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B JlH@ OMFlM p a 3 p a b o T a H a  M e T o n n K a  n p o s e n e H u R  n n @ p a K u n o H H u x  a K c n e p n -  

MeHTOB B p 8 a n b H O M  M a C m T a 6 8  B p e M e H n  H a  nMnY3lbCHOM n C T O r l H n K 8  HeRTpOHOB.  

C IlOMOlUbD KOTO~OFI B03MOfHO H 3 Y q e H H B  nep8XOAHblX IlpOUeCCOB, HMeDlUnX Xa-  

p E i K T e p H 0 6  BpeMf l  O T  OAHOR A0 A e C R T K O B  MHHYT. B TBVBHHB n O c n 8 A H t I X  n 8 T  

T a K O n  P O A a  3 K C n e p M M e H T b l  I l pOBOAnJ lnCb  TOnbKO H a  CaMblX BuCOKOnOTOrlHblX 

CTaI InOHapHblX p8aKTOpaX4'2'. O A H ~ K O  B pa60Te'3' H a  I l p H M e p e  X n M n q e C K O A  

p e a K u n n  r n n p a T a u n n  n o p o m K a  T p e x K a n b u n e s o r o  a n D M n H a T a  6uno n p o n e M o H c T p n -  

p O B a H 0 ,  'iT0 LlWQlpaKTOMeTp n0 B p 8 M 8 H n  n p O n 8 T a  nH-2 H a  p e a K T O p 8  M6P-2 06- 

n€lA€leT C Y Q e C T W H H O  6 0 n b l l l ~ M H  B03MOXHOCTFIMM. W3M H a H 6 0 I 1 8 8  CBBTOCHnbHblR 

A t l ( P p a K T O M 8 T p  D e  H a  p 8 a K T O p e  HFR B ILL < r p 8 ~ 0 6 n b ) .  b n e 8  TOrO,  H M e e T C f l  

3HBWlTBJ lbHblR  p 8 3 8 p B  A n f l  A a n b H e R m e r O  P a 3 B M T H f l  3TOTO MBTOAa.  T ~ K .  B /'' 
n o ~ a 3 a ~ o .  r l ~ o  H a  MBP-Z C y r n e c T s y e T  n p n H u n n n a n b H a f l  B O ~ M O X H O C T ~  n m e p e ~ n f l  

H e A T p O H O r p a M M  07' OAHOrO H M n Y n b C a  MOlUHOCTH p e a K T O p a ,  H B 3TOM C n Y q a 8  

C n e U n a n b H a f l  O p r a H H 3 a U M f l  p e r H C T p n p Y D U 8 R  CMCTeMbl l l03BOJlMT WCCJ leAOBaTb  

~ e o d p a ~ n ~ b l e  npoueccu B Tsepnwx T e n a x  c paspelue~nem At=?OO MKC. T a ~ o e  

p a 3 p e m e H H e  B AHQpaKUHOHHblX 3 K C n e p H M e H T a X  n 0 K a  AOGTHXHMO T O n b K O  B 

cnywe o d p a ~ n ~ u x  npouecoe nnn H a  csepxnrrpxllx MCTo.mmax  CramtpOTpOHHOI?O 

W 3 n Y q e H H f l .  

B HaCTORlUeR p a d o ~ e  A a H O  O n n C a H n e  MeTOaHKM n p O B e A e H H f l  3 K C n e p n M e H T O B  

H a  n H Q l p C l K m M e T p 8  nH-2, P ~ ~ P ~ ~ ~ T ~ H H U X  3 n B K T p O H H O r O  n n p O r P a M M H O r O  &c- 

n e q 8 H H R  n n p e A C T a B n e H b l  p 8 3 Y n b T a T t 4  HeKOTOpblX MCCnBAOBaHnR.  





~ ~ C ~ ~ A O B € I T ~ ~ ~ H O C T ~  AWgOPaKUWOHHblX C n e K T p O B ,  W 3 M e p e H H a R  B xone CWHTe-  

XI YBn2Cu30 , .  r o p n 3 0 ~ ~ a n b ~ a f l  ocb - p a 3 ~ e p ~ ~ a  no n n n H e  B o n m   ex- 
nnOCKCCTHOMY P~CCTORHMD>, OCb BPBMBHW YXOAWT B r n Y 6 b  PWCYHKa.  n0~a- 

0 
3 a H  YVBCTOK HeUTpOHOrPaMMbl  C 1,5 < d < 3,5 A. 

y r n e  p e r n c T p a u n R  p a c c e f l H H o r o  n y w a  s o 3 M o x H a  be3  A o n o n n n T e n b H o n  K o n n n -  

uaunn, T e n e c H b l n  yron A e T e K T o p a  D l  p a s e H  0,013 cp kl e cny-iae n 3 o ~ p o n ~ o r o  
2 4 

p a c c e n e a T e n R  c 6=0,2 nnoaanbo 10 CM D l  6 y n e ~  perncTpwposaTb - 3-10 H/C. 

3 ~ o n  B e n n V n H o c l  w o n p e n e n R e T c f l  M H T e p B a n  t, c n e x e t i w f l  3a XOAOM npouecca. 

Ha pnc .2 n p n e e n e H a  n o c n e n o e a T e n b H o c T b  n n @ p a K u n o H H b r x  c n e K T p o s ,  n 3 ~ e p e ~ -  

H a f l  C ~ , = ~ M W H  A e T e K T c l p O M  D l  B n P O U e C C e  C t l H T e 3 a  COBAWHBHWR Wn2Cu3OX. 

n n f l  COXpaHeHWR Y M e p e H H O m  p a 3 p e m e H M f l  A e T B K T O p  D2 M C n O n b 3 Y e T C f l  C AOnOn-  

HWTBnbHblM KOnnWMaTOPOM, W er0 T e n e C H b l R  Y r O n  C Y U o C T B e H H O  MeHbUle.  VeM Y 

D l .  O A H ~ K O  B C n e A C T B l l e  TOTO. VTO C T P Y K T Y P H b l e  @aKTOPbl  AH@PaKUHOHHblX nW- 

KOB C Manb lMt l  HHAeKCaMH Mnnnepa OTHOCHTenbHO B e n H K H .  P B T H C T P M P Y B M a R  

WHTeHCWBHOCTb ObblVH0 A O C T a T O V H a  A n R  HAeHTH@WKaUWW @ a 3 .  Ha pnc. 3 n O K a -  

3 a H b l  AH@paKUWOHHble C n e K T p b l  B Obnac~n 6Onbll lHX dhk,, H 3 M e p e H H b l e  A e T e K -  

TOPOM 02 B XOAe C W H T e 3 a  Wn2Cu3Ox. X0p0l l l0  B H A e H  p e @ n e K C  <001> C 
0 

d = 11 ,9A,  BO3HHKUlHA n p W  QDOPMHPOBJ3HWH CTPYKTYPbl .  

3. 3 n e ~ ~ p o ~ ~ o e  n n p o r p a M u H o e  0 6 e c n e V e H n e  

B XOAe 3 K C n e p W M e H T O B  B P e X W M e  P e a n b H O r O  B p e M e H H  P e r W C T p W p Y D T C R  

donbmne 0 6 b e ~ b l  AaHHblX. n n f l  WX H a K O n n e H W f l  n o ~ p e 6 0 B J 3 n O C b  p a 3 p a 6 0 ~ a ~ b  C n e -  

u n a n b H o e  a n e K T p o H H o e  n n p o r p a u M H o e  0 6 e c n e V e H n e / 1 2 / .  Ha pac .4  n o l t a s a -  

H a  C T p Y K T Y p H a f l  C X e M a  3neKTPOHWKW. Y c n n e ~ ~ b I e  n C@OpMWpOBaHHble C W r H a n b l  

O T  A e T B K T O P O B  i lOAaDTCR H a  BXOA K O A W ~ O B ~ M K ~  H O M e p a  A e T e K T O p a ,  CBR3aHHO- 

r0 C BpeMeHHblM KOAWpOBaWKOM. B pe3ynbTaTe QOOPMHPYeTCfl ABORHOR KOA 

H O M e p a  A e T e K T O p a  n B p e M e H n  n p O n e T a  HBATPOHDB, KOTOPblA 3aHOCMTCfl  ' 4 e p e 3  
5 

YCTPOACTEXI p a 3 6 n e ~ n r l  n a M r l r n  e 6 y @ e p ~ 0 1 3  a a n o ~ n ~ a ~ m e e  Y C T P O C ~ C T ~  <63Y>. 

w 3 r o ~ o e n e ~ ~ o e  B s n ~ e  6 n o ~ a  KAMAK. 6 n o ~  p a 3 6 n e ~ n f l  obecnevneaeT H a K o n n e -  

I \  
HWe c n e ~ ~ p o u e ~ p n q e c ~ o n  n ~ c l ) o p ~ a u n n  ~ a a p a ~ n  B cneny~anx npyr aa A P Y ~ O M  

Y. l aCTKaX 6 3 .  n e p e ~ J l D V e ~ k i e  HaKOI lneHWfl  C OAHOi-0 Y V a C T K a  H a  A p Y r O n  np0- 

WCXOAWT a n n a p a m 0  no n c T e q e H n n  s p e ~ e ~ ~ o i - 0  n H T e p e a n a ,  a a n a ~ ~ o r o  

I I p O r p a M M O A  n 3 a n n c a H H o r o  B 6 n o K  p a 3 6 n e ~ n f l .  qncno A e T e K T o p H s l x  exoaoe 

M O X e T  A l X T W r a T b  32. B 3 a A a V a X  HPMB, ~ p e 6 y D U n X  p a 3 B 8 p T K W  no Y r n Y  p a C C 0 R -  

HWR < W 3 M ~ P B H W f l  C MOHOKPWCTannaMW >, MOrYT MCi lOnb30BBTbCf l  OAMH WnW A M  



nO3IIUIIOHHO-'1YBCTBWT~nbHblX A e T e K T O p a  C YMCnOM n o 3 n u n A  A 0  64. H a ~ 0 n n e ~ n e  

nHQIopMaunn e e n e T c R  B OAHO nnn n o n e p e M e H H o  B nea B Y  e M K o c T b a  OT 32K no 

256K cnoe. E~J B T O ~ O M  cnyqae annapa-rypa p a d o ~ a e ~  T a K ,   TO n H @ o p M a u n n  n0- 

C T Y n a e T  OAHOBpeMeHHO B o6a 63Y, a n p O r p a M M t 3  n O n e p e M e H H 0  3 a K p b l B a e T  BXOA 

l l p o r p a ~ ~ ~ o e  0 6 e c n e r l e H n e  a ~ c n e p n ~ e ~ ~ o e  B p e a n b H o M  ~ a c m ~ a b e  e p e M e H n  

B K n D q g e T  B ~ 8 6 R  K O M n n e K C  I l p O r p a M M ,  HanHCaHHblX H a  R 3 b l K 8  nACKAJlb W p a w  

TaDllIkiE B C t l C T e M e  f?SX-l%~l H a  3BM CM-4. n p o r p o ~ ~ b l  n 0 3 B O n f l D T  Y n p d B n f l T b  

3KCllePIIMBHTOM B MHTePaKTWBHOM W aBTOMaTWqBCWOM PBXWMaX, o b e C n e r l k l B l l D ~  

O n e p c r n B H y D  ~ n 3 y a n n 3 a u n ~  H a K a n n n m e u o u  nH@opMaunn B r p a @ n q e c K o M  ~ n n e  

H a  3 ~ p a ~ e  ummoro T ~ ~ ~ B W ~ W O H H O ~ U  nncnnen. l l q ~  o 6 e c n e q e ~ n f l  pesnua H a -  

K o n n e t i n f l  npn M a n b l x  t,, K o r n a  ~ p e 6 y e - r ~ ~  M a K c n M a n b H o  6 b l c ~ p a ~  nepenncb 

AaHHblX W 3  63Y H a  MarHWTHblR HOCWTBnb  <ZU1CK WIlW J ~ B H T Y > ,  C O 3 A a H  B d P W a H T  

nporpewmw H a  A C C E M 6 J E P 6 ,  p a 6 o T a a m n R  B c n c T e M g  RT-11.  TO naeT n p o n y c l c -  

HYD c ~ ~ D C ~ ~ H O C T ~  21 K%RT/C. 

4. OdpadoT~a MHOrOMepHOR HH@oPMBUWW 

6 0 n b m Y ~  n p 0 6 n e M Y  B HPMB n p W l C l ' a B n R e T  0 6 p a 6 O ~ K a  HaKOnneHHOff  I I H W P -  

MalVlW. T n n n q ~ b l u  3 K C n e p M M e H T ,  AnRllIkIRCR H e C K M b K O  Y a C O B  C B p e M B H B M  H a K O n -  

n e H t l R  t, = 1 MMH C k l C n O n b 3 0 B a H M e M  2 - 4 A e T e K T O p O B ,  I l O C T a B n R e T  0 6 M M  

MH(popMalVlki -- 1 Mbau~. A H a n ~ 3  ~ U n l l  WP)PaKUWOHHblX C n e K T p O B  BO 

BPBMBHW B03MOXBH T O n b K O  C nOM0lUbD BBTOMBTL13WPOI3i3HHOR 0 6 p a b a r ~ M .  Ann 

zmU3 uenn m n a H  n p o r p a M M H t a u  K o M n n e K c  SPEVA - c n e u n a n n 3 n p o e a ~ ~ u  n a K e T ,  

H a n n c a H H u u  H a  ~ 1 3 6 1 ~ 8  (POPTPAH n o p n e H - r n p o s a H H M u  H a  3BM cepnn DEC nnn 

n e p c o H a n b H u e  3BM K n a c c a  PC/AT. B crmnqne oT C T a H A a p T H b l X  3 a A a q  AeKOMnO- 

3nunn, pemaeuux npn 06pado~~e c n e K T p o u e T p n q e c K o U  n H @ o p M a U n n ,  B  TOM 

K O M n n e K C B  p B a n H 3 Y B T C R  H e  T O n b K O  B b l L l e n e H H B  KOMnOHBHT H 3  60nbm0r0 HX MHO- 

X e C T B a ,  HO W aBTOMaTWqBCKDB O n 0 3 H a B B H W 8  MX B P ~ M ~ H H O R  3 B O n D U n n .  H~mp- 

MBUWOHHblMW BWHWUaMW C n e K T p a  S<k,t> npn KaXAOM t ABnRDTCR n M ~ O o 6 p a 3 ~ b l e  

i KOMnOHeHTU f i<k , t> .  T.K. KPOMe HMX B C n e K T p E ?  n p n C Y T C T B Y e T  @OHoBaR 

KOMnCmeHTa  B < k , t > ,  T O  TPB~YBTCR: 

- n O A a B n T b  nOCneAOEU3TenbHO B KaXAOM C n e K T p e  W H O B Y D  KOMnOHeHTY. 

\ - BMRBWTL nWKW c n e K T p a  n onpenennTb nx x a p a K T e p n c T n K n ,  

- WAeHTW@WUWpOBaTb nHKW BO BPBMBHW, T.8. O n p B A B n H T b .  KaKWB H 3  Q)nYK- 

TYHPYDUMX OUBHOK M ~ O X B H W R  B m ~ a n e  A ~ R C T B ~ T ~ ~ ~ H O  OTHDCRTCR K OAHOMY 

W3MeHRD198MYCR BO BPBMBHH nHKY. 3 T W  3 B A a ' i M  P e U a D T C R  MBTOAaMH K a q B C T B e H -  

HOrO a H a n H 3 a  P B C n p B A e n e H H R  H O ~ O ~ U ~ H H O R  ~ O A ~ O H K H / ~ ~ / .  A ~ R  Y n p a B n e H n R  

pado~on n p o r p a M M b 1  a a n a ~ ~ c ~  n p e a n o n a r a e h l a n  u r n p n H a  n n K o s ,  Y ~ O B H H  qys-  

C l ' B I I T ~ n b H O C T W  K @nYKTYaUHRM WHTeHCWBHOCTM M p a 3 p e U e H k l R ,  nOA KOTOpblM B 

AaHHOM C n Y q a e  nOHWMaeTCR MWHWManbHOe p a C C T O R H M 8  MBXLIY nHKaMH,  

EUZnpk4HHMaeMblMn K a K  O T A e n b H b l e .  P ~ ~ Y ~ ~ T ~ T o M  p a 6 0 ~ b l  n p O r p a M M b l  

f l B n R e T C R  WH@oPMaUIIR 0 . IMCne  HaRAeHHblX B K a X a O M  C n e K T p e  nklKOB M 0 B p e -  

MBHHOR 380nDUWW @OHa II O T A e n b H b l X  nWKOB. 

Ha KOHeqHOM 3Tane 0 6 p a d o T K n  n p O B O A n T C R  C T p Y K T Y p H b l A  a H a n H 3  H B R T p O -  

H o r p a u u  no M ~ T O A Y  Pn~mnbna ,  a a a n T n p o e a H H o r o  K O C O ~ ~ H H O C T R M  a n @ p a K T o -  

I 5. 3 ~ c n e p n ~ e ~ ~ b l  B p e r n M e  HPMB 

B xone p a z t s n ~ n ~  M e w n a  HPMB H a  n n Q ) p a K T o u e T p e  AH-2 bunn n p o e e n e t i b l  

L MHOrOYnCneHHblB  3 K C n e p n M e H T b l ,  H D C R m n e  K a K  TBCTOBbIR,  T B K  H (DH3WqBCKHA 

X a p a K T B p .  npn L13p~HkW'3' P B a K I l I I H  M L I p a T a U W H  C a 3 a 2 O e  CC3A* C=caO. 

A=A120,> 6uno YCl 'aHOBneHO, ' lTO HCXOAHaR @ a 3 8  nOnHOCTbD P a C n d A a e T C f l  38 

epem -1 MnH,  a a ~ e ~  n o n B n n e T c n  p ~ n  ~ e ~ a c ~ a b n n b ~ b ~ x  K p n c r a n n n r l e c K n x  COG- 

TURHHR. K O H B ~ H ~ ~  0838 C3ADe <D'D20> n O R B n R e T C R  CKaYKOM H a  5 - R  MHHYTB 

p e a K u n n  (pat. 5) . M n ~ n ~ a n b ~ c e  B ~ ~ M R  s~cnoanunn t,=m MC (1 n M n y n b c   om- 
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6. 3 a ~ n ~ ~ e ~ r r e  

n e p e x o ~ ~ b r e  f l s n e H n f l  - a K T y a n b H e u m a f l  Teua ( P H ~ H K M  K o t i ~ e H c n p o m H H b l X  

C p e A ,  a AM(PpaKUMR HBFlTpOHOB - OAMH M 3  ~a~b0J lee  HHWpMaTMBHblX MBTOAOB 

M3YYeHHfl  C T p Y K T Y p b l  B e l U e C T B a  H a  MMKpOCKOIlMYeCKOM YpOBHB. O L I H ~ K O  I l p M M s H e -  

H H e  H e F I T p O H O ~ p a ( P H k l  B (PH3MKe I lepeXOAHbIX RBJleHHt? C T a n O  B03MOXHblM TOJlbKO 

B C a M O e  nOCSleAHBB B p e M f l  B n e p B Y D  O Y e p e A b  BCJ leACTBMe IlOflBJleHMfl BblCOKO- 

IlOTOYHblX MCCnOAOBaTeJlLCKI-1X HeATPOHHblX MCTOYHMKOB M P a 3 B H T M R  TBXHMKLl 

A S T e K T H P O B a H M f l  HeFITPOHOB. 

C Y U ~ C T B Y ~ T  HeCK0nt .KO npOsKTOB'9'10'16' C03AaHMfl  YCTaHOBOK, KOTOPble  

AOnXHbl n 0 3 B O n M T b  k13MePRTL HeUTPOHOrPaMMbl  O T  IlOJlHKPHCTaJlJlMYeCKMX 

B e l U e C T B  3a CeKYklAbl. B HaCTOFllUeFl p a 6 0 ~ e  I lOKa3aHO.  YTO H a  P e a K T O p e  M6P-2 

npn c o o T e e T c r e Y D u r e n  op ra~~3aur - IM npouecca pernc-rpaunn H e n T p o H o e   TO Y X ~  

B03MOX HO. 
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