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x a p a r T e p n c T w - i e c r o r o  P e H T r e H o B c w o r o  H ~ ~ Y Y ~ H M  H e  curpano C Y ~ T B ~ H H C S I  

POnH B OTKPHTHH TPaHCYPaHOBblX 3 n e M e H T O B .  



n 3 ~ e c - P H ~ J M  n m o n m  repe3 p a n n m ~ ~ n ~ ~ t d l  pacnan nnn uenym u e n m w y  

pacnanos. Co s p e ~ e ~  Pe3ep4upna, Connn n np.  TOT WTOA n c n a n b a y e ~ c ~  

~JJIM H n e H T n m K a u n n  ~ - ~ K T W B H W  HyKnnnaB n Ha 3 ~ a n e  n c c n e n o B a ~ n i i  

TWHCQePLUleBHX 3neMeHTOB C W W n  3Ha'iHTenbHYKl POJlb B HX OTKPWHH. 

C Y W ~ C T B Y ~ T  6CJlbmoci ~a6op Q*t3U'ieCKUx H APYFMX UaHHHX, KOTOptre 

-0 WCCMaTPHBaTb B KareCTBe AOnCJlHWTenbHW ( B c n W O r a ~ e n b ~ H X )  

aprYMeHTOB B nCJlb3Y npaBWnbHOCTH HAeHTHQ*rKaUUH aToMHOr0 HOMePa- 

P ~ c c L * ~ T P H M  KPaTKO HeKOTOPble W 3  HWX. W e H b  34rQleKTWBHNM L)eTOAOM 

i 
WAeHTW#MKaUWW HYKnHAOB, B nPHHUHne. RBILRlDTCR I l e P e K w C T H E  06nYW2HHR- 

3Ha'ieHWR 3TOF0 MeTOUa B OTKpbPTHbl 3neMeHTOB. CWHTe3WPOBaHHW C 

n c w a u t o  TR3;ent-a WCHOE, B uenm uenbme, TaK KaK rucno OCYUI~CTBHMHX 

K O Y ~ W H ~ U H ~ ~  M W ~ H b - 6 0 M 6 a P A W P Y ~  ClaCTWUa. nPWBOLLROMX K WCKOMO)*Y 

HYKnWAY, PeAKO 6 0 n b W  ABYX- % ~ " ~ K T H B H H M  MeTOAM, YOTOP&, OUHaKO, 

n a a  H e  npnMenRncR, 6 ~ 0  6~ npsiMOe Onpenenenwe u a c c o m o  rncna 

HyKnnna c ~OMOUL~KI K a K O r W n H 6 0  uacc-cenapa~opa. B c o r e T a H n u  c 

HeKOTOPHMH A06aB0VHbLMW UaHHbLMW MaCCa 6 w a  6 H  OreHb ES432oMbac 

a p r y M e H T m  B n a n b 3 y  o n p e n e n e H H o m  aToMHoro  H-pa. 

~ ~ P O U Y K T ~ J  pea~unfi ' n a n ~ o m  C~WHHSI"  T f l x e n o m  noHa c R n p a u n  

WWHH n ~ e m  B e c b u a  TOVHO O n p e a e n e H H w  KnHeuaTnreCKne XapaKTepncTnKn 

BcneacTBne 3 a K m a  C o x p a H e t i m  n m y n b c a -  (3 Hanpasnennf l  A B H X ~ H ~  

CTPO~O no n y w y  RAPO mnavn nnue cnerwa m w n o w e T c f l  3a c r m  

p a c c e n ~ n a  B u a T e p n a n e  unme~n n 3 a  c r m  n m y n b c m  H~~~TPOHOB. 

u c n a p f l m x c f l  n3 C a x a B H o r O  R n p a  Yaw- yrn- p a c n p e n e n e t i n e  n a e T  

B(~L~MU;LHOCT~ u r a e n m b  npoaywTN, nanyraeuh le  B p e ~ y n b ~ a ~ e  n p y r n x  

KaHanOB B ~ ~ ~ I M O A ~ ~ C T B H R  M e m Y  nYVKOM H MMloeHbK). 

K HaCTQRIUeMY BPeMeHH AOCTaTOVHO XOpoolo nOHRTbl 3aKOHOMePHOCTW 

O Y H K U W ~ ~  B ~ ~ Y ~ ~ H W R  p a 3 n n r ~ ~  BH~OB p e a ~ u u f i  c T f l x e n m n  u o H a w ,  

nCK3TOMY B PRAe CnyVaeB 3KCnePHMeHTanbHble AaHHble 0 3aBHCHhKCTn B h o t a a  

HYKnWAa OT 3HePrHI I  60M6aPAHPYKIIlU1X ClaCTHLI C n Y M n H  BCnOMOraTenbHbLMW 
1 

ap ryueHTaMn B n a n b z y  ~ K P H T U R  sneMeHTa. WK~TCR n a p y r n e  BenHCIWHH, 

X ~ P ~ K T ~ P ~ ~ Y K I W ~  R A ~ P H ~  p e a ~ u u n .  3 ~ a r e ~ m  KOTOPHX 3 m n ~ n r e c ~ n  I 
CWCTeMaTH3WPOBaHH H OIlWCaHH TeOpHAMM C "~o~FoHwHHMU"  naPaMeTPaMM- 

 TO 3Wl?KTWEHtre CeVeHWR KaHanOB B ~ ~ w M O A ~ ~ ~ C T B H A  Pa3nH'iHHX THllOB. I 

BenWVHHa 3HePrWH W BwMeHH M 3 H H  Pa3nW'iHHX TClnOB PaAWOaKTHBHOM 

p a c n a a a  B 3 a s n c n m T n  OT a r m o m  n uaccomm HoMepa. I 
~ ~ P ~ A C T ~ B ~ R ~ T C R ,  VTO W r Y T  6 W b  OnPeAeneHbl bl UCnOJlb30BaHbl 

H O H W ~ ~ U W O H H ~ ~ ~  n m e H u n a n N  a T c w m ,  a T a K x e  Hewaroptre xnunrecwue I 

c . s d c ~ e a ,  K m o p t r e  He n p e T e p n e B a m  6 a n b u ~ x  cwarwm B - R a e  n 3 y r a e w  

aTCMHHX HOMePOB- 

Mbl noKa  He y n m H a n n  0 m m e B m e ~  MoWHTe B 3KCnepHWeHTaJlbHHX 

HCCneUOBaHHRX , YOTOP&. K CCaaneHHKl. MorreT A H C K W A H T M m T b  AaXc2 

CaMH€? CTPOrHe aPrYMeHTH- &no B TOM, 'iTO B nePBHX I lOnWKaX CHHTe3d 

HOB@ ~ ~ ~ W H T H ,  KaK npaswno, n a n y v a n n  H a  npenene m r * m t O C ~ e R  

3 ~ c n e p u ~ e ~ ~ a n b ~ d  annaparypu. H HX e n b ~ t d l  B H X ~  H c v w c m n c R  

eAHHHC1HHMU a ~ o ~ a W . * a  " ~ € ! A H ~ R  C T ~ T U C T U K ~ "  ManeT CepbeaHO m p a H H M T b  

UOKa3aTeJlbHYKl CHnY nK%b4X aPrYMeHTOB- 

b n e  s~pa6urwn KPHTePHeB B n M H e  BCQMJMa CHTYWHA, K m A a  

pa6urb l  ABYX KWneKTHBOB B CYMMe 6YAYT Ccl l reeTCTBaaaTb 3THM 

KPHTePHAM, XOTR HH OAHa H 3  p a 6 m  B OTAeJlbHmTH H e  C m  6 W b  

n p n 3 ~ a ~ a  m K p m n e M -  T0I-m c n e n y e T  0 6 c y n n r a  n m T n e  "cosrrec~~oro 

UTKPWHR" - 
Ha Haw mrmn, c n e A y e T  B H H ~ T ~ ~ ~ H O  OTH~CTHCL K npeAnoxeHna.  

V T ~ H  pa6ma c C ~ O C H O E ~ H H O ~ ~  ~ ~ R B K C $ ~  H a  m K p m n e  n p n 3 ~ a m n a c b  

U T ' K P ~ U e M  T M b K 0  nOcne  T o m ,  KaK Pe3YnbTaTH 6YAYT n a T B e P m e H H  

H ~ ~ ~ B H C H W O ,  3;enaTenbHo B n p y m k  n a 6 W a T o p H H -  

MH e m  p a 3  a a o c ~ p ~ e ~  BHnLlilHue H a  BTHX n m o x e H m x  n c r r m y ,  v ~ o  

HaIU aHanW3 UCTOPMH TWHCYPaHOB n o Y a 3 a n  HeCOCTQATeJlhHoCTb IlOnWOY 

a 6 C O n ~ U 3 H P 0 ~ a T b  KaKH€-nH60 ACKa3dTenbCTBd OTKPWUH, IlOCTaBHB APYrHe 

" B H ~  3aKOHa" - H~OAHOYP~THO CnyYanOCb. VTO aPrYMeHTH, Ka3aBlDieCR B 

C:BOe BPeWR a6CQnWTHO HaAeMHMU H y6eAHTenbHtJMH. oYa3anHCh 

BnOcnenCTBUH H ~ A ~ B c T B H T ~ ~ ~ H ~ ~ ( H ,  TaK KaK 6 W H  BCKPWH HOB= RBJleHHA H 

3aKOHOMePHOCTH, KOTOPHMU TaK 6 0 r a T a  TWHCYPaHOBaR 06JIaCTb- MOWO 

COCnaTbCfl H a  HeCKMbKO AOCTaT(T(H0 H3BeCTHHX I lPHWIlOB (CCWKU CM. 

tin=)- TaK, npn O T K P ~ H H  H 0 6 e n m  ( 2 - 1 0 2 )  m a m a  X H U U ~ ~ C K ~  

HAeHTWWKaUHH 6a3HPOBanaCb H a  QllWnaHHH TPeXBaneHTHOM COCTQAHHA 

3neMeHTa B BOUHW PaCTBOPaX ( BC~OMHHM aKTHHMAHYD KOHUenUHD (3H60plYl) - 
O A H ~ K O  CKa3anOCh. '-IT0 3neMeHT ~ a H 6 M e e  YCT&VUB B ABYXBaneHTHW 

COCTQRHHH, KOTOPO~ x a p a ~ ~ e p u 3 y e ~ c ~  n p y r u u  X H ~ ~ ~ ~ C K H M  noBeneHweM. 

knee, npn OTKPWHH. MeHneneBm wcwnmann EKEMOXHOCT~ ~ a 6 n m e ~ m  

HYKnHAOB C aTOMHHMU HOMePaMw MeHbUE 100 H a  TOM OCHOBaHHH. 6 Y m O  3TH 

3 n e ~ e ~ ~ ~  H e  m r y T  H W T ~  c T o n b  KopoTKne ( p e v b  mna o vacax) B p e w H a  

M 3 H H  UTHOCHTenbHO CllOHTaHHOM AeneHHsr- B 3HaVeHHH H e  OIW6nHCb. HO 

I ~ ~ u B ~ u ~ H H ~  aPprYMeHT a a 3 a n C f l  I lMHOCTblo HeCOCTQATeJIbHbW, TaK KaK 

nmxe B 06nac~u 3 n e ~ e ~ ~ a ~  OT U AO Bk Y A~CRTKOB HyKnHnaB 6 m  

H a h e H h l  CnOHTaHHO A-WeCR H-pH mXc2 C i p e & H a ~  -HH ~ o - ~ c .  

H a ~ m e u .  C u c T e m T n K a  nepnam n a n y p a c n a m  V ~ T H W  VeTHHX HYKJMAOB 

OTHOCWTeJlbHO CnOHTaHHOM AeJleHHA B 3aBHCHU3CTH OT 9 H C M  ~RTPOHOB 

npn WIKCHP~B~HHW a T m m  ~ m p e  B 06nac~u AO 2-102,  K O T O ~ ~ R  

x a p a ~ ~ e p ~ 3 y e ~ c f l  OCTPW braKcuWmUU npu 2 ~ 1 5 2 ,  B CBOI? ~pem 

u c n m b 3 o B a n a c b  KaK a p r y Y e H T  n m m  4riiYTa O T K P ~ H R  3 n e m ~ a  



I 
P ~ B _ H T L ~ ~ - _ ~ ~ ~ ~ ~ B - ~ - c _ H H T ~ Y  

K a r  H 3 a e c T H 0 ,  I l e P B W  T P a H C Y W H O B W  3 n e M e H T h l  6 M H  n o n y ' i e H b l  B  

p e a y n b ~ a ~ e  p e a ~ u u R  Z I ~ X B ~ T ~  ~ e f i ~ p O H m  ~ n p a u n  Y P ~ H ~  c n m n e n y m u  ~ 
P - P a C n a n m  06W3YKNUUXCR H ~ ~ ~ T P M M ~ ~ W I T I V H ~ U (  HYKIIHUOB, a T a K l O e  B  

4 
P e a K W X  ( H e . x n ) n p u  0 6 n Y ' t e H H W  COOTBeTCTBYKlUDiX T R f E n H X  w E H ~ R .  

4 
I l M Y ' i e H H H X  H ~ ~ ~ T P O H H ~ ~ M  MeTOAOM, I lY ' iKaLW Y C K O W H H H X  HOHOB H e .  
3 f i~nrref i~uf i  ( Z . 9 9 )  H  4 e p L W f i  (100) 6 M H  B n e P E b l e  o 6 H a P Y l O e H b l  B  n W Y K T a X  

H a 3 e t . i t t o r o  T e p u u a n e p t i o r o  mptma, rne  a n  06pa30aanncb B p e z y n b ~ a ~ e  
W H O B e H H W 0  3 a X B a T a  6 b l C T P H X  H ~ ~ ~ T P C H O B  RAPalAki Y P a H a ,  K U T O P b l e  3 a T e M  

n m e p n e n n  W H H H Y ~  uenorwy P-pacnanm- B m e c T n n e c R T b l x  ronax B CIllA 

6 B n H  C n e n a H t d  I l O n H T K H  I l M Y ' i H T b  H a  3 T O M  n Y T H  H  TPaHCQePL(WeBble  

3 n e Y e H T h l -  &El 3 T O m  n P H  n O n 3 e M H H X  T e P U 3 i A e P H b o c  & 3 P b l B a X  B  Y C T P ~ C T B O  

3 a ~ n a n m a n n c b  u n m e ~ n  u3 ~ ~ ~ K T O P H H X  TWHCYP~HOBISX H y K n u n o B  meed B 

n e c R T K u  ma-. m x m ,  o n H a K o ,  a a 3 a n c R  6 e 3 y c n e m b 1 ~  H C m T a B n n  n u m b  

3 n H q  B  H C T O P H H  T P a H C Q e P M U e B H X  3 n e M e H T o B -  Cron6o~oi3 re A O P O T ~  

c T a n o  0 6 n y ' i e H n e  u n E ~ e R  n 3  nmmoa  T R X e n H X  s n e M e H T o B ,  n m T y n H m  B 

H e 0 6 X O n H M H X  B e C O B H X  K M H ' i e C T B a X  ( > 0 . 1  W TRrenbUAW HOHBUM- B c e  

~ K P H T U R  HOBHX ~ ~ ~ M ~ H T O B  ~ t u u e  M e H n e n e B w R  C B H ~ ~ H U  c pearunmm 
" I ~ Q ~ H O T O  C ~ H H H U R " ,  CMPOBCPnalOUjHlAkiCR H C n a P e H H e M  H 3  B ( a 6 Y X A e H H m  

C C C T a B H O r O  R A W  OAHHX T Q n b K O  H ~ ~ ~ T I J O H O B .  T - e .  P e a K U H H  ( H l . x n ) .  

H e K U T ~ p b l e  H 3 6 O I l h l  YlOe U T K p W b o t  3 n e M e H T O B  6 M H  3 a T e M  I l M Y ' i e H b l  C  

H C n M b 3 0 B a H H e M  H  n P Y r H X  T H n O B  B ~ ~ L I U O , I I ~ ~ ~ C T B W R  T R P e n H X  HOHOB, 

H a n p n u e p ,  B peacumx ( H I . a x n ) ,  B p e a l c u m x  nepena'in 6Mb1mn-0 'incna 
H Y K n M O E  H  T - A .  I 

13 O r P O M H O M  b Q n b U U t H C T 6 e  C n Y ' i a e B  E m b Y X A e H H m  C O C T a B H e  R A W  

n p e T e p n e B a e T  u r H o s e H H t x  n e n e H u e .  H a p a n y  c 3 T n M .  B  lo3-lo5 pa3 

d a n b u i e  ~ W ~ K T H B H U ~  C e Y e t i u s i ,  'ieu K a H a n  ( H I . x n ) ,  n u e m  peawunn 

ll€!PenaYH 3 H d ' i H T e J l b H O r O  ' i H C J l a  H Y K n O H O B  W X A Y  C T a n K H B a U W U M C R  CnOMhaQl 

R n P d U M .  OHM RBJISIVPCR CCHOBHbUI HCTO'iHHKOM QOHOBblX ~ K T H B H O C T ~ ~ ~ ,  

n u n ~ n p y w x  H ~ ~ Y Y ~ H H ~  H o B o r o  s n e M e H T a  n u e u a m x  ero 0 6 H a p y x e H n n .  

Ilpn p e r n c T p a u n n  .=- n 3 n y ' t e ~ m  QOH nam <=- Y a c T n u u  6 m b r w x  s ~ e p r n f i ,  

H c n y c K a e u t i e  KOPOTKUXMBYWMH ' i n e H a u C i  u e n m e K  pacnana m H m n T e n b H o  

nUSlrOXHBYUIbiX P O n O H a V Z l n b H H K O B  H 3  0 6 J l a C T H  H ~ ~ ~ T P O H O ~ ~ W U W T H H X  H 3 U T M O B  

R d  T h .  k I X I e n H H e  0 6 P a 3 Y m C R  n P H  C P U B e  H e C K M b K H X  HYKnC4KlB H 3  

aKTHHOHAHHX U M W e ~ e f i .  ~ P H C Y T C T B H ~  C B H H U a  H  O K M O C B H H U O B H X  3 n e M e H T O B  B  

MHUleHRX IlPHBOAblT K 0 6 P J 3 U B a H H I O  H 3 0 M e P H W ,  U T H C C H T e n b H O  A M m B Y I W X  

~ O C T C H H H A  H3CrPOnOB PO, K U T O P h l e  H M e m  H e 0 6 W H O  B b l C C U H e  3 H e P l 3 l H  

,T pacnana ( ~ n n u r b  no 11,65 M 3 B ) .  flpu P e r n c T p a u n n  C n m T a H H o r o  n e n e H m  

HC'POC(HHK0M QoHa R B J K I e T C R  P a C I l a n  C I l O H T a H H O  A e J K I M X C R  H3-LCB R n e p  

u 3  m n a c T n  cpentinx a K T n t i o n n o B ,  a T a w r e  aanasnmamee ( n o c n e  

f i i - P a C n a n a )  U e n e H H e  C H n b H O  H ~ ~ ~ T I J O H O A ~ Q * I U H T H ~ U (  a K T H H O H A H H X  H Y K n H n O B -  

B I l C C n e n H e e  B P e M  H H T e H C H B H C C T b  IlY'tKCJB T R E n H X  H O H O B  H a  

YCKOPHTeJKIX Y n a n C C b  A O B e C T H  a0 YPOBHSl, KOTOP& MOmeT B t E 3 W T b  

P ~ ~ P Y I L I ~ H H ~  unore~eii, H C ~ M ~ ~ Y ~ M H X  B H c c n e n m a H m x  n o  T p a H c w p u n e B t m  

sneuewrau. ~ O C T ~ T O ' ~ H O  c ~ a 3 a ~ b .  YTO B mne cny'iaea 3 ~ e p r o s t u 1 e n e ~ n e  B 

u n u e H H o M  c n m  3a c'ier TOP-HWI ny ' ina  cefi'tac W T u r a e T  3 ~ a ' t e ~ H f i  

?000 K B T / K ~ ,  ' i T O  -0 C P a B H H T b  C  20 K B T / K ~  T O n n H B a  B  C O B P e E H H H X  

3 H e p r e T n ' r e c n n x  R n e p H t m  P e a K T o p a x .  Ecnn B npomnm C C H O B H ~  

T ~ X H H V ~ C K ~  I l p o 6 J l e d  6 W l O  Y B e n H ' i e H H e  H H T e H C H B H O C T H  I lY' iKa.  T O  T e n e p b  

H W T  T e X H H ' i e C K H e  W I U e H W 3 ,  K U T O P W  I l m B Q n H n H  6 b l  H C n M b 3 0 B a T b  

C Y m T B e H H O  6 0 n b l l M e  H H T e H C H B H C C T H  I l Y V K a -  

?ran@_ ar_w~rr-w-?ne-w~ToE 
H e c K Q n b K 0  Y C n O B H O  HCTOPHY) UTKPMI'HR 3 n e W H T O B  3a M e H A e J l e B H e M  

-0 P a 3 n e n H T b  H a  3 T a I l h l .  C B R 3 a H H K  C  OTKPMI'WeM K O H K ~ H H X  

s n e u e H T o B ,  n M e m e  x a p a w T e p H h l e  n p n a ~ a w n .  Mu ~OBOPHM H M ~ H H O  06 3 ~ a n a x  
n c T o p u n  UTKPHTW-I, T a r  K a K  H ~ Y V ~ H H ~  p a H e e  u r w p ~ ~ ' ~ ~  ~ ~ ~ M ~ H T O B  

n P O n Q n m e T C R  n o  ceR A e H b .  

~ ~ e M T b l T l o - i ~ ? - 1 - ~ ~ 3  

 TOT 3 ~ a n .  T a K  re wax n c n e n y m R ,  cBk3a~ c u c n m a 3 a e a H u e u  B 

K a ' i e C T B e  LW!lIeHeR Y p a H a  H  P e a K T O P H H X  T P a H C y p a H O B  Pu, Am, Cm. KWl'OPM2 

o 6 J l Y ' i a n H C b  C ~ B e T C T B Y u U H L W  ( A O I ~ Q ~ H H T ~ ~ ~ H W  n o  2 )  T R X e J l W  H M a M U .  

P ~ ~ K U H H  -0 H a 3 B a T b  " r O P R ' i H M  C H H T ~ ~ ~ Y " ,  T a K  K a K  M H H H L s n b H O  

BCX3MOXHaR 3 H e P r m  BCI36YXAeHHR C O Z T a B H O T D  S l n P a  A O B M b H O  B b l C a a  H  AJI5l 



ero n e p e x a a  B O C H O E H ~ ~  c c c T o R H n e  H e 0 6 x o n n L K )  w c n a P e H n e  H e  ~ e ~ b m e  3-4 

H ~ R T ~ C H O B .  H=Z?El K C 3 i K y P n p y K S I l e r o  n P 0 i l e C C a  W H O B e H H O m  n e n e H I l R  E p o R T -  

H O C T b  0 6 p a 3 0 B a H m  HOB= 3 n e M e H T O E  B  TaKWX P e a K q W R X  C P a B H H T e n b H O  Maria. 

k p ~ t E  G T K P h T W  H 3 0 T O n b l  3 n e W H T O B  102 H 103 6 W H  a n b 4 W -  

~ K T W B H H M M - B B H ~ Y  I l P W H a L I n e M O C T H  3 T H X  3 n e M e H T O B  K aKTHHOUAHOMY PRAY 

6 n H 3 K H X  n o  C B ~ ~ C T B ~ M  3ne l*eHTOB,  XIIMnYeCKYY) W ~ e H T I I M K a U H I O  Y A a n O C b  

B W O ~ H H T ~  n n m  nccne ~ o r o ,  KaK ~ H C T O  ~ 3 u q e c r n m  M e T m a m  6 W H  

d K p H T b l  W M H 0 3 H a Y H O  H n e H T H O I l q H P 2 B a H b l  HeCKCUlbKO ACCTBTOYHO 

~ C N I M M B Y W X  W 3 C W M O B .  

B n e p B t u  n o n m K a x  3~01-o 3 ~ a n a ,  n p O B e n e H H t a  B C ~ m r o n b u e ,  

M ~ K B ~ ,  & P K ~ H  H A y 6 ~ e , 6 w n  B C K P m b l  O C 0 6 e H H O C T I I  3 a n a Y H  bi O C 0 3 H a H b l  

n P e n R T C T B w R ,  B03HHKaY)IqHe H a  Bb l6PaHHOM n Y T H -  

9ne~e~~~-lo4-cl-IOS-~IOa1 
Y n e p B b I X  ~ K P ~ ~ I X  H S ~ W O B  E e p o m H c c T u  a n b e - p a c n a n a  H 

C n m T a H H o r o  n e n e H m  6 n H 3 K H  n o  n o p R n K  y ~ e n n v n ~ t d .  O r ~ p w w e  s n e M e H T o B  

R  BSLRnOCb P e 3 Y n b T a T O M  KOM6HHaUHH XHMMYeCKIIX H  O H 3 H q e C K H X  

n o w a ~ a ~ e n b c ~ s .  3 ~ a n  6w m e H b  n n o n a s o p H t m  n B npyrwx a H o w H m x .  B 

X n m Y e C K u x  3 K c n e p n u e H T a x  6Wa 3 K c n e p n M e H T a n b H o  n o w a n n 3 0 ~ a ~ a  sepxwin 
r P a H I l U a  a K T k i H O k i F I H O r 0  C ~ W ~ ~ C T B ~  B  ~ ~ P W O ~ W ~ ~ C K O ~ ~  C H C T e M e  H  

O K O H Y a T e n b H O  n O A T B e P U e H 0  era C Y U e C T B O B a H H e .  0 6 H a P Y l e ~ H t E  E  

O H 3 H q e C K H X  O n H T a X  "WHOBW" WCTOYHHKH C n O H T a H H O l T I  A e J l e H w R  R n e P  H 3  

~ K T H H O H ~ H ~  0 6 n a c T u  cam o ~ a 3 a n n c b  R B n e H n e M  ~acurra6a ~ K P H T H ~ .  Mbl 

n w e u  B E n n y  C n o H T a H H o  n e m m e c R  n 3 0 ~ e p b l  wpm n R m a .  wcnmtmame 
3 a n a 3 n t m a l ~ 4 e e  n e n e H n e .  Orrpma HOE= ~ ~ K O H O M ~ P H O C T ~  B " C W C T ~ ~ T H K ~ "  

n e p u o n o B  C n o H T a H H o r o  n e n e H n R  - 

OllHTId 3 T O r 0  3 T a n a  n P O E O n W n W C b  E  A Y G H ~  H  q a C T H q H O  E ~ P K ~ W -  

?sle~e.H~K < l061101.:. I?? 

H a u B ~ n e e  X ~ P ~ K T ~ P H O U  Y ~ P T ~  3 T a n a  REILReTCR H C I l Q n b 3 0 B a H W e  AJW 

C W H T e 3 J  3 n e M e H T O B  " x C U ~ O A H O ~ O  n Q n H O r 0  C ~ W R H W R "  R n e P  - M e T M a ,  B n e P B t E  

P e a n H 3 0 B a H H O r O  B  A Y ~ H ~  W EnOCJ leACTBI IH  3 a T e M  LWPOKO n P H M e w i B E r C I C R  B  i 
Lbpuurran~e. Ecnn B ~ R T ~  m u j e H b  n 3  panma n E a s n b l  M a r n q e c K o r o  snpa 
2 0 8 ~ b  W COOTBeTCTBYKNtlUe T R D e n b l e  HOHbl, K U T O P W  b n W 3 K H  K n B a m b l  

48 
M a r n C ( e c K a y  Ca, B p e ~ y n b ~ a ~ e  6 a n b u i d  3 a ~ p a ~ b l  3 H e p r n u  H a  c n m H u e  

B ~ ~ H M o ~ ~ ~ ~ c T E Y K N U U X  R A e P  MMHHManbHaR 3 H e p ~ W R  ECX36YUeHWR C O T a B H O r O  

nnpa M ~ T  B m b  c ~ a n b  H H S K ~  ( t20  M 3 B ) ,   TO OHO n c n y c K a e T  Bcero 1 

nnu 2 ~ e i i ~ p w a  wnu naxe n p m c x o n n T  p a n H a q H O H ~ b d l  3 a x ~ a ~  T u E n o r o  

H O H a .  " B I A X M B ~ ~ M O C T ~ "  C O C T a E H t u  R n e P  nQ3TOMY 6 Q n b M e ,  OLlHaKO 

nCJRES IRmCR n P e n R T C T E H R  ns lR  HX 0 6 P a 3 0 B a H W I .  h y q e ~ H e  n Y q K o B  R n e P  

C(3DTBeTCTBYY)lIlUe C E e A e H H R  0 I lOZTaHOEiKe  M H T O B .  HX P e 3 Y n b T a T a X  U 

n n ~ e p a ~  y p a  

1. G.N.Flerov, 1-Zvara. JINR Comunn. D7-6013, Dubna, 1971. 

2. P-Armbruster. In :  Ann-Rev-Nucl. Part. Sci.3?,135(1985). 

3.  1-Zvara. Pure A p p l .  Chem. 53, 979(1981). 



1'. H. IPnepo~. C.l- 3 ~ a p a  

XLMNECKM BIIEMEHW B T O m  COTHC.1 

CbXloe~We m-6013. Ay6Ha, 1971 

-_K~_w_~e~_w_w-arrc~~e~- 
~ P W  PaCCMOTPeHWH WCTOPHW OTAenbHHX 3neMeHTOB hQd HCXOIlHnH H 3  

c n e n y m x  rpnTepneB. 

1) " 3 n e ~ e ~ ~ "  e c ~ b  nwme B c e m  ncYLRTne n 3  o6nacTn x n m n  H 

a ~ m d i  W 3 W K W -  Ecnn n3Y'taWrCH TonbKO PanbiOFIKTnBHW C I ~ O ~ ~ C T B ~  

H3UTOIIOB W IIPWMeHRWrCR R~ePHWW3WYeCKWe AOKa3aTeJlbCTBa nPaBHnbHCCTH 

WneHTWWKaUWW. p6OTY -0 CVWTaTb UTKPmneM 3neMeHTa TQnbKO B TOM 

cnyvae, rorna s t m o n ~  war cx aToMHou ~ o w w ,  Taw n o uaccmm vncne 

H e  noziBepramcrr p e ~ n 3 n n  B n m n e n y m x  nccnenoBaHmx. HYMO notmnTb, 

'(TO, K a K  nWBHn0, OnWneneHbie PaAnUaKTnBHHX C B ~ C T B  H e  IIPeACTaBJEleT 

ueHHm8Tn nm rrnep~ol i  maurn, worna OUM~OYHO onpenenetio m c c m  
vncno. 

2 )  Ecnn noprrnwosd H ~ W P  YcTaHosneH xnmrecwnm cnm06am nnn 

CPenCTBaun aTOMHdi W 3 W K W  ( P ~ H T E H O B C K ~ R  CneKTPOCKOnHR H nP . ) ,  TOrna 

naxe 6 e 3  sinep~w+n~wanYecrafi nneHTnmraunn Pa6my cnenyeT n p n a ~ a ~ b  

mKpmneM. B  TOM cnyvae mccmoe vncno n m o n a  smme  ace^ 

OCTaBaTbCR HeW3BeCTHhlLI. 

Talcwe wpnTePnn, war Hau waxercrr, npnMeHnw H e  ~ o n b r o  H a  

COBPeMeHHOM 3Tane CWHTe3a 3neMeHTOB C IlOMOU[bY) TRPenHX WMOB. HO H 

npn n c n o n b 3 o ~ a ~ n n  6onee  mpoworo  Kpyra M ~ T O ~ O B  cnHTe3a n noncroa 
HOBHX 3neMeHTOB. H ~ K O T O P W  H 3  HHX 6YnYT 06CYmaTbCR B nCcnenYWx 

n a p a r p a w x .  

Mbl cYnTaeM, nanee. v ~ o  nevaTtiw pa6mH, n m m w H H t i e  mwpmnlo 

HOBO~O 3 n e ~ e ~ ~ a .  A ~ M U  conepxaTb nancnre~ne " B w c n e p n m ~ ~ a n b ~ d  

Y ~ C T H "  B KlPMe. Bm-0 6 n n 3 ~ d  K ~ P O T O K Q ~ ~ H ~ .  B HWX A M E H  6 W b  

o n H c a H a v H o  mpeneneH noprrnrost#l H ~ P  sneMeHTa n n 3 ~ e p e ~ u  C&CT= 

pacnaua nammoa c T ~ H ~ T ~ Y ) .  C ~ ~ T E I ~ T C T B Y ~ ~ ~ ~ ~  X O P O ~ ~ M Y  COBWM~HHW 

YWBHKI 3 ~ c n e p n h i e ~ ~ a n b H d  TeXHWKH- -Ma 06CYaaTbCR Bm-aR 

HeOaHcaHaYHmTb B OnpeneneHnn r c a c c m  vncna- 
Kpa~wnfi  OVePK HCTopHH OTKPmWR TPHC4ePMMeBHX 3neMeHTOB 

n c x a 3 w a e ~ .  YTO P a c c m w H n e  K O H K Y P W P Y ~ X  -BOY H a  m r p m n e  

3neMeHTa C TmKH 3WHWR YCTaHOBneHWR aI3TOPCTBa H e  M3Xi2T 6 m b  

C ~ R ~ ~ H H ~ T ~ Y )  Kounccnn n o  HMeHwnaTyw ~ e a p r a ~ n ~ e c r d  xnunn MOW- 
X a p a r ~ e p  n m n e w  ~ p e 6 y e ~  npnaneveHm cneunanncTm n o  pa3nnYHm 

OTPaCnslM ~ H ~ H w R :  s i n e p ~ d  W3WKB H XWL(HW, a ~ o t m d  W 3 H K e .  a B 



f l p n n a x e H n e  I1 

fl. A p M 6 P Y C T e P  

0 riOnYC(EHLIW TRltEIblX 3IIEMEHTOB WTEM X O J ~ O ~ H O ~  CJWIHLW: 

3 j E M E H W  106 - 109 

Ann. Rev. Nucl. Part. Scl., 1985, v .  35. p. 135-194 

H ~ H M ~ H O B ~ H H ~  3 n e M e H T O B  ----------------------- 
H e  CKPHBaR m p e n e n e ~ ~ d  ~ a ~ f i  C ~ ~ C T B ~ H H ~  3 a H H T e W O B a H H C C T b i ,  

M~I  x m n ~  B H ~ C T W  B K n a n  a pa3peme~ne c y u ~ e c ~ ~ y ~ x  p a 3 ~ o r n a c u 1  

~ H O C W T ~ ~ H O  H ~ B ~ H H W  s n e u e H T o B .  MH n p e p n a r a e M  cnenyu0ee npaanno: 
c n H T e m  3 n e u e ~ ~ a  C T a H o B n T c R  n a y r e t i n e  m p e n e n e H H o r o  n m o n a .  n 

H a 3 B a H H e  n O n M O  nPWHWMaTbCR T O n b K O  B TOM C n Y V a e ,  e C n M  ~ P ~ T ~ H A Y w ~ ~  I 
H a  UTKPblTHe 3KCnePWMeHT Ma03eT 6 m b  BOCnpOM3EeAeH.  Li3(31P0fl 

o n P e a e m e T c R  u a c c o ~ b ~ l  n a T o M H m  H o u e p a u n ,  ero n p n 3 ~ a ~ n  - BHAH 

pacnana H nepnm ncnypacnana. Mcymaeme n s m o n ~  pacnapamcg n y T e M  

3 n e K T P O H H O F O  3 a X B a T a  W C n O H T a H H O r O  AeJleHWR, ' iTO HHOFAa 6 H B a e T  TPYAHO 

m H e c T n  K K~KOMY-nn60 O n p e n e n e H H m y  n 3 m o n y ,  nnn xe n y T e v  

a n b m - p a c n a a a .  r ~ o ,  6naroaap~ TOVHCCTH n 3 ~ e p e ~ n f i  ~ H ~ P T H H  pacnana B 

n e c m t r e  ncnn n p o u e e r a ,  n a e T  o r e t r b  ~ a n e m b l i c  c n o c o b  m o x n e c T s n e H w R .  

B P ~ M ~ H H ~ R  KOPPeJlWUWR nOCJ leAOBaTeJ lbHHX P a C n a A O B  RBILReTCR 

~ O n O J l H H T e J l b H t I M  MeTOAOM nJ%l 0 ~ 0 H ' i a ~ e n b H d  HneHTHQ*rKaUklH n 3 O T m O B .  

f l ~ e Z l J l C ! X e H ~ m  n P a B n J l 0  AOJlXHO I IPWMHRTbCR C( B P e T P C C n e K T H B e ,  AJlW B C e X  

I l p n n a r e ~ n e  I1 I 

H. 3Bapa 

WO6;11EMA Xkfi4HC(E(XOU WHTLfPWCAUML1 HOBM 3 j E M E H T O B  

Pure A p p l .  C h e m . ,  1981, v .  53, p .  979 

BBELEHLIE 
B~MOI;HOCTW U T K P ~ M R  HOB- Xuh tnZlecKnx  ~ ~ ~ M ~ H T O B  o n ~ e n e n s i r n c ~  

n P O F W C O M  R A ~ P H ~  + U 3 n K n  n TeXHHKH- Bce H3BeCTHble  3 n e M e H T H  C 

aTOMHblMLI HDMePaMtl Bbrme 100 C H H T e 3 H P O B a H H  B R n e P H H X  PeaKUWRX C 

a n b m - r a c ~ u u a u n  n T R x e n w  nmam ( Z  > 2) npn 6 0 ~ 6 a p n ~ p o e ~ e  y p a H a ,  

PeaKTOPHHX T P a H C Y P a H O B W  H 3 0 T O n O B ,  a T a K E  CBHHUa H BHCMYTa. C 

nQnY'ieHWeM B C e  6anee HHTeHCWBHHX nY'iKOB T R W -  HOHOB CBR3aHbl  B 

OCHOBHOM W f l ePCf leKTHEH U T K P m W R  HOBHX 3 n e M e H T O B ,  B TOM Y H C n e  

" c s e p x ~ ~ x e n b ~ t "  (CI3), B 6YnYrneM, ecnn n O n r c r m B y m n e  n m o n ~  n o c n e n H n x  

H e  6YAYT H a f i n e H ~  B n P H P O n e  ( C M -  P ~ ~ U T H  11-51 0 6 3 0 P H O r O  x a p a ~ ~ e p a ) .  

HoseRmne C n H T e T H ' r e C K H e  3 n e M e H T H  AOCTYnHH, QdKTHYeCKW, n H m b  KaK 

e a n H n ' i H n e  aT0t.w n n u e m  u a n b l e  B p e u e H a  m 3 ~ n -  3r0 ~ p a a ~ e  ~ ~ T P Y ~ H R ~ T  

B W O n H e H H e  X W ~ ' ~ ~ C K ~  HAeHTWWiKaUWW KaK C C C T ~ B H ~  Y a C T H  UTKpHTWR H 

a a m b ~ e a m e e  n a y ' i e ~ n e  xnunrecwnx C B ~ C T B  BTWX ~ ~ ~ M ~ H T C I B  - zanaru,  
~ m o p b l e .  p a 3 y ~ e e ~ c f l .  ~ 3 a n m 0  T e c H o  C B R ~ ~ H H -  ~ J O H R T W ~  s n e M e m a ,  

6 e C C n O P H 0 ,  ~ a L 1 6 O n e e  6 0 r a T O  C-M XWLMZleCKHM C o n e P m H H e M ,  n03TOMY Bce 

E HaXOLWTCR 3 H T Y 3 H a C T H ,  r O T O B t E  I I P e O E l M e T b  B(33HHKa101We B 3THX 

pa6max IlPWHUWllHaJlbHble H TeXHH' ieCKWe TPYAHOCTH. 

B CTPOFOM CMblCJle C n O B a  XHMH'ieCKaR WAeHTWWiKaUUSl U M M a  CCCTUXTb 

B U T U e n e H H H  H O B O r O  3 J l e W H T a  UT B C e X  H3BeCTHHX C H C n M b 3 O E d H H e M  

X a p a K T e p H t J X  T O n b K O  AsIR H e r 0  O C ~ ~ ~ H H O C T ~ ~  XHMUreCKOFO nOBeAeHwR.  Ha 

cauou nene, mrcpmarenw C H H T ~ ~ H Y ~ C K H X  T p a H c y p a H m ~  ~ ~ ~ M ~ H T C I B  Bcerna 
C YCneXOM W C n M b 3 O B a J l H  flAePHW+H'HgM'ieCKHe n a H H b l e  H a P r y l r e H T H ,  YTO 

LlaEaJ lO  BCf3MOXHCCTb C o K P a T n T b  0 6 b e M  Heo6XOAHMHX XHhM'reCKHX 

A o K a 3 a T e n b C T B  UTKPWWR (CM-  0 6 3 0 P H  [ 6 - 8 1 )  . flPeX2W B C e I U  3 T O  6 W H  

P a n n o a K T n B H b l e  C B ~ C T B ~ ,  KaK T O : ~ H ~ P ~ W R  H nepnon a n b m - p a c n a n a  H HX 

B3aHMOCBR3b  H nePLlOAH n O n Y P a C I l a A a  A~l5i C n M T a H H 0 I - U  AeJ leHHR.  *H 

B e n n ' i n H H  R B I L R ~ C R  C n e u n W i r t i m  x a p a K T e p n c T n K a u n .  H n n m  
C P a B H H T e J l b H O  HeMHOTHe T R W W  3 n e M e H T H  W Y T ,  B I lPHHUWlle,  HMeTb  

n m o n ~ ,  n o x c w e  n o  p a n n c a ~ ~ u ~ ~ b a c  C ~ C T B ~ M  H a  WCK- HOB& 

T P ~ H C W P M U ~ B &  3 n e M e H T -  @nee, HeCMoTPR H a  TO, YTO n P H  C H H T e 3 e  

B ~ ~ H M O U ~ ~ ~ C T B H ~  M e m Y  60M6apAHpYamWMtl  T R D e n W  H M a M U  H RAPaMtl  MHLOeHH 

n p m e K a e T  n o  M H o r o q n c n e H H b a r  K a H a n a M ,  Bce 9e ~ c o v a m c c ~ b  06pa30~d~m 

MHOFHX H y K n n n m  n c K n m a e T c R  B cnny ~ ~ K M C I B  c c o t p a H e H m ,  wnw re 
3 a K M C M 2 P H C C T H  IIPOUeCCOB IIPH-T K HWYTOIDlHM 3 W e K T H B H h a (  Ce '4eHHRM- 



(=Hnb~Wd a P T Y M e H T O M  B n M b 3 Y  I l p a E H n b H C C T H  HAeHTHQ*lKaUHW a T O M H 0 m  H 

~ ~ C C O B O M  H M ~ -  q a c T o  cnyxnnn r e H e T n q e c K n e  CMSH HOBOTO s i n p a  c p a H e e  

W 3 B e C T H W  H y K n u n a m .  HO HX H e  Bcerna Ynae? .cn  o n H m H a w o  npocnennrb. 
K n a c c u ~ e c ~ n B  K T ~  n e p e r p e c r H b u c  0 6 n ~ ~ e ~ u i l  m e e T  M e H b U I e e  3 ~ a ~ e ~ n e  am 
H ~ B ~ ~ ~ D M x  3 n e M e H T o B ,  T a K  K a K  H a 6 O P  A O C T Y n H b u c  M U m e ~ e f i  H 6 0 M 6 a P A H P Y W l U U X  

Y a C T H U  B H ~ ~ ~ X O A W M H X  KOM6HHaLlWlX W e H b  O T P a H H V e H -  ~ & I I ~ V H C ~ ~ H H W  

n A e p H w Q * 1 3 n Y e c K n e  a c n e K T H  pa6m n o  c n H T e s y  T p a H c Q e p w e s m  3 n e u e H T o B  

P a C C M T P H B a D T C R  B A P Y T H X  n m n a A a X  H a  ~ a c ~ C S I u ( e f i  KCt-IQePeHllHW. 

B HCTOPWH T W H C Y P a H a B  ~ A e J l b ~ d  B e C  f l n e p H W Q * r 3 H Y e C K H x  W X H M U V e C K H x  

A O K ~ ~ ~ T ~ ~ ~ C T B  OTKPHTWR OT Cny-iaR K cnyyam u e t m n c s i .  npn~eneu  ~ecwanbro 

n p n e p m .  
P e l I I a l o U l U ~  A C % a Z i a T e n b C T B O M  O T K P H T W R  HenTY_H-@:232 [91 n O C n Y M n O  

Y c T a H o m e H n e  r e ~ e - r n ~ e c ~ d  CBRSW c H ~ B ~ C T H H U  yxe  T o r n a  w m o n a  2 3 Y U  

H a  KOTOPYY) Y K a 3 b l B a n O  I l O C T Q R H H O e  O T H O U E H W e  B H X O A O B  3 T W X  ABYX 

~ K T U B H ~ T ~ R  B p a z ~ n n ~ ~ m  y c n m m x  o6nyqeem y p a H a  ~eii~paiam. Y a ~ e u  6w 

H ~ B A ~ H  cnwm x n ~ w ~ e c ~ o r a  p a s n e n e ~ m  H e n T y H m  n y p a H a  n c ero nouomro 
nouaaa~o, VTO H ~ ~ T Y H W B  H a K a n n n B a e T c n  co CKOPOCT~B, C O O T B ~ T C T B Y K ~ ~ ~ ~ ~  

C K O P O C T H  W C l l a A a  2 3 9 ~ .  X H M H V ~ C K W ~  A a H H W  C B O n W n W C b  K Y C T a H O E n e H H Y )  

6nn3cC~n X n m Y e c K n x  C ~ C T B  Y p a H a  n H e n T y H m  npn B~MOXHOCTW m n e n e H m  

H e n T Y H H R  O T  Y P a H a  W T O P U S I -  

b x -  cnryaum nuena M e m o  B cnyqae _ngy~-*w~ 110, 11 I . bwo 

3 a ~ e ~ e ~ 0 ,  YTO u m o n  H ~ ~ T Y H W R ,  n a n y ~ e ~ ~ d  6 n y Y e H n e M  2 3 8 ~  nef i~o~am,  

WCCOBCE qncno K O T O P O ~  T o r n a  H e  6w0 Y c T a H a B n e H o ,  EI p e s y n b ~ a ~ e  

0 -  pacnana naeT anbm-aw THBHOCT~.  KOTOP~R, c n e n o B a T e n b H o ,  nanma 
n P W H a A n e X a T b  3 J l e M e H T Y  94 ( 3 ~ 0  6W 2 3 8 p ~  ) - X W M U Y ~ C K H ~  A a H H W  C B O A H n H C b  

K A O K a 3 a T e n b C T B Y  O T A e n H M O C T H  3 T d i  a n b m - a K T H B H O C T U  O T  Y W H a ,  H e n T Y H W l  

H T O P r n -  

AMepuuwR 112, 131 6w snepsble n o n y q e H  ~3 nnyrotlm-239, - - - - - - - 
o 6 n Y Y e H H o r u  B peamope, me 6 w z a z a n c n  B ~ e s ~ n b ~ a ~ e  3 a x B a T a  ABYX 

H ~ ~ ~ T P M O B  w 6e~a-pacnana 2 4 1 ~ U -  ( = n O C 6  C H H T e 3 a  A a B a n  O Y e H b  

o n p e n e n e H H w  y K a 3 a H r n  H a  a ~ m d  HHOM~P, n nccnenmarenn 6 W H  n M H O C T b Y )  

Y 6 e S A e H H  B n a n y - i e H n n  ~0~01-0 3 n e ~ e ~ ~ a  nmne  ~ o r a ,  K a w  cmnennnw em cm 
nnYTCt-Im.  

_ K ~ P _ H B ~ I ~ ~ ~ ~ - _ ~ ~ P _ ~ ~ ~ - I ~ ~ ~ ~ - _ ~ ~ ~ _ H ~ Y E B ~ I ~ ~ ~ - _ H _ ~ - ~ _ ~ E _ H B ~ I ~ Z ~  
6 W H  B n e P B W  C H H T e 3 H P O B a H H  n Y T e M  o 6 n Y V e H H R  Y C K O p e H H W  

a n b m - Y a C T W L L a M U  COOTBeTCTBY-X ~ ~ ~ M ~ H T o B - M U R E H ~ ~ ~  C n o p R ) J K O B h w t  
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HOL(eWMU H a  A B e  e A H H H U H  M e H b m  B -KUwRX T H n a  ~ s ( - , n ) ~ ~ ~ n d .  

~ ~ E E H T H  BbDIhIBanWCb W 3  K ~ T H O H W T H ~  x - T ~ P ~ Q + ( ~ ~ c K ~  KDnOHKW B 

COOTB~TCTBHH c n o B e n e H n e M  p e ~ ~ 0 3 e i e n b ~ ~ ~  ~ ~ ~ ~ H T o E ~ ~ H ~ ~ o I - o B . ~   TO 

H e  6W0 6 h l  A C C T a T O Y H O  Y 6 e A H T e I l b H b l M  A C X a 3 a T e n b C T B o M .  € C n H  6ti H e  6 ~ a  

flPC3KTHClCCKH tiCKJlKlY2llZl B m M O I H O C T b  n P O T e K a H M R  A P Y r H X  R A e p H b a c  P e a K q b i f i ,  

KPC'ME B C ~ O M O ~ J T ~ J I ~ H ~ I M  a P r Y M e H T O M  R B W n O C b  T a K X e  A C C T a T W H O  

ttagemce n p e n c ~ a 3 a ~ n e  R A e P H H X  csoirc~s, a B cnyyae u e H A e n e a m  - 
y c T a H o s n e H n e  r e ~ e ~ n ~ c c ~ o n  C B R ~ H  

,75611d . K C ,  L 5 6 F ,  ( n o  r p n ~ o i r  

H a K o n . n e H n s i  -. pacnaaa i . 

n e p ~ 0 d  paburon f l 0  ? B _ H U I T ~ @ H ~ K )  H SP-WK) C Y W T a e T C R  C 0 0 6 W H H e ,  

O n Y 6 J l H K O E a H H O e  B 1955 TOAY 1 18 1 , B K O T O P O M  OnWCtiBc72TCR ~ b l ~ l e n e ~ ~ e  

H 3  n P O n Y K T O E  T e P M O R A e P H O T O  B 3 P H B a  ( 1953 T. ) . n p M  X P O H a T O r P a W Y C X K O M  

P a 3 n e J l e H H H  T P e X B a J l e H T H H X  T P a H C Y P a H l J E b I x  3 n e M e H T O B  6 W n  B f l O I l o P e H U H  

n B Y X  O a l A a e M H X  T P a H C K C l J l t i Q o P H H e B H X  3 n e M e H T O B  6 H a p Y D e H H  H O B W  

a n b + E -  aKTt lBHOCl '11 ,  C ' n H a K O ,  K a X e T C R  , '+TO nOJlHYKl Y B e p e H H O C T b  a B T O P t i  

~ K P S T H R  ncmyynnn T C U I ~ K O  n c c n e  ~ e s a s ~ c u ~ o r o  c n ~ ~ e s a  ~ T W X  ~ ~ ~ M ~ H T O B  c 
nOMCllllblO TRXeJlb lX H O H O B  [ 191 , a 3 a T e M  H B R n e P H O M  P e a K T O P e  [20] . T .  e. 

I I ~ T C M  n n e p H b I x  ~ n p e ~ p a u e ~ n i l  6anee n s y ~ e ~ ~ o r o  T n n a .  

T ~ K H M  & p a a o M ,  c c a M o r o  H a q a n a  pa6m n o  n a n y q e H n l o  T p a H c y p a H o s b a c  

3 S l e M e l i T O B  C.nOXWJiaCb B n C M H e  O n P e A e J l e H H a R  T P a A H U W I -  Tar K a K  R A e P H W  

A a H H b l e  n 0 3 6 U n R J l H  Y K a 3 a T b  C P a B H H T e n b H O  Y 3 K n e  n p e n e n b l  A m  B U 3 M O X H O r O  

3 H a Y e H H R  n O p R A K O B O r 0  H O M e P a .  T O  XHMWYeCKMe O n H T t i  C B O A L I n H C b  K 

U r n e J l e H H K )  H O E O ~ ~  a K T H B H C C T H  O T  3 n e M e H T a - M L I W e H H  H O T  ~ e h n b o l o T 0  V M C n a  

c m e n H n x  n n k i  n p y r n x  " n o n m p e ~ a e ~ b u t "  3 J I e M e H T O E .  kaee n a n H w  

X H M M Y e C K H e  H C c n e n O E a H W R .  B KOTOPHX A ~ ~ ~ c T B W T ~ J ~ ~ H O  nOKa3HBE!nOCb OAHHMM 

TCUIbKO XHMMYeCKHMU M e T O a a M W ,  Y T O  3 n e M e H T  H e  H A e H T H Y e H  HH OAHOMY H 3  

H 3 B e C T H H X ,  FlPOBOAHJlHCb B C e r A a  n m X e -  

I ~ ~ T P Y A H O  n p O c n e A H T b  e U l e  O a H y  W H T e P e C H Y W  3 a K O H O M e P H O C T b .  

Hecumpn H a  T O .  Y T O  X H H H Y e C K a R  H n e H T H 4 H K a U M R  B W O J l H R n a C b  H e  B 

c T p o r o M  c h t b l c n e  3~01-o T e p m H a ,  sanava o ~ a 3 t i ~ a n a c b  H a c T a n b K o  T P Y A H ~ ,  

Y T O  nSLR ee P e W e H M R  3 a Y a C T Y l o  n P H X O A H J l O C b  f l P H B n e K a T b  H O B W ,  H e  C T a B m M e  

eqe n p n B t i w w  nm XHMMKOB nnn " K ~ ~ C C H ~ ~ C K H M ~ " .  X n m Y e C K u e  ~ ~ T O ~ H K H -  

T ~ K  6 ~ 0 ,  B CYUIHOCTH, n P H  OTKPWTHH H e n T Y H m  W n J l Y T O H m  IR, IlpeILle 

B c e r o .  13 cnyyae  auepnqm n KIOPHR [12-141.  K o r n a  ncnanb-nmb 
H m c n s M e H t l c e  X P O M ~ T O ~ P ~ ~ H V ~ C K ~  p a z n e n e ~ n e  H a  K ~ T W O H H T H ~  c u a e  c 
K O M ~ J l e K C 0 0 6 P ~ 3 Y B ~ M  3 J l e M e H T O M ,  T -  e. M e T O a ,  K O T 0 p d  n W m b  H e 3 a A O n M  

no 3 T O r 0  6W B n e P B b l e  n P W M e H e H  n J l R  J l a H T a H O l l A H b l X  3 J l e M e H T O B  [ 2 11 . 
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1. hm c a m  ~ ~ x e n ~ e  3 n e ~ e ~ ~ ~  pacnaaamca n y T e u  c n m T a H H o r o  

penem co C T M ~  KOPOTKHMU nepuonam nonypacnaaa- 
2. B h a ( h ~ ~ a ~ u e  n3 KMOHKH H e n o c p e a c T B e H H o  B n e p e n H  s n e M e H T a  loo I 

n a c a z h l ~ a e ~  H a  2 > 1 0 0 .  

3. M ~ T W  C H H T e 3 a  H e  n(X3BQILReT n M Y ' i a T b  3 n e U e H T H  C Z > l O l -  

B [ I ]  n P e A n O X E H 0  H a 3 B a T b  3 n e E H T  101 M e H A e n e B H e M -  

B 1958 r o n y  6wa M Y ~ J I H K O B ~ H ~  padma *unnnnca H LIP. 131. 
n m m m H H a R  n z y ' i e ~ u ~ ~  u3ur0na 3 n e ~ e ~ ~ a  101 c M ~ C C O B ~ M  ' i n c n o M  256. 

C 1 C n o n b z z o B a n u c b  T e  re 60M6apAMpYKNQaS ' i a c T n q a  H m m e ~ b ,  HO qucno 
1 

aT- 2 5 3 ~ ~  6 M O  2 .  lo1', T .  e. B 2000 pa3 6 M b W e ,  ' i eM B [ I ] .  B c K ~ b 3 b  

Y ~ O W H H ~ ~ T C R .  YTO nepuou nonypacnana 2561~1 ~3 11 I ( . ~ O P R A K ~  0 .5  

' i a c a " )  6w H c n p a B n e H  H a  1.5 'i . n w s w n u w , ~  p e a y n b ~ a ~ e  H3M€!WHwR 

KPHBOS~ ~a~onne~m-pacnana  2 5 6 ~ m  B X H U U ' ~ ~ C K H  ~ t a e n e ~ ~ d  O D a K u u M  

I 

I 

l o l - ro  C MHOTO n y ' i m e R  C T B T W C T H K ~  ( B  RBHOM B H A e  06 3TOM H e  r O E O P R T ) ,  

H I lPHBOnHTCR 3 W K T H B H C E  C e ' i e H H e  P e a K U H H  C H H T e 3 a .  OUeHKH K U T O W r O  B ; 
pa6me [ l l  UTCYTCTBYKT'. m ~ ~ h l e  C31 0 PaAHOBKTHBHHX C B ~ C T B ~ X  256101 

M W a K U H W  C W H T e 3 a .  a T a K E  0 XHMU'ieCKHX C & C T B ~ X  B n I X n e A C T B H H  

He4LIHOKPaTHO l l O A T B e P I l l a n H C b  LIPYrHMM H C C n ~ O B a H W R M M .  B LlaCTHIXTH. B 

1962 r O A Y  B A Y ~ H ~  H3Y ' i anCR 2561~1 ,  n ~ y ' i e ~ ~ t d l  COBCeM UPYTHM n Y T e M  - 

B pearunw 2 3 8 ~ ( 2 2 ~ e ,  p3n) L4J - nepwon nonypacnana, y w a 3 a ~ ~ t d i  B 13 I ,  
6M BCCnLKlUZl32AeH, n O A T B e P A H n O C b  H XHMMYeCKCE n O I 3 e A e H H e  B KOHKWTHHX 1 

ycnmm x . 
He06xomihio U T A a T b  U M M C E  HCKYCCTBY, K U T O W e  nPQRBHnH a B T O P b l  

C11, ' iTC6H I l P e O A O J I e T b  M H O r H e  3 K C n e P H M e H T a n b H h l e ,  T e X H H Y e C K H e  ki, 

I 
n c r B n n n h m u y .  n c n x O n o r n v e c K u e  TPYAHOCTH B ST& ~ W O H ~ P C K &  pa6me- 

~ O ~ T ~ T O Y H O  YnOMAHYTb HeBeCOMYKI MHUEHb ( M U ~ ~ W O H H E  A M H  M U K P O ~ P ~ M Y ~ )  

i 
6MbOUl€! T a n  H a  m m e H n  - ao 6 - 1 0 ~ ~ / ~ .  B n e p ~ H e  pa6ma npxmmnaca c 

e A U H H ' l H W  a T O M 3 W -  B T O  le E W h W  MI3 U M M U  UTMeTHTb.  ' i T 0  1 
I l P H B e A e H H H e  B [ I ]  aDFYMeHTbl  B n M b 3 Y  H A e H T H W K a U H H  2 ,  EX2CbW 

Y 6 e A H T e n b H E  B C B e T e  HUeBIWXCR B KOMUe IlSITUAeCRTMX m O B  ~ H ~ H H W ,  H e  i 
I lPeACTaEJISXrTCR CHnbHhUM C TOYKH 3 W H w R  C e ~ H R l w e l Y J  AHR. % K ,  

H a n P H M e P ,  KOPOTKHe B P e M e H a  M 3 H H  OTHOCHTeJ IbHO C n O H T a H H O T O  lJeJleHWR 

HUeKT' H a  C a m  A e n e  H e  T M b K O  3 n e M e H T H  C Z > l O O :  ~ e f i ' i a ~  HSEX2CTHO 

6mee 30 C n O H T a H H O  neJMLgHXCR H 3 0 M e P O B  Y H 3 U l ' M O B  U - B K ,  
I 
I 

PaCnanalOUlHXCR 3a M a n e  A M H  C e K Y H n H  H,  K p o M e  T o m ,  C 6 H a P Y X e H O  

H e C K M b K O  AOBClJlbHO K O P O T K C W B Y W X  H 3 U T M O B  OTMOYPaHOBbIX 3 n e M e H T O B .  

K ~ O P H ~  H c n m h l B a m  3 a n a 3 ~ h l ~ a m e e  n a e H u e .  Lbnee. X H M U Y ~ C K ~ R  

H A e H T H W K a U W I  3 n e M e H T a  101 M H p a J l a C b  H a  a K T H H W H Y K I  KMLle f lUHD.  

n p o B e p e H H Y K I  B l l n O T b  A 0  QePMHR. CeA'iac H 3 B e C T H 0 ,  VTO 3 n e U e H T  101 LIOZE?T 



6 m b  mcTat ioBneH B BOLIHU PacTmpax LIO nByxBaneHTHoro, a sneMeHT 

102 -me ~ a n 6 a n e e  Y C T ~ ~ B  B C O C T ~ H W W  2+. B ~ M O M O C T ~  3~01-~1 E 

1955 W Y  H e  06CYfnanbl, nOCKOJlbKY ABYXBaneHTHOCTb 101-ID 3neMeHTa H e  

6 w a  n He mrna 6 m b  nPencra3aHa B p a w a x  aKTnHmnn& ~ c m u e n u n n  B 
Ycnmmx XHWYeCKHX MHTOB B Pa60Tax 11.51 W~LIeneBnfi me xe 

~ ~ ~ ~ C T B H T ~ ~ ~ H O  CYJlKXTBYeT B TPeXBaneHTHOM COCTQSIHWHW H XHMHCleCKnn 

apryueHT B n o n b 3 ~  ZZ101 Bce xe a n o x e p n o p n  cnpasnan.  T p e ~ n n  apryMeHT 

o p n r n n a n b n d  cTaTbn I Kaieqno xe a 6 c o n m e ~ .  TaK w a K  ocHmblsaeTcs 

H a  3a~cme CoxPaneHm aamna. O n n a ~ o  OH naeT nm r ~ a n b r o  Bepxnm 

rpannuy B m m m i o r o  ~ H ~ C ( ~ H W R ,  H e  6onee T o m .  

Ten H e  Menee, n o  HarneMy MHeHnn, W 6 m a  [ 11 . 6e3YCnOBH0, Bce xe 

u o x e ~  W C C M ~ T P W B ~ T ~ C R  K a K  m K p m n e  sneueHTa 1 0 1 .  6 n a ~ a p ~  TOMY.  TO 

rIMYqeHHkE2 B H e f i  KaqeCTBeHHble bi  nMYKCUIH'ieCTBeHHhle naHHHe 6bWIH B 

PRne n c c n e n y m x  H e a a s n c n w  n c c n e n m a ~ n i i  YTOYHeHH, HO H e  
nonBepranncb n p n n u n n n a n b ~ d  p e ~ n a n n .  

B CTPdOM CMblCne AOCTaTO+lkE2 LIOKa3aTeJlbCTBa OTKPMTWR 6bWIn. 

nwsnnnMoMY, nonr\reHbl ~ o n b ~ o  B w 6 m e  [31.  
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 TO 6 w n  IlePBhle 3KCnePHMeHTbl n o  CWHTe3Y HOBOrO XflMUYeCKOlTJ 

3 n e ~ e ~ ~ a  c nouontbm nyqna TRxenhot n a i m .  OHH npoEtoannncb r p y n n d  

ZIETOpOB W 3  UIBB~WH. B ~ ~ H K ~ ~ P W T ~ H H H  LI Ha BHYTWHHeM n Y Y K e  225 CM 

UWKnOTPOHa H6ene~croro WHCTWTYTa B C T O Y ~ O ~ ~ W ~ .  l3c4' 6 W  

nMY'ieH H a  KOHeYHhot OP6WTax U W K n O T ~ a  B Pe3YnbTaTe MI2XaHW3Ma 

YCKOPOHWR t n e p e s a p ~ n ~ a  13~2+--13F+ H a  npCtAewToqHm m n r a x ) .  

KOTopHfi naBEln O'ieHb UMKlKHL? 3 ~ e p r e T n ~ e c K n 8  CneKTP n Y Y K a  HOHOB- 

M n ~ u e ~ b  H3 KKJpWI(94, 1 % 2 4 4 ~ ,  1 , 4 % 2 4 5 ~ ,  4.4% 246(311, 0 , 1 %  2470,), 

HaHeCeHHOrO B BWne CnOR XWhUlqeCKOm COeAUHeHm T O I I W H ~  OYOnO 

1 w/ cM2 H a  2,7 nr/ c 2  an-HneByw m b r y ,  n-mnacb B cneunanmo 
YCTPO~HHH~? r e p ~ e ~ n ' i ~ d  ~ # H H K .  ~ m o p t d l  YcTaHaBnnBancR Ha WHO& H3 

u n r n m p m H t a  o p 6 n ~ .  3 ~ e p r n w  6 ~ ~ 6 a p n w p y m x  ncmm H a  ~ E H H ~ M  cnoe 
BapbblWBanH, W3MeHRR PanHYC OP6WTbl IlY'iKa- Ch naHHhM,  npWgeLleHHhlX B 

CTaTbRx [ U , Q ] ,  T P Y ~ H O  CmTaBnTb npencraaneHne 06 3Heprnn nmcm n 
05 nx nHTerpanbHm n a r o v e  H a  m m e ~ n .  cPar~nqecwn  TO n p u z ~ ~ a ~ a n n  n 
cam a ~ ~ o p t i  pa6mbl ( CM- La] ) - n w n e ~ o  owano 6 2  0 6 n y q e ~ n n  

MUWHW LInWTenbHCCTbYI n o  0 .5  qaCa- Lhw B c e m  3HePrWR " 6 0 J l b l ~ ~ ~ T B a  

WOHOB. nonanaBwix H a  m m e ~ b "  6 t ~ I a  nopRnwa 9 0  M3B [ U l -  

' . . - 3 ~ e p r e ~ u q e c ~ 0 e  PacnpeneneHne nneno nnw B n n a n a m e  80-100 M3B, 

HO COnepxano T a K E  3aMeTHhle I30 BKnaLlY KOMlMeHTbl HHXe 8 0  M3B- 

Y C ~ O B W R  pa6mbl UnKnoTpoHa nornn, OnHaKo, BJIWRT~ H a  cneKTp ~ H ~ P ~ H W  H a  

naHHm pannyce, n BCX~MOXHO, YTO B qacTn 0 6 n y q e ~ n P  B sHepreTn'tecwoM 

CneKTPe 6 m a  IlpencTameHa C OTHOCblTenbHO BblcoKd WHTeHCUBHOCTbW 

rpynna ncmm c 3 ~ e p r n e i i  ~ n x e  8 0  M3B" [ e l  - "B cepnn  3KCnePWEHTOB 

3HePrm ncmm BapbnpOBanacb B n n a n a m e  65-100 M3B" [ U I -  Tow nMaB. 

nananamx  H a  m m e ~ b  c s ~ e p r n e n  B ~ W  7 0  MsB,cOCTamn 0.03-0,1 =A- 

%pa m n a q n ,  06pa3ylao(~ecfl npn 06nyYeHnn rouneHn. Bhl6nBamCb H3 
2 

w m p n e ~ o m  cnaw, npoxwnnn  WITH^ c n d  a n m ~ m  (50-100 uwr/cu n 
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I l P e U C T a B n e H H  P e 3 Y n b T a T Y  M O C K Q B C K ~ ~  r P Y n n H  ( C M -  [hG,MI). K O T O p S e  

n C X a 3 a n n ,  Y T O  a-aKTWBHOCTb Ea=8.5 M 3 B .  TlI2=10 MHHYT, H e  M O r n a  6 H T b  
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B 1958 M A Y  B E%?PKnH 6 W H  BMlQnHeHbl  3 K C f l e P H M e H T b l  [El .  C U€Ulbn 

B C C f l P l 3 i 3 E e C T H  W 3 y n b T a T H  C T O K P M ~ M C K ~  P a 6 O T H  [a]- m~nna H a  & P K ~ H  

pacnonarana m w t i e p r e T n q e c w n w i  n ywam T f l x e n b u c  nmm n w a p n e a m  

m u I e H f l w  n p a K T n q e c K n  T o r 0  xe n 3 u r o n H o r o  c m T a B a ,  rmopble 

H C l l O J l b 3 0 B a n H C b  B C T O K P M ~ M ~ .  I ~ P H M ~ H R ~ H c ~  W U E H H .  H a H e C e H H e  
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YyBCTBHTeJlbHCCTbY),  ~ O C T H ~ H Y T ~  B C T C X ~ T U I ~ W  [a I, a B T O P H  W 6 O T b l  E l  
246 
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K M O H K H ,  n M y Y e H H a R  B ClllHOM n 3  CTCXlTUIbMCKHX U l H T O B .  113 3 T O r 0  a B T O P b l  
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a e n n v n t i y  n o n e p e r H o r o  cevetim peawunn, s e n y n ( e i 4  K o 6 p a 3 o ~ a ~ n a  8.5 M 3 B  

U-aKTHBHCCTH.  K CQIi3JleHHK). W B p a 6 O T e  [ E l ,  H e C M a r P R  H a  T O .  V T O  El 

~ e t i  n c n o n b m s a n n c b  M O H o x p O M a T n r e c K n e  n Y V K n  n ,  ncrannntmkiy. 

~ a 6 n r o n a n a c b  e o c n p o w 3 ~ a ~ n ~ ~ b  p e 3 y n b ~ a ~ o ~ ,  tie n p n s e n e H u  natime o 

n P e A e n a X  VYBCTBHTeJ lbHCCTW,  ACCTHrHYTHX B 3 K C n e P W M e H T a X -  

K 1966 r o n y  B L I y 6 ~ e  6Wa a a ~ e p w ~ a  cepm pa6m (c~ .paanen  3 .5) .  

B p e 3 y n b ~ a ~ e  rmopw 6 W W  n a H m t i a ' t H o  onpeneneeu C ~ ~ I C T B ~  ( 3 ~ e p r n n  

a-V~CTHLI H n e p n o n b l  n a n y p a c n a n a )  n m n  n 3 r ~ r o n o ~  102-1-0 z i n e ~ e ~ ~ a  c 

M~CCOBUMH V n c n a M n  252-255. Hn OAWH n 3  W ~ ~ M O B ,  KIXOP~E y r a 3 m a n n c b  

E n y 6 n n K a u m x  CTOK ranbmrd r p y n n b l  I W . Dl, H e  c 6 H a p y x n n  

X a P a r T e p n c T n K n  u-pacnana, 6nn3wne K E a = 8 . 5 A ~ ,  1 M 3 B ,  T , / , - l O  LMHYT. 

Han6onee n o n r o x n a y n w i t i  n-on 2 5 5 1 ~ 2  wren nepnon n o n y p a c n a n a  TIl2=3 

MMHYTU n n c n y c r a n  - = - V ~ C T H U H  c 3~eprneW 8.1 M 3 B .  Ecnn a ~ a v n ~ e n b ~ o e  

pa3nnvne B B e n n r n H a x  nepnona n a n y p a c n a n a ,  i O  M ~ H Y T  LWJ n p o T n B  

T1/2 -3 MMHYTH AJlSI 2 5 5 1 ~ 2 ,  H-0 K a K - T O  6 ' h R C H W T b  ~ ~ 3 x 4  C T ~ T W C T W K ~  

c 0 6 M H G i  B pa6me LCl l .  TO u r n n w e  s H e p r n w  a - ' t a c ~ n q  £iu=8.5+0, 1 M 3 B  

[a] or ~ H ~ P ~ H W  U - ~ a ~ ~ ~ ~  2 5 5 1 ~ 2 ,  CO2TaBJW-e  VeT- CTaHAaPTHHE2  

O U M 6 r n .  H e B m M O l C H o  0 6 ' h R c ~ n ~ b  c n y v a i i ~ w  u r K n o H e H m m  p e z y n b ~ a ~ a  

~ 3 M e p e ~ n A .  

C ~ Y C T R  11 neT n c c n e  n y 6 n n r a q n n  p a 6 c l r b l  I W J ,  B 1968 m a y .  B 

Eeprnn 6wo B t m o n H e H o  nccnenmaene xnmrecwnx  C&CTB 3 n e ~ e ~ ~ a  102 

[ = I .  -0 Y C T a H o B n e H O ,  V T O  Y C T ~ V H B ~ ~ (  COCTOHHWeM OYWCneHUSl 102-TO 

~ n e w ~ ~ a  B BOAHHX P a c T B o p a x  R ~ ~ T C R  2 + ,  a H e  3 + ,  war n p e n n o n a r a n c c b  

p a H e e .  3awnwetrne a g T o p o B  p a 6 u r b l  LW 1 06 u r ~ p m n n  102-ro 3 n e ~ e ~ ~ a  
I X H O B h l B a n C C b  H a  TGU.  ' i T O  H a 6 n ~ B l u a R c R  nMM 8.5 M 3 B  a - a K T W B H O C T b  C 

T1/2 - 1 0  W H Y T  m d h u m a n a c b  - - r n n p u x c n n ~ y T n p a T ~  B n e P e n n  Q ~ P M H R -  

 TO n O n O z e H H e  m A a n C C b  AJlSI T p e X B a n e H T H O r O  C o C T o R H H R  102-ro 

3 n e M e H T a -  O A H ~ K O ,  KaK C n e n y e T  H 3  p e 3 y n b T a T O B  p a 6 O T b l  [ = I ,  B YCnoBUSlX 

U l W T a ,  W H C a H H O r O  B [ W J ,  102 A M 3 L e H  6 M b  A B Y X B a n e H T H H M  W Bb lYbISaTbCR 

H e  no a e p ~ m ,  a nocne  H e r o .  C n e ~ o s a ~ e n b ~ o ,  ~ H H W  o x n u n ' t e c w c a t  

n O B e A e H H n  aKTHBH(13TW ELIz8.5 M3B. T1/2=10 MHHYT. I l P e A C T a E J l e H H W  B 

pasme L W J ,  H a x o m T c R  B npornsope' tnn c sbmmam a B T o p .  

npMnnCaB! lMX 3 T Y  aKTWBHOCTb  3 n e ) d e H T Y  102- 

P a c c m ~ p n s a ~  n a v a n b ~ d  s T a n  n c T o p w n  pa6m n o  c n H T e a y  102-ro 

3 n e M e H T a ,  Mt4 BWAHM, V T O  YVaCTHWKH 3TWX W 6 O T  B n e P B t E  C T M K H Y n H C b  C 

PRAOM TPYAHHX Y C ~ O B W A ,  x a p a K T e p H t o c  nm s w c n e p n u e H T m  H a  nywcax 
TRXenb lX  HOHOB: O'iEIHb HH3KWe BblXORbl W C K O W  HYKnWAOB, 6mbm V H C n O  

HCTOVHHKOB m H a ,  ropmrne B p e M e H a  m s n n  c n ~ ~ e 3 ~ p y e ~ m t  nmmm 
t i O B O r O  3 n e M e H T a .  BHBOP. 0 i lPaBHnbH(3CTW LlnH OmW60VHOCTH IlepEd P a 6 0 T b l  

[a] 6W O T n m H  H a A C U l r o ,  B B m Y  T O r O ,  V T O  B 3 ~ d  p a 6 O T e .  T a Y  De K a Y  

n B pa6me r p y n n u  E e p ~ n y  [ E l ,  n p c m e n e ~ ~ d  c n e u n a n b H o  am ee n R O B e P K H .  

H e  6bl.fl0 Y n e J l e H O  L lCCTaTOVHOe  BHWMaHWe MeXaHH3MY P e a K U H H  C W H T e W :  H e  

n z y v a n a c b  ~ ~ B H C W M O C T ~  n c m e p e ' t H o r o  ce'tetim OT s H e p r n n  6 0 ~ 6 a p n w p ~ K I I U n x  

MOHOB, H e  6 w n  A a H u  oqeti.un B e n n r n H u  n o n e p e ' t H o r o  c e r l e H m  peaearmy, H e  

H C C J l e A O B a n H C b  WCTOVHWKH -a- ~ B H A H W O M Y ,  BblRCHeHWe 3TWX B O n P O C O B  

6 ~ 5 1 0  H a  caM0t.i nene 3 a ~ p y n ~ n ~ e n b ~ o  B s w c n e p n r e H T a x ,  B KOTOPWX a 

~ H O B Y  npntinmnn ~ p a n n u n o ~ ~ t d 4  AM ~ o r o  B P ~ M ~ H H  cncc06 X H L M Y ~ C K ~  

n n e H T n + n r a u n n  H o B o r o  3 n e ~ e ~ ~ a -  H e  T M ~ K O  K o P d r o e  B P e m  M 3 H H  

C H H T ~ ~ H P Y ~ M ~ I X  H y K n n n o B ,  HO n H a p y m e H n e  x a p a r T e p a  X H M H V ~ C K O M  

n o B e n e H m  npn nepexone a~ M e H n e n e B m  K s n e M e H T y  102 n p e n R T c T B o B a n H  

p e M e n n a  c n e q n & w i e c K n x  n p o 6 n e M .  a m ~ n w m x  B cmsn c H C n M b 3 O B a H H e M  

H O B O r O  H H C T P Y M e H T a  C W H T e 3 a  - TR3LenbIX HOHOB- 

J J M u  n c c n e  A n n T e n b H o r o  n H T e p B a n a  s p e h i e ~ n ,  3 a T p a ' t e H H o r o  H a  

n 3 y v e ~ u e  OCHOBHHX y c n o ~ n t i  pa60~u H a  n y w a x  TRl[eJlHX nmm, ynanmb 

Y C T a H O E W T b ,  V T O  pa6ura [a] H e  C M e P M T  A O Y a 3 a T e n b C T B  O T K P W W  

102-1-0 s n e ~ e ~ ~ a -  

J J M ~ e p a ~ y p a  

W P - R - F i e l d s  e t  a l .  P h y s - R e v . .  vo1.107, p.1460 (1957). 

C 2  P . R . F i e l d s  e t  d l .  F l r k i v  Fys .  vo1.15, p.225 (1959). 

M 3  r. H-cPnepcm n np. LWI CCCP, T-120, c.73 (1958). 

M4 r - H - C P n e p m  H np- 131tP. T-38, c.82 (1960). 

5 A - G h i o r s o  e t .  d l .  P h y s . R e v . L e t t . ,  v o l . l , p . l 7  (1958). 

E6 J . M a l y  e t  a l .  S c i e n c e ,  vol.160, p.1114 (1968). 





C ~ K  Y H ~ H O ~  254 o ~ .  3 T o r o  H a n  a ~ n x y w f i c f l  .ne~~m-wmsenem 
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r b  3 a R B n e H U K J  a B T O P o B  O K O H ' i a T e n b H a R  H A e H T H W K a U W f l  a K T W B H C C T W ,  

~ P U ~ U C ~ H H ~  2 5 0 ~ m , 6 ~ a  B H I l O J l H e H a  B U T A e J l b H H X  3 K C n e P H W 2 H T a X .  

A K T W B H O C T ~ ,  c 0 6 p a ~ ~ a s  H a  K U I ~ ~ ~ C ~ O P H W K ~ ,  P a c T m p m a c b  H *pmn 

OTAeILRIICf l  O T  A P Y r W X  3 n e M e H T O B  B K T U H O B Q H O U  C e P U H  H a  WOH-EHH& 

KOJlCWKe-  -0 n P O S e A e H 0  B C e r O  n B a  T a K H X  3 K C n e P W h c e H T a .  B W H O M  W 3  

KOTOPblX 6W0 3 a P e r W C T P H P O E l H O  A B a  aT-  2 5 0 ~ m ,  E APYT'CU - R e B f l T b .  

A B T o p t r  3aKnKJ ' iHJlW,  ' i T O  H e T  cOMH~HWW B TOM, ' i T O  OHM H n e H T W W 4 U H P O B a n H  

3 n e W 2 H T  102 B 3 T U X  3 K C n e p U M e H T a X .  

mnou nmxe B E e p ~ n u  nposenn HOB= 3 w c n e p w u e H T t r .   AT^ 102-m 

3 n e ~ e ~ ~ a  n p w T f l r w B a n n c b  s n e w T p c c T a T H ' i e c w w u  n o n e h i  K ~enm~umoir 
u e ~ a n n u ' i e c ~ o R  n e H T e ,  K O T O P ~ ~  n e p n o a n ' i e c K n  n e p e H m n n a  ~ T W  a T O M b l  K 

c ' ~ ~ T H &  n a 3 W U H W ,  H ~ X O A W E ~ ~ ~ ~ ~ C R  B H Y T P U  W O H W ~ ~ U W O H H ~  K a W p t r  C c f 2 T K d i .  

OAWH n 3  ~BTOPOB p a 6 m b l  I'MOPCO ( 12,311 ccc6wn,  TO E  TOM mme 
6 ~ 1 a  ~ a i 4 n e ~ a  ~ - ~ K T W B H O C T ~  c 3 ~ e p r u e i l  8,3 M 3 B  n nepnoaai  nonypacnana 
OKl3J10 T P e X  C e K Y H A -  C BHXOAOM, CCCTaBJlRKMUUM 5 0 %  O T  8.3 M3B 

U - a K T U B H C C T H .  H a 6 n K ) A a J l C C b  C n O H T a H H O e  A e n e H U e .  T a K l D e  X a p a K T e P H 3 U  

B a B u l e e c s  nepuoaou nonypacnana owonu T p e x  c e K y H n .  

Ha C C H O B a H U U  3 T H X  A a H H H X .  a T a K Z  AaHHblX I11 6 M U  3 a R B n e H t r  
2 5 4  
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( 2 s 2 ~ m )  npencTasmn MeTannnrecKyo mHoBy B Bnne n y r n  (70% ar n n n w  
OKPYIHOCTH B p a w w e r c c s  n n c ~ a ) .  H a  noBepxHmTn KOTOP& rpennnacb 

Cepe6pRHasl Wbra-C60PHblK T M W H ~  3-5 MKM-  TOT C60PHWK 6 W  3aPREH 

urpnuaTenbHo ( n m e ~ u n a n  80  B) n o  u r ~ o m e ~ n u )  K nncr y. h n e  m m q a H m  

c6nyveuns ,  r u r o p o e  O t i W ~ o  nnnnmb 6-10 VacoE, ns sne ranacb  CePe6PRHaR 

-bra, npoBonnnmt. xnwrecrce BweneHne apa runn  w p m  n 
PerncTpnposancs -CneKTP flMYVeHHOr0 06pasqa.  

ABTOPU nPWHRnH TWTenbHble MePbl, YT06bl 06HaPYMTb W YCTPaHWTb 

nmmxrwe HCTOVHMKH mHa n nPnvnHbl OmW60K, veuy yneneHo CyuecTBeHHce 

MeCTO B CTaTbe- 

f lCC~os lb~  Y n o  ~OVePHHM IlPOAYKTaM, 3aPerHCTPHPOBaHHbaA H a  

CePe6PSIHOM C60PHWKe, nenancs B- o c n ~ ~ e 3 e  ~ o r o  nnn n ~ o r o  
MaTepnncroro n m m a  8 s n e p ~ d  pearunn,  peuramqee s ~ a ~ e ~ n e  n t e n a  
rapaHTnR Toro,  v ~ o  H a  CBOPHHK nmanann nurub a T w ,  R B ~ ~ R B U M ~ C R  

nrnnyKTaMn cx-pacnana nepsnvHtrx aTomB, ECI~HHKUUIX B 3me 06nyyeHusi. 

Hdn6onb~~ly~l OnacI-ImTb, Kar urmzrnnn amopbl ~ a 6 m b l ,  n p e n c T a m n a  

IrCnMOIHOCTb tieIlOCPenCTBeHHOrO ilPOHWKHOBeHWR H a  .C6OPHWK IlepBWVHLdX 

~ P ~ ~ Y K T O B  Rneptitix peawqni4. 3 ~ o  6wo C B R ~ ~ H O  c TeM, VTO PeaKunn Tnna 

( W 1 , ~ x n )  B 06nacTn e p r u r f l , 1 0 2 - r o  3neteHTa nwm n o n e p e w b e  ceYeHusi B 

tik?CKoslbKO Pa3 6OnbW, V e M  PeaKUHW TWna (H1 ,xn) -  B VaCTHmTH, aBTOPhl 

2 , 5 . 1 0 - ~ ~ ~ ~ ~ .  

I   TO MY C6ParUanmb BHMMaHne H a  R2PMeTl43aUHKl 06beW3 30Hbl 

I 06nyveHm. B ~ a r o ~ ~  n p o n c x a n n  c6op n e p s n w m  nponYKTOB peawuufi ~h ' CTeHKH. 3a30pbl MemY CTeHKaW KOnbUeBOrO ymY6neHwR B UMCKe n 
MeXaHWVeCKHMW TeWOHOBblMtl nP06KaMH, a TaKm Zla3OPbl npo6KaWI M 

flnOCKOCTbK) MMDeHH CUCTaBJMnH BCerO CEMO 100 MKM, a f lnHHa 3THX 

1 3arapiwueneU 6 w a  ~e ueHee 20  uu- 3a uexaHnyecmMn np-6rat.w 
pacnonaranncb " s n e r ~ p n ~ c r n e  n m w u "  , wmopble H a x a n n n c b  non  
ncrrer-lunanorr - 80  B n o  m ~ o l o e ~ n l o  K nncwy. 3 ~ o  ncwnwiano nonanaHne 
3aPRXeHHtdX IlepSHVHtrX nPO/JyKTOB PeaKubifi H a  c e p e 6 p 5 3 ~ d  C6OPHUK- 

onpeneneHm n o s l ~ d  a w r T n a H m T n  perucTpaunn c n ~ ~ e s n p y e ~  

HyKnnnos n npoBepKn ~ceW M ~ T O ~ H K H  aBTopu n 3 ~ e p n n n  (CM. pnc.2) 

3HepreTnvecK yn 3aBncn-Tb c e Y e H m  pearunn 2 3 8 ~  ( 20Ne ,  d n  1 250Fm nBym 

MeTOAaMM: n o  BHXOAY 2 5 0 ~ ~  HenEPe~CTBeHHO B llePBnVHblX Il-YKTaX W n o  
Bmony 2 4 6 ~ f  - novepHero nponyKTa a-pacnana 2 5 0 ~ m ,  W3MePeHHOMY npn 

HCnOnb30BaHWW C ~ ~ M C ~ H H &  MeTOAHKki- Kpn- BbotOna 2 4 6 ~ f  H a  CePe6PHHOM 

CBOPHWKB B npenenax o m 6 m  n m ~ ~ p n n a  KPWBYY, ~blxona 2 5 0 ~ m  n 
3HavnTenbHo mnuyanacb  m ~ p n d  -ona 2 4 6 ~ f  B nepBnqHm nmYKTax 

pea~ukifi .   TO 6 W 0  X O ~ M  AOKa3aTeJlbCTBOM HaneMETW MeTOAHKU- 

( X l p e n e n e ~ ~ a s  B 3 ~ w  O n m e  ~ W ~ K T W B H ~ T ~  pernc'rpaunn B UenOM nm 
~cef i  teTonnrn ( 6 e 3  yveTa xwmyecworo smaa ,  wmoptdi3 mpenemncn B 

Kamorr m n e n b H w  cnyyae  n cm'ramn B CpenHeu mono 65%) m a 3 a n m b  

p a s ~ o f i  15%, VTO Haxonnnmb B cornacnn c p a c y e r m .  

W C I I C U I ~ ~ Y Z I  BHCOKYX) HHTeHCWBHmTb I l Y V K a  2 2 ~ e .  -0 6 w O  HaKOilnTb 

252Frn B KOnHVeCTBe, AmTaTWHOM AJM ~ a n e I H d  PerHCTPUMM bi 

nneHTn*nKaunn, nare ecnn 6bl n o n e p e w o e  ceyeHne peawuun 
2 

2 3 8 ~ ( 2 2 ~ e .  4 n ) 2 5 6 1 ~ 2  m a 3 a n m b  ~ ~ B H W  ~ o - ~ ~ C M  . 
A ~ H H H ~ ,  npencTasneHHte H a  pnc.2 ,  cBuneTenbcTBoBann o n o ~ u n b ~ o  

H W 3 K O M  YPOBHe -a IlepBHVHbIx nPOnyKTOB peaKl(nfl ( H I , a x n ) ,  npc+lHKamX 

H a  c e p e 6 p x ~ d  CBOPHWK n m y ~ ~ m  a-pacnana. Teu H e  r r e ~ e e  ammbl 

W60Tbl IlPOBeJIM HeCKOnbKO nOilMHWTenbHbM 3KCnePWMeHTOB n 0  OnPeUMeHUm 

" r m w u n e ~ ~ a  n p o c a ~ n ~ a ~ m " ,  ( ~ . e .  ~ H ~ ~ = H H R  wcna aT= IYePBHVHbIX 

IIPOAYKTOB pearunfi, nonaBUMx H a  ~ e p e 6 p x ~ L b l  C6OPHWK, K IlQnHOMY VMCnY 

aTCBK)B, IlQnYVeHHbM B RnePHbIX PeaKIJMFlX N Bbl6N~bl~ N3 MNUleHN B Fa3. f l ~ n  
6 0 M 6 a p ~ p o ~ ~ e  Ba WoHaMH 2 2 ~ e  H CS noHaMn 160 6WlO YCTaHOBJleHO, VTO 

151 
" K U ~ W M U W ~ H T  ~ ~ O C ~ V H B ~ H W R "  UJW TaKHX IlPXYKTOB, K a K  1 5 0 ~ y  b l  DY, H e  

n p e ~ m r a n  5. - B ~ n n y   om, VTO &WHO ceqeHne - r u n  (HI .-4n) 

n p e m x a n ~  CeveHne pearuun (HI .4n)  H e  6 ~ e e ,  q e u  B 20 pas, a m o p v  

c w n n  ~ Q ~ Y V ~ H H ~  nnpeen ~ e n u ~ n ~ b l  " r m W M u n e ~ T a  n m a ~ n m ~ m "  

YnOBJleTBOPWTMbHhlY- 
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3. r b l Y Y e H H  KpHBble  BhlXm.3 2 5 2 ~ m  H a  c 6 0 P H H K e  AO'iePHHX f l A e P  

OTUa' iW, T a K  Xe KaK ki  H e n C C ~ A C T B e H H O  B p e a K U M H  2 3 8 ~  + 2 2 ~ e .  
0 6 ~ a p Y X e ~ o  P 3 K O e  ~ a 3 n n ~ n e  B x a P a K T e p e  ~ T W X  KPWBHX, n p n q e u  BHA 

n e p a d l  H 3  HHX C ~WYIWPWHQZ) 8 M3B n rcawcnuyrcow B p a f i o ~ e  112 MaB 

n m T B e P r L l a n  TOT -KT. YTO 3 n x b  MH nuenn neno c p e a ~ u n e f i  

1 2 3 8 ~ ( 2 2 ~ e . 4 n ) 2 5 6 1 0 2 .  
4 .  M c n e a o B a H a  ~rnrrcwm~b c o 6 n p a H m  n o q e p H n x  nnep mna'in nccne 

P-pacnana n a n e ~ ~ p m ~ o m  3 a x ~ a ~ a .  k u a s a ~ o .  YTO 3 ~ n  BHAH pacnana H e  

m n n  C 6 Y C n O B H T b  nOnaAaHk%l 2 5 2 ~ m  H a  C60PHWK AOqePHWX f l n e P  GTABYW- 
252 5. P a C n p e A e n e H H e  R A e P  Fm H a  C 6 O P H H K e  AOClePHHX f l A e P  OTAa' iH 

I C m B e T c T B o B a n o  --pacnany n m a r a  2561~2  c nepnonm nonypacnana, 

6 n n 3 ~ ~ ~  K 8 C .  

P e 3 y n b ~ a ~ H  n W B e A e H H H X  OllblTOB I lOATBePAWnH BHS3On. Y T O  B P e a K U H H  

2 3 8 ~  + 2 2 N e  6W CHHTe3npOl?dH " - ~ K T W B H &  H 3 m O n  2 5 6 1 ~ 2 .  

I 
h n e  y c n e m o r o  a a s e p l o e ~ m  P~BOTH n o  C H H T ~ ~ Y  256102 

I e C T e C T B e H H b I M  6 ~ 0  Z e n a H H e  n O n m O B a ~ b  IlOnY'iWTb H 3 O T O n  2 5 4 1 ~ 2 ,  06 

' 1  O T K P ~ W H  K m o P o r o  c w 6 m n m b  B 1958 MAY B ~ 6 m e  r p y n n u  n 3  Eiep~nn 
[ I ] .  Erse B 1959 r O n Y  B ~ C T H T Y T ~  ~ T O M H ~  3 H e P r H H  B M c c ~ ~ e  [91 

I n H T a n W C b  3 a P e r W C T P W P O B a T b  C n O H T a H H O e  A e n e H H e  3 T 0 r 0  H 3 O T O n a .  n M Y Y a f l  

'1 , er0 B P ~ ~ K U H M  2 4 2 ~ U  ( "0. 4 n ) 2 5 4  102. O A H ~ K O  C O 6 H T m  C l l O H T a H H O r O  

I1  A e n e H w R  H e  6-hi C 6 H a P Y f e H l 4 ,  Y T O  n p U T H W p e ' i n n 0  AaHHbaA ~ ' H o ~ c o  12.31, 
6 Y A T O  B 3 0 %  C n Y ' i a e B  3 T O T  H 3 0 T O n  WCl lHTUBaeT  C n O H T a H H O e  A e n e H H e -  

I AEXOPH P a 6 0 T H  C91 cnenann B~JBOA.  TO, eCnn n n ~  3~0ro  n3mma e ~ ~ b  

3 0 %  B e T B b  C n O H T a H H O r O  A e n e H U H ,  T O  C e ' I e H M e  er0 0 6 P a 3 0 B a H U H  B 

Y K ~ ~ ~ H H &  PeaKLlbIn 3 H a ' i n T e n b H O  MeHbloe .  YeM him0 ~ W C I  O X k i n a T b  H a  

O L H O B e  BCQX HMeBlWXCR A a H H U .  
I 

B m m a n  y n n s n e H n e  T a K x e  T m  %KT,  wo n3mm 2 5 6 1 ~ 2  ( T  =B  C)  

1 / 2 2 5 4  102 n u e e T  nepnon n a n y p a c n a n a  6 a n b m f i .  . r eM cccbmnccb C1-31 nm 
3 c) .  6kUl0 H 3 B e C T H O .  q T O  W 3 - 3 a  B ~ W l H ~  H ~ ~ T P O H H O ~ ~  n W O 6 M O Y K H  

N - 152 n e p n o n b l  n c u l y p a c n a n a  w3mono~ c N = 152 6 o n b w ,  'ieu Y 

~ B ~ O ~ O B  c N = 1 5 4 :  T o r n a  y r e  mann,  YTO nepnon n a n y p a c n a n a  2 5 0 ~ f  

r IPHMepHO B 5 pa3 6Wbme. 'ieu y 2 5 2 ~ f ,  a B c n y q a e  n w m m  e p u m  - 

2 5 2 ~ m  n 2 5 4 ~ m  - 3 T o  ~ a 3 n n v w e  n c c T u r a n o  Q ~ K T O W  8. - T ~ Y  

WOHOB. 6 u n  H3TDTOBJ leHH S i - f i U  n a B e p x H O C T ~ ( T 6 a P b e P H H k 2  L leTeKTOPH.  

KB ' i eCTEO KOTOPbM y n O B J l e T E O P R n 0  T P e 6 0 B a H W R M  3 K C n e P H M e H T O B  n o  C H H T e 3 Y  

T P a H C W P L M e B h l X  3 n e l g H T C l B .  6 W H  C U 3 n a H H  nBe HOB= YCTaHDBKH TaKHX 

3KCl l ePWMeHTOB [10,11]. 6 KOTOPhlX 6wa I lpk IMeHeHa  T e X H H K a  r'a& 
CTPYH. BBeneHHEIH B R ~ ~ P H ( T ~ ~ w Y € C K W ~  3 K C i l e p H W e H T  M a l M P J I a H o M  H 

r p n m ~ o u  C121. 
=PBW 3 K C n e p H W e H T H  n o  C H H T e 3 Y  2 5 4 1 ~ 2  ~ W H  I l p Q B e n e H h l  B D 6 ~ e  B 

1965 m n y  H a  T& xe y c T a H w K e .  H a  ~ m o m  c w ~ ~ e 3 w p a ~ a n n  256102 

( CM. PHC. 1) . C~a'Iana n c c n e & ~ - n u  p e a r u n l o  2 3 8 ~ ( 2 2 ~ e .  6 n ? 5 4 1 ~ 2  [ 131 H 

no~a3anu ,   TO H ~ O T O ~  2 5 4 1 ~ 2  ncntrrmam a-pacnan. O n ~ a w o  n o n y q e m m  

n a m e  yraamann ,  YTO n e p n w  n o n y p a c n a n a  3~0m n m m a  6 M b D e  3 C. H 

3 T O  llpOTW&OPeYHnO RaHHHM m-0 H U P -  C1-33 - 
3 a ~ e ~  6wa H a y q e H a  peawum 2 4 3 ~ m ( 1 5 ~ .  4 n ) 2 5 4 1 ~ 2 .  B C T a T b e .  

a n w c m a l o ~ e k  3 T y  P i 3 6 O T y  1 1 4 1 ,  I l pWBeAeHH OEIH(X3Ha ' lHe  L I O T a 3 a T W C T B a  

T O r O .  ' I T 0  a B T O P b l  ~ ~ R c T B H T ~ J ~ ~ H o  C H H T e 3 H m n H  H 3 0 T U l  254102 H 

n n e H T n a n u u p w a n n  ero n o  a-pacnany em n o c l e p H e r o  n - y w ~ a  250Fm: 

l l a P 0 6 H O  O n H C a H H  p e 3 Y n b T a T Y  C e J l e K T H B H O M  XHMHYBCKOTO B W e n e H m  

*PaKUHH 2 5 0 ~ ~ ,  I l P U B e n e H b l  a - C n e K T p h l  3 ~ d  *WKUHbl. H 3 W W H H a R  KPH- 

P a C n a n a  2 5 0 ~ m  H *YHKUHR B - Y a e H m  P e a K U H H  243fim(15 ~ , 4 1 1 ) ~ ~ ~ 1 0 2 .  

ncnepeq~oe c e l t e H n e  B ~ K C H M Y M ~  ~ Y H K U H H  B m 6 Y x L l e ~ m  (Ena6= 82-83 M3B) 
-32 2 

C K a 3 a n m b  p a B H h W  6.10 CM . - P ~ ~ H o  IlpHBCUlRTCR B C T a T b e  LlaHH* 

H ~ W P ~ H W R  nepwona n o n y p a c n a n a  254102. K ~ O ~ A  a a 3 a n c n  P ~ B H ~ W  

so+-10c. 
~ O P H  3 ~ d  p a 6 m b l  I lOBTOPHO H CT- Xe TlUaTeJ lbHO H3Y'IHnH T a K D e  

238 "Ne, 6 n ) 2 5 4 1 ~ 2  ki  O n H C a n n  I l W Y ' I e H H b l e  p e 3 y n b T a T b l .  B H O B ~  W a K U H l o  U (  

6w n o n y q e H  nepnon n o n y p a c n -  2 5 4 1 ~ 2 :  T ~ / ~ = ( S O + - I O ) C .  

~ ~ B T O P ~ M H  6W B M M H e H  uenbdl psln K O H T P M b H b M  U l H T O B -  

B ' IBCTHOCTW, 6W0 YCTaH-eHO. Y T O  I l m a n a H H e  2 5 0 ~ m  H 3  IlePBHYHhlX 

n m Y K T O B  R n e P H H X  pea~uuR H a  C 6 0 P H U K  nO ' i ePHHX I I P O L I Y K T m  a - W C n a m  H e  

n p e B b r m a n o  l a  m vncna a T o -  250Fm. 3 a p e r w c T p n p a e a H H m  H a  ~ 6 0 p H H K e  

U o q e p H n x  n p O n y K T o B  a-pacnana. 
Ha 0 2 H o B a H n H  B C ~ R  CYMUbl UPHBeneHHblX RaHHHX a B T O P b l  C T a T b H  I lk]  

3awnmwnn. v T o  B peawumx 2 4 3 ~ m ( 1 5 ~ ,  4 n )  n 2 3 8 u ( 2 2 ~ e  . a n )  c u H T e 3 n p a B a ~  

2 5 4 ~ ~ 2  n '(To 3 T m  n-On H c n t r r b I B a e T  a-pacnan c n e p n w o M  n o n y p a c n a n a  

~ ~ / ~ = ( 5 0 ~ 1 0 ) ~ .  

O ~ n m n e  3~m 3 ~ a v e ~ m  TlI2 m mmw I'UOPCO H m- C1-31 6 ~ 0  

OqWb l3eJlHKO. B CBS13W C 3TWM B C e P H H  pa6m. B r m W H W H L o c  B m6~e  B 

1965-1966 FF. 6 h U M  I l p O B e n e H b l  A O n W H H T e m H b l e  H C C n e L l m  C B ~ C T B  

254102. 

= p ~ a s r  pa6ma m 3 ~ &  cepnn I151 6 ~ a  nmmmem H ~ Y ~ W H H D  

3 ~ e p 1 - n ~  - - q a c T n u  H nepw- nonywcn- 254102. B 3 r c n e p w w H T a x  



n c n m b m m n a c b  Y c T a H o s w a  Clol, cxem wmopdl n o i c a 3 a H a  H a  pnc. 4 .  

P n c . 4 .  C x e w  s w c n e p n ~ e ~ ~ a n b ~ o i l  

Y c T a H m K n  nm C H H T ~ ~ ~  H n 3 ~ ~ e ~ m  R n e p  

102-TO 3 n e h i e ~ ~ a  c n p n M e H e H n e M  

MeTOAHKH ra30Bd CTPYW: 

1 - c r r K a w a  renm ( n a a n e ~ n e  rennn B 

C 6 E e M e  S i - A U  D e T e K T O p o B  1 -~ 3 

TOPP), 

2 - u n n n H n P  * a p a ~ e ~ ,  

3 - nwaqa renm (0.5-1 ~ T M ) .  

4 - ny'(0K nwm, 
5 - MHREHb. 

6 6 - S i - A u - n e ~ e t ~ o p ,  

7 - 31CPaH. B B O I I H ~  M e y l Y  D e T e K T O p o M  

H C6OPHHKOM, 

8 - K P ~ c T C U ~ P ~ ~ H ~ ~  C6OPHHK n p M Y K T O B  

peawunR (PHCYHOK B ~ R T  n3 W ~ O T ~ I  CIS] ). 

Pnc.5. Y q a c ~ o i c  a - c n e ~ ~ p a ,  

n o n y r e ~ ~ d  npn a n y q e H n n  243Am nmam 
c 3 ~ e p r n e f l  83 M3B. Unwn 

H a K C d l n e H m  aKTHBHoCTW (13 C ) P a B e H  

u n K n Y  H ~ E P ~ H ~  ( P ~ C Y H O E  B%RT n 3  
pa60l'bl C151)- 

H a  P n C .  5 I l P H B e A e H  W n H  M 3  C n e K T p o B  a - V a C T H l l ,  IlOnY'ieHHbD( BO 

6pem 0 6 n y q e ~ m  2 4 3 ~ m  H o H a m  15N c 3 ~ e p T n e R  83 M 3 B -  

rk3 MHeHWX) a B T O P O B  [15] ~ ~ W H C T B ~ H H ~  r p y n n d  =-YaCTHU,  YOTOPYX) 

-0 6mo m H e c T n  K pacnany 2 5 4 1 ~ 2 ,  R - n a c b  r pynna  c 3 ~ e p r n e R  
E , = 8 , 1 0 + 0 , 0 5  M3B. Ilonepe~~oe c e q e H n e  peawqnu o6pa3013a~m 3 T O T O  

a - n z n y ~ a ~ e n ~ ,  p a c n a n a w m e r o c s l  c n e p n a o r c  nonypacnana  T 1 / 2 - ( 3 0 - 4 0 )  c 
-31 2 

C O C T a B I l R n O  OKOnO 1-10 CM . 

n O n T B e P ~ e H U 9  T o m ,  YTO M W  L l e f l ~ ~ B n ~ e n b ~ O  HlcenH A 6 3 0  C 

n 3 O T a o M  2 5 4 ~ ~ 2 .  ~ B T O P H  n-enn c n e q w a n b ~ b l e  onm~,  B KOTOP~D( 

B m e n n n n  n H a n e m o  = p e r n c T p n p o s a n n  c n r H a n u  a-pacnana n O q e P H H X  R a e P ,  

o 6 p a 3 y ~ m i x c ~  nmne u-pacnana n e p s n Y n w  n p o n y r T o w  p e a r u n f i -  Cxem 

3 T O F O  U l t J T a  B H n H a  H a  ~ H c .  4 .  % C T b  n w e P H M X  I l P X I Y K T O B  a - P a C n a W  

IIepBHYHblX R n e p ,  H a x o n n s m n x c R  H a  c60p~nwax.  3a c Y e T  uraa'tn nonanana 
H a  I lOBePXHOCTb S 1 -.Au A e T e K T O p a ,  K U T O P ~ ,  T a K  HM 06pa30M. W K T W e C K  W 

RBJlRnCR C6OpHHKOM &lOCIePHWX R U e P .  f l ~ c n e  W H O Y a C O B o r O  c b n Y Y e H m  MwUh3HH 

2 4 3 ~ n ,  WOHaMn "N B T e ' i e H W e  f l M y T O P a  ' i a C O B  MESAY C6OPHWKaMU H 

AeTeKTOPaMW n m e w n n  s w p a H u ,  n c w n l o ' t a s m e  n m a n a H n e  B n e T e K T o p H  

( x - q a c ~ n q  OT pacnana nepsnwm f l n e p  H a  C 6 0 p H n K a X .  B W T a n b H o M  ycnmm 
p a 6 0 T b l  B C E ~  yCTaHOBKk3 O C T a B a n H C b  H e H 3 M e H H b a M -  ~ ~ M ~ P ~ H H E  B 3TOLA 

pemw a - c n e ~ ~ p b l  naBann WHWPIMUWKI o n w e p H n x  n p o n y K T a x  a-pacnana 

6 Q n b l E  3 C -  

 man 2 5 0 ~ m  B A o Y e p H n x  I l p O A y K T a x  a-pacnana c O a r m c T m n  

BbD(OnY ~ ~ ~ P B w Y H ~  nHHWH a-aKTHBHOCTW C 3 ~ e p F b l e f i  8, lo'0.05 M3B-  B 

K m T p m b H w x  a m a x ,  worna 2 4 3 ~ m  6 0 M 6 a p A H P O B a n H  nmaw 1 4 N  a 

n H T e p B a n e  s H e p r n n  80-90 M3B. B W ~  n 3 n y r t a T e m  8, loZ0,05 M 3 B  W 3 K O  

YMeHbDMnCR, f l p H  3TOM a - a K T H B H O C T b  7 . 4 5  M3B B C f l e K T P e  a - P a C n a L l a  

LlOqePHWX R A e P  O T C Y T C T B O B a M .  

C y m p y ~  C B M  W H H M 2 ,  a B T O P Y  m 6 0 T b l  CIS] 3 a K n W H n H .  Y T O  OHH 

c n H ~ e 3 n - n n  B p e a K q n n  2 4 3 A m ( 1 5 ~ ,  4 n ) 2 5 4  102 a - p a ~ n o a r ~ u ~ ~ b d  n 3 0 ~ 0 n  

254102 H O n p e n e n n n n  em nepnw nmypacnana T1/2=20-50 c H 3 ~ e P r u n  

- q a c T n q  E ~ = B .  l o + o , o s  M ~ B .  



3 - 4  - 3 -  @~~~3-_~30~0n0~-2??102-~1-2?!~02 
CbcfiOn 2 5 5 1 ~ 2  6W C W H T e 3 W P O B a H  B n ~ 6 H e  B 1966 r O n Y  UBYMR 

r p y n n a w ,  P a 6 0 T a B U B i h U I  H a  a H a n o r n ' t H b o c  Y c T a H o B K a x  c ram~&l c r p y e f i  

[10.11]. 

I l e p ~ a  n 3  ~ T W X  r p y n n  n p w e m n a  R n e p H y l o  p e a K u n l o  

2 3 8 ~ ( 2 2 ~ e ,  5 n  ) 2 5 5 1 ~ 2 .  h y ' t e H H M 2  p e 3 Y n b T a T t J  6Ww OflY6JlkiKOEaHkd E 

n p e n P H H T e  [161. K G T O P ~  3 a T e M  6W H a n e ' t a T a H  B B W A e  X Y P H ~ J I ~ H O ~ ~  C T a T b H  

[171- 
k W 3 p e H H R  a - C n e K T p O B  B n H a n a 3 0 H e  3 H e P r M H  6 0 ~ 6 a ~ n n ~ y m ~ n x  WOHOE 

2 2 ~ e  , 117 A 0  137 M3B n a 3 B o . J I w n H  a B T O P a M  Y e T K O  B W e n W T b  c n e n y m e  

a - n n ~ u w  c 3 H e p r M e f i  6onee 7 . 9  M3B: 8,08 M 3 B  ( T 1 / 2 = 1 8 0  c ) ,  8 , 2 3  M 3 B  

( T l I 2 > 5  W H ) ,  8.35 M 3 B  ( c n a m a  r p y n n a  c T1/2=30 c M '. 5 M H ) ,  

115 120 125 130 135 140 

Eiab  (MeV ) 

Pwc.6. 3 ~ e p r e ~ w ' t e c K a R  3 a B U C U M o c T b  BHXOA~B a - w z n y ~ a ~ e n e d  c 3 ~ e p r n e R  
8 ,08;  8 . 2 3 ;  8.35 n 11,65 M 3 B  B p e a ~ u n w  2 3 8 ~  + 2 2 ~ e -  B C K 0 6 K a X  

Y K a 3 a H O  IlQIlHOe Y U C n O  3 a P e r U C T p U p a B a H H h o c  a - ' t a C T U U  (PWCYHOK 

B 3 R T  W 3  P a 6 0 T k d  C16.171). 

s , 4 1 t 0 , 0 3  M 3 B  tT l /2=6 t2  c ) .  8,137 M 3 B  (TlI2=25 c) .  11.65 M 3 B  ( T l I 2 = 4 5  

c ) .  &w M ~ ~ H T W ~ U K ~ ~ W W  a - n 3 n y v a ~ e n e d  w 3 y ~ a n a c b  ~ ~ B W C H M O C T ~  HX B m a a  

OT 3 ~ e p r ~ u  6 0 ~ 6 a p n U p Y Y ) ( U I 1 X  WOHOB ( CM. PWC- 6 ) .  

~ H M R  ~ ~ ' 8  , 4 1 ' 0 , 0 3  M 3 B  ~a6nnnanacb ~ o n b ~ o  npw skieprnn 2 2 ~ e  116 

M 3 B .  C C C I T E ~ T C T E ~ ~ O U ~ ~ ~ ~  MaKCUMYMY p e a K U H U  2 3 8 ~ (  2 2 ~ e ,  4 n ) 2 5 6 1 ~ 2 ;  3 H a Y e H w e  

nepnona n o s l y p a c n a n a ,  ~ , / ~ - 6 + 2  c,  6 W O  B cornacww c p e 3 Y n b T a T O M  pa6W 

T M  C 7 I . M a ~ c n M a n b ~ ~ e  ce'tetine p e a K u w w ,  n p n ~ o n w s r u e f i  K O ~ P ~ ~ ~ E ~ H U K I  

2 5 6 1 ~ 2 ,  O K a 3 a n O c b  P a B H w l  2. ~ o - ~ ~ c u ~ ,  Y T O  6W0 6 n H 3 K O  K B e n W Y H H e  

4 .  10-32cM2 ASLR MaKCHMYMa 9YHKUWH B a 3 6 Y m e H H R  P ~ ~ K U U U  

2 3 8 ~ ( 2 2 ~ e , 4 n ) 2 5 6 1 0 2 .  y K a 3 a H H O r O  B -6me [ 7  1 - 
H a  O C H O B ~ H W H  ~ T H X  p e 3 y n b ~ a ~ m  amopu 3a~nmnnw.  YTO a - m ~ m  

8,  4 1 t 0 ,  03 M 3 B  n p n H a n n e m T  w a r n m y  2561~2.  

a n T o P b l  P a 6 0 T h l  npnmn K 3a~nme~w10 ,  '(TO ~ o n b ~ o  a - n 3 n y ~ a ~ e n b  c 

3 t i e p r n e d  8 .08~0.03 M 3 B  w c n e p w o n o M  n o n y p a c n a n a  (aono 3 MHHYT 

n c m Y L ( a n c R  R P e a K u w n ,  +YHKUHR ~ m 6 y m e ~ m  KUTOPOC~ n o  mpw H 

n c m a x e H n l o  M ~ K C W U Y M ~  cosnanana c T e u .  YTO m a n w  nm p e a K u w w  
238 

U ( 2 2 ~ e , 5 n ) 2 5 5 1 0 2 .  M a K c ~ M a n b ~ I d  BbocOA r p y n n h l  8.08 M 3 B  n p w M e p H o  B 5 

P i 3 3  I l P e E b U E l n  M Z i ~ c n M a n b H &  B H X O n  r p Y n n H  8 , 4 1  M3B.  3 T U T  p e 3 Y n b T Z 3 T  

L-IBXO~MJICR B C O r n a C U U  C W3BeCTHbIWtl flaHHhlWtl C131 0 9YHKUWW B m 6 Y m e H I I R  

PC?aKUHH 2 3 8 ~ ( 2 2 ~ e , 5 n ) 2 5 5 1 0 2 * .  

a - ~ a c ~ w u  c s ~ e p r w e f i  E ~ = 8 , 0 8 ~ 0 , 0 3  M 3 B  H n e p w o n o M  nonypacnana T 1 / 2 = 1 8 0 C  

R B m e T c R  n3mmou 102-ro 3 n e M e H T a  2 5 5 1 ~ 2 .  

L l p y r a R  r p y n n a ,  p a 6 a r a ~ m  B A Y ~ H ~ ,  nm c w ~ ~ e z ~ a  w w a y ' t e ~ m  

WSOTO~OB 2 5 5 1 ~ 2  n 2 5 6 1 ~ 2  n p n M e m n a  R n e p H y l o  p e a K u n n  2 4 2 ~ u  + "0 Cl91. 
( ~ k l m u  npmonnnncb B nwana-e s H e p r w w  6 0 M 6 a p n w p y ~ q n x  n m m  "0 m 82 

A 0  104 M 3 B .  0 6 H a P Y X U B  H e C K M b K O  ~ U H U ~  B W 3 M e p e H H D M  a - C l l e K T p e ,  a B T O P h l  

C O C p e f l O T O Y H n W  BHLlMZiHWe H a  n B Y X  IIHHHRX: 8.42'0,03 M 3 B  U 8.09'0.03 

M 3 B .  3 ~ e p r e ~ n ' t e c ~ a  3 a s w c w M o c T b  BHXO~QEI ~ T W X  ~ W H W ~  ( a  T a K x e  nmnn 
e,3s+o,o3 M ~ B )  n o K a 3 a H a  H a  pwc. 7 .  ~ p w  w n o n c a e H w e  K P ~ B H X ,  

W 3 M e p e H H W  am a-nn~wd 8.42 n 8.09 M3B, H a x o n w n w c b  B cornacnw c 

p a c Y e T H b l M I 1  KPHB~IMI~  A m  n o n e p e ~ ~ b o c  c e ~ e ~ w f i  ~ e a ~ u w f i  

2 4 2 ~ u (  1 8 0 , 4 n ) 2 5 6 1 0 2  w 2 4 2 ~ u ( 1 8 ~ , 5 n ) 2 5 5 1 ~ 2 .  



- ( [ Z Z ' T Z ]  umged E H  .LEE8 M H X ~ H ~ )  

( d a x a u 3  p ~ d W l W X 3 )  a&W 96 H 06rgeU3 (9 'acW 96=9eu~ ( e  :Oar 

LlHel-OH 
w 6 E ~  

a x B D d n U d e g n o g  HdU a u ~ ~ a d a w s n  ' h H a 3 e h - v  R d M a I n  ' 8 - 3 H d  
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-3 OLZZ/TL 

:HHHHU p3L.C e U e u 3 e d X m u  enondau a H H a h e H E :  E O l X d U  HUEU 'a&W SOT 

W H a e d  'OaT SOHOH H H J d a H C  HdU aAHHaHMUAff  'LWHadi3WW -3 o P + o ~ T : ~ / ~ J ,  

e n e u 3 e d X m u  euondau eHHhHU3E EHahXl roU em L 6  OsT SOHoH 
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AOYePHUX R A e P  F m -  3 a p e r H ~ ~ p H p o B a B  113 a - Y a C T H U  C 3 ~ e p r H e a  8.01 

M 3 B  m ~ a c n a n a  2531~2.  OHW 3 a p e r n c T p n p o B a n n  3 a- q a c T n u b l  2 4 9 ~ m  

(Ea=7.52+0.03 M3B) n 5 a - ~ a ~ ~ n q  2 4 5 ~ f  ( ~ ~ = 7 , 1 0 ~ 0 . 0 3  M3B) - C y I t e T o M  

C T a T H C T H Y e C K H X  OIW6- 3 T O T  P e 3 Y n b T a T  C O B n a n  C a M A a e M h l M  A m  U e n O Y K H  

H a n p H M e p ,  C 3 ~ e p r H e f i  88 M3B, a B T o P H  I l M y Y W n W  B C n e K T p e  ~ - H 3 n y Y e H w s l  

nnmw E-=B, 11T0,03 M ~ B  ( CM. PHC. 106). 3~eprm 3 ~ d  n n H m  cmnana c 
B e n w ~ u ~ d  8 ,10~0.05 M ~ B ,  pa~ee n o n y ~ e ~ ~ o i t  n m  marcma 2 5 4 ~ ~ ~ ,  

C H H T e 3 H P O B a H H O r O  B P e a K U H H  2 4 3 ~ m ( 1 5 ~ . 4 n ) 2 5 4 1 0 2  [15]. k p ~ a  

nonypacnana 3 ~ 0 m  nztmma. H ~ M ~ P ~ H H ~  B BTOM cnyyae, c c c T a B n n  

~ ~ / , = 7 5 * 1 5  C. KPHB~R BHXW n u H u n  8,11 M 3 B  (CM.  PHC. 11) c o B n a n a  c 

P ~ C Y ~ T H ~  4 y ~ ~ u u e f i  BCQ6YWeHHR ZUM - K W H  2 4 2 ~ U (  1 6 ~ , 4 n ) 2 5 4 1 ~ 2 .  

w 3 K -  Pa3 . f lH ' iHe  AaHHHX & 6 ~ b l  1 1 4 . 1 5 , 2 1 , 2 2 1  H B ~ K ~ w  11-31 0 I l e p H m e  

nonypacnana  H s H e p r n n  - - ~ ~ C T H U  3 ~ 0 m  H y w n w a .  n p a a e n e ~ ~ h l e  
3 K C n e P H Y e H T b l  OnWCaHbl  B C T a T b e  [23,241-  ~ P H Y ~ H H B  A m  IlOJIYYeHwsl R A e p  

2 5 4 ~ ~ ~  pearuuw 2 3 8 ~ (  2 2 ~ e , 6 n ) 2 5 4 1 0 2 ,  amopu 123.241 nmamnu,  '(To 

CnOHTaHH-  A e J e H H e  W e H b  L(anOBePC1RTHO ZUM 3 T O r O  H3OTCCIa.  

n a p u n a n b ~ t d l  n e p n a  nonypacnana n o  a H a n e H n r ,  K c n m T a H H c u y  n e n e H n m  

C O C T a B I M e T  H E  M e H b I E  25 Y a C O S ,  T O  e C T b  OTHOlWHWe BenWYHH BepQRTHOCTW 

c n m T a H H o m  n e n e H w s l  H a- pacnana S F / - <  1/1800. 

Tawnu 06pazxu. pa6ma 123,241 nmaziana, VTO n a H H t e  r p y n n b l  

B p ~ n u  o napqwanb~cu nepwone nonypacnana 2 5 4 1 ~ 2  ( ~ ~ ~ - 6  C )  w 
Ul'HolUeHHH BeJ'lHYHH BePC1RTHOCTW S F / a  = 1/2 12.33 R B J E l m C R  O I W 6 W ~ k d h i b I -  

W c n e n o w n a c b  T a w r e  E P T B ~  C n m T a H H o m  a e n e H w s l  n p y m r o  

Y e T H o -  Y e T H m t  H 3 a r a l a  2 5 6 ~ ~ 2 .  npn 6oldapa~pos~e m w H u  n 3  238u 

HOHaWn "Ne a B T O P Y  p a 6 0 T b l  C36 1 H a 6 n a C l a n H  a K T H B H o C T b  CnOHTaHHOT'O 

n e n e H m  c n e p n a c u  nonypacnana  mono 10 c, rmopa H a  c c H o B a H u n  

IlQnYYeHHHX AaHHHX 0 3aBWCWLY3CTH BHXOAa  OT 3 H e P r W H  WOHOS "Ne mrna 
6 W b  0 6 b R c H e H a  KaK n m a n e H n e  c n a 6 ~  EPTBH c n m ~ a ~ ~ o r - 0  n e n e H w s l  

-ma 2 5 6 1 ~ 2 ,  06Pi33y--R B p e a K q n n  2 3 8 ~ ( 2 2 ~ e ,  4 r 1 ) ~ ~ " 1 0 2 .  O A H ~ K O  

OUHOBPeMeHHO 6W0 0 6 H a p Y X l 2 H O  136,371,  Y T O  B APYrMX R A e P H W  PeaKUCISIX 

- 2 3 8 ~  + "Ne H 238~) t 160 - 0 6 P d 3 Y e T C R  K ~ K ~ - T O  C n O H T a H H O  ~eJ l5 i l I lMf i cR  

H y K n H n  c aTu.uiba( H-POL( Z < l O O ,  ~~emil n e p n a  nonypacnana 3 , 5 + 0 , 7  

C -  BBHAY T o m .  Y T O  n p H  W e H b  K l n C M  E b o t a e  aKTHBHoCTW C n O H T a H H O M  

a e n e H m  6 w O  T p y n H o  o T n e n w T b  c a m w s l  n e n e H m  256102 m n e n e H w s l  more 
H e M 3 B e C T H O m  HYKnHAa .  6W CAf?naH E m ,  Y T O  O T H U E H H e  ~ e ~ ~ e f i  

C n O H T a H H O M  A e n e H w s l  H Q - p d C n a A a  H 3 a r c x l a  256102: SF/.. < 1/200 1351. 

3 - 4 - 6 - ~ ~ _ ~ n e ~ _ w ~ ~ r e ~ _ ~ ~ - ~ o ~ x ~ ~ ~ ~ ! ~  lo2~m?_n1?-w_HTa 
B 1967 m y  B & 6 ~ e  6 w u  n p o B e L l e H n  m m b l  n o  m p e a e n e H n m  

X H M U Y ~ C K O ~  X a p a K T e p a  3 n e ~ e ~ ~ a  102 1251 M ~ T ~ O M  l ~ p o ~ ~ a n b ~ o i l  

X - T W P a W b i  r a m p a 3 H b I X  XJIOPHLIOE, ~ U T o p t d l  A 0  3 T O r O  H C n M b 3 0 8 a n C R  

ZUM X H Y W ' ~ ~ C K ~  WAeHTHQrHKalWM 3 n e Y e H T a  104. 

B pa6me, B CYIUHOCTH, muemnacb CKOPOCT~ ABWD~HCISI m e K y n  

X n o p n c T m  C O M H H ~ H H ~ ~  ~ 3 y ~ a e w s x  3 n e ~ e ~ ~ a ~  B H ~ K O T O P O C ~  ~ 3 a r e p W n ~ e c ~ d  

K o n m K e  B nmme X n o P u p y ~ m  ram. L!JW 3 ~ 0 m  C H H T ~ ~ W P O B ~ ~ H  a T a u  

2 5 6 1 ~ ~  (TlI2=4 C)  H 3a em n-ne~neu cnennnn n o  p a c n p e n e n e H u w  
252 

A O Y e p H e m  A O J l r a M B Y l 4 2 m  F m  ( T1/2=25 '0 B A O n b  KOIIOHKW. 

6LUl0 W~HO. 'IT0 I lPH  CCIPeAeneHHbIX YCJIOBHRX 3 n e M e H T  102, 

nm06~0 n a H T a H a u i a u  n H 3 B e C T H H M  no ~ T O M  ~ K T H H C H A H ~  3 n e u e ~ ~ a u  (Am H 

A P - 1 .  IlePeMeU(aJlCR n o  K O n O H K e  O Y e H b  MeAJleHHO. B T O  B E U W  K a K  3 n e M E H T  

104 n c 1 ~ 0 6 ~ 0  r a w m i  n P a x w H n  ~epe3 K ~ ~ O H K  y 6e3 3anepxxu 3a nonu 



KOHQlePeHUWl n o  # M 3 b l K e  TRXf2nHX WOHOB, H a  KOTOPO~~ 6 M W  C m 6 U e H H  

H 3 n O L e H H b l e  3 n e C b  UaHHble  0 C ~ C T B ~ X  P a 3 S I M V H W  H 3 O T O n O B  1 0 2 - r O  

3 n e M e H T a ,  C W H T e 3 H P O B a H H W  ~ Y ~ H ~ H C K ~  rpynnoil. ~ T H  U a H H H e  CYMMUpOBaHH 

B ~ a 6 n n u e ,  B wcrropdi n p M s e n e H b l  T a r x e  u a H H b l e , c a 6 u a s w e c R  B pa6max 

r P Y n n b l  ~ P K ~ W .  O n Y 6 n H K O B a H H W  B 1958 - 1961 I T - ,  U n a H H H e ,  

P e K O M e H n O B a H H b l e  B COBPeMeHHhlX  T a 6 n n U a X  U3OTOI lOB [26,27]. 

'Ih6nnua 
~ H H W  o a-pacnaue n m o n o ~  102-ro s n e ~ e ~ ~ a ,  n a n y ' r e H H E  

B k p ~ n ~  (1958-1961) n n y 6 ~ e  ( 1 9 6 3 - 1 9 6 6 )  

252 4 . ~ ~ 1 . 5  8,41+0,03 2 3 9 ~ u ( 1 8 0 , 5 n )  Mnxeeg H up. 2,30 8 , 4 1 ( 7 5 % )  
1 9 6 6  [21,22] 



3.6. a ~ f l e p ~ ~ e ~ ~ b l  r P Y f l f l H  & P K ~ W ,  O n Y 6 n W K 0 B a H H H e  

B P H Y S I C A L  R E V I E W  L E T T E R S  B 1967 r o n y  

B 1967 m y ,  n m n e  T m O  KaK B &pKnbI  C T a n k I  W3B€?CTHH B C e  A a H H W .  

n a n v q e ~ w  B m6~e. hopco, C H w w e n a ~ n  n H y p m a  1281 o n y 6 n n ~ o ~ a n n  
p e 3 y n b T a T H  HOBHX 3 K C f l e P H W H T O B .  BMlQnHeHHHX B newa6pe 1966 F O A a .  

244 24 8 
- ~ P ~ H P Y R  M H E H W  W3 W O H O W 3 6 0 n H H X  I l W f l a W T O E  (m, 2 4 6 ~  b4 '3 

12 13 
n y w a u n  HOHOB C H C, OHM c n ~ ~ e 3 n p o ~ a n n  c e M b  H ~ ~ O ~ O B  102-1-0 

3 n e M e H T a  m 2 5 1 1 ~ 2  no 257102. I.~X n a H H w  o X a p a K T e p n c T n K a x  a- pacnana 
n m n  -am m 2 5 2 1 ~ 2  no 2 5 6 1 ~ 2  n m H m T b n  C o B n a n n  c n a H H m n ,  

n o n y r e ~ ~ m a n  pa~ee  B a ~ 6 ~ e -  H a p m y  c a-pacnanou n3mona 252102 

( T ~ , ~ = Z ,  3'0,3 C ,  Eol=8. 4 1  M3B)  OHH 0 6 H a p y M n H  a K T W B H 0 3 T b  C f l O H T a H H O r O  

n e n e H m ,  c 6 n n 3 ~ n ~  nepnonrm nanypacnana, c m T a a m a m y m  n o  c w o p o c T n  

C r e T a  1 /2 m c w o p o c T n  c r e T a  a - r a c ~ n q  c 3 ~ e p r n e f i  8.41 M3B,  n 
I l W ~ f l O J I O X H n H ,  ' c T 0  3 T a  a K T W B H o C T b  C f l O H T a H H O r O  A e n e H H R  T a K L e  UT'HCCWTCR 

K n 3 m O n y  252102. npyroro n-ma, 2 5 6 1 ~ 2 ,  o H n  H a 6 n i o n a n n  cna6yn 
B e T B b  C f l O H T a H H m O  A e n e H H R  H C W n W  Y K a 3 a T b  m H O l l E H H e  B e n n ' t n H H  
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np. 1101 1971 mna n o  nomonav 103 3 n e M e H T a  c A - 2 5 5 - 2 6 ( 1  C K ~ ~ ~ H O  
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e c T b  258103. Paannvne p s H a v e H m x  nepnopa n o n y p a c n a n a  6 y c n o s n e H o  
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n o n p O t j y e ~  n o n m c m i T b  atianna nepsnx pa6m n o  c u H T e a y  w u s y - i e ~ n a  
C B O ~ C T B  TPaHC&!pMlleBlJX aKTHHMAHbM 3 n e U e H T O B  (Z'101,102,103). MH 

PaCCMOTPenW KaK C a m  3KCnePHUeHTH,  T a K  W WX TPaKTOBKY, q T O d H  3TWM 

KOHKPeTHbIH MaTepHanOM C O U ~ ~ C T B ~ ~ ~ T ~  B t r p a d m K e  K P H T e p H e B ,  K U l ' O P b l e  

ACMXHU nPHMeHRTbCR K pa6mau. n P I 2 T e H A Y W M  H a  UTKPMTUe 3 n e W H T o B .  

K ~ K  MoIHO BWAeTb H 3  0 6 3 0 P a .  CTCYTCTBHe TBKHX KPHTePHeB.  K CCai3- 

JleHHKl, B HeKOTOPldX CnY'iaRX O T K P W O  nPOCTOP AJEl l l W W 3 ~ B O n b H d  

TPaKTOBKH U PeWHTePnPeTaUWU AaHHblX. 

[ l e p ~ t d h l  TPaHC&!PWeBbaA 3neMeHTCM RBJBeTCR M e ~ ~ e n e ~ H n -  3 A e b  

MCBDIO I: YaoEcneTBopeHneM O T ~ T W T L ,  YTO H c c n e n O S a T e n b c K a R  rpynna B 

F ~ P K ~ H ,  KOTOP~R s n e p s b l e  c w ~ ~ e ~ u p m a n a  3 ~ m  s n e l c e H T  H cqpenenuna 
H e K m o p b l e  ero csoiic~aa, B m m H n n a  p a 6 m y  H a c T a n b K o  XCGUIKI, YTO H e  

B ~ H H K J I O  K ~ K U X - n u 6 0  O C H O B ~ H H ~ ~  AJW AHCKYCCHR o n p w o p n T e r e  m ~ p m m -  
nmne ~ B Y X  ~ H O B H ~ M  n y 6 n n ~ a u u i l  [I, 21 B n c c n e n O B a H m x  npyrnx a B T o r a 3  

TQnbKO YTOYHRnHCb 3TW PI23YnbTaTH H L l a n e e  p a 3 B U B a n O C b  U 3 Y q e H H e  

3 n e ~ e ~ ~ a -  B c c x n a a e ~  TO, r T o  XOTR B n e p ~ o t i  pa6me C11 6 U O  n o n y q a o  

B C e r O  17 aTOMOB, YMenU2 H T l l B T e n b H U 2  n P O B e n e H W e  3KCnepHMeHTOB H a  

npeuene E a 3 M o x H O r O  n C 3 B M U n O  W36eXElTb OUIU6OK- ~ X I H ~ C ~  H a  4 Y m -  

M e H T a n b H u e  ~ ~ K O H O M ~ P H O C T W  nepuanqecxoro  3 a K a i a  f l -H-hle~nenee~a,  
oi$OPhUleHHtde, E qaCTHCCTW, B B H n e  B K T W H M ~ H O ~ ~  KCHUelllUIH Cx60pra. 

aETOPt.4 111 CMOrnW nCMYYWTb y 6 e n W T e n b H t E  AaHHUE 0 XHMUYSKCM 

X a p a K T e p e  M e H n e n e B m  H o m u m K T u B H o M  pacnane o n H o r o  u 3  ero 
H ~ O T O ~ O B -  H e m n y m  m b  B y c n e x e  3 ~ d  pa6m~ c t r p a n u  H H e w m o p e  

O ~ F ~ K T H B H H ~  m K T o p U ,  T o ,  ? T o  npOLlyKT pacnaaa 2 5 6 ~  o w a m n c n  c n m T a H H o  

AelMIUUKR HYKnHnOM, a CeneKTWBHaR WHAHKaUWR CnOHTaHHOrO AeneHWR - 
CPaBHWTenbHO I l W T a R  3 W J a Y a .  KPCMe T m ,  n P H  u c n o n b 3 o a a ~ ~ d  

KW6MHaUHW W ~ ~ B H W  (253~) W 6 0 L 1 6 a p ? ~ u p y m R  YaCTHUbl ( 4 ~ e )  n P H P O l l a  

U 3 6 a B H n a  aBTOPOB OT KaKWX-nH60 W O B H X  I lPQllyKTOB - ~ 3 n ~ ' l a ~ a e f i  

C n m T a H H o r o  n e n e H m .  

n p n c ~ y n a  K c n H T e z t y  3 n e M e H T o B  102 n 103. ~ a m o  6wo n p e m w e T b  

H a  CCHOBaHHH TeOpeTHq@CYHX H ilMy3MilHP)lYeCKWX ~ K C T P ~ ~ ~ U H R .  'iTO 

n p u n e T c s  W W T ~  neno c uammam,c H a w o m  W H ~ P M M H ,  YeM Y Fm H Md, 

BPeMeHaMn M 3 H H .   TO C T a B U n 0  IlOA CoMHeHUe Bm)r(CWOCTb u c n o m 3 0 B a H W R  

XOPOU~O o n p a B n a B m e r o  c e 6 ~  X H ~ Y ~ C K O ~ O  L ( ~ T O A ~  U Z I ~ H T W W K ~ U H H  - 
M ~ K O C T H ~  W C H m 6 l c e ~ ~ a  X-TOrPaWH- 

Teu H e  M e H e e  -0 C Y H T a T b  U ~ M B A ~ H H ~  ~~OCIMTKY n P U U e H a W  

XpoMaTOrPaq*tU TpeXBaneHTHHX UCHoB B nep& M6me n o  C H H T ~ ~ Y  102-FCl 

3 n e ~ ~ ~ a .  ~ c r r o p a  6Ua s h l n o n H e x a  O d a e n r n e ~ ~ d l  r p y n n d  ~3 WWW. 
B ~ ~ H K ~ ~ ~ H T ~ H H H  H B C T m M m b M e  [a] - K ~ K  C T a n O  BnOCneLlcTBHH RCHO 

H 3  UHKna  nY6HeHcKWX M60T. 3aBePIWBIWXCR C H H T ~ ~ U ~  IMTH H 3 0 T U I o B  



102-m 3 n e t e ~ T a  [DJ. H a n 6 0 n e e  n 0 n r a W ~ y u n i i  n 3  H n x  - 2 5 5 1 ~ 2 ,  

KOTOPL~, B n P H H U H l l e ,  Mar 6 m b  nOSIYYeH E C T O K r O n b M C K H X  3 K C n e P H M e H -  

T a x ,  H-T n e p n a  nanypacnana 3 WH . 3r0, no-BHAHMOMY, n n u  E 

H ~ C K M ~ K O  pa3 ~ H L W  TOM npenena, KOTOPL~ 6w T o r n a  n a x y n e H  

3 K C l l e P H M e H T a T O P a M -  K CO'KWIeHHIO, B ny6nnaaumx ( a. a J H e T  A C C T a T O ' t H O  

n O A P o 6 H O M  OIlHCaHMSl x H M J l q e C K &  Y a C T H  3 K C n e P H l r e H T O E .  f l C 1 3 ~ 0 M y  

~ ~ T P Y ~ H ~ H O  HX C o n m T a B n e H n e  c n a t i t i b l m  t j a n e e  n m n H n x  xnw ' t ec rnx  
pa6m ( CM. La1 ) , me nora3a~o.  TO 3net.ieH-r 102 H a n d a n e e  Y C T ~ Y M E  E 

A B Y X B a n e H T H O M  CCCT(3RHHH. K 0 1 ' O P O e  n o  C B ~ C T B ~ M  a n n Y a e T C R  01' 

T W X B a n e H T H O r O .  

~ I M ~ R  E BHAY K O P O l ' K O e  B P e M  M 3 H H  a T O M O B ,  a B T O P b l  pa6m n 0  

C H H T e 3 Y  3 n e M e H T O E  102 H 103, l lPOBe/JeHHba(  E A Y ~ H ~  E 1963-1967 tT-. B 

K a Y e C T B e  OAHOTO H 3  OCHOBHHX M e T O A O B  o ~ H c J ~ H ~ Y H O L ?  M n e H T H 4 H K a U H H  HOEHX 

H Y Y n H U O B  H C I l Q n b 3 0 B a J l H  B t l n e n e H H e  H 3 6 e C T H b l X  A O Y e P H H X  nPOLIYKT06: 

Q-pacnana H C K O M ~ ~ X  H y K n n n o E -  OPnava npn a-pacnane n a 3 B a n s l e - r  m n e . m ~ b  

A O V e P H H e  a T o M b l  01' M J T e P H H C K H X  H 3 a a H 0  O T  MHOrO'4HCneHklHX n P Y r k l X  

I lePBHYHblX n P U n Y K T O B  R A e P H H X  ~ e a ~ u n f i .  ~ ~ O X H B Y ~ M ~  n o Y e P H H e  H Y K n H n t r  

n 3  pacnana namonoe 3 n ~ t d e H T O B 1 0 2  n 103 H ~ ~ H T H ~ H U H ~ O E ~ ~ H ,  r a K  

n P a B H n 0 ,  C nOMOUlbKl C e n e K T H E H K X  X H W Y e C K H X  MeTOAOB. M ~ E ~ C T H N Q  3 H e P r M R  

a - ' i a C T H U  H n e P H O A  I l O n Y P a C n a A a  AOVePHMX a T O M O B  n P M  ~ P ~ B H ~ ~ H O R  

I l O C T i l H O E K e  3 K C n e P H M e H T O B  r a P a H T l 4 P O B a n H  6 e 3 0 U I H 6 0 Y H O C T b  MACHTH- 

~ H K ~ U H H .  

OPM~THM. YTO E C C H O B e  Y K ~ ~ ~ H H O ~ O  M e T o n a  H ~ ~ H T H ~ H K ~ ~ H H   HOE^ 

3 n e M e H T O E  n e m T  nonxon, r c r l e u u r o  n c n a n b a o s a ~ ~ L d  eqe B paamax Xa~a n 
ap- ( C M - 1 7 1 )  F tiayane H a m e r a  - c T a n e T m  npn pacurw4poswe n p H p 4 n H b l X  

P a n H O a K T H B H H X  P R A O E .  

C)IlWI' E c e b 7  P a 6 0 ~ b l  n o  C H H T e 3 Y  3 n e M e H T O E  102 H 103 n O Y a 3 a . n .  Y T O  

~ m e n e ~ n e  nmep~ero n m y r ~ a  [ a - p a c n a n a  H O B O ~ O  3 n e t e ~ ~ a  n 3  

c ~ O X H O ~ ~  CMeCM MHOrO'4MCJleHHtrX n P O A Y K T O E  R A e P H H X  F t e a ~ u H f i  H P a C n 0 3 H a H H e  

ero n o  X n M n v e c K  HM C E ~ C T B ~ M .  ~ H ~ P ~ M H  a- pacnana n nepnony nanypacnana 

H a  c a M o M  nene H e  R B J M e T C R  ~ p n s n a n b ~ o i l  3anareR. O C H O B H ~ R  n a n e r c a  - 
3 T 0  Y 6 e n H T e n b H O  n O K a 3 a T b .  ' 4 T O  4 H 3 H ' 4 e c K d  M ~ T O A H K ~  C o 6 p a H H  T a b K O  

P a t O T a X  n o  C H H T e 3 Y  1 0 2 - r O  [ma-6181 H 103-1-0 [ B V ]  3 n e M e H T O B .  h 

BblBCInbl I l P e n C T a B J M n H C b  C T a b  Y 6 e A H T e n b H W .  '4TO COPeEHYK#IEiHCR r P Y n n a  

B M C C K B ~  p e l u n n a  c c T a H o B n T b  C E ~  pa6ms n o  s n e M e H T a M  102 n 103 n 

H a y a n d  n c l n r m o 6 K y  K C M H T ~ ~ Y  3 n e ~ e ~ 1 ' 0 ~  1 0 4  M 105. 

8 t r n  c m n a H  MOUIHHI? U n K n m p o H  E U Y ~ H ~  ( Y - 3 0 0 ) .  n p e n ~ a 3 ~ a v e ~ ~ t u ~  

C n e l l M a n b H O  n n R  n o J l Y ' 4 e H W l  MHTeHCHBHhM n Y Y K O E  T R L e n H X  HOHOB- C HOEblM 

HCTOYHHKOM M H o r m a p R n H t u  HOHOB n a n y v e t i  M a T e p n a n  n m  VHCTISX 

MOHOtl301 'OnHHX h U i U I e ~ e f i  242b'U, 243hrn .  B m M o W O C T H  n ~ 6 ~ b l  C H H T e 3 a  

HOBHX 3 n e ~ e t 1 ~ 0 ~  n p e B b l c n n n  TO, ' 4 e M  pacnanarann E TO spew E Eeprnn 
n o  a C C O P T M M e H T Y  IIYYYOB T R I E n H X  HOHOB H HX H H T e H C H B H O C T H -  &UIH 

c m n a H t r  P ~ ~ H U X P ~ ~ H N Q  M e T o n n K n  H annaparypa. 

& I S  n P O E e P K H  B ~ ~ M O X H C C T ~ ~  P a 3 P a 6 O T a H H b l x  I l O n X O A O E  B K a Y e C T B e  

t i e c ~ a n b ~ o  c m e H  a T o m E  3~01-o H y K n n n a ,  H ~ M ~ P ~ H  nepnon nonypacnana. 
O n p e n e n e H a  3~ep1-m C ~ - V ~ C T H L I ,  n 3 ~ q e ~ b l  ~ ~ K O H O M ~ P H C C T H  06pa3o~a~m R n e p  
256 

102 E n B Y X  Pa3JlH'4HblX K O M t j M H a l l k i R ~  MHWeHb M 6 0 M 6 a p n ~ ~ ~ ~ n u n t i  HOH 

[ a s - A l l J .  
M ~ o m e ~ n e  nepnonos nanypacnana  25b102, n a n y v e H H o r o  E m6~e.  n 

254 102, p a H e e  n 3 y v e H H o r o  B B P K ~ H  [ ~ 6 -  E I ~  I , E m B a n o  Y n n B n e H n e ,  T a r  

K a K  n P O T H E O P e q W n 0  H 3 6 e C T H H M  AaHHHM 0 COOTHIXWHHH E P e M e H  M 3 H H  

H 3 G T O n O B  C f  H F r n ,  H M e W x  Y H c n a  H ~ ~ ~ T P O H O B  N Z 1 5 2  H 1 5 4  
( 250ff-252ff, 

2 5 2 ~ m - 2 5 4 ~ m ) .  ~ T C M Y  6W0 p ~ ~ e H 0  n W B e p n T b  C&CTB, Y K a 3 a H H W  

~ ~ P K J I H ~ B C K O ~ ~  r p y n n d  CEl6-B81 2 5 4 1 ~ 2 .  

B p e 3 y n b T a T e  T l q a T e n b H O  n p o B e n e H H b l X  m W 0 B  1 , A131 E b '6~e 

y 6 e n n n n c b .  YTO 3 a R B K a  r p y n n b l  n 3  Eeprnn H a  a w p m n e  102-m 3 n e u e H T a  

H ,  K a K  EbLRCHHnCCb nCZ3Xf2 [ A 1 4 , n 1 5 ] ,  H HX 3 a R B K a  [ m o ]  H a  O T K P m H Q  

103-1-0 3 J l e M e H T a ,  o n n p a n n c b  nnn H a  O(LD16OVHW 3 K C n e P H U e H T a n b H l ? 2  m H H W  

H ( H ~ H )  H a  3 a 6 n Y f L l e H W l  n P H  T p a K T O E K e  A a H H h M -  ~ ~ H ~ H c K H ~  P B Y J l b T a T w  

~ W H  C 0 0 6 W H H  E B P K J ~ H ,  O a H a K O  c K O J l b K O - H H 6 Y A b  C C H O B a T e J l b H m  U T B e T a  

H a  K P H T H K Y  H e  6w0 n a n y y e t i o .  
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