


:?apeme m m u ,  H O B ~ P ~ ~  T P ~ H C ~ ~ ~ H O B I - I X  3J IeUeI iTOB o T s p u s a e T  

B03:SOXHOCTb no-HOBOhV OC?IIMCJIi?Tb 3 a K O H O ~ l e P H O C T H  ~ ~ ~ E o ~ M ~ I ~ c I ; o "  11 C I I C T ~ -  

r.rd :iemmeesa. B I966 rom B ~arneii x a d o p a ~ o p l ? m  ~ L I J I I ~  s n e p ~ b ! e  a I t c n e -  

PWdeHTaJIbHO HCCJIe,QOBaHhI XHMLfYeCKlle C B O A ~ C T B ~  3 J I e i J e H T a  I04 B p a d o ~ e ,  
H ~ ~ ~ ~ J I ~ H H O A  H a  ero XHMbIYeCKyll m e H T n G ~ ? K w u J 1 / .  hUI0 n O K a 3 a H 0 ,  

(CN. Tm.e pa60~~/2-5/ ) ,  YTO 3JIehleHT I04 - K y p u a ~ o B a  (xu) o6pa3y- 
e T  O T H o c w r e J I b H o  n e r K o n e T p e e  w r o p a c T o e  c o e r n l a e a i . i e ,  dn~axoe  no no- 
BeAeHLlx, K XJIOPLIJJJ ~ ~ @ H E L F I ,  B T O  BPeMfI K a C  3JIeMeHTX 103, 102 11 m- 
rm T p m c n r r y T o m e B u e  a n e ~ e ~ c ~ n  H ~ D T  T p y m o n e T p x c  coemaeam, ~ m o -  
n0611e XJIOprWOB JIaHTaHOSWOB. >TO 0 3 I i a Y a J I 0 ,  W O  6ma 3KCIIepIDAeHTUIb- 

HO J I O K ~ J I I ~ ~ O B ~ I I ~  B e p X H E t l  rpamua "~KTIIHOILI(HOI'O c e ? , ~ e E c ~ ~ a "  B Yll ne- 
p~tone o ~ o w a ~ e a ~ o  noffrseph(n.e~o ero c y q e c ~ ~ o s a ~ ~ e .  Cornac~o 143- 

B ~ C T H O ~ ~  K O a e I U @ I K  C l ? d o p r a , o ~ o  AOjIjiiHO B ueJIOM HanOMHHaTb C ~ M ~ B C T B O  

~ ~ H T ~ H O ~ O B  B Y I  no XMM P~CTBO-  

~ 0 1 3  ~ J I ~ M ~ H T ~  I03 I I O n T B e m a K Y P  3 T Y  

l7p;iHw. Ha OCHOBaHKH 3TOI'O HOBOrO n O K a 3 a T W b C T B a  BHCOKO% CMMi'AeTpHV 

~ a d J m w  I.Ieyqmee~a MOXHO dm0 O a W a T b ,  TO B a T o r n a x  " T ~ ~ C ~ K T H H O ~ -  

HHX" 3JIeMeHTOB d y n e T  I IOCTeneHHO 3anOJIHRTbCfI  3J IeKTpOHHaR n o n 0 6 0 ~ 1 0 ~ ~ a  
6d. T0r~a  I(u, KaK. n e p B &  113 HmX nOJDi(eH X a P a K T e P H 3 0 B a T b C E  3JIeKT- 

P O H H O ~  c ~ p y ~ ~ y p o B  [q 5I1$d%'sP, T. e. B X O ~ H T ~  B noppynrry T i ,  
zr, Hf 11 6 H ~ b  XHMKW?CKLDA aHLUOI'OM r&pHWI B TPa,QUpIOHIIO?A nOHIIMa- 

HIIM. 

a I T O M e n H e e  BpeMFI, O m a K O ,  BHCKa3blBaJII?Cb HeKOTOpbX COMHeHWI, 

n a e T  JIM rrpoc~m ~ K C T ~ ~ ~ O N I I Z M R  B H H ~  no nonrpynne IIepaomec~oi4 c ~ c -  
TeIAIJ r r p ~ ~ H O e  rrpefiCKa3aHEle ~ J I ~ K T P O H H O A ~  CTPYIITYPH aTOMOB T p m C a K -  

T H H O m O B  li HeKOTOPHX @ ~ ~ ~ E I C O - X E ~ ~ ~ ? ~ ~ C K X X  C B O ~ C T B  3 T W  3JIeMeHTOB. 

Cornac~o o r r y d m o ~ m m ~  p HBMCTCK~.I  p a c Y e T a A  a~orn~ofi  3JIeKTpOH- 

H O ~  CTPyKT(TYPk! 3 J I e M e H T a  IN? "PWKBI(CTCWI~ ~ ( X $ ~ K T H "  l'IPDO&lm 
I 4  0 2 1  

K T O T ,  P T O  OCHOBHtIM COCTORHEleM aTO?ila m e T C R  h l 5 f  d 76 P1i2 I 4  I 
BMeCTO 0 m ~ a e i . I o M  no w o r m  c e rer,i 663/27s2. OCHOBH- 

B M C b  H a  3THX p e 3 Y J I b T a T a X t  Keme Fo9 npennono,.(~x,  TO 11 y 104-r0 
a n e r , ~ e ~ ~ a  cTpyKTy-pa ~ ~ n 3 ~ 2 ~ ~ 6 d ~ 7 e ~ ~ : / ~  F . ~ O X ~ T  dmb yc~ohmee ,  uern 
[R~I]Y'~G d$l2 7 s2.  Torna anernem 104 ),Tor da o w s a T a c n  p -aneMeH-  

TOM, B K~KO%--TO c T e n e H x  ~J IHBKMM K C B B H L ~ ~ ,  memueby CTP~KTYPY 



14 10 2  2 [~e]4f 5 d  6s P ~ , , ~  ; O T M e T m ,  OABZLKO, 3aMICHYTOCTb d-060~1om 
B IIOCJIBLVIBM GKy¶ae. B 3 ~ 0 f i  C B R 3 8  CJIeWeT 0 6 ~ a T H T b  -e H a  T O ,  

P T O  TRH(eJIbIe P 3 J I e M e H T H  OOJE~JL~HYF aOBOJIbHO 60~~bu10f i  J I e T y W C T b K )  B MeTaJI-  

JLHleCKOM COCTORHHI? I! B COeaEMeHYZRX, B ¶aCTHOCTH, Pb H e C p a B H e H H O  

donee J r e T y n ,  u e h l  : IeTarvrM n O K C ~ H  n o n r p y n n t r  T i ,  zr, Hf .   TO m- 
e T C R  0 n H 0 f i  H 3  ~au60~1ee Q K E M  XapaKTePHCTHK.  pa3JIINa M e w  TEXWIHMtl 

a J r e r . l e H T a m  ABYX noarpynn IIIJ ~ p y m  I I e p k ~ o n m e c ~ o i i  C n c T e I m .  M S B ~ C T H O ,  
PTO B H ~ P ~ H K F I  ~ H T ~ J I ~ I I ~  cybnmmum H ~ e p r v l o r n a r m e c ~ ~ e  CBOPCTB~ HOHOB 

3JIeMeHTOB B W C T B O  e CBR3aHH WEUIOM 60pm-ra6epa ,UJL3 3JIeKTPOXMhGPIeC- 

K O r O  I I O T e ~ H a J I a  / I~~' / .  Tmmr 06pa30~, BOIIPOC 0 J I ~ T Y ~ ~ C T H  ~ J I ~ M ~ H T ~ P  

H O r O  KYPPaTOBIdR IIPHHIJJIIUaTIbHO BaWeH H C TO- 3peHEUI 0 6 c y l ~ q e ~ m  A N -  

rIci x m m e c K m  CBOZCTB K u  . IIOBTOMJ MU COW H ~ O ~ X O Z I U M H M  IIOJIYPHTL 

3 K C I l e p ~ e H T a J I h H H e  a t3HHHe,  ICOTOptre II03BOJEUIE 6~ OUeHHTb XOTR 6 t r  rpa- 
H W H O e  3Ha¶eHLle  3HTaJIbIIEIEI B 0 3 r 0  H. OTMBTBM, O m a K O ,  ¶TO HH B 0 ~ 1 0 5  

n3 n p e m  pa do^ no xmm ru 71-396-8/ H e  ciwo n o q y P e H o  xaxlot- 
J IB~O y~asamii H a  ero n p m w e m o c T b  K P ~ J I ~ M ~ H T ~ M .  

Heobxomo 6 ~ 0  y ¶ e C T b  O C O ~ ~ H H O C T E ,  obywxomeme B03MO)IMOCTbP) 

neme. OCKOJIKH n e n e m  MOXHO ~ ~ ~ E C T P E P O B B T ~  c IIOMO~LKI TBemoT@Jibxwx 

Tp8KOBHX A e T e K T O P O B  ( CAsJqa, K B ~ N )  , K O T O p H e  , OnHaKO,  p a 6 0 T a D T  JEUlIb 

n p H  T e m e p a T y p a x  H e  sme 4 . 0 0 ~ ~ .  I Ioa~ow MH H e  ~ c n c u r a s o ~ a m  T e p o x p o -  

M E L T O ~ ~ ~ C K ~ U J  MeTOr[Emy, a H3MepKI lE  TTpOXO&QeHEe MeTalLlIOB Pep83 H 3 0 -  

T e p m e c K y n  KOJIOHKY, H a r p e T y n  no 1170°c, c n o c l r e n y m m d  pesm c6p-  
COM a T 0 f i  TBMIIepaTYPH IIO X O W  ra3a, P T O ~ H  3 a P e r k l C T P k l P O B B T b  CIIOHT-0- 

n w ~ ~ u ~ e c s  JXQB K u ,  e m  om, nonob~o CB-, IIOI-T IIB. xmome  
n e T e K T o p H ,  m e n l e m k i e  3a K O J I O ~ O B .  

Ha pnc.Ia,b n o ~ a 3 a ~ a  c x e M a  onma, K O T O P H ~  6m B b m o w e H  H a  rrywe 
rlHRJrOTPOHa Y-300 J I a d o p a ~ o p m  $XiWpHbo(. p e m  Om. m30'IoII K p¶aTOBKR 

259 KU (T  - 4.5 c. 7% c . , ~ .  n o w P a r m . K a x  H F e e  /I'?[B Rgep 
PU+ 2P Ne . ,&7M OnHOBPeMeHHOrO P m T e 3 3  H30TOIIOB HO# peacum 

Hf , Pb , A U  B MHLneHb H 3  O K C m a  KQ'TOHEIR ( I  m 24%U /C& H a  a J I P  

n r e ,  a n o m b  o K o n o  2 c&) 6- nobamem OKC- Sm y:eg?~b8, Tm (0 ,2  m/c&) n Hi (0,  I m/c&) . bnouolaesa non- 
JIO= MkrmeHn nmma H~OTOIIH SC . IIPOWKTH Rgepmx pe- - m a  
O T n a ¶ H ,  ~~6EBaehbb1e H 3  MkrmeHH, T O w O 3 H J M C b  B K a M e p e  p a 3 M e p a M H  $ 2 2 ~ ~  
20 NIM B n o T o K e  ra3a - A r  + 5 06.g H2 (sncyme~ P205), H e n p e p m H o  

n o a m a e M o r o  B K a M e p y  c ~ ~ C X O Z I O M  I dm, H YBJIeKaJIHcb  EM B K B a p u e B y t O  

T p y 6 K y  (KoJIoKQ') BKgTpeHHEM E E E l M e T p M  4 MM. H e K 0 ~ 0 P a f f  A O N I  - B Ue-  

JIOM 70% - ~ c e x  0 6 p a 3 o s a ~ m c ~  H~ICJILWOB ocaxqarracb B u e p e  H ~a 
K O ~ T K O M  ~ e 0 6 o r p e ~ a e ~ o ~  0 ~ p e 3 ~ e  ~ p y 6 ~ ~  H H e  noxomum no ~ O H H  B H C O K O ~ ~  

T e M I I e p a T y p H ,  KOTOPaff W X I l J E i  C O ~ C T B ~ H H O  x ~ o M ~ T o ~ ~ E ~ @ ~ ~ c K o ~  KoJIoHXO~~. 

3 n e ~ e ~ ~ n , ~ @ ~ i e ~ y m e  B YUOBP[EIX o m T a ,  H a n p m e p ,  ra@iq a a ~ e ~  n p a K T H -  

¶eCKH IIOJIIIOCTbP) 3 a e V C b  B H a n a ~ ~ b H o E  m C T H  KOJIOHKH E H a  @ ~ ~ l b ~ p e  

H 3  R B ~ ~ W B O ~ ~  B a T H ,  pa3MeUeHHOM B 3 0 H e  1 1 7 0 ~ ~ .  J I e T g ¶ H e  3JIeMeHTH, T a -  

m e , ~  Pb, rrpoxonm vepes @ m b ~ p  H ocaxixmcb m s b o c o n e  ~3 ne- 
Ha B H ~ T P ~ H H ~ ~ ~  IIOBepXHOCTH T p 9 6 K H  H H a  IIOBepXHOCTH BJIOXeHHXX C-HX 

AeTeKTOPOB.  B 3 T O &  W T H  ~ ~ 9 6 ~ a  CHapJ'XE KHTeHCEBHO O ~ a 7 I a C b  ~ 0 ~ 0 %  

H T e m e p a T y p a  3necb p e s ~ o  n a m a .  3a c g e T  ~ s ~ o m o f i  m e T m H  . o c w e m  ~a A e ~ e ~ ~ o p t r ,  p a s ~ e n l e m n e  n p ~  T e r m e p a ~ g p e  m e  430°c, no- 
~ U a B  3Ha¶ETeJLbH% A O N I  ELTOMOB H T e X  3JIelVIeHTOB, KOTOpHe I I p X O A m  



~ e p e 3  i C O J I O w  npx 1 1 7 0 ~ ~ .  HO H e  n p o m  6n npa 430'~. H ~ T ~ K T O ~ H  B 

CabIOM I c o a e  T P Y ~ K E I  6- 3aIIbLIIeHbl BOJIOTOM EI IIaTLIIWHeM (50 MXF/C$), 

Y T O ~ H  O ~ ~ C ~ ~ P E I T ~  IIOrJIOU@HEIe A r n e  CTOJIb JIeI'KOJIeTYPHX P 3 J I e M e H T O B ,  

/ I4 ,  I5/ TaKklX,KaK P T Y T b  

ELWI n p o B e H e H  onm I I ~ O H O ~ ~ J I ~ H O C T ~ B ~  39 Y a c o B  npx a H e  rsm HO- 

HOB 2%e Wesa memorn cxoe 120 Y3B n @ m e ~ c e  owdoe I,3.10E7. T a w -  
CIIeKTp3h~eTpweCicliIvUI EI31~!epeHWIMlI O T p e 3 K O B  T ~ Y ~ K I I  IIOCJIe OIIbITa 6 ~ 1 0  
~ a i i q e ~ 0  ( p ~ c . 1 ~ )  =TO H a  Y Y a C T K e  C n e T e K T O p a M I l  H a X O m T C R  70% OT 06- 
qero K O J I ~ ~ C T B ~  "66.1Y7 T1 ~a T p y 6 K e  H 40% 186 Ir H 

TO )1Te B p e m  H a  3TOPJ y Y a C T i c e  0 6 H a p y X e H O  MeHbUIe 0.1% 165 Tm H 

H C T O J I ~  we AONI ~KTKBHOCTII ~ 1 3 0 ~ 0 1 1 0 ~  43s44 SC . Y ~ a 3 a H H b l B  

32IeMeHTH a c o p 6 ~ p y I W l ' c ~  I I p X T F l e C K H  UeJnzxOM Ha K O P T K O M  O T p e 3 K e  B Ha-  

Y a J I e  T P Y ~ K H  EI KOJIOHKII I1 H a  G l l U I b ~ p e .  Ha BHgTPeHHHX C T e H X a X  K B ~ ~ ~ B ~ O ~  

T P ~ ~ I S E I ,  H a  CpaBHHTeJIbHO XOJIOHHOM CEIMOM HarEaJLbHOM O T p e 3 K e .  6wo 0 6 ~ -  
p Y A e H 0  65 T p e K O B  OCKOmtOB JeJIeHKR (06 EX U p O H C X W e ~  CM. m e ) .  

3a r o p m e f i  ~ 0 ~ 0 % .  ~a c m A e  H H a  B H Y T P ~ H H ~  c T e m a X  ~ s a p u e ~ o f i  
T P ~ ~ K E I  H a  YYELCTKe CO cJIK~,L(o~ I I e  6wo H ~ H ~ H O  HH 0,QHOrO T p e K a  OCKOJI&a 

H e J I e H m .  

B peaKLWRX YCKOpeHHbM IlOHOB 22 Ne C Hf O ~ ~ ~ ~ Y D T C R  H ~ ~ T P O H O -  

~ @ ~ ~ U S ¶ T H H ~  O Y e H b  KOPTKOii(EIBYLiE1e (no CpaBHeHlIN C IIP0,QOJIAETWIbHOCTbla 

axcnepmesra H a  y c ~ c o p n ~ ~ e )  I I~OTOMI 3 o n o T a .  M 3  IMT A U  (TI/2 = 
I1 im~ ) B p e a y m ~ a ~ e  pacnaa n p e s p w a e T c R  B 186 ~t ( 2  n)  H 

Ia6 Ir ( 6 Y ) .  ma~ma n ~ p m ~  H e J I e T y u H  B a ~ ~ o a e p e  B o n o p o a a  npn 
I ~ O O ~ C  '1~j.TaKllb7 06pa30~,pa~rIpe,Q@JIenle a3MepReMklX HaMH Ia6 P t  ii 

Ir no KOJIOHKe OT-eT IIOBe,QeHHe BOJIOTa, K O T O p o e  JIOCTaTOUHO 

J I e T y s e  H npoxonm Y e p e a  KOJIOHKY. 

Ig6 Ti ( I ,5  Y )  n Ig7 TI (2 ,8  n) ~JUXOTCR n o P e p H  

(37 m) a Ig7 ~b (13 I ~ H ;  8 m~) .  T ~ K  K ~ K  B pa60~e  
~ y p a  0ca;ntrlem T1 B ~ e p r o x p o ~ a ~ o r p a @ m e c ~ o i 4  xonome 6wa H e c K o n b K o  

H m e ,  s e h f  y P b  , p a c n p e H e J I e H r r e  HBOTOIIOB T1 B H a c T o m w x  o m T a x  CKO- 

pee B c e r o  O T p a r x a e T  noseneme EnneHHo ~ a n r r a ~ ,  a H e  CBEHW. O ~ H ~ I : O  H e  

HOJEHO 6 ~ T b  C ; Y U ~ C T B ~ H H O ~  w3HHT4H B IIpOXOIgaeHHH KOJIOHKH M e w  BTRFRFIEI 

3JIeMeHTaMEI. 

B pe-rn " Ne c 149'144 Sm 06pa3y~n'c~ K O ~ T K O ~ ~ ~  

165 Hf (75 C )  II 161 Hf ( I7  c ) ,  KOTOPEIe B pe3 J I b T a T e  U e n O Y e K  

na i r p e ~ p i w a r c f i  B OTHOCIITM~HO A O ~ O - Y W ~  T. (30 Y )  a 
(3.6 Y)  COOTEzeTCTBeHEIO. O T C Y T C T B H ~  IIOCJIeLIIfEX H a  BhMOAe BHCOKOTeMIIe - 
p a T Y p ~ 0 i f  KOJIOHXH o a ~ a n a e ~ ,  wo r q ~ f l ,  a T m e  Er , Tm , Yb ii 

LU H e J I e T y u m  B YCJIOBKRX onma. rrle~wNecE;i~e yb , ~m 11 Er me- 
fOT C r 4 e C T B e H H O  60~1ee HEIBKYD 3HTaJIbnmO BOBI'OHKII h HZ , YeM BOJIOTO, 

a IU - ~ m b  H e m o r 0  6 o ~ e e  B a c o K y r o  ( p ~ c . 2 )  . 3 ~ 0 ,  rro-mwmor.w, o s H a -  

s a e T ,  YTO B c e  p e m o a e ~ e ~ ~ b m e  ~ J I ~ M ~ H T ~ ,  T .e. H c i ia~~-YI  ( n p r m l e p ~ o  

pa9- no J I e T y Y e C T i I  BOJIOTY) XklhIFIeCKII B ~ ~ ~ D : I O ~ ~ ~ ~ C T B Y K Y P  C KBBpUeM. 

T e p ~ o n m m m e c ~ ~ e  O U ~ H X H  T a m e  y ~ a a ~ ~ a f ~ ~  ~a  TO. 

T p e K I I  o c x o m o ~  H e z e H m ,  a a p e r n c T p n p o B a H H a e  H a  K O ~ T K O M  HaYaJIb-  I 259 HOM Y X i C T K e  T P Y ~ K I I ,  M O W T  IIPOElCXOAllTb OT ClTOHTaHHOI'O HeJIeHELR Kb , 
ENeD4eI 'O  KT H o e  C e Y e K M e  O ~ ~ ~ ~ O B F I H ~ L R  lT0 ClTOHTElHHOw HWIeHElKl 

6. I O - ~ ~  CM21/17q IT OT CnOHTaHHOI'O U e J I e W M  255 FUI (2.6 Y)  , K O T O P ~  

n o J r g s a e T c R  c npmepao pas- ~ ~ ~ K T L I B H ~ ~ M  C e Q e m r e M  /I7/. O ~ H ~ ~ Y X ~ H H O ~  

YIICJIO T p e K O B  - 65 - H e  nPOTKBOpeUElT 0 U e H I C M  OXH,Il8eMOI'O CYMMaPHOI'O 

MX K O m e C T B a  OT Fm H KU (YUEITHBZ~JIOC~, YTO Y a C T b  aTQMOB M0T.M 

n o n a c T b  H B ~ O H Y  c donee BHCOKOE ~ e h m e p a ~ y p o f i ,  rne xsapu I E ~ K  n e T e K -  

T O P  H e  p a 6 0 T a e T ) .  

ui ocaose ~ ~ ~ K T K B H O ~ O  c e Y e H m  06pa30~a~m 259 KU , ouemnta noa- 
H O P 0  BILXOAa B 35% (no T1 ) II @&?KTKBHOCTM PeI'HCT-M 60%. KJ'pYa- 

T O B ~ ,  eCJIH OH B e J I  6h~ ~ e 6 ~  I I O H O ~ H O  C B I W ,  AOJCReH 6~ H a T b  H e  M e H e e  

30 p e r l a c T p i r p y e m x  T p e i c o B  n H e  M e H e e  20 T p e x o B ,  ecrrn 6a pacnpene- 
~ C R  rrono6~0 a o n o T y  ( CM. PIIC . IB) . 

6wo OTMeYeHO BHUIe, 3HaYeHKFI 3HTaJIbIIHJl  ~ C O P ~ U K ~ ¶ ,  KOTOpHe 

T W B H I D J  06pa30~ 0npBHeJLRH)T p33JIIIPELR BO B p e M e H a X  X ~ O M ~ T O ~ ~ @ ~ N ~ C K O ~ O  

yHeplKnq3aHFI.R L ~ ~ K O J I X I e C T B  w 3 H K X  3JIeiaeHTOB B aTOP,lapHOM CC?CTORHEIEI , 
XOpolnO KOppWIHpyIWl' CO 3HaYeHE3MEI AH: bleTa.iLlIPIeCKKX 3JIeMeHTOB. 

Heo6xonmo nOMHHTb, ¶TO B pelRHMe OlTHTOB ElCTkMHOe B p e h W  3 K C n e p H M e H T a  

JW3 K O ~ T K O ~ ~  HYLXHJOB P a B H O  EM BpeMeHEl 2313HEI. a H e  H O M E M ~ J I ~ H O ~ ~  

lTpOHOJIAETeJIbHOCTH HeIIpepHBHOI'O OIIHTa  H a  W w e  YCKOpHTWISi. I I o ~ T o ~  
IIOJIHOe OTCyTCTBHe T p e K O B  OCKOmtOB HWIeHEM H a  H e T e K T O p a X  A p H  O W a e -  

MHX 20+30 o s H a n a e T  m b ,  YTO B p e m  y n e p m a H m  a T o M o B  KU ~a KOJIOH- 

xe no xpamea M e p e  B 4 paaa 60JIbUIe n e p n o A a  nowrgpacnwa 259 xu , T . e .  

~ H E L F I  AU ae ~ e a e e  PBM B 6 pa3 sme rrepuom ncvrypacwa C m T e a H p y -  

e M o r o  H a o T o n a ,  T . 8 .  OHO K o p o Y e  2 m. Paa~ma BTMX xpai i~m o u e H o K  

B p e M e H  yHepXZ4BaFIEIR A U  B KU H e B W I H K a ,  hlil MOXeM ee H e  YYEITb[BaTb II 

n p m m  a ~ a ~ e ~ ~ e  A H  a o n o T a  370 r ~ l d ; d m o n b  B K a Y e c T B e  O U ~ H X H  

mwaero npenew a H a Y e H w r  a ~ o j i  B~JIHYEIH~I HJIR KU . 
O u e m  A% 370 W n o n b  zwi KU , a T a m e  a H a Y e H w r   AH^ 

3JIeMeHTOB o6em IIOAI'pyIIII I Y  I'pYiUIH ~ ~ ~ H O L L ~ N ~ C K O ~ ~  CHCTerJH EI 

p e 3 y J I b T a T P  ~ M I I H P W ~ ~ C K O $  3 K C T p a I I O L ~ K I l  no n o m p y n n ~ d  ~a K Y P Y ~ -  
TOB& n p m e A e H x  H a  puc.2. 



0 - A $ H3BeCTHblX 3JIeMeHTOB IY 
rpynntr ; 

( 0 1- AH: Wl3 H3 BKCTPalIOJLR- 

u m  no nogrpynm; 

f - a~cnepme~~-m& npegen 

AH: AJIR K U  ( H ~ c T o S ~ Q ~  

CBO~OAHHX aTOMOB. OAHaK0 Pb HaXOHETCR B aTOhG3pyOM COCTO- E 

IIO3TOv B B D ~ O M  CJQ'Yae IIOICa3aH0, UTO K ~ ~ U ~ T O B ~  HeJ153R CPETaTb =a- 
JIOI'OM C B W a .  

TOT @KT, ¶TO TU X e  X U  H I C ~ ~ Y ~ T O B & ,  ~e IIpOXOmT KOJIOT 

ewe He  AOKa3KsaeT 6~13130~~b C B O ~ ~ C T B  3THX 3JIeMeHTOB B MeTaJWIET9eCKOM 

COCTORHkW. K COXaJleHElh3,M~TO,QHKa H ~ C T O H ~ @  pa60~H H TeM doaee TepMO- 

X ~ O W T O I ' ~ E @ K R  H e  MOWT 6 ~ ~ b  HCIIOJIb30BaHH JIJH donee K o J I ~ ~ c T B ~ H H o %  

X a p T e p H C T K K I I  pasJIFIl6i B JleTyYeCTH M e w  Ku H T i  , Zr , Hf . 
,&7D3 3TOI'O HYIBHO 6 ~ 1 0  6~ A O ~ E I T ~ C R  3aMeTHOTO YaCTEIPHOI'O IIpOXOmem 

KOJIOHKH a T O W  T i  + Hf , UTO MOWHO OXEAaTb JIElIIlb IIPH TeMIIemTYpX, 

3aBeAOMO BHlUe 1 5 0 0 ~ ~ .   TO CO3gaeT 60JIbEEe TeXHEYeCKHe TpyAHOCTE,paB- 

HO KaK H H ~ O ~ X O J @ I M O C T ~  OTLleJIeHaR KYPYaTOBElR OT aRTHHOBAOB, KOTOPHe 

MOIYT 6 H ~ b  ECTOUEICQM  OH^" IIpE HeTBKTLQOBaHHEI wep KYP¶aTOBHR IIO 

CnOHTaHHOMJ AeJIeHlW (CM.BLIUle 0 Fm 1. m e  donee Cepbe3HHM npeIlRTCTBH- 

eM MOXeT 6 a ~ b  o d p a 3 0 ~ a ~ ~ e  O K C a H H X  @Om T i  + Hf B CHCTBMB. 

~ocJIC?AHE~ KaK TBep4He @3H HCKTWPHTWLbHO WOJI~T'J'W. H ~ T  yBepeHHOCT& 

¶TO B O O ~ Q ~  Mom0 B H ~ P T ~  Fa3-HOCETWIL B MaTePEU KOJIOHKH Tax, P T O ~ H  

3KClIepEMeHTLQOBaTb CO C B O ~ O A H ~  aT0hmM.E odcymaema 3JIeMeHTOB E IIPE 

EX HCTEHHO @ I ~ W ~ C K O ~ ~  ?3JJcopdILEZ H a  IIOBepOCTE KOJIOHKH. 

BJIee peZlJibHa IIOIIHTKa KOJIweCTBeHHOI'O 0IIpeAWIeHE.R pa- B 

CBOPCTB~X WrlaTOBHR II I'E@HKR C HCIIOJIb30BaZIHeM T e ~ 0 X p O ~ a ~ 0 l " ~ k i E  

JIeTyPmrx rUOI'0aLSqOB.   TO MY IIOCBHIQeHH LlpgI'He ~ ~ O T H  HaBteB M ~ o ~ T o ~ E E  

(caa.06sop /I3/). 
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