
26'9r/Jlt 

B.A.BeAHHKOB, c.r.KoBaReHKO 

0 fib e A MH 8 H Hbl M 
MHCTMTYT 
HABPHblX 

MCCnBAOB3HMM 

AYtiHa 

P2-84-143 

rRYBOKOHEYOPYrAH CTPYKTYPA HYKROHA 
H rRIDOHHNH KOH~EHCAT 

llanpaeneHo e >KypHan "flAepHafl ctn131-1Ka 11 

1984 



I 

•. 

BBEAEHWE 

8 HaCTO.fl~ee BpeM.fl nOA rI1100HHblM KOHAeHcaTOM nOHl1MaeTC.fl ll>YHAa
MeHTailbHa.fl xapaKTepl1CTl1Ka ¢113114eCKOrO BaKYYMa, 11rpa10~afl BamHylO 
POilb B ¢11311Ke aAPOHOB Hl13Kl1X 3Hepr11~ - BaKYYMHWH/MaTp114HWH 311e-

- 1/ 
MeHT OT onepaTopos rnrooHHoro non.fl "50 I a;vaµvl 0> • Ao c11x nop 
npaKTl14eCKl1 He 113y4eHo BI111.fl.Hl1e 3TOl1 xapaKTep11CTl1Kl1 Ha npouecCbl, 
npoTeKal0~11e np11 BWCOK11X 3Heprl1.flX, He .flCHa CB.fl3b rillOOHHOrO KOH
AeHcaTa C KBapK-rI1IOOHHWM11 $YHKU11.flMl1 pacnpeAeI1eHl1.fl, 113Mep.fleMWMl1 
s r11y60KoHeynpyroM pacce.flH1111. 

BBl1AY OTCYTCTBl1.fl OTBeTa Ha 3TOT sonpoc B cTporoH Teop1111 npeA
CTaBI1.fleT 11HTepec paCCMOTpeTb ero O paMKaX ¢eH0MeHOI10r114eCKOro 
nOAXOAa, 

Mbl BOCnOI1b3YeMC.fl C 3TOH ueilblO CTaTl1CTl14eCKOH napTOHHOII: MO
Aeilb0121, B KOTOPOH nOH.flTl1e KOHAeHCaTa 603e-4aCT11U MOmeT 6wTb 
BBeAeHO KaK ecTeCTB,eHHOe 0606~eH11e rnaAK11X pacnpeAeI1eHl1H. 3TO 
HeKOTOPa.fl ¢a3a OCHOBHoro COCTO.flHl1.fl Cl1CTeMW, npeACTaBil.fllO~aR co6oH 
COBOKynHOCTb 4aCT11U' C 8-o6pa3HblM 11MnyI1bCHblM cneKTpOM. 

8 HaCTOR~eH pa6oTe C nOMO~blO QOPMaI1113Ma npOl13B0Afl~11X ¢YHKU110-
Ha110B nony4eH~ ¢yHKU1111 pacnpeAeI1eHl1R KBapKOB 11 r11100HOB C y4eTOM 
rillOOHHOro 603e-KOHAeHcaTa, npoaHaI111311POBaHW HeKOTopwe B03MOBHWe 
CI1eACTBl1.fl ero cy~eCTBOBaHl1.fl B HYKilOHe. 

1 • nPOW3B0AfllllWA l!>YHKUWOHAJl 11 r11IOOH1tblf1 l<OHAEHCAT 

B131 B paMKax CTaTl1CTl14eCKOH napTOHHOH MOAeI111 C peAmeBCKOH 
aCl1MnTOTl1KOH 121 nony4eH npo113BOAR~l1H QYHKU110Ha11 AilR MYilbT11nap
TOHHWX ¢YHKU11H pacnpeAeI1eH11.fl KBapKOB 11 rillOOHOB B aAPOHax. Boc
nOI1b3YeMC.fl 3Tl1M ¢yHKU110HaI10M AI1R HaxomAeHl1R ~YHKU11H pacnpeAene
Hl1R KBapKOB 11 rillOOHOB B HYKilOHe C Y4eTOM r,110HHOro KOHAeHcaTa. 
l<paTKO HanOMH11M OCHOBH~e no110>KeHl1R pa60Tbl 11 nepen111ileM ofa111e 
<IJOPMYilW AilR 11HTepecyro~ero Hae CJly4aR. 

npol13BOAR~l1H ¢yHKU110HaI1 11MeeT CI1eAYIO~l1H B11A /cM. ¢OPMYI1Y 
/24/ pa6orn 131): 

W[flal =+f d~expli~alD~(~)(~- iO)-'g- b x 

x exp ID ( ~) + D8 ( ~) I 0( a) . 
g 

Otn.,~A ,u,;~;, .. IJU. HIICTKry? 1 
Utpm:a: m:r!.?.ll083HDI 

~6J1kJ(ffEHA 

/1/ 
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3AeCb 
00 -i(f-iO)t 

Dv(f)=Jdte 'f(t), 
0 V 

D (fl= fdte ..:.i{f- iO)t(i (t) _ JL) 
s O s t • /2/ 

D ( fl = f d t e - i ( f - i o) t ( f/ t) - g ) ' 
g O t ' 

peryJl.RPHble <l>YHKl.11111. ,ll.n.R HYKJlOHa n = 3 /411CJ10 saneHTHblX KBaPKOB/. 
PeAmescK11H aHa1111a AaeT ac11MnToT114eCKl1H B11A <l>YHKLl11H fi 

/f
1 
➔ £1 , np11 X ➔ 0/: 

f (x) = fj (x) = a(x)x -a(o) 
V V 

- -. X 
-1 

f (x) = rl(x) = b(x)-. -
s s 2f 

.,, 1 r (x) = g(x)x- ' ,g 

/3/ 

np114eM j = 1 '2' ••• '2f ' f = 4 - 411CJ10 11pa3MOpomeHHblX11 KBapKOBblX 
apoMaTos; a(x) , b(x) 11 g(x) - HeKOTOpble <l>YHKl.11111 a(O) = a>O , 
b( O) = b >0, g( 0) = g > o; a ( O) - 11HTepcenT J111Al1PYIO~eH Hec11Hrnernoi1 

Q2 
TpaeKTOPl111. 3AeCb X =--- 6bepKeHOBCKa.fl nepeMeHHa.R. 

2Mv 
OrpaH11411MC.fl paccMOTpeH11eM OAH04aCTl14HblX <l>YHK1.111H pacnpeAene

H11R. Hx CB.fl3b C npol13BOA.fi~11M <l>YHK1.1110HaJ10M 3a,qaeTC.fl COOTHOWeH11eM: 

fi ( x) ow [f I 1] 
f. ( X ) = ----:=-,--· ·-::.-----· 

1 W[fl 1] ofi (x) 
/4/ 

HH,qeKc i COOTBeTCTBYeT BaJleHTHblM KBapKaM ( V) , MOpCKl1M ( S) 11 r 11100-
HaM (g). 

npeAnOJ10meH11e O cy~eCTBOBaHl-111 B HYKJlOHe rJllOOHHOro 6oae-KOH
,qeHCaTa npl1B0,C\11T K He06XOAl1MOCTl1 MOAl1<1>11LIHPOBaTb rJllOOHHYIO <l>YHK-
1.1111) pacnpeAeJleHH.fl B o6naCTl1 X =: 0' a 11MeHHO - 3aMeHl1Tb B <l>YHK1.1110-
Hane /1/ rna,qKylO <l>YHKLIHIO ~(x) Ha Cl1Hryn.RPHYIO 

t0
<x) = \<x) + ko(x)/x, /5/ 

111111, cornacHo /3/, f(x)dx=(g(x)+ko(x))..d.L, rAeg(O)=g>O 
g X 

/HanOMHl1M, 4TO B Cl1CTeMe 6eCKOHe4HOro 11Mnynbca OAH04aCTl14HblH 
<l>a30BblH o6beM eCTb dx/x /. 

KOHCTaHTa k 11MeeT npOCTOH <l>1131-14eCKl-1H CMblCJl - 3TO ,C\011.fl npo
AOJlbHoro 11Mnynbca HYKJlOHa, nepeHOCl-1Ma.fl rJllOOHHblM KOHAeHcaTOM, 
n03TOMy Q.S: k ~ 1, 

2 

'f' ,, 

.... 

·':" 

I 

~ 

.np11 kfo Os <l>YHK1.11-10Hane /1/ aa c4eT sToporo cnaraeMoro /5/ 

B03Hl1KalOT Heonpe,qeJleHHble BeJ111411Hbl T11na. f d X _fil_xLr(x).,l\.n.fl ycTpaHe
X 

Hl1.fl TaKl1X HeonpeAeJleHHOCTeH BOCnOJlb3YeMC.fl CJ1eAYIO~l1M CTaHAapT
HblM np11eMOM. Pery11.Rp113yeM 8 -<1>yHKLll1IO OAH11M 113 113BeCTHblX cnoco-
60B. Ha116011ee YA06HO np11MeHl1Tb 3KcnoHeH1.111aJ1bHYIO pery11.Rp11aa1.11110 

8(x) = lim T/e -TJx. 
/6/ 

T/ ➔ 00 

6yAeM noHl1MaTb <l>YHKl.11111 pacnpeAeJleHl1.fl KBaPKOB 11 rn~OHOB B HyKno

He B CJleAYIO~eM npeAeJlbHOM CMblCJle: 

r:)x) = rv 
8 
(x) lim oln w:a [fl 1 J 

' T/➔ 00 [j f ( X) 

r 0 (x) = f 0(x) lim 
g g T/ ➔ 00 

v,s 

8 ln W~[fl..!l . 
srg (x) 

npol13B0,C\.fl~l1~ <!>YHK1.1110HaJ1 WT/ 11MeeT B11A 

+ 00 

W [f\al=Jdlexp(ila)D
0
(t)explD (l)'+D (fllx T/ _

00 

V • S g 

-g-b -kTJ 
x(l-iO) (l-iTJ) O(a). 

17/ 

/8/ 

/: -k T/ -ilk 
np11Hl1Ma.fl BO BHl1MaHl1e COOTHOWeH11e lim ( _!,_ - 1) = e 'a TaKme 

TJ ➔ oo i T/ 
CBOHCTBO <l>YHK1.1110HaJlOB Di: 

() Di ( fl = c>. . e i g X ' 

0 f. ( X) IJ 
J 

/9/ 

nony411M 06~11e BblpameHl1.fl ,qn.R <l>YHKLl11H pacnpeAeJ1eH11R: 

c - J{n - 1 ( X +k) 
f (x) = nf (x) ----- 0(1 - x - k), 

V V J{ (k) 
n /10/ 

s 

J{n (x + k) 0 ( 1 - X - k) 
J{ (k) ' 

r 0(x) = f (x) 
s 

n 

_ J< (x + k) 
r 0 (x) = r 0 (x) --ll--- 0(1- x·- k). 
g g J{n(k) 
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3,qecb 

1 g+b-l,. 
J{ (a)== Jdtt :rn (a+ t) 0(1 - a - t), 

n 0 

9'n (,B) ==\
00

dge ig(i-,B) D~(g)exp(D
8
(fl + D (fl). 

-00 g 

/11/ 

0TMeTHM Ba)l(HOe CBOHCTBO <!>YHK'-IHH /10/ - OHH o6pa~a~TCR a Hynb He 
B T04Ke X == 1 ' a npH X == 1 - k <1. Cne,qCTBHR 3Toro <!>aKTa o6cym,qa~T
CR HHme. 

B cny4ae k == 0 nony4HM 06bl4Hble BblpameHHR ,qnR HOPMHPOBaHHblX 
<!>YHK'-IHH pacnpe,qeneHHR KBapKOB H rn~OHOB a HYKnoHe 6ea KOH,qeHca
Ta. 

PacCMOTPHM KOHKpeTHblH npHkep. nycTb 

- - b -c -,BX 
f (x) = x-a, f (x) == - , fg(x) == (ge + ko(x)) / x • 
V S • X 

Tor,qa nony4aeM: 

D 
8 

( g) == 0 ; DV ( g) == 
1{1-a) 

r-=-a 
(ig) 

Dg ( g) = g J JU.. e -i ( g - i O) t ( 8- ,Bt_ 1) == g ln g - i 0 
0 t g-i,B 

pn ( y) == + t d g e i g( 1 - y) [ r ( 1 - a ) t ( g - i O g . 
-00 1-a -"---)' 

(ig) g-i,B 

+00 

~ (y) = [r O - a)]n Jdge ig(t - y) 
- 00 

(ig+,B)g 

(ig) 
n(l-a)+b 

/12/ 

/13/ 

_ 
2 

[ l (1 - a)]~ n ( 1-a) + b + g - 1 - TT------- (1- y) 1 (n{l-a,)+b+g) ef>(g,n( 1-a )+b+g; -,B(l-y));· 

r,qe ef>(a,:• b; z) - Bblpom,qeHHaR rHnepreoMeTPH4eCKaR <!>YHK'-IHR. 
no,qcTaBnRR ~ (y.) B <!>OPMYnbl /10/' npH,qeM K OKOH4aTenbHOMY pe-

3YnbTaTy: 

4 

';1 
!,11 

;11i 

" 

,\ r 
I 

T 
fc('x) == x-a (1- x - k) cfa(g, r+ 1; -{3(1- k - x)) 0(1-k-x) 
v r+l-a 

O - k) 8(1-a, r) ef>[g;r;:t-2-a; -,BO - k)) 

T+ 1-a 
fc ( X) = _:l__ ( 1 - k - X ) 0 ( 1 - X - k ) cp ( g , r + 2 - a ; - ,B ( 1 - k - X)) 

S T + 1-a 
X (1 - k) ef>(g, r + 2-a; -,B (1 - k)) 

/14/ 

" g ,B k (1 r+l-a 
fg ( X) = ( - e - x + _ o ( X)) - k - X) 

X X : r+ 1 - a X 
(1 - k) 

x 00 - k _ x) ef>(g, r+2- a; -,B(l- k - x)) 

ef>(g,r+ 2·-a; -,BO - k)) 

r,qe f"(x) HOPMHpoeaHa Ha 1, a r = (n - 1)(1 - a(O)) + b+g-1. Ceo-
T 

60,qHblMH napaMeTpbl T ' ,B ' g 11 -k ¢HKCHPY~TCR H3 cpaBHeHHR C 3Kc-
nepHMeHTanbHblMH ,qaHHblMH. napaMeTp a = a ( 0) RBnReTCR HHTepcenTOM 
nH,qHpy~~eH HeCHHrneTHOH TpaeKTOPHH. 

B rny6oKoHeynpyroe pacceRHHe ,qaeT BKna,q A 2 -MeaoHHaR TpaeKTo

PHR c a ( 0) = 1 /2. EcnH nonomHTb ,B == 0, TO Bblpa)l(eHHR /14/ coena,qyT. 
no ct>opMe c H3BeCTHblMH napaMeTpH3al..lHRMH 6ypaca-raHMepca / 4/, MO,qH
<!>H'-IHPOBaHHblMH C Y4eTOM r n~OHHo·ro KOH,QeHCaTa. 

2. B03MOJKHblE 3KCnEPHMEHTAJlbHblE CJlEACTBHR rnnoTE3bl 
0 rJl~OHHOM KOHAEHCATE 

0,qHo H3 HaH6onee ceoeo6pa3Hb1X npoReneHHH rn~oHHoro KOH,qeHca~ 
Ta - cy)l(eHHe <!>H3H4eCKOH o6nacTH onpe,qeneHHR <!>YHK'-IHH pacnpe,qene
HHR. 06bl4HO / k == 0/ OHH aa,qaHbl B HHTepeane 0 -~ X s 1 ' eee,qeHHe 
KOH,qeHcaTa Cy)l(aeT ero ,qo 0 5, X 5 1 - k < 1. B 3TOH CBR3H OTMeTHM, 
4TO H3MepReMble 3KcnepHMeHTanbHO CTPYKTYPHble <!>YHKI..IHH npe,qcTae
nR~TCR B BH,qe CYMMbl ,qeyx cnaraeMblX F H F*. npH 3TOM F CBR3aHa no 
ct>opMynaM napTOHHOH MO,qenH C pacC4HTaHHblMH <!>YHKI..IHRMH pacnpe,qene
HHR /14/' a F* COOTBeTCTByeT BKna,qy paanH4HOro po,qa CTeneHHblX 
H pe30HaHCHblX 3¢>¢>eKTOB. no3TOMY cy)l(eHHe o6nacTH onpe,qeneHHR 
<!>YHK'-IHH pacnpe,qeneHHR MO)l(eT npoRBHTbCR B 3KCnepHMeHTe nHWb npH 
,qocTaT04HO 6onbWHX 3HeprHRX, Kor,qa BKna,q peaoHaHCHOH KOMnOHeHTbl 
CTPYKTypHblX <!>YHK'-IHH no,qaeneH. C1,1Tya1..1HR MO)l(eT BblrnR,qeTb TaK,KaK 
noKa3aHO Ha PHCYHKe. 

B HHTepeane AB 
K rpaHH'-le <!>H3H4eCKOH 
B peaynbTaTe HHTepean 
~enH - a HeM F == 0. 

aaMeTeH eKna,q peaoHaHca R*, yxo,qR~ero 
o6nacTH /x == 1/ H HC4eaa~~ero npH Q2➔ 00. 

AB npeepa~aeTCR a aHanor 3HepreT~4eCKOH 
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rnPvruu 

Q~

B 
1-1< R., x 

3cp¢eKT cyxteHHH o6nacTH onpe
geneHHH CTPYKTypHbIX ~YHK:wni:. 
B HHTepBane .AB saMeTeH BKnag 
pesoHaHca R *, yxogm1~ero 
K rpaHH~e ~HSIBieCKOtt o6nacTH 
/ToqKe x = I/ H Hcqesa10mero 
npH Q 2 ➔ 00. 

6onee onocpeAOBaHHoe npoReneHHe rn~oHHoro KOHAeHcaTa cocTOHT 
e cneAY~~eM. npH HeaaeHCHMOM onpeAeneHHH nonHoro HMnynbca Keap
KOB P <xq> H, OTAenbHO, rmooHOB P .<x >, MOlKeT 11o6HapylKHTbCR11 Hapy-, g 
weHHe aaKoHa coxpaHeHHR HMnynbca <x > + <x > ,fa 1. 3To Morno 6b1 
cnylKHTb yKa3aHHeM Ha cy~eCTBOBaHHe 'iieKOH ~eAOCTynHOH AnR npRMO
ro Ha6n~AeHHR CHHrynRpHOH KOMnOHeHTW - rn~OHHoro KOHAeHCaTa. 
Ha ero AOn~ npHXOAHncR 6b1 HeAOCTa~~HH HMnynbc HyKnoHa kP = Px. 
· ( 1- <x > - <x >).OAHaKO e HaCTOR~ee epeMR AOnR HMnynbca ecex 
rmJOHOBqB HYKioHe onpeAenReTCR HMeHHO Ha OCHOBe 3aKOHa coxpaHe
HHR HMnynbca, H 3TO He nO3BOnReT o6HapylKHTb yKa3aHHblH 113<!><!)eKT 11

• 

B03MOlKHWM HCTO4HHKOM He3aBHCHMOro H3MepeHHR rn~OHHWX pacnpeAe
neHHH, BHAHMO, 6yAeT cnylKHTb AeTanbHOe H3y4eHHe POlKAeHHR TRlKe
nwx KBapKOB B nenTOH-HyKnOHHWX B3aHMOAeHCTBHRX. 

1-fHTepecHblM C TO4KH 3peHHR eonpoca O cy~eCTBOBaHHH rn~OHHOro 
6oae-KOHAeHCaTa RBnReTCR yKa3aHHe Ha 4pe3BW4aHHO CHnbHWH pocT 
rmooHHblx pacnpeAeneHHH e o6nacTH x ➔ o/51, 4TO, eoo6~e roeopR, 
cornacyeTCR C HanH4HeM 8 -o6pa3HOro BKnaAa B rn~OHHblH cneKTP 
npH X = o. Cy~eCTBOBaHHe TaKoro BKnaAa KalKeTCR BeCbMa ecTeCTBeH
HWM e paMKax KXA, i-aK KaK npH Q 2 ➔"" o(x)/x RBnReTcR npeAenbHOH 
<!)opMOH ecex pacnpeAeneHHH. 

3AKJ!Kl4 EHH"E 

rHnoTe3a O rn~OHHOM KOHAeHCaTe, pacCMOTpeHHaR HaMH B paMKax 
CTaTHCTH4eCKHX napTOHHWX npeACTaeneHHH, npHBOAHT K PRAY Q)H3H4ec
KHX cneACTBHH, AOnycKa~~HX npRMy~ 3KCnepHMeHTanbHY~ npoeepKy. 
C<!)opMynHpyeM HaH6onee c~eCTBeHHWe H3 HHX: 

1. CylKeHHe Q)H3H4eCKOH o6nacTH onpeAeneHHR <llYHK4HH pacnpeAe
neHHR no nepeMeHHOH x = Q2 /2MJJ H o6pasoeaHHe aHanora 3Hepre
TH4eCKOH ~enH Xo~ X ~ 1 npH Q2 ➔ 00 /CM. pHCYHOK/. 

2. HenocpeACTBeHHO HeHa6n~AaeMWH CHHrynRpHWH BKnaA KOHACHca-

Ta - ..§..W_ B CTPYKTYPHWe QlYHK4HH 6yAeT npHBOAHTb K KalKy~eMyCR 
X 

HapyweHH~ 3aKoHa coxpaHeHHR HMnynbca <xq > + <xg> = 1 - k < 1 , rAe 
.<x > H .<x > - H3Bne4eHHble H3 AaHHblX 3Ha4eHHR nonHblX HMnynbCOB . 
KB~PKOB if rm:>OHOB, k - Hey4TeHHblH npH 3TOM HMnynbc KOHAeHCaTa • 

6 

~aTopw Bb1palKa~T 6naroAapHocTb C.A.6yHRToey H n.C.Hcaeey aa 
HHTepec K pa6oTe, ~.n.HeaHoay H A.B.PaA~WKHHY aa nnOAOTBopHwe 
o6cylKAeHHR. 
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HET nH nPOBEnOB B BAWEA BHBnHOTEKE? 

8111 MOll!.eTe nOJIY'IMTb no nO'ITe nepe'IMCJieHHble HMll!.e KHMrM, 

eCJIM OHM He fibi.IIM 38K838Hbl paHee . 

All -80-1 3 

A4-80-271 

A4-80-385 

A2-81-543 

A 1 o, 11-81-622 

A1,2-81-728 

A17-81-758 

A1,2-82-27 

P18-82-117 

A2-82-568 

A9-82-664 

1!3,4-82-704 

1!2,4-83-179 

All-83-511 

A7-83-644 

1!2,13-83-689 

TPYAW VI BcecoosHoro coa~aHM~ no ycKOPMTenAH sap~
*eHHwx 4aCTMU. AY5Ha, 1978 /2 TOHa/ 

TPYAW VII BcecocsHoro coae~HM~ no ycKopMTen~H sap~
*eHHWX 4aCTMU, jly5Ha, 1980 /2 TOHa/ 

TPYAW pa504ero coae~aHM~ no CMCTeHaH M HeTOAaH 
aHanHTH4eCKMX BW4MCneHH~ Ha 38H M MX npMHeHeHMO 
8 TeopeTM4eCKO~ ~3MKe, jly6Ha, 1979 

TPYAW He*AYHaPOAHO~ KOH~peHUHM no npo6neHaH 
HeCKOnbKHx Ten 8 ~AePHO~ ~3HKe. AY5Ha, 1979. 

TPYAW He*AYHaPOAHOH wKonw no cTpyKType ~Apa. 
AnywTa, 1980. 

TPYAW VI He*AYHaPOAHoro co8e~aHHR no npo6neHaH K8aH
Toao~ TeopHM nonA. AnywTa, 1981 

TPYAW He*AYHaPOAHoro co8e~aHHR no npo6neHaH HaTeHaTH-
4eCKoro HOAenHpoBaHMR 8 RAePHO-~H3M4eCKHX MCCneAO&a
HMRX. Ay6Ha, 1980 

TPYAW VI He*AYHaPQAHoro ceHMHapa no npo6neHaH ~H3MKH 
8WCOKHX 3HeprHH. jly6Ha, 1981 . 

TPYAw I I He*AYHaPOAHoro CMHnoaMyHa no H36paHHWH 
npo6neHaH CTaTMCTM4eCKOH HeXaHMKM . jly6Ha, 1981. 

TPYAW He*AYHapoAHOro CMHn03MyMa no nonApM3aUHOHHWH 
R8neHHAM 8 ~H 3HKe BWCOKHX 3Hepr MH. jly6Ha , 1981 . 

TPYAW IV coae~aHHR no Hcnonb3o8aHHO H08WX RAepHo
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