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Ta6m14HOe 3a,QaHv1e 31<cnepv1MeHTaJ1bHblX ce4eHv1A HYKJ70H-H,QepHblX 
B3avlMO,QeACTBvlA B pac4eTax, CBH3aHHWX C pacnpocTpaHeHvleM noTo
KOB 4aCTvlll B MHOrOKOMnOHeHTHblX cpe,qax' 3aHv1MaeT 60J7bWOA o6beM 
naMHTvl 3BM, a ,QJ1H Tex ,qv1ana3oHoB 3Heprv1A T v1 Maccoswx 4v1ceJ1 
H,Qep A, r,qe HeT v13MepeHv1A, soo6~e 3aTpy,qHv1TeJ1bHo. npeo,qoneTb 
TPY,QHOCTvl MOmHo C nOMO~b~ ¢eHOMeHoJ1orv14eCKvlX Bb1pameHv1A a(T,A). 
vlHTepnonv1py~~vlX vi 3KCTpanonv1py~~vlX vl3BeCTHWe 31<cnepv1MeHTaJ1b
HWe ,qaHHwe. Y,qa4HaH 'annpo1<cv1Ma4v1H cy~eCTBeHHo 06ner4aeT pac-
4eTb1, oco6eHHO npv1 v1cnOJ1b30BaHvlvl HeQOJ1bWvlX MaWvlH. 

npv1 ,QOCTaT04HO 60J1bWvlX 3Heprv1HX, KOr,Qa yme He samHW 1<yJ10-
HOBCKv1e CvlJ1W, a ,qe6poAJ1esc1<aH ,QJ1v1Ha BOJ1HW HaJ1eTa~~eA 4acTv14w 
3Ha4v1TeJ1bHO MeHbwe pa,qv1yca H,Qpa, ce4eHv1e Heynpyrv1x s3av1Mo,qeAcT
sv1A 4aCTO annpOKCvlMvlpyeTCH swpameHvleM 

ain(T) 
ain(T,A)=a 0 (T)A /1/ 

c no1<a3aTeJ1e~ ain = 2/3. 0,qHaKO Ta1<oe 3~a4eHv1e ain cooTBeTCT
syeT J1v1Wb 11 4epHbtM11 H,QPaM c pe31<0A rpaHv14eA. AnH 11 cepbtX11 H,Qep 
C ,Qvl¢¢Y3HblM 1<paeM 3aBvlCvlMOCTb ain (T) HeCKOJ1b KO 6onee CvlJ1bHaH. 
3To Bvl,QHO vl3 pv1cyH1<a, ,r,Qe npv1se,qeHbl 1131<Cnepv1MeHTaJ1bHbte11 3Ha-
4eHvlH a1ru BW4vlCJ1eHHWe Ha ycpe,qHeHHWX 31<cnepv1MeHTaJ1bHWX ,QaH
HWX O Oin• npv1 scex 3Heprv1Hx, 60J1bWvlX HeCKOJ1bKvlX ,QeCHTKOB M3B, 
a in = 0 '7-;- 0 '72' 4TO npv1BO,QvlT K 10 -;- 15% yseJ1v14eHv1~ OTHoweHvlH 
ce4~Hv1A a in (Pb)/ a in (C). 

nonHoe ce4eHv1e at v1 ce4eHv1e ynpyroro pacceHHvlH a el Ta1<me 
MOmHo annPOKCvlMvlPOBaTb swpameHvlHMvl Tvlna /1/. 0,QHaKo vlX Toy
HOCTb, oco6eHHo npv1 T < 100 M38 v1 ,QJ1H ner1<v1x H,qep, 3Ha4v1TeJ1b
HO xyme, 4eM B CJ7Y4ae ain • 8 cpe,qHeM /CM. PvlCYHOK/ CTeneHHoA 
no1<a3a;eJ1b at (T) npv1MepHo Ha 10%, a ae1(T) Ha 20 + 30% 60J1bwe 
ain• B 06J1aCTvl 04eHb BWCOKvlX 3Heprv1A T >>10 r3B at= 0,78, 
a el = 0, 92. 
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~ 0.8 Puc. 3HepreTHqecKaH 3aBHCHMOCTb 

IlOKa3aTenH a /cneBa/ H ¢YHK~HH 
a 0 /cnpaBa/ B cTeneHHou annpoK
CHMa~HH ceqeHHH a 1n , a el, u t 
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6onee T04HYID annpoKCHMa41-1ro ce4eH1-1A MomHo nony41-1Tb nyTeM 
BBeAeHHR ¢eHOMeHonorl-14eCKl-1X nonpaB04HblX 4neH0B. np1-1MepoM MO
meT cnymHTb ¢0PMYna 8HnnHaMCOHa/l/ HnH swpameHHR, HaAAeHHWe 
6,C.Cw4eBWM c COTPYAHHKaMH/21. K comaneHHID, TaKHe nonpaBKH xo
powo pa6oTaroT nHWb B cny4ae Gin, a AnR Uel HG t CTaHOBRTCR 
cnHWKOM rpOM03AKHMH H nPHMeHHMblMH nHWb B Y3KHX HHTepsanax i.\T 
H /:iA. 

HaPRAY co CTeneHHoA annpoKCl-1Ma4HeA THna /1/ MOmHq HCnOnb3o
BaTb swpameHHR BHAa 

2 1/3 - 2 u(T,A) =rrr0 [A + b(A) -C(T)] , 

B03HHKaIDU\He npH pa3nomeHHH ¢opMyn onTH4eckoA MOAenH, rAe BCR 
3HepreTH4eCKaR 3aBHCHMOCTb onpeAenReTCR scero nHWb OAHOA ¢eHo
MeHonorH4eCKOA ¢YHK4HeA C (T)~ npHMepoM MomeT cnymHTb Bbrpame
HHe 

2 .1/3 1/3 1/3 2 . 
u(T,A)=rrr 0[A +bA /(l+A )+d(l-2Z(A)-C(T)] (1-B/Ec)•/2/ 

. -U 8 rAe r O = 1, lxlO cM; b = 1, 5; d = 2,5 H 0,3 cooTBeTcTBeHHO 
AnR Gin H u 01; Z - 3apRAOBoe 4Hcno RAPa; 8=1,44•Z/[l ,3(A

113 + 
+ 1) + >.] - ero KynoHOBCKHA 6apbep; A 1-1 Ee - AnHHa Ae6poAnesc-
KoA BOnHbl H KHHeTH4eCKaR 3HeprHR HYKJ1oHa B CHCTeMe 4eHTPa 
Mace. AoCTOHHCTBOM 3Toro swpameHHR RBnReTCR To, 4TO OHO npH
MeHHMO TaK~e 1-1 AnR onHcaHHR B3aHMoAeAcTBHA ABYX RAeP, /04eHb 
6nH3KOe BblpameHHe, OT n1-14aro1J1eecR OT /2/ nHWb TpeTbHM 4neHoM 
B KBaApaTHoA CKo6Ke 1-1 BHAOM ¢YHK41-11-1 C(T), 1-1cnonb3osanocb 
B pa6oTe / 3/ /. 

8 Ta6n. 1 npHBeAeHbl 3Ha4eHHR C (T), noAo6paHHbre nyTeM cpas
HeHHR /2/ c KPHBblMH Gin (T,A) H Gel (T, A), nony4eHHblMH ycpe'AHe-. 
HHeM l-13BeCTHblX 3KCnepl-1MeHTanbHblX AaHHblX C noMOIJ\bID onTH4eCKOA 
MOAen1-1. /8 MOHorpa¢Hl-1/l/ nOA06HwA MeToA Hcnonb30BaH AnR no
CTpoeHHR aT naca ce4eHHA; B HOBblX KPl-1BblX Y4TeHbl see 6onee n03A
HHe 3KcnepHMeHTanbHWe AaHHWe 1-1 pa3nH4HR MemAY HeATpoH- 1-1 npo
ToH-RAepHblMl-1 ce4eHHRMH B o6nacTH 3Hepr1-1A, MeHbWl-1X HeCKOnbKl-1X 
CoTeH M38/. Ta6nH4b1 2 H 3 HnnroCTPHPYIDT T04HOCTb paccMaTPHBae
MOA annpoKCl-1Ma41-11-1, 

KaK BHAHO, AnR HeynpyrHX HeATpoH- 1-1 npoTOH-RAepHWX ce4eHHA 
annpoKCHMa41-1R C xopoweA T04HOCTbID nPHMeHHMa snnOTb AO 3HeprHA 
T = 10 M38. /8 o6nacTH ell\e MeHbW'¼ "Hepr1-1A H3BeCTHbr rpynnosbre 
CHCTeMbl KOHCTaHT; CM., Hanp1-1Mep, 4 /, HcKnro4eHHe coCTaBnReT 
R~Po ren1-1R, Heynpyroe ce4eHHe KOToporo B 0Tn1-141-1e OT scex APY
r1-1x RAep s o6nacTH Manwx 3HeprHA He eo3pacTaeT, a, Hao6opoT, 
YMeHbwaeTCR, Ce4eHHR Heynpyr1-1x npoToH-RAePHWX B3aHMOAeAcTBHA 
annpOKCHMl-1pyIDTCR C 3aMeTHO XYAWeA T04HOCTbID, 4TO OT4aCTH o6yc-
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Ta 6.fluu,a 1 
3HepreTHqecKaH 3aBHCHM0CTb rrapaMeTpa cgBHra C(T) 

B ceqeHHHX uin H Gel 

T, r3B Cin (T) C e1(T) T,r3B Ci~ (T) Cel (T) 

0,015 -0,4 - 0,6 I ,OS 2,07 
0,02 
0,05 
O, I 
o, 15 
0,2 
0,3 
0,4 

T, 
r3B 

He 

C 

Al 

Cu 

Cd 

Pd 

u 

-0,22 - 0,8 1,03 1,95 
0,63 - I, 0 I, 0 I ,88 
1,05 - 2,0 0,95 I , 7 5 
I , I 5 - 10,0 I, 0 1,95 
1,23 2,2 IO 2 I ,OS 2, I 
1,25 2,27 JO 3 I ,OS 2, I 
I , 2 2,18 

Ta6.fluu,a 2 
OTH0CHTeJibHaH pa3H0CTb ceqeHHH (G aKcn - G'.1' )/ u~KCn % 

in 1n 1n • • • 
rlfre Gf;cn - ycpegHeE,we 3KcrrepHMeHTaJibHoe ceqeHHe, 

uin - arrrrpoKCHMa~HH /2/; n - HettTpoH-HgepHoe, p -
rrpoToH-HgepHoe B3am-10ge!ICTBHsr; B CK0C:Kax yKa3aHbl 

gaHHble, paccqHTaHHbJe C K03cpcpH~HeHTOM / 3 / 

103 

n,P 

-4 

4 

-2 

-3 

-1 

-1 

0,4 

n,p n,p 

-4 -0,5 

3 o,s 
-o, 5 < o, 5 

2 < 0,5 

2 < o,s 

O_,. I 0, 05 

n p n p 

-6 -s(-5) . <o,s 1(1) 

-4 -2(-7) ~1 3(-2) 

o,s 8(-0,5) -7 10(3) 

0,5 9(-1) 0,5 12(3} 

0.02 

n p 

-8 -14(-14) 

7 5(-2) 

8 19(8) 

o,s . 23 (7) 

2 

3 

-0,5 -o,s 20(8) <0,5 18(7) -5 

24(13) -o,5 17(6) -6 

28 (9) 

26(16) -0,5 0,5 

noane~o HeAOCTaTKOM 3KcnepHMeHTanbHWX AaHHWX H, COOTBeTCTBeH~ 
HO, 6onbWHMH norpewHOCH!Ml-1 B ycpeAHeHHblX 3Ha4eHHHX G ricn (T,A). 
AnnPOKCHMa41-1ro B 3TOM cny4ae MOmHo CYIJleCTBeHHO yny4WHTb, ecnH 
BBeCTl-1 ¢eHoMeHonorH4eCKYID 3aBHCHMOCTb d(T) C TeM, 4T06bl. 
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T Ta6.fl.Ul,J,a 3 
0THOCHTenbHaJI pa3HOCTb cetieHHH (a arcn - a I)/ a a fen % 

aKcn e e e ' • 
rge a el - ycpegHem:oe 3KcnepHMeHTanbHOe cet1em,e, 

T . , 
ael - 3KCTpanonJIQHJI ;I/ 

T, I'3B 103 1, 0 0,4 0,2 

C -1 -5 7 14 
Al -5 9 -2 -15 
Cu -0,5 -3 -3 -3 
Cd -5 -8 -9 -3 
Pd 0,5 -1 2 4 
u 5 2 4 8 

hpH T < 100 M3B 3TOT K03$$H4HeHT OCTasancR npaKTH4eCKH nocTORH
HWM H 6wcTpo soapacTan npH nepexoAe K MeHbWHM 3HeprHRM, ecnH 
HCnonb30BaTb $YHK4H~ 

d (T) =d I (1 - Z) + Z/[1 - 0,82 exp(-0,11 T )] I. /3/ 

4To KacaeTCR ce4eHHR ael , TO annpoKCHMa4HR /2/ AOCTaT04HO 
xopowa s o6nacTH T > 200 M3B /npH 3TOM 3Ha4eHHR C e1(T), rpy6o 
roBOPR, Ha eAHHH4Y 6onbwe cin(T) / H coeepweHHO HenpHrOAHa 
npH MeHbWHX 3HeprMRX, rAe B ce4eHHH ynpyroro pacceRHHR HeATpo
HOB nPORBnReTCR HeMOHOTOHHaR CTPYKTypa, oco6eHHd AflR TRmenwx 
RAep*. 

B paC4eTax C annpOKCHMa4HeA /2/ 4aCTO 6weaeT YA06HWM 3aAa
BaTb $YHK4H~ C(T) flHHeAHoA aaBHCHMOCTb~ 

Cin(T) = 0,029 T M38 - 0,826 

npH T = 15 -=- 55 M3B, a npH 6onbwHx 3HeprHRX oTpeaKaMH napa6011 

C(T)=ar 2 +br+c, r=1gT 

C napaMeTpaMH, YKa3aHHblMH B Ta6n.4. 

* HanOMHHM, 'ITO B pacceJIHHe HH3K03HepreTHtieCKHX IlPOTOHOB cy-

lI(eCTBeHHb!H BKnag ga10T KynoHOBCKHe CHnhI, 6narogapJI tieMy pac

CMOTpeHHe CetieHHJI. 11tIHCTO JigepHpro" pacceJIHHJI npoTOHOB He HMe

eT 6onbworo CMb1cna. 
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Ta6.fluu,a 4 
Ilapa6onHt1ecKaJI annpoKCHMa~HJI ~YHKQHH C(T) 

C 11HTepBan 3HeprHH T 1 - T 2 a . 6 C 

Cin 55 - 140 M3B -1, 97 -3,07 -0,052 

Cin 140 - 600 M3B -1, 39 -1, 70 0,74 

Cin 0,6 - 100 I'3B 0,035 -0,056 I ,02 

Ce! 0,2 - 1 I'3B -1,28 -1,40 I,87 

Ce! 1, 0 - 10 I'3B 0,718 -0,648 1,88 
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