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O MATEMATI,IqECKOM ANNAPATE TEOPT{I JIHBHEft

,4,. Haaueurco u A. Corcotaa

.  f lpuueHenae npeo6pasosannq MeJI tHHa u  cnoco6a nepeBata  no3Botqer  no-
nyqxTb gaMKnyroe peluenfle ypaBHeHHc reopnu tuBnef,,  Koropoe cpaBunBaercs 3areM
c pe3ynbraTaMr{ Apyrf lr  aBToPoB.

1.  BseAenre

Kac ra . [Haq  reopnq  anaue f i ,  npeAnoxe rua r  Ba6a  u  f e f iTnepou  [1 ] ,
a  r a K x e  K a p a c o H o M  n  O u n e s r e f i M e p o r ' r  [ ? ] ,  y c n e r u u o  o 6 b f f c H s e r  p f l a
sBneHHfi, cBsgaHHbrx c npoxoxAeHHeM MflrKHx KocMI,tqecKHx nyqefi qep$ Ma-
Tepnn, npn noMoxlH nocne.u,oBaTeJlbHofi MynbTI{nJILlKatTnu qilcna qac?Hu: 3,IeK-
rpoH r.r no3HTpoH H3ryqaror '[-n]q, KoTopblfi B cBolo oqepeAb nopox.[aeT [apy,
H T. .II.

OAHaxo ypaBHeHHg reoplln flBrflrorcfl cronb cJIox(HbIMH, ttro Ao crx nop
yaanocb npoBecTr.r nuub npn6nuxeHHyto rpaKToBKy, Aaxe .qnfl BecbMa 6oalruux
eueprnfi.

Vuenn Mecro [onHTKr{ [8], orMeqag Hecrporocrb rrpeabrAyutux BbIqHcreHHfi,
cBecTH ocHoBHhre HurerpoAu$Qepexuualruble ypaBHeHrn r arQQepeHul{atbHHM,
HO, K COXaJIeHHIO, npH gToM He .(aprcf l  pel[eHHfl B 3aMKHyroM BHAe, qro He
no3BoJIgeT orleHnrb roqHocrb noryqeHHbrx BblBoaoB.

floarouy HaM KagaJlocb xenareJlbHbrM, ocraugf, B cHJIe npexHlle rnnore3H,

Hafirn npocroe peureHHe B 3aMKHyTou BHAe, He BBO,U,fi npH 3rOM HOBbIX AO6a-
EoqHHx npeAnonoxeHHfi.

2. Pemenne ocrroBnbrx ypannennfi

fln$QepenunaJlbuoe a$Qexruuuou ..o.rir. An" HcnycKannfl Soroxa alex-
rpoHoM HnH no3HrpoHoM H, coorBeTcTBeuHo, eQQexTHBHoe ceqeHHe Anq nopo-
xAeHHff napbl T-tyttoM B o6/IacrH 6oarunx 3neprfifir KaK HgBecTHol MoxHO 33.
nficaTb B BH[e

o""a (8, e): I(le, op"i, (., Q :2Kl3e,

4NZz r? - I
K: rn-:-tg L83 Z I ,

e-guepnns QoroHa, E-eueprns sapqxexHofi qacrnrlH.
Toraa ,u,an l.r3MeHeHHr r{Hcra gapflxegnbrx qacrr.rq PdE u qncna OoroHcB

ldE zneprun E sa ray6nHe x: tlK cJ{ uv,eer cneAynufie ocHoBHHe ypaBHeHHs:

( 1 )

3arc. J{CyBs. onc,sepsuerr. s reopea, QnsdaE, l. 8, oru. 6.
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uteHHt Hlreru ' r
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de  p  (e ) - * t f u l

Mu BH4UU,  r { ro  Haua npo6, rena noAo6ua 3aaaqe o  cnoxHoM paAHOaKrr . rB_
HOM paclaae 83aHMHO npeBpauarcui lxcrr 3r 'reMeHroB, np,qeM 3a AaHHbrf i  3,rreMeHTB HaueM cnyqae 6epercr  r r f i cno  qacrH(B HHrepBane 3Hepr r4H Mexny E y  E+dE.
o,{Haxo pgA gxeMeHToB 6yAer tenep' He AHcKperHbrM, Ho HenpepHBHbrM, H
,nocTotHHas" pacna4a sBnteTcr 3aAaHHofi $yHxUraeR DHoMepa gJreMeHra..,  r ,  e,sHepr,H' ocraaaqr I  cropoHe yrorrHeHHe 3TOII aHa,loruH, noruo,rgtouefi  npeA-BH.[erb noKa3aTenb'brf i  BHA peueH'tr,  HaJrH.lue MaKcr..rMyMa , 7, n.t  BepHeMcg
K Hcc, 're.qoBaHHro ypaBHeHHfr (2).
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d - i o

xoropoe MoxHo rpaKroBarb  xax  cnoeo6pa3Hoe , ,pa3noxeHHe Qypre , ,  I Io  np f lMbr ] r ru  o6parHu lu  MoMeHTaM.
Vusoxu:u o6e qacru ypanueHnfi (2) na EsdE u rpor{Hrefp}.tpyeu or O

AO co. TorAa, ronafafl  B nocneAHHX fiHrerpanax npaBhrx uacren- (2) e :1g,
B ocranbHbtx  a : f t ,  E : \E ,  H npo l t3BoAn npeo6p isoBaHue K HoBbrM nepeMeH-
HHM IIO CXEME
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(2)

I +
0

1 F
- l

@

f

./ (s) : 
J dEEs f (E ), (3)

, ) ' ) ,

l
I
1
I
t

(4 )

(5)
(+ r'l -

, 2* - T

BH.4:

g*Q; 
T:  o,s7.  ,  .

D (s): qti1;, c (s): +,
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2:\'

3aAaeag Har.tanbHble ycnoBntl B BHAe

P (E,0) :  E  (Eo -E) ,  I  (8 ,  0 ) :  Q,  (8 )

qTo coorBercTByer HaJIHqHIO Ha rpaH}l[e cnofl oAHOfo sneKrpoHa' vn'd fio3HrpOHA

c aHepnHefi E6r Mbr HafiaeM:

r , / ^ \  ) . 1  ( s ) - d ( s )  F s
r v ( 5 , , :  

) . r @ _ 1 1 e ;  " 6 ,

I ( s ) - a ( s )  - s
/ V .  ( S l :  - - : / .' ] , 1  \ v /  -  

) . ( s )  _  ) . 1  ( s )  " o '
(e)

f lpeue6penar n (6) nropuMH peureHl'rt lMH' 6blcrpo cn-aralouHMx npH yBe-

n"renn" l, ruu uo.nyul{M npn [OMoulH npeo6pa3oBauua (3) cneAylouII4e Bblpa-

)KEHHg:
b + i  @

1 r
p(E \ :  ^ :_  )  dse tx { ^ ) ,

zfiIE J
6 - i m
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(10)

(r + ofa) ).
\  \ t / /

(12)

(  1 3 )

z(s): f--r(')++,**ffi,
Y : 8  3 '

KoTopbte MbI MoxeM Bbrt{Hc, ' IHTb npn noMoula cnoco6a f lepeBata' B BH,(y Torot

uto QynrUnf X. (s) B Hyne H Ha 6ecxoHeqHocrx crpeMHrcs x 6ecroHequocrn

I{ r4MeeT Ha BeIqeCTBeHHOfi OcH TO,' lbKO OAI{H ,4OCTaTOqHO OCTpblf i  MH HI' lMyM

a uMeHHO B TOqKe ss, ot lp€,u,erf leMon u3 ypaBHeHHtl

X' (so) :  0.  (11 )

BsoAq BMecro s HoByl,o nepeMeHHyn o (s:so-f io), ro creneHtlM Koropcti
fipoHcxoAIlT pasnox(eHlre

L (s) : X(sJ* ia7' @o) - * '*"(so)+ . . ' ,

MbI noJlyqnM' ofpanuqnBarcb BblnncaHsduu qneHaMH:

,  * ' -  - { r " ' , , - " - t
'  P (E) : ;#  e t r ( ' ,1  |  dae 2  ' ^  ' - ' '  

,
'1" -t

npuqeM or6poureHHaa qacrb 6y.u,er uuerr [optAoK t-3/2,

Tarum o6pa3oM oKoHqarenbHo HaxoAllM

p ( F \ -/ \P) - 
h{z"rt:\sol } '1 (se) - r (so)

t{Hcao SoroHos onpeAenqercq aHa,'I.orfiqHbrM n}treM.

.  3. Oqenra pelneHHx

IIO,nyvenHue pe3ynbrarbl, ilalou1ne 3aMKHyryp QOpuytty AtIs l.iCKOMoro qvcla

qacTHq, HHTepecHbl npexAe Bcero TeM, qTo MeroA lepeBana Aaer Bo3MoxHocTb

oUeHr.rrb noprr1oK or6porueugux qneHoB B BLIAe O(l l t) .  Taxuu o6paeou Bce pe-

ureH1lf ltMeror cMbrcJlrrnrub npn 6oalruux r.ny6uHax t. ero BnoJIHe coorBercrByer

SuauveCXOfi CyuIHoCrt4 aa.{aqn, TaK KaK rrpH Manblx /  sHaqutearHylo ponb 6y4yr

Hrparb $nyxryaUuu, rr Becb pacqer Anfl  nepBbrx cryneHefi MynbrHnnnKaul{t . l  t lHBHfi

sOO6Ue eCTSCTBeHHO IIpOBeCTH, HgTefpnpyt ypaBHeHI{n ,, [ Ial  3a ulaf6M", l4CXOAtr

r{3 Har{anbHoro paclpeAeJ'reHHfl,  a He f i3 crarl ' , lcrHqecK}lx ypanHeuufi '  c Apyfott
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cTHq,
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orxyAa

3ro  a l rpaxeHf ie  coB[aAaer
ne f l  n  ep  a  [ ! ] ,  q ro  o lpaBAbrBaer
B 3roM cnyqae.

Bur6op 6o , ree  roqHux

oruo (E '  e ) :  K

) . ( s ) =

P ( E ) : r - t '  g - ' / "  r . _ " '  E ;  
t - , u - ' i  

1 t ' t , . a *  
r ' i r ' 1 r r r 1 r * 3 - r t

_1 (f) _ ,  - t  2r. '"  . , t  ,  *- ' . ,
v t (  1 4 )

r o q H o  c  p e 3 y n b r a r a M u  K a p , [  c  o  H a  r i  O l t t r e  H -
psA Hef lcHbrX npeue6pexeHui l ,  cAenaHHbrx  HMH

eQQexrneHux  ceqeHu t i  f  e  i t  r . r  ep  a_  Ee ra :
E 2 + ( E - e ) 2 - 2 l s E ( E _ e )

E2e '

opu, ,  ( t '  E )

Aaer B aroM c,'r) 'qae BecbMa 6nusxufr pe3ynbrar:

P, (E) : 1,3, r- 
L g-2,!t 6- 

t ir 
ry 

t 
y-slu yLl' r?t *'1,7 "t2 t t?'z !t ' ' '  - t,2 3- r t

Bo aropou cnyqae npLr y  ( l  uueeu:
t  4  ^  _ /  8 t  1 "t. (s) 3 i- 3"r7. , so =\iT ) ,

1  -  q  ( t )  -  d :  lg  (s+ t )  +  T -+,
orxyaa

P (E) :  3-L -- ' l '  A-" ' '  Eo'  S-Ll t  ra *er ' t  4-r l :  t l t tvz ls ._2, ' "s

( l  aa)

(1  5 )

:!? : 2-' (JA\" 1' ' ' , ,- ' ' '
P ( L l  

-  r - ' - ' /  '  ' Y

.3ror pesy,rbrar HMeer 60,ree o6utnpr awr,, qeM coorBercrByrou{afl npeaear-
u a r  s o p r ' r y , r a  K a p . ' r c o H a - o r r r e H r e f t M e p a  [ 2 ] ,  c o B n a a a s  c  [ o c n e a H e f f  r p x
3HaqeHHH A:afs i  Bnpor{eM BcneAcrBHe , rorapaQunvecKof t  saBHcHMocrH A or  sn
pacxoxAeHHe pe3y" ' rbraroB Ha EceM HHTepBane gHepr i rH 6yAer He oqeHo sHaqul
TEJIbHt , IM.

B naly rofo' qro n [3] aarorca He 3aMKHyrbre sopruy,ru, a nHrub noKa3arenb-gutil usoxljrenr,, KoropHft coana,{aer c nonyqeHHHM HaMH, 6olee roqHoe cpaBHe-
HHe pe3y,lbraToB 3arpyaHHre.rrbHo.



rHfHyr  3HaqeHHf t
'nb  r ronpaBKH Ha
aHyr 6blrb npr.r-

BTOpOe peueHr{e
TH MeTOilIa nepe-
Hfirr no 3HeprHq[{
la /'1,'Ifi d,OrOHOe
Hx QH3nqecKoMy

.u,,Ifl tilrcJ'ta qa-

[e. lbHbrx cnyqaqx

\ - l  t  
,

( 1 4 )

o H a  H  o n n e H -
!  c .4eIaHHbtx Hi{H

1 - E e r 3 :

* t , 2 . 3 - 1 r .  
( l a a )

(1 5)

ynrqafi npe.u,enb-
c nocne.rlHeR npH
:HMOCTH A OT SO

e oqeHb 3+IaqH-

I{ub nOKA3ATOIb.

l  TOqHOe CpaBHe-

',tl t

o hamexamu4ecKott annapame meopuu 'ttusHeil 643

B e a x a r c . r e u n e M b I [ o . u , q e p K H e M ' r I T o M y , ' I b T H n , ' I H K a T n B H a ' I T e o p H q J I H B H e f i
He  f iB . r rqe rc f l  e lHHCrseH;o  Bo3M;xHo f i '  Ha  p r l y  c  re f i 3eH6eproBcKo t l  Mo '

Aenblo,B3pblBHbIX nI',IBHefis oT TflXeJIblx qacTHU c LcflycKaHHeM SneKTpoHoB'

n o 3 H T p o H o B H H e f , T p u H o ' B o 3 M o x H b I ' K a K M b I y x e y K a 3 b I B a n H ' T a K x ( e H H H e
!{HCTO Herl 'tHefiHble MexaHl' l3Mbtt ocHoBaHHHe Ha 'Henocpe'u'crBeHHoM" nopoxAe-

H H H n a p b l 3 n e K T p o H _ n o , " " p o " ( l e r r u f i ] 1 4 1 | , 1 - T ' x e n b l f l ) c a M H M s n e K T p o H o M
(aerrHu urI'r rtxerlbrt) ; ' ;;;;;*lYr.lyoutHl,e 'B3pbrBHblxu q'reHoB B o6ure

ypr"na"", Mbl ocraBn;eM Anq Aaaunefiulero o6cyxAeHHs'

JInreParYPa

l . H . B h a b h a a n d W . H e i t l e r , P r o c , R o y . S o c . . t A l l 5 9 , 4 3 2 ' 1 9 3 7 .
2 .  J .  Ca r l son  and  J . ' d ; ; ' ; ; t t t ' J  i t t i '  P t r vs '  Rev "  i r ' 220 '  1937 '

B. MvrursnanxaruBHan ;5d;- ;;?l:f- i$t;-";^ Ha Bropofi BcecorcaHoil n'uepHofi KoH-

6eoeuuHl'I, Mocxra, ceHTfl0pb IV't '  r ' , l '

Toucr
Cn6. Qusuxo-rexgHqecxnfi

HltcTHTyT

f locrYnHlo B Peraxuurc
19 uapra  1938 r .

o N T H E M A T H E M A T I C A L F o R M A L I S M o F T H E T H E o R Y o F S H o W E R S

D. Ioanenko and A. Sokolou

B y t h e s t r a i g h t f o r w a r d a p p l i c a t i o n o f M e l l i n t r a n s f o r m a t i o n a n d s a d d l e
ooint method a closed solution of equations oi the multiplicative theory of

;;;;.; is obtained and compared with previous results'


