


K O ~ @ @ U U H ~ H T  n o T e p b  YXH, o, n us - c e s e H m  a a x ~ a ~ a  u H e y n p y r o r o  paccesr- 
HUH H ~ # T ~ O H ~  C BOnHOBbIM BeKTOPOM k. 

M s ~ e p e ~ m ,  n p o s e g e m b I e  B nepsbxe r o n b I  nocne O T K P ~ I T ~  YXH, 
naJ lH AnH K O ~ @ @ H ~ H W T ~  n O T e p b  YXH Ha .CaMbIX pmJI11WibIX MaTepUaJlaX 

3Ha'IeHHR I], 3aMeTHO lIPeBb1IIlaH)UHe BenU'IMHbI, PaCC'IUTWHbIe H 3  ce'IeHl& 

3 a x s a T a  u H e y n p y r o r o  paccemm H ~ ~ ~ T ~ o H o B / ~ / .  B n a n b ~ e i i m u x  uccneno- 
B a H m X  y@JIOCb YCTaHOBUTb, 'IT0 IIpH'IUHofi n O T e p b  YXH H a  YpOBHe I] 410 -'% 
' 

R s n R e T c R  ux H a r p e B  (~eyrrpyroe p a c c e ~ ~ u e )  npu c-ronmoswuu 
C ll0BepXHOCTbH) BeUeCTBa.  B 3KCnepHMeHTaX C 0 6 e 3 r a ~ e ~ ~ o f i  BbICOKOTeM- 

\ I IepaTypHbIM OTXUrOM M e s h 3  YAaJIOCb BlTIOTHYH) npki611113UTb~H K 3 H a ' I W W  

1 7, n p e g c ~ a 3 b m a e ~ o ~ y  ~eopuefi 131. 
B HaCTOHUee BpeMH aKTyanbHbIM CTaHOBUTCR BOlTpOC U3MepeHHX 

, K O ~ @ @ H U H ~ H T O B  n O T e p b  YXH 11 l lpOBepKU COOTBeTCTBwI UX 3Ha'leHkifi PaC'le- 

/ TaM A n R  B e U e C T B  C I] -10 -5 ~ I O  -'. B o s ~ o m o ,  'IT0 B  TO# 06nac~u I] K03@- 

@ U W ~ H T  IIOTepb B 0 l I p e ~ W I e ~ H o f i  CTelleHki 6 y g e ~  OlTpeAeJIRTaCH KaKHM- 

nu60 H3 @BKTOPOB, llPHBne'IeHHbIX B CBOe BPeMR lTpU IIOllhITKaX O ~ ~ B R C H W U R  

H ~ ~ ~ I T O ' M ~ I X  n O T e p b  YXH Ha YpOBHe -lo4 / 2 / .  
~ K C ~ ~ ~ H M ~ H T ~ J I ~ H ~ I ~  Pe3YJIbTaTbI no K O ~ @ @ H ~ C % T ~  n O T e p b  B OCHOB- 

HOM llOJIY'It?HbI 113 U 3 ~ e p e H H f i  BpeMeHU XKIHU YXH B 3 a M m Y T b I X  JIOBYUKBX. 

3 ~ a  MeTOaAKa CTanKHBaeTCH C OlTpenWIWHbIMU TPYWOCTRMU, CBR3iWHbIM11, 

HanpkiMep,  C npo6ne~ofi  O'IUCTKU n9BepXHOCTU J I O B y m e K  6 o n b m n x  O ~ S ~ M O B .  

O ~ ~ B W O ,  'ITO r10 ~ e p e  n p 0 n ~  CBeWMWJb!M QHa'IeHURM I ]  B03pBCTa- 



H)T TPYAHOCTH H3MepeHHR K O ~ @ @ I . I U U ~ H T ~  n 0 T e p b .  B CBR3H C 3THM rrpeJtCTaB- 

JlReTCR Ilf3'IeC006pa3Hbl~ HCnOnb3OB;lTb P m n H q H b I e  MeTOnbl  ~ 3 M e P e H m .  

O ~ H M  I13 HOBbIX MeTOnOB H 3 M e p e H H S  p , BO3HHKLUUX B n 0 c n e A H e e  

B p e M R ,  RBnReTCR MeTOA, O C H O B ~ H H ~ I G  H a  nki@@y3Hki YXH B n o p o r n K a X .  

O H  3aKJIKIqaeTCR B TOM, YTO 0 K O ~ @ @ H ~ H ~ H T ~  n O T e p b  CYnRT no BeriHWHHe 

UHTer  aJ IbHOro  K O ~ @ @ H ~ H ~ H T ~  O T p a X e H W I  ( a n b 6 e ~ t o )  YXH 0T.CJIoR n O p O W -  

/a? ~a npu J~H@@YBUU YXH B cnoe n o p o r u K a  H ~ G T P O H ~ I  B ycrro~mx nonr-roro 
O T p a X e H m  OT IIOBePXHOCTA 3 e p e H  HCnbITblBaKIT, K a K  H IIpH XpLUIeHkiH YXH 
B nOBYUIKe,  6 o n b r n o e  qkiCJl0 C T O J ~ K H O B ~ H H ~ .  T ~ M  CaMbIM y B e n a q n E a e T c R  

B COTHH pa3 no CFaBHeHkiKI C OAHOKpaTHbIM OTpaXeHHeM BepORTHOCTb nOTe- 

PH YXH. 
~ 3 ~ e p w m ,  B n e p s b I e  n p o s e n e H H b I e  3 T a M  M e ~ o n o M  /4/, n o K a s a n u ,  

W O  OH C YCneXOM MOXCeT 6b1Tb HCICnOJlb30BaH H 3 ~ e p e H d  K O ~ @ @ H ~ H ~ H T ~  

n O T e p b  YXH B n u a n a 3 o H e  10 -3 +lo-'. n 0 n y Y e H H b 1 e  HaHHbIe n0 K O ~ @ @ H -  

B p e M R  H a  0 6 e 3 r a X C e ~ ~ b 1 ~  nOpOIUKaX M e n H  H OKHCH MeAH B n e p B b I e  Ha6JIKIAa- 

JIOCb COrJIaCHe 3 K C n e p H M e H T U b H b I X  HaHHbIX n0 K O ~ @ @ H U H W T Y  n O T e p b  YXH 
n p H  K O M H ~ T H O ~  T e M n e p a T y p e  C TeOpeTHqeCKHMH 3 H a ' I e H m M H ,  P a C C q m m -  

HbIMH lT0 H3BeCTHbIM CerIeHURM 3aXBaTa H HeylTpYrOrO PaCCeRHUR H ~ ~ P O H O B  

B 3T?iX BeUeCTBaX. 

Hacro~rqaa pa6o~a RsncreTcR n p o n o n m e H H e M  u c c n e ~ o ~ a H u B ,  BeAY- 

UMXCR BTHM M ~ T O ~ O M .  B pa6o~e K p a T K O  ~ 3 n a r a e ~ c ~  C Y T ~  M e T o a a ,  n o K a -  

3bIBaeTCR, 9TO OH MOXeT 6 b n b  HCnOJIb30BaH H B C n y q a e ,  K O r m  C B O ~ ~ C T B ~  

IIOpOIIlKa RBJIRKITCR I I e 0 ) J H O p O ~ b I M H .  O ~ J H C ~ I B ~ W C R  YCTNiOBKa &llR H3Me- 

peH& KO~@@UXJH~HTOB OTpaXCeHm YXH H C O O ~ I ~ ~ ~ O T C H  3KCnepHMeHTaJIbHbIe 

HaHHbIe no K O ~ @ @ I ~ U U ~ H T Y  n O T e p b  YXH B r p a @ H ~ e  H 6epmnm. 

P ~ C C M O T ~ H M  OTpiuIceHHe n m a I O I 4 H X  113 B a K y y M a  MOHO3HepreTHqeCKHX 

H ~ ~ ~ T P O H O B  OT CJIOR n o p o r n K a  T O J I W ~ H O ~ ~  e B cnysae, K o r n a  CKOPOCT~ ~ e k p o -  
HOB V M e s i b m e  rpauuwoii CKOPOCTH v lim M a T e p u a n a  s e p ~ a  n o p o r u K a .  Eiyne~ 
CqMTaTb, YTO BePORTHOCTb n O T e p b  YXH 3HaqHTWIbHO MeHbUle BePORTHOCTH 

paccemm. Torm npoqecc p a c n p o c T p a H e H m  YXH B crroe n o p o r n K a  ~ o m o  
OrIUCaTb Y p a B H W H e M  AH@@YSIIII 

me n (  2)- rrJIOTHOCrb H~#TPOHOB, Z - KOOPAtMaTa n0 HalTpaBJleHm HOpMa-  

nu K n o B e p x H o c r H  pa3,qena B a K y y M  - n o p o r n O K ,  L- mma ~H@@YSHH YXH 
B n o p o m K e .  

A O ~ ~ C T H M ,  q T 0  K O ~ @ @ H W ~ H T  n O T e p b  YXH p U3MeHReTCR no TOJIlLpiHe 

UIOR n O p O l u K a  B HallpaBJIeHkiU OCH Z XOHKP~THO 3 T 0  MMeeT MeCTO, H a n p H M e p ,  

npu c y r r r e c r B o s a K k i H  r p a n a e H r a  T e M n e p a T y p h r  ~ n o m  2. Tor- B c n e n c r B u e  

38BHCHMOCTH CeqeHEiR HeylTpYrOrO PaCCeFfHlW YXH OT T e M n e p a T y p b I  ~ 0 3 @ -  

@ H ~ U ~ H T  IIOTepb p ( z )  T a K M e  OKa3bIBaeTCR 3aBHCHMbIM OT Z : p ( Z ) = p  f ( Z )  . 
0 ~ O ~ Y ~ U M  BbIpaXCeHHe M R  K O ~ @ @ H U ; H ~ H T ~  OTpa3f(eHWI R OT CJIOR nOpOUIKa.  

A ~ R  3 ~ 0 r o  n p e n c r a B H M  mo# n o p o m K a  c o ~ o ~ y m r o c ~ b ~ )  n n o n c n o e B  T o n w u -  

H O ~  A f  = e /n K a ~ b 1 f i  ( ~ H W O  n OmeAWIReTCR H ~ O ~ X O ~ U M O ~ ~  TO~MOCT~H) 

B b I q H U I e H m  R )  . ~ ~ X C U O M ~  j -llOACJlOKI 6 y n e ~  COOTBeTCTBOBaTb ~ 0 3 @ @ H -  

UMeHT n O T e p b  p j  , ~ O C T O R H H ~ I #  B npeJJeJIaX nOnCJIOR. B pe3yJIbTaTe  peluWm 
y p 8 s H e H H R  (2) &llR KO~@@UUH~HTOB OTpZOKeHHR r U n p O I X y C K a H m  t . YXH 
j -noncnoe~ n o n y w M  cnwyrowe s b r p a m e H u R / 5 /  : J 

rne 1 = 2, ... n .  
HaKoHeU;, C YqeTOM nO&llOXKH C KO~@@MUH~HTOM OTpaXCWWR q aTIR 

I 

K O ~ @ @ H L M ~ H T ~  OTpUeI-I%U3 R B C e r O  CnOR l l O p O l u K a  HMeeM 

K ~ K  c n w y e T  m (3) + (5), ~TIR o n p e n e n e H m  pO npa m s e c r H a I x  wpa- 
\ 

MeTpaX 3 e p e H  H CTIOR n O p O l u K a  ,lJOCTaTOrMO H 3 M e P m b  KO~$@HLMWT OTpa- 

x e H m  R (el OT cnon 3a9a1-1~0# TOJIIIZUH~I. p ( z )  = const 3~a1iue wux 
M p a M e T p O B  H e  FIsJlffeTCR H ~ O ~ X O A & ~ M ~ I M .  K O ~ ~ W U ~ H T  ITOTePb B W O M  C n y -  

me o n p e n e n R e T c R  ~ e n m o l i  ~03$@mmm~a o~pancmm YXH R o o o ~  CJIOR 

~ ~ C K O H ~ W O ~ ~  T O J l w b I  



B 3 K c n e p a M e H T a x  no o n p e n e n e H a m  p T o n u p m a  c n o H  e 06bmao n p e B b I -  

m a e T  T p I l  ~ H @ @ ~ S I I O H H ~ I ~  WIHHbI, A npEi 3TOM 0 m a 6 ~ a  onpe,4enwm ~ 0 3 @ -  

@asam~a n o T e p b  YXH no @ o p ~ y n e  (6) H e  r r p e s b I m a m  1%. 

3 ~ ~ n e p E i ~ e ~ ~ a J I b ~ b l e  HCUIenOBaHHH n p O B e n e H b I  H a  K a H N I e  YXH PeaKl.0-  

pa HBP-8. K B b I X O W  K a H a a ,  no KOTOPOMY llOCTylZUOT H e h ' p 0 H b 1  B m T e p -  

sane c~opocreii (0 - 5 , 7 ) M . c - l ,  sepes S-o6pas~oe K o n w o  1 noncoena- 
H w a  YCTaHOBKa W F i  A3MepeHMH H H T e r p a n b H O r O  no yrny K O ~ @ @ U I I U ~ H T ~  OT- 

p a x e H m  YXH (pac.1). H 3 ~ e ~ e ~ a e ~  B ~ I C O T ~ I  H1 p a c n o n o x e H a H  Y C T ~ O B K H  

H a n  o c b m  K w a n a ,  o c y u e c m n H e M b I M  B p a w e H a e M  K o n e H a ,  n o c T a r a e T c H  a3- 
M e H e H a e  c n e K T p a  YXH H a  cnoe n o p o m K a  4. B 6 0 n b m a ~ c r s e  ~ K C ~ ~ P A M ~ H T O B  

cnoii n o p o m K a  ~onupmoii 1s 25 MM 3 a c b 1 n a n c n  B OTKP~ITYH) co CTOPOH~I  

06-be~a y c r m o ~ m  q m a H n p a s e c K y m  K a c c e T y  c o ~ p m u e i i  YXH nonnox- 
~ o i i  ( ~ e n b  ma H e p x a s e m u . w H  c ~ a n b )  . B O T ~ W ~ H ~ I X  c n y s a H x  cnoii n o p o r u K a  

n O M e m c H  H a  llOrJIOTATeJIe YXH - n O n E i 3 ~ a n e H e .  M ~ K C H M W I ~ H ~ H  m O W a n b  

o6pa34a c o c T a m m a  300 CM*. H a r p e ~ a ~ e n b  5 06ecnew~an n p o r p e B  o6pm- 
ua B B a K y y M e  YCTiUIOBKII DO T e M n e p a T Y p b I  1000 K. A n H  ACKRloYeHHH Harp€!- 

B a  WIeMeHTOB yC'$aHOBKH O C y ~ e C T B n H J I O C b  0~J'IaXJlkHae H e k k i ~ p 0 ~ 0 ~ 0 n a  3 
~ ~ o T o Y H o ~  B O ~ O ~  6. B BepTAKaJIbHOM YYaCTKe H e k T ' p 0 ~ 0 ~ 0 n a  7 YCTaHOBneH 

n e T e K T O p  YXH 8 - n p o n ~ p ~ ~ ~ ~ b ~ b ~ i i  CYf3TYHK H a  OCHOBe 3 ~ e .  A n H  P e r H -  

YXH - 

c T p a m u  YXH B c e r o  cnempa u c n o n b -  
lv5 t.,y 

3yeTCH HX y C K O p ~ k l e  B rpaBHTallkiOH- 

HOM none, n n H  sero n e T e K T o p  pacnona- 
r a e r c H  H a x e  u e H T p a  p a 3 ~ e ~ ~ n e ~ ~ o r o  
H ~ ~ ~ T ~ O H O B O ~ ~  H a  paCCT0HHI.M &.  An- " 
n a p a T y p H 6 e  B b I n e n e H a e  YXH o6ecne- 
YHBanOCb HCnOlIb30BaHHeM T P m H u H O H -  

1 
0.01 0.03 0.05 0.07 M 

H O ~  ,MeTOnHKH "U~TOPOWO# pa3HO- 

CTH" ' 2/ : nJlH 3~0fi  UeJTH nepen ~ ~ T ~ K T o ~ O M  YCTaHOBneHa n0BOpOTHaR M e n -  

HaH m T o p K a  9. A H a n o r a w a H  r u T o p K a  10 p a 3 ~ e u ? ~ a  nepen 06pa3uo~.  U ~ o p -  
, K a  10 ( " c T ~ I - I ~ ~ P T H ~ I ~ ~  06pa3eu9') n p e n ~ a 3 ~ a s e ~ a  nnn y s e T a  B O ~ M O ~ O ~ O  

npeii@a a n n a p a T y p b 1 .  3 ~ o  0 6 e c n e s m a e ~ c ~  n p o s e n w a e M  n 0 n e p e M e H H b I X  

u 3 ~ e p e H a i i  CseTa  YXH c HCCnenyeMbIM o6pa3uo~ ki  r u ~ o p ~ o i i  10. Ami@par- 
MbI 11 06ecnesmam~ p e m M  YaCTHYHOrO HaKOllJIeHWl YXH B H ~ ~ ~ O H O -  

B o n e  3, ' IT0 nPHBOnklT K YBeJIHrIeHHH) YyBCTBHTeJIbHOCTH H3MepeHIIFI lIOrJ'I0- 

LUeHHH YXH B C n O e  l lOpOll lKa a, B KOHeqHOM CYeTe, K COKpaIQeHMH) B p e M e H H  

kl3MepeHkiG. B YCTEUIOBKe ckicTeM0fi  6 e 3 M a c n ~ ~ o i i  OTKaYKki n O ~ e p x m a e T c n  

B a K y y M  lo4  TOP. A n H  Y n p m n e H W l  Y C T ~ H O B K O ~ ~ ,  c6opa U n p e n ~ a p a ~ e n b ~ o i i  

0 6 p a 6 o ~ ~ u  m @ o p M a ~ k i  aCnOJIb30BaJlCH a 3 M e p H T e J I b ~ b I f i  M O n y n b  H a  6a3e 
3 B M  MERA-60. 

CKOPOCT~ CYeTa DeTeKTOpa B YCTaHOBKe 3aBHCIlT OT BepOHTHOCTII no- 
T e p b  YXH B o6pasue M = 1 -R . A n H  n p o B e n e s s H  a 6 c o n ~ ) ~ ~ b r x  a a ~ e p w ~  
B e n H r l r n b r  M B a c c n e n y e M o M  noporurce n p o B o n m c n  ~ a n a 6 p o ~ ~ a  YCT~HOBKH 

C 0 6 p a 3 ~ a M u ,  kiMelOmklMki M3BeCTHOe n o r n o u e H U e .  B naHHOM C n y r l a e  ~ m 1 1 6 -  

P O B K a  YCTaHOBKH OCyWeCTBnKJIaCb W T e M  U3MepeHIIH 3aBklCklMOCTIl 06pa~-  
4 ~ o i i  c K o p o c T a  csma YXH OT n n o I u a n a  SK 06pa3ua a3 n o n a s T m m a ,  m n  

KOTOpOrO C TOYHOCTbH) " 0,530 BePOHTHOCTb n O T e p b  MK = SK / S ( SH - Illlo- 

u a b  n o n e p e s H o r o  ceseHaFI: c n o H  noporu~a) . Ha puc.2 WIR n p a M e p a  n p a B e -  
' AeHa K a n P i 6 p o ~ o w %  3aBHCkiMOCTb y ( M  K) = J / JK YCTaHOBKU B I13MepeHHHX 

C 6 e p m n n e ~ b 1 M  l l O p O ~ K O M ,  me Jg ?l J - "I~ITOPOW~E P ~ ~ H o c T H "  C K O P O C T ~ ~ ~  

c s e T a  n e T c r c r o p a  npa H a n a s a a  n o n m ~ u n e ~ a  n n o u a n b m  SK a OT " C T ~ I - I ~ P T H O -  

r0 06pa3uaU, COOTBeTCTBeHHO. ~ Y B C T B H T ~ ~ ~ H O C T ~  YCTBHOBKW X a p m T e p U 3 y -  

eTCH TeM,  YTO H3M€HeHkle K O ~ @ @ I . ~ I ; ~ ~ H T ~  OTpCCeHNR H a  1% npkU3OnHT K H3Me- 

HeHMH) CYeTa n e T e K T O p a  H a  3,5%. npa ki3MepeHHHX C XCUIeAyeMbIM 06pa3uo~ 
BepOHTHOCTb n O T e p b  YXH B n O p O U K e  Mx n O n W a n a C b  P ~ B H O ~  MK, e c n H  BbI-  

llOJIHHlIOCb COOTHOUleHHe: 



npH 0 6 p a 6 0 ~ ~ c  pe3ynbTaTOB H3MepeHHOe 3HaYeHHe Kx OTO~eCTBJIRnOCb 
co s ~ a s e ~ u e ~  M npu cpemefi no cneKTpy c ~ o p o c ~ u  v YXH. Ms-sa ~ a n b ~ x  
O T K J I O H ~ H ~ ~ ~  K O ~ C $ C $ U U U ~ H T ~  OTpHeHkLFI ROT enUHUUbI C$opMa CneKTpa YXH 
CrMTaJlaCb H ~ U ~ M ~ H H O ~ ~  WR BCeX 0 6 p a 3 ~ 0 ~  U rIpennOJIaraJlaCb MaKCBeJIJlOB- 
C K O ~ ~ .  KaK nOKa3bIBaIoT PaCYeTbI, Us-3a BOBOJIbHO Y3KOr0 HHTepBLUIa CKO- 

pocrefi YXH npa n 3 ~ e p e ~ u ~ x  ( Av =1,6 +2,8) M c s ~ a s e ~ u e  cpemefi 
c ~ o p o c ~ u  Vcna6o 3a~acu-r OT Bwa cnempa. K TOMY x e  0mu6~a  onpenene- 
HUII K O ~ C $ C $ U U U ~ H T ~  IIOTepb, 0 6 y c n o s n e ~ ~ a ~  HeTOYHOCTbH) 3HaHHR ~pemefi 
c ~ o p o c ~ u  YXH, Mana no cpaBHeHum co cra~umusec~oii  omn6~ofi u s~epe -  
Hllfi.  T ~ K ,  naXe B TaKOM Kp&e rHnOTeTUYeCKOM cnysae, KOrna CneKTp 
H ~ ~ ~ T P O H O B  UMeeT BHn 8 -C$YHKI.WU npki V l  UnU V2, 0 m s 6 ~ a  OllpenWIeHUJ3 
K O ~ C $ C $ U U U ~ H T ~  n0Tepb He llpeBbIlIlaeT 50% ( V l  U V2 - MaKCUMa"bH" H 

MUHHMaJIbHaR CKOpOcT&i YXH Ha 06pmse). 

C HarPeTbIMH O ~ ~ ~ ~ W M Z I ,  B ~a6nuue naI-IbI 3HaYeHHR TeMnepaTypbI n0BepX- 
HOCTH~IX cnoeB nopomrca, 0 6 p a u e ~ ~ o r o  K n a m u e w y  noToKy YXH (TI) 
H COllpHKaCaJOII.terOCR C ~ O A J I O X K O ~ ~  (T 2)  . B TpeTbe# ki seTBepT0fi KOnOHKaX 
npHBenWb1 3KCnepHMeHTa"bHbIe naHHbIe no BePORTHOCTH nOTepb YXH M 
B 06pa3qe H cooTseTcTBymuae ~ T U M  aenusmalur M sHaseHsR 1 ,  npmeneH- 
HbIe K TeMnepaType 300 K. &-IR orrpeneneam B H ~  9 ( 2)  n u3snese~m sens- 
YUHbI q(300 K) k i 3  AaHHbIX C HarPeTbIMU 06pa3ua~u UCnOJIb30Ba"HCb 3KCne- 
PIlMeHTaJIbHO U3MePHHbIe 3aBHCUMOCTH TeMnepaTypbI T ( Z )  B Woe IIOpoIII- 
~a H H ~ B ~ C T H ~ I ~  ~ ~ B W C U M O C T U  ceqer-im Heynpyroro paccemiuR OT TeMnepa- 
TypbI 0s (T) . &-In ~ ~ ~ C $ W T B  EaHHbIe us(T) B3RTbI U 3  pa60Tb1/7/. &-In 6epm- 
nUII 3aBHCHMOCTb Us (T) PaCCYUTbIBWaCb B HeKOrepeHTHOM n p s 6 n s x e ~ m  
no ne6ae~c~o i i  ~onenw c ~e~neparypoi i  & 6 a ~  OLI =I440 KI8/, npu noM 
UMeIOI4+eCR B 06JIaCTU HU3KUX 3Heprkic 3KCnepAMeHTaJIbHbIe naHHbIe 
n0JIHbIM C W  HUHM B ~ ~ H M O ~ ~ ~ ~ C T B H R  H ~ ~ I ' P O H O B  C 6epn~xmie~ rips T= 300 K 

I 
H T = 440 K UCnOnb3OBMHCb KaK 3TBnOHHbIe. 

rpa@ur. Teopermecm sennuma 1 B rpaame npu K O M H ~ T H O ~ ~  TeMne- 
paType pama 4 .104  /2/. Pmee / lo /  m ~ ~ H H ~ I X  no BpeMeHs -HU YXH 
B rpaC$mo~ofi noBymKe npa T=  300 K 6bmo nonyseHo s ~ a q e ~ s e  1=4 - 1 0 4 ,  
YTO Ha m a  nopRnKa n p e ~ o c x o m ~  pacsemyw senuwi~y. 

B ~ a c ~ o ~ u e f i  pa6o~e H ~ M ~ ~ ~ H U I I  c ~ O P O ~ K O M ,  nonyseHHbIM u3 6 n o ~ a  
PaKTOpHOrO rpaC$UTa rIJ'IOTHOCTbIo 1,6 r .  CM-', npOBeAeHbI C YXH B mTep- 

rpaC$a~ 
H ~ o T o X X ~ H H ~ I ~ ~  nOPOUOK 
nocne npe6bmms~ 
~a ~osnyxe  293 O,0165kO,O027 (3,6* 1 , l )  

O ~ x m  B TeseHae 24 s 
nps (510; 650) K 293 0,0140+ 0,0014 (3,0* 0,65) 

O T m  B TeseHne 24 s 
npa (510; 650) K 400; 480 0,0064* 0,0023 (3,5+ "O ) . lo-' - 2.1 

B epunnsfi 
H ~ o T o X X ~ H H ~ I ~ ~  nOpOUOK 
nocne npe6b1sa~m 
~a ~osnyxe  293 0,00766* 0,00173 (9,4* 4,2) 10" 

O T m  B TeseHne 40 s 
nps (383; 523) K 383; 523 0,0284* 0,0080 (7,o * 3,8) - 
O T m  B TmeHse 24 s 
nps (453; 633) K 383; 523 0,0140* 0,0055 (1,6* 1,2) 

O T m  B Teswse 100 s 
nps (453; 633)K 383; 523 0,0060* 0,0050 (3,l +5.1 ) . 10-6 

-3.1 

Ormm B Teswue 100 s 
npu (453; 633) K 453; 633 O,0090* 0,0057 (5,3+IA ) lo-' 

-4.9 

O T m  B Teqeme 100 s 
npu (453; 633) K 293 0,0185* 0,0050 (6,0* 3,3) '10'~ 

O T m  B Tesemie 100 s 
nps (453; 633) K 
B r e p ~ m m o i i  KaMepe 293 0,0053* 0,0011 (4,6* 1,9) .lo-' 
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Banax c ~ o p o c r e i i  (2,6' 5 , 2 )  a ( 2 , 6 +  4 , 2 )  M .  c - l .  C p e m u i 2  p a 3 ~ e p  s e p ~ a  
n o p o r u m  a Tonuma c n o ~  r p a @ m a  c o c r a ~ m m  7 M K M  n 14 M M ,  C O O T B ~ T -  

CTBeHI-IO. 

H a  CBeXer ipkTOTOBneHHOM n O P O U l K e  rpa@&i~a n P U  K O M H ~ T H O ~ ~  TeMne- 

p a T y p e  nonyswo s ~ a v e ~ u e  T ]  = ( 3 , 6  * 1 , 1 )  - 1 0 ' ~ .  O ~ m r  nopOmKa H e n o c p e n -  
CTBeI-IHO B 3 ~ ~ n e p k i M e H ~ l U I b ~ 0 f i  Y C T a H O B K e  B TeqeHHe 24 Ir npU T e M n e p a T y p f ?  
( 5 1 0 ;  6 5 0 )  K H e  n p U B W I  B U 3 M e p e H W X  T = 300 K K H 3 M e H e H U l O  K 0 3 @ -  
a-m~a n o T e p b  1 = ( 3 , O  + 0 , 6 5 )  . lo-'. B TO me B p e M r r ,  ecna nocne o T m r a  
nOpOUlOK H a X O m C H  B H W p e T O M  C O C T O m U H  ( 4 0 0 ;  4 8 0 )  K ,  TO ~a6nmnanocb 
3aMeTHOe Y M e H b L U e H H e  nornoueHm Y X H  B o 6 p a 3 u e ,  U COOTBeTCTByIOuee 

To, TCO M u H a M a n b H o e  3 ~ a q e ~ u e  r )  nocne oTnaira p e a ~ ~ u 3 y e ~ c ~  n p a  
T e M n e p a T y p a X  BbIUle 400 K ,  n o - B W U M O M Y ,  yKa3bIBaPT H a  3 a r p R 3 H e H U e  no- 
s e p m o c r a  3 e p m  n o p o r u K a  npu &nee H U ~ K H X  T e M n e p a T y p a x  3a c s e ~  w c o p 6 -  
4UM ra3OB, H a X O W I L U k i X C R  B 3 ~ ~ n e p E i M e H T a J I b ~ 0 f i  YCTLiHOBKe.  ~ P U  3 K C n e p U -  
M e H T a X  C r p a @ L i T o M  O T K p b r r a R  n O B e P X H O C T b  nOpqlllKa 6bma H e n O C p e n C T B W -  

HO CQR35LHa C ~ ~ ~ - ~ E I T P O B ~ I M  B a K Y Y M H b I M  O ~ % ~ M O M  KSLHaTIa Y X H .  BO B p e M R  
o T m r a  o 6 p a 3 r l a  H a r p e s a e T c R  n p a K T a s e c K n  T Q n a K o  n o p o m o ~ ,  a T e M n e p a T y p a  
O C W ~ H ~ I X  y s n o ~  Y C T ~ H O B K M  O c r a e T c R  H ~ H ~ M ~ H H O # .  B p e 3 y n b ~ a ~ e  n p u  ox- 
n a x c n m m  0 6 e 3 r m e ~ ~ o r o  0 6 p m q a ,  no-BIWYMOM~, n p o u c x o A E i T  m c o p 6 4 m  
H a  n o s e p m o c r a  s e p e ~  n o p o u l r c a  Bonoponcoaepxmm BeuecTa, nocTynam- 
u x  a3 o t h e ~ a  KLiHana Y X H .  Eonee n o n p o 6 w o   TOT 3 @ @ e ~ ~ ,  a TaKme T e M n e .  

p a l y p H a f 3  3aBUCHMOCTb  K O ~ @ H L I M ~ H T ~  n O T e p b  Y X H  6bmu UCCnenOBaHbI  
H a  n p y r o M  cna60nornowmue~ BeuecTse - H a  6 e p m a u .  

B e p m u b .  T e o p m w r e c  eenmqa 1 B 6 e p w m w u  n p a  K O M H ~ T H O ~ ~  

~ e ~ n e p a ~ y p e  p m ~ a  5 - 1  0-6w. P m e e  11/ n p a  x p m e H a n  Y X H  s cocynax 
C HaI IHJ l eHHbIMU 6epHJIJlPie~b1M~ C T e H K a M H ,  0 6 e 3 r a m e ~ ~ b 1 ~ ~  n p o r p e B o M ,  
n p a  T = 3 0 0  K 6bmo nonysmo sHasmue q = ( 1 , 7 5  + 0 , 2 5 )  . 

M s ~ e p e ~ m  c 6 e p w I n u e s b 1 ~  n o p o r u K o l a  co c p e m n M  p a 3 ~ e p o ~  s e p ~ a  
36 M K M  H T O I I U H H O ~ ~  m O R  " 20 M M  nPOBC?P.Wibl C Y X H  B U H T e p B W I a x  CKO- 

p o c r e f i  ( 2 , 8  + 5 , 6 )  14 ( 3 , 3  + 5 , 9 )  M - c - ~ .  C o n e p m a n u e  6 e p a n n m  B n o p o r u K e  
COCTaBNIJ IO 98,7%. OCHOBH~IM rrp?iMeCHbIM 3J IeMeHTOM B o 6 p a 3 q e  RBJIRnCR 

m c n o p o n  - 1,2%. 
C n O p O U l K O M  6 e p m m  6b1na ripOBeAeHb1 nBe C e p U U  k i 3 ~ e p e ~ ~ i i .  B n e p -  

BOG c e p a a  6 e p m a l ,  K ~ K  a r p a @ u ~ ,  uMen O T K P ~ I T ~ ~  n o s e p x H o c n .  a Heno- 
C p e n C T B e H H O  6bm CBR3Zl.H C BaKYyMHbIM O ~ % ~ M O M  KaHaJIa Y X H .  

&R HeOTOXCKeHHOTO nOpOmKa 6 e p m u ~  n p H  K O M H ~ T H O ~ ~  T e M n e p a T y p e  
nOJTyseH0 AOBOJIbHO M U O e  3 H a W H U e  r )  = (9,4 ? 4 , 2 )  ' lo-'. n e p B o H a q W I b H b 1 f i  
H a r p e B  nopuma no T e i M n e p a T y p b I  ( 3 8 3 ;  523) K - m o m  K POCTY Bep0R-r -  
HOCTA n o T e p a :  nocne 40 s n p o r p e s a  npn s ~ o f i  TeMnepaType M = 0,0284 + 
+ 0,0080. B o s p a C T a ~ k i e  M ,  no -BHWMOM~,  C B R S ~ H O  c POCTOM CeqeHaR H e y n p y -  

roro p a c c e m m  Y X H  H a  B o n o p o n c o n e p m a w x  r r p n M e c R x  ~ e o 6 e 3 r a m e ~ ~ o r o  
r r p u  3 ~ 0 f i  T e M n e p a T y p e  n o p o m K a .  nocne ysennseHuR T e M n e p a T y p b I  o T m r a  
6 e p w m m  no B e J l H q H H b I  ( 4 5 3 ;  6 3 3 )  K C TeqeHUeM B p e M W H  l IpOUCXOJWn0  
Y M e H b U I e H U e  BepORTHOCTH n 0 T e p b  Y X H ,  U n0Cne -100 q O T X U r a  6bmo n0ny- 
q e ~ o  s ~ a q e ~ n e  M =  0,0090 + 0,0057. Ysenuse~ne n p o n o n m T e n b H o c T u  o T m r a  
l l O p O l l l K a  B 3TUX T e M n e p a T y p H b l X  YCJIOBnRX He np?iBenO K n 3 M e H e H n l O  BeJlU- 

W i H b I  M .  q~06b1  y 6 e D J i ~ b ~ ~  B T O M ,  ' I T 0  n O p O U l O K  0 6 e 3 r m e ~ ,  nOCJIe er0 OT- 

m r a  n p n  T e M n e p a T y p e  ( 4 5 3 ;  6 3 3 )  K 6b1no n p o s e n e H o  n o B T o p H o e  u s ~ e p e -  
Hne n p u  T e M n e p a T y p e  ( 3 8 3 ;  5 2 3 )  K .  n p u   TOM A ~ R  M nonyseHo s ~ a q e ~ n e  
0,0060 + 0,0050. 

C O O T B ~ T C T B ~ I O ~ ~ ~  0 6 e 3 r a ~ e H ~ o M y  n 0 p O U K y  C y M M a p H O e  3HaYeHIIe 

C P a C W T H b I M  3 H a q e H H e M  K O ~ @ @ H ~ U ~ H T ~  n 0 T e p b  Y X H  B 6 e p u n n m .  
B M e c ~ e  c T e M  o x n a m e H a e  6 e p m n n ~  nocnz ero o T m r a  no K O M H ~ T H O ~ ~  

T e M n e p a T y p b I  B BaKyyMe 3 K c n e p ~ M e H ~ a n b H o f i  Y C T W O B M ,  K a K  U B W I y Y a e  
r p a @ u ~ a ,  n p u s e n o  K y s e n w q e H u m  B e p o R T H o c T u  n o T e p b  Y X H  M = 0,0185 + 
+ 0,0050, r I T 0  COOTBeTCTByeT 1 (300 K )  = ( 6 , O  + 3 , 3 )  ' 10- 5. 

B O  B T O P O ~ ~  CepHU ~ 3 M e p e ~ ? i f i  6 b m ~  WUHRTbI  M e p b I  no B ~ K Y ~ M H O ~ ~  H 3 0 -  

nnqus o 6 p a 3 q a  OT 0 6 % e ~ a  K m m a  Y X H .  &IR 3~01-o B ~ J I H ~ H  0 6 p a 3 w  B p&- 
O H e  O x J T a ~ e H u R  H ~ ~ ~ T ~ O H O B O ~ ~  r r p 0 ~ 0 q H o f i  ~ono f i  6 b 1 n a  YCTFIHOBneHa mIo- 

M U H H e B a R  @ o n b r a  T o J I U J H H O ~ ~  50 M K M ,  a B a K y Y M H a F I  O T K a ' l K a  0 6 p a s o ~ a a m e f i -  
C R  K a M e p b I  o 6 p a s q a  O C y ~ e C T B J I f I J I a C b  OTneJIbHbIM MaTHMTOPa3PRPJibIM 
HaCOCOM. n n ~  u 3 6 e m ~ u ~  H e K O H T p O n H p y e M O r O  H a p W U B m H R  O K I I C H O ~ ~  

n n e H K u  H a  n o s e p m o c r a  A1 - @ o n b r a  BO s p e M R :  n p o s e n e H n R  u 3 ~ e p e ~ u f i  c 
6 e p a n n a e ~  n p e p , B a p a T e n b H o  nycTaFI K a M e p a  c A1 - @ o n b r o i i  n o a s e p r a n a c a  
B a K y y M H o M y  o ~ m r y  n p u  6onee B ~ I C O K O ~ ~  T e M n e p a T y p e ,  q e M  n p u  a 3 ~ e p e -  
HURX C 6 e p m n u e ~ .  n p ~  3TOM ~ a n a 6 p o ~ o w a F I  K p U B a R  Y C T m O B K U  nOCJIe 

OKOHqSLHWl 3 K C n e p U M e H T O B  C 6 e p w m u e ~  OCTaJIaCb n p e m e f i .  
B oTnnwe OT p e 3 y n b ~ a ~ o n  n e p ~ o f i  c e p u a  a s ~ e p e ~ a i i  o x n m e H u e  no- 

p O U K a  6 e p m n n ~  B r e p M e T k i l 1 ~ 0 f i  K a M e p e  A0 K O M H ~ T H O ~ ~  T e M n e p a T y p b I  
nocne ero o T m r a  B TeqeHue 100 q n p n  T e M n e p a T y p e  ( 4 5 3 ;  6 3 3 )  K npuseno 
K YMeHbLUeHUH) BepORTHOCTU n O T e p b  B o 6 p a 3 s e  M no BeAHYUHbI 0,0053 2 
+ 0,0011, q T 0  COOTBeTCTByeT 3 H a q e H H H )  1 = (4,6 * 1 , g )  ' lo-'. 

C ~ M M U P ~ R  p e 3 y J l b T a T b I  m y X  cepL i f i  ~ 3 M e p e H a f i ,  B more U M e e M  

M 3  u 3 ~ e p e ~ w f i  n p n  m y x  Tonupmax n o p o m r c a ,  HaxomuerocR n p u  
~ o ~ ~ a r n o f i  T e M n e p a T y p e ,  6b1n o r r p e n e n e H  c p e m u f i  n n a M m p  3 e p  6 e p ~ n n m  
3 7 3  + 7,5 M K M .    TO 3 ~ a q e ~ a e  XOPOLUO cornacyeTcR c n a c n o p T s b I m  ,n ,ambIMn.  

KaK ym3aI-iO BbIUe, OCHOBHbIM IIpUMeCHbIM 3 n e M e H T O M  B n O p O I U K e  
6 e p m m  RBnRJICR MCJIOpn. C O ~ J I ~ C H O  J l U T e p a T y p H b I M  J W H H b I M  / 8 / ,  p a c T B 0 -  



PHMOCTb KHCJlOPOna B 6epmnun M m a ,  A, K a K  n p a B H n 0 ,  KkiCnOpOn HaXO- 

n m c H  B B m e  OKHCH 6epunnm BeO, o c o 6 e ~ ~ o  T o r n a ,  K o r n a  6epmnufi uc- 
nOnb3yeTCR B B m e  nOpOUlKa. ~ O ~ T O M Y  H e  HCKnIOYeHO, YTO H a  IIOBePXHOCTH 

3 e p e ~  IIOpOLLIKa HaXOnHTCR IUIeHKa OKUCU 6 e p m n ~ ~ .  ~ O C K O ~ ~ K Y  B BeO 
npu T =300 K p a c q e m o e  s ~ a s e ~ ~ e  7=1,6 - 1.0 -6,  TO B  TOM c n y q a e  KO~@@H-  

UHWT n o T e p b  YXH B Ma-repuane  H c c n e n y e M o r o  n o p o m K a  nonmes 6b11-b 

M W b m e  K O ~ @ @ W H ~ H T ~  n O T e p b  B YHCTOM 6 e p m n ~ u  (~eo6xonki~oe n n f l  

pacsma 7 ceseme H e y n p y r o r o  paccemm B Be0 BBHTO u3 p a 6 o ~ b l / ' l ~ / ) .  

A ~ m m  3KCnePHMeHTaJlbHbIX D m H b I X  no BepORTHOCTH n O T e p b  YXH 
B o6pa3ue M n o ~ a 3 b m a e ~ ,  YTO name n p e n n o n o m e H H e  o H a n H s a H  T O ~ C T O ~  

m W K H  Be0 ITpHBOAuT K M a n O M y  H3MeHeHHlO ITPHBeneHHbIX B ~ a 6 n ~ u e  3Ha-  

Y ~ H H #  7. T ~ K ,  B HHXHefi CTpOKe Ta6nkiub1 COOTBeTCTBYHJUee 0 6 e 3 r a ~ e H H o ~ y  

n o p o u r K y  BeO, H a x o p p w e M y c H  B r e p ~ e ~ ~ w o f i  K a M e p e  n p H  T =300 IC, s H a s e -  

HHe 7 = (4,7 ? 2,0) . K ~ K  B H W O  H 3  CPaBHeI3IIR nOJlYYeHHbIX naHHbIX 

no 7 A."R Be H BeO, 3KCnepHMeHTaJIbHbIe p e 3 y n b T a T b I  C 6 o n b m e f i  BepOfIT- 

H O C T ~ H )  C o r n a c y m T c H  c p a c n m a M u  wrn G e p ~ n n u ~ ,  lreM  an^ BeO. XOTH T a K o e  

3HaYeHHe H e  HCKnKIqeHO H W R  Be0 n p H  HmHYHU AOnOJlHHTeJIbHbIX n O T e p b  

YXH B 06pmue. 
~ ~ O B € ! A € ! H H ~ I ~  HCCJIeAOBmHfl 3KCnepHMeHTaJTbHO I I O n T B e p n ~ H  BO3MOX- 

HOCTb OnpeReJIeHHR K O ~ @ @ H U H ~ H T ~  n O T e p b  YXH Ha YpOBHe l o v 6  MeTOnOM 

RH@@YBHH YXH B n o p o m K a x .  npu  TOM H a  rpa@a~e H 6epunnw B n e p B b I e  

ITOnyYeHbl 3KCnepHMeHTUIbHbIe AaHHbIe, XOpOmO C O ~ J I ~ C Y K J U H ~ C ~ I  C PaCYe- 

T a M u ,  O C H O B ~ H ~ I M H  Ha H ~ B ~ C T H ~ I X  C e q e H m x  3 a x ~ a ~ a  H H e y n p y r o r o  p a c c e R -  

HWi H ~ ~ P O H O B  B 3TUX BeUeCTBaX. t 
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