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1. B B e a e H H e 

3KCIIepHMeHT8nbHbJe HCCneLIOB8HHSI IJOK83b!B8!0T 0 'iTO LinSI yrrpyrHX H 

5HH8pHbiX HeyrrpyrHX IIpOUeCCOB cymeCTByeT LlH<jlpaKUHOHHbJJ! IIHK BIIepeLI, LIH<!J-

<jlepeHuHanbHbJe ce'ieHHSI aTHX rrpoueccoB rraua10T c pocToM yrna pacceSIHHSI 

(HnH nepeaa'iH HMIIynbca). Oano!! H3 xapaKTepHCTHK aToro IIHKa S!BnReTCSI ero 

c peaHSISI mHpHHa. CymecTByJOT pa3Hbie orrpeaeneHHSI cpeaHeil: ll!HpHHbi aH<jlpaK

/1,2/ 
CneaySI florynoBy II ap. , Mbi Ha3biBaeM cpeuHel! ll!HpH-UHOHHOrO IJHK8o 

HOil: LIH<jlpaKUHOHHOrO IIHK8 5 HH8pHOrO IIpouecca 

BenH'iHHY 

AI ., ___ u ___ _ 

du I 
t"' t 0 dt 

(1 

d!7 1 

---!8=0 
d cos() 

(1) 

( 1) 

rae k H k ' - TpexMepHbie HMIIY.nhCbi H8'i8nbHb!X H KOHe'iHblX 'i8CTHU B 

c.u.M., 3Ha'ieHHe rrepeaa'iH HMIIynbca rrpH 

aannoro rrpouecca 

+l 
u ' l r 

-I 

du 1 

d cos() 

3 

() "' 0 u' I - nonHoe ce'ieHHe 

d cos(). 



npH S-+oo Mbi HMeeM 

~I 
U I 

du~ 
I t=o dt 

I 
su 

du I 
2 I 

d cosO 9=o 

( 2) 

no 8H8nOrHH C cjlopMynolt ( 2) Mbi H83biB8eM CpeaHelt IIIHpHHOit LIHcjlpaKUHOH-

Horo rrHKa Heyrrpyroro rrpouecca 

aenH'IHHy 

d u 
(7 · 

a+ · b-+ c + d 
1 

+) .••.• + dn 

~u = s u u 

dun 

2 ' dcosO O=o 

(D) 

( 3) 

rae 
d cos (} 

- Ce'!eHHe p0)1{LieHH51 '18CTHUbi , C , ITOLI L18HHbiM yrnoM 0' 

ITPOHHTerpHpOB8HHOe ITO BCeM OCT8nbHbiM nepeMeHHbiM, a uu - rronHoe 

ce'!eHHe aaHHoro rrpouecca. 

/1-3/ 
floryHOB H LIP• paCCMOTpenH cnyqajt 6eCCITHHOBbiX '18CTHU H ITOK8-

3BnH, 'ITO B CHny aHanHTH'IHOCTH CBOltCTB 8MITnHTYLI ynpyroro pacCe51HH51 

( 1') 
a+b-+a+b 

H ycnOBH51 yHHTapHOCTH IIIHpHHhl ~J 

1 
He MoryT y6hlB8Tb 6hlCTpee 

111
2 s 

an51 acex rrpoueccoa ( 1), (D) H ( 1') 

rrpH s .... 
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J const 
6. > ----

In 
2 

s 
(4) 

LlnS! ce'!eHHH Ha HeHyneBOM yrne 6binO nony'leHo T8K)Ke HeKoTopoe HepaBeH-

CTB O. 

B HBCTOSII.Ueli pa6oTe Mhi H3yqaeM npoueccbi THna (I) , (II) H ( 1') 

C yqaCTHeM '18CTHU C IlpOH3BOTibHbiMH CllHH8MH H IlOK8)KeM, 'ITO pe3yTibT8Tbl 

noryHoBa H up. 1 I-3/ cnpaBeunHBbi H B aToM cnyqae. 

2. EHH8pHbie rrpoueccbr 

Pacc MoTpHM c Ha'lana npoueccbi ynpyroro p a cceSIHHSI (I') . 06o3HB 'IliM 

q e pe3 p 
1 

, .\
1 

, i = a , b HMilYTibC hl H CllHpa nbHO CTH H 8 '18 TibHhlX 'IBC T H U 1 

- T e >Ke BenH'lHHbl LlTISI KOHe '!HblX 'l8CTHU . Yf HB8pH8 HTHbie CllHpBnb-

Hbi e 8MllTIH TYLlb l MOryT 6b!T b p83!lO)KeHhl HB napUHBTib Hbi e BO TIH b l c n eLlyiOll!HM 

o6 p a3oM : 

J 
I-(2J+l)f ,, 
,. . .\1'"1 

J 

d .\' .\ , (cos 8 ) 

' ( 5) 

.\ , = .\ 4 ~ .\ , ' .\ = .\ - · .\ . 
a b a b 

HanoMHHM, 'ITO Bbipa )KBJOTC SI q e pe3 n o nH HOMbi HKo6 H 

.\-.\ , 
2 2 cA-.\', ~') 

P
3 

_ .\ ( co·s '9) 

( 6) 

J 1 (J+.\)!(J-.\)! 112 
\ x .( cos8)= 2X"[ (J + .\ ' ) ! (J _ .\ ' )! ] ( l+cos8) 

( 1-cos8) 

npH .\ > I>.' I 
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J 
d -A,-.\, (cos 8) 

J 

d A', A 
.,\-,\' 

( cos 0 ) = ( -1) 

113- 38 H8JIH'iHSJ CHHrynSJpHblX MHO)I{HTeJieit 

J 

J 
d .\,.\'(cosO). 

p.+A '1 . 
2 

( 7) 

J.>.-.>.~1 
{1-cos 8) 2 

B ¢yHKUHSJX d.\,,\' aMnnHTYJlbl T A A , 
1' 1 

(1 +cos 8) 

(p11p;) He MoryT 6hlTb 8H8JIHTH'i-

HbiMH no Z = COS 8 
B o6naCTH , COJlep)l{amelt cerMeHT [-1

1 
1] • OnHaKo, ecnH 

Mbl Bbi}leJIHM 3TH MHO)I{HTenH, TO nony'l:HM 8H8JIHTH'IeCKHe no Z 4JyHKUHH. 

Del1cTBHTenbHo, nono)I{HM: 

- IA+.\'1 lA- A, I 
2 T~ ,\,(P1 ~p; )-(I+ cosO) 

t' 1 

2 

TA .\' (p1 
t' 1 

(1-cos(} 
I p; ) • 

3TH HOBbie ¢YHKUHH 1 CB060llHhie OT KHHeMaTH'ieCKHX CHHrynSJpHblX MHO)I{HTeneli, 

8H8JlHTH'iHbl no Z /4/ 
B snnHnce MapTsHa c ¢oKycaMH B TO'IKax Z = ± 1 

H 60Jib!UOit nonyOCbiD z .. 1+-y- ; 
s y - nOJIO)KHTeJibH8SJ KOHCT8HTa. 

0HH npencTaBJISJIDTCSJ B BHlle PSJllOB no llOJIHHOM8M 

J.\ •• +.\ 'I 
J -c:\, A, (cos 8 ) = (1 + cos (} ) 

- J.\-.\ '1 
2 

(cos (} ) 
J 

d A, .\' 
( 1- cos (} ) 

crrenyiD!UHM o6paaoM : 

T' 
.\ 1, .\ ~ 

(p 1 I p ~ 
~8 J J 

) = 8rr-- l: (2]+1) f , (s) CA A, (cos(}) . 
IP I J A,,A1 ' 

a 

( 8) 

nocK OJlbK y T{ A,(p11p;) 8H8JlHTH'iHb l B 3 JlJIH nce MapTs Ha, M b l MO)I{eM n p HMeHHTb 
1 ' 1 

¢opMyny K ornH no r paHHU e 3TOr o 3 JlJIH n ca . n o nba yeMcSJ ¢ o pMynoit 
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_1_ =(Z'-o'.\->.1 (Z'+1)1>.+>. 'I I. (2J +1) c,', 
Z' - ·Z ".-

(Z) e~ p. (Z') ( 9) 

J 
rae cPYHKU RR eAp. (Z') nponopUROH8nhHbl cPYHKURR ~K06R BTOporo poaa Q(a,~) 

n 

!51 
(eM. , cllopMyna ( 9.2.1). HanpHMep, 

1 O+>.) ! (J->.)! 1/2 1x-xr >.+>.'> 
e (Z)=- [-------] Q ' (Z) 

>., >.' 2>. ( J + >.')! '(J _ >.,) J - >. 

( 10) 

npH >. ;:: I >. ' I . 
/6/ 

IToBTOpRR Bee paeey~eHRR fpRH6epra R noy (eM~ T8K~e 

/7/ J 
pa6oTy <l>pyaeeapTa ) , MO~HO ITOK838Tb, 'ITO napuRanbHbie 8MITnRTyahi f (s) 

>. >.' 
1' 1 

:3KeiTOHeHUH8nhHO y6biB810T npR J -+ oo : 

J 2y -J 
f ,(s)l< R(s)(l+y'--] 

>.1,>.1 - s 

( 11) 

rae R(s) - nonRHOM oT s 1 He 38BRCRmRtt oT J . 06o3HB'IHM qepea J 0 

3Ha'IeHRe J 
1 

anR KoTOporo npaBaR "laeTh cooTHoweHRR ( 11) paBHa 1. CyMMY 

B eOOTHOWeHRR (8) pa36RB8eM H8 aBe: OT 0 ao V J O -1 H OT Y J O ao 

rae 
I 

v - TaKoe nono~RTenhHOe "lHeno, 'ITO " J - uenoe 'IReno. Mo~-

HO noao6p8Tb KOHe'iHO "lHeno II T8K 0 "'T06bl BTOpaR eyMM8 ( OT II J D ao 

... y6biB8na aoeTaTO'IHO 6biCTp0 npH S -+ oo R rnaBHhitt BKnaa aasana 

TOnbKO nepB8R eyMM8 
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ITonb3yHcb Terrepb aepaseacTBOM lllsapua H OUeHK8MH 

(a • f3 > 
p (1) 

n + a 

II n 

( a, f3 ) 1 
I P (cosO)I .. --

11 

v'rrn 

1 
1 

( 
. (} a+

SlD-) 2 
2 

) , 

1 

(co 8 f3+-~-' () ,f, O,rr 
s-) 2 

2 

( 13) 

( 14) 

(eM/51 
<!JopMynbi (4.11) H (8.21.J0))1 MO)KHO ITOK838Tb

0 
'ITO AH~epeHUHBnbHOe 

ceqeHHe rrpouecca (I') rrpH s ..... 
YAOBneaopHeT HepaBeHCTBBM 

1 
--~· 

u 

1 
I' u 

1 
r' u 

r' 
du 

dt 

1, 
du -
dt 

1' 
du 

d cos (} 

t"' 0 
< COI!st In 

2 
s , 

I < COI!st 

,.,0- ltl .l/2 

I < 
(}., o,rr-

comst 

sin() 

In s , 

v' s l11 s . 

( 15) 

( 16) 

( 17) 

PaccMoTpHM Terrepb aeyrrpyrHA 6HaapHbiA rrpouecc ( 1). Ero HHBBpHBHTHbie 

CITHpanbHble BMITnHTYLlbl rrpertCTBBHM B BHrte: 

M>.ti'J(p1 ,q
1
)=8rr/ s 

I P II q I a e 

J J 
~ (2J+l)g, (s) d (cos(}), 
J "l,p.J >.," (18) 
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rae q I , ILl , j = C, d - HMllYllbCb! H CnHp81tbHOCTH KOHeqHb!X qaCTHU 1£ -

H3 ycnoBHH yHHTapHOCTH cneayeT, qTo 

J 2 

' I + ..... 
>-.1 'I' 1 

( I9) 

noaTOMy Mhl HMeeM: 

J 1/2 J 
I ' \ I < v' I f I < R( s ) [ 1 + v' _Y_ 1 -

"1•1-'1- A1 , ->· 1 2s 
( 20) 

Haaqe roaopH, H3 ycnoBHH yHHTapHocTH H aHanuTuqaocTH aMnltRTYilhl ynpyroro 

g J 8KCIIOHeHUH81tbHO y6biB8JOT C pOCTOM J • 
\,I' I 

noaTOMY CyMMy B COOTHOWeHHH ( I8) MO>KHO 38MeHHTb HB CYMMY OT Q 

ao v'J
0

, KaK u B cnyqae ynpyroro pacceHHRH. TI0BTOpHH ace npellbiilymue 

paCCY>KileHHH, Mbl yCT8HOBHM llltH ceqeHHH npouecca (I) COOTHOWeHHSI 

(I5), (I6) H (I7): 

1 d q 1 
I 

2 
< ODDSt In s, 

ql dt t=o 
( 21) 

1 du 1 In 8 
I < ODDst 

I t(
2 

ql dt t I o 
( 22) 

1 du 1 

I < ODD8t 
v' s In 8 

q I d COB () 
(Jf, O,IT- sill() 

( 23) 
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3. ITpoaeccbr MHO)I{ecrsennoro po)l{aeHHH 

06oaHa•rHM qepea q , q , ll , ll , j = 1,2, . . . n HMrrynhCbi H crrHpanb-c , c , 

HOCTH KOHe'IHb!X '18CTHil B IIpouecce (0), llm1 TOrO, 'IT06b! pa3nO)f(HTb HHBa-

pHaHTHbie crrHpanhHbie aMrrnHTYAhi M A (Pi , q q 
1 

) 
t•llclll c 

Ha rrapuHanhHbie BOnHbi, 

Hy)f(HQ CH8'18na ITOACT8BHTh BMeCTO HMITynhCOB q I ApyrHe rrepeMeHHb!e, 0603-

H8'1HM qepea f, m H W ITOnHhiA MOMeHT ( CITHH) 1 IIpOeKilH!O ITOnHoro 

MOMeHT8 Ha HarrpaBneHHe HMITynbCa (CIIHpanbHOCTh) H ~eKTHBHY!O Macey 

CHCTeMbl n KoHe'IHhiX qacTHu D = d + . . •• + d 
n 1 n H qepea q HM-

ITynhC q c B C,U,M, 3Ty CHCTeMy p83AenHM Ha ABe ITOACHCTeMbl '18CTHily 

d 1 H ITOACHCTeMy D -- d2 + ••• +d n c rronHbiM MoMeHTOM t 1 , rrpoeKuHeA D-1 ' 

MOMeHTa H8 · H8IIpaBneHHe HMITynbCa m 
1 

'li: s$tJeKTHBHy!O Macey W 
1 

• 

-+ 
11Mrrynhc qacTHilbi d 1 B c.u.M. cHcTeMbi Dn o6o3HB'IHM qepea k 

1
• 

CHOB8 pa36HB8eM Dn_1Ha ABe ITOACHCTeMbl H BBOAHM COOTBeTCTBY!OWHe rtepeMeH-.. 
H"b"Ye; t 2 , m 2 ,W 2 , k 2 H T.A. BMecTo 

J 
0A,A .( ¢, (J, - ¢ ) ' rAe B, ~-

.. J .. 
yrnoBhie c<jlepuqecKHe KoopAHHaTbi BeKTopa k , Mbi aarrHIIIeM D A, A,( k ) 

/8/ /9/ 
11MeeM Toraa (eM, pa6oTbi )f(aKo6a H BuKa H lllupoKoBa ) : 

J 
IIA (p,q,a)= l: (2J+l)g (s,tmw,tmw, .... )(

24
) 

t•llci'J 1 c "'J Jfmf m1 •••.•• f 2m 2 At'~'c~'J 1 1 1 
n- D-

,. 

J t 
d (cos6) D 

A,Jtc-m m,~o~n-m1 

II). u u (pl,qcq 1) 
t' ... c ... , 

l: (2J+l) l: 
J m 

.. t1 .. 
( k ) D (k ) ...•...... 

1 m 1 ,~'n-lm 2 2 

J ,m J 
a (a, .... )d (cos6),( 2S) 

A I ' llc ll I A ' 1-' c - m 

rAe TO'l.KH o6oaaaqaJOT Bee ocTanhHbie rrepeMeHHbie. 
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B CHny CBO~TB CHMMeTpHH ~yHKUHA 
J 

dAA' MO~HO orp8HH~HTbCR 

paccMoTpeaHeM cny~as:r, xorua A > 0 . ITono~HM 

m1=j.lc-A, m2 P.c+A 

J 
H paccMoTpHM ~yHKUHH d A , 1-' -m B Tpex paanH~HhiX cny~as:rx: 

c 

1) m 1 < m < m 2 : !flyHKUHH d J COLiep~aT CHHrynSipHbie MHO~HTenH A,~J- 0 -m 

2) m >. m : 
2 

(1+ cos 0) 

~yHKUHH 

(1+ cos 6) 

m -m m- m 1 
2 2 

(1- cos 8) 

COLiep~aT CHHryns:rpHbl9 MHO~HTenH 

m -m2 +A 

"( 1- cos 6) 2 

EcnH m = m• + ·2 n n - uenoe rronO)I{HTenhHOe qf!cno, TO CHHrynsrpnbre MHo-

,\ 
)l{f!TenH CBOllRTCR K ( 1 - COS (}) 

nsrpHhl8 MHO)I{HTe nH C B OllR T C SI K 

J 

EcnH )1{9 m=m 2 +2n+1 TO CHHry-

o- coso r:>. o +coso)~ 
3) m < m !flyHKUHH d A, 1.1 _ m couep)l{aT CHHryns:rpHbie MHO)I{HTenH 

0 

m -m m -m 

(1 + cos 0) 
--'---+A 

2 
(1-cos 0) 

2 

EcnH 
A 

TO OHH CBOLIRTCSI K ( 1 + COS 0) , a ecnH 

m == m,- 2n- 1 
l/2 +A 1/2 

TO OHH CBOLISITCR K ( 1 + COS (J ) ( 1- COS 0 ) 

8 COOTB9TCTBHH C p83HbiMH CHHryns:rpHOCTSIMH ~yHKUHH 
J 

dA•I'o-m Mbl 

paa6HaaeM cyMMY rro m B COOTHOIIJeHHH ( 25) H8 fiSITb CyMM: 

I + + 
m m <m<m 

1 2 
m=m

2
+ 2n mem 

1 
-2n 

CooTBeTCTBeHHO aMrrnHTyLia M x
1

, 1-'.PJ rrpeLicTaans:reTcs:r B BHLie: 

11 

+ 
m=m -2n-1 

1 



rae 

( 1) 
M 

>.1 , 1lcP.j 
I. (2J+1) I 

m1 <m<m
2 

J' m J 
a>. (s, .. . )d>. 

1•P.J'1 •P.c - m ( CIJS {) ) ' 

J ' m ( 2 ) 
M 

>.1 ' "'c "'l 
I (2J + 1) I a ( s, ••. ) d • (cos () ) 

.\1 ' l'c P. J A, p. _ , m m = m
2 

+ 2n c 

H T, Lt , 

0TMeTHM, 'iTO ace qneHbi a M 1 21 
COLtep)I{8T T8KOl!: )l{e CHHrynHpHbll!: MHO)I{H -

Tenb, 'ITO H ~YHKUHH 
J 

d>. ,->. ( cos0),no 9 To My M ( 
2 

J MO)I{eT 6biTb pa3JIO)KeHa 

B pS!LI ITO 9 THM ~YHKUHSIM: 

J ( 2) 
M 

.\
1

, llell 
I. (2J + 1) 
J 

a 
J • ->. 

(s, . ... )dA,->. (cos () ) • 
>.1,1-'eJ.Ij 

AnanorH'lHO 

M I 3) =I (2J+l)a 
J,-.\.-'1 

( s, ••. ) d ( cos (J ) ' 
>..1'~'-v~'-l J >.l,p.cp.J >.,->..- 1 

Ml-'l (2]+1) a 3 ' >. J 
( cos (J) ' = I ( s' .... . ) d>.,>.. >.1,p.ep.J J >.,,p.ep.J 

( 5) 

M = I (2J + 1) 
>. 1 ' "'.,P. J 

J ,A+l J 
( s, ••••• ) d (cos (J) • 

>. ,>. + 1 
a 

Al' P. aP. J 

TaKHM o6pa30M aMrrnHTYLibi M >. , 11 MoryT 6biTb rrpeacTaaneHbi a aHae: 
l t',.erJ 

12 



rae J' m 
a 

J 
(s, .... ) d 

A • p. 
(cos (J) , 

rrpH m < m < m 
2 

3To paano)l(eHHe SIBmieTcSI o6o6meHHeM pa3no)l(eHHSI no rronHHOMaM 

I 1-3/ 
HCIIOnb30B8HHOrO noryHOBbiM H llPo anSI 6eCCIIHHOBbiX '18CTHUo 

(26) 

Ce'leHHe rrpouecca ( U) c po)l(aeHHeM 'IBCTHUbi " c " noa aaHHbiM yr-

noM (J 

d q II 

dcos 0 

paaHo: 

217 

Ep 
1 

( 27) 

rae d r - aneMeHT o6oeMa anSI HHTerpHpoaaHHSI no aceM rrepeMeHHbiM, KpoMe 

... 
TenecHoro yrna BeKTopa q a s a H S b - CfiHHbl '18CTHU 8 H b • 

C apyrott cTopoHbi, BKnaa rrpouecca (II) a 
MHHMyJO '18CTb 8MIInHTY!lbi 

yrrpyroro pacceSIHHSI (1') paBeH: 

( 28) 

p8BHbl Hynro IlpH m" m' 0TciOaa cneayeT, 'ITO HHTerpanbi rrpo-

13 



'·I' J',~t'* d 
a, a, no r 

"1' l'c I' J " 1 ' l'c I' J 
T8K:>Ke p8BHbl Hymo IIpH jt .f. jt' • H3Be.neHHl1: 

B p e3ynbTaTe rrony qHM : 

dun 1 J , J , 

I (2J+1)(2J '+1) I d (cosO)dA (cos8)· 
J J , AIL I' 

2!7 

d cos e Ep 
(2sa+1)(2sb+1) At)l'ci'Jil ( 29) 

• J,jl ,-,.,. 
• ;fa (s, ... )a (s, .... )*dr 

\• /lei' l ~'t ' IJ.cl' l 

J J I' (30) 
21m T (p , p' ) == I (2J+l) d A A (cos 8) I fl a ' (s, ... )l 2 

dr. 
AI , AI 1 I J ' l'ti'JI' At•l'ci'J 

nonb3YS!Cb HepaBeHCT B OM ill sapua , Mbl MO:>KeM rrony qHTb JlnS! ceqeHH S! COOT-

HOilleHHe 

du" 2" J 
-- < -- ( I (2J + 1) v TJ 

0 
d J 

A o I' o (cos 8 ) 1 ] 
2 

d scos () - Ep J A I 

1 · d ' < cos e > I 
A o I' o 

.,., J 

Ao 
I 

max I 

A I I' cl' J I' 

mu 

At ' I' 

J 
I . d A I' ( cos 6 ) I ' 

I . J I' 12 fa (s, ..... ) du . 
All'cl'l 

14 
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H3 COOTHOllieHHH \30) H ycnoBHH YHHTapHOCTH cneayeT HepaBeHCTBO 

1 1/2 y J 
v--P- '7 1

0 
<vl · £~ 0 xo (s)l< R (l+v--l-

16 rr E A1 1 , 1 2 s 

(34) 

aHanorHqHoe HepaseHCTBy (20) anH 6HHapHhlX HeynpyrHx npoueccos. HHaqe 

J 
rosopH, '1 A 0 TaK>Ke y6biBaiOT 3KCITOHeHUHanhHO ITpH H B !jlopMyne 

1 

( 31) BMeCTO CYMMbl ITO j OT 0 AO 00 MO>KHO HaiTHCaTb CyMMy OT 0 AO 

V 'J . flpHMeHHH K nocneaHeti CyMMe HepaBeHCTBO lllaapua, Mbl nonyqHM COOT-
0 

HOIIIeHHH 

1 

an 

1 

II 
du 

d cos 6 

d a 11 

d coa 8 

I < const 
6=o 

2 
s In s , (35) 

I < const 
(J " o., (36) 

B 3aKnJOqeHHe H 6naroaap10 HryeHa BaH Xbey 3a nocTaHOBKY 3aaaqH, a 

TSK>Ke fl.A.CMopOAHHCKoro H A.H.TaaxenHA3e 38 HHTepec K pa6oTe. 

flHTepaTypa 

1. A.A.Rorynoa H Hryen Ban Xbey. ReKuHH MeJKJJ.YHBpoJJ.Holt mKOJibl no t/Jn-

3HKe BbiCOKHX 9HeprH/t0 ~eXOCJIOBBKHH0 1967 roJJ.. 

2. A.A.RoryHoB H Hryes Bas Xbey. D.oKJIBIJ. HB MeJKJJ.yHBpoJJ.nolt KOHt/JepeHUHH 

no CTOJIKHOBeHHIO BIJ.poHOB npH BbiCOKHX 9HeprHHX0 )/(eneBB, 1968. Jlpe-

npHHT OHHH, E2-8655, fly6na, 1968. 
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