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• 
§ 1. B pa6oTax/ 1•51 paapa60T8H KB83HODTHqeCKHI DO~XO~ ~DR ODHCSHHH DOBe~e

HHH ~BYX qSCTHU S TeOpHH DOOR C DOMOlllbiO ~BYXBpeMeHHOI cpyHKUHH rpaHa. 0CHOBHOe 

ypaBHeHHe TeOpHH HMeeT SH~ 
.... ·l .... 

["q (p ,p' ;E)]. 'l'(p ') = 0, (1) 

r~e g (;,;';·E)- ~ByX&peMeHHSH cpyHKUHH rpaHa, 'l'(; ) - SODHOSSH cpyBKUHH, KOTOpSH S cny

qae ~syx CDHHOpBbiX qSCTHU HSDHeTCH IUeCTB8~U8THKOMDOBeHTHbiM CDHHOpOMo KsaaHDOTeH

UHSD CTpOHTCH DO cpopMyne 

...... , - .... -+ -I - ...... , -1 
V (p,p;·E)·=[g

0 
(p, p';E)] -[g (p,p~E)] , (2) 

r~e q
0
(;, ;';·E)- ~syxspeMeHHSH cpyHKUHH rpHHS ~DR rODbiX qaCTHU. npH aTOM SMecTO 

ypasueuaa (1) nonyqaeTCH 

- -+ •1 -+ -+ _. -+ -+ •I -+ -t -+ -+ 
[G

0
(p,E)] 'l'(p )=fV(p,p';·E)'I'(p')dp'·; ([q cP.;·~E)].=[G (p,E)] 8(p-p') ). (3) 

llonHaH cpyHKUHH rpHH8 nonyqaeTCH c DOMOlllbiO HTepapOBSHHH ypaaHeHRH SeTe-CanbDeTepa, 

KOTOpOe MO>KHO 38DHC8Tb CHMSODHqecKH 

9 = 90 + 9 0 K 9 • 

EcnH npeo6p830B8HHe ct>ypbe 38DHC8Tb B BH~e 

(4) 

(5) 

Tor~a ypaaaeaae SeTe-GanbDeTepa aanacblaaeTcH a HMnynbCHOM npe~cTaaneuaa (a xoTo

poM npo~enaHbl see Sb1Kn8~KH) S CHCTeMe ueHTpa M8CC (CUM) • 

.. 
• P ':· Po • qe • P~ 'q ~ ) . 

nocne HTepapoaaHHH (4) H npose~eHHH ~ayxapeMeauoA onepauaH, nonyqaeM 

(7) 

J.1a-aa He06XO~HMOCTH HBXO>K~eHHH [ g ] •l B p8MK8X TeOpHH B03MyiUeHBI nonaraeM, qTo 

onepaTop CJo He HSDHeTCH OC06b1M H TOr~a MO>KHO DODb30B8TbCH cpyHKUBOB8DbHblM paano-

>K9HH9M ( 2, 11 ) pa60Tbl/ 
11 

(8) 

KOTOpoe D03BODHeT uOCTpOHTb KB83HDOTeHUH8D B BR~e pH~8 TeopHB B03MyiUeHBI. 

O~axo ~na cnaaopHbiX nonel nonyqaeTcH, qTo oneparop g o asnaeTCH oco6b1M.. 

3 



- .{ 
nocxon&Ky HaT yxaaaHHI, 'ITO onepaTop [q 1 ae cymecTayeT, TO o6mee ypaaHeHae ( 1) 

B 3TOM cny'IB9 He T9pR9T CMbiCna. To >K9 OTHO~HTCR H K IIOHRTHIO KB83HIIOT9HQH8118
0 

O.llH8K01 

B03HHit89T BOIIpOC, MO)f([{O nH ero HBITH MBTO.llOM T90pHH B03MymeHHI B BR.ll9 pR.llB 110 no

IIO>KHTenbllbiM cTeneHRM ltOHCTBHTbl CBR3R. TaKoe .aonymeHHe cpopManbHo npaBO.llRT 1t npoTHsp

pe'IHIO, B .aanbHeAmeM Mbl cTpeMRMCR paccMoTpeTb npeHMymecTBeHHO STOT aonpoc. Ha 6a-

Ha 683e .aeTanbHoro accne.aoaaaHK oco6eHHOCTII q., ace >Ke B03MO>KHO npo.aaaHyT&-

CR .llOBOIIbHO .ll8119KO B BOnpoce IIOCTp09HHR KB83KIIOT9HUH8118 110 T90pRK B03MymeHBA, 8 

T8K>K9 CX9Mbl KB83ROIITH'I9CKOI'O IIO.llXO.ll8 .lliiR 38.ll8'10 B KOTOpbiX 381183.llbiBBIOmHe Slj!cpeKTbl 

M811bl B Cp8BH9HHH C MI'HOB9HHbiM B38HMO.ll9ACTBK9M, 

~O>KHO 38M9TRTb0 'ITO 9H8110I'H'IH8R CBTYBUHR IIOIIY'189TCR H B Clly'l&e B91tTOpHb1X 1101191, 

Kelt K B CIIY'I89 CIIKHOpKbiX 1101191, .llBYXBp9M9HH8K 0119p8UKK llpRBO.llHT It 9TOI OCo69HHO

CTH H3-34 NSTpK'IHOI CTpyltTypw I'pKHOBbiX cpyHKUKI I'OIIbiX '18CTBQ0 'ITO He HM99T M9CT8 

B CIIY'189 CK811Kp80I'O IIOIIR, 

I 2, 8 .ll411bB8ImeN Mbl 6y.aeN HM9Tb B BH.llY TOIIbKO Clly'lal .llBYX B38BMO.ll9ICTBYIO-, 

max CIIKHOpBbiX 1101191 C O.llKBSKOBOI MSCCOJI, JlnR .llBYXBp9M9HHOI cpyHKUKH tpRHS I'OIIbiX 

'ISCTHU B C,Q,M, BBO.llKTCK 0603H8'19HH9 

- .. .. -
IJo( p p'p.,p~)- G.(P .E )8(p-p')8(p.,-p;·). (9) .. 

r .ae G 0 ( p, E ) o603B&'IaeT NSTpauy. 

- .. 1 1 ~ 2 .. .... .... I (10) G (p,E )• " [E -F (p )}~(E+ap+J3m) (E-ap+J3m) , 0 
2F(p)[E!..F 2(p)). I ~ 

~ .. 
r.ae E = __pg_, FcP) =y'p1+ m2 , a H f3 - .aap&ltOBCKKe M&Tpauw B oiSmenpBHRTbiX oiSoaHa-

2 
'IBHKRX, Ha.aeltCbl. 1 K 2 OTBOCKTCR It COBOKYIIHOCTH CIIHHOpHbiX KH.ll9KCOB 1 COOTB9TCTBYIOmBX 

119pBOI H BTOpol '18CTHQ8M, 8M9CTO OTCYTCTByiOmRx HH.ll9KCOB BC9I'.ll8 IIO.llp83yM9B89TCR Ha

IIR'IK9 COOTBQTCTByiOmeA 91J.BHH'IHOI M8TpRUb10 KOTOp8R IIBHO H9 ISy.aeT BbiiiHCbiB8TbC!Io 

JlnK Bb1RCH9HBH OC069HHOCTel M8TpHUbl 

poaaHHH K83BMHpa 

+ .. .. 
A (p ) = F(p) +H(pj 

2F (p .. ) 

r.o.e 
.. .. .. 

H(p)•a p + fjm. 

Go( p, E ) r.ao6HO B89CTH onepaTOpbl npoeKTB-

A-(p .. ) = F(p) -H (p) 

2F (p) 

( 11) 

B .T&KOM cnyqae G., (p,E) npe.acTaBnBeTCB a as.o.e 

.. lrr ... + .. + .. .. _.. .. 
( 12) 

I 1., 
- ( E)• -
Gop, F2(p)-E 

I [E+ F(p )) .A
1 
(p) A 

2 
(·p)-[E-F(p) )A

1 
(p)A; (op l I ~I', 

4 

• 

'\ 

I 

• 

/I 

.. 

0TCIO.ll8 BHIJ.HO, 'ITO 6yiJ.yT BbiiiOIIHliTbCH CIIBIJ.yiOmHe paaeHCTB8 

- ... + ... - ... - .... --+ +-+ 
G.(p, E)\ (p l\(•p) = G

0
(p,E) A

1 
(p) A~(·p) 

... .. ... - .. -... + .. - .. 
A+ (p ) A (·p) G0 (p, E)= A (p ) A (·p) G;, (p, E 

I 2 I 2 

Hs aTHX paeeucTB cne.o.yeT, 'ITO G
0 

( p, E) BBnReTCH MBTpHuea oco6oA 1 
+ .. - .. 

TaT ee yMHO>KeHHH ua HeHyneayiO MBTpHuy (uanpHMep, A
1
(p) A

2
(-p) ) 

Jl&llbW9 BBBIJ.eM H3BeCTHOe npeJICTBBIIBHHe W9CTH81J.U8THKOMIIOHBHTHblX 

¢ (p ) = ¢++ (p) + ¢+-(p) + r;;+(p) + ¢-. (p)' 

I'.ll9 IIOIIO>KBHO 

++- .. + .. + .. .. +- .. + .. - .. .. 
¢ (p)=A 1 (p)A

2
(-p)¢(p); ¢ (p)=\(p)A2(-p)¢(~ 

Ewe aae.aeM o6oaHa'leHBe 

.. (+) .. {•) .. 
¢ (p) =¢ (p) +¢ (p). 

r.o.e 

¢(+) (p) = ¢++ (p) + ¢-- (p); ¢(·) (p) =¢+- (p) +¢-+(; 

nycTb B .ll811bH9AWeM ell 03H8'18eT 11pOCTp8HCTBO BCBX W9CTH81J.U8THK 

(+) ... ,., (·) 0 t 
URI cp 1 ell H '"' - npOCTp8HCTB8 cpyHKUHll, IJ.IIH KOTOpblX ¢ = H cp 

HO, Tor.aa paBeHCTBa (12) H (13) 03H8'1BIOT 0 'ITO 

G
0 

(;,E)¢ (p)=O , ecnH ¢(;) E <ll(•) 
. .. 

H .o.n11 ecex ¢e4l, G
0

(p,E)¢(;)='1'(p) E <llc+> 
, 3TH CBOI!CTB8 0~ 

pauHell G0 (;, E) npocTpaHCTBO ell oTo6pa>KaeTCH Ha npocTpaHcTeo - .. 
Top G0 ( p, E )KBn!IBTCR npoexuBoH.HbiM onepaTopoM, TaK>Ke BHIJ.HO, 'ITO np< 

HHBBpHaHTHo OTHOCBTen&HO onepaTopa Go, H B aToM npocTpaucTee oH 

(+) 
OC06b1M, Jlel!CTBHTellbHO .. IJ.IIR BC9X CIIHHOpOB cp E ell BbliiOIIHIIBTCII y 

+-+ +-+ - .. _ ...... 
[A

1 
(p) A

2 
(·p) +A

1
(p) A

2 
(-p) ].¢(p)=¢(p). 

EcnH o6oaHB'IHTb 'lepea 
(+) 

HyiO 910 B <lJ 

~ ~ .. 
G 0 (p, E l onepauu10, SKBHeaneHTHyiO Go( p, E) 

, MO>KHO H811HC8Tb 

,., .. .. - .. .. ... (-1 
G.,(p,E)cll(p) -~(p,E)¢(p) IJ.IIK ecex ¢(p) E 4l 

· Tor.o.a H3 ( 12) H ( 18) nerKo nony'IHTb 

f"!!"' .... i + .. + .... -.... - .. 
G 0 ( p, E) = " I E [A 

1 
( p) A ( -p) - A ( p) A (-p) 

F2(}5)-E~ ~ I 2 . :1.?;:: 

;~ Tenep& MO>KHo aaMeTHTb, 

~~1i G ( p, E) e npocTpaucTae ,,kr o 

~l;·MOmbiO M8TpHUbl 
{!~.: 
'.'\.' 

'ITO 3TB M8TpHU8 y>Ke He OC068K 1 CIIB.llOBBTBII 

<ll{+) ue sianseTcR oco6&tM, H o6paTHhtll eMy 

5 
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lUll A' •• u Ull"JJU 1 UJJ l .. J HY !:!YUll!!:!'l'llj/6T, TO ~wee ypaaaea11e ( 1} 

CMbiCR8, To >t<e OTHO~IITCR H X nOHRTHIO KB83HnOT9HilBana, oaaaxo
1 

>t<HO nH ero H8ATH MeToaoM TeopHH B03MYlLI9HHA B BHae paaa no no-

M xoncTaHTbl CBR3H. Taxoe aonyweuae cpopManbHo npaaoaaT x npoTaap-

Mbt cTpeMHMCR paccMoTpeTb npesMywecT&eHHO STOT aonpoc. Ha 6a-

HCCneaoBaHHR OC069HHOCTR q 0 BCe >t<e B03MO>t<HO npoaBHHyTJ.-

a aonpoce nocTpoeHHR XB83anoTeHnaana no Teopsa B03MyweasA, a 

TH'I9CXOI"O noaxoaa ami 3&aa'l, B KOTOpbiX 38n83abiB810ll.IH9 acpcpeXTbl 

I"HOB9HHblM B38HMOaeACTBH9M, 

, 'ITO aaanoraquaa caTyauaa nony'!aeTcs a a cny'l~ aexTopablx nonet. 

nonet, aayxapeMeHaaa onepauas npaaoaaT x aToA oco6esso

TpyxTypbl rpRHOBbiX cpyHKilRI I"ORbiX '18CTHil0 'ITO He BMeeT M8CT8 

on a. 

eM Mbl 6yaeM BM9Tb B Baay TOnbKO CRY'18I aayx B388MOaelcTayro-

C OaHH8XOBOI M8CCOI, Jlng aayxap8M8HHOA cpyHKilBH tpHH8 l"onblx 

0603H8'19HHe 

~(; p'p.,p~·)= ~.(p ,E )8(p-p')8(p
0

·p=·), (9) 
eT M&Tpauy. 

i " I [ 2 2 .. 
2F(p) [E!.F 2(p )], E -F (p )]~(E+(;p+jlm),(E-;;p+tla)l 

2 

(10) 

-.. --- .. 
pi+ m

2 
, a H jl - aap8KOBCXH8 M8TpHilbl 1!1 06IUenpHHS1TbiX 0603H8-

0THOCilTCA K COBOKYDHOCTH CllHHOpHbiX HHa8KCOB
0 

COOTBeTCTBYIOIUHX 

8111. 6M9CTO OTCYTCTBYIOIUHX HHaeKCOB BC81"aa noap83yM8B88TCSI Ha

eaHHH'IHOI M8TpAilbl, KOTOp8A ABHO He t5yaeT BblllHCbiB8TbCR, 

·6euuocTeA MaTpauw G0 (p,E) yao6ao aaecTa onepaTOpbl npoexTH-

F(p) +H(p") 

2F (p .. ) 
A-(p .. ) = F(p) -H h;) 

2F(p) 

npeaCT8BRR9TCR B BH.lle 

( 11) 

E2 
... + ... + ... • -· ... I [E+ F(p)) .A, (p) A 2 (·p)-[E-F(p))A

1 
(p)A;(1') I ( 12) 

/ .. ~,:·. 
~v , .. 

4 

• 

,, 

~·, 
,',1! 

I 
~ / 

~ 

0TCI0.£18 BH.£1H00 'ITO t5yayT BblnORHATbCR cneayiOIUKe paaeHCTB8 

- ... + .. - .. - .. - .. +-+ 
G.(p, E)A

1 
(p )\(•p) = G

0
(p,E) A

1 
(p) A

2
(·p)= 0 ( 13) 

+ .. .. ... - .. -.. + .. ..... _,. 
'\IP) \(·p)G0 (p,E)='\IP )A

2
(·p)G

0
(p,E )= 0. 

( 14) 

113 STHx paaencTa cneayeT, 'ITo G
0
(p,E) RBnReTca MaTpauell oco6ol!, Tax xax peaynb-

+ .. - .. TaT ee YMHo>t<eHHR ua ueuyneayro M&Tpauy (uanpaMep, A
1
(p) A

2
(-p) ) paaHaeTcR Hynro. 

JlanbWe BBe,lleM H3BeCTHOe npeaCT8BReHae W9CTH8.£1U8THKOM!IOH9HTHb!X CliHHOpOB 

rae nono>t<eHo 
¢ (p ) m ¢++ (p) + .p+-(p) + ,p+(p) + cp-- (p}, 

( 15) 

++- .. + .. + ... .. +.. ... + ... - ... .. 
¢ (p)=A 1 (p)\(·p)¢(p); ¢ (p)=A

1
(p)\(1')¢(p) H T,.£1, ( 16) 

Eme aaeaeM o6oaH&'IeHae 

.. (+) .. (-) .. 
¢ (p) =¢ (p) +¢ (p}, 

rae 
(17) 

.p<+> (p) = ¢++ (p) + ¢-- (p); q,<-> (p) =¢+- (p) +¢-+(p). 

nycTb B aanbH91WeM ell 03H8'189T RpOCTp8HCTBO BC9X WeCTH8all8THKOMROH9HTHb!X cpyHK-
(+) "'(-) <-> 0 t+> 0 

llBI cp 1 ell H "' - npOCTp8HCTB8 cpyHKUHl!, .llRA KOTOpbiX ¢ = H cp = , COOTBeTCTB9H-

HO, Toraa paaeHcTaa (12) a (13) oauaqaroT, 'ITO 

G11 (p,E) ¢ (p)=O , ecna ¢(;) E ell(•) 

a ana acex ¢ E ell, - ... .. (~ 
G 0 (p,E)¢(r)= 'l'(p) e ell • 3Ta caollcTea 

03HB"'810T1 liTO one-
(+) 

ell , T.e. onepa-

.. 
pauaell G0 (p, E) npocTpaHcTeo ell oTo6pa>KaeTca ua npocTpaHcTeo - .. 
Top G0 ( p, E )aenaeTcR npoexuaoH.HbiM onepaTopoM. Tax>t<e BH.llHo, 'ITO {+) 

RpOCTp8HCTBO ell 
aueapnaHTHo OTHOCHTenbHO onepaTopa Go, H B aToM npocTpaHcTee on He SJBnaeTca y>t<e 

(+) OC06b!M, JleiiCTBHTellbH00 .llllR BC9X CllHHOpOB cp E ell BblllORHReTCR yCROBKe 

+-+ +-+ - .. _ ........ 
[A1 (p} A 2 (·p) +A 1 (p) A

2 
(·p) ).¢(p2=¢(p). (18) 

Ecna o6oaH&'IHTb 'lepe3 ~(~,E) onepauaro, axeaeaneHTHyro 
(+) 

HyiO ero B ell , MO>KHO H8UHC8Tb 
G0 (p,E) 

a HH.llyuapoeau-

,., .. .. - .. .. 
G.,(p,E}ell(p) =q,(p,E)¢(p) anSJ ecex E ell(+~ cf>(p) ( 19) 

·:·: Toraa H3 ( 12) H ( 18) nerxo nony'!KTb 

j~' 'G' ( p, E) = i " I E [A+ ( p) A+ ( -p) - A- ( p) A-(-p) ) + F (p·) l . ( 20) '/,}~· ° F "''" )- E 2 I 2 I 2 •f''• ~,, 

,1:;~ Tenepb MO>t<HO 38M9THTb, 'ITO STB M8TpHil8 y>t<e He oco6a.a, CneaoB&TellbHO, onepaTop ., 
,, ·: G (;.E) B npocTpBHCTae "'(+) He HBRR9TCR OC06biM, H o6p8THbril aMy aaeTCR c no-.'·' 0 
-~' ' 

:1, :··MOWbiO MBTpHUbl 
':.1!' 

·~~ 
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r,:"' .. ·I . I 2 2.. .. + .. + .. .. -,-;! ... I 
[Go (p,E)] =--1 - [E- F (p)]-E(E-F(p))A 1 (p)A 2 {-1t)-E[E+F(p))A IP)A-(·p) 

rr F (~) 1 2 (21) 

!J.nll nonaoll JlBYXBpeMaHHOJI cpyHKUHH rpHHa CJlenaeM cne.ayJOlllHe 
* saMeqaHHll. 'iepes <It 

o6osHa'IHM npocTp81ICTBO Bcex cpyHKUHll ¢* = 9¢ I¢ <It' npocTpaHCTBO <It*. O'laBH)lHO, 

liBJil!aTCll HHB8pHaHTHbiM OTHOCHTeTibHO onepaUHH g H TOJibKO B HeM 3a)laqa 06 OTbiCKa-

- -1 ' -
HHH [ g ] HMaeT CMbiCJI, npa aTOM enonlie ecTaCTBBHHO paCCM8TpHB8Tb H onep8UHIO g 

* TOflbKO B <It , TaKOJI flOJlXO)l BflOflHB COOTBBTCTByeT CMbJCJiy cpyHKUHH rpHHa KaK cpyHKUHH, 

pacnpOCTp8HBHHll B TBOpHH flOflll H He !!Bfl!IBTC!I JlOflOflHHTBflbHbJM Tpe60B8HHBM B TaOpHH, 

Ecnu y q HaT npoeKTHPYIOlllHX ceollcTe, ana npocTpaHCTBO <~~* mape, 'IBM <II(+) , Tor-

* -)l8 B <!;t onepaTOp g0 6y.aeT OC06bJM 0 H noTaHUH8J1 HaB03MO)I(H0 nOCTpOHTb B BH)le p!!Jl8 

* I+) 
TOflbKO no HaOTpHU8TBJ1bHbiM CTeneH!IM KOHCTSHTbl CBSI3H, 8 cnyqae <II S <f Y onepaTopa 

go oco6eHHOCTH He 6y.aeT H KB83HROTaHUHan y)l(e MO)I(HO CTpOHTb no TeOpHH B03Myllle-

HHJI, 3TOT eonpoC Heo6XO.IJ.HMO npe.aeapHTaflbHO Bbi!ICHHTb B Ka)l()lOJI paCcMaTpHBBaMOJI sa-

.D.ate, a nOTOM CTpOHTb OCHOBHOe ypaBHaHHe TaOpHH, 

§ 3. PaccMoTpHM cnyqaJI MrHoeeHHoro eaauMo.aellcTBH, KaK xopomo useecTHO us pa-

/6,7/ 
6oT BaTe H CanbneTepa, CanbneTepa H .apyrux, B sa.aaqax aneKTpo.auHaMHKH OHO 

.aaeT caMo no ce6e .aoeonbHo xopomee npu6nu)l(eHue H !IBJJSieTc!l ocHoBHbiM, B paMKax 

KeasuonTH'IeCKoro no.axoila OKB3btBaeTCII, 'ITO aToT cnyqaA MO)I(HO paccMoTpeTb TO'IHO, KaK 

useecTHO, !!JlpO ypaeHeHH!I BeTe-CanbneTepa B cnyqae MrHOBeHHoro esauMo.aell:cTBH!I saeu

CHT 'TOflbKO OT npOCTpaHCTBaHHbiX HMnynbCOB H B CHCTaMe UBHTpa Mace HMBeT BHJl 

, ..... , 
Kc.u,M,(p,q;p q')=K(p,p ), (22) 

B TSKOM cnyqae HeTpy .OHO npoeepHTb, 'ITO .aeyxepeMeHHa!l onepauHll B p 

!IBU!IeTc!l MynbTHnnHKBTHBHOll:, T,e, 

-npe.acTaaneHHH 

,... ,. - -
g 0 K g

0
K ••• K g

0
= g

0
K g

0 
K ••• K 9, (23) 

H nonHal! cpyHKU!Ill rpuHa, nocTpoeHHa!l B BH)le HTepupoeaHHOro ypaeHeHHll BeTe-CanbneTepa, 

- * (+) -
HMeeT TY )l(e caMyJO oco6eHHOCTb, 'ITO H g 0 , T,e, ~ .. <It • Y onepaTopa g 

0 
oco6eHuo-

cTH He 6y.OBT1 H1 HMBll B BHJly cpopMyny ( 18), nonHyiO JlByXBpeMeHHYJO cpyHKUHJO rpHHa 

nony'IHM B BH)lB ,.,M- ,.,-- ~ 
g=go+goKgo+goK9eK g.,+ 

!J.anbWe HeTpyLJHO H8li:TH 1 'ITO KB83HnOTaHUH8fl paBHliBTCll 

r-w ·I - ·I ,-, ·1-
V=[g,).-[go).-[qo] CJoK 

a OCHOBHOB ypaBHBHHB KBa3HOnTH'IaCKOrO nO)lXO)la nonyqaeTCll B cpopMe 

_. - ~ ..... .... + -+ + -+ 2-+ 2 ... 
I E [E + F(p )) A, (p)A~(-p) -E[E+F(p)) A

1 
(p) A

2
(-p) + F (p)-E I '1'. (p) = 

i IT f'{p) 

1 + ... + ... -... --+ 
_ [A (p) A (-p) +A (p) A

2
-tit) 

(:Z,.)8 I 2 I 
K(;,p') 'i'(p')dp'. 

6 

• 

(24) 

(25) 

(26) 

4 

1} 

~~\It~ 
})\r 

'~·& 

1
·:~~ 

r 
\ 

i 

' 

. 
;_r 

HanH'IHe npoeKUHOIIHbtX onepaTopoe B npaaoll: qacTH aToro ypaeueHHR 
1 

'ITO JlBli:CTBHTBJlbHO· Bee peWBHHSI aTdrO ypaeHeHHSI IJ'{;) E !fl(+) , KaK 

YpaeueHHe (26) Tor.o.a HeTpy.o.Ho npaeecTH K cne.o.yromeMy su.o.y 

[2E- H (p) -H (,:P)) .'I' (p) = _1_ [},-(;)A-,.;) -A +
1
(p) A"':,(;)) (K(p.p' 

1 2 (2rr) 1 I 2 • 

16/ 
3To ypaaueHae Bbtae.o.eHo CanbneTepoM a . .o.nl! Taro >Ke cny'l 

B3aHMO.D.Bli:CTBHll H B aTOM npHfiJ1H)I(BHHH pesyJJbTaTbl KBa3HOOTH'IBCKOrO 

COBna.o.aJOT1 'l'aK KaK OpH BbiBO.D.e (26) He HCROflb30BaJJHCb ynpoutaiOlllHr 

§ 4, PaccMoTpHM cny'laH, a KOTOpblx He npeaefiperaeTcl! sanas.D.bl 
16 11 . . . 

MH, KaK HsaecTHO as pa6oT ' u .o.pyrnx, B aa.o.a'lax aneKTpo.aHH~H 

ManbJ H B TBOpHH Canbfle-pepa, HCXOJlll H3 ypaBHBHHll ( 27) 
1 

HX Y'IHTYBa 

MYlllBHHJI K OCHOBHOMy MrHOBBHHOMy B3aHMO.D.Bl!CTBHJ01 RpHTOM HX Y•ttT 

HCKYCCTBaHHbiA xapaKTep, B pabiKax KBaanonTH'IBCKoro no.o.xo.o.a MO:lKHO 

acpcpaKTbl He n03BOJ1l!IOT TO'IHO p8CCMaTpHBaTb Sa.D.a'ly .IJ.J1ll CnHHOpOB
1 

RJ 

KO <It(+), 8 aa.o.aqax, B KOTOpbiX aTH acpcpaKTbl M8J1bl B cpaBHBHHH C Mr 

JlBli:CTBHBM 1 HepasyMHO nonaraTb1 'ITO OHH RpHBO.D.liT K HBOtlXO.lJ.HMOCTH ; 

HOCTH CJ. 1 

B TOM )l(a 

THpOBaTb 

TBM 6onee H3BBCTHO, 'ITO .IJ.Jlll TSKHX aa.o.a'l HX MO:lKHO :f'IBC' 

C8MQM ypaBHBHHH (27), Bonae BCTaCTBBHHO C'IHTaTb
1 

'ITO C 
(+) 

<It Ha <II B cnyqae MrHOBBHHoro B3aHMO.D.Bl!CTBHSI Bb1ROJ1Hl 

qae, 0.D.HaK01 aTO y)l(e tiy)lBT npHfiJ1H)I(aHHab1 1 KOTopoe JlJ1ll paCCM8TpHBB 

uaq JlQJ1)1(H0 6bJTb .lJ.OCTaTO'IHO XOpOWHM, 3TO R03BOJI51BT B paMKaX HAW 

'IHTb OCHOBHOB ypaBHaHHe TaOpHH H flOCTpOHTb KBaaHnOTBHUHan flO TBOpH 

aTOM aan83)lbl~aiOlllHB acpcpeXTbl Y'IHTbiBaJOTCll H CO)lBp)l(aTCSI aapaHee B 

HeHHH. 

PaccMoTpHM npoe~~:\npyJOLUHe caoAcTea CJ B cnyqae Manblx sana: 

TOll, EcnH nOJ!O)I(HTb CHOBa 'I'= CJ cp 1 C noMOlllbJO ( 16), ( 11) 
1 

.D.J1ll cp 
paeeHCTBa 

'!'(+) = '9' ¢ (+) (-) c .1. (+) 
'I' = CJ '+' I 

r.o.e 

,..., + .... + .. - ... -+ .... 
CJ =[A 1 {p) A 2 {-p) +A 1 (p)A~{-p)),CJ 

:: + ... - ...... - .. + ... 
=[A 1 (p) A 2 (-p)+A

1
(p) A

2
(-p)] CJ 

y 

npu aTOM nonaraeM, 'ITO BB3Jle, rae 3TO B03M0)1(H0
1 

HCnOJJb30BanaCb cpc 

nepb HeTpy.auo npoaepHTb, 'ITO aneMeHTbi q Manbt no Pli.D.y npH'IHH, Br 

7 



i 2 :2~ ~ + .. + .. .. - .... ___ I [E - F (p)]-E[E-F(p))A
1 

(p)A
2
(-p)-E[E+F(p)]A \p)A-(-p)l 

" F (j5) I 
2 

(21) .. 
MeHHOll cpyHKUHH rpHH8 cnenaeM cnenytOLUH9 38M9'18HHH, '-iepea <I> 

TBO ncex cPYHKUHll ¢* ~ g¢ I¢ <I>' npocTp8HCTBO <I>*. 0'{9BHJ:lHO, 

hiM OTHOCHT9DbHO OD9p8UHH q H TODbKO B H9M 38J:l8'{8 06 0ThiCK8-

btcn, npH 3TOM BDOnlie ecTeCTB9HHO p8CCM811pHB8Tb H onep8UHIO q 

II DOJ:lXOJ:l BDOOH9 COOTB9TCTByeT CMbiCDy cpyHKUHH rpHH8 K8K cpyHKUHH, 

eopHH DOOR H He HBOHeTCH J:lOnODHHTeObHbiM Tpe60B8HHeM B T90pHH, 

<I>* LUHpe, '19M <I>(+) , Tor-09KTHpytOLUHX CBOIICTB, HUH npOCTp8HCTBO 

q
0 

6yJ:leT OC06btM, H nOT9HUH80 HeB03MO>KHO nocTpOHTb B BHJ:le pHJ:l8 

* I+) 
enbHhiM CTeneHHM KOHCTBHThl CBH3H, 8 CDy'l89 <I> S elf y onep8T0p8 

6yJ:l&T H KB83HIJOT9HUH80 y>Ke MO>KHO CTpOHTb no TeOpHH B03MyLUe-

06XOJ:lHMO npeJ:lB8pHT9UbHO BhiHCHHTb B KB>KJ:lOll p8CCM8TpHB8eMoll aa-

Th OCHOBHOe yp8BH9HH9 TeOpHH, 

M cnyqall MrHoneHHoro naaHMOJ:lellcTBH, KaK xopoLUo uaaecTHO H3 pa-

/6,7/ 
epa, CanbneTepa H npyrHx, a aanaqax 3D9KTPOllHH8MHKH OHO 

noaonbHO xopowee npH6nH>K9HHe H SIBDSI&TCSI ocHoBHhtM, B p8MK8X 

nxo:Oa aK83htB89TCH, 'ITO 3TOT cny~all MO>KHO paccMoTpeTb TO'IHO, KaK 

H9HHH 6eTe-CanbneTepa B CDy'l89 MrHOB9HHOrO B38HMOJ:l9liCTBHSI 38BH

p8HCTBeHHhiX HMnynbCOB H B CHCT9M9 U9HTp8 M8CC HM99T BHJ:l 

Kc.u,M. (p, q;p'q j ~ K (p, p') • (22) 

py J:lHO npoaepKTb, 'ITO J:lBYXBpeM9HH8SI onep8UHSI B p -npeJ:lCT8BOeHHH 

8THBHOII, T,e, 

~ ,. ..... -
9o K 90 K ••• K 90 = 90 K 90 K ... K 9., (23) 

pKHa; nocTpOeHH8H B BHJ:l9 HTepKpOB8HHOrO ypaBHeHHSI 6eTe-CanbneTepa, 

- * ~) -
oco6eHHOCTb, 'ITO H q 0 , T,e, ell"' ell , Y onepaTopa q

0 
oco6eHHo-

es B BHJ:ly cpopMyny ( 18), nonHytO J:lByXBp9M9HHytO cpyHKUHIO rpH¥ 

'q'='q7,+ ~o K'?o+ qo K9, K '9:, + 
(24) 

liTH, 'ITO KB83HnOT9HUH80 paBHHeTCSI 

r-'1 _, - -1 ,.. _,-
V= [ q.,].-[q

0
] ·•[q

0
) 9

0
K (25) 

e KaaanonTK'IecKoro nonxona nonyqaeTcH B cpopMe 

... -... ... ... + .... + ... 2-+ 2 ... 
E + F(p)] A

1 
(p)A~(-p) -E[E+F(p)] A

1 
(p) A

2
(-p) + F (p)-E I '1'. (p) = 

(26) 
+ ... + ... -... --+ 

[A (p) A (-p) +A (p) A
2
o4p) 

:17) 8 I 2 I 
K (p,p') 'i' (p') dp'. 

6 

.., 

'.~' 

/I, 
(,' 

:,t 
ti 
I , .. 

' 

1;1 

HanH'!He npoeKUHOHHbtX onepaTopoa n npaaoJI '!8CTH 3TOro ypanHeHHSI noaaonHeT noKaaaTb, 

'ITO ll9liCTBHT90bHO· Bee pew&HHSI 3T0ro yp8BH9HHH 'l'(p) E <fl(+) , K8K H J:lOO>KHO 6btTb, 

Yp8BH9HH9 ( 26). TOr,lla H9Tpy llHO npHB&CTR K CO&J:lyiOLU&My BRJ:ly 

.. ·· .... i _ ...... +-++-+ .......... 
[2E-H (p) -H (-p)],'l'(pJ=-- [A (p)A-(-p)-A

1
{p)A

2
{-p))fK{p.p') 'l'(p')dp', (27) 

t 2 ( 21T ) T I 2 

/6/ 
3To ypaaHeHae BbtaeneHo CanbneTepoM B J:lnSI Taro >Ke cny'!aSI MrHoBeHHoro 

B38HMOJ:leliCTBHH H B 3TOM npH60R>K9HHH pe3yObT8Tbl KB83HOnTH'i9CKOrO H CT8pOrO DOJ:lXOJ:l8 

COBn8,ll8JOT, T8K K8K npH BhiBO,lle (26) He HCnOOb30B8UHCb ynpOLU810LUH9 Dpe,llnOUO>K&HHSI, 

MH, 

§ 4, P8CCMOTpHM cny'ISH, B KOTOpbiX He npeHe6per8&TCSI 38D83,llb!B810LUHMH 3cpcpeKT8-
/6 71 . . ' 

KaK aaaecTHO H3 pa6oT ' R J:lpyrax, a 38J:laqax 30&KTponHHilMHKH 3TH 3cpcpeKTbl 

MBnbl H B TeopHH Canbne,epa, RCXOllSI H3 ypanHeHHSI ( 27), HX y'IRTbiBaJOT a Ka'leCTBe noa

MyLUeHHII K OCHOBHOMy MrHOB&HHOMy B38HMO,llellcTBHJO, DpHTOM HX Y'I&T HM99T H&CKOObKO 

HCKYCCTB&HHI>lll xapaKTep, B paMKax KBaaeonTH'i&CKoro noJ:lxo,lla MO>KHo nponepHTb, 'ITO 3TH 

3cpcp~KTbl He n03BOOSIIOT TO'IHO p8CCM8TpHB8Tb 38,ll8'iy ,!lOS! CRHHOpOB, npHH8,ll09>K8LUHX TOOb

KO \II(+). B 38J:l8'1ax, a KOTOpbtX 3TH 3cp!JleKTbl MBnbt B cpaaHeHBR c MrHoBeHHbtM B38RMo

llellcTBHeM, HepaayMHo nonaraTb, 'ITO OHB npHBOllSIT K Heo6XOllHMOCTH y'IHTbtBaHHSI oco6eH

HOCTH q• , T&M 6onee H3B9CTHO, 'ITO ,llUSI T8KHX 38,ll8'1 H.X MO>KHO Y'I&CTb K8K B03MY1ll&HHSI 

B TOM >Ke C8MQM yp8BHeHHH (27), 6onee ecTeCTBeHHO C'IHT8Tb
0 

'ITO CBOIICTBO q Dp09K" 
(+) 

THpOB8Tb \II H8 ell B Cny'!ae MrHOB&HHOrO B38HMOJ:l9JICTBHSI. Bb1DOOHS19TCSI H B 3TOM cny· 

'189, O,llH8KO, 3TO y>Ke 6y,lleT npB6UR:lKeHHeM, KOTOpoe llDH p8CCM8TpBB8eMoro Kn8CC8 aa

J-1,8'{ llOD>KHO 6btTb ll0CT8TO'IHO XOpOillHM, 3TO n03BOUSieT B p8MK8X H8Wero DO,llXO,lla nony

'IHTb OCHOBHOe ypaaHeHHe TeOpHH H DOCTpOBTb KB83HnOTeHuHan no TaOpBH B03MY1ll9HHII, npH 

3TOM aanaa,llbl~atOmHe 3cpcpaKTbl y'IHTbiBatOTCSI B co,llep>KaTCSI aapaHee a nony'!a&MOM ypan-

H9HHH, 

PaccMoTpHM npoeKTHpytOLUHe caollcTaa q B cnyqae Manblx aana3J:lbiB8JOillHX 3!JlcpeK-

TO!l, EcnH nona>KHTb CHOB8 IJI = q </> , C naMOLUbiO ( 16~ ( 11) , llDB </>E \II(+) nonyqaeM 

p8B9HCTB8 

"'(+) = "q'"' (+) (-) 
c (+) 'I' = q "' • ';.l.~, 

.:.\ •. ~· rD. e 
·:·~·{·~·~ ' 
\4<~;· 

(28) 

'!:\~·· 

;w~·:i.· ... ,;;1:( \~,: 

~~Ji ;U\ 

;·.1 

+ .,. + ... - .... .... 
'q =[A (p) A (·p) +A (p) r(-p) ).q 

(29) t 2 I 2 

:: + ... --+ - .. +-+-
(30) CJ =[A1 (p) A 2 (-p)+A

1
(p) A

2
(-p)] q. 

npe 3TOM nonaraeM, 'ITO B93J:le, r,lle 3TO B03MO>KHO, Hcnonb30B8D8Cb !JlopMyna ( 18( Te

nepb H&TPYllHO nponepHTb, 'ITO 3neMeHTbt q Manbt no PHllY npH'IHH, Bo-nepabtX, BHJ:lHo, 
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'ITO B 'i yHH'ITOlK810TCII ace 'UieHhl MrHOBeHHOro B3811MO.UeliCTBHII, STO YCT8H8BnH&8eTCII 

Ha cpopMyn ( 12 ), ( 14) H (23). TaKlKe yHH'ITOlK810TCH HeKoTopble na nonpaBO'IR&JX 'lneaos, 

aanpHMep, ecna paanolKHT& 11.apo K ypaaReRHII SeTe-Can&~eTepa aa MrRoBeRHYIO a aana-

3,0b1&810WHe '18CTH 

K~KM+K3, 

TO 061UHA 'lneH pHL18 ( 1) npeLICT8BDH8TCH B BHLie CyMMbl 'IOeROB BHL18 

,.-: ~ / 
9e K" g • K "" t go , 

t a3 an 

rLie K paaHH&TCH K HUH K3 • Bee 'UI&Hbl. B KOTOpblX Y. a K • aaae.aoMO yHH'ITOlK810TCIIo 
"t M "t M 

8 CB113H C STIIM MOlKHO C'IHT8Tb, 'ITO Ll&liCTBRT&nbHO B p8CCM8TpHB88MbiX 38Ll8'18X HHTepe-

cyJOWee H8C npO&KTBpyiOW&e CBOliCTBO npH6 DB3RTenbHO BblflODHH&TCH 

fa 0 ; 
(-) 

'I' = 0 (31) 

a a &TOM npa6nalKeHBR M&J 6y.aeM pa6oT8Tb a LI8nbHeAweM. B aTOM cny'lae Mbl MOlKeM 
(+) 

CHOB.8 orpaHH'IHTb H8WR paCCMOTpeHRH B npOCTp8HCTBe 4l o 0cHOBHO.e ypaaHeHH8 TeopBH 

6yLieT 

-1 
[tq' l 'I' = 0 • (32) 

rae aaeLieHo o6oaaa11eHae 

'q a';! +~K 9~ + 
0
90 K 9oK ~+ •• (33) 

K883HflOTeHJlR8n cpaay MOlKHO CTpOIITb 8 BHLl& pH,08, BnonHe 8H8nOrB'lHOrO (8), HCXOLlH 

ceA11ac Ha onpeLieneHBH 
-1 -1 

v =-£'90 l -['q' l 

Kax nerKo aaMeTBTb, 8b1DonHHIOTCR ycno&HR 

+ 
A (p) A -C.:Pl V(P,p':E)=O 

I I 

- .. + 1.. .. .. 
A,(p) AI( p) v (pp':E)= o. 

0cH08Hoe ypaaHeHae KaaaanoTeHuaan&uoro no.axo.aa Tenepb nony'laeT BR.ll 

~ IE1 
-flp)-E[E-F(p)] A: cPl A:(,:P)-E[E+FcP)l A~(p)A :c.:Pl I 'I' (p) = 

"F(p) 

1 .. .. .. .. 
-- f V (p,p; E) 'I' (p ') dp'. 

(211' )8 . 

(34) 

(35) 

(36) 

.. ~ 

VIa (31 ), (35) cne.ayeT, 'ITO peweHRH 'I' (p) sToro ypaaaeHHR npuaa.ane)I(8T 4l , KSK a 

aon)I(HO 6&JTb, 'ITO noa80ilii&T npa8eCTB sTo ypaaaeaae x 8BLIY 

[2!::- H (;) -H (.;)]'I' (p .. )= 
I ' I 

(37) 

• 
=(~ [ A~(p) A ;(-p)- A:(p .. ) A:(-p)] JV (p, p':E)l{l(p~) ct('. 

8 

"'· IIJ~I,I\IIl 

· ~:i':;rf>;~: 
BepoaTH,o, Lina npattTH'Ieqxax uenM T~• 6y.a.eT y.qodao aaecTH,'~~ 

CYMMbl MrHOBelUIOA '18CTH, He 3GaBC~ptet OT 9H8Pf'IIJ!i, H ,'SAD83.1lb1B&iQI 

see, T.e. . ... ~ .. ... ·~ ...... 
V(p,p'·;E)=V(p,p '·) +W(p,p'~ ~.) ~ 

H p8CCM8TpRB8Tb W K8X .. IIOOMYIU&HH8 ·x V B aTOM ypaaaeua, 

S:cna 38D83Llb1B8101UII9 s4>tPeXTbl H8 Manbi, TO B 1'8XOM Clly'lae C· 

HO R368>K8Tb oco68HHOCTII q• •' Tor.aa MOliCHO D011hl.'r81'&CII cil~a DJ 

;tb(+) 
38Ll8'1H TOIIbiCO B CD~HOpHOM DpOCTpaHcT88 

1 
11~8, DOIIIo3YIICb ,,. 

• " ' .'1 

9TOM cDy'l88 y HAc H&T coo6p8lK8RKA, 'ITO 91'0 TO'IIJ08 iNIB• npafSnBlKtNI 

onTa'lecxoro no.axo.aa. Baa.ay waxcaMan&Horo xapaxTepa<n~c1'p.8sc1'8j 

803MOliCROCTII ltOC1'p08BHll lt88311DOT8BUHana no Tec>p&ll B03MzWftHI: 'oB, 

TSKOe 1'pe6088HB8, JlODOnKHT8llbHO B81tlJ8LlYB88M08 H8 ,TeOplliiO<, v~~l , 
AaTOpbl 8blj)8lK810T 6narOLI8pHOCTb A.Xenawallna' '!IJ s.f.':r~~\~ 

cylKLI&IIHB ~ LIB~ltfCciiH, H. OeTKoay a A. 06peTeHoay ~.'4·:11411. c)~.,; . .~. ,\\ 
no xo.ay pa6oTw, a 'I'AJliCe P,<llaycToay 11 y'la<;THBXAM cew~apa ~'r¢ 

cy>KL18H119 pa601'bl, . , . . :· f·: i 

'·> 

naTepaTypa 

I. A.A.Logunov and A.N. 'Tavkhelidze, Nuovo Cim,. 29; m· (~J 
2. A,.A.Logunov, ~N. Tavkhelidze, et ~· Nuovo Cim, 30, ~~:J. 
3, A.A,Logunov, A.N.'l'avkhelidze and O.A.Khluetalev; P~ 

4. B.A.Aptlyao8, A;A,~ryaoa H LIP. npenpaHT OH.RH ~13,18, llJ&ia 

5, P.H.<IlaycT08, npenpuT OHSIH P-1572, lly6aa ( 1964). . . 

6. E,E,Sa1peter, Phys.R"'~ 87, No,2 (1952), 

1. E.E,Salpeter, and H.A.Bethe, Phys. Rev. 84, No, 6, 12-32 ( 

PyJtODRcb ndc1')'DJIII8• 8 113Ll8Teltlo0Jtlrl OT 
'28 ·anpena 1964 r, 



yaH'ITO>KSJOTCH ace qn&Hbl Mraoeeaaoro B3811MO.llellcTBHH, aTo ycTaHaenaeaeTcH 

yn ( 12), ( 14) H (23). TaK>K9 YHH'ITO>K8JOTCSI H&KOTOpble H3 nonpaBO'IHhiX qneHOB, 

, ecna paano>KHTb Hapo K ypaeaeHHH SeTe-CanbneTepa aa MrHoeeaayJO 8 aana-

K= KM + KJ ' 

qnea pHaa ( 7) npeacTailnHeTcH e BH.lle cyMMhl qneaoe BH.lla 

~ ------ --" q• K q • K ... ·I~ q o 
at a3 an 

aeHH&TCH K HnH KJ • Bee qn&Hhl, B KOTOphlx t: ~ K , aaeeaoMo yHH'ITO>KSJOTCH. 
M a

1 
M 

C <ITHM MO>KHO C'IHT8Tb, 'ITO .ll9liCTBHT9nbHO B p8CCM8TpHB89MhiX 38,ll8'18X HHTepe-

H8C np08KTHpyJOlll89 CBOitCTBO DpH6 nH3HT9nbHO BhiDOnHH9TCSI 

(-) 
'I' = 0 ~- 0: (31) 

npa6nn>KeHHH Mbl 6yaeM pa6oTSTb B aanbHeltmeM, B aTOM cny'lae Mhl MO>KeM 
(+) 

p8HH'IHTb H8lllH p8CCMOTp9HHH B OpOCTp8HCTB9 ell , 0cHOBH0.8 yp8BH9HH8 T90pHH 

-1 
['9' l 'P = 0 • (32) 

eao o6oaaa'leaae 

'q. 'q! +~K q~ + 'qoK 9oK 9!+ ·• 
(33) 

·eauaan cpaay MO>KHO CTpOIITb B BH.lle pg.aa, enonae aaanoraqaoro (8), HCXO.llH 

onpeaeneHHH 

-1 -1 
V =.{'qo J - ['q' I 

(34) 

0 38M9THTb 0 BhiDOnHHIOTCSI yCnOBHSI 

+'... -.. .. .. 
A

1
(p) A

2
(-p) V(p,p':E)•O 

(35) 

A-(p) A+(-p) V (pp':E)= 0. 
I 2 

ypaeaeaae KBaaanoTeauHanbHoro no.axoaa Tenepb nonyqaeT BH.ll 

IE
2 

-dpJ-E[E-F(p)]A:cP) A:C-i»J-E[E+FcP)IA~(p)A~(-i»l I'P (p)• 

(36) 

c21r 18 r v c;.;: E 1"' c; •1 ctP'·· 
.. 

'l'(p) (35) (+) 
<ITOrO yp8BH8HHSI npHH8,llne>K8T ell , K8K H cne.ayeT, 'ITo pemeHHH 

biTb, 'ITO D03BDnH8T DpHBSCTB <ITO ypaBH8HR8 K BR.lly 

[2!':- H
1

(;), -H
2
(.;)1 '!' (;)= 

= l [A-.. - .. +.. + .. .. 
(2;j'f 1 (p) A 2 ( -p l- A1(p) Alp) I JV (p, p';·E)'I'(p-t) clP' • (37) 

8 

•···· 

.. ~. .. ,. 
"' .. h•: 

,,\ ,, ·'' 
'·'~~'''··rv· 
,;:.';;\~,;:,. F 

~· n 

~ .• , "'1~:' -, ~"< ••• (, •• •• ••• 

BepoaTH,O, ~na DpaXTH'I&<;IDIX uenea TA~4 6yAeT y.qodao BB&CTH DpeACT4Bn_81tRtll !!1 BHA$ 

CYMMW MriiOB&JlJIOA '18CTII, II& SQIICIIJ.U&lt OT 9H&prR~, II 34D83.1lb18.4J011(&1
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. ~ .V(p,p'·:E)=V(;,p'·) +W(p,p'·; E) 

n paccwaTpBB8Tb W 
K8X BOGMfll(eHae K V B liTOJo4 YP8B88RRB, 

Sen& S8D83AhiB8K>U!.Be a<P<PeJtTbl Re M&nbi, TO B T8KOM CDy'lae COMHIIT&DbHO, 'IT.O MO)l(-

HO R368)l(8Tb OCo68HHOCTB q• , , Toraa MO)l(HO DODWTaTbCH CHO&a Dj)OB&CTR p8CCMOTp8HRe 

. .... (+) . ( ) .. 38A8'111 TOnbKo 8 CIIRHOpHOM llpOCTpaHcTBe '>' , T,e, DDn&afHCb .)"p8a~tiiBR8M 37 , . ,_, 

9TOM CDY'I88 y Hac BeT C006p8)l(eBHA, 'ITO 9TO TO'IBOtll ana npa6nR)l(8RBoe ypaaaeaae ~3R
OIITR'I8CKoro DOAXO.Q8, Baa.ay. MaKcRMMbBOrO xapaKTepa 11pOCTp8RCT88 J+J OTROCRTenbBO 

BOSMO)l(HOCTR rtocTpOeaaa KB8381IOTeauaana no Teopaa BOSMYll(ftBA ORO (iy.Q&T awpa>K.a'J'b 

TaKoe Tpe6oea••t~• · .aononJi&Tenb8o aa~tna.ablaaeMoe aa TeOpRK>, 

(\BTOpbl B¥JilllKeJOT 6naro.aapai:lcTb A.XenawaRna • B.rypreaa.ase sa Don&3RW8 ~:: ,' 
cy:>~<.aeii&H a .aaca7ccaa, 11, OeTKoay R A. 06peTeHoay . sa ·r.caoro'lacneaable .a•cxiccaa ·

no xo.ay pa6oTw, a TBJ)l(e P,\:l)aycToay n y'laCTHBK8M ceMaaapa nT\:1) lila nonesaoe o~, . 
' . . Cf>KA8HBii paiSOTW, 
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