
)'JG\f 

~ 
.... u· l v-,) 

06bE.UHfjEHHbiA HHCTHTYT Sl.li.EPHbiX HCCJlE.UOBAHHA 
nAEOPATOPvUI TEOPETl14ECKOYI ¢Yf3l1Kl1 

H.A. 4epHHKOB 

P-1264 

M YIKPOCKOnH t.IECKOE OBOCHOBAHYIE 
PEnfiTYIBVICTCKOM rH.LlPOLIYIHAMYIKVf 

Jle,k;., f~· Mi./ fof.t, IJA.MJ.,, {96~ v J-t-, 
-.,(/~- f.3, I! tthr- f{g9 . 

Ll.y5aa 1963 rOil 

~· 



• 

H .A. LfepHBll:oa 

P-1264 

M HKPOCKOnH LfECKOE OBOCHOBAHHE 
PEnSITHBHCTCKOA rH!lPO.llHHAMHKH 

,~..,: .• e,lKtleiUIWI IIHCTttT) 

:· 5,;rtepHWX ~~~~ 

' 6~Sfl10TEKA 

!ly6aa 1963 roll 



§ 1. Bseaeaae 

B aaaaoA pa6oTe H3 penHTHBHCTCEoro xaaeTa'lecxoro ypasaeaaH BhlBO.llRTCH penHTa

BHCTcxae I"H.llpO,llHHBMH'IeCKHe ypaBHeHHH .llHCCHUBTHBHhiX npoueCCOB. 

/1-3/ 
B aeoenHTHBHCTCKOM cnyqae peweaae TaxoA 3aaa'IH xopowo H3BeCTHO H3 scex 

MeTO.llOB peW9HHR aep91IHTHBHCTCKOA 38.llB'IH CBMhlM yao6HhlM .lliiH penHTHBHCTCKOI"O Cny'laH 

121 
OK8381ICSI MeTOD: MOM9HTOB • MeTO.ll MOMeH10B rpa.a:a OCHOBBH Ha pa31IO:lKQHHH tPYHKUHH 

pacnpeaeneHHH ra3a B PR.ll IIO IIOIIHHOMaM 3pMHTa-'-le6hlWeBa OT EOMIIOHeHT CKOpOCTH. Ypas

aeHHSI ,UIISI EOS!lJ!l>auaeHTOB oa31IO:lKQHHH IIOIIy'laiOTCH H3 ypasaeHHA MOMeHTOB. nocne.a:aae Bhl

BO.llHTCH aa xaaeTa'lecrbro ypasaeaas xax 'laCTHhlA cnyqaA ypasaeaaA nepeaoca MaEcsenna-

3acxora. 06phlBBH pH.ll Ha OIIpe.a:eneHHOW 'IIIQHe H Y'IHThlB8H, COOTBQTCTBQHHO, HeCKOri&EO 

nepBhiX ypaBHeaaA MOMeHTOB, MO:lKHO IIOIIY'IIIT-b HepeiiHTHBHCTCKHe I"H.llpO.llHHaMR'IQCKHe ypas

HeHHH aaccanaTRBHhlX npoueccos. 3Ta a.a:eH aaa5onee OT'IeTnaso npose.a:eaa B xaare 3oM-

/3/ 
Mep¢en&.a:a • 

KaaeTH'Iecxoe ypasaeaae Bon&UMaaa c y'leToM Teopaa OTaocaTen&HOCTH a rpasaTauaa 

/4-11/ 
3AawTeAaa nony'leao a accne.a:osaao s pa6oTax • CacTeMaTH'Iecxoe paccMoTpeaae aToA 

/12-18/ 
npo6neMhl aa'laTo s pa6oTax • Heo6xoaaMocT& Taxoro paccMOTpeaaH .ElHKTyeTcR ae 

TO/IbKO 8CTpO!lJH3H'IeCKHMH HIIH apyrHMH IIpHKIIa.OHhiMH Ilp06neMaMH, B8:lKHOCT& KOTOphlX 6ec

/14-15/ 
cnopaa. H.H. 80I"OIII060B IIOK8381I, KBE MO:lKHO B HepenHTHBHCTCKOM CIIy'IAe IIpHATH 

K KHHeTH'IeCKOMY ypasaeHHIO, HCXO.llH H3 MQX8HHKH CHCTeMhl 'IBCTHII, H TeM CBMhlM YCT&Ho

BHII onpe.a:eneaaoe OTHoweaae KHHeTH'Iecxoro ypasaeaaH K Mexaaaxe. Bsaay &Toro ¢opMy

naposxa H HCCne.OOBaHHe peiiHTHBHCTCKOI"O KHHQTH'IeCKOI"O yp&BHQHHR npe.OCTBBIIHQT RHTepec 

H B CBR3H C pa3BHTHeM penHTHBHCTCXOA MeX&HHKH • 

.llnR TOI"O, 'IT06hi nepeHeCTH MeTO.ll MOMeHTOB rpa.a:a Ha penRTRBHCTCKHA cny'laA, no

Tpe50B81I0Cb penRTHBRCTCKOe 0606WeHHe IIOIIHHOMOB 3pMHTa-tie6biWQB8. "tiaftaeHHBR CHCTQMB 

tPYHKUHA II03BOIIReT 6hiCTpO npiiATH K I"H.llpOD:HHBMH'IeCKIIM ypaBHSHBHM, IIOny'leHHhlM paaee 

. /16-17/ 
'IHCTO ¢eaoMeaonoraqecxaM nyTeM • Kos¢~P•u•eaThl TennonposoaaocTH K. a BR3-

/16-17/ 
KOCTH 7J , p8CCM8TpHBaeMbie B KBK !l>eHOMQHOIIOI"H'IQCEHe IIapaMeTphi, Y.ll&eTCR 

Bhlpa3HTb s sa.a:e onpe.a:eneRHhiX HHTerpanos oT aa¢!l>epeauaan&aoro ce'leRHR B3aHMoaelcTBJUI 

qacTau ra3a. 3TH xoa~P~PauaeHThi 3aBHCHT naw& OT cpe.a:aero xsa.opaTa caayca yrna pacceR-
~· 

RHR B CHCTeMe I{eHTpa Mace. BTopoA KOS!l>tPHUHeRT BH3KOCTH ' TaK :lKe, JtaK H B aepenR-

THBHCTCKOM Clly'lae, OK83hlBaeTCR paBRhiM HYIIIO. Bee& p8C'IQT IIpRCIIOC06nea K&E K aep91IHTH-

BHCTCKOMy npe.a:enbHOMy IIepeXO.lly c .. 00 , T&K H K 'yn&TpapeiiRTHBHCTCEOMy' npeaen&-

aoMy nepexo.a:y m-+ 0 , rae m -Mace a IIOKOR 'I&CTRUhi ra3a. B cny'lae m - 0 see 

Bb!p8)!{9HHR 3H8'1HTellbHO ynpOWBIOTCH. C IIOCIIe,llHHM 06CTORTQII&CTBOM Mhl y:lKe CTBIIKHBBIIHC& 

/13/ 
s pa6oTe • 3aMe'laTen&HO, 'ITO s aepemJTHBHCTCKOM npeaene oTaoweaae K. : '1 ae aasa-

CHT OT BH,lla .OHcp¢epeHUH81IbHOI"O .Ce'leRHR, a, CIIe,llOBaTellbHO, ORO TaKOe :lKe, K&E H .lliiR 

ynpyrHX wapOB. npa IIOCTORHHOM Ce'leHHH B YIIbTpapeiiHTHBHCTCKOM Clly'lae m•·O K.• const 

a OTROUieaHe K!TJ o6paTHO nponopuaoaan&ao TeMnepaType. 
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D 2. YpaaseHa:e MOMeHTOB 

/12/ 
Cornacso pensTa:aa:cTcxoe KRHeTB'Iecxoe ypaBReHa:e ~n• OLlHOKOMIIOHeHTHoro rasa 

HMeeT cne~yrow&l aa~: 

,. 
f(z,p) A(z,p) •l(z,p), /2,1/ 

r~e 

" va lr afJa 
f( z,p) = p -:;-v- l;fJ (z) p p ~ 

iJ " p 

4 

/2,2/ 

l(z,p) - RHTerpan CTOllltROB8RRI, 

npe~nonaraeTCB, 'ITO CTOllltROB8HRH 'laCTHn raaa ynpyrHe, 0T~8llbHbii &KT yrrpyror,o 

CTOliKKOB8HHH ~Byx 'I&CTHU B TO'IK8 1C orrpe~enHeTCH BMIJYlloCaMH p H q 'I&CTHU ~0 

CTOllltROII8HHH H 881tTOpoM e , Y~OBli8TBOpHIOWRM YCliOBRHM 

(e,p+q) .. o, (e,e)=-1. /2,3/ 

06paTR08 CTOllltROII8RB8 Ollp8~8liH8TCR TpOIJtol p' q' , e' 

p' = ..f....±...i + V (p, q) - m2 c 2 
. 2 2 

e, q'=.P..±!l-4 (p,q)-m2c2 e, e' J}- q ./2,4/ 
2 2 fty(p,q)- m1 c2 

npeo6pa30BaRR8 /2,5/ BBIIOliiOTHBKO, T,e, K8WTpBXOBaKKaR TpOIIta Bblpa»<aeTCSI 'lepes WTpH

XOMKByro Talt »<e, lt&lt WTpRXOB&RKaJI - '18pes H8WTpRXOBaHByro, KOHUbl 88KTOpOB /2,8/ aa-

nonsaroT c<tJepy S(z,p,q) B npOCTpaHCTBe, ltacaTenoHOM B TO'IK8 ll: K IIpOCTpaHCTBy 

C06WTBI, 0603H4'1RM de LlBYXM8pHb!l 9118MeHT nliOW&LlH Ha 8TOI cctJepe, VfHBOliiOTHBHOe rrpe

o6paSOIIaRB8 /2,4/ COXp&R518T BOCbMHM8pHbll Sli8M8HT 06'1>eMa! 

dP dQ de = dP' dQ' de' /2,5/ 

/)2/ 
npeo6pa30BaHR8 /2,4/ paCCMOTp8HO B . B 06W8M Clly'lae paSHbiX M&CC IIOKOSI CTall-

ltRMIOWHXCR 'I&CTRn, TaM »<e ~o1tasaso YTBep»<~eaae /2,5/. Bweo.o H&Terpana CTOliKHoaeHHA 

/12/ 
R ypassesal aepesoca, ~aaawl B pa6oTe , MO»<eT 6wT& aonesea apR y'leTe seyapyr•x 

CTOllltROB8RRI B rase, npeo6paSOB&KB8 /2,4/ II03110liR8T CII8URanHSHpOB8Tb STOT Bb!BO~ IIpR

M8RRT8llbBO 1t yapyraM cTousoaeaRSIM • saMeTKO yrrpOCTHTb ero. O~aaKo s~ec& ocTasaans

BaT&CB Ha STOM MW H8 6y~eM, 

nponecc ynpyroro paCC8HRHH XapaKT8pRSyeTCH ~R~epeRnR&nbRWY C8~8RB8M 

Au· • h • de • h ( < p, q > , - ( e, e' ) ) de • /2.6/ 

.D,nSI liiO!SOI rrapw cPYBKnBI F ( z, p) B G ( z, p) B rrpocTpaKCTBe COcTOBBBI 'I&CTBUial rasa 

0603Ha'IRM 

[ F,G]•Y.a I F(z,p') G(z,q') + F(z,q') G(z,p')-F(z,p)G(z,q)-F(z,q)'G(z,p) I. /2,7/ 

4 
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B 'IEICTHOCTH, rrpH G(x,p)=l 

[F,11=thl F(x,p')+ F(x,q') -F(x,p)-F(x,q) I. 

l--iHTerpan CTOnKHOBeHHA 1 (x, p) paBeH 

0603H8'1HM 

1(x,p)=f dQ J [A,A]<p,q>hde 
P(x) S(x,p,q) 

A a, ... a"(x) = f 
P(x) 

a1 an 
p ... p A(x,p)dP 

a ... a a 1 an 
I I n (x) "' f p ... p I (x, p) dP 

p (x) 

MOMeHT~ OTHOCHTenbHO ¢YHKUHH pacrrpeaeneHHH H HHTerpana CTOnKHOB8HHA. 

12.81 

12.91 

/2.10/ 

/2.11/ 

nepBbJA MOMeHT R (x) COBII8ll88T c B8KTOpOM IIOTOKa '18CTBU ra3a. BTopoA MOM8HT 

Aa{3 (x) COBII8Ll8eT C TeH30pOM 9HeprHH-HMIIynbC8. 

/12/ 
l-13 ypasaeaas rrepeaoca .llnH ¢YHKUHH 

n 
t/l(x,p) -(.;(x),p) /2.12/ 

cneayeT ypaBH8HHe MOM8HTOB 

/2.131 

C IIOMOll{biO rrpeo6pa30B&HHH /2.4/ MOM8HT /2.11/ OTHOCHTenbHO HHTerpana CTOnKHOB8HHft He

Tpy LIHO IIpHB8CTH K cne.llyJOll{eMy BHllY 

a I ···an [ ] [ a, an ) h dP dQ d I •- ¥.1 f A, A p ... p , 1 <p,q> e /2.14/ 

0TCIO.lla cneayeT, 'ITO HynesoA MOMeHT l(x) f3 
H I18pB~A MOM8HT 1 (x) paBRW HynJO, 

TEIK 'ITO 

V A a(x) .. 0, 
a 

V A af3 (x) • 0 • 
a 12.15/ 

BBH.llY paBeHCTB8 (p,p) = m2 C 2 MOM8HThl OTHOCHTenbHO A(x, p) H 1( X
1 
p) , lt811: 

H Boo6me OTHOCHTenbHO n106oft ¢YHKUHH B (X, p) , o6na.ll810T B8>KH~M CBOACTBOM! 

4w rz ... an = m2c2B a, ... an. /2.16/ 
~· 

B 'laCTHOCTH, ecnH m =0 , To cne.ll n106oro MOM&HTa pasea ayniO. KpoMe Toro, MOMeHT~ 

o6naLI8lOT 0'18BH.llHbiM CBOftCTBOM CHMMeTpBB OTHOCHTenbHO BCeX HR.ll81tCOB, 

D 3. none CltOpOCTeA: Mace~ ra3a H T8H30p .lla&neHHH 

K aa.!lpaTH'IHaH ¢opMa 

a {3 2 
Aaf3 (x).; .; =f (p,.;) A(x,p)dP 18.11 

P(x) 
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OT e nonO)KHT81IbHO onpe.lleneaa. BBH.llY 9TOro O.llHH co5CTB8HHbiA BeKTOp e TeH30pa-· 

saeprHH HMnyn&ca 
f3 

Aaf3 e "" ll ~a 
13.21 

aanpaanea BO BHyTpb caeToBoro xoaycal ocTan&a~e TpH co5cTBeHH~x aexTopa ooToroaan&H~ 

K nepBOMy H 1 cne.llOBaTen&HOI ne)K&T BHe CB8TOBOrO KOHyca, BpeM8HH-DO.ll05H~li C05CTB8H-

H~Il B8KT0p ODOe.llenseT CKOpOCTb u(:r:) M8CCbl r838 B TO'IK9 X 

f3 
AaQU =-1£ ua, (u,u) =1, a >0. 
~ (0) 0 13.31 

Cot5cTaeaaoe 'IHCno 1£ (Q) nono*HTen&Ho 1 ocTan&H&Ie co5cTaealitie 'IRena /£ ( 1) I 1£(2) 

1£ (~) OTpHU8T8nbH~. 

nepeXOJill It onpe.lleneHHIO TeH30pa .ll&BneHHH ra38 1 H8DHW9M nerKO npoBepH8MOe TO)K-

.ll8CTBO: 

4z,t gfjv .. hap. hfjv- uaul£ hfjv- uf3 uv hap.+ ua uf3 '}£ uv, 13.41 

r.lle 

haf3"" uau{r gafj" 13.51 

Vf3 STOrO TO)K.ll8CTB8 cne.llyeTI 'ITO n1060li CHMMeTpH'IH~il T8H30p Ta{3 MO)KHO npe.llCTa

BHTb B BB.ll8 

r.ae 

TQ• Sh Q+RQ +(u RQ+uQR )+ Ru u{J 
a~ a~ a~ a~ ,..a a • 

~ ~ ~ 
S • 1/3 h.,v T , R Q = ( h h Q - 1/3 h Q h ) T , R .. - h u T , 

,. a~ ap. ~v a~ 1£V a ap. v 

R=u,u ~ 
... Jl 

0TM8THM T8K)K8 cPOpMyny 

S -1/J(R-T), T= g -lv. 
1£V 

13,61 

13.11 

13.81 

j:>··· 

noRCHHM CM~Cn BenH'IHH 13.7 I. B CHCTeMe OTC'IeTa u(:r:) cxansp R npencTaBnHeT ape-

M eaay10 KOM noaeaTy Teaaopa Taf3 I ae~~:Top Ra -cMeW&HH~e KOMDOHeHTbl 1 TeH30p 

Raf3 + S haf3 -npocTpaacTBeHH~e JtoMnoaeaT ~ Teaaopa t1J . Te aaop R a{3 npe.llcTaBnHeT 

apOCTp8HCTBeRIIYIO 'IACTb 5ea cne.aa T9H30pa Tafj B CHCTeMe OTC'IeT8 u(:r:) 

KoHCTpyltTBBHO nepeXO.ll It CHCT8M9 OTC'I8T8 u(:r:) MO)KHO BbiDOnHHTb cne.lly!OWHM o5-

p830M, EcTeCTBeHH&IA 5aaac I e I a xacaTen&HOM npocTpaHcTae, xoTop~M M~ no cywe
a 

CTBY non&aoaanHcb .ao cax nop, onpe.aenHeTCK H3 cneny10wero paano*eHBR BeKTopa cMe-

W8HBK dx 

dx = e d:r:a. 
a 

CJtanHPH&Ie npoaaaeneHHK ( ea , e tJ cocTaBnKIOT MeTpH'I&CJCHil Teaaop 

( e a , e {3) = g af3 ' 
a 

.Llyan&H~A 5a3HC I e I onpe.aenseTcK H3 ycnoBHK 

a 
(tfl,e~=6{3. 

6 

13.91 

13.101 

13.11 I 
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--

eHaopa-· • 
3.2/ 

.3/ 

"m . 
11 

oe TO:lK-

3.4/ 

3.5/ 

.acTa-

.61 

3.71 

3.8/ 

eT ape-

T8B1IHeT 

M o5-

yme-

CMe-

.10/ 

.11 I 

nerKO BHaeT&, 'ITO 

{3 Ba . f3 a{j a{j e = r- e , e = if Qe , ( e , e ) = g • a a 'tl,_, · /3.12/ 
8a3HC,. npe.acTaB1I.RIOUlHA CHCTeMy OTC'leTa u (:r.) , Momao onpe.aemrT& cne.ay10mHM o6paaoM: 

f3 f =e -(u,e )u=- h Qe • 

" " " """ 
/3.13/ 

HeTpyaao aa.aeT&, 'ITO 

/3.14/ 

KoMnoaeHTbl T,..,.. , T*k Teaaopa T B 6aaace, .ay81I&ROM K /3.18/, paaaw 

r ... R, r.i-kk, T~e"' Rlr.e+ Shlce" /8.15/ 

3TOT pe3y1I&T8T OnpaB.QbiBaeT YK838HHOe 8b1W8 BCT01IKOB8KBe B81IH'IHH /8.7/ 

B qacTHOCTH, eCJJH Ta{j • ga{j , TO S =- 1 Ra13 • 0 Ra. 0 R -1 

TaKHM o6paaoM, h~ -MeTpH'IeCKHA Teaaop B nnocKOCTB, opTorOH8n&HoA K u(~ 

•l 

/l(O) C 

nonO:lKHM Tenep& t{3"" A a{j • B aToM cnyqae R • ~'co) Ra • 0 • C~~:anstp 

• Teaaop .RB1I.R9TCH D1IOTHOCT&IO M8CCbl 1'838 8 CBCTeMe OTC'I8T8 u(~ 

jtJI 

pa{j = -c halt h{j.,A z-cAa{j+cp.(O)ua u f3 /8.16/ 

sanseTcs TeaaopoM .aaaneaas raaa. C~~:anHp 

/3.17/ 

npe.llCTa B1ISieT co6oA cpe.aHee I'H.QpOCT8TH'l9CKOe .ll88118HBe 1'838 8 TO'IKe % . B '14CTHOC-

TH, ecnH m = 0 , TO .3p(:r.) .. c" 
(0) 

nHHHH TOKa raaa Onpe.aenH:OTCH CHCTeMoll ypaBH9HBll 

a 
d:r. a --=-- = u (:r.O, zl, z:Z, z3), 
dr 

/3.18/ 

r.ae T -co6cTB8HHOe Bp8M51 M8Kp0CKODB'l8CKOI'O .0HcPcP8peHUB81ItoHOI'O 9118M8KT8 1'838. 

B penHTBBHCTCKOM cny11ae ORO Be COBna.aaeT C C06CT89BHWMB Bp8M9B8MB COCT881IBIOlllBX &TOT 

9118M8HT MBKpOCKODB'IeCKHX '18CTBU. 

3aMeTHM, Haxoaeu, 'ITO paanomeaae THna /3.67' cymecTayeT .au n106oro Tesaopa nl06o

ro paara. B 'lacTaocTa, .ans seJtTopa TaKoe paanomeHae 03Ha'laeT npe.acT8&neue ero a aa.ae 

cyMMbi aayx aexTopoa, o.aaa H3 KOTOpblx napannenea u (:r.) , a .apyroA - nepnes.aaKyns-

pea K u(x) • To'IHO ~ see cnaraeMbie B cyMMe /3.~/ opTorOK81I&Bbl B CMblcne caepTKB. 

R 

K 

a H T9H30p 

u{j 

0TM9TBM eme .llBe cP0PMY1Ibi 

opTOI'OH81II:tHbl It 

7 

a 
u , 'ITO cne.ayeT 83 OpTOI'OH81II:tROCTB 

18.191 

/3.20/ 



!I 4. PenHTHBHCTcKaH HLiean&HaSI *HLIKOCTb 

B cny'lae HLiean&Holt *HLIKOCTH ace ipa co6cTaeHHbiX oTpaue.Ten&HbiX 'IRena TeHaopa 

SHepraa-aMnyn&ca Aaf3 paBHbi M8*L1Y co6olt H aexTop noToKa Aa HanpaaneH no .apeMeHH-

fiOLlOOHOMY co6cTaeHHOMY aeKTopy ua TeHaopa Aaf3 . TeHaop LiaBneHHH HLiean&HOA *HLI

KOCTH paBeH 

Paf3 =- p(x) h af3 , 14.11 

a T&Haop sHepraa-HMnyn&ca paaeH 

Aaf3 = [ 'toJ + {- ] ~ uf3 - + gaf3 "" 14.21 

BexToo noToxa 'lacTRa HLiean&Holt *RLIKOCTH paaeH 

A ""n (x) u , 
a a 

14.31 

rLie n(x) - DJlOTHOCTb 'IRCila '18CTRU B CRCTeMe OTC'I8T8 u(x) 

Bblpa*eHHK /4.2/, /4.3/ R ypaaHeHHsr /2.15/ LlllH STHX aenH'lHH xopowo HaaecTHbi. 0HH 

COCT8BJ1KIOT DpeL1M8T pensrTRBHCTCKOA rHLlp0LlHH8MHKH HLiean&HOit )KHLIKOCTH. K HHM Heo6xo

.QHMO .ao6aBHTb T8pMO.QHH8MH'I8CKHe COOTHOW8HHH. 

TepMo.aaHaMHKa paape*eHHoro pemrTHBHCTCKoro raaa onpe.aensreTcH noKaJibHo-paaHoaec- ~
/18/ 

Hoi <PYHKuHelt pacnpe.aeneHHK : 

r.ae aeKTOpHoe none A(x) 

TeMnepaTypoA raaa 8(x) 

A ( x,p) = a(x) 
4rr 

-(A(x), p) 
e , 

CBK38HO C noneM CKOpOCTeA M8CCbl raaa u(x) 

>..(x) = c u (x) 
k 8 (x:) 

k - DOCTOKHHaK 50JlbUM8H8. 

14.41 

H C JlOK8JlbHOA 

/4.5/ 

nv.aC'IHTaeM MOM8HTbl /2.10/ OTHOCHTeJI&HO lPYHKUHH pacnpeLieJieHHH /4.4/ . 0HH paBHbi 

a
1 

••• a ..,a
1 

••• a 
A n =-a.., n ' 

r.ae 

(la, ••• an .., _1_ f az a,. -(>..(x),p) 
4rr p ••• P e dP. 

P(x) 

Bee ~OM&HTbi 14.7 I awpa)KaJOTCsr 'lepe3 HyneaoA MOMeHT ell 

ell a, ••• an 

n 8pBb19 fiSITb H3 HHX paBHbl 

n 
= (-1) 

a>. a, 

ell = m2 c 2 K ( y ) , 
y l 

ella= m4c4K (y) >.a 
y2 2 

n a ell • 
a>. 

an 

ellaf3= m•c•K (y)AaA{3- m4c4K (y) gaf3, 
y8 8 y2 2 

8 

14.61 

14.11 

/4.8/ 

$¥~-

• 

3 

HH 

CT 

6 

HO 

pa 

/2 

H 



• 
opa 

eMeHH-

>KH)l-

4.11 

4.21 

4.81 

41 

JlbHOA 

51 

8BHbl 

I 

.11 

81 

~ a{3p.v ,. m''tlO K 
----yr 5 

3aec& o503Ha'leHo 

y • me y'(>.,.\)• mc:z 
k() 

n 2n 
Kn (y) = Y f exp I - y chs l sh s ds • 

1. 3 ... (2 n- 1) o 

npH m = 0 Hy:>KHO 38M9HHTb 

2n :Zn 
m c Kn (y) ... 

y" 

2""' (n-1)! 
(.\,.\)n 

n = 1,2, ... 

rH.IlpOD,HHaMH'I9CKHe ypaBHeHHSI C y'leTOM 14,41 npBHHM&IOT cneD.yiOWHil: BH.l1: 

a 
V a~ 

a 

a{3 
acll .. o. =0 v 

a 

14.91 

14.101 

14.11 I 

14.121 

14.131 

YpaBH9HHSI 14.131 B cneuaanbHOil: TeopHB OTHOCBTenbHOCTB saHnHCb npeD.M8TOM 88CbM8 
1181 

HHTepecaoro accneD.oaaaag .a.n. Caara , xoTopbiA nonyqan ablpamesae 14.41 MeTOD.OM 

CT8THCTBKH, He npH5eraH K ~OpMynHpOaxe KHHeTH'I9CXOI'O ypaaaeHHSI. 

MemD.y TeM, xaaeTa'lecxoe ypaaaeaae HaxnaD.biaaeT sa a (x) H .\ (x) aHa'IHTenbHo 

5onee :>KeCTKHe ycnoaHSI, semens CHCTeMa ypaaH9HHil: 14.18/. Lleil:cTaHTenbHO, anH paaaoaec

HOA ¢YHKUHH,pacnpeD,eneHHH /4.41 HRTerpan CTOnXROaeRHil: paaeB Hynto, a, cneD.OaaT9nbHO, 

paBHbl Hynto H ace MOM9HTbl /2.11/ OTHOCHTen&HO HHTerpana CTOnXHOaeHHil:, B CHny ypaBH8RBil: 

12,131 nonyqaeM, 'ITO HSJllfiLlY C ypaaaeHHHMH /4,13/ Ra.l10 y'IRTblaaTb ace ypaaseRHH 

= 0 , n • 0, 1, 2, ... /4.14/ 

TaxHM o6pa3oM, orpaHB'IBaaTbCH ypaaHeHBHMH /4.13/ Momso naw~o IIpB6namesso, R cTeiiesr:. 

TO'IHOCTH TeM xy>Ke, 'leM can~osee oTxnoHHtoTCH peweHHH ypaaaeaall: /4,13/ oT paasoaecaoro 

peweHHH KHHeTH'Iecxoro ypaaaeHHH. Paasoaecsoe pewesae Hccneaoaaao a pa6oTax111 •131, 

rae .l10Ka3aHO, 'ITO ¢yHKUHSI /4,4/ TOI'Lla H TOnbKO TOI'Ll8 yLloaneTaOpSieT XHR9TH'I9CKOMY ypaa-. 

HeHHIO /2.1/, a, cneAoaaTen~oso, H aceM ypaaaeHHHM /4.14/, xorLla a ,. const H aexTopsoe 

none ,\ (x) nopO:>KL(aeT npeo6pa3oBaHHe npocTpaHCTBa co6blTHH - R30MeTpR'Iecxoe, ecna m.,. 0 

H KOH~OpMHOe, ecnH m = 0 . B 'ISCTHOCTH, ecnH npOCTp8HCTaO C06blTBil: He LlOIIYCXaeT T8KHX 

9 



npeo6pa30BaHBI, TO pelll9HHB KBH9TB~9CKOrO ypaBH9HBH B BHae 14.41 BOBC9 He cyLUeCTByeT. 

B TaxoA csTyanHH npeacTaBnHeTCH aaMe~aTen&HbiM, ~To aaHa6aTH~aocT& asi.vKeHBR ra

sa, pacnpeneneaaoro no aaxosy 14.41, cneayeT H3 ypasaesaA /4.131, a ae TOJJ&Ko aa 6onee 

*9CTKOrO KHS9TH~9CKOrO ypaBS9HHB. JleACTBHT9JlbHO, B9KT0p fiOTOKa asTpOnHH paBeH 

a f a s (x) =- p A ( x,p) en A ( x, p) d P 
af3 a a 

a W AQ- a W en --. ,., 4rr 

P(x) 

B CHJJY 14.18/ H /4..81 HM99M 

a a/3 a 
V s = a W V At:f" W V a a a ,., a 

_v awa 
a 

~To B aoxaablsaeT yTsep*aesa:e o6 aaBa6aTs~aocTH. 

0 , _ .. 

/4.15/ 

14.161 

VfsTepeces TaK*9 H TOT clJaKT, ~TO ypaBS9SHB /4.131 nony~aiOTCH H npH pelll9HBH penH

THBHCTCKOrO !tBH9TH~9CK0t'O ypaBS9HHH 12.1/ M9TOaOM rBnb6epTa. CornaCHO 8TOMY M9TOay 

nono*HM 

A ( x,p) .. _l_ i p" A ( x,p) , 
P n=o n 

/4.17 I 

rae P -aeKOTOpbiA napaMeTp; TOraa 
00 

n " 
P I A n 

14.18/ ... n 

p" ~ n=O 
A ] < p,q > h de = p ~ 

n•V dQ f(Av, f ~ 
n"'O v•o 

npapaBHHBaH K094J4JH!lB9HTbl npB oaHHaKOBbiX CT9119HSIX p 
B o6eHX ~aCTBX aTOrO yp8BH9SHBj 

nony~aeM 
f d Q f( A 0 , A 0 ] < p, q > h de = 0 , 

14.19/ 

2 fdQ f( A
0

,A1 ]<p,q>hde f Ao /4.20/ 

118 I B T.a. VIa ypassesHH 14.19/ cneayeT ·, ~To A0 eCTb q,ysxnHH saaa 14.4/. 06oasa~HM 
14.211 

r (A) = f dQ f( A
0 

, A ] < p, q > h de 

nBselsbiA onepaTop, aelcTBYIOillBA sa A • nHTb q,yuxuaA 

A o , 
a 

A 
0

P , a=Q,1,2,3 
/4.22/ 

SIBJJHIOTCB naselso se3aBBCHMbiMH pellleHHHMH ypaBH9HHSI r ( A )=0 • Jlei!:CTBHT9JlbHO, 

r ( A
0

) ... 0 cornacso /4.19/. Jla<tJ<tJepeHilHPYH 14.19/ no .\. , sxoaHillHM B 14.4/, 
a ?131 

aaxoaHM r ( A
0 

p ) = 0 • OcaoBb!BaHCb sa peayn&TaTax pa6oTbl , seTpyaso aoxaaaTb, 

~TO pelll9HBI, JJHH9IHO J193aBBCHMbiX OT 14.221, H9 Cylll~TByeT. JlnH paapelllHMOCTH ypasse-

HHH /4.201 seo6xoaHMO, ~T06bl 
... f f ( x,p ) A o ( x,p ) dP .. 0 , 

a " f P I ( x,p) A 0 ( x,p ) dP • 0 • 
14.231 

·P(x) 
p (x) 

EcnH npeanono*HTb, ~TO xnaccs~ecxaH TeopHB <Ppearon&Ma npHMesa:Ma K nBseAsoMy one-

paTopy r(A) t TO ycnoBHSI /4.23/ aocTaTO~Sbl. Tax KaK 

10 

"' 
~ 

• 

TO B 

0 MeT 

SOB9C 

narae 

JlHHOM 

6nH* 

BeRRO 

rae 

" 
BY 

mo6 

Cn 

<Py 

r.a 

cne 



9T. 

a ra- t 

onee 

5/ 

61 

8/ 

BR9RRSij 

9/ 

221 

23/ 

one-

,, -(A,p) 
4" f(x,p)A 0 • e [ pp. k -a piL p 11 V A 1 , 

aJ'" IL II 

TO BBR.llY /4,7/ ll /4,8/ yp&8H8HHSI /4,23/ cyn, ypaBHeHRSI /4,13/ 
/19/ 0 M9TO.ll8 ranb58pT& B HepenSITRBHCTCKOM cny~ae CM , 

§ 5. 06o6weaae .noliiiHOMOB SpMRT&-'ie5blweaa 

R& penRTRBRCTCKRI Cnyqal 

/4.24/ 

.[laccHII&TRBHble npoueccbl, apoTelt&IOWRe B rase, He NoryT C5biT& y'ITeHbl noxanJoRo-paa

noaecnol ~yaxuael pacnpe.lleneaaa. Jlns ax y~eTa a aepenSITHBRCTCKOM cny~ae rpa.ll
121 

pas

naraeT OTHOW9HH9 HCTHHHOI ~YHKilRH pacape.lleneHRSI K nOK&!IbHO-p&8HOB8CHOI II pB.ll [10 DO

IIRHOM8M 3pMHTa-'ie6biW8Ba OT lt0MDOH8HT CltOpOCTH, 06pb1B&R &TOT pB.ll, rp&.ll DOny~aeT DpB-

6na:lKeHHble ypaBH8HBsr"'.llllH K08~~RUB8HTOB pasno:lKeBBSI. npB &TOM Y~HTblll&eTCR COOT8eTCT-

8eHHO aecJtOIIbltO nepablx ypa8Hesal IIC)NeHTO&, OcTan&Hble yp&8HeHHR NONeRT08 8 pac~eT ae 

np&HHMaioTcR. Ecna pR.ll oC5opB&Tb aa nepaoN ~neae, T.e. orp&HB~RTbCSI noJtan&ao-paaaoaec

aoA ~yHKURel pacnpe.lleneHBR, TO Mbl 6y .ll8M BMeTb y:lKe p&CCMOTpeRHbll cny~&l B.lle&n&HOI 

:lKR.llKOCTR. Ha &TOM nyTB rpa.ll nony~Rn rR.llpO.llBR&MB~ecJtBe yp&8ReHBSI aepensTB8BCTCitOI 

BII3Kol :lKH.llKOCTB. Mbl CT&BRM C80el uenbiO aony~RTb aaanorB~Rble ypaaReRBB a penaTBBBCT

cxoM cny'lae • .Un£ &Toro Hy)KHO aaiTR no.llXO.llBWee o6o6wesae nonBROMOB 3pNBTa-'ieC5blwe

aa aa penSITH8HCTCitBA cny~aa. K pewea&IO &Tol 3&.lla~R Mbl B nepeXO.llBM cel~ac. 

r.lle 

PaccNoTpBM cPYRKUBIO oT aeJtTopoa 8 apocTpaRCTBe MaacJtOBCJtoro, paaay10 

"'= e ce.u-v) 

:l 
(u, u)- c , 

- HeltOTOpbii fiOn02KRT8nbRbll aapaMeTp, He 3&BHCSIWBI OT CltOpOCTB CBeT& 

/5.1/ 

/5.2/ 

c 

Bb16epeN I'&llllnee8 6a3RCt H&np&BRB OCb Bp8M8RB no B81tTOpy u • C~tanapawl JtB&.llp&T 

mo6oro 8eJtTopa 8 &TOM C5&3ace paaea 

Cne.llOB&Ten&ao1 

u -o , 

<l>yHitllKB /5,1/ 3&nHWeTCSI B BH.lle 

... 
t/J = exp I x +eo [1-..Jl+y ] l, 

r.lle 

/5.8/ 

/5,4/ 

/5,5/ 

/5.6/ 

Oape.llenaM 8 xa~ecT8e penHTH8RCTCKoro o6o.fiweRBH aonHHOM08 3pNHTa-'ieC5blweaa 
a 

cne.llyiOwRe IIOIIRHOMbi OT .; 

• .. a 
H (.; ) .. ----,---,---"' IV= u. 

1t••· 1• av 1 t ••• av 1• 
/5.7/ 

11 



... 
3aMeTBM 0 'ITO ~0 3aBBC HT OT l , TaK 'ITO OT H83&BBCB.MbiX nepe.MeHHbiX e <tJyax-

IIBB /5.7/ H& 6y IlYT nOliBHO.Ma.MB. 

llnB H&XO.lKil8HBSl <lJyHKIIBA /5.7/ IlOCT&TO'IHO npeilCTaBBTb <i:>YHKIIBIO /5.1/ B BBll8 

00 1 it 
• 00 '• ... 

.•• v =I. H()(v). 1/1 = I. - H· · v 
s=O S! 

1
1 ···'· s=O 8 

3TO IlOCTBraeTCSl pa3nO.lK8HB8M <i:>YH~IIBB /5.5/ B pHil 

oo v a y'' x 2v-21r .. v lr 2V·21r+ I 

"'= I. I. ....::."--v•o lr•o· (2 v-21)! 
+ I. I. 

v=o Jr•o 

a&y x 
(2v- 2k f 1)! 

rile Jtoa<P<PauBeHTbl a" onpe.oenHIOTCH B3 pa3no>KeHB9 

·,' 

00 

·-- J: 
exp I eo [1- v'1 + .t 1\ = I. ale y k•O 

113 't5.8/ 8 /5.8/ aaxoilBM 

v 

't.av) .. I. . ___.:;;_-=
le=O 

v 
= I. 

H(2V+I) lr•O 

' y" .J: 2V·21r+ I 

( 2v- 2le + 1) ! 

OcTaeTCH BaATH a J: • 3aMeTBM, 'ITO no TeopeMe o Bbl'I8Tax 

a • 
" 

e 
e o f 

2rri • 

-e .JT+Y a, 
e o ----y-k+r 

nepeAil8M It, ao'BoA nepeMeHROA BHTerpapoBaRH:II Z 

B pe3yn&TaTe nony'IBM 

2 
1 + y = ( 1-+ z ) . 

ale= __.;__ f ,, . - ~Z-
e (z+1) c1z 

zlr+l ( z+ 2 )"+I 

rile blek RaXOilHTCSI 83 paanO.lK&HBH B pHil 

0TCIOila 

a = 1, 
0 

00 -ez 
e o (z+1) 

= I. 
(z+2)"+' p=o 

e 
_a .. - ___:t. , a. 

f 2 ,. 

b .p 
pic 

e (1+e) 
ll ll 

8 

12 

2 b kk 

/5.8/ 

_ .. /5.9/ 

/5.10/ 

/5.11/ 

/5.12/ 

/5.18/ 

/5.14/ 

/5.15/ 

•• c 

~ 

~ 

B n• 

a 

BB 

• 



{ <}lyux-

' 
B BHLJ;e 

15.81 

15.91 

15.101 

15.111 

15.121 

15.181 

15.141 

5.151 

lc lc 

(-1) l: (2k-p-1)! 

(lc-p)!(p-t)! 

' p 

a = 
k -;jTf{[ p= I 

( 2~0 ) 1 k > Q • 

BbmHweM nepBhle nsrr& 'lneHOEI pSin;a 15.81 

.. 
H(4) (v) 

H (v J .. x. 
(I) 

24 

H, COOTBeTCTBeHHO, IlSITb <i:>YHXUHI /5.7/ 

i 
B nocne.z:tHRX q,opMynax ~ i "" ~ 1 i • 112,3 • 

H ( .. ) x"-3,xy 
I V = 6- I 

(3) 

c -+ oo <i:>YHXIlHSI 15.1 I nepexo.llH'l+ B <i:>YHXIXRIO 

_£_ _" [v-_{_f 
t/J e "'/L e ---z- IL 

00 

I&U8/ 

18.17/ 

15.181 

/6 •. 19/ 

a <PYHKUHH 15.7 I - B nonHHOMhi :3pM&Ta-lie6hlweEia. liTo6hl nony'IRTb npe.llen&awe ElhlpalKe

HHSI .ana <i:>YHXIXHI 15.11/, .QOCT&TO'iRO 34M~HTb, 'ITO 

lim 
c-+oo 

VfHTerpan 

-oo 

k 
(-1) 

l k! 

k .. 2k 
IL v 18.201 

/5.21/ 

IlpR pa3RhlX r R S OTRIO.Qb REI p&EIEIH syniO, K&X STO 'IIMEieT MeCTO B R8p811BTRBRCTCXOM 

npe.llene. :3TO TEICHO CBH38RO C HeEIBXnH.QOBOCTioiO llpOCTp4RCTB4 RMnyn&COB '14CTRilhl. Vf&Te

rpan 15.21 I pa&eH syniO nRWio .ana cne.llyiOWRX nap RepUHWX 'IRCen 

(01s)1 (11 s)1 (2p 1 2u + 1), /5.221 

r.ae s • p 0' -uenble 'IRena. B 'I&CTROCTR, nep&hle 'leThlpe <i:>YHXIXRR /5.11 I OpToro-

H4111oHhl B CMhlCne 15.21/, 
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CZ,yHJtllHHM /5,7/ COOTB8TCTBYIOT. T8R30phl UpOCTp8HCTB8 C06biTHI • ..QeiCTBHT8JlbHO, B8JJB

'IHBhl /5,6/ MO)KBO 38UBC8Tb B CJ18LtYIOUl8M BHB8pB8BTBOM BHLte 

2 
e, =(u,{), x•(u,{)(u,v)-({,v), Y •(u,v) -(v, v), /5.23/ 
0 ~ 

Up8LtB8pHT8JlbH0 38M8HBB u ... cu ' v ... cv I e ... c e . Texaopw, COOTB8TCTBYIOIUH8 

cPYHJtllBIIM /5,7/, paBBW 

s 

H <~- a a, ..• a. ava, ••• ava• Its) /5,24/ 

B UOCJ18.llH81 «PopMyne U0LtpaayM8B88TCSI, 'ITO e 0 ' X • y I OT ltOTOpblX 38BHCHT 

H(•) 1 HBnsxoTcs cPYHKilBR oT v , aaLtaHHbJMH <PopMynaMH 16'!!81. 

BwuarueM uepawe 'leTwpe Texaopa 15.24/: 

H= l, 8a = \,& e" , " v Hafj = hap, h fjve e - e o h a{3 , 

" v p J H • h h h e e e- to e I h h12 + h .. a h + h y ha , 
afjy ap, fj11 yp P. p,a t~Y ,.,.. C1f I' 

r.Qe Texaop haf3 oupe.Qenex ¢opMynol /8,5/, CneLt nocne.~:txero Teaaopa paaex 

fj 
Hafj 

fjy v p ,. 
• I Hafjy •£sea -'\,p e e ] 'n, e • 

0H COOTB8TCTBY8T CJ18.lly Tp8XM8paoro T8H3opa Tp8T&ero paHra /5.18/: 

1: ... , 
~k - re -seo Jt; 

/5.25/ 

/5.26/ 

15.27/ 

8 T8KOM >K8 COOTB8TCTBBB H8XO.llRTCSI CJ18llhl OCT8JlbRWX T8H30pOB /5,24/ B /5, 7/, 

3aM8TBM1 'ITO 

H ua = 0, 
a 

fj 
Hafj u -o H y a{3y u -0. 

• e. CBcTeMa TpBH8llU8TH ypaBR8HHI MOM8RTOB 

B penRTHBHCTCKOM CJ1y'lae 

/5,28/ 

Peaym.TaTbJ upeLtWLtYIUero naparpa¢a UO.llCK&3blB&IOT no axanorHH c aepenRTHBHCTCKHM 

/2/ 
CJly'I88M, paCCMOTp8HHblM f"pa.llOM 1 Up8LtCT8BHTb cPYRKilBIO pacnpe.ll8J18HHR B BH.ll8 

1 -(A(,.),p) i 1 H (<;) a a, ... a. (x) 
A ( x, p) • -4 e 1 (, , fl :z a . •. a 

11 FO S 1\1 1\ I • 
16.11 

r.Qe 

e = .:.;u:::rr p , A-~u, 
16.21 

R aeJtTOp A(x) B xoscf><PBilB8HThl aa, •.• 
8
•(x) BCII:&TJa aa ypaaaeaBI MOMeHToa. MbJ ocTaao

BBMCSI ll8Jl88 H8 UpB6J1H)K8BBOI 38M8R8 p8J1SITBBBCTCKOrO KBB8TB'I8CKOrO yp&BH8BBR CBCT8MOI 

TpBB8Ltll8TB ypaBB8RBI MOM8BTOB 1 'ITO UpBB8Lt8T R8C Jt penRTBBHCTCKHM rB.llpo.QIIBaMB'I8CXHJo( 

ypaBB8RHIIM BSI3XOI )KB.llii:OCl'B. 

By ll&M upe.llaonaraT&1 'ITO xos<PtP•aaeBTH paanomeHRR /6.1/ 6blcTpo y6&IB&IOT c aoapac-

14 

T8HH8M 

c 

4 

~ 

T 

• 



--
ao, aena-

• 
/5,23/ 

IOlllR& 

/8,24/ 

RCBT 

.25/ 

.26/ 

7/ 

81 

TCKBM 

aao-

T8HHeM HOMepa s , H OI'paHH'IHMCSI cneAyiOWHM 1IpH6!IB:lK&HRbiM BbipS:lK&RHeM: 

-(h(x),p) 
A(x,p) = _1_ e \ a(x) + 

4TT 

l . /6.3/ 

TeH30p aaf3 (x) npeAIIO!I8I'aeTCSI CHMMeTpB'IRbiM, noAC'IRTS&M nep:Bbi& TpB MOMQRTS OTRO

CBTe!IbHO ¢yRKUHH /6.3/, 

Hyne:aoA MOMeHT pa:aeu 

16.41 

16.61 
A (x) = a c) • 

AHanorH'IHbiM o6pasoM uaxoABM aep:a&ti!: MOM&HT 

16.61 

H :BTOpOit MOMeHT 

af3 af3 m6c6 a f3 f3 a p. p. 
A (x) • a c) + K 

3 
(y) \ ~ b,.,. + ~ b, I { b - a I + 7 ,.. /6.7/ 

66 a f3 a f3 1D' 
+ ~ K 

3 
(y) I b ,.,. 1111 + u u 1Jw I a • 

y 

Y CliOBHMCSI, 'ITO :aeKTOp U (x) apeACTSB!ISI&T CIII:OpOCTb MSCCbl 1"'838 B TO'IIII:& X 

3TO 03Ha'laeT, 'ITO OR AOll:lK&H 6&ITb co6cTB&HRbiM B&III:TOpOM T&R30p8 /6.7 f /eM, /8,8//. ()r., 

CIOAS Cll&Ay&T pa:B&HCTBO 

/6.8/ 

T,e, pa3HOCTb seKTOpOB a a (x) H b a (x) OpTOI"'OH8!IbH8 K Ua (x) • C APYI'Oi!: CTOpOHbl, BBHAY 

pa:BeHCTB /5,28/ seKTOpbi a a (x) H b a (x) MO.lKHO C'IHTSTb OpTO!"'OHS!IbHbiMH Ill: Ua (x) 
1 

TSK 

'ITO /6,9/ 

a/3 
B cuny Tex me paseucTB /5.28/ Teuaop a (x) MO:lKHO C'IHTSTb opToroHan&HbiM 111: u f3 (x) 

T.e. 

we· 
KpoMe Toro,ycnosaMCH, 'ITO cpeAHee ruApocTaTH'I&CIII:O& AasneHH& rasa oapeAenH&TCH yme 

uyne:a&IM apu6nu.>KeuueM K /6.1 I, T.e. 

/6.11 I 

0TCIOA8 HSXOAHM 

*1 Mo:lKHO IIOK838Tb, 'ITO H OTHOCHTellbHO <lJYHKUHB /6.1/ Hyll&BOI MOM&HT paB&R 

/6,5/, 3TO CBSI38HO C T&M, 'ITO HHT&I'p8ll /5.21/ paBeR HYliiO !IpH r•O sf. 0 
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,, 

h p.v p.v a .. o. 
/6.12/ 

OTM8TBM1 'ITO B3 16.101 B /6,131 cne.ayeT1 'ITO cne.a 
v 

av paBeH ayn~. Ecna B ~opMyne 

18,61 uonO>KBTb t~ • aa/3 1 TO S = 0 · . R = 0 Ra= 0 Raf3 = Ba~ 

Y'IHTbiB&R 16.91, 16.101 H /6.121 1 uonyqaeM ~YHKUH~ pacnpe.aeneHHH /6.3/ H MoMea

Tbl 16.61 B 16.71 a cne.ayJOllleM aa.ae 

1 -(A,p) 2 
A(z,p)•-- e I a +~a p,.,. pv -(a,p)[l+(p,A)+ L_ 

4" p.v 5 

a a 
A (z) ·•• + 

4 4 m c 
-p- K 2 (y) 

a 
a ' 

af3 af3 m 6 c 6 a{3 
A (z) =a • + __ K

3 
(y) a 

ys 

r.aa1 H8IIOMHBM 1 y = • c y (A, A). 

... 

2 
(p,A) ] 1 /6.13/ 

5 , 

16.141 

/6.15/ 

Ha I 6.14/ cne.ayeT 1 'ITO nnoTHOCTb 'IRena 'ISCTHu B cacTeMe oTc'leTa u (x) pasHa 

· a a 
n (z) = ua (z) A (z) =a • ua • 16.161 

Baa.ay paaeacTa 16.161 1 /6.11 I a 16.61 aenH'IBHy ,,.. 

8(z) = __ c_._ 
kV\A,Xr 

/6.17 I 

CJ18LlYeT H83B8Tb T8MD8p8Typoft raaa, TaK ltSK Ll8BJ19HH91 BHYTpeHSISI SHeprHH H nnOTHOCTb 

$'~· 

'IBCJ18 '18CTHU ra3a B CHCT8M8 OTC'IeTa U (z) CBSI38Hbl C 8 (x) TaK >K9 1 KaK H B noKan&-

HO-p8BHOB8CHOM CJlyqae. 

B oaccMaTpaaaeMOM npa6nH>KeHHK ~yHKUHH pacupe.aeneHHH raaa aanaeTcH TpaaanuaT&JO 

KOW110K8BT8MB: '18TblpbMSI XOMDOH8HT8MB B9XTOpa A (z) 1 OllHOft cKanHpHoft ¢yaxuaeft 

a 
a(z) 1 Tp8MSI H838BKCHMbiMH XOMDOH9HT8MR B9KTOpa 8 (x) K DS!Tb~ H938BHCHMbiMH KOMDOHeH-

T&MB T8H30pa aaf3 (zJ • JlnR HX ODpe.aeneHHSI He06XOLlHMbl TpHH8llU8Tb ypaBH9HHH MOMeH

TOB, M bl .aon>KHbl coxpaHBTb nRTb ypaaaeaaft /2.15/ 1 oaaaqa~wax aaKOHhi eoxpaaeHHH 'IRena 

'18CTBU 1 HMDYJlbC8 H &HeprHH, liT06bl yeTaHOBHTb llODOJ1HHT9JlbHb!9 BOeeMb ypaBH9HHH, nono-

>KBM II cpopMyne 13,61 
Tp.v V A ap.v - I p.v 

(] . /6.18/ 

B cany paaeBCTBa /2.16/ H uepaoro ypaBHeHHH 12.15/ cnen Teaaopa /6.18/ paaea aymo. 

TaKBM o6pa30M, T8B30p /6.181 HM88T LleBSITb He38BHCHMbiX KOMOOH9HT 1 H HCKOM8SI CHCTeMa 

ypaBHeaaft oKa3anac& 6bl uepeonpe.aeneaaoA 1 ecna uono>KHTb rP'v = 0 . Onao H3 aTHX 

ypa8H9BHA Hy>KHO OT6l')OCKTb K He DpHBKM8Tb B paC'I9TI TaK me K8K H Bee BbiCWKe ypaa

H8HHSI MOM8HTOB, EcT8CTB8HHO OT6pOCKTb ypaBH8HHe 

R = up. lly (Va A ap.v - fv) = 0 /6.191 

B OCT8BKTb DHTb H938BHCKMbiX ypaBH8HKHI COOTB9TCTBY~WHX T9H30py R a{3 H TpH H938BH-

CHMbiX ypaBH9HHH 1 COOTBeTCTBY~WRX B9KTOpy R 
a 

16 

3TH 

uaT& 

l 

r 

•• 



16.121 

' B cj>opMyne 

8/ B MOMeH-

16.181 

16.141 

/6.15/ 

pa&aa 

16.161 

16.171 

OTHOCT_g 

B no~~:an&-

BH8llU8TbiO 

!CUBe A 

ICOMIIOHeH-

A MOMeH-

Bll 'IRena 

A, rrono-

.18/ 

aymo. 

CBCTeMa 

83 STHX 

ypaB-

I 

eaasa-

" 
~..._ 

I 
t 

/6.20/ 

3TH ypaBHeHHll BMecTe C ypaBHeHHliMH /2.15/ 0606IU810T Ha penHTHBHCTCKHA cnyqaft TpBHaa

USTb ypaBHeHHft rpaaa • .llanee, oaHSKO, Mbl paCCMOTpBM ypaBHeHHH rpaaa nHWb B TOM 
/3/ 

rrnaae, KSK STO caenaHO B HepenHTHBHCTCKOM cnyqae B ICHHre 30MMep4Jen&aa , 'IT06bl 

Kp8T'18AWHM llyTeM llpHATH K ypaBHeHHHM periliTHBHCTCICOA BH31COA >KHaKOCTH. 

fl 7. Bbi'IHCneHHe BTOporo MOMeHTa OTHOCHTen&HO 

HHTerpana CTOnltHOBeHHA 

nerxo saaeT&, 'ITO cxo6xa 12.7/ anH 4JyHKUHH /6.13/ paBHa 

-(A,p+q) 
[A,A]= _a_ e 

8 11:1 

s 
I. [c, • 1.] + __!, 

I= :z 16 1T 

-(A,p+q) 
e 

n 
I. [ c, ' c a:] ' 

f,lc=J 
17.1/ 

17.21 

Bb!pamenae /7.1/ cneayeT noacTaBHTb B /2.14/ npH n .. 2 • BTopoe cnaraeMoe B 17.1/ 
a a~ 

OIIYCTHM, T8K KaK BeKTOp a H TeH30p a npeanonara!OTCH ManbiMB IIO Cp8BH8HHIO CO 

cxanspoM a • C JIOMOIUbiO npeo6pa30BaHHH /2.4/ HeTpyaHO JIOny'IBTb BTOpOA MOM8HT oT-

HOCBTenbHO BHTerpana CTOnKHOB8HHft B BRae: 

17.81 

rae 

<p,q> dP dQ de, 

17.5/ 

ra~= __ ·1_ f p"pvpue-(A,p+q) , W , ~, ~ ~ ,.. h(<p,q>,-(e,e'))[pap +qaq -pap -qaq ]<p,q>dPdQde. 
16 1T :z 

... 
Yao6ao paccMaTpHBaT& cTeneHHbie ¢yHKUHH, o6paaosaHHble TeaaopaMB /7.4/ R /7.5/: 

OT nepeMeHHbDt HHTerpaposaHHH P 

v 
<p,q> -' p = _ _..:.~--p+q 

y:~(p_+_q,_p_+_q~} y(p+ q, p+ q} 

17 

q nepellaeM K nepeMeHHbiM v , p 

e' 
p-q 

y(p-q, q-p} 

17.61 

e' • 

17.7/ 



/121 
Ha OCHOBAHHH cPoPMYnbi /5.47/ pa60Tbl 381CniO'faeM, 'ITO 

< p, q > dP d(; = 16 p :1 ( p 2 + m2 c 2 
) d v- de' d p • 17.8/ 

K poMe Toro BMeeM \113 

p'=.Jp2 + m2cll v +pe,· p•.Jp2+m2 c 2v +pe', /7.9/ 

.ll• 
q' =.Jp 2 +1llc2 v- pe, q•.Jp2 +m2 c2 v - pe'. 

0TCIO.Q8 

( (, p' )2+ ((, q' )2 _ ((, p)2 _ ((, q /= 2 p2 [({, e)2 _ ((,~' )2} 17.10/ 

BwnonHHM HHTerpapoBaHHe no e • Bae.aeM .aaa BeKTopa k H f , y.aoaneTaopHIOlllHe 

ycnOBRRM (k,v)=O, (f,v)=O, {(,f)•O;(k,e') .. O, (f,e') .,.Q, (k,f)=O,(k,k)=(f,f)=-1 

H pa3nO)KHM 881tTOpW e H ( no V , e' , k f ne 

e • e 1 cos 0 + k sin 0 cos cp + f sin 0 ain cp , 
17.11/ 

(•((,v)v -((,e')e' -((,k)k. r 

SneM&HT nnomallH paaea de • ain 6 d6 dcp • B HHTerpanax 17.61 OT cp 38BHCHT TOnb- _..,. 

ItO MHO>KHTem. /7.10/. HeTpy llHO no~~:aaaTb, 'ITO 

2fr 

[' 

2 2 ·2 2 2 f (,e) -((,e') ]dcp•frsm 6[((,v) -((,( )- 3 ((,e') ] 17.12/ 
v-· 

0 

~ 0603H8'1RM 

rr 
2rr fh(<p,q>,cos6)sin:JOd6•S( <p,q> 

0 \j(p+q, p+ q) 
) . 17.13/ 

Co6apaa nony'leHHwe oeaynbTaTw, aaXOllHM /7.4/ a BB.ae 

J .. _1_ f S(p) p 1(p2 +m2c 2) B expl-2..jp2+m 2c 2 (A, v) I dv dp, 
(n) rr2 . (n) 

17.14/ 

t'.Q8 

B(n) "'f[.Jp2+milcii(v,.,)+p (.,,e•fl [((,v) 2-((,0-3((, e')2
] de'. 17.15/ 

qT0!5W BW'IHCnHTb /7.15/ B03bM8M BCnOMOraTenbHbiA HHTerpan 

s 
fsJ •f(y,e') de'. 

17.16/ 

Bae,lleM TpH aeltTopa a , b , c , opToroHanbHWX 11: ae~~:Topy v H YllOBneTaopBJO-

lllHX ycnoaHSIM (a,b)•O, (a,c)=O, (b,c)=O ,(a,y)=O, (b,y)=O,(a,a)=(b,b)•(c,c)=-1. 

Pa3no>KHM aeltTOpw Y H e no v , a b c 

e' = a sin 6' co.s cp' + b sin 6' ain cp' + c cos ()' 
17.17 I 

y • ( y,v) v- ( y,c) c. J 
nony<raeM •• 

18 



• 
• 81 

/7.9/ 

.13/ 

.14/ 

.15/ 

61 

2 2 
de'= sin(}' d(J' d¢', (y, e') = (y,c) cos 8', (y,y) = (y, v) - (y, c) • 17.18/ 

Ha 17.18/ cne.ayeT 

~2V+I) =0, y(2V)= 2~=~ ((y,v/ -(y,y)] II' 
II= 0, 1,2, •••• • 17.19/ 

,UH4J<llepeHIIHpySI 17.19/ no KOMnOHeHTSM B9KTOpa Y a 

.a eM 

, nocne secno>Kswx swKna.aolt sal-

~s> = 3 ,jp2 + m2c 2 ('1/, v) 8(2 ) • 

-
ne pei!:.aeM It RHTerpHpOB&HHIO no V • npe.acTaBHM 17.14/ B BH.ae: 

r.ae 

C = 15 f B exp l-2yp 2+ m2 c 2 (X,v) I dv. 
(n) 32 1T 2 p 2 (n) 

Vfa 17.21/ cne.ayeT 

Bsa.ay 17.20/ HHTerpan c 
(:1) 

pases 

c(2) =l/la{3p.11 l[.,a '11(3-(.,,.,) ga{3]['p.'11-(,,, )gp.)-3[1Ja '{3-(,,,)ga{3] 

£11" '~~-<,,, )gp.lll I • 
r.ae 

Vf HTerpan /7.26/ asanorR'IeB asTerpany /4.7/. Vf MeeM 

r.ae 

1{10..f3fl.ll = 1 
16 ( l+ m 2 c 2) 2 

1-

4 a 
"' ' ax ax

13
ax ax a p. 11 

1{1 = _ 1_ f exp I- 2 yp2+m2c 2 (X, v) I dv = K, ( 2
y(p)) 

4rt 2y (p) 

Teuep~o y>Ke seTpy .a so nony'IHTJ:J C(2) 

17.20/ 

17.21/ 

17.22/ 

17.23/ 

17.24/ 

17.-iS/ 

17.26/ 

17.27, 

17.28/ 

17.29/ 

C = 16( p2 + m2c 2) 2 K ,(2y{p)) L + 40( p2+ m2c') K /2y{p)) M + 10 K 1 (2y (p)) N, 17 .SO/ 
(2) [ 2y (p) ] 1 [.2y(p) ]4 [2y(p) 1' 

..... 



I 

11' 

' ~ ...... 

r.ae 

2 2 2 
L = [(71,;\) - (71•71)(,\,.\)][((,.\) - ((,()(,\,A)]- 3 [ ( 77• .\) ((, .\)- ( 77• () (.\,A)] 

I/ .. J( 71 ,()
2

(.\,A)+(J7,A)
2
((,()+((,.\)

2
(77,71) -(rr,T/ )((,()(.\,.\)-4(rr,(Hrr,.\){(,.\~ 

3 7. 1 I 

2 
N "' ( q, 71) ( (, ( ) - 4 ( 71, ( ) • 

y'IHTb188SI /7.24/, OTCIOL18 H8XOLlHM C(J) ... 

J 
C '"96(~+m2c2) 

(J) K,(2 y(p))(TJ,A)L +48(~+m2c2) 2 KJ(2)A..p)) IL+5(q,.\)MI+ 
[ 2 y (p) ] 6 [ 2 y( p) ] 5 

3Hax = aa.a L • 

+120(p2+m2 c~ K.,( 2y(p)) I; +~(q, .\)N I. 
[ 2 y (p) ] 4 

a M 03Ha'laeT onepauaiO -~ l'{z -a-
. -'a 

L "' [ ( q, >. ) :r_ ( q, TJ ) ( .\, ,\) ][ ( (, ,;)( TJ• .\) - ( TJ, () ( (, .\) ] -

-rJ [ < 71• .\)( (, .\ >-< 11, ()(>.,.\) H <rr,(H ,,.\) - < "'" )( (, .\) J , 

M =<q,(H<71,"><''">- <11,(><11,-'> 1. 

J:lan~ouelhuze .aoaom.Ho rpoM03LlKHe B&IKna.axa RecnomH&I, Haxo.aHM 

~ 

~ 

a:r Cm =l-3 K,(2y(p)) + 30 K 4(2y(p}) _ 4o K
1

(2y(p)) 

a,,. a71 ., 2y(p) [2y(p) 1 2 [2y(p) 1' 

II a CuJ 
a., a., p. q 

·110 K4(:Mp)J -40 Ks(2y(p) J 
[2y(p)]2 [2y(p)] J 

I<G.\){(,a), 

I a (IL 1'" 
IL" 'o , 

b (.\, ,\) 
.•u IL"o-

J a Cm 

a711L a71 " a71 u 

=110 Ks(2y(p)) -50 K.,(2y(p)) !((,.\}((,a) 
2 y (p) [ 2 y ( p ) ] 

0603H8'1BM b (()) Cn8LlYIOWHA BHTerpan lt81t cpyHJtiiBIO OT TeMnepaTyp&I () 

DO 

b(O) = f S(p) p'(p2+ m2c2) K 1 (2y(p)) 
0 [ 2y (p)] ' 

dp. 

y'IIITbi88SI /7,29/, H8TPYLlRO 38M8THT1o, 'ITO 

00 

f S(p}p'(pll+ mllc2) K 4 (2y(p)) 

[2y(p) Jll 
a dp = () - b (())' a e 0 

20 

17.32/ 

~-

17.331 
~~. 

17.34/ 

17.35/ 

/7.36/ 

. 

" 



.\) 
17.311 

17.321 

17.331 

17.341 

.35/ 

.36/ 

' 
.2 

dp -8 2~6(8)+36..,!_ b(6). 
a6 ao 

17.811 

113 «PopMyn 17.341-17.37/ cneayeT, 'ITO MoMeRT 17.31 paaea 

-17.381 

0TCJOL18 nerKO HaiTH MOMeRTbl 

a~ a~ 
Ll' • iuz ugl 1 Ll'v "" I hpa h,~ -1/3 hi'., ha~ l 1 1 

17.881 

BXOLlHWH8 B ypaBR8RRH 16.201: 

L, •-~a I ~ b(6) - 766'((/) + 6
2
6"(8) l v' ().,A) .a,. 

,. 15 17.401 

16 a (40 b(8) -218 b'(6) + 36
2 

6"(8) l a.,v • --rr ,..... 17.411 

I 8. raapOLlBB&MB'I8CKB8 ypaBR8BBK BB3KOI lKRLlltOC'I'B 

PaccMOTpBM nepaoe ypaaaea&e 16.201: 

18.11 

HeTpy aao LlOJt83&Tb cneaytowee TO>KaecTao: 

npeae6peras B neaol '18CTB ypaBR8RBSJ /8.1 I cnaraeMWMB, COL18p>KAWRMB •a B •a/3 I 

H Y'IHTbiB8SJ /7.41 I. R8XOLlBM 

a 
#LV 

15m1 c 1 

16 y.2 
K,(y) 

nepelaeM KO BTOpOMy yp8BB8RBJO f6.201 
aa/3 

hl'4 u{3Vu A = Ll'. 

Cnpaaeanaao cneayiOwee To>KaecTao: 

18.81 

18.41 

ll . R {3 
m•c• (, '"'v m'c' [K (y)-yK (y)]luV/3u -h V/3 tn y} • • - __ K y1 h IJ a t a 3 4 " " 

y.2 3 " ,.. y2 ... ,. 
18.5/ 

21 



" 

' I 
~ 

Bocnon&soaaawHCb nerxo nony'laeMhi:M cne.llCTBHeM H3 BToporo ypaaaeaH.H 12.161: 

a m4c4 -, 

HSXO.lliiM 

{3 {3 44 {3 '' vaf3 
K3 (y)(\V{3fny-u 'ilf3ul'l-~y~ K1 (y)hi'Vf3a+ my~ K3 (y)hal' 13a = 0, 

5 5 ' fJ 1 1 af3 
h u~'il a4l~af3=mc K,(y) ~h V13a+~ [K,(y)-yK

4
(y)]ha, Vaa 

jla fJU y'K,(y) K " y• ,.. fJ 

18.61 

18.11 

r.lle k -nocTO.HHHa.H Bon&uMaaa, cp -TennoeMxocT& rasa" IIpH nocTO.HHHOM .llaaneHHR, npH-

1131 
XO.ll.HIUS.IICH Ha O.llHY 'ISCTHIIY : 

c p = k I sy 1(, <r> 
K,(y) 

2 
+y y'[ K, (y) ] 'I . 

K,(y) 18.1V 

T SKHM o6pa30M, neay10 'ISCTb ypaaaeaHH 18.4 I MO:lKHO IIp116n11:lK eaao sanHcaT& a BH.lle: 

h/14 u~ V Auaf3 
fJ u "' 

m1c 1 Ki (y) 

r' K_, (y) k 
hf3'il a 
" {3 

c~ 

npapaBHHB851 npaByiO 'ISCTb paBeHCTBa 18.91 MOMQHTy 11.401, HSXO.llHM 

18.91 

--
S'"" 

15m' c' 
all "" - 32 r' 

l{
3

(y)[ K 2 (y) 
2 
]~ 

k 

{3 
h/L V {3 fn a ___ • 18.101 

20IJ..()) -70b'(()) +ifl b"(()) K_,(y) 

vfTax, MW IIOny'IRnH rR.llPO.llRHSMH'IeCJtHe ypaaaeHR.H B.II3KOA :lKH.llKOCTH B BR.ae 12.151 I 
a Aap a 

r.lle A R 3S.llSHhi Bhl:pa:lKeHH.HMH /6.14/ H /6.151, npH'IeM aeKTop a H Teasop 

aaf3 , BXO.ll.HI.UHe B /6.141 H 16.151, onpe.aeneabl cornacao ¢opMynaM 18.101 H /8.31. 

PaccMOTpRM, .llanee, 9HTponaiO ra3a a npH6nH:lKeaaH BH3Koil :lKH.llKOCTJI. 4To6bl aony-
1121 'IHT& B9KT0p IIOTOit4 9HTpOIIHR, HY:lKHO B o6ruee OIIpe.aeneHRe 9TOrO BeKTopa IIO.llCTaBHTb 

Bhl:p8:lK9HRe· /6.13/: 

,.a(:z) •- I pa A(:z,p)fn A(:z,p) dP "'- I p a A(:z,p)[ fn ..!:_ - ( p,A) ] dP 
4rr 

P(:~t) 

-+I Pa A(:z,p)l ~ ai'V PI' p
11

- (a,p) [l+(p,A) +--?-~ ] I dP . 

18.11 I 

npH 9TOM Mhl: BOCIIOnb30B4nHCb IIpH6nH:lKeHBhiM paBeBCTBOM fn ( 1 + Y)"'Y • npeae6pera.H 

lt~S.llp8TH'IBhiMH 'llleRSMB OTHOCHTeltbHO aa H aa{3 , HSXO.llHM 

a a af3 
tfl(x)=-a4> fn4iT+a4> Af3- m4c4 

yr-
a a 

K 
2 

(y) [fn 
417 

+ l ] a 18.1.21 

npe.llCTSBHB B9KTOp IIOTOK8 'ISCTIIU B BH.lle 

a a a 
A (x) ""n(x) u + v , 18.13 I 

IIOny'IHM 

22 
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sa(:r:) =s(:r:)ua- w-kOa 
kO 

a 
v ' 18.141 

rae W' -rennOB8SI cpyH!tUHSI, C1 - 9HTpOnHSI, npHXO.llSIIUH9CSI H8 O.llHY '18CTIIUY B CIICTe-

s(:r:) - n.llOTHOCTb 9HTpOniiH B CHCT9M9 OTC'I9T8 u(:r:) • Bee Tep-
Me OTC'l9T8 u(:r:) 

MOaBH8MII'l8Citll8 B9.11H'l11Hbl B CIICTeMe OTC'I8T8 u(:r:) T81tll9 >Ke, !t8K II B .llOK&nbH~p&BH0-
1131 

B8CHOM cny'lae. nocne.!IHH8 pacCMOTp9Hbl B pa6oTe • B 18.141 y'IT8HO paBeHCTBO 

rae 

.fn ifr- + l = --d-- a • 

a 
CornacHo 16.141 H 18.1011 aea:Top v paaeH 

-1 
2 

K 
2 

(y) K 
1 

(y) c P [ 201i.6)- 76b'(6) + 6 b''(6) ] • 

3&BBW8M; .ll8.1189,T9H30p 9H8prHH-BMny.llbC8 B Bll.ll9 

a{3 a{3 af3 
A (:r:)"" a~ + r • 

Cornacao 16.151 a 18.31, TeHsop raf3 paaeH 

r.ae 
u tl ., -1 

JJ • ~ • y ~ K 
1 

(y) K, (y)[ 401J.6) - 210b'(O) + 3 t1 b''(O) ] • 

18.151 

18.161 

18.171 

18.18/ 

18.191 

18.201 

Bwpa>KeRBSI 18.16/ 11 /8.191 coana.llaiOT c cooTBeTCTByiOWIIMH Bblpa>KeHIISIMB, npll:ae-

aeRIII>IMII a &HBre 11 nony'leHHbiMII cpeHoMeHonorll'leciCIIM nyTeM. Be.llR'lllRa 18.17/ HBnSI-115/ 

eTCB a:oa«t~<ll•nHeHTOM TennonpoBO.llROCTH, Benii"<~HHa /.8.20 I - nepBbiM Koscp4JxuaeaTOM BH3Jtoc-

TB. BTopol xoa414J•ueHT asraJtocTH paaeH HyniO. 

Lio&a>Kew, 'ITO a:osc:P4J•uHeHTbl TennonpoBO.llROCTH 11 BH3KOCTII nono>KaTe.llbHbl. Tall: JtaK 

y 1[2 (y), K '(y) B b (6) DO.IlO>KHT8 .llbHbl, TO .ll0CT8TO'IHO .llOK838Tb, 'ITO 

B (6) • 401J...O) - 210b'(6) + 3 fl b"(6) 
/8.21 I 

tiO.IlbW8 RY.IlH. no.llb3YHCb pea:yppeHTHbiMII COOTHOW8RHHMH .ll.llR 6ecceneBbiX 4JYRKUIII, Haxo-.. 
.!IBM 

18.221 

1181 
1-i 3B8CTHO 0 .TO 

18.231 
:r:K

1 
(:r:) >2K 2 (:r:). 

Cne.aoaaTelJbBO, B (6) > 0 • 

23 



PaccMOTpBM npe.aenbBI>Ie sRa'leHBs JtoscpcpBUReRToa K JJ '1/ 

2 
me , y-k"r y (p) = 

np• x .. oo 

Kn (z) ... J 2~ e-x. 

Cne.aoaaTenbHO, npH c. -+ oo 

_L .. ., 8 
5i(ri' ( mJc 8) 11/2 

00 2 

f 
, - p 

S (p) p e it£8 
0 

dp. 

np• c .. oo • VfMeeM 

./8,24/ 

/8,25/ 

18.261 

ApryMeHT cpyRii:llHH S (p) /eM. 17.13/ I a HepenRTBBHCTCitOM npe.aene paaeH 

< p, q> 1-+ .. I -;::;:===;:::. -+ ~ p - q 
.J(p+q,p+q) 

0THOW8HH8 K B '1/ paBRO 

~. c,. K 2(y) 
'1/ 2m K

1
(y) 

2 
401:1..8) - 218b'(Q) + 30 b''(O) 

.:1) b(th- 78b'((J) + 8 2b"(0) 

B HepenHTBBHCTCJtOM npe.aene 

K 3c ---+ , ., -rm 
15k 
4iii 

/8.27/ 

/8.2'8/ 

/8.29/ 

H838.BBCHMO OT BBLl8. .aHcpcpepeRURB.nbROI'O C8'18HBSI pacceSHBR, HepenSTHBRCTCXOe OTHOwe-
/3/ 

&He JtoacpcpHUReRTOB K • '1/ , nony'leRHoe a .ans cny'laH, xor.ua .u•<P<Pepe&uaan:&Hoe 

C8'18RR8 R8 38.BBCBT RB OT yrna, RB OT 9H8pi'RR, COBna.aaeT C /8,29/, B STOM cnyqae cpop-

Myna /8.26/ .aaeT 

., = _5_ ...[ ,mJcO. 
16 q 

/8.30/ 

r.ae u -nonHoe ce'leHBe. ¢1opMyna /8.30/ Tax*e coana.uaeT c cooTaeTcTayiOweil: <PopMy

/3/ 
noll, nony'leRHOI a 

Hy*RO eme y6e.aHTbCB, 'ITO .aRaepreRURB aexTopa noToKa aHTponRH /8.12/ &eoTpuua

Tenb&a. 3anHweM 

-Aafn a + Aa{3 >.. Til {3 • 
a a 

8 =-JI /i.31/ 

Y 'IHTI>IB8.SI yp8.BR8BHSI /2.15/, B8.XOL1BM 

a a -(--) •13 
Vas --vvafn a +v >..,>.. r Vau/3 

/8,32/ 

no.acTaBnBR CIOLl8. /8.16/ B /8.19/, nonyqaeM 

v sa._K_[K2(y))]\a~ fnaVt:Jfna -'1/v(A,>..) [ba,.,.V u
13
+hf31LV ua-2/3lia{3V rf'Jv uj8.33/ 

a c k y 2 K (y) a ,.., IL IL IL a ,.., , 
3 
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·-
1 

e-

y-

TaK KaK (u,u)>O , To (r, r)::; 0 • CneaoBaTen&Ro, aepl!loe cnaraeMoe B /8.33/ ReoTpHua-

Ten&Ho. 06o3Ho!PIBM, aanee, B Q:JopMyne /3.6/ t,g= II aUf3+ V f3Ua • HMeeM 

/8.34/ 

Ho Raf3 Taf3 = Raf3 Ra~ nocneaHee Bblpa:>KeHRe HeOTpHuaTen&Ho xax cnea KBa.apaTa TeH3opa. 

Ta~tHM o6pa30M, R BTopoe cnaraeMoe B /8.33/ HeoTpHuaTen&Ho. CneaoBaTen&Ho, V SZ> 0 
a 

BblnKweM, HaltOHeu , aony'leHHble pe3yn&TaTbi ans cnyq:as 

K 

.,a =-~ haf3vf3fn a , 
1g CK 

:l -1 
30 ck ( .:r> b(O) - 70 b'(O) + 0 b"(O) ] , 

(A, ,V' 

-1 60 [ 40b{O) - 210b'(O) + 300 2 b"(0) ] • 
{A,A) 1J{X;Xf 

npK lJJ = 0 Bblp&:>KeHRe b (0) T8K:>Ke yapOlU88TCSI! 

b(O) = ; S(p) p' K J ( lp~ ) d p . 

0 (2p V(A,A) ] 3 

EcnH Ce'leHRe DOCTOHHHO, TO RHTerpan /8.38/ pa&eH 

u 
b(O) • u u ( k 0) 

2(A, A ) 3 2 cJo 

B 9TOM cnyq:ae 

3 ck 6 :l 
K 5c 

K =--- ., "" -- --;w-2u 5u..;r>::M ., 

18.351 

/8.36/ 

/8.37/ 

/8.38/ 

/8.39/ 

/8.40/ 

B 3&KniO'IeHHe aB'rop Bblpa:>KaeT rny6oxy10 6naroaapHOCTb H. H. Boron106osy 38 RHTepec 

K pa60Te R ll8HRble aRCityCCHH. 
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