






~ J I ~ H T ~ o @ o T o ~ ~ ~ @ M A  - CpaBHHTenbHO H O B a s  06JIacTb TeX- 

HIIKII, B OCHOBe XOTOPO& JIemaT COT3l)eMeHHLle AOCTEIXeHLIII B HCCJIe- 

AOBaHLlHX @OTO~JI~ICTPLI~€!CKHX H B J I ~ H H ~ Z  B TIOJIYIlPOBOAHMKaX 

M A I I ~ J I ~ H T ~ H K ~ X .  B pnAe TexHnsecmx n p ~ ~ e a e ~ n i ~  oHa ycnemHo 
BwrecHIIna ranoa~ocepe6prr~ym @o~orpa@~iro.  

H H I I ~ ~  HaIIIICaHa H3BeClHbIM abfepHKaHCKI1M CneI(HanHCT0M. 

 OH^ oxsaTarsaeT Bee o6nac~n c o ~ p e n f e ~ ~ o i i  a n e ~ ~ p o @ o ~ o r p a -  
MeXaHll3M H KIIHeTHKY 06pa30~a~51II CKPblTOrO ~ 3 0 6 p a -  

HCeHIIR, BOIIPOChl IIPOIIBJIeEIIIR, CeHCIlTOMeTPHIO M 06JIacTb TeXHH- 

secmrx n p ~ q ~ e ~ e a ~ f i i  3 n e ~ ~ p o @ o ~ o r p a @ 1 1 ~ .  Eonbmoe BHmnraHIfe 

a B T O p  YjJeJIReT IIpHpOAe ¶yBCTBKTeJIbHOCTK ~ J I ~ K T ~ O @ O T O ~ ~ ~ ~ ~ ¶ ~ -  

CKElX CnOeB.  

Kaxira nomana He T O J I ~ X O  AJIR Tex, XTO BeAeT XrccneRosaHHs 
no 3 n e ~ ~ p o @ o ~ o r p a @ m ,  p a 3 p a 6 a ~ ~ m a e ~  a ~rcnonbage~ a n e ~ ~ p o -  
+o~orpa+~~secxym annapaTypy, HO n gns mIfpoKoro Kpyra ~ a y s -  
HLIX I1 EIH%eHepHO-TeXHIIYeCKIIX ~ ~ ~ O T H H K O B ,  3aHIfMaIomlIXCR 

I I 
B 

@oTorpa@lleEi, ( P H ~ I I I E O ~ ~  IIOJIyIIPOBOAIIElKOB Xi ALI3J1eKTpIIKOBt 

a n e ~ ~ p o r ~ ~ r ~ o i i ,  B ~ I ¶ H c ~ % I T ~ J I ~ H o ~ ~  TeXHIIKOII, ~ a p ~ o r p a @ ~ r e i r  II IIOJIH- 

rpa4neii. 

P e a a l ~ y u ~  rumepamypa no nosoii mexnuKe 



3 n e ~ ~ p o @ o ~ o r p a @ ~ ~  - H O B ~ I ~ ~  @ o ~ o r p a @ n ¶ e c ~ ~ i i  npoqecc, KOTO- 

pb1fi HBJIHeTCR C B O ~ O ~ ~ ~ ~ H H M  @ H ~ H Y ~ c K H ~ I  a H a J I O r O M  @ o T o I ' P ~ @ H H  H a  

r a n o ~ , q o c e p e 6 p ~ ~ b 1 x  cnoax. B n p o s e ~ ,  c n o B o  X H O B M ~ ) )  B H a m e  s p e M R  

ElHTeHCHBHOrO p a 3 B H T H H  HaYYHbIX H C C J I ~ A O B ~ H H ~ ~ ,  IIo~aJlyfi, H e  COB- 

CeM YMeCTHO. B 1968 r. HCIIOJIHcIeTCH 30 J IeT  C MOhIeHTa  OTRPbIlEIH 

Y. ~ ~ ~ J I C O H O M  K ~ e p ~ r p a @ t i E i  - OAHOrO H 3  OCHOBHbIX B a P H a H T O B  

3 n e ~ ~ p o @ o ~ o r p a @ ~ ~ 1 e c ~ o r o  npoqecca, P ~ ~ B H T H ~  I c o T o p o r o  mno H a H -  

60~1ee HHTeHCHBHO. 3 a  3 T 0  B p e M t I  3 J I e I c ~ p 0 @ 0 ~ O l ? p a @ ~ l r r  IIOJIy!IHJIa 

m E i p o I c o e  p a c n p o c T p a H e H n e  H o@oparanacb B C a ~ o c T o t I T e J b H y m  

@ I ~ ~ I ~ K O - T € ? X H H Y ~ C I C Y I O  AHCUHIIJIHHY. 3 ~ 0 h l y  C I I O C O ~ C T B O B ~ J I O  YCneIIC- 

H o e  n p a w e H e H m e  i u e T o a o s  3 ~ r e ~ ~ p o @ o ~ o r p a @ m  B T e x H H I c e  - onepa- 
T H B H O ~ ~  non~rpa@mi ,  p e ~ ~ r e ~ o r p a @ ~ n ,  a3po@o~orpa@m,  m r C I H c n H -  

~ e J I b ~ 0 f  T e X H H K e  El T.  a. 3 ~ t l ~ H T e J I b ~ b I f i  BXJ IaA  B p a 3 B I I T H e  T e O p e T H -  

s e c m x  OCHOB s n e ~ ~ p o @ o ~ o r p a @ n ~  H ee n p a K T n s e c I c m x  n p ~ n o m e ~ ~ f i  
BHeCJIH pa60~b1 COBeTCKElX aBTOpOB.  

n p e A J I a r a e ~ a H  BHEiMaHHEo COBeTCKOrO YHTaTeJ IR  K H H r a  IIO 3J I eKTpO-  

@ o ~ o r p a @ z l ~  H a n n c a H a  I c p y n ~ e f i r u ~ ~  a i M e p H I i a H c x t i M  c n e q H a n H c T o M  

B O ~ J I ~ C T H  ~ J I ~ K T ~ O @ O T O ~ ~ ~ @ I I M ,  OAHHM ~3 n e p ~ o o ~ ~ ~ p b ~ ~ a ~ e n e f i  pem- 
I ' ~ H O B C K O ~ ~  ~ J I ~ K T ~ O I $ O T O ~ ~ ~ $ I H H ,  BHeCILIltM CBOHMH OPHI 'HHaJIbHbIMH 

HCCJleAOBaHHHMH K p y I I H b ~ f i  BKJ IaA  B p a 3 B H T H e  3 ~ 0 f i   HOBO^ O ~ J I ~ C T H  

H a y s ~ o f i  H I ~ P H K J I ~ ~ H o ~  @ 0 ~ 0 I ' p a @ H H .  

OT HpYI'HX M O H O ~ P ~ @ H ~ ~ ,  I I O C B I I q e H H b I X  3TOMY I I p e A M e T y ,  XHHI'Y 

W [ a @ @ e p T a  BbIrOAHO OTJIHYaIoT A B e  O C O ~ ~ H H O C T H .  B o - I I e p B b ~ x ,  O H a  

y H n s e p c a n b H a ,  T. e. ~ a n a r a e ~  n p e A h r e T  B q e n o M ,  o x s a T s r s a x  B c e  

pa3,I(e.XbI C O B ~ ~ M ~ H H O ~ ~  ~ J I ~ K T ~ o @ o T o I ' ~ ~ @ H H :  M e X a H H 3 M  H K H H e T H K Y  

0 6 p a 3 0 l 3 a H H S I  C K p b I T O r O  k1306pa31~eHH11, BOIIPOCLI I IpOHBJIeHHR,  CeH- 

CHTOhleTPHK) I4 0 6 j 1 a ~ ~ b  TeXHHYeCKHX I I P E I I L I ~ H ~ H H ~  3 J I e K ~ p 0 @ 0 ~ 0 r p a -  

@HH. Bo-BTOPLIS, I c H n r a  H a n E i c a H a  @ H ~ H K O ~ I ,  ¶TO c a h r o  no ce6e 
H e  M o r n o  H e  c ~ a 3 a ~ b c ~  H a  xapawepe 14 y p o B H e  E I ~ J I O ~ K ~ H H H  bIaTe -  

P H a J I a .  n p H p 0 ~ e  ~ Y B C T B H T e J I b H O C T H  ~ ~ ~ I C T P O @ O T O ~ ~ ~ @ H ~ I ~ C ~ E H X  CJIOeB, 

M e X a H H 3 M Y  0 6 p a 3 0 ~ a ~ H ~  CXPbITOrO H I IPORBJIeHHOrO H306pa?Ic1ceHHH 

A P Y r H M  I lPHH4HIIHa.JIbHbIM BOI IpOCaM a B T O p  yJ(eJ lHeT F J I a B H O e  BHH- 

M a m e .  B M ~ C T ~  c TeM m n r a  H e  a B n x e T c c I  cneqnanbaoii + H ~ H ~ ~ C I C O ~ ~  
~ o ~ o r p a @ ~ e f i  H AOCTYIIHa IUHPOKOMY I c p y r y  m ~ a ~ e n e f i .  



3necb H e  JIHIIIHe HanOMHkITb ,  ¶TO 3 J I e I C ~ p 0 @ 0 ~ 0 r p ~ @ H R  - 3TO COBO- 

K y n H O C T b  n p o a e c c o B ,  a H e  OAHO @ k 1 3 ~ ' 1 e c ~ o e  H s n e H n e .  T ~ K ,  ~ a n o x e -  
H n e  T e o p H H  C K p b I T o r o  3 ~ 1 e ~ ~ p o @ o r o r p a @ ~ i ~ r e c ~ o r o  H ~ O ~ ~ ~ X C ~ H H H ,  

6 a 3 ~ p y m q e e c z r  H a  c o B p e M e H H L i x  n p e n c T a B n e H m x  @HSHKH B~ICOICO-  

OMHLIX @ O T O I I ~ O B O A H H K O B ,  H e  m e e T  H m e r o  061qero c H ~ J I O H E ~ H H ~ M  

T e O p H H  ~ J I ~ K T ~ O @ O T O ~ ~ ~ @ H Y ~ C K O ~ O  n p o R s n e H H n ,  T. e. c B o n p o c a M E i  

C T ~ T H ~ ~ C I E O ~ ~  3 J I e K T P H 3 a q H H ,  0 6 p a 3 0 B a ~ H R  A B O ~ ~ H L I X  3JIeICTpH4eCICHX 

CJIOeB H T. A. YTO ICaCaeTCR OYyBCTBJleHHR (T. e. ~ELPFIAICH) 3JIeKTPO- 

@ o ~ o r p a @ k i ~ e c ~ ~ x  cnoes, TO  TOT M a T e p H a a  qenmolr OTHOCHTCH y x e  
concent K ~ p y r o i i  o 6 n a c ~ ~  - @ ~ s n ~ e  rasosoro p a 3 p q a .  B ~ ~ O I I T H O ,  
IIOBTOMY go n o c n e z H e r o  B p e M e H H  H e  n o a B H n o c L  0 6 3 0 ~ 0 ~  HJIH MOHO- 

r p a @ ~ i i ,  n o c B r r I q e H H L I x  H ~ J I O H E ~ H H E O  @ n s ~ s e c ~ c ~ r i  OCHOB B c e r o  ~ J I ~ K T ~ O -  

@ o ~ o r p a @ ~ s e c ~ o r o  npoqecca B ~ ~ J I O I L I .  T a l z ,  H a n p H M e p ,  OAHH 

~3 p e R a K T o p o B  n e p e B o A a  B c ~ o e i i  n o c n e ~ ~ e i i  K H E i r e  no ~ J I ~ I C T ~ O @ O T O -  

r p a @ m  l) o r p a H H s H n c R  ~ a n o x e ~ ~ e z r  OCHOB T e o p m  C K p m o r o  

3ne~~po@o~orpa@mec1coro  ~ 3 0 6 p a m e ~ ~ 1 1 .  H e s a B H o  mruexnracr n o A  

peaa~qmeB Aeccayapa 18 Knapxa n p e B o c x o A H a r r  mmra no ~ J I ~ I C T P O -  

@ 0 ~ 0 r p a @ H H  2, HBJIEIeTCII C K O p e e  C ~ O P H H K O M  C T ~ T ~ G ,  ¶ e h l  CHCTeMaTH- 

secrcm H ~ J I O ~ ~ H H ~ M  n p e A M e T a  c e a n ~ o i i  T O ~ K H  ~ P ~ H H R .  T ~ I C H M  o6pa- 
 OM, mmra m a @ @ e p ~ a  n p e A c T a B m e T  coGoii n e p B y m  y A a s H y m  

IIOIIbITKY H 3 J I O X e H H R  I l p e A M e T a  B qe J IOM.  

K H E I ~ ~  COCTOHT 113 ABYX Y a c ~ e k  LI Y a c T n  I amop manarae~ O C H O B ~ I  

3 a y Y ~ o G  H I C P H R X ~ H H O ~ ~  ~ J I ~ K T P O @ O T O ~ P ~ @ H H ,  A a e T  K J I ~ c c H @ H K ~ L ( H I O  

H3BeCTHLIX B a p H a H T O B  3 T O r 0  I I P O q e C C a .  B COOTBeTCTBHkI C 3 ~ 0 6  ICJIaC- 

~ ~ @ H I C a 1 l H e f i  OH IIOCJIeAOBaTeJIbHO P a C C M a T p H B a e T  K c e p O r p a @ H ~ o ,  

3 n e ~ ~ p o + o ~ o r p a @ n ~ ,  H a  @ o ~ o a n e ~ i p e ~ a x ,  3ne rc~po@o~orpa@m,  
OCHOBaHHYH) H a  @ O T O C T H M Y J I H P O B ~ H H O ~  IIPOBOAHMOCTH (TBK Ha3LI -  

s a e ~ b ~ i i  npoqecc I C a n a ~ e ~ a ) ,  3 x e ~ ~ p o @ o ~ o r p a @ m o  c H C ~ O J I ~ ~ O B ~ H H ~ M  

~ J I ~ I C T ~ O X H M H ~ ~ C K E I X  H T e p M o n . n a c T k i = ~ e c m m  n l a T e p H a x o n  m A p y r H e  

I IP OqeCCbI .  3necb ?He H3JI03ICeHbI OCHOBLI q B e T H 0 f i  ~ J I ~ I C T ~ O @ O T O ~ ~ ~ @ H H ,  

~ J I ~ I E T ~ O C T ~ T H Y ~ C K O ~ ~  n e r I a T H ,  a T a I c x e  B o n p o c L I  n p o M b I r u n e H r x o r o  

I I p B M e H e H H I I  ~ J I ~ ? K T P o @ o T o ~ ~ ~ @ H M .  C ~ M O C T O R T ~ J I ~ H ~ I ~  p a 3 A e J I  n 0 C B R -  

q e H  ~ ~ H T I ' ~ ~ H O B C K O ~ I  3JIeK~p0@0~0rpa@kl11. 

q a c ~ b  11 K H H r H  I I p e A C T a B J I H e T  ~060i3 a H a J I H 3  @ H ~ H ¶ ~ ? c K H X  OCHOB 

npoqecca B qe .noM.   OH^ COCTOHT ~3 ~ R T H  p a ~ , q e n o ~ ,  n o c s R I q e H H H x  

H3J IOHeHHIo  T e O p I l H  OTAeJIbHbIX C T ~ A H ~ ~  I I p O q e C C a .  n e p B b 1 e  A B a  pas- 
AeJIa h l O W H 0  661x0 661 o ~ z ~ A H H H T ~ ,  T a K  KaIC B HHX COAePHEHTCR OnHCa-  

H H e  M e X a H H 3 M a  H K H H e T H K H  0 6 p a 3 o s a ~ m ~  CKpLITOrO ~ 3 0 6 p a ~ ~ e ~ r n 1 1 .  
COXaJ IeHHIO,  I l p H B e ~ e ~ H b ~ f i  3 A e C b  60nbmoii H E I H T ~ P ~ C H ~ I ~  M a T e -  

PkIaJI,  H a  H a l l 1  B3 r J I I IA ,  C T p a A a e T  H ~ K O T O ~ O ~ ~  OJ(HOCTOPOHHOCTbIO, 

~ o C I < O J I b K y  a B T O p a  H H T e p e C y I O T  TOJIbKO A B a  OCHOBHLIX 06 'beICTa - f 

@ p H A K 11 H B.  M . ,  @ ~ l a n n e c ~ ~ ~ e  OCHOBLJ ~ J I ~ K T P O $ O T O ~ ~ ~ $ H ~ ~ C K O ~ O  
nporlecca, H ~ A - B O  ( ( ~ H ~ ~ ~ H F I P ,  1966. 

2, D e s s a u c r J . ,  C 1 a r k H . ,  Xerography and related Processes, * 
Focal Press ,  1966. 
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cnon anrop4aoro c e n e H a  m n o n ~ ~ p ~ i c ~ a ~ ~ n ~ ~ e c ~ o ~  OKHCM ~ M H I C ~ ,  AJIH 1- 
ICOTOPMX n OCHOBHOM n n p o B o n n T c R  T e o p e T m e c I c o e  p a c c b l o T p e H n e .  

A ~ ~ o p a h l  3THX CTPOK HhIIIOHEIPYeT JJpyr0f i  IIOfiXOA - 60~1ee o6qee 
I)aCCMOTPeHHe MeXaHM3Ma H KklIIeTHHH, E13 KOTOPbIX MOIHHO 661~10 661 
BbIBeCTEI 3aKJI IoPeHHe 06 0 6 1 4 1 4 ~  ki kIH,4HBEIAYaJIbHbIX C B O ~ ~ C T B ~ X  

~ a e s ~ p o @ o ~ o r p a @ n s e c ~ m x  c n o e B .  

B rcoaqe I C H L I ~ H  n p m e A e a L 1  6 ~ 1 6 n n o r p a @ ~ ~  M n e p e s e H b  anrepn- 
KaHCKEIX I I a T e ~ T O B .  B o6qefi CJIO?HHOCTH G L Z ~ J I E I O ~ P ~ @ E I R  COAep3KEIT 

CBbIIIIe 500 .XMTepaTypHbIX CCbIJIOK M, 110-BMAEIMOhlY, RBJIHeTCR 0 ~ ~ 0 f i  
E13 CahlLIX IIOJIHbIX. ~ P H R T H O ~ ?  BIIePaT.?IeHHe OCTaBJIRIOT AlHOI'O911CJleH- 

HbIe  CCLIJIKH H a  p a 6 o . r ~  COBeTCKllX aBTOPOB; 3TEI p a 6 o ~ b 1  n o ~ p o 6 ~ o  
p a 3 6 E I p a I o ~ c R  ki MX Pe3YJIbTaTbI  IIIElPOIEO MCIIOJIb3YIoTCII B XHMre .  YTO 
K a c a e T c R  n a T e H T H o r o  M a T e p n a s a ,  TO n m  COYJIH q e n e c 0 0 6 p a 3 ~ b 1 ~  

H e  B I i n I o s a T L  ero B pycc~n i i  n e p e B o A ,  TaIc  IcaK n e p e l I e H b  n a n H o T a q m o  

IIaTeHTOB RIOXHO H a i i ~ H  B A p y r E I X  I33flaHHRX. 

M ~ I  H a n e e M c c r ,  s ~ o  I c H n r a  ILIa@@ep~a 6 y ~ e ~  c H H T e p e c o M  B c T p e -  

s e H a  C n e q n a J m c T a M n  B ~ a m e H  c T p a n e ,  r A e  a n e I c ~ p o @ o ~ o r p a @ ~ ~  

ElHTeHCHBHO Ei YCIIelIIHO Pa3BE3BaeTCR H a  IIPOTRiKeHHEI IIOCJIeRHElX 

DeCRTEI JIeT. HOMHMO TOTO, IcHEIFa HpeACTaBJIReT MHTepeC AJIX IUHpO- 

K o r o  I c p y r a  r ~ ~ a ~ e n e i i  - c n e q n a n g I c T o B  B O ~ J I ~ C T H  ITOJIYIIPOBOAHEZ- 

HOB Ei ~ O J I Y ~ I P O B O ~ ~ H E I I C O B O ~  TeXHLIKH. 

nepeI30JI BbIIIOJIHeH A s a ~ ~ c o n o i i  H. A. ( s .  I ,  I'JI. I V ,  X;  Y .  11 rJI. III) ,  HOHO- 
BbIM n. B. (¶ .  11, rJI .  I) ,  ~ Y ~ H ~ ? ~ o B O $  r. M. (P. I ,  rJI. V, IX; 4 .  11; rJ1. I V ,  V),  
n 0 q ~ a p b  3. kl. (4. I ,  rJI. I ,  11, VII,  VIII), HOCOBLIM B. H. (4. 1, rJI. 111, IV; 
s. 11, rn. 11). 

B. M .  @pu&un, A. 8. Apasun 

C, 









B n o c n e A H n e  r o p r  H e x n M n s e c K m e  ( c y x ~ e )  @ o ~ o n p o q e c c ~  npo- 
H3BeJ IH  PeBOJIIOqIIK) B O ~ J I ~ C T H  P ~ I I ~ O ~ Y K ~ E I O H H O ~  TeXHEIKH. H a d o n e e  
Ba3IEHbIMEI C p e A I l  HEIX IIBJIRIOTCFI T e ,  B KOTOPbIX AJIR @ O P ~ ~ E Z P O B ~ H E I F I  

a n e m p o c T a T H s e c K o r o  m 3 0 6 p a m e ~ ~ 1 ~ 1  rncnonb3y10~ @ o ~ o a n e ~ ~ p n s e -  
CK13e RBJ IeHHR.  3THM I I p O q e C C a M  OTHOCHTCR EZ ~ J ~ ~ I C T P O @ O T O ~ P ~ @ H I I .  

3 n e ~ ~ p o @ o ~ o r p a @ ~ a  H a  c o s p e M e H H o M  a ~ a n e  ee ~ ~ ~ B H T E I F I  ripen- 
CTaB.7eHa  QeJIbIM PRAOM MeTOAOB, OTJ IHYaIOqHXCR APYr OT A p y r a  

~ e s ~ o z o r ~ e i i  COSA~HEIEI  C x p b I T o r o  H ~ o ~ ~ ~ ~ - I c ~ H H R ,  a T a K m e  T e x H o a o -  

rtieii n p e s p a q e H H r r  ero B B H A m o e ,  n n H  C I I O C O ~ O M  n e Y a T n .  B IIPHH- 

VEIIIe, OAHaKO, CYWeCTBYIOT TOJIbICO T P H  H3BeCTHbIX MeTOAa  3J I eKTpO-  

@ 0 ~ 0 r p a @ l l H :  1) K c e p o r p a @ E I R ,  K O T O p a I I  O C H O B a H a  H a  EICIIOJIb3OBaHHEI 

3 J I e K T p O C T a T H s e C K O r O  H ~ O ~ P ~ X ~ H H I I  B B H H e  I IOBepXHOCTHOrO P a C n p e -  

R e A e H H I I  3 a p R A O B ;  2) ~ C T O ~ I ¶ H B ~ R  B H Y T P e H H R H  I IOJ IRPEI3aqHI I ,  B KOTO- 

poii c I c p b I T o e  n a o 6 p a w e ~ ~ e  n p n H H a r a e T  @ o p ~ y  ~ J I ~ K T P H Y ~ C K O ~  IIOJIR- 

P H 3 a q H H ;  3) Y C T O ~ Y H B ~ R  IIPOBOAEIMOCTb, K O T O P a R  RBJIReTCH CKPbITbIM 

3JIeKTpOnpOBOAIIU[HM ~ 3 0 6 p a x e ~ m e ~ .  n e p B b 1 e  A B a  MeTOAa  CXOAHbI 

I f e m f l y  ~ 0 6 0 6  B TOM, 9 T O  CKpbITOe  11306pai-1<e~~e M03KHO IIPORBJIFITb 

OHHHaKOBbIMH c n o c 0 6 a ~ H .  Tpe~mii I\leTOA H e  0 6 ~ 3 a T e n b ~ 0  OCHOBaH 

H a  I I p H M e H e H H l l  3JIeKTPOCTaTH'IeCKEIX 3 a p R A O B  E l  H e  MOTfEeT 6 b 1 ~ b  

IIO3TOMY OTHeCeH li 3JIeKTPOCTEiTH9eCKHM I I p O q e C C a M .  

B H a c T o c I q e e  s p e M c r  ~ c c e p o r p a i j j ~ ~  m J I n e T c f i  ~ a n 6 o n e e  c o s e p m e H -  

HLIM MeTOAOM ~ . I I ~ ? K T ~ O @ O T O ~ ~ ~ @ E I E I .  B K ~ e p ~ r p a @ H H  3J I eKTPOCTaTH-  

secrcoe mao6pai1;e~ne 06pa3ym~ n y T e M  ~ ~ P R A K H  @ O T O I I ~ O B O ~ R I ~ H X  

c n o e B  m nocnegyroqero n p o e q n p o B a H H a  H a  HEIX C B e T o B o r o  mao6pa- 
;xieI-rHa. I l o c J r e ~ ~ e e  n p o R s J r c r I o T  a a p a m e ~ ~ b ~ ~  n o p o l u x o M  H n e p e H o c a T  

H a  G y ~ a r y ,  a 3 a T e M  OIIJIaBJIHIOT H a  H e G .  

@ o T o I I P o B o J J H ~ H ~ ~  ~JI0ki M O X e T   LIT^ l l C I I O J I b 3 0 B a H  HeOAHOKpaTHO.  

3 ~ a  x e  n o c n e A o s a T e n b H o c T b  onepaq~f i  n p n M e H e H a  H B XOPOIIIO 

H3BeCTHbIX H C ~ ~ O ~ ~ ~ @ T W ~ C K ~ X  KOIIEIPOBaJIbHbIX MaI I IHHaX.  Pa3~0-  
BHAHOCT~KI  ~ ~ c e p o r p a @ ~ ~ s e c ~ o r o  cnoco6a Rs j r c I eTcc r  npoqecc, B KOTO- 

ponr n p - c l M e H m o T  3 ~ e ~ ~ p o @ o ~ o r p a @ ~ s e c ~ y ~  6 y M a r y .    TOT npoqecc 
nonysma H ~ ~ B ~ H E I ~  c c a n e r c ~ p o @ a ~ c c ) ) .  Ha o c a o B e  3 ~ 0 r o  npoqecca coa- 
A a H  p H E  KOI IHpOBaJ IbHbIX  MaIUHH,  B b I n y C K a e h l b I X  B CmA R A p y r H X  

C T p a H a x .  



H a  m c n o n f , 3 0 s a H H H  YCTO%IEIBOG B ~ y T p e H H e f i  I I O J I H p H 3 a ~ M H ,  a0 HBCTOR- 

were B p e n l e H m  e q e  H e  c o 3 ~ a ~ o .  O A H ~ K O  npmaqnn y c ~ o i i m ~ o i i  $ 0 ~ 0 -  

npoBOAMMOCTH C YCIIeXOM MCIIOJ Ib30BaH B c ~ P M G H o ~ ~  YCTaHOBKt? 

(c@HnMaIC)) ( I C O M ~ E ~ H H ~ O B ~ H H O ~  Y C T P O ~ ~ C T B O  AJIR g T e H M H  MMRPO- 

(PEIJI~ILIOB M n e g a T H  c HHX). 

Tarc 3 n e ~ ~ p o @ o ~ o r p a @ ~ x  B ~ ~ E I J I H ~ I H ~ I X  $ o p ~ a s  c T a n a  m r p a T b  

B a w H y I O  P O J I b  B O ~ ~ T ~ C T H  @ o T o I C O I ~ ~ ~ P O B ~ H M R .  y ~ M R a J I b H b 1 e  C B O ~ C T B ~  

a n e ~ ~ p o @ o ~ o r p a @ m m  IIOSBO~HIOT r o B o p E i T b  o ee 6 o n b r u o n f  6y~ywelz1, 
I<OTOpOe H e  O r p a H H Y k i B a e T C H  0 ~ ~ 0 6  JlHIIIb  P ~ I I P O ~ Y K ~ L I O H H O ~ ~  T ~ X H E I K O ~ ~ .  

H ~ C M O T P S ~  H a  3 T 0 ,  GMJIO 661 n p e E < A e B p e M e H H b I h I  Y T B e p X A a T L ,  Y T D  

3 J I e I C ~ p 0 @ 0 ~ 0 r p a $ H J X  3 a n l e H H T  AOCTHrIIIYIO BblCOICOrO COBepI I I eHCTBa  

z i  H O J I Y Y H B ~ Y I O  ~ H ~ Y M T ~ J I ~ H O ~  p a c n p o c T p a H e H H e  r a n o ~ ~ o c e p e 6 p ~ ~ y m  
$0~0I ' pa@M10 .  O ~ H ~ I C O  HYifCHO n p H 3 H a T b ,  YTO HOBbIe  ~ J I ~ K T P O $ O T O -  

r p a @ ~ s e c x ~ e  n p o q e c c b 1  H ~ X O A R T  m H p o I c o e  ~ c n o n ~ a o s a ~ ~ e  B cne- 
U H a J I b H b I X  0 6 J l a ~ T E I x  M IIPMMeHHIOTCEI K a K  zOIIOJIHeHEle  IC CYqeCTBYIO-  

~ H M  c n o c o 6 a ~  p e n p o A y q z i p o s a H M x .  

IC n e p s b I M  n o n m K a M  p a 3 p a 6 0 ~ ~ n  3 n e ~ ~ p o @ o ~ o r p a @ m s e c ~ o r o  npo- 
q e C C a ,  IIO-BHAHMOMY, HY3fEHO OTHeCTH EICIIOJIb30BaHHe HBJIeHHX 

@ O T O I I ~ O I % O ~ M M O C T H  AJIH aICTHBaqMM ~ ~ ~ K T ~ O ~ ~ B C T B H T ~ J I L H O &  

6 y h ~ a r 1 f  [ I ] .  T a ~ c o G  npoqecc o n n c a H  B n a T e H T e ,  B b I j a H H o n t  B 1922 r. 
BPOHIC Y [2].  3 b ~ e I C ~ ~ 0 Y ~ ~ ~ ~ ~ M ~ e J I b ~ ~ ~ ~  Gyiv~ary I IOMelqa IOT Me?EQy 

$OTOIIPOBOJJH~HM CJI0eb.I EI I I P o B o A H ~ ~ ~  no~n011~~0 i i .  Me11c::y $ 0 ~ 0 -  

I I P O B O A R ~ H M  cnoenl H I I O A J I O ~ I C O ~ ~  n p E i I C n a a b l B a e T c x  H a n p H m e H E i e  

EI OAHOBpeMeHHO H a  $ O T O C J I O ~  I I p O e q M p y e T C R  M 3 0 6 p a i 1 i e H H e .  O C B ~ ~ ~ H -  
-i 
i 

H b I e  YYaCTKH CTaHOBEITCSl IlPOBOAHHICaMM, M IIPoxoJJHII&~ I I e p e 3  H H X  

TOIC B L I ~ L I B ~ ~ T  E I ~ M ~ H ~ H H ~  q s e T a  6ynrar~ .  n o ~ o 6 ~ o e  y c ~ p o i j r c ~ ~ o  61,1ao 
OIIMCaHO B p a 6 0 T e  [3].  n 0 3 i r c e  M 3 0 6 p e ~ e ~ L 1 H .  OCHOBaHHbIe  H a  B H a J O -  

P H q H b I X  H p H H V H I I a X ,  6 6 1 ~ 1 ~  3 a n a T e H T O B a I I L I  ~ O B ~ ~ M ~ H O M  [ 4 ] ,  ~ U M L I I I I ~ -  
R o l f  M E n r o q I C e  [5]. ~ T H  IIOYTki 3 a 6 b 1 ~ b 1 e  M ~ O ~ ~ ~ T ~ H E I R  C e i i Y a C  yIIO31M- 

H a I o T C R  TOJlbICO B n a T e H T H 0 f l  J l E l T e p a T y p e  H OTHOCHTCH IC H a q a X b -  

HOMY n e p H o a y  HCTOPHH a n e ~ ~ p o @ o ~ o r p a @ ~ ~ .  
A I ~ T H B H O ~  p a 3 B I f T H e  ~ J I ~ K T ~ o @ o T o ~ ~ ~ @ M E I  H a g H H a e T C S I  C ~ 3 0 6 p e ~ e -  

HHR KapJIco~a [61, c a e a a H H o r o  B 1938 r.  E a p n c o ~  n p e A z o x H n  

z i c n o n b a o n a T b  $ o ~ o n p o s o ~ ~ ~ ~ i e  cnon AJIH C O ~ A ~ H H I I  CIEP~ITLIX ~ J I ~ I C T P O -  

c T a w s e c 1 m x  m 3 0 6 p a l r c e ~ m G .  Ero ~ 3 0 6 p e ~ e ~ ~ e  nerno B o c ~ o ~ y  nep- 

i 
OTMeTHTb,  9 T O  6 e J I b ~ M 6 C K H f i  H H X e H e p  ae M e n e ~ a p  B I I a T e H T e  [7], 
BbInaHHOhl  e M y  B 1932 r . ,  6 b 1 n  ~ J I M ~ O I C  IC a H a J I O r H V H O l l Y  OTICPhlTMH). 4 
OH HCnOJIb30BaJ I  CeJ I eHOBbIe  I IJ IaCTHHbI  z i  J I~&%A~HCKYK) 6 a ~ ~ y  AJIR 

@ o p b m p o s a ~ a a  1 3 3 0 6 p a x < e ~ ~ 1 1  IIPM ~ O I L I O W H  n o p o I l I H a  H a  n o B e p x -  
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HOCTH, ~ o n p k ~ ~ a ~ a m q e f ~ c ~  c C ~ J I ~ H O B O ~  n n a c ~ n ~ o g .  Ero  nao6pe~e-  % 
HMe, OAHBIEO, He ~0.TY~IHJIO IIPaKTH~eCICOrO IlpHMeHeHHH. B HeKO- 

TOpbIX pa6o~ax  no HCTOPHH ~ J I ~ K T P o @ o T o ~ P ~ $ ~ E I ~ I  eCTb CCbIJIKH Ha  PaH- 
HHe pa6o~b1 C e n e ~ b z  [8, 91. O A H ~ K O  ero r n 3 0 6 p e ~ e ~ ~ ~  H e  6b1nn 
CBR3aHbI c @o~onpoqeccaiu~~.  OH c03~a1)an n o ~ e ~ q n a n b ~ ~ ~ i i  penbe@ 

Ha IlOBepXHOCTH AH3JIeKTpMKa IIPM IIObIOqH 3JIeICTPOHHOrO JIysa HXI1 

a.qeKTpHsecIcoro p a 3 p q a  H a a ~ e a ~  npoRBnRn 14306pai1ce~ne oKparueH- 
HLIM IIOPOLUKOM.  TO ~ 3 0 6 p e ~ e ~ ~ e  C e n e ~ b n  nloxeT 6b1~b IEJI~CCLI+H- 

UIipoBaHo cIEopee Kax a a e ~ ~ p o r p a @ ~ . r s e c ~ H i i ,  s e M  a n e ~ ~ p o @ o ~ o r p a -  
@ ~ s e c ~ ; ~ i f i  npoqecc. 

Hcpsh~e aIccnepmIeHTb1 B 06nac~m a n e ~ ~ p o $ l o ~ o r p a @ n ~  6b1n~ 

BbInonHeHbI Hapnco~onr H ICop~eiielw B 1938 r. k l n r e ~ ~ o  B  TOT nepnon 
~ H H  I I O J I ~ ~ H J I H  nepsoe aneKTpocTaTmsecKoe ~ 3 0 6 p a x e ~ ~ e  Ha  @OTO- 

I IpoBo~R~ef i  IIOBepXHOCTH, KOTOpOe  6 ~ 1 ~ 0  IIpOcIBneHO ~OpOIuKOM 

JI nepeHeceHo Ha G y ~ a r y .  C s e ~ o s y ~ c ~ ~ m ~ e n b ~ a x  nnacTma cocTocIna 
n3 cnocI cepbI Ha  M e ~ a n n ~ s e c ~ o i i  noAno;me.  OH^ aapcrwa~racb 

IIPM HaTHPaHHH IIOBePXHOCTM CYKHOM, a 3JIeIcTpOCTaTHseCKOe mao6pa- 
31ieHHe IIOJIY'XaJIH IIpH KOHTaKTHOM 3HCIIOHHPOBaHHH Yepe3 IIpHrOTOB- 

JIe~Hb16 IJpy~HyIO IIp03pas~b18 OPHrHHaJI. G ~ H H ~ I ~  06 3THX paHHHX 

p a 6 o ~ a x  H ~ 1 3 0 6 p e ~ e ~ H R ~  K a p n c o ~ a  6 b 1 n ~  IIpHBeAeHbI B pRAe pa- 
G O T  [ l o ,  l l ] .  

Ganb~efirnHe pa60~b1 B O ~ J I ~ C T E I  ~ J I ~ K T P o @ o T o ~ ~ ~ ~ $ ~ H H  IIPOBOAEI- 

2lHCb n a 6 0 p a ~ o p ~ e g  HayYHbIX I I C C J I ~ ~ O B ~ H E I ~  ~ H C T H T Y T ~  HMeHH E ~ T -  
Teaa (Hony~Gyc,  mT. Oraiio). C OCeHH 1944 no 1948 r.  ycnnxfl na6o- 
paTopm 6 6 1 ~ 1 ~  HanpasneHH H a  ~ K C I I ~ ~ H M ~ H T ~ J I L H ~ I ~  HccneAosa- 
HHH 1121. kIhleH~0 B 3TOT nepHOA G ~ I ~ T H  AOCTHTHyTbI Hadonee  BaX- 

HbIe TexHonorHsecmie ycnexH.   TOT neptioj npmec  qeHHbIe OTICP~I-  

THR, YCOBePIIIeHCTBOBaHHR I4 HOBLIe H ~ o ~ ~ ~ T ~ I I H R ,  KOTOpbIe CAenanIl 

HO3MOWHhIM PeaJIM3aqMH) 11306peTe~Hfi J C ~ ~ ~ C O H ~  H B HOHesHOhI 

m o r e  ycnemHoe npHMeHeHHe ~ c e p o r p a @ ~ ~  Ha  n p a w m e .  M M ~ H H O  
IJ  TOT nepHoa 6 ~ 1 . n ~  ~ 3 0 6 p e ~ e ~ b 1  H ~ C I C ~ A H L I ~ ~  c n 0 ~ 0 6  npoxBneHmtI 

11 A B Y X K O M I I O H ~ H T H ~ I ~  T P H ~ O ~ J I ~ K T ~ H ~ ~ C K H ~  IIPOEIBJIII IOI~II~ COC- 

Tal3 1131. 
K JPYI'HM BaXHLIM H ~ O ~ ~ ~ T ~ H H H M  3TOr0 IIepEIOAa OTHOCRTCR 3apHH- 

H a  1cop0~05,  p a 3 p a 6 0 ~ a ~ ~ a a  CoBMecTHMMH YCHJIHRMH nccne,qosa~eneii 

I / IHCTMTYT~ HMeHH EaT~ena ,  CpeHH KOTOPblX H ~ O ~ X O ~ H M O  OTMeTHTb 

P e f i ~ @ p a ~ ~ ~ ~ a  H Yonxana; npHweHeHHe HanbIneHHcr B BaIcyyMe Ancr 
mroToBneHna ~ c e p o r p a + ~ ~ s e c ~ z i x  nnacTnH, npeAxoxeHHoe O y ~ o -  
Honr; BseAeHne 3 n e r c ~ p o c ~ a ~ ~ s e c ~ o r o  nepeHoca LUa@$lep~o~  [ I41 
H H,I(eH Ek~~cGrn [ I s ]  HCIIOJIb3OBaTb IIJIaCTHHbI, IlOKpbITLIe ~ M O P @ H ~ I M  

Ce.IeHOM. ~ T H  PaHHHe OTKPMTHR OIIHCaHbI B CTaTbe ma@$lepTa 
OyloHa 1161. Heo6xojM~o TaKHe OTMeTMTb, s ~ o ,  npexae s e M  

Ylca3aHHbIe E Z ~ O ~ P ~ T ~ H E I R  JIerJIH H OCHOBY IIPOhfbIIIIJIeHHOrO O ~ O P Y A O -  
B~IIHH, B HHX G ~ I J I O  BHeCeHO hIHOrO AOIIOJIH~H~I~ H YCOBePLLleHCTBO- 
BaH~ii. 

*,.a i. 



C 1944 IIO 1946 r. j r a 6 0 p a ~ O p H I I  ~ H C T E Z T Y T ~  H M e H H  B a ~ ~ e n a  B e X E  

HCcJIepOBaHEiR H a  C O ~ C T B ~ H H ~ I ~  C p e A C T B a .  B 1946 r. COOTBeTCTByIoqHt?  

~ I I ~ ~ H ~ H H  ~ H J I H  n e p e n a H b 1  @npnfe ( ( T a n o i i n ) )  (Hbm-Mo~K),  H c H a g a n a  

1947 r.  OT H e e  G ~ n m  IIOJIYYeHbI AOIIOJIHHTeJIbHbIe C p e A C T B a  H a  DpO-  

B e A e H n e  ~lccnenosa~ti i i  H p a 3 p a 6 0 ~ 0 K ,   TO ~ H ~ ~ I H T ~ J I ~ H O  ~ C I C O ~ H J I O .  

T e h i n b I  p a 6 0 ~ ~ 1 .  B 3 T 0  B p e b I R  naGopa~op~61e M c c n e A o s a H m  6b1nm 

O p B e H T H P O B a H b I  H a  p a 3 B H T t i e  @ O T O K O I I H ~ O B ~ J I ~ H ~ I ~  I IpOqeCCOB,  YTO 

COCTaBJIFIJIo O C H O B H O ~ ~  H H T e p e C  @Hph tb I  ( (TaJIOfin))  B TO B p e M R .  

B 1948 I?. B03MOXHOCTbH)  I I P H M e H e H H R  ~ J I ~ K T P O @ O T O ~ P ~ @ E I Y ~ C I C O ~ O  
I I p O q e C C a  B BOeHHbIX q e J I R X  3 a H H T e p e C O B a J I l l C b  B O ~ ~ C K ~  C B R 3 H  APMMH 
CmA H ~ ~ X C T H T Y T  H M e H H  B a T T e J I a  IlpII @ H H ~ H C O B O ~ ~  I I 0 , q A e p x I i e  

B O ~ C K  CBI I3E  IIPHCTYIIHJI K p a 3 p a 6 0 T K e  IIpOeIcTEl I I p H M e H e H H R  3JIeK-  

T P O @ O T O I ' P ~ @ H E ~  B BOeIIHbIX YCJIOBHRS. K ~ J I J I M ~ H ,  p a 6 0 T a R  B TO Bpe l l lH  

B o ,q~oii  143 CJIYXG B G ~ ~ C I C  CBIIBH, B 0 3 M O X H 0 ,  B n e p B b I e  n o 3 ~ a ~ o n l ~ n c ~  

c 3~1e~~po@o~orpa@mei i ,  YTO npaneao ero B n o c n e A c T s m  K H g e e  

HCIIOJIb30BaHHR Y C T O & ~ H B O ~  rrpOBOfiHMOCTII H Y C T O ~ ~ Y H B O ~  BHYTPeH-  

~ e i i  n O ~ I c I p H 3 a q H E i  AJIR @ O P ~ ~ E I P O B ~ H H R  CICPbITOrO H 3 0 6 p a ~ e H H R .  

C 1948 r .  80 H a v a n a  n n r l H n e c m b I x  r o A o B  B n e p e s H c n e H a 6 I x  opra- 
H H ~ ~ ~ I I R X  6 m a  c o c p e n o T o s e H a  o c H o s H a R  H ~ ~ Y H O - ~ c c n e ~ o ~ a ~ e n b c ~ a ~  
AeRTeJIbHOCTb IIO ~ J I ~ K T ~ o @ o T o I ' ~ ~ @ H H .  P a 6 0 ~ b 1  3 T O r 0  I I e p H O A a  6 ~ 1 . ~ ~  
OIIMCaHhI B C T a T b e  Aeccayapa, M O T T ~  H ~ O ~ ~ O H O B ~  [ lo],  K O T O p a H  

x a p a ~ ~ e p m y e ~  O c H o H H b I e  I I ~ T H  p a 3 B H T H R  ~ c e p o r p a @ ~ m  AO 1954 r. 
B 1950 r.  @npnla ( ( K c e p o ~ c c a  (B TO s p e m  @tipala ( ( T a n o i i n ) ) )  H ~ ~ O T O -  

B t i n a  E e p B o e  cepmii~oe ~ c e p o r p a @ n s e c ~ o e  0 6 0 p y n o ~ a ~ a e .  OHO 
COCTORJIO H 3  Y C T P O ~ C T B ~  HJIR 3 a P H A K I I  I IJ IaCTHH, K a M e p b I  AJIR 3KCIIO- 

H H p O B a H H R ,  npmc11oco6ne~ma AJIR C y X O r O  I l p O R B n e H H H  ( I I O ~ O I I I K O M )  

H Y C T P O ~ C T B ~  AJIR TePMHYeCKOrO 3 a K p e I I J I e H H R .  C T e X  I I O p  4 H p M a  

( ( H c e p O K c ) )  H3rOTOBHJIa  q e n ~ H  pcIA @ O T O K O I I H ~ O B ~ ~ ~ H ~ I X  YCTPOHCTB. 
OT PYYHLIX KOI IHPOBaJ IbHbIX  Y C T P O ~ ~ C T B  @ H p M a  IIepeIIIJIa H aBTObIa -  

TH3HPOBaHHbIM h l a I I IHHaM AJIH KOI IHPOBaHHR B M ~ c I I I T ~ ~ ~  1 : 1 H HJIX 

K O I I H p O B a H H R  c y s e n m r r e H t i e M  c MHICPO@HJI~MOB. l lonymi~mee ~ L I P O -  

K o e  P a c n p o c T p a H e H n e  Y C T P O ~ ~ C T B O  ~ H c e p o ~ c  914)) 661~10 p a 3 p a 6 o ~ a ~ o  

B E I ~ O E I ~ M ~ ~ H ~ H H ~ I ~  B a P H a H T  K c e p o r p a @ H H ,  T a l c  H a 3 ~ 1 ~ a e M b I 6  ((3JIeKTpO- 

@arcc)) [171. B  TOM rrpoqecce @ O T O I I ~ O B O A H I ~ I I ~ ~  C J I O ~ ~ ,  C O C T O H ~ H ~ ~  

~ i 3  n o p o m K a  OKHCH q a H K a ,  A H c n e p r H p o s a H H o r o  u CntoJIRHolLr C B I I ~ ~ K I -  

W e M ,  HaHOCRT H a  6 y h l a ? f ~ ~ y m  IIOAJIOXKY. T a ~ o i i  31aTepHa .Z  Cny ; I iHT  

K a K  CBeTOYYBCTBHTeJIbHbIM CJIOeM, T a K  H O K O H ~ ~ T ~ J I ~ H O ~  I C o I I l l e ~  

(nocae n p o a B n e H n c r  H s a ~ p e n n e ~ ~ ~  H ~ o ~ ~ ~ > I ~ ~ H H F I ) .  B   TOM npoqecce 
, q n R  nonysemn ~ c o n ~ i i  pacxopym @ o ~ o n p o s o ~ ~ q ~ i i  cnoH, H a H e c e H -  

~ b ~ i i  H a  G y h ~ a r y ,  B TO B p e M a  K a I c  B ~ c e p o r p a @ a ~ r e c ~ o ~  rrpoqecce 
@ O T O I I P O B O ~ R ~ H ~  C J I O ~ ,  06619~0 ~ M O P ~ H ~ I ~  Ct?.ZeH, HCIIO.rIb3YH)T 

M H O r O K P a T H O ,  a P a C X O p y I o T  0 6 6 1 ~ ~ ~ ~ )  6 y M a r y  H IIPORBJIRIOI~HB 
COCTaB. 



C T e x  nop IcaIc c T a n  n a s e c ~ e ~  cnoco6 c c a n e ~ ~ p o @ a ~ c ) ) ,  n p o M M r u n e a -  
" 

i H o e  p a 3 B H T E l e  ~ J ~ ~ I E T ~ o $ o T o ~ ~ ~ ( ~ B H  111210 I10 ABYh5 B OCHOBHOM CXOXEHhI, 

HO T e X H H 9 e C K H  pa3JIMYHblM IIYTHM, KOTOPbIe  CBH3aHbI  C OAHOKpaTHbIM 
i 

HCIIOJIb30BaHI3eM ~ J I ~ K T ~ O @ O T O ~ ~ ~ @ E I ~ I ~ C E ; O I " I  6 y n f a r m  M M H O r O K P a T H b I M  

MCIIOJIb3OBaHHeM @ O T O ~ ~ O B O ~ ~ I ~ E ~ X  h l a T e p H a J I O B .  B IIOCJIeHHMe r O A 6 1  

@ o ~ o r c o n ~ p o s a n b ~ o e  0 6 o p y a o s a ~ ~ e  c m c n o n b 3 o ~ a ~ m e ~  a n e ~ ~ p o @ o ~ o -  
t 6 y ~ a r n  p a 3 p a 6 a T b 1 B a e ~ c H  @LIPM~MLI  (('lapJI3 EPYHHH~)), ( ( A M ~ ~ E I K ~ H  

(~OTOKOIIH ~ K B ~ I I M ~ H T ) )  M PHHOM A p y r I f x .  ( D ~ p n ~ a  eICcepo~c)) no-npexi- 
H e M y  A e J I a e T  Y I l O p  H a  MeTOgbI ,  C B H 3 a H H L l e  C n p l 3 M e H e H L l e M  @0~0np0- 

t ROfiHHICOB, PaCCYHTaHHMX H a  h I H O r O K p a T H O e  l lCIIOJIb30BaHEle ,  KOTO- 

p b l e  CerOAHcI  3Ha9EITeJ IbHO YCOBepII leHCTBOBaHLI.  

B 1958 I?. @ H p h l a  ( ( M H H H ~ C O T ~  M ~ ~ H H H ~  3 H A  M ~ H L I O ( ~ ~ ? K ~ ~ P H H ~ ) F  

M 3 0 6 p e J I a  HOBLIG cnoc06 IIpElhleHeHHtI  I I O C T O H H H O ~  IIPOBOAHMOCTK 

( n p e ~ n o w e ~ ~ e  ICannn~e~a)  B c o r I e T a H m z r  c ~ J I ~ K T ~ O J I M T H Y ~ C X H M  

n p 0 H B J I e H M e M .  ~ T H  IIPEIH4MIILI HClIO.TIb30BaHbI B YCTaHOBKe  ( (@HJIM~KH- 

I I p n ~ e ~ e ~ n e  cepni i~oro  3 n e ~ ~ p o + o ~ o r p a @ ~ ~ e c 1 c o r o  0 6 0 p y ~ o ~ a -  
H m a  H a s a n o c b  JIEIIII~ OICOJIO 10 n e T  ~ a a a n .  k l c ~ o p ~ a  n p o M M m n e H H o r o  

MCIIOJIb30BaHMH ~ J I ~ I C T I ) O ( ~ O T O ~ P ~ ( ~ M M  TOJIbKO Ha%UlaCb. B e c b ~ a  
BepOHTHO,  9 T O  KO B p e h l e I I M  O I I ~ ~ J I ~ ~ K O B ~ H I I H  3 ~ 0 f i  IEHHrM B J I a 6 0 p a T 0 -  

p H H X  H KOHCTpyKTOpCKMX 6mpo 6 y ~ y ~  AOCTHrHYTbI  HOBbIe  Y C n e X H -  

1.2. CKPMTOE 1130BPAXEHIIE B 3XEICTPO@OTOrPA@tllI 

B 0 3 h 1 0 3 f ~ ~ 0 ,  9 T O  CJIOBO ( ~ ~ J I ~ I C T P O ( ~ O T O ~ P ~ @ E I E I ~ ) ,  K a K  H TePMHHbI ,  

n c n o n b a y e ~ h ~ e  aria x a p a K T e p a c T m I < m  A p y r m x  $ o ~ o r p a ( b n s e c ~ ~ x  npo- 
qeCCOB,  6yAe~ BnOCJIeACTBHH OI IpeJeXHTbCJI  IIOCpeHCTBOM TePMMHOB, 

x a p a ~ ~ e p ~ 3 y m 1 q ~ x  npnpoay c I c p b r l o r o  1 1 3 0 6 p a x e ~ ~ ~ ,  K o T o p o e  (bop- 
M H p y e T c H ,  K o r n a  H a  C B ~ T O ~ ~ B C T B H T ~ J I ~ H L I ~ ~  a r a T e p H a j I  n p o e q H p y e T c R  

~ 3 0 6 p a ~ e ~ ~ e .  B HaCTORIqet?  B p e M R  C y w e C T B y e T  TOJlbIEO TPYI I13BeCT- 

HLIX c110c06a c o 3 ~ a ~ a a  C K p h I T o r o  ~ 3 0 6 p a i l ; e ~ ~ ~  B a n e ~ ~ p o @ o ~ o r p a -  
(bmm: 1) ~~ceporpa(bma ( ~ J I ~ K T ~ O C T ~ T H ~ ~ C I C O ~  ~ a o 6 p a l r c e 1 1 m e  @bpn111- 

P y e T C H  113 CTaTHseCKEIX 3JIeKTPH9eCKEIX 3 a P H A O B  H a  IIOBepXHOCTIX 

( ~ o T o I I ~ o B o A H L ~ I C ~ ) ;  2) I IOJ IyYeHMe @ O T O ~ . ~ ~ K T P ~ T H O ~ O  M ~ o ~ ~ ~ ~ K ~ H H E I  

( C I C p b 1 ~ 0 e  M306pa3KeH13e  C @ O ~ M E ~ ~ O B ~ H O  H a  OCHOBe Y C T O ~ ~ Y I I B O ~ ~  BHYT- 

p e ~ ~ e f  ~ O J I H P H ~ ~ ~ I I H  @ O T O I I ~ O B O ~ H M K O B O ~ O  n f a ~ e p n a n a ) ;  3) nonyye- 
H m e  a 3 0 6 p a l ~ e ~ m ~ ,  c @ o p ~ ~ m p o s a ~ a o r o  H a  o c H o s e  y c ~ o f s n ~ o i i  BHYT- 

P ~ H H ~ G  IIPOBOAHMOCTM @OTOIIPOBO~HHKOBO~O MaTepHaJ IE l .  

1.2.1. 3JIEKTPOCTATk111ECHOE kl30EPAXEHkIE (I;CEPOI'PA@MfI) 

3 n e ~ ~ p o c ~ a ~ m ~ e c ~ o e  m306pawe~me B ~ceporpa(bmn 06619~0 @op- 
n I l l p y e T C H  H a  IIOBepXHOCTM @ O T O ~ ~ B C T B H T ~ ~ L H O I ' O  CJIOH, C O C T O H q e r O  

n3 ( P O T O ~ P O B O , ~ ~ H M K O B O ~  IIJIeHKM, H ~ H ~ C ~ H H O ~  H a  I I P O B O A H ~ Y I O  D o n -  

J I o m ~ y .  370 R o c T n r a e T c H  P a B H o M e p H b I M  p a c n p e H e J I e H E i e M  a n e K T p H -  



I y e c ~ m x  ~ ~ P F I H O B  ~a ~ O B ~ ~ S H O C T L I  nne~xm II n p o e q ~ p o s a ~ m e ~  ~a ~ e e  
m 3 0 6 p a i ~ e H ~ R  06h19Hb~l\l11 C I I O C O ~ ~ M L I .  BO B p e M I I  ~ K C ~ O H M ~ O B ~ H H I I  

3 J I e K T p H ~ e C K a R  IlpOBOAHhIOCTb B03HEZKaeT B T e X  h I e C T a S  I IJ IeHXH, 

H a  HOTOPLIe  B O ~ ~ ~ ~ ~ C T R O H ~ Z I  CBeT.  TO BLI3bIBaeTCR CTeKaHEIehI I IOBepX-  

HOCTHLIX ~ ~ ~ F I A O B  sepes nnemey B noanoxmy [161. Ta~coe anempo- 
c T a T m s e c K O e  m a o 6 p a i ~ i e ~ ~ e  h f O x e T   LIT^ n o n y Y e I I o  H a  n o B e p x H o c T m  

H ~ ( # O T O I I ~ O B O ~ R ~ ~ ~ O  A H 3 J I e K T p l l K a  I3 HeKOTOpbIAIalll A p y r H h l l l  MeTOAaMH. 

H a n p m l w e p ,  6 m a  A O K a 3 a H a  RO3MOXHOCTb ( P O P M H ~ O B ~ H M R  3J I eXTpO-  

c T a T m s e c K o r o  I x 3 0 6 p a i ~ e H m ~  H a  n o B e p x H o c T m  ; I M ~ J I ~ K T ~ I ~ ~ ~ C I ~ O ~ ~  n n e H -  

XEZ, B TO B p e M n  X a E  3 ~ a  n J I e H I i a  H ~ X O A H T C R  B K o H T a s T e  c n o s e p x H o -  

CTLK) ( # O T O ~ ~ O B O A H H K ~ .  HP~I  HaJIONeHHEI BbICOKOrO HaIIPIIifCeHkIEI 

H a  g ~ 3 ~ 1 e r ~ ~ p n u e c ~ o i i  n j I e H I c e  ocaxaamcb aapap,r, npomenurne Irepea 
O C B e ~ e H H b I e  Y s a C T K H  @OTOIIPOBOARI~[~~O CJIOII [ l a ] .   TOT C ~ I O C O ~  IIO- 

z p 0 6 ~ 0  H 3 J I O X e H  B p a 3 A e J I a X ,  nOCBRIII,t?HHbIX I I e p e H O C y  3J I eKTpOCTaTH-  

c I e c K o r o  1 1 3 0 6 p a N e H ~ R .  I C p o h t e  T o r o ,  ~ J I ~ I C T ~ O C T ~ T H ~ ~ C K O ~  ~ 3 0 6 p a -  
; l ieHme b1O;IieT 6 b 1 ~ b  n o . n y c r e H o  H a  , q a a ~ r e ~ ~ p ~ s e c ~ c o i i  n o s e p x H o c T m  

~ e ( # o ~ o r p a ( # n ~ ~ e c ~ m ~ ~ k i  hfeTo; laMH. H a n p n ~ e p ,  ~ r o n b r a ~ b ~ i i  a a e I c T p o A  

' K O H T a K T M p y e T  C ~ M 3 . 7 I e K ~ p I l ~ l e ~ K 0 ~  I IOBepXHOCTLlO M 3 H  HaXOAMTCEI 

B H ~ I I o c ~ ~ ~ ~ ~ c T B ~ H H o ~  6 n m o c ~ a  OT H e e ;  e C j I H  H a  3JIeEiTPO;S MMIIyJIb- 

cami noAael.cn B b I c o I i o e  H a n p n ; I c e m e ,  TO H a  n o B e p l a o c n i  Amane Ic -  

T P M K a  CO3AaeTCR ~ J I ~ K T P o c T ~ T H ~ ~ c X Z &  PHCYHOK.  TOT I I p O q e C C  HCIIOJIL- 

3 0 B a H  B 3JIeKTPOCTaTH9eCIZEIX I I e q a T a I o W H X  ~ C T ~ O ~ ~ C T B ~ X .  O I I H C ~ H H ~ I ~  
npoqecc R B m e T c R  ~ J I ~ I ; T ~ O ~ ~ ~ @ E I ~ ~ C I E ~ M  B oTnmTrHe OT n p o q e c c o B  

~ . z e I i ~ p o ( # o ~ o r p a @ ~ ~ s e c ~ ~ ~ x .  3 n e ~ ~ p o c ~ a ~ ~ s e c ~ o e  cxpmoe ~306pa-  
;I ieHt ie  n p o m n c r e T c H  o c a x z e H H e M  3 a p n l f ~ e ~ ~ o r 0  n o p o m K a  H a  1x306-  

pameme. 

1.2.2. OOT03JIEKTPETbI 
c H ~ K O T O ~ ~ I ~  THIIbI (#OTOIIPOBO~HHKOB~IX M a T e p H a J I O B  M O r Y T  6 b 1 ~ b  

I IO.TRpH3OBaHbI  I l p H  COBMeCTHOht B O ~ J ~ ~ C T B ~ I H  O C B e w e H H t I  M CHJIL- 

HOI'O 3 J I eKTPH~eCIZOl?O IIOXII [191. I Io J IRPH~~~HH COXPaHl lTCR M IIOCJIe 

Y J a n e H m R  nOJrcI M O C B e q e H B R .  K ~ J I J I M ~ H  0 6 ' b R C ~ ~ n  3 T 0  I iBJ I eHme  

y c ~ o i s n n o 6  B H Y T ~ ~ H H ~ B  110~1~pm3aqmeii. B CCCP T a m e  MaTepvraJrLI  

IIOJIy' iMJIH H a 3 B a H H e  ~ O T O ~ J I ~ K T ~ ~ T O B  [20 1. ~ o T o ~ J I ~ K T ~ ~ T H o ~ ?  COCTOH- 

H H e  MOlrceT 6 b 1 ~ b  I IOJ IyYeHO ABYMII OCHOBHbIhIIx I l yTRMH.  I/I306pai1ce~me 
MOifCeT  LIT^ I I O J I y s e H O  H e n O C p e A C T B e H H O  B b 1 6 0 ~ 0 ~ 1 ~ 0 f l  I I 0 J I R p M 3 a q H e f  

O C B e v e H H b I X  Y s a C T K O B  EIJIM p a ~ ~ o h f e p ~ o f l  I I o J I R p ~ 3 i 3 q I f e ~  (#OTOII~OBOA 

HHKOBOI'O CJIOII C I I o c . T ~ , T [ ~ H ) I I I , ~ ~ ~  ~ e I I 0 J I I I p 1 1 3 a ~ l l e f 1  B ~ I ~ O P O ~ H ~ I X  Y s a C T -  

KOB npm mx ocserqeam 121 1. 
BHYTP~HHIIR IIOJl I IPE13aql lR IIORBJIIIeTCII 6na ronap~  @ o ~ o r r p o ~ o ~ m -  

MOCTH npx pa3nene~mrr aaewrpmsecmx a a p ~ n o ~  B H Y T ~ I ~  CJIOR. ~ T H  

3 a P R A h I  OCTaIOTCR pa3AeJIeHHLIMH M IIOCJIe O K O H s a H H H  A ~ ~ ~ C T B H R  3 3 e K -  

TPHYeCKOl'O IIOXR H O C B e W e H H R .  C I E P ~ I T O ~  ~ 3 0 6 p a ; ~ e ~ m e  II03TOhZY IIpejJ- 
G T a B X e H O  B BMAe I l O J I R P H 3 0 B a H H M X  YYBCTKOB. E c J I H  OAElH 3JIeICTPOA 

YzaJ IE iTb  OT ~ o T o I I ~ o B o ~ R I U , ~ ~ O  CJIOR, TO ~306paxe~11e MOECeT 6b1~b 



~ ~ ~ B ~ C T H O ,  ¶TO HeKOTOPbIe  @ O T O I I P O B O , Q R ~ H ~  M a T e p H a J I b I ,  KOI'Aa 

HX OCBt?IqaH)T, C 0 X P a H R H ) T  YCTOH¶HBYH) IIPOBOAHMOCTb OTHOCH- 

TeJ IbHO A J I E I T ~ J I ~ H ~ I G  IIepElOA B p e M e H H  IIOCJre OKOH¶aHHR ~ ~ ~ G C T B E I R  
c e e T a  [22 I .  T ~ K ,  e c n H  H a  n n e H I c y  T a I c o r o  M a T e p E i a n a  c n p o e q n p o s a T b  

c s e T o B o e  ~ a o 6 p a w e ~ ~ e ,  TO 6 y ~ e ~  c@opn~nposa~o ero C K p a r T o e  IIPOBO- 

R R q e e  ~ 3 0 6 p a w e ~ n e ,  I I p H ¶ e M  O C B e I ~ e H H b I e  Y s a C T K H  ~ Y A Y T  H M e T b  

/ 66nbmym 3 J I e K T p H ¶ e C K y H )  IIpOBOAHMOCTb, ¶ e M  H e 3 K C I I O H H p O B a H H H e .  

IIpn 3TOM, ecnn CJIOG IiBJIIieTCH B ~ I C O K O O M H ~ I M  (POTOII~OBOAHHKOM, TO 

OCBeIQeHHbIe Y¶aCTIEH HMeIOT IIPOBOAHMOCTb H a  HeCKOJIbICO IIOPIIAKOB 

BbIIIIe, ¶ e M  H e O C B e ~ e H H b I e .  Aria I IpOJ lBJ IeHHR 0 6 p a 3 0 ~ a ~ ~ o r o  y H a 3 a H -  

HbIM C I I O C O ~ O M  ~ 1 3 0 6 p a W e ~ H R  CYIQeCTBYeT HeCKOJlbKO CIIOCO~OB.  

H a n p n ~ e p ,  IIOCJle 3KCllOHHpOBaHHH ( P O T O I I P O B O ~ ~ ~ H ~  H ~ o J I R ~ H o H H M ~  

cJIoG 3 a P R W a I O T  K a K  B ~ c ~ e p ~ r p a ( P H H .  C I l p e A B a p H T e J l b H O  O C B e q e H H b I X  

YsaCTIcOB 3 a p R A  CTt?¶eT, a H a  He3ICCIIOHHPOBaHHbIX OH COXpaHHTCI I .  

ITocne ~ T O ~ O  1 l 3 0 6 p a w e ~ ~ l e  MOHFHO IIPORBHT~, K a K  B K c e p o r p a -  

(PHH 1231. O A H ~ K O  ~ 3 0 6 p a w e ~ ~ e ,  c o 3 ~ a ~ ~ o e  B cnoe, o 6 n a j ~ a 1 o q e ~  

y c ~ o i i r s ~ ~ o i j r  I IpOBOjpiMOCTbH),  MOWeT 6b1Tb I IpOI iBJ IeHO H 683 ~ 0 0 6 ~ 1 3  
H H R  CJIOH) 3 a p R R a .  OCTPOYMH~IG C I I O C O ~  I IPOJlBJIeHHII  TaKEIX ~ 3 0 6 p a -  
x e ~ n i i  6b1n n p e A n o x e H  B pa6ol.e B  TOM C I I O C O ~ ~  B (POTO~PO-  
B O A I i u e M  CJIOe H I IpOCl 'paHCTBe Me?Ki.Ay CJIOeM H 3JIeKTpOAOM, 3aIIOJI- 

HeHHOM 3JIeKTPOJIHTOM, CO3H;LIOT 3JIeKTpH¶eCKOe IIOJIe. ~ I ~ o R B J ~ ~ H H ~  

O C y ~ e C T B J l R e T C R  3JIeKTpOJIHTH¶eCKIXM O C a m A e H H e M ,  H a I I p H M e p ,  M e f a n -  

.THueCHOrO cepe6pa H a  I I p e A B a p H T e J l b H O  OCBeIQeHHbIX y ¶ a C T K a X  CJIOH. 

B XOAe  n l ?pBOHa¶aJ IbHbIX  H C C J I ~ J ( O B ~ H H %  H p a 3 p a 6 0 ~ 0 ~ ,  OCHOBbI- 

B a s n r H x c c s  H a  n 3 0 6 p e ~ e ~ ~ ~  Kapnco~a ,  T e x H o n o r E i s e c K H e  npoqeccar 
C HCIIOJIb3OBaHHeM ( P O T O ~ ~ O B O ~ H M O C T H  H I IOJ IY¶eHHe  3J I eKTPOCTaTH-  

¶eCKHX ~ 3 0 6 p a m e ~ ~ i i  0 6 ~ 9 ~ 0  H a 3 b I B a J I H  ~ J I ~ K T ~ O @ O T O ~ ~ ~ ( P H ~ ~ .  

I I oaa~ee ,  B 1948 r., ~ T H  npoqeccar 6arnn H ~ ~ B ~ H M  ~ c e p o r p a @ ~ e i i  
( c y x a ~  nesa~b) .  

XOTR T e p M H H  cc~ceporpa@m~)) nonysmn m H p o K o e  p a c n p o c T p a H e -  

m e ,  AJIR o n m c a H m R  3 ~ 0 r o  me macca npoqeccos 6 ~ n n  H C I I O J I ~ ~ O B ~ H ~ I  

EI A p y r n e  TepMHm.1,  H a n p m e p :  c c 3 n e ~ ~ p o c ~ a ~ ~ s e c ~ a a  @o~orpa -  
2 P. ma&diep~ 



@HRD, ( ( ~ J I ~ K T ~ O C T ~ T H ~ ~ C I C ~ R  ~ J I ~ K T P O + O T O ~ P ~ @ H H ) ) ,  ( ( 3 ~ 1 e ~ ~ p o r p a @ ~ n ) ) ,  

( ~3ne~~po@o~orpacX,~1~) ) .  ICorna K ) H ~  H rpeGr 1171 n p e A n o x H n m  H O B Y I ~  

~ o ~ r n @ ~ ~ a q ~ m  ~ceporpa@msec~oro  npoqecca, B KOTOPOM HCIIOJIb30- 

B a J r a c b  6 y M a r a  C ~ ~ J I ~ I M  @ O T O I I P O B O A H ~ H M  IIOKpbITHeM, 661~10 BBeHeHO 

HOBO€! CJIOBO ~ J I R  0 6 0 3 ~ a Y e ~ m R  3TOrO npoqecca - - c t a n e ~ ~ p o c X , a ~ ~ ) , .  

Han c ~ a ~ ~ a p ~ ~ 3 a q ~ e %  T ~ P M M H O B  H onpe~ene~mf i  B O ~ J I ~ C T H  ~ J I ~ K T P O -  
C T ~ T H Y ~ C K H X  IIpOqeCCOB p a 6 0 ' T a j l  KOMHTeT ~ H C T H T Y T ~  P a f l H o H H m e -  

H e p O B  ( B H C T H T ~ T ~  EHHEeHepOB IIO 3JIeKTpOTeXHHKe H p a f l ~ o 3 n e ~ ~ p o -  
H H I E ~ )  [25 1.  TOT KOMETeT OIIPeAeJIEIJI K C e p 0 r p a 4 H I O  K a K  ((BeTBb 

~ J I ~ K T ~ O C T ~ T H ¶ ~ C K O ~  ~ J I ~ K T ~ o @ o T o I ' ~ ~ @ H H ,  B K O T O P O ~  HCICOJIbSYIoTCR 

@ O T O I I ~ O B O ~ H H K H  AJIH @OPMEIPOB~HHR C IIOMOIqbH) H ~ @ p a ~ p a c -  

HOrO,  BEIAHMOFO HJIH Y J I ~ T P ~ @ H O J I ~ T O B O I ' O  H3JIyYeHEIG CKpbITOro  

3 J r e I c T p o c T a T H s e c K o r o  rn306pame~n~,  a n o c J I e A H e e  c n y w m T  A n H  noJry-  

YeHHR BHnHMOrO ~ 3 0 6 p a X e H H ~ ) ) .  

 TO o n p e A e n e H m e  o x B a T b I s a e T  E c c a n e ~ ~ p o @ a ~ c ) )  H n p o q e c c b r ,  OCHO- 

B a H H b I e  H a  MHOI'OKPaTHOM HCIlOJIb30BaHHEI @ O T O I I P O B O ~ ~ ~ ~ H X  CJIOeB. 

OHO M O X e T  TaKHCe OTHOCHTbCH EI K DpOqeCCaM,  OCHOBaHHbIM H a  YCTOG- 
¶HBo% B H Y T P ~ H H ~ %  IIOJIHPEI3aqHH, eCJIH AOnYCTHTb, YTO nOJIHPH30BaH-  

H o e  r n306pame~~e  COCTOHT H 3  3JIeKTPOCTaTHPeCKHX 3apFIAOB. B npo- 
MbIIUJIeHHOCTH CTaJIO nPHBbI¶HbIM H a 3 b I B a T b  IIpOqeCC, O C H O B ~ H H ~ I G  

H a  HCnOJIb3OBaHHH 6 y ~ a r - n  C @ O T O I I ~ O B O ~ I I ~ E I M  IIOKPbITHeM, npoqec- 
COM ( ( ~ J I ~ X T ~ O @ ~ K C B ,  a npoqecc, ~ c n o ~ ~ b a y ~ ~ q m f  IIJIaCTHHbI ~3 

a ~ o p @ a o r o  c e J r e n a , -  n p o q e c c o M  ((KcepoKc)). T~PMEIHH ((KcepoKc))  E 

( ( ~ J I ~ K T ~ O ~ ~ R C O ,  OJ(HaK0,- (PHpMeHHb1e H a 3 B a H H R  H H e  M O r y T  6 b 1 ~ b  

n03TOMY HCIlOJIb30BaHbI B C T ~ H A ~ P T H O %  TePhfHHOJIOrEIH. C y q e c ~ B y e ~  

T e H A e H q H H  MCIIOJIb30BaTb H a 3 B a H H H  < I C C ~ I ) O ~ P ~ @ E ~ R ) )  H ((KCePOI{c>) 

AJIH 0 6 0 3 ~ a Y e ~ H R  OAHmX H TeX HE€! IIPOqeCCOB. O A H ~ K O  n p e p o n a -  
rae l .Cn ,  ¶TO TePMHH ( ( K C e p ~ r p a $ m H ) )  OXBaThIBaeT BCe IrpOqeCC6I,  

BKJIIo¶aIoIIQle HCIIOJIb30BaHHe @OTOIIPOBOAHMHOBMX CJIOeB HJIH @ 0 p M ~ -  

pOBaHmH 3JIeKTPOCTaTH¶l?CKHX 1 3 3 0 6 p a x e ~ n % .  

He c y w e c T B y e T  n o K a  o n p e j x e j r e H m  npoqecca, OCHOBaHHOrO H a  

y c ~ o i i r s ~ ~ o i i :  B H ~ T ~ ~ H H ~ %  npOBOJ(mMoCTH, OHHaKO AJIH X a p a K T e p H c T m K ~  

npOqeCCOB,  0XBaTbIBaH)wHX 3TOT c n 0 ~ 0 6  @OPMHPOB~HHH CKPbITOrO 

~ 3 0 6 p a ~ e ~ H t 1 ,  EICIIOJIb30BaJIHCb T a K H e  TePMHHbI,  K a K  ((3JIeICTpOJIHTH- 

9 e C K a H  @oToI'P~$HR)) H ( ( @ O T O K O H ~ ~ X T O ~ ~ ~ $ H R ) > .  

T ~ K  K a K  IIpOqeCC, O C H O B ~ H H ~ I ~ ~  H a  Y C T O ~ ~ ¶ H B O %  B H Y T P ~ H H ~ ~  ~ O J I R -  

p~3aqum, H e  nonysnn ewe n p a K T H s e c I c o r o  n p m M e H e n m n ,  TO H HeT 

0 6 1 q e n p m ~ ~ ~ o r o  T e p M a H a  AJIH ero 0 6 0 3 H a s e ~ ~ n .  ICann~en pag 
npyrnx cneqHaJ IL3cToB OTHOCHJin 3TOT I IpOqeCC K @o~orpaf$zx~e- 
CKHM IIpOqeCCaM, HCIIOJIb3YH)mHM YCTO~YEIBYIO BHYTPeHHH3IO IIOJIHPH- 

3aqm.o. 
B COB~TCKOM CoI03e T ~ I E O G  cnoco6 ( P I O P M H ~ O B ~ H E I R  H 3 0 6 p a ? ~ e ~ ~ n  

H a a b I s a e T c x  + o ~ o r p a 4 ~ e f  H a  @ o ~ o a n e ~ ~ p e ~ a x ,  a n p o q e c c b 1 ,  ncrronb- 
3 y I o I q H e  IIOBepXHOCTHbIe 3 a p H A b I  AJIR @OPMEIPOB~HHII n 3 0 6 p a 3 ~ e ~ ~ t 1 ,  - 
~,naccmsec~oii  3nerc~po@o~orpa@rneii. 



I .  BBEAEHHE 19 



ICceporpa4~~ npmHqmnnanbHo oTnmaeTca OT Apyrrxx E I ~ B ~ C T H ~ I X  

+ o ~ o r p a @ ~ s e c ~ ~ x  npoqeccos.  OH^ He mcnonbaye~ ~ a I c ~ x - n ~ i 6 0  XEIMH- 

secxnx peaIcq~B. Kceporpa@mrr no cyrqecmy npeAcTaBmeT co6oB 
cyxol @ o ~ o r p a @ ~ s e c ~ ~ i i  npoqecc. B oTnHsme OT cepe6prr~b1x 

a~ynbcziii  ~ c e p o r p a @ n ~ e c ~ ~ e  nnacTHBbI He PacxoAyroTcfi B npoqecce 
pa60~b1. ~ J ~ ~ C T H H H  MOrYT 6b1~b HCIIOJIb30BaHbI MHOrOHPaTHO (COTHB 

HJIH name TbICR¶H ~ K c I I o H E I ~ o B ~ H ~ ~ ) .  

O c ~ o s y  TexHonormm ~ceporpa@~secrcoro npoqecca cocTasnaroT 
0 6 ~ 9 ~ 0  n ~ ~ b  CneAymqHx onepaqnii: 

1) 3JIeKTPH3aqI.fR I E C ~ ~ O ~ ~ ~ @ E ~ ¶ ~ C K O %  IIJIaCTHHbI; 

2) 3KCnOHHpOBaHHe IIJIaCTHHbI AJIR CO3AaHMR CICPMTOrO 3JIeKTPO- 

cTaTHsecIcoro n s o 6 p a m e ~ ~ a ;  
3) IIpoaBneHHe CKpbITOrO H ~ O ~ P ~ Z ~ H H I I  IIPORBJIEIIOmHM COCTI- 

BOM; 
4) nepeHoc npoa~JIeHHor0 n 3 0 6 p a ~ e ~ H H  Ha 6 y ~ a r y  HJIH ,qpyrHe 

MaTepHanu; 
5) a a ~ p e n n e ~ ~ e  H ~ O ~ ~ ~ F K ~ H H R .  
~ J I ~ C T H H ~  3aTeM O¶HWaH)T, H OHa MOXeT 661~b HCIIOJIb30BaHa 

IIOBTOPHO. 3TZi  OnepaqEH IIpOHJIJXIoCTPHpOBaHhI Ha  PHC. 1. 



P H c. 1. OCHOBHH~ CTaRnm ~ceporpa+mnec~oro npoqecca. 

B IIpOqeCCe,  HBBeCTHOM IIOA Ha3BaHHeM Q ~ J I ~ K T P O + ~ K C B ,  B K a W -  
CTBe ICJIaCTHH HCIIOJIbSYIOT ~ J I ~ K T ~ O + O T O ~ ~ ~ + H ¶ ~ C K Y H >  6 y ~ a r y  1331, 
H a  ~ o ~ o p o i i  + o ~ M H ~ ~ H ) T ,  IIPOIIBJIHIOT H ~ ~ K P ~ I I J I I I I O T  ~ a o 6 p a x e ~ ~ e .  
npoqecc n e p e H o c a  B  TOM cnysae OTcyTcTByeT.  



I ero a J I e ~ T p H ¶ e c K o e  COIIpOTHBJIeHHe AOJIWHO CYI4eCTBeHHO YMeHb- 

maTbCf l ,  9TO O ~ ~ C I I ~ ¶ H T  B03MOWHOCTb ~LICTPO% ~ e f i ~ p a J I ~ 3 a 4 H H  

IIOBepXHOCTHbIX 3apRAOB.  
Y ~ e n b ~ o e  T e M H o B o e  c o n p o T H s n e H H e  g o n w ~ o  n e H c a T b  B IIpeAenax 

OT loi4 A 0  1016 0.M. *C%, I I p H P e M  KOHKpeTHOe 3Ha¶eHEIe 3aBHCHT OT B p e -  
MeHH, H~O~XOAHMOI 'O AJIR IIOJIy¶eHHR H ~ O ~ ~ E ~ N ~ H H I I .  UPEI O C B e q e H H H  

3 T 0  COIIPOTHBJIeHHe YMeHbILIaeTCH H a  HeCKOJIbKO IIOPRHICOB. 
B H a c T o a q e e  s p e M a  B K a g e c T B e  $ o ~ o n p o ~ o g ~ q e r o  M a T e p m a n a  AJIR 

K C ~ ~ O I ' ~ ~ @ H ¶ ~ C K H X  lIJIaCTHH B OCHOBHOM HCIIOJIb3YIOT ~ M O P $ H ~ I ~ ~  

c e n e H ,  XOTR p a H b m e  B a T m x  qemx ~ c n o n b 3 o ~ a n ~ c b  A p y r n e  MaTe-  

p u a J m ,  T a m e ,  K a K  ampaqea: H cepa. ,4mcnepcmm o I c n c n  q n m a  HJIm 

C ~ H C H ~ H J I H ~ H ~ O B ~ H H O ~  KpaCt iTeJ IRMH OKHCm Q a H K a  B CMOJIe HCnOnb-  

3YIOT AJIR IIJIaCTHH C 6 y ~ a w ~ o H  IIO~JI02KKOf i  1331. ~ M ~ I ~ T C R  coobqe- 
HHEI 06 s r c c n e p ~ ~ e ~ ~ a ~ ~ b r r b ~ x  ~ c c e p o r p a + n s e c r m x  n n a c T m H a x  c mcnonb- 
3OBaHHeM Pa3J IH9HbIX (POTOIIPOBOAH~HX @ O C @ ~ P O B  [361 H CIIJIaBOB 
c e a e H a  c TeJIJIypOM [371. 

n O J l y ¶ e H Z i e  n a o 6 p a ~ c e ~ ~ r r  B K C e p O r p a @ H H  Ha¶HHaeTCR C 3JIeKTPEI- 

aaqEIH ~OTOCJIOEI ,  KOTOpaEi O ~ ~ I ¶ H O  OCYII(eCTBJIReTCR B KOPOHHOM 

p a 3 p R R e .  I C o p o ~ a b ~ B  Pa3PHAHEIK1 I I O A K J I I O ~ ~ H H H ~  K HCTOYHHKY BbICO- 

K o r o  HanpRFXeHEIa ,  ABHXeTCR H a g  IIOBePXHOCTbH) IIJIaCTHHbI, PaBHO- 

M e p H o  ocaxAacr H a  @ o ~ o n p o ~ o , q ~ q y m  n n e H K y  s n e ~ ~ p ~ s e c ~ ~ e  aapa,qb~ 
(EOHH). 3 ~ a  O I I e p a q H H  AOJIXHa BbIIIOJIHRTbCII B TeMHOTe, I IPH¶eM 

BlIJIOTb A 0  OKOH¶aHHR IIPOSXBJIeHEIH CKPbITOI'O ~ 3 0 6 p a m e ~ H E I  IIJ laCTHHy 



2.1.4. IIEPEHOC I4 3AKPEnJIEHME 



2.2. TEXHOJIOI'kiPECKHE IIPOQECCM 

Ha ~ c e p o r p a @ n s e c ~ o ~  npoqecce o c H o s a H  pag T e x H o n o r n s e c K E i x  

MeTOAOB @ O T O I ' ~ ~ @ H ~ O B ~ H H F I  H p e I I p O ~ y q H p O B a H H X  OPHrHHaJIOB. 

BarGop T e x H o n o r H H  ~ c e p o r p a @ ~ s e c ~ o r o  npoqecca ~ ~ B H C H T  OT x a p a K -  

T e p a  O p H r M H a J I a ,  I IPHMeHReMbIX MaTepHaJIOB -cI ~ p t ? 6 0 ~ a ~ ~ l g ,  I Ipea%HB-  

JIReMbIX K K a g e C T B y  KOIIHH. C y l q e c ~ ~ y e ~  qeJI6If PHA cnoco60~ npOHB-  

JIeHHH, IIPHMeHtIeMbIX B KcepOI 'pa@kiH,  H K a ~ ~ 6 1 f  H 3  HHX A a e T  X a p a K -  

T e p H M e  p e 3 y n b ~ a ~ h 1 .  T e x ~ o n o r ~ ~ ,  ~ c ~ ~ o n b a y e ~ a c r  npm H ~ ~ O T O B J I ~ H H H  

IIITPHXOBHX KOnHfi ,  M O X e T  C y q e C T B e H H O  OTJIHsaTbCR OT TeXHOJIOrHH, 

~ I ~ H M ~ H E I ~ M O ~  E p H  H3I'OTOBJIeHHH TOHOBHX ~ a o 6 p a x e ~ m i i .  

Ill I 2.3. OPYBCTBJIEHEIE, HJIH 3APEIAICA 

P H C. 3. ~ O P O H H ~ I ~  K i P I I H H H K H ,  I I P H M e H R e M b I e  A n I I  a J I e K T p H 3 a q H H  K c e p o r p a -  
@H%?CK%%X UJIaCTPiH [ io].  

A - < < T ~ C ? X I I ~ O B O J I O Y H ~ I ~  KOpOTpOAO; B a d C H O p O T p O H B ;  B - ( < ~ H ~ ~ H I I ~ O B ~ H H H ~ ~  H O p O T p O H ) ~ .  

n o ~ n o z ~ o i i  ~ c e p o r p a + ~ ~ e c x o i i  naac.rmHr,I ZI TOHKHMH I I ~ O B O J I O ~ I E ~ M H  

n o a g e p m H s a e T c c I  H a n p c r w e H z i e  B H e c I c o n b K o  T ~ I C R ~  B O J I ~ T ,  TO B O ~ H H -  

K a e T  K O P O H H H ~ ~  paapnp m 06pa3ymrq~eccr B p a a p ~ ~ e  HOHH O c a x A a m T c H  

H a  IIOBepXHOCTH IIJIaCTHHbI. Ha PHC. 3 I IpegCTaBJIeHbI  B pa3pe3e 
c x e M b I  T p e x  n p a I c T H s e c m  H C I I O J I ~ ~ Y ~ M ~ I X  Y C T P O ~ ~ C T B  AJIR K O P O H H O ~ ~  
38PHAKH.  

YCTPO~~CTBO A COCTOMT ~3 T p e x  n a p a J r J I e n b H b I x  I C O ~ O H H ~ ~ ~ ~ ~ I Z X  

n p o B o J r o s e I c ,  p a c n o J r o x e H a b I x  M e q y  ~ceporpa@mnec~oii  n n a c ~ n ~ o i i  
H 3a3eMJIeHHbIM 3KPaHOM,  H Ha3bIBaeTCR ((TPeXIIPOBOJI04HbIM KOPOTPO- 

HOMR. YCTPOBCTBO ElHaJIOI'H'IHO Y C T P O ~ C T B Y  A H OTJIH¶aeTCII O T  



11. KCEPOI'PAQHR 25 

H e r 0  JIHIUb TeM, ¶TO MeXCAY IIPOBOJIOYKaMH H K C ~ ~ O I ' ~ ~ @ H ¶ ~ C K O &  

n n a c ~ ~ ~ o i i  n o M e r q e a a  S K p a H H a c r  cema.  TO Y C T P O ~ ~ C T B O  H ~ ~ M B ~ ~ T C I I  

((CKOPOTPOH)). T p e ~ b e  Y C T P O ~ C T B O  - ( ( ~ I C P ~ H H P O B ~ H H ~ I ~  K0POTPOH))- 

COCTOHT H 3  OAHOG I E O P O H H P Y H ) ~ ~ ~  IIPOBOJIOYKH, I I O M ~ Q ~ H H O G  B 3 a 3 e M -  

J l e H ~ b I f i  M ~ T ~ J I J I H ¶ ~ c K H B  3 K p a H  (B) .  ~ P O ~ ~ C C  O¶yBCTBJIeHHII IIJIaCTHHbl 

J I I O ~ ~ I M  H 3  IIOKa3aHHbIX 3J IeKTPH3aTOpOB COCTOHT B I I e p e M e q e H H H  

3 J I e K T P H 3 a T O P a  OTHOCHTeJIbHO IIJIaCTHHbI C o I I ~ ~ A ~ J I ~ H H o ~  CKOPOCTbH) 

AJIR O ~ ~ C I I ~ Y ~ H H R  ~ p e 6 y e ~ o i i  IIZOTHOCTH a a p a ~ a .  C K O P O C T ~  ~ ~ P I I A K H  

3aBHCHT OT HaIIpR>ICeHHR, IIPMJIO?KeHHOl?O K K O P O H H P Y m Q H M  IIPOBO- 

n o K a M .  0 6 6 1 ~ ~ 0  H a  K O P O H M P Y H ) ~ H X  I r p o B o n o K a x  n o A A e p m n s a e T c a  

H a n p a x e H n e  OKOJIO 7000 6. 3 ~ p a ~ ~ a a  c e T K a  B ccc rcopoTpoae) )  o6ecne- 
s m s a e T  6onee p a B H o M e p a y m  a a p a ~ ~ y  H n p e A o T s p a q a e T  H a H e c e H m e  

H ~ ~ ~ I T O Y H O ~ O  sapa,qa. Ha 3 ~ p a ~ ~ y m  c e T I c y  n o , q a e T c a  H a n p a H c e H m e  

B H e c K o x b K o  COT B O J I ~ T ,  n p m e M  ~ o i i  Hce IIOJIHPHOCTH, ¶TO H H a n p a m e -  

m e  H a  K O P O H E I P Y ~ ~ H X  n p o B o n o P K a x .  H ~ I I P I I X ~ H H ~  H a  ceme IIoA~H- 
p a m T  T a K ,  9~0661 o ~ ~ c I I ~ ~ H T ~  ~ p e 6 y e ~ o e  H a n p a X e H H e  H a  IIJraCTHHe. 

((CKOPOTPOHH)) Y I I O T ~ ~ ~ J I I I I O T C I I  T o r @ ,  K O r A a  ~pe6ye~cJI  P a B H O M e p H a K  

a a p a ~ ~ a  I InacTHHbr ,  H a n p m M e p  B cxygae H o n y T o H o s b I x  pa6o.r H Anx 
IIOJIY¶eHHR BbICOKOKa¶eCTBeHHhTX K C ~ P O I ' P ~ @ H ¶ ~ C I C H X  KOIIHB. ( ( K o ~ o -  

TPOHbI)) o ~ ~ c I I ~ ¶ H B ~ H ) T  BbICOKYIO CKOpOCTb 3 J I e K T P H 3 a 4 H H  H IIPHMe- 

HRIoTCCI B ~ ~ I C T P O A ~ ~ C T B Y I O I Q H X  I E C ~ P O ~ P ~ @ H ¶ ~ C K H X  MaIJIHHaX. HOPOH- 
HbIe  ~ J I ~ K T P H ~ ~ T O P H  M o r y T  C O O ~ ~ H T ~  ~ceporpa@nsec~o i i  n J r a c T m H e  

n ~ J I ~ l f f H T e n b H b ~ i %  HJIH 0 T p H q a T e J I b H b I G  IIOTeHqHaJI .  ~ O J I R P H O C T L  

3 a p H A K H  B ~ I ~ H P ~ I O T  B 3aBHCHMOCTH OT c I I ~ ~ H @ H Y ~ c K E I x  XapaKTepHCTFfK 

~ O T O I I ~ O B O ~ I I ~ H X  I I O K ~ ~ I T H ~ ~ .  CJIOH ~3 a ~ o p @ ~ o r o  c e n e H a  A a m T  ays- 
IIIHe p e 3 y J I b T a T b I  I I P H  COO~ID$HHH HM IIOJIOXHTeJIbHOrO 3apSl@l, 
a CJIOH 113 OKHCH 4 H H K a  B CBH3YIOIQeM - I I P H  OTPHqaTeJIbHOM 

s a p a ~ e .  
~ K C I I ~ ~ H M ~ H T ~ J I ~ H O ~ ~  n p o s e p H e  6 ~ ~ 1 1 3  n o j q s e p r H y T M  T p m  A p y r H x  

MeTOAa 3 J I e K T P H 3 a q H H .  B OAHOM H 3  HHX HCIIOJIb30BaJIHCb p a A H 0 -  

aKTHBHbIe EICTOYHHKH, ~ p y r o i i  OCHOBaH H a  ~ J I ~ ? K T ~ o c T ~ T H Y ~ c K o ~  

HHHYKqHH, B T p e T b e M  HCIIOJIb30BaHbI BaJIHKH H 3  ~ J I ~ K T P o I I P o B o A R ~ ~ ~  

pe3HHbI .  P ~ A E I O ~ K T L I B H M ~  HCTOYHHKH H3JIYYaIOT a -¶aCTHqbI ,  HOHH3H- 

pymqne o ~ p y l r c a m q ~ i i  B O ~ A Y X .  ~ J I ~ K T P H Y ~ C K O ~  none, c o 3 ~ a n a e ~ o e  
M e X A y  HCTOYHHKOM H I I J I ~ c T H H o ~ ,  3 a C T a B n H e T  HOHbI OCalrcfEAaTbCR 

H a  n o s e p x H o c T E i  ~ c e p o r p a @ ~ Y e c ~ ~ o i i  I IJIacTHHbI [lo]. n p n ~ e ~ e ~ ~ e  
3JIeKTpEI3aTOpOB 3 T O r 0  THIIa  T p e 6 y e T  c o 6 n m ~ e ~ ~ x  M e p  IIpeAOCTOpOXC- 

HOCTH, H ~ O ~ X O A M M ~ I X  I I P H  p a 6 0 T e  C PaAHOaKTHBHbIMH M a T e p H a J I a M H -  

H H A Y K ~ H O H H ~ I ~ ~  MeToA 3 a K n I o s a e T c a  B TOM, ¶TO 3 a p a ~ e ~ ~ y m  m a -  
C T H H ~  IIOAHOCRT 6~1x3~0 K I I o B e p x H o c T H  ~ c e p o r p a @ k ~ s e c ~ o r o  cnorr 
c a a a e ~ a e ~ ~ o i i  n o a n o l r c ~ o i i .  3 a ~ e ~  3 a 3 e ~ x e ~ n e  o T K n I o s a m T ,  a nna- 
CTElHy YAaJIRWT (10 1. C O ~ J I ~ C H O  T p e T b e M y  MeTOAy, K ~ e p O r p a @ H ¶ e ~ K a ~  

nJIaCTHHa 3apRXCaeTCR B MOMeHT IIPOXOlfFAeHHti M e X A y  HByMR IIOJIY- 

nPoBOARlqHMH pe3HHOBbIMH BBJIHKBMH. Hanpaxeme B HeCKOJrbKO 

BOJIbT, IIPHJIOXCeHHOe K BaJIHKaM, 3 J I e K T P H 3 y e T  CHOG [381- 

':&&a \ 



C ¶ H T ~ ~ T ~ H ,  ¶TO MeTOAbI 3JIeIETPH3aQHH KOPOHHbIMH 3J IeKTPH3aTOPaMH 

6oaee ~ @ @ ~ K T H B H ~ I ,  ¶eM T P H  IIOCJIeAHHX MeTOAa. 

~ H T ~ ~ ~ C H O  OTMeTHTb, ¶TO H 3 0 6 p e ~ a ~ e J I b  K c e p o I ' p a 4 H H  E ~ ~ J I c o H  
IIPHMeHRJI B CBOHX P a H H H X  OIIbITaX 3JIeIcTpH3aqHIO TpeHHeM.  E o B ~ ~ x -  
HOCTb IIJIaCTHHbI H a T H p a J I a C b  CYIEHOM HJIM MeXOM. 

Y C ~ O B H R  Ann p e n p o A y q n p o s a H a s  ~ T P H X O B H X  O p u r u H a n o B  H e  

n s n m o T c R  K P H T H ~ H ~ I M H .  O A H ~ K O  npm p e n p o A y q H p o s a H m  nosy- 
TOHOBbIX OPHrHHaJIOB HHTePBaJI  3KCI103H4HH OTHOCHTeJIbHO Y30K,  

XOTR HeAOAePXIEH H I I e p e A e p X K H  M O r y T  6b1Tb HCIIpaBJIeHbI I I p H  

n p o R B n e H m n .  

f l e p e ~ e p K K H  J Ie rKO 0 6 ~ a p y K H T b  H a  IIPoSIBJI~HHO% IIJIaCTHHe. 

M a o 6 p a x e ~ ~ e  KalrceTCII CBeTJIbIM H Pa3MbITbIM, a TOHKHe JIMHMH MOI'YT 

6bI~b IIOTePRHbI. ~ P H  D e p e A e p W K a X  IIJIOTHOCTb 3JIeIETPH¶eCIEHX 

3apcIAOB HeaOCTaTO¶Ha,  T a K  ¶TO H 3 0 6 p a ? x e ~ ~ e  H e  M O X e T  I I P H T R r H B a T b  

K ce6e AOCTaTOYHOrO KOJIHWXTBa IIpOcIBHTeJIcI. 

H ~ A o A ~ ~ W K H ,  C ~ p y r o f i  CTOPOHbI, BeAYT K YTOJIqeHHH) JIMHMG 

PHCYHKB, BbI3bIBaH)T (POH H a  I I P O ~ ~ J ~ ~ H ~ I X  y¶aCTKaX,  T a K  IcaK B 3TOM 

CJIy¶ae 3TH Y¶aCTIEH H e  IIOJIHOCTbH) pa3PI I l r ceHbI  H IIPOIIBHTeJIb 

o c a w A a e T c a  H H a  HEIX. 

OAHHM H 3  cII~JJ ,H@H¶~cKHx IIpeHMylJT,eCTB K c e p o r p a @ H H  RBJIReTCR 

B03MOKHOCTb I IpeABapHTeJIbHO OIIpeAeJIHTb OIITHMaJIbHyH) BbIAePlfEKY 

AJIR A ~ H H O ~  IIJIaCTlclHbI.  TO M O X e T  6b I~b  AOCTHI'HYTO K a K  m3MePeHHeM 

CKOPOCTH pa3pSIAKH CJIOR IIpI3 ~ ~ A ~ H H O B  O C B e ~ e H H O C T H ,  TaEc H HeIIO- 

CpeACTBeHHbIM I I O ~ ~ ~ O ~ O M  o I I T H M ~ J I ~ H o ~  3KCII03HqHH B K a M e p e .  X a p a K -  

TePElCTHKH 3KCIIOHHPOBaHXiEI CYqeCTBeHHO H e  MeHEIIOTCII H,  6 y ~ y q ~  
OAHaKAbI  O I I p e ~ e J I e H b I ,  HCIIOJIb3YIOTCR H a  IIPOTEIWeHHH BCWO CPOIca 

C J I Y W ~ ~ I  IInacTHHb1.  

n p ~  IIpOeQHPOBaHHH H 3 0 6 p a l f ~ e ~ H R  OpHI'HHaJIa H a  ~ J I ~ I E T ~ o @ o T o -  

rpa4mecxym 6 y ~ a r y  BBHAY OTCYTCTBHR D e p e H o c a  ~ p e 6 y e ~ c ~  ODTH- 

YeCKOe o 6 p a q e ~ ~ e  H 3 0 6 p a ~ e ~ ~ R .  



@ O P M ~  3JIeKTPHYeCKOl?O IIOJIR H a g  3JIeKTpOCTaTH9eCKHM ~306pa-  
X e H H e M  H r p a e T  I I P H  IIPORBJIeHHH BaXHYIO POJlb.  O ~ M P H O  60nbmoCi 
~ J I ~ K T ~ O C T ~ T H ~ ~ C K ~  KOHTpaCT H a  I ' paHHqe  ~ 3 0 6 p a w e ~ ~ c r  0 6 y c n o ~ n e ~  
IIOJIeM PaCCeRHMH, H a K  3 T 0  I IOKa3aHO H a  PHC. 4, a. E c n ~  HpOHBHTb 

I IIpORBJIeHbI YAOBJIeTBOPHTeJIbHO, HO 6 0 n b m ~ e  IIJIOmaAH D OKaXYTCH 

IIpORBJIeHHbIMH JIHIUb IIO H p a R M  ( K p a e ~ o f  3 @ @ e ~ ~ ) .    TO O~WICHH~TCII  

66nbmeG HaI IpRXeHHOCTbH)  IIOJIR HJIH ~ ~ J ~ ~ I U E I M  KOHTpaCTOM H a I I p R -  

XEeHHR H a  K p a H X  3JIeKTpOCTaTHseCKOrO ~ 3 0 6 p a ~ e ~ ~ 1 1 ,  H,  CJIeAOBa- 

TeJIbHO, TaM O c a Z A a e T c R  6 o n b m e  IIpORBHTeJrH. B q e H T p e  6 0 n b m ~ x  
CIIJIOIIIHbIX YsaCTKOB H ~ O ~ ~ ~ X ~ H E I R  Pa3HOCTb IIOTeHqHaJIOB M e Z A Y  

COCeAHHMH TO¶KaMH M a J I a ,  H TaM O C a Z A a e T C R  M a n 0  IIPORBHTeJIR. 

[ I ;   TO O ~ ~ C I I ~ P H B ~ ~ T  p e n p o A y q n p o s a H H e  I U T ~ H X O B M X  o p n r m H a n o B ,  

O C O ~ ~ H H O  TeKCTOB H PHCYHKOB, H e  COAePXGiqHX ~ O J I ~ I U H X  TOHO- 

BHX Y P a c T K o B ,  T a K  H a K  JIMHHH I U H P H H O ~  M e H e e  1,5 atat n p o ~ ~ ~ ~ c r -  
mTCR IIOJIHOCTbH) H KOHTpaCTHO. n p H  PeI IpOAYqHPOBaHHH TOHO- 

B ~ I X  O p n r m a n o B  K a s e c T B o  H 3 0 6 p a ~ e ~ H R  143-3a K p a e B o r o  3@- 

@ e ~ ~ a  IIOJly¶aeTCR HeyAOBneTBOpHTeJIbHbIM. K p a e B 0 6   KT M03fCeT 

6 b 1 ~ b  Y C T p a H e H  T a K  Ha3bIBaeMbIM IIpOHBJIHIoIQHM 3JIeKTpOAOM. B UpO- 

c ~ e i i m e ~  B n A e  OH n p e A c T a s n c r e T  co6oH M e T a J r n n s e c K y I o  n n a c T n H y ,  

P a C n o n o w e ~ ~ v m  n a D a n n e n b H o  ~ c e p o r ~ a 6 n s e c ~ o H  n n a c T n H e ,  B H e n o -  



Pa3J IHPHbIX YPaCTKOB 3JIeKTPOCTaTHPeCKOI'O H ~ O ~ P ~ X ~ H H R  ~ Y A ~ T  
nO¶TH npOIIOpQHOHaJIbH0 KOJIHseCTBy 3JIeKTPEI9eCKHX OIPRAOB 

H a  IIOBePXHOCTH IIJIaCTHHhI. 

n p o H B J I a I O I Q H 6  3TIeKTPOA C I I O C O ~ C T B Y ~ T  YCHJIeHHIO 3 J I e K T p H s e -  

cxoro nona 6x1~3 cJjo~onpo~o~rrqero cnoa n .nacTnHar .  H a n p a x e ~ ~ o c ~ b  
IIOJIR B JIIO60G TOPKe M e m a y  IIODepXHOCTbIO IIJIaCTHHbI H IIPOHB- 
J IRIOqHM BJIBKTPOAOM I IpOI IOpQHOHaJIbHa  I I O T e H q H a J I y  JIJIaCTHHH 

H YMeHbmaeTCR C YBeJIHWHHeM PaCCTOHHElR MelrcAy I I J I ~ c T H H o ~  

U 3JIeKTPOAOM (PEIC. 5). C J I ~ A O B ~ T ~ J I ~ H O ,  I I P O E I B J I H H ) ~ H ~ ~  3JIeKTPOA 
TeM 60~1ee s @ $ e ~ c ~ r n s e ~ ,  s e M  Gnmlrce OH p a c n o n o x e H  K n J I a c T H H e .  

~ P o H B J I R I O ~ H ~  3JIeKTPOA H ~ O ~ X O A E I M  I I P H  BbICOKOKaPeCTBeHHOM 

npORBJIeHHH PaCTpOBbIX H 3 0 6 p a ~ e H H 6  H I I p H  p e n p O f l y q H p 0 B a H H H  



CIIJIOIIIHbIX Y9aCTKOB.  A J I R  HCIIpaBJIeHHEI O L U H ~ O K  3KCI IOHHPOBaHHH,  

H 3 M e H e H H R  HHTeHCHBHOCTH O C a X A e H H R  I IPORBHTeJ IR  HJIH AJIR o6pa- 
WeHHOI'O IIPOHBJIeHHEI BMeCTO 3 a M b I K a H H R  3 J I e K T P O A a  H I I O a J I O X K E  

GJIOR HaKOPOTICO I I p H  I I p O R B J I e H H H  MeXCfly HHMH IIOAAePHCHBaIOT pa3- 
HOCTb  I tOTeHqHaJ IOB H ~ O ~ X O A H M O ~ ~  IIOJIRPHOCTH. 

K ~ C K ~ A H O ~  IIpOEIBJIeHHe,  OCHOBaHHOe H a  T P H ~ O ~ J I ~ K T P H ~ ~ ~ E ~ H ,  

B H a C T O R W e e  B p e M R  HCIIOJIb3YIOT B OCHOBHOM HJIH I IPORBJIeHHR LUTpEi- 

XOBMX ~ 3 0 6 p a x e ~ ~ G .  Korna jqsa pa3n~s~b1x  M a T e p n a n a  EPHBOART 

B KOHTaKT,  KaXJ(bIij[ H 3  H H X  CTaHOBHTCEI 3 J I eKTPHYeCXH 3aPR?HeHHbIM,  

I I p H ¶ e M  H X  3 a p R A b I  HMeIOT IIPOTHBOIIOJIOXHYIO IIOJIRpHOCTb.  T a K ,  

Horns ~ e J I X l l 6  n o p o m o K ,  ~ a a b ~ ~ a e ~ ~ ~ i i  n p o m n T e n e M ,  c M e m H s a I o T  

C OTHOCHTeJIbHO KPYI IHbIM 3ePHHCTbIM M a T e p H a J I O M ,  H a 3 b I B a e M b I M  

I7pomumenb Hocumenb 

HOCHTeJIeM, IIPOHCXOAHT T P E I ~ O ~ J I ~ K T P E ~ ~ ~ ~ H ~ I  H 60~1ee M e J I K H e  ¶ a C T H q b I  

IIpORBElTeJIH Y A e P X H B a I O T C R  H a  I IOBepXHOCTH HOCHTeJIR. 

IIpn x a c K a a H o M  n p o n s n e H m m  a n e m p o c T a T m Y e c m x  ~ 3 0 6 p a x e ~ ~ f i  
~ B Y X I C O M I I O H ~ H T H ~ I ~  IIPoRBJIHIOII@ COCTaB I IPOKaTbIBa IOT ( K ~ c K ~ @ -  

PYIOT) IIO I IOBePXHOCTH ~ J I ~ I E T P O @ O T O T P ~ @ H ¶ ~ C K O ~ O  CJIOR. B TO B p e M R  

K a K  ¶ a C T H q b I  HOCHTeJIR C I IPORBHTeJ IeM I I e P e M e q a I O T C R  IIO I IOBepX-  

HOCTH CJIOR, 3JI€?KTpOCTaTH¶€?CKHe CHJIbI CKpbITOrO ~ 3 0 6 p a w e ~ m ~  
O T p b I B a l o ~  ¶aCTH¶KH I IPORBHTeJ IR  OT HOCHTeJIR, H OHH OCaXAaIOTCR 

H a  I I o B e p x H o c T H  CJ IoR  (pnc. 6). 
D p H  I IPORBJIeHHH IIO C X e M e  I I03HTHB - I I 03HTHB M a T e p H a J I b I  AJIH 

I C O M ~ H H ~ ~ M H  HOCHTeJIb  - I IPORBHTeJ Ib  AOJI3KHbI 6 b 1 T b  ~b16pa~b1 
C T a K H M  paC¶eTOM,  9 ~ 0 6 ~  I IPORBHTeJ Ib  I I p 1 4 0 6 p e ~ a J I  ~ J I ~ I C T P H Y ~ ? C K H ~ ~ [  

3 a p H A ,  IIOJIRpHOCTb KOTOPOI'O IIPOTHBOIIOJIO?HHa IIOJIRPHOCTH 3J I eKTpO-  

C T a T m e c ~ o r o  ~ 3 0 6 p a ? H e ~ H R .  H a n p n ~ e p ,  e c m  ~ 3 0 6 p a ~ e ~ ~ e  H e c e T  

~ O J I O X ~ H T C ? J I ~ H ~ I ~ ~ [  3 a P H A ,  TO I I p O R B H T e J I b  A O J I X e H  661~b 3 a p R X e H  OTPH- 

q a T e J I b H 0 .  n p 0 c T e f i L U H G  B a p H a H T  KaCKaAHOI 'O I IpORBJIeHHR CBOAHTCH 

TOMY, ¶TO K C ~ P O I ' P ~ @ H ¶ ~ C K Y I O  IIJ IaCTHHY I I O M e q a I O T  CJIOeM B B e P X  

K m B e ~ y ,  COAepXaIU,ylO I I ~ o R B J I R I O ~ H ~  COCTaB, H JIeI'KEiM I I O K a 9 H -  



BaHHeM 3aCTaBJIHIOT eI'0 MeAJIeHHO I IepeMeIQaTbCH IIO IIJIaCTHHe. 

B ~ceporpa@xsec~oi i  p y s ~ o i i  YCTaHOBKe n n a c T H H a  CJIYXHT B K a q e -  

CTBe KPMIIIKH KIOBeTbI, IIOCJIe ee YCTaHOBKH KIOBeTY I I e p e B O p a ¶ H B a I O T  

H IIOKa9HBaIOT. B aBTOMaTH¶eCKElX KOIIHPOBaJIbHbIX MaIUHHaX T u n a  

( < ~ c ~ ~ o K c > >  T a K x e  EICIIOJI~~YIQT I c a c I c a a H o e  n p o a B n e H H e .  B  TOM caygae 
n p o a ~ n ~ ~ o q ~ f  c o c T a B  H e n p e p b I B H o  n o A a e T c a  H a  ~ c e p o r p a @ ~ s e c ~ x i i i  
6 a p a 6 a ~ .  K0rAa I I p H  KaCIcaAHOM IIpOEIBJIeHHH ~ p e 6 y e ~ c R  pe I IpOAyQH-  

p o s a T b  o p m r n H a n M ,  conepmaqne p a c T p o s b I e  ~ 3 0 6 p a w e ~ ~ ~ 1  H n z i  6 0 n b -  

mne c n J r o m H M e  y s a c T K m ,  B n p m H q n n e  MOXHO H C I I O J I ~ ~ O B ~ T J ,  

n p o x ~ n a r o q ~ i i  s n e ~ ~ p o n .  3asop M e m A y  3 x e K T p o A o M  H ~ c e p o r p a 4 ~ -  
s e c K 0 6  I I J I ~ C T H H O ~ ~  J(OJI?KeH 6 M ~ b  AOCTaTO¶HbIM AJIH TOrO, 9 ~ 0 6 ~  o6ec- 
I I e s H T b  C B O ~ O A H O ~  I I e p e M e q e H H e  IIPORBHTeJIR M e w a y  3THMH DOBepX- 

HOCTEIMH. ~ P ~ K T H ~ ~ C K H  MHHHMaJIbHaH BeJ IHqHHa 3 a 3 O p a  COCTaBJIFIeT 

--1,5 &a. ICaK B H ~ O  ~3 PHC. 5, y c E i x e H H e  nonx npn  TOM 6 y g e ~  
He3HaYHTeJIbHbIM. 

~ ~ o H B J I ~ H H ~  M ~ X O B O %  ~ ~ T K o %  JlO C y q e C T B y  M a n o  OTJIH¶aeTCR 

OT KaCKaAHOrO IIpORBJIeHHEI. Mex q e T K H  H r p a e T  POJIb  HOCHTeJIEI, 

H I I p H  CMeIUHBaHHH C ¶aCTHqaMH IIpOHBHTeJIR IIOCJIeAHHe ~pm6o- 
3JIeKTpH¶eCI<H 3 a P R X a I O T C R .  A J I H  4HJIFiHAPHPeCKHX WeTOK HCIIOJIL- 

3YIOT 0 6 ~ 9 ~ 0  M E I I ' R H ~  MeX, H a I I P H M e P  6 0 6 ~ 0 ~ b 1 i i  [39 1. ~ P O H B H T ~ J I L  

HeI IpepbIBHO IIOAaeTCR H a  IQeTKy,  KOTOPaH OAHOBPeMeHHO B H ~ P E I P Y ~ T  

H B p a q a e T c H ,  c n e r K a  K a c a n c b  ~ c e p o r p a @ ~ s e c I c o f  n J r a c T m b 1 .  

~ x ~ K T ~ H ¶ ~ c K H ~  X a p a K T e p H C T H K H  BOJIOCKOB IQeTKH MeHHIOTCH 

B 3aBHCHMOCTH OT H3MeHeHHEI O T H O C H T ~ J I ~ H O ~  BJIaXHOCTEI. ~ O ~ T O M Y  

KOHTPOJIb 38 I I ~ o E I B J I ~ H H ~ M  M ~ X O B O ~  q e ~ K 0 f i  I I p H  H ~ ~ O C T O H H H O ~  BJIa?K- 

HOCTEl CJIOXeH. 

M ~ I ' H H T H ~ R  KHCTb COCTOHT H 3  M a r H H T a  H IIpHTHHYTbIX K H e M y  

?KeJIe3HbIX OnHJIOK HJIH ApyI 'HX @ ~ P P O M ~ I ' H H T H ~ I X  9 a C T H q  [33]. ~ T M  

s a c ~ ~ q b ~  0 6 p a 3 ~ ~ 1 ~  q e I I o s K m ,  IIO ~ ~ , q y  H a n o M m a m q H e  BOJIOCKH 

KHCTH. ECJIH 9 a C T H q b I  IIOPOUIKOBOI'O IIPORBHTeJIH CMeIIIaTb C @ ~ P P O -  
MaI'HHTHbIMH q a C T H q a M H ,  TO OHH B3aHMHO 3JIeKTpH3YIOTCEI. Hanpn- 
M e P ,  eCJIH ?KeJIe3HMt? OIIHJIKH CMeUIaTb C IIHI'MeHTHPOB'aHHblMH 

4 a c T H q a M H  CMOJIM, CTOHI~HMH B ~ e p x ~ e f  sacm ~ p ~ 6 o a n e ~ ~ p n s e c ~ o r o  
P R A a ,  TO OIIHJIKH 3JIeKTPH3yH)TCR OTPHqaTeJ IbHO,  a 9 a C T H 4 b I  IIPOHBH- 

TeJIH - IIOJIOlKHTeJIbHO. n p 0 H B J I e H H e  H ~ O ~ P ~ ? K ~ H H R  OCYqeCTBJIRH3T 

n p o s e A e H n e M  K H C T ~ K I  IIO n o B e p x H o c T H  ~ c e p o r p a @ ~ s e c ~ o i i  n n a c T n H 6 1  

(PHC. 7). 3 ~ a  TeXHOJIOI'HEI HCIIOJIb3YeTCR B OCHOBHOM AJIH 3JIeKTpO- 

~ O T O I ' ~ ~ ~ J ! ~ Y € ? C K O ~  GyMaI 'H,  I I p H  HCIIOJIb30BaHHH K O T O P O ~  3JIeKTPO- 



O A H ~ K O  I I p H  COOTBeTCTByIoIQeM no~6ope  HOCHTeJIR B IIPORBHTeJIEE 

T a K a R  TeXHOJIOrHII M O Z e T  CJIy9HHTb B AJIR A P Y r H X  K C ~ P O ~ P ~ @ H ¶ ~ C I C E I X .  

UJIaCTHH. ~ P ~ H M Y ~ ~ C T B O M  aTOrO MeTOAa IIBJIReTCR TO, ¶TO H a J I H P H e  

npOB0AHMOCTH y HOCHTeJIR ( Z ~ J I ~ ~ H H X  OIIHJIOK) CO3AaeT B @ @ ~ K T  

n p o R s n R I o r q e r o  ane~~po jqa ,  p a c n o J r o w e H H o r o  .B ~ e n o c p e ~ c ~ ~ e ~ ~ o i i r  
6 ~ 1 ~ 1 3 0 ~ ~ ~  OT IIOBepXHOCTH IIJIaCTHHbI. ~ O ~ T O M Y  3THM C I I O C O ~ O M  MOXHO 

n p 0 R B n R T b  TOHOBbIe n306pawe~na I4 CIIJIOIIIHbIe y¶aCTKB.  

M ~ X ~ H E ~ ~ H ~ O B ~ H H ~ I ~  I I p O H B J I R I o q H e  ~ C T ~ O % C T B ~ ,  OCHOBaHHbIe 

H a  HCIIOJIb30BaHHH MeTOAa IIpORBJIeHHR M ~ ~ H H T H o %  KHCTbH), I IpHMe- 

HeHbI B qeJIOM P H A e  ~ J I ~ K T ~ o ~ o T o ~ ~ ~ @ H Y ~ c K B x  KOIIHPOBaJIbHbIX 

MaIIIHH, B TOM ¶HCJIe B IIPOH3BOAHMbIX @HPMBMH d Y a p J I 3  EPYHHHI')) 

H ( ( A M ~ ~ M K ~ H  @OTOKOIIH 3KBBIIMeHT)). 

B n a 6 o p a ~ o p ~ ~  @ H P M ~ I  ( ( A % - E n - 3 ~ ) )  ( ~ H A H K O T )  p a 3 p a 6 0 ~ a ~  cnocao6 
IIPORBJIeHBR 3JIeKTPOCTaTH¶eCKOrO ~ 3 0 6 p a m e ~ ~ 1 1  C E I C T ~ M O ~ ~ :  BaJIHKOB I), 

a~anormaoi i  K p a c o s a o M y  a n n a p a T y  B n e s a T a I o q z i x  M a r n u n a x .  

OCHOBHH~ 3JIeMeHTbI ) J ' K ~ ~ ~ H H O ~ ?  CHCTeMbI H 3 0 6 p a w e ~ b 1  H a  PHC. 8. 
~ P O R B E I T ~ ? J I ~  3aXBaTbIBaeTCSI AO3aTOPOM H I lOI IaAaeT H a  BaJIHK, 

I I o K p b ~ ~ b ~ f i  ~ H ~ O P C K O %  IIIePCTbIo,  H PaBHOMepHO PaCI IpeAeJ IReTCR 

no ero n o s e p x H o c T m  n o c p e A c T B o M  K a s a I o r q e r o c c I  p a c n p e A e J r n T e n b H o r o  

BaJIBKa. 3 a T e ~  IIpORBHTeJIb IIepeHOCBTCR H a  H ~ K ~ T H O ~  qHJIHHAP, 

n 0 K p b 1 ~ b I B  6 a p x a ~ o ~ .  B ~ ~ x ~ T H o ~  IIOKpbITHe o 6 ~ 1 a ~ a e ~  ~ ~ J I M I I F ~ M  ~ p n 6 o -  
3XeKTpH¶eCKHM B ~ ~ E I M O A ~ ~ ~ C T B H ~ M  C IIPOIIBliTeJIeM, ¶eM IIIepCTRHOe. 

~ O ~ T O M ~  BO BpeMR KOHTaKTa 3TBX I I o B ~ ~ x H o C T ~ %  I lpORBHTeJ lb  IIepe- 
XoAHT H a  H E ~ K ~ T H O ~  qHJIHHAP. ~ J I ~ K T P O C T E ~ T H ¶ ~ C K O ~  ~ 3 0 6 p a x e ~ z i e  
Ha K C ~ ~ O I ' ~ ~ @ H ¶ ~ C K O ~  IIJ laCTHHe nPORBJIReTCR I I P H  OCaXAeHHH 

UpoIIBHTeJIR C 6 a p x a ~ ~ o i i  IIOBepXHOCTH, K O r A a  H ~ K ~ T H O %  qHJIHHAP, 



P H . C .  8. YCTPO~~CTBO IIpORBJIeRMR EaTliCKOM. 

~ ~ O R B J I ~ H M ~  IlOPOIIIKOBbIM O ~ J I ~ ~ K O M  [40] 06ecnesm~ae~ BbICOKOe 

K a s e C T B O  P e I I p O A y ~ H p O B a H H t I  TOHOBdIX M 3 0 6 p a l ~ e H H f  [ l o ,  41 1.  
B 3TOM cnoco6e B K a s e C T B e  IIpOcIBHTeJIR MCIIOJIbSYIOT TOHKO M3MeJIb- 

g e H ~ b 1 6  IIOPOIUOK. 0 6 ~ 1 a s ~ 0  0 6 p a 3 y e ~ c ~  IIPM BAYBaHMll  B K a M e P Y  

sacmq npoasmena sepes M e T a n n H s e c I c H e  T P Y ~ K H  M a n o r 0  nna- 
;MeTpa.  T P Y ~ K H  C J I Y X a T  AJIE p a 3 p y m e ~ ~ t 1  a r p e r a T O B  M I E O H T ~ K T H O ~  



a x e ~ ~ p r n a a q ~ n  s a c T a q .  O 6 n a s ~ o  n p o A y s a m T  M e w a y  ~ J I H ~ K O  pacno- 
JIOXeHHbIMH IIpORBJIJIIolQHM 3JIeKTpOAOM H K c ~ ~ o I ' ~ ~ @ H Y ~ ? c K o ~  IIJIa- 
c ~ m ~ o i i .  C ~ e n e ~ b  oca? -~cae~m n p o R s m T e n a  n p o n o p q H o H a J I b H a  n n o T -  

HOCTH 3aPIIAOB 3JIeKTPOCTaTH¶eCKOI'O H 3 0 6 p a ~ e ~ H J I .  Ha pHC. 9 
I I O K a 3 a H  I IpOqeCC IIpORBJIeHEIR YKa3aHHbIM C I I O C O ~ O M  C e p 0 f i  ILIKaJIbI. 

I I O J I O ~ ~ T ~ J I ~ H O  a a p a ~ e ~ ~ o e  a n e ~ ~ p o c ~ a ~ ~ s e c ~ o e  ~ 3 0 6 p a w e ~ ~ e  n p H -  

T R r H B a e T  OTpHqaTeJ IbHO 3 a p R X C H H b I e  r laCTHqbI IIpORBHTeJIR K KCePO- 

r p a @ ~ s e c ~ o H  n n a c T m e  B CooTBeTcTBHH c p a c n p e A e n e H m e M  a a p ~ g o ~  
C K p b I T o r o  ~ 1 3 0 6 p a z e ~ ~ ~ .  I I o n o a n ~ e a b ~ o  s a p ~ x e ~ ~ b ~ e  ¶ a c T H q H  

o 6 n a s ~ a  IIPEITJIHYTCR IIPORBJIRH3aHM 3JIeKTpOAOM. T ~ K H M  0 6 p a 3 0 ~  

P M c.  9. P e n p o ~ y q ~ p o s a ~ ~ e  c~yneana~ofi  cepoii m K a n L I  no c x e M e  ((IIO~HTHB - 
II03HTHBD C  I I p O R B n e H H e M  IIOpOIIIKOBbIM O ~ J I ~ K O M .  

A o c T m r a e T c R  n p o c I B n e H H e  H ~ O ~ ~ ~ H C ~ H E Z I I  683  OH^. HPORBJIRK)I~EI~~  
3JIeKTpOA H I I P O B O A R q a R  IIOAJI03KKa K ~ e p ~ r p a $ l H q e ~ I C ~ &  IIJIaCTHHbI 

a x e I c T p H s e c m i  coeAmHeHbr ,  n p m e M  B I c n I o s e H H e  H c T o w n i K a  H a n p m c e -  

HEIR B 3TY VeIIb II03BOJIReT YBeJIH¶HBaTb ElJIH YMeHbI l IaTb  ~@@~?ICTBBHYH) 

IIJIOTHOCTb 3 a p R A O B  H a  I E C ~ P O ~ ~ ~ @ H Y ~ C K O ~  IIJlaCTHHe. O T ~ H ~ ~ T ~ J I ~ -  

HHLI IIOTeHqEIaJI, I I P E I J I o ? K ~ H H ~ I ~  K I IpOEIBJIHIO~eMY 3JIeKTpOAY, YBeXII- 

YHBaeT IIJIOTHOCTb K E ~ > I - I E ~ ~ o ~ ~  E13 C~yI IeHe i j [  cepoii IIIKaJIbI BCJIegCTBEIe 

60J Ib I I I e r0  KOJIHYeCTBa OCa>HAaeMbIX ¶ a C T H q  IIPORBHTeJIR. Hao6o- 
POT, I I O J I O ? - K H T ~ J I ~ H L I ~ ~  n o T e H q m a m  H a  n p o R s n R I o q e M  anempone 
YMeHbIIIaeT IIJIOTHOCTb BCeX c T y I I e H e 6  IIIKaJIhI H3-3a  YMeHbEIeHEIR 

K O J I H ~ ~ C T B ~  o c a s a e H H o r o  n p o R B H T e m .  T ~ K H M  0 6 p a 3 0 ~ ,  pacnpeae- 
3 e H H e  I I J I O T H O C T ~ ~  Cep0l"l lUHaJIb1 M O X e T  6 b I T b  CMeIQeHO B J I I ~ ~ O M  

H a u p a B J I e H H H  HCIIpaBJleHHR OIIIH~OK 3KCllOHHPOBaHHR. 



HJIH OKpaIIIeHHbIX P a C T B O P O B  IIyJIbBepH3aTOPOM. KaIIeJIbKH saps- 
NamTcB BO B p e m  pacnbInemicr non ~ e i i c r ~ ~ e ~  3 n e I c ~ p o c ~ a ~ ~ s e c ~ o i i  

HHAyKqHH. ~ ~ ~ H M Y I D , ~ c T B o M  3TOr0 C I I O C O ~ ~  RBJIReTCB IlPOCTOTa IIepe- 

Hoca m306paXe~~R H a  6 y ~ a r y  H HcIcnIoveHme onepaqrnxi a a ~ p e n ~ ~ e ~ ~ f x .  

TOHKO Pa3MOJIOTbIX IIHrMeHTOB B XHAKOM Yl?JIeBOnOPOAHOhl H30JIII- 

Tope, HanpmMep Tonyone. Y ~ C T M V K H  nnrMeHTa n p ~ 1 0 6 p e ~ a m ~  a n e ~ ~ p n -  

s ec~mi i  a a p ~ n  B npoqecce AHcneprrnposaHm. Horns Icceporpai$nse- 
CKYH) IIJIaCTHHY C 3JIeKTpOCTaTH9eCKHM H306pai1~e~He~ lI.0rPYXaIOT 

B X M A I E H ~ ~  npotIBmTenb, ~a ~ a o 6 p a m e ~ ~ e  ocaxqamTcn Y ~ C T H ~ ~ I  nnr- 
MeHTa H3 IIPORBHTeJIR ( ~ H c .  10).  TO RBJIeHHe H3BeCTHO IIOA Ha3Ba- 

HHeM ~ ~ 3 n e ~ ~ p o + o p e 3 a ) ~ .  I C o n ~ s e c ~ ~ o  OcaxqeHHoro MaTepnana onpe- 
J(enReTCR IIJIOTHOCTbIo 3apBAOB ~306paXe~HR.  

H ~ o M ~  T O r O ,  ~ K H A K E Z ~  I IPORBJIEII~I~H~ COCTaB MOlfFHO HaKaTbIBaTb 

[381 HnH HanbIjImb H a  nnacTmny. B JrmepaType HMeIoTca coo61qe- 
HHII, 'IT0 IIPH ~ J I ~ K T P O @ O P ~ ~ H O M  IIPORBJIeHHH MOrYT 661Tb IIOJly'IeHbI 



H TOHOBbIe n 3 0 6 p a l f ~ e ~ m ~  BbIcoKOrO KaseCTBa.  qseT~b1e k 1 3 0 6 p a > ~ e ~ ~ ~ [  

H a  3 a e ~ ~ p o @ o ~ o r p a + m s e c ~ o i i  6 y ~ a r e  nonysaIoT npm nocnegoeaTenb- 

HOM DpOJIBJIeHHH COBMeqeHHhIX qBeT0AeJIeHHbIX PHCYHKOB 1421. 
B HaCTOJIllJee BpeMR lKHAHOCTHOe IIPOIIBJIeHLle HCnOJIb3YeTCR B np0- 

MLIIIIJIeHHOM ~ J I ~ K T ~ O @ O T O ~ ~ ~ @ E I ~ ~ C K O M  O ~ O P Y A O B ~ H H E I ,  BbIIIypeH- 

HOM @ E I P M O ~  ( ( 3 ~ - C H - 3 ~ ) ) .  
\ 

2.5.9. TEIIJIOBOE HPOHBJIEHHE 

T e n n o ~ o e  npomneHHe 3neK~pocTaTlasecKMx n a o 6 p a w e ~ ~ i i  Ha  Tep- 
MonnacTlasecIcoM MaTeptiane 6 ~ n o  npmeHeHo ToMacoM 1431 Ann 
H3Y9eHHR @HTYP fiHxTe~6epI'a. (DHrypLI CTaHOBRTCII BHAHMbIMH 

B p e 3 y n b ~ a ~ e  peTnKynxqlaH ( C M O P ~ E I B ~ H H E I )  ~ a r p e ~ o i i  nnac~msec~oi i  
OCHOBbI.   TOT 3@@eKT IIpHMeHHJICR TaKNe ~ J I ~ H H O M  AncI TepMOIIJIaCTH- 

secK0g a a n ~ c n  [44] .  C I ~ ~ M T O ~  3jIeKTpOCTaTH¶eCKOe ~ 3 0 6 p a ? ~ e ~ ~ e  

B  TOM cnysae nonysamT H a  ~ e p ~ o n n a c ~ m s e c ~ o i i  ocHose ~ J I ~ K T P O H -  

HLIM J I Y ~ O M  ( B  B ~ K Y Y M H O ~ ~  x a ~ e p e ) .  l I n e ~ ~ c y  3 a ~ e ~  H a r p e n a m  AJIH 

nonyseHnR n e @ o p ~ a q ~ ~  B cooTseTcTsam c pacnpeAeneHHeM a a p ~ ~ o ~ .  
M e ~ o g  TennoBoro npoaBneHm B ~ c e p o r p a @ ~ ~ ,  BKnmsaR nepeHoc 
CKPbITOrO 3JIeKTpOCTaTH¶eCKOI'O ~306palKe~HII H a  TePMOIIJIaCTHzIe- 

CKYH) OCHOBY, HCCJIeAYeTCR @ M P M O ~  ( (Awe~epan 3JIeKTPHK)) [45 1. 
r e i i ~ o p  13 A@TepryT [461 p a 3 p a 6 0 ~ a n ~  npoqecc ( p o ~ o n n a c ~ ~ s e c ~ o i i  
3aIIHCH Ha TepMOIIJIaCTH¶eCKOM @OTOIIPOBOJ(JI~~M MaTepHaJIe. B 3TOM 

npoqecce MeToAbI ~ceporpa@mm mcnon~3y1o~ca B coseTaHlaH c Tenno- 
B ~ I M  IIpOJIBJJeHHeM r n e ~ ~ a  1441. I Ipo3pas~yw @ O T O I I ~ O B O A I I I ~ ~ I ~  

nnemy,  HaHeceHHyIo H a  npo3pas~ym II~OBOAEIII I~KI  IIOHJIO%IEY, 

a a p ~ x a ~ o ~  H ~KCIIOHMPYIOT,  npoeqmpyH H a  nee ~ 3 0 6 p a ~ ~ e ~ ~ e ; n o c n e  

3 ~ 0 r o  +OTOII~OBOAHEIK HarpeBamT, Y T O ~ L I  y s a c T K M ,  aecyqHe ~306pa-  

meme ,  ,qe+op~npo~anmcb, a a a ~ e ~  oxnamAaIoT (pnc. 11). 
H a o 6 p a z e ~ ~ e ,  IIpORBJreHHOe TennOM,  MOlfEHO H ~ ~ J I I O A ~ T ~ ,  TIpEIMe- 

HRH IIIJIHpeH-OIITHKY. ~ P M  peIIpO,Q'4IlpOBaHHH TOHOBbIX mo6paxe- 
HHG IIPHMeHIIIOT PaCTp, ILITpHXOBMt? H306palKeH~R PeIIpOAyqHpyIoT 

6e3 Hero. IIPH HarpesaHlaH nnemm go T o s K m  nnasnema ee MaTe-  

pHana m 3 0 6 p a w e ~ ~ e  ~ c s e a a e ~ ,  H nocae oxjrax,qeHm I$JoToII~oBoAJI- 

IQEie cnom M O r Y T  6b1~b kICIIOJIb3OBaHbI BHOBL. YHCJIO IlOBTOpHbIX 

npItMe~eHH6 3aBHClaT OT X H M H ~ ~ C K O ~ ~  C T ~ ~ H ~ L H O C T ~ ~  IIJIeHKH. ~ O T O -  

nJIaCTHgHbIe IlJIeHKH IIOJIYYafOT CHHTe30M @oToI IPoBo~~J I~~I ' o  IIOJIH- 

Mepa H n H  AHCIlePrHpOBaHHeM ( ~ ~ C T B O ~ ~ H H ~ M )  OpI'aHlcl¶eCKHX HnH 

HeopraHasecxxix ~ O T O I I ~ O B O ~ H H K O B  B TepMonnacTnsecxm cMonax. 
I'yannax H Hnayc 1471 nposenla ~ a n b ~ e i i u r n e  HCCJIeAOBaHHfI 

Tenno~oro  npoRsneHnsx. OHM H ~ ~ J I ~ A ~ J I E I  c n e q ~ @ ~ s e c ~ y m  peTlaKy- 
JIHqlaH), IIOAO~HYH) ((MOP03HOMy Y3OPY)) Ha  CTeKJIe, H a  3apR31~eHH0fi 

T e p ~ ~ I I J I a ~ ~ H s e ~ ~ ~ 6  IIOBepXHOCTH, K O r A a  IlOCJIeAHcIR Pa3MRrsaJIaCL 

~ P H  HarpeeaHmH. A~aJIorHsHaa PeTmynfiqnrr r n m q e ~ o i i  noBepx- 
HOCTx co3,qae~ cseTopaccensaIopee ~ 3 0 6 p a x e ~ m e ,  KoTopoe MONHO 

3* 



~ a 6 n m g a ~ b  B OTpaHieHHOM HJIH IIpOXOARIII,eM CBeTe,  T a K  K a K  PaCCeH- 

BaHMe CBeTa  YMeHbIIIaeT IIOBepXHOCTHOe O T p a X e H H e  HJIm I lpOI lyCKa-  

H H e  IIJIeHKH. ~ O B ~ ~ X H O C T ~  C ((MOP03HbIM Y30POMH COCTOHT H 3  MHIEPO- 

C I c o n H s e c m x  yrny6~1e~mff B smne R s e e K ,  r J I y 6 H H a  K O T O P ~ I X  TeM 

6 0 J I b m e ,  ¶eB 6 0 ~ 1 b m e  IIZOTHOCTb IIOBepXHOCTHOrO 3aprr~a.   tam^ 
0 6 p a a o ~  B03MOiKHO IIpORBJIeHHe TOHOBbIX ~ 3 0 6 p a ~ ~ ? ~ ~ f f ,  IIOCKOJIbKy 

paccemame c B e T a  y B e n m u H s a e T c s  c y s e J r n s e H H e n l  ~ J I Y ~ H H ~ I  meex .  
OIIHC~HO R B a  MeTOAa ( O A H O B ~ ~ M ~ H H ~ I ~  H I I o c J I ~ A o B ~ T ~ J I ~ H L I & )  

CO3gaHHR ~ 3 0 6 p ~ 1 l f c e ~ H t i  B BHAe ((MOpO3HOrO y 3 O p a b  B K c e p o r p a @ ~ H .  

3 T H  MeTOHbI HJIJII0CTPMPYH)TCX PHC. 12. B O ~ O H X  CjIYYaRX KCepO- 

r p a @ H s e c I E a ~  IIJIaCTHHa IIOKpbITa C M O J I H H O ~  IIJI~HKoS. 

B l IepBOM C J I y s a e  CMOJIzIHOe IIOKPLITHe p a 3 M R r s a e T C R  IIOgOI'peBOM 

FixK B p e 3 Y J I b T a T e  B O ~ ~ ~ ~ G C T B H R  iYOHqeHTpHpOBaHHbIX I I a p O B  PaCTBO- 

pHTeJIR.  3 a ~ e ~  OAHOBPeMeHHO IlJIaCTHHY 3aPRHEaIOT H 3IECHOHHPYlOT, 

npoeqmpys H a  H e e  ~306pai1ie~me. T a K  IcaK n J I e H K a  n p o a p a s ~ a ~ ,  c B e T  

I IpOHHKaeT ¶epe3 H e e  H a  ~ o T o I I ~ o B o ~ H H ~ .  3 a p c 1 ~ ~ 0 e  Y C T P O ~ C T B O  

p€!l?yJIHpyeTCH T a K ,  9 ~ 0 6 ~  OH0 C O O ~ ~ ~ J I O  IlOBepXHOCTH IIJIeHKH ORHO- 

POAH~IG IIOTeHqHaJI  K a K  H a  TeMHbIX, TBK H H a  3KCIIOHHPOBaHHbIX 

JWaCTIEaX. O A H ~ K O  H a  3KCIIOHHPOBaHHbIX Y s a C T K a X  @ O T O I I P O B O A R ~ H ~  

cnoG n p o n y c K a e T  a a p a , q ~  K n o s e p x H o c T E z  pa3~e~1a  n n e H K a  - $0~0-  
IIPOBOAHHK. HO~TOMJ H a  3KCIIOHHPOBaHHbIX YPaCTKaX C M O J I R H O ~  



nJIeHKI? 6 y ~ e T  CO3flaBaTbCII 3HaWXTeJIbHO 66nb111a~ IlJIOTHOCTb 

I IOBepXHOCTHbIX 3 a p I I A O B ,  p e 3 y J I b T a T O M  ser0 IIBHTCR CHJIbHOe  3JIeHT-  

p H s e c K o e  none H a  BTHX y Y a c T K a x ;  K o T o p o e  ~ e + o p ~ m p y e ~  nnemy, 
s a 1 3 b 1 s a a  o 6 p a 3 o ~ a ~ ~ e  H a  net? ( ( ~ o p o a n o r o  yaopa)). 

HpI? nOCJ leAOBaTeJ IbHOM MeTOAe B TeMHOTe  OTAeJIhHbIM YYaCTKaM 

C M O J I R H O ~  IIJIeHKI? c 0 0 6 ~ a e ~ c I I  o J ( I ? H ~ K o B ~ I $ ~  3apSlA. 3 a ' F e M  H a  3KCIlO- 

HHPYeMYH) I I J I aCTHHy I I p O e q H p y I o T  ~ 3 0 6 p a x e ~ ~ e .  B O C B e ~ e H H b l X  

M e c T a x  3 a p R A  npoxogm K n o s e p x H o c T H  p a 3 ~ e n a  n J r e H K a  - @OTO- 

nPOBOflHI?K.  TO Y M e H b I I I a e T  ~ O B ~ ~ X H O C T H ~ I ~ ?  I l O T e H q H a J I  6e3 YMeHb-  

I I IeHHR nJIOTHOCTH 3 a p I I A O B  H a  I IOBepXHOCTH. 3 a p S l ~ b I  TeMHbIX Y9aCT-  

HOB 3 a T e M  H ~ ~ ~ T ~ ~ J I E I ~ ~ I O T C R  KOpOHHbIM p a 3 p I I f l O M ,  K O T O P ~ I ~ ?  ~ 0 0 6 -  
q a e T  Bcel"I I IOBepXHOCTH IIJIeHKI? HyJ IeBo t?  I IOTeHqHaJ I .  O A H ~ I E O  
H a  3KCIIOHHPOBaHHLIX y ¶ a C T K a X  H H H y q M P O B a H H b I e  3 a P H A b I  C O X p a -  

HIIIOTCR, I? 3 ~ 1 e ~ ~ p n s e c ~ o e  none B BTHX M e c T a x  n n e H m  n p o A o n x a e T  

c y q e c T B 0 ~ a T b .  H a r p e s a ~ ~ e  HJIH g e $ i C ~ B H e  I I a p O B  paCTBOpMTeJ IR  

Bb130BeT I IOIIBJIeHHe P H C Y H K a  B BHAe  ((fiIOpO3HOrO y 3 O p a ) ) .  06a  3 T H  

M e T o ~ a  A a I o T  H e r a T H B H b I e  E I ~ O ~ ~ ~ ~ I E ~ H H I I .  

k I 3 0 6 p a x e ~ ~ ~  B @ o p ~ e  ((MOpO3HOTO Y30Pa)) M O r y T  6 b 1 ~ b  IIOJIY'IeHbI 

T a K w e  H a  npoapasnoii O P ~ ~ H H ¶ ~ C K O ~ ?  @ o ~ o n p o ~ o ~ ~ ~ e f i  nneme. 
O C O ~ ~ H H O C T ~  ((nlOpO3HOI'O)) IlpOIIBJIt?HHII, K a K  I? APYrE iX  TenJIOBbIX 

Cn0c060~ ~ P O I I B J I e H H R ,  COCTOHT B TOM, YTO M ~ O ~ P ~ ? I E ~ H H ~  M O X e T  6 b I T b  



y ~ a j r e H 0  IIOCne HCIIOJIb3OBaHHR I IyTeM BTOPHsHOrO I IOAOrpeBa  IIJIeHKH 

no T e M l I e p a T y p b I  IIJIaBJIeHHR HJIH K ~ K H M - J I H 6 0  A p Y r H M  C I I O C O ~ O M .  

noc.ne 3 a T B e p A e H H R  I I J IeHKa BHOBb CTaHOBHTCII I I p 0 3 p a ~ H 0 5 ,  a ee 
n o s e p X H 0 C T b  r ~ ~ ~ ~ q e ~ o i i .  

F ~ ~ a r o ~ a p r r  -CBeTOpaCCeHBaHHIO IIpOHBJIeHHbIe YKa3aHHbIM CIIOCO- 

6 0 ~  ~ 3 0 6 p a ~ e ~ m 1 1  M O Z H O  P a C C M a T p H B a T b  I I p H  HCIIOJIb30BaHHH 0661s- 
HOG o n T m m ,  T o r A a  KaIc  , q e @ o p m i p o ~ a ~ ~ ~ ~ e  H ~ O ~ ~ ~ Z ~ H H H ,  nony- 
s e H H L I e  B p e 3 y n b ~ a ~ e  ~ e p ~ o n n a c ~ ~ s e c ~ o i i  a a n ~ c ~ ,  ~ p e 6 y I o ~  I m m p e H -  

OIITEIHH. 

~ ~ T M ~ H O M  OIIHCaH MeTOA IIpOHBJIeHHH 3JIeKTpOCTaTH¶eCKOl'O 

~ 3 0 6 p a w e ~ ~ ~  A ~ @ o ~ M H ~ o B ~ H H ~ M  M ~ C J I H H O ~  IIJIeHKH [481. H n e ~ K a  

MaCJIa HaHOCHTCH H a  IIOKPbITYH) ~ M O P @ H ~ I M  CeJIeHOM IIJIaCTHHy. 

~ O C J I ~ A H R R  3 a p H Z a e T C H  H 3KCIIOHHpyeTCH 0 6 b 1 9 ~ b 1 - 1 ~  C I I O C O ~ O M  I I p H  

OfiHOBPeMeHHOM I I P O e ~ H P O B a H H H  H a  H e e  1 1 3 0 6 p a X e ~ H H .  ~ O T H O  

pac l lOJ IOXeHHbI0  JIHHHB CKPbITOrO ~ 1 3 0 6 p a 3 f ~ e ~ ~ ~  HJIH PaCTpOBbIe  

3JIeMeHThl  CO3AaIoT G O J I ~ I I I Y I ~  HaIIPFIXeHHOCTb 3JIeKTPHYeCKOI'O IIOJIII 

H a  n o s e p x H o c T H  pa3~ena  M a c a o  - c e n e H ,  B L I ~ L I B ~ H  ~ e @ o p ~ a q ~ ~ o  
M ~ C J I H H O ~ ~ :  n n e H x H .  I I p o ~ ~ n e ~ ~ o e  ~ s o C i p a ~ e ~ ~ e  n p o e q H p y e T c s z  

H IIpOCMaTpHBaeTCEI Y e p e 3  IIIJIHpeH-0nTHK.y. 

Kceporpaa~x  O ~ ~ I Y H O  n p e , q c T a B n a e T  co6oii I I O ~ H T H B H ~ I ~ I  npo- 
q e C C  - C IIO3HTHBHOSO OpHI 'HHaJla  I IOJIy¶aIoT II03HTHBHbIe OTIIe- 

¶aTKH. O A H ~ K O  WlCTO ~ p e 6 y e ~ c I I  IIOJIYsHTb II03HTHBHOe H 3 0 6 p a l f ~ e ~ H e  

C H e r a T H B H O r O  O p H r H H a J I a .  B K ~ t ? p ~ l ? p a @ H H  3TO AOCTHI'aeTCII BHAO- 

H3MeHeHHeM IIPHMeHHeMbIX MaTePLiaJIOB HJIH TeXHOJIOrHH. Cyqe- 
CTByeT A B a  MeTOAa: OAHH COCTOHT B 3 a M e H e  I IpOHBJIHIomerO COCTaBa 

H n p n M e H H e T c x  npn p a 6 0 ~ e  co IUTPHXOB~IMH opHrmHanaMI . r  [lo]; 
~ p y r o f i  HCIIOJIb3yeT I I P o H B J I H I O ~ H ~ ~  3JIeKTPOA H A a e T  XOpOIIIMe pe3yJIb- 
TaTbJ I I p H  TOHOBhIX O p H r H H a J I a X  [49 1. 

, T o r 0  9 ~ 0 6 b 1  C LUTPHXOBOrO H e r a T H B a  IIOJIYWXTb IIO3HTHBHYIo 

KOIIHIO, T ~ ~ ~ Y ~ T C X  TOJIbKO H3MeHHT.b I I P o H B J I H I ~ ~ H ~ ~  COCTaB.  TO 
MOXHO n o I i c H n T b  PHC. 4, a.  E c n ~  c n p o e q n p o B a T b  m T p m x o B o e  H e r a -  

THBHOe ~ 3 0 6 p a x e ~ ~ e  H a  3 a p R Z e H H y I o  IIOJIO~IcHTenbHO K ~ t ? p ~ I ' p a # t i -  

s e C K y I o  IIJIaCTHHy, Y4aCTKH 11306pa i1~eHHII  Pa3PHAHTCH, a I I p 0 6 e J I b -  

HbIe Y s a C T K H  COXpaHHT 3 a p H A .  O A H ~ K O  BCJIeACTBHe ((KpaeBOI'O 3$@eK- 

T a %  O T p H q a T e J l b H b I e  3 a P H A b I  HHfiY4HPYIoTCH H a  IIJIaCTHHe Y K p a e B  

' ~ 3 0 6 p a ~ e ~ H I I  E (PHC. 4, a). ECJIH T e I I e p b  IIpOHBHTb IIJIaCTHHY IIOJIO- 



npn npoeqHpoBaHm H a  nonommTenbHo a a p a l ~ c e ~ ~ y ~ o  Icceporpa$m- 
secKyH, IIJIaCTEIHy ~eCf~paJIbH0fi cep0fi IIIKaJIbI. 3 ~ a I c H  ((IIJIIOC)) ~ a o 6 p a -  
XBIOT IlJIOTHOCTb BBPRAOB, COOTBeTCTBYIOII(YI0 CTyIIeHHM cep05 

mIcanbI. 

Ha p ~ c .  13 n o ~ a 3 a ~ 0 ,  IcaIc n p o ~ ~ n a m q n i i  aneIcTpoA c perynm- 
pyeMLm HanpcrlrceIIHeM MolrceT ocyqecTsnmb 0 6 p a w e ~ ~ o e  n p o m n e  

L H H ~  cepofi I I I K ~ ~ ~ I .  

Memny 3JIeIcTpOAOM H I I J I~CTHHO~~ C03AaIOT HaIIpH?KeHHe (3JIeK~pojI 

npHCOegHHcIIoT Ic IIOJIOiIcHTeJIbHOMy ~ ~ X M M Y ) .  B ~ J I H ~ H H Y  HaIIpRXe- 

HHR n 0 ~ 6 n p a I o ~  TaK,  Y T O ~ L I  Ha  ~ J I ~ K T P O A ~  I I O J I Y ~ H T ~  noTeHqnan, 
paB~b1ii IIOTeHqHaJIy IIJIaCTHHLI B BleCTaX, COOTBeTCTByIoqHX Yep- 
H O M ~  nonm cepoii mKanbI o p w m a n a .  I l p ~  ~ T H X  YCJIOBHHX oTpHqa- 
TenL~bIe 3apHAbI, HHAYqHPOBaHHbIe B ~ ~ e p ~ I ' p a @ H q e c ~ ~ f i  IIJIaCTHHe, 

HeG~paJIH3~Io~ IIOJIOXHTeJIbHbIe 3aPRAbI B MeCTaX,  COOTBeTCTBYIOqHX 



HE& ~ ~ P R A O B  6 y ~ e ~  pama ~ a ~ a n m o i i  n n o T a o c T m  n o n o l r c i ~ e a b ~ ~ ~ s  

3apHJ(OB H a  Y s a C T K e ,  COOTBeTCTBYIOmeM ' I e p H O M y  IIOJIH) cep06 IIIRaJ lhI .  

~ P O M ~ H C Y T O ¶ H ~ I ~  IIOJIH IIIIEaJ1L-I ~ Y H Y T  H M e T b  H3JIHIIIeK OTPElqaTeJ lbHbIX  

BapHAOB,  TeM 66nb111~6, P e M  M ~ H ~ I I I ~ B  6 b 1 n a  H a v a J I b H a H  IIJIOTHOCTb noxo- 
l r c H T e n b H b I x  B ~ P R A O B .  B p e 3 y n b ~ a ~ e  n p o ~ 3 o & e ~  nomoe o 6 p a q e ~ ~ e  

I IpOI IBHTeJ Ib .  XOTR 3TOT I I P O q e C C  06619~0 IIPHMeHHIOT AJI; TOHOBbIX 

p a 6 0 ~ ,  O H  I\IOlrceT 6b1~b HCI IOJ Ib30BaH T a I E X e  H AJIR 0 6 p a 1 q e ~ r f c r  IIITPH- 

XOBHX ~ 3 0 6 p a x e H n i i .  

llll 2.7. CICOPOCT~' IIPORBJIEHIIR 

B p e ~ x ,  ~ p e 6 y e ~ o e  AJIH C O ~ A ~ H H H  ~ceporpa+~secrcoro o T n e Y a T x a ,  

B OCHOBHOM 3 a B H C H T  OT CKOPOCTH I IPOI IBJ IeHHR,  T a K  KaIE APYI 'He  

CTaAMH I I p O q e C C a  0 6 ~ ~ ~ 0  3aHHMaH)T  MaJ IO  B p e M e H H .  ~ ~ o H B J I ~ H H ~  

IIOPOIZIKOB~IM O ~ J I ~ ~ K O M  H U p o m n e H n e  p a 3 6 p b 1 3 r ~ s a ~ n e ~  a a ~ ~ ~ a e ~  
OT 1 AO 10 c e K ,  B TO B p e b I R  x a K  H a  n p o x B j r e H n e  B xunrcnx Axcnepcnas 
~ p e 6 y e ~ c a  M e H e e  0,1 cex. 

C ~ o p o c ~ b  p a 6 0 T b I  aBTOMaTH¶eCKHX K c ~ ~ o ~ ~ ~ @ H ¶ ~ c I E H x  MaI I IHH 

I I p H  IIPOIIBJIeHHH M ~ X O B O ~  q e ~ K 0 6  COCTaBJIHeT -30 cf i /ce lC.  CepnB- 
H b I e  MaIIIHHbI ,  HCIIOJIb3YIOIQHe IEaCIcaHHOe I IpOHBJIeHEIe ,  p a 6 0 T a H ) T  CO 

I CIEOPOCTbH) 10 c&/c~?K. B 3RCI IepEIMeHTaJ IbHbIX  YCJIOBHEIX ~ L I J I H  

AOCTHrHyTbI  60~1ee BbICOKHt? CIEOPOCTH. CKOPOCT~I I I e P B b I X  M O A ~ . T I ~ G  
~ c e p o r p a + ~ r e c ~ ~ x  a n n a p a T o B ,  n e s a T a s m H x  c MHKPO@HJI~MOB n p H  

I IPOI IBJ IeHHH M ~ ~ H H T H O ~ ~  KHCTbH), COCTaBJIIIJIH OHOJIO 10 c & / c ~ K .  
B 3IECI IepHMeHTaJ IbHbIX  ~ C T ~ O B C T B ~ X  6 ~ 1 ~ 1 1 3  AOCTEII'HYTbI 6onee BbICOIcHf3 

CIEOPOCTH. K a I E  Y n O M H H a J l O C b  P a H e e ,  I I p H  I I P O R B J I e H H H  BaJIHICOM 

s a p e r ~ c ~ p ~ p o s a ~ b ~  C K O ~ O C T H  mure  75 c a l c e ~ .  

I 2.8. IIEPEHOC I13OEPAXEHMR 

I I p o s s n e ~ ~ b ~ e  CYXHM ;IO~OIIIKOM ~ c e p o r p a @ ~ ~ e c ~ ~ e  ~ s o 6 p a s e -  
H H R  M O X H O  I I e p e H e c T H  H a  6 y M a r y  pa3J IHYHbIMH C I I O C O ~ ~ M H .  C p e n E I  

BTHX CIIOCO~OB ~ a H 6 o n e e  M3BeCTHbI ~ J I ~ K T P o c T ~ T H ¶ ~ c K H H  EI aAre3EIOH-  

H ~ I H  I I e p e H O C .  C O ~ J I ~ C H O  I I e p B O M y  113 3 T H X  C I I O C O ~ O B ,  IIOPOIIIIEOBOe 



09YBCTBJIeHHH IIJIaCTHHbI. 

Apyroii B a p H a H T  cnoco6a s n e K T p o c T a T n s e c K o r o  n e p e H o c a ,  ocao- 
B B H H ~ I ~  H a  HCIIOJIbBOBaHHH qEIJIHHAPa, O ~ T I I H Y T O ~ O  ~ I ~ o B o A E I I Q I ? ~  

pesEIHof i ,  6b1n I IpHMeHeH B HeICOTOPbIX aBTOMaTH9eCKHX MaIIlH- 

H a x  [39 I .  Mexny q k i n H H A p o M  H M ~ T ~ J I J I H Y ~ C I C O ~ ~  O C H O B O ~  K e e p o r p a -  

@ H Y ~ C K O ~ O  6 a p a 6 a ~ a  co3aae~ccr H a n p H x e H H e  -1000 6. B y l w a r a  

IIpOXOAHT Me?KAy 4HJIHHApOM H 6 a p a 6 a ~ o ~ ;  AJIa TOTO Y T O ~ M  06ecne- 
s H T b  X O P O L U H ~ ~  KOHTaHT C 6 a p a 6 a ~ o ~ ,  K qHJIHHAPY IIPHKJIaAbIBaeTCIl  

~ e 6 0 n b m o e  y c H n H e .  

IIocne 3 ~ 1 e ~ ~ p o c ~ a ~ m s e c ~ o r o  nepenoca H a  n J I a c T m H e  o c T a e T c c r  

TOHICHI% cnofi n o p o m K O B o r 0  ~ 3 0 6 p a x e ~ ~ ~ 1 ,  K O T O ~ ~ I ~ ~  H ~ O ~ X O A E I M O  

YAaJIEITb IIepeA IIOBTOPHbIM HCIIOJIb30BaHHeM IIJIaCTHHH. 

A ~ r e 3 H 0 H ~ b I f i  nept?HOC OCHOBaH H a  IIPHMeHeHHEl GylclarH,  IIOKPbI- 

 TO^ C OJJHO$ CTOPOHbI aAI'e3EIOHHbIM CJIOeM. A A ~ ~ ~ H O H H ~ I ~  C J I O ~ ~  AOJI- 

Z e H  ~ H T L  I C J I ~ ~ ~ K M M  HaCTOJIbKO, Y T O ~ ~ I  YAePXCHBaTb IIOPOLUICOBOe 
I n306paxe~zie, HO H e  n p m n H n a T b  K n o B e p x H o c T H  cjo~oczoa. Eynlary 

DPHBOAHT B KOHTaHT C IIOPOLUKOBbIM H 3 0 6 p a ~ e ~ ~ e ~  H a  IIJIaCTHHe, 

HPHKaTbIBaR ee 3JIaCTH9HbIM BBJIHKOM C I(eJIbI0 0 6 e C I I e 9 e H H R  XOPO- 

m e r O  KOHTaKTa.  npm EICIIOJIb30BaHHH CeJleHOBMX IIJIaCTkiH I I 0 9 T H  

B c e  n o p o I m o B o e  n a o 6 p a x e ~ ~ e  M o x e T  G H T ~  n e p e H e c e H o  H a  npyrym 
I 

IIOBepXHOCTb.  TOT MeTOA o c o 6 e ~ ~ o  y,qo6e~ AJlH I I e p e H O C a  TOHOBbIX 

I H 3 0 6 p a ~ e ~ H f i .  Y B J I ~ W H ~ H H ~ E I  IIepeBOHHaEI 6 y M a r a  I IpeACTaBJIReT 

eo6ofi y ~ o 6 ~ a r i i  M a T e p n a J I  gna a ~ ( r e 3 ~ o ~ ~ o r o  n e p e H o c a .  Bso6pawe- 
HHEI, IIPOIIBJIeHHbIe 3fEHAKOCTHbIM C I I O C O ~ O M ,  MOI'YT 661~1, I I e p e H e C e H b I  

I I p H  HCIlOJIb3OBaHHH HaTHCHa TeM Z e  I IyTeM,  KaKHM IIePeHOCEITCR 

i c n e s a ~ ~ o i i  ~ ~ I O P M H  O ~ ~ I Y H H ~  I c p a c o m b I e  ~ 3 0 6 p a x e ~ ~ t l .  HEIK~IEE~X 
c n e q m a a b H b I x  ~ O K P ~ I T H ~  AJIX 6 y ~ a r ~  B  TOM cnyyae H e  ~ p e 6 y e ~ c ~ .  
O , ~ ( H ~ K O  IIepeHOC a e o 6 x o ~ n ~ o  O C y ~ e C T B H T b  A 0  TOrO, K a K  ~ a o 6 p a z e -  

I HMe B ~ I C O X H ~ T .  K c e p o r p a + ~ ~ e c ~ o e  m 3 0 6 p a ~ e a ~ e  M O ~ H O  n e p e ~ e c ~ n  
H a  A e p e B m H b I e ,  n n a C T M a c c o B b I e ,  IcepaMEiuecIcHe,  M e T a n n H s e c I c n e  

I3 A p y r H e  IIOBepXHOCTH. E c n ~  HCnOJIb3yIoT  ~ J I ~ K T ~ o # o T o ~ ~ M ~ ~ ~ ,  

K a K ,  H a n p m e p ,  B M e T o n e  c c a n e ~ ~ p o @ a ~ c c ) ) ,  TO n e p e H o c  H e  H y m e H .  



BOJI~ IUHHCTBO ~ c e p o r p a + ~ q e c ~ c l z x  n p o a ~ E i ~ e n e 6  COCTOHT npemy- 
IQeCTBeHHO 133 I I J I aBKHX CMOJI. K 0 r ~ a  3 T H  IIPORBMTeJIEi I IepeHOCFIT 

H a  G y ~ a r y ,  ~ 3 0 6 p a m e ~ ~ e  MOWHO n p o s H o  a a K p e n E i T b  H a  ~ e i i  H a r p e -  

B a H H e M  [so] EiJIEi A ~ ~ C T B E I ~ M  I I a p O B  P a C T B O p H T e J I R  151 1 ,  K O T O p b I e  

WiCTHqHO PaCI I J I aBJ IRIoT  I IPORBEiTeJIb ,  H I I o c J I ~ A H H ~ ~  I I p O H H K a e T  

B 6 y M a r y .  ICceporpa@xsec~oe ~ 3 0 6 p a w e ~ ~ e  M o x e T  6b1~b T a K x e  

3 a K p e I I J I e H O  BAaBJ IHBaHHeM IIpOXBEiTeJIII B I IOBePXHOCTb  6 y ~ a r ~ i  [39]. 
& ' b o 6 p a x e ~ ~ ~ ,  I IpORBJIeHHbIe  HeIIJ IaBKHMH IIPOXBEiTeJIRMH, MOWHO 

s a r c p e n x ~ ~ b  H a H e c e H m e M  n o ~ p b r ~ k ~ i i  ~3 npo3pas~b1x D n a c T M a c c .  

B cnysae a ~ r e 3 n o ~ ~ o r o  n e p e H o c a  ~ 3 0 6 p a m e ~ ~ ~  n p o r r B m T e j I b  

n p o H m a e T  B a ~ r e 3 m o ~ ~ o e  n o ~ p b ~ ~ u e ,  H, K o r j a  n o c n e A H e e  B b I c b I x a e T ,  

~ i a o 6 p a x e ~ ~ i e  o ~ a 3 1 , 1 s a e ~ c ~  ~ ~ K ~ ~ I I J I ~ H E I ~ I M .  

H p H  I IpORBJIeHHH IfiHAKEIM IIPOXBHTeJIeM AOIIOJIHEiTeJ lbHO~O 3 a K p e -  

ICJIeHEiR O ~ ~ I ~ H O  H e  ~ p e 6 y e T c R .  

H e n a ~ ~ o  6 ~ 1 ~ 1 1 3  o n m c a H b 1  p a 3 n ~ s ~ b 1 e  c n o c 0 6 b 1  a a ~ p e n n e ~ ~ i ~  npu 
IIOMOE(I4 X E i M E i ~ e C K H X  p e a q n i i  152, 531. B OAHOM Ei3 C I I O C O ~ O B  ~ 1 3 0 6 -  

pameme n p o R s n x I o T  I IO~OII IKOM c o J r x H o m c n o r o  a H E i m H a ,  nocjIe 
ser0 E i 3 0 6 p a W e ~ H e  I I p H B O ~ E i T C R  B K O H T a K T  C B J I ~ W H O ~  6 y b l a r 0 5 ,  

c o ~ ( e p x a r q e i i  O K H c n H T e n b  H ~ a ~ a ~ ~ n a a ~ o p .  P e a K q E i r r  0 6 p a 3 0 ~ a ~ ~ r r  
~ H H J I F ~ H O B O ~ ~  COJIH BbI3LIBaeT  I IORBJIeHHe  H a  6 y ~ a r e  s e p H O r 0  ~ 3 0 6 p a -  
W e H H t I .  

B a H a J I o r H s H o M  cnoco6e 3 ~ 1 e ~ ~ p o c ~ a ~ ~ i s e c ~ o e  ~ 3 0 6 p a x e ~ ~ e  
n p o a n n r r I o T  n o p o m I c o M  c T e a p a T a  ~ e ~ ~ e a a .  JIHCT G y ~ a r E i ,  c ~ o s e ~ ~ b 1 i . i  
CIIHPTOBbIM PaCTBOPOM J ! ~ J I J I H ~ B o ~  KHCJIOTbI, I IPHBOART B KOHTaKT 

C I IPORBJIeHHbIM ~ 3 0 6 p a 3 1 ~ e ~ H e h 1 ,  Ei B p e 3 y J I b T a T e  P e a K q E i E i  H a  6 y ~ a r e  
0 6 p a 3 y e ~ c ~  s e p H o e  m306pai1~e~me. 

HpyroH M e T o A  a a ~ i p e n ~ ~ e ~ m a  o c H o s a H  H a  n p H M e H e a n m  npo r rBEiTe -  
nefi ~3 M E i K p o K a n c y n  XEIAKHX K p a c o K  [541. IIOA ,qaBneHEieM K a n c y n b r  

~ ~ ~ A ~ B J I H B ~ I ~ T C H ,  o c T a B x x x  H a  6 y ~ a r e  ~ 3 0 6 p a w e H H e ,  c o c T o x w e e  

H 3  I IHTHbIII IeK K p a C K H .  

Hepeg IIOBTOPHbIM BCI IbJ Ib30BaHEieM I C C ~ P O ~ ~ ~ ~ # H ~ ~ C I C O ~  I I j IaCTHHbI  

O C T ~ B I I I H ~ C R  nocae n e p e H o c a  ~ 3 0 6 p a x e ~ ~ r r  n o p o m o K  H ~ O ~ ~ O ~ ~ H M O  

y A a J r m T b .  ECJIH n p o H n m e n b  H e  c n m m I c o M  JIHIIKHIYI, ero J r e r K o  MOWHO 

Y H a J I H T b  BaTHbIM TabIIIOHOM. B K ~ e p O r p a ~ H s e ~ ~ c H X  ElBTOMaTHseCKHX 

POTaqEiOHHbIX MaIUEiHaX IlPElMeHXIOTCFI I l e X O B b I e  IQeTKH. ECJIH OCT&TOK 

I IOpOI I IKa  C n J I a C T H H b I  TPYAHO CTEiPaeTCR,  H ~ O ~ X O A H M O  I I P H M e H H T b .  

KaCK:IAHyIo 0 9 H C T K Y  r p a H y J I H p O B a H H b I M  M a T e p H a J I O h l  [%I.  TOT 
M a T e p r n a n  n p H  K a c I c a A H o M  n p o x B n e H E i H  B e A e T  ce6x IcaIc H o c I t T e n b .  

OH n P H T H r M B a e T  9 a C T E i q b I  I IOpOIUKa  BCJIenCTBEie ~ p m 6 0 3 J I e K ~ p H 3 a ~ E i H .  

~ P H  O¶MCTKe l ? P a H y J I H P O B a H H b I M  M a T e P H a J I O M  IIPOEi3BOAEiTCR e r O  



n e p e M e q e H H e  no n n a c T m e  H e c K o n b K o  pa3. l l n a c ~ t i ~ a  n p H   TOM 
H e  n o B p e x c A a e T c r r .  

H ~ O A H O K ~ ~ T H O ~  IIOBTOpHOe  H C n O J I b 3 O B a H H e  CeJIeHOBbIX nJ I aCTHH 

H n H  6 a p a 6 a ~ o ~  npHBOAElT  K O ~ ~ ~ ~ O B ~ H H I O  H a  HHX IIJIeHICEl IIpOFlBH- 

TeJ IH ,  IEOTOpYIO H ~ O ~ X O A H M O  I I epHOAH¶eCKH CMhIBaTb  PaCTBOpHTeJ IeM.  

P ~ c T B o ~ H T ~ J I ~  H e  ROJIEKeH B O ~ , T ( ~ ? ~ C T B O B ~ T ~  H a  ( P O T O ~ P O B O ~ I I ~ H ~ ~  ~ ~ 0 6 .  
Y ~ C T O  AJIR 3 ~ 0 %  q e j I H  HCnOJIb3YIOT H ~ O I I P O I I H J I O B ~ I $  C n H p T .  

0 6 ~ 9 ~ 0  noc.xe a ~ r e 3 ~ o ~ ~ o r o  n e p e H o c a  HJIH n e p e H o c a  nocne 
? X n ~ K O C T H O r O  I IpORBJIeHHR JIOPOIIIOK H e  3 a M e T e H  H a  I I J I aCTHHe ,  H O H a  

IEa;IEeTCH Y M C T O ~ .  O A H ~ K O  n p I 4  p a 6 o ~ e  C TOHOBbIMH X t 3 0 6 p a X e ~ k l ~ ~ H  

X e n a T e n b H o  n p o M b I s a T b  n J r a c T a H y  p a c T B o p H T e n e M  nocne K a x A o r o  

EICIIOJIb30BaHHR C 4 e J I b I O  C 0 3 A a H H H  Y H C T O ~ ~  I IOBePXHOCTH AJIH IIOCJre- 

aymqero  q m n a .  
B a B T O M a T H s e C K H X  M a I U H H a X  C K c ~ ~ o ~ ~ ~ # I % ¶ ~ c K H M H  6 a p a 6 a s a ~ n  

- 

H e n p e p M B H a H  o s M c T I c a  o c y p e c T s n r r e T c H  n p H  n o M o w H  s p a q a m q m x c f i  

MeXOBMX IQeTOK El O T C ~ C ~ I B ~ H ) ~ ~ ~  CHCTeMbI. ~ J I ~ c T H H H  H 6 a p a 6 a ~ b 1 ,  

I I pE iMeHHeMbIe  . B KOI I J lpOBaJ lbHbIX  Ma lUHHBX,  TaKlfEe H ~ O ~ X O J ~ ~ M O  

B p e M H  OT BpeMeHEl  I I p O M b I B a T b  X H A K H M  09HCTEITeJIeM. 

L U ~ p n x o ~ o e  mnn p a c T p o B o e  ~ c e p o r p a @ ~ s e c ~ o e  14306pa; rceHHe 

MOXHO n e p e H e c T H  m a a ~ p e n a ~ b  H a  o # c e ~ ~ o i i  ~ ~ M ~ X H O %  ( P o p ~ e  [27, 561 
m 3 a T e M  n e s a T a T b  c H e e  T m p a x  H a  o a c e ~ ~ b r x  M a r u m a x .  I C p o ~ e  T o r o ,  

m 3 0 6 p a x e ~ ~ e  M o x e T  6 b 1 ~ b  n e p e H e c e H o  H a  c n n p T o B a I e  ( P o ~ M ~ I  [ IO ] .  
H e ~ o ~ o p b ~ e  BHAbI ~ J I ~ K T P O ~ O T O ~ P ~ @ E I ~ ~ C K E I X  6yh1a1' M O r Y T  6b1~b HCnOJIb-  

~ O B ~ H ~ I  B K a s e c T B e  O @ C ~ T H ~ I X  ( P o ~ M .  C  TO$ q e x m  nocne n p o m n e a n c l  

H s a ~ p e n n e ~ ~ ~  n 3 0 6 p a x e w ~ ~  6 y ~ a r a  n o A s e p r a e T c H  X E I M E I Y ~ C K O ~ ~  

o 6 p a 6 o ~ ~ e  HJIR r j H ~ p 0 # H J I E 1 3 a q k 7 E l  I l p 0 6 e J I b ~ b 1 ~  3JIeMeHTOB.  

H ~ I I O C ~ ~ A C T B ~ H H O  HeCICOJIbKO KOIIHG M O X H O  I IOJ IyYHTb ,  BHAOH3- 

M e H H B  ~ J I ~ I E T P O C T ~ T ~ I Y ~ C I C H $  I I e p e H O C  [ lo] .  np0qecc 3 a K J I I O q a e T C H  

B C J I e A y m q e h f :  nao6paitie~ne IIPOHBJIRIOT H a  ~ceporpa@isec~of i  nna- 
C T m e  H n e p e H o c s x T  H a  6 y ~ a r y  B K O ~ O H H O M  pa3pqe .  npemne s e M  

OTAeJIkITb 6 y n f a r y  OT I IJ IaCTHHbI ,  I IPOH3BOAHT 3 a p R A K Y  6 y M a - r ~  B KOPOH- 

HOM p a 3 p R A e  0 6 p a ~ ~ o H  ~ O J J R p H O C T H .  BoJIb111ee KOJIHYeCTBO IIpOHBEl- 

TeJ IR  n p H  3TOM OTTaJIKEiBaeTCR O ~ ~ ~ T H O  H a  n n a c T H H y .  Ha 6 y ~ a r e  Xe 
OCTaeTCH AOCTaTOYHOe K0,7H¶eCTBO IIPOHBHTeJIH,  Y T O ~ ~ I  0 6 t ? ~ I I e ¶ H T b  

xopomee I c a s e c T B o  KOIIHH. IIocne o T n e n e H m  n n c T a  6 y ~ a r H  OT nna- 
CTHHLI H ~ ~ K ~ ~ I I J I ~ H H H  I I o a y Y a e T c H  nepsax x o n H r r .  Cneiqy~orqmH JImcT 

n p H K J I a A b I B a t ? T C R  K OCTaBIIIeMyCFI H a  I I J I aCTHHe  IIOpOIlIIcOBOMy ~ 3 0 6 p a -  
HEeHHIO, M I I P O q e C C  I I e p e H O C a  I lOBTOpHeTCR.  C OAHOrO k 1 3 0 6 p a w e ~ ~ s  

MOHFeT 6b1Tb  I I O J I y s e H O  3THM C I I O C O ~ O M  OT 10 A 0  12 K o I I H ~ ~ .  

ICceporpa(Pasec~<me I c o n m ,  c A e n a H H b r e  H a  n p o s p a s ~ ~ x  H n K  nony- 
n p o 3 p a s ~ b 1 x  M a T e p H a n a x ,  M o r y T  G H T ~  H C I I O J I ~ ~ O B ~ H ~ I  K a K  0pnrma.m 
gncr ~ ~ a 3 0 ~ 0 r r n p o ~ a ~ m .  





@ O T O ¶ ~ B C T B H T ~ J I ~ H O C T ~  K C e p 0 r p a @ H s e C K H ~  IIJIaCTHH O I I p e A e -  

J I g e T c r r  C K O P O C T ~ I O  cnaga 3 J r e K T p E i s e c x o r o  I I o T e H q m a n a  n p H  omewe- 
H H H  IIJIaCTHHbI. B 7 a 6 ~ 1 .  1 AJIR P R A a  @oToIIJI~?HoK I I p H H e A e H b I  OTHOCa- 

TeJIbHbIe  3 H a 9 e H M R  @ O T O ¶ Y B C T B H T ~ J I ~ H O C T H  H C O O T B e T C T B Y I O ~ H C  P a C -  

g e T H b I e  3 H a q C H H t I  ~ K B H B ~ J I ~ H T H o ~  9YBCTBHTeJIbHOCTH IIO CHCTeMe ASA. 
HamGonbruee p a c n p o c T p a H e H m e  B n p o M b I m n e H H o c T n  n o n y s H n Y r  

ceiivac @ o ~ o n p o ~ o ~ n q m e  CJIOH ~ M O P @ H O ~ O  c e n e H a  m OXITCH qMHIca 

P ~ c Y ~ T H ~ R  Y y B -  
C T B A T e J I b H O C T b  

no CHCTCMe 
ASA 

0,002 
0,008 
0,014 
0 ,2  

1,o-2,0 

190 
2,0 

20,O 

10-30,O 

~ o T O ~ O J I ~ ~ ~ O B O ~ I H H K O B ~ I C  M a T e P H a J I b I  

Cepa [ l o ]  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  A H ~ p a q e H  [ l o ]  

~ O J I I ~ B E ~ H E ~ J I K ~ ~ ~ ~ ~ O J I  [57] . . . . . . . . .  
Cnoii ORHCH qama B C B R ~ Y K I I ~ ~ M  [33] . . .  
C ~ H C I I ~ I ~ ~ H ~ E ~ ~ O B ~ H H ~ $  KpaCHTeJIIIMH C J I O ~  

OKJICXI q l I H K a  B CBII3YH)QeM [331 . . . .  
Cnoii n10&11111o+opa n 3  c M e c E i  CYJIM$H~OB 

. . .  KaAMElX H q M H K a  B CBII3YH)Il(eM [36] 
A M O P + H M ~  c e n e ~  [37, 101 . . . . . . . .  
Cnnae c e n e ~ a  IT T e n n y p a  [37] . . . . . .  
C y n b a q t  xanmrr, n e r a p o s a 1 1 1 1 b 1 5  M a p r a H -  

q € ? M  Ii KEiCJIOpO~OM, B CBH3YH)Il(€!M [36] 

OTHocmTenbHaR 
(POTOYYBCTBH- 

T C n b l I O C T b  

1 
4 
7 

100 

500 

500 
1 000 

10 000 

5000-15000 



MO~KHO H a A e R T b C I I ,  ¶TO B HeAaJ IeKOM 6 y A y I q e M  AJIR K ~ e p 0 r p a ( P H L I  

c Y A Y ~  C 0 3 A a H b I  HORbIe ,  60~1ee COBepI I I eHHbIe  IIOJIyIIpOBOAHMKOBbIt? 

M a T e p m a n b I .  Ha  TO y ~ a 3 b 1 ~ a e ~  6onbmoe w c n o  n a T e H T o B ,  BbIAaH- 

H ~ I X  3a n o c n e A H n e  r o A b 1 ,  H a  T a m e  h f a T e p m a x b 1 .  

BO MHOrElX J I ~ ~ O ~ ~ T O P H I I X  HCCJIeAYIOT C I I O C O ~ ~ I  YBeJIEZYeHEiR (POTO- 
syBCTBHTeJ IbHOCTH C ~ H C E I ~ H J I H ~ ~ ~ H ~ ~ ~  K p a C H T e j I H M H  H HCIIOJIb3OBa- 

H H e M  IIBJIeHHII  KBaHTOBOrO YCHJIeHHH. ~ O ~ T O M ~  A a H H b I e  ~ a 6 n .  1 
H e J I b 3 H  C g H T a T b  I IpeAeJ IbHbIMH I I O K a 3 a T e J I H M H  YYBCTBHTeJIbHOCTLI 

3~ re~~po(Po~orpa (Pr i sec~oro  npoqecca. 

~ J I B C T H H E J  C ~ M O P ( P H ~ I M  CeJIeHOM qYBCTBEiTeJIbHb1 B OCHOBHOhi 

K c H H ~ - ( P H o J I ~ T o B o ~ ~  ¶aCTI l  C n e K T p a ,  XOTR MOWHO P a C I I I H P H T b  3 T Y  

o 6 ~ 1 a c ~ b  H I IOJ IYgHTb  ¶YBCTBHTeJIbHOCTb K KPaCHbIh f  J lyW3hI  I I p H  HaI Ib I -  

n e H m  c e j I e H a  H a  n o A o r p e T y m  n o A j I o m K y  [37]. I I p ~ 6 a n ~ a  T e n n y p a  

K C e J I e H y  P a C I I I H p R e T  06nac~b  YYBCTBHTeJIbHOCTH 38 C ¶ e T  X ~ ~ C H O ~  

¶ a C T H  C n e K T p a  1581 ( ~ H c .  15). TO W e  IIpOHCXOAmT H I I p H  ~ o 6 a ~ ~ e  
K C e J I e H y  M b I m b H K a  [%I. 

Y C Z O e B  E13 OKHCH q H H K a  B C B I I 3 Y I O q e M  MaKCHMYM c I I ~ K T ~ ~ J I ~ H o ~  

YYBCTBHTeJIbHOCTH IIPElXOAHTCH H a  6 J I H i f ~ ~ J f f i  y J I b ~ p a ( P & f 0 J I e ~ ,  npH¶e tv f  

OHH 0 6 J l a ~ a I O ~  H ~ I C O T O P O ~ ~  ¶YBCTBHTenbHOCTbIO K (PHoJ I~ToBoG BHAH- 

~ o f i  Y a c T m  cnempa. C ~ H C H ~ H J I H ~ ~ ~ H H  K p a c m T e m M n  I I O ~ B O ~ I I ~ T  pac- 
I I p O C T p a H H T b  C I I e I c T p a 3 b H y I O  UYBCTBHTeJIbHOCTb H a  p a 3 J I H 9 H b I e  Y a C T I l  

B u A u M o r o  cnempa (puc. 16). 
Cepa H a H T p a q e H  9YBCTBEZTeJIbHbI K rony60fi H Y J I ~ T ~ ~ ( P H o J I ~ T o B o I %  

1 YaCTRM C n e K T p a .  CyJ Ib (PHA KaAMEIfI EIMeeT I IHK ¶YBCTBElTeJIbHOCTti 

B 3ene~o i i  qacm cnewpa, a c y m b ( P ~ ~  qEiHIca  - B ~ J I H ~ K H ~ M  y m T p a -  

( P H o J I ~ T ~ .  T a K H M  06pa30~ ,  ICOM~EIHMPYFI 3TEI A B a  c y J I b ( P t i ~ a ,  M O W H O  

i ~ 
- I I O J I y ¶ a T b  M a K C l l M y M  c I I ~ K T ~ ~ J I ~ H o ~ ~  YYBCTBHTeJIbHOCTH B I I p e A e J I a X  

BTHX r p a H n q .  

T ~ M H O B O ~  COIIpOTHBJIeHEle ( P o T o I I ~ o B o A I I ~ ~ ~ o  CJIOII Y M e H b l u a e T C R  

c y B e n m s e H H e M  3 n e I c T p H Y e c I c o r o  norm, n p n n o x e H H o r o  IE CJIOIO. T ~ K ,  
I c o r A a  ~ c e p o r p a $ m i s e c ~ a c ~  m a c T E i H a  a a p ~ x a e ~ c ~ ,  TO no M e p e  ysenu- 

' YeHHCr 3 a p H A a  I IJ IaCTHHbI  YMeHbI I I aeTCR COnpOTEIBJIeHHe CJIOX. 3 ~ 0  
Y M e H b I I I e H H e  CO~POTHBJI t ?HHR I I03BOJIReT  ~ O J I ~ I I I ~ M Y  KOJIIlYeCTBY 3 a p H -  

ROB c T e v b  sepes cnoii, M e c m  o ¶ y B c T B n e H H e  n p o A o n x a e T c H ,  TO npo- 
q e C C  A O C T H r a e T  P a B H O B e C H R ,  K O r A a  3 a P H A h l  CTeKaIOT T a K  W e  ~ H C T P O ,  

K a x  H O c a x A a m T c H .  

~ o T ~ H ~ H ~ J I  I IJ IaCTHHbI  I I p H  YCJIOBEIH, K O r A a  KOJIH¶eCTBO O C a W A a e M b I X  

3 a P I I A O B  P a B H O  K O J I H s e C T B y  3 a p I I A O B ,  Y T e K a I O ~ H X  B IIOAJIOWKY, 

H a 3 b I B a e T C I I  H a q a J I b H b I M  I IOTeHqHaJ IOM (CM. PHC.  14). Ero BedIHYHHa  



f l n U H a  EOflHbI ,  M M K  

P a c .  15. C n e x ~ p a . r l ~ ~ a a  vyBcTBaTenLHocTb cnoeB 5x3 a ~ o p 4 ~ o r o  ceneHa 
u cnnasa cenena c Tennypora. ICpa~b~e nocTpoeHbI Ana p a ~ ~ o 3 ~ e p r e ~ m s e c ~ o r o  

cnempa 1371. 
1 - YUCTIJB cenen, a a n b ~ n e ~ ~ b ~ B  npH 4 5 O  C;  2 - YHCT~IB cenen, nanblnen~b~ii npu 7 5 O  C ;  
3 - cenea, cofleprnalllrnii 7 % Tennypa u H ~ ~ ~ I J I ~ H H ~ I B  npn 4 5 O  C; 4 - cenea, coneprnaa~ii 

7 %  TeJIJIypa H Hanb~JIe~~blfi npIl 75" C. 



HBJIReTCH B ~ ? H H o ~  x a p a ~ ~ e p ~ c ~ ~ ~ o i i  j r c e p o r p a + ~ v e c ~ c o H  n n a c T m H b I ,  

T a K  K a K  o H a  o n p e A e m e T  n o n y s a e ~ b r f i  3 x e ~ ~ p o c ~ a ~ ~ s e c ~ c i f i  KOHTPaCT.  

O G ~ I ~ H O  n j I a c T m y  3 a p ~ ~ a m ~  AO I I O T ~ H ~ M ~ J I ~  H H x e  H a v a j I b H o r o  HJIH 

T O ~ O ,  g ~ 0 6 b 1  H 3 6 e i f C a ~ b  I IOPWT ee I I p H  ¶ p e 3 M e p H O  6onk.1110~ 3J IeKTpM-  

¶eCKOM H a n p a m e H n H .  

2.13.4 .  T E M H O B A R  YCTOMgkIBOCTb 

B p e m ,  B T e v e H M e  K o T o p o r o  H a  n n a c T m H e  C o x p a H R e T c R  C K p b I T o e  

3 ~ 1 e ~ ~ p o c ~ a ~ ~ u e c ~ o e  ~ a o C i p a i f ~ e ~ n e ,  o n p e A e n R e T c R  C K O P O C T ~ H )  cnaaa 
3JIeKTPEi9eCKOI 'O I I O T e H q H a J I a  B TeMHOTe  (CM. PHC.  14). T ~ M H O B O ~ ~  
C n a A  - ( P Y H I C ~ H R  TeMHOBOrO COnPOTHBJ leHHR IIJIaCTHHbI. Ecam n e p M O A  

Mf3XAy 3KCIIOHHPOBaHMehl  M I IpOHBJIeHHeh l  BeJ IHK,  Y C T O ~ ~ ~ M B O C T ~  

CTaHOBMTCR B a X H b I M  @ ~ K T O P O ~ I .  O ~ H ~ K O ,  K O r A a  3KCI IOHHpOBaHMe 

H I lpOSIBJIeHMe C J IeAyIoT  HeI IOCpeACTBeHHO A p y r  3a A P y r O M ,  K a K ,  

H a I I p H M e p ,  B aBTOMaTH'XeCKHX M a I I I H H a X ,  TeMHOBaR Y C T O ~ ~ ¶ H B O C T ~  

H e  H M e e T  CyIQeCTBeHHOI'O 3 H a s e H M R .  T ~ ~ I H O B ~ H  ~ C T O ~ W ~ B O C T ~  O n p e -  

AeJ IReTCR C B O ~ ~ C T B ~ M H  @ O T O I I P O B O ~ R ~ ~ ~ O  M a T e p b i a J I a  M MeTOAaMH er0 
H a H e c e m r r .  Y C T O ~ ~ ~ H B O C T ~  06b1v~0 o n p e A e m e T c a  B p e M e H e M ,  ~ e o 6 -  
XOAHMbIM HJIR AOCTH3KeHIIR B TeMHOTe  I I O T e H q M a J l a  IlJIaCTMHbI, P a B -  

H o r o  n o n o B n H e  H a Y a m H o r o .  XOTII ~ c e p o r p a @ ~ s e c ~ o e  ~ 3 0 6 p a ~ ; e ~ ~ l e  

IIPOHBJIRIOT 0 6 ~ 1 1 9 ~ 0  C p a 3 y  Xt? IIOCJIe 3KCI lOHHPOBaHHR,  3 J I eKTPOCTa-  

T H s e c K o e  ~ l a o G p a > r c e ~ ~ e  MOXHO C o x p a H z i T b  B T e g e H M e  h m o r m  v a c o B  

6e3 ~ H E ~ Y E I T ~ J I ~ H O ~  I I O T e p H  KOHTpaCTHOCTH Ei p a 3 p e I I I e H H I I  [16]. 

K o r ~ a  o s y B c T s n e H H a R  ~ c e p o r p a @ ~ s e c ~ c a n  n a a c T n H a  EIKCIIOHH- 

p y e T c R ,  a n e ~ ~ p ~ s e c ~ k ~ f i  n o T e H q H a a  caaqana 6 6 1 ~ ~ ~ 0  Y M e H b L u a e T c n ,  

a 3 a T e M  C J I e H y e T  OTHOCHTeJIbHO M ~ H X ~ H H L I ~ ~  CI I aA  (CM. p H C .  14). 
H a n p ~ w e ~ ~ e  IIJIaCTMHbI B T O s K e ,  rAt? H a s M H a e T C R  M ~ A J I ~ H H ~ I ~ ~  C n a n ,  

H a 3 b I B a e T C R  OCTaTOYHbIM I IOTeHqHaJ IOM.  

 TOT I I O T e H q H a n  H3MeHReTCR B I I p e A e J I a X  OT 3 ~ a ¶ e ~ M f f ,  ~ J I M ~ K M X  

K HYJIK), no a ~ a s e ~ m i i ,  C o c T a B n c I m q M x  20-30% H a s a n b H o r o  n o T e H -  

q H a n a .  Manb16 O C T ~ T O ~ H L I ~ ~  I I O T ~ H ~ H ~ J I  I I O ~ B O J I R ~ T  I IOJIYYHT~ G O J I ~ I I I H ~  
~ J I ~ K T ~ o c T ~ T H W ? C K H  KOHTpaCT.  B e J I ~ s l l H a  OCTaTOvHOrO I I O T e H ~ H a J I a  

saxwa n p H  n o n y Y e H m  TOHOB~IX ~ 3 0 6 p a ~ e ~ ~ 6 ,  XOTR ero B a n t I H m e  

M O X e T  6 ~ ~ b  A 0  H ~ B ~ C T H O ~ ~  CTeI I eHH CKOMIIeHCMpOBaHO I I P H  I IpORBJIe -  

HHm. n p ~  IIITPHXOB~IX H ~ O ~ P ~ I I C ~ H H H X  MO?HHO M E I P M T ~ C R  c 60~1ee 
BbICOIEHM OCTaTO¶HbIM IIOTeHqHaJIOM. 



CTHHbI 110 1.   TOT 3 @ @ e K ~  C K a 3 b I B a e T C R  B YBeJ IHYeHHH TeMHOBOrO 

C I I a A a  I lOTeHqEIaJ I a  IIJIaCTHHbT, T.  e. B y h l e H b l I I e H H H  T ~ M H O B O ~  ~ C T O ~ -  

IIHBOCTH. ~ Y C T ~ J I O C T ~ ) )  ~ M O ~ @ H O I ' O  C e J I e H a  Bb l3b IBaeTCR yBeJ IHT1eHHeM 

B @ O T O I I P O B O A R ~ ~ M  CJIOe 3 a X B a Y e H H b I X  3 a P R A O B ,  IEOTOPbIe CO3AaH)T 

C H n b H o e  ~ J I ~ K T ~ H Y ~ C K O ~  none H a  r p a m q e  M e i I q y  c n o e M  H n p o B o g n -  

we6 IIoJIJIo?HKo~. 3 T H  3 a X B a q e H H b I e  B H Y T P H  CJIOII 3 a P I I A b I  BbI3JdBaK)T 

TaKifCe y B e n m s e H m e  o c T a T o s H o r o  n o T e H q m a n a .  B cnoax, 0 6 p a 3 0 ~ a ~ -  
HbIX A H C l I e P r H P O B a H H e M  (PIOTOIIPOBO~HHKOB B CBR3YIOJII,C?M7 T a K H X ,  

K a K  cnoH H 3  OKHCH q H H K a ,  ((YCTBJIOCTb)) IIPORBJIEIeTCR B C O X p a H e H H H  

IIpOBOAMMOCTH H IIOCJIe OCBeweHEIR .  

ECJIH ( ( Y c T ~ J I o ~ R  I I J I aCTHHe  A a T b  ((OTAOXHYTb)) B TeMHOTe,  O H a  IIOJI- 

H O C T ~ H )  B o c c T a H a B n n B a e T  CBOEI n e p B o H a l r a n h H b I e  cnofic~sa. ((Yc~a- 
J I O C T ~ ) )  H e  H r p a e T  60nbmoii POJIH, ecnn I I e p H o A  M e x A y  q n K m a M z i  B e a m  

MJIH eCJ IH  I IJ IaCTHHbI  M O S H O  M e H R T b  B I I p O q e C C e  p a 6 0 ~ b 1 .  O A H ~ K O  
B aBTOMaTHYeCKHX M a I U H H a X  I I p H  ~ ~ I C T P O ~ ~  C M e H e  qEIKJIOB 3 @ @ e K ~  

((YCTaJIOCTH)) I IPHYEIHReT HeI IpHRTHOCTH.  n p H  H3I'OTOBJIeHMH IIJ IaCTHHbI  

H 3  ~ M O ~ @ H O ~ O  C e J I e H a  ((YCTanOCTb)) M O X H O  yMeHbLUHTb ,  KOHTPOJIHPYEI 

npoqecc H a n b I a e H m a  c e n e H a  B B a K y y M e .  

C J I O H  E13 OKHCH UEIHKa TaIC3fEe O ~ H ~ P Y X H B ~ I O T  ((YCTaJIOCTb>> I I P H  

XIHOrOKPaTHOM HCI lOJ Ib30BaHHH7 OAHaKO B OCHOBHO&l OHH B H C e p O r p a -  

@HI3 HCIIOJIb3YH)TCR OAHOKpaTHO B K a Y e C T B e  @ o T o I I P o B o ~ H J I I , ~ ~ o  I IOKPbI-  

THH 6 y n f a r ~ .  

2.14. IIPOtIBJIIIIOIU,kIE COCTABbI 

AJIR I IPORBJIeHHR I c c e p o r p a @ ~ Y e ~ K ~ x  ~ 3 0 6 p a i f ~ e ~ m f i  M O r Y T  6 b I ~ b  

HCIIOJIb3OBaHbI  ~ a 3 J I H K I H b I e  M a T e P H a X b I ,  HO OHM J(OJITI3fCHbI Yj!(OBJIeTBO- 

P R T b  T ~ ~ ~ O B ~ H H H M ,  KOTOpbIe  OIIpeAeJIRIoTCFI  YCJIOBHHMEI IIPORBJIeHEIR 

H s a K p e n n e H m ,  a T a I c x e  ~ a 3 ~ a s e ~ ~ e a l  H ~ O ~ ~ ~ > I C ~ H H R .  ~ T H  ~pe6osa- 
HEIR OTHOCRTCH r J I a B H b I M  0 6 p a 3 0 ~  K @ ~ 3 ~ s e ~ K H h f  CBOGCTBE~M IIPOHBH- 

~ e n e i i ,  n o c I c o a m y  x H a l m s e c I c H e  p e a K q m  npn n p o R s n e H n H  OTCYT- 

C T B ~ I ~ T .  Boo6qe M a T e p E a n  AncI n p o ~ ~ n ~ e a e G  Aon i fCeH 6b1~b TBKHM, 

Y T O G ~ I  ero 661~10 nerxo H ~ M ~ J I ~ Y ~ T ~  H A n c n e p r n p o s a T b ,  K p o M e  T o r o  

OH AOJIXeH BOCIIPHHEIMaTb $1 Y;(t?PXEIBaTb 3 J I e K T p H s e C K H e  3 a p I I A b I  

rn H e  n o s p e x A a T b  r c c e p o r p a @ ~ ~ ~ e c ~ o i i  n n a c T n H b 1 .  C p e j ~ n i i  p a a ~ e p  , 
W t C T m q  I IpORBHTeJ IR  B I IOpOIu Ice  HJIH AHCIIepCHEl AJIR O ~ ~ I Y H ~ I X  KOIIH- 

P O B a J I b H b I X  p a 6 o ~  10 &IE. AJIR TOHOBbIX p a 6 0 T  Y a C T H q b I  AOJISHbI  

6 m b  M e H e e  0 , l  &K. 
I I ~ o R B I X T ~ J I H ,  HCl IOJ Ib3yeh Ib Ie  I I p H  KaCKaAHOM I IPORBJIeHHH,  I IpO-  

RBJIeHEIH M ~ X O B O ~ L  W ~ T I C O ~  H M ~ ~ H H T H O G  KHCTbIO, 0 6 ~ 1 1 9 ~ 0  H3TOTOB- 

JIRIOT H 3  CMOJILI HJIH CMeCH CMOJI, B KOTOpbIX AEICI IeP rHPOBaHbI  IlEIr- 

MeHTbI ,  H a I I p H l l l e p  C a X a .  C M 0 J I b I  110~6~pa1o~crr  C TaKHhf  paC¶eTOM,  

9 ~ 0 6 ~  0 6 e c n e ~ ~ ~ a ~ 1 a c b  ax ~ p ~ 6 0 3 J I e K ~ p E i s e ~ I c a E I  C B R 3 b  C MeXOM WeTKEi  

HJIH y a C T H q a M H  HOCHTeJIR H 9 ~ 0 6 b 1  TOYKa  H X  I I J I aBJ IeHHR JIeXaJIa 
B n p e ~ e n a x  T e M n e p a T y p ,  co3gasae~b1x AJIH s a ~ p e n n e ~ ~ ~  H a r p e s a -  



H H e M  (105-150' C ) ,  EiJIll OHFi AOJI3KHbI 0 6 J I a n a T b  AOCTaTO¶HO XOPO- 

meG paCTBOPHMOCTbK) B napax s a ~ p e m ~ e n e i i .  
I J p n ~ e p  p e q e n T a  T a K o r o  n p o R m T e n n :  25% I I o J I H B H H H J I ~ Y T H ~ ~ J I ~ ,  

70% M O J ( H ~ $ H ~ I ~ ~ O B ~ H H O  K B H H @ o ~ ~ I ~ I O  @ ~ H O J I @ O ~ M ~ J I ~ A ~ ~ E I A H O ~ ~  CMO- 

J I ~ I  H 5% C a X H  [601. EbI J IH  HCIIOJIb30BaHbI  HJ lH  I I p e A J I O X e H b I  

H npyrne p e q e n T L I  [61 I .  ? H e n a ~ e ~ r b n o ,  s ~ o 6 b 1  C M o j I m b I e  K o M n o H e H T b l  

n p o a s H T e n a  H e  rrpmnmnanm K n a a c T H H e  m a e r H o  y g a n H n m c b  c H e e .  

H o ~ < a a a ~ o ,  ¶TO B  TOM OTHonreHmm H a H 6 0 n e e  y g o s n e r R o p m T e a b H a  

c M e c b  n o m u c T H p o . n a  c 5-25 % r roxn6y~ann1e~a~pnna~a  n 5-10 ? !  
I r m r n l e H T a  [62 I .  

H o c H T e n b  AJIR K a C K a A H O r O  IIpORBJIeHHH COCTOHT H 3  F p a H y J I  m n H  

K I a p H K O B .  AZR 3 ~ 0 f i  qeJ IM EIClIOJIL3YN)T I ' P ~ H Y J I H P O B ~ H H ~ I ~ ~  X J I O P H C T ~ I ~  

~ M M O H H ~ ~ [  HJlM I I O B a p e H H Y H ,  COJIb [631. B H a C T O R q e t ?  B p e M R  UIHpOI iO  

IIPHMeHEIIOTCR C T e K 3 R H H b I e  I I I a P H K H  C IIOKr)bITmt?M, I IpOCeHHHLIe  ¶epes 
CMTO C 1-2 0TBel)CTHRMH H a  MItJIJIHMeTP. T p ~ 6 0 3 ~ 1 e ~ ~ p n s e c m e  
X a p a K T e p H C T I f K H  MOI'yT 6 b I T b  H 3 M e H e H b I  I IOKPLITHehI  I I IapI4KOB CMOJIO~,  

~ b I 6 p a ~ ~ O f i  T a K ,  9 ~ 0 6 ~  O ~ ~ C I I ~ Y E I T ~  T P ~ ~ Y ~ J I J J ~  3 H a K  H BeJ IMYHHy 

3JIeHTpH.IseCKHX 3 a p R A O B  Y a C T H q  IIPORBHTe.rlR 1641. 
ECJM s a ~ p e n n e ~ ~ e  n p o m 3 ~ o n ~ ~  H a n e c e H x t e M  n o K p o B H o r o  naxa 

HJ lH  BAaBJIHBaHI?ehl  I IPOIlBHTeJIR B G y ~ a r y ,  I IOKpbITyIO  I C J I ~ ~ ~ I C E I M  

CJIOeM, TO MOlfCHO HCI IOJ Ib30BaTb  HeIIJ laBKHe IIPOEIBHTeJIl3. H P H ~ O ~ ~ H ~ I  
p a 3 ~ 1 a s ~ ~ 1 e  T H I I ~ I  r r H r M e H T o B ,  H a n p m M e p  c n e q H a J r b H b I e  B H A ~ I  caxm, 
Y r J I R ,  a TaKi-Iie I IHTMeHTbI ,  HCIIOJIb3YeMbIe AJIR I I e s a T H b I X  KpaCOIZ. 

ECJIH nHI'MeHTb1 I IPHMeHRIOT 683 CMOJI H I I I t r M e H T  Cah I  IIBJIReTCII 

IIPOHISHTeJIeM, MOTlCHO IIOJIYYLZTb O Y e H b  MeJIKHe DO p a 3 M e p y  s a c T a s I t H .  

~ T H  IIPO5IBHTeJIH JIyWIIe B C e r O  H C n O J I b 3 0 B a T b  I I p H  I I p O R B J I e H H H  TOHO- 

BbIX rn306pawe~nfi MeTOAOM IlOPOLUKOBOrO 063ama. 
B J I H T e p a T y p e  O Y e H b  M a n 0  A a H H b I X  0 I I ~ O R B L I T e J I R X ,  HCIIOJIb3YeMbIX 

I I p H  I IPORBJIeHHH,  OCHOBaHHOfiI H a  PaCIIEJJIeHMLX HHAKOCTH.  B 3TOM 

cnoco6e I IpORBJIeHHR HCllOJIb3yIOT K P a C K H  H H 3 ~ 0 f i  BR3KOCTE1, H a I I p H -  

M e p  C n H p T O B b I e .  B~PORTHO, M O X H O  HCl IOJ Ib3OBaTb  H q e J I b 1 6  PITH O K p a -  

m e H H b I x  xmg~ioc~efi ,  T a K m x ,  K a K  Y e p H m a  p a 3 6 a ~ n e ~ ~ ~ e  n e s a T H a I e  

K p a c I z n .  

~ E Z A I E H ~  ~ J I ~ K T P O @ O P ~ ? ~ H ~ I ~  I IPOHBHTeJ I l l  1IPeACTaBJIRH)T ~060fi  
A E i a n e K T p E i s e c I c t i e  ~~CHAKOCTH,  B X O T O P ~ I X  A H c n e p r n p o B a H M  h f e m b s a i i -  

J I lHe  4 a C T H q b I  IIPOEIBllTeJIR. E o J I ~ I I I o ~  KOJIEiYeCTBO 3 K C I I e p H M e H T a J I b -  

HbIX p a 6 0 T  B 3 ~ 0 2  O ~ J I ~ C T E I  I IpOAeJ IaHO M e ~ ~ a n @ o h f  H P ~ ~ % T o M  B A B C T ~ ~ -  
JIkIIt 1421. O H H  n O K a 3 ~ t ~ l H ,  YTO WBAIEOCTb AOJImHB o 6 ~ 1 a ~ a ~ b  BbICOKHM 

y ~ e J l b H b 1 b . I  COIIpOTItBJIeHHeM ( B ~ I I I I ~  10'' 0% .C&) H ~ F i 3 K O i j [  AHBJIeKTPM- 

¶ e c K O f  I IPOHHqaeMOCTbN)  ( M ~ H W  2,5). RJ IEI  3 ~ 0 i i  4 e J I H  I I P H r O H H b I  MHO- 

r H e  x z l A m e  y r J r e s o n o p o A b I  H HX x n o p 3 a ~ e q e ~ ~ b 1 e  r o M o n o r n .  npu- 
M e p O M  CJIyXGiT H ~ @ T I I H ~ I ~  @paI i I I ,HH H Y ~ T ~ I P X J I O C T ~ I ~ ~ J I ~ ~ O ~ .  

R p m M e p a ~ H  I IHrMeHTOB MOI'YT C J I Y X H T b  M O H O J I ~ ~ ~ T  K P ~ C H ~ I ~ ~ ,  I'OJly- 

6 a ~  ( ~ T ~ J I ~ H ~ H H H o B ~ R ,  r a H 3 a  X e J I T a R ,  EHI 'PO3HH,  OKHCb I(EIHKa 

EI caxa.  



~ P H  COOTBeTCTBYMWeM n o ~ 6 0 p e  COCTaBa  s a C T H q a M  IIHI'MeHTa 

M O X H O  I IPEIAaTb  J I E I ~ O  I I o J I o ~ K H T ~ J I ~ H ~ I ~ ~ ,  J I H ~ O  O T P H L ( ~ T ~ . ~ ~ H ~ I ~  3apIIn. 
H a n p ~ ~ e p ,  caxa ,  p a c T e p T a r r  B n b H m o n t  M a c n e  m A E i c n e p r m p o s a H H a r r  

B lIEMAKOM YrJ I eBOAOPOAe ,  I I p H 0 6 p e T a e T  O T P H ~ ~ T ~ J I ~ H L I ~ ~  3 a p I I g .   TOT 
I IpOI IBHTeJ Ib  I IpHMeHI IeTCI I  AJIR I IPORBJIeHHR IIOBHTHBHLIX mao6paxe- 
H H ~  H a  c e n e ~ o ~ o i i  n a a c T t i H e ,  O ~ ~ I Y H O  3ap11me~~oi i  n o n o m m e n b H o .  

C ~ p y r o i i  C T O P O H ~ I ,  ~ I O H O J I ~ ~ ~ T  x e n ~ b ~ i i  n p ~ o 6 p e ~ a e ~  I I O ~ O X H T ~ J I ~ H ~ I ~ ~  

a a p a ~  npn A n c n e p r H p o n a H a H  B TOG x q e  ~ ~ C H A K O C T ~ .  T a ~ o i i  n p o c I s m T e n b  

o6pa3ye~ I I O ~ ~ T H B H O ~  r t ao6pa>~e~ne  H a  cnoax ~3 OKIICM q n H I c a ,  

0 6 b 1 9 ~ 0  3 a P I I l K e H H b I X  O T P H 4 a T e J I b H O .  n p H  npe , I (BapHTeJ IbHOM p a 3 M a -  

JIbIBaHEII4 I IE I rMeHTa  CO C M O J I O ~  HJIH MaCJIBHLIM CBR3YIOqI4M AOCTH- 

r a e T c H  B b I c o H a R  c T e n e H b  H ~ M ~ J I ~ Y ~ H H R  Y a c T m e K ,  H n p o R n n e H H o e  

~ 3 0 6 p a m e ~ n e  I IOJ IyYaeTCR C O T e H b  MeJIKHM 3 e P H O M .  B ~ e f l e ~ H e  CBR- 

aymrqero B n p o R s u T e n b  06ecrresnnae~ n p H n H n a H H e  n H r n l e H T a  

K 6 y ~ a r e  H H C K J I I 0 9 a e T  H ~ O ~ X O ~ M M O C T ~  B 3 a K p e I I J I e H H H  H 3 0 6 ~ a l K e H H t l .  

o ~ @ H J I b ~ p 0 ~ a H H b l f i  I IPOI IBHTeJ Ib  3 T O r 0  TLIIIa A a e T  B03M03fEHOCTb 

n o n y Y n T b  ~cepo rpa@~sec rcoe  ~ a o 6 p a m e ~ ~ e  c 6onee M e n I c m r  aep~oxr  
H A o n y c K a e T  60nbmee Y B e m i T I e H m e ,  YeM c a M o e  M ~ J I K O ~ ~ ~ H H C T O ~  

@ o ~ o r p a @ ~ s e c ~ o e  ~ 3 0 6 p a i f ~ e ~ ~ e  142 I. 

Yep~o-6enb1e ~ c e p o r p a + ~ s e c ~ ~ e  ~ 1 3 o G p a w e ~ ~ c 1  0 6 p a 3 y m ~ c ~  
H a  I IOBepXHOCTH 6enog 6 y ~ a r n  Y e P H b I M  I IpORBHTeJ IeM B B H A e  CJIOa 

p a 3 J I H Y H 0 6  T O J I q H H b I .  M ~ K c H M ~ J I ~ H ~ R  IIJIOTHOCTb I E C ~ ~ O I ' ~ ~ @ H Y ~ C X O ~ O  

o T n e v a T K a  IIOBTOMY O n p e g e n x e T c R  G e n ~ l a ~ o i i  6 y ~ a r H  EI ~ e p ~ o ~ o i i  
n p o R s H T e n R .  

2.15.1. T O H O B b I E  M30BPAKEHMII, n P O B B J I E H H b I E  
IIOPOIIIKOBbIM OEJIAYKOM 

K o n m s e c ~ ~ o  n p o n n m T e n c r ,  o c a x A a e M o e  H a  o n p e n e n e H H b I e  y s a c T m  

~ c ~ e p ~ r p a @ H ¶ e ~ K ~ f i  IIJIaCTEzHH BO BpeMcI  I IPORBJIeHHR,  RBJIReTCII  

@ y ~ ~ q ~ i e G  n j I o T H o c T z i  ~ ~ P I I A O B  mnm s n e ~ ~ p n s e c ~ o r o  n o T e H q n a n a  

3THX YYaCTKOB.  TO OTHOCMTCII TOJIbKO K IIpOSIBJIeHHIO C TIPOIIBJIHIO- 

W H M  3JIeKTPOAOM I). T a K ,  eCJIH IIOCJIe I IpOHBJIeHHR IIOPOIIIKOBbIM 

0 6 J l a Y K 0 ~  I IOCTpOHTb r p a @ H K  3aBEICHMOCTH KOJIH¶eCTBa I IpOIIBHTeJIR 

H a  eAEIHElqY I I J IOWaAH IIJIaCTmHbI OT BeJIHYHHbI I I O T e H q H a J I a   TOG 
n n a c T m H b 1 ,  TO I IOJ IY~HM IIPIIMYIO J I H H H ~ .  O ~ H ~ K O ,  ecsm O n T m e c K a R  

IIJIOTHOCTb IIBJIReTCII @ y H K q l l e 6  3[ I I O T e H q H a J I a ,  COOTHOIUeHHe 6 y ~ e ~  
~ J I E I ~ I E H M  K J I H H ~ ~ H O M Y  TOJIbKO A 0  T09KM,  B 1 ~ 0 ~ 0 ~ 0 6  KOJIHYeCTBO 



((1 
O c a x q a e M o r o  npORBElTeJ IR  CO3AaeT  ~ e n p 0 3 p a V ~ b l H  cJIo% [65] (pEIc .  17). 
~ ~ J I E I ~ ~ K  I IPORBHTeJ IR  H e  YBeJIH9kIT O ~ T H V ~ C K O H  IIJIOTHOCTM PEICYHKa. 

K p n ~ a R ,  ~ 3 0 6 p a l r c e H ~ a R  H a  p H C .  17, OTHOCEITCR K I IOpOIIIKOBOMy 

I lpORBEITeJ Im ,  H M e m q e M y  n n o T H o c T b  2,4. ,U,na 3 ~ 0 r o  n o p o m I c a  nna- 
CTkiHy H e  H a n O  OVyBCTBJIRTb BLIIlIe 250 6 .  H a c b l I q e ~ ~ e  o ~ T E I ~ I c c K o ~ ~  

IlJrOTHOCTEl ~ Y A ~ T  AOCTHraTbCR AJIR Y e p I I b l X  IIOPOILIKOB I l p H  6onee 
BbICOKEIX I IOTCHqMaJ IaX ,  a AJIH C e p b I X  - npll 60nee HEI3KHX. 

P FI C. 17.  ~ ~ B H C H M O C T ~  IIJIOTHOCTH IIOpOLUKOBOrO ~ 3 0 6 p a X t e ~ ~ ~  OT IIOTeHqHaXa 
~ c e p o r p a + ~ ~ q e c ~ o i  n n a c T H H a  [65 1. 

KOJIHY~CTBO o c a s A a e l \ I o r o  n o p o m K a  T a I c x e  o n p e , q e n R e T c F i  ~ J I ~ K T P E I -  

s e C K H M  3 a P R A O M ,  I I P E I X O A R ~ H h I C R  H a  OAHY 4aCTEIYKY I IOpOUlKa .  

r I pe~eJ Ib~0e  KOJIHYeCTBO I IpORBI ITeJ IR  OI IpeAeJ rReTCR B ~ J I H ~ I H H o ~  

s a p a ~ a ,  ~ p e 6 y e ~ o i i  A n R  ~ e i i ~ p a n n a a q ~ ~ ~ ~  a a p ~ ~ a  npomnononoxmoro 
s ~ a ~ a  H a  ~ c e p o r p a ~ n u e c ~ o i i  n n a c T H H e .  T a K ,  e c n H  Y a c T k i q a M  c o o u ' r r \ e ~  

6 0 ~ 1 b m ~ i i [  3 a p H n ,  AJIR H ~ ~ ~ T P ~ J I E I ~ ~ ~ H E I  3 a P R A O B  I lJ IaCTHHbI  H X  D O T p e -  

6 y e ~ c ~  M e H b I U e  I4 HaCbIlII,eHHe IIJIOTHOCTH ~ 3 0 6 p a ~ e ~ E I R  6 y a e ~  H a 6 n m -  

A a T b C R  I I p H  6onee 13LICOKOhI I IOTeHqHaJ IC .  

~ o c K o J I ~ K ~  11311eCTHbI X a p a K T e p H C T H I c H  I l p O R B H T e J l R  EI YCJrOBEIR 

n p o R B n e H m ,  c e H c H r r o h i e T p m e c m a e  H ~ M ~ P ~ H H I I  B ~ c e p o r p a 4 ~ ~  CBO- 

ARTCR K EI3MepeHEIHM IIOTCHqEIaJIa  IlJIaCTMHbI K a K  @ Y H K ~ E I E I  OCBeWeH-  

HOCTEI, HJIH 3 K C I I O 3 H ~ E I H .  Ha PHC.  18 IIpCflCTaBJICHa K p E I B a R ,  B b I p a -  

W a m q a H  ~ ~ B E I C H M O C T ~  n o T e H q n a n a  nJracTEIHbI  OT n o r a p n 4 ~ a  ~ K C I I O ~ E I -  

QHEI AJIR IlJIaCTMH C BMOP~$?HHM CeJIeHOM. 

A ~ H H M X ,  I IpHBegeHHLI I s  H a  PEIC. 17  I3 18, AOCTaTO¶HO AJIR O I I p e -  

A e J I e H H R  I I J I O T H O C T ~ ~  I ~ c c ~ o I ' ~ ~ @ E I ~ ~ c K o ~ o  H ~ O ~ ~ ~ X ~ H E I R ,  I IOJIyVeH- 

H O P 0  I IpORBJIeHEIeM IIOpOIIIKOBbIM O ~ J I ~ ~ K O M .  

Ha PEIC. 19 I I p e A C T a B J I e H  B e C b  I l p O q e C C  - OT 3KCIIOHEIPOBaHEIH 

A 0  nOXyYeHHEI  ~ 3 0 6 p a 3 1 ~ e ~ k i R .  





MO~KHO 3aMeTHTb,  ¶TO X a p a K T e p  3aBEICHMOCTH MeHFAY 3KCII03H- 

4meG H H o T e H q s a n o M  n j r a c T n H b 1 ,  n p e ~ c ~ a n n e ~ ~ o i i  K ~ H B O B  H a  PHC. 18, 
RBJlReTcR OCHOBHbIRl @ ~ K T O P O M  AJIR OIIpeAeJIeHHR TOHOBOCnpOI43Bene- 

HHR B ~ceporpa@nm. Ecnm a T a  ~ ~ B H C E I M O C T ~  B b I p a x e H a  n p a ~ o i i  
J I E I H H ~ ~ ,  TO ~ b 1 6 0 p  Ha9aJIbHOI 'O I IOTeHqHaJIa  IlJIaCTEiHbI MOHCeT o6ecne- 
¶HTb IIO'XTm KReaJ IbHOe BOCIIPOH3BeAeHHe TOHOB. 

X a p a ~ ~ e p  KPHBOG H a  pnc. 18 T a K x e  O n p e A e n t I e T  n o n y c ~ m ~ b ~ i i  

rnmepean ~ i p ~ o c ~ e i i  HJIR 3 ~ 0 r o  npoqecca [651. OH p a B e H  n p H M e p H o  

20 : 1, B TO B p e M R  K a K  I I ~ R M o J I H H ~ ~ H ~ R  3aBEICHMOCTb YBeJIMqI3JIa 661 
g n a n a a o ~  no 1000 : 1. 

I II/I 2.15.2. TOHOBbIE PEIIPOfiYKQMB, IIPORBJIEHHbIE METOAOM 
I MAI'HBTHOM KBCTB 

O ~ ~ I Y H O  HeCKOJIbICO KOHTpaCTHee  H3-3a  I IOTePH PIIfla r p a ~ a q ~ s  B CBe- 

T a x .    TOT a @ @ e ~ ~  O G ~ R C H H ~ T C H  IIa j rHsSieM ~ p ~ 6 0 3 ~ 1 e ~ ~ p a u e c ~ o r o  
B ~ ~ E I M O A ~ ~ C T B H R  Me>KAy KoMnOHeHTaMH IIPORBJIIIIOIII,erO COCTaBa, 

~3 IIOBTOMY T p e 6 y e T c R  o n p e A e n e H H a R  B e n w r H a a  c m n b I  I IPHTRMeHHR 

AJIR IIpeOAOJIeHEIR B ~ ~ H M O A ~ ~ ~ C T B H R  MeX,L(Y HpORBHTeJIeM H MarHLZTHbIM 



HOCHTeJIeM. H ~ ~ O C T ~ T O ~ H ~ I B  3 a p R A  H a  CBeTJIbIX y ¶ a C T K a X  CJIOH 

0 6 ~ 9 ~ 0  H e  C I I O C O ~ ~ H  I IpeOAOJIeTb  3TO B ~ ~ H M O A ~ G C T B H ~ ? ,  I I 03TOMY 

I I p O R B H T e n b  O C a W a a e T C R  TOJIbKO H a  Y Y a C T K a X ,  COOTBeTCT13yIOILIJ4X 

n O J l y T O H a M  H T e H R M  ~ 1 3 0 6 p a 3 1 ~ e H H R .   TOT ~@)&?IcT I I O K a 3 a H  H a  

PMC. 20 [661. 
M ~ ~ H H T H ~ R  KHCTb I IpEI  I IpORBJreHHH H r p a e T  p0nb I I p O R B J I R I O ~ e r O  

a n e ~ c ~ p o ~ a ,  IIOBTOMY M O ~ K H O  HCKJI IO~IHT~  TOT B @ @ ~ K T ,  H a n o m H B  H a n p R -  

lKeHtU-3 M e W A y  M ~ ~ H C I T H O G  KHCTbIO EI I IPoBoJ (R~C?~~[  G Y M B H C H O ~  IIOA- 

n o z ~ o i i .  
Hanpasne~me n p 1 x ; r o s e H H o r o  n o n H  ~ b 1 6 H p a e ~ c R  T a m M ,  9~06b1 

yBe.TIHEItITb 0 6 w ~ i i  3 a p R A  CJIOH, TO e C T b  K A I ~ ~ H E ~ T H O ~  KElCTM I IpECOeAH-  

H R I o T  I I o J I o I I < H T ~ J I ~ H ~ ~ ~  IIOJIIoC. ~ P E I J I O ~ ~ F ~ H H O ~  H a I I p R X e H H e  AOJIXHO 

H M e T b  BeJIEI¶HHY, H ~ O G X O A H M ~ H )  AJIH Ilpt?OAOJI€?HHR ~ p H 6 0 3 J I e K ~ p H ¶ e -  

C K O r O  B ~ B H M O A ~ ~ C T B H R  B CBeTBX ~ 3 0 6 p a ~ e H H R .  

K a K  OTMeW3JIOCb BbIIIIe,  IIPn P e I I p O ~ Y ~ H P O B a H E I H  CIIJIOIIIHbIX ¶ep- 
H ~ I X  n o f i e %  ma TOHOBLIX H 3 0 6 p a ~ e ~ H 6  B ~ c e p o r p a @ ~ n  n p o H B n e H H e  

H ~ O ~ S O A L I M O  BeCTH C I IPOIIBJIRIOWHM 3JIeICTPOAOhl. npki IIPORBJIeHEIH 

6 e 3  a n e K T p o A a  113-38 K p a e P o r o  a@4erc~a n o j r y l r n M  n H m b  I C O H T ~ P H  

s e p H O r 0  HJIH IIOJlYTOHOBOrO ~ 3 ~ 6 p a X e H k i R .   TO B H ~ I C O T O P O ~  C T e n e H H  

OTHOCHTCH H JC P e I I P O A y q H P O B a H k i I O  I I e q a T H b l X  P a C T P H P O B a H H b I X  

a a o f i p a i r r e ~ m i i .  

B K C e p o r p a @ t I H  M O X e T  6 h I ~ b  I I p H M e H e H  06b19Hb1fi @ O T O M ~ X ~ H H Y ~ -  

c K H 6  MeTOA OIITHYeCKOrO PaCTPHPOBi3HHR,  I I 0 ~ 0 6 H L l f  I l pHMeHReMOMy 

B o @ c e ~ ~ o %  n e s a T n .  B  TOM M e T o A e  3 4 @ e ~ ~  nepegaqm TOHOBLIX rpaAa- 
4 H f i  AOCTElraeTCR B a p b H p O B a H E l e M  p a 3 M e p O B  ~ ~ C T ~ O B O %  TOqKm. T a K ,  

B C B e T a X  TOgKEi 6 y ~ y ~  AlaJ l eHbKHMH,  B I IOJIYTOHaX p a 3 M e p L I  TOYeK 

60nbme, a B T e H H X  s e p H b I e  T O r K l l  CJIHBaIoTCR H H a  TeRIHOM @OH€! IIO- 

HBJIHIOTCH M a j I e H b K H e  G ~ J I L I ~  TOsIcH.  Ha Y s a C T K a X ,  C O O T B e T C T B y I O ~ H X  

CHSII,IM CBeTnbIM M e c T a M  n 3 o G p a x e ~ ~ ~ ,  6 y ~ e ~  s n c ~ o  Genoe none Ge3 
Y e p H b I X  TOIIeK, a H a  YqaCTIcBX,  COOTBeTCTBYIOmHX CBMhIM TeMHbIM 

nlecTanf , - -  T r e p H o e  none Ge3 c B e T , n r x  T o s e i x .  

T a ~ o e  p a c T p n p o s a H n e  w0me.r 661~b O c y W e c T B n e H o  n p H  n p o c I B x e -  

H H H  IIOPOIlIKOBbIM O ~ J I ~ ~ ~ C O M  C I IpE iMeHeHHeM I I p O H B i l H I o ~ e r O  3JIeKT-  

poAa nnn M ~ ~ H E I T H O ~  KXTCTHO H B o r p a a n s e ~ ~ o f i  c T e n e m  npn r c a c K a A -  

HOM I I p O R B J I e H H H  C 3JIeKTpOAOM I). 

O A H B K O  B O ~ ~ ~ I I P E ~ H R T O M  KaCKaAHOM I I p O H B n e H H H  TOJlbKO CBeT- 

J I b I e  H C e p L I e  YsaCTIcM TOHOBOF0 n 3 0 6 p a 3 1 < e ~ ~ c r  M O X H O  p e I I p O A y 4 H p O -  

B a T b  6e3 I I O T e p b .  Bonee TehIHbIe  Y s a C T K k i  CTaHOBRTCR CBeTJ Iee ,  YeM 

') l l o n y s e ~ a e  pacTpnposaHHbIx n 3 0 6 p a x e ~ n i  npn xacIcanrroM nponsneHEiEi 
MOstceT 6 b 1 ~ b  YCIIeIIIHO OCyII(eCTBJIeH0 IIplI I3CIIOJIb3OBaHHH fileTaJrJIXI3HpOBaHHOrO 
noc l t~ena  H npoxBJIxmqero snempona cneqaanb~oii  KOHCTPYK~~II I .  CM., Hanpn- 
Mep, A p a B n H A. E., A H 0 X Ei H @. A . ,  nonuzpa@un, j\r, 10, 1966.- npu.w. 
pea. 



K a c K a n H o M  cnoco6e n p o R s n e H n e  o n p e g e n a e T c a  T O J I ~ K O  n o n e M  pac- 
CeRHMR H a  I E p a R X  E I ~ O ~ ~ ~ X ~ H H H ,  a B C P e A H H X  u a C T H X  IIOJIe  caa6ee, 
EI O H 0  C O B e P W e H H O  OTCYTCTBYeT B q e H T p e  ~ O J I ~ I I I E I X  CIIJIOIUHbIX ysa- 
CTICOB. 

O A H ~ I C O  C I I O M O ~ b H )  A P Y F O r O  C I I O C O ~ ~  P a C T P H P O B a H H R  M O H H O  pa3- 
6 ~ ~ b  TOHOBOe m 3 0 6 p a x e ~ m e  H a  OnEIHaKOBbIe  p a c T p o s b I e  3JIeMeHTb1, 

EI K p a e B b I e  nona paceemma n o c I n a T c a  no ~ c e i i  nnowagn p m y m a .  
B 3TOM MeTOHe  BCe  P a C T p O B b I e  TOgICH 3JleICTPOCTaTEI9eCKOrO ~306pa -  
1-KeHHH EIh1eH)T O n H H a K O B b I e  p a 3 M e p b 1 ,  HO IIJIOTHOCTb 3 a p R A a  B K a X -  

A O ~  TO1IIEe 6y,qe~ 3aBEICeTb  OT on~rnsec~oi i  IIJIOTHOCTEI, EI3MeHHIICb 

OT BeJIEI9IxHbI, 6n~31;0i j [  IE HyJIH) B C B e T a X  ~ 1 3 0 6 p a i f i e ~ ~ l t 1 ,  A 0  MaIiCEI- 

~ a J I b ~ o i j [  BeJlHYMHbI B TeHHX.  B o c n p o ~ a s e ~ e ~ n e  rpaJ(aqEI% I lpEI  KaC-  

KaAHOM I IPORBJIeHHH 6 y g e T  OCYweCTBJIHTbCR B P e 3 y J I b T a T e  EICIIOJIb- 

3 0 B a H H R  P ~ ~ ~ I E I Y H O ~  0 l ITLZsecK0f i  IIJIOTHOCTEI ' P a C T p O B b I X  T O s e K  

( $ 0 ~ 0  1, 6). 

C y w e C ~ B y e ~  HeCKOJIbKO MeTOAOB I l O J I Y ~ e H E I R  T O g e K  O,I(EIHaKOBOrO 

p a a n f e p a  H a  xceporpa@isec~ofi n n a c T n H e .  OAHH 1x3 HEIX OIIEICaH 

HeHre6ayapo~ [67]. B COOTBeTCTBEI~  C 3THM MeTOAOM P a C T P ,  COCTOfI- 



~306pame~mi i .  H e r a ~ n ~ ~ o e  nnm 0 6 p a r q e ~ ~ o e  p a c T p o s o e  nao6paxe- 
H H e  MOFKHO IIOJIYYnTb OAHORpeMeHHbIM I I p O e q H p O B a H H e M  nao6paxe- 
HEIR n pacxpa, K a I c   TO I I O I E ~ ~ ~ H O  H a  ~ H C .  22. PHC. 21, 6 H 2, a T a K X e  

p ~ c .  22, 6 HJIJIIOCTPLIP~IOT p e 3 y n b ~ a ~  p a c n p e a e n e H m  3 a p R p a  H a  me- 
porpaI$msec~oii n n a c T a H e .  

HeiireGayap HaIUeJ I ,  s T 0 ,  HCIIOJIb3YR T ~ K o G  M e T O g  paCTPEIPOBaHHII ,  

MOlKHO IIOJIYYHTb IIOJIYTOHOBOe H 3 0 6 p a ? K e ~ H e ,  I I p H M e H R R  AJIR KaCKaA-  

H O r O  I IpORBJIeHHR CMeCb  3 J I e K T p O O T p H q a T e n b H b I X  H 3JIeKTpOIIOJIOXH- 

TeJIbHbIX I I P O R B J I H I O ~ H X  COCTaBOB.  TOT I I p O q e C C  O T p a l I c e H  H a  p H C .  23. 
Ha pnc. 23, a n 3 0 6 p a x e ~ o  p a c T p H p o R a H H o e  a a p ~ i ~ < e ~ ~ o e  nao6paxe- 
m e  H none ' p a c c e ~ ~ m .  Ha pnc. 23, 6 n p e g c T a B n e H o  n a o 6 p a i ~ e ~ ~ e ,  
I lpOI IBJ IeHHOe  3 J I e K T p O O T P M q a T e J I b H b I M  I I P O I I B J I R I O ~ E I M  COCTaBOM, 

H a  pnc. 23, s - 0 6 p a q e ~ ~ o e  ~ 3 0 6 p a x e ~ ~ e ,  npomnemoe  anempo- 
IIOJI03fCHTeJIbHbIM IIPOIIBJIEIIOLIJHM COCTBBOM. Pe3yJ Ib~a~  O ~ H O B p e M e H -  

H O P 0  I IPOIIBJIeHHII  CMeCbH) IIpORBJIIIH)IL(IIX COCTaBOB I I O K a 3 a H  H a  

pHC.  23, 2. EcJIll ~ 3 0 6 p a ~ e ~ H e  TOJIbIEO TOHOBOe, ICOJlHgeCTBO 

O C a X Q e H H O r O  I IpORBHTeJ IH  H H a  3 a P R 3 K e H H b I X  y ¶ a C T K a X  H Me?KAY 

HBMH 3 a B H C H T  OT O I I T H ~ ~ C K O %  IIJIOTHOCTE O p H r H H a J I a .   TOT C I I O C O ~  

H e  c o q a e ~  , q e i i c ~ ~ t i ~ e n b ~ o  H e n p e p b I B H o r o  ~ 1 3 0 6 p a ? ~ e ~ ~ l R ,  a A a e T  

C e T K y ,  ¶TO BHAHO I I p H  PaCCMOTpeHHEI er0 qepe3 MEIKPOCKOII. O A H ~ K O  
683 YBeJ IHYeEHR C e T K a  H e 3 a M e T H a .  





B HIIOHHM 1661 I I p O B O p f J I H C b  3KCI IepHMeHTbI  IIO P ~ C T P H P O B ~ H H K )  

TOHOBOrO ~ 3 0 6 p a 2 x e ~ n a  H a  I I o K p b I ~ o i i  OICHCbIO q H H K a  ~ J I ~ I F T P O @ O T O -  

r p a @ ~ ~ s e c ~ o H  6 y ~ a r e .  B ~ T H X  O n b I T a x  ~ H J I M  H C I I O J I ~ ~ O R ~ H L I  0 6 m ~ b 1 e  

I I p O e K q H O H H b I e  P a C T p b I ;  ~ 3 0 6 p a x e ~ n e  IIPORBJIRJIOCb M ~ ~ H H T H O G  ! 
KHCTbIo,  I I P H Y e M  I IPHMeHHJIHCb  C I I e q H a J I b H b I e  h l e p b I  RJIR YyAaJIeHHR 

 OH^ CO CBeTJIbIX Y s a C T K O B  H ~ O ~ P ~ X < ~ ? H H R .  AJIR 3 T O r O  110 ~ a o 6 p a x e -  
H H I o  HeCKOJIbKO pa3 I IpOBOaHJIH  M ~ T H H T H O ~  KHCTbH) C l f feJIe3HbIM 

n o p o r u K o M  6e3 n p o R B H T e m .  O11e~b xopomero K a s e c T s a  p e n p o a y K -  

U H H  ~ ~ I J I H  I IOJ IY9eHbI  DpEI  HCIIOJIb3OBaHHH P a C T p O B  60 H 120 AUHUX/CA, 

 TO RHAHO ~3 PHC. 24, rne n p H s e A e H b 1  X a p a I C T e p H c T n s e c I c m e  I cpE i sb Ie  

o H H o r o  H T o r 0  me K o H T p o J I b H o r o  ~ 3 0 6 p a x e ~ ~ r r ,  n o n y s e H H b r e  

y ICa3aHHbIM MeTOgOM C P a C T p a l M H  H CIIOCO~OM r~1y60~0j i  I I e Y a T H .  

M I IP ORBj IeHHR M ~ X O B O ~ ~  W ~ T K O ~ ~ .  ~ J I ~ c T H H ~ I ,  I I p l l M e H R e M b I e  HJIR 

I l ITpHXOBbIX p a 6 0 ~ ,  06619~0 09yBCTBJIRH)TCR A 0  OTHOCHTeJIbHO BLICO- 

KHX n o T e H q H a m o B  (OKOJIO 600 s AJIHII J I~CTHH c ~MOP@HLIIM C ~ J I ~ H O M )  

C Q e J I b I 0 -  0 6 e C I I e Y e H H R  BbICOKOI'O 3J I eKTPOCTaTH9eCKOrO K O H T p a C T a .  

BO B p e M R  3KCI IOHHpOBaHHR ~ J I ~ K T ~ o c T ~ T H Y ~ c K & &  KOHTPaCT CHaYaJIa  

Y B ~ J I H ~ H B ~ ~ T C R ,  a 3 a T e M  YMeHbl r r aeTCR ( ~ H c .  25). R ~ H H ~ I ~ ,  I I p H B e -  



I A e H H b I e  H a  PHC. 25, c n y m a T  AJ ra  o n p e A e n e w M I i  H H T e p n a n a  o n T H M a J r b -  

HMX ~ K C I I O ~ H ~ B %  I I p H  ~ ~ ~ J I E I Y H O ~  KOHTPaCTHOCTH OPHI 'HHaJIOB [ I l l ;  
H 3  3THX AaHHbIX BEIAHO, YTO C y B e J I H ¶ e H H e M  KOHTPaCTHOCTH OPHI'II- 

BaJ I a  M H T e p B a J l  3 K C I I O 3 H q X H  B 0 3 p a C T a e T .  

I C p n n b r e ,  n o ~ a 3 a ~ ~ b i e  H a  p ~ c .  25, n p e n c T a e n a I o T  ~ ~ a n a a o n  
a K ~ I I 0 3 H q l X 6 ,  H O C T ~ ? I < H M ~ I ~ ~ [  AJIR I IJ IaCTHH C ~ M O P ~ H ~ I M  CeJIeHOhI. ~ T L Z  

K p n s b I e  n o n y y e H b I  H ~ M ~ P ~ H H ~ M  cnaga n o T e H q H a n a  n p ~  npoeq~po-  
B a H H H  H a  I I j I aCTHHY 6enoro H r I e p H O r O  y%3CTKOB T ~ C T O O ~ % ~ ? K T ~ .  

P a a ~ ~ u a  M e w a y  ~ T H M H  ABYMH CKOPOCTIIMH cnaAa o n p e A e n a e T  g k i a n a -  

3 0 H  ~ I E C I I O ~ H ~ H ~ .  Ha I IOJ IyYeHHbIe  A a H H b I e  BJ IHReT  BeJ IHYHHa  TeMHO- 

B o r o  cnaga + o ~ o n p o ~ o ~ ~ q e r o  cnoa. I I n a c ~ n ~ b r ,  x a p a ~ ~ e p m y e ~ b ~ e  

~ ~ I C T ~ M M  TeMHOBbIM CI l anOM,  HMeIOT MaJ Ib16  A H a I I a 3 O H  ~ K C I I O ~ E I ~ H I ? .  

K a K  BXAHO H 3  PHC.  25, I I p H  I I p a B H J I b H O  B ~ I ~ P ~ H H O ~  3 K C I l 0 3 H q H H  

M O X H O  0 6 € ? ~ l l e W i ~ b  I I P H ~ J I H ~ H T ~ J I ~ H o  o I I T H M ~ J I ~ H ~ I ~  3JIeKTPOCTaTHYe-  

CKHH KOHTPaCT AJIH O P H r H H a J I O B  C LUHpOtiHM A H a I I a 3 0 H O M  KOHTpaCTOB.  

XeJ Ia~e i lb~0 ,  Y T O ~ L I  @ O T O K O I I H P O B ~ J I ~ H ~ I ~  MaIIIHHbI  MOI'JIH KOIILI- 

p o B a T b  c n n b H o  O T x n Y a m I q H e c H  O p H r x H a n b I  n p H  + n ~ c n p o ~ a ~ ~ o n r  
p e w n M e  npoqecca. M c n p a ~ n e a ~ e  o m t i 6 0 ~  ~ p e 6 y e ~  M H o r o  B p e M e a n .  

I IIoa~onry o q e H b  B a m H o ,  9~0661 gonycm H a  T e x H o z o r x x Y e c m e  napa- 
WAeTpLI BCeX C T ~ A H G  n p O q e C C a  G h m ~  ,4OCTaTOYHO II IHPOKH. ~ Boo6qe x a p a ~ ~ e p  penpogyqrnposa~~n I ~ I T P H X O B ~ I S  O P H ~ H H ~ J I O H  

( i e ~ c ~ ,  X r e p T e x  H T. A.) o ~ a 3 b r ~ a e ~  6ombmoe BnHr rHrne  H a  @ o ~ o ~ o n r r -  
p o ~ a J I b ~ b ~ i j [  I I p O q e C C ,  T a K  H a K  n o ~ o 6 ~ b 1 e  p a 6 0 ~ b 1  COCTaBJIRfOT OCHOB- 

1105 0 6 a e ~  IcOIIHpOBaJIbHbIX p a 6 o ~ ,  o c o 6 e ~ ~ o  H a  I IpeJ lJ IpHRTHRX 

H B Y P p e W A e H H R X .  

B ~ I K H ~ I M H  I I e p e M e H H b I M H  @ a K T o p a M E I  I I p H  HaCKaAHOM I IpORBJIeHHH,  
I ~ p o ~ e  ~ e x a ~ ~ s e c t i o r o  n e p e ~ e q e ~ a a  no ~ c e p o r p a @ ~ ~ ~ e c ~ o i i  n n a c ~ m e ,  
I HBJIRIOTCR K O H q e H T P a q H a  I IpORBHTeJ IH  H B p e M H  I lpORBJIeHHR.  HoI 'A~  

IIPORBEITeJIb  CMeLUHBaIOT C HOCHTeJIeM, Y a C T H q b I  I IPORBHTeJ I f l  I IPHTR-  
1 rHBaIOTCI I  K I IOBePXHOCTH HOCHTeJIR. ECJIH lIPOAOJIX<aTb I I P E I ~ ~ B J I H T ~  

I lpOFIBHTeJIb ,  I IOBePXHOCTb  HOCHTenR B ICOHqe KOHqOB IIOJIHOCTbK) 

J IOKPOeTCIi  HM H HaCTYl IHT MOMeHT H a C b I q e H H I I .  a a ~ ~ b ~ e f i ~ u e e  n p H -  

6 a s n e ~ n e  npossmencr n p a n e A e T  I< n e p e H a c b I q e H H m  n p o I i B n a m q e r o  

COCTaBa ,  H IIORBRTCR C B O ~ O A H L I ~  ( H e  CBI I3aHHbIe  C H O C H T ~ X ~ ~ ~ )  9aCTZlqb I  

n p o a B n T e J I a .  Ecnn 3 n e ~ ~ p o c ~ a ~ a s e c ~ o e  H a o 6 p a l r t e ~ a e  ~ P O R B ~ I I T ~ .  

HaCKaAHbIM cnoco6on1 H a C b I q e H H h I M  I I p O H B J I R I O q H M  COCTaBOM, 

TO n p o a B m T e a b  6 y ~ e ~  o c a m A a T b c a  H a  ~ a o 6 p a x e ~ m ~ 1  no T e s  nop, n o K a  

none k 1 3 0 6 p a ? ~ e ~ ~ 1 1  H e  C T a H e T  CJIHLUKOM C J I ~ ~ ~ I M  AJIX O T p b I B a  I IPORBH- 

TeJ IR  OT HOCHTBJIR. ~ P O ~ O J I ? K ~ H H ~  I I p O q e C C a  I IpOZBJIeHI lR  H e  YBeJIEIYHT 

n J I o T H o c T b  H ~ o ~ ~ ~ > K ~ H H R .  I I p X  n p o a B n e H m n  n e p e H a c b r q e H H b I m I  c o c T a -  

BOM IIJIOTHOCTb ~ 3 0 6 p a x e ~ ~ ~ 1  B K O H q e  KOHqOB A O C T H r a e T  MaKCHMaJIb -  

HOI'O 3 H a Y e H H H ,  HO C B O ~ O A H L I ~ ~  I l P O R B H T e J I b  OCRAeT H H a  n p 0 6 e J I b ~ b I X  

Y s a C T K a X ,  4 T O  B h l 3 0 B e T  Y M e H b I I I e H H e  KOHTpaCTHOCTH. n p X  I IpORBJIe-  

HHH H e H a C b I ~ e H H h I M  IIPOIIBHTeJIehI  IlJIOTHOCTb H 3 0 6 ~ a > f < e ~ H ~  6 y ~ e ~  
C H a q a J I a  B O 3 p a C T a T b  C y B e J I H 9 e H H e M  B p e M e H H  IIpOHBJIeHHH 80 OI Ipe -  



ReJIeHHOI'O M a K C t i M y M a ,  a 3 a T e M  YMeHbUItiTCCI B CBFI3H C I I P H T R X e H H e M  

x i a C T H q  K C B O ~ O A H O ~  I IOBepXHOCTt i  HOCHTeJIH. ~ ~ B L I C H M O C T ~  K O H T p a C T a  

O I I T H Y ~ C I C O ~  IIJIOTHOCTEi H ~ o ~ ~ ~ ? I < ~ H H R  OT B p e M e H t i  I I pORBJIeHt iR  IIpea- 
C T a B J I e H a  H a  PHC.  26. kI3 3 T O r 0  P H C Y H K a  BLIAHO, YTO K ~ c K ~ A H ~ I Z ~ [  

cnoco6 IIpOHRJIeHLIR 0 6 e c n e s ~ ~ a e ~  I I p O B e A e H H e  I I p O q e c c a  B AOCTaTOsHO 

I l I t iPOKOM A H a I I a 3 O H e  Y C J I O B H ~ ~ .  E C T ~ C T B ~ H H O ,  X e J I a T e J I b H O  I IPHMeHI ITb  

~ a ~ b I a e ~ ~ b 1 f i  I IPOIIBHTeJIb  HJIH IIOYTH H ~ c ~ I I Q ~ H H ~ I ~ ~ .  

B K C ~ ~ O I ' ~ ~ @ H Y ~ C K O M  O ~ O P Y A O B ~ H E I E I ,  EiCIIOJIb3YH)qeM IIJ IaCTHHbI  

HJIH 6apa6a~b1, IIOKpbITbIt? ~ M O P @ H ~ I M  CeJIeHOM, I IPOtIBJICIIHOe ~306pa -  
X e H E i e  n e p e H o c H T c R  H a  G y ~ a r y  c m n a M m  3 n e K T p o c T a T m s e c K o r o  npti- 
THXeHEiH.  BO B p e M R  3 ~ 0 6  O I I e p a 4 L I H  I I epeHOCI ITCR TOJIbKO B ~ ~ x H L I ~  

c J I o ~  s a C T H q  IIpORBHTeJICI,  I C O T O P ~ I ~ ~  OTAeJleH OT c ~ J I ~ H o B o ~  I IJ IaCTHHbI  

APYrLIMH r I aCTM4aMH IIPOHBHTeJII I  H H e  T a K  I IPOYHO y A e p ? K H B a e T C R  

H a  n n a c T n H e .  Tamnr o 6 p a 3 0 ~ ,  T O H K E I ~  C J I O ~  W C T H ~ ,  K O T O P ~ I ~ ~  c o 3 ~ a e ~  
@OH, LIMeeT TeHAeHqLIH) OCTaBaTbCR H a  I I J I aCTHHe  BO B p e M H  I I e p e H O C a  

m 3 0 6 p a ~ e ~ ~ 1 ~ .  I I O ~ T O M ~  npm ~ J I ~ K T ~ O C T E I T H Y ~ C K O M  n e p e H o c e  KOH- ' 

T p a c T H o c T b  ~ i a o 6 p a ~ e ~ t i a  o T n e s a T K a  y B e n H s H s a e T c a .  

B KOIIHpOBaJ IbHOM O ~ O P Y A O B ~ H M H  C HCIIOJIb3OBaHHeM IIJ IaCTHH 

C E ~ M O P ~ H ~ I M  CeJIeHOM H K a C H a A H O r O  I IPOHBJIeHHR OIIEIC~HHHZ~[ BbIIIIe 

I I p O q e C C  ti @BKTOPH, C O A ~ ~ C T B Y K ) ~ ~ ~ ~  IIOBbIIIIeHHH) KOHTpaCTHOCTH, 

o ~ ~ c I I ~ Y H B ~ I O T  B 0 3 M O X H O C T b  I IOJ IyYeHt iH  BblCOKOKaYeCTBeHHbIX I C O I I H ~  

C o  IIITpHXOBLIX O p H r H H a n o B ,  I IpHYehf  KOnHM O ~ ~ I Y H O  HeCKOJIbKO KOH- 

T P a c T H e e  o p t i r H H a n o B .  





111. YCTOBWIBAH BHYTPEHHHH IIOJIHPH3AqI4FI 
(@OT03JIEKTPETbI) 

3 x e ~ ~ p o @ o ~ o r p a @ ~ ¶ e c ~ ~ G  npoqecc, p a c c ~ a ~ p ~ l s a e ~ b ~ i i  c T O ~ K M  

3 P e H H H  Y C T O ~ ~ W X B O ~ ~  B H Y T P ~ H H ~ ~ ~  I IOJIHPH3aqHH,  G ~ I J I  OIIHCaH KaJIJI- 
hleHOM, P ~ H H ~ ~ T O M  H C L I A ~ ~ H  [211. ~ O A O ~ H ~ I %  ?IN a H a J I H 3  661~1 BbIaOJI- 

H e H  @PHAXHH~II\I B ero p a 6 o ~ e  ( ( B c n o n b a o ~ a ~ n e  @ O T O ~ J ~ ~ K T P ~ T O B  

B 3 ~ 1 e ~ ~ p o # I o ~ o r p a @ m ) )  1711. XOTH  TOT npoqecc ewe H e  ~ 3 y q e ~  
B TOEI CTeIIeHH, KOTOPaR H ~ O ~ X O ~ L I I \ . I ~  AJIR er0 IIpOMbIUIJIeHHOrO n p H -  

MeHeHHH, CahlO EIBJIeHHe, HeCOMHeHHO, 3 a C J I y X H B a e T  TOrO, 4 ~ 0 6 b 1  er0 
O n a c a H m e  6 ~ 1 x 0  B K n m s e H o  B mmry no a n e ~ ~ p o a o ~ o r p a @ ~ m .  

klj[eEI I lPJ f l f eHeHHH y C ~ 0 ~ 9 H B O f i  B H Y T P ~ H H ~ G  I IOJI I IPH3aqHH 

B ~ J I ~ K T P O # I O T O ~ P ~ ~ H H  6 m a  B n e p B b I e  ~ b ~ c r i a a a ~ a  H a x x ~ e ~ o ~  H ~ e a a -  
BHcHMo OT H e r 0  @ P ~ A I C E I H ~ I X I  H eI'O COTPYnHHKaMH C J I e n y e T  HanOM- 

HI?Tb, ¶TO HAeH) R H Y T ~ ~ H H ~ ~ ~  IlOJlFIpH3aqHH, IIO-BHAHMOMY, BbIABHraJI 

ewe K a p n c o ~  [72]. Ero ( ~ 3 n e ~ ~ p o @ o ~ o r p a @ r n e c ~ ~ i i  anek1eH.r)) H Y C T O ~ .  

¶HBaR BHYTPeHHHH I lOJIRPH3aqHH K ~ J I J I M ~ H ~  H P ~ H H ~ P T ~  [73 ]  #IaKTH- 

s e c K l l  OAHO H TO me, XOTEI CTPYHTYPa  3THX M O A ~ J I ~ G  HeCKOJIbKO pas- 
nmsaa. ~ J I ~ M ~ H T  ICapnco~a COCTOHT ~3 HBYX caoes H ~ O J I M ~ ~ H ) I I I ~ ~ O  

M a T e p H a J I a ,  I IpH¶eM OAHH H 3  HHX, ( X I O T ~ ~ ~ B C T B L I T ~ J I ~ H ~ I ~ ~  AH3jIeKTpHK, 

a a I i x m s e H  M e x , q y  ABYMH s a e I c T p o n a n r n .  OAEIH ~3 ~ J I ~ K T P O A O B  npoapa- 
¶eH.  YCTPO~~CTBO K ~ J I J I M ~ H ~  H P ~ H H ~ P T ~  HMeeT T ~ K O ~  x e  BHA, 

HO MeCTO f lH3J IeKTpHKa 3 a H H M a e T  ~ P O B O ~ I I I Q M G  cJIoG. K ~ ~ J I C O H  

H e  IlOJIb3OBaJICII B b I p a X e H H e M  ((YCTO%YHB~R BHYTPeHHHH IIOJIFIpH3a- 

q~rrn,  o j [ H a x o  B O n H c a H n H ,  c o n e p x a w e h x c a  B ero n a T e H T e ,  OH ynom- 
H a e T  o a a x ~ a s e ~ ~ b ~ x  a a p ~ ~ a x  BHYTPH CJIOH. 

3.1. MEXAHH3M YCTOMUBBOM BHYTPEHHEM IIOJIHPkI3AqHH 

H B J I ~ H H ~  Y C T O ~ ~ Y M B O G  B H Y T ~ ~ H H ~ %  IIOJIRpH3aL[HH B @OTOY~BCTBH-  

T e x b H o M  A M ~ J I ~ K T P H K ~  ~ ~ K J I I O Y ~ ~ T C I I  B n e p e p a c n p e A e j I e H H a  nonomn- 
TeJIbHbIX H OTPHqaTeJILHbIX 3 a P R A O B  B o6paaqe I I p H  o ~ H O B p e M e H H O M  

Aeiic~smm o c B e m e H m  H n p ~ ~ x o i - ~ e ~ ~ o r o  ~ J I ~ K T ~ H Y ~ C K O ~ O  IIOJIII. IIona- 
AaFl B JlOBYUIKkZ, 3TH 3aPRALI  H a  KaKOe-TO B p e M H  OKa3bIBaIoTCX 3 a X B a -  

YeHHbIMH, o 6 p a s y ~  none B H Y T P ~ H H ~ G  IlOJIHPH3aqMH B o6paaqe 
( p ~ c .  27). 3 a x s a ~ e ~ ~ b 1 e  a n e K T p m e c I c E i e  3ap11~b1 ( ~ J I ~ K T P O H ~ I  H AMPICH) 

1) Q o ~ o a n e ~ ~ p e ~ ~  BnepBbIe 6b1n~i OTKpbITbI H ~ A ~ ~ F ~ K O B H M  r. C. B 1937 r . -  
n p u a .  pea.  



M OrYT O c T a B a T b c R  B  TOM COCTOFIHHH B T e g e H m e  o n p e A e a e H H o r o  B p e -  

M e H H ,  KOTOpOe  3aBHCMT OT r J I y 6 H H b 1  J lOBylI IeK.  B C J I y ¶ a e  MeJ IKHX JIOBY- 

r n e K  3 a p R A b I  M O r Y T  HX ~ ~ I C T P O  I I O K H H y T b ,  OHHaKO eCJIH JIOBylUKH 

~ 0 c T a T O s H o  r n y 6 0 ~ n ,  3 a p F I n b I  MOTYT OCTaBaTbCR B HHX B T e Y e H H e  

npo~onxnrenbso ro  B p e M e n n  ( a ~ o r g a   TO , q H a  HJIH g a z e  ~ e c n q ~ ) .  
CJIOBO (<JIOBymHa))  H a  H 3 b I K e  3 J I eKTPOHHKH T B e p A O r O  T e J I a  HCIIOJIb- 

3YeTCII  AJIH O n H C a H H R  M ~ T ~ C T ~ ~ H J I ~ H O ~ O  3 H e p r e T H s e C K O I ' O  COCTORHIIR, 

paCnOJIO?XeHHOrO M e N n Y  B ~ J I ~ H T H O G  3 0 ~ 0 6  H 3 0 ~ 0 5  IIPOBOAHMOCTH. 

Ecnm ~ T H  COCTORHHR pacnonozeaar B ~ J I E I ~ H  ~ O H ~ I  I I ~ O B O ~ E I M O C T H ,  

TO OHH M O r Y T  ~ ~ G C T B O B ~ T ~  K a K  3 J l e K T P O H H h I e  JIOBYIUKH. ECJIH ?He OHH 

6~1mxe K E ~ J I ~ H T H O ~  3 0 H e ,  OHH M O r Y T  ~ ~ ~ C T B O B ~ T ~  K a K  AbIpOYHbIe  

P $2 c. 27. M ~ x ~ H I I ~ M  ~ ~ y ~ p e ~ ~ e i i  n o n ~ p m s a ~ p ~ ~ r .  I I ~ M  n o r j r o r q e H m  B cnoe 
~ O T O ~ L I  c B e T a  r e H e p E i p y r o T  n a p b I  a n e K T p o H  - R b I p K a .   no^ g n m r i l r e M  n p m n o x e H -  

aoro H a n p H m e H m  ~ J I ~ K T P O H ~ I  II ~ L I ~ K H  ABHXYTCR B I I ~ O T ~ B O ~ O J I O ~ ~ E H ~ I X  H a n p a B -  

JIeHLiHX A 0  T e X  E O p ,  UOKa OHH H e  IIOIIaJlYT B JIOBYIIIHII. ~ H E ~ ~ K ~ M H  - II  060- 
3 H a 4 e H b I  COOTBeTCTBeHHO 3JIeKTPOHbI 12 AMPKIT. 

n o B y m m .  r ~ 1 y 6 ~ ~ a  JIOBYUIIEM o n p e g e n a e T c c I  ( (PaccToHHHeM))  B e p -  
H H q a X  3 H e p r a H  OT 3 0 H b I  IIPOBOAHMOCTH (AJIR ~ J I ~ K T P O H O B )  H OT BaJIeHT-  

HOG 3 0 H L I  (AJIR )J&IPOIE). 

l l p ~  CHHTHH O c B e w e H m  n p e K p a q a e T c R  reaepaqm C B O ~ O A H H X  
~ o c n ~ e a e i i .  O ~ ~ a x o ,  n o c K o J r b x y  I I p u n o x < e H o  aanpaxceme, o c T a B -  

IIIEzeCR c n o 6 0 ~ ~ b r e  3 a P H A h I  ~ Y A Y T  ABMI'aTbCR K 3JIeKTPOAab1,  3JIeKTPOHLI 

K lIOJIO>KMTeJlbHOMy 3 J I e K T p O A y ,  a QbIPKI I  - K O T p H ~ a T e J I b H O M Y .  

Y a c ~ b  ~3 HEX 6 y ~ e ~  a a x ~ a s e ~ a  n o B y m K a ; l r m ,  a gpyracr Y a c T b ,  A o c T H r -  

HYB 3 j I eKTPOAOB,  P ~ K O M ~ E I H E I ~ Y ~ T  CO C B O ~ O A H ~ I M H  HOCHTeJIRMM 

BO naeru~e i i  q e m .  
ECJIH C H H T ~  n p u n o % e H H o e  H a r r p n z e H H e ,  H a n p z m e p  c I I O M O ~ ~ H )  

xnmsa A (PHC. 27), TO A s I t x < e H n e  a a p ~ ~ o ~  K a n e I c T p o a a M  npercpa- 
THTCII H B H y T P e H H H e  IIOJIO?XHTeJIbHbIe M O T p H q a T e J I b H H e  3apFIAbI  

~ Y A Y T  I IpHTRrHBaTbCFI  APYr K APYrY. 
B C J I y Y a e  O C B O ~ O ? S A ~ H H R  YaCTH 3 a p H A O B  H 3  JIOBYUleK OHH. H a Y H Y T  

A B H r a T b C c I  K 3 a p R A a M  ~ ~ O T H B O U O J I O ? K H O ~  IIOJIRPHOCTH It PeKOhf-  

~ E I H E I P O B ~ T ~  C HHMH. T ~ K E ~ M  0 6 p a 3 0 ~ ,  I I p H  3TMX YCJIOBHRX B C e  3 a X B a -  

YeHHbIe  HOCHTeJIH B K O H q e  HOHqOB 6 y g y ~  O C B O ~ O X A C H ~ I  H PeKOM- 

~ H H H P Y H ) T  A 0  I IOJIHOrO HCYe3HOBeHIIcI  B H ~ T ~ ~ H H ~ G  I IOJ IHPH3aqI3H.  
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O¶~BHAHO, ¶TO BPeMR AeIIOJIHpH3a4HH AJIR r n y 6 o ~ ~ x  JIOByIIIeK 

3 H a s E T e J I b H O  ~ O J I ~ I I I ~ ,  ¶eM AJIH MeJIKHX. 

ECJIH BLIKJIKJ9HTb CBeT H CHHTb I IPHJIOXeHHOe 3J IeKTpH9eCKOe 

none, a 3JIeKTPOAbI 3aMICHYTL M e X A y  ~ 0 6 0 6  HaKOPoTKO ( 3 a h l K ~ y ~ b  

KJII04 B B CXeMe H a  PHC. 27 H OCTaBHTb Pa30MIEHYTbIhl KJIKJY A) ,  
TO H a  3JIeKTPOAaX HHAY4HPYH)TCH 3JIeKTPH9eCKHe 3apRAL1,  3 K p a -  

HLIPyIOWHe IIOJIe B H Y T P ~ H H ~ ~  nOJIRpH3aqHEI  (PHC. 28). B 3TOM 

cnysae s a x ~ a s e ~ ~ b ~ e  3 a p ~ g b 1  n p o T H B o n o n o x H o r o  s ~ a ~ a  H e  6 y ~ y ~  
IIPHTRl'HBaTLCH JJPYr IE APYl'Y H Ael lOJIHPH3a4EIH,  O ~ Y C J I O B J I ~ H H ~ R  

o c ~ o b o > ~ ~ f i e ~ H e ~  H 3  JIOBylIIeK, 6 y j k e T  3 a ~ e ~ n e ~ a .   tam^ cnoco6o~  
B H y T P e H H R R  I IOJIRPH3aqHH M O X e T  6 b I ~ b  C O X p a H e H a  H a  60JIee IIpO- 

A o n ; x n T e n b H o e  BpeMH. 

K O H ~ ~ H O ,  B 0 3 M O X H a  ,UeIIOJIHPEI3a4HH O C B O ~ O X ~ ~ H H ~ I X  3 a P R A O B  

H a  3J IeKTpOAaX,  HO OHa 6 y a e ~  IIPOHCXOAHTb B OCHOBHOM B O ~ ~ ~ C T R X ,  

npmeramqmx K a n e ~ ~ p o ~ a ~ ,  T. e. T ~ M ,  r A e  g e i i c ~ ~ y e ~  none 1\.remjqy 

3aXBaseHHbIMM H H H A Y ~ H p O B a H H M M H  3 a p H A a M H .   tam^ 06pa30~ ,  
K o p o T x o e  a a ~ b ~ ~ a ~ n e  M e m a y  a n e r c T p o A a M n  c n o c o 6 c ~ ~ y e ~  c o x p a H e  

HHKJ B H ~ T ~ ~ H H ~ ~  I I O J I R p E 3 a q H H .  

Y A ~ J I ~ H H ~  o p o r o  a n e I c T p o A a  B ~ I ~ H B ~ ~ T  n o a s n e H H e  n o n R  B +OTO- 

YyBCTBHTeJIbHOM CJIOe, B p e 3 y J I b T a T e  Y e r O  IIOHBJIReTCH 3 a p H A  H a  

IIOBepXHOCTH, C ~ c o ~ o p o i i  6b1JI YAaJIeH 3JIeKTPOA. T ~ K H M  o6pa30~ ,  
3aPRHFeHHbIe  9aCTHqb1,  AOIIYCTHM IIOpOIIIKa, M O r y T  IIPHTHrHDaTbCII  

IIOBepXHOCTbIO, eCJIH T a K H e  9aCTHQbI IIOABeCTH K ~ ~ 0 6 0 ~ ~ 0 6  IIOBepX- 

HOCTl'i ~ O T O Y Y B C T B H T ~ J I ~ H O ~ O  CJIOR. 

ECJIH C H R T ~  I I ~ H J I O > I ; ~ H H O ~  H a n p H w e H a e ,  TO B H y T p e H H m  n o n R p n -  

s a q m ~  M o m e T  6 b 1 ~ b  ~ e i i ~ p a n ~ l a o ~ a ~ a  n y T e M  0 6 n y s e ~ a ~  @OTOPYBCTBEI- 

TeXbHOrO AH3JIeKTPHKa CBeTOM HJIH APYI'HM H3JIy9eHHeM.  3 a x B a q e ~ -  

HbIe  HOCHTeJIH 6 y f i y ~  H e 6 ~ p a J I l l 3 0 ~ a ~ b I  C B O ~ O A H ~ I M H  HOCHTeJIHMH, B03-  

6 y ~ , I ( a e M b l M H  B AH3JIeKTpHKe.  H O ~ ~ B H M ,  9TO H YaCTb 3aXBaYeHHbIX 

H O C H T ~ J I ~ ~  6 y g e ~  O C B O ~ O ? K A ~ H ~  I I p H  06.11yseHHH o6pasqa IIPOHHKaIO- 

Z ~ H M  H ~ J I Y Y ~ H H ~ M .  EI~+parcpac~oe ~ a n y s e ~ ~ e ,  O C B O ~ O X A ~ R  3 a x ~ a -  
9 e H H b I e  HOCHTeJIH, T a K X e  M O X e T  6 b I ~ b  I I P M Y H H O ~  JJeIIOJIHPEI3a4HIi 

fiH3JIeIcTpHKa. C B O ~ O ~ ~ H O  J I e p e A B H r a H C b ,  3TH 3 a p H A b I  MOrYT 6 b I ~ b  

H ~ ~ T ~ ~ J I E I ~ O B ~ H ~ I  B p e 3 y a b ~ a ~ e  ~ ~ K O M ~ H H ~ ~ E I H  c a a p u ~ a ~ r n  IIPOTEIBO- 

P. u a G G e p ~  



- 
I IOJ IOXHOrO 3 ~ a ~ a .  ECJIH IIPEIJIO>KMT~ H a n p c I m e H H e ,  o 6 p a ~ ~ o e  mcxon- 
HOMY n o n ~ p n 3 y m q e ~ y  H a n p t I x < e H z I o ,  B p e m  ~ e n o j r ~ p ~ a a q c ~ ~ ,  e c T e -  

CTBeHHO, YMeHblI IHTCfl .  

Ha PHC.  28 I I p O ~ e M O H C T P H P O B a H O  B03HEIKHOBeHHe  B H Y T P ~ ? H H ~ %  

n O J I R p H 3 a q H H  I I p H  OjJHOBPeMeHHOM ~ ~ ~ C T B H H  OCBeLU,eHMR kI 3JIeKTpEI- 

s e C K O r 0  n o m .  Ha n p a I c T m e  mavane  A r n a J r e K T p m  o c s e q a r o T ,  a a a ~ e ~  
n p m j r a n b I s a m T  H a n p m K e H n e .  3ap~nb1,  n o 3 6 y ? ~ g e ~ a b 1 e  o c B e r q e m e M ,  

OCTaIoTCR B 3 0 H e  IIPOBOAHMOCTH ewe B TezIeHl'Ie HeKOTOpOI'O K O H e ¶ H O r O  

B p e M e H M  m IIOCJle C H R T H S  OCBeWeHHR.  Ecmm BCJIeg  3a 3THM ~ ~ I C T ~ O  

n p n ~ 1 0 3 f f n ~ b  H a n p H x e H a e ,  TO O c T a B m M e c R  3apnnb1 M O r y T ,  nepepac- 
npenenmcb B 0 6 z e ~ e  B e q e c T B a ,  B L I ~ B ~ T ~  I I O J I I I P ~ I ~ ~ ~ E I ~ .  ECJIEI 
H H T e p s a J r  n p e M e H m  M e x n y  o c s e q e H n e h . z  H npmno i I ; eHEIeM H a n p a x e H m  

AOCTaTOsHO BeJIHK,  TO I IOJ IHPH3a4HEI  ~ Y A B T  H e 3 H a 9 H T e J I L H a ,  IIO- 

C K O j r b H y  X O H q e H T p a q H R  C B O ~ O A H ~ I X  3apflJ(OB CO B p e M e H e M  6 6 1 ~ ~ ~ 0  

3.2. OEPA30BAHklE kI30IiPAXEHMII C IIOMOqbH) 
BHYTPEHHEM IIOJIIIPkl3AqHll 

@ O T O T J B C T B H T ~ J I ~ H ~ I ~  3J I eMeHT,  C I T O C O ~ H ~ I ~  C O 3 n a B a T b  Y C T O H ~ M -  
  BY^ B H y T p e H H I o m  I I O J I I I ~ H ~ ~ ~ M H ) ,  H ~ H ,  maqe,  arne~~po40~orpaifni-  
y e c K a R  I ImaCTI tHa ,  COCTOHT H 3  ( P O T O I I P O B O ~ R ~ ~ ~ O  BbICOHOOMHOFO CJIOII, 

3 a t i n I o v e H a o r o  M e ; s n y  ~ B ~ M R  a n e K T p o A a M H .  OAMH ~ J I ~ K T P O A  nonx(en 
661~b I I P 0 3 P a Y H b I M ,  a ~ p y r o f i  IIOABHiKHbIhl. 

l 3 p ~  n o n y s e H H n  ~ a o 6 p a m e ~ n a  M e T o n o M  I I O J I H P E I ~ ~ ~ E I H  ncnonb- 
3YeTCR T a K a R  I IOCJIeAOBaTeJIbHOCTb 0IIepaq~fi: 

1. n p 0 e K q H R  E I ~ O ~ P ~ T I C ~ H H E I  H a  I I p 0 3 p a ~ ~ b 1 6  3JIeIcTPOA BMeCTe  

C OAHOBpeMeHHbIM IIpHJI0;IEeHkIeM H a I I p R X e H H H  X 3J I eKTpOAaM.  

2. B b I r c n I o s e ~ H e  C B e T a ,  CHRTHe  I IPHJIOlfFeHHOrO HaI IpR?XeHHf l  

H Q a 3 e M J I e H H e  O ~ O H X  3JIeKTPOAOB. 

3. Y n a J I e ~ ~ i e  OAHOrO E13 3JIeKTPOAOB. 

4. ~ ~ o R B J I ~ H H ~  CKPbITOrO 3 J I e K T P O C T a T H ~ e C H O F O  ~ 3 0 6 p a x e ~ 1 1 ~  
ItOpOIIIKOBLIM I IpOHBHTeJ IeM;  IIOpOIUOIE HaHOCMTCR H a  C B O ~ O J J H ~ I O  

n o s e p x H o c T b  4 o ~ o a ~ r e ~ ~ p e ~ a .  

5. I l e p e ~ o c  I l o p o r r r x o B o r o  ~ 3 0 6 p a z e ~ a c r  H a  6 y M a r y .  

6. 3 a ~ p e n ~ 1 e ~ ~ e  n o p o m K o B o r o  ~ 3 0 6 p a l f ~ e ~ 1 1 ~  H a  6 y M a r e .  

7. Osncrrrca noBepxHocTa4o~oamerc~pe~a OT O c T a B m e r o c R  n o p o m K a .  

8. Boanpaqe~me  I I O A B ~ ~ H O ~ O  aaempoaa EI , q e n o j r ~ p ~ a a q ~ c ~  CJIOR 

X P a C H b I M  CBeTOM. 

Bce 3TkI O I I e p a 4 E I H  I IP0EIJIJIH)CTpHPOBaHbI  H a  PHC.  29. ECT~CTB~HHO,  
 TO B p e 3 y n b ~ a ~ e  n o n y s a e T c R  I I O ~ H T H B H O ~  H 3 0 6 p a X e ~ H e  c H e r a T m B -  

H o r o  oparmana H J I ~  H ~ O ~ O P O T .  O g ~ a ~ o ,  IcaIc m B ~ c e p o r p a @ m ,  
BOCJIPOH3BeCTH I I 0 3 H T H B  C I I 0 3 H T H B a  MOWHO I I P H  0 6 p a q e ~ ~ o ~  I IpORBJIe -  

HHH.  ~ O ~ T O M Y  B C e  O I I e P a q k I H  H a  PHC.  29 MO3ffHO C p a B H H T b  C O n e p a -  

~ H E I M H  H a  PHC. 1, x o T o p b I e  OTHOCEITCEI K ~ c e p o r p a # n ~ .  PIIA onepaq~fi ,  
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I IpeHCTaBJTeHHbIX H a  PHC.  29, M O S e T  6 b 1 ~ b  mCIIOJlb3OBaH AJIH (POPMEZ- 
P O B a H H H  CKPMTOrO M ~ O ~ ~ ~ ~ I C ~ H H R .  ~ T M  O I l e p a q H H  3 a K J I I o s a I o T C a  

B c n e , q y I o q e h x :  

1. B nepsoii onepaqm (PHC. 29, a) masane  c s e T o B o e  ~ a o 6 p a x e -  
H n e  n p o e r p p y e T c a  H a  @ 0 ~ 0 3 n e I c T p e ~ ~ b 1 i i  caoii, a 3 a T e M  p i e  npm- 
x n a ~ b ~ s t i e ~ c r r  H a n p a w e n t r e  H a n e g T p o A a M .  IIPOBOAHMOCT~, B L I ~ B ~ H -  

H a H  CBeTOBbIM CHTHaJIOM, C O X p a H R e T C H  B T e Y e H H e  HeICOTOPOrO B p e -  

MeHM IIOCJIe BbIHJIIOgeHHR C B e T a .  O A H ~ K O  I l p O B O ~ 5 i M O C T b  CO B p e M e H e M  

YMeHbI I I aeTCH,  H,  CJIeAOBaTeJIbHO,  HaIC Y?ICt? 661.~10 O T M e s e H O  P a H e e ,  

M H T e p B a J I  lf t?ll<Ay B b l H J I I O ~ e H H e M  C B e T a  H n p H J I o X { e H H e M  IIOJIH H e  M O X e T  

  LIT^ CJIHIUICOM I IPOAOJIZHTeJ lbHbIM.  

2. Ecnm @ O T O ~ J I ~ K T ~ ~ T H ~ ~ ~ ~  caoii npm H a n n s a H  n p m n o x < e a H o r o  

nona n o A s e p r a e T c a  gef c ~ ~ m i o  p a ~ ~ o ~ e p ~ o i i  a a c ~ e ~ ~ a ,  H a n p H M e p  

y n b ~ p a @ n o n e ~ o ~ o r o  m 3 n y s e ~ ~ a ,  TO B  TOM cnoe B O ~ H ~ K ~ ~ T  pasao- 
M e p H a n  BHYTPeHHREi  I I O J I I I P H 3 a q B H .  ~ P L I J I O ~ ~ H H O C ?  3JIeICTI)WIeCKOe 

IIOJle 3 a T e M  CHMMaeTCFl, a 3 n e K T p O A b I  3a3eMJlRK)TCH,  ICaK 3 T 0  I I O K a 3 a H O  

H a  FMC. 29, 6. n p H  3 T H X  YCJIOBHHX V e p e 3  I I p 0 3 p a ¶ ~ b I f i  3 J I eKTpOA H a  

( P O T O ~ J I ~ K T P ~ T H Y H )  I I J I aCTHHy I I p O e q H p y e T C H  CBeTOBOe ~ 3 0 6 p a ? 1 { e ~ ~ e .  

3 I c c n o ~ ~ p o ~ a ~ ~ e  IIPHBOHHT K ,qenon~pmaaqm~ H a  T e x  ysacmax, 
r A e  c B e T  n p o H m I c a e T  B n n a c T n H y .  I I o c n e ~ ~ a e  onepaqm ~ ~ M ~ H H I ~ T  

o n e p a q H m ,  I i o T o p b I e  y ~ a 3 a ~ b 1  H a  p ~ c .  29, a H 6. I I O J I E I ~ H ~ ~ ~ H O H H O ~  
H n 0 6 p a ~ U 3 H H e ,  I IOJ IyYeHHOe  T a H H M  C I I O C O ~ O M ,  HBJIHeTCR n 0 3 H T H B H b I M  

B @ O T O ~ P ~ @ H ~ ~ C K O M  CMbICJIe, H I I p H  I IpOHBJIeHEll l  T ~ ~ ~ Y ~ T C H ,  9~06bi 
3 H a H  3 a p H H a  I l p O H B H T e n H  6b I J I  I IPOTHBOIIOJIOWeH 3 H a K Y  3 a P H A O B  H a  

n o s e p s H o c T H  a o ~ o a n e ~ ~ p e ~ a .  
3. @ 0 ~ 0 3 J I e H ~ p e T H b l ~  cJIoG P a B H O M e p H O  ~ 0 3 6 y w ~ a e ~ c ~  IIOJIHPH- 

~ ~ I ~ I ~ E I M  O c B e I q e H z i e M ,  a a a ~ e ~  H a  H e r o  n p o e q m p y e T c a  Henonnpn- 
ayroqee m 3 0 6 p a w e ~ m e .  Bcneg 3a BTHM cpaay HJIH cnycm H e K o T o p o e  

s p e M H  n p m m a A a I s a e T c s  a n e x ~ p m s e c ~ o e  none. 3 ~ a  onepaqm s a ~ e  
H H e T  onepaqmo, Y I F ~ ~ ~ H H Y H )  H a  pmc. 29, a.  

4. ~ J I ~ c T H H ~  OAHOpOAHO B O ~ ~ Y X A ~ H ~ ,  H a K  H B Il. 3 (CM. BhlIUe).  

IIocne 3 ~ 0 r o  H 3 ~ 1 e ~ ~ p o g a ~  n p a I < . n a H b I B a e T c f l  H a n p a M e H H e ,  a a ~ e ~  
H a  cjroii 11epe3 n p o 3 p a u ~ ~ 1 5  ~ J I ~ K T ~ O J I  n p o e q q y e T c R  ~ 3 0 6 p a l r c e ~ x e ,  

H o T o p O e  h i O x e T  6 b l ~ b  mJIH ( ( ~ 0 3 6 y M ~ a I O I q H h f ) ) ,  m n H  ((raCRLqHM)). B03- 
6yw~a1owee O C B e q e H H e  6 y ~ e ~  yBeJ Ik I¶HBaTb  n o n ~ p ~ 3 a q ~ ~ )  kI o6pa- 
3 0 B b I B a T b  H e r a T H B H O e  ma06pawea~e B @ o T o ~ ~ ~ @ H ~ ~ c H o M  ChlbICJIe, 

T o r g a  I c a H  racmqee o c s e q e H H e  6 y g e ~  y i w e H b r r r a T b  non~pm3aqn10, 
@ 0 p ~ H p y a  I IO3HTHBHOe 1 4 3 0 6 p a N e ~ H e .  (y HeKOTOpbIX  JIH)MIIHO@O~OB, 

HaXOjJHIQHXCR B I ~ O ~ ~ ~ H < A ~ ? H H O M  COCTOHHHH, 0 6 ~ a p y x ~ ~ a e ~ c ~  3@@e~-  
T H B H o e  r a m e H m e  B ~ p a c ~ o i i  H n H  o p a ~ i f c e s o f  O ~ J I ~ C T H  cnewpa.) 

K a n n h f e ~  [211 H ero C O T ~ ~ ~ H ~ E E M  onmcam a ~ ~ e p e c n b 1 5  cnysaii npu- 
h1eHeHHEI Y C T O & ~ E ~ B O ~  B H Y T ~ ~ H H ~ ~ ~  I I O J I H P H 3 a q H H  B ~JI€!KTPo~$oToI 'P~-  

~ H H .  OHM H a m n M ,   TO onepaqms y A a n e H m  a n e I c T p o A a  c nosepx- 
HOCTH J I I O ~ . I H H O @ O ~ ~  B b I 3 b I B a e T  H e K O T O P O e  H a P Y I I I e H H e  I l O J I H P H 3 a q H H  

B H Y T P H  CJIOH. AJIEI  T o r 0  ~ ~ 0 6 6 1  H 3 6 e l r c a ~ b  3 T O r O  3@@eICTa, I IOBePXHOCTb  

5% 
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~ O T O ~ ~ B C T B H T ~ J I ~ H O ~ O  CJIOH I I O E p H B a J I a C b  C M C T ~ ~ I O ~ ~  I IpOBOAHlqHX 

TO1leK p a 3 M e p O M  OKOJIO 0,05 C.M K a X A a H .  TOYKH HaHOCLIJILICb 

cepe6paaoCi ~ { p a c ~ o i i  sepea n e p i j o p ~ p o s a ~ ~ y m  M a c K y .  T ~ K H M  o6pa- 
3 0 M ,  K a N A a H  TO9Ica  CTaHOBHJ laCb  OTAeJIbHblM MaJ IeHbKMM 3JIeKTPOAOM, 

H e  CBR3aHHbTM MeXaHElYeCKH H 3JIeKTPM9eCICH CO CMeSICHbIMM TO9KaMH.  

P l3 C.  30. C?teMa,  I I O K a 3 b I B a I o q a R  OTAeJIbHbIe CTaAMH MeTOAa lIOJIJIpH3aqHl3 
c H C I I O J I ~ ~ O B ~ H H ~ M  pampa B B n A e  npoaonaqnx TO¶eK. 

a - CBeTOBOe a 3 0 6 p a m e ~ a e  IIpOeqHPYeTCFI Ha ( ~ O T O Y Y B C T B H T ~ J I ~ H ~ I ~  C J I O ~  no MJlM BO BpeMX 
nonnplisaqwn. B n l o ~ a n o @ o p e  06pasye~ca  cKpmoe a s o 6 p a m e ~ a e  B sane y c ~ o 8 s a ~ o i t  
~ ~ ~ y ~ p e ~ r ~ e i i  nonfipasaqazi; 6 - c ' b e ~ ~ b ~ t i  anempon s a s e ~ n e ~ ,  a B npoBonRmax p a c s p o m x  
TOWiaX 06paso~anacb  c ~ x s a ~ ~ b ~ e  aapanH; e - nocne ynaneHaR cseMHoro anempona 
nXaCTHHa OAHOPOAHO 3aCBe9HBaeTC.43, 9 ~ 0 6 ~  O C B O ~ O ~ H T ~  3aPllnbI CBJT3aHHbIe B IIPOBORII- 
UHX paCTpOBbIX T09KaX. H 06pa30Ba~b CKPbITOe a s o 6 p a m e ~ a e  & 3  ~B060nHbIX 3aPRnOB. 

[K a 1J m a n ,  R e n  n e r t ,  S i d r P n, Photog. Sci .  Eng., 4 ,  6, 3 4 7 - 3 4 8  (1960).1 



P PI c. 31. C x e ~ a ,  iro~a~hr~aro~qaa oTneJrLmble 3TanbI weToAa nenonapnaaqxrn 
IIpM PICIIOJIb30BaHPIII IlJIaCTEfII C C J T C T ~ M O %  IIpOBORHqHX PaCTpOBbIX T O ¶ e K .  

a - nonnpasaqan nnacTHrlbI; 6 - cae~l rb18  a n e ~ ~ p o n  a a s e ~ n e ~ ,  a B n p o ~ o ~ n m m x  pacTpo- 
BHX ToqKax 06pa30~anacb c a n s a t r ~ b ~ e  sapnnbl; e -- nocne ynaneHHn CZeMnoro RneHTpona 
npoeqxpyemoc ci306pame~vre n b ~ a b r ~ a e ~  n o n n p ~ 3 a q a m  I ia  ocBemeaabIx y r a c m a s .  CBH- 
3aHHble B TOgKaX 3apnnbl O C B O ~ O ~ ~ ~ I O T C H ,  PI 113 C B O ~ O ~ H ~ I X  3apHAOB 06pa3ye~cH CHpbITOe 
u306pame~ae .  [K a 1 1 rn a n,  R e n  n e r t, S i d r a n, Photog. Sci. Eng., 4,6,  347  (1960).] 

P H C .  32. C s e ~ a .  n o ~ a 3 u ~ a m q a ~  oTAenbwIe ~ C O B ~ ~ I I I ~ H C T B O R ~ H H O ~ O  
MeTona ,Qenonnpllaaq~~li npn ~ ~ c n o n b a o ~ a ~ ~ l ~  nnacTIlH c c ~ c ~ e w o i i  npOBOnR- 

WPIX PaCTPOBbIX TO'XHK. 

a - paBH0Mep~aH nonnpa3aqHH IInacTaHbI; 6 - c ' b e ~ ~ b l 8  BJIeKTPOA 3a3eMJIeH, a B npo- 

BOnHlulTX PaCTpOBbIX TOqKaX 06paso~anllcb CBH3aHHble 3apXnbI. ~ K C ~ O H ~ ~ O B ~ H ~ ~ C  nJIaCTHHb1 
nPM IlpoeqapoBa~rlm Ha Hee CBeTOBOPO 11306pame~mn ~ ~ O H ~ B O ~ H T C H  683 ynalrerran caeM- 
HOP0 WIeKTpOna ~0TOl)bl$I HaXOABTCR B KOHTaKTe C npOBOAXUHM11 paC~poBb1MA T O Y K ~ M C I  

ZaBeMJIeH, VTO 1103ROnHeT O C B O ~ O H ( ~ ~ K ~ I I ~ H M C H  3apHnaM CTeKaTb Ha 3eMnm; 8 - 3a3efiI- 
JICHHblii 3neK~pon ynnlneTcR, ur nnacTaHa paBHoMepwo sacsesasaeTcn, s~o6b1  CRHT~. 
nonJTpCI3aqum npcBpau(an oC~a~osHble  csn3aa~b1e 3apHAbI B T O r I K a X  B cB060n~ble 3aPHZbl 
T~HHM o b p a s d ~  II0,nyqaeTCH CKpbIToe a 3 0 6 p a m e ~ ~ e  H3 C B O ~ O ~ H ~ X X  3aPHHOB. [K a 1 1 nl a n, 

R c n n e r t ,  S i d r a n,  Photog.  Sci. Eng., 4, 6, 347 (1960).1 1 
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H 32. B caysae n p n M e H e H E i x  I I e p B o r o  cnoco6a ( p ~ c .  30) ~ 3 0 6 p a m e ~ ~ e  
4 o p n r ~ p y e ~ c a  n o c p e j q c T B o M  n e p ~ o ~ a v a n b ~ o i i  n o n a p ~ 3 a q ~ ~ i .  B cnysae 
I I p H M e H e H H R  B T O p O r O  ( ~ H c .  31) n 3 0 6 p a m e a H e  IIORBJIcIeTCH IIOA AeH- 

c T s E i e n r  ~ e n o ~ ~ ~ p ~ a a q n ~ ,  a B T p e T b e M  cnoco6e ( p ~ c .  32) mcnonb- 
sye~crr  c o s e T a H H e  nonapmaaqna m n e n o n ~ p ~ a a q ~ ~ .  I I e p n b r ~ n  ABYMX 

C I I O C O ~ ~ M H  IIOJIY9aIOT H e r a T H B H O e  ~ 3 0 6 p a m e ~ n e ,  TOI'Ha H a K  T p e T b H M  

I I O J I y ¶ a I o T  I IO3HTHBHOe H 3 0 6 p a l ~ e H H e .  O T I I ~ ~ ~ T H H ,  I I O J I y s e H H b I e  3THMH 
I C I I O C O ~ ~ M H ,  ~ O ~ B O J I I I ~ T  n e p e A a s a T b  p a c T p o n L I e  H ~ o ~ ~ ~ ? K ~ H H R .  

Y c T o H Y H B ~ I O  BHYTPeHHIOIO I l O J I F I p H 3 a ~ H H )  O ~ H ~ P Y X ~ I I B ~ I O T  B e w e -  

C T B a ,  KOTOPhIe  HMBIOT C J I e A y I O q H e  X a p a K T e P H C T H K H :  
1) oseab R L I c o I c o e  c o n p o T n s n e H H e  B T e n i H o T e  (ae6onbmaa KOH- 

r i e ~ ~ p a q ~ ~  C B O G O A H ~ I X  ~ o c n ~ e n e i i  - HLIPOIC E I ~ H  ~ J I ~ K T P O H O B ) ,  

T. e. M a T e p l l a J I  A O J I X e H  661~6 XOPOIUHM H3OJIHTOpOM I I P H  OTCYTCTBHH 

o c s e u i e H m ,  n p o H m a I o r q H x  H ~ J I Y Y ~ H H ~ ~  H ~ H  Y~CTIXLI, B b I c o K m x  

a ~ e p r ~ i i ;  
2) H a m m e  @ O T O I I ~ D B O ~ E I M O C T H ;  

3) BbICOI<aX K O H q e H T P a q H X  3J I eKTPOHHbIX I4 AbIpO¶HbIX JIOBYIIIeK. 

ECJIH M a T e p H a J I  0 6 ~ 1 a ~ a e T  HH3KHM COIIPOTHBJIeHHeM, TQ 3 a X B a s e H -  

H b I e  3 a P R H L I  6 6 1 ~ ~ ~ 0  H ~ ~ T P ~ J I H ~ Y I O T C E I  C B O ~ O A H ~ I M H  HOCHTeJIRMH 

3 a P H A O B .  i 

E c n ~  B M a T e P H a Z e  H e T  JIOByIIIeK,  TO 3 a P H A b 1 ,  B03HHKII IHe  I I P H  

B O ~ ~ ~ I K A ~ I O I ~ ~ M  H ~ J I Y ~ ~ H H M  H 3 a ~ e ~  p a 3 n e n e ~ ~ b 1 e  n p n n o x e H a L I M  

n o J I e M ,  P ~ K O M ~ I I H H ~ Y I O T  MeXfCAY ~ 0 6 0 5  IIOCJIe CHRTMR IIOJIX H ,  CJIeAO- 

B a T e J I b H O ,  I IOJ IF IpH3aqHH H e  6 y ~ e T  Y C T O ~ ~ Y H B O ~ .  

ECJIH C B O ~ O A H H ~  HOCHTejIH 3 a p R A a  H e  M O r y T  6 b I ~ b  C03AaHLI  B M a T e -  

pztane npn o c B e I q e H m ,  T. e. ecan M a T e p t i a n  H e  c r s n a e T c a  @ o ~ o n p a ~  
BOHHHKOM, TO H H I E B K O ~ ~  C K O J I ~ K O - H Z ~ ~ Y ~ ~  ~ ~ M ~ T H O G  I I O J I X p H 3 a q H H  

B H e M  H e  B O ~ H H K ~ ~ T .  ( 3 ~ e c b  H e  p a c c i v t a T p E i B a e T c a  I I O J I R ~ H ~ ~ ~ H X  T H n a  

CII?HT~HHOG I IOJ IRPH3aI JUH C e r H e T 0 3 J I e K T P H K O B .  ~ O C J I ~ A H R I I  06ycao- 
B J I e H a  , ~ H I I O J I ~ H O ~  O p H e ~ ~ a q B I e 6  B 3J I eKTPHYeCKOM none H H e  C B X 3 a H a  

c R n n e a m e M  nepeaoca C B O ~ O A H H X  ~ o c n ~ e n e t i  a a p ~ n a . )  
Coxpa~eame C K p b I T o r O  m 3 0 6 p a ? ~ e a n ~  B @ o p ~ e  ~ C T O H ~ H B O H  

B H Y T P ~ H H ~ ~ ~  I I O J I I I P H 3 a q H H ,  eCTeCTBeHH0,  T p e 6 y e T l  9~06b1 I I e p e p a C -  

n p e A e n e a H b I e  3 a p c 1 p 1  yaepmmanncb B r n y 6 0 ~ ~ x  J r o s y m I c a x .  O n ~ a ~ o ,  
K O r A a  @ ~ T O ~ ~ B C T B H T ~ J I ~ H L I ~ ~  AH3J IeKTPHK 3 a K J I H ) q e H  MeXfCAY A B y M R  

3a3eMJIeHHLI&fH 3JIeKTPOJ(aMH, B H y T p e H H e t ?  IIOJIt?, B b I 3 b I B a I o w e e  AeUO- 

mprnaaqmo, B s ~ a s ~ ~ e n b a o i i  c T e n e a H  a I c p a H n p y e T c a .  B T a m x  YCJIO- 

BHHX B p e M R  3KH3HH CKPbITOrO 3JIeKTPOCTaTH9eCIEOrO E I ~ O ~ P ~ ? K ~ ? H L I R  

MO%t?T 6 b 1 ~ b  3 a M e T H O  Yl3eJ IH4eH0 ,  a BJ IHHHHe  BHeIUHHX B O ~ H ~ & C T B H ~ ~  

J'MeHbIIIeHO. ~ J I ~ K T P O ~ ~ ~ I  AOJIXCHbI H M e T b  X O P O I U H ~  KOHTaKT C I lpOBO- 

A ~ W ~ M  c n o e M .  I Ipexqe YeM n c n o n b a o ~ a ~ b  a n e K T p n s e c K o e  ~ao6pawe-  
Hme AJIX IIOJIYYeHHH O T I I e s a T K a ,  OAHH 3JIeKTPOA H ~ O ~ X O A H M O  YAaJIkiTb.  



T a ~ c m ~  06pa30~ ,  OCHOBHbIe T ~ ~ ~ O B ~ H H H  AJIH I I o n y s e H H H  @OTO- 

9 J I e K T p e T H O r O  H ~ O ~ P ~ H C ~ H I I R  B ~ J ~ ~ I C T P O @ O T O ~ ~ ~ @ I I E I  3aKJIH)YaH)TCH 

B H c n O J I b 3 O B a H H H  nm6o ~ ~ I C T P O ~ ~  06W3~~0fi  I l O J I I I p H 3 a q H H  H O E  

~ e f  C T B M ~ ~ I  o c s e m e H H c r  H n p n n o x e H H o r o  n o m ,  J I E I ~ O  6b1c~poi . i  

~ e n o ~ ~ c r p ~ a a q ~ m  @ o ~ o a n e ~ ~ p e ~ a  npn o c B e w e H m .  B n e p B o M  cnysae 
@ O T O O T B ~ T  6 y ~ e T  3 a B H C e T b  OT KBaHTOBOrO BLIXOAa @ O T O T O K ~ ,  nOA- 

BH?T<HOCTEI H O C E I T ~ J I ~ ~ ~  3 a P R A O B  ( ~ J ~ ~ I C T P O H O B  HJIH ~ ~ ~ I P O I E )  B @ 0 ~ 0 I l p 0 8 0 ~ -  

H H K e ,  a T a K m e  ~ @ @ ~ K T E I B H O C T M  3 a X B a T a  H Y A e p W a H k I H  H O C E I T ~ ~ ~ C &  

JIOByILIKaMH. BO BTOPOM C J I y Y a e  3 T a  CKOPOCTb ~ Y H ~ T  3 a B H C e T b  OT KBaH-  

TOBOrO BLIXOAa, CKOpOCTM O C B O ~ O ~ ~ ~ ~ ~ H H R  3 a p H A O B  H 3  JIOBYIlIeK 

H IIOABH3ICHOCTH. B ~ I C O X ~ R  IlJIOTHOCTb COCTOHHH~?  J IOByI I l eK ,  ~ e o 6 s o -  
A H M a H  GJIH BO3HHKHOBeHHH B H Y T P ~ H H ~ ~  lIOJIEIpE13aqHH, 6 y ~ e T  YMeHL- 

I I I a T b  I IOABHmHOCTb ,  H K a K  CJIeACTBHe 6 y A e ~  YMeHbI I I aTbCR CKOpOCTb  

@ O T O O T B ~ T ~ .  B 0 6 b 1 ~ ~ 0 f  K ~ e p o r p a @ H H  X e J I a T e J I b H O  p a 6 0 T a T b  C @OTO- 

I I ~ O R O A H H K O M ,  ~ ~ 0 6 0 ~ ~ 6 1 ~  OT JIOBYIIIeK; 3 T 0  YCJIOBHe B HaH60 j1b I I I e i i  

c T e n e H H  B b I r r o J r H n e T c a  B ~ M O P + H O M  ceneae. T a ~ m  o 6 p a a o ~ ,  B @OTO- 

3 J I e K T p e T H b I X  M a T e p H a J I a X  I I O J I y ~ H T b  ~ ~ I c T P ~ I ~ ?  @ O T O O T B ~ T  T P Y B H e e ,  

s e M  B 0 6 b 1 s ~ b 1 x  K c e p o r p a @ ~ ~ ~ e c ~ ~ ~ ~  M a T e p H a n a x .  

f l a J I ~ l M t ? H  H P o a e ~ 6 e p r  [ I91 MeTOAOM C Z e M H O r O  3 J I e K T p O A a  HCCJIe- 
A o B a n H  n o T e H q n a n  @ o ~ o a n e ~ ~ p e ~ a  k13 ~ H ) M H H O @ O P ~  ZnS : CdS I i a K  

@ Y H K ~ H K )  B p e M e H x t  ~ O J I H ~ H ~ ~ ~ H H .  B E a s e c T s e  M c T o s H m a  c B e T a  OH& 

HCl IOJ Ib30BaJ IH  r a 3 O p a 3 p H A H y H ,  PTYTHYH) J I a M I I y  C 6onbrrroii HHTeH-  

CHBHOCTbH) I13JIYYeHHH. ~ ~ H T ~ H C H B H O C T ~  C B e T a  H a  I l X a C T H H e  P a B H H -  

J I a C b  -- 15 . W K ~ ~ / C A ~ .  BCXOAII H 3  3 T H X  A a H H b I X  AJIH J IH)MHHO@OP~ 

ZnS : CdS, ~ ~ I J I O  ~ a i i n e ~ o ,  ¶TO AJIR n O n y ¶ e H H R  I I o T e H q H a n a  200 6 

I 
H ~ O ~ X O A E I M O  B P e M H  I I O J I H p H 3 a q H H  .v 1000 C e K ,  eCJIH k IC l IOJ Ib30BaTb  

y K a 3 a H H y I O  O C B e ~ e H H O C T b  H I I p H K J I a A b I B a T b  K CJIOH) H a I I p H X e H H e  

n o p r r A I c a  1000 6 .  I I p e ~ n o n a r a e ~ c ~ ,  YTO AJIH n p o R B n e H m  ~ 3 0 6 p a x e -  
H H H  KaCKaAHbIM MeTOAOM H ~ O ~ X O A H M ~ I ~ ?  I IOTeHqHaJ I  H a  I IOBepXHOCTE 

COCTaBJIHeT H e  M e H e e  200 6 .  

a H T p a q e H a  n p H  T e x  x e  ycnosmx  s p e m  n o ~ ~ ~ p a a a q n ~  coma- 
B J I R e T  OKOJIO 3 C e Z .   TO p a 3 J I H Y H e ,  O¶eBHAHO, 0 6 y c n o ~ J I e ~ o  60~1ee 
MeAJIeHHbIM TeMHOBbIM CIIaAOM I I O J I I I P H 3 a q H H  B a H T p a q e H e .  

B cjrysae HCIIOJIE.~OB~HHH ~ e x a ~ r n a ~ a  ~ e n o n l ~ p n a a q ~ ~  B p e M c r  

0 6 p a 3 0 s a ~ m R  CKpbITOrO H 3 0 6 p a l r c e H H ~  6 y ~ e T  A P Y r H M .  A o n o n H m ~ e J I b -  

HLIe  HCCJIe,I(OBaHHR, I I p O B e A e H H b I e  B p a 6 o ~ e  [741, I l O K a 3 b I B a I o T ,  YTO 

B cmysae o c s e q e H m  y n b ~ p a @ ~ o n e ~ o s b ~ h ~  c B e T o M  npti o c s e q e H H o c T n  
- 15 . W K 6 m / c . M 2  B p e M R  ~ e n O J I I I p H 3 a q E i H  ~ ~ ' ~ ~ M H O I I O J I H ~ H ~ ~ B ~ H H ~ I X  CJIOeB 

ZnS : CdS n p H  H a v a n b H o n t  n o T e H q E i a n e  200 6 c o c T a B n f i e T  o K o n o  2 c e K .  

YCT~HOBJI~HO,  9 T O  B aHaJIOI 'H9HbIX YCJIOBHIIX B p e M H  ~ e ~ O J I I I ~ H 3 a ~ H H  

a H T p a q e H a  p a m o  OKOJIO 25 c e E  n p H  TOM me H a l I a n b H o M  n o T e H q c i a n e  

200 6. T a ~ m  06pa30~ ,  AJIH J I I O M H H O @ O ~ ~  ZnS : CdS A e n O J I H p H 3 a -  

~ E ~ O H H ~ I ~  MeXaHEI3M 0 6 H a p y ~ H B a e T  6 6 J I b I I I y I O  YYBCTBHTeJIbHOCTb, 

s e M  I I O J I H ~ H ~ ~ ~ H O H H ~ I ~ ~ ,  T o r R a  K a I c  AJIH a H T p a q e H a  EinfeeT M e m o  o 6 p a ~ -  
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P H C.  33. B O ~ H ~ I K H O B ~ H H ~  nonRpn:>aqaH 15 p a : 3 p a ~ ~ a  ( t i  > t z ) .  

H a n p H M e p  n p H  MCnOJIb30BaHHM J I K ) M E I H O @ O ~ ~  ZnS : CdS IIO ch0~06y  
~ e 1 1 0 n ~ p ~ a a q k i H .  no AaHHbIM,  IIPHBOAHMbIM B p a 6 0 T e  1211, 3 T 0  p a 3 -  

n m a e  M o x e T  6b1~b ewe GOJI~I I IHM.  I I p o ~ e n e ~ ~ o e  B 3 ~ o H  p a 6 o ~ e  c p a B -  

H e H H e  @ O T O ~ J I ~ K T ~ ~ T O ~ ~  C BMOP@H~IIIIZ CeJIeHOM DOfEa3b IBaeT ,  YTO CeJIe-  

H O B a R  ~ C e p ~ r p a @ H R  o 6 n a ~ a e ~  YYBCTBHTeJIbHOCTbK) B 1000 pa3 60~1b- 
rrreii, s e M  a n e ~ c ~ p o I $ o ~ o r p a @ m  c ~ c n o n b a o ~ a ~ m e ~  y c ~ o i i s ~ ~ o i i  
B H Y T P ~ H H ~ ~ ~  I I O J I R P H 3 a q H M  J I I ~ M H H o @ o P ~ .  T a M  ;Kt? C0 ,QepXHTCR coo6- 
W e H t l e  06 Y C T O ~ Y L I B O ~  B H Y T ~ ~ H H ~ ~ ~  I I O J I R p H 3 a ~ H H  B CJIOe ZnO, 
ElBJIRIoIQeMCH I IOKpbITHeM C T ~ H A ~ ~ T H O ~  I c C e p 0 r p a @ H ~ e C K 0 6  G y ~ a r H ,  

H y K a 3 b I B a e T C H ,  YTO CYlQeCTBYeT MHOrO A P Y r H X  J~IOMHHO@OPOB, 06na- 
A a I o q H X  Y C T O ~ Y E I B O ~ ~  B H Y T P ~ H H ~ ~  I I o J I R P H ~ ~ ~ H ~ ~ .  

T ~ X H B K ~  IIOJ IyYeHHR E I ~ O ~ P ~ H C ~ H M R  C IIOMOWbIO MeTOAa  &(eIIOJIRpH- 

3 a 4 H H  I I03BOJIReT  H a A e R T b C R  H a  3 H a Y H T e J I b H O e  y B e J I H Y e H H e  CIcOpOCTH 

( P O P ~ ~ I I P O E ~ H E I R  E I ~ O ~ P ~ H E ~ H L I R .  BO~MOXUIOCTH 3 A e C b  3aKJ I IoYaIOTCS 

i&?, . - 
, , .  



B TOM, ¶TO C O 3 A a H H e  B H y ~ p e H H e f i  n O J I R p H 3 a q H H  B @ O T O I I ~ O B O A X ~ ~ M  

H30JIfITOpe 06619~0 RBJIReTCR M e H e e  ~ @ @ ~ I C T H B H ~ I M  I lpOqeCCOM, ¶eM 

p a 3 p q ~ a  B O ~ H H K U I ~ ~ ~  I IOJ IRPH~~IJHH.  B npoqecce n o n ~ p ~ 3 a q m ~  
TOJIbIcO 3 a X B a q e H H L I e  B JIOBYIIIKM 3 a p R A b I  ~ @ @ ~ I C T E I B H O  Y q a C T B Y I o T  

B 0 6 p a 3 0 B a ~ H H  B H Y T ~ ~ H H ~ ~ ~  I I O J I R P H 3 a q H M .  M ~ o r ~ l e  H 3  C B O ~ O A H H X  

~ocrn~enef i  a a p ~ ~ a ,  BO~HEIKIIIHX B p e 3 y n b ~ a ~ e  , q e H c ~ s k i a  o c s e q e H m ,  

n o n a A a I o T  H a  ~ J I ~ K T P O A M ,  MHHYR JIOBYIIIKH. ~ T H  3 a p q b 1  ~ c q e 3 a 1 o ~  

BO B H e I I I H e k  q e I I H .  B IIPOTHBOIIO- 

CdS zns J I O X C H O C T ~    TO MY, B npoqecce 
\ i ~ e n o ~ ~ ~ p m s a q r n ~  B c e  3 a p x ~ b 1 ,  

"po3pamb" 1 2 3 4 . '1 o c ~ o 6 0 x ~ a e n f b 1 e  CBeTOM, 6 y ~ y ~  
3ne~rnpoa 

Y s a C T B O B a T b  B CO3AaHHH CKPbI-  

i 
T o r 0  M 3 0 6 p a l f ~ e ~ H R .  T ~ I E H M  06- 

C~emosor 
U ~ O ~ ~ U X ~ ? H U ~  ' P ~ ~ O M ,  npll 0 ~ ~ 0 %  H TOG HEH 

O C B e q e H H O C T H  B p e h f X  ,I(eIIOJlRpH- 

3aqm~,  K a K  npasmo,  more 
MeHbI I I e ,  9 e M  B p e M R  n O J I R p H 3 a -  

QHH.   TOT BbIBOA HJIJI IOCTPHPYeT-  

CR I E P E I B O ~ ~ ,  I I P H B ~ ? , I ( ~ H H o ~  H a  

PHC.  33. 
K a I c  ~ ~ I J I O  n o ~ a 3 a ~ o  p a H e e ,  

M e T w  , q e n o n a p ~ a a q ~ ~  B K z I o s a e T  

npexne B c e r o  P a B H o M e p H y I o  no- 
P H C. 34. CJIOHCTLI~~ @ O T O ~ J I ~ I E T P ~ T .  J I R P H 3 a q H I O  @ O T O ~ Y B C T B L I T ~ J I ~ -  - 

H O r O  CJIOR B I IPHCYTCTBHH B 0 3 -  

G y l r z ~ a m r q e r o  ~ a n y s e ~ ~ c r ,  H a n p n M e p  y n b ~ p a @ ~ o n e ~ o ~ o r o  c s e T a ,  

M BHeILIHerO IIOJIR. n O c . 7 e  BbIKJIIOqeHHR ~ 0 3 6 y x ~ a m q e r o  H 3 J I y q e -  

H H R  M CHRTHR IIPHJI03IEeHHOrO IIOJIR @OPMEIPY~TCR CKPbITOe  3J I eKTPO-  

c T a T H s e c K o e  m 3 0 6 p a z e ~ ~ e  n o c p e A c T B o M  n p o e q H p o s a H m c I  c s e T o B o r o  

~ 3 0 6 p a x e ~ r n ~  H a  @ O T ~ ~ Y B C T B H T ~ J I ~ H ~ I %  M ~ o J I H P Y I O Q H ~ ~  cJI0fi. C B ~ T  
0 ~ ~ 0 6 0 ~ f i a e T  3 J I eKTPOHbI  EI AbIPKH,  KOTOPbIe ,  I I e p e p a C I I p e f i e J I R R C b  

B o 6 a e ~ e  IIOA A ~ ~ ~ C T B H ~ M  n O J I R  IIOJIRPEI3aIJHH, H ~ % T ~ ~ J I H ~ Y H ) T  

3 a P E I A b I  B JIOBYIIIKaX. O A H O B ~ ~ M ~ H H O  CBeT O C B O ~ O W A ~ ~ T  3 a p R A b I  H 3  

J r o B y l u e K  H B ewe 6onbmeH c T e n e H x  c n o c o G c ~ ~ y e ~  ~ e n o ~ ~ ~ p m a a q ~ n .  
(DPHAKEIH~IM H X e n y ~ e s b r ~  1201 6 6 1 ~ 1 ~  o n M c a H b i  a ~ c n e p n ~ e ~ ~ b ~  

no C O ~ J ~ H H H )  ~ J I ~ K T ~ O @ O T O ~ ~ ~ @ H ~ ~ C K O ~ O  H ~ O ~ ~ ~ > I C ~ H H R  B @ o ~ o a n e ~ -  
T P e T H b I X  CJIORX C e p b I .  no c 0 0 6 q e ~ ~ i 1 o  3 T H X  EtBTOPOB, 9YBCTBHTeJIb-  

I I O C T ~  c a o e B  n o ~ ~ ~ ~ p k ~ c ~ a ~ ~ ~ r n ~ e c ~ o i i  c e p b I  n p m e p H o  B 100 pa3 H H x e  

¶YBCTBHTeJIbHOCTH H ~ C ~ H C M ~ H J I H ~ H P O B ~ H H ~ I X  CJIOeB ZnO, KOTOpbIe  

1 r c n o n b 3 y 1 o ~ c ~  B n p o I j e c c e  c cane~~po@a~c) ) .  
@PHJJHHH H IfCt?JIy)JeB OIIHCbIBaIoT TaIClKe M H O ~ O C J I O ~ ~ H ~ I O  CTPYIC- 

T y p y  T H n a  C a H A B H q a ,  K O T O p a R  l I03BOJIReT  C 0 3 A a T b  ( P o T o ~ J I ~ K T ~ ~ T H o ~  

COCTORHHe n P H  OTHOCHTeJIbHO ~ ~ 1 3 ~ 0 6  HHTeHCMBHOCTH OCBeWeHHX 

(PHC. 34). 3 T a  C T p y I C T y p a  COCTOHT H 3  @ O T O ¶ ~ B C T B H T ~ J I ~ H O ~ O  CJIOR 

CdS : Cu : C1, H a H e c e H H o r o  H a  n p 0 3 p a s ~ ~ i i  a n e K T p o g ,  H c n o H  ZnS, 



111. Y C T O B 4 E I B A R  B H Y T P E H H F I R  I IOJIFIPH3AIIkIR 75 

H O T O ~ ~ I ~  H a X O n H T C R  B K O H T a K T e  CO BTOpbIM 3JIeKTPOHOM. M ~ X ~ H E I ~ M  
0 6 p a 3 0 s a ~ 1 . 2 ~  C K p b r T o r o  ~ 3 0 6 p a ~ e ~ H H  B  TOM cnygae a a ~ ~ ~ ~ o s a e ~ c ~  
B C n e a y m q e M .  IIOCTOHHHO~ H a r r p c I z e H m e  n p m n a n b r s a e T c R  K ~ J I ~ K T P O -  

a a M  I EI 4. B a o 6 p a x e ~ ~ e  n p o e q H p y e T c a  sepes a n e ~ ~ p o ~  1 H a  nosepx- 
H O C T ~  CJIOH 2. E ~ r a r o g a p c r  ~ O T O I I ~ O B O , ~ H M O C T H  p a c n p e n e a e H n e  n o T e H -  

4 H a J l a  B O C B e q e H H L I X  O ~ J I ~ C T H X  H3MeHReTCR.   TO IIPHBOAHT K YBeJIH- 

YeHHIO H a n p R ? K e H l f H  H a  COOTBeTCTByIOQHX y ¶ a C T K a X  CJIOR 3. CIEPLITO~ 
~ 3 0 6 p a 3 1 ~ 3 ~ 1 1 e ,  n p e H c T a s n H I o q e e  c060Er n e p e p a c n p e n e n e H H e  yc~oi i -  
Y H B O ~ ~  B H Y T P ~ H H ~ ~ ~  I I O J I R P H 3 a q H E I  B CJIOe 3, M03KeT 6b1~b I IPOHBJIeHO 

O ~ ~ I Y H ~ I B I H  ~ ~ ~ K T ~ O @ O T O ~ ~ ~ @ E I ¶ ~ C I C ~ M H  I IPORBHTeJIHMH. N O H ~ ~ H O ,  
80 I I p O R B J I e H H R  3JIeKTpOA 4 A O X X e H  661~b YHaJ t eH .  

n 0 ~ ~ 0 J I b K y  cJIoS 3 (ZnS) 0 6 J I a n a e T  BbICOKHM TeMHOBbIM COIIPOTII- 

BJIeHEleM H T a K  K a K  OH I IOJ IHPH3YeTCR B TehIHOTe,  H e T  ~ e o 6 x o ~ r n -  
MOCTEI B TOM, Y T O ~ L I  OH o 6 n a ~ a n  C @ O T O I I ~ O B O ~ ~ ? ~ \ ~ O C T ~ I ~ .  C J I 0 f i  2 H e  06s- 
3 a T e J I b H O  AOJIWeH H M e T b  BbICOKOe TeMHOBOe COIIpOTLIBJIeHHe, T a K  

K a K  e M y  H e  T ~ ~ ~ Y ~ T C H  C O X P a H H T b  I IOBePXHOCTHbIe  3 a p H A b I  H J I n  3 a P R A b I  

I IOJIHPEI3a4LIH.  C J I O ~  H 3  C Y J I ~ ~ E I A ~  KanMLlR  M ~ y J I b @ 1 . 2 ~ a  q E I H K a  G b ~ n ~ l  

n p m r o T o e a e H b 1  1.23 noponma B C B H ~ Y I O L ~ ~ M  i v 1 a T e p x a n e .  

XOTH O n n c a H H a n  BbILue M e T o n n I z a  m e n a  q e n m  y B e n m e H r n e  GOTO- 
¶YRCTBEiTeJIbHOCTH I lO  C p a B H e H H I o  C O ~ ~ I ~ H ~ I M I I  ~ O T ~ ~ J I ~ H T ~ ~ T H ~ I M E Z  

CJIOHMH, B p e a y n b ~ a ~ a x ,  n p m s e n e H a b 1 x  @PHJJKMHE.IM EI X e n y ~ e s b ~ n ~ ,  

f l a H H b I e  06 Y B e n H Y e H H H  ¶yBCTBHTeJIbHOCTH OTCyTCTBOBaJIH. 



IV. YCTOL;I[PBBAtI IIPOBOmMOCTb ') 

M n o r ~ e  + o ~ o n p o ~ o ~ ~ q ~ e  M a T e p H a n b I  nocne o c s e q e H m  H e  cpaay 
AOCTHraIOT HCXOAHOI'O 3 H a ' X e H H R  T ~ M H O B O ~  IIPOBOAHMOCTli [22]- 
B HeKOTOPbIX @ O T O I I ~ O B O ~ H E I K ~ X  C n a A  ~ o T o B o ~ ~ Y ? K ~ ~ ? H H o ~ ~  IIPOBOAEI- 

MOCTH A 0  P ~ B H O B ~ C H O G  T ~ M H O B O ~ ~  IlPOHCXOJI,HT O 9 e H b  G ~ I C T P O .  B HPY- 
r H X ,  H a I I p H h l e p  B HeHOTOPbIX J I I O M H H O ~ O P ~ X ,  3TOT C n a A  MOlIFeT 6 b 1 ~ b  

O ¶ e H b  MeAJIeHHbIM. 

Y C T O ~ ~ ~ H B ~ H  IIPOBOAHMOCTb C y q e C T B y e T  TOJIbIEO I I p H  H a J I H ' l H K  

M e n m x  n o B y m e I c  [761. ITOBTOMY ~ ~ O T O I I P O B O ~ R ~ E ~ ~  b x a T e p H a n b 1  

J(0JIXHbI  C O A e p X a T b  MHOrO T a K H X  JIOBYILIeK. ~ J I ~ K T P O H ~ I ,  o c ~ o 6 o ~ q a e -  
MbIe  I I P H  I I O r J I O q e H H H  C B ~ T O B O ~ ~  3 H e p r H H ,  I I e p e X O p 3 T  B 3 0 H y  n P O -  

BOAHhIOCTM. 6 6 J I b I I l a R  9 a C T b  3 T H X  3J I eKTPOHOB I I O I I a A a e T  B M e J I K H e  

J I O B ~ ~ K H ,  r A e  OHH O c T a m T c R  EI nocne n p e I c p a q e H m  o c e e q e H E i R .  

B A a J I b ~ e h I e h l  3 T H  3 a X B a Y e H H b I e  3 J I eKTPOHbI  M O r Y T  E O I I a C T b  B 3 0 H Y  

l) H B J I e H l i e ,  KOTOpOe H a 3 B a H O ~ a B T O p O h f  ( ( Y C T O ~ ~ ¶ H B O ~  IIpOBOJ(HMOCTbH))), 0 6 ~ -  
c a o B n e n o  n n ~ ~ e ~ ~ b ~ o i ?  p e J r a K c a q n e m  H e p a B n o s e c H L I a  ~ o c ~ l ~ e n e i i  T o K a  B nonynpo- 
BOAHLiKe ZIJIII J I H ) M I I H O @ O ~ ~  IT B O T ~ ? ¶ ~ C T B ~ H H O ~  J I H T e p a T y p e  IIO BOIIpOCaM 3JIeKTpO- 

, ( ~ O T O ~ ~ ~ @ E I I I  H a 3 I J B a e T C R  ( ( ~ @ ~ K T o M  B O ~ ~ ~ H ( A ~ H E I R B . -  npunt .  pea. 



IIpOBOn11MOCT11 I I p H  I I P H J I O X e H H H  K CJIOK) CHJIbHOrO 3J I eKTp11qeCKOrO 

IIOJIFI. ~ J I ~ K T P o H ~ I ,  3 a X B a Y e H H b I e  MeJIKHMH JIOBYJIIKahl l l ,  M O r Y T  6 ~ 1 ~ b  

0 ~ ~ 0 6 0 m ~ e ~ b I  A ~ F I  y 9 a c T m a  B npoqecce n p o B o A a M o c T H  H a r p e n a H m e M ,  

I H a I I p H M e p  I I y T e M  OCBeWeHHFI CXOR E I H @ P ~ I E P ~ C H H M  CBeTOM. 

I 4.2. OSPASOBAHBE E130SPAXEHMH TIYTEM MCIIOJIb30BAHBH 
HBJIEHHH YcToM~&IBOB IIPOBOALlMOCTM 

@ O T O ~ Y B C T B H T ~ J I ~ H ~ I ~ ~  c J I o ~  B ~ J I ~ K T ~ O @ O T O I ? ~ ~ @ H H  C HCnOJIb30 -  

B a H H e M  ~ C T O H Y H B O B  IIPOBOAElMOCTH IIO C B O C ? ~ ~  C T p y K T y p e  I I O A O ~ ~ H  

~ c e p o r p a @ ~ 9 e c ~ o i i  n n a c T H H e ,  T. e. OH n p e A c T a s n a e T  co6of cnoii 
~ O T O ~ ~ B C T B ~ ~ T ~ J ~ ~ H O ~ O  H 3 0 J I E I P Y H ) ~ e ~ O  

M a T e p H a n a ,  n o M e q e H H o r o  H a  npo- 
BOHRWYIO OZHOBY. 3 T a  OCHOBit M O X e T  

 IT^ M ~ T ~ J I J I E ~ ~ ~ C K O ~  HJIH M o x c e T  CO- 

C T O R T b  113 6 y M a r H  C TOHKElM MeTaJIJIH-  

UeCKHM IIOKpbIT11eM MelICAY 6 y ~ a r o i i  
11 @ O T O ~ Y B C T B E I T ~ J I ~ H ~ I M  CJIOeM. 

C K P ~ I T O ~  n p o B o A R w e e  ~ a o 6 p a w e ~ ~ e  
c o 3 n a e ~ c ~  n p o e q H p o s a H m e M  o m m e -  
C K o r o  ~ 3 0 6 p a m e ~ ~ l t l  H a  @OTO~YBCTBH-  

TeJ IbRYH)  I IOBePXHOCTb  (PEIC. 35).  
YY~CTKEI ,  ~a K o T o p H e  n a A a e T  c B e T ,  

CTaHOBFITCR B 60~1b~ueii  HJIH M ~ H ~ L U ~ %  

c T e n e H k i  I IPOBOAR~HMEI ,  YTO onpene- 
.TReTCH HHTeHCElBHOCTbIO C B e T a ,  IIaAa- a 6 
I O W e r O  H a  @ O T O ~ Y B C T B H T ~ J I ~ H Y H )  IIO- P n c. 35. 0 6 p a a o s a ~ ~ e  M ~ O -  
B e P X H o c T b  BO B P e M H  3 K C n 0 3 W H H .  f j p a l f ~ e ~ ~ ~ ~  nJ7TeM I r c n o n b a o B a -  

IIocne n p e I c p a w e H m  ~ K C I I O ~ H ~ H H  npo- HEIR RBJIeHKR Y C T O ~ ~ ~ E I B O ~ ~  npo- 
B O A H M O C T ~  C O X P ~ H R ~ T C F I ,  ~ C J I M  C J I O ~  BORMMOCTH. 

HaXOa11TCFI B TeMHOTe.  H ~ O C B ~ W ~ I - I H H ~  ~O&~,",",","h"~el~~acT~~yO"",,"B~p"~" 
Y q a C T K H ,  H a I I p O T H B ,  OCTaIOTCR H e I I p O -  HOCTEI, O C B e U e H H b I X  CBBTOM, l3eCY- 

BOAFIWHMH. 
QEIM 1 1 3 0 B p a m e ~ ~ e ;  6 - IIPOBOAEI- 
M O C T ~  06pasqa C o x p a H x e T c x  nocae 

K ~ K  y ~ e  Y ~ O M H H B Z O C ~  p a ~ e e ,  BblHJIEO4eHHX C B e T a .  

cpaay me nocne O ~ ~ ~ ~ O B ~ H H F I  npo- 
R o n m q e r o  a 3 0 6 p a m e ~ n ~  HM MOXHO B O C I I O J I ~ ~ O B ~ T ~ C F I .  K a n n ~ e ~  
1751 npennaran ncnonbsosa~b c I i p L I T o e  npononmqee 1 4 3 0 6 p a x < e ~ ~ e  

AJIR IIOJIY9eHEIFI 3 J I e K T P O C T a T H 9 e C K O r O  1 1 3 0 6 p a X e ~ ~ l R .  Hna 3 T O r 0  

~ e o 6 x o ~ n ~ o  B b I n o n m x i T b  c n e A y m q H e  onepaqm: 
1. Ha @ O T O I I P O B O ~ I I ~ ~ H )  I I O B e p L H O C T b  C I I p O e q M p O B a T b  OIITWIe-  

CKOe  11306pawe~~e C qeJIbIo O ~ ~ ~ ~ O B ~ H H F I  CKpbITOrO I I P O B O A F I q e r O  

1 1 3 0 6 p a ~ e ~ ~ R .  

2. C O O G ~ H T ~  @ O T O I I P O B O ~ R ~ ~ ~  IIOBePXHOCTEI 3 ~ 1 e K ~ p ~ ~ e C K 1 1 f i  

3 a p R A ,  H a I I p H M e p  UpEI  I I O M O a H  ICOPOHHOrO p a 3 p R A a .  0 6 J I a c T H  CKPLI- 

 TO^ IIPOBOAHMOCTH, ~ Y A Y P H  I IPOBOARwHMH,  H ~ ~ ~ T P ~ J I Z I ~ Y I O T  I IOBepX-  

d %&'. 



3. 3 n e ~ ~ p o c ~ a ~ m s e c ~ o e  m306paxe~me M o x e T  6 b i ~ b  3 a ~ e ~  UPORB- 

J I eHO OJJHHM H 3  MHOrO¶EICZIeHHbIX C I I O C O ~ O B ,  I IPHMeHHeMbIX B KCepO-  

rpa@mn. 
3 ~ 1 4  onepaqmm a H a n o r m u H r , I  o n e p a q n H M ,  O T p a x e H H L I M  H a  pmc. 1, 

3a m c K n m . i e H H e J r  T O ~ O ,  YTO onepaqma 1 m 2 a ~ e c b  n o M e H m m c b  

MeCTaMIT. H a K  y?Ke C O O ~ I I J ~ J ~ O C ~ ,  Ta IEaR  I IOCJIeAOBaTeJIbHOCTb O n e p a -  

q m i i  O c y L q e c T B m e T c f i  M e g n e H H e e ,  s e M  B O ~ ~ I Y H O M  ~ c e p o r p a @ n s e c ~ c o ~  

npoqecce [361, r A e  mavane  II~OEICXOALZT a a p ~ ~ ~ a ,  a a a ~ e ~  s K c n o -  

HHpOBaHHe .  

M ~ T O A  0 6 p a 3 0 ~ a ~ r n ~  BHAHMOrO m306pawe~m~ HeI IOCpeACTBeHHO 

113 CKPbITOrO I l P O B O A R ~ e l ? O  m 3 0 6 p a w e ~ m ~  6b1n Ol IHCaH B pa60l.e [771. 
B  TOM npoqecce ' c rcps~~oe  n p o B o A c I q e e  mao6pawe~me @ o p n f n p y e ~ c c ~  

I l y T e M  I I p O e q H p O B a H H H  H a  ~ o T o I I ~ o B o A H ~ ~ I ~  DJIaCTElHy OnTki¶e-  

cxoro H ~ O ~ ~ ~ ~ K ~ H H F I .  ( D O T O I I ~ O B O ~ H ~ ~ I  n n a c T H H a ,  C o n e p x a q a R  

crcpwroe m306pal1ce~~e, s a ~ e ~  mcnonb3ye~ca B K a s e c T s e  r c a T o A a  npx 
3 n e K T p O J I H 3 e .   TOT MeTOA EIJIJIIoCTPEIPYeTCH PHC.  36. n p J d  I I p m J I O X e -  



H H H  HaIIPtI3fEeHLIR MelrcAy KaTOfiOM EI aHOA0h.I IIPOHCXOAHT TaJlbBaHEI-  

s e c I c o e  o c a ; H a e a m e  s acmq 113 ~ J I ~ K T P O J I E I T ~  H a  n p o B o A m q n e  y q a c T K K  

~ 3 0 6 p a x e ~ ~ 1 1 ,  n p H s e M  K o J I n g e c T B o  O c a x A a m w e r o c z  i x a T e p n a n a  npo- 
I I O p q H O H a J I b H O  C T e n e H H  IIpOBO;(RAfOCTH C O O T B e T C T B y I o ~ e r O  Y s a C T K a  

CKPbITOrO E I ~ O ~ P ~ X ~ H H I I .  Ha He3ICCIIOHEIPOBaHHbIX Y Y a C T H a X  @OTO- 

I l p O ~ o ~ I I ~ t ? l ? f  I IOBepXHOCTH, me c J I o ~  I lO C y q e C T B y  IIBJIIIeTCR 11303II -  

TOPOM, o c a ; K n e H n e  s a c T m q  n p a I c T H s e c I c n  O T c y T c T B y e T .  T a ~ a b l  oGpaaonr, 
cJIOl?f MeTaJ I J I a ,  O C ~ ? K ~ ~ ? H H H B  H a  ~ $ o T o I I ~ o B o ~ I I ~ ~ ~  I IOBepXHOCTH, 

P I3 C. 37. ~ O C J I ~ A O B ~ T ~ J I L H O C T ~  0IIepaq1lii IIpI3 IIOJIy¶eHHll II03HTHBHOrO H30- 
G p a x e ~ ~ r r  n3 cxpwroro npoBonaqero ~ 1 3 0 6 p a ~ e ~ n r r .  [A m i c k ,  R C A  Review,  

20, 765 (1959). ] 

o6pa3ye~ n p o c I m e H H o e  ~ 3 0 6 p a 3 f ~ e a ~ e .  B I c o m I e p s e c I c o M  sapname,  
HCI IOJ lb3yeb lOM (PEIPM~MH ((MHHH~COTB M ~ G H H H ~  3HA M ~ H ~ H ) @ ~ I c -  

9ypHHI '> ) ,  @ O T O ~ I ~ B C T B L I T ~ J I ~ H H ~  06pa3eq COCTOItT H 3  CJIOII OKHCLL 

q l ? H K a ,  H a H e C e H H O r O  H a  G y M a r y ,  C TOHKHM 3JIeKTPOAOM 113 BJIIOMLIHHe- 

BOG (b0JIbr11, HaXOAIIlQHMCEI M e X A y  ZIlO H 6ynraroG. Cno5 MeTaJI j rH-  

YeCHOrO cepe6pa, O C ~ ? H J ( ~ H H ~ I ~  H a  6enoe I IOKpbITHe  113 OKHCH L(kIHKa, 

o6pa3ye~ O I C O H Y ~ T ~ J I ~ H ~ I ~  OTl leYaTOK. Ha IlpaKTEIICe 3JIeKTpOJIHTEI9e-  

C K E ~ ~ ?  P a C T B O p  ~ a 6 ~ p a e ~ c c r  B ~ Y ~ Y ~ T Y H )  IIOAYIIIKY, K O T O P O ~  IIPOBO- 

AEIT I IO I lOBepXHOCTH OHHC11 V H H K a  BO B p e J l I I  O I l e p a q H H  npOIIBJIeH11EI. 

np0qecc IIOJlyYeHHR ~ 3 0 6 p a 3 f E e H H f l  R A e T  DO CXeMe  H e r a T M B  - IIO3HTHB 

HJIH H ~ O ~ O P O T  H H e  IIOAXOAHT AJIII 0 6 p a w e ~ ~ o r o  lIpOHBJleH11R,  T. '-3. RJ IX  

I l P R M O r O  I IOJ IY9eHHR I I03HTHBHOrO OTl l e 'XaTKa  C IIO311TMBHOrO O P E -  

r M H a J l a .  

C ~ W ~ C T B ~ ~ T  BO3M03ICHOCTb IIPOEiBJleHEitI  E I ~ O ~ P ~ X ~ H E I E I ,  I l O J l y y a e -  

> rOrO  H a  OCHOBe I IBJ IeHHR ~ C T O G Y M B O H  IIPOHOAHblOCTH, C I IOMOWbH) 

3 ~ 1 e ~ ~ p o l $ o p e ~ ~ ~ e c 1 ~ o r o  o c a x A e m m  npm p a c n r m r e H m 1  .II~CHAKOCTH. gas 
3 T H x  ~ e n e i  M O ~ H O  661~10 661 ~ I C I I O J I ~ ~ O B ~ T ~  OAHH ~3 ~ceporpal$nse- 

i &$% %> t d 



CKHX ~ ~ E H A X H X  ~ P O I I B E I T ~ J I ~ H .  I t poqe~ypa  n p o R s n e H m  a ~ e c b  .TaKacI x e ,  
K a K  H I I p H  HCI IOJ Ib30BaHHH 3J I eKTPOJIH3a .  

Poy3 [781 I I p e A J I O X H J I  MeTOAHKY I IOXyYeHHcI  I Ip I IMOrO I I03HTHB-  

H O r O  o T n e q a T I c a  ~3 C K p b I T o r o  n p o s o A c I m e r o  ~ 3 0 6 p a 3 ~ e ~ ~ 1 1 1 .  IT0 3 ~ 0 6  
MeTOAElKe IIOCJIe 3KCIIOHMPOBaHHII I lOBePXHOCT b  (POTOIIPOBOAHMX~ IIOCbI- 

I I a IOT  MeTaJIJIH¶eCKHhf IIOPOIIIKOM. ~ L I T ~ M  M e X A Y  MeTaJIJIHYeCKHM 

IIOpOIIIKOM M I I p 0 ~ 0 j q I I I q e H  OCHO- 

~ 0 6  CO3AaIOT p a 3 H O C T b  I I O T e H q H a -  e 
2 JIOB, n p n s e M  K CJIOIO n o p o m K a  
5' I I p I IKJ IaAbIBaeTCI I  I IOJ IOXHTeJ Ib -  
8 

F 
~ ~ i i  n o T e H q H a n ,  9~06k.1 ~ J I ~ K T P O -  

*: HbI H a  O C B e q e H H b I X  y l I a C T K a X  s 2 
U 1 ( P O T O I I ~ O B O A H H K ~  H e H ~ p a J I I 4 3 0 B a -  
2 E 
=? 8 JIH IIOJIO1IFHTeJIbHO 3ap I I ?KeHHb15  

z ~ e ~ a n n n s e c ~ ~ f  noporuo~.  HeH- 
8 T p a J l H 3 O B a H H b I e  9 a C T H q b I  IIOPOIII- s c ~a n e p e c ~ a ~ o ~  ~ ~ ~ H T I I ~ H B ~ T ~ C ~  K 

I IOBepXHOCTki  H M O r Y T  6 6 1 ~ ~  J I e r K O  B p e ~ z ,  MUH 
y A a j r e n b I  n o T o I c o M  ~ o a ~ y x a .  Ha 
H e I I p O B O A I I ~ H X  y s a c T K a x  n306pa- 

4 x e H H I I  I I O ~ O I Z I O K  Y A ~ P > K H B ~ ~ T C I I  

4 H a  I IOBepXHOCTH $ O T O I I ~ O B O ~ H H K ~  
8 3 J I e K T P O C T a T H ~ e C K H h 1 H  CMJIBMH, H 

% s 3: 3TOT C B E I ~ ~ H H ~ I ~  IIOPOIIIOK I I p H  

3s I I p O R B J I e H H H  06pa3ye~  II03HTHB- 
W E  H ~ I H  OTI Ie9aTOK.  3 ~ a  MeTOAHKa  g 

HJI J I IoCTpHpyeTC5I  P H C .  37. 
8- 
B 
E 4.3. MATEPrnAJIbI C YCTOn9klBOiI 

1 2 3 4 5  IIPOBOflLZMOCTbIO 
BWMR, nrun 

P n c. 38. 06pa30sa~11e 1.1 cnan aapa- E C a n n ~ e ~  H C I I O J I ~ ~ O B ~ J I  40~0- 
na B c e n e ~ e  PI cepe. ~ ~ O B O A I I ~ E ~ ~  CJIOH, C O C T O I I J ~ H ~  
rrdc~le sbIRepmHE B TeMXOTe; I33 n O p O m K a  ~ ~ M H H O $ O ~ ~  B C B n -  

- - A - 11ocne n p e n ~ a p n ~ e n b ~ o f i  sa- 3 y I ~ w e ~  ( ( A ~ ~ o , )  ( 4 ~ ~ ~ ~  ({Am- 
CBCTKM B ~ e q e n x e  1 ~ U H .  I C  a s d i e r s, J .  

photog. S c i . ,  10, 59 /1962).1  no^))). B ~ a s e c ~ n e  JIH)~ZHHO$OPOB 

113 X a p a K T e p E I C T H K  IIJ IeHOK, 0 6 p a 3 0 B a ~ H b 1 ~  $ O T O I I ~ O B O ) J ~ I ~ H M H  IIOPOIII- 

K a M H  B CMOJIe. K ~ C C H ~ C  1791 I IpOBeJ I  HCIIbITaHHII  P I I A a  p a 3 J I H s -  

HbIX I IPOBOJJIIqHX CJIOeB. OH 0 6 n a p y w ~ ~ 1 ,  9 T O  Y C T O ~ Y M B ~ H  I IpO-  

BOAHMOCTb H ~ ~ . T H ) A ~ ~ T C R  B CJIOIIX CO CBII3YIOQHM H a  OCHOBe $ 0 ~ 0 -  

IIPOBOJJHHKOB THI Ia  OKHCH q H H K B ,  ~ H H K o - c ~ J I ~ ( P H J J H o ~ o  J I M M H H O $ O ~ ~ ,  







IV. Y C T O ~ ~ I B A R  I IP OBOAHMOCT~ 83 

. x a x n T o B o M  ~ ~ J I ~ H O M  n e i i I c o ~ p a c ~ ~ e . n e  (B  C B R ~ Y I O ~ ~ M ) ,  EI ~ e 3 ~ a m -  
T e J I b H a  B nOJ IHMepHbIX @ O T O I I P O B O ~ H H I E ~ X  T H n a  I IoJIH-N-BHHHJIK~P-  

6a30~1. B~IJIO ~ a i i n e ~ o ,  s ~ o  B a n l o p + ~ o ~  c e j I e H e  n p o ~ 6 ~ s e c ~ o i i  cepe 
y c ~ o i i s ~ ~ a a  n p o B o A m . r o c T b  H e  n p o m n R e T c H .  M C ~ M T ~ H L I F I  ICacc~pca 
COCTORT B CJIeJ(y1OlqeM: 1) 0 6 p a 3 0 ~ a H H e  H a  I IOBepXHOCTH @ O T O I I ~ O B O ~ -  

H H K a  3 a p H g a  C I IOhfOlqb Io  l i O p O H H O r 0  p a 3 p H a a  B TeMHOTe  B T e Y e H H e  

2 AUU, 2) ~ a 6 n m ~ e ~ ~ e  T e n r H o B o r o  cnana a a p ~ ~ a  B T e s e H H e  2 .wun 
H 3) 3KC~OHEIPOB8.HHe CJIOH H H H ~ ~ J I I O A ~ H H ~  OTHOCHTeJrbHOI'O C I I a A a  

aapxna n p H  o c B e r q e H m .  3 a ~ e ~  cnoii o c e e q a e T c H  p ~ y ~ ~ o i i  n a ~ n o i i  
T H n a  HP-80 + H ~ ~ I L I  - 1 c c 0 ~ n n l i n c ) )  B T e s e H H e  1 x u u  c p a c c T o m n H  

50 c&, H Ranee a I c c n e p n M e H T  n o n T o p R e T c R  (aapqrca H nocnegywlqee 
H ~ ~ ~ J I I ~ A ~ H H ~  T e M H o B o r o  cnana H crrana npn o c s e l q e ~ m ) .  I I o ~ e ~ q n a n  
n O B e p X H O C T H O r 0  3 a p R A a  M3MePRJICH 3JIeKTPOMeTPOM I I p H  0)JHOBpe- 

~ e ~ ~ o i i  p e r l $ c T p a q H H  C a M o n H c q e M .  I I o j ~ y s e ~ ~ ~ e  p e a y n b ~ a ~ b ~  npen- 
CTaBJ IeHbI  H a  pI$C. 38-41. 

E ~ C C H ~ C  HaILIeJI, s T 0  I I p H  HCI IOJ Ib30BaHHH Y C T O ~ ~ ~ H B O ~  I IpOBOAH- 

MOCTH C p e n H  BCeX IICIIbITaHHbIX M a T e p H a J l O B  CJIOM H 3  OKHCII q t i H K a  

O ~ H ~ P Y ~ I E E ~ B ~ I O T  ~ a l l 6 0 J I b l l I ~ K )  ~ @ @ ~ K T H B H O C T ~ .  AJIR CJIYYaH C e p b l  

I I p e A B a p H T e J I b H a R  3 IcCI IO3Hql lR  I IPHBOAHT IE YMeHbIUeHI?IO OTHOCH- 

TeJIbHOI'O TeMHOBOI'O C I I a n a  BMeCTO er0 YBeJIEI9eHHH, K a K  3 T 0  CJ Ie f l yeT  

OX<HAaTb  110 M e T O X y  Y C T O ~ ~ ~ ~ E I B O ~ ~  IIPOBOAHMOCTH. H ~ C C H P C  H a U e J I  

T a I c m e ,  YTO M a T e p n a n M  c y c ~ o i ~ s n ~ o i i  I IPOBO,~HMOCT~H) ,  I C O T O P ~ H )  OH 

H a 3 B a J I   IFTOM TOM I I aMHTI I ,  B 0 3 B P a q a I O T C H  K CBOeMy I I e p B O H a Y a J I b -  

HOMY COCTOHHHK) nocne n p o ~ o n m ~ ~ e n b ~ o i i  Bb1 ,qep l I c r a  B T e M H o T e .  

 TO B 0 3 B p a W e H H e  K HCXOAHOMY COCTOHHHH) AlOiICeT 6b1Tb YCIEOPeHO 

n y T e M  n p o ~ o J r ~ ~ 1 3 ~ e n b ~ o i i  a a p a ~ ~ c ~  B KOPOHHOM p a 3 p ~ n e  c n o n f o q b m  

n ~ @ p a ~ p a c n o i i  a a c s e ~ ~ ~  M ~ H  H a r p e s a H m .  

4.4. IIOJIYgEHME H306PAXEHMM HA OCHOBE HCIIOJIb30BAHEIR 
YCTOMW4BOB IIPOBOfiMMOCTM 

I I a T e H T e  3 6 e p ~ a  [SO] O n H C a H  ~ O T O ¶ ~ B C T B H T ~ ~ ~ H ~ I ~ ~  C J I O ~  An$j 

r r o n y s e H n R  6onee HJIH M e H e e  R J I H T e n b H o  C o x p a H m o q e r o c H  n p o B o A s -  

lrlero H ~ O ~ P ~ ~ I E ~ H H I I .   TOT npoqecc OH H ~ ~ B ~ J I  3 n e ~ ~ p o c ~ a ~ ~ l s e c ~ o i i  

s e~orpa@ne5 ,  T a I i  K a I c  B Hen1 Y s a c T B y I o T  H e  @ O T O ~ J I ~ I E T ~ H ~ ~ C I E ~ I ~ ,  

a c K o p e e  @ o ~ o x ~ ~ n s e c ~ c n e  n p o q e c c L 1 .  3 6 e p T  ~ c n o n ~ a o n a j ~  n n e H K E i  

113 HOJ(O@OPM~ B CAfOJIHHOM CBR3YIOLlJeM, H a H e C e H H b I e  H a  IIPOBOAHWYH) 

n o n n o m I c y .  3 a c s e ~ ~ a  y s e n n m s a e T  n p o B o A H M o c T b  n n e H m  no c p a B -  

HeHHIO C I I e P B O H a Y a J I b H b I M  COCTORHHeM. ~ P O B O ~ I I M O C T ~ ,  np~o6pe -  
T a e M a H  B  TOM c a y Y a e  n n e a ~ o i i ,  R B n H e T c R  c I c o p e e  H O H H O ~ ~ ,  YeM 

~ J ~ ~ K T P O H H O ~ ~ .  3 6 e p ~  HCIIOJIb3OBaJI 3 T H  HJ IeHKH RJIR MHOI 'OIcpaTHOrO 

I c o n H p o n a m . i R ,  npn K O T O ~ O M  H a  n n e H I c y  B H a r I a n e  npoeqllposajrocb 
c B e T o B o e  H 3 0 6 p a ? ~ e ~ ~ e ,  a a a ~ e ~  y x e  o H a  aapai~canacb B KOPOHHOM 

p a 3 p H A e .  no C y q e C T B y  I IOCJIeAOBaTeJIbHOCTb 0IIepaq~G 3 A e C b  6 ~ n a  
. 6* 

T " ?  



TOG x e  c a ~ o t i ,    TO m B ~cepo rpa (Pm~.  UMKJI onepaqmii MOWHO 661~10 
I I O B T O p R T b  AJIR CHIITEIR M H O r l l X  K o I I H ~ ~  C OAHOrO O p H r E I H a J r a .  

H ~ c ~ H ~ c  [79 1 EICCJIeAOBaJI IIJIeHKH C I IOCTO~IHHO% IIpOBOAHMOCTbIo,  

o 6 p a 3 0 s a ~ ~ b 1 e  raJlOI'eHHpOBaHHbIMH yrJIeBOgOpO@iMH EI ) ~ m a 3 o c o e ~ m -  

HeHHRMm B CMOJIRHOM C B R 3 Y I O ~ e M .  OH H a 3 B a J I  3TM I I J I eHKH O p r a H H -  

YeCKkiMM IIOKPbITMRMEI C I IahI l ITbH).  OH Ha l I I e J I ,  YTO $ J O T O E I H ~ Y ~ I I ~ O -  

B ~ H H ~ R  IIPOBOAHMOCTb B 3 T H X  IIJ IeHIcaX H e  BOCCTaHaBJ IHBaeTCR A 0  TeM- 

HOBOrO 3HaYeHE3R I I p H  ~ I ~ o ~ o J I ~ ~ ~ H T ~ J I L H o %  K O P O H H O ~ ~  3 a p H f i K e .  OH 

a a p ~ ~  coxpaaseTcx Ha ~ e o c s e m e ~ ~ o E i  noaepxHocTa; - - - - s a p ~ n  ysenw- 
swsaeTcrr H a  ocserqer~woti nosepxHocTn. CC a s s i e r s, J .  photog. Sc:.,  10, 63  (1962).1 

T a K W e  HaI I I e J I ,  YTO # I O T O H H ~ Y ~ H P O B ~ H H ~ H  IIPOBOHHMOCTb H e  M O W e T  

6b1Tb BOCCTaHOBJIeHa H a r p e B a H L l e M  HJIII 0 6 n y ~ e ~ x e ~  BHAHMbIM EIJIM 

~ i H @ p a l C p a ~ ~ b l M  CBeTOM. E~IJIO O ~ H ~ P Y X ~ H O ,  O g H a K O ,  YTO eCJIEI 

H a r p e m  nnemy,  TO MOXHO IIQJIYYHT~ 0 6 p a q e ~ ~ o e  m306paxe~me. 
H TOT 3 @ @ e ~ ~  C x e b l a T m e c K n  o ~ o 6 p a ~ e ~  pmc. 42. K p a ~ ~ c o s p e ~ e ~ ~ o e  
H a r p e B a H H e  y H H s T o m a e T  n p o B o A m q e e  mao6pame~ne, o A H a I c o  npo- 
,I(OJI?KHTt?JIbHOe H a r p e B a H L l e  Y M e H b I I I a e T  ( P o T o ~ ~ H ~ ~ ~ ~ ~ ~ o B ~ H H ~ I o  I IpO-  

BOAHMOCTb A 0  BeJIEIYEIHLI, ~ e H b I I I e f i  I I e p ~ o H a Y a J I b H o f i  T ~ ~ I H O B O ~ ~ .  

T ~ H H M  0 6 p a 3 0 ~ ,  K o r A a  naema  s a p a i r c a e ~ c a  nocae H a r p e s a H m R ,  

na o c B e q e H H b I x  ysacmax o c T a e T c a  ~ O J I L I I I L I ~ ~  3ap11~ ,  YeM H a  H e o c B e -  

W e H H b I X ,  YTO IIpHBOAkIT K 06paqe~m1o l X 3 0 6 p a ~ e H ~ R .  

@ O T O Y Y B C T B H T ~ J I ~ H O C T ~  3 T H X  IIJ IeHOK HaXOAHTCR M e X A Y  (POTOYYB- 
CTBHTeJIbHOCTRMH 6 y ~ a r  C ~EI (P (Py3Hb lh l  I I epeHOCOM EI ~ ~ a 3 0 6 y ~ a r ,  
I IpEIYeM MaXCEIMJ'M c I I ~ K T ~ ~ J I ~ H o %  YYBCTBHTe.!IbHOCTEI HaXOAEITCR 

B Y J I ~ T P ~ $ E I O J I ~ T O B O ~  O ~ J I ~ C T I I .  



Y c n e m ~ o e  p a a n ~ ~ a e  Icceporpa@m c n o c o 6 c ~ ~ o ~ a ~ 1 o  TOMY,  TO 

B nocnenHHe ro,yr,r C H J I ~ H O  B O ~ P O C  HzITepec x 3 n e ~ ~ p o + o ~ o r p a @ ~ s e -  

CKHM npoqeccaM. 3 ~ a u x ~ e n b ~ o  pacrurlpmcrr Icpyr yseabrx, aHmeHe- 
pOB H ~306peTaTeJIeg, pa60~am1qnx B  TOG O ~ J I B C T H ,  ¶TO, eCTeCTBeHH0, 

npmeno IF pa3pa60~1ce HOBHX npoqeccos, npe,qcTasnaIownx co6oii 
pa3HOBHnHOCTEI ~ J I ~ K ~ ~ ~ o I # o T o ~ ~ ~ @ H H .  He~co~opble E13 3TEII IIpOqeCCOB 

C Y q e C T B Y I O T  JIHIIlb B BBAe I I ~ P B o H ~ ¶ ~ J I ~ H o ~  HAeH, PRA A P y r H X  pa3pa- 

~ O T ~ H  rny6me m noAKpenneH a ~ c n e p a ~ e ~ ~ a ~ ~ .  
B A ~ H H O ~  rJIaBe OIIHCbIBaIoTCR IIpOqeCCbI, ewe He AOCTElrIUHe 

TaKoro YPOBHR ~ e x ~ o n o r r n u e c ~ o i i  pa3pa60TKH, npH K O T O ~ O M  C T ~ H O -  

BHTCH O Y ~ B E I A H O ~  B03XfO>KHOCTb HX IIpaKTEI~eCIcOI'O IIpH111eHeHHR. 

OJJHE~I~O npll HX ~aJlbHefiXIIe~ pa3BHTEIEI EI YCOBePLUeHCTBOBaHHm, 

I10 B C ~ B  BePORTHOCTH, OHH MOPYT IIOCJIYXEITb O C H O B O ~  AJIH C03AaHEIR 

H O B ~ I X  3 ~ 1 e ~ ~ p o @ o ~ o r p a @ ~ s e c m x  npoqeccoB. 



I no ~ P O B O J I O Y H ~ I M  HIITRM zi  .repea ~ J I ~ K T ~ O X H M H Y ~ C K Y H ,  6 y ~ a r y ,  
B p e 3 y J I b T a T e  Y e r O  YYaCTKl I  G y M a r H ,  C O O T B e T C T B y I o ~ z i e  3aCBeYeHHbIM 

y s a c T K a n l  @ o ~ o n p o n o ~ ~ r n ~ a ,  o I c p a m H s a n n c b .  

T ~ I ~ M  cnoco6on1, HCIIOJIb3YR ~ O T O I I ~ O B O ~ ~ ~ I I ~ ~  c J I o ~  H 3  KPHCTaJ I -  

JIM¶eCIEOrO C e J I e H a  H IIpX3MeHRR KOEITaKTHOe K O I I H p O B a H H e  ¶ e p e 3  

A H a I l 0 3 H T H B ,  ] ; ~ P X T O J I ~ A  CMOr IIOJIY¶IXTb B J I a 6 0 p a T O p ~ b 1 ~  YCJIOBHRX 

HeCIcOJIbKO O T I I e ~ I a T K O B .  H e o G x o J ( n ~ o e  B p e M c I  3 K C n O H H P O B a H z i R  I I P H  

O C B e ~ e H H O C T I X  600 A% COCTaBJIRJrO 60 Ce%, ¶TO AJIR KOHTaKTHOrO 

K O I I H p O B a H H R  HBJIReTCR JJOBOJIbHO 60JIbILI05 B ~ J I H ¶ H H o ~ .  ~ c I I o J I ~ ~ ~ R  

6onee ~ @ @ ~ K T H B H ~ I ~  @ O T O I I ~ O B O A H H I E ~ ~ ,  h f O X H 0  YBeJIHYlZTb YYBCTBH- 

T e n b H o c T b  npoqecca n p n n f e p H o  B 100 p a 3 .  O p ~ a ~ i o  AJIH c o 3 ~ a ~ ~ a  
~ a K 0 f  K O ~ H ~ O B ~ J I ~ H O ~  CHCTeMbI C I I P O ~ I E I ( H O H H O ~  0 0 n T H K 0 6  I IOTpe -  

6 y e T c c I  Y B e J I H Y e H H e  ¶yBCTBHTeJ IbHOCTH H e  M e H e e  ¶ e M  B 1000 pa3. 



s a e ~ c ~  ~ 0 ~ 0 0 6 p a 3 ~ 0 i i  CTPYKTYPOH, COCT~BJI~HHO~?  113 BbITRHYTbIX 

@ o ~ o n p o ~ o n ~ q m x  KpncTannon. ICaxq~15 ~ p n c ~ a ~ r n m s e c ~ ~ i i  anel\.reHT 
OTfleJIJXeTCII OT ,qpYrEIS 3neMeHTOB TOHKEIMH ~ I P O C . ~ I O ~ ~ I C ~ M E I  E13 3JIeKTPO- 

H3O~RI\HOHHOrO MaTepllana. B OCTaJIbHOM HCIlOJIb3YeTCII TOT iff€! 

npnaqmn,  TO EI B MeTone Fepx~onbna .  

B p a 6 o ~ e  [831 onmcaH 3 n e ~ ~ p o $ o ~ o r p a ~ n ~ e c ~ ~ i i  npoqecc, cxoa- 
H ~ I G  B HeKOTOPbIX OTHOllIeHEItIX C IIP04eCCaMH B e p x ~ o J I b ~ a  H Arne- 
rco6ca - mpepnxca. A ~ H H ~ I ~  MeToA oTnmsaeTca Tenq s ~ o  3gecb npo- 
ng rz~  3 ~ 1 e ~ ~ p o a m 3 a  06pa3ye~  cIcplaToe ~1306parne~rne, cocToxwee 
113 RAeP - KaTaJIH3arrOpOB, 06na~a101qnx CIIOCO~HOCT~IO HHHqIIIIPO- 

saTb peaKqnm xmMnsecKoro npomneHm B CoceRHeM cnoe,  TO npn- 
BOAHT K O ~ ~ ~ ~ O B ~ H L I I O  BEIHEIMOrO 11306pal1 ;e~~~.  C K P ~ I T O ~  m306pa- 

m e m e  B O ~ H ~ K ~ ~ T  n p e 3 y n b ~ a ~ e  K O M ~ H H H ~ O D ~ H H O ~ O  , qe i i c~sm~ cBeTa 
Zi 3JIeKTPEI9eCKOI'O iIOJIII. ~ € ? H T P ~ I  IlPOJXBJleHEIII 06pa3ym~c11 H a  IIOBepX- 

I 
HOCTH KOHTp37IeI(TI)OAa ( K ~ T O A ~ ) ,  H B X O A R ~ ~ ~ C R  B KOHTaICTe CO CJIOeM- 

peareHToM. 3ne1<~ponm3, n p o ~ e ~ a m I q ~ H  B cnoe-peareme, npmoAaT 
K 06pa30BaHEIIO HeraTlXBHOrO CKPbITOrO 11306pame~~111. n0CJIe 31ECnO- 

HHPOBaHHH IIpH ~ ~ M I C H Y T O ~ ~  ~ J I ~ I C T P H ~ ~ C K O ~ ~  I\eIiEI C J I O ~ - P ~ ~ R ~ ~ H T  

C HeraTHBHLIM EI306pa~<e~l ' i e~  HaIEjIagbIBaIoT Ha  cJIoG, BOCIlpHHm- 

I 
A H ~ J I O ~ H ~ H L I ~  3JleKTpOKaTaJlllTHYeCICkIe ITPOueCCbI 6b1.n~ IIpeAJIO- 

iKeHb1 B p a 6 0 ~ e  1841. 

5.1.4. IIE9ATAK)QEE YCTPOMCTBO ((CMOYH IIPLIHTEP)) 

B p a 6 o ~ e  1851 ~006lI@eTCFl 0 C03flaHEIH ~ K C I I ~ ~ L I M ~ H T ~ J I ~ H O ~ ~  

~ ~ ~ I ~ T ~ o I # o T o ~ ~ ~ ~ ~ I Y ~ c B o ~ ~  hlaLUHHb1, I ~ O J J Y Y H B I I I ~ ~ ~  Ha3BaHMR ((@OTPO- 

HHI.; penpopmcep)) EI ((CMOYK npmTep)). B a ~ o i i  MammHe npn npoe- 
qI1pOB;IHLIEI n306parne~kl~  C M E I K P O @ M J I ~ ~ ~ ~  Ha  $OTOIIPOBOJX~QYIO 

macTaay 0 6 p a 3 y e ~ c ~  3 a e r c ~ p ~ t ~ c c ~ o e  ~ 3 0 6 p a x e ~ m e ;  oAHospeMeHHo 
IIPOH3BOALITCR IIPORBjIeHHe I4306pa%eH~II M O H H ~ O B ~ H H O ~  K ~ ~ C O Y H O G  

IIbIJIbKl . 
C x e ~ a  onHcLIsaeMoro y c ~ p o t i c ~ s a  npeAcTaBneHa H a  pnc. 44. 

H306pairceHEIe llpOeqHpyIOT qepe3 CTeKJrRHHyIo IIJIaCT11HY EI IIpO3pa9- 

HYIO TOKOIIPOBOAH~YIO IIJIeHKy Ha  $ O T O ~ ~ O B O A I I ~ I ~ ~  CJI06. O ~ H O B ~ ~ -  
MeIiHO K BJIeICTPOAY, EIMeIOpeMY BBA I I ~ O B O J I O ~ I I O ~ ~  CeTHH, IIOAKJIIO- 

'IaIOT O T ~ E I ~ ~ T ~ J I ~ H ~ I %  IIOJIIOC EICT09HHICk3 BbICOICOrO HaIIpHlHeHHR. 

~ ~ J I o x E I T ~ J I ~ H ~ I ~  IIOJIIoC HCTOrIHmKa IIOACOeaEIHeH H IIp03pa4~0ii TOKO- 

C 

&A&- b .  



n p o ~ o a f i q e f  n J I e H K e  H aaae~nen .  B n p o c T p a H c T s e  M e m A y  KOPOHH- 

P y I o r q n M  3JIeMeHTOM EI 6 y ~ a r o i i  paCI Ib I J IReTCH IFpaCIFa.  Y ~ C T M ~ H  
KpaCIFH EIOHH~YIOTCH B ~ J I ~ K T ~ H Y ~ C K O I V I  none H ABHWYTCFI IIO H a n p a -  

BJIeHElIO K 6 y ~ a r e ,  rAe IIPOHCXOAHT Oca i t iAeHEIe  l r a c T H q  H a  T e  y s a c T K m  

G y ~ a r H ,  KOTOpbIe  COOTBeTCTByIoT O C B e q e H H b I M  y ¶ a C T K a M  @ O T O I I ~ O -  

B O A H q e r o  CJIOH. 

C B ~ T ,  @ o p ~ n p y ~ ) q ~ i i  ~ 3 0 6 p a x e ~ ~ 1 e ,  n p o r r m a H  B y s a c T K H  @OTO- 

I IpOBOARIQerO  CJIOH, IIOB1,IIUaeT E X  IIpOBOAHMOCTb. ~ P O B O A H M O C T ~  

H e O C B e q e H H L I X  y ¶ a C T K O B  XI0 C p a B H e H H I o  C O C B e ~ e H H b I M E I  OKa3bI-  

B a e T c c I  n p H   TOM 6onee H E I B K O ~ ~ .  ~ I O ~ T O M Y ,  I c o r A a  K n p o ~ o n o s ~ o f i  
ceme H np03pas~oi i  ~ o ~ o n p o ~ o a ~ q e i i  n n e H K e  r r p n t i n a g L I s a e T c a  

BbICOIFOe H a I I p H X e H H e ,  IIOTOK HOHOB H a I I p a B J I H e T C H  I I p e H M y I Q e C T B e H H O  

K O C B e q e H H L I h l  Y Y a C T K a M  IIJIaCTHHLI. Y a c ~ E I q b 1  IFIcpaCKH, OIFa3aBlIIEIeCR 

B 3 0 H e  IIOTOIFa EIOHOB, HOHEI3YIOTCH I I p H  CTOJIKHOBeHElHX H H a l I H H a I o T  

ABEI raTbCR K IIJIaCTEIHe. n011aJ(aH H a  JIHCT Gynrarn, H ~ J I o w ~ H H ~ I I ?  

H a  I IOBepXHOCTL @ O T O I I ~ O B O , T J H L T ~ ~ ~ O  CJIOH, s a C T E I q b 1  OCTaIoTCH H a  6 y ~ a m -  
HOG IlOBePXHOCTEI. 

O ~ ~ o ~ p e ~ e n ~ o e  a ~ c n o ~ ~ p o ~ a ~ r n e ,  n p o s s n e H H e  EI @ ~ ~ c l ~ p o s a ~ ~ e  
IIO3BOJIHEOT IIpOBOAElTb B e C b  n p 0 q e C C  B OAHH IIPEIeM. O A H ~ K O  pa3- 
p a 6 0 ~ ~ a  3 ~ 0 r o  M e T o A a  H e  noluna nanbme C O B A ~ H H F I  ~ K C I I ~ P H ~ I ~ H -  

T ~ J I ~ H O G  MOAeJIH. 



5.1.5. CIIOCOB aAXEHEPAJ1 AAMHAMIIICC)) 

 TOT cnoc06, ~ J I E I ~ I F H G  K cnoco6y ((CMOYK IIPLIHTePb,  OIIHCaH B p a 6 0 ~ e  
[go].  O C H O B H O ~  OTJIHqHe  3 T O r 0  cnoc06a COCTOHT B TOM, YTO BMeCTO 

K ~ ~ C O ~ I H O ~  IIbIJIH HCllOJIb3YeTCH 3 ~ H f l K ~ l ~  I I ~ o R B J I R I O I Q H ~  COCTaB. 

Cxenra y c ~ p o i i c ~ ~ a ,  p a 6 0 ~ a m ~ e r o  no 3 ~ o ~ y  npmaqnny, n o ~ a 3 a ~ a  
H a  p ~ c .  45. @ o ~ o n p o ~ o ~ c r q n < ~  ccnoii ~ a o n ~ ~ o p a  n o n f e n l e H  H a  npoapas- 
HYH) T O K O I I P O B O A I I ~ Y I O  IIOAJIOXICY. ? & A I E E I ~  I I P o H B J I R H ) ~ H ~  COCTaB 

HaHOCHT H a  I IOBePXHOCTb  @OTOIIPOBOAHHK~ I I p H  IIOMOWH MeTaJIJIkI- 

s e C K O r 0  B a J I H K a  C IIOJIYIIPOBOAHHKOBbIM IIOKPbITHeM. O A H O B ~ ~ M ~ H H O  

C 3KCI IOHHPOBaHHeM C03AaIOT P a 3 H O C T b  I IOTeHqHaJ IOB Me3KAY IIp03paP- 
HLIM IIPOBOAHHKOM H MeTaJIJIHYeCKHM CepAeYHHKOM BaJ IHI<a .  Bcnen- 1 

CTBHe @ O T O I I ~ O B O ~ H M O C T ~  3 a C B e s H B a e M b I X  YYaCTKOB P a 3 H O C T b  KlOTeH- 

q H a J I O B  M e W A Y  IIOBePXHOCTRMH @ o T o I I ~ o B o ~ H H K ~  H I lOJ Iy I IpOBOAHHKa  

y13eJIH¶HBaeTCR,  I I aCTHqbI  I IPOHBHTeJIH BbIPbIBaIOTCH H 3  CJIOH XCHAKOCTH 

H I I epeHOCRTCR H a  @ o T o I I ~ o B o ~ H ~ ~ H )  n O B e p X H O C T b .  B H e 3 a C B e s e H H b I X  

Y s a c T I c a X  p a 3 H O C T b  I I O T e H ~ H a J l O B  M e X A y  3THMH IIOBepXHOCTRMH 

6 y ~ e ~  H e A O C T a T O q H a  AJIR I I p H T R r H B a H H H  YaCTHI I  113 CJIOH XHflKOCTH 

@ O T O I I P O B O ~ R ~ ~ ? M Y  CJIOH). O T I l e ~ a T 0 K  M O X e T  6b1Tb I IOJ IyYeH I I y T e M  

n e p e H o c a  n p o H s n e H H o r o  m 3 0 6 p a x e ~ ~ ~  H a  6 y ~ a r y .  



P A C T b  I 

I?J?MUZU unu nnettKa 

yW.lCTKaX, 3 a p H X a I o T C R  H OTPbIBaIOTCR OT HHXHeI 'O  3JIeKTPOAEl. 

~ o ~ o U I O K ,  O C T ~ B I I I H ~ C R  H a  HHlKHeM a J I e K T p O A e ,  C O 3 g a e T  BHAHMOe 

~ 3 0 6 p a l r c e ~ ~ e .  O ~ ~ e n ~ s r n n e c a  s a c T r n q b 1  nopomm M o r y T  661~b 
o c a x q e H b 1  H a  JIHCT 6 y ~ a r ~  nnm H a  nnemy,  noh i e rqeHHyJ .0  M e x q y  

a n e I c T p o A a M m ;  n p H   TOM o 6 p a 3 y e ~ c ~  B T o p o e  BziAmMoe n 3 0 6 p a ? ~ e ~ ~ e .  

E c J I H  z i a 0 6 p a x e ~ ~ e ,  OCTaBIUeeCH H a  HHlrcHeM 3JIeICTPOAe, I I p e A C T a -  
s m e T  c06oii ~ O ~ H T M B ,  TO m 3 0 6 p a x e ~ ~ e  H a  6 y ~ a r e  ( ~ J I ~ H K ~ )  6 y g e ~  
HeI ' aTHBHbIM Ef H ~ O ~ O ~ O T .  

M a T e p H a n o ~ ,  c o 3 g a 1 o w ~ n f  n a o 6 p a l r c e ~ n e  H a  r o T o s o M  O T n e q a T r c e ,  

C J I y S H T  [ P O T O I I I ) O B O A R ~ H ~  IIOPOLLIOIC. A J I H  YBeJIkIYeHHH KOHTPaCT-  

HOCTH n 3 0 6 p a m e ~ ~ ~  B IIOPOIIIOIC MOlrcHO BBeCTH K p a C M T e J I b .  

B p a 6 o ~ e  1921 o n H c a H o  n e I I a T a I o q e e  Y C T P O ~ ~ C T B O  B B H A e  npaqam- 
q e r o c H  6apa6a~a ,  ~ c n o n b a y e ~ o e  AZR n e u a T a H m  ~ 3 0 6 p a x e ~ ~ i i  
~ o T o I I ~ o B o ~ H ~ ~ ~  K ~ ~ C K O ~ .  



Cnoco6 DOJIyYeHHR 3JIeIETpOCTaTHYeCKOrO m 3 0 6 p a l r c e ~ ~ 1 1 ,  B OCHOBe 

I iOTOpOrO J I e W H T  I l p O q e C C  PaCCaCLIBaHHH IIOBepXHOCTHbIX 3 a p H A O B  

n p H  H a r p e s a H m ,  o n m c a H  B p a 6 o ~ e  1931. M a T e p m a J I o M ,  YYBCTBM- 

TeJ IbHbIM IE H a r p e B Y ,  MOlfFeT CJIYPKMTb o G ~ I ~ H ~ I ~  C J I 0 6  CMOJIbI ( H ~ I I ~ H -  

M e p ,  n o n m ~ n n e ~ a )  H a  6 y ~ a x ~ o i i  n o A n o w K e .  3 @ @ e ~ ~  p a c c a c b I s a H m r r  

3 a p R A O B  ~ ~ ' ~ H C H I I ~ T C R  TeM, YTO HpEl  KIOBbIIIIeHHH T e M l l e p a T y p b I  YAeJIb- 

H o e  COIIPOTMBJIeHHe CMOJI YMeHbI I I aeTCX (PHC. 47). O T ~ I ~ T H M ,  IITO, 

H a w I H a c I  c T e h I n e p a T y p b I  -58" C, ~ a 6 n 1 o a a e ~ c ~  pemoe n a A e H H e  

YfleJIbHOI'O COIIpOTHBJIeHHR.  T~IEEIM o 6 p a 3 0 ~ ,  eCJIH I IOBepXHOCTb  

Te~nepamypa, "C Te~nepamypa, "C 

P EI C. 47. ~ ~ B H C H M O C T ~  YAeJIbHOrO CO- P H C. 48. ~ ~ B ~ C H M O C T ~  OT ~ e h f n e p a -  
llpOT&IBJIeHHR OT T e M I I e p a T Y p b I  AJIR CJIOH TYPM O C T ~ T O ~ H O T O  3 a p ~ ~ a  ¶ e p e 3  1 X U M  

I I O J I E I ~ T H J I ~ H ~  ~a 6y~a1-e. nocne aapa~xn. 
a - nonnaTuJIeH Ha 6 y ~ a r e ;  6 - nnema 

aqe~a~qennmn03~ .  

C M O J I ~ I  3 a p ~ p i ~ b  B ICOPOHHOM pa3prr~e, a a a ~ e ~  H a r p e m  no T e M n e p a -  

T Y P ~ I ,  npm ~ o ~ o p o i i  ee y , q e n b H o e  c o n p o T m x e H m e  M a n o ,  TO npom30iifle~ 
6 b 1 ~ ~ p b 1 f f  C n a A  n O B e p X H O C T H O r 0  3 a p R A a  ( ~ M c .  48). 

C X ~ M ~  H C I l O J I b 3 0 B a H H R  3 T O r 0  RBJ IeHHR B T e X H m K e  X O D H P O B a H H R  

AOKYMeHTOB IIpe ,QCTaBJIeHa H a  PHC.  49. E y M a r a ,  I I O K p b I T a R  CJIOeM 

CMOJI~I ,  3apm~ae~c11, H a I c n a A a r s a e T c R  H a  n o s e p x H o c T b  K o n m p y e M o r o  

A o K y M e H T a  I4 3IEClIOHElpyeTCR MCTOYHMKOM EIHTeHCHBHOrO M H @ P ~ K ~ ~ C -  







VI. CIIEqHAJIbHbIE BOIIPOCbI 

I / I c c ~ r e ~ o ~ a ~ r n c r  H ~ 3 0 6 p e ~ e ~ ~ r r  B O ~ J I ~ C T H  ~ c e p o r p a @ ~ i n  H a n e I c T p o -  

C T ~ T H ~ ~ C I C O ~  I I e g a T H  OTKPbIJIH H e K O T O p b I e  H H T e p e C H b I e  C B O ~ C T B ~  

i $ o ~ o n p o ~ o g ~ ~ a x  n t a T e p H a n o B ,  a T a I c x e  m H T e p e c H H e  ~ o a n r o ~ ~ o c ~ a  
HCI IOJ Ib3OBaHHR 3JIeKTPOCTaTHYeCIEHX ~ 3 0 6 p a x e ~ ~ 6 ,  H e  YKJIaAbI- 

B a I o q H e C F i  B P a h l K H  T e X  TeXHOJIOrH9eCKHX IIPOIJeCCOB, IEOTOPbIe 

O G M ~ H O  IIPHh1eHRH)TCR I I p H  H3rOTOBJIeHHH @ o T o K o I I H ~ .  M O X ~ I O  I I p e A -  

IIOJIOiIiIITb, UTO H e K O T O p b I e  H 3  3 T H X  C B O ~ C T B  MOrYT.  C 0 ~ ~ 0 6  CTOPOHbI, 

P a C m H p H T b  0 6 J I a C ~ b  I I p H b l e H e H H R  H BO3MOXHOCTH HCI IOJ Ib30BaHHt l  

3 n e ~ ~ p o @ o ~ o r p a @ n ~ e c m x  n p o q e c c o B ,  a c ~ p y r o i i  - 0 6 e c n e u ~ ~ b  
p a 3 ~ ~ ~ r n e  H O B ~ I X  ~ a n p a e n e ~ n 6  a c c a e ~ o s a ~ ~ 6  B 6 y ~ y q e ~ .  

OCHOBH~IMH C T a A a H M n  ~ c e p o r p a + a s e c ~ o r o  npoqecca RBJIEI~TCR 

O ~ Y B C T B J I ~ H H ~ ,  ~ K C I I O H H P O B ~ H H ~ ,  n p o m m e H n e ,  nepeaoc, a a ~ p e n n e ~ ~ e  
H O g H C T K a  (PHC. 1). ~ T L I  CTaAHH H ~ O ~ X O A H M ~ I  B T e X  CJ IY¶aRX,  K O r A a  

~ o T o I I ~ o B o A R I I I , ~ ~ ~  I IOBepXHOCTb  AOJIXHa  6 ~ ~ b  IIOBTOPHO HCIIOJIb30-  

B a H a  B IIe'IaTHOM I I p O q e C C e .  E c J I H  Xe HCIIOJIb3YeTCH BJ I~KTPO@OTO-  

rpa@mecrcan 6 y ~ a r a  ( K ~ K ,  H a n p a M e p ,  B npoqecce ccane~~po@a~cc))), 
TO CTaAHH I I e p e H O C a  H 09MCTKH, eCTeCTBeHH0,  OTI IaAaIoT .  

n p ~  IIOBTOPHOM HCIIOJIb30BaHEIH T a K H X  ( P O T O ~ P O B O A H ~ ~ X  M a T e -  

P H a J I O B ,  K a K  ~ M O P @ H ~ I ~  CCJIeH, M O X H O  A O ~ E I T ~ C I I  YJIYgLUeHHII I IpO-  

I(eCCa BBeAeHHeM HeKOTOPbIX BCI IOMOraTeJ IbHbIX  TeXHOJIOrHYe-  

CKHX onepaqm3. B n e p B y I o  osepeAb K T a m M  onepallam OTHO- 

CRTCR H3MeHeHEle  IIOJIFiPHOCTH 3 a P R A K H  IIJ IaCTHHbI  H AOIIOJIHHTt?JIbHOf? 

o c B e q e a m e .  

B ~ c e p o r p a @ r r t ~ e c ~ o ~  npoqecce H a  c e n e H o n b I x  n z a c T n H a x  nna 
6 a p a 6 a ~ a x  AJIH OVyBCTBJIeHHR HCIIOJIb3YeTCtl  ~ ~ o J I o X H T ~ J I ~ H ~ I ~  3 a p R A ,  

H o 6 p a 3 0 s a ~ ~ o e  ~ 3 0 6 p a ~ e ~ n e  c o c T o m T  ~3 p a c n p e g e n e H m F i  nonowa- 
TeJ IbHbIX  I IOBePXHOCTHbIX 3 a P R A O B .  ~ K C I I ~ ~ H M ~ H T ~ ~ ~ H ~ I ~  flaHHbIt? 



VI .  C I I E q H A J I b H b I E  B O I I P O C b I  

I IOKa3bIBaH)T,  9 T O  M O X H O  IZOJIY9HTb HeKOTOPbIe  I IOJ Ie3HbIe  p e 3 y J I b -  

TaTbI  I I y T e M  BBegeHEIR 3 a p R A O B  0 6 p a ~ H o i i  nOJ IRPHOCTH (T. e. OTpH- 

q a ~ e J I b H 0 i i  ~ ~ P R A I E E I )  I I e p e A  n e p e H O C O M ,  O ~ M C T K O B  HJIH 09YBCTBJIe-  

HHeM. 

n p H  I I p O R B J I e H H H  O T P H 4 a T e X b H O  3 a p R w e H ~ b I B  I I P O R B H T e n b  H P H -  

T R r H B a e T C H  K IIO,LO?KHTeJIbHO 3 a P R Z e H H O M Y  ~ 3 0 6 p a x e ~ n m .  HOJIO- 
r n r n ~ e n ~ ~ b ~ f i  a a p ~ ~ ,  ~ a ~ e c e ~ ~ b ~ i i  H a  6 y ~ a r y  npn n e p e H o c e ,  n p e o A o -  

n e s a e T  n p n T R x e H H e  B e p x H H x  c n o e B  n p o a B E I T e n n  K ~ J I ~ K T ~ O ( P O T O C J I O I O ,  
H OHH n e p e H o c R T c R  H a  6 y M a r y .  O ~ H ~ K O  cnon n p o s B n T e n R ,  n e m a q H e  

6~1ni1ce H c e n e ~ o ~ o f i  n n a c T m e ,  y n e p x a i s a I o T c R  em c r n a b H e e  H H a  

6ynlary H e  I I epeHOCRTCR.  E c n ~  H a  I I p O H B H T e n b  He I IOCpeACTBeHHO 

I I e p e A  I I epeHOCOM H a H e C T H  ~ O I I O J I H H T ~ ~ ~ H ~ I ~ ~  o ~ p l I q a ~ e J I b H b I %  3 a p R A ,  

TO 6 y n e ~  n e p e H e c e H o  60nbmee r c o n M s e c T B o  npommena.  
  TO O ~ ~ C I I ~ Y L Z T  n o n y T I e H H e  6onee n n o T H o r o  1 1 3 0 6 p a w e ~ ~ ~ ,  seal 

TO, KOTOPOe  O ~ M ~ H O  I I O J I y v a e T C I I  H a  O T I I e s a T K a X ,  H MO?KeT A a T b  HeKO-  

T o p b I e  n p e H M y q e c T s a ,  H a n p n M e p  n p H  n e p e H o c e  H a  K a m r c y  c nocne- 
AyIoIII,HM A H a 3 0 K O I I H p O B a H H e M .  

06b19~0 IIOCJIe 3 J I e K T P O C T a T H 9 e C R O r O  I I e p e H O C a  H H X H H e  CJIOH 

IlOpOlUKOBOI'O ~ 3 0 6 p a i 1 ~ e ~ H R  OCTaIOTCR H a  C€!JI~HOBO% I I J I a C T H H e  

13 I I e p e A  IlOBTOPHbIM HCI IOJ Ib30BaHHeM IIJ IaCTHHbI  AOJIXHbI  6b I~b  YAa- 
JIeHbI  C ee IIOBepXHOCTH. E~ I J IO  YCTaHOBJIeHO,  s T 0  H a H e C e H H e  O T p H q a -  

T e J I b H O r O  3 a p H A a  H a  I IOBepXHOCTb  c ~ J I ~ H o B o ~ ~  IIJ IaCTHHbI  He I IOCpeA-  

CTBeHHO IIepeA onepaqmefi OsHCTRM IIOBePXHOCTH C I I O C O ~ C T B Y ~ T  

ee ynyvmemm, T a K  K a I c  n p o R B n T e n b  B  TOM cnynae y A a n a e T c c r  

nerve [951. 
H a ~ e c e ~ ~ e  a a p c r ~ o ~  I I ~ O T H B O I I O J I O X H O ~ ~  n o n H p H o c T m  H e n o c p e n -  

CTBeHHO D e p e A  l lOBTOPHbIM 09YBCTBJIeHHeM IIJ IaCTHHbI  C I I O C O ~ C T B Y ~ T  

YMeHbI I I eHHIo  ((YCTaJIOCTHH ~ J I ~ K T P O @ O T O C J I O E I  1961. 
B 0 6 b 1 s ~ o a r  ~ c e p o r p a ( P ~ ~ e c ~ o n ~  rrpoqecce, I caK  npamno, H e r  

H ~ O ~ X O A E I M O C T H  B 3 T H X  AOIIOJIHHTeJlbHblX O I I e p a q E I t I X  3apIIAIEH.  ~ P H -  

M e H e H H e  HX ~ p e 6 y e ~  0 ~ 0 6 0 %  T q a T e J I b H O C T H .  CJIHKIICOM 6 0 J I b m a f f  

BeJIHTIHHa 3 a p R A a  J ( p y r 0 f  IIOJrHPHOCTH M O X e T  H ~ ? ~ J I ~ I ? O I I P H H T H O  CRa-  

3 a ~ b c ~  H a  K a s e c T B e  H ~ O ~ P ~ X ~ H H R ,  a c n n b H a R  n e p e s a p a ~ ~ a  Aaxe 
M O X e T  I I O B p e A H T b  @ o T o J I ~ o B o ~ R I I @ ~  ~ 3 0 % .  

fZ P R A e  C J I y Y a e B  M O Z e T  6 b I ~ b  IIOJIe3HLIM OCBeIQeHHe  (POTOIIPOBO- 
~ R q e f i  IIOBepXHOCTEI EIHTeHCHBHbIM CBeTOBbIM IIOTOKOM H a  pa3J IE IvHbIX  

C T a A m x  ~ceporpa(Pmsec~oro npoqecca. H a d o n e e  s a c T b I M  C n y v a e M  
HCI IOJ Ib30BaHHR  TOG I I C I I O M O ~ ~ T ~ J I ~ H O ~ ~  O I I e p a q H H  R B n R e T C R  o6ny- 
v e H H e  I I e p e A  OYyBCTBJIeHHeM. I I p H  3TOM E I H T ~ H C E I B H ~ I ~  C B ~ T O B O ~ ~  

IIOTOK y A a n a e T  B c e  o c T a T K H  c T a p o r o  a n e ~ ~ p o c ~ a ~ ~ s e c ~ o r o  1a306pa- 
x e H m R ,  a T a K w e  H n o c T o p o H H H e  a a p q n ,  I I ~ E I O ~ ~ ~ T ~ H H - ~ I ~  B npoqeccax 
n e p e H o c a  M O ~ H C T K H .  



3 a c f j e T K a  @oToII~oBoARII(~G I lOBepXHOCTH H H @ ~ ~ H ~ ~ c H ~ I M  CBeTOM 

HeI IOcpeACTBeHHO I I epeJ I  0 I I e p a I J H e 6  OYYBCTBJIeHHR M O X e T  cnoco6- 
CTBOBaTb  YMeHbIIIeHHIO ((YCTaJIOCTHH ~ J I ~ K T P O @ O T O C J I O R .  OAH~ICO 3 K C n 0 -  

3 H q m m  H Y X H O  TIQaTeJ IbHO KOHTPOJIEIPOBaTb,  9 ~ 0 6 b 1  HCKJIIOYHTb nepe- 
r p e B  n o B e p x H o c T H .  B caywe n p n i v l e H e H m  c e m e H a  n e p e r p e B  M o x e T  

I I O B p e f l H T b  IIJIaCTHHy, T a K  K a K  npHBe,![eT K KPHCTaJ I J IH3a I JHH ai l fop$-  

H o r o  c e n e H a .  ~ K C I I O H H ~ O B ~ H H ~  c e n e H o B b I x  n n a c T H H  npti mx omewe- 
H H H  CBeTOM M H @ P ~ K P ~ C H ~ I S  J I aMI I  I I epe J I  IlOBTOPHbIM HCI IOJ Ib30Ba-  

H H ~ M - C T ~ H A ~ ~ T H ~ X  onepaqnn ~ c e p o p e ~ ~ r e ~ o r p a $ m x .  IIocne o6~1y- 
Y e H H R  IIJIaCTEIHa HeMeAJIeHHO O X J I a X f i a e T C R  c H J I ~ H o ~  C T P Y ~ ~  B 0 3 A Y X a .  

~ K c I I o H H ~ o B ~ H H ~ ?  I IOBepXHOCTH l l J I a C l H H b l  He I IOCpeACTBeHHO I I e p e A  

onepaq~ei i  O ~ H C T K H  M o s e T  T a K x e  O ~ J I ~ ~ Y E I T ~  y A a n e H E i e  npommencr. 
H~CMOTPR H a  TO TITO ¶ a C T H q b I  I IPOHBHTeJ IR  , 0 6 b 1 9 ~ 0  H e I I p 0 3 p a Y H b I ,  

H e K O T O p O e  KOJIHYeCTBO p a C C e R H H O r 0  C B e T a  B C e  ?Ice I I p O H H K a e T  IIOA 

s a C T H q b I  I l pORBHTeJ IH  H YaCTHYHO p a 3 P R X a e T  ~ J I ~ K T ~ o @ o T o c J I o ~ .  Anrr 
n p o ~ ~ ~ ~ e n e f i  c n p o 3 p a s a b 1 ~ ~ 1  Y a c T r n q a M H ,  n p o n y c I c a m q n i l m  c B e T ,  

I I p H M e H e H E i e  O I I e p a q H H  &OIIOJIHHTt?JIbHOl?O 3KCI IOHHPOBaHHR,  eCTeCT- 

BeHHO,  6onee ~@@KTHBHO.  

B rcceporpa@m c I c p b r T o e  n s o 6 p a m e ~ ~ e  COGTOEIT n3 n o B e p x H o c T -  

HbIX  3JIeKTPOCTaTHYeCKEIX 3 a P R A O B .  Y o J I K a l I  1971 0 6 ~ a p y z ~ n ,  YTO 
I I 1 3 0 6 p a X e ~ H R ,  O ~ ~ ~ ~ O B ~ H H L I ~  I IOBepXHOCTHbIhfH 3 a p H f i a M H ,  M O r Y T  

1 6 b 1 ~ b  I I e p e H e C e H b I  H a  AH3J IeKTpH¶eCKMe I IOBepXHOCTH HJIH BOCIIpOl l3-  

B e A e H b I  H a  H13S. C O O T B ~ T C T B Y I O I I ~ ~ I ~ ?  C ~ O C O ~ H  O C Y q e C T B J I e H H R  nepe- 
H o c a  a a p ~ ~ a  nonyqnnn ~ a a ~ a ~ ~ e  sTESI-npoqecco~v ( c o ~ p a q e ~ t i e  
OT a ~ r n m i i c ~ o r o  H ~ ~ B ~ H H R  ( ( T r a n s f e r  Electrostatic Image))-- n e p e H o c  

I ~ ~ J I ~ K T ~ O C T ~ T H ~ I ~ C I ~ X  ~ 3 0 6 p a i ~ e ~ ~ i i ) .  T a K n M  06pa301~1 ,  ~ c c e p o r p a $ ~ R  

RBJIHeTCH IIepB1,IM @ 0 ~ 0 r p a @ I t ~ e ~ ~ H i l f  I lpOqeCCO&I,  B KOTOpOill CKpbITOe  

I 1 3 0 6 p a ? K e ~ E I e  fi0 I IpORBJIeHHR M O X e T   LIT^ BOCnPOH3BeAeHO H a  Q Y r H X  

n o s e p x H o c T R s .  I 
M a ~ e p n a n ~ ,  . H a  I c o T o p b I e  I I e p e H o c H T c R  3 n e ~ ~ p o c ~ a ~ ~ s e c ~ o e  ~ ~ a o 6 p a x e ~ ~ e ,  A O J I x H b I  0 6 J I a n a ~ b  C I I O C O ~ H O C T ~ I O  C O X P a H R T b  ~306pa-  

X e H M e ,  T.  e. A O J I X H b I  RBJIRTbCH XOPOLUHMH EZ30JIIITOpaMH. ~ P E I M ~ P O M  

M O r Y T  CJIY>KHTb T a K H e  IIJIaCTMaCCbI, K a K  M a h a p ,  IIOJIHCTHPOJI Ei IIOJIH- 

a T H n e H .  3 n e ~ ~ p o c ~ a ~ ~ ~ 1 e c m e  51306pa>KeHHR i w o r y T  6b1~b T a K x e  nepe- 
H e C e H b I  H a  6 y ~ a r y  C A H 3 J I e K T p H s e C K H M  IIOKpbITHeM. 

Aria I IpORBJIeHHH I I e p e H e c e H H o r o  1 1 3 0 6 p a X e ~ H ~  M O r y T  6 b I T b  I IPH-  

MeHeHLI  TT >Ke MeTOALI, ICOTOPbIe EICIIOJIb3YIOT HJIR IIPORBJIeHLIH 

3 J I e K ~ p o c ~ a ~ ~ s e c ~ ~ x  ~ 3 0 6 p a ~ e ~ ~ 2 ,  O ~ ~ ~ ~ O B ~ H H ~ I X  HeI IOCpeACTBeHHO 

H a  @ O T O I I ~ O B O A R ~ E I X  CJIORX. BBHAY T o r 0  YTO H a  A H ~ J I ~ K T P E I P ~ C I E O ~ ~  

I IOBepXHOCTH 3 a p R A  IIOA A ~ ~ C T B H ~ M  C B e T a  H e  H C Y e 3 a e T ,  H e T  ~ e o 6 x o -  
AHMOCTIX 3amHII(ElTb OT C B e T a  ~ a o 6 p a x c e ~ ~ e  BO B p e M R  I IpOcIBf i eHHR.  
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n e p e ~ o c  c K p w r o r o  ~ J I ~ K T ~ O C T ~ T E ~ Y ~ C K O ~ O  ~ 3 0 6 p a l r c e ~ ~ a  MOTKKO 

O C y m e C T B J I H T b  HeCKOJIbKHR.IE1 C I I O C O ~ ~ M H .  H e ~ i o ~ o p b ~ e  E13 H H X  OIIHCaHbI  

H H x e .  EoJIbIIIoe KOJIHYeCTBO C I I O C O ~ O B ,  AaEOqE1X TOifFAeCTBeHHbIe 

p e a y ~ ~ b ~ a ~ b ~ ,  n p e A n a r a e T c a  JIHIII~ B n o p a A I c e  06cy?fqe~Hf1. IIpoqeccb~ 
n e p e H o c a  ~ J I ~ K T ~ O C T ~ T H ~ ~ C K H X  ~ a 0 6 p a x e ~ ~ i i .  n f o m H o  p a 3 ~ e n ~ i ~ b  
H a  gsa K n a c c a :  

1. IIpoqecc61, B K ~ T O P ~ I X  ~ J I ~ I C T ~ O C T ~ T H ~ ~ C K O ~  ~ 1 3 0 6 p a x e ~ ~ e  c H a -  

qana o6paaye~ca H a  n o s e p x H o c T u  @ o ~ o n p o ~ o ~ a q e r o  cnoa, T a K o r o ,  

H a n p H M e p ,  K a I c  ~ c e p o r p a @ n s e c ~ a ~  n n a c T m a ,  m s a ~ e ~  n e p e H o c E i T c a  

H a  AQ3JIeIETPEIYeCKYIO I IOBePSHOCTb .  
2. n p o q e c c ~ ,  B K O T O P ~ I X  ~ J I ~ K T ~ O C T ~ T E I Y ~ C K O ~  ~ 1 3 0 6 p a m e ~ ~ e  

06pa3ye~ca B nepmojt, I c o r A a  A n a n e K T p H s e c r c a a  n n e H I c a  H a x o A n T c a  

B K O H T a K T e  C ~ J I ~ I E T P O @ O T O ~ P ~ @ H Y ~ C I C O ~  I I J I ~ C T E I H O ~ ~ .  

Hnxe  O n H C a H b I  p a 3 n l 1 ~ ~ ~ 1 e  C I I O C O ~ ~ I  I I e p e H O C a  3 J I e K T P O C T a T H s e -  

C I c o r o  a 3 0 6 p a x e ~ ~ ~ .  Ha H e K o T o p b I s  p H c y H I c a X ,  H J I n m c T p n p y I o l q n x  

3 T H  CIIOCO~EJ ,  KOHTaIETHPYIOQHe  IIOBepXHOCTLl p a 3 A e J I e H b I  B03AYILIHLIM 

3 a 3 0 P O M .   TO CJIeAYeT I IOHHMaTb  T a x ,  YTO ~ 0 3 ~ y l I I ~ b 1 I i j [  3830p M O W e T  

661~b O Y e H b  M a J I  H C Y q e C T B O B a T b  AaXe T O r n a ,  KOI'Ha IIOBepXHOCTE1 

@ a ~ ~ ~ s e c m  H a x o A a T c a  B K o H T a K T e .  Bce npoqeccH n e p e H o c a  a n e ~ ~ p o -  
CTaTHYeCKE1X H 3 0 6 p a ~ e ~ H f i  T P ~ ~ Y H ) T  OCYlqeCTBJIeHHR M ~ x ~ H E ~ ~ ~ c K o G  

O I I e p a q H E 1  I I p H B e A e H H H  H B y X  I I O B ~ ~ X H O C T ~ ~  B KOHTaKT H HX IIOCJIe- 

AyIOX(e r0  p a 3 A e J I e H E c I .  O H H ~  I IOBepXHOCTb ,  H a  KOTOPYIO IIepeHOCMTCH 

3 j I e K T p O C T a T H s e C K O e  n a o 6 p a ? ~ e ~ ~ e ,  RBJIEIeTCa AEl3aeKTpHKOM,  Apy- 
raa - HOCmTeJIeM E 1 3 0 6 p a X C e ~ H ~ 1 ,  H a  KOTOPOM O H 0  @OPMHPY~TCII. 

l l p m ~ e ~ e ~ ~ b ~ e  HHxEe o n m c a H H a  M e T o A o B  n e p e H o c a  a n e I c T p o c T a T E -  

q e c I c o r o  ~ a o 6 p a i r c e ~ ~ r r  M n n n I o c T p H p y m l q H e  EIX PHCYHKH n p e A c T a -  

s n e H b r  npexae B c e r o  AJIH T o r o ,  9~0661 B y n p o q e ~ ~ o f i  @ o p ~ e  n o K a -  

3 a T b  OCHOBHbIe CTaAHH I IpOqeCCOB.  ~ O ~ T O M Y  OIIEICaHHII OI ' paHHqeHhI  

c n y s a e M  n e p e H o c a  a a p a ~ a  MelrcAy n n o c K m M n  n o s e p x H o c T a M H .  

B p e a n b H H x  cnyqaax ~ 1 3 0 6 p a m e ~ ~ e  M o x e T  6 b 1 ~ b  U e p e H e c e H o  

H C IIOBePXHOCTH 6apa6a~a .  \ 

6.3. IIPOqECCbI IIEPEHOCA C kICIIOJIb30BAHllEM 
IIPE~BAPkITEJIbHO OljPA30BAHHOI'O 3JIEKTPOCI'ATHYECKOI'O 

E130BPA3fCEHMH 

6.3.1. TIEPBbIM CnOCOB nEPEHOCA 3JIEKTPOCTATkI9ECKOI'O 
B3OEPAWEHBR 

 TOT O P H ~ H H ~ J I E X H ~ I ~  C I I O C O ~  I I P e A J I O W e H  Y o J I K ~ I I o M  [97]. 0 ~ ~ 0 1 3 -  

H b I e  3JIeMeHTb1,  HCIIOJIb3YeMbIe  B COOTBeTCTBYIOWeM I I p O q e C C e ,  l IOKa-  

3 a H H  H a  PHC.  51. ~ P O ~ ~ C C  O C y q e C T B n H e T C H  C J I e A y I o m H M  0 6 p a 3 0 ~ :  
1. 3 n e ~ ~ p o c ~ a ~ m u e c ~ o e  n a o 6 p a x e ~ ~ e  0 6 p a 3 y e ~ c c 1  H a  K c e p o r p a -  

4 k s e c ~ o i i  n n a c T m e  O ~ ~ I Y H ~ I M L I  MeToAaMH.  B cnyqae K o r n a  n J r a c T s H a  

n p e A c ~ a ~ J I ~ e ~  ~ 0 6 0 6  al \ . rop@~bIB CeSIeH, IIOJIEIpHOCTb a a p a ~ a  mo6pa- 
7 P.  m a a a e p ~  

i 



W e H a n  A o n w H a  6 b l T b  I I o J I o x H T ~ J I ~ H o ~ ~ .  Ha p H C .  51 ~ 3 0 6 p a m e ~ n e  
I I O K ~ ~ ~ H O  3HaKaMEI <(nnm)). 

2. ~ ~ ~ J I ~ K T ~ E I Y ~ c K ~ R  n J r e a I c a ,  n o I z p b I T a c I  c O A H O ~  C T O P O H ~ I  IIPOBO- 

ARWH.34 M a T e p H a J I O M ,  I IPHBOAHTCR B K O H T a K T  C I lOBePXHOCTbH) IlJIa- 
CTEIHbI ( I IPEIM~PoM ~ H ~ J ~ ~ K T ~ E I ~ ~ c K O ~  I I J I eHKH,  K O T O p a R  M O X e T  6 b 1 ~ b  

HCI IOJ Ib30BaHa  B TaKOM C J I y q a e ,  RBJIReTCR ~ a i i n a p ,  BJIIOMEIHEISHPO- 

s a ~ a ~ i i  c O A H O ~ ~  CTOPOHM). 

3. 3 a T e ~  3aMbIKaIOT KJIIo¶ A (PEC. 51) T a g ,  9 T O  K I I P O B O A R ~ e M Y  

IIOKPHTHIO , ~ E I ~ J I ~ I C T P H Y ~ C K O ~ ~  n a e H t i H  n p n I c x a A b I s a e T c n  o T p H q a T e J I 6 -  

H o e  H a n p a s e H m e .  H a n p a s e ~ m e ,  ~ e i i c ~ ~ y m q e e  M e x q y  ABYMH ~ J I ~ K -  

TPOAaMEI, M O m e T  6 6 1 ~ 6  I I O P R A K a  1000-2000 6. 

4. 3 a ~ e M  I IOBepXHOCTI t  OTfleJIRIOT APYr OT APYra, D P H Y e M  BO BPeMEI 

~ ~ ~ A ~ J I C I I E I R  n o A n e p x m a I o T  H a n p a l r c e a E I e  M e m a y  a n e ~ c ~ p o ~ a ~ ~ .  I T ~ H  
A O C T H X e H H H  ICPHTLlYeCKOrO H a n P R ? K e H H R ,  H e n O C p e A C T B e H H O  nepeR 
n p o 6 0 e ~  B O ~ A ~ I I I H O ~ O  n p o M e x y T K a ,  B O ~ J I ~ C T H  E I 3 0 6 p a l r c e ~ E I R  repea 
aaaop n o T e v e T  p a a p ~ ~ ~ b 1 5  TOK. B xoAe E I T O ~ O  npoqecca H a  nosepx- 
HOCTH A H a n e K T p m I c a  0 6 p a 3 y e T ~ R  n o n o m a T e n b H o  a a p ~ l r c e ~ ~ o e  ~ 3 0 6 p a -  
>I<eHHe,  KOTOpOe  6 y p T  3 e P K a J I b H b I M  110 OTHOIIIeHHIO K HCXOAHOMY 

3J Ie ICTpOCTaTEI~eCKOMy 11306palrceHHM). 

5. llocne T o r o  K a K  n o B e p x H o c T E I  p a 3 ~ e n e ~ b 1 ,  K n m s  A p a a ~ ~ -  
KaIOT,  a KJIIOY B 3aMbIKaIOT,  T a K  YTO IIPOBOARII@R I IOAJIOXKa  p a 3 p R -  

m a e T c c I  no n o T e H q H a J r a  3 e ~ n ~ .  

B n o n ~ e  OW3fiMAH0, YTO I I O A O ~ H ~ I M  0 6 p a 3 0 ~  MOI'YT 6 b 1 ~ b  IIepe- 
H e c e H b I  o T p m q a T e n b H o  s a p a l r c e ~ ~ b ~ e  a n e K T p o c T a T m e c H m e  ~ so6pame-  
HEIR. HO np1.1  TOM n o m p H o c T b  H a n p a w e H m a ,  n p m n a A b I s a e M o r o  

M e m A y  n p o ~ o n ~ q e i i  o c a o ~ o f  A n a a e K T p m K a  m a n e ~ ~ p o @ o ~ o r p a @ ~ s e -  
CKO& I I J I ~ C T H H O ~ ,  ~ o J I J I ~ K H ~  6 b 1 ~ b  H 3 M e H e H a  H a  0 6 p a ~ ~ y 1 0 .  

C n e ~ y e ~  OTMeTHTb,  YTO, n o c K o j I b K y  n p m o l r c e H H o e  H a n p R m e H n e  

B I I p O q e C C e  p a 3 A e J I e H H c I  A B y X  I I O B ~ ~ X H O C T ~ ~  OCTaeTCR IlOCTORHHbIM, 

Ha I IpR l r ceHHOCTb  nOJIcI B BO3AYILIHOM 3a30pe 6 y ~ e ~  YAfeHbIUaTbCcI  

no M e p e  y s e m s e H m R  aaaopa. 
B a p m a ~ ~  3TOI'O cnoc06a O l l H C a H  B n a T e H T e ,  3aHBJ leHHOM @ o T J I ~ H -  

AOM H M a Y p e p o ~  [981. B 3TOM B a p H a H T e  B O ~ ~ Y U I H L I ~ ~  3 a 3 0 p  3aIIOJI- 
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HHeTCR ~ H ~ J I ~ K T P H ¶ ~ c K o %  XUiAKOCTbH), KOTOPaR B BHAe IIJIeHIcFi HaHO- 

CHTCR H a  X C ~ ~ O I ' ~ ~ ~ H ~ ~ C K ~ H )  IIJIaCTHHY. ABTOPH YTBePlfEAaIOT, 9TO 

npm  TOM n e p e H e c e H H o e  H 3 0 6 p a Z e ~ H e  mMeeT 6oaee B H c o K o e  paape- 
meme.  - 

6.3.2. BTOPOM CIIOCOB IIEPEHOCA 3JIEKTPOCTATH9ECICOI'O 
M30EPAXEHRH 

 TOT cnoc06 OIIHCaH ~ ~ ~ J I C O H O M  H EOI'J(OHOB~IM 1991 EI MOHEeT 

OTsaCTH PaCCMaTPHBaTbCR K a K  BapEIaHT I I e p B O r O  cnoco6a. OCHOBHH~ 
OTJIEI9HH ero OT I I e p E O r O  cnoco6a CBOflRTCII K TOMY, ¶TO MOlfEeT 6 H T b  

P EI C. 52.  Cxeaila I I e p e H O C a  3JIeKTpOCTaTH¶eCKOrO E I ~ O ~ P ~ X ~ H H I I  IIO BTOPOMY 
cnoco6y. 

HCIIOJIb30BaHa AH3JIeKTpH¶eCKaR IIJIeHKa 683 I I P O B O H E I ~ ~ ~  IIOAJIOHEKH 

n n o T e H q H a n  coo61qae~c~  A n a J r e I c T p n K y  OT K o p o H H o r o  a a p ~ x ~ ~ ~ ~ a .  
IIpoqecc, I I O K ~ ~ ~ H H E J B  c x e M a T H v e c I c m  H a  p ~ c .  52, COCTOHT ~3 cnenym- 
I q H X  c ~ a A H i i :  

1. 3 n e ~ ~ p o c ~ a ~ ~ s e c ~ o e  ~ a o 6 p a x e ~ n e  c o 3 ~ a 1 o ~  H a  xceporpa4~-  
P ~ C I C O ~ ~  n n a c T H H e  T a K  me, KaIc  H B n e p B o M  cnoco6e. 

2. Ha @ O T O U ~ O E O A J ~ I ~ H %  cnoH I I 0 M e q a I o . r  j q H a n e K T p H s e c K y I o  

n J I e H K y .  

3. Ha IIOBepXHOCTb AH3JIeKTPHKa K O P O H H ~ I M  3aPHHHHKOM HaHOCIIT 

O T ~ I ~ ~ ~ T ~ J I ~ H H ~  3 a p R A .  

4. 3 a T e M  IIOBepXHOCTH OTAeJrRIoT APYr OT APYra, H,  IcOrAa BeJIEI- 

s H H a  ~ o a ~ y r u ~ o r o  aaaopa n p n 6 j r ~ ~ a e ~ c ~  K ~ p ~ ~ a s e c ~ o i i ,  B O ~ J I ~ C T H  

H 3 0 6 p a x e ~ ~ 1 ~  n p o m c x o j ~ n ~  a n e ~ ~ p t i s e c ~ n d  11po6oii, conpoBolK,qa Io -  

Iq~iiccr n e p e H o c o M  3ap11,qa. 
5. ~ o c J I ~  ~ ~ ~ A ~ J I ~ H H F I  O T P E ~ L @ T ~ J I ~ R H %  3 a P I I A  M O Z e T  6 b 1 ~ b  YAaJIeH 

c B ~ ~ x H ~ H  IlOEepXHOCTH jqH3JleKTpkIKa I IyTeM OCaHEjqeHHR 3aPJxAOB 

n p o ~ ~ ~ ~ I I ~ J I ~ ~ ~ ~ i i  IIOJIHPHOCTH HJIH I I p O T H p a H H e M  3~05  IIOBePXHOCTE3 

B z a ) ~ ~ ~ g  TKaHbK). 

7 * 



6.3.3. TPETEIm CnOCOG I I E P E H O C A  3 J I E K T P O C T A T H 9 E C K O r O  
B 3 0 E P A K E H B R  

~ T H M  C I I O C O ~ O M  IIOJIY¶aH)T ~ 3 0 6 p a ~ c e ~ ~ e  TOTO I K e  T H I I a ,  s T 0  Ei B nep- 
BOM C n ~ ~ 0 6 e ,  T. e. I IOJIOXEiTeJIbHO 3 a p R i K e H H O e  I I03EiTHBHOe 3 e p K a J I b -  

I ~ o e  O T 0 6 p a E < e H E i e  T o r 0  1 4 3 0 6 p a l r c e ~ ~ i n ~  KOTOpOC! HMeJlOCb H a  # I O T O I I ~ O -  

~ ~ ~ ~ a e i i  IIOBePXHOCTH. 

T ~ K  K a K  3 a p R A ,  C O O ~ ~ ~ H H ~ I $  B e p x H e 6  IIOBBPXHOCTH n H a J I e ~ ~ p m ~ a ,  

c x e M a ,  npmenemarr. H a  pmc. 53. OH nonpa3~enrre~ca H a  cneAyIoqme 
CTaAHEi: 

1. Ha ~ c e p o r p a @ ~ s e c ~ o i i  n n a c T H H e  O ~ ~ I ~ H ~ I M  cnoc060~  C O ~ A ~ I O T  

a n e K T p o c T a T m s e c r c o e  ~ i 3 0 6 p a 3 ~ e ~ ~ e .  B A a H H o M  czygae ~ i a o 6 p a ~ c e ~ n e  

H a  I $ O T O I I ~ O B O ~ R ~ I J ~ ~  I IOBepXHOCTIi  3 a p R Z e H O  IIOJIOZEITeJIbHO.  

2. ~ E i a n e K ~ p ~ ~ e c ~ y m  n J r e H r c y  c n p o ~ o n ~ q e i i  OCHOBOG p a e H o M e p H o  

3 a p R % a l o T  OTpEiqaTeJIbHbIMEi  3 a p R A a M E i  n p E i  I IOMOqEi  KOPOHHOI'O 

3 a P R n H H K a  ( ~ H c .  53, a) .  

~ BO spenm p a 3 ~ e n e ~ m a  n o ~ e p x ~ o c ~ e i i  o c ~ a e ~ c a  IIOCTORHH~IM, c o a ~ a -  
B a e M O e  BTHM 3 a P R n O M  B B03AYIIIHOM 3 a 3 O p e  none, I lO  CyIlI ,eCTBy, 

T a K Z e  OCTaeTCR IIOCTORHHbIM. M M ~ H H O  3 T 0  RBJIReTCR OCHOBHbIM pa3- 
JrH¶EieM M e l K A y  I I e p B b I M  H BTOPbIM F I I O C O ~ ~ M E I .  
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3. 3 a p ~ m e ~ ~ y 1 0  A E ~ ~ J I ~ K T P H Y ~ C K Y I O  n n e H x y  n e p e B o p a v H e a I o T  

H pacnoaaram H a  n o s e p x H o c T H  n n a c T m b 1  noeepx a n e K T p o c T a T m s e -  

c I c o r o  r n 3 0 6 p a m e ~ ~ ~  ( p ~ c .  53, 6). 
4. 3 a ~ e ~  ~ ~ M L I K ~ I O T  K ~ W V  A ,  ~ ~ ~ ~ M J I R F I  o6a a ~ ~ e ~ ~ p o ~ a .  T ~ K  x a K  

P a 3 H O C T b  I IOTeH4HaJ IOB M e W A y  ABYMH IIPOBOAHWHMH I IOAJIOXKaMH 

T e n e p b  p a m a  HYJIIO, H a n p a x e H H e  B B O ~ A Y V I H O M  aaaope B 06~1acm 
H ~ O ~ P ~ X ~ H H R  ~ Y A ~ T  OI IpeAeJ IRTbCR I I o T e H q l l a J I a M H  n O J I O X H T e J I b R 0  

3 a p H X e H H O r O  ~ 3 0 6 p a ~ e ~ ~ ~  H O T p H q a T e J I b H O  3 a p H X e H H O r O  AH3JIeKT- 

p m a .  
5. 3 a ~ e ~  I IOBepXHOCTH OTAeJIHIOT A P Y r  OT A p y r a ,  H BO BPeMEI H X  

p a 3 g e n e ~ ~ r r  n p o H c x o A H T  n e p e H o c  ~ 3 0 6 p a i 1 ~ e H H F I .  I I e p e ~ e c e ~ ~ a r i i  
I I o J I o ? X H T ~ ? J I ~ H ~ I ~ ~  3 a p c I A  ~ e f ~ p a J I H 3 y e ~  0 ~ p H q a ~ e n b ~ b I f  3 a p R A  H a  T e X  

y 9 a C T K a X  I IOBepXHOCTH A H 3 J I e K T p H K a ,  KOTOpbIe  I IPHMbIKaIOT K 3JIeK-  

T P O C T a T H ~ e C H O M Y  ~ 3 0 6 p a X e H ~ I O .  T ~ I E H M  0 6 p a 3 0 h 1 ,  3 J l eKTpOCTaTHYe-  

CKOe ~ 3 0 6 p a x c e ~ m e  H a  A H 3 J I e K T p l l K e  COCTOHT H 3  H ~ ~ T ~ ~ J I H ~ o B ~ H H ~ I x  

YYaCTKOB, paCI IOJ IOXeHHbIX H a  O T P l l q a T e J I b H O  3 a p R X e H H O h l  @OH(?. 

E c J I H  3 T 0  1 4 3 0 6 p a i 1 i e ~ ~ e  I IpORBJIReTCR IIOJIOXMTeJIbHO 3aPH?Xf(eHHbIM 

n p o c I e n T e n e M ,  TO n o a y g a e T c H  o 6 p a 1 q e ~ ~ o e  ~ 3 0 6 p a ~ e ~ ~ e  o p H r n H a n a .  

IIpn C o o T s e T c T e y I o I q e M  s b 1 6 0 p e  n p m n a A b r s a e M o r o  H a n p F i m e H H c I ,  

3 a p H A a  ~ 3 0 6 p a W e H l l F I  H 3 a p H A a  H a  Az l a J I eKTpHIce  MO1IiHO IIOJIYYHTb 

~ 3 0 6 p a m e ~ ~ e  OAHOIY~ n o m p H o c T H  H o ~ p y l f ~ a m q ~ i i  ero +OH IIPOTHBO- 

I Io J IoWHO~I  IIOJIRPHOCTH. 

O ~ ~ B E I ~ H O ,  3TOT MeTOA M O X e T  6 b 1 ~ b  I I p H M e H e H  H HJIH I I e p e H O C a  

O T P H q a T e J I b H O  3aPH1I<eHHbIX 3JIeKTPOCTaTHYeCKHX H 3 0 6 p a 3 f E e ~ H 6 .  

B :(aHHOM CJIY'Xae A H 3 J I e K T P H ¶ e C K a R  I I J I e H K a  AOJIlfFHa 6b I~b  3aPR)fEeHa 

IIOJIO3fEHTeJIbHbIMH 3 a p R A a M H .  



mna, IIO-BHAHMOMY, RBJIIIIOTCEI H a n 6 0 J I e e  I I O A X O A R ~ ~ H M H  AJIH 2 a H -  

Ixoro npoqecca. 
4. ~ o c J I ~  3 T O r 0  AH3JIeKTPHYeCKYH) ~ J I ~ H K ~  OTAeJIRIOT OT KCepO-  

r p a @ m q e c K o $  IIJIaCTHHLI. 

0 6 p a a o ~ a ~ ~ o e  H a  f l ~ l a n e ~ ~ p l l s e c ~ o i i  n z e ~ K e  ~ 3 0 6 p a x e ~ ~ e  6 y ~ e ~  
COCTOCrTb H 3  YYaCTKOB C O ~ ~ ~ ~ H ~ H H L I M  BapIIAOM, O K P Y X e H H b I X  P a B H O -  

M e P H b l M  @OHOM I IOJ lO?KHT~J IbHbIX  3 a P H A O B .   TO ~ ~ ' ~ H C H I I ~ T C H  CJIeAYIO- 

-qmM 06pa30~ :  a n e ~ ~ p o c ~ a ~ ~ ~ e c ~ o e  m 3 0 6 p a x e ~ ~ e  H a  @ O T O I I ~ O B O A H -  

we5 n o s e p x H o c T m  c o q a e ~  H a  s e p x ~ e i i  c T o p o H e  A H a n e K T p m a  nono- 

--- --- d - - J  I 
---------------- ----- 
I L I I  * * +  + + + I  

~ 3 0 6 p a x e ~ ~ t l  H a  ~ o ~ o n p o ~ o ~ a n q e i i  I IOBepXHOCTH. E c n ~  ((CKOPOTPOH)) 

O T p e r y n H p O B a H  T a K H M  0 6 p a 3 0 ~ ,  s T 0  OH coo61qae~ BCeM YYaCTKaM 

I IOB ePXHOCTH A H 3 J I e K T p H K a  O A E I H ~ K O B ~ I ~  I I O T e H q H a J I ,  TO H a g  ~ 3 0 6 p a -  
X e H H e M  6yAe~  OCai-IcAaTbCH M ~ H ~ I I I H ~ ~  3 a p S I a .  ,U,OCTOMHCTBOM 3 a P H A K H  

C HCIIOJ Ib30BaHHeM ((CKOPOTPOHaH RBJIHeTCII  TO, YTO OH II03BOJIEleT 

I I o J I y s H T b  H a  BCeX Y Y a C T K a X  I IOBepXHOCTH O H H H ~ K O B ~ I %  I IOTeHqHaJ I ,  

a H e  OAHOPOAHYH) nJIOTHOCTb 3 a p H H a .  B ~ J I H Y H H ~  3TOTO I IOTeHqEla J I a  

M O X H O  p e r y J I H p O B a T b ,  H 3 M e H R R  H a I I p H X < e H H e  C M e q e H H R  3 K P a H H -  

p y I O ~ e 6  CeTKH. 

n p e & J I o i r c e ~ b ~  A B a  B a p H a H T a  3 T O r 0  cnoc06a. 06a  OHEI. CXeMaTM- 

secrcm n o ~ a 3 a ~ b 1  H a  PHC. 54, 6 H 54, 6 .  Bce c T a p i H  npoqecca 
H a  p ~ c .  54, 6 T e  x e ,  YTO EI H a  PHC. 54, a, 3a H c K n I o Y e H H e n f  T o r o ,  ¶TO 

cpaay z e  nocne B ~ P R , ~ K H  n o . n o m H T e n b H b I M  a a p ~ i ~ o ~  c n e A y e T  s a p a a ~ a  
O T p H q a T e J I b H b I M  3aPHJ(OM, 0 6 e c n e 9 H ~ a ~ ) ~ a I I  H a  B C ~ G  IIOBePXHOCTH 

O A E ~ H ~ I E O B ~ I ~ ~  I IOTeHQHaJl ,  I C O T O P ~ I ~  AOCTaTOYeH AJIR H ~ ~ T P ~ J I H ~ ~ ~ E I E I  



V I .  C I I E U H A J I b H b I E  B O I I P O C b I  

TIOJIOl-IEHTeJIbHbIX 3 a p R g O B  H a  Y Y a C T K a X   OH^.  tam^ 0 6 p a 3 0 ~ ,  nocae 
OTAeJ IeHHH ) J H ~ J I ~ K T ~ H ~ ~ c K o %  IIJIeHKE1 OT I IOBePXHOCTH IIJ IaCTHHbI  

~ l 3 0 6 p a X e ~ H e  6 y n e ~  COCTORTb H 3  O T p H q a T e J I b H O  3 a p R ? I < e H H b I X  YYaCT- 

X O B  H a  H ~ % T P ~ J I ~ H O M  ( P o H ~ .  
C T ~ A H H  I l p O q e C C a  H a  pHC.  54, 6 TaIElKe COBI IaAaIoT  C COOTBeTCT- 

B y I o q H M H  CTaAHHMH I I p O q e C C a ,  0Tpa;IEeHHOI'O H a  pE1C. 54, a; HCKJIIO- 

qeHE1eM RBJIHeTCR JIHLUb TO, 9 T O  BMeCTO IIOJIOlffHTeJIbHbIX 3 a P R A O B  

3 A e C b  H C n O J I b 3 y I o T  O T p H q a T e J I b H b I e  3 a p R A b I .  n p H  3TOM Y¶aCTKH ~ 3 0 6 -  

P a X e H H R  HMeIoT  66nbluy10, ¶ e M  H a  O K p y X E i I o a e M   OH^, IIJIOTHOCTb 

O T P H l & a T e J I b H O r O  3 a p H A a .  

6.4. I I P O q E C C b I  I I E P E H O C A ,  B I C J I I O 4 A H ) q H E  OEPA30BAHHE 
3 J I E I C T P O C T A T H 9 E C K O r O  H30IiPAXEHHH 

3 ~ 1 e r c ~ p o c ~ a ~ ~ s e c ~ o e  ~ 3 0 6 p a x e ~ ~ e  H a  ~ m a n e ~ ~ p t i s e c ~ o i i  nosepx- 
HOCTH, H ~ X O ~ X ~ ~ ~ C R  B K O H T a K T e  C K C e p ~ r p a ~ H s t ? C K ~ %  I I J I~cTHHoG,  

MOlffeT 6 b 1 ~ b  I IOJIyYeHO HeCKOJIbKHMH c I I o c o ~ ~ M H .  n p o e q H p 0 ~ a ~ E i e  

~ 3 0 6 ~ a l f f e ~ E 1 R  I lPOH3BOART a ~ 6 0  sepe3 I I J I e H K y  A H 3 J I e K T p M K a  C np0- 
a p a s ~ o i i  n p o ~ o ~ ~ l q e i i  OCHOBOB, n ~ 6 0  yepea n o A n o x K y  ~ceporpa(Pm- 
~ ~ C K O G  IIJIaCTHHbI ,  eCJIEI I IOCJIeAHRH n p O 3 p a s H a .  BO B p e M R  3KCllOHE1- 

P O B a H H H  M e W A y  HM3JIeKTpHKOM EI K ~ e p ~ I ' p a @ H s e ~ K ~ i i  I I J I ~ c T H H o ~  

c o 3 ~ a e ~ c ~  a a e I c T p - c l s e c K o e  none. Hnme o n n c a H b 1  H ~ B ~ C T H ~ I ~  a B T o p y  

c n o c o 6 b 1 .  

 TOT C I I O C O ~  O n H C a H  B I l a T e H T e ,  BbIAaHHOM Y o J I K a I I y  [ l o l l .  OAMH 
343 B a p H a H T O B  cnoc06a C X e M a T H 9 H O  O T p a l K e H  H a  PHC.  55. npoqecc 
COCTOHT H 3  CJ IeAYIOqHX C T ~ A H ~ ~ :  - 

1. n p 0 3 p a s ~ y E O  AH3JIeKTPH¶eCKYH) I l J I e H K y  C npo3pau~oii  npo- 
~ o f i ~ q e i i  OCHOBO% noiuepam n o B e p x  ~ c e p o r p a @ ~ s e c ~ o i i  - ~ ~ ~ C T H H ~ I  

T a K ,  Y T O ~ ~ I  A H 3 J I e K T P H Y e C K a R  I IOBePXHOCTb  6 ~ m a  B K O H T a K T e  C I IOBepX-  

HOCTbH) IIJIaCTHHbI. 

2. M e i ~ q y  n p o 3 p a 4 ~ o G  n p o ~ o ~ R I q e ~  OCHOBOH A H a n e K T p H K a  H npo- 
B O A H ~ ~ &  0 ~ ~ 0 ~ 0 %  IIJIaCTHHbI  I IOf lAepH<HBaIoT H a I I p H W e H E 1 e  B HeCKOJIbKO 

T b I C R q  BOJIbT. O A H O B ~ ~ M ~ H H O  H a  I IOBepXHOCTb  I IJ IaCTHHbI  I I p O e q H -  

p y e T c R  o n T n u e c K o e  n306pai~e11~e.  
3. IIocJI~ KOpOTKOl?O 3KCI IOHHPOBaHHR E1 BKJII09eHEIH 3J I eKTPHYe-  

C K O r O  H a l I P H l f f e H H R  CBeT  BblKJII09aH)T.  3 a ~ e M ,  H e  C H H W a R  3 J I e K T P H 9 e -  

C K O r O  H a I I p H W e H H R ,  AM3JIeKTPHYeCKYIO I I J I eHKY OTgeJIHIOT OT (POTO- 
n p 0 ~ 0 ~ H I q e 6  I IOBepXHOCTH. 

0 6 p a 3 0 ~ a ~ ~ o e  T a K H M  I I y T e M  H a  ~ H ~ J I ~ ? K T ~ H ~ ~ c K o ~  I I A e H K e  ~ 3 0 6 p a -  

X e H E 1 e  COCTOHT E13 H ~ ~ ~ T P ~ X ~ H ~ I X  YYaCTKOB, COOTBeTCTBYIO~HX:  HeOCBe-  

q e H H b 1 ~  MeCTaM, 3 a P R A O B  H a  OCBeIl(aBIlIHXCH Y ~ ~ ~ T I E ~ X  I IOBePX-  



Csem Csem 

B o n H c b I B a e M o M  cnoco6e I $ O T O I I ~ O B O , ~ E I ~ H ~ ~ [  M a T e p n a n  H e  0 6 f i 3 a -  

TeJ rbHO AOJDKeH 6 b 1 ~ b  XOPOUIMM H30JIEITOPOM B TeMHOTe,  I I 0 3 T O M y  

h1OXCHO HCI IOJ Ib3OBaTb  H e K O T O p b I e  60~1ee BbICOKOsyBCTBHTeJrbHbIe, 

HO. M e H e e  BbICOKOOMHbIe @ O T O ~ ~ O B O ~ H H K K .  

 TOT C I I O C O ~  OI IHCaH B I I a T e H T e ,  BhIAaHHOM ApeiiI$ycy H np. [loo]. 
OAHH 113 R a p E i a H T o B  cnoco6a c x e M a T m e c r c n  o T p a w e H  H a  pxc. 56. 
IIpoqecc COCTOHT ~3 C J I ~ A Y I O I ~ ~ X  c ~ a , q H i i :  

1. ~ H ~ J ~ ~ K T P ~ I Y ~ C K Y K )  I rJ IeHKy n O M e q a I o T  H a  I IOBePXHOCTb  KCepO-  

r p a @ ~ s e c ~ c o i i  n n a c T H H b r  H a a p ~ x a r o ~  (B  , qaHHoM n p a h l e p e  nonomi- 
TeJIbHbIM 3 a p E I ~ o h f )  T a H ,  Y T O ~ L I  DO BC& IIOBePXHOCTM O H a  HMeJITIB 

o a r n ~ a ~ o ~ b ~ i i  H o T e H q m a n .  

2. 3 a ~ e ~  H a  n J r a c T n H y  sepes J ~ ~ J I ~ K T ~ H ~ ~ C K ~ I O  n n e H K y  npoequ- 
PYIOT O n T m s e c I E o e  ~ a o 6 p a x e ~ ~ e .  

3. ~ ~ o c J I ~  3KCnOHHpOBaHHR IIOBepXHOCTb AH3J l eKTPHKa  3 a p f f X a E O T  

O T p H q a T e J I b H h I M  3 a p R A O M  T a K X e  A 0  OflHHaKOBOI'o AJIH BCeX Y s a C T K O B  

n o s e p x H o c T n  1101 e ~ q ~ a ~ ~ a .  
4. 3 a ~ e ~  AH3JIeI iTPkI9eCKYIO D J I e H K Y  YAaJIHIOT C KcepoI 'pa@HW?- 

C K O ~  IIJlaCTHHbI. 
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OTBepeHbI Yepe3 IIOAJIOXKy ( ~ M c .  56).  TO YMeHbIIIaeT IIOJIOXETeJIb- 
noTeHqmaa Ha sepmeii  nonepxHocTm flmnexTpnh.a H npH nocne- 

. ~ y w l q e f  o~p~3qa~enbno j i  aapRgKe ,qnane~~pmsec~o i i  noeepxHocTH- 
npaBeAeT K ~ e ~ b r u e f  ~ e i i ~ p a n m a a q n ~  noaoimrre.xbHbIx ~ ~ P R A O B  Ha 
ocseIqeHHbrx y1racTxax. B p e 3 y n b ~ a ~ e  Ha ~ T H X  ygacTKax OKaxeTcR 
I I o J I o ? K H T ~ J I ~ H ~ I ~  3aplia. 

 TOT cnoc06 noflo6e~ TpeTbeMy cnoco6y ( ~ H c .  55). Ero  MOXHO 

PaCCMaTpHBaTb KaK Koar6m~aqmIo TpeTbeI'O It nHTOr0 cnoco60~. OH 
sxaIolraeT cneAyIoIqtie cvagm, cxeMaTmsecKm oTpalrceame Ha pnc. 57: 

1. IIpoapas~acr gHanempMsecKaR nneHKa c npospas~oi i   POB BOAR- 
we6 OCHOBOG IIpH nOM0IqH XOpOHHOrO 3apRAHOrO ~ C T ~ O ~ ~ C T B ~  3apH- 
xaeTcR oTpmqaTe.xbHbInni a a p ~ g a ~ n .  

2. 3a~enr aTa AnaJrewpmsecKacI Enema noMerqaeTcn nosepx 
~ c e p o r p a + ~ s e c ~ o f  nnacTmHbI a a p s i x e ~ ~ o i i  c ~ o p o ~ o i i  BHH3. 

3. KnIo.1 A (PEIC. 57) IlOCJre 3TOr0 3aMbIKaIoT M OHHOBPeMeHHO 
Ha noBepxaocTb nnacTmm ~ e p e 3  pHaneKTpmecIcyIo nneHKy npoeqEz- 
p y m ~  ~306pa1xe~me. 



AU~J&KI~~PUK 

\ Csem 

H I I P H M b I K a I O ~ a R  K AH3JIeKTPHICY IIOBePXHOCTb CTaHOBHTCR IIOJIOWH- 

TeJ rbHo a a p n x e ~ ~ o i i .  Ha O c s e q e H H L I x  y s a c T x a x   TO y D e m m n B a e T  none 
B BO~AYIIIHOM aaaope, H n e p e H o c  aapcrja I I P H B O A ~ T  x ~ e i i ~ p a ~ 1 ~ 3 a q ~ ~  
3 a P R A O B  H a  IIOBePXHOCTH AH3JIeKTPHKa.  

A J I R  IIOBHLUeHHR HanPRHCeHHOCTH DOJIH B BO3HYILIHOM 3 a 3 O p e  

M e X A y  I I P O B O a R q H M H  OCHOBahlH BKJIIOYeH HCTOYHHK H a I l p R X e H H f l  

( ~ H c .  57), OAHaKO B HeM H e T  ~ e o 6 x o ~ ~ h f o c ~ m ,  eCJI&l H a I I p H X e H H O C T b  

UOJIR, 0 6 p a 3 0 ~ a ~ ~ o r o  OTpHqaTeJIbHbIhf  3apRAOhf ,  BeJIHKa.  B 3TOM 

C n y ¶ a e  H y X H O  JIHIUb IIPOCTO 3JIeKTPHYeCKEI COeAHHHTb 06e IIPOBOAH- 

I q H e  OCHOBbI MelrcAY ~060ii .  

6.5. IIPHMOM IIEPEHOC IIOBEPXHOCTHMX 3APIiAOB M30BPAXEHHR 

ABTOP H P. M e n m ~  yCTaHOBHal5,  YTO MOWHO AOCTHYb I lPRMOrO 

U e p e H O C a  nOBepXHOCTHLIX 3 a p H z O B  C ORHOG IIOBePXHOCTEI H a  APYrYH),  

e C n H  0 6 e c I I e ¶ H ~ b  X O ~ O I I I M ~  KOHTaKT M e X A y  HHMH. AJIR n O J I y ¶ e H H a  

TaKOrO JcOHTaKTa H ~ O ~ X O A H M O  YCTPaHEITb B O ~ A Y I U H ~ I ~ ~  3 a 3 0 p ,  s T 0  



O ~ M Y H O  AOCTHraIOT YBeJ IHYeHHeM AaBJleHIIH. ~ ~ O U ~ C C  COCTOHT 113 cne- 
A Y I O ~ H X  C T ~ A H ~ :  

1. ~ O B ~ ~ X H O C T H  ~ O T O ~ ~ O B O ~ ~ I ~ ~ ~ O  1130JIHTOpEl, T a K O r O ,  K a K  

~ M O P @ H ~ I ~ ~  CeJ I eH ,  ~ 0 0 6 q a H ) ~  O A H O P O A H ~ ~ ~ ~  3 a p H A .  

2. K ' a K  n o ~ a 3 a ~ o  H a  pmc. 58, ~ c n o n b a y ~  A a s x e H H e ,  J I ~ C T  npoapas- 
H O r O  A H 3 J I e K T P H K a  C I I ~ o ~ ~ ~ Y H o %  I I ~ 0 ~ 0 ~ f l ~ e f i  O C H O B O ~  I IpHBOAHT 

B K O H T a K T  C ( P O T O I I P O B O ~ E I ~ H M  M a T e P H a J I O M .  

3. 3 a ~ e M  I I p O B O A R q H e  OCHOBbI A B y X  CJIOeB 3J I eKTPHYeCKH COeAH- 

HHIOT APYr C APYl?OhI 5I H a  @oToI I~oBo~HZTK n p O e q H p y I o T  1 # 3 0 6 p a 1 ~ e ~ n e  

sepea n p o a p a v a b l i i  A H ~ J I ~ K T P H K .  

4. n o  OKOHYaHHH 3KCIIOHEIPOBEIHHR JIHCT AH3JIeKTPkIIEa YABJIHIOT. 

I IIocne p a 3 ~ e n e ~ ~ ~  n o s e p x ~ o c ~ e f  H a  x a ? H ~ o %  113 HHX 6 y ~ e ~  n p H -  

CYTCTBOBaTb  3J I eKTPOCTaTHYeCKOe  ~ 3 0 6 p a ? ~ e ~ ~ e ,  I I p H Y e M  3 T H  ~ 3 0 6 p a -  
X e H H F I  3 e P I E a J I b H b I  OAHO IIO OTHOIUeHHH) K A p y r O M y .  ~ O B ~ ~ X H O C T H ~ I ~  

3 a p ~ n s 1  6 y ~ y ~  p a 3 ~ e n e ~ b 1  T a K n a i  o 6 p a 3 0 ~ ,  YTO H a n p R x e H H t l  H a  n H c T e  

j JH3J IeKTpHKa  H H a  @ O T O I I P O H O ~ ~ R ~ ~ M  CJ lOe  C0XPaHRH)TCR PaBHLIMH. 

O ~ I E T H ~ ~ C K E I  ~ O B ~ ~ X H O C T H ~ I ~ ~  z a p f i g  no n p H s e g e H z l f i  n o ~ e p x ~ o c ~ e i 3  
B KOHTaKT MOlIEeT 6 b 1 ~ b  H a H e C e H  J I H 6 0  H a  AH3JIeKTPHYeCKYH) I IOBepX-  

HOCTb,  an60 H a  I IOBepXHOCTb  @ O T O I I ~ O B O A H H K ~ ,  JIHGO H a  o6e I l O B e p X -  

HOCTH OAHOBpeMeHHO. 

ECJIH @ O T O I I ~ O B O A R ~ H ~  cJIoG H H a e C e H  H a  l l p O 3 p a Y H y m  IIPOBOHEI- 

q y ~ o  n o H n o l I c I c y ,  TO BTHM C I I O C O ~ O M  MO~KHO 06pa3osa~b  a n e r c T p o c T a -  

THIIeCKOe 1 5 3 0 6 p a l r c e ~ H e  H a  H e I I p O 3 p a Y H O M  AH3J IeKTPH9eCKOM M a T e -  

ptiane. B   TOM cnysae ~ I E C I I O ~ H ~ H H  A o n l r c H a  O c y q e c T n n R T b c R  ~ e p e s  
npoapas~yro  noAnoxmy. 

B A p y r O M  B a p H a H T e  3 a p R X e ~ ~ b l 6  @ O T O I I P O B O ~ R ~ H ~  c J I o ~  VIIOXHO 

3 K C I I O H H p O B a T b  A 0  TOI'O, K a K  I IOBePXHOCTH I I P H B e A e H b I  B KOHTaKT.  

B 3TOM C J I y 4 a e  3 a p H A  c o o 6 q a m ~  TOJIbKO @ O T O I I P O B O A R ~ ~ ~ ~  I I O B e p X -  

HOCTH. 

 TOT c n 0 ~ 0 6  II03BOuTIReT C O X P a H H T b  O Y e H b  BbICOKOe p a 3 p e l I I e H H e  

a ~ ~ e r c ~ p o c ~ a ~ ~ s e c ~ o r o  H ~ O ~ ~ ~ X ~ H H R ,  Tart Kart n e p e H o c  H ~ O ~ P ~ ? H ~ H L I H  

o c y q e c T s n n e T c R  npm x o p o m e M  X o H T a I c T e  n o s e p x ~ o c ~ e i i  H ~ e @ o p ~ a -  
qHEI  3JIeMeHTOB ~ 3 0 6 p a ~ e ~ ~ t 1  CBOAHTCH K MHHHMYMY. 



VII. JJBETHAH 3JIEKTPO@OTOrPA@HH 

Y c n e x ~  sep~o-6e~1oH s n e ~ ~ p o @ o ~ o r p a @ ~ m  C ~ O C O ~ C T B O B ~ J I H  ~ 0 3 -  

HEIIEHOBeHHIO H H T e p e C a  K ~ B ~ T H O G  ~ J I ~ K T ~ o @ o T o ~ ~ ~ @ H E I .  ~ H ~ O K O ~  ? K e  

n p M M e H e H k i e  q s e T a  B r p a @ n s e c ~ o ~  E I c K y c c T B e  a a c ~ a s n a e ~  H c K a T b  

HOBbIe  MeTOAbI EI HOBYIO TeXHOJIOrkIH) ~ B ~ T H O ~  P e I I P O A Y K ~ H H .  HO~TOMY 
H e  y@4BEITeJIbHO, y T 0  ~ [ B ~ T H O ~  ~ J I ~ ? K T P o @ o T o ~ P ~ @ E I E I  B H a C T O R l q e e  

B p e M R  YAeJ IReTCR 6 0 J I b U I O e  BHMMaHEIe. E b l J I a  A O K a 3 a H a  BO3MOlKHOCTb 

IIpEIMeHeHEIR ~ B ~ T H O G  K ~ e p 0 r p a @ ~ E I  AJIR I I e q a T M  IUTpEXOBbIX O P H r I I -  

H a J I O B  1102, 1031. B o c I I ~ o M ~ B ~ A ~ H H ~  4 B e T H b I X  TOHOBbIX [I041 
EI P a C T P O B b I X  1105 1 OPEI rHHaJ IOB MeTOAOM K ~ e p 0 r p a @ E I E I  YCne I l IHO 

O C y q e C T B J I R e T C R  B HeKOTOPbIX J I ~ ~ O ~ ~ T O ~ H H X .  

H p n p o ~ a  ~ J I ~ K T P H Y ~ C K O ~ O  ~ 3 0 6 p a l f c e ~ ~ t i  n p e n n o n a r a e T  M H o r o  

H H T e P e C H b I X  B O ~ M O X H O C T ~ ~ ~  PeIIPOA)YqEIPOBaHEIR WBeTa.  

I I p o ~ n n e ~ ~ e  ~ n e ~ ~ p o c ~ a ~ r n u e c ~ o r o  ~ 1 3 0 6 p a ~ ~ e ~ m a  B rcceporpa@mi 
O C y ~ e C T B J I R e T C R  0 6 6 1 ~ ~ 0  OCalrcAeHEIeM YaCTEIIl IIPORBEITeJIR H a  I IOBePX-  

HOCTb E I ~ O ~ ~ ~ H E ~ H H I I .  ~ T M  4aCTEIqb I  M O r y T  6 b I T b  O K p a I l I e H b I  B ~pe6ye-  
iWb13 q B e T  B I I p O q e C C e  EI3I'OTOBJIeHHFI IIPORBEITeJIR. 

H p O q e c c b I  IJ,BeTHOrO IIpORBJIeHEIR B ~ c e p O I ' p a @ H H  3 H a 9 H T e J I b H O  

npoqe npoqeccos q ~ e ~ ~ o l u i  @o~orpa@mur. I I p o ~ ~ x e ~ r n e  BeAeTcc I  rcac- 
KaAHbIM C I I O C O ~ O M  MJIEI C ~ O C O ~ O M  M ~ ~ H E I T H o ~ ~  KEICTH. ~ ~ o R B E I T ~ J I ~  

C O A e p w M T  IIEIrMeHTbI, f l H C I I e p r M p O B a H H L I e  B CMOJIaX. OHM COCTaBJIRIOT 

H e 3 H a 9 E I T e J I b H y I O  9 a C T b  I IOPOI I IKa  H H e  OICa3bIBaIOT 3aMeTHOTO BJIEIR- 

HEIR H a  3JIeKTPEI'IeCKHe C B O ~ ~ C T B ~  ¶aCTEIq. HO~TOMY B ~ I ~ O P  q B e T O B  

AOBOJIbHO IIIEIPOK. 

B XEIAKOM I IpORBmTeJ Ie  3 a p R A  AEICIIepCHbIX saCTEI I I  3aBMCHT O T  

BBeAeHHbIX IIMI'MeHTOB. O ~ H ~ K O  3 H a K  H X  3 a p R A a  MOlKHO KOHTPO- 

J I H p O B a T L  I I y T e M  A O ~ ~ B J I ~ H I ~ R  I IOBepXHOCTHOaKTMHHbIX B e m e C T B  [69]. 
C n e n o ~ a ~ e n b ~ o ,  npa ~ H A K O C T H O M  n p o m n e H n E i  T a x m e  I i M e e T c x  

B03M03fEHOCTb IIIHPOICOI'O ~b16opa q B e T O B .  

Aapoaonb~oe n p O R B J I e H H e  H a K J I a A b I B a e T  H e K O T O p b I e  O r p a H H s e H E l R  I 

~a p a 3 ~ e p b 1  s a c ~ n q  ~ a ~ e p m a n a ,  T ~ K  K ~ K  a a p a ~ b r ,  n p m o 6 p e ~ a e ~ ~ i e  I 
X r a c T z q a M n ,  B H ~ K O T O P O G  M e p e  O r r p e A e n m o T c R  M a T e p z i a n o n l  n n r M e H T a ,  I 
a BeJ IE I sHHa  H I IOJIRPHOCTb 3 a p R A a  T P y A H O  KOHTPOJIHPYIOTCR. O A H ~ K O  

- ~ a ~ e  I l p H  3TOM C I I O C O ~ ~  I IPORBJIeHEIR BO3MOHEeH AOBOJIbHO ~ H P O K H B  I 

s b 1 6 0 p  II,BeTOB. 
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X O ~ O I I I O  HBBeCTHO, ¶TO ~OJI~IIIIIHCTBO q B e T O B  EI OTTeHICOB M O X H O  

AOBOJIbHO TO¶HO I I e p e A a T b  I IpaBHJI I>HbIM I I O A ~ O ~ O M  OCHOBHbIX q B e T O B :  

H p a c H o r O ,  3 e a e ~ o r o  H rony6or0, HJIH T p e X  A ~ n ~ J I ~ H ~ e n b ~ b I ~ :  CEIHerO, 

n y p n y p H O r 0  H >I<eJITorO. ~pEI1\. le11cIR H a 3 B a H H b I e  qBeTHL1e  IIpOTIIIBll- 

TeJIH, MOXHO n o x y s ~ ~ b  q B e T H b l e  ~ c e p o r p a @ ~ s e c ~ ~ e  o T n e s a T m ,  

no ~ p a f i ~ e i i  M e p e  T e o p e T n u e c m .  Azcr 3~01-o ~ c e p o r p a l p ~ 1 Y e c ~ a x  nna- 
CTLlHa AOJI i I iHa H h l e T b  (POTOCJIO~~,  ~ J ' B C T B E I T ~ J ~ ~ H ~ I ~ ~  K ICpaCHOMY, 3e J I e -  

H o M Y  H r o n y 6 0 ~ y  q B e T a M .  ~ ~ ~ K T H Y ~ c K E T  3 T 0  AOCTPiI'aeTCR HCIIOJIb- 

3 0 B a H H e M  HeCKOJIbICHX IIJIaCTEIH P ~ ~ J I E I Y H o ~  4YBCTBHrre j IbHOCTH HJIH 

O A H O ~  I I ~ H x ~ o M ~ T E I ¶ ~ c K o ~  IIJIaCTEIHJS. npll  3TOM ~ p e 6 y e ~ c R  T P H  

p a 3 H b I X  IIpORBMTeJTTIII. 

T ~ K  K a I c  ~ c e p o r p a @ ~ ~  n p e A c T a B n r r e T  co6oi  O ~ E J Y H O  I I O ~ H T H B H ~ I ~ ~  

npoqecc, c I c p L I T o e  ~ J I ~ K T ~ O C T ~ T H Y ~ C K O ~  m s o 6 p a x e ~ k ~ e ,  n o x y s e H H o e  

n p E l  3KCI IOHHPOBaHHH sepe3 @ H J I b ~ p b 1  OCHOBHbIX q B e T O B ,  COOTBeT- 

CTBYeT AOIIOJIHHTeJIbHbIM U B e T a M .  ~ O ~ T O M J '  AJIR T p e X q B e T H O r O  IIPO- 

q e C C a  C IIPcIMbIM n p O R B J I e H H e M  UpORBEITeJIH AOnsIFHbI 6b1~b flOIIOJIHH- 

TeJ IbHbIX  LT,BeTOB. 

P ~ C C M O T ~ H M  3 T a I I b I  IlpOLT,eCCa H3rOTOBJIeHEIR II;B€?THbIX ~onmii. 
C n p O 3 p a ¶ H O l ? O  q B e T H O r 0  I IO3MTHBa ( ~ H c .  59). 

1. 3 a p ~ ~ x a  n n a c T n H b 1  B KOPOHHOM p a a p ~ g e  n n p o e q n p o B a a n e  

m 3 0 6 p a ~ < e ~ r n ~  c o p H r n H a a a  ~ e p e . 3  ~ p a c ~ b r i i  @ H J I ~ T P .  

2. ~ ~ P O R B J I ~ ~ H X I ~  I l J I aCTHHbl  CEIHHM n p 0 H B H T e J I e M .  

3. n e p e ~ o c  n p o R B a e a H o r o  H ~ O ~ ~ ~ X ~ H H E I  H a  6enyro G y i c r a r y .  

4. B I c c n o ~ ~ l p o ~ a ~ ~ l e  repea a e ~ r e ~ b ~ i i  @ H J I ~ T P ,  n p o m n e H H e  nyp- 
I IYPHbIM IIPOIIBHTeJIeM H I I e p e H O C  C C O B M e q e H M e M  H a  TOT Xe JIHCT 

6 y ~ a r H .  

5. 3 1 c c n o ~ ~ p o s a ~ ~ l e  yepea rony6oi (PEIJI~TP,  n p o c r B n e H n e  x e n T b I M  

l lpOcIBHTeJIeM EI I I e p e H O C  C C O B M e q e H H e M  C A B y M R  IIPeAbIAYII(HMH 

H ~ O ~ P ~ X ~ ~ H H R M H .  

6. 3 a ~ p e n n e ~ n e  q s e T H o r ?  ~ l a o 6 p a ~ e ~ m a  H a  xonmn (ecnn  TO 

H ~ O ~ X O ~ ~ H M O ) .  

TOYHOCT~ COBMeWeHHf l  O Y e H b  B a l K H a  BO B P e M R  3KCI IOHHPOBaHHR 

H I I e p e H O C a .  K ~ o M ~  TOrO,  J'CJIOBHR 3KCI IOHHPOBaHHR H IIPORBJIeHHEI 

K a X A O r O  q B e T a  AOJIlKHbI C T p O r O  KOHTPOJ lHPOBaTbCI I  AJIR O ~ ~ C I I ~ ~ ~ H B R  

yAOBJIeTBOpHRTeJIbHOI'0 q B e T O B O r 0  6a J I a~ca .  A J I R  HaX03KAeHHH YCJIO- 

B H ~  ~ I E C I I O H E I ~ O B ~ H H R  m npoameamcr H ~ O ~ X O A H M O  C H a Y a n a  n p o A e n a T b  

~ O J I ~ I U Y I O  E I K C I I ~ P H M ~ H T ~ J I ~ H Y I O  p a 6 o ~ y  no o n p e A e n e H n m  n a p a M e T p o B  

npoqecca. I I p e n ~ y q e c ~ ~ o  ~ceporpa@nm c o c T o m T  B TOM, YTO C B ~ T O -  

9YBCTBHTeJ IbHbIe  CJIOH MOlfEHO H C I I O J I b 3 0 B a T b  MHOTOKpaTHO. 
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& ? a y c n o ~ ~ o ,  B c e  c ~ a 3 a ~ ~ o e  s b m e  o q ~ e ~ ~ o f i  ~ c e p o r p a @ m  HOCHT 

HeCKOJIbKO Y I I P O ~ ~ H H ~ I ~  X a p a K T e p ,  IT, ICOHeYHO, C y q e C T B y e T  MHOrO 

ewe HC PeILIeHHbIX n p 0 6 J I e M  B CeHCllTOMeTpnH H B cnoco6ax CMeUIeHHH 

q B e T 0 B .  
1947 r. 661~10 CAeJIaHO HeCKOJIbKO 4BeTHbIX OTlIe9aTKOB OIlHCaH- 

H ~ I M  BbIIIIe C I I O C O ~ O M  1106 1. O P H ~ H H ~ J I O M  CJIYWHJIa AHaII03HTHBHaH 

YBeTHaR IIJIeHKa.  ~ J I ~ c T M H ~  C a H T p a q e H O B b I M  IIOKPbITHeM 3KCIlOHH- 

p o B a n a c b  yepea 3 e J r e ~ h 1 i i  M rony6oti @ H J I ~ T P ~ I ,  a n n a c T n H a  c ~IOKPM- 

T n e M  ~3 c e n e H a  c cepoii - yepea ~ p a c ~ a i i  @ H J I ~ T P .  

AJIH o I c p a r u m a H H a  I I p o a ~ 1 1 ~ e J I e i i  H C I I O J I ~ ~ O B ~ J I E I C ~  C n e R y m r q H e  

K p a c n T e n z i :  @ T ~ J I O ~ H ~ H H H  rony608 B - Ancr c m e r o  q s e T a ,  n n T o n b  

n l a p e ~ o s b ~ i j r  - A n n  n y p n y p H o r o  H r a ~ a a  x e n T a H  G - Ana X e J r T o r o  

q B e T a .  npll KaCKaAHOM cnoco6e 6151~10 3 a T p y A H e H O  IIpORBJIeHHe TOHO- 

B ~ I X  ~ 3 0 6 p a x e ~ n i i .  O H H ~ K O  ~ c e p o r p a @ ~ s e c ~ ~ e  n n a c T n a M ,  n p H M e -  

HHBLUHeCH B TO BpBRZR, HMeJIH AOBOJIbHO 3ePHHCTYK) IIOBePXHOCTb, 

13 3 T 0  C03AaBaJIO ~@@C?ICT PaCTPHPOBBHHS IIpM IIpOHBJIeHHH. n0JIy- 
YefIHbIe OTIIePaTKM HMeJIH, KOHeYHO, HeAOCTaTIcH, HO OHH CJIY3HHJIFf 

I IOflTBePXAeHHeM B03MOWHOCTM IIpI?MeHeHHS T ~ ~ X ~ B ~ T H O %  KCepO- 

r p a @ m ~ .  
B H a c T o a q e e  spenrcr 6 ~ 1 a r o n a p ~  Y n y w u e H H H M  ~ c e p o r p a @ m ~ e c ~ ~ ~  

IIJIaCTHHaM H 6onee C O B ~ ~ I I ~ ~ H H O ~  TeXHHKe IIpOHBJTeHHH B na6opa~op- 
HbIX YCJIOBHRX hlOXiHO IIOJIYrIaTb K C e p ~ r p a @ H s e ~ K H e  QBeTHbIe OTlIe- 

q a T m  A O B O J I ~ H O  X o p o I n e r o  K a u e c T s a .  

T P ~ X ~ B ~ T H ~ I ~  npORBHTeJIH OCHOBHbIX q B e T 0 B  MOXHO HCIIOJIb30- 

BaTr,  npn n p o a n J l e H n m  c O ~ ~ ~ L I ~ ~ H M I ~ M .  Ilpoqecc o c T a e T c c r  TeM xe ,  
HO npm n p o a s n e H n H  o c y q e c T B a r r e T c H  o 6 p a q e ~ m e  a n e I c T p o c T a T m e -  

cIioro n 3 0 6 p a m e ~ m ~  DyTehr  n o A a s H  H a n p a x e H m  0 6 p a ~ ~ o i j r  nonap- 
HOCTH hIeTICAY I I P O R B J I H I O ~ H M  3JIeKTPOAOhf M IIOAJIOXICO~~ ~ C e p o I ' p a @ H -  

~ e c ~ o i i  n n a c T m m .  T ~ K  IcaIc o n ~ c a ~ ~ ~ i i  m n r e  ~ceporpa@nsec~zif i  
I IpOqeCC OCHOBaH H a  IIOCJIeJ(0BaTeJIbHOM I IepeHOCe H COBIVIeqeHHH 

H 3 0 6 p a ~ e H H 8 ,  q B e T a  MO1-KHO YCHJIMBaTb IIOBTOPHbIM IIPOIIBJIeHHeM. 

H a n p ~ ~ e p ,  eCJIH H a  ICOIIHH lICeJI~b1ii q B e T  OKa3aJICH HeAOCTaTO¶HO 

HaCbIqeHHbIM,  MOXHO IIOBTOPHTb 3HCIIOHHPOBaHHe sepe3 rony6ofi 
@ ~ J I L T P  H n p o m n e H m e  X e x T b I M  n p o m m e n e h l .  B  TOM cnyqae ~ e o 6 -  
XOAI4MO I I 0 ~ 0 6 p a T b  3KCII03MqHIO TaI i ,  Y T O ~ ~ I  0 6 e c J I e 9 H ~ b  COOTBeT- 

c T B y m q e e  n 0 6 a ~ J I e H H e  npommrenn. I I e p e ~ e p m ~ a  cnywm npnsn~o i i  
cna6oro H 3 0 6 p a ? K e H H R  C O q e H b  TOHKHM CJIOeM IIpOHBHTeJIH. 

n p I 3  P C I I p O A Y ~ E i p O B a H H H  PaCTpOBbIX H J I J I I O C T P ~ ~ H ~  B I IOJIHrpa-  

@HH IIPHHHTO I I e s a T a T b  IIOJIyTOHOBbIe H 3 0 6 p a m e ~ H R  B 4 UBeTa;  

I IpI tYeM ~ e p H b 1 f  HCIIOJIb3YeTCH AJIR YCHJIeHHtI TeHeBMX y¶aCTKOB 

m ae~aneii .  \, 
B ~ c e p o r p a 4 ~ ~  T a I c x e  B O ~ M O W H O  f l o 6 a ~ n e ~ a e  u e p H o r o  q s e T a  

n p H  n o n y s e H m i  a H a n o r m H M M  cnoco6o~  ~ 3 0 6 p a x < e ~ u ~ ,  n p o R s n e H H o r o  

s e P H b l M  IIPOIIBHTeJIeM. 



I T p r n ~ e ~ s i e ~ ~ r e  o K p a m e H H L I e  n p o R s H T e m i  C O ~ e p l I i a T  c n l o J r y  H coxpa- 
HFIIOT 3 a P R A  BO BpeAlH  I IOCJ IeAyIOqHX 3 a P X A K P I  H 3KCl IOHHPOBaHHH.  

~ O ~ T O M Y  H e J I b 3 R  IIOJlYYEITb I l p a B M J I b H O e  H 3 0 6 p a X e ~ H e  A.?IR 2-r0 
H 3-ro q s e T o B .  Ann n p e o R o n e H m  3 ~ o r o  H e f i o c T a T I c a  6b1n paapa- 
~ O T ~ H  C I l e ~ ~ a J I b ~ b ~ f i  T H n  I IpORBHTeJ rR  [105], I E O T O P L I ~ ~  COAePifEHT 

~ o T o ~ ~ o B o ~ R ~ H C !  I IHrMeHTLI ,  Il0~06Hb1e OnHCaHHbIAl  B I I a T e H T e  11071. 
Tame npommenn aocne s a ~ p e n n e ~ ~ ~  T e p R I o T  3 a p ~ ~ b 1  H a  o c B e W e H -  

HLIX y Y a c T K a x  npn nocxenymlqeiu 3KCIIOHEiPOBaHHII  H H e  H c K a x a m T  

sbIe o T n e s a T K H ,  n o c r c o n b I c y  a B T o p L I  Y K ~ ~ ~ I B ~ I O T ,  YTO y npoqecca 6~1na  
, c n H m I c o M  s e n m a  ~ s r ~  xoporneii nepenam rpa~aqn i i .  

Hna y n y q r n e H m  E a g e c T B a  G ~ I J I M  n p e A n o x e H b I  MeToHbr  MOAH@H- 

I c a q m  x a p a K T e p n c T E i s e c m x  I E P H B ~ I X  ~ c c e p o r p a @ t i q e c ~ o r o  npoqecca 
166, 108, 109 1. n p H  flaJIb~eI%lIehl COBepII leHCTBOBaHHI* 3 j r eKTpOCTa-  

T H ¶ ~ C K O G  CeHCHTOMeTPMEI MOWHO O W H A a T b ,  9 T O  q B e T I I a R  n e ¶ a T b  

P a C T p O B b I X  ~ 3 0 6 p a ~ e ~ ~ G  C T a H e T  T a K N e  B O ~ M O > I ~ H O ~ ~  H H a  3J I eKTPO-  

G o ~ o 6 y ~ a r e  I). 

PHA C I I O C O ~ O B  q ~ e ~ ~ o i i  ~ J I ~ K T ~ O @ J O T O ~ ~ ~ ~ H Y ~ C K O ~ ~  n e v a T H  6~1n 
OIlHCaEI B D ~ T ~ H T H O G  J I H T e p a T y p e .  H e ~ c o ~ o p ~ i e  H 3  H H X  0 6 ~ y W ~ e H b 1  

B p a 6 o ~ e  [I09 1. OTKPLITLIM OCTaeTCR I I O K a  BOIIpOC 0 IIpaKTM¶eCHOM 

BOnJIOll(eHHH BTHX C I I O C O ~ O B .  B HaCTOHLI(ee BpCMII  y > K e  I lMeIoTCH 

O c H o B a H H n  n p e A n o z a r a T b ,  ¶TO 3 n e ~ ~ p o @ o ~ o r p a + a ~ r e c r c a ~  q s e T H a R  

I I e ¶ a T b  C ~ B ~ T H ~ I X  I I p O 3 p a Y H b I X  H H e I I p 0 3 p a Y H h I X  OpHrHHa iTOB 3a& 
M e T  ~ O C T O ~ ~ H O € !  MeCTO B @ O T O ~ ~ ~ @ H E I  H I l o J l ~ r p a @ ~ H .  H e K 0 ~ 0 p b 1 e  T p y A -  

I ') B HaCTOFiIyee B p e M R  MeTOH I I O J I y s e H H R  qBeTHLIX PaCTpOBbIX ~ 1 3 0 6 p a ~ e ~ ~ i i  
Ha 3 n e x ~ p o + o ~ o 6 y ~ a r e  ( M ~ T O R  ( ( P ~ M ~ K ) ) )  O ~ ~ C I I ~ ~ I I B ~ ~ T  B b I c o K o e  x a g e c T B o  H H a m e n  
n p o M M m n e a H o e  npEiMeHeHHe .  - l 7pua .  pea.  
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HOCTH BbI3LIBaeT IIOJIyYeHHe H ~ O ~ X O A H M M X  r p a A a I p O H H b l X  X a p a K T e -  

PHCTHK 3 ~ 1 e ~ ~ p o @ o ~ o r p a @ ~ s e c r n r o  npoqecca, a c o 3 ~ a ~ ~ e  no jqxoAH-  

WHX CBeTO¶YBCTBHTeJIbHbIX MaTepHaJIOB,  OTBesaIoIQHX T ~ ~ ~ O B ~ H H H M  

q ~ e ~ ~ o i i  n e s a T n ,  ewe HaxoAEiTcH B C T ~ A H H  a K c n e p n M e H T a .  O A H ~ K O  
3TH TPYAHOCTH IIpeOAOJIHMFA. B O ~ M O W H O C T ~  YI IpaBJIeHHtI  CeHCHTO- 

MeTPM¶eCKEIMH XapaKTePElCTHKaMIl  Y W e  AeMOHCTpHpOBaJIaCb B m6o- 
p a T o p H m .  H ~ K O T O P ~ I ~ ~  nporpecc A o c T n r H y T  npm c o 3 ~ a ~ m ~  H O B ~ I X  

@ o ~ o ~ ~ p o ~ o ~ a m ( ~ x  M a T e p m a n o B ,  o c o 6 e ~ ~ o  o p r a H H s e c m x ,  a T a K x e  

B HGlIOJIb3OBaHHH C ~ H C H ~ H J I H ~ ~ T O P O B  AJIH PerYJIHPOBKH C n e K T p a J I b -  

HOG 'IYBCTBHTeJIbHOCTH. ~ a J I b ~ t ? h l ~ e  YCHJIHH B 3TOM H a I I p a B J I e H H H  

HOJIXHbI I lpHBeCTH K C03AaHHIo  TeXHOJIOrHH ~ B ~ T H O ~  ~ J I ~ K T P O $ O T O -  

r pa@m~ec~o i i  n e s a T m  ~ J I H  n p o M b I m n e H H o r o  H C I I O J I ~ ~ O B ~ H H H  B 6 n ~ -  
XaGrue~ 6y,qyn[eM I). I C p o ~ e  T o r o ,  c o 3 n a ~ a  5 - ~ p a c o s ~ a c r  M a m m a  

AJIH I I e s a T H  K a p T  H a  ~ J I ~ K T ~ O @ O T O ~ ~ M ~ I ' ~  C ~ B e T O A e J I e H H b I X  n03HTHB-  

HFAX MHKPO@HJI~MOB L U H ~ H H O ~ ~  70 am i1031. T e o p e ~ ~ s e c m  B O ~ M O > K H ~  

HenOCpeACTBeHHaR q B e T H a H  ~ J I ~ K T ~ O $ O T O ~ ~ ~ @ E ~ R  XEIBbIX 0 6 ' b e I E ~ o ~  

EZ n e G 3 a l r c a .  O A H ~ K O  H ~ O ~ X O A H M O  ewe P e m H T b  n p 0 6 ~ 1 e M b I  IIOBbIIUeHHR 

CBeTO¶YBCTBHTeJIbHOCTH, a T a K X e  I I e p e A a s H  OCHOBHLIX q B e T 0 B  n p H  

OAHOM 3KCIIOHHPOBaHHH, I Ipe lKAe  YeM 3TOT I IpOqeCC ~ a f i ~ e ~  UpOMblm-  

n e H H o e  n p H M e H e H n e .  @ a ~ ~ n s e c ~ n  Hame s e p H 0 - 6 e J I a E  a n e ~ ~ p o $ o ~ o -  
r p a @ m  3~mx O ~ ~ ~ K T O B  ewe H e  s b I r n n a  3a n p e A e n b I  J I a 6 0 p a ~ o p H i i .  
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Ha p a ~ ~ e f  CTaAHH p a 3 B H T H H  K C € ! ~ O ~ ~ ~ @ H H  GHJIO O~H~PY?K€!HO, 

9TO IIOBepXHOCTHMe 3aPEIAbl: ~J I~KTPO@OTOCJIOII  MOrYT ~ e g T p a J I H 3 0 -  

B a T b C R  nOA BJIHRHHeM PeHTI'eHOBCKHX 3yseG [ ' I l O ] .   TO OTKPbITHe 
npmeno K P ~ ~ B H T H I O  ~ c e p o p e ~ ~ r e ~ o r p a @ m ,  c ~ a s ~ u e i i  B ~ X H M M  opy- 
AHeM IIpE HCCJleAOBaHHRX MeTaJIJIHYeCKHX OTJIHBOK, CBaPOYHbIX IlIBOB 

H T. A. 6 n a r o ~ a p ~  ~ H C T P O T B  H 3IEOHOMElYHOCTH PaCXOAYeMbIX MaTe-  

p n a n o B .  E C c e p o p e ~ ~ r e ~ o r p a Q , ~ ~  nonymna n p n 3 n a ~ ~ e  EI B M e A a q H H e ,  

IIOCKOJIbKY BO B P e M R  XHpypI'HW!CKHX onepaqnii T P ~ ~ Y ~ T C H  ~ ~ I C T P O  

n p o s e c T m  p e ~ ~ r e ~ o r p a Q , a s e c ~ o e  H c c J r e H o s a H n e .  
I C c e p o p e ~ ~ r e ~ o r p a Q , ~ ~  a a a J I o r n s H a  ~ceporpa@nn B o T H o m e H m  

IIOCJIefiOBaTeJIbHOCTH 0 I I e p a q H 6  H IIPHMeHReMbIX MaTepHaJIOB.  Kcep0- 
p e ~ ~ r e ~ o r p a @ ~ s e c x m e  n .nacTnHra  c H a s a n a  O ~ ~ B C T B J I H I O T C H  B KOPOH- 
HOM p a 3 P H A e .  3 a T e M  OKCIIOHHPYIOTCFI PeHTI'eHOBCKHMH JIyYaMH, 

KOTOPbIe IIpOXOAHT Y e p e 3  I I ~ o c B ~ Y H B ~ ~ M ~ I ~ ~  0 6 x 1 3 ~ ~  H IIPOHHKaIOT 
B ~ J I ~ K T P o @ o T o c J I o ~ ~ [  IIJIaCTLIHhI. B p e 3 y J I b T a T e  H a  IIJIaCTHHe o6pa- 
a y e ~ c ~  c I c p m o e  3 ~ 1 e ~ ~ p o c ~ a ~ ~ s e c ~ o e  ~ 3 0 6 p a % e ~ n e ,  I c o T o p o e  n p o a B -  

JIReTCR ICOHTPaCTHbIM IIPOHBEITeJIeM. Ha 3~05  CTaAHH IIpORBJIeHHOe 

~ a o 6 p a x e ~ n e  MOXHO H ~ ~ J I I O A ~ T ~  HeIIOCPeACTBeHHO H a  IIJIaCTHHe HJIM 
ero MOHCHO I I e p e H e c T n  H a  6 y ~ a r y  A n H  n o n y s e H m  ~ o n ~ i i .  K p o ~ e  TOrO, 

C IIpORBJIeHHOrO u a o 6 p a ~ e ~ ~ f i  MOlrCHO IIOJIY'IMTb @OTOI'P~@HIO o64e- 
npHHnTbIMEi MeToAaMn.  I C a K  H B ~ c e p o r p a @ a ~ ,  X c e p o p e H T r e H o r p a -  

@H¶~CICH€! IIJIaCTHHbI MOXHO HCIIOJIb30BaTb MHOrOKPaTHO IIOCJIe YAa- 

JIeHHH C HHX OCTaTICa IIPORBMTeJIH. O C H O B H ~ I ~  3TaI Ib I  ILPOqeCCa IIOICI- 

3a~b1 H a  PHC. 60. B e c b  npoqecc T p e 6 y e ~  H e  6onee 1 xun. 
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CeJIeHOBbIX IIJIaCTHH 3Ha¶HTt?JIbHO ~ O J I ~ I I I ~ ,  ¶eM IIJIeHOK. H c I I o J I b 3 0 -  

B a H H e  CBHH40BbIX HJIH @ J I H ) O ~ ~ C ~ ~ H T H ~ I X  PaCTPOB AJIR K C e p O p e H T r e -  

H o I ' ~ ~ @ H ¶ ~ c K H x  IIJIaCTHH IIPaKTH¶t?CKH HeUpHeMJIeMO, T a K  K a K  KOH- 

T a K T  CO CBeTO¶YBCTBHTeJIbHbIM CJIOeM p a 3 p y I I I a e T  3JIeKTpOCTaTH¶e-  

w o e  n 3 0 6 p a x e ~ ~ e  [I 161. C e n e ~ o ~ b ~ e  n n a c T H H b I ,  O q e B q H o ,  IIPH- 

I'OAHbI I IPM IIPOCBe¶HBaHHH Ge~ep,  IIJIe¶, JIOnaTOK, IIO3BOHO¶HHKa 

H pe6ep, HO Ht?AOCTaTO¶HO ¶YBCTBHTeJIbHbI AJIR IIPOCBeYHBaHllR 

6p1om~oii IIOJIOCTH, T a 3 a  H T. A. [114]. B pa60l.e [I151 OIIHCaHbl 

JIJIaCTHHbI C M H ~ U ~ H K O B O - T P H C Y J I ~ ~ E I ~ H ~ I M  IIOACJIOeM, KOTOPbIe 06~1a- 
AaIOT I I o B ~ I I I I ~ H H o ~  ¶YBCTBHTeJIbHOCTbIO K PeHTI'eHOBCKHM J Iy¶aM.  

K c e p o p e ~ ~ r e ~ o r p a @ ~ s e c m e  n n a c T H H H  M O ~ H O  ~ C I I O J I ~ ~ O B ~ T ~  MHO- 

I'OKPaTHO. ~ I C I I H T ~ H I ~ R  IIOKa3aJIH,  ¶TO B CpeAHeM CeJIeHOBbIe KCepO- 

p e ~ ~ r e ~ o r p a @ n s e c ~ ~ e  nJracTmHb1 BHAeplIcmBaIoT 6onee 600 BKCIIOHLI- 

P O B ~ H H ~ ~  [I 11 1. O¶~BHAHO,  BO~A€!~~[CTBH~ PeHTreHOBCKHX JIy¶efi H e  

paspyurae~ c e n e ~ o ~ ~ i i  CJIOH. C p o ~  c n y x 6 b 1  n n a c T H H b I  O r p a H m H -  

BaeTCEI B OCHOBHOM MeXaHH¶eCKHMH I IOBpeXAeHHRMH I I p H  P Y Y H O ~  

o6pa60~1ce n n a c T n H b I ,  E a n p n M e p  IIPH m c T K e  ee m e ~ ~ o i i .  
XOTR PeHTI'eHOBCKOe H3JIY¶eHHe H H e  BbI3bIBaeT K ~ K H X - J I E I ~ O  

IIOCTOIIHHbIX M ~ M ~ H ~ H E ~ G ,  BCe lfce B CeJIeHOBOM CJIOe BO3HHKaeT B p e -  

M ~ H H M ~ ~  B @ @ ~ K T ,  H ~ B ~ C T H H $  IIOA H a 3 B a H H e M  QYCTaJIOCTbH, K O T O P ~ I ~  

COCTOBT B YBeJIH¶eHHH CKOPOCTH TeMHOBOrO CI IaAa ,  yMeHbI I IeHHH 

'4J'BCTBHTeJIbHOCTH H UOIiBJIeHHH  OH^ [I 11 1. ( ( Y C T ~ J I O C T ~ ) )  cJIa60 
C K ~ ~ H B ~ ~ T C R  npm M a n b I x  ~ H ~ P ~ H R X  H AJIHTCII B c e r o  H e c K o n b K o  MHHYT. 

O A H ~ K O  I I p H  H a I I p R X e H H H  --I00 KG ((yCTaJIOCTb)), BePOIITHO, Y C T O ~ ~ -  

9 H B a .  UYCT~JIOCT~O MOXHO CHRTb KOPOTKHM 3KCIIOHHPOBaHHeM 

~ ~ + p a ~ p a c ~ o H  n a ~ n o i i .  IIpn  TOM T e M n e p a T y p a  n n a c T m m  noAHm-  

MaeTCR A 0  4 0 ~ 5 0 % .  3 a T e ~  IIJIaCTHHy ~ ~ I C T P O  OXJIaZAaIOT C T P Y ~ ~ ~  

B o a A y x a ,  nocxe sero ee n e p B o H a q a m m e  c ~ o i i c ~ ~ a  IIOJIHOCT~IO BOC- 

I 

C O O T H O L U ~ H H ~  
9yBCTBIITeJIb- 

H O C T ~ ~ ~  

6 : l  
3 : 1  
3:  1 

2,5 : 1 
2 : 1  
1 : l  

0,5 : 1 

B H e p P E i H  El3JIy'fPHHFI ( I I H K O B O ~  
H ~ ~ P F I ~ ~ H I X ~ ,  KB) 

P ~ H T ~ ~ H O B ~ K O ~  El3ny¶eHHe 50 
I) )) 100 
n P 150 
Q P 250 
8 1) 1000 

ff o 6 a n b ~ - 6 0  1 , 3 M o e  
B e ~ a ~ p o ~  22 M3.4 

I I o r n o T n T e n b  

HOa@@HUneHT 
n o r n o a e H H n ,  I C X  

AJIIOMHHHE (Al) 

)> )) 

)) )) 

CTaJIb (Fe) 
s )> 

)) n 
1) n 

1 , 2 5  

2 ,5  
5,O 
2,5 
5,O 
5,O 

15,O 
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B K C ~ ~ O ~ ~ H T I ' ~ H O ~ ~ ~ @ H H  IIpHMeHHIoT T P H  THUa I I ~ o H B B T ~ J I ~ ~  

[116]: 1) G e n b ~ i i ,  x o ~ o p b ~ f i  HCIIOJIb3YH)T B OCHOBHOM RJIH PaCCMaTPH- 

B a H H H  ~ 3 0 6 p a x c e ~ ~ H  H e I I O C P e ~ C T B e H H O  H a  C ~ J I ~ H O B O %  IlJIaCTHHe; 

2) rony602, KOTOPHB TaKHFe MOWeT 6 b 1 ~ b  HCIIOJIb308aH AJIH HenOCpeA-  

CTBeHHOrO PaCCMaTPHBaHHH H,  IFpOMe TOrO, AJIH I I e p e H O C a  ~ a o 6 p a x c e  
HHH H a  6 y ~ a r y ;  3) ( P J I I ~ o ~ ~ c Q ~ H T H ~ I ~ ,  I I ~ F ~ M ~ H E I ~ M H H  AJIH PaCCMaTpH- 

BaHHH B ~ J I ~ T ~ ~ C $ H O J I ~ T O B ~ I X  J I y ¶ a X  IlOCJIe TOI'O, K a K  ~ s o 6 p a w e ~ ~ e  
n e p e H e c e H o  H a  6 y ~ a r y .  

I I e p e ~ e c e ~ ~ o e  H a  6 y ~ a r y  m306paxe~rae M o w e T  6b1~b 3 a K p e n n e H o  

H a r p e s a H n e M .  n p t i ~ e ~ c r e ~ a a  6 y ~ a r a  HMeeT T e p M o n n a c T H s e c K o e  

n o I c p b I T H e  [1161, K o T o p o e  p a 3 ~ ~ r s a e ~ c ~  n p H  H a r p e B a H n z i  H @HKCH- 

p y e T  n p o c I s k i T e n b  H a  6 y ~ a r e .  Tax n o n y s a I o T  p e ~ ~ r e ~ o r p a @ n s e c ~ n e  
K o n m  AJIR n o c T o n H H o r o  x p a H e a m .  

IIOCKOJI~IEY n p o R B n T e n n  H e  c o A e p w a T  n n a B m e  c M o n b r ,  MOWHO 
HCIIOJIb30BaTb HeKOTOPbIe H 3  IIHrMeHTOB, I IpHMeHHeMbIX B 0 6 b 1 s a n x  I vl n e u a r H t r x  xpaceax. Onaaxo n p o n B o T e n b  H e  nonxea 6b1~b a6pa- 
3HBHbIM, 9 ~ 0 6 ~  H e  IIOPTHTb IIJIaCTHHbI I I p H  ee 09HCTKe.  H J I H  3THX 

MaTepHaJIOB B a X H b I  HX HeKOTOPbIe 3JIeICTPH9eCKHe Ei O C O ~ ~ H H O  T P H ~ O -  

a n e x ~ p ~ s e c ~ ~ e  c ~ o f  C T B ~ .  

8.1.2. OUYBCTBJIEHHE IIJIACTHH 

ICcepope~~re~orpa@nsecmie n n a c T m H H  nepen s K c n o H n p o s a H x e M  

flOJIXHbI 6 b 1 ~ b  09YBCTBJIeHLI.  TO AOCTHraeTCII PaBHOMePHbIM OCa?K,l(e 

HHeM 3JIeKTpH¶eCXHX 3apcIAOB H a  IIOBepXHOCTb CeJIeHOBOrO CJIOfl 

B KOPOHHOM pa3p~ge.  I I o ~ e ~ q n a n ,  ,qo K o T o p o r o  a a p ~ x a e ~ c a  nna- 
CTHHa, 3 a B n C H T  OT TOJIWHHhI CeJIeHOBOrO CJIOH. ~ P O M ~ I J I I J I ~ H H ~ I ~  

C e n e H o B b I e  n n a c T H H b I  0 6 ~ 9 ~ 0  ~ ~ P H ~ K ~ M I T C R  go 600 6 [1161. 3 a p ~ n ~ a  
AO n o T e H q E i a n a  smue  p e K o M e H A o B a H H o r o  H e x e n a T e n b H a ,  T a K  x a K  

M O w e T  IIOCJIYXHTb I I P E U H H O ~  IIOHBJIeHHEi H a  ~ 3 0 6 p a x ~ e ~ ~ n  HeIIPOtlB-  

JIeHHbIX TO¶eK.  TO O ~ ~ R C H H ~ T C H  CJIeAYIOqHM o 6 p a 3 0 ~ .  B HelIpOEiBjreH- 

H ~ I X  M e c T a x  B O ~ H H I C ~ ~ T  y s a c T x E i  ~ J I ~ K T ~ H ~ ~ C K O ~ O  U e p e H a n p n x e H m ,  

s b r 3 b 1 s a m 1 ~ m e  p a 3 p ~ ~ ~ y  e q e  no H a s a j r a  n p o m n e H m .  IIo-BHAHMOMY, 
3 T 0  TO¶HH J IOKaJ lH3aqHH <(yCTaJIOCTM)>, B KOTOPbIX C B O ~ C T B ~  sepe3 
HeKOTOpOe B p e M B  BOCCTaHaBJlHBaIOTCR. C H J I ~ H ~ H  n e p e 3 a p H A K a  MO?KeT 

n p H B e C T H  K IIOBPeX$(eHHIO C ~ J Z ~ H O B O ~ ~ [  IIJIaCTHHbI 3JIeIETPH9eCHHMH 

~ P O ~ O H M H .  



n 0 c J I e  T o r 0  K a K  IIJIaCTHHa OPYBCTBXeHa, IIPOHCXOAHT H e 3 H a q H -  

reJIb~bI5 T ~ M H O B O ~  CIIaA I IOTeHqHaJIa .  ~ J I ~ C T H H Y  MOWHO X P a H H T b  

B TeMHOTe HeCKOJIbKO 9aCOB. O A H ~ K O  AJIR IIOJIY¶eHHR BbICOKOKa9e- 

CTBeHHbIX ~ 3 0 6 ~ a W e ~ H f i  3KCIIOHHPOBaHHe H ~ O ~ X O ~ U M O  IIPOBOAHTb 

H e I I O C p e ~ C T B e H H O  IIOCJIe 3aPRAKH.  

j- - ~ I I l f l p K L l ~  

, I < I ;;*,, -, ~ ~ f l f l ~  ~ ~ U H U U  

+t++++!+!+k+:! I ,  , - Cenenosbilj cnou -----_r 
I I 

' - ~emannurec~aa  I~O~~~OXKU' 

I IJIaCTHHY OT KOMHaTHOrO CBeTa,  HO H e  IIPeIIHTCTBYeT IIPOXOXAeHHH) 

PeHTreHOBCKHX nysefi. K a K  H B C J I y s a e  ~ ~ H T ~ ~ H O B C K O ~ ~  IIJIeHKH, 

H ~ ~ J ~ I ~ A ~ ~ T C R  IIOACBeTKa ~ 3 0 6 p a x e ~ ~ n  H a  IIJIaCTHHe BCJIeACTBHe 

p a C C e H B a H H R  H3JIY¶eHHR.  OH^ M O X e T  6b1Tb YMeHbIIIeHa I Ip l lMeHeHHeM 

aacaAorc, @ H J I ~ T ~ O B ,  M a c o K  H ~ ~ a + p a r ~ ,  n o M e q a e M a r x  M e x A y  063ea- 
TOM H HCTO¶HHIEOM PeHTreHOBCKHX JIy9eG HJIH M e X A Y  O ~ ' ~ ~ ? K T O M  

H I I J I E ~ c T H H o ~ ~  [1161. 
C n o ~ o  ctnoAcseTKa))  npxmo,  DO-BHAHMOMY, ~3 OIITHKM, rAe a H a -  

J I O ~ H ¶ H ~ I ~  3 @ @ e K ~  H ~ ~ J I I O A ~ € ! T C R  B @ O T O M ~ ? X ~ H M ~ ~ C K E I X  I I p O ~ e C C a X .  

H a n p ~ ~ e p ,  B I C O H T ~ K T H O ~  I I e 9 a T H ,  K O r A a  H e r a T H B  HeAOCTaTOsHO 

XOPOIIIO I I p H J I e r a e T  K @ o ~ o 6 y ~ a r e ,  BO B p e M R  3KCIIOHHPOBaHHfi B03-  

m i K a e T  c s e T o p a c c e H s a m e ,  AH@@YBHEI, B b I p a m a m q a R c R  B ~e60~1b-  
m o ~  p a c r u H p e H m  n p o e q H p y e M b I x  y s a c T I c o B .  C B ~ T ,  naAaa H a  H e r a T H B  

n O A  HeKOTOPbIM YrJIOM K HOPMaJIH, I I p O H H K a e T  IIOA H e I I p 0 3 p a 9 H b I e  

Y q a C T K H  H e r a T H B a .  

C ~ ~ ~ C T B ~ € ! T  T a K X e  ~pyI'0; BHA IIOACBeTKH B p e ~ T I ' e H o I ' p a @ H E i ,  

C KOTOPhIM H e  BCTPe9aH)TCEI I I P H  HCIIOJIb30BaHHH IIJIeHOK. OH Bb13bI- 



s a e T c a  uro~~3aqneii  ~osnyxa ,  H a x o n c r q e r o c a  Mel rcny  c s e ~ o ~ o i i  m ~ o p -  
~ 0 f i  H IIOBePXHOCTbH) IIJIaCTHHbI [I 11 1 .  P€!HTI'~HoBcKH~ JIYYH HOHH- 

3YIOT MOJIeKYJIbI B O a R y X a ,  C O 3 n a B a R  IlOJIO?KHTeJIbHMe H O T p H q a T e J I b H b I e  

HOHbI. ~ 0 J I 0 l r c ~ T e J I b ~ b I e  3 a p R n b I  c ~ J I ~ H o B o ~ ~  IIJIaCTHHbI I IpHTRrH-  

BaIOT OTpHqaTeJ IbHbIe  HOHbI rJIaBHbIM o 6 p a 3 0 ~  B TeX MeCTaX, rne 
B e n m K a  H a n p m x e H H o c T b  ~ J I ~ K T P H Y ~ C K O ~ O  IIOJIII, T. e. H a  rpaamqax 
3 a p a z e ~ ~ n x  y q a c T K o B ,  ¶TO IIPHBOAHT K ~ e i i ~ p a n ~ 3 a q m n  r r o B e p x -  

H o c T H o r o  a a p ~ ~ a  m yn leHbmeEcHm p a 3 ~ e p o ~  BTHX y s a c T x o B .  

Ana YCTpaHeHHR 3 @ @ ? K ~ a  H O H H O ~ ~  IIO)JCBeTKH Me>KJ(y MeTaJIJIH- 

n e c ~ o f  n o j q n o x ~ o i i  ~ c e p o r p a @ n s e c ~ o f  n n a c T u H b 1  m M e T a n n m s e c K x M  

CBeTOBMM 3KPaHOM CO3AaH)T IIOJIe, H a I I p a B J I e H H e  KOTOpOrO IIPOTHBO- 

IIOJIOHcHO nonm CKPMTOrO ~ 3 0 6 p a x e ~ n ~ .  Ecnm 3 T 0  IIOJIe HOCTaTOsHO 

BeJIEIKO, O T p m q a T e J I b H b I e  HOHbI ~ Y A Y T  n P H T R r H B a T b C R  K 3 K p a H Y ,  

a H e  K y s a c T K a M  m 3 0 6 p a x e ~ ~ a  ( p ~ c .  61). Hanpnxe~zie  H o A a e T c R  

TOJIbKO BO B p e M R  BKCIIOHHPOBaHHR peHTI'eHOBCKXiMH JIY9aMH. 

8.1.4. IIPORBJIEHHE PEHTrEHOBCKPiX M3OBPAZEHMB 

IIpoxsne~me n o n y s e H H o r o  3 ~ 1 e ~ ~ p o c ~ a ~ ~ s e c ~ o r o  ~ 3 0 6 p a x e ~ ~ a  
M O X e T  6 b I ~ b  I IPOH3BeneHO J I I O ~ ~ I M  5i3 H3BeCTHbIX C I I O C O ~ O B ,  I I P H M e H H e  

MMX B ~ c e p o r p a + m ~ .  O p a ~ o  npn m c n b I T a H n a x  nysmne p e 3 y n b ~ a ~ ~  
Aano n p o a B n e H m e  n o p o m K o B b I M  O ~ ~ ~ P K O M .  B  TOM cnyqae n n a c T n H y  

IIOMeHI,aIOT BHH3 CJIOeM H a  BePXHIOIO ¶ a C T b  3 a K p b 1 ~ 0 6  IIp0RBJIt i IOIQe6 

K a M e p H .  l l o p o m ~ o ~ o e  o 6 n a n ~ o  BBOART B K a M e p y  P a c n M n H T e n b H b I M  

n n c T o n e T o M .  I I o p o m o ~ ,  n p o x o n c I  conno, s a p a x a e ~ c ~  [ill]. II~OIIB- 
J I e H H o e  ~ 3 0 6 p a l t c e ~ H e  o T n H s a e T c c r  no CBOHM X a p a m e p H c T m K a M  

I OT m306paxe~n~1, n o z y s a e M o r o  H a  p e ~ ~ r e ~ o ~ c ~ o i i  I I n e H K e .  Ee3 
I n p o R ~ n ~ I o ~ q e r o  3J IeKTpOAa KOHTPaCTHOCTb ~ 3 0 6 p a ? ~ e ~ ~ ~  YBeJIHqM- 

B a e T c s ,  K p a R  H p e 3 1 c n e  nepexogu y c n n n B a I o T c R .    TOT S @ @ ~ K T  none- 
1 a e ~  B OAHHX c n y ~ a a x  H ~ e x e ~ ~ a ~ e n e ~  B n p y r ~ x  [1161. OH 06ecne¶n- 
1 s a e ~  B ~ I R B ~ ~ H H ~  M ~ J I K H X  ~ e ~ a n e i i  p a c c ~ a ~ p ~ s a e ~ o r o  0 6 ! b e ~ ~ a ,  HO n p ~  

IIpOCMaTpHBaHEIEI fle~aJIe6 C P e 3 K H M H  H3MeHeHHRMH TOJIqHHbI,  C T p e -  

IQHHBMH HJIH IIYCTOTaMH COCeACTBYIOmHe C YIIJIOTHf?HHEIMH p a 3 P b I B M  

MOrYT C T a T b  HeBHABMbIMH. B M ~ A E I ~ H H C K O ~  i . ~ e p ~ p e H ~ r e ~ ~ r p a @ k ~ k ~  

oco6ea~o  B a x H o  0 6 ~ a p y x e ~ ~ e  CTPYKTYPHMX ge~anei i  (@OTO 2). 
B p a 6 o ~ e  [I 17 I 6 b m ~  n o J r y s e H b I  M H o r o s n c n e H H M e  K c e p o p e a T r e H o -  

r P a M M H  CKeJIeTOB H I C O C T ~ ~  H COIIOCTaBJIeHM C HX PeHTreHOTPaMMaMH,  

BbInOJIHeHHbIMH Ha 0 6 b 1 ~ ~ 0 f i  P ~ H T ~ ~ H O B C X O ~ ~  IIJIeHKe. O K a 3 a J I o c b ,  

 TO K c e p o p e H T r e H o r p a M M a  0 6 e c n e u ~ ~ a e ~  60nee K o H T p a c T H M e  ~306pa-  
WeHHII ,  ¶eM O ~ H Y H ~ R  PeHTI'eHOCKOIIEIEI. 

I I p o a s n e ~ ~ b ~ e  ~ c e p o p e ~ ~ r e ~ o r p a + n s e c ~ ~ e  ~ 3 0 6 p a x < e ~ u a  MOXHO 

I 
paCCMaTpMBaTb HenQCpeACTBeHHO H a  IIJIaCTHHe. Ana npOHBJIeHHR 

HCIIOJIb3yIoT Genarii EpORBHTeJIb ,  ~03 j JaH) IQHf i  xopom~i i  KOHTPaCT 



<,, , ;,. ., .,. .""'? 
ill 

Q 6 
@ 0  T 0 2. P ~ H T ~ ~ H O B C K E ~ ~  CHIIMOK. 

a - w 3 r o ~ o s n e n a b I 2 t  O ~ W I H ~ I M  C I I O C O ~ O M ,  6 - ~ c e p o p e ~ ~ r e ~ o r p a @ u ~ e c ~ n ~  C I I O C O ~ ~ M .  

B HaCTOIIIQee BpeMII  a M o p @ H b I f i  CeJIeH IIBJlReTCR eAHHCTBeHHbIM 

@ O T O ~ ~ O B O A I I I Q H M  MaTepHaJIOM,  IIPHMeHReMbIM AJIR H3rOTOBJIeHHH 

n p o M b r r U n e H H b I x  ~ c e p o p e ~ ~ r e ~ o r p a @ ~ 1 9 e c ~ n x  n n a c T n n .  OH ~ ~ B C T B E I -  

TeJIeH K B H A L I M O ~  H Y J I ~ T P ~ @ H o J I ~ T o B o G  O ~ J I ~ C T I I M  CI IeKTpa  II K IIIHPO- 

KOMy A H a D a 3 0 H Y  AJIHH BOJIH PeHTreHOBCKHX H r a M ~ a - J I y 9 e 6 .  

A ~ o p + ~ a r G  CeJIeH HCIIOJIb3YH)T T a K X e  AJIII PerElCTPHPOBaHHII  g ~ @ p a K -  

q H H  BJIeKTPOHOB B 3JIeKTPOHHO-OIITEI9eCKHX HHCTPYMeHTaX [1181. 
C o o 6 j r e ~ H H  06 HCIIOJIb3OBaHHH B ~ C e p O p e ~ ~ r e ~ ~ r p a @ E i H  A p y r H X  

@ O T O I I ~ O B O ~ I I I I ( H X  MaTepHaJIOB IIOKa H e  6b1~10. B %IOHHM [I191 
O I I ~ ~ J I H K O B ~ H ~ I  C O O ~ I ~ ~ H H R  0 TOM, 9TO 9YBCTBklTeJIbHOCTb IIJIaCTHH 

I 
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CO CJIOIIMH H a  OKHCH QHHKa COCTaBJIReT JIHllIb COTbIe AOJIEi 9YBCTBH- 

TeJIbHOCTH CeJIeHOBbIX UJIaCTHH. B p a 6 o ~ e  [I201 OIIHCaHbI 3KCIIepH- 

MeHTbI CO CJIOIIMH, COJIePHEamHMH cynb@HJI  @oc@6pa, O ~ J I ~ R ~ ~ ~ H M H  
Y C T O ~ ~ ¶ E I B O ~  B H Y T ~ ~ H H ~ ~ ~  n o J I H p H 3 a q H e i i .  H a i i ~ e ~ o ,  ¶TO Fix ¶YBCTBH- 

TeJIbHOCTb K PeHTreHOBCKHM J I y ¶ a M  C p a B H H M a  C 9YBCTBHTeJIbHOCTbm 

06b1snofi  P ~ H T T ~ H O B C K O ~ ~  IIJ leHKH 683 n p H M e H e H H R  P a C T p a ,  HO COCTa- 

BJIReT BCerO 'Ii0 HJIH ¶YBCTBHTt?JIbHOCTH IIJIeHKH C I IpHMeHeHHeM 

y C H J I H B a I O p e r 0  P a C T p a .  XOTH KOHTPaCTHOCTb, AOCTHrHYTaR I I P H  

KaCKaJIHOM IIPOIIBJIeHHH, ~e60~1bmat1, 3 a T O  BeJ IHKa p a 3 p e I I l a I O p a f i  

C ~ O C O ~ H O C T ~ .  

~ I ~ B ~ C T H O ,  ¶TO PI iR  @OTOIIPOBOAII~HX M a T e p K l J I O B  ¶YBCTBHTeJIeH 

K p e H T r e H o B c K m M  n y s a M .  Opra~msec~me M a T e p n a n b I ,  T a m e ,  K a I c  

a H T p a q e H  H C T E I J I L ~ ~ H  11211, H H e o p r a H M s e c r c H e  M a T e p u a n H ,  T a m e ,  

K a K  c e p n m c ~ b 1 6  K ~ J I M H ~ ~  [I221 I4 c ~ P H H c T ~ I ~ ~  q H H K  [123], a TaKHEe 

C e p a  [I241 0 6 ~ a p y H E E i ~ a l o ~  @ O T O I I P O B O ~ H M O C T ~  I I p H  3KCnOHHPOBaHHH 

PeHTI'eHOBCKHMH JIY¶aMH. P ~ H T ~ ~ H O B C K ~ R  Y C T O ~ ~ ¶ H B ~ R  IIPOBOAH- 

M O C T ~  n p H c y q a  T a K w e  n o n m M e p a M  ~3 H ~ O J I R T O ~ ~ M  [125-1281. C p e n ~  
3THX MaTepHaJIOB MOlfFHO H a 3 B a T L  IIOJIHCTHPOJI, nOJIH3THJIeH, MeTa-  

KPHJIaTHbIe  CMOJIbI, I ~ o J I H T ~ T ~ ~ @ T o P ~ T H J I ~ H ,  ~ o J I H ~ T H ~ ~ H T ~ T ~ ~ @ T ~ J I ~ T ,  
n o n n n a p a x n o p c T H p o n ,  n o n n s H H n n x n o p H A  H cnmny. B p a 6 o ~ e  11291 

I 6b1nH HCIIbITaHbI CHJIHKOHOBbIe H 3IIOKCHAHbIe CMOJIH B K a s e C T B e  MaTe-  

p H a n o B  A n n  ~ c e p o p e ~ ~ r e ~ o r p a @ m 9 e c ~ n x  n x a c T m .  H a 6 n m ~ a n c ~  cnag 
3 a p H A a  IIOn BJIHHHHeM PeHTreHOBCICHX JIyqeG, OAHaKO CBeT09YBCTBH- 
TeJIbHOCTb 6b1~1a OYeHb ~ ~ 3 ~ 0 6 .  3 ~ 0  O ~ ' ~ ~ I C H R ~ T C I I  CJIHIIIKOM MaJIbIM 

I I O r J I O q e H H e M  PeHTreHOBCKHX J I y 9 e 6  3THMH CMOJIaMH. 

BO~MOHFHO, ¶TO MHOrHe  MaTepEIaJ IH,  KOTOPbIe 06J Ia~a lo~  @OTOIIPO- 

BOAHMOCTbIO B B H A H M O ~ ~  O ~ J I ~ C T H  CI IeXTpa ,  OKalfFYTCR TaKlfFe IIPO- 

BOAHMKaMH H B ~ ~ H T I ' ~ H O B C K O ] ; ~  O ~ J I ~ C T H  C n e K T p a .  ~ O ~ T O M Y  MOHEHO 

o m r n A a T b  B p e 3 y n b ~ a ~ e  ~ a n ~ ~ e i i m n x  n c c n e ~ o ~ a ~ ~ i j r  n o m n e H m  aosax 
MaTepHaJIOB,  9YBCTBHTeJIbHJJX K PeHTreHOBCKHM J Iy¶aM.  ~ T H  MaTe-  

PHaJ Ib I  PaCIZIHPIiT O ~ J I ~ C T ~  HCIIOJIb30BaHHIi K c ~ ~ o ~ ~ ? H T I ' ~ H o I ' ~ ~ @ E I H .  

CTOHT YIIOMIIHYTb BO3MOlfFHOCTb HCIIOJIL30BaHHH ~ J I ~ K T ~ o @ o T o ~ ~ ~ -  

@HH RJIR 3aIIEiCH 9aCTHIJ B H C O K O ~ ~  3HepI 'HX, H a I I P H M e P  IIPOTOHOB [130]. 

3 ~ 1 e ~ ~ p o p e ~ ~ r e ~ o r p a c p H s e c m e  n p o q e c c M  H a  o c H o s e  H O H H ~ ~ U H E ~  
B 0 3 A y X a ,  B L I ~ ~ I B ~ ~ M O ~  PeHTreHOBCICHM H3JIY¶€!HHeM, ~ ~ I J I H  OIIEICaHbI 

B pa6o~ax  1131, 1321. D p H  3TOM H e  T p e 6 0 ~ a J I H ~ b  CBeT09yBCTBHTeJIb-  

HLIe CJIOH, a IIJIaCTHHa,  H a  KOTOPO& 3alIHCbIBaJIOCb PeHTreHOBCKOe 

~ 3 0 6 p a x e ~ n e ,  6wna EI3OJIRTOPOM C IIPOBOAIIQHM IIOKPbITHeM. YYBCT- 
BHTeJIbHOCTb K PeHTreHOBCKHM J I Y W M  AOCTHraJIaCb HaHeCeHHeM 

a n e ~ c ~ p ~ s e c ~ ~ x  ~ ~ P R A O B  H a  H~OJIHPYIOIQH~~ M a T e p m a n  H noMenxeHmeM 

P a C T p a  H 3  I I ~ o B o J I o ~ H o ~  CeTKH B ~ J I H ~ H  er0 IIOBepXHOCTH. 



OT IIOBePXHOCTH IIJIaCTHH-lbI I3 IIPHTHI'HBaIOTCEI K IIPOBOJIO¶HOMY P a C T p y .  

A O I K O J I H H T ~ Z ~ H ~ R  H O H H 3 a q H R  MOXWT 6bI~b B b I 3 B a H a  3 ~ H ~ c H e f i  3JIeKTPO- 

HOB K a K  PaCTPOM, T a K  H I I J I B C T H H O ~ ~ .  ~ T H  3JIeKTPOHbI,  CTaJIKHBaHCb 

C MOJIeKyJIaMH B O 3 A y X a ,  0 6 p a 3 y I O ~  HOBbIe HOHbI [133]. ~ P H H ~ H I I  

~ $ o ~ M H ~ o B ~ E I X E I  ~ 3 0 6 p a X e ~ H H  B H 0 ~ 0 r p a @ I t H  HJIJIIOCTpHpyeTCH 

PHC. 62. ~ ~ O H E I ~ ~ ~ H H  B 0 3 A Y X a  Me?KAY PaCTpOM H I I J I ~ c T H H o ~ ~  3aBH- 

CHT OT HHTeHCHBHOCTH PeHTI'eHOBCKOrO H3JlY¶eHHR, BbIXOAHmerO 

E13 0 6 ' b e K ~ a .  T a K ,  p a 3 p H p , K a  IIJIaCTEIHbI ~ Y @ T  IIPOHCXOJpiTb 6 b l c ~ p e e  

B MeCTaX, COOTBeTCTBYIO~HX IIOJIOCTEIM 0 6 ' 6 e ~ ~ a ,  T a K  K a K  HHTeHCHB: 

HOCTb PeHTreHOBCKHX J I y ~ e 6  H B03HHKaIOIQaH B p e 3 y J I b T a T e  3TOI'O 

HOHH3aQHR B 0 3 A y X a  ~ Y A Y T  6 0 J I b m e  HMeHHO B 3TE1X MeCTaX. 

n e p f 3 ~  3KCIIOHHpOBaHlleM PeHTI'eHOBCICHMH J I y ¶ a M H  IIJIEiCTHBY 

s a p ~ m a w ~  KOPOHHHM a a p a ~ ~ m ~ o ~  npa y A a n e H H o M  p a c T p e .  IIocne 
B O 3 B p a ~ e H H H  P a C T p a  H a  MeCTO IIPOM3BOflRT 3KCIIOHHPOBaHEle. ~ P E I  
 TOM 0 6 p a 3 y e ~ c ~  c K p m o e  3 ~ 1 e ~ ~ p o c ~ a ~ a ~ e c ~ o e  ~ 3 0 6 p a x e ~ ~ e ,  KOTO- 

POI? M O Z e T  G H T ~  IIpOHBJIeHO TeMLI 9Ke MeTOAaMH, ¶TO H B K C e p O p e H T r e -  

~ o I ' p a @ H E i .  B p a 6 0 ~ e  1.2331 HCIILITbIBaJIHCb pa3JIH¶HH€! MeTOAH CO3Aa- 

HHH H o H o ~ ~ ~ @ H ¶ ~ c K o I ' o  H 3 0 6 p a l K e ~ E i E I .  H a i i ~ e ~ o ,  ¶TO BeJIH¶HHa 

3 a 3 O p a  M e X f l y  MeTaJlJIEI.IeCKHM paCTpOM H I I J I ~ c T H H o ~  HBJIEIeTCEI KPH- 

T H ¶ H o ~ .  E c Z H  3a30p YMeHbIIIklTb, ~ 3 0 6 p a w e ~ ~ e  6y,L(e~ pe3¶t?, HO KOH- 

T p a c T H o c T b  YMeHbrnnTcsx.  Y ~ e n m v e ~ ~ e  3 ~ 1 e ~ ~ p ~ ~ e c ~ o r o  nonn B ~ o s -  
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$JyIUHOM IIpOCTpaHCTBe I IpHBeAeT K yBeJ IH¶eHHIo  K O H T P ~ C T H O C T J ~  

m 3 0 6 p a x e ~ n ~  B OCHOBHOM 3a c s e T  y B e n n u e H H c r  rno~~3aqna .  O A H ~ K O  
I I P H  CHJIbHOM 3JIeKTPHYeCKOM IlOJIe H ~ ~ J I ~ O A ~ ~ T C H  J I O X H a H  y a 3 p H @ C a  

JIOBepXHOCTH H 3 0 J I R T 0 p a l  B b I 3 b I B a I o ~ a R  IIOHBJIeHHe A ~ @ ~ K T O B  aao6pa- 
X e H H H ,  eCJIH P a C T P  OTAeJIReTCR OT IIJIaCTHHbI. 

Y ~ B C T B H T ~ J I ~ H O C T ~  JIpOqeCCa ,  OYeBllnHO, OYeHb HH3Ka.  Heo6xo- 
AHMO ~ a n b ~ e i i r u e e  H c c n e j q o s a H n e  no y n y s m e H a I o  n c n o n b a y e ~ a r x  
MaTepHaJIOB.  ~ ~ I ~ C T M ~ C C M  B KaYeCTBe IlJIaCTHH HBJIRIoTCR H e  O W H b  

X O ~ O I U ~ H  II3JIy¶aTeJIHMH 3JIeKTPOHOB, HO YTO IEaCaeTCH B O ~ A ~ G C T B H I I  
H a  HHX PeHTreHOBCKHX J IyYeG,  TO p a 3 p R A K a  DJIaCTHHbI YaCTHYHO 

IIPOHCXOAHT H a H  H 3 - 3 a  yBeJIHYeHHR IIpOBOJ(HM0CTkI IIJIaCTHIEa, T a K  

H BCJIegCTBHe EIOHH3aqHI3 BO3AYXa 1126, 1271. 



B ~ a ~ ~ o i i  rnase p a c c M a T p m s a I o T c R  ~ e 4 o ~ o r p a i # n s e c ~ n e  npoqeccn, 
B KOTOPbIX AJIR 3aUHCH lIe¶aTHbIX 3HaKOB H IIOJIYPeHHII ~ ~ K c H M H J I ~ -  

HbIX P ~ I I P O A Y K ~ H ~ ~  HCIIOJIb3YH)T 3JIeKTPE19eCKHe RBJIeHHR. B OCHOBe 

~ T H X  n p o q e c c o B  n e x a T  3 4 4 e ~ ~ b 1 ,  n o n y ¶ a e n I e  B p e a y n b ~ a ~ e  ~ e i i c ~ s m  
3JIeKTpH¶eCKOI'O 3 a p R A a ,  I IpOXOXAeHHR TOKa HJIH 0Ca)KAeHHR CTaTH- 

¶eCKHX 3apRAOB.  

H~CMOTPR H a  TO ¶TO A a H H a R  K H H r a  I IOCBRmeHa rJIaBHbIM 0 6 p a 3 0 ~  
~ # o T o ~ ~ ~ @ H ¶ ~ c K H M  IIpOIJeCCaM, OCHOBaHHbIM H a  @ O T O ~ J I ~ K T P H ¶ ~ C K B X  

RBJIeHHIIX, H ~ ~ € ! ~ H H T ~ ~ ~ c H o  OCTaHOBHTbCR H H a  ~ J I ~ K T ~ o I ' ~ ~ I $ H ¶ ~ -  

CKHX IIpOQeCCaX, T a K  K a K  B TeXHOJIOrHM TeX H A P Y r H X  MHOrO 061qero. 
3 n e ~ ~ p o r p a @ ~ s e c ~ r n i i  cnoco6 n e s a T n  H a m e n  n p H M e H e H H e  B neua- 

T a I o q H X  ~ C T ~ O ~ ~ C T B ~ X  A n R  BbIBOAa AaHHbIX H 3  BbI¶HCJIHTeJIbHbIX 

MaIIIMH, T ~ J I ~ T ~ ~ ~ I I ~ X  H CHCTeMaX @ ~ K C H M E I J I ~ H O ~ O  PeIIPOAYIJHPOBaHHR 

n a o 6 p a ~ e ~ ~ i i ,  D e p e A a s a e M b I x  H a  p a c c T o R H n e .  P a 3 p a 6 0 ~ a H  T a K s e  

cnoco6, n o n y s ~ ~ m ~ i i  ~ a 3 ~ a ~ ~ e  K c e p o n e s a T n  1121, K o ~ o p n i i  

1 MOXHO P a C C M a T p H B a T b  KaIE OCHOBy AJIR CO3AaHHR BbICOKOCKOpOCT- 

~ o i i  n e g a ~ ~ o t i  MamHHbI ,  n p e ~ ~ a 3 ~ a s e ~ ~ o l  AJIR r r e q a T a H m  ~ O J I ~ I I I H X  

~upaxefi .  

C IlOMOmbIO 3JIeKTpOAOB H a  AH3JIeKTpHYeCKHX IIOBepXHOCTAX 

MOXHO n o n y u a T b  p a 3 n ~ s ~ ~ e  ~ s o 6 p a x e ~ r n c 1 ,  o 6 p a 3 o ~ a ~ ~ b 1 e  anemPo- 
CTaTH¶eCKHMH 3ap%Aal\.lH. T ~ K ,  H a I I p H M e p ,  IIOJIb3YRCb Y C T P O ~ C T B O M  

B BHAe H30JIHPOBaHHOrO K a p a H A a I I I a  C MeTanJIH¶eClcHM HaKOHe¶HHKOM, 

K KOTOPOMY IIOABOAHTCR H a n p R X e H H e ,  MOXHO I IHCaTb  HJIH PHCOBaTb 

HeBHAHMhIe 3JIeKTPOCTaTH9eCKMe ~ s o 6 p a x e ~ ~ ~  H a  ~ E I ~ ~ ~ K T ~ H ¶ ~ C I E O ~ ~  

IIJIeHKe (PHC. 63). ~ o J I ~ ¶ ~ H H o ~  TaKHM C I I O C O ~ O M  3JIeKTPOCTaTH¶eCKOB 

~ a o 6 p a ~ e ~ n e  MOXHO CAeJIaTb BHAHMbIM, IIOCbIHaR er0 3 a p R X e H H b I M  

IIOpOlUKOM HJIH I IpHMeHRR ~1m60ii ~ p y r o i i  cnoco6 IIpORBJIeHHR, 

~ l c n o n b a y e ~ ~ f i  B 3 n e ~ ~ p o @ o ~ o r p a @ ~ n .  
~ ~ C T O P H R  ~ e @ o ~ o r p a @ w ~ e c ~ o i i  ~ J I ~ K T ~ O C T ~ T O ~ ~ ~ # I H H  H a u m a e T c H  

C 9KCnepHMeHTOB C e ~ r e ~ b H  [a, 91, K O T O P ~ I ~ ~  AOKa3aJ I  B03MOHHOCTb 

3 n e ~ ~ p o c ~ a ~ ~ s e c ~ o i ' f  a a n n c ~  1 3 3 0 6 p a x e ~ ~ ~  c n o ~ o q b m  3 n e ~ ~ p ~ u e -  
c K o r o  p a a p ~ ~ a  nnn ~ J I ~ K T P O H H O ~ O  nysa. 
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~ I c c J I ~ J ( o B ~ H H R  MeTOAa ~ J I ~ K T P O C T ~ T H Y ~ C K O ~  3aIIHCH, B OCHOBe 

I c o T o p o r o  ne%HT ~ e f  c ~ ~ m e  ~ J I ~ K T P H Y ~ C K O ~ O  p a a p ~ ~ a ,  npmenn K paa- 
p a 6 0 ~ ~ e  BbICOKOCKOpOCTHbIX ~ C T P O ~ C T B  AJIH ~ J I ~ K T P O C T ~ T H ¶ ~ C K O %  

n e s a T H  [1351. 
C 0 3 , Q a ~ H e  H 3 0 6 p a Z e ~ H % ,  06pa3ye~b1~  3JIeKTpOCTaTH¶eCKHMH 3 a p H -  

AaMH, I I p H  3JIeKTpEl¶eCKOM p a 3 p H A e  CBR3aHO C RBJIeHHeM H O H H O ~  

IIpOBOAmMOCTH r a 3 O B .  M [ ~ B ~ C T H O ,  ¶TO eCJIH K ABYM 6 3 1 ~ 3 ~ 0  PaCIIOJIO- 

XeHHbIM IIPOBOAHHKaM I IPHJIOXHTb H a J l p R X e H H e  H IIOBhICHTb er0 

P H C. 63. CX€!M~ ~ C T ~ O % C T B ~  RJlR ~JI€ !KT~oCT~TE¶€!CKO% 3 a n E C H .  
1 - MeTannnsecHas nnacruaa; 8 - nncT nmaneHTpmHa; d - MeTannmrecKoe oclpne; 

4- Zi3OJIFITOp; 5 - E C T O ~ H H H  nanpsmenm. 

no BeJIHsHHhI,  I I p H  ~ 0 ~ 0 ~ 0 %  IIPOHCXOHHT 11p060ti B03AYIIIHOI'O 

IIpOMeX{yTKa, TO M e X A y  IIPOBOAHHKaMH B 0 3 H H K a e T  3JIeKTpH¶e-  

CKHH p a 3 p H H .  ~ P H  O ¶ e H b  MaJIbIX PaCCTORHHRX ( I I 0 p R a K a  HeCKOJIb- 

HHX AeCRTbIX M H J I J I H M ~ T ~ ~ )  M e Z A y  IIpOBOAHHKaMH p a 3 p R R  MOlKeT 

npom30f~m 6e3 06pa3o~ar HH HCKPbI. ECJIH Me3fEAY 3THMH ABYMII 

IIpOBOAHHKaMH IIOMeCTHTb JIHCT AH3JIeKTPHKa C BbICOKFfM COIIPO- 

TklBJIeHHeM, TO BO BPeMR p a 3 p H A a  H a  IIOBePXHOCTH AH3JIeKTPHKa 

6 y ~ y T  CKaIIJIHBaTbCR 3JIeKTPHYeCKHe 3aPRAbI .  OAHH H 3  IIPOBOAHHKOB 

M O Z e T  6 b I T b  ~ e ~ a J l J I k l ¶ e ~ K ~ f i  IIJI~cTHHo%, a npyr0f B BHAe OCTPHR, 

MHOWeCTBa MeJIKHX H r J I  HJIH rPYII I Ib I  3HaKOB p a 3 J I H 9 ~ 0 f  @OPMM. 

P a 3 p H ~  IIpOHCXOAHT 3a HeCKOJIbKO MHKPOCeKYHA. T ~ I E H M  06pa30~ ,  
HaI IpRHceHHe MOXHO I IOAaBaTb  O¶eHb KOPOTKHMH HMIIYJIbCaMH. 

@ H P M O ~  ( < ~ H ) P P o Y ~ ) )  IIOA PYKOBOACTBOM ~ ~ M ~ P H A X C K O ~ O  HaY¶HO- 

H c c n e A o s a T e n b c I c o r o  qempa a M e p H K a H c I c H x  BBC c o 3 ~ a ~ o  ~ J I ~ K -  

TpOCTaTH¶eCKOe BbIBOAHOe I I e Y a T a I o l q e e  Y C T P O ~ ~ C T B O  ((YHIIII~T)). 

3a11ncb ~ ~ O H ~ B O A H T C H  npn n o M o q n  c e M H A e c a i 3 u  g ~ y x  r r e s a T H H x  rono- 
BOK, P a c n o J I o x e H H ~ x  B oAmH PRA. ICaxga~ ronoma r r p e A c T a s n c I e T  

co6ofi M a T P H q Y  H 3  T p H A q a T H  IIRTH OTAeJIbHbIX 3JIeKTPOAOB, HMeIOlqHX 

4 0 p ~ y  I I ~ O B O J I O ¶ H ~ I X  H r n ,  H30JIMpOBaHHbIX Apyr OT Rpyra. B rna~  



I O A H O B ~ ~ M ~ H H O ~  IIOABeAeHHe EIMIIyJIbCOB K Pa3JIHqHbIM K O M ~ H H ~ I J E I E I M  

HPJI II03BOJIIIeT 3 a I I H C a T b  BCe ~ Y K B ~ I  ~ J I @ ~ B H T ~ ,  q H @ p b I  H p a 3 J I H 9 H b I e  

C n e q H a J I b H b I e  CHMBOJIbI. Bb160p ~ Y I C B M  OCYmeCTBJIIIeTCH C I IOMOqbIO 

~ J ~ ~ K T ~ O H H O ~  CXeMbI. B a H H b 1 e  BBOAfiTCR C lIep@oJIe~~bI, M ~ ~ H H T H O ~  

JIeHTbI HJIH HeIIOCpeACTBeHHO H 3  B J I ~ K T P O H H O ~ ~  B ~ I ~ H c J I M T ~ J I ~ H o ~  

MaIIIHHbI. 

P H C. 65. 3 ~ 1 e ~ ~ p o c ~ a ~ w e c x a ~  aannc~,. 
I - aJreKTpon; 2 I- ~ ~ 3 a e ~ ~ p x s e c ~ a ~  6 y ~ a r a ;  3 - s a n ~ c b ~ ~ a r o m a ~  ronoma; 4 - oHpa- 
rneHHbIZi nopornon; 5 - IiarpesaTenbHoe Y C T ~ O Z ~ C T B O  AJIR Q~HHCYIPOB~HUII  ~ 3 0 6 p a m e ~ ~ ~ .  

n p H M e a x e M o r o  B ~ceporpa@un. O A H ~ K O  B K a n e c T s e  nopomxa s ~ e c ~ .  
HCIIOJIb3yIOT T O K O I I ~ O B O A I I I ~ H ~ ~  M a T e p n a J I ,  H e  ~pe6ym1q~H IEOHTaKT- 

a06 3JIeKTpH3aIJHH. ~ O P O I U O K  HaXOAHTCII B 3a3eMJIeHHOM K O H T ~ ~ H ~ ~ € ? .  

K 0 r ~ a  ¶aCTMII,bI IIOPOIIIIEa BXOAFIT B 3 0 H Y  ,I(~~CTBHEI 3aPRJJOB, CO3AaH)- 

IQHX ~ a o 6 p a m e ~ ~ e  H a  IIOBepXHOCTH 6 y ~ a r n ,  H a  HHX HaBOAIITCH 
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3 a p R A b I  IIPOTHBOIIOJIO?KHO~ IIOJIRPHOCTEI. ~ J I ~ I C T P H Y ~ C K H ~  IIOJIR 3RPII- 

ROB, 06pa3y101q~~ OTAeJIbHbIe TOYHH, B H ~ I C O T O P O ~  CTeIIeHH llepe- 
KPMBaIOTCR, IIOBTOMY I I P H  IIPOIIBJIeHHH TOYHE CJIEIBaIOTCR H o6pa- 
~ Y I O T  C m o m H b I e  JIHHHH (PHC. 64). I I p a ~ q n n ~ a n b ~ a ~  c x e M a  mempo-  
c ~ a ~ n r e c ~ o i i  s a n ~ c ~  a n e I c T p o a H b I M  n y l I o n r  npmeaeaa H a  PHC. 65. 
I I e sa~amqee  Y C T ~ O ~ ~ C T B O  ( ( Y ~ l n ~ l e ~ ) )  p a 6 o ~ a e ~  co c ~ o p o c ~ b ~ o  A(P 

300 ana~oslcerc 11361, T. e. OKOJIO 2000 c ~ o e l ~ u n .  O A H ~ I E O  yme 
C03AaHbI HOBbIe MOAeJIH, p a 6 0 T a I O I I p e  CO CHOPOCTbH) 3000 CAO~/AUM, 

rn A o c T a r H y T b I  CKOPOCTH AO 5000 c ~ l o s l ~ u n .  P a s p a 6 o ~ a ~ ~  H A p y r H e  

I I e s a T a m q m e  y c ~ p o i i c ~ ~ a ,  B K O T O P ~ I X  M C ~ O J I ~ ~ O B ~ H ~ I  a H a n o r m H b I e  

IIpHHUHIIbI 1137 1. COI'JI~CHO o I I ~ ~ J I ~ ~ K o B ~ H H ~ I M  AaHHbIM, TeOpeTH- 

¶eCKH B 0 3 M O X H a  CKOPOCTb A 0  500 000 CAOB/AUH.  

O I I H c a H H e  P R A a  A P Y r H X  MeTOAOB @OPMLIPOB~HHII  3HAKOB M PHCYH- 

KOB, 0 6 p a 3 0 B a H H b I ~  3apI IAaMH,  IIOCpeACTBOM 3JIeKTpHYeCKOrO pas- 
P R A a  M O X E O  H ~ G T H  B pa60~8 [139]. 

9.1.2. 3JIEKTPOCTATHZIECKAfl  3 A I I H C b  IIPH TIOMOII(ki 
BJIEKTPOHHOI'O JIYZIA 

HCIIOJIb30BaHHR 3JIeKTPOHHOrO JIYYa AJIR CO3AaHHR n306pa- 
lrceHHR B BHAe 3JIeHTpEIYeCKHX 3apHAOB H a  H ~ O J I H P O B ~ H H O ~  I lOBepX- 

HOCTH 661~1a s n e p m e  o n n c a H a  C e n e ~ b ~  [a, 91. llo3,q~ee B n a T e H T -  

H O ~  J I H T e p a T y p e  [140-1461 IIORBHJIHCb OIIHCaHElR Pa3lIEZ9HbIX 

YCTPOHCTB AJIR ~ J I ~ K T P o c T ~ T H Y ~ c K o ~ ~ [  3aIIHCH 3JIeKTPOHHbIM JIYYOM. 

n e p ~ a a  n p a r c T H s e c K t i  pa60~a101qa~ c n c T e M a ,  B KOTOPOH AJIX 
~ J I ~ K T P o c T ~ T H Y ~ c H ~ ~  3aIIHCH H a  H ~ O Y Y B C T B ~ I ~ H H O ~  6 y M a r e  EICIIOJIb- 

3YH)T IIYYOK 3JIeKTPOHOB, 661~1a CO3AaHa B CT~H@OPJJCKOM HCCJIeAO- 

BaTeJIbCKOM EIHCTHTYTe H IIOJIYYHJIa H a 3 B a H H e  ( t B n ~ e o r p a + ) ) .  OCHOB- 
HbIM 3JIeMeHTOM CHCTeMbI RBJIReTCR lIe¶aTaH)lI&lR T P Y ~ K ~ ,  I IpeACTa- 

BJIIIIOIQaR ~060% 3JIeKTPOHHO-JIYYeBYIO T P Y ~ I E Y ,  B I I e p e A H e e  CTeKJIO 

( 3 K p a H )  K O T O P O ~  BMOHTHPOBaH OAHH HJIH HeCHOJIbKO PRAOB GJIHBKO 

PaCIIOJIOXeHHbIX HrOJIOK H 3  TOHICOG IIPOBOJIOKH. ~ T E Z  ElrOJIKH H30JIH- 

POBaHbI  Apyr OT Apyl'a H IIPOHH3bIBaIOT 3 H p a H  T P Y ~ I E H .  ~ P H  p a 3 B e p T K e  

~ J I ~ K T P O H H ~ I ~  JIyY 11p06erae~ IIO K O H q a M  IIpOBOJIO¶HbIX EIrOJIOK, 

H 3JIl?KTPOHbI, IIPOXOAR DO HrOJIKaM, OCa3KAaIOTCR H a  IIOBePXHOCTH 

6 y ~ a r m  C AH3JIeKTPH9eCKHM IIOHPbITHeM, ~ ~ c I I o J I o w ~ H H o ~  B M e C T e  

COeAHHeHHR 3 K p a H a  ~ ~ ~ K T ~ o H H o - J I ~ Y ~ B o ~  T P Y ~ I F H  C 3a3eMJIeHHbIM 

3neKTpojqoM.  T ~ K  Hart C K O P O C T ~  p a 3 s e p ~ ~ r n  ~ J I ~ H T P O H H O ~ O  nyqa 
OYeHb BbICOKa, 6 y M a r a  M O X e T  HeI IpepbIBHO I I e p e A B H r a T b C R  OTHOCH- 

TeJIbHO 3 K p a H a  Tpy6KIT T a K W e  C 60JIbIJ.IoP C K O p O C T b ~ .  ~ P H H ~ H I I  

A ~ ~ C T B H R  O I I H C ~ H H O ~  I I e Y a ~ a H J l q e i i  T P Y ~ K H  I I O I C ~ ~ ~ H  H a  PHC. 66. 
IIocne T o r o  x a H  H a  6 y M a r e  06pa3ye~ca ~ J I ~ I C T ~ O C T ~ T H Y ~ C K O ~  mso6pa- 
meme,  ~ ~ I I H C ~ H H O ~  ~ J I ~ K T P O H H ~ I M  JIYYOM, 6 y M a r a  n p o x o A n T  sepes 
K a M e p M ,  rAe n p o n c x o A n T  n p o s s n e H H e  ~ s o 6 p a m e ~ m ~  H 3 a I c p e n n e H u e  

H a  6 y ~ a r e  (PHC. 67). 



E C. 66. C X ~ M ~  )&~CTBEH nenaTHor0 yCTp0ijrCT~a 'aB~georpa$q C aJleI<TpOHHO- 
.ayse~ofi  ~ p y 6 ~ 0 i i  MaTpHmoro Tma. [(S t o n e, Proc. Techn. Assn. Graphic 

A r t s ,  221 (1961).] 
1 - anertTponHaff nymrta; 2 - nnacTnHbI BepTuHanbHoro oTKnoneHnn; 3 - nnacTurHM 
'POpU3OHTaJlbHOl'O OTKJIOHBHHR; 4 - ~py6rta QJIR ~ ~ ~ K T ~ O C T ~ T A ~ C C K O ~  IIeqaTH: 5 - ma- 
. n e ~ ~ p n r e c ~ o e  noKpblTne; 6 - npoBonosHan MaTpaqa; 7 - 3aaeMnenHarr nnacTmna; 8 - 

nanpasneHne nepe~enrennn 6 y ~ a r n .  
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IcaMepbI T m n a  ((BHAEIIEOHO, I c o T o p a a  M o x e T  B X O A H T ~  B CncTeMy nesa- 
T a I o a e r o  ~ C T ~ O ~ C T B ~  B KaqeCTBe  er0 KOMIIOHeHTa ElJIEI MOXeT 6 b 1 ~ b  

paCIlOJIOHceHa H a  AOBOJIbHO GOJI~II IOM PaCCTORHHH OT  TOG CEICTeMbI. 

P E C. 67. ~ J I ~ M ~ H T ~ I  negaTHoro Y C T P O ~ ~ C T B ~  ctBngeorpa@). [C o n e,  Proc. Techn. 
Assn.  Graphic A r t s ,  183 (1961).], 

I - aa~pennennoe nso6pamenme; 2 - BuHxMoe z ~ a o 6 p a ~ i e ~ x e ;  3 '- cHpMToe 11306pame~~e.  
06pa30sannoe 3 a p f i ~ l a ~ a '  4 - ~ p y 6 ~ s a  AJIE ~ J I ~ K T ~ O C T ~ T H ~ ~ C X O ~ ~  IIeVaTK; 5 - IIpORBOYHafi 

xaixipa; , 6  - naiwna Ann onnasneHufi nopomna. 



JreHTe,  TO ee c H a s a n a  np1306pa3y1oT M o H o c K o n H q e c m m  r e H e p a T o p o M  
3HaKOB B BHAeOCHTHaJIbI, KOTOPLIe 3 a T e M  kTCIIOJIb3YIOT AJIH YIIpaBJIe-  

3JIeKTPOHHbIM JIygOM I I e s a ~ a ~ o q e B  T P Y ~ K H .  
O I I H C ~ H H ~ I ~  BbIIIIe I lpOqeCC HaXOAHT I IPHMeHeHHe B TeX CJIYWIRX, 

K o r A a  ~ p e 6 y e T c R  BbICOKOCKOpOCTHaH I I e Y a T b  HenOBTOpHIOqHXCR 

~ 3 0 6 p a r n e ~ ~ H .   TOT C I I O C O ~  II03BOJIHeT I I e ¶ a T a T b  CO CKOPOCTbIO 6onee 
10 000 C ~ ~ O K / A U U ,  a I I p H  H3rOTOBJIeHHH @ ~ K c H M H J I ~ H ~ I x  PeIIPOHYK- 

qnii C K O P O C T ~  p a 3 ~ e p ~ ~ n  o p m r H H a n a  A o c T m r a e T  0,3 ~ ' / c e ~ .  B a s e c ~ ~ a  
o p a  n p o M M r n n e H H a R  y c T a H o B K a ,  n e q a T a I o q a n  RPJI~IKH c a A p e c a M B  

IIOAIIHC¶HXOB HEYPHaJIOB, IIPOH3BOAHTeJIbHOCTb 1 ~ 0 ~ 0 ~ 0 ~  COCTaBJIHeT 

5 MJIH. RPJI~IKOB B H e n e n m  ~a K ~ X A Y K I  MBIIIHHY. ~ T H @ o ~ M ~ ~ H H  BBO- 

HHTCR B ~ H @ P o B o ~ ~  @ O ~ P I ~  C M ~ ~ H H T H O ~  JIeHTbI. Y C T ~ H O B K ~  JJpyrOrO 

THIIa ,  I l p O X O ~ H B I I I a R  IIpOll3BOACTBeHHbIe HCIIbITaHHR B 1961 I?., 6 y ~ e ~  
HCIIOJIb30BaTbCR I I P H  I I e p e A a q e  A O E ~ M ~ H T ~ J I ~ H O ~  HH+OIJMBIJHH 

AJIR 0 6 p a 6 0 ~ ~ 1 4  B ~ J I ~ B H ~ I B  B ~ I Y M c J I H T ~ J I ~ H ~ I ~ ~ :  IJeHTP. f l e p e ~ a ~ a  
OCY4eCTBJrCIeTCH IIOCpeACTBOM TpaHCJIRqHH H a  CaHTHlMeTPOBbIX 

BOJIHaX. 

F a 3 p a 6 0 T a H b 1  Lr H p y r E l e  C I I O C O ~ H  kTCIIOJIb30BaHHR 3JIeXTPOHHO- 

J I y s e B 0 5  T P Y ~ I C M  AJIII ~ J I ~ K T P O C T ~ T H Y ~ C K O ~ ~ [  I I ePaTH.  O A H ~ K O  OHH 

OTHOCCITCR X O ~ J I ~ C T H  ~ J I ~ K T ~ o @ o T o ~ ~ ~ @ B I I ,  T a X  K a X  AJIR @OPMHPOB~-  

HHR 3.XeKTPOCTaTHYeCKMX 3HBXOB 3AeCb HCIIOJIb3YH)T IIPHHIJHII OIITH- 

¶eCKOrO I I p O e q H p O R a H H R  BHAHMbIX ~ 3 0 6 p a E X ? H H ~  C 3 ICPaHa  3JIeXTPOHHO- 

JIyse~oii T P Y ~ K H  H a  6 a p a 6 a ~  C CeJleHOBblM IIOKpbITHeM HJIH H a  

6 y ~ a r y  c c a J I e ~ ~ p o @ a K c ) )  (CM. rn. X) . 

K c e p o n e s a ~ b m  H ~ ~ ~ I B ~ I O T  3 j r e ~ ~ p o c ~ a ~ r n s e c ~ a i i H  n e s a ~ ~ ~ i i  npo- 
IJeCC, I I ~ ~ A H ~ ~ H ~ ¶ ~ H H ~ I B  AJlR IIOJlyqeHMR 6onb111oro XOJIH¶eCTBa 

K o I I H ~  K ~ X O ~ O - J I H ~ O  H 3 0 6 p a i K e ~ ~ t 1 ,  AOXyMeHTa HJIH CTpaHHIJbI  

C I I J I O C K O ~  HJIB ~ H J I H H A ~ M ~ ~ c X O ~  I I ~ ¶ ~ T H O %  @OPMH [12, 150, 
151 1. 

l l e s a ~ ~ a ~  @ o p ~ a  B   TOM cnyqae n p e A c T a s n R e T  co6oH M e T a a m s e -  

CXHH JIHCT HJlH VHJIHHAP, H a  IIOBePXHOCTb KOTOPOrO HaHeCeHO ~306pa -  
HEeHHe B BHAe TOHKOrO H30JICIqHOHHOl?O IIOKPbITHR. 

f l e ~ a ~ ~ a ~  @ 0 p M a ,  IIpOXOAR IIOA KOPOHHbIM 3apHAHHKOM, IIOJIY- 

¶ a e T  ~ J I ~ K T P L I ? ~ ? C K H ~  3 a p R A .  n p H  3TOM 3apRAb1,  OCalI<AeHHbIe H a  ysa- 
CTKH E I ~ O ~ P ~ ~ ~ C ~ H H E I ,  OCTaIOTCII H a  IIOBePXHOCTH @ o P ~ \ I ~ I ,  a 3apRAb1,  

OcaiICAeHHbIe ~a y q a c T K n  MeTaJIJIa ,  c T e H a m T  B ~ ~ M J I I O .  T a x m . ~  ny'$eM 

co3jqae~ccr 3 ~ 1 e ~ ~ p o c ~ a ~ ~ s e c ~ o e  ~ 3 p 6 p a x e ~ ~ e .  H a s M H a H  c 3~01-0 

MoMeHTa,  ~ a ~ r b ~ e f m a i i :  x o ~  o n e p a q n i j r  no H ~ ~ O T O B J I ~ H H I O  OTneTiaTKa 

a H a J I O r l l 9 e H  COOTBeTCTByIOqHM 3TaIIaAl  ~ J ~ ~ I ~ T P O @ O T O ~ ~ ~ @ I I ~ ~ C K O ~ O  

npoqecca: H o p o m K o B o e  n p o m n e H t i e ,  n e p e H o c  H a  6 y ~ a r y  H @HKCH- 

p o s a H E i e  noporurca H a  6 y ~ a r e .  l l p n ~ q ~ n n a n b ~ a c ~  c x e M a  CHcTeMM, 
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B K O T O P O ~ ~ [  B K a g e c T B e  n e s a ~ ~ o i i  @OPMM H C I I O J I ~ ~ Y ~ T C I I  V n n r n H A p ,  

n p e A c T a s n e n a  H a  PHC. 68. 
AJIH H3I'OTOBJIeHHH I I ~ Y ~ T H o %  @OPMM M O X H O  H C I I O J I b 3 0 B a T b  0 6 ~ 9 -  

m e  @ o ~ o ~ e x a ~ r n s e c ~ ~ e  cnoco6b1 11521. Ha n n a c T H H y  cnasana H a H o -  

CHT CJIOG CBeTOYYBCTRHTeJIbHOrO M a T e p H a J I a .  ~ o c J I ~  C y l U K H  CJIOII IIJIB- 

C T H H y  3KCIIOHHPYIOT Y e p e 3  Hel'aTElB I I p H  I I O M O q H  ,I(YrOBbIX @0~apeG, 

P H C .  68. O C H O B H ~ I ~  IIpnHqHnbI KceponesaTn. [ F o r t u n e ,  122, Juin (i949).] 

3 a K a T b I B a I O T  TOHICHM CJIOeM K P a C K H  H I I p O H B n H I o T .  n p H  I IpOcIBJIeHHH 

IIPOHCXOAHT B b I M H B a H H e  ~ e a a ~ y 6 ~ 1 e ~ n b 1 x  YYaCTKOB K O I l H p O B a J I b H O r O  

CJIOH. IIocjre n p o a B n e H m  n J r a c T n H a  n o c b I n a e T c n  n e r I c o n n a B K m  

H 3 0 J I R 4 H O H H H M  IIOPOIIIICOM, Y a C T H 4 b I  KOTOPOrO I IpHJ IHI l a IOT  K K p a C K e .  

H ~ ~ ~ I T O K  IIOpOIUKa  YAaJ IReTCH C IKJIaCTLIHbI ( c J ( ~ B ~ ~ ? T c H ) .  O C T ~ B L U H ~ C R  

H a  ~ 3 0 6 p a ~ e ~ ~ n  IIOPOLUOK H a r p e B a e T c H  13 o n n a s n R e T c a .  E C ~ H  
B K a ' I e C T B e  KOIlHPOBaJIbHOI 'O CJIOII HCIIOJIb3yIOT M ~ O J I I I ~ H O H H ~ I ~ ~  MaTe-  

PHaJI,  TO O I I e P a Q H H  3 a K a T b I B a H H R  I C P ~ C K O %  I4 3 a I l Y A P H B a H H R  H e  T P e -  

~ Y B T C H .  Ewe 6onee IIpOCTbIM MeTOAOM C 0 3 A a H H H  ~ 3 0 6 p a x e ~ n ~  
H a  @ o p ~ e  H s n c I e T c r r  3 . n e ~ ~ p o @ o ~ o r p a + n s e c ~ ~ i 3  cnoco6. B  TOM cnyqae 
nocne npoRB.neHm n o p o m K o B o e  ~ 3 0 6 p a x < e ~ ~ e  n e p e r r o c n T c c I  Ha nna- 
c T m y  n o n n a B n s e T c c I .  

9* 



P H C. 69. 3 1 c c n e p ~ ~ e ~ ~ a n b ~ o e  Y C T P O ~ ~ C T B O  AJIII ~ c e p o i e s a ~ n .  
1 - pynoH 6 y ~ a r n ;  2 - aneKTponsxraTcnb; 3 - K O P O H H M ~ ~  B ~ P R H H E I K ;  4 - (Pop~nb~Zt 

qanalinp; 5 - ~ p a c o s ~ i b ~ l i  pcaepnyap; 6 - oTnesaTaHHan Itonarr. 

H a  PHC. 69 n o ~ a 3 a n a  CXeMa 3K~I Iep l f~eH~aJ Ib~06  MarUEIHbI AJIE 

KcepoIIesaTn, C O ~ A ~ H H O ~ ~  B 1948 r. 3 ~ a  Mamma pa60Tana co CKO- 
P O C T ~ H )  360 alaun. 

Cnoco6 a n e ~ ~ p o c ~ a ~ ~ s e c ~ o i i  nesaTH ~ e p e a  ~ p a 4 a p e ~ ~ y J . o  c e w y  
GHJI p a 3 p a 6 0 ~ a ~  Y a n ~ p e c c o ~  H ICa6enno~ [153]. IIesa~nacr 4 o p ~ a  
B  TOM cnysae npeAcTasjrReT co606 cemy ~ 1 3  n e p x a ~ e m q e i i  cTaxn, 
OTBepCTHR K O T O P O ~  B n~06eJIbHb1~ y?laCTKaX 3aKPbITb1, a B YsaCTKaX 
11306paxe~tit1 OTIEPXTM. 3 ~ a  +ophfa aaanorncIaa $op~ahf,  npnMe- 
EtIeMbIM HncI IIe¶aTaHEIE T P ~ @ ~ ~ ~ T H ~ I M  C I I O C O ~ O M  Ha EI3AeJIHEIX 
,as cTercna, H ~ O P M ~ M  TaK ~ a a b ~ s a e ~ o i i  m e n r c o ~ p a a a p e ~ ~ o i i  nesaTH. 
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. OCHOBHbIM 3JIeMeHTaM lIe¶aTHOrO ~ C T P O ~ C T B ~  CJIeAyeT OTReCTn 
cemy, Hecyrqym ~ 3 0 6 p a l r c e ~ ~ e ,  BpaqamqyIocH q e w y  Ansi HaHece- 
HHH Ha cemy nopornxi H MeTaanzlsecIcym nnacTHHy. ILT,~TK~ H naa- 
cTma pacnonaramcx no 06e C T O P O H ~ I  OT ceTKH. B npoqecce nesaTa- 
HHfI Me?KAy C ~ T K O ~  EI M ~ T ~ J I J I H ~ ~ c I c o G  I I J I ~ C T E I H O ~  IIOhleIL(aIoT JIHCT 

6ylwarn. 3 a ~ e ~  nlexny c e ~ ~ o i i  H ~ e ~ a n n ~ l r i e c ~ o i i  n a a c ~ ~ ~ o i i  c o 3 ~ a 1 o ~  
HanpcrmeHne -1500 6 .  w e ~ ~ a ,  BpaqacIcb, noAaeT Ha cemy nopornOK, 
K O T O P ~ I G  aapa l r cae~c~  H noA ~ e 6 c ~ s r n e ~  aneKTpHsecKoro nonH npo- 

I 
XOAHT ¶epe3 OTBePCTHR CeTKEI, COOTBeTCTBYIOWEie 3JIeMeHTaM ~306pa-  
meHm, EI ocamAaeTccI Ha 6 y ~ a r e .  3 a ~ e ~  nopoluoIc a a ~ p e n n ~ e ~ c n  
Ha 6 y ~ a r e  nyTeM onnasneHm. O n n c a ~ ~ b ~ G  c11oco6 ~ O ~ B O J I H ~ T  nesa- 
TaTb Ha ILIePOXOBaTLIX II ~ O @ P E I P O B ~ H H ~ I X  6yMarax H Ha IIpeHMeTaX 
H ~ I I ~ ~ B H J I ~ H o ~ %  ( P O P M ~ I  [1541. 

% 

9.2. 3JIEETPOJIE3THYECICAR 3JIEKTPOrPA@Htl 

B ocHose cnoco6a a n e ~ ~ p o n ~ l ~ ~ s e c ~ c o H  n e s a w  a e m m  npoqecc 
~ J I ~ K T P O J I H ~ ~ .  OTI I~Y~TOK nojIysaeTcR npH nponycKaHm Tom .1epe3 
09YBCTBJIeHHYH) 6 y ~ a r y .  O'XYBCTBJI~HEI~ 6yMarm IIPOH3BOAHTCH nyTeM 

-Z K ~e~epamopy 
0 UMIlyJfbCO6 

Ocmpue 

m3neKmpoa 



ii 9.2.1. XMMMR ITPOUECCA ~ ~ E K T P O J I B T B Y E C K O M  3AnMCLI 

B p a 6 o ~ e  [ I561 ~ K ~ ~ H B ~ ~ T C S X ,  ¶TO cym(ecTBym no ~ p a i i ~ e i i  Mepe 
¶eTbIpe B3aHMOCBR3aHHbIX MeXaHH3Ma, O~YCJIOBJIHB~IO~EZX BO3HHK- 

Hoseme p e a ~ q ~ t i  06pa3osas~a  Kpacmqero BeqecTsa npm ~ o s ~ e i i -  
CTBHH ~ J I ~ x T ~ H ¶ ~ c K o ~  3HePrHH H a  3JIeKTPOXHMHYeCKyK) 6 y ~ a r y :  

1) BHeApeHHe B 6 y ~ a r y  IIOCTOPOHHHX HOHOB; 

2) pa3pc1~1ca HOHOB Ha aneiwpone, HaxoAmqeMca B xoHTame 
c 6y~aroH;  

3) IIpOqeCCbI OKHCJIeHHcI XI BOCCTaHOBJIeHHR Ha IIOBePXHOCTH 3JIeK- 

TpOAa,  HaXOAII~eI'OCR B KOHTaKTe C 6y~aro i i ;  
4) ynenmseHHe K o H q e H T p a q m  OnpeAeneHnoro BHAa HOHOB 

y no-sepxHocTH aneIcTpoAa, HaxoAaqerocR B KoHTaxTe c 6y~aro i i .  
B OAHOM H TOM St? JIHCTe ~JI~KT~oJIHTH¶~cKo% 6 y ~ a r H  MOWeT 

OAHOBpeMeHHO HJIH B ~ ~ I C T P O %  IIOCJIeJ(0BaTeJIbHOCTH IIPOTeKaTb 

HecIconmo npoqeccoB c pa3~1~snb1~1.r ~ e x a ~ ~ 3 n l a a r ~ .  B C B R ~ H  c TeM 

¶TO 06pa30Ba~EIe KpBCIIqHX B e q e C T B  B GyMare HBJIReTCH B 60Jlb- 

IIIHHCTBe CJIy¶aeB pe3YJIbTaTOM I I O ~ O ~ H H X  peaKq&&, rpe6r [I561 
IIPeAIIO9HTaeT K J I ~ C C H @ H Q H P O B ~ T ~  IIPOqeCCbI ~ J I ~ K T P o J I H T H ~ ~ c K o ~  

3anHCEI R COOTBeTCTBHH C MeXaHH3MOM HHHqHHPOBaHHR O C H O B H O ~ ~  

peaIcqm. 
B KaseCTBe IIpHMepa IIpHBeAeM THIIbI ~JI~KTPoJIHTHY~cKo~ 6 y ~ a r ~ ,  

AJISX K O T O P ~ I X  XapaKTepHLI nepewcjreHnbIe sbIIue M ~ X ~ H H ~ M ~ I  peaIc- 
qmn O ~ ~ ~ ~ O B ~ H H R  Kpacmqero seqecma. 

1. Bnedpenue nocmoponnux uonoe. JJIH OKpawilBanm IIO   TO MY 
cnoco6y hlOIKH0 HCIIOJIb30BaTb 6 y ~ a r y ,  0 6 p a 6 0 ~ a ~ ~ y H )  PaCTBOPOM 

mpoKaTexHHa ( n p o ~ e x y ~ o u ~ o e  coeAHHenHe opraHmecKoro Kpacu- 
T~JIII) H XJIOPHCTbIM HaTpHeM. ~ O C T O ~ O H H H ~  HOHLI II0RBJIHH)TCH 

B p e 3 y n b ~ a ~ e  pacTBopeHHcr MaTepHana aHoAa ( x e n e a ~ o r o  O C T ~ H H ) .  

B p e 3 y n b ~ a ~ e  peaKqm xenesa c nnpoIcaTexnHoM oGpa3ye~crr YepHoe 
BHyTpHI<OMIIJIeKCHOe COeAHHeHHe XeJIe3a.  TO BeIQeCTBO o6ecne- 
YHBaeT XOpOIUyIO KOHTPaCTHOCTL AOBOJILHO BLICOICYH) ~ C T O ~ H B O C T ~  

oTnesaTIca. Eyhiara TaKoro THna 06ecnemsae~  cpeAHmm c ~ o p o c ~ b  

3aIIHCH. K HeAOCTaTKaM AaHHOrO cnocoGa OTHOCHTCR HHTeHCHBHOe 

p a 3 p y m e ~ ~ e  aHoAa, npunojyqee K sacTbIM 3 a ~ e ~ a ~  nocneAHero. 
2. P a 3 p ~ d ~ c a  uonos. CpeAH 6ynlar 3~01'0 KJIaCCa ~am60nbmym 

H3BeCTHOCTb IIOJIY9HJIa 6 y ~ a r a ,  O¶yBCTBJIeHHaII KpaXMaJIOM H HOAH- 

C T ~ I M  KantieM. IIpoqecc anemponma npoTeKaeT c 0 6 p a 3 0 s a ~ ~ e ~  

c ~ o 6 0 ~ ~ o r o  HoRa, BbIAexmoqerocR Ha aHoAe. MOA pearHpye.r c xpax- 
MaJIOM, o 6 p a s y ~  K ~ ~ x M ~ J I ~ H o - ~ ~ o ~ H ~ I ~  KOMIIJIeKC C xapaKTep~0g 
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C H ~ e ~ a ~ ~ - I I ~ ~ I I ~ ~ ~ O %  K ~ ~ C K O ~ .  OCHOBH~IC? HeAOCTaTKH 3 ~ 0 %  6 y M a r M  - 
OTCYTCTBHe CBeTOIIPOYHOCTK H HeYeTKOCTb OTIIeYaTKa.  

3. O~uc~enue  u eoccmano~~enue. I I p m n l e p o h ~  npoqecca T a K o r o  

TEIIIa RBJIHeTCR OKHCJIeHHe ~ ~ H ~ E I A M H ~  C o 6 p a 3 0 ~ a ~ ~ e ~  K p a C R I Q e r O  

B e w e C T B a .  E y ~ a r H  3 T O r 0  TMIIa O ~ M Y H O  H ~ C T ~ ~ H J I ~ H ~ I ,  T a K  K a K  MOR 

A ~ ~ C T B E ~ ~ M  BO3AyXa H CBeTa  OYyBCTBJIRIoIQHe Be lqeCTBa  OKHCJIRIOTCSI 

O ~ ~ C ~ B ~ Y E I B ~ J O T C H .  B B ~ A ~ H M ~  C T ~ ~ H J I M ~ ~ T O ~ O B  IIPHBOAHT K C H H z e -  

HHH) YYBCTBEITeJIbHOCTH. 

4. Mecmnoe u3~ctenenue rtony.enmpayuu uonoe eodopoda. Ey~a rx i  
C TaKHM hIeXaHEI3hIOM A ~ ~ C T B H R  COAeP3f(aT B Ka¶eCTBe  MCTOYHHKa K p a -  

CHTeJIR IIpOMe3f(yTO¶HbIe B e q e C T B a ,  c ~ a 6 H J I b ~ b 1 e  B H ~ ~ T ~ ~ J I ~ H ~ I X  

H IQeJIOYHbIX P a C T B O p a X ,  HO P e a F H p y I o I Q H e  B KHCJIbIX P a C T B O p a X  

H ~ a o 6 o p o ~ .  H p H  IIpOIIyCKaHHM Y e p e 3  6 y ~ a r y  TOKa IIPOHCXOAHT YBe- 

- m s e H H e  nnm y M e H b m e H m e  K o H q e H T p a q m m  MOHOB B o A o p o A a  OKOJIO 

OCTPHH. Y B ~ J I H ¶ ~ H H ~  KOHII,eHTpaqHH IIPHBORHT K 0 6 p a 3 0 ~ a ~ ~ r o  OKOJIO 

OCTPHR J I O I C ~ J I E I ~ O B ~ H H O ~  KHcJIoij[ CpeAbI  ( ~ H O R H ~ R  ~ ~ I I E I C ~ ) ,  a YMeHb- 

UIeHHe - ti 0 6 p a 3 0 ~ a H H I o  J I O I E ~ J I H ~ O B ~ H H O ~  II(eJI09~06 CPeRbI  ( K ~ T O E  

H a H  3a I IHcb) .  A m  O¶yBCTBJIeHHR 6 y ~ a r  3 m r O  T H n a  MOXHO EICIIOJIb30- 

B a T b  pa3J IHYHbIe  PaCTBOPbI [1561, H a I I p H M e p  AJIR BbICOKOCKOPOCTHO~O 

p e I I p O A y q H p O B a H H H  @ ~ K c H M H J I ~ H ~ I x  m 3 0 6 p a z e ~ ~ i i  MOmHO B3HTb 

P a C T B O p ,  B .COCTaB IEOTOPOI'O DXOAHT CJIeAyIoIQHe 3JIeMeHTbI: 1) CBeTO- 

9yBCTBHTeJIbHOe AHa30COeAHHeHEle; 2) a 3 0 C O C T a B J I H I o ~ a R ,  C I I O C O ~ H ~ R  

p e a r n p o s a T b  c ~ ~ a a o c o e ~ n ~ e ~ ~ e ~  c 0 6 p a 3 0 ~ a ~ m e ~  K p a c m q e r o  s eqe -  
CTBa; 3) H e 6 ~ p a J I b H b 1 6  3JIeKTpOJIHT H 4) KHCJlOTa HJIM IEHCJIaH COJIb, 

C J I y X a q H e  AJIR IIOA)Jep3f(aHHEI H ~ O ~ X O A ~ I M O ~ ~ [  ICOHqeHTpaqHH MOHOB 

BOAOpOAa. B y M a r H  3 T O r 0  TEIIIa CXOAHbI C )JHa30KOIIEIpOBaJlbHbIMH 
6 y ~ a r a ~ n .  3 ~ 1 e ~ ~ p o n n 3 ,  n p o ~ e ~ a m w n i j r  B xoAe ~ ~ I I H C H ,  n b 1 3 b r ~ a e ~  

OIEpaUIKBaHHe 6 y M a r H ,  YTO COOTBeTCTBYeT O I I e P a 4 H H  IIPOEIBJIeIIHR 

npn ~ t i a 3 0 ~ o n a p o ~ a ~ ~ n .  3 a 1 1 ~ c a ~ a a ~  Konnr r ,  ~ ~ K ~ ~ I I J I H ~ T C H  n y T e M  

06nyse~na  ee ~ J I ~ T ~ ~ # I H O J I ~ T O B ~ I ~ I  CBeTOM, K O T O P H ~  p a 3 p y U I a e T  aKTHB- 

H o e  AHa3OCOeflElHeHHe H a  y¶aCTICaX  OH^. O A H ~ K O  OYYBCTBJIIIIOIiJHe 

PaCTBOPbI 6yMaI'H 3 T O r 0  THIIa  ~ ~ I C T P O  IIOPTEITCH, H H ~ O ~ X O A ~ I M O  n p H -  

HEIMaTb pa3JlH¶HbIe M e p b I  IIpeAOCTOpO?XHOCTH I I p H  p a 6 o ~ e  C 6 y ~ a r o 6 .  
B I I ~ T ~ H T H o ~ ~ [  H T ~ X H H Y ~ C I E O ~  J I H T e p a T y p e  OIIHCaHbI MHOI'09HCJIeH- ' ' 

HbIe P e q e I I T b I  COCTaBOB AJIEI OYYBCTBJIeHHEI ~ J I ~ K T P o J I H T H Y ~ c K o ~  

G y n f a r m  [1561. P~CTBOPH AJIEI 0 6 p a 6 0 ~ ~ ~  6 y ~ a r ~ ,  IIOMMMO OYYBCT- 

BaRIOIQHX BeIQeCTB, MOrYT COAepTIcaTb pa3J IHYHbIe  C T ~ ~ H J I M ~ E ~ T O P ~ I  

H M O A H @ ~ I ~ ~ T O ~ ] ~ I .  Eommoe a ~ a s e ~ ~ e  n p H A a e T c a  ~ ~ H S H Y ~ C I E E I M  CBOG- 
c T B a M  6 y ~ a r n .  



~ p o ~ s J I f l I O I q e e  ( o K p a I I I H ~ a ~ o l I ( e e )  BelI(eCTB0 MOHFeT H M e T b  BHA 

cyxoro nopolurca H n H  C ~ C I I ~ H ~ H H .  
3anncb E I ~ O ~ P ~ H C ~ H E I R  IIPOH3BOAIIT 3aIIHCbIBaIOIqHMH rOJ IOBKaMH,  

COCTOHUJHhIH 133 H ~ ~ O J I ~ I I I H X  3J I eKTPOMarHHTOB.  ~ ~ I I H C M B E ~ I O ~ H &  3JIe- 

M e H T  B I I ~ o c T ~ ~ I I I ~ M  B a p H a H T e  MOHCeT I I p e A C T a B J I a T b  ~ 0 6 0 6  KyCOK 

IIPOBOJIOKH HJIH O C T p H e  H 3  MRrICOrO W e J I e 3 a ,  O ~ M O T ~ H H O ~  H3OJIHpOBaH-  

HOG M ~ A H O ~  II~oBoJIoKo&. B TOT MOMeHT, K O r A a  OCTPHe  IIOABOHHTCR 

6 ~ 1 n 3 ~ o  K I IOBePXHOCTH, H a  KOTOPOH IIPOH3BOAHTCH 3 a I I H C b ,  HMIIYJIbC 

T O K a ,  I I p ~ l l y ~ K a e ~ b ~ ~  Y e p e 3  MeAHyIO O ~ M O T I C Y ,  C O 3 n a e T  H a M a r H H y e H -  

HH& y 9 a C T O K .  T a ~ o e  O C T p H e  HJIH P R A  6 ~ 1 ~ 1 3 ~ 0  p a c n 0 n o ; K e H H L I x  OCTPHeB 

M O r Y T  6b1~b HCI IOJ Ib30BaHbI  RJIR 3 a I I H C H  MaI'HHTHLIX @ ~ K C H M M J I ~ H M X  

rn306pawe~~&.  M a r ~ m ~ n b ~ e  E I 3 0 6 p a ; K e ~ ~ R  B B H A e  ~ Y K B  M O r Y T  6 M ~ b  

3 a I I H C a H b I  C I I O M O q b I O  IIOJIIOCHMX H a K O H e ~ H H K O B  C O O T B ~ T C T B Y I O I ~ ~ ~  

4 0 ~ ~ 6 1  HJIH M a T P H q ,  COCTaBJIeHHbIX 113 OCTPHeB.  

f l p 0 H ~ J I e ~ H e  O C y q e C T B J I I I e T C R  I I y T e M  H a H e C e H H R  H a  I IOBepXHOCTb ,  

H e c y q y m  n a o 6 p a x e ~ ~ e ,  M a r H H T H o r o  n o p o m I c a  H n H  c y c n e ~ 3 ~ ~ .  Tex- 
H H K a  H a H e C e H H f I  I IPOHBHTeJ IR  3 a B H C H T  OT CKOPOCTH I I e Y a T H  E1 p e Z E 1 M a  

n e s a T H o r o  npoqecca. 
f l e p e H 0 ~  I IPOH3BOAHT PIOA A a B J I e H H e M  H a  O ~ ~ I I F H O B ~ H H Y I O  6 y M a r y 7  

H a  6 y ~ a r y ,  I IOKpbITyIO  KJIeeBbIM CJIOeM, HJIH HCIIOJIb3YII M a r H H T H O e  

n p n T R m e H n e .  AJIR 6 y M a r H  c I c n e e B b I M  c n o e M  @ m ~ c ~ p o ~ a ~ t i e  H e  

T P ~ ~ ~ ~ T C H .  B OCTaJIbHbIX C J I y ¶ a H X  YaCTHUbI I IOPOIIIKa I IOKPbIBa IOT 

T ~ ? ~ M O I I J I ~ C T H Y C ? C I ~ O &  C M O J I O ~ ,  K O T O P a R  I I P H J I H I I a e T  K 6 y ~ a r e  BO B p e M R  

H a r p e B a H m  HJIH noA , q a B n e H H e M .  

Ha PHC.  74 I I O K a 3 a H b I  CXehILI MMarHHTHOrO I I e Y a T a K ) q e r O  YCTPOG- 
C T B a  C 6 a p a 6 a ~ o M  H ~ C T ~ O ~ C T B ~  AJIR @ ~ K c H M H J I ~ H o ~  3a I IHCH.  

Anx M~I'HEITHOG I I e Y a T H  X a p a K T e p H b I  O Y e B  BbICOKHe CKOPOCTH. 

Ha OAAOH H 3  3KCI IepHl \ I eHTaJ IbHbIX  YCTaHOBOK 6b1~1a  I I O J I y Y e H a  CKO- 

P O C T b ,  P a B H a R  HeCKOJIbKHM TbICHVaM CTPOIC B 1 MUH. ABTOP na6nlona~1 
npoqecc n e v a T a H m x  6 y ~ s e ~ ~ o - q ~ 1 $ p o ~ o G  E I H ~ $ O P M ~ ~ H H  ~a 6 y h r a r e  co 
CICOpOCTbIO A 0  3 M / c ~ %  I I p H  AOBOJIbHO XOPOIUeM K a Y e C T B e  H ~ o ~ P ~ ~ I c ~ H H R .  



IX .  S J IEKTPOrPA0EI9ECKEIE  I I E 9 A T H b I E  n P 0 4 E C C b I  141 

P H C. 74. O ~ H H  H 3  BEIAOB YCTaHOBKH AJIJI M B T H H T H O ~  I I e P a T H  (a )  H YCTaHOBIEa 
AJIH I $ ~ K c H M I I J I ~ H o ~  h l a r ~ H ~ H 0 i i  a a n a c H  (6). [B e r r y, H a n n a, General Ele- 

c t r i c  Rev . ,  55 (1952).]  
1 - IIOpOIUOK OKIICH WCJICaa; 2 - HMIIyJIbCHafI 3 a n H C b ;  3 - M ~ ~ H K T H ~ I ~ ~  ( P O P M H ~ I ~  6apa- 
6ap; 4 - H a M a P H H s C H H a R  JICHTa; 5 - pa3MarHHqHBatOII tCC Y C T P O ~ ~ C T B O ;  6 - 6 y ~ a r a ;  
7 - IICpCHflC H a  6 y ~ a r y ;  8 - ~ ~ 1 6 p a ~ o p ;  9 - IIOJIOTHO, H e C y q C e  MarHHTHbIe  Y a C T U q b l ,  
IIOKpbITbIC CJIOCM CMflJIbI; 10 - B p a l I l a I O ~ l l ~ C ~  6 a p a 6 a ~ ;  11 - n p H e M H I I K ;  12 - H a p e T K a ;  
13 - 3 J I C K T p O ~ B E i r a T e J I b ;  14 - X O A O B O ~  BIIHT; 15 - 3aIIHCbIBaIOqHC OCTpHR; 1 6  - H a M a F -  

H H Y ~ H H ~ I ~ ~  JIHCT. 

IIPEITR3fEeHkiH. B M ~ ~ H E I T H O ~ ~  I I e q a T H  9aCTHIJb I  I I O p O I I I I ~ a ,  I I O I I a A a R  

B 3 0 H Y  A ~ ~ C T B B H  IIOJIR E ~ ~ O ~ P ~ ~ I E ~ H H R ,  CTaHOBHTCR MaJIeHbKHMEI M a r -  

HEITHbIMEi AEIIIOJIHMEI. OAHH KOHeIJ HEIIIOJIH I IpEITI i rEIBaeTCH IE ~306pa-  
XeHEIIO, a ) Jpy r06  OTTaJIIEEIBaeTCR. P~~YJI~THPYH)I&~ CHJIa  I IPEITRXe-  

HEIR HeBeJIHIEa,  B 9aCTHOCTEI, EI3-3a TOrO,  9 T O  MarHEITHOe  IIOJIt? ~306pa -  
3ICeRHEI B TOHIEOM CJIOe IIOBePXHOCTEI AJIR 3BIIEICEI H H K O r A a  H e  6 b 1 ~ a e ~  
O 9 e H b  CEIJIbHbIM. ~ T H M  M O X H O  O ~ ! ~ R C H E I T ~  H e K O T O p b I e  E13 T e X  TPYA- 

H O C T ~ ~ ,  KOTOpLIIe BO3HEIKaI0T I IpEI  CO3JJaHEIEI I l p a K T H Y e C K H  ILPHMeHH- 

I 
1) n p o q e c c b r  G e p p o ~ a r ~ a ~ ~ o i i  nenam B H ~ I I I ~ %  c T p a H e  n o ~ p o 6 ~ o  H c c n e R o s a -  

JIHCb, H C03AaHbI  l IPaKTH¶eCKIl  HCIIOJIb3YeMbIe MaIlIHHbI (CM. A P Y T I0 H 0 B hI. r., 
a T p y H 0 B B. r., Q e p p o r p a I $ ~ H  - M a r H H T H a H  CKOpOCTHaR I I e s a T b ,  Man-BO 

t 3 ~ e p r ~ a ) ) ,  1964).- 17pu.w pea. 

%& -2;'" 



~ ~ H H O C T ~  BCRKOrO HOBOrO I I P O Q e C C a  B K O H q e  KOHVOB O I I p e A e -  

J IReTCII  B03IIOlfEHOCTHMll er0 I IpaKTH' I eCKOrO IXCIIOJIb30BaHMR, a 3 T 0  

B CBOIO OW,PeJ(b C B H 3 a H O  C IIPOII3BOACTBOM COOTBeTCTBYIOII(HX 060- 
p y A o s a H H R  m M a T e p m a n o n .  I I p a ~ ~ m e c ~ o e  a c n o n b 3 o ~ a ~ ~ e  a n e K T p o -  

@ O T O ~ ~ ~ @ H H  Ha l I a J IOCb  C p a B H H T e J I b H O  H e A a B H O .  n e p B 0 e  Y I I p a B J I R e M O e  

B p y q H y I o  ~ceporpa@w~ecrcoe 0 6 0 p y g o s a ~ ~ e  6 ~ . n o  B M n y n q e H o  @tip- 
MOG ((ICcepo~c)) B 1950 r.; c T e x  nop p a 3 p a 6 0 ~ a ~ o  M H o r o  H O B ~ I X  

KOI IHPOBaJ IbHbIX  MaIIIHH,  KOTOPbIe  MMeJOTCR B I I p O A a X c e  M CAaIoTCR 

B a p e H A y .  ~ P M H ~ M I I  p a 6 o ~ b 1  ~ O J I ~ ~ U H H C T B ~  H 3  HMX OCHOBaH H a  I ICnOJIb-  

sosa~rnm ~ c e p o r p a @ ~ ~  H n m  K ~ K H X - ~ M ~ O  B a p n a H T o B  ~ c e p o r p a @ ~ ~ e -  
c I c o r o  npoqecca. 

3 n e ~ ~ p o @ o ~ o r p a @ ~ ~  mmpoxo n p m e H R e T c R  i j o ~ o ~ o n n p o s a -  
H m a ,  rAe o H a  6 6 1 ~ ~ ~ 0  ~ ~ H R J I ~  , q o h m H t i p y m q e e  n o n o x e H u e .  IIOMMMO 
KOIlMpOBaHMR C O p H r H H a . ~ O B  H a  6 y ~ a r e  M Z l l  MHIEPO@HJI~MOB,  3 J I eKTpO-  

@ O T O ~ P ~ @ E I R  T a K % e  H a m a a  n p M M e H e H H e  B n e v a T H o M  npoqecce 
EI p e n p o ~ y q ~ p o ~ a ~ ~ ~ ~ ,  a T a I c z e  M B p e ~ ~ r e ~ o r p a @ n a .  B H a c T o m q e e  

s p e m  p a 3 p a 6 a ~ b 1 ~ a e ~ c c r  060pygo~a~me ,  K o T o p o e  I IO~BOJIHT n p m e -  
HEITL ~ J I ~ K T ~ O I # O T O ~ ~ ~ $ M H )  AJIR I I o n y Y e H m R  @ ~ I E C E I R I I I J I ~ H ~ I X  mao6pa- 
w e ~ n B ,  X p a H e H l l R  H I lOCJI t? , l JyH)~eI 'O BOCCTaHOBJIeHMR ~ 1 3 1 c p 0 ~ 3 0 6 p a -  

X ~ H H ~ ,  AJIR 0 6 p a 6 0 ~ K ~ i  II O T O ~ P ~ S ~ H H ~ I  AaHHbIX,  a T a K l H e  H B P R A e  

A P Y r M X  CIIeIJMaJILHbIX I IPHJIOX~HH~. 
B T e s e H n e  i m o r E I x  J I e T  pa3pa60~rca 3ne~~po@o~orpa@~. iecKrnx 

n p o q e c c o B  n p o B o A m n a c b  B OCHOBHOII B CLLIA. He Y A n B m e n b H o  

IIO3TOMY, 9 T O  M IIPOMbIII I j IeHHOe I ICI IOJ Ib30BaHHe  3TMX I I p O q e C C O B  

B CmA 3 H a q M T e J I b H O  OIIepeAMJIO A p y r H e  CTPaHbI .  O A H ~ I C O  B IIOCJIeA- 

H I I e  I'OALI M H T e p e C  K ~ J I ~ ? K T P o @ o T o ~ P ~ @ E ~ E I  I IPORBJIReTCII  H BO M H O r H X  

R p Y r l l X  C T p a H a X  El YaCTRX C B e T a .  0 6  3TOM FOBOPMT o 6 5 e ~  O I I ~ ~ J I H K O -  

B ~ H H O ~  IIO A a H H O M y  B O I I p O C y  T ~ X H H ~ ~ C K O ~  J I M T e p a T y p b I ,  o c o 6 e ~ ~ o  
B RIIOHHH M CCCP [166]. H M ~ I O T C H  CBHAeTeJ IbCTBa  TOrO,  ' I T 0  BOIIPO- 

C a M H  ~ J I ~ K T ~ o @ o T o ~ ~ ~ @ M H  a K T H B H 0  3aHHMaIOTCR B AH~JIHH H B H e -  

C K O J I ~ K M X  aanaiq~oeeponeHc~~x c T p a H a x .  
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I I e p ~ o e  K o M M e p Y e c I c o e  a n e ~ c ~ p o @ o ~ o r p a @ ~ u e c ~ o e  I c o n n p o s a n b H o e  

0 6 0 p y ~ O ~ a H 1 1 e  661~10 C K O H C T P y l l P O B a H O  C I I p H h I e H e H H e M  bIHOrO- 

K p a T H O  HCIIOJIb3YeMbIX I IJ IaCTHH k13 ~ M O ~ ~ H O ~ O  C e J I e H a  126 1.  TO 
0 6 0 p y ~ O ~ a ~ H e  COCTOMT B OCHOBHOM 113 T p e X  ~ C T ~ O ~ ~ C T B :  1) Y C T P O ~ -  

CTBa  AJIR 3 a P R A K H  M IIPOIIBJIeHHR, 2) @ O T O P ~ I I P O ~ Y K ~ H O H H O %  K a M e P b I  

M 3) y c ~ p o i i c ~ ~ a  A n R  T e p M H s e c K o r o  ~ ~ K ~ ~ I I J I ~ H E I R  (CM. GOTO 3). 
C ~ J I ~ H O B ~ R  I l J I aCTHHa  BMOHTHPOBaHa  B K a C C e T y  C ~ b 1 ~ ~ 1 1 r a e ~ 0 6  

H e n p o 3 p a s H o i i  m T o p K o i i .  M H o r k 1 e  O n e p a q H H  H a  3TOM O~OPYJJOBE~HEIH 

@ o T o 3. Cepaii~oe HeanTosiaTasecxoe xceporpa@asecxoe 0 6 0 p y ~ o ~ a ~ ~ e .  
Cnesa H a I I p a B O :  ~ c T ~ O ~ ~ C T B ~  AJIR 3aHpen.?eHEIR, 3 B p R H K H ,  HOHTaHTHOPO 3HCIIOHEIPOBaHHR, 

n p o m a e H m  EI nepeaoca; p e n p o n y H q m o n n a r r  K a n r e p a .  

B ~ n o J m x I o T c R  B P Y ~ H Y I O .  C ~ a s a n a  K a c c e T y  c y g a n e ~ ~ o i i  rrr~opxoB 
I I O M e W a I o T  B 3 a p R H H O e  ~ C T ~ O $ C T B O .  B I C J I I ~ Y ~ I ~ T  KOPOHH~I% P a 3 P I I n -  

HHH,  K O T O P ~ I ~ ~  I I e p e h I e I I ~ a e T C H  H a A  I I J I ~ c T H H o ~  B I IPRMOM k1 O ~ P ; \ T H O M  

H a n p a s x e H m n .  nocne a a p a f i ~ ~  B p H r a I o T  I I I T O P K ~  M n o M e q a I o T  K ~ C -  

C e T y  B K a M e P Y .  3 a T e ~  B K a h I e p y  BBOART H p e ~ ~ a 3 H a ~ e H H b I i j [  AJIII KOIIH- 

P O B a H H R  AOKYMeHT, YAaJIRH)T ILITOPKY H IIPOk13BOART 3KCIIOHHPOBa-  

m e ,  y n p a s n r r e M o e  pene B p e M e H n .  IIocne a ~ o r o  B A B m r a I o T  ILITOPICY 

M I IJ IaCTHHY I I O M e q a I O T  J I H ~ ~ B O ~  C T O P O H O ~ ~  B H H 3  B CBeTOHeIIPOHM- 

4 a e M y I o  K I o B e T y  AJIE I IpORBJIeHEiII .    TOP ICY OI IRTb  YAaJII I IoT,  a K I o B e T y  

RJIR I IpORBJIeHMR HeCKOJIbKO pa3 I I O H a ¶ H B a I o T  RJIR TOrO,  ~ T O G ~ I  
n p o ~ s n ~ I o q ~ H  c o c T a B ,  H a c I c a A m p y a ,  n o n a A a J r  H a  B c e  y s a c T K H  



I IOBepXHOCTH nJ I aCTHHbI .  Ann I I e p e H O C a  I IpORBJIeHHOrO ~ 3 0 6 p a w e ~ ~ ~  "" 

H a  GPary JIHCT 6 y M a r H  KJIaAYT H a  I IOBePXHOCTb  IIJIaCTMHbI H IIOBTOPHO 

~ C T ~ H ~ B J I H B ~ I ~ T  K a C C e T y  B 3 a P H A H O e  Y C T P O ~ ~ C T B O .  ~ o c J I ~  I I e p e H O C a  

6 y ~ a r y  OTAeJIHIoT OT I IJ IaCTHHbI  El. I IOMeI&UOT B Y C T P O ~ ~ C T U O  AJIH 

3 a x p e m I e H H H .  r b3pe~  IIOBTOpHbIM HCI IOJ Ib30BaHHeM C I IJ IaCTHHbI  YAa- 
J IRmT OCTaTKH IIpORBHTt?JIX, I I p O T H p 8 H  ee ~ a ~ o f i .  

Fonbmoe smcjro B b I n o a m e M M x  B P ~ V H ~ I O  onepaqnfi A e J I a e T  ~ a ~ o i i  
n p O q e C C  AOBOJIbHO MeAJIeHHbIM. A J I R  H3rOTOBJIeHHR 0 ~ ~ 0 2  KOIIHH 

n p E i  TaKOM I I p O q e C C e  ~ p e 6 y e T c R  OKOJIO 2 .MUM. OflHaIC0 3 T 0  O ~ O P Y A O -  

B a H H e  O W H b  ~ ~ 0 6 ~ 0  AJIR H3rOTOBJIeHIIR O @ C ~ T H ~ I X  @OPM, C J I Y Z a W H X  

AJIR p a 3 M H O X e H H H  AOKYMeHTOB. ~ P O R B J I ~ H H O ~  ~ 3 0 6 p a l r c e ~ ~ e  IIepe- 
HOCRT HeIIOCPeACTBeHHO C I C C ~ P O ~ P ~ @ H V ~ C K O ~ ~  IIJIaCTHHLI H a  o$~c~T-  
HYH) 6 y ~ a w ~ y m  IIJIaCTHHY. IIocne a a ~ p e n ~ ~ e ~ r n ~  o n n a m e H r n e M  6 y ~ a m -  
HYH) @OPMY YCTaHaBJ IHBaIoT  H a  q H J I H H A P  M H O ~ H T ~ J I ~ H O ~  O @ C ~ T H O ~ ~  

MaIDHHbI .  T ~ I E H M  C I I O C O ~ O M  38 KOpOTKOe  B p e M t I  MOHEHO IIOJIYVllTb 

COTHH EI A a x e  T ~ I C R Y H  OTTMCKOB I C o n m p y e M o r o  A o K y M e H T a .  T a ~ o e  
o 6 o p y ~ ( o ~ a ~ ~ i e  I I I H ~ O K O  H C I I O J I ~ ~ ~ ~ T C I I  y x e  B T e s e H H e  H e I c o T o p o r o  

BpeMeHEI .  H 0 3 ~ H e e  @ M p M a  ( ( ~ c ~ ~ o K c ) )  Bb I I IyCTHJIa  C I I e q M a J I b H o e  060- 
P y A O B a H H e  IIOA H a 3 B a H H e M  ( ( J I H T M ~ c T ~ ~ ) )  H @ O T O ~ ~ I I P O ~ ~ Y K ~ H O H H ~ I ~ ~  

a n n a p a T  g n R  y B e n m s e H H x  M y M e H b m e H m t I  I I ~ O ~ ~ ~ I K ~ H E I R .  

ICaxnaa T a I c a a  opepaqmn, IcaK  a a p q ~ a ,  a I c c n o H M p o n a H H e ,  

n p o R s n e H n e ,  n e p e H o c  H a a ~ p e ~ ~ j ~ e ~ ~ e ,  ~ p e 6 y e ~  B c e r o  H e w o m m i x  

C e K y H n .  ~ O ~ T O M Y  IIOCJIe a B T O M a T H 3 a q H H  3 T H X  0 I I e p a q H g  H HX BbIIIOJI- 

H e m i s  B OAHOM H TOM x e  y c ~ p o f c ~ ~ e  3 ~ e 1 c ~ p o @ o ~ o r p a @ m e c 1 ~ o e  H o n n -  

p o s a H H e  n p e s p a T m o c b  B G ~ I C T P L I ~ ~  npoqecc. 

10.2. KOHTOPCKLlE KOIIlIPOBAJIbHbIE YCTPOBCTBA 
BE3 B3MEHEHHB MACIIITABA 

10.2.1. KOIIIIPOBAJIbHOE YCTPOWCTUO ((KCEPOKC 914)) 

K o I I H ~ o B ~ J I ~ H o ~  Y C T ~ O ~ ~ C T B O  ( ( K c e p o ~ c  914)) I I p e A C T a B J I R e T  co6ofi 
MaI I IHHY (CM. @OTO 4 )  p a 3 M e p O M  C I I H c ~ M ~ H H ~ I ~ ~  CTOJI, B KOTOPOG aBTO- 

M a T H 3 H P O B a H b I  BCe  O I I e p a q H H ,  KpOiLle YCTaHOBICH AOKYMeHTa  HJIH 

npyroro ~ ~ p e ~ ~ a a ~ a v e ~ ~ o r o  nna K o n m p o s a H m H  o p H r m H a J I a .  C B ~ T O -  
qYBCTBHTeJIbHbIM M a T e p H a J I O M  RBJIReTCR Gapa6a~  C CeJIeHOBbIM 

I IOKpbITHeM.  Y C T ~ O ~ ~ C T B ~  AJIR 3 a P R A K H ,  3ICCIIOHHPOBaHHR,  I IpOHBJIe-  

H H R ,  I I e p e H O C a  H OVHCTKEI P a C I I O J I O X e H b I  COOTBeTCTBYH)l4HhI 0 6 p a 3 0 ~  
B O K P Y r  6apa6a~a ,  H B C e  3 T H  O I I e p a q H H  IIOCJIeAOBaTeJIbHO BbIIIOJI- 

HHIoTCH IIO M e p e  er0 B p a w e H H R .  ~ P O I I B J I E I I ~ ~ E I ~ ~  COCTaB I I p e A C T a B J I H e T  

co6oii CMeCb HOCHTeJIR H I lPORBHTeJ IR ,  K O T O p a R  K a C K a A H P Y e T  

DO IIOBePXHOCTH 6 a p a 6 a ~ a  H 3 a T e M  c o 6 n p a e ~ c ~  H CHOBa H a I I p a B J I R e T C c I  

B DPOHBOVHOt? Y C T P O ~ ~ C T B O .  ~ H C T ~ I  6 y ~ a r m  I IOCTyI I a IoT  H 3  6 y M a r o -  

nogamqero yc~pof ic~sa  B ~ C T P O I ~ T B O  n e p e H o c a  H 3 0 6 p a l r c e ~ H H  



H 3 a ~ e ~  IIPOXOAIIT ~ e p e a  Y C T P O ~ ~ C T B O  AJIX s a ~ p e n n e ~ ~ n  E B m o A x T c a  

Ha n p r n e h l ~ b 1 6  JIOTOK (CM. PHC. 75). 
Ha MaUIHHe MOWHO KOIIHPOBaTb KHHWHbTe H XfEYPHaJIbHbIe CTpa-  

H H U ~ I ,  K a K  H AOKYMeHThI B BHAe OTJJeJIbHbIX JIHCTOB. OT G y ~ a r H ,  

H a  K O T O P O ~ ~  IIOJIY¶aH)T KOIIHH), H e  T ~ ~ ~ Y ~ T C R  HHRaKEIX CIIeQllaJIbHblX- 

C B O ~ ~ C T B .  ~ O I I H H  MOrYT 6 b 1 ~ b  nOJIY%?HbI H a  06619~0fi 6yniare H J I n  

K a n b K e  HJIH ~ Y M ~ H E H O ~ ~  O @ C ~ T H O ~ ~  IIJIBCTHHC?. MOHEHO IIPEIMeHXTb 

6 y ~ a r y  pasnrepo~ OT 200 X 140 m x  no 250 X 390 mx. M ~ R c H M ~ J I ~ -  

H ~ I G  p a a ~ e p  K o n m  230 x 355 inin. B p e m  K o n u p o B a H H x  nocne 
HeIIpOAOJIHEEITeJIbHOrO I I e p H O A a  I I p O r p e B a H H X  ~ C T ~ O ~ ~ C T B ~  p a B H 0  



1 - nepmaTenb opmraHana; 2 - KHmra B J I ~  ,qoHyMeI%T; 3 - pa3~ep~bl~am1qee y c ~ p o k  
CTBO; 4 - 06'beHTm~; 5 - HHOfIKR BKJIIOYelIHR IIeqaTaIolJIeI'O YCTpoftCTBa; 6 - LUKana 
neqa~am~qero YCTPO~~CTBB; 7 - JIOTOH; 8 - S ~ ~ R ~ H B K ;  9 - ~ g e ~ ~ a  H o9mIqaK)lqee yc~pofi-  
CTBO; 10 - cncTeMa npoBonKH 6yMarm; 11 - Y C T P O ~ ~ C T B O  nnn s a ~ p e n n e ~ m ~ ;  12 - me- 
porpa@nrecnni 6 a p a 6 a ~ ;  13 - Y C T P O ~ C T B O  ~ J I R  3 n e ~ ~ p o c ~ a ~ m ' l e c ~ o r o  nepeaoca; 14  - 

6 y ~ a r a ;  15 - nponBosHoe YCTPOBCTBO; 16 - 3ep~ana.  

B C e X  q B e T O B ,  BKJIIoqaR K p a C H L I e  H CHHHe,  MOI'YT 6 b 1 ~ b  CKOIIHPOBaHbI 

H BOCIlPOH3BeAeHbI K a K  ~ ~ P H O - 6 e ~ 1 0 e  ~ 3 0 6 p a x e ~ ~ e .  

M a ~ u n H a  ( ( ~ c ~ ~ o K c  914)) H e  BOCIIPOH3BOAHT 60JIblLIHe CHJIOIIIHbIe 

Y¶aCTKH (IIJIaIIIKH) H TOHOBbIe ~ 3 0 6 p a x e ~ ~ ~ .  O A H ~ K O  eCJIH M e X n Y  

KOIIHpyeMbIM OPHrHHaJIOM H p a 3 B e p T L I B a I o ~ H M  CTeKJIOM IIOMeCTHTb 

p a c T p  H a  npoapasaoii n J I e H K e ,  TO MOIHHO O ~ ~ C I I ~ P H T ~  xopomee soc- 
n p o m a ~ e ~ e ~ ~ e  IIOJIYTOHOB H n n a m e K .  



 TO T a K X e  aBTOMaTHseCKaR KOIIEIPOBaJIbHaEI MalIIHHa p a 3 M e p O M  

C I I H C ~ M ~ H H ~ I ~  CTOJI (@OTO 5). C B ~ T O ~ Y B C T B E I T ~ J I ~ H H M  MaTePHaJIOM 

EIBJIReTCH G y ~ a r a ,  JIOKpbITaR CJIOeM @ O T O I I ~ O B O A R ~ ~ ~  OKEICH QEIHKil, 

A M C I I ~ ~ I ' H ~ O B ~ H H O ~  B CBEI3YH)IQeM H a  OCHOBe CMOJIbl. A J I R  I I P O I I B J I e  

HHR H ~ O ~ ~ ~ H E ~ H H I I ,  KOTOPOe C03paeTCII  HeIIOCpepCTBeHHO H a  Gy~are ,  

LlCIIOJIb3OBaHa M a r H H T H a H  l q e T K a .  ~ P H H ~ H I I  A ~ ~ ~ C T B B ~ I  MaILIHHbI B OCHOB- 

HOM ~ ~ ~ H P Y ~ T C R  H a  I IpOqeCCe  ( ( ~ J I ~ K T ~ O @ ~ K C ) ) .  

Hna n o n y s e H H R  I c o n H n  opcrrman B c T a B n a e T c a  n ~ y e ~ o i j r  c ~ o p o ~ o i i  
BHE13 B T y  g a C T b  MaIIIEIHbI, KOTOPaR H a  @oToI'P~@HH PaCI IOJIOXeHa  

C n p a B a .  B p e 3 y J I b T a T e  3 T O r 0  aBTOMaTElYeCKEI HaqHHaeTCEI KOJIEIPO- 

B a J l b ~ b I f i  I IpOqeCC. JIHCT ~ J I ~ K T P O @ O T O ~ ~ ~ @ H Y ~ C K O ~ ~  6ynaar~ aBT0-  

MaTmsecIc t i  n p o B o A n T c R  sepes Y C T P O ~ ~ C T B O  B ~ P I I A K H  H 3 a ~ e ~  IIPOXOAHT 

sepe3 3 0 H Y  3KCIIOHHPOBaHEIR. B TO Xe CaMOe BPeMH CHHXPOHHO 

C ~ J I ~ K T ~ o @ o T o ~ ~ M ~ ~ o ~  ABHXeTCII  OpHrEIHaJI ,  T a K  ¶TO CBeT, O T p a X e H -  

~ ~ i i  OT o p H r H H a n a ,  @ o ~ y c n p y e ~ c a  H a  n o s e p x H o c T H  6 y ~ a r ~ .  3 a ~ e ~  
6 y ~ a r a  npoxoRm sepes y c ~ p o i i c ~ s a  pna n p o a s j r e H m  H a a ~ p e n n e ~ ~ s  

BbIXOAHT H a  I I p H e ~ ~ b l 6  JIOTOK C J I ~ B o G  CTOPOHbI MaIIIEIHbI. O P H ~ H H ~ J I  
~ o s ~ p a q a e ~ c c ~  B ~ p y r o i i  n p m e ~ ~ b ~ i i  JIOTOK, ~ ~ C I I O J I O ~ ~ C ~ H H H ~ ~  B nepen- 
~ e i i  sacm MamHHbI .  Ha  TOM ~ H K J I  onepaqnii a a ~ e p m a e ~ c a  ( p ~ c .  76). 

to* 



M a m H ~ a  UKOIIHTPOH 2000)) CKOHCTPYHPOBaHa AJIH KOIIHPOBaHHH 
OpHI'FiHaJIOB B BHAe  OTAeJIbHJdX JIHCTOB, XOTH MOWHO KOIIEIPOBaTb 
H OPHrHHaJI B BHAe  6 p o m m p b 1 - p a c ~ ~ 1 a ~ ~ 1 3 .  K O U H ~ O B ~ H E I ~  KHHr 13 XYP- 

, EaJIOB H e  IIpeAyCMOTpeHO. M a K c l l ~ a J I b ~ b ~ i i r  @ O ~ M ~ T  OpEII'EiHaJIa 

280 X 430 W. MEUIIHH~ UO3BOJIcIeT KOIIEipOBaTb IIJIamKH, p a C T p 0 -  
3He ~ l a o 6 p a ~ e ~ n c r  13 nao6pawe~ncr BCeX qBeTOB, ¶TO 0 6 ~ 9 ~ 0  BbI3hI- 

B a e T  TPYAHOCTEI. CKOPOCT~ ICOIIHPOBaHHEI AOBOJIbHO BbICOKa. A ~ E I  



B 3TOM KOIIHPOBaJIbHOM Y C T P O ~ ~ C T B ~  HaCTOJIbHOrO T H l l a  HCIIOJIb30- 

B a H  3 n e ~ ~ p o @ o ~ o r p a + ~ s e c ~ n i i  npoqecc c c a n e ~ ~ p o + a ~ o  (CM. +OTO 6). 
M c n o n b s y e ~ a c r  a ~ e c b  6 y ~ a r a  c o c T o m T  n3 6 y ~ a m ~ o i i  OCHOBH, H a  KOTO- 

P y H ,  H a H e C e H a  OKHCb q H H K a ,  AHCIIePrHPOBaHHaR B CMOJIRHOM CBR- 

3 y I o q e M .  E y b l a r a  HMeeT DOYTH I IaHXpOMaTH¶dCKyIo  9YBCTBHTeJIb- 

HOCTb, ¶TO IIOBBOJIReT KOIIHPOBaTb OpHI'HHaJIhI C qBeTHbIMH ~ s o 6 p a -  
S e H H R M M  H BOCJlPOH3BOAHTb HX B ~ ~ ~ H O - ~ ~ J I O M  BHAe. 

C x e M a  y c ~ p o i i c ~ ~ a  3 ~ 0 i i  hiaIIlHHb1 11o~a3a~a H a  PHC. 77. 3 n e ~ ~ p o -  
4 0 ~ 0 6 y ~ a r a  H O p H r H H a J I  BHOARTCR OAHOBpeMeHHO B ABe OTpeJ IbHhIe  

weam, p a c n o n o x e H H b I e  H a  naqe~o i i  c T o p o H e .  E y M a r a  IIPOXOAHT sepes 
~ C T P O ~ C T B O  3 a P R A K H  KOPOHHOrO T H l l a  H 3 a T e M  H a B e p X  ¶epe3 3 0 H Y  

aKCIIOHHpOBaHHR. B TO 3Ke CaMOe B p e M R  O p H r H H a J I  IIOAaeTCH BHH8, 

rAe CBeT, O T ~ ~ W ~ H H ~ I %  OT eTO nOBePXHOCTH, @OKYCEIPY~TCII H a  IIOBePX- 

HocTm s n e ~ ~ p o @ o ~ o 6 y ~ a r ~ .  3 a ~ e ~  K o n n p o s a n b H a a  6 y ~ a r a  n p o x o p ~ ~  
sepea n p o R B o s H o e  o T A e n e H n e  c M ~ T H H T H O ~ ~  j [ e ~ ~ o i i  H H a I c o H e q  sepea 
s a ~ p e n n ~ ~ o ~ q e e  Y C T P O ~ ~ C T B O  c H H + ~ ~ K ~ ~ C H H M  H a r p e s a T e n e M .  I'OTO- 
~ b 1 6  OTne¶ElTOK BbIBOAHTCR H a  JIOTOK B B ~ P X H ~ ~  YaCTH MaHIHHbI. 

1 7 p ~  p a 6 o ~ e  H a  ( ( 3 n e ~ ~ p o c ~ a ~ e s  AncI n o n y Y e m R  nep~o i i  K o n H a  

~ p e 6 y e ~ c R  20 C e K ,  a I I O C J I e A y I o ~ H e  OTneYaTKH H3rOTaBJIHBalOT CO CKO- 

POCTbH) 6 K O ~ U R / & U H .  P ~ C T P  H IIJIaI[lKH MOrYT BOCIIPOH3BOAHTbCFI 

6e3 K ~ K O ~ ~ - J I M ~ O  p e r y n H p o B K H  MaIllHHhI. KOIIHH MOrYT 6 b I ~ b  HCIIOJIL- 

i 
3 0 B a H h I  B KaYeCTBe O+C~THHX @OPM. B b I n y c ~ a e ~ c R  ~JI€!KTPO+OTO- 

6 y ~ a r a  BCeX CTaHAaPTHHX @ O P M ~ T O B  BIIJIOTb A 0  p a 3 X e p a  280 X 



P H C. 77. C x e ~ a  yc~pof i c~sa  t311exo ~ J I ~ K T ~ O C T ~ T ) ) .  [S u g a r m a n, J .  Pho- 
tog. Sci., 10, 208 (1962).] 

1 - opnraaan; 2 - ane~~porPo~o6y~ara;  3 - Y C T P O ~ ~ C T B O  8 a p ~ n ~ 1 1 ;  4 - YCTPOBCTBO 
anR 8aKpenneHaR; 5 - K0IIHJ-I; 6 - npomosnoe YCTPOBCTBO; 7 - OnTmecKaR cacTera; 

8 - oparnaan. 



 TO KOIIHPOBaJIbHOe YCTPO%CTBO HaCTOJlbHOrO THIIa  (CM. @OTO 7) 
RBJIIIeTCR IIepBbIM C ~ P H G H H M  ~ J I ~ K T ~ O @ O T O ~ ~ ~ @ E I ¶ ~ C I E E I M  KOnHpO- 

BaJIbHbIM YCTPO%CTBOM, B KOTOPOM EICIIOJIb3YeTCII 3 f ~ H g K H j i  IIPOIIBEI- 

TeJ Ib .  C B ~ T O V ~ B C T B H T ~ J I ~ H ~ ~  M a T e p H a J I  I IpegCTaBJIHeT co6oii 6 y ~ a r y ,  
H a  ~ o ~ o p y m  H a H e c e H  CZO% c~113ym1qero c O K H C ~  qnma.  

O I I e p a q H E I  KOIIHpOBaHHII 0CYqeCTBJIlfH)TCII aBTOMaTH¶eCKH, IIPH- 

s e M  npoqecc H a s n H a e T c n  nocne TOrO, rcaK ~ o n m p y e ~ ~ i i  o p H r H H a n  

BCTaBJlReTCR B QeJIb, PaCIIOJIOHFeHHYIO B IIepeg~e% saCTEI MamHHbI .  

I I p e g s a p ~ ~ e n b ~ o r o  D p o r p e B a H m  n p ~ 6 0 p a  H e  ~ p e 6 y e ~ c ~ .  3nex~po- 
@ 0 ~ 0 6 y M a r a  aBTOMaTHYeCKH IIOAaeTCII H 3  X p a H H J I H Q a ,  PaCIIOJIOHEeH- 

aoro B ~ e p x ~ e i i  sacmi MamHHbI .  E y ~ a r a  IIPOXOAHT c H a s a n a  sepes 

P a C. 78. C X ~ ? M ~  3JIeKTpOCTaTEl¶eCKOrO KOIlHPOBaJIbHOI'O Y C T P O ~ C T B ~  uSCMD, 
MOAeJIb 33. 

1 - B ~ I B O H  K O ~ U H ;  2 - B ~ I B O H  opvrrnaana; 3 - BBOH oparaaana; 4 - M C T O ~ H H K  CBeTB;  
5 - YCTPOPCTBO Enrr ~ B T O M ~ T X ' I ~ C K O ~  I IOnauI l  6 y ~ a r H  ( ~ a  250 JIIICTOB); 6 - IIPOeKUHOH- 
H a H  CXCTeMa; 7 - 3 a p R n H O e  ~ C T P O ~ C T B O ;  8 - 3 0 H a  aHCnOHIIPOBaHUII;  9 - n P O K B O ¶ H O e  

Y C T P O ~ C T B O .  

3aPRAHYIO 3 0 H Y  H 3 a T e M  ¶epe3 3 0 H Y  3KCIIOHHPOBaHHR, I'ge CKOPOCTb 

1 IIpOXO?KfieHHa 6 y ~ a r m  CHHXpOHH3HpOBaHa  CO CKOpOCTbIO I IPOX03fCge  
I HHH opnraaana. 3 a ~ e ~  6 y ~ a r a  n p o n y c ~ a e ~ c a  sepea x ~ g ~ ~ i i  IIPOIIBH- 

I T e J I b  (THIIa  ((MEIKPOCT~TEIIE A H C I ~ ~ P C ~ H T ) ) ) ,  I'Ae H a  3JIeKTpOCTaTH¶e- 

c K o e  n s o 6 p a x e ~ ~ e  o c a x g a m T c R  C ~ M O ~ ~ K ~ ~ I I J I H ~ I I & H ~ C I I  MHKPOCKO- 
n m e c K m e  s a c T H q b 1 .  I 'OTOB~I~  OTTHCK n p o x o A n T  3 a ~ e ~  sepea H a r p e T y m  

I 
K a M e p y  AJIH yCKOPeHElR HCIIapeHEItI O C T ~ B J ~ I ~ ~ C I I  H a  HeM gH3JIeKTPH- 

s e c ~ o i i  X H ~ K O C T H  H B ~ I X O ~ H T  1x3 oms B nepeg~eii  s a c m  M a m H H b I  



I 10.2.5. A P Y r k I E  K O l I k I P O B A J I b H b I E  YCTPOMCTBA, PABOTAIOQHE 
B E 3  M3MEHEHHII M A C I U T A E A  

Y C O B ~ ~ I I I ~ H C T B O B ~ H H ~  C ~ P H ~ ~ H ~ I X  KOHTOPCKHX MHOWMTeJIbHbIX 

Y C T P O J ~ T B  IIPOHCXOAHT CTOJIb ~ H C T P O ,  ¶TO 0 6 3 0 ~  O ~ O P Y A O B ~ H H R ,  

HCI IOJ Ib3yeMOrO B 3 ~ 0 %  OTPaCJIEI IIPOMbILUJIeHHOCTH, J I e r K O  M O X e T  

Y C T a p e T b  P a H b I I I e ,  ¶ e M  OH 6 y ~ e ~  O I I ~ ~ ~ L I K O B ~ H .  CO B p e M e H H  nonro- 
TOBKEI I IpHBeAeHHOI 'O BbIIIIe o63opa 661~1 B b I U y U e H  p H A  HOBbIX 3 n e K -  

T P O @ O T O ~ P ~ @ E I Y ~ C K H X  KOIIMPOBaJIbHbIX YCTPO%CTB. B TOM g H C J I e  

0 HOBbIX M a m E I H a X  B 3 ~ 0 f i  o6nac~n  O ~ ~ H B H J I H  @ L I P M ~ I  ((A~HHHCOH 
M ~ H ~ H ) @ ~ I C ¶ Y P E I H ~ ) )  H U C ~ B H H  6 ~ 1 3 ~ e c  M3IIlEIH3)). 0 p a 3 p a 6 a ~ b 1 ~ a e M b I x  

a n e ~ ~ p o @ o ~ o r p a @ ~ s e c m i x  M a r u m a x  C O O ~ I ~ H J I H  EI apyrme @ H ~ M ~ I .  

H e K o ~ o p b I e  H 3  I I O C T I B Q H K O B  MBIIILIH, YIIOMHHYTbIX B AaHHOM o63ope, 
T a K X e  I IpOAeMOHCTpLIpOBaJIH HOBbIe  MOAeJIH O ~ O P Y A O B ~ H L I R  HaCTOJlb-  

H O r O  THI Ia .  H OTIXM HOBbIM MaI I IHHaM OTHOCHTCH: (()I,aiin-a-~oII~)) 
@MpMbI ( ( A M ~ P E I K ~ H  @OTOKOIIEI 3KBHIIMeHT)),  ( ( ~ J I ~ K T P O C T ~ T H K  44)) 
@ L I P M ~ I  ((SCM)) H ((KC~POKC 813)) @ E Z P M ~ I  ((Kcepo~c)). 

I 'Iep~oe 3 n e ~ ~ p o + o ~ o r p a @ ~ s e c ~ o e  a B T o M a m n e c K o e  ~ C T P O H C T B O  
H e n p e p b I B H o r o  K o n n p o s a H n x  6b1no n p e g ~ a 3 ~ a s e ~ o  A n c I  nesam c 
M L I K ~ O + H J I ~ M O B .  B 1953 r. @ m p ~ a  ( ( H c e p o K c ) )  pa3pa6o~ana no a a ~ a a y  
B O ~ H H O - M O ~ C K O ~ O  @ J I o T ~  CLUA K ~ e p ~ r p a @ L I ¶ e ~ K y I o  M a I I I H H y  AJIfi  

IIOJIY¶t?HHH yBeJ ILIqeHHbIX OTl l eYaTKOB C MHKPO@EIJI~MOB. C Tf3X I I O P  

3 T a  @EIpMa BbI I IyCTElna  CepLIIo  M O A ~ J I ~ ~  aBT0MaTEl seCKMX KOI IHPOBaJ Ib -  

HbIX MBIIILIH, H3BeCTHbIX IlOA Ha3BaHEIeM ((HoIIH@JIo)). Anrr BbIIIOJIHe- 

H H H  6onbmoro o 6 n e ~ a  pa6o.r C 0 3 A a H b I  C I I e q M a J I b H b I e  MaIIIHHbI  6 0 ~ b -  
m0fi IIPOEi3BOAHTeJIbHOCTH. 

M a m ~ ~ a  (~KoIIH@JIo)), MOAeJIb  1, BOCIIPOLI3BOAEIT OTAeJ IbHbIe  I I03H-  

THBHble  KOIIIXLI C PYJ IOHHOrO M E I K P O @ H J I ~ M ~  I I I H P H H O ~  35 HJIH  16 XX 
C I I H T H a A q a T b I o  pa3JI.H¶HbIMM CTYIIeHHMH yBeJIEIYf?HHH B I IpeAeJ IaX  

OT 7 no 24. npe~enbuaa  l n l a p m a  r o ~ o ~ o i i  K o n m  280 AX. Hceporpa- 
@ n s e c ~ ~ i i  npoqecc, ~ c n o n b a o ~ a a ~ ~ f i  B 3 ~ 0 i i  M a m m e ,  n o ~ o 6 e ~  npo- 
q e C C y ,  I IpLIMeHeHHOMy B M a D I H H e  ( ~ K c ~ ~ o K c  914)), H OTJ IHTaeTCn  

OT H e r 0  TOjIbKO TeM, ¶TO 3 A e C b  HCIIOJIb3YeTCR P Y J I O H H a H  Gy~ara ,  
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a n o n y s e H H M e  K o n m n  c M a T n s a l o T c r r  T a K x e  B PYJIOH. O ~ n e a b ~ b ~ e  

OTTHCKH H a  6 y ~ a m ~ o i i  neme nomno ~ ~ ~ A ~ J I E I T ~  n e p + o p m p y e ~ ~ ~ n  
CTPO¶KaMEi O T B ~ P C T M ~ ~ ,  9TO 06nersae~ pe3h.y JIeHTbI H a  OT,L(eJIbHbIe 
KOIIHH. M a m n ~ a  Il03BOJIHeT IIOJIyYaTL I I03HTHBHHe OTIIe9aTKH K a K  

C HeTaTEIBHbIX, T a K  H C IIOSEITHBBbIX MHKPO#HJI~MOB. n p H  IIepeXOJ@' 

OT KOIIl4pOBaHHR C E e r a T H B H O r O  M H K ~ O @ H J I ~ M ~  K KOIIHpOBaHHH, 

P E C. 79. C X ~ M ~  OCHOBHbIX YaJIOB MaUIHH ~KOIIH@JIO)). 
J - npoenTop ~ n ~ p o @ n n b ~ a ;  2 - nporrBosHoe YCTPOBCTBO; 3 - ~ceporpa@nsec~nb 
6apa6an; 4 - s a p ~ n ~ a ;  5 - nepeHoc ~ 3 0 6 p a w e ~ ~ H ;  6 - pynoH 6yvarrt; 7 - npnev- 
uhli 6y~a~(nblZi p y n o ~ ;  8 - YCTPOBCTBO nnrc 3aKpenneHYrH; 9 - npoeqaposaans aenpo- 

3paq~oro opnrnaaaa; 10 - ov~lqammne ~ q e ~ ~ n .  

C IIOOHTHBHOrO MeHEIeTCII UPOXBJIEIIOQH~~ COCTaB. n p H  KOIIHPOBaHHH 

C HeI'aTHBHOrO M E I K P O # H J I ~ M ~  HCIIOJIbOYIOT IIPOEIBJIIIIOQH~ COCTaB, 

pa60~a10qnii C 0 6 p a q e ~ n e ~ ,  a AJIH KOIIHPOBaHHEI C II0311THBHOrO. 
M H K P O # H J I ~ M ~  - I I ~ I I M o ~ ~  I I O ~ E I T H B H M ~  I I P O H B J I E I I O ~ H ~  COCTaB. 

M a m H H a  ( ( ~ o ~ H @ ~ o ) ) ,  h10AeJIb 2, u OCHOBHOM I I O A O ~ H ~  MOAeJlH 1. 
0 , q ~ a ~ o  y H e e  npyroe ~ a a ~ a s e ~ n e .  3 ~ a  M o n e n b  C J I ~ ~ H T  AJIH IIOJIY- 

qeHHS3 YBeJIH¶eHHbIX HJIH YMeHbLUeHHbIX K O I I H ~  C H e I I p O 3 p a s H b I X  

HJlH I I p O 3 p a 9 H b I X  OpHI'HHaJIOB. Mamnaa II03BOJIReT Y M e H b m a T b  pas- 





H a o 6 p a ~ e ~ ~ e  H a  3 K p a H e ,  HCIIOJIb3yeMOM AJIR 4TeHHR. OTTHCK M03fCeT 

6 b 1 ~ b  IIOJIYY~H IIpOCTbIM H a S a T H e M  KHOIIKH (@OTO 11). ((@EIJIMBK loo)> 
~ O ~ B O J I R B T  I IOJIy¶aTb  OTTHCKH p a 3 M e p O M  215 X 280 A% C 16- H ~ S - M H J I -  

J r m M e T p o s w x  ~ I H I C P O @ H J I ~ M O B  na  nneme, a MoAeJrb  c ( @ n n ~ a ~  300)) 
A a e T  o T n e v a T K H  p a 3 ~ e p o ~  215 X 280 xiv H n n  215 x 355 fix. 3 ~ a  
MODeJIb Il03BOJIHeT TaKlfEe IIJIaBHO HaMeHRTb yBeJIH¶eHHe B I IpeAeJ IaX 

OT 8 no 20. YCT~OGCTBO c c @ H n ~ a K  2 0 0 ) )  RBJIHeTCR 60~1ee ~ p y n ~ o @ o p -  
M ~ T H O ~  M ~ U I H H O G .  3 ~ a  MOAeJIb npOE3BOAHT O T n e s a T K H  C 35-MHJIJIH- 

M ~ T P O B O ~  MHIcPOIIJIeHKH C YBeJIHYeHMeM A 0  p a 3 h l e p a  455 X 610 J4.W. 
~ o ~ H ~ o B ~ J I ~ H ~ R  6 y ~ a r a  COCTOHT H 3  ~ Y M ~ ? H H O ~  OCHOBbl, H a  KOTOPYJO 

C H a g a n a  H a H e c e H  ~ e ~ a n n r n v e c ~ ~ i j r  cnoG a n I o M H H r m ,  a 3 a ~ e ~  OICHCJ, 

q H H K a ,  A H C I I e p r H p O B a H H a H  B CMOJIHHOM CBH3yJOlQeM. B y ~ a r a  IIOCTa- 

BJIHeTCR B BHAe PYJIOHOBi KOTOPbIe 3 a r P Y X a I O T C H  B MaIIIHHY C 3 a ~ ~ e k  
CTOPOHbI. ~ P o H B J I H I O ~ H ~  COCTaB B BHAe 3fCHHIEOrO 3JIeKTPOJIHTa ( ~ K T H -  

s a ~ o p )  ~ ~ J I H B ~ ~ T C H  B K I O B ~ T Y ,  rne T a K m e  H a x o A H T c R  n o A y L u K a  

H 3  r y 6 1 ~ 1 3 ,  IIO KOTOPOG BO BPeMH IlPOHBJIeHHH CKOJIb3HT KOIIHPOBaJIb- 

H a H  6 y ~ a r a .  n o n p o 6 ~ a ~  E I H C T ~ ~ I C U E R  no ~ ~ c n n y a ~ a q n ~  Y C T P O ~ ~ C T B  

cc@~na la Ic ) )  A n R  s T e H H R  H K o n H p o B a H m  M H I E ~ O @ I I J I ~ M O B  D p n B e n e H a  

B p a 6 o ~ e  [1681. 
H e n a B ~ o  @ m p ~ a  ( ( ~ O J I H  penpo HHTepHanrHn) )  06zasnna o A B ~ X  

MOneJIHX 3ne1~~p0@0~0rpa@k1se~Ic0r0 ~ C T ~ O ~ ~ C T B ~  AJIH YTeHHCr H KOIIH- 

p o B a H H n  MHKPO@HJI~MOB T n n a  c ( I I o n a ~ e I c c  M 1 6 ~  H crIIonmne~c M35) ) .  

B 3THX MalIIHHaX HCIIOJIb3YeTCH MeTOA ( ( ~ J I ~ ~ K T ~ o @ ~ I ~ c ) ) ,  H OHM n03- 
BOJIHJOT IIOJIyYaTb OTIIe¶aTKH C HeraTHBHbIX HJIH IIO3HTHBHbIX MHKPO- 

~ E I J I ~ M O B .  

B T e s e H H e  ywe M H o r n x  n e T  @ o ~ o r p a @ n s e c ~ ~ e  H @ o ~ o ~ e x a ~ n s e c ~ ~ e  
n p o q e c c b I  H r p a I o T  B a x w y I o  ponb R D ~ O H ~ B O A C T B ~  neva~aofi  IIPOAYIE- 

~ H H .  r a 3 e ~ ~ b 1 e ,  X y p H a n b m e  H A p y r H e  n o ~ ~ n r p a @ ~ s e c I c n e  n p e n n p a f i -  

THH n p H  H3rOTOBJIeHHEI IIeYaTHbIX ~ O P M  AJIH BOCIIPOH3BeAeHHH 

t i n a I o c T p a q H o H H o r o  M a T e p E i a n a  r rou~t i  Bcer,qa n p n M e m w r  @ o ~ o ~ e x a -  
HHYeCKHe IIpOqeCCbI. n 0 3 ~ ~ e e  @ O T O M ~ X ~ H H ~ ~ C K H ~  MeTOAbI ~ L I J I H  TaK3fCe 

HCIIOJIb30BaHbI I I P H  H3I'OTOBJIeHHEI O @ C ~ T H ~ I X  IIeYaTHLIX @OPM 
H a  6 y ~ a ~ ~ o i i  OCHOBe AJIH KOHTOPCKHX MH03fCHTeJIbHbIX MaIIIHH H AJIH 

M ~ J I O T H ~ ~ X H O G  I Ie¶aTH.  E C T ~ C T B ~ H H O ,  YTO H ~ O ~ X O A H M O  HCCJIeAOBaTb 

~ a q ~ i j r  H O B ~ I G  @ O T O ~ P ~ @ E I Y ~ C I E H G  npoqecc, B TOM YHcJIe  H mewrpo- 



I#OTOI '~~@HIO,  C qeJ Ib IO OIIpeAeJIeHHR B03MO?XHOCTH HCIIOJIb30BaHHFI 

ero AJIR I I ~ Y ~ T ~ H H R  H P ~ ~ M H O X ~ H H H .  

B CJIy¶a$IX, K O r A a  ~ p e 6 y e ~ c ~  HeCKOjIbICO 3K3eMIIJIFIPOB KOHTOP- 

CKOrO J(OKYMeHTi3, O ~ ~ I T H O  HCIIOJIb3YIOT OAHH H 3  IIPOqeCCOB pa3MHO- 

Z e H H R .  H a ~ 6 o n e e  H ~ B ~ C T H ~ I  TPH T a m x  npoqecca: 1) p a 3 ~ ~ o x e ~ ~ e  
O @ C ~ T H M M  C I I O C O ~ O M ;  2) M H M ~ O ~ ~ ~ @ H P O B ~ H L ~ ~ ,  r a t ?  B KaYeCTBe n e ¶ a T -  

HOG @ O P M ~ I  HCIIOJI~BYIOT ~ p a @ a p e ~  H a  I I O K ~ ~ I T O ~ ~  BOCKOM 6 y ~ a r e ;  
3) c n H p T o B o e  p a ~ i ~ ~ o x e ~ ~ e ,  n p H  KOTOPOM H a  n e Y a T H y m  @ o p ~ y  
HaHOCHTCR KpaCHTeJIb  H KOIIHH IfoJIyYaIOT B p e 3 y J I b T a T e  IIoCJIeAyIO- 

q e r o  n e p e H o c a  K p a c m T e n c I  H a  6~w1ary. Y ~ T B ~ ~ T M M  n p o y e c c o M ,  KOTO- 

pb16  ¶aCTO HCIIOJIb3yIOTAJIH pa3MHO?IceHHR1 RBJIXeTCH @ O T O X O ~ H ~ O B ~ J I ~ -  

HUB AHa30IIP04€!CC, AJIII ICOTOpOrO T ~ ~ ~ Y ~ T C R  @ 0 p M a 1  H3rOTOBJIeHHaR 

H a  npo3pas~o6  HJIH I I O J I ~ I I P O ~ P E ~ Y H O ~ ~  6 y ~ a r e ,  H a n p m e p  K a n m e .  

OAHHM 113 nepmx n p o M M m n e H H b I x  n p n ~ e ~ e ~ m i i  ~ c e p o r p a @ - c ~ m  

661~10 t?e ~ c n o n b a o ~ a ~ ~ e  n p H  H3rOTOBJIeHHH ~ Y M ~ ? K H ~ I X  O @ C ~ T H ~ I X  

@OPM AJIR MHOlffHTeJIbHbIX MaIUBH [26, 271. Hncr 3 ~ 0 6  j[eJIH HC- 

IIOJIb3YIOT O ~ O P Y A O B ~ H H ~ ,  ~ O A O ~ H O ~  ~ 3 0 6 p a l f f e ~ ~ 0 ~ ~  H a  (POTO 3. 
I l o p o r u ~ o ~ o e  ~ 3 0 6 p a ? ~ e ~ n e  n e p e H o c a T  c c e n e ~ o ~ o i i  n n a c T n H b 1  

H a  ~ Y M ~ X H Y H )  O@C~THYH)  IIJIaCTHHy (@OpMy)  H 3aKpeIfJIRIOT H a  H e i i  

H a r p e B a H H e M .  nome  OG~IYHOG X E ~ M H Y ~ C I E O ~ ~  0 6 p a 6 0 ~ ~ ~  6 y ~ a m ~ o i i  
@ O P M ~ I  ee YCTaHaBJIHBaIOT H a  q H J I H H A p e  M H O ~ K H T ~ ? J I ~ H O ~  MaILItiHhI. 

C T a K 0 i i  @ O P M ~ I  MOlffHO O T I I e P a T a T b  TbICII9H OTTHCKOB. 

~ P H H ~ H ~ ~ I  I I J I O C K O ~ ~  n e ¶ a T H  T P ~ ~ Y ~ T ,  9~0661 n e 9 a T a m q H e  y Y a c T m  

( P O P M ~ I  ~ M J I H  O J ~ ~ O @ H J I ~ H J J M H  ( B O C I I P H H H M ~ I O ~ H M H  K p a c K y )  H rHAPO-  

@ O ~ H N M H  ( O T T ~ J I K H B ~ I O ~ E I M M  BOAY) H 9 ~ 0 6 ~ 1  @OH, HJIH H e I I e Y a T a I O q H e  

YYaCTKH, GHJIH ~ E I ~ P O @ E I J I ~ H ~ I M H  ( B O C I I P H H H M ~ I O ~ H M H  B o n y )  H OJIeO- 

I $ J O ~ H ~ I M H  ( o T T ~ J I K M B ~ I O ~ H M H  K ~ ~ C K Y ) .  f i ~ e p O r p a @ H ¶ e ~ I C H 6  IIPOHBH- 

TeJIb,  c O ~ e p l f f a I Q H I ?  B M C O K H ~  I I p O q e H T  r ~ ~ p 0 @ 0 6 ~ 0 i i  CMOJIbI, OKa- 

3aJICR IIOAXOARIQHM AJIR H3rOTOBJIeHHH O@C€?THHX IIeYaTHbIX @OPM 

H a  6 y ~ a x ~ o G  OCHOBe. 

~ p H I v I e H f i ? ~ H t ?  K ~ e p 0 I ' p a @ H H  nO3BOJIHJIO p a 3 p a 6 0 T a T b  6 b 1 ~ ~ p b l f i  

MeTOA H3rOTOBJIeHHH ~ Y M ~ ~ I C H ~ I X  O @ C ~ T H ~ I X  (POPM. ~ P E I  3TOM EICKJIIO- 

YaIoTCR TPaAHIJHOHHbIe CTaAHH @ o T o ~ ~ E ~ @ H ~ ~ c I c o ~  0 6 p a 6 0 T K H  Hers- 
THBOB H K o I I H ~ o B ~ J I ~ H M ~  I IpOqeCC.  ~ ~ O C T O T ~ ,  ~ ~ I C T P O T ~  H ~ H ~ K O C T ~  

3 T O r 0  MeTOAa llO3BOJIHJIH IUHPOKO HCIlOJIb3OBaTb er0 I I P H  pa3MHOlfEeHHH 

H I IepemsAaHHEi  A o K y M e H T o B  H npyrnx M a T e p H a n o B ,  YTO BHXOAHT 

AaJ reKo  3a npenem o 6 b 1 s ~ o r o  I c o a T o p c H o r o  ~ ~ ~ M H O X ~ H H R .  C ~ a p ~ e  
AOKYMeHTbI MOrYT 6 b 1 ~ b  I I e p e I I e Y a T a H b I  C T P ~ ~ Y ~ M ~ I M H  HCnpaBJIe -  

HHRMH H ~ o ~ ~ B J I ~ H H R M H .  

ByMalffHbIe o + c e ~ ~ b ~ e  @ O ~ M L I  MOZHO n o m y Y a T b  H a  ~1106oii I c c e p o -  

r p a @ ~ s e c ~ o H  ~ c o n n p o ~ a n b ~ o f i  M a m m e ,  B TOM m c n e  H H a  ~ O J I ~ I I I H X  

KOIIHpOBaJIbHbIX aBTOMaTaX. H e ~ o ~ o p b ~ e  CJIOH H 3  OKHCH q H H K a  
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IS CBllaYIOJ4eM MOWHO CAeJIaTb I'HAPO@HJIEDH~IMH, BBOAH B H E X  COOT- 

R ~ T C T B Y H ) I ~ H ~ ~  X H M H P ~ C K E I ~  COCTaB 11 70 ]. T a ~ m  06pa30~,  ceG¶ac 
ElMeeTCH BO3MOSHOCTb IIOJIY¶aTb o@cC?TH~I~ 6 y M a W ~ b 1 e  I I e s a T H b I e  

4 o p ~ b 1  H a  KOIIHPOBaJIbHbIX MaIIIHHaX, p a 6 0 T a I O I q H x  H a  6 y ~ a r e  THIIa  

~ ( ' ~ J I ~ K T ~ O ~ ~ K C ) ) ,  a T a K S e  H a  M a m H H a X  C CeJIeHOBhIME IIJIaCTHHaMH 

nnxi 6 a p a 6 a ~ o ~ .  
Kceporpacjmsecx~e MeTOAhl MOZHO, KPOMe TOrO, ECI IOJIb30BaTb  

AJIR H3rOTOBJIeHHtI I Ie¶aTHbIX @OPM, IIPHhIeHHeMbIX B CIIHPTOBO~ 

I I e ¶ a T H  [171]. M ~ T O A  AOBOJIbHO IIPOCT. ~ o J I Y ¶ ~ E H o ~  H a  C ~ J I ~ H O B O H  
n n a c T m H e  n o p o m K o B o e  n a o 6 p a ~ e ~ ~ e  n e p e H o c n T  H a  n H c T ,  n o ~ p b ~ ~ a r i i  

KPaCIIWEIM COCTaBOM.  TOT JIHCT a a T e M  IIOMeJ4aH)T B Y C T P O ~ C T B O  AJIH 

3 a K p e I I J l e H H H  I I a p a M H  PaCTBOpHTeJI l l ,  rAe IIOpOlnOK CTaHOBHTCH JIHII- 

KHM. n0cJIe 3 T O r 0  IIOA AaBJIeHHeM IIOpOlJIKOBOe ~ 3 0 6 p a ~ e ~ n e  BMeCTe 

.C HaXOASIWHMCH IIOA HHM CJIOeM KpaCHTeJI t I  I IepeHOCRT H a  6 y M a r y .  

Ha I I o J I ~ ¶ ~ H H o ~ ~  TaKHM 0 6 p a 3 0 ~  @ 0 p M e  0 6 ~ 9 ~ 0  AOCTaTO9HO KpaCH-  

TeJIH AJIH IIOJIy¶eHHH H a  M H o S H T ~ J I ~ H O ~ ~ [  MalLIHHe IIPHMePHO 150 K0IIHfi .  

 TOT C I I O C O ~ ,  p a 3 p a 6 0 T a H H b I 8  @ H P M O ~ ~  ( ( K c e p o ~ c ) ) ,  II03BOJIHeT IIOJIY- 

n a T b  PaCTpOBbIe  H ApyI'Hi? HJIJIIoCTpaqHOHHbIe ~ 3 0 6 p a l ~ e H H H .  AJIll 
oCyUJ,eCTBJI€?HHH 3 T O r 0  I I p O q e C C a  MOlrteT 6 b 1 ~ b  HCIIOJIb30BaHO 06b19~0e 
p y ¶ H O e  KOIIHpOBaJIbHOe O ~ O ~ ~ A O B ~ H H ~ ,  I I 0 ~ 0 6 ~ 0 e  E I ~ O ~ ~ ~ S ~ H H O M Y  

H a  @OTO 3, c ,qoGasne~ne~  e n e q H a n b H o r o  y c ~ p o t i c ~ ~ a ,  K o T o p o e  

A e n a e T  H 3 0 6 p a S e H H e  JIHIIKHM H I I e p e H o c H T  ero H a  M a T e p H a n  6 y ~ a ~ -  
HOH n e s a ~ ~ o i i  @ O P M ~ I .  

~ ~ ~ ~ o T o B J I ~ H L ~ ~  I I ~ ¶ ~ T H o B  @0pMbI  AJIEI MHOWHTeJIbHbIX YCTPOHCTB, 

B KOTOPHX M C J I O J I ~ ~ Y ~ T C H  A H ~ ~ O I I P O ~ ~ C C ,  COCTOL~T B H e p e H o c e  H c e p o -  

I ' ~ ~ @ H ¶ ~ c K o ~ o  ~ 3 0 6 p a S e H H ~  C c ~ J I ~ H o B o ~ ~ [  IIJIaCTHHbI HJIH 6 a p a 6 a ~ a  
H a  I l 0 J I y I I p 0 3 p a ~ ~ b l f  HJIH npo3pas~b1ii JIHCT.  TOT I IPOqeCC MOHEeT 

6 b I ~ b  OCYIqeCTBJIeH H a  ~1106oii H 3  KOIIHPOBaJIbHbIX MaIIIHH ((Kc~PoKc)) .  

3 a ~ p e 1 1 ~ 1 e ~ ~ o e  n o p o m K o B o e  ~ a o 6 p a ~ e ~ ~ e  c o 3 ~ a e ~  ~ o c ~ a ~ o s ~ n i i  KOH- 

T p a c T  A n a  n o n y Y e H H a  g ~ a a o ~ o n ~ i i .  
n 0 K a  e q e  H e  H a f i ~ e H 0  IIpaKTH¶eCKM IIpHMeHHMOI'O ~ J I ~ K T ~ o ~ o T o I ' ~ ~ -  

+ H ~ ~ C K O ~ O  cnoc06a HaroToBJIeHEitI  I I I ~ ~ J I O H O B  AJIH ~ k ~ ~ e o r p a @ m .  

Y c I I e I I l H o e  IIpMMeHeHHt3 K ~ e p O r p a @ H H  B O @ C ~ T H O M  MIIOWHTeJIbHOM 

I I p O q e C C e  CTHMyJIHPOBaJIO p a 3 p a 6 0 ~ ~ y  cnoco60~ HCIIOJIb30BaHHH KC€!- 

p ~ r p a @ L l ~ e ~ K E i ~  MeTOAOB AJIH H P O I \ I ~ I ~ J I ~ H H O ~ ~ [  I I J I o c K o ~  IIePBTH. 

' O @ c e T ~ b l e  I I e¶aTHbIe  @OI)MM H a  6 y ~ a > 1 < ~ 0 i i  OCHOBe, IIOJIY¶eHHbIe 

I I y T e M  I l e p e H O C a  H 3 0 6 p a ~ e H H ~  C CeJIeHOBbIX K C ~ ~ O I ' ~ ~ @ H ? I ~ C ~ H X  

IIJIaCTHH HJIH H3rOTOBJIeHHbIe HeIiOCpeACTDeHHO H a  6 y ~ a r e  THIIa  

t a n e ~ ~ p o @ a ~ c ~ ,  p a c c n m a H M  H a  ~ e 6 o n b m ~ e  T H p a a H  - no 10 T ~ I C I I ~  

OTTHCKOB. Aria 6 0 J I b m H x  ~ H p a ? K e f i  H MHOI'OHpaCOnHbIX p a 6 0 T  T p e -  

B Y ~ T C R  6onee c ~ a 6 ~ n b ~ b 1 e  h I e T a n n n s e c r c H e  n n a c T m m .  

M ~ T O A H  r r e p e H o c a  ~ c e p o r p a @ n ~ e c ~ ~ x  ~ 1 3 0 6 p a ~ ~ e ~ 1 . 1 i i  H a  s e p ~ e ~ b ~ e  



VIlHKOBbIe IIJIaCTHHbI ~ ~ I J I H  OIIHCaHbI B p a 6 0 T e  [172]. B 3 ~ 0 6  pa6o~e  
Garno n O K a 3 a H 0 ,  ¶TO IIOPOIIIKOBOe ~ a o 6 p a x e ~ n e  MOlKeT 6 b I T b  HeIIOCpeA- 
cTBeHHo n e p e H e c e H o  c c e n e ~ o ~ o i i  n n a c T m m  H a  ~ H H K O B Y H )  n n a c T m y  

arm x e  c H a v a n a  H a  G y M a r y ,  a a a ~ e ~  c 6 y ~ a r H  H a  ~ H H K O B Y H )  nnac- 
THHY. 

Ilpoqecc n p e o 6 p a a o ~ a ~ ~ n  ~ceporpa@~.~ecxo i i  n n a c T M H b I  B o @ c e ~ -  
H ~ I O  n e 9 a T H y H )  +OPMY 6 ~ ~ 1  HBJIOX~H B p a 6 o ~ e  [1731. ABTOP~I  3 ~ 0 f i  
pa6o~b1 n p a M e H m m  M e T a J r n H s e c K m e  nJIacTt lHbr ,  n o H p b I T M e  c n o e M  

@ O T O I I ~ O B O A R I ~ I , ~ ~ O  IIElrMeHTa B C B R 3 y I o q e M  H a  OCHOBe CMOJIbI. ~ o c J I ~  

O¶yBCTBneHH5l B KOPOHHOM p a 3 p R n e  IIJIaCTEIHa 3KCIIOHEIPOBaJIaCb 

B 0 6 b 1 9 ~ 0 f i  @ o T o K ~ M ~ ~ ~ .  3 a T e M  IIpOH3BOAHJIOCb IIpOIIBJIeHMe H 3a Icpe I I -  

n e H x e ,  0 6 e c n e s ~ ~ a m q e e  cqenneme C M o J r H c T o r o  n o p o m K a  c n o B e p x -  

HOCTbIO IIJIaCTHHEJ. AJIR IIPMAaHHR ( P O T O I I P O B O ~ H ~ ~ M Y  M a T e p E l a J I y  
~ E I A P O @ H J I ~ H H X  C B O ~ C T B  IIJIaCTHHa IIOMeIU,aJIaCb B c I I ~ ~ E I ~ J I ~ H M ~  XEIMH- 

q e C ~ H 6  PaCTBOp.  ~ o c J I ~  T a K 0 f  0 6 p a 6 0 T K H  IIJIaCTMHa rOTOBa AJIR YCTa- 

HOBKH B O @ C ~ T H ~ H )  n e q a T H y m  M a m m y .  O @ C ~ T H H ~ ~  C I I O C O ~  n e Y a T n  T p e -  

6 y e ~ ,  9 ~ 0 6 b 1  H a  D ~ P ~ T H O ~ ~  @ o p ~ e  ~ ~ I J I O  IIPRMOe ~ 3 0 6 p a % e ~ M e ,  T. e. OH0 

,~OJINHO 6b1~b p a 3 ~ e q e ~ o  TaIc xe ,  K a x  H H a  opnrmane. C a e ~ o ~ a -  
TeJIbHO, I IPH 3KCIIOHMPOBaHBEI IIJIBCTHHH B @ O T O K ~ M ~ ~ ~  H ~ O ~ X O A H M O  

I IPHMeHRTb O I I T M ~ e C K O e  06parqe~me. 
I / I a r o ~ o ~ n e ~ n e  O @ C ~ T H H X  n e s a T H b I x  @OPM ~ c e p o r p a @ m s e c ~ n ~  

I IyTeM IIIHpOKOrO I IpOMbI lnJ IeHHO~O I IpHMeHeHHR IIOKa H e  IIOJIysHJrO. 

B n 0 J I E I r p a @ H ¶ e ~ ~ 0 6  IIPOMbIIIIJreHHOCTH Ka¶eCTBO OTTHCKa HMeeT 

n e p B o c T e n e H H o e  a ~ a s e ~ ~ e .  IIOBTOMY H o m e  n p o q e c c b I  ~ a i i ~ y ~  m H p o -  

KOe MCIIOJIb30BaHHe B IIOJI&II'pa@l3M TOJIbKO IIOCJIe TOrO, K a K  OHEI 
06ecnesa.r n O J I y ¶ e H H e  OTTMCKOB, OTBe¶aK)qHX IIPHHRTbIM CTaHAapTaM.  

Kceporpa4~sec~zie  MeToAbI y c n e m H o  U p H M e H c r m T c a  B cnysae 
CpeAHHX no TEIPaXCY p a 6 0 ~ ,  IIpOMe%YTO¶HbIX M e W A y  KPYIIHOTHPa?X- 
HbIMEI I I e saTHbIMH p a 6 0 T a ~ H  H MaJIOTHpaWHbIM MHOXHTeJIbHbIM ICOIIM- 

POBaHHeM. B T e ¶ e H H e  MHOrElX JIeT O a Y q a J I a C b  H ~ O ~ X O A H M O C T ~  CO3Aa- 

HHII 3KOHOMM¶HOrO IIPOMbIIlIJIeHHOrO C I I O C O ~ ~ ,  K 0 ~ 0 p b I f i  MOWHO 

651~10 6b1 MCIIOJIb30BaTb AJIR l I e¶aTaHMR HeKOTOpbIX TMIIOB MaJIO- 

T M P a N H b I X  KHHF, 6pommp H APYrEIX BHAOB I Ie9aTHhIX ~ 3 ~ a H ~ l 6 ,  

a T a K m e  AJIR n e p e n e s a T b I s a H H a  B ~ e 6 0 n b m o ~  0 6 ' b e ~ e  yxe  pacnpo- 
AaHHbIX M 3 n a ~ M k  M ~ I ' o T o B J I ~ H H ~  I IeqaTHbIX @OPM AJIR T a K O r O  BMAa 

p a 6 o ~  O ~ ~ I ¶ H M M H  C I I O C O ~ ~ M H  MOlfFeT O K a 3 a T b C R  CJIMlIIKOM AOPOI'HM 
H ~ p e 6 y t . ~  6 0 n b m ~ x  3 a T p a T  BpeMeHM. M M ~ H H O  B 3 ~ 0 6  O ~ J I ~ C T H  MeTOA 

E ~ ~ ~ O T O B J I ~ H I ~ R  O @ C ~ T H ~ I X  n e s a T a b I x  @OPM ~ c e p o r p a @ k ~ q e c ~ n ~  cno- 
~ 0 6 0 ~  RBJIReTCR MHO~OO~~II&IH)IL(E~M BKJIaPOM B IIoJIMTP~@HIO. 

AJIR M3rOTOBJIeHHSI O @ C ~ T H H X  IIe¶aTHbIX @OPM pa3pa60~a~b1  CIIe- 

q n a n b H b r e  0 6 0 p y n o ~ a ~ s e  H M a T e p n a n M .  @ m p ~ a  ((Kcepo~c)) s M n y c K a e T  

KOMIIJIeKT I l O O I l e p a ~ H O E H O r O  O ~ O P Y ~ ~ O B ~ H H I I  HJIR H3rOTOBJIeHHII IZe¶aT- 
EbIX @OPM HeCKOJIbKHX p a 3 M e p O B .  ( ( P o ~ ~ ~ T c o H  (POTOM~X~HHKC))  

npOH3BOAHT O ~ O ~ Y A O B ~ H H ~ ,  B KOTOPOM @ 0 ~ 0 K a & f e p a  EI I I p O q e C C O p  

O ~ % ~ A H E ~ H H  B e A n H o e  qenoe, n p ~   TOM HCIIOJIb30BaH n p ~ ~ q ~ n  ((3JIeK- 

11 P. m a a a e p ~  



RPEI H3I'OTOBJIeHHH I IePaTHbIX @OPM HJIR B ~ I C O I E O ~  I I e ¶ a T H  40~0- 
~ H H K O ~ P ~ @ C K E I M  CIIOCO~OM c H a s a n a  H a  ~ e ~ a n n n s e c x o i i  nosepx- 
HOCTH n o j I y g a m T  ~ 3 0 6 p a x e ~ n e  ~3 @ O T O P ~ ~ H C T ~  l). 0 6 ~ ~ ~ 0   TO 

AOCTHraeTCII HaHeCeHHeM H a  MeTaJIJIH9eCKyI0 IIOBepXHOCTb CBeTO- 

¶YBCTBHTeJIbHOI'O M a T e p H a J I a ,  H a n p H M e p  XeJIaTHHhT, c O ! J e p X a q e 6  

P a C T B O p  ~ H x ~ o M ~ T ~ ,  KOTOpaH n O a  ~ ~ H C T B H ~ M  HHTeHCHBHOrO YJIbTpa-  

@HOJI~TOBOI'O H 3 n y s e H I x H  CTaHOBHTCR H ~ P ~ C T B O P H M O ~ ~ .  ~ J I ~ c T H E Y  

C HaHeCeHHbIM H a  H e e  CJIOeM IIOCJIe BbICYllIHBaHHR B T e ¶ e H H e  HeCKOJIb- 

K m x  MHHYT o c B e a a m T  A y r o B m n i  n a M n a M H  sepea $ J o ~ o r p a @ ~ s e c ~ ~ i i  
H e r a T H B .  H ~ ~ K C I I O H H ~ O B ~ H H ~ I ~  PaCTBOpHMbIe y¶aCTI<H CJIOR BbIMbI- 

B a m T C R  3 a T e M  BO!JOB HJIH ,I(PYrllM PaCTBOPHTeJIeM, M H a  DJIaCTHHe 

o c T a e T c c r  ~ 3 0 6 p a m e ~ ~ e  1x3 p e a ~ c ~ a .  nocne o6mmra1 06ecnesm~amqero 
AOnOJIHHTeJIbHOe 3 a ! ~ y 6 x n s a ~ ~ e ,  IIJIaCTHHa IlOMeE@eTCH B T P ~ B R Q H G  
p a c T B o p  c U e n b I o  06pa3osa~ns  H a  ~e~annnsecxoi4  n n a c T m H e  p e n b e @ -  

HOrO ~ 3 0 6 p a ? K e ~ H I I .  

B JIa60pa~op~bIx YCJIOBHHX 6 ~ n o  IIpOAeMOHCTpHpOBaHO, ¶TO 
~ c e p o r p a 4 ~ s e c ~ o e  ~ 3 0 6 p a x e ~ n e ,  n o n y s e H H o e  H a  M e T a n n n s e c m x  

n n a c T n H a x  HJIH n e p e H e c e H H o e  H a  M e T a n n n s e c K n e  n o s e p x a o c T n ,  

M O X e T  HMeTb KHCJIOTOYIIOPHOCTb, COOTBeTCTBYIOQYIO T ~ ~ ~ O B ~ H H I I M  

q m ~ ~ o r p a @ c ~ o r o  T p a s n e H m  [174, 175 I.  Bo BpeMcr H a r p e s a m a  

n o p o m I c o B o e  H 3 0 6 p a m e H H e  o n n a B J r H e T c c I ,  o6pa3y11 c n n o l r r ~ o i i  KHCJIOTO- 

y n o p ~ ~ B  cnoB. nocnegym~l\ee T p a s n e m e  MOXHO 3 a ~ e ~  B ~ I I I O J I H R T ~  

O ~ H ¶ H H M H  ~ E I H K O ~ ~ ~ ~ C K H M M  MeTOAaMII. E;HJI T a K X e  O n H C a H  cnoco6 
H3rOTOBJIeHMR ~ O T O ~ H H I ~ O I ' P ~ @ C K H X  KJIHlIIe H a  MeTaJIJIHYeCKHX IIJII- 
CTHHaX, IIOKPbITbIX CJIOHMH, COAeP?KaIl(HMH OICXTCb q H H K a ,  A M C n e p r H -  

POBBHHYH) B CMOJIIIHOM CBR3YIOWeM [I 70 1. AJIH 0 6 p a 3 0 ~ a H H I I  H a  

~ 0 K p b I T O f i  TaKHM ClIOeM l lJIaCTHHe ~ 3 0 6 p a % e H ~ H  H 3  p e 3 H C T a  ~ ~ I J I H  

~ c n o n b a o ~ a ~ b ~  06b19~b1e ~ c e p o r p a + ~ s e c ~ ~ ? e  c n o c o 6 b 1 .  3 a ~ e ~  m a -  
CTHHa 0 6 p a 6 a ~ ~ s a n a c b  PaCTBOPHTeJIeM, I C O T O P ~ I ~ ~  YAaJIHJI @oToII~o- 

BOAIIQH~ ~JIofi  C H e I I e ¶ a T a H ) q H X  YYBCTKOB, I'Ae OTCYTCTBYeT KCepO- 
rpa@mecxoe H 3 0 6 p a x e ~ H e ,  06~ama11 M e T a n J r  OCHOBJJ, HO H e  s a ~ p a -  
r m a u  H 3 0 6 p a l r c e H ~ f 1  1x3 p e 3 ~ c ~ a .  !Jocne 3 ~ 0 r o  n n a c T t i H y  MO>IEHO G ~ I J I O  
T P a B H T b  0 6 b I q ~ b 1 ~  IIyTeM. M M ~ I ~ T c R  CBeAeHHR, ¶TO 3THM C I I O C O ~ O M  
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M a r n n ~ b I  ((~oIIEI@JIo)) @ H P M ~ I  ((RC~POKC)) MOXHO p a C C M a T p H B a T b  

K a K  n e s a T H M e  M a I m H M  683 n e ~ a ~ ~ o i i  @OPMM, B KOTOPHX o H a  s a ~ e  
H e H a  AHaII03MTHBOM, KYCKOM M H K P o @ H J I ~ M ~  HJIH JIHCTOM Gy~arm, 
c o A e p s a q n M  H M a T e p m a n  AJIR P ~ ~ M H O ~ ~ H H E I .  I l p ~  O ~ ~ I V H M X  T H p a s a x  

CKOPOCTb IIeYaTaHHEI 6 M I M U M  XBJIReTCII CJIHIUKOM M ~ J I o G .  O ~ H ~ K O ,  
K O r n a  ~pe6ye~ccr OTHOCHTeJIbHO ~e60JIbmoe 9HCJIO K O I I H ~ ,  n p H M e -  

H e H H e  3THX MalIIHH CTaHOBHTCEI BIIOJIHe ~ ~ J I ~ c o o ~ ~ ~ ~ H H M ,  o c o 6 e ~ ~ o  



( ( ~ J I ~ K T ~ O @ ~ K C ) )  11761. 3 T a  M a m H H a  M O Z e T  I I e ¶ a T a T b  M~I I IHHOIIHCH~I~  
TeKCT, mTpHXOBbIe  PHCYHKH HJIH @ o T o I ' ~ ~ @ H H  C ~~-MHJIJIHM~?TPoBoI 'o  

M H K P O ~ $ H J I ~ M ~  H HMeeT IIPOH3BOAFiTeJIbHOCTb 2000 A U C ~ / U U C  I I p H  

p a a ~ e p a x  m c T a  570 x 760 w. Ha ~ e i i  MOHEHO n e s a T a T b  s e p H o -  

b e n ~ e  EI q B e T H b I e  M a T e p H a n b I .  Bonee paHHcr f i  s x c n e p m e H T a J r b H a c r  

MOAeJIb MaIItHHbI 6b1~1a O A H O K P E ~ C O ¶ H O ~  ( I I e s a T a J I a  OAHOBpeMeHHO 

T O J I ~ I E O  OAHH q ~ e ~ ) ,  H AJIR n e s a T m  K a x A o r o  cnenymwero q s e T a  

H ~ O ~ X O J ~ H M O  6bIJI0 I I e p e M a T M B a T b  6 y ~ a r y  H CHOBa I I p O I I y C K a T b  ee 
sepea M a m m y .  Bonee I IO~AHRH MoAeJrb  ~ O ~ B O J I R ~ T  n o c n e A o s a T e n b -  

a06 I I e s a T b m  n o n y s a T b  5-qse~~b1e ~so6pame~mcr  (@OTO 12). 
~ ~ o T o T H I I  a ~ a J I o r H ¶ H 0 6  MaILlHHbI p a 3 p a 6 0 ~ a ~  (PHPMOH ((PB~AHo- 

' K O p I I O p e k I I e H  04 A ~ e p n K a ) )  [I771 H RBHJICR IIpeAmeCTBeHHHKOM 

3 n e ~ ~ p o c ~ a ~ ~ s e c ~ o i i  n e s a ~ ~ o i i  M a m m H H  @ r n p ~ ~  a X a p p ~ c - ~ ~ ~ e p ~ a i i n ) ) .  

~ C ~ ~ O ~ € ' H T I ' ~ H O I ' ~ ~ @ H R ,  T. e. IIpOIJ,eCC H3rOTOBJIeHHH PeHTreHOBCKHX 

CHHMKOB C HCIIOJIb30BaHHeM MeTOAOB K~ep0I 'pa (PEiH,  6 ~ n a  OIlHCaHa 

B OAHOM ~3 n p e A b I A y m n x  p a 3 ~ e n o ~ .  I I o n ~ b ~ i i  K o M n J r e K c  cepmii~oro 
O ~ O P Y A O B ~ H E I R  BMeCTe C M a T e p H a J I a M H  AJIR o 6 p a 6 0 ~ 1 c ~  HCt.pOpeHTreH0- 

I 'paMM BbIIIyCIEaeTCR H IIOCTaBJIReTCR OTAeJIOM PeHTI'eHOBCKHX MaTe-  

PHaJ IOB @HPMH ( ( A x e ~ e p a n  3JIeKTPHKO. 

I 10.5.1. OCHOBHOE OEOPYAOBAHIIE 

OCHOBHO~ O ~ O P Y A O B ~ H H ~  COCTOHT H 3  Y C T P O ~ C T B ~  AJIR 3 a p R H K H ,  

QHKJIH9eCIEOrO Y C T P O ~ ~ C T B ~ ,  O¶HCTHTeJIR, X p a H H J I H w a  H ~ C T ~ O ~ C T B ~  

IIPORBJIeHHR (GOTO 13). B c I I o M o ~ ~ T ~ J I ~ H o ~  0 6 o p y ~ o s a ~ ~ e  B K n I o s a e T  

~ C T ~ O ~ C T B O  AJIR IIpOCMOTpa ~ 3 0 6 p a m e ~ ~ B ,  KOTOpOe M O X e T  6 h 1 ~ b  

o c H a q e H o  ~ a ~ e p o i i  AJIR ~ e n p e p b ~ ~ ~ o i i  ( P o ~ o r p a ( P ~ ~ ~ e c ~ o i i  ~ ~ I I B C H ,  

n e p e H o c H o e  Y C T P O ~ ~ C T B O  H Y C T P O ~ ~ C T B O  T e p M m e c K o r o  ~ ~ I E ~ ~ I I J I ~ E ~ R  

a J I R  ~ e I C p e p h I B ~ 0 f i  P e I ' H C T p a q H H  ~ 3 0 6 p a H E e H H f i  H a  ~ I I e q H a J I b H o f i  

Bpa re ,  P e J I a I E C a ~ H O H H Y I o  YCTaHOBIEY AJIR YMeHbIIIeHHR B p e M e H H ,  

H ~ O ~ X O A E ~ M O ~ O  AJIR ((OTAbIXa)) IIJIaCTHH MelIcAY 3I<ClIOHHpOBaHHeM, 

kX Y C T P O ~ C T B O  AJIH I I p e A O T B p a q e H H f i  ((IlOACBeTKH)) ~ 3 0 6 p a x e ~ n a ,  
I I p e A H a 3 H a ¶ e H H O e  AJIR YMeHbIIIeHHR 6 0 ~ 0 ~ 0 r 0  IIOACBe¶HBaHHR KCe- 

POpeHTI ' eHOrpaMM I l p H  BKCIIOHHPOBaHHH I l P H  6 0 J I b U I 0 i i  HHTeHCHB- 

POCTH H3JIY¶eHHR. H3 BCeX 3THX BCIIOMOraTeJIbHbIX np~c110~06~1e- 
f i H f  H a  (POTO 13 IIOKa3aHO TOJIbIEO Y C T P O ~ ~ C T B O  AJIR IIPOCMOTPa. 

YCTPOHCTBO AJIR 3 a P R A K H ,  IJ,HKJIHPeCKOe YCTPOBCTBO, O¶HCTHTeJIb H 

x p a H n n m q e  s a ~ n m n e a b ~  B OAHH xopnyc. 
: YCTPO~CTBO AJIR O¶HCTKH IIJIaCTHHbI ( o ¶ H c T H T ~ J I ~ )  COCTOHT 113 B p a -  

~ a m q e H c ~  M ~ X O B O ~  W e T K H  C 3JIeIETPOIIPHBOAOM, KOTOPafi  3aKJIIOYeHa 

B K O X y X  H 3  J IMCTOBO~~[  CTIJIH; B Y C T P O ~ ~ C T B ~  HMeIOTCR CaJ Ia3KH,  II03BO- 

4 I R I o q H e  BPY¶HYH) BCTaBHTb IIJIaCTHHY H IIPHBeCTH ee B KOHTaKT 
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c osnqa~ozqeii w e ~ ~ o i i .  Pene A a n n e H n a  a ~ ~ o ~ a ~ ~ l s e c ~ c K ' ~ ~ n ~ o s a e ~  
ti B ~ I K J I I ~ ~ ~ ~ T  IIpHBOA WeTKM, K O r A a  nJ raCTHHa COOTBeTCTBeHHO BCTa- 

B n e H a  HJIH y p a n e H a .  OHJI~TP H W ~ J I X ) ~ H  p a c n o a o ? I < e H b I  T a K ,  9 ~ 0 6 ~  
B HHX C O ~ H P ~ J I C R  n o p o r n O K ,  ~ o ~ o p n i i  y A a n a e T c c I  c n n a c T H H n .  q r n ~ n ~ i -  

¶eCKOe ~ C T P O ~ ~ C T B O  AJIII IIOCJIeAOBaTeJIbHOrO HClIOJIb30BaHMH IIJIaCTHH 

COCTOHT ~3 n n c T o B o r o  M e T a n J r H ¶ e c K o r o  ~ o ~ ~ e i i ~ e p a ,  ~ o ~ o p n i i  M o x e T  

c o A e p w a T b  mecm ~ c e p o p e ~ ~ r e ~ o r p a @ m e c m x  n n a c T m .  OHO y c T p o e H o  

TaKHM 06pa30~ ,  ¶TO IIJraCTFiHbI, BCTaBJIeHHbIe B B e p X H I o I o  WeJIb ,  

0 o T o 13. K c e p o p e ~ ~ r e ~ o r p a c $ ~ ~ e c ~ o e  0 6 0 p y ~ o s a ~ a e .  
Cnesa - Y C T P O ~ ~ C T B O  nna nponBneHma; B qempe - m ~ a @ ,  conepmanmti yc~pofiCTBa 
nna ~ B P R R K H  H OYEICTKH, a Taxme qnKnnYecKoe Y C T P O ~ ~ C T B O  nna nocnenoBaTenbHoro ncnonb- 

3OBaHHK llnaCTHH EI XpaHHJIEIme; CnpaBa - IIpOCMOTpOBOe YCTPOBCTBO. 

MOI'YT 6 ~ ~ b  IIOCJIeAOBaTeJIbHO H3'bRTbI sepe3 H H X H I o I o  W e J I b .  YCTPO&- 
CTBO AJIH 3 a p R A K M  IlJIaCTHH COCTOHT H 3  BbICOICOUOJTbTHOrO HCTOgHHKa 

BbI I IpRMneHHOrO H a I I p H X e H F i R ,  TOHKO& I ~ P O B O J I O ~ H O ~  ~ B P I I A H O ~  

c e T m  ( 3 a p ~ n ~ k i r c a )  H a n e m p o n p H B o A a ,  n e p e M e l q a r o r q e r o  3 a p n ~ ~ y r o  
cewy H a A  ~ c e p o p e ~ ~ r e ~ o r p a @ m s e c ~ o i i  I I J I a c T m ~ o i i .  Ilposecc S ~ P I I H K M  
BICJIIo¶aeTCR H a X a T E e M  ICHOIIKH. 0 p a 6 o ~ e  3 a p R ~ H 0 i i [  CeTKH H MeXa-  

H H ~ M ~  AJIR ee n e p e M e W e H H n  c ~ r ~ a n ~ 3 ~ p y e ~  H H A m K a T o p H a R  n a M n o s K a -  

YCTPO~~CTBO AJIR B ~ P R A K H  3 a ~ n m s e ~ o  B KOXYX n3 J r m T o B o r o  M e T a n a a ,  

~ ~ ~ e m q n i i  C ~ J I ~ ~ I C M  AJIR B B o A a  n n a c T m H M .  Xpa~nnnlqe  COCTOET 

133 M e T a n n m g e c I C o r o  I c o z y x a  c n a a a ~ ~  A n H  Y c T a H o B m  ~ ~ I I ~ C H H X  

~ c e p o p e ~ ~ r e ~ o r p a ~ n s e c ~ m x  n n a c T H H .  

YCTPO~~CTBO AJIR n p o n B n e H H n  n n a c T n H  aarcn~ose~o B MeTannzx-  

¶ ~ C I E H H  KOXVJX, B ICOTOPOM HaXOARTCR K a M e p a  AJIR IIPOFIBJleHH4, 

n m c T o J r e T  AJIR p a c n n J r e H n R  nopomxa, @HJI~TPH,  ~ o a ~ y r n ~ n i i  KOM- 



Yc~poiircr~o AJIR I I p O C M O T p a  H M e e T  HaKJIOHHYIO I IOBePXHOCTb  

AJIH n p n e M a  ~ceporpa$nsec~o i i  l rnacTEl rHH B K a c c e T e .  M C T O ~ H H K  
C B e T a  IX3 A B y X  I ~ - B ~ T T H M X  JIIOMHHeCqeHTHbIX J I aMI I  PaCIIOJIOHceH IIO 

OTHOIIIeHIGO K I I J I aCTHHe  T a K ,  9 ~ 0 6 b 1  6 m 0  ~ ~ 0 6 ~ 0  H a 6 J I l o A a ~ b  H 3 0 -  
6 p a x e ~ ~ e  (40~0 14). B IIPOCMOTPOBOe Y C T P O ~ ~ C T B O  M O X H O  YCTaHOBHTb  

@o~orpa@msec~ym x c a M e p y  c ( I 'pa+~~))  @ m p ~ b ~  c(I'pa@ne~c)) p a a M e p o M  
65 X 90 A%, C I I O M O ~ b H )  KOTOPOH OCYQeCTBJIIIIOT H e I I P e P b I B H y I O  

~ o T o I ' ~ ~ + H ¶ ~ c K ~ I O  3 a I I H C b .  I / I M ~ ~ T c R  C B e T O 3 a Q H T H a R  ~ J I ~ H A ~ ,  T a x  

9 T O  3IECIIOHUPOBaHHt? M O Z H O  I IPOH3BOAHTb  I I P H  KOMHaTHOM CBeTt?. 

Y c ~ p o i i c ~ ~ o  gncr n e p e H o c a  n p e n c T a s n R e T  co6oii K a M e p y ,  sbmon- 
EIeHHYIO H 3  JIEiCTOBOrO M e T a J I J I a ,  B KOTOPOM C O A e P X a T C I I  H a Z E i M H b I e  

POJ IHKB C 3JIeKTPOItPHBOAOM, I I P H H H M a I O q H l ?  K c I ? ~ o ~ ~ H T ~ ~ H o ~ ~ ~ @ E I -  

s e C K y I O  I I J r a c T m H y  H C I I ~ ~ H ~ J I ~ H Y I O  6 y ~ a r y .  ~ J I ~ C T E I H Y  H G y ~ a r y ,  
p a c n o n o x e H H y m  H a  H a n p a s n a m a z i x ,  n o M e m a m T  M e x A y  p o n m a M n .  

Korna P y Y I c a  I I O A a q H  AaBJ Ie I IHR 6 y f l e ~  O l l y w e H a ,  a B T O M a T H ¶ e C K H  
m x m s a e T c a  I I P ~ B O A  POJIHKOB, K O T O P ~ I ~ ~  n e p e M e P a e T  n J r a c T E z H y  

H 6 y ~ a r y  IIOA POJIHKaMI3;  IIpn 3TOM H 3 0 6 p a ~ e ~ ~ e  C I IJ IaCTHHbI  nepe- 
a o c H T c a  H a  6 y ~ a r y .  B I c o H s e  xona A a B J r e H m e  ocna6n~e~cc r  m 6 y ~ a r a  
c n n a c ~ m ~ o j j :  y y A a n m o T c c r .  E y ~ a r a  c l r e p e H e c e H a b I M  ~ a o 6 p a x e ~ ~ e ~  
M O m e T  6bi~b 3 a T e M  C H R T a  C I IJ IaCTHHbI .  

Y C T ~ O ~ C T B O  AJIR TepMEI9eCKOrO 3 a K p e I I J I e H H R  I IpeACTaBJ I ) I eT  ~060fi  
H 3 O J I H p O B a H H y I o  IIe¶b C TePMOCTaTEIseCKHM P e r y J I H p O B a H H e M ,  c ~ a 6 -  
m e H H y I 0  CMeHHbIM ~ C ~ ~ C T O B H M  IIOAHOCOM H p y 9 ~ 0 g  AJIH I I p H e M a  

~ c e p o p e ~ ~ r e ~ o r p a + m e c I E o B  6 y ~ a r z 1 .  
Y C T ~ O ~ C T B O  AJ?R I I p e A O T B P a ~ e H H t I  IIOACBeTKl4 ~ 3 0 6 p a x e ~ ~ c r  CO- 

CTOHT H 3  HCTOPHHKa  I IOCTORHHOrO TOKL, C 0 3 A a I O a e r O  H a I I P R 3 K e H H e  
M e x A y  no~nom~oi i r  ~cepopa~morpa$~secKo t i  n n a c T m m  H n r ~ o p ~ c o i i  

KaCCeTbI  BO B p e M I I  BKCIIOHEIPOBaHHR peHTI't?HOBCKHMH J IYqaMH.  O H 0  

BbInOJ IEeHO B B H A e  K ~ H ~ e f i ~ e p a  B~ICOTOH 3 150 M, B K O T O P H ~ ~  



y c T a H o s n e H l r b r M a  ,B c n e q m a n b H b I x  a n m M H H m e s H x  o T p a z a T e n r r x ,  ~ ~ y x  
I B ~ H T ~ ~ ~ T O ~ O B  m penei i~oro  m ~ a $ a ,  c o r ( e p l r c a ~ q e r o  pene EI nepe~nm-  
I q a T e J I b H h I e  CXeMhI, B ~ I I I O J I H F I H ) ~ H ~  H ~ O ~ X O A H M ~ H )  KOMMYTBUHH) (BKJIIO- 

I ¶ e H K e  H H $ P ~ K P ~ C H ~ I X  JIaMII; EfX BbIKJIH)¶t?HZiC!, K O r A a  n J I a C T H H a  

A o c T m r n a  ~ p e 6 y e ~ o i i  T e M n e p a T y p u ;  B K n m s e H H e  T p e x  n a M n  H a  ~ m a ~ c o e  

H a n p R l K e H H e  AJIH T o r o ,  q ~ 0 6 b 1  Y A e p l K a T b  ~ p e 6 y e ~ y m  T e M n e p a T y p y  
I 

B T e q e H n e  B p e M e H n ,  3 a A a s a e M o r o  x p o ~ ~ p y m ~ u ~  ~CTPOGCTBOM; non- 
HOG BbIKJIH)¶eHHe JIaMII H BKJIIO¶eHHe BeHTBJIFITOPOB, OXJIa3KAaH)QEIX 

IIJIaCTHHy a0 K O M H ~ T H O ~  ~ e M n e p a ~ y p H ) .  no OKOH¶aHHH q H K J I a  3 a r O -  

P a e T C R  HHAHKaTOPHaR J IaMII09Ka .  



K c e p o p e ~ ~ r e ~ o r p a @ z i s e c ~ a a  nnacTHHa COCTOHT 1x3 a n m ~ n ~ ~ l e ~ o j i  
no~noxKH, IIOKPLITO~~ TOHKHM OAHOPOAHHM CJIOeM (PoToIIPoBoARIJJ ,~~~ 

Ma~epHaJIa. P a 6 o s a ~  n0BepXHOCTb IlJIaCTHHbI COCTaBJIReT 230 X 
X 355 a&. ~ J I ~ c T E ~ H ~  BCTaBjreHa B AepeBRHHyKI IcaCCeTy C aJIIoMHHEie- 
~ 0 %  IIIToPKo~~, KOTOPaH 3aIcpHBaeT IIJIaCTHHy B KCpOMeIKyTKe MeWAy 
p a 3 n m s ~ b 1 ~ ~  onepaqmmti H BO Bpem XpaHeHm. Kacce~a  n o s ~ o -  
nReT ynanwrb npnmeAmyIo B HeroAHocTb ~ c e p o p e ~ ~ r e ~ o r p a @ n ~ e c ~ y ~ )  
IIJIaCTHHy H 3aMeHRTb ee  HOBO^. 

Anc~ npoaBneHna ~ c e p o p e ~ ~ r e ~ o r p a i $ m ~ e c m i x  ~ 3 0 6 p a x e ~ n j i  npmMe- 
HRWT TPH c n e q ~ a n b ~ ~ x  npo~BmTentI. P a a p a 6 0 ~ a ~ a  peqemypa Genoro, 
cmero  EI 6e~10ro i$nyopecqk~pym~ero npoasm~eneii, ~ a x q ~ i i  ma KOTO- 

PHX n p e p a m a ~ e ~  AJIR cneqm@msecxoro Tnna ~ 3 0 6 p a x e ~ n ~  (pac- 
cMaTpHsaeMoro mnn penpo~yqnpye~oro ) .  Bce TPH npommTentI MOWHO 

lIPIxMeHRTb AJIR IIPORBJIeHHfI HeraTHBHHX OIlTH¶eCKHX ~ 3 0 6 p a x e ~ m i i  
C qeJIbI0 HX HeIIOCPeACTBeHHOI'O IIPOCMOTpa Ha Ic~ep0peH~re~0?2pa@H- 
s e c ~ o i i  nnacTmHe. Eenb~ii npoRsmTenb n p e ~ a a 3 ~ a n e ~  T O J I ~ K O  AJIII 
IIPRMOrO llpOCMOTpa, C H H E I ~  Ei @JIyopecqI4pyIOrqH IlpORBHTeJIXT 
MONHO nepeHecTm EI s a ~ p e n ~ ~ b  Ha c n e q n a m ~ o i i  6 y ~ a r e  c qenbxo 
permcTpaqmm ~ 3 0 6 p a x e ~ m a .  C H H H ~ ~  npoxBmTenb c o a ~ a e ~  Ha 6 y ~ a r e  
II03HTIxBHOe H306~aIKt?H~le, KOTOPOe MOIKHO PaCCMaTPHBaTb lIPH 
0 6 b 1 9 ~ 0 ~  CBeTe. I ~ P H  HCIIOJIb30BaHHH @ J I Y O P ~ C ~ H P Y H ) ~ ~ ~ O  IIPOIIBM- 
Tena nepeHeceHHoe ~ s o 6 p a x e ~ ~ e  MOXHO paccMaTpHsaTb npn ynbTpa- 
@ H O ~ ~ T O B O M  ocserqeHmH, c o a ~ a m l q e ~  HeraTmBHoe 1 3 3 0 6 p a ~ e ~ ~ e .  

I I e p e ~ o c  I I ~ O H B B O ~ R T  Ha cneqmanb~y10 6yMary c ~ ~ ? J I H M  n.nacTH- 
KOBHM IlOIcpbITHeM, @ O ~ M ~ T  6 y M a r ~  250 X 380 A*. AJIR 3TOr0 
6 y ~ a r y  pacnonaram Ha Iccepope~~re~orpa i$~necKoi i  nnacTmHe H npn- 
BoAaT B ICoHTaIcT c n o c m e ~ ~ e i i  IIPH I I O M O ~ H  POJIHKOB nepeHocHoro 
y c ~ p o i i c ~ ~ a .  E y ~ a r a  o 6 ~ 1 a ~ a e ~  TamM CBO~~CTBOM, ¶TO n e p e ~ e c e ~ ~ b ~ i i  
nopomoIc MoxeT HaAemHo a a ~ p e n n ~ ~ b c r r  Ha ~ e i i  IIPH nerIcoM 
HarpesaHma B s a r c p e n n ~ ~ o ~ q e ~  y c ~ p o i i c ~ s e .  

11 10.6. CIIEqH@119ECKI4E CJIYgAH IIPHMEHEHHII 
3 n e ~ ~ p o i $ o ~ o r p a @ m ~  06na~aeT MHoxecTBoM ~ ~ M ~ P ~ T ~ J I ~ H H X  OCO- 

6e~~ocTef i ,  KOTOpbIe II03BOJIRIOT HPHMeHHTb ee B PRAe CIIeqHaJIbHbIX 
cnysaeB AJIR aanmcm ~ ~ i $ o p ~ a q m m ,  a Taxme B ApyrHx npoqeccax. 
H n x e  OIIHCaHbI HeKOTOpbIe I43 IIOCJIeJ(HEIX ~ O C T H N ~ H H ~  B 3THX HaIIpa- 
BJIeHHRX. 

10.6.1. MkfICPOKCEPOI'PA@kIH 
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npll IIOJIb30BaHHH ~ a K 0 f i  M~UIEHO% O I I e p a T O p  BCTaBJIReT AOKy- 

MeHT B OpHI 'HHaJIOAepXaTeJIb AJIR er0 3KCIIOHHpOBaHHR, 3 a T e M  BCTa- 

s n R e T  K a p T y ,  H a  ~ o ~ o p o i i r  nonysam a306paxe~me, EI H a m H M a e T  

KHOIIKY. qepe3 30 CeK: IIORBJIHeTCR K a p T a  C YMeHbIIIeHHbIM IIO pas- 
M e p y  E I 3 0 6 p a ? K e H H e ~  OpHI'HHaJIbHOrO AOKyMeHTa,  l'OTOBaFI AJIR 

HeMeAJIeHHOrO HCIIOJIb30BaHHR. 

Ha ~ O T O  15 I I O K ~ ~ ~ H  061qnii s m A  M a m n H b I .  O p n r ~ ~ a n o ~ e p x a ~ e ~ ~ b  
PaCIIOJIOXeH B B ~ ~ x H ~ G  saCTLl MaIDEIHbI. A J I R  KOIIEIPOBaHHR M O r y T  

6 b I T b  HCIIOJIb30BaHbI OAHOCTOPOHHHe 

HJIH ABYCTOPOHHHe OPHI'IZHaJlbI, a TaX- 

me o p m r H H a J I H  T H n a  n e p H o A m s e c m x  

H a ~ a ~ r n i i  HJIH mmrn B n e p e n n e T a x .  

E a p ~ y ,  H a  ~ o ~ o p o i i  IIOJIYsaIOT EI30- 

6 p a ? r c e ~ n e ,  n 0 M e q a m . r  H a  r o p ~ 3 0 ~ -  
~ a J I b ~ b 1 5  CTOJI, P ~ c I I o J I o ? K ~ H H ~ I ~  B 

q e ~ ~ p a J I b H 0 f i  ¶aCTH MaIIIHHbI. @ O ~ M ~ T  

K a P T b I  M O X e T  MeHIITbCR OT 75 X 130 
A 0  130 x 200 X W .  H a p ~ a  M O X e T  G L I T ~  
J I H ~ O  ~3 npo3pas~or0 ,  an60 ~3 H e n p o -  

s p a s ~ o r o  M a T e p n a n a .  Onepa~op  n o M e -  

q a e T  K a p T y  T a K ,  Y T O ~ H  nao6paxe~ne  
pacnonaranocb H a  o n p e g e n e H H o M  ysa- 
CTKe KaPTbI ,  a HMeHHO TaM,  rgf? er0 
~ p e 6 y e ~ C R  IIOJIysZiTb. ~ P E I ~ M H L I K O M  

~ 3 0 6 p a x e ~ n a  M O X e T  6 ~ ~ b  H e  TOJIbXO 

K a p T a ,  K a K  6~1~10 o n H c a H o  B AaHHoM 

cnysae, HO H M a T e p n a n  B s m A e  pynoaa. 
H p H  H a m a T H H  KHOnXH BbIIIOJIHSXeT- 

CII I I O J I H ~ I ~ ~  ~ c e p o r p a @ n ~ e c ~ n G  ~ H K J I .  

I llocne T o r o  IcaK c e J r e H o s a a  n j I a c T k i H a  

o s y B c T s n e H a ,  o H a  n e p e a s H r a e T c H  B 
i n o n o x e ~ n e  AJIH ~ K C ~ O H ~ ~ O B ~ H H R ,  rge 

H a  IIOBePXHOCTb C ~ J I ~ H O B O G  IIJIaCTMHbI @ 0 T 0 15. M ~ K ~ o K c ~ ~ ~ ~ ~ ~ @ ~ -  
n p o e q H p y e T c c r  y M e H b m e H H o e  o n T n s e -  necKoe s a n ~ c b ~ s a m ~ q e e  y c ~ p o l -  

P CKOe m306pame~ne ' K o n H p y e ~ o r o  go- CTBO +HPM* ((E~JIJI  3 H R  Xoy3nn0 .  

K y M e H T a .  B 3THX Y C T P O ~ ~ C T B ~ X  AJIR 

Pa3J IH4HbIX C J I y s a e B  HCIIOJIb30BaHHR MOXHO YMeHbJlIaTb ~ 3 0 6 p a -  
weme no A n a M e T p y  B 12 EI 18 pas. 3 a ~ e ~  n n a c T E i H a  npoxogm sepes 
y3eJI IIpORBJIeHHII EI OTTYRa X IIOSHqHH, H a  KOTOPO~~[ OCYIL(eCTBJ1ReTCcI 

n e p e H o c  m306pawe~ma. 
B soae n e p e H o c a  n p o a s n e H H o e  n o p o m K o B o e  5 i 3 0 6 p a ~ e ~ ~ e  nepe- 

HOCHTCR H a  K a p T y  m s a ~ e ~  s a ~ p e n n ~ e ~ c c r  H a  neii. ICap~a BbIxoArnT 

H 3  MaIIIHHbI, TOTOBaR K HeMeAJIeHHOMy HCnOJIb3OBaHHIo.  ECJIH 
H a  OAHY H TY we K a p T y  ~ p e 6 y e ~ C I I  CKOIIl lpOBaTb AOKYMeHT HJIH 

CTaTbIO H 3  HeCKOJIbKHX C T p a H H q ,  K a p T a  n O B T O p H 0  BCTaBJIFIeTCII 



a M a m H H y  ~i p a c n o n a r a e T c r r  T a x ,  9 ~ 0 6 ~  nocnenymqee ~ 1 3 0 6 p a x e ~ ~ e  
nepeHoCEi J IOCb  H a  YqaCTOK,  l l p H ~ b I K a I o I 4 H f  K I I e p B O M y  ~ 1 3 0 6 p a ~ e ~ ~ ~ ) .  
a 0 ~ 0 6 H b 1 ~  we o 6 p a 3 0 ~  K a p T a ,  H a  KOTOPOH Y?Ke HMeeTCR I IOJ Iy¶eHHOe  

p a H e e  n s o 6 p a w e ~ ~ e ,  M o x e T  G H T ~  IIOBTOPHO n p o n y q e H a  sepea 

M a I l I H H y  AJIR 3 a I l H C H  H a  H e e  HH@OPM~UBH, K O T O P a R  AOIIOJIHFIeT TY, 
9 T O  Y l K e  HMeeTCR H a  K a p T e .  3 T a  BO3MOECHOCTb 3aIIHCEI AOIIOJIHH- 

T e J I b ~ 0 f i  HH@OPM~QHEI H M e e T  oc06y10 4 e H H O C T b  I I P H  O ~ C J I Y X H B ~ H H H  

XIpeAMeTHhIX K a p T O T e K  MJIH K a p T O T e K  JIHqHOI'O COCTaBa ,  r A e  K y l r t e  
a M e I o q H M C R  CBeAeHHRM T p e 6 y e ~ c R  A o G ~ B J I ~ H H ~  ~ 0 ~ 0 5  E I H @ O P M ~ ~ H H .  

Ha @OTO 16 1 1 o ~ a 3 a ~ a  n e n p o s p a q ~ a ~  K a p T a  p a 3 ~ e p o ~  
75 x 130 WJU, H a  ~ 0 ~ 0 ~ 0 ~  p a 3 M e W e H b I  T P H  IIOCJIeAOBaTeJlbHO H a H e -  
C e H H h I X  1 3 3 0 6 p a m e ~ ~ 1 1 ,  K a l K A O e  E13 K O T O P H X  YMeHbI l l eHO B 12 pa3. 
X O T R  R a  H e I I p 0 3 p a ¶ H O f  K a p T e  ~ 3 0 6 p a ~ e H H e  B H r J I R A H T  K a K  MHHHa-  



T m p H a c r  n e s a T H a n  c T p a H H q a ,  n p o s p a s ~ a ~  K a p T a  HMeeT TO npexmy- 
lI(eCTB0, ¶TO OHa M O X e T  6bI~b  JIeI'KO HCIIOJIb30BaHa  B Ka¶eCTBe OpHI ' a -  
H a J I a  AJIH lIOJIy¶eHElcI AOIIOJIHHTeJIbHbIX K O ~ E I ~ ?  C OTAeJIbHbIX mao6paxe- 
EH% H a  K a p T e  EIJIEi C K a P T b I  B qeJIOM I I P H  MCIlOJIb30BaHHH ~ ~ a 3 0 I ' p a @ E i H  
mnm gpyroro a H a n o r H s n o r o  npoqecca. IC TOMY Xe npo6~1e~a  
ocseqeamrr B a n n a p a T a x  AJIR ~ T ~ H H R  n p o 3 p a q ~ ~ x  M H K ~ O E I ~ O ~ ~ ~ H E ~ H E I ~ ~  
p e m a e T c c I  ~ H ~ U H T ~ J I ~ H O  npome, s e M  B a n n a p a T a x  s T e H H s  nenpo- 
3 p a Y H b I X  n306pa~e~rnH, rge T ~ ~ ~ Y ~ T C R  0 6 e c n e s a ~ a ~ b  TaKyH)  X e  
XPKOCTb. 

Ann s T e H a F i  ~ ~ ~ p o ~ c e p o r p a @ ~ s e c ~ m x  m306pa~e~mi i  H IIOJIYW- 

HHH C HHX YBeJIH¶eHHbIX KOIIHE MOI'YT 6bI~b UpHMeHeHbI  T e  me MeTO- 

AbI H O ~ O P Y ~ O B ~ H H ~ ,  KOTOPbIe HCIIOJIb3yH)TCR AJIH ¶TeHHH HJIEI 

KOnHpOBaHHR o ~ ~ I P H ~ I x  ME~KPo@HJI~MoB. 
K a K  H O ~ ~ I P H ~ R  a I I I I a p a T y p a  AJIR p a 6 o . r ~  C M E I K ~ O H ~ O ~ ~ ~ X ~ H H I I M E I ,  

~ m ~ p o ~ c e p o r p a @ ~ s e c m  c m c T e M a  c o 3 ~ a e ~  o n p e g e n e H H b I e  y ~ o 6 c ~ s a  
,JJ,JIR TeX,  K T 0  em IIOJIb3yeTCH m, KpOMe TOI'O, n03BOJI f l eT  3KOHOMHTb 

n n o m ( a A b  gnn x p a H e H m r r  MH@OPMB~EIH H c p e A c T s a .  K p o ~ e  T o r o ,  

MMKPOKC~POI'P~@EIII HMeeT AOIIOJIHHTeJIbHbIe I I P e l l M y m e C T B a ,  T a K  K a K  

O H a  g a e T  BO3MOHCHOCTb 3 a I I H C a T b  H H @ O P M ~ ~ H I O  13 C p a 3 y  XI3  OCylqe -  

CTBmTb I I P O B e p K Y  3aIIHCEI; 3aII13CaHHaR HH@OPM~L(EIFI rOTOBa K HeMeR- 

JIeRHOMY XiCIIOJIb30BaHHH). A I IpeACTaBJIReMaR B T O ~  C E I C T ~ M O ~  B03-  

MOXHOCTb B x1060e B P e M I i  3 a n H C a T b  H a  I'OTOBbIe K a p T b I  AOIIOJIHEI- 

TeJIbHYH) H H @ O P M ~ ~ E I I O  XBXReTII Y H L I K ~ J I ~ H O ~ .  

C h p ~ a  ((Kcepo~ca pa3pa6o~ana g n I I  BBC CmA aBTOMaTH¶eCKOe 

~ c e p o r p a @ m e c ~ c o e  n e s a T a m l q e e  ~ C T ~ O ~ ~ C T B O ,  K o T o p o e  n o 3 ~ o n ~ e ~  
IIOJIY¶aTb IIOJtYTOHOBbIe II03HTI4BHbIe OTIIe'XaTKH C @ O T O ~ P ~ @ H ¶ ~ C K H X  

HeI'aTHBOB [179]. Marnm~a l I e ¶ a T a e T  C PYJIOHHO~? ~ ~ ~ - M H J I J I M M ~ T P o B o %  

nJ IeHKH H a  Genym, HeO¶yBCTBJIeHHyH, 6 y ~ a r y  m o 6 ~ 1 a ~ a e ~  IIpOH3BOAH- 

TeJIbHOCTbX), ~ ~ B H O G  1 OTTHCKY p a 3 M e p O M  230 X 230 KalKHbIe 

2,25 C e K .  B MaIUHHY MOlKHO 3 a r P Y 3 H T b  PYJIOH H ~ ~ ~ T H B H O ~ ?  IIJIeHKH 

gnm~oj i  B 152 at. n e p ~ o ~ a s a n b ~ o  M ~ U I H H ~  n p e n ~ a s ~ a s a ~ ~ a c b  g n ~  
c ~ o p o c ~ ~ o i j r  n e s a T m  c a3po@o~orpa@msec~nx n n e a o K ,  n p n s e M  nony- 
¶eHHJde OTIIe9aTKEI MCIIOJIb30BaJIHCb AJIII COCTaBJIeHHR K a P T  EI B Ka¶€!- 

CTBe BaHHbIX pa3BeAKH.  

Ha PHC. 81 I I O K a 3 a H a  CXeMa Y3JIOB MBIUHHM. C B ~ T O ¶ Y B C T B H T ~ J I ~ -  

HbIM 3JIeMeHTOM HBJIReTCII K C ~ ~ O I ' ~ ~ @ H W ? C K H ~ ~  6 a p a 6 a ~  C CeJteHOBbIM 

IIOKpbITlXeM. Bce OIIepa I JHH IIOCJIeAOBaTeJIbHO OCyIQeCTBnRlOTCR 

H a  no3mqm~x, p a c n o n o m e H H b I x  B o K p y r  6apa6a~a .  3 ~ c n o ~ ~ l p o ~ a ~ ~ e  

O ¶ ~ B C T B J I ~ H H O %  B KOPOHHOM p a 3 P R A e  IIOBepXHOCTH 6 a p a 6 a ~ a  IIpOH3- 

BOART Wpe3 HeI'aTHBHyIo n J I e H K y ,  g B t i X y m y E O C R  B KOHTaKTe C Gapa- 
~ ~ H O M .  HJIH IIOJIY¶eHHR H ~ O ~ X O A ~ M H X  P p a g a I J H H  TOHOB n 3 0 6 p a x e ~ ~ ~  



P M c .  81. C x e ~ a  yc~pot ic~sa rKcepo~ca AJIll nenaTaHnrr PMCYHKOB. [Phot.  
Sci. Eng., 3, 246 (1959).] 

1 - IIPOCMOTpOBOe OKHO; 2 - 3 a K p e I I J I e H U e ;  3 - 6 y ~ a r a ;  4 - ~ J I ~ K T ~ O C T ~ T H ~ ~ C H H ~ ~  
nepeaoc; 5 - meTKvr;  6 - nonasa ~ e r a ~ n ~ ~ o i l  n n e a r t a ;  T - p a s p ~ n ~ a n  n a a a n a ;  8 - 
8 a P I I n H I I K ;  9 - HCTO'IHHK C B e T a  I4 HOHTPOJIb 3KCIIOHHPOBaHHJ3; 10 - n e p e M O T K a  H e r a T U B -  
s o t  IIJIeHKU; I 1  - n p o n B o ' I H a n  N a i v e p a ;  12 - nonasa n p o r r m T e n n ;  13 - 5 npomnxm- 
I q H X  a n e K T P O R O B ;  14 - K C ~ ~ O ~ ~ ~ @ H Y ~ C H H ~  G a p a G a a ;  15 - n p i i e M H b 1 a  6 y M a m I i h i f i  PYJIOH. 

Gy~ary, IIOJIy¶eHHMe PmCyHKEI BhI rnRART K a K  r n H H q e B b I e  OTIIe¶aTKH. 

C I IOMOqblO I I ~ O C T O H  H ~ C T P O ~ ~ K E ~  M a m H H a  IlO3BOJIHeT I IOJIy¶aTb  II03M- 

THBHbIe OTIIeYaTKEI C I I O ~ E I T E I B H O ~  IIJIeHKH. BO BpeMtI  p a 6 0 T b 1  MaIIIEIHbI 

MOXHO OCYl4eCTBJIRTb 6 b r c ~ p o e  EI3MeHeHMe KOHTPaCTa EI 3KCII03HqEIH. 

B 1959 r., K o r n a  661~10 O ~ % R B J I ~ H O  06  TOM Y C T P O ~ C T B ~ ,  c a M a  

M a m m a  H a x o A m n a c b  ewe B c T a A n n  p a 3 p a 6 0 ~ ~ m  EI H e  n p e n ~ a 3 ~ a s a -  
J IaCb  AJIR C ~ ~ E I ~ H O ~ O  I I p O H 3 B O ~ C T B a .  O A H ~ K O  yXe T O r A a  ~ ~ I J I O  09e- 
BEIAHO, ¶TO nocne g a n b ~ e j i m e r o  y c o s e p m e H c T B o e a H m  o H a  nonysm 
m m p o K o e  p a c r I p o c T p a H e H m e  B K a s e c T s e  G ~ I C T P O ~ ,  ~KOHOMH¶HOB 
M a m m n b I  AJIH n e s a T a H m  + o ~ o r p a + ~ s e c ~ ~ x  ~ 3 0 6 p a ? K e ~ ~ j i .  



H e c K o n b ~ o  n e T  ~ a s a ~  o T A e n e H n e  c ( C ~ p o ~ 6 e p r  - Kapncoa, 
~ J ~ H P M ~ I  c c n w e ~ e p a ~ r  A ~ ~ H ~ M H K C ) )  B b I n y c T H n o  B H c o r c o c K o p o c T H o e  nesa- 
T a m w e e  ~ C T P O ~ C T B O ,  cnysaqee B K a s e c T s e  y c ~ p o t i c ~ s a  B m o A a  

3uBM. B 3TOM Y C T P O ~ ~ C T B ~  GHJI HCIIOJIb30BaH K c e p o r p a & H n e c ~ F i l i i  

P K C. 82. B~ICOKOCKO~OCTHO~ 3JIeHTpOHHOe IIePaTaIOIqee Y C T ~ O ~ ~ C T B O  ((SC-5000# 
(BHYTP~HHH% B H ~ )  . 

1 - UCTOsHHK IIUTBHUR; 2 - IIpHeM~b1a ~ Y M ~ H ( H ' ~ I Z ~  PYJIOH; 3 - OTIIe'laTaAHaR KOIIMII; 
4 - YCTPO~~CTBO nJIR pe3KM 6yMaPH (BcIIoMoP~T~JI~HO~);  5 - aaKpenneHMe; 6 - CXeMa 
yrrpasnenmn BJIT; 7 - KHonnn ynpaBneHm; 8 - ~ e ~ a n n u r e c ~ ~ l f l  axpan; 9 - ((XapaKT- 
poaa ( n n a ~ e ~ p  18 cx); 10 - n p ~ ~ ~ a ;  11 - nponBovHoe ~ C T ~ O B C T E O ;  12 - Kanepa 
onncTm; 13 - SapnAHnK; 14 - ~ceporpa@nsec~nf i  6 a p a 6 a ~ ;  15 - nepeHoc msobpame- 

HHn; 16 - 6y~amablPI PYJIOH. 

I I p H H q H I I  B C 0 9 e T a H H H  CO ~ I l e q k I a J I b H 0 %  ~ J I ~ K T P O H H O - J I Y ¶ ~ B O %  T P Y ~ K O ~ ~  

1 RJIH PeI 'kICTpaqHH A a H H H X  B K O ~ O B O - ~ M I I ~ ~ ~ C H O %  @ 0 p ~ e  [180]. 
3 ~ a  M a m m a ,  nonysnsman ~ a s s a ~ m e  GSC-5000a, 6 ~ n a  o x a p a K T e  

p H 3 0 B a H a  K a K  C a M o e  6b1c~poe ~ C T P O ~ C T B O  BbIBOAa. ~ J I ~ K T P O N H O -  

/ J I y ¶ e B a r r  ~ p y 6 ~ a  (NIT), H3BeCTHaR KBK < ( X ~ ~ ~ K T P O H , >  [1811, @OP- 
MHPYeT ~ H ~ K H ,  H a n p a s n a a  JIy¶ OT ~ J I ~ K T P O H H O %  IIYIJIKH H a  

1 T O H K H ~  M ~ T ~ J I J I H ¶ ~ C K H ~  I I I ~ ~ J I O H ,  C O A ~ P Z ~ ~ & ~  64 P ~ ~ J I H ~ H H X  



s ~ a ~ a ,  C O ~ P ~ H H ~ I X  B M a T P H q Y  8 X 8. 3a MeTanJIH¶eCKHM m a 6 n o ~ o ~  
n o n e p e s H o e  c e s e H m e  ~ ~ ~ K T P O H H O ~ O  nysa npmo6pe~ae~ + o p ~ y  Taro, 

s ~ a ~ a ,  sepes ~ o ~ o p b ~ f i  OH npomen. Bb160p s ~ a ~ a  B M a T p n q e  ocyme- 
CTBJIHeTCEI CO0TBeTCTBYK)WIIM OTKJIOHeHMeM 3JIeKTpOHHOrO J I y ¶ a .  
~ P O ~ H J I H P O B ~ H H ~ I ~  3JIeKTp0HHbIf i  n P O K  3 a T e M  M O X e T  6 b I ~ b  OTKJIO- 

u e H  B ~ p e 6 y e ~ o e  n o n o x e H H e  H a  ~ O K P N T O M  ~ ~ M H H O + O P O M  a ~ p a ~ e  

w 
1 

P H C. 83. E J I o K - C X ~ M ~  OIIMTHOB YCTaHOBKH C BBOAOM ABOH4HbIX AaHFIbIX, HCKlOJIb- 
s ~ ~ ? M o B  COBMeCTHO C 3KCIIePIlMeHTaJIbHblM IIe¶aTaIOII(HM YCTPOHCTBOM U ~ J I ~ K T P O -  

@KC)) ~ M P M ~ I  aAp-Cm-3iir. [ 0 1 d e n, RCA Review,  18, 586 (1961).] 
1 - MCTOsHElK I IHTaHHR;  2 - PYJIOH 6 y m a r ~ l  ~ ~ J I ~ K T P O @ ~ H C * ;  3 - B e p T A K a J l b H O e  OTKJIU- 
E e H U e  ~ Y H B ;  4 - rOPW8OHTaJIbHOe OTKJIOHeHMe; 5 - rOpbI30HTaJIbHOe O T K n O H e H u e  ~ Y H B ;  
6 - r a n ~ e ~ a e  o6pa~aoro xona; 7 - sanyc~ammee ~ C T P O Z I C T B O ;  8 - YCTPOBCTBO C ~ B T H -  
BBHIIU C JIeHTbI; 9 - K o I I o B ~ I ~ ~  PerElCTp;  10 - CCJIeHTOp OTKJIOHCHMX; 1 1  - MOHOCKOII; 
12 - o c H o B H a f l  O T r f n o H n m m a n  C A c T c M a ;  13 - s a n e o y c m z m e n b ;  14 - B c n o M o r a T e n b n a a  
O T H J I O H U I O ~ a R  CIICTeMa; 15 - 3 a K p C n n e H Y r e ;  16 - BblBOn OTIIeqaTKOB: 1 7  - I lpORBJIeHl i e ;  

18 - 3JIT; 1 9  - n B y C T O p O H H e e  S a p R n H O e  YCTPOBCTBO. 

n p e s p a q a m T c H  B c o o T s e T c T B y m q E i e  a H a n o r o s b I e  c m r H a n M ,  ynpasnam- 
Q H e  OTKJIOHeHHeM JIy¶a. k l M n y J I b C H b I ~  KOA M O Z e T  6bI~b I I O J I P e H  

OT ~ J I ~ K T P O H H O ~ ~  B ~ I ¶ ~ ~ c J I E I T € ! J I ~ H o ~  MII I IHHP,  aBTOMaTH¶eCKHX 
Y C T P O ~ ~ C T B  IIO 0 6 p a 6 0 ~ ~ e  AaHHbIX, H H @ O P M ~ ~ E I O H H H X  CHCTeM HJIH 

IIO CeTH A H C T ~ H ~ H O H H O ~  CBIIBH. 
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H a  B H ~ T P ~ H H ~ ~  CTOPOHe OKHa,  HMeIOqel'O nOKpbITHe  H 3  JIIOMHHO- 

(Dopa. 
 TO n e ¶ a T a I o q e e  Y C T P O ~ ~ C T B O  M O X e T  3 a I I H C H B a T b  600 000 3 H a K O B  

B MHHYTY. T a ~ a a  CKOpOCTb 6b1~1a IIpOAeMOHCTpHpOBaHa,  K O r A a  

a l l I I a p a T  pa6o~an C & ~ K c H M H J I ~ H ~ I M  BBOAOM, OAHaKO O H a  3 H a s l l -  

TeJIbHO CHHlfFaeTCR, KOI'Aa BBOAOM CJIYXCaT BbIXOAHhIe A a H H b I e  

3UBM. 

10.6.4. IIOJIYYEHBE @AKCklMM[JIbHbIX B30BPAlKEHM[M 
CPEACTBAMB KCEPOI'PAOBB 

T~PMHH ( ( @ ~ K c H M E I J I ~ H ~ I ~ o  ce6¶ac IIIHpOKO HCnOJIb3yeTCH AJIR 

0 6 0 3 H a ¶ e ~ H R  cnoco60~ n e p e A a s H  PHCYHKOB HJIH K o I I H ~ ~  AOKYMeHTOB 

no panno nnn no n p o B o A a M .  

P a 3 J I H ¶ H b I e  MeTOAbI IIOJIY¶eHHR @ ~ K c H M H J I ~  HCIIOJIb3YIOTCH H a  

U p a K T H K e  yXe B T e W H H e  MHOrHX JIeT, O C O ~ ~ H H O  AJIR n e p e A a ¶ H  m306- 
p a X e H M 6  B OTAaJIeHHbIe paf OHM. H ~ A ~ B H O  IIORBMJIHCb ~ C T ~ O ~ C T B ~ ~  

AJIR @ ~ K c E ~ M H J I ~ H o ~ ~  I I e p e A a ¶ M  MalllElHOIIHCHbIX TeKCTOB, 3CKH30B,  

K a p T  H T. II. ~ T H  CHCTeMbI HMeIOT C e p b e 3 H b I e  OI 'paHH¶eHHR IIO CKO- 

POCTH Ci  Ka¶eCTBy,  T a K  K a K  OHH GMJIH paCC¶HTaHhI H a  HCUOJIb30BaHHe 

~ e n e @ o ~ ~ b ~ x  K a H a n o B .  H n c I  nepenasm O A H O ~  CTpaHmQM T ~ ~ ~ Y ~ T C H  

OKOJIO 6 AUM,  II03TOMY CTOHMOCTb I I e p e A a ¶ l l  H a  6 0 n b m m e  PaCCTOcIHHfl 

c ~ O M O ~ ~ I O  ~ T M X  cHcTeM CnHIIIKoM senma .  T e n e p b ,  xoraa c T a n H  

IIPHMeHRTbCR IIepeAaIOLqEle CHCTeMbI CBY, CHOBa IIORBElJlCR H H T e p e C  

K HCIIOJIb30BaHHIO A E I C T ~ H ~ E I O H H O ~  I I e p e A a ¶ H  @ ~ K C H M H J I ~ H ~ I X  nso6pa- 
H E ~ H H ~ .  CBY KaHaJIb I  HMeIOT ~ O J I ~ I I I Y I O  IIPOIIYCKHYH) C ~ O C O ~ H O C T ~  

ll TeM CaMbIM o ~ ~ c I I ~ ~ H B ~ I O T  6onee BbICOKHe CKOPOCTb H p a 3 p e I I I e H H e  

n P H  @ ~ K c H M H J I ~ H o ~ ~  I I e p e A a ¶ e  ROKYMeHTOB. 

I 



f l p ~ e ~ ~ o e  ~CTPO$CTBO @ ~ K C E I M H J I ~ H O ~  CHCTeMbI COAepXBT IIeYa- 

Tamqee 060pyAo~aHEl.e, KoTopoe perucTpmpyeT CHrHanbI, IIOCTY- 

namlqHe OT nepe~awqeii  CucTeMM. ,D,JIH nesaTamqero y c ~ p o i i c ~ s a  
MOXHO IIPHMeHIITb @oToIIJIC?IIKY, @oTo~J%~I 'Y HJIEl. 3JIeKTpOYYBCTBH- 

TeJIbHYH) 6 y ~ a r y .  HeAaBHo @ H p ~ a  ( ( ~ c ~ ~ o K c ) )  IIpOAeMOHCTpHpOBaJIa 

P H C. 84. C X ~ M ~ ,  JIOXCHFIIO~aa p a 6 o ~ y  @~KCHMEJI~HOX'O Y C T P O ~ ~ C T B ~  (P~pMhl 
t K c e p o ~ c ~ .  

1 - JIOHYMeHT; 2 - CBeTOnPOBOA; 3 - ~ ~ ' ~ ~ H T I I B ;  4  - CKaHEIPYIOI9aR BnT; 5 - (POTO- 
yMnomnTeJlb; 6 - aneKTpoHHbIe npe06pa8ona~enn; 7 - nepenaxoqee ~CTPOPCTBO; 8 - 
~ J I ~ H T ~ o H H ~ I ~ ~  IIPHBMHUK; 9 - 3JIT; I0 - 06'beHTU~; I1 - aKCn0HIlpOBaHUe; 12 - 
aapama; 13 - OYucTxa; I4  - B ~ I X O ~  HOIIUEI; I5  - aaxpenneane ~1306pa~(e~UR Ha 6y- 
Mare; 1 6  - nepeaoc nso6pame~ma Ha 6 y ~ a r y ;  17  - npoannenne; 18 - ceneaosbli4 

6apa6an. 

B~ICOKOCROPO~THYIO @ ~ I C C I ~ M E ~ . J I ~ H ~ I O  CHCTeMY, rAe B npHeMH0M 6 n o ~ e  
HCIIOJIb3OBaHO ~~epOI'pa@El.¶ec~Oe KOnIlpOBaJIbHOe ~ C T ~ O ~ C T B O  11831. 
Y ~ a a a r s a w ~ ,  YTO HoBoe 0 6 0 p y ~ o s a ~ ~ e  HMeeT B 24 paaa 60~1ee BMcoIcoe 
~ ~ I C T P O A ~ ~ ~ C T B H ~ ,  ¶eM ~ O J I ~ ~ ~ H C T B O  MOA~JI~H BbInyCKaeMOrO ~(3pEl.g- 

HOrO O ~ O P Y A O B ~ H H I I .  Y I I P O ~ ~ H H ~ I I  CXeMa 3 ~ 0 5  CHCTeMbI llOKa3aHa 

Ha PHC. 84.  OH^ n p e ~ ~ a 3 ~ a s e ~ a  Aaa c o s ~ e c ~ ~ o l  ~ ~ ~ O T J J  c nepenam- 
JQZiMEl. CHCTeMaMFf, EIMeIOZqHMH 60JIbIIIyH) IIPOIIYCKHYH) C I I O C O ~ H O C T ~ ,  

H 6yAeT nepeAasaTb ~ l .  negaTaTb Konnu co C K O P O C T ~ ~  DO 16 i30l~y- 
.inenml~tun npn p a a ~ e p e  AoKyMeHTa 215 X 280 a m  H pa3peme~~l.11 

IIOpHAKa 40 JZU~UsllC&. flpm II0BbI~eHEl.H pa3pemaIO~e6 ~ ~ 0 ~ 0 6 -  

HOCTEl. A0 100 JZUHURICX CKOpOCTb MaIIIElHhl CHMXaeTCH DO 3,s doxy- 
~tenrnl~ult.  Bonee BbIcoKaa pa3pemamqa~ cnoco6~oc~b,  K o H e w o ,  
n03BOJIHeT nOJIY¶ElTb El. PeIIPOnYKqHH) 6onee BbICOKOrO KaseCTBa. 
l l e p e ~ a ~ ~ a ~  m~@op~aqrnc~  MoXeT G M T ~  OTnesaTaHa Ha 06b19~0ii 

6 y ~ a r e  HJIH Ha o a c e ~ ~ o i i  nnacTme. B cxyqanx, K o r A a  aa KopoTKoe 



X. IIPHMEHEHHE 3JIEHTPO@OTOrPAQH?i 177 

n p H  YI IpaBJIeHHH ~ O ~ B H M H  CHCTeMaMH Ei X O ~ F I $ C T B ~ H H ~ I M E I  IIpeA- 
IIpHRTHRMH B T e x  C J I Y ~ ~ R X ,  K o r A a  ~ p e 6 y e ~ C R  6e3 IIpOMeAJIeHHR IIpH- 

HHTb PeI I IeHHe,  H ~ O ~ X O A H M O  ~ ~ I C T P O  HaXOAHTb, a 3 a T e M  0 ~ 0 6 p a ? % < a ~ b  

H H @ O P M ~ ~ H I O .  0 6 ~ 9 ~ 0  TaKOrO P O A a  H H @ O ~ M ~ ~ H E I  nOJI?KHa 6 H ~ b  
DpeAOCTaBJIeHa rpyIIII€! JI lO~efi .  3 T a  ? ~ H @ O ~ M ~ Q H R  MOlrceT XPaHHTbCR 

B BHAe T ~ ~ J I H ~  HJIH A H a r p a M M  HJIH B 3a l IOMHRaIOQeM Y C T P O ~ ~ [ C T B ~  

3qBM, a HHOrAa  M O X e T  IIOCTyIIaTb IIO K a H a J r a M  CBR3H OT YAaJIeHHOI'O 
HCT09HHKa.  E ~ K o B  6b1 HH ~ H J I  HCTO¶HHK, AaHHbIe AOJImHbI 6 b 1 ~ b  

~ H C T P O  o 6 p a 6 0 ~ a ~ b 1  H C n p o e q H p o B a H b I  H a  3 K p a H  AJIH IIPOCMOTPa. 

T a ~ a a  H ~ O ~ X O A H M O C T ~  CTHMyJIHpOBaJIa  3 H a s H T e J I b H O e  sHCJI0 HCCJIe- 

n o ~ a ~ m f i  HOBbIX cnoco60~ c6opa H o ~ o 6 p a w e ~ m ~  AaHHbIX. 

MOTT, I C n a p ~  H ,l(eccay3p [I841 n 3 0 6 p e ~ 1 ~  x c e p o r p a @ ~ s e c ~ ~ g  
cnoco6 6 b 1 c ~ p o r o  O T O ~ P ~ ? K ~ H H I I  H H @ o p M a q H H .  C 0 3 ~ a ~ H h I f i  HMH H O B ~ I ~  

THII I I p o e q H p y I O q e $  CHCTeMbI IIOJIY¶HJI H a 3 B a H H e  ( (~POKCEI) ) .  B  TOG 
CHCTeMe HCIIOJIb30BaHa IIOBePXHOCTHaR OTpaXCaTeJIbHaX C ~ O C O ~ H O C T ~  

CeJIeHOBbIX ~ ~ e p ~ r p a @ H ¶ e ~ K H x  IIJIaCTHH. H a s a J I b ~ b I e  CTaAHH COOT- 

B e T c T B y m q e r o  T e x H o n o r n s e c K o r o  npoqecca T a m e  x e ,  K a K  H IIPH 
~ c e p o r p a $ m s e c ~ o ~  n e s a T a H m .  C e n e ~ o s a ~  n a a c T n H a  s a p ~ ) x a e ~ c ~ ,  
O C B e q a e T C R  OIITH¶eCKHM ~ 3 0 6 p a m e ~ ~ e ~  ( H ~ T I P H M ~ P ,  H ~ o ~ ~ ~ > I ~ ~ H H c M ,  

KOTOpOe A a e T  3JIT) H 3 a T e M  IIpORBJIfIeTCR nOpOUIKOM. ~ ~ O R B J I ~ H H O ~  
I 

~ 3 0 6 p a ? ~ e ~ ~ e  I I p O e q H p y e T C R  H a  3 K P a H  B OTPaXCeHHOM CBeTe. C B ~ T ,  
o ~ p a m e ~ ~ b r i i  OT s m c T o r o  ceneaa, @ o ~ y c ~ p y e ~ c ~  H a  axpane o n T m s e -  

C K O ~  C H C T ~ M O ~ ,  B TO BPeMH KBK CBeT, P ~ C C ~ R H H ~ I ~  H I I o I ' J I o I I J , ~ H H ~ I ~  

n o p o m ~ o s b r ~  ~ 3 0 6 p a m e ~ n e ~ ,  H a  3 ~ p a ~  H e  nonaaaer. B p e 3 y n b ~ a ~ e  

H a  3 K p a H e  0 6 p a 3 y e ~ c ~  sep~o-6enoe nso6pa=e~ne. 0 6 n a ~ a m ~ e e  
RpKOCTbIO, KOTOPaR C p a B H H M a  C RPKOCTbIO, I I o J I ~ ¶ ~ ~ M o ~  IIpM UpOe-  

q H P O B a H H H  )JHaII03HTHBOB. ~ ~ O ~ O ~ K O B O ~  ~ s o 6 p a w e ~ ~ e  H e  ~ p e 6 y e ~  
3aKpenJ IeHHR H IIOCJIe I I p O e q H p O B a H H R  MOHCeT 6 b I ~ b  YAaJleHO OsHCT- 

~ 0 i i .  % T ~ M  CeJIeHOBaR I lJIaCTHHa M03KeT 6 b 1 ~ b  IIOBTOPHO HClIOJIb30- 

B a H a ,  K a K  B 0 6 1 ~ 9 ~ 0 ~  K c e p o r p a @ H s e c ~ o ~  npoqecce. ECJIH aeo6xo- 
AHMO IIOJIy¶eHHe ~ C T O H ¶ H B O ~ O  m 3 0 6 p a ? ~ e ~ ~ ~ ,  I I O P O ~ O K  MOWeT 6b I~b  
n e p e H e c e H  H a  6 y ~ a r y  mnEi n J I e H K y  H Tah t  a a ~ i p e n n e ~ .  

H ~ C K O ~ ~ K O  M O ~ H @ E I ~ H ~ O B ~ H H ~ I X  CHCTeM ( ( ~ P O K C H ) )  p a 3 p a 6 o ~ a ~ o  
AJIH HeIIpepbIBHOJ!O o ~ o 6 p a ~ e ~ r n ~  OAHHX H TeX ?Ke HJIH MeHFIXOUHXCIT 

'2 p. m a a a e p ~  



P H C. 85. YCTPO~CTBO H a  OCHOBB CHCTeMhI u ~ ~ ~ o K C H ,  Ann 6nc~poro o~o6pa- 
XeHHII  H H @ O P M ~ ~ I I H ,  ~ I o J I ~ ¶ ~ H H O ~  H a  3 K p a H e  3JIT. [M 0 t t ,  K 1 a I' k, D e;3- 

s a u e r, Phot.  Sci. Eng., 5,  90 (1961).] 
1 - ElCTOqHAK C B e T a ;  2 - KOH!JeHCOP; 3 - npOIIBOqHaFI  CUCTBMB; 4 - O ~ ' ~ ~ K T H B ;  5 - 
c c X a p a ~ ~ p o n ) ) ;  6 - aapxnaa; 7 - O U ~ C T H ~ ;  8 - n e p e H o c  n a a ~ p e n n e ~ ~ e  ( n p ~  1ie06~0!JZi-  
MOCTII); 9-rn6~an CeJ leHOBaR JIeHTa;  10 - 0 6 ' b e ~ T H ~ ;  1 1 - I I p O e q Z i p O B a H H e ;  12 - a K p a H .  

n o p o r u K o B o e  ~ 3 0 6 p a x c e ~ ~ e  n e p e H o c a T  H a  npo3pas~ym n n e H K y  

H 3 a T e M  HClIOJIb3YIOT 06h19~h1e IIPOeKTOPhl  AJIa AHallO3HTHBOB. B 3TOM 

B a p H a H T e  B p e M R  B H ~ O P K H  H H @ O P M ~ ~ H H  B 0 3 p a C T a e T  I I P H ~ J ~ H ~ H T ~ J I ~ H o  

A 0  AByX CeKyHA. K o ~ @ @ H ~ H ~ H T  OTPaHEeHHR ~ M O ~ @ H O I ' O  CeJ IeHa  COCTa- 
BJIReT TOJIbKO OKOJIO 27 %. ~ T O ~ O  AOCTaTO¶HO AJIfI 0 6 e c n e s e ~ ~ a  XOpO- 

meii BHAHMOCTH H a  H ~ ~ O J I ~ ~ E I X  H c p e A H H x  no p a a ~ e p y  a I c p a H a x  6es 
IIOBpelKAeHHX IIOBepXHOCTH CeJIeHa.  O A H ~ K O  B ~ I C O K H ~ ~  Y p O B e H b  OCBe- 

WeHHOCTH, ~ e 0 6 ~ 0 ~ l i ~ h I f i  I IPH IIPOeIQTPOBaHHH H a  ~ O J I ~ I I I H ~  a K p a H h I ,  

M O X e T  BhI3BaTb  I I O B p e Z A e H H e  CeJIeHOBbIX nJIaCTHH B p e 3 y J I b T a T e  

I I e p e I ' p e B a ,  eCJIH 3KCllOHHpOBaHHe AJIHTCH AOCTaTOqHO AOJIrO. 

< D r n p ~ ~  cc@mn~oo H ( ( K c e p o x c ) )  pa3pa60~anm c K o p o c T H o e  K c e p o -  

r p a @ ~ s e c ~ o e  y c ~ p o i i c ~ ~ o  A n s  s a n ~ c ~  n o n y T o H o m x  ~ 3 0 6 p a l ~ e ~ a f i ,  

0 6 p a 3 0 ~ a ~ ~ b 1 x  H a  a I c p a H e  3JIT C J I H H ~ % H ~ I M  PaCTPOM [1851. B 3TOM 





@UIpMa ( tCeH¶ypEI  3 J I eKTPOHHKC 3 H A  HHCTpaMeHTC))  pa3pa60~ana' 
xceporpa+~sec~oe  Y C T P O ~ ~ C T B O  AJIII ~ ~ I I H C E ~  O c q n n z o r p a M M  1186, 1871. 
Sanmcb I I ~ O H ~ B O A R T  H a  TOHKYH) B p a r y ,  ~ O I C P ~ I T Y H )  c n o e M ,  conepza- 
q H M  OKElCb IJEIHKa B CMOJIRHOM C B R 3 y I O w e M ,  C ~ H C U I ~ E I J I E I ~ E I ~ O B ~ H H ~ I O  

KpaCElTeJ I eM ( (6enranbc~~i i  PO~OB~II?)). E y M a r E l  O¶yBCTBJIReTCR B KOPOH- 

HOM p a s p ~ ~ e ,  s a p ~ x a ~ c b  no o T p m q a T e a b H o r o  n o T e H q m a n a  600 0. C B ~ T ,  
o ~ p a w e ~ ~ b ~ i i  OT a e p ~ a n a  r a n b s a H o M e T p a ,  + o ~ y c m p y e ~ c ~  H a  6 y M a r e  

I )  

1 B BEiAe CBeTOBOI'O n R T H a ,  o 6 p a 3 y ~  p a 3 p t I X e H ~ b I i i  CJIeA, I I IHPEIH8 
K o T o p o r o  pama p a s ~ e p y  n n T H a .  IIocne n p o R B a e H m  c 0 6 p a q e ~ t i e ~ ,  
3 KOTOPOM HCIIOJIb3YH)T BpaIqaIOE(YH)CR MarHEITHYIO ly t?TKy,  n O J I y -  

¶aIOT ~ e p ~ o - 6 e n y w  IIO3EITUIBHYH) 3aIIUICb OCqEIJIJIOrpaMMbI.  AJIR o6pa- 
WeHHEI Melf fAY M ~ I ' H H T H O ~  I ~ ~ T K o ~  UI M M ~ T ~ J I J I H ¶ ~ C K O ~ ~  I I J I ~ c T H H o ~ ,  

pacnonowen~oii c ,qpyroG C T O P O H ~ I  G y M a r E l ,  n p m K n a A b I s a m T  H a n p H -  

H t e H m e  I I ~ o T E ~ B o I I o J I o x H o ~  IIOJIRPHOCTEI.  TO Y M e H b I I I a e T  I IOTeHqEIaJI  

He3KCI IOHMpOBaHHbIX Y g a C T K O B  IIO¶TH A 0  HYJIR EI I IOBbIl I IaeT IIOTeH- 

q H a J I  P a 3 P R X e H H h I X  YPaCTIEOB A 0  BeJIUI¶ElHbI, A O C T ~ T O ¶ H O ~  AJIR OTPbIBa  

4 a C T H q  I IPORBHTeJ IR  OT MEIF HEITHOG WeTKEI. 

P ~ ~ E I C T P M P Y ~ M ~ H )  OCqHJI J IOrPaMMY M O X H O  H e I I p e p b I B H O  KOHTPOJIEI- 

P O B a T b ,  ~a6~11oparr 3a Gy~aroki, B ~ I X O A R ~ C ! ~  E13 3 0 H I d  IIPOIIBJIeHEIR. 

ITpo~srn~enb s a ~ p e n ~ ~ a e ~ c c r ,  I c o r H a  6 y ~ a r a  npoxoRm H a A  H a r p e T M M  

6 a p a 6 a ~ 0 ~  nepea B ~ I X O A O M  ~ 1 3  3anmcb1~a101qero Y C T P O ~ ~ C T B ~ .  

B y ~ a r a  AJIR 3 ~ 0 r o  3 a n t i c L I I s a I o q e r o  y c ~ p o i j r c ~ s a  B b r n y c K a e T c H  

B P Y J I O H I X ;  I I I H p M H a  6 y ~ a x ~ o i i  JJeHTbI  B P y J I O H e  225 .MA, AJIHHa 61 a. 
no-BEIAHMOMY, 3 T a  6 y ~ a r a  R B n R e T C R  n o ~ r y n p o 3 p a n ~ o i i ~  T a K  K a K  



HMeIOTCH CBeAeHHH, ¶TO C T a K 0 f i  3a l IHCH M03fCHO HenOCpeACTBeHH@ 

H ~ ~ O T O B J I H T ~  KOIIHH, HCIIOJIE.BYH O ~ ~ I P H ~ I ~  ~ r n a s o ~ ~ n ~ b ~ e  K o n m p o -  

BaJIbHbIe MaIUHHbI. T a ~ o e  Y C T P O ~ ~ C T B O  MOXHO HCIIOJIb30BaTb B PaAHO- 

~ I E T H B H O ~  C p e A e ,  IIOCKOJIbKy H e  H ~ ~ J I I O A ~ ~ T C R  3aMeTHOrO YXyAII IeHHB 

C B O ~ ~ C T B  6 y ~ a r n  I I p H  IIpOAOJIXHTeJIbHOM 0 6 n y ¶ e ~ H H  aJIb@a-, 6 e ~ a -  
H r a ~ ~ a - J I ~ P ~ M H .  

@ O T O ~ ~ I I ~ O ~ Y K ~ H O H H ~ I ~  IIPOqeCCbI IIPHMBHHIOT B Pa3JIH¶HhIX 

OTpaCJIHX IIPOMhlIIlJIeHHOCTH. P e 3 y J I b T a T b I  HCCJIeAOBaHHR BOaMOX- 

HOCTH 3aMeHbI  B HeKOTOPbIX CJIY¶aRX @ O T O I ' P ~ ~ H ¶ ~ C K H X  IIPOqeCCOB 

~ J I ~ K T ~ O @ O T O ~ ~ ~ ~ H ¶ ~ C K H M H  AaIOT OCHOBaHHe IIPeAIIOJIOXkITb, ¶TO 

c ~ O e 0 6 p a 3 H e  3THX n P 0 q e C C O B  I IpHBeAeT B 6 y g y q e ~  K PaCIUHpeHHKI 

HX HCIlOJIb30BaHElR. 

~ c I I o J I ~ ~ o B ~ H H ~  K ~ e p ~ r p a @ H H  AJIR X Y A O K ~ C T B ~ H H O ~ ~  OTAeJIKH K e p a -  

MHsecKEix  H ~ A ~ J I E I C ~  OrIEicaHo B pa6o~ax  [1881 H 11891. 
I I p r n ~ e ~ e ~ r n e  ~ c e p o r p a @ ~ n  B ~ ~ O H ~ B O A C T B ~  n e s a T H M x  ~ J I ~ K T ~ O H -  

H ~ I X  c x e M  O c B e q e H o  B pa6o~ax  [I901 H 11911. m y r e p ~ e ~  11921 
~ 0 6 n n c ~  Y C n e X a  B H3rOTOBJIeHHH IIJIaT C II€!¶aTHbIM MOHTaXOM, HCIIOJIb- - 
3YH I IPOqeCC ( ( ~ J I ~ K T P o @ ~ K c ) ) .  

m ~ e p q ,  X e J I J I e p  H M ~ ~ ~ H K o  [I931 coo6qrn~1n 0 n p H M e H e H H H  KCepO- 

r p a @ H H  n p H  H3rOTOBJIeHHEI 3JIeKTPOJIIOMHHeCqeHTHJdX IIa~eJIefi, CJIy- 

X a q H X  AJIH BOCnpOH3BeAeHHEI CaMOCBt!THQHXCH PaCTpOBhIX nao6pa- 
we~rnfi. 

B p a 6 o ~ e  1391 O n m c a H o  O ~ O ~ ~ A O B ~ H H ~ ,  p a 3 p a 6 0 T a ~ ~ o e  @ H ~ M o %  

( ( M ~ ~ e p ~ a i i r n ~ z  6n3~ecc  M ~ I I I H H ~ ) )  AJIR n e q a T a H H H  ~ c e p o r p a @ ~ s e -  
CKHM n y T e M  H a m e e I c  c a A p e c a M H  H n e p @ o ~ a p ~ .  

M ~ T O A O M  ~ c e p o r p a @ ~ s e c ~ ~ o r o  n e p e H o c a  n p o a s n e H H o r o  nao6paxe- 
HHH H a  I I P 0 3 P a P H Y I O  IIJIeHKY MOXHO AOBOJIbHO J Ie rKO H3rOTOBJIRTb 

AHan03HTHBbI  AJIR IIPOeK4HOHHOrO 4 0 ~ a p H .  HOCJI~ 3 a K P e n J I e H H H  

H 3 0 6 p a ~ e ~ H H  IIJIeHKa BCTaBJIHeTCH M e X A Y  CTeKJIHHHbIMH IIJIaCTHH- 

KaMH H OKaHTOBbIBaeTCR. 

A p Y r H M  IIePCIIeKTHBHbIM O ~ J I ~ C T R M  IIPHMeHeHHH BJI~KTPO@OTO- 

f p a @ H H  OTHOCHTCR H H @ O P M ~ U E I O H H M ~  CHCTeMbI H a  OCHOBe MHKPO- 

I ~ 3 0 6 p a X e ~ H f i  AOKYMeHTOB, IIPOHPBOACTBO @HPMC?HH~IX IlIHJIbAHKOB, 

HOMePHbIX AHCKOB, AeKOPaTHBHbIX H3AeJIHfi H @ O T O ~ ~ ~ J I O H O B ,  6paii- 
JIeBCKaH I I e ¶ a T b  AJIH CJIeIIbIX. 

3 n e ~ ~ p o @ o ~ o r p a @ ~ ~ e c ~ ~ i i  npoqecc 6b1n n p e A n o x e H  B CILIA, rge 
H a  er0 OCHOBe ~ ~ I J I H  p a 3 p a 6 0 T a H b 1  n e p B b I e  ~ C T ~ O ~ C T B ~  HLUIIegllIHe 

n p a x T H s e c K o e  n p H M e H e H H e .  Ilocne nep~oi i  IIY~JIHK~L(EIH o K c e p o r p a -  



+HH B 1948 r. E nocne~osa~mei i  3a ~ e i i  IIIHPOKOH p e K n a M H  K a ~ o i i  
npo6ne~e  C T a n  IIPOHBJIRTbCH H H T e p e C  H B A p y r H X  CTpaHaX.  O A H ~ K O  
a K T E B H 0  3aHHMaTbCR ~ J I ~ K T ~ o @ o T o I ' ~ ~ ~ # H ~ ~ ~  B H e  CmA H a ¶ a J I H  TOJIbKO 

K K O H ~ Y  1950 r. 
ABTOPY  TOG M O H O ~ ~ ~ ~ # H E I  HeH3BeCTHbI q H @ p b I ,  X a p a K T e p H 3 y I O -  

W H e  C O B ~ ~ M ~ H H ~ I ~ ~  Y p O B e H b  IIpHMeHeHHH C ~ ~ H ~ H O I ' O  ~ J I ~ K T ~ o @ o T o -  

J ? p a @ H ¶ e ~ ~ 0 ~ 0  0 6 0 p y ~ o s a ~ ~ ~  BCeMH C T p a H a M H  B qeJIOM. O A H ~ K O  eCTb 

CBHAOTeJIbCTBa TOI'O, ¶TO B ~ o J I ~ I I I H H c T B ~  KPyI IHbIX C T p a E  T a K O e  060- 
P y A O B a H H e  ( H M I I O ~ T H O ~  HJIH C O ~ C T B ~ H H O ~ O  IIPOHOBOACTB~) HCIIOJIb- 

ayeTCR.  I ~ ~ H B ~ A ~ H H ~ ~ I  HH?Ke H H @ O P M ~ ~ H H  IIpeACTaBJIHeT co6ol 
IIOIIbITKy a B T O p a  OIIHCaTb COCTOXHHe p a 3 p a 6 0 ~ 0 ~  C e p H f i ~ O r 0  3JIeKTpO- 

~ O T O I ' ~ ~ @ H ¶ ~ C K O I ' O  O ~ O P Y ~ O B ~ H H R  B APYI'HX C T p a H a X  H a  OCHOBaHHH 

T e X  AaHHbIX, KOTOPbIe e M y  YAaJIOCb C 0 6 p a T b  BO B p e M H  pa60Th1  HEIR 
A ~ H H O ~  K H H ~ O ~ .  ECJIH ¶TO-JIH60 YIIYmeHO, TO 3 T 0  JIHIIIb 3Ha¶HT, ¶TO 

COOTBeTCTBYIOlI(Ee CTaTbH H e  IIOIIaJIH B IIOJIe 3 p e H H R  a B ~ 0 p a .  

C o s ~ a e ~ c a  B n e n a T n e H n e ,  ¶TO B H e  CIITA ~ a ~ 6 0 ~ 1 b m ~ i i  0 6 n e ~  
H C C J I ~ ~ O B ~ H H ~ ~ ,  HaIIpaBJIeHHMX H a  CO3&3HHe C ~ ~ H ~ H O I ' O  ~JI€?KTPO@OTO- 

rpa@mec~oro  0 6 0 p y 4 0 B a H K H ,  n p m x o a H T c R  H a  HIIOHHIO. 0 p a a ~ a x e  
H c c n e n o s a T e n b c K m x  H K O H C T ~ ~ K T O ~ C K H X  pa6or B 3 ~ 0 3  06~1ac~m CBH- 

fieTl?JIbCTByeT I 'pOManHOe KOJIHqeCTBO T ~ X H H P ~ C K O ~ ~  J I H T e p a T y p b I ,  

O U ~ ~ J I H K O B ~ H H O ~  3AeCb 3a IIOCJIeAHHe rOnbI .  fir10HFfR RBJIReTCR eAHH- 

C T B ~ H H O ~  CTptlHofi ,  I'Ae 661~10 OPI 'aHH30BaHO TeXHHPeCKOe O ~ ~ ~ C T B O ,  
1 

AeRTeJIbHOCTb KOTOpOrO O r p a H H q e H a  HCKJIIO¶HTeJIbHO BOIIPOCaMH 

1 1 ~ J I ~ K T ~ o + o T O ~ ~ ~ @ ~ H .  3 ~ a  O P ~ ~ H H ~ ~ ~ H I I  H ~ C ~ H T M B ~ ~ T  C B M ~ ~  500 m e -  

I ,  BOB. T ~ X H C Z P ~ C K H ~  CTaTbH B  TOG O ~ J I ~ C T H  IIY~JIHKYH)TCII B H 3 R a H ) q e M -  

CH e X e K B a P T a J I b H 0  WYPHaJIe  ( ( ~ ~ H c H  C ~ C H H D  ( ( ( ~ J I ~ K T P O ~ O T O ~ P ~ @ E I H ) ) ) .  
~ O M I T M O  KOMllaHHE ( ( @ Y A ~ H  HCePOKC)), KOTOpaR IIPOHSBOAHT 

K p e a J I H 3 y e T  0 6 0 p y ~ O ~ a H H e  @BPMH ((KC~POKCR, B ~ u o ~ r n r n  HMeeTCR 

prrn @HPM, K o T o p b I e  HBFOTOBJIHIOT H p e a ~ 1 ~ 3 y m ~  ane~~poi#o~orpai#m- 
n e c K o e  060pyqosa~ne E M a T e p n a n b I  c ~ o e P  C O ~ C T B ~ H H O ~  p a 3 p a 6 0 ~ ~ ~ .  
f;OJIbIUeii ¶aCTbfO OHH OCHOBaHbI H a  HCIfOJIb3OBaHHH 6 y M a r H  C IIOKpbI- 

THeM, COJ(ep?KaIQKM OKHGb 4 H H K a .  
cDap~a ( ( K O H H C ~ P O K Y  $0~0) )  B b I u y c K a e T  a ~ ~ e ~ ~ p o @ o ~ o r p a @ ~ ¶ e -  

cmie K o n H p o e a n b H M e  a u u a p a T H ,  pa60~amrque 6e3 H ~ M ~ H ~ H H R  Mac-  

m ~ a 6 a ,  H KOIIHPOBaJIbHO-IIPOCMOTPOBbIe a I I U a p a T M  AJIH I Ie¶aTaHHR 

C MHKPO@HJI~MOB. HX , Q ~ ~ ~ c T B H ~  OCHOBaHO H a  HCIIOJIb30BaHHH IIPO- 

qecca, no~o6~01-o  npoqeccy r 3 n e ~ ~ p o i $ a ~ c s .  3 ~ a  @ m p ~ a  H ~ ~ O T ~ B J I H -  

s a e T  T a K w e  3 n e ~ ~ p o i $ o ~ o r p a i $ m e c ~ o e  Y C T P O ~ ~ C T B O  AJIH ~ ~ I I H C H  O C ~ H J I -  

JiOI'paMM, n o ~ o 6 ~ o e  BMIIyCKaeMOMy B C m A  @HpMOii  ( t C e H ¶ y p H  3JIeK- 
I TPOHHKC 3HA EiHCTpaMeHTC)). @ t l p M a  TaK?Ke IIOCTaBJIHeT 6 y ~ a r y  

@KOHH@~KC)>  AJIH KOIIHpOBaHHR lX H3rOTOBJIeHHR O@C~THHX IIe¶aTHbIX 

~ O P M ~ H  ;"MaTepHaJIbI AJIH IIpORBJIeHHH. 



X. IIPHMEHEHHE BJIEKTPO~OTOI'PA@HZT 183 

Ha #OTO 17 ~ 3 0 6 p a ? K e ~ O  KOIIHpOBaJIbHOe YCTPOGCTBO ~ H o H H @ ~ ~ ~  
A~OOLP, pa6o~amrqee 6e3 H ~ M ~ H ~ H H H  ~ a c m ~ a 6 a .   TO AOBOJI~HO KOM- 

l I aKTHOe HaCTOJIbHOe KOIIEPOBaJIbHOe YCTPO~~CTBO. P a 6 0 ~ a  H a  HeM 

n o g p a 3 ~ e n ~ e ~ c a  H a  s empe  OCHOBHMX 3~a11a. I l o c ~ ~ e  T o r o  K a K  O P H ~ H -  
HaJI I IOMeWeH JIHqeBOfi  C T O ~ O H O G  BHH3 H a  O p H r H H a J I O A e P X a T e J I b  

B B ~ P x H € ! ~ ~  ¶aCTH M I I I I H H P ,  JIHCT ~ J I ~ K T ~ O # O T O ~ ~ M ~ ~ H  3aKpeIIJIRIOT 

H a  6apa6a~e,  H a X O A R ~ e M C H  B I I e p e A ~ e 6  ¶aCTH MBIIIHHJJ. 3 a ~ e M  HaHFH- 

MOM KHOIIKB MaIIIHHY IIPHBOAXT B A ~ B C T B H ~ .  BO B p e M H  BpaILl,eHHR 

1 
6apa6a~a  6 y ~ a r a  IIOCJIeAOBaTeJIbHO a a p ~ x a e ~ c a ,  CJKCIIOHHpyeTCH, 

n p o a s n r r e T c a  H 3 a ~ e ~ ,  K o r A a  6 a p a 6 a ~  sa sepmae~  OAHH IIOJIHM$~ 

O ~ O P O T ,  B~IXOAHT ~3 a e n n  B n e p e ~ ~ e i i  s a c m  MarnnHM. 3 a ~ p e n n e ~ n e  
IIpOH3ROAHTCR, 110-BHAHMOMY, B OTAeJIbHOM Y C T P O ~ ~ C T B ~ .  B ~ ~ M R  
H3rOTOBJIeHHR KOIInH COCTaBJIIIeT U P H ~ J I H ~ H T ~ J I ~ H O  45 C e K .  Tax K a K  

o p H r H H a a  O c T a e T c x  H e n o A B m x H 6 I M  H p a 3 ~ e p ~ ~ a  ero o c y q e c T s n X e T c a  

BO B p e M H  3KCUOHBpOBaHZTR CHHXPOHHO C B p a q e H H e M  6apa6a~a ,  
~ C T P O ~ ~ C T B O  II03BOJIReT KOIIHPOBaTb H OTAeJIbHbIe JIMCTM, H C T p a H H q b I  

n e p e n n e T e a H b I x  H ~ A ~ H H G .  P a a ~ e p  6 y ~ a r n  210 x 300 a*. AJIR 
MOgeJIH 6 0 ~ 1 b m e r 0  p a 3 N e p a  <(KOHH@~KC B400L)) HCIIOJIb3YeTCII 6 y ~ a r a  

I p a 3 M e p O M  255 x 365 a*. 
I KOIIHPOB~JI~HO-IIPOCMOTPOBJJ~~ a I I I I a p a T  ( ( K o H H @ ~ K C  A435Rp~ 

MO?KeT I I e ¶ a T a T b  yBeJIH¶eHHbIe KOIIHH C HeraTHBHbIX HJIH C IIO3HTHB- 

HbIX MHKPO$HJI~MOB H a  ~ ~ - M H J I J I H M ~ T P o B o %  IIJIeHKe. Marnm~a,  n o K a -  

3 a H H a R  H a  (POTO 18, IIpej7,CTaBJIEIeT co6o%, IIO C y m e C T B y ,  aBTOMaTE¶e-  
i 

c K o e  Y C T P O ~ ~ C T B O .  ITocare T o r o  x a K  opnrmaa no~erqea B np0cMo. r -  
I posoe ~ C T P O ~ C T B O ,  s e p ~ a n o  n e p e K J r I o n a e T c r r  B nonozeme  ,qna 

KOUHPOBaHHR. & T ~ M  HaXHMOM KHOIIKH K o I I H P o B ~ J I ~ H ~ I ~ ~ [  a I I I I a p a T  

VpHBOAHTCH B A ~ ~ ~ C T B H ~ .  KOIIHH BMXOAHT IIOJIHOCTbIO O ~ ~ ~ ~ O T ~ H H ~ I M H .  



~ E I C J I O  K011Eifi C OAHOI'O OPHrHHaJIa  (OT 1 A 0  10) YCTaHaBJIElBaIOT 

nOBOpOTOM AHCKa. YB~JIEI¶C?HH~ COCTaBJIReT 5,5, p a 3 M e p  KOIIHH 

210 x 300 ma. B y ~ a r a  m n p ~ ~ o i i  210 mw n o A a e T c a  c pynorra, y c T a -  

H ~ B J I H B ~ ~ M O ~ O  BHYTPH MaIIIHHbI. O A H O ~ O  PYJIOHa AOCTaTO¶HO AJIR 

IIOJIy¶eHHH 100 I C O E H ~ ~ .  B p e ~ t ~  KOIIHPOBaHHR COCTaBJIHeT 40 CeK 
AJIR n e p ~ o f i  IEOIIHH, n o c n e i q y m u p i e  K o n H m  B~I I IOJIHH~TCII  co CKOPOCT~IO 

3 K O ~ U R I ~ U H .  
@mphra  ((PHIco)) B b I n y c x a e T  3 ~ 1 e ~ ~ p o @ o ~ o r p a ( P ~ i s e c ~ ~ e  KOIIHPO- 

BaJ IbHbIe  ~ C T ~ O ~ ~ C T B ~ ,  p a 6 0 ~ a I O 1 ~ H e  6e3 H3MeHeHHII  M ~ C I I I T ~ ~ ~ ,  H KOIIH- 

POBaJIbHO-IIpOCMOTpOBbIe a I I I I a p a T h I ,  a T a K X e  HBJIseTCcI IIOCTaBlqH- 

KOM 6 y ~ a r H  ((pHIFO@aIFC)) ,L(JIcI KOIIHpOBaHHH H H3rOTOBJIeHHcI O @ C ~ T -  

HbIX (POPM H IIPOHBJIEIIOIQHX COCTaBOB ((PHKO@~KCH. K o I I H P o B ~ J I ~ H o B  

~ C T P O ~ Y I C T B O  ( ( P H K O @ ~ K C  P-4~,  pa60~amqee 6e3 ~ ~ M ~ H ~ H H I I  ~ac rn~aGa,  
A ~ ~ C T B ~ ~ T  H a  J IpHHqHIIe  ( ( ~ J I ~ K T ~ O ( P ~ K C ) > .  B M a U m H e ,  H 3 0 6 p a X e ~ ~ 0 i i i  

H a  @OTO 19, DO-BHAHMOMY, IIPOXOAcIT BCe CTaAHH I I p O q e C C a ,  K p O M e  

3aIFPeIIJIeHHcI ~ 3 0 6 p a m e ~ n c 1 ,  KOTOpOe BbInOJIHcIeTCH B O T A ~ J I ~ H O ~  

YCTaHOBKe AJIII TePMH¶eCICOrO 3aKpeIIJIeHlTcI. ~ J I ~ K T ~ O ~ O T O ~ ~ M ~ ~ ~  

BCTaBJIHeTCH BPY¶HYfO B W e J I b ,  PaCIIOJIOXeHHYH) C J I H u e ~ o i i [  CTOPOHbl 

M ~ I U H H ~ I .  P a a ~ e p  n H c T a  210 x 300 ma. B p e ~ r r  K o n m p o s a H m I I ,  HCKJIIO- 

sarr 3 a ~ p e n n e a ~ e ,  c o c T a s n a e T  40-50 ceK. 
~ ~ I ~ ~ ~ ~ B ~ J I L H ~ - I I ~ o c M ~ T ~ o B ~ ~  Y C T P O ~ C T B O  ((PHKo(PaKC)) UO3BOJIcIeT 

I I eWlTaTb  YBeJIHseHHbIe B 6,2 pa3a KOIIHEI C HeI'aTHBHbIX 35- H I~-MHJI- 
JIIXMeTpOBbIX IIJIeHOK H a  6 y ~ a r e  C IIOKPLITHeM, COAepXaIQHM OKMCb 

VmHKa. 0611@i B m  3 ~ 0 6  MaLUHHbI I I O K a 3 a H  H a  @OTO 20. KOIIEIPO- 
~ a J l b ~ J d i j [  MeXaHI43M IIOJIHOCTbH) aBTOMi3TH3HPOBaH1 BIFJIIO9aH aBTO- 

MaTH¶eCKyH) I IOAa¶y  6y~arm.  I / I C I I O J I ~ ~ ~ ~ T C H  XHAKOCTHOe I lpOcIBJIeHHe 

.Ha o c H o B e  a n e ~ c ~ p o @ o p e a a .  P a s ~ e p  KOIIHH 210 x 300 am. C K O P O C T ~  
KOrIHpOBaHHH HeH3BeCTHa.  

@ ~ p ~ a  ((PHKo)) B m y c K a e T  T a K x e  y n p a s n c r e M o e  ~ p y s ~ y m  060py- 
. iqOBaHHe AJIH YBeJIHseHHcI H I Ie¶aTaHHR C MMKPO@HJI~MOB;  O ~ O P ~ , L ( O -  

B a H H e  A ~ G C T B ~ ~ T  H a  I I p H H q H I I e  ( ( ~ J I ~ K T ~ O @ ~ K C ) ) .  f l a ~ e p a ,  IIpOHB0.I- 

H o e  Y C T P O ~ C T B O  H Y C T P O ~ ~ C T B O  3aKpeI I J IeHHR BbInOJIHeHbI B BHAe 

OTAeJIbHbIX Y3JIOB. 

@HPMB ( ( I / I B ~ c ~ I F H  K ~ M M H ) H H K ~ ~ ~ L U H C  aIIIIaPaTYCH IIPOH3BOAHT ABa  

~ne~~po(Po~orpa(PmsecKrnx K o n n p o s a n b H M x  annapma m OAHO KOIIH- 

POBaJIbHO-IIpOCMOTpOBOe Y C T P O ~ C T B O ,  a T a K X e  IIOCTaBJIHeT 6 y ~ a r y  
ctsne@a~cn, o ( P c e ~ ~ b 1 e  (POPMU EI M a T e p n a n b I  AJIH n p o x B n e H m .  

K o n r n p o ~ a J I b ~ b ~ i i  a n n a p a T  ( ( 3 n e ( P a ~ c  PC-30ln, n o ~ a 3 a ~ ~ b 1 t i  H a  

(POTO 21, TaICXe  ~ e f i c ~ ~ y e ~  H a  I I p H H q H I I e  ( ( ~ J I ~ K T ~ o @ ~ K c ) )  H RBJIReTCII 

I I o n y a B T o h l a T o M .  3 a p a ~ 1 c a ,  a I c c n o H n p o s a H n e  H n p o c I s n e H m e  BWOJI- 

HHIOTCII B c a ~ o i i  M a m m H e .  3 a ~ e ~  K O I I H ~  n e p e H o c m  AJIII s a K p e n n e H m  

B OTAeJIbHOe YCTPO~~[CTBO. T ~ K o G  IIpOQeCC IIO3BOJIHeT OCYIQeCTBHTb 

p e T y m b  H ~ o ~ ~ ~ > I { ~ H H H  nepen 3 a I c p e n n e H H e M ;  p e T y m b  B b I n o n H R e T c a  

BPY¶HYH) M ~ T H E I T H O ~ ~  IFHCTLIO. O I I T H ¶ ~ C K ~ R  CHCTeMa AOIIYCKaeT YMeHb- 

meme H a m  y s e n H s e H m e  ~ 3 0 6 p a ~ e ~ r n n  B A H a n a a o H e  OT 0,7 AO 114. 





h i a l n ~ ~ a  n o 3 ~ o n ~ e ~  KOIIEIpOBaTb OpHI'MEaJIbI p a 3 M e p O M  A 0  300 X 
X 420 ntnt H I I O J I y s a T b  KOIIllM p a 3 M e p O M  255 X 365 at&. C ~ o p o c ~ b  

KOJJHpOBaHHR HeH3BeCTHa.  B p e ~ ~ i  3KCIIOHHPOBaHHII J I e X H T  B IIpe,I(e- 
nax OT 15 A 0  30 C e K .  no-BH@~MOMY, I I e P B O H a s a J I b H O  3TO 060pygo~a- 
a H e  n p e ~ ~ a 3 ~ a s a n o c b  H e  AJIR B b I n o n H e H H n  60~1bmoro o 6 a e ~ a  p a 6 0 ~  

no n p R M O M y  KOIIHpOBaHHIO, a AJIR H3I'OTOBJIeHHIE IIePaTHbIX ~ O P M  

a J I R  MHOlKHTeJIbHhIX MaIIIHH, p a 6 o T a m I 4 H x  AHa30THIIHHM HJIH O ~ C ~ T -  

HhIM CIIOCO~OM. 
O n p ~ a  n p e A n a r a e T  rn M e H b m y m  IIO p a 3 x e p a ~  M o A e n b  cc3ne+a~c 

PC-201,.  TOT K o I I H P o B ~ J I ~ H H ~ ?  a I I I I a p a T  p a 6 0 T a e T  C OpITrHHaJIOB pa3- 
M e p O M  A 0  255 X 365 At% H A a e T  KOIIHEI p a 3 M e p O M  A 0  210 X 300 a%. 

~ o I I I X ~ O B ~ J I ~ H O - I I ~ O C M O T P O B O ~  Y C T P O ~ C T B O  ( (3J Ie@aKc ME-402)). 
n o ~ a 3 a ~ a o e  H a  @OTO 22, n e s a T a e T  I I O ~ H T H B H E J ~  K o n m n  c H ~ ~ ~ T H B H O ~  

~ ~ - M H J I J I H M ~ T ~ o B o ~ ?  IIJIeHKH H a  ~ J I ~ K T ~ o @ o T o ~ ~ M ~ I ' ~  MJIH H a  O @ C ~ T H H X  

IIJIaCTHRBX.  TO TaKHFe IIOJIyaBTOMaTHseCKOe Y C T P O ~ C T B O  C aBTOHOM- 

HHM Y C T ~ O ~ ~ C T B O M  AJIII ~ ~ K ~ ~ I I J I ~ H I X R .  M a ~ c n ~ a n b ~ h ~ f i  p a s ~ e p  KOIIHH 
300 X 420 &&; MOXHO IIOJIYqaTb KOIIEH H M e H b m H X  P a 3 M e p O B .  Y B ~ -  
J IHseHMe OCyIQeCTBJrSeTCR B A H a I I a 3 0 H e  OT 6 A 0  10 pa3, B P e M R  KOIIB- 

POBaHHR 40 0%. 
@ n p ~ a  ( ( O p n e ~ ~ n  4 0 ~ 0 ) )  pa3pa60~ana 3 n e ~ ~ p o ~ o ~ o r p a ~ n s e c ~ o e  

0 6 0 p y ~ o s a ~ m e  AJIR KOIIHPOBBHEIR, lI3rOTOBJIeHHR O @ C ~ T H M X  IIePaTHbIX 
~ O P M  B K n H m e .  
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I C o n ~ p o s a n b ~ b ~ B  a n n a p a T  cOpn@a~c)) n o ~ a 3 a ~  H a  @OTO 23. XOTR 
er0 M03KHO HCIIOJIb30BaTb AJIR IIOJIYqeHHR KOIIHB T H n a  ( ( ~ J I ~ K T ~ o @ ~ K c % ,  

n e p B o H a n a n b H o ,  no-BHAHMOMY, OH 6m1 a a A y M a H  x a K  n p e q m 3 ~ o ~ ~ a w  
K a M e p a  AJIR HarOTOBJIeHHR O @ C ~ T H H X  I Ie4aTHhIX ~ O P M .  M a m ~ ~ a .  
KIO CyrneCTBy,  y I IpaBJIReTCR BPY¶HJ710. OPHI'E~H~JI IIOMeWaIOT B KOIIH- 

POBPJIbHYIo P a M Y ,  PaCIIOJIOXeHHYH) C J I H Q ~ B O ~ ~  CTOPOHhI M a I I I H H P ,  

a ~JI~KTPo~oTo~J 'M~I 'Y  HXH O ~ C ~ T H Y I O  IIJIaCTHHY BCTaBJIRIoT C 3 a ~ ~ e g  
CTOpOHbI MaIIIHHhI. ~ ~ ~ R A K o & ,  3KCIIOHHpOBaHHeM H IIpORBJIeHHeM 

YIIpaBXRIoT C I IyJ IbTa  H a  3a,I(~efi CTOpOHe MaIlIHHhI. O ~ T E ¶ ~ C K ~ R  



I I 10.7.2. 3ArIAAHAfl EBPOIIA kl AHrJIMB 

OCHOBH~IM IIOCTaBIQHKOM ~ J I ~ K T ~ O @ O T O ~ ~ ~ @ H Y ~ C K O ~ O  obopygosa- 
HHH B A~rJImzi HBJIHeTCH @ E I P M ~  ( ( P ~ H K  KCepOKC)), KOTOpaFI H3rOTOB- 
naeT 060pyAOBa~~e ctKcepo~cn Toro x e  Tma, ¶TO n nonysHsmee pac- 
npocTpaHeHHe B CIUA. 3 ~ o  o 6 o p y ~ o s a ~ ~ e  pea~~msye~crr. B AHI'JIHEt 
EI B cTpaHax 3ana~aoiir E s p o n ~ .  AJIR npoRaxm ~ c e p o r p a @ ~ l s e c ~ o G  
IIPO,I(YIEqEIEI H O ~ C J I Y X H B ~ H H I I  YCTaHOBJIeHHOrO O ~ O P Y A O B ~ H H R  C 

TOM MeCTHbIX Y C J I O B H ~  @ H P M ~  ({PBHK KCepOKC)) CO3naJIa CeTb @ H J I H ~ -  

JIOB B @PI', @P~HUEIM, ti~anmm H LLIseqm ( a ~ a  @ m p ~ a  HMeeT TaKxe 
@HJIH~sIH B ABCTP~JIHH H M e ~ c m e ) .  

@HpMa ( ( P ~ H K  IECePOKC)) C O J J ~ ~ ~ ~ C T B O B ~ J I ~  BHeAPeHHH) KCepOpeHTre- 
H O I ' P ~ ~ H H  B AHI'JIHH, rAe ceiisac cepmii~oe 0 6 0 p y ~ O B a ~ ~ e  3 T O r 0  THIIa 
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IIOCTaBJIReT @ H p ~ a  ({YOTCOH 3HA CaH8. P a 3 p a 6 0 T K H  B 0 6 J I a c T H  KCepo-  

p e ~ ~ r e ~ o r p a @ ~ ~  y c n e m H o  npoeogmcrr @ H P M O ~  c c @ e p p a ~ ~ ) ) .  

@ H p ~ a  ({P~HIc I I P e C H X H  HHAaCTpH3)) p a 3 p a 6 0 T a J I a  KOnHpOBaJIb-  

H o e  y c ~ p o f i c ~ ~ o  ((ICC~POHEIKI), cnyxalqee B K a s e c T s e  B b I x o A H o r o  

~ C T ~ O ~ C T B ~  B ~ I ¶ H c J I H T ~ J I ~ H o G  MaIlIHHbI [197]. OHO IIpeACTaBJIIIeT 

co6oH c o s e T a H H e  c 3JIT c K o n n p o s a x b H b I M  a n n a p a T o M  c{IConn@no)) 

@ r n p ~ ~  c t I C c e p o ~ c ) ) .  

A ~ r J I H f i c K a r r  @ z i p ~ a  ( ( O a a n n p ) )  pa3pa60~ana M a m m y  Ann nony- 
¶eHHII K O ~ H ~  C M M K P O @ H J I ~ M ~  H a  6 y ~ a r e  C IIOKpbITHeM, C 0 ) J e p X a q H M  

OIEHCb q H H K a ,  I I P H  HCIIOJIb30BaHHH ?KHAKOI'O IIpOIIBJIeHHII.  TO aBT0-  

MaTHseCKOe ~ C T ~ O G C T B O  lIpOH3BOAHT II03HTHBHbIe OTIIeYaTKH C 35-MHn- 

JIHMeTpOBOI'O M H K P O @ H J I ~ M ~ .  KOIIEIH MOrYT 6bI~b  YBeJIHWHbI  A 0  pas- 
M e p a  455 x 610 HJIH AO pamepa 305 X 455 &at. 

B @ H p ~ a  ((MHHOKC)) c 0 0 6 I q a e T  0 p a 3 p a 6 0 ~ ~ e  ~ J I ~ K T P O @ O T O -  

rpa@nsec~ofi  ~ 0 n ~ p o s a J I b ~ o i i  M a r n m b r ;  @ m p ~ a  ccICanne)) I IPOH~BOAHT 

0 6 0 p y ~ o ~ a ~ H e  AJIR H3rOTOBJIeHHEI O @ C ~ T H H X  IIJIaCTHH H a  aJIH)MHHHB- 

B O ~  @0JIbI'e C OPI'aHkIPeCKHM @ o T o I I ~ o B o ~ I I I ~ H M  IIOKPbITHeM. 

E o J I b L I I 0 6  0 6 ' b e ~  I ~ ~ T ~ H T H o ~ ~  J I H T e p a T y p b I  H TeXHHseCKHX ~ T a T e f i ,  

o I I ~ ~ J I H K o B ~ H H ~ I x  B 3THX C T p a H a X ,  CBElAeTeJIbCTByeT 0 TOM, ¶TO HCCJIe- 

AOBaTeJIbCKHe n a 6 0 p a ~ o p ~ ~  3THX C T p a H  YAeJIcIIoT 3 J I e K T p 0 @ 0 ~ 0 r p a -  

#IHH 3Ha9HTeJIbHOe BHMMaHHe. B IIePBYH) O ¶ e p e A b  3TO. OTHOCHTCII 

K @ H P M ~ M  ~ I C a n a e ) )  H ~ A r @ a ) )  B @PI' H K @ ~ p ~ e  c c r e ~ e p ~ ) )  B E e n b r H H .  

B A~rnnrn H B 3 a n a ~ ~ o f  Espone 3 n e ~ ~ p o @ o ~ o r p a @ m o  p a c c M a T p H -  

BaIoT  KaK ~ a ~ H b I f i  @ ~ K T O ~  6ynyIqero Pa3BHTHII  @ O T O ~ P ~ @ H H .  B o n p o c h ~  

~ J I ~ K T ~ o ~ o T o ~ ~ ~ @ H H  AOBOJIbHO T m a T e J I b H O  HCCJIeAYIOTCR B PI IAe  

n a 6 o p a ~ o p ~ 6 ,  rge ~ a ~ 6 0 n b m e e  B H t i M a H n e  y A e x t I e T c n  a n e ~ ~ p o @ o ~ o r p a -  
@ n s e c ~ m ~  M a T e p H a n a M .  PHA @HPM r o T o B H T c n  BMCTYIIEIT~ I IocTaBIqH-  

KaMH ~ J I ~ K T P O @ O T O ~ P ~ @ H ¶ ~ C K ~ X  6 y M a r  AJIR KOHTOpCKOrO KOIIHpOBa- 

HHII H IIOJIYYeHHII KOIIHB C M H K ~ O @ H J I ~ M O B .  H a n p ~ ~ e p ,  HTaJIbIIHCKOe 

OTAeJIeHHe @HPMM ( ( @ e p p a ~ ~ H ) )  pa3pa60~a~10 6 y ~ a r y  C EIOKpbITHeM, 

COAeplrcalQHM OKHCb q H H H a ,  KOTOPaII  AOJI?KHa 6b1na 6 b 1 ~ b  B b I I I y q e H a  

B npoAamy ewe B 1961 r. 



HccJIeAOBaHHR B 3 ~ 0 f i  O ~ J I ~ C T H .  OCHOBHO~ BHHMaHHe YAeSIIIJIOCb MeTO- 

A a M  Y C T O G ¶ H B O ~ ~  B H Y T ~ ~ H H ~ ~  IIOJIHpH3aqEiEi ( @ O T O ~ J I ~ K T ~ ~ T ~ I ) .  E b I J I 0  

o n y 6 ~ 1 ~ K o s a ~ o  6 0 J I b m O e  ¶HCJIO H a Y s H b I X  H TeXHHPeCKHX C T ~ T ~ G  
no BOIIpOCaM TeOPHH @oTo~JIC?KT~I?TOB Ei HX n p H M e H e H H H  B 3JIeKTpO- 

@ o T o ~ ' ~ ~ @ H H .  

C e f i ¶ a C  B COB~TCKOM C0I03e HMeeTCII P H A  n a 6 0 p a T O p ~ i i  ?i HHCTH- 
TYTOB, KOTOPbIe 3aHHMaH)TCH H3Y¶eHHeM pa3JIH¶HbIX BHAOB 3JIeKTPO- 

@ 0 ~ 0 r p a @ H H  Fi HX I IpHMeHeHHeM [1661. B 3 T 0  ¶HCJIO BXOAIIT ~ ~ I H C T H -  
TYT KpHCTaJIJIOrpa@HFi E B c e c o I 0 3 ~ b r f i  H ~ ~ ¶ H o - H c c J I ~ A o B ~ T ~ J I ~ c K H ~ ~  
HHcTmTyT n o n ~ r p a @ F i s e c ~ o i i  n p o M b I m n e H H o c T m  (Moc~sa ) ,  BHCTHT~T 
s ~ r e ~ ~ p o r p a @ m  B B ~ J f b ~ I o c e  (JIHTOBCK~R CCP) H PRA n e H H H r p a A -  

CKHX HHCTHTYTOB. 

Y p O B e H b  A O C T E ~ X ~ H H ~ ~  C O B ~ T C K O ~ O  C O H ) ~ ~  B O ~ J I ~ C T H  ~ J I ~ K T P o @ o -  

T O ~ P ~ @ H E I .  GHJI nPOAeMOHCTPHPOBaH H a  B T O P O ~ ~ [  H ~ ~ ¶ H o - T ~ x H H ¶ ~ c K o ~ ~ [  







T I o n y s e ~ ~ e  C K ~ ~ I T O ~ O  ~ 3 0 6 p a l f ~ e ~ ~ ~  B ~ceporpa@nn I I y T e M  c o 3 ~ a -  
HEIR IIOBePXHOCTHOI'O 3 a p H A a  H a  $ o T o I I ~ o B o ~ H ~ € ? M  CJlOe H I I p O e q H p O -  

B a H H H  OIITH¶eCKOrO 11306pa?KeHHH I IpeACTaBJ IHeT  co6oii AOBOJIbHO 

n p o c T y m  no H c n o n H e H a m  a a ~ a u y .  O A H ~ K O  c a M  M ~ X ~ H H ~ M  npoqecca, 
C I I O M O ~ b I o  KOTOpOrO I I O B ~ ~ X H O C T H ~ I ~  3 a p H A  y a e p ? K H B a e T C H ,  a 3 a T e M  

p a c c a c b i B a e T c H ,  r o p a a ~ o  cnoxwee. ~ K C I I ~ ~ M M ~ H T ~ J I ~ H L I ~  A a H H b I e  

M a ~ a n m s  x a p a I c T e p H c T H K  I I p o q e c c o B  a a p ~ ~ ~ m  m p a 3 p ~ ~ ~ ~  K c e p o -  

r p a l $ H s e c K H x  CJIOeH IlO3BOJIHH)T C p a B H H T b  p a 3 Z H s H b I e  @OTO¶YBCTBH- 

T e n b H b I e  M a T e p H a n b r  m I I O C T ~ O H T ~  T e o p e T m Y e c K m e  M o A e n a  ~ J I ~ K T P H -  

geCKkIX H $ O T O ~ J I ~ I E T P M ¶ ~ C I E M X  I I B J I ~ H B ~ ~ ,  IIPHBOAHII(HX K 06pa30sa- 
HHIO ~ 3 0 6 p a ? K e H ~ H .  

1 . 1 .  OCHOBHbIE XAPAICTEPETCTHICH @ O T 0 4 Y B C T B H T E J I b H b I X  
MATEPHAJIOB 

@ o T o Y ~ B c T B H T ~ J I ~ H ~ I ~ ~  M a T e p l l a J I  B K ~ e p ~ r p a @ H H  I I p e A C T a B Z H e T  

co6oH T O H K ~ I O  ~ O T O I I ~ O B O ~ R I ~ ~ I O  H ~ O J I H P Y ~ I ~ Y I O  nnemy H a  nposo- 
gHI I ( eM OCHOBaHHH, HJIm IIOAJIOSKKe, H a H e C e H H y I O  MeTOAOM HaI Ib I J I eHHH 

~ I J I L I  ~ O K P ~ I T H H .  B e n ~ s a ~ a  n o s e p x H o c T H o r o  a a p ~ ~ a  H a  nneme  M o w e T  

6 b I T b  B 3 h l e p e H a  3 J I eKTpOMeTpOM.  B K c e p o r p a @ H H  K I I 3 M e P e H H H M  

3 a p H A O B  IIpeA'bHBJIHIOTCH o c o 6 b 1 e  T ~ ~ ~ o B ~ H H H ,  I I03TOMY H ~ O ~ X O A H M O  

p a 3 p a 6 0 ~ a ~ b  c l r e q H a z b H b I e  r H n b I  a n e ~ ~ p o ~ e ~ p o ~ .  X a p a ~ ~ e p n c ~ r n x n  
C K p b I T O r O  H ~ O ~ P ~ X ~ H B F I  M O r Y T  6 b 1 ~ b  H 3 M e P e H b I  6e3 I IpOHBJIeHHH,  

n p H v e M  H 3 M e p e H H H  H e  f lOJIXHb1 pa3pyLI IE lTb  3TO H 3 0 6 p a l r c e H H e .   tam^ 
0 6 p a 3 0 ~ ,  c e H c a T o M e T p n c I e c K E i e  x a p a K T e p H c T n m ,  T a K  x e  IcaK  n OCHOB- 

H b I e  l $ 0 ~ 0 3 J I e K ~ p ~ ¶ e C K l f e  C B O ~ C T B ~  $ O T O Y ~ B C T B H T ~ J I ~ H O ~ O  CJIOH, M O r Y T  

6 b 1 ~ b  O n p e A e J I e H b I  I lO lX3MeHeHEfH) IIJIOTHOCTH IIOHepXHOCTHOrO 3 a p H A a  

B p a 3 H b I X  YCJIOBHHX. ~ Y B C T B Z T ~ J I ~ H ~ ~ ~  3 J I e K T P O M e T p  I IpeHCTaBJ I I I eT  

~ 0 6 0 %  ~an6oJIee s a w ~ b x i i  npm6op A n n  a c c J I e A o B a H H H  n O q e H K a  K c e p o -  

r p a $ n s e c ~ ~ x  M a T e p a a n o B .  K p o ~ e  H e r o  M C I I O ~ ~ ~ Y I O T  T a K x e  MOHO- 

X p O M a T O p  AJIH H ~ M ~ P ~ H H ~  c I I e K T p a J I b ~ 0 6  YyBCTBHTeJIbHOCTH, aIlIla- 
P a T y p y  AJIH H 3 M e p e H H H  HHTeHCHBHOCTH C B e T a  B ~ ~ C O J I H ) T H ~ I X  3 H e p r e -  

I T H s e C K H X  e A H H M q a X  H YCTaHOBKY AJIH a 3 M e p e H H H  T O J I J p H L I  H AHH3eK-  

~ p n s e c ~ o i i  I IPOHHqaeMOCTM TOHKHX II.EeHOK 

13 P .  marpaep~ 



1) CKOpOCTb 3aPI IAKEI  C IIOMOILI,bIO P a 3 J I H s H b I X  KOPOHHbIX 3 a p R A -  

HEiKOB; 

1 2) C I I O C O ~ H O C T ~  3 a P I I m a T b C H ,  T.  e. M a K C l l M a J I b H a R  IIJIOTHOCTb 

Ill\ I I O B ~ ~ X H O C T H O I ' O  3 a p H A a ,  K O T O p a R  M O X e T  6 b 1 ~ b  C O 3 A a H a  H a  CJIOe; 

3) C I I O C O ~ H O C T ~  C O X p a H H T b  3 a p I I A ,  OI IpeAeJ I I I eMac I  110 TeMHOBOMY 

many n o B e p x H o c T H o r o  s a p q a ;  
4) @ O T O ~ ~ B C T B M T ~ J I ~ H O C T ~  K p a 3 H b I M  MCT04HHKaM C R e T a  EI (POTO- 

9YBCTBHTeJIbHOCTb K a K  @ Y H I E ~ H H  AJIBHbI  BOJIHbI I I a f l a I o ~ e I ' O  C B e T a ;  

5) O C T ~ T O ~ H H ~  IIOTeHqEIaJI ,  o I I p e ~ e J I E I e ~ b 1 6  I IOBePXHOCTHbIM 3 a p H -  

AOM, OCTBIOWIIMCEI IIOCJIe 3aCBeTKH;  

6) ((YCTaJIOCTb)), OI IpeAeJ I I I eb faR  Y B e J I H s e H H e M  CKOPOCTH TeMHOBOI'O 

C I l a A a  IIOCJIe CepEIEI q H K J I O B  3aPI IAKM M 3KCIIOHEIPOBaHHlf.  _ 
1.1.1. METOAbI IIPOBEAEHMfI 3KCIIEPkIMEHTOB 

1.1 .I.  1. HBMEPEHHEI IIOBEPXHOCTHOI'O 3 A P I I H A  

H e c ~ o n b ~ o  3J IeKTPOMeTPOB,  CKOHCTpYEfPOBaHHbIX CIIe lJHaJIbHO AJIII 

IIpEIMeHeHEIR B 3 J I e ~ ~ p 0 @ 0 ~ 0 r p a @ E I E i ,  OIIHCaHbI  B pa60~ax 170, 199, 
2001. ~ I M ~ I O T C I I  T a K X e  pa3J IMsHbIe  I I P M ~ O P ~ I  AJIII H3MePeHEIR  I IOBePX- li ;I HOCTHHX ~ ~ P R A O B  H a  E I ~ O J I H ~ ~ H ) I L I , H X  M a T e p E a n a x .  IIpn H ~ Y Y ~ H E I E I  

( P O T O I I P O B O ~ I I ~ M X  H30JIEITOPOB U P E I ~ O P  A O J I X e H  I I03BOJI I ITb  TOYHO 

H 3 M e P R T b  CI I aH  IIOBepXHOCTHOI'O 3 a p H A a  B I I p O q e C C e  3KCIIOHHPOBaHBH. 

I1 AJIR 3 ~ 0 %  q e J I M  MCIIOJIb3yeTCH FJIaBHbIM o 6 p a 3 0 ~  IIp03pa¶~bIg 3 n e l c -  

TPOA,  H a I I P k i M e P  CTeKJIO C IIPOBOARILI,HM IIOKPbITMeM I203, 2041, 
I C O T O P ~ I ~  IIOBBOJIXt?T H e I I p e p b I B H O  Pe I 'MCTPHPOBaTb  I IOTeHqEIaJI ,  C03fla- 

B ~ ~ M H %  IIOBePXHOCTHbIM 3aPI IAOM.  ~ J I ~ I C T P O M ~ T P  H O J I X e H  6bI~b  YYB- 

CTBHTeJIbHbIM EI C T ~ ~ M J I ~ H ~ I M ,  a CHCTeMa 3 J I e K T P O M e T P  - CaMOIIHCeq  - 
~ a n o ~ ~ e p q n o ~ ~ o i i ,  o c o 6 e ~ ~ o  B M m n n c e K y H g H o M  gnanaso~e.  

T~MHOBO% CIIaA  IIORepXHOCTHOI'O 3 a p R A a  M O X e T  6 b 1 ~ b  H 3 M e p e H  

H e I I p O 3 p a ¶ H b I M  3JIeKTPOAOM. ~ I M  M O X H O  H 3 M e P c I T b  M C B ~ T O B O ~  C I I a g ,  

I I p H  3TOM 3KCI IOHHPOBaHHe  EI M 3 M e P e H H I I  IIPOBOARTCII IIOOsept?AHO. 

O A H ~ K O ,  K a K  n o ~ a 3 a ~ o  B pa6o~e  [2031,   TOT M e T o A  H e  R a e T  E I C T H H H O ~ ~  

KPHBO% cnaAa s a p c ~ ~ a  B + o ~ o n p o ~ o n ~ q e ~  cnoe. 
A B T O ~ O M  H er0 COTPYAHMKaMH 661.11 MCIIOJ Ib30BaH 3 J I e K T P O M e T P  

C B p a p a I O q M M C I I  CeKTOpOM.   TOT npm60p I I03BOJIHeT  M 3 M e P H T b  3J leK-  

T P O C T ~ T H ¶ ~ C K H ~  I I O T e H q H a J I  3 a P R l f f e H H b I X  CJIOeB C M ~ J I o G  I I J IOWaAbIo .  

Ha p H C .  87 I I p H B e A e H a  IcOHCTpyKqMII  H a T s M K a  C I I p O 3 p a s H b I M  3J l eKTpO-  

AOM, OI IHCaHHaR B p a 6 0 T e  [205]. Y Y B C T B M T ~ J I ~ H ~ I M  3JIeMeHTOM CAY- 

X M T  I I J I aCTI IHKa  M3 CTeKJIa  C IIPOBOAIIWMM IIOKPbITEIeM, paCIIOJIOlrceH- 

H a a  H a  K o H q e  C B ~ T O H ~ I I ~ O H H ~ ~ ~ M O ~ ~  T P Y ~ H  H C O e g E I H e H H a x  

~ M K O C T H O ~  CBR3bIO C AeTeKTOPOM-IIPeAYCMJIMTeZeM. 

C B ~ T ,  B X O A H ~ H G  B ~ E I J I E I H Q P I I ~ ~ C I E H ~  K O X Y X ,  IIPOXOAEIT sepe3 
IIPOBOAII~H% ~ T e K J l f l ~ ~ b I i j [  3 J I eKTPOA EI I IOI I aAaeT  H a  I I O B e p X H O C T b  

n c c a e g y e M o r o  o6pa3qa. O s e ~ b  Ba l r cHo ,  K o H e w o ,  O ~ ~ C I I ~ Y I I T ~ ,  

P a B H o M e p H o e  o c a e q e H n e  ~ c e i i  n n o q a g H  o6paaqa. O n ~ ~ s e c ~ a ~  





c H c T e M a  Aria o c B e q e H m  o6paaqa n o ~ a 3 a ~ a  H a  pmc. 88. B I c a s e -  

CTBe HCTOgHHKa  C B e T a  MOlfEHO H C n O J I b 3 O B a T b  C T ~ H ~ ~ P T H ~ I $  HCTOsHHK 

C H e I I p e p b I B H b I M  C n e K T p O M  H MOHOXpOMaTOp .  HJIX H3MeHeHHII  

HHTeHCHBHOCTH C B e T a  MOI'YT 6 b 1 ~ b  BCTaBJIeHbI  H e f i ~ p a J I b ~ h I t ?  CBeTO- 

+ H J I ~ T P ~ I .  EcJIH B O n b I T a X  T P ~ ~ Y I O T C R  HHTeHCHBHOCTH MOHOXPOMa- 

T H s e C K O r O  OCBeIQeHHR 66nbnr~e, ¶eM HHTeHCHBHOCTH, I IOJ IyYaeh fb Ie  

C MOHOXpOMaTOpOM, TO I IpHMeHRIoTCH y3KOIIOJIOCHbIe H H T ~ P @ ~ ~ ~ H -  

q H O H H b I e  @ H J I ~ T P ~ I  C K ~ J I H ~ P o B ~ H H ~ I M  HCTO9HElKOM CBeTa .  B YCTBHOBKt?, 

n o ~ a 3 a ~ ~ o f i  H a  PHC. 88, ~ H J I H H A P H ~ ~ C K H ~  KO~IEYX npo3pas~oro  
a n e I c T p o a a  X e c T I c o  c o e n m e H  c s p a q a w q e i % c ~  ~ a c a ~ ~ o i i  o n T m e c I c o r o  

y 3 Z a .   TO II03BOJIHeT H a I I p a B J I X T b  C B ~ T O B O ~ ~  I IYgOK H a  @OTOYMHO?KEI- 

TeJIb AJIR H3MepeHHEI  e r O  HHTeHCHDHOCTH. @ O T O Y M H O X < H T ~ J I ~  nOJIiICeH 

6 6 1 ~ b  T p a T e n b n o  I I ~ O I E ~ J I E I ~ P O B ~ H  R a 6 c o J I H ) ~ ~ b I x  a ~ e p r e ~ ~ ~ r e c ~ k i x  e p -  
H H q a X .  ~ J I o K - c x ~ M ~  BKJIIoseHHR AaTsHECa C I I p 0 3 p a C I H b I M  3JIeIcTpOAOM 

n p n s e A e H a  H a  p ~ c .  89. C H ~ I I ~ ; ~  c a a e K T p o M e T p a  nonaercn H a  0cqk1.r- 

~10rpa@ H @ 0 ~ 0 I ' p a @ l l p y e ~ ~ H .  H e K 0 ~ 0 p b 1 e  TkIIIbr OC4HJIJIOI'PaMM @OTO- 

H H A y q m p o B a H H o r o  cnana n o T e H q m a n a ,  n o j r y s e H H b r e  H a  3~05  y c T a H o B K e ,  

n O K a 3 a H b I  H a  PHC.  90. H ~ O ~ X O A H M O  I I O A 9 e P K H Y T b ,  9 T O  I I O T e H q H a J I ,  

p e r ~ c ~ p t i p y e ~ ~ r i i  I I P O B O A X ~ L I M  ~ J I ~ K T P O A O M ,  M e H b m e  n 0 T e H q a a . m  

3 a p R l f ~ e ~ ~ 0 f i  I IOBepXHOCTH @ O T O I I ~ O B O ~ H ~ ~ ~ O  H 3 0 3 I R T O p a .  y b l e ~ b -  

I l I e H H e  ~ ~ ' ~ R C H I I ~ T C I I  HaJIHYHeM A o I I o J I H H T ~ J I ~ H o ~ ~  eMICOCTH IEOjfEYXa 

3J I eKTpOAa .  C n e A o ~ a ~ e ~ r b ~ o ,  n c T e H q n a n ,  3 a p e r n c ~ p ~ p o s a ~ ~ b 1 i i  B O J I ~ T -  

MeTPOhI ,  B C J I y 9 a e  I I p H M e H e H H R  n p o 3 p a ~ ~ o r o  3 J I e K T p O A a  AOJI?KeH 

6b1~b MeHbI I I e  I I o I c ~ ~ ~ H H ~ ,  IIOJIYYeHHbIX n p H  I tCIIOJIb3OBaHHH AeTeK-  

~ o p a - n p e ~ y c x n ~ ~ e m  g n c I  H e n o c p e A c T s e H H o r o  06~apywe~rna  nosepx- 
HOCTHOrO I I O T e H q H a X a .  ~ O ~ T O M Y  H ~ O ~ X O A H M O  C D O M O q b K )  M3BeCTHbIY 

I IOBepXHOCTHbIX I IOTeHqHaJ IOB n p o K a J I I I 6 p O ~ a ~ b  YCTaHOBKy.  

~ T S O I I I ~ H B ~  I I O T e H q H a J I a  I I P O B O g H W e r O  3JIeICTPOAa K I IOBepXHO-  

CTHOMY n O T e H U H a J I y  HCKOMOI?O 06pa3qa IIOCTOXHHO AJIR @HKCHPO- 

B a H H O r O  PaCCTOHHHR MeHCAY 3JIeKTPOAOM H 06pa3q0~1. ~ P H  Y B e J I H q e -  

H H H  3TOI'O PaCCTOHHHt i  I I O T e H q H a J I  3 J I eKTpOAa  YMeHbI I I aeTCR.  ~ O ~ T O M Y  

O s e H b  Ba?KHO I I O g A e p W H B a T L  3 T 0  PaCCTOXHHe  IIOCTORHHbIM. B ~ X H O C T ~  
EI3MePeHHR ( ~ O T O H H ~ Y ~ H P O B ~ H H O ~ O  C I I a A a  O I I p a B A b I B a e T  0 6 ~ y ~ ~ e ~ H e  

ewe o n H o r o  M e T o A n s e c K o r o  B o r r p o c a .  

T O ~ I H O ~  m 3 ~ e p e ~ n e  m r r e H c m H o c T H  c B e T a ,  n a g a t o p e r o  H a  noseps- 
H O C T ~  06pa3qa B rrpoqecce p a 3 p x ~ ~ ~ ,  E i r p a e T  n e p B o c T e n e H H y m  ponb 

I I p a ~ H J I b I 3 0 f i  o q e H m  p e 3 y a b ~ a ~ o ~  H LIX T e o p e T n s e c I c o r o  a a a m a a .  
P e 3 y J I b ~ a ~ b 1  H ~ M e p e H H f i  AOJIWHbI 6 ~ 1 ~ 1 3  BbI pa l r ceHbI  B ~ ~ C O J I I O T H ~ I X  

a ~ e p r e ~ ~ s e c ~ ~ x  e A H H t i q a x ,  H a n p H M e p  B rn~srnlcrn~. T ~ K H M  0 6 p a 3 0 ~ ,  

T a m e  @ O T O M ~ T P H ~ ~ C K H ~  ~ A I I H ~ I ~ H ,  K a K  $om, Amnc H j q p y r n e ,  H e n p H -  

rOAHb1 AJIR O I I p e A e J l e H H R  ( # O T ~ ~ Y B C T B H T ~ J I ~ H O C T H  I C C ~ ~ O ~ ~ ~ @ H ~ ~ C K M X  

n I a T e p H a n o B .  

O A H ~ M  ~3 ~ a k i 6 o n e e  nogxogsqmx n p ~ 6 o p o ~  AJIR H S M ~ ~ ~ H H I I  ocse- 
U e H H O C T H  IIOBepXHOCTH C J I Y X H T  Teph lO3J l eMeHT,  T a K  K a K  er0 YYBCT- 

BMTeJIbHOCTb H e  3aBHCMT OT AJIkIHbI BOJIHbI. O A H ~ K O ,  I I p H h l e H X R  B a K y -  
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PAC! 0 - IlJIOTHOCTb I I O R e P X H O C T H O ~ O  3 a p R A a l  KIA'; K - AH3J IeKTPH-  

' I e C H a R  I I p O H H q a e M O C T b ;  E O  - AH3JIeHTPEIYeCHaR IIPOHHVaeMOCTb 

B a H y y M a ,  @/a (8,85 -10-12); V - naneme r r o T e H q H a n a  H a  nneme,  s ;  
L - TOJIIII,HHa I IJ IeHKH, At. 

E H L I H ~ I ~ ~ I  3 A e C b  ~ b 1 6 p a ~ b 1  B COOTBeTCTBHM C C H C T ~ M O ~ ~  MRCA. , 
T ~ K  K a I i  V o n p e n e n R e T c a  n y T e M  ~ J I ~ I C T ~ O M ~ T ~ H ~ ~ C K E I X  m ~ e p e ~ ~ t i ,  
TO IIJIOTHOCTb I IOBePXHOCTHOrO 3 a p R A a  M O X e T  6 b I T b  BbIPHCJIeHa ,  eCJIkI 

H ~ H A ~ H ~ I  K H L. B b ~ p a l f F e ~ ~ e  KE,, /L ( ~ M K O C T ~  H a  1 M') HaXOAHTCR 

H 3  p e 3 y J I b T a T O B  M 3 M e p e H H ~  eMHOCTH. T ~ K H M  0 6 p a 3 0 ~ ,  IIOBepXHOCT- 

H Y I o  IIJIOTHOCTb 3 a p R A a  MOlfFHO O I I p e A e J I H T b ,  H e  H 3 M e P R R  OTAeJIbHO 

K EI L. O ~ H ~ K O  A n R  B M ~ C J I ~ H H ~  ~ J I ~ I C T ~ H Y ~ C K H X  noneG, IIPOBO~HMO- 

CTM H A P Y r k i X  X a p a K T e p H C T H K  @OTOIIPOBO~RII~HX IIJIeHOK H ~ O ~ X O -  

AMMO 3 H a T b  BeJIHqPIHbl A H ~ J I ~ ? K T P H Y ~ C I E O ~  I IpOHHqaeMOCTki  M T O J I q H H M  

n n e H m .  

Ha PHC. 91 n p H B e A e H a  c x e M a  AJIR E I ~ M ~ P ~ H H H  e M K o c T H ,  HCIIOJI~-  

3 O B a H H a H  B p a 6 o ~ e  [2081. B~WHLIM 3JIeMeHTOM a n n a p a T y p b 1  CJIy>KHT 

3 0 ~ ~ .  Topeq ao~ ,qa ,  c o n p ~ ~ a c a I o ~ ~ 6 c ~  c ~ H ~ J I ~ I C T ~ ~ ~ C K O ~ ~  I I ~ ~ H I C O G ,  
R O J I m e H  6b1~b OTIUJIEI@OB~H,  q~06b1 r a P a H T H p O B a T b  XOPOIIIHG K O H T a H T  

IIO B C ~ G  IIOBepXHOCTH 3 0 H A a .  



P EI C. 91. C X ~ M ~  3KClIepHMeHTa H3MepeHEIJX eMKOCTH TOHKMX IIJIeHOK. 
a - eMnocTnaa n s e P ~ a  II aKsmaneHTHaa qenb; 6 - s n e ~ ~ p a v e c ~ a ~  cxeMa. 

~ ~ ~ J I H ~ H L I ~  M e x a H m e c m i e  m o n T n s e c K m e  cnoco6b1. IIpn CHHTHH ~ e 6 0 ~ 1 b -  
mmx y Y a c T K o B  n n e H K n  6e3 p a 3 p y r u e ~ ~ ~  T O Z ~ H H Y  y ~ a n e a ~ o i i  j r a c ~ ~  
M O X H O  H 3 M e P H T b  TOYHbIM MeXaHHYeCKHM RaT¶HKOM TOJIIQHHbI. ECJIEI 
UOCJle  YAaJ IeHHR 9 a C T H  I I J I eHKH I IOBepXHOCTb  IIOAnjlO?KKH OCTaeTCH 

~ H C T O ~ ~ ,  RJIEI n 3 ~ e p e ~ m ~  BLICOTLI n J r e H K n  H a A  no,qao%~oii M O ~ H O  npn- 
MeHkiTb  O n T m e c K n e  EI M e x a H m e c m e  MeToAM. 

B C J I y Y a e  TPYHHOyfiaJrHMLIX IIJ IeHOK, H a n P H M e P  I IOKPbITHR H a  

G y ~ a r e ,  T O J I ~ I I H Y  MOWHO onpegeamb no n o l r e p e s H o M y  c e s e H H r o  

C I I O M O q b l O  MEIICPOTOMa. AJIR H ~ M ~ P ~ H I ~ ~  T O J I q H H b I  683 p a 3 P Y I I I e H H R  

c n o R  p a ~ p a 6 0 ~ a ~ ~ 1  ~ ~ ~ J I H Y H L I ?  c n o c o 6 b 1  c o 3 ~ a ~ b 1  n p ~ 6 0 p b 1 .  B ~ a q e -  
CTBe  I I p l l M e p O B  I I p H B e A e M  3 J I e K T p H Y e C K H e  MeTOALI, OCHOBaHHbIe  H a  

H ~ M ~ P ~ H E I H  e M K o c T m  n n H  HHAYKTEIBHOCTH, a T a K m e  p a c c e F i H n a  ~ P O H H -  

KaIoIIJerO H3JIYYeHHFI. ~ E I P O K H ~  0 6 3 0 ~  MeTOAOB H 3 M e p e H H H  T O J I q H H b I  

~ ~ ~ A C T ~ B J I ~ H  B p a 6 0 ~ e  [209]. C IIOMOlQbK, TO¶HLIX H 3 M e p e H ~ g  eMKO- 



CTH H TOJIWEIHM M O X H O  BbIYHCJIHTb AH3JIeKTPkIYeCKYH) I IPOHE14aeMOCTb 

213 Y p a B H e H E I t i  ( B  e A E l H H q a X  CHCTeMbI MECA) 

K = C L I E ~ A .  (2) 

1.1.2. OVYBCTBJIEHkIE CDOTOIIPOBOflHWMX AkI3JIEHTPMVECKklX 
I I J IEHOK K O P O H H b I M  PABPIIJJOM 

B Y a c m  I 661~10 y ~ a a a ~ o ,  s ~ o  ~ c e p o r p a @ m e c ~ a ~  n J r a c T H H a  a n e I c -  

T P H Y e C K H  09YBCTBJIReTCEI I I P H  p a ~ H 0 M e p ~ O f i  3 a p R A K e  ee IIOBePXHOCTH. 

Ann 3 ~ 0 r o  I I C I I O J I ~ ~ ~ ~ T C R  p ~ , q  y c ~ p o f i c r ~ .  Ha~6or1ee n o n x o n n q e M  1 
AJIR H C C J I ~ ~ O B ~ H H ~ ~  CrIHTaeTCR CKOpOTpOH, r J I a B H b I M  0 6 p a 3 0 ~  DOTOMY, 

¶TO OH C O 3 n a e T  ~ a k I 6 0 J I e e  p a ~ H O M e p ~ b 1 6  I I O B ~ ~ X H O C T H ~ I ~ ~  3 a p H A  II 
I I O ~ B O J I F I ~ T  nyqme p e r y n n p o B a T b  B e a H s H H y  a a p ~ ~ a ,  coo61qae~oro 
IIOBepXHOCTH. -t Bcnonbaye~b~e  B H a c T o c I r q e e  BpeMcI  KOPOHHLIX 3 a P R A H H K O B  B. 
0 6 b 1 9 ~ 0  COCTOIIT 113 0 ~ ~ 0 6  HJIH HeCKOJIbKHX TOHKHX IIPOBOJIOK, 

HaTCrHYTbIX Me?KAY KJIeMMaMM II paCIIOJIO?XeHHbIX H a A  n O B e p X H O C T b I o  '; 
I IJ IaCTHH H a  BbICOTe HeCKOJIbKHX MEIJIJIHMeTPOB. ~ ~ I X M ~ H ~ H K ~  3 K p a H -  

HOG C ~ T K M  AJIR KOHTPOJIR I I O T ~ H ~ H ~ J I ~ ,  n p ~ o ~ p e ~ a e ~ o r o  + o ~ o n p o ~ o -  B 
A R ~ H M  c n o e M ,  B n e p B H e  661~10 n p e A n o x e H o  yo ma no^ 12101. A p y r ~ e  
THIIbI  KOPOHHbIX 3aPHAHMKOB OIIHCaHbI  B e F 0  pa60l.e [211]. $ 

Ha PHC.  92 I I O K a 3 a H b I  A B a  T H n a  KOPOHHbIX 3aPRAHHKOB.  B I IpO-  

q e C C e  3 a P I I A K H  Y C T P O ~ ~ C T B O  AJIR KOPOHHOrO p a 3 p R A a  H B H X e T C R  BAOJIb ! 
n o B e p x H o c w  ~ c e p o r p a a ~ ~ e c ~ o f i  n n a c T r n m  H n H ,  K a H  O ~ ~ I P H O  6 m a e ~  t 
H a  n p a I c T m e ,  Y C T P O ~ ~ C T B O  o c T a e T c R  H a  M e c T e ,  a ~ceporpaamsec~acr  
I I J I aCTHHa  HJIH 6 a p a 6 a ~  ABHlrCeTCR RlHMO H e r o .  j i 

~ ~ @ ~ K T H B H O C T ~  T ~ K O ~  3 a P H A K H  3aBMCHT OT r e O M e T p H H  3 a p t i n H k l K a ,  

p a M e r r p a  H s m n a  I c o p o H n p y m x q m x  n p o e o s r o E c  H P a c c T o R H m  OT npo- 
B o n o m  ,qo n n a c T m a b 1 .  n p m M e H R e M L I x  H a  n p a K T m K e  Y C T P O ~ ~ C T B  

(CM. PHC.  92, a)  C IIOCTORHHbIhl PaCCTOIIHIIeM OT IIpOBOJIOKH A 0  nna- 
CTElHbI CKOPOCTb 3 a P R A K H  6y,qe~ 3 a B H C e T b  OT HOHHOrO T O K a ,  H A Y W e r O  

OT IIPOBOJIOKH K I I J I aCTHHe ,  H CKOPOCTkI H X  OTHOCHTeJIbHOrO ABHHCeHHR. 

X a p a ~ ~ e p ~ c ~ m u a  K o p o H H o r o  p a 3 p ~ ~ a  MOXHO onpeAenmb, IIPHHH- 

i 
M a t I  K o a K c H a n b H o e  pacnoaoweame qmzmApmvecmx m e K T p o p o B ,  n p H -  

YeM BHYTPeHHEIM qHJ IHHAPOM CJIY3fZHT IIpOBOJIOIEa. ~ P ~ A H ~ H T  3JIeKTPH- 

YeCKOrO IIOJIR H a  I IOBepXHOCTH l l pOBOJ lOKH ( K @ / C & ) ,  H ~ o ~ x o J ( H M ~ I ~  &VII 

I I 
B03HI IKHOBeHHR KOPOHHOrO CBeYeHHR [ 2121, A a e T C H  3MIIHpH¶f?CKHhl 

COOTHOUIeHHeM i 



rne b - AaBneHne ~ o s n y x a ,  cm pm. cm.; t - TeMnepaTypa, C. 
n p ~ l  25" C EI 76 cm pm. cm. 6 = 1, a m w I A n H  n o n ~ p o ~ a ~ ~ o i i  
nposonow.  

HaYanbHoe HanpcImeme ICOPOH~I  ~ J I H  KoaKcnajIbHoro ~ E I J I H H , ~ ~ ~  

paBH0 

Vo = E,n. In (X) , sa, (5) 

rAt? R - PaAMyC BHeJlIHeI'O qEIJlHHApa. ~ O M ~ H H M P ~ H  PaBeHCTBa 
(3) M (5) H IIOJIaraR 6 = 1 EI 172 = 1, AJIH BO3AyXa IIpH K O M H ~ T H O &  



OTM~THM, ¶TO 4HCJIeHHbIe  KOHCTaHTbI  B COOTHOIIIeHHHX (6) H (9) D p H -  

~ J I H ~ H T ~ J I ~ H O  P a B H b I .  T ~ K M M  0 6 p a 3 0 ~ ,  M O X H O  O X H A a T b ,  9 T O  I I O ~ O ~ H ~ I ~  

YCJIOBHR X a p a K T e p H b I  1.1- AJIR B03HHKHOBeHHH KOPOHM RIeXJJY IIPOBOJIO- 

x0fi II I I J I O C K O ~  I IOBepXHOCTbIo .  ~ ~ B H C H M O C T ~  KOPOHHOI'O T O K a  C eAH- 

H H q b I  AJIHHbI IIPOBOJIOKH OT p a 3 H O C T H  I IOTeHqHaJ IOB V Mel rcAy  np0- 
B O J I O K O ~  H qHJ IHHAPOM,  BbIBeAeHHaFI  K o 6 ~ ~ e  [214], A a e T C R  B b I p a W e -  

H H e M  $ 

I?Ae - I IOABHXHOCTb  HOHOB, a p a 3 M e p H O C T H  BeJ IHPHH A a H b I  B 3 J I eK-  
' 

T p o c T a T m s e c m x  e A m H u q a x .  Ha PHC. 94 n p m B e , q e H o  H e c K o x b K o  KPHBHX, 

I I O K a 3 b I B a H ) ~ H X  3aBEICHMOCTb KOPOHHOrO T O K a  OT I IPHJIOXeHHOI 'O 

H a n p x x e H m .  AJIR nepexoaa K n p a ~ ~ ~ s e c ~ o 6  c m c T e M e  e A n H H q  C n e g y e T  

Y M H O X H T ~  B b I p a w e H H e  (10) H a  1,11263 -10-12, a V H V o  B ~ I P ~ ~ H T ~  

B 6, R H U - B CJ t ,  p - B c J t 2 / 6  . c ~ K .  B O 3 A y X a  p 2 cJtZ/6 .CeK. 

XOTR X a p a K T e p H c T m M  K O P O H ~ I ,  o n p e A e n x e M b I e  ~3 ~ O P M Y J I  (6) 
.H (lo), OTHOCRTCR c n e q I . r a n b H o  K n p o B o n o I c e ,  p a c n o ~ r o m e ~ ~ o i i  no o c ~  
4 H J I H H A p a ,  3 T H  p e 3 y J I b T a T b I  MOI'YT 6 b I ~ b  HCI IOJ Ib30BaHbI  AJIR a I I I l pOKCH-  

A f a r p r n  x a p a I c T e p H c T m K  K O P O H ~ I  B cnyqae n p o B o n o m i ,  p a c n o ~ r o x e ~ ~ o i i  

B ~ J I H ~ H  I I J IocKo~~ IIOBepXHOCTH. 

YCJ IOBHR B03HHKHOBeHHX KOPOHbI (6) M (9) I IpHMeHHMbI  H B CJIY- I 
qae KOPOHbI H a  I I e p e M e H H O M  TOKe.  n p H  I I e p e M e H H O M  TOKe  K O p O H a  

B 0 3 H H K a e T  I I p H  HeCKOJIbKO OTJIH¶HbIX H a I I p R l r c e H H R X  AJIR O T p H q a T e J I b -  

H O ~  H I I o J I o X H T ~ J I ~ H O $  I I o J I H P H o c T ~ ~ ~ .  H ~ B ~ C T H O ,  ¶TO I IOJ IOWHTeJ IbHaR 

R O p O H a  B 0 3 H H K a e T  P a H b I U e  O T ~ H ~ ~ T ~ J I ~ H O ~ ~  AJIR IIPOBOJIOK A H a M e T p O M  
I 

6onee 0,0075 C X ,  a AJIR IIPOBOJIOK C MeHbIIIHM AHaMeTPOhf  CI IpaBeAJ IHBO 

0 6 p a T ~ o e  [215]. Ha¶aJIb~oe H a I I p R W e H H e  3 a B H C H T  OT ~ T M O C ~ ~ P H O I ' O  % 
A a B J I e H H R  [CM. B b I p a X e H H e  (4)]. ~ O ~ T O M Y  H a  60J Ib I I IHX BbICOTRX K O P O H a  

B 0 3 H H K a e T  I I p H  MeHbI I IHX H a I I P R % e H H R X ,  4 e M  H a A  Y p O B H e M  MOPR.  

I 
I4 T a I c  Kart H o H H a x  I IOABHXHOCT~ o 6 p a ~ ~ o  n p o n o p q H o H a m H a  n n o T -  



P XI C. 93. ~ ~ B H C H M O C T ~  Ha¶aZbHOrO HaIIPRlKeHHR KOPOHbI OT AHaMeTpa  IIpO- 
BOJIOKH. 

Pacc~omue go qnnEHapa xnn nnacTnHu cocTasnxeT, enc: a - 2,O; 6 - 1,5; e - 1 , O .  

P H C. 94. ~ ~ B H C H M O C T ~  TOKa KOPOHHOrO p a 3 p R A a  OT IIpHJIOmeHHOro H a I I p R m e -  
HHR AJIR IIPOBOJIOKH AHaMeTpOM 0,01 C X  ntPH PaCCTORHHRX A 0  BHeIIIHerO U[HJlIIH- 

Apa, cm: a - 2,0; 6 - 1,5; 6 - 1,o. 



HOCTH ra3a, K O ~ O H H H ~ ~  TOE AOJIXeH 6b1~b 60~1bme n p H  MeHbI I I l lX  

A a e n e H p H s  B o a A y x a ,  K a K  3 T 0  BHAHO 113 @OPMYJILI (7). Y ~ e m q e ~ m e  p 
H YMeHbILIeHHe V o  AOJIHEHbI IIPHBOAEITb K 6 0 x b m e ~ y  KOPOHHOMY TOKY 

n p H  OAHOM H TOM IIPHJI0lk"eHHOM H a n P R X e H H H .  

1.1.2.1. 3APR.D.F.A XOPOTPOHOM 

H O P O H H ~ I ~ ~  TOK M e X A Y  I I ~ O B O J I O K O ~  H I IOBepXHclCTbIo 3 a B H C H T  O T  

IIJIOTHOCTEI HOHOB H H X  IIOABHiI{HOCTH, a T a K X e  OT pa3HOCTEI IIOTeH- 

UHaJ IOB EI PaCCTORHHR M e X A Y  I I ~ o B o J I o K o ~ ~  H I IOBepXHOCTbIo.  B o61qenr 
C J I y q a e  nJIOTHOCTb HOHOB I I p O I I O p q H O H a J I b H a  p a 3 H O C T H  I I O T e H 4 H a A O R  

v - vo. A J I K  nm6oB K O H @ H ~ Y ~ ~ ~ H H  IIPOBOJIOK, paCnO.TOmeHHbIX 

H a  MaJIOhf PaCCTOHHHl l  OT I I J I o c K o ~  I IOBePXHOCTH, K O P O H H ~ I ~ ~  TOK 

MOiKHO I I p e A C T a B H T b  CJ Ie J (y IomHM B L I p a X e H H e M :  1' 

rAe A - B e n H s n H a ,  a a ~ ~ c m q a c r  OT IIJIOTHOCTEI MOHOB H P a c c T o m H R  

M e Z J ( y  I IpOBOJIOKaMH H I IOBepXHOCTbIo.  O~LIIYHO B ~ 0 3 ~ y I l l ~ 0 f i  C p e A e  

npm IIOCTORHH~IX T e M n e p a T y p e  EI A a B n e H m  semisma A n o c T o m H a .  

B Bbrpa>I{eHHm (10) A = 2p/R2 In (Rla). B e n k i v ~ ~ a  A C n y 9 a K  
i 
f O'IyBCTBJIeHHR K O ~ O H O ~  H e  H a f i J ( € ? ~ a ,  HO O H a  M O X e T  6 b 1 ~ b  O J I p e A e J I e H a  8 

3 K C I l e p H M e H T a J I b H O  npll H 3 M e p e H H H  3aBHCHMOCTH T O K a  K MeTaJIJIkIqe-  "6. 
CKOG I I J I aCTHHe  OT H a I I P R X e H H R .  -# 

K O P O H H ~ I ~ ~  TOti ,  O I I P ~ A ~ J I R ~ M ~ I ~ ?  B b I p a X e H H e M  ( 1  I ) ,  KBJIReTCfI I 
TOKOM IE MeTaJIJIHYeCKOhIY IIPOBOAHHKY. HoI'A~ HOHbI,  C 0 3 A a H H b I e  KOpO- 

H O ~ ,  ABIIiKYTCR K I IOBePXHOCTH , ~ J H ~ J I ~ ? K T P H P ~ c K o ~ ~  I IJ IeHKH, H a  H e f i  

H a I E a n n m B a e T c R  a ~ r e ~ ~ p k i s e c ~ m f i  a a p ~ ~  T o r o  we s ~ a ~ a ,  s ~ o  H n o T e H -  

q H a J I  IIPOBOJIOKH. ~ O ~ T O M Y  ~ @ @ ~ K T E I B H O ~  H a I I p R X e H H e  MelIcAy I l O B e p X -  

HOCTbIO IlJIeHKEI H IIPOBOJIOICaMB I I O H H X a e T C R  H a  13eJIH9HHY IIOTeH- 

q H a J I a  I IJ IeHKH, a 3TO B CBOK) O Y e p e A b  Y M e H b I I I a e T  TOK KOPOHbI. 

AJIR npoc~eiimero c n y u a R  o g ~ o i i  ~ o p o ~ ~ p y ~ o l q e i j r  IIPOBOJIOKH, 

p a c n o n o w e ~ ~ o f  B ~ J I H ~ H  ~ c e p o r p a @ k ~ ~ e c ~ o i i  H n m  M ~ T ~ J I J I H Y ~ C I E O ~ ~  m a -  
CTHHbI, I I O K P ~ I T O ~ ~  J(AH3JIeKTPHYeCKHM MaTepHaJ IOM,  B b I p a l K e H H e  HJIR 

TOIEa KOPOHbI H M e e T  BHA 

i , = ~ ,  ( v ~ v , )  (v-v,-vo), (12) 



Ann K O H K P ~ T H O ~  YCTaHOBKH C IIOCTOfiHHbIM HaI IPHi fCeHHeM K O P O H H  

B C e  BeJIHYHHbI B R P ~ B O ~  Y a C T B  + O P M ~ J I M  (13), K p O M e  Vs, IIOCTOIIHHbI. 

P a c n o n a r a ~  a a a e ~ n e ~ ~ ~ i i  a ~ p a ~  H a n  n p o ~ o a o ~ o i i  (CM. ~ H C .  92, a) ,  
M O X H O  YBeJIHYHTb IIJIOTHOCTb HOHOB. Tax K a K  H a  3 K p a H e  H e  CO3@eTCH 

Z iap I IA ,  TO HaI Ip f l lKeHEIe  M e X A y  3 K P a H O M  H I I P O B O J I O K O ~  OCTaeTCR 

IIOCTOEIHHbIM H IIJIOTHOCTb HOHOB, 0 6 p a 3 y 1 0 q ~ x c ~  B O K p Y r  IIPOBOJIOKH, 

T a K X e  IIOCTOIIHHa. O A H ~ K O ,  IIOCKOJIbKy H a  I IJ IaCTHHe 3aPFCA HaKaI I J IH-  

B a e T c f i ,  6 6 ) r b m a ~  Y a c T b  HOHOB H a n p a B n s x e T c H  K a I c p a H y .  T ~ ~ K E I M  o6pa- 
3 0 M ,  A ~ ~ ~ C T B H ~  3 a 3 e M J I F I I o W e r O  3 K p a H a  I IPHBOAHT K YBeJIHYeHHH) KOH- 

CTaHTbI  A ,  B I$oPMYJI~  (13) H ,  CJ IeAOBaTe j IbHO,  K YBeJIHYeHUH) T O K a ,  

T e K y q e r o  K n n a c T H H e .  BHA y p a B H e H m  (13) B  TOM cnygae o c T a e T c c r  

T e M  >He CaMbIM. 

T a K  Kart H a  n o B e p x H o c m  Ananempma H a K a n n n s a e T c c I  a a p a ~ ,  
n o T e a q H a 3  n n a c T n H b I  y B e n H s m a e T c H ,  a TOK Y M e H b u a e T c R .  ICor~a  
TOK CTaHOBBTCII P a B H b I M  HYJIH), I I p O q e C C  3 a p I I A K H  I I p e K p a q a e T C F I  H IIO- 

T e H q B a J I  IIJIaCTElHbI AOCTMI'aeT C B O e r O  MaKCHMaJIbHOI'O 3 H a s e H H I I .  Ecnw 
npeae6peub TeMHORbIM TOKOM B @ O T O I I ~ O B O A H ~ ~ M  A B 3 J I e K T p H K e ,  TO 

c ~ o p o c ~ b  aapanrcn 6 y n e ~  p a m a  TOKY, T e K y q e M y  K n n a c T m e ,  T. e- 
dl',  i , = C - ,  
dt (14) 

- eAsvol/C v, = v 
,AsVot/C ' I-- v-v, 

Y ~ ~ B H ~ H H ~  (16) IIO3BOJIHeT BbIYHCJIHTb I I O T e H q H a J I  I IJ IaCTHHbI  K a K  

@yETKqHIO B p e M e H H  3 a p f l f i K H ,  KOI'Aa v, vo, A ,  H C H3BeCTHbI .  HOH- 
C T a H T a  A ,  O ~ ~ I ~ H O  OIIpeHeJII IeTCII  3KCI IepHMeHTaJ IbHO.  O ~ H ~ K O ,  eCJIH 

C K O H C T p y H p O B a T b  KOPOTPOH C O A H O ~  IIPOBOJIOKOG B MeTaJIJIHYeCKOM 

4 H J I H H A p e  C YaCTHYHO ~ b 1 p e 3 a ~ ~ 0 f i  6 0 ~ 0 ~ 0 6  IIOBePXHOCTbH),  M O X H O  

I I O J I y P H T b  paCYeTHbIM I I y T e M  I I P H ~ J I H X ~ H I I Y H )  BeJ IHKIHHy  I tOHCTaHTbI  

As.  T a ~ o i i  K O ~ O T ~ O H  I I O K ~ ~ ~ R  H a  PHC. 95. B  TOM cayqae xceporpa- 
@ m e c ~ a ~  n n a c T n H a  K a K  661 ~ ~ M ~ H I I ~ T  B ~ I P ~ ~ ~ H H ~ I ~ I  cemop q H J I H H A p a .  

~ O H H ~ I %  TOK KOPOHhl  C OnHOl'O C a H T H M e T p a  AJIHHbI IIPOBOJIOKH AJIH 

yana, I I O K ~ ~ ~ H H O ~ O  H a  PHC. 95, O n p e A e n R e T c H  i)jop~ynoii (lo), a IIJIOT- 

HOCTb T O K a  3aPHAKH 6 y ~ e ~  P a B H a  . 



i s  = 3,68. 10-l4 (V -- V,) (V - V ,  - Vo), alcm2, 

(I8) I 
r A e  is - I InOTHOCTb T O K a ,  T e K y I Q e r O  K I IOBePXHOCTH IIJIaCTHHbI. 

ECor~a T ~ M H O B O ~ ~  TOK B A H ~ J I ~ K T P H K ~  n p e ~ e 6 p e x m ~ o  M a n ,  is n p e A -  

C T a B n R e T  c060B 3 a p R n ~ b I f i  TOK. O A H ~ K O  H 3 B e C T H 0 ,  9 T O  T ~ M H O B O ~  

TOK B n n e H K e  @ o ~ o n p o ~ o ~ ~ q e r o  M ~ O J I H T O P ~  M o x e T  B J I H R T ~  H a  CKO- 

P O C T b  3 a P R A K H  KOPOHHLIM pa3PEIAOM H H a  M ~ K c H M ~ J I ~ H ~ I ~  3 a P H A ,  KOTO- 

pbI6 MOlfCeT 6 b 1 ~ b  Y A e P X a H  3 ~ 0 6  IIJI~HKoG. K ~ o M ~  TOI'O, T ~ M H O B O ~ ~  

TOK H e  n p o n o p q ~ o ~ a n e ~  H a n p t I x e H n m  H a  nneme H 0 6 6 1 ~ ~ 0  y s e n E i -  

s n s a e T c c r  o s e m  GLICTPO, I c o r g a  3 a p q ,  ~ a x o n ~ q n i i c ~  H a  nneme,  I 
o6pa3ye~  BHYTPM H e e  c H n b H o e  none. H e K 0 ~ 0 p b 1 e  n p n M e p b 1  COOT- 

HOILIeHHR M e X A Y  TOKaMH H 3J I eKTPHYeCKHMH IIOJIIIMH B H 3 0 J I H P Y H ) q E I X  

- n n e ~ ~ a x  MOXHO H ~ ~ T E I  B p a 6 o ~ e  12171. 
T ~ K  K a K  H a  n ~ a n e ~ ~ p m u e c ~ o i i  n n e H K e  H a K a n n H s a m T c R  ~ ~ P R A H ,  

TO TOK,  ~ e ~ y q ~ l i i  K nneme, Y M e H b I n a e T c H ,  a TOK y T e y K z i  sepea n n e H I c y  

B O 3 p a C T a e T .  ~ o I ' A ~  3 T H  A B a  T O K a  CTaHOBRTCR P a B H b I M H ,  I I O T e H q H a J I  

IIJIeHKEI AOCTHI'aeT MaKCHMaJIbHOrO 3 H a 9 e H H I I .  HPEI 3TOM 3apfXA C T e K a e T  

C TOG Xe CKOPOCTbIO, C K a K 0 6  HOHbI IIOAXOART K IIOBePXHOCTEI. R J I R  
I HJ I J I IOCTpaqHH 3TOPO 3 @ @ e K T a  C I I O M O q b H )  B b I p a W e H H I I  (18) BbI9HCJIeHa  

3aBEZCHMOCTb T O K a  K I I J l aCTHHe  OT I I O T e H q H a J I a  I IJ laCTHHbI  AJIII ABYX 

H ~ I I ~ H x ~ H ~ I ~  KOpOHbI  (PHC. 96, K p H B b I e  2 Zi d). T ~ M  Xe I IpeACTaBJ IeHb l  



3aBMCHMOCTEI TeMHOBbIX TOKOB B IIJIeHKe ~ M O ~ @ H O I ' O  CeJIeHa  TOJII4M- 

HOG 20 .MK K a K  ( P Y H K ~ H E I  OTpHqaTeJ IbHOrO (a) M IIOJIOXHTeJIbHOrO (6) 
IIOTeHqHaJIOB IIOBepXHOCTH. ~ ~ O B O J I ~ H O  p e 3 K O e  YBeJIHseHHe TeMHOBOI'O 

P H C.  96. B ~ H R H U ~  T O K a  KOpOHLI II T O K a  Y T f ¶ K H  H a  M ~ K c I I M ~ J I ~ H ~ I %  IIOTeHqIIaJI  
JIH3XeKTpH¶eCKOH IlJIeHKII .  

TOKa B PTHX nnemax H ~ ~ J I J O ~ ~ ~ T C ~ I  n p H  n o s e p x H o c T H r a x  n o T e H q H a n a x  

B b I m e  300 6 ( 0 ~ p ~ l I J a ~ e J I b H b I f i )  H 400 6 ( I I o J I o X H T ~ J I ~ H ~ I ~ ~ ) .  K ~ H B ~ H  6 

H a  PMC. 96 IIpeACTaBJII ieT 3aBHCHMOCTb TOKa OT IIOBePXHOCTHOrO 

I IOTeHqHaJIa  AJIR I I P o H ~ B o J I ~ H o ~ %  ~ H ~ J I ~ K T P H ~ ~ C K O G  IIJIeHKH, Y ~ 0 ~ 0 ~ 0 %  

TOK p a C T e T  K a K  K B a A p a T  HaIIpR%eHMH H a  IIJIeHKe. K B ~ A ~ ~ T M ~ H H ~ ~  
3 a K O H  BbIBeAeH MOTTOM ti ~ ~ P H H  [2181 AJIH TOKOB, OrpaHHYeHHbIX 

I I ~ O C T ~ ~ H C T B ~ H H ~ I M  3apHAOM,  a M a K - E b J O p H  H LUa@@ep~ [219] HCIIOJIb- 

30BaJIH 3TY 3aBHCHMOCTb AJIH O ~ ' ~ H C H ~ H H R  KMHeTHKH CIIaAa 3 a p R A a  

H a  HeKOTOpbIX CMOJIRH~IX m e H K a x .  K p m ~ ~ e  aa p ~ c .  96 HJIJIIOCTPH- 

PYIoT BJIHfIHHe TOKOB YTeqKH H a  M ~ I F C M M ~ J I ~ H ~ I ~ ~  IIOTeHqMaJI AEI3JIeKT- 

P a s e c K t i x  nJ IeHoK.  ITPH s a p a ~ ~ e  n n e H m  c e n e H a  c I I O M O ~ ~ I O  KOPOTPO- 

H a ,  n p e R c T a B n e H H o r o  H a  pmc. 95, M ~ K C H M ~ J I ~ H ~ I ~  n o T e H q H a n H  COOT- 

BeTCTByIOT -370 6 H 4-535 6 I I p H  HaI IpRlKeHHH KOPOHbI 8100 6 H COOT- 

BeTCTBeHHO -335 6 H +470 6 I I p H  Ha l IpRl rceHHH KOPOHbI 6000 6. 

T a r c ~ l ~  0 6 p a 3 0 ~ ,  M ~ K c H M ~ J I ~ H ~ I ~ ~  IIOTeHqHaJI  CJIOH 3aBHCHT OT ~ c J I o B H ~  

~ ~ P R A K H  B KOPOHHOM p a 3 p ~ ~ e .  Ha~6ona111~6 a @ @ e x T  H a 6 n 1 0 , q a e ~ c ~  

4JIR TOKa YTeqKH,  I IpeACTaBJIeHHOrO KPHBOH 6. B 3TOM CJIyW3e MaKCM- 

MaJIbHb1fi I IOTeHqHaJI  I I p H  YBeJIMseHHH CKOPOCTU 3 a P R A K H  IIOYTH YABa- 

H s a e T c s ,   TO c n e n y e T  ~3 nepecesema K p m s u x  z H d c K P M B O ~  6 .  



~ I ~ c I I ~ ~ H M ~ H T ~ J I ~ H o  H ~ ~ A ~ H O ,  ¶TO TeMHOBbIe TOKH BMOP@H~IX IIJIeHOK 

CeJIeHa  YAOBJIeTBOPRlOT COOTHOIIIeHHIO 

ie = A, (V - V, )  (V - V ,  - Vo)  -A' sh bV,. (21) 

C O O T H O ~ ~ ~ ~ H H ~  M e X A y  IIOBepXHOCTHbIM IIOTeHqHaJIOM vs H BPeMeHeM 

3HPHAKH t MOXHO IIOJIy¶HTb H 3  YpaBHeHHSI 
a 

Z e ~ y I 0  9 a C T b  COOTHOIIIeHHR (23) HeJIb3II  I IpeACTaBHTb B aHaJIHTHW!- 

CKOM BHAe, 5% IIO3TOMY ee CJIeAyeT H H T e r p H p O B a T b  'XHCJIeHHbIMH 

MeTOflaMH. 

K 0 r ~ a  TOK YTesIc l l  Ol 'paHH9eH IIpOCTpaHCTBeHHbIM 3apHAOIvf, 

BbIpaHEeHHe AJIR ~ @ @ ~ K T H B H O ~ ~ [  IIJIOTHOCTH 3apI I f lHOrO TOKa HMeeT BHA 
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MJIJIIoCTpHpyIolqHX BJIHRHHe TOKOB YTePKH H a  M E ~ K c H M ~ J I ~ H ~ I ~  IIOTeH- 

/ qnan ~ n s n e ~ ~ p ~ s e c x a x  nneeox. Mcnonbso~a~ne  xsanpa~meoir sass- 

1' &I C. 97: B n ~ a ~ ~ l e  YTe4KEL ¶epe3 AEIBJIeICTpMK Ha 3apfl~w1B TOK. 

H a ~ a n b ~ o e  Hanpxmeaae K O P O H ~ I  4630 8 ,  HanpxmeHae KOPOHH BOO0 s. 

CHMOCTLl TOKOB YTePKH OT HaI IPI IXeHHEI  IIPLlMeHHMO K CJIYPaH) 3aPI IAKH 

CMOJIHHbIX IIJIeHOK [219]. AJIH TaHElX (POTOIIPOBO~II~EIX EI30JIHTOPOB, 

K a K  ~ M O P @ H ~ I ~  CeJIeH,  B @ @ ~ I C T  AOJIlrceH 6 b 1 ~ b ,  B 0 6 q e M ,  TeM me, HO 

IIOA'beM A 0  MaKCHMaJIbHOrO IIOBepXHOCTHOrO IIOTeHqEIaJra 6yRe~  60~1ee 
KPYTbIM 6 x a r o p a p ~  p e 3 K O M y  B 0 3 p a C T a H H I o  TOKa YTePKH C YBeJIHYe- 

HHeM HaIIPH3ICeHHOCTEI IIOJIH. 

Y ~ ~ B H ~ H H R ,  IIOJIyPeHHbIe BbIIIIe, CIIpaBeAJIHBbI I I p H  OTCYTCTBHH 

OTHOCEITeJIbHOrO ABHXeHEIEI M e X A Y  3apRAHHKOM EI IIOBePXHOCTbH) 

JEI3JleKTPEIKa. Ha I I p a K T H K e  me OTHOCHTeJIbHOe ABMXeHHe 0 6 ~ 9 ~ 0  
H ~ H ~ ~ ~ > K H o .  H a n p ~ ~ e p ,  6~101c IcOpOTpOHa M03KeT 6 b 1 ~ b  HeIIOABHXeH, 

a a a p a x a e ~ a ~  n o s e p x H o c T b  M o x e T  n e p e A B H r a T b c H .  C K O P O C T ~  ABH- 

XeHLlH M O a e T  pt?l'YJIHPOBaTbCB TBK, 9 ~ 0 6 ~  K O H ~ P H ~ I G  I I O B ~ P X H O C T H ~ I ~ ~  

nOTeH4I IaJ I  OICa3aJIClf H H m e  MaKCHMaJIbHOI'O IIOTeHqHaJIa .   TO ~ e o 6 -  
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PHC.  98, H e  M O X e T  6 b I ~ b  HOCTHI'HYT. ~ P E I  CKOPOCTH 2 c . M / c ~ ~ E ,  COOT- 
B ~ T c T B ~ I O Q ~ ~  B p e M e H H  3 a P R A K H  0,5 CeR, B C e  A H 3 J I e K T P H 9 e C K H e  I IJ IeHKH 

MOI'YT 3 a P I I A H T b C R  I I p H M e p H O  A 0  OAHHaKOBOrO IIOBePXHOCTHOI'O IIOTeH- 

qnana ( N  500 6 ) .  

1.1.2.2. 3API IHKA CKOPOTPOHOM 
I 

C x e M i 3  CKOPOTPOHa  I I03BOJII IeT JIY¶IIIe Y I I P a B J I X T b  B ~ J I H P H H O ~ ~  3 a p R -  

Aa, C O O ~ I ~ ~ ~ M O ~ O  nOBepXHOCTH.  Y C T ~ H O B K ~  M O X H O  OTPeI 'YJ IHPOBaTb  

T a K ,  9 ~ 0 6 ~  M ~ K c H M ~ J I ~ H ~ I ~ ~ [  I I O B ~ ~ X H O C T H ~ I ~ ~ [  I I O T e H q H a J I  H e  I I p e B b I I I I a Z  

OIlpeAeJIeHHOI 'O 3 H a ¶ e H H I I ,  KOTOPOe  B I IPHHIJHI Ie  H e  3 a B H C H T  OT X a p a K -  

T e p H C T H K  3 a p X X a e M O I ' O  AH3JIeKTPH¶eCKOI'O M a T e p H a J I a .   TO AOCTH- 

r a e T c x  n y T e M  K o H T p o j r a  n o T e H q H a n a  H a  ~ I C ~ ~ H H O ~  ceme, pacnoaa- 
I 'aeM06 M e X A Y  ICOPOHHPYIOQHMH IIPOBOJIOKaMH H I IOBePXHOCTbIO 

AHaJrercTpmIca .  B ~ T O M  cnyqae TOK KOPOHH, ~ e ~ y m ~ i i  K n x a c T m e .  

pa3~e~111e~cx H a  TOK, ~ e ~ y q ~ i i  K c e T K e ,  z i  TOK, ~ e ~ y q n i i  K ca~oiir m a -  
CTHHe.  n~ M e p e  yBeJ rH¶eHElR  I I O T e H q H a J I a  I IJ IaCTHHbI  66~1bmaa ¶ a C T b  

T O K a  T e ¶ e T  K C e T K e  H M e H b I I I a I I  ¶ a C T b  - K IIJ laCTHHe.  HoI 'A~  H a  IIJIa- 
CTHHe  AOCTHI'aeTCR M ~ K C H M ~ J I ~ H ~ I ~ ~  IIOTeHQElaJI.  B e C b  TOK T e ¶ e T  

K cewe II npoqecc s a p x ~ ~ ~  n p e K p a q a e T c x .  

Bcnonbayx COOTHOIIIeHHe (12), M O X H O  Ha l IE lCaTb  B b I p a X e H H e  AJIH 

T o K a ,  T e K y p e r o  K n n a c T m H e ,  B c x e M e  K o p o T p o H a  ~a pmc. 92, a. ICor~a  
3 K P a H H a X  C e T K a  I I O M e W e H a  TBK,  K a K  3 T 0  I I O K a 3 a H O  H a  P n C .  92, 6 ,  
¶ a C T b  T O K a  6 ~ 8 1 3 ~  T e P b  H a  C e T K y .  C ~ T O ¶ H ~ I ~ ~  TOK 
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rAe Vg - nOTeHqHaJI  H a  CeTKe n0 OTHOILIeHMIO K 3eMJIe,  6 y n e ~  YMeHb- 

I l I a T b  TOK, T ~ K ~ H G  K IIJIaCTHHe, H a  BeJIH¶HHY, P ~ B H Y I O ; ~ ~ ,  TaK-¶TO 

HbIX AaHHhlX. ABTOP BbI¶HCJIMJI 3TM IIOCTOIIHHM~ M3 AaHHhIX E p a y ~ a  
[220], HCIIOJIb3YH THITHPHYH) CXeMy 3aPHJJKH CKOPOTPOHOM. OHH OKa- 

aanmcb p a B H m M m  A, = 6,906 .lo-l4 M A g  = 6,048 -10-l4 (TOK K nna- 
CTHHe is 661~1 B b I p a X e H  B alcd4'). ~ 0 p o H H p y I O ~ Z i e  IIPOBOJIOKH HMBJIH 

A H a M e T p  0,0875 cnc, a H a s a J r b H o e  H a n p x x e H m e  - ~ o ~ o E n  4100 e. 
3 ~ m  ~ H ~ P ~ H E I I I  n o n c T a B n n n t i c b  B B M p a w e H m c r  (27) m (28) rn mcnonbao- 
BaJIHCb AJIH BbI¶ElCJIeHHtI KPtiBbIX 3aBkICHMOCTI3 TOKa K IIJIaCTMHe OT ee 
n o T e H q m a n a  npm P ~ ~ J I H ~ H ~ I X  CeToYHbIx n o T e H q m a n a x  (pmc. 99). 
~ ~ B H c E M o c T ~  IIOTeHQMaJIa IIJIaCTHHbI OT B p e M e H H  3 a p H A K E  M O X e T  

fild~b I IOJIy¶eHa  H 3  C O O T H O I I I ~ H H ~  (14) H (28) C I I O C J I e J ( Y I 0 ~ H M  MHTerpH-:  

POBaHMeM. n p e ~ e 6 p e r a H  Y T ~ ¶ K O ~  ¶epe3 AH3JIeKTpH¶eCKyIo IIJIeHKy,  

HMeeM 
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nOAW?pKHyTb,  ¶TO Pe3YJIbTaTbI ,  l l p ~ B e A e H H b I e  H a  PHC. 100, OTHOCRTCII 

K KOHKPeTHbIM YCJIOBEIRM p a 6 0 ~ b 1  ~ K c I I ~ ~ E I M ~ H T ~ J I ~ H O ~  YCTaHOBKH. 

Hanpaxe~me KOpOHbI EI CeTO¶Hoe H a u p R x e H E I e  MOHFHO B a p b m p O B a T b  

AJIR EI3MeHeHEIR CKOPOCTM 3aPRAKEI H PeI'YJIHPOBaHHR KOHePHOI'O 

u o T e H q m a n a  n n a c T m b I .  

H3 BbIpaHFeHHR (29) CJIeAYeT, YTO M ~ K c H M ~ J I ~ H ~ I ~  lTOTeHVHaJ1 

n n a c T m H b I ,  n o n y s a e ~ ~ f  c I I O M O ~ ~ H )  C K o p o T p o H a ,  p a B e H  

As ( 2 v - V o ) - v ~ g ~ $ + 4 A , A g  (V- Vg) (V-Vg-VO) 
(VS), = 2A, . (31) 

Ha PHC. 101 IIPEIBeAeHbI KPHBbIe,  ElJIJIIOCTPHPJ'IO~He BJlHRHHe H a n p R -  

X e H H R  KOPOHbI H a  M ~ K C H M ~ J I ~ H ~ I G  IIOTeHqHaJI  IIJIaCTEIHbI I I P H  T p e X  

Pa3JIEI¶HbIX 3HaPeHElEIX HaI IPI IWeHHR H a  CeTKe. 

n p E I  HaJIEl¶HH OTHOCElTeJIbHOrO nBHXt?HEIR MelKAy ~ J I ~ C T H H O ~  EI 3a- 
PIIHFaIoIIpiM ~ J I O K O M  M ~ x c H M ~ J I ~ H ~ I ~  IIOTeHqHaJI  IIJIaCTHHbI 3aBEICElT 

ewe EI OT CKOPOCTH. ECJIB~ CKOPOCTb ~ O J I ~ I I I ~ R ,  IIJIaCTHHa H e  CM03KeT 

nptio6pec~1.1 MaKCHMaXbHOrO I IOTeHqHaJIa ,  O I I p e A e J I R e M O ~ O  COOTHOIIIe- 

HMeM (31)' H BeJ IHPHHa IIOTeHqElaJIa  6 y ~ e ~  H H S e  MaKCHMaJIbHOrO 

s ~ a s e ~ ~ 1 ~ .  B T a K m x  C n y q a R x  @ ~ K T E I ~ ~ C K O ~  B p e M R ,  B T e q e H E e  K o T o p o r o  

cJIoG 3apRHFaeTCR KOPOHHbIM Pa3PIIAOM, M O X e T  6bI~b OIIpeAeJIeHO 

H IlOACTaBJIeHO B B b I p a W e H H e  (29) &JIX BbI¶HCJIeHHR AOCTHrHYTOl'O 

K O H ~ ~ H O ~ O  u o T e H q H a x a .  

Kceporpa@nsec~a~  n n a c T m H a  npn a n e ~ ~ p ~ s e c ~ o f  a a p a ~ ~ e  MoxceT 

6b1~b n p e n c T a s n e H a  K o H n e H c a T o p o M  c m30~1~1py101qeii nrnea~06 GOTO- 
UpOBOAHHKa B Ka¶eCTBe  A H ~ J I ~ K T P H ¶ ~ c K O ~  CpeAbI. O ¶ ~ B C T B J I R € ? M ~ X  

n a a c T m H a  H ee a x B H s a n e H T H a a  c x e M a  n o x a a a ~ ~  H a  p ~ c .  102. 
C K O P O C T ~  cnaAa s a p ~ ~ a  nJIacTnHhlr  o n H c b r s a e T c c r  cneAyIonqHM 

YpaBHeHEleM: 

rAe Q -  sap^^ H a  n o s e p x H o c T n  c n o R  @ o ~ o n p o ~ o ~ a m e r o  n a o n c ~ ~ o p a ,  

a R El C - COOTBeTCTBeHHO eI'0 COIlpOTHBJIeHEIe H eMKOCTb. Tax K a K  

Q = CV, TO BbIPa3KeHHe (32) I I ~ E I H H M ~ ~ T  BHA 
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HB BHpaWeHHZI (36) CJIeAyeT, ¶TO 3JIeKTPOIIPOBOAHOCTb CJIOX GOTO- 
, 

npoBopqero  H ~ O J I Z I T O ~ ~  B npoqecce cnana a a p a ~ a  nponopqmoHaJrbHa a 

P n c .  102. 3 n e ~ ~ p ~ n e c ~ t i  s a p ~ x e ~ ~ a r r  ~ c e p o r p a + ~ s e c ~ a a  nnacTtiHa E ee 
3KBHBaJIeHTHaR CXeMa. 

HaKJIOHY K P H B O ~ ~ ,  IIepe~aIOqe6 3aBHCHMOCTb In v OT t .  npH ¶HCJIOBbIX 

j pacseTax ~ H ~ K O M  MHHYC MOWHO npe~e6peub,  T a K  K a K  HaKJroH K P H B O ~  
ClIaAa OTpHqaTeJIeH. 

I 
I I-IJIOTHOCT~ T o K a ,  TeKyqero sepes cnoii B npoqecce cnaAa s a p ~ ~ a ,  

paBHa 
. -1 dQ z=--= C dV KeO dV - - =  --- (37) . A at A d t  L at ' 

C J I ~ A O B ~ T ~ J I ~ H O ,  TOK ¶epe3 cnoB IIpOIIOpqHOHaJIeH HaKJIOHy KPHBOH 
Cnapla, nepe$(aIO~ef 3aBHCHMOCTb HaIIPZIHteHHZI OT BpeMeHH. 

~@@~?KTHBH~ZI 3JIeKTPOlIPOBOAHOCTb CJlOZI @OTOUPOBOAR~~I 'O  H30- 

nsx~opa ~e O C T ~ ~ T C Z I  n o c ~ o x a ~ o f  B npoqecce c n a ~ a  sapxna.  OH^ 1 

S ~ B H C H T  OT aJIeKTpmecKoro nona, 0 6 p a 3 0 ~ a ~ ~ o r o  BHYTPH CJIOZI 
1 



P H c. 103. X a p a ~ ~ e p ~ b ~ i  @ o ~ o m ~ ~ y q ~ p o s a ~ ~ b ~ f i  pa3prr~ ~ c e p o r p a @ ~ s e c ~ o f i  
IIJIaCTHElbI. 

cnaa n o s e p x ~ o c ~ ~ o r o  noreaunana; - - - cnaa   PO TOT OH^; - - - - - - - - - - - - - - - - -  cnap 
$OTOD~OBO~HMOCTH. A ~ o p @ ~ b ~ f i  ceneH (50 a x )  Ha a n m ~ n ~ n e s o i  noanomEe. ( I I o ~ r o ~ c ~ ~ e n b -  

H ~ I B  IIOB~PXHOCTH~I~~ 3apFIa.) 

P U C. 104. T ~ M H O B O ~ ~  pa3pRA I C ~ e p ~ r p a $ l U ¶ e ~ ~ ~ f i  IIJIaCTUHbI. ' 
cnaa nosepxHocrHoro noreaqnana; - - - T ~ M H O B O ~ ~  cnan Tona; ..--.-....--.- T ~ M H O B O ~ ~  CnaA IIpOBO~MMOCTCi. AMOP@H~IB CeneH (50 f ix )  H a  ~JIIOME~HE~BO~~ - 

IIOaJIOmKe. (IIoJIoxET~JI~H~I~~ ~ O B ~ ~ X H O C T H ~ I ~ ~  3apFIn.) 



UOBePXHoCTHbIM SaPRAOM,  II OT B p e M e H H  p a 3 p X g a .   TO CIIpaBeAJIHBO 

K a K  ~ j r ~  M ~ A J I ~ H H O ~ O  p a 3 p I I A a  B TeMHOTe, T a X  H AJIR @ O T O H H J ( ~ ~ H ~ O -  

BaHHOI'O p a 3 p X A a  DOA A ~ G C T B H ~ M  OCBeII&eHHR. 
C n O M O q b I O  B b I p a X e H H R  (36) H TO¶HOI'O- J?pa@HKa SBBHCHMOCTH 

n o s e p x H o c T H o r o  n o T e H q H a j r a  OT B p e M e H m  MOXHO o n p e A e n m T b  @OTO- 

IIPOBOAHMOCT~ H TeMHoByIo  ~ P O B O A H M O C T ~  c n o H  B npoqecce cnaga 
3apSIAa .  A ~ a J I o I ' r n s ~ o  513 KPHBbIX,  COOTBeTCTBYIOII&HX (38), OIIpegeJIHIoT- 

CX 3Ha¶eHHII  @OTOTOKB H TTMHOBOrO TOKI.  ~ ~ H M ~ P H  TaIEHX paC¶eTOB 

IIPHBeAeHbI H a  PHC. 103 H 104. ~ T H  AaHHbIe  BbI9HCJIeHbI IIYTeM AH+- 

@ e p e ~ q ~ p o ~ a ~ m ~  KPHBHX cnana n o T e H q n a n a ,  n o x y s e a H b r x  c n o M o -  

q b m  a n e ~ ~ p o ~ e ~ p a  H c a M o n m c q a .  

~ O T O T O K  B npoqecce p a a p a ~ a  ~ceporpa@msec~oro  C B ~ T O ~ Y B C T B H -  

TeJIbHOI'O CJIOII M O X e T  6bI~b  T a K X e  3 a p e r H C T p H p O B a H  C IIOMOII&bIO n H 4 -  

i $ e p e ~ q n a j r b ~ o r o  a n e ~ ~ p o ~ e ~ p a  [70]. 
f l a ~ ~ b ~ e ,  I IpJIBeAeHHbIe H a  PHC. 103 H 104, HJIJIIoCTPHPYIoT MeTOA 

a H a J I H 3 a  KpHBbIX P a 3 p R A H b I X  TOKOB. ~ T L I  AaHHbIe  ~ H J I H  U O j r p e H b I  

H a  ~ceporpa+msecrcoH n a a c T m H e  ~3 a ~ o p + ~ o r o  cejreaa, n p e A c T a s n c I r o -  

qefi co6oii cJI06 T o J I ~ H H o ~  50 %IE, H ~ H ~ C ~ H H H ~ ~  H a  aJIIoMHHHeBy10 IIOA- 

JIOXKY H c n a p e H r x e M  B B a K y y M e .  

kI3 K P E I B O ~  H a  PEIC. 103 CJleAyeT,  ¶TO @ O T O H H A Y ~ M ~ O B ~ H H ~ I ~  

p a 3 p ~ ~  c H a s a j r a  n p o t i c x o A m T  G ~ I C T P O ,  3 a ~ e ~  s a ~ e ~ j r ~ e ~ c a  H A n n T c c I  

A 0  TeX I IOp ,  n 0 K a  CKOPOCTb pa3pIIAa H e  CTaHOBHTCR C P ~ B H H M O ~  CO 

CKOPOCTbIo TeMHOBOrO C n a A a .  ~ O B ~ P X H O C T H H ~  IIOTeHqHaJI ,  COOTBeT- 

C T B ~ I O I T ~ ~ ~ ~  M a n 0 6  CIEOPOCTH CI IaRa ,  0 6 ~ 9 ~ 0  Ha3bIBaH)T OCTaTO¶Hblhl 

IIOTeHqHaJIOM. B IIpHBeAeHHOM C J I y ¶ a e  O C T ~ T O ¶ H ~ I ~  I lOTeHqHaJI  COCTaB- 

JIReT KIpHMepHO 85 6. n p H  OCBemeHHH IIOBePXHOCTH CeJ IeHa  +OTOTOK 

C H a ¶ a J I a  OYeHb ~ H C T P O  P a C T e T ,  HOCTHI'aH MaIECHMaJIbHOrO 3 H a P e H H I I ,  

a a a ~ e ~  M e A n e H H o  y M e H b m a e T c H  I I O ~ T H  AO H ~ J I R .  O O T O ~ ~ O B O ~ H M O C T ~  
I 

T a K x e  pemo ~ o s p a c ~ a e ~  no M a I c c n M a J r b H o r o  s ~ a s e ~ m c r ,  a sa~enr 
YMeHbJIIaeTCR B I IpOqeCCe  OCBeIQeHHR IIOBepXHOCTH CeJIeHa.  H A  
PHC. 104 I IOKa3aHbI  T ~ M H O B O ~ ~  CIIaA IIOBepXHOCTHOrO 3apIIAa H YMeHb- 

IUeHHe TOKa H IIPOBOAHMOCTEI I I P H  3TOM B I C C ~ ? P O ~ P ~ + E I ¶ ~ C I E O ~  IIJIaCTHHe. 

HeoGxop i~o  ~ ~ M ~ T H T E , ,  ¶TO H a Y a m b H a R  C K O ~ O C T ~  cnaga s a p ~ ~ a  
HeIIOCpeACTBeHHO IIOCJIe 3 a p X A K H  AOBOJIbHO ~ O J I ~ I I I ~ H ,  HO C Te¶eHHeM 

B p e M e H H  O H a  YMeHbIIIaeTCH. 

A ~ a J I o r m 4 ~ b I e  X a p a r c T e p m c T m n  nonysawrcn, H a n p m M e p ,  AJIII c n o e B  

H 3  OKHCH QHHKa @no) B CBEI3YIOWeM. O A H ~ K O  40pMb1 KPHBbIX C I I a n a  

' I IOTeHqHaJIa  ~ o o 6 4 e  p a 3 J I H q H b I  HJIEI Pa3HPIX MaTepHaj IOB.  

M ~ M ~ ~ ~ H H H  3aBHCEIMOCTH @OTOHHAY~HPOB~HHOI 'O  p a 3 p X A a  CJIOR 

OT JIHTeHCHBHOCTH CBeTa  H BpeMeHH AaIoT  B K ~ e p 0 r p a 4 H H  OCHOB- 

HbIe J (aHHHe,  H ~ O ~ X O A H M ~ I ~  AJIX OIIpeAeJIeHHX I$OTO¶~BCTBHT~JI~HOCTH 
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H CeHCHTOMeTpH¶eCKHX XapaKTepHCTHK. HJIR AaHHhIX EIHTeHCHBHOCTM 

H CIIeKTpaJIbHOrO COCTaBa CBeTa  B @ @ ~ K T E I B H ~ R  @ O T O Y Y B C T B H T ~ J I ~ H O C T ~  

CJIOEI 3aBHCHT OT CKOPOCTH CI IaAa  IIOBepXHOCTHOrO 3apEIAa.  B CBOIO 

O Y e p e A b  CKOpOCTb CI IaAa  3aBHCHT FJIaBHLIhf 0 6 p a 3 0 ~  OT KBaHTO- 

BOrO BbIXOAa @ O T O T O K ~  H OT ~ @ @ ~ K T H B H O ~  IIOABHXHOCTEI H O C H T ~ J I ~ ~ ~  

n p E I  HX ABHXeHHH ¶epe3 c J I o ~ .  YHcJIo H O C H T ~ J I ~ ~ ,  I IePeXOAEIqHX 

3a e a H H H q Y  BPeMeHH B 3 0 H Y  IIPOBOAHMOCTH, 6 y A e T  T a K X e  3 a B H C e T b  

OT gonn n o r n o w e H H o r o  c s e T a  H OT 3 H e p r H H  ~ O T O H ~ ,  o n p e ~ e n ~ e ~ o j i  
a J I H ~ 0 f i  I I a ~ a I O l q e f i  BOJIHH. K B ~ H T O B H ~  BbIXOA, IIOHBHXHOCTb H OIITH- 

q e c K o e  n o r . n o W e H H e  HBJIHIOTCEI OCHOBH~IMH C B O G C T B ~ M ~  @OTOIIPOBO- 

ARqeI 'O  CJIOH. OHH MOI'YT H3MeHIITbCEI B IIIHPOKOhl )JHaIIa3OHe AJIH 

p a 3 H b I X  MaTepHaJIOB HJIH HJIR OAHO-rO M a T e p H a J I a  H3-3a  CTPYICTYPHbIX 

~ a p y I l I e ~ H 6  I I p H  H3rOTOBJIeHHH CJIOH. 

HJIII OIIpeAeJIeHHH ~ O T O ¶ ~ B C T B H T ~ J I ~ H O C T H  B K ~ e p ~ r p a l $ E I H  H e  

YCTaHOBJIeHO IIOKa eAHHbIX O ~ Q H X  CTaHAaPTOB. AJIII BbIPaXeHHFI  

O T H O C H T ~ J I ~ H O ~  @ O T O ' X ~ B C T B H T ~ J I ~ H O C T H  HCIIOJIb3YIOTCH p a 3 J I H s H b I e  @0p- 
MYJIH, 0606qam1q~e A a r r H H e  no cnaay n o s e p x H o c T H o r o  n o T e H q H a n a ,  

R e K  [221] HCIIOJIb3OBaJI IIPOCTyIO @OPMYJIY S = 1 Ith, r A e  th- 
s p e m  nojrycnaaa n o s e p x H o c T H o r o  n o T e H q H a J r a  (OT 200 ~o 100 6 )  

I I p H  3KCIIOHHpOBaHHH IIJIaCTHHbI C I IOMOqbH) ((CTaHAaPTHOI'O)) HCT09- 

HmKa c s e T a .  B pa6ol.e [2221 6b1~1a n p e a n o x e H a  B M n n p H s e c K a a  @op- 
M y n a  AJIH p a C ¶ e T a  O T H O C H T ~ J I ~ H O ~ ~  'IYBCTBHTeJIbHOCTH K ~ e p ~ r p a @ H -  

YeCKIIX IIJIaCTHH H 3  ~ M O ~ @ H O I ' O  CeJIeHa,  caa6o ~ ~ B H c H ~ ~ H  OT H a s a J I b -  

H o r o  n o T e H q n a n a .  3 ~ a  @ o p ~ y x a  m e e T  BHA 

vy3 s=- 
2th10Jg ' (3Y) 

rAe Vo - ~a¶aJIb~bIfi IIOTeHqHaJI  B TeMHOTe; th  - B p e M H  CI IaAa  

IIOTeHqMaJIa  A 0  3 H a s e H H H  v0/2 I I p H  O C B e 4 e H H H  CJIOR CBeTOM HETeH- 

CHBHOCTH I, i u ~ a r n l c a c ~ .  

I ' p e ~ n r n n ~  M Y e p ~ a c o ~  12041 npmmnn K B ~ I B O A Y ,  ¶TO HaMeHeHme 

IIOBepXHOCTHOrO I IOTeHqHaJIa  I I p H  IIOCTORHHOG HHTeHCHBHOCTH CBeTa  

B T e s e H H e  O n p e A e n e H H o r o  n p o M e x y T K a  B p e M e H n  n p a K T H s e c K H  jrysme 
x a p a ~ ~ e p ~ 3 y e ~  @ O T O ~ ~ B C T B U T ~ ~ ~ H O C T ~  ~ceporpa+msecmx n n a c T m H .  

OHH HCIIOJIb30BaJIH MH03ICHTeJIb A V l V  B Ka¶eCTBe X a p a K T e p H C T H K H  

O T H O C H T ~ J I ~ H O ~ %  @OTO¶YBCTBHT~JI~HOCTH,  rAe V - ~asaJ Ib~bI6  n O B e p X -  

HOCTH~IG D o T e H q m a ,  a A V  - naqeme n o B e p x H o c T H o r o  n o T e H q H a n a  

IIpH 3KCIIOHHpOBaHHH. AJIR H ~ M ~ P ~ H H ~  H a  CJIOHX ~ M O ~ @ H O ~ O  CeJ IeHa  

H CJIOHX, COCTOIIWHX EI3 CIlJIaBB CeJ IeHa  C TeJIJIypOhf,  OHH EICD[OJIb30BaJIH 

HHTeHCHBHOCTb CBeTa 1 ~ P Z / C ~ ? C . C W ~  H B P e M R  3KCII03HqHH 5 CeK. HJIR 

H3MepeHHII  H a  M e H e e  XIyBCTBHTeJIbHbIX h l a T e p H a J I a X  HHTeHCHBHOCTb. 

6 ~ n a  yeenmue-aa. B 6onee n o s n ~ e i j r  p a 6 o ~ e  [2231 OHH, O A H ~ K O ,  oms- 
3aJ IHCb OT 3 T O r 0  MeTOAa H BMsHCJIRJIH ¶YBCTBHTeJIbHOCTb IIO + O P M Y J I ~  

S = l / I th ,  rAe I - HHTeHCHBHOCTb CBeTa B 3 p 2 / ~ e K . ~ i u ~ ,  a th - B p e -  

MR noaycnaaa n o B e p x H o c T H o r o  n o T e H q H a n a .  . 

, " '? 



n o T e H q n a n a .  B p a 6 o ~ e  [2031 ~ a f i ~ e ~ o ,  s ~ o  s p e m  nonycnana yse- 
JIHsrnBaeTcR c POCTOM H a s a n b H o r o  D o T e H q H a n a  npti n p t i M e H e H n H  

~ ~ r e ~ ~ p o ~ o ~ o r p a ~ ~ s e c ~ ~ o f i  6 y ~ a r ~  z3 OIEHCH qHHIca .  OAH~IEO B cnysae 
n p m e H e H m c r  6 y ~ a r H  ~3 I I O J I E I B H H E I J I I E ~ ~ ~ ~ ~ O J I ~  cnpasepnmo 0 6 p a ~ H o e .  

3 pa6o~e  [2241 n p H s e A e H b I  p e a y ~ ~ b ~ a ~ b ~  r n 3 ~ e p e ~ ~ i i  H a  P ~ ~ H H X  6 y ~ a -  
I'aX H 3  OKEICH q H H K a .  UPEI 3TOM T a K W e  YCTaKOBJIeHO, 9TO B P e M R  IIOJIY- 

crraAa y B e a m u m i a e T c x  c POCTOM H a q a n b H o r o  n o ~ e ~ q ~ ~ a n a .  Eonee T o r o ,  

3TO YBeJIEIseHEIe MHOrO 6 0 n b m e  AJIR c n a 6 b 1 x  H H T ~ H C L I B H O C T ~ ~  CBeTa ,  

¶eM AJIR BbICOKHX (PHC. 105 Ei 106). 
XJIayc [225] OIIpeAeJIReT CI IeKTpaJ IbHyIo  9YBCTBHTeJIbEOCTb KCe- 

p o r p a @ H ¶ e c K H x  KCJIaCTHH IIO BeJ lH9HHe KBaHTOBOrO BbIXOAa, I I p H s e M  

K B ~ H T O B M ~  BbIXOA 3aAaeTCH 9HCJIOM IIOBepXHOCTHbIX 3;1PRf10Bl HegT-  

p a ~ 1 ~ 3 y e ~ ~ x  OAHHM n a g a I o q m M  GOTOHOM. XOTR Hnayc H e  o n n c H s a e T  

MeTOA, I I P E I M ~ H ~ H H ~ I ~ ?  AJIR H3MepeHEIH KBaHTOBOPO BbIXOAa, HCIIOJIb- 

ao sa~me  c T e n e H m  ~ e i i ~ p a n r n s a q ~ ~  n o n e p x H o c T H b r x  a a p a ~ o ~  B K a s e c T s e  

KPHTePHR ~ $ O T O ¶ Y B C T B E I T ~ J I ~ H O C T H ,  110-BHAHMOMY, 3aCJIyHFHBaeT BHH- 

MaHal3  I I P H  YCTaHOBXeHmH o6qero KPHTePMR AJIR O n p e A e J l e H H R  

34 Ei3MepeHHR @ O T O ¶ ~ B C T B H T ~ J I ~ H O C T E I  B K c C ? ~ O I ' ~ ~ @ E I H .  T ~ K  K a K  IIOBepX- 

HOCTHaR IIJIOTHOCTb 3apHAOB 3aBHCHT H e  TOJIbKO OT IIOBePXHOCTHOrO 



I. OOTOBJIEIETPHY. METOH I IOJIYYEHHR BJIEKTPOCT. HBOBPAXEH.  gig 

n o T e H q H a n a ,  HO rn OT ~ ~ a n e ~ ~ p m s e c ~ o 5  n p o H n q a e M o c T n  H T o n r q m a  

cnoa, TO CHaA 3 a p R H a  HOJIlKeH ,L(aBaTb 60~1ee 0 6 ' b e H T H ~ ~ b I f i  ~ ~ ~ T e p I f f i ,  

q e M  E I ~ M ~ H ~ H H ~  n o B e p x H o c T H o r o  D o T e H q m a n a .  IC TOMY me ~ e i i ~ p a n ~ -  
3 a q H R  3 a p H g a  6onee TeCHO C B R 3 a H a  C HeIlOCpeACTBeHHbIM MeXaHH3MOM 

~ O T O B O ~ ~ Y H C ~ ~ H H R .  

k33 COOTHOIIIeHHR M e Z A y  IIOBePXHOCTHbIM 3aPRHOM H IIOTeHqHa- 

 OM (J = KeOV/L CJIeAYeT, ¶TO 60~1ee BbICOKOMY I IOTeH4HaJIy  COOT- 

EeTCTByeT 6 6 n b m a ~  BeJIH¶EHa IIOBepXHOCTHOI'O 3 a p R A a  AJIR OHHOrO 

P H C. 106. ~ ~ B E I C E I M O C T ~  BpeMeHH IIOJIYCIIaAa OT Htl¶aJIbHOrO IIOTeHqlIaJIa RJIR 
GYMWE, I I o ~ p b 1 ~ 0 f  OKHCbH) qHHKa,  IIpH pa3HbIX OCBeqeHHOCTRX CJIOII. ( JI a- 
B H H . a ,  X y p n a n  nayun. u n p u u .  g5omozp. u  ~~uneaarnozpa&. ,  7 ,  145 (1962).) - 

1 - 100 nK; 2 - 400 AK; 3 - 500 Ax; 4 - 900 nrs; 5 - 1000 sx; 6 - 1500 rK. 

H T o r 0  lfEe @OTOIIPOBOAEIII(~~O CJIOR. T O ~ H O  T a K  Xe AJIH 60~1bmero 
I lOTeHqHaJIa  T ~ ~ ~ Y ~ T C H  H ~ ~ T P ~ J I H ~ O B ~ T ~  6 o ~ r b m ~ i i  3 a p R 8 ,  9 ~ 0 6 ~  
YMeHbIIIHTb IIOTeHqHaJI  HaIIOJIOBHHy. ~ O ~ T O M Y  H e  YAkIBHTeJIbHO, 

¶TO B p e M n  nonycnaaa 6 0 ~ 1 b m e  AJIR B b I c o H o r o  H a q a n b H o r o  I I o T e H q m a n a .  

I / I T ~ R ,  eCJIH MbI CPaBHHM ABa C n O a  H 3  OAHHaKOBOrO MaTepHaJIa ,  HO 

p a 3 J I H 9 ~ 0 g  TOJIqHHbI,  TO 09eBHAH0,  ¶TO AJIR IIOJIY¶eHHR OAHOPO 

EI T o r 0  x e  I I o T e H q H a n a  H a  O ~ O H X  CJIOEIX TOHKOMY CJIOIO c n e n y e T  coo6- 
WHTb M ~ E ~ I I I H ~  I I O B ~ P X H O C T H ~ I ~  3 a P R A .  O T C I O A ~  CJIenyeT ,  ¶To AJIR 

TOHKOrO CJIOEI BeJ IH9HHa H ~ ~ ~ T ~ ~ J I E ~ ~ o B ~ H H o ~ o  3 a p R A a ,  COOTBeTCTByIO- 

q a R  nonycnany n o T e H q H a J r a ,  M ~ H L I I I ~ ,  9 e M  AJIH T o n c T o r o .  ICorna 
CPaBHHBaIoTCR PEl3JIH¶HhIe THIIbI @OTOIIPOBOAEIII(HX MaTePHaJIOB, TO 

EX )JH3JIeKTPH¶eCKHe IIPOHHqaeMOCTkI T a H X e  AOJImHbI IIPHHHMaTbCII 

BO BHHMaEHe,  T a K  R a K  OHH BJIHEIIOT H a  BeJIHPHHY IIOBePXHOCTHOrO 

3apEIAa7  COOTBeTCTByIo~eI 'O  AaHHOMy 3 H a s e H H I o  nOBepXHOCTHOr0 

UOTeHqHaJIa .  O T C I ~ A ~  EICHO, ¶TO AJIH OIIpeAeJIeHHR @OTO¶YBCTBHT~JI~HO-  

cTm ~ c e p o r p a + ~ s e c ~ ~ x  M a r e p H a a o B  H ~ M ~ E I ~ H H ~  nJ roTHocTH nosepx- 
' 



HOCTHOrO 3 a p H A a  CJ IYXHT JIYYIIIHM K p H T e p H e M ,  ¶eM H 3 M e H e H H e  DOTeH- 

qmajra. f l a n b ~ e f i m ~ e  apI 'yMeHTbI  B I I O J I b 3 y  3TOI'O K p H T e p H I I  ~ Y B Y T  
n p H s e A e H H  n p H  p a c c M o T p e H m H  n p o q e c c o B  n p o R s n e H m  B ~ceporpa+mti. 
~ ~ B ~ C T H O ,  ¶TO O C a X A e H H e  I IpORBHTeJ IR  TeCHO CBII3aHO C 3J I eKTpH¶e -  

CKHM IIOJIeM, C03 AaHHbIM ~ 3 0 6 p a ? K e ~ H e M  H a  CJIOe. ~ T H  IIOJIFI O I I p e g e -  

JIIIKJTCII B OCHOBHOM H 3 M e H e H H e M  IIJIOTHOCTH IIOBePXHOCTHOI'O 3 a p R A a  

H a  caoe. 
O T C I O A ~  B b I T e K a e T ,  ¶TO @ O T O ¶ Y B C T B H T ~ J I ~ H O C T ~  B K ~ e p 0 I ' p a @ H H  

c n e A y e T  B L I p a w a T b  sepes H ~ M ~ H ~ H H ~  n o B e p x H o c T H o r o  a a p q a  B npo- 
q e C C e  3KClIOHHPOBaHHFI. K B ~ H T O B M ~ ~  BLIXOg H e  M O X e T  6 b I ~ b  AOCTaTOI-  

ELIM K p m T e p n e M ,  Ta Ic  K a K  OH y n l e H b m a e T c a  co B p e M e H e M  B npoqecce 
OCBeWeHHFI CJIOFI. Ecam BBeCTki CKOPOCTb H 3 M e H e H H R  IIOBePXHOCTHOI'O 

sapma, MOXHO nonysmb cxegymmee o614ee c o o T H o m e H H e :  

A 0  S = - 
I t  ' F (40) 

Torna COOTHOmeHkIe (40) M O X H O  I I p e A C T a B H T b  B 4 0 p ~ e  

eoKAE s=- 
I t  

H H o I ' ~ ~  OnpeAeJ IRKJT  H a s a J I b H y I o  H a I I P H X e H H O C T b  IIOJIR I I P H  3apIIn- 
K e  ~ O T O Y Y B C T B H T ~ J I ~ H O I ' O  CJIOFI M HCIIOJIb3YIoT 3 T 0  3 H a ¶ e H H e  B K a ¶ e C T B e  4 
C T ~ H R ~ ~ T H O ~ ~  X a p a K T e p H C T H K H  CJIOX A 0  3KCI I03mqmH.  ECJIH P a 3 Y M H O  

B b 1 6 p a ~ b  BeJIH¶HHY 3 T O r O  IIOJIR, MOIICHO ~ 3 6 e X a ~ b  I I e p e 3 a p H n K H  

CJIOR. Hanpm~ep,  cxoii ~3 a ~ o p + ~ o r o  c e J r e H a  T O J I I ~ H H O ~ ~  50 X K  M o z e T  

6 b 1 ~ b  nemo s a p ~ ~ e ~  no n o s e p x H o c T H o r o  n o T e H q E i a n a  500 6. IIpeano- 
J l a r a F I ,  ¶TO BHYTpeHHFIH I IOJII IPH3aqHFI  38 C P e T  H O C H T ~ J I ~ ~ ,  3 a X B a 9 e H H b I X  

JIOByIIIKaMH, OTCYTCTBYeT, I IPHXOAHM IE 3 H a q e H H I O  H a I I P I I X e H H O C T H  

n o m  l o 7  61%. ECJIH BO s p e m  a K c n o H n p o s a H m R  n o T e H q H a a  n a j q a e T  no 
IIOJIOBHH~I c ~ o e i i  n e p ~ o ~ a s a a b ~ o f  BeJ rus rnHbI ,  H ~ M ~ H ~ H H ~  H a n p m x e H -  

HOCTM 3JIeKTPI¶eCIEOl?O IIOJIII COCTaBJIEIeT 5-10' 6 1 ~ .   TO COOTBeT- 

CTBYeT YMeHblUeHHIO IIJIOTHOCTH IlOBePXHOCTHOTO 3 a p R A a  H a  BeJ IHr IHHy  

2,79 ~ 1 ~ ~ .  
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ECJIH 6b1 M ~ I ,  H a n p H M e p ,  ~ c n o n b 3 0 s a n ~  B K a s e c T s e  n o c T o a H H b I x  

3 ~ a Y e ~ ~ 6  E = lo7 61.W H AE = 5 . 1 0 % / ~ ,  T O r H a  + O T O Y Y B C T B H T ~ , ~ I ~ -  

H O C T ~  nm60H ~ c e p o r p a @ ~ n e c ~ o i i  n a a c T H H b I  mnn 6 y ~ a r m  onpenenmacb 
6b1 C z e A y I o q H M  06pa30~ .  I I J I~CTHH~ aapawae~ca  go n o T e a q n a n a ,  

P a B H O r O  L.1O7 6, a 3 a T e M  3KCllOHHPyeTCH B T e q e H H e  B p e M e H H ,  

H ~ O ~ X O ) J H M O ~ O  AJIR YMeHbIIIeHHR IIOBepXHOCTHOI'O l I O T e H q E a J I a  $JO 

5L . lo6 6, H3MePeHHOI'O 3JIeICTPOMeTPOM. ~ ~ ~ L ~ H H o C ?  3 H a ¶ e H H e  A v  
3 a T e M  IIOACTaBJIReTCR B BbIpa)ffeHHe (45) AJIH BbIYE1CJIeHHR YYBCTBH- 

TeJIbHOCTH. Y T O ~ ~ I  HCIIOJIb3OBaTb COOTHOIIIeHHe (45), H ~ O ~ X O @ ~ M O  

3 H a T b  eMKOCTb C, BHTeHCHBHOCTb CBeTa I H B p e M H  3KCIIOHHpOBaHER 

t. E A H H H ~ ~ I  H3MePeHHR AOJIlfCHbI 6bI~b  B b 1 6 p a ~ b I  B O A H O ~  CHCTeMe, 

H a n p a M e p  e c n H  C B b I p a x e n o  B @/a2, AV - B 6 ,  I - B a p z l c e ~ . , ~  
H t - B CeK, TO ~ ~ B C T B E I T ~ ~ J I ~ H O C ~ ' ~  ~ Y A ~ T  B b I p a Z e H a  B K / ~ P Z .  

T ~ K  K a K  y c T a a o B n e H o  1226, 2271, ¶TO B ~ c e p o r p a @ m  ~ ~ K O H  

B3aHM03aMeCTHMOCTH H e  Bbl~OJIHHt?TCH, TO IIPEl Bb160pe BeJII39HHbI HJIH 

f iHaI Ia3OHa H3MeHeHHR IlHTeHCllBHOCTH CBeTa  3TOT @BKT CXeAyeT 

YYHTbIBaTb CJIeAYMWHM o 6 p a a o h l .  ~ Y B C T B H T ~ J I ~ I X O C T ~  OIIpeHeJIReTCcI 

I I p H  BbICOKHX, HH3KHX H IIPOMeE<YTOYHbIX 3 H a 9 e H H H X  HHTeHCHBHOCTH, 

H C p e A H e e  HS BbIYHCJIeHHbIX 3 ~ a q e ~ H f  A a e T  @ O T O ¶ Y B C T B H T ~ J I ~ H O C T ~  

p a c c ~ a ~ p ~ ~ a e ~ o f i  IIJIaCTHHbI. O ~ ~ I Y H O  ~ a ~ 6 0 J l b I I I H h l  HCTOYHHKOM OIIIH- 

6 0 ~  RBJIReTCR H 3 M e p e H H e  HHTeHCHBHOCTH CBeTa ,  O C O ~ ~ H H O  I I P H  OHpe-  

f leJIeHHH ee B ~ ~ C O J I I O T H ~ I X  t?RHHHqaX. Y T O ~ ~ I  H 3 6 e ~ a ~ b  o I I IH~oK,  

c n e A y e T  n p o B o a m T b  m 3 ~ e p e ~ m a  c T W a T e n b H o  x a n m 6 p o ~ a ~ ~ ~ n i ~  npm- 
6 0 p a ~ n ,  O C O ~ ~ H H O  I I p H  OIIpeAeJIeHEiH c I ~ € ? K T ~ ~ ~ ~ H o H  YYBCTBHTeJIbHOCTH. 

AJIR H 3 M e p e H H R  ~ ~ T e r p a J I b ~ 0 6  YYBCTBZlTeJIbHOCTIl C ICOHKPeTHbIM 

HCTOYHHKOM CBeTa ero XapaI<TepHCTHI<H AOJI?I<HbI 6 b 1 ~ b  y K a 3 a H b I  BslweCTe 

C o614eH HHTeHCHBHOCTbIo. Harrp~\iep,  eCJIH IIpHMeHReTCR ~ 0 J I b @ p a -  

M o s a H  n a M n a ,  TO Aoaxma G ~ I T ~  o n p e , q e a e H a  qserosaa T e M r r e p a T y p a .  

P e 3 y J I b ~ a T b 1 ,  IIOJIYYeHHbIe C IIOMOqbIO COOTHOLUeHHH (44) H (45) 
I I P H  BbIYHCJIeHHH c I I e I C ~ p a J I b ~ 0 f i  qyBCTBHTeJIbHOCTH, MOrYT 6 b 1 ~ b  

r r c n o n b s o ~ a ~ b r  Ancr o n p e A e n e H m  a @ $ e r c ~ m ~ ~ o r o  K B a H T o B o r o  B b r x o n a .  



; + n p ~  ocseqemm a a p a w e ~ ~ o i i  # o ~ o n p o ~ o ~ m q e i i  nJreHIcM s a c T H s -  

~ b ~ f i  C n a A  3 a p J I A a  6 y n e ~  IIpOHCXOAHTb 38 C¶eT T ~ M H O B O ~ ~  I IPOBO~HMO- 

CTH IIJIeHKH. ECJIH T ~ M B O B O ~ ~  CIIaA IIPOHCXOAHT MenJIeHHO HJrH eCJIH 

IIepHOA CBeTOBOI'O C U a A a  O¶eHb K O P O T K H ~ ~ ,  TO BKJIaA T~MHOBO% IIPOBO- 

n n M o c T m  B I IOJIHH~~ cnan IIOA ~ e f i c ~ ~ ~ e ~  o c s e r q e H m c r  n p e ~ e 6 p e x m ~ o  
MaJI. B IIPOTHBHOM C J I y ¶ a e  T ~ M H O B O ~  C n a A  CJIeAyeT YsHTbIBaTb  I I P H  

BbI¶HCJIeHHHX @OTO¶YBCTBHT~JI~HOCTH m 3  pe3YJIbTaTOB H 3 ~ e p e ~ H f i  

cnaga n o T e H q n a n a .  

C T ~ I I ~ H ~  KOHTpaCTHOCTH, AOCTHI'aeMaR I I p H  IIPORBJIeHHH 3JIeKT- 

~ o @ o T o I ' ~ ~ @ H ¶ ~ c K H x  ~306pawe~mii ,  3aBHCHT OT p a 3 J I H 9 B R  B IIJIOT- 

HOCTH IIOBePXHOCTHOI'O 3 a p H A a  p a 3 H b I X  Y¶aCTKOB nJIaCTHHbI IIOCJIe 

3KC~OHI.IpOBBHHH. T a K x i ~  o6pa30~ ,  ~ @ @ ~ K T H B H ~ R  @ O T O ¶ Y B C T B I I T ~ J I ~ -  

H O C T ~  c T O ~ H  ~ P ~ H H I I  noc.nenymqero n p o f i s n e H m n  rn306paxe~m11 
AOJIlrcHa OIIpeAeJIRTbCR p a 3 ~ H I J e i i  B IIJIOTHOCTRX IIOBePXHOCTHOrO 3 a p R A a  

MeHEAy HeOCBeqeHHhIM H OCBt?E(eHHbIhl Y9aCTKaMH IIJIaCTHHbI. Pas- 
HOCTb IIOBePXHOCTHbIX IIOTeH4HaJIOB, BXOARIQaH B COOTHOUIeHHII (44) 
M (45), P a B H a  pa3HOCTH IIOTeHI(HaJIOB, H3MepeHHbIX H a  HeOCBenleHHOM 



H OCBemeHHOM y ¶ a C T K a X  K MOMeHTY I IOJ IyCI IaHa  I I O T e H q H a J I a  H a  ocse- 
q e H H O M  y ¶ a C T K e  IIJIaCTHHH. ~ T H  H 3 M e p e H H R  M O X H O  BbIIIOJIHIITb OAHO- 

BpeMeHHO HJIH pa3AeJ IbHO.  H O H ~ ¶ H O ~  3 H a ¶ e H H e  TeMHOBOrO IIOTeH- 

qnana M o w e T  6b1~b TaKifCe O n p e A e j I e H o  ~3 H ~ ~ ~ B H C H M ~ I X  m ~ e p e -  
HHG T e M H o B o r o  cnaAa H a  TOM me o6pasqe. Ha pnc. 107 n n n I o c T p z i -  

P y e T C X  BBOAHMaR I I O I I P a B K a  H a  T ~ M H O B O ~ ~  CIIaA. C y¶eTOM 3~0e 
I I O l l p a B K H  B b I p a X e H I i e  (45) I I p H H H M a e T  BHA 

CAVf S=- 
It,, * 

IIJIOTHOCTH, n o n y y a e ~ o f  I I p H  CTaHAaPTHOM MeTOAe LlpOHBJIeHHII.  
9 ECJIH BbIIIOJIHIIeTCR 3 a R O H  B3aHM03aMeCTHMOCTH, TO r p a @ E I K  IIOJIY- 

q a e T c c I  B BHAe  n p ~ ~ o i i  JIHHMH, napannenb~oii  OCM a6cqmcc. 
B ~ c e p o r p a @ m ~  n a p a M e T p b 1 ,  snnmomme H a  0 6 p a 3 0 ~ a ~ H e  CKPHTO- 

r0 H ~ O ~ ~ ~ X ~ H H R ,  M03KHO H 3 M e P R T b  He3aBHCHMO OT IIPOQeCCOB IIPO-  

I IBJIeHHH. HO~TOMY BbIIIOJIHeHHe 3 a K O H a  B3aHM03aMeCTHMOCTH M O X H O  

nposepmb, HCIIOJI~SYR T a K o e  a B J r e H m e ,  x a K  cnan s a p q a .  B K c e p o -  

- r p a @ H H  I I O K a  )3e I IPHHHTbI  C T a H A a P T H b I e  MeTOAZTKH AJIR E I ~ M ~ P ~ H H $  

B3aHM03aMeCTIiMOCTH. B pa60l.e [2261 o6pa3q~1 OCBeIIfaJIHCb CBeTO- 

BbIM HMIIYJIbCOM IIPOHOJIXHTeJIbHOCTbH) 7 &Ce% ¶epe3 MHTepBaJ Ib I  ' 

50 J t C e K .  UpIi 3TOM P e r H C T P H P O B a J I O C b  gHCJIO CBeTOBbIX HMIIYJIbCOB, 

~ e o 6 x o ~ ~ ~ o e  AJIR CHHifCeHHSI Ha¶aJ IbHOTO IIOBePXHOCTHOrO 3 a p R A a  

~o IIOJIOBHH~I ero n e p s o ~ a s a n b ~ o f i  B e n H u H H b I .  B K a v e c T s e  I i c T o u H m K a  



J a B a T b  ~aa6onee  I I p a B H J I b H H e  AaHHbIe AJIR K O H T ~ O J I ~  B3aHM03aMe-  

CTHMOCTH B ~ c e p o r p a + a ~ ,  ecmm B c e  A p y r H e  YCJIOBHII IIOCTORHHM. 
~ J I X  I I o n y q e H H H  COI'JIaCyIOE(HXCEI pe3yJ ILTaTOB I I p H  IIpOBeAeHHH 

TaKHX ~ 1 3 ~ e p e H H f i  K a ~ ~ b I i i  pa3 Hy?KEO H a W I H a T b  C 0 ~ ~ 0 %  I4 TOG ?Ke 

BeJIHgHHbI HagaJIbHOI'O IIOTeHQHaJIa  I3 y 6 e w ~ a ~ b c s ,  ¶TO B ~ I ~ ~ ~ H H ~ E I  

~ e a n y m a  D a A e H n R  n o T e H q r n a a a  c o o T s e T c T B y e T  n a B e H m m  n o T e a q n a n a  

B PeaJ IbHbIX YCJIOBHEIX 0 6 p a 3 0 ~ a H H R  m 3 0 6 p a a e ~ m c 1 .  f C p H ~ h I e  B 3 a -  

EIM03aMeCTMMOCTH, C O O T B e T C T B y I O ~ H e  MaJIOMY It ~ O X ~ L L I O M Y  IIaAeHHIO 

U O T e H q H a J l a ,  O'TeBHAHO, MOrYT o ~ H ~ P Y ? K H T ~  pa3Hb1fi X a p a K T e p  OTKJIO- 

H ~ H H ~  OT B3aHM03aMeCTMMOCTH. 

AOBOA~I ,  H3J lOXeHHbIe  B p a 3 A e J I e  0 ~ O T O ¶ ~ B C T B H T ~ J I ~ H O C T H ,  B IIOJIb- 

3y onpeAemeHmcr  H ~ M ~ H ~ H H R  n n o T H o c T H  n o ~ e p x ~ o c ~ ~ o r o  a a p ~ ~ a  H n H  

M3MeHeHHR HaI IPRXeHHOCTH 3JIeKTPH9eCKOI'O IIOJIEI, a H e  IIaAeHHEI 
I 

n o r e H q a a n a  cnpaeennaasl T a K x e  a a oraoloeaaa B a a a n r o a a M e e T o M o -  I 
CTH. O A H ~ K O  T a K  KaIc n a A e H H e  n o T e H q z i a a a  n p o n o p q H o H a n b H o  y M e H b -  

IIIeHHIO IIOBepXHOCTHOrO 3 a p R A a  H H3MeHeHHIO HaIIPHXeHHOCTH 

IIOJIH, TO OH0 AOJIXHO IIPHBOAHTb K TOG ?Ke o614eG @ 0 p M e  KPHBOG 
B3aHM03aMeCTHMOCTH, eCJIH TOJIbKO @ E I K C H P Y ~ M O ~  H3MeHeHHe IIOTeH- 

qmana C O C T ~ B ~ R ~ T  ~ H ~ ~ H T ~ J I ~ H Y I O  Y ~ C T ~  ~ a s a z b ~ o r 0  ~ o T ~ H ~ H ~ J I ~ .  I i 

B s a c T a  I o T M e s a n o c b ,  ¶TO ((YcTamocTb)) ~ceporpa+msec~oii  nxa- 
CTHHbI B b I P a X a e T C R  B YBeJIHYeHHH CKOPOCTH TeMHOBOrO CI IaRa  IIOBepX- 

HOCTHOrO I I O T e H q H a Z a  I I p H  IIOBTOPHHX JJMKJIBX 3aPIIAKEI H 3KCIIOHH- 

POBaHHR. ((YCTBJIOCT~)) OIIpeAeJIReTCII I IyTeM Ha6J I IO~t?HHR IIepHOAHPe- 

CKOI'O H3MeHeHHR KPHBbIX TeMHOBOI'O CI IaAa  IIOCJIe P R A a  qHKJlOB. 

AJIEI 3TOI'O CHItAlaIOTCR XPHBbIC? TeMHOBOrO CIIaAa IIOCJIe 10, 100, 1000 
I4 T. A. qHKJIOB 3 a P H A K H  H BKCIIOHHPOBaHEIR. O ~ ~ ~ I I P E I H H T ~ I X  MeTO- 

BOB 3THX H ~ M ~ P ~ H H G  IIOKa H e  CYmeCTBYeT. M ~ T O A H I E ~  3aPR,lfKH, HCTOP- 

HHKH CBeTa ,  HHTeHCHBHOCTb CBeTa,  PaCTOTa qHKJIOB, IIPHMeHFIeMbIe 

H p H  KOHTPOJIe ((YCTBJIOCTH)), 3aBHCHT rJIaBHbIM 0 6 p a 3 0 ~  OT IIpeAIIOJIa- 

r a e M o r o  H ~ I I O J I ~ ~ O B ~ H H R  ~ceporpa@msec~ax n n a c T m H  H a  H p a K T a K e .  

n0cJIe qeJIOI'0 P H A a  4HKJIOB BeJIEIIIHHa ((YCTaJIOCTH)) B KOHePHOM 

c s e T e  A o c T n r H e T  H ~ C ~ I ~ ~ H H H .   OH^ M o m e T  6 ~ ~ b  O n p e A e n e H a  KaIc 

y B e j I m y e H H e  CKOPOCTH T e M H o B o r o  cnaAa B npoqemax nocne onpeae- 
JIeHHOrO ¶HCJIa 4HKJIOB. CKOPOCT~ TeMHOBOrO CIIaAa HHOrAa BbI¶H- 

c n R e T c a  Kart c p e p m  C K O P O C T ~  cnana, c o o T s e T c T B y I o q a H  nagerxrnro 
n o T e H q H a a a  50 6, H B b r p a a a e T c a  B slxun. 

I 1.2. @OTOIIPOBO~HQHE AH3JIEICTPMPECICHE MATEPHAJIbI 



ce .neH ,  m 2) O n H o K p a T H o  ~ c n o ~ 1 ~ 3 y e ~ m e ;  n p n M e p a M t i  n o c n e A H H x  

C J I y X a T  @ o T o I I ~ o B o J H ~ H ~  I IOKPbITHH H a  6 y ~ a r e .  0 6 b 1 ~ 1 9 ~ 0  I l p H M e -  

HHeTCH IIOKPI~ITLZe H 3  OKHCM VLZHICa B CBII3YIOIIJeM. 

@ o ~ o n p o ~ o ~ s q n e  M a T e p n a n b I ,  n p e A c T a s n m o r q H e  H H T e p e c  AJIR 

K c e p o r p a @ H H ,  M O r y T  6bI~b  p a 3 ~ 1 2 3 s ~ o i i  n p ~ p o ~ b ~ :  I I p o C T b I e  B e q e C T B a  

(cepa H c e n e ~ ) ;  c n n a B b I  c e n e H a  (Se - Te, Se - As EI Se - S); 
H e o p r a H z i l I e c m e  c o e H H a e H H a  ( O K H C ~  I J H H K ~  H C ~ J I ~ @ H A ~ I  U H H K ~  H K a A -  

MHH); O p r a H m e c I c m e  C o e A m e H n R  ( T a m e ,  K a K  a H T p a q e H ,  a q e ~ a @ ~ e ~ ,  
~ ~ H ~ H A H H ,  I I O J ~ H B H H H J I I C ~ P ~ ~ ~ O J I  H MHOTHe ~ p y I ' H f 3 ) .  CIOJ(a AOJIXHbI  

6 b 1 ~ b  T a K x e  OTHeceHbI  opramsecmie I c p a c H T e n n ,  n p H M e H m o q E i e c c r  

B I i a s e C T B e  C ~ H C H ~ H J I H ~ ~ T O P O B .  

B H a c T o s q e e  B p e v c I  H a  n p a K T m I c e  IIIHPOKO n p m M e H t I m T c n  c e n e H  

B BHAe  ~ M O P @ H H X  I lJ IeHOK 23 IIJIeHKH H 3  OKMCEI q H H K a ,  fiHCHepI'HpOBaH- 

HOG B CBR3YIOqeM.  E 0 . X b I I I 0 e  B H H M a H H e  T a K X e  YJJeJIEIeTCII HCCJIeAOBa- 

HHHM O p r a H H s e C K H X  @ O T O ~ ~ O B O ~ H ~ X O B  H CJIOeB H 3  @ O T O I I P O B O ~ R ~ H X  

M a T e p H a n O B ,  AHCI l ep rHpOBaHHbIX B CBII3YIOTqeM. 

@ O T O I I ~ O B O ~ H ~ H ~  C:lOH ROJIXHbI  H M e T b  CJIeAYIOIIJHe X a p a K T e p H -  

CTHKH: 

1. OTHOCE~T~J I~HO BbICOKYIO C I I O C O ~ H O C T ~  3 a P I I X a T b C H .  CJI0i.I AOJI- 

HEeH Y A e p i f i H B a T b  IIJIOTHOCTb IIOBePXHOCTHOI'O 3 a p I I A a ,  PaBHYH)  0,5- 
1,5 .It7 ~ I c r n ~ .  

2. H ~ ~ H ~ Y H T ~ J I ~ H ~ I ~  CXOpOCTb TeMHOBOI'O C I I a A a  3 a p H a a .  Aony- 
CTHMbIe CKOPOCTH TehiHOBOrO C I I a A a  3aBHCI IT  OT I I p O % l e X Y T K a  B p e M e H H  

Me>Ii)JY 3KCIIOHHpOBaHHeM H I IpOIIBJIeHHeM. C ¶ H T ~ ~ T C R  H O P M a J I b -  

HbIM, KOI'Aa B p e M R  IIOJIyCIIa&Zl I I O T e H q H a J I a  COCTaBJIHeT HeCKOJIbKO 

MHHYT. 

3. B ~ I C O K Y H )  @ O T O ¶ Y B C T B H T ~ J I ~ H O C T ~  H 3 H a ¶ k i ~ t ? J I b ~ b l f i  C I I aA  3 a p R A a  

no ~ c e i i  ncnonbaye~oii o 6 n a c ~ ~  cnempa. C - r r e ~ ~ p a n b ~ a ~  YYBCTBH- 

TeJIbHOCTb AOJIifEHa COOTBeTCTBOBaTb CI I eKTPY H3J IY9eHHI I  I I p a K T H Y e C K H  

I I C ~ O J I ~ ~ Y ~ M ~ I X  HCTOYHHHOB c B e T a .  

4. H H ~ K H G  O C T ~ T O ~ H ~ I ~ ~  n o T e H q H a J I .  H e K o ~ o p b ~ e  I I J I eHKH 40~0- 
H p O B O f l H ~ H X  H30J IHTOPOB,  eCJIH H X  3aPIIAEZTb H OCBeTEITb, O ~ H ~ P Y ~ K H -  

BaIOT ~ L I C T P ~ I G  H ~ X I J I ~ H ~ I G  C H a A  3 a p I I A a ,  I C O T O P ~ I ~  3 a T e M  3aMeAJIReTCR 

M n p e K p a q a e T c c r  n p H  H o T e H q H a n e ,  OTJ IH~HOM OT HYJIII, T. e. n n e ~ ~ a  
HeIIOJIHOCTbIO p a 3 p H X a e T C R  I I P H  OCBelI(eHHH. H O T ~ H ~ H ~ J I ,  COOTBeT- 

C T B Y I O ~ H ~  3TOMY H a C b I q e H H I O ,  H a 3 b I B a e T C H  OCTaTOYHbIM I I O T e H ~ H a J I O M .  

TO:J~KO B P e f i K H X  C J I y s a H X  O C T ~ T O V H ~ I ~ ~  I IOTeHVHaJ I  MOWeT COCTaBJIIITb 

80-90% H a v a n m o r o  n o T e H q H a n a .  Ann ~ O J I ~ I H H C T B ~  n p a K T H s e c I c t i x  

I I P I I J ~ ~ H ~ H E I ~ ~  X e J I a T e J I b H O  EZMeTb O C T ~ T O ¶ H ~ I ~ ~ [  I I O T e H q H a J I ,  COCTaB- 

.TiH10II(H& H e 3 H a s H T e J I b H y I O  AOJIH) H a W N I b H O r O  I I O T e H q H a J I a .  

5. Cna6o ~ b 1 p a m e ~ H b I f i  B @ @ ~ I E T  ((YCTaJIOCTH)).  TO CBOGCTBO C y q e -  

CTBeHHO TOJlbKO AJIH M H O r O K P a T H O  HCIIOJIb3YeMbIX M a T e p H a J I O B .  

AJIH O f i H o K p a T H o  E I C I I O J I ~ ~ Y ~ M O I ' O  M a T e p m a J r a ,  T a K o r o ,  K a I c  a n e I c T p o -  

c j ? ~ ~ ~ r p a @ H Y e ~ I i a ~  G y ~ a r a ,  ((YCTaJIOCTb)) H e  I IPeACTaBJ IReT  I I P O ~ J I ~ M ~ I .  

( (YCT~JIOCT~))  O ~ H ~ ~ ~ ? K Z T B ~ ~ T  c e 6 ~  B B H A e  IIpOI'peCCHpyIOII(er0 y B e -  

15 P. ma@@ep~ 



1.2.1. AMOPCDHbIn CEJIEH 

 TOT M a T e p H a J I  MHOrAa  H a 3 b I B a e T C R  C T ~ K J I O O ~ ~ ~ ~ H ~ I M ,  HO same 
B c e r o  ~ M O P @ H ~ I M  C e n e H o M .  OH IIOJI~YHJI 60JIbl110e D p H M e H e m e  

B ~ c e p o r p a I $ ~ m  6 a a r o ~ a p n  6on~11ofi @ O T O ~ ~ O B O ~ N M O C T H  M IIOAXOAH- 

III,HM AH3.JIeKTPHTIeCFCHM C B O ~ ~ C T B ~ M ,  a TaK;I<e B03h'IO?IEHOCTH IIOBTOPHOTO 1 
EICIIOJIb30BaHHH CJIOII IIOCJIt? MHOI'HX IJMICJIOB BOCIIPOH3BeAeHHH M30-  

6 p a x e ~ ~ l i .  
1 .2 .1 .1 .  CTPYKTYPA - 

~ ~ B ~ C T H ~ I  T P H  p a 3 J I H 9 H b I e  M O ~ H @ H K ~ ~ H I I  C e J l e H a :  1) ~ M O P @ H ~ I ~ ~ ,  
a n E i  C T ~ K J I O O ~ ~ ~ ~ H ~ I ~ ~ ,  cenea, 2) ~ i p ~ c ~ a n n ~ s e c ~ n f i  ~ p a c ~ h r f i  ce%nea 
E 3) I E ~ L I C T ~ J I ~ I I ~ ~ ~ C K H C ~  c e p b ~ i i  c e n e H ,  nnm M ~ T ~ J I J I ~ ~ I ~ C I C H ~ ~  ce.TeH. 

ICpac~an  K p M c T a n n M v e c K a n  H n M  M o H o x n n a H a t I  I M O A M @ H K ~ ~ H E I  COCTOHT 

a3 K o n e q  sea,  rorna x a K  M e T a n n n r e c x a n  r e K c a r o H a n m a n  - s 3  2 
JJJIHHH~IX n a p a n n e m b H b I x  qenefi a T o n i o R  ceneaa. C o r n a c ~ o  peayab- 
T a T a M  p a 6 0 ~ b 1  12291, ~ M O P # H ~ I ~ ~  CeJ I eH  H \ l e e T  TaKYH) lfEe C T P Y K T Y P Y ,  

K a K  ~ ~ C M A I C H ~ ~  CeJ I eH ,  I I peACTaBJ IHH ~060f i  ~ ~ C I I O ~ E I A O ~ H Y H )  q e n H Y ~ j  F 
C T P Y K T Y P Y  C HeCKOJIbICHMH K O J l b ~ e B L I M M  MOJIeKYJlaMH.  TO O K a 3 a J I O C b  i - B co rnacm c ,qanHbIMH p a 6 0 ~ b 1  [2301 o nnemax  a ~ o p @ a o r o  ceneaa, 
o c a m A e a H 6 I x  n y T e M  n e p e r o H m i  m mcnapeam B n a I i y y M e .  K p o ~ e  T o r o ,  r 
a3 AaHHbIX IIO ~ M @ p a K q H H  3JIeKTpOHOB H a f i A e ~ 0 ,  s T 0  3 T H  IIJIeHFCH 

COAePl f f aT  O s e H b  He3HaYMTeJ IbHOe  I c O n M ~ e C T B O  M O H O K J I H H H O ~  RIOAH- 1 
t j j ~ i ~ a q ~ a .  B p a 6 o ~ e  [231 1 s b 1 c ~ a 3 a ~ o  I I p e A n o n o w e H H e ,   TO B c c c T e m o -  k 

r r o ~ o 6 ~ 0  OTBepJJeBIUeM CeJIeHe))  I I p M M e p H O  O a H a  T P e T h  aTOMOB P a C -  

IIOJIaI 'aeTCH B K O J I b q a X  Sea, O C T a n b H b I e  HaXOjJHTCcI B K O J l b q a X ,  COAep-  

W a q H X  1000 aTOh1OB. A p y r ~ l e  MCCJIeAOBaTeJIH CKJIOHHIoTCH K MHeHHEO 

o x a o ~ ~ ~ r e c ~ o f i  q e n ~ o g  c T p y I c T y p e .  B p a 6 o ~ e  12321 n p o s o A m T c n  pa3- 
J l H 9 H e  Me>I<Ay C T ~ K , T O O ~ ~ ~ ~ H ~ I M  II ~ ~ . I O P @ H ~ I M  CeJIeHOM, I IPHYeM HOCJIeJJ- 

H H ~  0 6 p a 3 y e ~ c ~  npn KOHAeHCaI(HPi napa HJ lH  I I P H  ~ ~ I C T P O M  BbI I I aAeHHH ,v 
QCaAKa .  B 3TOXI C .Ty9ae  6onee BepOHTHO,  9 T O  aTObIb1 OCTaJOTCH B H e n o -  3 
C ~ ~ B C T B ~ H H O ~ ~  ~ J I H ~ O C T M  OT Y s a C T K a ,  OXBar l eHHOrO I IpOqeCCOM OCalrc- 

A e H H H ,  T a K  9 T O  aTOMbI H e  MOrYT h l H r P H P O H a T b  M OKa3bIBaIOTCH O p H e H -  

THPOBaHHbIMM. B C T ~ K J I O O ~ P ~ ~ H O M  CeJIeHe, I IOJIyseHHOM H 3  >KMAKOH 6 
@a3b1, BO3MOWHO H e K O T O p O e  HBHlIceRHe aTOMOB, 9 T O  C ~ O C O ~ C T B Y ~ T  



o 6 p a 3 0 s a ~ ~ I o  y n o p a g o s e ~ ~ o i i  CTPYKTYP~I .  O A H ~ H O  e c m  X H A K O C T ~  

OxnaXAaeTCR 6 6 1 ~ ~ ~ 0 ,  TO KPHCTaJIJIbI He O ~ P ~ ~ Y I O T C I I .  

B p a 6 o ~ e  12331 B ~ I C K ~ ~ ~ H O  npe,qno.noweHne, s ~ o  c ~ e ~ n o o 6 p a 3 -  

~ b i i i  ceJIeH RBnReTcH n e p e o x n a l f ~ ~ e ~ ~ o i i  3fCHAICOCTbIO c r o ~ % o n o n ~ p ~ o i i  
CBHSbH). P~CCTOHHL?~  Me>KAy a T O M a M H  B qenH PaBH? 2;37 A,  a MelIcAy 

6 n m K a i i r u ~ ~ H  COCeAHMH B CMeXHbIX qenRx 3,67 A .  3Ta CTpYKTYPa 

norcaaa~a Ha  pnc. 108. 
C o r n a c ~ o  gaHHLIM pa60~b1 12341, aToMbI ceneHa 06pa3y1o~ cnm- 

PanbHbIe qenH, B KOTOPhIX I C ~ ~ ~ C A L I ~ ~  a T O M  COe,L(HHeH rOMeOn0JIFIpHbIMEI 

CBR3HMH C ABYMR COCeAHEIMH aTOMaMH CeJIeHa, IIpHseM qeIIEI YAep- 
xnBaIoTccr B ~ J I H B H  Apyr Apyra cHnaMH B~H-~ep-Baanbca .  B p a 6 o ~ e  

P H C. 108. Pacnonome~ne aToMoB a ~ o p G a o r o  ceneaa. 

[221] HccnegosaHa cTpyIcTypa HcnapeHHbrx Ha  cTeIcno B BaIcyyMe 
nneHoK H Ha6nH)~aJIocb 0 6 p a 3 0 s a ~ ~ e  KpHcTannHToB B ~ M O P ~ H ~ I X  

nnemax n6nm3~ noBepxHocTH paa~e-1.7a ceneH - cTeKno. E~IJIO npeg- 
IIOJlO?KeHO, TITO 3TH KPHCTaJIJIHTbI IIpHHaAJIeXaT M O H O K J I H H H O ~  MOAH- 

I$EIKElqHH. O A H ~ K O  B p a 6 o ~ e  [37] Ha  OCHOBe PeHTreHOBCKIIX HCCJIe- 

A O B ~ H H ~ ~  6~1-1.70 o ~ H ~ P Y ~ ~ C ~ H O ,  YTO 3TH KPHCTaJIJIHTbI IIPHHaAJIe3KaT 

K r e ~ c a r o ~ a ~ n b ~ o i i  M O A H @ H K ~ ~ H E I .  

] I / I ~ B ~ C T H O ,  gTO C B O G C T B ~  ~ M O P @ H ~ I X  IIJIeHOK CeJIeHa, IIOJIyseHHbIX 

HCIIapeHHeM B BaKYYMe,  M O r Y T  H3MeHHTbCH B IllHpOKHX IIpeAeJIaX 

B : ~ ~ B H C L I M O C T E I  OT Y C J I O B H ~ ~  npoqecca HcnapeHEia B ~ a x y y ~ ~ o i i  KaMepe 
[235]. T e ~ n e p a ~ y p a ,  c ~ o p o c ~ b  Hcnapemcr, c ~ o p o c ~ b  oxnawAeHm 
H T. ,I(. MOrYT 3ahleTHO BJIEIHTb H a  3JIeKT~EI~eCIFLIe C B O ~ C T R ~  IIJIeHOK. 

MOXHO C YBePeHHOCTbIO CKa3aTb, ZIT0 CYqeCTBYlOT Pa3JIHsHH EI B CTPYK- 

Type nneHoK, 06pa30sa~~b1x  npn pa3nnsa~1x YCJIOBHHX HanhIaeHmR. 

Harpesa~He  anlopI$~oro ceJIeHa nocTeneaao nptinogm K 06pa3o- 

BaHHIo ~pHc~aJInn~1ecrcoii 4a3~1. fl06aB~1eHHe npm~eceG O ~ ~ I ~ H O  

ycIcopReT ~ p ~ c ~ a n n ~ a a q ~ ~ o .  B p a 6 o ~ e  [2361 0 6 ~ a p y w e ~ 0 ,  s ~ o  Harpe- 
BaHHe ~ M O ~ ~ H O ~ O  CeJIeHa B HHTePBajIe HH3KHX TeMllepaTyp IIpHBOAhT 

15* 
- 



n n e H o K  c e n e H a ,  onpe ,qe .nHe iuoe  ~3 IEPHB~IX c n a j q a  n o T e H q H a n a ,  c o c T a B -  

JIIIeT BeJIHYHHy loi5 - 1016 OX.  Cdt. BO~MOXHO, YTO H a  3KCIIePHMeHTbI, 

n p o A e J r a H H H e  ~ ~ ~ H H M H  mccne ,qoBaTennMH,  BJIHRJIH M e T a n m i Y e c I E m e  

KOHTaHTbI, H H H ? K ~ K U , H ~ %  H O C H T ~ J I ~ ~ ~  H 3  BJIeKTPOnOB MOXHO O ~ ' ~ R C H H T ~  

~ a H 6 0 J I e e  HH3KHe 3HaYeHHH YAeJIbHOI'O COIIpOTHBJIeHHH. 

B pa3~e~1e  06 OYyBcTBneHEit i  ~ c e p o r p a @ n ~ e c ~ t i x  IIJI~CTHH K O P O H O ~ ~  

IIOAYepKHBaJIOCb, YTO B CeJIeHe T ~ M H O B O ~  TOK p e 3 K O  B O 3 p a C T a e T  I I p H  

y B e n m s e H H H  H a I I p H X e H H H  ( i  - ~h bv). T ~ I C E ~ M  0 6 p a 3 0 ~ ,  MOXHO OXH-  

A a T b  AOBOjIbHO 3aMeTHOTO YMeHblIIeHHH COnPOTHBJIeHHH C YBeJIHPeHH- 

e M  I IpHJIOXeHHOrO H a I I p H X e H H H .   TO KaYeCTBeHHO IIOATBePXfEAeHO 

B p a 6 o ~ e  [239], I'ne YCTaHOBJIeHO, ¶TO T ~ M H O B O ~ ~  TOH B ~ M O P $ H ~ I X  

nnemax c e n e H a  y B e n m Y m s a e T c H  I I P H ~ J I H ~ H T ~ J I ~ H O  I I ~ O I I O ~ ~ H O H ~ J I ~ H O  

mec~oG c T e n e H H  n p n n o m e H H o r o  H a n p n x e H m R .  

B p a 6 o ~ e  [240] ~ a ~ e p e ~ o  c o n p o T a B n e H m e  awop@~oro  c e j I e H a  

B @ Y H K ~ H E I  HaI IPHXeHHOCTH IIOJIII B H H T e p B a J I e  OT 200 a0 18.104 6/cdt 

I l p H  T e M I I e p a T y p a X  OT -35 A 0  50" C. 06~apyXCe~0,  YTO H H a I I a 3 0 H  

H ~ M ~ H ~ H H G  COIIpOTHBJleHHR COCTaBnHeT OT 3,6 .lo4 Odt 0C.W U p H  

136500 s1c.w H 50" C PO 4,2.1016 o x n c . c a  IIPH 227 s / c x  H -35" C. 
H a i i ~ e H o  TaICXe ,  YTO COOTHOlueHHe MeircAy COIlpOTHBJIeHHeM H H a n p H -  

w e H H o c T b m  IIOJIII m e e T  BHA p = p0 exp (- al/E), r,qe po- COIIPOTHB- 

JIeHHe B OTCyTCTBHe DOJIH, E - H a I I p H X e H H O C T b  IIOJIH H U - IIOCTO- 

R H H a R ,  3 a B H C H Q a H  OT T e M I I e p a T y p b I .  

~ O A B E I ' & H O C T ~  H O C H T ~ ? J I ~ %  3apXAa. n3 H3MepeHHij[ B p e M e H H  AH@@Y- 

3 H H  3JIeKTPOHOB H ALIPOK B TOHICBX HaIIbIJIeHHbIX IIJIeHKaX ~ M O P @ H O ~ O  

c e n e H a  [241] n o a y Y e H r , I  ~ H ~ Y ~ H H R  ~ @ @ ~ K T E I B H O ~  IIOABHXHOCTH ~ J I ~ I C -  

TPOHOB B npejesax 4,7-5,5 c d t 2 / s  .cez H A ~ I P O K  0,15 cd t2 /6  .ceK. 

B paGo~e [242] n o ~ a a a ~ o ,  ¶TO ~ @ @ ~ K T H B H ~ ~  r r o A s m w H o c T b  HOCH- 

TeJIeii B ~ O T O I I P O B O A H H K ~ X  M O X e T  661~b CHJIbHO C H H X e H a  H3-3a  JIOBY- 

IUeIC. m3 H 3 M e p e ~ H 5  ~ e M I X e p a ~ y p H 0 f i  3aBHCHMOCTH IIOABHXHOCTH 

B ~ M O P ~ H O M  CeJIeHe [241] H ~ ~ A ~ H O ,  YTO 3aBHCHMOCTb ~ J I ~ K T P O H H O ~ ~  IIOA- 

BHXHOCTH O n p e A e m e T c H  J r o B y m K a M H ,  p a c n o J r o m e H a b I M H  H a  rny6m~e 
0,25 36 HHlfie  A H a  3OHbI IIPOBOAHMOCTH; AJIH AbIPOK COOTBeTCTBYIO~aR 



r ~ 1 y 6 ~ ~ a  JIOByIJIeK paBHa 0,16 36 (BMIU~ IIOTOJIKa B ~ J I ~ H T H o ~ ~  

30Hb1). 
~ O A B H ? K H O C T ~  AbIPOK B ICpHCTaJIJIHgeCKOM CeJIeHe EI3MeHFIeTCR 

B npegenax OT 0 , l  jqo 10 C M ~ / ~ . C ~ K .  B p a 6 0 ~ e  [233] ycTaHoBneHo, 
 TO ~ O ~ B E I X H O C T ~  A ~ I P O K  B KpHcTannnsecKoM MaTepnane ~ H ~ ~ H T ~ J I ~ H O  

IIpeBOCXOAEIT IlO,I(BH?KHOCTb 3JIeKTPOHOB. 
& ~ J I ~ K T ~ H ' ~ ~ c I C ~ ~ I  IIpOHHI[aeMOCTb. B ~ B ~ C T H ~ I ~  133 .rIHTepaTypbI 

[2431 ~ H ~ ~ ~ H H F I  A H ~ J I ~ K T P E I U ~ C I C O ~ ~  IIPOHHLpeMOCTH a ~ o p @ ~ o r o  ceneHa 
PaBHbI 5,97-6,60. ABTOP HCIIOJIb30BaJI 3 ~ a s e ~ ~ e  6,3 AJIII gH3JIeKTpH- 
s e c ~ o i i  npoHmqaeMocTn HanMneHHMx nneHoK ceneHa.  TO cornacyeT- 
CII CO 3Ha¶eHHeM, IIOJIY?IeHHbIM B p'a60~e [244]. ~ ~ H ~ . ~ I ~ K T ~ H U ~ C K ~ R  

IIpOHHUaeMOCTb HeCKOJlbKO YMeHbIIIaeTCR C Y ~ C T O T O ~ ~  (Ha BbICOKEIX 

s a c ~ o ~ a x ) ;  Tag, Ha sacToTe 1010 211 6~1x0  nonyseHo a ~ a s e ~ ~ e  5,97. 

1.2.1.3. OIITHWICICHE CBOBCTBA 

r [ornon~e~me ti oTpaxeHme. 3 p a 6 o ~ e  [2451 cobpaabr AaHHMe p w a  
~ccnegosa~enei i  no onTHsecIcoMy nornoqeHnm a ~ o p @ a o r o  ceneaa. 
IIa PHC. 109 n o ~ a a a a b ~  AaHHbIe no nornorqeHmo OT ynb~pa@none~o-  
B O ~  go ~ J I H ? K H ~ I %  t j [ ~ @ p a ~ p a c ~ o i i  O ~ J I ~ C T H .  B p a 6 o ~ e  [246] n s ~ e p e ~ ~  
nornorqeHne H oTpaxeHHe a ~ o p @ ~ o r o  H reIicaroHanbHor0 cenena 
AJIII gnHH BonH OT 300 ,qo 1200 X M K .  P e a y n ~ ~ a ~ b ~  npencTasneHLI Ha 
Ha PMC. 110 H 111. ~ @ @ ~ K T H  IIOrJIOqeHHII H OTPaifieHHII 60~1b~ue 
BbIpaxeHM AJIR reKcaroHanbHor0 ceJIeHa,. qeM ~ J I I I  anlop@aoii MOXH@H- 

I E ~ ~ H E I ,  npnseM oTpaxaTenbHaa C I I O C O ~ H O C T ~  gacr o 6 e ~ s  ~ o , q ~ @ ~ f i a q ~ i i  
yBenasasaeTca B 06.nac~H KOPOTIEHX AJIHH BOZH. O ~ p a x i a ~ e n b ~ a ~  cno- 
C O ~ H O C T ~  anlop+aoro ceneHa yMeHbmaeTcR OT 27 96  npH 300 X r n K  no 25 % 
npH 550 MJW. ITPH 700 Y M K  HnfeeT Memo p e 3 ~ o e  irajeaHe go 20 %. 

A ~ o p @ ~ b l i i  ceneH o 6 ~ 1 a ~ a e ~  oseHb ManLIM norJIoqeHHeM B a ~ @ p a -  
~ p a c ~ o i i  O ~ J I ~ C T H .  B p a 6 o ~ e  [247] nonyseH cnemp nornolqemirr. 
(OT 1 go 20 X K )  H ~ a f i g e ~ a  nonoca nornorr4eHm npzi 13,5 M 20,5 M X .  

0 6  a 3 ~ e p e ~ ~ c r x  nornoqeHm ceneHoM M m I C H s  PeHTreHoBcmx nyr~eii 
coo61qanocb R p a 6 o ~ e  [248]. 

I I o ~ a 3 a ~ e n b  npeJroMneHna. H a ~ ~ b r e  H ~ K O T O P ~ I X  nccnegosa~eneii 
no n o ~ a 3 a ~ e n m  npenoMneHEicr a ~ o p @ a o r o  ceaeaa npHseAeHb1 Ha 
PHC. 112. norca3a~enb HMeeT MaKcnManbHoe a ~ a v e ~ ~ e  n t 3,13 
npmepHo npn 500 &XK H 6 6 1 ~ ~ ~ 0  nagaeT no 06e C T O P O H ~ I  ~ T O ~ O  n m a .  
B 6JIH3ICHel'i xpac~o i i  O ~ J I ~ C T H  cnempa IIOIia3aTeJIb naAaeT go 2,6 H 

3aTeM YMeHbIllaeTCR A 0  IIOCTO$IHHO~ BeJlzlsEiHbI 2,46 B I I H @ ~ ~ K ~ ~ C H O ~ ~  

o 6 n a c ~ ~ .  Haiigeao, YTO COOTHOllleHHe n2 = K I I ~ H ~ J I H ~ K ~ H H o  BbInOJI- 
HIIeTcH HJIH I I O K ~ ~ ~ T ~ J I I I  npenoMneHHEi H ~ ~ ~ J I ~ K T ~ H P ~ C K O I %  npomqae- 
MOCTH, ecnm ,qnH n o ~ a a a ~ e n a  npenoMneHna sb16pa~o MHHaManbHoe 
a ~ a s e ~ m e .  

m ~ l p m ~ a  3 a I I p e ~ e ~ H 0 %  80HbI.  M3 H ~ M ~ ~ ~ H H H  @ O T O ~ ~ O B O ~ H M O C T H  

A ~ I I  a ~ o p @ ~ o r o  ceneHa onpe,qeneHa mHpEiHa a a n p e q e ~ ~ o t i  ~ O H B I ,  
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P a B H a X  2,5 36 1249 1. ~ P I ~ ~ J I H ~ K ~ H H O  3TO COOTBeTCTBYeT AJIHHe BOJIHM, 

I l p H  K O T O P O ~  H a Y H H a e T  ~ ~ I C T P O  YMeHblLIaTbCEI K o ~ @ @ H I J H ~ H T  I l O r J I O ~ e -  

HHR.  T a I C H M .  oGpaaoa1, 3 T a  B e J I I l s H H a  
&lUHU 60JlHb1, MMK 

COOTBeTCTBYeT 3 H e p r H H  CBR313 Me3KAy 

a , r o M a M m  c e . n e H a ,  p a ~ a o i i  57 KKUA i x o ~ t b  300 400 500 600 800 1000 

12491. ~3 ~ e a l n e p a ~ y p ~ b ~ x  ~ a ~ e p e ~ ~ i i  40 - 
I I  1 1 1  

COIlpOTHBJIeHHR I I O J I Y s e H a  B e J l H u H H a  

a H e p r m  ~ e p ~ r n s e c ~ o i i  a m n B a q H H  cene~ 
a ~ o p @ a o r o  c e n e H a ,  p a B H a c I  1 , 7  36. $ 35 

- 

B p a 6 o ~ e  [240] 0 6 ~ a p y i ~ e ~ 0  3 a M e T H O e  

HOCTH n o n ~  (OT 1,055 3 6  n p ~  11 350 6 l c x  cene~ 
~o 0,332 38 IIPH 13 650 61c.w). K p l l ~ a X  

3aBHCHMOCTEI 3 H e p r H H  aKTI3BaIJHH OT 

I IPHJIO?HeHHOrO IIOJIX H h f e e T  YBeJIHYH- 

B ~ I O ~ H G C E I  HaKJIOH.  ECJIH 3 T Y  KPHBYIO 

3ICCTPaIIOJIEIPOBaTb IC h1aJIbIM 3 H a 9 e H H X M  
20 

I I I I 

HaI IpRl r ceHHOCTH UOJIX, TO COOTBeT- 4 3 2 1 
C T B y I o W a H  a H e p r m  a I c r m a q m  npn- 3 ~ e p z u ~ ,  3s 

6 n H w a e ~ c X  K 1,7 36. 1/13 AaHHbIX n0 
o n r a s e c K o M y  nornoqeamo m a p a H a  '$:; ~l~e~$~~~~~~Or~~~~' 4 3 a n p e q e ~ ~ o G  ~ O H ~ I  c e n e H a ,  c o o T s e T -  (S , k ,, Z e i t .  f .  Phy-  
C T B y I o q a X  K O ~ @ @ H ~ H ~ H T Y  IlOrJIOlI(e- sik, 134, 202 (1953).) 
HHX -lo5 CJCI-', P a B H a  2,3 36 (CM. 

PHC.  110). ~ ~ I E C ~ ~ O H ~ J I ~ H ~ T ~  H MOHOKJIllHHbIe M O A H @ E I K ~ ~ H H  C e J I e H a  

EIMeIOT ~ H P H H Y  s a n p e q e ~ ~ o i i  ~ O H ~ I ,  ~ a i i ~ e ~ ~ y m  133 m 3 ~ e p e ~ ~ i i  $ 0 ~ 0 -  

IIPOBOAEIMOCTH, B H H T e P B a J I e  OT 1,s A 0  1,65 3 6  [249] .  

P El c. 112. n o ~ a a a ~ e n b  npenoMneHHR ceaeaa. (M 0 s s ,  Photoconductivity 
in the Elements, Acad. Press, N. Y., 1952.) 



C e n e ~  MOHFeT 6 b 1 ~ b  2-, 4- H ~ - B ~ J I ~ H T H H I \ I .  Ero XHMZiYeCKaR aICTHB- 

H O C T ~  a H a n o r m H a  aKTHBHocTt i  c e p b r ,  II 0 6 p a 3 y e ~ b r e  c o e A n H e H m  

HanOMHHaIOT COeAHHeHHR CepbI .  T a ~ ~ n r  o 6 p a 3 0 ~ ,  MOlriHO O X H A a T b ,  

9TO ICOHTaICT CeJ IeHa  C M e T a J m H ~ I e C K H M H  IIOBepXHOCTRMH 6 y f l e ~  IIPHBO- 

A H T ~  K O ~ P ~ ~ O B ~ H E I K )  C e z e H n A o B ,  a n p H  o n p e , q e n e H H b I x  y c n o B n a s  - 
c e n e H a T o B .  AMOP@H~IH c e n e H  xopomo p a c T B o p n M  B cepaoii I c H c n o T e  

m h i e H e e  B cepoyraepone. OH H e  p a c T B o p a e T c R  B B o n e  H c n n p T e .  

O A H ~ K O  A B Y O K H C ~  c e n e H a ,  06pasymqaaca H a  a a c ~ e s e ~ ~ o i i  n o s e p x H o -  

CTH ~ M O P @ H ~ I X  CeJIeHOBbIX IIJleHOK, A 0  H ~ K O T O P O ~  CTeIIeHH PaCTBO- 

p a e T c R  B B o n e ,  C n H p T e ,  a q e T o H e  H Y I C C Y C H O ~ ~  K H c n o T e .  ABYOIZHC~ cene- 
H a  PaCTBOPReTCR B B o n e  C 0 6 p a 3 0 ~ a H H e ~  c ~ ? . ~ ~ ~ H H c T o ~  ICHCJIOTbI, 

a TpeXOKHCb PaCTBOpReTCH B B o n e  I3 CIIHpTe  C 0 6 p a 3 0 ~ a H H e M  CeJIeHO- 

B O ~  KHCJIOTbI. 

B p a 6 o ~ e  [250] EI3y¶eHO BJIHRHHe p a 3 H b I X  OPl'aHHYeCKHX PaCTBO- 

~ E I T ~ J I ~ ~  H BOnHbIX PaCTBOPOB H a  ~ M O P @ H ~ I ~  CeJIeH. 0 6 ~ a p y m e ~ 0 ,  s T 0  

H a  H e r 0  MaJIO HJIH BOBCe H e  RJIHRIOT C J I e A Y I O ~ H e  BemeCTBa:  BOAa, 

XJ IOPrHAPaT I'HAPOKCHJIaMHHa, I'EIAPOKCHJIAJIHH, M 0 4 e B H H a ,  POAaHHE 

BMMOHHR, IIHKpHHOBaR KHCJIOTa, a q e T a H H i i H A ,  e A K 0 e  KaJIH,  XJIOPH- 

C T ~ I ~  ~ M M O H E ~ ,  S e J I T a R  KPOBRHBR COJIb. B T O ~ ~ R  rpyIIIIa Be lqeCTB 

IIPEIBOHHT K O ~ ~ ~ ~ O B ~ H H H )  ( ( K P ~ C H O ~ H  K P E Z C T ~ J I J I N ~ I C I C O  M O A H @ H K B ~ H H  

CeJIeHa.  3 T a  I'pyIIlIa BKJIIOYaeT CIIHPT, ~ ~ H ~ E I H ,  T L I O @ ~ H ,  TOJIYO.7, 

~ ~ H ~ O H I * T P H J I ,  I IPOIIHJIOB~I~ aJIbAeI'HH, aMEI,?HHTPHT, aTMJIaqeTaT,  H30-  

MaCJiHHyIO KHCJIOTY, HHTPOTOJIYOJI, ~ ~ ~ T o @ ~ H o H ,  ~ P O M H H T P O ~ ~ H ~ H H ,  

A M H E I T P O ~ ~ H ~ H H ,  AHMeTHJIaHHJIHH, H I ~ T P O ~ O - ~ ~ - H ~ @ T O J I ,  a q e T O H ,  

~ ~ O I I H J I ~ H ~ ~ O M H R ,  i i o j q n c ~ h ~ i i  3THJI, MOHOhleTHJIaHH.THH, XJIOPO@OPM, 

@ e ~ m r m g p a s ~ ~ ,  6 e ~ a ~ n a ~ m ~ ,  ~ ~ @ e ~ v r n ~ e ~ a ~ .  T p e ~ b ~  rpynna B e w e c T B  

~ P H B O A H T  K 0 6 p a 3 0 ~ a ~ ~ 1 0  t ( ~ e ~ a n x ~ s e c ~ o i i ) )  ~~ogm@n~aqmn ceneaa. 
 TO XHHOJIHH, aHHJIHH, IIHPHAHH, ~ ~ H ~ H x U , H ~ H H ~ ,  6 e H 3 H ~ H ~ 0 6 y ~ t i . q -  

B@EIP, I I H I I e P m H H ,  TPH3THJIaMHH1 reIZCahIeTHJIeHaMHH, p - f i - a H k i ~ a J I b -  

AOKCMH. 

y ~ e J I b H b 1 G  BeC ~ M O ~ @ H O I ' O  CeJIeHa  P a B e H  4,27 2/cJt3. E c J I H  a M O p -  

( P H H ~ ~  c e a e H  n p e s p a q a e T c c r  B ~ e ~ a x n n s e c ~ ~ i i ,  TO n J r o T H o c T b  YBeJIH- 

s H s a e T c c r  no 4,79 z l c ~ c ~ .  MOAYJI~  K ) H r a  p a e e H  4 , 8 9 . 1 0 1 0  ~ U M I C ~ ~ ,  

TeIIJIOIIpOBOAHOCTb 0,0003 Ka~cleeK .cJt3 azpad. A ~ o p @ ~ b ~ i i  CeJICH 

A o B o n b H o  M R ~ I C E I ~ ~  M a T e p m a J r  H nemo q a p a n a e T c n .  B c n p a B o s H a I < e  

I251 ] I l p H B e A e H a  BeJIHEIHHa TBePAOCTH CeJ IeHa  ( M O A M I $ M K ~ ~ H F I  H e  

y ~ a s ~ ~ a e ~ c s )  2,O no l r r x a n e  Moca. 3 ~ o  s ~ a s e ~ ~ e  c p a B n H M o  c 1,5 
AJIR C B H H q a  H 2,5-3,o HJIR M e a n .  



g o  paapa60~IEII C e x e H o B b I x  xceporpa@m~ecx~x n x a c T m H  a h l o p @ -  

H L I ~ ~  CeJ IeH K a K  @OTOII~OBO,I(HHK GHJI ~ 3 y ¶ e ~  caa60. O~IIIEIPHLI~ILI 
HCCJIeAOBaHHHMEi B HHCTHTYTe HMeHH E ~ T T ~ J I ~  YCTaHOBJIeHO, YTD 
~ M o ~ @ H ~ I %  CeJIeH HBJIIIeTCR Ba3KHbIM AJIII K c e p o r p a @ M ~  @ O T O I I ~ O B O ~ -  

HHKOM, SOTH B pa60l.e [2531 ~ ~ s c ~ a a a ~ a  M M C J I ~  o II~OTMBOIIOJIOH~HO~I. 

B p a 6 0 ~ e  [254] I IpOBeAeHbI IlIHpOKMe HCCJIeAOBaHHtI @OTOIIPOBO~H- 

MOCTH ~ M O ~ I $ H O I ' O  CeJ IeHa  B CBII3H C eI'0 IIPMMeHeHMRMH B TeJIeBL13I.IOH- 

HbIX T P Y ~ K ~ X .  O 6 p a a q b 1  G ~ S J I H  nPMrOTOBJIeHb1 HCIIapeHMeM Ce.'IeHa 

P I l  C .  11 3. C I I ~ I E T ~ ~ X ~ H L I ~  K p l l B b I e  @ O T O ¶ ~ B C T B H T ~ J I ~ H O C T H  0 6 p a 3 q o ~  H 3   MOP@- 
HOI'O C e J I e H a ,  H 3 M e p e H H L I e  MeTOROM C K a H H p O B a H H R .  (W e i ID e r,  C 0 p e, 

RCA Rev., 12, 319 (1951).) 
H H T ~ H C M B H O C T ~  OCBeIgeHHIi OnllHaWOBa IIO BCeMy CIIeKTpy. BEIRHO, YTO  pad OIITH4eCKOI'O 
IIOrJIOWeHIIX PaCnOJIaI'aeTCR B 6onee ~JIIIHHoBOJIHOBO~~ O ~ J I ~ C T E I ,  YeM MaHCIIMyM @OTO- 

I IIPOBOAHMOCTII. 

I H a  IIOKPbITOe IIPOBOARIQHM CJIOeM CTeKJIO. T O J I ~ H H ~  IIJIeHOK C e J I e H 8  

MeHIIJIaCb OT 3Ha¶eHHX* MeHbIIIe  0, l  a0 10 MK. 06pa3461 HCIIOJIb30Ba- 

n H c b  B K a g e c T B e  ~ m r n e ~ e i j r  B ~ p y 6 ~ e  T m n a  BHAMKOH, a @OTOIIPOBOAH- 

MOCTb H ~ ~ J I I O A ~ J I ~ C ~  I I P H  CIEaHHPOBaHElH CJIOII CeJIeHa 3JIeKTPOHHbIhf 

JIYPOM. B 3THX 3KCIIepHMeqTaX OAHHM 3JIeKTPOAOM CJIYXHJI IIPOBOqII- 

q~fi czof H a  c T e K n e ,  a A p y r n M  - a z e ~ ~ p o ~ ~ b ~ i j :  ~1y9. I I a n e ~ ~ r e  
H a I I p R X e H H R  H a  CJIOe PaBHRJIOCb 25-50 8, a B H y T p e H H e e  IIOJIe  

-5 . lo4 s / c ~ .  ICpnsaa c n e x T p a m H o r o  p a c n p e A e J I e H H a  @ o ~ o n p o ~ o ~ ~ -  
IIOCTH, n o n y g e H H a H  B ~ T H X  a I c c n e p H M e H T a x ,  noxasa~a  H a  pmc. 113. 
K ~ H B ~ R  C I I ~ K T ~ ~ J I ~ H O ~ ~  syBCTBHTeJIbHOCTH, H a ¶ H H a I I  OT 5500 A, 
3aXOAHT B 0 6 J I a ~ T b  Y J I ~ T P ~ @ E I o J I ~ T ~ .  BHJIO H ~ ~ R ~ H O ,  ¶TO IIpeHi\.lyll(e- 

CTBeHHO OCYQeCTBJIIIeTCR A H P O ¶ H a R  IIPOBOAHMOCTb. CABHI? HbIPOK 
A 



P $2 C. 114. BJIHIIHH~ ((YCTBJIOCTH)) H a  ~ O T O T O K  B BMOP@HOM CeJIeHe IIpH pa3HbIX 
HaIIpFiXeHHRX H a  o6pasqax VT 11 YpOBHHX O C B e ~ e H H O C T H  L. (W e i m e r, 

C o p e ,  RCA R e v . ,  12, 327 (1951).) 
i ( n p 0 ~ a J l ~  TOKa,  B M P a m e ~ H b 1 8  B n p O q C H T a X  OT CPO EiaYaJIbHof i  BeJlMYHHbI, OKa3bIBaeTCR 
~ a M 6 0 J l b l I l M ~  n P H  HM3HMX HaIIpRMCHMfiX H a  MIImeHH M n p M  CaMOM IlHTeHCMBHOM OCBC- 

W e l i H M .  ~ P ~ @ M K  e MJlJlloCTpHpyCT CMeWCHHe K ~ E B O ~  (POTOTOKB n O n  n e 8 C T B M e M  C B e T a .  



B I I O Z e  Ha I IpH?HeHHOCTbIo  5 . lo4 6 /CM P a B H R J I C H  C&, a 3JIeKTPO- 

HOB - Cdt. A ~ a J I o r l l g ~ h ~ e  Pe3YJIbTaTbT I IpMBeAeHbI  B p a 6 o ~ e  [255]. 
I I o c ~ o s x ~ ~ a a  B p e M e m  n o a a e M a  nnm c n a A a  ~ $ O T O T O I E ~  o~a3anacb  
M e H b U e  50 &KCeK. Aria YHCTOI'O M a T e p M a J I a  I C B ~ H T O B ~ I ~ ~  BbIXOA, ~ J I H ~ -  

KMf  K e,I(HHMUe, Ei3MepeH B YCJIOBMHX O C B e q e H H R  C B ~ T O M ,  CMJIbHO 
1 

I IOr J IO lqaeMbIM ~ 6 ~ 1 ~ 3 1 1  OAHOrO E13 3JIeKTpOAOB. n o  ~$OTOTOKY ~ ~ I J I E I  

P H C.  115. K p a ~ b I e  c ~ I ~ K T ~ ~ J I L H o %  ~YBCTBHTeJILHOCTH CeJIeHa IIO AaHHbIM 
~ ~ ~ O T L I  [238]. 

a - KpEBaR A nOCTpOeHa I 1 0  naHHbIM Mocca, B - D O  XaHHbIM BeBMepa If Koyna; 6 - 
Txnxstlble KpmsbIe nnn ~ o ~ o ~ n x n n o i i  M O ~ M @ I I H ~ ~ H E  cenena (A) m McTannnYecKoro cenena 

(C), @ o T o B o ~ ~ T ~ ~ Y ~ C K E ~ ~  3@@eKT B MeTaJIXEfYeCHOM CeneHe ( B ) .  

0 6 ~ a p y I X e ~ b 1  ((YCTaJIOCTHbIe)) ~@@~KT£II ,  YKa3bIBaH) lqMe  H a  H a Z M ¶ H e  i 
TOKOB, OTpaHHYeHHbIX I IpOCTPaHCTBeHHbIM 38PHJIOM. 3 T 0  BJIMRHHe 

c c y c T a n o c T m  n o ~ a 3 a ~ o  H a  K ~ M B L I X  PMC. 114. Y n e n ~ u e ~ n e  ~ # O T O T O K ~  

c ~ e ~ n e p a ~ y p o f i  y ~ a 3 b r ~ a e ~  H a  H a n H s M e  J I o B y n r e H .  

MOCC 12381 M3MePMJI CI I eKTpaJ IbHYH)  YYBCTBHTeJIbHOCTb CJIOeB 

a ~ o p @ ~ o r o  c e n e H a  TOJI IQHHO~ -10 MK B n H T e p B a n e  380-900 MMK. 

Ero p e 3 y J I b T a T b I  BMeCTe C AaHHbIMH J I P Y r H X  E I C C J I ~ ~ O B ~ T ~ J I ~ ~ ~  AJIH 

I 
~ M O ~ @ H O ~  I4 I E ~ H C T ~ J I J I E I ¶ ~ C K O ~ %  ~ O ~ H @ l l K a q H f i  I I O K a 3 a H b I  H a  PMC. 115. 
OH ~ a 6 n m g a z  IIHK H a  K p M ~ 0 f  (POTOIIPOBO~MMOCTE ~ 6 ~ 1 ~ 3 1 1  440 MMK, 

i 
~ o ~ o p b ~ f i  6~11130~ K IIOJIOXeHHIO I I H K a ,  O ~ H ~ ~ ~ X ~ H H O ~ O  B ~ G M ~ ~ o M  
Ei Eo~IIoM 12541. MOCC O ~ H ~ P Y X E I J I  T a K X e  IIOJIOCY cna6ofi YyBCTBHTeJIb-  

HOCTM n p H  700 MMK. 



I C c e p o r p a @ ~ ~ s e c I c ~ e  c ~ o i i c ~ ~ a  a ~ o p i j ~ o r o  c e n e H a  B o 6 1 q e ~  cnyyae 
3 a B H C H T  OT MeTOAa  I IpHrOTOBJIeHHR,  C T e n e H H  ¶mCTOTbI, X a p a t i T e p a  

noAJ rox<IcH ,  H a  K O T O ~ Y I O  ocaxqamcn C e n e H o B t a e  CJIOH, H B o n p e A e n e H -  

HOG M e p e  OT T O J I I ~ ~ H ~ I  o c a m A a e M h I x  c J r o e B .  

0 6 6 1 9 ~ b 1 ~  MeTOAOM I IPHrOTOBJIeHHR CJIOeB IIBJIHeTCII E I C I I a p e H H e  

B B a I c y y M e .   TOT M e T O n  IIO3BOJIHeT I I O J I y Y a T b  CeJIeHOBbIe  CJIOH, KOTO- 

p b I e  B OCHOBHOM BMOP+HLI, e c m  T e M n e p a T y p a  nonnoxxm nop;Aep;m- 
B a e T c a  H H w e  90°C BO B p e m  m c n a p e H m .  Ba~me 3 ~ 0 i i  T e M n e p a T y p b l  

OCa?KAeHHbIe  CJlOH ~ Y A Y T  C O a e p W a T b  OTHOCHTeJIbHO 60JIbILIyIO AOJIH) 

I i p I i c T a J I n m s e c K o r o  B e I q e c T s a .  B K O M M e p ~ e C I c H X  ~ c e p o r p a @ ~ s e c t i k ~ x  

n J r a c T H H a x  O ~ ~ I ~ H O  c e j I e H  o c a x ~ a e ~ c a  H a  a n I o M H H n e B M e  noAno;I ;KH 

T O J I ~ E I H O ~ ~  20-50 J4K B 3aBHCHMOCTH OT I I p H M e H e H H R .  O A H ~ K O  AJlR 

c n e q H a n b H x a x  qeneii morns ~ c n o n b s y r o ~ c ~  n a T y H H b I e  I I O ~ ; I O ~ K H ,  

m T o n r q n H a  T o r A a  I w o m e T  6b1-1~1, y B e n m e H a  no 100 J ~ K .  

EoJI~IIIo€! TeMHOBOe COllPOTHBJleHHe ~ M O ~ @ H O ~ O  C e J I e H a  O I I p e n e J I R e T  

er0 B03MOlfCHOCTb YAeP l fCHBaTb  B T e W H H e  AOJIrOI'O B p e h l e H H  IIOBepXHO- 

C T H ~ I B  3 a p H a ,  a OTHOCHTeJIbHO XOPOLUaR C B e T O ~ Y B C T B H T e J I b H O C T b  

nO3BOJIHeT  p a 3 p H l I c a T b C I I  A 0  H ~ O ~ X O ~ H M O ~ O  YPOBHH 3a IcOpOTIcEIt? 

B p e M e H a  BKCIIOHHPOBBHHR. 0 6 ~ 1 1 9 ~ 0  0 p a 3 p H a e  B Teh lHOTe  I'OBOpHT 

xati o (vreMHoBoI\.I mane)) H o paspane n p H  o c s e q e H t i z l -  I c aK  o (me-  
TOBOM m a n e ) ) .  

X ~ ~ ~ R T ~ ~ M C T M R M  TeRlHOBOrO ClIana. T e h f ~ o ~ o i i  C n a A  K c e p o r p a + l l -  

g e c x H x  n z a c T m H  113 a l w o p @ ~ o r o  c e n e H a  ~ ~ B H C H T  OT a ~ a ~ a  n o s e p x H o c T -  

H O r O  3 a P H A a  H OT h I a T e p m a J I O B  H MeTOAOB, H C l l O n b 3 0 B a H H b I X  n p E I  

Ha I Ib I J I eHHH CJIOeB. H ~ K O T O ~ ~ I ~  THIIHYHbIe  K P H B b I e  TehlHOBOrO C I l a A a  

I I O K ~ ~ ~ H L I  H a  p ~ c .  116. 0 6 b 1 s ~ a c 1  U n a c T H H a  H M e e T  s p e m  nonycnana 
otiono 6,5 nun AJIR H a g a n b n o r o  n o T e H q k i a n a ,  p a B a o r o  500 6. AJIR 
IIJIaCTHH, I IPMrOTOBJIeHHbIX B Pa3J11?TIHbIX YCJlOBHHX, a B T O p  o 6 ~ a p y -  
X H B a J I  B p e M e H a  I IOJ IyCI I aAa  I I p O ~ O J I ~ H T e J I b H O C T b K ,  OT 9 rUC A 0  H e -  

c t i o n b I c H x  c e K y H A .  3 1 c c n e p ~ ~ e ~ ~ a 1  n o ~ a a a n ~ ,  s ~ o  n o s e p x H o c T b  pas- 
Aeza M e x A y  c n o e M  c e n e H a  m n o ~ . n o ~ I c o i i  c a y w m T  r n a B H b I M  @ a ~ -  
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TOP OM,  OIIpeJ(eJIEII0WHM T ~ M H O B O H  C n a A  IIJIaCTEIH H 3  IMOP~HOI 'O  

C e J I e H a .  0 6 a e ~ ~ b 1 e  C B O ~ C T B ~  H r p a I o T  3 E a ¶ H T e J I b H y I o  P O J I b ,  H O  

IIBJIRIOTCH M e H e e  B a X H b I M H ,  4 e M  C B O ~ ~ C T B ~  I IOBePSHOCTM p a 3 A e J I a .  ' 

T ~ x H H K ~  04EICTKH H O ~ ~ ~ ~ O T K H  IIOBepXHOCTII  II0)JJIOXKH A 0  HaIIbIJIe-  

H H R  B B a K Y Y M e  CeJIeHOBOI'O CJIOII M O X e T  H n I e T b  3 a M e T H O e  BJ IHHHHe  

H a  CI iOpOCTb TehlHOBOrO CI I aAa .  H a n p ~ ~ e p ,  eCJIH I IOBepXHOCTb  aJIIo- 
M H H H ~ B O G  I I 0 ~ ; I O i K K H  OKHCJIReTCH, TO CKOpOCTb TeMHOBOI'O C I I a A a  

IIO.TI01KHTeJIbHOrO IIOBePXHOCTHOI'O 3 a P H A a  YMeHbIkIaeTCH.  X a p a K ~ e p h l  

TeJIHOBOI'O C I I a A a  IIOJIOXHTeJIbHOI'O H O T p H q a T e J I b H O r O  3 a p H A O B  0 6 b 1 r H 0  

CyIqeCTBeHHO OTJIHW3IOTCH (CM. PHC.  11 6). 
a 

Ewe 6 6 n ~ m a ~  p a 3 ~ ~ q a  OTMeYeHa  AnII CeJIeHOBbIX I IJ IaCTHH, HaIIbI-  

J r e H H b I x  H a  I IO~JIO>KKH npn p a a ~ b ~ x  T e n r n e p a T y p a x .  K ~ H B ~ I ~  T e M H o B o r o  
- 

C I I a a a  AJIII T p e X  I IJ IaCTHH, I IPHFOTOBJIeHHbIX I I P H  P a 3 J l H 4 H L I X  TeMIIe-  

parrypas nonaowm, n p e A c T a B n e H b r  H a  p ~ c .  117. ECpn~~re A H A' 
COOTBeTCTByIoT T e M I I e p a T y p e  IIJIaCTElHbI 75" C. 3 ~ a  I I J I aCTHHa  H h l e e T  

M ~ A J I ~ H H ~ I ~  T ~ M H O B O ~  CI I aA  I IOJ IOwHTeJ IbHOrO 3 a p H A a ,  HO T ~ M H O B O ~  

C U a A  OTpHqaTeJ IbHOl?O 3 a p H A a  ~I,IJI T a K H M  ~ ~ I C T P ~ I M ,  9 T O  Y A e p X a J I C H  

0 4 e H b  ~ a J I b 1 f i  3aPHJ I  IIOCJIe IcOpOTIEOI'O B p e M e H H  M e X A y  3 a p R ~ K 0 ~  

H H 3 M e p e H H e M  3J I eKTPOMeTpOM (CM. KPHBYIO A' ) .  K P M B ~ I ~  B H B f  COOT- 

B e T c T B y m T  T e M n e p a T y p e  IIOAJIOXKH 50-60" C. B  TOM caygae OTPH- , 
q a ~ e n b ~ ~ i i  n o T e H q H a a  CJIOR c e a e H a  H e  n p e s M m a e T  300 6. K ~ H B ~ I ~  6' 
H C' COOTBeTCTBYIOT I I o J I o X H T ~ J I ~ H O ~ ~  EI 0 ~ p H q a ~ e J I b ~ o f i  3 a p H A K e  

C ~ J I ~ H O B O ~  IIJIaCTHHbI, TIPHI'OTOBJI~HHO$ 683 XOHTPOJIR T e M I I e p a T y p b I  

n o A n o X m .  B H a T I a n e  npoqecca H c n a p e H H c r  T e h f n e p a T y p a  6 b 1 n a  p a B -  

H a  25" C, a B K O H q e  I I p O q e C C a  50" C. B 3TOM C J I y Y a e  H M e e T  MeCTO 

H ~ ~ O J I ~ I I I ~ F I  p a 3 H H q a  B CKOPOCTHX TeMHOBOrO C I I a A a  IIOJIOXHTeJIbHOI'O 

H O T P H q a T e J I b H O r O  3aPFIAOB.  T p H  I IJ IaCTHHbI ,  X a p a K T e p E I C T H K H  KOTO- 

p b l l  I IpeRCTaB.TeHb1 H a  PHC.  117, G ~ I J I E I  CAeJ IaHbI  B p a 3 H O e  B p e M H  H a  

P a 3 J I H 9 H b I X  HaI Ib I J IHTeXbHbIX YCTaHOBKaX H H e  IIOAXOAHT AJIR C p a B H e -  

H H H  IIO BJIHHHHIO T e M I I e p a T y p b I  IIOAJIO?ffKH. OHH B b I 6 p a H b 1  TJIaBHbIM 

0 6 p a 3 0 M  Ancr T O r O ,  4 ~ 0 6 b 1  I I o K a 3 a T b  G O J I ~ L U O ~ ~  paa6poc X a p a K T e p H c T H K  

TeJIHOBOI'O C I I a A a ,  KOTOPbIe  H ~ ~ J I I O J ~ ~ J I H C ~  HJIH I IJ IaCTHH ~MOP~$HOI'O 

C e J I e H a ,  JlpHI'OTOBJIeHHbIX B P a 3 J I H 4 H b I S  YCJIOBMRX. 

~ O B ~ ~ X H O C T H ~ R  KPHCTaJ I J IH3aqHFI ,  name O W H b  cna6arr, 6yjqe~ 
y B e J I H 4 H B a T b  CKOPOCTb TeMHOBOI'O C I I a A a  CJIOeB ~ M O ~ ~ $ H O I ' O  C e J I e H a .  

T a K a R  K ~ H C T ~ J I J I H ~ ~ ~ H I I  M o s e T  I IPOHCXOHHT~ ms-aa n p o A o n x H T e n b H o r o  

K O H T a K T a  C H C I I O J T ~ ~ Y ~ M ~ I M  AJIFI O%iCTKH PaCTBOPHTeJ IeM EIJIH TIPH 

AJIEITeJIbHOM B O ~ A ~ ~ ~ C T B H H  Y J I ~ T P ~ ~ P H O J I ~ T O B O ~ O  CBeTa .  

B p a 6 o ~ e  12581 ~ a i i ~ e ~ o ,  YTO C K O P O C T ~  T e h m o B o r o  cnana o s e H b  

M a n o  3 a R H C H T  OT H ~ M ~ H ~ H E ~  O I C P Y X ~ H ) ~ ~ ~  T e M I I e p a T y p b I  H OTHOCH- 

l ' e J I b ~ ~ i j [  BJIa%HOCTH. 

X a p a r c ~ e p ~ c ~ ~ x ~ l  c s e T o B o r o  cnaza. Ha n p a m m e  c e n e H o s b I e  me -  
porpai$~cluec~ne n J r a c T n H b I  B npoqecce a n e K T p m e c x o r o  o s y B c T s j r e H m  

O ~ M ¶ H O  l I p H 0 6 p e ~ a I o ~  I I o J I o > I ~ H T ~ , ~ I ~ H ~ I ~  I I o B ~ ~ x H o c T H ~ I ~ ~ [  3 a p H A .  ~ T H M  

A o c T m r a e T c R  a I , I p o s H a H  IIPOBOAHMOCT~ sepea cene~osb16 cnoii npx 



P 51 C .  116. T E ~ ~ M ¶ H ~ I ~  K p m B b I e  T e M H o B o r o  cnana A n n  ~ c e p o r p a @ m n e c ~ ~ x  nnac- 
TIIH H 3  ~ M O ~ @ H O ~ O  C e n e H a .  

cnan nonomn~enb~ioro n o s e p x ~ o c ~ ~ o r o  a a p ~ n a ;  - - - cnan oTpnqarenb- 
HOrO IiOBePXHOCTHOrO 3aPRAa. TonIqn~a CJIOR CeJIeHa 50 ax. 

~ M O ~ @ I I O ~ O  C e J I e H a ,  H3rOTOBJIeHHbIX B P a 3 H L I X  YCJIOB&IHX. 

cnan n o n o m ~ ~ e n ~ ~ o r o  no~cp-.rroc~r~oro a a p q a ;  - - - cnaa oTpitqaTenbtioro 
nosepxHocTrioro sapnna. 



OCBeWeHHH,  K 0 ~ 0 p a f f  0 6 e c n e ~ ~ ~ a e ~  6onee ~ @ @ ~ K T H B H ~ I ~  P a 3 p R A ,  

9 e M  3 J I e K T p O H H a H  IIPOBOAHMOCTb. T ~ K  K a K  K O ~ $ $ H ~ H ~ H T  I IOr J IOWeHHt l  

B O ~ J I ~ C T L I  ~ a I I 6 0 J I b I I l e f i l  c I I ~ K T ~ ~ J I ~ H o $  9YBCTBHTeJIbHOCTH O 9 e H b  - 

BbICOK, TO,  c J I ~ A o B ~ T ~ J I ~ H o ,  CBeT I IO9TH IIOJIHOCTbH) I I O r J I O q a e T C f l  

B O q e H b  TOHKOM CJIOe ( I I P H ~ J I H ~ H T ~ J I ~ H o  T o J I ~ I I H o $  0, l  a?€) I IOBepXHO- 

CTH c e . n e H a  ( p ~ c .  118). ~ O T O H ~ I ,  n o r n o q e H H L 1 e  B ~ T O M  TOHKOM cnoe, 
POlIFAaIOT I l a p L I  3 J I eKTPOH - A b I p K a .  R p H  IIOJIOlIEHTeJIbHOM I I O B e p X -  

HOCTHOM a a p a ~ e  A~IPKII  6 y g y ~  A B H r a T b c R  B H a n p a m e H t i n  K n o A J r o m K e ,  

a 3J I eKTPOHbI  - K IIOBePXHOCTH. C J I ~ ~ O B ~ T ~ J I ~ H O ,  3 J I eKTpOHbI  IIPOXO- 

ART O Y e H b  KOPOTKOe PaCCTOXHHe ,  B TO B p e M I I  K a K  A b I P K H  I IPOHHKaIOT 

qepe3 BCIO T O J I q H H Y  CJIOH. T ~ I E H M  06pa30~ ,  I I p H  IIOJIOl-KHTeJIbHOM 

IIOBePXHOCTHOM 3 a p R H e  O C B O ~ O ~ K J ( ~ H H ~ I ~  CBeTOM A b I P K H  CTaHOBRTCA 

B A ~ ~ Y I C T B H T ~ J I ~ H O C T H  OCHOBHbIMH HOCHTeJIRMH $ O T O T O K ~ .  

n p I 4  OTpMqaTeJ IbHOM IIOBepXHOCTHOM 3 a p H A e  OCHOBHbIMH HOCHTe- 

JIRMH ~Y,L(YT 3JIeKTPOHbI .  O A H ~ K O  B03MOlfCHbI EICKJIIO'IeHHEI, H a I I P H M e P  

I c o r n a  c e n e H  H a n b I n c r e T c H  H a  c T e m a H H y m  noanoxmy c n p o s o A c I W m M  

n o K p b 1 T H e M .  B DTOM cnyqae n p H  ocseqemn c e a e H o B o r o  c n o H  co CTO- 

POHH cTeK.na  AJIH O ~ ~ C I I ~ ~ I ~ H H R  A ~ I P O ~ H O ~ ~  I I~OBOAHMOCTH H ~ O ~ X O A H M  

0 ~ p H q a ~ e J I b H b 1 f i  I I O B ~ ~ X H O C T H ~ I ~ ~  3 a p R A ,  a AJIR ~ J I ~ I C T P O H H O ~ ~  IIPOBO- 

HHMOCTH - I I o J I o ~ ~ c H T ~ J I ~ H L I ~ ~  3 a p H A .  

T H n l l s ~ b I e  rcpEiBLIe c e e T o B o r o  cnaga 1 c c e p o r p a $ ~ i 1 1 e c ~ o f i  m a -  
CTHHbI ~ M O ~ @ H O ~ O  C e J I e H a ,  I IOJIyYeHHbIe  aBTOpOM,  I IpeHCTaBJ IeHbI  

H a  p ~ c .  119-121. Bce n p e A c T a B n e H H b r e  K p H B b I e  n o n y g e H b 1  H a  O A H O ~  

XlJlaCTIIHe, H M ~ B I U ~ %  T O J I q H H y  I I ~ I ~ ~ J I H ~ H T ~ J I ~ H o  50 mK.  B J I H H H H ~  

H a 9 a x m o r o  n o T e H q H a n a  H a  c ~ o p o c ~ b  cnana a a p ~ ~ a  E i n n I o c T p H p y e T c a  
i PHC.  119, H 3  KOTOPOI'O BHAHO, 9 T O  CKOPOCTb C I I a A a  YMeHbI I I aeTCR C IIO- 

H n m e H H e M  H a g a n b H o r o  n o T e H q n a n a .  IIa p14c. 120 n o ~ a a a a o  BnvrcrHme 

HHTeHCHBHOCTH C B e T a  H a  CKOPOCTb C I I a A a  IlOBepXHOCTHOI'O I I O T e H q H a J I a ,  

a H a  PHC.  121 - BJlI IHHHe O C B e q e H H R  O A H H ~ K O B O ~ ~  HHTeHCHBHOCTH, 

HO pa3JIH11H0fi AJIHHbI BOJIHbI. 3 ~ a  I I J I aCTHHa  O K a 3 a J I a C b  H e s y B C T B H T e J I b -  

HOG K c B e T y  c AJIHHOG BOJIHLI 600-650 .M.NK, HO 6b1~1a 0 6 ~ a p y x e ~ a  
AOCTyI IHaR H3MepeHI I IO  9YBCTBHTeJIbHOCTb B K ~ ~ C H O ~  O ~ J I ~ C T H  C I I e K T p a  

(700-750 .MJtK) I I p H  IIOJIOlIEHTeJIbHOM IIOBePXHOCTHOM 3 a p R A e .  C OTPH- 

q a T e J I b H b I h l  I IOBeP lHOCTHbIM 3 a P R A O M  3 T a  9YBCTBHTeJIbHOCTb K K p a C H O -  

MY c B e T y  H e  06~apyx<m~aj1acb. 
O T M ~ T H ~ ~ ,  9 T O  IEPHBLIe CBeTOBOrO C I I a A a  O T p H q a T e J I b H O r O  3 a p H A a ,  

I I peACTaBJ IeHHbIe  H a  PHC.  121, Ha l IHHaIoTCR I I p H  HH3KOM HalIa.TIbHOM 

n o T e H q n a n e .   TO O ~ ~ H C H I I ~ T C H  Teh1,  TO C e a e H o B a R  n n a c T H H a ,  HCIIOJI~-  

3 0 B a H H a R  B 3THX p a 6 o ~ a x ,  I I J l e J I a  h l a K ~ H ~ a J I b H b 1 f i  I I O T e H q H a J I  yi[ep?KH- 

B a e M O r O  O T P H q a T e J I b H O r O  3 a p H A a  -300 6. ~ O ~ T O M Y  IIPBXOAHJIOCI, 

s a p a m a ~ b  n n a c T H H y  no H e r c o T o p o r o  M e H b r u e r o  n o T e H q H a n a ,  ~ I T O ~ ~ I  

I I p e A O T B p a T H T b  I I e p e 3 a p H A K y  CJIOR. 

C n e u ~ p a n b ~ r a a  Y Y B C T B E I T ~ J I ~ H O C T ~ .  H ~ K O T O ~ ~ I ~  A a H m e  no c I I e K -  

~ p a J I b ~ 0 f i  YYBCTBHTeJIbHOCTH IIJIaCTHH ~ M O ~ @ H O ~ O  C e J I e H a  B 0 6 J I a c ~ H  

c n e I c T p a  330-750 a a ~  n p e A c T a s n e H b 1  H a  pmc. 122. A a H H b I e  A J I ~  





P H C. 121. K p n ~ b ~ e  CBeTOBOrO CIIafia nJIR IIJIaCTHHbI M 3  ~ M O ~ ~ H O ~ O  CeJIeHa 
IIDH Da3JIH¶wIX AJIHHaX BOJIH. 



nOCTpOeHkIH c ~ J I o L I I H o ~ ~  EX I IYHICTHPHO~~ KPHBbIX B3IITbI H 3  IEPkIBbIX CI IaAa  

H a  PHC. 121 H I I C I I O J I ~ ~ O B ~ H ~  4 o p ~ y n a  S = (AVIAt )h ,  rAe S - OTHO- 

CHTeJIbHaR 9yBCTBHTeJIbHOCTb, a AT/' H A t  - COOTBeTCTBeHHO H3hfe- 

H e H H e  n o T e H q H a n a  BpeMeHm nonycnana n o n e p s H o c T H o r o  s a p q a .  
A ~ C O J I I O T H ~ H  HHTeHCHBHOCTb CBeTa TO9HO H e  6b1~1a O n p e A e J I e H a  B 3THX 

H3MepeHHHX,  HO I I O n n e P X k i B a J I a C b  IIOCTOIIHHO~ AJIII BCeX AJIEIH BOJIH. 

JJlLlHa 60nHbl. M M K  

~ O ~ T O M Y  H 3  3THX AaHHbIX MOrYT 6 b I ~ b  I IOJIyseHbI  TOJIbKO OTHOCHTeJIb- 

HbIe 3 H a 9 e H H I I  9YBCTBHTeJIbHOCTEI. ~ o K ~ ~ E I H H ~ R  TaM lrce A p y r a H  KPEI- 

B a a  ( T O ~ K K )  I IpenCTaBJIHeT A a H H H e ,  n O J I y 9 e H H b I e  B p a 6 o ~ e  [208] I I p H  

-HCIIOJIb3OBaHEIH #JOpMyJIb1 (39). f i B e  CepHI4 AaHHbIX COrJIaCYIOTCII 

~ o n b K 0  B CaMOM 061qe~ BHAe. P e 3 y J I b ~ a ~ b 1  p a 6 0 ~ b 1  12081 y ~ a 3 b 1 ~ a m ~  

H a  Aria n m a  - OAHH npci 435 ~WK: H Apyroii n p H  365 .WMIC, B TO B p e M R  

K a K  KpHBbIt?, BbI9HCJIeHHbIe H 3  AaHHbIX PHC. 121, H e  O ~ H ~ P Y X E I B ~ I O T  

n m o B  B B H A H M O ~ ~  O ~ J I ~ C T H  cnempa, I c p o M e  ~ e G o n b m o r o  n m a  npm 
700 &ZK. ~ T H  Pe3YJIbTaTbI  I I P E I ~ J I I I W ~ H H O  COrJIaCYIOTCH C p e 3 y J I b T a -  

TaMH,  lIOJIY9eHHbIMH ~ P ~ H H L U E ~ H ~ I ~ I  H Y ~ ~ K ~ C O B M M  12041. OHH 0 6 ~ a -  
p y W H J I H  n H K H  9YBCTBHTeJIhHOCTH n p H  440 H 365-370 &&K: ( ~ H c .  123). 
I / 1 3 M e p e ~ H H  ~ L I J I H  CAeJIaHM H a  CeJIeHOBbIX CJIOHX ToJ I I I&HHo~ 10 MK, 

H a n b I n e H H b I x  H a  p a 3 ~ ~ 1 e  M e T a n n m e c K E i e  OCHOB~HHII .  H ~ H H M ~  
H a  PHC. 123 ~ ~ I J I H  IlOJIYYeHbI I I P H  HHTeHCHBHOCTH CBeTa ,  p a ~ ~ o i i  
1 3 p z l c e l i l . c m 2  AncI B c e x  AJIHH BOJIH. 0 6 p a 3 q b 1  o c s e I q a n H c b  B T e s e H H e  

5 ceK. 



I. cDOTO3JIEHTPH9. METOA IIOJI3'9EHIICI BJIEHTPOCT. I430;PAlfiEH. 243 

Q a 3 H H q y  B Y~BCTBHTI?. ' I~HOCTHX AJIH pa3J IHYHbIX M a T e p H a J I O B  IlOAJIO- 

X e K ,  IKTO M O X H O  B H A e T b  I43 PHC.  123. H a n ~ ~ ~ c m e f i  s y B C T B H T e J I b H 0 -  

O ~ H ~ P Y X U T ~  K~KYIO-am60 p a 3 H H Q Y  I I p ~  n o n o 3 K H T e n b H o n f  IIOBepXHOCT- 

HOM BapCIAe,  9 ~ 0 6 b 1  C p a B H H T b  C p e 3 y J I b T a T a M H  p a 6 0 ~ b 1  [259]. 
H p o ~ e  T o r o ,  0 6 ~ a p y l r < e ~ o ,  YTO T e n n o s a n  o 6 p a 6 o ~ ~ a  a a f o p @ ~ b l x  

CJIOeB CeJIeHa 3 a M e T H O  BJIHFleT H a  C I I e K T p a J I b H y I o  YYBCTBHTeJIbHOCTb. 

O T p H q a T e J I b H O r O  3 a p R A a  YyBCTBHTenbHOCTb  YBeJ lHYHBaeTCR 

J(OBOJIbH0 3 H a 9 H T e X b H O  CO B p e M e H e M  I I p H  H a r p e B e  A 0  60" C, B TO B p e M R  

K a K  AJIR I IOJ IOXHTeJ IbHOrO 3 a p R A a  qyBCTBHTeJ lbHOCTb  YMeHbIIIaeTCCI. 

~ T H  p e 3 y J I b T a T b I  I IOKa3aHLI  H a  PHC.  124. 
P e s y n b ~ a ~ b r  no c n e ~ ~ p a n b ~ o i i  Y y B c T s H T e n b H o c T H  a ~ c r p @ ~ o r o  cene- 

H a ,  B ~ I ~ ~ X ~ H H O ~ ?  sepe3 K B ~ H T O B ~ I ~ ~  BbIXOA 12251, A a I o T  OAHH IIIHPO- 

K H f i  I IHK 9YBCTBtiTeJIbHOCTM B y J I b ~ p a @ H o J I e ~ e  (oKoJIo 275 AtXFC, 

PMC. 125). M ~ T O R H  H 3 M e p e H H H  H BLI9HCJIeHHH AaHHbIX H e  I I p H B e -  

AeHbI .  

H ~ ~ ~ o B J I ~ T B o ~ H T ~ J I ~ H o ~  COBI IaAeHHe  P e 3 Y J I b T a T O B ,  H ~ ~ A ~ H H ~ I X  

p a 3 H b I M H  a B T O p a M H ,  IIO c I I e K ~ p a J I b H 0 f i  YYBCTBHTeJIbHOCTH KCepO-  

r p a @ m u e c ~ ~ i x  n n a c T m  ~3 a ~ o p @ ~ o r o  c e n e H a  O ~ ~ E I C H H ~ T C E I ,  B e p o n T H o ,  

O C B e W a J I a C b  HMIIYJIbCaMH C B e T a  OT B O ~ ~ ~ ~ ~ M O B O ~  J laMIIbI  MOIqHOCTbH) 

300 6m C H ~ ~ ~ T ~ ~ J I ~ H L I M H  C B ~ T O @ H J I ~ T P ~ M B  AJlR H 3 M e H e H H H  HHTeHCHB- 

HOCTH H H3MePRJIOCb B p e M R  I IOJ lyCI I aAa  H a Y a J I b H O r O  IIOBepXHOCTHOI'O 

3 a p H ~ a .  Ha pHC.  126 BMAHO 3 H a Y H T e J I b H O e  OTKJIOHeHHe OT B3aIZMO- 

3aMeCTHMOCTH K a K  I I p H  MaJIbIX,  T a K  H I I p H  6onbrrrmx HHTeHCHB- 

HOCTHX. B I I ~ O M ~ X Y T O Y H O ~ ~  0 6 n a c ~ H  K P H B a f I  IIOYTH IIJIOCKaCI. ~ T H  





IIOJIOlfFHTeJIbHO. A ~ H H H ~  IIO B3aHMO3aMeCTMMOCTH 6 ~ n m  IIOJlyYeHLI 

a3 KPHBLIX cnana s a p ~ ~ a .  
X O ~ O I I I ~ ~  COOTBeTCTBHe 3 a K O H Y  ~ 3 a l l M 0 3 a M e C T H M O c T k I  I l p H  cJIa6LIx 

EIHTeHCHBHOCTIIX HhIeeT  MeCTO AJIH HeKOTOpbIX  p e 3 y J I b T a T O B ,  IIpeA- 
CTaBJIeHHLIX H a  PHC.  127, n O J I y Y e H H L I x  n p H  O C B e q e H H H  MOHOXpOMa- 

THueCKHM CBeTOM (h = 450 J ~ x K ) .  B ~ ~ a n a 3 O H e  ~ I H T ~ H C H B H O C T ~ ~  

0,003-0,03 &l€6m/~J4~ IIO'ITH I IJ IOcKHe K p H B b I e  ~ 3 a l l M 0 3 a h l e C T E I M 0 C T H  

n o x y Y e H b I  AJIR na ,qeHHcI  H a n p R x e n m  H a  300 G H MeHbI I I e  npa H a q a n b -  

HOM I IOTt?HqHaJ l e ,  P a B H O M  500 8. 
K e a a ~ o s b ~ H  BbIXOfi. B K c € ? p o r p Z l @ H ~  ~ @ @ ~ K T H B H O C T ~  I I a A a H ) q H X  

I#OTOHOB B npoqecce o c s e q e H m H  M o x e T  G L I T ~  ~ 3 ~ e p e ~ a  no paccacn- 

P H C. 125. C I I ~ K T ~ ~ J I ~ H ~ R  ¶YBCTBI%TenbHOCTb K C ~ ~ O ~ ~ ~ @ H ¶ ~ C K H X  IInaCTHH. 
( C 1 a u s ,  Phot .  Sci. and  E n g . ,  7, 6 (1963).) 
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rat? K - A H B J I e K T P H s e C K a R  I I P O H H q a e M O C T b ,  L - T O J I q H H a  @OTOIIPO- 

BOARWeI'O CJIOR EZ E o  - A H 3 J I e K T P H 9 e C K a R  I I P O H H q a e M O C T b  BaKYYMa.  

E0 I 'Aa  ElHTeHCHBHOCTb I l a n a W m e r O  C B e T a  B b I p a W a e T C c I  B O ~ ~ I ~ H M X  

3 ~ e p r e ~ r n q e c ~ ~ x  e A n H n q a x ,  T. e. B em, TO N h  H a x o n m T c R  c H a s a n a  

n e p e s o n o M  a H e p r e T H u e c K t i x  e a n H H q  B 36; 3 a ~ e ~ ,  B M p a x a R  3 ~ e p r ~ 1 0  

J n u ~ a  s o n ~ b ~ ,  M M K  

P H C. 128. H p H ~ a s  f i n s  IIepl?BO&Zl AJIHR BOJIH B 3JIeKTPOH-BOnbTM. 



ECJIH ql, B b I p a m e H o  B npoqemax, TO A V  - B 6 ,  nh - B a e l @ o r n o ~ ,  
L - B CW H I O  - B A K ~ ~ / c M ~ .  

~ ~ ~ ~ C T B L I T ~ J I ~ H ~ I ~  K B ~ H T O B ~ I ~  BbIXOA HJIR ~ e 6 ~ p a J I H 3 a q I . f ~  3 a p R A a ,  

~ b 1 p a ~ e H H b I 6  qepe3 B e J I H s l l H y  CBeTa ,  IIOrJlOIlI,eHHOrO B (POTOIIPORO- 

AHrqeM cnoe, o n p e A e n c I e T c r r  c y s e T o M  o T p a w e H m  H n p o n y c I c a H m  

rranamqero n y w a .  T o r ~ a  I ,  B B b I p a m e H a n  (50) HY~ICHO ~ ~ M ~ H E I T E ,  

CJIeAyIOII(Z3M B b I p a X e H H e M :  

3 ~ e c b  RA - O T P a X a T e J r b H a R  C I I O C O ~ H O C T ~  IIOBepXHOCTH M ah- 

~ c o a @ @ m q n e ~ ~  n o r n o q e H m  cnocr, C X - ~ .  ,D,JIR a ~ o p d j ~ o r o  c e n e H a  ~ T H  

BeJIHsElHbI MOrYT 6 b I ~ b  IIOJIyqeHbI H 3  PHC. 109-111. 
B p a 6 0 ~ e  [260] coo61qae~c~ 0 IIOJIHOM KBaHTOBOM BLIXOAe, PaBHOhI 

93%, AJIR TOHICHX CJIOeB ~ M O ~ @ H O ~ O  CeJ IeHa ,  HaXOf l f lqHXCR B CllJIbHOhI 

IIOJIe H OCBt?IlI,C?HHbIX CBeTOM C J(JIHHo~ BOJIHbI 400 WMK I I e p e 3  IIOA- 

j r o x c ~ c y  m 3  c T e R n a  c I I P O B O A R ~ H M  n o K p h I T n e M .  Ilonaracr n o T e p n  

H a  o T p a m e H L i e  3a c s e T  IIOAJIOXKEI P~BHHI\.IEI 5 % ,  AJIR K B a n T o B o r o  

B H x o A a  n o J r y Y a e M  npm6~1m3~1~enb~o 100?/o. 3 ~ o  c o s n a n a e T  c ~a6nwge-  
HHRMH 110 H3MepeHHRM @OTOT~~OBOJ(HMOCTH 12541. C O ~ J I E ~ G H O  BbIBOAaM, 

C,4eJaHHbIhl B p a 6 o ~ e  [260], CHJIbHOe none CBOflHT IC MHHHMY&lY BJIHR- 

HEIe JIOByIUeIC m a @ @ e ~ T a  P ~ K O M ~ E I H ~ ~ H H ,  II03BOJIRR @ O T O B O ~ ~ Y X A ~ H -  

HhIM HOCHTeJIRM IIPOXOALITb, DO C Y q e C T B Y ,  BCIO TOJIWMHY CeJIeHOBOrO. 

GJIOR. ~ c n 0 J I b 3 y R  AaHHbIe  p a 6 0 T b 1  [2611, a B T O p  PaCCvHTaJI  ICBBHTO- 

s b I e  B~IXOHLI EAR B e n a m i H b I  P a c c a c b I B a H m t I  a a p ~ ~ a  zi H a m e n ,  YTO OHM 

J r e m a T  B npenenax 90-100% AJIR H a s a n m b I x  c ~ c o p o c ~ e i i  p a 3 p c 1 ~ a  

l I p H  BbICOKHX HaYaJIbHbIX HalIpR>KeHHRX. Aa;~ze AJIR p a 3 p R A a  A 0  IIOJIO- 

BHHbI HaYaJIbHOrO IIOTeHIJHaJIa BbI¶llCJreHHbIe 113 3THX AaHHbIX ICBaHTO- 

BbIe BbIXOAbI PaBHIIJIHCb 60-100?/0. ~ 0 ~ 0 6 H b I e  me 3 H a s e H H I I  661311 
nOJIYYeHb1 B 3ICCIIePHMeHTaX H a  CJIORX ~ M O ~ @ H O I ' O  CeJIeHa B J I a 6 0 p a T 0 -  

P H H  ( P E I ~ M H  ( < ~ % - E H - ~ M H .  ~ T M  H3MepeHEIR 6 6 1 ~ 1 ~  CAeJIaHbI H a  IIJIeHKaX 

T O J I ~ H H O ~  50 X K ,  OCBeII(aBIIIHXCII MOHOXPOMaTHYeCKEIM CBeTOhl G AJIH- 

HOG BOJlHbI, ~ ~ B H O G  436 f i x % .  ~ T M  3 H a q e H H R  r O p a 3 A O  BLIIIIe ~ H ~ ¶ € ? H E I ~ ,  

HOJIYYeHHbIX B p a 6 o ~ e  12251, I E B E I H T O B ~ I ~  BI,IXOA AJIR H ~ E -  
~ p a ~ 1 ~ 3 a q ~ 1 . f  3 a p ~ g a  p a B e H  -25 % I I P ~  A m H e  BOJIH~I IIaAamqero 
CBeTa  400 &XK. P a 3 ~ H q a  MOlrceT B03HHKHYTb EZ3-3a ~ b 1 6 0 p a  BeJIHWiHbI 

KOHeYHOrO IIOTeH4IlaJIi3, H c I I o J I ~ ~ Y ~ M o ~  B BbI9HCJIeHHHX. 

Bn~l r r~ae  ycnosnl n p H r o T o s n e H a r r  06pasqos. ~ . J I ~ I < T ~ H ¶ ~ C I C H ~  

c ~ o i i c ~ ~ a  I C ~ e p o r p a @ ~ s t ? ~ ~ H X  IIJIaCTHH, IIpHI?OTOBJIeHHbIX B BMAe 



njIeHofi awop@uoro ceneHa, HanbIneHHbIs B BaKyyMe, cnnbHo ~ ~ B E I C H T  

OT Y c J I o B ~ I ~ ~ ,  IIOJ(nePlfCHBal0~HXCIi BHYTPH B ~ K Y Y M H ' O ~  KahlepbI B np0- 

qecce HanbIneHHcI. IIOMEIMO niexaHmecKms Y C T P O ~ ~ C T B  BHYTPH B a K y y M -  

HOG KaMePbI, K ( P ~ K T O P ~ M ,  B O ~ A ~ ~ C T B ~ I O W ~ ~ M  H a  C B O ~ ~ C T B ~  ~ M O P @ H ~ I X  

nneHoIc ceneHa, cnenyeT OTHecTH caenymqme: 1) TeMnepaTypy non- 
n o x m ,  2) c ~ o p o c ~ b  UcnapeHHrr m 3) AasneHme BHYTPH B ~ K Y Y M H O G  

IcaMepLI. 

OAHHM 113 ~a1160nee Cy~eCTBeHHbIX ( P . ~ K T O B  IIPH IIpHrOTOBJIeHH11 

nneHoIc a ~ o p @ ~ o r o  ceaeHa M e T o n o M  HcnapeHmH B BaKyyMe crsnaeTcx 
TenrnepaTypa IIO~JIOIICKEI. B c e c ~ o p o ~ ~ e e  ~ s y s e ~ ~ e  3 ~ 0 r o  napaMeTpa 

cnoeB ceneHa T O ~ ~ H H O ~ ~  15-17 ax, HanbIneHHbIx Ha  anmMH- 

HmesbIe noAnomKm, npoAenaHo B paGo~e 12631. Anrr nonoImTenbHoro 



10. O f j H a p y x m s a e ~ c E I  YyBCTBHTeJIbHOCTb K ~ O J I Y ~ O M Y  C B e T y ,  AOCTH- 

r a I O 4 a E I  MaIcCElMyMa AJIH I IJ IeHOK, I IPHrOTOBJIeHHbIX H a  I IOAJIOWKaX 

C ~ e ~ n e p a ~ y p o i i  -60" C ,  I I p H Y e M  YYBCTBEITeJIbHOCTb I I a A a e T ,  K a K  
I TOJIbICO T e M I I e p a T y p a  IIOAJIOXWH CTaHOBHTCEI 6 0 J I b m e  HJIH MeHbLUe 3 ~ 0 f i  
I 1 BeJIH¶HHbI. 

11. Y Y B C T B H T ~ J I ~ H O C T ~  K K p a C H O M Y  C B e T y  HPEI OTpHI (aTeJ IbH0M 

n o s e p x H o c T H o n t  a a p ~ ~ e  H e  o6~apyl1ce~a  H a  nnemax a ~ o p ( P ~ o r o  ceae- 
pa,  HpHrOTOBJIeHHbIX n p H  T e M I I e p a T y p a X  25-90" C. P e 3 y J I b ~ a ~ b I  

5, 6, 9 H 10 B OCHOBHOM IIOATBePlfEAaJDTCEI 3KCIIePEIMeHTaMEI [221]. 
O ~ ~ H ~ K O  A a H H b I e  3 ~ 0 6  p a 6 0 ~ b 1 ,  y K a 3 b I B a I o l Q H e  H a  3 a M e T H O e  y B e J I H c I e H H e  

TehfHOBOrO COIIPOTHBJIeHHH AJIH HOJIOZCHTeJIbHOrO I IOBePXHOCTHOrO 

s a p ~ ~ a  npn T e M n e p a T y p a x  n o n n o x m  B H m e  60" C, H e  c o r z a c y m T c c I  

C p e 3 y J I b T a T O M  3, a ~ e 6 o n b m a a  IIO B e J l H s H H e  syBCTBHTeJ IbHOCTb  

K K P a C H O M Y  C B e T y  AJIR C J I y Y a R  O T p H q a T e J I b H O r O  3 a p H A a  I I p H  TeMIIe-  

p a T y p a x  nonnoxm H H m e  60°C  H e  c o r m a c y e T c H  c n. 11. 
C o o 6 I q a n H c b  T a K X e  HeIcOTOpbIe  A a H H b I e  0 BJIHEIHEIM CKOPOCTEI 

H c n a p e H m H  H a  a n e ~ ~ p m s e c ~ n e  c ~ o f i c ~ s a  ~ M O P ~ # H ~ I X  n n e H o K  c e a e H a .  

H a 6 n m ~ a J I H c b  H e 3 H a Y H T e J I b H b I e  H 3 M e H e H H H ,  K O r H a  B p e M H  HaIIbIJIeHHEI 

y B e n m H B a n o c b  OT 2 AO 30 xun. CICOPOCT~ T e M H o B o r o  cnaAa H c n e K -  

T p a J I b H a H  !lYBCTBHTeJIbHOCTb O K a 3 a J I H C 6 ,  IIO C y q e C T B y ,  6e3 H3Me-  

H ~ H I I ~ ~ .  O H H ~ H O  H ~ ~ J I H ) & ~ ~ T c H  3 a ~ e ~ ~ b 1 6 ,  HO ~ e 6 0 J I b l ~ 1 0 i i  MEIHEIMYM 

OCTaTOYHOrO I I O T e H q H a J I a  AJIH B p e M e H H  HaIIbIJIeHEIR OKOJIO 15 MUM. 

E o r ~ a  s p e m  H a n b I n e H E i H  y s e n H s H e a e T c x  ~o 90 jclun, nnema  ceneaa 
K ~ H C T ~ J I J I H ~ ~ ~ T C E I .  B OCHOBHOM P ~ ~ Y J I ~ T ~ T ~ I  H e  Y K ~ ~ ~ I B ~ I O T  H a  cne- 
q ~ ( P ~ s e c ~ o e  B n m R H m e  CKOPOCTH H c n a p e H m n  H a  npoqecc H a r r b I n e H H R  

~ M O P ~ # H ~ I X  IIJIeHOK C e J I e H a .  0 6 ~ a p y ; 1 < e H H b 1 e  3 (P (PeK~b1  M O r Y T  o ~ T B H c -  

HEITbCH K a K  yBeJIEI¶eHHeM B p e M e H H  T ~ ~ J I o B o ~ ~  0 6 p a 6 0 ~ 1 c ~ ,  TaIc  H D p O -  

AOJI1IEHTeJIbHOCTbH) B p e M e H H  HaIIbIJIeHHH. B p a 6 o ~ e  1371 H ~ @ ( ~ H o ,  ¶TO 

a M o p ( P ~ b I e  CJIOH IIOJIY9aH)TCH I I p H  CKOPOCTH HaI Ib I J I eHHH 1 MKIWUH. 

EI B M m e  n p H  T e M n e p a T y p a x  n o A J r o x K n  H z m e  50" C. l I p ~  B b I c o K m s  

T e h f I I e p a T y p a X  H MaJIbIX CKOPOCTHX HaI Ib I J I eHHH B CeJIeHOBbIX CJIORX 

H a u m a e T c H  K ~ H C T ~ J I J I H ~ ~ ~ H H .  B p a 6 o ~ e  [235], o A H a I c o ,  noxa3a~0,  
¶TO CKOPOCTb HaI Ib I J I eHHR BalICHa I I p H  O C J I ~ ~ J I ~ H E I H  , I ( ~ ( P ~ K T o B  ~ 3 0 6 p a -  
X e H H H ,  O C O ~ ~ H H O  AJIEI I IJ IaCTHH, HCIIOJIb3YeMbIX B IIOJIYTOHOBO~% (POTO- 
rpa(PHEI.  Y C T ~ H O B J I ~ H O  T a K X e ,  ¶TO CKOPOCTb HaI Ib I J I eHHH AOJIlfCHtl 6 b 1 ~ b  

--0,3 x ~ / ~ u n :  
I I p o r p e ~  c e J r e H o B b I x  c n o e B  nocne H a n b I J r e H m  B B a K y y n T e  n p n n o A n T  

K B03HHKHOBeHHIO KPHCTaJIJIHTOB B H Y T P H  ~ M O ~ ~ # H O ~ O  CJIOH. npII TeM- 

n e p a T y p a x  H H m e  - 50" C I i p n c T a j I n m e c K a a  (Paaa p a c T e T  o s e m  ivleAJreH- 

HO,  HO IIO M e p e  IIOBbIIIIeHHH T e M I I e p a T y p b I  KpHCTaJ I J IH3aqHEI  MOlrceT 

I IPOHCXOAHTb AOBOJIbHO ~ ~ I C T P O .  C O ~ J I ~ C H O  p e 3 y J I b T a T a M  p a 6 0 ~ b 1  [37], 
c ~ c o p o c ~ b  I c p H c T a n n k i s e c I c o r o  p o c T a  M o x e T  6 b 1 ~ b  B b I p a x e H a  ypame- 
H H e M  E o J I ~ ~ M ~ H ~  



rfle U - 3 H e P r H R  aICTHBaI(HH, P a B H a R  1,05 36; k - ICOHCTaHTa 

Eonbqnla~a H B - n o c T o n H H a R ,  K o T o p a n  p a m a  I I ~ H ~ J I H ~ H T ~ J I ~ H O  

5.1013. MOWHO o m m A a T b  T a K w e ,  YTO H a r p e B  ~ Y A ~ T  IIPHBOAHTE. 

K A H @ @ Y ~ H H  npt i~ecei i  B H Y T P ~  C e n e H o B o r o  CJIOII 143 M ~ T ~ J I J I H ~ ~ C K O I Y I  
I I O ~ J I O l K K H ,  KOTOPbIe  CIIOCO~CTBYIOT 3 a p O X A e H H I O  KPHCTaJIJIOB.  K ~ K  
OTMeYaJIOCb BbIIIIe 12041, H a r p e B  CeJIeHOBbIX K C ~ ~ O I ' ~ ~ @ H ¶ ~ C K H X  

CJIOeB M O X e T  AOROJIbHO 3 a M e T H O  BJ IHRTb  H a  @ O T O ¶ Y B C T B H T ~ J I ~ H O C T ~  

(CM. PHC. 124). A a ~ n e ~ ~ e  B I c a M e p e  B npoqecce H c n a p e H m  H ocawne- 
HHII  C e J I e H a  H e  IIBJIIIeTCR KPHTHYeCKHM @ ~ K T O P O M .  3 IECI IepHMeHTaX 

[264] 6b I J IH  0 6 ~ a p y W e ~ b 1  JIHILIb H e 3 H a Y H T e J I b H b I e  3@I$eKTb1 B I I J I eHKaX 

C e J I e H a ,  o ~ ~ c J I o B J I ~ H H ~ I ~  H 3 h l e H e H I l e M  AaBJ IeHHR B H Y T P H  B ~ K Y Y M H O ~  

K a M e p m  OT 0,5 no 25 aa pnz. cm. 
Bnar l~ne  n o B e p x e o c T m  n o ~ n o x K E I .  Tmn H KaYeCTBO n O B e p X H O C T H ,  

H a  K O T O ~ Y H )  O c a w A a e T c I I  nnema c e n e H a  n p H  H c n a p e n m  B B a I c y -  

y M e ,  h f o r y T  C H J I ~ H O  B J I H I I T ~  H a  ~ J I ~ K T P H Y ~ C I C H ~  C B O ~ C T B ~  naemm. 
06b19110 3 T 0  BJ IHRHHe  I IPORBJIReTCR B p a 3 J I H Y H H  C I E O ~ O C T ~ ~ ~  TeJIHO- 

B o r o  cnana. Tag K a K  c B e T ,  ~ o ~ o p b ~ i i  n o r n o q a e T c I I  C e x e H o M  ( ~ ~ J I ~ H o -  

rony606 C I I e K T p  BHAHMOrO C B ~ T ~ ) ,  H e  I IPOHHICaeT B UJIOP@HOM C e J I e H e  

a0 r p a H H q b I  p a 3 A e J I a  C no~noi1c1~06, TO MOlfCHO IIPeAIIOJI03fCHTb1 ¶TO 

YCJIOBHII H a  r p a H H q e  p a 3 A e J I a  H e  BJIHIIIoT H a  @ O T O Y ~ B C T B H T ~ J I ~ H O C T ~  

B 3 ~ 0 6  C C ~ X T ~ ~ J I ~ H O ~  o ~ J I ~ c T H .  O A H ~ K O  AJIII ~ o J I ~ I I I H H c T B B  I lJ IeHOK 

K p a C ~ b 1 6  CBeT I I p O H H K a e T  A 0  I IOAJIOXKH; CJIeAOBaTeJIbHO,  YCJIOBHH 

H a  I ' p a H H q e  p a 3 A e J I a  MOrYT H 3 M e H R T b  YYRCTBHTeJIbHOCTb K K p a C H O M Y  

C B e T y .  @ O T O I I P O B O ~ H ~ ~ O C T ~ ,  B h I 3 B a H H a R  APYI'HMH I I P O H H K a I O ~ H M H  

H3JIYYeHHIIMH1 TBICHMH, K a K  p e H T r e H O B C K H e  J IY9H,  T a K i K e  M O X e T  

3 a B H C e T b  OT YCJIOBH$ H a  I IOBePXHOCTH IIOAJIOlfEKH. 

B a ~ c n e p ~ ~ e ~ ~ a x  c ~ ~ ~ H L I M H  M e T a n n n v e c I c m M m  n o A n o w K a M H  ~ ~ I J I H  

HCI IOJ Ib30BaHbI  p a 3 . T H 9 H b I e  C I I O C O ~ ~ I  O¶HCTKH H 0 6 p a 6 0 ~ ~ ~  IIOBePXHO- 

CTH hleTEiJIJIHYeCKHS IIO,I(JIOXeIC H I IpHlnleHeHbI  BKJIIo¶eHHII  O Y e H b  TOH- 

KHX CJIOeB H30JIHpYIoII (HX H I IOJ IYI lpOBO~HHKOBbIX M a T e p H a J I O B  MelfEAy 

c e a e H o M  rn I I O ~ J I O ~ I E K O ~ ~ .  YCJIOBHII H a  n o B e p x H o c T H  M e T a n n a  ewe 
A 0  HaIILIJIeHHII  CJIOII C e J I e H a  OKa3bIBa IoTCI I  60~1ee BalfEHbIMH, YeM 

~ ~ 1 6 0 ~  C a M o r o  MeTaJ I J I a .  AJIR BbICOICOICaYeCTBeHHbIX ~ a o 6 p a x e ~ ~ i i  
~ e o 6 x o ~ H b I a  r n a A K a c I  n o m p o s a H H a n  M e T a J r n m s e c K a c I  n o B e p x H o c T b .  

npll  hlHKpOCKOIIH¶eCHH H ~ Y H C T O ~  l lOBePXHOCTH B I IPOIIBJIeHHOM , Ei30- 

6 p a l f C e ~ H H  6 y f l y ~  IIOIIBJIIITbCII J fe@eKTbI  12651. 
3 ~ c n e p m i e ~ ~ ~ 1  no o s H c T I c e  H o 6 p a 6 o ~ ~ e  n o B e p x H o c T H  a n m M H H m e -  

B ~ I X  n o A . n o i g e K  O n H c a H b I  B p a 6 o ~ e  12571. 3 a ~ e ~ ~ o e  y M e H b l u e H H e  CKO- 

POCTH C I I a A a  I I O T e H q H a J I a  B TeMHOTe OTMeYaJIOCb I I p H  K ~ T O A H O ~  o6pa- 
6 0 ~ ~ e  B P a C T B O p e  @ O c @ a T a  H a T P H R .  

JI,axb~e$mee y n l e H b r n e H H e  CKOPOCTH T e M H o B o r o  cnana ~ a 6 n I o ~ a -  
nocb, K o r A a  n o A n o ; K I c a  nonsepraaacb a ~ o ~ ~ o i i  o 6 p a 6 0 ~ ~ e  B p a c T B o p e  

T a p T p a T a  aMMOHHII  HJIH B P a C T B O p e  c e p ~ 0 6  ICHCJIOTbI. n p H e ~ b I  OYHCTKH 

J r a T y H H L I x  noAno ; I ce I c  o n k i c a H L 1  B ~ o i i  me p a 6 o ~ e  [2571. O s e ~ b  3 a ~ e ~ -  
H o e  Y M e H b I I I e H H e  CKOPOCTH TeMHOBOrO C I I a A a  I I O T e H q H a J I a  OKa3bIBaJ IOCb  
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I I p H  HcnOJrb3OBaHHkI  IlOJIHpOBKM C I IOMOmbH,  COCTaBa ((BaKC)) (wax) 
E i n n  P a c T B O p a  n a p a @ n ~ a  B 6 e ~ 3 1 1 ~ e  B K a s e c T s e  n e p ~ o H  c T a n r n K  

O ~ H C T K M .  B p a 6 0 ~ e  12351 0 6 ~ a p y ; ~ e ~ o ,  ¶TO HeBl lnMMbIe  HepOBHOCTK 

H a  n o B e p x H o c T H  n o n n o i K r c m ,  mI / rpHbIe  n R T H a ,  o l n e v a T K H  nambqes 
B T. A. CTaHOBHTCR BHH111MbIMI.I IIOCJIe Ha I Ib I J I eHBH CJIOR CeJ I eHa .  

~ C T ~ H O B J I ~ H O ,  ¶TO O C O ~ ~ H H O  ~ @ @ ~ I C T K B H ~  XHfiIHZIeCKaH 0911CTICa I IOBepX-  

HOCTH 20?0 -HUM C ~ H P T O I I  B T e q e H H e  1 qac n c n e n y I o q a c I  s a ~ e ~  a o H H a a  

6 0 ~ 6 a p n n p o s ~ a  B n a ~ y y ~ ~ o f i  K a M e p e .  

kI3 3 K c I I e p H M e H T O B  C pa3JIHYHbIMkI  MaTePMaJIaM11,  HaIIbIJIHeMbIMLl 

bIe?KAy ~ M O P @ H ~ I M  CJIOeM 11 I I o ~ J I o s K K o ~ ~ ,  CTBHOBHTCR RCHO, 9 T O  TeM- 

 HOBO^ cnan o n p e n e J r c r e T c a  rJIaBHb1hf 0 6 p a 3 0 ~  y c n o s H c I M H  H a  r p a n H q e  

pa3nena. M a ~ e p 1 1 a J I b 1  H a H o c H n m c b  H a  noAxozmy AO ~ O K P ~ I T H H  ee cene- 
HOM I I y T e M  HaIIbIJIeHElR B B a K y y M e  [257] .  O ~ ~ I I Y H O  I IpOMeXyTO¶HbI Ie  

CJIOM G ~ I J I H  T O J I ~ H H O ~ ~  MeHbLUe HeCKOJIbKLIX h1BKPOH. E ~ H H C T B ~ H H ~ I M L I  

AaHHbIMH,  I13BeCTHbIMH E33 3THX 3KCI IePHMeHTOB,  HBJIHIOTCH CKOPOCTb  

cnana n o T e H q H a n a  B T e M H o T e  H C K O P O C T ~  cnaAa n o T e H q M a m a  n p ~  
O C B e q e H 1 1 H  r o n y 6 6 1 h 1  CBeTOM (-450 &&%). P e 3 y J I b ~ a ~ b 1  AJIH p a 3 H L I X  

I I p O M e X y T O q H b I X  CJIOeB MOrYT 6 b 1 ~ b  CYMMHPOBaHbI  C J I e n y K ) q I I M  o6pa- 
 OM: A B Y O K H C ~  ceneaa y s e J r H t I H s a e T  T e M H o s y m  I I P O B O ~ ~ H M O C T ~  n p H  

O ~ p l l q a ~ e J I b H O f i  I I O B ~ ~ X H O C T H O ~  3 a p c I A K e .  AJIR I IOJ IOXHTeJ IbHOrO 

n o s e p x H o c T n o r o  a a p ~ ~ a  H M e e T c H  nleabmee, HO ~ c e - r a m  s a ~ e ~ ~ o e  
y B e m a ¶ e H H e  C K O P O C T ~ I  T e M H o B o r o  cnana n o T e H q H a n a .  3~11 P ~ ~ Y J I ~ T ~ T ~ I  

y K a 3 b I B a I o T  H a  BbICOKyIo CKOPOCTb I I H X e K q H E I  AbIPOK 113 CJIOR ABYOICLI- 

cm c e n e H a  n a ~ o p @ a ~ ~ f i  c e n e H ,  a T a K x e  H a  H e K o T o p o e  y s e n m e H m e  

CKOPOCTH H H X e K L ~ k I I I  3 J I eKTpOHOB 113 ABNOKHCH C e J I e H a  B I I J I e H K y  

a ~ o p 4 a o r o  c e J r e H a  no c p a s H e H H I o  co c n y r I a e i c z ,  xor,Ta a ~ o p @ ~ b ~ i i  

C e J I e H  HeIIOCPeACTBeHHO KOHTaKT11pyeT  C M ~ T ~ J I J I H ~ ~ c K o ~ ~  I I 0 ~ J I 0 l r c K 0 f i  

C I I J l a B  C e J I e H a  C 4HHIEOM H e  IIPElBOAIlT K ~ a ~ k 1 ~ - m k l 6 0  3 a M e T H b I M  

B ~ M ~ H ~ H M R M  B ~ J I ~ K T ~ H ~ ~ C K B X  x a p a K T e p m c T m K a x  n n e H K m  a ~ o p @ ~ o r o  
CeJ IeHa .  ~ ~ o M ~ X ~ T O ~ I H ~ I ~  CJIOll 113 @ T O P E I C T O ~ O  MarHElH  MgF2 H e  AaIOT 

3 H a 9 1 1 T e n b H b I X  M ~ M ~ H ~ ? H H %  B CKOPOCTH C n a A a  I I O T e H q H a J I a  B TeMHOTt? 

11 npa r o n y 6 o ~  c s e T e .  O A H ~ K O  0 6 ~ a p y z e ~ o  a a ~ e ~ ~ o e  y s e n a r I e H t i e  

O c T a T o w o r o  n o T e H q n a J I a  nocme o c B e q e H m  r o n y 6 b r w  c B e T o M ,  y~a3b1- 
B a I o q e e  H a  T O ,  =ITO 3~11 n n e H m  c03nam~ R b I p o m b I e  JIOBYIUKH B cmoe 
c e n e H a .  C n p o M e x y T o Y H b I M H  C ~ O H M E I  113 K p m T a n , n m e c K o r o  c e n e H a  

H e  0 6 ~ a p y ~ e H O  3 a M e T H b I S  ~3iWeHeH11ij[  B CKOPOCTH C I I a A a  I IOTeHUHaJ Ia  

B TehIHOTe B npE3  rony6onr C B e T e  RJIR ~ O J I O l I ~ H T e J I b H O ~ O  I IOBepXHOCTHOrO 

a a p ~ a a ,  o n H a K o  Hna o T p m q a . r e n b H o r o  n o s e p x H o c T H o r o  s a p c ~ f i a  ~a6n1o- 
,qanocb ~ H ~ ~ H T ~ J I ~ H O ~  ysennseane C K O ~ O C T H  c n a A a  n o T e H q H a n a  B TeM- 

HOTe ,  ' I T 0  CBHneTeJ IbCTBYeT 06 H H X e K q H H  AbIPOK 113 KPHCTaJ I J I I / r ¶ eCKO~O 

B a ~ o p @ ~ r , r i i  cnoB. M b ~ m b r r ~  H e  A a e T  ~ a ~ r n x - n ~ G o  ~ ~ M ~ T H ~ I X  ~ m i v e ~ e ~ ~ i i  
B CIEOPOC~I'H cnana n o T e a q H a n a  HH B T e n I H o T e ,  HH H a  c B e T y .  O K H C ~  
As205 C O 3 g a e T  O¶t?Hb 3 a M e T H O e  yBeJIHYeH11e T ~ M H O B O ~ ~  IIpOHOAH11ZOCTH 

AJIH IIOJIOiIiHTeJIbHOI'O 11 O T P H q a T e J I b H O r O  3 a p H A O B ,  y K a 3 h I B a H  H a  HH- 

x e ~ q m ~ o  ~ ~ I P O K  H 3 m e K T p o H o B  B nmemy a h i o p @ a o r o  cexeaa. Tennyp 



B K a 9 e C T B e  IIPOMe>ICyTOYHOrO CJIOH MeECAY IIOAJIOXEKO~% H ~ M O P ~ H ~ I M  

CeJ IeHOM H e  BJlHHeT H a  3 J I e K T P H 9 e C K H e  CBOI%CTBE~ ~ M O ~ C $ H O ~  I I J IeHKH 

C e J I e H a  AJIH I IOJIOiKHTeJIbHOrO IIOBePXHOCTHOl'O 3 a p R R a ,  HO I IpHBORHT 

K 3HaYHTeJ IbHOMY yBeJIH9eHI.TIO CICOPOCTH C I I a A a  I I O T e H q H a J I a  B TeM- 

H o T e  AJIH o T p a q a T e n b H o r o  n o s e p x H o c T H o r o  s a p a ~ a ,  YTO y ~ a 3 6 1 ~ a e ~  
H a  M H ~ ~ F ~ I C ~ H H )  A ~ I P O K  113 c m o R  T e n n y p a  B ~ M O P @ H ~ I ~  c e m e H .  I I p o ~ e s y -  
TOYHbIe  CJIOH r e p M a H H R  IIPHBOAFIT K a H a J I 0 r H Y H b I M  p t ? 3 y J I b T a T a M ,  C ~ 0 f i  
JIHIUb p a 3 ~ H q e G ,  ' I T 0  TeMHOBaR IIPOBOHHMOCTb HJIH OTPH4aTeJ IbHOI 'O  

nOBf3pXHOCTHOrO 3 a p H A a  y B e J I H 9 H B a J I a C b  HaCTOJIbKO,  9 T O  I I J I e H K a  

~ M O ~ @ H O ~ ' O  C e J I e H a  H e  M O r J I a  C O X p a H H T b  0 ~ p H ~ a T e J I b ~ b I g  I IOBepXHOCT- 

HLIG 3 a p H A .  B p a 6 0 ~ e  [I151 o ~ H ~ ~ ~ X N ? H O ,  YTO I ~ P O M ~ W Y T O Y H ~ I ~ ~  c J I o ~ ~  

CI I J I aBa  IIPHBOAHT K HH3KMM CICOPOCTHM TeMHOBOrO C I I a A a  IIOSIO- 

3fFHTeJIbHOl'O II OTpHl(aTeJIbHOI '0  3 a p H A O B .  

C n o ~  a ~ o p 4 ~ o r o  ceneaa, H a n L m e H H b r e  H a  n o A a o ? m H  m 3  c T e I c n a  

C I I p O B O A H q H M  IIORPbITHeM, O ~ H ~ P Y ? % H B ~ H ) T  M ~ ~ J I ~ H H ~ I ~  T ~ \ ~ H O B O ~  

CI I aA  IIOJrOECHTeJIbHOrO 3 a p ~ A a  H 0 4 e H b  6 b 1 ~ ~ p b 1 6  T ~ M H O B O ~ ~  CIIafl 

o T p a q a T e n b H o r o  a a p a ~ a  [2661. K o r ~ a  cnon 6 b m ~  a a p c r m e ~ ~ ~  nono- 
3fEMTeJIbHO H O C n e q a J I H C b  CO CTOPOHbI C e J I e H a ,  I I O T e H q H a J I  yMeHhI!IaJICR 

A 0  OTHOCHTeJIbHO ~ l 4 3 ~ 0 f i  BeJIH¶MHbI. O ~ ~ H ~ K O  I I p H  OCBelI(eHHH IIJIaCTH- 

HLI co C T O P O H ~ I  c T e K m a  n o T e H q n a n  y M e H b L u a m c H  c H a s a n a  n p H M e p H o  

C TOG ?KC? CKOpOCTbH), HO A 0  6onee BbICOKOrO 3 H a Y e H H H  OCTaTOYHOI'O 

n o T e H q t r a n a .  Tarcoe n o s e A e H H e  ~ O T O T O K ~  MOWHO O ~ T , R C H H T ~  TeM,  YTO 

I ~ P H  ~ O J I O H H T ~ J I ~ H O M  3 a p ~ ~ e  ~a c e ~ r e ~ e  H O C B ~ ~ ~ H H ~  sepe3 C T ~ K J I O  
1 ~$OTOTOK OI IpeAeJ IReTCH a J I e X T p O H a M H ,  H ~@@C?KT AOJlTliI<eH 6 b 1 ~ b  a H a J I O -  

T H Y e H  3 a p H a I C e  C e J l e H a  O T p H q a T e J I b H b I M  3 a p H A O h l  H OCBeUl,eHHH) CJIOR 

co CTOPOHLI ceeneHa .  I I ~ H  o T p H q a T e n b H o M  a a p ~ ~ e  H o c s e q e H m  n o B e p x -  

HOCTH C e J l e H a  O C T ~ T O Y H ~ I ~ ~  I I O T e H q H a J I  O ~ ~ I ~ H O  BbILUe, 9 e M  B C J I y Y a e  

IlOJI0;YEHTeJIbHOrO 3 a p ~ ~ a .  B p a 6 0 ~ e  [267] coo6qae~ccr 06 3 1 c c n e p ~ -  

M e H T a X  CO CJIOHMH ~ M O P @ H O ~ O  C e J I e H a ,  HaIIbIJIeHHbIMH H a  IIPOBOAtlIQkle 

n o A n o m K a ,  n p e A c T a B n m o q H e  co6oii n o x p b I T m  113 omcm KaAMmR 

H a  c T e H n e .  O ~ c r n g ~ o e  n o I c p b r T H e  T O J I I ~ M H O G  -0,05 W K  G ~ I J I O  n o . n y Y e H o  

n y T e M  p a c n b I n e H m .  C e n e ~ o ~ b ~ e  CJIOH T O J I ~ H H O ~ ~  0,2-16 W K  nony- 
q a J I H C b  HaI Ib I J I eHHeM B B a K Y Y M e  I I P H  T e M I I e p a T y p e  I IOAJIOXKH, D o n -  

~ e p x m ~ a ~ ~ r r e i i c a  npn 20" C H m x e .  3 ~ a  T e l i n e p a T y p a  o ~ a a a n a c b  
H ~ O ~ X O ~ L ? R ~ O ~ ~  AJIH o ~ ~ c I I ~ W H H H  a A r e 3 H H  M e W n y  ~ M O ~ ~ H ~ I M H  CJIORMM 

EI O Y e H b  TOHICHMH IIOKPbITHRMH. O ~ H ~ P ~ > I C ~ H O  T a K m e ,  ¶TO TeMHOBbIe  

CIIaAbI  lIOJIO?KHTeJIbHOTO H OTpHqaTeJIbHOI 'O 3 a p H A O B  AOCTaTO'IHO 

M e ~ S I e H H b I  name AJIH O s e H b  TOHKHX CJIOAB. C O O ~ ~ ~ ~ T C I I  B p e M e H a  TeM- 

H O B H X  IIOJIYCIIaAOB (OT 30 A 0  60 WUH.). fi TOMY ?He TOHIC11e I IJ IeHKH 

661~1~ C I I O C O ~ H ~ I  BbIAepECHBaTb  AOBOJIbHO BMCOICHe I IOBePXHOCTHhIe  

3apHAL1 ,  I I p H ¶ e M  B H y T P e H H H e  IIOJIH I I P H  HaCLI IgeHHH AOCTElra.TIH 

3 ~ a 9 e ~ H G  50 -lo4-60 .lo4 G/c&, 110-BHAHMOMY, g . 7 R  I I o J I o ? K H T ~ J I ~ H o ~ ~  . 
O T P H ~ ~ T ~ J I ~ H O ~ ~  3BPHAOX. O A H ~ K O  CKOPOCTb CBeTOBOrO C I I a A a  IIOJIO- 

l fFHTeJIbHOr0 3apR&?l I I ~ H ~ J I H ~ H T ~ J I ~ H o  BABOe 6 0 J I b m e  CICOPOCTH C I I a n a  

~ T p H q a ~ e J I b H o r O  3 a p H A a .  

' \ '  



a 

K C ~ ~ O ~ ~ ~ @ H Y ~ C K I X X  IIJIaCTEIH, B OCHOBHOM AOBOJlbHO B ~ I C O X O ~ ~  ¶ElCTOTbI 

H c o , q e p m m T  ~ 1 p e 3 ~ ~ ~ a i i ~ o  MaJ Ib Ie  I ; o n m q e c T s a  ( n o p a ~ ~ a  MHJIJIEIOHH~IX 

A O J I ~ ~  EI M ~ H ~ I I I ~ )  TaKMX 3JIeMeHTOB,  KaIC Al ,  CU,  Fe, Te I3 S. M a ~ e -  
CTHbI 3KCIIt?&lHMeHTbI [268] CO CJIORMlX a h f O p @ H ~ r O  C e J I e H a  M3 Y J I b T p a -  

Y m c T o r o  M a T e p m a n a .  C e n e ~  ~ b r c o ~ o i i  ~ I ~ I C T O T ~ I  n o n y g a e T c R  ero B o c c T a -  

HOBJIeHHeM EI3 CeJlRHEICTOrO BOAOPOAa. C B O ~ C T B ~  CJIOR H 3  9 H C T O r O  

C e J I e H a  CPaBHEIBaJIHCb CO C B O ~ ~ C T B ~ M H  I I J I eHKl l  ~ M O ~ @ H O ~ O  CeJIeHa, 

M ~ I ' O T O B J I ~ H H O ~ ~  113 K O M M e P ~ R C K O r O  C O p T a ,  EiMeIoIIJerO YHCTOTY 

99,99896. 06a  CJIOR G ~ I J I H  HaIIbIJIRHbI B OAEIHaKOBbIX YCJIOBHRX B B a K y -  

Y M H O ~  K a M e p e .  E A M H C T B ~ H H O ~  O ~ H ~ P Y ? H ~ H H O ~  3 H a Y X T e J I b H O e  p a 3 J I H 9 H e  

IIpm IIOJIOlI<HTeJIbHOM IIOBepXHOCTHOM 3 a p R A e  AJIR Y J I b T p a ~ I . I C T O r 0  

o6pa3qa IIO CpaBHeHEi Io  C KOMMePYeCKElMki CBeJIOCb K BbICOKOMY OCTa- 

TOVHOMY llOTRHl(HaJIY IIOCJIe O C B e w e H H f l  CBeTObi AJIEIHOG BOJIHLI 400 
I# 500 a.MK H HH3KOMY OCTaTO9HOMY I I O T e H 4 H a J I Y  IIOCJIe OCBelQeHHR 

CBeTOM ~ ~ J I M H o ~  BOJIHbI 700 M&K. c I I e K ~ p a J I b H b 1 e  YyBCTBtiTeJIbHOCT11 

ABYX 06pa3q0~ IIOrITH H e  OTJIE19aJIHCb. 

Hanmqme HH3KOI'O OCTaTO9HOrO I I O T e H 4 H a X a  Y J I b T p a Y H C T O r O  

o6pa3qa IIOA A ~ & C T B H ~ M  K p a C H O r O  C B e T a  RBJIReTCR C Y ~ R C T B e H H b I M  

@ ~ K T o ~ o M .  T a K  K a K  H 3 B e C T H 0 ,  YTO YYBCTBMTeJIbHOCTb K K p a C H O M Y  

c s e T y  a ~ o p @ a o r o  c e n e H a  H a  ~ e n p o s p a r ~ o f  noanoxwe B O ~ H E I K ~ ~ T  

Zi H a  IIOBepXH0CTI.i  pa3neJIa CJIOX I3 I IOAJIOXKH, TO p a 3 p R A  IIOJIOXHTeJIb-  

! H O r O  l lOBePXHOCTHOrO 3 a p R A a  IIPOHCXOAHT 3a C¶eT  ABHXeHElR  3J I eKTpO-  

HOB B H a n p a B n e H m  K n o s e p x H o c T m .  P a a p ~ ~  npm roJIy6o~ c B e T e  

B O 3 H H K a e T  3a C s e T  A B H X e H H R  AbIPOK B ~I~~THBOIIOJIOXHOM H a n p a B J I e -  

H a m .  C n e ~ o ~ a ~ e n b ~ o ,  y A a x e H m e  I I p H M e c e i i  y M e H b r r r a e T  mcno  ~ J I ~ K -  

TPOHHbIX JIOByIIIeK.  C ~ p y r 0 f  CTOpOHbI ,  B ~ I c o K H ~ ~  O C T ~ T O Y H ~ ~ ~ ~  IIOTeH- 

q m a . ~  IXPH O c B e q e n m i  ~ O J I Y ~ ~ I M  c B e T o M  y ~ a 3 1 ~ ~ a e ~  H a  y n e n m e H m e  



CJIOH, J r e r H p o B a H H b r e  ~ T H M H  M a T e p H a n a M E i ,  n p m r o T a s n n B a n z i c b  B n H A e  

~ c e p o r p a @ m ~ ~ e c ~ c ~ x  n J r acTEiH  H a n M n e H m e M  B s a K y y M e .  Toaqm~a  
cnoes c o c T a B J r R n a  40-50 am. 

G~IJ IH  H c c n e A o B a H b I  cneaymqne n p a n f e c H b I e  M a T e p H a n b r :  Te, Sb, 
B, Gel T1, PbSe, As, CuO, Cd, Pb, BiCl,, Sb2S3, Bi2S3, Zn, CdSe, 
S H FeSeO,. B HeKOTOPbIX CJ IY¶aRX KOJIHYeCTBO M a T e p H a J I a ,  BKJlIo- 

g e H H o r o  B C J I O ~ ~  c e n e H a ,  H e  M o r a o  G ~ I T ~  TOYHO O n p e A e n e H o  ~ 3 - 3 a  
TOrO,  YTO H e  AOCTHraJIOCb IIOJIHOrO Cl lJ IaBJIeHHR.  O A H ~ K O  BIIOJIHe 

BePOIITHO,  ¶TO I I p H  HCI IOJ Ib30BaHHH 3 T O r 0  MeTOAa  A ~ ~ ? c T B H T ~ J I ~ H o  

cogepxaqItecn B CJIORX c e n e H a  x o J r m e c T s a  n p n n t e c e i i  ~ ~ I J I L I  3 ~ a w i -  
TeJ lbHO MeHbUlt?  1 9 0 .  I / I C ~ J I I O ~ ~ H H E I  COCTaBJIRJIEI C e p a ,  TeJIJIYP H T ~ J I J I H ~ ? ,  

KOTOpbIe  IIOJIHOCTbIO CIIJIaBJIIIJIMCb. B ~ O J I ~ L U H H C T B ~  C J l y ¶ a e B  o 6 p a s q b 1 ,  

coaepxaqne M e H e e  10 % ~ 0 6 a ~ n ~ e ~ o r o  M a T e p n a J r a ,  EiMenm IcpE i sb Ie  

¶YBCTBHTeJIbHOCTH AJIH IIOJIO?KHTeJIbHOI'O IIOBePXHOCTHOI'O 3 a p H A a ,  I IIO C y q e C T B y  a H a J I O r H ¶ H h I e  KpHBbIM n J I n  HOHTpOJlbHOI'O 06pa3qa 
c e n e H a .  TannxB O K ~ ~ ~ J I C R  z i c K n I o s e H H e M .  CJIOH c e n e H a ,  coaepxaqme 
T ~ J I J I H ~  B KOJIHYeCTBaX 0,05?6 H 6oaee, H e  0 6 n a ~ a r o ~  YyBCTBHTeJIb-  

/ HOCTbIO K C B e T y  B 06nac~rr 400-700 X Y k .  O C T ~ T O ~ H ~ T ~  I I O T e H ~ T l a J I h I  

~ ~ I J I H  I I p H M e p H O  T e  z e ,  ¶TO H jJJtR HCXOAHOrO CeJ I eHa .  T ~ M H O B ~ I ~  CIIaAbI  

I I P O H C X O ~ H J I H  MeAJIeHHee ,  ¶ e M  HJIR KOHTPOJIbHOl'O 06pa3qa, l I p H ¶ e M  

nnacTciHI ,x  c o n e p x a J I m c b  B T e M H o T e  B T e q e H H e  8 uac nepea r rpo~ep~oG.  
OAH~IFO I I p H  OCBelqeHMH MCIIbITbIBaeMbIX I IJ IaCTHH paCCeHHHhIh1 CBeTOM 

I I e p e A  H 3 M e p e H H I I M H  TeMHOBbIe  CIIaAbI  I I p O T e K a J l H  6 b l C ~ p t ? e ,  ¶ eM AJIII 

HCXOAHOrO CeJ I eHa .   TO y K a 3 b I B a e T  H a  3 a M e T H Y I o  B e J I H P H H y  GyCTa-  

JIOCTH)) J I e r H P O B a H H b I X  06pa3q0~,  KOTOPaI I  B CBOIO O ¶ e p e A b  r O B O P H T  

o B e p o n T H o c T t i  T o r o ,  ¶TO m e r H p o B a H H e  c o 3 ~ a e ~  M e n m e  c t n o B y -  

m e s H b I e ) )  y p o ~ ~ n .  B  TOM cnygae ocseqeme  rrepeg n p o ~ e p ~ o i i  M o r n 0  

6 b 1 ~ b  IIPI.I¶HHO~~ Y C T O ~ ~ ~ H B O ~  IIpOBOAHMOCTH, O ~ ' ~ R C H H I O ~ ~ ~  6oxee 
6 b 1 c ~ p b 1 i i  T ~ M H O B O ~ ~  CIIaA. JJ,oGas~rn MMII IbRKa  H T e J I J I y p a  B IcOJIH¶eCTBe 

1,0% H 6011ee Y B e J I H s H B a I o T  ¶YBCTBHTeJrbHOCTb H PaCIIIHPRIOT CIIeKT- 

p a n b H y I o  x a p a K T e p H c T M I c y  B HJIHHHOBOJIHOBYKI CTOPOHY. I3 C o x a n e H H m ,  

B 3 T H X  3KCI IePHMBHTaX H e  IIPOBOAHJIHCb l l 3 M e p e H H I I  C OTpMqaTeJ IbHbIM 



n o s e p x H o c T H M M  3apEIAOM. C ~ r e ~ o ~ a ~ e n b ~ o ,  A e n a T b  ~ a ~ c r n e - n n G o  B ~ I B O -  

fib1 I33 AaHHJ-JX OTHOCHTeJIbHO BJIHRHHEI J IeI 'HPOBaHHR H a  3 J I eKTPOHHbIe  

JIOBYmIEH EIZH cpmr ~ J I ~ I E T P O H ~  B CJIOIIX c e . n e H a  n o K a  ewe H ~ J I M R .  

ELIZO y C T a H O B J I e H 0 ,  YTO 6 0 ~ 1 b m H e  A O ~ ~ B K H  T e J I J I y p a  ( B I I J I o T ~  A 0  7 % )  
p ~ C I I I H p R I o T  CI l eKTpaJ IbHYH)  X a p a I E T e p H C T H K y  JIJIeHOK ~ M O ~ ( ~ H O ~ O  

1 C e Z e H a  B AJIHHHOBOJIHOBYIO CTOPOHY I4 YBeJIHYIIBaIOT 9YBCTBHTeJIbHOCTb 

B B H A H ~ ~ O ~  O ~ J I ~ C T H  C I I e K T p a .  C f l p y r 0 6  CTOPOHbI, TeMHOBaR IIPOBO- 

AHMOCTb B O 3 p a C T a e T  C YBeJIHYeHHeM KOJIHyeCTBa  T e J I J I y p a ,  n 0 6 a B J I e ~ -  

nor0 B n n e H K m  a ~ o p @ ~ o r o  c e n e H a ,  H 3 + + e ~ ~ b 1  ( (YcTanocTH) )  IIPOIIBJIII- 

IoTCR CHJIbHee .  CXOH CeJ IeH  - T e J I J I y p  6b I J IH  HCCJIeAOBaHbI B p a 6 o ~ a x  

D 
1,o 

S 
8 0.8 
8 

I 3 
JJIUHU 60nHb1, M N K  

Coaepma~ne  T e ,  % :  1 -0,5; 2 - 1 , 5 ;  3 - 2,5; 4 - 6 11 5-7,5.  

[37, 204, 2721. K p H ~ b 1 e  c n e I C ~ p a J I b ~ 0 6  YyBCTBHTeJIbHOCTH, I IOJ Iy9eH-  

H b I e  B p a 6 0 ~ e  [204], n p e n c T a B n e H b 1  H a  p ~ c .  129. 
C o r n a c ~ o  p a 6 o ~ e  [2551, A O ~ ~ B I E ~ I  h m I L u b m a  K c e j I e H y  y s e n I 4 s t i s a I o T  

YYBCTBHTeJIbHOCTb B K p a c H 0 $  O ~ J I ~ C T H  C l l e K T p a .  A ~ H H M ~  JIO C I I e K T p a J I b -  

~ O i i  YYBCTBHTeJIbHOCTH A J I S  II.?IeHKH COCTaBa CeJ I eH  - 25 % MbII I IbRKa  

n p e a c T a s n e H L I  H a  p ~ c .  130. H ~ M ~ ~ ~ H H H  G~IJ IEI  n p o A e a a H b 1  H a  t igeii~e 
B BHAe  CaHABkIua ,  I IPH' ieM ( ~ O T O T O K  H 3 M e P R J I C S  I I O I I e p e K  I IYef iKI l .  E~IJIo 
YCTaHOBJIeHO TaKlk"e, YTO MbIUIbRH,  ~ 0 6 a B J l t ? ~ H b 1 f i  X CeJ IeHY,  YCHJIH- 

B a e T  ~ @ @ ~ K T E J  ( ( Y c T a a o c T n ) )  H y B e n H g E z B a e T  T e M n e p a T y p y  p a 3 ~ f i r s e ~ m  

c a o e B  c e n e H a .  

B pa60l.e [262] HCCJIeAOBaHbI ~ ~ e p ~ r p a ( b H ¶ e ~ K H e  CJIOH ~ M O ~ ( ~ H O ~ O  

c e n e H a ,  coaepwiarqne go 33% c e p b r .   ELI^ ~ 3 ~ e p e a  cnan n o n o l r c m e a b -  

aoro s a p a ~ a  n p H  ocseqeam n a ~ n o i i  H a K a n m a H H R .  M 3  ~ ~ ~ Y J I ~ T ~ T O B ,  

I IOKa3aHHbIX H a  PMC. 127, CJIeAYeT,  qTO A O ~ ~ B K H  C e p b I  YMeHbJ l I a IoT  

qYBCTBHTeJIbHOCTb ~ M O P @ H O ~ O  C e J I e H a  K kI3JIYYeHHIO JIaMIIbI. 



B p a 6 o ~ e  [273] 0 6 ~ a p y ~ e ~ 0 ,  IITo A O ~ ~ B K H  AsZS3 K K c e p ~ r p a @ n -  

'IeCKHM CJIOEIM ~ M O ~ @ H O ~ O  C e J I e H a  YMeHbLUaIOT CKOPOCTb TeMHOBOrO , 
C I I a A a  H YBeJ IHsHBaIOT I I O B ~ ~ X H O C T H ~ I B  I IOTeHqHaJ I .  a o 6 a ~ n e ~ a e  
As2S3 T a I c Z e  C A B H r a e T  C I I e K T p a J I b H y H ,  9yBCTBHTeJ IbHOCTb  C e J I e H a  B 

CTOPOHY ~ O J I ~ I I I E I X  HJIHH BOJIH (PEIC. 131). 
M~orocnoiiati~e n n a c T E i a b r  ceneaa. AMOP@H~IB c e m e H  o T H o c H T e n b H o  

B M C O K O ~  'IHCTOTLI D p e n c T a B m e T  co6oii xopomym cpeay AJIH H a K o n n e -  

RHH EI ~ @ @ ~ K T H B H O ~ O  n e p e H o c a  ~ o c n ~ e n e i i  s a p ~ ~ a .  IIOII~ITKH y B e n m -  

YkiTb @OTO~YBCTBHT~?J ILHOCT~ I I y T e M  ~ 0 6 a ~ o K  H p Y r H X  3JIehleHTOB H COe- 

A E I H ~ H H ~ ~  06b19~0 Y X Y A m a J I H  C B O ~ C T B O  C e J I e H a  C O X P a H R T b  3 a P H A  

H BJIHEIJIH H a  IIOABHXCHOCTb H O C E T ~ J I ~ ~ .   TO I IpHBeJ IO  HeKOTOPbIX 

3 K C I I e p H M e H T a T O p O B  K P a C C M O T p e H H I o  BO3hlOXHOCTH I I p H M e H e H H H  

B xceporpa@m M H O ~ O C ~ O ~ ~ H ~ I X  CTPYKTYP, B K O T O P ~ I X  cn06 a ~ o p @ ~ o r o  
ce:reaa n o K p b r s a e T c s  TOHKH~II I  CJIOHMH A p y r H x  @OTOIIPOBOAIII~HX 

M a r e p H a J r o s  l i n H  M a T e p H a n o B ,  06ecnen~~a101q~x 60nee ~ @ @ ~ K T H B H O ~  

nornomeme nanamqero c s e T a .  ~ K C I I ~ ~ H M ~ H T M  c n o B e p x H o c T H L I m i  

noKpMTEi t IMH ~3 H e c K o j I b I c n x  K p a c ~ ~ e n e G  [274] I I O K ~ ~ ~ J I H ,  YTO T a m e  

KpaCMTeJ IH ,  K a K  3 P H T P 0 3 H H ,  MeTHJI-BHOJIeT E ,  @ ~ H O C ~ @ ~ ~ H E I H  H J IHHa-  

q H a H O J I ,  YBeJ IHuHBaIOT CKOPOCTb TeMHOBOrO C I I a A a  HaCTOJIbKO,  ' I T 0  

B p e M e H H ,  B T e Y e H H e  KOTOPOrO C y W e C T B y e T  I I O B ~ ~ X H O C T H M ~  3 a p H A ,  

H e A O C T a T O ~ H O  AJIH I I p O B e ~ e H H H  H 3 ~ e p e ~ H f i .  C TOHKHMH IIOKpbIBaIO-  

W H M H  CJIOHMH IIOJIY~POBOjJHHIiOBbIX [275] M a T e p H a J I O B  H a  ~ M O P @ H O M  

c e n e H e  ~ L I J I H  n o n y s e H b 1  c J r e , q y m W n e  p e 3 y n b ~ a ~ b 1 :  CYJI~@HJI qmma 
H e  I IPHBOAHT K 3aMeTHbIh I  H 3 M e H e H H R M  B TeMHOBOM C I I a A e  I I O T e H q H a J I a  

I c aK  A n n  o T p n q a T e n b H o r o ,  T a K  H AJIH n o n o m n T e n b H o r o  nosepx- 
HOCTHOrO 3 a p H A a  H H e  BJIHHeT H a  CBeTOPYBCTBETeJlbHOCTb B r0~1y60i3 
O ~ J I ~ C T H  C I I e K T p a  110 C p a B H e H H H ,  C ~ M O P @ H ~ I M H  I I J I eHKaMH C e J I e H a  6e3 
3 T O r 0  IIOKpbITHEI. O I C ~ ~ ~ I B ~ ~ T C H ,  9 T O  CJIOH r e p M a H H E I  H e  HMeIoT  KBKOI'O- 

~ ~ 6 0  3 a M e T H O r O  BJIHHHHEI H a  T ~ M H O B O ~  CI I aA  J I O T e H Q H a J l a  HJIH H a  Y y B -  

CTBElTeJIbHOCTb K J I H ) ~ O M Y  C B e T y  AJIH O T P H ~ a T e J I b H O I ' O  I IOBepXHOCTHOrO 

3 a p H A a ;  OAHaKO AJIH I IOJ I01KHTeJ IbHO~O 3 a p H A a  3TOT CIIaA 3Ha ' IHTeJ IbHO 

YBeJIHYHBaeTCEI. CJI0ll @ T O ~ H A ~  M a r H H H  I IPHBOART K O Y e H b  ~LICTPOMY 

TehlHOBOMy C I I a A y  I IOJ IOXHTeJ IbHOrO EI O T P E Q a T e J I b H O r O  3 a P H A O B  

H 3 a M e T H O  YMeHbIIIaIOT CBeTOYYBCTBHTeJIbHOCTb. ~ O B ~ P X H O C T H ~ I ~  

CJIOH H 3  ABYOKHCEI C e J I e H a  AaIOT ~ ~ I C T P ~ I ~  T ~ M H O B O ~ ~  CIIaA I IOJIOXHTeJIb-  

HOrO H O T p H q a T e J I b H O r O  3apEIAOB.  C J I O H  IIHTEIOKEICH MbIIlIbEIKa YBeJIH- 

YHBaIOT TehlHOByH,  IIPOBOAHMOCTb B T B K O ~  C T e E e H H ,  YTO I IOKPIJTaR  

HMH IIJ IeHKB H e  M03ICeT YAeP?KHRaTb  ~ o J I o X H T ~ J I ~ H ~ I ~  3 a p H A .  T e h f ~ o -  

BOG o T p m q a T e J r b H o r o  s a p a ~ a  n p o H c x o A u n  T a K x e  F~ICTPO AJIH 

I I o K ~ L I T H ~ ~  H 3  3 T O r 0  M a T e P H a J I a ,  H OTCYTCTBOBaJIa YYBCTBHTeJIbHOCTb 

K r o n y 6 o ~ y  C B e T y .  

I I o s e p x ~ o c ~ ~ b ~ e  CJIOH, c o c T o m p e  113 cnnasa c e n e H a  H T e n n y p a ,  

Ha I Ib I J l eHHbIX H a  I I J I e H K y  ~ M O ~ @ H O ~ O  C e J I e H a ,  CJ IYXHJIH  O ~ ' ~ ~ I C T O M  

O ~ I U H P H ~ I X  3KCI IepHMeHTaJ IbHbIX  p a 6 o ~  [276]. I / I C I I O J I ~ ~ O B ~ J I H C ~  IIOBePX- 

HOCTHbIe CJIOH, COAepXCaBILIHe A 0  35% T e J I J I y p a .  CKOPOCT~ TeMHOBOrO 
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cnaga n o T e H q H a n a  ysenmsmaaacb c P O C T O ~ Z  x o H q e H T p a q H x  T e n n y p a .  

~ T H  CJIOH Hh1eM)T I I a H X P O h l a T H 9 e C K y I O  gyBCTBHTeJ IbHOCTb  B B H A H M O ~  

0 6 n a c ~ ~  C I I e K T p a .  UX CBeTOYYBCTBHTeJIbHOCTb I IO9TH H a  I IOPRAOK 

60~1brue ¶YBCTBHTeJIbHOCTH BMOP@HOI'O CeJ I eHa .  ~ T H  p e 3 y n b T a T h I  

c n p a s e A n m b 1  AJIR c a y y a f i  n o , r l o i f ; ~ ~ e n b ~ o i i  3 a p ~ ~ x ~ 1 .  AZFI c a y q a R  

o ~ p a r ~ a ~ e n b ~ o i i  s a p c r ~ x ~  p e 3 y n ~ ~ a ~ r ; r  H e  c0061qan~cb. 
O C H O B H ~ I ~  TPYAHOCTH C IIOBePSHOCTHLIhZH IIOKPbITHEIkIH, I I p e A H a 3 -  

H a s e H H b I M H  AJIR YBeJ IHYeHHR c I I ~ K T P ~ J I ~ H o ~ ~  rIYRCTBHTeJIbHOCTH, COCTO- 

R T  B TOM, 9 T O  3 T H  M a T e p H a J I b I  RBJIFIIOTCR IIJIOXHMH H3OJIRTOpaMH 

110 CPaBHeHHH)  C ~ M O P @ H ~ I M  CeJIeHOM H p a 3 P Y I I I a H ) T  ~ C T ~ C T B ~ H H ~ I ~  

P H C. 132. M H O ~ O C J I O ~ ~ H ~ R  ~ c e p o r p a i # a s e c ~ a ~  nnacTma. ( C 1 a  u:s, Photogr. 
Sci .  and Eng., 7,  7 (1962).) 

IIOB~PXHOCTHLI$ 6apbep C e J I e H a ,  O T B E T C T B ~ H H ~ I ~  38 C O X p a H e H H e  3 a p R -  

AOB.  TO H M e e T  bIeCTO I I p H  KCIIOJIb3OBaHHH B K a s e C T B e  I IOBepXHOCTHbIX 

I I O K P ~ I T H ~ ~  JIIOG~IX @OTOIIPOBOAHHKOB c y3~0f i  3anpe rqe~~o i i  3 0 ~ 0 6 .  

~ O B ~ ? ~ X H O C T H L I ~  CJIOH 3 T H S  M a T e p H a J I O B  Be f iyT  c e 6 ~  1 1 0 ~ 0 6 ~ 0  
3J IeKTpOAaM H a  I IOBepXHOCTH ~ M O ~ @ H O ~ O  C e X e H a ,  C O 3 A a B a H  B03MOlfE- 

HOCTb AJIR H H X e K q H H  3 a p R A O B  C I IOBepXHOCTH CJIOR B e r O  0 6 % e ~ .  

C ~ o e o G p a s ~ o e  p e m e H m e  3 ~ 0 t i  npoGxe~.161 G ~ I J I O  npennoxeao B p a 6 o ~ e  
[2771, rge 6b1nm n o n y s e H b I  M H O ~ O C J ~ O ~ ~ H ~ I ~  C T ~ Y K T Y ~ L I ,  B I C O T O ~ ~ I X  

cnoH @o~onpo~orraIqero M a T e p H a n a  H a x o A m c c I  M e x A y  T O ~ C T ~ I M  

(oxono 50 m ~ )  c J I o e M  a ~ o p @ a o r o  c e n e H a  H npoapas~oi i  n p o ~ o ~ ~ r q e H  
r r o ~ n o i ~ ~ o H  (PHC. 132). B  TOM czyqae ~ C T ~ C T R ~ H H ~ I ~ ~  Gapbep nosepx- 
HOCTH C e J l e H a  hf0;KeT 6 b 1 ~ b  HCI IOJ Ib30BaH AJIR C O S p a H e H L I R  3apHJ (a ,  

B TO BpeMFI K a K  y B e J I H x I e H H a H  C I I e I c T p a J I b H a E  syBCTBHTeJ IbHOCTb  

@OTO~KTHBHOTO C n O R  HCIIOJIb3yeTCH I IPM O C B e W e H H H  er0 9epe3 I IpO-  

3 p a 4 H Y I O  IIOAJIOiKKY. E~IJIH HCIIOJIb3OBaHbI  @ O T O ~ I C T ~ B H ~ I ~  CJIOH r e K -  

C a r o H a j l b H o r o  c e x e H a  H c r r j I a s b s  c e n e H a  c T e j r x y p o M .  X a p a ~ ~ e p ~ c ~ ~ ~ r n  
c I I e K ~ p a J I b H 0 6  YYBCTBHTeJIbHOCTLI M H O ~ O C J I O ~ H O ~ ~ [  CTPYKTYPbI  C 3 T H M B  

M a T e p M a n a M r n  n p e , q c T a s n e H b I  H a  p ~ c .  125 B M e c T e  c X a p a x T e p H c T m a M H  

06619~0ii C ~ J I ~ H O B O ~  I F C ~ P O ~ P ~ @ E ~ ¶ ~ C I E O ~ ~  IIJIaCTHHbI. ~ P E I  IIOJIOiICIITeJIb- 

HOM IIOBePXHOCTHOM 3 a p R A e  O C B e I q e H H e  @ O T O ~ K T H B H O ~ O  CJIOR 3 a C T a B -  

JIFIeT 3JIeKTPOHL1, 13RifierCTHPOBaHHbIe 133 3 T O r O  CJIOR, I IPOXOAHTb  

9epe3 C J I O ~  ~ M O ~ @ H O I ' O  CeJ IeHa .  O ~ ~ I I C H O B ~ H H O  CABHI? 3 J I eKTPOHOB 
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B a h f O p @ H 0 ~  CeJreHe O Y e H b  M a J I  H ,  CJIeAOBaTeJIbHO,  TPYAHO OXUff laTb,  

~ T O G ~ I  3TOT THII ~ c e p o r p a @ k ~ ~ e c ~ c o i j [  c ~ p y ~ ~ y p b ~  O ~ J I ~ A ~ J I  xapawepn- 
CTHKaMH,  H ~ O ~ X O A H M ~ I M H  HJIR BbICOICOYYBCTBHTeJIbHbIX K c e p O I ' p a @ H -  

W C K H X  n . n a c T n H .  3 ~ a  s aga~a  6 ~ n a  pemem n y T e M  B K J n o s e H m  a e r H -  

pymlqero M a T e p H a J I a  B ~ M O P @ H ~ I ~  CJIO%, 9 ~ 0 6 ~  0 6 e c n e ¶ H T b  60~1bmofi 
CABHr  3JIeKTPOHOB. 

H ~ H ~ O J I ~ I I I ~ R  YYBCTBEiTeJIbHOCTb 6 ~ n a  AOCTHrHYTa  C @ O T O ~ K T H B -  

HbIM CJIOeM Ei3 KPHCTaJ I J IH¶eCKOrO C e J I e H a .  3 T a  YYBCTBHTeJIbHOCTb 

6 ~ n a  B 5-10 pa3 60~1brue YYBCTBHTeJIbHOCTH C T ~ H A ~ P T H O G  CeJIeHO- 

~ 0 f i  I C C ~ P O ~ P ~ @ H ~ ~ C K O ~ ~ [  IIJIaCTEiHbI. M~oroc.noii~61e IIJIaCTIIHbI  o6~1a- 
A a J I H  TaKi I ce  HH3KHMH OCTaTO¶HbIMH l I O T e H 4 H a J 7 a M H  H l I p e H e 6 p e W H ~ o  

MaJIbIMH ~ @ @ ~ K T ~ M H  ((YCTaJIOCTHH, a @ O T O ~ I C T H B H ~ I ~  CJIOH H e  A ~ ~ C T B O -  

B a J I H  K a K  H H X e K T H p y I o q M e  3J I eKTPOAH.  OY~BHAHO, I I P H  3TOM 06paao- 
BbIBaJICR 6 n o ~ ~ p y m l q n f i  KOHTaICT C I I O ~ J I O ~ K I C O ~ ~ [  113 CTeKJIa .  H ~ ~ O M H H ~ I ,  
 TO cmom I c p k i c T a J r n H s e c K o r o  c e j r e H a  H T e n n y p a ,  p a c n o j r o w e a a L I e  

M e m a y  a a f o p @ ~ b r ~  c e n e H o M  H ~ e ~ a a n ~ q e c ~ o i i  I I O A J I O ~ K O ~ ~ ,  H e  yse- 
~ H ~ H B ~ I O T  C K O P O C T ~  T e M H o B o r o  cIIaAa n o J r o m r n T e m H o r o  n o B e p x -  

H o c T H o r o  sapcr~a. 3 ~ o  c n p a s e A J r n B o  T a I c x e  AJIR n p o M e x y T o m b I x  

CJIOeB M b I l l I b R K a  H I 'epMaHHR.  B M H O I ' O C J I O ~ ~ H O ~ ~  C T P Y K T Y P e  3 T O r 0  

T H n a  MOI'YT 6 b 1 ~ b  EICIIOJIb30BaHbI  H R P y I ' H e  @ O T O ~ K T H R H ~ I ~  CJIOH. 

DO~TOMY M O X e T  O K a 3 a T b C R ,  ¶TO TaICHe p a 3 p a 6 0 ~ K H  I I p e A C T a B R T  

HHR P e H T r e H o B c I c m M H  n y ¶ a M t i  ~a x a p a I c T e p y r c T H I c n  cnana a a p ~ ~ a  
~ M O P @ H ~ I X  CJIOeB C e J I e H a  H C C J I e ~ O B a J I O C b  HeCICOJIbICHMH ~ 1 a 6 o p a ~ o p ~ ~ -  
MH B R ~ O H H H  1119, 258, 279, 2801. K p H ~ b 1 e  C I I a A a  IIOA ) J ~ ~ c T B H ~ ? M  

p e H T r e H o B c I c H x  nyseii, n o n y s e a a b 1 e  B p a 6 o ~ e  [2581, O K ~ ~ ~ I B ~ ~ T C R ,  

HMeIoT  T a I c g I o  >Kt? B OCHOBHOM @OPMY, K a K  H K P H B b I e  AJIR CBeTOBOrO 

CI I aAa .  Ha PHC.  133 I I p H B e A e H H  K p H B b I e  ((PeHTI'eHOBCKOI'O C I l a A a b  

AJfH I I J I aCTHHH ~ M O ~ @ H O I ' O  C e J I e H a  T O J I ~ H H O &  50 A X  I I p H  pa3J IHYHbIX 

qoaax O ~ J I ~ Y ~ H H R ,  a H a  PMC. 134 I I O I F ~ ~ ~ H O  B n E i m E i e  T O J I ~ H H ~ I  c e n e H a  

H a  CKOpOCTb ( ( P e H T r e H O B c K O r O  CI I ana ) ) .  n3 KPHBbIX PHC.  134 BHAHO, 

YTO YyBCTBHTeJIbHOCTb K PeHTreHOBCKOMY O ~ J I Y Y ~ H H I O  yBeJIH¶HBat?TCR 

C T O J I ~ H H O ~  CJIOR CeJ I eHa .  3 ~ 0  ~ ~ ' ~ R C H I I ~ T C I I  TeM,  ¶TO K 0 3 @ @ E I q k l e ~ T b I  

IIOrJIOII(eHHR P e H T r e H O B C K H X  J I y q e f i  CeeJIHOM MaJ Ib I  110 C P a B H e H H I O  

c ~oa@@rnqrne~~aami n o r n o q e H H l i  AJIR 60~1bmeii ~ C T H  B H A H M O ~ ~  H ynb- 
T ~ ~ @ H o J I ~ T o B o ~ ~  O ~ J I ~ C T H  C n e K T p a .  B p a 6 o ~ e  [2801 p a C C ¶ H T a H b I  J I m ~ e f i -  

H b I e  K O ~ @ @ H ~ I X ~ H T ~ I  I IOI ' J IOqeHHR B @ Y H I C ~ H H  3 H e p r H H  PeHTreEOBCIcHX 

JIy¶efi, ~ b I p a X C e ~ H o i j [  B E6.  3TEi  BbIYHCJIeHHR OCHOBaHbI H a  R a H H b I X ,  
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P c .  133. R p E I ~ b 1 e  cnafia IIOBepXHOCTHOrO I I O T e H u H a n a  non ~ ~ ~ H C T B E ~ M ~ P ~ H T -  
~ ~ H O B C K I I X  ~~yve j i  AJIX c n o e B  ~ M O P + H O T O  c e n e H a  n p H  p a 3 n m m x  ~1osax-06ny- 

W H E R  no AaHHbIM p a 6 0 ~ b 1  [258]. 
Hanp~menue Ha p e n ~ r e ~ o ~ c ~ o Z r  T P Y ~ K B  paBno 7 0  xs; cnot cenena ~ o m a ~ o f i  50 mx. 
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P EI C .  135. ~ I L I H ~ ~ H L I  K O ~ @ + H ~ H ~ H T  IlOrJIOmeHHJl CeJIeHOM PeHTreHOBCKHX 
nyseB [280]. 

O ~ ~ ~ J I H K O B ~ H H ~ I X  B p a 6 o ~ e  [281 I .  P ~ ~ ~ J I ~ T ~ T L I  U p e n c T a s n e H h r  

H a  PHC. 135. O T C I O A ~  BHAHO, 9TO ~ 0 3 @ + t i q E l e H ~  I l O r J I O q e H H H  YMeHh- 

r r r aeTcH A o B o n b H o  pesrco c y B e m s e H H e n 1  3~eprmr.1 P e H T r e H o B c m x  

~1y9efi. n p H  70 #6 I C O ~ ~ @ E ~ ~ H ~ ? H T  P a B e H  I I ~ H ~ J I H ~ H T ~ J I ~ H o  6,85 CX-', 
B TO BPeMH K a K  AJIH AJIHHbI BOJIHbI 400 X M K  B B H A H M O ~  O ~ J I ~ C T H  
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Hanpflxenue, ~6 

P H C. 136. CIIa j l  IlOTeHqITaJla K a K  @ Y H I C ~ I ~ R  HaIIpIIHEeHHR H a  P ~ H T ~ ~ H O B C K O ~  
~ p y 6 ~ e  jlJIJl OAHHaKOBOII 3HCII03HqIIkl npli pa3JIH'XHbIX TOJIJlpiHaX BJIIOMEIHHR 

[119]. 

cnempa OH p a s e H  4.105 c a - l .  IIpm 70 ~e T o n b x o  n p m M e p H o  3,4% 
n a p l a m q e r o  n y s I c a  n o r J r o q a e T c H  c n o e M  c e n e H a  T O J I I ~ H H O ~ ~  50 M E  

Ei I ~ l e H b m e  1 O/b - H p H  TOJIwHHe 10 XK. Tax IcaK AJIH MHrKHX PeHTreHOB-  



CKHX nyqeii n o r n o q e H H e  6onbme, TO B 3 ~ 0 6  06nac~n  311epr~n 06~1y- 
Y e H H R  YYBCTBHTeJIbHOCTb II,TaCTHHhI H3 C e J I e H a  60~1bme. B p a 6 0 T e  

[I 121 0 6 ~ a p y ~ e ~ 0  3 H a s H T e J I L H O e  y M e H b l l I e H H e  clyBCTBHTeJIbHOCTH 

B H H T e p B a J I e  50 KG - 22 M36, a B pa60l.e [I191 O ~ H ~ ~ ~ T K ~ H O  3 a M e T H O e  

y h t e H b m e H H e  B C K O ~ O C T H  C I I a A a  B ~ m a n a s o ~ e  70-180 ~6 ( p ~ c .  136). 
H p n ~ ~ e ,  n o r c a 3 a ~ ~ ~ e  H a  puc. 136, n p e A c T a s n c I I o T  co6oB ( ( c r I e K T p a n b -  

HYIOH YYBCTBBTeJIbHOCTb AJIR OI'PaHHYeHHOI'O A H a I I a 3 O H a  P e H T r e H O B -  

CKHX JIy~eii. Tarc K a K  PeHTI 'eHOBCKHe J I y s H  n o r n o I L ( a M T C R  BO BCeM 

CJIOe C e J I e H a ,  TO B CJIOe ~ Y A Y T  I I e p e A B H r a T b C R  I caK  3JIeKTPOHb1,  T a K  

I4 HbIPKEI. U p H  IIOJIO?K-fCIITeJlbHOM IIOBePXHOCTHOM 3 a p R A e  3J I eKTPOHbI  

~ Y A Y T  A B H r a T b C l l  K ITOBePSHOCTH, a R b I p K H  - B IIPOTHBOIIOJIO?KHOM 

E a l l p a B J I e H H H .  C J I ~ ~ O B ~ T ~ J I ~ H O ,  (POTOTOK ~ Y A ~ T  3 a B H C e T b  OT 3JIeKTPOH- 

H ~ I X  H H ~ I P O ~ H ~ I X  n o H y m e I i .  T a K  r caK  K p m b I e  cnana (chr .  p ~ c .  133, 134) 
YKa3bIBaH)T  H a  O t I eHb  klaJIb1g O C T ~ T O Y H L I ~  IIOTeHL(HaJI, TO OYeBHAHO, 

YTO HOCHTeJIH B ~ J I Y ~ O I Z H S  JIOBYLUIEBX H e  OCTalOTCR ,T(OJlrO. f l 0 ~ 0 J I b ~ 0  

peame  3 @ @ e ~ ~ b 1  ( ( Y c T a A o c T m ) ,  B c T p e s a I o q H e c c I  B x c e p o p e ~ ~ r e ~ o r p a @ m ,  
y K a 3 b I B a I o T  H a  Y C T O $ ~ H H L I ~  RBJ IeHHR IIPOBOAHMOCTH, O ~ Y C J I O B J I ~ H H L I ~ ,  

BePORTHO, 3 a X B a T O M  ~ o . ~ I ~ I I I H H c T B ~  H O C H T ~ J I ~ ~ ~  OGOMX 3 H a K O B  H a  XIeJI- 

K H X  JIOByIl IKaX.  H a r p e ~  B TeXIeHHe M a J I O r O  B p e M e H H  BOCCTaHaBJ lHBaeT  

n e p B o H a u a n b H b I e  c ~ o i i c ~ ~ a  n n a c T a H b r  c e n e H a .  

1.2.2. CjIOH M 3  @OTOIIPOBOARLlJLIX  M A T E P L I A J I O B ,  

~ I T C ~ E P I ' H P O B ~ 4 1 I H b I X  B C B E 1 3 Y I o I I l E h l  ( 1 ' E T E P O V E H H b l E  C J I O H )  

P a 3 p a 6 0 ~ H a  @ O T O Y Y B C T B ~ I T ~ J I ~ H ~ I X  CJIOeB, COCTOHWHX H 3  (POTOIIPO- 
B O A R q H X  M a T e p H a J I O B ,  AHCI Iep rHpOBaHHbIX B CMOJIRHOM CBR3YH)qeM,  

COCTaBJIReT OCHOBY B ~ X H O ~ ~  BeTBGl ~ C e p O r p a @ H H ,  ICOTOPYIO YaCTO H a -  

3LIBaH)T ( < ~ J I ~ K T P o ( P ~ K c H  [ 17 ]. Kceporpa@mecx~e IIXaCTHHLI, ITCIIOJIb- 

a y ~ o ~ ~ p e  T a m e  n l a T e p H a n b 1 ,  H c c n e n o s a n H c b  ewe a a ~ o ~ ~ r o  no n o R s n e H n R  

cnoco6a ( ( 3 3 e K ~ p O @ a I C c ) )  [278]. B p a H H H S  p a 6 0 T a X  H3MeJ IbYeHHLIe  

+ o ~ o n p o ~ o n ~ m ~ ~ ,  T a m e ,  K a I c  a H T p a q e H ,  c e n e H  H P ~ ~ J I H Y H H ~  ( 4 1 0 ~ 4 6 -  

~ L I ) ) ,  p i c n e p r n p o B a n n c b  B I I J I ~ H K O O ~ ~ ~ ~ ~ I O I ~ ~ ~  c M o j r e .  I I o z y ~ e ~ ~ b ~ e  

CYCIIeH3HH HaHOCHJIH H a  hIeTaJIJIH¶eCKHe IIJIaCTHHbI. Tame llJ IaCTHHbI  

IbfOrJIH 6 b 1 ~ b  3 a p R X e H b 1 ,  3ICCIIOHHPOBaHbI H I IPOHBJIeHM AJIR l IOJIYYeHHH 

~ c c e p o r p a @ ~ s e c ~ m x  1 1 3 0 6 p a l ~ e H H f I .  . 

P a a p a G o ~ ~ a  npoqecca ccane~~po@a~c) )  11 7 I onpe,qenma H O B ~ I H  
EIHTepeC  K 3TOMY T I I I I y  @ o T o I I ~ o B o ~ R ~ ~ H x  I I o K P ~ I T H ~ .  Eezax OKHCb 

q ~ ~ ~ i a  B c~113ym1qeii cuone, KOTOPOB n o K p L I B a m T  6 y M a r y ,  n o 3 ~ ~ e e  
C T a J I a  O ~ ~ ~ K T O M  HCCJIeHOBaHHR BO MHOI'HX n a 6 o p a ~ o p ~ ~ x .  

1.2.2.1. I I P H r O T O B J I E H I l E  rETEPOI 'EHHbIX CJIO E B  



I I P o B o J ( R ~ H ~ ~ [  M a T e p M a J I  B H3MeJ IbseHHOM B H A e  EI n n e ~ 1 c o o 6 p a 3 0 ~ a ~ e n b ,  

C O C T O R ~ H ~ ~  113 O A H O ~ ~  M 6onee CMOJI, P a C T B O P e H H b I X  B YrJIeB0jqOpO;IHOM 

PaCTBopMTeJIe .  3 a ~ e ~  OHH n e p e M e m t i s a I o T c a  B m a p o ~ o 5  M e n b m q e  no 
n o n y q e H z l a  xopomeii A m c n e p c H m  B CMOJIHHOM c ~ a 3 y m q e ~ .  HJIR yayq- 
m e H m  I I ~ ~ H K O O ~ ~ ~ ~ ~ B ~ H H R  M o r y r  6 b 1 ~ b  A O ~ ~ B J I ~ H ~ I  p a 3 ~ a r s n ~ e ~ 1 ~  
mnxr n n a c ~ ~ + ~ ~ c a ~ o p b ~ .  TIocne H ~ M ~ J I ~ ~ ~ H H H ,  e c J r H  H ~ O ~ X O X E I M O ,  ~ o 6 a ~ -  
JIHeTCH PaCTBOPEITeJIb  A 0  IIOJIYYeHEIH ~ p e 6 y e h 1 0 6  BII3KOCTM AJIR H a H e -  

CeHMR IIOKPbITMR. n o K p b 1 ~ E I e  IIOflJIOXICH TaICHMH CMeCIiM11 OCJ'We- 

CTBJIHeTCR OAHMM H 3  B03M03fCHLIS C I I O C O ~ O B  H a H e C e H H R  IlOICPbITlXH, 

H a n p m e p  p a 3 6 p ~ 1 3 r ~ ~ a ~ m e ~ ,  K y n a H H e M  EI T. A. llpm H a H e c e H m  

IIOKPbITHH H a  6 y ~ a r y  M O X H O  HCl IOJ Ib3OBaTb  O ~ O P Y A O B ~ H E Z ~ ,  I I pHh le -  

H H e M O e  j q i H  IIOJIYYeHEIH @ O T O ~ Y M ~ ~ H .  ~ O C , . I ~  IIOKPbITEIH PaCTBOpEITeJ Ib  

H C I I a P R e T C R ,  OCTaBJIRH H a  OCHOBaHHH TBepAYK)  I IJ leHKY. H e ~ c o ~ O p b l e  

CMOJlLI ~ p e 6 y I o ~  J ( o I I o J ~ H Z ~ T ~ J I ~ H O H  r 0 p H ~ I e l ' r  CYrUICH HJIEI By .TKaHH3a-  

4 H H .  A H ~ J I O ~ E I P H H ~  CJlOEI M O r Y T  6 b 1 ~ b  I IOJ IY9eHbI  TaIF3IFe 113 BOAHblX 

c y c I I e H 3 H f i .  

~ ~ e p O r p a @ E I ~ e ~ ~ i E I e  C B O ~ C T B ~  3TEIX CJIOeB 3 a B H C R T  OT COOTHOIIIeHHR 

M e x n y  @OTOIIPOBOARIIJHM M a T e p H a n o n t  H c n f o n o i i ,  OT pamepa  m Q I . o p ~ b 1  

s a C T H I I  MaTepMaJ Ia ,  OT C T e H e H H  AHCIIePCHOCTM H OT TOJIIQHHbI I IJ IeHKH. 

E c n ~  P a C C M O T p e T b  I C O M ~ H H ~ ~ I X H  p a 3 J I H s H L I X  TEIIIOB # I O T O I I P O B O ~ ~ R ~ E I X  

M a T e P H a J I O B  H p a 3 J I H Y H b I X  THlIOB CMOJI, C T a H e T  OYeBEIAHO, 9 T O  3I iCIIe-  

P H M e H T H P O B a H H e  B 3 ~ 0 %  O ~ J I ~ C T H  MO?KeT 661Tb AOBOJIbHO O ~ I U H P H ~ T M  

kI ICOMIIJIeICCHLIM. He YAHBEITeJILHO II03TOMY, YTO ~ H J I H  IICCJIeAOBaHM 

TOJIbKO H e M H O r H e  K O M ~ E I H ~ ~ E I H  M a T e P H a J I O B .  

1.2.2.2. XAPAKTEPHCTHKXI F E T E P O F E H H L I X  CJIOEB 

C o s e ~ a ~ ~ e  @ o ~ o n p o n o ~ n p e r o  M a T e p n a n a  H ~ 3 0 ~ 1 z l p y m 1 ~ e G  C M O J I ~ J  

C O3AaeT  ~ O T O I I ~ O B O A H I Q H ~  AEI3JIeKTPHK, C I I O C O ~ H ~ I ~ ~  C O X p a H R T b  I IOBepX-  

HOCTHMB 3apSIJI B T e l I H O T e  H pa3pH%G3TbCR IIOA ~ ~ ~ ~ ? c T B Z I ~ M  CBeTa .  

@ O T O Y ~ B C T B H T ~ J I ~ H O C T ~  COCTaBa OIIpeAeJIHeTCR @OTOIIPOBO~EIIQEIM 

MaTepHaZIOM.  C a b l a  ChlOJIa C I I O C O ~ C T B ~ ~ T  TOJIbICO C O X p a H e H M I o  3 a p R A a .  

~ o ~ ~ o ~ H I ~ I ~ ?  COCTaBLI o 6 n a ~ a 1 o ~  HeCKOJIbKHMH I I p H B J I e K a T e J I b H b I M E  

C TOYICE 3 P e H H R  3ICCIIePEIMeHTaJIbHbIX E I C C J I ~ ~ O B ~ H ~ ~ ~  CBO~CTBBMM.  

B o - I I ~ ~ B ~ I x ,  @ O T O I I ~ O B O ~ ~ ~ I ~ E I ~ ~  MaTepEIaJ I  h l O ~ e T  MMeTb H ~ ~ o J I ~ I I I o ~  

T e M H o B o e  c o n p o T n s n e H H e .    TO 06ecneu~isae~ IIIHPOICH~ ~1,160~ M a T e -  

P XaJ IOB.  h I 0 r y T  6bI~b HCIIOJIb3OBaHbI  (POTOI~POBOJ(HEIIEH C ~ 3 1 ~ 0 2  3aIIpe- 
Q ~ H H O %  3 0 ~ 0 %  II C ~ I I e i X T p a J I b ~ o f i  YYBCTBHTeJIbHOCTbH) B IIIHPOKOM 

n E I a l r a 3 O H e .  Bo-BTOPLIX, MOlfCeT 6b1Tb  EICIIOJIb30BaHO HeCICOJIbKO 

~ O T O I I P O B O ~ H H K O B  B OAHOM CJIOe I lYTeM CMeIIIeHMH EIX K a K  O T A e J b H b I X  

I IOpOI I I I~OB B CMOJIRHOM CBH3YH)qeM. H ,  B-TPeTbHX,  MOI'YT  LIT^ I I p H M e -  

H e H b I  K ~ ~ c H T ~ J ~ H - c ~ H c H ~ z ~ J I H ~ ~ T o P ~ I  AJIH YBeJIHYeHEIR 9YBCTBHTeJIb-  

HOCTH B OTHeJIbHblX O ~ J I ~ C T R X  CHeICTpa.  

IConrn~rec~~o QI.o~onpo~o,q~qero M a T e p m a a a ,  K o T o p o e  M o z e T  G H T ~  
AHCI Iep rHpOBaHO B C B H 3 y I o q e M 7  O ~ ~ I ~ H O  Or PaHE39HBaeTCH H 3  CJIenYIo-  



O o ~ o n p o ~ o n ~ q a e  M~OJIEIPYIOIQH~ n n e H m  OKHCH q ~ ~ a a ,  Ancnep- 
~ H ~ o B ~ H H o ~ ~  B CMOJIRHOM CBR3ylOIQeM, MCCJIeAOBaHbI AOBOJIbHO IIIHPOICO. 

O A H ~ K O  I I p M  3TOM HCI IOJ Ib30BaJ IHCb  pa3J IMYHbIe  IIO K a Y e C T B y  OKHCH 

q H H K a  H p a 3 H b I e  C O p T a  CMOJI. ~ O ~ T O M Y  MeTOAbI IIPHrOTOBJIeHMEI M A a i H e  

1 T e S H H K a  H 3 M e P e H H R  3 a M e T H O  OTJIHYaJIHCb Y p a 3 H b I X  H ~ c J I e f l o ~ a ~ e J I e f i  

n - T H I I a ,  I I p H Y e h l  IIPOBOAMMOCTb n -THI Ia  IIPMIIMCbIBaeTCR HBJIHYHIO He-  

c T e s H o M e T p H r e c I c o r o  1 1 3 6 b 1 ~ a a  ~ M H K ~  [282 ]. 3~1e~~pw1ecrcne  c ~ o f i c ~ s a  
c m m o  B ~ B H C R T  OT 1 1 3 6 b I ~ K a  Zn B 0 6 5 e ~ e  M a T e p m a x a ,  a H a  n o s e p x H o -  

CTH - OT ~ A C O P ~ E I P O B ~ H H O I ' O  HHCJIOPOA8. B e z m Y ~ l ~ a  3 J I eKTpOnpOBOA-  

HOCTH ICpHCTaJIJIOB 0 6 ~ 9 ~ 0  J I e X H T  B M H T e p B a J I e  1(k2-1 &o/c.M 12821. 
Y B ~ J I H ~ ~ H H ~  E I ~ ~ ~ I T I C ~  Zn IIOBbIII IaeT TeMHOBYm IIPOBOJ(HMOCTb, a IIO- 

r n o p e m e  mcnopoga H a  n o s e p x H o c T n  y M e H b m a e T  ee. B nopomaoo6- 
P a 3 H O M  BHHe  y OKHCH q M H K a  T e M H O B a R  IIPOBOAHMOCTb MHOrO H H X e ,  

OYeBHAHO, H 3 - 3 a  60JIbIII06 IIJIOIQBAH IIOBePXHOCTH, A O C T Y I I H O ~ ~  AJIR 

I I O r X O q e H H R  KHCJIOpOAa. B O Y e H b  TOHKMX CJIOEIX (0,l .MK) YCTaHOBJIeHO 

[282 1 ,  YTO TeMHOBaR IIPOBOAHhfOCTb 3aBHCHT OT CTeI I eHH OKMCJIeHHR. 

n p H  IIOJIHOM OKHCJIeHMH O H a  MOWeT 6 H ~ b  Y P ~ ~ B ~ I Y ~ ~ ~ H O  ~aJI0fi. B pa- 
6 0 ~ e  [2831 c o o 6 q a e ~ c ~ ,  .ITO c T e x n o M e T p n Y e c K a f i  O I C H C ~  q m K a  RB- 

JIReTCR H3OJIRTOPOM. 

R O ~ @ @ H ~ H ~ H T M  IIOI'JIOIQeHHR H @ O T O ¶ Y B C T B H T ~ J I ~ H O C T ~  AJIR TOH- 

amx c n o e B  ZnO, o n p e A e n e H H b I e  B p a 6 o ~ e  12821, n p e A c T a B n e H b I  

H a  PHC.  137. 0 6 p a 3 q b 1  661x11 I IpHrOTOBJIeHbI  I I y T e M  OKHCJIeHHR qMHIEa,  

H a H e C e H H O r O  H a  K B a p q e B b I e  IIJIaCTHHbI. K p m s a ~  IIOrJIOIQeHHR o 6 p b 1 -  

B a e T C R  I I p H  3 H a Y e H H M  3 H e P r M H  -3,l 36.  TO COBIIaAaeT  C B ~ J I H Y M H o ~ ,  



H ~ ~ R ~ R H O %  B [284], AJlR YEICTbIX MOHOKPHCTaJIJIOB. C YMeHbUIeHHeM 

AJIHHJJ B O J I H ~ I  K O ~ I $ I $ H I & H ~ H T  IIOI ' J IOqeHHR C H a Y a J I a  ~ ~ I C T P O  y B e J I H u H -  
B a e T c R ,  R o c T n r a x  M ~ K C H M y M a  n p H  370 a m % ,  a s a ~ e ~  n o c T e n e H H o  

yhfe~f,IIIat?TCR. @OTOTOIC A O C T H r a e T  M a K C H M y M a  I I p H M e p H O  I I p H  TO% ?Kt? 

p m H e  BOJIHM, YTO H MaICCHMYM IIOrJIOIp2HHR.  Y B ~ J I H W ? H H ~  H ~ ~ M T K ~  

Zn n p H  H a r p e s a H H H  I c p n c T a n n o B  ZnO B napax Zn npn BHCOICO% TeM- 

n e p a T y p e  n p m B o A n T  K n o c r s n e H H I o  n o n o c b I  n o r n o r q e H m c r  npu 3,2 36 

12831 H CABHrY B AJIHHHOBOJIHOBYH) O ~ J I ~ C T ~  [282 1 .  MOZHO OXEIAaTb ,  

9 T O  ~ o I I o J I H H T ~ J I ~ H M ~ ~  k136b1~0K q H H K a  6 y g e ~  C A B H r a T b  @OTO~YBCTBH- 

TeZLHOCTb  B AJIHHHOBOJIHOBYH) 0 6 n a ~ ~ b .  @OTOIIPOBOAHMOCT~ B OKZI- 

CI4 q H H K a  OI IPegeJ IHeTCR,  IIO-BHfiHhfOMy, OAHOBPeMeHHbIM J ( e f i ~ T B H e h 1  

ABYX He3aBMCHMbIX MeXaHEI3MOB [282, 283 1. n e p B b 1 f i  h l e X a H H 3 M  A a e T  

~ O , T ~ L U Y K )  @ O T O ~ Y B C T B H T ~ J I ~ H O C T ~  H C B H 3 a H  C o I I T H ~ ~ c K o ~  XOHH3a-  

q H e g  H 3 6 ~ 1 T K a  HOHOB Z n f ,  B T O P O ~  MeXaHH3b.I I I peACTaBJ IHeT  ~060 i i  
I \ I ~ J ( J I ~ H H ~ I H  I I p O q e C C ,  C B H ~ ~ E I H ~ I %  C OIITHYeCKHM O C B O ~ O ~ I C ~ ~ H H ~ M  

K H C J I O p O n a  C I IOBepXHOCTH, s T 0  I IPHBOAHT K YBeJIHYeHHIO H3661TKa  Zn 
H IIOBbIII IaeT TeMHOBYIO H CBeTOBYH) IIPOBOAHMOCTH.  TOT I I p O q e C C ,  

z i H o r A a  ~ a a b 1 s a e ~ b 1 i . r  @ o ~ o ~ e c o p 6 q ~ e i i ,  o s e s t i n H o ,  npeo6~1anae~ B cay- 
zrae n o p o m I c o B  H n o p H c T M x  cnemmxccr c j I o e B  ZnO. I I o n b ~ ~ ~ i n  y B e n t i -  

YHTb  C O ~ C T B ~ H H Y I O  IIPOBOAHMOCTb OKHCH q H H K a  I I y T e h l  J I e r H p O B a H H H  

O K a 3 a J I H C b  6 e 3 y c n e r u ~ b 1 ~ ~  [278]. B p a 6 o ~ e  12851 H3YYeHO BJlHHHkIe 

J I e r H p O B a H H R  I I o p o I I I K a  ZnO 3J Ieh l eHTaMH CU, Li, Ga H Al. BJIHHHH~ 
; l e c o p 6 q ~ ~  KHCJIOpOAa OqeHHBaJ IOCL I I y T e M  I IOMeWeHHR IIOPOUIKOB 

B n a p a @ ~ ~  B B a I c y y l w e .  Bce H ~ M ~ P ~ H H R  n p o B o A H m c b  B a ~ ~ o c @ e p e  
a s o ~ a ,  C B O ~ O A H O ~ ~  OT K H c a o p o g a .  16b1no 0 6 ~ a p y m e ~ 0 ,  YTO I$OTOIIPO- 

'BOAHMOCT~ 06b19~0 YMeHbI I I aeTCH,  a TeMHOBaH IIpOBOAliMOCTb YBe-  

J r H s H s a e T c a  c POCTOM K o H q e H T p a q m H  n p H M e c H .  ~ T H  n p H a f e c H ,  on- 
H a K O ,  PaCILIHPRIoT ( P O T O Y Y B C T B H T ~ ~ ~ H O C T ~  B AJIEIHHOBOJIHOBYIO 

o ~ J I ~ c T L .  

AJIHHLI BOJIH K p a R  I IOI ' J IOqeHHH T I P E I ~ J I E I ~ H T ~ J I ~ H O  P a B H R J I H C b  CJle- 

AYIOWHM 3HaYeHHRM:  ZnO ( Y H C T ~ I ~ ~ )  - 425 M&E; ZIlO - CU - 436 &a%; 
ZnO - Li, ZnO - Ga, ZnO - A1 - 600 & a % .  A O ~ ~ B K M  Al2o3, 
Cr203, Ga203 YBeJIHYHBaJIH TeMHOBYH) IIPOBOAHMOCTb ZnO [2861. 

A p y r ~ e  o n T m e c m e  H a n e K T p H s e c K H e  csoi ic~na OKHCH qmma 
n p H s e g e H b 1  B p a 6 o ~ e  [289 I .  I I o ~ a 3 a ~ e a ~  n p e n o m n e H H c I  p a B H b I  2,01 
H 2,03, T. e. ZnO RBJIReTCR ~ B y J I y Y e I I p e J I O M J I H I o ~ H M  BeqeCTBOXI .  

& f a J I e K ~ p ~ s e c K a ~  I I p O H H q a e M O C T b  H a  AJIHHe BOJIHbI 1 C& P a B H a  8,5. 
O X M C ~  q H H K a  T a K X e  0 6 J I a ~ a e T  @ O T O A H ~ J I ~ K T ~ I ~ Y ~ C I C H M  ~ @ @ ~ K T o M .  

C o r n a c ~ o  12901, B p e 3 y n b ~ a ~ e  o c s e q e H m  B O ~ H I I K ~ J I O  y s e n m e H n e  

~ ~ 3 n e ~ ~ p t i ~ e c ~ o i i r  n p o H n q a e M o c T H  ZnO OT 7 no 100. I C p o ~ e  T o r o ,  

ZnO 0 6 ~ a p y ? K H ~ a e ~  @ J I y O p e c q e ~ q H K )  [282, 2841 I I p H  B O ~ ~ Y ~ K H ~ H H H  

y J I b T p a @ I 4 0 J I e T 0 ~ ,  PeHTreHOBCIEHM H3J Iy I I eHHeM H 3J leHTpOHHbIhf  

IlYYKOM. 





B n e r c ~ p ~ s e c x a ~  sapama cnoes ZnO B c s ~ a y m ~ ~ t e n r .  Ha n p a I c T m K e  

CJIOH ZnO B CBFI3y Iomehf  3 a p c I X a I O T C R  O T P H 4 a T e J I b H b I M  IIOBePXHO- 

C T H ~ I M  3apf1gOM. T a m e  CXOH B o 6 4 e ~  cnylrae 0 6 ~ r a ~ a 1 o ~  6onbmok 
@ o T o ¶ Y B c T B H T ~ J I ~ H O C T ~ I O  I3 60~1ee ~ @ @ ~ K T H B H H ,  K O r A a  OHH 3 a P I I X e H b I  

O T P H ~ ~ T ~ J I ~ H O .  X ~ P ~ K T ~ P B C T H K H  3 a p c I H K H  P a 3 J I H 9 H b I X  THIIOB IIOHPbI- 

T H ~  k13 ZnO B C B S X 3 y I o ~ e M  HCCJIeAOBaJIHCb B HeCKOJIbKHX J I ~ ~ O ~ ~ T O P H R X  

P H c .  138. 3 a p ~ ~ ~ a  B KOPOHHOM p a 3 p ~ ~ e  CJroeB ZnO B c~rr3ymqe~  [292]. 
P ~ C C T O R H H ~  OT ITPOBOJIOKM H O  I I O B e P X H O C T H  6 At%. n 0 ~ e M q l l a J l  K O P O H H :  OT -4120 H O  

-4700  8 .  H 3 ~ e p f i n H c b  p a 3 p H H H b I e  TOKM H a  C B O ~ O R H Y H )  M e T a J I J I H 9 e C K Y I O  rIJIaCTIIHY. 

p a 3 H b I X  C T p a H .  @ 0 p ~ b I  KPHBbIX 3 a P c I A K H  AJIH CJIOeB ZnO, I IOJ Iy¶a Io -  

quecx IIPH s a p s ~ ~ e  B KOPOHHOM paapqe ,  a H a n o r a n a L r  B b I s H c n e H H b I M  

B Pa3A 1.1.2.1 H I IPeACTaBJ IeHbI  H a  pHC.  98. H ~ K O T O ~ ~ I ~  T H I I H s H b I e  

I c p n s b I e ,  n o n y Y e H H b I e  B p a 6 o ~ a x  12921, n p m B e A e H b 1  H a  pmc. 138. 3 ~ e c b  
G ~ I J I O  HCCJIeAOBaHO BJ IHt lHHe  COOTHOILIeHHR M e W A y  CMOJIOG H OKHCbH) 

4 H H K a  H a  X a p a K T e p H C T l 4 I ; I I  ~ T p k I q a ~ e J I b H ~ f i  3 a p R A K H  K O P O H O ~ ~ [  CJIOeB 

(- 10 J ~ K ) ,  H a H e C e H H b I X  H a  6 y ~ a r y  l4 a J I IOMHHHeByIo  (P0JIbry. ~ O ~ O L L I O I C  

ZnO ( p a a n f e p  s acmq OT 0,1 no 0,5 %K) g H c n e p r z f p o n a n c c I  c n o ~ o q b ~ )  
I I I ~ ~ o B o G  MeJ IbHHqLI  B C H J I M K O H O B O ~  CMOJIe B p a C T B O p e  6 e ~ 3 H ~ a  HJIH 

T o n y o n a .  C o n e p m a ~ ~ e  c i v o n L 1  & . r e H a n o c b  OT 35 ~o 1 0 0 ° o  0 6 a e ~ a  B c e r o  

B e m e C T B a .  n p H  3TOM O ~ H ~ P Y X H J I O C ~ ,  9 T O  M ~ I c c H M ~ J I ~ H ~ I ~ ~ [  I I O T e H q H a J I  

c a o e B  npaivo n p o n o p q H o H a a e H  c o A e p x a H m I o  cntonu ( p ~ c .  139). ~ T H  

H a H H L I e  ~ J J J I H  3 a T e h I  HCI lOJ Ib30BaHbI  AJIR BbIYHC3eHHR IIJIOTHOCTH 

IIOBepXHOCTHOI'O 3 a p R A a  K a K  @ Y H K ~ H H  0 6 ' b e ~ ~ o G  K O H I J e H T p a q t i K  

CI\.IOJI~I B n p o q e H T a x  ( p ~ c .  140). ~ J I O T H O C T ~  s a p ~ ~ a  onpeAe.rranacb 
H 3  B b I P a W e H H c I  (1) I I p H  l4CI IOJ Ib30BaHHH @ 0 p M y J I b 1  G p a y H a  A n H  

A I ~ ~ J I ~ K T P H Y ~ c K o ~ %  I I P O H H q a e M O C T H  TBePALIX C 3 1 e C e ~  I293 1. CJIe~yel' 
OTMeTHTb,  ¶TO IIJIOTHOCTb I IOBePXHOCTHOrO 3 a p R A a  H e  HBJIIIeTCII 

J I I I H ~ ~ ~ H o ~ ~  @ Y H I F ~ H ~ ? ~ ~ [  0 6 ' b e ~ a  CMOJIbI I4 H e  O ~ H ~ P Y X H B ~ ~ T  605bH1or0  

paa6poca B e J I H 9 H H ,  K O T O P ~ I ~ ~ [  X a p a K T e p e H  AJIcI M a K C H h I a 3 b H O r O  I lOTeH- 

q H a J I a .  B p e m ,  H ~ O ~ X O H H M O ~  AJIH AOCTHHXeHHEI MBKCHMYMa, YBeJIH- 



P El C.  139. ~ O B ~ ~ X H O C T H L I ~  nOTeHqElaJI  K a K  @ y E l ~ q E I s  OTHOlJIeHHR OKElCEl q H H K a  
H CDIOJIM nns cnoes ZnO c C E ~ J I H K O H O B O ~ ~  CMOJIOB [292]. 



YHBaeTCH C POCTOM COIIPOTHBJIeHHB CJIOeB [2911 B COOTBeTCTBHR 

C T e O p e T H q e C K H k l H  BbI9HCJIeHHHMH (CM. p a 3 A .  1.1.2.1, a T a K w e  pHC.  98). 
B pa60Te [294] H 3 y q e H L I  X a p a K T e p H C T H K H  3 a p H A K E I  I E O ~ O H O ~  Pa3J IHY-  

H ~ I X  I I O K ~ ~ I T H ~ ~  H 3  ZnO B C B H 3 Y H ) q e M  H a  6 y ~ a r e .  G b 1 J I a  O T M e s e H a  

g a A e p i K K a  M e x n y  M o M e w r a M n  BKJII0YeHHH H H a s a n a  0 6 p a a o s a ~ ~ c 1  no- 
BepXHOCTHOI'O 3 a p E I A a .  3 ~ a  3 a A e p W K a  o ~ % E I c H H ~ T c E I  B.?IHEIHHeM 6 y ~ a r ~ .  
0 6 ~ a p y ; ~ c e ~ o  T a K l K e ,  s T 0  CHJIHKOHOBLIe CMOJIbI MOI'YT 3apEITfCaTbCfl A 0  

6onee B L I c o K o r o  n o T e H q m a n a ,  s e l w  c M o n H  n o n ~ a @ i p ~ o r o  m n a .  B pa6o- 
T e  [295] OTKPLITO EIHOMaJIbHOe YBeJ IHYeHHe  KOpOHHOrO T O K a  I I p H  OTPH- 

q a ~ e n ~ ~ o i i  a a p c l x ~ e  K O P O H O ~  c .noeB  ZnO c C H J I H K O H O B O ~  CMOJIOG. 3aeca 
~ ~ I J I H  I IpHMeHeHLI  0 6 p a 3 I f h 1  ZnO B CBR3YH)weM,  H a H e C e H H b I e  H a  aJIH)MH- 

HHeBLIe  IIJIaCTHHLI. E c n ~  H 3 M e P H T b  K O P O H H L I ~  TOK K ~ ~ 0 6 0 ~ ~ 0 6  MeTaJI- 

nnsec~oiir n x a c T u H e  H K n j I a c T m H e  c 0 6 p a 3 ~ 0 ~  ZnO B C B R ~ ~ I O W ~ M ,  TO 

o~a3~,1sae~ccr ,   TO K O ~ O H H M ~  TOK BO BTOPOM cnysae B 18 pa3 60nbme. 
n p H  OCBeLU,eHHH CJIOeB I E O P O H H ~ I ~  TOK YMeHbI I I aeTCH A 0  TOG W e  BeJIH- I 

YHHLI, YTO H AJIH ~ ~ 0 6 0 ~ ~ 0 6  M ~ T ~ J I , ~ H ~ ~ c K o ~  IIJIaCTHHbI. YBeJIHYeHHt?  

T o m  6~1x0 ~ a H 6 o n b n r H M  AJIH c J I o e B  T O J I I ~ H H O ~ ?  10 MK, n p w r e n f  ,qna 
CJIOeB TOHbIIIt? EI TOJIIQe 10 MK ~ 0 ~ 0 ~ ~ 6 1 6  TOK 6b1a MeHbI I I e .  sb1J I0  

3 a M e Y e H 0 ,  9 T O  eCJIH YHCJIO BHAHMbIX T O q e K  P a 3 P H A a  H a  K O P O H H P Y l O ~ H X  

n p o B o n o I c a x  y B e n H s m B a e T c z r ,  TO T a x x e  y B e n H s m a e T c H  H ~ H C J I O  T o s e I c  

p a 3 P R A a  H a  I IOBepXHOCTH Z110. A J I R  ~ O J I H 3 T H J I e H O B b I X  IIJIeHOK H CJIOeR 

MgO B C B H 3 y I o q e M  I I p H  3 a p R f i K e  ~ 0 ~ 0 ~ 0 ~  3 T 0  I IBJ IeHHe  H e  Ha6JIH)- 

RaeTCEI. HaoCiopo~, C 3THhlH M a T e p H a J I a M H  I Z O P O H H ~ I ~  TOK 3 H a 9 H T e J I L H O  

YMeHbIIIaeTCEI IIO C p a B H e H H I O  C TOKOlf ,  K O T O P ~ I ~  AOCTHraeTCH B CJIysa t?  

~ ~ 0 6 0 ~ ~ 0 6  M ~ T ~ J I J I H Y ~ c K o G  IIOBepXHOCTH. A H O M ~ J I ~ H O ~  Y B e J I H Y e H H e  

KOpOHHOrO T O K a  K CJIORM 6 ~ x 0  OTKPbITO B p a 6 0 ~ e  [296], r A e  I I p O n e J I a -  

HO AOBOJIbHO O ~ I I [ E I P H O ~  HCCJIe$JOBaHHe 3 T O r 0  3@)&?K~a.  ELI^^ IIpe&XO- 

i 
w e H a  rmno~eaa o TOM, YTO O T p H q a T e a m a R  K o p o H a  c 0 3 ~ a e ~  H a  nosepx- 
HOCTH CJIOEI ZnO B c~~3y101qent M a n b r e  O ~ J I ~ C T H  ~ 3 6 6 1 ~ ~ a  s a p a ~ a  H YTO 3 

60n1,ru~ie x o K a n b H H e  r p a g H e H m . 1  n o T e H q m a J I a  OKOJIO ~ T H X  H ~ O J I H P O -  

B a H H M X  3aPEIAOB IIpMBOAHT K I I O H H 3 a q H H ,  Y B ~ J I H Y E I B ~ I O ~ ~ ~ ~  K O P O H H ~ S ~ ~  

TOE.  B H ~ Y ~ J I ~  K O P O H H L I ~ ~  TOK p e 3 K O  B O a p a C T a e T  A 0  ReJIHYHHbI, SOCTH- 

rE l eM0f i  B C J I y s a e ,  K O r A a  B KaW?CTBe a H O A a  I IPHMeHReTCR C B O ~ O A E I ~ R  

MeTaJ I J IHYeCI i aR  I IOBePXHOCTb  HJIH c J I o ~ ,  CEiJIbHO IIoTJIoSI(~H)LU,H~ CBeT,  

sa~ent  H a c T y n a e T  K o p o T K a n  nayaa, IIocne ~ o ~ o p o i i  OH B H O B ~  p e a ~ o  
yBeJ IHxIHBaeTCH A 0  Y p O B H H ,  COOTBeTCTByIoIIJerO TeMHOBOMY TORY. 

3 ~ 0  IIOBeAeHHe  T O K a  I I O x a 3 a ~ o  H a  PEIC. 141.  KT KT H e  H ~ ~ J I I O R ~ ~ T C E I  

IIPH n o n o l f ~ m ~ e n b ~ o i i  K O ~ O H H O ~ ~  a a p ~ n ~ e .  B a K c n e p H n f e H T a x  npmale- 
H R J I a C b  CHHTeTki¶eCKaH CMOJIa ((IIJIHOJIHT)) ( C O I I O J I H M ~ ~  IIOJIHCTHp0.T - 
6 y ~ a ~ H e ~ )  C OTHOIIIeHHehl M a T e p H a J I a  K CMOJIe, P a B H b I M  4 : 1. M M ~ H  
B BHHY OTHOCHTeJIbHLIe IIJIOTHOCTH M a T e p H a J I a  H CMOJIbI (ZnO ~ 5 , 5 ,  
IIJIHOJIHT -1,05),  TO B e c o B o e  O T H o m e H E i e  ~ ~ H ~ J I H ~ H T ~ J I ~ H O  ~ K B H B ~ -  

J IeHTHO ~ ~ ' ~ ~ M H O M Y  OTHOIUeHHH) 4 : 5. A H O M ~ J I ~ H O ~  I IOBeAeHHe  IIJIeHOFi 

ZnO B C B I I 3 Y I O q e M  IIOA H ~ ~ ~ C T B E I ~ M  O ~ p E i q a ~ e J I b H o f i  3 a P R A K H  OT KOPOHbI 

R a e T  B O ~ M O ~ ~ E H O C T ~  npegnonaram, ¶TO a a p ~ ~ ~ a  -  TO H e  I I ~ O C T O ,  



o c e a a H n e  HOHOB, O ~ ~ ~ ~ O B ~ H H L I X  B p e 3 y n b ~ a ~ e  K o p o H H o r o  paapaaa. 
Hpyroii H ~ o ~ ~ E H ~ J ~ H H ~ I ~  p e 3 y J l b T a T  COCTOEiT B TOM, 9 T O  H 3 M e p e H H O e  

TeMHOBOe COIIPOTHBJIeHHe H a  HeCKOJlbKO IIOPRAKOB MOHEeT 6 b 1 ~ h  

P C. 141. ~ ~ B I I C I I M O C T ~  IIJIOTHOCTM TOKa KOPOHHOrO p a 3 p f l s a  OT B p e 3 j e I I l i  
3 a p n A K H  AJIH OKPIClT I p H K a  B CBfI3YH)II(eM I I p H  IIOCTOHHHOhC I lOTeIIqmaJIe  KOpO- 

H ~ I  [296]. 
O c ~ e m e ~ ~ e ,  paBHoe 2 . i 0 1 3  @omon/cw2, ~ e t i c ~ ~ o s a n o  no 3 a p n ~ ~ u  B TeYeHue npcMelrIl 
COOTBeTCTBeHHO nnn K P U B ~ I X :  I - nnacTxHa H e  oceeaanacb; 2-10 cex; 3-40 cex; 4- 

160 CeX; 5 - 3apRAKa IIpOMCXOnHJIa Ha CBeTy. 

XleHbIUe 06b19~0I'0 COIIPOTHBJIeHHR,  H ~ O ~ X O A H M O ~ O  AJIR Y A e P l R H B a H H R  

I IOnepXHOCTHOrO 3 a p R A a ,  AOCTaTOsHOrO AJIR 0 6 p a 3 0 s a ~ ~ a  n306pa- 
X e H H E I  12961. 

B 3 ~ 0 6  p a 6 0 ~ e  CJIOH C YAeJIbHbIMM TeMHORLIMH CO~POTMBJIt?HEiR~IEI  

n o p a n K a  1011- 1012 ~ L I J I E ~  aapni1ie~61 o T p H q a T e n m o  B KOPOHHOM pa3- 
p R a e  A 0  OTHOCHTejIbHO BLICOKHX IIOBePXHOCTHLlS I IOTeHqEiaJ lOB.  ~ ~ L I c o -  

xoe c o n p o T m J r e H H e  n p k i  o ~ p m q a ~ e n b ~ o i i  a a p ~ p e  C B H ~ ~ H O ,  osennzao, 
C ~ J I O K H P Y I O ~ H M H  KOHTaKTaMH,  O ~ ~ ~ ~ ~ I O ~ E I M L I C R  H a  I IOBePXHOCTRX 

p a 3 A e J l a  OICHCkI4HHKa H CMOJlbI C I I O M O q b I O  OTPHqaTeJ IbHbTX HOHOB [297 1 .  
3 ~ c n e p ~ i ~ e ~ ~ b 1 ,  o n H c a H H H e  B 12971, n o ~ a 3 a j r 1 4 ,  s ~ o  c n o h i o q b m  

ICOPOHbI B aTMocI#t?pe KHCJIOpOAa HJIH B 0 3 A Y X a  M O X H O  C 0 3 g a T b  60~16- 
IIIoG I I O B ~ ~ X H O C T H ~ I ~ ~  o T ~ ~ q a T e J I b ~ b 1 6  3 a P H a  H a  CJIORX Z110 B CBR3YIO- 

q e M ,  a B a ~ ~ o c I # e p e  a a o ~ a  H a m  ream nonysamqniiccr n o n e p x ~ o c ~ ~ b ~ i i  

3 a p R A  0 9 e H b  M a n .  O T C I ~ A ~  CJIeAyeT ,  9 T O  H a J I H Y H e  HOHOB ICHCJIOPOaa 

H r p a e T  C y q e C T B e H H y I O  p O J I 5  I l p H  O T P H ~ ~ T ~ J I ~ H O ~  3 a p R A K e  CJIOeB 

143 OKHCH qmma. 
I) pa60l.e [298] 0 6 ~ a p y m e H 0 ,  ¶TO AJlR O T P E I ~ ~ T ~ J I ~ H O G  3 a P R A K H  

U O T e H q H a J I  CJIOeB ZIlO B C B R 3 Y I O q e M  C IIJIHOJIHTOM IIOCTOHHeH 

B ~ H P O K O M  E i H T e p B a n e  s ~ a s e ~ ~ i i  n o T e H q t i a x o B  K O P O H ~ I  OT -7 AO 

-20 K6. 3 ~ o r o  M O X H O  O W H A a T b ,  eCJ lH  TOK Y T e ¶ K H  sepe3 cJIoH 



I IOTeHqHaJI  CJIOeB ZIlO B CBII3YIOlI(eM B O 3 p a C T a e T  C yBeJIIXrIeHHeM TOJI- 

WHHM CJIOEI AJIII HaHHOrO IXOTeHI(HaJIa KOPOHbI, B TO B P e M R  IFaK AJIH 

~ a o n ~ p y ~ o w e i i  meam, ~ a ~ o f i ,  K a K  ~ ~ J I J ~ I O ~ O ~ H O - ~ ~ ~ T ~ T I X ~ H  nnn M ~ B -  
JIap, I I O B ~ ~ X H O C T H ~ I ~  IIOTeHqHaJI  H e  3aBHCHT OT TOJIIqHHbI.  TOT 
~ @ @ C K T  ~ ~ ' ~ H C H H ~ T C H  0 6 p a 3 0 ~ a a ~ e ~  IIOJIO?KHTeJIbHOrO IIpOCTpaHCTBeH- 

nor0 3 a p ~ ~ a  B 0 6 ' b e ~ e  CJIOH OKHCH q H H I c a  B C B Z ~ ~ Y E O L ~ ~ M  (PHC. 143). 
B ~ H R H H ~  TOJIWHHH H a  M ~ K c H M ~ J I ~ H ~ I ~ ~  ~ I O B ~ ~ X H O C T I I ~ I ~ ~  IIOTeHLlHaJI 

661~10 0 6 ~ a p y x e ~ o  T a I c x e  B pa60l.e [2991. C n n o l u ~ b r e  I cpHsLIe  H a  

PHC. 143 BbIUHCXeHbI H 3  COOTHOIUt?HHR 



0 200 400 600 800 1000 BOO 



li
om

e~
yu

an
 Ha

 c
no

e,
 e

 



I. OOTO3JlEKTPH9. METOn IIOJIYYEHHU BJIEHTPOCT. HBOBPAHCEH 275 

HOBHBEIH~CH CIIaA (PHC. 144). K p H B b I e  TeMHOBOI'O CI IaAa  AJIR IIJIeHOK 
H 3  Pa3J IH4HbIX COPTOB OKHCH q H H K a  B CBR3YIOlI(eM IIpeACTaBJIeHbI H a  

PHC. 145 13031. BcI IoJ I~~oB~HHo~ B f l X m e e  BeWeCTBO H e  H3BeCTHO. 

O A H ~ K O  HBBeCTHO, ¶TO BCe CJIOH ~ ~ I J I H  H3rOTOBJIeHbI OAHHaKOBhIM CIIO- 

~ 0 6 0 ~  H 3  ORHOG H TOG Xe CMOJI~I  H T O J I ~ H H B  CJIOH 6b1~1a I I P H ~ J I H ~ M -  

TeJIbHO OJ(HH~KOBOG ( ~ 1 2 , 5  d t ~ )  AJIR BCeX 06pa340~. XOTR BCe AeBHTb 

KpHBbIX o ~ J I B A ~ I O T  ~ ~ I C T P H M  TeMHOBbIM C n a A o M ,  3aMeTHO OTJlH¶He B 

@ O ~ M ~ X  KPHBbIX,  O ~ Y C J I O B J I ~ H H O ~  HCIIOJlb30BaHHeM Pa3JIH¶HbIX $OTOIIPO- 

BOARIQHX MaTePHaJIOB. Bonee CYWeCTBeHHbIM, OAHaKO, HBJIHeTCR 
6onbmoH pa36p0~ ~ H ~ ¶ ~ H H G  IIOTeHqHaJIOB OT o6pasqa K o6paaqy. 
B J I H H H H ~  BRXJ'l4eI'O C B O G C T B ~  CMOJIbI H a  T ~ M H O B O ~ ~  CIIaA OI Ipe -  

AeJIReTCR rJIaBHbIM 0 6 p a 3 0 ~  TOJIbKO C O ~ C T B ~ H H ~ I M  3JIeKTPlXPeCKHM 
COIIPOTHBJIeHHeM CMOJIbI, T a K  KBK XHMH¶~CKOG P e a K q H H  MeHE,JJY ZIlO 
H CMOJIO~~[  H e  IIPOHCXOAHT. f i p y r ~ i ~ m  CJIOBaMH, ¶eM BbIJlIe COIIPOTHBJIe- 

H H e  CMOJIbI, TeM MeAJIeHHee T~MHOBOG CIIaa .  OTHOITI~HH~ KOJIH¶t?CTBa 
CMOJIbI K KOJIH'IeCTBy OKLICH q H H K a  T a K X e  BJIHReT H a  CKOPOCTb TeM- 

H o B o r o  cnaaa. 3 ~ o  c n e n y e T  n3 A a H H M x  pa6o~b1 12921, rge 0 6 H a p y ~ e -  
HO, ¶TO KPHBbIe  TeMHOBOrO H CBeTOBOrO CIIaAOB CJIOeB CHJIHKOHOBO~ 

CMOJIbI C OKHCbIO q H H K a  I I P M ~ J I H x ~ H H o  IIOA¶HHRIOTCR 3MIIHPH¶t?CKOMY 

COOTHOIIIeHHIO 

rne V o  - ~ a . r a a b ~ ~ i i  n o T e H q H a n ;  V - n o ~ e p x ~ o c ~ ~ b ~ i i  noreaqaan 
B MOMeHT B p e M e H H  t ;  a - IIOCTOHHHaH, XapaKTepH3J'IOI4aR M a T e p H a n  

CJIOR. n p ~  3TOM ~ @ @ ~ K T H B H ~ R  IIPOBOAHMOCTb CBH3aHa  3MIIHPHPeCKB 

C a B b I p a X e H H e M  G = a ~ / 2 f i ,  rae C - eMKOCTb H a  1 Cdta CJIOH. 

( O ~ ~ B H A H O ,  3TO Y P a B H e H H e  H e  M O X e T  6 ~ ~ b  3KCTPaIIOJIHPOBaHO K 3 H a -  
¶eHHIO I I p H  i! = 0 H ,  CJIeAOBaTeJIbHO, IIPHMeHHMO TOJIbKO AJIH IIOCJIe- 

R Y I O ~ H X  c ~ a g ~ G  cnaga aapsna.) B p a 6 0 ~ e  12921 semisma a onpeae- 
J I e H a  K a K  @ Y H K ~ H H  KOJIHPeCTBa CMOJIbI B CJIOHX C OKHCbIO q H H K a  

(PHC. 146). 
C J I ~ A Y ~ T  OTMeTHTb, ¶TO AJIH TeMHOBOrO CI IaAa  H3MeHeHHe a B 3aBH-  

CHMOCTH OT K O H q e H T P a q H H  CMOJIbI OTHOCHTeJIbHO MaJIO. K p E i B a R  3 H a -  
seam6 3~05  KOHCTaHTbI HMeeT AOBOJIbHO IIIHPOKHG IIHK IIPEl COAepHEa- 

HHH CMOJIbI 35-40%. ~ ~ H ~ J I H x ~ H H o  3TO COOTBeTCTBYeT YMeHbJlIeHHIO 

c o n p o T m s n e H m  CJIOH (PHC. 147). 
n3 AaHHbIX AJIH a MOXHO 3aKJIH)¶HTb, ¶TO T ~ M H O B O ? ~  CIIaA B H a ¶ a J I e  

H e  3aBHCHT OT KOJIH¶~CT~~HHOI 'O  COOTHOIIIeHHR Me?KAY CHJIHKOHOBO~ 

CMOJIO% H OKHCbH) q H H K a .  O ~ ' ~ R C H ~ H H ~  3 T O r 0  RBJIeHHfl, I IPeAJIOXeHHOB 

B p a 6 o ~ e  12921, c o c T o m T  B c J r e A y m q e M .  O ~ a s ~ s a e ~ c ~ ,  ¶TO 40% c M o n H  
K a K  pa3 AOCTaTO¶HO AJIR 3aIIOJIHeHHR IIpOCTpaHCTBa MelKAy ¶ a C T H q a M H  

OKHCH q H H K a ,  a I I p H  MeHbIIIeM ee C0,JJepHEaHHH B IIpOCTpaHCTBe M e X n y  

' I aCTHqaMH HaXOAHTCR BO3AYX. ~ P H  C O A e P K a H H H  BbIIIIe 40% COIIPOTHB- 

n e m e  c H o s a  y s e n H s H s a e T c a  3a c s e T  C O ~ C T B ~ H H O ~ O  B b I c o K o r o  COIIPOTHB-. 

JIeHHH CMOJIbI. A H ~ J I o I ' H ¶ H ~ I ~  Pe3YJIbTaTbI  AJIH CJIOeB CHJIHKOHOBO& 



CMOJIbI C OKHCbH) UHHKa IIpHBeAeHbI B pa60l.e [304]. B H ~ G  TaK?Ke 

TeMHOBOrO EI CBeTOBOrO CHaAOB. ~ P E  aTOM nOCTORHHaR, COOTBeT- 
CTByIoWaH a, O ~ H ~ ~ Y X H B ~ ~ T  HHK AJIR TeMHOBOI'O CIIaAa I I p H  COAepHEa- 

HHH CMOJIbI, PaBHOM 50%; IIpH¶eM B e J I H s H H a  BTOG IIOCTORHHO~? C TOJI- 

W H H O ~ ~ [  CJIOR B H H T e p B a J I e  OT 20 A 0  120 AntK C y q e C T B e H H O  H e  MeHReTCH, 

P H C. 146. kI3MeHeHHe IIOCTOIIH- P I4 G .  147. ~ ~ B H C H M O C T ~  COIIPOTHBJle- 
HOB U B 3aBHCHMOCTH OT KOJIH¶e- HHII OT l IpO~eHTHOl?O COAepXaHHII  
c T B a  CHJIHKOHOBO~I CMOJIU B c n o R x  CHJIHKOHOBOB C M O ~ ~ I  B cnonx ZnO 

ZnO [292]. [292]. 

OAHaKO O H a  YBeJIH¶HBaeTCH C IIOBbIIIIeHHeM H a q a J I b H O r O  IIOTeH4HaJIa .  

B p a 6 o ~ e  [299] YCTaHOBJIeHO, ¶TO T ~ M H O B O G  CllaA I IpOTeKaeT MeAJIeH- 
H e 0  C yBeJIH¶eHHeM TOJITHHM CJIOX. 

O ¶ e H b  M a 3 0  C B ~ A ~ H H ~ ,  KaCaIo lqHXCX TeMHOBOI'O CI IaAa  I I p H  llOJI0- 

l r c n ~ e n b ~ o f i  s a p a ~ ~ e .  110-BHRHMOMY, CJIOH, n p e ~ ~ a 3 ~ a s e ~ ~ b 1 e  o6e- 
C I I e s H B a T b  OIITHMaJIbHbIe X a P a K T e P H C T H K B  I I P H  O T P H ~ ~ T ~ J I ~ H O ~  3 a p R A -  

KC?, 0 6 b 1 9 ~ 0  H e  COXPaHRIOT AOCTaTOPHOrO IIOJIO?KHTeJIbHOrO 3 a p ~ ~ a  
RJIH H a A e X H b I X  H ~ M ~ P ~ H H ~ T .  C O O ~ Q ~ J I O C ~ ,  ¶TO CJIOH C 41 % - H ~ I M  COAep- 

X a H H e M  ZIlO B CMOJIe MOI'YT 6 b I ~ b  3 a p R X e H b I  nOJIOXl lTeJ IbH0 ,  B TO B p e -  

MH K a K  CJIOH C ~ ~ % - H M M  H B b I m e  C0,iJepXaHHeM ZIlO IIOJIOlKHTeJIbHO 
H e  a a p ~ x a ~ o ~ c a  13041. 

K ~ H B ~ I ~  CBeTOBOrO CI IaAa  ( ~ ~ B H C H M O C T ~  I IOTeHqHaJIa  OT B ~ ~ M ~ H X )  

AJIH CJIOeB ZnO B C B R 3 y I o Q e M  o I I ~ ~ J I H K o B ~ H ~ I  MHOI'HMH HCCJIeROBa- 

TeJIHMli. PXA X a p a K T e p H b I X  KPHBbIX,  IIOJIY¶eHHbIX B p a 3 H b I X  YCJIO- 

BHRX, IIpeACTaBJIeH H a  PHC. 148-151. B OT,lJeJIbHbIX CJIY¶aXX H ~ ~ J I I O -  



P H C. 148. X ~ ~ ~ K T ~ ~ H C T H K H  CBeTOBOrO p a 3 p R A a  CJIOeB t a J I e K ~ p O @ a K ~ f i  [305]. 
Tonmuna cnon 14.5.10-' cw; Kawnble 5 cex HMnynbc cseTa OT ~ o n b @ p a ~ o ~ o l f  naaanw 
HeceT Ha nosepxnocTb cnon 1,06.  1011 g5ornonlw'. a - u - nopomHm kZn0 pa8HWX 

COPTOB. 

P H C. 149. K ~ H B M ~  C n a n a  Ann C n o s  ZnO C C ~ I ~ H K O H O B O ~ ~  ~ ~ 0 J l O i j r  I I p E  HHTeH- 
C HBHOCTH OCBeWeHHR 0,2 . U K ~ ~ / C X '  (2921. 

-*- B TBMHOTB; -0- npH OCBeWeHHH ( A ~ H E B  BQnHbl 435 ran). 



P H C. 150. B ~ c n e p a ~ e ~ ~ a n b w r e  KpHsare paapHna a n e ~ ~ p o @ o ~ o r p a @ a s e c ~ ~ x  
CnOeB OKHCH qHHKa IIpH OCBeIQeHHOCTH 600 dlC [306]. 

ZeHo, ¶TO s-06pa3~aR @ o p ~ a  ~ p r n ~ o i i  cnana nonysaeTca n p ~  ~ a ~ e -  
peamm nosepxHocTHoro noTeHqnana B npoqecce HenpepbIBHoroocse- 
WeHHcI; n o s m  JIHH~GHHB cnaA xapaIcTepeH ~xcr. sepeAosaHm ~ s ~ e p e -  
HHH m ocseqeHHa (pmc. 152). B pa6o~e  [307] nposeAeHo BcecTopoHHee 
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KPHBbIX CBeTOBOrO C n a n a .  PHC. 153 HJIJIIOCTPHPYeT BJIHEIHHe HHTeH- 
CHBHOCTH H AJIHHbl BOJIHbI CBeTa. H a g a J I b ~ a R  CKOPOCTb CI IaAa  3 a p R A a  

IIOA A ~ ~ C T B H ~ M  O C B e q e H H R  3aBHCHT OT CKOPOCTH IIOEIBJIeHElEI @ O T O T O K ~ .  

~ M O P + H O ~ O  c e n e H a  npn o c s e q e H H m  c z o ~  +OTOTOK B o s p a c T a e T  
O¶eHb ~ ~ I C T P O  (CM. PHC. 103), a AJIH CJIOeB ZnO B C B H 3 y I o Q e M ,  H ~ O ~ O ~ O T ,  

O W H b  MeAJIeHHO. ~ P H  Pe3KOM B 0 3 p a C T a H H H  M ~ A J I ~ H H ~ I ~ X  ~ a ¶ a J I b ~ b I f  
CIIaA 3 a p H A a  0 6 ~ 9 ~ 0  H e 3 a M e T e H  H a  X o A e  ~ p ~ ~ o i j r  3aBHCHMOCTH IIOBePX- 

HOCTHOI'O I IOTeHqHaJIa  OT BpeMeEM. n p F f  MefiJIeHHOM BO3paCTaHHH 

P H C. 152. C ~ ~ B H ~ H H ~  KPHBMX C B e T o B o r o  cnana ~ J I X  c n o e B  ZnO npx E e n p e -  
pbIBHOM H 9ePeAYH)IQeMCX OCBelI(eHHH [203]. 

E~CTO~HEK cBeTa - ~ o n w $ p a ~ o ~ a n  naMna (2900° K). - nenpepmnoe ocsetqenae (50 a x ) ;  
-0-  ocseaeaae sepea naxahle 30 celr vrMnyabcaME 5 0  n x . c e x .  

@ O T O T O K ~  6 ~ x 1 3 ~  IIOJIy¶aTbCR X a p a K T e p H a H  S - 0 6 p a 3 ~ a ~  K P H B I R .  n p H  
~ s ~ e p e ~ n a x  CKOPOCTH cnaAa aapcr~a c n o e B  ZnO B C B R ~ ~ I ~ I ~ ~ M  npm 
pa3J IH¶HhIX YCJIOBHEIX 3aPEIAKH H 3KCIIOHHPOBaHHR G ~ I J I O  YCTaHOBJIeHO, 

¶TO CKOPOCTb CBeTOBOrO CI IaAa  IIpOIIOpI(H0HaJIbHa B@~#~KTHBHOMY 

#OTOTOKY ¶epe3 cJI0f. P ~ C C M O T ~ ~ H H ~ ~ ~  BMIJIe p e 3 y J I b T a T b I  MOXHO 

CyMMHpOBaTb CJIeAYIOIQHM 06pa30~:  
1) B p e M R  BOBpaCTaHHfl  pa3pHAHOI'O TOKa YMeHbmaeTCJT, €!CJIZl 

BHTeHCHBHOCTb CBeTa  YBeJIH¶HBaeTCR; 

2) BpeMEI B03paCTaHHEI TOKa Y B e J I W H B a e T C R  C IIOBbIllIeHHeM Ha¶aJIb- 

H o r o  n o T e H q n a n a ;  

3) BpeMEI B03paCTaHHEI TORa  YMeHbIIIaeTCH, eCJIH cJIoH OCBeqaeTCEI 

CBeTOM ,D,JIZIHOH BOJIHhl 365 .MAK (no CpaBHeHEIO C AJIHHHOBOJIHOBHM 

o c ~ e q e ~ n e ~ )  ; 
4) n p e a m e c T B y m W e e  o c s e I q e H s e  s ~ a r ~ ~ ~ e n b ~ o  y M e H b m a e T  s p e m  

B 0 3 p a C T a H H R  pa3pEIAHOI'O TOKa;  

5) B p e M R  B03paCTaHkIJT AJIH H ~ C ~ H C H ~ H J I H ~ H P O B ~ H H ~ I X  CJIOeB ZnO 
B CBR3yIOIQeM HeCKOJIbKO MeHbIUC?, ¶eM AXR CJIOeB, C ~ H C H ~ E J I H ~ H P O B ~ H -  

RbIX POAaMHHOM B. 







Ha pHC. 154-157 IIOKa3aHbI p e 3 y J I b T a T h I  '3KCIIepHMeHTOB, a H a J I H 3  

KOTOPbIX A a e T  0 6 ' b f f c ~ e H H e  Pa3JIHYHbIX BHAOB KPHBMX CIIaAa,  IIOJIY- 

¶eHHHX pa3HbIMH aBTOpaMH. B C J I y ¶ a e  npHMeHeHHII  MeTOAa ¶epeAO- 

BaHHR H ~ M ~ P ~ H H ~ ,  HJIH HMIIYJIbCHOrO MeTOAa, cJIoH ((3aUOMHHaeT)) 

 KT IIpeAbIAyIqeI'O OCBeIQeHHR IIepeA K a X A b I M  H3MepeHHeM er0 
IIOBepXHOCTHOrO IIOTeHqHaJIa .   TO Y M e H b m a e T  B p e M R  BO3paCTaHHR 

T o x a  AJIH K a x n o r o  nocxegymlqero o c s e m e H H l i  nocne n e p B o r o ,  

H Pe3YJIbTHPYH)mHe KPHBbIe  CIIaAa H e  HMeIoT S-06pa3~0ii 40p~bI .  

T a ~ a ~ i .  I # o ~ M ~  KPHBOG M O X e T  TaKHFe H e  O ~ H ~ P Y X H T ~ C R  I I P H  He- 

I IpepbIBHOM OCBemeHHH CBeTOM 60nb1110ii HHTeHCHBHOCTH HJIH CBeTOM 

~ J I H H o ~  BOJIHhI B O ~ X ~ C T H  OCHOBHOrO IIOrJIOIQeHHR ZnO. 
M ~ A J I ~ H H H ~  H a ¶ a n b H b ~ B  C n a A ,  0 n p e ~ e J I a l o I q H i i  S - O ~ P ~ ~ H Y H )  I#OPMY 

KPHBbIX, O ~ % R C H I I ~ T C E I  IIBJIeHHeM 3 a X B a T a .  CJIOH, H ~ X O A I I I Q H ~ C E I  

B TeMHOTe, COAePWMT JIOBYIIIKH, KOTOphIe 3aXBaThTBaIOT C B O ~ O A H ~ I ~  

3JIeKTpOHbI,  0 6 p a 3 o ~ a ~ ~ b 1 e  I I p H  O C B ~ I Q ~ H H H .  npZ'i 3TOM ~ a ¶ a J I b ~ b 1 6  

C n a A  RBJIReTCR UepHOAOM 3aIIOJIHeHHR JIOBylrreK. IT0 M e p e  3aIIOJIHeHHR 

J I O B y m e K  T ~ M H O B O ~  TOK YBeJIHPHBaeTCR H K P H B a R  C U a A a  CTaHOBHTCR 

K p y ¶ e .  OJ (HaK0 I I P H ~ J I H ~ M T ~ J I ~ H O  B K O H q e  C U a A a  3JIeKTpH¶eCKOe IIOJIe 

B CJIOe YMeHbIIIaeTCII H p e K 0 ~ 6 E i H a ~ H R  CTaHOBHTCR 11peo6na~alo1qef. 
 TO BHOBb YMeHbIIIaeT CKOPOCTb CI IaAa  H o ~ % R c H R ~ T  KOHe¶HOe UOHH- 

meme  K P H B O ~ ~ .  

n y 6 n ~ ~ a q m 6 ,  conepwawnx x a p a K T e p m c T m K m  c s e T o B o r o  cnana 
IIOJIO?KHTeJIbHO 3 a p H X e H H M X  CJIOeB ZnO B CBR3YlomeM,  IIOKa O W H b  

MaJIO, T a K  K a K  T a K H e  CJIOH, K a K  IIPaBHJIO,  H e  COXPaHHloT IIOJIOXHTeJIb- 

H o r o  a a p ~ ~ a .  B p a 6 o ~ e  12031 n o n y s e H H  K p H B w e  cnaAa Anx 6 y ~ a r H  

< t a x e ~ ~ p o @ a ~ c e  n p H  n o ~ o x ~ ~ e n b ~ o f  s a p n ~ ~ e .  H o n y s e ~ ~ a r e  K p H s b I e  

CI IaAa  IIpeACTaBJIeHbI H a  PHC. 158. @ O T O ¶ ~ B C T B E T ~ J I ~ H O C T ~  I I P H  IIOJIO- 

'?KHTeJIbH0fi 3apHAKf3 MHOrO MeHbmt?, ¶eM I I P H  O T P H ~ ~ T ~ J I ~ H O G .  
C n e ~ ~ p a J I b ~ a a  9YBCTBHTenbHOCTb.. u3 O I I ~ ~ J I H K O B ~ H H ~ I X  AaHHbIX 

E8BeCTH0,  ¶TO MaKCHMYM ¶YBCTBHTeJIbHOCTH H ~ C ~ H C H ~ H J I H B H P O B ~ H -  





P H C. 159. Cne~Tpa~b~af I  4YBCTBHTeJIbHOCTb 6 y ~ a r ~  u ~ J I I ? K T ~ o @ ~ K c ) ) ,  CeHCE- 
6 n n ~ 3 m p o ~ a ~ ~ o i i  c t 6 e ~ r a n b c ~ n ~  pO3OBbIM)) [1 71. 

Conep~ca~ne Kpacmesra B rpaMMax H a  120 z ZnO: 0,02 (A); 0,OI (B);  0,08 (C). 





KpaCHTeJIR yBeJIH¶HBaeTCH, a C O ~ C T B ~ H H ~ H  ¶YBCTBHTeJIbHOCTb OKHCH 

q H H K a  YMeHbmaeTCEI. B pa60l.e [308] H 3 M e p e H a  ~ O T O I I ~ O B O A H M O C T ~  

CJIOeB, C ~ H C H ~ H J I E ~ H ~ O B ~ H H ~ I X  CJIeAyIO4HMH KpaCHTeJIHMH: ( ( 6 e ~ r a n b -  

CKHM p030BbIMR ( K H c J I o T H ~ I ~ ~  K c ~ H T ~ ~ H o B ~ I ~ ~  K P ~ c H T ~ J I ~ ) ,  @ J I y o p e C q e H -  

HOM, ~ P H J I J I H ~ H T O B O ~ ~  3eJ IeHbI0 ,  TPHO$JI~BHHOM H O p a H X e B b I M  aKPHAH- 

HOM B p a 3 H b I X  K O H q e H T P a q H R X .  I I p H  3TOM H ~ ~ J I I O A ~ J I H C ~  CJIeAYIOqMe 

HHTePeCHbIe EIBJIeHHH: 

1. I I p H  OW?Hb HH3KHX KOHqeHTpaqHEIX KPaCHTeJIR ~ O T O T O K  I IPH 

AJIHHe BOJIHbI CBeTa 385 &JtK CHa¶aJ Ia  yBeJIH¶HBaeTCH, a IIOTOM YMeHb- 

IUaeTCR C POCTOM KOHqeHTpaIJHH KPaCHTeJIH. 

P H C. 162. @OTO¶~BCTBHT~JI~HOCT~ CJIOeB B~JI~KTPoC&~KC)), C ~ H C H ~ H J ~ H ~ H P O B ~ H -  
' H ~ I X  KpacwreneM c ~ o ~ q e ~ ~ p a q ~ e i i  O,I, 0,2 H 0,3 z @~ryopecqe~~a  Ha 120 2 

ZnO 13081. 

2. ~ J I H H H o B o J I H o B ~ I ~ ~  IIHK @ O T O T O K ~  C POCTOM KOHqeHTpaIJHH K p a -  

c m e m  C H a q a n a  YBenmPmBaeTcR AO M a K c m y M a ,  a a a ~ e ~  y M e H b m a e T -  

CH. ( ~ T H  3aKOHOMePHOCTH BHAHhl H a  PHC. 161 H 162 HJIH CJIOeB, CeH- 

i C H ~ H J I H ~ ~ ~ O B ~ H H H X  @ J I ~ o ~ ~ c ~ ~ H H o M . )  

3. ~ K C I I O H H ~ O B ~ H H ~  IIpOH3BOAHT ~ e 0 6 p a T H ~ b I e  H3MeHeHHR CIIeKT- 

PaJ IbHbIX X a p a K T e p H C T H K  c ~ H c H ~ H J I H ~ H ~ o B ~ E H ~ I x  CJIOeB. ~ T E  F ~ ~ M ~ H ~ H H X  

M03KHO PaCCMaTpI IBaTb  K a K  Pe3YJIbTaT I IOHHXeHHR ( < ~ @ @ ? K T H B H o ~ ~ ) )  

K O H q e H T P a q H H  KpaCHTeJIH. 

4. IIo M e p e  y s e m s e H m a  K o H q e H T p a q m m  K p a c m T e n R  n m  @OTOTOK~ 

CABHraeTCH B KPaCHYIO 0 6 J I a c ~ b  Cl l eKTpa .  

5. C I I ~ K T ~ ~ J I ~ H ~ R  9YBCTBHTeJIbHOCTb OKpaIIIeHHbIX CJIOeB 3aBHCHT 

OT IIpeAIIIeCTBYIOII(HX ~ K C I I O H H P O B ~ H H ~ .  

6. ~ p a c H T e J I H ,  XTCIIOJIb3yeMbIe AJIR C ~ H C H ~ H J I H ~ ~ ~ H H  OKHCH q H H K a ,  

H e  06113a~eJ IbH0 AOJIlfEHhl 6 b I ~ b  B~ICOKOG 9HCTOTH. 



t JJlUHU 80JlHbl. M M K  ' 

I - atlrnapux @~anenoti I(IIC.-IOTL.I; 2 - 1 1 0 : ~ :  3 - P-XJIO~)~IIII .T;  4 - OcHoBnoe CoennIIe- 
Hne ZnO - 0.. H ~ ~ ~ e n c ~ . r n r r o c ~ b  ceeTa 4.10-*  srn lca* .  AnC0~6lrrIO~a~nIdX moJlenyn 

yBeJIH¶eHMIo ~ O T O ¶ ~ B C T B M T ~ J I ~ H O C T H  B O ~ J I ~ C T H  C O ~ C T B ~ H H O ~  CIIeK- 

~paJIbFI06 ¶YBCTBMTeJIbHOCTM OKHCH JJHHKa. E O J I e e  TOrO, K O r A a  ZnO, 
C ~ H C M ~ H J I H ~ H ~ O B ~ H H ~ I ~  TaIcmMH B e q e c T s a M u ,  O ~ ~ ~ ~ ~ T ~ I B ~ J I C R  K p a c H -  

TeJIeM ( ( 6 e H r a J I b c ~ r n 6  P O ~ O B ~ I ~ H ,  H ~ ~ J I ~ O A ~ J I O C ~  AOIIOJIHHTeJIbHOe YBe- 

JIM¶eHHe @OTO¶YBCTBHT~JI~HOCTH CJIOR K a K  B C O ~ C T B ~ H H O ~  O ~ J I ~ C T H ,  

T a K  H B O ~ J I ~ C T H ,  C O O T B ~ T C T B ~ I ~ ~ ~ ~  KpaCHTeJIIo.  P e 3 y J I b T a T b I  aTHX 

p a 6 0 T  n p e A c T a s n e H H  H a  p ~ c .  163 m 164. B p a 6 0 T e  [3101 a K c n e p z i M e H -  

TbI IIPOBOAHJIHCb C A B Y X C J I O ~ H ~ I M H  IIOKPMTEIRMH ZnO B CBR3YIOlQeM 

H a  6 y ~ a r e .  Barno 0 6 ~ a p y w e ~ 0 ,  ¶TO C ~ H C H ~ H J I H ~ ~ ~ H E I  BePXHHX CJIOeB 

YBeJIH'IMBaeT ¶yBCTBBTeJIbHOCTb, a c e ~ c ~ 6 ~ n m 3 a q m ~  H H X H H X  CJIOeB 

H e  yBeJIM¶HBaeT. H p 0 ~ e  TOl'O, ~ a f i A e H 0  TaK?Ke, ¶TO ¶yBCTBHTeJIbHOCTb 

CJIOeB ZnO B CBH3YH)Jl@M YMeHbIIIaeTCEI C YBeJIMYeHHeM BpeMeHM 





P EI C.  167.  K ~ H B ~ I ~  H a p y I I I e H H I I  3 a K O H a  B3aEIM03aMeCTHMOCTH AJIR O T p n r l a -  
TeJILHO 3 a p ~ i x e ~ ~ o i i  ~ ~ ~ K T P O + O T O ~ P ~ $ F I Y ~ C K O ~ ~  6y~arm c H ~ C ~ H C ~ ~ H J I H ~ H ~ O B ~ H -  

HbIM CJIOeM OKLICIZ UEIHKa [227]. 
I - V. = 250 e, A V  = 50 e ;  2 - Vo = 250 8 ,  AV = 100 e; 3 - V. = 250 e, AV = 150 e .  



P H C .  168. R p H B b 1 e  HapyII l eHHR B3aEiMO3aMeCTHMOCTI AJIIi 3 J I e K ~ p 0 + 0 ~ 0 r p a -  
@ H T ~ C K O ~  6 y ~ a r ~  CO CJIOeM OKHCH I ~ l l I I K a ,  C ~ H C H ~ H J I H ~ H ~ O B ~ H H ~ I ~  30311HOM [227]. 
Y o  = 250 s, A V  = 50 s; I - oTpnqaTeJrbHo s a p n m e n ~ n e  cnox; 8 - nonomaTenaHo 

3apRHieHHble CJIOH. 

¶YBCTBHTeJIbHOCTkI C POCTOM EIHTeHCHBHOCTEI CBeTa AJIH C ~ H C B ~ E I J I H ~ H -  

POBaHHOrO H H ~ C C H C H ~ E I J I H ~ M P O B ~ H H O ~ O  CJIOeB OKMCH qMHIca. P e 3 y J I b -  

TaTbI  p a 6 o . r ~  [227] COBepIIIeHHO ApyJ?OrO X a p a I c T e p a  H O ~ H ~ ~ ~ ? K H B ~ I ~ T  

~ e 0 6 b I ¶ ~ h 1 6  THII IIOBeAeHHH I E P H B O ~  B3aMR303aMeCTHhIOCTH. TPYAHO 
aHaJIEI3EIpOBaTb P e 3 y J I b T a T b I  3THX AByX He3aBHCtIMbIX 3KCIIePMMeHTOB, 

T a K  IcaIc c s e n e H m ,  n o M e q e H H b I e  B p a 6 o ~ e  [2261, H e  IIO~BOJIRIOT c p a B -  

H H B a T b  HCTOYHEIKM CBeTa H eJ(HHMqb1 MHTeHCMBHOCTH. Pa3J IEIsMe B Me- 

TOAaX H3MePeHEIR H ~b16opa KpHTepEIR HJIR OqeHIcH YYBCTBHTeJIbHOCTH 

MOlrceT 0 6 ' b ~ c ~ E I ~ b  09eBMAHOe paCXO?HAeHMe AaHHbIX 3TMX A B y X  p a 6 0 ~ .  

XOTR O K M C ~  q m K a  KaIc ( P O T O ~ ~ O B O J ( R I Q H ~ ' ~  MaTepEian  3 a ~ ~ ~ a e ~  
n e p B o e  M e m o  B ~ c e p o r p a @ r ~ e c ~ ~ x  CJIOHX B C B R ~ Y ~ O I ~ ~ M ,  G~IJIEI 
MCCJIeAOBaHbI H ApyI'Me ( $ o T o I I ~ o B o ~ $ I ~ E I ~  MaTepHaJIb I .  HMhl 

OTHOCRTCR CYJI~(PHJ(LI q 4 H K a  H KBAMEIII, KOTOpbIe M 3 y s e H b I  AOBOJIbHO 

I IOAPO~HO,  a TaK?He CeJIeH, ~yJIb($Zffl PTYTH H ABYOKHCb THTaHa .  



C Y J J ~ @ H A ~ I  UMHKa El K a a M H X .  @ o T o I I ~ o B o ~ R ~ ~ H ~  C B O ~ ~ C T B ~  ZllS 
H CdS B H a c T o H q e e  n p e h r n  xopomo ~ 3 y q e ~ b 1  (cM., H a n p H M e p ,  [2891). 
~ ~ e p ~ r p a @ H ' I e C K H e  I l J IaCTHHbI  H 3  IIOpOIIlKOB Cy.?b@H&i q H H K a  H K a A M H H  

B CBFI3YK)WeM OIIElCaHbI B p a 6 o ~ e  13131. ~ O T O I I ~ O B O ~ H ~ H ~  h I a T e p l X a n b 1  

B BHAe  IIPOMJ>IIIIJIeHHMX nOPOIIIKOB ( P O C @ ~ P O B  A H C I I e p r l l P O B a J I H C b  

B C L I ~ M I C O H O B O ~ ~  CMOJIe, a CJIOH HaHOCHJIHCb H a  aJI IoMHHHeHb1e I l J I a -  

CTHHbI. Tamre CJIOH MOrJI t l  3 a P I I 1 K a T b C H  n ~ 6 0  0 T p E I q a T e J I b ~ 0 6 ,  J IkI60 

I I o J I o > I < H T ~ J I ~ H o ~  K O ~ O H O ~ .  T e M ~ o s b ~ e  CIIaAM IIpOHCXOJ(HJIH OTHOCH- 

T e n b H o  M e A n e H H o .  C s e ~ o ~ b r e  cnaabr npn o c s e q e H H m  n a h 1 n o 6  H a I c a n n -  

B a H H f l  CBHAeTeJIbCTBOBaJIkI O ~ e ~ b I I I e f i  ' IYBCTBMTeJIbHOCTH, 9 e M  'IYBCT- 

BHTeJ IbHOCTb  CJIOeB CeJ I eHa .  O A H ~ K O  AJIR 0 ~ ~ 0 5  I I a p T H M  IIOpOTlIIcOB H X  

sYBCTBHTeJ IbH0CTb  6 ~ n a  IIO'ITH p a B H 0 f i  9yBCTBHTeJIbHOCTH CeJ IeHa .  

I C p ~ s b r e  c s e T o B o r o  cnaaa mMeJrH ~ a s a n b ~ b ~ i j r  ~ p y ~ o i i  Y P a c T o K ,  nepexo- 
~ t i w k I G  B nOJIOryIO KPHBYH),  COOTBeTCTBYIoII(YI0 OCTaTOgHOMY IIOTeH- 

q H a n y ,  K O T O P ~ I ~ ~  C o c T a B n m  15-20% H a u a j I b H o r o  n o T e H r p a n a .  Cnon 
0 6 ~ a p y x ~ 1 s a n ~  ( { y c T a n o c T b o .  Ilocae o c s e r q e H n n  H n e p e 3 a p ~ ~ ~ ~  c ~ o -  
P O C T b  TeMHOBOrO C n a H a  YBeJIH' IHBaJIaCb.  O A H ~ I E O  I I p H  M H T ~ H C H B H O ~  

H H $ ~ ~ K ~ ~ c H O &  IIOACBeTKe HJ lH  3aPI IHICe  O ~ P ~ T H O ~ ~  IIOJIRPHOCTbH) CKO- 

P O C T b  TeMHOBOrO C I I a A a  CJlOeB BOCCTaHaBJIHBaJlaCb A 0  I I e p B O H a q a J I b -  

H O ~ Y ~  B e J I n 9 H H b I .  B 3aBHCEIMOCTH OT I I ~ E ~ o ~ ~ ~ T ~ H H o ~ o  I IOBepXHOCTHOro  

3 a p H A a  B X a p a K T e p H C T H K a X  TeMHOBOrO H CBeTOBOrO CllajJOB ~a6~11ona- 
nacb o s e m  ~ e G o n b u r a ~  p a a ~ n q a .  Ho B H e K o T o p b I x  cnyqaxx npu 
O T P E I ~ ~ ~ T ~ J I ~ H O ~ ~  3 a p H g K e  C B ~ T O B O %  CIIaA I l p O T e K a J I  HeMHOrO 6 b I c T p e e -  

O~aaanocb ,   TO C B ~ T O B O ~ ~  cnaA n p o H c x o A H T  G b ~ c ~ p e e  AJIR 60nee TOH- 

ICHX n a e H o K .  AJIII 0 6 a e ~ ~ o r o  O T H o m e H m  M a T e p n a j I a  K c M o n e  1 : 2 
C B ~ T O B O ~ ~  CIIaA IIPOHCXOHHJI 6b1CTpee,  Yt?M AJIR OTHOIIIeHHR 1 : 1. . 

P e 3 y J I b ~ a T b I  H c c J I ~ A o B ~ H H ~ ~ [  @ O T O I I P O B O A E I ~ ~ H X  MaTepHaJ IOB T H n a  

@ O C ~ ~ ~ O B  n p x s e A e H b 1  B p a 6 o ~ e  1361. B ~ e i j r  T a K x e  n p e , q c T a s n e H b I  

3 K C I I e p H M e H T a J I b H b I e  p e 3 y J I b T a T b I  AJIH IIpOMbIIIIJIeHHbIX H C l I eqHaJ IbHO 

IIpkIrOTOBJIeHHLIX @ o c @ 6 p o ~ ,  AHCIIepI 'HpOBaHHbIX B C ~ J I E ~ K O H O B O ~  CMO- 

JIe. K p H ~ b 1 e  TeMHOBOrO H CBeTOBOrO CIIaAOB AJIH CJIOeB, IIpHI'OTOBJIeH- 

HLIX H 3  T p e X  IIOpOIUKOB IIpOMbIIIIJIeHHbIX @ o c @ ~ ~ o B ,  I IpeACTaBJ IeHbI  

H a  PHC.  169. C B ~ T O B ~ I ~  CIIaAbI  @ O C @ ~ ~ O B  I I p e H M y q e C T B e H H O  H 3  ZnS 
X a p a K T e p H 3 y I O T C R  BLICOKHMH OCTaTOYHbIMkI I IOTeHqHaJ Iah lM (oKoJIo 

50% OT H a l l a J I b ~ O r O ) .  C B ~ T O B O ~  13 T ~ M H O B O ~  CIIaAbI  AJIH CdS, UOKa-  

3 a H H L I e  H a  pHC.  169, I I p O T e K a I o T  3HasEITeJ IbHO 661c~pee, YeM RJIR 

R B y X  APYTHX. M ~ A J I ~ H H ~ I ~  T ~ M H O B O ~ ~  C n a A  H ~ a m 6 0 ~ 1 b m a ~  $ I O T O ¶ ~ B -  

CTBHTeJIbHOCTb AOCTHraJ IHCb  C MaTePHaJ IOM C J I e A Y I o q e r O  COCTaBa:  

95% CdS - 5% ZnS ( p ~ c .  170). B p a 6 o ~ e  [361 y~a3~,1sae~ca ,   TO 

AXR I C C ~ P O ~ P ~ @ ~ ~ I ~ C K M X  H @ O T O ~ ~ O B O ~ R J ~ H X  C B O ~ C T B  ZnS H CdS 
B a x H b r  ,qsa T n n a  n p n ~ e c e f .  I I p m ~ e c ~  B H e n p e H n c I ,  T a m e ,  K a x  Cu, Ag 
n Cd, B n n n I o T  H a  c n e m p a m H y m  ' I ~ B C T B E I T ~ A ~ H O C T ~ , ,  a npmecm a a ~ e -  
q e H H R ,  T a K H e ,  IEaK Mn, YBeJ IHsHBaIOT TeMHOBOe COIIpOTHBJIeHHe. 

l3 c o c T a B a x  CdS - ZnS c y B e n a s e H n e M  c o n e p > g a H H H  CdS @OTO- 

lIYBCTBHTeJIbHOCTb YBeJ IHuHBaeTCR H CABEII'aeTCR B AJIHHHOBOJIHO- 



BYfO C.TOPOHY. ~ H K I . 3  (P.OTOYYBCTBHT~JI~HOCTH J I e W a T  Me3KAY 400 
AAH ZnS H 600 w w ~  AAH +oc+bpa c BbIcorcHar  c o n e p x a H H e M  CdS. 
IIHKH +OTOII~OBOAH~IOCTEI  p a c n o n a r a m T c R  B K O ~ O T K O B O J I H O B O ~ ~  o6na- 
CTH X ~ ~ ~ K T ~ ~ H C T H ~ ~ C K O ~  JIIOMMHeCqeHIJHH, H HX IIOJIOWeHHR M O r Y T  
3Ha9EITeJ IbHO H3MeHI ITbCR B IIPHCYTCTBHM I I p H M e c e i i  [314]. Pe3yJIb- 

P EI C. 169. T ~ M H O B O ~ ~  Ef CB~TOBO& Cl'IaAU HeCKOJIbKEIX CJIOeB ZnCdS B CBH3yIo- 
q e M  [36]. 

~ O B ~ P X H O C T H ~ I Z ~  3aPfIjJ n O J I 0 X G l ~ e J I b ~ b l f i .  Am. T ~ M H O B O &  C n a R ;  A n 0  C B ~ T O B O ~ ~  CtIaU. 

T a T b I  3KCI IepHMeHTOB C IIOPOIIIKOM ZnCdS, OIIHCaHIlbIX B p a 6 o ~ e  
13041, B OCHOBHOhl COBIIaAaIOT C p e 3 y J I b T a T a M H 1  H3JlOXieHHbIMH BbIILIe. 

Cynb@sq PTYTH. B pa60l.e [3151 B K a r e c T s e  r ) j o ~ o n p o ~ o ~ ~ q e r o  
M a T e p H a n a  a c n o ~ r b 3 0 ~ a . r r c c ~  1 c p a c ~ 6 1 i i  C Y J I ~ + H A  ~ T Y T H ,  I E O T O P ~ I ~ ~  A O ~ ~ B -  

J I R n C R  B cnom OK5icH qlTHlca .  E b ~ n o  0 6 ~ a p y ~ e H 0 ,  .IT0 3TH CJIOH 06na- 
A a I o T  0 1 I e H b  M ~ J I o ~ ~  @ O T O ~ ~ B C T B E I T ~ J ~ ~ H O C T ~ I O .  O , ~ H ~ H O  IIp1.I CMeIIIHBaHHH 

c y J I b @ I T ~ a  P T Y T H  C OKHCbfO q I IHIEa  B I IpOI IOpI Jn I I  1 : 5 H H T e r P a . X b H a R  

9YBCTBHTeJIbHOCTb CJIOR ZRO B CBIIBYH)LL(eM 3Ha ' IHTeJIbHO YBeAH¶H- 

B a e T C R  ( ~ H c .  171). C3lecb ZnO H HgS C I I O M O q b K )  IIIap0~0fi hleJIb-  

H H L ~ I  6b1.718 , q m c n e p r H p o n a H a  B c M o x e  ~ O J I H ~ ~ T H J I M ~ T ~ K ~ M J I ~ T ;  

B IEaYeCTBe PaCTBOPHTeJ IR  AJIR YMeHbLUeHHR BH3KOCTH CMOJIbI 661~1 
sb16pa1r TOJIYOX. CXOH T O . T I ~ M H O ~ ~  -20 &.th 6 b 1 ~ I . 3  H a H e C e H b I  Ha  a3 IOMH-  

H H e B b I e  IIJlaCTHHhI. O I I T H M ~ ~ T ~ H O ~  OTHOLUeHHe o 6 a e ~ o n  @OTOII~OBOAH-  

q e r o  M a T e p m a n a  K c M o J r e  o~aaanocb p a B H b I M  n p H M e p H o  1,4 : 1. 
 cent?^. H e ~ o ~ o p b ~ e  paHHE3e 3KCIIepEIMeHTbI  C @ O T O I I P O B O ~ H H K ~ M ~  

B CBH3YIOLL(C?M IIPOBOAHJIHCb C IIOPOIUKOM C e n e H a .  @ O T O ~ Y B C T B H T ~ J I ~ -  

H b I e  CJlOH I IPHrOTaRJ IHBaJ IHCb  IIYTeIIl I 13MeJ Ib9eHHR IIOPOIIIKa C e J I e H a  

B I L I a p 0 ~ 0 6  MeJ lbHHUe .  ~ K c I I ~ ~ H M ~ H T ~ I  O r p a f t H Y H R a J I H C b  r . laBHI>IM 

0 6 p a 3 0 ~  nposep~oi i  n o B e g e H m  cnoes cenesa B C B R ~ ~ I O I L I ~ M .  ~ J ~ ~ H K H  

O ~ J I ~ A ~ J I H  HeCKOJIbKO ~ e ~ 6 I I I e f i  CBeTOrIyBCTBHTeJIbHOCTbIO IIO C p a B H e -  





HHKI c n r n e H K a M H  ~3 a ~ o p + ~ o r o  c e n e H a ,  H a n b l n e H H o r o  B B a x y y M e ,  

M 0 6 H a p Y W H B a J I H  OTHOCkfTeJIbHO BbICOKYKI C T e I I e H b  ((YCTaJIOCTH)) IIOCJIe 

C e p H H  q m K J I o B  3 a p I I A K H  H 3KCIIOHHPOBaHHH. 

A B ~ O R H C ~  THTana. B p a 6 o ~ e  I3171 o n M c a H b 1  CJIOH, ~cnonbaym- 
q n e  Ti02 ( ~ Y T H J I )  B K a s e c T B e  + o ~ o n p o ~ o a ~ ~ ~ e r o  M a T e p n a n a .  0 6 ~ a -  
p y X e H 0 ,  s T 0  CJIOH TiOz C ~ J I K M A H o ~ ~  C M O J ~ O ~  T O J I I ~ H H O ~  50 M O r Y T  

G ~ I T ~  3 a p R 1 K e H b I  O T P H ~ ~ T ~ ? J I ~ H O ~ ~  KOPOHOH A 0  I IOBePXHOCTHOrO IIOTeH- 

q H a J I a  600-1200 6 .  T ~ ~ \ I H O B O ~  rronycnag I I p o A o n w a e T c R  3-6 cex. 
C s e ~ o ~ o i i  cnaA n p o T e K a e T  6b1c~pee, s e M  AJIH T a m x  x e  c n o e B  123 OICHCH 

qama.  r p a ~ m q a  o c H o s H o r o  nornorqmnm AJIR Ti02 p a c n o n a r a e T c R  

B 6onee . q n l r ~ ~ o s o n ~ o ~ o i j r  O ~ J I ~ C T H ,  seal AJIR ZnO; I n H p H H a  3anpe1qe~- 
HOG ~ O H ~ I  AJIH TiOZ p a m a  2,95 36 (420 a j l ~ x ) ,  a AJIR ZnO o H a  p a m a  
3,25 36 (380 At&%). ~ T H M  nlOircHO ~ ~ ' ~ R c H L I T ~  ~ O J I ~ U I Y H )  TYBCTBHTeJIb-  

HOCTL K CIIeIETPY H3JIYYeHMR B o J I ~ @ ~ ~ M o B o ~ ~  JIaMIIbI.  Y ~ C T O  H a 6 n r o -  

AaJ IOCb  a H O M a J l b H O e  R B J I e H H e  I I p H  3 a p R A K e  H 3KCIIOH12POBaHHH CJIOeB 

TiOz B C B E I ~ Y ~ I Q ~ M .  IIo-BMHHMOMY, n p H  a a p r r ~ ~ e  CJIOH no n o T e H q H a n a ,  

M e H b I I I e r O  MaICCHMaJIbHOrO,  O C B e I q e H H e  IIPHBOAHJIO IC POCTY I IOBepX-  

HOCTHOI'O I I O T e H q H a J I a  A 0  ~ \ . ~ ~ K C H M ~ J I ~ H O ~ ~  BenHYEIHbI  C I I O C J I e ~ Y I O ~ H M  

MeAJIeHHbIhf CIIaaOM.  TO IIOBeAeHHC?, B e p O H T H O ,  M O X e T  6b1Tb C B H 3 a H O  

C KOMIIJIeKCHbIMH ~ 1 2 3 n e K T ~ H Y e C K E M H  CBO&CTB~MH ABYOKHCH T H T a H a ,  

I c o T o p a c I  o6naxae~  ~ ~ ~ H ~ T O ~ J I ~ K T ~ H ~ ~ C K H M  ~ I $ @ ~ I E T O M  H gnaaewrprn- 
¶ e c K o f i  IIPOHkIL(aeMOCTbI0 I I O p R H K a  100 [318]. 

O p r a ~ ~ s e c ~ c ~ i i  @OTOIIPOBOAHHK a ~ ~ p a q e ~  G ~ I J I  OAHHM ~3 nepsux, 
EICIIOJIb30RaHHbIX B 3 K C I I e P H M e H T a X  IIO ~ J I ~ ~ T P o ~ o T o ~ ~ ~ ~ H H .  C J I O H  

a H T p a q e H a ,  c y 6 ~ 1 m n m p o n a ~ ~ b 1 e  H a  h r e T a n n H s e c m e  n o A n o s I c I i ,  cno- 
~ 0 6 ~ b l  C O X p a H R T b  I I O B ~ ~ X H O C T H ~ I ~ ~  3 a P R A  B TeMHOTe ,  a IIOA A ~ ~ ~ C T B H ~ M  

c B e T a  pa3pcr>1ca~bc~. A ~ a n o r ~ s ~ o e  n o s e A e H H e  ~a6nmganocb y T a m x  

c o e ~ ~ * ~ e ~ t i i i ,  IcaIc x p m e ~ ,  4 e ~ a ~ ~ p e ~  H a ~ \ e ~ a $ ~ e ~ .  T ~ H  K a K  $ 0 ~ 0 -  

'IYBCTBHTeJIbHOCTb 3 T H X  M a T e P H a J I O B  6b1,1na CJIHIIIKOM caa606 AJIR 

n p a I c T m g e c I c o r o  H C I I O J I ~ ~ O B ~ H H R  B 3 ~ 1 e ~ ~ p o + o ~ o r p a I $ m ,  OHH H e  I I O J I ~ -  

3 0 B a J I H C b  BHHMaHElehl  12 Y H c c J I ~ ~ o B ~ T ~ J I ~ ~ ~ .  B IIOCJleAHMe rOAbI  IIORBHJl- 

CH H o B b l f i  H H T e p e C  IE O P r a H I T 9 e C K H M  I $ O T O I I P O B O ~ H H K ~ ~ I  B CBR3H C E3X 

n p r n M e H e H H e n 1  B ~ c e p o r p a $ n ~  B K a g e c T B e  @ O T O I I ~ O B O , ~ I I L ~ H X  H ~ O J I H -  

p y m ~ ~ x  I I n e H o K .  XOTH 6116z~orpa+n~ no o p r a H m s e c I c H M  4 o ~ o n p o -  
BOAHHICaM AOl3OJIbHO O ~ I I I H ~ H ~ ,  Tehf H e  M e H e e  AaHHbIX,  IIO3BOJIR- 

mrqmx n p o s e c T H  c p a m e m e  ~ c e p o r p a + ~ ~ ~ e c r c m x  C B O ~ C T B ,  H e  T a K  M H o r o .  

B paGo~e [319] ~ r s n r e p e ~ b r  H e K o T o p b I e  ~ c e p o r p a @ ~ ~ ~ e c ~ t i e  c~of i -  
CTBa ~apGaaoaa  H ero IIPOH3BOAHbIX (N-~ZICEIJI H N-aq12.n) H I I p O B e -  

A e H O  C p a B H e H H e  C ~ o J I H B H H H J I K ~ ~ ~ ~ ~ o J I o M .  B ~ o J I ~ I I I H H c T B ~  C J I y s a e B  

n J I e H m  n p m r o T a B n n B a m  H c n a p e m e l w  B B a I c y y M e  H a  a n r o M H H H e s b I e  

n n a c T m H b 1 .  0 , q ~ a x o  n o n H M e p  I I O J I H B ~ H H ~ K ~ ~ ~ ~ ~ O J I  c M e I I I H s a x m  c pac- 
TBOpJfTeJIeM H IIpOCTO H a M a 3 b I B a J I H  H a  IIJIaCTkIHbI,  a 3 a T e M  BbICyIIIHBaJIM. 



E~IJIH IIOJIyYeHbI  K p H B b I e  TeMHOBOrO H CBeTOBOrO CIIa,l(OB. B K a Y e C T B e  

H C T O s H H K a  C B e T a  J IpHMeHHJIH  @ z ~ o ~ ~ c ~ ~ H T H ~ H ,  J I a M I l y  iIIOwHOCTbIO 

20 sm. ~ J I ~ H K M  N - h f e ~ m j r - ,  N -~THJI -  H N-n-np011~m~ap6a30~1a o6ma- 
a a J I H  I IOPTH T ~ I E O ~  ?I<e YYBCTBHTeJIbHOCTbH), KaIE H I I J I e H K a  K a p -  

6aaona. T e M ~ o ~ o i i  cnan N - n - o ~ ~ a g e q ~ n ~ a p 6 a 3 0 ~ 1 a  n p 0 T e I c a . n  cn-rmm- . 
KOM ~ ~ I C T P O ,  T a K  YTO H e J I b 3 t I  ~ ~ I J I O  I IpOBeCTM KOnHYeCTBeHHbIe  

r n 3 ~ e p e ~ ~ l a .  N-aqm-, N - a q e ~ ~ n - ,  N - ~ ~ H ~ O H J I -  H N-p-TOJIYOJICYJI~- 
+ O H H J I K ~ ~ ~ ~ ~ O ? I  O K a 3 a J I H C b  HeqYBCTBEITeJIbHhIMH K CI I eKTPY H3J IyYe-  

R H H  ~ J I Y o ~ ~ ? c ~ ~ H T H o %  JIa.lIIIbI. ~ Y B C T B I Z T ~ X ~ H O C T ~  T ~ O J I L I B L I H H J I K ~ P ~ ~ -  

3 0 J I a  O K a 3 a J I a C b  I I p H R f e p H O  B 10 pa3 ~ O J I ~ I I I ~ ,  s e x f  gYBCTBHTeJIbHOCTb 

K a p G a a o n a  ti N - E ~ J I K H J I I C ~ P ~ ~ ~ O J I O B .  BO BCeX C J I Y 9 a H X  YYBCTBHTe.rIbHOCTb 

I I p H  I I O J I O ~ ~ C H T ~ J I ~ H O ~ ~ [  3 a p H A K e  6b1JIa BbIIIIe,  YeM I l p H  O T ~ H ~ ~ T ~ J I ~ H O ~ .  

B p a 6 o ~ e  13201 z i c c , n e A o s a H   HA o p r a H m e c K m x  @OTOII~OBO,~HHKOB,  

B ~ I ~ P ~ H H L I X  H 3  AeBHTM p a 3 J I H 9 H h I X  TPYIII l .  3 T H  B e q e C T B a  HBJIHIOTCEI 

~ P O H ~ B O A H M M H  a q ~ n r ~ ~ p a 3 o ~ a ,  o ~ c a ~ a 3 o n a ,  ~ p ~ a a o n a ,  I I H ~ ~ ~ O J I ~ I H ~ ,  

H J I H n a 3 0 J I O H a ,  HMK&l30JITHOHa, ~ ~ H ~ H M H A ~ ~ O J I ~ ,  6e~30xca30~1a H 6 e H -  

3OTHa3OJIa .  06pa3q~1 6 5 1 3 ~  I IpHrOTOBJIeHbI  I IyTek1  JlPaCTBOPeHHR O p r a -  

HH¶eCKOI'O COeAHHeHHH B @ ? H o J I ~ H o %  CMOJIe II P a C T B O p l l T e J I e  ( M ~ T H J I -  

qeJIJ IOCOJlbBe HJIH x m o p o 6 e ~ 3 0 n e ) .  P ~ C T B O ~  HaHOCHJIH H a  a J I IoMHHHe-  

s b r e  n . n a c T n H b I  n CYIIIHJIH mx B T e s e H n e  10 .wun n p E i  70" C. 3 a ~ e ~  CJIOH 

a a p ~ l r c a ~ ~ ~ c b  O T P H ~ ~ T ~ J I ~ H O  B KOPOHHOM p a 3 p ~ ~ e  H o c B e q a J r n c b  
I a a ~ n o i i  H ~ K ~ ~ ~ B ~ H H H  (20 AK). K ~ H B ~ I ~  c n e ~ o ~ o r o  cnapa H C I I O J I ~ ~ O -  
I 

B a J I H C b  HJIH O I I p e A e J I e H H X  O T H O C H T ~ J T ~ H O ~  $ O T O ~ Y B C T R H T ~ J I ~ H O C T H  

06pa3q0~.  H a H H b I e  0 I I o J I o ~ ~ ~ ~ T ~ x ~ H o ~  3 a p H A K e  H e  IIpHBe)JeHbI.  y BCeX 

33 n c c J r e n o s a H a h I x  o6pa3q0~ H a 6 J I I o g a n c H  cnan s a p ~ ~ a  n p H  o c B e p e -  

HHH.  B ~ O J I ~ V I H I I C T B ~  C J I y T I a e B  YYBCTBHTeJIbHOCTb 6 b 1 n a  O Y e H b  H H ~ K o I ?  

IIO CPaBHeHHIO C ~ M O P @ H H M  CeJIeHOM H OKHCbIO Q H H K a .  T a K  K a K  rpyllIIa 
I IpOH3BOnHbIX HMHAa30J lTHOHa  o 6 ~ 1 a ~ a n a  ~arn60~16111eii YYBCTBH- 

TeJIbHOCTbH) K CI I eKTPY JIaMIIbI  H a K a j I H B a H H H ,  TO H a H 6 0 J l e e  YYBCTBH- 

TeJ IbHbIM O K a 3 a J I O C b  COeAHHeHHe  1 ,~,~-TPH@~HHJI-~-(P-A~M~THJI~MM- 
H O @ ~ H H J I ) H M H ~ ~ ~ O J I T E I O H .  3 ~ 0  COeAHHeHHe  06~1anano 9YBCTBHTeJIb-  

HOCTbIO, GJ IH~KOB K YYBCTBHTeJIbIIOCTH H ~ C ~ H C H ~ E I J I H ~ ~ I I ) O B ~ H H O ~  OIEHCH 

q H H K a .  YYBCTBEZT~JI~HOCT~ HeKOTOPbIX H 3  C O ~ A H H ~ H H %  B l 'pyIIIlaX 

a ~ p r n x r ~ ~ p a 3 o ~ a  m n n p a 3 0 ~ 1 ~ ~ a  ~ H ~ ~ H T ~ J I ~ H O  ysenasnsaaacb I I ~ H  

~ O ~ ~ B J I ~ H H H  K p a c ~ ~ e n e % .  k33 T p e x  H C I I O J I ~ ~ O B ~ H H ~ I X  ~ p a c ~ ~ ~ e n e i i  
MeTHJI-BHOJIeT H P O A a M H H  B O K a 3 a J I H C b  ~ @ I $ ~ I ~ T H B H ~ I M H ,  a ( t 6 e ~ -  

F ~ J I ~ c R H H  P O ~ O B ~ I ~ ~ ) )  - H ~ ~ ~ $ ~ $ ~ K T H B H ~ I M .  EbIJL0 O I I p e n e J I e H O  OIITHMaJIb-  

H o e  c o o T H o r r r e H n e  M e x g y  o p r a H m e c x n M  @OTOII~OBO,~HHKOM H @ e ~ o -  
J I ~ H O ~  CMOJIOG. 

B pa6o~e  [321] n o n y s e H H  n p o a p a v ~ b ~ e  @o~onponogcrq~e  CJIOH, 

conepxaqne c h f e c b  n o n H M e p a  BI*HHJIXJIOPMR, ~ , ~ ' - J I ~ G K O O C H O B ~ H E I R  
I\faJIaXETTOBOrO 3 e J I e H O r 0  H CJIeAOB M ~ J I ~ X H T O B O ~  3eJ I eHH.  B pa60l.e 
H e T  A a H H b I X  0 ¶YBCTBHTeJIbHOCTH H nPYI 'HX I C C ~ ~ O I ' ~ ~ @ H Y ~ C K H X  CBOB- 
C T B a X .  O A H ~ K O  YCTaHOBJIeHO, ¶TO CIIeKTPaJIbHElK 9YBCTBHTeJIbHOCTb 

COOTBeTCTByeT ABYM rJIaBHhIM I l H K a M  I IOr J IO lqeHmR M ~ J I ~ X H T O B O ~ ~  



 sene^^ (-630 H 430 JLWK).    TOT M a T e p k i a a  6 b 1 n  acnonb30sa~ B rcase- 
CTBe 3KCJlepHMeHTaJIbHOrO AJIH C03AaHHR ~ J I ~ K T P O @ O T O ~ ' P ~ @ H Y ~ C K H X  

AHaIIO3HTHBOB. 
p a 6 o ~ e  [203] I IpHBeAeHbI p e 3 y J I b T a T b I  HeKOTOPbIX E I ~ M ~ P ~ H E I ~ %  

H a  n o n H M e p H o n f  @ o ~ o n p o ~ o ~ ~ m r c e  n o n ~ ~ a ~ ~ n r c a p 6 a 3 0 n e  (rIBIS). 113 
IIpe,I(CTaBJIeHHbIX AaHHbIX CJIeAyeT,  YTO @ O T O Y Y B C T B H T ~ J I ~ H O C T ~  CJIOeB 

IIBR B npoqecce cnana a a p ~ g a  n p H  o c B e q e H m  ~ o n b @ p a ~ o ~ o i i  
J I a ~ l r O f i  (2900" K )  I lpHMepHO H a  ABa  I I O p H n K a  MeHbIUe,  y e M  YYBCTBH- 

TeJIbHOCTb H ~ C ~ H C H ~ ~ J I H ~ H ~ O B ~ H H ~ I X  CJIOeB OKHCH q H H K a .  C ~ H C H -  
6~nmaqncr  IIBK K p a c H T e ~ l e h l  ((BEIICTOPHH r o n y 6 0 i i ) )  YBeJIHYHBae'I' 

YYBCTBHTeJIbHOCTh I lpHMepHO H a  OHHH IIOpH,TOK. 

6 0 J I b I U O e  sHCJI0  H c c J I ~ ~ ~ o B ~ H H ~  IIOCBHlqeHO @OTOIIPOBO~HMOCTII 

OpraHHYeCKHX C O ~ A H H ~ H H ~  [ 3 2 2 ] .  @OTOIIPOBO~MMOCT~ OTHOCHTCZI 

K s H C J l y  O ~ ~ I Y H ~ I X  C B O ~ C T B  OPraHHrIeCKHX B e q e C T B  H H ~ ~ J I I O ~ ~ ~ T C R  

y ~ O J I ~ L U H H C T B ~  OPl?aHHYeCICLIX C O ~ A ~ I H ~ H L ~ ~ .  M ~ x ~ H H ~ M .  @OTOIIPOBO- 

AHMOCTH O p r a H E i Y e c I c n x  B e q e c T s  BO M H o r o M  a H a J I o r E i P e H  n t e x a ~ m a ~ y  
@ O T O I ~ ~ O B O ~ H M O C T H  H e O p r a H H q e C K H X  nOJIyIIpOBOfiHHKOB: IIpOBOflH- 

MOCTb HBJIHeTCR ~ J ~ ~ ? x T P o H H o ~ % ,  H HOCElTeJIHMH MOrYT 6 b I T b  ICaK 3JIeIE- 

T P O H ~ I ,  Tarc H A ~ I ~ K H ,  J I H ~ O  T e  H ,qpyrzie BMecTe. T a ~ z e  ~ a 6 n m ~ a e ~ c ~  
IIBJIeHHe 3 a X B a T a  H ~ ~ K O M ~ H H ~ ~ I I H .  O A H ~ K O  @ O T O B O ~ ~ Y ~ K A ~ H H € !  

a a ~ p a r n ~ a e ~  M o n e I z y n H p H b I e ,  a we I c p n c T a n n m e c r c H e  YPOBHM a ~ e p -  
r H H ,  H AjIR IIOJIHOrO ~ 0 3 6 y l f ~ ~ e ~ L I H  H O C H T ~ J I ~ ~  hlOWeT n O T p e 6 0 B a T b ~ H  

'CeIIJIOBaH 3 H e P r H R .  ~ B ~ H T O B ~ I ~ %  BbIXOn P a B e H  0,25. O A H ~ I ~ O  3Har Ie -  

HHH IIOABHWHOCTM BIBJIbI, H 3 T 0  BMeCTe C YiLleHbIUeHHeM ~ $ $ ~ K T H B H O ~ O  

c n B n r a  ~ o c ~ ~ e n e i i  ~ 3 - 3 a  3 a x ~ a ~ a  II 6 a p h e p o s  h i o m e T  OGI.HCHHTI, OTHO- 

CHTeZbHO HH3KYIO @ O T O ~ Y B C T B H T ~ J I ~ H O C T ~  K C ~ ~ O ~ ~ ~ @ H ~ ~ C K H X  CJIOeB, 

c o A e p H c a q H x  o p r a H H s e c I c n e  ~ o ~ o n p o ~ o ~ ~ a r c r n .  
@ O T O I I ~ O B O , L ( ~ ~ H ~  AH3JIeKTpHYeCKHe IIJIeHKLI H a  OCHOBe O p r a H H -  

¶eCKLlX @ O T O I ~ ~ O B O ~ H H ~ O B  MOrYT 6 b 1 ~ b  IIO.TIYYeHh1 B T p e X  CJIeflyIOwHX 

BHAaX: 1) B BHAe T B ~ P A O ~  IIJIeHIcH, c O , I ( e p ~ a ~ e i %  TOJIbKO OpI 'aHHqe-  

CKOe COeAHHeHHe, eCJIH CaMO COeAHHeHHe B TehlHOTe HBJIHeTCH H3OJIH- 

TOPOM ( H a n p H ~ e p ,  a ~ ~ p a q e ~  Zi I I O J I H ( N - B E H H ~ K ~ ~ ~ ~ ~ ~ . ~ ) ;  2) B BHAe 

pacmopa ( ~ a n p m ~ e p ,  D n e H r c n ,  o n t I c a H H M e  B p a 6 o ~ e  [3201); 3) B sane 
nxemci ~3 o p r a H a r x e c r c o r n  @ O T O ~ P O B O A R ~ ~ ~ O  M a T e p n a n a ,  nmcneprr~- 
POBaHHOrO B CMOJIe. 

O ~ ~ ~ H H Y ~ C K H C !  @OTOIIPOBO~HHKH, HeCOMHeHHO, 3 a 6 ~ y ~  ORHO H 3  

I IepBbIX MeCT B 6yJIJII(Hx p a 3 p a 6 0 ~ 1 c a x  IIO CO3AaHHIO @ O T ~ ~ I Y B C T B H T ~ J I ~ -  

HLIX n J I e H o K  AJIH rcceporpa@m. ~ T H  M a T e p E i a m  n p e n c T a B n R r o r  

6on~ruoH H H T e p e c  6naronapx HX c n o c o 6 ~ o c ~ ~  K c e j r e ~ ~ n ~ ~ o f  c e H c H -  

~ M J I H ~ ~ ~ H H .  



C n o c o 6 ~ o c ~ b  ~ c e p o r p a @ ~ ~ e c r c ~ ~ x  @ o ~ o n p o ~ o j n q ~ x  n J I e H o K  3 a p ~ -  
IrcaTbCR,  C O X P a H R T b  ~ J I ~ I E T P E I ~ ~ C I C H ~ ~  3 a p R A  B TeMHOTe  H p a 3 p H X X r b C S I  

I I p H  3ICCIIOHEIPOBaHHkI 3aBHCEIT OT I1OABH;KHOCTH 3JIeICTPOHOB H JJbIPOK 

B CJIOe. E c n ~  T ~ M H O B O ~ ~  CIIaJI IIOBepXHOCTHOI'O 3apR,T(a 3BBHCEIT r J I a B -  

HbIM 06paaoar OT H H X e K q H H  H O C L I T ~ J I ~ ~  3 a p R A a  B CJIOe C I IOBepXHOCTH 

HJIH sepe3 K O H T ~ K T H ~ I &  6apbep Me?KfFAY CJIOeM H I I P O B O A R ~ ~ ~ I  ?Jon- 
now~oi i ,  TO C B ~ T O B O ~ ~  CIIaA 38BHCHT OT CKOPOCTEI I ' e H e p a q H M  M IIOJJBH>IC- 

HOCTH ~ o c ~ ~ e n e i i  B o 6 a e ~ e  n n e H K n .  

2.1. TEMHOBOM CIIAJI, EI 3APRAKA CJIOB 

ICceporpa@~secxa  n n a c T n H a  B npoc~e i i rue~  BHAe  c o c T o m T  143 

TOHKOrO @ o T o I I ~ o B o ~ R I I ( ~ ~ o  H 3 0 J I H ~ H O H H O ~ 0  CJIOR, H a H e C e H H O r O  H a  

I IpOBOAHlqyH)  IIOAJIO>I<Ky. Ecnm I IOBepXHOCTb  @ O T O ' I ~ B C T B I I T ~ J I ~ H O ~ O ~  

CJIOR 3aPEIAEITb B TeMHOTe,  TO 3 a p H A  C T e Y e H H e M  BpeMeHEI  6 y ~ e T  Y M e H b -  

I I IaTbCH.  C K O P O C T ~  TeMHOBOrO CIIaJJa 3apHJJa  3aBHCHT OT BeJ IHsHHbl  

TeMHOBOrO TOKB sepe3 C J I 0 6 ,  ~ i o ~ o p b ~ i i  B CBOH) O Y e p e A b  3aBHCEIT O T  

IIJIOTHOCTH C B O ~ O A H ~ I X  H O C H T ~ J I ~ G  B CdTOe. 0 6 p a 3 o s a ~ ~ e  C B O ~ O H H ~ I X  

~ o c ~ ~ e n e i i  I I ~ O H C X O A M T  B p e 3 y n b ~ a ~ e  c n e A y m r q k i x  T p e x  n p o q e c c o B :  

1) T e n n o B o r o  o c n o u ' o i ~ ~ ~ ~ e ~ m ~  ~ o c n ~ e a e i i  a a p ~ g a  B H y T p m  CJIOR; 

2) EIHlfFeKIJ,HH H O C H T ~ X ~ ~ ~ [  B cn0fi sepe3 I IOBepXHOCTb  H 3) H H X e K 4 H H  

H O C H T ~ J I ~ ~  Y e p e 3  I IOBepXHOCTb  pa3AeJIa MelIFAy CJlOeM I t  I I P o B o ~ R I I ~ ~ ~  

I I o ~ J I o x K o ~ .  0 6 b 1 9 ~ 0  I IpEI  K O M H ~ T H O ~ ~  T e M I I e p a T y p e  IIJIOTHOCTb T e p -  

msecmi B O ~ ~ Y ~ ~ C , T ( ~ ~ M ~ I X  ~ o c m ~ e n e i i  B ~ a o n a ~ o p e  m n a ,  a T e ,  YTO 

HMeIoTcR  B cnoe, no r .mna roT  ero n p H  a a p s ~ ~ e  B ICOPOHHOM pa3pqqe. 
C B O ~ O A H ~ H  I IOBepXHOCTb  IIJIeHIcH O ~ ~ I Y H O  I I p e I I R T C T B y e T  EIHlrCeK- 

IJ,HH 3BPEIAOB C I IOBePXHOCTH B 0 6 ~ 2 ~  I IJ IeHKH. ~ O C P ~ J J C T B O M  BBeAeHMIT 

n p o B o A m p i x  H n H  I I O J I ~ I I ~ O B O ~ R ~ E ~ X  n p ~ ~ e c e i i  am n : r e a o K  H a  n o B e p x -  

HOCTb M O X H O  YBeJIMYHTb HHiICt?KqEIIO 3 a P H A O B  C I IOBePXHOCTH. ~ P H -  

M e c H  kimci n n e H K t i  B  TOM cjIyXrae a H a n o r r n m b 1  H H i f C e m H p y m q e M y  

3 J I e K T p O A y .  @ H 3 H ¶ e c K a ~  I I p l l p O A a  nOBepXHOCTHOI '0  3 t l p H A a ,  o6pa- 
3 O B a H H O r 0 ,  H a I I p H M e p ,  ICOPOHHbIM P a 3 P R A O M ,  I I O K a  e q e  H e  YCTaHOB- 

JIeHa. no HeICOTOPbIM I IpeHCTaBJ IeHHRM,  I I O B ~ ~ X H O C T H ~ I ~ ~  3 a p H A  C y l q e -  

CTBYeT B BMAe HOHOB, ~ A C O P ~ H P O B ~ H H ~ I X  H a  IIOBePXHOCTEI, HJIH B B H A e  

3 a p H n O B ,  3 a X B a s e H H b I X  IIOBePXHOCTHbIMH J IOBYluKaMH [323]. B IIOC- 



JIeAHeM C J I y ¶ a e  HOHbI ,  I I O I I a A a I o l q H e  H a  l IOBepXHOCTb ,  OTAaIoT C ~ 0 f i  

3 a p R A  IIOBepXHOCTHbIM YPOIJHRM I). 
X a p a I c ~ e p  I IOBepXHOCTH pa3AeJIa M e X A y  @OTOII~OBOAHHKOM H IIOA- 

JIOlKK0fi RBJIReTCR O I I P e A e J I R I o Q H M  @ ~ K T O P O M  TeMHOBOI'O ClTaAa. 

C~III ,~CTB~HHO TO, 9 T O  3TOT KOHTaKT A O J I X e H  6 b 1 ~ b  3 a I I O P H b I M  AJIR 

~ o c n ~ e ~ r e f i  no K p a i i ~ e f i  M e p e  o A H o r o  a ~ a ~ a .  I I ~ H  I I o J I o x H ~ e n b ~ o f i  

3 a p R A K e  o6~1ac~b  K O H T a K T a  R O J I X H a  C T a T b  6 a p b e p 0 ~  AJIR 3J I eRTPOHOB1 

a n p H  o ~ p ~ q a ~ e n b ~ o i i  - AJIR A ~ J ~ O K .  Pasge~r , q o n m e H  a @ @ e ~ -  
THBHbIM I I p H  OTHOCHTeJIbHO BbICOKHX H a I I P R X e H H O C T R X  IIOJIR, AJIR 

T o r 0  9 ~ 0 6 h 1  I I P O H B J I R ~ M L I ~  I IOB~~PXHOCTHXI~ 3 a p R H  y A e p X < H B a J I C R  

B @ O T O ¶ Y B C T B H T ~ J I ~ H O M  CJIOe. 3 a n H p a ~ H e  MOlrceT 6 b 1 ~ b  O ~ Y C J I O B J I ~ H O  

J I H 6 0  BI>ICOKHM I IOTeHqHaJ IbHbIM Gapbepo~,  ~ 1 ~ 3 6 0  OTHOCHTeJIbHO HH3-  

X H M ,  O ~ ~ ~ ~ O B ~ H H ~ I M  JIOBYIUKahIH. IIpn H a J I H s H H  JIOByIIIeK O T I I a A a e T  

H ~ O ~ X O A H M O C T ~  B IIOCTORHHOM 3BIIOPHOM CJIOe. B 3TOM C J I y r I a e  I IOBepX-  

R O C T b  pa3AeJIa M O X e T  6 b 1 ~ b  IIPOCTO OhlIt¶eCKHM ICOHTaKTOM. BO B P e M R  

K O p O H H O r O  p a 3 p R A a  HOCHTeJIH ~ ~ 0 6 0 ~ ~ 0  I IepeXOf iRT  It3 I I p 0 ~ 0 ~ ~ q e f i  
I IOAJIOXKH B I I J I e H K y  H 3 a X B a T b I B a I o T C R  I'JIY~OIEHMH JIOByIUKaMH. 

BO~HHK~€ 'T  C T ~ T H C T H V ~ C I C H ~ ~  IIPOCTP~HCTB~HHLI-I~~[ 3 a p R A ,  I Ipe I IRTCTByIo -  

4 H f i  naJIb~e-Iij[IIIellly IIOTOKY 3 a p R A O B  H 3  IIOAJIOXKM II y h t e H b I I I a ~ o I q H f i  

none H a  r p a m q e  pa3gena. IIpn B m n I o v e H m i  K O P O H ~ I  K O P O H H M ~ ~  TOK 

n a n a e T  no H y m .  O A H ~ K O  ~ e ~ ~ o ~ o f i  TOK H e  n p e I c p a q a e T c x ,  T a K  x a K  

O H  O ~ Y C J I O B J I ~ H  O C B O ~ ~ W ~ ~ H H ~ M  JIOByLUeK B 06nac~m KOMlIeHCHPYIO- 

lqer0 npOCTpaHCTBeHHOI '0  3 a p R A a .  OH IIOCTeIIeHHO YMeHbI I I aeTCR A 0  

Tex H o p ,  n o K a  n o T o K  ~ o c x ~ e n e i i  ~3 I I O A J I O ~ K H  H e  n p m f i e T  B pamo- 
R e C H e  C IIOTOKOM H O C H T ~ Z ~ ~ ~ ,  O C B O ~ O X A ~ ~ M ~ I X  H 3  JIOByIIIeK.  ~ ~ O B O -  

AHMOCTb KOHTaKTa M e X A Y  I I o ~ J I o x K o ~  H CJIOeM 3 a B H C H T  OT H a I I p R X e H -  

HOCTH IIOJIR; C Yh leHLIUeHHeM DOJIR O H a  YMeHbI I I aeTCR.  Hmxe K P H -  

T H ¶ ~ ? C K O ~  BeJIH¶HHLI IIOJIR IIPOBOAHMOCTb CTaHOBHTCR IIOCTORHHO~~. 

"raIcHM 0 6 p a 3 0 ~ ,  nocne 3 a p a ~ ~ ~  cnocr B KOPOHHOR~ p a 3 p ~ ~ e  HeMeA-  

J I e H H O  C J I e A y e T  ~ K c I I o H ~ H ~ H ~ J I ~ H ~ I ~ ~  T e h l H 0 ~ 0 f i  CIIaA. T a ~ o r o  P O A a  

s a n o p ~ b ~ e  KOHT~IETI,I C O ~ A ~ I O T C H  B CJIORX ~ M O P @ H O ~ O  c e n e H a  rn OKHCH 

q H H K a  B C B R 3 Y I o q e M .  

M o n e ~ ~ b ,  H J I J I I o C T p H p y I O q a R  B O ~ M O X H ~ I ~ ~  M e X a H H 3 M  TeMHOBOrO 

cna,qa B ~ c e p o r p a @ ~ ~ e c ~ c o H  n n a c T m H e ,  n p e A c T a B n e H a  H a  p ~ c .  172. 
Ha P H C y H K e  I I O K a 3 a H  ~JIy¶afi I I O J I O > I E H T ~ J I ~ H O ~ ~  3 a P R A K H  CJIOR. O A H ~ K O  

TOT me M e X a H H 3 M  CI IpaBeHJ IHB II AJIR O T ~ H ~ ~ T ~ J I ~ H O ~  3 a p R A I c H .  P a C -  

c M a T p m s a e M a R  ~ c e p o r p a @ m s e c ~ a ~  n n a c T m H a  R B m e T c R  s e ~ ~ p e x c n o i i -  
HOG C T P Y K T Y P O ~ ,  C O C T O H ~ ~ ~ ~  H 3  O ~ ' ~ ~ M H O ~ O  CJIOR, I IOBePXHOCTHOrO 

CJIOH, I I p O M e X y T O ~ H O r O  CJIOR ( M e ~ n y  @ O T O I I ~ O B O ~ H H K O M  X i  IIOAJIO;I<- 

HOG) H I I p o ~ O J ( l i Q e 6  IIOAJIOXKH. ~ O B ~ P X H O C T H ~ I ~  c J I o ~  HBJIHeTCR 

3 a I I O P H b I M  CJIOeM, I IpeIIRTCTBYIoIQHM I I e p e X O A y  3 a p R A O B  C I I O B e p x -  

l) Bonpoc 0 IIplipOAe IIOBepXHOCTHLIX Y ~ O B H ~ ~ ,  OTBeTCTBAHHIJX 38 IIOBePX- 
H O C T H H ~  3 a p ~ x  ~ n e ~ ~ p o @ o ~ o c ~ e p a s e c ~ ~ i ~  cnoeB, n o ~ p o 6 ~ o  pa3pa60TaH B p a 6 o ~ e  
1:383].- I7pu.w. pea.  



BOCTH B o 6 a e ~ .  0 6 ' b e M ~ b 1 f i  c J I 0 f i  I lpeJ(CTaBJIHeT co6oii J(kI3JIeKTpEIK, 

B KOTOPOM IIJIOTHOCTb TePMEI¶eCKH B O ~ ~ ~ ~ ~ C A ~ H H ~ I X  H O C H T ~ J I ~ ~ ~  H e 3 H a -  

P H T e J I b H a .  OH COCTOHT H 3  OTHOCHTeJIbHO r n y 6 0 K ~ x  3JIeKTPOHHbIX 

J lOByI I I eK ,  KOTOPbIe  HMeH)T H ~ H ~ o J I ~ L u Y H )  IIJIOTHOCTb ~ 6 J I ~ 3 k i  ITOA- 

J I O X K H .  ~ P O M ~ ~ ~ E Y T O ' ~ H M ~  cJIoG HBJIReTCH 9YBCTBliTeJIbHLIM K IIOJIH) 

6 a p b e p o ~ ,  a IIOAJIOHFKa n e H c ~ l 3 y e T  FJIaBHbIlLr 0 6 p a 3 0 ~  K a K  IIOCTaB- 
V H K  3JIeKTPOHOB. ~ P H  O T P H ~ ~ T ~ J I L H O ~ ~  3 a p ~ ~ ~ e  IIOBepXHOCTH 3TOT 

H O H T a K T  AOJIHFeH 6 b 1 ~ b  3a I IHPa IOIqEIM IIO OTHOIIIeHHIo K R b I p K a M .  

f l p e ~ I I o J I a I ' a R ,  YTO T ~ M H O B O ~ ~  CIIaA IIOJIHOCTbIO O ~ Y C J I O B J I ~ H  EIHlfleK- 

~ E 1 e f i  H O C H T ~ J I ~ ~ ~  113 IIOAJIOHFHH B 0 6 ' b e ~  CJIOH, MOiKHO BbIBeCTEI B L I p a -  

weme AJIR ~ ~ B E ~ C H M O C T E ~  cnaAa n o s e p x H o c T H o r o  H o T e H q r n a n a  OT spe- 
MeHH.  P ~ C C M O T ~ H M  C J I y ¶ a f i  I I o J I o W H T ~ J I ~ H O G  3 a p R A l < H  IIOBepXHOCTH, 

rcorga TOK T e M H o B o r o  cnaaa 0 6 y c n o ~ n e ~  a n e ~ ~ p o ~ a a m ,  I I e p e x o n H -  

W H M H  E13 IIOAJIOHFKH H 3aXBaTbIBaeMbIMEI  3JIeKTPOHHbIMH JIOBYIII- 

KBMH. 

Cpa3y IlOCJIe BbIKJIIOYeHHR KOPOHbI IIJIOTHOCTb C B O ~ O A H ~ I X  3JIeK-  

TP OHOB,  C J I e H Y I O ~ E I X  IE IIOJIOWHTeJIbHO ~ ~ P R ? K ~ H H o %  IIOBePXHOCTH, 

~ Y A ~ T  EIMeTb MaKCHMaJIbHyIO  BeJ IH¶ l iHY no ( c & - ~ ) .  R J I O T H O C T ~  3J teK-  

TPOHOB, 3aIIOJIHRIOII(EIX JIOBYIIIKH B 3TOT MOMeHT BpeMeHEI ,  0 6 0 3 H a ~ H ~  

¶epe3 N f ,  ( C X - 3 ) .  ~ T H  BeJIEIqEIHbI YpaBHOBeIIIMBaIOT Apyr Apyra 
B MoMeHT,  K o r A a  npm a a p s ~ g ~ e  H a c T y n a e T  H a c b I I q e H H e .  Rpm paoao- 
B e C H H  CKOpOCTb O C B O ~ O ~ I < ~ ~ ? H H H  JIOByIIIeK P a B H a  CHOpOCTE1 EIX 3aIIOJI-  

H e H H R .  O A H ~ K O  IIOCJle I I p e I i p a ~ e H I X H  3 a P R A K M  3TO P a B H O B e C H e  H a p y -  

I u a e T c a ,  n p H s e M  c ~ o p o c ~ b  O C B O ~ O H F ~ ~ H H H  J r o B y m e x  n p e s b I m a e T  c ~ o -  
P O C T b  3a I lOJ IHeHHR.  ~ O C K O J I ~ K Y  CKOPOCTb 3 a X B a T a  3 J I eKTPOHOB P a B H a  

CKOPOCTEI O C B O ~ O ? K A ~ H H R  JIOBYIIIeK, MOHFHO H a I I H C a T b  



rAe Nf - JIJIoTHoCTb 3aUOJlHeHHbIX JIOByIIIeK, n - IIJIOTHOCTb CBO- 
~ O A H H X  3XeKTpOHOB EI a - K O ~ @ $ H ~ ~ H ~ ? H T ,  ~ ~ B L I C R I I @  OT BPeMeHEi  

X M 3 H H  3JIeKTpOHOB B JIOBYIIIKaX. 

P H C. 173. T e o p e ~ ~ s e c ~ s e  xz ~ ~ c n e p n ~ e ~ ~ a n b ~ b r e  Kpltnme TeMHoBoro cnana 
Anx ~ c e p o r p a i $ ~ i ~ e c ~ m x  nnacTmH ~ M O ~ @ H U ~ O  ceneaa. 

C I I J I O I U H ~ I M I ~  JIHIIIFIMYI 0 6 0 3 H a Y e ~ b 1  KPEIBbIe,  p a C C Y B T a H H b l e  no YpaBHeHYIIO (60). H p H ~ b l e ,  
I IaYIHaIorr l I lCCR C 500 Ii 300 6 ,  CHflTbl H a  O I I H O ~ ~  IlJIaCTBHe CCJleIIa.  B ~ ~ x H F I B  H p I B a n  COOT- 
BCTCTBYeT ~ p ~ r 0 B  n n a c T m i e .  T o . ? I q n ~ a  CJIOH c e s I e H a  -50  ax. 0 a n c n e p t l M e H T a n b H b I e  
3HaYeHYIFI RJIR I I o J I o ~ H T ~ ~ ~ H o ~  3 a p R X I i I l ;  3HCIIePHMeHTaJlbHbIe  3HaYeHEIR X n B  

0 ~ p l l q a ~ e J I b H o a  3 a p R A H B .  



11. I I E P E H O C  3 A P R A A  B QOTOIIPOBOAFI IqHX HBOJIRTOPAX 301 

eP dv - -- v C L  [no - N f o  ( 1  -cat)] d t .  

v = v0 exp [--A (I - e-al) - ~ ~ 1 . 1  a J '  (60) 

U ~ T ~ M  I I P M ~ J I H x ~ H H o ~  0 q e H K H  KOHCTaHT A1, A2 H a Y p a B H e -  

H H e  (60) MOWeT 6 b 1 ~ b  HCIIOJIb30BaHO AJIR OIIHCaHHR 3 K C n e p H M e H -  

T a n b H b r x  KPHBMX T e M H o B o r o  cnana a a p ~ ~ a  B cnoax a ~ o p @ ~ o r o  c e n e H a .  

C O O T B ~ T C T B ~ I ~ ~ H ~  p e 3 y J l b T a T h I  I IpeACTaBJ IeHbI  H a  pHC.  173. 

2.2. POJIb IIPOIJECCA PEKOMEEIHAIJHH B @OTOIIPOBOflBII(HX 
H30JItlTOPAX 

B C O ~ C T B ~ H H O M  ~ # O T O I I P O B O ~ H E I K ~  I I e p B O H a Y a J I b H O e  A ~ ~ C T B H ~  

IIaAaIoqero C B e T a  3 a K J I I o Y a e T C R  B B O ~ ~ Y W ~ C A ~ H H H  3JIeKTPOHHO-AbIPOY- 

HMX nap, n p H H H M a I o W E i x  ysacme B @ o ~ o ~ o ~ e  B 0 6 5 e ~ e  CJIOR. I I ~ H  
H a n H s H H  I I p H M e c e $  3 J I eKTpOHbI  VOI'YT 6 M ~ b  B O ~ ~ Y W A ~ H M  C AOHOPHbIX,  

a A b I P K H  COOTBeTCTBeHHO C aKI@hTOPHbIX Y P O B H ~ ~ .  B 3TOM C J I y Y a e  

3 J I e K T p O H b I  H AbIPICH B O ~ ~ Y ? K A ~ I O T C R  H e  I I a p a M H ,  T a K  K a K  OAHH 3 a p R A  

H 3  IIapbI OCTaeTCR J IOKaJ IH30BaHHbIM H a  COOTBeTCTBYIoIQeM YPOBHe .  

U O c J I e  @ O T O B O ~ ~ Y W A ~ H E ~ ~ I  Y a C T b  3JIeKTPOHOB El HbIPOK M O W e T  

~ ~ K o M ~ H H H ~ o B ~ T ~ .   TO Y M e H b I I I a e T  YHCJIO C B O ~ O A H H X  H O C H T ~ J I ~ $ ,  

Y Y a C T B y I o W H X  B IIPOBOAHMOCTH. B~POI ITHOCT~ P ~ K O M ~ H H ~ ~ I I H  3 a B H -  

CHT OT IIJIOTHOCTH AbIPOK H 3J l eKTPOHOB H C e s e H H c I  a a X B a T a  q e H T P O B  

p e K 0 ~ 6 H ~ a q H ~ .  

P ~ K o M ~ H H ~ ~ H H  M O X e T  661~b Y M e H b I J I e H a  3a C s e T  ~IJCTPOI'O p a 3 A e -  

J I e H H R  3JIeKTPOHOB H AbIPOK IIOA A ~ ~ C T B H ~ M  CHJIbHbIX I IOJ Ieg ,  HCIIOJIb- 

~ Y ~ M H X  B ~ceporpa@mn.  TOT cxygaii H M e e T  M e m o  B c e n e H e  n p H  

I I O J I O ? K H T ~ J I ~ H O ~  3 a p R A K e ,  I'Ae ~ 0 3 6 ~ l H ~ e ~ H e  OCYmeCTBJIReTCR B H Y T P H  

O Y e H b  TOHKOI'O IIOBePXHOCTHOI'O CJIOR. 

C H J I b H b 1 e  IIOJIR CIIOCO~CTBYI~T AOBOJIbHO ~ ~ I C T P O M Y  p a 3 A e J I e H H I O  

A ~ I P O K  H ~ J I ~ K T P O H O B .  OAH~IEO B p e 3 y n b ~ a ~ e  p a 3 p ~ ~ a  c n o ~  none 
~ J I a 6 e e ~  H IIJIOTHOCTb 3J I eKTPOHOB H a  I IOBepXHOCTH CJIOR B 0 3 p a C T a e T .  

06a  3 ~ 1 3  3 @ @ e ~ ~ a  6 n a r o n p n ~ ~ c ~ ~ y I o ~  p e ~ o ~ 6 ~ ~ a q m n .   tam^ o6pa- 
3 0 M ,  O Y e H b  6bI~~pb1fi B H a Y a J I e  paspan CO B p e M e H e M  3aMe,I(JIHeTCR. 

YEICJIO H O C H T ~ J I ~ ~ ~ ,  C I I O C O ~ H ~ I X  YYaCTBOBaTb  B IIPOBOAHMOCTM, 

Y M e H b I I I a e T C R  T a K W e  3a CYeT JIOByIIIeK. @ O T O Y ~ B C T B H T ~ J I ~ H ~ I ~ ~ [  H30J IH-  

p y I o ~ H i 3 [  c J I o ~  C B ~ I C O K O ~ ~  TIJIOTHOCTbIO JIOBYIIIeK, ~ 0 0 6 ~ e  I'OBOPII,  

6 y ~ e ~  MeAJIeHHO p a 3 P R W a T b C R  AaXe I I p H  AOCTaTOsHO 60J Ib lZ Io6  EIHTeH- 

CHBHOCTH OCBeWeHI IR .  K0I'na HOCHTeJIH I IOIIaAaIOT B r n y 6 0 ~ ~ e  JIOByIlI- 



K H  HJIM H a  Y p O B H H  B H ~ ? o c B C ? ~ ~ ~ M O ~  YaCTH ( P O T O Y Y B C T B E I T ~ J I ~ H O ~ O  

cnoa, cnoG IIOJIHOCTbIO H e  p a a p a x a e ~ c ~ .  I I ~ H  C M J I ~ H O M  ((nptrmna- 
HHEI)) C03AaH)TCII 6oaee MJIH M e H e e  C T ~ ~ H J I ~ H ~ I ~ ~  I I P O C T ~ ~ H C T B ~ H H ~ I ~  

3 a p a ~  H c ~ O T B ~ T C T B ~ H H O  O C T ~ T O Y H ~ I ~ ?  I I O T e H q H a J I ,  K O T O P ~ I G  O P e H h  

MeAJIeHHO C I I a H a e T  CO B p e M e H e M  ( I I ~ M M ~ ~ H o  c0 CKOPOCTbIo TeMHOBOrO 

c n a ~ a ) .  CJIOH, m e m q n e  B ~ I C O K H B  O C T ~ T O ~ H ~ I ~ ?  n o T e H q M a n ,  B c e r A a  

o ~ H ~ ~ ~ ? K H B ~ I O T  ~ ( P ( P ~ ? K T  ((YCTaJIOCTHD, B O ~ P ~ C T ~ I ~ W H G  I I p H  DOCJIe- 

AYH)IL(HX q M K J I a X  3aPXAICM M ~ K C ~ I O H H P O B ~ H $ H .  3 ~ 0  O ~ ' ~ F I C H ~ ~ [ ~ T C I I  TeM,  

YTO B O ~ J I ~ C T M  I I e p e X O A a  OT ( P O T O I I ~ O B O ~ ~ H H K ~  IC n O A J I O m K e  0 6 p a 3 y e ~ c f i  

c H n b H o e  none B p e s y n b ~ a ~ e  H a E o n n e H n a  n p o c T p a H c T s e H H o r o  a a p a ~ a  
I IPM 3 a X B a T e  H O C H T ~ J I ~ ~  H a  Y P O B H H  IIPHJIMIIaHEIR. HO 3 T 0  H e  eAMH- 

C T B e H H a R  n p H ¶ H H a  UYCTaJIOCTH)) CJIOII. M ~ A J I ~ H H ~ I ~  CcTIaA 3 a p f i A a  

IIOCJIe BbIKJIIoYeHHR C B e T a  M03ICeT T a I C X e  CKa3bIBaTbCEI H a  yBeJIH¶t!HMH 

c I c o p o c T m  T e M H o B o r o  cnaAa npn n o c n e n y m q H x  q H I c J r a x  s a p a ~ ~ ~ .  
3 ~ e c b  ~ a 6 n I o ~ a e ~ c a  TOT me ca~61ii ~ ( P ( P ~ K T ,  I C O T O P H ~ ~  nemm B o c H o B e  

n o n y Y e H m a  y c ~ o i i s k z ~ o r o  ~ 3 0 6 p a m e ~ ~ a  B ~ceporpa(Pmr. OH O ~ Y C J I O B -  

J I e H  HaJ IH¶HeM B I J C O K O ~  IlJiOTHOCTH OTHOCMTeJIbHO MeJIKHX JIOByIIIeK.  

HPH (POTOBO~~YXA~HLIEI  HOCMTeJIH ~ ~ I C T P O  3aXBaTbIBaIOTCEI 3THMH 

JIOBYIUKaMH, H I IOCjIe  Bb IKJ I IoYeHHa  C B e T a  O C B O ~ O ~ A ~ H H ~  H X  IIOA geH- 
CTBMeM TeIIJIOBbIX KoJIe6a~Hi . i  I I O A A e P X H B a e T  Y C T O ~ ¶ H B O ~  COCTORHHe 

IIPOBOAMMOCTM. 

~ @ ( P ~ K T E I B H O C T ~  3 a X B a T a  3aBHCMT T a K X e  OT r n y 6 H ~ b 1  IIPOHMKHO- 

BeHHI I  I l aAa IoWeI 'O  CBeTa .  O C B O ~ O ? X ~ ~ H H ~  J IOByIUeK 6 y ~ e ~ ,  ~ 0 0 6 q e  
r O B O p H ,  3 a B M C e T b  OT MX I 'JIY~EIH~I M T e M I I e p a T y p b I .  O A H ~ K O  I I p H  3 H e p -  

r H M  (POTOHOB, A O C T ~ T O ~ H O ~  AJIR O C B O ~ O ~ K A ~ H E I H  JlOBYIUKH, HOCHTeJIH 

MOI'YT 6b1~b 0 ~ ~ 0 6 0 X J ( e ~ b I  game H 3  OTHOCMTeJIbHO rny60~mx JIOBy-  

m e K .  I ' n y 6 ~ ~ a  n p o H m H o s e H m  c B e T a  B ( P O T O I I ~ O B O ~ F I ~ M ~ ~  cmoH 
3 a B H C H T  OT K O ~ ( P ( P H ~ M ~ H T ~  I I O I ' J I O ~ e H H I I  C B e T a  3 a J f a H H o f i  AJIHHbl  

BOJIHM, EI 3 T a  3aBMCHMOCTb MOlfEeT CMJIbHO BJ lHHTb  H a  X a p a K T e p  (POTO- 
IIPOBOAHMOCTM CJIOH. H a n p n ~ e p ,  @ O T ~ ~ B C T B H T ~ J I ~ H O $ T ~  a M O p ( P H O r 0  

C e J I e H a  MMegT MaKCHMYM B6JIM3M 4000 4, a l l p H  6000 A p a B H a  HYJIH). 

IIpn 4000 A n o r J r o q e H H e  c o c T a s n z e T  99%,  a r ~ 1 y 6 ~ ~ a  npommose-  
HHH c B e T a  M e H e e  0 , l  a x ;  npm 6000 A n p o H H I c H o s e H m e  c s e T a  - l O O  ax. 
T a K H M  06pa30~ ,  ( P 0 ~ 0 ~ 0 3 6 y ? X J ( e ~ H e  ~ ~ 0 6 0 ~ ~ 6 1 ~  H O C H T ~ J I ~ ~ ?  RBJItIeTCH, 

no CyIlJeCTBy,  I IOBePXHOCTHbIM ~ ( P ( P ~ K T o M .  E c J I H  I IOBePXHOCTb CeJIeHa 

3ap I I3 ICeHa  I IOJIOXMTeJIbHO,  TO TOJIbICO A b I P K H  MOrYT ~ p e ~ ( P 0 B a T h  

B CJlOe,  a 3JIeICTPOHbI B OCHOBHOM OCTaIOTCH H a  IIOBePXHOCTH. CJIeA0- 
B a T e n m o ,  upm p a 3 p q ~ e  n o n o l r c n T e n b H o  a a p ~ ~ e ~ ~ o r o  CJIOFI c e a e H a  

M ~ I  m e e M  T O J I ~ K O  c A ~ I P O Y H O ~ ~  I I P O B O A H M O C T ~ ~ .  l I p ~  BIccnoHm-  

P O B a H H M  B y 3 K 0 G  c I I ~ K T ~ ~ J I ~ H o G  0 6 J I a c ~ H  B ~ J I E I ~ H  4000 h 0 6 % e ~  

CJIOH HaXOHHTCH B TeMHOTe,  H O C B O ~ O ? I F A ~ H H ~ I ~  AbIPICH ,I(OJI%HbI ABM- 

r a T b c H  sepea 3 ~ y  06nac~b. IIpm n o n a n a H n n  B r n y 6 0 ~ ~ e  JIOBYIIIKH 

A b I P K H  M O r Y T  OCTaBaTbCH 3 a X B a Y e H H b I M H  B TeYeHMe flJIHTeJIbHOI'0 

I I p O M e X y T K a  B p e M e H H .  O ~ H ~ K O  I I p H  ~ K C I I O H H P O B a H H M  CJIOH B CIIeK- 

T P ~ J I ~ H O G  O ~ J I ~ C T E I  OT 4000 A 0  6000 A 3 a X B a Y e H H b I e  A b I P K H  0 ~ ~ 0 6 0 -  
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X A a I o T C R  6 b I c ~ p e e .  @ O T O ¶ Y B C T B H T ~ J I ~ H O C T ~  B 3TOM C J I Y q a e  YBeJIH- 

YHBaeTCR IIO CPaBHeHHH)  C 3KCI IOHHPOBaHHeM MOHOXPOI$aTH?CeCKHM 

CBeTOM 4000 A ,  XOTR CaMO O C B e q e H H e  CJIOR CBeTOM 6000 A H e  BbI3LI- 

B a e T  @ O T O I I ~ O B O ~ H M O C T H .  

B BMOP@HOM c e a e H e  n p M  n o a o m n ~ e n b ~ o i i  a a p a ~ x e  B OCHOBHOM 

n p e o 6 ~ 1 a ~ a m ~  A b I p o m b I e  JIOBYIIIKH. B @OTOIIPOBOARI~HX B e q e c T B a x ,  

r A e  H O ~ @ @ H ~ H ~ H T  n o r n o I q e H m  M a j I  EI CBeT n p o H m a e T  B o 6 a e ~  cjroa, 
H ~ O ~ X O ~ H M O  YYHTbIBaTb  06a B H A a  J I o B y m e I c .  Ecnn B P e M R  ?KH3HH 

~ o c n ~ e n e f i  B n o B y m K a x  Maze, ¶TO c n p a B e A a H B o  A J r a  M e n m x  JIOBY- 

m e K ,  npoqecc s a x ~ a ~ a  B @ O T O ~ P O B O H H H K ~  Y n p o q a e T c R .  B  TOM cnyqae 
M O X H O  C q H T a T b ,  ¶TO OH IIPHBOHHT TOJIbKO K YMeHbIIIeHHIO I IOABHX- 

HOCTH H H e  BJIHReT H a  KOHqeHTPaI(E3IO C B O ~ O J ( H ~ I X  ~ 0 c H T e J I e f i  

@OTOTOIE M O X e T  6 b I ~ b  Y M e H b I U e H  T a K X e  p a 3 H O r O  P O A a  I I O T e H q H a J I b -  

HbIMH 6 a p b e p a ~ H .   TO M O r Y T  651~1, 6 a p b e p b 1  M e X A Y  3 e p H a M H  B C J I y ¶ a e  

IIOJIHKPHCTaJIJIHYt?CKHX CJIOeB HJIH CJIOM B C B R 3 Y H ) q e M ,  B 0 3 M O X H b I  

name Me?KMOJIeKyJ IRpHbIe  6 a p b e p ~  AJIR ~ M O P @ H ~ I X  H I IOJIHMePHbIX 

M a T e p H a J I o B .  B p a 6 o ~ e  [324] B ~ I C K ~ ~ ~ H O  n p e A n o J r o m e H H e ,  I I T ~  

C y q e c T B y m T  G a p b e p ~  Aaxe M e a n y  q e n R M n  B ~ M O P @ H O M  ceneae, 
KOTOP bIe  CHJIbHO 3 a B H C R T  OT H a I I P R X e H H O C T H  IIOJIR; o c n a 6 n e ~ H e  

IIOJIR 3a C¶eT  I IOBepXHOCTHbIX 3 a p R A O B  YCHJIHBaeT  BJ IHRHHe  3 T H X  

6apbep0~ H a  $ 0 ~ 0 ~ 0 ~ .  

H ~ ~ ~ C T B O  ~ 3 0 6 p a X e ~ ~ ~  B K ~ e p 0 r p a @ H E I  H a  3 a P R X e H H O M  CJIOt? 

@ O T O ¶ ~ B C T B H T ~ J I ~ H O I ' O  H 3 0 J I R T O P a  IIOA A ~ ~ ~ C T B H ~ M  I I a A a I o a H X  @OTOHOB 

3aBElCHT OT CKOPOCTH CBeTOBOrO CI I aAa .  3 T a  CKOPOCTb OI IpeAeJ IR-  

e T c n  c j r e g y m q n M H  @ a ~ ~ o p a n m :  
1) KOJIH¶eCTBOM IIaAaIOIIferO C B e T a ,  I I O I ' J I O ~ e H H b I M  B CJIOe; 

2) KBaHTOBbIM BbIXOflOM B H a Y a J I e  B O ~ ~ Y X A ~ H E I R ,  T. e. YHCJIOM 

C B O ~ O A H ~ I X  3JIeKTPOHOB HJIEI AbIPOK HJIH T e X  H A P Y r H X  BMeCTe H a  OAHH 

I Io rJ Ioqe~~bI f i  @OTOH; 

3) CKOPOCTbH) ~ ~ K o M ~ H H ~ ~ H H  3JIeKTPOHOB M AbIPOK; 

4) CKOPOCTbH) 3 a X B a T a  ~ 0 c H ~ e J I e f i  H B p e M e H e M  X H 3 H H  H O C H T ~ J I ~ ~ ~  

B n o B y m K a x ;  

5) n o A s m w H o c T b I o  ~ o c m ~ e n e f i  B cnoe. 
B b ~ p a m e ~ ~ e  n n o T H o c T H  @ O T O T O K ~  (a/ca2) npn p a s p a ~ ~ e  c n o ~  

H M e e T  BHA 
dV i = - Cdt = ( n ~ n  -F P P ~ )  eVIL, (61) 

rAe C - eMKOCTb H a  1 c&' @ o T o I I P o B o J ~ R I ~ ~ ~ o  CJIOR; V - ~@@C?KTEIB- 

H o e  I I a A e H H e  H a I l p R X e H H R  B CJIOe; n, p - COOTBeTCTBeHHO IIJIOTHOCTH 

C B O ~ O A H M X  3JIeKTPOHOB H AbIPOK; e - 3 a P R A  3 J I e K T p O H a ;  Pn, Pp - 
COOTBeTCTBeHHO IIOABHXHOCTH 3JIeKTPOHOB H AbIPOK; L - T O J I q H H B  

CJIOR; t - B p e M R .  



BO BpeMFI 3KCIIOHHpOBaHHtI  K O H q e H T p a q H H  C B O ~ O A H H X  H O C E I T ~ J I ~ ~  

O I I p e f l e J I R e T c c ~  CKOpOCTbH) @ O T O B O ~ ~ Y X ~ ~ H H R ,  CKOPOCTbH) P ~ K O M ~ H -  

H a q l l l l  H 3 a x ~ a ~ a .   TO COOTHOIIIeHHe H M e e T  BHA 

= aiF + a 2 N f  + a 3 P f  - B i N t n  - /3,Ptp - ynp, (62) dt  

rAe F - EiHTeHCMBHOCTb O C B e q e H H R ,  @ o ~ o H / c ~ K - c ~ ~ z ~ ;  Nt - IIJIOT- 

HOCTb  C B O ~ O A H ~ I X  3J I eKTPOHHJJX JIOBYIUeK; Pt - IIJIOTHOCTb C B O ~ O A -  

H b I X  AbIPO¶HbIX JIOBYIIIeK; Nf, Pf - IIJIOTHOCTH 3J I eKTPOEOB H AbIpOK 

B JIOBYIUKaX COOTBeTCTBeHHO; al - BepORTHOCTb  C 0 3 A a H H I I  I I a p b I  

~ o c ~ ~ e n e i i  n p H  n o r n o q e H m m  o A H o r o  @ O T O H ~ ;  a2, a, - B e p o H T H o c m  

O C B O ~ O X ~ ~ ? H H R  3JIeKTPOHOB Ei AbIPOK M3 JIOBYIZIeK; p i ,  p2 - B e p O H T -  

HOCTH 3 a X B a T a  JIOByIUKaMEi 3 J I eKTPOHOB H AbIPOK; Y - BePOEITHOCTb 

P ~ K O M ~ H H ~ ~ H H  3 J I e K T P O H a  H AbIpKH.  

O J I p e J ( e J l e ~ ~ b 1 e  H 3  YPaBHeHEIH (62) 3 H a 9 e H M I i  12 H P MOI'YT 661~b 
IIOACTaBJIeHbI  B COOTHOIUeHHe (61). B p e 3 y J I b T a T e  IIOJIYYMTCR AH$- 

@ e p e ~ q ~ a m ~ o e  y p a B H e m e ,  o n H c b I s a m q e e  C K O P O C T ~  p a a p ~ ~ a  ( P O T O ~ Y B -  
CTBHTeJ IbHOrO CJIOII M30J I I ITOpa  I I p H  3KCIIOHEiPOBaHHH. ~ o c J I ~ A Y H ) ~ ~ ~  

M H T e r p H p O B a H H e  AaJIO 6b1 Y p a B H e H H e ,  H 3  KOTOPOrO M O X H O  GJJJIO 661 
P a C C s l l T a T b  Ei I IOCTPOHTb K P H B b I e  C I I a A a  I IOTeHQHaJ Ia  BO B p e M e H H .  

O A H ~ K O  y p a B H e H m e  (62) B o 6 q e ~  cnysae pernmb H ~ J I ~ ~ H ,  H ero 
pelueme 0661s~o nonysam npn A O B O J I ~ H O  O r p a H m s e H H M x  ycnosmcrx, 
K O T O p b I e  HeIIPHJIO?KHMbI K IIePeXOJ(Hb1hf I I p O q e C C a M ,  H ~ ~ J I I O A ~ ~ M J J M  

B ~ c e p o r p a @ ~ ~ .  

B p a 6 o ~ e  [325] p a c c M o T p e H a  o6qacr M o A e n b  paapcraa H ~ I E  me- 
TOBOrO C I I a A a  C y ¶ e T O M  BbIpa l r ceHHH r e x ~ a  [3261 AJIH @ O T O T O K ~  B H 3 0 -  

J l H p y I o Q H X  KpHCTaJ I J I aX .  3 ~ a  T e O P H R  OCHOBbIBaeTCEI. H a  I IPeAI IOJ IOXe-  

H H H ,  ¶TO C ~ ~ A H H ~  CABMr C B O ~ O A H ~ I X  H O C H T ~ J I ~ ~ ~ [  (~ J I~?KTPoHoB HJIH 

AJJPOK) B cnoe H ~ O J I R T O P ~  n p o n o p q H o H a j T e H  ~ J I ~ K T P H P ~ C K O M Y  IIOJIIO, 

T. e. 
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HHTeI'pElpOBaHHH COOTHOIIIeHHX (64) B I I p e A e J I a X  OT 0 A 0  X .  B pe3yJIb- 
T a T e  n o n y s a e M  @OPMYJIY I 'ex~a [327] AJIEI n n o T H o c T H  ToIca  sepes 
(2306 B BHAe 

dn j=- eAx.- 
dt L2 1 7  (65) 

rAe dnldt - CKOPOCTb I ' e H e p a q H H  C B O ~ O A H ~ I X  H O C E I T ~ J I ~ ~  B eAHHElqe 

o 6 % e ~ a  npn O c s e w e H H H  cnoa, e - a a p x ~  a n e I c T p o H a .  

@ o p M y J I a  (65) 6 m a  paCCMOTpeHa  AJIEI ABYX C J I y s a e B ,  COOTBeT- 

C T B y I o w H X  CHnbHOMY H C J I ~ ~ O M Y  IIOrJIOIt(eHE1IO IIaAaIoJI(er0 CBeTa. 

llatlamqulj csem 

B IIepBOM C J I y ¶ a e  BeCb  CBeT IIOI'JIOwaeTCEI B TOHKOM IIOBePXHOCTHOM 

cxoe (pm. 174), H a n p m e p  B cnoe a ~ o p @ ~ o r o  c e J I e H a  npn o c B e q e H m  

er0 CBeTOM A J I H H O ~  BOJIHbI KOPO¶e 500 &&K (CM. PHC. 118). n p E 1  O¶eHb 

CElJIbHOM IIOI'JIOIQeHHH CBeTa  COOTHOIIIeHHe (65) n p H H H M a e T  BHA 

r A e  J - HHTeHcHBHocTb  nagalowero c s e T a  B @omonlce~ H b - OTHO- 

II IeHHe ¶HCJIa O C B O ~ O N A ~ H H ~ I X  H O C E I T ~ J I ~ ~ ~ [  K ¶ElCJIY IIOI'JIOqeHHbIX 

GOTOHOB. 
B cnysae cna6oro n o r n o w e H H a  o c s e q a e T c x  secb o 6 n e ~  CJIOEI. 

~ J I O T H O C T ~  TOKa I I p H  3TOM MOXHO H ~ G T H  I I P H  HHTeI'PHPOBaHHEl Y p a B -  ' 

H e m a  (65) no n e p e ~ e ~ ~ o 6  x OT 0 ~o L. 3 ~ o  npHBoHEiT K cnenym- 
q e M y  Y p a B H e H H I o  [3%] : 

E c n ~  IIJIOTHOCTb TOKa B @ O P M ~  ~ b I p a m e ~ H G  (66) H (67) I I p H P a B H X T b  

K CKOPOCTH p a 3 p R A a  ( j  = - Cdvldt), TO ElHTeI'pHpOBaHHe IIOJly¶eH- 

H o r o  ~ n + @ e p e ~ q ~ a n b ~ o r o  y p a B H e H H x  A a c T  B H p a x e H u r e ,  o n n c b I s a I o -  

wee cnan r r o s e p x H o c T H o r o  n o T e H q n a n a  BO BpeMeHt i .  

20 P. m a a a e p ~  



rne p = p%V/L2, P O  = p'GVO/L2 H C - eMKOCTb CJIOII H a  1 cM2. 
Bcnonbsya TOT x e  n p H e M  ~ J I H  s b r p a x e m c r  (67), B cnysae cna6oro 
D o r n o q e H n a  c s e T a  U o n y s a e M  

CJIeBa MOrYT 6 b 1 ~ b  BbI'IHCJIeHbI I ' p a @ H s e c K H ~  I IyTeM,  s T 0  B IIpHHIJHIIe  

I I O ~ B O J I H ~ T  nonyswrb x p H B b I e  cnana, xapa~~epm3ymqne  ~ ~ B H C H -  

MOCTb IIOBePXHOCTHOI'O I IOTeHqHaJIa  OT BpeMeHH.  M c I I o J I ~ ~ Y R  YIIPO- 

q a I o q H e  npennonomemcr, a B T o p b I  p a 6 o ~ b 1  1325 I nonysmn y p a B -  

HeHHH (20) H (22), KOTOPbIe, OAHBKO, HeIIPHMeHHMbI K @OTO¶YBCTBH- 

TeJIbHbIM CJIOIIM B K ~ e p ~ r p a @ Z i H .  H a n p H M e p ,  B ~ M O ~ @ H O M  CeJIeHe 

B e n H s n H a  p ' ~  AJIR AHPOK, nonysemaa B p a 6 o ~ e  [ 2 6 0 1 ,  c o c T a s n c r e T  

8 c.x2/6. B  TOM c J I y s a e  p = 3,2 6 nna L = 50 arc. T ~ I F H M  
0 6 p a 3 0 ~ ,  B npenenax H ~ M ~ H ~ H H I I  n o T e H q E z a n a  OT V o  = 1000 e ,qo 
V = 10 6 BeJIHYHHa p H3MeHXeTCa OT 3,2 80 0,032. H p H  p = 1,o 
C n B H r  C B O ~ O ~ ~ H ~ I X  H O C & T ~ J I ~ G  p a B e H  T o n q H H e  CJIOH. T ~ I E E ~ M  &6pa30~, 
I I p H  pa3HOCTH IIOTeHIJHaJIOB BbIIIIe C O O T B ~ T C T B ~ I ~ I Q ~ ~ ~  P = 1 TOK 

pa3pana HMeeT H a c b I q e H H e ,  a cnan n o T e H q H a n a  ~ J I E I ~ O K  K n ~ ~ e f i -  
HOMY. HPEI H ~ ~ o J I ~ I I I H x  3 H a 9 e H H R X  P ( H H ~ I E E I ~  I I o T ~ H ~ H ~ J I ~ I )  K p H B a H  

cnana n o T e H q m a n a  n p ~ 6 ~ 1 ~ x a e ~ c a  K ~ K C I I O H ~ H T ~ .  T ~ K O B  n p n 6 n ~ -  
~ H T ~ J I ~ H O  xapamep cGaAa n o T e H q H a n a  AJIH c n o e B  a ~ o p @ ~ o r o  c e n e H a .  

B COOTHOUIeHHH (64) YsHTbIBaeTCR YMeHbIIIeHHe C B O ~ O J ( H ~ I X  HOCH- 

~exe f i  T O J I ~ K O  3a c s e T  n o r r a A a H m a  HX B JIOBYIIIKH IIPH npeH@e B cnoe, 

H o c T H o r o  I I o T e H q m a n a  npm o c s e q e H m  a a p a ~ ~ e ~ ~ o r o  CJIOR a ~ o p @ ~ o r o  
C e n e H a ,  TO I c p m B a a  c H a c b I q e H H e M  H e  n o n y s a e T c a .  ~ K C I I ~ ~ H M ~ H T ~ J I ~ H ~ I ~  

p e 3 y J I b T a T b I  AJIH CJIOR ~ M O ~ @ H O ~ O  CeJ IeHa  B BHAe AByX TaKHX KPHBbIX 

IIpeACTaBJIeHbI H a  PHC. 175 BMeCTe C KpHBbIMH, PaCCVHTaHHbIMH IlO 

@ o p M y ~ r e  (66) I I p H  IlOACTaHOBIce ~ H ~ ¶ ~ H H G  pT 8 C M 2  /V 
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I IPHBef leHa  K 3Ha¶eHHH) TOICa, C O O T B e T C T B Y K J ~ e r O  I E P H B O ~  a C IIOTeH- 

qMaJIOM 312,5 6. HHXHRR CIIJIOIUHaR K P H B a R  I I P H ~ J I H ~ H T ~ J I ~ H o  COB- 

n a A a e T  c KPHBOH a n p H  n o T e H q H a n e  H H x e  300 6. P a c x o x ~ e ~ m e  M e x A y  

3TEIMH KPHBbIMH I I p H  BMCOKHX IIOTeHIJHaJIaX M O X e T  6 b 1 ~ b  CBR3aHO 

c p e ~ o ~ 6 ~ ~ a q m e 6 ,  V o T o p a R ,  no-BH~HMOMY, y B e n H s m s a e T c a  no M e p e  

Y M e H b r n e H m  H a g a x b H o r o  n o B e p x H o c T H o r o  n o T e H q z r a n a .  Xopomee 
COBIIaAeHHe M e X R y  3KCIIepHMeHTaJIbHbIMH AaHHbIMH AJIR RYeeIE  MOP@- 
HOrO CeJ IeHa  I I p H  ElMIlYJIbCHOM OCBeweHHH H @ O P M Y J I O ~  r e x ~ a  nOJIy-  

s e H 0  B pa60l.e [255]. O A H ~ K O  3 T a  MeTOAHKa H e  3KBHBaJIeHTHa pas- 
p ~ ~ y  ~ c e p o r p a @ n s e c ~ ~ x  n n a c T m H  n p E i  o c s e w e H H m .  K ~ H B ~ R  6 H a  

PHC. 175 COOTBeTCTByeT nJIaCTElHe C OCTaTO¶HbIM IIOTeHqHaJIOM, p a B -  

HbIM -80 6 ,  I l P H  KOTOPOM p a 3 p R ~ ~ b 1 f i  TOK I I a A a e T  IIOsTH A 0  HyJIR.  

P ~ C C M O T ~ ~ H H ~ R  BbIIIIe TeOPHR H e  OnHCbIBaeT 3 T O r 0  RBJIeHHR. UO-BEIRE- 
MOMY, TeOPHR M O X e T  A a T b  JIy¶IIIee COrJIaCHe C 3KCIIepHMeHTOM JIElmb 

B TOM cnyqae, K o r g a  c s e T  n p o H m a e T  B o 6 a e ~  @ o ~ o n p o ~ o n ~ r q e r o  
CJIOR. ~ P H  3TOM P ~ K O M ~ H H ~ ~ E I I I  MOXKeT 6 ~ T b  y ¶ T e H a  B P a M K a X  COOTHO- 

IUeHEiR (64) K a K  ¶aCTb 06qero 3 @ @ e K ~ a .  O C T ~ T O ~ H ~ I ~  IIOTeHqHaJI  

20 * 



MOWeT UOEIBHTbCfl J I H m b  B TOM C J I y s a e ,  K O r A a  B p e M I I  W H 3 H H  HOCH- 

~ e n e i i  B J I O B Y m K a X  ~ Y A ~ T  ~ O J I ~ I I I ~ ,  n e M  B p e M c I  p e n a K c a q H H  npn pas- 
P R A K e  CJIOH. 

2.4.1. MOAEJIb CJIOEB AMOP(DHOr0 CEJIEHA 

B pa6o~e  JIH H Pere~c6yprepa [2601 n p e g n o m e H a  T e o p e T H s e c K a H  

MoAeJIb ,  o 6 a ~ c ~ 1 1 1 o q a ~  X a p a K T e p H C T H K H  @ O T O H H A ~ ~ H ~ O B ~ H H O I ' O  pas- 
p R A a  ~ c e p o r p a @ ~ s e c ~ n x  c n o e B  a ~ o p @ ~ o r o  c e n e H a .  3 ~ a  M o A e a b  ysn- 
T b I B a e T  H e  TOJIbKO A B H W e H H e  H O C H T ~ J I ~ ~  B 0 6 6 a e ~ e ,  HO H p e ~ o ~ 6 ~ -  
H a q l l I o  @ O T O ~ ~ H ~ ~ H ~ O B ~ H H ~ I X  HbIPOK H 3JIeKTPOHOB. EbIJI P a C C M O T p e H  

cJIyna6 TOJIbKO CHJIbHOI'O I I O r J I O q e H H R  C B e T a  H a  I IOBePXHOCTH GOTO- 
n p o B o A H q e r o  c n o c I  H ~ O J I R T O P ~ ,   TO x a p a m e p H o  AJIR a ~ o p @ ~ o r o  
C e J I e H a  I I p H  OCBeIQeHHll  er0 CBeTOM B O ~ J I ~ C T H  MaKCHMYMa @OTOPYB- 

CTBHTeJIbHOCTH (T. e. AJIR h % 400 &.WE). n p H  3THX YCJIOBHIIX TOJIbKO 

OAHH THII  H O C M T ~ J I ~ ~  CTaHOBHTCH IIOABHWHbIM, IIOCKOJIbKY PaCCMaT-  

P H B a e T C R  I I p O B O ~ H M O C T b  B 0 6 n e ~ e  CJIOII. T a K ,  I I P H  IIOJIO?KHTeJIbHOM 

IIOBePXHOCTHOM 3 a p I I A e  B o 6 a e ~  CJIOH H 3  TOHKOH I I O B ~ P X H O C T H O ~  

O ~ J I ~ C T H ,  rAe IIPOHCXOAHT IIOI'JIOIJJeHHe, HHWeKTHPYIoTCI I  TOJIbKO 

AbIPKH.  Y a c ~ b  3J IeKTpOHQB H AbIPOK ~ ~ K O M ~ E I H H P Y ~ T  B O ~ J I ~ C T H  

IIOI'JIOmeHHII.  O C T ~ B I I I H ~ C I I  HOCHTeJIH pa3AeJ I I I IoTCI I  3 JXeKTpHseCKHM 

IIOJIeM, I I p H s e M  3J I eKTpOHbI  ~ p e 6 @ y I o ~  K IIOBepXHOCTH, 9~0661 H e 6 -  

T p a J I H 3 0 B a T b  I IOJIOWHTeJIbHbIe  I IOBePXHOCTHbIe  3 a P H A b I ,  a AbIp IcH  

A B H Z Y T C R  B IIPOTHBOIIOJIOWHOM H a I I p a B J I e H H H .  Y ~ C T ~  AbIPOK IIPO-  

XOAHT Y e p e 3  B e C b  c J I 0 6 ,  a 9 a C T b  3 a X B a T b I B a e T C I I  JIOBYIIIKaMH. T ~ K H M  
06pa30~,  I I O B ~ P X H O C T H ~ I ~  I I O T e H q H a J I  v(t) M O X e T  6 b I ~ b  I I p e g C T a B J I e H  

B BHAe  

v (t) = Vo- [Qs (t)lCI + V(t), (70) 
r A e  C - eMKOCTb CJIOR, P a B H a H  keOlL, B P a C s e T e  H a  e A H H H q Y  I IOBepX-  

HOCTH (k  - AH3J IeKTPH¶eCKaI I  I I P O H H q a e M O C T b ,  L - T O J I q H H a  cJIoII); 

Vo - ~ a s a J I b ~ b 1 H  I I O B ~ ~ X H O C T H ~ I ~  I I O T e H q H a J I  I I e p e A  O C B e q e H H e M ;  

Q,(t) - B e J I H ¶ H H a  IIOBePXHOCTHOI'O 3apIIAa, H ~ ~ T ~ ~ J I H ~ O B ~ H H O ~ O  3a - 
B p e M I I  t; V(t) - 06ae~~k.16 I I O T e H q H a J I  , O ~ ~ C J I O B J I ~ H H ~ I ~ ~  3 a X B a T O M  

g b ~ p o ~  B cnoe B T e s e H n e  B p e M e H H  t. B ~ J I H Y H H ~  Qs(t) pama s ~ c n y  
AbIpOK,  BbIIIIeAIIIZiX H 3  O ~ J I B C T H  IIOI'JIOIQeHHR, YMHOWeHHOMY H a  

B e J I H s H H y  3 a p H A a  3 J I e K T p O H a .  E c J I H  B b I p a 3 H T b  BePORTHOCTb  BbIXOAa 

~ b ~ p o ~  sepea B p e m  ~ p e 6 @ a  H s p e m  W H ~ H H ,  O r p a H m s e H H o e  p e K o M -  

6 ~ ~ a q ~ e i i :  B IIpeAeaax T o H K o r o  noraoqamqero CJIOII, TO Q,(t) M o m e T  

6 b I ~ b  I IpeACTaBJ IeHO B C J I e A Y I o q e M  BHAe:  
t 

Qs (1)  = eF $ exp [ - Ta (t)/r,l dt. (71) 
0 

rA€' e - 3 a p R A  3 J I e K T p O H a ;  F - HHTeHCllBHOCTb C B e T a ,  @ O I I ~ O H . / C ~ K . C X ~ ;  

Tb(t)  H T, - COOTBeTCTBeHHO B p e M I I  ~pe f i@a  H B p e M R  W H 3 H H  A 0  

~ ~ K O M ~ E I H ~ ~ H H  AJIII A ~ I P O K  B TOHKOM u o r n o q a m w e M  cnoe TOJIWH- 
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HOG b (CM. PHC. 174). no a H a j I o r m  c @OPMYJIOG (63) 

Tb (t) = bLIpV (t). 

T p e ~ ~ f i  ¶JIeH B Y p a B H e H H H  (70) M O X e T  6 b 1 ~ b  IIpeACTaBJIeH B BHAe 

- 
V' (t) = I iC 5 y [dQ(t)idt] dt, 

0 

y = {I - exp [ - TL ( t) l~l)- l-  [7/TL ( t ) ] ,  (73) 

TAe 7 - B p e M R  X H 3 H I l  AbIPOK A 0  3 a X B a T a  YpOBHeM IIPHJIHnaHHR, 

TL (t) - B p e M R  ,qpefi@a AbIpOK sepea C X O ~ ~  T O J I ~ H H O ~ ~ [  L. Tax K a K  
b (< L, MOWHO n o n o x m T b  T L  (t) = L21pV (t). B b ~ p a x e ~ ~ e  nna y 
TOrAa  M O X e T  6b1Tb IIpeACTaBJIeHO K a X  @ Y H K ~ H H  IIOBePXHOCTHO~O 

n o T e H q n a a a  B npoqecce cnaga a a p ~ ~ a .  E c n ~  B c e  3 a p ~ ~ b 1  3 a x ~ a q e ~ h 1  

O ¶ e H b  ~ J I H ~ K o  X I I ' o J I o X H T ~ J I ~ H O ~  IIOBePXHOCTH, TO Y W 1,0, a eCJIH 

o H m  o ~ ~ o p o j q ~ o  p a c n p e g e n e H M  no o 6 n e ~ y ,  TO y = lI2. IIocneg~ee 
I IpeAI lOJIOXeHI le  RBJIReTCR l'HIIOTeTHPeCICHM, TBK X a K  MeXaHH3M 

3 a X B a T a  B C H J I ~ H O G  CTeIIeHH 3aBHCHT OT HaI IpRXeHHOCTH 3JIeKTPH- 

g e c K o r o  IIOJIR, ¶TO E c K a r m a e T  BO~MOXHOCTE, p e a ~ 1 ~ 3 a q m ~  3 ~ 0 r o  CJIY- 

¶ a R .  A ~ G c T B H T ~ J I ~ H o ,  paC¶eTbI ,  OCHOBaHHbIe H a  Y P a B H e H H H  (73), 
AaIoT  BeJIH¶l lHy y,  GJIH~KYIO K 0,5, TOJIbKO I I p H  O¶eHb BbICOKHX 
IIOBePXHOCTHbIX I IOTeHqHaJIaX,  ¶TO B CBOH) O Y e p e A b  AJIR CJIOII p a 3 Y M -  

HOG T O J I ~ H H H  I I p e A n o j I a r a e T  o T c y T c T B m e  C K O J I ~ K O - H H ~ Y A ~  c y q e c T -  
B e H H o r o  s a x s a ~ a .  B  TOM cnysae p a c n p e A e a e H H e  6 y ~ e ~  T e o p e T H r I e c x H  

O A H O ~ O A H O ,  T a x  x a K  IIJIOTHOCT~ S ~ X B ~ ~ ~ H H ~ I X  AHPOX pama H y n m .  
CKOPOCT~ p o c T a  a a x ~ a s e ~ ~ b ~ x  ~ b ~ p o x  M O X e T  6 b 1 ~ b  X p e A c T a B n e H a  

COOTHOlIIeHHeM 

-- dQct' - Jb (t) - J L  (t), 
dt (74) 

me Jb (t) - IIJIOTHOCTb gbIpO¶HOrO T O H I ,  O ~ ~ ~ ~ O B ~ H H O I ' O  AbIPKaMH, 
n O K H A a I o ~ H M H  0 6 J I a C ~ b  I I O r J I O q e H H R ,  a J L  (t) - IIJIOTHOCTb AbIpOq- 

HOrO TOKB, 0 6 p a 3 0 ~ a H ~ O r O  AbIpXaMH, AOCTEII'aIOIQHMEI IIOBePXHOCTH 
CJIOR. f l H @ @ e p e ~ I ( ~ p y R  B b I p a X e H H e  (71), IIOJIy¶HM 

Jb ( t )  = eF exp [ - T b  ( t ) l~ , ]  = eF exp [ - bLlpz,V ( l ) ]  (75) 
m a H a n o r H s H o  

JL (t) = Jb (t) exp [ - T L  ( t ) / ~ ]  = 

= eF exp [ - bLlp~,V (t)] exp [ - L2/p7V (t)]. (76) 



eFL exp [ - bL/pr,V (t)l  [ p ~ v  (t)/L21 X V ( t ) = V o - -  
kc0 

0 

x [ I  -Lexp ( - L2/paV ( t ) ) ]  dt. (77)  
M ~ ~ e r p a n  B s r , I p a x e H H m  (77)  H e  m e e T  p e m e H H c r  B aHaJ r t iTmvecKoM 

BHAe. O A H ~ K O  aBTOPbI pa6o~b1 [2601 IIOJIYYHJIH sHCJIeHHOe p e m e H H e ,  

HCIIOJIb3YH @OPMYJIY 
v 

rAe f (v) - I IpOH3BOAHaR IIO B p e M e H t i  OT IIl)a~06 YaCTH BbIPalfFe- 

HHR (77) .  OHH IIOJIYYHJIEI A O B O J I ~ H O  xopoluee c o s n a A e H H e  c a ~ c n e -  
PHMeHTaJIbHbIMH pe3YJIbTaTaMH,  I I O J I a r a R  pT = 8 .lo-* c.N2/6 

H b/pT ,  = 2 .lo4 6/c.M. I/Ix p e 3 y J I b T a T b I  IIpeACTaBJIeHbI H a  PHC. 176. 
~ H ~ ¶ ~ H H R  HCIIOJIb30BaHHbIX I I p H  3TOM I I a p a M e T p O B  C O r J I a C y ~ T C I I  CO 

3Ha¶eHHRMH, HCIIOJIb30BaHHbIMH B A P Y r H X  pa6o~ax  [255] .  
~ Y T ~ M  ~ H @ @ ~ ~ ~ H ~ L ~ ~ o B ~ H M R  B b I p a X e H H c I  (77) IIO B p e M e H H  MOXHO 

nonysmb B b I p a w e H n e  AJIH c ~ o p o c ~ ~  pa3p~ga ,  MJIH @ O T O T O I C ~ .  

dV (1) -eFL -- 
d t  -- kc0 

exp [ - b L l p ~ , V  ( t ) ]  x 
x [ ~ T V  ( t ) lL2]  [I - exp ( - L2/paV ( t ) ) ] .  (79)  

C z e ~ y e ~  O T M e T m b ,  YTO c T O ~ H O C T ~ I O  no YmeHa exp i - b L l p ~ , V  ( t )  1 
 TO B x p a x e H H e  c o m a A a e T  c BbIpalrceHHeM (66).  

I I o ~ c ~ a ~ n a c ~  B @OPMYJIY (79) y ~ a 3 a ~ ~ b 1 e  BbIrrre ~ H ~ Y ~ H H I I  p~ 
H b l p ~ , ,  MOlfFHO PaCCYHTaTb 3aBHCHMOCTb Pa3PSIAHOrO TOKa OT IIOBePX- 

H o c T H o r o  I I o T e H q n a n a  AJIH c n o e B  c e n e H a  TOJIWHHO~ 50 ~ U K .  Peaynb- 
TaTbI 3 T O r 0  P a C q e T a  IIpeACTaBJIeHbI H a  PHC. 177 OAHOBpeMeHHO C KPH-  

BIJMH, PaCC¶HTaHHbIMH IIO @ O P M Y J I ~  (66) AJIH OAHHX H TeX lfFe 3 ~ a ¶ e ~ H f i  

pT H blpa,. E ~ H B ~ I ~  H a  PEG. 177 HJIJIIoCTPMPYIoT HeKOTOpbIe HHTe- 

PeCHbIe  OCO~~?HHOCTH.  R ~ O M ~  ~ ~ K o M ~ H H ~ ~ H o H H o I ' o  3 @ @ e K ~ a ,  IIPORB- 

nmoqerocrr B BHAe 60~1ee K p y T o r o  mafia npn V o  = 700 6 ,  0 6 p a q a e ~  
H a  c e 6 ~  BHHMaHHe p e 3 K H 6  CIIaA A 0  HYJIII I I P H  V M 35 8 I C P E I B O ~ ~  6 ,  
0 6 ~ a p y ~ H ~ a I o q e i i ,  T a K E M  06pa30~ ,  O C T ~ T O Y H ~ I ~  IIOTeHUHaJI. k l ~ a K ,  

BbIUIeIIpHBeAeHHaR T e O p H H  H a p R A y  C p e K 0 ~ 6 H ~ a ~ H e $ t  H 3aXBaTOM 

~ o c n ~ e n e f i  XOPOILIO OnmcbIBaeT  EBj IeHHe O c T a T o Y H o r o  n o T e H q H a x a .  

O C T ~ T O ¶ H ~ I ~ ~  IIOTeHQHaJI B P a M K a X  3 ~ 0 6  TeOPHH COOTBeTCTBYeT YCTa- 

HOBHBLLIeMYCH COCTOIIHHH), K O r A a  IIXOTHOCTb 3aXBaYeHHbIX AbIPOK 

IIOCTOIIHHB, a TOK, HJIH CKOPOCTb p a 3 p I I A a ,  o ~ ~ c J I o B J ~ ~ H  OTHOCHTeJIbHO 
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MeAJIeHHbIM n p O q e c c o M  O C B O ~ O ~ ~ C A ~ H ~ I R  J I o B Y L U ~ K ~ ) .  B 3THX YCJIOBHRX 
IIOJIe B O ~ J I ~ C T H  nOI'JIOmeHHR Y M e H b m a e T C R  IIO¶TH A 0  HYJIIE, a PeKOM- 
6 H H a ~ ~ f l  Y B ~ J I H ¶ E B ~ ~ T C R  H CTaHOBHTCR P ~ B H O ~  100 % . P ~ C C M O T ~ ~ H -  
H a R  T e O p H R  H e  Y9HTbIBaeT BJIHRHHR 6apbep0~ BHYTPM CeJIeHOBOrO 

CJIOR. TOT ( P ~ K T ,  9TO O H a  A a e T  COI'JIaCHe C 3KCIIepHMeHTaJIbHbIMH 

AaHHbIMEl 683 PaCCMOTPeHHR MeWMOJIeKYJIRPHhIX 6apbep0~,  CBHAe- 
TeJIbCTBYeT am60 06 OTCYTCTBHH 3THX 6apbep0~ B ~MOP@HOM CeJ leHe ,  

J I H ~ O  06 HX He3Ha9HTeJIbHOM BJIHRHHH H a  I I epeHOC H O C H T ~ J I ~ ~  B CJIOe. 

2.4.2. MOAEJIb CJIOEB ZnO B CBH3YIOqEM 

MI'HOBeHHO AOCTHI'aeT C B O ~ ~  M ~ K c H M ~ J I ~ H o G  BeJIHPHHbI I I P H  OCBe- 

n q e H m  CJIOR. AJIIE a ~ o p @ ~ o r o  c e n e H a   TO A o n y q e m e  p a 3 y ~ ~ 0  
(CM. PHC. 103), a O I I I H ~ K ~ ,  B 0 3 H H K a I O q a R  38 CPeT 3 T O r 0  IIpe,QIIOJIOXeHHR, 

~ e s ~ a s ~ ~ e ~ ~ b ~ a .  O g ~ a ~ o  c y q e c T B y e T  p r r ~  c n y s a e B ,  K o r n a  @OTOTOK 

MeAJreHHo p a c T e T  co BpeMeHeM,  H 0 m ~ 6 ~ a ,  n o n y P a e M a R  npm npeae- 
6 p e x e ~ ~ m  3THM (P~KTOPOM,  CTaHOBHTCR C ~ ~ ~ C T B ~ H H O ~ ~ .   TO X a p a K -  
T e p H O  AJIR ~ O J I ~ ~ H H C T B ~  @ O T O I I P O B O ~ H ~ K O B  B CBR3YH)q€!M, B PaCT- 

HOCTH AJIR CJIOeB ZnO B CMOJIe (cM., H a I I p H M e p ,  AaHHbIe p a 6 0 ~ b I  [307]). 
C ~ I J . ( ~ C T B ~ ~ T  HeCKOJIbKO ~ e 0 p H 6 ,  IIbITaIOII&HXCR 0 6 ' b R ~ H l i ~ b  MeXa-  

HH3M (POTOIIPOBOAHMOCTH H T ~ M H O B O ~  IlPOBOAHMOCTH B CJIORX ZIlO 
B CBR3YIO4eM [297, 328, 3291. O A H ~ K O  3TH TeOpHH H e  ,QaIOT P ~ T K O G  
M ~ T ~ M ~ T H P ~ C K O ~  MOAeJIH AJIH O ~ % H C H ~ H ~ ~ H  CBeTOBOI'O p a 3 p R A a .  B HeKO- 

T O P ~ I X  pa60~ax c T a B n n a c b  qem O ~ % R C H H T ~  M ~ X ~ H H ~ M  p a 3 p ~ ~ a  T a r c o r o  
P O A a  @ o T o ¶ ~ B c T B H T ~ J I ~ H ~ I X  CJIOeB [306, 3301, OAHaKO B HHX 3 a T p a -  
I 'HBaJIaCb o6qaa I I p H p O A a  RBJleHHH H COOTBeTCTBHe T e O p H H  3KCIIe- 

P H M e H T y  H e  6 ~ x 0  09eBHAHbIM '). B p a 6 o ~ e  [3311 n p e A J I 0 W e H a  

((MOAeJIb o 6 ' b e ~ ~ o r o  3 a p R A a ) )  AJIX 0 6 ' b R c ~ e H H R  X a p a K T e p H C T H K  p a 3 p F i A a  

CJIOeB ZIlO I I p H  HX 3HCIIOHHPOBaHMH CBeTOBbIMEI HMIIyJIbCaMH. O A H ~ K O  
3 T a  MOAeJIb H e  IIPHBOAHT 3KCIIepMMeHTaJIbHO H ~ ~ J I I O A ~ ~ M O ~  3aBH- 
CHMOCTEI IIOTeHqHaJIa  OT B p e M e H H  H l  CJIeAOBaTeJIbHO, H e  I IpHMeHHMa 

K P a 3 P R A Y  I I P H  HeIIpepbIBHOM 3KCIIOHHPOBaHHH CJIOR. 

D o p ~ y n a  AJIR C B e T o B o r o  pa3pqa c n o e B  a ~ o p 4 ~ o r o  c e n e H a  H e  

M O X e T  OIIHCbIBaTb C B ~ T O B O ~ ~  CDaA IIOTeHqHaJIa  AJIR CJIOeB ZnO, 
IIOCKOJIbKy 3TH CJIOH I I P H  O C B e q e H H H  HMeIOT OTHOCHTeJIbHO MeHbUIYH) 

c ~ o p o c ~ b  H a s a n b H o r o  p a 3 p ~ ~ a  3). B pa6o~e  1301 I ~ e ~ n e ~ ~ ~ i j r  H a q a n b -  

l )  ~ ~ B Z ~ H I I H  IIpEIJIIInaHHR R O C H T ~ J ~ ~ %  B ~ M O ~ I # H O ~ ~  CeJIeHe E l  C B R ~ ~ H H ~ I %  C HEIXIII 
o c ~ a ~ o n a b ~ i  n o T e H q H a s  cnos 6osee no,qp06~0 a c c n e A o s a a a 1  B p a 6 o ~ e  [384].- 
D p u . ~ .  pea. 

2, CJIeAyeT OTMeTHTb, ¶TO MOAeJIb, IIpeAJIOXeHHaH B pa6ol.e [306] ,  M O X e T  
OIIHCbIBaTb T ~ M H O B O %  CIIaA I I o ~ e H I ( ~ l a n a  H a  CJIORX ZnO, HO IIpHMeaHTeJIbHO K (POTO- 
CIIaAy  H e  flBJIReTCH K O P ~ ~ K T H O % . -  n p u . ~ .  pea. 

3, Ha 3TOT ~ K c I I ~ P H M ~ H T ~ J I ~ H ~ I ~  I # ~ K T  BlrepBbIe  0 6 p a ~ ~ n a  BHHMaHIIe H. 3. nna- 
BHHB, XOTII B ee p a 6 0 T e  [306]  OH H e  n o n y ¶ H n  IIpaBHJIbHOrO O ~ ' ~ R C H ~ H H R . -  I I P U M .  
pea. 
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H ~ I H  CIIaA IIOBepXHOCTHOFO 3 a p R A a  CBR3aH C IIPOqeCCOM ~ecop6q1 . i~  
HOHOB KHCJIOPOAa, K O T O P H ~  IIPHBOAHT K HaKOIIJIeHHH) ~ e 6 ~ p a J I b H b I x  

MOJIeKyJI KHCJIOpOAa H a  IIOBepXHOCTH. ~ T H  MOJIeKYJIM 3aXBaTbIBaIOT 

C B O ~ O A H M ~  3JIeKTPOHbI H 3aMeAJIRH)T HX ABHlrceHHe 110 HaI IpaBJIeHHH,  

K IIOJIOlrcHTeJIbHO 3 a p R X e ~ ~ 0 6  IIOBePXHOCTH (IIoAJIoXK~). B COOT- 

BeTCTBHH C I ' H I I 0 ~ e 3 0 6 ,  B H C K ~ ~ ~ H H O ~  B [301], I I P H  0 6 p a 3 0 ~ a ~ H H  

3JIeKTpOHHO-AbIpO¶HbIX nap BO B p e M R  3KCIIOHHPOBaHHR AbIpKH ABM- 

XYTCH K IIOBePXHOCTH H H ~ G T ~ ~ J I H ~ ~ I O T  HOHbI KHCJIOpOAa, KOTOpbIe 

H r p a I o T  p o a b  ~ J I ~ K T P O H H M X  A o B y r n e K .  T~IEHM n y T e M  ~ e C i ~ p a n m a q ~ c l r  

@ O T O B O ~ ~ Y H C A ~ H H ~ I X  3JIeKTPOHHO-AbIPO¶EIbIX nap IIPOHCXOAHT TOJIbKO 

BHa¶aJ Ie .  r ~ 1 y 6 ~ ~ a  IIPOHHKHOBeHHR CBeTa  B C O ~ C T B ~ H H O ~  IlOJIOCe 

(OKOJIO 380 &&K) AJIR ZIlO COCTaBJIReT -0,l &K. C J I ~ A O B ~ T ~ J I ~ H O ,  
~ b ~ r n e o n ~ c a ~ ~ b s i i  npoqecc n p o T e H a e T  B o g e H b  TOHKOM n o B e p x H o c T H o M  

CJIOe. B I IpOqeCCe  ~ e c o p 6 q ~ ~  KHCJIOpOAa CKOPOCTb aHHHrHJIHqHH 

3JIeKTpOHHO-AbIpO¶HbIX IIaP CTaHOBHTCR MeHbIIIe  H ,  CJIeAOBaTeJIbHO, 

CKOPOCTb p a 3 P R A K H  CJIOR B 0 3 p a C T a e T .  

XOTR OIIEIC~HHMB B M m e  M ~ X ~ H H ~ M  n p a ~ ~ o n o ~ o 6 e ~ ,  T e  lrce a K c n e -  

PHMeHTaJIbHbSe p e 3 y J I b T a T b I  MOI'YT 6b1~b- 0 6 ' b R ~ H e H b I  EI APYrHM IIyTeM. 

H ~ B ~ C T H O ,  9TO ZIlO RBJIReTCR IIOJIYIIPOBOAHHKOM n-THIla  C ~ 3 6 6 1 ~ -  
KOM HOHOB ZIl' (HJIEI C KHCJIOPOAHbIMH B~KBHCHRMEZ). MOXHO IIpeA- 
IIOJIOXHTb, ¶TO I I P H  O T P H ~ ~ T ~ J I ~ H O ~  3 a P R A K e  IIOBePXHOCTH C B O ~ O A -  

HbIe  3JIeKTPOHbI OTTaJIKHBaIOTCH K I I o J I o X H T ~ J I ~ H O ~  IIOBePXHOCTM, 

o6paaya ~ ~ 0 6 ,  COCTOHIQH~ H 3  HeIIOABHXHbIX IIOJIOXHTeJIbHbIX 

HOHOB [297, 301 1. K 0 r ~ a  I I p H  O C B e q e H H H  O ~ P ~ ~ Y I O T C R  3JIeKTPOHHO- 

AbIPOsHbIe  IIapbI, 3TH HOHbI ,I(~~CTBYH)T K a K  4 e H T P b I  P ~ K o M ~ H H ~ ~ H H .  

P~~YJIEDT~TOM 3THX ABYX MeXaHH3MOB ~ Y A ~ T  CYIIePI I03HqHR 3aBH-  

C H q e r O  OT B p e M e H H  I I p O q e C C a  H ~ I I P R M O ~  p e K 0 ~ 6 ~ H a q H H  H 3aBHCR- 

nlero OT nOJIR npoqecca n p a M o 6  ~ ~ K O M ~ H H ~ ~ H H .   tam^ o 6 p a 3 o ~ ,  
AJIR CJIy¶aR CHJIbHOrO IIOI'JIOqeHHR CBeTa  B CJIOe ZnO CKOPOCTb BbIXOAa 

3JIeKTPOHOB H 3  TOHKOI'O OCBelII,eHHOI'O IIOBePXHOCTHOI'O CJIOR 6 y ~ e r  
O r p a H H W i B a T b C R  ABYMR IIPOQeCCaMH ~ ~ K O M ~ H H ~ ~ H H .  B I I e p ~ b 1 6  

MOMeHT IIOCJIe H a ¶ a J I a  OCBeII(eHHR I I P R M a H  P ~ K O M ~ H H B ~ E I R  MHHHMaJIb- 

H a ,  IIOCKOJIbKY CHJIbHOe 3JIeKTPH¶eCKOe IIOJIe, C03AaHHOe OTpHqaTeJ Ib -  

HblMH IIOBePXHOCTHbIMH 3 a p R A a M H ,  CTpeMHTCR p a 3 A e J I H T b  4 0 ~ 0 ~ 0 3 -  
6 y l K ~ e ~ ~ b S e  3JIeKTpOHbI H AbIpKH. M e p e  p a 3 p R A K H  CJIOR H YMeHb- 

IUel lHR IIOJIR I I p R M a R  ~ ~ K O M ~ E I H ~ ~ H I I  6 y ~ e ~  YBeJIHYHBaTbCR. CKO- 
POCTb H~IIPRMO~% ~ ~ K o M ~ H H ~ U , H H ,  HaIIPOTHB, MaKCHMaJIbHa  B H a Y a J I e  

H CO B p e M e H e M  IIOCTeIIeHHO YMeHbIIIaeTCR. 

' r a K  K a K  qI3HTpE.I H ~ I I P X M O ~ %  ~ [ ~ K o M ~ H H ~ Q H E I  H e  aHHHrHJIHPYIoT 

B npoqecce ~ ~ K O M ~ H H ~ ~ H H ,  TO ~ H C J I O  T a m x  q e H T p o B  IIPM O c B e q e H m  

OCTaeTCR IIocToRHH~IM~).  ECJIH 0 6 0 3 H a ¶ H ~ b  IIJIOTHOCTb BTHX q e H T P O B  



'¶epe3 P ,  TO CKOpOCTb H 3 M e H e H H R  K O H q e H T P a 4 H H  3J I eHTPOHOB IIPOBO- 

AHMOCTH B TOHKOM ICOBePXHOCTHOM CJIOe A a e T c R  B b I p a l r c e H H e M  

dn -- 
d t  
- F - PPn, (80) 

Y ~ ~ B H ~ H H ~  (81) A a e T  K O H q e H T P a 4 M H )  C B O ~ O A H ~ I X  3J I eKTpOHOB B @YHK- 

q l 4 H  B p e M e H H  O C B e q e H H R  CJIOR. CKOPOCT~ BbIXOAa 3J I eKTPOHOB M3 IIO- 

r J I O ~ a I o Q e I ' 0  C a O H  MOHEHO I I p e A C T a B H T b  B BHAe  

Jb  = eF (1 - e-BPf) e-b'/V, (82) 
rAe b'= bL/p.c,V. Y p a ~ ~ e ~ ~ l e  (82) n o J I y s e H 0  3 a ~ e ~ o f i  B Y p a B H e H H H  

(75) eF H a  eF [I - e X p  (- fipt)]. ~ J I ~ K T P o H ~ I ,  B b I X O A R ~ H e  H 3  OCBe- 

q e H H O r 0  CJIOR, 3aXBaTbIBaH)TCR I I p H  ABHHEeHHH Y e p e 3  06'be~ CJIOH 

Z r 1 0 ,  a H X  CABHI? B COOTBeTCTBMH C @oPMYJIo~~[ (63) RBJIHeTCR @ Y H K Q H ~ ~  

I IOABHXHOCTH, B p e M e H M  X H 3 H H  H O C H T ~ J I ~ ~  H HaIIPRHEeHHOCTH 3J I eKTPH-  

g e c K o r o  IIOJIH. ECJIH B M e c T o  I I O C T O R H H O ~  C K o p o c T m  r e H e p a u H H  HOCH- 

T ~ J I ~ P  bJe B COOTHOIUeHHe (66) IIOACTaBEiTb B b I p a x e H H e  (82), B KOTO- 

POM C I C O P O C T ~  r e ~ e p a q ~ ~  ~ ~ B H C H T  OT B p e M e H H  H H a n p n x e H m ,  TO 

I IOJIy¶HTCH M O A H @ H ~ H ~ O B ~ H H ~ R  @ 0 p M y J I a  r e x ~ a .  B 3TOM C J I y ¶ a e  CKO- 

P O C T ~  p a 3 p c 1 ~ ~ ~  s a p r r m e ~ ~ o r o  CJIOR ZnO npn o c B e q e H m  o r r m c b r B a e T c H  

B b I p a W e H H e M  

rAe a' = L 2 / p 7 ;  k H L - COOTBeTCTBeHHO AH3JIt?KTPHY€?CHaR ICPOHH- 

q a e M O C T b  H TOJI lQHHa CJIOH. Y ~ ~ B H ~ H H ~  (83) MOHEeT 6 b I ~ b  T a H X e  

n O J I y ¶ e H O  MeTOAOM, C I I O M O q b H )  HOTOPOI'O B b I B e A e H a  @ o p M y J I a  (79). 
B b ~ p a x e ~ ~ e ,  O I I H C b I B a I o q e e  COOTHOlueHHe  Me?HAy I IOBePXHOCTHbIM 

s I o T e H q H a n o M  rn B p e M e H e M  p a 3 p ~ ~ a ,  r r o n y q a e T c R  p a 3 ~ e n e ~ ~ e ~  nepe- 
MeHHbIX H HHTeI 'PHPOBaHHeM OT V = V o  A 0  V = v M OT t = 0 A 0  
t = t. O H O H Y ~ T ~ J I ~ H ~ I ~  p e 3 Y J I b T a T  H M e e T  BHA 

1,' 



J I e ~ a a , s a c ~ b  B M p a m e H m  (84) T a K a a  x e ,  K a K  H B (78); 3 ~ x 5  Ass peme- 
HHH OTJIHYaIOTCH TOJIbKO B P ~ M € ! H H ~ %  @ y ~ K q H e f i .  

B a p b e p ~ ~  M e w g y  a e p ~ a ~ ~  B s b 1 m e m 3 n o m e ~ ~ o i i  T e o p m  H e  n p E i m -  

MaIOTCH BO BHHMaHHe,  T a K  K a K ,  IIO-BHAHMOMY, POJIb  3THX 6 a p b e p 0 ~  

B CJIOHX H 3  OKHCH 4 H H K a  B CBEI3YEOJQeM H e 3 H a 9 H T e J I b H a .  B pa6o~e  
1[297 1 YCTaHOBJIeHO, ¶TO ¶aCTHqbI  ZnO HaXOARTCH B KOHTaKTe M e X A Y  

co6oii EI K o m Y e c T B o  ~ 3 0 ~ 1 ~ p y 1 0 q e i i  CMOJILI, pa3ge~1moqeii j1ac~nq61, 
n p e ~ e 6 p e ~ ~ ~ o  M a x o .  B pa60l.e [3321 ~ a i i ~ e ~ o ,  ¶TO M e x r p a H y m p H b I e  

G a p b e p ~  B o6paaqax ~3 CdS B C B H B Y I O ~ ~ M  H e  n r p a m  c y q e c T s e H -  

~ 0 f i  POJIH I I P H  HaI IpHXeHHOCTHX IIOJIH OT 2 .  lo3 ~ / C I U .  H BbIIUe.  TO COOT- 

B ~ T C T B ~ ~ T  ~ O B ~ ~ X H O C T H O M ~  I IOTeHqHaJIy  OT 2 A 0  3 6 I I p H  TOJIWHHe CJIOH 

10-15 &K. T a K m M  06pa30~ ,  cJIoG OoIc3bIBaeTCR, IIO CyIIl,eCTBy, pa3- 
p a w e H  e q e  no T o r o ,  K a K  T a m e  6 a p b e p b I  H a s a m  661 B J I H R T ~  H a  TOK 

p a 3 p ~ ~ a .  
~ O A C T ~ H O B K ~  COOTBeTCTBYIOqHX KOHCTaHT B Y p a B H e H H e  (84) A a e T  

XOpOIUee COI'JIaCHe C 3KCIIepHMeHTaJIbHO H a 6 J I I O ~ a e ~ o f i  K E I H ~ T H K O %  

c s e T o B o r o  cnana n o T e H q H a n a  c n o e B  ZnO B C B E I S Y I O I ~ ~ M .  IIpn  TOM 
IEOHCTaHTbI a', br EI PP HeH3BeCTHbI. JI,se I I e p B b I e  KOHCTaHTbI BKJIIo9aIOT 

T O J I q H H Y  0 6 5 e ~ H 0 r 0  CJIOH L, ~ J I Y ~ H H Y  IIpOHHKHOBeHHH CBeTa b, 
IlOABHlrCHOCTb BJIeKTPOHOB p Ei B p e M e H a  X H 3 H H  C B O ~ O A H ~ I X  3JIeKTPOHOB 

'G H T, B COOTBeTCTBYIOqHX CJIOHX. T o x q H ~ a  O ~ ' ~ ~ M H O ~ O  CJIOH O n p e -  

AeJIReTCH H 3  HeIIOCpeACTBeHHbIX H 3 ~ e p e ~ & f f i ,  a r n y 6 ~ ~ a  IIpOHHKHOBe- 

H H H  CBeTa  M O X e T  6 m ~ b  BbI9HCJIeHa E13 ~ 0 3 @ @ ~ 4 1 1 e H ~ a  OIITHPeCKOrO 

IIOrJIOIqeHHH- B COOTBeTCTBHH C AaHHbIMEI p a 6 0 ~ b I  [297] B p e M H  X H 3 H H  

@ O T O ~ J ~ ~ K T P O H O B  B CJIOHX ZIlO COCTaBJIReT CeK. B pa60l.e [2981 
YCTaHOBJIeHO, ¶TO , I ( P ~ ~ @ O B ~ H  IIOABHXHOCTb B CJIORX ZnO B CBH3ylO- 

q e M  c o c T a s j r R e T  60nee 0,25 c . ~ ~ / s . c e ~ .  B pa6o~e  [2821 n p m e A e H a  

BeJIEI¶HHa IIOABHXHOCTH, P a B H a H  -10 c J t 2 / 6 . C e K  AJIH KOHneHCHpOBaH- 

H ~ I X  c n o e B  ZnO, a Ann M o H o I c p m c T a n n o B  o H a  p a m a  -200 c . ~ ~ / e . c e ~  
f2981. K a K  XI cnenosano o m m A a T b ,  I IOABHXHOCT~ B n o p o m K a x  H B CJIO- 

R X  ZIlO CO CBH3YIOaHM MHOrO MeHbIIIe ,  ¶eM B KOHAeHCEiPOBaHHLIX 

CJIOHX EIJIEI MOHOKPHCTaJIJIaX, ¶TO CBH3aHO C HaPYII IeHHeM CTPYKTYPLI 

H IIPMCYTCTBHeM 60~1bmoro KOJIH¶eCTBa MeJIKHX JIOBYIIIeK. E c m ~  MLI 

BOCIIOJIb3YeMCH 3 H a s e H H H M H  CeK AJIH B p e M e H H  XH3HEi C B O ~ O ~ H ~ I X  

3JIeKTPOHOB H 0,25 c d t 2 / 6 . c e K  AJIH HX IlOABHlrCHOCTH, TO AJIH a' 
I IOJIyqHM 3 H a Y e H H H 0 , 4  H 0,9 6 COOTBeTCTBeHHO AJIR CJIOeB 10 H 15 MK. 

Ecnn B 3 R T b  3TH Xe 3HaYeHHR B p e M e H H  XH3HEi  H IIOABEZXHOCTH AJIH 
CJIOH I I 0 I ' J I O ~ a K ) I q e I ' O  CBeT, TO AJIH b' = b L l p ~ ,  IIOJIy¶HM 3 H a W H H H  

- C y¶eTOM 3THX ¶HCJIeHHbIX ~ H ~ ¶ ~ H E I B  AJIR a' H b' BeJIH- 

~ H H ~ I  (Vla') [I - exp (-ar 1v)l ~i exp (-br IV) B ypaBHeHmEi  (83) o K a -  

3bIBaIOTCH ~ J I H ~ K H M H  K e A H H H q e  AJIH BCeX Pa3YMHbIX 3 ~ a j I e ~ H f i  V. 
H a i i ~ e ~ o ,  ¶TO 3 ~ a s e ~ ~ e  a' 25 500 6 c o r n a c y e T c R  c aKcnepEIMeH-  



F u C. 178. Teope~usecIcue xpusue CBeToBoro cnana noTeHqHana nnfi cnoeB 
ZIlO B CBII3yH)qeM. 

P ~ c c V ~ T ~ H ~ I  no YPaBHeHIlM (84)  IIPM b'= 0, BP = 1,0 AJIX TpeX 3 H a V e H ~ f i  a': 1000 e ( I ) ;  
500 e ( 2 ) ;  200 e ( 3 ) .  
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OAH~IEO TeOpeTH¶eCKMe KpHBbIe  JIy¶Ille COOTBeTCTByIOT 3KCIIepHMeH- 

TaJIbHbIM AaHHbIM, eCJIH b' P a B H a  HYJIIo.  TO y K a 3 b I B a e T  H a  TO, ¶TO 

I I p R M a I I  p e K 0 ~ 6 H ~ a q H R  3JIeKTPOHOB H AbIPOK H e  H r p a e T  C ~ ~ ~ C T B ~ H H O %  

POJIH IIPH @ O T O P ~ ~ P E I A K ~  c m o e B  ZnO B C B R ~ ~ E O I Q ~ M  I) .  

3 ~ a ¶ e ~ H e  KOHCTaHTbI PP HeJIb3H OIIpeAeJIMTb M3 H3BeCTHbIX X a p a K -  

TepHCTHK CJIOeB ZnO, HO H ~ & ~ H o ,  ¶TO 3 H a s e H H e  PP M03fEeT HaXOAHTb- 

CII B npegenax OT 0,l AO 1 ,O. 
Ha PHC. 178-180 IIpHBeAeHbI T e o p e T n s e c K M e  KpHBbIe  CBeTOBOrO 

cnana n o T e a q n a n a  npn P I C I I O J I ~ ~ O B ~ H H H  HeCKOZbKHX s ~ a s e ~ ~ i i  rroc~o- 
IIHHbIX a', b' H PP. ~ T M  r p a @ H K H  6 ~ n ~  IIOJIY4eHbI I IyTeM ¶HCJIC?HHOrO 

HHTeI 'pHpOBaHHH Y P a B R e H H R  (84). PHC. 181 HJIJIIOCTPHPYeT K P H B ~ I ~  

C n a A a ,  l IOJIy¶eHHbIe AJIR HeCKOJIbKHX ~ H ~ P ~ H H %  HaYaJIbHOrO JlOTeH- 

V H a J I a  I l y T e M  IIOACTaHOBKH B COOTHOIlIeHHe (84) OAHOrO ~ a 6 0 p a  KOH- 

CTaHT. C ~ ~ B H ~ H H ~  3THX KPEIBbIX C 3KCIIePHMeHTalIbHbIMH KPHBbIMH 

PHC. 150-153 IIOKa3bIBaeT,  ¶TO @OPMM KpHBbIX COBepIlIeHHO HAeHTHs- 

HbI. K P H B M ~  CIIaAa  H a  pHC. 182 IIOCTpOeHbI AJIR COIIOCTaBjIeHHR 3KC- 

IIepHMeHTaJIbHbIX AaHHbIX C TeOPeTH9eCKHMH ICPHBbIMII. C J I e n y e T  

OTMeTHTb, ¶TO I l p H  I IpHBeAeHHH KPHBbIX IC 0 ~ ~ 0 6  M TOG me B P ~ M ~ H H ~ ~  

m K a n e  nonysmocb xopomee c o o T s e T c T s m e .  

Ha pnc. 183 n o ~ a 3 a ~ o  1 1 3 ~ e ~ e ~ ~ e  CKOPOCTH pa3p11~a co BpeMeHeM,  

IIOJly¶eHHOe H 3  COOTHOlIIeHHR (83) RJIR HeCKOJIbKHX 3 H a ¶ e ~ H 6  Ha¶aJIb-  

HOrO IIOTeHqHaJIa .  C J I ~ A Y ~ T  OTMeTHTb, ¶TO 3TH ICPHBbIe IIO @ O P M ~  a H a -  

JIOrHYHbI 3KCIIePHMeHTaJIbHbIM KPHBbIM AJIR H ~ C ~ H C H ~ H J I H ~ H P O B ~ H H ~ I X  

CJIOeB ZIlO B CBR3YH)QeM (CM. PHC. 154-157). 

O n y G n n ~ o ~ a ~ ~ b ~ e  A a H n b I e  A J r a  o p r a H m e c I c a i x  ~ c e p o r p a @ ~ s e c ~ m  
CJrOeB I I p H  OCBeweHHH HeAOCTaT04HO IIOJIHbI RJIFI p a 3 p a 6 0 ~ K H  Y ~ T K o ~ ?  

o I I H c ~ T ~ J I ~ H o ~ ?  MOAeJIH. H e K 0 ~ 0 p b 1 e  KPHBbIe CIIaAa AJIII KOHAeHCEIPO- 

BaHHbIX H IIOJIHMePHbIX Opl?aHH¶eCKHX CJIOeB HaIlOMHHaIOT K P H B b I e  

cnana AncI a ~ o p 4 ~ o r o  c e J r e H a  [203, 307,3191, T o r A a  KaIc caom 1x3 opra- 
HElVeCKHX B e w e C T B  B CBH3YIOweM M a T e p H a J I e  I3201 0 6 ~ a p y 3 f E H ~ a I O ~  

IcpHnbIe  cnaAa, H ~ ~ J I K Q ~ ~ M ~ I ~  AJIR c n o e B  ZnO B CBII~YIOJQ~M. 

k l M e R  B BRAY X a p a K T e p H C T H K H  @OTOIIPOBOAHMOCTH OpraHH¶t?CKHX 

MaTepHaJIOB,  OnMCaHHbIX B O ~ ~ H X  ¶ e p T a X  B p a 6 o ~ e  13221, MOlffHO. 

03fEHAaTb, ¶TO ICPHBbIe CBeTOBOrO CIIaAa AJIII OpraHH¶eCKHX KCepO- 

r p a @ H s e c K H x  CJIOeB 6 y n y ~  COOTBeTCTBOBaTb 0 ~ ~ 0 2  H 3  ABYX ~ o J ( e J I e 6 ,  

H C I I O J I ~ ~ ~ ~ M ~ I X  n P H  BbIBOAe $oPMJ'JI (78) H (84) AJIFI CJ ly¶aH cna60ro. 
I lOrJ IOweHHR CBeTa. 

l) ~ O J I  npnwoii p e K 0 ~ 6 m H a q ~ e i i  amop n o H a M a e T  H e  ~ e m 3 o ~ ~ y m  ~ ~ K O M ~ I I -  
H a q m o ,  a ,  Karc yme ~ K ~ ~ ~ I B ~ J I O C L ,  m m e ,  p e K o ~ 6 m ~ a q l i m ,  sa~nca~qym OT nonn. 
B 3TOM CMbICJIe T e p M E R  UIIpRMaR ~ ~ K O M ~ I I R ~ ~ H I I H ,  H c X I O J I ~ ~ ~ ~ M ~ I ~  BBTOPOM, H e  
RBJIReTCR BnOJIHe y R a ¶ H b I M .  - 17p~.?vt. pea. 



X O ~ O I I I O  EI3BeCTH0, ¶TO CKPbITOe 3J I eKTPOCTaTHYeCKOe  ~ 3 0 6 p a z e ~ ~ e  
B K c e p o I ' p a @ H H  0 6 p a 3 y e ~ C R  H a  I IOBepXHOCTH @ o T o I I ~ o B o A R ~ ~ I ' o  H 3 0 -  

J I R T O p a .  C H a ¶ a J I a  @ o T o I I ~ o B o ~ R ~ E I %  CJI0f i  3JIeKTPEI3YeTCR B TeMHOTe ,  

n p ~ o 6 p e ~ a ~  o ~ ~ o p o ~ ~ b ~ i i  ~ O B ~ P X H O C T H M ~ ~  a a p ~ ~ .  IIocne n p o e q H p o s a -  

H H H  OIITH¶eCKOI'O ~ i 3 0 6 p a x e ~ ~ ~  H a  IIOBepXHOCTEI CJIOR CO3AaeTCR 

pacnpeneneme ~ ~ P R A O B .  IIozbsy~cb ~ e p ~ m o a o r ~ e i i  ~ e p ~ o - 6 e n o i i  
@ O T O ~ P ~ @ H M ,  MOWHO c ~ a 3 a ~ b ,   TO c a M b I e  g e p H M e  O ~ J I ~ C T H  o p H r m a j I a  

~ Y A Y T  IIpef lCTaBJIeHbI  y ¶ a C T K a M M  C M ~ K C H M ~ J I ~ H O H  IIJIOTHOCTbIo 

3 a p R n a l  a CaMbIe  6 e n ~ e  - Y s a C T K a M H  C M E I H H M ~ J I ~ H O ~ ~  IIJIOTHOCTbH) 

a a p ~ ~ a .  
ECJIH 0 6 ' b e K ~  RBJ IReTCR II ITPHXOBHM OPHI'EIHaJIOM, TO, IIO-BMAHMO- 

MY, M O S H O  I I P e A I I O J I O S H T b ,  ¶TO p a 3 J I H s H e  B IIJIOTHOCTRX 3 a p R A O B l  

.COOTBeTCTBYH)qEiX ¶ e p H b I M  H 6 e ~ b I ~  Y s a C T K a M ,  6yne.r AOBOJIbHO 60nb- 
IUHM. B EIAeaJIbROM C J I y ¶ a e  ¶ e p H b I e  Y¶aCTKH ~ 3 0 6 p a S e ~ H R  661~1~ 661 
P a B H O M e p H O  3 a P R S e H b I  A 0  M ~ K c H M ~ J I ~ H o ~ ~  IIJIOTHOCTH 3 a p R A a ,  a y ¶ a C T -  

KM 6e~10ro @OHB ~ ~ I J I M  661 IIOJIHOCTbIo p a 3 p ~ ~ e ~ b 1 .  B 0 6 b I 9 ~ b 1 ~  @OTO- 

r p a @ ~ u e c ~ ~ x  c11oco6ax m T p H x o B o e  ~ 3 0 6 p a ? ~ e ~ ~ e  aria o n p e n e n e H H c I  

p a 3 p e I I I e H H R  O q e H H B a I o T  IIO T ~ c T - o ~ ' ~ ~ K T ~ ,  a TOHOBOe ~306pame- 
m e  - no cepoii m K a J r e  n x o ~ ~ o c ~ e i i .  

I3 HAeaJ IbHOM C J I y ¶ a e  J IHHHH 3J I eKTpOCTaT H9eCKOrO E i 3 0 6 ~ a m e H H R  

6 y ~ y ~  O A H H ~ K O B O ~ ~  I I IHpHHbI ,  C O A H H ~ K O B O ~  IIJIOTHOCTbH) 3 a p R A a  

110 B C e M y  E I 3 0 6 p a W e ~ ~ i H )  H C IIOJIHOCTbIo P a 3 P H W e H H b I M H  I I P O M e ~ Y T K a M H  

M e x n y  HHMH. I lonepen~oe ce. reHme ~ i 3 0 6 p a ~ e ~ ~ ~  B T a K o M  cnygae 
x a p a ~ ~ e p ~ 3 0 ~ a n o c b  6~ p a c n p e A e x e H E z e M  n n o T H o c T t i  a a p ~ ~ a  B BH- 

Ae BOJIHbI I I P R M O Y ~ O J I ~ H O ~  @OPMH (PHC. 184, a). O A H ~ K O  OIITHYeCKEie 

H ~ J I ~ K T P H Y ~ C K H ~  I c p a e m e  ~ @ $ I ~ K T ~ I  n c K n I o P a m T  I I o n y Y e H n e  p e s ~ o r o  
C K a ¶ K a  IIJIOTHOCTH M e S A y  3 a P R S e H H b I M H  Ei H e 3 g p R X e H H b I M H  YYaCT- 

KaMEi. T a K  IEaK @ o T o I I ~ o B o ~ ~ H ~ ~ R  I IOBepXHOCTb  H e  RBJIReTCR ~ ~ C O J I I ~ T -  

HbIM EI30.TIRTOPOM, MOWHO I IPeAI IOJ IOSEITb  HeKOTOPOe  P a C I I I H p e H H e  

1 1 3 0 6 p a ~ e ~ H R  H a  er0 K p a H X  B p e 3 y J I b T a T e  B 3 a H M H O r O  OTTaJIKHBa-  

HEIR 3 a p R n O B .  H ~ o M ~  TOI'O, I IOCKOJIbKy OIITHYeCKHe CHCTeMbI H e  

06ecnes~sa1o~ n o n y s e H m R  H A e a n b H o r o  rn306paxe~m~,  no 3~05  me 

')  TOT pa3ReJI  IIepBOHa9aJIbHO 6 ~ 1 n  O I I Y ~ J I H K O B ~ H  aBTOpOM B BHHe CTaTbH, 
I I o M ~ J ~ ~ H H o ~  B m y p H a x e  Photogr. S c i .  Engr .  [333]. 
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n p H ¶ H H e  MOXHO O X H A a T b  HeKOTOpyH) IIOTepXO pe3KOCTH. ~ J I I I  Y3XHX 

21kiHki% 3 T B  K p a e B b I e  3 $ $ e K ~ b I  6onee 3aMeTHbI.  B TaKHX CJIYgaHX 

MOSHO n p e A n o n a r a T b  p a c n p e A e n e H n e  n o n e p x H o c T H o r o  sap~,qa B H a -  

n p a s n e H m i ,  n o n e p e v H o M  JIHHIXRM, I I O A O ~ H ~ I M  p a c n p e A e n e H H m ,  nom- 
B ~ H H O M Y  ~a PHC. 184, 6. Tame pacnpeaeneme sapcr~a MOWHO ripen- 
CTaBHTb C M H Y C O B A ~ J I ~ H O ~  BOJIHOBO~ $yHKqHeij[ C ~MIIJ IBTSTAO~~,  OI Ipe -  

A ~ J I R ~ M o ~  M ~ K C H M ~ J I ~ H O ~  IUIOTROCTbH) IIOBepXHOCTHOrO 3 a p R A a ,  IX ne- 
PEIOAEIYHOCTbH), x E i p a ~ ~ e p E I 3 y e ~ 0 f i  ~ P O C T P ~ H C T B ~ H H O ~  Y~CTOTO%.  

T ~ K H M  06pa30~ ,  MOWHO BbIPa3E3Tb P a 3 J I H 9 H b I e  X a p a K T e P H C T H K B  3JIeK- 

TPOCTaTEl'XeCKHX rn306pawe~~H B BBAe n a p a M e T p o B  C B H Y C O H A ~ J I ~ H O ~ ~  

@ Y H I E ~ H H .  TOHKH~ AeTaJlEf MOrYT 6 b 1 ~ b  IIpeACTaBJIeHbI ~ O J I ~ ~ . B ~ I C O K H M H  

IIPOCTPaHCTBeHHbIMH ¶aCTOTaMB, a 6onee rpy6b1e CTPYIETypbI - 6onee 
HHSIEHMEI nPOCTPaHCTBeHHbIMH 9aCTOTaMH. 1 I p ~  O¶eHb HB3KHX IIpO- 

CTPaHCTBeHHbIX 9aCTOTaX IIIHpOKHe BepIIIHHbI CHHyCOHAbl MOrYT 

6b1~b IICIIOJIb30BaHbX AJIR IIPeACTaBJIeHHtl  3JIeKTpOCTaTHYeCKOrO a H a -  

J I O r a  cepoB IIIKaJIbI, B KOTOPOM H3MeHeHBe aMIIJIHTYAbI COOTBeTCTBYeT 

CTYIIeHRM IIJIOTHOCTH. 

3 ~ e c ~ .  H ~ J I O H E ~ H E I ~  orpamqem n p e n c T a s J r e H u e M  p a c n p e A e n e H m  

3 a P R A O B  B BHAe I I ~ ~ ~ ~ e f i l l I e f i  C E I H Y C O H A ~ J I ~ H O ~  @ Y H K ~ E I H ,  OABaKO 

MOXHO ~ J O ~ H T ~ C I I  6onee TO¶HOrO BOCnpOH3BeAeHEIR, eCJIEl BOCIIOJIb- 

3OBaTbCcI K O M ~ H H ~ I J I X ~ %  i iaPMOHHK II0 MeTOAy 



C ~ p b ~ ~ o e  3 J I eKTPOCTaTH9eCKOe  ~ 3 0 6 p a 1 ~ e ~ ~ e  O ~ ~ I Y H O  p a c c M a T p m -  

B a I o T  K a K  CElCTeMY IIOBePXHOCTHbIX 3 a P R A O B ,  C I I O C O ~ H ~ I X  I l P H T R r H B a T b  

I I ~ o T H B O I I O J I O ? R H ~  a a p ~ m e ~ ~ b ~ e  sacmqar K ~ e c y q e i i  ~ 3 0 6 p a x e ~ ~ e  
I I o s e p x H O C T H .  O A H ~ K O  O ~ H ~ H O  H e  I I p H H H M a e T C R  BO B H H M a H m e ,   TO 

s a ~ c ~ o i i  x a p a ~ ~ e p ~ l c ~ ~ l ~ o i i  ~ n e ~ ~ p o c ~ a ~ ~ s e c ~ o r o  ~ 3 0 6 p a w e ~ ~ r r  
~ B n R I o T c R  + o p ~ a  H B e n H s m H a  s ~ ~ e x ~ p a v e c ~ o r o  n o m  B BO3AYIIIHOM npo- 
C T p a H C T B e  y I IOBepXHOCTH ~ J I ~ K T ~ o @ o T o c J I o ~ .  ~ P E I C Y T C T B H ~  I IOBepX-  

HOCTHOrO 3 a p R A a  H e  0 6 e c n e s ~ s a e ~  ~ ~ ~ ~ c J I o B H o ~ o  HaJ IHYHR 3 ~ 1 e ~ ~ p ~ q e -  
CKOFO IIOJIR B 3TOM I I P O C T p a H C T B e ,  IIOCKOJIbKY T a K O e  I IOJIe ,  K p O M e  TOrO,  

~ ~ B H C E I T  OT CTPYKTYP~I  H C B O ~ ~ C T B  CJIOII, H e c y I q e r o  ~ s o 6 p a m e ~ k i e .  hrorga 
60~1bmacr IIJ IOlqaAb H M e e T  P a B H O M e p H O  p a c I I p e ~ e J I e H H b 1 f i  IIOBepXHOCT- 

Hb1i.i 3 a p R A ,  3 J I e K T p H s e C K O e  IIOJIe B BOBAYIIIHOM I I p O C T p a H C T B e  ~a6n1o- 
A a e T C R  TOJIbKO OKOJIO H p a e B  3 a p R ? H e H H 0 6  o ~ J I ~ c T H ;  B q e ~ T p a J I b H 0 6  

s a C T H  IIOJIC? I IOqTH IIOJIHOCTbH, HaXOAHTCR B H Y T P H  A H 3 J I e K T p H K a  HJIH 

@ o T o I I ~ o B o ~ R I ~ ~ ~ o  CJIOR. T a m ~  0 6 p a 3 0 ~ ,  B q e ~ T p a J I b ~ 0 6  s a c T m  

n o ~ o 6 ~ o i i  3 a p R ? X e ~ H 0 %  CHCTeMbI ~ a 6 J I I O n a J I o c b  661 JIHIIIb H e 3 H a q H T e J I b -  

H o e  I IPHTR?KeHHe Y a C T H q e K  IIPORBHTeJIR.  Boo61qe 3 a M e T H O e  3J I eKTpH-  

W C K O e  I lOJIe  IIORBJIReTCR B B03AYIIIHOM I IpOCTpaHCTBe  y I ~ O B ~ ~ X H O C T H  

CJlOII TOJIbKO B TOM C J I y s a e ,  K O r A a  HMeIoT  MeCTO I43MeHeHHH I IOBepX-  

HOCTHO% IIJIOTHOCTH 3 a p R A a .  

~ ~ O J I O X ~ H H ~  C y q e C T B e H H O  H 3 M e H R e T C R ,  K O r A a  6 ~ 1 ~ 1 3 ~ 0  K n o B e p x -  

HOCTH CJIOR n o A H o c m  ~ J I ~ K T P O A ,  H a n p H M e p  n n o c K y m  M e T a m H s e c K y m  

IIJ IaCTHHy.  none, C 0 3 A a H H O e  I IOBePXHOCTHbIMH 3 a p R A a M H ,  p a 3 p m R e T -  

CR T O r A a  Me?KAy @ O T O I I P O B O A A ~ H M  CJIOeM H B03AYIIIHbIM 3 a 3 0 P O M ,  

OTjJeJIRIoIqHM CJIofi  OT 3J I eKTpOAa .  ~ P H  T a K H X  YCJIOBHRX 4 0 p M a  H BeJ lM-  

Y H H a  3JIeKTPH9eCKOI'O IIOJIR 3JIeKTPOCTaTHUeCKOPO ~ 3 0 6 p a x e ~ m  M O r Y T  

6b1~b 3 a M e T H O  H3MeHeHbI .  H ~ M ~ H ~ H M H  MOrYT 6 b 1 ~ b  TaKlfCe BbI3BaHbI  

HaJIO?HeHHeM B H e I I I H e r O  3J I eKTPH9eCKOrO IIOJIR H a  IIOJIe CKPbITOrO 

~ a o 6 p a ? ~ e ~ ~ ~ ,  T. e. H a I I p R X e H H R  Mel r cAy  3JIeKTPOAOM H I IOAJIOI ICKO~ 

CJIOR. C T ~ I I ~ H ~  3 T H X  H ~ M ~ ? H ~ H E I %  3 a B H C H T  OT TOJIIIJHHM H n H 3 J I e K T p H -  

secxoH I I p O H H q a e M O C T H  AH3JIeKTPHYeCKHS CJIOeB (BKJIH,¶~H B O ~ A Y X ) ,  

KOTOpbIe  06pa3ym~ 3J IeKTPH9eCKYIO CHCTeMY. 

HeltireGayep 1.3341, ~ c n o n b a y ~  ((MeToA ~ a o 6 p a ~ e ~ ~ H ) ) ,  H a m e 3  

BbIPa?HeHHf l  B BHAe  P R A a  AJIR IIOJIR J I H H ~ ~ H ~ I x  H KPYI'OBbIX 3JIeKTPO- 

CTaTHYeCKMX ~306pawie~nii .  Maqqa [335 1 I IpeAJIOXHJI  MeTOA OI IpeAe-  

J I eHHR IIOJIR I I p H  CHHyCOHAaJIbHOM p a C I I p e A e J I e H H H  3 a p R A O B .   TOT Me- 

TOR I I03BOJIReT  H C I I O J I b 3 0 B a T b  AJIR a H a J I H 3 a  IIOJIR CKPbITOI'O mao6pa- 



XeHHR PeIIIeHHR YpaBHeHHH AaIIJIaca, 4TO 3Ha9HTeJIbHO YIIpOWaeT 

MaTeMaTHsecKme BrmjIaama H pacsemr. 
C~asaJ l a  PaCCMOTPHM MPHPOAY 3JIeKTpOCTaTHW?CKOrO H306pa~e~Mfl 

Ha ~ c e p o r p a @ ~ s e c ~ o ~  cnoe, T. e. Ha  ~ M O P @ H O M  ceneHe. P~CCMOTPHM 
a a ~ e ~  jqeiic~~rne, o~aabr~aenfoe Ha  none ~lao6pamen~c1 nnocrcm napan- 
JIeJIbHbIM 3JIeKTPOAOM, I C O T O P ~ I ~ ~  paCIIOJI03fFeH 6 ~ 1 ~ 1 3 ~ 0  IE IIOBePXHOCTH 

nso6pawenmc1, H BnmcrHHe ~H3neIc~pasec~o i i  nxeHIcH (HJIH I I O H ~ ~ I T H H )  

H a  CeJIeHOBOM CJIOe. 3 T H  TPH CJIY?laR HJIJIH)CTpHPYH)TCEI PHC. 185. 
Bo Bcex Tpex cnysanx 3 ~ 1 e r c ~ p o c ~ a ~ ~ s e c ~ o e  ~ s o 6 p a w e n ~ e  COCTOHT 

~3 c e p ~ i i  napannenbHbIx JIn~aii c CHHycokIAanbHbIM H ~ M ~ H ~ H H ~ M  

3apRna B IIJIOCKOCTH, I I ~ ~ ~ I ~ H A H I E ~ J I R ~ H o ~  3THM JIHHMHM. ~ Y C T ~  OCb X 

napaJIjIenbHa JIMHHIIM CKpbIToro ~ 3 0 6 p a m e ~ ~ 1 1  T a K  me, K a K  nepnen- 
AHIcynRpnaR eii ocb y pacnoJromena B nnocIEocTn 3 ~ 0 r o  n306pa31~e~~iti;  

TOrna IlJIOTHOCTb IIOBepXHOCTHOrO 3apIIAa 0 6 y ~ e ~  H3MeHIITbCH II0 CJIe- 

AyloWeMy 3aKOHY: 

(85) 

rAe 0 0  - MaKCHMaJlbHaH IlJIOTHOCTb 3apHHa B l€/.W2 H 1 lh - MpO- 
CTpaHCTBeHHaR Y a C T O T a  JIHHHG ~ 3 0 6 p a ~ e ~ H ~ .  

B ~ I B O A ~ I  B ~ I P ~ ~ I C ~ H H ~ ~  AJIH HanpHXeHHOCTH IIOJIII, IIOTeHqlGIJIa 

H AJIH nocTpoenzm CMJIOB~IX J I H H H ~ ~  A ~ R  TaKoro pacnpexeneHmR 
3aPRAOB IIpeACTaBJIeHbI B IlpHJIOlrct?HHHX A H I; B K O H q e  AaHHOI'O 
paanena. 

21 * 



 TOT cJIyga6 IIpeACTaBJIeH CXeMaTH¶HO H a  PHC. 185 (cJIy¶a$i I). 
Ha npamme OH pean~3ye~ccr n p H  p e n p o A y Q H p o B a H m  m T p H x o B o r o  

O p M r H H a n a  c I I C I I O J I ~ ~ O B ~ H H ~ M  K a c K a n H o r o  n p o m n e H n R .  I I ~ H  T a m x  

y c n o ~ E l 5 I X  H a A  ~ o J I ~ I U H M H ,  3 a p R x e H H b I M H  OAHOPOHHO y¶aCTKaMH none 
oTCyTCTBYeT, 38 HCKJIX)¶eHEIeM IIPOCTPaHCTBa Y K p a e B  H 3 0 6 p a ~ ~ t ? ~ H ~ ,  

rAe HMeeTCH CKavOK I I J IOTHOCT~ 3 a p R A a .  R 0 J I e  6 y A e T  ~ a 6 ~ r X ) ~ a ~ b c H  

B BO3AYIUHOM IlpOCTpaHCTBe H a A  H 3 0 6 p a ~ e ~ H e ~  TOJIbKO T o r n a ,  K o r A a  

HMeeT MeCTO H3MeHeHHe IIJIOTHOCTH IIOBePXHOCTHOl'O 3apcr~a. 
ECJIH ~ 3 0 6 p a x e ~ ~ e  COCTOHT 1t3 c e p m  n a p a n n e n m b r x  n ~ ~ ~ f i ,  

H a  KOTOPbIX IlJIOTHOCTb IlOBePXHOCTHOI'O 3 a p R A a  MeHReTCR B COOT- 

BeTCTBMH C Y P a B H e H H e M  (85), HOPMaJIbHaR COCTaBJIIIlOwaR noncr H a A  

~ 3 0 6 p a w e ~ n e ~  (CM. n p n n o x e H H e  A H a  c ~ p .  350) OIIHCbIBaeTCH cne- 
A Y I O ~ H M  B M p a x e H H e M :  

rAe z - p a c c T o c r H H e  no n e p n e H A H K y n a p y  OT n p o ~ o ~ a w e i i  noanoxm 
~ c e p o r p a @ ~ q e c ~ o f i  n J r a c T n H b I ;  I - T o n r q H H a  +o~onpo~ogcrqero cnocr 
H ~ O J I R T O P ~ ;  E ,  xi  ~ b  - n ~ i a n e ~ ~ p m s e c ~ ~ ~ i e  n p o m q a e M o c T m  c,ooTaeT- 

CTBeHHO ~ O T O I I ~ O B O ~ I I I I ( ~ I ' O  CJIOR H B03AYXa H p = 2nlh. 
~ O P H ~ O H T ~ J I ~ H ~ R  COCTaBJIHH)II( a H IIOJIR P a B H a  

3 n e ~ ~ p ~ s e c ~ o e  none H a n  ~ 3 0 6 p a x e ~ ~ e ~  M o x e T  6 b 1 ~ b  n p e A c T a B n e H o  

B BHAe ((CHJIOBbIX JIHHEI~)) I IyTeM IIOCTpOeHHR C ~ M ~ G C T B ~  (CM. n p H n o -  

HceHme B H a  CTP. 354) no ypaBHeHEi Io  

1 siepy .'=-I. P ( r ) ,  
r Ae 

1 y ,< - arcsin isp. 
P 

B B b I p a x e H n r n  (89) z' = z - I, s - p a c c T o c r H m e  M e x n y  nocjreno- 
BaTeJIbHbIMH CHJIOBbIMkI JIHHHRMH Ei i - HOMep i-$i JIHHIXEI I I p H  C¶eTe 

OT y = 0, T. e. i = 0, 1, 2,  3 ti T. A. P a c c ~ o ~ ~ n e  s o 6 p a ~ ~ d  nponop- 
4 8 0 H a J I b H O  HaIIPEI?KeHHOCTH IIOJIfl, H IIJIOTHOCTb JIHHH$~ X a p a K T e p H 3 y e T  





H a I I p S i i H e H H o c ~ b  IIOJIH.  tam^ 06pa30~ ,  MOlKHO 3aIILICaTb S = 
= F 1 E ,  1, rae F - n o c T o H H H a s x ,  K o T o p a H  O n p e A e n x e T  p a c c T o a H m e  

M e X a y  COCeAHHMH CHJIOBHMH JIHHHIIMH. 

GJIa p a C C M a T p H B a e M O r 0  CJIyYaH B e J I H s H H a  1 E ,  I H e  3aBHCHT OT y. 
~ O ~ T O M Y  I ET I ILOCTOHHHa, K O r A a  Z IIOCTOHHHO (HaI IpHMep,  KOI'Aa 2' = 0). 
E c m  M H  sb16epeM HeKOTOpy3.0 BeJI119HHY AjIR S ( I IpH Z' =0), TO F 
onpegenmcn K a K  

A H ~ J I o ~ H ~ H O  eCJIH MbI a b 1 6 e p e ~  B K a s e c T B e  IIPOH~BOJT~HO& e a H H H 4 b I  

BeJ IHsMHy F, TO I13 BLIPalKeHHFI (90) MOXHO OIIpeAeJIHTb COOTBeT- 

cmymlqee s ~ a v e ~ ~ e  s. Y p a ~ ~ e ~ a e  (89) 6~1no ~ c n o n b s o ~ a ~ o  XJra  

IIOCTPOeHHH CHJIOBbIX JIHHHG IIOJIH, H 3 0 6 p a X e ~ ~ 0 r 0  H a  PHC. 186, a. 
B  TOM cmygae oo = 11,15 tc/at2 ,  la = 55,75 .10-12$/at, eb ---: 

= 8,85.10-l2 $ I % ,  I = 25 attc, h = 2nlp = 10  at^ H F = 1,72. 
 TO 3 H a W H H e  F 6 y n e ~  HCIIOJIb30BaHO nOYTH BO BCeX I I O C J I e A Y I O ~ H X  

BbIYMCJIeHHIIX C TeM, 9 ~ 0 6 b 1  COXpaHHTb TIpHeMJIeMOe OTHOUIeHMe 

M e X A y  IIJIOTHOCTb3.0 J I H H H ~ ~  H HaIIPHlKeHHOCTbIO TIOJIH R Pa3JIH9HLIX 

s n e ~ ~ p ~ s e c ~ a x  cpeaax. 
Ha PHC. 186, 6 CHJIoBbIe JIHHHH 0 T p a X a H ) T  K O H ~ $ H I ' Y ~ ~ ~ H J O  IIOJIH 

c rCpbIToro  ~ 3 0 6 p a l r c e ~ 1 1 ~ 1 ,  rge h = 100 attc (10 ~ 1 u n u ~ I a a t )  H ~ O C T O I I H -  

H a H  P = 17,2. O c T a J I b ~ b l e  YCJIOBEIH AJIH CJIY¶aH, O T O ~ ~ ~ ? K ~ H H O ~ O  H a  

pmc. 186, 6 ,  T e  x e ,  ¶TO H ~ J I H  cxysan, o ~ o 6 p a x e ~ ~ o r o  H a  pmc. 186, a. 
CJIenye~ OTMeTHTb, 9TO Ka lKAaH CI1JIOBaH JrHHHH H a  PHC. 186, 6 3KBH- 

BaJIeHTHa 10 CHJIOBbIM JIHHHHM H a  PHC. 186, a. 

 TOT B a p H a H T  I I O K a 3 a H  H a  PHC. 185 (cJIy~af 11). OH COOTBeTCTBYeT 

YCJIOBHHM I I p H  IIpOHBJIeHHH TOHOBbIX 3JIeKTpOCTaTH9eCKMX ~ 3 0 6 p a -  
X~HH&.  nJI0~1cIl f i  3JIeKTPOA, ~ a 3 b I ~ a e ~ b 1 6  H a  I IPaKTHKe ((IIPOHBJIHIO- 

WHM 3JIeKTPOAOMH, HBJIHeTCH CPeACTBOM AJIH I13MeHeHHH @ O P M ~ I  

H HaIIPR%eHHOCTH IIOJIH B B03,QYLIIHOM 3 a 3 O p e .  

B cnysae c m H y c o H a a J r b H o r o  p a c n p e A e n e H H H  n o B e p x a o c T H o r o  

a a p ~ ~ a ,  o n p e A e n H e M o r o  no i$op~yne (85), a n e ~ ~ p ~ s e c ~ o e  none 
B aaaope MelrcAy a n e ~ ~ p o i $ o ~ o c a o e ~  H nnocrcm a a e K T p o A o M  ( n p ~ -  
J IOXeHHe A) HMeeT HOpMaJIbHyIO KOMIIOHeHTY 

Ebz = - [Bo + p (Blew - B2e-") cos py] (91) 

Ebll = p (BlePz 4- B2e-P7 sin py, 



B 3THX BbIPaWeHHHX 1, E , ,  E b  H P HMeIOT T e  ?Kt? CaMbIe 3HaUeHkIR, 

K a K  H B caysae I ,  a m - I HBnHeTcIi T O J I I ~ H H O ~ ~  B O ~ A Y I I I H O ~ O  sasopa 
Mewfly ~JI~KT~o@oTocJIo~M H IIJIOCKHM 3JIeKTPOAOM (PHC. 185, 6). 
n0JIe B B03AYIIIHOM 3a3Ope MOWeT 6b1~b IIpenCTaBJIeHO CHJIOBbIMH 

JIHHHRMM nyTeM nocTpoeHnn c e ~ e i i c ~ ~ a  I C P H B ~ I X  no cJIeAyIoIqeMy 

YpaBHeHHIo (IIpllJI0lKe~He 6) : 

2B2e-pm 
F = Bo ( ~ i t i  - yi) - ch p (m - 1) (sin pyi+l -sin pyi), (97) 

rne yi+, - Beansrma y Ha H ~ H B O ~  i + I HPH z = 1. B BbIpaseHnxi 

(97) F - nocTonHHaH, KoTopan, K a K  m B nepBoM .cnysae, onpeneaneT 
PaCCTOEHHe MeKay COCeAHHMH CHJIOBbIMH JIHHHHMH. 

Ha PHC. 187 npencTas.neHa IcapTma n o m ,  nonyseman 143 

~ 6 1 p a x e ~ n i i  (96) H (97). 

3.2.3 .  IIOJIE C AEI3JIEKTPEIYECKBM CJIOEM 
HA IIOBEPXHOCTEI 3JIEKTPO@OTOCJIOR 









P n c. 188. C n n o s ~ ~ e  xrnarnrn nonR AJIR cnysax 111,  x a p a ~ ~ e p ~ 3 y m 1 q ~ i e  n n m m e  
AH3JIeKTpllseCKHX cnoes, pacnonomeaabIx H a  nosepxaocTw ceneHosoro cnos. 
T o J I ~ a H a  ~asneKTpHrecIcor0 CJIOR paBHa: 1  XK (a), 2 mx (6). 25 Xx (8); 3JreKTpOCTaTM- 
YecIcoe ~ 3 0 6 p a m e ~ a e :  100  nunu~/mm (a H 6), 10  nunun/mm (8); 1 = 25 A M ;  0 ,  = 

= 11 ,15 .10-4  x/mZ; h = 10 m~ ( a  a 6). 100  mx ( 8 ) ;  4'= 1 , 7 2 .  

XeJIaTenbHbIM IIPOHBIITb 11306paXe~IIe Ha  IIOBePXHOCTII AH3JIeICTPII- 

secKoro cnoa, s a x H o  onpeRenmTb npmpony nona y 3 ~ 0 6  noBepx- 
HOCTII. 

H ~ x e  IIpIIBeneHbI BbIpaXeHHH AJIR H O P M ~ J I ~ H O ~ ~  I4 TaHreHqIIaJIb- 

HOG COCTBBJIHIOqHX HaIIPRHCeHHOCTII IIOJIH (IIpIInoXeHIIe A) Ha  

nosepxHocTm ~ m a n e ~ ~ p m s e c ~ o r o  cnox 

Ecz = pC2e-" cos py  (98) 
I4 

Ec, = pC2e-pf sin py.  

H ~ H B ~ I ~ ,  npencTasnaIoqHe none B BHAe cmnosbIx JIIIHII~,  MoryT  LIT^ 
onpeAeneHb1 TeM He nyTeM, K a K  II B cnysae I, H a  ocHose BbIpaxe- 

HEIR (89) c yseToM PaccTomHtI S, OnpeAenaeMoro K a K  
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AJIR T o r 0  lfce 3 H a q e H H R  IIOCTOSTHHO~ (F = 1,72) 6b1JIH IIOCTPOeHbI 

IIOJIEI AJIH HeCKOJIbKHX 3 ~ a ' I e ~ H f k  TOJIWHH ~ H 3 J I e K T P E I Y e C K O ~ O  CJIOEI 
H ABYX I I P o c T P ~ H C T B ~ H H ~ I X  AJIHH BOJIH: h = 10 H 100 &K. n0JIy- 
¶€!HHbI€! p e 3 y J l b T a T b I  I IpHBeAeHbI H a  PHC. 188. 

O A H ~ K O  IIOJIy¶t?HHbIe B HeKOTOPbIX CJIY¶aRX 3HaYeHHEI HaIIPFIWeHHO- 

C T ~ G  IIOJIR 3aCTaBHJIH OTKa3aTbCR OT TaKOrO IIOAXOAa H3-3a  6 0 n b m o i i  

IIJIOTHOCTH J I H H H ~ ~ ,  KOTOpaEi 6b1~1a 6~ ~ e o 6 x o ~ m ~ a  AJIR TOrO, g ~ 0 6 b l  

COXpaHEITb IIOCTOEIHHOe OTHOUIeHEle M e X A y  HaIIPEIXeHHOCTbH) IIOJIEI 

H PaCCTORHHeM MeHFAY CEIJIOBbIMIi JIHHEIRMH. B Ka¶eCTBe  OCHOBHOFO 

3 H a q e H H R  IIOCTOXHHOG F 6 m a  ~ b 1 6 p a ~ a  Bt?JIH¶HHa 1,72. 3 ~ a  BeJIH- 

¶HHa 6panacb B 6 0 J I b m H ~ c ~ ~ e  CJ Iy¶aeB Ann J I H ~ e f i ¶ a T b ~ x  ~ s o 6 p a ~ e -  
H H ~  C ¶ ~ C T O T O ~ ~ [  100 ~uHu.%/&M (h = 10 %K). A J I R  J I H H ~ ~ Y ~ T ~ I X  

~ 3 0 6 p a ~ ~ e ~ ~ i i  C C ~ C T O T O ~ ~  10 RUMUR/&M (h = 100 MR) B 0nHOh.I 

cnysae B e n H v H H a  8' 6b1~1a y B e n H s e H a  ~o 17,2. T a K ,  KaHFAaH c H n o B a z  

JIEIHHST H a  PEIC. 186, 6 3KBHBaJIeHTHa 10 CEIJIOBbIM JILIHEIRM H a  

PHC. 186, a. 
C p a ~ ~ e ~ ~ l e  p ~ c .  186, a H 186, 6 I I O K ~ ~ ~ I B ~ ~ T ,  ¶TO snmmnre 

3JIeKTPHPeCKOI'O IIOJIFI J I H H ~ ~ Y ~ T o ~ o  ~ 3 0 6 p a ~ ~ e ~ m r r  C ¶ ~ C T O T O ~  

10 JCUHU.%/&& P a C I I p O C T p a H E I e T C ~  H a  ~ ~ ~ I ~ I I I Y H )  O ~ J I ~ C T ~  H a A  H o B e p X -  

HOCTbH) ~JI~KTPo@oTocJIoFI ,  ¶eM BJIHEIHEIe IlOjIEI ~ 3 0 6 p a ~ ~ e ~ ~ ~  C ¶aCTO- 

TOG 100 AUWUR/M&. 
C ~ ~ B H ~ H H ~  PHC. 186, U C pHC. 187, a H 6 IIO3BOJIEIeT YCTaHOBHTb 

~ e i i c ~ ~ ~ e  n p o a B n c I I o q e r o  a j r e ~ ~ p o ~ a  H a  none n306pawe~~1~1.  C n e ~ y e ~  
OTMeTHTb, ¶TO DO M e p e  TOrO,  K a K  PaCCTOSTHHe MeHCAy 3THM 3JIeKTPOAOM 

H IIOBePXHOCTbIO ~ J I ~ K T P O # O T O C J I O R  YMeHbIUaeTCII, HaIIPEIXeHHOCTb 

n o m  y B e n H s m a e T c a  (PHC. 187, a - 6 ) .  ~ T H  pncymn TaKlfce n o K a -  

3HBaH)T,  ¶TO I I p H  H ~ ~ o J I ~ U I O M  YAaJIeHHH OT IIOBePXHOCTEI 3JIeKTPO- 

@OTOCJIOFI DOJIe CTBHOBHTCEI, IIO C Y q e C T B Y ,  OAHOPOAHbIM DO HaIIpEI- 

HCeHHOCTH H IIO HaI IpaBJIeHHIo .  

Ha PEIC. 187, 2 n o ~ a 3 a ~ 0 ,  K a K  H 3 0 6 p a l r c e ~ H e  MOifEeT 6 b 1 ~ b  o6pa- 



PHC.  188, a M 6 C PMC. 186, a,  TO M O X H O  3aMeTkI Tb ,  YTO AH3JIeKTPEI- 

XrecIcarr Enema T O ~ ~ E I H O ~  B c e r o  1 HJIH 2 a~ O I E ~ ~ ~ I B ~ ~ T  3 a ~ e ~ ~ o e  
oc.xa6nx1o1qee nefic~stie H a  none n ~ ~ e i i s a ~ o r o  ~ 1 3 0 6 p a ~ e ~ ~ x  c Y a c T o -  

TOCI 100 AUHUR/&&. PHC. 188, 6 I I O K ~ ~ ~ I B ~ ~ T ,  YTO none mo6paxe- 
HHFI C Y ~ C T O T O ~  10 &u~~.u.%/A% OCTaeTCX ewe AOCTaTOqHO CHJIbHbIM 

gage  n p H  n ~ l a n e r c ~ p r n s e c ~ o 6  nneme T O J I I ~ H H O ~ ~  25 .WE. Mow110 BrnAeTb, 

YTO none n a ~ e i i u a ~ o r o  ~ 3 0 6 p a ~ e ~ ~ s  c ~ ~ C T O T O ~  10 J ~ U ~ U R I M M  
IIp1.I I I J IeHKe J (H3J IeKTpHKa  T O J I ~ H H O ~  25 &K 3HaYEiTeJIbHO C H J I b H e e ,  

q e M  none, 0 6 p a 3 0 s a ~ ~ o e  n n ~ e 6 s a ~ ~ ~  E I 3 0 6 p a 3 1 ~ e H H e ~  c Y ~ C T O T O G  
100 ~ u n u ~ / w i u  n p ~  n n e H I E e  T O J I I ~ H H O ~  1 M K  (PHC. 188, a ) .  T ~ K H M  
0 6 p a 3 0 ~ ,  M O X H O  I lpeAIlOJIO?KHTb,  YTO I I p M  H a J I H q H H  IIJleHKM aH3JIeIE-  

T p m a  I c p y n H o e  ~1306pawe~tie npomnmb xerqe, q e M  M e m o e .  

3 n e ~ ~ p o c ~ a ~ ~ i s e c m e  H ~ O ~ ~ ~ W ~ H H F I O ~ ~ I Y H O  II~ORBJIFIH)TCR (npespa- 
WaIOTCX B B E I A H M ~ I ~ )  6naronapa IIpHTX3fEeHHH) IE IIOBePXHOCTEl 3 J I eKTPO-  

~ O T O C J I O I I  MeJIKHX Y a C T H 4  IIPOXBHTeJIFI I ) .  ~ * ~ ~ K T E I B H O C T ~  M X a p a K T e p  

IIpOFIBJIeHHX 3aBHCFIT OT K O H ~ E I ~ Y P ~ ~ H E I  CBX3aHHbIX C H 3 0 6 p a ~ e ~ H e M  

a n e r c T p m n e c K t i x  none6 M OT O ~ J I ~ C T M ,  H a  HOTOPYH) p a c n p o c T p a H n e T c s  

) J e k T B E I e  3 T H X  I IOJ Ie6 .  

C ~ ~ B H ~ H M ~  PHCYHIEOB, COOTBeTCTBYIOIqHX CJIYYaRM I ,  11 ti 111, 
n o ~ a 3 ~ s a e ~  n e i i c ~ ~ n e  c t n p o H s n m o n q e r o  a n e ~ ~ p o n a ) )  H A H ~ J I ~ K T P H -  

W3CKHX IIJ IeHOK H a  X a p a K T e p H C T H K H  none6 3JIeKTPOCTaTHYeCKHX 

~ 3 0 6 p a x e ~ m i i .  ~ T M  P H C Y H K H  IIOKa3bIBaIOT TaK3Ke KaYeCTBeHHO BJIkItlHHe 

I I ~ O C T ~ ~ H C T B ~ H H O ~  YaCTOTbI J l H ~ e f i Y a ~ 0 r O  m306pawe~~x  H a  O ~ J I ~ C T ~  

~ € ? ~ ~ C T B H X  I IOJ Ie6  3 T H X  ~ 3 0 6 p a ~ e ~ ~ g .  
M S B ~ C T H O ,  YTO H a  pa3pema101qy10 C ~ O C O ~ H O C T ~  n p o I i B n e H H o r o  

3JIeKTpOCTaTHYeCKOI 'O n306pame~11~1, IIOMHMO A p Y F H X  (P~IETOPOB,  BJIHFI- 

e T  H p a a ~ e p  s a c T a q  npoasnsmqero c o c T a B a .  ECJIM npennonoxmb, 
YTO 3 T H  Y a C T H q b I  AOCTaTOPHO MaJIbI ,  TO Pe3YJIbTHpYIOII&lR p a 3 p e I U a H ) -  

W a X  C ~ O C O ~ H O C T ~  6 y n e ~  3 a B H C e T b  OT p a 3 p e m a I O I q e 6  C ~ O C O ~ H O C T H  

3 J l e K T P H Y e C K O r O  IIOJIX, C B X 3 a H H O r O  C 3 a p X A a M H  m306pawe~mx. 
P ~ ~ ~ J I ~ T H P ~ I O I I J ~ X  IIJIOTHOCTb M KOHTPaCTHOCTb  I IPOFIBJIeHHOrO 

M 3 0 6 p a X e H k I ~  3 a B H C X T  OT H a I I P X W e H H O C T H  IIOJIII H OTHOCETeJIbHOrO 

K O H T p a C T a  H ~ I I ~ H ? ~ ~ H H o c T ~ ~  nOJIFI H a g  nOBepXHOCTbIO ~ J I ~ ? K T P o @ o -  

TOCJIOFI. 

Mcnonbayn X a p a m e p H c T H I c E z  3 n e ~ ~ p o c ~ a ~ ~ s e c m x  ~1306pa- 
x e ~ k i i i  c m y c o E i g a n b H o e  p a c n p e n e n e H - c l e  a a p x ~ o ~ ,  MOWHO n e r K o  

p a C C W % T a T b  p a 3 p e I I I a H ) I q y H )  C I I O C O ~ H O C T ~  IlOJIR H a  p a 3 J l H Y H b I X  YPOB- 

H X X  H a A  IIOBepXHOCTbH) H 3 0 6 p a X e ~ H F I .  A ~ n n r n ~ y n y  c H H ~ c o H A ~ J I ~ H o ~  





BOJIHbI B 3TOM C J I y ¶ a e  MOlKHO P a C C M a T p H B a T b  K a K  MHOXHTeJ Ib ,  O I l p e -  

A ~ J I R I O W H G  KOHTpaCT.  Ha OCHOBe 3 T H X  P a C Y e T O B  M O X H O  I IOJ IYqHTb  

H e X O T O p b I e  O Y e H b  H H T e p e C H b I e  X a p a K T e p H C T H K H  3JIeKTpOCTaTH!IeCKHX: 

~ 1 3 0 6 p a x e ~ ~ G  I ) .  

K a K  H B I I p e A b I A y q e M  pa3AeJIe, P a C C M a T p H B a e M b I e  3 H e C b  3J I eKTpO-  

CTaTHYeCKHe  H ~ O ~ P ~ X ~ H H I I  COCTOIIT H 3  I I a p a J I n e J I b H b I X  P a B H O M e p H O  

PaCI IOJ IOXeHHbIX J I H H H ~  C CHHYCOHAaJIbHbIM P a C I I p e A e J I e H H e M  I IOBepX-  

HOCTHOI'O 3 a p H n a ,  OIIHCbIBaeMOrO Y p a B H e H H e M  (85). ~ ~ O C T ~ ~ H C T B ~ H -  

H a H  ¶aCTOTa  3THX J I H H H ~  ~ Y H ~ T  OIIpeAeJIIITbCII I I ~ O C T ~ ~ H C T B ~ H H O ~ ~  

AJIHHoG BOJIHbI h ,  K O T O P a R  M O X e T  MeHIITbCII  B UIHPOKOM A H a I I a 3 0 H e .  

Hanpmep, IEOrAa a = 10 At%, I I P O C T P a H C T B e H H a R  YaCTOTa  COCTRB- 

n R e T  100 JCUMURIMM, a I c o r a a  h -+ co, m a o 6 p a x e ~ ~ e  MOXHO p a c c n r a T -  

P H B a T b  K a K  ~ 3 0 6 p a x e ~ ~ e ,  C O C T O I I ~ e e  H 3  6 0 J l b I l I H ~  P a B H O M e p H O  3 a p I I -  

X e H H b I X  H H e 3 a P I I X e H H b I X  nnopa~eG.  
HJIR YI IpOIQeHHII  BMYHCJI~HHG I IpHMeM,  YTO ~ 3 0 6 p a x e ~ m e  IIpea- 

CTaBJ IReT  co6oii CHCTeMy 3 a p c I H O B  H a  I IOBepXHOCTH ~ M O P @ H O ~ O  CeJ IeHa .  

C J I e ~ y ~ o l q H e  I I a p a M e T p b I  P a C C M a T p H B a I o T C R  IIOCTOIIHHHMH: T O J l q H H a  

H AEI3JIeKTPH9eCIEaR I I P O H H q a e M O C T b  C e J I e H a  ~ Y A Y T  COOTBeTCTBeHHO 

p a B H b I  25 .at% m 6,3. B T e x  cnysaax, I c o r A a  B B O ~ T C R  A H ~ J I ~ K T P H Y ~ C K H ~  

I I J I eHKH,  H X  AH3JIeKTPEIYeCKaR I IPOHHQaeMOCTb  ~ Y A ~ T  P a B H a  3,O. M ~ K -  

1) B ,qaJIbH€!Hlue~ B BTOM paaaene aBTOp HenpaBHnbHo oTomaecTsnrreT 
p a 3 p e m e ~ ~ e  M KoHTpacT ~ 3 0 6 p a m e ~ ~ ~ r . -  I lpux.  pea. 



3.3.1. PASPEIUEHHE IIOJIH HJIR CJIYYAH I 

B c ~ ~ o ~ ~ b s y c r  B b I p a X e H M R  (86) EI (87), MbI IvIOmeM OI IpeAeJ IMTb  

HOpMaJIbHYH) H I 'OPM30HTaJIbHYH) COCTaBJIHH)llI,Me H a I I P R X e H H O C T M  

a n e K T p m q e c I c o r o  nona B ~1106oii T o m e  I I p o c T p a H c T B a  H a A  nosepx- 
HOCTbH) H ~ O ~ P ~ H C ~ H E I E I -  B 3THX Y P a B H e H H t I X  OCb  Z I IePJIeHAMKYJIFIPHa 

n n o c K O C T H  M 3 0 6 p a H F e H M ~ ,  a ocb y n a p a a n e n b H a  3 ~ 0 6  IIJIOCKOCTH, 

n p a s e M  06e OCM H a n p a B n e m  noA npCrMMM y r n o M  K J I E ~ H H ~ M  n306pa- 
x e H H a .  Ocb x n a p a n n e J I b H a  JIHHMHM ~ 1 3 0 6 p a H F e H ~ f 1  m IIJIOCKOCTM 

~ 3 0 6 p a > n e ~ m a ,  HO T a K  K a K  B  TOM H a n p a s n e H H m  B e a m s a H a  s ap~ ,qa  
H e  MeHReTCI I t  C O C T a B J I H I O ~ a R  H a I I P H X e H H O C T M  IIOJIEI B Ha I IpaBJ IeHkIM 

OCEi X 6 y n e ~  P a B H a  HYJIH). 

PHC. 189 ~ O ~ B O J I E I ~ T  o n p e A e n m T b  p a 3 p e m e ~ ~ e  D o n a  H a  P ~ ~ J I E I ~ H ~ I X  

P aCCTOfIHHRX OT I IOBePXHOCTH ~JI~?KTPoI$oTocJIoR AJKH T p e X  pa3J Ik iYHbIX 

BeJ IHYHH I I ~ O C T ~ ~ H C T B ~ H H O ~  YaCTOTbI: 100, 40 M 10 A u ~ ~ u / & & .  n3 3TO- 

ro pmcyma BHAHO, ¶TO pa3peme~me noncr y n o s e p x H o c T H  a n e ~ ~ p o + o -  
TOCJIOEI C y q e C T B e H H O  H e  3 a B H C H T  OT I I ~ O C T ~ ~ H C T B ~ H H O %  YaCTOTbI 

J I M H H ~ I  ~ 3 0 6 p a m e ~ ~ a .  O A H ~ K O  I I p H  YAaJ IeHHM OT ~ J ~ ~ K T ~ o I $ o T o c J I o R  

BJIMIIHHe YaCTOTbI CTaHOBHTCH 3aMeTHbIM.  H a n p ~ ~ e p , .  I I P H  PaCCTOEIHHH 

TOJIbKO 10 dt1E H a A  I IOBepXHOCTbIo  ~ J I ~ K T ~ o ~ o T o C ~ O S ~  n p E I  J I p O C T p a H -  

C T B ~ H H O G  Y a c T o T e  100 ~ u n u ~ l a t i u  p a 3 p e m e ~ m ~  n p a x T a s e c K m  H e T ,  

npm 40 ~ l u n u ~ l a ~ t  OHO e A s a  ~ ~ M ~ T H O ,  a npm 10 ~ u n u ~ l ~ ~ u  HMeeTcc r  

BIIOJIHe yAOBJIeTBOpHTeJ IbHOe  p a 3 p e I I I e H H e .  

A J I R  CJIyYaEI I BeJlHYElHbI M aMIIJIHTYAb1 r O P H 3 0 H T a J I b H b I X  COCTaB- 

JIHIoIQMX HaIIPEIXCeHHOCTH IIOJIFI P a B H b I  C O O T B e T C T B Y I O ~ H M  BeJ IHYHHaM 

HOPMaJ IbHbIX  C O C T a B J I R M q H X ,  HO r O P M 3 0 H T a J I b H b I e  COCTaBJIFIIOqMe CABEI- 

I IYTbI  110 @a3e IIO OTHOIlIeHMH) K HOPMaJ IbHbIM C0CTaBJIEIK)qHM H a  90'. 

3.3.2. PASPEIUEHME IIOJIR AJIH CJIYYAR I1 

H o ~ M ~ J I ~ H ~ R  Ei r O p M 3 0 H T a J I b H a R  COCTaBJ lE I IoqHe  HaIIPFI3fEeHHOCTM 

nona ~ J I ~ K T ~ O C T ~ T M ~ ~ C K O ~ O  M 3 0 6 p a x e ~ m R  AJIE czysacr I1 M o r y T  6 b 1 ~ b  

o n p e a e z e H b I  ~3 y p a ~ ~ e ~ m i i  (91) H (92). 
Paapenre~ne nonrr AJIR 3~01-o c n y q a R  MOHFHO O n p e A e n H T b  no 

pHC.  190 AJIR T p e X  ~ H ~ W ~ H M H  I I ~ O C T ~ ~ H C T B ~ H H O %  YaCTOTbI: 100, 
40 M 10 AUHUR/&.M M AJIEI ABYX p a 3 J I H Y H b I X  P ~ C C T O R H H ~  3JIeIETPOAa OT 

I IOBepXHOCTH M 3 0 6 p a ~ e H M E I :  10 H 100 MK. 

C ~ ~ B H ~ H H ~  PMC. 190 ( ~ J I y Y a f i  11) C PHC.  189 ( C J I y Y a G  1) IIOKa3bI-  

B a e T ,  YTO 3J I eKTPOA,  H ~ X O A R I Q H ~ C R  H a  PaCCTOEIRHH 100 d tK  OT I IOBepX-  

HOCTM E I ~ O ~ ~ ~ X ~ H H I J ,  H 3 M e H X e T  p a 3 p e I I I e H H e  IIOJIEI O Y e H b  MaJIO. Aria 
c n y Y a R ,  xorxa s n e ~ ~ p o ~  y g a J r e H  OT a 3 0 6 p a ~ ~ e ~ n a  H a  10 am, paspenre- 
HMO H O P M ~ J I ~ H O ~ ~  C O C T ~ B J I E I H ) ~ ~ ~  IIOJIEI ~ 3 0 6 p a ~ e ~ ~ a  YBeJIMYHTCEI 

AnEI H H ~ K O G  IIPOCTP~HCTB~HHO% YaCTOTbI (10 A U H U R I ~ ~ W ) ,  B TO BpeMEI 









K a K  AJIR ~ O J I ~ I U H X  npOCTpaHCTBeHHbIX ¶aCTOT (40 H 100 A U B U ~ ~ / X . M )  

3Ha9HTeJIbHOI'O H3MeHeHZiR P a 3 P e l I I e H H I I  n p H  HaJIHYHH 3JreKTpOAa 

H e  ~ a G . n m ~ a e ~ c a .  Paspeme~ne  I ' O P H ~ O H T ~ J I ~ H O ~  C O C T ~ B J I R I O I Q ~ G  IIOJIJIII 

B ~ C H O B H O M  OCTaeTCR HeM3MeHeHHbIM. 

B p e 3 y J I b T a T e  # ~ ? ~ C T B E I R  3 n e K T p O A a  H a I I p R X e H H O C T b  IIOJIR HOP- 

& i a J I b ~ 0 6  ICOMUOHeHTbI B 0 3 p a C T a e T .  n p H  PaCCTORHHH A 0  3JIeKTPOAa 

100 a K  3 T O - y B e n H ¶ e H H e  AOBOJIbHO He3HaYBTeJIbH0,  HO IIPM PaCCTORHMH 

10 X E  OH0 AOCTaTOYHO BeJIE3ICO. H ~ I I P R ~ ~ C ~ H H O C T ~  IIOJIR AJIR I'OPH- 

~ O H T ~ J I ~ H O %  C O C T ~ B J I R I O ~ ~ ~ ~  3aMeTHO H e  M3MeHReTCR; O H a  HeMHOrO 

YMeHbIUaeTCR I I p H  PaCCTORHElH A 0  3JIeICTpOAa 10 X K  B CJIyYae  ~ ~ 3 ~ 0 6  

U ~ O C T ~ ~ H C T B ~ H H O ~ ~  YaCTOTbI (10 A U ~ ~ U J E / M W ) .  A J I R  ABYX 6onee BbICOKHX 

YaCTOT IIPHCYTCTBMe 3JIeKTpOAa H e  H3MeHReT ~ O P H ~ O H T ~ J I ~ H O ~  COCTaB- 

x11~3meG. 

3.4. JEMCTBME IIPORBJIRIO~EI'O BJIEECTPOJA HA IIOJIE 
CKPbITOrO HSOBPAKEHHR 



OT H e r 0  A 0  3 J I e K T P O A a  EI I IPOCTP~HCTB~HHO~? YaCTOTbI JImllEI6 ~1306pa- 
X e H H R .  B 3TEIX Y P a B H e H H R X  m - 1 RBJIReTCR PaCCTORHHeM M e X A Y  

IIOBepXHOCTbIO ~ J I ~ K T ~ o @ o T o c J I o R  EI 3JIeKTPOAOM, a BeJIEIsMHa p I IpO-  

I IOpI&HOHaJ IbHa  I I ~ O C T ~ ~ H C T B ~ H H O ~  s a C T O T e .  

PHC. 191 I I O K a 3 b I B a e T  EI3MeHeHEIe HaIIPHECeHHOCTEI IIOJIR AJIR HOP- 
M a J I b H 0 6  EI I ' O P M ~ O H T ~ J I ~ H O ~  COCTaBJIJ3H)qIIX K a K  I$YHK~HIO PBCCTOR- 

H H R  A 0  3 J I e K T p O A a  I I p H  HeCKOJIbKEZX pa3JIEI9HbIX 3 H a 9 e H E I R X  I I p O C T p a H -  

C T B ~ H H O ~  9aCTOTbI .  ~ O C T P O ~ H H ~ I ~  3 A e C b  IIOJIR EIhleIoT M a K C l l M a J I b H b I e  

3 H a Y e H M R  Y IIOBePXHOCTEi ~JI~IFTPOI#OTOCJIOR ( 2  = 1) I I p H  OTCYTCTBHH 

n p m o m e H H o r o  H a n p H w e H H n ,  T. e. npn V o  = 0. 
CJIeflye~ OTMeTHTb HOBOJIbHO p e 3 K O e  YBeJIEIYeHHe H O P M ~ J I ~ H O ~  

C O C T ~ B J I R I O ~ ~ ~ ~  IlOJIR B CJ IYYae  I I ~ H ~ J I H K ~ H M R  3 J I e K T p O A a  K I IOBepXHO-  

CTEZ ~ J I ~ I E T P O @ O T O C J I O R .  ~ O P H ~ O H T ~ J I ~ H ~ R  COCTaBJ IRIOmaR OCTaeTCR 

B OCHOBHOM IIOCTORHHOG, HO C J I e r K a  YMeHbI I I aeTCR H a  O Y e H b  MaJIbIX 

PaCCTORHEIHX. Ha PIIC. 191 H H T e P e C H M M  MOMeHTOM RBJIReTCR TO, ¶TO 

B C e  KP MBbIe  AJIH H O P M ~ J I ~ H O ~  C O C T ~ B J I R I O ~ ~ ~  I IePeCeIEaIOTCR B TOqIEe, 

C O O T B ~ T C T B ~ I O ~ ~ ~ G  PaCCTORHEIIO A 0  3 J I e K T P O A a ,  P a B H O M Y  25 & K .  

M M ~ H H O  3 T a  T O J I q H H a  CeJ I eHOBOrO CJIOR H C I I O J I b 3 0 B a H a  B I IpEIBeAeHHbIX 

p a c u e T a x .  

MOXHO I I O K a 3 a T b ,  YTO B e J I M 9 H H a  H O P M ~ J I ~ H O G  C O C T ~ B J I I I H ) ~ ~ ~ ~ [  

H a I I P R X e H H O C T E I  IIOJIH H a  IIOBePXHOCTM ~ J I ~ ~ T P o @ o T o c J I o R  H e  3aBEICLIT 

OT ~ I P O C T ~ ~ H C T B ~ H H O G  YaCTOTbI, IEOrAa PaCCTORHEIe 3 J I e K T p O A a  OT m - 1 
no c e n e ~ o ~ o i i  m a c T m H b 1  p a B H o  T o z q m e  C e m e H o B o r o  CJIOR 1. 

ECJIH MbI IIOACTaBHM B B b I p a l H e H H e  (91) 1 BMeCTO m - 1 I I p H  

z = 1 EI V o  = 0, TO n o n y s H n t  

T a m ~  0 6 p a 3 0 ~ ,  I I p H  3 T H X  YCJIOBHRX H a I I p R S e H H O C T b  IIOJIH IIpRA10 

I IpOI IOpqEZOHaJ IbHa  IIJIOTHOCTM IIOBepXHOCTHOrO 3 a p R A a ,  YTO O C O ~ ~ H H O  

B a X H O  AJIR K C ~ ~ O I ' ~ @ ~ E I ~ ~ C K O ~  CeHCHTOMeTPEIM.  TO 0 3 H a 9 a e T ,  YTO 

eCJIEI I IpEI  TaIEMX YCJIOBEIHX I I p O R B J I e H H e  IIPOBOAHTCR A 0  HaCbIEL(C?HHR, 

TO BCe  Y Y a C T K E  3JIeKTpOCTaTMYeCKOI'O ~ 1 3 0 6 p a m e ~ ~ ~  6 y ~ y ~  I IpORBJIeHbI  

A 0  o n ~ ~ s e c K o 6  IIJIOTHOCTEI l), I I ~ o I I o ~ ~ H o H ~ J I ~ H o ~ ~ ~  IIJIOTHOCTH I I O B e p X -  

HOCTHOrO 3 a p R A a  H a X A O r O  Y Y a C T K a ;  K p O M e  TOTO, B p e M R  IIpORBJIeHEIR 

H e  6 y A e T  KPEITEZYHbIM I I a p a M e T p O M ,  eCJIEZ O H 0  AOCTaTOYHO AJIR I IpOHB-  

JIeHEIR ~ 1 3 0 6 p a ~ e ~ ~ l a  A 0  H a C b I q e H M R .  

~ ~ ~ K T H Y ~ c K H  TPYAHO PaCIIOJIOXEITb 3JIeIETpOA H a  PaCCTORHEIH,  

P a B H O M  TOJIqEIHe  CeJ I eHOBOrO CJIOR, AaXe AJIR CeJIeHOBbIX I I o K P ~ I T E I ~  

T o J I ~ H H o ~ ~  a0 100 A%. n p e ~ e J I b ~ b I ~  PaCCTORHEIeM A 0  3 J I e K T p O A a  I I p H  

I IpORBJIeHHH IIOpOIUKOBbIM O ~ ~ ~ ¶ K O M  CqEITaIOT BeJIEIYEIHy I I O p R A K a  



250 a%. O A H ~ K O  n p H  XIIAKOCTHOM IIPOHBJIeHHH H a  OCHOBe ~ J I ~ K T P o I # o -  

pe3a P a C C T o f l ~ ~ j l  A 0  3JIeKTpOAa B A m I I a 3 0 H e  o T  25 go 100 .WE HBJIHIoT- 

CH n p a K m q e c K z i  p e a J r b E n M z i .  M O ~ H O  IIPeAlIOJIOXHTb,  ¶TO ~ T H  YCJIOBHH 
MOWHO Y A O B J I ~ T B O P H T ~  Zi I I p H  npOHBJIeHHH M ~ ~ H H T H O ~ ~  ICHCTbIO. 

A M ~ J I H T ~ A ~ ,  HJIH KOHTPaCT, IIOJIH 3JIeKTPOCTaTHPeCKOrO ~ 3 0 6 p a -  
?KeHHH T a X X e  S33MeHHeTCH IIOA A ~ ? ~ C T B E I ~ M  I I p O H B J l H I o q e r O  3JIeKTPO- 

fia.   TO o T p a m e H o  H a  pmc. 192, rae aMnrJrHTyAa n o m  n p e g c T a s n e H a  

K a K  4 y H K q H R  I K ~ O C T ~ ~ H C T B ~ H H O &  ¶aCTOTbI B JliHPOKOM AHaI Ia3OHe 

~ ~ C C T O R E H ~  A 0  3JIeKTpOAa. A M ~ J I H T ~ A ~  3AeCb 6 e p e ~ c ~  K a K  pa3HOCTb 

Paccmoznue 80 me~mpo3a om nosepx~ocmu 
~ n e ~ m p o ~ o m o c n o ~ ,  M K  
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BYH) dl  PHC. 192).   TO MY YCJIOBHH), IIO-BHAHMOMY, COOTBeTCTBYeT 

OIITHMaJIbHOe PaCCTOHHHe OT ~ J I ~ K T P o A ~  A 0  IIOBePXHOCTH ~ 1 3 0 6 p a x e ~ ~ ~  
I I p H  IIpORBJIeHHH C TO¶KH 3 p e H H R  0 6 e c n e q e ~ ~ I I  J I H H ~ ~ H o %  l lpOIIOP4MO- 

HaJIbHOCTH M e X A y  IIJIOTHOCTbIo 3 a p f i ~ a  11 KOJIH9eCTBOM OCa%AeHHbIX 

¶aCTHJI IIpOHBHTeJIH. 

Ha p ~ c .  191 H 192 y ~ a 3 a ~ b 1  M a K c H M a n b H L r e  s ~ a s e ~ m ~  H a n p n H c e H -  

HOCT11 IIOJIII H IEOHTpaCTa H a  ~ O B e p X H o C T H  ~ J I ~ K T ~ O @ O T O C J I O ~ ~ .  n p ~  
IIpOHBJIeHHH 06nac~b,  H a  KOTOPYIo PaCIIpOCTPaHHeTCH BJIHHHHe IIOJIR 

H 3 0 6 p a ? H t ? ~ H I I ,  B a W H B  AJIII OIIPeAeJIeHHR TOrO,  HaCKOJIbKO 6 ~ 1 ~ 1 3 ~ 0  

K IIOBepXHOCTH ~ 3 0 6 p a ~ c e ~ r n 1 1  A O J I X H ~ I  I I O A X O ~ H T b  ¶aCTHqbI IIPORBH- 

TeJIR,  9 ~ 0 6 b 1  H a  H11X O K a 3 a j r H  A~%CTBH€? CHJILI IIOJIII. B C J I y ¶ a e  I ,  
HeT a n e I c T p o A a ,  none n s o 6 p a x e ~ m ~  s a ~ y x a e ~  no s ~ c n o ~ e ~ ~ e  t y p a ~ -  
H e H H e  (88)] C yBeJ IH¶eHHeM PaCCTORHHR OT IIOBepXHOCTH ~ J I ~ K T P o @ o -  

TOCJIOII. HJIH 60~1ee BbICOIEHX nPOCTPaHCTBeHHbIX ¶aCTOT I 'paAHeHT 

3 a T y X a H H I I  BO3paCTaeT.  B C J I y ¶ a e  11 I IOJIOXeHHe HeCKOXbIFO H3MeHReT- 

CR nOA , q e i i c ~ s H e ~  3 n e K T p o A a ;  IIPOHCXOAHT y B e J I H s e H H e  O ~ J I ~ C T H  

p a c n p o c T p a H e H m  nona ~ 3 0 6 p a x e ~ u ~ .    TOT a @ @ e ~ ~  r p a @ ~ ¶ e c ~ ~  
o T p a x e H  H a  PHC. 193, rAe H a n p R x e H H o c T b  n o n R  H 3 0 6 p a H c e H H I I  A a H a  

K a K  @YHK~EII I  I I P O C T ~ ~ H C T B ~ H H O ~  ¶aCTOTM AJIII Pa3J IH9HbIX paCCTOH- 

HH% OT IIOBePXHOCTH ~ J I ~ I E T P o ~ o T o c J I o I I  (OT ~ ~ C I E O H ~ ~ H O C T H  A 0  10 ax).  
CJIenye~ OTMeTHTb, ¶TO I I p H  ~ ~ O C T ~ ~ H C T B ~ H H O ~ ~  ¶aCTOTe, 60J Ib I I I e f i  

-20 AUltU%/.iX.M, HaIIpIIXWHHOCTb IIOJIR Y IIOBePXHOCTH ~J I~IETPo@oTo-  

CJIOII, IIO CyIQeCTBy,  H e  3aBHCHT OT IIPOCTPBHCTB~HHO% 4aCTOTbI 

(PMC. 193, a ) ,  HO yXe I I p H  PaCCTORHHM BCerO B HeCKOJIbKO MMKPOH 

OT IIOBePXHOCTH ~ J I ~ K T ~ o @ o T o c J I o H  H ~ ~ J I I ~ A ~ ~ T C I I  3Ha9HTeJIbHOe 

H3MeHeHHe HaI IPI IXeHHOCTH IIOJIH I I p H  H3MeHeHH11 I I P O C T P ~ H C T B ~ H H O ~ ~  

¶aCTOTbI (PHC. 193, 6). BaHcHbIM C B O ~ C T B O M  3THX IEPHBbIX HBJIHeTCR TO, 

¶TO IIPH y A a a e H n H  a n e K T p o A a  H a  p a c c T o m H e ,  n p e s M r n a m p e e  onTm-  

MaJIbHOe (B HaHHOM C J I y ¶ a e  25 At%), H ~ ~ J I H ) A ~ ~ ? T c R  MaKCHMYM HaI IPH-  

XeHHOCTH IIOJIH B AHaI Ia3OHe npOCTpaHCTBeHHbIX ¶aCTOT OT 7 A 0  
12  A u x u J E / % ~ ~ .  C J I y ¶ a 6 ~ 0  3 T a  BeJIH¶HHa I I P H ~ J I H ~ H T ~ J I ~ H o  COBIIaAaeT 

c n p e A e n o M  p a a p e r n a ~ q e 6  c n o c o 6 ~ o c ~ ~  s e n o s e s e c K o r o  rnaaa. 
I C ~ K  BHAHO 113 PHC. 193, H a a m m e  n n o c K o r o  a n e x T p o A a  ~ J I H ~  

IIOBepXHOCTH ~ J I ~ K T P O @ O T O C J I O R  yBeJ IH¶HBaeT O ~ J I ~ C T ~ ,  H a  KOTOPYIo 

p a c n p o c T p a H f i e T c H  B n a R m e  n o n R  ~ 3 0 6 p a x e ~ ~ ~ .    TO ~ ~ M ~ T H O  Aaxe 
I I p H  OTHOCHTeJIbHO ~ O J I ~ I I I H X  PaCCTORHHHX A 0  3JIeKTpOAa.  HJIR np0- 
CTP~HCTB~?HHO% ¶aCTOTbI, ~ J I H ~ K O %  K HYJIIO, HaIIPRHceHHOCTb IIOJIH 

I I p H  OTCYTCTBHH 3J leKTpOAal  no CyIQeCTBy,  P a B H a  HYJIH); OAHaKO 

IIOJIe B 0 3 H H K a e T l  K O r A a  3JIeKTPOA IIOAHeCeH ~ J I H ~ K O  K IIOBePXHOCTEI 

~ J I ~ ? K T ~ o @ o T o c J I o R .  M e x ~ y  H ~ J I ~ B o %  ~ ~ O C T ~ ~ H C T B ~ H H O %  ¶ ~ C T O T O ~  

11 ¶ ~ C T O T O %  IIOpRAKa 10 JLZLMZM/&tntm ElMeeTCR O¶eHb ~ p y ~ o i i  TIOAZeM 

R a I I P R Z e H H O C T H  nOJIR. ' ~ P H  6onee BbICOKMX BeJIH¶HHaX I IpOCTpaH-  

C T B ~ H H O ~ ~  ¶aCTOTbI HanPHHceHHOCTb IIOJIII H a A  ~ 3 0 6 p a x e ~ ~ e ~  YMeHb- 

I I laeTCR, HO I I P H  HaJIH¶HH 3J IeKTpOAa 3 T 0  YMeHbmeHf3e  BbIPaHCeHO M e H e e  

3aMeTHO. B o614e~ C J I y ¶ a e  HanPHHceHHOCTb IIOJIR B 0 3 p a C T a e T  I I p H  





YMeHbI I I eHHH PaCCTOI iHHR OT 3J I eKTpOAa  A 0  l IOBePXHOCTH 3JIeKTPO- 

@OTOCJIOR. 

O ~ J I ~ C T ~ ,  H a  I C O T O ~ Y H )  p a c I I p o c T p a w R e T c H  B n H c r H H e  n o m  ~ 3 0 6 p a -  
FIceHnR, n r p a e T  saxwym ponb B npoqecce n p o a s n e H m  a n e m p o c T a -  

THYeCKHX H 3 0 6 p a ? K e H H f i ,  O C O ~ ~ H H O  T a M ,  rAe T P ~ ~ Y ~ T C R  IIOJIY9eHEle  

B b I c o R o r o  p a 3 p e m e ~ ~ ~ .  Hanpt i~ep,  e c m  ~ b i  p a c c M a T p n s a e M  cnyyafi I 
( O T C Y T C T B H ~  ~ J I ~ K T P O A ~ )  H n p e n n o n a r a e M ,  YTO HH o A H a  sacmqa 
IIPORBHTeJIR H e  IIOAXOAHT IC ITOBePXHOCTH L I 3 0 6 p a l 1 i e ~ ~ H  Gjrnxe, Y e M  

H a  2,5 &K, TO MM M03fCeM C A e J I a T b  CJ IeAYIo IqHe  ~ 6 1 ~ 0 ~ 6 1 :  1) Y¶aCTKH 

3JI t?KTpOCTaTH¶eCKOrO H ~ O ~ P ~ ~ I C ~ H E I R ,  COOTBeTCTBYIOQIIt? I I P O C T P a H -  

C T B ~ H H O ? ~  9 a C T O T e  I I O p R a K a  10 A U H U J E / & ~ ~ ,  6 y a y ~  I IpORBJ leHbI  CHJlbHO; 

2) YYElCTKH, COOTBeTCTBYH)IIl,He I I P O C T F ) ~ H C T B ~ H H O %  9 a C T O T e  IIOPRAICa 
100 AUH.UR/&I.M, Gygy~ I IPORDJIeHbI  cna60.  TO 0 3 H a Y a e T ,  9 T O  O ¶ e H b  

M e a x n e  A e T a n m  ~ 3 0 6 p a x e ~ ~ a  n f o r y T  6b1~b IIPH ~ T H X  YCJIOBHRX HJIH 

COBCeM I IOTePRHbI ,  HJIH I IpORBJIeHbI  O U e H b  cna6o; 3) 6 0 J I b I I I H e  3apRXXeH-  

H b I e  I I J I O q a A H  H e  ~ Y A Y T  I IpORBJIeHbI  COBCeM ( 3 ~ 0  6 y ~ e ~  CI IpaBeAJ IHBO 

name H B TOM cxyqae, ecam Y ~ C T H ~ ~ I  n p o m a R m I q e r o  C o c T a B a  6 y ~ y ~  
HaXOAHTbCR B KOHTaKTe  C I IOBePXHOCTbIO,  T a K  K a K  IIOJIe B 3TOM C J I y ¶ a e  

110 C y W e C T B y  p a B H 0  HYJIH) BO BCeX TOYKaX H a A  IIOBepXHOCTbIO H 3 0 -  

6pax-r:e~m). 
Y ~ c T E ~ ~ ~ I  I IpORBHTeJ IR  H e  MOI'YT I IOAO~~TM ~ O C T a T O s H O  ~ S I M ~ I E O  

K IIOBepXHOCTII.  m 3 0 6 p a x e ~ ~ ~  HJIR I IpORBJIeHHH MeJIKHX ge~aJIe% 
B C J I Y 9 a R X ,  KOI'Aa: 1) @ o T o I I ~ o B o J ( H ~ ~ R  I IOBepXHOCTb  I I M e e T  AH3JIeX- 

T p H Y e c I c o e  I I O I E P ~ I T E I ~ ,  2) H C I I O J I ~ ~ ~ ~ T C H  rpy6aa r ) j o ~ o n p o ~ o ~ r r q a ~  
I IOBepXHOCTb  LI 3) # I o T o I I P o B o ~ R ~ H ~  cJIoG 3aPH3ICeH B H ~ T ~ ~ H H ~ %  IIOJIR- 

p H 3 a q H e f i  H 3 a p R A  HaXOAHTCR B H Y T P H  CJIOR. 

ECJIH M H  T e I I e p b  IIOMeCTHM ~ J I E I ~  IIOBePXHOCTM ~J I~KTPO@OTOCJIOR 

I I J I o c K H ~  3J I eKTPOA H IIP63J(IIOJI03fCHM1 ¶TO I IPOCTpaHCTBO M e X H Y  ABYMR 

IIOBePXHOCTHMH C O A e P X H T  a3P030JIb C 3JIeICTPHYeCICH 3aPR>IU?HHbIMH 

¶ a C T H q a M H  o ~ ~ o p o ~ ~ o i i  AHCIIepCHOCTH, TO CKOPOCTb,  C K O T O P O ~  3 T H  

4 a C T H q b I  ~ Y A Y T  OCaIfCjT,aTbCR H a  I IOBePXHOCTb ~ ~ ~ I C T P O @ O T O C J I O R ,  

6 y ~ e T  3 a B H C e T b  OT H a I I p H X e H H O C T H  IIOJIR BO B C ~ $  O ~ J I ~ C T H  I I p O C T p a H -  

CTBa  M e W A y  3JIeKTPOAOM H I lOBePXHOCTbH) 1 3 3 0 6 p a x e ~ ~ ~ .  C K O P O C T ~  
o c a l r c A e H m  6 y ~ e ~  B T a I c o M  cnysae n p o n o p q v i o n a J r b H a  H H T e r p a n y  

HaIIPR3fCeHHOCTH IIOJIH Me3KAY IIOBepXHOCTbIO ~ 3 0 6 p a ? I C e ~ H R  H 3J I eKTPO-  

AOM.  TO 3KBLIBaJIeHTHO P a 3 H O C T H  IIOTeHJJHaJIOB M e X A y  ABYMH I IOBepX-  

HOCTRMH, T a K  K a K  
m 

Vb(rn, i l =  (j EIZ d3.  (103) 
I 

Vb(m, ,) -- Bo (rn - 1) + [B,  (ev - e e v  -$ B2 (e-l'" - e-")I cos py .  (104) 



~ O A C T ~ B J I H H  B (104) B e J I H s H H b I  Bo, Bi H Bz E13 B b I p a % e ~ H %  (93) - (95) 
E1 P a C C M a T p n ~ a n  TOJIbKO MaKCHMaJIbHYH) B e J I H s H H Y  I I P H  COS py  = 1, 
 TO B M p a x e H m e  MOSHO ~ ~ I I E I C ~ T ~  B cne~ymqe i i  G o p ~ e :  

( E ~ V O  - ~ 0 1 1 2 )  (m - 1) - Go 
V b ( m l  = c b l  + E ,  (m. - 1 )  2 p  [ ~ b  cth p  (m - 1) + e, cth pl] ' (105) 

M e % n Y  KIOBepXHOCTbIO ~ J I ~ K T ~ o ~ o T o c J I o F I  H BJIeKTPOAOM, B e C b M a  M a J I  

110 CpaBHeHE1H) C IIJIOTHOCTbIO IIOBePXHOCTHOI'O 3 a p R A a .  ~ O ~ T O M Y  

HCKEl%eHHe IIOJIEI, BHeCeHHOe  3THM,H 3apIIXCeHHbIMH Yi lCTH4aMH,  IIpen- 
IIOJIaI'aeTCFI He3HaYHTeJIbHbIM.  HaIIpn~ep,  a 3 p O 3 O J I b ,  HCIIOJIb3OBaH- 

HH% EHKMOPOM, JI~BEI 13 XOJI J IOM 13361, I I p H  PaCCTOFIHHH A 0  3 J I e K T P O A a  

250 X K  06pa3osan 6 ~ 1  H a  I IOBepXHOCTH ~JI~?KTPO$OTOCJIOII 0 6 n e ~ ~ b 1 5  

aapcr~ 5,4 x l n t 2 ,  a M a I c c a M a a b H a n  B e j I n s H H a  s a p ~ ~ a  rn306pa%e~~~1,  
H C I I O J I ~ ~ O B ~ H H ~ I I  AJIII p a c Y e m B  B  TOM pas~ene ,  pama 11,15 x/i+t2. 

Ha PHC.  194 IIpHBeAi3Ha 3aBHCHMOCTb HaIIPEI?HeHHR B I IPOCTpaH- 

CTBe MelHJJY 3JIeIETPOAOM H IIOBepXHOCTbIo ~JI~ICT~O$OTOCJIOH OT IIpO-  



C T ~ ~ H C T B ~ H H O ~  ¶aCTOTbI 3JIC?KTPOCTaTII¶eCKOI'O H 3 0 6 p a X e H ~ I I  I IpH 

BeJIH¶HHe IIPHJIOWeHHOrO HaIIPHWeHEIEI 0 H -200 6. I l p e f i n o J I a r a I I ,  ¶TO 

CKOPOC.T~ o c a m A e H m x  npoRBHTeJrH n p o n o p q M o B a n b H a  H a n p l i m e H H m ,  

II$l&%JIOZeHHOMy K 3 a 3 O p y  M e X A y  3JIeKTPOAOM H IIOBePXHOCTbH) 

a n e ~ ~ p o i $ o ~ o c n o a  13361, ~3 a H a j r a s a  PHC. 194 MOXHO c A e x a T b  

CJIe~yH)III,H@ BUBOAH: 1) CKOPOCTb O c a X A e H n x  6 y ~ e ~  M ~ K C H M ~ J I ~ H O %  

AJIR 6 0 n b m ~ x  3 a p H X e H H b I X  I I J I o I ~ ~ ~ € ! ~  ( I I ~ o c T ~ ~ H c T B ~ H H ~ E I  ¶aCTOTa 
-+ 0);  2) CKOPOCTb O C a Z A e H H H  HeCKOJIbKO B O 3 p a C T a e T  C yBeJIH¶eHkIeM 

PaCCTOHHHEI A 0  3JIeKTPOAa;  3) IIpHJIOWeHHe BCIIOMOraTeJIbHOrO HaI IPH-  
lKeHHR M e X A y  3JIeKTpOAOM H IIoAJIoWKOG CeJIeHOBOrO CJIOH yBeJIH¶H- 

B a e T  o6my10 CKOPOCTb OCalKAeHHH KIPOIIBHTeJIEI. 

~ T H  AaHHbIe  IIOKa3bIBaH)T, ¶TO C H a ¶ a J r a  ~ Y H Y T  IIpOHBJIeHbI 6 0 J I b m H e  

CIIJIOIIIHbIe Y¶aCTKH II YPaCTKH ~ 3 0 6 p a x e ~ n ~  C 6ozee rpy60G CTpyK-  

T Y P O ~ ~ ,  B TO BpeMEI K a K  MeJIKHe AeTaJIH 6 y a y ~  IIpORBJIeHbI IIOCJIeA- 

HHMH. 

TBIEHM 06pa30~,  eCJIM I IpOqeCC IIpOIIBJIeHHR a 3 p 0 3 0 J I e M  OCTaHOBEfT- 

CH nocne K o p o T K o r o  n e p m o A a ,  MOZHO n p e A n o n o x H T b ,  ¶TO H a  nnam- 
K a X  H rpy6b1x KOHTYpaX ~ Y ~ Y T  H a 6 J I H ) ~ a ~ b c f l  60~1r,m~e IIJIOTHOCTH, 
a H a  MeJIKHX ReTaJIHX, BePORTHO, O¶eHb ~ e 6 0 J l b I I I H e .  OHH~IEO eCBH 

npoqecc n p o m n e H n x  IIPO~OJIHFHTCII, IIJIOTHOCT~ H a  M e n K m x  , q e T a n R x  

B KOHe¶HOM C¶eTe B 0 3 p a C T e T  H B HeKOTOPbIX CJIY¶aIIX 6 y ~ e ~  BbIIIIe, 

s e M  H a  n j r a m K a x  m rpy6b1x K o H T y p a x  (CM. K p n B b I e ,  r n 3 0 6 p a x e ~ ~ ~ e  
CnJIOIIIHbIMH XHHHRMH Ea PHC. 193, a). 

Ilpn B e a m m H e  saaopa, npe~~rnammei i  T o n q n H y  c e J r e a o B o r o  CJIOH, 

T. e. npn m-l>l, n p o R B n e H n e  no H a c m q e a m  E a c T  M e H b m y I o  OIITH- 

q e C K y I o  IIJIOTHOCTb AJIH MaJIbIX IIPOCTpaHCTBeHHbIX ¶aCTOT (CM. CIIJIOIII- 

HbIe JIHHHH C M d H a  PHC. 193, a), OAHaKO CKOpOCTb IIpOIIBJIeHHR I I p H  

 TOM 6 y g e T  BbTme (pmc. 194). T~IEEIM 06pa30~ ,  K o r n a  BeJ rmsHHa 3asopa 
OTHOCHTeJIbHO BeJIFiKa, MOZHO B b 1 6 p a ~ b  B P e M H  IIPORBJIeHHR T a K ,  

9 ~ 0 6 b 1  IIOJIY¶HTb IIOCTOIIHHOe OTHOIIIGHHe O I I T H ¶ ~ C K O ~ ~ [  IIJIOTHOCTH 

K IIJIOTHOCTH s a p x ~ a  AJIR B C ~ G  m K a m  9 a c T o T .  

~ ~ H B ~ R ~ H H H ~  3AeCb ~ 0 0 6 p a l K e ~ H I I  IIPHMeHHMbI AJIII ZEIAKHX 

a ~ r e ~ ~ p o i $ o p e ~ m s e c m x  npoasnamnltix c o c T a B o B ,  a T a K m e  H A z a  

a 3 p O 3 0 J I b H b I X  IIP0HBJIIIH)mHX COCTBBOB. n p H ~ e ~ t ? ~ ~ b I e  3 H a W H H a  

IIoJIeG EI. H ~ I I P I I W ~ H H ~ ~ [  ~ ~ T H Y T  B C J I y ¶ a e  XHAKOI'O COCTaBa HeCKOJIbKO 

MeHbIIILIMZi, T a K  K a K  AH3JIeKTPH9eCKaH IIPOHH4aeMOCTb XHAKOCTH 

BbIIUe, ¶eM y BO3RyXa.  AJIR ZEI~KOCT~% C ~ ~ 3 ~ 0 6  A H ~ J I ~ X T P H ¶ ~ C K O ~ ~  

IIPOHHqaeMOCTbH) (- 2,0) 3 T 0  YMeHbIIIeHHe 6y,qe~ HeBeJIHKO. 



3aHHOe C 3THMH pacnpegt?JIt?HElHMH, M03fFHO paCC¶ElTaTb IIO YpaBHeHHH) 

JIannaca. 
K o r ~ a  H a  3 z e K ~ p o c T a T H s e c I c o e  H 3 0 6 p a X e ~ H e  H e  B n H n e T  c t n p o m -  

JIIIIOII@ aJIeKTPOA)), I I p H  yBeJIH¶eHHH PaCCTOHHHH OT IIOBePXHOCTH 

~ ~ ~ K T ~ o @ o T o C J I O R  IIPOHCXOAHT 3KCIIOHeHQHaJIbHOe YMeHbIIIeHHe H a I l p H -  

3KeHHOCTH 35ZeKTPH9eCKOrO IIOJIR, O ~ ~ ~ ~ O B ~ H H O ~ O  CHHYCOHHaJIbHbIhl 

p a c n p e A e J r e H m e M  ~ ~ P H A O B .  AJIH 6onee B ~ I C O K H X  n p o c T p a H c T B e H H b I x  

¶aCTOT 3TO YMeHblLIeHMe IIPOHCXOAHT 6 b 1 c ~ p e e .  B CJIyYae  ~ 3 0 6 p a x e ~ n H ,  
n o n y Y a e M b I x  H a  ~ c e p o r p a @ n s e c ~ ~ x  n n a c T H H a x  n p H  x a p a m e p H b I x  

AJIR I l p a K T H K H  YCJIOBHRX, HaI IPHXeHHOCTb IIOJIR AOCTHraeT MaKCH- 

M y M a  B A H a I I a 3 0 H e  IIPOCTPaHCTBeHHbIX ¶aCTOT I lOpHAKa 7-12 
~tunufilinin. 

ICor~a nnocmii ajIempoA n o A H e c e H  ~ J I H ~ K O  K n o B e p x H o c T H  ~ J I ~ K T -  

~ O @ O T O C J I O R ,  HaIIpHXN?HHQCTb IIOJIH H 0 6 J I a c T b  A ~ ~ C T B H R  3 T O r 0  IIOJIH 

BO3paCTaIoT.  A M I I J I H T ~ ~ ~ ,  HJIH KOHTPaCT, IIOJIR T a K X e  YBeJIHYHBaeTCII, 

38 ElCKJIH)¶eHHeM AHaI Ia3OHa 6onee BbICOKHX IIpOCTpaHCTBeHHbIX 

¶aCTOT. C YMeHbIIleHHeM PaCCTOHHHH A 0  3JIeKTpOAa 3TH ~ @ @ ~ K T L I  

YCHJlHBaIoTCH. E b m o  H ~ ~ A ~ H O ,  ¶TO CyII(eCTByeT OIITHMaJrbHOe IIOJIO- 

z e m e  a n e ~ ~ p o ~ a ,  n p H  KOTOPOM H ~ I I P H X ~ H H O C T ~  n o m  H ero a M n n m -  

T y A a  OCTaIoTCH IIOCTOHHHbIhlH AJIR BCerO AHaI Ia3OHa IIpOCTpaHCTBeH- 

HbIX 9aCTOT.  TO OIITHMaJIbHOe PaCCTORHHe P a B H O  T O J I p H H e  3JIeKTPO- 

@OTOCJIOH HJIH CJIOR AH3JIeKTpHXa,  H a  ICOTOPOM HaXOAHTCR CKPbITOe 

3 n e ~ ~ p o c ~ a ~ ~ s e c ~ o e  ~ 3 0 6 p a x e ~ ~ e .  T a ~ c o e  ~e6onb111oe p a c c T o c I m e  

A 0  3JIeKTpOAa,  BePORTHO, HeAOCTHXHMO H a  IIpaKTHIEe BO BCeX CJIy- 

¶ a R X ,  3 B  HCKJIH)¶eHEIeM 233HAKOCTHOI'O IIPOfIBJIeHMR H a  OCHOBe 3JIeKT- 

~0@0pe3a  H ,  B 0 3 M O X H 0 ,  IIPOHBJIeHHR M ~ T H H T H O ~  KHCTbH). 

B C J l y ¶ a e  I IpHMeHeHHH I I p O R B J I H I o ~ e I ' O  3JIeKTpOAa H H T e r p a J I b H O e  

IIOJIe H a A  3JIeKTpOCTaTHseCKHM H 3 0 6 p a X e ~ H e M  RBJIHeTCH MaKCHMaJIb- 

HbIM AJIR HH3KHX IIPOCTPaHCTBeHHLIX ¶aCTOT H I I a A a e T  I I p H  60~1ee 
BbICOKHX IIPOCTPaHCTBeHHbIX YaCTOTaX, aCHMIITOTHYeCKI4 I I P H ~ J I H X M -  

HCb K H ~ I C O T O P O ~  I I O C T O R H H O ~  BeJIH¶HHe. B C J I y ¶ a e  IIpOHBJIeHHR 

( ~ a I I p n M e p ,  IIOPOIIIKOBbIM O ~ J I ~ ¶ I E O M )  TeOPeTHYeCKH B03MOXHO I IyTeh l  

I IpaBHJIbHOrO ~ b 1 6 o p a  AJIHTeJIbHOCTH 3 T O r 0  I IpOqeCCa  AOCTHrHYTb 

p a B H o M e p H o r o  n p o R s n e H m a  ~ 3 0 6 p a m e ~ m ~  npn aaaope, n p e s b I n r a m -  

W e M  OIITHMaJIbHYH) BeJIH¶HHY. 

~ P H  OTCYTCTBHH 3JIeKTpOAEl BHCOKaH KOHTpaCTHOCTb IIITPHXOBLIS 

~ e ~ a n e 6  ~ 3 0 6 p a 3 f ~ e ~ ~ 1 1  A o c T H r a e T c H  B ~ ~ a n a a o ~ e  n p o M e m y T o s H b I x  

IIPOCTPaHCTBeHHbIX 9aCTOT. ~ P I Z  HH3KHX IIPOCTpaHCTBeHHbIX ¶aCTO- 

T a x  H a I I p R X e H H O C T b  IIOJIR npm6nn~ae~ccr IE HYJIIO. ~ T H M  O ~ ~ R C H I I ~ T C R  

YCIIeIIIHOe BOCIIpOH3BeAeHHe IIITpHXOBbIX OpHrHHaJIOB I I p H  KaCKaAHObl 

IIpOHBJIeHHH. 

f l ~ a n e ~ ~ p a s e c ~ ~ i j r  cno6 H a 8  n o s e p x H o c T b m  a n e ~ c ~ p o @ o ~ o c ~ r o ~  

oc~1a6nae~ IIOJIe, H I I p H  BLICOKHX IIPOCTPaHCTBeHHbIX ¶aCTOTaX 

none B BO~AYIIIHOM aaaope HaA A n a n e I c T p m o M  n p a K T H s e c m i  OTCYT- 

CTBYeT. 
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3.6. IIPHJIOXEHHE A. OIIPEAEJIEHHE IIOJlH 
AJIH CHHYCOllJJAJIbHOl'O PACIIPEAEJIEHMH 3APHAA 

HA )JL~~JIEICTPH~ECICO~ IIOBEPXHOCTM 

~ ~ o B ~ ~ J ~ H H ~ I E  3AeCb p a C ¶ e T  CJIeJ(yt?T MeTO)Ql, I IpeJ(JI0XeHHOMy 

Maqqa 13351. 
C X ~ M ~ ,  COOTBeTCTBYIOQaR 0 6 ~ 8 ~ ~  CJIyqaIO, H 3  K O T O P O ~ ~  MOXHO 

nonysmb B c e  c n y s a H ,  o T p a w e H H b I e  H a  p ~ c .  185, I I p H n e A e H a  H a  

~ H C .  195, r,qe TPH CJIOII n r n a n e ~ ~ p n ~ a  n o M e l q e H b 1  x f e m n y  HBYMH IIJIO- 

CKHMH 3JIeKTpOAaMH. B Ka¶eCTBe H H W H e r O  CnOR J(113JIeKTpHKa B3HT 

@ O T O I I P O B O ~ E I ~ ~ ~ ~ ~  113OJIRTOP, a OAHH 113 OCTaBIIIHXCII HBYX CJIOeB 

Oct 

O6nacmb c E ~ = K ~ ~ ~  
'T 

n-m 
Z=m G 

MOWeT 6 b 1 ~ b  B O ~ J ( Y I U H O ~  ~ P O C J I O ~ ~ K O H .  B H e I I I H e e  H a I I p I I W e H H e  I fpH-  

JIOWeHO TaKHM 06pa30~ ,  ¶TO ~ e p x H I ' i 6  3JIeKTpOA HMeeT IIOTeHqHaJI  

V,, a n o T e H q H a j I  H H s H e r o  ~ J I ~ I C T P O A ~  p a B e H  HYJIH). 

3 a p a ~ b 1  H a x o A m c R  H a  n o B e p x H o c T H  pa3gena 06nac~eG a a b. 
IIJIOTHOCT~ 3 ~ 0 r o  3ap11na p a c n p e A e n e H a  no B ~ K O H Y  o = (00/2)(1 $ 
$ COS py),  rJ(e p = 2n /A, a 1 /h RBJIIIeTCH I I ~ O C T ~ ~ H C T B ~ H H O ~ ~  ¶aCTO- 

TOG p a c n p e A e n e H m a  a a p x ~ a .  
3 a ~ a s a  o n p e A e n e H m  nonn CBOJ(HTCH IE H a x o m H e H m o  pemeamii 

y p a B H e H H a  JIannaca G2V = 0 B n n o c K o c T t i  yz (B H a n p a B a e H m t i  o c ~  x 
IlOJIe H ~ E I ~ M ~ H H O ) ,  YAOBJIeTBOPIIIOQEZX COOTBeTCTBYIOQHM rPaHH¶HbIM 

y c n o m m  H a  n o n e p x a o c T c r x  paanena A H ~ J I ~ K T P H X O B .  I Ipegnonara~,  
¶TO ,L(EI3JIeIETPHXH HMeIOT J I 1 1 H e f i ~ b I e  XaPaKTePEZCTHKH, H3OTPOIIHbI 

H r o M o r e H H b 1 ,  IIOJIYYHM C n e g y m I q n e  p e r n e H r x x  y p a B H e H H c I  JIannaca 
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TpeX yIca3aHHbIX 06nac~eii [337 1 : 
0 6 ~ 1 a c ~ b  a:  Vu = A + Aoz -5 (Alepz + A2e-pZ) cos py , ( l a )  
O6nac~b b:  vb = B + B ~ Z  + (Biew + ~ ~ e - " "  cos py, ( 2 4  
O ~ J I ~ C T ~  c :  V ,  = c + c0z + (cIepz  + ~ ~ e - ~ ~ )  cos py, ( 3 4  

VaH = (Alept + A2e-p2) cos py, 

VbH = (BiePz + Bze-pZ) cos py , 
VcH = (ClePz + C2e-PZ) cos py. 

H, HCIIOJIb3YH I, IIOJIYYMM 

A, (ep' - e-PI') = BlePt + B2e-p2 = A12 sh pl. 



YYHThIBaH, YTO AS = - Ai,  IIOJIYYHM 

~ ~ H B ~ , L ( ~ H H L I ~  BLIIIIe Y p a B H e H H H  MOI'YT 6 H ~ b  PeIlJeHbl OTHOCH- 
TeJIbHO 3 ~ a Y e ~ ~ f i  IIOCTORHHHX BeJlH¶HH B ~ a ~ J ( 0 f  o 6 n a c ~ ~ .  B o6na- 
CTH b OHH P a B H b I  

me 
D = - 4egp2 sh pl (eZmn-" - eep'") sh p ( m  - 1 )  - 

- ~ E ~ & , P '  sh pl (e2pn-pm + epm)  ch P ( m  - 1 )  - 
- 4eaebp2 ch pl (e2pn-pn1 - epm)  ch p (rn - 1)  - (6a) 

- 4eaecp2 ch pl (eZpn-" + epm)  sh p (m  - 1). 

~ O C T O H H H H ~  COCTaBJIRIoJD,He n 0 J I e f i  MOrYT 6 6 1 ~ b  IIOJIyYeHH H 3  J I E I H ~ ~ -  

HLIX PJIeHOB 

Vax = A + Aoz, 
VbK = B + Boz1 
V c K  = C + C0z. 



111. VbK = VcK IIPH z = m, caenoBaTenbHo, B +Born = C + C,m; 
IV. V,, = Vo npH z = n, cneAosaTenbHo, C + Con = V,; 

0 0  
V .  D~~~ -D~,, = 9 npa z=Z, cnenonarenbno, - - E ~ B ~ + ~ ~ A ~ = -  ; 2 

avb Ebz = -T = - [Bo 3. p (B,ePz - B2e-PZ) cos py], 

Ebu - -T = p (B,epz + B,e-") sin py. 
Y 

I I o n o 6 ~ ~ e  BbIPaXXeHMFI MOXXHO IIOJIY¶HTb AJIH 06JIa~~eij[ U H C. 

I I o n y s e ~ ~ b ~ e  o6qme BbIpaxeHm AJIR IIoTeHqmanon H noneti MOXXHO 

IIPHMeHHTb AJIH HaXXAOrO 113 CJIy¶aeB, OTpaXXeHHbIX Ha PHC. 185. 
npH 3TOM MhI ~ Y @ M  PaCCMaTpMBaTb JIHItIb HHTepeCyIoqHe HaC 
06~lac~m. 

CJI y s a H I (06nac~b b). 
3necb n= m =  CQ H &, = Eb, OTKYna 

B = ao1/2~,, 

Bo= 0,  
B, = 0, 

C n  y s a ii. I1 (o6nac~b b). 
3necb n = m H E,  = &b, OTHYAa 



~ P H H R T O  rpa@M¶eCKM IlpeACTaBJIIITb IIOJIH CHJIOBHMH JIMHEIRMH. 

llp.rr  TOM nmmnx n p o c z e ~ ~ B a m T  H a n p a B m e H n e  noza, a r y c T o T a  J I H H H ~ ~  

n p o n o p q m o H a n b H a  H a n p s l r c e n H o c T z i  nons. CHJIOBH~ n . r r H m  onpe- 
AeJI5XlOTCR ~ M @ C $ ~ ~ ~ H ~ H ~ J I ~ H ~ I M  YpaBHeHHeM 

rne yi - maseane y H a  i-ii KPHBOI? npn z = 1. I I o x y s e ~ ~ o e  B peayzb- 
T a T e  HHTerPMpOBaHMR (26) YpaBHeHHe M O S e T  6 b I ~ b  HCllOJIb30BaHO 

AJIR UOCTPOeHHH CMJIOBbIX J I M H M ~ ,  MCXOAHWMX M3 TOYeK (yi, Z = I ) .  
ECJIM C ~ M ~ ~ C T B O  KPHBbIX AOJIXHO X a p a H T e p H 3 0 B a T b  K a K  IIJIOTHOCTb 

n o T o K a ,  T a K  m H a n p a s J r e H E i e  nom,  TO B e m s m H b I  yi AOJIXHH 6 b 1 ~ b  

~ b I 6 p a H b 1  TaIC, 9 ~ 0 6 ~  PaCCTOIIHHR MelfcAY JIMHHIIMM ~ ~ I I J I B  0 6 p a ~ ~ o  
n p o n o p q n o H a J r b H b 1  H a n p R x e H H o c T n  nonn. ECJIM Xal rcgaH JrrnHMH npen- 
CTaBJIEIeT DOTOH C IIJIOTHOCTbH) F ,  TO PaCCTOHHHe M e X A Y  KPmBbIMH 

i a i + l pamo 

I) T o J I ~ K O  IIpH YCJIOBEH, ¶TO OTHOIIIeHEe Ebz/Eby H e  3aBEICET OT 2 . -  

li'pu&. pea. 



C n y n a ii I (06nac~b b). 
3 A e c b  Ebz/Eby -T ~ t g  py H ,  CJIeAOBaTeJIbHO, Y p a B H e H H e  (26) n p H -  

HHMaeT BHA 

1 sin p y  
2 = - P ln (-1 . 

sin PY i 

rAe z '=z - - I .  
. p a c c ~ o f i H H e  Me?Hay COCeAHHMH KPHBbIMH IlOJlyYHM H 3  YpaBHe-  

HHR (36) 
F = B2e+' (sin p ~ i + ~  -sin pyi). (56) 

sin pyi = isp, (66) 

rAe s = FII E ,  1 = FlpB2e-"' , I E,  I cIBncIeTccr c K a J I R p ~ o f i  ~ e n n s ~ ~ o i i  
pe3ynb~~pymqero  n o m  npn z = 1. 

C JI y ¶ a 6 II ( 0 6 J I a C ~ b  b). 
B b 1 s H c J I e ~ H e  E i H T e r p a n a  (26) AJIR 3~01-o c n y q a R  A a e T  cnenymqee 

COOTHOllleHHe M e W D y  Z H y: 

 TO YPaBHeHHe O I I p e ~ e J I R e T  C ~ M ~ ~ ~ C T B O  KPHBbIX, I IPeACTaBJIRI04HS 

COGOH CHJIOBbIe JIHHHH. 

B b l s ~ c n e E i ~ e  H H T e r p a n a  (36) AJIR 3~01-o c n y g a R  A a e T  B n p a H c e n H e  

2Bze-prn 
F = B ~ ( y i + i - y i ) -  

p .  
ch p (m - 1) (sin pyiti - sin p y i ) ,  (86) 

a3 KOTOpOrO MOI'YT 6 b l T b  OnpeAeJIeHbI 3 H a s e H H R  y i .  

CJI y ¶ a fi 111 ( 0 6 J I a C ~ b  c ) .  
 TOT c J I y ¶ a f i  ~ O A O ~ ~ H  C J I y ¶ a m  I. 
B H T ~ ~ ~ H ~ O B ~ H H ~  BbIPaHEeHHR (26) A a e T  J'paBHeHHe TaKOrO W e  

mga,  K a K  H (46). 
O A H ~ K O  3 H a s e H H R  y i  ~ Y A Y T  A p y r H M H .  B 3TOM C j I y W i e  3TH 3HaVe-  

HHR 0IIpeAeJIRH)TCR H 3  COOTHOIUeHHR 

F = C2e-" (sin p y i + i  -sin pyi). (96) 



IV. IIEPEHOC CKPbITbIX 3JIEKTPOCTATHUECKmX 
kI30BPAXEHBB HA nkI3JIEKTPHYECKBE 

IIOBEPXHOCTH 

B rn. V I  s. I GIJJIH O n n c a H H  ~ ~ ~ J I H Y H H ~  C I I O C O ~ H  n e p e H o c a  c K p m a x  

3JIeKTpOCTaTHseCKEIX H 3 0 6 p a ~ e H H ~ .  T e x H H K a  I I e p e H O C a  BO BCeX 

~ T H X  cnyqasx pa3~a11, HO B H e e  06113a~enb~o BxoAmT an60 n e p e M e -  

qerrae s n e K T p n s e c K n x  S ~ P I I A O B  sepea B O ~ A Y I I I H M ~ ~  sasop, J I H ~ O  IIPR- 

M O ~  I IepeHOC 3apIIAOB I I p H  OTCYTCTBHH B03HYIUHOI'O 3 a 3 O p a .  B A ~ H H O ~  

r J I a B e  PaCCMaTpHBaKlTCR IIBJIeHHFI, J I e ? K a q H e  B OCHOBe 3THX IIPOqeCCOB. 

B H e A a B H o  o n y 6 ~ 1 ~ ~ o ~ a ~ ~ o i i  pa6o~e  [3381 ~ s n a r a e ~ c s  Teopmcr  
MeXaHH3MOB J IepeHOCa 3 a p I I A a  Mt??Kny ABYMII AE13JIeKTPE19eCKHMM 
IIOBepXHOCTRMH IIOA J ( ~ ~ C T B H ~ M  3JIeKTpH¶eCKOI'O p a 3 p I I A a  B I'a30~0fi 
C p e A e ,  B03HHKaH)qeI 'O B P e 3 y J I b T a T e  HOHH3aqHH,  ~ B T O ~ J I ~ K T P O H H O ~ ~  

3MHCCHH HJIH OGOHX 3THX I I B J I ~ H H ~ ~  OAHOBpeMeHHO. B y K a 3 a ~ ~ o f i  

pa6o~e RBJIeHHe I I e p e H O C a  3apI IAOB pa3neJIIIIOrnHfi ABe  AHBJIeKT- 

pH¶eCKHe IIOBepXHOCTH B O ~ A Y I U H M ~  IIPOMelfEYTOK I U H P H H O ~ ~  60~1ee 
8 .ME o n r n c M s a e T c H  c I I O M O ~ ~ H )  ~ p n ~ o i i  ITame~a. Ann A O K ~ ~ ~ T ~ J I ~ C T B ~  

T ~ O ~ ~ T H ¶ ~ C K O ~ ~  BO3MOHCHOCTH I IepeHOCa 3 a p I I A a  I I p H  O W H b  MaJIMX 

B03AYIJIHbIX 3 a 3 O p a X  ( I I o p I I n K a  HeCKOJIbKHX MHKPOH) ~ M J I  IIPeAJIOHCeK 

H 3 ~ e ~ e H ~ b I f i  B a p H a H T  KPHBOH UaIIle~a. Tame MaJIbIe  3 a 3 0 p M  BCTpe- 

¶aIoTCH B TeX CJIY¶aIIX, KOI'Aa IIOBepXHOCTH IIpaKTHYeCKH HaXOAIITCCP 

B KOHTaKTe. EbIJI0 YCTaHOBJIeHO TaKlfCe, ¶TO 3 a P R A b I  MOI'YT I IepeHO-  

CHTbCR HeIIOCpeACTBeHHO C OAHO~? ~ H ~ J I ~ K T ~ H ' I ~ C K O ~ ~  IIOBepXHOCTZi' 

H a  fipyryI0, KOI'Aa 3TH IIOBePXHOCTH HaCTOJIbKO IIJIOTHO IIPHJIeI'ElIOT 

A P Y r  K APYI'Y, s T 0  Me?KAy HHMH HeT B03AYlIlHOI'O 3 a 3 O p a  (~aIIpZi~ep,  
B cnyqae ~ ~ y x  n n e H o K ,  H a x o A c r m H x c H   no^ ~ a ~ n e ~ ~ i e ~ ) .  

Ha pnc. 196 n p e A c T a s n e l r a  c x e M a  npoqecca a n e K T p o c T a T H s e c K o r o  

I I e p e H O C a  ~306paxe~n11.  ~ P H  C O B M e q e H H H  A H ~ J I ~ K T P H P ~ C K O ~  IIJIeHKK 

c ~ n e ~ ~ p o + o ~ o r p a + m e c ~ o i i  n ~ r a c ~ ~ l ~ o f i  T o n q H H a  pa3~e~111101qefi HX 
ra30~0fi I I ~ O C J L O ~ ~ K H  yMeHbI3IaeTCR, E i  B MOMeHT AOCTHXeHHH I I p a K -  
TH¶eCKH IIOJIHOI'O KOHTaKTa MeHCAY IIOBePXHOCTIIMH 3 T a  ~ P O C J I O ~ ~ K ~  
I IpHHHMaeT BHfi O W H b  T O H K O ~  IIJIeHKH. 

C I IOMOqbH) AaBJIeHHR B03AYIUHatl  I I P o c J I o ~ ~ K ~  MOHCeT 6 b I ~ b  IIOJI- 

HOCT~IO y A a n e H a .  ITpn ~ ~ ~ A ~ J I ~ H H H  nosepx~oc~ef i  T o n q H H a  ~ o a ~ y m -  
HOrO CJIOII IIOCTeIIeHHO YBeJIH9HBaeTCII. 

23 * 



E c n ~  (POTOIIPOBOARI~H~~ C J I O ~  H ~ O J I R T O P ~  (CM. pmc. 196) c H a s a n a  

3 a p I I A H T b  A 0  I I O T e H q H a J I a  Vc ,  a 3 a T e M  C 0 3 A a T b  M e X A y  3JIeKTpOAaMEI 

H a n p R x e H n e  V, ,  TO H a n p R m e H m e  V g  B B O ~ R Y ~ H O M  saaope M o x e T  

6b1~b O n p e A e n e H O  CJIeAyIoIqmM 06pa30~.  npeflnoJIoxm~, ¶TO n p H  

HaIIpRXU3HHH V ,  IIJrOTHOCTb 3 a p R A a  H a  IIOBepXHOCTEI K O H T a K T a  B e p X -  

H e r o  a n e ~ ~ p o ~ a  c ~ ~ a n e ~ ~ p ~ n e c ~ o i i  n j r e ~ ~ o i i  pama -G. T o r ~ a  IIJIOT- 

H O C T ~  3 a p ~ ~ a  H a  I I o B e p x H o c T q  pa3~ena  H H m H e r o  a J r e I c T p o A a  c (POTO- 
n p o B o A x q H M  CjIOeM 6 y ~ e ~  +G.  3 a p R ) I  CKpbITOrO H 3 0 6 p a m e ~ m ~ ,  

P H c. 196. C x e ~ a  nepeaoca aneKTpocTaTHsecIcoro H ~ O ~ ~ ~ H K ? H H I I .  

I IOBePXHOCTHaR IIJIOTHOCTb KOTOPOrO Gc C¶HTaeTCII  ~ O C T O E I H H O ~ ,  

H H A y I J H p y e T  H a  B e p X H e M  3J I eKTPOAe  O T P H ~ ~ T ~ J I ~ H ~ I ~  3 a P R A  C IIJIOT- 

HOCTbIo  -0i, a H a  H H X H e M  3J I eKTpOAe  - 3 a p R A  C IIJIOTHOCTbIo -0;. 

061qa11 n J r o T H o c T b  s a p ~ ~ a  H a  B e p x H e M  anempone, c o 3 ~ a s a e ~ a ~  
H a I I p R X e H H e M  V ,  H 3 a P R A O M  CKPbITOrO H ~ O ~ P ~ X ~ H E I R ,  COCTaBJIIIeT 

-(a -/- a:), a H a  H H m H e M  3J I eKTPOAe  IIJlOTHOCTb 3 a p R A a  p a B H a  G - 0,". 

npe~e6peraa  K p a e B b I M  ~ ( P ( P ~ K T o M ,  M O X e M  H a n H C a T b  B CEICTeMe 

MRC 



IV. IIEPEHOC CKPbITbIX 3JIEHTPOCTATkI4ECKEIX M30BPAHCEHE28 357 

C n e ~ y e ~  OTMeTHTb, YTO B Tex CnysaHx, rcorAa AasnercTpmrc c npo- 
B O A I I ~ C ? ~ ~  IIoAJIoXKO~ PaCIIOJIaI'aIoT B ~ J I H ~ E I  ~ ~ P I I ~ I E ~ H H O ~ ~  IIOBePXHOCTH 

(rcarc Ha PHC. 196), HanpHweHrne, c o 3 ~ a s a e ~ o e  3aps-1~0~ CrcpbIToro 

~ 3 0 6 p a % e ~ ~ 1 1  Vc, o r c a a b ~ ~ a e ~  Tarcoe me AeHc~~tie,  Icarc rn npnnomeHHoe 
HanpRweHne TOG lrce BemrnYmHbI. Tarc, c o a ~ a s a e ~ o e  ~ ~ P I I A O M  HanpH- 
XeHHe 500 6 B COYeTaHEIM C IIPHJIO3IEfEeHHbIM HaIIPII3IEeHHeM 1000 g 

IIOpOlXAaeT B B03AYUIHOM IIpOMeXyTKe TaKYH) 3IEe HaIIPRXeHEOCTb 

IIOJIII, rcarc m npnnomeHHoe HanpIImeHne 1500 8 nprn oTcyTcTsmn 
3apIIAa. AJIH He3apIIXN?HHbIX Y9aCTKOB, COOTBf3TCTBYH)~HX YYaCTIEaM 

  OH^ 3JIeKTPOCTaTHYeCKOrO ~306pa~e~rnr-1 ,  B YpaBHeHHH (113) ~ e o 6 -  
XOAHMO Vc IIPHHRTb PaBHbIM HYJIH). Y ~ ~ B H ~ H H ~  (113) MOXHO HCIIOJIb- 

30BaTb AJIII IIOCTPOeHElR ~ ~ ~ I $ I I I E O B  3aBHCHMOCTH HaIIPIIXeHHR B 3a3Ope 

OT BeJIHYHHbI 3a3Opa. 3~I4 I'pa@H~ll IIO3BOJIIIIOT OIIPeAeJIRTb YCJIOBEIR, 

B IEOTOP~IX npomcxoAmT nepenoc s a p ~ ~ a  npm ~ J I ~ K T P H Y ~ C K O M  pa3pcr~e 

B BOSAYIIIHOM 3a3Ope. 

E c n ~  Ase noeepxHocTm p a 3 ~ e ~ 1 e ~ ~  cnoeM raaa, TO nepeHoc ~ J I ~ I F T -  

pocTaTmsecxmx n306pawe~rnii Ha  AnanercTprnsecrcym nneHKy ocyqecTB- 
JIxeTcn nyTeM nepeMeqeHHrr anercTpHsecrcmx S ~ P I I A O B  sepea r a 3 o ~ y w  

cpeay. 
B p a 6 o ~ e  [3391 nepexoA ~ ~ P R A O B  npm nepeHoce a n e r c ~ p o c ~ a ~ ~ n e -  

crcoro ~1306paXe~~l t1  O ~ ~ I I C H R ~ T C I I  IIBjIeHmeM 3~1erc~prn~ecrcoro npo6oa 
BO3AyXa. ~ P H  CpaBHHTeJIbHO ~ O J I ~ Z U O ~ ~  BeJIEIUkiHe B03AyIlIHOFO 3a3Opa 

(6onee 8 a%) MeXaHH3M IIepeHOca 3apRAOB JIe rKO O ~ ~ I I C H R ~ T C X  RBJIe- 

HrneM ~ J I ~ K T ~ H Y ~ C I E O ~ O  p a 3 p ~ ~ a  B rase. Y C T ~ H O B J I ~ H O  [3381, s ~ o  AJIR 

onHcaHmrr rrpeAenbHbIx y c a o s ~ i i  nepeHoca s a p m o ~  B  TOM ~ ~ a n a s o ~ e  
~ ~ 0 6 ~ 0  I I O J I ~ ~ O B ~ T ~ C R  K P E I B O ~  I I a m e ~ a  AJIX ~ o s ~ y x a .  

IIo B ~ K O H Y  I I a m e ~ a ,  onrncbIsamqeMy RsneHtle n p o 6 0 ~  raaa B ~ J I ~ K T -  



pM¶eCKOM none, n p 0 6 ~ ~ ~ 0 e  H ~ I I P H X ~ H H ~  J I H H ~ ~ ~ H o  3aBHCHT OT IZPO- 
H 3 B e A e H H n  A a B n e H H a  rasa p H a  PaCCTORHHe M e X A y  3JIeKTpOAaMH d. 
AJIH B O 3 A y x a  n p H  K O M H ~ T H O ~ ~  T e M n e p a T y p e  s a ~ o ~  I I a m e ~ a  BHIIOJIHR- 

eTCR I I p H  YCJIOBHH,.¶TO IIPOH3BeAeHHe P X d 60nb111e 5 &a .MM pm. cm. 
H p H  MeHbIIIHX 3 H a ¶ e H H R X  p x d H a I I p H X e H H e  npo6oa p e 3 K O  YBe- 

JIH¶HBaeTCR (PHC. 197). OTM~THM, ¶TO MHHHMaJIbHOe U P O ~ H B H O ~  

H a I I p R X e H H e  EJIR BO3AyXa p a B H 0  360 8; U p H  MeHbLUeM HaIIpH?K€!HHH 

He3aBHCHMO OT AaBJIeHHR H PaCCTORHHII Me?KAY 3JIeKTPOAaMH 11p060ii 
H e  B03HHKaeT.  O A H ~ K O  IIpeAIIOJIaraIOT, ¶TO I I p H  O¶t?Hb MaJIbIX 3a30- 
pax I I p O T e K a H H e  TOKa B03AYIlIHYm IIPOCJIO~~KY MOHCHO H ~ ~ J I I O -  

A a T b  H I I p H  H a U p R X e H H H X ,  MeHbIIIHX 360 6;  B 3TOM C J I y P a e  TOK B03-  

3 H K a e T  B P e 3 Y J I b T a T e  ~ B T O ~ J T ~ K T P O H H O %  3MHCCHM. 

Ha PHC. 198 n o ~ a 3 a ~ a  K p H B a a  I I a m e ~ a  A J ~ R  B O B A Y X ~ ,  n o c T p o e H -  

H a R  H a  OCHOBaHHH AaHHbIX PHC. 197 AJIR IIOCTORHHOrO AaBJIeHHcI 
760 ;rtJtpm. Cm. Tenepb AOCTaTOsHO BbI¶HCJIHTb HaIIPR?KeHHe B B03AYIII- 

HOM I I p o M e x y T K e  (Vg, PHC. 196) E a K  I ~ Y H K ~ H I O  OT B e a z m r n a b I  sasopa 
H HaHeCTH IIOJIY¶eHHbIe p e 3 y J I b T a T H  H a  r p a @ H ~ ,  H a  KOTOPOM IIOCT- 

P O e H a  K P H B a R  n a I t I e ~ a ,  n ~ 0 6 b 1  OIIpeAeJIHTb, I I p H  KaKOM 3 a 3 O p e  6 y ~ e ~  
B 0 3 H H K a T b  p a 3 p H A .   TO IIO3BOJIHT TaK?Ke OIIpeAeJIHTb H MaKCHMaJIb- 

HYH) BeJIH¶HHY 3 a 3 O p a  ( ~ ~ C C T O R H H ~  M e B A y  IIOB~PXHOCTRMH) , I I P H  

K O T O ~ O ~  irJIeKTpOCTaTH¶eCKOe ~ 3 0 6 p a ~ ~ e ~ ~ e  ewe M O X e T  6 ~ ~ b  I z e p e -  

HeCeHO H a  AH3JIeKTpH¶eCKyH) IIOBepXHOCTb. n p H p 0 ~ a  38BHCHMOCTH 

MelrcAy H a n p a l r c e H m e M  B BOSAYILIHOM aasope H ero ~eJIl l¶l l~o% H n J I m -  
CTPHPYeTCR C ~ M ~ ~ C T B O M  KPHBbIX (CM. PHC. 198), BbI¶HCJreHHbIX AJIR 

HeCKOJIbKHX 3 ~ a ¶ e ~ H 6  Va + vc H AJIR CHCTeMbI H 3  ABYX IIJIeHOK ME&- 
JIapa '). 3 T a  CHCTeMa a H a J I O r H ¶ H a  CHCTeMe, I I ~ ~ A c T ~ B J I ~ H H o ~ ~  H a  

PHC. 196, HO #OTOIIPOBOAIIIIJH~ H H E I ~ J I ~ K T P H ¶ ~ C K E I ~ ~  CJIOH B H ~ G  3 a M e -  
H e m  n n e H K a M m  ~a i inapa .  %I3 rpaIjma BHAHO, ¶TO KpEiBMe AJIH 

Va + V ,  = 1000 s H Va + V,  = 850 s n e p e c e K a m T  KPHBYIO n a r n e ~ a  
B ABYX T o m a x .  T TO ~ H ~ P H T ,  ¶TO IIPH p a 3 ~ e n e ~ r n ~  n o ~ e p x ~ o c ~ e i i  nepe- 
AOC a a p a ~ a  H a n H H a e T c F i  B T e x  T o w a x  n e p e c e s e H H R  K P H B ~ I X ,  K o T o p M e  

COOTBeTCTBYIOT M ~ H ~ I I I ~ ~  BeJIH¶HHe BO3AylIIHOrO 3 a 3 O p a .  Ecnn ?Ke 

3 T H  IIOBBPXHOCTH C~JIH~KIIOTCII, I I epeHOC 3 a P R A O B  H a P H H a e T C H  B TeX 

TO¶KaX IIepeCe¶eHHEI KPMBbIX, KOTOPbIe COOTBeTCTBYIOT 60nbmeii 
B e J r n s m H e  aasopa. Ha PHC. 198 M m H H M a n b H o e  3 ~ a q e ~ n e  Va + V,, 
l I p H  KOTOPOM 6 y ~ e ~  IIPOHCXOAHTb I IepeHOC 3aPEIAOB, P a B H O  710 6. 
ICp~san, s M s m c J r e H H a a  c I I O M O ~ ~ H )  B M p a m e H n a  (1 13), AJIR T a K o r o  

3 H a ¶ e H H R  va f V, JIHIIIb KaCaeTCR K P E I B O ~  n a I I I e ~ a .  ~ P E I  MeHbIIIHX 

3 H a q e H H R X  Va f V,, H a I I P H M e P  500 8, K p H B a R  Y P a B H e H H R  (113) 
H e  H e p e c e s e T c R  c K P E I B O ~ ~  J l a m e ~ a  H n e p e H o c a  H e  n p 0 ~ 3 0 i i ~ e ~ .  

O¶~BHAHO, ¶TO I I P H  BeJIH¶HHe BO3AYIUHOI'O 3 a 3 O p a ,  ~ ~ B H O %  BCerO 
HeCKOJIbKHM MHKPOHBM, AJIR I I e p e H O C a  3 a p H A O B  3JIeKTPH4eCKHM pas- 
PRAOM I I O T P ~ ~ Y E O T C R  O¶eHb BbICOKHe IIaIIPII3fEeHHR (UPH YCJIOBHH, 

l) H n e ~ ~ a  xi3 n o n a 3 ~ x i n e ~ m ~ ~ o n b ~ e ~ p a + ~ a w -  Ilpum. nepes. 





¶TO a e B a n  q a c ~ b  ~ p n ~ o j i  I I a m e ~ a  n o ~ a 3 a ~ a  H a  pric. 198 U ~ ~ B H J I ~ H O ) .  

T a K ,  Ann n e p e H o c a  ~ ~ P I I A O B  sepea aasop B ~ J I H Y H H o ~ ~  2 .wx npm onpe- 
AeJIeHHbIX YCnoBHRX ~pe6ye~cI I  H a n p H X e H H e  60~1ee 6000 6. ~ ¶ ~ B H A H O  

T a K X e ,  9TO B B03AyIlIHbIX I IPOMeXYTKaX,  COOTBeTCTBYIO~EIX J I ~ B O ~  

OT TOTKM MHHZMYMa ¶aCTH ICPHBOG UaIlIe~a, H a I I p H X e H H O C T b  3JIeK- 

TpH9eCKOI'O IIOJIH ~ Y A ~ T  AOCTHI'aTb O¶eHb ~ O J I ~ I I I M X  ~ H ~ Y ~ H H G  

(- lo6 @/cant), I I p H  KOTOPMX MOXWT B 0 3 H H K a T b  aBT03JIeKTpOHHaSI 

n o m  B aaaope s b r m e  TOG, KOTOPYK) I I O K ~ ~ ~ I B ~ ~ T  H a m o H  n p a ~ o k  
YaCTH K ~ H B o ~ ~ [  na1IIe~a [3411. J I e B a H  ¶aCTb KPHBO$ H ~ ~ J I I O A ~ ~ T C R  

I I p H  HHSKHX AaBJIeHHRX Ei CPaBHHTeJIbHO GOJI~IIIHX B03AYIlIHbIX 3830- 

pax. ECJIH me A a s a e H H e  pamo a ~ ~ o c @ e p ~ o ~ y  H senzzsrma aasopa 
mesa OT TOYKH M m H M y M a  AJIR ~ o a ~ y x a  M e H e e  8 an, TO ~ p ~ ~ o i i  c ~ p y -  
TbIM IIOA'beMOM H e  IIOJIyWleTCH. O ¶ ~ B H ~ H O ,  HaJIH¶Ile  CHJIbHbIX IIoJIefi 
B MaJIbIX 3 a 3 O p a X  IIPHBOAHT K B03HHKHOBeHMIO TOKOB aBT03JIeKTPOH- 

HOE 3MHCCHH, I I ~ ~ o ~ J I ~ A ~ I O I Q E I X  H a A  TOKaMH, HCTO¶HHKOM KOTOPbIX 

C J I y X a T  3JIeKTpOHHbIe JIaBHHbI T ~ Y H C ~ H ~ ~  1342 1. 
Ha PHC. 199 IIpHBeAeHbI KpHBbIe ,  I IOJIyPeHHbIe AJIH J IeB0f i  ¶aCTIl  

KPHBOH I l a m e ~ a  npn YCJIOBHH, PTO IIYTE. ~ ~ P I I A O B  sepea r a a o ~ y m  
C p e A y  OI'paHHYHBaeTCR O¶eHb MaJIhIM 3 a 3 0 P O M .  A J I R  3THX HPHBbIX 

x a p a K T e p H o  H a a m m e  ~ O ~ H ~ O H T ~ J I ~ H O ~ O  ysacwa, H A y q e r o  B n e B o  OT 

TO¶KH MHHHMYMa, H J I E i ~ e f i ~ b ~ f i  C n a A  K H a Y a J I y  KOOPAHHaT. C J l e A y e T  

OTMeTHTb, ¶TO HaKJIOH JIeBoij[ ¶aCTH K P E I B O ~ ~  H e  3aBHCHT OT IIPEPOAbI 

ra3a. I T p a B a l l  YaCTb KPHBO% OT TO¶KH MHHHMYMa IIpeACTaBJIHeT 

co6oH H a s a n o  O ~ H Y H O ~ ~  K P H B O ~ ~  I I P O ~ O H  I l a m e ~ a .  JIesarr sacm 
KPHBOG H a  pnc. 198 O n H c b I B a e T  c K o p e e  r H n o T e T H s e c K y m ,  s e M  

CTBHTeJIbHyH) KBPTHHY, H ~ ~ J I I O ~ ~ I O ~ Y I O C E I  I I p H  ~ T M O C @ ~ ~ H O M  AaB- 

JIeHHH. 

no AaHHbIM PHC. 199 6 m a  IIOCTpOeHa K p H B a H ,  I IpeACTaBJIeHHaH 

H a  PHC. 200. Hagan0 I C P H B O ~ ~ ,  COOTBeTCTBYIOqee ~ B T O ~ J I ~ K T P O H H O ~  

~ M H C C H H ,  c n e a y e T  p a c c M a T p n s a T b  Kart a I I n p o r c c H M a q E i m .  I C p a s a ~  
H a  3TOM Y P a C T K e  HMeeT K P Y T O ~  HaKXOH, C O O T B ~ T C T B Y H ) ~ H ~ ~ [  H a I I P H X e H -  

HOCTH 7,5 . I 0 5  ~ / c w ,  ¶TO I I ~ M ~ J I H ~ H T ~ J I ~ H O  c o B n a A a e T  c sennsu~oii ,  



P H C. 200. M O ~ K @ H ~ M P O B ~ H H ~ H  K p H B a R  B a m e ~ a  (cIIJIoIUH~H HKHHR) M KPH- 
BbIe 3aBMCHMOCTH HaIIpH.HFeHHH B 3 a 3 O p e  OT BeJIHsHHbI 3 a 3 O p a  ( I I ~ H K T H ~ H ~ I ~  

JIHHHH) Anfi g ~ y x  n a c T o B  M a h a p a .  
Va - npvrnomeHnoe Hanpnmeme; V - HanpnmeHxe nosepxnocTnoro s a p n ~ a  Ha  air- 

nape;  BOBHYX npn ~ T M O C @ ~ P H O M  nasnenvrm. 



H ~ ~ A ~ H H O ~  IIPH IIOCaeAyIOIqHX 3KCIIePHMeHTaX.  TOT HaKJIOH 3aBHCEIT 

OT M a T e p E i a n a  n o s e p x H o c T H ,  ~ c n y c ~ a m q e i i  ~ J I ~ K T P O H M .  
Ha PHC. 200 11pmBeAeHbI T e  Xe KpHBbIe  H ~ I I P R X ~ E ~ H E I ~  B 3a30pe, 

9TO H H a  PHC. 198. c J I e ~ y e ~  OTMeTHTb, ¶TO I I P H  6onee BbICOKHX 3 H a -  

s e H m c I x  Va + Vc,  H a n p H M e p  2000 6 ,  K p m s a a  H a  ysacme, m306pawe~- 
HOM H a  pmc. 200, Be n e p e c e K a e T c H  c K P H B O ~  I I a m e ~ a ,  a n p o x o A H T  

H a A  ~ e 6 .  IIPH DTHX YCJIOBHRX n e p e H o c  s a p a ~ o ~  B sasopax M e H e e  8 *K 
IIpOHCXOAHT 3a C9eT E ~ B T O ~ J I ~ K T P O H H O ~  3MHCCHH. 

f l B J I e H H e  ~ B T O ~ J I ~ K T P O H H O ~  3MHCCHH, H ~ ~ J I ~ A ~ I O I Q ~ ~ C I I  I I P H  O W H b  

M a n b I x  sasopax, O K ~ ~ H B ~ ~ T  s a ~ e ~ ~ o e  BJrHcrHHe H a  ycnosm n e p e H o c a  

3 a p H A a ,  OIIHCbIBaeMbIe J I e B 0 6  OT TO9KH MHHHMYMa PaCTbIO K P H B O ~  

H a m e H a .  Ecnm IIPHHRTb,  9TO H a  PHC. 200 A a H a  HCTHHHaR K a p T H H a  

npo6oa BO3AyXa I I p H  ~ T M O C ( # ~ ~ H O M  AaBJIeHHH, TO I IepeHOC 3 a p R A O B  

B 0 3 M O X e H  H I I P H  O P e H b  MaJIbIX 3 a 3 O p a X .  C y¶eTOM ~ B T O ~ J I ~ K T P O H H O ~  

3MHCCHH AJIH Y c J I o B H ~ ~ ,  IIpeACTaBJIeHHbIX H a  PHC. 200, H I I p H  I IpHJIOXeH-  

HOM H a I I p H X e H H H  6onee 1200 6 I IepeHOC 3aPHAOB M O X e T  IIPOBCXO- 
AHTb B TOM CJIy¶ae ,  K O r A a  IIOBepXHOCTH HaXOAHTCH B KOHTaKTe. 

P n c. 201. K p ~ ~ a a  n a m e ~ a  GOJIE.IIIIIX B O ~ ~ Y J I I H M X  3 a 3 o p 0 ~  n ee n e p e -  
CePeHHII C KPHBMMH 3aBHCHMOCTH HaIIpHmeHHII B 3 a 3 0 p e  OT BeJIH¶HHH 3 a 3 O p a .  
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(113), c K P H B O ~ ~  n a m e ~ a  JreHcaT B O ~ J I ~ C T H  ~ O J I ~ I I I H X  3a3op0~. 3 a ~ e -  
THM, ¶TO KPHBhIe  AJIR 3~a¶€!~Hii[ va + vc = 2000 6 H v, + vc = 
= 3000 8, K o T o p M e  H a  r p a 4 n ~ e  A n n  M a n b I x  a a s o p o ~  H e  n e p e c e K a n E i c t  

c K P H B O ~ ~  I I a m e ~ a ,  T e n e p b  n e p e c e I c a I o T c R  c ~ e f i .  
3 ~ e c b  Ba?HHO OTMeTHTb, ¶TO I I P H  HCCJIeAOBaHHH n e p e H O C a  3JIeK- , 

TpOCTaTH¶eCKHX ~ 3 0 6 p a x e ~ ~ i i  H ~ O ~ X O A H M O  y¶HTbIBaTb  YCJIOBHH, B03-  

H m c a m q H e  B npoqecce C ~ J I H Z ~ H H R  HBYX n o ~ e p x ~ o c ~ e i i .  T ~ K ,  IIPH 
~ O J I ~ I I I H X  3Ha¶eHHRX va + vc I I epeHOC 3 a p R A O B  M O Z e T  Ha¶aTbCH 

B TOT MOMeHT, K O r A a  IIOBepXHOCTH TOJIbKO IIPH~JIHN~IOTCEI APYr K APY- 

ry, I IpH¶eM 3 T 0  M03KeT ~ I P O E I ~ O ~ T E I  I I P H  AOBOJIbHO 60JIbIII0g BeJIH¶EHe 

aaaopa. B  TOM cnynae, IIO-BHAHMOMY, ~ Y A ~ T  H ~ ~ J I H ) A ~ T ~ C H  pacmn- 
P e H H e  3JIeMeHTOB ~ 3 0 6 p a Z e ~ ~ R  H CHHlKeHHe pa3peIJIaI04eii cnoco6- 
HOCTH. ~ O B T O M Y  H ~ O ~ X O A H M O  T a K  I I 0 ~ 6 H p a ~ b  II0TeHD;HaJI 3 a p R A a  

C K p w o r o  n 3 0 6 p a ~ e ~ ~ ~  H n p H n o x e H a o e  H a r r p a w e H n e ,  9 ~ 0 6 ~  n p ~  
C ~ J I H X ~ H H H  ~ ~ 3 ~ 1 e ~ ~ p r n s e c K ~ x  I I O B ~ ~ X H O C T ~ ~ ~  I IepeHOC 3 a p H A O B  ~ H J I  

HeB03MOXeH.  Ha 3TOM 3 T a I I e  M O Z e T  BO3HHKHYTb H ~ O ~ X O A H M O C T ~  

IIPHJIOXHTb H a n p f l X e H H e  0 6 p a ~ ~ o i i  UOJIRPHOCTH. 

Hnn OIIpeAeJIeHHR BeJIH¶HHrJ IIOBePXHOCTHOrO 3 a p H A a ,  coo61qe~- 
HOP0 ( P O T O I I P O B O A H ~ ~ M Y  HJIH AH3JIeKTPH9eCKOMY CXOH), 0 6 m ~ 0  
3JIeKTpOMeTpOM H3MePRIOT IIOTeH4HaJI A ~ H H O ~  nOBepXHOCTH OTHOCH- 

TeJIbHO eI'0 T O K O I I ~ O B O ~ S ~ I ? ~  IIOAJIOrnKH. T ~ K H M  06pa30~,  Hal IpRHceHHe 

Vc, 4~ryprnpymrqee B y p a B H e H m H  (213), CJIYH~ICEZT ~ e p o i i  s a p ~ ~ a ,  
C O O ~ ~ ~ H H O ~ O  HHlrcHeMy ~H3JIeKTpE1¶eCKOMy CJIOIO (CM. PHC. 196). 
 TOT C J I O ~ ~  lIPHrOTaBJIHBaeTCR J I H ~ O  H 3  ~ O T O I I P O B O ~ H ~ ~ ~ O  3JIeKTPO- 

EI30JIR4HOHHOrO M a T e p H a J I a ,  nm6o H 3  AH3JleKTPHKa.  Hanpnxe~ne  Vc 
RBJIReTCR # Y H K ~ H ~ ~  IIOB~PXEOCTHO~~ IIJIOTHOCTH 3 a p R A a ,  TOJlQMHbI 

CJIOH H A H ~ J I ~ K T P H ¶ ~ ? C K O ~ ~  IIp0HHD;aeMOCTH M a T e p H a J I a  CJIOR 

A H a n o r n s ~ o ,  K O r A a  3 a p R A  IIepeHOCRT C O A H O ~  IIOBepXHOCTH H a  

A P y r y I O  ( ~ a l I p H M e p ,  H a  BepXHIOIO AH3JIeKTPH¶eCKYIO IIORePXHOCTb, 
n o ~ a 3 a ~ ~ y 1 0  H a  pmc. 196), H a n p H x e H n e  H a   TOM A H ~ J I ~ K T P H ~ ~ C K O M  
cnoe, ~ o s ~ ~ ~ a ~ o q e e  B p e 3 y n b ~ a ~ e  n e p e H o c a  s a p ~ ~ a  npm ~ ~ ~ A ~ J I ~ H H H  

nosepx~oc~e i i ,  o n p e A e J r a e T c R  B b I p a x e H n e M  



(CM. PHC. 196), 3TH BeJIHqHHH yXe He OnpeAeJIEimT HCTHHHbIX HanPFI- 

lrceHH6 Ha PaCcMa~pHBaeMbIx CJIoflX. B PeaJIbHbIX YCJIOBMIIX, lIOKa3aH- 
HbIX Ha pHc. 196, HaIIpRXeHHR CJIOeB 3aBHCHT OT PaCCTORHHR MeXAy 

HHMH M IIpHJIOXeHHOTO HaIIpIIXeHHR. T ~ I E H M  0 6 p a 3 0 ~ ,  H ~ O ~ X O ~ E I M O  

pa3JIHsaTb HaIIPRlrceHHR, COOTBeTCTBYIOqHe CXeMe H a  PtiC. 196, 
H HanpcIXeHzrn, ~ a p a x ~ e p ~ s y m q ~ e  noBepxHocTHym IIJIOTHOCT~ a a p ~ g a .  

C IIOMOlqbIo YPaBHeHHR (1 13) ti M O J ( E I ~ H ~ H P O B ~ H H O ~  I C P H B O ~  

UaLUeHa MOXHO H ~ G T E I  YCJIOBHII, H ~ O ~ X O A H M ~ I ~  AJIH B03HHKHOBeHHK 

p a 3 p ~ ~ a ,  T. e. AncI nepeHoca S ~ P R A O B .  B~J IEIYEIH~ nepeHeceHHoro 
3apRAa 6 y ~ e ~  3aBHCeTb OT KOJIH¶eCTBa 3JIeKTPHPeCTBa, IIpOlIIe~IIIe- 

r0  Wpe3 3a30p MeXAy IIOBePXHOCTRMH 38 BpeMR pa3pRAa. 

B IIpOqeCCe pa3pRAa H a  AH3JIeKTpH9eCKHX IIOBePXHOCTRX HaKan- 
JrmsamTclr ~~PIIAE.I ,  c o a ~ a m q ~ e  B, aaaope none, o 6 p a ~ ~ o e  no s~arcy 
nonm, C O ~ A ~ H H O M Y  npnnosxeHHbIM HanpRlrceHHeM. HaKonJre~~le 3 a p ~ -  

AOB Ha  noBepxHocTH npoaonxaeTcH AO Tex nop, noxa none B sasope 
He YMeHbIIIHTCR A0 H ~ K O T O P O ~  I F P H T E ~ ¶ ~ C K O ~  BeJIH¶HHhI, IIPH 1 ~ 0 ~ 0 ~ 0 6  

p a s p ~ ~  He Momerr I I ~ O H C X O ~ H T ~ .  ECJIH npn M TOM nptinoxeHHoe Hanpsi- 

XeHHe H BeJIHPHHa 3a3Opa OCTaIoTCR HeH3MeHHbIMH, IIpOqeCC IIepeHOCa 

a a p ~ g a  npeKpaIqaeTcn. 

C o r n a c ~ o  BbIpaxeHEiIo (1 13), HanpameHHe B aaaope, cooTseT- 
cTBymqee TosIce Havana p a a p q a  H a  KPHBOG U a m e ~ a ,  p a m o  

rge zo - sejrnvma aaaopa B Tosxe nepeceseHm ICPHBOH ypaBHeHm 
(113) c K P H B O ~  I I a m e ~ a ;  V g o  - HanpRlrceHHe B aasope Aria 3 ~ 0 6  

T04KH H D = Ls /Ks  + Ld /Kd.  
E C ~ H  sa BpeMH p a a p q a  H a  ~ A H H H ~ Y  naoIqagn xaxgo6 AHaneIc- 

T P H ~ ~ C K O G  IIOBePXHOCTH 6 y ~ e ~  IIepeHeCeH 3apRn, paB~b16 Aat, TO, 

B~IUOJIHRII pacsem, aHanorHvHbIe onHcaHHbIM B paag. 4.1, MOXHO 

n o ~ a a a ~ b ,   TO p e a y ~ ~ b ~ ~ p y m q e e  HanpmxeHzie B sasope 6 y ~ e ~  pamo  

rAe Vgl - HanpHxeHne B aaaope B MoMeHT npeKpaqeHHcr p a a p ~ ~ a .  
PeIlIaR 3T0 YpaBHeHHe OTHOCHTeJIbHO AQ, IIOJIY9HM 

B ~ I ~ E I T ~ R  BbIpaXeHMe (1 17) H3 (1 16), H ~ G K ~ M  IIaAeHHe HaIIPRlfEeHHR 

B aaaope AVg B npoqecce paapcrga 
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A n p m o p ~ b ~ x  c ~ e ~ e ~ ~ i i  o n o s e A e H H H  KPHBOH I I a m e ~ a ,  H a  o c ~ o -  
B a H H H  KOTOPbIX M03KHO 6 ~ 3 0  6b1 OIIpeAeJIMTb TO'IKY I I p e K p a I q e H H R  

paapafla, B O ~ H H K I I I ~ ~ O  B p e 3 y n b ~ a ~ e  npo6ocr B o a A y m H o r o  n p o M e w y T K a ,  

n o K a  HeT. B pa60l.e 13431 y c T a H o B n e H o ,  'ITO p a 3 ~ ~ q a  M e x x n y  H a n p x -  

XeHHEIMEI B 3a30pe B H ~ ~ ~ J I ~ H M H  H X O H ~ U H ~ I ~ ~  MOMeHTbI p a 3 p R A a  HeBe-  

xma .  P a c s e ~ ~  13441 ~ O K ~ ~ ~ I B ~ I O T ,  ¶TO Be j rHvmHa s a p ~ ~ a ,  U e p e H o -  

CElMOrO H a  AH3JIeKTPH¶eCKYm IIOBePXHOCTb 3a BpeMEI OAHOrO 3 T a I I a  

p a a p a ~ a ,  c o c T a s J r c I e T  --10-%/ca2. Benm¶n~a s a p ~ ~ a ,  n e p e H o c m M o r o  

3a HeCKOJIbKO 3TaUOB p a 3 p E I A a ,  ~ o n e 6 ~ 1 e ~ c f i  B AOBOJIbHO JlIHPOKEIX 

I I p e A e J I a X  [343]. O J ( H ~ K O  HeJIb3EI Y T B e p X A a T b ,  ' IT0 XaPaKTePHCTHKH 

3TMX 3TaIIOB 3aMeTHO 3aBHCRT OT IIpHJIOXeHHOI'O HaI IPRXeHHEI  HJIH 

BeJIM'IHHbI 3 a 3 O p a .  P e 3 y J I b T a ~ b I  p a 6 0 ~ b I  [343] 6 ~ n ~  IIOJIyYeHbI I I p H  

H a n p R w e H m x ,  A o c T m r a s m H x  9000 6;  n e p e H o c  a a p ~ ~ a  Havx iHa j rcc I  n p x i  

HaI IpEIXeHHxi  3000-4000 6.  TO 3Ha'IHT,  ¶TO I I p H  HCIIOJIb30BaHHM 

flOBOJIbH0 TOJICTbIX AH3JIeKTPHKOB, H a I I p H M e P  IIOJIHCTHpOJIa, EIMeIo- 

Iqero TOJIIqHHY 0,104 Cdt, pa3pEIA M O X e T  IIPOHCXOAHTb I I P H  3a30pe 
OT 20 A 0  200 &K. C IIOMOqbIO B b I p a X e H H X  (119) HaXOAHM, ¶TO I I P H  

ycnomax, n p n H m b I x  B p a 6 o ~ e  13431, n e p e H o c  a a p q a  s e n m ~ ~ o i i  
lo-' PC/Cdt2 IIpHBOAHT K yMeHbIlIeHMIO HaIIpEI?EeHMH B 3 a 3 O p e  H a  20- 
150 6. n p H  MeHbIIIHX 3 a 3 O p a X  Avg 6yAe~ HeaHa'IHTeJIbHbIM. T ~ K ,  I I p H  

sasope 10 H n e p e H o c e  a a p ~ ~ a  ~ l c a ~  H a  naemy ~ a i j r n a p a ,  w e m -  
IqYH) TOJIqHHY OKOJIO 50 &K EI D = 13 &K, C H H X e H H e  HaIIpR?KeHHR 

R 3a30pe p a B H 0  -64, 6. 

Ha OCHOBaHHH IIPHBeAeHHbIX BMIIIe AaHHbIX HeJ Ib3H,  KOHt?¶HO, 

n p o m 3 ~ e c ~ ~  c~porni i  p a c q e T  ~ a n p ~ m e ~ m i i ,  npti K O T O P ~ I X  n p e K p a I q a e T -  

CR 11p060ii B O ~ A Y ~ H O ~ O  n p o M e w y T K a .  Cne,qye~, o A H a K o ,  n o A s e p K -  

H Y T ~ ,  'ITO npm M a m x  saaopax H a n p R x e H H e  n p e K p a q e H m R  p a 3 p ~ ~ a  
JIHJlIb HeMHOrO MeHbIIIe  HaI IPI IXeHHEI  er0 B03HHKHOBeHHR.  TO 3Ha'IHT,  

'ITO p a a p ~ ~ ,  BO~HHKIIIHH B TOT MoMeHT, K o r g a  H a n p m c e H m e  B sasope 
COOTBeTCTBOBaJIO I E P H B O ~ ~  naIIIe~a,  6yAe~ npOJ(0JIXaTbCEI TOJIbKO 

fl0 TeX I IOp ,  n 0 K a  B p e 3 y J I b T a T e  HaKOIIJIeHHR 3aPRAOB H a  AH3JIeKTPH- 

~ e c ~ o i j r  n o s e p x H o c T H   TO H a n p R m e H n e  H e  CHH~HTCEI AO TO'IKM, nexa- 
Iqeii H a  H e c I c o m I c o  B O J I ~ T  H n x e  ~ p m ~ 0 6  I I a m e ~ a .  

E c J I H  IIPHHEITb, ¶TO Pa3HOCTb M e X g Y  H a I I p R X e H H R M H  B 3 a 3 O p e  

B MOMeHT BO3HHKHOBeHHR H B MOMeHT I IpeKpaIQeHHEI  p a 3 p R A a ,  OIIpeAe-  

JIEIeMaR K p m ~ o i i  n a I I I e ~ a ,  AOCTaTO'IHO M a J I a  no CpaBHeHMH) C npo6m~- 
HbIM HaI IPHWeHHeM,  TO MOXHO BbI'IHCJIHTb O ~ W Y H )  BeJIH'IHHY I l e p e H e -  

CeHHOI'O 3 a p E I A a  I I p H  AaHHbIX KOHKpeTHbIX YCJIOBHRX. BO BCEIKOM 

cnysae n o r p e m H o c T b  T a K o r o  p a c v e T a  H e  n p e s b I c c i T  BenmnrnHbI npm- 
p a q e H m  n e p e H e c e H H o r o  s a p c ~ ~ a  3a B p e M I i  o A H o r o  a T a n a  p a 3 p ~ ~ a .  
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M ~ J I O X ~ H H O ~  B m u e  OTHOCHTCH T O J I ~ K O  K TeM C x y s a n M  paapn~a ,  
K o r n a  H a n p H x c e H a e  B sasope c o s n a A a e T  c c o o ~ s e ~ c ~ ~ y r n q e i i  ~ o s ~ o i i  
K P H B O ~ ~  n a m e ~ a  Ann n a ~ ~ o i i  B e n H s n H x a  sasopa. ECJIH xce H a n p n x c e H H e  
B sasope 60~1bme I I P O ~ H B H O ~ O ,  B e a u s n H a  s a p q a ,  n e p e H o c k i M o r o  H a  

AH3JIeKTpH¶ecKHe IIOBepXHOCTH, 6yAe~, ~ ~ ~ Y C J I O B H O ,  60~1bme. P~CCMOT- 
PHM CROBa CXeMy, IIpeJ(CTaBJIeHHyIO H a  PHC. 196. ECJIH BeJIH¶MHa 
3 a 3 O p a  Z nOAAep%kiBaeTCH IIOCTORHHO~~ Ii K 3J IeKTpOnaM MI'HOBeHHO 

IIOABOAHTCH H a n p H X e H M e ,  AOCTaTOsHOe AJIR TOI'O, 9~0661 H a I I P H X e H H e  
B  aso ope c o o T s e T c T B o s a n o  T o m e ,  nexcaqeii B u m e  K P H B O ~ ~  I l a m e ~ a ,  
TO paapnn n p o A o n x a e T c n  no T e x  nop, n o K a  H a n p R x c e H H e  B sasope 
H e  CHH3HTCFF A 0  TO¶KM, J I e % a ~ e i j [  HeMHOI'O HEllKe 3 ~ 0 f i  X P H B O ~ ~ .  ' 

K MOMeHTY IIaAeHHJX H a I I p H X e H H H  B 3 a 3 O p e  A 0  3TOI'O YPOBHR 
senasma n e p e H e c e H H o r o  s a p ~ ~ a  6 y ~ e ~  pama 

3 ~ a  3aBHCHMOCTb IIO @ O P M ~  aHaJIOI'H¶Ha YpaBHeHHH) (1 18), OAHaKO 

s ~ e c b  BMecTo  2 0 ,  0603~a~a10qero  B ~ J I H ~ H H Y  aaaopa B T o s x e  nepece- 
PeHHFF KPHBMX, BBeAeHO Zc - IIOCTOHHHaFF BeXEI¶HHa 3 a 3 O p a .  Kp0- 
M e  TOI'O, BeJIH¶HHa Vg OTJIEl¶aeTCH OT Vgi. 

4 . 5 . 2 .  IIEPEHOC 3APIJAOB IIPB PAB,I(EJIEHBB ,I(B3JIEICTPklYECHklX 
IIOBEPXHOCTEM 

C o x p a ~ e ~ ~ e  I IOCTORHHO~~ B ~ J I H ~ H H ~ I  aaaopa B npoqecce n e p e H o c a  

a n e K T p o c T a T m s e c K n x  ~ 3 0 6 p a ~ e ~ H i i  H a  n p a K T m e  n p e A c T a B n R e T  

AOBOJIbHO CJIOlKHYIO 3 a A a ¶ y .  ~ O ~ T O M Y  O~~I ' IHO AE13JIeKTPH¶eCKHe IIOBePX- 

HOCTH C H a u a J I a  COBMeI4aIOT, a 3 a T e M  OTAeJIHloT A p y r  OT ApyI'a; B np0- 
qecce HX p a a ~ e n e ~ ~ n  ( p a s ~ e c e ~ n ~ )  H n p o H c x o n I i T  n e p e H o c  sapnna. 
B 3TOM C J I y ¶ a e  M ~ K C M M ~ J I ~ H H ~ ~  I IepeHOC H ~ ~ J I I O A ~ ~ T C H  B MOMeHT 

c o s n a A e H H n  H a n p r r x c e H n r r  B aaaope c H a n p R w e m e M ,  o n p e A e J r n e M m u  

no K P H B O ~ ~  I l a m e ~ a .  Ilpoqecc n e p e H o c a  a a p a ~ o ~  npn ~ T H X  YCJIOBEIFFX 

npeACTaBJIReT co6oii CepHIO 3JIeMeHTapHbIX 3TalIOB,  COOTBeTCTBYIOqkiX 

s T a n a M  p a a a e c e ~ k i n  noaepx~oc~ei i .  
r ~ n o ~ e ~ v r s e c ~ c n i i  cnysaii T a K o r o  c T y n e H s a T o r o  p a a p ~ ~ a  npen- 

c T a s n e H  H a  pnc. 202. IIpennonarae~ccr, s ~ o  senvrsnaa aaaopa M e x c A y  

IIOBepXHOCTHMH, H a X O n R q H M H C H  B IIPaKTHYeCKH IIOJIHOM KOHTaKTe,  

P a B H a  1 &K. ECJIM IIPOCJIeAElTb CePHIO I IOCJIe~OBaTeJ IbHbIX P a 3 P R A O B ,  

H a s I l H a H  C BeJIHsHHbI va f vc = 2000 6, TO MOXHO YCTaHOBHTb, 

¶TO H a ¶ a J I b H b I 6  p a 3 p H A  6 y ~ e ~  IIPOHCXOAHTb B TO¶Ke a, JIeXaqeI? 
B O ~ J I ~ C T H  ~ B T O ~ J I ~ K T P O H H O ~ ~  3MHCCHH. B p e 3 y J I h T a T e  I I e p e H O C a  3ap5I- 
AOB H a n p n m e H H e  B aasope y M e H b m a e T c c I  no ~ o v r c k i  n p e l c p a w e n a R  
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paspcr~a a', a ~ + + ~ K T H B H O ~  n p H n o a e H H o e  H a n p R m e H H e  [ y p a ~ ~ e ~ n e  
(120)l c H E i x a e T c c I  no 1020 6. B xoAe ~ ~ ~ A ~ J I ~ H H E I  n o ~ e p x ~ o c ~ e f i  npo- 
HCXOAHT B T O P O ~ ~  p a a p ~ n ,  ~ a s ~ ~ a m q ~ i i c c ~  B T o m e  b EI n p e K p a q a m -  

4 ~ i i c ~  B T o m e  b', r A e  ~ + + ~ K T H B H O ~  npEi j IoHceHHoe  H a n p a x e H n e  
c H m x a e T c R  no 915 8. I I ~ H  A a n a ~ e f i m e ~  p a 3 a e n r n ~ e ~ ~ m  n o ~ e p x ~ o c ~ e i i  
BO3HHKHeT IIOCJIeAOBaTeJIbHOCTb p a 3 P R A O B  B TO¶KaX C, d H e. B TO¶Ke e' 
~ @ ~ $ ~ K T H B H O ~  IIPHJIOHCeHHOe H a n p R l r t e H H e  y n a A e T  H H X e  MHHHMYMa, 

P H c .  202. C ~ y n e ~ s a ~ ~ i i  paaps,q, n p o ~ c x o ~ ~ ~ ~ ~ ~ i i  n p ~  pa3 ,qeae~n~ nneHoK 
~ai inapa .  

A - ~ o n u @ & i q u p o ~ a ~ ~ a ~  KpnBaa IIame~a; B - runoTeTnrecKaH KpuBan, npenclae- 
JIRK)J4aR 8aBHCUMOCTb HaIIPRmeHHII B 3a3Ope B MOMeHT OKOHYaHIlR Pa3Pfina OT BeJIHgHHbI 

sasopa. 

H ~ O ~ X O A H M O ~ O  AJIR I I P O ~ O H  B03AYIIIHOrO IIPOMeHCYTKa, H l I ePeHOC 

~ ~ P R A O B  n p e K p a T H T c R .  B e n m s ~ ~ a  s a p ~ ~ a ,  n e p e H e c e H H o r o  IIPH STOM, 

6 y ~ e ~  P a B H a  CyMMe BCeX 3 a p R A O B ,  I I epeHeCeHHbIX H a  K a X A O M  OTAeJIb- 

HOM 3TaI Ie .  ECJIH H a U a T b  C BeJIH4HHbI va + Vc = 1020 6, TO B MOMeHT 

@ ~ K T H ¶ ~ C K O ~ O  KOHTaKTa I I O B ~ ~ X H O C T ~ ~ ~  p a 3 p H A  H e  B03HEIKaeT H 0 6 q ~ i i  
n e p e ~ e c e ~ ~ b ~ i i  3 a p ~ ~  o n p e A e n R e T c a  seTbIpbMCr P ~ ~ ~ R A ~ M H ,  nponcxo- 
ARU(HMH B TO'IKaX b - e. A H ~ J I O ~ H ~ H O ,  e C n H  H a q a J I b H a R  BeJIH¶HHa 
Va + Vc 6 y ~ e ~  P a B H a  915 6, n p 0 H 3 0 ~ ~ e ~  TOJIbKO T P H  p a 3 p R A a  EI T. A. 

C YMeHbIIIeHHeM Ha¶aJIbHOrO 3 H a P e H H R  va + vc KOJIH¶eCTBO 3 T a n O B  
p a s p ~ ~ a  B npoqecce p a 3 n e n e ~ ~ ~  n o ~ e p x ~ o c ~ e i i  y M e H b l u a e T c R .  

Bennsma s a p ~ g a ,  n e p e H o c H M o r o  H a  K a X A o M  AaHHoM 3 ~ a n e  
p a 3 p R A a ,  M O X e T  6 b I ~ b  BbIsHCJIeHa IlO YpaBHeHEIm (118) n p H  YCJIOBHH, 
¶TO, H a n p R x e m e  B saaope B MoMeHT n p e K p a q e H m  pa3px~a V,, 
H3BeCTHO. K P E I B O ~ ~  n a I I I e ~ a  OIIPeAeJIHTb 3TY BeJIH¶EIHY HeJIb3R.  



HO T a K  K a K  Vgl JIHlZIb HeMHOrO MeHbIIIe  Vg0,  HaIIpRlfceHHH B 3 a 3 O p e  

B MOMeHT B03HHKHOBeHHR P a 3 P R A a ,  OIIPeAeJIReMOrO K P H B O ~  H a J l I e ~ a ,  

TO B Y p a B H e H H e  (118) BMeCTO Vgl MOWHO IIOACTaBElTb vgO. 
B e n m s ~ ~ a  aasopa zo, npm ~ o ~ o p o i i  H a s m a e T c H  p a a p a ~  c o r a a c H o  

K p H B 0 6  n a I I I e ~ a ,  MOlfceT 6 b 1 ~ b  BbIYE3CJIeHa H 3  M3BeCTHbIX X a p a K T e p H -  

CTITK 3 ~ 0 f i  K P H B O ~ .  

ICpmsa~ I Ia lne~a AJIR 3a3op0~ 8-100 a x  n p a I c T H s e c I c m  n p e g c T a B -  

JIReT co6of I I p R M y I o  JIEIHL.IIo. 0 6 0 3 ~ a s a a  BeJIEls l lHy I I ~ O ~ E I B H O ~ O  

H a I I p R W e H H H  AJIR B03AYIIIHOrO 3a30pa Vb, MOWHO HaIIMCaTb 

Vb = 312 + 6,2z, (122) 

C n e ~ o s a ~ e m b ~ o ,  e c m  B c e  3 ~ m  n a p a M e T p N  H ~ B ~ C T H H ,  MOWHO 

BbIYHCJIllTb BeJIL19HHY 3 a 3 O p a .  

~ I T ~ K ,  HJIR I c a l r c ~ o g  A ~ H H O H  BeJIllYIlHbI va f vc MOWHO P a C -  

CYmTaTb Z, ecmm K p H s a c I ,  o n H c b I s a e M a R  y p a B H e H m e M  (1 13), n e p e c e K a e T  

KPEIBYKI I I a m e ~ a  H a  ee ~ ~ I I M O Z H H ~ H H O M  y Y a c T x e ,  n e x a q e M  c n p a B a  

OT TOYKH MHHHMYMa. 

M3 @OPMYJIM (125) CJIeAYeT, ¶TO C y l q e C T B y e T  ABa  3HaYeHHH 2 ,  

KOTOpbIe COOTBeTCTBYIoT ABYM pa3J IHsHbIM BeJIEI9HHaM B03AYIIIHOrO 

aasopa, npm K O T O P ~ I X  H a g m H a e T c H  n e p e H o c  a a p ~ n a ,  T. e. n p o m c x o A H T  

npo6oii. ECJIH Ase A m a n e m p m s e c I c m e  n o B e p x H o c T m  B a a s a n e  H a x o -  

AHTCR B KOHTaKTe, a 3 a T e M  OTAeXtlIoTCR APYI' OT APYra, TO p a 3 p R A  

B 0 3 H H K a e T  n p E l  M~H~III€!~% BeJIE39HHe 3 a 3 O p a  2. ECJIH Xe IIOBePXHOCTB 

B HCXOAHOM ~ O J I O P K ~ H H H  p a 3 ~ e c e ~ b 1  H s a ~ e ~  C ~ J I H ~ ~ I ~ T C R ,  TO n e p e H o c  

a a p R A a  H a s m H a e T c R  npm 6onbmeH senmsmae z. 
M H H M M ~ ~ ~ H M ~  YCJIOBHR, IIPH KOTOPLIX 0 6 e c n e Y ~ ~ a e ~ c ~  n e p e H o c  

3apEIAa, OIIpeAeJIRIoTCR B b I p a W e H H e M  

b2 = 4ac, ($26) 
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H 3  KOTOPOI'O HaXOAHM 

(V,  + V,) ,  = 1/7737,6D + 312 f 6,2D. (127) 
C O O T H O I I I ~ H H ~  (127) OIIpeAeJIReT MHHHMaJIbHYH) BeJIHqHHY CYMMbI IIPH- 

JIOHEeHHOI'O HaIIPRHEeHHR H H a I I P R X e H M R ,  CO3AaBaeMOI'O IIOBepXHOCT- 

HbIM SaPRAOM, B H ~ ¶ ~ J I ~ H H G  MOMeHT p a 3 p R A a  B BOSAYIUHOM 3 a 3 O p e .  

EcJ IH Va  $ V ,  MeHbIIIe  BeJIH¶HHhl, ~ , Q o B J I ~ T B o P R H ) ~ ~ ~ ~ [  AaHHOMY 

YpaBHeHHH),  P a 3 P R A  H e  B03HHKaeT.  

Toxqnxa BO3AyIIIHOI'O CJIOH, COOTBeTCTBYIOqaR 3THM MHHHMaJIb- 

HHM YCJIOBHEIM, O n p e n e m e T c R  143 s ~ p a x e ~ u f i  (124) H (126) 

OTM~TMM, ¶TO y K a 3 a H H b I e  YCJIOBHR COOTBeTCTBYJOT TOJIbKO OIIpe -  

A e n e H H o M y  y s a c T K y  I E ~ H B O H  ITame~a,  n e x a q e M y  B n ~ a n a s o ~ e  ~ 0 3 -  

AYIIIHbIX 3 a 3 0 P O B  OT 8 A 0  100 fix. ECJIH B O ~ A Y I T I H ~ I ~ ~ [  3a30p HeCKOJIbKO 

MeHbIIIe  8 fix, TO IEpHBbIe, OIIHCbIBaeMbIe Y p a B H e H H e M  (113), ~Y,I(Y'I 

I I e p e C e K a T b C R  C I 'OpH30HTaJIbHbIM YYaCTKOM K P H B O ~ ~ [  HalIIe~a. ~ J I E I -  
H a  I'OPH30HTaJIbHOI'O y ¶ a C T K a  OIIpeAeJIReTCH HarIaJIbHbIM HaKJIOHOM 

KPYTOP J I e B o B  ¶aCTH M O ~ H @ H P O B ~ H H O G  KPHBOB H a I l I t ? ~ a .   TOT HaKJIOH 

OUpeAeJIReT TaKHEe KPHTH¶eCKYH) BeJIH¶HHY lIOJIH AJIR PaSPRAOB,  

IIpOHCXOAHlqHX I I p H  O¶eHb MaJIbIX B03AYIIIHbIX 3 a 3 O p a X .  Ha PHC. 200 
K p m T n s e c I c o e  none gns  p a 3 p ~ ~ a ,  ~ 0 3 ~ m ~ a m q e r o  B p e s y n b ~ a ~ e  aBTo-  

~ J I ~ K T ~ o H H o ~ ~  BMHCCHH, P a B H O  7,5.105 6/c.M, a I ' o P H ~ o H T ~ J I ~ H ~ I B  

y s a c T o K  p a c n o n a r a e T c a  n p m M e p H o  OT 4,5 no 7,5 fix. ECJIH K p n T m e -  

CKOe IIOJIe 60~1bme IIOJIH, IIOKa3aHHOI'O H a  PHC. 200, TO I'OpH30HTaJIb- 

y ¶ a c T o K  3 a x ~ a ~ b 1 ~ a e ~  o6xac~b e q e  60~1ee M a x b I x  3a3op0~. 
Ha I'OPH30HTaJIbHOM y ¶ a C T K e  HaI IpRl rceHHe n p o 6 o ~  BO3AYIIIHOI'O IIPO- 

MelrcyTKa llOCTOEIHH0 H P a B H O  -360 6. C J I ~ ~ O B ~ T ~ J I ~ H O ,  B TOYKaX 

I IepeCe¶eHHR KPHBbIX 3aBHCHMOCTH HaIIPR1KeHHR B 3a30pe OT BeJIH- 

YHHbI 3 a 3 O p a  C I 'OPH30HTaJIbHbIM YYaCTKOM K P M B O ~ ~  n a I I I e ~ a  HaIIpRlrce-  

H H e  B 3 a 3 O p e  AOJIHEHO 6bI~b PaBHbIM 360 6. Ha BCeM IIpOTRHEeHHH 

rOPH30HTaJIbHOrO y ¶ a C T K a  ClIpaBeAJIHBa CJIeAyJOqaEI 3aBHCHMOCTb: 

4.5.2.1.  CTYIIEHVATb1fi IIEPEHOC IIPEI PABAEJIEHHEI IIOBEPXHOCTE~~ 

MOXHO IIOKa3aTb ,  ¶TO 0 6 q a ~  BeJIH¶HHa 3 a p R A a ,  I IepeHOCHMOrO 

I I p H  pa3AeJ IeHHH A B y X  AH3JIeKTpH¶eCKHX I I o B ~ ? ~ x H o c T ~ ~ ~ [ ,  3aBHCHT 

OT MHHHMaJIbHbIX ~ H ~ ¶ ~ H H G  BeJIH¶HH, O ~ € ! C I I ~ ¶ H B ~ I O ~ ~ H X  B03HHKHOBe- 

H H e  p a 3 p R A a  H OIIHCbIBaeMbIX YPaBHeHHHMH (127) H (128). 
24 P. uacb@ep.r 



AOII~CTEIM,  TO Vg,, Vg2, Vg3, . . ., Vgn - HalTPRXCeHHR B aasope 
B MOMeHT OKOH¶aHmR 1 ,  2, 3, ..., n-ro pa3pRH0Bl B03HkIKaH)mEIX 
npm pa3nene~mm n o ~ e p x ~ o c ~ e i i .  3 ~ a s e ~ m ~  ~ ~ ~ O P O B ,  IIPH KOTOPHX 

npOHCXOnRT 3 T E  pa3PRnbI, 0 6 0 3 ~ a q m ~  COOTBeTCTBeHHO 'Iepe3 Z,, 22, 
23, . . ., zn, a s a p a ~ b ~ ,  nepeHocmMHe Ha eAmHmqy IInorqanm npm 
KaxfEAoM nocne~ymqeM paspane,- sepe3 htlI Aot2, Aut3, . . . , Aotn. 

I'IcIIoJIb3ya YpaBHeHHe (118), M O X H O  HaIIHCaTb 

CYMMHPYR Bce n p m p a r q e ~ ~ ~  s a p a ~ a ,  nepeHocmoro B npoqecce pas- 
AeJIeHHR ~ o B ~ ~ x H o C T ~ ~ ,  UOJIYPHM 
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H a s n H a e T c R  npn V ,  + V,  = 2000 6,  a n o c n e ~ ~ m f  p a a p a ~  n p o H c x o -  
AHT IIPH 754 e, T o r n a  x a K  MmHHManbHoe p a c s e T H o e  H a n p a w e H n e  Ana 
3 T O r 0  CJIY¶aR PaBHO 710 8. OTM~THM, ¶TO B b I p a X e H H e  (137) CUpaBeR- 

~ H B O  ~ o n b ~ b  IIPH c n e n y m m e M  YCJIOBHH: V, + Vc > 1/7TKiB$- + 312 + 6720.' E C X H  V ,  + Vc MeHbUIe 3 ~ 0 f  BeJIHPHHbI, IIepeHOCa 
3 a p R A a  H e  n p o H c x o A H T .  

r p a @ H K  3aBHCHMOCTH BeJIH¶HHbI 3apR)Ja,  IIepeHOCHMOI'O H a  AH- 

3JIeKTpH'XeCIEyZO nOBepXHOCTb, OT BeJIHsHHbI V ,  + Vc I lpHBeneH H a  

pmc. 203. I I e p e ~ e c e ~ ~ ~ f  a a p a ~  s ~ e c b  IIpenCTaBJIeH B B a n e  nanprrxe- 
HHR H a  cnoe , q n a n e ~ ~ p r n ~ a  nocne oTEeneHrnR n o ~ e p x ~ o c ~ e f .  Cnnom- 
H a R  JIHHHR IIOCTPOeHa 110 3Ha¶eHHRM, paCC¶HTaHHbIM 110 YPaBHeHEPH) 

P H c. 203. Teope~nnec~arl Kpnsan ~ ~ B H C ~ M O C T H  nepeHeceHrroro s a p a ~ a  OT 
sennsnHaI Va + Vc npn pa3nene~nn n ~ y x  nneHoK ~ai tnapa.  

(137). C T y I I e ~ ¶ a T a f l  IIyHKTHPHaR JIHHHR I IPH~J IHXC~HHO OIIHCbIBaeT 

RBJIeHHe, B03HHKaIoWee B pe3YJIbTaTe CYIQeCTBOBaHHfl K O H ~ P H O ~  

p a 3 H H q b I  MeXAY HalIPRXeHHIIMH B03HHKHOBeHHR H OKOH¶aHHfl pa3- 
PRAa. 

B e n H s H a y  IIOBepXHOCTHOI'O 3 a p H A a  H a  ) J H ~ J I ~ K T P H P € ? c K o ~ ~  UOBepX- 

HOCTH 06b19~0 B M p a x a m T  B epimqax H a n p c r x e H n a  H a  cnoe ~ H ~ J I ~ K T -  

pma .  I I o ~ c ~ a s m c ~  W p a x e H m e  (115) B (137), nonysm cnenymqee 
c o o T H o m e H m e  ~ n c r  HanpRlrceHmR, co3ga~ae~oro  n e p e H e c e H w M  3apn- 
AOM H a  BepXHeM AH3JIeKTPHKe: 



(PEIC. 204). ~ ~ M K H Y B  KJIIOP A ,  I I P H J I O X H M  H a I I p R X e H I X e  H a  aJI IoMHHH- 

P O B a H H b I e  I IOBepXHOCTH A B y X  JIIXCTOB, a 3 a T e M ,  H e  CHHMaR H a n p a x e -  

HHR,  H a P H e M  IIOCTeIIeHHO OTAeJIRTb B ~ P X H E I ~  JITIHCT OT H H X H e r O .  XOAe  

o T R e n e H m a  nosepx~oc~ef i  T o n q E i H a  B O ~ A Y I I I H O ~ O  aaaopa n p o x o A m T  

Y e p e 3  K P H T H s e C K E i e  TO¶KLI, EI R 3 T H  MOMeHTbI IIpOMCXOAHT npo6oH 
BOBAYIIIHO~O n p o M e x y T K a .  

I Ipe~nonarae~ca,  YTO IIPH ogenb M a n o M  aasope H a o c T a T o s H o  

BbICOKOM IIPMJIOXeHHOM HaI IP I IXeHEIH B 0 3 M O X e H  IIepeHOC 3aPHAOB 3a 
C P e T  ~ B T O ~ J I ~ K T ~ O H H O ~  3MHCCHH. B 3TOM C J I y q a e  KpHTHYeCKIle  YCJIOBHR 

RJIR n p o Q e c c a  n e p e H o c a  ~ ~ P R A O B  O n p e n e n m o T c a  ~ p y ~ o i i  H ~ K J I O H H O ~  

Y a C T b I o  K P H B O ~  ITame~a, pacnonoxe~~oi i  cnesa OT ~ O ~ H ~ O H T ~ J I ~ H O ~ O  

ysacma. IIPH B~ICOKHX ~ H ~ ~ ~ H H R X  B e n m Y H n H  Va f Vc K ~ E I B ~ I ~ ,  

B b I s H c n e H n b I e  no y p a B H e H n I o  (1 13), p a c n o x a r a I o T c a  O ~ ~ I Y H O  mrne 
3 ~ 0 r o  K p y T o r o  y Y a c T K a ,  o n p e A e n a m q e r o  K p m H s e c K o e  none gna 
aa~rio6 O ~ J I ~ C T E I .  B o 6 n a c ~ ~  M a n b I x  sent ism aaaopa E p x s b I e  H e  nepe- 
CeKaIoTCR C K ~ H B O ~  n a 1 I I e ~ a .  Ecnm Ic HaXOARIQHMCEI B KOHTaKTe 

n o B e p x H o c T n M  I I P H J I O ~ H T ~  B b I c o K o e  H a n p H x e n m e ,  TO rrepenoc 3apa- 
AOB M O X e T  I ~ P O H ~ O ~ T H  npti O Y e H b  ~ a J I 0 6  BeJIHYEIHe 3 a 3 O p a ,  T a K  K a K  

KPElBbIe 3aBBCHMOCTH HaIIPHlfEeHkIfX B 3 a s O p e  OT BeJPHsHHbI 3 a 3 O p a  

.xexfEaT B b I m e  KpFfTHYeCKOI'O IIOJIR g J I U  ~ToI? O ~ J I ~ C T M .  AJIFI ~11060ti 
H ~ B ~ C T H O ~ ~  BeJIHqHHbI  BOBAYIIIHOI'O 3 a 3 O p a  ti AaHHOrO 3 H a Y e H H R  KPHTH- 

s e c K o r o  nons B e n w n m a  a a p ~ n a ,  n e p e H e c e H n o r o  H a  g m s n e K T p m e c K r t c  
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r A e  E,  - K p z l T H u e c K o e  none, x a p a ~ ~ e p ~ 3 y e ~ o e  H a K n o H o M  M O A H @ ~ -  

~ H ~ o B ~ H H o ~ ~  K p H ~ 0 f i  na111e~a B O ~ J I ~ C T H  ~ B T O ~ J I ~ K T P O H H O ~  3MHCCHH. 

Mesay ABYMEI I'JIaAKHMH IIOBepXHOCTEIMH, HaXOAEImHMHCH B KOH- 
T a K T e ,  B C e r A a  HMeeTCFi O s e H b  TOHKaH BO3AyLUHafl I I ~ o c J I o ~ ~ K ~ ,  CpeAHEIR 

TOJIWHHa K O T Q ~ O ~ ~  M O X e T  K O J I ~ ~ ~ T ~ C I I  OT ~ 0 J I e f i  MHKPOHa A 0  HeCKOJIb- 
KHX MEIKPOHOB B 3aBHCEIMOCTH OT Ka¶eCTBa  I I O B ~ P X H O C T ~ ~ ~  H BeJIHPHHhI 

IIpEIJIOXeHHOI'O AaBJIeEHEI. T ~ K ,  I I P H  BHpTyaJ IbHOM KOHTaKTe OTIIIJIH- 

G O B ~ H H ~ I X  H OTIIOJIHPOBaHHbIX I I O B ~ P X H O C T ~ ~  3a30p M e X A y  HHMH 

COCTaBJIReT -1 J t K  [345]; IIOBepXHOCTH C O I I T H ¶ ~ C K O ~ ~  I I o J I E I ~ o B K o ~ ~  

AaIoT  3a30pb1 OKOJIO 0,25 J t K  [346]. B~JIH¶HHY 3 a 3 0 P O B  B 3TOM A H a n a -  

3 0 H e  HeJIb3EI BbI¶HCJIBTb O ~ H ~ H H M  CIIOCO~OM, HCXOAR H 3  3 ~ a ¶ e ~ Z &  
A p y r H X  I I a p a M e T p O B .  K a K  BHAHO H 3  B b I P a X e H H H  (140), I I P H  D > 2, 

H M a n b I x  aasopax B e J r n s m H a  n e p e H e c e H H o r o  aapsi~a n o s T H  H e  ~ ~ B H C H T  

, OT BeJIH¶HHbI 3 a 3 O p a .  

~ K C I I ~ ~ H M ~ H T  C pa3J&eneHHC?M IIJIeHOK H e  nO3BOJIHeT O ~ H ~ P Y W H T ~  

I IepeHOC 3apEIAa  ~ B T O ~ J I ~ K T P O H H O ~ ~  ~ M E I C C H ~ ~ ~  I I P H  OOgeHb MaJIbIX B03-  

AYITIHbIX 3 a 3 O p a X ,  K O r A a  AH3JIeKTPH9eCKHe IIOBePXHOCTH HaXOAHTCEI 

B KOHTaKTe. O A H ~ K O ,  H3MeHHB HeCKOJIbKO MeTOAHKY 3KCIIepEIMeHTa, 

MOXHO 0 6 ~ a p y x ~ ~ b  I I e p e H o c  a a p ~ ~ a  m B ~ T O M  cnynae. AJIR 3 ~ 0 r o  
H a 9 a J I b H b I e  3TaIIbI  3KCIIePHMeHTa OCTIBJIEIIOT 683 H3MeHeHHH, T. e. 
ABe ,I(H3JIeKTpH¶eCKHl? IIOBePXHOCTH COBMeIl(aIOTCEI, a 9 a C T b  IIOBepX- 

HOCTH H H X E e r O  AH3JIeKTPHKa I I p e ~ B a p H T e J I b H O  3 a p R X a e T C H .  % T ~ M  

3KCIIepEIMeHT OCyIQeCTBJIReTCEI B T P H  3 T a I I a :  1) C IIOMOqbIO KJIIO¶a A 
(CM. PHC. 204) K ABYM AH3JIeKTPH9eCKHM IIOBePXHOCTEIM, HIXOAIIWHMCII 

B KOHTaHTe,  IIOABOAHTCEI H a I I P I I X e H H e  (KJIIOP A ~ ~ M K H Y T ) ;  2) P a 3 M b I K a R  

K J I I O ~  A ,  C H m a I o T  n p m n o x e H H o e  H a n p R x e H m e  H c n o M o W b I o  K m n a  B 
3 a K O p a ¶ H B a I o T  TOKOIIPOBOHIImHe 3JIeKTPOAbI; 3) I I P H  3 a K O P 0 9 e H H b I S  

3JIeKTpOAaX OTAeJIHIoT AH3JIeKTpH¶eCKHe n0BepXHOCTH A p y r  OT ApyI 'a .  

P~CCMOTPHM ' I I P o ~ ~ c c H ,  I I P O T e K a I O q H e  H a  K a X A O M  H 3  3THX 3TaIIOB. 

l l p e ~ n o n o x ~ ~ ,  ¶TO ~ a n a n b ~ ~ i i   sap^^, c o a n a ~ ~ b ~ i i  H a  H H X H ~ ~  A m a x e m -  

p ~ s e c ~ o i i  n o s e p x H o c T m ,  HMeeT n o n o w m T e a H y m  n o n a p H o c T b ,  a H a n p a B -  

n e m e  n p H n o w e H H o r o  H a n p m K e H H H  11o~o6pa~o T a K ,  ¶TO n o n o w m T e n b -  

H~II IIOJIIOC IIOACOeAHHeH K H H X H e M Y  3JIeKTPOAY. ~ ~ ~ A I I o J I o X H M  

T a K S e ,  ¶TO l lOKa  ABe AH3JIeKTpH¶eCKHe IIOBepXHOCTH HaXOARTCH 

B BHPTYajIbHOM KOHTaKTe,  BeJIH¶HHa O W H b  MaJIOrO B03AYmHOrO 
3 a 3 O p a  OCTaeTCR, TI0 CylJJeCTBy, IZOCTOIIHHO~~. B ~ J I H ¶ H H ~  3 a 3 O p a  

O ~ O ~ H ~ P H M  Wpe3 2,. 



Ha a ~ a n e  1 a a p q ,  nepeHeceH~bIfi Ha AH3JreKTPH¶eCKHe noBepx- 
HOCTH, 6yf le~ paBeH [cornac~o COOTHOIIIeHHH) (140)] 

o t i D l ~ = V a  +Ve-Eci (D+zc) ,  (1 41) 

Hocne Toro K a K  B ~ C J I O B H ~ X  a ~ a ~ ~ a  1 npo~3oi ine~  nepeHoc a a p s ~ a ,  
aneKTponbI sa~opasvrsam~cs  ( s ~ a n  2), B p e 3 y n b ~ a ~ e  sero HanpHxceHzie 
va [ypaBHC?HHe (141)l IlaAaeT A0 HYJIII. O A H ~ K O  IIpH nOCTaTO¶HO 

BbICOKOM HaPaJIbHOM IIPHJIOXeHHOM HaIIPSIXeHHH 3aPRA, TIepeHeCeH- 
H H ~  Ha 3Tane 1, B YCJIOBHRX 3TaUa 2 CO3AaeT HOBOe ~ @ @ ~ K T B B H O ~  

HaUpRHceHHe O ~ ~ ~ T H O %  IIOJIRPHOCTH, OIIpeneJItIeMOe BMpaXeHHeM 

Vaf i  = V c - ~ t i D I ~ O .  (143) 
T~IEHM 06pa30~,  H a  3Tane 2 IIpOHCXOAHT nepeHOC 3apHAOB B o6pa.r- 

HOM HanpasneHnzi. C n e ~ o s a ~ e n b ~ o ,  ecnz Va c03,qae~ B BOSAYIIIHOM 
sasope none n p o ~ ~ ~ o n o n o z ~ o i i  ~ O J I R ~ H O C T H ,  npesHmamqee KPEITH- 

qecKoe none Ansx O ~ ~ ~ T H O ~ O  nepeHoca, TO npomcxonmT 06pa~~b1fi  nepe- 
HOC sapcr~a. 

3apsn, n e p e ~ e c e ~ ~ ~ i i  Ha  mane 2 B O ~ P I T H O M  HanpaBneHmn, 
H a  EepXHmIo AH3JIeKTPH9eCKYH) IIOBePXHOCTb, PaBeH 

rAe Ec2 - KPHTH¶eCKOe IIOJIe AJIR 3MHCCFIM H3 HH3fEHerO nH3JIeKTPHKa. 

M H H H M ~ J I ~ H O ~  3HaseHHe ~ @ @ ~ ? K T H B H O ~ O  IIPHJIO?KeHHOl'O HalIPH?Kt?HHII 

ma 06pa~HOr0 nepeaoca s a p a n o ~  onpeAenHeTcs IIPH aToM IIO (Pop~yne 

IIo oKoHsaaHn npoqecca O ~ ~ ~ T H O ~ O  nepeHoca a a p c ~ ~ o ~ ,  npo- 
acxonliqero H a  a ~ a n e  2, a @ @ e ~ ~ n s a o e  npnnoxeHHoe HanpsmeHHe, 
CO3naBaeMOe 3apHAaMH, OCTaBITIHMHCEI H a  0 6 e ~ x  nH3JleKTPH¶eCKHX 

LIOBepXHOCTRX, 6 y n e ~  paBH0 

V a f 2  = Vc - ( T ~ ~ D I E O  + ( s ~ ~ D I E ~ .  (146) 
ECJIH ~ @ @ ~ K T H B H O ~  npHnoxeHHoe HanpRzeHme, onHcbIsaeMoe 

@OPMYJIOB (146), paBH0 HJIH 6onbme MHHHMaJIbHOrO 3Ha¶eHHR, KOTO- 

POe ~ e o 6 x o g ~ ~ o  AJIS npo6os B03AyIIIHOrO IIpOMelKyTKa Ha  COOTBeT- 

cTBylomeM ysacTKe K P H B O ~ ~  IIameaa, TO Ha a ~ a n e  3 BO s p e m  pas- 
AeneHns n o s e p x ~ o c ~ e i i  M O X ~ T  npoAonxaTbcs 06paTHbIfi nepeHoc. 
B 0TOM CJIy¶ae AOIIOJIHHT~JI~H~I% 06paT~b1fi 3aPcIA, u ~ ~ ~ H o c H M H %  

Ha BepXHIOIo AH3JIeKTpH¶eCKyIO JIOBepXHOCTb, 6y)p.T PaBeH 
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HasaJIbHOrO UpHJIOXeHHOI'O HaI IpRXeHHR.  P ~ C C M O T ~ H M  CHa¶aJIa np0- 
qecc D e p e H o c a  s a p a j q o ~  B T e x  ysacmax, rge H a  ~ n x ~ e i ?  AmaneK- 

T P H ¶ ~ C K O ~ ?  UOBepXHOCTH Ha¶aJIbHOI'O 3 a p R g a  H e  ~ ~ I J I O  (V ,  = 0). 
B  TOM cnysae H a  mane 1 n e p e H o c  3 a p ~ g 0 ~  H e  H a m H a e T c R  no T e x  

UOp, n 0 K a  IIpHJIOXeHHOe H a I I p R X e H H e  H e  ,I(OCTHrHeT K ~ H T H ¶ ~ C K O ~  

BeJIH¶HHbI, 0 T ~ e 4 a I o q e B  @oPMYJIC? (142) ( T O ~ K ~  D). H a s H ~ a a  C 3~06  
T O ~ K H ,  n e p e H o c  a a p a n o ~ ,  c o r n a c H o  B b I p a X e H H I o  (141), npcIMo npo- 
UOpqtiOHaJIeH UpHJIOXeHHOMy H a U p R X e H H I o  A 0  H ~ K O T O P O ~ ?  TO¶KH A .  
Ha 3 T a U e  2 IIepeHOC 3apRAOB B O ~ ~ ~ T H O M  HaIIpaBJIeHHH 6 y ~ e ~  YMeHb- 

IIIaTb BeJIHqHHY 3 a p R A a  H a  BepXHeM Am3JIeKTpHKe B COOTBeTCTBHH 

C @0pMyJI06  (144) A0 TeX n O p ,  n O K a  H e  B03HHKHYT YCJIOBHR, OIIpeae-  

JIReMbIe @op~yJIof (145) ( T O ¶ K ~  B). ECJIH MHHHMaJIbHOe ~ @ @ ~ K T H B H O ~  
u p m a I o s e H H o e  H a n p R x e H n e ,  o n H c b I s a e M o e  BbIpaxeHrneM (145), 6 0 n -  
me MHHHMaJIbHOrO IIp0611~~0r0 HaIIPII?KC?HHR AJIR COOTBeTCTBYIO~eI'O 



y s a c T K a  ~ p m ~ o i i  n a m e ~ a ,  TO 0 6 p a T n b I i i  nepenoc npOHCXOAHT H H a  

mane 3 AO T O ~ K H  C. ECJIH s e  H a n p n z e H m e  M e a b m e  M H H H M a n b H o r o ,  
TO npm p a 3 ~ e j ~ e ~ ~ m  n o ~ e p x ~ o c ~ e f  O ~ ~ ~ T H O ~ O  nepenoca H e  B O ~ H H K ~ ~ T ,  

T. e. B 3TOM cnyqae B e n m s a H a  ot, = 0. o ~ o ~ ¶ a ~ e J I b ~ b I f i  r p a + m ~  
3aBHCHMOCTH JIepeHOCa 3 a p H A O B  H a  B ~ ~ X H H ~  AH3JIeKTPHK OT JIPHJIO- 
XeHHOFO H a I I p H X e H H H  B 3TOM C J I y P a e  IIpeACTaBJIHeTCR J I O M ~ H O ~  DEF. 
E c n ~  Xe H a  3 T a n e  3 IIpOHCXOAkTT A o I I o J I H H T ~ J I ~ H ~ I ~  06pa~~b1i i  I IepeHOC 

SapHAOB,  K p H B a R  IIpoiine~ ¶epe3 TOsKH D,G,H. B ¶aCTHOCTH, ecnm H a  

3 T a n e  1 IIpHJIOWeHO Hal IpRXWHHe,  AOCTaTOsHOe AJIH AOCTHlKeHHR 
TO¶KH A ,  TO I I p H  HaJIH¶HH O ~ ~ ~ T H O ~ O  I I e p e H O C a  3aPHAOB H a  3 T a n e  2 
YMeHbEWHHe 3 a p R A a  H a  IIOBepXHOCTH B e p X H e r O  AH3JIeKTpHKa 6 y ~ e ~  
n p e A c T a s J r e H o  n e p e x o A o M  OT T O ~ K H  A K T o m e  B. Ha mane 3 6 y a e ~  
H ~ ~ J I I O A ~ T ~ C H  ~aabneiimee y M e H b m e H m e  s a p ~ ~ a  OT B no C, e c m  ot, H e  

P a B H O  HYJIIO. H~IIOMHEIM, ¶TO I IPEIB~J(~HH~I~?  BbIIZIe a H a J I H 3  CIIpaBeAJIHB 
TOJIbKO IIpm HAeaJIbHESX YCJIOBHflX, T. e. K O r A a  06a AH3JIeKTpHKa 

RBJIRIOTCH HAeaJIbHbIMH H3OJIHTOpaMH, a HX IIOBepXHOCTH I'JIaAKHC?. 

A ~ a J I o r m s ~ b I e  pe3YJIbTaTbI  IIOJIY¶aIOTCH H AJIR TeX YPBCTKOB, HEIW- 

H H ~  AH3JIeKTPHK HMeJI ~a¶aJIb~hI6 3apHAy HO Bt?JIEI¶ZiHa I I e p e H e C e H -  

H o r o  sapma B  TOM cnyqae 6 y ~ e ~  6 0 ~ 1 b m e .  ( B ~ K B ~ I  co I I I T ~ H x ~ M E ~ . )  

I I p m n o ~ ~ e ~ ~ o e  H a r c p c I x e H m e ,  npm KOTOPOM H a w i a a e T c a  n e p e H o c  

aapcr~a ( ~ o s ~ a  D, pmc. 205), o n p e A e n R e T c R  +OPMYJIO~~. (142). no a ~ 0 6  
@0p~yJIe MOXHO H ~ ~ T H  T a K X e  BeJIH¶HHY KPtiTHPeCKOrO IIOJIH EC1, 
eCJIl l  H3BeCTHbI BCe ApYI'He BeJIHPEIHbI. ~ H ~ ¶ ~ H H H  BXOARIQmX B 3TY 
~#OPMYJIY BeJIHsHH, 38 HCKJIIOPeHHeM BeJIE¶HHbI 3 a 3 O p a  Z,, MOWRO 

OIIpeAeJrHTb 3KCIIepHMeHTaJIbHJdM IIyTeM. Ha~6onee p a q H O H a J I b H 6 I M  
cnoco6o~ O q e H K H  BeJIH9HHbI 3 a 3 O p a  CJIYWHT n o ~ 6 o p  T a K O r O  s a c n o B o r 0  

3Ha¶eHHH,  KOTOPOe HaHJIY¶IIIHM o 6 p a 3 o ~  YAOBJIeTBOPReT p e 3 y J I b T a T a M  

3 X C n e p H M e H T a ,  T a K  K a K  HelIOCpeACTBeHHO H3MePHTb TaKEIe MaJIbIe  

BeJIH¶HHbI O¶eHb TPYAHO. ECJIH H a  3 T a I I a X  2 H 3 IIPOHCXOAHT 0 6 p a ~ ~ b I i i  

I I epeHOC 3aPHAOB, TO BeJIH¶HHa KPHTH¶eCKOrO nOJIR Ec2 AJIH o 6 p a ~ -  
H o r o  n e p e H o c a  o n p e A e m e T c R  n p e ~ e n b ~ o f i  B ~ J I H ~ I ~ I H O ~  n e p e H e c e H H o r o  

3 a p H A a  (EF H GH H a  pHC. 205). 3~J7 B e J I H s m H y  MOXHO H ~ ~ T H  C IIOMO- 

q b I O  ~ O P M Y J I  (144) H ( 1 4 8 )  U p H  YCJIOBHH, ¶TO BCe OCTaJIbHbIe BeJIH¶HHbI 

H3BeCTHhI. B ~ J I H ~ H H ~  Eci npeACTaBJIHeT KpmTm¶eCKOe IIOXe AJIH 3MHC- 

cnm ~ J I ~ K T P O H O B  c ~ e p x ~ e f  p i a n e ~ ~ p m s e c ~ o f i  n o s e p x H o c T H ,  a E,, - 
KpHTH¶eCKOe IIOJIe AJIH 3MHCCHH 3JIeKTpOHOB C H H X H ~ ~ ?  AH3JIeKTpB- 

¶ ~ C K O ~  IIOBepXHOCTm. ECJIH 06e IIOBepXHOCTH H3rOTOBJIeHbI H 3  OAHO- 

r0 H TOP0 we M a T e p H a J I a ,  TO 3TH BeJIHPHHM PaBHhI.  

4.5.4. n E P E H O C  3APfif lA nPEi HYJIEBOM BOBAYIIIHOM 3 A 3 0 P E  

EcJ IH ABe AH3JIeKTPH9eCKHe IIOBePXHOCTH HaXOARTCH B TaKOM 
KOHTaKTe, ¶TO M e X A Y  HHMH H e T  B03AYIIIHOI'O 3 a 3 O p a ,  TO IzepeHOC 3 a p H -  

AOB B 3TOM C J I y P a e  BCe Xe BO3MOHCeH, HO YCJIOBHR I lPOTeKaHHtI  n p O q e C -  

ca n e p e H o c a  R M ~ X ~ H H S M  n e p e M e q e H n H  a a p a ~ o ~  c o ~ ~ o i j r  n o s e p x a o c T m  
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H a  Apyrym c n n b H o  O T J I n Y a m T c n  OT ~ C J I O B H ~ ~  EI M ~ X ~ H H ~ M ~  E e p e H o c a  

I I p H  H a J I H s H H  B03AYIIIHOI'O 3 a 3 O p a  I). YCJIOBHCIM TaKOrO KOHTaKTa 

I I P E I ~ J I H W ~ ~ T C X  c n c T e M a ,  I I O K ~ ~ ~ H H ~ R  H a  pmc. 206, rAe p a  c n o H  osem 
I'JIaAKOI'O r ~ 6 ~ o r o  AH3JIeKTPHKa COeAHHeHhl EI HaXOACITCFI IIOA Aa- 

BJIeHHeM. 

E c n ~  H a  HeKOTOpOM YYaCTKe H H ~ H ~ H  ~ ~ 3 J I e I E ~ p ~ s e c ~ o i i  IIOBepX- 

HOCTH A 0  ee COBMeqeHHH CO BTOPbIM HH3JIeKTPHKOM C03AaTb  IIOBePX- 

H O C T H H ~ ~  ~ a p n ~ ,  O ~ ~ C I I ~ Y H B ~ ~ ~ H &  H a s a n b H o e  H a n p a m e u m e  H a  aTohr  



Vd  = v c  = v,. 
LsKd 

I+- 
KsLd 

E c n ~  YCTpaHHTb AaBJIeHHe H,  H e  p a 3 M b I K a R  KJIIO¶a B, OTAeJIHTb 

IIOBepXHOCTH A p y r  OT A p y I ' a ,  TO H a I I p s X e H H e  H a  B e p X H e M  H H H X H e M  

a H 3 J I e K T p H K a X  COXPaHHTCR I), a ~a¶aJIb~bIii  I IOB~PXHOCTHMB 3aPIIA 
PaCIIpeAej IHTCR M e X A y  ABYMR IIOBePXHOCTRMH B OTHOHIeHMH, OIIpeAe-  

n R e M o M  B M p a w e H H e M  (151). llocae o T A e n e H m  n o ~ e p x ~ o c ~ e i j r  n e p e H o c a  

3apRAOB,  o ~ ~ C J I O B J I ~ H H O ~ O  n p o 6 o e ~  BO3AYIIIHOI'O I I P O M e X Y T K a ,  H e  

IIPOHCXOAHT, T a K  K a K  IIOJIe Me?KAy ABYMR AEI3JleKTPHKaMH, IIO 

CylD,eCTBy, p a B H 0  HYJIIO. 
E c n ~  Xe YCTPaHHTb AaBJIeHHe TOJIbKO IIOCJIe pa3MbIKaHHII  KJIIO¶a B 

M nocnenymqero ~ ~ M ~ I K ~ H H R  K J I I ~ ~ ~  A ,  T. e. nocne nonam H a n p s x e -  

HEIR H a  CJIOH, TO I I P H  HOCTaTO¶HO 60~1bmoii BeJIH¶HHe H a I I P R X e H H R  

n p H  ~ ~ ~ A ~ J I ~ H H H  n o ~ e p x ~ o c ~ e i i  MOXHO IIOJIYPHT~ A O I I O J I H H T ~ J I ~ H ~ I ~ ~  

n e p e H o c  s a p a ~ o ~ .  O A H ~ K O  e c m  nocze nonasn H a n p s X e H m  P ~ ~ O M K -  
HYTb KJIIOP A H 3aMKHYTb KJIK)¶ B, TO I IOAa¶a  H a I I P R X e H H R  H e  06ecne- 
s n s a e T  n e p e H o c a  s a p n ~ o ~  ( K O H ~ ~ H O ,  npn YCJIOBHH, ¶TO nonaga H a n p n -  

X e H H R  H e  IIPHBOHHT K y T e ¶ K e  ¶epe3 ,T(H~JI~KTPHKH) .  ECJIH Xe IIPH- 

JIOHEeHHOe H a I I P I I X e H H e  HaCTOJIbKO BMCOKO, ¶TO IIPOHCXOAHT y T e ¶ K a  

qepes A m a J r e K T p m s e c x H e  CJIOH, TO MOXHO I I p e A n o a a r a T b ,  ¶TO n e p e H o c  

3 a p R A O B  B 3TOM C J I y ¶ a e  ~ Y A ~ T  HHTeHCHBHee, ¶eM I I p H  OTCYTCTBHH H a I I p R -  

X e H H R -  

~ I T ~ K ,  I I p H  YCJIOBHSX OTCYTCTBHR y T e ¶ K H  H npo6os AH3JIeKTPHFa  

n e p e H o c a  s a p ~ ~ o ~  B H ~ ~ ~ P R X ~ H H ~ I X  3 0 ~ a x  H e  IIPOHCXOAHT. Cnego- 
BaTeJIbHO, eCJIH I IepeHOC 3JleKTPOCTaTH¶eCKHX H 3 0 6 p a X e ~ H i j r  IIpOH3- 

BOAHTCR OIIHCaHHMM CIIOCO~OM, MOXHO O X H A a T b ,  ¶TO H a  Y¶aCTKH 

 OH^ 3 a P R A b I  H e  ~ Y ~ Y T  IIepeHOCHTbCR. nofla¶a HaIIpII?KeHHR HH¶eI'O 

H e  MeHReT,  eCJIH TOKOIIpOBOARqHe IIOAJIOXKH ,QH3JIeKTpH¶eCKHX 
m o e B  3a~opoqe~b1. 
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T e 0 p H R  I I e p e H O C a  3 a p R A O B  I I p H  ~ B T O ~ J I ~ K T P O H H O ~  BMHCCHH, a P O -  

60e BO3AylIIHOI'O I I p O M e X y T I c a  H o 6 ~ e ~ e  3apRAElMEI 6 ~ n a  JIOABepI'HyTa 

a ~ c n e p n ~ e ~ ~ a a b a o i i  nposepxe. B K a s e c T s e  A m n e x T p H s e c K o r o  MaTe-  

p H a n a  H c n o J I b s o B a j r n c b  n J r e H K n  ~ a f n a p a ,  06~1a~amrqne BMCOKHM 

YAeJIbHhIM COIIpOTHBJIeHHeM H B M C O K O ~ ~  ~ ~ ~ e x ~ p E I ¶ e c x o i i  IIP04HOCTbIO. 
MOXHO C¶HTaTb,  ¶TO IIJIeHXEI M a f J I a p a  110 CBOPM C B O ~ C T B ~ M  n p n 6 ~ 1 ~ -  
X a I o T C R  K HAeaJIbHbIM Ei30XFITOPaM. B P R A e  3XCIIepBMeHTOB OAHMM 

~3 A H ~ J I ~ K T P H K O B  CJIYXHJI ~ M O P ~ H H G  c e a e H ,  a nnema ~ a f i z a p a  HC- 

I I O J I ~ ~ O B ~ J I ~ C ~  B ~ a q e c ~ ~ e  B e p x H e r o  ~ H ~ J I ~ I E T P H E E ~ ,  H a  K O T O P M ~ ~  nepe- 
EOCRTCR 3aPRAbI .  Tax K a K  B ~ M O P @ H O M  CeJIeHe,  O C O ~ ~ H H O  I I p H  BbICO- 

KOM H a I I p R X e H H H ,  H ~ ~ J I I ~ A ~ ~ T C I I  y T e ¶ K a ,  ~ ~ I J I H  IIpOAeJIaHbI T a K X e  

3KCIIePHMeHTbI 110 OIIPeAeJIeHHIo IIPHPOAbI 3 ~ 0 2  YTe¶KH. K ~ o M ~  T o r 0 7  

AJIR n c n w r m B a B m H x c R  , q m a n e x T p m s e c x m x  M a T e p m a n o B  o n p e n e n a n o c b  

OTHOIIIeHHe TOJIII(HHbI K A H ~ J I ~ K T P H P ~ C K O H  IIPOHH4aeMOCTH, II03TOMY 

IIpOZi3BOAHJIHCb H3MePeHHR eMKOCTH 3THX MaTePElaJIOB. 

EHJIH IIpHMeEeHbI  T P H  p a 3 J I H 9 H b I e  MeTOAHKH 3KCIIePHMeHTa 110 

I I e p e H O C y  3apRAOB:  MeTOAhI OTpbIBa,  BHpTyaJIbHOI'O KOHTaKTa E AaB- 

JIeHHR. B IIPHBOAHMOM H H X e  OIIHCaHHH 3KCIIePHMeHTOB AEI3JIeKTPH- 

~ e c ~ n f  cnoii, H a  K O T O P ~ I H  I I e p e H o c n T  H H a  KOTOPOM H ~ M ~ P R I ~ T  3apxn, 
Ha3bIBaeTCR BePXHHM AH3JL€?KTPEI¶eCKHM CJIOeM, a A H ~ J I ~ K T ~ H ¶ ~ c K H ~ ~  

C J I 0 f  ($oToI I~oBo~RII (H% ~ J I o ~ ) ,  C KOTOPOI'O I IepeHOCRT 3 a p R ~ h T ,  Ha3bI-  

BaeTCR HHXHHM AH3JIeKTPH9eCKHM CJIOeM. B P R A e  3KCIIePHMeHTOB 
HCIIOJIb3OBaJICH TOJIbKO OAHH, B ~ P X H H ~ ~  AH~JI~KTPH¶~CKE% cJIoG, T a K  

K a K  3 a p R A b I  nepeHOCHJIHCb C r J IaAKHX MeTaJIJIH¶eCKHX IIOBepXHO- 
c ~ e 2 .  

Hasanb~afi  ~ o A ~ o T o B H T ~ J I ~ H ~ I ~  3 T a U  BO BCeX T p e X  MeTOAHKaX 

axcnepmema n p a x T m s e c x H  oAmH H TOT xe .  C I I O M O ~ ~ I O  x o p o H H o r o  
3 a P R A H H K a  H a  IIOJIOBHHe IIOBePXHOCTH HHZHeI 'O  AH3JIeKTPHPeCKOI'O 

CJIOR ( ~ M O ~ $ H O ~ O  CeJ IeHa  HJIH IIJI€?HXH) C03AaIoT  3 a p R A .  3 a ~ e ~  H a  H H Z -  

H H ~  A H ~ J I ~ I E T P H ¶ ~ C K E I ~ ~  cJI0fi HaKJIaAbIBaIoT B ~ P X H H ~  A H ~ J I € ? K T P H ¶ ~ C K H ~ ~  

cJIoH ~ J I ~ H o ¶ H o ~ ! ~  IIOBepXHOCTbIo BHH3. B ~ o J I ~ I I I H H c T B ~  3KCIIePHMeHTOB 

~ ~ I J I H  H C I I O J I J ~ O B ~ H ~ I  ~ J I ~ C T H ~ E ~ ~  m e H x n  ~ a f i n a p a  c OAHOCTOPOHHHM 

aJIIoMHHHeBbIM IIOXpbITHeM. B I IepBbIX 3KCIIepHMeHTaX 6panncb 
I I p O 3 p a ¶ H b I e  IIJIeHKH M a G J I a p a ,  y KOTOpbIX TOKOIIpOBO,lJRII(Hi? IIOAJIOX- 

KI4 IIpeACTaBJIRJIH co6ofi C J I 0 f  cepe6prr~oi.i K P I C K H ,  H ~ H ~ C ~ H H O ~  

H a  n n e H K y  c og~of i  CTOPOHM. B K a q e c T B e  c n o e B  c ~ M O P ~ H H M  cene- 
HOM ~ ~ I J I H  HCIIOJIb30BaHbI 06b1=1~b1e IIJIaCTHHbI, I I p e A H a 3 H a ¶ e H H b I e  

AJIR KOIIPpOBaJIbHbIX a I I I I a p a T O B  ((Kc~~oKc)) .  @ Y H X ~ H H  H H x H e r O  

3JIeKTpOjJa BbTEOJIHFIJIa aJIIoMHHMeBaR IIOAJlOXKa 3THX UJIaCTHH. 
P ~ C C M O T P H M  3TaI Ib I  Ha3BaHHbIX MeTOAHK. 

M~TOA.  OTpbIBa.  4. Y C T ~ H O B K ~  ~ p e 6 y e M o f i  BeJIH¶HHbI IIpHJIO%eH- 

HOrO H a I I p R X e H H R  Zi IIOABOA 3TOT0 H a I I p R X e H H t l  K B e p X H e M Y  H H H x -  
H e M y  3JIeKTpOAaM CHCTeMhI. 



2. O T A ~ J I ~ H H ~  @ ~ J I ~ K T P H ¶ ~ C K ~ X  I I O B ~ P X H O C T ~ ~  APYr OT A P y r a  

DpM HaJIHYHEl I IpHJI0XeHHOrO HaJIPRHEeHHR- 
3. C H H S ~ H E I ~  IIp&iJIOlKeHHOrO H a l I P H X e H E R  A 0  HYJIR M OTKJIH)¶eHHe 

H a n p R x e H a R -  
4. k I 3 ~ e p e ~ ~ e  s a p ~ ~ a ,  n e p e H e c e H H o r o  H a  B e p x H m I o  A H ~ J I ~ K T P H -  

q e c K y I o  JIOBePXHOCTb, B Y s a C T K a X ,  IIpHJIeI'aIoJ4MX K 3 a P I I x e H H b I M  
H H e 3 a P R X e H H b I M  y ¶ a C T K a M  HHWHeTO AH3JIeKTPHKa ( H C I I O J I ~ ~ Y ~ T C I L  

~ J I ~ K T ~ o M ~ T ~ ) .  
M€!TOA BHPTYaJIbHOrO KOHTaRTa. 1. ~ C T ~ H O B K ~  ~ p e 6 y e ~ o f  BeJIH- 

n p m o x e H H o r o  H a n p r r x e H H r r  H n o g B o A  ero K ~ B Y M  ~ J I ~ K T P O -  

AaM- 
2. CHHXWHMC? HaIIPRHEeHHR A 0  HYJIR. 

3. O ~ ~ e n e ~ r n e  A H ~ J I ~ K T P H F I ~ C K H X  c n o e B  B YCJIOBHIIX s a ~ o p o s e ~ ~ o i i  
q e n ~ .  

4. k i 3 ~ e p e ~ ~ e  n e p e H e c e H H o r o  a a p a ~ a .  
M€!TOA AaBJIeHHII. 1. C O ~ A ~ H H ~  AaBJIeHMR AJIR IIOJIy¶eHHR IIOJIHOrO 

KOHTaKTa M e X A Y  ,QH3JIeKTPM¶eCKHMH IIOBePXHOCTIIMH. 

2. Y C T ~ H O B K ~  ~ p e 6 y e ~ o i i  BeJIH¶HHbI I IPHJIOXeHHOrO HaIIPIIHCeHMFi 

H IIOABOA HaIIPRHCeHHR K 3J IeKTpOgaM-  

3. C ~ r n x e ~ n e  n p m n o B e H H o r o  H a n p r r x e H m  AO HYJIR. 
4. CHRTH~ AaBJIeHHR H p a 3 A e J I e H H e  gH3JIeKTpEI¶eCKEIX IIOBepX- 

H O C T ~ ~ .  

5. H 3 ~ e p e ~ t i e  n e p e H e c e H H o r o  s a p ~ ~ a .  

B OlIHCbIBaeMbIX 3KCIIePMMeHTaX B KaPeCTBe  KOPOHHOI'O 3apIIR- 
H E K a  HCIIOJIb30BaJICR IIPOqeCCOP a I I I I a p a T a  (tKCep0KC)). BO B p e M R  

3 a p R A K H  IIOJIOBMHa HMWHerO AH3JIeKTPH¶eCKOI'O CJIOH 3 a K P b I B a J I a C b  

3 K p a H O M  H 3  ~ J I I O M H H H ~ B O ~  (P.oJIbrH, II03TOMY 3 a p R A  O C a x A a J I C R  TOJIbKO 

H a  JIOJIOBHHe JIOBePXHOCTH. ~ ~ P R A H O ~  YCTPOGCTBO II03BOJIIIJIO JIOJIY- 

¶ a T b  3 ~ 6 0  I I O J I O ~ ~ E M T ~ J I ~ H ~ I ~ ,  nm6o 0 T p m q a T e J I b ~ b I i i  3apaA. 
A J I R  H3MepeHHR I I O B ~ P X H O C T H O ~  IIJIOTHOCTH 3 a p H A a ,  C03AaBaeMO- 

r0 H a  H H x H e M  AH3JIeKTPM9eCKOM CJIOe, JIPMMeHRJICR 3JIeKTPOMeTP7 

O T I ' ~ ~ A Y M P O B ~ H H ~ I %  B BOJIbTaX. ~ J I ~ K T P O M ~ T P  GHJI COeAMHeH C CaMO- 

JIECQeM. U ~ M ~ ~ ~ H H R  IIPOH3BOAHJIHCb CJIeAYmI4EIM o6pa30~ .  3 a p R X e ~ -  

H a R  IIOBepXHOCTb MeAJIeHHO l l epeMeJ4aJ IaCb  IIOA SOHAOM 3J IeKTpOMeTpa ,  

a no~a3a~mrr npn60pa H e I I p e p b I B H o  @n~cmpo~anmcb c a M o n H c q e M  

C TeM, n~06bI MOXHO 6 ~ x 0  BbIqEiCJIMTb CpegHIOH) BeJ IH¶HHy HaIIpcI-  

HteHEIR AJIR AOCTaTO¶HO ~ O J I ~ I I I O ~  UJIOlI(aAH A H ~ J I ~ K T ~ H ¶ ~ c K O ~  IIOBepX- 

HOCTEI. Ta Ne a n n a p a T y p a  M TOT x e  MeToA H C I I O J I ~ ~ O B ~ J I H C ~  AJIH 

H3MePeHHII  3 a p R A a ,  IIepeHOCHMOI'O H a  BepXHIoH) AH3JI€?KTPH¶eCKYIO 

n o s e p x H o c T b ,  a B H e K o T o p M x  C J I Y ~ ~ E I X  M AJIR O n p e A e n e H n x  a a p a ~ a ,  
OcTaIoJ4eI'OCR H a  H H X H ~ ~  ~ H ~ J I ~ K T P H ¶ ~ c K o ~  IIOBePXHOCTH IIOCJIe 
a K c n e p m M e H T a .  



I V .  I I E P E H O C  GKPbITbIX BJIEKTPOCTATHYECKHX H3OBPAHCEHHn 381 

H ~ M ~ ~ ~ H H R  eMKOCTH, H a  OCHOBaHHEI KOTOPhIX BbI9EICJIRJIOCb OTHO- 

II IeHHe TOJIqHHhI  K ~ H ~ J I ~ K T P H ~ ~ C K O ~  IIPOHHqaeMOCTH (LIK) AJIR 

AaHHhIX MaTePHaJIOB,  IIPOH3BOAHJIHCb C IIOMOwbH) YCTaHOBKH, a H a -  

~ o r m s ~ o f  m306pame~~oi i  H a  pmc. 91. 

P e 3 y J I b ~ a T b I  IIPOAeJIaHHbIX 3KCIIePHMeHTOB I I O K a 3 a H H  H a  PHC. 209- 
223. I I p e ~ c ~ a s n e a ~ b ~ e  3gecb p a c n e T H b I e  m a K c n e p m M e H T a m H b I e  A a H H H e  

lIO3BOJIHIoT O q e H H T b  CTeIIeHb n p m 6 n ~ x e ~ m ~  TeOpmH K 3KCIIePHMeHTy.  

B h I s e p s e ~ h I  r p a @ m ~ ~  ~ ~ B E I C H M O C T H  n e p e H e c e H H o r o  aapcr~a OT npm- 
n o x e H H o r o  H a n p c I x e H m c r .  B H e K o T o p z i  c n y s a H x  n o ~ a 3 a ~  T a K x i e  

sapan, o c ~ a ~ m m f c n  H a  n e p B o H a s a J r b H o  s a p r r x e ~ ~ o ~  y s a c T K e  A H ~ J I ~ K -  

TpH¶eCKOrO MJIH ~ O T O I I P O B O ~ R ~ ~ ~ O  CJIOR. P ~ c ¶ ~ T H M ~  BeJIH9HHbI nepe- 
HeCeHHOrO 3 a p R A a  nOJIy¶eHbI  H 3  AaHHhIX 06 OTHOIUeHHH TOJImHHbI 

n n e H x H  K ee A E I ~ J I ~ K T ~ H ~ ~ C K O ~  n p o H H q a e M o c T m .  3 ~ c n e p m ~ e ~ ~ a n b ~ ~ e  
3 H a ¶ e H H R ,  I IOJIy9eHHbIe AJIR pa3J IH9HbIX J(H3JIeKTPEI9eCKHX IIJIeHOK, 

n p e A c T a B J I e H b I  B ~ a 6 n .  4. 
T ~ K  K a K  n n e H K a  ~ a h a p a  o 6 ~ r a ~ a e ~  o v e a  BMcoKmM Y g e n b H b r M  

COIIpOTHBJIC3HMeM ( ~ 1 0 ~ ~  ~ d t . C d t ) ,  TO I l p H  BbIsElCJIeHHH KOJIEI¶eCTBa 

n e p e H e c e H H o r o  sapaga  TOT M a T e p z i a n  M O ~ H O  P a c c M a T p m a T b  K a K  

~ ~ e a n b ~ ~ f i  II~OJIRTOP. YTO s e  K a c a e T c H  a ~ o p + ~ o r o  c e n e H a ,  TO 

I I p H  HaJIOXeHEIH CEIJIbHOrO IIOJIR er0 IIPOBOAHMOCTb 3aMeTHO BO3paCTa-  

eT. P e 3 y J I b ~ a ~ b 1  H ~ M ~ P ~ H H G ,  IIpOBeAeHHbIX C IIOMOIQbH) YCTBHOBKH, 

I I o K ~ ~ ~ H H o ~  H a  PHC. 207, IIpeACTaBJIeHbI H a  pHC. 208 B BHAe rpa@&i~a  



A t i a n e ~ ~ p H ~  H ero n p ~ 6 ~ 1 ~ 3 ~ ~ e n b ~ a f i  TOJIIqHHa 

. . . . . . . .  A M O ~ ~ H M ~ ~  ceneH, 2 0  xis 

3aBHCHMOCTH IIPOBOAEMOCTH CJIOR ~ M O P @ H O ~ O  C e J I e H a  OT H a I I p R W e H -  

HOCTH ~ J I ~ K T P H ¶ ~ C K O I ' O  IIOJIR B cenene H OT H a n p c I w e a m  H a  c e n e H o -  

BOM CJIOe. U~BBCTHO, ¶TO 06b19~b1e K ~ e p ~ r p a @ H ¶ e ~ K H e  I IJ IaCTHHbl  

C ~ M O P @ H ~ I M  CeJIeHOM B b I A e P X H B a I O T  3 H a 9 H T e J I b H O  60~1ee CHJIbHOe 

none B TOM czysae, K o r A a  HX n o s e p x H o c T b  s a p ~ m e ~ a  n o J r o m a T e J r b H o .  

 TO IKOATBeplrcAaeTCR E i  p e 3 y J I b T a T a M H ,  I IpeACTaBJ IeHHbIMH H a  PXC.  208. 
C J I ~ R ~ ~ T  OTMeTHTb,  ¶TO I I P H  3 H a ¶ e H H R X  OTPHqaTeJIbHOl 'O I IOBePXHOCT- 

H o r o  n o T e H q H a J r a ,  ~ J I H ~ K E I X  K 2. l o5  BICX, IIPOHCXOAHT p e a ~ o e  ysem- 
Y e H H e  IIPOBOAHMOCTH. K o r ~ a  O T P H ~ ~ T ~ J I ~ H ~ I G  ~ O B ~ P X H O C T H ~ I ~  IIOTeH- 

qmajr A o c T n r a e T  B e n m s r n H b I  -400 s no o T H o m e H m m  K n o A n o m K e ,  

IIPOBOAHMOCTb CTaHOBHTCR ~ a K 0 f i  60~1bmoii, ¶TO c J I o ~  ~ M O ~ @ H O I ' O  

c e n e H a  B A a H H o M  s K c n e p H M e H T e  no n e p e H o c y  ~ ~ P R A O B  ~ P H X O A H T C R  

C ¶ a T a T b  IIPOBOAHHKOM. B C J I y q a e  I IOJ IOXHTeJ IbHOrO I IOBePXHOCTHOrO 

I I O T e H q H a J I a  IIpOBOAHMOCTb B 0 3 p a C T a e T  3 a M e T H O  I I p H  3 - l o 5  6 / ~ & ,  

OAHaKO B O 3 p a C T a H H e  IIpOHCXOAHT H e  T a K  ~ ~ I C T P O ,  K a K  B C J I y ¶ a e  OTPH- 

IJElTeJIbHOI'O IIOBepXHOCTHOI'O I I O T e H q H a J I a .  C J I ~ ~ O B ~ T ~ J I ~ H O ,  M03ffHO 

IIpeAnOJIOlrcHTb,  ¶TO B C J I y ¶ a e  IIOJIOlKEiTeJIbHOI'O KIOBepXHOCTHOI'O 



IV. I I E P E H O C  CKPbITbIX 3JIEKTPOCTATIT4ECKMX H 3 0 E P A Z f C E H H ~  383 

n o T e H q m a a a  y ~ e s ~ a ,  K o T o p a n  I I O ~ B O J I R ~ T  cn05 cenena c m T a T b  IIPO- 

BOAHMKOM, B 0 3 H H K a e T  I I P H  3Ha4ITTeJlbHO 6 0 J I e e  CHnbHblX IIOJIEIX. 

H3 I IpaKTHKH H3BeCTH0, ¶TO AJIR OIIIlCLIBaeMbIX IIJIaCTHH C ~ M O P @ H M M  

CeJIeHOM I I p e f i e J I b ~ b l G  O T P H ~ ~ T ~ J I ~ H ~ I G  IIOTeHYHaJI 0 6 ~ 9 ~ 0  H e  IIpe- 
BbIJIIaeT -400 6 ;  B C J I y ¶ a e  Xe IIoJIoXI~T~JI~HO% 3 a p R A K H  3TH IIJIaCTHHbI 

0 ZOO 400 600 800 
Hanpmceuue Ha cnoe ceneua, 8 

I I 

0 to5 2-10; 3.10~ +lo5 5-10' 
Hanp~3fceHHocmb 3ne~mpuvec~ozo nonff 8 ceme ,  B/CM 

P EI C. 208. ~ ~ B H C H M O C T ~  IIpOBOAHMOCTLl K C ~ ~ O I ' ~ ~ $ H ¶ ~ C K O ~  IIJIaCTHHJJ C 'a~op4-  
HbIM CeJIeHOM OT IIPHJIOHEeHHOrO HaIIPIIlfEeHLlR EI HalIPRlfCeHHOCTEI UOJIII. 

T o J I I ~ H H ~  ceneaoBoro cnoR p a s a a  17 nzx. 

MOXHO J Ie rKO 3 a P R A H T b  A 0  600-700 6. ~ T L I M L I  CBOGCTBELMM ~ M O ~ @ H O I ' O  

CeJ IeHa  E3 ~ ~ ' ~ R C H I I W T C I I  OTKJIOHeHHR 3KCIIepMMeHTaJIbHbIX BeJ IHsHH 

OT PaCPeTHbIX,  H ~ ~ J I I O ~ ~ ~ I O ~ M ~ C I I  I I p H  I IepeHOCe 3aPRAOB. 

4.6.2.1. 3EECnEPHMEHTbI C OTAEJIEHHEM O A H O ~  IIOBEPXHOCTH OT HPS'rOfi 

Ha PHC. 209 I IPHBeAeHbI Pe3YJIbTaTbI ,  IIOJIY¶€?HHbIe I IPM I IePeHOCe 

3 a p R A O B  MeTOAOM OTPbIBa AJIR ABYX IIJIeHOK ~a5JIapa .  m3 PMCyHKa 
BHAHO, ¶TO T e o p e T H P e c I c H e  A a a H b I e  A O B O J I ~ H O  xopomo c o r n a c y w T c R  

C 3KCIIepHMeHTaJIbHbIMH, XOTR, K a K  IIpaBHJIO,  3KCIIePHMeHTaJIbHbIe 

AaHHbIe HeCKOJIbKO B b I m e  PaC¶eTHbIX BeJIM'IHH, IIOJIY9eHHbIX C IIOMO- 

r j i o p ~ y ~ ~ b ~  (138). B  TOM ~ K C I I ~ P H M ~ H T ~  H a n p a B x e H n e  I I p n n o x e H -  
HOrO IIOJIEI 6b1<0 I I O A O ~ P ~ H O  T a K ,  ¶TO H a  BePXHIOIO AH3JIeKTPH'IeCKYIO 

I I J IeHKy HaIIpaBJIRJICR I I o J I o X I ~ T ~ J I ~ H ~ I H  3 a p R A l  a H a  HHXHIOH) - 
O T P H L T , ~ T ~ J I ~ H H ~ .  ~ P H  3TOM CJIeAYeT OXMAaTb,  ¶TO H a  He3aPEIXeHHOM 

y 9 a C T K e  I IepeHOC OTpH4aTeJ IbHOrO 3 a p R A a  H a  HHXHIOK) AH3JIeKTPH4e-  

CKyH) IIJIeHKY, IIO C Y a e C T B Y ,  ~ Y A ~ T  3epKaJ ILHbIM I l 3 0 6 p a % e ~ ~ e ~  IIepe- 
HOCa IIOJIOXHTeJIbHOI'O 3 a p R H a  H a  B ~ ? ~ X H M %  AE33JIeKTpHK. O T ~ E ~ I ( ~ T ~ J I ~ -  
HbIe  3 a P R A b I ,  I lepeHOCHMbIe H a  HHXHWH) AH3JIeKTpH¶eCKYH) IIJIeHHY, 



c H a s a n a  6y,qy~ Hei iTpaJ IH30BaTb  m M e m q H e c s  H a  B T O ~ ~  n n e H K e  110x0- 
X H T e J I b H M e  3 a p R A h I  A 0  T e X  I IOp ,  I IOKa H a ¶ a J I b ~ b I i i  3 a p R A  H H H C H ~ ~  
; I H ~ J I ~ K T ~ ~ I ¶ ~ c K o %  IIJIeHKH H e  ~ Y A ~ T  IIOJIHOCTbX) H ~ ~ ~ T P ~ J I H ~ O B ~ H ,  

a 3 a T e M  6y,I(y~ H a K a n J I H B a T b C X  H a  H ~ H ,  o6pa3y11 O C T ~ T O ¶ H H ~ ~  OTPH- 

q a T e J I b H h l B  3apIIA. 
Ha p ~ c .  210 n p H s e A e H a  K a p T n H a  n e p e H o c a  AJIR cnyqas, K o r n a  

HH?KHHM AH3JIeKTPHqeCKHM CJIOeM CJIYSMT ~ M O P @ H ~ I ~ ~ [  CeJIeH, a B e p X -  

HHM - naema ~aCinapa ~ o ~ r ~ m ~ o i i  0,013 mm. Tak- ,KaIc IIPH p a c q e T e  

P H c .  209. IIepe~oc a a p s ~ o ~  M e M A y  A B ~ M R  n 2 e a K a M a  ~ a i i n a p a  npa p a ~ f i e n e ~ a ~ i  
IlOBepXHOCTeH. 

Hanpamenne aapamennoro ysacTna pamo +650 8 .  3 ~ c n e p n ~ e ~ ~ a n b n b l e  naHaHe: 0 nnu 
nonomnTenbnoro aauana. neDeneceHHoro Ha ~ ~ D R H ( ~ H H O M  Y T ~ C T K ~ :  n E ~ R  nonomnlenb- 

IIPHHHMaJIOCb, ¶TO 06a CJIOH RBJIRIoTCR HAeaJIbHbIMI3 H30JIEITOPaMH, 

TO B pe3ynb~a~e  y T e ¶ K H  B C e n e H o B o M  caoe, ~ a 6 ~ 1 m ~ a m q e i i c s  IIPH 

CHJIbHbIX IIOJIIIX, 3KCIIepHMeETaJ IbHbIe  AaHHbIe  3Ha9HTeJIbHO OTJIHrIa- 

I o T c a  OT p a c s e T H b I x .  Hncr ~ e a a p ~ ~ e ~ ~ o r o  ysacma s ~ c n e p ~ ~ e ~ ~ a n b -  
H H e  ~ H ~ ~ ~ H H I I  sapsna, n e p e H o c H M o r o  H a  n n e H K y  ~a i inapa ,  6onbme 
p a c s e T H b I x ,  n p H s e M  p a 3 ~ ~ q a  M e x A y  HHMH ~ o a p a c ~ a e ~  npu nosmue- 
HHH I IPHJIOXeHHOrO HaIIPIIHCeHHH. M3 PMCYHKa BHAHO, ¶TO, H a s H H a F I  

OT TO¶KH, C O O T B ~ T C T B Y I ~ ~ ~ ~ ~  I I P H ~ J I H ~ ~ T ~ J I ~ H O  IIpHJIO?KeHHOMY HaIIPII-  

S e H H I o  600 6 ,  3KCIIepMMeHTaJIbHaH K p H B a H  HAeT LIOA 3Ha¶l iTeJIbHO 

~ ~ J I ~ I I I H M  YrJIOM HaKJIOHa,  ¶eM p a C ¶ e T H a R  K p m B a s .  @oPMYJI~I (138) 
M (139) AaIoT  HaKXOH p a c ¶ e T ~ o f i  JIHHHH, p a ~ ~ b *  (LIK) .  (1 ID). B AaH- 

HOM C J I y ¶ a e  HaKJlOH P ~ C ¶ ~ T H O ~ ~  K P H B O ~ ~  P a B e H  0,585, TOI'Aa K a K  HaKJlOH 

~ K c I I ~ ~ H M ~ H T ~ J I ~ H O ~  K P H B O ~  B O ~ J I ~ C T H  BbICOKHX H ~ I I P R ? K ~ H H G  IIPH- 

~ J I H ? K ~ ~ T C I I  K 1,0, T. e. K TaKOMY 3Ha¶eHEIH), KOTOpOe MO?KHO ~ H J I O  



P a c. 210. I Iepe~oc  s a p ~ ~ a  Memny nnac~rx~oii  c  ~ M O P + H ~ I M  ceneHoM H TOHKOG 
n n e ~ ~ o i i  ~a i inapa  (0,013 A*) npa p a 3 ~ e n e ~ ~ n  nosepx~oc~eii .  

C p e n ~ e e  HanpRxteme, c o 3 ~ a s a e ~ o e  s a p s n a ~ ~  Ha cnoe ceneea, p a m o  +472 8 ;  0 aapnn, 
n e p e ~ e c e ~ ~ b l i t  H a  Maitnap H a  s a p s x t e ~ ~ o ~  yxlacTKe; U sapnn, n e p e ~ e c e ~ ~ b ~ i  na MaZrnap 
Ha He3apRH(eHHOM y9aCTKe; O C T ~ T O Y H ~ I ~  3apIIn H a  3apRxteHHOM YYaCTKe C e n e H O B O r O  CJIOK; 
I a a p ~ n ,  nepeHeceHHbr& H a  cenenosb1B cnoil H a  ~ e s a p f i x t e ~ ~ o ~  yracme. C n n o m ~ b ~ e  

JIHHHH COOTBeTCTBYEOT PaCYeTHbIM 3HaWHHRM. L s / K s  = 2,7 a x ,  L</Kd  = 3,s A X .  

P H c. 22 1. I Iepe~oc  oTpnqaTenbHoro s a p ~ ~ a  MexAy n n a c ~ m ~ o f  c  a ~ o p + a m  
ceJ1eaoh.r EI ~ J I ~ H I E O ~ ~  ~ a g n a p a  (0,013 %A) npn p a s ~ e n e ~ a m  nosepx~oc~eG.  

Cpennee HanpnxteHHe, co3nasae~oe s a p ~ n a ~ u ,  Ha cnoe cenena p a m o  -200 8 ;  0 sapnn, 
n e p e n e c e ~ ~ ~ i t  Ha nneHKy Ha s a p n x t e n ~ o ~  yqacwe; sapfin, n e p e ~ e c e ~ ~ b 1 8  Ha Matinap 
H a  HesapRHieHHOM Y s a C T K e .  C I I J I O ~ H ~ I ~  JIUHHH COOTBeTCTBYIOT PaC¶eTHbIM SHa'ZeHHRW. 

LslKs = 2,7,  Ld/Kd = 3,s AX.  



P n c .  212. rIepe~oc nonoxHTenbHoro saprr~a MexAy n n a c ~ ~ a o i i  c ~ M O P I # H ~ I M  
ceneHoM H n n e ~ ~ o f i  ~ a f n a p a  (0,025 ntnc) npH pa3,qeneaan nosepxaoc~eii. 

Cpen~ee  HanpflmeHne, cosnasae~oe sapflna~n ~a cnoe ceneHa, pasfin 1-450 6 ;  0 sapfln, 
n e p e n e c e ~ ~ b ~ t i  H a  nneuHy H a  a a p ~ m e ~ ~ o ~  ysacme; 0 s a p ~ n ,  n e p e ~ e c e u ~ b l d  H a  nneHny 
H a  HesapflHteHHOM YYaCTKe. Cnn0IU~bIe JIHHElVI COOTBeTCTBYIOT PaC9eTHbIM 3HaYeHIIflM. 

Li/Ks = 2,7  ax, L d / K d  = 7 , l  .WK. 

H e 3 H a Y H T e J I b H a R  Y a C T b  OTPH4aTeJ IbHOI 'O  3 a p H J ( a ,  I I e p e H e C e H H O r O  H a  

cezeno~b~i i  cnoH. Ha pac. 211 n o ~ a s a ~ b ~  K p m s b I e  AJIR T e x  we M a T e p n a -  

JIOB, HO AJIR CJIYYaR O T P E ~ ~ ~ T ~ J I ~ H O ~  3 a P H A K H .  HasaJIb~bIii 3 a p R A  

IlOBepXHOCTEI C e J I e H a  6b1n OTPE14aTeJIbHbIM7 II I IOTeH4EIaJI  H a  3 a p R X e H -  

HOM y s a c T K e  p a B H c r m c R  200 6. IIpm  TOM T a K x e  H ~ ~ J I I ~ A ~ J I O C ~  3 a ~ e ~ ~ o e  
P a C X O X A e H H e  3 K C I I e p H M e H T a J I b H b I X  IT PaCYeTHbIX AaHHbIX,  OAHaKO 

HaKJ IOH 3 K C I I e p H M e H T a J I b H b I X  IEpElBbIX B O ~ J I ~ C T E I  CEIJIbHbIX II0JIeH 6b1n 
HeHaMHOI 'O 60~1b~ue H a K J I O H a  p a C ¶ e T H b I X  KPEIBbIX.  TO O ~ ~ R C H R ~ T C H  

TeM, ¶TO a ~ e c b  H a n p a s n e n m e  n o m ,  c o 3 ~ a ~ a e ~ o r o  n p m J r o x e H H b I M  

H a n p c r x e H m e M ,  c o o T s e T c T B y e T  H a n p a B j I e H m I o  n o m  npm n o a o w m T e n b -  

HOM I I O T ~ H ~ H ~ J I ~  n o B e p x H o c T m  c e n e H a ,  a y T e s K a  sepea cnoH c e n e H a  

B 3 T 0 M  HaI IpaBJ IeHEIH cna6ee, YeM B PaCCMOTPeHHOM BbIIIIe C J I y q a e  

(CM. pmc. 208). 
Ha PMC. 212 Ei 213 I I p H B e A e H b I  KpEIBbIe ,  X a p a K T e p I 4 3 y I O ~ H e  Ilepe- 

HOC 3 a p c r ~ 0 ~  co cnocr c e n e H a  H a  nnemy ~ a i i n a p a  T O J I I ~ H H O ~ ~  0,025 &a. 



P H C. 213. n e p e ~ 0 c  OTpHqaTenbHOrO 3apRAa MemAy I I J I ~ C T H I I O ~  C aMopi$)HhlM 
ceneHoM H n n e ~ ~ o f i  ~af inapa (0,025 nta) npH p a 3 j q e n e ~ ~ ~  n o ~ e p x ~ o c ~ e l .  

C p e n ~ e e  Hanpxmeme, c 0 3 n a ~ a e ~ o e  3 a p x n a ~ ~  Ha cnoe ceneaa, p a w 0  -200 e; 0 sapax,  
n e p e ~ e c e ~ ~ u i 3  Ha n n e m y  Ha a a p x m e ~ ~ o ~  yqacTKe; sapsn ,  n e p e ~ e c e ~ ~ u d  Ha nnemy 
H a  He3apRmeHHOM YYaCTKe. C~JIOIIIHH~ JIHHIlH COOTBeTCTBYIoT paC9eTHbIM 3HaWHHHM. 

L.; /Kq = 2,7 mh-, L / d K d = 7 , 1  %t i .  

C p e n ~ e e  HanpnmeHue, co3nasae~oe  s a p s n a ~ ~  Ha cnoe ceneHa p a m o  +400 s. 0 aapsn 
n e p e ~ e c e ~ ~ u i t  H a  nneHKy Ha s a p s m e ~ ~ o ~  yqacwe;  o 3apxn: n e p e ~ e c e ~ ~ b ~ E i  La n n e ~ ~ ;  
Ha ~e3apXmeHHOM YYaCTKe.  CnnoIUHb~e JIHHIIH C0OTBeTCTByH)T PaCYeTHblM 3HaYeHHRM. 

LslKq = 2.7 ah-, Ld lKd  = 13,3 ah-. 



Ha PHC. 212 RBHo BbIpameH ~ + + ~ I E T  YTeqKH Wpe3 cJI0ii: HaKJIOH 

BepXHHX YsZGTKOB 3K~nepXfMeHTaJIbHbIx KPHBbIX ~PEI~J IH~EIT~?J I~HO 

paseH 1,0, Toraa IcaIc pacseTHarr senmsma pama  0,724. H r n s ~ ~ e  
ysacTKn K P M B O ~ ~ ,  O I I L I C ~ I B ~ I O ~ ~ ~  npoqecc nepeHoca Ha a a p a x e ~ ~ o ~  
ysacme, rge s x e ~ ~ p ~ s e c ~ o e  none B CeneHoBoM cnoe Mano, A O B O J I ~ H O  

GJIMBKO IIOAXOAHT K p a c s e ~ ~ o f  K P H B O ~ .  Ha p ~ c .  213 BHAHO, ¶TO 

3KCIIepHMeHTaJIbHbIe AaHHbIe, IIOJIy¶eHHbIe IIpH IIepeHOCe OTpZfqaTeJIb- 

Horo 3 a p ~ ~ a  Ha  nneHKy ~ a f n a p a ,  HecIconbIco sbme pacseTmx, 

P ti C. 215. nepeH0C 3apRAa C ~ I O J I H ~ O B ~ H H O ~  ~ J I I O M H H ~ ~ ~ B O ~  IIOBepXHOCTH Ha 
~a&JIapoBy~,  nnemy npti p a 3 ~ e n e ~ ~ t i  n o ~ e p x ~ o c ~ e k .  

3 K c n e p ~ ~ e ~ ~ a J I b ~ b ~ e  n a H H M e :  0 l I o J I 0 m H ~ e J I b H b l f i  3 a p R n ;  A ~ ~ p ~ l t ( a T e J I b ~ b l $ I  3 a p f i U .  
CIIJIOIUH~R JIHHHR COOTBeTCTBYeT PaCqeTHbIM 3HaYeHEIRM. L9IK.I = 6 , 5  W K .  

BbIBeAeHHbIX AJIII EIAeaJIbHbIX Y C J I O B H ~ .  O ~ H ~ R O  HaKJIOHbI 3THX KpHBbIX 

IIOgTIi OAEIHaKOBbI, ¶TO CBHAeTeJIbCTBYeT 0 Me~bIUef Y T e s K e  B CeJIeHO- 

BOM cnoe. 
I T ~ M  Tonqme  nneHKH ~ a i i n a p a  0,025 a m  none B cnoe ceneHa, 

C03AaBaeMOe IIPHJIO?XeHHbIM HaIIPRXeHHeM, ~ Y A ~ T ,  KOHesHO, cna6ee 
IIOJIR, c o 3 ~ a s a e ~ o r o  TeM me HanpaweHHeM npH T o J I q H H e  IIneHKH 

0,013 ma. ~ O ~ T O M Y  EI yTesKa sepe3 cnof ceneHa 6 y g e ~  cna6ee. 
Ha pmc. 214 npHseAeHb1 sasmcnMocTn, x a p a ~ ~ e p ~ 3 y 1 0 1 q ~ e  nepe- 

HOC a a p ~ ~ a  c ceneHa Ha  Enemy ~ a i i n a p a  T O J I ~ H H O ~  0,051 am. B  TOM 

CJIysae 3KCIIepHMeHTaJIbHbIe AaHHbIe XOpOlUO COrJIaCyIOTCR C PaC- 
WTHbIMH, O C O ~ ~ H H O  AJIR 3apcIXeHHOrO YYaCTIca. O A H ~ K O  HaKJIOH 

~ K C I I ~ ~ H M ~ H T ~ J I ~ H O H  K P H B O ~ ,  paB~b1f I IPH~JIH~HT~JI~Ho 1,o (pacseT- 
~ b I 5  HaKJIOH PaBHRJICR 0,83), CBIlAeTeJIbCTBYeT 06 Y T e s K e  H a  He3apR- 

XeHHOM Y s a C T K e .  
Ha p ~ c .  215 npeAcTasneHH pe3ynb~a~b1 E I K C I I ~ P E I M ~ H T ~  AJIR IIOJIH- 

~ O B ~ H H O ~  ~J I IOMEIHEI~BO~ IIOBepXHOCTM H IIJIeHKH Maiknapa. OH MHTe- 

PeCeH TeM, qTO MeTaJIJIH9eCKaR IIOBePXHOCTb He COXpaHReT 3apRAa, 

nepeHeceHHoro Ha  Hee npn oTpbIse nJIeHIcm ~ a i i ~ r a p a .  O A H ~ I E O  M B  TOM 

cnysae ~ K C I I ~ ~ H M ~ H T ~ J I ~ H ~ I ~  BenmsHHbI s a p ~ a a ,  nepeHeceHaoro H a  
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IIJIeHKY, 3HaYHTeJIbHO BbIIIIe PaCTeTHbIX. E ~ o M ~  TOrO, 3KCnepMMeH- 

T a n b H b I e  ~ H ~ ~ ~ H E I R  B cnygae n e p e H o c a  o T p m q a T e m H o r o  a a p ~ ~ a  nony- 
9aH)TCR HeCKOJIbKO BbIIIIe, 9 e M  IIpM n e p e H O C e  IIOJIOXMTeJIbHOI'O 3 a p R A a .  

 TO CBHAeTeJIbCTBYeT 0 TOM, 9TO n e p e H O c  3 a p R A a  B H ~ K O T O P O ~  CTeIIeHH 

IIPOHCXOAMT T a K W e  H 3a C¶eT ~ B T O ~ J I ~ H T P O H H O ~  BMHCCMH, BO3HHKaH)- 

q e H  A 0  OTpbIBa  DJIeHKH OT aJIH)MHHHR. 

4.6.2.2. IIEPEHOC 3APRHOB n P I l  BHPTYAJIbHOM KOHTAKTE 

n o - B H A M M O M ~ ,  p a 3 J I H 9 H R  M e X A y  ~ B T O ~ J I ~ I F T P O H H O H  3 M H ~ c H e f i  C IlJIeHKM 

~ a f n a p a ,  06ecnes~samqeii n e p e H o c  H a  3 ~ y  n n e H K y  nonozmenb- 
HOP0 3 a p R A a ,  M ~ B T O ~ J I ~ K T P O H H O H  ~ M H c c H ~ G  C MeTaJ I J Ia ,  H~~JIH)J(IIO- 

q e i i c ~  npm n e p e H o c e  H a  n n e H K y  o T p n q a T e n b H o r o  s a p ~ ~ a ,  ~ e s ~ a s n -  
TeJIbHbI. H3 Y P ~ B H ~ H H ~ ,  BbIBeAeHHbIX B pa3A. 4.5.3.1, M 3KCIIepHMeH- 

TaJ rbHo  ~ a i i ~ e ~ ~ ~ x  s ~ a s e ~ m i j r  n e p e H e c e H H o r o  s a p ~ ~ a  MOXHO onpeAe- 
JIEITb BeJIH9MHbI KPHTMTeCKHX II0JIeH AJIR ~ B T O ~ J I ~ K T P O H H O ~  3MHCCHH 

J I H ~ O  110 T o m e  H a g a n a  n e p e H o c a  sapcr~a,  xexarqeiir H a  ocn, no KOTO- 

p0f OTKJIaAbIBaeTCR I IpHJIOXeHHOe H a I I p R X e H H e ,  J I H ~ O  no y 9 a C T K y  



P H c .  217. n e p e ~ o c  a a p ~ n a  M e w n y  ABYMJI IIJIeHKaMH ~a i inapa npn B M p T y a n b -  
HOM KOIITaKTt?. 

~ I ~ C I I ~ ~ I I M ~ I I T ~ ~ L I I M C  X ~ I I I I M P :  0 T I O ; I O ~ I I . ~ ~ J I I , H ~ I R  R S ~ H X ,  I I ~ ~ C H ~ C ~ I I I I L . ~ ~ ~  Ila eepxrlwm 
nneaKy Ira llcsanHmeHHoM ysncrKc: A I1o.loitcnTe.lb11blii aannn. ~ ~ c u e ~ e c e r ~ ~ ~ b ~ i i  Ila H I I ~ I I ~ ~  

3 ~ c n e p x u e 1 1 ~ a n b ~ b r e  AaHHbre: 0 nonomx~enb~bI i l  s a p ~ n ,  n e p e n e c e ~ n ~ a  Ha n n e m y :  
A 0~p1l~aTenbHblfi 3apHn, IIepeHe~eH~b~fi  Ha IIJIeHKY. A - pa~YeT~blf i  YPOBeHb HaCblUleHEIR 
nna nepenoca nonommenbnoro s a p ~ n a  Memny HneanhHbrMH ~ ~ O ~ R T O ~ ~ M H ;  6 - pacseT- 
HHB YpOBeHb HaCbIWeHX5R RJlR IIepeHOCa OTPElqaT~.?IbHOrO 3apRna Memny IUieanbHblMH a30- 
JIaTopaMH; A'- pacseTnaR rcpxsaa nepeHoca nonoHtaTenbHoro s a p ~ n a  c nonpa~xoi l  
Ha yTe4KY B CeJIeHe B CllnbHOM none; B'- paCYeTHaR KpHBaR IJepeHOCa OTplrUaTeJlbHOrO 
s a p m a  c n o n p a ~ ~ o i l  Ha ~ T C Y K Y  B ceneHe B C H J I ~ H O M  none. L d / K d  = 6,5  a x ;  LsIK,; = 

= 2,7 a x ;  EL (Se) = 5,88.  l o 6  elern.  



BHCOKHX ~ a n p c r m e ~ ~ i i ,  rae B e J r H v m a  n e p e H e c e H H o r o  a a p ~ ~ a  C T p e -  

MHTCR K HaCbIWeHHIO.  

I IOCTpOeHHR KPHBbIX,  I l peACTaBJ IeHHbIX H a  PHC.  216 CIIJIOIU- 

HbIMH JIMHHRMH, BbI9HCJIeHHe  BeJIHYHH, X a P a K T e P H 3 Y I O ~ E I X  a B T 0 3 J I e K -  

T P O H H Y ~  ~MHCCHIO,  ~ P O B O A H ~ O C ~  no T o w a M  H a s a n a  n e p e H o c a  nono- 
iKHTeJIbHMX H OTPHQaTeJ IbHbIX  3 a P R A O B .  O A H ~ K O  TOYHOe O I I p e A e J I e H H e  

3 T H X  TOYeK O K a 3 a J I O C b  HeB03M03fEHbIM H 3 - 3 a  6 0 J I b ~ ~ o r o  paa6poca A a H -  

HMX, ~ O ~ T O M Y  p a c Y e T H b I e  B e j r n v m b I  A n R  n e p e H o c a  s a p c r ~ o ~  6b1n11 

IIOJIyYeHbI C I I O M O ~ b l O  MeTOAOB, OIIHCaHHbIX B pa3A 4.5.3.1. 
~ ~ B H C H M O C T E I ,  I I peACTaBJ IeHHbIe  H a  PHC.  217, OTHOCRTCR K I l p O Q e C C y  

n e p e H o c a  s a p ~ ~ o ~  M e m A y  ABYMR n m e H K a M H  ~ a i i n a p a  c O A H O C T O ~ O H -  

HHM EiJIIOMHHHeBbIM IIOKPbITHeM. 3 ~ e C b  H a 6 J I K l f i a e T c R  3 a M e T H O e  P a C -  

X O X A e H H e  MelrcAy 3KCI IepHMeHTaJ IbHbIMH H TeOpeTHYeCKHMH AaHHbIMEI. 

~ ~ M ~ T H M ,  YTO I I P O B e A e H H e  3 T O F 0  3 K C I I e p H M e H T a  OCJlOXHRJIOCb 

B03HHKHOBeHI l eM T P H ~ O ~ J I ~ I E T P H ~ ~ ~ C K O ~ ~  3@&!~~a.  P a c Y e ~ b 1  I I O K a a a J I H ,  

9 T O  H a  T p e T b e M  3 T a n e  3 K C I I e p H M e H T a ,  T. e. BO B p e M R  p a 3 ~ e J I e H H R  

n n e H o K ,  IIpOHCXOAHT A o I I o J I H H T ~ J I ~ H ~ I ~ ~  0 6 p a ~ ~ b 1 f i  I I e p e H O C  3apR,QOB.  

Ha pHC.  218 n p e A C T a B J I e H b 1  p e 3 y J I b T a T b I  3KCIIePHMeHTOB IIO IIepe- 
H O C y  3 a P H A O B  MeHFAY I lOBePXHOCTRMH ~ M O P @ H ~ I G  CeJ I eH  - I I J I e H K a  

~ a i i n a p a ,  H a x o A R q n M n c R  B K o H T a K T e .  Ha rpa@me r ~ o ~ a s a ~ ~  T a x m e  

TOYICH, ~ a i i a e ~ ~ ~ e  c y s e T o M  y T e s m  sepea cnoii c e n e H a ,  BOBHHK~IO- 

qe i i  B CHJlbHOM none. C BBeAeHEleM I I O I I p a B K H  H a  Y T e Y K y  AOCTHraeTCR 

xopomee corxacosamie M e m A y  T e o p e T H s e c K m M H  H ~ I E C ~ ~ P H M ~ H T ~ J I ~ H ~ I -  

MH ABHHbIMEI. 

P a C 9 e ~ b l  npo6oa B03AYI l IHOrO I I P O M e X Y T K a  OCHOBaHbI H a  MOAEZ@H- 

~ H P O B ~ H H O ~ ~  KPHBOG n a I I I t ? ~ a .  ~ ~ B ~ C T H O ,  YTO X a P a K T e P H C T H K H  K p H -  

B ~ I X  n a m e ~ a  A ~ R  onnor0 H T o r 0  z e  ra3a H e c K o n b K o  H O J I ~ ~ J I ~ T C R ,  

O C O ~ € ? H H O  B O ~ J I ~ C T H  MHHHMYMa 3THX KPHBbIX.  M ~ B ~ C T H O  T a I E X e ,  9 T O  

I I O J I O X e H H e  MHHEIMyMa 3aBHCHT OT B e n H Y H H b I  3a30pa H M a T e p H a -  

na r r o s e p x H o c T H  l3481. C n e ~ o ~ a ~ e n b ~ o ,  KPHBYIO I I a m e ~ a ,  H a  o c H o s e  

~ o ~ o p o i i  ~ ~ O H ~ B O A H T C R  p a c v e T  B e n H Y H H ,  x a p a ~ ~ e p ~ 3 y m q r n x  n e p e H o c  

3 a p R A a ,  CJ I eAyeT  CYHTaTb  I I ~ E I ~ J I H H F ~ H H O ~ ~ .  O A H ~ K O  O H a  BIIOJIHe I IpH-  

r o n H a  AZH O ~ % H C H ~ H H H  p a c c M a T p m s a e M b I x  n s n e ~ ~ f i .  
~ ~ M ~ T H M ,  YTO C T Y I I ~ H ~ ~ T ~ I G  I E p e H O C  3 a p R A a ,  O ~ ~ C J I O B J I ~ H H ~ I ~ ~  

C y q e C T B O B a H H e M  p a 3 H O C T H  H a I l p R X e ~ H f i  BO3HHKHOBeHHR H OKOHYa- 

H H R  p a 3 p R A a ,  IIPHBOAEIT K TOMY, YTO ~ ~ ~ C T B H T ~ J I ~ H ~ I ~  3 H a 9 e H H R  IIapa- 
M e T p O B  I I e p e H O C a  3 a p R A O B  OKa3bIBa IoTCR B C p e A H e M  BbIIIIe 3 ~ a Y e ~ H f i ,  

BbIYllCJIeHHbIX DO @ o ~ M ~ J I ~ M  (138) H (139). 
O T M ~ T H M  TBK?Xe, YTO ElCIIbITbIBaBJXHeCR AEI3JIeKTPHYeCICHe CJIOH 

H e  B c e r A a  ~ H J I H  OAHOPOAH~I no T o n q H H e .  3 ~ o  n p a B o A n n o  K paa6pocy 
P ~ ~ Y J I ~ T ~ T O B ,  O C O ~ ~ H H O  ~ a l ~ p t ~ x e ~ n t i  H a v a n a  n e p e H o c a  a a p ~ ~ a .  
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P H C. 220. n p r r ~ o i i  nepeaoc nonoxnTenbHoro s a p a ~ a  c nnacTHHbI c a ~ o p 4 w m x  
ceneHoM Ha n n e m y  ~ a i i n a p a  (0,013 ntw) noA AasneHHeM. Y a c ~ b  c e n e ~ o ~ o l  

UOBepXHOCTH IIpeABapHTeJIbHO 6b1na 3apHXeHa A 0  +450 6. 

3 ~ c n e p n ~ e n ~ a ; b ~ b l e  naHnne: 0 sapan, n e p e ~ e c e ~ n n i 3  Ha nneaKy c s a p a m e ~ n o r o  yqa- 
cTna; IJ sapan, nepenece~nnh Ha nneHKy c ~ e s a p a ~ t e ~ ~ o r o  ysacTIta; sapan, ocTam- 
nlntica Ha a a p a m e n ~ o ~  yqacTKe ceneHoBoro cnox; B sapan, o c ~ a m n l ~ h c x  Ha ~ e s a p a m e ~ -  

HOM yqacTKe CenexoBoro CJIOII. 

i: x 
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8 zoo 
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P 
B 
8 
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-Gn 

P a c. 221. n p a ~ o i i  nepeaoc noJromaTenbHoro s a p ~ ~ a  c nnacTmm c ~ M O P ~ H ~ I M  
cenenoM Ha nneaxy ~ a i i n a p a  (0,013 ant) noA AasneHEeM. 

3 ~ c n e p n ~ e n ~ a n b ~ b 1 e  Baaable: 0 sapan, n e p e ~ e c e ~ ~ ~ t  Ha n n e m y  c sapamennoro ysa- 
c m a ;  sapan, nepenece~~bl i i  Ha n n e m y  c ~ e s a p x m e ~ ~ o r o  ysacwa.  Cnnom~bIe nnHtin 
COOTBBTCTBYIOT paC9eTHbIM 3HaqeHHRM. LsIKs  =2,7  d6K (Se); LdlKd = 3,8 dtK (Ma~nap).  



P M C. 222. I I p ~ ~ o i i  nepeHoc nonox1iTenbHoro a a p ~ ~ a  c nnacTHHM c ~ M O P + H H M  
ceneHoM H a  nneHKy ~ai inapa (0,025 ax) non AaBnemeM. Yac~b  c e n e ~ o ~ o i i  

IIOBepXHOCTM 6b1na IIpeRBapHTenbHO 3apHXeHa A 0  1 4 5 0  8.  

a ~ c n e p u ~ e ~ ~ a n b ~ b ~ e  nanHHe: 0 sapxn, n e p e ~ e c e ~ i ~ b l i  IIa nnemy c aapnme~~rroro ysa- 
CTHa; 0 3apnn. nepeHeceaHb1Zi Ha nnemy c ~ e 3 a p n m e ~ ~ o r o  ysacTna. Cnnoq~bre n x n m  

COOTB~TCTBYIOT PaCqeTHbIM 3HaqtHEIRM. LL. /Ks  = 2 ,7  At%; L i / K d  = 7 , l  mx.  



1500 6 IconnYecTBo a a p ~ ~ a ,  nepeHeceHHoro Ha  nnemy,  nomn pamo 
KonnsecTBy a a p ~ ~ a ,  ocTaBmeroca Ha  ceaeHoBoM cnoe. K o r ~ a  x e  
npmoxeHHoe HanpcIxeHne AocTnraeT 1500 6, yTesKa B cejIeHe npn- 
BOAHT K AOIIOJIHEITeJIbHOMY IIepeHOcy 3apRAOB. C J I ~ A ~ ~ T  OTMeTHTb 

TaKme, s T O  Ha  He3apRWeHHMX yqacwax npn B~ICOKEIX 3Ha9eHHRX 

npnnoaeHHoro HanprrxeHm n e p e ~ o c n ~ c R  a ~ a s n ~ e n b ~ b ~ i i  a a p ~ ~ ,  
. a YTeqKa CTaHOBkiTCR ~ ~ M ~ T H O &  

y x e  npn HanpRxeHnn -600 6. 

Ha PEIC. 221 IIpeACTaBJIeHbl 3KC- 

IIePHMeHTaJIbHbIe H PaCYeTHbIi? 

AaHHMe AJIR Tex me MaTepnanoB 
c yseToM yTesm sepea ceaeH. 
IIpn p a c s e ~ e  6 ~ x 0  ~ o n y q e ~ o  ( ~ a  '" a 
OCHOBaHHH AaHHbIX pHC. 208). 8 100 - 

Y.rO c ~ J I ~ H o B ~ I ~  CJIOG BeAeT c e 6 ~  % 
xaK npoeonenn, ~ o ~ o p ~ i i  n c m -  $ I I I I l I l I  

TbIBaeT BJlHRHHe IIOJIR, IIPHJIO- 0 14 28 42 56 
X ~ H H O ~ O  B O ~ P ~ T H O M  Hanpasne- Raanerlue, KZ/CM' 

HMH, COOTBeTCTBYIO~t?rO HaHeCeH- $ 300 
HOMY H a  IIOBePXHOCTb 3TOr0 CJIOR 2 - 
OTPMqaTeJIbHOMy 3apRRy. CO3AaIO- 

qeMy aanpnmesne 400 6. Ha 8 200 - 
PHC. 222 XI 223 IIpHBeAeHbI pe- 's 6 

~ Y J I ~ T ~ T ~ I  AJIR caysax nepeHoca r" 

3apRAOB IIOA AaBJIeHHeM MeXny 
$ loo 

~ M O P $ ~ H ~ I M  CeJIeHOM II IIJI~HKoB $- 
~ a i i a a p a  T O J I ~ H H O ~ ~  0,025 MM. 

r= I I I I I I I I  

0 14 28 42 56 
I I ~ ~ A C T ~ B J I ~ H H ~ I ~  ~a PHC. 223 pat- ~ ~ 8 f l e t i ~ e ,  K Z / C M ~  

ZIeTHhIe AaHHbIe 6b1~1n BbIsHCJIeHbI 

c YseToM BJIHRHHCI HanPnlfEeHHR P H C. 224. ~ ~ B E I C E I M O C T ~  aap~na,  ne- 
~ o J I o ? X ~ F H T ~ J I ~ H O ~ ~  nOJIRpHOCTH Ha peHeceHHoro c a ~ o p + ~ o r o  ceneHa Ha 
npoBoAnMocTb ceneHa. IIpn  TOM njIeHKy ~ a % n a p a ,  OT naBneHHx. 
npeAnonaraJrocb, ¶TO ~ P H  nepe- a - n " H  nneHHll T O J W s H o a  0,013 fix; 

6 - nJlfl I I J I e H K H  T o J I U I H H O ~ ~  0,025 xfi. C J I O ~  
HOCe IIOA AaBJIeHHeM CeJIeH IIOAO- ceneHa npensapmTenbHo aapxHieH no +500 8 .  

G~~ IIPOBOAHHKY; HanpRxeHne Ha 
npzr"OiKeHHOe HanpRmeHne P ~ B H O  0. 

CeJIeHOBOM CJIOe pa~~R~10cb+5656.  

R n H x ~ ~ i e  AaBJleHHII H a  IlepeHOC 3 a p a ~ o ~ .  Pe3yJIb~a~bI M ~ M ~ P ~ H I ~ G  
BJIHRHHR AaBJIeHHR Ha LlepeHOC 3apRAOB C ~ M O ~ $ ~ H O ~ O  CeJIeHa Ha  

IIJIeHKy ~ a g J I a p a  IIpeACTaBJIeHbI Ha  pMC.  224. M ~ K C E I M ~ J I ~ H ~ I ~  IIepeHOC 

3apHAOB AOCTHraJICR IIpH AaBJIeHHEI 21 -28 %2/c.W2. O¶~BHAHO, ¶TO 

60~1ee PJlaAKHe IIOBepXHOCTEI ~ p e 6 y I o ~  MeHbIIIerO AaBJIeHHR, s e M  
IlOBepXHOCTH, o 6 ~ 1 a ~ a 1 o q ~ e  IIIepOXOBaTOCTbIo. Kp0Me T O r O ,  ~0polnHii 

KOHTaKT Me?KAy IIOBePXHOCTRMH IIOJIYYaeTCR H B T e X  CJIyWlRX, K O r A a  

no ~ p a l ~ e i i  Mepe oAHa 123 nneHoK o 6 ~ 1 a ~ a e ~  ~ ~ G K O C T ~ I O  nan ma- 
CTH9HOCTbm. 



4.6.3.  BHYTPEHHRH IIOJIIIPH3AqHR MABJIAPA 

BO B p e M R  3KCIIePHMeHTOB 6b1~10 0 6 ~ a p y x e ~ 0 ,  4TO IIJIeHKH ~ a % J l a -  

pa 0 6 ~ 1 a ~ a 1 o ~  C I I O C O ~ H O C T ~ I ~  K B H Y T P ~ ? H H ~ %  I I O J I R P H 3 a ~ H H .  K 0 r ~ a  
m e H r c y  ~a%JIapa  o c ~ o p o x ~ o  H a n o x H n H  H a  c e j r e H o B y I o  I I x a c T n H y ,  

H a  IIOBepXHOCTH KOTOPOH 6b1n0 C03AaHO 3JIeKTpOCTaTHYeCKOe ~ 3 0 6 -  
p a x e H H e ,  H a  n o s e p x H o c T u  nJ reHIcn  o6pa3o~anocb a j r e I c T p o c T a T m s e -  

crcoe n s o 6 p a x e ~ ~ 1 e  I I~OTHBOIIOJI~?KHO~~ IIOJIRPHOCTH. k I 3 0 6 p a x e ~ ~ e  
COXpaHRJIOCb AOCTaTOYHO AOJIrO, T a K  YTO e r O  .MOXHO ~ ~ I J I O  IIpORBHTb.  

T a K  IcaK E I 3 0 6 p a ? ~ e ~ H e  H a  n J r e H K e  m e a o  n p o T E i B o n o n o m H y m  ~ O J I R P -  

H O C T ~  IIO OTHomeHEIm K H 3 0 6 p a X e ~ ~ ~ )  H a  c e n e H e ,  ~ ~ I J I O  B ~ I C K ~ ~ ~ H O  

I IpenI IOJIOXeHHe,  ¶TO 3 T 0  RBJIeHHe O ~ Y C J I O B J I ~ H O  B H Y T ~ ~ H H ~ %  IIOJIR- 

pnsaqneii UJIeHKH M a % J I a p a .  3 a T e ~  ~ ~ I J I  IIOCTaBJIeH 3KCIIePHMeHT 

1. M e x ~ y  aJIIoME3HHeBbIMH 3JIeKTpOaaME3, pa3AeJIeHHbIMH n J I e ~ K o i i  

M a h a p a ,  co3nasanocb H a r r p r r x e H H e  (150 6 n p H  T o n n p m e  n n e H K r n  

0,013 dtdt H 500 6 I I p H  TOJIIQHHe IIJIeHKH 0,025 dtdt). 
2. C n c ~ e ~ a  o c T a s a n a c b  n r o ~  HanpcIHceHHeM B TeYeHme H e c K o x b K H x  

MEIHVT. 

4. O n p e ~ e n ~ n o c b  B p e M R ,  B T e s e H m e  r c o T o p o r o  TOK A ~ I I O J I E I P E I ~ ~ ~ E I H  

YMeHbIIIaJICcI A 0  IIOJIOBHHbI H a Y a J I b ~ 0 6  BeJIH9HHbI. 

E c J I H  I IPHHRTb,  YTO YMeHbIIIeHHe TOKa IIpOHCXOAHT 3KClIOHeH- 

q H a J I b H 0 ,  TO B p e M R ,  H ~ O ~ X O A H M O ~  AJIR C H H X e H H R  TOKa A 0  IIOJIOBHHbI 

er0 H a ¶ a J I b H O r O  3 H a Y e H H R ,  ~ Y A ~ T  P a B H O  0,69 T, r A e  7 - B p e M R  

P e J I a K C a q H H .  H p H  YMeHbIIIeHHH HaI IpR?KeHHR A 0  HYJIR IIPOHCXOAHT 

~ e i i ~ p a a n a a q ~ r r  r r o s e p x H o c T H o r o  s a p a ~ a ,  B p e 3 y z b ~ a ~ e  ~ o ~ o p o i i  
H a I I p R X e H H e  H a  KOHAeHCaTOpe CTaHOBHTCR PaBHbIM HYJIIO. n p ~  IIOE- 
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3 ~ c I I e p l l ~ e ~ ~ b I  IIpOBOAHJIHCb H a  IIJIeHKaX ~aGJIapa T O J I I ~ H H O ~ ~  

0,013 H 0,025 &&. B 0 6 0 ~ ~  CJIy¶aRX B p e M R  P e J I a K C a q H H  COCTaBJIIIJrO 

18 C e K .  ~ ~ B H C H M O C T ~  A e I I O J I R p H 3 a ~ H H  AH3JIeIETpHIEa OT B p e M e H H  OnM- 

c b I s a e T c n  ~#op~ynoG 
P = Poe-tlz, (155) 

rJ(e P - n O J l R p H 3 a q H R  no MCTe¶eHHH R P e M e H H  t ;  Po  - H a ¶ a J I b H O e  

s ~ a s e ~ m e  nonapm3aq~n; T - n o c T o n H H a a  B p e M e H n  ~enonnpnsaq~m,  
o n p e n e J r a e M a R  xax B p e M s ,  ~ e o 6 x o g ~ ~ o e  HJIR T O ~ O ,  9 ~ 0 6 ~ 1  nonnp~3a-  

IJHR H3MeHHJIaCb B pa3; e - OCHOBaHHe HaTYPaJ IbHbIX JIOFa- 

PH@MOB. 

4.7. BbIBOAbI 

Pe3yJIb~a~bI E I C C J I ~ A O B ~ H H H ,  OIIHCaHHbIX BbIIIIe, HMeIOT 6 0 n b m o e  

n p a I E T n s e c x o e  a ~ a s e ~ ~ e .  npn  n e p e H o c e  ~ J I ~ K T ~ O C T ~ T H ~ ~ C I E H X  ~ 3 0 6 -  
p a z e ~ n i i  n e p B o c T e n e H H y m  poab m p a m  T a m e  @ ~ K T O P ~ I ,  H a H  ~ J I ~ K T -  

~ H ¶ ~ C I E H &  KOHTpaCT,  HJIH KOHTPaCT H~I IPR?H~HEI%,  H p a 3 p e m a H ) q a R  

c n o c o 6 ~ o c ~ b  n e p e H e c e H H o r o  1 1 3 0 6 p a ~ e ~ ~ n .  ~ O A  3JIeHTpHseCKMM IEOHT- 

PaCTOM I IOApa3yMeBaeTCH Pa3HOCTb H ~ I I P R X ~ H M G ,  C03HaHHbIX 3 a p R -  

AOM, n e p e H e c e H H b I M  c ~ ~ P I I X ~ H H ~ I X  Y P a c T K o B ,  H S ~ P I I A O M ,  neperre- 
CeHHbIM C He3apIIHEeHHbIX Y9aCTKOB OPElrHHaJIbHOrO 3jIeKTpOCTaTH- 

secxoro ~ 3 0 6 p a z e ~ m f l .  Paapemamaan C I K O C O ~ H O C T ~  o n p e A e n R e T c a  

xax smcao p a 3 n ~ s m ~ ~ x  JIHHHG HJIM nap J I H H E I ~ ~  H a  1 ax. 
B OIIHCaHHbIX BbIIIIe 3KCIIepHMeHTaX no J I e p e H O C y  3apcIAOB 6b1nm 

HCIIOJIb3OBaHbI 6 0 n b m n e  3apHHEeHHbIe Y¶aCTKH. C IIOMOqbH) I IOJIyseH-  

HbIX AaHHbIX MOHEHO OIIpeAeJIHTb ~ J I ~ K T P M W ? C K H ~  ICOHTpaCT. Ha 
pmc. 226 n p n s e A e H M  s ~ a s e ~ ~ n  R o H T p a c T a  ~ a n p ~ z e ~ n i i ,  n o n y 4 e H H b I e  

H 3  3KCIIePHMeHTaJIbHbIX AaHHbIX. P a c ¶ e ~ ~ b I e  3 H a ¶ e H H R  IEOHTPaCTa, 

nOJIy¶eHHbIe  I I p H  YCJIOBMH, ¶TO IIjIeHKEl HBJIRIOTCII HAeaJIbHbIMH 

H30JIIITOPEIMHl AaH)T 3aBHCHMOCTb ICOHTpaCTa H ~ I I ~ R X ~ H H H  OT IIPH- 

JIOHEeHHOrO IIOJIII B BHAe KPMBOG, IEOTOpaR B H a ¶ a J I e  AOBOjIbHO IEPYTO 

IIOflHHMaeTCR, a I I P H  AOCTHXeHllH MaKCMMaJIbHOrO 3 H a 9 e H H R  CTBHO- 

BHTCR 6onee nonoroii. Ha x p m s b I x  p ~ c .  226 BHAHO,  TO sapcr~,  nepe- 
HOCHM~I% C IIOBePXHOCTH CeJ IeHa ,  C H a s a J I a  P a C T e T ,  AOCTHraeT MaKCH- 

M y M a ,  a a a ~ e ~  n p H  ~ a a b ~ e H m e ~  y s e n m s e H m  n p H n o z e H H o r o  H a n p x -  

HEeHHR pe3IEO YMeHbIIIaeTCH. T ~ K E I M  0 6 p a 3 0 ~ ,  eCJIH I IepeHOC 3JIeKT- 

pOCTaTEI¶eCKOrO ~ 3 0 6 p a ~ e ~ ~ n  C C e J l e H a  H a  HH3Jll?KTPEI¶eCKYH) IIOBePX- 

HOCTb OCYqeCTBJIIIeTCII MeTOAOM OTPbIBa H eCJIM ~ p e 6 y e ~ c ~  0 6 e c I I e ¶ H ~ b  

MaKCHMaJIbHyIO IEOHTPaCTHOCTb H ~ O ~ P ~ H N ? H E I R ~  TO IIPMJIOXeHHOe H a I I P R -  

X e H E I e  AOJIHEHO HMeTb BeJIH¶HHY, COOTBeTCTBYlCQYIO MaIECHMYMY 

K ~ H B O ~ .  ~ J I O T H O C T ~  IIPORBJIeHHOrO 3JIeKTPOCTaTH~eCKOI'O ~ 3 0 6 p a -  
X e H H R  YBeJIH9HBaeTCR C POCTOM IEOHTPaCTa H ~ I I P E I % ~ H E I ~ ~  XOTR 

3 T a  3aBHCHMOCTb H e  06113a~eJIb~0 HOJIHEHa 6bI~b J I H ~ e f i ~ o f i .  

Ha PHC. 227 n O K a 3 a H a  3aBmCEIMOCTb KOHTpaCTa  H ~ I I ~ R H E ~ H H G  OT 

n p m n o m e H H o r o  norm AJIR cnysan n e p e H o c a  s a p n ~ a  non A a s n e H m e M .  
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I/I3 P H C y H K a  BHAHO, s T 0  M ~ K c H M ~ J I ~ H ~ I ~ ~  KOHTPaCT AOCTHraeTCII  I I P H  

HyJ IeBOM IIPHJIOlfFeHHOM H a I I P R W e H H H .  

Paapemamlqa~ C I I O C O ~ H O C T ~  n e p e H e c e H H o r o  ~ 3 0 6 p a x e ~ ~ 1 1  O ~ ~ I Y H O  

HaXOAHTCR B 0 6 p a ~ ~ 0 6  3aBHCHMOCTH OT BeJIHYHHbI 3 a 3 O p a .  T ~ K M M  
06pa30~ ,  MOlfFHO OlffHAaTb,  9 T O  I I e p e H O C  I l O a  AaBJ IeHHeM,  n p H  KOTO- 

POM D p a K T H Y e C K H  H e T  B03AYIUHOI'O aaaopa, 06ecnesmsae~ H a H J I y W I l y I O  

pa3pema101qym c n o c o 6 ~ o c ~ b .  Ha n p a r c T m e  n e p e H o c  B J I ~ K T ~ O C T ~ T H -  

YeCKHX H 3 0 6 p a l f ~ e ~ H i i  OCYaeCTBJII IeTCEI TpeMFl  MeTOAaMH: MeTOAOM 

O T p b I B a ,  MeTOAOM B H P T Y a J I b H O r O  K O H T a K T a  H MeTOAOM AaBJIeHHII .  

P e a y n b ~ a ~ ~  n p o R s n e H c i c I  ~ O K ~ ~ E J B ~ I O T ,  YTO MeToAbI  o T p m a  H Aasne- 
HHR IIO~BOJIIIIOT A O B O J I ~ H O  n e r K o  n o a y g a T b  xopomne H 3 0 6 p a ~ e ~ H I I  

npn n e p e H o c e  c c e J r e H a  H a  ~ a i i n a p .  I I ~ H  n e p e H o c e  a e  no M e T o A y  BHP- 

T y a J I b H O r O  K O H T a K T a  K a s e C T B O  ~ 3 0 6 p a x e ~ ~ i i  66130 AOBOJIbHO HH3KHM. 

k I 3 0 6 p a x e ~ H I I  6b1JIH OKPYlKeHbI  JIOlKHbIMH PHCYHKaMH,  0 6 p a 3 0 ~ a ~ -  
HbIMH 3JIeKTPHYeCKHMH 3 a p I I A a M H ,  HCTOYHHKOM KOTOPbIX,  IIO B C ~ G  
BePOIITHOCTH, IIBJIEIIOTCII CHJIbHbIe  nOJIEI H H M ~ I O I Q H ~ C I I  0 6 p a T ~ b I i i  

n e p e H o c  ~ ~ P I I A O B .  YTO K a c a e T c f i  M a K c H M a n b H b I x  3 ~ a s e ~ n i i  paape- 
mamweii C ~ O C O ~ H O C T H ,  n o n y s a e M H x  npn n e p m x  A B ~ X  M e T o A a x ,  TO 

n o K a  ewe H e T  H a A e x H b I x  A a H H b I x .  H e K o ~ o p b I e  n p e A B a p m T e j I b H b I e  

OIIbITbI, B KOTOPbIX HCIIOJIb30BaJICEI ~ K E I A I E E I ~ ~  I I ~ o R B J I R I O I Q H ~ ?  COCTaB 

C MaJIbIM P a 3 M e P O M  YaCTHQ,  I l O K a 3 a J I H ,  YTO MeTOA O T p b I B a  A a e T  pa3- 
p e I U a I O I q y I O  C I I O C O ~ H O C T ~  A 0  33 JZulc/.Xfl,  a MeTOA A a B J I e H H R  - A 0  
90 AUH/.X.~M. ~ T H  QH#IP~I n p o c T o  x a p a ~ ~ e p ~ 3 y 1 0 ~  pa3pemamlqy10 
C I I O C O ~ H O C T ~ ,  ~ a 6 J I I O ) J a 1 o I q y m c a  n p H  BTHX BKCI IepHMeHTaX,  H H X  H e  

C J I e A y e T  CVHTaTb  I IPeAeJIbHbIMM. 

Ha paapemaro~qy~~  c n o c o 6 ~ o c ~ b  n e p e H o c n M b I x  a j r e ~ ~ p o c ~ a ~ ~ s e -  
CKMX ~ 3 0 6 p a l ~ e ~ ~ i i  BJ IHReT  MHOrO P a 3 H b I X  #I~ICTOPOB,  H a n p H M e p  pas- 
Pe I I I a IOIQaI I  C I I O C O ~ H O C T ~  3JIeKTpOCTaTHYeCKOI'O ~ 3 0 6 p a ) ~ e ~ ~ 1 1 ,  C KOTO- 

p O r 0  I I epeHOCHTCR 3 a p R A  ( 0 p H r H H a J I )  13 P a 3 M e P  Y a C T H q  I IPOI IBHTeJ I I I  

no-BMAEIMOMY, MeTOA O T p b I B a  6 y ~ e ~  BIIOJIHe yAOBJIeTBOplTTeJIeH 

npn n e p e H o c e  B J I ~ K T ~ O C T ~ T H ~ ~ C K E ~ X  ~ 3 0 6 p a x e ~ t i 6  M a K p o c x o n m e c K H x  

p a z ~ e p o ~ ,  T. e. ~ 3 0 6 p a l f ~ e ~ n i i ,  n e r K o  ~ ~ ~ J I H Y H M E J X  H e B o o p y x e H H b I M  

~ J I ~ ~ O M ,  T o r A a  K a K  AJIH n e p e H o c a  a n e ~ ~ p o c ~ a ~ ~ s e c ~ ~ x  ~ 3 0 6 p a l ~ e ~ k i i i  

MHKpOCKOIIH9eCKHX p a 3 M e p O B  ~ a ~ 6 o n e e  I IpHrOAHbIM MOlKeT O K a -  

3 a T b C I I  MeTOA AaBJIeHHFl.  

4.8. MEXAHL13M IIEPEHOCA 3APIIAA IIPM 3JIEKTPH9ECKOM 
PA3PIIAE 

I I p o x o x ~ e ~ ~ e  a ~ ~ e ~ ~ p ~ s e c ~ o r o  T o I c a  ~ e p e s  r a m  o n p e A e m e T c c I  

CJIeAYIOlqHMH # I ~ K T o ~ ~ M H :  1) AaBJIeHHeM;  2) A J I H H O ~ ~  P a 3 P I I A H O r O  

n p o M e m y T x a ;  3) H a n p c I x e H H o c T b m  a n e K T p m e c K o r o  n o m ;  4) a H e p -  

rmeii, n p a o 6 p e ~ a e ~ o i i  C B O ~ O A H ~ I M H  B J I ~ K T ~ O H ~ M H ;  5) B e p o m H o c T b m  

~ J I ~ K T P O H H O ~ I  H O H H 3 a q H I I  B ra3e H 6) YHCJIOM C B O ~ O A H H X  3J I eKTPOHOB,  

HMeIOIQHXCII B H a 9 a J I b ~ b 1 6  MOMeHT. ( n p H  O Y e H b  MaJIbIX pa3PCrAHbIX 



CHI4 MOrYT nOIIBHTbCR A o I I O J I H H T ~ J I ~ H ~ I ~  ~ J I ~ K T P o H ~ I . )  

B T e x  c n y q a f l x ,  K o r A a  A m H a  p a 3 p ~ ~ ~ o r o  n p o M e m y T ~ 8  B rase 
H e s e n m a ,  n p o x o x A e H m e  T o K a  o ~ ~ c I I ~ Y H B ~ ~ T c I I  B OCHOBHOM p H w e -  

HHeM 3JIeKTPOHOB Ei IIOJIOXHTeJIbHbIX HOHOB n p H  3TOM CHI-  

Y a J I a  B 0 3 H H K a e T  A B H X e H H e  C B O ~ O A H ~ I X  3JIeKTPOHOB, KOTOPbIe YCKO- 

PIIIOTCII IIOJIeM H CTaJIKHBaIOTCII C MOJIeKYJIaMH 1'838. B p e 3 Y J I b T a T e  

C T O J I K H O B ~ H H ~  0 6 p a 3 y I O ~ c I I  IIOJIOXHTeJIbHbIe HOHbI EI HOBbIe 3JIeKTPOHbI, 

YTO IIPHBOAHT K BO3HHKHOBeHEIKl T a K  H ~ ~ ~ I B ~ ~ M o G  ~ J I ~ K T P O H H O ~  

JIaBHHbI T a y ~ c e ~ g a .  
T a K  K a K  3JIeKTPOHHaR J IaBHHa T a y ~ c e ~ ~ a  3IECIIOHeH4HaJIbHO 

B O 3 p a C T a e T  C H J I H H o ~  n y T H ,  I I ~ O ~ % A ~ H H O ~ O  3JIeKTPOHaMH, B a X H O  

YCTaHOBHTb, IEaKHe O r p a H H ¶ e H H R  H a  3TOT IIPOIJeCC HaKJIaHbIBaIOT 

M a m e  p a 3 ~ e p b 1  3a3op0~. 

ECJIH OAHH ~ J I ~ K T P O H ,  n e p e M e m a s c b  B raae H a  p a c c T o m m e  1 cat 
no H a n p a s n e H n m  nom,  o6pa3ye~ a H O B ~ I X  B n e m p o H o B  M IIOJIOXH- 

TeJIbHbIX EIOHOB, TO YBeJIHYeHEIe KOJIHYeCTBa EIOHOB dn, BbI3BaHHOe 

n 3JIeKTPOHaMH H a  PaCCTOfIHEIEi dx, OIIPeAeJIIIeTCII IIO @ O P M Y J I ~  

dn = a n  dz. (156) 

3 ~ a  3aBHCHMOCTb, BbIBegeHHaR T ~ ~ H c ~ H ~ o M ,  CnpaBeAJIEIBa AJIH 

, ~ O B O J I ~ H O  60nb1110ro ~ m a n a s o ~ a  sejrrnsm ~ ~ ~ O P O B ,  I c o r A a  noae H e  

3aBHCHT OT X. B B b I P a X e H H E l  (158) a - XOpOIlIO H ~ B ~ C T H ~ I ~ ~ [  IIepB61fi 

I C O ~ @ @ H ~ H ~ H T  T a y ~ c e ~ ~ a  l). P ~ C C T O R H E I ~  X IIpHHMMaeTCR PaBHbIM 

BeJIH¶HHe 3 a 3 O p a .  C UOMOmbIO @OpMyJIbI  (158) ~ H J I H  PaCC¶EiTaHbI 

KPHBbIe  In i l l o  AJIR HeCKOJIbKHX ~ H ~ ¶ ~ H H G  HaIIPII?XeHHOCTEI IIOJIII 

(PLIC. 228). E~IJIH PaCCYHTaHbI T a K X e  OTHOIIIeHMII TOKOB AJIII BO3AYXa 

I I p H  760 at& pm. Cm. ( ~ H ~ ¶ ~ H H R  a 6 p a J I H c b  E13 PHC. 229). OTM~THM, 
YTO IIPM M a m x  saaopax, H a u p H M e p  M e H e e  5  at^, TOK Y B ~ J I E I Y H B ~ ~ T C H  

He3Ha9EITeJIbHO. 

l) IIpm C H J I ~ H H X  IIOJIRX m Ann 6 0 ~ 1 ~ m n x  B e n m s n H  x B H p a m e H K e  (158) nepe- 
C T a e T  6 b I ~ b  J I H H ~ ~ H ~ I M  BCJICfACTBHe B03HHKHOBeHHII BTOPIl¶HbIX ~ @ @ ~ K T O B  ( B T O P O ~ ~  
I C ~ ~ @ @ H ~ H ~ H T  T a y H c e ~ ~ a )  [351]. E p H  O¶eHb MaJIbIX 3 a 3 0 p a X  3TkIMH ~ @ @ ~ K T ~ M Y I  
MOHEHO n p e ~ e 6 p e q b .  



P H C. 228. ~ ~ B H C H M O C T ~  OTHOlIIeHHH TOKOB AJIR BO3,QyXa IIpIl 760 pm. cm. 
OT aaaopa. 

(a) a = 10 000, E = 707 000 e/cnt; (6) a = 5000, E = 364 800 e / m ;  ( 8 )  a = 2700, 
E = 200 000 s l c r ;  (2) a = 1000, E = 98 800 elcnt (no pacueTaM I I I a @ @ e p ~ a  [3381) .  

E/p , e / c ~ m m  pm. cm 

P a C. 229. ~ ~ B E I C H M O C T ~  BeJfHWHbI IIepBOrO ~ 0 3 @ @ H q E l e ~ T a  HOHH3aqHH T a y ~ -  
CeHAa U OT HaIIPIImeHHOCTH IIOJIR AJIH pa3JIH¶HbIX r a 3 0 ~ , ( J I 0  AaHHLJM pa60m [352]). 

26 P. ma@@epT 



4.8.2. 3ABBCHMOCTb TOKA OT BEJIBYBHbI 3 A 3 0 P A  
IIPB nOCTOIIHHOM HAIIPIIEEHUM 

ECJIM OTAeJIeHrne n o ~ e p x ~ o c ~ e i j r  n p o H c x o A n T  npn IIOCTOIIHHOM 

H a n p R m e H m i ,  a  TO S H ~ ~ H T ,  YTO y B e n m e H M e  aasopa c o n p o B o x n a e T c c I  

O C J I ~ ~ J I ~ H H ~ M  HaIIpRXCeHHOCTM IIOJIII, TO IIPM H a X O X A e H H H  3aBHCHMO- 

CTM M e X A Y  TOKOM B r838 H 3 a 3 0 P O M  CJIeAyeT YYHTbIBaTb 3aBMCHMOCTb 

a OT HaIIPIIXeHHOCTM IIOJIII ( ~ H c .  229). 
~ ~ B H C E I M O C T ~  a l p  OT E l p  HMeeT T a K y I o  @ O P M ~ ,  KOTOpaII  I IyTeM 

C O O T B e T C T B y I o ~ e ~ O  n o ~ 6 o p a  HeKOTOPbIX KOHCTaHT A H B M O X e T  6bI~b 
IIpeACTaBJIeHa B BHAe ~ M I I H P H ~ ~ C K O I ?  3aBHCMMOCTH [356] 

a l p  = Ae-BplE ,  (1 59) 

rAe p  - A a s n e m e ,  MM pm. em., a E  - H a n p a x e H H o c T b  n o m  B ra3e. 
T a K  K a K  H a c  H H T e p e c y I o T  B n e p B y m  ogepe,qb M a n b I e  p a 3 p ~ ~ ~ ~ e  

I IpOMeXyTKM H CPaBHHTeJIbHO BbICOKHe HaIIPIIHFeHHOCTH IIOJIR, B b I p a -  

X e H H e  (159) 661~10 IIPMMeHeHO K B ~ P X H ~ ~  ¶aCTH KPEZBO% Anti B O 3 A y X a  

(CM. PHC. 229). B  TOM cnygae A = 15,6 m B = 400 (pnc. 230). 
~ o A C T ~ B J I I I I I  a H 3  B b I p a X e H M R  (159) B (156), IIOJIy9MM 

dnln = A p e - B p l E  dx.  (160) 

T a K  K a K  H a  p a c c T o a H m  x DaAeHrne H a n p a x e H n a  B rase V = E x ,  
y p a B H e H n e  (160) n p m H n M a e T  BMA 

dnln = Ape- BpxlV dx .  (161) 
ki~~erpzipyrr ero B npenenax OT no AO n H OT 0 no x, n o n y s a e M  

C I I O M O q b I o  3 T O r 0  YpaBHeEMII  MOXHO OIIPeAeJIHTb OTHOIUeHMe i / i o  
AJIR pa3JIHYHbIX H ~ I I ~ R X ~ H H %  H 3 a 3 0 P O B 1  T a K  K a K  BeJIH¶HHbI A B M 

p  H3BeCTHbI. 

Ha PHC. 231 IIpMBeAeHbJ KPHBbIe  3aBHCHMOCTM i / i O  OT BeJIMYHHbI 

3 a 3 O p a  AJIR H ~ I I ~ R X C ~ H H H  OT 100 A 0  4000 8. n p H  OYeHb MaJIbIX 3 a 3 O p a X  

( I I P E I ~ J I E I ~ H T ~ J I ~ H O  A 0  3 MK) BeJ IH9mHa In i / i o  I l04TM H e  3aBMCHT OT 

H a I I p R X e H H R .  ~ T H  3 H a 9 e H M R  C0OTBeTCTBYH)T TOG ¶aCTM IEPHBO% 

PHC. 230, KOTOpaR J IeXMT B O ~ J I ~ C T M  CHnbHbIX I IOJI~G (10'-10' G/c&). 

O T M ~ T H M ,  ¶TO I I p H  ~ O J I ~ ~ L I E I X  3 H a ¶ e H H R X  E / p  OTHOIIIeHEle a l p  CTpe-  

MHTCR K HaCblWeHHIo.  B o s p a c ~ a ~ n e  TOKa IIpM TaKMX MaJIbIX 3 a 3 O p a X  

T a I c m e  M a n o ;  H a n p H M e p ,  npn saaope, p a B H o M  2,5 MK, TOK Y B ~ J I H ~ H B ~ ~ T -  

CH H e  6onee s e M  B 15 pa3, T. e. In i l i ,  = 2,7. 3 ~ o  o ~ % R c H R ~ T c R  

TeM, ¶TO B e J I H s H H a  3asopa 2,5 dtK H e  60~1ee YeM H a  IIOpRAOK 6 0 n b I I I e  

AJIHHbI C B O ~ O A H O ~ O  npo6era 3J leKTpOHa B BO3AyXe IIpM ~ T M O C @ ~ ~ H O M  
AaBJIeHHH. 





4.8.3. B E J I H W i H A  TOKA, HEOBXOAHMAR AJIR n E P E H O C A  
3JIEKTPOCTATH9ECICOrO H 3 0 B P A X E H H R  

H a i j I ~ e M  BeJIH¶HHy TOKa,  H ~ O ~ X O H H M ~ I O  AJIR I I e p e H O C a  Ol IpeAe-  

J I ~ H H o H  B e J I H W H b I  3 a P R A a  3a 0 r p a H H ¶ e H H b I %  O T p e 3 0 K  BpeMeHH.  Tax, 
eCJIH T p e 6 y e T c R  IIOJIY¶HTb H a  A H ~ J I ~ K T P H ¶ ~ ? c K o ~ ~ [  I IJIeHKe C AH3JIeKTPH- 

¶ ~ C K O %  IIpOHHqaeMOCTbIO 370 H TOJIIQHHO% 25 a t %  S a P R A ,  ~ 0 3 ~ a ~ ) I Q E i f i  

H a n p s x e n H e  300 6, H ~ O ~ X O ~ ~ M O  n e p e H e c T a  3apajq IIJIOTHOCT~IO 3,2 j< 
x nlcat2. Ecam IIPHHRT~,  PTO B p e m  n e p e H o c a  s a p ~ ~ a  pamo 
0,001 cen, TO ~eo6xogm~b1ii TOK 6 y ~ e ~  p a B e H  

3 T H  TOKH 3Ha¶HTeJIbHO 60~1bme TeX, ICOTOpbIX MOXHO ~ ~ I J I O  6b1 O Z H -  

A a T b ,  3 H a R  I IePBOHa¶aJ IbHOe KOJIH¶eCTBO C B O ~ O A H ~ I X  3JIeKTPOHOB B P a -  

3OBOM CJIOe AaXe I l p H  HaJIHPHH CHJIbHOI'O HCTO¶HHKa HOHH3aqHH,  

H a l I p H M e p  ~ J I ~ T ~ ~ @ H o J I ~ T o B o I ' o  H3JIy¶eHHSI. O T C I ~ A ~  RCHO, ¶TO T a K H e  

6 0 J I b m H e  H a s a J I b H b I e  TOKH MOI'YT 6 b I ~ b  IIOJIYPeHbI TOJIbKO I I P H  HaJIHYHH 
~ B T O ~ J I ~ K T P O H H O ~  BMHCCHH C I I O B ~ P X H O C T ~ % .  

AH~JIoI'HPH~I% a H a J I H 3  IIpa~0% 5 a C T H  OT TO¶KH MHHHMYMa K ~ H B O %  

I Iame~a  n o ~ a a b ~ ~ a e ~ ,  PTO AJIR nepenoca T o r o  me s a p ~ ~ a  3a TOT x e  
O T p e 3 0 K  BpeMeHEi (T. e. 3,2 ~ 1 c . M '  3a 0,001 C ~ K )  ~ p e 6 y m ~ c a  3 H a -  
q H T e J I b H 0  MeHbIJIHe H a P a J I b H b I e  TOKH. B TO¶Ke MHHHMYMa (360 6, 8  at^) 
i, m 2,67 -10-la alcat2. IIpm 6 o n b m ~ x  saaopax ~pe6y1o~ca eqe  MeHb- 

m H e  H a P a a b H b I e  TOKH. 

B ~ ~ M R  0,001 CeK B3RTO TOJIbKO AJIR C p a B H e H H R ,  B A€!%CTBEIT~JI~HO- 

CTH ?Ke I I epeXOA 3JIeKTPOHOB B YCJIOBHRX p a 3 p S I A a  IIPOHCXOAHT B 6onee 
ROPOTKHe OTPe3KH BpeMeHH.  

Y p a s a e ~ ~ i e  Qayaepa - H o p n x e f f ~ a  AJIH TOKOB ~ B T O ~ J I ~ K T P O H H O ~ ~  

BMHCCHH C XOJIOAHO~ IIOBePXHOCTH O ~ ~ I P H O  3aIIHCMBaIoT B BHAe [354]: 
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T ~ I B ~ I O I ~ @ ~  CEIJIbI 3ePKaJIbHOI 'O ~ 3 0 6 p a 3 K e ~ H R  H pa6o~y  BbIXOAa. ~ H C -  
JIeHHbIe 3 H a ¶ e H H R  f (y) MOXHO H&TH B T ~ ~ J I H ~ ~ X  p a 6 o ~ b 1  [357]. 

B 3TOM YPaBHeHEIIl  CYqeCTBeHHyIO POJIb  HI 'paeT ¶HCJIC?HHOe 3 H a -  

W H H e  q .  TOIEH, IIOPRAOK BeJIH9HH KOTOPMX OIIpeAeJIReTCR YPBBHeHHR- 

MH (164) H (165), T P ~ ~ Y I O T ,  9 ~ 0 6 b 1  IIPM IIOJIe HaIIpR1KeHHOCTbIO 2,0 X 
x 106e/cw a ~ a s e ~ ~ a  p a 6 o ~ b 1  B H x o A a  nesann B ~ ~ a n a a o ~ e  1,O-1,lae. 

n[pH I IepeHOCe 3 a p R A O B  3 H a ¶ e H H R  TOKa H e  COOTBeTCTBYIOT 3THM BeJIH- 

¶EIHaM ~ @ ( $ ~ K T H B H o ~ ~  p a 6 o . r ~  BbIXOAa, T a K  K a K  B AaHHOM C J I y ¶ a e  I IOBepX- 

HOCTEI C o n p H K a c a m T c H  c BOSAYXOM M g a c T o  c o A e p x a T  MmIcpocKonH-  

¶eCKZie HePOBHOCTH H HeKOTOpOe KOJlH¶eCTBO IIbIJIH, nona~amqeii  H 3  

B O s A y X a ,  H II03TOMY JIOKaJIB30BaHHbIe IIOJIR MOI'YT 6 b I ~ b  3HaqHTeJIbHO 

c n n b H e e  c p e A H e r o  nom,  p a c c s H T a H H o r o  no B e n n n t i H e  n p m o X e H H o r o  
H a I I p I I Z e H E i R  H 3a30pY. H p E I  HCIIbITaHHH HePOBHbIX, HaCEJQeHHbIX I'a- 
3 0 M  IIOBC?PXHOCT~~~[ H3MePHMbIe TOKH ~ B T O ~ J I ~ K T P O H H O ~  3MHCCHH MOrYT 

6bI~b O ~ H ~ P Y ~ ~ F ~ H M  A a X e  n p H  O¶eHb cna6b1x nOJIIIX (4 .lo4 elcm) [3571. 

4.9. MEXAHH3M IIPHMOI'O IIEPEHOCA 3APHAOB 

M 3  H ~ ~ J I I O A ~ H H ~  IIpoqecca p a a ~ e ~ ~ e ~ ~ a  3 a p x ~ 0 ~  IIPH IIPIIMOM nepe- 
H o c e  c n e A y e T ,  ¶TO I r o s e p x R o c T H b I e  3ap11~b1, c o 3 ~ a ~ a e ~ ~ e  K O ~ O H H P M  

pa3pI IAOM,  HeIIpO¶HO CBR3aHbI C IIOBePXHOCTbIO. B I IpeAeJ IaX TO¶HO- 

CTH H ~ M ~ P ~ H H ~  MOXHO CAeJIaTb BbIBOA, ¶TO C B O ~ O H H ~ I ~ ~  O ~ M ~ H  3apIIAa- 
MH M e X A Y  ABYMEI IIOBePXHOCTIIMH, HaXOAIIqHMHCR B IIOJIHOM KOHTaH- 

T e ,  IIPOHCXOAHT A a X e  TOI'Aa, KOI'Aa 3 a p R A  HaHOCHTCR B H a ¶ a J I e  TOJIbKO 

H a  OAHY H 3  I I O B ~ P X H O C T ~ ~ .   TOT BMBOR IIPOTHBOPe4HT rHI IOTe3e  0 TOM, 

¶TO 3aPHAbI ,  HaHeCeHHbIe  H a  IIOBePXHOCTH AH3JIeKTPHKOB H @OTOIIPO- 

BOAEIlqZiX H3OJIRTOPOB C I IOMOqbIO KOPOHHOI'O P a 3 P R A a ,  3aXBaTbIBaIOT- 

CH IIOBePXHOCTHbIMH YPOBHIIMH. 
O A H ~ K O  I I p H  IIOJIHOM KOHTaKTe M e X A Y  M a T e p H a J I a M H ,  ~OCTHI ' aeMOM 

C IIOMOqbIO AaBJIeHHR, M O Z H O  CqHTaTb ,  ¶TO IIPOHCXOAHT HC¶e3HOBeHHe 

IIOBepXHOCTHbIX Y P O B H ~ ~  H I I O B ~ ~ X H O C T H ~ I ~  6apbep CHHXaeTCII  A 0  

HYJIR.  TO O¶eBHAHO B TOM CJlJ'¶ae, KOl'Aa KOHTaKTHPyIOT IIOBePXHOCTH 

H 3  OAHOI'O EI TOI'O ?Ke M a T e p H a J I a ,  H a U p H M e p  ABe IIJIeHKH ~ a f l J I a p a .  O A H ~ -  
KO I IpOqeCC pa3,I(eJIeHHII 3 a p H A a  IIPOHCXOAHT CTOJIb Xe ~ @ $ ~ K T H B H O  

H B TOM C J I y ¶ a e ,  KOI'Aa K O H T a K T H P Y I O ~ H M H  IIOBePXHOCTIIMH IIBJIRIOTCX 
c e n e ~ o ~ ~ i i  cno3 H m e m a  ~ a i i n a p a ,  r A e  MOXHO O x n A a T b  BOBHHKHO- 

BeHHR IIOBePXHOCTHOrO Gapbepa. 
~ M ~ I O ~ H ~ C R  HeMHOrO¶EICJIeHHbIe 3KCIIePEIMeHTaJIbHbIe HaHHbIe  CBH- 

AeTeJIbCTBYIOT 0 TOM, ¶TO IIOBePXHOCTHMe 3aPHAbI ,  IIO-BHAHMOMY, 

AOBOJIbHO cna6o CBII3aHbI C AH3JI€?KTPH¶eCKHM HJIH @OTOIIPOBOAII~HM 
CJIOeM H30J IRTOpa .  B ~ ~ O H T H O ,  3 T a  CBR3b  OCYDp3CTBJIReTCII JIHIllb 3a 
C¶eT IIpHTR?KeHElR 3 a P R A O B  K 3 a p R A a M  IIpOTHBOIIOJIO?KHO~O 3 H a K a ,  

HaBeAeHHbIM B T O K O I I P O B O , Q H ~ ~ ~ ~  IIOAJIOHFKe.  TOT BOIIPOC ewe T p e -  
6 y e ~  f l a J I b ~ e f i l l I ~ ~  H C C J I ~ A O B ~ H H ~ ~ .  



I I p n ~ e ~ a e ~ b r e  B H a c T o R w e e  s p e m  c n o c o 6 ~  a n e ~ ~ p o @ o ~ o r p a @ ~ -  
q e C K O r 0  IIPOHBJIeHHR OCHOBaHbI H a  IIPHTRXCeHHH H ~ ~ O J I ~ I J I E I X  3 a p R E W H -  

EbIX ¶aCTHI( 3JIeKTpH¶eCKH 3 a P H X e H H M M H  y¶aCTKaMH, O ~ ~ ~ ~ Y K I Q H M H  

a n e K T p o c T a T n s e c K o e  n s o 6 p a ~ e ~ ~ e .  ~ T H  T a c T H q H ,  ~ a 3 ~ ~ a e ~ ~ e  0 6 ~ 9 -  
I30 ¶aCTHqaMH IIpORBHTeJIR, IIepeHOCRTCR B 3 0 H Y  3JIeKTpOCTaTH9eCKO- 

I'O n 3 0 6 p a ~ e ~ m ~  pa3JIHTHbIMH THIIaMH H O C H T ~ J I ~ ~ .  U p H  KaCKaAHOM 

~ p O ~ B J I e H k i E  HOCETeJIeM CJIYXHT G~cep,  a I I P H  IIPORBJIeHHM MarHHT-  

HOG K H C T ~ H )  - m e n e 3 ~ b 1 e  OIIHJIKH. B 0 6 0 ~ ~  C n y s a R x  s a c T n q b I  npo- 
SBHTeJIH Y A e p X H B a I o T C R  H a  IIOBepXHOCTH H O C H T ~ J I ~ H  T ~ H ~ o ~ J I ~ K T ~ H -  

WCKHMH CHJIIMH. U p H  XHAICOCTHOM IIPORBJIeHHH HOCHTeJIeM CJIYWHT 

W H ~ I C H ~ ~ [  AH3JIeKTPHK, a I I p H  a3P030J IbHOM IIPORBJIeHHH - ra3 ( 0 6 ~ s -  
ii0 B O ~ A Y X ) .  ~ P o R B J I R H ~ I ~ ( M ~ ~  COCTaB B 3THX CJIY¶aRX IIpeACTaB- 

J rReT COGOH CYCIIeH3HH) 9 a C T H q  IIPORBHTeJIR B WHAKOCTH, HJIH 

83P030JIb. 
B OCHOBe p a 3 p a 6 0 ~ a ~ a b 1 x  HeAaBHO C I I O C O ~ O B  ( (@OTOIIJ I~CTH¶~CKO~O))  

I IpORBJIeHHR [46] H IIpOHBJIeHLlH IIO MeTOAy I lOJIy¶eHHR ((H3MOP03H)) 

[47] nexm RBneHEie  T e n n o B o r o  p a 3 ~ ~ r s e ~ ~ ~  T e p M o r r n a c T H s e c K o r o  

CJIOH, n p o T e K a m q e e  683 y s a c T m R  ~ ~ P R ~ ~ C ~ H H ~ I X  s a c ~ n q .  B H a c T o H m e e  

B p e M R  3 T H  MeTOAbl HaXOARTCR ewe B CTaAHH 3HCIIepHMeHTa,  II03TOMY 

B A ~ H H O G  r J I a B e  6 y ~ y ~  paCCMOTpeHb1 60~1ee paCI IpOCTpaHeHHbIe  CnOCO- 

6b1 ~ J I ~ I C T P O @ O T O I ' P ~ @ H ¶ ~ C K O ~ ~  IIPORBJIeHHR C HCIIOJIb30BaHHeM TaC- 

T H q  IIPORBHTeJIR. 

AJIR ~ @ @ ~ K T H B H O ~ O  H IIOJIHOI'O IIPORBJIeHHR ~ J I ~ K T P o @ o T o ~ P ~ ~ $ H -  

q e C K O r 0  ~ 3 0 6 p a x e ~ ~ ~  H ~ O ~ X O A H M O  A 0  HJIH BO B P e M R  I IpOqeCCa  IIpORB- 

JIeElHR 3 a p R A H T b  9 a C T H q b I  IIPORBHTBJIH. HJIR I IPORBHT~?J I~~~[  B BHHe 

CYXOI'O IIOpOlIIKa O ~ ~ I ~ H O  HCIIOJIb3YH)T MeTOA AaBHO M ~ B ~ C T H O ~ ~ ,  HO H e  

nonysm~rneH c T p o r o r o  H a y s H o r o  O ~ % R C H ~ H H R  K O H T ~ K T H O ~ ~  a n e ~ \ p ~ -  
3 a q ~ ~ .  

B C J I y ¶ a e  X H A K H X  IIPORBJIRIOlU,HX COCTaBOB B3BeUIeHHbIe YaCTHqbI 
3apHXCaIoTCH 6 ~ 1 a r o p a p ~  HX ~JI€!KT~oKHH~?THY~cKoH B3aMMOCBR3H C OICPY- 

H c a I o q H M  X H H K H M  AH3JleKTPHKOM. C T P O ~ O ~ O  HaY¶HOrO 0 6 a ~ c ~ e ~ m a  
more ~~poqecca  T a r m e  n o K a  ewe HeT. 
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5.1.1. TPBE03JIEKTPB9ECKI?M 3DmEICT llPM CYXOM IIPOSIBJIEHMH 

X O ~ O I U O  H3BeCTH0,  ¶TO I I P H  B3aHMHOM T p e H H H  (HJIH COIIPHKOCHO- 

B ~ H M H )  ABYX 3JIeKTPOH30JIEIPYIOQHX MaTepHaJIOB H a  HX IIOBepXHOCTRX 

06pa3ym~cn 3JIeIcTpHYeCKHe 3apFIAbI.  TO RBJIeHHe EI3BeCTHO IIOA H a 3 -  

BaHHtfMH: 3 J I e K T P H 3 a q H H  TPeHHeM ( T P L ~ ~ O ~ J I ~ ? K T P E I ¶ ~ C T B O ) ,  CTaTHqeC- 

XaFI 3 J I e K T p H 3 a q H I I  H KOHTaKTHaFI 3JIeKTPH3aqEIFI. B PI IAe  IIpOMbIIU- 

JIeHHbIX IIPOqeCCOB 3 T 0  FIBJIeHEe ¶aCTO IIPEIBOAHT K p a 3 H O r 0  P O A a  OCJIOx- 

HeHHFIM H C¶HTaeTCEI BPeAHbIM H OIIaCHbIM. B ~ J I ~ K T P O @ O T O T P ~ @ H I I  

x e  OHO E I C I I O J I ~ ~ Y ~ T C I I  AJIR C O ~ A ~ H H F I  ~ J I ~ K T ~ H ~ ~ C K H X  S ~ P R A O B  H a  sac- 
T H q a X  CyXOrO IIPORBHTeJIR. ~ I ~ H M ~ H ~ H H ~  K O H T ~ K T H O H  3 J I e K T P H 3 a q H H  

npn n p o m n e H m H  3 n e ~ ~ p o @ o ~ o r p a + ~ s e c ~ o r o  ~ 1 3 0 6 p a m e ~ ~ a  o n a c a H o  

B ¶. I ,  p a 3 ~ .  2.5. HJIH o n p e n e n e H H c r  s ~ a ~ a  s a p q a ,  n o n y s a e M o r o  pas- 
HbIMH M a T e p H a J I a M H  I I p H  EIX B3aHMHOM T p e H H H ,  COCTaBJIIIIOT T P H ~ O -  

~ J I ~ K T ~ H ¶ € ? C K H H  p R A  3THX MaTepHaJIOB. AJIII 3TOF0 HCIIbITYeMbIe MaTe-  

PHaJ Ib I  COeHHHIIIOT 110 A B a ,  a 3 a T e M  OTAeJIRIoT ,I(pyr OT ApYra H C IIOMO- 

q b m  ~ J I ~ K T P O M ~ T P ~  O n p e A e n t i m T  S H ~ K  s a p ~ ~ a  H a  K a m A o M  ~3 HHX. 

3 a ~ e ~  C o c T a B n x e T c n  CIIHCOK BTHX M a T e p m a n o B  B nopame ~ ~ ~ I B ~ H H F I  

BeJIM¶EIHbI 3apFIAa ,  H a ¶ H H a R  OT ~ a n 6 o n b r u e r o  IIOJIO?EHTeJIbHO~O 3apFI -  

A a  EI KOH¶aR HBEI~OJI~LI IEIM OTPHqaTeJIbHbIM, T a K  ¶TO K ~ W A H ~  IIOCJIe- 

A Y I O ~ E I ~  M a T e p H a J I  OKa3bIBaeTCH OTPHqaTeJIbHbIM IIO OTHOIIIeHHIO K JIIO- 

~ O M Y  BbIIUeCTORqeMY. B Ka¶eCTBe I I p H M e p a  IIpHBeAeM T P H ~ o ~ J I ~ K T P H -  

sec~nii. p n ~ ,  n p e ~ c ~ a ~ n e ~ ~ b r f i  B pa6o~e  [3581: ( f )  - a ~ m ~ ~ q e m ~ o n o s a ,  
K a 3 e H H ,  I IepCIIeKC ( I I O J I H M ~ T E I J I M ~ T ~ K ~ H J ~ ~ T ) ,  T ~ @ H o J I  (CJIOHCTMB 
M a T e p H a J I  H a  OCHOBe @ ~ H o J I @ o ~ M ~ J ~ ~ ~ ~ ~ H A H ~ I x  CMOJI), ~ ~ O H H T ,  a q e T a T  

qeJIJIIOJI03b1, CTeKJIO, BCe MeTaJIJIbI, IIOJIHCTEIPOJI, IIOJIH3THJIeH, T ~ @ J I o H  

( I I o J I H T ~ T ~ ~ @ T o ~ ~ T H J I ~ H  - @ T O ~ O I I J I ~ C T - ~ ) ;  (-) - HHTpOQeJIJIIOJIO3a. 

~ X C I I ~ ~ E I M ~ H T ~ J I ~ H O  YCTaHOBJIeHO, ¶TO KOHTaKTHaCr 3 J I e K T P H 3 a q H R  - 
3 T 0  ¶HCTO I I O B ~ ~ X H O C T H ~ I ~  3@@eKT, IIPEI KOTOPOM PeIIIaIOQYH, POJIb 

HrpaJOT pa3J IH¶HbIe  @ ~ K T O P ~ I ,  BJIEIRIOWHe H a  JIPHPO)Q' KOHTaKTHPYIO- 

~ H X  n o ~ e p x ~ o c ~ e i i  ( ~ a m e ,  K a K  H a m i w e  M ~ X ~ ~ U I E I X  3 a r p m ~ e ~ ~ i i  
EI np.). ~ T H M  O~%RCHXIOTCII Y a c T o  B c T p e s a m q n e c R  p a c x o m A e H n n  a K c n e -  

PHMeHTaJIbHbIX AaHHbIX,  IIOJIY¶t?HHbIX pa3HbIMH HCCJIeAOBaTeJIRMH 

AJIS o A H m x  H T e x  me M a T e p n a a o B .  JIe6 [3591 I I P H B O ~ ~ T  c x e , q y m q H e  

HCTOYHHKM 3al'pR3Ht?HHR IIOBePXHOCTH TBePAOrO TeJIa:  

1. ~ J I ~ H I E H  ~ A C O P ~ I I P O B ~ H H O &  B J I a r H  C PaCTBOPeHHbIMH B ~ e f i  B e Q e -  

CTBaMH; T O J I q H H a  CJIOII OT 2 A 0  lo4 A. 
2. O K H C H ~ I ~  IIJIeHKH p a 3 J l H 9 ~ 0 ~  TOJIWEIHbI, H a ¶ H H a R  OT MOHOMOJIe- 

KYJIRPHbIX CJIOeB H BbIIIle, I I O K P b I B a I O ~ l l e  I IPaKTH¶eCKH BCe MeTaJIJIbI. 

OHH MOI'YT 6 b 1 ~ b  YAaJIeHbI I l y T e M  XHME¶C?CKOH 0 6 p a 6 0 ~ ~ ~  C IIOCJIe- 

~ y m q e 2  ~ e r a s a q ~ e H  H O T X H ~ O M  B B a K y y M e  n p H  B ~ I C O K O ~ ~  T e n a n e p a T y p e .  

3. I I J I ~ H K M  N H P O B  HJIEI OCTaTKOB O p r a H H ¶ e C K H X  BeIQeCTB, KOTOPbIe 

o6~1ana10~ C I I O C O ~ H O C T ~ I O  OTAaBaTb HJIH I IpHHHMaTb HOHH (OT MOHO- 

MOJIeKYJIRPHbIX CJIOeB A 0  CJIOeB T o J I ~ H H o ~ ~ [  l o4  A). 
4. O ~ n e s a ~ m  n a n b q e B .  



5. 3 a r p a 3 ~ e ~ ~ 1 1  ~ e ~ s s e c ~ a o r o  xapamepa, B sIicno ICOTOPMX BXO- 

ART, 110-BHAHMOM~, cepaaa H c e p a H c T a x  KHCJIOTM, O K H C ~  yraepoAa, 
YrJIepOfi ,  YrJreBOAOpOAbI H COJIH, 06pa3yroq~eca I I p H  ((09HCTKe H CYIII- 

I 
Ke)) IIOBepXHOCTH 0TKpbITbIM IIJIaMeHeM. 

6. f l e i i c ~ ~ n e  B n a r H ,  ~ o a ~ y x a ,  c s e T a  H IIHJIH. 

~ e p e ¶ E i ~ J I e H H b I e  3 a r p H 3 H e H H R  MOXHO O ~ H ~ P Y H E H T ~  H a  IIOBBPXHO- 

CTIIX H a W e  IIOCJIe C ~ M O L  ~ILI,aTejrbH06 IIPOMbIBKH H OPHCTKH PaCTBOpH- 
TeJIIIMH. C K 0 p e e  BCWO HMeHHO 3 T a  O¶HCTKa H CJIYXHT HCTOsHHKOM 

3 a r P I I 3 H e H H R .  
 tam^ o6pa30~ ,  HCTMHHaR I IPHPOAa I I O B ~ ~ X H O C T ~ ~ ~  O ~ ~ I ~ H O  H e  H3- 

BeCTHa,  a I IOJIysHTb A ~ ~ ~ C T B E ~ T ~ J I ~ H O  ¶HCTyIo IIOBePXHOCTb, IIO-BHAH- 

MOMY, HeB03MOlfFHO. Y ¶ H T ~ I B ~ R  3 T 0 ,  MOWHO CAeJIaTb BbIBOA, ¶TO IIOIIbIT- 

K a  IIOCTpOMTb IIOJIHbIe T P H ~ O ~ J I ~ K T P M P ~ C I E E I ~  PRAbI MaTepHaJIOB H a  

OCHOBe O I I Y ~ J I H K O B ~ H H H X  AaHHbIX 6b1~1a 6fr1 I I p e X ~ e ~ p e ~ e H H 0 6 .  Hnx 
3TOrO H ~ O ~ X O R H M  C T P O ~ H ~  KOHTPOJIb 3KCIIepHMeHTOB, I IpeAyCMaTpM- 

s a m q ~ i i  oco6o T q a T e J r m o e  n p o s e A e H H e  onepaq~ii  I I o A r o T o s r c n  o6pa3- 
QOB H 0 6 p a 6 0 T K H  n o ~ e p x ~ o c ~ e i i  H KOHTPOJI~  O K p y W a m q x x  YCJIO- 

BH%. YCJIOBHR W e  3KCIIePHMeHTOB, C IIOMOqbH) KOTOPbIX ~ ~ I J I H  IIOJIY- 

W H b I  o I I ~ ~ J I H K o B ~ H H H ~  B H a C T O H ~ e e  B p e M H  AaHHbIe,  P e n K O  O T B e s a J r E  

YK83aHHbIM T ~ ~ ~ O B ~ H H R M .  

n p H p 0 ~ a  RBJIeHHR, Jle?HaqeI'O B OCHOBe IIpOQeCCa K O H T ~ K T H O ~ ?  

3J IeKTpH3aqHH,  IIpeACTaBJIIIeT ~060ii  TeMY, KOTOpaH 3aCJIyWMBaeT 

AeTaJIbHOrO ~ ~ C C M O T ~ H H R ,  I IpH¶eM HMeIoTCR JlHIUb p a 3 p O 3 H e H H b I e  

AaHHbIe ,  KOTOPbIMM MOWHO IIOATBePAHTb BbIABMraeMbIe IIOJIOXeHHH. 
I ' J IY~OKH~~ ~ H ~ J I H ~  D T O ~ O  npoqecca A a H  B pa6o~e  Xapnepa [360], r A e  

BbICKa3aHO Ilpe@lOJIOXeHHe, ¶TO I IpOqeCC KOHT~KTHO% 3 J I e K T P H 3 a q H H  

CKJIaAbIBaeTCR H 3  PWa IIpOqeCCOB, KOTOPbIe B P a 3 H M X  YCJIOBHSX MO- 
I'YT BbICTYIIaTb B p a 3 H b I X  CO¶eTaHHIIX. 

B pa60~e XapIIepa IIPHBOARTCR AaHHbIe  a3 P R A a  HCTOPHHKOB, 

H a  OCHOBaHHH KOTOPbIX MOXHO A a T b  AOBOJIbHO I I ~ ~ B ~ ~ o I I o A o ~ H o ~  OIIH- 

CaHkIe I IpOqeCCa .  n3 AaHHbIX CJIeAYeT, ¶TO I I P H  K O H T ~ I E T H O ~ ~  33JIKTpH- 

3 a q H M  B03MOXHhI A B a  BHAa I IepeHOCa 3 a p R R O B  MeWAY IIOBePXHOCTRMEI: 

M O H H ~ I ~ ~  H ~ J I ~ K T P O H H ~ I ~ ~ .  I I p e ~ ~ ~ o x a r a e ~ c ~ ~ ,  ¶TO TIPH H e p e H o c e  HOHOB 

H a  ORHOB HJIH 0 6 e ~ x  IIOBePXHOCTRX 06pa3ye~cx 3JITIeKTPOJIHTH9eCKaR 

c c o 6 o n o s ~ a ) ) ,  I I p e A c T a B n m o q a a  co608 cnoii snarm, a ~ c o p 6 n p o ~ a ~ ~ o i i  
n ~ 6 0  HeIIOCPeJ(CTBeHH0 IIOBepXHOCTbJO, J I H ~ O  CJIOeM rHrpOCKOIIH¶HbIX 

~ ~ T P % ~ H C ? H H ~ ~ .  T O J I ~ H H ~   TOG O~OJIOYICH O%Hb M a J I a ,  B03MOWHO M e H e e  

100 A,  H IIOBTOMY ee TPYAHO O ~ H ~ P Y W H T ~ .  I Ipe~nonarae~ca  T a x m e ,  

¶TO 3JIeKTPOJIHTEI9eCKaFI 060~109~a COAep3KHT H IIOJIOXHTeJIbHbIe, 

kI OTPHqaTeJ IbHbIe  HOHbI M ¶TO I I P H  KOHTaKTe I I O B ~ P X H O C T ~ ~  IIPOHCXOHHT 

n e p e H o c  6onee I r o A s r n a H b I x  HOHOB. ICpo~e  T o r o ,  c s H T a e T c R ,  ¶TO IIOX 

~ e i i c ~ ~ n e ~  CHJI nong, co3~a1oqero CKpbrToe  ~306pazeane ,  ~ J I ~ K T P O -  

JIMTH¶eCKaR o 6 0 ~ 1 o s ~ a  CHJIbHee n p I l T R r H B a e T C R  K TO% IlOBepXHOCTH, 

KOTOpaH HMeeT 6 6 n b m y m  AH3JIeKTpHseCKyIo  IIpOHHqaeMOCTb.  CorJIac- 
HO  TOG rnno~e3e, B T e x  cnysanx, rcorna IIOBepXHOCTHbIe CJIOH IIOCTaB- 



JIRIoT DOABHXHbIe HOHbI H+, IIOBePXHOCTb C 6onee B ~ I C O K O H  AH3JIeK- 

T ~ H ~ ~ C K O ~  n p O H H q a e M 0 C T b I o  3 a p R X a e T C R  IIOJIOXHTeJIbHO, a B T O p a R  

IIOBepXHOCTb - OTPHqaTeJIbHO; B TeX CJIYYaRX, KOI'Aa BbIAeJIRIoTCR CBO- 

6 0 ~ ~ b I e  HOHH OH-, K a p T H H a  ~ Y A ~ T  O ~ P ~ T H O ~ .  B I IOATBepXAeHHe I'HIIO- 
~e3b1 nepe~oca  EIOHOB Xapnep - 
IIPHBOAHT AaHHbIe H 3  p a 6 0 ~  
[361-3631. 

C X ~ M ~  3 a P R A K H  YaCTHqbI IIpO- 

HBHTeJIEI, H ~ X O A R ~ ~ ~ C I I  B KOH- 

T a K T e  C IlOBePXHOCTbIo EOCHTeJIR, 
n y T e M  n e p e H o c a  HOHOB n o ~ a 3 a ~ a  
H a  PHC. 232. I I p e , q n o ~ ~ a r a e ~ c ~ ,  
¶TO IlOJIOXHTeJIbHbIe HOHH 6onee 
IIOHBHXHH H AH3JIeKTPH9eCIEaR 

IIpOHHqaeMOCTb HOCHTeJIR 6onb- 
me, s e M  y s a c T m q b I  E p o x s m T e n c I .  . 
IIPH BTHX YCJIOBHRX s a c ~ n q a  
n p o a s H T e n r r  nocne pa3,qene~~a 
I I O B ~ ~ X H O C T ~ %  6 y ~ e ~  HMeTb 0 ~ p H -  H O C U ~ M ~  
q a ~ e n b ~ ~ i i  sapan. 

Ha IIpoqecc nepeHoca 3neK- p E 12. 232. 3 a p s f l ~ i l  'IaCTHqhI IlpOHBH- 
TPOHOB, K a K  n o n a r a e T  Xapnep T e n s  n p H  HOAHOM neperioce 3 a p s n o ~ .  

[364], OKa3bIBaIoT BJIHRHHe KOH- 

T a K T H H e  IIOTeHqHaJIbI, H 3 a p R A K a  I IyTeM I I e p e H O C a  3JIeKTPOHOB IIPO- 

HCXOHBT B T e x  cnysanx, K o r A a  06a M a T e p m a n a  n ~ 6 0  n o n y n p o B o A H m K z i ,  

an60 M e T a n n a .  ECJIH we OAHH HJIH 06a M a T e p H a n a  R s n a I o T c R  ~ s o n a -  
T o p a M H ,  n p e o 6 n a ~ a e ~  HOHHHH n e p e H o c .  

H~KOTOPHM IIOATBePXAeHHeM T e O p H H  HOHHOrO I I e p e H O C a  3 a p R A O B  
MOrYT CJIYXHTb 3KCIIePHMeHTbI 110 I I e p e H O C y  3 a p R A a  Me?KAy AH3JIeKTpH- 

¶eCKHMH IIOBePXHOCTRMH, HaXOAEIqHMHCR IIOA AaBJIeHHeM (CM. pa3A. 
4.5.4 H 4.6.2.4). B 3THX 3KCIIePHMeHTaX I IOB~PXHOCTH~IH 3aPEIA C03Aa- 

B a n c a  I IyTeM OCaXAeHHH HOHOB, O ~ ~ ~ ~ ~ I ~ I ~ H X C I I  I l p H  KOPOHHOM pa3- 
PRAe.  ~ I I ~ H  X O p O m e M  KOHTaKTe M e X A y  IIOBepXHOCTRMH 3TH 3 a P R A H  
J Ie rKO IIepeXOAHJrH H a  ~ e 3 a p R X e ~ ~ b I 6  AH3JIeKTPHK. O A H ~ K O  IIJIOT- 

HOCTb IIOBePXHOCTHOrO 3 a p c I A a  B 3TOM C J I y ¶ a e  I I P H ~ J I H ~ H T ~ J I ~ H O  H a  

IIOpRAOK 60nbme, W?M I I p H  K O H T ~ K T H O ~  3JIeKTpH3aqHEi.  

B 3KCIIepHMeHTaX P0y3a H YO PA^ [358], r A e  IEOHTaKT MeHCAY 

pa3JIH4HbIMH IIOBePXHOCTRMH AOCTHI'aJICEI C X a T H e M ,  nOJIY¶eHbI IIJIOT- 

HocTm n o s e p x H o c T a o r o  a a p ~ ~ a  B H H T e p s a n e  7 -10-9-1 ,8 % / c a n ,  

T o r A a  K a K  npn s K c n e p x i M e H T a x  no n e p e H o c y  B ~ P I I ~ I O B  IIOA A a s n e -  

HHeM AHaI Ia3OH I I J IOTHOCT~~ IIOBepXHOcTHOrO 3 a p R A a  COCTaBJIR3I 
4~10-8-15-10-8 F C / C # ~ .  

B ~ T H X  a K c n e p n M e H T a x  0 6 ~ a p y ~ e ~ a  T a I c m e  n ~ ~ e i i ~ a a  3 a s ~ -  
C H M O C T ~  M e w a y  ~ e n n s m ~ o 6  c o 3 , q a s a e ~ o r - o  n o s e p x H o c T H o r o  s a p ~ , q a  

H IIJIOmaAbH) KOHTaKTa AJIR C J l y s a e B ,  K O r A a  IIOBepXHOCTH C H a Y a j I a  



RBJIReTCR H ~ O & T O ~ O M .  T a K a R  K a p T i H a  H ~ ~ J I I ~ A ~ ~ T C R ,  K a K  IIpaBHJIO,  

H npn s a p ~ a ~ e  s a c T n q  npommem,  c o c T o s W e r o  B OCHOBHOM ~3 CMO- 

JIM. I IPOBOAII~H~ M a T e p n a m I ,  no-BHAHMOMY, TepHIoT 3 a p ~ ~ ,  nony- 
W H H ~ I G  HMM I I P H  KOHTaKTe. O A H ~ K O  I I P H  IIpORBJIeHHH IIOPOIJIKOBbIM 

O ~ J I ~ K O M  9 a C T H v b I  IIPOEIBHTeJIEI 06pa3ym~ a 3 P 0 3 0 J I b  IIOCJIe 3aPRjJKH 

I I p H  KOHTaKTe C ,JJpyrOfi IIOBepXHOCTbIo, I lpHYeM 3AeCb YHFe H e B a X H O ,  

RBJIRIoTCR JIH 3TH ¶aCTHqbI IIPOBOARWHMH, T a K  K a K  OHH ~ Y A Y T  C o x p a -  

H R T ~  C B O ~  3 a p ~ a  B T e s e H H e  B c e r o  BpeMeHH,  noxa C ~ I ~ ~ C T B ~ ~ T ~ ~ P O ~ O J I ~ .  

5.1.2. 3JIEICTPO@OPETB9ECKBE XAPAKTEPMCTMKM IKHAKMX 
ITPORBJIRIOQHX COCTABOB 

r A e  5 - 3 n e ~ ~ p o 1 ~ m ~ e ~ m s e c ~ m G  n o T e H q H a n  ( ~ 3 e ~ a - n o ~ e ~ q ~ a ~ 1 ) ;  
I4 7 - COOTBeTCTBeHHO 3 H a P e H H R  A H ~ J I ~ ? K T P H ¶ ~ ? c K o ~ ~  IIPOHHqaeMOCTH 

H BR3KOCTEI AJIR XHAKOCTH, B K O T O P O ~  AHCIIePrHPOBaHbI  9aCTHqbI ;  

A - KOHCTaHTa, BeJIH¶HHa ~ 0 ~ 0 ~ 0 6  IIpHHHMaeTCR O ~ ~ I ¶ H O  ~ ~ B H O G  
J I H ~ O  n ,  K o r A a  T o n W m H a  ~ ~ o G ~ o r o  a n e K T p m s e c K o r o  c n o ~  M a n a  

IIO CpaBHeHHIo  C PaAHyCOM ¶aCTHqbI,  3 ~ 6 0  n ,  K O r A a  T O J I q H H a  3TO- 

YO CJIOR BeJIHKa IIO CpaBHeHHIo  C PaAEIYCOM 9aCTHqbI .  B pa6o~ax  [365, 
3661 PaCCMaTPHBaIoTCR YCJIOBHR, I I P H  KOTOPbIX 3 T a  3aBHCHMOCTb H e  

BbIIIOJIHReTCR. 

A B O ~ H O ~  ~ J I ~ K T P H ¶ ~ c K H ~ ~  c J I o ~  COCTOHT H 3  ABYX CJIOeB 3aPRAOB 

IIPOTHBOIIOJIOXHOIO 3 H a K a  [367]. OAHH H 3  HHX JIOKaJIH30BaH H a  no- 
BepXHOCTH ¶aCTHqbI,  a B T O P O ~  IIO C B O ~ ~  I I p H p O A e  RBJIReTCR IIPOCTpaH- 

CTBeHHbIM 3aPRAOM HFHAKOCTH, 0 K p y ~ a I o q e 6  YaCTHqY (PHC. 233). 
H3 @ O P M Y J I ~ I  (167) CJIeAYeT, ¶TO ~ J I ~ K T P o @ o ~ ~ T H ¶ ~ c K ~ R  IIOABHX- 

HOCTb A H C I I ~ P C H O ~  ¶aCTHqbI IIPRMO I IPOIIOPqHOHaJIbHa  IIPOH3BeAeHLIH) 

~ J I ~ K T P O K H H ~ T H Y ~ C K O ~ O  n o T e H q c i a j I a  H a  , ~ H ~ J I ~ K T P H ~ ~ C K Y I O  npoamqae- 
MOCTb HFHAKOCTH H O ~ ~ ~ T H O  I IpOI IOpqHOHaJIbHa  BEI3KOCTH. 



Y. TEOPHFI IIPOFIBjIEHMR CKPbITOI'O H 3 0 B P A X E H M R  411 

4-+ - 

+ - 

3ne~mpurec~uu nomen- 
yuan d~orjtiozo cnofl, 
OKpyXUM~eZO YaCIllUYy 

3ne~mpo~u~emuvec~uci  

O T C I O H ~  BHAHO, ¶TO AH3JIeKTPH'TeCKaH I lPOHHqaeMOCTb XEIAIEOCTIi 
HenOCpeACTBeHHO B f$op~yJIy AJIH I I O ~ B H K H O C T H  ¶aCTHqbI H e  BXOAHT. 

OAH~IEO B 3 ~ 1 e ~ ~ p o $ I o ~ o r p a $ I ~ q e c ~ o ~  npoqecce a ~ r e ~ ~ p ~ ~ ~ e c ~ ~ o e  none ~ 1 3 0 -  

6 p a ? ~ e ~ n r r ,  06pa3ye~oe IlOBePXHOCTHbIMH 3 a p H A a M H ,  CBH3aHO C AM3JIe- 

K T P H Y ~ C I E O ~ ~  IIPOHllqaeMOCTbIO WEIAKO~~[ CpeAbI  0 6 p a T ~ o f i  3aBHCMMOCTbH) 

[cM., H a I I p H M e p ,  Y P a B H e H H e  (88)l. T ~ K H M  o6pa30~ ,  C YBeJIH- 

¶eHHeM A H ~ J I ~ K T P H ¶ € ? C K O %  IIPOHHqaeMOCTH 3 T 0  IIOJIe 6 y ~ e ~  ocna6e- 
B a T b  H COOTBeTCTBeHHO 6 y A e ~  YMeHbIIIaTbCH CKOPOCTb 'TaCTHqbI. C J I e -  

AOBaTeJIbEO, K CBOGCTB~M WHAHOCTH IlpeA'bFIBJIIIIOTCH CJIeAyIoIQHe T p e -  



~ O B ~ H H H :  o H a  AonHCHa HMeTb HH3KYH) AH3JIeKTPHPeCKYIO I I p O H H q a e -  

MOCTb H MaJIYIO BH3KOCTL. 

H ~ o M ~  T o r o ,  B ~ J I ~ K T ~ O @ O T O ~ ~ ~ @ H ¶ ~ C K O M  I IpOqeCCe  ~ O J I ~ I I I Y K I  pOJIb  

H r p a e T  IIPOBOAHMOCTb WHAKOCTH. ECJIH IIpOBOAHMOCTb BeJIHKa,  TO I I P H  

IIPOEIBJIeHHkI 3JIeKTPOCTaTH9eCKOe ~ 3 0 6 p a x e ~ ~ e  6 y ~ e ~  HCKaXaTbCII .  

C J I ~ ~ O B ~ T ~ J I ~ H O ,  WHAKHB I I ~ O H B J I H ~ I ~ H ~ ~  COCTaB AOJIWeH 0 6 J I a g a ~ b  

T a K W e  BbICOKHM YAeJIbHbIM COIIPOTHBJIeHHeM. H n x ~ m e  IIpeAeJIbI YAeJIb- 
HOrO COIlPOTHBJIeHHH WHAKOCTH H e  YCTaHOBJIeHbI. OHH 3aBHCHT OT 

B p e M e H H  IIpOHBJIeHHH H A P Y r H X  @ ~ K T O P O B .  B pa6o~e  [42] H ~ ~ A ~ H O ,  

¶TO YAeJIbHOe 0 6 ' b e ~ H o e  COIIpOTHBJIeHHe AOJIWHO 6 b I ~ b  B b I m e  lo1' 0% .C%, 

a AH3JIeKTpH¶eCKaH IIpOHHqaeMOCTb - M e H b m e  2,5, XOTH HHKaKHX 

AaHHbIX, IIOATBePHCAamwHX 3TOT B ~ P X H H ~ ~  IIpeAeJI, H e  IIpHBeAeHO. 

B pa6o~e  [370] B K a s e c T B e  B e p x H e r o  npenena ~ m a ~ r e ~ ~ p m s e c ~ o i 5  npo- 
HHqaeMOCTH I I p H B e A e H a  BeJIH¶HHa,  P a B H a H  3,4. 

Ha OCHOBaHHH IIPHBeAeHHbIX B b I m e  K P H T e P H e B  H 3  CIIHCKa B03MOHC- 

HHX 3 ~ 1 e ~ ~ p o I + o ~ o r p a I + ~ ~ e c ~ m ~  I I P O H B J I I I ~ ~ H X  CocTaBoB c p a ~ y  W e  

HCKJIJOPBIOTCR BCe BOAHhIe COCTaBbI H MHOrOPHCJIeHHbIe 6e3~0n~bIe  WHA- 

KOCTH, T a K H e ,  K a K  CIIHPTbI, a q e T O H  H R p y r H e .  ACCOPTHM~HT BeweCTB,  

n p H r o A H b I x  B K a q e c T B e  W H A K O ~  cpeAbI RncI  npomnamnqero c o c T a s a ,  

OI 'paHH¶HBaeTCR, IIO-BHAHMOMY, HeIIOJIRPHbIMH YI'JIeBOAOPO,l(aMH H IIPO- 

H3BOAHMMH YI'JIeBOAOPOAOB THIIa  6e~30~1a,  IJHKJIOreKCaHa, TOJIyOJIa, 

¶eTbIpeXXJIOpHCTOrO Y r J I e p O A a  H pa3JIH¶HhIX X H A K O C T ~ ~ ~ ,  HMeIOwHX 

HH3KYfO BH3KOCTb, H 3  rPYII I Ih I  I IpeHeJIbHbIX ~ J I H @ ~ T H ¶ ~ c K H x  COeAH- 

~e~mii r .  

M ~ X ~ H H ~ M  IIpOQeCCa 3 a P R A K H  AHCIIePCHbIX ¶aCTHq H 3 y ¶ e H  IIOKa 

ewe H e n o J r H o c T b m .  O g ~ a ~ o  HMeeTcrr  r ~ n o ~ e 3 a  o TOM, ¶TO a a p q  sacmi- 
q~ p e r y m p y e T c H  ~ 3 6 ~ p a ~ e n b ~ o i i  a~cop6qmeii HOHOB H a  n o B e p x H o -  

CTH ¶aCTHqH.  O ~ ~ I ¶ H O  CPHTaeTCH, ¶TO B BOAHbIX P a C T B O p a X  HOHaMH, 

o n p e n e n R I o r q H M m  n o T e H q m a J I  ¶acTHqbI ,  H B J I H ~ T C H  mom OH-, a AH@- 
@ Y ~ H ~ R  ¶aCTb A B O ~ H O ~ O  3JIeKTPHPeCKOI'O CJIOII COCTOHT H 3  HOHOB H+ 
[371]. E c n ~  A H C I I ~ ~ C H O ~ ~  c p e ~ 0 6  CJIYWHT K H A K H ~  HH3JIeKTPHK, OIIbIT 

IIOKa3bIBaC?T, ¶TO B 3TOM CJIy¶ae  OAHH THIIbI ¶aCTHq I I p ~ 0 6 p e ~ a l o ~  IIOJIO- 

W H T ~ J I ~ H ~ I ~  3apEIA, a ApyI 'He - 0 ~ p H q a ~ e J I b H b I i i  3 a p H A .  3 H a K  IIOJIY- 

s a e M o r o  s a p ~ ~ a  ~ ~ B H C H T  B H e p B y m  ogepenb OT IIPHPOAH n o B e p x H o c T m  

9aCTHqbI .  T a K ,  H a I I p H M e p ,  ¶aCTHqbI I IHrMeHTa  ( M O H O J I ~ ~ T  K p a ~ ~ b I f i ) ,  

IIOKpbITbIe CJIOeM a ~ c o p 6 ~ p o ~ a ~ ~ o i i  HMH HCHAKOCTH, 3aPRHCaH)TCR OTPH- 

q a T e J I b H 0 ,  a C y X H e  VaCTHqbI 3 T O r 0  HCe BeIQeCTBa - IIOJIOWHTeJIbHO [42]. 
C Y M M ~ P H ~ I ~ ~  3 a p H A  ¶aCTHqbI 3aBHCHT OT 3JIeKTPOKHHeTH'XeCKOrO 

n o T e H q m a n a  [ y p a ~ ~ e ~ m e  (168)1, T. e. OT ~ ~ ~ H O C T H  D o T e H q n a x o B  M e m A y  

~ E r e r n H e f i  r pa~nqe i i  A H @ I $ Y ~ H O ~ ~ [  ¶aCTH ABOGHOI'O 3JIeKTPHPeCKOI'O 

cnorr, o K p y x a m r q e r o  s a c T H q y ,  H 0 6 ~ ~ 0 ~  xmAIcocTm (CM. pmc. 233). 
B e J I z i s ~ ~ y  rn Aawe s ~ a ~  3 ~ 0 r o  D o T e H q n a x a  MOHCHO H ~ M ~ H I I T ~  ny- 
TeM BBeAeHHH B e y e C T B ,  CO3AaIoIqHX Ha '  IIOBepXHOCTM ¶aCTHq CIIe- 
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~ H @ H ¶ ~ c K H ~  ~ A C O P ~ ~ H O H H ~ I G  CJIOG \ 

(PHC. 234). CnoG ~ 0 J I I q m H o i i  6 co- 
CTOHT H 3  ABYX I I J I o c K o c T ~ ~ ~  (HJIH 

O ~ O J I O ~ ~ K ) ,  n a p a J r n e J r b H b I x  no- 
BepXHOCTH ¶aCTHqbI H HOCHIQHX 

Ha3BaHMe B H ~ T ~ ~ H H ~ G  (Hi) H 

B H ~ I I I H ~ H  (Hu) ~ J I o c K o c T ~ ~  r e J I b -  

M r O J I b q a .  B H Y T P ~ H H H ~ ~  cJIoG ripen- 

CTaBJIReT c060G O ~ J I ~ C T ~  aJ(C0p- X-- 
6 q H H  HOHOB H COOTBeTCTBYeT ((He- a 

~ O A B H ~ H O M ~ D  CJIOIO H a  p ~ c .  233. 
B H ~ ~ U H M ~  cJIoG - 3 T 0  ¶aCTb AH@- - ' '  

0 @ @ 
@ Y ~ H O ~  3 0 H b I  A B O ~ H O ~ O  3JIeKTPH- - + 0 0 
s e c ~ o r o  CJIOH, c o n e p x a ~ ~ e i i  H ~ H -  I ~ ' b o  0 
6onee 6~11x3~0 p a c n o n o x e H H b I e  

- 0 0 - 
t - 

HOHH ~ ~ O T E I B O I I O J I O ~ H O ~ ~ .  IIOJIHP- + + 
HOCTH. d Z 

Ha PHC. 234, a n o ~ a s a ~ a  OTPH- 

q a T e n b H o  s a p ~ x e ~ ~ a ~  s a c T E i q a  

6e3 c n e q ~ @ ~ ~ s e c ~ o H  ancop6q~n,  
a H a  pnc. 234, 6 H 6 - COCTORHHe 

TOG x e  9 a c T n q H  npn H a J r m s m  0 
cna60G H C H J I ~ H O G  c n e q m @ ~ s e c ~ ~ x  t 0 0 
ancop6qm6. Ha pmc. 234,s npme- 
A e H  CJIy¶ai% C H J I ~ H O ~ ~  ~ A C O P ~ ~ H H ,  6 a 
npm ~ o ~ o p o 6  H a  9 a c T n q e  HaBo- 
AHTCH HeKOTOpOe K o J I ~ ~ e c T B o  no- " C'  234' P a c n ~ e ~ e n e ~ " e  a 

noTeHqtiana B HBOGHOM cnoe no AaH- 
JIOHEHTeJIbHhIX BaPRAOB, HeCMOTPR H ~ I M  pa6o.r [367,  3721. 
H a  TO ¶TO A E @ @ Y ~ H ~ H  4 a C T b  ~ ~ 0 6 -  - OTCYTCTBHe c I I ~ J J H @ I I ~ ~ c K o ~ %  ~ R C O P ~ ~ E I H ;  

~ J ~ ~ K T P H ~ ~ C K O ~ O  C J I O ~  T a K x e  6- C " ~ ~ H @ E ~ ~ C K ~ K  anco~6~vrfi aHHOHOB 
( 0 ~ p I I q a ~ e n b H b 1 ~  HOHOB); 8 - C H n b H a K  C n e -  

IIOJIOXHTeJIbHa. O A H ~ K O  CyMMap-  s u @ w i e c ~ a ~  a ~ c o p 6 q n r r  a H n o H o B ;  z - cne- 

H b I ~  3aPRA 4aCTHqbI OCTaeTCR 
W@"P~CH~" a n c o ~ 6 a m  KaTHoHOB (nono- 
m a T e n b n n x  IIOHOB); 0 - c a n b H a R  cneqa- 

OTPHqaTeJIbHbIM. Ha pHC. 234, 2 @ k 1 4 e c ~ a x  a ~ ~ 0 p 6 q H K  KaTHOHOB. 

H d  E O K a 3 a H O  BJIHRHHe CIIeqH- 

@ H ¶ ~ c K o ~  a ~ C o p 6 q H H  KaTHOHOB. n p H  c H J I ~ H o G  ~ J ( C O P ~ ~ H H  KaTHOHOB 

( ~ H c .  234, d) 3 a p R A  A H @ @ Y ~ H O ~  ¶aCTH A B O ~ ~ H O ~ O  CJIOR M O X e T  H3Me- 
HHTbCR H c y ~ M a p H b I 6  3 a p R A  ¶aCTHqbI CTaHeT IIOJIOXHTeJIbHbIM. 

C Y M M ~ P H ~ I ~ ~  3 a P R A  A H C I I ~ ~ C H O ~  ¶aCTHqbI 3aBHCHT H e  TOJIbKO OT 

a n e K T p o K H H e T m ¶ e c K o r o  n o T e H q n a n a ,  HO n OT ~ ~ a n e ~ ~ p n s e c ~ o i j r  npo- 
HHqaeMOCTH XHAKOCTH H TOJIWHHbI ABOGHOI'O CJIOII 1/31. 3 ~ 0  09eBHA-  
HO, eCJIH Y p a B H e H H e  (168) PeI I IHTb  OTHOCHTeJIbHO 0: 

Q = egr (1 + ~ r ) .  (470) 



MOCTb XHAKOCTM BeJ IHKa,  a TOJIlqHHa AH@@y3110fi WiCTH ABO~~HOI'O 
3JIeKTPH¶eCKOrO CJIOfi MaJ Ia .  T O J I ~ ~ H H ~  ~JBo~~HoI 'o  CJIOR 3aBHCHT OT 

K O H q e H T p a q H H  HOHOB B WHAKOCTH: I I P H  B H C O K O ~  K O H q e H T P a q H H  

HOHOB c J I o ~  HMeeT MaJIYIO TOJIlL(HHY H H ~ O ~ O P O T .  

~ H A K O C T H ,  IIPHrOAHhIe AJIR IIPOfiBJIeHHfi CKPbIThIX BJI~KTPO@OTO- 

r p a @ H ¶ e ~ K I i ~  ~ 3 0 6 p a x e ~ ~ f i  MeTOAOM 3 J I e K ~ p O + O p e 3 a ,  HMeIoT HM3KYIO 

HH3JIeKTpH¶eCKyH) I IpOHHqaeMOCTb H HH3KYH) K O H q e H T p a 4 H H )  HOHOB, 

¶TO CJIYWHT IIpeIIRTCTBHeM AJIR CO3JJaHHfi AOCTaTO¶HOI'O 3 a p R A a  

H a  ) J H C I I ~ ~ C H O ~ ~  ¶aCTHqe .  K O H ~ ~ H T ~ ~ ~ H I I  HOHOB MOWeT 6 b I ~ b  YBenH-  

¶ e H a  BBeAeHHeM COOTBeTCTByIomHX ~ o 6 a ~ o ~ .  O A H ~ K O  OHH YBeJIH¶H- 

BaH)T IIPOBOAHMOCTb WHAKOCTH, H ,  CJIeAOBaTeJIbHO, 3THM C I I O C O ~ O M  

MOWHO IIOJIb30BaTbCfi  TOJIbKO A 0  HeKOTOPOrO IIpeAeJIa. n p H  3TOM, 

110-BHAHMOMY, B IIepBYH) O ¶ e p e A b  H ~ O ~ X O A ~ ~ M O  HCIIOJIb30BaTb IIOBepX- 

HOCTHOaKTHBHbIe Bt?lL(eCTBa, KOTOPbIe H3MeHRH)T C B O ~ ~ C T B ~  IIOBepX- 

HOCTH ¶aCTHqbI,  06ecnesm~aa ~ 3 6 H p a ~ e J I b ~ y H )  a ~ c o p 6 q ~ m  HOHOB. 

 TOT C I I O C O ~  II03BOJIReT IIOJIY¶HTb ?KHAKHe IIpORBJIRIolQHe COCTaBbI 

C H ~ O ~ X O A H M ~ I M H  Ka¶eCTBaMH. COCTE~B~I T a K O r O  THIIa  OIIHCaHbI B pa6o- 
T e  M e ~ K a J I c j a  H Paf i~a [373], rge y c T a H o s J r e H o  T a K x e ,  ¶TO B T e x  

c n y q a f i x ,  K o r A a  B ~ H A K H ~ ~  A H ~ J I ~ K T P H K  B K a g e c T B e  peryzmpymmeii 
A O G ~ B K H  BBOHHTCR a n K m A H a f i  c M o n a ,  s a c T m q b I  s a p f i x a m ~ c f i  IIOJIOXH- 

T e m H o ;  ecna x e  peryanpymnqefi ~ o 6 a ~ ~ o H  C J I Y ~ H T  J I ~ H R H O B  M a c n o ,  

¶aCTHqbI ~ ~ P I I Z ~ I O T C E I  OTPHqaTeJIbHO. 

B HeBOAHhIX C p e A a X  H OIIHCbIBaIoTCfi 3KCIIepHMeHTbI IIO H 3 y ¶ e H H I o  

Y C T O I ~ ~ ~ ~ B O C T H  C Y C I I ~ H ~ H ~  H e o p r a H m e c I c m x  n o p o m K o B  B xcnnone 
(Fe203, A1203, Si02, C, Ti02, CaCO,, BaS04, Se rn HgS). KCHJIOJI 
H IIOpOIIIOK CMemHBaJIH B CTeKJIRHHhIX K O J I ~ ~ X  H B T e ¶ e H H e  5 UUC 

I I e p e T H p a J I H  CO CTeKJIfiHHbIMH I I IaPHKaMH-  EbIJI0 O ~ H ~ P Y S ~ H O ,  ¶TO 

c y c n e ~ 3 ~ ~  6e3 c ~ a 6 ~ ~ 1 ~ 3 a ~ o p a  o c e A a l o T  M e H e e  s e M  3a 1 zun.  Ao6a~ne- 
HHe HeHOHOreHHbIX A e T e P r e H T O B  THIIa  O J I ~ H H O B O ~  H C T ~ ~ P E I H O B O ~ ~  

H Apyrmx X H P H ~ I X  KHCJIOT c 6onee A J I H H H O ~ ~  qenbm y J I y ¶ m a J I o  

Y C T O ~ ¶ ~ I B O C T ~  CYCIIeH3HH: B p e M f i  OCeAaHHR yBeJIH¶HBaJIOCb H a  He- 

CKOJIbKO MHHYT. A O ~ ~ B J I ~ H H ~  W e  K CYCIIeH3MRM, COAeplfEalqHM X H P -  

HbIe KHCJIOTbI, 3 4 %  MeTHJIOBOI'O CI IHpTa  06ecnesm~ano HX BbICOKYH) 
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5.1.2.3. IIEPEHOC 4 A C T H q  IIPkI AH3JIEIETPO@OPE3E 

ECXH AHCIIepCHbIe ¶aCTHqbI IIOJIRpEI3YH)TCR HeOAHOPOAHbIM 3J IeK-  

TPH¶eCKHM IIOJIeM, TO IIOA A ~ ~ ~ C T B H ~ M  3TOrO IIOJIR MOHEeT H a ¶ a T b C R  

I IepeHOC ¶aCTHq,  H ~ I I ~ ~ B J I ~ H H M ~  B CTOPOHY YBeJIH¶eHEIR HBIIPRXWH- 

HOCTH IIOJIR.  TO H B a e u z i e  HOCHT ~ a 3 ~ a ~ n e  ~ ~ 3 ~ 1 e ~ ~ p o $ o p e 3 a  [376]. 
Ero OTJIH¶He OT 3J IeKTp0$0pe3a  COCTOHT B TOM, ¶TO I I P H  AH3JIeKTPO- 
$0pe3e ¶aCTHqbI B 3JIt?XTPH¶t?CXOM IIOJIe CTaHOBIITCR AHIIOJIRMH- 

B p e 3 y n b ~ a ~ e  T ~ K O ~  I I O J I R P H ~ ~ ~ H H  9 a c ~ ~ q b 1  0 6 p a 3 y m ~ c ~  A s a  p a B H b I x  

HOJIH¶eCTBa IIOJIOXHTeJIbHbIX H OTPEIIJaTeJIbHbIX 3apRAOB.  T a ~ o e  
p a 3 A e J I e H H e  3aPRAOB MOWeT 6bI~b HHAYqHPOBaHHbIM (AJIR 0 6 b I ¶ ~ b I ~  

AH3JIeKTPH9eCKHX M ~ T ~ ~ H ~ J I o B )  HJIH IIOCTORHHbIM (AJIR CeI'HeT03JIeX- 
TPEIKOB). B IIePBOM C J I y ¶ a e  CHRTMe IIOJIR IIPHBOAHT K EIC¶e3HOBt?HHH) 

I IOJIRpH3aqHH,  BO BTOPOM C J I y ¶ a e  AHIIOJIH COXpaHRIOTCR H IIOCJIe 

CHRTHR IIOJIR, ¶TO MOWeT OTPHIJ,aTeJIbHO CKa3ElTbCR H a  YCTO~~¶EIBOCTH 

cycne~smm. B p a 6 o ~ e  [376] B m e A e H a  c J r e A y m a a c r  $ o p ~ y a a  a$$e~-  
THBHOrO AHIIOJIbHOrO MOMeHTa pe AJIR c$ep~~¶ec~of i  ¶aCTHqbI,  B3Be- 

r r r e ~ ~ o i i  B XHAKOM A n a n e m p r n X e :  



~ ~ H ~ J I ~ ? K T P O @ O ~ ~ ~  I IpOTeKaeT ~ a H 6 o n e e  HHTeHCHBHO I I P H  CpaBHH- 

T e n b H o  K p y n m x  p a a ~ e p a x  s a c T n q  ( ~ a n p n ~ e p ,  n p H  A H a M e T p e  sawn- 
qFJ, 6 0 J I b l r r e ~  HJIH PaBHOM 2 XK) H I I P H  HaJIH¶HH CHJIbHbIX IIoJIeS, 
06na~a1oqmx 6 o n b m o 6  HeOJ(HOpOAHOCT1,Io. T ~ K H ~  yCJlOBHII C y m e -  

CTBYIoT H a  MHOI'HX YPaCTKaX 3JIeKTpOCTaTH¶eCKOI'O ~ 3 0 6 p a ~ e ~ n 1 1 ,  
II03TOMY BIIOJIHe BepORTHO, 9TO I I P H  IIpOIIBJIt?HHH CKpbITOI'O BJIeKTpO- 

@o~orpa@nsec~oro  ~ 3 0 6 p a ~ e ~ r n ~  XrnAIcrnM n p o c I s n x m q n M  c o c T a B o M  

B 0 3 H H K a e T  A M ~ J I ~ K T ~ O @ O ~ ~ T H ¶ ~ C K H ~  3@@eKT. T ~ K ,  H a I I p H M e p ,  B pa- 
6 o ~ e  [377] ~ a i i a e ~ o ,  ¶TO n o n o m n T e n b H o  s a p a x e ~ ~ b ~ e  s a c T E n q n  

C a X H ,  B3BelUeHHbIe B XHAKOM AH3JIeKTPHKe,  MOrYT C I I P H ~ J I K ~ H T ~ J I ~ H o  

O J ( H H ~ K O B O ~  ~ @ @ ~ K T E I B H O C T ~ H )  OCaXAaTbCR K a K  H a  IIOJIOXHTeJIbHO 

3apR?XeHHbIe ,  T a K  M H a  OTPHqaTeJ IbHO 3 a P E I X e H H b I e  ~ 3 0 6 p a ~ e ~ H I I .  

 TO CF$HAeTeJIbCTBYeT 0 TOM, ¶TO B AaHHOM C J I y ¶ a e  n p e o 6 ~ 1 a ~ a e ~  DpO- 

qecc , q ~ a n e ~ ~ p o @ o p e s a .  
IIPH a n e ~ ~ p o @ o p e a e  H a  s a c T m q y  c s a p c r ~ o ~  Q, H a x o A a r q y I o c R  

B 3JIeKTPH¶eCIEOM IIOJIe, R ~ ~ C T B ~ ~ T  CHJIa F, P a B H a H  

F = QE. (176) 

, D , n 3 n e ~ ~ p o @ o p e ~ n s e c ~ a ~  c m a  Fe B c e r A a  ~ ~ S C T B ~ ~ T  B H a n p a s n e -  

HHH y B e n r n ¶ e H m  H a n p R m e H H o c T m  nomi, T o r A a  K a K  H a n p a s n e n n e  anew 
T ~ o @ o ~ ~ T H ¶ ~ c K o ~  CHJIbI F 3aBHCHT OT 3 H a K a  3 a p R A a  ¶aCTHqbI. T ~ K H M  
06pa30~ ,  B OAHHX C J I y ¶ a R X  3TH CHJIbI A ~ ~ ~ C T B Y I ~ T  HaBCTpe¶Y ApYr APY- 
ry, B gpyrnx C n y q a R x  H a n p a B n e H z r e  HX ~ e f c ~ ~ t i r r  c o s n a g a e T .  

ECJIH 3TH CHJIbI I IPMpaBHIITb  CHJIe BtI3KOI'O COIIPOTHBJIeHHII CpeflbI,  

TO, HCIIOJIb3YII COOTHOlIIeHHII (172), (173), (176) H (177), MOXHO IIOJIY- 

P H T ~  cnenymqee s b ~ p a x e ~ ~ e  AJIR CKOPOCTH 9 a c T H q b I :  
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TOrO, COBIIaAaIOT JIH 3 H a K H  3apqa  IIOBepXHOCTH H 9aCTH4bI .  ECJIH 
none o , q ~ o p o ~ ~ o ,  VE = 0 H nep~b16 s n e H  y p a B H e H n r r  (178) ~ c s e s a e ~ .  
K ~ o M ~  T o r 0 7  eCJIM 3 H a s e H H I I  A H ~ J I ~ K T ~ H ¶ ~ c K o ~ ~  IIpOHHqaeMOCTH ¶aCTH- 

qbI H ZHAKOCTH MaJIO OTJIH¶aIOTCR A P Y r  OT APJ'T.~, 3THM WIeHOM T B K Z e  
MOZHO npe~e6pesb. B  TOM cnyqae n e p e H o c  s a c T m q  0 6 e c n e s ~ ~ a e ~ c ~  
T O J I ~ K O  ~ J I ~ K T P O I $ O P ~ ~ O M .  ECJIH r I a c T H q a  mMeeT ~e60~1bmo6   sap^^, 
O H a  M O X e T  I lepeHOCHTbCR A H ~ J I ~ K T P O @ O ~ ~ ~ O M .  HPEI GOJI~IIIOM 3 a p I I A e  

M O X e T  n p e 0 6 J I a ~ a ~ b  3 J I e K ~ p 0 @ 0 p e 3 .  ECJIH 06a 3 @ @ e K ~ a  I I P M ~ J I E ~ ~ H -  

TeJIbHO O A H O ~  BeJIHnHHbI, MOWeT 1 1 ~ 0 ~ 3 0 6 ~ ~ 1  H e p a B H O M e p H O e  O C a X -  

AeHHe sacmq, T. e. OAHH y q a c T K m  ~ J I ~ K T ~ O C T ~ T H ~ ~ C K O ~ O  ~ s o 6 p a x e -  
HHR ~ Y A Y T  IIPORBJIeHbI CHJIbHO, a A p y r H e -  c~1a60. n p H  3TOM B03MOWHO 

T a K X e  I I p e B p a q e H H e  II03HTHBHOrO PaCTPOBOI'O H 3 0 6 p a W e ~ ~ R  B Hers- 
THBHOe. 

5.2. KkiHETMKA OCAXAEHkIH UACTHq IIPM IIPOHBJIEHkiEl 
CKPbITOrO M30BPAXCEHMII 

O C ~ ? K ) J ~ H E ~  ¶aCTHq H a  JlOBepXHOCTb r n 3 0 6 p a x e ~ ~ ~  B ~JI~IETPO@OTO- 

r p a @ m s e c ~ o ~  npoqecce n p o H c x o A H T  6 n a r o ~ a p ~  s n e K T p m s e c K o M y  npx- 
TIIXeHHH) IIOA BJIHIIHHeM IIoJIefi, C0OTBeTCTBYH)IQHX 3JIeKTPOCTaTH- 

¶eCKHM H ~ O ~ P ~ W ~ H H I I M .  ~ T H  IIOJIII, KOTOPbIe B ~ J I H ~ H  IIOBePXHOCTH 

CKpbITOI'O ~ 3 0 6 p a x e ~ ~ c r  MOI'YT 6bI~b AOBOJIbHO CHJIbHbIMH, C YBeJIH- 

¶eHHeM PaCCTORHHR OT 3~06  IlOBePXHOCTH ~ H C T P O  O C J I ~ ~ ~ B ~ I O T  H CTa- 

HOBRTCII H ~ ~ @ @ ~ K T H B H ~ I M M -  

~ O ~ T O M Y  ¶aCTHqhI IIPORBHTeJIII AOJIXHbI 6 h I ~ b  IIOABeAeHbI K IIOBepX- 

HOCTH HaCTOJIbKO ~ J I H ~ X O ,  P T O ~ H  OHH IIOIIaJIH B 3 0 H y  ~ @ @ C ? K T H B E O ~ O  

A ~ ~ C T B H R  n 0 J I e 6  CKpbITOrO H 3 0 6 p a ~ e ~ H R .  n p H  WHAKOCTHOM H a 3 p O -  

MOrYT OCeCTb H a  IIOBePXHOCTb, HeCYqYH)  ~ 3 0 6 p a ? ~ e ~ ~ e ,  ' C AOBOJIbHO 

6 0 n b m ~ x  ~ ~ C C T O H H H ~ ~  ( H ~ C K O J I ~ K O  COT MHKPOH EI 60~1bme), Raze 
eCJIH HaI Ip I IXeHHOCTb IIOJIR E I ~ O ~ P ~ ~ K ~ H H I I  OTHOCHTeJIbHO MaJIB. 

a p H  KaCKaAHOM IIpOIIBJIeHHH H IIpORBJIeHHH M ~ I ' H H T H O ~ ~  KHCTbH) 

WiCTHqbI JIPOXBHTeJIR YfiePWHBaIOTCSZ H a  HOCHTeJIRX 3JIeKTpH9eCKHMH 

c H n a M H ,  m AJIR ocaxnemrr s a c ~ ~ q  H a  n o s e p x H o c T x  none ~ s o 6 p a x e -  
HHR AOJIXHO HX IIpeOAOJIeTb. AJIII 3TOrO ¶ a C T H l p l  IIpORBHTeJIR AOJIW- 

HbI IIOJ(O~TH O W H b  ~ J I H ~ K o  K IIOBePXHOCTH, rAe H a n p I I W e H H O C T b  IIOJIR 
1 1 3 0 6 p a X e ~ ~ R  mMeeT ~ a ~ 6 o n b m e e  a ~ a s e ~ ~ e .  Ha n p a K T H K e   TO COOT- 

BeTCTByeT KOHTaKTY 4 a C T H q  C IIOBePXHOCTbH). 

*) ~ P H  3TOM C¶ElTaeTCJI, ¶TO HCYIRKOCTb HaXORHTCJI B COCTOJIHHH IIOKOII. 



KHH TPaKTYIOT 3TOT BOIIPOC C TOgKEI 3 p e H H R  CHJI, A ~ G C T B Y I O ~ H X  H a  

B m c n e p c H y m  s a c T H q y ,  H p e n I e H m e  n p o 6 n e ~ b 1  CBOART K p e m e H m m  cne- 
AyIOqeI'O YpaBHeHHR:  

d2z dz m-=2n(oo-nqz)q-k-, 
dt2 dt (179) 

m H q - COOTBeTCTBeHHO MaCCa H 3 a P R A  ~ H c I I e p c ~ o ~ ¶ a c T H ~ b I ;  

n - sncno s a c T H q  B ~ A H H H ~ ~  o 6 n e ~ a ;  oo - H a s a n m a n  nosepx- 
HOCTHaR IIJIOTHOCTb 3 a p R A a  CJIOR; k - K o ~ @ @ H ~ H ~ ? H T  C T O K C ~ ;  Z - 
p a c c T o R H m e  nncnepc~ofi 9 a c T H q b I  AO ee H a s a n b H o r o  n o n o x e H m .  

~ O B ~ ~ X H O C T H ~ I ~  3 a p R A  PaCCMaTpHBaeTCII  HMH K a K  C J I O ~  3 a p R H a  B 

nyCTOTe  H H e  Y¶HTbIBaeTCR BJIHRHHe A H ~ J I ~ K T P H ¶ ~ c K o G  IIPOHHqaeMOCTH 

XCHAKOCTH, ~ ~ ~ ~ K T P o @ o T o ~ ~ ~ @ E I ¶ ~ c K o ~ o  CJIOR H T O K O I I P O B O A I I ~ ~ ~  IIOA- 

JIOXCKH H a  ~ J I ~ K T P H ¶ ~ C K O ~  none, c o 3 ~ a ~ a e ~ o e  p a c n p e A e n e H H b I M  nosepx- 
HOCTHbIM 3aPRHOM. B 3TOM OTHOIII~HHH @ O P M Y J I ~  (179) H e  O T p a W a e T  

IIOJIHOCTbK) A ~ ~ C T B E I T ~ J I ~ H O ~  KaPTHHbI.  Y J I e H  n q Z  X a p a K T e p H 3 y e T  

H ~ G T ~ ~ J I H ~ Y I O I Q H ~  3 @ @ e K ~  OCaXCAaeMbIX ¶aCTHq I I p H  IIPOXOXCAeHHH 

HMH PaCCTORHHR Z OT TO¶KH H ~ ~ ~ J I ~ H o I ' o '  I IOJlOXeHHR A 0  IlOBePXHOCTH. 

m3 B b I p a X e H H R  (179) MOXHO IIOJIY¶HTb 3aBHCHMOCTb M e X A Y  N - 
s n c n o M  s a c T m q ,  oceAamqnx H a  ejqmmqe nnoqanm, H B p e M e H e M  ocax- 
AeHrncI 

N = 9 (1 - e- t / t  
'3 ) l  (180) 

rAe 'G = 3qr/q2n npn k = Gnyr, r - panmyc ¶ a c T H q  H q - ,qHHa- 

~ 1 3 9 e ~ K H f i  K O ~ @ @ E I ~ H ~ H ~  BR3KOCTH CpeAbI. n p e ~ I I 0 J I a r a e ~ c R  [380], 
¶TO OIITH¶eCKaR IInOTHOCTb IIPOIIBJIeHHOI'O CJIOR I IpOI IOpqHOHaJIbHa  

M a c c e  ( ~ a  e n m H n q y  nnoqapi)  o c a m n e H H b I x  s a c T m q ,  T. e. 

D = AmN, (181) 

KypHTEl  [379] n p o 6 ~ 1 e ~ y  XHAKOCTHOrO IIPORBJIeHHII PaCCMaTPH- 

B a e T  C TOYKH 3 P e H H R  ~ e f i ~ p a J I H 3 a q ~ H  KIOBepXHOCTHOrO 3 a p R A a  I I P H  

Y W T e  BJIHRHMII IIPOBOAHMOCTH XHAKOCTH H I IPOqeCCa  OCalKAeHHII sac- 
T m q  H a  B e a n v m H y  n o s e p x H o c T H o r o  s a p ~ ~ a  3 n e ~ ~ p o @ o ~ o r p a @ x s e c ~ o r o  

CJIOFI H ~ H P ~ B H H B ~ H  CKOPOCTb pa3PI IAKH H CKOPOCTb IIePeMeJQeHHEt 

3 a p I I X e H H b I X  9aCTHII  H HOHOB B XHAKOCTH, MOXHO I IOJ ly9HTb B 3TOM 

cnysae ~ ~ $ @ e p e ~ q n a n b ~ o e  y p a B H e H m e  BHAa 

(It 
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rAe o - n n o T H o c T b  n o s e p x H o c T H o r o  s a p ~ ~ a  ane~~po@olorpa+nsec~o-  
I'O CJIOR; U - K O H q e H T p a q H R  ¶aCTHq,  2 /c J t3 ;  qp - 3 a P R A  ¶aCTHqbI,  

1 ~ 1 2 ;  KL - AH3JIeKTPH9eCKaR IIpOHHqaeMOCTb ?XHAKOCTEI: 5 - 3JIeK- 

T P O K H H ~ T ~ ~ ¶ ~ C K H ~ ~  IIOTeHqHaJI ;  C - IIpOBOAHMOCTb NEIAKOCTEI 13 E - 
HaIIPIINfEeHHOCTb 3JIeKTPHYeCKOrO IIOJIR B 3KHAKOCTEI. 

l lpn  TOM n p e A n o n a r a e T c R  T a K w e ,  s ~ o  M e w a y  o n ~ ~ l s e c ~ o i i  nJroT-  

HOCTbH) .13 KOJIHseCTBOM OCalffAeHHbIX 9 a C T H q  CYqeCTBYeT I IPRMaR IIPO- 

IIOpqHOHaJIbHOCTb. B 3TOM CJIysae CKOPOCTb yBeJIHPeH13R IIJIOTHOCTH 

IIpORBJIeHHOI'O 1 3 3 0 6 p a X W ~ H ~  H a  ~ J I ~ K T P O @ O T O ~ P ~ @ H P ~ C K O ~  IIOBepX- 

HOCTH I I p o n o p q m o H a n b H a  K o H q e H T p a q c i m  (zlcm3) m CKOPOCTH sac- 
TM4, T. e. 

dD -- (184) 

rAe a - K O ~ @ I $ H ~ H ~ H T  IIPOIIOPqHOHaJIbHOCTH, C B R ~ ~ I B ~ I O ~ H ~  IIOJIe 

B NHAKOCTH C IIJIOTHOCTbIO IIOBePXHOCTHOrO 3 a p R A a  H eMKOCTbI0 H a  

e A m H m q y  n J r o q a A H  3 n e ~ ~ p o @ o ~ o r p a @ n s e c ~ o r o  CJIOR (E = aolC,); 
T = a (aH + c) lCs, rAe H = q P K l 5 / 6 n q .  

B o 6 e ~ x  c m c T e M a x  a ~ a ~ 1 ~ 3 a  n p e A n o n a r a m T c n  H A e a J r b n b I e  ycno- 
BHR: ~ J I ~ K T P H P ~ C K O ~  none B NHAKOCTH OAHOPOAHO; IIPH n e p e M e q e H H n  

saCT13q  B HaI IpaBJIeHHH IIOBePXHOCTH F p a A H e H T  IIOJIR OTCYTCTBYeT; 

K O H q e H T p a q H R  ¶aCTHq B XHAKOCTH OCTaeTCR I IOCTOHHHO~,  T. e. 9aCTH- 

q b I ,  O C a N A a I O q H e C R  133 NHAKOCTH H a  IIOBePXHOCTb ~ 3 0 6 p a m e ~ ~ 1 1 ,  
H e n p e p m n o  a a ~ e l q a l o ~ c a  HOB~IMEI EI, H a K o H e q ,  H ~ O ~ X O A H M O  pac- 
CMOTPeTh A O I I y q e H H e  0 TOM, ¶TO OIITElYeCKaR IIJIOTHOCTb H 3 0 6 p a ? K e ~ ~ R  

I IpOl IOpQHOHaJIbHa  KOJIHseCTBY OCa3fFAeHHOrO IIPORBHTeJIH. ECJIH ¶aC- 

TEIqbI IIPORBHTt?JIR H e I I P 0 3 p a P H b I ,  MaKCHMaJIbHaR IIJIOTHOCTb AOCTH- 

r a e T C R  T O r R a ,  K O r A a  9aCTEIqJJ  IIOJIHOCTbIO IIOKPbIBaIOT IIOBePXHOCTb; 

~ a n b ~ e i i ~ ~ ~ e e  ocawAeme s a c T H q  H e  B n m e T  H a  n n o T H o c T b .  C n e ~ o ~ a -  
T e m n o ,  n p e A n o J r o a e H n e  o n p a ~ o f i  n p o ~ r o p q ~ ~ o ~ a n b ~ o i i  ~ ~ B H C H M O C T H  

Me3KAY O I I T H ~ ~ C I E O ~  IIJIOTHOCTbIO H KOJIHPeCTBOM OCaNfCAeHHbIX 4 a C T H q  

CIIpaBeAJIHBO TOJIbKO AJIR TeX C J I y s a e B ,  K O r A a  K MOMeHTY (13JIEI p a H b -  

me) AOCTMHeHHR M ~ I E C H M ~ J I ~ H O ~  IIJIOTHOCTH ~ J I ~ K T ~ o @ o T o I ' ~ ~ @ H ¶ ~ -  

C K a R  IIOBePXHOCTb OKa3bIBaeTCII  IIOJIHOCTbIO p a 3 p ~ ~ e H ~ 0 f i .  

E o ~ ~ b m o e  p a 3 ~ 0 0 6 p a 3 ~ e  H CJ IOXHOCT~ ~ ~ o ~ + ~ l r y p a q ~ ~ i i  ~ J I ~ K T P H -  
W?CKHX I IoJ Ie i i ,  COOTBeTCTBYIOlqHX 3JIeKTPOCTaTH9eCKkIhl a306pame- 
HHHM, S~TPYAHREOT M a T e M a T k i s e c K o e  onxcame npoqecca o c a m A e H n R  

s a C T H q  H a  IIOBepXHOCTb CKPbITOrO E I 3 0 6 p a H e ~ H H .  3 ~ a  3aAa¶a, HeCO- 

MHeHHO, Y I I P O ~ a e T C R ,  eCJIH IIOJIe B XHAKOCTEI, CO3gaHHOe 3aPRAOM H a  

I IoBepxHOCTH 3 n e ~ ~ p o @ o ~ o r p a @ n s e c ~ o r o  CJIOR, o ~ ~ o p o a ~ o .  T a ~ a a  
27* 



CETyaXlHR B 0 3 M O K H a  B CHCTeMaX, r A e  WHAKOCTb 3 a K J I I 0 9 e H a  MeHCAY 
HOBepXHOCTbIO, ~ecyIqeii CKpbITOe mso6parne~~e,  H IIpORBJIRIOIqHM 
3JIeKTpOAOM, a ~ 3 0 6 p a x e a ~ e  PaCIIOJIOWeHO TOJIbKO B q e ~ ~ p a J I b ~ 0 6  
¶aCTH CPaBHHTeJIbHO 60~1bm06 IIJIOIqaHM, 06na~amqeii ~ ~ B H O M ~ ~ H O ~  

IIJIOTHOCTbH) IIOBePXHOCTHOrO 3 a p X A a  ( ~ H c .  235). 

ECJIH P a C C M a T p H B a T b  TOJIbKO 3JIeKTpOCTaTH9eCKHe RBJIeHHR, TO 

MOWHO IIOKa3aTby ¶TO HaI IPRWeHHOCTb 3JIeKTPH9eCKOrO IIOJIR B WHA- 

KOCTH, C03AaBaeMOrO PaBHOMePHbIM IIOBePXHOCTHbIM 3aPIIAOM U 

H IIPHJIOHCeHHbIM HaIIPIIHCeHHeM V,, P a B H a  

T p O A a  H Eo - AH3JIeKTPH9eCKaEI I IPOHHqaeMOCTb BaKYYMa B CHCTeMe 

MKC. 
~ H ~ K H  BeJIH9HH v, H 3aBHCIIT OT HaI IpaBJIeHHII  A B H X e H H R  3 a p R -  

H F ~ H H O ~  ¶aCTHQbI IIOB A ~ ~ C T B H ~ M  3JIeKTpH9eCKHX II0JIe6, OIIpeJ(eJIRe- 

MbIX IIOBePXHOCTHbIM 3aPRAOM H IIPHJIOHCeHHbIM HalIPIIHCeHHeM. ECJIH 
06a IIOJIR HaIIpaBJIRIOT ¶ a C T H q y  K IIOBepXHOCTH CKPbITOrO nso6pa~~e-  
HHR, TO B B b I p a W e H H H  (186) ti V,, H CT 6 y ~ y ~  HMeTb 3 H a K  IIJIIOC. T a K ,  

eCJIH IIOBePXHOCTb 3 a p R W e H a  IIOJIOHCHTeJIbHO, a AHCIIepCHbIe 4 a C T H q b I  

OTPHqaTeJ IbHO,  TO I I o J I o H C H T ~ J I ~ H ~ I ~  IIOJIIOC HCTOPHHKa HaIIPRHCeHHR 

AOJIXeH 6bI~b IIPHCOeAHHeH K IIOAJIOHCKe K ~ e p 0 r p a @ ~ ¶ e ~ ~ 0 6  IIJIaCTH- 
HbI, a O T ~ H ~ ~ T ~ J I ~ H ~ I %  - K I I P O I I B J I R I O ~ e M Y  3JIeKTPOAy. DoJIe, 
CO3AaHHOe H a I I p R W e H H e M  va, 6 y ~ e ~  I I P H  3TOM A ~ G C T B O B ~ T ~  B TOM HCe 

H a n p a s n e H n H ,  ¶TO EI none s a p a ~ a  H a  n o s e p x H o c T H  cnoa. 
CKOPOCT~ cnana n o s e p x H o c T H o r o  s a p ~ ~ a ,  n p o H c x o A s q e r o  B pe- 

3 y J I b T a T e  O C a H C ~ e H H R  IIPOTHBOIIOJIOHCHO 3aPIIHCeHHbIX 9 a C T H 4  IIPOEIBH- 
TeJIR ( n p H  YCJIOBHH HeI IpePbIBHOrO BOCCTaHOBJIeHHR ¶HCJIa AHCIIepC- 

EIHX s ac~nq ) ,  c o r n a c H o  ICypn~a [379], pama 
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rne T = K1l(nqu + c ) ,  a K" = (K,E~IL,) 10". 
ICor~a n p H n o m e H H o e  H a n p n x e m e  Va co3nae~ none, c o ~ ~ ~ a ~ a r o q e e  

IIO H a n p a s n e H m l o  c r r o n e M  C K p m o r o  ~ s o 6 p a x e ~ n a ,  y p a B H e H H e  (191) 
I I O K ~ ~ ~ I B ~ ~ T ,  ¶TO 110 HcTegeHrnH O n p e A e n e H H o r o  nepnona B p e M e H H  B e a n -  

s H H a  n o n o ) f C n T e n b H o r o  s a p c ~ g a  n a A a e T  no H y n a  H ~ a n b ~ e i i m e e  oca l rc -  
AeHHe OTpHqaTeJ IbHbIX ¶aCTEIIS, IIpORBHTeJIR IIPHBOAHT K HaKaIIJIHBa- 

HHIO H a  IIOBePXHOCTH CJIOR OTPHIS,aTeJIbHOrO 3 a p R A a .  H p H  npOAOJIwH-  

TeJrbHOM IIPORBJIeHHH BeJIIIPHHa OTpHqaTeJ IbHOrO 3apma AOCTHraeT 
MaKCHMYMa I I P H  (T = - v a K  ". B 3TOM C J I y ¶ a e  B p e M R ,  no HCTe¶eHHH 

KOTOPOI'O I C O B ~ ~ X H O C T H ~ I ~  3 a p R A  CJIOR IIOJIHOCTbIO H ~ ~ T P ~ J I H ~ Y ~ T C R ,  
o n p e g e m e T c a  B H p a x e H m e M  

06qee s H c n o  s a c T z i q  N, o c a x n a e M H x  H a  1 cnca n o s e p x H o c T n  1x30- 
6 p a w e ~ ~ R  3a IIepHofl  OT t = 0 A 0  t = i!, HaXOAHM IIO ~ O P M Y J I ~  

t t 

N = nu El dt  = nuElo e-'lZ dt.  S 0 S 0 



B b ~ p a l ~ a a  3TY 3aBHCHMOCTb ¶epe3 BeJIH¶EiHbI IIOBePXHOCTHOI'O 

s a p ~ ~ a  ~ n e ~ ~ p o @ o ~ o r p a @ m ~ e c ~ o r o  CJIOR H n p n n o x e H H o r o  H a n p c r z e -  

HHH H IIPHHHMaR BO BHHMaHHe COOTHOIIIeHHe (186), Y P a B H e H H e  (194) 
MOXHO IIpeHCTElBHTb B C J I e A y I o q e M  BHAe: 

M o l r c ~ o  n o ~ a s a ~ b ,  ¶TO n p ~  V ,  = 0 y p a B H e H n e  (195) n p m H n M a e T  @op- 
MY Y p a B H e H H R  (185), a eCJIH npe~e6pesb IIPOBOAHMOCTbH) XHAKOCTH, 

TO O H 0  CBOAHTCR K YpaBHeHHIO (180). 
I I o ~ r y s e ~ ~ ~ e  B H m e  (POPMYJIH G ~ I J I H  BbIBeAeHbI 683 y P e T a  BJIHIIHHII 

COCeAHHX ¶aCTHlJ, H a  A B H X e H H e  ¶ a C T H q H  B XHAKOCTH. 3 ~ 0 ,  IIO-BHAH- 

MOMY, o n p a B A a H o  B T e x  cxysanx, K o r g a  p a c c M a T p m a m T c c r  yc~ofi- 
snme  CYCII~HBHH, rAe s a p r r ~ ~  sacmq C ~ ~ J I ~ H C H ~ O B ~ H H  s a p a ~ a ~ k i  

HOHOB IIPOTHBOIIOJIOXHOI'O 3 H a K a  B XHAKOCTH H 06qa11 CyMMa BCeX 

3 a P R A O B  B )KHAXOCTH P a B H a  HyJIIo. K ~ o M ~  TOrO, MOXHO 1 1 p e ~ e 6 p e s b  

c n x a M H  B~H-~ep-Baaxbca H o 6 p a ~ ~ o f i  ~n++ysmefi, T a K  K a K  OHH cyme- 
CTBeHHbI TOJIbHO I I P H  0 9 e H b  MaJIbIX p a 3 M e p a X  AHCIIepCHbIX ¶aCTHq. 

C K O P O C T ~  OCaXAeHHH ¶aCTHq H a  3aPR?HeHHyIo  IIOBePXHOCTb H30-  

G p a x e ~ ~ ~ i ,  cornacno B b I p a w e H u r o  (195), pama 

C J ~ ~ A O B ~ T ~ J I ~ H O ,  CKOpOCTh OCaXAeHHFI 3KCIIOHeHqHaJIbHO YMeHb- 

IIIaeTCR CO BpeMeHeM H IIPRMO IIPOIIOPlJHOHaJIbHa KOHQeHTPaqHH 

9 a C T H q  B XHAXOCTH, HX IIOaBHXHOCTH H H ~ Y ~ J I ~ H O ~ ~  IIJIOTHOCTH 3 a p H -  

Ra H a  n o s e p x H o c T m  ~ ~ ~ e ~ ~ p o @ o ~ o r p a @ ~ s e c ~ o r o  CJIOII. I I p ~ n o x e ~ ~ o e  
HaIIplI?KeHHe B 3aBHCHMOCTH OT HaI IpaBJIeHHtI  M O X e T  G M T ~  HCIIOJIb30- 

BaHO J I H ~ O  AJIR YBeJIH¶eHHR, an60 AJIR YMeHbIIIeHHII CIEOPOCTH OCa1K- 

AeHncr. IIOABHXHOCT~ 9 a c T n q  u m m R e T c s  @ y ~ ~ q n e i i  s a p n ~ a ,  panuy- 
ca s a c T m q M  rn BHSKOCTH x H A K o c T m  [ y p a ~ ~ e ~ m e  (169) 1, c a e A o s a T e n b -  

HO, OHa  3aBHCHT TOJIbKO OT C B O ~ C T B  CYCIIeH3HH. 

OTM~THM, ¶TO + o p ~ y n a  (195) cnpasefinma T O J I ~ K O ,  K o r A a  B npo- 
q e C C e  IIpORBJIeHHR K O H q e H T P a q H R  AHCIIepCHbIX ¶ a C T H q  OCTaeTCH IIOCTO- 

I I H H O ~ .  B CHCTeMaX C IIPOIIBJIIIIOqHM 3JIeXTPOAOM El. O C O ~ ~ H H O  B TeX 

C J I p a I I X ,  K O r A a  paCCT0IIHHe Me?HAY IIOBepXHOCTbIO, ~ e c y ~ e f  CKPbI- 

T o e  nso6paxe~ne,  H 3JIeKTPOAOM MIJIO,  3 T 0  YCJIOBHe, IIO-BHAHMOMY, 

H e  BbIIIOJIHReTCH.  TO 3Ha¶HT,  ¶TO 3 a I I a C  ¶aCTHq B XHAKOCTH M O X e T  

m c T o n p i T b c n  p a H b m e ,  n e M  n p o ~ 3 0 i i r ~ e ~  n o m a s  ~ e f i ~ p a m s a q n c ~  3 a p ~ -  
Aa n o s e p x H o c T m  3 n e ~ ~ p o @ o ~ o r p a @ ~ s e c ~ o r o  CJIOII. 

P e 3 y J I b T a T b I  3KCIIf?pHMeHTOB, IIPOBeAeHHbIX B p a 6 0 T a x  [381, 377 
3801 KaseCTBeHHO COI'JIaCyIOTCR C Y p a B H e H H e M  (195). 
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C a e , q o ~ a ~ e n b ~ o ,  c y s e n H s e H H e M  T O J I J ~ H H ~ I  ~ J I ~ I E T P O @ O T O ~ ~ ~ @ H ¶ ~  

CKOrO CJIOH Ls I I P H  HeH3MeHHbIX I I P 0 4 H X  # ~ K T o ~ ~ x  'C Y M e H b m a e T C R  

H I I p 0 4 e C C  IIpORBJIeHHR YCKOpH(?TCR. Hao6op0~, eCJIEI Ls YMeHbIJIaeT- 

CH, I IpOqeCC IIPOFIBJIeHHH 3aMeAJIHeTCH.  TO MOWeT IIOCJIY3IEHTb 0 6 % ~ ~ -  

HeHEIeM B a W y ~ e I ' O C F I  paCXOWAeHHH Pe3YJIbTaTOB,  IIOJIY4eHHbIX Yep- 
KaCOBHM I3821 I I p H  IICCJIenOBaHHEI BJIkIHHEIH TOJIWHHbI, IIJIOTHOCTH 

IIOBepXHOCTHOI'O 3 a p H n a  H IIOBepXHOCTHOI'O IIOTeHQHaJla  CeJIeHOBbIX 

c a o e B  npn XHAKOCTHOM n p o f i B n e H n m .  T a K  KaIc BO B c e x  BTHX 3xcnepn- 
MeHTaX B p e M R  IIPORBJIeHEIII OCTaBaJIOCb HeH3MeHHbIM, I IOJIY9eHHHe 
p e 3 y J I b T a T M  ~ ~ ' ~ H c H H I O T C R  3aBHCEIMOCTbIO IIOCTOHHHbIX B p e M e H H  IIpO- 

RBJIeHHH OT TOJIWHHM CeJIeHOBbIX CJIOeB. 

HTBK, OTMeTHM ewe pas, ¶TO HMeHHO 3JIeBTPH¶eCKOe IIOJIe B 3 0 H e  

IIpORBJIeHHR OIIpepeJ IHeT CBOPOCTb EI CTeIIeHb IIPOHBJIeHHH 3JIeKTPO- 
CTaTH¶€?CBHX ~306paXe~~1i i .  ~ O B ~ ~ X H O C T H ~ I ~  3 a p H A  Ei IIOBepXHOCT- 

H ~ I H  IIOTeHQHaJI CJIOH JIHLIIh KOCBeHHO JTaCTByIOT B 3TOM I I P O ~ e C C e .  

T e o p n R  ~ ~ P O ~ O J I ~ H O ~ O  n p o H B n e H m  a H a n o r m H a  T e o p m m  WHAKOCTHO- 

r0 IIpOHBJIeHHH. O A H ~ K O  HMeIOTCII CJIeAYIOIQEle C y ~ e C T B e H H b I e  OTJIH- 
YHR: 1) 3 a p H A b I  H a  ¶aCTHQaX, B3BeIIIeHHbIX B BO3AyXe,  H e  0 6 H 3 a ~ e J I b -  

HO AOJIXHH YpaBHOBeIIIEIBaTbCR 3 a p H A a M H  IIPOTHBOIIOJIOWHO~O 3 H a K a ,  
CYlQeCTBYIOII(HMH B AHCII~PCHOHHO~ C p e A e ;  2) IIPOBOAHMOCTbIO B03AY- 

xa MOXHO n p e ~ e 6 p e s b .  

B pa60l.e [68] EI3y¶eH IIPOQeCC a 3 p 0 3 0 J I b H O r O  IIpOHBJIeHHH C TO¶- 

KH 3 p e H H H  CHHWeHHR pa3HOCTH IIOTeHQHaJIOB B 3 0 H e  IIPORBJIeHHR. 

B 3KCUePHMeHTaX C IIPORBJIHIOWHM 3JIeKTPOAOM CKOPOCTb YMeHbJIIe- 

HEIR 3 ~ 0 %  pa3HOCTH I IOTeHqHaJIa  I IpHHHMaJIaCb  ~ ~ B H O G  

rge k - IIOCTOHHHaR, Ve - pa3HOCTb IIOTeHqEIaJIOB MeWAY IIPOHB- 

JIRIOqHM 3JIeKTpOAOM Ei K ~ e p ~ r p a $ E I ¶ e ~ K ~ f i  I IJI~cTHHo% IIO HCTeWHHEI 

t C e K  C MOMeHTa IIpOHBJIeHEIH. 

~ P O M ~ B O A H  H H T e r p H p O B a H H e  B I I p e A e J I a X  OT t = 0 A 0  t = T H IIpH- 

HHMaH ve = v f vb B H a 4 a J I e  IIPOHBJIeHHR H ve vd -f vb B BOH- 
qe IIpOHBJIeHHH, MOWHO IIOJIY¶HTb B b I p a W e H H e  [68] 



rge Eeo - HalIPHlKeHHOCTb IIOJIX B 3 0 H e  IIPOfiBJIeHLlH l lPEl  t = 0. 
C P ~ B H ~ H H ~  Y p a B H e H H H  (201) AJIR ¶aCTHq,  B3BeIUeHHbIX B BO3AyXe 

(IIPOBOJJHMOCT~ BO3AYXa P a B H a  HYJIw), C Y p a B H e H H e M  (189) AJIH CyC- 

I I ~ H ~ H H  I I O K ~ ~ ~ I B ~ ~ T ,  ¶TO k = n'q'u'IKf, r A e  n', q' m u' - COOT- 

BeTCTBeHHO ¶HCJKO ¶aCTHJJ, H a  1 C W ~ ,  3 a p H A  ¶aCTHqhI H IIOABnXCHOCTb 

¶aCTE?qhI B a3pO3OJIe;  K' = (1 + Z K S I L ~ ) E ~ . ~ O - ~  a AH3JIeKTPH- 

¶eCKaEI I IpOHHqaeMOCTb B O 3 A y X a  IIPHHEMaeTCR P ~ B H O ~  eHHHHqe .  

no a H a J I 0 r H H  C Y p a B H e H H e M  (193) KOJIHPeCTBO 9 a C T H q  IIOPOIUKa,  

o c a x q e H H u x  H a  1 c a 2  ~ceporpaQ)nsec~ofi n J r a c T n H b 1  DO m c T e g e H m a  spe- 
MeHH t ,  BbIpaXaeTCEI  CJIef lyIOqHM o6pa30~: 

BBOAR B B H p a x c e H H e  (204) B e n H s H H a r  H a n p n x e H H f i  H a  n n a c T H H e  H npa- 
n o w e H H o r o  H a n p m c e H n n ,  n p e A c T a s n e a H b I e  B (200), n o n y s a e M  smpa- 
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5.2.3. ICACICAAHOE IIPORBJIEHME I4 nPOIiBJIEHkiE 
MAI'HHTHOM ICkiCTbIO 

I I p H p o ~ a  T P H ~ O ~ J I ~ K T ~ H ¶ ~ C I C O ~  CBR3H H 3 y 9 e H a  IIOKa HeAOCTaTO¶HO. 

n p ~  IIpORBJIeHHH M ~ ~ H H T H O ~  KElCTbIO HOCHTeJIb COCTOHT H 3  qeII0- 
¶eK TOKOIIPOBOARQHX ¶aCTHIl ZeJIe3a. ~ T H  q e I I O P K B  A ~ ~ ~ T B Y W T  K a K  

I I ~ o J I B J I R I O I I ( H ~  3JIeKTpOA, O T A ~ J I ~ H H ~ I ~  OT IIOBePXHOCTH ~306paxe-  
HHR ¶aCTHqaMH IIPOHBHTeJIH (PEIC. 236). B AaHHOM CJIy¶ae  I IPHHRTO, 

¶TO HOCHTeJIb IIOKPbIT CJIOeM IIPOIIBHTeJIR T o J I I ~ H H o ~  B OAHY PaCTHqY.  

B 3~06 CHCTeMe 3JIeKTPH9eCKOe IIOJIe B MeCTe KOHTaKTa ¶aCTHq IIPO- 

RBHTeJIR C IIOBePXHOCTbIO HOCHTeJIII, C03AaBaeMOe 3 a p R A O M  H a  IIOBepX- 

HOCTH a n e ~ ~ p o @ o ~ o r p a @ ~ 9 e c ~ o r o  CJIOR H n p H n o x e H H b r M  H a n p x s e -  

HHeM, I I P H ~ J I H X ~ H H O  P a B H O  



ECJIH H ~ I I P R X ~ H H O C T ~  nOJIFI B MeCTe KOHTaKTa ¶aCTHIJbI H HOCH- 

Tern, O ~ ~ C J I O B J I ~ H H ~ R  ~ e f i c ~ ~ z i e ~  n ~ o i i ~ o r c ,  T ~ H ~ O ~ J I ~ K T ~ H ~ ~ C K O ~ O  

CJIOII, P a B H a  E,, TO AJIH OCaXAeRHH ¶aCTHII H a  IIOBepXHOCTb ~306pa -  
WeHHH H ~ O ~ X O A H M O ,  P T O ~ W  E j  661~10 60~1bme E,. T a K ,  e c m  E, = 3 X 
X lo4 ~ 1 c . W ~  d = 10 .WG, K p  = 3 H Ls/Ks = 3, TO CyMMapHOe HaI IpH-  

X e H H e ,  cnoco6~oe BbI3BaTb  O C a X A e H H e  ¶aCTHq,  AOJIXHO 6 b I ~ b  6ozee 
57 6.  TO H a I I p t I W e H H e  6 y ~ e ~  IIpeACTaBJIHTb co6ofi I IOpOrOByIo  BeJIH- 

¶HHY AJIH IIPOHBJIeHHX 3JIeKTPOCTaTH9eCKOI'O ~ 3 0 6 p a ~ e ~ ~ ~  IZPH AaH- 

HbIX YCJIOBHRX. O ¶ ~ B E I ~ H O ,  CYWeCTBYeT B03M03fCHOCTb 3KCIIePHMeH- 

TaJ rbHOrO OIIpeAeJIeHHEI CHJIbI T P H ~ O ~ J I ~ K T P E I ¶ ~ C K O ~ ~  CBR3H AJIFI pa3JIHY- 

HbIX C O ¶ ~ T ~ H E I ~ ~  I I ~ O H B H T ~ J I ~ ~ ~  H H O C H T ~ J I ~ ? ~ ~ .  O A H ~ K O  B HaCTOHWee B p e M R  

o I I ~ ~ J I H K o B ~ E H ~ I x  AaHHbIX 110 3TOMY BOIIPOCY HeT. 

rIpe~noJI0Xe~FIe 0 CYI4eCTBOBaHHH I I P H M O ~ ~  I I P o I I o P ~ H o H ~ J I ~ H o ~ ~  

3aBHCHMOCTH (CM. pa3)4. 5.2.1) Me3fCAy oIITH¶C?CKO~~ IIJIOTHOCTbIo H ¶HC- 

JIOM ¶aCTHq H a  1 c.W2 IIOBePXHOCTH IIPOtIBJIeHHOrO ~ 1 3 0 6 p a X e ~ H t I  CI Ipa -  

BeAJIHBO TOJIbIcO AJIR TeX CJIy¶aeB,  K O r A a  M ~ I c c H M ~ J I ~ H ~ I ~ ~  3 @ @ e K ~  IIPO- 

RBJIeHHtI AOCTHI'aeTCR P a H b I I I e ,  ¶eM MaKCHMyM IIJIOTEOCTH.  TO 3 H a -  

9MT, ¶TO I I P H  HaKOIIJIeHEIH YaCTEIq H a  IIOBePXHOCTH IIpOHBJlHeMOrO 

~ 3 0 6 p a ~ ~ e ~ H t I  MaKCHMaJIbHaR OIITH9eCKaR IIJIOTHOCTb M O X e T  6 b 1 ~ b  

AOCTHrHyTa  P a H b I l l e ,  ¶eM I I O B ~ ~ X H O C T H ~ I ~ ~  3 a p R A  6 y ~ e ~  IIOJIHOCTbH) 

H ~ ~ T P ~ J I H ~ O B ~ H  3 a p H A a M H  ¶aCTHq. 

~ O ~ T O M Y  eCTeCTBeHH0 IIpeAIIOJIOXHTb,  ¶TO CKOPOCTb H3MeHeHHtI  

O I I T H ~ ~ C K O ~  IIJIOTHOCTH C H3MeHeHHeM @ H 3 H ¶ e c K 0 6  IIJIOTHOCTH CJIOcI 

YBCTHIJ H a  IIOBePXHOCTH IIPOIIOPIJHOHaJIbHa pa3HOCTH -MeXAY MaKCH- 

~ a J I b ~ 0 f i  IIJIOTHOCTbH) Dm, C O O T B ~ T C T B ~ I ~ ~ ~ @ ~ ~  IIOJIHOMY IIOKPbITHIo 

IIOBepXHOCTH ¶aCTHqaMH,  H # ~ K T H ¶ ~ c K o ~ ~  IIJIOTHOCTbIO IIPOHBJIeHHOI'O 

~ 3 0 6 p a ~ e ~ ~ t 1  D. B 3TOM CJIy¶ae  MOWHO HaI IHCaTb  

rat? N - KOJIH¶eCTBO P a C T H q ,  OCaXAaeMbIX H a  1 CHI' IIOBePXHOCTH 

H ~ O ~ P ~ H E ~ H H I I ;  $ - K O ~ @ @ H ~ H ~ H T  IIPOIIOPqHOHaJIbHOCTH. ~ I H T ~ I ' P H -  
p y H  3TO B b I p a X e H H e  H Y¶HTbIBaHt ¶TO I I P H  N = 0 IIJIOTHOCTb D = 0, 

n o n y s a e M  

D = D, (1 - e-BN). (208) 
I I o ~ c ~ a ~ a a t I  B b I p a X e H m e  (194) B y p a B H e H n e  (208), n o n y s a e M  cne- 

AYIoIQYIo 3aBHCHMOCTb M e X A Y  O I I T H ¶ ~ C K O ~ ~  IIJIOTHOCTbH) H B p e M e H e M  

IIpOtIBJIeHHH AJIR XHAKOCTHOrO IIPOHBJIeHHtI: 
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