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BBE,l(EHHE 

,lJ,JUI OCHOBHhiX COCTOJUIHH JI)J.ep )J.OCTaTO'IHO XOpOlliO 

H3Y'ICHLI TaKue CBOHCTBa, KaK pa3MCpbi, fbopMa, pacnpe)J.e

flCHHe llflOTHOCTH, 3apJI)J.a, g-~aKTOpLI, MOMCHTLI HHCpQHH 

u T .n. CBe.LJ.eHHJI o6 3THX )f(e xapaKTepucTHKax JJ.flJI KoMnayHJJ.

COCTOJIHHH JI)J.ep B HaCTOJI~ee BpCMJI O'ICHh orpaHH'ICHLI. 

flpu H3Y'ICHHH CflO)f(HOH MHOf'OTCflhHOH CHCTCMLI HC)J.OCTaTO'I

HO 3HaTb flHllih CBOHCTBa ee OCHOBHOI'O COCTOJIHHB. ,[l,ng 
llOflHOrO OllHCaHHJI CTpOCHHJI JI)J.pa Ba)f(HIJ 3HaTb, KaK MCHJI

IOTCJI ero CBOHCTBa llpH nepeXO)J.e H3 OCHOBHOrO COCTOJIHHJI 
B B036y)f()J.eHHOe. 

flOCTpOeHHe BOflHOBOH ~YHKQHH B036y)f()J.eHHLIX COCTOJI

HHH JI,ZJ,ep JIBflJieTCJI O'leHb CflO)f(HOB 3a,ZJ,a'leii. IJo:noMy CBOH

CTBa KOMynaH,ZJ,-COCTO.IIHHB OllHCLIBaiOT CTaTHCTH'IeCKH, BBO

,!J,JI TeMnepa Typy T, CBJI3aHHYIO C :meprueii B036y)f(,ZJ,eHH.II 

JI,ZJ,pa oE(T) I ll.npu TaKOM llO,!J,XO,ZJ,e H3y'laiOTCJI He CBOHCTBa 

OT,ZJ,eflhHOf'O B036y)f(,ZJ,eHHOf'O COCTOJIHHJI, a cpe,ZJ,HHe xapaKTe

PHCTHKH ,!J,OCTaTO'IHO 60flblliOro 'IHCfla COCTO.IIHH:ii, pa3flH'IH.II 

Me)f(,ZJ,e 3HeprHJIMH KOTOPLIX ropa3)1.0 MeHbllie TeMneparypbi 

T. ,[l,ng 3Hepruii B036y)f(,ZJ,euuii aTOMHhiX JIJJ.ep, KaK npasuno, 
BLinonuJieTc.ll ycnosue 

T << /1 ' /1/ 

/1 - 3Heprug tf>epMH. Il03TOMy H3MeH.IIIOTCJI llpH "Harpesa

HHH" JIHllih COCTOJIHH.II HYKJIOHOB y rpaHHU:LI tf>epMH. HcnOJib-

30BaHHe TeMnepaTypHbiX ~YHKU:HB rpuHa /2-4/ ll03BOJI.IIeT 

llpH 3THX YCJIOBH.IIX pacnpOCTpaHHTh TeOpHIO KOHe'IHhiX 

~epMH· CHCTeM /5/ Ha CJiy'la:ii OTJIH'IHLIX OT HYJI.II TeMnepa-
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TYP· 0Ka3blBaeTCH BOJMmKHblM HaiiTH HJMeHeHHe 8 < q> 
cpe,D.HHX 3Ha1.feHHH pa3nH1.fHblX ilJH3H1.feCKHX BenBl.fBH npB 

"HarpeBaHHB" H,D.pa, B3MeHeHHe O,D.HOl.faCTBl.fHblX 3HeprBH 

0 fA (T), ycTaHOBHTb CBH3b 3HeprHB B036y)I(,D.eHHH nE(T) C 

TeMnepaTypoii T, nocne.n.osaTenLHO Yl.fHTblBaH cunLHOe 

sJaBMO,D.eiicTBHe HyKnOHOB. B pa6oTe /6/ 6hlnH nonyqeHbl 

COOTBeTCTBYIOIUHe o6mue COOTHOWeHHH B npoBe,D.eHbl Ka

qeCTBeHHble KBa3HKnaccuqecKHe on.eHKB. B HacToHmeii pa-

6oTe Mbl npose,D.eM qucneHHble pacqeTLI HJMeHeHHH 8E(T) 
3HeprBB npH "HarpeBaHBH", H3MeHeHHH cpe,D.Hero KBa,D.pa

TBl.fHOrO pa,D.ByCa n<r 2>, B3MeHeHHH O,Il.HOl.faCTHl.fHbiX 3Hep

rHii of;.. (T) ,D.nH PH.D.a cilJepuqecKHX H,D.ep B o6cy,D.BM 

B03MO)I(HOCTb Ha6mo,D.eHBH BJyqaeMLIX 3~eKTOB B pa3llH1.f

HblX 3KCnepHMeHTaX. 

METO)J, Bhll.JHCJIEHH.JI 

1. CornacHo 161 see HHTepecyromue Hac senHl.fHHbl 

oE(T), Of,\ (T), o<r2> CBH3aHbl C B3MeHeHHeM MaTpHIJ.bl 

llllOTHOCTH CHCTeMbl op(T) B Bblpa)l(aJOTCH npH HallBl.fHH B 

cucTeMe napHbiX KoypenHIJ.Hii csepxnpoBO.D.Hmero Tuna qepe3 

sapuan.uu o 0p(T) 16 • Bee pacl.feTLI Mbl npose,D.eM, ocTaBnHH 

B 0 oP (T) , , a TaK)I(e B ,D.pyrHX Bblpa)l(eHHHX B3 16 / nBWb 

qneHbl, nuHeiiHble no H3MeHeHHIO 8( A (T). Tor,D.a, ucnonL-

3YH TaK)I(e npu6nH)I(eHHe KOHCTaHTHOrO cnapHBaHHH, H3 /
6

/ 

BMeeM: 

8
0

pAA'(T) = M;..,\'1[1-(<,\(T)-flv(T))EA\T) x 

X (1-2n,\(T))l -(E,\-(f,\-ll~'))E>: 1 l2-l, 

<>. _llv 
nA (T) = (1 +exp[EA (T)/T])- 1 , v~ = lh(l- ), 

E;.. 

E ,\ (T) = y (< ,\ (T) - flv (T)) 2 + (').2 v (T) , v = p, n. /2/ 

A BKnJOl.faeT B 3apH,I1.0BblH BH,D.ei<C v = p,n; a- Bbll.feT 

o.n.Hol.faCTBl.fHoii ilJyHI<IJ.BH rpuHa s nonroce. Bxo.D.Hmue B /2/ 
A v (T) , fl v (T) onpe,D.enHJOTCH ypasHeHBHMB: 

4 

1 
G [/ , ( 1 - 2nA (T)) 
- L ------
2 nfjlm 1 EA (T) 

J 

N,Z = 1 (1 -
nfjlm I 

J 

[/ (T) 
<A. (T)-fl ( 1 - 2n A. (T))). 

EA. (T) 
/3/ 

0.D.H01.faCTH1.fHble 3Hepruu "HarpeToro" H.D.pa onpe,D.enHIOTCH 

qepe 3 H3MeHeHHe C06CTBeHHO 3HepreTH1.feCKOH l.faCTH DL CO

OTHOWeHHeM 

<A. (T) = < A (0) r 8< A (T) , 

o<;.. (T) = a8 ~ AA.(T) = a2 I';..\ 'A, (T)o
0

p A. 'A ,(T). /4/ 

flonHaH aMllllHTy,D.a pacceHHHH l '(T) npH OTllHl.fHbiX OT HynH 

TeMnepaTypax CBJI3aHa C HellpHBO,Il.HMOH aMllllHTY.IJ.OH l '(" 
ypaBHeHHeM 

, , ,. , • \ , uJ\ ~ ,\ 'A ' 2 ' 
. 2 f'A 1\ (T) _ a2I' WI\ ' +a 21 · 5:_' (T)I' (T)a ,A fA ,v =l/ , 
a M - AA AA A1A2 >.1 ,\2 2 1 2 

/5/ 

r,D.e BellHl.fHHa a 2 S_l (T) - HHTerpan OT llpOH3Be,D.eHHH no

nJOCHbiX l.faCTeii TeMnepaTypHbiX ilJyHKIJ.HH rpuHa - cornac

HO / 6/ ,D.aeTCH Bblpa)l(eHHeM 

f' (T) 
12 

v~ vi (T)- .V\ (T)/ 4E 
1
E 

2 
(T) 

E (T)- E - OfJ. 
2 1 

'>( 

xl(1 te(-El--0/l)/T)- 1 -(1+e-E2(T)/T)- 1 ] + 

+ 
~~(1-v:(T))+f1f1(T)~4E 1 E2 (T) 

E
2
(T) + E 

1 
+OJL 

X 
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E 
2
(T)IT -1 -(E 

1
+011)IT 

x[(1+e ) -(1+e 
-1 

) ] + 

(1- vi)v~(T)+~~(T)I 4E 1E 2 (T) 
+ X 

E 
1 
+ E 

2 
(T) - 811 

x [(1+ e (E 1 --3f1 )IT 1 )-
- E (T)IT -1 

-(1+e 2 ) ]+ 

+ 
(1- v~)(l- vi(T)) -~~ (T)I 4E 1 E 2 (T) 

E - E (T)- 811 
1 2 

X 

[( 
(E 1--D11)IT -1 E 2(T)IT) -1 J 

x l+e ) -(1+e • 
/6/ 

,lJ,nB CBB3H 3HeprHH B036y)K,D.eHHB c TeMnepaTypoB: cornac
HO I 61 HMeeM c TO'IHOCThiO .n;o qneHoB,KBa,D.pa TH'IHWX no o 0 p : 

oE =E(T)-E =o
1
E(T)+o

2
E(T) + oE~(T). 

o 1 E(T) = f,\ o 0 p ,\,\ (T) , 

o 
2 

E (T) = 1h a2 r~A·A '(T) 8
0 

p ,\,\ o0 p A',\, , 

~~(T) 
oE ~ (T) = - :£ [ (1 - 2n,\ (T)) -

,\ 2E ,\ (T) 

2 2 
= - :£ [~ (T) - ~ ] I G . 

v v v v 

2 
~~] 

2E ,\ 

/7/ 

KaK 6y.n;eT BH.D;HO H3 pe3ynhTaToB pac'leTOB, ,IVIB acex pac
cMaTpHaaeMwx T y)Ke o2E ropa3)];0 MeHbUie o, E.Bcne,D.cT
BHe 3Toro MO)KHO He y'IHTWBaTh a /7/ qneHw oonee awco
Koro nop!I.D;Ka no 0 O p, XOT B HX Bhl'IHCneHHe, B npHHUHne, 
He cnO)KHO. 

6 

.> 

Mbi npoae.n;eM Bbi'IHcneHHe H3MeHeHHB cpe.n;Hero KBa.n;-
pa TH'IHoro pa.n;Hyca B.n;pa 8 <r 2 >A H cpe.n;Hero KBa.n;pa-
TH'IHOro pa.n;Hyca 3apB.n;a o<r2 > z . M3MeHeHHe o<q> cpe.n;
Hero 3Ha'leHH!I KaKOU- nH60 BenH'IHHbl q MO)KHO npe.n;CTaBHTh 
B BH.D;e: 

. 2 ,\ ',\ , 
aa<q> =quo p,\,\ + q,\ ,\ f ,\ ,\ (T)a 1,\ ,\ (T)o0 p ,\ ',\, = 0 1212 12 

~ 

v u [ql ooP M 

2 , w,\1,\2 
V [ <iJ "' q" + a I " f, , ( T). V, ,\ [ q] ; ,\ I= ,\ , I' = v . 
,\,\ IV\ IV\ 1\11\2 1\1 2 1 2 1 2 

/8/ 

B HarneM cnyqae npH Bbi'IHcneHHH i5 < r 2 >A q = r 21 A,a 
npHBbi'IHCneHHH o<r2>z q=(r21Z)(1+rz)/2. 

2. llpH BbiUOnHeHHH ycnOBH!I /1/ HenpHBO)];HMYIO aMnnH
Ty.n;y a2 f'W MO)KHO nonaraTb He 3aBHC.H.IQeH OT TeMnepaTy
pbi 161 , T.K. f'uJ He CO.D;ep)KHT, no or.pe;..,eneHHIO, COCTO!IHHH 
Y rpaHHU cl>epMH. To )Ke CaMoe OTHOCHTC!I K cnapHBaTenb
HbiM KOHCTaHTaM Gz ,GN. II03TOMY BO BCeX HaUIHX pacqe
TaX Mbl HCnonh3yeM 3Ha'leHH!I 3THX BenH'IHH, nony'leHHble 
H3 perneHHB pa3nH'IHbiX 3a.n;~q IB.n;epHoB: $H3HKH npH T= 0. 
AMnnHTy.n;y a21 w, KaK o6bi'IHO 5 , 3anHrneM a BH.n;e: 

2 -., w dn -. -J ,r ~~ , -) . -), -) 4 

a I -- = f + g(a ·a) + f ~r · r) + g (a· a ) (r · r). 
cljL 

/9/ 

,lJ,nB c4JepH'IeCKHX !l)];ep, KOTOpble Mbl paCCMaTpHBaeM B )];aH
HOH pa6oTe, ao ace Bblpa)KeHHB aoB:.n;yT nHUih aMnnHTY.D;hi 
fnn= f pp = f+f: fnP=fP~f-f:KaK H3BeCTHO /71 , Heo6XO)];HMO Y,'IH
TbiBaTb KOOp.D;HHaTHYIO, 3aBHCHMOCTh aMnJ,IHTY.D;bi f vv (r), 
BBO)];!I BHyTpeHHHe f vv H Hapy)KHble f vv 3Ha'leHH!I HX: 

1n ex 

f vv (r) = f w + (f vv - f vv 
m ex m 

n(O) - n (r) 

n(O) 
/10/ 

Mbi npHBO.D;HM B .n;anhHeB:rneM ao acex cny'laBx, KpoMe 
Ta6nHU 2,3, pe3ynhTaTbl pac'leTOB CO 3Ha'leHH!IMH 
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f nn = 1 f np = - 0 6 f nn = - 1 f np = -3 
in ' in ' ' ex ' ex ' /lOa/ 

nony'leHHhiMH B pa6oTe Is/. )J.m1 Toro 'IT06hl noKa3a Th 

3aBHCHMOCTh H3y'laeMhiX BenH'IHH OT f, Mhl npHBO~HM B 

Ta6nuuax 2,3 ~m1 cpaBHeHHJI pe3ynhTaThi pac'leToB c ~py

rHMH 3Ha'leHHJIMH f r:. ,ex , )J.nJI cnapHBa TenhHhiX KOH-

cTaHT G z, GN ucnonh3yeM 3Ha'leHHJI, nony'leHHhle H3 aHa

nH3a pa3HOCTeH Mace coce~HHX JI~ep /9/ npu ycnoauu, 'ITO 

CYMMHpOBaHHe B nepBOM ypaBHeHHH /3/ Be~eTCJI no BCeM 
I I 

COCTOJIHHJIM C I,\ S. +10 M3B, CM.Ta6nuuy 2Bpa6oTe' 91 • 

B ma6A. 1 Mhi npuaenu 3Ha'leHHJI G2, G N ~nJI paccMoTpeHHhiX 

HaMu JI~ep, a TaK)I(e, ~nJI npuMepa, nony'leHHhle npu 3THX 

G 2 ,GNH3 ypaaHeHHH /3/ !\ 2 ('T), 1\N(T), Jlz(T), 11N(T) npu 
'T = 0,5 M3B. 

CooTHoweHHJI /2/-/8/ HanucaHhl B npe~cTaaneHHH ,!J,\ -
C06CTBeHHhiX ~yHKUHH O~HO'IaCTH'IHOrO raMHnhTOHHaHa, 

~HaroHanH3Hpyi01UHX O~HO'IaCTH'.JHYIO ~YHKUHIO rpuHa Y no
aepxHOCTH ~epMH. Bo acex pac'leTax ucnonh30BancJI no

TeHuuan By~ca-CaKcoHa c napaMeTpaMu, onpe~eneHHhiMH 

allo~cooTHOWeHHJI /2/-/8/ co~ep)l(aT He TonhKO cyMMhl no 

~HCKpeTHhiM COCTOJIHHJIM, HO H HHTerpanhi no HenpephiBHOMY 

cneKTpy. llpH He cnHWKOM 6onhWHX nonO)I(HTenhHhiX 3HeprH

JIX,, .\ < 25 M3B, 3TH HHTerpanhi MO)I(HO npu6nu)l(eHHO 3aMe

HHTh CyMMaMH no KBa3HCTaUHOHapHhiM COCTOJIHHJIM, TaK KaK 

npu TaKHX 3HeprHJIX cneKTp CHCTeMhl MO)I(HO npu6nH)I(eHHO 

paCCMaTpHBaTh KaK COCTOJilUHH H3 p.R~a pa3MhiThiX, KBa3H

~HCKpeTHhiX ypOBHeH C KOHe'IHOH, He O'leHh 6onhWOH WHpH

Hoii I A • Me To~ Bhi'IHcneHHJI 3Hepruii E,x. ~ 1,\ - il A /2 H aon

HqBhil ~YHKUHH <P,\ KBa3HCTaUHOHapHhiX COCTOJIHHH onucaH 
a 1 111 • B Hawux Bhi'IHcneHHJIX Mhi ucnonh3YeM ~eiicTBHTenh
HYIO qacTh aonHOBOH ~YHKUHH Re</>,x. u 3Hepruu £,\, T.e. 

npeHe6peraeM 3aTyxaHHeM KBa3H'IacTHU 3a C'leT BhineTa 

H3 JI~pa. 

PE3YJlhTAThl BbllJHCJIEHH.JI iiE('T), /)( ,\ (T) 

1. llpe)l(~e acero, cornacHo /7 I nonyqaeM CBJ13h 3Hep-

ruu B036y)l(~eHHJI Jl~pa 8E(T) C BBO~HMOH npH CTaTHCTH-
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qecKOM oriHcauuu TeMnepaTypoii 'I. Pe3yJibTaTLI 3THX pac
'leToB AJIH TH~eJILIX c~epuqeCKHX HAep npeACTaBneHLI Ha 
puc. 1, a AJIH cpeAHHX HAeP - ua puc. 2. Ha 3THX pucyuKax 
noKa3aHa TaK~e ponb OTAeJibHLIX cnaraeMbiX o 1E, o 2E , 
nE !\ , COCTaBJIHIOII.\HX ,')F_:, KaK BHAHO H3 pHCYHKOB, h 2£ npH 
Bcex T cyll.\eCTBeHHO MeHbWe DlE . llpH 3TOM o2E>O JIHWb 
AJIH T < 5 M3B; AJIH 6onbwux 'I o 2E <0 u no a6coJIIOTHoii 
BeJIH'IHHe pacTeT npu6nu~eHHO - T ~ )l.nx HAep, y KOTOpbiX 
1\(0) 1= 0, npu MaJibiX T .::; 1~-1 ,5 M3B cyll.\eCTBeHHYIO ponb 
urpaeT qneH oE[\. B 3THX cnyqaxx, KaK BHAHO H3PUC.1,2, 
8

1 
E < o, , uo oE A .. >O u !oE l>lo E\. 3aBucuMocTb Bce:H 

- l\ 1\ 1 
3HeprHH B036Y~AeHHH 8E;(T) OT 'I pa3JIH'IHa ,D.JIH pa3JIH'I
Hb1X HAep, B oco6euuocTH npu ue6onbWHX T < h 2 M3B, u 
onpeAeJIHeTCH KaK 3aBHCHMOCTbiO 1\(T), TaK H CTpyKTypOH 
ypoBHeii AaHuoro HAPa y noBepxuocTH ct>epMH. CneAyeT oT
MeTHTb CHJibHYIO 3aBHCHMOCTb npH 3THX 'I BCeX pe3ynb
TaTOB OT napaMeTpOB OAHO'IaCTH'IHOrO ITOTeHUHaJia H OT 

a z·G N B 131, T.e. OT 1\z,!\ N' Manbie, -0,170,2 M3B, 
H3MeHeHHH B nOJIO~eHHH ypOBHeH l ,.\ MOryT ITpHBOAHTb 
K H3MeHeHHIO oE(T), o 2E ('I), 8 <r 2 > ua 3aMeTHYIO BeJIH-

'IHHY I- 20o/ol. 
2. llpH ITOJIY3MITHPH'IeCKOM aHaJIH3e Ha OCHOBe MOAeJIH 

HAeanbuoro ~epMu-ra3a I 12-1S/ 3KCnepuMeHTaJibHLIX AaH
HbiX AJIH ITJIOTHOCTeH ypoBHeH ueiiTpOHHblX pe30HaHCOB 
3~~eKTHBHYIO 3HeprHIO B036Y~AeHHH KOMnayHA-COCTOHHHH 

3aiTHCLIBaiOT B BHAe 

U = B n - o = a ·T 2 , 1111 

2 - 3HepruJI CBJI3H ueiiTpoua. llony'leHHLie TaKHM o6pa-
n 1 ' 30M Benu'IHHLI o , a npuBeAeHLI B 14,15;. TaK KaK JIAPO 

He JIBJIHeTCJI HAeaJibHblM ~epMH- ra30M, CaMa BeJIH'IHHa a B 

1111 oKa3LIBaeTCJI 3aBHCJIII.\eH OT T, 3MnupuqecKue ~opMy
nLI AJIJI a Cl. N, T) . nonyqanucb B/121. Mo~o oneuHTb 
BenH'IHHY a no puc. I,2, nonaraJI 3Hepruro B036Y:>KAeHHJI 
paBHOH oE = B n -8. llpH 3TOM nony'laJOTCJI 3Ha'leHHJI a ' 
npuBeAeHHLie BO BTopoii cTpoKe 111a6A. 2, cpaBHHTeJibHO 
6JIH3KHe K 3MnHpH'IeCKHM 3Ha'leHHJIM a 3KCII. H3 114,151, npu

BeAeHHblM B TpeTbeH CTpOKe 3TOH Ta6nHUbl. 
fipH 6onbWHX 3HeprHJIX B036y)l(AeHHJI B /121a3 aHaJIH3a 

10 

40 

30 ,---~----- oE,. 
20 

10 -J,,, ::1 Jrf: 
222Rn-

110 
202 Hq_,._ 

go O"E 
zoe Pb _,_ 

21o Po-+-

80 

70 1 2 T 

60 1500 I ... I I lo 
50 

40 1000 -10~ "'I "'-~ -3-100 

30 

20 

500~:~.a:~ ..... 1 ......... [ 10 

0 1 2 5 10 15 5 10 15 T 

Puc. 1. 3a8UCUMOC111b 8eAU'lUH oE , 0 2 E , DEL\ ( 8 M3B) 
/eM. f/JOPMYAY 17//0111 meMnepamypbl T (8 M3B) OAJI JIOep 
222Rn ,214p0 ,2b8pb, 202Hg, 196pt, 

AeneuuJI JIAep nonyqaeTcH 3MnupuqecKaH 3aBHCHMOCTb 
oE"' aT 2 , rAe a(Z, N)_, (0,114+0,162A-1/:i)A, 'ITO, uanpHMep, 

AJIJI A- 200 03Ha'laeT a- 20 7 25,. AI8.KaK MO~HO 3aKJIIO'IHTb 
H3 puc. I ,2, B uawux pac'leTax nonyqaroTCJI npu 8E _ 
-50 71000 M3B npuMepuo TaKue ~e lunu uecKOJibKO 
MeHbWel 3Ha'leHHH a . llpu ell.\e 60JibWHX T oE(T) pacTeT 
MeAneuuee, 'I eM - T 2• H3 puc. I ,2 Mo~uo Ta~e 3aKJIIO'IHTb 
'ITO npH nonLITKe AJIJI BCeX HAep onucaTb 3aBHCHMOCTb 
oE(T) AJIJI Be ex T npoCTOH ~OPMYJIOH I 111 a(T) OKa3aJiaCb 
6LI cno~uo:H ~yuKnue:H T, KOTopyiO BPJIA JIH Mo~o npeAcTa
BHTb npOCTOH 3MnHpH'IeCKOH ~OPMYJIOH. 

3. llpH nepeXOAe H3 OCHOBHOrO COCTOJIHHH C T=O B 
COCTOHHHe C TeMnepaTypoii T MeHHeTCJI C06CTBeHHO 3Hep
reTH'IeCKaH qacTb I , 'ITO npHBOAHT, cornacuo 141, K CABH
ry OAHO'IaCTH'IHLIX ypoBue:H lh ~. Ha puc. 3 npuBeAeHa 
B Ka'leCTBe npuMepa AJIJI JIAep' 208Pb, 90 Zr , 74Ge 3aBucu
MOCTb 01' ,.\ (T) OT T AJIJI HeCKOJlbKHX 6n~aHWHX K no
BepxuocTH ct>epMH ypoBue:H ..\ . KaK BHAHO H3 3Toro pucyuKa, 
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Ta6Auija 2 
BeJIH'IHHhi a H3 /11/, nony'leHHhi~ no puc. 1,2 /BTopa.H 
CTpO'IKa/ H 3MllHpH'!eCKHM nyTeM H3 I 14. HJt /TpeTbJI CTpOKa/ 

208Pb 202Hg 196Pt 144Nd 120sn 74 Ge 

a, M3B 
-1 

9 13 20 14 14 11 

a'lKCll' 
M3B-l 7,3 16,8 20,6 18,2 16,8 13,1 

t'), A / 0 ,IJ.JIH Bcex T, ucKmo'!a.H JIHlllh MaJibie T ~ t..c 2 M3B 
,ll.Jl.H JI,IJ.ep, y KOTOpbiX ,;\.(0) f 0. fipH MaJibiX 3HeprHHX B036y)I(

,IJ.eHHJI, npH HaJIHlJHH napHbiX KOppeJIHUHH (;\ J"O) O,IJ.HO

qaCTH'!Hble ypOBHH HeCKOJlbKO /o<JeHh He3Ha'!HTeJibHO, Ha 

0,1-'-0,3 M3B/ CJJ.BHraiOTC.H BBepx, o, A > 0. llpu 6oJihlllHX 

3HeprHHX B036y)I(,IJ.eHHH , A noHH)I(aJOTC.H, npuqeM Of A .n.o-

74Ge -- o 

5BN; __._ 

52 Cr ---- 01 
120 Sn -- ~ I I /' / "'- I 5 

90 Zr- --<>-

14~ NU --- 1 2 

20 ~-- i 1000 
,-· --- i 900 \ ~A ~7~1100 30! 3E 6 l -10 I 

10 i i I -20 \ 
800 I 

i 
70 3 E 700 \ 

-30 i 
60 600 i 

~ ~ \ 
-40 \ 

40 400 \ 

30 300 \ 
-50 \ 

W ~ I i 
10 100 i 

- 60 [.L,,__._._,L.,o~......l~-" 
o 1 2 5 10 15 T 1 !5 10 15 T 

Puc. 2. To JKe, '11110 Ha puc. 1, Ho OA.R .ROep ;,
2
Gr, 

58
Ni, 

74Ge, 90zr, 120Sn , 144Nd. 
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CTHraeT 3aMeTHOH BeJIH'IHHbl /-1..c-2 M3B/ JIHlllb npH vE 
;:_ 100 ~200 M 3B. B cne.n.yiO~eM paJ.n.ene Mbl npocne.n.u:M 

CB.H3b 0£ A (T) C H3MeHeHHeM cpe.n.Hero KBa,IJ.paTH'!HOI'O 

pa.n.uyca .H,IJ.pa o<r 2 '·. Ha puc. 3 npe.n.cTaBJieHa TaK)I(e ,IJ.JIJI 

npHMepa CXeMa O,ll.HO'!aCTH'!HbiX ypOBHeH y OOBepXHOCTH 

<l>epMH .H,IJ.pa 214po npu T,cO (,A) H npu T,3,5 M3B, 

0.5 

&E ~~ .. .. 5E :-~· ~?~" "" ~0 ~ Ll L-............_ ~ _, 

~'f \f~32, T . -. -·~--~ ~ ~-5 

-1 _, -=~~~ ' ' ' ' ' ,_-a -1 
1 "i 10 1'5 T 

I I I J 1! 

1 3 !') 

E~P I E}.n ~31,f.~ 2 tAP 
H 

2h1V2 1 

ot 1 o 
-1 ~2\ ~ -1 Jd¥2 SEA~ ~ 20e Pb 

1j~2g7/2 

~.. ::;:\_:: "~' 0 

-!!I 1---- 2i " -t· ~"112i' .o.L\\H-3SVJp ....__ H 

---E -- EF ' l f 1-"'~ ... 
::\:: ll~ ' _, -' ., '.' '' '•b'' '.,,.' '·-m3

;"' 
-101- ~ 3p~ -10 

~h ~1¥2 
Puc. 3. 3aaucuMOC111b coauza oOHot~ac111U'IHbiX ypoaHeil 
.\ (n, f . j, J' = p,n) (X (a M3B) 0111 1/leMnepallypbl T OA.R 
.ROep 74Qe, 90 Zr , 2Cl~ph , u cxeMbl ooHot~acliU'IHbiX ypoaHeil 
y noaepxHoc:!'u 4>epMU 214po npu T=O(c..\) u npu T = 

= 3,5 M3B (fA). 

13 



BE ""400 M 3B (( ,\ ) . KaK BH,IJ.Ho, see ypoBHH e.u.suraJOTe.ll, 
uo, pa3yMeeTeJI, ua pa3nH'IHYIO senH'IHHY Bt: A< 0. 113 

nony'leHHbiX pe JynbTa TOB ene.u.yeT, 'ITO npu peweHHH pal
nH'IHbiX Ja.u.aq JI,IJ.epuoil cilHJHKH ene.u.yeT Y'IHTbiBaTb oTnH'IHe 
O<,\(T) o.u.uoqaeTH'IHoro eneKTpa <,\(~ soJ6y~.u.euuoro 
eoeTOJIHHJI OT eneKTpa <,\00) OeHOBHOrO eoeTOJIHHJI npH 
3HeprHJIX B036y)f(,IJ.eHHJI oE(T) .2 100 M3B; npH MeHbWHX 
3HeprHJIX oE H3MeHeHHJIMH Ot: ,\ MO)f(HO, BH,IJ.HMO, KaK 
npasuno, npeue6peraTb. 

4. B ma6A. 3 Mbl npusenu npu~epbl paeqeToB Bt: ,\ H 
0 2 E e palnH'IHbiMH Ha6opaMH f r~. ex ,IJ.llJI HeeKOllbKHX 
JI,IJ.ep npH T =1 ,5 M3B. B nepsoil KonouKe yKaJaHbl JI,IJ.pa, 
a DO BTOPOH - YPOBHH ,\ (n. e . j ,v=n,p)HnH 0 2E. 3Ha'leHHJI 
oc ,\ H o 2 E B Ka~.u.oil KonoHKe nonyqeubl e ua6opaMH 
f vv' 

1n, ex ' npuse.u.eHHbiMH BHHJy ma6A. 3. PeJynbTaTbl, 

npHBe,IJ.eHHble B ma6A. 3, ll03BOllJIIOT ey,IJ.HT:b 0 JaBHeHMOeTH 
BenH'IHH Ot: ,\ H 0 2 E OT BXO,IJ.JIIl\HX B pae'leTbl f r~~. • ex 

H3MEHEHHJI CPE,ll.HHX KBA,ll.PATHlJHbJX 
PA,ll.HYCOB IIPH "HAFPEBAHHH" 

1. B 3TOM paJ.u.ene Mbl o6ey,IJ.HM peJynbTaTbl Bbi'IHene
HHJI o <r 2 >A , o < r 2 > z eornaeuo cllopMynaM 181. Ha 
puc. 4 H 5 o <r 2 >A H o <r 2 > !'; npe,IJ.eTasneHbl B JaBHeHMO
eTH OT T. l.{To6bl H36e~aTb 6onbWOro 'IHena pHeyHKOB, 
Mbl llpHBO,!J.HM, KaK H paHbWe, see peJynbTaTbl KaK cilyHK· 

UHH T .3asueHMOeTb seex senH'IHH oT 3HeprHH soJ6y~,IJ.eHHJI 
oE(T) nerKO BOeeTaHaBnHBaeTeJI e llOMOil.{biO puc. /,2. 
KaK BH,IJ.HO H3 puc.4,5, npH Manblx T .$ 1-:-2 M3B o<r2>A' 
o<r 2> z 3aBHeJIT OT T IHnH oE(T) I O'leHb eno~HO H no
pa3HOMY ,IJ.nJI pa3HbiX JI.IJ.ep. ,[J;nJI seex enyqaes, Kor.u.a a 
OeHOBHbiX eoeTOJIHHJIX JI,IJ.ep eymeeTBeHHO enapHBaHHe, T.e. 
senHKH ~ z N ' o<r2> <0 npu H3MeHeHHH T OT 0,5 ,IJ.O 

' Z A 
- 2 M3B. qeM 6onbwe l\ N zco). TeM 6onbwero no a6eOniOT-
HOH senH'IHHe oTpuua TenbH:oro 3Ha'leHHJI .u.oeTHraeT o <r 2> z ,A 
npH T - 1715 M 3B. )].nJI JI,IJ.ep, y KOTOpbiX ~(0) "' 0 IHnH 
o'leHb Manol, uanpHMep 208 Pb , 90 Zr , 12°sn , 144Nd, yMeHb
weuHJI <-r 2 > llpH MallbiX T He npOHeXO,!J.HT eoseeM IHnH ~e 

14 
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Ta6Aul4a 3 , 
I vv 

3aBHeHMOeTb & ,\ H 82 E B M3BI OT f in ex 
JI,IJ.ep 214p0 , 90zr, , 74Ge npH T = 1,5 M3B ' 

,IJ.nJI 

t"neJ fl fii fill 
~a& 

p 
214 c ik9/.!2. -0,14 -0,19 -0,27 

I Po 
61~9/..t -0,03 -0,05 -0,002 

v-~~ 0,37 1,1 1,1 

00 c~a9/.t -0,52 -0,65 0,85 

2t. ~"irl5/:1. 0,42 O,II 0,3 

5zE 1,1 0,96 2,0 

74 e ~~11.z 0,84 0,13 0,18 

Ge er1lP,/.t -O,II -0,18 -0,21 

~!= O,OI 0,05 0,04 

f~n f ~p f nn fnp 
lll ln ex ex 

fi 1,0 -0,6 -1,0 -3,0 

fii 1,9 0,7 -3,0 -3,6 

fill 2,9 -1,0 -4,5 -5,5 
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oRo KpaiiHe Manol. TaKyiO 3aBHCHMOCTbo<r2> oT T MO)KHO 
Ka'lecToeHHO noHBTb, Y'IHTbiBaB, 'ITO npu T --1 M3B \(T) "' 0 
a pa3MLITOCTb o pacnpe,D.eneHHH nA (T) npu T- 1 M :JB He
oenuKa, MeHbllle, 'leM pa3MLITOCTb o pacnpe,D.eneHHH v~ (0), 
o6ycnooneHHaB HanH'IHeM .;\ (0) -1-7-1,5 M3B. Ilpu ,D.anbHeH:
llleM yoenu'leHHH T > 2-:-3 M3Bh<r2>.D.nB ocex B,D.ep pacTyT 
npu6nu3uTenbHO - f 2, a npu eme 6onblliHX T HecKonbKO 
Me,D.neHHee. 06pa THM 3,D.eCb BHHMaHHe Ha CBB3b () <r 2 > C 
Of A, BLI'IHcneHHLIMH cornacuo 141 o npe.D.LI.D.ymeM pa3.D.ene. 
B Tex cny'laBX, KOr,D.a o<r 2><0. T.e. npoHCXO,D.HT yMeHb
llleHHe cpe,D.Hero Koa,D.paTH'IHoro pa,D.uyca, tif A · 0, T.e. 
O.D.Ho'laCTH'IHLie ypoouu cMemaiOTCB ooepx. Ilpu yoenu'leHHH 
<r2:>, T. e. npu 0 < r 2> > 0 , , o; A < 0 , T. e. O)J.HO'IaCTH'IHLle 
ypooHu noHH)KaiOTCH. TaKoe nooe,D.euue uaii.D.eHHLIX cornacHo 
141 o< A cornacyeTCH c npe.D.CTaoneuueM o6 H3MeHeHHH 
pa3Mepoo B.D.pa, T .e. pa,D.uyca ero J4J<PeKTHBHoro noTeHu.uana 
npu "HarpeoaHHH". KaK y)Ke OTMe'lanocb, 8<r2', z.A npu 
ManbiX T::; 2 M3B cunbHO 3aoucuT OT JHepruH: (A u $yuK
UHH q; A O.IJ.HO'IaCTH'IHoro noTeHu.uana, a TaK)Ke oT G z N o 

I I 196 222 . 3 , T .e. OT 1\ z,N. TaK, ecnu ,D.nH Pt,, Rn BMecTo 
3Ha'leuuH: G 2 ,GN ma6A. 1 nono)KHTb AGz=18 M3BAGN= 
= 16,8, KaK .D.llH coce,D.HHX Po, Hg, TO npu T =1 M3B 
nony'IHM ,D.llH 196 Pt o<r 2> z =-0,75 cl>M 2 BMeCTO i)<r 2 '·z = 
=-0,12 cPM 2 , a ,D.nB222Rn- 8<r 2 >z =0,02 BMeCTO 
o<r 2 > Z =-0,06 cPM 2 . 

B ma6A. 4 npe)J.cTaoneHbi pe3ynbTaTLI 
() < r 2> ,D.llB pa3llH'IHLIX B03MO)KHLIX Ha6opOB 

Bbl'IHCneHHB 
f IJIJ' 

iu, ex ' 

,D.aiOI.l.{He npe)J.CTaoneHHe 0 3aBHCHMOCTH i)<r2> OT f l'l' 

111, ex 

npu pa3nH'IHbiX T. )l.nH Ka)K)J.Oro H)J.pa, yKa3aHHOro B nep
BOM CTon6u.e, Bbl'IHClleHHH npHBe)J.eHbl ,D.llH .D.BYX xapaKTep
HblX T. yKa3aHHbiX oo oTopoM CTon6u.e. 

2. 113 pUC. 4, 5 BH,D.HO, 'ITO llpH JHeprHH B036y)K,D.eHHH 
8E- U 11 IT-0,7_:_1 M3BI, i<)<r 2::- 2 1-·0,1_:_0,2 cPM 2 • Ilpu
MepHo TaKoe )Ke H3Meueuue o ·.r 2 · z Bbi3bloaeT .D.o6aoneHue 
K TH)KeflOMY H,D.py O,D.HOrO- .D.BYX HeHTpOHOB. l13MeHeHHe 
0 < r 2> z Be,D.eT K C,D.BHry ypOBHeB a TOMHbiX S - JneKTpOHOB 
- H30TonuqecKoMy CMemeHHIO. Ero oenH'IHHa, Bbl3BaHHaH 
B036y)K,D.eHHeM H,D.pa oE- U n, Toro )Ke llOpB,D.Ka, 'ITO H OT 
,D.o6asneHHH K H.D.PY 1-2 HeiiTpouos. HeKoTopoe npe,D.cTasne-

16 

1 
I 
( 

"' 

214p0 

222 

Rn 
ro 
2_7_ 

74Ge 

1205n 

58 ' 
Nt 

Ta6Au)la 4 

3aBHCHMOCTb o<r 2>z, cPM 2 OT frri.ex 

npu pa3nH'IHLIX TeMnepaTypax T ,D.nH B,D.ep 

214Po, 222Rn, 90zr, 74ce, 120Sn, 58Ni. fl. fii fiii 
Vl', 

Te )Ke, 'ITO H B ma6A. 1, a ,D.nB fiV see fin, ex = 0 

rr{M~P,) ~I ~I ~! f. IV I 

2,0 O,a12 0,093 0,154 0,200 

4,0 1,2 0,83 1,1 1,15 

1,5 0,036 -0,056 -0,034 0,056 

7,0 4,a1 3,56 4,28 3,85 

1,0 0,02 0,009 -0,014 0,079 

2,0 0,17 0,14 0,12 0,2'7 

2,25 0,014 -0,031 0,0 -0,024 

7,0 2,22 1,87 2,12 2,13 

1,5 0,082 0,048 0,087 0,040 

4,0 0,86 0,65 0,82 0,76 

1 -0,16 -0,14 -0,15 -0,16 

2,25 0,00 0,10 0,12 0,045 
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HHe 06 H3MeHeHHH 8 < r 2 > z npH MaJibiX 3HeprHBX B03-

6y)K,IJ;eHHB 8E- 0,3-:-o,s M:1B MO)I(Ho, BH,!I;HMo, nony'IHTL 

H3 ,IJ;aHHLIX no H30MepHoMy C,IJ;BHry B JL -Me 3oa TO Max I 17 I . 
TaK, ,IJ;JIB 202 Hg npu 8E = 0,439 M:JB n < r 2 > 2 = 

=-0,17·10-3 4>M 2 ,a,IJ;JIB 196Pt npH 8E=0,356M3B 
8 < r 2 > z = 4,49. 10 - 3 fi>M 2 • XoTB JTH ,IJ;aHHLie H He 

npOTHBOpe'laT HaWHM pe3yJILTaTaM, HO ,!J;JIJI TaKHX MaJibiX 

8E CTaTHCTH'IeCKOe OnHCaHHe BpB,!J; JIH B006ll{e npHMeHHMO. 

B pa6oTe I 181 no,IJ;po6Ho o6cy)K,IJ;aJOTCB B03MO)KHOCTH H3yqe

HHJI 8 <r 2 > no npeUH3HOHHOMY H3MepeHHIO H30MepHOrO C,!J;BH

ra peHTreHOBCKHX JIHHHH, a B pa6oTel19l npe,IJ;JIO)KeH Me

TO,!J; H3MepeHHJI 8<r 2 > C nOMOIULIO HeHTpOHHOH cneKTpOCKO

nHH ,!J;Jijf 8E oeU n. KaK BH,!I;HO H3 HaWHX pe3yJILTaTOB, BeJIH

'IHHa 8 < r 2 > npH He O'leHb 60JILWHX JHeprHBX B036y)K,IJ;eHHJI, 

8E::; 50 M3B,6y~eTCOCTaBJIJITLnpHMepHo0,01<r2> 4>M 2"'

·-~ 0,01· 0,6 r2A 2 3 cl>M 2 ,!J;JIBpaCCMOTpeHHbiXJI,!I;ep.IJpoBe-

,!J;eHHe ,IJ;aJILHeHWHX JKCnepHMeHTOB n03BOJIHT C,IJ;eJiaTL 6onee 

onpe,IJ;eJieHHLie 3aKJIIO'IeHHJI 0 npHMeHHMOCTH CTa THCTH'Ie

CKOrO no,IJ;XO,IJ;a ,!J;JIJI OnHCaHHJI <r 2 > KOMnayH,IJ;-COCTOJIHHH. 

3. I13MeHeHHe pa3MepOB B,!l;pa npHBO,!J;HT H K H3MeHeHHIO 

KYJIOHOBCKoro 6apLepa, 'ITO npoBBJIBeTcB B ucnapaTeJILHblx 

cneKTpax 3apB:>KeHHLix qacTHU /cM/ 201 , rn. 4-6,9/. Ilocne 

norJIOI.UeHHJI TJDKeJibiM B,!l;pOM 'laCTHULI BLICOKOH JHeprHH 

/HeCKOJILKo F:JB/ Ha nepsou cTa,IJ;HH npoucxo,IJ;HT BbiJieT 

HeCKOJILKHX 6LICTpLIX 'laCTHU, YHOCJIIUHX OCHOBHYIO qaCTL 

BCeH JHeprHH, a JHeprHB OCTaTO'IHOrO B,IJ;pa COCTaBJIBeT 

- /15-20~o/ BCeH JHeprHH, T.e. HeCKOJILKO COTeH M3B. 
Ilpu nonLITKax onacaTL cneKrp 3apB)KeHHbiX qacruu ,IJ;JIB 

JTHX H,!l;ep B paMKaX HCnapHTeJILHOH MO,IJ;eJIH OKa3biBaeTCJI 

Heo6xo,IJ;HMLIM cymecrseHHo yMeHLWHTL KYJIOHOBCKHH 6apLep 

B B036y)I(,IJ;eHHOM COCTOHHHH flO cpaBHeHHIO C OCHOBHbiM. IJpH 

JTOM .LJ.JIH oueHKH KYJIOHOBCKoro 6apbepa ucnonh3YIOT 3MnH

puqecKHe Bbipa:>KeHHH, HanpHMep /20/, rn. 6, rn 9 : 

V c(T) Oc. Ze 2 R\T) 
') 

1 Ze- R(O))ry \T) . 

Tf (T) -~ (1 - t-- lll-;j. 'I ) . /12/ 

T. e. R('D~R(O)(l ~-lU -:~<:> ). E LJIH nonara r L, 'ITO B JTHX ycnoBHBX 

npHMeHHMO CTa f.l!C TH'IeCKOe OllHCaHHe COCTOHHHH OCTaroq-

18 
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1 

HbiX B,IJ;ep, TO ,!J;JIJI OUeHKH R(T) MO)KHO BOCnOJih30BaThCJI 

HaWHMH pe3yJibTaTaMH. 113 puc. 4,5 ja Tai()Ke 1,2/ BH,!I;HO, 

'ITO npH ,!I;OCTaTO'IHO 60JibWHX 3Ha'leHHJIX B036y)K,!J;eHHJI 

T,3-:-7 M3B I 8E"" 200-:-800 M3B/ H3MeHeHHe 8<r 2 >"' 

"' 0,12 ( TfM:JB) 2 4>M. 2 Tor,IJ;a ,IJ;JIB TJI)KeJibiX B,IJ;ep, A -

-1007200, MO)KHO nOJIY'IHTL OUeHKy: 

R(T), R(O)·(l + o <r 2 >/2<r 2:>),. R(O)(l+ o<r2:> (1,2 r5A
2/3) - 1

). 

oR= R(T)- R(O)"' (T/M3B) 2• 5·10-
3

R(O). /13/ 

Pa3yMeeTCB, pe'lh MO)KeT H,IJ;TH JIHWh o Ka'leCTBeHHOM 

cpasHeHHH 8R(T) B I 12/ H I 13/. 

IlpH eme 6oJibWHX TeMnepaTypax, T 2: 9-:-10 M:JB, 8<r
2 

> 

CTaHOBHTCJI cpaBHHMbiM CO cpe,!I;HHM KBa,npaTH'IHbiM pa,nay

COM <r2>- 0,6r2A2/3, H3 JToro O'leBH,!J;HO, 'ITO HCnOJJb3ye

MOe HaMH CTaTHCTH'IeCKOe onHCaHHe npH TaKHX 3HeprHBX 

B036y)K,!I;eHHJI HenpHMeHHMO. Jl,nepHble CHJibl JIBJIJIIOTCJI KO

pOTKO,!J;eHCTBYJOIUHMH, nOJTOMY B CTaTHCTH'IeCKH paBHOBeC

HOM /HJIH 6nH3KOM K TaKOMY I, cocTOBHHH HeB03MO)KHO 

Cyll{eCTBOBaHHe B036y)K,!I;eHHOrO B,!l;pa, pa3Mepb1 KOTOpOrO 

cymecTBeHHO OTJIH'IaJIHCb 6bl OT pa3MepOB B OCHOBHOM CO

CTOJIHHH. 

3AKJIJOqEHHE 

HcnoJih30BaHHLIH B HacToBmeu pa6oTe cTaTHCTH'IeCKHH 

no.nxo.n no caMOH csoeu cyTH no3BOJIBeT nonyqaTh cse.neHHB 

o cpe,nHHX xapaKTepHCTHKax KOMnayH,n-cocTOBHHH. BLI'IHC

JIBeMLie HaMH BeJIH'IHHbl, HanpHMep o< r 2>, OTHOCJITCJI He 

K KaKOMy- JIH60 OT,IJ;eJihHOMY COCTOJIHHIO, a npe,ncTaBJIJIIOT 

C060H cpe,IJ;Hee 3Ha'leHHe ,!J;JIJI 60JihWOrO 'IHCJia COCTOJIHHH 

c 6JIH3KHMH 3HeprHBMH B036y)K_neHHB. H3 cpasHeHHB 3THX 

pe3yJILTaTOB CO cpe,!I;HHMH 3KCnepHMeHTaJILHbiMH 3Haqe

HHJIMB 8 < l' 2 > H ,npyrBX BeJIH'IHH MO)KHO CY,!J;HTh 0 cnpaBe,!l;

JIBBOCTH CTaTBCTB'IeCKOrO OnHCaHBJI cpe,nHBX CBOHCTB B,!J;ep 

B KOMnayH,IJ;-COCTOJIHHJIX. TaKHX pe3yJibTaTOB, HeCMOTpB Ha 

BX npHH:UHnBaJihHYIO BO)KHOCTh, K HaCTOBIUeMy BpeMeHB 
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nonyqeuo oqeub Mano, H ueo6xo,n;HMbi ,n;aJibHenuiHe reoperH
qecKHe H 3KCnepHMeHTaJibHMe HCCJie,IJ;OBaHHR B 3TOM Ha· 
npaBJieHHH. 

B JaKmo'ieHHe aarop 6naro,n;apHT Ja noneJHbie JaMe-
'iaHHR H ,n;ucKyccau A.l1.11ruaTIOKa, li.H.IlycTMJihHHKa, 
B.)l.. Toueeaa, A.H.B,n;oauua, Jl.li .IluKeJibHepa. 
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