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EyuaTSIH r.r. P4 - 10386 

K CT8THCTuqecKOMY onucaHH~ KOMnayun-cocTOHHHII Haep 

Meron TeMneparypHbiX rpunoec~tux ljJyuKuuil npuMenaerca nna uayqeuua 
CBOIICTB KOMnayun- COCTOSIHHII anep, J.1ayqeHbl H3MeHeHHSI M8TpHUbl nnoTHOCTH 
8 p , co6cr~euuo auepreruqecKoA qacru 8 I, cpennero Keanparuquoro 
panuyca li<r >, Keanpynonbuoro MoMenTa li<Q> u r.n. npu nepexone ua 
OCHOBHOrO COCTOSIHHSI, T .0, B B036y)f{neHHOe COCTOHHUe C TeMnepaTypoA To 
nonyqeuo COOTHOWeHHe, CBSI3b!B810Wee 3Hepru~ B036y)f{neHUH C TeMneparypoA, 
nocnenoearenbuo yquTbiBaeTC!I cunbuoe eaauMonellcreue nyKnouoe, e qacr
nocru uaMeneuue onuoqacruquoro noreuuuana smpa npu uaMeneuuu reMnepa
rypbi To .llaHbi KUecreeunbie KBaau~tnaccuqecKue oueHKH paccMorpenn~>rx 
aljJ<jleKTOB. 06CY*AB~TC!I npenenbl npuMenuMocTu crarucruqecKoro onucauua 
npu 6onbwux To 

Pa6ora Bbmonueua B na6oparopuu ueArpoHHOil cflu3HKU OIHIH. 

fipenpBHT 06WABHeHHOrO BBCTBTYT& aJ(epHWX HCCneAOB&HBI 0 ,lly6Ha 1977 

Bunatian G,G. P4 - 10386 

On Statistical Description of Nuclear Compound 
States 

Temperature Green functions method is used for the 
investigation of the properties of nuclear compound states 
Variations of the dense matrix 8p, of the self energy part 
BI, of the mean squared radius8Q 2> and of the quadrupole 

momentum 5<Q> 1 etc., have been investigated for the tran
sition from the ground state,T-0, to the excited state 
with temperature~ The relationship ~onnecting the excita
tion energy with temperature is obtained. Strong nucleon 
interactions are consistently taken into account, espe
cially the variations of the single-particle potential of 
the nucleus with the change of the temperatureTo Qualita
tive quasiclassical estimates are given to the above 
mentioned effects. The limit of validity of such statis
tical approach at high temperature is discussed. 

The investigation has been performed at the 
Neutron Physics Laboratory, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 19'77 

0 1')77 06uc)uNeNNWil UNCBUBYB Jlc)epNWXUCCJiec)oeaNUil,/b6NO 

BeeoeHue 

KoMnayHA· COCTOJIHHJI a TOMHblX JIAep HMeiOT O'leHb cnmK • 

HYIO DPHPOAY, o6ycnosneBHYIO so36Y)I(AeHHeM 6onbworo 

'IHCna CTeDeHeii CB060Abl DpH HX o6pa30BaHHH. ,lJ,nJI HCCne • 

AOBaHHJI TaKHX COCTOJIHHB MO)I(HO HCDOnb30BaTb TepMO· 

AHHaMH'IeCKOe ODHCaHHe /I/, BBOAJI TeMnepaTypy T COOT· 
' BeTCTBYIOlllYIO 3HeprHH B036Y)I(AeHHJI JIApa. llpH TaKOM 

DOAXOAe H3y'laiOTCJI He CBOBCTBa KaKoro·nH60 onpeAeneH· 

HOrO COCTOJIHHJI, HO cpeAHHe xapaKTepHCTHKH 6onbWOrO 

'IHCna B036Y)I(AeHHblX COCTOJIHHB, pa3nH'IHJI Me~y 3Hep· 

rHJIMH KOTOpblx ropa3AO MeHLwe T . llpHMeHeHHe MeTOAOB 

KBaHTOBOB TeopHH DOnJI B 3aAa'laX CTaTHCTHKH DpH 1<0· 

He'IHblX TeMnepaTypax / 2- 6 / D03BOnJieT, KaK 6yAeT DOKa· 

3aHO, Bbl'IHCnHTb H3MeHeHHJI cpeAHHX 3Ha'leHHH pa3nH'f• 

HblX BenH'IHH, HaDpHMep cpeAHero KBaApaTH'IHOrO paAHy· 

ca B<r 2 >, KBa,llpynom,.Horo MOMeHTa B<Q > H T.n., npH 

"HarpeBaHHB" JIApa, a TaK)I(e Bblpa3HTb KOppeKTHO TeMne • 

paTypy 'lepe3 3HeprHIO B036y~eHHJI. llpH 3TOM CHnbHOe 

B3aHMOAeBCTBHe HyKnOHOB B JIApe Y'IBTblBaeTCJI nocne • 

AOBaTenbHO, aHanorB'IHO TOMy, KaK 3TO AenaeTCJI DpH 

T"' 0, MeTOAaMH TeopHH KOHe'IHblX Cl»epua- cacTeM 171 . 
,lJ,nJI cnpaBeAnHBOCTH DPOBOAHMOrO HH)I(e paCCMOTpeHHJI 

Heo6XOAHMO, 'IT06bl TeMnepaTypa "HarpeToro" JIApa 61a1na 

ropa3AO MeH&We 3HeprHH Cl»epMH, T.e. 

T «p.. /1/ 

BblnonHeHHe 3Toro ycnoBHJI 03Ha'laeT, 'ITO H3MeHeHae 

~YHKUHH pacnpeAeneHHJI HyKnOHOB OTnB'IHO OT HynJI nHWb 

y rpaHHUbl Cl»epMH, AnJI COCTOJIHHH ,\, 3HeprHH KOTOpblX 

£,\ oTnH'IaiOTCJI OT p. Ha senH'IHHY I p.-r,\ I$. T · llpH 
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3TOM JI,!I;pO, pa3yMeeTCJI, HeJib3JI paCCMaTpHBaTb KaK CH· 
cTeMy qacTHU:, noMeiu;eHHbiX so suewuee none, ue Jasu
CJIIu;ee OT nepepacnpe,!l;eneHHJI qacTHU:, Bbi3Bauuoro H3-
MeHeHHeM TeMnepaTypbl. 

<l>yHKfiUU rpuHa "Hazpe111bJX" JIOep 

J. )J;JIJI OllHCaHHJI CHCTeMbl 1.faCTHU: npH OTJIH"'HOH OT 
HYJIJI TeMnepa Type BBO,!I;HTCJI 13- 6 1 TeMnepa TypHaJI rpH-

(i)J,I .... .... 
HOBCKaJI «l!YHKU:HJI HYKJIOHOB ~ (r 1 ,r 2, r 1 -r 2 , T ) , r,!J;e r i 

MeHJieTc~oT 0 ,!J;O T -I ; v• p, n , t. BKJIJ01.faeT cnHHOBLie 
I (iJ J,l _.. -t 

nepeMeHHLie. Ee <l>ypLe-KoMnoueuTa ~ (r 1 ,r 2• ~f , T ) , 
(~f =(2f +1)77Ti+p ) y,!I;OBJieTBO~JieT ,,!J;JIJI CHCTeMbl 6e3 cna
pHBaHHJI ypaaueuuro )J;aiicoua I I 

' 
->2 J,l -> -> .... -+ 

<~e -P /2M)§ (r1 ,r 2 ,~e ,T)=8(r1 -r2 ) + 

~I/(-> ->' t: f()J,I ->'-> l: d--+' +J..., r 1 ,r '"'f'Th1 (r,r 2 ,~e.T) r. /2/ 

§."" §o + § o I § = 

.y - .Yo 

r,!J;e Iv - co6cTseuuo 3HepreTH1.fecKaJI qacTL npu TeM
nepaType T, §0

- «l!YHKU:HJI fpuua cso6o,!J;HLIX qacTHu;. 
0,!1;H01.faCTH1.fHbiH cneKTp CHCTeMbl E'_\ (T) onpe,ZJ;eJIJieTCJI 
nonrocaMH auanHTH1.fecKoro npo,!I;OJI)I(eHHJI § v( (, T), T .K. 
OHH COBlla,!J;aiOT C llOJIIOCaMH BpeMeHHOH «l!YHKU:HH fpHHa 
G(£, T) npu TeMnepaType T 14 • 5 ~ Y1.fHTLIBaJI csoiicTBa 
Iv(~)/61, MO)I(HO nocTpOHTL, KaK H B cnyqae T s0 171 , 
TaKoii O,ZJ;H01.facTH1.fHblii raMHJILTOHHaH H ( T) , "'TO B npe,!l;
cTasneuuu ero co6cTBeHHLIX «ilYHKU:Hii ¢A (r, T) 

H(T)¢A (;, T),., £ A(T)¢A (r, T) /3/ 

4 

§ AA~O y rpauuuLI <l>epMH JanuweTcJI a uu,!J;e cyMMLI no
nJOcuoii H perynJipuoii qacTeii 

ru (") ( c . ( ))-I t.J H (t: (_.J
8 

tu H Hu' ~ ~aoAA, r,-t,\T +~Ju-d=,Ju-~~JAA' 
/4/ 

-I 
a ~ (1- a l AA /a ( ) ~ = c A= fl 

A Mo>KeT BKJ1J01.faTL H v = p, n. H ( T ) Bbipa>KaeTCJI 4e pe 3 
I(p., T) H 1.1epe3 ee npoHJBO,!J;HLie ua nosepxuocTH cl»epMH, 

auanorH1.fHO · 11 . llpH T • 0 ~( (, T ), KaK H G(f ,T), nepexo
,!I;HT B o6bl1.fHYJO «ilYHKUHIO fpuua G(, ), a fA(T) - B O,!J;Ho
qacTH1.fHbiH cneKTp cA (T =•0) 06bi4HOrO O,!J;HOlfaCTH4HOrO ra
MHJibTOHHaHa MO,!I;eryu' o6onolfeK H¢A = (A cpA. 8blpa>KaJI H 
qepe3 ~ cornacuo ' 7,, HMeeM: 

I)H rH(T)-H(O)=a( ~(T)- 2(0))=at') 2 /4a/ 

-I 
,) I A ao ~AA, cpA (T) cpA (0) + ~ a o 2 ( 1 . , ) 

A~AI A1A A1 A 

llo,!J;4epKHeM, 4TO HJMeHeHHe o I H, cne,!J;oBaTcnbHO, 
o H JIBJJJieTCJI ueo6xo,!I;HMbiM cne,!l;cTBHeM nepepacnpc,!l;ene
HHJI HYKJIOHOB, BbiJBaHHOrO H3MeHeHHeM TeMnepaTypbi. 

" 2. llpu uanH4HH cnapusaHHJI 2 (f, T) co,!l;ep>KHT nonroc-
k 

HLie cnaraeMLie 2 (c ) 
-I' 

,-"cr. ''<l: · ,-"</: T "'"<" T) - s I' ' T ) = - C.f' ' 1 ) I - c. I' ' ) ' .... (. I' ' 

= - \ a -- 1 ~~ ( - f
1
, 1 2 11 ) \a -I= 

/5/ 

)J;JIJI OllHCaHHJI TaKOH CHCTeMbl BBO,!J;JI7~? TeMnepaTypHble 
«l!YHKUHH rpuua §vs<(e, T) , ~F<~e, T) , y,!J;osneTsopJiro-

mue ypaaueHHJIM 
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~''"'"" ~~· -~J 1;(a- 1 A 1·)~f I'.._ 

~l - ~~ 
fdv~ - 'IJ" 

+ ~t 
"d 

I' . I' I' I ,. l'" 

~f ( .; p ) ~ ~ ( ,.. .; ( I· 211 )(a - A ~j (.; f )) ~ 
~ 

s 
,[l,nx aHaJIHTH'ICCKoro npo,IJ;omt<eHHH § (f, T), ~ ( f, T ) 
JiyqaeM E npe,IJ;CTaBJICHHH ¢),. 

I' 
" ~BAA, E/T)- tA (T) ~~~ (T) 

01 (.; T)"' --- I ---------------- I 

'
1
AA' ' 2EA(T) f-1/'(T), EA(T) 

I/ 
E,\ (T) 1- t A(T)-11 (T) n 

+ -----------------11 ~ JT) 
f- 11''(T)-E A (T) 'AA 

a~ A A (T)o A~~-l----~---- -
~fAA'(f,T), - 2 EA-(T)- ,; _

11
1'(T)

1
EA(T) 

___ _1__ 2 • 
1: IJ ---- I E A 

2 
2 s - J1 (T)- E (T ) , .. . !- (t A -~~) . 

A 

6 

/6/ 

no-

/7/ 

• . ,1(,. 
{ji, 

'·. i 
-t' 

.. ~ ,,. 

/4-6/ v s 
Cor nacHo onpe,IJ;eneHHIO · § ( f y ) , Ma TpHua nnoTHOCT H 

CHCTCMbl 
( n' 

I'<''' '.f 01'"(''•t: fJ r , r ) ~ T ~ c , 1 r , r , <; 1, , T ) "" 

-1 I''"•, tni t ln.>·-1 
~ J d.; (2 11 i ) ~j ( r , r ',(, T) c (1 + cxp .:..::.1~-----) 

c: T 

(n(.;,TH(>: /8/ 
t· I s·l' n ,.. _ 1 ._ 

T 2 c ljA\!(
1
, )o- Jd((bi) l'j ,((). 

I' I c: AA fJ AA ,( T) ~ 

(-,t 1'1'1 
tn' ----;r___ -1 ,., 

.c (J,c ) (n(t,T)l'j ). 

KoHTYP HHTerpupoaaHHH C H3o6pa)I{CH ua puc. I. Auano

rHlJHO, ,!J;Jlll 3HCprHH napHbiX KOppCJI'liUHH noJiylJaCM: 

t: I 
. (. <:I' II I' 

\
I ( ') ,. .., . I >, I 'I l.., . • >' 't' ( • ' •· .,. ) r . - _ 1 < r a ( r , r ) l' . r J I' . 

I' 
) .. •· l 

. d( dr' 2 ,1t • •· :'.II ,.1' •, 1_ , .. 
- I ------- a I ( r , r ) l . t ( r , '- , I ) . 

) . c ,_ijJ 

\ \[I) - - T ~ a I' (A 'A , 't ( ,._. ) . t I' u' 
II\ I' A,\ ',\' (.1' C 

/9/ 

~ .tA:\'\A/..' EA(T) -1 
~- <I I M ---- (1-(1 , cxp -T--) 2) 

2EA· 

Lcf 

Q)=J ~ 
7 
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2 CD 
1 

~ -1 

-2 c 

Puc. 1 

H3MeHeHue p , § , I, ~ npu "HazpeeaHuu" 

1. HJMeHeHue cpe.u.Hero JHa'leHHJI I<ai<oil-nu6o 4JuJu
'lecKoil senH'IHHbl 

r.u.e 
.u.yeT 

""' ""' v -+ ...... --+ -+ __,. o<q> .. I J qop (r,r')dr,r'--r, 
v 

Bp- HJMeHeuue MaTpHUbl nnoTHOCTH. HJ IBI cne-

p-p=op .. (on~)+(no§), on=o~-n. 8~..,~~-~. 

/10/ 
3)].eCb H B )].anbHeHWeM 3Ha'IKOM - Ha)]. 6yi<BaMH Mbl OT
Me'laeM BenH'IHHbl, OTHOCJIIQHeCJI K COCTOJIHHIO llpH TeMne
paType T · «<lyHKUHH rflA .u.uaroHanHJYJOT nomocHyro 'laCTb 

§ , ~f y rpaHHUbl cllepMH, a JA _ §, J. ll03TOMy f.'], :f 
DHWeM B npe)].CTaBneHHH ~ 'a ~, ~f - B npe)].CTaBneHHH 

rp A. 

8 

• 
I 

.. 

" 

Bxo.LJ.JIIUaJI B 1101 o § onpe.u.enJieTCJI HJ ypasHeHHJI ,lJ.ail
coHa. ,lJ.nJI CHCTCM 6e3 cnapHBaHHJI HMeeM: 

o ~~AX, < .ff > c §AA , <f P > 8 lA, A" 
2 
< f r >~~A 

2 
A · <fl' > ~ 

u a , ,_ a AA ' , I I I I 
"" ~A ( f P) 0 ~AX' ( ,f P ) §A' ( fl') " B A_:\ r) 2 A A ' 

r·2 1 2 

r.u.e Bbi.LJ.eneuo npouJse.u.euue nomocHblx qacTcH ~. 8 Bbi-
pa)l(eHHH (on ~~ ) ~ MO)I(HO JaMCHHTb Ha ~" T.K. on 
OTnH'IHO OT HynJI nHWb y rpaHHIJ,bl <l>epMH, a ~~It y rpaHHIJ,bl 
<l>epMH perynJipua. Tor.u.a, ucnonbJYJI npe.LJ.l:TaBneHHJI </1A , 

c\ . JaDHWCM o(n ~ ) , Op B BH)].C 

u "un" --u'01 
... ' :>~• 

;)( n ~~)A X ' ~ ( 0 n ~~A ) 0 A A' 1 (n ~~A () 2 AA '~~A' ) 1 

•• AI A2 
1 ( n B .. o ~ - )• 1121 

AA' A 1A2 

" • )> - ~ 
r)(l - =I drdr' ,) ( r) Of! (r, r' )cl) (r') E 0 (J -· rl '~ 

A,\ ' A A ' II A ,\ A A 

'Cli~a 
A 

,..,-
()- -· AA' 

- AA' - '\ 
ru" )(1-r'i ,)•B- o-A·A 
H A, . AA AlA :l I 2 

1131 

a 
3.u.ecb B BoP Mbi o6'be,nuuunu ( 8 n ~ ) H .u.uarouanbuyro 

a -a qacTb (i) S I _ rv • Bbi'IHCmiJI unTerpan no .f, nonyqaeM 
~A AA':-;A' -

o.,p - X anA A l(l ~cxpl (;· -il'')T-II)-
1 

A 
1
A 

2 
• I :l A 

,, - ., 
-O(tA-11 )lJ c/JA cpA dr. 

I 2 

1141 

3To ecTb, c TO'IHOCTbJO .u.o ( o I )2 , paJHOCTb queen Jan on
ueHHJI I<BaJH'laCTHU "uarpeToro" u uesoJ6y)I(.LJ.eHnoro Jl)].pa. 

9 
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llpOH3BC.li.CHHen§A (,;)§",\, (t) B 1131 6biCTpO MCHJICTC.II .li.Jl.ll 

.; -11 , a 0 ~ - DJiaBHa.ll liJYHKI.(HJI .; , ll03TOMy 

a -
f ~- ii ( .; ) § ( t) o ~A X (.;) § ; (.;) "' 

c 277i A( I 2 2 

8 ~A X ( 11 )J ~:--;](,;)§a(,;)~ a (,;},. 1151 
l 2 c 2 771 A 1 A2 

"'8 ~A X ( 11 )f n ( t A ) - n ( t-, ) I ( t , - ""i , ) -
1 
a 2 • 

I 2 I "2 "I "2 
~ -

• 8 ~ - <11 ) A _ a 2 . 
AIA2 AIA2 

Ilocne.D.HHH 'IJieH B I 131 

-1 
f dt(277i) 
c 

AA' 
B - ( t) o ~ - (t) 

A1A2 Al2 

He CO.!J.ep>KHT OC06CHHOCTCH y llOBepXHOCTH <l>epMH. 

2. ,[J;JIJI BXO.lJ..IIII.(ero B 3TH 4JopMyJlbl 8 ~ llOJIY'IHM 

1161 

v dt:' ' , 
8~ (f,,;)..,f-2 ~-:-fd;'Uw <f/',t,.;')o(ii(.;) §v (r',r .. ,(')).., 

c 771 

1171 

Ilo OllPC.li.CJICHHIO, U He CO.!J.Cp>KHT .li.BYX JIHHHH B BCpTH

KaJILHOM HanpaBJICHHH, T.e • .IIBJI.IICTCJI B 3TOM HanpaBJieHHH 

HenpHBO.li.HMbiM. IlOJTOMY MO:lKHO npeue6pC'Ib H3MCHCHHCM 

U llpH MaJibiX H3MCHCHHJIX TCMnepaTypLJ, 3aTparHBaiOII.(HX 

10 

f 
• 

• 

• 

JIHWL cocTOJIHH.II y rpaHHULI <l>epMH, 'ITo u Y'ITeHo B I 17 I. 
l1CDOJIL3Y.II 1121, 1131 H npOH3BC.ll..ll o6bi'IHYIO B TCOpHH KO

He'IHbiX <l>epMH- CHCTCM / 7 / nepeHOpMHpOBKY, BBO.li.Jl aMDJIH

TY.li.Y paCCC.IIHH.II rw H llOJIHyiOaMnJIHTY.li.Y pacceJIHH.II KBa3H

'IaCTHU r, 

l'w =U+UBI'w, J' ,I'<JJ t-J'c•ij"':, ltBI'")~l/a, 

1181 
nonyqaeM H3 I 17 I 

. d t: uJAA , .· a 

an 'i.M, (,l}co I ~-I' - a(nn§A (()c\ A 
C 2771 AIA2 I I 2 

t-n~~a(()c>'i.,, (()~~~ (()) 
A, "1" 2 "2 

1191 

. 2 I , (:!.A I A 2 ( n u fl' A 
=a AA' " I 2 

cdA I A 2 _ 
-I 21, A •. 

a t- a AA, A I A 2 
c ,. - ) = ao-, A 

"I 2 

2 -A IA2 -I 
~ a I' ( o p _ a ). 

AX' U A A 
I 2 

B COOTBeTCTBHH 

BHCHMOCTblO l'cu 

npeue6pe'IL, l~w 
'ITO u npu T- 0 
I 131, nonyqaeM 

c onpe.D.eJICHHCM r(IJ qepe3 B • u 3a

OT T .D.JIJI paccMaTpusaeMLix T MO>KHO 

)
,(,) ~~(<) 

~ , T .e. llOJiaraTb TeM >KC caMLIM, 

B 7 . IlO.li.CTaBJIJIJI Teneph 1191 B /,121, 

-1 - ~ -:A1A1 n1) _ ""n fJ _ n a t- A"~', (1-o ) I _ ._,. 
AA' 0 ,\,\' AA' AA. AA' AA' 

do p _ a-1)a2 
0 A A ' 

I I 

1201 

a a -a 
ao(n§Af' )-(Sn§A )BAA, +§Ao~AA'§A,. 1211 

11 
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I 

3He-prHJI <l>epMH p.v npH TeMnepa Type T, sxo~Hll(aJI so see 
<llopMyJibl, onpe~enJieTcJI Hl ycJIOBHJI 

~o0 p" _,. o, 
A .U 

II="' P, 0 , /22/ 

HHTepecyiOU(He Hac H3MeHeHH11 o(n §). Op .~~ 'Op. nony
qaroTCJI H3 /14/, /18-22/. Bee OHH MOryT 6b1Tb Bblpa)l(e
Hbl qepel HJMeHeHHJI o0 p AX H npe~cTasneHbl B BH~e 
paJJIO)I(eHHJI, "'JieHbl ICOToporo co~ep)l(aT cTeneHH BoP 
ECJIH BOCDO~lOBaTbCJI MaJI~CTbiO Op. , 0~ H Rpeue6pe"'L 
HMH aA,Tonn·Jio~ ,op,o(n§),op. nony<~HMHJ/19/
/21/ Bblpa)l(eHHJI, JIHHeHHLie no o0 p A A . ,nnJI· caMoii aenB
lfHHbl o0 p B TOM )l(e DpH6JIH)I(eHHH HMeeM 

I J! ... -1 I 
8 p •• a- u(l+exp_ [(t, -p. )T I)- 0(1l ·-t,) t· 

0 AA ll ll 

t-O(p.''-( -ot )-0(11'·'-t )-
A A A 

/23/ 

I. I' ) -I I)-I ,. '='·( ,, ~' ( l 1 exp ( t -p. T - () (/1 -t ) -o 11 - t , Ot . 
A A A A 

~JIJI TeMnepaTyp T - 1 M:JB Tai<oe npa6JIH)I(eHHe MO:lKHO 
C"'HTa Tb BllOJIHe npaBHJibHbiM. 

3. flpH .HaJIH<fHH B CHCTeMe napHbiX I<OppeJIJIUHH CBepx
nposo~JIU(ero THna lj)opMynw JaMeTHO ycno:lKHJIIOTCJI, Ho 
no cyll(eCTBy paccMoTpeHHe npoao~HTCJI TeM )l(e cnoco6oM. 
HJMeHeHHJI TeMrrepaTypHWX c)yHI<l{HH rpHHa § s ' 1 ' 
COfiCTBeHHOH JHeprHH ~ H JHeprHH rrapHbiX I<OppeJIJII.{HH 
~ HaxonHM HJ /5/-/9/ H ~anee, rrpoHJBO~JI rrepeHopMHpoa
I<y aHanorH"'HO /19/-/21/, rronyqaeM 

opAX' 

12 

~o p '_ + ( fl ) 2 , wA 1 >.. 2 
o AA, AX, a I AA, 

,\J. A, 

to~o' --
1J'~A2 

I~ 
J 

f ( :5;> - ) ao ~A A ] "' 
A 1A 2 • 1 2 

A1,.,A 2 /24/ 
r(o o , 1- (l-o" ,)(1\ \• )a2 r-:;-M, )o p' _ 

.\A AA Ill\ "" AA 0 AA 
3 1 3 4 :l 1-

o.,r :.. - 0 p a -J - 0 A -, Ol .. ) i-20 llf' a (n5 ~i. l X 
AA' 0 AA' M AA' ,... A A' 

X f ¢A ¢A ,i;' 

o p _ :ao 1{1-(;, -P''')E~ 1 (1-2n-(E, +ii''))]-
oAA' AA' ll 1' .1\ 

- (E -( t - 1L
1))E -I l2-t (¢ rfi dr' 

A A A · A A 
/25/ 

"' ( ,us) -I ;:, ~sa " A ~-:; 2 ;:, I' (- 'f- <.: ) o fl'-'J "'a on -0'\ •• Jt _ I· aou n .. J , :•. ' AA' 'A AA' U' ,... A A 

" j. I -:i_ d ' (,J ;:, ")' .-.~~'!' rt.t .. au __ 
A A' AA' AA'' 

/26/ 

a 0 ~ -· -a f ¢ {t) 0 :£ (r' ) ¢ ( r) d r ~ J f ~ , 0 p , -
AA' A ,, AA OAA 

" I 2 1 2 

a 2 r -a 2 r (()+ a 2l'(ll ( f) r a 2 . 
/27/ 

J~eCb Oof1 HMeeT TOT :lKe CMLICJI, "'TO H B /14/. Tal< )J(C 
HaH~eM Heo6xo~HMYIO ~JIJI ~aJibHeiiwero BeJIH"'HHY 

... ,. ~f . 'f ) o p >..X , = 8 ( n J ) .\X, "" on. A o AA , 1- (no . AX, ~, /28/ 
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~t') /'_ t') t{l-t"i h(( 0 \ )at')~ - t-t"iL\ -en t )-
()r AA AA' A.\' AA' AA' AA' ,\X' 

J! _, .. ,-::. ' - -~ 
- Ui 11 a ( n J J , , ) J cf> cf> d r ) , 

A 1\ . A A' 

tS e"'- 7 (t"in~f )t(~o~f) _ ~<~ (1- 2n(E +j:;''n-E- 1-
o AA A AA. AA A A 

-1 -I -
- l\ A A E A ) 2 a ( r./> A c/J Ad r' . 

/29/ 

linoK I i; ~ B /9/ HenpHBO.IJ.HM 

fl03TOMY npH Bhl4HCJICHHH 8!\ 
HHeM J'f, T.C. C4HTaTbJ'f; 

T<< 11, Tor )J.a 

B KaHane 4aCTHUa-4aCTHUa, 

MO)I(HO npeHe6pe4b H3MeHe

He JaaucsmuM oT T, ecnu 

i) \ - • fdr'cb 
A A . A 

I 2 I 

• • - • ti..X' _ 
( r ) t') \ ( r ) cl> ( r ) - - I ' · _ a i) ( n ~t ) _ . 

A2 AA A,\' 
I 2 

/30/ 

Opu HJMeHeHHH TeMnepaTypbl OT 0 .IJ.O T !\ MO)I(eT Me

HftTbCft Cyll.{eCTBeHHO, t');\ -!\, XOTJI H3MeHeHHft t"iL , 811 

Manw, oi« L' 8 f1 «tL. B tjlopMynax /24/-/29/ HCOOJib30BaHbl 

0603Ha4eHHft: 

14 

a 
2 

( § - ) '"' r d ,.. / 2 7T i n ( /:) l (<.l ,. II ( t;) '...;; ,. a ( t;) - ~f ( f.\ i ( t;) I 
A A ' · s.. s 'J A . 'J A ' . A "'' A ' . ' 

c 

a
2

( £' _ ) .. f de-/2rrin <e-H ~f, ((}~" 11((}+~,
8

(- (+2f1 1 }~ ,(f)l, 
,\,\' 1\ ,\' ,\ ,\ c 

a 2 (fi ) ,,fdc/2rrin(()[~f (t;)i'5.sa(t.\+'u"~O ~f (1:)1 
AX' c s . A·;·-\,"'' HA\. A'"'' 

a
2 of,\~, ) ""f de-/2 7T i n (() [~:a(- e- + 2 f1 v) ~ =~ (() -~f,\ (f)~{ ,(e->J. 

c 
/31/ 

Bee 3TH HHTerpanw nerKo Bhi'IHcmnoTcJI nocne 

uoBKH n(e- ), §sa H 5= auanorH'IHO HHTerpany 

I 15/. il v onpe)J.en.ReTC.Il H3 /22/, uo c o0 p /25/. 

HcKOMhle H3MeHeHH.Il o § , o p , o 1'1 , o f1 , 6 I 

nO)J.CTa

AAA' B 

BXO)J.JIT 
B npaBhle 'laCTH IIOJIY'ICHHhlX eOOTHOWeHHH, H Mhl HMeeM 

eueTeMy ypaBHeHHH, orrpe,neJIJIIOIUHX 3TH BeJIH'IHHbl. MO)KHO 

npe)J.eTaBHTb HX B BH,ne pa3JIO)I(eHHJI no eTenCHJIM Bapua

UHH DoP /T .e. Bapuauuii queen 3anonHeHHJI/ u Bapuauuii 

ooP F · llpu JTOM eaMH o0 p ~ DoP F 3aBHCJIT OT TeMnepaTy

pbl He TOJU>KO JIBHO qepe3 n, HO H qepe3 BXO)J.JIJUHe B HHX 

il , 'fA , 1'1 , ?>A . B Tex enyqasx, Kor.na Mhl xoTHM or-

paHH'IHTI.es JIHWb 'IJieHaMH' JlllHeHHhiMH no oi ' Op.' Bee 

tjlopMyJibi eymeeTBeHHo ynpomaiOTes, aHanorH'IHo /23/. 

Eme pa3 no,nqepKHeM, 'ITO nonyqeHHhle peJyJibTaTw 

oeuoBaHbl · Ha crrpaBe,nJIHBOCTH rrpe,nrrono)l(eHHJI, eornaeHo 

KOTOpOMY Bee 6JIOKH, He eQ,nCp)l(all.{He oeo6CHHOeTeH y rpa

HHUbl <l>epMH u ' r w ' r?;' H T .rr.' He 3aBHeJIT OT T rrpu 

T << 11 , T .e. H3Meueuue paenpe,neneHHJI HYKJIOHOB JIHWh y 

OOBepXHOeTH <l>epMH He MeHJieT JTHX BCJIH'IHH. llo:HOMY 

OKa3aJIOCb B03MO)I(HbiM Bblpa3HTb Bee H3MeHCHHJI 0 p , 
o § , oH H T .)).. '1Cpe3 H3BeeTHblt· O)J.HO'IaeTH'IHhiH eneKTp 

H H3BeeTHhle napaMCTphl r w' r rrpu T ,..() 6e3 BBC)J.CHHJI 

HOBhiX napaMeTpOB. EeJIH OT JTOrO rrpH6JIH)I(eHHJI OTKa-

3aTbeJI, TO B tjlopMyJiaX IlpH T~ 0 B03HHKHYT M~hle KOMn-· 

JieKeHble nonpaBKH, eo,nep)Kall.{HC oU , orw , or , 'ITO rrpu

Be)J.eT, B qacTHOeTu, K noJIBJieHHIO npu TlO MHHMoii qaeTu 

Y aMIIJIHTY.IJ.hl paeeeJIHHB f" H y eo6CTBCHHO JHepreTH

'IeeKOH qaeTH I Ha noBepxHoeTH <l>epMH. 

3HepzuR eo36yJICoeHuR "Hazpemozo" Ropa 

1. MeTO.IJ. TeMnepaTypHhiX rpHHOBCKHX tjlyHKUHH rroJao

JIJieT KOppeKTHO Bhi'IHeJIHTb pa3HOeTb oE- £ - E MC)I()J.y 

JHeprueii B036y)K,neHHJI s.npa E: npu TeMnepaType T u 

JHeprHCH OeHOBHOrO eoeTOJIHHJI E C rroene,noBaTeJibHhiM 

yqeTOM CHJlbHOrO B3aHMO)J.eHCTBHJI HYKJIOHOB, a TaK)Ke H3-

MeHCHHH BCeX CBOHeTB JI,npa npH "HarpeBaHHH" B qaeT

uoeTu H3Meueuus o.nuoqaeTH'IHoro noTenuuana H i 4a/. KaK 

H )J.O eHX flOp, Mhl paecMaTpHBaCM T<<jt, 'ITO eoOTBeTCTBy-
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I 

CT H3MCHCHHIO tiJYHKUHH pacnpe,D.eneHHJI HyKnOHOB nHWh y 
rpaunuLI <l>epMH. Pa3HOCTL E:-E npe.ncTaBHM B BH,ne pa3-
nO)I(CHHJI DO CTCllCHJIM BapHaUHH o0p , o

0
p F, HCDOnL3YJI 

peJynLTaTLI, nony'leHHLie a npe.nLI.D.YIUCM paJ,nene. 
3ueprHIO cncTeMLI E npu TeMnepaType T npu uanH'IHH 

napHbiX I<oppenHUHH MO)I(HO BLipa3HTL 'lepe3 § s( cf f, T ) 
H 2s((f , T), HCDOnL3YJI TOT )I(C MCTO.IJ., KaKHM nonyqe· 
HO i 7 ,8,' Bblpa)I(CHHC ,nnJI 3HeprHH OCHOBHOrO COCTOJIHHJI 
cucTeMLI 6e3 cnapuaauuJI lfepe3 G , I. llpu 3TOM ucnonL-
3YIOTCJI numb onpe.neneuue ~"'(eft, T), ypaaueuue ,D.aucoua 
,nnH uee H 06IUHH BH.D. raMHnLTOHHaHa HCXO.D.HOrO .D.BYX
lfaCTH'IHQ!70 B3aHMO.D.CHCTBHJI. fiocne 3aMCHhl CYMMLI no 
p HHTCrpanoM no ( ' T I • r d( / 217 i, auanHTH'ICCKoro 

I' c: 
npo.nomKeHHJI ( r·<f ' 3TO Bbipa)I(CHHe ,nnJI E nonylfaCTCJI B 
BH.IJ.C 

d l: (HI ' '"' ' "' ' • E I . ., . ·-(,~)'112 l.d v· ( c T)'u. ( •c 1")-- ---- c n c. 1 , r .... r, s , :--, r ,r ,<,, ~ (.; 2 TT j . . 

t J d t( P2
/ 2M) ~f ( r ,r ',I;. T) ,1,12 ( ~"'n ~"'h ( (l; 2/2M)ii~{ _1. 

r '• ~ • 
/32/ 

2. ):\anLHCHlUHC BLilfHCnCHHJI tiJopManLHO 6nH3KH K npo
BO.IJ.HBlUHMCJI pauee a pa6oTe 9 . Hau,neM H3Menenue 3Hep
rnu JI,npa, BLI3Bauuoe H3MeneuueM TeMnepaTypLI oT 0 .noT: 

'2 
- p ;; 1 ... 1 I . 

E E ( ' ( tu )) , ( '\' tu · ) ( ,. " toJ '"' - ~ -- 1) n '-J ' -.,- i'i - n ,._, ; -_,- - n ~, l 
2M - -

/33/ 

k 
B CHCTCMe 6e 3 napHLIX KOppenJIUHH 'InCH C 2 , O'le-

BH.D.HO, OTCYTCTByeT. HcnonL3YH CBJI3b U H I /18/, no
ny'IHM 

o(2n§s)-2(I8(n §s )). /34/ 

H3 ypaaueuuu /5/, /6/, /30/ cne.nyeT 

16 

k{<)s <Z: 'f 8(2 nH ) .. -8(An J ) -.-2(!\o(n , )). /35/ 

Tor.na H3 /33/ nonyqaeM B npe,ncTaaneHHH ¢A H fA 

• 2 
- d cf cf o+ P 0 s 
E-E-.J---e (2(cf,T)!-

2
M)- o(n(cf)~ _ ((,T)-

c 2rri AA' IV..' 

/36/ 
f' 

- A AA ' 0 PAX ' ' 

s F 
r.ne 8(n ~ ) H 8p onpe,LJ,enHJOTCJI <iJopMynaMH /26/, /28/, 
a ,nnJI cucreMLI 6e3 cnapuaaHHJI - tlJopMynoH: /21/. Co
rnacno /26/ /nnu /21/ I, 8( n § 5

) HMeeT pe3KHH MaKCHMYM 
Ha rpaHHUe <l»epMH, n03TOMy nnaBHY10 4JyHKUHI02((,T) 
MO)I(HO B /36/ 3aMeHHTL ee pa3n0)1(CHHCM no ((-p.) 
{ p2 -P: ). . Tor,na BMCCTO 2 + P 2 /2M nony'laeu, KaK 
H3BCCTHO H3/7/, KaK pa3 O.IJ.HO'IaCTH'IHhiH raMHnbTOHHaH 
H/3/, ,nnH KOToporo, O'ICBH.IJ.HO, HAA' s8AK ~ . AAA' TaK)I(e 
MO)I(HO nonaraTL .nuarouanLHOH. EcnB a E-E Mhl XOTHM 
orpaHH'IHTbCJI 'lneHaMH, nponopUHOHanLHhiMH o

0 
p , o

0
pF 

/HaUTH oE/o0 p , oE/o0 pF /, MO)I(HO He pa3nH'IaTL 

cpA H ';J>A , TaK KaK y'leT pa3nH'IHJI MC)I(.IJ.Y cpA H ;;; A npnao· 
.D.HT, cornacuo /4a/, K 'lnenaM, co.nep)l(aiUHM 6onee BLico
KHe creneuu o

0
p. H3 /36/ nony'laeM: 

- I F E-E "' o Ex f o p - A 8 p , o E/ o p ,. ( , 
A o AA AA o AA o AA A 

I "' F .,_A oE o 0 pAA AA 
/37/ 

2 3. llpoiUe acero nony'IHTL BTopyiO aapuaQBIO 

8 E/ ooPA>. o~,A?o E/oop~ooP:A" BapLHPYJI o1
E /37/. Hcnonb-

3YJI nonyqennLie BLiwe tiJopMynLI .nn11 o fA =aD IAA'o AAA , nau,neM 
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I 

AA' 
2 ( I, ) 

i) E ¥a AA (), A 
-. tA 'A' F 

11 ' !')II (J A A 00 p A 'A ' 1 I AA 0 o p AA 01A A'. 

/38/ 

J10CJ1C.LJ.HHC 4J1CHbl 8 /37/, /38/ 
HCnOJib3YH COOlHOWCHUC /9/ .LJ.JIH A. 
.LJ.O 4J1CH08 (b

11
{J )~ UOJIY4HM 

MO)I(HO 06'LC.LJ.UHUTb, 

Tor.LJ.a, c TO'IHOCTbJO 

I ., ~ I ,-
E-Ji., i) E ' ;)- E · l ~ 'A0 11(1 A A 

•. A 'A ') Y 

1 /2 a 
2 

( I ,A A i) ' A "' 0 

;) / 1 i)(l' .-1 \ 2 ~=--l (l-211(E q.i))-i\2 E-
1

[2-:-
1 

u ,\ A n ,\ A AA A A AA A 

/39/ 

4ncHbl 8blcwux nopH.LJ.KOH H pa3JIO)I(CHuu E-E no 8a-

puaunHM no (1 , i) 11 pF MO)I(HO HaHTU, Hbi4HCJ1HH omE TCM 

)I(C MCTO,llOM, KOTOpblM 3TO ,llCJlaJIOCb 8 IJ . 

KatJecmoeHHbJe o~eHI\U u o6cyJKoeHue pe3yAbmamoo 

J. l13 <lJopMyJI ,llJIH t'){JAA • JICI'KO 8U.LJ.CTb, 'ITO H3MCIICHHC 

cpe,llHero 3Ha4CHUH KaKoii-nu6o 8CJIH'IHHbl npu "llarpc8a

HUU" H.LJ.pa MO)I(HO npC.LJ.CTa8UTb 8 8U,llC 

.~'-li' "'v _, q li) fl ,, ' 
AA II "" 

/40/ 

r.LJ.C 34J<PCKTU8HOC none 8 CpC.LJ.C V l q [ onpe.LJ.CJIHCTCH U3 

ypa8HCHUH 

A A 2 wA 1 A 2 - A 

v -, [q):q -,+a r "'' .5:\ ,-VA A [ql. 
AA AX AA "1"2 I 2 

/41/ 

B CHCTCMC 6e3 cnapH8aHHH ~ 3aMCHHCTCH, OlJC8H,llHO, 

Ha A. l.JHCJICHHbiC paClJCTbl DO UOJIY'ICHHbiM 8biUIC <lJopMyJiaM 

18 

6y.LJ.YT 8biUOJ1HCHbl 8 .LJ.aJibHCHUICM. ].lJ.CCb Mbl np08CJ].CM 8 

nuneH:noM no Bop npu6JIH)I(CHHH /22/ JIHUib Ka'leCT8CHHbie 

OUCHKH H3MCHCHHH CpC.LJ.HCrO K8a.LJ.paTHlJHOrO pa.LJ.HYCa 3a

pH.LJ.a o<r 2> / Z H K8a.LJ.pynOJibHOrO MOMCHTa o<Q> UpH 

OTCYTCT8HJ cnapH8aHHH, HCnOJib3YH K8a3HKJiaCCHlJCCKOC 

npu6JIH)I(CHue. Mbi o6cy.LJ.HM 8 Tex )I(C npu6nu:>KeHHHX C.LJ.8Hr 

ypo8ueH: o (A u 8JIHHHHe 'lneua l/2a2I~ ~~, o(f AAo
0

p KK 

Y'IUTbi8aJOJ.UCrO 83aHMO.LJ.CHCT8HC K8a3HlJaCTHU, Ha C8H3h 

TeMnepaTypbi c JHeprueH: 8036Y)I(.LJ.CHHH. Opu JTOM Mbi uc

nonb3YCM 8 KalJCCT8C O.LJ.UOlJaCTHlfHOrO UOTCHUHaJia rapMo

HHlJCCKHH ocuunnHTop lJaCTOTbi h w "" 41 A-V3M3B 6e3 

Y'ICTa, KaK 06bilJHO 8 K8a3HKJiaCCHKC, cnuu-op6HTaJihHOH 

C8H3H (A - n 'r ,m ). .LJ.ng onpe.LJ.CJICHHH 011 nony'laeM H3 /22/' 
3aMCHHJI CYMMbl no n, e HHTerpanaMH U Y'IHTbi8aJI 

d( R e I dn "= 2h W 

"" t 'h<il -I 
f dt f Pd ft') p(d(hcu) 

tl (, () 
0. /42/ 

fiO.LJ.CTa8JIJIH CJO.LJ.a OoP (f) /23/ H UpHMCHHJI 06bilJHbiH DpHeM 

8bi'IHCJ1CHHH HHTerpaJI08 C 4JepMHC8CKOH <lJyHKUHCH, nony'la-

CM npu Z~N 

2 2 . -, AA 
0 c) II ~ - T TT 3 ll I I \ \ (I p ,\A 

r "F" F 
/43/ 

2. B K8a3HKnaccnlJecKoM npu6JIH)I(CHUH npu T <<11 
UICHUC ypa8HCHHJI /41/ .LJ.JIJI V[r 2 (1+ r )/(2Z)] 

pe-

z 

2 + h:~ 2 dn· + 
~ . - r- --17

- l "i.. , ¢ ¢ * -~ v-
Z M P F AA , A A ' d Jl 

+ v- - "i..j'_IR ,2 
nf TT ' nP I X 

dn nf ± ;.: ---- v 1 /44/ 

d/1 
MO)I(HO npe.LJ.CTa8HTb 8 8H.LJ.C 

v± ( r 2Z -··If f ± llM -!~2 z -I )(1 If ± )~ 1 v p,n ~<v' ± V-)/2. 

/45/ 
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I 

± PP np + -
J.necb f = f ± f , f ""1,5 , f ,.0,5 - aMnnuTy,nLI pacces-
uus KBa3Hl.faCTHL\ 17 I , a V p," - 3«jl«jlei<THBHOe ueihpouuoe 
H npoTouuoe none B s.npe, 
nomo V0 ~ r2(1-1 r ,)/2Z ; R n p 
I<Ba3HI<JiaCCH'IeCKaJI «jlyHI<l\HJI. 

Han,neM c Y'ICTOM /43/ 

COOTBCTCTBYfOIL\CC BHeWHCMy 
• pa,nHaJibHaJI OCL\HJIJIJITOpHaJI 
)].JIJI Bbi'IHCJICHH.H o<r 2 > z-1 

p 

t', 'hid 

~ ( r 2 ) 0 I', n 
A AA n fl AA 

-1 1 d 1 1 r dP 1 M -I (I) -
2<2 (tl h >-I ~ 

M-~-lw- 5 lbtll/ 

II II 

, T
2

rr
2 1/'2-t1 :1lA_~ ?oP ul"' 

I· I• 

T2 2 2M·' h-:1 -5 · S • 77 fl (<l . • 

/46/ 

Tor,na H3 /45/, /46/ DOJIY'IHM OUCHI<Y 

2 /). r , 
I' 

. , 
'/f- -,. 

I ' p 

. -J I' 2 I' 
r:z. ~ VAAir (l~r_)/2ZI('lup,u" 

I' A.l =f>.n z . 

. -2 ·2 -2 
0,01T 2 M3B-1 11. /47/ 

Kai< u cne.noBano o~u.naTb, OTHoweuue nponopuuouanLHo 
T

2
11

2
. llpu T"" 1 M3B 3«jl«jleKT Toro ~e nops,nJ<a, 'ITO H OT 

,no6aBJieHHJI 1 l.faCTHUbl I< s,npy. C pOCTOM 3HeprHH 803 • 
6y*.neuu.H o...., r 2

-,. 6biCTpo pacTeT u npu TeMnepa Type T"' 
"'10 M3B o<r

2-,./<r 2:-- ... l, OTKy,na cne.nyeT, 'ITOTCpMo
.nuuaMH'ICCI<Oe onucaHue c BBe,neuueM TeMnepaTypbl T 

B006ll\C He npHMCHHMO AJI.H COCTO.HHHH CO CTOJib 60JibWHMH 
3HeprH.HMH Bo36Y*ACHH.H, xoTa npu 3TOM ycnoBue T << f1 u 
BbiDOJIH.HCTCJI. Jl,nepHbie CHJibl I<OpOTI<O,neHCTBYfOIL\HC, 003· 
TOMY ueBo3MO)I(HO CYIL\CCTBoBauue s.npa, y I<OToporo cpe.n
HHH I<Ba,npaTH'IHbiH pa,nuyc CHJibHO OTJIH'IaeTC.H OT paBHO· 
BCCHOro. Cne,noBaTCJibHO, HCDOJib3YCMOe HaMH CTaTHCTH· 
'ICCI<OC ODHCaHHC AJIJI COCTO.HHHH c Tai<OH 60JibWOH 3Heprue8 
Bo36Y*.neuus He npuMeHHMo. Cyll\eCTBOBaHue Tai<oro .H,npa 
B CTaTHCTH'ICCI<H paBHOBCCHOM COCTO.HHHH DpOCTO HCB03· 
MO~HO. 
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3. Tenepb Ol\CHHM H3Meueuue I<Ba.npynonbuoro MOMeu
Ta<Q> 3aps.na .ne«jlopMupoBauHoro .H,npa 

o<Q> .. o<yl6rr/5r 2 Y0 (f/r)> -v16rr/5 l 
2 

P A,v-p,n 

x [ r 2y :f (l + r z )/2] oo P :,\ • 

1/ 

v AA X 

/48/ 

)].JIB 3«1!«1lei<THBHOrO DOJI.H V [ Q ] DOJiy'laeM ypaBHCHH.H, 
auanorH'IHLie /44/, JIHWb B nocne.nueM 'IJieue B I 44/ t 
3aMCHHTC.H Ha r; 4, OTI<y,na HaXO,nHM 

± + + + + -1 
V = Y 0 (r/r)(a-r 2 +b-), a-=O+f- ), 

2 
/49/ 

b He 3aBHCHT OT f • 

2 -2 -1 -1 
fipH ,ne«jlopMal\HH .H,npa{J dn/<1£ nrm ,.(1-{J(rn r - 3 ))(2flw). 

Kai< HeTpy,nuo BHACTb,o <Q> nponOpl\HOHaJibHO 

--- oo dhw 
v'I6rr/5 (r 2 yo ) 0 p~·,"- 2yl6rr/5 f d ( f de X 

2 ,\,\ 0 1\1\ 0 0 

r -I m 2 1 
x l (2 h(o) fl-P(-- -)]x 
m=~ p2 3 /50/ 

X fdn~JY:(n)J 2 Y 0 (n)fr 2drJR n r 0 pp,n (£}"' 
c 2 n t 0 

{JT2f12 11 2 
:::$ - ------- •• - -·---

50h3 w 5 M 

r .ne Bbi'IHCJieuue npoBe,neuo auanoruquo I 46/. 3uai< o< Q > 
DpOTHBODOJIO)I(CH 3Hai<y {J, T .e. DpH "HarpeBaHHH" ,ne • 
«jlopMal\H.H BCer,na YMCHbWaeTC.H, «jlopMa .H,npa npH6JIH)I(aCTC.H 
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I 

K · ccllepuqecKoii. ,D;ns o<Q> I <Q > , Yl.fHTbiBaJl /50/, auano
ruquo I 4 7 I nonyl.fHM 

-2 2 -2 lo<Q·>I "'0,01 T2 ( M3B ) . - T p. ' 
<Q> 

/51/ 

OTKy,IJ,a BH,IJ,HO, 1.fTO npu T- 10 M3B - hw Jl,IJ,po, .IJ.ecllopMH
poBauuoe B OCHOBHOM COCTOJIHHH, CTano 6bl ccllepH1.feCKHM. 

4. 3ueprus KaK cl!YHKUHJI T 6e3 yqera cyMMbl 

2 -AA' 2 -AA 
1/2a r,\A ~(1\AoopX'A, H OEA,.. a rA A, OIAA, T.e. ,IJ,nJl qac-

THU B 3a,IJ,aHHOM none C yl.feTOM nHWb cnapHBaHHJl, Blti'fHCnJl· 
nacL B ps,IJ,e pa6oT, uanpHMep/10/. ,D;ns Bbll.fHcneuus 

a
2oorAi' fr Drf KK H OE A BBO,IJ,HM cl!YHKUHIO 

v v _vlv2 v2 2 
y I 2 (f) - f d; r ( ;, ; ) I R n ( r I) I ' 

nf I I nr 
( v. '"" p,n), 

I 

/52/ 

~nJl KOTOpOH B KBa3HKnaCCH1.feCKOM npH6nH~eHHH nonyl.fHM 
ypaoueuue 

+ + + + 2 3 -1 -1 ± .. .. 
O+f-)y- ,.f-y 0 -f-11 h P M d/dp.fy n(r

1
)dr1 x 

nf nf F nL 

X~ nAI¢A(r)l21¢x (;1)12, 

/53/ 

yo (r)= IR n (r)l2,ypnn=(y;f -y.:r 
nf DL DL 

2-1 

( 
- -1 y pp , y nn • y + + y ) 2 • 

nf nf nf nf 

B KBa3BKnaccsqecKoM nputinulKeHHH I B /53/ MOlKHo 
nonaran. ue 3aBBCJIIUei OT l, t 1, no3ToM9-
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+ .. + + -1 
y-(r)-y 0 (r)f-(l+f-) +b /54/ 

I b ue 3aBHCBT or r I. H3 /52/-/54/ B /23/ uaxo,IJ,BM 
cne,IJ,yro~yro oueuKy cyMMbl 

h3 477 2-AA 0 8 P ----I 
1/2a r\'\, 0 Pu o KA' P M nf,n'f' 

nn F ' 

, 
v v 

ff'8 0 p nf 8 Op n'f' x 

v,v 

x f R
2
nf (r)y~f,' (r)dr-10-

3 
A(T/M3B)

4
M3B. 1551 

llpu TeMneparype T ... 1 M3B 3Ta oenB1.fHHa Mana B 
ee yqer, BH,IJ,HMO, ue Bnuser cyiUeCTBeuuo. Ho c pocTOM 
T oHa pacreT ol.feHL 6biCTpo H npu T ... 577 M3B craHOBBT
cs cpaBHBMOi: C nepBbiM 1.fneHOM B /38/. 3TO ,IJ;On~HO 
npHBO.IJ.BTL K 6onee Me,IJ,neuuoMy pocry T c :Jueprueii 
B036YlK.IJ.eHHJl npu 6onLWHX 3Heprusx,E-E- 300+500 M3B. 
AuanorB1.fHO nponopusouanLuoii T/p. nonyqaercs H oueu
Ka cpe,IJ,Heii oenH1.fHHbl 8 e A - C.IJ.BBra O.IJ.H01.facTH1.fHbiX 
YPOBHeii 

8 e A - T ( T / p.) M 3B . /56/ 

EIUe pa3 no,IJ,l.fepKueM, 1.fTo :},IJ,ecL Be3,IJ,e pe1.11. H,IJ,eT nHWL 
o npu6ns~eHHbiX, Kal.fecTBeHHbiX oueHKax ocex paccMar
puoaeMbiX BenH1.fHH. 3TH OUeHKH DOKa3biBaiOT, 1.fTO DpH 
6onLWHX 3HeprHJIX B036y~,IJ,eHHJl nonpaBKH, CBJl3aHHble CO 
B3aHMO,IJ,eHCTBHeM 1.faCTHU H H3MeHeHBeM O,IJ,H01.faCTH1.fHOrO 
noreuusana npu "uarpeBaHHH" Jl,IJ,pa, JlBnJIJOTCJl cyiUeCTBeH
HbiMH. lionee onpe,IJ,eneuuble 3aKnroqeuss o6 H3Meueuus 
cooi:CTB Jl,IJ,ep npu "uarpeBaHHB" ,IJ,ns pa3nH1.fHbiX 3Heprsi 
B036y~,IJ,eHBJl MOlKHO 6y,IJ,eT c,IJ,enaTL nocne npooe,IJ,eHHJl 
1.fHCneHHbiX pacl.feTOB Ha OCHOBe nonyl.feHHbiX 3,IJ,eCb cllopMyn; 

B 3aKnroqeuue aBTop 6naro,napsr B.K.Hruaroouqa , 
A.B.HrHaTroKa, IO.H.Wy6HHa 3a none3Hble ,IJ,HcKyccuu. 
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