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O ~ m n r  M e T a n n n q e c K u x  c T e K o n  /MC/ npu T e M n e p a T y p a x  a ~ a q u ~ e n b -  

HO Hnme T e M n e p a T y p u  ~ p n c ~ a n n n a a u u u  T, / ~ u 3 ~ o ~ e ~ n e p a ~ y p ~ b l f i  OT-  

m n r /  flPMBOflHT K H3MeHeHMD MX MaKPOCKOnMqeCKMX C B O ~ ~ C T B  / ~ ~ ~ K T P o -  
npOBOAHOCTI4, MeXaHHqeCKktX XapaKTepMCTMK M A p  ./'.o. OAHa KO M3Me- 

HeHnR ~ T O M H O ~ ~  CTpyKTYPb l  MC, J leMaukIe B OCHOBe yKa3aHHb lX  MaKpO-  

c K o n u u e c K n x  ~ s n e ~ u f i ,  n o K a  eue M a n o  MBYqeHbI. K H a c T o R q e M y  spe- 
M e H u  B n n T e p a T y p e  c n o m u n o c b  n p e A c T a e n e H u e  o c y q e c T B o e a H n u  B MC 
CTPYKTYPH~IX A e O e K T o e  T n n a  " y n n o ~ ~ e ~ u ~ "  unn " p a s p ~ x n e ~ n ~ "  B H e -  

K O T O P O ~  M A e a n b H ~ f i  a ~ o p @ H o f i  C T p y K T y p e .  A H H M ~ M ~ R ~ M R  3 T M X  Ae@eK-  

TOB 8 0  BpeMR H l43KOTeMf l epaTYPHOrO OTMMra M OTBeTCTBeHHa  3 

HeHMR MaKpOCKOpHqeCKHX C B O ~ ~ C T B  MC. 6 p a 6 o ~ a x  36at.t~ H A p .  $2i'3Me- 
nPMBOARTCR O u e H K H  p a 3 M e p O B  3TMX A ~ O ~ K T O B  /6-7 A MnM 10-20 a T 0 -  

MOB/, n o n y q e H H y e  H a  o c H o e e  a ~ a n n a a  B K c n e p u M e H T a n b H o  ~ a 6 n n ~ a e -  
MMX B x o A e  o T m v r a  M ~ M ~ H ~ H M G  O Y H K ~ M M  p a A u a n b H o r o  p a c n p e A e n e H n R  

/@PP/ g ( r ) ,  H a ~ ~ e H H o f i  C f l 0 M w b O  PaCCeRHMR PeHTreHOBCKMX nyqefi. 
tionee A e T a n b H o e  n c c n e A o B a H n e  n 3 ~ e ~ e ~ n f i  rJ(r) npn C T  Y K T Y P H O ~ ~  

pena~cauuu, B M F O ~ H ~ H H O ~  B p a 6 o ~ a x  fleOe6epa n ~ p .  / 3 7  c nOMOqbn  

paCCeRHMR H ~ ~ T ~ O H O B  M TeXHMKM M3OTOnHOrO 3aMeqeHMR B CHCTeMe  

N i - Z r ,  B o6unx q e p T a x  npneeno K a H a n o r n q H o M y  B~IBOAY:  npw CTPYK- 

T Y P H O ~  p e n a K c a u n u  K a K  ~ononoruqec~nk ,  T a K  M x n ~ n q e c ~ w f i  6nnm~wfi 
nOpRAOK n c n u T u e a n T  ~ e 6 o n b u n e  ~ ~ M ~ H ~ H M R  H a  p a c c T o R H n R x ,  H e  npe- 
BMlUaO~blX 5-7 8.  TOT ~ ~ P O C T ~ ~ H C T B ~ H H ~ I ~ ~  p a 3 M e p ,  X ~ P ~ K T ~ P H ~ Y O ~ M ~ ~  

P e n a K C M p y O u M e  npn HM3KOTeMf lepaTYPHOM O T M M r e  HeOAHOPOAHOCTM, 

B 3 ~ a q n ~ e n b ~ o G  C T e n e H u  o n p e A e n R o T c R  3 a ~ y x a ~ n e t . 1  OPP a ~ o p @ H b ~ x  B e -  

U e C T B  C POCTOM PaCCTORHMR. 0 6 ~ a p y m e ~ u ~  H ~ O ~ H O ~ O ~ H O C T ~ ~ ~  

c p a 3 ~ e p a ~ n ,  n p e e u w a c u ~ ~ ~  1 0  8, 6onee ~ P M M ~ H M M  M ~ T O A  ~ a n o y r n o -  
B O r O  P a C C e R H W R O 7 f j T ~ 0 H 0 B  /MypH/, AMa f l a3OH '4yBCTBMTenbHOCTM KO- 

T o p o r o  I O + I  o3 A . H e o ~ ~ o p o ~ ~ o c ~ u  B a T o M  ~ u a n a a o ~ e  p a a ~ e p o e  

1 n e r  KO ~ a 6 n n ~ a m ~ c ~  B H ~ A O C T ~ T O ~  HO ~ M C T P O  3 a ~ a n e ~ ~ ~ x  M a T e p n a n a x  

H O ~ M ~ H O  HHTePnPeTMpYOTCR K a K  3aPOAblLLIH KpMCTannHc leCKMX O a 3 ,  

I KOTOpMe n p M  O T M M r e  AOBOJlbHO ~ M C T ~ O  p a C T y T .  H ~ B ~ C T H ~  TOnbKO OA' 

H a  p a 6 o ~ a / ~ / ,  B ~ o ~ o p o k  B c u c T e M e  Pd-Si-Ge ~ a 6 n n ~ a n o c b  q a c T n q -  

H o e  YMeHbLLIeHne HHTeHCMBHOCTH MYPH BO BpeMR HM3KOTeMnep  TYPHO- 

r o  o T m u r a  MC, y ~ a a u e a n q e e  Ha  p e n a K c a u n n  ~ p y n ~ u x  /-200 !! / H e o A -  

H O ~ O ~ H O C T ~ ~ ~ .  O A H ~ K O  a B T O p  H e  CMOr A a T b  C K O ~ ~ K O - H M ~ Y ~ ~  A e T a n b -  

HOG XaPaKTePMCTHKM 3 T H X  H ~ O ~ ~ H O P O A H O C T ~ ~ ~ .  

B t i a c ~ o ~ u e f i  p a 6 0 ~ e  o n u c a H b 1  H ~ ~ ~ O A ~ H M R  C T P Y K T Y P H O ~  p e n a K c a u n n  

c noMOUb0  MYPH B a M o r n H b ~ x  cnnaaax H a  o c H o e e  T i / c n c ~ e ~ b ~  



T i - Z r - S i ,  T i - Z r - G e  n T i - N i - G e / .  &-IR STHX ' C H C T ~ M  paCCeRHne  HefiT- 

POHOB OTflU'-iaeTCR O C O ~ ~ H H O  B ~ ~ C O K O ~ ~  '4YBCTBHTeJlbHOCTblCJ K HeOAHO- 
POAHOCTRM C o c T a e a ,  T .K .  T i  o 6 n a a a e ~  ~ T p b I u a T e f l b H ~ f i  a ~ n n u ~ y ~ o f i  
PaCCeRHUfl, B TO BpeMR KaK OCTaJlbHble KOMnOHeHTM - ~ o J ~ o ~ H T ~ ~ ~ H o ~ ~ .  

B K a u e c T e e  U C X O A H ~ X  M a T e p u a n o e   an^ e u n n a e K n  c n n a e o e  ncnonb- 
3OBaflM: f i 0AUf l~b le  TUTaH H ~ H P K O H M ~ ~ ,  MOHOKpUCTaflf lU'4eCKHe KpeMHUfi  
n r e p ~ a ~ ~ f i  /99,98% S i ,  Ge/ ,  HHKeJlb ~ ~ ~ ~ K T P O ~ ~ H T H L ( ~ C K H ~ ~ '  MapKU HO. 
C n n a e u  / C ~ U T K H  ~ a c c o f i  1 0  r /  e u n n a e n R n u  B n y r o e o f i  B ~ K Y Y M H O ~  ne- 
'-4H C HepaCXOflYeMblM B O ~ ~ ~ @ ~ ~ M O B ~ J M  3neKTpOAOM Ha  MeaHOM BOAOOXflaM- 
AaeMoM n o A y  B a ~ ~ o c a e p e  renuR n p u  flaBfleHUU 0 , 2 6 4  Mna  / 2 0 0  MM 

PT .CT . / .  K O H T P O ~ ~  C o c T a e a  n u ~ u x  CnnaBOB n p o e o A u n n  c p a e H n T e n b -  
HMM e s ~ e u n e a ~ u e ~  u u x ~ u  H C ~ H T K O B .  C ~ H T K H ,  n o T e p n B t u n e  B M a c c e  
6onee 0,2%, He u c n o n b s o e a n u .  

AMop@Hble c n n a e u  6blnn nOJlyLteHbl B BUAe HenpepblBHblX neHT WUPH- 
HOE 2 - 5  MM, T O ~ ~ ~ H H O ~ ~  45-55 MKM MeTOAOM CnHHHHrOBaHHR, CKOPOCTb 
oxnamAeHuR p a c n n a e a  c o c T a e n R n a  1 0 ~ t 1 0 ~  r p a d c .  AMOP@HOCT~ neHT 

KOHTponHpoBanU Ha  PeHTreHOBCKOM AU@paKTOMeTpe APOH-2,o /CuK,- 
n s n y q e ~ u e  c H u K e n e e u M  @ U ~ ~ T P O M / .  A u @ @ e p e ~ u n a n b ~ b ~ k  ~ e p ~ u q e c ~ u f i  
a ~ a n u s  /ATA/  n p o e o A u n u  H a  e a ~ y y ~ ~ o f i  YCTaHoBKe ATA-4 ,  M a c c a  06- 
p a s u a  0 , 2  r, C K O P O C T ~  ~ ~ M ~ H ~ H U R  T e M n e p a T y p u  2 5  r p a d ~ u ~ .  MUK- 
POTBepfiOCTb o 6 p a s u o e  U C c n e ~ O B a n U  Ha  MUKpOTBepAOMeTpe n M T - 3  
n p u  H a r p y s K e  5 0  r .  H U s ~ ~ ~ e M n e p a ~ y p ~ u f i  OTMHr CnJlaBOB OCyUleCTBnR- 
nu npu 2 5 0 ' ~  B TeqeHue 1 - 2  q a c o e  B B a K y y M u p o e a H H u x  K e a p u e e u x  
a M n y n a x  c uupK0Hueeut.I r e T T e p o M .  P a c c e ~ ~ u e  ~ e f i ~ p o ~ o e  u c c n e A o e a -  
nu Ha B p e M R n p o n e T  OM c n e K T p o M e T p e  MYPH, pacnonomeHHoM Ha p e a K -  

1 6 7  T o p e  H 6 P - 2  OHRH . 
n e p e u q ~ a f l  0 6 p a 6 0 ~ ~ a  p e 3 y f l b T a T O B  MYPH B K n n q a n a  CTaHaapTHble  

KOPPeKuHH U BbiYUTaHUR @0Ha YCTaHOBKH, U3MePeHHOrO 6e3 o 6 p a s u a .  
nocne H O ~ M H ~ O B K H  Ha p a c c e m u e  OT c T a H A a p T H o r o  0 6 p a s u a / M e ~ a n n n -  
q e c K o r o  e a ~ a A u n /  p e s y n b ~ a ~ u  n p e A c T a e n R n u  B e w e  ~ ~ B H C H M O C T U  

~ u @ @ e p e ~ u u a n b H o r o  c e v e H u H  p a c c e R H u R  e i q u ~ u u e f i  o 6 a e n a  o 6 p a s u a  
dC/d~ OT ~ o ~ y n ~  e e K T o p a  p a c c e m u n  q. C n c ~ e ~ a ~ u q e c ~ a ~  n o r p e t u -  
H O C T ~  c e q e H n R  p a c c e R H u R  He n p e e u t u a e T  20%,  e OCHOBHOM o H a  CBR- 

s a ~ a  c n o r p e w H o c T b n  o n p e A e n e H u R  K o n n q e c T e a  n o w e q a e M o r o  B ~ e f i ~ -  
P O H H U ~ ~  ny'-iOK M a T e p n a n a  U e r0  nnOTHOCTH. T u n u q ~ o e  KOflU'4eCTBO UC- 

cnenyenoro M a T e p u a n a  c o c T a e n R n o  2,O r .  

6 u n 0  UCCJleAOBaHo nRTb K O M ~ ~ O B H ~ H ~ ~  MC CUCTeM T i - Z r - S i ,  
T i - Z r - G e  u T i - N i - G e . B  ~ a 6 n . l  n p u e e a e H u  c o c T a e u  MC, nx nnoT- 
H O C T ~  , ~ e ~ n e ~ a ~ ~ ~ a  ~ p u c ~ a n n u s a u u n  T,, y c T a H o e n e H H a R  no MaKCUMY- 
MY Ha  ~ p n e o f i  ATA, n p a c q e T H o e  s ~ a q e H n e  H e K o r e p e H T H O r o  @oHa.  

C O C T ~ B  c n n a s a ,  ~ ~ O T H O C T ~ ,  T ~ ,  OC ( d ~ / d ~ ) ~ ~ ~ ~ ~ . -  1 o3 
c n n a s a  a ~ .  % ~ / c M ~  11 (CM. c p ) - I  

1 T i 4 1 Z r 4 l S i l e  4 ,55  6 2 0  4,1 

I B c n n a e a x  c n o e u u e H H u M  c0AepmaHuet.I UHPKOHUR /K 1 u 3/  M e T o -  
I AOM MYPH 0 6 H a p ~ M e H b l  CpaBHHTenbHO KpynHble  H ~ ~ ~ T ~ O H H O - O ~ T M ~ ~ C K H ~  
, H e o A H o p o ~ H o c T u ,  P e n a K c u p y n q n e  n p n  o T m u r e  /250°c  - 1 q a c /  B c o -  
I CTORHHe, HeOTJlUqWMOe no nflOTHOCTU aMllJlUTyAbl PaCCeRHUR OT OC- 

H O B H O ~  MaTpUuU.  P e 3 y J l b T a T ~  H ~ ~ ~ T P O H H O ~ ~  CbeMKU RflR 3TUX 0 6 p a 3 -  
u o e  n o ~ a s a ~ u  Ha  p u c . 1  H 2.  P a a ~ e p b ~  ~ e o ~ ~ o p o ~ ~ o c ~ e f i  o u e t i n e a n u  
ABYMR c n o c o 6 a ~ u .  n e p e u f i  H3 HHX OCHOBaH Ha  H C f l O ~ b 3 0 B a H H U  n p u -  
6 n ~ m e ~ n ~  r u ~ b e  

/A - MHOMUTeflb,OnpeAeflRn~Ufi HHTeHCUBHOCTb PaCCeRHHR, Rg - p a -  
A n y C  HHePuUH 0 T ~ e l l b H o f i  HeOAHOPOAHOCTH, q - AnHHa BeKTOpa  PaC- 

I 

A p y r a n  o u e H K a  p a s ~ e p o e  n o n y q e H a  B npeAnonoMeHHu,    TO ~ a 6 n n -  
AaeMoe  p a c c e n H w e  B o s H w w a e r  Ha  c u c r e M e  nonu c n e p c H u x  u a p o s ,  197 p a A n y c u  KOTOPMX n o A L ( u H m T c n  r - p a c n p e ~ e n e ~ u n  . B a T o M  c n y q a e  
MHTeHCUBHOCTb Maf lOyr f lOBOrO PaCCeRHHR H ~ ~ T ~ O H O B  6 y ~ e ~  HMeTb BHA 

m 

d ~ ( q ) d ~  = N. ( A P ) ~ .  J v ~ ( R ) F ~ ( ~ ,  R).  w ( R ) ~ R ,  / 2 /  
0 

r A e  N - qHCn0  '-iaCTUU, Ap - KOHTpaCT, PaBeH Pa3HOCTH ~ J ~ O T H O C T ~ ~ ~  

a M n n n T y A  PaCCeRHnR MC U HeOAHOpOAHOCTH, V ( R )  - 0 6 b e ~  WCTHub l  

C PaAuYcOM R, F (q,R) - @ O P M @ ~ K T O ~  U a p a  C O ~ ~ H O ~ O ~ H O ~ ~  nJlOTHOCTbD, 
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TiQ1 Z r 4  S i l  : ~ ~ ~ C T P O ~ ~ K ~ S I ~ H H ~ I ~  / * /  H 0~0XiXeHHblfi nPIl 
2 5 0 ' ~  B TeseHwe 1 s a c a  /A/ u 24 sacoB / o / .  

Puc.2. C e s e ~ a e  MYPH B s a s w c u ~ o c ~ w  O T  06pa3qos CnnaBa 
TiSoZrs5Gel 5: 6 b l ~ T p 0 3 a ~ ~ e ~ H b l R  1x1, O T O X O K ~ H H ~ I ~  nPIl 
2 5 0 ' ~  B TeseHue 1 saca  / * / ,  5 s a c .  /A/, 24 qac .  / o / .  

W ( R )  - QYHKUHR p a c n p e a e n e H u n  c Q e p u Y e c K u x  ~ e o ~ ~ o p o ~ ~ o c ~ e k  no pa- 
AMY CY 

2 
AnR K o T o p o r o  c p e A H e e  <R> = a/p M A u c n e p c M R  u2 = a/p . 

P e 3 y n b ~ a ~  COnOCTaBneHMR 3KCflepMMeHTanbHMX KPMBUX AnR C f l n a -  

BOB K 1 H 3 C T ~ O ~ ~ T U Y ~ C K O ~  3aBMCMMOCTbO MHTeHCMBHOCTM, OflMCbl- 

s a e ~ o i  y p a e H e H u e M  2, n p u s e A e H u  B ~ a 6 n . 2 .  n o ~ r o ~ o u ~ u ~ u  n a p a M e T -  

p a M n  c n y m u n n  B e n u w H u  N,  Ap, <R> M a. 
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cnnasa 

x 

C O ~ ~ O C T ~ B ~ ~ H H ~  AaHHblX ~ a 6 n . 2  C IlPMBeAeHHblMM BUWe OUeHKaMM 

n o ~ a 3 u e a e ~ ,  YTO B o 6 p a s ~ e  I? 1 c p e ~ ~ u k  paAuyc B nonu~ucnepc~ok  
CMCTeMe OKa3UBaeTCR 3HaYWTeJlbHO MeHbWe, YeM no OUeHKe B npM-  

6 n ~ m e ~ u u  r u ~ b e .  T a ~ o e  p a c x o m A e H u e  e c T e c T s e k i t i o ,  ecnu Y Y e c T b ,  

YTO I lOnHAHCnePCHOCTb B 3TOM C n y Y a e  BeCbMa 60nbWaR ( a/<R>=O, 78 ) . 
~ ~ B H C H M O C T ~  KPMBMX paCCeRHMR OT BpeMeHM OTMMra HaMM n0~p06-  

HO H e  HCCneAOBaHa. O A H ~ K O  M3 MMeOUMXCR AaHHMX MOMHO C A e n a T b  

eMeoA o TOM, YTO x a p a K T e p H o e  B p e w  P e n a K c a u u u  H e  n p e s b l w a e T  

60 MHH /B n p e A n o n o m e H u u  A e 6 a e B c ~ o k  p e n a K c a U u u  e x p ( - t / ~ ) ,  T - 
H e  6onee 20 MMH/, a nocne~yoqui ,  A o c T a T o u H o  n p o ~ o n m u ~ e n b ~ u k  

/24 Y /  OTMMr H e  IlPMBOAMT K 3aMeTHblM M3MeHeHMRM K P M B O ~  PaCCeR- 

HHR. 

B cnnaeax P 2 ,  4 M 5 06HapyMeHbl  H e o A t i o p o ~ t i o c T u  B 3 a ~ a n e ~ ~ 0 ~  , 

COCTORHHM, H e  P e n a K C M p Y O ~ M e  n p M  HM3KOTeMnepaTypHOM OTMMre.  

J l e ~ ~ u  B c e x  cnnaeoe nocne ~ u s ~ o ~ e ~ n e p a ~ y p ~ o r o  o T m u r a  o c T a e a -  

nMCb PeHTreHOBCKM ~MOP@HUMH, KBK, HanpMMep,  H a  pMC.3 AnR C f l n a -  

B a  P 3. O A H ~ K O  ~ M n b ~ b l k  ~M@$y3HbIk MaKCMMYM MHTeHCMBHOCTM B 06- 
n a c T u  20 = 37' nocne o T m M r a  c n e r K a  c M e q a e T c R  snpaeo, YTO, 603 -  



PHC. 3. P e ~ T r e ~ ~ r p a ~ ~ b l  C n n a B a  T i 3 0 Z r 5 5 G e 1  5:  6 b l C T p 0 3 a -  

K a n e H H o r o  / I /  n nocne o T m w r a  npw 2 5 0 ' ~  B T e u e H n e  

I saca 121. 

B H a C T O R q e e  BpeMR npbIpOAa 0 6 ~ a p y ~ e ~ ~ b l ~  K ~ ~ ~ ~ H o M ~ & J T ~ ~ H ~ I x  H e -  

O A H O ~ O A H O C T ~ ~ ~  B Cf lJ laBaX N" 1 H 3 OCTaeTCR H ~ B ~ I R C H ~ H H O ~ .  M o m ~ o  
y K a 3 a T b  H a  A B e  OCHOBHMe npM4MHbI B03HHKHOBeHMR H ~ ~ ~ T P O H H O ' O ~ T H '  

qeCKMX H ~ O A H O ~ O A H O C T ~ ~  B C T e K f l a X  - HeOAHOpOAHOCTb X b l M b l ~ e C K O r O  

COCTaBa b4 HeOAHOPOAHOCTb IlJlOTHOCTH YnaKOBKM aTOMOB B CTeKJ le .  

K ~ o M ~  T o r o ,  H e  n c K n o q e H a  n c y n e p n o 3 u u n n  3 ~ w x  n p n q n H .  Ha6na~ae-  
Mble HaMM HeOAHOPOAHOCTM H e  YAaeTCR OTHeCTH K ~ a ~ o ~ y - f l L 4 6 0  M3 

3TMX ABYX TMnOB. f l e f i c ~ ~ k l ~ e J l b ~ 0 ,  AJlR TOTO, q ~ 0 6 b 1  HeOAHOPOAHOCTl4 

X l 4 M b l ~ e C K O r O  COCTaBa  peJlaKCblpOBaJlM C AOCTaTOqHO 6 0 n b ~ 0 k  CKO- 

POCT~KI  /I I 0,3 q/ n p ~  H H S K O ~ ~  T e M n e p a T y p e ,  K O ~ @ @ M ~ M ~ H T  ~ n @ @ y -  
3MH AOflMeH HMeTb  flOpRAOK BeflM'4HHM D = ? / 2 ~  - C M ~ / C .  Tn- 
nMqHbIe 3HaqeHMR D AJlR A B ~ X K O M ~ O H ~ H T H O ~  CMCTeMbI T i - Z r  787 2 5 0 ' ~  
A ~ ~ c T B L ~ T ~ J I ~ H o  HaXOARTCR B A M a n a 3 O H e  10-  1 4 : ~ ~ - 1 8  C M ~ / C  . OA- 
H a K o  n p o T n e  n p o c T a r o  ~ n @ @ y a n o ~ ~ o r o  ~ e x a ~ n a ~ a  p e n a K c a u w w  roeo- 
pI4T TO O ~ C T O R T ~ ~ ~ C T B O ,  q T O  f l o c f l e ~ y o l 4 ~ k  O T m n r  B T e q e H M e  24 q 

/ - ~ O T /  H e  n p n e o A w T  K H a q a n y  ~ p n c ~ a n n ~ a a u ~ n  c T e K n a .  K c o m a n e H n a ,  

AJlR M3yqaBWMXCR TPeXKOMnOHeHTHblX CHCTeM AaHHble fl0 K03@@MuMeHTY 

A M @ @ ~ ~ M M  OTCYTCTBYUIT. KOCB~HHYIO O u e H K y  MOMHO f l O f l y 4 M T b ,  eCnM 

f lPklHRTb BO BHHMaHMe, q T O  B ~ ~ C O K O T ~ M ~ ~ P ~ T Y P H ~ I ~ ~  OTMHr  B p a f i 0 H e  

T e M n e p a T y p u  ~ p n c ~ a n n ~ s a u n n  /-600°c, CM. ~ a 6 n . l /  B f l epBOM npw- 
6 n ~ m e ~ n w  MMeeT n p n M e p H 0  T e  me 3Ha4eHMR ~ O C T O R H H O ~ ~  BpeMeHM 

/-20 MMH/ .  Ecnn A ~ R  3 ~ e p r n n  aKTweauMM ~ 3 a w ~ o ~ n @ @ y 3 n n  n p n H R T b  

H a n M e H b u e e  3 ~ a q e ~ n e  Q = 12,5 K K a n ,  B c T p e q a o q e e c R  B c n c T e M e  

T i - Z r ,  n e r K o  OueHMTb ,   TO npn noHnmeHnM T e M n e p a T y p b l  o T m n r a  

OT 600 A 0  2 5 0 ' ~  D AOJlMHO YMeHbWWTbCR H e  M e H e e  q e M  B 1 0 0  p a 3 ,  

a flOCTORHHaR BPeMeHM Pe f l aKCauHM YBe f l nqMTbCR A 0  2 . 1 0 ~  MHH. 

A n b ~ e p ~ a T n ~ ~ b l k  n Y T b  O ~ % H C H ~ H M H  ~ a 6 n a ~ a e ~ o f i  H M 3 K O T e M f l e p a T y p -  

HOG pens KCaUMM K P Y ~ H O M ~ C U T ~ ~ H ~ I X  @ ~ Y K T Y ~ ~ H  k / 6 e 3  flpL-4 B f l eqeHHR 



rAe v - o 6 a e ~ ~ a f l  Aonn, a a ~ u ~ a e ~ a n  H e o A H o p o A H o c T R M u  B o6pasue, 
n - r l U C n 0  aTOMOB _B 1 c ~ ~ , d x ( ~ ) d ~  - CeqeHHR paCCeRHUR 1 cM3 06- - 
paaua npu q = 0, b - C p e A t i n n  AnMt i a  K o r e p e H T H o r o  paccemun, V - - I C ~ ~ A H U ~  o6aew HeOAHOpOAHOCTU, V2 - C ~ ~ A H U ~  K B a A p a T  o 6 a e ~ a  H e -  . 
O A H O ~ O # H O C T ~ ~ ,  U B n p a B 0 i  UaCTU c o 6 p a ~ b 1  UBBeCTHUe  BenUqUHM.  

C o o ~ ~ o u e ~ u e  /5/ ,  R e n R R c b  e n o n H e  T O ~ H M M ,  tie n 0 3 e o n ~ e ~  onpeAe- -- -- 
n U T b  He3aBUCUMO V U An2/n2. O A H ~ K O  H a  BenUqUHU V U An2/n2 MOM- 

HO H a K n a A U B a T b  PRA @ U B U ~ ~ C K U X  o r p a ~ u q e ~ u f i ,   TO n o 3 e o n ~ e ~  o6cy- 
AUTL n o p n n o K  omnnaewux B e n M w H .  

Ann cnnaea K 1 npaean q a c T b  /5 /  u M e e T  a ~ a q e ~ u e  3,7.1 o - ~ .  

e T C R  RBHUX 17pU HaKOB M ~ M U ~ C T U ~ H O ~ ~  UHTeP@epeHuUU,  MOXHO n O n a -  -- 
r a l b  v < 0, 11g7. C O O T B ~ T C T B ~ H H O  (An2/n2)f 2 6,1%. C Apy ro l  ~ T O -  

POHU, BPRA nu B c T e K n e  M o r y T  6 b 1 ~ b  p e a n u ~ o ~ a ~ ~  @ n y K ~ y a u u u  n n o ~ -  
HOCTU,OTKnOHRIOUMeCR OT c p e ~ ~ e i  6onee q e M  H a  10%. ~ ~ M H M M ~ R  

(an2/n2)f I l o % ,  MU u M e e M  v 2 3,7%. 
A n R  cnnaea K 3, c o o T s e T c T s e H H o ,  npaean q a c T b  /5 /  u M e e T  3 ~ a -  

U e H u e  6 -  1 o - ~ ,  qTO,  OqeBHAHO, H e  MeHReT  CyUeCTBeHHUM 06pa3ot.i 

~ T U  o u e H K u .  Ha6no~ae~oe  3 K c n e p u M e H T a n b H o e  p a s n u r t u e  u H T e H & w E  

H O C T ~ G  B OCHOBHOM CBRBBHO C H3MeHeHURMU ?; U B OTHOWeHUU V/V2. 
H ~ K o H ~ ~ ,  ecnu ~ P M H R T ~ ,   TO ~ a 6 n o ~ a e ~ b 1 e  H e o A H o p o A H o c T u  - C Y T ~  

MUKpOnOPU ( (ani/n2) = 1 ) , UX O ~ X ~ M H ~ R  AOnR COCTaBnReT  COOT- 

B e T c T s e t i H o  (316) - 1  I* 
Ecnu H a 6 n o ~ a e ~ u e  H e O A H O p O ~ H O C T U  CBRBaHU TOnbKO C p a 3 p U x f l e -  1' 

H u e M  CTPYKTYPU MC, TO c n e A y e T  o m u A a T b ,   TO npu C T P ~ K T Y P H O ~  

p e n a K C a u U U  f l p 0 ~ 3 0 k ~ e ~  YMeHbWeHUe MeMaTOMHUX P ~ C C T O R H M ~  /ycpeA- 
HeHHOe no BCeMy  06paauy/, UTO B CBOIO O q e p e A b  AOnMHO nPUBOAMTb 

K C M e q e H u o  r n a B H o r o  MaKCuMyMa AHI$@YBHO~O p a c c e R H u R  H a  p e H T r e -  

aTOMHUX ~ ~ C C T O R H U ~  d A n R  6 n u ~ a k ~ u x  C O C ~ A ~ ~  MOXHO 0 u e H U T b  U 3  

MnM, B yrnoeok M e p e ,  npMMeHMTeJlbH0 K H ~ ~ ~ O A ~ B U M M C R  p e H T r e H 0 -  

r paMMaM,  A20  = 0,034'. n p M  WMpMHe MaKCMMYMa -4 ,2' H a 6 f l O A e H ~ e  

a T o r o  s @ @ e ~ T a  n p e A c T a e n R e T c R  A o c T a T o u H o  C ~ O M H O ~  3 a A a U e R .  Ha- 
6 f l O ~ a e M b l k  H a  pMC.3  CABMI-, XOTf l  M MMeeT n p a ~ M n b H b l k  3HaK ,npeBb lUa -  

e T  H a  f lOpRAOK BenMqMHbl O u e H K y ,  Cf leJ laHHyO M3 COOTHOWeHMR / 6 / .  
He M c K n o U e H o ,   TO C y q e c T B o B a H w e  n p e A n o n a r a e M b l x  o 6 n a c ~ e k  c b n b -  

H O r O  Pa3PblXJleHMfl nPHBOAMT K ~ Q ) @ ~ K T M B H o M Y  " P ~ C T R M ~ H M H ) "  B ~ e k  MaT-  

PMUbl, UTO B CBOO O U e p e A b  rlpMBOAMT K CpaBHMTenbHO 60nbW0My CABM- 

r y  H a  p ~ c . 3 .  
H ~ C M O T P F I  H a  H e n o n H o T y  ~ ~ e l o q e k c ~  MHTepnpeTauMM,  o n w c b l a a e M o e  

RBf leHMe n P e A C T a B n f l e T  3 H a U M ~ e n b ~ b l k  MHTepeC C TOUKM 3PeHMR CY-  

q e c T B o e a H n R  MepapxMM H e p a e H o e e c H b t x  c ~ p y ~ ~ y p  B MC.  B o T n M w e  

OT pa60Tb1151, B ~ o ~ o p o k  BnepBb le  c o o 6 q a e ~ c ~ 1  0 Cyu(eCTBOBaHM1.r 

KPYnHblX H ~ O A H O P O A H O C T ~ ~  B MeTanf lMUeCKUX CTeKJ laX,  UaCTMYHO P e -  

n a K C M p y o u M X  n p M  HM3KOTeMl lePaTYpHOM OTMMre  , MCCneAOBaHHble HaMM 

MaTepManb l  p e n a K C M p y O T  n 0 n H O C T b O .   TO O ~ C T O R T ~ ~ ~ C T B O ,  a TaKMe  

KOppef lRuMf l  C a H o M a n b H 0 k  ~ e M n e p a ~ y p H 0 k  3aBMCMMOCTbO MMKPOTBeP- 

AOCTkl f l 03BOn f lOT  C YBepeHHOCTbO MCKnOqMTb POnb  flOBepXHOCTHblX 

H ~ O A H O ~ O A H O C T ~ ~ .  K COManeHMO, B HaWMX 3KCflePMMeHTaX Mbl H e  MOT- 

n M  H a 6 n I O ~ a T b  aHM30TpOl lMO MYPH, ~ o ~ o p o k  c 0 0 6 u a n o c b  B pa6o- 
T e I 5 / .  T ~ K M M  0 6 p a 3 0 ~ ,  B Pf lAe  aMop@Hblx C f l naBOB CTpYKTYPHaR pe- 
naKCauMf l  C B f l 3 a H a  C MCUeBHOBeHMeM H ~ O A H O ~ O A H O C T ~ ~ ,  p a 3 M e p b l  KO- 

T O P ~ I X  no ~ p a k ~ e k  M e p e  H a  n o p H A o K  BenMUMHbl n p e e b l u a o T  x a p a K T e p -  

Hble p a ~ n e p b ~ ,  c n e A y o u M e  ~3 m c c n e g o ~ a ~ ~ k  OPP M ~ c n o n b s y e ~ b ~ e  AnR  

I lOCTpOeHMfl  M M K ~ O C K O ~ M U ~ C K M X  MOAenek121. anfl YTOUHeHMR MX @ M -  
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B ~ S S ~ ~ O T H O B  B.10. H Ap. P14-88-290 
H a d w e ~ n e  B ~ ~ I c T ~ o s ~ x ~ ~ H H ~ I X  CMaBaX 
H ~ O ~ H O ~ O ~ H O C T ~ # ,  PMaKCHpylanpiX B MeTaWlHqeCKOe 
CTeKnO IXpH HHSKOTeMnepaTypHOM OTXHI'e 

B ~MOP&H~M 6b1~Tp03 aKaJIeHHbIX CMaBaX /CHCT~M~( ~ i - ~ r ~ g  i 
H ~i-Zr-~e/ MeToAoM MaJIOyrnOBOrO pacceHHHH H~~~TPOHOB 06Ha- 
pyxemr cpaeHwTenbHo KpynHsle /- 100 I/ ~ e ~ ~ p o ~ a o - o n ~ u u e c ~ e e  
HeOnHOPOAHOCTH, KOTOpUe ApH HHSKOTeMnepaTypHOM OTXUre n0n- 
HocTam penaxcupywr B C T ~ K J I O O ~ ~ ~ ~ H O ~  cocToRHHe. Pena~caqu~ 
H ~ O ~ H O ~ O ~ H O C T ~ #  COllpOBO~aeTCH ~HOM~II~HO# SaBHCHMOCTbIO 
MHKPOTBePnOCTH CMaB8 OT TeMnepaTypkJ. O ~ C ~ X , ~ ~ T C R  BOSMOIK' 

HkJe MUKpOCKOnH~eCKHe MOAWH H OrpaHHYeHHH, HaKnwBaeme 
Ha HHX HMCIOIQUMWCR SKCnepHMeHTaJIbHbW AaHHblMH. 

Pa6oTa BbInOnHeHa B na60paTopHH H~#TPOHHO# &HSHKH OmB. 

n p e n p ~ ~ r  O 6 ~ u w ~ e ~ ~ o r o  m c m r p a  RnepHbu ~ccnenoe&. Ay6ea 1988 

Bezzabotnov V.Yu. et al. P14-88-290 
On Observation of Inhomogeneities which 
Relax at a Low Temperature Annealing 
to the Glassy State in Amorphous Fast 
Quenched Alloys o 

Comparatively large (about 100 A) neutron-optical inho- 
mogeneities which relax at low temperature annealing to 
the glassy state were observed in amorphous fast quenched 
alloys (systems Ti-Zr-Si,Ti-Zr-Ge) by small angle neutron 
scattering. An anomalous dependence of alloy microhardness 
on temperature proceeded simultaneously with the relaxa- 
tion. Various microscopic models and experimentally impo- 
sed limitations are discussed. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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