenbH8 TeM, qTo OHa_ MO)KeT 

OK838TbCSI BeCbMa nnonoTBOpHoii: nnsi !f3yqeHHSI BblCJlll!X np116nH)KeH11ii: B Teo­

PHH HenepeHOpMHpyeMbIX noneii:, 

vl3BeCTHO, qTo B noKanbHOii: TeOpHII nnsi nocTpOeHHSI nocnenoBaTenh_HblX 

rrp116n11)KeHHH nocTaToqno 3H8Tb "npHqliHHy10" ¢YHKUll10 pacnpocTpaHeHH5I 

Tc ( x-y ) . 8Ta cjJyHKUHSI Bb1pa)KaeT B KBaHTOBOH Teop11H nonSI 38KOH pac-

" xl 
npocTpaHeHHSI B38HM.OlleHCTBHSI 

B OCHOBe H3BeCTHblX MHe BaplfaHTOB HenoKanbHOH TeOpHII B03MYllleHl!ll 

ne)Kl!T 11neSI O B03MO)KH0CTII 1!3MeHeHHSI 3TOI'O 38KOHa pacnpocTpaHeHHSI 

nnsi ManhIX rrpoMe)KyTKOB BpeMeHH It I "' a II ManbIX paccTOSIHHH r "' a . 

1. HenoKanhHbiii: anropHTM 

B qacTHOCTH, B pa3BHTHe Hllell O "rroqTH noKanhHOii: Ma Tp11ue pacceSI­

Hl!SI" Ha aTy KOHcjJepenu1110 npencTaBnSieTCSI coo6111en11e 06 anropHTMe Teop1111 

B03MYll18HHii: C "cut-off,, 1 OCHOBaHHOM Ha' 3aMeHe noKanbHOii: cjJyHKUIIII 

:D c (x) Ha HenoKanhHYJO 9) ._ (x) , onpenenenny10 qiopMynoii:: 

9) =0(x )1} (x,a,n)-0(-x )9) (x,a.n ), 
.. 0 - + ( 12) 

rne 9) ± ( x, n, a) - HenoKanbHbie, nonO)KHTenbHO II OTp11uaTenbHO qacTOTHbie 

~ ± qiyHKUHH, paBHbie 

xi Ona SIBnSieTCSI Cl!MMeTpl!qHoi'i ( B OTHOllleHHII n"poJ1Inoro Ii 6ynyJ1Iero) cpyHK­
UlleH fp11Ha II npaHHIIbHO coqeTaeT 3H8K rrepenaBaeMoii: 3Hepr1111 C 38II83llbl-
B8Hll8M 111111 orrepe)KeHHeM 12 ,51• . ' . 
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T ± ( x, n, a ) = J T ± ( x-,;) p (,; , n, a ) d 4 g , (13) , 

I'J:(e :£± (x) - noKallbHhie <PYHKUHH, a "HCTO'IHHK .. p(,;,n,a)orrpeJ:(eneH 

K8K B ( 10) 1 ( 11 ) 1 ( 11' ) . 

8TOT anropHTM IIpHBOJ:lHT K HenoKallbHOH s .. M8TpHue, B KOTOpOH 

HeT pacxoi:tslllIHXCSI HHTerpanoB. 8Ta M8TpITT1a YJ:lOBlleTBOpSieT ycnoBHSIM 

1 Ii 2, HO OHa KanH6pOBO'IHO-HeHHB8pH8HTHa TaK,'ITO 3Ha'leHHe MeTOJ:la OI'­

paHH'IHBaeTCSI HeaneKTpOMaI'HHTHhIMH rrpoueccaMH 
181 

2. 06o6meHHe · 
xi 

. i9-lll 
B rrocneJ:(HeE;l BpeMSI 3Ha'IHTenbHhIH HHTepec Bhl3 BanH pa60Thl 

T-rrpOH3BeJ:(eHHSI 

I1cxoJ:lHhIM J:lllSI HOBhIX HJ:lefi SIBnsreTCSI TaK:lKe o6o6meHHe T c <PYHKUHH. 8To 

o6o6IUeHHe OCHOBaHO Ha TOM coo6pa:lKeHHH; 'ITO cpeJ:lHee IIO BaKyyMy OT 

T -rrpoH3BeJ:leHHSI rronefi ¢ ( x_} H ¢ (y) , B3SIThIX -B p~3llH'IHhIX MHpOBhIX 

TO'IKax X Ii y 

T ( x - y ) = < 0 I T ¢ ( x ) ¢ (y ) I O > , 
C ( 14) 

HeorrpeJ:(eneHHO B TO'IKe t X = t y Ii J:(OIIyCKaeT J:l06aBneHHe KBa3HllOKallbHO-

l91 
ro orrepaTopa 

N 

K (x-y) = I 
n"'O 

C n CJ n O ( x- Y ) • ( 15 ) 

r!le [J - orrepaTop UanaM6epTa. PaccMaTpHBaeMasr HOBasr rHIIOTe3a Heno-

KaJll,HOCTH 3aKnID'laeTCSI B TOM, 'ITO T -rrpOH3BeJ:(eHHe MO:lKeT 61?JTb Heon-

peJ:leneHHhIM He TOllbKO B COBilaJ:(aIDIUHX TO'IKaX X"' y ' HO Ii B HeKOTopoif 

Manoif o6naCTH, B OKpecTHOCTH TO'IKH X"" y. 

x/ T . 
- CHMBOll ynopSIJ:(O'leHUSI no BpeMeHH. 

12 

MaTeMaTH'leCKH aTa I'HIIOTe3a· peanH3ye~CSI nyTeM J:l06aBneHHSI K (14) 

BMeCTO KBa3HllOKallbHOI'O orrepaTopa (15) HenoKallbHOI'O orrepaTopa 

00 

K ( x - y) "' I C n O n, o ( x - y ) . 
n=O 

(16) 

IT pH aTOM rrpeJ:lrronaraeTcsr, 'ITO <!>ypbe-o6pas a Toro orrepa Topa K ( p
2 

) srn­

nsreTcsr uenofi aHallHTH'leCKOH <PYHKUHeH B nnocKOCTH KOMIIlleKCHOH rrepeMeH­

HOH p 2 
, rrpH'leM rropsrnoK ee pocTa rrpH Ip 

2 
J ➔ oo paBeH Hn0 6onbllle 

1 /2 x/. H OBaSI "npH'IHHHasr" <PYHKUHSI :£ ._ ( x- y) HMeeT BHJ:l 

T ( x-y) .. :£ c ( x-y) + i K ( x - y ) , ( 17) 

a ee 4>ypbe-06pas paBeH 

Cl' (p)=( 2 2+ic) .v._ p -m 

= 2 
------+K(p )= 

V(p 2) 

2 2 . p -m +I€ 

(18) 

-V(m 2 ) =l. ( 19) 

BenH'IHHY V ( p2 
) MO:lKHO pace Ma TpHBaTb KaK HenoKanbHhIH ¢opM¢aK-

5 
• • 110,121 

TOP, 0 ecrre'IHBaIDIUHH CXOJ:lHMOCTb HHTerpanoB TeOpHH B03MyIUeHHH • 

y CllOBHe ( 19) ne:lKHT B OCHOBe J:lOKa3aTellbCTBa yHHTapHOCTH s -MaTpHUhI. 

I1pH'IHHHOCTb o5ecne'IHBaeTCSI TeM, 'ITO aKaysanbHaSI 'laCTb <PYHKUHH T ._ (x-y), 

a HMeHHo: i K ( X - y ) ' He naeT BKnana B pacnpOCTpaHeHHe CHI'Hana OT HC-

TO'IHHKa Q (y) B TO'IKY X • I-1MeHHO <PYHKUHSI 

Q'(x)=i J K(x-y)Q(y) d4 y (20) 

xi 
ITpH 6onee MenneHHOM pocTe orrepaTop K(x) OCTaeTCSI noKallbHhIM. 
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OKa3bJBaeTCSI cocpe/lOToqeHHOll OKono Q ( y) B M8CJIITa6ax sneMeHTapHoii: 

~ . . . 
)lnHHbl a • Pa3BHTaSI Ha 9TOM nyTH MeTO/lHKa no3BOnSieT npOH3BO/lHTb 

BbI'IHCneHHSI C HenepeaopMupyeMbIMH H aenoKanhHbIMH TeopHSIMH nonSI. 

3. C y n e p rr p or a Top 

B TeCHOll CBSI3H C onucaHHOll HenoKanhHOll Teopueii: HaXO/lHTCSI Teo-

/12,13 14/ 
PHSI ' . 'KOTopaSI nosBonSieT TaK)Ke ycrrelllHO o6palllaTbCSI C Henepe-

HOpMHpyeMblMH TeOpHSIMH. CyTb nena BH/lHa H3 paCCMOTpeHHSI HenHHellHOJ'O 

narpamimaaa 

f (¢)=G :Sa ¢n, 
n n 

(21) 

rne G - HeKoTopaSI KOHCTaHTa B3aHMO/lellCTBHSI, Y)Ke BO BTOpOM rrpu6nu-
\ xx/ 

)KeHHH B03HHKaeT T-npOH3Be)leHHe, Benymee K cyneprrponaraTopy 

D
0 

(x-y) = :S a ma n<OI T ¢ n (x) ¢ m(y) I 0.> (22) 
m,n 

:s 
n 

Ci'I n ) 
C ~ (x-y , n C 

rne T
O 

( x- y) - 06h1qHaSI npH'IHHHaSI qiyHKUHSI, a c n = a 
2
n • B pa6o-

/ 12 13/ • 
Tax I naH y/latJHblH cnoco6 npencTaBneHHSI 9TOI'O pSI/la B HMnynbCHOM 

npocTpaHCTBe. HcXO/lHOll )lnSI"9TOI'O cnoco6a SIBnSieTCSI saMeHa cyMMHpO­

B~HHSI PH/la (22) HHTerpanoM BH/la 

D (x) = 
C 

1 a-100 ...., J dz 
2 . a+ioo sm 7T z 

c(z)[T (x)l 
C 

z 

(23) 

xi Ponb BeKTopa n I II03BOnSIJOIIleI'O noKanH30BaTb aKaysanhHOCTb, B naH-

HOM cnyqae urpaeT MHPOBaSI nHHHSI HCTOtJHHKa Q ( y ) • 
xx/ B 3aBHCHMOCTH OT pocTa K09q>q>HUHeHTOB . C n B (21) : STOT nponaraTOP 

M0)K8T 6b!Tb noKanbHbIM HnH HenoKanbHbIM. 

14 

(O<a<l) • Ha OCHOBe 9T0ll qiopMynhI ynaeTCSI nocTpOHTb qiypbe-o6pa3 

I 
aToro cynepnponaraTopa, He conep)KamHii: pacxonuMocTeii:: 

0
0

(p) = <211)
3 

a-ioo 

J 
a+ioo 

• 2 
SID 1T Z 

dz c( z) 

(4rr)2z 

" 
( 

2 z- 2 
-p + i €) 

r(z) F(z-1) 
(24) 

CymeCTBeHHO, 'ITO B 9TOii: )K8 pa6oTe noKa3aHo, 'ITO 1) B Bb!CJIIHX "nptt6nH­

)KeHHSIX He B03HHKHeT paCXO/lHMOCTeii: H 2) nocTpoeHHaSI Ha OCHOBe cynep-

nponaraTopa · (24) s -MaTpHua YHHTapaa. 

Pa60Tbl, onttcaHHbie B nyHKTaX 2 H 3, MO)KeT 6b!Tb; SIBnSIJOTCSI Ba)K­

HelllllHM /lOCTHlKeHHeM nocne/lHHX neT B pa3BHTHH MeTO/lOB o6pameHHSI C He­

noKanbHbIMH H HenHHellHblMH TeOpHSIMH I'IOnSI, Ha HallleM COBemaHHH 9THM 

MeTO/laM 6ynyT rrocBSIIIleHhI cneuHanbHhie o6sophr. 

4. Cy lil e CT Be H HO Hen H He ii: H bl e n On SI 

HeCMOTpSI Ha /lOCTHI'HyTbie ycrreXH COBpeMeHH.ble HenoKanhHbie TeOpHH 

SIBnSIJOTC SI CKOpee Me TOil OM o6pesaHHSI <:'cut-off,,) paCXO/lSIIIlHXCSI HHTerpa­

noB B noKanhHOii: TeopHH, He)KenH nocnenoBaTenbHoii: TeOpHeii: nonSI 6es pac­

XO/lHMOCTeii:, 

BbmO 6bI Kpaii:He yBneKaTenbHO IIpH/lTH K TeopHH 6es paCXO/llIMOCTeii:, 

HCXO/lSI H3 /llIHaMHKH nonH. B npHHUHne TaKaSI B03MO)KHOCTb coneplKHTCSI B 

HenHHeii:Hoii: TeOplIH nonSI C nepeMeHHblMH xapaKTepHCTHKaMII. TaKOI'O THila 

nonSI 6yneM H83bIBaTb cymecTBeHHO HenHHeii:HblMH. 

ITpHMepoM ·TaKHX noneii: B KnaCCHtJeCKOll q>H3HKe SIBnSieTCSI none Bop­

. /4/ 
Ha-HHqienb)l8 (cM., HanpuMep, ) H none TSII'OTeHHSI B o6meii: TeOpHH OT-

HOCIITenbHOCTH. 

O60HM 9THM HarrpaBneHHSIM Ha HaIUeii: KOHqiepeHUHH 6ynyT noCBSIII18Hbl 

cneuuanbHbJe /lOKnanhI, 

B cnytJae HenuHeii:Hoii: TeopuH BopHa-HHqienh/la "sneMeHTapHaSI ~nHHa" 

B03HHKaeT 1!3 Mepbi HenuHellHOI'O nonSI, HMeHHO a =V €/b ( € - 38pSI/l tJac-
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THllbl), B rpaBHTallHH TaKOll 11nHHOll srnnSJeTCSI rpaBHTallHOHHblli pa11nyc 

r 
g 

r 
g 

2my 
2 

C 
(25) 

rne Y 
-8 3 2 6,67•10 CM /rceK - rpaBHTaUHOHHaSI IlOCTOSIHHaSJ, a m -Macca 

Tena. 

CymecTBeHHO HenHHeiiHaSI TeOpHSI nonsi, KOTOpyIO SI HMeIO B BHIIY, B 
xi ' 

npocTefiweM cny<iae onHcbmaeTcsi narpam1rnaHOM 

rne 

K 

f=f (K, I), 

_. 1_[(.1±.. )2-(ft_)2], 

2 · at ax 
1=-1-¢, 2 

2. 

(26) 

(27) 

Mo?l(HO noKa3aTb, 'ITO IlOBepXHOCTb cjJpOHTa BOnHbI-,CHrHana orrperiensieTCSI 

H3 ypaBHeHHSI 

A (~-f + 2B ~ ..!..:!._ + C (~ )
2 

=- O, 
at ax at ax 

(27') 

a¢, a¢, 

rne A, B ' C cyTb cjJyHKllHH nonSI ¢, H ero IlpOH3B0]lHblX at-, ax-, 

B o6naCTH, rne 8TH Bemt'IHHbl cpaBHHMbl C KpirTH'IeCKHM noneM b ' nn-
2 

HHH pacnpocTpaHeHHSI cnrHana y)Ke He ne)KaT Ha cBeTOBOM KoHy"ce: 
s 

=t2_;2=0, 

x/ /15 16/ 
IT 011po6HOCTH 06 STOM narpaH)KHaHe CM, B pa6oTaX ' • KnaccH<iec-

KaSI aa11a<ia Kown peweHa B pa6oTe 117 I. 

16 

CKopoCTb pacnpocTpaHeHHSI cnrHana . u CTaHOBHTCSI cjJyHKUHell nonsi . 

cp H ero npOH3B011HblX, B 'IaCTHOCTH, B noKanbHOll CHCTeMe KOOPllHHaT, 

B KOTopoft KOacjJcjJHUHeHT B = 0, a Ta CKOpoC,.Tb paBHa: 

7:: .· a¢, a¢, u=v-- =u(--,--, ¢,, b). 
A at ax (28) 

B a-rofi CBSI3H MeTpHKa, nocTpoeHHasi Ha npnHunne nocTOSIHCTBa cKopocTH 

· . • . ( /17/) 
CBeTa, CTaHOBHTCSl HeCOOTBeTCTBYIOlileH llHHaMHKe nong cp, • 

fl 3aBHCHMOCTH OT BHlla narpaH)l(HaHa H IlOCTaBneHHb!X Ha'IilnbHbIX yc­

nOBHli MO)KHO pa3nH'IaTb TPH cnyqasi: 

1 ) CKOpOCTb CHrHan:a u · BCIOIIY MeHbWe c 

2) CKOpOCTb CHrHana u MO)KeT npno6peTaTb 3Ha'IeHHSI 6onb1Ile C 

3) CKOpOCTb U MO)KeT CTaHOBHTbCSI MHHMOll, 
~~ 

ITepBblll cny<iafi OCTaeTCSl nonHoCTbIO B, paMKaX COBpeMeHHOll noKanbHOll 

TeOpHH, ITpn 8TOM MO)KHO Bbl6paTb narpaH)KHaH TaK, 'ITO B TeopHH He 

BpTpeTHTCSI HHK8KHX CHHrynHpHOCTeft • Bo BTopoM cny<iae HapymaeTCSI 

MaKponpH'IHHHOCTb, 0Ha MO)KeT 6blTb BOCCTaHOBneHa BBe]leHHeM HOBOll MeT-

/18 19/ 
pHKH ' • H aKoHeu, B nocne11HeM cny<iae npH'IHHHOCTb HapymaeTCSI 

nonHOCTbIO: IlpH'IHHHaSI nocn'e110BaTenbHOCTb TepsieT CMbICn H Mbl 6y11eM 

HMeTb 11eno co CBSI3aHHblM "KOMKOM" co6bITHll, KOTOpbie B3aHMHO 11pyr 

· /15/ . 
11pyra o6ycnaBnHBaIOT, Ho He cne11y10T 011Ho H3 11pyroro • HacTynaeT 

c~eToBoft Konnanc - KpaftHSJSJ cjJopMa aKayaanbHOCTH, 

O<iep<ieHHoe 3]leCb HanpasneHHe llHHaMH'IeCKOfi HenoKanbHOCTH npe11-

CTaBnSieTCSI HCKnIO'IHTenbHO HHTepeCHblM, O]lHaKO BCTpe<iaeT_CSI c6 3Ha'IHTenb­

HbIMH MaTeMaTH'IeCKHMH TpyllHOCTSIMH, 

5, 8 n e Me HT a pH bl e q a c T nu bl H r pa B n Tau 0 sr 

fl TeCHOll CBS13 H C Teop0eft cymecTBeHHO HennHellHblX narpam1rnaHOB 

C KpHBOnHHefiHblMH xapaKTepHCTHKaMH HaXO]lSITCSI pa60TbI, IlOCBSilileHHble 

. /20/ 
KBaHTOBaHHIO noneft B HCKpHBneHHOM npocTpaHCTBe , a TaK)Ke n1060ilbIT-

17 



Hbie pa60TbI no TeOpHH 'no'ITH aaMKHYTbIX MHpOB'. KOTOpbie, .ecna HX pac­

CMaTpHBaTb H3BHe, MOI"YT 6bITb IIpHHSIT~I 3a aneMeHTapHbie ti:aCTHllbl "¢pHllMH-

" . /21/ 
OHbl . ; paccMaTpHBaeMbie H3HyTpH OHH HMHTHPYIOT uenbIH MHP • 

6, I1cKpHBll0HHOe HMIIynbCHOe IIpOCTpaHCTBO 

H OCTaHOBllIOCb eme Ha 0,[lHOH llHHHH pa3BHTHSI B TeOpHH HenoKanbHOI"O 

nonH, KOTOpaSI BOCXOllHT K Hll0SIM 'KBaHTOBaHHSI" npoCTpaHCTBa-apeMeHH. 
. /22,23/ 

3TH cTapwe H.rteH nony'lana cymecTBeHHoe pa3BHTHe B pa6oTax noc-

ne Toro, KaK 6bm ycTaHoaneH rpynnoaoii: xapaKTep onepauaii: cno)KeHHSI 

HMIIYllbCOB B HMIIYllbCHOM npocTpaHCTBe IIOCTOSIHHOH KpHBH3Hbl, reoMeTpH­

'leCKH 9TO npocTpaHCTBO ~ f ( p) MO)KHO. paCCMaTpHBaTb KaK OllHY H3 npo-

0KUHH Ha nnoCKOCTb noBepXHOCTH IISITHMeTpOBOI"O I"HIIep6onoa.rta: 

2 
2 ➔ 2 2 h 

p -p -p =- --
0 4 f 2 

(29) 

(a.rteCb f - 6 9ll0M0HTapHaSI" ,[lllHHa, onpe.rtenSIIOmaSI KPHBH3HY npocTpaHCT­

Ba). 

B caMoe nocne.rtHee apeMH aTa TeopeTH'leCKaSI cxeMa 6bma ycoaep­

i.ueHCTBOBaHa B TOM OTHOlll0HHH, 'ITO IIO,[l HCKpHBll0HHbIM IIpOCTpaHCTBOM 

~ t p) IIO.rtpaayMeBaeTCSI npocTpaHCTBO OTHOCHTenbHbIX HMIIynbCOB, a reo­

MeTpHSI IIOllHOf'.O HMIIynbca CHCT0Mbl OCTaeTCSI o6bI'IHOH nceB,[l09BKllH,[lOBOH 
• xi .,,. · · · 

reoMeTpaeu • vTa HoBaSI cxeMa npaaneKaTenbHa TeM, 'ITO nonHOCTbIO 

coxpaHSieTCSI 0,[lHOpO.rtHOCTb H H30TpOIIHOCTb •IIpOCTpaHCTBa-BpeMeHH ~4 ( X) 
. ., . 

H "KBaHTOBaHae" npocTpaHCTBa-BpeMeHH,OI"paHH'IHBaeTCSI IIpOCTpaHCTBOM 

OTHOCHTSllbHb!X KOOp.rtHHaT. Tio.rtpo5Hoe H3ll0)K0HH0 HOBb!X peayllbTaTOB Mb! 
' 

ycnbilllHM Ha 9TOH KOH¢epeHUHH B OT,[lellbHOM coo6uieHHH, 

xi 
Bo3MO)KHOCTb SIBHOI"O BbI,[leneHHSI nonHOI'O HMnynbca CHCT0Mbl KaK napa-

MeTpa HeO,[lHOKpaTHO. IIO,[l'lepKHBan~Cb a pa6oTaX /5,7 /. B 'laCTHOCTH, npe.rt­

naranocb HCilOllb30BaTb 9TOT BeKTOp B Ka'leCTBe 0,[lHHH'IHOI"O B0KTOpa 

n = P h/P 2 
., Heo6xo.rtHMoro .rtnSI noKanaaauaa HenoK~llbHOCTH. Tio.rtpo6Hee 

CM. /6/, 

l-
18 

'_._ - 'r -- . -' ~~- ~" : =-

ill 

Ha 9TOM 11 3aKaH'IHBaIO CBO:ll: BBO,[lHh!H o6aop. Co.rtep)KaHHe 9TOI"O o6-

3opa B 3Ha'IHT0llbHOH Mepe 6aaapoaanocb Ha pa6oTax, IIpOBOllHMb!X B na-
6opaTopHH TeopeTH'ISCKO:ll: ¢H3HKH 06benaHeHHOI"O HHCTHTyTa SI.rtepHb!X HC­

cne,[lOBaHH:ll: B Dy6He, TI09TOMY 9TOT o6aop He SIBllSISTCSI HC'lepIIbIBaIOntHM. 

PaayMeeTCSI, 9Ta HeIIOllHOTa He .rtqn)KHa paccMaTpHBaTbCSI KaK HeyBa)KeHHe 

K TPYllY H ,[l0CTH)K0HHSIM llPYI"HX TeopeTH'ISCKHX rpynn. 

H Ha.rteIOCb BCe )KS, 'ITO HeCMOTpSI Ha 9TOT He.rtOCTaTOK, MOii: o6aop 

o6neI"'IHT y'laCTHHKaM KOH¢epeHUHH o6cy)K,[l0HHe npo6neM HenoKanbHOH Teo-

PHH. 
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