
06bE.LlVfH EHHbl J/1 
VfHCTVfTYT 
H.LlEPHblX 

VfCCnE.LlOBAH Vf J/1 

Jly6H8 
P2 - 3054 

B.A. Memep~KoB 

0 BhiBO,lJ,E YPABHEHl1i1 'lY -JIOY 
l1 OPOl1CXO*,lJ,EHl1l1 ~YHKUl1l1 OBPE3AHl1H 

B CTATl1'lECKl1X MO,LJ;EJIHX 

t••• 
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P2 - 3054. 

B.A. MeiQepHKOB 

0 BhiBO.llE. YPABHEHHti qY-JIOY. 
l1 ITPOl1CXO)I(,llEHl1l1 ~YHKuMH OBPE3AHHH 

~ CTATJ1qECKl1X MO,li.EJIHX 

i 

/ 

HanpaBneao B )1(3T4> 

8~Be~n~~uu~~r.~ 
..,,~ ne~1enooasnl 

. 6M6JI10TEKA . 
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: j BBeAeHne 

,, YpaBnenHsr l.Jy-noy 6blnH BrrepBbie ycTaHoBneHbi B · paMxax cnenHanr.aol!: MoAe­

nn _ ITN ::·paccaHHHH1 OIIHCbiBaromeii B38HMOAel!:CTBH9 C lj>HKCHpOB8HHbiM ,HCTO-.iHH-
/1 2/ ' . 

KOM 1 
, 3TH' ypaBHeHHSI. CbirpallH 6onr.myro pOilb IlpH H3Y'i9Hl!H IIHOH-HYKIIOHHOrO 

B3811MOAel!:CTBl!H B o6118CTH HH3Kl!X , sneprHl!:, B IIOCII9AHee_· BpeMH IIpOHBIIH9TCH HH­

Tepec K ypaBH9HH!IM THII8 ypaBH9HHfi l.Jy-noy B CB!I3l! C H3Y'i9HHElM KaK CHMM9TpHfi 

cnnhao aaanMoAe:licTayrom.nx 'lacTnn, Tax n rroBeAeHHH. aMnnnTyA paccesrnHH B o6-' 
'' ' ' ' /3/ ' ,· 
IIBCTH B~ICOKl!X SH9prHfi , Ilo STOMY Ilp9ACT8Bil!I9T IIHTepe(:' BOIIpOC 0 BbiBOA9 ypaB- • 

'aeaH:Ii l.Jy-noy' na. 6onee o6m.efi ocaoae, '19M crreu.nanr.nbiiL BnA 'raMHilbTonnana Baa-
.. · ' /1 2/ ' . ' .· ' ,'-

l!MOJl9fiCTBHg 1 , Ilep13bl9 marn 13 STOM Harrpai3119Hl!H 6blllH rrpeAIIpHHHTbl 13 pa6o-

' /4/ •/5/· /5/ ' ' 
TaX 0Me H l.Jf nH ; AI3TOpbl , HCXOAH .113 AHCIIepCHOHHbiX COOTHOIII9HHII: IIO 

. saeprHH IIpH lj>UKCHpOB8HHOM 3Ha'ieHl_lH _rrepeAB'ill HMrrynr.ca!· ycTaHOBIIIIH B CT8TH'ie­

. _c:KOM II_PeAene' ypaBHeHHH l.Jy-noy, 0HH T8KlK9 BI19pBbi9 yxaaanH a,a TpyAHOCTll Ta­

Koro Bbii30A81 OJlHa H~ KOTOpb!X COCTOIIT B H906XOAHMOCTH-~B9A9HHH ljlyHKUHH o6pe-

aann'n, C13H3aHHOfl . B raMHilbTOHOBOii cpopMynHp013Ke C KOH9'1HbiMH pa3MepaMH 'nCTO'i-
, ' 

,HHKa, 0cTaHOBHMCH HHlKEl 'na STOM 130~poce, 

'' 

Pacce!IHHe neliTpanr.libiX IIHOHOB \ aa 6eCCIIHHOBbiX 

\' 
., 

.HYKIIOHaX 

PaccMoTpHM nnn npocTOTbi Monenr.Hbiii: rrpHMep · pacceHansr neii:TpanbHbiX. nno-

HOB (IT) aa 6eccnnnoBbiX ayxnonax ( N ). Cnoco6 BBeAennH 13 paccMoTpeaHe 

riepeMeHHb!X• · npnanMaiOmlix nncxpeTHbie 'aaa'lean'n ( cnna, naororin'lecxnli cnna n T,n.), 

6yneT yxaaan n~)Ke, AMrrnHTYAa nepexona sToro nponecca BbipaJKaeTcn 'lepea 

S - MaTpnny cnenyromnM 'o6paaoM: 

3' 

" 
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I I I ~· • 4 . I 1 
<q ,p IS-1\q ,p >=B +i(21T) o(p +q -P -q )--6 

. 2 2 1 1 ·, f1 · 1 1 2 . 2 ( 2 IT) 
(1) 

M 
(4qo q o Po Po)~ 'r(p·l, ql; p , q ). 
.1~12. 22 

3AeCb q (p )- 4-HMny/lbCbl nnona ( HyK/IOH8) o llns YAOOCTBa nepeXOfl8. K cnyqaJO • . 
. ..J · t I 

peanbnoro 11N paccesnns y nyxnonoa coxpanena «jlepMnon!la~ nop·MnpoBKa. nopeHII:.. 

HHl38pHaHTH8!I aMnnnTyAa 'f(p1
1 ;q 1; p 2 , q 2) 38l31ICIIT_ OT Al3YX nepeMeHHbiX1 l3. Ka-

- ·qeCTl3e KOTOpblX MOlKHO l3bl0p8Tb /IIOObl9 II3 Al3YX M8HA9/lbCT8MOl3CKIIX nepeMeHHblX 

s, u, t ; 

s=(pr+ql )2, s=M2+"/L2+2q2 +2v'{M2-+Q2)(~2+ q2),· 

I 2 2 I • 

u=(p
1 
-~.> ,t=-2q (1-cosO), 

2 
t=(pl-p2). 

"' 

(2) 

I· 
II 

3.tiecb q -nMnynbc, W -nonnas aneprns, a-. 8 yron ·pacce!IHH!I l3. C,li,Mo llmr 

aMn/IHTYAbl paCCEHIHH!I HM99T M9CTO p83/IOlK9HH9 

•' 
II 

w ', I t 
T(s,t)=417- I. (2f+1)fr(s)l'f(l+.-2 ) .. 

Mf>o _2q 

llayxqaCTH"'H~e yC/IODH9 YHHT8pHOCTH HMeeT l3HA 

. 2 

Im f r ( s ) = q < s ) 1 f r < s ) I • 

(3) 

\ 

(4)' 

3anmneM AIICnepCHOHII09 COOTHOW9HH9 (J:t.c,) no S np!I «jJHKCHpOB8HHOM 3H8"19HHH t;. 

T(s,t)= g2 (-1-'+ _~_1_) + 
·. M2 -s · M2 -u · 

~ r 
_j_ flmT(s',t}[-1 -+-1-]ds'. (5) 

17 !M+!Ll2 · · s'-s s'.-u · 

4 \, 

( 

:.. 

' 

I r 

I r 
I, 

ll 

I 
I 
I 

I 

·n.c. (5) npeAnonaraeT, "'To (T(s,t)J 

5HAHo, "'TO aTo orpannqenne ne cymec 

Tf ' • /5/ . . 
MeToAOM -.rnH. • llmr aToro cAenae 

\ . ~ . ~ ' 

B J:!,C, ( 5) BC9MH neynpyrHMH npOII9CCl 
. . . 

Hb!MII BO/IH8MII l3 p83/I0~9HIIH ( 3) 1 none 

nns napliHB/lbHbiX Bonn ocyme'cTanM n1 

BTopoe npeAnonolKenne npHBOAIIT K TO! 

l30/IH AOCTBTO"'HO 3H8Tb !loCo ll/ISI T(s, 

I w .. 
T(s,t)= 417M 4J

0
(s)" 

\. 

. w 
T(s,0)=41T-[f 

. M 

• '. \1 
'f ' ( S, 0) = 4 IT -

t . N' 

lln<!'«jlepeHIIHpyB A.c. (5) no t , ne 

YAOOHO ~ nepe!iTH K HOBO!i: nepeMennoli 

cqeTa·: 

~ i -

·.'· 

2 2 
s=M:+IL + 

q2 = E2 

1 + (1!... ) 
M 

llane·e -A.c.' AII!I T' (s,O) HylKHo CKO 
/ .. ,. t ; ' ... 

MynaM ( 6), nony"'HTb A.c. nns napllll 
. . . 
' •. napliHanbHhiX l30/IH K CT8TH"19CKOMY r. 

f 2 3 f (cu) = 2- + - f 
o IL2 . " IL2 

Im 

I. 
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··-:, 

1 . 
l(2rr)

4
o(P 1 +q 1-p;-:-q2) (2rr) 6 

l ~ T(p q popo)% 1'q1;p ,q ). 
1~12. 22 

(1) 

nnoaa (ayxnoHa).llnH YA06CTBa nepexoAa.K cny<raiO· 
' I • • 

HyKnOHO~ COXpaHe~a '!flepMHOHHa-;;; HOpMIIpOBKa;Jnope~~ 
p 2 , q 2) 38BHCHT_ OT ABYX nepeMSHHbiX1 B. Ka­

Tb ni06bi9 113 ABYX MaHA9nbCT8MOBCKIIX. nep9M9HHbiX 

M2+1L2+ 2q2 + 2y(M2+q2)(1L2 + q2), 

2 2 ' 
-~) ,t=-2q (1-cosO), 

2 
t=(pl-p2). 

. , 

( 2) 

aaeprim 1 a ' 0 - yron ·pacceSIHIISI B. c.n.M. ll~H 

MecTo'paano*eHne 

' t 
2f+1 )fe<!l>t>e 0+.2;2 ) .. ( 3) 

' \ 
UMeeT BHA 

(4) 

. ' 
Cn.c.) no s · _npn lflnKcnpoBaHHOM 3Ha<reHRH t;. 

~ I 
)+..!_ flmT(s',tH-1 -+-1-]ds'. (5) 

11 !M+/Ll2 ·. s'-s s'.-~ 

4 
'\' 

'\ 

I 

i 
I 
I 

i 

l' 

l 
I 

I 

I 

·, 
:::.· .. 

Jl.c. (5) npeAnonaraeT, 'ITO IT(s;t)l..;. 0 npn ., sl--'0.· •. l13 AanbHellwero '•oy.o:eT 
' • _· i - f. • -J_ 

BHAHo, 'ITO aTo orpaHn"'eHne He cymecTaeaaci. IT~ny'IRM H3 .o:;c •. ( 5) · yj:iaaHeHnH· t{y-.Tio:{ 
' ~ . /5/ . . . . c< 

MeTOAOM llrnH. • llnH aToro. c.o:enaeM pHA npe.o:nono*eann: ao-nepBbiX1 npeHeupe*eM 
\ .. __. . • - ' ' I '·, - .. 

B; A.C~ . ( 5) BCSMII HeynpyrHMH nponeccaMH j BO-BTOpb!X1 orpaHI!"'HMCSI HII3WHMH fi8Jlllttanb- . 

Hb!MH BOi:IHSMII B pa3nO*BHHII ( 3) 1 nonO*HB. 'ff. (s) = 0, f >l i · . B-TP9JbliX, B ypaBHSHIISIX 

JlnSI. napnnanbHbiX BOnH OCYW9CTBliM nepeXOJl .K CTSTH"'SCKOMY. npeJleny ( £... _; t), ..!_ _.. 1 ). 
. . . . ' ' . . . M M2 , .. 

BTopoe npeJlllOn0*9HH9 llpHBOJliiT K TOMy, "'TO JlnSI· H8XO*Jl9HH~ ypaBHSHHii Jlmi: . ·s. H p, 

BOnH AOCTSTO'IHO 3H8Tb .o:.c. JlnSI T(s,O) n· T~ ( s~ 0), T8K·K8K 

' w . . t . 
T(s,t )=417- r..r (s)+3(1 + --2 ) f 1 (s)J, 

· · M o 2 q · • 

. . w 
T(s,O)= 4rr M [ f

0
(s)+ 3 f

1
.(.s) L 

( 6) . 

. ' w 3 
T'(s,0)=4rr- --

2 
f (s). 

t N' 2q 1 

lln<tlflepeannpysr Jl.C. (5) no t . I nerKo HallTII Jl.c.- JlnSI T: (s,O) •. Hn*e BMSCTO s 

yno6Ho, nepefiTII K HOBOJl nepeMSHHOil 

c<ieTa: · 

E -aHeprHII . M930H8 B na6opaTopHoi! CIICT9M9 OT-

2 2 
S>= M .·+ IL + 2ME,. 

\. 

(7) 
.I I 

2 . .2 
E -ll . ' q 2 >= 

~+<~ )2+ ci)2 
M M 

llanee -A. c.' AnSI T' ( s,O) 
t • liy*Ho C:KOMDIIHI!poim;~ c Jl.c. ( 5")' .TaK1 "'T~Obi cornacao_ ljlop-

MynaM ( 6), nony'IIITh Jl~c. JlnH napnnanhHbiX aon·H.- ITocne· nepexolla_ B ypa,BH~_Hnsrx JlnH 

'. napul!anbHbiX BOnH K «?TSTH'ISCKOMY npeJleny _nony"'HM: 

f 1(1Ll') ; 2 1 .. Im -f 
0 

(ILl-') 
Im ---- diLl· + - J -------

q'2 7T /L2, f"•2 7C<.l2 

. f 2 . 3 
f (C<.l)= 2- +- J 

0 . . IL2 IT 2 
IL 

5 -

d ·2-' til ~ ; (8)" 

;' 

'". 
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;: 

2 00 

2 f
2 

q
2
+·i·J· ·r·· (w)=- -3 -.- --2 " ,2 

" 1 . 1T . ,., ,.. 

Imf 1 (ru~) dw-2, 
q'_2 ( w '2- ru2) 

<eY·' 

"" \, 

./ 

',·)-. 

w=limE· :a . '" -f=g2M. r.ne 
M ... oo 

YpaBnenn:SI ( 8) .. ( 9) oonanaroT BceMn ocooennocTHMn· 38/la'IH o rrN -pacceSIHHR 1:1 
. . . ' . . .. . ./6/ . . 

cTaTn'!eCKOM npenene, · KOTOpbte obinH ·ycTaHoBneHbi B • Bo-nepBbiX, ycnoBHe ne- · 

. peKpGCTHOli CHMMGTpHH T ( B, U, t) = T( U, S, t ), . KOTOpoe CBll3biBa.eT MGJK,Ily COO?li pa3.:. , 

/lll'!HbiG napUH8/lbHbiG BOIIHbi, CBOJlHTCSI K pSI/ly· HG CBSI38HHbiX MGlKJlY COOOli yp8B.;. 

nennli Bli:A8 

'\ 

ff(-:w) = ff (ru ). • ( 10). 

Bo-~TOpbiX1 CBSI3b MGlKJlY O'rJlG/lbHbiMR napUHS/lbHblMH BOIIH8MR ocymecTB/lliGTCSI 38 

S -BOIIH.CO/lep~T 8/l/lHTHB-C'IGT IIOII!OCHOTO .'1119H8o KpOMG .Toro,· yp8BHGHHG /l/ISI . / . 

Hy!O IIOCTOSIHHyi01 3aBHCSimyro O'r. Im f 1 (Cll). 

B onnoM nyHKTe yp8BH6HHSI (8) n (9) cymecTBenno o'r/IH'I8IO~CSI oT oobr'l- · 
I ., 

Hbtx yp8Bnennft qy-noy~ T8K, /l/IH r8MllllbTOHH8Ha B38HMO/l9liCTBHSI HGli'rp81IbHhlX 

CK81ISipHbiX MG30HOB . c HCTO'IJiHKOM 

- ... . ' .- /' 

1I 
1 
n t ~ v' 4rr g f U ( I r I ) ¢ (1) dt 

ypaBnen:ae qy-noy n:MeeT Bn.n: 

1 ... 
h (ru)=-. f 
. 0 "· . 112 

'!, 

Im h
0

(ru .. ) 

w•l2 - ru~ 
dw; 2 

( 11) 
I 

( 12) 

rAe h
0

(eiJ)•d
0

(Cll)/v(q 2) H V(q 2) GCTb.KBaJlpaT ~ypbe-of5pa3a ~yHKUHH HCTO'I~ 

a 

1
,: 
'· 

·~·· 
Y· 

;-

,'/ 

\ 

,. l 
i 
I 

.. ! 

' l 
l 
! 

' ' ! -I 
i 

'./ 

,., 

J. 
! 

\ 

,. 

'· . 

l 

J-

. ' 

. HHK8 · U <I ;I). B38HMo.neflcTBHe 

rinn yimTapno,cTn (4) cneriyeT 

. I ho(c.. 

H3 KOTOporo BHAHO, 'ITO '/lllll I 

n~y ( 12) _ HY:lKHO IIHC8Tb C pSI, 

,QTHOCHTe~bHO.~YHKUHH 

'ITO 'u (f;f) OTIIH'IH8 OT. HYI 
2 • ' . 

V ( q ) , • MO:lKHO CKa38Tb1 'I 

v(q.2: 

. CooTHOIIlGHHG .• ( 14) HH'!ero. HG 

38HIH!o Tipn ~OHKpGTHbiX 'paC'I 
' --'/ . . . 

'!GCKH IIpO/lOII:lKHMbiG ~YHKUHH, 

v(q2 )= 

' 2 
q ' 

max , ' 
2 . 2 

q '+ q max 

Tip8BA8, nnorD.8 HCIIOIIb3YIO~ 

v(q2) = 

·'' 

Cp8BHHB8ll ypaBHSHHll_ (8) n ( 

CBOliCTB8Mll IIO Cll 00/la}laiO 

Ecnn nony'!aTb ananHTH'!SCKH 

\. qy..:noy (12),,To ·ann MoryT • 
' ) . ' . ' 

38 C'I8T ~yHKUHll of5pe3aHHll. 

1. 
TO H na pU!IS/lbHSll BO/IHS f O 



·' ,_. -I 

q2 q2_oo,Imfl(CLJ') ·d,2 
-+-f (1) 

• (U 2 rr IL 2 q •_2 ( w • 2 _ ILl 2) ' 

IL -f=g2M. ·;,.;.~ 

/ 
'I 

< e'> / 

BceMn ocooeaaocTnMn: sa~:~a •m o IT N -paccenmm IS 
. ~~ ' . ' ' 

obinH ·ycTaRoBneHbi IS • Bo-nepBbiX, ycnoBHe ne-

KOTopoe .CBSI3biBaeT MelK,!J.y COOOi!: pas-:. , 

cBOJlHTCSI K pnJiy ae csnsaHHbiX MelK,!J.y co6o~ ypaB.;. 

(10) 

l!enhRbiMH . napnnanhHbiMH BOnHaMH . ocymecTBI1S19TCll sa 

ypaaaeane Jinn S -BOI1H COJl9p)KHT BAAHTHB'-

cymecTBe.HRo OTI1H~arorcll OT OOhl~-
I . 

raMHI1hTO!IH8li8 BSaHMOJiei!:CTISHSI RGi!:TpatthHhlX 

f u < I i I > ¢ <fi dt ~ ( 11) 
. / 

,,_1 .. Im h 0 (1Ll:"') ( 12) 
dru; 2 f ·-., 

fT p2 ru•12 - c:u2 

v( q 2) eCTh.KBaJipaT ~yphe-oopasa ~YHKUHH HCTO~-

/ 

6 

·~ 

,-

'I 

. ' 

l ·,' 
r .. \ 

':-

i 

:I 

/ 

~ / 

1 .. 

• · anxa U ( 111 ). BsanMCiJiefkTBne ( 11). rrpnBoJlnT TonbKo K · S -paccenanro. Hs ycno-
' . 

.. 

\ 

BHH_yHnTapHOCTH (4) cnenyeT HepaBeHCTBO 

/ 
·lh0(c:u)l< -· 1 
~ .. .. - ' . <is) 

1!3 KOTOporo BHAHO, ~TO· Jli1SI 6biCTpo. YObiBaromnx ~YHKIIIII!: V ( q 2) _ ypaBH9HII9: 't{y.;. 

noy ( 12) HylKHO IIIICaTb C pS!JlOM Bbl~IITaHni!:. 
, , . 2 I 

-0THOCI!T9~hHO_ ~YHKIIIIU. v(q ) H3l3eCTHO o~eHb Marro. nveJinonararoT OOhl~Ho, 

'ITO u (1;1) OTI1H~Ha OT, aynn B,KOHe~Holi o6nacTH Iii< R. Torna ~ ~YHKUHH . 
. 2 • 

· ·v ( q ) ' MOJKHO CKa38Th1 ~TO i • 

v(q.2)"" o; q 2>>-1-
. , R2' ( I4) 

CooTHOIII9HIIe , ( 14) HII'Iero He.·. roa·opnT 06 aHai1RTH~eCKHX CBOffCTBaX: ~YHKIIHH of5pe.;. 

38HIISI, TipJi KOHKp9THbiX 'pac~eTaX Jli1SI Hee npeJirrO~HTB.IDT HCll011h30BaTb aaanH.TK-
. / . . . . . ' ' ' 16,7/ 

qecxn rrpoJionJKIIMbie ~Y:HKIIIIH. HarrpnMep, C'IHTaroT 

"-
2 

q / 

v<q2>= 
2 

:Q ' --2- 2. ' 

v(q 2 )=f qma~v(q 2 ),;, ( q max max 
- 2 2 

_q .+ q 
2 2 

q + q max 

,· 

. ./~ 
Tipaana; naorna ncnonhsyroT cTynea~aToe o6pesaaue 

q2< q2 • 
- max: 

v(q')- {: 
2 2 

q > q max 

max 

) n ·• ( 15) 

( 16) 

CpaBa~'aaSI ypaBH,9HHSI, (8) H ( 12) 1 BHJIHM1 . 'ITO B HHX OJl~IHB.KOBbiMH BR811HTH~9CKHM:li' 
CBOliCTBBMH no C<l o5nanaroT p83Hbie. ~YHKIIHH: f (cu f H h (cu) COOTBeTCTB9HHO. 

0 . 0 ' . ' • 

Ecnn ITOI1Y'I8Th 8H811HTH'I9CKHe CBO.!iCTB~ napnnanhHOfi BOI1Hbl f
0

(cu) H3 ypaBHeHHfi 

'tfy:-noy ( 12), .TO OHH MOI'YT cymeCTB9HHO 0TI1H'I8ThCSI OT, TBKOBbiX B 'yp.aBH9HHH (8) 
' ') ' \ ; -· - . / . 

sa cqeT-~yaxnnn o5pesaann. Bonee Toro, ecnn ~YHKnnn o5pesaann a~ aaannTn~aa, 

· To n rrapnnanhaan Bonaa f 
0 

(cu) ae aaanHTII'IHa. 

7 

,, 



~ 

•f;c•• 

\.".· 

n
. ' . . /6/ .. 
llSI BbiSICH9HHSI yK838HHOrO llpOTHBOp9'1HSI 0 Bll9pBbi9 OTM9'19HHOrO B: . , oopa-

THMCSI. K BbiBd.r:ty ypaBH9HHfi (8),. ( 9) • 0HH Obi~li llOllY'I9Hbi .113 Jl,C~' (5), T,e, Ha oc-

· nc>Be llHannTn'leCKliX cBoficTB aMnnnTy.r:tbi T( s, t) no s npH cPHKCilpOBBHHOM t < 

Cne.nyromnM rnaroM · B nanpaBnennn nayqeHnn anannTH'IeCKHX CBoficTB aMnnnTVllbT 
' .,. ' '/8/' -

.: p_acceSIHHH SIBHllOCb npe.r:tCT8Bll9HHe. !"\aH.r:t9llbCT8M8 ~ KOTOpOe llOCTYllHPOB8ll0 llO-

~o:menne ocooenno.cTeif aMnnnTy.r:tbi KaK . cPYHKun'n ABYX KoMnneKCHbiX m)peM~HHhiX. 

._9HO 

pSill 
T 

ne· .r:tOK838HO AO HaCTOSilliero. BpeMeHH, O.r:tHaKO B llOCll9.r:tHee BP8MSI Chin llOllY'I9H 
' .. /9/. . . . - . 

B8}KHbiX peaynhTBTOB , 3H8'1HT9llbHO llpliOllH3HBlliliX 8H8llliTH'18CKli8 CBOfiCTBa 
. . . /8/ , r . · 

K TeM, KOTOphi9 npe.r:tnonarB:IOTCSI B , nng paccMaTpliB89MOro· Clly'laSI npe.r:t-

·cTaBnenne Man.nen&cTaMa nMeeT Bn.r:t: 

·' ..... 

1 . 1 ' .· ' . 00 00 

T(s, u, t)= g 2 ( -·-- + --) + _j_ f ds' f du~ 
2 2 2 .' 

p(s',u') 
+ 

+ ~ f 2 
1T ( M+/Ll 

M -s , M ...: u rr !M-titJ2 (M+I!l2, (s'-s)(u'-u). 

dx !
2 

41' 

(17) 

,. ( ') [ 1 + 1 ~ ) l. 
dt p 1 x,t (x'-s) (t'-t) (x'-u') (t -t . 

'· 

( ... 

nBoltaoe Cll8JCTpan~H09 npell.CT8Bll9HH9 ( 17) OIJ.HOBpeMeHHO OllllChiB89T TpH npOI18CCa: 

' 

J 
I.rr+N-orr'+·N' 

anepreTH'I8CKHe 

II. ;• + N .. iT + N ' nepeM,eHHbie. 

III. rr+;' .. N+N' 

( 18) 

' 
Ma cnexTpan&Horo npe.c:cTaBneHHSI. (17) nerxo nony'laeTcH· .a.c. (15) •. ri~eM 

' ' ' 

lm T ( s, t) KaK ¢yHKilHSI nepeMeHHOfi t nMeeT. paapeabl, pllcnono,KeHHhie ~He. ¢nan-

qecKofi oonacTn nponecca: 
•I 

8 

•\ ·' 

'i[ 

l 
l 
:l 
·,t 
-r 

) 
,\ 

\ 

• i '.~ \.. 

•/ 
/' 

' 1 .. 
Im T(s,t)=- f 

1T 41'2 

p 

nng TOro 'ITOOhi · Hanoonee 

y · lm T(s,t) paapeaoB r 

TpallbHhiMH npeACTaBll9HHSI' 

BHM 'MHHMYIO '!·acT& aMnnH' 

.Im T( s, t),; I 

Ma cneKTpan&uoro npeAc~ 

:aMee~ 'paapea no · t , a 

npn s>(M+2JL)
2
, -

npeHeopeJKeM aaEIIICHMOCTI 

·; . ·ro. iaKoe npu5nuJKeane: o 

T·(' )' 2(· 1.· s, u, t = g -2--'+ 
· M -s 

Hannque paapesa no t, 

onnchJBaeT n . TpeTnfi npor 

CTOSIHHSI C M8llbiM Bp8M9H91 

ca - paayMHO annpOKCHM 
·I·. 

~ ""'~ 



·' 

., 

j 

~ ·. 

~, 

·.•·. 

'• ·' 
c(t)~:£.cl8(t-t'l). 

',:' 

ilame. ecnn c(t). -nnaBH8SI .«PYHKilHSii TO BJIHSIHHe nocnenHero HHTerpana B ( 21) Ha 
. '•...,."'··' 

- nponeccbi 
1 

I . n II , .ttnSI KoTopblx t< 0' MOlKeT 6biT:b xopomo y'l:~eHo cnc- ·' 

TeMol!: nomocoB •. noaToMy, nMeSI B Bn'ny nO!JY'IHT& yp~BHeHnR t:Iy-Jloy nnR n~oneccoB 

I - II, npeoi5paayeM ( 21) x· a'n.tty 
' . 

T( - ) . - 2 ( 1 . 1· ) . 1 
- _s,u,t = g _-2-+ -

2
-. +-

.. ·M-sM-u- 17 

(22) f 
2

1 Im T('s,t') I 
I M+fLl . . ynp 

- . 

·f-·-1-+_1_ )] ds'+ :£ __ cl_. 

s'-·s s'-u - tl 
\" 

Bbinel!~Hne naonnanhHbiX aonH na ( 22) . nooaeneM nncblbeo~Hnuan&aon MeTOnuKol!:. nne A-
. . /11/ . . ' ' 

,;olKeHHOtl: B 1 T.e. KOMOIIHHpyR C~eKTpan&HOe npe.ttCT8BJI9HH9. ( 22) .ttJIR paCC951...;. 

HHR anepe.tt n Haaa.tt: 

417 ..!... f (s) M o . 

417....! f (s) 
M l 

. .. . '" 2 
T(s,O)+T(s,-4q) 

-2 (23) 
.:--

. 2 . 
T ( s, 0 ) ;.. T ( s, - 4 g ) 

6 

l1a ljlopMyn (23) Bll.ttH01 'ITO f (s) K f (s) o6nanaroT, O.ttHOtl: H TOt!: lK9 CIICTe-
. , . n ... 1 

MOfi JlOn!OC•O_B t
1 

·• . Tiepe~~.ttR. 38T~M K_ CTaTH'l:eCKO~y rrpeneny B (23) 1 'non;~HM1 
f (co) H f ( 61) Y.ttOBJI~TBOpHioT ypa~HeHKHM {8) 1 ( 9) 1 npliBas{ 
0.. 1 I 

.'IacTb KOTO}JblX coneplKHT O.ttHY"H Ty JKe citcTeMy nomocoa no- 61 ~ 

'ITO WYHKilliii 

3T'a. CHCT9M8 

noniDCOB ~IIMMeTpH'l:Ha OTHOCIIT9JibHO JIIIHIIII Re"' = 0 (MHHMaR- ocb)'. Ecnn obi Mbi·.· 

Y'IHTb!BliJIII BbiCIDHe· BOJIHbi1 TO pa3Hbl9 napnnaJI&Hbi9 BOJIHbl MornH Obi HMeTb pas..; 
. . - . - . • , , . , , I 

JIII'l:Hb!e CHS:TeMbl JlOJIIDCOB1 _KOTO}Jbl9 B03HIIK8IDT1 O.ttH8K01 OT O.[tHOtl: H TOt!: JKe COBO-

KYJlHOCTH JlOJIIDCOB no y. aMnnnTy.tthl T( s, u, t) . nociie.ttHntl: mar :s. BbiBO.tte 

YPt;IBHeHnll: t:Iy-:-noy na_ npencTaBneHnli ( 17) cocTonT a TOM, 'ITO- cTponTcR acnoMora-

~.:~~lrbHasi ,·<jJyHkn~SI ' 

'· 
10 

·.,' 

. I 

••. 1 .\ 

J:· . : 
,._ 

./ 

v f ( 

Tor.tta :s'MeCTO na 
. . - -. 2 '. 

ft<~.>)/vr<q );.l 

BbiMH B ypaB.HBHHH 
j 

Mbx ncxonnitll 

'TeHHOl!: ·cjlopMe. TIOCl 
' . . 

. Tll np11 nepexone o~ 

'I~TaHHll: B ypaBH9f 

,. IIM9SI B Bll.ttY1 'ITO 

TipnB~neaHaH 
,.c.nyqali Mea?H-HyK; 

6yneT o6nanaTh n: 

~ ,, ,. 
T ~A+' q l+·q 

~-2·-

- aHanorii'l:HaSI <jJopN 

naneKCbi nnoHo~ ( 

;-.ttbi, aanaaHoll: ljlop 
. I • 

aeHIIli 4y-noy na 

· ua. npenc:TaBnean·R 

·PacnonomeHne· pa 

' 

n coBepmuM npe 



I 

··' 
'• 

,:: 
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,,. 
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'r _. /, 
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/" 

(27) 

/ 

B nnocxoCTB: · <il · nao!Spa:~KeMa . ~:cucTeMa ,paapeaoB·napi(Bam.noa BOII.Ilbl f
1 

(a) 
'-- ~· ' 

._.; 

. , \ 

/ 

aa·' plic,, 1 B~ .llanee cMo.ll.e1IllpyeM paapea - .. l , . + l. . oT Tp.eT&ero nponecca cnc-

TeMoA noniOCoB <il
1
,,. _ (pnc, ·1c). ·rroniOca nonJKHbl ObiTh pa'cnono:lKellbl cnMMeTpR'I-. 

Ro oTHocn;en&Ho MHHM~A oca. 0-iteBH.Ilao, '!:To .ll.1Ill paann'l:Hbrx napxman&S:blx Bonn 

· . f; ( <il ) , ' Cl!CTeMbl noniOCOB 
(l)l,n " BOo!Sme ro&OpK, a:e connanalo-r-, CocTaBHM 

,ooi.ett~aeu!!· .<il·,. Beex · c.i 1,., ·., 

rneaneM nepexpecTaoi!: cnMMeTpnn • 

napnnan&S:ble l!Ollll:bl' KOTOPbt:lt CBR3Allbl COOT~O-" 

(28) 
f I ( -w ) = A j l f l ( w ) • 

rne All_ -MaTpnna nepexpeCTS:Olt CltMMeTpnn. rio· oo;;e.ll,RH9HHIO, iiocTpORM ,«PyllltllHIO 

) 

' '2 .. 

. a .·, . v( q >. v = n 
' v ( q ) = v ( -1) 

r 
1 

(29), ----. 
Ct)-Ct) 

n 

' 
Tortta o'l:eBH.Il.ao, 'ITO ~Yllkltl!IR h (w)=·~ 

t. v(q2) 
HM9IOT AHallRTR'IeeKRe Cl!OltCTBa; 

· naoopa:lKeHHbie. aa imc, 1 d T,e, 'Jl..liSl HHX cnpaB9ltllJIBbl ypaBH9HII~ lJy-noy 

>- 1 1 Im h 1 (w ') · A 
11 

Im h (Ill') 
h1 (<il).;-+·- f[ , ·+ , 1 dw', 

<il IT Ct> -•Ct> ' <il, - Ct>· ' \ 

(80) 

KOTOpb!e 3allHC4Hblt ltalt. 06bl"'S:01 ·!Sea Bbl'IRTaliKft, 'He~ISXO.Il,HMOe 'li!cno Bbl'li!'raHRft 

Bcerna nerxo BBecTn, 

3axniO'Iemre 

. HaMR. 5bUia. npe.ll.liOJKena ·cxeMa Bbl:Bona ypasReaRA t!y-noy, ocRol3aHHIUI a:a ana­

. nnTH'l:eeKRx cBo.AeTaax aM~Tynbi _pac~esoiHn:sr,_ a~aR~bix npencTallneHHeM M~anen&-
. · .· . . ' /15/ 

CTaMa, Oa:a 11Bl1SieTc5J pa3BB.Tli9M paOOTbl 'tJrnH . t l3 KOTOpolt ypal3H9HR~ tJy-noy 

12 

., 

\\ 

' ; 

:-f 

·-

., . 

·, 

-· 

01rJOOllSITCSI'Ir3 .ll.oCo npn <jJ 

'ITO .. rflyHKUHSl o'6pe3aHHSl 

TpeTh~ro npouecca. 'npe.n 
I , 

, poHTHO, O.QHHM H3 B03MO: 

TpeTbero npouecca,.c· np) 

paccesransr T ( s, u, t) OT 

xaeT oT.y'leTa aeynpyrnx 

HO paCCMaTpi!BSTb T8K)K9 

pyrnMn npoueccaMH rrpeH 

B aToll paooTe.aocnn_ 6oJ 

BbiBO.Q ypal3Heani!: LJ 

CBOHCTBaX napuHSllbHbiX E 

' /8/ 
neansr ~aanenbcTaMa 

pacc·esrang T ( s, u, t), 

BOliHAMH H H9 Hapyrn~Tb 

BRliO llO.QCTaHOBOK, KOllE 

liiiHOMOM llO , 3HA'IH'I 

eft peaxnnn·. Hannqne aTe 

· <jlyaxunelt o6peaamr11, · v ( 

' y'l:eTa paapeaa OT III n 

K8X CTSTII'l:eCKHX MO.Qenef 

ABTop rnyooKo 6na 

Te, 

I. G. Chew, F. Low. Pbys. Re1 

. 2. G. Wick. Rev. of Mod. Phys. 

3~ F.Low. -MaTepHBIIbi X1 
' rrrll,' EepKIIII, n 
4. R. Oehme. Phys. Rev., Jjg 

· 6. · · G. Chew, M. Goldberger, F .. 

B. 3. Xsnnrr.· B. TrrppiiH 
1963 • 
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:e nnocxoCTll' cu 
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(_27) 

I 

· nao6pa:n<es:a 

1 , + 1 oo . OT Tp&TberO npouecca. CRC­

I.aonmHbi , obiTb pa'cnono:n<~llbi CRMMeTp:a:'I­

'ITO .ann paann'IHbiX napnnanhlibiX :eon11 

rol!lop.H1 He co:anaJJ.aJo.z., CocTa:e:a:M 

l!IOnllbi KOTOpbiX CBR3Allbl COOTflO-' 

(28) 

no· OO'beJJ.RHeHlliO iiocTpOHM ,<PYIIKUHIO 

cun 
(29), 

' 
HMeiOT allanRTR'IecKRe Cl!IOfiCTBa1 . 

. ypa:aaeanl:! lJy-floy 

(SO) 

·He~6xonnMoe 'IHcno Bbi'IMTallnft 

YPBBB811HA lJy-floy1 OCIIOBaHHaH Ha· &Ba­

l. a~aBRbrx. npe.QcTa:aneliHe~ M'aMenh­

/5/ 
flH / 1 B XOTOpolt ypaBHeHII~ lJy-floy 

/' 

/. 

\ ~ 

(·-

I j\ 
·.J. 

' ,. 

·, 

~-

CbH30IISITCSI na JJ..c. npn ¢nxcnpoBaHHOM t. <B nponecce BhiBOJJ.a obmo noxaaaao. 
• 2 . , 

'ITO_,rjlyHKUHSI oope3aHHSI v(q ) ·. CT8TJI'IeCKOft MOJJ.enn annpOKCJIMHpyeT paape3 OT 
,. I ' . < • 

-rpeThero nponecca. · ITpe.QcTa:aneaHe ¢yHxunn v ( q 2 ) :a BHJJ.e ( 29) SIBnSieTcSI, :ae-. 
'I . . . ,· 

, poSITHo; OllHHM JI3 B03MO:H<HbiX1 HO .B:e eJJ.HH?TBeHHbiM CITOCOOOM yqeTa pa:ipeaa. OT 
. ' . 

- _:rpeTbero npouecca. • C JJ.pyroft cTopOHbi 1 nocxonhKY ~ cHnbHaSI aa:encnMOCTb aMnnH~Yllhl 
pacceSIHHSI T ( s, u, t) OT nepeMeHHOfi (paapea no OT t=41L 2

) B03HH-;-

' ' \ 
KaeT oT.yqeTa aeynpyrHx npouecco:a (20) 1 

ao· paccMaTpnBaTb Tax:n<e. n xax aeKoTopyro 

TO. SlCHO, 'ITO <jlyHKllHIO oope3aHJISl MO:H<­

~OJJ.enb no'c.ixei:J.Hnx. 3aMeTnM, 'ITO Heyn-
/ . , . /5/ 

pyrnMH npoueccaMn npeHeoperanoch :a 1 BBUJJ.Y qero 
' _, • j 

BbiBOll ypa:aHeHJifi t:.{y-floy 

:a aTott paooTe: Hocnn. 6one~ <jlopMarrhHbifi 'xapaxiep. 

BbrBOll ypa:eHeHnft t:.{y-floy oaanpyeTcSI B cymHoCTII TOrrhKO Ha aHamrTn'leCKHX 
. /9/ 

CBOi!:CTBaX napunanbHbiX Bona. nocne.aane OOOCHOB8Hbl nyqme • He menu. nnen~TI'IFI-:-
. . /8/ . ' . 

neanSI MaanenbcTaMa . • ITpu a'roM ~ .anyx ua KaHanoB 1 omrcbiBaeMbiX aMunHTYf:~011 

MO:H<HO orpaHU'IllTbCSI HeCKOITbKllMH liU3illi!Ml! napiil!BITbHb!Mll 

· :aonHaMH n ite HapymaTh an aHamiTI!'IHOCTll, Hll· nepexpecTHOfi cHMMeTpmx, H~ npa.:. 
• ' ' ' ! 

pacceSIHllSI T(s,u,t), 

BHno ITOllCTaHOBOK1 KOHe'IH0 1 Hapyml'\eTCSI1 . TaK KaK aMnnnTy!la npe.acTa~nSieTCSI no-

ITIIHOMOM ITO , aHa'IUT, He. nMeeT paapeaa 1 Ha'IUHan : c nopora ocTaBII!eftcs{ TpeTh:-

eft peaxulln. Hanll'IHe aToro paapeaa y'IHTbiBaeTcn B paMxax cTaTnqecxoll: 'Mo.aenH 

' ¢yaxuneft oopeaaHnst' · v( q 
2 

) • . Ha ·nano:n<eHaoro neRo,. 'ITO npe.ano)!muHhrfi MeTon 

yqeTa paapeaa oT III npoUecca, < BepOS!TH0 1 MO:H<eT, npUM9HliTbCSI IIe TOIThKO B paM-
~ ,., ' 

KaX CTUTI!'IeCKUX MO.Qenefi, 

A:eTop rnyooxo onaro.~:~apea axaneMnxy H.H. Eor~nrooo:ay aa nnTepec K paoo-

Te. 
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