
5-9/ P4 - 9726 

·J Y6 ~11r2- 16 
r.r .ByHanm 

MOMEHThl l1HEPUill1 l1 rl1POMArHl1THhiE OTHOillEHl1H 

KOMITA~~OCTOHHl1M 



P4 - 9726 

r .r .ByHaTHH 

.MOMEHTbl l1HEPI..J;ID1 l1 rl1POMAriD1THbiE OTHOUJEHJ1H 

KOMITAY~~OCTOHHJ1H 

Hanpa aAe HO a H4J 



BeeoeHue 

KoMnayu~·cocTOBHHB aTOMH~x B~ep xapaKTepH3YIDTCB 

Bo36y)l(~euueM 6oJILIUoro qucna CTeneueii cso6o~~- llpuMe

poM TaKHX COCTOBHHH MoryT CJIY)I(HTb HeHTpOHH~e pe30HaH

C~. ~JIB onpe~eJieHHB cpe~HHX xapaKTepHCTHK KOMllayu~

COCTOBHHH MO)I(HO HCllOJib 30Ba Tb TepMO~HHaMuqecKOe OllH

CaHue/1/, BBO~B TeMnepaTypy T, COOTBeTCTBYIO~YID 3HeprHH 

B036y)l(~eHHJI U. fiOJiyqaeMLie llpH 3TOM pe3yJILTaTbl OTHO

CJITCJI He K OT~eJibHbiM COCTOJIHHJIM Jl~pa, HO npe~CTaBJIBIDT 

C06oii ycpe~HeHHYIO xapaKTepHCTHKY COBOKYllHOCTH COCTOB

HHH, pa3JIHqug Me)l(~y 3HeprHJIMH KOTOpbiX U ropa3~0 

MeHLIUe TeMnepaTypLI T. TaKoii cTaTHcTuqecKHii no~xo~ 

pa3yMHO llpHMeHBTb ~JIB H3yqeHHJI KOJIJieKTHBH~X llO CBOeH 

npupo~e MOMeHTOB HHepUHH ~f H KOJIJieKTHBHbiX rHpOMar

HHTHbiX OTHOIUeHHH g. ~f xapaKTepH3yeT KOJIJieKTHBHOe 

~BH)I(eHHe BCeX HYKJIOHOB, a g - KOJIJieKTHBH~e MarHHTHbie 

CBOHCTBa B~pa. ~f H g onpe~emiiDTCJI pa3MepaMH H tilopMOH 

Jl~pa, pacnpe~eneuueM nnoTHOCTH, o~uoqacTuqu~M cneKT

poM, B3aHMo~eiicTBHeM HYKJIOHOB, TeMnepaTypoii T s co

CTOJIHHH C 3HeprHeH B036y)l(~eHHB U. ~ qyBCTBHTeJILH~ 

K 3HeprHBM napH~X KOppeJIJIUHH ;\ n (T) , ~ p (T), a H3yqe

HHe g ~aeT B03MO)I(HOCTb cy~HTb H 06 OTHOCHTeJibHOH 

CBepxTeKyqecTH Heii:TpOHHOH H npOTOHHOH CHCTeM. ~JIJI 

OCHOBH~X COCTOJIHHH ~etilopMHpOBaHH~X B~ep S: H g llO~
po6HO H3yqaJIHCb KaK 3KCnepHMeHTaJibHO, TaK H TeopeTH· 

qeCKH /
2

- S/. 0 BeJiuquuax ~ (T) KOMnayH~- COCTOJIHHH 
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MO~HO DOHY1.fHTb CBe~eHHB, H3y1.faB DHOTHOCTb 3THX co· 

cTosuuii. B KBa3HKnaccuqecKOM npu6nu~euuu S: ('f) sbl

qucnxnuc& MB ~ecllopMHposaHHblX x~ep B pa6oTax 16 - 91 ; 
~nx ccllepuqecKHX s~ep B pa6oTe /9/ nonyqeubl 1.fHcneuuble 

pe3yn&TaTw. Henocpe~cTseuuoe H3Mepeuue KonneKTHBHwx 

rHpOMarHHTHWX OTHOWeHHH MB px~a Heii:TpOHHWX pe30HaH

COB pe~K03eMenbHWX 3neMeHTOB 6wno BblDOnHeHO B pa6o

Tax /lO/. TaKHe 3KcnepuMeHTW ~aJOT B03MO~OCTb nony1.fHTb 

HOBble CBe~eHHB 0 CBOHCTBaX KOMnayH~- COCTOBHHH. B KBa-

3HKnaCCH1.feCKOM npH6nH~eHHH 3TH rHpOMarHHTHble OTHO· 

meuux paccMaTpHBanuc& B coo6~eHHH /II/, r~e 6wnu nony

qeuw OlleHKH cpe~HHX 3Ha1.feHHH g H HX B03MO~WX cllnJOK· 

TyallHH. B HaCTOB~eii: pa6oTe Ha OCHOBe TepMO~HHaMH1.feC· 

KOrO ODHCaHHB Bbl1.fHCHBJOTCB Cpe~HHe 3Ha1.feHHB MOMeHTOB 

HHepllHH H KOnneKTHBHblX g ·cllaKTOpOB KOMDayH~- COCTOBHHH 

c ManblMH cnuuaMH I pa3nH1.fHblx ~ecllopMuposauuwx x~ep; 

pacqeTbl BblDOnHeHW 6e3HCDOHb30BaHHBKBa3HKnaccH1.feCKO· 

ro npu6nu~euus. H3y1.feHa 3aBHCHMOCTb j= H g oT TeMnepa

Typbl T, xapaKTepH3YJO~eii KOMnayu~·cocTOBHHB npu ux 

TepMO~HHaMH1.feCKOM ODHCaHHH, H OT 3HeprHH napHWX KOppe

HBilHH ~ n {'f), ~p ('f). 06cy~aJOTCX B03MO~We cne~

CTBHR, K KOTOpbiM npHBeno 6w H3MeHeHHe CBOHCTB B~pa 

B B036y~eHHWX COCTOBHHBX DO CpaBHeHHIO C OCHOBHWM 

COCTOBHHeM, HaDpHMep, H3MeHeHHe pa3Mepa H cllopMW R~pa, 

CDapHBa TenbHOrO B3aHMO~eHCTBHB, H T .D. 

Memoo Bbl'lUCAeHuJI j= u g 

1. Cpe~uee 3Ha1.fenue HeKoTopoii senuquuw Q, xapaK

Tepu3yro~eii CHCTeMy B COCTOBHHH C TeMnepaTypoii: T, MO~
HO BWpa3HTb qepe3 MaTpHilY DnOTHOCTH B~aHHOM COCTORHHH 

P (T, ;-, -;') HnH O~H01.faCTH1.fHYJO $yHKilHJO rpuua 
... ... 

Q('f, f, r, r') D0~06HO TOMy, KaK 3TO ~enaeTCB ~ns OCHOB· 

HOrO COCTOXHHX: 

4 

~ ~, -+ de -+ 4, -+ 
<Q> = f[Qp(T,r,r H .. _.,dr = ff-. QG(T,E,r,r )\_. _.,dr. 

r=r 2rri r=r 

/1/ 

3~eCb HCllOHb3YIOTCX O.D;H01.faCTH1.fHbie TepMO~HHaMH1.feC

KHe ycpe.n;HeHHble cllYHKilHH rpuua G H F /I 21npH uanH1.fHH B 

cucTeMe napu&IX Koppenxuuii. Ilpu TeMnepaType T << < ~

$yHKUHH G H F MO~HO 3anucaTb B npe~cTasneHHH o.n;uo

_1.facTH1.fHbiX cllYHKUHii ¢A s6nH3H rpaHHULI <t>epMH B x.n;pe 

snonue auanorH1.fHO TOMY, KaK 3TO .n;enaeTcx npu T ~- o/l 3/ 

a R 
G;. A (T,d = 'G;. <T ,do;. A + G A A <T,d, 

I 2 l l 2 I 2 

a ux<t -n;.)a v,tn;.a 
GA (E) = + - + 

< - E A + io f + E;.+ii'i 

2 ? 
v A (I - n;.)a u,\n;. a 

+ ------- + ------
( t E A - io < - F~ A - i/3 

1- n A 
a[-----~ F (E) = - u;. v;. E i 8 

A < - A+ 

n;. 

<+E;.+io 

E ~('f) 

1- n A 

f+EA-io 
+ 

nA 
I, 

< - E A- io 

(<' - f ('f)) 2 + ;\ 2 ('f), n (T) = (1 + e -EAf' T ) - l 
1\ F A 

2 1 (A -EF(T) 2 1 l~) 
u \ = -2 [ 1 + ---1 ' v \ = -2 [ 1 - - ] ' 

1\ E , ('I) 1\ E ('f) 
1\ A /2/ 

r.n;e ca - nonrocuax, a G R - perynxpuax y nosepxuocTH 

<t>epMH 1.faCTL $yHKUHH rpuua. BLI1.feTbl a B nonrocax G a 
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CBB3aHW CO 3HaqeHHeM C06CTBeHH03HepreTHqecKOH qaCTH 

l: npH c - c /1 3/. TeMnepaTypa T, xapaKTepH3yromaB 

B036y)K)J;eHHWe COCTOBHHB, Bblpa)l(aeTCB 06hJqHo qepe3 3Hep

rHIO B036y)K)J;eHHB U H O,ZUIOqaCTHqHWH cneKTp B,IJ,pa fA 

CooTBeTCTByromue wopMynw ucnoJIL3oBaHw B pa6o-

Tax/14-16/, 

fA-c'f{T) fA- c F(Q) 
U = l: lc,\_ U- <1- 2n,\(T)) -cAU- ) -

A E~ (T) EA (Q) 

~ '2(T) (1 - 2n ,\ (T)) + 
2E'A (T) 

~2<0> I. 
2E A (0) 

/3/ 

3,IJ,eCb fA,~ OTHOCBTCB K OCHOBHOMY COCTOJIHHIO B,IJ,pa, 

a f ~ , ~' - K B036y)K)J;eHHOMy; OHH MOryT 6WTh pa3JIHqHhJ, 

KaK 3TO 6y,IJ,eT 06Cy)I(,IJ,aTLCB B CJie,IJ,yiOmeM pa3,IJ,eJie. 

B npe,IJ,nOJIO)I(eHHH, qTo B3aHMO.D.eiicTBHe B KaHane qac

THua- qaCTHua, npHBO)l.BIUee K napHhiM KOppeJIBUHBM CBepx

npOBO,IJ,HIUero THDa, OllHCbiBaeTCB )l.JIB HeHTpOHOB H llpOTOHOB 

KOHCTaHTaMH U n H G P , BXO.D.BIUHe B wopMynw /2/, /3/ 
3HeprHH cnapHBaHHB ~ n (T) , ~ p (T) H 3HeprHH fl»epMH 

f~ (T), f: (T) onpe,IJ,eJIBIOTCB ypaBHeHHBMH 

1 
Gv 1 - 2n:(<T> 
-l:----

2 A E~(T) 

(v n, p). 

N,Z = l: <1-
A 

C:\- c ~(T) 

E~(T) 
<1- 2nv(T))), 

/4/ 

2. B KOMnayH,IJ,-COCTOBHHBX CDHH I, MOMeHT HHepuHH 

j=, MarHHTHLIH MOMeHT /1 He BBJIBIOTCB O)l.HoqacTHqHWMH, 

HO HMeiOT KOJIJieKTHBHYIO npHpO.IJ.Y. 0co6eHHO BCHO 3TO 

,II,JIB KOMnayH,IJ,- COCTOBHHH qeTHO- qeTHWX B,IJ,ep. CBOHCTBa 

TaKHX COCTOBHHH, HanpHMep CDHH, HeJIL3B 06'bBCHHTL, pac-
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CMaTpHBaB O.IJ.HY HJIH HeCKOJILKO KBa3HqacTHU CBepX 3aMK

HYTOrO OCTOBa. 3TO OTHOCHTCB H K KOMnayH,IJ,-COCTOBHHBM 

HeqeTHLIX H,IJ,ep, DOCKOJILKY HCqeTHOH qacTHI.:,e HeJib3Jl npH

nHCaTb onpe,IJ,eJICHHOe COCTOJIHHe A0, KaK 3TO ,IJ,eJiaeTCH 

)l.JIJI OCHOBHOrO COCTOBHHJI. CBOHCTBa KOMnayH,IJ,-COCTOHHHJI 

onpe,IJ,CJIBIOTCJI He KaKHM- JIH60 O)l.HO'IaCTHqHhiM COCTOJIHHeM 

/HJIH HeCKOJihKHMH COCTOJIHHHMH/, HO KOJIJieKTHBHLIM CO

CTOHHHeM BCero H,IJ,pa. 

.IJ.nSI BhPIHCJICHHH MOMCHTOB HHCPUHH H KOJIJICKTHBHhlX 

rHpOMarHHTHLIX OTHOilleHHH HC06XO,IJ,HMO HaRTH H3MCHCHHC 

MaTpHULI nJIOTHOCTH CHCTCMLI Op = p 1- Po, BOJHHKaiO

~ee npH nepexo,IJ,e OT COCTOJIHHH CO CnHHOM (} K COCTOSIHHIO 

CO CnHHOM I, 'ITO 3KBHBaJieHTHO nepeXO,IJ,y BO BpamaiO~yJOCH 

CHCTCMY KOOp,II,HHaT. B03HHKaiOIUeC npH 3TOM BHClliHCe 

none, ,IJ,eHCTBYIOIUCC Ha CHCTeMy , 

0 -> ~> 

V =-00}=-I 0 -I 0 , 
X X Z Z 

/5/ 

-> 

r,IJ,e napaMeTp fl - yrJIOBaH CKOpOCTb Bpa~aiOIUeHCH CH-

CTCMbi KOOp,II,HHaT. 0Cb Z HanpaBJieHa no OCH CHMMCTpHH 

H,IJ,pa. Cpe,II,HHe 3Ha'leHHH npoeKUHH MOMCHTa Ha OCH X H 

Z paBHLI 

< I > = J I opd f* = R , <I > 
X X Z 

flopd;=K, 
z 

/6/ 

r,IJ,e 0 p - H3MCHCHHC MaTp~Uhl nJIOTHOCTH, Bhl3BaHHOC noJieM 

/5/; 3THM onpe,IJ,eJIHeTCH 0. MoMeHThl HHepUHH OTHOCHTeJib

HO ocu x ·~ OTHOCHTeJihHO ocu z , :f .l. u :f II , Haxo.D.HM H3 

COOTHOllleHHH 

~f.l. =<I >/fl 
X X :fll =<Iz>/flz. /7/ 

Cpe,IJ,Hee 3HaqeHHe MarHHTHoro MoMeHTa ,IJ,e4JopMHpoBaHHoro 

H,IJ,pa B cocTOHHHH c < Iz> =K, <I x > = R MO)I(HO npe,IJ,CTaBHTh 

B BH,II,C 
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.... .... 
<~ > =Ill 0 p d; = g ZK + g RR' 

f.L.=Il:+Jl~, /l:=j:+(y -1/2)a,,(i=x,z) 
I I I 1 I p 

f.L ~ = y a . , y = 2,8 , y = -1,9. 
1 n 1 p n /8/ 

MarHHTHhle MOMeHTbl JanHCaHbl B B,IJ,epHbiX MarHeTOHaX. 

3,IJ,eCb BBe,IJ,eHbl rHpOMarHHTHble OTHOIIIeHHB g R H g z • 

llocne 06bJqHoro ycpe,IJ,HeHHB HaXO,IJ,HM g B COCTOBHHH C non

HbiM cnHHOM I H npoeK:u;Heii <I z > = K : 

K2 
g = g + --- (g - g R). 

H HI + 1) z 
/9/ 

B KOMnayH.n.-cocTOBHHBX, HanpHMep HeiiTpoHHhiX peJoHaH

cax, npoeKIJ;HB CnHHa Ha OCb Z MO)I(eT He HMeTb onpe,IJ,eneH

HOrO JHaqeHHB. B 3TOM cnyqae cne.n.yeT ycpe.IJ.HHTb g<I, K) 

/9/ no BCeM BOJMO)I(HhiM JHaqeHHBM K. B .n.anbHeiimeM, 

KaK H B /ll I, Mhl orpaHHqHMCB HJyqeHHeM cocTOBHHH c Ma

nbiMH MOMeHTaMH, TaK qTO 

........ 
(Q 0/'T « 1 . /10/ 

Tor.n.a .n.nB ycpe.n.HeHHoro no <lz>=K rHpoMarHHTHoro OTHOlile

HHB / 1 I/ nonyqHM 

2 1 g = -g + -g . 
3 R 3 z 

/11/ 

3. TaK KaK Mbl HJyqaeM nHIIIb COCTOBHHB C ManbiMH 

MOMeHTaMH I, V 0 MO)i(Ho paCCMa TpHBa Tb KaK Manoe BO 3MY

IIJ;eHHe. AHanorHqHo cnyqaro T = 0 1131 Haii.n.eM HJMeHeHHe 

MaTpHIJ;bi nnOTHOCTH, BbiJBaHHOe cna6biM BHeiiiHHM noneM V 0. 

8 

-op: ,\ =a£;,\ (T)V; ,\ +am~,\ (T)d~ ,\ (T), 
12 12 12 12 12 

- - -
Q 1 df a a 
.t_,\ ,\ (T) = -f-. -. <G.\ 'G ,\ + F ,\ F ,\ ) 

1 2 a2 21n 2 1 2 1 

n,\ + n,\ - 1 
1 2 - - 2 

(u,\ lv,\2 - u,\2v ,\1) + 
E ,\2+ E.\ 1 

-
n.\2-n,\1-

+ _ (u ,\ v ,\ + 
E, -E 2 1 

/\2 ,\1 

2 
v,\u,\) 

2 1 

m >. >. <T> 
1 2 

1 d£ -a a 
- f -(F ,\ G ,\ - G ,\ F ,\ ) 
a2 2rri 1 2 1 2 

~(f -f,\ ) 
,\ 1 2 

1-n,\ -n,\ n,\ - n,\ 
___ 1 2+ 2 1 I. 

2E,\ 1 E ,\2 E>. -E.\ 
2 1 

E.\ -E.\ 
2 1 

/12/ 

G , F OTHOCJITCJI K BOJMyiiJ;eHHOH cHcTeMe, a G, F - K He

xo.n.HoH:. BenHqHHa d11 B /12/ npe.n.cTaBnJieT co6oB: HJMe

HeHHe napHhiX KoppenJI:u;HB: L\ v so BHeiiiHeM none V 0.3cWJeK

THBHoe none V onpe.n.enJieTCJI ypasHeHHeM 

v Ov vv ' , v ' v ' 
v>.(-2 [lil = v>.1>.2 + (>.1>.2\F \>.>. )fu,vM, [Iil /13/ 

aHanorHqHo cnyqaro T = 0 11 ~ 1 3.n.ech 

(
pF'M -1 ........ , __.__. '( ........ ')(,... .... ) F = ---) (f+ ga•a + T•T,. + g a• a T•r')- /13 I 

1T 2 

HenpHBO.IJ.HMaJI aMnnHTy.n.a pacceJIHHJI KBaJHqacTHU y nosepx

HOCTH 4>epMH /13/. B TOM )l(e npH6nH)I(eHHH, B KOTOpOM ~~~ 
onpe.n.enJieTcJI ypasHeHHJIMH /4/, .n.nJI d11 Haii.n.eM: 
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v v v v v 
d;.. ;.. = (f ;.. - f ;.. ) v ;.. ;.. T 

12 2 I I2' 

v v v v v 2 
T = < 4 I <f;.. - f;.. ) m;.. ;.. 1 v ;..I ;..

2
1 ) x 

,\ ,\ I 2 I 2 
I 2 

1141 

'h v ( v v )2 I v I 2 ) -I 
X ( I J l A. A f ,\ - f ,\ \t ,\ 1,\ 2 ' 

A,A "12 I 2 
~ 2 

( v v ) 2 2( v v ) ( v v v v ) 
v 1 f ,\I-f,\ 2 + f ,\ 2- f ,\ ( n ,\ 2f ,\ I - n ,\ { ,\ 2 n,\ ,\ = E + 

1 2 EvEv Ev Ev 
,\I,\2 ,x.l+ ,\2 

2<n>' -n:\ l<EfEf -f:\ fA-ll;) 
+ 2 1 l 2 I2 ]. 

E v - E v 
,\2 ,\1 

4. CornaCHO COOTHOWeHHHM 161, 171 H 1121-1141 ,ll.nH 

MOMeHTOB HHepUHH nonyqaeM 

j=J. =- I (IX),\ ,\ ~ ~ ,\ v ~ ,\ [IX] + 
,\I,\ 2v 1 2 I 2 1 2 

+ ~ n x) ,\ ,\ <fA - f/: ) m K ,\ v;: ,\ DJ T v. 
.-\1 A zV l 2 l 2 l 2 I 2 

j=ll = ~ V M' [I ) 0 p AA [I z] = 

~ v v v 
T I (lz) .-\An.-\ 0 - n.-\ )V M [I z]. 

.-\v 

1151 

1161 

34J4>eKTHBHOe none vv' [I z] B I 161 Y.li.OBneTBOpHeT ypaB

HeHHIO I 131, r .D.e B cyMMe no .-\.-\' OTCYTCTBYIOT qneHhl c 

,\ = .-\ ', n03TOMY VA,\ [I z) = (l ),\,\ .,!J;HaroHanhHaH 'iaCTh H3-

MeHeHHH MaTpHUhl nnOTHOCTH 0 p !G_ Bl16l CO,ll.ep)I(HT V ,.\\ , 

onpe,ll.enxeMoe ypaBHeHHeM 1131, r.D.e cyMMa no .-\A' BKJIIO· 

qaeT H .D.HaroHanhHhle qneHhl, .-\ = ,\ ', AMnnHTy,ll.a F HMeeT 

BH.ll. 113 I, T.e. B Hee He BKniO'ieHhiH3·3aHX ManOCTH CnHH-

6 I~ sf /I 3 I 7 I T 6 op HTanhHhle nonpaBKH ' • or.D.a H3 coo pa)l(e-

HHB CHMMeTpHH 
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v,\,\ U) = (lz)AA' 1171 

XOTH npHT;£0 ~A,\ f 0; OTCIO,ll.a nonyqaeM 1161. 34xbeKTHB

HOe none V[ I j B 1141, 1151 npe,li.CTaBHM B BH,ll.e 
X 

V[I ] = V[e ] + V[a ]12. 
X X X 

1181 

YpaBHeHHe ,ll.nH V[ eX 1 CO,ll.ep:>KHT nHWh ManyiO BenH-

'IHHY f l- K034xbHUHeHT npH nepBOB rapMOHHKe B pa3no:>Ke

HHH aMnnHTY.ll.hi F no nonHHOMaM Jle:>KaH,ll.pa, 3aBHCHJ..QHM OT 
II '1/ 

yrna Me:>K.li.Y HMnynhCaMH qaCTHU' ' • n03TOMY 

V.-\A [ex]=(fx),\,\. 
l 2 l 2 

1191 

Onpe,ll.enHB H3 1131 34xbeKTHBHoe none V[ a .l, Haxo.D.HM 

V[I l H, cornacHo 1141, 1151, ~f, . 
1 

X -

5. AHanorH'IHO MOMeHTaM HHepUHH, ,ll.nH BBe,ll.eHHhiX 

COOTHOWeHHeM 181 rHpOMarHHTHhiX OTHOWeHHB g H H 

g HaXO,li.HM 
z 

gz = \j'T-\~i V',\A [11~]n~<l- n~)(l~) ,\,\ 

g H = ~f ; 11 I . (11 ~ ) ,\ ,\ ( 1 - D ,\ ,\ ) X 
,\.-\v1 1 12 12 

I 2 1201 
e<>v v v)<mV a-r;) 

X (- J.. ,\ ,\ + ( ( A - f ,\ Jll A ,\ J X 
I 2 I 2 2 I 

x (j + V' [a ]12 - a I 2) A , l . 
X X X 1/\ 2 

Bxo.D.HJ..QHe CIO.D.a 34xbeKTHBHhie nonx V' [ 11 ~ ] , y'IHThiBaH 
I 

1171-1191, nepenHweM B BH.D.e 

V ,\A [ 11 ~ ] = <I z) M + ( y P - 112) VA,\ [a~] , 
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·v;_>.. [fL:] = Y nVA>.. [a :1 • 
V' ([Lp' n] = V' [a p' ~ • 

AA x Y p, n AA x 

/21/ 

Kax noxa3auo B 117/, ,ZJ;n.ll ,ZJ;e<}lopMHpoaauuwx JI,ZJ;ep pewe

HHe ypaBHeHHH ,!J;llJI CITHHOBbiX noneH V(ai]. B KBa3HKnac

CH'IeCICOM ITpH6llH)I(eHHH MO)I(HO npe,ZJ;CTaBHTb B BH,ZJ;e 

V[a. l"' r. a. ; npaKTH'IeCKH K TaKHM :>t<e pe3ynbTaTaM 
1 1 1 • 

ITpHBO,!J;HT 'IHCneHHOe peweHHe ypaBHeHHH ,!J;llJI V [a i ] 

B cne,ZJ;yiOI.I.(eM pa3,ZJ;ene Mhl o6cy,ZJ;HM pe3ynLTaTw Bhi'IHcne

HHJI MOMeHTOB HHep.u;HH H KOnneiCTHBHbiX rHpOMarHHTHbiX 

OTHOWeHHH ICOMITayu,ZJ;-COCTOJIHHH ,ZJ;e<}lopMHpOBaHHbiX JI,ZJ;ep. 

6. JipH HallH'IHH y JI,ZJ;pa B B036y)I(,!J;eHHOM COCTOJIHHH 

npoeiC.I.(HH K CITHHa Ha OCb Z ero 3HeprHJI CO,ZJ;ep)I(HT 

qneu, nponop.u;uouanbuwB: K 2 /8, 9/ • 

EK = K2/2~11 ' /22/ 

-
r,ZJ;e BBe,ZJ;eH MOMeHT uuep.u;uu J II , ,ZJ;nJI KOToporo HeTpy,ZJ;Ho 

ITOllY'IHTb B ITpH6llH)I(eHHH MallbiX MOMeHTOB 

<I -2 2 v v 2 v -1 
J II = T A,!.v (I z) AA (c A- E F (T)) (E A (T)) x 

x n~ (T)(1- n~ (T))(l- 2n ~(T)). 
/23/ 

3TOT MOMeHT, o'leBH,ZJ;HO, OT nuqaeTCJI OT J II , sse

,ZJ;euuoro cornacuo /16/. B /23/ Mhl npeue6pernH.H3Me~e

HHeM ~ OT uanH'IHJI cnuua. Kax Mhl YBH,ZJ;HM, J II H ~II 
CYll(eCTBeHHO OTllH'IaiOTCJI ITpH He6onbiiiHX TeMnepaTypax. 

Ilpu 6onhiiiHX TeMnepaTypax,_ xor,ZJ;a cnpaae,ZJ;nHBO KBa3H

xnaccuqecxoe npu6nH)I(eHHe, J11 = J11, 'ITO MO)I(HO uenocpe,ZJ;

CTBeHHO ITOllY'IHTb H3 /16/ H /23/, 3aMeHJIJI CyMMbl HHTer-

12 

panaMH H BBO,!J;JI cpe,ZJ;HIOIO ITllOTHOCTb ypOBHeH y rpaHH.I.(bl 

<l>~pMH. 

Bcro apall(aTenbHYIO 3Hepruro npe,ZJ;cTaBHM B BH,ZJ;e 

E = I<I + 1) + K 2 ( _1 ____ 1_) . 
IK .; CT 

2 j= l.. 2111 21 -l-
/24/ 

KoMnayH,ZJ;- cocTOJIHHJI MoryT ue HMeTb onpe,ZJ;eneuuoro 

3Ha'leHHJI K, no3TOMY ,ZJ;n.ll nony'leHHJI cpe,ZJ;uero 3Ha'leHHJI 

E 1 3THX cocTOJIHHH npu TeMnepaType T cne,ZJ;yeT ycpe,ZJ;

IIHTh /24/ no seeM B03MO)I(HhiM K auanorHl.JHO Bhll.JHcneuuro 

cpe,ZJ;uero g /11/. 

E = I 
I (I+ 1!._(_2_ + +) 

2 3Jl. 3jll 
I<I+l) 
2JF: 

/25/ 

B cne,ZJ;yiOI.I.(eM pa3,ZJ;ene Mhi npuae,ZJ;eM pe3ynLTaTbi Bbi

l.fHcneuuB: :f II , :f E ,ZJ;n.ll ,ZJ;e<}lopMHpoaauuwx JI,ZJ;ep. KaK y)l(e 

OTMel.fanocb, Bpall(aTellbHaJI 3HeprHJI ,!J;llJI MallhiX MOMeHTOB 

I '5_ 10 Mana, E 1« lJ, E 1 < T - TeMnepaTypw, cooTBeTcTayro

ll(eH paccMaTpuaaeMoH 3HeprHH ao36y)I(,ZJ;eHHJI U. IIo3TOMY 

npH Bhll.JHcneHHH TeMnepaTyphi T yqeT E 1 HBnHeTcJI 

HeCyll(eCTBeHHbiM H MO)I(HO ITOllb30BaTbCJI COOTHOWeHHeM /3/. 

Pe3yAbmambr ebr'lucAeHuu 

u ux o6cyxoeHue 

1. IIpH npoae,ZJ;eHHH acex pac'leTOB ucnonh3oaanHcb 

O,!J;HO'IaCTB'IHble 3HeprBB £ ,\ B BOllHOBble <}lyHK.I.(HB cp ,\ ,ZJ;e

<}lopMHpOBaHHbiX JI,ZJ;ep H3 pa60T /18, 19/, r,ZJ;e ITO,!J;p06HO 

onucau O,ZJ;HO'IaCTB'IHhiH noTeu.u;uan By,ZJ;ca- CaxcoHa B MeTo,ZJ; 

nonyl.feHBJI ¢,\ H < ,\ * . 

* ABTOp C'IBTaeT CBOBM npB.IITHbiM ,ZJ;OnroM no6naro,ZJ;a
pBTh <I>.A.rapeeaa, C.II.Haauoay, JI.H.ffiupuxoay 3a npe
,ZJ;ocTaaneuue nporpaMMW, Bhi'IBCnJIIOI.I.(eii ¢,\ H c ,\ ,ZJ;e<}lopMB
poaaHHhiX JI,ZJ;ep. 
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j=('[) H g(T) CYI.I.\eCTBeHHO 3aBHCBT OT ~ ('[) , ~ ('[) , 
n p 

Ollpe,IJ;eJIBeMbiX ypaBHeHHBMH /4/. IJpH peWeHHH 3THX ypaB-

HeHHH Mbl HCllOJlh30BaJIH cnapHBa TeJIL~ble KOHCTaHTbl G 
0 

H 

G P , nonyqeHHble H3 aHaJIH3a pa3HOCTeii Mace coce.IJ;HHX 

B.IJ;ep /20, 21/; .IJ;JIB BCeX B.IJ;ep 6paJIHCh 3HaqeHHB, llpHBe

,IJ;eHHble B ma6A. 2 pa6oTbi/20~ npuqeM cyMMHpoBaHHe B rrep

BOM ypaBHeHHH /4/ .IJ;JIB ~v ('[) npOBO.IJ;HJIOCh no BCeM co

CTOBHHBM .IJ;HCKpeTHOrO H KBa3H.IJ;HCKpeTHOrO cneKTpa /18, 19/ 

.IJ;O :meprHH +10 M3B, KaK H B /20/. Mbl TaiOKe npoBO.IJ;HJIH 

pacqeTLI, yqHTLIBaB HHoe qacno ypoBHeii, HanpHMep, cyM

MHpys no COCTOJIHHBM <,\ :S:: 0, HJIH OT <,\ ::::_ ·20 M3B 

,!1;0 E ,\~+5 M3B, HCnOJIL3YJi npH 3TOM COOTBeTCTBYIOI.I.\He 3Ha· 

qeHHB G0 , G p,PeKoMeH,IJ;yeMble B /2°/. ,D;ns T ,jo 0 peJynL

TaTLI npaKTHqeCKH He OTJIHqaJOTCB, eCJIH OHH COBna,IJ;aJIH 

npu T = 0. 

2. PeJyJILTaTbl pacqeToB .IJ;JIJI pe.IJ;KoJeMeJILHbiX JJieMeH

TOB npe.IJ;cTaBJieHbl Ha puc. 1 H 2, npuqeM Ha puc. 1 Benuqu

Hbl 5, g, ~ H3o6pa:>KeHbl B JaBHCHMOCTH OT TeMnepa TYPhl 

'f, a Ha puc. 2 • OT 3HeprHH B036y)I(.IJ;eHHJf U, qTO ,IJ;aeT 

B03MO:>KHOCTh llOKa3aTL 3aBHCHMOCTh BCeX BeJIHqHH OT 

T H U .IJ;JIB paJnHqHbiX o6nac-reii H3MeHeHHB T, U. CBJi3L 

T H U .IJ;JIB paJnHqHbiX B.IJ;ep TaK:>Ke npe.IJ;cTaBJieHa Ha puc. 1. 

H3 puc. 1.7 BH.IJ;HO, qTo TeMnepaTypaM T = 0,5-:-0,6 M3B 

COOTBeTCTBYIOT 3aMeTHO OTJIHqaiOI.I.\HeCB 3HeprHH B036y:>K

,IJ;eHHB U .IJ;JIB pa3JIHqHbiX Jf.IJ;ep 

,lJ;JIB MOMeHTOB HHepu;HH jj H rHpOMarHHTHbiX OTHOWe • 

HHH gR npu T = U =0 uawu pe3yJILTaTbl no CYI.I.\eCTBY coB

na.IJ;aiOT c nonyqeHHbiMH B /5, 22, 23/. HaqaJILHble yqacTKH 

BCeX KpHBbiX Ha PHCYHKaX, COOTBeTCTBYIOI.I.\He MaJibiM TeM

nepaTypaM T-:::_ 0,2 M3B, npe,IJ;cTaBJIJIIOT JIHWL qucTo MeTo

.IJ;HqecKHe peJyJILTaTbl BblqacneHHJf j-('f), g(T), A('f), TaK KaK 

npH TaKHX MaJibiX 3HeprHJIX B036y)I(.IJ;eHHJf TepMO.IJ;HHaMHqec

KOe OllHCaHHe, oqeBH.IJ;HO, HenpHMeHHMO. C pOCTOM T MO" 
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9 .1; z ty "',/111 

0,5 30 r Er 

/ 
114 

0,1, tO Dy 
r----~--'--':::::>......a:~ _-· 1U 

0,3 : Ho 
/~150 

0,2 1 Te 

01 I 5 IU . . / ~ 

9R t ,.. "J I . . \ .\\ . I f 114 Os 

I 114 re 

a~ - .. ~. • • ... I 15•sm 
0, f 

9 
0,3 

0.2t ~ft----1 T l ~ 1 

01 ~ ~ 3 I 
0 

0,5 
t 

'I 

5 " 10 15 u 

Puc. 1. 3a6UCUMOC11lb g -t/xzKmopo6, MOMeH1/I06 UHep11uu 5 u 
napHbiX KoppeAJifiUU An, A 9 0111 llleMnepamypbl u C6JI3b 
meMnepamypbl T c 3Hepzueu 6036yJKOeHUJI U OAJI peOK03e
~eAt.HbiX 3AeMeHIII06. U, T, ;\ p, An oaHbl 6 M3B; 
~fl., 511 - 6 h2 /M3B. Cnpa6a noKa3aHo, kaKuM JIOpaM 
coom6elircm6yl0111 Kpu6t.le Ha pucyHKax. C noMOI/IbiD mex JKe 
0603HQ'leHUU HQ ZOpU30HIIIQ/lbHbiX OCJIX pUCYHKQ 01/IMe'leHbl 
3Hepzuu C6J13U HeulllpOHQ U 

0 
6 C001/16e1/ICIIIBY101/1UX JIOpax. 

MeHTLI HHepu;HH BoJpacTaiOT, npuqeM KBa3HKJiaccuqecKoe 

HX 3HaqeHHe .IJ;OCTHraeTCB JIHWh npH TeMnepaType 'l -
-2 -:-3 M3B, qTo cooTBeTCTByeT U _50 -:-100 M3B. ,lJ;nlf 

T-0,6-:-0,7 M3B j.L('f), jll ('f) MoryT HeCKOJILKO npeBocxo

.IJ;HTL npe.IJ;eiTLHble KBa3HKJiaCCHqeCKHe 3HaqeHHB. IJoBe,IJ;eHHe 
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5 ..L (T), 5 II (T) onpeAenJieTCJI AnJI Ka~oro JIApa JaBBCHMOCTLIO 

oT T queen JanonHeHBJI n~('I) B cnapssaHBJI ~ ('I), ~ (T) . 
1\ n p 

llpB U o: U n ~ n = 0 AnJI scex peAKOJeMenLHLIX 3neMeHTOB. 

,IJ;nJI HeKoTopLix JIAep, HanpBMep I68 Er, I 5 4 Sm, TaK)I(e B 

~p(Un)=Q,' OAHaKO AnJI MHOrBX JIAep ~p(Un), XOTJI H 

JaMeTHO MeHLWe ~ P(O), HO see )l(e ~ P (Un)"' 0,5-:-0,7 M3B. 

9z 
OJ, 

0.3 

o.;t£ I .I 
C)R 

" 

5 

6 

, I 
7 

0 f 1 .\ 1 \ lj 1Jl
1
\ ) \, I 

f 5 TT I 10 u 
t'6"oy ( f66Ho(f60rsff620Y 

0 I ' I I' ft! I I 
fO U if81,osf'76Yf3 p f51,Smff68Er 5 

Puc. 2. 3a8UCUMOCI/Ib g-(JaKIIIOP08, MOM€HIII08 UH€Pf#UU j= U 
napHbiX KoppeAJif#UU ~ n• ~ 0111 3Hepzuu eo36yJICOeHUJI U OAJI 
peOK03€M€AbHbiX 3A€M€HIIId8; o603HO'I€HUJI OHOAOZU'IHbl uc

nOAb3080HHbiM HO puc. 1. 
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.1 

' 

l 

3. Cno)I(BaJI JaBBCBMOCTL rspoMarHBTHLIX OTHoweHBH 
g z('I) , I g R('I) , g('I) OT 'I CBJI3aHa C 3aBBCBMOCTLIO OT '[ 
senB':IHH ~n('I) B ~P('I). KaK noKaJLIBaroT pac':leTLI, KBaJB
KnaccuqecKoe 3Ha':leHBe g-4JaKTOpOB g o:Z/A o:0,4AOCTBra
eTCJI nBWL nps T - 2-:-3 M3B, T.e. U- 50-'-100 M3B. 

KaK BBAHO B3 puc. 1 B 2, npB U =-U n pac':leT AaeT AnJI 

pa3nH':IHLIX JIAep 3aMeTHO paJnB'IHLie 3Ha':leHBJI g /HanpB

Mep, AnJI I84 Os g "' 0,15, a AnJI I 54 Sm g o: 0,35/, KOTo

pLie MOryT cy~eCTBeHHO OTnB':IaTLCJI OT KBa3BKnaCCH':IeCKO

ro JHa':leHBJI Z I Ao:0.4. EcnB BBeCTB g, ycpeAHeHHoe no pac

cMaTpBBaeMLIM peAK03eMenLHLIM 3neMeHTaM, TO nony':IBM 

g = 0,27, 'ITO 3aMeTHO MeHLWe KBa3BKnaCCB':IeCKOrO 3Ha

':leHHJI Z/Ao: 0,4. B pa6oTax/IO/no BJMepeHBJIM g -«llaKTo

pos 11 HeiiTpOHHLIX pe30HaHCOB 6LinO HaHAeHO g .. 0,34±0,22. 

06paTBM BHHMaHBe Ha cy~eCTBeHHO pa3nB':IHOe noBeAeHBe 

gz B gR" llpB u, U n AnJI scex JIAep g R JaMeTHO MeHL-

we g , HanpBMep, AnJII 68 Er g -g =0,16,aAnJI I 62 Dy 
z ...z R 

g z - g R=0,24 , 'ITO cpaBHBMO c g. ups TepMOABHaMB':IeCKOM 

OnBCaHBB onpeAenJIIDTCJI cpeAHeKBaApaTB'IHLie OTKnOHeHBJI 

y'(~g)2 ,y'(~5)2 BenB'IBH g , j= OT. BX HaHAeHHLIX cpeAHBX 

3Ha':leHBH, o6ycnosneHHLie cpeAHeKBaApaTB'IHLIMB cllnJOKTya-

D;BJIMB 4JyHKD;BB pacnpeAeneHBJI · HyKnOHOB y(~n)2 npB 

TeMnepa Type 'I. O:o;eHKB /II/ v' (~n )2 nps U o: U AaroT 
----- n 

y'(~g)2o: 0,3. CpeAHee JHa':leHBe g /11/ nonyqeHo ycpeA-

HeHHeM no K 2 /II/. llps 3TOM Hansqse y' (~K 2) 2 o: 1/ 3 

cny)I(BT npB'IBHOH/II/ OTKnOHeHBJI g OT cpeAHero 3Ha':leHBJI 

/11/, y(~g)2o:lgz -gRI/3 ,0,1, rAe BCnOnL30Ba~B

'IBHa pa3HOCTB lg -g 1 no puc. 1,2. B/10/AnJI y'(~g)2 B3 
z R 

3KcnepBMeHTanLHLIX AaHHLIX nony':leHa o:o;eHKa y'(~g) 2"' 

o: 0,51±0,18. CpeAB BJMepeHHLIX B pa6oTax/lO/ g -cllaKTo-

poB 6LinB HaHAeHLI 1 BnB 2 cnyqaJI g,$0. 3TH 3KCnepBMeH

TanLHLie AaHHLie He npOTBBOpe':laT HaWBM peJynLTaTaM. 

Y'IBT~BaJI BenB':IBHY y(~g) 2, . MO)I(BO O)I(BAaTL, XOTJI B C 

ManOB BepOJITHOCTLIO, HanB'IBJI g,::; 0 AnJI OTAenLHLIX co-
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CTOJIHHH llpH U"' U n • ,lJ;aJILHeHWHe 3KCnepHMeHTaJILHLie 

HCCJieAOBaHHJI g-cllaKTOpOB KOMnayHA- COCTOJIHHH AaAYT B03-

MO>KHOCTL npoBeCTH 6onee llOJIHOe cpaBHeHHe TeopeTH'IeC

KHX H 3KCnepHMeHTaJILHLIX pe3yJILTaTOB H npoaepHTL npa

BOMepHOCTL TepMOAHHaMH'IeCKOrO llOAXOAa AJIJI OllHCaHHJI 

xapaKTepHCTHK KOMnayHA-COCTOJIHHH. 

4. MLI npoaeJIH TaK>Ke BLI'IHCJieHHe MOMeHTOB HHepl{HH 

H g-cllaKTOpOB aKTHHHAOB: pe3yJILTaTLI 3THX paC'IeTOBnpen

CTaBJieHLI ua puc. 3. Ka>Knoii 3HeprHH U AJIJI acex 3THX 

JIAep COOTBeTCTByeT OAHa TeMnepaTypa 1, ll03TOMY MLI 

npHBOAHM ua OAHOM pucyuKe JaBHCHMOCTL OT T H U. H3 

puc. 3.8 H 3.9 BHAHO, 'ITO AJIJI aKTHHHAOB ~ n H ~ p o6pa

ll{aiOTCJI B HYJIL npu tJ, U n • H3MeHeHHe ~({]) OT 3Ha'leHHH 

A (tJ)"' A (0) no HYJIJI npoucxoAHT ua HHTepaane tJ acero 

JIHWL - 1 -'-1 ,5 M 3B; An o6pall{aeTCJI B HYJIL npu 3HeprHH 

Uc=2 -'-3 M3B. BLI'IHCJieHHLie HaMH ~ ..l (0), puc. 3.4, coana

naroT c nony'leHHLIMH a I 4/, uo oT JIH'IaiOTCJI oT ~ 1 , uaii

AeHHLIX B / 24• 25 • 26/, TaK KaK B 3THX pa6oTaX HCDOJIL3YIOT

CJI ~ , A , OTJIH'IHLie OT llOJiy'leHHLIX HaMH H3 ypaBHeHHH n p 

/3/ c G n , G P H3 1201. C pocTOM TeMnepaTypLI S: jT), S:ll ('f) 

6LICTpO pacTyT, TaK KaK llpH He60JILWOH 3HeprHH B036y>K

AeHHJI tJ "' 3 M3B ~ ..L ({]) BABOe npeBOCXOAHT J ..L (0) OCHOB

HOrO COCTOJIHHJI. 

,lJ;JIJI paCCMOTpeHHLIX JIAep j J (U) BeAyT ce6JI npHMepuo 

OAHHaKoao, a ~II (~) cyll{eCTBeHHO paJJIH'IHLI. Ha puc. 3. 6 

H 3. 7 MLI npuaenu ~II H ~ /22/-/25/, xapaKTepu3yJOII{He 

Bpall{a TeJILHYIO 3HeprHIO KOMnayHA- COCTOJIHHJI. KaK BHAHO 

H3 puc. 3.4 H 3.7, AJIJI U ~ 3 M3B ~F"')..L.llpH U "'273 M3B 

S: E(tJ) llpHMepHO BABOe npeBOCXOAHT ~ l (0), ll03TOMY Bpall{a

TeJILHaJI 3HeprHJI KOMnayun-cocTOJIHHJI co cnuuoM I cy

ll{ecTaeuuo OTJIH'IaeTCJI OT Bpall{aTeJILHOH 3HeprHH JIApa npH 

T ~O c TeM >Ke I. Ha puc. 3.1, 3.2 H 3.3 npencTaaneHLI 

g -cllaKTOpLI. llpH rec lJ n g"' 0,25 -:-0,35, 'ITO HeCKOJILKO 

MeHLwe KBa3HKJiaccaqecKoro JHa'leHHJI Z/ A"' 0,4, KOTopoe 
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9z ~ _J ~sot ~ t.238 
0.3 'lL 2 ~o. ( 

o.t r /7-J 
I :1. so~ dl~~p~ 
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20 

: f232 
~ 60~ 1,, 6l Th 2 ~0 

90/l' ; __ al z:: ' i(J{{, r1 Cm 0.3 
::.I. ' 
2 40 I . 

011 ,- iii 20 :± I 
. 0,1 0.5 f T Of 0.5 f T 

f 23 6 9 ~~ 22 u f 23 6 9 fl, 22 u 
f f 

() f ~----------~ Q 

L1n 

D.5r "\.. \:, I 0.5 

O.f 0.3 0.5 T 01 0.3 O.!i T 
~ 

0.2 f 2 3 6 u 0.2 1 2 3 6 u 
Puc. 3. 3a8UCUMOC111b g -fjaKmopo8, MOMeH1II08 uHepfiUU 
U napHbiX KoppeAJifiUU ~ n , ~ p 0111 3Hepzuu 8036yJICOeHUJI 
U u meMn'?_Pa111YPbl- T OAJI aK111UHU008; T, U, ~ n, ~ P oaHbl 
8 M3B; ::t..L , S: ~~, S: E - 8 h2 /M3B. Cnpa8a yKa-
3aHo, KQKUM JIOpaM C001118e111C1118Y10111 KpU8ble Ha pucyHKaX. 
C nOMOfllbiO mex JICe 0603Ha'leHUU Ha ZOpU30H111QAbHbiX OCJIX 
0111Me'leHbl 3Hepzuu C8JI3U HeumpoHa u n OAJI C001118e111C1118YIO
UIUX JIOep. 

AOCTHraeTcJI npu T "'2 M3B I U"' 100 M3B/. Ilpu nux >Ke 

TeMnepaTypax npHHHMaiOT KBa3HK~aCCH'IeCKHe 3Ha'leHHJI 

H MOMeHTLI uuepuuu S: 1 , s:
11 

H s: 11 = S:; 1• B uacTOJIII{ee apeMJI 
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OTCYTCTBYIOT 3KCnepHMeHTanbHbie ,ll,aHHble 0 g -clJaKTopax 

KaK OCHOBHbiX COCTOHHHH /T.e. g R(O) ,ll,nH BpaiL(aTenbHbiX 

COCTOHHHH/, TaK H KOMnayH,ll,-COCTOHHHH aKTHHH)l.OB. B pa-

6oTe 127 I nHIIIb H3MepeHbl OTHOIIIeHHH g R ,ll,nH H3oTonoa 

U; 6bmo Haii)l.eHo, qTo gH[ 234 U]:gR[2 3
Etl]:gR[

238U]=l: 

/0,98±0,06/:/0,94±0,9/. TaKoii :>Ke pe3ynbTaT nonyqa-

9- .1 = .1 .1p=.1p -
r- \ o o I 

164 n "' 
o.7 ~ Dy .1n -o, .1p=O ---

0.6 

0.5 

0,4 

0.3 

0.2 

0, f f 

J~ 

o 
.1n =0 ' .1p =.1p ---<>-

.1 = .10 .1p =0 --
n 0 n' .1o 

4 =~", .1P-r 
.10 .. -o .. =-P -6-LJ" , LJp 2 

-+--.1n =~0 

',~ 2 '.1p=O 

', --;-_____ 

' ' 
' ' ' ' 

5 
...1,..__ _ _1_ __ ~ 

Un fO U 
Puc. 4. 3aeUCUMOCmb g-rfiaKmopoe om ~ n' A p OA.R 164 Dy. 
Cnpaea Haeepxy yKa3aHo, KaKUM 3Ha<~eHU.RM '1n, ~ P coom
eemcmeyJOm Kpuebze Ha pucyHKe. 3Hepzu.R eo36yxoeHu.R U 
oaHa e M3B. BepmuKaAbHa.R <~epma coomeemcmeyem 3Hepzuu 
ce.R3U HeilmpoHa. 
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C) 

0,7 240Pu 

0.6 

Q5 

0.4 

---
0,3 

0,2 

0, f 

oL-~~~~--L-~~~--~~~ 

5 fO U 

Puc. 5. To xe, 
<~mo Ha puc. 4, 

HO OA.R 240 Pu. 

eTcH H B HaiiiHX pacqeTax. H3 cpaaHeHHH puc. 2 c puc. 3 
MO:>KHO 3aKnJOqHTb, qTo llOBe.D,eHHe g -clJaKTOpOB naHTaHH)l.OB 

H aKTHHH)l.OB 3aMeTHO pa3nHqHo. Y aKTHHH)l.OB g-clJaKTOpbl 

pa3nHqHbiX H.D,ep MeHbiiie OT naqaJOTCH llpH U - U n , qeM Y 

naHTaHH)l.OB. llonyqeHHe 3KCllepHMeHTanbHbiX .D,aHHbiX .D,aCT 

B03MO:>KHOCTb llpOBepHTb npaBOMepHOCTb HCllOnb30BaHHOro 

MeTO,ll,a BblqHcneHHH ~, g , 

6. Bo acex pacqeTax Mbl HaXO.D.HM ~v (T) no clJopMynaM 

I 4/. llpa :noM nonyqaJOTCH TepMO.D.HHaMaqecKH ycpe.n.HeH-
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Hble ITO MHOrHM COCTOHHHHM A v (T) • ,lJ,nH OT nenbHbiX 

Heii:TpOHHbiX pe30HaHCOB /HnH rpynn pe30HaHCOB/ -~ MOryT 

pa3nH'IaTbCH, ocnencTBHe qero g -c}laKTOpbi MoryT 6b1Tb 

TaK)f(e Cyli(eCTBeHHO pa3nH'IHbiMH. fi03TOMY npencTaBnHeT 

HHTepeC H3Y'IHTb 3aBHCHMOCTb g-c}laKTOpOB OT 3Ha'leHH~ 

A , ,\ • Ha puc. 4 u 5 3Ta 3aBHCHMOCTb noKa3aHa Ha npu-n p 

Mepe Hnep 1 64 Dy, 240 Pu. Ka)KnaH KPHBaH cooTBeTCTByeT 

onpeneneHHbiM /\ n, 1\ P , onHHM H TeM )f(e nnH ocex U. Mbl 

paCCMaTpusaeM pa3Hble B03MO)f(HOCTH, MeHHH \~, OT \1/ (0) 

no 0 npu naHHOM U. KaK ounHo H3 puc. 4, 5, npu H3MeHeHHH 

/\n, /\p B yKa3aHHbiX npenenax g MeHHeTCH OT -0,15 no 

0,4 nnH U- u n' 3TO MO)f(eT npuoonHTb K pa36pocy 3Haqe

HH~ g-0,2, T .e. He npeoocxonHJ..QeMy o6cy)f(naowuecH Bblwe. 

llony'leHHe B 3KcnepuMeHTax Manblx g, (<0,2), Morno 6bl 

CBHneTenbCTBOBaTb 0 TOM, 'ITO /\ n "'"'0, a /\ p"" /\ p (Q). 

7. Ha puc. 7-9 npencTaoneHbi pe3ynbTaTbi pac'leToB, 

.neMOHCTpupyiOII(He Ha npuMepe Hnep 
1 04 Dy, 240 Pu 3aoucu

MOCTb BCeX H3y'laeMbiX BenH'IHH OT BXOnHII(HX B pac'leTbl 

napaMeTpoo. Puc. 6,7 npencTaonHIOT CBH3b 3Hepruu Bo3-

6y)f(neHHH ll c TeMnepaTypoii T nnH pa3nH'IHbiX paccMaT-

pHBaeMbiX HH)f(e BapHaHTOB paC'IeTOB ~f, g, i\ nnH Hnep 
I o4D 240 p 

y' u. 
3aBHCHMOCTb ~fl. , g OT y'leTa H3MeHeHHH .\ H3- 3a 

HanH'IHH cnuHa, T.e. OT d, ounHa H3 puc. 8,9, rne pac'leTbl 

c d = 0 H306pa)KeHbi cnnowHo~ Kpuooii, a c y'leToM d -

WTpHXOBaHHO~. fipH T =0 OHH OTnH'IaiOTCH Ha 20~ nnH 

:f...L H 100/o nnH g n;'c pOCTOM T pa3nH'IHe yMeHbWaeTCH, 

H npu Av= 0 OHH coonanaiOT. CnenooaTenbHO, yqeT H3-

MeHeHHH ;\ He MeHHeT Cyli(eCTBeHHO pe3ynbTaTOB. 

llpu 3Ha'leHHHX cnapuoaTenbHbiX KOHCTaHT G , G 
I I 14 S ~" ~3 I,- n p 

H3 20 Mbl nonyqaeM, KaK H B '' ' --' -· , J l. (Q), 3aMeTHO 

MeHbWHe 3KcnepuMeHTanbHO ua6monaeMbiX. ,lJ,nH nonyqeHHH 

coonanaromux c 3KcnepuMeHTOM ~f .l Hano nnH 164 Dy no-

no)f(HTb G A= 17, G A= 21, a nnH 240 Pu- G A= 16 ,5, G A=22. 
n p n p 
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Puc. 6. CBJ13b me~mepamypbr T c :mepzueil eo36yJKoeHUJI 
U OAJI I 64 Dy, noAy"'eHHaJI e pa3AU"'HbiX npeonoAoJKeHu.Rx. 
T u U oaHbl e M3B, eepmw<aAbHaJI "'epma coomeemcmeyem 

3Hepzuu CBJI3U HeilmpoHa u n • CnAoumaJI KpueaJI ---ro
omeemcmeyem pac"'ema.w c paeHoeecHoil oe(fiop.wat~ueil u G n , 

GP u3/20/, wmpux-nyHKmupHaJI Kpuea.R -·-·-·- noAy"'eHa 

c .weHbWUMU G 0,'GP /c.w. meKcm/. Kpuea.R ....._ noAy"'eHa 
npu f:ho = 0,2; fJ4o=OucpaeHoeec:;HbiMU Gn, GP, a Kpu-
ea.R --o- - npu mex JKe f3 , HO c c G , HailoeHHbiMU U3 

ll> p 
/26/. Kpuea.R _._ noAy"'eHa npu f3 20 = 0,03, (340 =0 u 
paeHoeecHbiX G n , G "' a Kpuea.R --0- - npu mex JKe f3, 
HO c G n , G P, HailoeHHbiMU U3 /26/. Kpuea.R ~ coom
eemcmeyem f3 ~;20 =0,28, p40 = 0 u paeHoeecHbiM G G . 

n' p 
1.-----------------~--~ 

T 

0,5 

0 J 

f 5 fO f5 20 

T 

1 5 Un fO f5 20 u 
Puc. 7. Ce.R3b me.wnepamypbr T c 3Hepzueil eo36yJKoeHUJI 
U OAJI 240 Pu .noAy"'eHHa.R e pa3AU"'HbiX npeonoAoJKeHu.Rx. 
T u U oaHbl e M3B, eepmuKaAbHaJI "'epma coomeemcmeyem 
3Hepzuu CBJI3U HeilmpoHa U n. CnAowHaJI Kpuea.R --- co
omeemcmeyem pac"'emaM c paeHOBeCHOU oe(fiop.Mal.lueil u G n' 
G U3 /20/, W.JJpux- nyHKmupHaJI Kpuea.R -· -· -·- noAy"'eHa 
c P..weHbWUMU ·u c /c..w. meKcm/. Kpuea.R __._ noAy"'eHa 
npu {3 20 = 0,0.2,n'p P = 0 u pOBHoeecHbiX Gn,Gp, a Kpuea.R 
--0- - npu mex xe f3 , HO c G c HailoeHHbiMU u3 /26/. 

n• P' Kpuea.R --?<--- coo111eemcmeyem f3 20 = -0,28; , {:3 40 0 
u paeHoeeCHbi.M G n• G p. 
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Pe3yJILTaTLI pac'leToa c TaKHMH 'Gn, G P H3o6pa)KeHLI 

wTpHx-nyHKTHpHoii xpHaoii Ha puc. 6-9. Tax xax 3TH 

'G n' G P 3aMeTHO MeHLWe, 'leM Gn, G P H3 /20/ , ll
0

, 

il P o6paiQaJOTCJI a HYJIL npH MeHLWHX T, 'ITO aH~Ho H3 

puc. 8,6; 8.7 H 9.4; 9.8. MoMeHTLI HHepUHH H g-tilaKTOpLI 

npH U == U pa3JIH'IaiOTCJI ~JIJI 3THX ~ayx aapHaHTOa 'G O'leHL n 
cna6o. 

,lJ.JIJI 
240 Pu npe~cTaaJIJieT HHTepec o6nacTL 3HeprHii 

U-2-'-3 M3B, T.e. T -0,3-:-0,4 M3B; 3TH HHTepaaJILI 3HeprHii 

H TeMnepaTyp 3aWTpHxoaaHLI Ha puc. 7 H 9. HMeHHO npH 

TaKHX 3HeprHJIX ao36y)K~eHHJI 6LIJIH Haii~eHbl / 2B/ COCTOJIHHJI 

C MOMeHTOM HHepUHH a~aoe 60JILWHM, 'leM a OCHOaHOM 

COCTOJIHHH. 3TO CaJI3blaaeTCJI /24, 2!1,26/c yaeJIH'IeHHeM ~e

ciJopMaUHH a TaKHX COCTOJIHHJIX llO cpaaHeHHIO C ~eciJopMaUHeH 

OCHOaHOrO npH YCJIOaHH, 'ITO JI~po OCTaeTCJI "XOJIO~HLIM". 

KaK aH~Ho H3 puc. 9 , onpe~eJIJIIOIQHe apaiQaTeJILHYIO 

3HeprHIO MOMeHTbl HHepUHH ~f ..L (T) H ~f /T) ~'HarpeToro" 

JI~pa npH U == 3 M3B npeaOCXO~JIT a~aoe ~_(0) OCHOaHoro 

COCTOJIHHJI npH COXpaHeHHH a ao36y)K~eHHOM COCTQJIHHH 

paaHoaeCHOH ~eciJopMaUHH OCHOaHOrO. 3TO y:>Ke OTMe'laJIOCL 

npH o6cy~eHHH puc. 3. 

8. TenepL paccMoTpHM JaaHCHMOCTL il, ~ H g OT ~e

ciJopMaUHH JI~pa, 'ITO npe~CTaaJIJieT HHTepec, ,TaK KaK ~e
ciJopMaUHJI KOMnayH~- COCTOJIHHJI MO:>KeT, aoo6IQe roaopJI, 

OTJIH'IaTLCJI OT ~eciJopMaUHH OCHOaHoro COCTOJIHHJI. Ha 

pUC. 6-9 npHae~eHbl pe3yJILTaTbl TaKHX pac'leTOa ~JIJI 
1 64 Dy, 2 40 Pu • 

06cy~aJI pac'leTLI ~JIJI HepaaHoaeCHbiX ~eciJopMaUHH, 

He06XO~HMO OTMeTHTL, 'ITO napaMeTphl O~HO'IaCTH'IHOrO 
noTeHnHaJia, onpe~eJIJIJOIQero ¢A , c A j;a •191, H3aecTHLI 

JIHWL ~JIJI paaHoaecHwx ~eciJopMaUHii. KaK awnoJIHHTL HX 

3KCTpanOJIJIUHIO ~JIJI ~etilopMaUHH, OTJIH'IHLIX OT paaHoaec

HOH, HeHJaecTHO. Mw coxpaHJIJIH ace napaMeTphl o~HO'Iac

TH'IHoro noTeHnHana, MeHJIJI JIHWL {3 H coxpaHJIJI o6'LeM 
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JI~pa /18, 19/, fipH 60JILWHX OTKJIOHeHHJIX {3 OT paaHoaec

HOrO, HallpHMep, llpH {3 20 - 0,6-:-0,8, 3TO HeJIL3JI C'IHTaTL 

y~oaneTaopHTeJILHLIM ~a:>Ke npH6JIH:>KeHHo. 

,lJ.JIJI JaaHCHMOCTH cnapHaaTeJILHLIX KOHCTaHT Gn, GP 

OT ~eciJopMaUHH a pa6oTax 120• 21 I npe~Jio:>KeHa nony'leHHaJI 

H3 aHaJIH3a Mace JI~ep ciJopMyna: 

, 2 5/3 
Gv A = g v + gv {3 2 0 A /26/ 

II 164 D 
6 

, 
OJIO:>KHa ~JIJI Y g n = 1 ,7; g p = 19,5; g n = 0,0065; 

-.."' - 0 016 240P ... - • 5 4· ... - . ,. , - . 15 p- , H ~JIJI U g n - 1 , , g p- 18, !5 n - 0,006, 

g'P = 0,0148, nonyqaeM npHae~eHHLie a ma6A. 2 pa6oTLI /20/ 

3Ha'leHHJI G n' G p 3THX JI~ep. Ilpoao~JI pac'leTLI ~JIJI He

paaHoaecHLIX {3, MLI JIH6o HcnonLJyeM G n• G P , nony'leHHLie 

H3 /26/, nH6o nonaraeM, 'ITO Gv He JaaHCJIT OT {3, H 

HCllOJIL3yeM G n' Gp, a3JITLie npH paaHoaeCHbiX ~eciJopMa

llHJIX. Pe3ynLTaTLI ~nJI 3THX ~ayx cnyqaea nony'laJOTCJI 

coaepweHHO pa3JIH'IHLIMH, KaK 3TO aH~HO H3 puc. 6-9. 

Ha 3THX pHCYHKax ace aenH'IHHLI npHae~eHLI xaK $yHKUHH 

TeMnepaTypLI. CaJ13L 3HeprHH aoJ6y:>K~eHHJI U ,npHao~JIIQeii 

x "HarpeaaHHIO" JI~pa, c TeMnepaTypoii T npe~cTaaneHa 

~nJI paccMaTpHaaeMLIX cnyqaea Ha puc. 6, 7. «<>opMyny /3/, 

caJIJLiaaJOII.lYIO U c T, cne~yeT ~JIJI TaKHX pac'leToa pac

CMaTpHaaTL, paJyMeeTcJI, JIHWL o'leHL ycnoaHQ. H3 puc. 6, 7 

aH~Ho, 'ITO ~aHHoii TeMnepaType T ~nJI pa3HLIX aapHaHToa 

cooTaeTcTayJOT pa3JIH'IHLie U. O'leHL CHJILHO OTJIH'IaJOTCJI 

JaaHCHMOCTH Av (T) H j (T) OT TeMnepaTypLI T /eM. 

puc. 8 H 9/, ~ _L MOryT OTJIH'IaTLCJI a HeCKOJILKO pa3. 

,lJ.nJI ~e$opMal.lHH, MeHLWHX paaHoaeCHOH, MOMeHTbl HHepUHH 

"HarpeTLIX" JI~ep OKa3blaaJOTCJI fiOJILWe MOMeHTOa HHepUHH 

~nJI paaHoae CHOH ~eciJopMaUHH, oco6eHHO npH G n , G P H3 

/26/, KaK aH~HO H3 pUC. 8.6, 8.7H 9.4, 9.8. 3TO 06'LJICHJI

eTCJI aH~OM O~HO'IaCTH'IHOrO cneKTpa llpH 3THX ~eciJopMal.lHJIX 

H 3aaHCHMOCTLIO An' A p OT T. HaJIH'IHe 6oJILWOro MO

MeHTa HHepUHH He 06JI3aTeJILHO CaJI3aHO C 60JILWOH ~e-
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-·-- - - 05 I T ---
Puc. 8. g- ifjaKmopbz, MOMeHmbz UHept~uu ~f ,3Hepzuu napHblX 
KoppeAJifiUU \ n , ;\ P OAJI 164 Dy, noAy~eHHbte e pa3Ayt.t
HbZX npeonoAo.JtCeHUJIX. T, \n, .\P oaHbl e M3B, J.i, 
j II - 6 h :1 /M3B. Bee o6o3Ha~eHUJI KPUBMX me xe, ~mo 
u Ha puc. 6. C noMOUibKJ mex xe o6oaHa~eHuu Ha zopu3oH
maAbHblX ocJix omMe~eHbl meMnepamypbz, coomaemcmayKJ&~~uc 

3HepzuJIM CBJ13U HeumpoHa OAJI pa3AU~Hbtx aapuaHmoa. 

4JopMau.Heil. "HarpeToe" c¢epH'IecKoe R.LJ.PO HMeeT ~f ropa3-

)1.0 6onhlllee, 'leM .!I.LJ.PO C paBHOBeCHOH .ne4JopMaU.HeH {:3-

- 0,2 -'-0,3. PaJyMeeTC.!l, npH .nocTH)I(eHHH KBa3HKnaccH'Iec

Koro npe.nena npH T - 1-:-2 M3B MoMeHThi HHepU.HH BO ocex 

cny'la.!lx npHHHMalOT TBep.noTenhHhle 3Ha4eHHH. )lnH pac-

CMOTpeHHhiX HaMH pa3nH'IHhiX .ne<lJopMaU.HH H G n ' G p 
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g -4JaKTOpLI llpHHHMalOT 3Ha'leHHJI OT -0,1 )1.0 - 0,4. Jionh-

WHe,0,4, 3Ha'leHHJI g nony'laJOTCJI .nnJI Manhlx .nellJopMaU.HH 
, 

ft = 0.2 ft = 0.02 jJ --0,28 :1. ( \ 5 ----- -- - / f40[ 
--o-

0.5~ 
"'"""' 

. I 120 

9z 
fOO 

0,3 80 

60 

O.f 

2 
I 

7. 
2 80 

]~I 
60 

40 

7n 

3 
Jf 

905[ 2 80 

60 

0.3 
-·-·-· 

40 

20 

Of~ I 

I·· 4 ~ 8 

~~'\ 
Lln c 

01 0,5 I 
T 

0,1 05 
T 

Puc. 9. g -rjiaKmopba, MOMeHmba UHept~uu :J u 3Hepzuu nap
HbZX KoppeAJifiUU t'l n u t'l P OAJI 240 Pu, noAy~eHHble 8 
J'!l3AU!JHbiX npeonoAOJtCeHUJIX. 1, t'l n u t'l p OUHbl 8 M3B; 
:t l , j 11 , j F. - 8 h 2/M3B. Bee o6o3Ha~eHUJI KpU8biX JJe 
xe, ~•6 u Ha 'puc. 7. C noMOUibiO •ex Jlie o6o3Ha~eHuu Ha 
zopu3oHaaAbHbiX OCJIX OJJMe~eHbl JJeMnepaaypbJ, cooa8eJJ
ca8YIOUIUe 3Hepzuu C8JI3U HeuapoHa OAJI pa3AU'lHbiX 8apuaH
JI08. 
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u ManbiX C , G H3 /26/; npu paBHOBeCHbiX G , G g OKa-n p n p 
3biBaiOTCH ,!J.JIH MaJibiX {-3 MaJibiMH: - 0,1 ,!J.JIB l64Dy , 

240 . 
0,2 .IJ.JI'!. Pu. Ilony'leHue 3KcnepuMeHTanbHbiX .n.aHHbiX .n.ns 

g, :f no3BOJIHT c.n.enaTb 3aKJIIO'IeHue o B03MO)I(HOCTH CYII.\eCT

soaaHHH KOMnayH,!J.-COCTOBHHH CO CBOHCTBaMH, OTJIH'IHbiMH 

OT CBOHCTB OCHOBHOrO COCTOHHHB. 

9. Mbi paccMoTpenu cne.n.cTBHH, K KOTOpbiM npuao.n.uT 

yMeHbWeHHe .n.edJopMall,HH B KOMnayH,!J.-COCTOHHHH DO cpaa

HeHHIO C OCHOBHbiM COCTOHHHeM. flpH UOUbiTKe H3y'laTb 6onb

WHe .n.edJopMau.uu, {:l- 0,6, B03HHKaeT ps.n. CYII.\eCTBeHHbiX 

Heonpe.n.eneHHOCTeu, KaK 3TO y)l(e ynoMHHanocb Bbiiiie. He

H3BeCTHbl napaMeTpbi O,!J.HO'IaCTH'IHOrO UOTeHll,Hana UpH TaKHX 

6onbwux .n.e<PooMaU.HHX u 3Ha1.feHHB G n u C P. TaK, ecnu 

,!J.JIH Oll,eHKH C BOCUOJlb30BaTbCH <iJopMyJIOH /26/, TO ,!J.JIH 

~ wPu npu {J 011 ~ 0,6 nony'IHM C A = 35, G A = 67, Tor.n.a 
- II p 

H3 /4/ Hali.n.eM npu T ~· 0 .\ n = 3,6 M:JB, •\ P = 8 M:JB. 

flpu TaKHX 3Ha1.feHHHX /\ ,!J.JIH {1 = 0,6 OKa3biBaeTCH 

~t _:_ (0) '1 :'ih 7 M :JB, T. e. MeHbWe, 'I eM B COCTOHHHH C (1 = 0,2. 
/ ')' •)" 2f I E cnu )l(e nonara Tb KaK 3TO c nenaHo a - '• -·'· 'I 'ITO , .u. , 

napaMeTpbi noTeHu.uana He MeHBIOTCH npu nepexo.n.e OT 

{J = 0,2 K {:l = 0,6 H C"T,. npaKTH'IeCKH He 3aBHCHT OT f-3, TO 

:f J. npu T=O nonyqaeTCH .n.nH f:l = 0,6npuMepHo a.n.aoe 6onbwe, 

'leM .n.ns 'i ~ 0,2. O.n.HaKo TaKOH pac'leT Henb3B C'IHTaTb 1- 2 () 
CKOJibKO-HH6Y.IJ.b o6ocHosaHHblM. KaKou-nu6o HHou, 'leM 

/26/, 3aBHCHMOCTH G 1• oT f3 , npaaunbHO onucbiBaiOII.\eH pa3-

HOCTH Mace coce.n.Hux H.IJ.ep npu pa3JIH'IHbiX .n.e<iJopMaU.HHX, 

B HaCTOHII.\ee apeMH He nony'leHo. HeT KoppeKTHoro MeTo.n.a 

nocTpoeHHH O.IJ.HO'IaCTH'IHOro noTeHu.uana .n.nH .n.e<iJopMau.uu, 

CHJlbHO OTJIH'IaiOI.UHXCH OT paBHOBeCHOH, H HaXO)I(,!J.eHHH fA H 

<P A. npu TaKoH .n.e$opMau.uu. Ilo3TOMY .n.nH runoTeTH'IeCKHX 

COCTOHHHH C aHOMaJibHO 60JiblllOH .n.e<iJopMall,HeH CKOJlbKO

HH6Y.IJ.b ,!J.OCTOBepHble pe3yJibTaTbl B HaCTOHill,ee BpeMH no

JIY'IBTb HeB03MO)I(HO. 
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AaTop 6naro.n;apeu ci>.A.rapeeay, H.H.Muxaunoay, 

H.H.Ib:Toay, B.H.cl>ypMauy 3a none3Hble .n;ucKyccuu. 
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