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B  TOM A o K n a p e  H pacmaxy o COCTORHIIH 13 n e p c u e K T m B a x  p a 3 ~ n -  

THR HOBOrO H a U p a B J I e H H E ,  B03HHKlI leI 'O B J I a 6 o p a ~ o p m ~  B H C O K n S  

a ~ e p r H 2  (JIB3) Ok3flm B C K O p e  UOCJI!? TOTO, K a K  B 1970 r. CHCTeMbf 

a y 6 ~ e ~ c ~ o r o  c ~ ~ x p o @ a 3 o ~ p o n a  6~1nm ~ ~ H C I I O C O ~ J I ~ H ~ I  Ann y c K o p e -  

HHR n e r m x  n A e p .  J I a G o p a ~ o p r n E  B ~ I C O K H X  a a e p r m i j r  no ~ a c ~ o a r q e e  npe- 
MR RBJIHeTCR eAHHCTBeHHMM YCKOpETeJ IbHbIM Q e H T P O M ,  paCUOJIZ t r a I0 -  

4 H M  I IY¶KaMH H A e p  (BIIJIoT~ A 0  H ~ O H ~ )  B o ~ J I ~ c T H  3HepI'Hij[ B M m e  

3 ~ ~ B / H ~ K J I o H .  31lepr~II H A e p  B b I m e  2-3 ~ ~ B / I I Y K J I O H ,  K a K  ~ Y A ~ T  
ECHO H 3  C O A e p X a H H R  AOKJIaAa ,  ICpeACTaRJIReT 0 ~ 0 6 b 1 i i  E IHTepeC C T 0 4 K I I  

~ P ~ H H R  u o j I y ¶ e H n R  rn~@opniaq~m o BOJIHOB~IS @ Y H K ~ H I I X  H A e p  H a  hfa-  

J IHX Me?KHYKJIOHIIbIX p a C C T O R U H H S ,  0 HBJIeHI3HX R A ~ P H O ~  @ H ~ H K I I ,  

B KOTOP~IS  60~1brny10 P O J I ~  n r p a I o T  p e J r m n R n c T c K n e  ~ @ @ ~ K T L I  H map-  
KOBbIe  CTeI IeHH C B O ~ O A ~ I .  

B I # H ~ H K ~  PeJITInTHBI3CTCKFiS R A e p  M03KHO BbIAeJIHTb CJIeAyIopL.re  ac- 
n e K T M :  R n e p H a R  @nam~a ,  n o m c K  E I O B ~ I X  C B O ~ ~ C T B  n ~ e p ~ o t i  ~ a ~ e p n 1 1 ,  

M H o m e c T s e n H b I e  npoqeccbr c y s a c T n e M  q e p ,  n p e A e n m a R  @ p a r ~ e r r ~ a -  
U H R  EIHeP, K Y ~ ~ Y J I H T ~ ~ B H L I L I ~ ~ [  ~ I # @ ~ K T ;  MYJIbTHKBaPKOBbIe  COCTORIIHR I1 

K B a p K O B a H  I I J I a 3 M a ,  ~ c T ~ o @ H ~ H K ~  H KOChlH4eCKHe  JIY¶H. E o J I ~ I I I o ~  3 I I a -  

P e H H e  HMeIOT TaKlfEe MeTOAII¶eCKHt? M I I p H K J I a A H b I e  aCIIeKTb1: nO .Xy¶e -  

H H e  n y ¶ K O B  l fHOI 'O3apRflHLIX EIOHOB BbICOKHX 3HepI'Hij[ M I fPHMeHeHI IF I  

poll, OH CJIY?IiIIT H H @ O ~ M ~ ~ H O I I H L I M  q e n H M  r i  n o c ~ i ~ e r r  1o6mnem a K a -  

H e M n K a  I'. M. G y n ~ e p a .  
Bonee A e T a n b H y m  nn@op~taq~ro  H c c M n K n  H a  o p H r n H a n b H M e  pa6o- 

TbI ¶ H T a T e J I b  M O X e T  ~ a g ~ n  B M 0 e G  C T a T b e  B X ; y p I l a ~ e  ( ( @ H B H K ~  3JIe- 
M e H T a P H b I X  ¶ a C T I l q  H aTOMIIOI'0 RApa) )  3a 1977 r. '(T. 8, C. 429). G y ~ ~ e p  
~ K T H B I - ~ O  ~ ~ I I E M ~ J I C R  p a 3 p a 6 o ~ ~ o i i  y c ~ o p ~ ~ e n e i j r  n r ~ o r o 3 a p ~ ~ n ~ 1 x  n o H o B ,  

MHOrO p a 3 h f b I m J I E J I  H a A  npo6~1e~o i i  C03AaI11iR ~ I # @ ~ K T H B H ~ I X  HCT09III I -  

KOB CHJIbHO H O I I l l 3 0 B a H H b l X  aTOMOB, er0 COBeTbI K a K  I I p H  I IOJ Iy¶eHI I I I  

I Iy¶KOB PeJIRTHBRCTCKHX R A e P ,  T a K  H I I p H  ~ b 1 6 o p e  H a n p a B n e H F f R  pa3- 
BHTHR F , Y ~ H ~ I I C K O ~ O  C ~ T H X ~ O ~ ) ~ ~ O T ~ O H ~  EMeJ I I r  AJIR H a C  6onamoe 3 H a -  



PAC. 1. @ O T O T P ~ @ U R  C O ~ ~ I T I I R  UBgX IIOCJIeAOBBTeJIbHbIX B ~ ~ I ~ M O R ~ ~ C T B ~ ~ %  PeJIRTH- 
BRCTCKAX RAep 

P~rc. 2. ~ a ~ ~ r c ~ r n r o c ~ t  Ancnepcnn D- = V < n ? >  - (n->2 n pacnpenenemnr OT- 

PITIlaTe.7bIILIX Y a C T l I q  OT IIX nIHOjKeCTBenHOCTII <n-> RJIR CTOJIKROBeHRR X-¶RCTIlq 
c a~eprrreii 18 FaB c pa3nns~~rarrr nnpaalrr 
I :  a - A, p = 17,s rank, A - Li. C, Nr, AI. Cu, Pb ; 2 :  p - a, p = I + 400 rnB'c 

p~?eneG nr,rcoKnx a ~ e p r n i %  rxa Raepnyso $ n a n ~ y  crn.lrcreTcR Irerte..re- 
coo6paanoG. 

~ I ~ C I I ~ ~ I I M ~ I I T ~ . . ~ ~ H I , I ~  n a n ~ ~ e ,  HaKonJIeanbre ~ y 6 ~ e ~ c ~ r i a r m  4nan- 
Kahf1.r K IIaCTOH~eMY BPeMeHH, IIOKa3aJIH IIOJIIIyIo IIeCOCToRTeJlbIIOCTb 
3TOr0 CKCIITnqIX3Ma, ¶TO XOpOIIIO 5lJIJIIOCTpIlPYeTCR PTIC. 1, 2, 3. 

H a  pnc. 1 n306paxen csnaroK, I I o J I ~ ~ I ~ H H M H  IIa A R Y S J I ~ T P O R O ~  

nporrarronoB I Iy361pb~0~06 Kanfepe A R 3 .  Co6b1~ne IIpe,L(CTart.TReT CO- 
606 p a  noc.TefiosaTemrrbrs ~ a a n n ~ o ~ e i t c ~ n r r ~  penRTmnmcTcKnx craep. 
nepnoe - n3arnnzo~eikc~~ne penRTmRncTcKoro sinpa yr.rIepona, msrero- 
q e r o  aneprnro 50 I'aB, c yrnepoAohf nponana. R T O ~ O ~  - qerr~pa.~b- 



e s s a r n l \ ~ o n e i i c ~ s ~ r e   pa-oc~on K a ,  m ~ e m q e r o  npmlLiepHo TY >Ke 3 ~ e p -  
IO ~a HYKJIOH, ¶TO H n e p B o H a r I a . r I b H o e  ~ ~ p o  yrnepona. 
T p e ~ m  R n e p  HMeroT x a p a K T e p E r y I o  ccn9xntaTocTb))  ~3 n e n b ~ a - s n e ~ ~ -  

HOB. ~ ~ J I ~ T ~ - ~ J I ~ K T P o I I L I ,  HeCYWeCTBeHHO YCJIOWHRR KaPTHHY,  

u u J I e r ¶ a I o T  H A ~ H T H ~ H K ~ ~ H I O  PaCTHq.  M H O W ~ C T B ~ H H ~ I ~  IIPOlJeCCbI C 

y¶ZlCTHeM PeJIRTHBHCTCKHX R n e p ,  3 a p e r H C T p H p O B a H H b l e  B TpeKOBbIX 

npn6opax ~ a r n e i i  J I a6opa~op~m,  o ~ a 3 a n ~ c b  T o n o n o r m n e c K a  npoqe,  
¶eM, H a I I p H M e p ,  n p O q e C C b 1  MHO?KeCTBeHHOI'O 0 6 p a 3 0 B a H H R  ¶ ~ C T H ~  

B p - P-CTOJIKHOBeHHRX I l p H  3 H e p r H R X  B COTHm TaB. C y l q e ~ ~ B y 1 0 4 H e  

3KCIIepHMeHTaJIbHLIe MeT0,IJHKFl H CHCTeMLI 0 6 p a 6 0 ~ ~ 1 1  CHIIMKOB OKa- 

3aJ IHCb OTHOCHTeJIbHO SIeI'KO anaIITHPYeMLIMH. T ~ K E I M  06pa30~1, MeTO- 

A H s e c x H e  T p y A I r o c T m  o~aaanmcb npolqe, s e M  oxmganvr na-xe onTm-  

MHCTbI. 

B ~ P T H K ~ J I ~ I I L I ~  TlOJIOCLI H a  ClIHMKe - IIJIaCTEIHLI. BoJ Ib (Ppa&ia ,  no- 
MelqeHHbIe  B p a 6 o s ~ i i  o 6 n e ~  K a I t e p L I .   TO nO3BOJIReT H 3 y ¶ a T b  CTO.nK- 

HOBeHHR PeJIRTHBHCTCKHX R A e p  C TFIWeJlbIbfH HApaMH. ~ K c I I ~ ~ H A I ~ H -  

T a n b H r s e  AaHHbre  ~ O ~ B O J I H J I ~  n o ~ a ~ i a ~ b ,  ¶TO c p e n H e e  s H c n o  H y I c n o r I o B  

anpa c H a p R n a ,  ~ 3 a m ~ o ~ e i i c ~ ~ y I o l q ~ x  c mponr ~ r . r r n e ~ ~  (vi ) ,  ~ O B O J I ~ I I O  

B e n H K o .  H a n p n ~ e p ,  A n n  c ~ o n ~ ~ o s e ~ m i i  anpa yrnepona c T a w e n L n r  

RAPOM ( T ~ H T ~ J I ~ )  OH0 AOCTHI'aeT ( V  i) = 6,00 & 0,60. T. e. MbI ~ ~ B c T -  
BHTeJIbHO IXMeeM AeJIO C M H O ~ O ~ ~ ~ F ~ O H B ~ I M  PeJIRTHBHCTCKHM B3aHMO- 

A ~ % C T B H ~ M .  B e n m ? r n ~ b r  c e ¶ e ~ H f f  H e y n p y r H X  B ~ ~ H M o ~ € ! ~ ~ c T B H ~ ~  X O p O m O  

y K n a p a r s a r o T c R  B n p o c T r s e  r e o M e T p H s e c K m e  n p e A c T a B n e H m R .  

I I p ~ n e  n o n T s e p m A e H m a  a H a n o r n m  M n o w e c T s e H H r J x  npoqecco~ , 
HAylqHX n p H  CTOJIKHOBeHHH RAPO-RAP0 H JlPM CTOJIKHOBeHHH ¶aC- 

T H ~ ,  6 ~ n m  n o n y s e H b r  H a  c ~ p m l l r e p ~ o f i  K a M e p e  JIB3-JIBTA. Ha p ~ c .  2 
I I O K a 3 a H a  3aBHCHhIOCTb nHClIepCMH B p a C I I p e n e J I e H H H  OTpHqaTeJIbHLIX 

n a c T n q  D- = V(n2)- (n-)2 o T  n- c T o n x H o s e H m r r  a-sacmq, 
n ~ e ~ o q n x  s ~ e p r n ~ o  18 raB,  c ~ ~ ~ J I H ~ H H M H  R,qpa>frn. H a  TOT W e  rpa- 
(PHK HaHeceHLr  n a H n L r e  no p - p - c ~ o n ~ ~ o s e ~ m ~ ~ r  11 o 6 n a c ~ n  HMIIY.~L- 

COB OT 4 no 400 raB/c. C p a ~ ~ e ~ n e  pacnpenene~nfi no b m o m e c T s e H n o -  

CTH nJ IR  p - p H a - R A P 0  B ~ ~ H M o A ~ ~ ~ c T B H H  I lOKa3aHO H a  PHC. 3. 
f l a ~ ~ b I e  CpaBHHBaIOTCR npll 3 H e p r H H ,  C O O T B ~ T C T B ~ M ~ ~ ~ ~  

, 

PHC. 3 SOPOIUO HJIJIIOCTpHpYeT TOT I # ~ K T ,  ¶TO l l e p e X O A  OT CTO.nK- 

BeHHR HYKJIOH-HYKJIOH ( N  - N )  K CTOJIKIIOBeHHH) R n P O - R n P O  

3KBHBaJIeHTeH I I e p e X O A y  N-N CHCTeMbI K BLICOKH&i 3 H e p r H R M .  3 ~ ~ 1  
AaHHLIe XOpOllIO COrJIaCyIoTCR C B M B O ~ ~ M H ,  IIOJIY¶eHHLIMH H a  OCHOBe 

AaHHbIX C I I P O I I ~ H O B O ~ ~  K a b f e p b I ,  COrJIaCHO KOTOPLIM MHO?KeCTBf?HHOCTII 

llmOHOB H ~LICTPLIX JlPOTOlIOB PaCTYT IIPHMeI)HO IIPOIIOPqHOHaJIbHO 

<vim> 
Bonee o s e s ~ l ~ ~ o i i  ~ n n m c ~ p a q ~ e f i  O T A ~ € ! ? ~ H I I O ~ ~  a H a n o r H H  a s n R e T c R  

I g c c n e A o s a H m e  ynpyrnx n p o q e c c o B .  IIepexon K m3yse~nm ynpyrmx 
C T O J I K H O B ~ H H ~ ~  R n e p  n J I R  AaHHOrO YCKOpHTeJIR 3KBHBaJIeHTeH I IepeXO-  

A y  K BbICOKHM 3HePrHFIM. Haur6onee X a p a K T e p H b I l l  RBJIeHHeM Y I I p y r O -  

TO PaCCeRHHR WiCTHq a B n R e T C R  HaJ lH¶me ~ H ~ ~ E I K ~ H O H H O I ' O  KOHYCa, 

o n n c b r s a e n r o r o  6 e ~ i p a 3 h t e p ~ ~ r ~  n a p a M e T p o M  kr ,  r A e  k - B o n r r o B o e  

~ H C J I O  C T ~ J I K H B ~ H ) ~ R X C I I  ¶ a c T H q ,  a r - x a p a ~ ~ e p ~ ~ ~ f i  p a s ~ e p  c T a n -  



1: a - A ,  p = i 8  TaB/c, A = Li (a). C (6), Ne ( b ) ,  Al (e), Cu (a), Pb (e); 2 : P - P,P= 
= 19 reBlc (a), 28,4 raBlc (6), 35,7 raBic (s), 42 raBlc (a) ,  50  raBlc (O), 69 raBlc (e) 

kr + Zkr (A;'" A?;), 

I'Ae 'Z - 3apFI.A PeJIRTEiBHCTCKOrO R n p a ,  A I  H AII - aTOMHHe MaCCbI 
C T a n K m B a m I q m x c R  q e p .  Hanpm~ep ,  A n R  A ~ ~ H ~ H C K O I - o  ~ O - ~ ~ B H O ~ O  
c m H x p o T p o a a  H c c n e A o B a H H e  ynpyroro p a c c e R H n R  Ne-Ne c mep- 
rneH 5 TaB H a  HYKJIOH, 3KBHBaJIeHTHO p - P-paCCeRHHK, I IpH 3Hep-  
rmn -350 TaB. 

 TOT I I p H M e p  H e  BnOJIHe T ~ H B H ~ J I ~ H H % ,  TaK H a K  B HCCJIeAOBaHHRX 

B JIB3 paCCeRHmR PeJIRTHBMCTCKnX RAOP I'eJIHR 6b1~1 O ~ H ~ ~ Y ) K ~ H  34)- 
@?KT OCqHJlJIRqElK n H 4 ) 4 ) e p e H q ~ a J I b ~ o I ' o  C e s e H H R  OTHOCHTeJIbHO YC- 

p e A H e n H o r o  c e s e H n R .  O c q n n n ~ q ~ ~  6~1nn n p e ~ c ~ a 3 a ~ b r  B. A. uape-  
BbIM H a  OCHOBe CneJIaHHOrO HM 06061qe~m~ TeOpFfH ~ H ~ ~ ~ K ~ H O H H O ~  



, q u c c o q H a q H m .  T a ~ r n ~  0 6 p a a o ~ ,  a a ~ a s a ,  T e o p e T H s e c K M  D o c T a B n e H H a n  

B + H ~ H K ~  a n e h r e I r T a p H b r x  s a c T m q ,  nonysuna n e p B y I o  a K c n e p n n r e H T a n b -  

HYIo  I ) eaJ IH3aqHIO B @ I . I ~ M K ~  peJIRTEBmCTCKMl R A e p .   TO CJIylI<FIT 

xopomnlr Dpmi l repoM AJIH y T B e p m A e H m R ,  ¶TO n p a K T m s e c K n  n106a~ 
IIOCTBHOBKB 3 a A a ¶ H  B + H ~ H K € ?  3 J I e h l e H T a P H b I S  ¶aCTI Iq  1.IMeeT HeTPH-  

B F f a J I b ~ b 1 6  a H a J I O r  B P ~ J I R T H B M C T C K O ~ ~  R ~ e p 1 1 0 f i  @ M ~ H K ~ .  H e ~ p H B m a n b -  

H O C T ~  p a c c f i f a T p a s a e M o r o  a H a n o r a  COCTOHT B TOM, ¶TO B O T J I m H e  OT 

3.r leMeHTapHbIS ¶aCTHQ IIOBOe RBJIeHHe MOlKHO I 4 3 y ¶ a T b ,  IIIHpOKO B a p b I * -  

pyn r e o M e T p I m e c K m e  p a a n t e p b r  IT K s a I i T o n b I e  sncna c T a n K H s a I o q m s c n  

O ~ ~ ~ K T O B .  

~ P H B ~ A ~ H H ~ I ~  IIJIJIIOCTpaqHH UOATBepWAaIoT,  ¶TO C y q e C T B Y I O T  XO- 

POIIIHe B03MOWIIOCTH HCCJIeAOBaHlXR HOBOI'O KJIaCCa C T O J I K H O B ~ H H B  - 
MHOI 'O~~PMOHH~IX.  A J I R  HX HCCJIeAOBaHHR eCTeCTBeHH0 I IPHMeHHTb 

MeTOAbI 4H3HKttm MHOlKeCTBeHHbIX IIPOqeCCOB. Oco6oe 3 H a ¶ e H R e  I IpeA-  

c T a s n R e T  o 6 ~ 1 a c ~ b  n p e ~ e n b ~ o f i  + p a r ~ e ~ ~ a q a m  R A e p ,  B K O T O P O ~  H a n m  

~ H J I H  IIOJIy¶eHbI HHTepeCHbIe  II HeOWfCIIAaHHbIe P e 3 y J I b T a T L I .  ~ Y C T ~  

a M e e T c R  p e a K q m l r  C T o n K H o B e n m n  H A e p  I H 11: 

I + I I + l  + 2  +.  . . 

3AeCb E - 3 H e p r H R  ¶aCTHqbI ,  a p~ - U p O e K q H R  e0 H M U y J l b C a  H a  OCb 

p e a K q n H .  

Ham6onee TFfUH¶HbIe X a p a K T e p H C T H K H  MHO?KeCTBeHHHX I IPOqeC-  

COB - PeJIRTHBJICTCKH H H B a p m a H T H b I e  OAlTO¶aCTH¶HbIe, ABYX¶aCTH¶- 

m e  m T. U. p a c n p e A e n e H m n  06pa3y1oqmsc~ s a c T m q :  

1 d o  = - - 1 d20  
~ ( 2 )  = - - I4 T.U. 

0 ~ Y I '  5 dy,d!/, 

B CHJIy P ~ J I R T H B H C T C K O ~  HHBaPHaIITHOCTH P 3aBHCRT TOJIbKO OT 

p a 3 ~ 0 c ~ e %  ~ L I C T P O T  YPacTIlYIOIQHX 4aCTEIq.  

. n p e ~ e ~ r b H 0 6  ( @ p a r b f e ~ ~ a q ~ e g  H a 3 b I B a e T C R  He3aBZlCHMOCTb pacnpe- 
~ e n e ~ n i i r  p OT y1 - y l ~  B O ~ J I ~ C T I I ,  K o r A a  exp I y1 - y11 I >  1. 3 ~ o  

B a P a e T ,  ¶TO H a w m a n  c H e K o T o p b I x  311eprmfi II B m u e  p a c r r p e A e J I e H r m  

IXOAFIT ~a ~ C F ~ M I I T O T H ¶ ~ C K H ~ ~  p e i r c w x  M ~ o r o s r ~ c n e a r x b ~ e  a ~ < c ~ e p ~ n l e r r -  
I UO MHO>KeCTBeHHOhfy POlrcAeHJIIO WICTHq IIOKa3HBaIOT.  '(IT0 B IIPOCT- 

PaHCTBe ~ H C T P O T  MOHHO OIIpeAeJI5iTb KOPpeJIRQFfOHHYIO AJIHHV L,  
T a x y m ,  ¶TO ecxm P ~ ~ H O C T ~  GLICTPOT sac-rnq i n j 



KOB, K O T O ~ ~ I ~  I I p R  TaKOM Y C K O p e H H H  ~ Y A Y T  O ~ ~ ~ ~ O A M B ~ T ~ C H ,  H e T  He-  

0 6 x o ~ m ~ o c ~ r n  lXS YCKOpRTb .  AOCT~TOPHO &T3y¶RTb 0 6 p a 3 0 B a H ~ e  sac- 
T H q  I I a  3 T H X  R A p a X  lTOn Y r J r a M H ,  ~ J I H ~ K H M H  K 180°, IIOA A ~ ~ € c T B R @ ~ ~  

2 1 0 6 b 1 ~  ¶aCTHq-CI IapRAOB.  ~ ~ B E I C H ~ ~ O C T ~  C e ¶ e H H R  3THX I IpOqeCCOB OT 

nzp - nracca n p o T o H a .  

n 0 f l  KYMYJIFITHBIIbIM ~ I $ I $ ~ K T o M  I IOHHMaeTCR BLIXOA 38 IIpeAe.?bI 

O A H O H ~ K ~ O H H O ~ ~  KmHebfaTnKI*,  K o r A a ,  H a n p H w e p ,  o ~ ~ o i i  s a c T n q e  

I I e p e A a e T C R  HMIIyJ IbC  IIeCKO.TlbKHX I I y K n O H O B  PeJlRTHBIiCTCKOrO RAlIa. 

A n R  YrJ IOB ~ 1 8 0 "  B CHCTeMe DOKOR R A p a  1 p~ MaKCHMaJ lbHO H OT- 

pXI I ( aTenpH0 ,  ¶TO A a n O  B03bl03KHOCTb I'pYllIle B. C. C T ~ B H H C K O ~ O  H a y -  

¶ a T b  KYJIYJIHTIIBHLT~~ 3@@eKT BIIJIOTb A 0  N = 5. 
O s e n r r ~ ~ ~ o ,  ¶TO c y l q e c T B o s a H m e  npe~e~1b1106 @ p a r ~ e ~ ~ a q ~ ~  ewe 

H e  031Ta¶aeT  C y l q e C T B O B a H H e  KyMyJlRTITBITOrO 3I$I$eKTa. K ~ M ~ J I R T I I B -  
H ~ I B  3I$I$eKT - 3 T 0  BbIXOA 38 rpi3RHlJbI  K H H e M a T H K H  OAHOHYKJIOHHbIS 

c ~ o n ~ ~ o n e H 1 f 6 .  I I p e ~ e n b ~ a ~  X i e  I $ p a r ~ e ~ ~ a q m  p e a n m a y e ~ c ~  m B pall- 
K a s  O ~ H O H Y K J I O H H O ~ ~  K m H e M a T m K n .  I-Iam6onee n o n H o  6 ~ n o  m a y s e ~ o  
KYMYJIRTHBIIOe 0 6 p a 3 0 ~ a ~ ~ e  III4OHOB B peaKtcqHRX: p + A + ll (180'). 

* B K a s e c T n e  4 p a r ~ e ~ ~ m p y m l q n x  R n e p  A 6b1nm H C I I O ~ ~ ~ O B ~ H ~ I :  

d, 6Li; 'Li, C, Al,  Cu, l12Sn, 124Sn, 144Sm , 154Sm, lS2W, lS6W, Pb, U. 
X a p a K T e p H 0 6  O C O ~ ~ H H O C T ~ I O  KYMYJIRTHBIIO~  O ~ J I ~ C T H  l l p e ~ e J I b ~ o %  

@ p a r ~ e r r ~ a q n n  FiAep  R s n R e T c R  p e a ~ o e  yca . r r eHme  a a ~ m c n ~ o c ~ r r  OT 

a T o i w H o r o  neca c p o c T o n i  K y n r y n m m B H o r o  smcna. Hart n o ~ a s a n n  aIicne- 
p H n l e H T a r  B o 6 n a c ~ ~  @ p a r ~ e ~ ~ a q ~ m  R n p a  I H a  c I A p e  11, 3 a s n c n h i o c T b  

Ce r l eHmt I  OT ero a T o x r R o r o  seca A I  c o A e p m n T  M n o x m T e n b  A:, rne n 
I I p e B b I I U a e T  1, a 3aBHCHMOCTb OT A I I  - MHOi-KHTeJIb Ag, rAe i7L ,- 
= 0,3. a n ~  6onbmm~ K Y M ~ J I R T W B H ~ I X  mcen n o ~ a a a ~ e n ~ i f  n R m OT- 

n n s a I o T c R  n o s T I f  B 10 paa! 



p ,-- const-A;A$ exp (-aN), (2) 
TAe  U = C o n s t ,  HelIJIOXO OIIHCbIBaIOT H e  TOJlbKO 3HepI 'eTH¶eCKyIO 

3aBHCHMOCTb, HO H I 'JIaBHbIe O C O ~ ~ H H O C T ~  yr.lI0~06 3aBHCHMOCTH KIT- 

MYJIHTHBHbIX ¶aCTHD;, KOTOPaR HeAaBHO 6 b m a  I IOJIy¶eHa .  

K ~ M ~ J I H T ? ~ B F I o ~  06pa30sa~me 6 a p m o ~ ~ b r x  CHCTeM OCJIOlKHenO H a -  

J lH¶HeM OAHO¶aCTH¶I-IOTO IIOJIIOCa, O ~ Y C J I O B J I ~ H H O ~ O  MaJIOCTbIO 3EIeJ)- 

TH11 CBR3H B H A p a X .   TOT M e R a H H 3 M  X O p O m O  OIIHCbrBaeT 0 6 p a 3 o ~ a ~ r ; r e  

IIAeP-OCKOJIKOB, T H U a  I I e p B O r O  CTOJIKHOBeHElR H a  pHC. 1. B o ~ J I ~ c T E ~  

IIOJIIOCa OnHO¶aCTH¶HbIe P a C I I p e A e J I e H m R  TO>I<e ~ ~ K T O P H ~ Y I O T C R .  

B ~ B H C R T  T O J I ~ K O  OT (yI - yl) m o 6 n a ~ a 1 0 ~  n30~ponnefi y r n o B o r o  pac- 
n p e A e J r e H m R  B c m c T e M e  n o K o x  @ p a r ~ e ~ ~ m p y r o ~ e r o  R A p a  I. O A H ~ K O  no 
M e p e  YAaJIeHHH OT IIOJIIoCa, K O r A a  I ~JI - ZJ1 I >(),I, B H r p y  BCTyI Ia -  

e T  KYMYJIRTEIBHH~~ ~ e x a ~ m a ~ ,  m ~ H H ~ O T ~ O U H H  y r n o B o r o  pacnpeaene- 
HEIR I I ~ I X ~ J I H E C ~ H H O  OllHCbIBaeTCH 3aBHCHMOCTbIO BMAa (2). 

n p R M 0 e  OTHOIIIeHHe K I I p 0 6 J I e M a M  CTOJIKHOBeHmH PeJIRTABHCTCKHX 

R A e p  HMeeT H e  TOJIhKO o 6 p a 3 0 ~ a ~ m e  ¶ a C T A q  H a  HApElX I I P H  Y r J I a S ,  

~ J I H ~ K H X  K 180°, HO H n a c T n q  C 6onbrnmar p l .  B 3 ~ 0 f i  C B H 3 n  60~1bmoe 
BHHMaHHe IIPHBJIeKJIH 3KCIIepHMeHTbI r p y I I n b 1  K P O H H H ~  B E a ~ a B F f n ,  

KOTOpbIe 0 6 H a p y ~ < 1 c m J I H  T e  me H e T p H B H a J I b H h I e  A - ~ ~ B ~ ~ C I X M O C T H ,  KOTO- 

P b I e  6b1~1m ~ a f i ~ e H b 1  IIpn HCCJIeAOBaHHH KYMYJIRTHBHOI'O 3 @ @ e K ~ a .  

0 ~ 0 6 0  CJIeAyeT OTMeTHTb HCCJIeAOBaHHFI, IIpOBOAHMbIe rpynnofi J I e K -  

c n H a .  B 1966 r. ma rpynna H c c J r e A o s a n a  H e y n p y r o e  paccemme npo- 
TOHOB H a  FIApaX H a  Y r O n  137' B J I a 6 0 p a ~ o p ~ o i i  CHCTeMe. BUOCJI~~~CTBHH 
~ ~ K C H H H M  6an I I p O B e A e H  a H a J I H 3  HMeIOlI(HXCH B J I H T e p a T Y p e  3KCUePH-  

MeHTaJIbHbIX AaHHbIX IIO 0 6 p a 3 0 ~ a ~ ~ ~ )  ~ B P H O H O B  I l O n  ~ O J I ~ I E ~ M B  yr- 
JIaMH H a  FIApaX n0n A ~ ~ ~ C T B H ~ M  IIPOTOHOB, IIHOHOB H Y-KBBHTOB. 

O C R O B H ~ I ~  BbIBOAbI: A a H H b I e  XOPOIIIO OIIHCbIBaIOTCR 3aBKCPIMOCTbIO 

smna 

TAe p2 - K B a A p a T  ~ - H M I I Y J I ~ C ~  06pa3y101qeiic~ ¶aCTHqbI ,  B 3aBHCHT 

OT yrna. 
~ T H  H ~ ~ J I I O ~ ~ H H R ,  H a B B a H H b I e  a B T O p a M H  ( (RJ (ep~b1G'  C K ~ ~ ~ T H ~ H ,  

XOPOmO COI'JIaCYIOTCH C OTM€?¶eHHbIMH BbIIIIe O ~ O ~ I I ( ~ H H R M H  IIpeAeJIb- 

HOG 4 p a r ~ e ~ ~ a q a r n  H a  sxgpa m A a a H H M m  6onbmofi cepmn ~ K C I I ~ ~ H M ~ H -  

TOB r p Y U I I b I  C T ~ B H H C K O ~ O ,  0 6 H a p y l f c ~ ~ I U e ~  I! 1971 r. XI IIO,QPO~HO 

n 3 y n ~ ~ m e i i  KYMYJIRTHBHLI~~ ~ @ I $ ~ K T .  X a p a ~ ~ e p ~ h r e  A a H H b I e  r p y n m  
C T ~ B H H C K O ~ O  I IpOBeAeHbI  H a  Pl iC.  4-7. 

O ¶ e H b  HHTepeCHbIe  I IOATBepWAeHHH YHFfBepCaJIbkIbIX ~ ~ B H C ~ M O C T ~ %  

T a u a  (2) H (3) 661~1~ n o n y s e n b r  B E a ~ a n m ~ ,  rAe n3ysanocb c e q e H m e  

0 6 p a 3 0 ~ a ~ m ~  IIPOTOHOB B SBAHIOIO IIoJIYcI$C?PY IlOR A ~ & ~ T B H ~ M  H e H T p H -  

HO,  H H a  e p e B a H c K o M  y c K o p m T e n e  rpynnoiir E c m ~ ~ a ,  rAe B K a s e c T s e  

9aCTHQbI  11 CJIYECHJIH Y-KBaHTM. Ha P n C .  8 IIp11BeAeHa CBOAKa AaHHbIX 

0 BeJ IHsHHe B B (3) R a K  @yHKqFiEi 3HeprHl!3 AJIR p a 3 J I H 4 H b I X  HaJIeTaIO- 

l q ~ x  9 a c T m q  (113 o63opa H e a p n ~ a  ( ( H e i i ~ p m ~ ~ a x  @ m a m ~ a  B @epiwx- 



PUC. 4. ~ ~ B I I c ~ ~ M o c T ~  IIHBa- 
PHammrx c e ~ e m i i  pea~qrlii -71' 
,p + A -. rr (180') OT Klr- 
H ~ T ~ ~ ~ ~ C K O H  3HepI'HH m0Ha 
npn xmnynbce 6 I'3B/c 

a - p f  C; 6 - p + A l ;  b -  
P + Cu 9 

k PHC. 5. Yrnosbre pacnpe- Q 
AeneHux n + - ~ e 3 o ~ a  B peaK- 
rjnn c + fb--.nf + ... nnx k 
~ixrny~rbco~ MC30Ha p = +' 
= 300 (1) r r  500 hiaB/c .$ -/, 
(11) 11 AJIa pa3JIWIHbIX Hme- \ /I 
Tarownx qacTrrq IYJ 

'h \ 

n a 6 ~ .  ~ ~ ~ I I P H I I T  mep~nna6 ,  1977 r.). M a n o ~ K e ~ ~ b I e  OCHOBHbIe + ~ K T ~ I  

o pomAenmrr K y M y n a T n B r r b I x  s a c T m q  I I O K ~ ~ I S B ~ ~ O T ,  ¶TO M ~ I  mMeeM Aeno 
c HOBbIM IIRJIeHHeM, 3 a C J I Y ) K H B a I O ~ H M  AeTaJIbHOI'O TeOpeTH¶eCKOrO 

H 3 y ¶ e H H R .  0 ~ 6 0 ~  C O ~ ~ I T H ~ ~ ,  COJp3PKallJHX KYMYJIIITHBHbIe P a C T H q h I ,  

~ H K C H P Y ~ T  ~ ~ ~ + m r y p a q ~ m  B O J I H O B O ~  $?YHKI(DEI anpa, KOTOPbIe CO- 

, Q e p X a T  HeCKOJIbKO HYKJIOHOB H a  MaJIbIX PaCCTOFIHHHX. n0JJ MaJIbIMH 



p a c c T o R H r n m 1 r  c n e n y e T  n o H n M a T b  p a c c T o m t i n  n o p r r n K a  nnn M e r r b m e  

( p L ) - l  Hn1< panrnyca a a ~ n r o s e ~ r n ~  K B a p K o B .  I C Y M ~ J I I I T H B H ~ I ~ ~  a 4 4 e ~ r  
6 6 1 n  n p e p c ~ a 3 a ~  H a  o c H o s e  cneAym4mx npepc~asne~rnii .  B nyxe nap- 
TOHHMX M o n e n e %  m r n M n y J m c H o r o  I I ~ H ~ ~ H ) K ~ I I H R  n p e n n o n a r a n o c b ,  

¶TO 0 6 p a a o ~ a ~ n e  c o o ~ s e ~ c ~ ~ y m q e i i  ~o~ijjmrypaqrnrn 11s AT-KOHCTIITY- 
eI1TOB (HYKJIOIIOB, K B ~ P K O B ) ,  I I a X O A R I I p X C R  I I a  M a n b I X  PaCCTORHIIRX,  

11 ssarn~ojqeiic~sme ~ a n e ~ a m q e f i  s a c T n q b r  c 3 ~ 0 6  c~c~enroiir  MOXHO 

p a c c M a T p r n s a T b  ~ e s a s n c n ~ o .  U p m ~ n ~ a e ~ c ~ ,  ¶TO H H s a p n a H T H b r e  pac- 
npepeneamn 06pa3yro rq~xc~  B 

P e 3 Y J I b T a T e  CTOJIKUOBeIllTR gaL 
C T n q  M O X H O  3 a I I I l C a T b  B B n H e  

P=s~Np~.  
$. P N 

3 ~ e c b  PN - B e p O R T H O C T b  06- 
p a 3 0 B a H H H  M3 N KOHCTHTYeH- 

TOB, f 3 ~  - E l I I B a p H a H T H M e  pat- 
npepenmma , o n ~ c ~ r ~ a ~ o q r n e  po- 
x R e I m e  4 a C T H q  IIPH CTOJIKIIO- 

B e H H H   TOE CHCTeMbI C MIIlIIe- 

H b W .  A J I R  I l e P B b I X  O q e H O K  MbI 

I I O J I a r a e M ,  9 T O  KOHCTHTYeIITbI 

ABHlKYTCR He3aBHCHMO:  

\ 
PIIC. 6. Yrnosbre pacnpene- 
nenlrfl ~ ~ o p l l ¶ H b ~ X  9acTIrq 
B peaxqmrr P + P b  -. c + ... 
npm n~fnSJIbCe npoTo- 
Ha p p  7 8,6 TaB,'r r r  nnr- 
IlyJIbCe ~TOpnqHbIx qaCTIIJJ 
p ,  = 0,5 r aB /e  

PJIC. 7. Yrnosbre pacnpefie- 
JPHIIR RTOPFl¶HbIX 'IaCTI34 
B peaKulrH d + Ph -+ c +  ... 
nprr rrwnymce n e f i ~ p o ~ a  
p p  = 8,G h B / c  n nhlnynbce 
BTOPIFIH~IX w c m q  p = 
= 0,64 Z, r s B / c  (Z, - 3a- 
p n ~ o p r r ~ n o i i  sac~nqbr )  



pa a M n y n b c H o r o  pacnpe~ene- Lf 
m n  B A n n  p e r n c ~ p r r p y e ~ ~ x  
nou ymO>I 180" IIpOTOHOB, 
.coanasaebrLIx no saal rn ionei i -  
CTBHRX C RAPOM npOTOHOB, 
ramla-XB~IITO~,  nllOHOB 11 
H ~ ~ T ~ H H O  

e C J I H  W = At/', TO A - ~ ~ B H C H M O C T ~  PN O ¶ e H b  ~ ~ I C T P O  H a p a C T a e T  C pOC- 

T O M  KYMYJIRTKBHOI'O ¶HCJIa  ( I I o K E ~ ~ ~ T ~ J I ~  y B e J I H ¶ H B a e T C R  H a  '1, I I p H  

y B t ? J I ~ ¶ e H H l i  N H a  e ~ l l k l ~ q y ) .  B ~ P O R T H O C T ~  W e  PN O' IeHb  ~ ~ I C T P O  y6b1- 

B a e T  C N ,  T a K  ¶TO 3 H e p r M R  B T O p H ¶ H b I S  ¶ a C T I I q  O I I p e A e J I R e T  MtrIIHMaJIb- 

H o e  3 ~ a n e ~ ~ e  N ,  p a 3 p e m e ~ ~ o e  ~EIKOIIEIMM c o x p a H e H m R .  Ha a ~ o r o  
P a C l l p e A e J I e H H R  BbITeKaJ IO ,  ¶TO 0.p - A0n) r i I IO  3 a B H C e T b  OT aTOMHOI'0 

seca C T e n e H H b r a l  0 6 p a 3 0 ~  Am, n p m s e M  n o ~ a 3 a ~ e n b  c T e n e H H  A o n x e H  

MOHOTOHHO B 0 3 p a C T a T b  C 3 ~ e p r E i e f i  BTOpHYHbIX ¶aCTMQ m z 
f (E/3)e, F A 0  E - 3HePI 'HR KYMYJIIITHBHO~~. ¶ a C T H q b I ,  a E - 3Hf?PI'kIR, 

I tp lTXOARII(aRCR H a  HYKJIOH PeJIRTIlBIlCTCKOrO R A p a .  B o6nac~m N z 
==: 2 + 3 J I O K a 3 a T e J I b  m A O J I K e H  I I P e B b I C H T b  B A ~ H H ~ Y .  I ~ M ~ H H O  T B K O ~  

X a p a K T e p  A - ~ ~ B ~ C H M O C T E ~  ~ ~ I J I  0 6 H a p y E U ? ~  3KCnepMMeHTaJ IbHO.  

Y 1 1 0 b l R ~ y ~ b r e  B b I m e  3 K C l l e p H M e H T a J I b H b I e  A a H H b I e  H IIOCJIeAOBaB- 

lIIEie MHOI'09HCJIeHHbIe  TeOpeTHW3CKI le  MOReJIH J I H m b  YCTaHaBJIHBaIoT  

 KT CyII(eCTB0BaHFiR M OCHOBHLIe ¶ e P T b I  KYMYJIRTHBHOFO ~ I $ @ € ? K T ~ .  

C o ~ e p m e ~ ~ o  RCHO, ¶TO  TO T O J I ~ K O  H a g a n 0  ~ c c n e ~ o ~ a ~ r n 6  o6mmp~o6 
o6nac~m HOBbIX R B J I ~ H A ~ ?  @IISHKH CIlJIbHLIX B ~ ~ H M o ~ ~ ~ ~ c T B H ~ ~ .  

. ~ ~ O C K O , ~ ~ ~ K Y  K B a p K O B a R  C T p Y K T Y p a  a A p O H O B  l IOJ ly¶ I I J I a  B n0CJ IeA-  

H H e  TOAhI C e p b e 3 H L I e  a K C n e p M M e I I T a J I b H b 1 e  OCHOBaHIXFI, eCTeCTBeHI10 

l IOUbITaTbCR H ~ ~ T H  ~ @ @ ~ K T E  lb1e c 6 0 n b m e f  O I I ~ ~ A ~ ~ ~ H H O C T ~ I ~  

Y K ~ ~ L I B ~ ~  661 I I ~  IIPORB ~ B ~ ~ K O B O ~  CTPYKTYPbT aTOMHLIIX 

R A e P  
Oco6e~11o rmrepecerr nonpoc, npm K ~ K I ~ X  n e p e A a r I a x  m a r n y n b c a ,  

n p H  KaKI3X paCCTORIII4RX ble?KJQ7 I i y K J I O H a M H ,  K B a p K O B L I e  COCTaB3RIO- 

q n e ,  IIpHFIaAJIe>KalI&&ie 0Tjl;eJIbHbIM HYIEJIOI-IRM, Ha9TTFIElIOT CRJIbIIO 

BYIOT, ¶TO T a K H M  paCCTOREIFleM C J I e A y e T  C ¶ t I T a T b  r 0,s fm, T. e. 
npm y B e n w T I e I r n r 3  I~.~IOTHOCTM n ~ e p ~ o i i r  a l a T e p r n m  B 5-10 pa3 Aonmert 
IIpOFfCSOAIITb I I e p e X O A  I I~KJIOHHO% WHAKOCTX B ((KREIPKOBYIO IIJIa3My)).  

3 1 1 a 9 m ~ e n b F l b 1 6  I I H T e p e C  I I p e A C T a B J I R e T  BO3MOSIiIIBR C B R 3 b  o6paao- 
B a H m  ~ y n b ~ m 6 a p ~ o n r r ~ r s  p e 3 o ~ a ~ c o ~  m K y M y n F i T n B r r o r o  s @ @ e ~ ~ a .  
0 6 ~ a p y i r c e ~ r n b r e  B JIB3 ~ a s 6 a a ~ ~ o a r  (1111) $1 B O ~ M O ~ K H O  (Ah)  H (,!Ap) 
p e 3 0 H a H C b I  H I I 3 ~ 9 C H I I e  MX 0 6 p a 3 0 s a ~ r n ~  I l p H  CTOJIKHOBeHHH RAPO- 



H a p 0  HMeIoT  6onbmoe 3 H a ¶ e H M e  AJIR B H e C e H H H  IICHOCTH B OAHH H 3  HRH- 

60nee a K T y a J I b H b I X  H TpYAHbIX BOIIPOCOB ~ E I ~ M K E I  a A p O H O B  - @0p>114- 

P O B a H H e  KBaPKOB-I IaPTOHOB B a A p O H b I  EI BO3MOKHOCTb OIIHCBHHR 

O ~ . I I ~ C T T I  3EIKJIIOPeHFfR K B a p K O B  C IIOMOIQbH) ((hfemKOR)). ~ o c J I ~ J I I ~ I ?  

R p e M H  IIORBHJIHCb IIOIlbTTKH o ~ ' ~ R c H ~ H H I I  3 T H S  ( ( ~ ~ X ~ O ~ O H O B H  KBK 

3 l y J I b T H K B a p K O B b I X  CEICTeM, IIaXOARII(HXCR B OAllOM hle l I IKe.  OCT~IIO-  
BI~MCR T a x m e  ~a n p o 6 n e ~ a x  n o n y n e H n R  n y s K o B  p e n s i T l r s n c T c m x  nnep. 

H ~ K  I I O K a 3 a J I H  3 K C I I e p H M e H T b I  C Y C K O p e H H e h I  A ~ ~ ~ T O H O B  H a  3 ~ 6 -  
HeHCKOM C H H X P O @ ~ ~ O T ~ O H ~  B 1970 r., I I e p e X O A  K YCKOPeHHIO H A e p  

H e  ~ p e 6 y e ~  6 o n b u r w x  n e p e n e . n o K  y c r t o p R 1 0 I Q e 6  CHCTeMbI H F i H K e K q I i O H -  

HbIX YCTPOGCTB. B n p m H q H n e  J I I O ~ O B  y C K o p U T e n b  @ I J ~ H K H  B ~ I C O K I I X  

~ H ~ P ~ H G  M O X H O  I I ~ H c I I o c o ~ I I T ~  AJIR YCKOPeHI4R A ~ ~ T O H O B  H a - ¶ a C T I i q .  

Baxaeiimee y c n o B n e  AJIR HCIIOJIb3OBaHIlH H A e p H b I X  IIJ'¶KOB - Ha.7H- 

¶ H e  CHCTeM 6 b 1 c ~ p o r o  H MeAJIeHHOTO BLIBOAa n e P B M ¶ H b I X  (YCKOP~HIIMX)  

¶aCTXiq. u o J I y ¶ e ~ H e  BTOpH¶HbIX n y ¶ K O B  PeJlRTMBHCTCKHX R A e p  T O K e  

T p e 6 y e ~  B ~ I B O A ~  I I ~ ~ B H ¶ H ~ I x  I I ~ ¶ K o B ,  T a K  K a K  B T O p M s H b I e  R A e p H b I e  ny¶- 
KEI HMeIOT I l p H M e p H O  T Y  me m e C T K O C T b ,  ¶TO H I I e p B H ¶ H b I e .  Heo6xonn- 
MO OTMeTHTb,  ¶TO BTOpl' i¶HbIe R A e p H b I e  n y ¶ K k I  ( c T ~ M ~ I I I ~ H ~ o B ~ I ~ )  m e -  
IOT O g e H b  xopomne + a a o ~ ~ r e  s a p a x T e p H c T m n  m B ~ T C O K ~ I O  HHTeHCHB- 

HOCTb. H a n p ~ ~ e p ,  npm Y C K O p e H H H  R A e P  4He H a M H  6b1.n~ IIOJIY¶eHbl  

nysxIi R A e p  3H H 3He c onem xopomnam n a p a M e T p a M m .  Y c ~ o p e ~ ~ n e  
'H n p e A c T a s n R n o  6 h r  s ~ a s ~ ~ e n b ~ b ~ e  A o n o n H m e n b l I L I e  TPYAHOCTI.~. 

3 ~ e p r m ~  Y c K o p e H r I b I x  H A e p  npn ~ ~ A ~ H H ~ I X  n a p a M e T p a x  y c K o p r r T e -  

3~ n p o n o p q H o H a j I b H a  HX s a p x ~ y .  3 ~ e p r m ~  H A e p  H e o H a  (2 = 10) 
H a  c ~ ~ x p o + a 3 0 ~ p o r r e ,  p a c c q m T a a H o M  H a  n o n y n e H m e  n p o T o H o n  c s ~ e p -  
r H e 6  A 0  10 r3B, A O C T H r a e T  100 r3B. ~ H ~ P ~ H F I ,  I I p I I X O ~ R l I @ R C F I  H a  

OAHH HYKJIOH, I I p H  YCJIOBHH y C K 0 p e H H H  IIOJIHOCTbH) H O H H 3 0 B a H H b I X  

a T o M o B  (((~OJILIX)) ~ ~ e p ) ,  o n p e A e n H e T c R  c o o T H o m e r r H e M :  

E:::. = Ep (ZIA)  = ETaY12, 

T. e. M a K c m M a n b H a H  3 ~ e p r n ~ 1 ,  n p n x ~ o ~ t r q a ~ c ~  H a  OAHY a T O M H y I 0  enm- 
H I I ~ ~  n I a c c L I ,  E ~ ~ S M , ,  n p n M e p H o  B A s a  pasa M e H b a e  a H e p r m n  npo- 
TOHOB H a  TOM me ycKopnCiTene .  B ~ o p a v a b ~ e  n y s m  ( ~ a n p ~ ~ e p ,  n a o ~ o ~ )  
 TO^ 51<e 3 H e p r I I H  H 6JI113~0fi HHTeHCMBHOCTH MOXiHO l lOJTy¶HTb 3a C ¶ e T  

KYMYJIRTMBIIOrO ~ I $ I $ ~ K T ~ ,  eC.711 H M e T b  AOCTaTO¶HYIO HHTeHCHBHOCTb 

YCKOpeIIHblX H A e p .  Bonee T O r O ,  >lOXEIO n O J I y ¶ H T b  BTOpH¶HbIe  ny¶KEf ,  

npesbrma~orq~e a o > r n s a n b a y r o  a ~ e p r m o  y c K o p I w e n c I  E,. O A H ~ K O  AJIK 

3 T O r O  H ~ O ~ X O A M M O  R M e T b  BO3BIOXHOCTb IIOJIY¶elIHH HHTeHCHBHbIX 

I I y g K O B  C ~ O ~ ~ ~ I I I H M I I  aTOMHbJMI.1 MaCCahfI l .  ~ 0 J I y ¶ e ~ H e  T a K H X  I fY¶KOB 

rpeGye~ p e m e H m  c n o i ~ l ~ b r x  T e x H m e c K n x  n p o 6 ~ e ~ .  r n a ~ ~ a ~  ~3 RMX- 

npeAOTBpaJ I ( eHHe  I43MeHeHMR 3 a p H n H O C T H  YCKOpReMbIX HOHOB.YCKO- 
P e H I i e  'IaCTHrIHO I IOI IH30BaHI lh lX  aTOMOB I IPeA 'bRBJIReT  O ¶ e H b  BbICOKXiB 

T ~ ~ ~ O B ~ H I I R  K B a K y y M y  B H y T p I 1  K a M e p b I  YCKOpHTeJ IR .  ~ O T ~ P R  HOHOM 

3J IeKTPOHa  D P H  CTOJlKHOBeHHM C XlOJIeKYJIaMH OCTaTO¶HOrO F a 3 8  I I p H -  
BOHHT K B r , ~ n a ~ a l l m m  H o H a  1.13 pexirmra y c K o p e H H a .  Y n y s r n e ~ ~ e  sa-  
K y y h l a  B 100 pa3 H a  paCCTOIIHHHY,  JT3MepReMbIX COTHHMH M e T P O B  HJTH 

KIi.UO%leTpaMH ( A ~ H H ~  jJOPO1-KKII CORPeMeHHOI'O YCKOPHTeJIH H a  BbICO- 

m e  B H ~ P ~ M L I )  - 3 a j ~ a q a  C . U O ~ ; H ~ R .  Ona c y q e c T s e H H o  y n p o q a e T c x  

npn y c K o p e r I M n  r o n b r s  R A e p ,  T a K  K a K  ceseme n o n s s a T a  a n e K T p o H o B  



aBMXYlI (AMCR HOHOM BO hfROI'O pa3 hfeHbI I I e  C e P e I I H R  I IOTepM 3J IeKTpO-  

H a  c o o ~ ~ e ~ c ~ ~ y r o q r n ~  HAPOM. C e s e ~ r r f e  n o A x s a T a  GMCTPO y M e H b m a e T c I i  

n p l f  yBeJIHW?HMEi 3FIepI'MIf H A p a ,  T a K  ¶TO AJIR ~ o J I ~ J ~ I H H c T B ~  R A e p  

B n n o T b  no Ca n p o 6 n e ~ a  c y q e c T n y e T  JIIJIII~ no 3 ~ e p r n n  100IMaB/a.e.nr. 
C e ¶ e F I H e  I IOAXBaTa  3 .neKTpOHa  n p H M e p H 0  O ~ ~ ~ T H O  I I p O I I O p q H O H a J I b H O  

~ y 6 y  3 H e p r H C i  H a p a ,  n O 3 T O M y  I I O T e p H  B I IpOIJeCCe YCKOPeHHH I I p H  

3 a A a H H b I X  A H a M e T p e  o p 6 m ~ b r  YCKOpMTeJIR M B a K y y M e  B H y T P H  K a M e p b I  

o n p e A e m m T c R  ~ a n a n b ~ o 6  a ~ e p r ~ e f i  II n p H p o c T o M  a ~ e p r r n ~  3a e A n u H -  

4 Y  B p e M e H H .  K ~ K  I I O K a 3 b I B a I o T  O q e H K H ,  I I p M  Y C K O P e H H H  rOJIbIX R A e p  

Ca H a  Y C K O p H T e j r e  C f l 1 t ah i eTpOM O P ~ H T ~ I  OKOJIO 60 M I I O T e P H  COCTaBJIR- 

IOT OKOJIO 20% n p ~ t  D H e p r M m  M H x e K q m m  10 MaB1a.e.~. IIPH p o c T e  

a H e p r H H  3 KaB/a.e.ar. 3a o 6 o p o ~  M E a s n e H M r f  B K a M e p e  1 .10-7 Top. 
M3 3 T O F 0  BHAHO, 9 T O  Y C K O p e I I H e  I 'OJIbIS R A e p  RBJIReTCR AOBOJIbHO 

416b1¶~0ii s a ~ a s e i i  y c ~ o p n ~ e n b u 0 6  T e x H m m .  O A H ~ K O  c o 3 ~ a ~ m e  n c T o n -  

HHKOB HOHOB, IIOJITIOCTbH) J I H m e H H b I S  3 . T I e ~ ~ p o ~ H o f i  0 6 o n o s ~ n  - 
T p y A H a R  npo6xe~a.  H ~ B ~ C T H ~ I ~  B HaCTORU(ee  B p e M R  CXeMbI I IOJ IyPeHHR 

M H O r 0 3 a P R A H b I X  HOHOB, pa6o~aroqne  B 3KCl I J IYaTaqHOHHOM PeHcHhfe  

H a  ~ ~ ~ C T B ~ I O I I J H X  YCKOpMTeJIRX,  IIO3BOJIFIIOT I I O J I Y P a T b  3 a p R A  HOHOB 

H e  Gonee 10. B h r c o ~ m e  a a p ~ ~ ~ o c ~ m  n o n y s a r o T  c I I O M O ~ ~ H )  n p o M e x y -  

T O P H O ~  ( (O~AHPKMD YCKOPeHI lb IX  HOHOB. C p e ~ H H f i  3 a p R A  HOHOB IIOCJIe 

o 6 a ~ p o n ~ o r o  ~ C T ~ O ~ C T B ~  CMJIbHO 3aBHCMT OT mx 3 H e p r H H .  H a n p ~ ~ e p ,  
9 ~ 0 6 1 ~  I IOJ IY4HTb  I'OJIOe R A P 0  K a J I b q r T R  (2 = 20), H ~ O ~ X O A H M O  YCKO- 

P H T ~  HOHH AO a ~ e p r ~ n  ~ 1 0  M a B / a . e . n f . ,  a  TO yxe  n p o 6 n e ~ a  c o s ~ a -  
H H H  K p y I I H O r O  YCKOpMTeJIR.  

r. H. a J I e p 0 B  PeKOhieHAOBaJ I  Hahf  B 3 F f ~ b c . R  38 p a 3 p a 6 0 ~ ~ y  HOH- 

HbIX HCTOPHHKOB I I p H H q H n H a J I b H O  HOBOrO T H n a .  ~ J I ~ K T P o H H ~ I ~ ~ [  MCTO¶- 

H H K ,  I I p e ~ J I o ~ e H ~ h 1 6  E. a. A O H ~ O M ,  l l 0 3 B O J I R e T  B HaCTOHIlJee B p e M R  

U O J I y ¶ H T b  I'OJIOe R A P 0  H e O H a  C HHTeHCZiBHOCTbKl 10' ¶ a C T H q  B MMnyJ Ib -  

C e  I I P H  ,l(JIHTeJIbHOCTM I l M n y J I b C a  B AeCRTKH MHJIJIHCeKYHA. 

~ ~ H H ~ M I I  p a 6 0 ~ b 1  HCTO¶HHKa COCTOMT B C J I e A y I o q e M .  B 3 J I e K T p O H -  

HHH JIYP 60~1bm06 ~ J I O T H O C T R  (COTHH a M n e p  H a  1 C M ~ )  BBOAHTCH onpe - 
8 e J I e H H O e  KOJIH'XeCTBO O A H 0 3 a p R A H b I X  HOHOB pa60~e1-0 B e Q e C T B a .  

B ~ ~ H M o A ~ ~ ~ c T B H ~  MOIIOB C ~ ~ I C T P M X I M  3 J I e K T P O H a M H  I I Y P K a  BbI3b IBaeT  

M H o r o K p a T n y I o  ~ ~ o r ~ m ~ a q m ~ o .  Bonbmne B p e M e u a  (no c o T e H  M m z n a c e -  

KYHA) B ~ ~ H M O A ? ? ~ ~ [ C T I ~ H R  HOHOB C IIY¶KOM O ~ ~ C I I ~ ~ E I B ~ I O T C R  38 C P e T  

y A e p x a H m  m o H o n  n n o ~ e u q ~ a n b u o 6  R M e ,  06pa30~a~1106 n p a p i a n b -  

HOM H a U p a B J I e H H I f  IIOJIeM IIpOCTpaHCTBeHHOI 'O 3 a p R A a  3J IeKTPOHHOrO 

I I y P K a ,  UpOXOARl4e I 'O  B I l y T p M  CMCTehIbI ce~qFi5 ~ p e 6 @ 0 ~ 0 6  ~ p y b ~ r n ,  
a B a K c m a n b H o M  u a n p a B n e H I f I f  - n o a a e M o M  n o T e H q m a n a  Ira ~paiimmx 
C e K q H R x  ,qpe6@0~06 T P Y ~ K H .  Y n p a ~ n e ~ n e  n p o q e c c o M  ~ o ~ r a ~ a q r n n  
(BBOA, BbIBOA HOHOB, P e r y J I I f p O B K a  AJIlXTeJIbHOCTIi B p e M e H I f  HOHH3R- 

qm)  n p o B o A H T c R  n y T e h t  H ~ M ~ I I ~ A M R  a K c m a n b H b I x  p a c n p e ~ e n e ~ ~ i i r  no- 
TeEIqHaJ IOB H a  C e K q M R X  T P Y ~ K M  npefi@a. Y T O ~ ~ I  H 3 6 e l ~ a ~ b  I I O T e p b  

HOHOB, IIPOBOAlTTCR IIOCTeIIeHHOe y B e J I H 9 e H H e  IIJIOTHOCTH 3JIeKTPOH- 

H O P 0  I IYPKB.  ~ O C . T ~  TOTO K a K  MOHbI pa6onero BeIQeCTBa  AOCTMraI0T 

H ~ O ~ X O ~ ~ H M O ~  3 a p R A H O C T I f ,  I l O T e H q M a J I b H a R  J IM8  ~ e @ o p M H p y e ~ c R  T a K ,  

P T O  A e J I a e T C R  B O ~ ~ ~ O ~ K H O ~  3 K C T p a K q H R  HOHOB. ~ J I ~ K T P O H F I M ~  JIY¶ H a -  

XOAmTCR B F J I ~ ~ O K O M  B a K Y Y M e  If CHJIbHOM IIpOAOJIbHOM MaI'IlHTHOJf 

noze ( c ~ e p x n p o ~ o ~ ~ r q m 6  co . r re~oa~) .  K p ~ o r e ~ u a ~  T e x H m K a  ~ O ~ B O J I R -  



e T  nOJIY¶HTb  MaI'HHTHOe IIOJIe U p a K T H P e C K I I  nm6oro HyX{HOrO 3 H a ¶ e -  

H H H  H AOCTHPb B a K Y Y M  B O ~ J I B C T H  H O H H 3 a q H H  J Iy¶ I I I e  10-l' TOP. ~ I c -  
TOPHHK IIOJIY¶HJI Ha3BaHI . l e  (<KPHOH)) ( K P H O ~ ~ M I I ~ I ~ %  I I O H H ~ ~ T O P ) .  ( t x p m -  

O H )  y c n e m H o  urcnonbso~anc~ A n I i  y c K o p e H H I i  q e p  C, N,  0, Ne, nyq- 

~ J I ~ K T ~ O H H ~ I ~ ~  TOK n y q K a  59 n1A 

B ~ ~ M R  MOHM3aqIlM go 150 D ~ C  

H O H H L I ~  3 a p ~ ~  H a  B b I x o n e  2. 10R anelr. aap. 
~ ~ J I F ~ T ~ J I L H o c T L  MOHHOrO IlMIIYJIbCa 35 'MKC 
( H a  I I o J I ~ B ~ I c o T ~ )  

A ~ a n m s  p a 6 0 ~ b 1  HCTOPHHKa c t K p E i 0 ~ ) )  I I O K a 3 a J r ,  ¶TO hlO?KHO H a ¶ a T b  

o c y ~ q e c ~ ~ n e ~ ~ e  n p o r p a m r b r  n o c T e n e H H o r o  y B e n I m e H t I H  mHTeHcmBHoc-  

T H  I lYPKOB H A e p  I33 HCTOPHHKa A 0  -lolo FIAep  B I i M I I y J l b C e  L l p H  CO- 

X p a H e I I H H  AOCTHrHyTOI'O Y p O B H R  HaAeSKH0CTI.l B YCnOPMFIX 3 K C I I n y a T a -  

q H o E r H o r o  pe>1{11~a. 
B a l r c ~ o G  a J I b T e p ~ a T H ~ 0 6  HCTO¶HHKa ( ( K ~ H O H H  RRJII ieTCH JIa3ep- 

H ~ I B  HCTOPHHK MHOI'03aPHAHbIX HOHOB. 

~ P H  B O ~ A ~ ~ C T B H H  H a  U O B e p X H O C T b  T B ~ P A O ~  MHIUeHm c @ o K ~ c F ~ -  

posamoro  ~ a n y n e ~ n ~  naaepa 06pa3ye~cx n n a a ~ e ~ ~ a 5  @axen c 
B~ICOKOG ~enlnepa~ypoi i  I* 6onbmoii n n o T a o c T b m .  

n p I 3  nnOTHOCTH CBeTOBOrO DOTOKa 6onbme ~O"T/CM~ H C n a p F I e h I O e  

Be IqeCTBO CHJIbHO H O H H 3 0 B a H O .  POCT Teb l I I epaTJ rPLI  I I J I a3MbI  COIIPO- 

BO?KAaeTCH B03HHKIIOBeHHeM ra3OAHHaMHPeCKOI 'O  ABHFKeHHR, ¶TO B 

CBOIO onepeab 0 1 t a 3 b r s a e ~  c y r q e c T s e H n o e  B n m H m e  H a  H a r p e B  rn H o l m -  

3 a q H I o .  ~ J I ~ K T ~ O H ~ I  K a K  O P e H b  JI€?rKI.le ¶ a C T H q b I  n O J l y ¶ a I O T  OCHOBHYH) 

AOnIO s ~ e p r ~ m  rn npm c B o e M  B b r n e T e  n e p n e I T A y K y n I i p H o  I IOBepXHOCTH 

MHIIIeHH CO3AaH)Tl 110-BHAHMOMY, H e K O T O p O e  nogo6me M e X a H H 3 M a  K O n -  

n e K T m B E I o r o  y c K o p e n m I i .  T a ~ o f i  npoqecc y c K o p e H n I i  ~ O ~ B O ~ R ~ T ,  H a -  

I I p H M e p ,  HOHaM C > 20 ~ a 6 p a ~ b  s~eprmro n p m h l e p r r o  A 0  20-40 K 3 B .  

~ p H h f e H C ! l I ~ t € ?  3 T O r 0  MeTOAa  l IOJ Iy¶e I IHH CHJIbHO IIOHI. l30BaHHbIX aTO- 

MOB B YCJIOBHHX p a 6 0 ~ b 1  A Y ~ H ~ R C K O ~ O  C H H X P O + ~ ~ O T ~ O H ~  XOTIi H OKa-  

sanocb A a n e I c o  H e  npoc~oii  s a ~ a s e f i ,  HO A o B o n b H o  G ~ I C T P O  npmeno 
K y C n e X y .  B PaCTITOCTH, I I e p B b I e  3 K C I l e p H M e H T a J I b H b I e  A a H H b I e  C PeJIH- 

THBHCTCKHMH H A p a M H  p e K O p A H b I X  3 ~ e p r H f i  6 ~ r . v ~  II0,IIYPeHbI H a  OCHOBe 

J I a 3 e p H O r O  I<CTO¶HHKa, C03AaHHOI 'O COBMeCTlTbIMM YCHJIHRMH JIB3 



H i\Iflon. ~ T H M  MeTOAOM YAaJIOCb I IOJIY4MTb rO.rlalt! H A p a  aJI1OMHHHR 

C MHTeHCHBHOCTbIO H a  BbIXOAe IT3 J I H H e f  H O ~ O  y C K O p H T e n R  (C 3 H e p r H e f i  

o K o n o  5 MaB/a.e.ar.) -10' s a c T E i q  B rmnynbce. K c o H t a n e H H r o ,  HC- 

I I O J ~ ~ O B ~ H H M W  JI83ep MhleJI ¶ a C T O T y  IIOBTOpeHI3R B T P H  pa3a HHX<e 

¶aCTOTbI I IOBTOPeHHR QHKJIOB C H H X ~ O ~ ~ ~ O T ~ O H ~ ,  H 3 K C I I J I y a T a q H O H H b I e  

x a p a K T e p n c T m K m  n a 3 e p ~ o r o  n c T o s H m K a  o c T a n m c b  M a n o  n c c n e n o s a H -  

HbIMH. H ~ K  OThfePaJIOCb B b I m e ,  p e m e H H e  I I P O ~ J I ~ M H  CO3AaHHFI HHTeH- 

CHBHHX HCTOPFIMKOB r o x b I x  I i A e p  I I O ~ B O J I R ~ T  n p e s p a q a T b  Y c K o p H T e -  

J IH ~ H ~ H K H  BbICOKAS 31lepI 'Mg B YCKOpMTeJIH PeJIHTHBHCTCKHX R A e p .  

O H H ~ K O   TO I I e  o z ~ a r a e ~ ,  ~ I T O  a A a n T H p o B a H n H e  y c x o p m T e n H  onm- 
3 l a J l b H H  AJIR IIOJIylIeHIfJX lTy¶KOU peJIHTI4BHCTCKHX H A e p .  

@ ~ K T H P ~ c K M  aAaI ITIXpOBaTb  I IpHXOAHTCR B C e  CHCTeMbI YCKOPHTeJIb-  

H O r O  KOMIIJIeKCB. n e p e ~ e J I K a  J ~ H H ~ ~ ~ H o ~ o  YCKOpHTeJ IH-HHlKeKTOpa  

C B R 3 a H a  H e  TOJIbKO C 0 I I I ) e ~ e J I e F I H b I M M  TeXHH9eCKHMM ~ ~ ~ O T E I M H ,  HO 

I3 C YMeHbI I I eHMeM 3HepI ' I IH H a  HYKJIOH B 4 pa3a, ¶TO O P e H b  IIJIOXO 

C TOPKH 3 P e H H R  I I O T e P b  IXRTeIICI3BHOCTH. 0 B ~ K Y Y M H O ~ ~  CHCTeMe y>rte 

I'OBOpHJIOCb B b I m e .  n e p e B 0 ~  B I ~ I C O K O ¶ ~ C T O T H O ~ ~  CHCTeMbI H a  Y C K O p e H H e  

R n e p  ~ p e 6 y e ~  C Y ~ ~ C T B ~ H H O ~ ~  I I e p e c T p o f i ~ M  PaCTOTbI .  Aame OCHOBHOe 

M a r H H T H O e  IIOJIe yCKOpMTe.lIR ?I<eJIaTeJTbHO I I 3 M e H H T b  T a K H M  06pa30~ ,  
9 ~ 0 6 b f ~ e ~ I I  YCKOPeHMR B H a ¶ a J I e ,  KOI'Aa 3 H e p I ' H R  HOHOB M a J I a ,  6b l J I  

KBK MOXCHO B b I m e  B CRFI3M C pe3~0f i  3aBMCHMOCTbIO C e ¶ e H H H  3 a X B a T a  

3J I eKTPOHOB HOHahIIf OT 3FIepI'HIT. 

u3 H3JIOWeFIIIOI'O HCHO, IIOCKOJIbKY i $ H 3 H ~ a  PeJIHTHBHCTCKHX 

nnep I I p e s p a q a e T c R  B K p y n H o e  c a M o c T o m e n b H o e  H a n p a s n e H H e ,  m e m -  
4 e e  OTHOJJIeHHe K CaMLIhI aKTyaJ IbFIb IM I I p 0 6 p e ~ a ~  ~ $ H ~ H K H  3JIeMeH- 

T a P H b I X  PaCTMIx M ~ H ~ H K M  H a p a ,  ¶TO H ~ O ~ X O ~ H M O  C 0 3 n a H H e  CI IeqHaJ I I t -  

3 H P O B a H H b I X  Y C K O ~ A T ~ J I ~ ? ~  PeJIRTMBHCTCKHX H A e p .  B JIB3 OkIRkI 
6b1.~a p a 3 p a 6 o ~ a ~ a  c n e A y r o q a R  n p o r p a M n r a  p a 6 o ~ .  B T e s e H M e  6nmwafi- 
I I I H S  5 J I eT  6 y ~ y T  MaKCHMaJIbHO 14CIIOJIb3OBaTbCfi I I Y P K R  PeJIRTHBHCT- 

C K H X  R A e p  C M H X ~ O C $ ~ ~ O T ~ O E I ~ .  0 6 n a c T b  3 ~ e p I ' H f i  HOHOB B b I m e  

3 raB1a.e.~.  I IOKa  I I e  A O C T I i r H y T a  B A p y r H X  YCKOPHTeJIbHbIX Q e l I T p a S  

I3 OAHOBpeAfeHHO RBJIReTCR O ~ ~ I ~ C T ~ I O ,  rAf3 C I I p a B e A J I H B a  I I p e A e J I b I I a R  

4 p a r ~ e ~ ~ a q H H  ( ~ a c m ~ a 6 ~ a ~  r n n ~ a p ~ a n ~ ~ o c ~ b ) .  Ha6op C y q e c T B y I o -  

W H X  AeTeKTOPOB IIO3l3OJIIIT O C Y q e C T B J I H T b  AOBOJIbHO JllHPOKYIO IIpO- 

r p a M M y  m c c n e ~ o ~ a ~ ~ n i ? .  B H a c T o m q e e  u p e M c r  3 a ~ o ~ s e 1 1 0  CTpoHTeJ IbcT-  

BO 60~1bmoro 3KCIIepMMeHT~JIbEIOI 'O  3aJIa pa60sefi IIJIOIQaAbIO OKOJIO 

l o 3  M2 H a  H a I I p a B J I e H M M  Afe,QJIeIlHOrO BbIBOAa.  H a s a ~ b r  p a 6 o ~ ~  110 CO- 

3AaHHK)  B 3TOM 3aJIe CMCTehfbI KBIIBJIOB, K O T O p a R  IIO3BOJIHT p a 3 h i e C -  

TMTb 60~1brnoe q H C J I 0  O ~ l I O B p e h f e H I I O  p a 6 0 ~ a r o q ~ x  YCTaHOBOK H a  ny¶- 
K a x  p e n F I T n s r f c T c K E i x  H A e p .  Y n o h r ~ ~ a ~  o H a m e M  HOBOM 3ane, H O I I H T ~  

ROJI lKeH IIOMRHYTb ~ 0 6 p ~ 1 h l  CJIODOM r. kI. E y ~ K e p a ,  K O T O P ~ I ~ ~  IIOCOBe- 

T o B a n  C T ~ O H T ~  3an ((11060.nbme M n o A e m e B n e , .  kI n p o A e M o n c T p n p o s a n  

M H e  6 o n ~ m o E  a ~ c n e p n ~ i e ~ ~ a m ~ m f i  3an MRoa ,  n o c ~ p o e ~ ~ r b r i i  o s e m  
AeIUeBO.  TO 6~1~10  B TOT hIOMeHT, KOI'Aa M H O r H e  COMHeBaJIHCb B QeJIe- 

C O O ~ ~ ~ ~ H O C T I ~  CTPOHTb 3 8 J I  OKOJIO Y C T a p e B m e r O  YCKOpHTeJ IR ,  l4 MIIe 

o s e m  6 ~ m a  H Y > K I I ~  n I o p a j I b H a R  noAAe?mca. Cefisac, K o r n a  B aane 
e q e  H e  s a ~ e p m e ~  nfoHTa;K o 6 0 p y ~ o ~ a ~ ~ ~ ,  ywe TPYAHO H ~ G T I I  ~1306011;- 

H o e  M e m o  - n o s T n  B c e  p a c n p e A e n e H o  MeHcAy  r p y n n a M a ,  i K e n a m q t i n r H  

3 a H H M a T b C R  P ~ J I R T H B ~ ~ C T C K O ~ ~  R ~ e p H o f i  i $ H 3 ~ ~ 0 f i .  



Imne n e p c n e K T H s b 1  c B o e r o  ~ ~ ~ B H T H R  H a n r a  n a 6 0 p a ~ o p ~ c r  
. _ . l a b ~ s a e ~  c C O ~ A ~ H H ~ M  c n e q m a n 1 1 3 ~ p o ~ a ~ ~ o r o  K o M n n e K c a  y c ~ o p n -  
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