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TOPMOXEHEIE EbICTPMX klOHOB B IIJIOTHOB IIJIA3ME 

EACKO M. M. 

qenb  A a E I H 0 6  pa6o~b1- IIpeaJIOlKFfTb AOCTaTOPHO IIpOCTbIe  (PoPMYJI~I  AJIR 

BbIPHCJIeHHR CKOPOCTH TOPMOWeHHR ~ ~ I C T P ~ I X  HOHOB B B e q e C T B e ,  TePMOHHHa-  

J I aX  BO3HHKJIa  B CBR3H C B B e A e H H e M  B c~p0f i  CHJIbHOTO'XHbIX y c K o p H T e J I e &  JIer- 
KHX HOHOB [I] H pa3pa60~~0f i  K O H q e I I q H H  T e p M O R A e p H O r O  JIeaKTOpa H a  nyP- 
K a x  T R x e n b I x  HOHOB [2, 3J. T o p ~ o x e H ~ e  T R x e n b I x  (a T a K x e  c K o p e e  B c e r o  

H n e r ~ ~ x )  HOHOB paxe  B ~ a ~ 6 o n e e  n H T e H c H B H b I x  nymiax, AOCTyIIHbIX COBpe-  

MeHHbIM YCKOPHTeJIHM, M O X H O  OIIHCbIBBTb B OAHO¶aCTH¶HOM I I P H ~ J I H H F ~ H H E :  

[4], T. e. B npaene  ~$c¶esa~o~qe  M a n o f  IIJIOTHOCTH P a c T H q  n y u a .  B  TOM 

I I P H ~ J I H W ~ H H E I  K a ~ f ~ ~ b I f i  HOH I I y P K a  C ~ T O M H O ~  ~ a G G 0 f i  A, H IIOpRAKOBbIM EO- 

M e p O M  Zi OTAaeT  CBOH) 3 H e P r H I O  HHAHBHAYaJIbHO, He3aBHCHMO OT IIPHCYTCTBHR 

A P Y r H X  ~ M C T P H X  ¶ a C T H q ,  B IIpOIJeCCe KYJIOHOEZKOrO B ~ ~ H M O @ ! ~ C T B H H  C 3JIeK-  

T P O H a M H  H H o H ~ M I T  C p e A b I .  ~ O A  ~ ~ I C T P ~ I M H  M b l  I I O A p a 3 J J M e B a e M  ¶ a C T H q b I  C KH- 

~ e ~ n s e c ~ o 6  a ~ e p r ~ e i j r  0,1 M3B/a . e .~ .<E~<l  r ~ B 1 a . e . ~ .  
Y T O ~ ~ I  B 0 6 q e ~  C J I y P a e  BbIPHCJIETb TOPMOBHYK) C I I O C O ~ H O C T ~ ,  H ~ O ~ X O H H M O ,  

CTpOrO I'OBOpR, 3 H a T b  I I 0 J I H b i 6  CI I eKTP  3HePI ' eTHPeCKHX ~ 0 3 6 y x ~ e ~ H f i  C p e A b I  H 
Y M e T b  BbIPITCJIHTb 3 a P H A  6b1c~poro H O H a  eZief EZ BePORTHCPCTIEI I I epeXOAOB Me=- 

ay ~ ~ ~ J I H P H ~ I M ~  3 H e p r e T m e c K m m f  COCTORHHRMH c p e A b I .  n p ~   TOM H ~ O ~ X O A H -  

MO Y q H T b I B a T b ,  ¶TO 6 b I ~ ~ p b I i j [  I lOH H e  T O P ~ P H ~ I ~  3 a p R A ,  a O K P Y X e H  o 6 n a ~ o ~  
3JIeKTpOHOB, KOTOPbIe  MOI'YT CaMH I I e p e X O A H T b  H 3  OAHOI'O 3 H e P r e T H P e C K O r O  

COCTORHHR B APYI'Oe. ~ O C K O J I ~ K Y  B T ~ K O ~  o6qe6 IIOCTaHOBKe 3aAaPy YAaCTCR 

PeIICHTb e q e  H e  CKOpO, B A ~ H H O ~  pa6o~e  I IPHHRT Y I I P o I ~ ~ H H ~ I ~  IIOAXOA, OCHO- 

B ~ H H H ~  H a  n o x y 3 ~ r r ~ p ~ s e c ~ o 6  + o p ~ y n e  AJIR Zler H H a  IIPEI~JIHHC~HHH c p e A H e r o  

H O H a  [5] I I p H  OIIHCaHHH C B O ~ C T B  CpeAbI .  ~ ~ H H ~ H I I H ~ J I ~ H o ~ ?  OTJIH¶He A ~ H H O ~  

pa60~b1 OT BCeX I I p e , 7 b I J ( y ~ H X  COCTOHT B HCIIOJIb30BaHHEI KOPPeKTHOrO Y p a B H e -  

HHR H O H H 3 a q H H  AJIR IIJIOTHOG IIJIa3MbI  H 60~1ee T O P H O ~  IIPOD,eAYPbI BhI¶HCJIeHHR 

cpea~el? 3 H e P r H H  ~ 0 3 6 y I X f l e H ~ R  ha CBFI3aHHbIX 3AeKTPOHOB. B p e 3 y J I b T a T e  

o 6 ~ a p y x e ~  H H T ~ P ~ C H ~ I ~  B@&KT, x a p a K ~ e p H b 1 l ?  AJIR I I J ~ o T H o ~  I IJ Ia3MbI  H H e  

I IPORBHBIIIH~CR B aHaJIOI 'HPHbIX P a C P e T a X  H p y r H X  aBTOPOB [6, 71: C POCTOM 

T e M I I e p a T y p b I  I I p H  @HKCHPOB~HHO& IIJIOTHOCTH TOPMOSHBR C I I O C O ~ H O C T ~  C p e A b I  

C H a ¶ a J I a  Y M e H b D I a e T C R  H a  10-40% H JIHl l Ib  3 a T e M  H a P H H a e T  PaCTH.  

B A ~ H H O ~ ~  p a 6 o ~ e  C p e A a ,  HJIR K O T O P O ~ ~  BbIPHCJIReTCR TOPMO3HaR CIIOCO~-  
H O C T ~  S=-p-'dEi/dx, AJIR ITPOCTOT~I I I p e A n o n a r a e T c a  c o c ~ o R q e 6  ~3 a T o n f o B  

OflHOrO C O p T a  C ~ T O M H O ~  M ~ C C O ~  A,  H IIOPRAKOBbIM HOMePOM 2 2 .  B C p e A e  IIpeA- 
I IOJ l aFaeTCR H a J I H P H e  CTaTHCTH¶eCKOrO PaBHOBeCHR,  X a p a & T e p H 3 y I O q e r O C R  B 

o 6 q e ~  C A y ¶ a e  p a 3 H b I M H  ~ J I ~ K T P O H H O ~ ~  T, H HOHHOH Ti T e M I I e p a T y p a M H .  HpEf 
3 a A a H H b I X  Te H p C T e I I e H b  H O H H 3 a q H H  y=y(p, T,) (sElcJI0 C B O ~ O A H ~ I X  3JIeKTPO- 

HOB, I I P H X O A R q H X C R  H a  OAHY BTOMHYH) R ¶ e f i K y )  HaXOAHTCR H 3  Y p a B H e H H R  

H O H H 3 a q H H  

pe (y/V, Te) +I (y)  =b (~z /V)B( l+pT,ZVo)- i ,  (1) 



= 
~ H - r a 3 a  3JIeKTPOHOB, b, P, j.L H 0 - KOHCTaHTbI, X ~ P ~ L < T ~ P H ~ Y I O I I ( H ~  HHAHBHAY- 

a J I b H b I e  C B O & C T B ~  3JIehleHTOB.  Bce BeJIHYHHbI B Y p a B H e H I I H  (1) H3MePRH)TCR E 

aTOhlHbIX e A H H H q a X .  ~ H ~ ¶ ~ H H H  C f l H r y p H p y l O q H x  B H e h i  IIOCTORHHbIX AJIR P R J a  

3JIeMeHTOB I I p H B e A e H b I  B ~a6JImqe ( n o ~ p o 6 ~ e e  Cbf. [5] ) . 
~ o J I H Y I O  TOPM03HYIO C I I O C O ~ H O C T ~  I IpeACTaBHM B BHAe  ¶ e T b I p e X  CJ Ia r ae4 fb IX  

rxe eZief - 3 a p R A  6 b 1 c ~ p o r 0  HDHa ,  Z B H X Y q e r O C R  CO CKOPOCTbIO Vi, (2,-y) - 

¶HCJIO CBR3aHHbIX 3JIeKTPOHOB B OZHOM a T O M e  C p e A b I ;  ma - a T O M H a R  eAMHHLIa 

M a c c b I  (a. e. M . )  ; Lbe - KYJIOHOBCKH~~  n o r a p m @ h i ,  OT K o T o p o r o  ME.I AJIR n p o c T o -  

Tb I  OTAeJIHJIH PeJIRTHBHCTCKHt? IIOIIpaBKlT, n~o6b1 H H W e  I I p H  er0 BbI4HCJIeHZfH 

H; l ieTb A e J I O c  HepeJIRTHBHCTCKH;2.iH HhiIIYJIbCahIEl M 3 H e P r H R b f H .  

B T e X  CJIyYaRX,  K O r A a  3 H a Y e H E R  Lbe>l, 3 T Y  BeJ IHYHHy ~ 3 0 6 ~ 0  I IpeACTaBHTb  

n p Z l ~ ~ J I b ~ b 1 e  3 H a Y e H H R  P,,, B KJIaCCII¶l?CKOhl ( f iV i<Z ie f e2 )  ll KBaHTOBOhl 

( h u i ~ ~ i e f e z j  npexexax 6b1~1m B n e p s b I e  B b I s m c x e H b I  EOPOM 191 E e ~ e  [10). 
I I e p e x o ~ ~ y m  o 6 ~ 1 a c ~ b  Av,-Ziefe2 p a c c l l r o T p e n  EJIOX [ill. P ~ ~ Y J I ~ T ~ T ~ I  Eopa - 
E e ~ e  - Enoxa c o s e m  x o p o m e i j r  T O Y H O C T ~ I O  O n H c b I B a m c R  ~ P O C T ~ I M  sbrpawe- 
H H e M  

P,,,= [ (yZie+e2rslvi2) '+ (firs/vi) '1 'I2, (6) 

r A e  6 - C p e x Q R R  YaCTOTa  B O ~ ~ Y W A I ? H H R  aTOMHbIX 3JI€'KTPOHOB, In 7 ~ 0 , 5 7 7  - 
IIOCTORHHaR G J I e p a .  

EeTt? CMOr BbIgHCJIHTb 3 H a ¶ e H H e  JIHIIIb AJIR H30J IHPOBaHHOrO a T O M a  BO- 

HOpOAa,  AJIR KOTOpOrO Atj=1,105R;y. AJIR TRWeJIb IX  aTOMOB 3 H a P e H H R  'a TeO- 

p e T H ¶ e C K H  H e  BbI¶HCJIeHbI A 0  CHX n0p. ~ K c I I ~ ~ H M ~ H T ~ J I ~ H ~ I ~  3 H a P e H H R  a H3-  

M e p e H b I  AJIR BCeX 3JIeMeHTOB BIIJIOTb A 0  Y p a H a  [12] - HO JIHIIIb I I p H  KOMHBT- 

H C ~  T e m e p a T y p e  H a ~ ~ o c C f l e p ~ o ~  A a B n e H H H .  H a M  H ~ O ~ X O A H M O  p a 3 p a 6 o ~ a ~ b  
I I ~ H ~ J I E H ~ ~ H H ~ I ~  I I p O q e A y p y  0 4 e H K H  Q ,  I IPHMeHHMYIo  K a K  AJIR H30JIHPOBaHHhIX 

HOHOB I I P o H ~ B o J I ~ H o ~ ~  KPaTHOCTH B p a 3 p e X e ~ ~ o f i  IIJIa?Me, T a K  H AJIH C X a T b I g  

aTOMHbIX R ¶ e e K  B IIJIOTHOM B e W e C T B e .  ~ P H  3TOM H Y X H O  AOCTaTO¶HO KOPPeKTHO 

o n n c a T b  c J I e H y I o q H e  ,qsa a @ @ e ~ ~ a :  



1) IIOCJIeAOBaTeJIbHOe (<BbIKJIIo¶eHHeR aTOMHbIX O ~ O J I O = I ~ K  II0 M e p k  TOrO. 

K a K  CKOPOCTb 3aMeAJIFIK)IQerOCH HOE18 Ui CTaHOBIlTCR M e H b I I l e  aTOMHbIX CKOPO- 

S C T ~ ~  3 J IeKTPOHOB H a  COOTBeTCTByIoqGlX 06onos~ax;  
2) B 0 3 p a C T a H H e  aTOMHbIX ¶aCTOT W IIO M e p e  T~ILJIoBoH H O H H 3 a q H H  aTOMOB, 

~ 0 I I p d ~ O K ~ a l O q e f i  CH OTPbIBOM BHeIIIHHX 3JIeKTPOHOB, ¶aCTH¶HO 3 K p a H H P Y H ) q H X  

a a p ~ ~  nnpa. 
C 3~0 i i  q e n m  pa306be~ n p o ~ 3 ~ e ~ e m e  (2,-y)L,, n3 (3)- H a  CYMMY IIO 

OTAeJIbHbIhI I IOAO~OJIO¶K~M B MOAeJIH a T O M a  X ~ P T P H  - @ 0 K a  - &ipa~a  

n o - n p e x ~ e ~ y  o n p e n e J I R r o T c r r  @ o p ~ y n a m  (5), (6), B KOTOPMX AJIR fraxnoii 
n o ~ o 6 0 ~ 1 o s ~ ~  H ~ O ~ X O A H M O  IIOj[CTaBHTb CBOe 3 H a ¶ e H H e  c p e n ~ e 6  ¶aCTOTbI 1x03- 

6 y l r c ~ e ~ H R  on, 1 ,  ,. C Y M M H P O B ~ H H ~  B (7) p a C I I p O C T p a H H e T C R  JIHIIIb H a  T e  IIOA- 

o ~ o J I o ¶ K H ,  H a  KOTOPbIS HMeIOTCR C B R 3 a H H b I e  3JIeKTPOHbI;  I I P H  3TOM B I IPHHR- 

~ 0 f i  H a M H  MOAeJlH C p e A H e r O  H O H a  ¶HCJIO 3JIeKTPOHOB H a  ~ a ~ 0 f i  B H ~ I I I H ~ H  Zi3 

3 a H R T b I X  110~060~109eK M O X e T  O K a 3 a T b C R  A P O ~ H ~ I M .  

~ o c J I ~ A o B ~ T ~ J I ~ H o ~  BbIKJIIo¶eHHe BHYTPeHHHX IIOAO~OJIO¶~K I I P H  A n ,  1 ,  ,<I 
y ¶ T e M  I I p H  IIOMOWH ~ ~ ~ B e p c a J i b ~ o f i  3aBHCHMOCTH Hb, (A). &HO, ¶TO @YHK- 

~ H R  Hbe (A) =In A npn A> 1 H 06parqae~cs B H y n b  n p H  A=O. 3 a ~ o ~  y6b1sa- 
HHR Hb,(A) npE AG1 o n p e A e n R e T c c r  @ o p ~ o i i  cnempa ~ 0 3 6 y z ~ e ~ ~ t i  H a  qac- 
TOTaX o<a. OPH~TITEIPYRC~ H a  6onee 064mii cJIy¶a& K B a 3 H H e I I p e p b I B H O r O  

C I I e K T p a ,  AJIR KOTOPOrO I I P H M e H H M  P e 3 Y J I b T a T  @ H ~ C O B ~  [ 131 Hb, (A) mAS'2, MbI  

OCTaHOBHMCH H a  I I ~ o c T o ~ ~  @0p~yJIe 

IIbe (A) =ln [ l+N (1+3;5/A1") 1, (9) 

KOTOP aR HaXOAHTCR B P a 3 Y M H O M  COrJIaCHH C 3KCI IePHMeHTaJ IbHbIMH AaHHbIMH 

[ 141, 110 3aMeAJIeHEfIo  IIFOTOHOB (CM. PHC.  2).  
O I I H C ~ B  BbIKJIIO¶CHHe O ~ O J I O ¶ ~ K  @ Y H K ~ H ~ ~  Hb, (A), MbI  M O X e M  C¶HTaTb  

C p e P H H e  ¶aCTOTbI an,/,, H e  3aBZ&CRqHMH OT CKOPOCTH 6bI~c~poro H Q H a  Vi li 

Y P e C T b  HX 3aBHCHMOCTb JIHIIIb OT C T e I I e H H  H O H H 3 a q H H  Y. HCHO, ¶TO IIO IIOPRA- 

K y  BeJIHPEIHbI han ,  1 ,  ,-En, 1 ,  ,, rge En,  1 ,  ,=En, I , ,  (y )  - 3 H e P r H R  O T P b I B a  (IIepexo~a 
B H ~ I I P ~ P ~ I B I S ~ I ~ ?  CIIOKTI)) 3 J I eKTPOHa  C IIOAO~OJIOPKEI 72, 1, j .  M ~ I  IIOJIOKHM 

h a ,  I ,  j = g  ( Y )  En,  I ,  j ( Y )  (10) 

r A e  K O ~ @ @ H ~ H ~ H T  B O ~ ~ Y X A ~ H H H  g ( y )  OAHH H T O ! ~ X ~  AJIR BCeX I I O ~ O ~ O J I O ¶ ~ K  

A a H H O r O  HOHa .  0 TOPHOCTH T a K O r O  I I P H ~ J I H x ~ F ~ H H R  MOXCHO CyHHTb ,  C P a B H H B  

M e K A Y  co606 3 H a ¶ e H H R  go=g (yo), BbI¶HCJIeHHbIe  AJIR pa3J IH¶I Ib IX  B e W e C T B  

I I p H  HOP MaJ IbHbIX  J'CJIOBHRX ( T e = T o = 3 0 0  K, P=760 TOP, p = p o ,  y o = y  (Po, T o )  ) 
DO H3BeCTHbIM H 3  3 K C I I e P H M e H T a  3 H a P e H H R M  a=aexp. ~ O C K O J I ~ K Y  I I P H  OI IpeAe-  

J r e H H H  we,, H C I I O J I ~ ~ Y ~ T C R  @op~y.ma E e ~ e  B npenene B b I c o K m x  a ~ e p r ~ i i  El> 
2100 MaB/a.e.~., KOI'A2 BKJIaAOM Sf, H Sn, MOXCHO npe~eGpe¶b, 3 H a P e H H R  go 
MOXCHO H ~ ~ T S I  H 3  COOTHOIIIeHHR 

(-&yo) Lbe+yOLfe=Z2  In (2m,ui2/ha,,,), (11) 

B KOTOPOM n o a p a a y M e s a e T c R  Te=To, p=po, Z,=A,=l, EI=mpc2; ~ H ~ P ~ H H I I  

h~, , ,  3 a ~ a 6 y J I I i p o ~ a ~ b I  B o6aope [12], 3 H e p r H H  CBR3H 3JIeKTPOHOB AJIR H30JIH- 

P O B a H H b I X  aTOMOB I lPF iBeAeHbI  B [ 151; @0pMJ'JIb1 HJIH BbIPHCJIeHHR Lfe BbIUHCa- 

HbI HHXCe (CM. p a 3 A e J I  3). kf3 T ~ ~ J I H ~ ~ I ,  I I p H B e A e H b I  3 H a n e H H R  yo H go AJIR 

P R R a  3JIeMeHTOB,  MbI  BHABM, ¶TO paa6poc B Bf?JIH¶HHe go OT 3 J I e M e H T a  K 3JIe- 
M e H T Y  CpaBHHTeJTbhO HeBeJIHK:  1 , 2 < g o < 2 , 3 .  O I I l l p a R ~ b  H a  K P ~ ~ H H ~  3 H a n e H H R  

.g ( y o )  =go H g (Z2-1) =g,=1,105, MbI  I I P H M e M  IIPocT~~IIIYIo HHTePIIOJIRqHOH- 

H Y m  @OPMYJIY AJIR g (Y)  : 



y,=y (p, To) - XOJIOAHaH CTeI IeHb  HOHH3aqHH. 

B o ~ i p a c ~ a ~ ~ e  3 ~ e p r ~ C I  oTpbIBa- en ,  L,,(y) IIO M e p e  nepexona K 6onee BMCO- 

KHM CTaAHHM HOHH3ilqHE1 MbI Y¶TeM B I I P H ~ J I H ) ~ E ~ H H H  

. . E n ,  1 ,  I (Y) = E n ,  1 ,  j ( o ) + A ~  ( Y )  ( 1 3 )  
I IOI IpaBKa AE ( y )  H a  CHBTHe 3KpaHHPOBKH BHeIIIHHMH 3JIeKTpOHaMH H e  3a- 

BHCHT OT KBaHTOBbIX ¶HCeJI n, 1, j :  

( y )  =max { Q ;  Z , + , - E ~ , - , - ~  ~y b ( Z , / V ) B ( 1 + p T e 2 P ) - ' ) .  ( 1 4 )  
3 A e c b  I,+, - I lOTeHqHaJI  HOHH3aqHH y + y + l ,  a EZ,-~ - 3 H e P r H R  CBH3H 

(22-y )  -rO 3JIeKTpOHa B H ~ G T ~ ~ J I ~ H o M  H3OJIHpOBaHHOM aTOMe. B b i p a X e ~ ~ e  (14) 
AOCTaTO¶HO T O ~ H O  o n H c b I s a e T  npenen p a 3 p e w e ~ ~ o P  (V-.m) r ~ n a a ~ ~ a ,  K o r a a  

A& ( 9 )  ~ l ~ + i - ~ z , - ~  [ 161. B IIJIoTHo~ H ~ H A ~ ~ J I ~ H o H  IIJIa3Me 3JIeKTPOHbI H IIOCJIe 

I I e p e X O A a  B ~ e I I p t ? p b I ~ ~ b I g  CIIeKTP ITPOAOJIWaIOT ¶aCTH¶HO 3KPaHHPOBaTb 3 a P R A  

H a p a .  B ( 1 4 )  3TOT ~ I # @ ~ K T  y ¶ T e H  I IPH I IOMO4H TOE Xe I IOnpaBKH K I ( y ) ,  ¶TO 

H B YPaBHeHHH HOBH3aqHH ( I ) .  RCIHO, PTO T a K a R  I IOI IpaBKa Ka¶eCTBeHIIW 

n p a B H J I b H 0  OnHCbIBaeT C H H X e H H e  AE ( y )  IIO M e p e  pOCTa IIJIOTHOCTE; HaCKOJIbKO 

O H a  TO¶Ha KOJIH¶eCTBeHHO - CYAHTb TPYAHO, IIOCKOJIbKY H E  TeOpeTHPeCKHX 

paC¶eTOB, HH 3KCIIePHMeHTaJIbHbIX ~ 3 M e p e ~ E l g  BelIH¶HHbI W B CHJIbHO CXBTOM 

B e q e C T B e  n 0 K a  HeT. G J I R  HeqeJ Ib IX y. BeJIH¶HHa E n ,  1 ,  , ( y )  OqeHHBaJIaCb  IIO 

@ o ~ M ~ J I ~ M  J I ~ ~ e f i 1 1 0 ~  EHTepIIOJIHqHH M e X A Y  COCeAHHMH IJeJIbIMH 3HaPeHHRMH. 

Ha PHC. 1  IIpOBeAeHO C p a B H e H H e  o I I H C ~ H H O ~ ~  BbIIIIe I I p O q e A y p h I  BbI¶HCJIeHHR 

w ( y )  C aTOMHbIMH p a C ¶ e T a M H  [ l ' i ,  181 AJIR H30JIHPOBaHHbIX (V'a) HOHOB 

A1 H Au. H a n ~ q o  ropasao nynmee c o r n a c H e ,  s e M  B M o A e n n x  A p y r H x  aBTopoB-  

[19],- o c o 6 e ~ ~ o  IIOCJIe TOrO, K a K  MbI I IPHMeM AJIR A1 3 H a 9 e H H e  go=1,323, 
B b I s H c n e H H o e  HCXOAR ~3 T e o p e T n n e c K o r o  p e 3 y n b ~ a ~ a  f i ~ ~ , , ~ = 1 2 0 , 7  3B [17], 
CYE(eCTBeHH0 OTJIHSaIOqerOCH OT hOe,,=164 3B. 

2  
G (5.) = -= [ J exp (-P) dt-xe exp(-x;) 3 3 e 3 )  ( 1 6 )  

l'n 0 
I 

meve2f,e=2kTejq ( x , ) ,  m J z v e ; , t = 2 k ~ i r  ( x i ) ,  ( 2 1 )  
q  ( x )  =0,353+s2 (2,34+x3) / ( l l + x S )  , (22) 



Pm. 1. C ~ ~ A H I I R  3 H e p r H R  ~ m 6 y w e ~ ~ a  bG Il3OJIHpOBaHHbIX EOHOB: 1, 3 -  
a J I I o M E H H ~  H 2, 4 - 30iTOTa B 3aBHCHMOCTH OT HX KpaTHOCTH y; 1, 2 - paC¶e-  

TbI UO @ O ~ M ~ J I ~ M  F~~LEEO% p a 6 o ~ b 1 ,  3 - RaHHbIe H 3  [ I T ]  H 4 - H 3  [18] 

x a p a ~ ~ e p ~ 3 y m ~  T o p M o z e H E e  IIp06~0ro a a p ~ n a  B x i~eanb~o i i  I I J I ~ ~ M ~ :  n a p a M e T -  

pa BbIPOXffAeHHH $=~,lkT,  I&, - 3HepI'HH @ e p ~ H  3JIeKTPOHHOI'O F a 3 8  C IIJIOT- 

H O C T ~ I O  n,), ~ O P O B C K O ~ O  n a p a M e T p a  3L=e2Z, eflAvef,e H ABYX ( ( ~ B ~ K o B ~ I x ) )  napa- 
MeTPOB Xe H X,. T ~ K ,  I IepeXOA OT ((CBepX3ByKOBOI'O)) TOPMOXeHHR IIPE Xe>1 K 

QA03ByKOBOMy)) LIPH 2,<1, P ~ C C ¶ H T ~ H H ~ I ~ ~  AJIR ~ O J I ~ ~ M ~ H O B C K O ~ ~  ($a 1) IIJIa3- 

MbI B [21], XOPOLUO OIIHCbXBaeTCR BMpaHEeHHeM (22); ~ ~ c o J I I O T H ~ H  o m ~ 6 ~ a  B 

3 H a P e H H H  Lfe H e  IIpeBbILIIaeT 0,1. CIUHBKEI ~ O ~ ~ ~ M ~ H O B C K O ~ ~  ($<I) H @ e p b i H e ~ -  

CKOG ($> 1) aCHMIITOTHK p e a J I H 3 0 B a H a  I I p o c ~ e f i I U e f i  3aBHCEMOCTbH) ( l 8 ) ,  AaIO- 

qeiir n p a a H J I b ~ b I i i  n p e ~ n o r a p ~ @ ~ ~ s e c ~  M H o x H T e n b  B npenexe $>I E $,<I 
[22j. O A H ~ K O ,  KaIc no~a3b1sae~ c p a B H e H H e  c ~ ~ ~ ~ J I L T ~ T ~ M H  c T p o r o r o  H H T e r p n -  

POBaHHR A H ~ J I ~ K T P H ¶ ~ C K O ~  IIPOIWqaeMOCTH B M P O X ~ F A ~ H H O ~ ~  IIJIa3MhI [23], 
I IpOCTaR *p%fyJIa (18) B COBOKynHOCTH C (22) M O X e T  IIPHBOAHTb K O I I I H ~ K ~  

-50°/0 B 3 H a l e H H B X  Sf, I I p H  ~ ~ - 1 ,  TOrAa  K a K  B H e  H H T e p B a J I a  0 , 4 < ~ , < 3  3 T a  

O L U E ~ K ~  B c e r s a  61O0io. K a ~ o ~ a  T O ~ H O C T ~  n p e g n o m e ~ ~ o 6  CxeMbI  B n p O M e m y -  

T O P H O ~  O ~ Z ~ C T H  $"I, IIOKa H e  HCHO. B BhIpaHFeHHH (24) AJIH ~ @ + ~ K T H B H O ~ O  

P a A E y C a  3KpaHHpOBaHHH re, CBO~OAHHMEI 3apfXAaMH <BKJIIO¶eHEe* HOHOB l l P H  
x,--1 y.rTeHo no TOG we @ o p ~ y n e  (22), ¶TO E B K n m q e H E e  ~ J I ~ K T P O H O B  npn 
x,-1. @0p~yJIa (3) OI 'paBHPHBaeT B03MOXHbIe  3 H a P e H H H  ref CHH3Y PaAEYCOM 

U C ~ J I ~ H O ~ O ) )  3KpaHHPOBaHHH (32, ef /4~ne)1h [%I. 

T O ~ M O X ~ H K ~  3a C¶eT CTOJIKHOB~HH~? C HOHaMH MOHEeT C T a T b  CYIQeCTBeHHhIM 
B K o H q e  npo6era KaIz B ropmeH n s a a ~ e  npn seal, T a K  E B x o ~ r q q ~ o ~  se- 
q e c T s e  npa E,40,5 MaB/a.e.~. H Z,B1,  2 9 1 .  CTOJIKHOBBH~R c * O O ~ M H  cpe- 
AM MOXHO ycno~ao  p a 3 6 ~ ~ b  H a  xanexne E ~ J I E ~ K H ~ ;  rpaaaqy paanena 6 y ~ e ~  
X a p a K T e p E 3 0 B a T b  3 H a n e H H e M  I I p ~ b E O r O  I I a p a M e T p a  r=r., C O O T I B T C T B Y I O ~ E e  

.BKJIaAbI B IIOJIHYH) T O P M 0 3 ~ H )  CIIOOO~HOCT~ 0 6 0 3 ~ 8 9 k 1 ~  St' H SnU. U ~ E  rBr. 
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HOHbI I I Y P K a  H MHIIIeHH B ~ ~ H M O A ~ ~ C T B Y I O T  K a K  TO¶€?¶HbIe 3 a P R n b I  eZi ,f 33 ey; 
npE r<r, R A p a  C TaJ IKHBaIOqHXCH HOHOB IIPOHHK8IOT IIOA 3 K p a H H p y I O J Q e e  

O ~ J I ~ K O  CBFI3aHHbIX 3JIeKTPOHOB H OTTaJIKHBaIOTCR K a K  TO¶e¶HbIe  3 a P R A b I  eZ, 
H eZ,. 

Ann OIIHCaHHR AaJ IeKHX CTOJIKHOB~HHB I IPHMeHHM p e 3 y J I b T a T b I  T e O P H H  Ae-  

6 a e ~ c ~ o r o  a ~ ~ a ~ ~ ~ o s a a ~ ~  a H a n o r H n H o  TOMY, K a K  T TO 6b1~10 c , q e n a H o  AJIR 
C T O J I K H O B ~ H H ~ ~  CO C B O ~ O A H ~ I M H  3JIeKTPOHaMH. B p e 3 Y J I b T a T e  n O J I y ¶ a e M  CJIe- 

Aymqee B M p a x e H H e  AJIR Ar l=pmar lpmtn :  

1 

Ari min 
~ M O V Z ,  

. - (PU:,,~ + y 2 ~ ; e  y2e4)112 rs 

me M.=mAA,Az/ (A,+&) - npaseneman vacca craneasamqnncn HOHOB, 

Uef, i - ~ @ $ ~ K T E B H ~ R  CXOPOCTB I I P O ~ H O ~ O  H O H a  COrJIaCHO (21). 
n p e ? K n e  ¶ e M  R a I l H C a T b  o E ~ H ¶ ~ T ~ J I ~ H O ~  B b I p a X < e H H e  AXR Sfi, H ~ O ~ X O A H M O  

YTOPHHTb  I IOHRTHe  npo6era. n 0 K a  M b I  P a C C M a T P H B a J I H  T O p M O X e H H e  HOHOB H a  

J I e r K H X  3J I eKTpOHaX,  M M  MoJI¶~JIHBQ I I O A p a 3 y M e B a A H ,  ¶TO 6b1c~pb1e HOHbI T e -  

PRIOT BCH) CBOH) a H e p r H I O ,  ABHraS'ICb I I o , l I p R ~ o f ,  H H e  AeJ I a J IH  pa3J IH¶HI I  M e X A Y  

I ~ ~ H B ~ A ~ H H o ~ ~  M ~ C C O ~  me/ (l+m,/mAA,) pi M ~ C C O ~  3 J I e K T p O H a  me. B C J r y ¶ a e  

p a c c e R H H R  H a  T R ~ ~ ~ I X  q a c T H q a x  c ~ a c c o t i  mAA, A m H a  n p ~ ~ o n ~ ~ e f ~ o r o  
y ¶ a C T K a  ~ p a e ~ ~ o p n l r ' h ! e m M ~  b l O X e T  CHJIbHO OTJIHPaTbCR OT AJIHHbI T P a e K T O P H H  

REwrnAA2 I I O J I H O ~ ~  n o T e p H  3 H e p r ~ ~  ( ~ c e r ~ a  R e < R z ) .  B cnysae p e n a K -  

CaIJHR 6b1c~poro H O H a  n p ~ o 6 p e ~ a e ~ - .  A H ~ ~ ~ H O H H ~ I ~  X a p a K T e p .  B T ~ K O ~  CH- 

T Y a q H H  H a C  H H T e p e C y e T  I I P O ~ K ~ H O H H M G  npo6er R p z ( R ~ R ~ ) ' h ,  ~ ~ B H ~ I G  CpeA-  

H e M y  C M e q e H H I O  6b1c~poro HOIIa  BAOJIb H a P a J I b H O r O  H a I I p a B J I e H H R  A B H X e H H H .  

B COOTBeTCTBHH C 3THM M M  IIPElMeM 

4 n e 4 ~ , : f y 2  (I+A,/A,)'h 
Sf, = 

m A A a v i 2  mAAz 
G (4 L f l ,  

~ P O B O A H  a H a J I O r H p H b I e  p a C C Y B & E H R  AJIR 6 3 ~ 1 3 ~ ~ ~  CTOJIKHOB~?HHI%, MbI  

I I p H A e M  K CJIeAyIOLQHM B b I p a X e H H H M :  
> .  

r,=0,5 la ,  [Z;e(n~ax (2 , -2 ,  .,; 2 ) )  c4113+Z22 (max (2,- y  ; 1)) -"~1-2, (30) 
- .  : --- .< 

~ ~ ~ = l n [ l + ~ , . ;  (1+0.35/~?:.) ] , 4 3 1 )  

E ~ K  II B ~ o J I ~ I I I H H c T B ~  m J T H X  pa605, MbI  n p e g I I O J I a r a e M ,  ¶TO ~ $ $ ~ K T L I B -  

H ~ I G  3 a p R A  Zi .i 6 b 1 ~ ~ 1 ) 0 r 0  H O H a  H e  3aBHCHT OT XHMH¶eCKOrO COCTaBa H IIJIOT- 

HOCTH C p e A b I ,  a 0 I IpeAe ; lHeTCR HPKOTOPO~~[  Y H H B ~ P C ~ J I ~ H O ~ ~  @ Y I I K U I T ~ ~  Zi E U, .  

- M ~ I  BbIHYifCACIIF& OAHaKO, O T C i 3 a T b C R .  OT _ O ~ - ~ ~ I I P E I H F I T ~ I X  IIOJIY3MIIHPH¶eCKIIX 

s b r p a x e ~ n ~ _ n ~ r ~  Zit%, n o c ~ & b ~ ~  *OHH, gax n p a B m o ,  nonysem1 B rrpegrro.70- - .  
X ~ H ~ H  ,~:,f =S (Zi, u ~ / S  (1, v;) , ,pe y ¶ H T b I B a l o I Q e M  3aBECHMOCTH KYJIOHOBCKEX 

J I O ~ ~ ~ ~ I $ ~ S Q B , , O T ~ & .  ~ ~ $ I L ~ c J I F $ ~  T?pMOBHYH) C I I O C O ~ H O C T ~  S IIO BbI l lHCaHHbIM 

B b I m e  B $ ~ ~ % A ~ Q H V  C ~ ~ O @ ~ B ~ H ' J I  E e  c J ~ H H ~ I M L I  3 K C H e P H M e H T O B  [27-291 El - . . " I _  

7 .  

.. . 



PEC. 2. T O P M O ~ H ~ I ~  CUOCO~HOCTH Pa3JIH¶HhIX MeTaJ InoB:  1 - Be, 2 - Al, 3 - Fe, 4 - Ag, 
5 - U I I p H  HOpMaJIbHbIX YCJIOBEIRX AJIR IIPOTOHOB B 3aBHCIIMOCTH OT HX 3HePrHIT. CIIJIOIII- 
EIbIe JIHHEIH - HaCTORLqHe paC¶eTbI ,  JIITPHXOBbIe JIHHHH - KOMIIHJIRqHR 3KCIIePEMeHTaJIb- 

HbIX AaHHbIX H 3  1141 

PHC. 3. T O P M O ~ H ~ I ~  CIIOCO~HOCTH cepe6pa (1-6) n p H  HOPMaJIbHbIX YCJIOBHRX HJIR HOHOB: 
1 - U, 2 - Ag, 3 - Ti, 4 - Al, 5 - C, 6 - Be, a T a K x e  anroMHHHR A n n  HOHOB y p a H a  (7) B 

3aBHCHMOCTH OT 3HePTHH EIOHOB. C I I J I O J I I H ~ I ~  JIHHBH - HaCTORLqHe paC¶eTbI ;  IJITpHXOBbIe 
JIHHHH - 3 H a s e H H R  ~ J I C ? K T ~ H W &  T O P M O ~ H O ~  CIIOCO~WCTH H 3  [30]; IIYHKTHP - 3KCIIePH- 

MeHTal IbHbIe  AaHHbIe  H i  [%] AJIR Al-Ag H E 3  [29] AJIR U+A1 
. , 
~ a 6 m q a ~ ~  [30], MbI  OCTaHOBHJIkICb H a  CJIeAYIOI4eM B b I P a w e H H H  AJIR 3 + 4 e K -  
THBHOrO 3 a p R A a :  

Zie,/Zi= [ I+ (0,62Z,"v,/v,) '~7]-"'.7, 

, . - .  . - 
(32) 

. r 
rfle u0=e2/fi  - 6 0 p o ~ ~ m a ~  CKOPOCT~:  @ ~ K ~ H o H ~ J I ~ ~ ~ R  3aBHCHMOCTb (32) 3a- 
H M C T B q a - f i a  ~ 3 ~ p a 6 0 ~ ~  [31]. IIPOTOHOB UOJlZUFlJIOCb Zi ef=l He3aBHCHMO 

OT 3Ha¶l?$Hff .CKOPOCTH Ul [26]. AJIR OCTaJIbHbIX 3JIeMeHTOB 3 H a 9 e H H R  Zl ef 

OI 'PaHH¶HEaJIHCb CHH3Y B ~ J I H ~ H H o ~ ~  yi - ~ ~ B H O B ~ C H O ~  CTeDeHbH)  H O H H 3 a q H H  

a T O M a  (Z,, A , ) ,  B K P a I I J I e H H O r a  B C p e A y  ( 2 2 ,  Az) C nJIOTHOCTbH) P H 3JIeKTPOH- 

~ o i i  ~ e ~ n e p a ~ y p o i k  T,. I ' 
#- .. c, 6. P e s y ~ r b r a ~ ~  p a c q e ~ o ~  - 

. I - < v  

Hpqm~e c p a B a F - g e  pnzicaa~O&>~rue c x e m  c V c n e p m i e H T a n b H b I M H  A a H -  

HbIMH MO&T 661~b I I P O B ~ ~ ~ ( ~ H ( ~ J I H I E ~  X J f R  'cpea bpi & P M ~ J I ~ A ~ I X  IIZOTHOCTH H 

T e M I I e p a T y p e .  PHC~HOIE 2 HJWIH)CTpHPYeT T a K O e  C p a B H e H H e  AJIR IIPOTOHOB, HC- 

~ ~ I T ~ I B ~ I ~ I ~ H X  T o p M o x e H H e  B pa3~b1x M e T a n J I a x  153 P ~ ~ H ~ I X  s a c ~ e f  nepnoan- 
¶ e c K 0 6  CHCTeMbI. I I O C K Q J I ~ K Y  AJIR IIPOTOHOB I IPHHRTO ef=l, O T H O C H T ~ J I ~ H E J Z ~ [  

paa6poc TeOpe ' fk iYeCKHX H 3KCI IepHMeHTaJ IbHbIX  KpHBbIX H a  3TOM PHCYHKe  

A o c T a T o Y H o  OT~Q'PJIHBB x a p a m e p n a g e T  . n o r p e r n H o c T b  ~ a m e 6  c x e M b I  B onmca- 
crrempa 3 ~ e p r e ~ ~ . r e c ~ * - - s ~ 3 6 y x ~ e ~ ~ f  cpeZb1. .X~-K m cnenosano OXH- 

A a ' F b , - o & t T Z i 6 ~ ~  CTaHOBRTCEI- ~ ~ H ~ I I I H M H  I I P H  3 H e p r H R X  E,<O,l MaB/a.e .~. ,  
K o w a  q m H o B c w x e  ~ r o r y - j  Lo,& l,.;l;i.< l . -np~ gpymx p H T,, C H J I ~ H O  

OTJIH¶aH)wHXCR OT ~ ~ _ ~ f ) u a . g p H b ~ ~ ,  O ~ C Y ~ ~ " A ~ ~ M ~ R ~ I I O ~ P ~ ~ Z I H O C T ~  AOJDRHa 6 b I ~ b  
T a K o r o  xqe nopawag-:-* p z ~ .  2 , y x e  XOTII. 6b1 DOTOMY, ¶TO D p e A a o x c e H -  - --. 

1 - - 



H a H  CXeMa AOCTaTO¶HO XOpOlIIO I I e p e A a e T  H3MeHeHHe C ~ ~ A H ~ H  3EIeprHH ~ 0 3 6 ~ ~ -  
a e H H R  ha C POCTOM KpaTHOCTH HOHH3aqHH (CM. PHC. 1). 

PHCYHOK 3 EIJIJlIoCTPHPYeT IIOrpeIIIHOCTb, BHOCHMYH) B 3Ha¶eHHH TOPM03- 
HOM CIIOCO~HOCTH cepe6pa I I p H  HOPMaJIbHbIX YCJIOBHFIX Y H H B ~ P C ~ J I ~ H O ~ ~  @0p- 
M ~ J I o ~  (32) AJIH Zi .f. ~ o c K o J I ~ ~ C ~  H a  PHC. 3 B OCHOBHOM IIPOBOAHTCII CpaBHe-  

H H e  C ~ K C T ~ ~ I I O J I J ~ I ( H ~ ~ ~  3KCIIePHMeHTaJIbHbIX AaHHbIX COrJIaCHO [30], ~ e o 6 -  
XOAHMO OTMeTHTb C J I e A y I o 4 e e .  Bo-II~PBMX, B ~ a 6 n ~ q a x  [30] IIpHBeAeHbI 

3 H a ¶ e H H R  TOJIbKO ~ J ~ ~ K T P O H H O G  C O C T ~ B J I R I ~ ~ ~ ~ ~  T O P M O ~ H O ~ ~  CIIOCO~HOCTH, BKJIaA 

K O T O ~ O ~  B S AOMHIIJ4pYeT IIpE Ei>O,l MaB/a.e.~. Bo-BTOP~IX, K a K  IIOKa3aJIH 

PHC. 4. ~ ~ B H C H M O C T E I  npo6era HOHOB BHCMYTI C 3 ~ e p I ' ~ e g  10 r3B/ 
/ H A ~ O  B CBHHqe OT TeMUepaTJ'pbI UOCJIe~HeI'O. ~JIOTHOCTH CBEHVa: 

1 - 1134, 2 - 113,4, 3 - 11,34, 4 - 1,134, 5 - 0,1134 r/m3 

pe3yJIbTaTbI HeAaBHEIX 3KCIIepEMeHTOB [ 28, 29 1, ~ a 6 n ~ q b 1  [ 301 AaIoT CHCTe- 

MaTHPeCKH 3aHEHCeHHbIe 3Ha¶eHHII  S B HHTepBaJ Ie  3 ~ e p I ' H e  0,1-10 MaA/a.e.~., 
¶TO XOpOLUO BHAHO H a  KPHBbIX 7 H 4 PHC. 3. OTM~THM, ¶TO B YCJIOBHHX, CHJIbHO 

OTJIH¶aIoqHXCH OT HOphfaJIbHbIX, IIOrpeIIIHOCTb I I p 0 ~ ~ 0 f i  #JoPMYJIJJ (32) M O X e T  

HeCKOJIbKO BO3PaCTH, H a  ¶TO YKa3bIBaIOT CHCTeMaTHSeCICH 6onee HH3KHe 3 H a -  

¶ e H E H  21 ef B r a 3 a X  IIO CpaBHeHHH) C MeTaJIJIaMH [32]. H0 name C y¶eTOM 3TOF0 

Q ~ C T O I I T ~ J I ~ C T B ~  O I I I H ~ K ~ ,  BHOCHMaH B 3 H a P e H H R  S I I P H ~ J I H ? K ~ H H ~ M  (32), T o r 0  

me n o p q K a ,  ¶TO H o m ~ 6 ~ a  IIPH B w x H c n e H m  La, E L,,, H 6onee A e T a n b H o e  

o n H c a H H e  2, ef B p a M K a x  06cyx~aemoH c x e M b I ,  DO-BHAHMOMY, ~ e q e J I e ~ 0 0 6 p a 3 ~ 0 .  

M ~ M ~ H ~ H H ~  CKOPOCTH TOPMOHCeHEH ~ H C T P M X  EOHOB I IPH YCJIOBHFIX, CHJIbHO 

QTJIH¶aH)lqHXCFI OT HOPMaJIbHJJX, IIpOHJIJIlOCTPHPOBaHO H a  PHC. 4 H a  I I p E M e p e  

HOHOB Bi C 3 ~ e p r H e 6  10 raB (47,85 MaB/a.e.~.),  3aMeAJIRH)qHXCFI B CBHH- 

~ O B O H  IIJIa3Me. ~ H ~ ¶ ~ H H H  Z,, 2, H Ei ~ b I 6 p a ~ b I  TaKHMH Xe, K a K  H B pa6o~e  
[ T I .  O R H ~ K O  B OTJIHPHe OT Pe3YJIbTaTOB [ T I ,  IIOJIYSeHHbIe H a M H  3aBHCHMOCTH 

npo6era OT T e M I I e p a T y p b I  E IIJIOTHOCTH CpeAbI  HOCFIT AOBOJIbHO C ~ O H C H M ~ ~ ,  He- 

MOHOTOHHH~~ xapawep. IIpexne B c e r o  6 p o c a e ~ c ~  B rna3a c n e ~ y ~ o ~ q ~ f i  34j- 
# J ~ K T :  I I p H  IInOTHOCTFIX IIJIa3MM >loz2 ~ T O M O B / C M ~  C POCTOM T 11po6er CHa¶aJIa  

B O 3 p a C T a e T  H a  10-40'/0 E JIHJIIb IIOTOM H a ¶ H H a e T  IIa,QaTb. 3 ~ 0  RBJIeHEe H e  

'6JJJI0 OTMePeHO B pa6o~ax [6, 71, XOTFI er0 $ J H ~ H ¶ ~ c K ~ R  H H T e p I I p e T a q H R  

A o c T a T o P H o  ~ ~ p o a p a s ~ a  H CBOAHTCH K c n e A y m q e M y .  C POCTOM T e M n e p a T y p m  

P a C T e T  CTeI IeHb  HOHH3aqHH aTOMOB CpeJJ$I. Hepex0~  3 J I e K T p H O B  H 3  AHCKpeT- 

HOrO CI IeKTpa  B ~eIIpepbI~Hb1~ CKa3bIBaeTCFI H a  T O P M O ~ H O ~  CIIOCO~HOCTH 

ABORKHM 06pa30~: C OAHOH CTOpoHbI, 6mee BHCOKHe a H a ¶ e H H R  KyJIOHOBCKOrO 

n o r a p H # J ~ a  Lfe C B O ~ O A E I ~ E X  3JIeKTPOHOB IIO CPaBHeEHH) C La,  CIIOCO~CTBJ'I~T 

BOSPaCTaHHH) T O ~ M O ~ H O ~ ~  C ~ ~ O ~ H O C T E  S,  C myroH CTOPOHEJ, HOHHBaqHR CO- 

n p o B o x A a e T c n  ~ o s p a c ~ a m e ~  r r n a s ~ e ~ ~ o i i  ¶ a c T o T H  w p  H c p e n ~ e 2  ~ ~ C T O T ~  B03- 

~YXABHBR Ea W K p f 3 T H O l W  CUIt3KTpa a, T. e. YMW&JIIeHHeM 3~0~9e~Flfi CBMEX 

n o r a p H + M o B  Lfe H 'KT0 lIPEBO@iT K YMeHbIIIeHHH) S. B pa3pemm~oB 



nJIa3Me, KOrAa  p a 3 H H q a  Me?KAy 3Ha¶eHHRMH H L b e  nOCTaTOPH0 BeJlHKa,. 

n p e d n a n a e ~  11epsb1ir @ a ~ ~ o p  H npo6er MOHOTOHHO n a A a e T  c POCTOM T e M n e p a -  

T y p b l .  B D J I O T H O ~  n J I a 3 M e ,  K O r n a  3Ha¶eHHR Lfe H L*, H e  CHRbHO OTJIHSaIOTCK 

npyr OT npyra, B o n p e n e n e H H o M  H H T e p s a n e  T e M n e p a T y p  npeo6nanae~ ~ ~ o p o i i r  
@ a ~ ~ o p  H npo6er p a c T e T  c POCTOM T .  

H ~ M O H O T O H H ~ I ~  XOA KPHBbIX R ( T )  B IIJIoTHo~? n J I a 3 M e  6b1n H a M H  B n e p B b I e  

3 a M e ¶ e H  H 06'bscae~ B pa60l.e [ 4 ] .  H0 IEoCKOJIbKy B [ 4 ]  HOHH3aqHR I I J IOTHO~ 

L I J I ~ ~ M M  p a c c s H T b I s a n a c b  MeToAoM Caxa - Paiisepa, KOTOP~IH aasejqo~o 3a- 
BbIIIIaeT B @ @ ~ K T  B03PaCTaHHII  c p e ~ ~ e f i  ¶aCTOTbI o B O ~ ~ Y X ~ F A ~ H H R  H 3  RHCKpeT- 

HOrO CIIeKTPa,  PeaJIbHOCTb 0 6 c y ~ ~ a e ~ o r o  rop6a H a  KPHBbIX R ( T )  BnJIOTb A 0  
HaCTOJI4HX paC¶eTOB 6una BOnpOCOM. c J I e ~ y e T  I IPH3HaTb ,  OAHaKO, ¶TO 

I IepeXOH K @ H ~ H ¶ ~ c K H  6onee KOPPeKTHOMY YpaBHeHHH) HOHH3aqHH (1) H 60- 
nee T O ~ H O M Y  cnoc06y O ~ ~ H K H  tii B A a ~ ~ 0 i . i  pa60~e B q e n o M  M a n o  nosnmn H a  

K a n e c T s e H a o e  nosenenne KPHBLIX R  ( T )  . 
ABTOP IIPH3HaTeJ IeH B. C. ~ ~ M ~ U ~ H H H K Y  3a IIOCTOIIHH~I~~[ H H T e p e C  K p a 6 0 T e  

H I IOne3HbIe  O ~ C Y S ~ ~ ~ H H I I .  
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