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npKM9R8HKe M8T OL18 CT8UK OR8 p ROA ¢ a 3bl Ll88T 803M O>K ROCTb nony'IHTb peweRRe J:HRe 

T R'I8 CJ:IIX ypaiiHGRKA TH fi8 IICT pe'I810WRXCSI B TeOpHH M HOr OJtp8THorO p8CC8 llHH8 Lln8 6 o nb-

wax yrno e p a cc esrKKR, 

L.O .zaatav ... o, A.Chiloll 

APPLICATION OF STATIONARY 
PHASE METHOD TO THE 

SOLUTION OF KINETIC EQUATIONS 

Ab a tract 

The application of the atatl011ary phaae method makea lt poaalble to obtaia • aolutloa of the killetic equationa alllli lar to those 

•COilllted Ill the multiple aeattertac theory for larp acattertnc an &lea. 
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§1. Beesen~te 

Vfccne,gOB8HHO pacnpe,geneHHR 1-1 -M930HOB C 9HeprHel! - fuB, npOHHKWHX B 39M-

/ } I 
1110 H3 8TMOCcP9Pbl

1 
H8 l501!bWO A rny6HH9 110..1 39M1191! , npHBOSHT K KHH9TII'l:9CKOMY ypaBHe· 

HHIO 

a1 
ax 

+ ~ ( u2o.:;;;) f(>-.-1 +;n-r, ;"' ) c/0( ;·) 

KA.2 <1-~~· <X 

( (J (> .. ;; ;· )-10 ( ;- ) 
2 

KA.2 <l-m'<X 

C Haqa1JbHhlM YC110BH9M 

f(>.. ii) _. B(n -no) 

•4 -~ ·J ·ll 
Or2,J. l0 , Ot'2,0. JO , x•l,2. fO , y=1,5.10 , 

I 11 

A - snHHa aonHhl IJ -Me3oHa . EnH3KHe x I 1 I, XOTR H 6onee npoCThle, ypaaneHHR pac-

cMaTpHaanRCb B CBR3H C aa,gaqel! 0 paCC9RHHH ~aCTHU B cpe,ge 6e3 110T9pH 9HeprHH B pa-

13 4 21 
l5oTax ' ' • Hawa aasa~a . oanaxo, He pewaeTcR c noMOLUbJO pa3BHTbJX TaM MeTo.aoa: 

131 
TeopHR Monbepa npHMeHHMa nHwb sn11 ManbJX yrnoa pacceRHHII. 4To xacaeTcR Henocpe.a -

14. I 
CTB9HHOrO cyMMHpOBaHHII pll.ll8 121 , TO H9H3l59>KHbl9 OWH6KH npH DO.llC~eTe / f (>.) 

113 ypaBH9HRst /31 npKBeayT, B HHTepecy!Owel! HaC Ol51!aCTH 601JbWRX yrnOB paCC911HHR, It 

norpeWHOCTH B CYMMe p11S8 12/ 5011hW9A, ~eM CaMa <ITa CYMMa I BBRSY 601JbWHX COKpa 

LU9HHlll. noaTOMy M bl BblHY>KS9Hbl pa3BI!Tb CBOA C06CTB9HHbiA M9TO.ll npK511H>K9HHOrO no,g

C"'9Ta peweHHII ypaaneHHII Tu na I l l. Kax H .a pyrHe aaTOpbl Mbl aocnonbayeMcll pa3no>Ke

HH9M l(>..n) B Pll.ll no 11011HHOMaM n e>Kanspa: 

LlnH 

f( A,~)., l: a'+ l P, ( n n --:r;:;- [ 

nonyqaeM ypaaHeHHe: 

3 

121 



J -x>. 

_!!!..t_ - ~ 2W If W + ( Pe ( r) a,(><-l+r, r) ff (>.-1 + r ) Jr 
J>. 1->. 

131 

J->.' 
-f 1!>. ) o

2
( >.,r)Jr, 

J->. 

J~>.' 
rLie ~e W- f Jro

1
( r ) I P f(r)-1 

r-><' 

c aaqanbHbiM ycno8R&M : 

lew .. 1 npa ,}. .. 0. 141 

M bl npeLlnonaraeM IJtOTR R ae MO>KeM 9Toro LlOX838Tb l , 'ITO ypa8aeaae 131 8 MecT e c a a-

qanbHbiM ycn08H8M I 41 onpeLienReT I e w 
neKHR 

xaK ueny10 cPYKXUBJO f • Llanee, R3 onpeLie-

PD ( t)- 1+ e"+~ 
l (1/).7 

1-t )+ {p"+~He' + 9/4 
2 (2!' .7 

1-t )/ ... 
2 

p a f+ ~ • rOLlHOro LlnR Be ex e • BbiTexaeT, 'ITO I fw 9CTb qaTKSSI 

cPYKII:UHil p 

'e w "' !/!(>.., p"> . 151 

T orLla ypaaaeaae 121 MO>KeT 6b1Tb nepeoacaao B BRLle: 

+oo+if 

l( >.., cos 8)= f ..2..!LR. 
4rrl 

p~ (rr - 8) !/! < >..,p' > I . 161 
CIDS rrp 

--til 

3TO opeo5p830B8HH9 5blnO npRM8H9HO ~OXOM R 3 0MMepclJenbLlOM DpH KCCn&Ll088RRH pacnpo-

CTp8H8KHR p8LlR080nH. 113 13 I 'IYBCTByeTCR, 'ITO I eW B8CbM8 5blcTpo pacTeT c poe-

TOM IPI npH Re pmO 

RM88 T CeLln08YIO TOqxy 

0TCIOLl8 RCHO, 'ITO Bblp8>K9RH9 8 cPHrypRbiX CX05X8X 8 161 

p• po(>..,8) aa a epxaell. M H HMOA nonyoca. 

Haw CIIOC05 IIOLlC'I8T8 1(.\, CDs8) COCTOHT 8 38M8R8 XORTypa HRTerpSUHR B 161 H8 

XORTYP Co , npOXOLlRUIHll. '18p83 TO'IXY Po ( >.., 8) , a a JtOTOpOM Bblpa >K eaHe 8 c:PurypHb!X 

CX.05JtaX C0Xp8HR8T ROCTORHHYIO cP83Y ITO 9CTb llpOCTO B9UI8CT8eHHOI H 'IHCn8HHOM C'leTe 

nonyqaJOUierocR HHTerpana. 

B cneLiyiOU18M naparpa¢e Mbl pa36epeM npocToA npaMep, pa3'bRCHiiJOll1BA CMblcn ac-

nonb308aaaoro npaeMa. 
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nycTb 

§ 2, n p Jf M 9 p 

w ( )(, ~ 0 , r w (X ) J )( = J , w (- X , - w (X, , w (X) - 0 np H I X I > X 0 , 

a l (A,x) 

a A 
• - I (A, X , + ( w (X - X. , c/ X. I (A ' X') I 

I(A,x)-+ l>( x) A .. 0 . 

lpJl 
I(A,x).. ( • ¢(A,p)c/p, 

2" 

.!!....!~!__ = [ u (p)- J]¢ (A, p ), 
ciA 

8 aTOM cnyqae no.ao5Hbl 121 H /3/; 

HaxOLXHM: 

I(A,x) • 

fp• 
u(p)=-{W(x)e c/x 

2" 

f e'p• +A[u(p)-t)dp . _1_ (clpeF(p,A,ll) 

2" 

171 

/8/ 

Vf3 17/ cneLXyeT, 'lTC U(p) .. U(-p) U(p) 8eweCT89HH8 npR Rep • 0 H 

U(p) MOHOTOHHO pacTeT IJ<ax excnoaeHTa/ c pocTOM /p/ npH Rep - 0 ; u(O)"' J, 

T8K 'ITO /npH X > 0 / OO.ObJHTerpanbH8H <l:JyHKUHH 8 /8/ HM99T C9Ll008YIO TO'IKY H8 nono-

>KJfT90bHOI! MHHMOI! OCR, T8KHM 00p830M, HM99 T CH 8H8DOrHH CO COY'I89M, p8CCM8TpHB89MbJM 

B § 1. ,Uanee B03bM9M LlOH onp9Ll909HHOCTH 

~ OpH - J < X < 
W (x) .. 

npH I x/ > 1 

Ypa8H9HJfe 
j x + _l_ ( sin p_ ) a 0 

Jp p 

U( p) .. sin p 
p 

OOp9Ll90HeT C9Ll008bl9 T O'IKH p = p lr (X I A ) ' k .... - 2 , - J, 0, J, 2, •.• 

npH K /A • 0 

sign Rep lr • signlc. 

9TH TO'IKH BCe pacnono>K 9Hbl H8 Be W9CTB9HHOI! OCR 

[ .-!!__ ( sin p ) ,. 0 
c/p p 

5 

npH p - p ( 0)] . , 
lr 



C pOCTOM X/ ..\ OT KynSI 9T H TO'IKH .OBHr8JOTCSI no KpHBbiM D n 

or9 _cJ_ ( ~irt_ p 
clp p 

-uenoe . Or TO'IeK p ( 0) • lc 
lr 

n 

p (0) , Jc -aeqeTHOe - BHH3 . 
lr 

) ~ _ _!!_ + 2rrn 
2 

'leTHoe , 9TH KpRBbl9 OTXO.QSIT BB9pX,OT T 0 '1 9 K 

nepel! .ae M Tenepb K OllHC8HHIO KpHBb!X CT8 UHOH8pKO A cP83bl, llpOXO.::t SIWHX 'lepe3 T O'IKH 

plr(x / >.). npa x />.- 0- 9 TO KpHBbJ9, Ha KOTOpb!X lm ~ - 0 : a} I mp - 0 . 
p 

f3 ) -KpHBbJ9 Blr , npoxo.aHwae qepea TO'IKH P,.(OJ nepnea.aHKynHpHo aewecTa e aaoA 

OCH H c pocTOM / I mp / npH6nH>K8JOWH9CSI K npSIMbiM Rep - rr lc • npH pocTe x/ >. 

'ISCT b KpHaoA 8 _
1

, n e>K awaH 8 8epxaea n o nynnocxocTH 1 Mb! o6oaHa'IHM ee 8 _ 1 + I o T-

peaoK 8 9LU9CTB9HHOA OCH OT p (0) .00 p (0) H KpH88SI 8 + 1 + , .aec:PopMHpySICb, o6pa-
- l l 

3YIOT rntt.OKYIO K pH8YIO ( (x / ..\ ) ,npOXO.OSLUYIO qepe3 TO'IKY P (x / ..\) I OH8 ne>KRT H8 
0 0 

aepX H9A non08HHe MHHMOI! OCH/ nepneH.OHKynHpHO MHHMOI! OCH; KpHB8SI B+l+ , 0 Tp930K 

[ p
1
(0), p

3
(0) ] 89LU9CTB9HHOI! OCH H KpHB8SI 8 + 3 + , .aec:PopMHpyRCb, o 6 paay-

JOT r na.aKylO KpH8ylO C
2

(x / >..) , npOXO.O SI LUYIO qepe3 TO'IKY P I o sa ne>KHT a 8epx-

Hell nonynnOCKOCTH/ , BHyTp e HHSISI OOll8CTb KpHBOII ( 0 .aenHTCSI 'KpHBOl!~ CT8UHOH8pHOI! cP83bl 

Rep - 0 , /npoxo.aHweA 'lepe a po(x />. ) I aa .aae nonoBHHbl: B npaaoA H3 HHX 

l m F (p,>.., x) < 0 , 8 ne8oA l m F > 0 ; TO'IHO T8K >Ke o6naCTb BHyTpll KpH-

B O A c, COCTOHT H3 .08yX - B np880I! 

l m F ( p ,>.., x) < l m F [ p (x / >..),>..,x]. 
1 

B neaol! 9TO H9p8B9HCT80 HM99T 00p8THbll! 3H8K. T enepb SICHO, 'ITO yCnOBH9M H9llepeCe'I9HHR 

K pH8 bJX c 0 H (
2 

SIBnseTCSI 

l mF ( p (..!.),>.,x ] < l mF [ p ( ~) • ..\,x ] . 
2 >.. o ..\ 

He yMeSI ::xOK 838Tb aTo a epa8ea cTa o, Mbl, o.aaaKo, npe.anonaraeM ero cnpa8e.anRBbiM. Toq

HO TaK >Ke M bl npe.anonaraeM BbrnonaeaHe aaanorH'IHbiX ycn o aHA aenepece'leHHSI ecex nap 

KpHBbiX ( 2 lr ( : ) • ( 2 ( H 1/ ~ ) • D.anee H8llp8LUH889TCSI .09cPOPM8UHSI KOHTypa B 18/, 

*apHBO.OSILU8SI* K p83llO>K9HHJO: 

+oo 
f(>.,x) .. I f,.(>., xJ 

-oo 

191 

f (..\ / X) c _ 7_ ( e 
lr 2 1T c,,. 

,. c/p. 

T aK xax npH s - x / >.. 0 HepaB eHCT B O 

- s I mp ( s) + U [p ( s ) I .- 7 > 
0 0 

> -s iM p (s) + ReU [ p ( s )]- 7 
2 1 

B blll0llR9HO , TO OHO BblnOnReTCSI H B H 9 K OT OpOM RHT epaane 0 < s < s 
0 

, D.nR I H3 9TOrO 
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BHTepsana 6y .oeT [a(s)>O] 

.->..a(•J 
l(>..,x) / l(>..,x)•O[e ] 

I 0 apa >.. .. 00. 110/ 

nocXOObKY Xa>K.QbiA '109H p11.oa / 9 / 9CTb BHaOKTH'I9CKall cPYHKUHII a l(>..,x) 

T&XODOI H e IIBOSIEITCR, TO SICHO , 'ITO Pllll / 9 / MO>K EtT .QaTb XOpOWyJO annpOXCHMaUHIO I (),,X) 

ORWb llOSI 600bWRX 3H8"19BIIIl A , xor.oa HeaHanKTR"'HOCTb ¢YHXUKR W(x) crnamuaaeTcR 

60nbWRM 'IHC OOM C8epTb188HRA, H 'ITO PRll / 9 / p88HOMepHO CXO.QKTbC R It 

l(>..,x) He MO>K&T, 

npa C.Q& n8HHOM H8MR BbiWe Bb160pe cpyHXUKR 'If (X) UpH /c -+ oo 

Ecna I xI I>.. < 1 

->.. +. • 
I xl >.. > 1 

6y .oeT: 

- PRll / 9 / CXO.QKTCR, 

Opll'leM p88HOMepHO 00 X 

/a OTnH'IRe OT I(>.., x) 

pR.o /9/ pacxoaKTCR, ecna 

; T8K xax cyMMa ero I 9CTb 8H80HTK'I9CK8R cPYH X U HSI X 

I I TO I -.1 I . 

I 3. 4acno8oA MaTepaan 

HH me npa80llHTCR aaA.o eHHaR 
Ill 

88MB B C8R 3 K C 3a.Q8'19A Ta6naua 1 cPYHXUKH 

I(>.., cos 6 ) npB Bbl6ope cPYHXUKH F·l /eM, onpe.oeneHae B 

ypa8aeHBB / 1 /; .0 1111 c paBHeHHII .oaHbl TaJC>Ke Ta 6 nana II aToll cpyHKUKR a a pa6nH>Keasa o.o-

1 < >.., t ) - Max I o, 3, 12. 7p-6 ( >.. +t - JJ I . HOKp8TR OrO pacceRHHII 
I (l-t) 2 

Oxono yrnoa, 6nH3JC:HX x upe.oenbHOMY yrny oaHoJCpaTHoro pacceRHKR, Haw pac'leT .oaeT 

f < f I , 'ITO KB>KeTCSI COMHHTenbHbiM H 38CT88nReT llYM8Tb o(5 OUeHxe BTOpOrO 'IO&Ha 

pa3nO>K&HHII / 9 / ; OllH8XO, Mbl Hlill99MCR BCe >Ke, 'ITO .oeno 06'bRCHSI8TCSI llH¢<lJY3ROHHbiM 

CTOXOM 8 o6naCTb XBHeMBTH'I&CKOA T&RH, 

06p8THM ewe BHHM8HH9 Ha TO, 'ITO A 8 H8WeM c ny'lae, B OTOH'IHe OT § 2, He eCTb 

'IKCOO coy.uapeHHil - 8 CHOY Hawero Bb160p8 ce'leHKA OJ060My 3Ha'I9HHIO ), y Hac COOTB&T-

c T&yeT 6ecxoHe'IHOe 6onbwoe qucno a cnbiT8HHblx qacTaueA coy.oapeHaA, TaKH M o5paaoM c 

T8XOA TO'IXB 3p8HHSI 8TOT cny'laA OC060 6naronpH11T9H llOSI npMM 9 H8HHSI Hawero M9TO.Q8. 

no n080llY KHTerpOllR cP¢epeHUH80bHOrO ypaBH9HHSI /3/ OTMEITHM , 'ITO /xOTSI 9TO ypas

aeHH9 8 H8W&M c nyqae CHHrynRpHOe / ORO B9CbM8 ycn&WHO pewa&T CII UpOCT&llWHM CUOCO-

6ou (f · -~ + Ia, a>O). 

MomeT noxaaaTbCII, 'ITO sanH'Uie nonJOcoa ¢YHK URK 1 I CDs trp H8 88W9CTB9RHOA 

OCR OCnO>KHSI&T C HTyaUHIO B c n yqae , JCor.oa ceanoaaR TO'IKa np a 6na maeT cR K 

1 aewecT&eRHOA ocs. 4T06bl aa6e>t<aTb sToA T PYLlHOCTH, no.oCTaBHM a 161 paanomesue . 
( nip 

1/CDs trp•2[e +• 3nlp + .. ,, 



nony'IHM 
00 

I ( >., (X)S 9 ) - ~ 121c+ J (>., c»s 9 ) , 

rae K8>K L18 SI H3 cPYHKUHA 121c+1 oue~sae~CR no KpHBOA CT8UHOH8pHOA ~83bl 093 yKa
( IJC + 1)"' p 

38HHOrO Bb!We B03p8>KeHHR. <l>aKTOp e Bbl3b1BaeT yaaneuHe cean oBblx TO'IeK 

p 
0,2k+1 

(,\. 9) C pOCTOM k OT seweCTBeHHOA OCH H COOTBeTCTBYJOWee yMeHbWeHHe 

cPYHKUHA 121<+1 

pacceH HHH H8 2,r 

, poeT k ua eaHHHUY cooTBeTcTsyeT, rpy6o rosops, ysenH'leHHJO yrna 

, TO eCTb B H8WeM cny'!ae O'leHb oOnb WOMy y6biB8HHIO , T8K 'ITO 

I( >., c»s 8) • 11 (A, c»s 8). 

B 3aKnJO'IeHHe aBTOpbi Bbipa.>KaJOT rny6oxy10 6naro a apHOCTb npoc;p, M.A. Mapxosy, 

113 38Ll8HHR KOTOp OrO B03HHKna H8CTORW8R pa6oTa, B. H . Banyesy 38 oocy>KaeHHe noc-

TaHOBKH 3aaa'IH H B.~. OrHeseuKoM y H H.A. YepHHKOBy 38 KOHcynbT 8UHH no npeaMeTy 

KHHeTH'IeCKHX ypaBHeKHA, 

nHTep8T:i_1LA. 
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24 OKTHOpH 1962 ro.aa. 
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YKS-

c:~~------~~=-----------=------------=~=--------=~=------=~~-----· ue aKe 

HJO y rna 0 ,9 1,538 1,76 2 ,54 3 ,18 4,25 
T O 0 ,8 2,37 2 ,75 4,00 5 ,01 

0 ,7 3 ,01 3 ,53 5 ,15 

oey , 0 ,6 3 ,55 4,20 5 ,73 9 ,02 

· noc- 0,5 4,07 4,8I 7 ' '~4 

MeTy 0,4 4,54 5 ,36 9 ,23 
0 ,3 4,97 II,02 
0 ,2 5 ' 1~0 6,II 
0,1 6, 70 
o,o 7,87 

-0,1 
-0, 2 6 70 

' -0,3 7,75 
, -0,4 8 ,95 

- 0,8 21,24 

Ta6nnua 2 

¢ YIIK LVnt - ~!f'G~CCJ.St;:}) 

--~~------~~;-------~--------~~;-------~~;--------~~;----------

~~~~------~--------------------------------------------------- -
f 0 ,9 3 ' 41 3 ,55 '3 ,90 4,14 4,50 
I 0,8 4,06 Ll , 20 4,63 I~ , 99 

I 0,7 4 , t6 4,60 5 ,16 5 ,98 
0 ,6 4, 74 4,93 5 ,71 

J 

0,5 4,98 5 ,20 
0 , 4 5 ,20 5 , 46 
0,3 5 ,40 5 ,72 
0 2 5 ,59 6,01 
' 0, 1 5 ,78 6,41 

0 ,0 5 ,99 
-0,1 6, 23 
-0 ,2 6,55 
- 0 ,3 7 ,20 


