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Cenbuep lll.3. P2-5104 

THo-HHB8pH8HTH8SI H9/IOK8/lbH8SI TeOpHS! Cl186b!X 

B38HMOileliCTBHll 

.DHBSIDTCSI 3/19KTpOM8rHHTH09 H CI1860e B38HMOA9liCTBHSI nenTo
B03MyiUeHHll, nenaeTCSI npeAnOJIOJKSHHe, 'ITO HeliTpHHO SIBJISI

u H9/IOK8/lbHOCTH, 3TO 3~~eKTHBHO npHBOAHT K nOSIBJISHHID 

nponaraTope cao6oAHoro aeliTpHHO, nonS! aapS!lKSHHhiX nenro

H p. -M930Ha) C'IHTSIDTCSI TO'IS'IHbiMH, no3TOMY B TeOpHH 

HSISTCSI rpaAH9HTH8SI HHB8pH8HTHOCTb, nepeHOpMHpOBKS 

AOnOI1HHT9/lbHOrO 'IHCTO HeliTpHHO-HeliTpHHHo-

TBHSI. 

06be~eBBoro HHCTIT,YTB ~pHYX HCCJ8AOB8HHI. 
)zy&la, 1970 

P2-5104 

Invariant Non- Local 'Iheory of the Weak 
Interactions 

theory of electromagnetic and weak interactions 
A hypothesis is proposed that the neutrino is a " carrier" 
• It means effectively a non-local change of the neutrino 

ropagator. '!he charged lepton fields (electron and 
are considered to be local, consequently the gauge inva

theory is guaranteed. '!he introduction of the non-loca.
... .,mnve all ultraviolet divergences in perturbation theory, 

finite number of the divergent Feynmah diagrams 
by _Q"le closed charged lepton loops. 'Iherefore the 

malized., '!he renormalization of the theory leads to the 
an additional pure v - v interaction. 

Institute for Nuclear Research. 
Dubna, 1970 
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l.B B e a e ti If e 

B HBCTOHmee BpeMH MO*HO C~HT8Tb, qTo HenoKanbHag KBaHTOBaH Teo-

PHH CKBnHpHOf'O ITOnH, B KOTopoti: OTCyTCTBYIOT paCXOJllfMOCTH, o6hi~HO ITpH-

." 111 0 u cymHe noKanbHOif TeOpHH, Y*e ITOCTpOeHa • KB3BnOCb B03MO*Hh!M HBH-

TH S -MaTpHUy, YllOBneTBOpHJOmyJO o6mHM ITpHHUHITBM KBBHTOBOfi TeOpHD 

ITOnH: penHTHBHCTCKOti: KOB8pH8HTHOCTH, yHHTapHOCTH H MaKpOITpHqlfHHOCTH, 

OaHaKo rrpn rrpHMeHeHHH MeTO!lOB HenoKanbHofi TeopHH K peanbHhiM ~H3H

qecKHM 38PH*eHHh!M ITOnHM B03HHK8eT rrpo6neMa COXpaHeHHH rpaaHeHTHOll 

HHBapHaHTHOCTH TeOpHH, B HenOKBnbHOfi TeOpHH, f'Jle CBH3b Me*llY rronHMH 

ocymeCTBnHeTCH ~8KTHqeCKH B HeKOTOpOH Manofi o6naCTH, Tpe6oaaHHIO HH

B8pHaHTHOCTH OTHOCHTenbHO noKanbHOf'O rpaaHeHTHOf'O rrpeo6pa3oBaHHH 

YilOBneTBOpHTb He ITpOCTO. l1 MeJOmHeCH CXeMbl ITOCTpoeHHH rpaaHeHTHO-HH-
/2/ 

BapHaHTHhiX HenoKanbHhlX TeOpHll (eM. H CCi>InKH TaM Ha 6onee paHHHe 

pa60Tbl), KaK H8M KB*eTCH, He HBnHIOTCH YllOBneTBOpHTenbHbiMH. 

B HBCTOHmefi pa6oTe rrpeanaraeTCH B8pH8HT TeOpHH, OITHChiBBIOmefi 

aneKTpOM8f'HHTHhie H Cna6bie B38HMO!lefiCTBHH neiTTOHOB. UocTpoeHH8H S -

M8TpHU8 KOHe~aa, yHHT8pHa, Pp8/lHeHTHO-HHB8pH8HTHa H MaKpOITpHqHHHa B 

KB*ilOM ITOpH/lKe TeOpHH B03MymeHHH ITO 38pH/ly H KOHCT8HTe cna6oro 

B38HMOJlefiCTBHH. 

B ocaoae rrpe)lnaraeMofi cxeMhi ne*HT cneay10mag ~nanqecKaH H!leH: 
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HenoKallbHOC'tb BXOilHT B TeOpH!O TOJlbKO 'l:epe3 HeltTpanbHbie nom! Heft-

TpHHOj nonS! aapiDKeHHbiX nenTOHOB H aneKTpOMai'HHTHOe none OCTa!OTCSI 

noKanbHbiMHo 

CymecTBYIOT aaa cnoco6a aaeaeHHH HenoKanbHOCTH B TeopHIO. OllHH 

cnoco6 OCHOBaH Ha npeanoJJO)KeHHH, 'ITO B ManbiX npoCTpaHCTBeHHO-BpeMeH

HbiX o6naCTSIX Me)KilY JJOKanbHbiMH nOJJSIMH B03M0)KHbl llPYI'He BHilbl npH'l:HH

HOlt CBSI3H B OTnH'l:He OT TeX, KOTOpbie XapaKTepHbl llllSI 6onbmHX MaCmTa-

60B npOCTpaHCTBa H BpeMeHH, MaTeMaTH'l:eCKH STO MO)KeT 6biTb ocymecT-

BneHO cneayromHM o6paaoM, Cao6ollHOe none HeltTpHHO v( x) C'l:HTaeTCSI 

noKanbHhlM
1 

OllHaKO ao· B3aHMOileltCTBHH OHO CBH3aHO HeJJOKanbHO C OCTanb

HbiMH noKanbHhiMH aapg)KeHHhiMH nonHMH. Y!MeHHo, B narpaH)KHaH 6aaHMO-

aeltCTBHSI BXOilHT He noKanbHOe none v( x) , a none 

N (x) =I d \ K ( x-y) v (y ), (1) 

rae K ( x- y)- cpopMcpaKTOp, HBnSIIOWHACSI o6o6meHHolt cpyHKUHelt H3 nollXOilSI-

/1/ 
mero npOCTpaHCTBa HenoKallbHbiX o6o6meHHbiX cpyHKUHlt , 34J$eKTHBHO 

aTo npHBOilHT K TOMY, 'ITO B HMITynbCHOM npocTpaHCTBe cpopMcpaKTop K ( p2
) 

H3MeHS!eT TOnbKO nponaraTop HeltTpHHHOI'O ITOJJSI 

l l K (pa >l 2 
(2) .... 

" p +if p +if 

a nponaraTophi aapg)KeHHhiX nenTOHHhiX nonelt He H3MeHSIIOTCSI. 

,Upyrolt B03MO)KHbilt cnoco6 OCHOBSH Ha cneayromeM, 3aMeTHM0 'ITO 

nponaraiop cao6oaHoro HeltTpHHO 

sa ( x-y)=< Oj T(v(x)v(y))j 0 > 
v 

(3) 

4 

~ ~ . 

He onpeaeneH npH COBnallS!OWHX apryMeHTaX X H y • noc 

KanbHOCTH COCTOHT B TOM, 'ITO npaBaSI 'l:SCTb (3) He onpellel 

KO B TO'l:Ke X = y , HO H B HeKOTOpofi Manoll: npOCTp8JiCTBOJ 

06naCTH B OKpeCTHOCTH TO'l:KH X= Y • MaTeMaTH"ieCKH STO 

B npaByiO 'l:aCTb ( 3) MO)KHO ll06aBHTb HenOKI:lllbHy!O o6o6meHH 

H3 nOilXOilS!Wei'O npOCTpaHCTBa HenOK81lbHbiX o6o6meHHbiX cpyHI 

MOilHcpHKaUHSI CB060AHOI'O nporraraTopa Heli:TpHHO cpH3H'l:eCKH AOn 

H3MeHeHHe IIpHpOilbi Heli:TpHH01 KOTOpoe CTaHOBHTCSI KaK 6hi H• 

K CO)KaneHH!01 KpOMe STHX TyMaHHbiX paCCY)KilOHHJt, B HaCTOSI: 

'l:ei'O Henb3H CK838Tb 0 IIPHPOile B03HHKaiOmero cpOpMcpaKTOpa, 

H B STOM cnyqae H3MeHHeTCSI CB060ilHbill: rrporrai'aTop HefiTpHH 

l 
~---> 

p +if p +i f 

8 llaHHOll: pa60Te Mbl IIpHMeM HMOHHO STOT IIYTb BBellOHHSI He. 

B ·reopHIO, 

Pa3nH'l:He Me)KJly (2) H (4) COCTOHT B TOM, 'ITO ripH Bel 

p2 
cpopMcpaKTop [ K (p 2 ) ]

2 
B (2) nonO)KHTeneH, a cpopMcpaKTOI 

)KeT 6b!Tb 3HaKOriepeMeHHbiM 1 'ITO MO)KeT cymeCTBeHHO yMeHbl 

paCXOilHWHXCH llHarpaMM B TeOpHH B03MymeHHJt, 

BaeaeHHe B TeopHIO TaKoro uH36HpaTenbHoro" nocTynaT8 

TH, CBH3biBaiOmero noshmeHHe HenoKanbHOCTH C HeHTpanbHbiM 

HO, He ycTpaHHeT BCeX YllbTpacpHOJieTOBbiX paCXOilHMOCTell: H3 

B03MymeHHH 1 OllHSKO TeOpHH CTaHOBHTCH nepeHOpMHpyeMolt, 0 

'ITO paCXOilHTCH TOJlbKO KOHe'l:HOe 'l:HCJIO THIIOB HenpHBOilHMbiX llH 

MaHa, COCTOHWHX H3 3aMKHYTbiX UHKnOB, o6pa30BaHHbiX nponai 

pg)KeHHbiX JJeiiTOHOB, npH ycTpaHeHHH IIOHBnSI!OWHXCSI paCXOilHM 

HOBHTCSI He06XOilHMbiM BBeCTH HeCKOnbKO KOHTp'l:JJeHOB 1 OnHCl 

'l:HCTO HeHTpHHO-Hell:TpHHHOe B3aHMOile:ll:CTBHe, 
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b BXO.llHT B TeOpH!O TOJlbKO 'lepe3 He~TpanbHbie nonH He~

eHHhlX nenTOHOB H aneKTpOMai'HHTHOe none OCTaJOTCSI 

asa cnoco5a sseaeHHSI HenoKanbHOCTH s Teopuro. OauH 

npeanono)KeHHH
1 

'ITO B ManbiX npocTpaHCTBeHHO-BpeMeH

.llY nOKanbHbiMH nonHMH B03MO)KHbl apyrue BH.llhl npH'IHH

ue OT TeX, KOTOpb!e XapaKTepHbl ,llnSI 50JlblliHX MaCIIITa-

H speMeHH. MaTeMaTH'IeCKH aTo MO)KeT 5biTb· ocyiiieCT

o5pasoM. Cso5oaHoe none He~TpHHO v(x) C'IHTaeTCH 

0 so· B3aHMO,lleHCTBHH OHO CBSI3aHO HeJlOKanbHO C OCTanb-

aapSI)KeHHblMH nonSIMH, \1MeHH0 1 B narpaH)KHaH B3aHMO

He noKanbHOe none v(x) , a none 

K(x-y)v(y), (1) 

M!flaKTOp, SIBnSIJOIIIH~C51 o5o5IIIeHHOH !flyHKUHeH H3 no,llXO,llSI-

/1/ 
a HenoKaJlbHb!X o5o5rueHHbiX !flyHKUH~ • 3~eKTHBHO 

OMY, 'ITO s HMnynbCHOM npocTpaHCTse !flopM!flaKTop K ( p2
) 

nponaraTOp He~TpHHHOI'O non51 

,(pa )] 2 

(2) .___, 
i ( 

pSI)KeHHh!X nenTOHHb!X none~ He H3MeHSI!OTCSI. 

O)KHhi~ cnoco5 ocHosaH Ha cneayrorueM. 3aMeTHM, 'ITO 

O.llHOI'O He~TpHHO 

< 0 I T ( v ( x) v (y) ) I 0 > (3) 

4 

,.. 

.I 

He onpeaeneH npu cosnaaaroruux apryMeHTax x H y • ITocTynaT Heno-

KanbHOCTH COCTOHT B TOM, 'ITO npaBa51 'laCTb (3) He OnpeaeneHa He TOnb-

KO B TO'IKe X = y 1 HO H B HeKOTOpO:il: Mano:il: npOCTpaHCTBe}iHO-BpeMeHHO~ 

05naCTH B OKpeCTHOCTH TO'IKH X= Y • MaTeMa TH'IeCKH a To 03Ha'laeT, 'ITO 

( 3) MO)KHO .ll05aBHTb HenOKtinbHyJO o5o5rueHHYJO !flyHKUHJO B npasyro 'laCTb 

H3 nO,llXO,llSIIUero 
. Ill 

npocTpaHCTBa HenoKanbHhiX o5o5rueHHhiX !flyHKUH~ • T aKaH 

MO,llH!fJHKaUH51 CB050.llHOI'O nponaraTopa He:il:TpHHO $H3H'IeCKH ,llOn)KHa 03Ha'laTb 

H3MeHeHHe npHpO,llbi He:il:TpHHO, KOTOpoe CTaHOBHTCSI KaK 5hi HenoKanbHbiM, 

K CO)KaneHHJO, KpoMe aTHX TyMaHHhiX paccy)K.lleHH~, s HaCTOHIIIee speMH HH

'Iero Henb3SI CKa3aTb 0 npupoae BOOHHKaiOIUero !flopM¢laKTOpa. 34J$eKTHBHO 

H B 3TOM cny'lae H3MeH51eTCSI CB050.llHhl~ nponai'aTOp He~TpHHO: 

I v ( p2) ! 
(4) p + i ( " p + i ( 

B aaHHo:il: pa5oTe Mhi npuMeM HMeHHO aToT nyTb sseaeHHH HenoKanbHOCTH 

B 'l'eOpHIO, 

PaanH'IHe Me)K,lly (2) H ( 4) COCTOHT B TOM, 'ITO IIpH BeiUeCTBeHHb!X 

p2 !flopM¢laKTOp [K(p 2)]
2 

B (2) nonO)KHTeneH, a !flopM!flaKTOp V(p2 ) MO-

)KeT 5b!Tb 3HaKonepeMeHHbiM, 'ITO MO)KeT CyiUeCTBeHHO yMeHblliHTb 'IHCJlO 

paCXO,llSIIUHXCSI .llHarpaMM B TeOpHH B03MyiUeHH~. 

BseaeHue B TeopuiO TaKoro "ua5upaTenbHoro" nocTynaTa HenoKanbHoc

TH, CBSI3hiBaiOIUero nOHBneHHe HenoKanbHOCTH C' He~TpanbHbiM noJieM He~TpH

HO, He YCTpaHSieT BCeX ynbTpa!fluoneTOBbiX paCXO.llHMOCTe~ H3 PH.lla TeOpHH 

B03MYIUeHHH, O,llHaKO TeOpHSI CTaHOBHTCSI nepeHOpMHpyeMO~, 0Ka3hiBaeTCSI, 

'ITO paCXO,llHTC51 TOnbKO KOHe'IHOe 'IHCnO THnOB HenpHBO,llHMhiX ,llHarpaMM <l>e:il:H

MaHa, COCT051IIIHX H3 3aMKHYTbiX UHKnos, o5pa30BaHHhiX nponaraTopaMH sa

pSI)KeHHhiX nenTOHOB, flpH ycTpaHeHHH nOSIBnSIIOIUHXCSI paCXO.llHMOCTe:il: CTa-

HOBHTCSI He05XO,llHMb!M BBeCTH HeCKOnbKO KOHTp'lneHOB, OnHCbiBaiOIUHX 

'IHCTO He~TpHHO-He~TpHHHOe B3aHMO,lle~CTBHe. 
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TaKHM oopaaoM, nonHhril: nai"paHJKHaH, onHChiBBJOUlHil: aneKTpOMBI"HHT

Hoe H cna6oe B3BHMOAeil:cTBHR nenToHoB, nonJKeH conepJKaTb nononHHTenb-

Hbie qneHhi, OnHCblBBIOUlHe 'IHCTO V- V B38HMOAeii:CTBHSI C HOBhlMH KOH-

CTBHTBMH CBSI3H, 0 BenH'IHH9 KOTOpb!X B paMKBX npennai"89MOil: CX9Mbl HH

'191"0 cKa3aTb Henh3R, CnenyeT aaMeTHTb, 'ITO npennonoJKeHHe o cywecTBO-

BaHHH 'IHCTO V- V B38HMOAeii:CfBHSI, Bh!T9K810Ul99 H3 aHanH38 3KCnepHMeH-

TanbHhiX AaHHhrX, ohino TaKJKe caenaHo B paooTe 
/3/ 

1, nocTaHOBK8 38@,H 

J1CXOllHbiil: nai"p8HlKH8H, onHChiBBIOUlHil: aneKTpOM8I"HHTHOe H cnaooe 

x/ 
B3BHMOlleil:cTBHR ne!JTOHOB, BbroepeM oohr'IHhiM oopaaoM 

f. (x ) = f. (x ) + f. 
0 

(x) +·f. (x), 
em w 

( 1.1 ) 

f-
0 
(x)=- ~ :[a ,BAa (x) )[a ,BAa ( x)] :+ ~ :'I' l(x)(ia'-m/ 'l'l (x)~. (1,2) 

A ( x) - aneKTpoMai"HHTHoe none. CyMMHPOBaHHe B ( 1,2) npoBuAHTCR no 
a 

BC9M paCCM8TpHB89Mb!M 4JepMHOHHh!M nonSIM ( j = e , p. , V , v ) , ,Uanee. 
e !l 

BB9ll9M 0003H8'19HHSI :'I' (x)=e(x),'l' (x)::p.(x), 'I' (x)=v (x),'l' (x)=v (x). 
e p. Ve e ~'p. p. 

f. <x> = e:< i <x> A(x > e <xn:. ( 1.3) 
em 

x/ H . ~ BMH npHHSITB cnelly!OUlBSI CHCTeMa Ou03H8'19HHil:: 

2· a 
Y.Y,a+YRY. =2g,B , y =1, 0 =y (1+Y5), aa=--, 
a /-' a a ~ a a a X a 

g 
,B

= 0 np" a,f, {3 a =-g =-g =-g -1 a " ' "' 00 ' II 22 88 - ' 

" -+ -+ -+ ..... 
p=py=py -py, pk=pk-pk. 

a a o o o o 

6 

.-I . 

~ G. -
.t. (x)= -:( f (x)O v (x))(v(x)O f (x)):. 

w ../i · a a 

3aeCb npHHSITa sanHCb nenTOHHhiX noneil: B 4JopMe llBYXKOMI 

Hop a: 

(l) ( e(x)) 
f{ X)= f (x) = /l (X) , 

(j) ( V 8 (x)) 
v(x)=v (x)= 

v ( x) 
!l 

B aanhHeil:weM HaM 6yaeT yno5Ho HCnonb30BaTb HaCKl 

nucb nai"paHJKHaHa cna5oi"o eaaHMOlleil:cTBHR. Bocnonbaoeae 

/6/ 
BBMH <I>Hplla ( CM, ) , nony'IHM: 

f. (x)=~f (f 0 )(x)O e<n(x))J
0

J) (x)=.!L(e(X}O J 
w ,j2 I,J=I a a ,j2 a 

3aecb J ( x) 
a 

SIBnReTCSI 2 x2 M8TpHaeil:: 

Ja (x) = J (lj) 
a 

( x)= 

J (x) 

( 

Ia 

J + ( x) 
8a 

J (x) 
8 a 

J 
) =D. (x)+(B (x)r) 

a a 
( x) 

2a 

J (x)=(v (x)O v (x)), J ( x) = ( v (x)O v (x)), 
!l Ia e a ,e 2a 

J (x) =(17' (x)O v (x)), 
8a p. a e 

D (x)= .!..(j
1 

(x)+J
2 

(x)J, 
a 2 a a 

+ B (x)=lj8a(x)+Jaa(x) 
a 2 

; - MaTpHllhl naynu, 

J 
~n 

+ 
-J8a (x) 

2i 

7 

!l a 

Jla (x)-J2a (x) ] • 
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paaoM, rronHb!H narpaHlKHBH, OIIHCb!BB!OIIlHH aneKTpOMB!'HHT-

aaHMoaeficTBHg nerrToHoB, aonlKeH coaeplKaTb aorronHHTenb

Cb!B8!0111He 'IHCTO V- V 
B3aHMOaeficTBHg C HOBb!MH KOH-

, 0 BenH'IHHe KOTOpb!X B paMKBX IIpeanaraeMOfi CXeMbl HH

enb3H, CneayeT aaMeTHTb, 'ITO rrpearronolKeHHe o cymecTBo-

v B38HMOae.li:CfBHg, BbJTeKBJOIIlee H3 aHanH38 SKCIIepHMeH

x, 6hino TaKlKe caenaHo B pa6oTe 
/3/ 

1. nocTaHOBKa aana,H 

narpaHlKHBH, OIIHCb!BB!OIIlHfi aneKTpOMBI'HHTHOe H cna6oe 

x/ 
g neiiTOHOB, BbJ6epeM 06bi'IHb!M o6pa30M : 

o(x) + ~ (x) +~ (x), 
em w 

( 1.1) 

~ :[a,aAa(x)][af3Aa (x)] :+ ~ :'Pl(x)(ia'-mi) 'Pi(x)~.(1.2) 

TpoMal'HHTHOe rrone. CyMMHpOBaHHe B ( 1,2) rrpoBOAHTCg rro 

HBaeMbiM ¢lepMHOHHbiM rrongM ( j = e , f.L , v , v ) • .Uanee. 
e f.L 

:'I' (xhe(x),'l' (x)=f.L(x), 'P (xhv (x),'P (x)=v (x). 
e f.L ve e Ff.L f.L 

- " 
;( f (x)A(x)f (x)J:. 

lgTa cneayiOmag CHCTeMa o6oaHa'leHH.li:: 

2· a 
=2g{3 , y =1, 0 =Y 0+yr;). aa=--

a 6 a a ax a 

aj, f3 • ~oo =;o-g 11=-g22=-gaa =1 • 

...... 
oyo -py ' 

... ... 
pk=p k-pk. 

0 0 

6 

.,.. 

:(1,3) 

@ G' -
.t. (x)= -:( f (x)O v (x))(v(x)O f (x)):. 

w ..;2' a a ( 1.4) 

3necb IlpHHHTa 3SIIHCb neiiTOHHb!X rronefi B ¢JopMe ABYXKOMIIOHeHTHOI'O CIIH-

HOp a: 

(l) ( e(x)) e ( x)= e (x) = ' 
f.L ( x) 

(j) ( v 8 (x)) 
v(x)=v (x)= 

v (x) ( 1.5) 
f.L 

B aanbHefiweM HaM 6yneT yno6Ro HCrronbaoBaTb ReCKOnhKo HHYJO aa

IIHCb narpaR*HSHa cna6oro B38HMOAefiCTBHg, BociiOnb30BaBWHCb TOlKAeCT

/6/ 
BSMH cPHpUa ( CM, ) , rrony'IHM! 

G 2 - w <l> OJ> G - · ~ (x) = - I ( f (x) 0 f ( x)) J (x)=- ( f (x)O J (x) f (x)). (1 6) 
w ..;'2 I,J=l a a ..;2 a a • 

3aecb J ( x) 
a 

gBnHeTCSI 2 x2 MaTpHueA: 

J a ( x) = J (IJ) 
a 

( x)= 

J (x) 

( 

1a 

J + (x) 
sa 

J ( x) 
a a 

J 
) ... ... 

= D (x)+( B (x)r ). 
a a 

( x) 
2a 

J (x)=(v (x)O v (x)), J (x) = ( v (x)O V (X)), 
f.L la e a e 2 a 

J (x) =(17' (x)O v (x)), 
8a f.L a e 

D (x)= .l..(j
1 

(x)+J
2 

(x)), 
a 2 a a 

+ + B (x)=ljaa(x)+Jsa(x)' Jaa -Jaa(x) 

a 2 2i 

-; - MaTpHUbi DaynH, 

~ 

.. 

7 

f.L ,a 

Jla (x)-J2a(x) ] • 

2 

( 1. 7) 

( 1.8) 

( 1.9) 



llocTOHHCTBO npeacTaBneHHR (1.6) COCTOHT B TOM, ~TO OHO OTpa*aeT 

HHBapHaHTHOCTb cna6oro B38HMOael!:CTBHR OTHOCHTenbHO 38M9H e -: /L H 

ve-;ovp. 
, T.e •. yHHBepcanbHOCTb cna6oro asaaMoael!:cTBHR nenToHOB, H 

rross'onReT y~eCTb eaHHbiM o6pa30M BCe MHOroo6pa3He pacxoasi!UHXCR JlHSr-

paMM B pgay TeopHH B03MYIIleHHA. 

Ham IIOCTynaT COCTOHT B TOM, ~TO Hel!:TpHHHOe none v(x) , BXOJlH-

IIlee B narpaH*HaH cna6oro asauMoael!:CTBHH fw ( x) , aenaeT TeopHlO 

HenoKanbHOl!:, llo onpeaeneHHlO, Mbl C~HTaeM, ~TO IIpH~HHHSH cpyHKUHH Hel!:

TpHHHOrO IIOnH OIIpeaenHeTCH paBeHCTBOM 

2 " 

So (x-y)=<O\ T(v6dv(y)) I 0·>=-l- Jd 4ke-lk(x-~,V(-k )k 
v 4 Jl.. 

(217) i -k -i E 

o.w> 

ByJleM rrpearronaraTb, ~TO cpopMcpaKTOP V (- k2 ) yaoaneTaopReT cneJlylOIIlHM 

ycnOBHHM: 
2 2 

1) V ( -k ) - uenaH cpyHKilHH B KOMnneKCHOA k -nnOCKOCTH nopgaKa 

pocTa p < l; 

) 
2 2 

2 V (-k ) - aemecTaeHHa npH aemecTaeKKbiX k 

3) V(O) = 1; 

2 l ) 
4) V(-k )=O ( · a±..1.. 

(k 2) 2 

2 
npH k ... - oo, 

rae a - aocTaTo~ao 6onbmoe nono*HTenhHPe ~Hcno; 

5) B eaKnHaoaoA MeTpaKe 

0 ) __ i_J 
S V (X E - (217) 4 

4 " 
d k V(k 2 

) k 
----~E----=E--~E~--e 

k2 
E 

-lk X 
E E " 2 y 

=X O((x ) ) 
E E 

(1.11) 

(1 ~ i2) 

(1.13) 

npH x 2 -> 0 , rae y ~2 - HeKOTOpoe nnO*HTenbHOe 'IHCnO, 3aMeTHM 0 ~TO 
2 

MO*HO yJlOBneTBOpHTb TOnbKO B TOM cny~ae, KOraa V(k ) ycnoBHlO ( 1 ,13 ) . E 

HBnHeTCH 3H8KOnepeMeHHOl!: BellleCTBeHHOA cpyHKUHeA. 

8 

_. 

'"\M_' 
:.;·%t,~i~ 

"J1T:.· 
·(l~\.1 
-~~v~ 

:~-···· 
'(J,'~:/ 

.:~:· 
•}f~: 

·l·:':·;t, 

,I 
11 

\ 

Xpoaonor·H~eCKHe caepTKH sapR*eHHbiX nenTOHHhrx nom 

MarHHTHoro nonR onpeaenHJOTCR o6bi~HbiM o6pasoM: 

4 -lk(x-y) 
d k e 0 g ~ 

D (x-y)=<O\T(A (x)A (y))\0>=-a--
a~ a ~ (217) 4i 

J --
(lj) (j) 

S
0 

(x-y)=811 S
0 

(x-y)= 

(I) - (j) 
=<0\ T( f (x) f (y))\0>= 

81j 

(217,. ·i 

-k -i E 

' ,, 
d k(m +k) 

J 2 2 • m -k -IE 
j 

e 
-lk(x-

rae m npHHHMaeT aaa 3Ha'leHHH: m = m , m = m 
I e_ 2 p. 

O~eBHaHo, ~To rronHbil!: narpaH*HaH CHCTeMbi nonel!: ( 1. 

npH rpaaHeHTHbiX rrpeo6pa30B8HHHX 

ier(x) ...,. -le f(x) 

f(x)->e f(x), e (x) ... e e ( x)' 

A ( x) ... A (X) +a f (x ), 
a cz a 

v(x)->v(x) 

npH ·o f(x)=0 , noCKOnbKy liel!:TpanbHOe Kel!:TpHHHOe none H< 

CR npH rpaaHeHTHOM npeo6pa30B8HHH , 

$opManbHO S -MaTpHUa MO*eT 6b!Tb 3anHCaHa B cpop~~; 

aeaeHHR: 

S = T exp I i fd 
4 

x [ f (x ) + f ( x ) ] . 
em w 

Pa3nO*HM ·s -MaTpHUy B pRa no KOHCTSHTSM B38HMOael!:CTB 

00 l 
S=l+i I--S 

n=l n! n 

n-1 n 
s = i J dx ... J dx T I n [ f (x ) + f ( X ) ll . 

n 1 n l=l em l w l 

9 

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



HHSI ( 1.6) COCTOHT B TOM 1 'ITO OHO OTp8)1{8eT 

B38HMO,[lei!:CTBHSI OTHOCHTenbHO SaMeH e : /l H 

nbHOCTb cnaooro B38HMO.[leACTBHSI nenTOHOB 1 H 

o6pa30M see MHOI'OOOp83He paCXO.[lSimHXCH .[1H8I'-

'ITO aeATpHHHOe none II (X) 1 BX0,[1H

B38HMO.[lei!:CTBHSI fw ( x) 1 .[lenaeT TeOpHIO 

'ITO npH'IHHH8SI $Y,HKUHSI HeA-

paseHCTBOM 

. 2 " 

I 0'>= - 1- J d 4k e-lk(x-y>V(-k )k 
4 ,.... 

(217 ) i - k - i f 

( 1•10) 

$opM$aKTOP V (- k2 ) ynosne'J'sopHeT cnenyiOmHM 

2 
S1 $yHKUHSI B KOMnneKCHOA k -nnOCKOCTH nopHnK8 

npH semecTseHHbiX k 
2 

2 
npR k ... - oo, 

nonO)I{HTenbHOe 'IHCno; 

I ~ ~ e 
-ik X 

E E " 2 y 
= x O((x ) ) 

E E 

(1.11) 

(l.i2) 

( 1.13) 

- HeKOTOpoe nnO)I{HTenbHOe 'IHCnO. 3aMeTHM 1 'ITO 
2 

ynosneTsopHTb TonbKO s TOM cny'lae, Korna V(kE) 

semeCTBeHHOA $yHKUHeA. 

8 

"* 

Xpoaonoi'H'leCKHe csepTKH aapH:>KeHHbiX nenTOHHbiX rronei!: H 9neKTpo

MarHHTHoro nong onpenenRIOTCSI oobi'IHbiM oopaaoM: 

4 - lk(x-y) 

o gafJ d k e 
D (x-y)=<O I T(A (x)A (y))l 0> = 4 J ---....--· 

afJ a f3 (217) i -k -it 
(lj) (j) 

(1.14) 

8 0 (x-y)=BIJSo (x-y)= 

o> -w 
=<01 T( f (x) f (y))JO>= 

81J I k(m +,k) 
~~4-- J e 
(217) ·i m 2-k 2-if 

j 

-lk(x-y) (1.15) 

m IlpHHHMaeT nsa 3Ha'leHHSI: m = m , m = m 
j 1 e _ 2 p. 

r.[le 

O'lesHnHo, 'ITO rronHbii!: narpaH)I{HaH CHCTeMbi rroneA ( 1.1) HHBapHaHTeH 

npH rpanHeHTHb!X rrpeoopa30B8HHSIX 

ie f(x) ...,. -le f(x) 

f(x)->e f(x), f (x) ->e f ( x), 

A (x) ... A (x) +a f (x), 
a a a (1.16) 

v(x)->v(x) 

IIpH.[Jf(x)=0 , IIOCKOnbKy Hei!:TpanbHOe HeATpHHHOe none He rrpeoopaayeT

CSI npH rpanHeHTHOM rrpeoopa30B8HHH • 

ct>opManbHO S -MaTpHua MO)I{eT obiTb sanHcaaa s $opMe T -npoHs-

seneHHH: 

S = T exp I i fd 
4 

x[ f (x) + f (x)]. 
em w 

PaanO)I{HM -s -MaTpHUy B PHn IIO KOHCT8HT8M B38HMOneACTBHSI e 

00 l 
S=l+i I-S 

n=l n! n 

n-1 n 
s = i J dx ••• J dx T I n [ f (x ) + f ( X ) ll . 

n 1 n J=l em l w j 

9 

(1.17) 

H G: 

(1.18) 

( 1.19) 



Depe~~eM K HOpM8JlbHO ynopH~O'l9HHbiM npOH3Be~eHHRM onepaTOpOB 

nonH, cornacao TeopeMe BHKa, r~e no~ wxpoaonorH'leCKHMH" csepTKaMH 

onepaTOpOB 6y~eM nOHHM8Tb (1.10), (1.14), (1.15). Mbl nony'lHM no CTpyK-

Type 06bi'lHbiH PM TeOpl:fH B03MyiUe!IHH C e~HHCTBeHHbiM QTJlH'lHeM, 'ITO 

06bi'lHbl9 npH'lHHHble tPYHKUHH He~TpHHHbiX IIOJleH 38M9HR!OTCR H8 tPYHKUHH 

( 1,10) 
1 

T,e, B HMnyJlhCHOM npOCTpaHCTBe npOHCXO~HT cne~y!OIU8R 38MeHa: 

" 2 '• 
k v (- k ) k 

-+ 

- k 2
- it -k 

2 
-i £ 

DoCT8BHM CJle~y!OIUY!O 38~aqy: K8K BB9CTH npoMe:lKyTO'lHY!O perynHpH-

38UH!O TeOpHH H K8KHe rrepeHOpMHpOBKH He06XO~HMO npOBeCTH 1 'lT06bi no-

ny'lHTh KOH9'1HY!0 1 yHHTapHyiO, rpa~HeHTHO-HHBapH8HTHY!0 1 MaKponpH'lHHHY!O 

S -MaTpHUy, onHCbiB8!0lUY!O aneKTpOMarHHTHOe H cna6oe B38HMO~e~CTBHR 

nerrTOHHhlX rronel!:? 

2. KnaccHdlHKagHH gHarpaMM TeoPHH sosMymeHHH 

B pH~Y TeopHH sosMyiUeHHH 6yayT npncyTCTBOBaTh TPH THrra AHarpaMM: 

A!:!arpaMMbl C 'lHCTO CJl86biMH BepiUHH8MH 1 CO CJla6biMH H 8Jl9KTpOMarHHTHbl

MH H 'lHCTO 8Jl9KTpOM8rHHTHbiMH Bepll!HH8MH, Docne~HHe AH8rpaMMbl 3~9Cb 

pa~CM8TpHB8TbCH He 6yAyT, noCKOJlhKY OHH rrpeACT8BJlH!OT XOpOll!O H3B8CT

Hy!O nepeHopMHpyeMy!O aneKTpOtlHH8MHKY II nepeHOpMHpyiOTCR 06bi'lHblM 06-

, /4,5/ 
pasoM (eM,, aarrpHMep, ) • 

/4 5/ 
Dpose~eM, cne~yR ' , KnaccH¢HK8UHIO scex ~HarpaMM c TO'lKH 

speHHR HX cxo~HMOCTH. Dpeanono:lKHM, 'ITO cymecTsyeT sosMO:lKHOCTh rrepe

xoaa K 9BKJlHAOBO~ MeTpHKe ( CM, CJ19AY!OIUH~ rraparpa¢) H 0 CXOAHMOCTH 

AHarpaMMbl 

AHarpaMMbl 

--

D 

w(D) 

MO:lKHO cy~HTh no BeJlH'lHHe T8K H83b!B89MOrO HH~9KC8 

/4/ 
• CornacHo Boronro6osy 

10 

"''l!M!I!! 
:l:·,f~.: 

~~)<. 

w (D) = I w + 4- _l_ I ( r + 2 ). 
I I 2 Lext Lext 

B nepsoM '!:neae cyMMHposaaHe npoBO.IlHTCR no seeM sepwHHa 

saeMoli .llHarpaMMbi D , B nocne~HeM q;neHe - no seeM BHI 

.llaHHoA .llHarpaMMbi D • BenH'IHHa w 1 HaSbiBa·eTCR HH~eK• 

sepWHHbl H onpe~eliReTCR paBeHCTBOM 

WI =.l.I(r +2)-4, 
2 l l 

npH'!:eM CyMMHpOB8HHe npOBO.IlHTCR no BCeM 1IHHHRM 0 BXO.IlRWM 

sepwHHy. BenH'!:HHa 

2 
'!:8CTHllbl npH p -+-oc 

r csRSaHa co CTeneHhiO pocTa nponarB 

H onpe~enReTCR H3 paBeHCTBa 

r~e 

r+2 
2-

(p) 2 Il(p2)= O(l) npH 

2 
II ( p ) - HeKOTOpbi~ nponara Top, 

2 
p -+-~. 

8 HCCJle.llyeMOM H8MH cnyq;ae HMeeTCR TpH TRna nponar 

naraTOpbi sapR:lKeHHbiX nenTOHOB ( e H p. ) , nponaraTOpbi 

( v n v ) H nponara Top <floTOHHoro nons,~ (A) 
e p. 

• BenH'II 

8THX nponaraTOpOB PiBHbl COOTBeTCTBeHHO 

<f> (J.I) (A) 
1 r = - u' r = 0, • r 

r~e U - ~OCT8TO'IHO 60JlbWOe nOJlO:lKHTeJlbHOe '!:HCJlO, 

8 paccMaTpHBaeMoil: TeOpHH npHCYTCTBY!OT .llB8 TKDa Be 

BeTCTBY!OWHX 9JleKTpOMarBHTHOMY H cna6oMy B38HMO.Ileii:CTI 

KH H306pa3HM HX CJ1e.lly!OWHM o6pa30M: 

11 
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JlbHO yrropH:lO'IeHHbiM rrpOH3Be::teHHHM orrepaTOpOB 

eMe 8HK8, rge ITOA "xpOHOJlOI'H'IeCKHMH" CBepTK8MH 

OHHM8Tb (1.10), (1.14), (1.15), Mbl rrony'IHM ITO CTpyK-

TeOp\IH B03MyiUe!IHH C eAHHCTBeHHblM QTJlH'I:HeM, 'ITO 

<jlyHKUHH HeHTpHHHbiX llOJleH 38MeHH!OTCH Ha <jlyHKUHH 

npocTp8HCTBe rrpOHCXO:lHT cnegy!OIU8H 38MeHa: 

!OIUY!O 38AB'Iy: KBK BBeCTH rrpOMe)KyTO'IHY!O perynSipH

ue nepeHOpMHpOBKH He06XOAHMO rrpOBeCTH, 'IT06bl ITO

HHTapHyJO, rpaAHeHTHO-HHB8pH8HTHyJO, MaKporrpH'IHHHY!O 

biBa!OIUY!O aneKTpOMai'HHTHOe H cna6oe B38HMOAeHCTBHSl: 

H B03MyiUeHHH 6yAyT ITpHCyTCTBOBaTb TpH THITa AH8I'p8MM: 

cna6biMH BepiUHH8MH, CO cna6biMH H aneKTpOMarHHTHbi-

8I'HHTHbiMH Bep!UHH8MH, flocneAHHe AHarpaMMbl 3geCh 

6yAyT, ITOCKOJlbKY OHH rrpeACT8BJlH!OT XOpOIUO H3BeCT

aneKTpO::tHH8MHKY H nepeHopMHPY!OTCH o6bi'IHbiM 00-
/4,5/) 

Mep, • 

/4,5/ 
H , Knaccu!flnKaUHJO scex AHarpaMM c TO'IKH 

TH, IlpeAITOJlO)KHM, 'ITO cymeCTByeT B03M0)KHOCTb rrepe

MeTpHKe ( CM, CneAy!OIUHH rraparpa!fl) H 0 CXOAIIMOCTII 

0)KH0 CYAHTb no BeJlH'IIIHe TaK H83b!B8eMOI'O HHAeKC8 

/4/ 
• Cornacao Boronro6osy 

10 

...-

11 

co (0) = I co + 4- L I ( r + 2 ). 
I I 2 Lext Lext 

(2.1) 

B nepsoM qneae cyMMuposaHRe nposo::tHTCH no seeM sepwHHaM paccMaTpn

saeMoil: guarpaMMbi 0 , B nocneaaeM 'lneae - no aceM aHeWHHM nnHHHM 

,ll8HHOil: . .llHarpaMMbl 0 • BenH'IHHa co 1 Ha3hiaaeTCH HH.IleKCOM i -Toil: 

BepWHHbl H onpe,llenSJ:eTCSl: paaeHCTBOM 

co, =.li(rl 
2 j 

+2)-4, 

npH'IeM CyMMHpOB8HHe npOBO.IlHTCSI no BCeM JlHHHSIM 1 BXO,IlSI!UHM B 

(2.2) 

-Ty!O 

aepiUHHy. BenH'IHHa r caSJ:saaa co cTeneHb!O pocTa nponaraTopa aaaaofi 

2 
'18CTHUhl npH p ~-~ H orrpegenSJ:eTCSI H3 paBeHCTB8 

r+2 

< P2 )-2-n < P2 )= ou) npn 
2 

p -+--~I 

rae 
2 

ll (p ) - HeKOTOpb!il: rrponaraTOp. 

B HCcneayeMOM HaMH cnyqae HMeeTCH TpH THna nponaraTopoa: rrpo-

naraTOpbl 38pSI)KeHHblX nenTOHOB ( e H p. ) , nponaraTOpbl Heil:TpHHO 

( v H v ) H nponara Top lfloToaaoro non~ (A) 
e p. 

• BenH'IHHhi r ,llJlSI 

9THX rrponaraTOpOB paBHbl COOTBeTCTBeHHO 

c£> (V) 

r =-a, (A)- 0 
r - ' r 1' (2,3) 

I',lle a - ,llOCT8TO'IHO 60nbiUOe nOJlO)KHTeJlbHOe 'IHCJlOe 

B paCCMa TpHBaeMOil: TeOpHH rrpHCyTCTBy!OT ,llB8 THD8 aepWHH, COOT-

BeTCTBY!OIUHX aneKTpOM8I'HHTHOMY H cna6oMy B38HMO,Ileil:CTBHSIM, fpa!fJH'IeC-

KH II306pa3HM HX CJle.lly!OIUHM o6pa30M: 

11 
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A 
PRe. 1 

3AeCb BBeJleHhi ycJIOBHhie. 0603HaqeHHSI: ~- ~OTOHH8SI JlHHHSI, ..... -

JlHHHSI 38pS!)KeHHOI"'O JieiiTOHa, ____.. - JlHHHSI HeiiTpHHO, J1 HAeKCbl BepWHH 

nel"'KO IIO)lCqHT8Tb: 

w = o·, w =-a+l. (2.4) 
em w 

ITpOCTOH 8H8JIH3 IIOK83biBaeT, qTO BCe IIpHMHTHBHble AH81"'p8MMbl C OAHOlf 

ITO KpaH:Helf Mepe. BHyTpeHHeH HelfTpHHHOlf JlHHHelf eXOASITCH, Bee pacxo-

AHWHeeSI npHMHTHBHbie AHarpaMMbl IIpHBeJleHbi H8 pHe. 2, 

Bee oeTaJlbHbie npHMHTHBHbie H HeiipHBOJlHMble JlH8l"'p8MMbl eXOAS!TeSI, 

Cne)lyeT 3aMeTHTb, qTO B paeeMaTpHBaeMolf TeOpHH HHTerpaJihi, eoOTBeT...;. 

eTBYIOillHe JII060H HenpHBOAHMOH AH81"'p8MMe 0 1 CXOJlS!TeSI, eenH HH)leKe 

9TOH JlH81"'p8MMbl w ( 0) MeHbWe Hyng, 3TO SIBJIS!eTCSI CJieACTBHeM ycJIOBHSI 

(1.13). 

TaKHM o6pa30M, HMeeTCSI KOHeqHoe qHCJIO THIIOB paCXOJlSIIllHXCSI AH81"'

paMM, Cneaosa·!'ellbHo, paccMaTpHsaeMaSJ HaMl! reopHS! nepeHopMHpyeMa. 

3, MeTO)l perynHpH38UHH 

ITocrpoeHHe S -MaTpHUhi no reopHll soaMymeHHH HesoaMO)KHO 6ea 

BBeAeHHSI HeKOTOpolf npoMe)KyTOqHOH Heco6eTBeHHOlf perynSJpH3YIOilleH npoue

Aypbl, HenoKanhHhi•~' nporrararop aeiirpHHO perynHpHayeM <jlyHKUHeii R 
8 

/1/ 
( IIOAp06Hee eM, ) : 

12 

~ 

.l 

I 
1 •, 

iii. 4. 

0 -· 

>0< >C>-
TI.1.w('D)=2 TI. 2. w f1l)=o 

/ 

w (13}-d 

@.5 @.6 

w (n) =-0 

000 
w ('0):.0 

PHc. 2 

13 
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;\ 
Pac. 1 

Hble. 0603H8'18HHSI: ~ - ~OTOHHBSI nMHHSI, ..... -

nenroHa, - - nHHHH H8HTpHHO, l1H.Il8KCbl BepWHH 

w =-a+ 1 (2,4) 

3biBaer, 'ITO BC8 npHMHTHBHbl8 .llH8I"p8MMbl C O.llHOlf 

BHyrpeH!Ieii HeiirpHHHOH nHHHelf CXO.IlHTCH, Bee pacxo

Ha pHC, 2, 

llpHMHT'HBHbie H HeUpHBO.Ili'IMbie .llH8I"paMMbl CXO.IlHTCH, 

, 'ITO B paccMaTpHBaeMOH TeOpHH HHTerpanbi, COOTBeT..;. 

HenpHBO.IlHMoii aHarpaMMe D 1 CXO.IlHTCSI, ecnH HH.IleKC 

w (D) MeHbW8 HynH. 3To 51BnSieTC51 Cne,llCTBHeM ycnOBHSI 

HMeeTCSI KOHe'IHOe 'IHCno THilOB paCXO.Il51WHXC51 .llHar-

paceM a rpHaaeMa51 HdMH TeopH51 nepeaopMHpyeMa·. 

3, Merog peryn51pH3BU.!!!1 

S -MaTpHUbl no reopuu B03MyWeHHH H8B03MO)KH0 6es 

llpoMe)KyTO'IHOH Heco6CTB8HHOH perynHpH3YIDweii npoue-

• t:p,:mararop aet!TpHHO peryn5!pasyeM ljlyHKUMeii R 8 

II): 

12 

._.: 

l 
I 

.:~.1 

I 

C> ~ 
Il.f. wtD)=2 IT.2. w (1l)=O 

w ('CJ}-:.1 

i].4. @.5 - ff./.6 

W (D) =-0 

00000 _.. - _, - -

w ('0)=-0 

PHc, 2 

13 

j~ 



;-eg s c 
v 

l 2 A 

(x-y)= --4 Jd4k V(-k )k 
(2 rr ) i k 2 • - -1€ 

8 

0 2 -l(x-7) 
R (k )e . • 

<t>yHKUIIIO R (z) Bbi6epeM B cne.oyiOIIIeM BRAe: 

o 2 1/2+11 -1rra 
R ( z) = exp I -o ( z + i M ) e I , 

( 3.1) 

(3.2) 

r.oe O<v <a< _l 
2 

, a M 2 - HeKOTOpb!lt napaMeTp • .llnSI perynSipHSyiO-

melt ¢y HKUHH R 0 (z) npH 6oJlbiiiHX I z I capaBe.onHBhi oueHKH 

O -OI 111+1/2 
R ( z) I"' e "' , - rr a < arg z < rr (I+ a ), 

IRo(z) I "'eolzl V+1/2 
• 

r.oe 

a 
2(a-v) 

1+2v 
> 0, 

2 1 

a2 
rr(l+a

1 
)<argz <2rr(l-2), 

l-2 a 
a

2 
"'----- > 0. 

1 +2v 

HHhiMH cnoBaMH, B KoMnneKcaolt nnOCKOCT.H z R
8
lz) aHaliHTH'IHa H y6hi-

1 
no I z I B Bepxaelt BaeT, KaK SKC~OHeHTa nopSIAKa p 1 = 2 +II< } 

nonynnocKOCTH, BKniO'laSI BemecTBeHHYIO ocb. DocKOllhKY V(-k
2

) - uenaH 

lPYHKUHSI nopSIAKa p < 1 , TO, Bbi6Hp8SI p< 1
, ~ +II ~ 1 , nony'IHM, 'ITO HH

Terpanhl OT lPYHKUHH regS~ (X -y) XOpOIIIO CXOASITCSI npH 8"> 0 , DepeltTH 

K npe.oeny 8-> 0 MO)I(HO, noBepHyB KOHTyp HHTer~HpOBaHHSI no k 0 Ha ; , 

'ITO MO)I(HO C,OenaTb npH l'J·> 0 • Docne noBOpOTa MO)I(HO nonO)I(HTb l'J= 0, 

TaK KSK HHTerpanhi 6y.OyT CXO.O.HTbCSI 6naro.oapSI y6biB8HHIO <lJopM<lJaKTOpa 

V (- k 2 ) npH k2 ... - oo • HHhiMH cnoBaMH, BBe.oeHHe perynHpHsyiOmea npo-

8 ue.oyphi R o6ecne'IHBaeT nepexo.o K eBKnHAOBoft MeTpHKe. 

14 

.!8 

~ 
J. 

30M 

<f>OTOHHYIO npH'IHHHyiO lPYHKllHIO ( 1.14) perynHpHsyeM 06bi'IHbll 

i41: 

o ga{3 4 -lk(x- y) 1 
l ]. 

regD f3 (x-y)= ---fd ke [-.......--
« (2rr) \ - k - i E M -k -if 

Hcnonb3YSI rpa.oHeHTHO-HHBapHaHTHYIO npoue.oypy naynH-BHnnapca 

aopHbie npH'IHHHhie ¢yHKUHH sapH)I(eHHhiX nenTOHHhiX noneii: 6y.oeM J 

pH30BaTb He no OTAenbHOCTH, a 38MKHYThiMH CnHHOpHbiMH UHKnaM~ 

BeAeHHSI1 COOTBeTCTBYIOIIIHe SaMKHYTbiM llHKnaM 

c 0 0 0 • 

Sp [ r S (X - X ) r S ( X - X ) r... r S ( X - X ) r S m ( X -X )] , 
m 1 1 2 m 

2 
2 3 mn_ 1 n-1 n n n 1 

r.oe r 
r 

-MaTpHUa, onHCbiBSIO!llaSI COOTBeTCTBYIOillYIO BepWHHy (B H 

qae paBHO ya HnH }' (I +Y ) ) , 3aMeHSIIOTCSI Bbipa)l(eHHSIMH 
a 5 

0 c 
I. c Sp [ r s A ( x -x ) r s A 
J j m 1 j 1 2 m 2 J 

c 
(x -x )r ... r S A 

2 3 · m 
n j 

(x -x n 
n 1 

r.oe S c A - npH'IHHHaSI ¢epMHOHHaSI <PYHKllHSI c Maccolt m A1 
m J A 

0 
m A

1 
+ k 

S (x)=_l__ f ------
mA J (2 rr )4i m2 A 2 ~k 2 - i E 

j 

-lk(x-y) 

d
4 

k ' e 

A - 6espasMepHbift nap,.MeTp, perynHpHSYIOIIIHH saMKHYThiH UHK 
j "1:. 

llanee Tpe6yeTC511 'IT06hi KOSqxjJHUHeHTbl C j 

l!H He06XOAHMOMy 'IHClly COOTHOW9HHH THna 

N 

I. c =0, 
i=O l 

N 
2 I. c 1A 1 = 0, 

=0 

N 4 

I. c l· 
J=O I 

0, 

B cyMMe (3.5) y.o.o1 

r.oe co= 1 , A 
0 

= 1 , N - HeKoTopoe KOHe'IHOe 'IHCno. B aaweM c 

AOCTaTO"lHO orpaHH'IHTbC51 nepBbiMH ABYMl'l ycnOBH51MH (N.:$ 2). 

15 
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2 " 
)=-~--Jd4k~(-k )~Ra(k2)e-l(x-lf) 

4 2 . • 
(217 ) i - k --i ( 

(3,1) 

Bbi6epeM s cne.QyJOmeM BH.Qe: 

2 I/2+JJ -117a 

-a ( z + i M ) e I , (3,2) 

I 
2 

• a M 2 - HeKoTopbiii napaMeTp, D.nR peryn.llpHsyJO-

R a (z) npH 60JlblllHX I z I capaBe.QnHBbl oueHKH 

-0 V+l/2 
lzl , -178 <8rgz<77 0+8 ), 

2 I 

zl JJ+ 1/2 
82 

77(1+8 )<8rgz <217{1--), 
I 2 

l-2~->0. a ="---

2 l +2 )J 

MH, B KOMnneKCHOll nnOCKOCT.H Z n<\z) 8H8nHTH'IH8 H y6hl-

l 
noHeHTa nopSI.QKa p 

1 
=- + v < l 

• 2 
no I z I B BepXHeii 

, BKnJO'I8.1l Be!lleCTBeHHyJO OCb, nocKonbKY V(~k2 ) - uena.ll 

p < l , TO, Bbi6Hp8.1l p< ~ + V ~ l , nony'IHMj 'ITO HH-

XOpO!llO CXO.QSITCSI npH a·> 0 • OepeiiTH 

MO)I{HO, nosepHyB KOHTyp HHTerpHpOB8HHSI no k
0 

Ha ; , 

Tb npH a·> 0 , nocne nosopoTa MO)I{HO nono)I{HTb B= 0, 

panhi 6ynyT CXO.QHTbCSI 6naronap.ll y6biB8HH!O lfJopM!fJaKTOpa 

k
2 

-+ - oo , i1HbiMH cnOB8MH, BBe.QeHHe perynSipH3YJO!lleii npo-

o6ecne'IHB8eT nepexon K esKnHnosoA MeTpHKe, 

14 

...-: 

' :• 

30M 

«<IOTOHHYJO ripH'IHHHyJO lfJy HKUHJO ( 1,14) perynSipHsyeM o6bi'IHb!M o6pa

f4/: 

o ga{3 4 -lk(x- y) 1 
reg 0 f3 ( x-Y. )= --- J d k e [-.,...---

a. (217) 
4 

i - k - i ( 

l ]. 

M -k -if 
(3,3) 

/4/ 
11cnonb3Y.Il rpanHeHTHO-HHB8pH8HTHYJO npoue.Qypy naynu-Bunnapca . I cnH-

HOpHble npK'IHHHhie ifJyHKUHH 38pSI)I{eHHbiX nenTOHHbiX noneii 6y.QeM perynSI

pH30B8Tb He no OTnenbHOCTH, a 38MKHYTblMH CnHHOpHb!MH UHKnaMH, 0pOH3-

Be.QeHHSI1 COOTBeTCTBYJO!llHe 38MKHYTb!M UHKnaM 

c 0 c c • 
Sp[f S (x -x )f S (x -x )f ... rs (x -x )f S m (x -x )], (3.4) 

m 1 I ll m 2 2 8 mn-l n- 1 n n n I 

rne f -M8TpHU8, OfiHCbiB8!0!ll8SI COOTBeTCTBYJOlllyJO Bep!llHHy ( B H8!lleM cny

f qae paBHO yo. HnH }' (l +y ) ) , 38MeHSIJOTCSI Bbip8)1{eHHSIMH 
a 5 

0 0 

I c Sp [ r s A ( x -x ) r s A 
j j m 1 j 1 2 m

2 
(x -x )r ... rs oA (x -x

1 
}]. (3,5) 

2 8 m • n 
n l 

r.Qe S 
0 

A - npH'IHHHaSI lfJepMHOHHaSI IPYHKUHSI c Maccoii m A
1 m j " 

m A + k 
o 1 J -lk(x-y) 

S A (x)=-L-- J e 
m J (2 17) 4 i m 2 A 2 ~ k 2 - i ( 

d 
4 

k ' (3,6) 
j 

A . - 6espasMepHhiii napaMeTp, perynSipH3YJO!llHll ,saMKHYThlll UHKn ( 3.4). 
l 

D.anee Tpe6yeTCSI, 'IT06bl KOS.p4JHuHeHTbl C J 

nH He06XO,QHMOMy 'IHCny COOTHO!lleHHll THna 

N N 

I c = 0, 
J=O J 

2 I c 1A 1 = 0, 
=0 

N 4 

.I c 1A 
1 l=O 

0, 

B cyMMe (3,5) YAOBneTBOpSI-

(3, 7) 

rne co= l , A 0 = l , N - HeKoTopoe KOHe'IHOe 'IHCnO, B HameM cnyqae 

.CIOCTaTO'iHo orpaHH'IHTbCSI nepBbiMH ABYMSI ycnoBHSIMH ( N ~ 2). 

~ 15 



i ~ 
I 

BBe.UeHHbiX perynSipH38UHll: .UOCT8TO'lHO, 'lT05bJ CXO.UHnHCb BCe HHTei"-

panbi, COOTBeTCTBYJOIIJHe nJ05biM .UH8I"p8MM8M, nOSIBnSIJOIIJHMCSI B paCCM8TpH

BaeMOll: H8MH TeOpHH, .UanbHell:maSI 38.U8'l8 COCTOHT B TOM, 'lT05bi Bbl'lHC

nHTb BCe HHTerpanbi, onpe.uenSIJOIIJHe pacxo.USIIIJHeCSI .uHarpaMMbi, H no.uo5-

paTb KOHTp'lneHbl 1 ycTp8HSIJOIIJHe ynbTpa(j)HoneTOBbie paCXO.UHMOCTH H3 pS!.U8 

TeOpHH B03MyiiJeHHH, 

4. BTOQQH nopwoK TeopHH B03MYIIJeHHH 

PaccMoTpHM nocne.uoBaTenbHO BCe .UHarpaMMbi, npHBe.UeHHbie Ha pHc.2, 

H BbinHIIJeM COOTBeTCTBYJOIIJHe KOHTp'lneHbi 1 KOTOpb!e Bbl'lHCnHM C nOMOIIJbJO 

onHcaHHOH BbiiiJe rpa.uHeHTHO-HHBapnaHTHOll: perynSipH38UHH. Ksa.upaTH'lHO 

pacXO.US!IIJ8SICSI .UH8I"p8MM8 11.1 Ha puc. 2 H8 C8MOM .uene COCTOHT H3 

Tpex .UHarpaMM: 

J,>Q<J. J,>Q<J2 JJOJ; 

PHC. 3 

O.uaaKo c noMOIIJbJO npe.ucTaBneHHSI narpaa~uaaa BSauMo.ueficTBHSI B tjlopMe 

(1,6) B03MO*HO y'leCTb HX e.UHHbiM 05pa30Mo 

8neMeHT S -MaTpHUbi, COOTBeTCTByJOIIJHll: .UH8I"p8MMe 11.1 

BaeTCSI B BH.Ue 

(II.l) G 2 (lj) 

S =- i (-) Jf dx dx J 
2 ,/'£' 12a 

(j) (I) 

xregSp{OaS (x1-x 2 )0{3S 

.,. 

(ji) 

(x
1

)jf3 (x
2

)'1< 

(x
2
-x

1
)1. 

16 

, sanHCbi-

(4.1) 
1 

Orrpe11enHM tjly HKUHJO 

(ij) J ~ ik(x-y) 

reg n f3 ( x-y) = --d dk e 
a (2rr) 

"' (ij) 

reg n af3 (k) ' 

-ikx (j) (i) 
(ii) 

reg n af3 (k > = - i J dx e regSp! OaS (x)Of3S (. 

DocnellHHll: HHTerpan COOTBeTCTByeT IIeTne C llBYMSI pa 

m H m : 
I j 

B bi'lHcneHHe 11aer 

mi 

o.~.~o.J3 
m· 'J 

PHC, 4 

2 . 
"' (ij) 2 2 2 2 2 en I\ 2- en I\. 

regll (k)=-Brr g (m +m ) [A I\ 
af3 af3 i i t 2 I\ 2 _ I\ 2 

2 1 

2 2 2 2 
I\ 2 En I\ 2 - I\ 1£n I\ 1 

I\ -I\ 

2 2 
] - 16 rr ( ka k ,tr Sa {3k ) x 

2 1 

2 2 2 

I\ 
2 

On I\ ,-A 1 en I\ 2 I d u ( l- u ) e n l z- --+ u x[-- 2 --2~ o 

2 
um 1 +0· 

2 
urn 6 /\.2-/\.1 

I 

I\ 
1 

H I\ 
2 

- llBa rrapaMeTpa, orrpe11enSIJOIIJHX perynSip~ 

ca. DepeXOilSI K rrpe11eny I\ 1-+/\. 2 =I\ 

regllOil(k) 
af3 

Bbipa*eHHe 

, rrony'lHM 11n: 

17 
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HHb!X perynHpH38UHH .QOeT8TO"'HO, "'TOObl eXO.ClHJIHeh Bee HHTer

eTeTBYIOIUHe Jl!OObiM .QH8rp8MM8M, IIOSIBJISIIO!UHMeSI B p8eeM8TpH

.Q8JlhHeHIII8H 38.!:18"18 eoeTOHT B TOM, "'TOObl Bbl"'HC

orrpe.QeJIHIOIUHe p8eXOJlHIUHeCSI JlH8rp8MMb! 0 H IIOJlOO

ynhTp8!fJHOJieTOBb!e p8CXOJlHMOCTH H3 pHJl8 

•-~ ....... ~anrt. 

4. BTopoli rropH.l:IOK TeopHH B03MYrueHHH 

MOTpHM IIOeJieJlOB8TeJihHO Bee JlH8rp8MMbl 0 IIpHBe)leHHbie H8 pHC.2, 

eoOTBeTCTBYIOIUHe KOHTp"'neHb! 0 KOTOpb!e Bbl"'HCJIHM C IIOMO!Uh!O 

Bbrrrre rp8JlHeHTHO-HHB8PH8HTHOH peryngpnsaunn. KB8JlP8TH"'HO 

11.1 H8 PHC. 2 H8 C8MOM Jlene COCTOHT H3 

]I ~oJ, JJOJ; 

Pne. 3 

IIOMO!Uh!O IIpe)lCTaBneHHSI narpaHMH8Ha B38HMOJleHCTBHr B !flopMe 

OMHO y"'eCTh HX 8JlHHbiM Oopa30Mo 

S -MaTpHUbl, eOOTBeTCTBYIOIUHH JlHarpaMMe 11.1 

G 2 Oil 
- i ( -= ) fJ dx 1 dx 

2 
J a 

y2 
(j) (I) 

SpiOaS (x1-x
2

)0,8S 

.,_; 

(jl) 

(x 1 )J,8 (x
2

)'1< 

(x
2
-x

1
) }. 

16 

, 38IIHCbi-

(4.1) 
1 

~ ~ 

OrrpeJlem:!M !fly HKUI:!JO 

("") J ik(x-y) "' (i") 
reg n l,BJ ( x-y) = ----{ J dk e regll af:3J (k) • 

a (271) 

(ii) 

regll ,B(k)=-i {dxe a . 
(j) (i) 

reg~pl Oa~ (x)O,BS (-x)}. 
(4.2) -lkx 

D oene.QHHa HHTerpan COOTBeTCTByeT II8TJI8 e JlBYMH pa3nH 'IHbiMH Mace; a \111, 

m H m : 
l j 

BLI"'HeneHHe JlaeT 

mi 

oJ.<JoJ3 
m· ') 

PHc. 4 

"' (ij) 

reg n 
a,B 

(k)=-8/ g (m 2_+m _2) [A2 A2 En A
2
2-En A~ 

a,B 1 l I 2 -------- -
A22- A: 

2 2 2 2 
A 2 EnA 2 -A 1En A 1 

-2 
A -A 

•· 
2 2 

] - I6 71 ( ka k {:5 ga f3k ) x 

2 I 

( 4.3) 

2 2 2 A2 ' 
A ;/.n A 1- A I En 2 I du u ( I- u ) r n 

2 2 2 
um 1 +(1-u)mi -uO-u)k 

I --+ X [-- 2 --2- 0 

6 A 2 -AI 
J. 

um
2 

+U-u) m ~ 
l J 

A H A 2 - aea rrapaMeTpa, orrpeaenHJO!UHX perynHp1:!3aUHJO Daynn-B1:1nnap-

ca. Depexo.QH K rrpeaeny A
1 

... A 2 =A , IIOJIY"'HM .QJISI paeXO.QSI!Uefteg "18CTH 
"' (" ") 

reg n ~~ (k) Bb!p8M8HH8 

~ 
17 



"' (ij) 2 2 2 2 2 
ll ( k) "' - 811 g (m 

1
+ m )l A - En A - 1 J + 

a~ a~ l 

2 
8rr 2 2 

+ T ( ~ k~ - g a~ k ) [ En A -1 ] , 

( 4.4) 

HnH B x -npeacTasneHHH: 

(lj) 2 2 2 
ll Q(x-y)=-811 lg Q(m 2 +m 2)[A -En A -1 ]+ 
a~ a~ 1 1 (4.5) 

1 . . 
+ 3( a a a~ - g af3 D> [ fn A 2 

- 1 ] I iH X- y ) . 

nnSI TOI"O, 'IT06bi yc .:'paHHTb 9TH paCXOaS!IllH9CSI 'ln9Hbl H3 S -MaTpHUbl 0 He

o6xoaHMO BB9CTH B nai"p8H)KH8H B38HMOaeftCTBHSI aononHHTenbHb!ft 'lneH BH-

a a 
(1) (IJ) 2 2 (jl) 

f_ ( X) = J ( X) [ h g Q (m + m ) + h 2 ( a • a ~ - g Q 0) ) J Q ( X ) 
w a I a~ t I a ~ a~ ~ 

(4.6) 
=h Sp IMJ (x)J (x)l+h

2
SpiJ (a aQ-g QO )JQ(x)l, 

1 a a a a~ a~ ~ 

2 0 
M=(me 2) 

' 0 m 
Pae • EcnH nepeftTH K o6bi'IHbiM o6osaa'leHHSIM, nony'IHM: 

p. 

Gl (1) 2 2 2 + 
.L ( x) = h 

1 
I m J 

1 
( x) J 

1 
( x ) + m 2 J J ( x) + ( m + m ) J ( x) J (x) I+ 

w e a a p. 2a 2a e p. aa /!a 

+ h2 IJla (x)(a a a rr g a~D>J I~ (x)+ J2a (x)(a a a rr ( 4.7) 

-g O>J <x>+ 2J <a a -g 0 )J+ <x>l. 
a~ 2~ a a a ~ a~ 8 f3 

18 
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~ 

TaKHM o6pasoM, B nai"paH)KHaHe B3aHMoaeH:cTBHSI noS!BnSIJOTc 

TenbHbi9 'ln9Hb! 0 OIIHCbiB810!llHe 'IHCTO HeJ!!TpHHo-HeftTpHHHOe B38H 

0 senH'IHH9 HOBb!X KOHCT8HT B38HMOaeHCTBHSI h I H h 2 B pa 

npoueaypbi HH'Iei"o cKasaTb aenbSSI. YcTpaaeaHe pacxoaHMocTeJ!! 1 

M8X BTOpOI"O IIOpS!aKa II. 1, CBSI38HO C nepeHOpMHpOBKOH 9THX HOE 

CT8HT B38HMOaeHCTBHSI h 1 
H h 

2
• 

DoS!BneHHe· B TeopltH 'IHCTO V- V B38HMOaeHCTBHSI He BHOCH~ 

WH9 nOpS!aKH TeOpHH BOSMy!lleHHH HOBblX paCXOaHMOCTeft, IIOCKOJU: 

K8nbHblft npOII8I"8TOp HeftTpHHO 6biCTpO y6b!B89T, TaK 'ITO CXOaSITC 

38MKHYTbl9 rreTnH, o6pa30B8HHbi9 npOII8I"8 TOp8MH HeftTpHHO, 

PaccMoTpHM Tenepb aHai"paMMY 11.2. TaKHX aHai"paMM ase: 

'·& ,,o 
e '.!A 

PHC. 5 

3neMeHT S -MaTpHUbi, COOTB9TCTBY!Oil1Hft 9THM aHai"p8MMaM 1 38 

B BHae 

<II.2l G <W 
S =-ie- Jfdx dx J 

2 v2 1,2a 

(J) 
xy S (x -x )I 

~ 2 I 

(j) 

( x l A~ ( x 
2 

) reg Sp I 0 aS (x 1- x2 

OnpeaenHM ~yHKUHJO: 

(I) ] lk(x-y) , (j) 

reg P ( x-y) =t --
4 
f dk e reg P ( k ), 

a~ (h) a~ 

"'(j) -lk(x-y) (j) 
reg P Q ( k) = - i f dx e reg Sp (I 0 S 

a~ a 

(j) 

( x ) y ~s ( -x) I 

19 



2 2 2 2 
(m 

1
+ m ) l A - En A -I J + 

af:3 l 

(m 2 + m 2) [ A 
2

- En A 
2 

- I ] + 
i j 

[En A2 -I ] I 8·( x-y) . 

( 4.4) 

( 4.5) 

,'p8HHTh 9TH paCXOJlSilllHeCSI qneHbi H3 S -MaTpHUhi 1 He-

narp8HlKH8H B38HMOJleifCTBHSI JlOIIOnHHTenhHbiH 'IneH BH-

2 2 (jl) 

g {:3 (m + m ) + h 2 ( a • a {:3 - g f:3 0) ) J f:3 (X) 
I a I l a a 

a ( X ) I + h 2 Sp IJ a ( a a a {:3 - g af:3 D ) J f:3 ( X) I • 
(4.6) 

• EcnH rrepei!:TH K o6bi'IHhiM o6oaHa'IeHHSIM, rrony'IHM: 

2 2 + Ia (x) J 1a (x )+ m2 J J (x) +(m + m ) J (x)J (x)l+ 
fl. 2a 2a e fl. aa {Ja 

g af:30)J 1{3 (x)+J2a (x)(a aa {:3- ( 4. 7) 

2 J < a a - g o ) J + < x > 1. 
3 a a {:3 af:3 3 {:3 

18 
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h 
:.(ij 

,,t,\~ 

i~" \ ( 

'

,.:.,·t, 

I ' 

:'/, 
' 

I '· 

TaKHM o6paaoM, B narpaHlKHaHe aaaHMOJleitcTBHSI IIOSIBnSI~TCSI JlOIIOnHH

TenhHbie 'IneHb1 1 OIIHChiB8~lllHe 'IHCTO HeHTpHHO-Hei!:TpHHHOe B38HMO)lei!:CTBHe. 

0 aenH'IHHe HOBbiX KOHCT8HT B38HM0Jl9HCTBHSI h I H h 2 B p8MK8X H8lll9it 

IIpOU9JlYPhl HH'I91'0 CK838Tb Henb3SI, Y CTp8H9HH9 paCXOJlHMOCTeit B JlH81'paM

M8X BTOpOI'O IIOpSIJlKa II. 1. CBSI38HO C rrepeHOpMHpOBKOit 3THX HOBbiX KOH-

CT8HT B38HM0Jl9HCTBHR h
1 

H h 
2

• 

DOSIBn9HHe· B T90pHH 'IHCTO V- V B38HMO)lei!:CTBHR He BHOCHT B BbJC

ll!H9 IIOpRJlKH TeOpHH B03MyllleHHit HOBblX paCXOJlHMOCT9H 1 IIOCKOnbKY Heno

K8nbHblit IIpOII81'8TOp Hei!:TpHHO 6biCTpO y6b!B89T1 T8K 'ITO CXOJlRTCR n~6bi9 

38MKHYTbl9 rreTnH, o6pa30B8HHh19 IIpOII81'8TOp8MH Hei!:TpHHO. 

PaccMoTpHM Terrepb JlHarpaMMY 11.2. TaKHX JlHarpaMM JlBe: 

e 
1t >C>-

e '·& JIA 

PHc. 5 

3neM9HT S -MaTpHUh1 1 COOTB9TCTBY~lllHit 3THM JlH81'p8MM8M1 38IIHChiB89TCR 

B BHJl9 

cn.2> G <W 
S =-ie- Jfdx dx J 

2 v2 1 2 a 
(j) 

xy S (x -x )I 
{:3 2 1 

(j) 

(xl Af:3(x 2 )regSp;{OaS (x 1-x2 ) x 

( 4.8) 

Orrpe)lenHM ~YHKUH~: 

(j) J lk(x-y) ., (j) 

reg P ( x-y) = --
4 
J dk e reg P ( k ), 

af:3 (2 ") a f:3 

( 4.9) 
"'(j) -lk(x-y) (j) 

reg P f:3 ( k) = - i f dx e reg Sp ( { 0 S 
a a 

(j) 

( x ) y f:3s ( -x) 1. 

19 
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8hi'UiCJI9HH9 A89T ( HCIIOJib3yeTCH TOT )1(9 rrpeAeJibHblll rrepeXOA IIpH perynH

pH38UHH A I -> A 2 =A ) : 
"' (j) 2 2 

reg P af3 ( k) = 411 ( ka k f3- g af3 k ) x 

2 2 
1 2 1 . m . - u 0-u) k 

X I - ( fu A - 1 ) - 2 r du u ( 1 - u ) fn I l . 
3 6 m 2 

( 4.10) 

"' {j) 
flerKO BHA9Tb 1 qTo regP af3 ( k) YAOBJ19TBOp51eT ycJIOBHJO rpaAH9HTHOil: HH-

"' (") 
BapHaHTHOCTH ka reg pad ( k) = .0. 

nrrH TOI'0 1 qT06bi ycTpaHHTb paCXOAHMOCTb 1 CBH38HHYIO C II051BJI9HH9M 

AH8r'p8MM 11.,2, B PHAY TeOpH!1 B03MYlll9HHil:, He06XOAHMO BBeCTH B narpaM-

)!(H8H B38HMOAeil:CTBHH AOIIOJIHHT9JihHb!il: qneH BHA8 

(2) 
~w(x)=fSp{Ja(x)l(aaaf3 -gaf30)A f3(x)= 

(4.11) 
=f (J (x)+J (x))(a a ~-g II )A~ (x) 

Ia 2 a a ,_, ap ~, , 

f'A9 f - H9KOTOpa51 HOB851 KOHCTaHTa CBH3H, DepeHOpMI1pOBK8 ycTpaHHeT 

paCXOAHMOCTb B ( 4,10). 

5. TpeTHil: nopgnoK ]eopHH B03MyllleHHli 

B TpeTheM rropHAKe TeopHH B03MymeHHH rro narpaH)!(HaHy B3aHMOAeli-

Cl'BHSI HM910TCH AB8 THII8 paCXOASilllHXCSI AH8I'p8MM: C 38MKHYTbiMH CIIHHOp

HhiMH UHKJiaMH (AHarpaMMhi III. 1-3 Ha pHc. 2) H c ueGaMKHYThiMH (nHar

paMMhi III ,4 ) . Y acex 9THX AHarpaMM HMeeTCH rro Kpai1nei1: Mepe onHa 

cna6aH sepumHa. YITaK, Mhi HMeeM cnenyromHe AHarpaMMI>I: 
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THII 111.1 

THJ1 III.2 

TH!I 111.3 

THn III.4 

~A
z 

.M .JJ 

:J, e ,, 'Jz Jl 1z 
ra) (Sl 

A e 

J~ e 1, 
(C) 

.Ao ""A. )\e 
,,M,. ,,A,. JA, 

(al (8) (c) · 

~:J'A. ~ . . .'1\ .. 
_l_l_ 2._!_ 

e 
(cJ) 

.,II 

CC) 

~ftz ~3 
.JII JIA .M e 

e Jl JIJI e 

(a) (8) (C) 

PHC. 6 

3neMeHTbl S -MaTpHUbl TpeTbef'O !IOpS11lK8 1 COOTB9TC, 

paMMaM III • 1-3, GanHCbiBaJOTCH a BHile 

2t 

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



aHe aaeT (Hcrronb3yeTCH TOT ~e rrpeaenbHhiH rrepexoa rrpH perynn-

A
1

_,A
2

=A): 
) 2 

( k) = 4 rr 
2 

( ka k tl- g atl k ) x 

2 2 
2 1 m . - u 0-u) k 

( fn A - l ) - 2 £ du u ( l - u ) En l 
2 

l . 
m 

( 4.10) 

= (j) 

BHAeTb, qro regP atJ ( k) YAOBneTBOpHeT ycnOBH!O rpanHeHTHOH HH-

= (') 
HOCTH ka reg pad ( k) = .0. 

Toro, qTOObi ycrpaHHTb paCXOJlHMOCTb 1 CBH38HHY!O C ITOHBneHHeM 

MM 11.,2, B pHJlY TeOpHH B03MyiUeHHH 1 HeOOXOJlHMO BBeCTH B narpaH-

MOJleHCTB!HI norronHHTenbHhiH qneH BHJl8 

)=fSplJa(x)l(aaat3 -gat30)A t3(x)= 

J (x)+J (x))(a aQ-g Jl )AQ(x) 
I a 2 a a ,_... a~ t' , 

(4.11) 

- HeKOTOpaH HOBBS! KOHCTaHTa CBH3H, DepeHOpMilpOBKa ycrpaHHeT 

MOCTb B ( 4,10). 

5, Tpenril rropnnoK TeopHH B03MyiUeHHi1 

TpeTbeM IIOpHJlKe TeOpHH B03MyiUeHHH ITO narpaH~HaHy B38HMOJleH-

HMe!OTCH JlBa THITa paCXOJlHIUHXCH JlHarpaMM: C 3aMKHYTbiMH CITI•IHOp

IU!KnaMH (nuarpaMMhi III. 1-3 ua puc. 2) u c He3aMKHYThiMH (nHar-

111 .4 ) . Y Bcex 9THX nHarpaMM HMeeTCH no Kpai1Hei1 Mepe onHa 

BepumHa. l1 TaK, Mhi HMeeM cnenyiOmHe nuarpaMMhi: 
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..... : 

THII JII.l 

THI1 III.2 

THII 111.3 

THII Ul.4 

~A
z 

.JI Jl 

J, e '' 'Jz Jl Jz. 
(a.) (G} 

A e 

:JJ e 1; 
(C) 

A Jl 

1 :;_, 
3 (d) 

DAD .-A. )\e PA.-
,,_;f._A,, ,,7-A:J, JA, .. ,:J-A,, 

(a 1 (8) (c) 
3 

(d) 

~j'A. -. . ~I\ .. 
_l__l_ _l__l 

e 
(C1) 

~ 

(8) 

~ftz ;LJ ~3 
.Ill "" ..M e e .JJ 

e Jl .MJI e e .M 

(a) (C) (C) (d) 

PHC. 6 

3neMeHTbl S -MaTpHUbl TpeTbero IIOpSIJlK8 1 COOTBeTCTBY!OIUHe JlH8r

p8MM8M III • 1-3, sanachiBaiOTCSI B Bane 

~ 
2t 



em. 1) . 2 G a on c1e > <eo 
regS =-2i (-) fffdx dx dx I J (x1J{3 (x )J (x )x 

3 y2 1 2 8 I,J,f a 2 y 8 

(j) 

x regSp I 0 S 
a 

<f> 
( x 

1 
-x 

2 
) 0 {3 S 

(I) ( 5.1) 
( x 2 - x 3 ) 0 y S (x 8 - x 

1 
) I, 

(III.2) 2 'G 2 (II) (J I) 

reg S = - 2 i e ( -- ) fff dx dx dx I J ( x ) J {3 ( x ) A (x ) x 
3 " 1 2 a 1 a 1 2 y 8 

v~ .J 

(j) (I) 

xregSpiOaS (xcx 2 )0{3S 
(I) 

(x -x ) }' S ( x 8- x 
1 

)!, 
2 3 y 

(5.2) 

ou.3> 2 2 G 00 
regS 11 = -2i e J2 fffdx 1 dx 2 dx 8 lJ J a (x 1)A{3 (x 2 )Ay (x8 )x 

(I) (!) (i) 

xregSp(O S (x -x )y{3S (x -x )y S (x8 -x
1

)1 
a 1 2 2 8 y 

(5.3) 

B bi'IHCneHHbie Ma TPH'IHbie aneMeHTbi SIBnsno·rcSI 'laCTHbiMH 3.!1a'le.!IHSIMH o6we

ro BbipaJKeHHSI BH)la 

tiq X 
l J J J 

reg r {3 (x ,x ,x ) =-- fffdq dq dq e 
a y 1 2 a (2 17

) 12 1 2 3 

X a·( q 1 + q2 + q 3 ) r a{3y ( q 1' q 2 ' q 31 m 1' m 2' m 3)' 

I 

X 

4 4 -ifqlxl 
regr{3(q ,q ,q )=3(2rr) fffdx dx dx e x 

ay 1 2 3 1 2 8 

(5.4) 

(5.5) 
(1) (2) (8) 

X a ( X +X 2 +X ) reg Sp I r1 s (X -·X ) r {3 s (x 2-x3 ) r3 s ( X -x ) I. 
1 8 a 122 y 31 

BbtnHCaHHoe BbtpaJKeHHe coorsercrsyeT JlHarpaMMe (pH c. 7) 
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.te 

rz 

r,Dr, 
n13 

PHc. 7 

3)leCh HMnynhCbi q 1 q , q 
1 2 8 

CBSI3aHbi 3aKOHOM COXp~ 

MaTpHllbl rja pasHbl y a HnH 0 a , a MaCChi m 
J I 

m ,.,. • CraHJlapTHbrfi pac'leT naer: 

= = (n) 2 = oon 

regra{3y(q1,q2,q8 )=ra{3y(q1,q2,qa;A )+rafly (ql'q2'' 

3nech n - 'IHCno cna6biX sepiUHH s JlHarpaMMe. 

Bropoe cnaraeMoe B (5.8) COOTBeTCTByeTrCXO)lRIUeHCSI 

fiBHbiH BHJl 9TOI"O BbipaJKeHHSI Mbl 3)leCh npHBOJlHTh He 6yJle 

HaCTOSIIUeH pa6oTe OHO HaC He HHTepecyeT, a CaMO BblpaJKe 

rpOM03JlKO. 

nepsoe cnaraeMoe s (5.8) coorsercrsyer pacxoJlSIIUei 

JlyeMoro HHTerpana. 8hi'IHcneHHe noKa3biBaer: 

= (n) 2 4rr2 n-1 2 
r {3 ( q , q , q ; A ) = - 2 fn A I q ( g g - g 
a y 1 2 8 3 1a ay {3o af 

+ q (g {3g - g g{3 ) + q ( g 
20 a yu aa y 3CT au g {3y- gay g {3u ) · 

3aMeTHM, 'ITO paCXOJlSilllaSICSI 'IBCTh JlHarpaMMbl TpeThei"O IT< 

CHT OT MaCC npOMeMyTO'IHb!X 'laCTH[( m 
1 

, m 
2 

, m 
8 

·• 

0 O)lCTaBHM ( 5, 7) B ( 5.4), nony'IHM B X -npe/.lCTasne 
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<Jf > <fo 
(x}J{3 (x

2
)Jy (x

8 
)x 

8 (IJ) 

) JJJ dx dx dx l J 
I 2 3 I,J,f a 

<f> 
1 
-x

2 
)0 {3 S 

2 

(I) 

( x - x 
3 

) 0 S (x - x 
1 

) I, 
2 y 8 

( 5.1) 

(IJ) (j I) G 

v2 
) Iff dx dx dx l J ( x ) J {3 ( x ) A (x ) x 

1 2 8 I,J a 1 2 y 8 

(I) 

x 2 )0{3S 
(I) 

(x - x ) y S ( x - x 
1 

) I, 
2 8 y 8 

G oo 
- JJJdx dx 2 dx l J (x 1)Af3 (x 2 )A (x

8 
)x V2 t a 1 a y 

(!) (J) 

-x ) yf3 S ( x -x ) y S (x
8 
-x 

1
) I 

2 2 8 y 

(5.2) 

(5.3) 

Hhie sneMeHTbi HBnsnorCSI 'laCTHb!MH 3Ha'leHH.IIMH o6me-

X)= l J.JJ.d 1l 
3 (2 1T) 12 q I dq 2 dq e j q J X j 

3 
X 

(5.4) 

af3y ( q I ' q 2 ' q al m 1 ' m 2 ' m 3 ) • 

4 

) = 3 (2 1T) dx dx -It qlx 
1 2 8 e J 

4 

JJJ dx X 

(5,5) 
(I) ( 2 ) (3) 

I [' S ( x - · x ) [' {3 S (x 
2
-x

8 
) ['

3 
S ( x -x ) I. 

Ia I 2 2 y 3 I 

COOTBeTCTByeT JlHarpaMMe (pH C. 7) 
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.,-: 

f2 

r,Dr, 
m, 

Pnc. 7 

3JleCb HMrrynbCbl q I , q 
2 ' q 8 

HnH 

CBSI3aHbl 3aKOHOM COXpaHeHHSI q + q +q =0, 
I 2 3 

MaTpHllbi f'
1
a paBHhi Y a 0 

m 
J1. 

• CTaHJlapTHbdl: pac'leT JlBeT: 

a , a MaCChi m 
j 

paBHhi m 
e 

HnH 

"' "' (n) 2 "' con 

regf'af3y(q 1' q2' qa )=f'af3y (q I' q2, qa ;A )+f'a{3y (qt, q2, qalmJ,n). (5.6) 

3aecb n - 'IHcno cna6btX BepiiiHH B JlHarpaMMe. 

8 Topoe cnaraeMoe B ( 5,6) COOTBeTCTByeT 1 CXOJlSIIIIell:cs:r '18CTH KHTerpana. 

.HBHbi:lf BHil 9TOrO BblpaMefiHH Mbl 3JleCb IlpHBOJlHTb He 6yJleM, T8K K8K B 

HaCTO.IIIIIell: pa60Te OHO HaC He HHTepecyeT, 8 CaMO BbipaMeHHe Jl0CT8TO'IHO 

rpOM03JlKO, 

OepBOe cnaraeMoe B (5,6) COOTBeTCTByeT paCXOJl.IIIIIe:lics:r '18CTH HCCne

JlyeMoro HHTerpana. Bhi'IHcneHHe noKa3biBaer: 

""(n) 2 417 2 n-l 2 
f' {3 ( q , q , q ; A ) = - 2 En A I q ( g g - g g ) + 
a y I 2 8 3 Ia ay f3a a{3 ya 

+ q (g {3g - g g{3 ) + q ( g g {3 - g g R ) • 
2a a ya aa y 3 a a a y ay f~a 

(5. 7) 

3aMeTHM, 'ITO paCXOJlSIII18SICSI 'laCTb JlHarpaMMbl TpeTbero IIOpS!JlKa He 38BH-

CHT OT Mace IIpOMe)l{yTO'IHhiX 'laCTHU m I , m 
2 

, m 
3 

·. 

00JlCTaBHM (5.7) B (5,4), rrony'IHM B X -rrpeJlCTaBneHHH 
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n-1 

(n) 8 ( i) 2 2 r (X ' X ' X ; A ) = - fn A J dx { ( g a R. -g R.a ) + 
a{3y 1 2 a (

2 17 
) 2 ay 1~'-' a~"' 1 y 

(5.8) 

+(g Ra -gRa )+(gR. a -g a R)!Hx-x )8( x-xn)B(x- x 8 ). 
a~"' 2 y 1'-'Y 2~. 1'-'Y sa ay at-' 1 • 

noKa>KeM, 'ITO AHarpaMMbl THIIS III.2 H lll.3 Ha CaMOM Aene He co-

Aep>KaT paCXOAHMOCTeA. n OACTSBJIS[Sl ( 5.8) B ( 5.2) H ( 5.3). nony'IHM 

(III.2) 4 i G 2 2 
S (A)=-- e (-) foA x 

a 3(217) 2 v2 
(5.9) 

x Sp { J (x)A (x)R (x)-J (x)A (x)R (x)+J (x)J (x)F (x )l-
a f3 _af3 a f3 af3 a f3 af3 

<III.S > 2 i 2 G · 2 
S 

3 
(A)= e -fn A x 

3(217)
2 v2 (5.10) 

x Sp {A a (x)A f3(x) Raf3(x) -Ja (x)Af3 (x) F af3(x) +J a (x)A f3 (x) F af3 (x) l, 

I'Ae BBeAeHhl o603Ha'leHHH 

Raf3(x)= aaJ /x)- a13 J a(x), 

( 5.11 ) 
F (x) = a A (x)- a ~A (x) • 
af3 a f3 ~'-' a 

nerKO BHAeTb, 'ITO o6a Bblpa>KeHHH, (5,9) H (5,}Q),C y'leTOM (5.11) H 

I (1.13) paBHbi Hymo: 

S(III.2)(A )= S (III.a>(A )=0. 
8 8 

TaKHM o6paaoM, AHarpaMMbi TpeT&ero nopHAKa c aHelliHHMH ¢oTOHHbiMH nH-

HHHMH scen1.a KOHe'IHbl. 

24 

.,. 

III. I 

p aCCMOTpHM Tenepb KOHTp'IJieH, COOTBeTCTBYIO!liHA AHaq 

• noACTSBJIHH (5,8) B (5.1), nony'IHM: 

(III.!) 8i G 3 2 
S (A ) = ~ (-::-) . fn A J dx Sp {J (x) J'f3 ( x ) R f3 (x) I. 

a (211) 2 V2 a a 

3ro Bbipa>KeHHe ae paBHO ayniO, TaKHM o6pa3oM, 'IT06bi ycrp 

6eCKOHe'IHOCTb, Heo6XOAHMO B narpaH>KH.aH B38HMOAe:i!:CTBHSl B 

HHTeJibHbiH 'IJieH: 

(8) 
£ = i h Sp { J ( x) J {3( x) R f3 (x) }. 

w 3 a a 

BsoAsr o6oaaa'leHHSl (1.7) H rronarasr 

Raf3= D af3 (x) + (Qaf3(x)r·•), 

D f3 = a Df3 (x) - a ~D . (x), 
a ·a I"' a 

Qa~-= a )i f3(x)- a j a (x), 

MO>KHO (5,13) nepeiiHCSTb B BHAe 

(8) ... ... ... 

£ = - 2 h (l B (x ) x B f3 ( x ) J Q f3 (x ) ) . 
w a a a 

nepeXOAH K 06bi'IHbiM 0603Ha'leHHSIM, nony'IHM OKOH'ISTellbHO 

(8) + (8) 
fw =(-i)h 8 {J 8a(x)lJ

1
Jx)-J 2f3(x)JRaf3(x) + 

...(3)+ (I) 

+ [ Jla (x) -J2a (x )] J 3{3(x) H af3 (x )+Jaa (x)Ja~ (x)[Raf3 

(2) . (J) 
-RR(x)]l, Rf3(x)=aJR(x)-aRJ (x). 

at-' a a Jl'-' I"' Ja 
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n-1 2 . - a ) + 
fn A jdx{(gaya 1f3 gaf3 1y A8 )=(-1)2 

(2 77) 
2 

+(g P. a -g a P.)JB(x-x )8( x-x )B(x- X ). 
,..y a a ay 8,.. 1 2 8 

(5.8) 

THna III.2 H III.3 Ha caMOM Jlene He co-

• llOJlCTaBnSISI (5.8) B (5,2) H (5,3), nony'iHM 

G 2 2 
e (-) fn A x 

2 v2 
(5.9) 

R (x)-J (x)A (x)R (x)+J (x)J (x)F (x) 1-
af3 a f3 af3 a f3 af3 

. 2 .£en A 2 x 
e -

y2 
(5.10) 

~f3( x ) - J a (x) A f3 (x) F af3(x) + J a (x) A f3 (x) F af3 ( x) I, 

a f3J a(x), 

( 5.11 ) 

- a f3A a (x). 

o6a Bb!pa:>KeHHSI, (5,9) H (5,10),c y'ieTOM (5,11) H 

TpeTbef'O 1IOpS!JlK8 C BHeWHHMH ifloTOHHbiMH nH-

24 

~ 

p 8CCMOTpHM Tenepb KOHTp'ineH, COOTBeTCTBYIOWHit JlH8T'p8MM8M THII8 

111.1 , llOJlCT8BnSISI (5,8) B (5.1 ), rrony'iHM: 

<m.o · s· G a 2 
S (A ) = __.!,_ (-::-) . fn A f dx Sp IJ (x) J'f3 ( x ) R P. (x) l. 

3 (2rr) 2 y2 a a,.. 
(5.12) 

3ro Bhipa:>KeHHe He paaHo HyniO. TaKHM o6pa30M, 'iT06bi ycrpaHHTb sTy 

6eCKOHe'iHOCTb, Heo6XOJlHMO B narpaH:>KH8H B38HMO)leitCTBHSI BBeCTH JlOIIOn

HHTenbHblit 'ineH: 

(3) 
~ =i h Sp I J (x)J P.(x)R P.(x) I. 

w 3 a 1-' a,.. 
( 5,13) 

8BOJlSI o6o3Ha'ieHH SI ( 1. 7) H rronaraSI 

-> 

Raf3= D af3 (x) + (Qaf3(x)r ... ), 

D P. = a ll P. (x) - a P.D . (x) , 
a,.. ·a 1-' 1-' a (5.14) 

o af1~ a a 8 13 <x ' - a j a <x > • 

MO:IKHO (5.13) nepe1IHC8Tb B BH)le 

(3) -> ... -> 

~ = - 2 h (l 8 (x ) x 8 P. ( x ) l Q f3 (x ) ) . 
w a a 1-' a ( 5,15) 

llepeXOJlSI K 06hi'iHbiM 0603H8'1eHHSIM, rrony'iHM OKOH'iaTenbHO: 

(8) + (8) 
~w =(-i)h 8{J 3a(x)lJ

1
Jx)-J

2
f3(x)JRaf3(x) + 

[ ] 
....(3)+ (I) 

+ J 1 (x) - J
2 

( x ) J 
3 

f3 ( x) K f3 (x )+ J ( x) J + ( x )[ R 
a a a aa 8{3 af3 

(x )-
( 5.16) 

(2) . (j) 

- R f3 < x > l l . R f3 < x > = a J f3< x > - a P.J < x > . a a a l 1-' ja 

~ 
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I 

3TOT "<JneH OITHCbiSaeT KOHTSKTHOe WeCTH<iJepMHOHHOe HeftTpHHO-HeATpHHHOe 

saaHMOJleAcTsHe. KaK rosopHnocb sbiWe, aTo saaHMOJleAcTsHe ae npHSOJlHT 

K ysenH"'eHHID paCXOJlHMOCTeA, 

nHarpaMMbl TpeTbei'O nopHJlK8 THIT8 W.4 , a TaK:lKe Sb!CWHX no-

pHJlKOS THIT8 W.5 • 111.6 H T,Jl, npe/lCTasnHIDT co6oA 06bi"'Hbie HenpHSo-

JlHMbie aneKTpOJlHHSMH"<JeCKHe sepWHHbl C TeM OTnH"'HeM, "'TO aneKTpOM8I'HHT

H8SI sepWHHa, H3 KOTOpOA HCnyeKaeTCSI <lJoTOH, 38MeHHeTeH H8 ena6yiD , H3 

KOTOpOA SbiXOJlHT TOK J j a (X) , 3 TO npHSOJlHT K TOMY 0 "'TO M8TpHU8 Y a 

npH norapH<iJMH"<JeeKH paeXOJlHweMCSI "<JneHe 3aMeHHeTeH H8 Oa • TaKHM 

o6pa30M, p8CXOJlSIW8SICSI "<JaeTb JlH8I'paMM 9TOI'O THna HMeeT SHJl 

G - 2 
e -( e (x)O J (x) e (x)) en M . (5.17) v2 a a 

3Ha"'HT, see }lHarpaMMbl THna 111.4 H T,Jl, npHSOJlSIT K nepeHOpMHpOSKe 

KOHeTaHTbl ena60I'O S38HMO)lefteTSHSI, 

6, 4eTsepTbJii ITOQW!OK TeOpHH S03My!lleHHA 

Bee HenpHSOJlHMbie pacxoJlH!IlHeeH JlHarpaMMbi "<JeTsepToro nopHJlKa Teo

PHH S03MyweHHii npHSe}leHbl Ha pHe, 2, 3THX JlHSI'paMM HMeeTeH ITSITb TH

nos, nHarpaMMbl K8)KJl0I'O THna pa3nH"'8IDTeH t,reM, H3 K8KHX <iJepMHOHOS 

(aneKTpOHOS HnH p. -Me30HOS) coeTasneH 38MKHYTbli!: CITHHOpHblft UHKn, 

Ha pHC. 8 npHse}leHbi see paexoJlH!IlHeeH HenpHSOJlHMbie JlHarpaMMbi "'eTsep-

TOI'O nopHJlK8, 

THIT IV.I 

Oe 00 e a.Jtl 0 e " ee De . .11.11 JJ 

e e ..11 . e JJ 

26 

~ 

THIT IV.2 

THIT IV.4 

THIT IV.3 

THIT IV.S 

dtld1 
tfbbJ 
H. :ri :rLt 
M .. MM 

nno: 
hlb 

PHC. 8 

3neMeHTbl S -MaTpHUbl "<JeTBepTOI'O nopHJlK8, COOTSeTCTI 

paMMaM IV. 1-5, aanHCbiSaiDTCH s SHJle: 

1v t G 4 . OJ> <if> <em> <mO 
s<4·l,j6(-) foo•Jdxl ... dx4Ja (xi)JQ (x)J lx )J., (x . y'l ~-' 2y au 4 

(j) <h (m) (I) 
~'regSpiOaS (x

1
-xJ0/3S (x 2 -x8 )0YS (x 8-x 4)0a.S (x 4-: 

(IV .2) G 8 . (Jf) · ( fm) (mj) 
S = i 24 e (- ) J ... J dx ... dx A (x ) J Q (x ) J · lx ) J.,. (J 

4 - 1 4a 1 1-' 2y 8 u y2 
(j) (f) (m) (j) 

x reg Sp I y S ( x 
1
-x ) 0 Q S (x -x ) 0 S (x - x ) 0 ., S (, 

a 21-' 23 y 8 4u 
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aaeT KOHTaKTHOe rueCTH~epMHOHHOe He8TpHHO-He8TpHHHOe 

Bbllli8, 9TO B38HMoaeftCTBHe He npHBOaHT 

TpeTbei"o nopsraKa THna 111.4 , a T8K)I{8 BbiClliHX no-

• 111.6 H T.a. npeacTaansrJOT co5oa o5bi'IHbie HenpHBo-

.LIHH8MH'19CKH8 aeplliHHbl C TeM OTnH'IH9M, 'ITO aneKTpOM8I'HHT

KOTOpOi!: HCnycKaeTCSl ~OTOH, 38MeHsreTCsr Ha cna6y10 1 H3 

• 3ro npHaoaHT K ToMy, 'ITO MaTpHua Ya 

paCXOASllli8MCSl 'lneHe 38M9HSl9TCsr Ha Oa • TaKHM 

'18CTb AHai"paMM 9TOI"O THI!a HMeeT BHa 

0 J (x) e (x)) en M2
• (5.17) a a 

arpaMMbl THna 111.4 H T,):(, npHaoasrT K nepeHOpMHpOBKe 

0 B38HM0):(8i!:CTBHsr, 

6, YeraepTbiH nopMOK TeopHH aoaMyl!leHHA 

BOAHMbie pacxoasrmHecsr aHarpaMMbi 'leTaepToro nopwxa Teo

npHaeaeHbi Ha PHC, 2, 3THX aHai"p8MM HM99TCSl nsrTb TH

K8)1{):(QI"O THna pa3nH'I810TCsr TeM, H3 KaKHX ~pMHOHOB 

/1 -Me30HOB) COCTaaneH 38MKHYTbi8 CnHHOpHbiA UHKn, 

Hbi ace pacxoasruiHecsr HenpuaoaHMbie aHarpaMMbi 'leTaep-

0000 ..M . l? Jl 
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THn IV.2 t1Ddt1 
wwno 

ran IV.4 ~ J-Lt :r-1~ 
~ ~ ~ 

THn IV.3 

THn IV.5 

unow 
nn 

PHC, 8 

3neMeHTbi S -MaTpHUbl 'leTBepTOI"O nopsraKa, COOTB9TCTBYIOlliH8 AH8I"

paMM8M IV. 1-5, aanHCbiBaJOTcsr B BHae: 

(IV IL G 4 . (II) o6 <fm) (ml) 
S 4 • - i 6 ( -::_) I ... J dx 1 • • • dx 4 J a (x 1) J f3 ( x ) J tx ) J., ( x ) x · y2 2y 8u 4 

(6.1) 
(j) <h (m) (I) 

~-regSpiO S (x 1-x:)Of3S (x 2 -x
3
)0 S (x 8-x 4 )08. S (xcx

1
)1 a y 

S (IV·~ i 24 e (..!!.. ) 3 I ... J dx ... dx A (x ) Jf3 <Jf> (~ )J dorx )J ~m 1 lx ) x 
4 y'2 I 4 a I 2 y 8 u 4. (6,2) 

(j) <f> . (m) (j) 
x reg Sp I y a S ( x 1-x 2 ) 0 f3 S (x 

2 
-x a) 0 y S (x a-x 

4
) 0 

8 
S (x

4 
-x 

1 
) I , 

~ 
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(IV .3) 2 G 2 cfm) (mfl 
S 

4 
= i 24 e ( - ) I ••• J dx . . . dx A ( x ) A fJ ( x ) J ( x ) J ., ( x ) x y2 I 4a I 2 y 3 u 4 

cfl cfl Cml <6 (6 3) 
xregSply S (x -x )y S (x -x )0 S. (x -x )0 S (x-x )I • 

a 1 2 fJ 2 3 y 3 4 8· 4 • ' 

(IV.4) 2 

S 4 = i 12 e 
G · ofl cfil 

<Vj:=-> I··· Jdx 1 ••• dx4 Aa(x 1 )J fJ (x 2 )Ay (x3 )J8 . (x 4 )x 

(j) 

x regSp I Ya S 
cfl <fl w (6.4) 

(x 1 -x~)OfJS (x 2-x 3 )yyS (x 8 -x 4 )lt S (x 4-x1 )1, 

ov .6) 3 G · cffl 
S 4 =i24e V

2 
J•••Jdx

1 
••• dx

4
Aa(x 1 )AfJ(x2 )Ay(x 3 )J 8 (x 4 )x 

<fl 
x regSp I y S 

dl cfl cfl 
(x -x ) y S (x -x )y S (x -x )0 S (x -x )1. (6.5) 

I 2{J 23y 8 48 48 a 

8hlllHC8HHhie Ma TpH'iHhie aneMeHTbi SIB.Il.SIIOTC.SI 'iaCTHhiMH 3Ha'ieHH51MH o6mero 

Bbipa»<:eHH.SI BH.ll8 

ll:xl q 

regO (x
1

, ••• ,x )= ~6 J···Idq ... dq e ~(q + •. .+q )x 
a{Jy8 4 ' 4 1 4 

(277) 
(6.6) 

x reg D ( q~ ' ... , q 4 I m I ' ••• , m 4 ), 

4 4 -II".t q l 

regO...Q.,(q , .. ,q lm , •• ,m )=i4 (277)J···Idx1 ••• dx 4 e x 
~~· I 4 I 4 

(6. 7) 

(I) (2) (8) (4) 

x8(x 1 + •. .+x
4
)Sp(r

1
aS (x

1
-x

2 
)I;fJS (x 2-x 8 )I;yS (~-x4 )~8 S (x 4-xn. 

DpHBe.lleHHoe Bhtpa»<:eHHe cooTBeTCTByeT .llHarpaMMe 

28 
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ml:J~• 
r. m, r, 

PHC. 9. 

3aecb HMnynbChi q . I ,q2 • q8 ,q4 CB5138Hbl 38KOHI 

q I + q 2 + q 8 + q 4 =. 0 • MaTpHUbi r,a paBHhi Ya Hn 

M8CCbl mj paBHhl H.IIH m 
p. 

• CTaHnapTHbiA pacqe me 

n-1 4172 2 
regO =2 -fnA (2g g QJ:-g {Jg., -g., gfJ )+ 

afJy8 3 ay 1-"'. a yu au' y 

con 

+ D fJ ., < q I ru >. a yu l l 

r]le n - 'iHC.no c.na6biX sepiiiHH B .llHarpaMMe. 
~ con 

BTopoe cnaraeMoe D a{Jy8 , cooTseTcTsyeT cxoJlRIIIeAc 

pa.na • .HBHbiA BHJl 9TOrO Bbtpa»<:eHHSI Mbi 3.lleCb BbtnHCbiB8Tb HE 

.llY ero rpoM03.llKOCTH. Depsoe c.naraeMoe cooTseTcTsyeT pac 

'iaCTH Hccne]lyeMoro HHTerpa.na. CymecTseHH01 'ITO aToT 'i.neJ 

oT Mace npoMe»<:yTo'iHbiX nenToHoB. B X -npe.llCT8B.IleHHH .Ill 

C.SI 'i8CTH nony'iHM npe.llCT8B.IleHHe 

D ( I 
2 ) n-1477 2 

2 

fJ 8 
x ... x A = 2 -- fn A (2g g - g g -

a y I 4 
3(277 ) 4 ay {38 afJ y8 

• 4 

- g " g{J ) f dx fl 8 (X -Xj ) • 
ao' y J=l 

00.llCT8B.Il5151 (6.9) B tPOPMY.Ilbl (6.1-5), .nerKO y6e.llHTbC51, 'iTC 
(IV .2) (IV .8) (IV .4) (IV .6) 

Jl.ll.SI S 
4 1 

S 4. 
1 

S 4 H S 4 TO»<:)leCTBE 

CR B Hy.llb. HeayneBhiM oKa3bisaeTC51 nHIIIb shrpa»<:eHHe Jl.ll.SI .Ill 

IV.l • 3TOT KOHTp'i.neH HMeeT BHJl 

29 



2 G 2 cfm> emf> 
e (-) J···Jdx ... dx A (x )A~(x )J (x )J., (x )x ...;2 I 4a It-' 2 y 8 u 4 

<f> (m) <f> 
( x - x ) y S (x - x ) 0 S ( x -x ) 0 S (x - x ) I 

2 {3 2 3 y 8 4 8 4 I ·' 
(6.3) 

2 G of> cfl) 
(...;

2 
) J··· Jdxi ... dx4 Aa(x 1 )J {3 (x

2 
)Ay (x

3 
)J

8
. (x

4 
)x 

<f> <f> (j) (6,4) 
(x I-x~)0/3S (x 2-x 3 )yy S (x 8-x

4 
)lt S (x

4
-x

1 
)I, 

G · <ff> ...;"2- J ••• J dx 1 ... dx 4 A a ( x 1 ) A {3 (x
2 

) A y (x 
8 

)J 
8 

( x 
4 

) x 

~ cf> cf> 
(x -x )y S (x -x )y S (x -x )0 S (x -x )1. (6.5) 

I 2{3 23y 8 48 48 

TPH'IHbie sneMeHTbl SIBnSIIOTCSI 'IaCTHbiMH 3Ha'IeHHSIMH o6mero 

1Ixj q 

, ... , x ) = -
1
- J ··· f dq ... dq e k ( q + ... + q )x 

4 16 1 4 1 · 4 
(2rr) 

(6.6) 
... , q 4 I m I ' ... , m 4 ), 

4 4 -II"l ql 
, .. ,q lm , .. ,m )=i4 (2rr)J····Jdx

1 
... dx

4
e x 4 I 4 

(6. 7) 

(I) (2) (8) (4) 

Sp{r1aS (x 1 -x1 n;13s (x
2
-x

8
)-.;ys (Xs-x4 )~8 S (x

4
-x)l. 

9HHe COOTB9TCTByeT aHarpaMMe 
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m,tJ: 
r. m, r, 

PHc, 9. 

3aecb HMqynbCbi q I • q 2 • q 3 • q 4 CBSI3aHbl SaKOHOM COXpaHeHHSI 

ql+qll+q8 .+ q 4 =. 0 • MaTpHUbi ~a paBHbi Ya HnH 0 • a a 
MaCChi ml paBHbl me HnH m • CTaHaapTHbiA pac'l:eT aaer: 

p. 
n-1 417:1 2 

regO = 2 - fn A ( 2 g g ~~-g ~ g ., - g ., g ~ ) + 
af3y8 3 ay f-'V at-' ya au' t-'Y 

con 

+ D ~ ., < q I m >. at-'ya l j 

rae n - 'IHCno cna6bJX BepwHH B aHarpaMMe, 

(6.8) 

~ con 
BTopoe cnaraeMoe D af3y8 · cooTBeTCTByeT cxoaSJIIIeAcg 'IaCTH HHTer-

pana. fiBHb!A BH,!l STOr'O Bbipa)l(eHHSI Mbl 3,!leCb BblfiHCb!BaTb He 6yaeM BBH-

llY ero rpoM03.!lKOCTH. DepBoe cnaraeMoe cooTBeTCTByeT pacxoaSimeAcSI 

'IaCTH HccneayeMoro HHTerpana, CymecTBeHHo., "lTO sror 'lneH He saBHCHT 

or Mace npoMe*yTO'IHbiX nenToHoB. B x -npeacTaBneHHH anSI pacxoaSimeA-

CSI 'laCTH nony'IHM npeaCTaBneHHe 

( 2 n-14rr 2 2 
D ~ ., x ... x I A )== 2 -- fn A (2g g 

at-'yu I 4 3(
217

) 4 ay {38 · 
• 4 

- g <> g~ ) jdx ll 8( X -Xj ) , 
au· t-'Y J=l 

g af3g y8 
(6.9) 

lloacTaBnSISI (6,9) B <flopMynbJ (6,1-5), nerKO y6eaHTbCSI, 'ITO Bblp8)1(9HHe 
. (IV,2) (IV.8) (IV,4) (IV.6) 

,!lnSI S 4 t S 4 t S 4 H S 4 TO)I(aeCTBeHHO o6paiiiaiOT-

CSI B Hynb, H eHyneBbiM OK83b!B89TCSI nHllib Bb!pa)l(eHHe anSI aHarpaMM THna 

IV.l • 3roT KOHTp'lneH HMeeT BHa 

~ 
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I 

(IV ,I) 8 G 4 2 
S

4 
=2 (-=) fnA fdxSp[J (x)JA(x)J (x)J (x)-J(x)J(x)J1x)Jf3(x)J. 

rr y2 a 1-' a f3 a a f:J 

(6.10) 

TaKHM o6paaoM, 'IT06b.I ycTpaHHTb sTy 6ecKoHe'IHOCTb, aeo6xoAHMO 

B narpaHJKH8H B38HMOAeftCTBHSI BBeCTH AOITOnHHTenbHbift 'lneH: 

~w(x) = }h 4 Sp [Ja(x)J {J(x)Ja(x)J tJ.x)-J a( x)Ja(x)JJx)JfJ(x) 1. (6.11) 

BBOASI 0603H8'1eHHe ( 1. 7), MOJKHO rrony'IHTb 

(4) -+ -+ -+ -+ 
f. (x}=-2h ([B (x) xB{J(x)].LB (x)xB{J(x)J)= 

w 4 a a 

~ ... 2 ... ... .... ... 
=-2h [(B (x) B (x))- (Ba(x)BfJ(x))(Ba(x)BfJ(x))]. 

4 a a · 

(6.12) 

llepeXOASI K 06bi'IHbiM 0603H8'1eHHSIM, nony'IHM OKOH'IaTenbHO :: 

c( 4) . + + 
J: (x)=h

4
[(J

1 
(x)l (x))(j

8
f3(x)J {J(x))+(J (x)J (x))(J {J(x)J {J(x))+ 

w a 'ta a 2a sa a 2 

+ + + 
+ (Jaa (x) J sa ( x ))( J a{J ( x) Jap x)) + 2 ( Jla (x) J 2a (x))( ~{3 (x)J 8{3 (x))-

+ + + ( ) -<J (x)J. (x))(J f3 (x) J f3 (x)) -<J (x)J (x))(J (x)J (x))- 6.13 
la la 8 8 2a 2a a{J 8{3 

-<J (x)J+ (x))(J (x)J+ (x))-(J (x)JL. (x))(J{J (x)J+{J( x))-
aa sa af3 af3 la 11 a 2 a 

-<J (x)J+ (x))(J f3 (x)J f3 (x))]. 
la a a 2 a · 

3TOT 'lneH OIIHCbiBaeT KOHT8KTHOe BOCbMH«j:JepMHOHHOe II- II a.3aH MO.r:teAc T-

BHe. Ewe pa3 OTMeTHM, 'ITO 9TO B38HMO.r:teftCTBHe He MOJKeT IIpHHeCTH AQ

rronHHTenbHbie paCXOAHMOCTH B BbiCWHe IIOPSIAKH TeopHH B03MyWeHHft. 

30 
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7. 06wHA BHA nonaoro narpaHJKHaHa 

BbmHweM rronHbiA narpaHJKHaH aaaHMoAeftcTBYIOWHX rroJ: 

f. ( x) = f. (x) +f. (x), 
0 In 

- " G -
f

1
n (x)=e( e (x)A(x)t (x))+----=( e (x)Oa J a(x) f (" 

y2 

+h Sp{MJ (x)J (x)l+h
2
Sp{J (x)(a af3-g {30 )J 

1 a a a a .a 

+ f Sp I Ja (X) I ( a a af3- ~fz{JD ) A f3 (x) + ih asP IJ a (x )J {J(x: 

+ L h Sp IJ (x )[ J {J(x ), J (x) J J Jx) I. 
2 4 a a - {:f 

Q6o3Ha'leHHSI BBeJ.leHbl BbiWe. 

VITaK, HSMH AOK838HO, 'ITO BCe paCXOAHMOCTH TeOpHK 

9THM narpaHJKHBHOM B38HMOAeftCTBHSI ycTpBHSIIOTCSI rrepeHOpl 

cTaHT aaaHMOAeHCTBHSI e , G , h 1 , h 2 , "h 8 , h 

TBKJKe 06bi'IHOft rrepeHOPMHpOBKOH M.3CC H BOnHOBbiX «j:JyHKUHI 

ayiOWHX 'laCTHU. CooTBeTCTByiOwHe KOHTp'lneHbi Mbi AnSI rrpc 

canK B SIBHOM BHAe. 

D onHblH narpaHJKHBH B38HM0Jl9HCTByiOWHX '18CTHU S!BHO 

B8pH8HTeH, IIOCKOnbKY orrepaTOp HeHTpHHHOI'O TOK8 J (x) a 

rrpH rpaJlHeHTHOM npeo6pa30B8HHK. 

DoSIBHBWHeCSI JlononHHTenbHbie 'WeHbi B narpaHJKHaHe 

no cpaaHeHHIO C ( 1 .1) OllKCbiBBIOT 'IHCTOe 11- v B38HMOJl4 

W9CTBOB8HHK K aenH'IHHe KOTOpOI'O Mbl B HaC T05l1I199 apeM 
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in i\
2 

fdxSp[Ja (x)Jf3 (x)Ja(x)J f3(x)-Ja(x)Ja(x)J~x)Jf3(x)J. 

(6.10) 
o6pa30M 0 'IT06b,I ycTp8HHTb 9Ty 6eCKOHe'IHOCTb 0 He06XOJlHMO 

B38HMOlleil:cTBHSI BBeCTH JlOUOliHHTelibHblft •meH: 

Sp [J a( x) J f3(x) J a (x) J tJx)- J a( x)J a (x)J Jx) J lx) ]. (6.11) 

( 1 • 7) 0 MO)I(HO nony'IHTb 

..... ..... -+ -+ 

([Ba(x) xBf3(x)].lBa(x)xB f3(x)J>= 

...., ..... 2 -+ .... -+ -+ 

Ba (x) Ba (x))- (Ba(x)Bf3(x))(Ba(x)Bf3(x))]. 
(6.12) 

Hb!M 0603H8'1eHHSIM, nony'IHM OKOH'IaTelibHO :: 

. + + 
(x)l (x))(J 8{3(x)J f3(x))+(J (x)J (x))(J f3(x)J f3(x))+ 

'1la a 2a sa a 2 

+ + + 
X)) (J {3 ( X) J J X))+ 2 ( J (X ) j (x)} ( 1{3 (x) J {3 (x})-a a p· !a 2a 11 a 

+ + 
( X)} (J {3 ( X) J {3 ( X )} - ( j (x)J (x)}(J f3 (x) j {3 ( X)) -

a a 2a 2a a a 
( 6.13) 

(x))(J (x)J+ (x}}-(J (x)J (x))(Jf3 (x)J+f3( x))-
af3 af3 Ia 8 a 2 a ·· 

(x))(J (x)J (x))J, 
2{3 8 f3 

biBaeT KOHT8KTHOe BOCbMH<j>epMHOHHOe 11- II a3aHMOlteftc T-

OTMeTHM, 'ITO 9TO B38HMOlteftCTBHe He MO)I(eT npHHeCTH llQ

paCXOllHMOCTH B Bb!CiliHe llOPSillKH TeoplfH B03MyllleHHft. 
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7. 06mHfi BHll nonHoro narpaH)I(HaHa 

BbinHilleM nonHbift narpaH)I(H8H B38HMoaeficTBYJOiliHX noneii:: 

.f ( x) = .f (x) + .f (x), 
0 In ( 7.1 ) 

- " G -
.fin (x)=e( i (x)A(x)r (x))+-=( i (x)Oa Ja(x) i (x))+ 

y2 

+h
1
Sp{MJ (x)J (x)}+h

2
Sp{J 

a a a (x)(aa af3-.gaf3D >J f3<x>l + 

(7 .2) 
+fSp{Ja (x)l (aaaf3-~{30)A f3(x)+ih 3Sp{Ja(x)Jf3(x)Raf3(x>l+ 

+ L h Sp IJ (x )[ J f3(x ), J (x) J J Jx) }. 
2 4 a a - p 

0603H8'1eHHSI BBetleHbl Bblllle. 

l1 T8K 0 H8MH ll0K838HO, 'ITO BCe paCXOllHMOCTK TeOpHR B03MyllleHHM C 

9THM narp8H)I(H8HOM B38HMOlteftCTBHSI ycTp8HSIJOTCSI nepeHOpMHpOBKOM KOH-

CT8HT B38HMO!leii:CTBHH e , G , h 1 h 2 • 'h a • h 4 H f • a 

T8K)I(e 06bi'IHOM nepeHOPMHpOBKOR M.:.lCC H BOliHOBbiX <j>yHKUHM B38HMOJ:{eRCT

BYIOiliHX '18CTHU. CooTBeTCTBYJOiliHe KOHTp'llieHbl Mbl llliH npOCTOTbl He Bb!UH-

C81IH B HBHOM BHlle. 

fi OliHblM narp8H)I(H8H B38HMOlleMCTBYJOiliHX '18CTHU SIBHO rpallH9HTHO-HH-

B8pH8HTeH0 UOCKOlibKY onepaTop HefiTpHHHOrO TOK8 J (x) He npeo6paayeTCSI 
a 

npH rpaaHeHTHOM npeo6pa30B8HHH. 

TiosrBHBiliHecsr aononHHTenbHbie qneHbi B narpaH)I(HaHe B38HMoaeii:CTBRH 

UO Cp8BHeHHJO C ( 1 .1) OUHCbiB8JOT 'IKCTOe II-II B38HMOlleftCTBHe, 0 cy-

IlleCTBOB8HHH H BeliH'IHHe KOTOpOrO Mbl B H8CTOHillee BpeMH HH'Iero He 3Ha-
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I 

/3/ 
eM, KaK rroKaaaHo B , cymecTBYlO!llHe aKcnepHMeHTanbHhie .QaHHbie He 

rrpoTHBope'laT cymecTBOBaHH.lO TaKHX B3BHMO.Qet!:cTBHil: c JlOBOJibHO 6onb!llHMH 

KOHCT8HT8MH CBR3H, 

CJie.QyeT OTMeTHTb, 'ITO HOBOe V-V- B~8HMO.Qet!:CTB!le 

h Sp{MJ (x)J (x)! 
I a a 

HG-38 npHCyTCTBHR MaTpHUhl 

2 

M = (: e 

0 

m 2 

!l 

) 
He HHBapHaHTHO OTHOCHTeJibHO GaMeHbi Ve ~ V , ~aKTH'IeCKH 9TO I1pHBO-

+- !l 
JlHT K paanH'IHlO BGaHMO.Qet!:craHH aneKTpoHa H p. -MeGOHa. He RBJIReTcg 

JIH IlOHBJieHHe 9TOI'O B3aHMO.Qet!:CTBHR I1pH'IHHOil: pa3JIH'IHR B MaCC8X 9JieK-

TpoHa H p. -Me30Ha? 

KaKOB npoa3BOJI B npe.QnaraeMofi Teopaa? Bo-nepBbiX, BBe.QeHHhiH 

cpopM<!JaKTOp HeHTpHHO V (- k 2
) , 0 KOTOpOM H3BeCTHO O'leHb Mano, KpOMe 

CaMbiX OO!UHX CBOHCTB, Bo-BTOpbiX, HOBbie BapHaHTbi v- V B3aHMO.QeHCTBHH 

C HeH3BeCTHbiMH KOHCT8HT.8MH CBH3 H h l , h 2 ha h 4 H f. 

B paMKax rrpe.QrronaraeMoil: reopHH ace 9TH BeJIH'IHHhi rrpoH3BOJibHhi. Heo6-

XOJlHMO IIpHBJie'lb .QOIIOJIHHTeJibllbie COOOpalKeliHR tPH3H'IeCKOI'O H MaTeMaTH'IeC

KOI'O xapaKTepa, KOTOpb!e I103BOJIHJIH Ohl yMeHbll!HTb 9TOT I1pOH3BOJI, 

B uenoM HaM KaJKeTC5!, qro rrpe.o.naraeMaR cxeMa 3acnylKHBaeT .QaJib

Hefilllero M3y'!eHHH. 
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2 
e 

/3/ 
, cymeCTBYJOIIIHe 9KCnepHMeHTSJibHbie liSHHb!e He 

cymecTaoaaHHJO TaKHX aaaHMo.oell:CTBH:ll: c aoaonbHO 6onblllHMH 

OTMeTHTb, 'ITO HOBOe V-V- B38HMO.Oell:CTBf!e 

( x)J 

TBIHI M8TpHUbl 

0 

m 2 

11 

) 
HO OTHOClfTenbHO aaMeHbl V e -> V , cl>aKTH'IeCKH 9TO npHBO-

<- p. 
HJO aaaHMO.OeikTBHSI aneKTpoaa H p. -MeaoHa, He SIBJISieTcSI 

9TOI'O B38HMO,l:leHCTBHSI npH'IlfHOH paanH'IHS! B Maccax aneK-

-MeaoHa? 

rrpoHaBoJI B npe.onaraeMoi1: TeopHH? Bo-nepBbiX, aae.oeHHbii1: 

TpHHO V (- k 
2

) , 0 KOTOpOM H3BeCTHO O'leHb Mano, KpOMe 

CBOHCTB, Bo-BTOpbiX, HOBbie BBpHaHTbl v- V B38HMO.OeHCTBHS! 

Mlf KOHCTBHT.ElMH CB5!3 H h I , h 
2 ha h 4 H f. 

.ononaraeMoti reoprrH Bee aTH aenH'IHHbi npoHaBOJibHbi. Heo6-

AononHrrTeJibHbie coo6palKeHHS! 4JH3H'iecKoro H Ma TeMaTH'Iec

Koropbre rroaBonHnH Ohr yMeHblllHTb aror npoHaaon, 

.II, 

KalKeTcH, qro rrpe.onaraeMaSI cxeMa aacnylKHBaer .oanh-

fl H T e p a T y p a 
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