




3 n e ~ r p ~ ~ o r p a @ w s e c ~ w f i  npouecc, nepeble c B e n e s w n  o 
KOTUPOU ~ H J I B  o I I ~ ~ J ~ w K o B ~ H ~ ~  COBCeM HenaBHO, B KOpOTKOe 
BpeMR nonyrwn l u w p o K o e  pacnpocrpanenwe so M H o r n x  OT- 
PaCJIRX H a y K H  H TeXHWKH 13 6 b ~ c r p o  3 a B o e B a n  ce6e r O p R ¶ H X  
CTOPOHHUKOB. 

Hano C p a 3 y  C K a 3 a T b , r T O  KaWCTBO ~ J I ~ K T ~ ~ X @ T O ~ ~ ~ @ U ~ S K H X  

m n e s a r K o B  ewe Aanelto we Aocrnrno  TO^ B H C O K O ~  crenenw 
c o B e p m e n c r e a ,  K o T o p a n  x apa~ repw3ye~  cospewennoe cocrorr- 
H u e  @ororpa@ww H a  ~ ~ J I O ~ ~ H H B O C ~ ~ ~ ~ ~ R H M X  cionx. 

' I~M x e  npweneltaw K ce6e 3,~e~rpo$ororpa@wrr? 
npemne B c e r o  c p a e ~ u ~ m b ~ o R  npoc~omil npouecca. Or- . 

n a n a m T  c n o x a b l e  w ~anpn3wwe onepauww x n h l w s e c ~ o i r  o6pa- . 
~ T K H  ~ K C ~ O H H ~ O B ~ H H O ~ O  @oroxiarepnana. npouecc n p o r r B -  

nennn s 3ne~rpo@rorpa@w~ n p e a a b e o  npocr, a sa~penne- 
HWe OTne ' l aTKa  3 a q a C T Y W  BOBCe OICYTCTBYeT. CB~TO~YBCTBH- 
r t x b ~ b l i 3  M a T e p n a n  c e n c n 6 ~ n ~ 3 w p y e ~ ~  n e n o c p e a c T B e i l H o  nepen 
c a e ~ ~ o i i ,  rawe B c e r o  B camoR d,joro~a~epe; n03ro~y  crano- 
BnTCn HeHyXUblh<H BCeB03MOXUble  I IpenOCMPOXHOCTH,  UeJ lb  

KOTOPblX CBOnWTCIl K YCTPaHeHRKl 3aCBeTKH @ O T O M ~ T ~ ~ U ~ ~ O B .  
r 0 ~ 0 B b l f i  ~ ~ ~ ~ K T P o @ o T o ~ ~ ~ @ R ~ ~ c K w ~ ~  OTne9aTOK M O X e T  6 b l r b  

n o n y s e H  s T e s e H w e  none* C e K y n m .  T a ~ a n  CKOPOCT~ sarpyn-\ - 
n w r a b n a  n n ~  c o ~ p e ~ e n n o k  @mrpa@nw, w f m  c a h l a r r  B b l c o K a n  
CTYUeHb aBTOklaTH3aKUW H e  M O X e T  CneJ l aTb  hlrHOBeHHblMU 

n p o u e c c b l  x w M n s e c K o r o  n p o R s n e H u n  w @w~cwpoaa~wn, a T a K x e  

c y m ~ w  o r n e s a r K a .  
M n a K o n e u ,  s a x H b m i  n p e u M y w e c r B o M  3 n e K T p o $ o r o r p a @ w u  

IlBJlReTCR ee 340HOhIW9HOCTb. O T n a n a e T  H ~ O ~ X O ~ ~ ~ M O C T ~  B 
n o p o r w x ,  conepxamax cepehpo cnonx. 3-ie~~po$o~orpa@wse- 
c K w e  M a r e p w a n b l ,  r a l c n e ,  H a n p w M e p ,  KaK O K H C ~  q l i H K a .  HCI(AIO- 

9 H T a b H O  neIUeBS1. Y C T ~ ~ H R ~ T C ~  T a K X e  H € Q ~ X O X H ~ ~ O ~ T ~  B , 
n p n M e n e n n w  A o p o r o c r o R m n x  x n ~ w s e c ~ w x  p e a K T w e o s .  
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T O ~ Y B C T B W T ~ I ~ H ~ X  cnoes, 6e3 ~ o ~ o p o f i  z+ne~~pc@mmrpa@~~e-  
c ~ n f i  npouecc HeMblcnuM.  Hnx 3~0fi  uenw ~ e o 6 x o n w ~  reaepamp 
B~ICOK&O H a n p R X e H H I I .  O A H ~ K O  310 n p e n R T C T B H e  YXe C & O A H ~  
M o w e r  6b11b npennoneno. Korna 3,~e~~pc@m~orpa@wa ~ o f i ~ e ~  
B 6 ~ 1 ,  ~ Y A Y T  p a 3 p a 6 0 T a ~ b l  n e u l e s b l e  H I IOpTaTHBHble  npeo6pa- 
3 o ~ a ~ e n a  H a n p n x e H I m ,  pa6o~aloqwe H e n o c p e n c T e e H H o  OT 
~ , T ~ K T ~ H ~ s K o ~ ~  CeTH HJIH OT M ~ J I o M o I U H O ~ ~  6 a T a p e U .  

B H a c T o a q e e  B p e M a  sne~~p+rorpa@aa H a x o n w T  eqe 
OTpaHHqeHUOe I lpUMeHeHHe ,  rJIaBHbIM 06pa30~  B IIpOMblIUJIeHHO- 
CTl4 l4 HayqHO-HCCneAOBaTeJrb~KWX YYpeXicneUHaX. 

O ~ H ~ K O  HeT COMHeHHa B TOM, q T O  ~ . ~ ~ K T ~ o @ o T o ~ ~ ~ @ H A  BCKO- 
pe H a f i ~ e T  6 J n b l u o e  qHC.lO nOKnOHHUKO8,  KOTOPbIe 3 a k h I y T  

T a K O e  Xe M S T O ,  K a K  A @ o T o ~ ~ ~ ~ H T ~ J I H .  
Mssec~ao, CKOAb MOrYqHM @BKTOPOM p a 3 B H T A R  paAKOTeX- 

HUKU O K a 3 a n O C b  B CBOe BPe>lI I  ~ ~ A w o ~ ~ ~ ~ A T ~ I ~ c T B o .  T O ~ H O  
T a K x e  H @0TOnlo6I iTenki  MOrYT O q e H b  MHOrO C n e n a T b  AJla CKO- . - 
peilmero npoxsnxenwa s n e ~ ~ p o @ o ~ r p a @ w w  no n y T a  conep- 3; 
IUeHCTBOBaHHa l4 I l p O r p S C a .  1 

Mcnonb3o~aaae s n e ~ ~ p o @ o T o r p a @ w u  J I I O ~ U T ~ J I ~ M F I  no ceto : 
BpeMeHU 0 rpaHHYHBa . lOCb  OTCyTCTBHeM H ~ O ~ X O ~ U M ~ ~ X  M a T e p H a -  
nOB,  a T a K H t e  OTCyTCTBHeM K ~ K H X - n H 6 J  noco6wfi. 1 

B 1959 r. K a y H a c c K a n  6 y ~ a H t ~ a n  @a6puea uMeHw 
X). R H O H H C ~  0CBOH.la npOH3BOACTBO 3 n e K ~ p C @ 0 T U r p a @ H q e c ~ ~ X  

6 y h t a r .  
q m  xe  K a c a e T c a  noco6wh no sne~~pC@o~orpa@uw, m 

npe&laraehlan BHWMaliHD 9111aTeJrefi  K H H r a  IIBJlBeTCR n e P B b I M  
OnbITOM B 310R O~I IPCTW.   OH^ COLIePXHT HenOCpeACTBeHHble  
n p a K T U q S K H e  y K a 3 a H U R  no M e l W n U K e  OCyI4ECTB.leHHs 3 n e K T -  

~ O @ O T O ~ ~ ~ @ H ~ ~ C K ~ I X  IlpOUeCCOB, pe4enT)'py CBeTOqyBCTBH- 
T e n b n b l x  c . loeB H n p o s ~ a ~ e n e i i ,  c B e n e H H s  o T e x n o n o r H s e c K n x  

p e x u M a x .  
I ~ u ~ a ~ e ' l l o  B K p a l K 0 f i  H A O C T ~ ~ H O ~ ~  H3JaraK)TCFi  

T a K x e  cseneena, aeo6xonw>1b1e AJIR n o H n M a H n a  nponecco~, 
a c n o n b s y e x b l x  B ~ . ~ ~ K T ~ O @ O T O ~ ~ ~ @ H W ,  P ~ C C K ~ ~ ~ I B ~ ~ T C R  06 
~ c ~ o p w u  ~ 3 0 6 p e T e ~ H f i  3 ~ o r o  npouecca u o n e p c n e K T w s a x  

. n p u M e H e H H a  HOBOrO I l p O U S C a  B Pa3JlHqHblX O ~ ~ ~ C T R X  H a y K U  
U TeXHIiKU. 



qTO TAKOE 3JlEKTPO@OTOrPA@HR 

~ororpa@w~ec~wi i  n p O u e C C ,  p a 3 p a 6 0 ~ a H ~ b l f i  B 30-x rOp,aX 

npomnoro cmnmwrr T p y a a r w  Huce@opa H b e n c a ,  Jlya Aarepa 
U Q O K C ~  TanbBo~a, H e  nperepnen C TeX n O p  C K O . I ~ K O - H U ~ ~ ~ ~ ~  

n p w a q u r n l a n b a u x  w s h r e ~ ~ e ~ w i r .  Ha c b l e e y  A a r e p o T w n u H  npa- 
me.n ~ r o ~ p o ~ o ~ ~ n o ~ ~ o ~ ~ b ~ ~  npouecc, ~ o ~ o p b ~ f i ,  B CBOK) o q e p e a b ,  
ycrynwn MeCTO CyXUhl ~ a u T 0 ~ e ~ ~ p , 0 ~ e p e 6 p ~ b l ~  CBeTOq).BCTBN- 

T e n b H b l M  C~TORI'I. M3 rofia B rop, c o s e p u r e H c T B o s a n a c b  dp~orpa -  
$ w q e c ~ a n  a n n a p a T y p a .  Bo M H o r o  fiec.eCIITKoB pa3 yBe.quqnrTacb 

CBffO.lyBCTBHTeJIbHOCTb $ O T O ~ ~ ~ @ W ~ ~ C K W X  MaTepHaf iOB.  
Bce 3TW W3MeHeHFIR H e  3aTpOHYfiH CYUHOCTN cnoc06a, KOTO- 

p a R  COCTOUT B XHYAqeCKHX W3MeHeHWRX, I lPOTeKaIOUllK B $0~0-  
r p a @ w s e c ~ o h r  M a T e p u a n e  noa ~ e i l c ~ s w e h i  csera. 

3 n e ~ ~ p o @ o ~ o r p a @ w ~ e c ~ w i r  n p o l r e c c  o c H o s a H  H a  wcno,Tb- 
s o ~ a ~ a w  c p o ~ o 3 n e ~ ~ p w q e c ~ o r o  ~ e f c ~ s w s  csera. 

f inx  T o r 0  ~ T O ~ M  YRCHnTb  cebe, B YeM IIpORBnReTCR 3TO 
~ e t i c ~ s u e  cswa, H a n o h r n u M ,  YTO B c e  T e n d n o  C B O ~ ~  ~ . Q ~ K T P H Y ~ -  
CKWM CBOACTBB~I fie"1RTCR H a  a B e  KaTerOpl . lU - I ~ ~ O ~ O ~ H U K U  U 

au3i le~rnpu~u.  
~ ~ O B O A H U K U  XapaKTepU3) ' IoTCR B03MOXHOCTbK) CBO~O;IHOI'O 

n e p e M e q e n u n  no 0 6 x e h c y  T e n a  s n e ~ ~ p n q e c ~ u  a a p ~ x e ~ ~ b l x  sac- 
TWII ( ~ ~ I ~ K T P O H O B  HrlW HOHOB). '170 O ~ Y C J I O B . I H B ~ ~ T  WX CPPBHH- 
TfLlbHO HW3KOB YAeJlbHOe COpPOTUBneHHe  I IPOXOXaeHUK)  3 J e K T -  

PUYeCKOrO TOKa n0J ~ 0 3 , T e k c ~ ~ ~ e h l  3.7eKTPHYECKOrO n0.1R. 
~ u ~ J I B K T ~ u K U ,  H ~ o ~ O ~ O T ,  n O q T H  H e  UWeIOT ~ B 0 6 0 J l ~ b l X  3.OeKT- 
POHOB, B B U ~ ~  qero n e p e M e u e w w e  3 n e ~ ~ p u s e c r s a  no Bcehcy 
0 6 a e h i y  T M a  n0,l f i d l c ~ B W e k 1  CU.Q n O n R  npaKTITYWKH HeBO3MOX- 

HO. ~ A ~ J I B K T ~ W K H  XapaKTepH3yIOTCR 60.7b111IiM Ynf2.lbHblhf 
cOnpOTUBJ leHUeM.  

Aeae~ne Te.1 H a  npOBO&HUKU H A U 3 J e K T p U K U  qWCT0 )cnOB- 
H o e ,  T a K  KaK IlhteETCR eUe 60.lbLLMR rpynna T b l ,  KOTOPble H e  

M O r y T  6b lTb  npU9UCJ leHb l  HU K XOpOUIWM IIPOBOaHFiKPM, HN K 
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~r ~- 
Xe KaK H B A H ~ ~ ~ K T ~ H K ~ X ,  nos- , 

,,,,, TU OXYTCTBYICT C B O ~ ~ A H ~ I ~  
Y I Q ~ ~ f l ~ 3 ~ i u U ~  3neKTpOHhI ,  HO OHH MOrYT B HHX 

nORBflnTbCR n O A  B C N A ~ ~ T B H ~ M  
eneurnwx @ a ~ ~ o p o a :  T e n n a ,  

CWflbHOrO 3neKTPW'leCKOTO DO- 

Pnc. I .  3~e~remqec~nP CneKTp nn, PanHOaKTHBHOrO U3ny ' le-  - 
sne~~pona H W R ,  n a ~ n e ~ u n  enu cse~a.  n p ~  

~ T O M  ynenbaoe c o n p o T w a n e H w e  
y M e H b W a e 7 C R  BO MHOrO pa3 H nOf lynpOBOAHHK CPaHOBUTCR 
C ~ O C O ~ H ~ I M  KpOBO&HTb 3 J l e K ~ p H ' l e ~ K W f i  TOK. 

M ~ X ~ H U ~ M  n o n B n e H w R  CBO~OAHMX 3neKTpOHOB B nO.!Iy- . 
nPOBOnHHKaX CTBHOBHTCR nOHRTHblM, e C n U  BCnOhIHUTb, llTO 
s n e K r p o n b 1  nsilrawcn e o K p y r  n A p a  a T o M a  HQ x a o T w s a o ,  a 
no  CTpOrO O n p e A U e H H b l M  o ~ ~ H T ~ M ,  KOTOpble  O ~ ~ I ' I H O  Ha3blBaK)T 
pa3perrrertriu~w wan A03BOneHHblMH. B p a l r r a l o r u u e c ~  H a  p a . 3 ~ ~ ~  
op6w~ax 3f leKTpOHbl  o 6 n a ~ a m  pa3flH'lHofi 3HeprWef i :  T e ,  
r t o T o p b I e  6nuxe K ~ ~ p y , -  ~ e n b w e i i ,  a T e ,  K o m p b l e  n a n b u l e , - ~  
6onblueil. 3 ~ e p r ~ ~  ~ J I ~ K T ~ O H O B  M o w a  H M ~ T ~  n ~ u b  B n o n n e  .: 

onpeneneantae s n a s e H w n .  MOXHO C o c T a B u T b  3nepre~u'lec~ufi . 
C n e K T p  3 n e K T p O H a ,  CXeMaTUqHO n p e A ~ ~ a ~ n R f 0 l r r W f i  COBOKynHOCTb 
pa3JlHqHblX 3 H a s e H H f i  S H e p r U H ,  KWCOPbLMH M O X e T  0 6 J I a n a ~ b  . - .  

1 3 J e K T p O H .  3~asenwn STH n p w c T a s n e H t . 1  s ~ e c d  B euAe sam~pw- '; 
i XOBaHHbIX nOJlOC ( ~ u c .  I) ,  M e X A y  KOTOPblMH HaXOARTCR n p O M e -  - -  

XYTKW. ~ P O M ~ X Y T K H  3TU YCnOBHO 0 6 0 3 H a ' l a K J ~ T a K  H a 3 b I B a e M H e  

s a n p e u e n ~ h ~ e  s n a r e ~ u ~  s H e p r w w ,  K o m p b l e  ~ J ~ K T P O H  n p n H H -  '. 
M a T b  H e  M O x e T .  

n p H  OTCYTCTBHW K ~ K u x - . ~ u ~ ~  BHeWHHX B O ~ A ~ ~ ~ C T B H ~ ~  3fleKT- '' 
POHH T B e p n o r o  T e n a  uaxonmcn B U ~ T H K O M  s a n o n ~ e ~ ~ o f i  s o H e .  , 

yl 

B SToM C J I y s a e  T e n 0  XBnReTCR HAeanbHblM fiH3fleKTpWKOM. ..I 
OAH~KO, K O r A a  3 n e K T p O H b l  KOnaAaICT B He3anOf iHeHHyiO 3 H e p -  2 
r e 7 H W S K y i O  3 0 H y ,  T U O  CTaHOBUTCR IIPOBOAHUKOM, ~ 6 0  B 3~0fi .> 
s o H e  s n e ~ ~ p o ~ b ~  M o r y T  n e p e M e m a T b c x  OT a m M a  K a m M y  n o &  y 
~ ~ ~ ~ C T B H ~ M  3f leKTpH' leCKOrO n0.m. Aia  Tor0 qm6b1 n e p e B e c T u  4 
s n e K T p o H  n3 ~ a n o n ~ e ~ n o f i  3 o H M  B 3 o H y  n p o B w u M o c T n ,  ~ e o 6 -  't 
XOnHMO ~ 0 0 6 l r r H ~ b  e M y  HeKOTOpylo  ; IO~OflHHTWlbHYIC 3HegTl iK) .  ; T o n b ~ o  B 3TOM C n y q a e  3f leKTpOH C h f O X a  npeOAOf leTb  0 JlaCTU ; 
s a n p e q e H n h I x  snare~ufi  3~eprww. A o n o n ~ w ~ e n b ~ y i O  3 H e p r n K )  
coo61qam T e n y ,  H a n p e w e p ,  nonseprax ero T e n n o s o h r y  ~osnefi- ,, 
CTBHIC H n w  06nysenum. 
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B 3 a n o n ~ e ~ ~ o i i  s o H e  nocne yxona onyaa  ? n e K T p o u a  o6pa- 
8yercn H e 3 a n o n H e H n o e  ~ec ro ,  K o T o p o e  0 6 ~ ~ 1 3 ~ 0  uasblsam ' d b l p l ( 0 ~ .  ECT~CTB~HHO. VTO 9 n e K T p O H b l  n0a EUlHRHUeM 3 n e K T p H -  
9eCKOrO nOJlR MOryT  3 a H H M a T b  AblpKU. ~ ~ O H C X O ~ ~ H T  csoeo6piu- 
H o e  H a n p a e n e H H o e  n e p e M e u e H n e s n e K T p o s o B ,  n o c n e n o s a T e n b H o  
3anOJ lHRH)UHX OTKPbIBaKlUUeCR OiIHa 3a apyr0k AblPKH. %O 

B B w x e H w e  M o x e T  6b1~b  ~ C J O B H O  n p e A c T a s n e H o  B R u n e  nepe~e-  
'uewwa n b r p o ~  B n p o T u B o n o d T o x H o > l  H a n p a B n e H H H ,  A ~ I P K W ,  

TaKHM 06pa30~,  K a K  6~ RB.lRloTCn HOCUTenRMH n O n O X U T e n b -  

HbIX 3aPRAOB. 
O~UHR TOK, B O ~ H U K ~ I O U I H ~  nOA A ~ ~ C T B U ~ M  3 n e K T p U 9 e C K O r O  

nOJlA U BHeUlHWX @BKTOPOB B nOJlynpOBOAHUKe, M O X e T  6 b l ~ b  
n p e A c T a s n e H  K a K  c y h r M a  n p o T u a o n o n o m w o  H a n p a e n e H H b l x  ne- 
p e M e U e H U f i  n O n O X U T e J I b H 0  3 a p n X e H H b i X  9aCTHU - abTPOK B 

3 a n o n ~ e ~ ~ o h  3 0 H e  u OTpl iUaTWlbHO 3 a p n X e H H b l X  3 r l eKTpO-  
HOB - B 3one I I P O B O ~ R M O C T I ~ .  E C ~ W  npeo6nanaa n e p e h l e q e n w e  

OTpWUaTWlbHO 3apRH<eHHblX YBCTWU, rOBOpRT.  9TO nO.qynp0-  

BOAHHK m e e T  o rnpu l ( a rne ,~bKym.  wnw s n e ~ r n p o ~ ~ y m ,  nposo- 
au .uoc tnb .  B n p o r w m o M  c.lysae r o B o p n r  o n o n m u m e n b r r o l i .  

UAU d b l p ~ ' i ~ ~ l i ,  IIpOBO~WhIOCTH. 0 6 a  T u n a  npOBOAWh~OCTU WCnOJb-  

3y loTCR B ~ ~ ~ K T P O @ O T O ~ P ~ @ W U .  
K a l c  yXe 6 b l n o  C K a 3 a H 0 ,  nOJlynpOBOAIlHK CTaHOBHTCR np0- 

BOARUWM d7KUlb nOA L 3 0 3 j L e k ~ ~ ~ ~ e h l  CBeTa  HdTU A p y r H X  BHeUlHHX 
@ ~ K T O ~ O B .  B OCHOBe ~ J ~ K T ~ o @ T o ~ ~ ~ @ u H  X e X H T  I l p O U W C  B03-  

6yxnesw~ 3.qeKTpOHOB K~KWM-nu60 BHAObI W3JlyWHWII. B np0- 
c 1 e h U l e h l  C.'lyqae 310 M O X W  6 b 1 ~ b  OCBeLIleHWe nOBePXHOCTU 

~ O ~ y ~ p O B O ~ H l l K 2 l .  H a n p H b l e p ,  C IIOhlOUbH) 0 6 b 1 9 ~ 0 h  3 n e K T -  

pwec~o i i  naMnb1 .  

i Bo36yxae~ne nou n e f i c ~ s w e h ~  cBe.ra s n e K T p o H o s  if wx 
nepeXOi (  8 C B O ~ ~ A H ~ D  3 0 H y  nPOBOAUMOCTH WMeIOT CBOIiM C-llln- 

CTBHehl TO, 910 IIO.IyTIpOBOL1HWK IIOn!iYaeT HeKOTOpyIO no6asor- 
HYiO 3J IeKTPO~POBOAHOCTb,  Ha3b lBaeMylO $ o ~ I ~ o ~ P o S O ~ U M O C ~ ~ H ) .  

A a n e ~ o  H e  B c e  n o n y n p o s o a H w K w  pearwpym H a  ocseueswe. 
Te n3 HUX, KOTOp'Lle o6na;ialo~ @ O T O ~ ~ O B O A U M O C T ~ I O ,  Ha3blBa.  
WTCR ~omono . t ynpo~oa~ i~ t i a .~~u .  Cau x e  npouecc O C B O ~ ~ ~ ~ ~ H W R  
3 n e ~ ~ p o ~ o ~  B H ~ T P H  T e n a  non n e i i c ~ ~ w e h ~  cswa HOCUT ~ a 3 ~ a s w e  
s~yrnper r~ezo  $ornosJh$etirna. 

n p e ; l c ~ a B b T e  ce6e htWaJlnH9eCKylo n n a C T H H K y ,  IlOKPblTyH) 

CJIOehl $ Q T . o ~ o . T ~ ~ ~ o B o ~ H u K ~ .  B TeMHOTe 3TOT cnoR 0 6 J I a ~ a ~  

n p e B o c x o ~ H b I M n  U30.TUpylOUHb4W C B O ~ C T B ~ M U .  Ecnu c o o 6 u ~ ~ b  
e M y  H e ~ o T O p b l h  ~ J I ~ K T ~ H ~ ~ c K u ~ ~  no_TeHUHan, H n U  Xe, rOBOpR 

n o - n p O C T y .  H a 3 n e K T p I i 3 O B a T b  er0, 3 a p f l n b l  OCTaHyTCR H a  n0- 
uepxnocln cnoa. 
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I T e n e p b  OCEeTUhf Ill laCTHHY. 
n a non ~ o s ~ e i t c ~ ~ ~ r e h t  csera s n e ~ ~ -  

POHH n e p e x o j l n T  143 3 a n o n ~ e ~ -  
~ 0 f i  3 0 H b l  B 3 0 H V  III)OBOnllMOCTH. 

nonwe @o~ononynposo j l~u~o-  . j  
7 BOCO C J O R ,  C ~ O C ~ ~ C T B ~ D T  jlen0- 3 
; n~pw3auuu (paspna~e) cnon. : 

B P ~ ~ H O C T ~  n o T e H u n a ; l o B , c y q e c T -  1 
B o B a s m a n h t e x a y  n o e e p x H o c T g l o  ' 
CnOA U M C T ~ ~ I . I I U ' L ~ C K O ~  n.qaC- 

PHC. 2. C X ~ M J  3.leKTpO@OTOrpa- 
~ e r e c x o r o  npoqecca: cnoe obpa3ye~cn c o c ~ o ~ q e e  u3 

o - snrnrpo~ororpa+~uecxan "nacre- 3neKTpHYeCKHX 3 a p R j l O B  HeBH- 
"a. 6-  a.lexrpnauns Qlorocnox, e - 
encnonspoeaNue. E - nponsncnse, d - nHb1Oe CitPb'mOe 3AeKmPOC"[amu- 

nepenoc. e B w - l a x p e n n e ~ u r  qecme ugo6pme~ue. K O H @ U ~ Y -  

p a U H R  KOTOpOCO COOTBeTCTByeT 
K O H @ W ~ Y ~ ~ U U H  CBeTOBblX JIyYefi, ~ O ~ ~ ~ ~ C T B O B ~ B U W X  H a  nna- 
CTUHY. M306paxe~ue 3 T 0  MOn<HO n p o ~ B H ~ b ,  cp.e.laTb Buj lN-  
hlblhl. 

T a K o ~ b l  o C ~ o B b l  ~ . T ~ K T ~ O L $ O T O ~ ~ ~ @ I I Y ~ C K O ~ O  npouecca. 
T e n e p b  yXe HeTpyAHO Hah leT l iTb  OCHOBHble TeXHOnOrHYe-  

c K w e  c T a n w u  ~ne~~poL$o~orpa@ww.  nepean u3  nnu COCTOHT B 

~,~enmpusaquu n o n y n p o B o a n u K o s o r o  cnon I ,  ~ a ~ e c e ~ t ~ o r o  

Ha I l p O B O A R U y l o  IIOAdlOXKy 2 ( ~ u c .  2, U U 6) .  O I l e p a ~ U f l  3 T a  
npOBOAUTC54 B TeMHOTe. C Y ~ ~ C T B ~ ~ T  U H O M  [>a3.11i'IHblX hleTOaOB 

b 



~ . W K T ~ U ~ ~ U U ~ H ,  K O T O ~ ~ I ~  n o ~ p 0 6 ~ 0  PaCCMaTpl iBatoTCII  B IlOCAe- 

a y ~ l q u x  r n a B a x  KHWI'W. 

Caeapmqeii c~aauek  ~ n e ~ ~ p ~ ~ o r p a @ u s e c ~ o r o  npouecca 
IlBdlReTCR 3KCnOHUpOOaHUP 3 a p l l X e H H O T O  CJIOR. Ha pWC. 2, 13 

n O K a 3 a H  AHan03UTHB 3, K 0 ~ 0 p b l k  ROhfeUeH HenOCPeACTBeHHO 
H a  n o n y n p o ~ o n n w ~ o ~ b ~ i i  cnoR. 

IIon so3nefic~swe~ c s e T o s b l x  .iyseii 4 B cnoe c p o p h r u p y e ~ c n  

CKpblTOe 3neKTpOCTaTHqeCKOe  u306paxe~ue.  OUO COCTOWT W 3  
YqaCTKOB 5, COXpaHHBUlHX nOJlRpbi3alr?iHl, A )'qaCTKOB 6, 
n o r e p r l s m w x  ee. IIepeb~e H a x o n n r c n  noa TeMHblhfu, a B T o p b I e  - 
non n p o 3 p a q n b 1 h f u  yqac-rKahqw awano3n~usa. T ~ K  n p o u c x o x u T ,  

ec.111 H a  cnoii n p o e q t l p y e T c n  urrpwxosoe li306paxe~We. IIpu 
npoeuwposanww n o n y T o n o s o r o  u306pame~un senuquna ocran- 
urerocn H a  o T n e n b H b l x  y s a c r K a x  n o T e n q u a n a  n p o n o p u u o n a n b r i a  

n.lOTHOCTW COOTBeTCTBYtoUHX YqaCTKOB I l03ATABa.  

Tpcrbeil c ~ a w e i i  3 n e ~ ~ p o @ o ~ o r p a @ u s e c ~ o r o  npoqecca nn- 
.IReTCR /lpOR8ReHUe CKpblTOTO 3.YeKTPOCTaTUqeCKOrO w306pame- 
H N ~  (pnc. 2, e ) .  3 ~ y  onepaunto o c y u e c T e n n m T ,  ocaxnan H a  

cnoR ~ e n b v a i i m w e  q a c T n q b r  K p a c n T e n n  7, H e c p q u e  3 a p ~ x ,  
~ p ~ ~ l l ~ O ~ O . ~ D " ~ b l f i  DO 3HaKY 3 a P R A Y  W306paXe~W~. q a ~ T l i ~ h 1  

3TH MOTYT 6 b l T b  R e p e H e C e H b l  K C.XOto H a  60,lee KpYnHbIX 3 e p ~ a x  8. 
H a ~ o H e u  n o c ~ e n ~ e f i  c~anueii  3 n e ~ ~ p @ o ~ o r p a @ u q e c ~ o r o  

npouecca n s n R e T c n  3 a ~ p e n ~ e ~ u e .  kI306paxe~ne, c o c T o n q e e  133 
qaCTULI K p a C U T C l R ,  M O X e T  6 b l ~ b  3 a K P e l I J e H O  HeIIOCpexCTBeHHO 

H a  @ ~ T O ~ O . ~ ~ ~ ~ O B O ~ H H K ~ B ~ M  C.lOe, HO M O X f l  6b1Tb n e p e H e c e H O  
M H a  K ~ K Y H ) - H U ~ Y ~ ~  aPYr)'Kl IlOBePXHOCTb. H a n p H M e p  H a  6 ~ -  
~ ~ X H b l f i  nUCT 9 (PHC. 2, 8-e). Mnoraa H ~ O ~ X O ~ H M O C T ~  B 
3 a ~ p e n n e ~ a u  o T n a a a e T .  

I I p o ~ s n e ~ n o e  u 3 a K p e n n e H H o e  n306paxe~ee  n p e n c T a s n R e T  

co6oir r 0 ~ 0 B b l f i  3 .~eK~p0@0~0rpa@Aqe~K~f i  OTIle'laTOK 10, KO- 
~ 0 p b l R  MOXHO ~ ~ C C M ~ T P U B ~ T ~ '  U ACIlOJIb30BaTb IlPWHUWnWa.Vb- 

HO TBK Xe, KBK 0 6 b l q ~ ~ t o  @ O T O ~ ~ ~ @ W H ) .  

~ J I ~ K T ~ o @ o T o ~ ~ ~ @ A R  IIpOIUJIa cJI0iKHblfi H &lnTe .Vb~b l f i  n v T b  
c T a H o s n e t r u R  A ~ O W C K O B .  C o ~ p e h ~ e ~ ~ b - l f i  npoqecc, C ~ ~ H O C T ~  

K o T o p o r o  6 ~ n a  u s n o ~ t e ~ a  s b l u r e ,  6m c+op~~ynwpoeaa a a n e K o  H e  

cpa3y. M ~ O ~ ~ ~ T ~ T ~ J I R M  H o B o r o  cnoco6a n p u m n o c b  n p c r e p n e r b  

H e M a n o  r o p b ~ r i x  H e y n a q  A pa30qapo~a~ui i ,  npexae s e M  OHM B ~ I -  
mnu H a  n p a s u n b ~ y d  aopory. Mnorue, a o c T a T o s a o  w n n s n b l e  

O ~ H ~ K U  A CerOAHR euIe H e p e A K l i  B AeRTMbHOCTW HaLUFlX $0~0-  
n ~ l 6 u ~ e n e k ,  CTpehlRUAXClr  ~ C O B ~ ~ ~ U ~ H C T B O B ~ T ~  ~ J ~ ~ K T ~ @ o T o -  
r p a @ n q e c K ~ f i  npOUeCC.  q T 0 6 b l  IlOMOqL AM ).CTPaHUTb 3TW O U I W ~ -  

KA,  a B T o p b I  C O ~ J I H  u e n e c o o 6 p a 3 ~ b i h 1 6 o n e e  nnu M e H e e  n o ~ p 0 6 ~ 0  
03HaKOMUTb ' I A T a T e n R  C H C T O ~ H ~ ~  ~ ~ ~ K T ~ o ~ $ o T o ~ ~ ~ @ u u .  



HCTOPHIl 3JlEKTPO@OTOTPA@MM 

B 1873 r. ~ H ~ J H ~ C K U ~ ~  3.?leKTpOTeX,HHK Ywnnoy6w CMUT 

4 
3 
d 

npOH3BOAHn HCnblTaHHIl n O A B O A H o ~ 0  ~a6e. i~ .  Ann KaKofi-TO ,* 
qenw e h l y  I I O H ~ A O ~ H ~ C %  M a T e p w a n ,  06manamqu8 BMCOKHM s! 

3 n e K T p H W C K H M  C O I ~ ~ O T H B . ~ ~ H H ~ M . ~ ~ I ~  ~ b 1 6 p . 3 ~  C U l e H ,  O T K P ~ I T ~ I A  :i 
B 1R17 r. 3HaMeHHTblM ULBeACKHM XHMHKOM M ~ H C O M  ~ K & M  '.r 

Ijepuenwyco~. H a 6 n m n a f l  sa c e n e a o M ,  n o M o q H w K  C M U T ~  2 
M3H 06~apymwn, q T 0  n p U  O C B W e H H W  C U e H a  3neKTpOnpOBOA-  

H O C T ~  ero B o s p a c T a e T .  

3TO I lBJleHHe BnOCJIeACTBHH 6uno Ha3BaHO @ T O ~ ~ O B O ; ~ I ~ -  '; 
MOCTbH). 

bbIJl0 H a f i n e H 0 ,  9TO @ T O ~ P O B O ~ H M O C T ~ K I  0 6 J l a A a ~ ) ~  MHOrHe  
B e U e c T B a .  n e p ~ b 1 e  IIOnblTKH n p a K T U Y e C K O r 0  I IpHhleHeHHll  

3 T O r 0  IlBJleHHR 6 b l ~ ~  I I p e n n p U H R T b l  We B K O H W  n p O l l l J l O r 0  
c m n e T n n .  O ~ H ~ K O  %nee H n w  M a e e  m w p o K o e  B H e n p e H H e  @TO- 
nOJ lynpOB0nHHKOB B HapOAHOe X O ~ I ~ ~ ~ C T B O  HaqaJ lOCb  COBCeM 

HeAaBHO H IIpOliCXOnHT, h(OXH0 C K a 3 a T b ,  H a  H a U H X  ma- 
3ax. 

H a  n e p s b r x  nopax s n e ~ ~ p @ m ~ o r p a @ ~ u  H c c n e n o s a T m w  H 

w306pe~a~enw 6panu 3a ocrto~y H e  @ o ~ o s n e ~ ~ p w s e c ~ u e ,  a 
3neKTpOJlHTHq€CKHe IIpOqeCCbI. B 1885 r. H ~ M W K H ~  XWMHK 
I'onnenbcpC~ep B T p y n e  u 0 6  H ~ ~ O T O B ~ ~ H U H  ~ p a c u ~ e n e f i n  onw- 
can npouecc s a n e s a ~ b ~ s a w w ~  6 y ~ a r .  T K a ~ e f i  w- A p y r w x  MaTe-  

PHaJlOB,  CYllrHOCTb KOTOPOrO COCTORJla B Cl l2nYIOUeM: CTOnY 
M a T e p H a J l a  nOMeUa.!H B 3neKTpO.THTe MeXCAy ABYMR 3JleKTPO- 
,qahlw. npw i i o n l m m r e H u w  s n e K r p o a o n  K HCTOYHHKY T o K a  3 n e ~ ~ -  
pOJIHT COBOKynHO C MaTepHib lOM 3JleKTpOAOB AaBaJl HeKOTOpYIO 

O K p a C K y .  O~HOMY W 3  3neKTpOAOB I I p H A a B a n H  K O H @ H ~ ~ ~ ~ ~ H K J  
~ 3 0 6 p a m e ~ ~ f l ,  KoTOpOe  ~ e o 6 x o n u ~ o  BOCnpOU3BeCTU. Cnoco6 
I ' o n n e n b c p e ~ e p a  B n o c n e n c T B H w  p a 3 p a 6 a ~ b l n a n u  U ~ B ~ C T H ~ I A  
a H m P i f i c ~ H f i  ~ 3 0 6 p e T a T e J l b  B W J ~ A M  @PU~-I'PHH, Heh le~ (KHf i  
~ 3 0 6 p e T a ~ e n b  M ~ K C  b a y ~ a ~  H n p y r H e .  
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H ~ ~ K o J I ~ K o  B HHOM H a n p a e n e n n n  a e q n c b  wccne~o~a~enb- 
CKHe nOUCKH ~ ~ C ~ $ ~ C C O ~ O M  H O B @ ~ O C C H ~ ~ C K O ~ O  YHHBepCHTeTa 

n ~ ~ b s U ~ 0 ~ b l h f  (90-e rOAhl  n p O l u n O r 0  CTOJI~THR). OH 3aMeTHJl, 
q T 0  n0A A ~ ~ ~ C T B U ~ M  C B W a  YCHnHBaeTCR OTJ lOXeHUe  MeAH H a  
K a T o A e  r a n b e a H u r e c K o r o  s n e ~ e ~ ~ a  Aa~wwa. 3m usnenwe 
n w n b s u ~ o s  n o n m a n c f i  n p H M e H n T b  Ana H s r o T o s n e H n u  
KJlRUle. 

M ~ n 0 n b 3 0 B a T b  C B O ~ ~ C T B ~  @ O T O ~ O ~ ~ ~ ~ O B O ~ ~ U K O B  A n 8  BOC- 
n p o u 3 ~ e n e w ~ ~  nso6pame~ufi snepeue npennomwn p y c c ~ ~ i i  
H 3 0 6 p e T a T e n b  E. E. ~ O Q U H  (1881-1951). 27 O K T R ~ Q R  1916 r. 
~ O Q H H  nOAaJl  3 a R B K Y  H a  us06pe~e~we n 0 A  HaUMeHOBaHUeM . 
C % ~ K T Q C @ ~ T O ~ ~ ~ @ ~ ~ ~ C K H ~ I  annapam. MMWHO B 3 T 0 3  3 a R B K e .  

no-BHAHMOMY, U 6un B n e Q B b l e  nQHMeHeH TepMHH ~ 3 n e K T Q 0 @ 0 -  
T o r p a @ w n u , ,  KOTOQ~IM M ~ I  n u H e  T a K  ~ H Q O K O  n o n b 3 y e h 1 c ~ .  

T a n a ~ T n ~ B o ~ y  TeXHHKy-Cah tOysKe  E. E. ~ O ~ H H Y ,  no CneUH-  
anbHOCTH @Torpa@)', K ~ O M ~ ~ ~ ~ K T Q O @ T O ~ Q ~ @ H H  I l Q H H a l n M U T  

Q S A  A Q y r H X  B e f b M a  HHTeQeCHhlX, HO, K COXaJ leHHlo ,  AOAXHblM 
0 6 p a a o h r  H e  OUeHeHHblX ~ 3 0 6 p e ~ e ~ ~ i c  0 0 6 J l a c T U  QaAUOTeXHUKK. 

@o~o~enerpa@nw, T e . m e e u A e H n s  OAHHM ~3 n e p s b l x  r o p u ~  nagan 
pa6QTaTb U B 06~1ac~n Q O ; ~ C T B ~ H H O ~ ~  3 . ~ e ~ ~ p @ 0 ~ 0 r p a @ t i U  - 
h r a r ~ w ~ o r p a @ w u .  

B a n n a p a T e  ropwwa n o n y n p o s o ~ ~ u ~ o ~ b ~ f i  cnofi ncnonb- 
3OBanCR H e  A n n  HenOCpenCTBeHHOrO BOCnQOU3BeAeHUR uso6pa- 
~ e H H f i ,  a B KaqeCTBe  n p O h l e X Y T 0 9 H O r O  3 j I eMeHTa .  H 3 M e H R M U B O  
csoe c o n p o T w s n e H w e  no& &efic~suev c s e T a .  n o a y s e ~ ~ b r e  B 
p e r l y n b T a T e  noro H M n y n b c b r  so3~eicc~sosanu H a  b y ~ a r y ,  
I I p O n H T a H H y M  COCTaBOht, 0 6 J l a A a l o U H ~  C B O ~ C T B O ~ ~  H3WeHRTb 
CBOM OKUaCKV ~ U O ~ O U U U O H a ~ b H O  . . 
cune n p o x o A R q e r o  sepes H e r o  3 n e ~ -  
T p  HqeCKOrO TOKa.  

Cxeua 3 n e ~ ~ p @ o ~ o r p a @ w s ~ 1 ~ o r o  
annapala  E. E. r o p w ~ a ~ a o 6 p a w e ~ a  
H a  PHC. 3. no 3.TeKTPOYyBCTBHTelb- 
~ o i i  6 y ~ a r e  I, s a ~ p e ~ ~ n e ~ ~ o i r  H a  hce- 
rannwqec~ofi n n a c T w H e  2, n o n r t n r o -  
W H H O ~  K OAHOblY H 3  IIOJlloCOB HCT09-  
H U K a  3 J e K T p H Y e C K O r O  TOKa (6arapen 
3). C K O J I ~ ~ R T  Y e T a n n n q e c K u e  U ~ T K W  4. 
~ ~ T K H  U3OnHpOBaHbl  OAHa OT A Q Y ~ O ~  
T o p u b 1  5 ~ ~ T O K .  H a x o n u q n e c R  B @- 
~ a n b ~ o k  nnOCKOCTU O ~ % ~ K T H B ~  6, no- 
KQUTH C ~ O ~ M  cweaa, c e p ~ w c ~ o 3  cypb- 
Mbl U J H  K ~ K o ~ o - . ~ U ~ O  A p y r O r O  @ O T O ~ O -  

PHC. 3. ~ n e ~ r p ~ o r o r p a -  
$msecKnll annapar E. To- 

pnna 



-- I 
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n y n p o B o A H l i K a .  P a x ~ a  co u e T K a M u  n o c T e n e n a o  nepexemaercn . :. 
B BepTWKaJlbHOhI H a n p a B J I e H U H  I l p H  nOMOUlU 3y6sa~oii p e l i ~ n  7 .,'; 
U UIeCTepHH 8, y I I p a ~ . l R e h t ~ f i  MaXOBHqKOM 9. TBK KaK 3JTeKT- 
pOtlpOBO$HOCTb CeJ IeHa  3aBUCUT OT OCBeLUeHHOCTW, TO BeJ IHsUHa  . 
UMnyJlbCOB, ~ O C T y ~ a l o u l U X  H a  0TAe.lbHbIe y s a C T K U  3JIeKTpO- 
q y B C T B U T C l b H O r 0  MaTepWaJIa  1, B ~ a x ~ b l f i  fiaHHb1fi MOMeHT , 

h r e s n e r c n .  B p e 3 y n b ~ a ~ e  H a  ~ T W X  y s a c r K a x  n p o w c x o A n T  pas- .;: 
JIWqHble XWMU'leCKUe U3MeHeHWR COOTBeTCTBeHHO WHTeHCUB- ' 

HOCTW TOHOB OTAClbHbIX y4aCTKOB CHWMaeMOrO 0 6 5 e K T a .  . ' ~  

M a h c  celisac RCHO,  TO 3 ~ 1 e ~ ~ p 0 @ 0 ~ 0 r p a @ n ~ e c ~ W i i  a n n a p a T  - 
~ O P U H ~  B p R A  JIW hfOr 6 b l ~ b  OCYUleCTBneH H, eC)iIW 6b1 W 6 b l ~  OCY- 

UleCTBneH,  KOHeYHO, H e  MOr A a T b  C K O ~ ~ K O - H U ~ Y A ~  IIPWeMneMOrO 
K a s e c T s a .  ~ O P U H  ncxoaun ~3 B O ~ M O X H O C T ~ ~  H n p e ~ c ~ a ~ . l e n n l i  
CBOWO BpeMeHU.  TOT @aKT,  YTO OH Ule.1 B H O r y  CO BpeMeHeM,  
J l e r K O  M O X e T  6 h I T b  AOKa3aU aHaJ lOrU4Hblk I l l  I IPes J IOXeHUXMH 
~ ~ P Y ~ U K H ~ I X  wso6perareneli. Y n o ~ n ~ e h r ,  H a n p u h l e p ,  s n e K T p o -  

@ororpa@usec~wii cnoco6 H e b i e u K o r o  u c c n e A o s a T e n R  OTTO @OH 
E ~ O E I K ~ .  Cnoco6 3TOT, nOqTW IIOJIUOCTblo a ~ i L 1 0 r W q ~ b l k  CnO- 

co6y ropwna. 6 b ~ i  3 a n a T e H T o s a H  EPOHKOM H a  I I R T ~  n e T  n 0 3 ~ -  
nee - B nDne 1921 r. Eonee T o r o ,  wssecr~yro y x e  HaM q e ~ ~ y  
ropuna c HaweceHHbihr  ua ee T o p u a x  c n o e h l  @~ononynposon- 
HUKa hlbl HIXOAUM B n p e A J I O X e H N H  J I e H U H r p a A U a  A. H. 3a- 
c n a B c K o r o ,  s a n a ~ e ~ ~ o s a ~ n o u  B 1955 r., a T a K x e  B s n e ~ ~ p o -  
@ ~ o r p a @ u q e c ~ o ~  cnoco6e wseiruapua Kaua Eepxm.lbaa, 
r l e p s b r e  CBeAeHws  0 KOTOpOhl 661.1~ O ~ ) ' ~ ~ I U K O B ~ H E J  B TOM He 
rOAy.  

P a u n o ~ a n b ~ o e  3 e p ~ 0 ,  3 i ~ q o x e ~ ~ o e  B cnoc06e ropuna,  
COCTOAJIO B er0 IIpe;l.llOXeHUW nPWMfHWTb @ O T O ~ O J I ~ [ I P O B O A H U K W  
A n R  BOCIIpOU3BeAeHHR w306paxe~uii. 3 e p ~ o  370, 6 y ~ y s w  pa- 
3blCKaHO W B 3 P a U e H O  C J l e A Y D ~ W M  nOKO.leHWeM a306pe~a~enei. 

- pa6o~asmnx  B pasnnssbrx c T p a t r a x  M u p a ,  B c K o p e  x e  nano 
6ora~efimwe n.lonbl.  n y ~ b  K ~ O ~ H ~ H U P J  H C T U H ~ I  H e  6b1n n p n h l m i .  
M ~ o r o  T p y A a  6b1.10, H a n p u M e p ,  n o T p a q e H o  na  p a 3 p a 6 0 T K y  pas- 
JlUYHbIX 3JleKTPO.lWTW'leCKAX W 3.leKTpOXUMU9eCKUX hleT0AOB. 
B 1924 r. a p r e H T w H e u  A ~ n p e c  C~efinep w 3  Eys~oc-Aiipeca 
npe&loxwn n p u M e H n T b  AJR 3 a ~ p e 1 1 ~ ~ e u u n  0 6 p a 3 0 ~ a ~ ~ o r o  H a  
@ O T O ~ O ~ ~ ~ ~ O B O A H U K ~  u306paxe~un hieTOAb1 3JIeKTPOJTUTWqe- 
CKOrO -0CaHAeHWR MeTiLlJIOB. A H ~ J I O T H ' I H ~ I ~  c n o c 0 6 b l  ~ ~ I J T W  

s a n a ~ e ~ ~ o s a ~ b ~  B 1929 r. c o s e r c K e > l  w 3 0 6 p e ~ a ~ e n e h l  A. R .  Jly- 
qBHCKWM w B 1934 r.- a s c ~ p n i i u e ~  r o n b n h l a n o h f .  C y u r w o c ~ b  
3TWx C ~ O C O ~ O B  w . l l n D c T p u p y e T  PUC. 4. Ha ~ T e K J l n H H o f i  n . l a c T a -  
H e  1 p a c n b l n e w  q p e 3 B b l q a f i H o  T O U K W ~ ~  n p 0 3 p a s H b l f i  n p 0 B O ~ R u ~ i i  

cnoii 2, H a  KOTOP~IB H a H e c e H  cno i  n o d l y n p o B o a H u K a  3. npo- 
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4 B 1937 r. BonpocaMu s n e i f r p ~ ~ o r p a ~ u w  3 a w ~ T e p e c o e a n C R  3 ~ M ~ ~ U K ~ H C K U B  $ W ~ H K  W ~0narah  no IIaTeHTHMM nUaM q e c ~ e p  
Q p e ~ c ~ c  Kapnco~.  B nepeblx ero s a ~ ~ ~ a x o n w c ~ . ~ ~ a n a c b y c ~ a -  13 
HOBKa & A s  3neKTpOHHOrO @ T O ~ ~ ~ @ H P O B ~ H H R  C HCnO~lb30Ba-  
HHeM BHeUIHerO @ T O ~ $ @ ~ K T ~ .  @ O T O ~ ~ ~ ~ O A ~ K U H O H H H ~ ~  an- y! 
napaT n p o e u w p o s a n  ~ 3 0 6 p a x e w ~ e o p w r w ~ a n a  H a  nonynpospas- ;;j H b l B  3JleKTpOA, w c n y c ~ a m q w B  non A ~ B C T B H ~ M  CBeTa 3~leKTpOHbl.  > 
~ J T H ~ K O  K HeMy 6b1n nOMeqeu B T O ~ O ~  3 J l e K T p O A ,  IIOAKJlIQseH- :i 
H ~ I R  K ~ ~ O T H B O ~ O ~ O X H O M ~  HO.IDCY ncTosnnKa mKa. qepes ,::: 
y 3 K H f i  HPOhfC2KYTOK M e W Y  S n e K T p O A a M H  KapacoH IIpOI lYCKaJI  :: 
nesTy, KoTopan 6blm w s r o T o s n e H a  u3 M a T e p w a n a ,  o6naaa- ~: 
murero x o p o l u ~ ~ w  ~ 3 o n u p y 1 o q w M w  c e o n c ~ s a ~ w .  B npouecce 
3KCHOHUPOBaHWR H a  JIeHTe @PMWPOB~.JIOC~ CKpbITOe 3~leKTpO- 
c T a T w r e c K o e  w 3 0 6 p a m e ~ u e ,  Koropoe K a p n c o ~  nponmnn ~ e n ~ o -  
p a 3 n p 0 6 n e ~ w m  K p a c w r e n e M .  

~ ~ O U ~ C C ,  n p w H q w n u  KOTOpOrO 6blnH ~@3pMynlip0BaHbl eUe 
B n p e n n o x e H w H  U l e . n e ~ b w ,  K a p n c o ~  c A w a n  n o n ~ r p a @ u s e c ~ w ~ .  
I l pHMeHHB er0 A n n  MHOXeCTBeHHWO H O J l Y s e H H R  O P U r H H a i l O B .  ' 
nopolu~osoe w 3 0 6 p a x e w u e  B ero y c T a w o e K e  n e p e H o c w n o c b  c 
JleHTbl Ha o6blsaoe 6y~axHoe  nOJIOTH0, KOTOpOe BnOcleACTBUH 
Morno 6 b m b  pa3pe3a~0 na OTnejlbHHe OTTWCKH. 

O ~ H ~ K O  ~ M ~ ~ H K ~ H C K U ~ ~  $W3UK IlOYlen c3Ile A a J I b U I e .  OH 065- 
e a u a w n  n p a n u w n  @ o p ~ w p o s a ~ w ~  w 3 0 6 p a x e u w n  Ha nosepx- ' 
HOCTb $ o T O ~ O ~ ~ ~ ~ O B O A H H K ~ ,  n p e w o x e u ~ H B  E. ~ o ~ H H ~ I M ,  C 
I lpHHUUnOM IlpOnBneHUn CKpbITOrO 3neKTpOCTaTU¶KKOrO H 3 0 -  

6 p a x e ~ w ~  H a n u n w s a H u e M  K p a c u T e n r l ,  npeanomenHm.1 n. Ule- 
AeHbH. B pe3ynbTaTe 3TOrO 0 6 ' b e ~ P i ~ e H ~ R  U pOaHJlaCb COBpe- 
Meman s n e ~ ~ p o @ o ~ o r p a $ w ~ .  

3ro ~306peTeHHe o n n c a w o  B a h t e p w K a H c K o M  narewe 
N? 2297691 qecnepa Kapnco~a ,  s a n s n e w ~ o ~  4 anpena 1939 r .  
U BblAaHHOhf 6 O K T R ~ P R  1942 r. ~ K c I ~ ~ ~ w M ~ H T ~ J I ~ H O  HOBMR 
cnoco6 Kapnco~  n p o s e p w n  HeCKOJIbKO P a H e e .  nepBt45 3neKT- 
p O @ ~ o r p a $ H s e c K k i f i  O l T H C K  OH n O J I Y W n  22 O K T R ~ P ~  1938 r. 

M ~ I  BOC~POWSBOAWM 3 A K b  qepTeX (PHC. 5), ~ p l i r l 0 X e ~ ~ b l f l  
K IlaTeHTy N9 2297691, K O T O P ~ I B  C IlOJlHblM OCHOBaWWeM MOXHO 
Ha3BaTb KnaCCU¶@2KUM. 3 ~ ~ 6  Mbl BCTpeqaeMCn CO BCeMW CTB- 
n w m w  3 n e ~ ~ p o @ ~ o r p a @ w r e c ~ o r o  npouecca, K o T o p b r e  6b1.1~ 
paccMoTpeHH H a M w  B rnase nepeoir. Ha @ue. 1 u306pame~ 
n p o c r e 8 m u B  MeTon 3 n e ~ r p u s a u w w  3 n e ~ ~ p o @ o m r p a $ u s e c ~ o t  
n n a c T w a u  20, npe~c~asnRmuek c o 6 o B  MeTannusKKym no& 
noxKy 22, Ha.~ompym HaHecen cnoii $ o m n o n y n p o ~ o ~ ~ u ~ a  21. 
C J I 0 f i  SneKTpH3yeTCR TpeHUeM npU nOMOUH CYKOHKU WnP KY- 
cosKa Mexa 23. Ha @us. 2, 2a H 28 w 3 0 6 p a x e ~ ~  p a 3 n w s ~ t ~ e  ' 
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MeTOnbl 3KC~OHHPOBaHWII IlnaCTHHbl - KOHTaKTHhIM C ~ O C O ~ O M  

'Iepe3 n03UTltB 27 B JIysaX ~ J I ~ K T ~ H ~ ~ c K o ~ ~  JlaMIlbl 26, C no- 
~ o w b l o  penponyKunoHHmo cpo~oannapara 24, cpororpa@tipy- 
loueero H ~ K O T O ~ L I U  opwrman 25 B OrpameHwor mere, W, Ha- 
KOHeU, C IlOMOUbK) @ o T o ~ B ~ J I w ~ w T ~ ~ ~ F ~  29, B ~0~0pblF"i 3anpaB- 
newa ~ O ~ U T H B H ~ ~ ~  nneHKa 30. C ~ p t s r o e  sneKrpocrarwsecKoe 
u306pame~we, c c p o p ~ t i p o ~ a n ~ o e  Ha caoe @o~ononynpo~oa -  
HAKa B npOUeCCe 3KCnOHHpOBaHtln, KaK 3TO BUAHO H 3  $UZ. 3, 
llPORBJlReTCSI OnblJIHBaHNeM er0 M ~ J I K O ~ ~ ~ J ( ~ O ~ J T ~ H H ~ L M  KpaCR- 
Tenekl 31. HaCbIIIaHHMM B ~ 0 ~ 0 6 0 9 ~ ~  32 C CeTllaTblM AHOM 33. 
H a  &ue. 4 uso6paxen npouecc yEaneHwn n3nnur~a nponsnnro- 
u e r o  nopouwa c 3ne~rpo@o~orpacpwsec~ofi nnacrwHb1 ~ e i i c r -  
BMeM cUflbl30fi crpyw BBEyXa, ~anpaennehroti Ha nzlacTwHy 
rpopcy~~oB 34. H a  &uz. 5 w306pame~ npouecc nepeHoca 
nopomKoBoro w 3 0 6 p a m e ~ n ~  c ~ n e ~ r p o $ o r o r p a @ w s e c ~ o ~  nnac- 
T H H ~ I  20 Ha 6 y ~ a m ~ t s f i  nwcr 36, ~oropbrB npswtiMalor K 
IIOBePXHOCTH IlilaCTHHtS npti nOMOI4W KOnOAKW 37 C @ ~ T ~ O B O ~  
n o ~ y r u ~ o i i  38: n e p e ~ e c e w ~ o e  Ha 6 y ~ a r y  nopourKoeoe nso6pa- 
meHwe a a ~ p e n n n ~ o r  HarpesaHHeM nocpe;lcrsoM r e p ~ o a n e ~ e ~ r a  
39, KaK 370 n o ~ a 3 a ~ o  wa &ue. 6, wnlr nyreM 06pbl3rH~aH~n 
nacTa s a ~ p e n n n l o w w ~  naKohr n3 nynbeepwsampa 40, KaK sro 
n o ~ a 3 a ~ o  aa  &uz. 7 .  H a  &k?. 8 w306pame~ cnoco6 a n e ~ r p u -  
sauww s n e ~ ~ p c + o r o r p a @ ~ s e c ~ u x  nnacrwa, B O C H O B ~  KOTOPO~O 
nonoxeHo ioRsnenne ~ ~ y ~ p e n w e i i  n o n ~ p ~ 3 a u n w  @~ononynpo- 
BOEHMKOBOrO CAOR, HaXOERLUerOCR n0A HeKOToPLW HanpnXe- 
nweM npmocaeueertw. Cnoco6 sror  no~po6uo  paccMarpweaacR 
HaMH HUXe. '#UP. H.WH)CTPtiPyeT MeT0.l IlpORBneHWfl CKPbITO- 
ro  3neKTpocTarlrsecKoro ti306paxe~nfl we HenocpencrsenHo 
Ha @ T O ~ O ~ ~ ~ ~ O B O A H U K O ~ M  CnOe 21, a Ha TOHKOM JHCTe aR3- 
JeKTpHKa 48, HaJIOXeHHOM nOBepX CnOn. M, UaKOHe4, $ 1 ~ .  10 
nOKa3bIBaeT B YBeJIH'IeHHH CTpyKTyPy II0.1~9e~H0fi 3neKTpO- 
@mrpa@~sec~whr  nyrehr penponyKuww nonyTososoro ~ 3 0 6 -  
pameHun. 

B EaTeHTHOM OnHCaHkiH Kapncowa ~ ~ I J I U  no~po6wo H3.DO- 
XeHbl 803MOXHbIe IlpaKTWWCKNe npHnOXeHWR ~ J I ~ K T P ~ O T O -  
rpa@nw. 

B nepaym osepeAb Fi306pe~aTenb peKoMeHaoaan npn- 
hteHUTb cnoc06 B n ~ n ~ r p a ~ ~ ~ e c ~ ~ r  npOH3BOnCTBe AJIR W3r0- 
ToeneHwR nesaTnblx @OPM. Kapncow omernn ,  s ~ o a n e ~ ~ p e o r o -  
rpa@nsecawfi npouecc B npnnqtine m m e r  6blrb W C ~ O J I ~ ~ O B ~ H  

Ann penpOnyUHpOBaHUR MHOTOKpaCO'IHblX u 3 0 6 p a m e ~ ~ h .  O~hle-  
'IaJlaCb TaKme BO3hIOXHOCTL IIpWMeHeHWR cnoc06a B PeHTTe- 
HOTeXHHKe. 
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B luapo~oii  neqarrt n306pe~e~we Kapnco~a  6br.~o onwcano 
snepaue B wrone 1944 r.  P a s p a b r ~ o t  npohc~~ru.ieuwot rexao- 
.norun s n e ~ ~ p o @ o ~ o r p a @ u u  B 1945-1948 rr. sawnncn MHCTW- 
TYT K ~ e f t n  I j a ~ ~ e n n  ( u b a ~ ~ e n b  Me~opwan M U C T U T ) ~ ~ )  B rop. 
Ko.nyx6yce. ulTaT Orafio, CDA. 3Aecb ~0Bblk penpOfiyKUUOH- 
~ b l t  npouecc oKpecrunw ~cepozpa$ueri. M no ceB &em  TO Man- 
MeHOBaHWe qaUe BCerO BCTpeYaeTCR B 3apy6ex~ofi  neqaTH, 
Korna pesb uneT 06 sne~~pc+morpa@~iu .  ~Kcepocn no rperecKa 
03HaqaeT C ~ X O ~ ,  urpa@n - nwuly, pWCyl0. T ~ P M H H O M  3TWM 
nMTaflUCb nepena~b N3BBCTWOe C B O ~ C T B O  ~ J I ~ K T P O @ J T O ~ ~ ~ @ W -  
secKoro npouecca, KoTopoe B Te roAu K ~ ~ ~ J I O C ~  O C H O B H ~ I M  ero 
npenMyuecTBoM. Peqh ulna o TOM, YTO B 3ne~~po@o~orpa@nw,  
B oT.nnqne OT 06b1quoP @o~orpa@wu, Bce npoueccbl R&T%IOTCA 
C ~ X H M H .  B Haurn AHA TephtHH ~ceporpa@un man a ~ a x p o ~ w 3 -  
MOM. ~ 6 0  B OTneflbHbIX CJIyqa%X npU3HaHO uenecoo6pa3sbl~ 
nponsnnTb ~ n e ~ ~ p o @ o ~ o r p a @ w ~ e c ~ w e  ~ 3 0 6 p a x e ~ ~ ~  ~ o ~ p b l i l l  
nyrex. 

6 b l . T ~  pa3pa60TaHbl peUenTypa CBeTOqyBCTBUTf37bHblX n0- 
nynposonuwKosux cnoes, luwpo~o npuueunehrbric no wacTon- 
wero speMeHn ~ a c ~ a n ~ b ~ i r  hfeTon nposaneHwn, BblnsneHa onw-  
ManbHas Texnonorwn npouecca, p a 3 p a 6 0 ~ a ~ a  . K O I I C T P ~ K U W R  
n e p ~ o k ,  BeCbMa HeCfl~~Hofi A H ~ C O B ~ P ~ ~ ~ H H O ~ ~  K O ~ U ~ O B ~ ~ ~ H O ~  
3 . ~ e ~ T p ~ ~ 0 r p a @ W Y ~ ~ 0 f i  yCTaHOBKH. O A H O B ~ ~ M ~ H H O C  paspa- 
60TK0fi ~p0~blLUfleWA0~ TeXHO.TOrWU ~ J I ~ K T J ) O @ O T U ~ ~ ~ @ B H  ~ U W  
IIpeJnpHHATbI IlepBbIe IIOnblTKH TeOpeTUqECKOrO Q ~ ~ C H O B ~ H U %  

npouecca. 
Ilepeue onblTbl n p u x e ~ e ~ n n  ~neK~po@oTorpa@~u B npo- 

hfblluJleHHOCTU CBR3aHbI C nonwrpa@weR. O C O ~ ~ H H O  ~Hor006e- 
uaroqwe nepcnexTueb1 O T K P ~ I ~ T W C ~  nepeA s n e ~ ~ p @ ~ o r p a @ n -  
Y ~ C K H M H  MeronaMu w3ro~oeneuwn @ o p ~  nnoc~of i  neqaTn Ha 
MeTannwqecKwx u Byhtam~rbrx nonnoxKax c nocneJyloquu 1 ncnonb3oBanwm TaKux @pH Ha o @ c e i u ~ x  ne r a rx rx  uamuxax. 

B Te Xe rOAbl 6b1.T0 YCTaHOBJleHO, qTO rlOX~lOXKa CnOA 
@ o m n o n y n p o ~ o ~ ~ n ~ a ,  Ha KOTOPOW @ o p ~ u p y e ~ ~ n  c~pb~TOe 
3fleKTpOCTaTHq€'CKOe n306paxe~we, COBCeM He 06n3aTelbW0 
AOJIXWa WMeTb BblCOKylO 3.IleKTPOrlPOBOAHOCTb. 3Ta npOCTaR 
NCTHHa n03BOflHna IIpKMeHWTh B KaqeCTBe nOA.!lOXKN 6 y ~ a r y .  
B Kaqecrse nonynposonHwKa o~aaanocb  BOBMOXW~IIVI ucnonb- 
30BaTb AelueByIO H fiOCTynHyI0 OKWCb UHHKB.  B CBOe Bpe- 
Mn WBETCKHe Wccne~oBaTenw aKaAehlWK A .  H. Tepe~ww W 

E. K. I l y u e f i ~ o  yCT2HOBUnH B03MOXHOCTb O ~ I T W Y ~ C K O ~ ~  C ~ H C U ~ U -  
flH3aUHR OKWCH UHHKa OpraHW~eCKuMH KPaCATeJflMW. A ~ e p n -  

/ K ~ H U ~ I  q .  D H ~  u X .  rperlr n p w ~ e ~ w n w  TOT x e ~ e r n n n n n  wsro- 
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Hmce. 
B 1956 r. 6bm o p r a ~ u 3 0 s a ~  B U J I ~ H K I C C K H ~ ~  @unwan Hays- 

HO-HCCileAOBaTElbCKOrO HHCTHTyTa ~ o ~ ~ H ~ ~ ~ @ H L L ~ c K ~ ~ o  MBUIHHO- 
CTpoeHun, ~0mpb18 Tenepb npe06pa3o~a~ B H a y s ~ o - ~ c c n e ~ o ~ a -  
~enbc~wi i  HHCTHTYT 3 n e ~ ~ p o r p a @ u ~ .  



He B C e  @ X O ~ ~ O ~ ~ ~ ~ O B O , ~ H H K U  n p H r O n H b 1  3 n e K T p O -  
(POmrpa+~~. O K H C ~  MeAH H ~ H  c e p d  r e ~ c a r o ~ a n h ~ b ~ i i  c e n e H  

H e  C O X P a H R W  ~ O J l R P W 3 U H I O  B T e M H O T e  W n 0 3 T O M Y  H e  r O -  
AATCR AJla 3~0i( UeAH.  

O n p e n W A l ~ l u ~ ~  MOMeHTOM n p H  P e U l e H h H  B O n P O C a  0 803- 
MOXWOCTH H C n O n b 3 0 B a H H I I  B ~ ~ ~ K T P O ( P O T O ~ P ~ @ H W  T O r O  WnH 
H H o r o  n o n y n p o B o n H H K a  u s n n e T c u  B e n w s H H a  y a e ~ a ~ o z o  memo- 
eozo c o n p o m u s n e H u x .  

Bennrw~a x a  x a p a ~ ~ e p n 3 y e ~  c n o c o 6 ~ o c ~ b  @~ocnoa ynep- 
X H B a T b  ~ e ~ o ~ o p b l f i  o n p e n e n e ~ ~ d  s n e ~ ~ p n r e c ~ n f i  n o T e H u n a n  
B TehIHOTe. 

B sne~~p@o~orpa@wu ~cnonbsym.rcu @Xononynposon- 
HHKH C Y A e n b H b l h l  TeMHOBblM C O n p O T H B n e H W e M  nOpXl(Ka 

10" OM. CM. ~ P H  OCBeUleHHH C J O R  er0 Y n W b H O e  COIIPOTHB- 
n e H w e  nonxwo cwwwa-rbca no senwqae 10'"lO1a OM. CM. 

B e ~ b M a  B a X H k d M  (PBKTOPOM A B n R e T C R  T a K X e  #KIm03AeKm- 
p u u e c r t a q  q y ~ m u m e A b x o c m b  @ o ~ o n o n y n p o ~ o n ~ ~ ~ o e o r o  cnoa. 
K O T O p a R  X a p a K T e p H 3 y e T  C ~ O C O ~ H O C T ~  C n O R  Y M e H b I I I a T b  CBOe 
Y A e J b H O e  C O n p O T k l B J l e H H e  n p H  O C B e U e U H H  6 0 n b L U H M  U n H  MCHb- 
LUHM K O J H q e C T B O M  C B f f a .  

Erne H e  e h l p a 6 m a ~ a  ejwtiaa M e T o A w K a  onpenenenwn s y e c ~ -  
B w T e n b n o c T n  ~ n e ~ ~ p o @ ~ o r p a @ w q e c ~ a x  cnom. P a s n ~ r ~ b ~ e  as- 
T O P b l  I I P H A e p X H B a K 3 T C A  n O  3 M h l Y  BOIlPOCY P a 3 J H q H b l X  B 3 r J l 8 -  
nos. UIHPOKO p a c n p o c t p a w e H o  onpenenenwe c e e m s y e c T e w - r e n b -  
HOCTH no B W H r H H e  3 K C n 0 3 U U H H .  H ~ ~ ~ ~ X O I H M O & ?  Mn n a A e H H R  
n e p B o H a r a n b n o  co06rne~~oro cnow n o T E e u n a n a  H a  50%. 
ki~orna B OCHOBY K P W T e P H R  qYBCTBHTenbHOCTW K n a A Y T ,  K a K  H 
B 0 6 b l ~ H 0 f l  @ T O ~ P ~ @ H I I ,  HeKOTOPYM) MWHWMaJlbHYH) 3 K C n 0 3 H -  
UHD, H ~ O ~ X O I H M ~ I O  nnu n o n y r e H w a  onpe,nenennoB n n m H o c T n  
n p o a e n e H H o r o  ~ 3 0 6 p a x e ~ H ~ .  B n n T e p a T y p e  H e p e n K O  B c T p e -  
ramca o q e H K a  C B ~ T O ~ ~ B C T B W T W ~ H O C T H  T e x  nnn W H ~ I X  (POMIIO- 

19 



JlynpOBOJlHUKOBblx CnO€!B B WHHkiUaX o ~ I ~ @ o T o ~ ~ ~ @ H ~ E ~ K I ~ x  
CeHCHMeTpHqEtKHX CHCTeM (TOCT, ASA1 U ap.). 

B 1959 r. KOMHCCHE no ~ a y s ~ o i r  @~orpa@wn H K w H e M a m -  

rpa@11H A K ~ ~ ~ M H H  H a y K  CCCP n p w H I I n a  BpeMeHHble  peK0MeH-  
&aUllH no y ~ d @ I i K a q ~ U  MeTOnIiKH HCnblTaHHE 3 J I e ~ T p 0 @ 0 ~ r p a -  

@ u r e c ~ n x  M a T e p w a n o B .  P e ~ o h t e ~ a a u w w  coaepmar w onpeaenee- 
Hble  y K a 3 a W H R  OTHOCHTenbHO OllPeAeAeHHIl  qyBCTBkiTUbHOCTW 

sne~~po@o~orpa@wsec~wx  c n o e B .  
C B ~ T O ~ ~ B C T B U T ~ ~ ~ H O C T ~  CepHblX W aHTpaL(eHOBb1X 3 3 e K T -  

po@morpa@nsec~wx c n o e B  oqeab H e e b s o K a .  no npw6nwsw- 
~ e n b ~ o f i  o q e H K e  o H a  c o c r a e n n e T  ME n e p w x  - 0,002 w A ~ E  
BTOPblX - 0,008 eAWHWU no ULKane  ASA. 

B ~ e c ~ e  C TeM CJOU 3TH WMeK)T JlOCTaTOqHO BblCOKOe 

y A e n b H o e  T e m o e o e  c o n p o T w e n e w u e .  T a K   TO c  TO* C T O P O H ~ I  
K~KHX-nu60 n p e n I I ~ c T B k i f i  K U C n O ~ b 3 0 B a H H W  HX B ~ J I ~ K T P O @ O T O -  
rpa@wn H e  B c T p e r a e T c n .  Cepwbre w a H T p a u e n o s b l e  C B ~ T O ~ ~ B C T -  

B H T U b H b l e  CJOH B nPOMblUIileHHOCTW H e  WCnOJIb30BanWCb. 

Cneayer or.\reTw.rb, s ~ o  H a  nonn~pwc~an.nwsec~ofi cepe npw 
~ C J O B ~ ~ H  IIpHMeHeHkiE MOUHblX UCT09HWKOB OCBeLUeHWR W 
6 o n b u r w x  ~ K C ~ O ~ H U H ~  MOrYT 6 b l T b  IIOJIYqeHbl ~ J ~ ~ K T P O @ O T O T P ~ -  

@HH YAOBJleTBOPWTeJlbHOrO K a W C T B a .  O n b l T b l  n O K a 3 a n H ,  9M 
y A o B n e r e o p w T e n b a b l e  3 n e ~ ~ p o @ ~ o r p a @ n n  nonyqawrcn npw 
OCBeUeHHOCTH OKOJO 2 000 AK, ~03AaBaeh10*  H a  IIOBepXHOCTH 
cnon @ m o . l a h t n o i  B 500 sm; Bpeblr r  3~cnoswu~w B  TOM c n y q a e  
c o c T a e n n a o  60 c e ~ ' .  

H a n 6 o n b u r e e  p a c n p o c T p a H e H w e  B C O B ~ ~ M ~ H H O ~ ~  s n e ~ ~ p o -  
@o~orpa@nn nonyrwnw c s e T o s y a c T s w T e n b H b l e  cnow H a  ocnoee 
ceneaa, n p k i h t e m e h t o r o  KaK B s w c ~ o h r  swae, T a K  w c pasnws- 
HblMH A O ~ ~ B K ~ M W .  

C e n e ~ o s b ~ e  3 n e ~ ~ p o @ o ~ o r p a @ n q e c ~ ~ e   OH. C e n e ~  - c p a B -  

HkiTWbHO p e a K O  B C T P ~ ~ ~ ~ L U W R C I I  3 n e M e H T  U I ~ C T O ~ ~  rpynnblnepw- 
o ~ n s e c ~ o f i  c w c r e h t b l  Menaeneesa. Ero c o A e p x c a H w e  B ~ ~ M H O *  

K o p e  c o c T a s n n e T  o K o n o  7 .  LO-' %. Cene~  n n a s w T c n  npw TeM- 

n e p a T y p e  220" C w B O ~ ~ O H E ~ T C R  npw 688" C. Ero y ~ w b ~ b l f i  
Bt!C B TBePAOM COCTUIIHHU 4.8. 

M~BSTHO HeCKOJIbKO a n n O T P O ~ H b l X  ~ I O A W @ U K ~ U W ~ ~ '  C e n e H a ,  

' ASA - a~epnKaHcKM crawapr cencwrohleTpnn csemsyecrnnrenb- 
HMX MaTepnanoe (1947 r ). ' OnblTb16blnn nocTas.neHbI B.  M. Qpnaannb~~  a Haysno-nccnenosarenb- 
CKOM HncruTyre no,7nrpa@u~ecKoro MauwHoctpoeHwn s 1956 r. 
' A n  n o T p o n H M e M o n n @ n K a u n n - s ~ n o n s u e s e ~ s n  02 

Horo H mro me xHxnsecKoro sne i f e~ra ,  cyuecrsyloqero s Bnae HeCKWb- 
KHX npoxblx BeqecTs. 
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U3YqkHHblX eule C0BepLHeHHO H e a O C T a T 0 9 ~ 0 .  ~ P W  0Ca)KReHHR 
napoe c w e H a  B B a K y y M e  H a  O x n a x A e n H y a  no T e e M n e p a T y p b l -  
1 9 5 0  C IlnaCTWHy npu 3aCTblBaHHU C J O E  o6pa3ye~cm T a K  Ha3b:- 
B a e M a n  nepean auop4aaa ~ o n w @ w ~ a u r i f l  ceneea'. Ecnu T a i n e -  
p a T Y p a ' n n a c ~ U ~ b l  p a B H a  15-20" C, B03HHKaeT  BTOPaR BMOPql- 
H a f l  M O ~ H ~ U K ~ ~ H R  - ~ p a ~ ~ b l f i  C T ~ K J I O B W A H ~ I ~ ~  CWleH. n p b l  
40" C nOEB.WleTCR T p e T b X  a M o p @ H a ~  M O , ~ H ~ H K ~ U U X  - s e p ~ b l f i  

C T ~ K J I O B H ~ H L ~ ~ ~  C e n e H .  n p U  ~73JIbHefiLHehl ~ O B b U W H U U  T e M I l e p a -  
T Y P ~ I  n n a c T w H b 1  ocaxaaloquecrr H a  Hefi n a p b ~  c e n e H a  0 6 p a 3 y l s ~  
K p u c T a n n w q e c K w e  ~ o ; ( w @ w ~ a q u u  ceneaa, K O T O P ~ I X  I i3BecT t lo  
T p H  - KPaCHble  M o H O K J I U H H ~ I ~  M O J H @ W K ~ U H U  U U fi U c e p b l t l  
r e ~ c a r o w a n b n b ~ t  c e n e H .  

M k ~ e l o q w e c n  B n p o A a x e  c o p T a  c e n e H a  0 6 6 1 ~ ~ 0  n p e A c T a B -  
IlfllOT co6ofi CMeCb pa3J IU4HblX M0JH@HKaUUfi. 

A n f l  H s r o T o e n e e a n  s n e ~ ~ p c + o m r p a @ w q e c ~ w x  cnoes npe- ' 
U h l y u l K T B e H H O  HCnOJlb3ytOT K p a c ~ b l R  U 4 e p H b l f i  C T ~ K ~ O B U A H ~ I ~ ~  

C&leH. K p n c ~ a n n n 4 e c K ~ e  M O ~ ~ @ H K ~ ~ H U  HMeloT HH3KOe T a ( -  
H o s o e c o n p o T w s n e H w e  u B ~ n e K ~ p ~ @ ~ ~ ~ r p a ~ n ~  ne n p n h 1 e H a l o x f l .  

C ~ J I ~ H ,  B TOM B H n e ,  B KaKOM O H  BbIIlYCKaeTCR ~alllefi np0- 
MblIUJIeHHOCTblo, H e p e a K O  C O a e p X U T  p a 3 ~ 0 0 6 p a 3 H b l e  nOCTOpOH- 
H H e  IlPHMeCIl - T a K U e ,  K a K  M W b ,  Xene30. C B U H W ,  BUCMYT. 
Hanwqwe npwuecee 0 6 a n c ~ a a c n  T e M ,   TO ncTo4HnKah.Iw n p o M b I -  
UlJleHHOrO H3TOTOB.qeHUII C W l e H a  C J Y X B T  0 6 b 1 4 ~ 0  OTXOAhl pa3- 
nN'IHb1X XUhlU4eCKWX IIPOA3BOfiCTB - n b l f l b  H 3  K a H a n O B  H 
nPOMblBUblX 6 .me~  YCTaHOBOK ~ ~ L U ~ H H O T O  hleTOJa llOJlYT2HHfl 

C ~ P H O ~ ~  KUCJIOTbl, OTXOiIbl n p H  n e p e p a 6 0 ~ K e  UKHKOBblX PYA 11 
T .8 .  B HeKOToPblV C.IY4aRX npWIrleCU 3Ha411TeJIbHO CHWXaloT 
B e n w ~ l H H y  yilenmoro T e m o e o r o  c o n p o T w s n e H u n  ceneaa. Osw- 
C T U T ~  cenen OT npw~ece t  MOXHO c n o ~ o q b m  C p a B H m e n b H o  
H K J t O X H b l X  H O ~ U ~ H ~ B ~ C T H ~ ~ X  hleTO,lOB IIeperOHKW B BaKYYMe. 

B K a s e C T B e  C b l p b E  n p l l  3TOU peKOhleH&yeTCR UCnOJIh3OBaTh 
T a K  ~ a k ~ ~ a e h l b l i i  a c e . i e a  ~ n a  e b ~ n p r r ~ u ~ e n e f i ~ ,  YHCJIO npu~ece i i  
B KOTOPOM H e  n p e s b l m a e r  0,008%. 

' Amay$~ue c o c r o m l a e  x a p a x ~ e p e 3 y e r c n  r e h l ,  s ~ o  H a x o n n u t q e c n  B H e m  
r s e p n b l e  rena B H P O T I I B O ~ ~ O X H O C T ~  K p B c r a . m a ) l  O b n a n a w ~  D ~ M H ~ K O B ~ I ~ I H  
@ ~ 3 l l q e C K l l ~ H  CBOjiCTBahla  ( ~ a n p n ~ e p ,  3neKTpOnpOBOP.HOCTbW ILnn T e n d l o -  
~ ~ ~ B O U H C C T ~ I O )  P O  B C e Y  H a H p a B l e H l l B h l .  
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/ wee 3 ~ a s e ~ u e  npao6peram eenriqriHa ynewioro conpoTyene- 
HHn. Y~WlbHoe COnpQTHBneHHe nOanOlKKkl AOJlXHO 6MTbMeHb- 
me unw paeao y a e n b ~ o ~ y  conpornsnenwlo @~ocnon Ha cee~y .  
Ann ceneHa 3 ~ a  senwqwwa cocrasnner oKono 10'' aw. CK. 
Ma~epwanu, 06na,qaloUKe raKnM y a e n b ~ b r ~  conpo~~enenweh~,  
no CyTH AWla MOrYT G M T ~  nPK3HaHbl A U ~ ~ ~ ~ K T P W K ~ M W .  Hannyq- 
LUUe pe3ynbTaTbl ~ W I H  nonyseHbl C nO&JlOXKaMM, KMeloUHMH 
yAenbwoe conpoTwsneHwe Menee 10' om. w. 

Ma~epnan nonnomKn He nonmew x w ~ w s e c ~ u  esaw~orreB- 
CTEOEaTb C $ O T O ~ O . V ~ ~ ~ O E O ~ ~ H K O M  HH IIpH K O M H ~ T H O ~ ,  HH npH 
nosbrlue~~oir Teuneparype. 

B KasecTee nonnomeK & J ~ R  3 n e ~ ~ p o @ ~ o r p a $ u s e c ~ w x  
nnacTwH npwronen nwcrosoii anlohlnwwfi Maprcn AMUall 

~ T O J W H H O ~  1-1,5 MM. X O P O U ~ W ~  pe3ynbTaTbl UloMHHHe- 
Ban IlnaCTHHa, IlOKpblTaH TOHKOB (IIOPRAKB 20-30 f i A f ~ )  

n n e ~ ~ o k  o~ucw anmMwHwn. n p w ~ e n n l o ~ n  TaKme qwnKoeble, 
CTaSIbHble, JIaTYHHble, nJlaCThlaCCOBble IIOflJlOXKW. 

- 
Yc~anoene~bl  ~ e ~ o ~ o p b ~ e  npewMyruecTsa noAnomeK u3 nep- 

xa~eroqefi '  cTanw. CeneHoBblk cnofi, ~ a w e c e ~ ~ ~ k  Ha cTanb- 
~ y l o  nnacTwHy T O ~ ~ W W O ~  0,5 wnw 1 n,w, cnoco6e~ yaepxaTb 
B TeMHOTe Ha CBO& nOBepXHOCTH 6onee B W C O K H ~  OTpHUaTenb- 
H ~ I R  nmeHqwan Hemenn a~anorwqnblk cnok, nanece~~blf i  Ha 
JIaTyHHym HnH anloMwHHeEylo IlO~JOXKy T ~ K O ~  me TOnUHHbl. 
~ ~ C T O R T W I ~ C T B O  3T0 AenaeT B03MOm~MM Gonee 4eTKOe H KOH- 

TpacTwoe npoRsneHwe. ~ P H  ~ ~ ~ K T P H ~ ~ U W H  cnou nonomwTenb- 
HWM noTeHqHanoM ~a6nmnae~cn  nporweononomioe - MaK- 
cwh~anb~blk noTeHquan ynepmttweaeT naryHHan nnacTwHa, MH- 
HHhlanb~blfl - CTanbHaU. 

60nbmoe 3 ~ a q e ~ u e  nMeeT qwcToTa noeepxnoc~n nonnoxKn, 
Ha KOTOpYm HaHOCRT $ O T O ~ O ~ ~ ~ P O B O A H K K O B ~ ~ ~ ~  010a. Tpy60 
06pa60~aHHble nOpJlOmKki c ~ o C O ~ ~ T B ~ ~ ~ T  TOMY, 9TO LIo* ynep- 
mneam 3 ~ a q ~ ~ e n b ~ o  6onee H W S K U ~  noTewunan. llpw riepexoae 
OT 9-ro K 7-MY KnaCCy 4HCTOTbl 06pa60TKH IIOAnOlKKH Hahlo- 
AaeTcn pe3~uk cnaa npenenbnoro noTeHunana '. 

Tpeqwnbl, qapanwwbr, B ~ ~ R T W H H  w npyrwe n e $ e ~ ~ b ~ ,  wblelo- 
UWWR Ha IlOA.lOXCKe, OTpHllaTedlbHO OTPWaloTCR Ha KaqeCTBe 
~ 3 0 6 p ~ e ~ w n ,  TaK K ~ K  TOnKkifi @ T O ~ O ~ ~ ~ ~ O B O A H H K O B ~ ~ ~ ~  CJIO~, 
HaHeceHHblfi Ha nO;l.JIOXKy, KaK npaEHn0, nOBTOPnm CTpyKTPy 
ee noeepxsocrw. 

' n p e ~ e n b n b l A ,  n n n  ~ a q a n b ' ~ ~ R ,  n o ~ e n u n a n -  
ycnosnan se.nusuna, npeAcTasnnmqanc~oA noreHunan werrpapornrparp~l- 
secKoro a o n  m"ozHTenbno seMnn qepes o ~ p e ~ e n e ~ ~ ~ b l i c  npoMexyron spe- 
Men" nocne O K O H ~ ~ H H P  3neKTpH3WHH cnon. 



C n e p e ~  ~ a ~ e c e ~ w e ~  cnos n o s e p x ~ o c ~ b  noznom~w mnw@ym~. 
a 3 a ~ e ~  nonnpym. nocne~~ lom onepauwD ocyluecrsnnmr c 
noMombm M e 7 a  n n H  p a s n w s s b l x  nonwpoeornbrx nac+, H a n p u -  
M e p  n a d ~  TOM. q w c ~ o ~ a  n o e e p x i r o c r w  nocne n o n w p o a K w  non- 
X H a  H M e T b  9-i( KJlaCC W Bbl l l l e .  C O T I I O J ~ W P O B ~ H H O ~ ~  EOBePXHOCTW 
H e o 6 x o f l ~ ~ o  Y A a n W T b  n b l n b  H X H p O B E J e  n n T H a .  Ann 3TOTO 
n O B e p X H O C T b  0 6 p a 6 a ~ b l s a m  W e T O H O M ,  ~ ~ H ~ U H O M  W.lH CnTipTUM. 

H a ~ e c e ~ u e  n o n y n p o s o n H H K o s o r o  u o n  H a  n o n n o m K y .  
: ~ ~ O U ~ C C  H a H W e H H n  C e J l e H O B O r O  ~ O J l y n p O B O A H k i K O B O r O  C J O R  

H a  M e T a n n H Y e c K y m  n o & i o m K y  n o c T a m w o  T P Y ~ O ~ A ~ O K  H CJIO- 
men. O A H ~ K O  ceneeoable 3 n e ~ ~ p @ o ~ o r p a @ ~ s e c ~ n e  n o l c p m w n  

H M e m  &nee s b ~ c o ~ y l o  Y ~ B C T B W T ~ ~ ~ W O C T ~ ,  q e h f ,  H a n p w M e p ,  

5: A O C T Y n H b l e  W A e I U E l b l e  C n O H  C OKWCbK) UWHKB. Ecnw HMeeTCR 5 BOBMOXHOCTb 11pki06pW~ki C e J l e H ,  C J l W y e T  p a 6 0 T a T b  HMeHHO C 

C W e H O B b l M W  CJIORMH. 

6 M ~ e n  AM0 C CeJ leHOM, H Y X H O  EOMHWTb, 9 T O  3 J l e M e H T  3TOT 

w sce ero c o w n H e H n n  RAOBHTU. BjT.blxa~we napoe ce.rieHa w 
I er0 ra7006pa~~b1x n p O H 3 B O A H b l X  B CaMEJX H e 3 H a Y K T W b H M X  

K O H U e H T p a U U R X  B b l S b I B a e T  ~ O J I O B H Y K ,  6 O J l b  H TOIlIHOTY. H ~ K o -  
, ~ 

t ropble c o e z n ~ e ~ w ~  ceneaa, nonanan ~a KOXY, B ~ ~ ~ M B ~ K ) T  3 ~ -  

. . , 3Wy. ~ O ~ T O M Y  p a 6 0 T a ~ b  C HWM C l e A Y e T  B pE'3WHOBbIX n e p Y a T -  
i * K a X .  
2: 
,: 

B 3ne~~po@o~orpa@wsec~ofi  n p a ~ ~ w ~ e  n p r i h ~ e ~ ~ m ~ c n  ~ e -  
s ~ b l p e  OCHOBHLJX C I I O C O ~ ~  H a H e c e H n n  C e n e n o B b l x  ~ O K P ~ ~ T H A  H a  

nO,&AOXKki: MeTOA j l ,WCneprk ipOBaHHU ' B C B R 3 y D U e M  B W K T B e ,  
. - . . - '  MeTOfl  p a C I I b l J l e H H n ,  MeTOA I l p e C C O B a H H n  k i  MeTOA T e p M K Y W K O r O  
. . H a r I b l J l e H H n  B B a K Y Y h l e .  

8 n p o c r d ~ a n  MeTOJI iKa H a H W e H H n  CeJ leHOBblX n o ~ p b l ~ u f i  
: S '  

@&, 
COCTUKT B C J I w Y D U W I .  q ~ ~ ~ b l f i  a ~ ~ p @ ~ b l f i  C W e H  T U l a T W b H O  

F- H ~ M ~ J ~ ~ Y ~ K ) T ,  nocne rero c W 3 W i a a m T  c p a c r s o p w T e n e M  w can- 
3 y m q w ~  M a T e p H a n o M .  CMecb H a H o c n T  H a  n o A n o m K y  w noneep- 

4, a" '.*.- r a m  c y m ~ e .  
%. C& B K a q W T B e  C B R 3 y D l u e r O  IIpkiMeHFIlOT M a T e p H U ,  o6nanam- 

<,:. 
!i+: Uwfi Y f l e n b H b l M  3J leKTpWYeCKWhl  COnpOTWBJIeHWeM n O p R A K a  
j 
*,: 101"1010 OM. C.U. Bo B c e x  cnyranx ynenbnoe c o n p o T n s n e H w e  

C B n 3 y K ) U W O  z O J I X H 0  6 b l T b  B b l U l e  Y A e J l b H O r O  T e M H O B O r O  COIIpO- 

TkiBJleHHR ~ T O ~ O J I ~ ~ ~ O B O A H W K ~ ~  H, KOHeYHO, 3 H a 9 H T W b H O  y. <:,. mime y~enbeoro c o n p o ~ w a n e ~ ~ u  ~ a ~ e p w a n a  nonnom~w. Ecnw g.. 
i A H c n e p r n p o B a n H e - pacnpegenesae TOHKO mn'enhqe~~bl~ 

ractnu a xnnaoii (cycnensnn) H raawbpa3~oii (aspaanb) cpege. 
m 
, , 
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. 
npw?de~mb B K ~ Y ~ C T B ~  csn3ymqero warepwan c conporwsne- 
Hsehc nnxe  10'\,u. c a  - C B ~ T O ~ ~ B C T B A T E V ~ H ~ I ~ ~  cnoic He 
CMOXW YAepXaTb n0TeHUHa.V D TehlHOTe. 

KO~UYKTBO CBn3ylolUeTO BeqecTBa nOnxH0 6b i~b  CipOro 
onpeqe.newHblM. Ec.nw ero 6onbme, s e x  HymHo, cenenosbre sac- 
THUbl B CBeT09YBCTBUTeJlbHOhI CnOe AaneKO OTCTOaT npyr OT 
nppra. KOHTP~CTHOCT~ uso6pamewwa nagaer. Msobpaxe~we 
IlOnyYaeTCn KPYIlH03ePIIIiCTblhi. 0 6 q e e  YJUbHOe COflpOTHB- 
JleHHe TaKOrO C.VOn B03pacTaeT. A u ~ J ~ K T ~ H ~ ~ c K H ~  YsaCTKH 
p&epXKBaloT 3,leKTpHqeCKUe 3apnnb1. B. pe3y.nbTaTe 3TOTO 

cae-m;re ysacTKn ~ 3 0 6 p a ~ e ~ ~ f l  we nonysamTcn YHCT~IMH, a 
HecyT 6onee wnw ~ e ~ e e  3ahle~nb1ri @H. 

Ilpw ua.Tohr Ko.nwsecTse c~say roqe ro  seuecma C B ~ T O Y ~ B C T -  

s w ~ e r h ~ b ~ n  c;ioii nnoxo npucTaer K no;ljrowlte, B p e s y n b ~ a ~ e  
'l2r0 ~ ~ ~ K T P O @ O T O T ~ ~ @ W ~ ~ C K O ~  nOKPblTHe He 06nanae.r AOCTa- 
TWHOU ~ ~ ~ X ~ H K Y K K O ~  IlPOqHOCTb10. 

Hen.qoxwe pe3y.VbTaTbi 6b1nn n0;ryseHbl npU pa6ore CO CBeTO- 
qyBCTBHTeJbHblhc CJIOeM, B KOTOpOM Ha 1 0 6 b e l . l ~ ~ ~ )  YaCTb B M O ~ @ -  
B O ~ O  ce.neHa npwxofiwnocb 1-2 sacTw caasymmero MaTepwana. 

B KasecTse cssaymmero seulecma npableuamTca paanwq- 
Ilble eCTeCTBeHHble Ii CHHTeTWqeCKHe ChlOnb1 - aKPU.IOBble H 

~O.~HBHH~I.lOBble CMO-lbl, ~OJlHCTWPOJlhl, C U ~ ~ U K O H ~ ~ .  M~n0Jlb- 
3yeTCn n.VR 3T0n UenH TaKXe H X.VOPHPOB~HH~IB ~ a ~ y p a n b ~ b l n  
KaysyK u HeKoropble npyrwe MaTepnanbl, wMemmwe cooTseT- 
claymulee ynenbwoe conpoTwsnewwe 1% O ~ ~ C I I ~ ~ H B ~ I O I I ~ U ~  xopo- 
mee npwnwnanwe czron K nognomKe. 

M~TOA pacnbrnema 3 a ~ n l o q a e ~ c s  B waHeceunu Ha nonorpe- 
T ~ I O  non.voxKy Kanenb pacnnasnennoro celena, B ~ B ~ U I ~ H H ~ I X  

B B03AyXe. Arm 3TOr0 nPNMeHIllOT CnellAa.lbHble PaCIlblJIUTerlH 
(pwc. 6). Ceaen nohleuamr B K O H U Y ~ C K U ~ ~  pesepeyap I ,  pac- 
nonoxeaeblii B Kahgepe 2, cTenKu K O T O ~ O A  HarpesamT r a s o s b ~ ~ w  
ropenKahiw w;rw s n e ~ ~ p o ~ a r p e s a ~ e n a ~ u .  C e n e ~ ,  KaK yme hrbr 

rosopwnw, nnaswTcn npw 220" C. Tehlnepa~ypy pacnaasnen- 
Horo cenena B pe3epeyape nomepxweamT Ha ypoaHe 250- 
350" C. 

qepe3 ~py6onposon 3 pacnna~neawbr8 ceneH nonawcn B 

KaMepy pacnbrnewws 4. C m ~ a  x e  no Tpy6Ke 5 w 3  6ainona G 
nocTynaeT cxa~b iB  ras (nanpw~ep,  a s o ~ ,  apron H.VH renufi). 
r a3  npenBapwTenbao npoxonwT sepes HarpesaTem 7, r e  ero 
TeMnepaTypa noeonw~cn no 225-350" C. Aasnenue rasa n o 2  
nepxwsaelca Ha yposne 4-5 am*. I l o ~ n o x ~ a  8. Ha ~ o r o p y m  
HaHOCUTCR c.100, ycTawaBnuBaeTcn Ha nonorpeBaeuym non- 
csasKy 9, TeMnepaTypa ~ o ~ o p o i i  no&xepxnsaeTcn Ha yposne 
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sz 
-sOLOJEH Udu 'HHUEU@ xBH0dh eH @OLlqUO xlq~h~L?€Bd nuhedm , 
-iioruaY wdu arronm s s3~aKHawwdu wisdo~ow 'neuuox IJI~HHKU 

-Ham slesossvoum o~a3s amodu ervLLnes swneosos KL~ 

'IjHHaHaYYEU X14H4ValHh 
-en€ wrrn xrs~qvewuwh~udu sULgw~-ons~-on3 uaudasadu an HO 

uu@ed~o~c@od~narre s eYoLaI4 ua~eso~quou~w udu .~~srndxou 
XLIW~~~H~LH~W~H~ ULrI1 XUXXlhHL~UBlaW YHHUOL KWHahl(lf0~ KUh' 
aWWHXaL 8 I~X~BH~IXW~U oxodwm ~UH~VI~UBH ao~~1(hnea 

'HH13BUU YWHS 
-ahu@ed~b~o@od~na~f€ LIliHaVsOLOJEW OJOHH~~;~~~HO~U hs0H30 
a H~XOL~OU aw.thnea s uuHarrlsueH o~on~ahuwdar nolaw 3 

'al*11(1(xea 9 BHaL"JJ KHHaUlqUeH 0~0~3ahliWdaL i*ialL~ CI~HJWIJOL' 
s~isg Lamow nw~rsdnou xlsaoHarra3 oas~a~~ew~aamh,Cuwe~ 

.onuad trxasea~uwdu use UOLJW 
'sonarrEs xAuY LYxaru hau~seu'u ~exshuodn 'UL30HxdaeD~ aa 
H LM~S~~@OJS~~UW~U W I(HH(OU'~OU BH LMB8UtiBH Hatia3 HRHHaU' 
-aerrused swweao~sadu LUoLal4 ou pismdnou wwHa3aHeH ndu 

.s~eaodurr 
-0U~o omodox 0WU~OXgOaH EjOii3 ~HULSBUU BH #NHHa3aHeH 

.eueu darew o~oaonw~Uosodu 
-K~rou rie~ed~e~ luumquog H IWYO~U~U o~h 'KJIOIH~BUSW onJau 
I~~HLJB~ a~ssoea~~r, xedh~edaucuas xuyoslse aarrog wd~ .HaUoJ 
-wd~a~ garrah XHH~~~U@B~JOL~@O~~H~V€ SUU 'OHLXlsEH Hew 
'I~~~~oLoH 'eHaL-3 0JOHqL"BllOJVJHaJ OJOHS~~WLTW~~JU~R aUHES 

-0Eedgo ~wYoxswodu xed.Csedaur<as XHHEWH aaL.9 A~U '3 



cltwx nnacTnn 60nbmOrO @p- 
MaTa ~cnonb3y to~  CneuuanbHble 
BaKyyMHble KaMepbI, C X ~ M ~  Ta- 

4 9 4  HHCTWTYTOM sne~~porpa@nw, 
~ s o 6 p a x e ~ a  Ha pwc. 7. Kahrepa 
npencTasnne7 co6oir uwnunnpw 
qec~wii repvleTwrecKw 3aMKHy- 
T ~ I I %  COCYA I ,  cnaGxe~lnhlfi naT- 

PHC. 7. B ~ K Y Y M ~ ~ ~ R  Kauepa nnn p y 6 ~ 0 ~  2 ~ j l ~  noAcoenwneHwn 
~ s r o ~ o ~ n e ~ ~ n  3neKrWoTorpa- Hacocy. 2 1 ~ 0 6 ~  YCKOPHTb C03- 

anr iec~nx nnacTnn &anwe eaKyyhla, npensapuTe.ib- 
Han OTKaqKa B03AYXa hIOXeT nPOH3BOAUTbCII OnHAM UJlH ABYMR 
@ O P B ~ K Y Y M H ~ ~ M U  HBCOCBMH (Han~Hhle~, MaPKU uUBfl-100))). 
nnac~r tna  3 s a ~ p e n n n e ~ c n  B ~ahiepe Ha AepmaTene 4. 

P ~ B H O M ~ P H O C T ~  OTJlOxteHHn CnOR hlOxteT 6bl~b 3Ha9HTeJb- 
HO noBblmeHa, ecnu BO s p e m  wcnapeaun ceneea hresnenno spa- 
WaTb IIJlaCTKHy BOKPYT B e p T U ~ a n b ~ ~ f i  OCA. 

LUa6now 5, npuxtrt~amqwfi nnacTwHy 3 K nepxaTento 4, 
OrPaHHqWBaeT ~OBepXlIOCTb IlnaCTWHbl, KOTOpaR nOnXiHa 6b1~b 
nolcpma ce.ieleaosblM cnoeM. K AepmaTenm npwnam 3MeeBHK 
6, B KOTOpOM HenpepblBHO UWpKYnUpYeT nOA0rpeTan BO- 
na. C noMoubic 3 ~ e e ~ w ~ a  nojuepxwBaeTcx H ~ O ~ X O A H M ~ R  
TehlnepaTypa nnacTuHbl (npw ~ e n o ~ ~ w m ~ o i i  n.lac.rwee 
- 50-70" C). 

HeK0~0pble aBTOpbl peKOhIeHAyro7 IlpOBOAHTb KOHAeHCallUto 
napos ceneHa Ha nonnomKe nepsoHaranbno npn TehmepaType 
nocne~aefi 60-75' C, nocne sero TehlnepaTypa nosblmamcn 
no 75-90°C. s 

f ih~enbse~nblf i  nopomolt cenena nob1eqam B wecknburwx 
Twrnnx 7, nonorpesaehrblx c noMoqbto H W X ~ O M O B O ~ O  cnwpanb- 
noro HarpesaTenn. 

Ma~epwan. H 3  KOTOpOTO H3TOTOBneHbI THTnH, He nOJIxtell 
XWMWWCKH B ~ ~ W M O ~ ~ ~ ~ C T B O B ~ T ~  C CeJeHOM. Ha npaKTUKe npll- 
hfewnicT @ap@posb~e H hronw6~ewosb1e THrnw. 

Mcnape~ue cenena HarwHaeTcn yme nppr TenrnepaType 
240-250" C. O ~ T H M ~ ~ ~ H O ~  paCCTORHUe h1eXP.y nOBepXHOCTbic 
Hcnapenwn rc n,iac~neoil cocTasnneT 100-150 MN. 

IIapb~ cenewa, ocaxnancb Ha nop,.loxKe, 06pa3yicT n n o ~ ~ b l i i  
H nOCTaT09HO paBH0Mep~blfi C T ~ K . ~ O B W & H ~ ~ ~ ~  CIO~ ,  XOPOUlO 
cuennenn~ii c n n a c ~ u ~ o f i .  U B ~ T  ero 3aBHCHT OT TeMnepaTypbl 
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noujlox~n B npolrecce wcna- W~ 
., pennn, a rarcme, a venbmefi 

menenn, OT Tonmnnu cnon. 
n p u  TeMnepaType nnacrnau 

senenoea'rb~ii orreHox, e r n e  w, 
35" C- TeMHO-Kpac~bli. 

On~wnianbnau c~opomb '@ 
HCnapeHHR CQCTaBnReT 1- 100 
2~ M H ~ Y T Y .  n p n  Y K ~ S ~ H -  
HOB CKOPOCTH cnok, 06na~a-  0 po 40 60 ffl m uwa KO 

loulnfi @mo- Pnc 8. 3 a e ~ c ~ ~ c c 1 . b  meany seas- 
3JleKTpHWCKWhlH CBO~~CTBB-  Y H H O ~ ~  npeneRbHOr0 nOTeHllnana n 
Mn, MomeT 6 ~ + b  nonyqcH ~0841noR ~ O T O ~ ~ Y ~ ~ O ~ O ~ H ~ K O B O ~ O  

nnmb B TOM cnysae, ecnn cnon 

acnapenne ae;lmn i r p ~  AOC- 
Ta,,lIO BbICOKOhi pa3peXeHHH (10-'--10-' MM PTyTHOrO f 
cTon6a). 

'&HOCHTW~HO O ~ T H M ~ ~ ~ O ~ ~  TOJlUHHbl  C J O R  @0~0n0Jlynp@ 
BOXHHKa BblCKa3blBaJlHCb pa3JIH4Hble MHeHHR. 3Jle~Tp@KW0rpa- 

ii @ H ~ ~ C K H ~  IIJlaCTHHbI IlpOMblvLneHHOrO H3rOTOBneHHn H M W T  

r. ronunay cnon a o p n n ~ a  10-50 MK. npw pa6o~e c pewrreeo- 
i BMMH nysavrt ~onmnny cnon y ~ e n n r n ~ a r o ~  no 50-100 MK. 

C yrreowsennehi ~ o n m n n b ~  cnon yeennswaamcn H npeAe1b- 
FIblfi IlOTeHUHaJI, ~0~0pblf i  MOXHO C O O ~ U L H T ~  3TOMy CJlOH). 

POCT  TOT (PHC. 8) Bnasane ~ H ~ ~ H T ~ J I ~ H ,  a npn TonqnHax 
csume 100 wrc - nosTH nexa~men.  

POCT llOTeHUHaJIa Bbl3blBaeT YBf?JH9eHHe KOHTPaCTHOCTH 
n306pmennn. OThresae~cn, rTo xopomee ncuryroaosoe ~ 3 0 6 -  
paxeriue ynaeTcn nonysHTb Ha ~ ~ o n o n y n p o ~ o ~ n ~ ~ o s u x  
CJlOilX, TOJIulHHa KOToPblX HaXOnHTCfl B npe!Je?aX 10-20 MK. 
C ysenuseHweM T O R ~ H H ~ I  cnon nadnmnae~cn s a v e ~ ~ o e  CHH- 
xenne un~erpanbnofi ryecTewenbnocTn. f i n  perrponyuwpo- 
e a m n  ur~puxoeb~x w306paxennir onrnklanbnoii cswram Ton- 
~ H H Y  cnon 8-12 M K ~ .  

B ' ~ J ~ ~ K T ~ ~ T o ~ ~ ~ @ u A  MOryT IIPHMeHRTbCR H 3Ha9HTeJIbHO 
6OJlee TOHKWe $ O T O ~ O . ~ ~ ~ P O B O A H H K O B ~ ~ ~  CnOH - B npenOlax 
or  0,2 no 2,5 wn. Bce, s ~ o  6 m o  c ~ a 3 a ~ o  o ~ n o c w r e ~ b ~ o  y ~ e ~ b -  
UIeHHR BenWYHHbl IIpeAeJlbHOrO TIOTeHUHaXa C YMeHbLIleHWeM 
ronuwnbt cnon, coxpaanel. CBOIO cnny H wn 9mro Cnysaq. 
Tent ne Menee Ha TOHKHX CeneHoBax CAOIX, HaHeCeHHblx Ha 

.~ no na6nmaen11n~ C .  r. r p e ~ w m m a .  

27 



C T e K n R H w y t o  n o n . v o x t K y ,  ~ O K P ~ I T Y H )  q p e 3 6 b 1 ~ a i i n o  TOHKOR nnea- 
K O ~ (  OKWCH KaJl.MUR ( ~ o P R , ~ K ~  0,05 MK), y ,4aBanOCb nOAy9WTb 
K a s e c T s e H n u e  u 3 0 6 p 2 x e ~ w ~ .  n p e u ~ y u e c ~ ~ o  TOHKWX C i o e B  

COCTOWT R TOM, YTO n p U  pa6ore C HWMH H a  peIlPO,4YUUpOBaHHblX 

N ~ O ~ ~ ~ X ~ H N R X  n o r T u  H e  CKa3blB2IOTCR n e @ e K ~ b l  CnOR, C M ~ H O -  
Bble  IIOKPblTHR T O ~ U W H O ~  OT 0,2 A0 2,5 MK n p O 3 p a q W b l .  CnoR 
T U J I U U H O ~ ~  0.2 M K  c n a h  o K p a m e H  B x e n ~ b r f i  m e T .  C ~ a n b e e i r -  

llIWM yBe.qU4eHUeM TO~lmWHbl  ITHTeHCHBHOCTb OKpaCKW YBWMYU- 

BaeTCfl &i npEi 2,5 XK npwo6pwae~ P Y ~ W H O B O - K p a c H b l i i  UBeT. 

3 n e ~ ~ p o @ o ~ o r p a @ ~ s e c ~ w e  n306pame~ua, n o n y s e m b l e  na  TOH- 

KWX CeneHOBblX CnORX Ha  CTeK.IRHHblX n O n n O x t K a X ,  MOrYT 

UCnO*lb30BaTbCR B K a q f f T B e  ~Wa1103UTWBOB. 

C B ~ T O ~ B C T B H T ~ J ~ H O C T ~  CL?JleHOBblX SJlOeB. H~HBMC-  
IUaR 0 6 m a R  CBeT04YBCTBUTWbHOCTb ~ J ~ K T ~ o @ T O ~ ~ ~ @ W Y ~ C K W X  
n n a c T w H  c ce.ieHoBb1Mw C.IORMU, n o n y y e H H a R  K H a c r o n m e M y  

s p e h r e n w ,  o u e H a s a e T c a  senuswnon n o p R n K a  15-16 E ~ H H W U  no 
c w c T e M e  rOCT 2817-50 ( o ~ o n o  20 ea. no urxa.ie ASA). npo- 
M b l U n e H H O  H3rOTOB~TRehlble  C&WHOBble n.laCTNHbl WMeH)T CBCTO- 
' lyBCTBUTenbH0CTb n O P R A K a  1-2 e&UHHU TOCTa. n o  C p a B H e -  

HHH) C 0 6 b l Y ~ 0  npUhIeHRehlblhlW @ O T O . ~ ~ ~ ~ U T ~ J I R M W  ra.'lOTeHU,40- 

c e p e 6 p R ~ b l h l U  CJIORMU CBeTO'IYBCTBWTenbHOCTb 3 T a  O W H b  Maria. 
O A H ~ K O  &lR CneUWaJIbHblX ueneR. KOTOPble CTBBRTCR IlepeA 
s n e ~ ~ p o @ o ~ o r p a @ w e i  (B r a c T n o c T w ,  penpoayunpo~aanrr), 
O H a  BnOJIHe AOCTaTOYHa. 

06maa CBeTOqyBCTBHTe2lbHOCTb @ O T O ~ O ~ ~ ~ P O B O ~ H H K O B O ~ ~  

C l O R  MOH(€!T 6b lTb  nOBblLUeHa n Y T e Y  CjlBWra,MaKCWMYMa CRCKT- 

p a n b H 0 f i  9yBCTBHTe.flbHOCTU B CTOPOHY ~ J I U H H O B O ~ H O B O ~  WCTW 

cnempa. 
~ ~ ~ K T ~ o @ o T o ~ ~ ~ @ W Y ~ C K U ~  Ct%leHOBble Glow, K a K  U 0 6 b 1 9 ~ b l E  

ranore~u~ocepe6pn~b1e  ~ e c e ~ c a 6 u n w 3 ~ p o s a ~ ~ b 1 e  cnou, s y ~ -  
CTBWTeJIbHbl j l a n e K O  H e  KO BCeM 06~1ac~ml C n e K T p a .  M ~ K C U ~ I Y M  
c n e ~ ~ p a n b n o i t  ~ ~ B C T B W T M ~ H O C T H  n e x m  B C W H ~ - @ H O ~ I ~ T O B O ~ ~  

s o ~ e  c n e K T p a  B npenenax 360-450 .nrv~. K .vysahr c , n n H ~ o i r  

BOJlHbl CBblUle 500 .WAR 9yBCTBATenbHOCTb CeJleHOBbIX C J O e B  

3 H a Y k i T e ~ l b H O  CHHjXaCTCR. C e . ' l e H ~ R b l e  CJOW 9yBCTBHTeJIbHbl U 

K PeHTTeHOBblM J I y 9 a M ,  9TO O ~ ~ R C H R ~ T  UX n p N M e H e H U e  B 
p e H T r e H o r p a @ w w .  

Ha~6onee  n p o c r b n f  cnoco6ou, no3BonRH)IUHM CABWHYTb 
MaKCWMyhl ~ n e K T p a . l b ~ 0 f i  gYBCTBUTenbHOCTH C€!!eHa H nOBblCHTb 

er0 qyBCTBWTe.UbHoCTb K OpaHXCeBO-KpaCHblY . lYgaM, RBnneTCR 

T e p M w q e c K a n  0 6 p a h ~ ~ a .  Ona c o c T o n T  B a b r f l e p x w s a n g i u  s n e ~ ~ -  
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b 

p@morpa@nsec~oir nnacTnsb1 u TephlocTaTe u TeseHne HecKonb- 
KHX sacos npw TeMnepaType 50-60'C. 

He~0~0pb l f i  CABHI. MaKCWMYMa ~IIeKTpa.lbH0fi ¶yBCTBUT&lb- 
,. ~ O C T H  ceneHouoro (POTOWOR unpauo npoHcxonwT u npn yBenu- 

W H H H  TOJlUIWHbl CJOH.  
H a  O~UIYH, li CneKTp;tlbHyD CUeTOsyUCTUHTenbHOCTb CeJleHa 

6nbluoe  u n n R w w e o ~ a 3 ~ u a e ~  TehfnepaTypanowoxKH u npouec- 
Ce OTJIOXeHHR Won. O n ~ ~ h l a ~ b H a R  TehlnepaTypa nOAJIOXKH- 
npHMepH0 50" C .  C D ~ ~ ~ ~ D C T B H T W ~ ~ ~ C T ~  W O R  B 3TOM CJlyqae 
npeubluraeT cumsyecTswTenbHocTb cnon. HaHecewHoro Ha 
IlOnJlOXKy npH K O M H ~ T H O ~ ~  TeMnePaTYPe, B nBa-TpH pa3a. 
n p n  nouumewnn TehinepaTypbl c a m e  50°C ~ a 6 n a ~ a e ~ c 1 1  
~e6onbmoe noBblmenHe o6qeR c ~ e ~ o s y u c T B U T e i b ~ o c ~ ~  u cnuwr 
UHpaBO MaKCH3fyMa ~neKTpaJIb~0fi syUCTBUTWbHOCTH. O A H ~ K O  
onnospeMeHHo nanaer ynenbHoe TehfHoaoe ConpoTuBnenne C ~ O R .  
0 6 % ~ c n s e ~ c n  3 m  TeM,  TO napbr cenewa, ocaxnancb Ha nnac- 

,. . THHY, KpIICTa.lnli3YH)TCR, U B CnOe ahlop@~OrO CTeKnOBHRHOrO 
cweea  o 6 p a 3 y ~ ~ c a  BKpannenwa KpucTannwsecKoro reltca- 
ronanbnoro ceneaa. 

M H O ~ O K O M ~ O H ~ H T H ~ I ~  ~ ~ ~ K T ~ ~ O T O T ~ ~ @ H V ~ C K H ~  CnOH. B IIO- 
HCKaX 6 n e e  syBCTUUTSlbHblX ~ J I ~ K T ~ O $ ~ T ~ ~ ~ ~ @ H ~ ~ C K K X  
Marepwanas, uhiemulrrx nanxpoMarusecKyD s y u c ~ s u ~ e ~ b ~ o c ~ b ,  
nccnenoaaTenw npexne ucero 06pa~wnwcb K paanwswuhl K O ~ I -  

6 n ~ a u u n ~  CWeHa C HeKOTOpblMW npyrwhfw 3,'leMeHTaMH. T ~ K  
6 m a  npewoxena  3ne~~po@oTorparpusecKan nnacTwHa c neyx- 
~JIOfiHblkl CUeTOsyUCTBUTeJlbHblM IlOKPblTHeM. H n ~ a n i i  ~.M0fi, 
~hleH,UI~fi TOJlUUHy OKOJIO 15 MK HenOCpenCTBeHHO n p ~ h e -  
raloqwir K n p o ~ o n ~ u e f i  nonnoxcclte, @op~apoaa.ica w 3  creltno- 
o6pa3aoro ahiop@aoro ce.leeea. Bepx~uf i  cnofi, mn$w~a  K ~ T O -  
poro cocTau.isna oKono 5 MK, cocTonn n3 C M ~ C W  Tennypa n 
ceiesa. Tenny'p - anasuTenbHo %nee pen~wir s n e ~ e w ~ ,  sehl 
cknea. B nep~0~HseCK0fi cwctehle s n e ~ e a m e  06a ~ T H  ~ J I ~ M ~ H T O  

HaxonnTcn B luecmii rpynne n B o ~ a o i i  nonrpynne. Tennyp 
nnaawrcn npn TemepaType 452" C u KunwT npn 1390" C. Ero  
~.i(e~lbirblh Bei U TBepnOM COCMRHWU 6,2. 

Twnyp  B B ~ A ~ T  B 3 n e ~ ~ p o @ ~ ~ o r p a @ n s e c ~ u e ~ ~ o u  B Konuse- 
cTse 3-454. n p n 6 a s ~ a  Tennypa eblablsaer yeenwseawe npe- 
nWbHOr0 nOTeHUHaJla, YUWHseHUe qyUCTUHTeJlbHOCTH W O R  
(npH 3neKTpK3aUHH n0.~0iK~~e. lb~Ofi  nonnpHo~TH) H CpaUHH- 

' T W ~ H O  ~ e 6 3 ~ l b ~ U 0 e  yaennseaire Tehfirouoro conpmuunean,l 
c.~on. n p w 6 a 3 ~ a  ~ e - m y p a  noauonaer TaKxe HecKonbKo cmw- 
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HYTb MaKCAMYM ~ I I e K T p a n b H ~ f i  ¶yBCTBIiTClbHOCTU U O f l  B CTO- 

pony A ~ U H H O B O ~ H O B O ~ ~  s a c T w  cnempa. 
Ann H a H e c e H n n  n ~ y x c j r o t i ~ ~ x  no~pb~rn f i  ncnonmymn 

y x e  H 3 B e c T H a n  H ~ N  M e T o n w K a  ncnapennn n a n y n p o e o n n w K a  
B B a K y j M e .  , 

A n n  @ p ~ n p o s a ~ w n  C B ~ T O Y ~ B C T B H T ~ J I ~ H M X  a o e e  6bma . 
~ c n o n b s o ~ a ~ a  T a K x e  c ~ e c b  a~o&+aoro w K p H c r a n n H s e c K o r o  

C W e H a ,  YTO, no HeKOTOPblM CBeAeHWUM, Il03BOJIHfi0 HeCKOJlbKO 
y B e n U ¶ H T b  0 6 4 ~ ~  CB~OYyBCTBEiTl?JIbHOCTb CnOfl.  

C p e A w  ApyrE iX  ABYXKOMnOHeHTHblX @TOWO~B YnOMIIHeM 
CaeHO-MblUlbBKOBBCTble ,  MHUI~SIK - BeCbh la  RP.OBWT~IA 9ne- 
MeHT n f lT0f i  r p y n n b l  IlepH~&&i¶€S~~fi CHCTeMbI B 0 6 b 1 9 ~ 0 ~  COC- 

TURHBH OH n p e A c T a s n n e r  co608 n o p o l u o K  cranbnoro ceporo 
UBeTa.  A o 6 a ~ ~ a  M b l m b n K a  B KOJIMYeCTBe 5-10% (no B K ~ )  
pacmnpner o 6 n a c ~ b  cne~rrpanb~oti Y Y B C T B ~ T ~ ~ ~ H O C T H  won. 
CABHraf l  MaKCWMYM B CTOPOHY K P ~ C H O ~  YaCTH C n e K T P a .  ~ P W  
3TOM YBWH¶WBaeTCB U 061qafl C B e T O ~ B C T B ~ T C l b H O C T b  CnOll.  

H a n n Y ~ e  M b l m b A K a  B Cl?JIeHOBOM IlOKpblTWW 3aMeTHO I I p e n f l T -  
C T B Y ~ T  K ~ W C T ~ ~ ~ W ~ ~ U W H  ceneea, YTO T a m e  n B n r r e r c x  nonoxn- 
T W b H b I M  @BKTOPOM. 

A n n  ~ s r o ~ o ~ n e ~ w f l  3ne~~pc+ororpa@nsec~wx n n a c T w n  ~ p o -  
M e  cenena B YHCTOM BHAe w B CMKW c A P Y ~ W M H  3 n e ~ e ~ ~ a ~ w  
IIpUMeHUnHCb H HeKOTOpble  n p y r U e  M a T e p U a n b l .  ~ ~ C C J I ~ A O B ~ ~ H C ~  
MaTepHaiTbl  @ C @ ~ H O ~ O  T u n a  ( C ~ P H H C T ~ ~ ~ ~  K ~ A M H ~  H ~ p . ) :  
8-10 e @+pa A n c n e p r w p o a a n n c b  B 1-3 HA 50%-aoro 
P a C T B O p a  C H J ~ U K O H O B O ~ ~  CMOnbl. B OTAClbHblX CJIyYaUX YYBCT- 

BHTl?JIbHOCTb woes, H3rOTOBJleHKblX YKa3aHHblM 06pamh1, 
c o c T a s n n n a  no 10 ~ A U H H I I  TOCTa. 

B. M. Q P W A K H H ~  6 b m 0  onwcano n p H M e H e n n e  B K a q e c T B e  

~ ~ ~ K T ~ C & T O ~ ~ ~ H Y ~ C K W X  CBeTOYYBCTBHTWbHblX CnOeB @- 

k k d ~ ,  ZnSIAg. Q ~ H  n 3 0 6 ~ a x e ~ n n :  ~ o n y ~ ' e i e a a o r o  H a   TUX 
wonx, npn o c B e n r e a w w  y n b r p a @ w o n m o e b m ~ a  n y s a m ,  nm- 
MHHecUHpOBan .  

Cpe~w n p y r U X  IIOnynpOBOnHUKOB, KOTOPMe MOrYT 6 b I T b  

H c n o n m o s a H b l  B 3ne~~po@~orpa@nn ,  C j l M y e T  YHOMIIHYT~ w 
cenenwc~~fi K ~ M H H .  



B s n e ~ ~ p + ~ o r p a @ w w  H ~ T  c T o n b  pea~ot i  r p a ~ w q b l  M e x n y  I 3ne~rpo@o~orpa@nqec~uhlw n n a c r n n a h l n  H 6 y h f a r a h t w ,  KaK  TO 

HMW MWTO B cpo~orpatpw~ H a  r a n o r e ~ ~ n o c e p e 6 p ~ ~ b l x  moax. 
. It H a  3ne~~po@o~orpa@wsec~wx nnacruaax w H a  6 y ~ a r a x  

i w306paxe~ee cpasy me no.vysaeTcs ~ O ~ W T U B H ~ I ~ ~ .  B ~ e c ~ e  c 
TeM, e C n H  I'OBOpHTb 0 npaKTHqeCKOM WCIIOJb30BaHWH IlIlaCTWH 

1, H 6 y ~ a r ,  TO 3AeCb  M O r y T  6 ~ ~ b  YChIOTpeHbl HeCOMHeHHbIe n a p a j l -  

t n&TH C 0 6 b l ' l ~ b l ~ l l  ( P O T O ~ P ~ @ R ~ ~ C K W M H  IIpOUWCaMW. ~ J I ~ K T ~ o -  

; $o~orpa$nrec~an n n a c T w n a ,  H e c y q a s  n o p o m K o s o e  u306pa- 
x e ~ w e ,  T a K  x e  KaK H r a n o r e ~ ~ ~ o c e p e 6 p ~ ~ a f l  n n a c T n n a  c 11era' 
TUBHUM w306paxe~we~ o p l r r w n a n a  us s a c T w q  B o c c T a H o s n e w -  

N o r 0  cepe6pa C J y X a T  n H m b  nPOMeXYT0qHblM 3TanOhI  H a  n Y T U  
K n o n y q e H n l o  o K o n s a T e n b H o r o  o r n e q a r l t a .  K o ~ e q r i n ,  B ornw- 
q w e  OT 06b1qwoB @ ~ o r p a @ ~ w ,  H H ~ T O  H e  h l e m a e r  Hahi c@phln- 
p o B a T b   TOT O K o H q a T e n b ~ b l A  O T n e q a m K  H e n o c p e n c T B e w n o  H a  
c a ~ o i  s n e ~ ~ p n @ ~ o r p a @ w q e c ~ o B  n n a c T w a e .  Onwa~o n e n a r b  

3~ ~eqeneco06pa3~0. nnac~wwa nopora, w ee M o m n o  w c n o n b -  
3OBaTh  nOBTOpH0.  X p a H k i T b  n n a C T H H b I  C B O C n P O H 3 B e ~ e H H h I M l i  H a  

HHX W ~ O ~ P ~ X ~ H H R \ I U  H ~ ~ A O ~ H O ,  w60 n n a c T a H b 1  X W T K H  H H e  
MOrYT 6 b l T b  CBepHYTbl  tin11 CJIOHeHbI. M~BESTHO T a K X e ,  ' 9TO 
CBeTOqyBCTBWTi%~bHble CeTCHOBbIe CnOU HMelOT R H T ~ H C W B H ~ I ~  
T ~ M H O - B ~ ~ ~ H ~ B ~ I A  l IseT w r e b f a o e  n o p o u r t o B o e  w306paxe~we 

!. H a  HX IIOBepXHOCTU P a C C M a T p H B a T b  TpyJ I lO .  B n O B e p e H H e  K 

, 3TOMY IIJIaCTHHa C p a B H H T e J b H O  T f l X e J a .  n 0 3 T U h f y  O K O H W T U b -  

: . HO w306paxe~we nepenocm Tenr wnn WHHM n y T e M  c 3ne~rpo-  
i + c T o r p a t p t I r e c ~ o t i  I lnaCTHHbl  H a  6 y ~ a x n h l R  nHCT HilW TKaHh .  

? 3 n e ~ ~ p ~ ~ o r p a @ n ~ e c ~ w e  B y ~ a r l c ,  K a K  w 06bIqHble  (PO~orpa- 
' 2. 4 w r e c ~ n e ,  c n y x a ~  w f l  @ o p h t w p o s a n ~ i ~  H x p a n e ~ u f l  OKOH- 

u a ~ e n b ~ o r n  o T n e q a T K a .  O ~ H ~ K O  B O T n w q r i e  OT 0 6 b 1 q ~ o i l  
' (PO~orpa@uw, me I I O ~ W T R B H O ~  w306paxe~we n o n y s a a c H  K o n u -  

p o s a a w e h 4  H e r a T n s a  c (PO~onnacrwn~~,  ene~~po@~orpa$wse- 
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nonnorn~w. npw ~ 3 r o ~ o s n e ~ w w  3 n e ~ ~ p a $ o ~ o r p a @ ~ r e -  
CKHX 6ynrar B K a s e c r s e  n o A n o x e K  w o r y T  ~ c n o n b s o ~ a r b c n  pas- 
.'1UqHbIe M a T e P W a n b l  - 6y~ar.2, T K a H b ,  B C e B 0 3 M O x H b l e  CWHTe- 
T w x e c K w e  n n e H K u .  npw sb16ope  M a r e p n a n a  H e o 6 x o j ( U ~ o  n p w H n T b  

BO B w u h f a n u e  y c n o B u R  6y~yurero w c n o n b 3 o ~ a ~ u ~  omerama. 
~ O A J O X K ~  j lOI IXHa  6b lTb  T O H K O ~ ,  . N ~ T K o ~ ,  ~ I J ~ C T U ~ H O ~ ~  H B a l m -  

T e  c TeM A o c T a r o r H o  n p o r ~ o k .   OH^ Aonxna xopouro B o c n p u H u -  

MaTb  W Y A e p X W B a T b  C B ~ T O L ! Y B C T B H T ~ ~ T ~ H ~ ~  c J I o ~ .  OCO~~HHOCTW 
WCIIO. lb30BaHH~ O T n e q a T K a  I laJTaraHX AOnOJTHUTe.KbHble ~pe6o-  
BaHUR OTHOCWTf3lbllO B J I ~ ~ O C T O ~ ~ K O C T U  W l U  X ~ ~ O ~ C T O ~ ~ ~ K B O C T U  
M a T e p w a n a ,  m c y r c T e a n  JOMKOCTU w T. A. 

B K a r e c T s e  n o w o x e l c  Ann 3ne~~po$m~orpa@wsec~wx 6y- 
h r a r  M O ~ Y T  ~ ~ H M ~ H ~ T ~ C R  p a 3 n w q ~ ~ e  c o p T a  6 y ~ a r u .  

M a ~ e p u a n  n 0 A n O X K U  AOJ lXeH 06JTaAaTb )'AWbHblhl 3JIeKT- 
PUYeCKWM COnPOTWB.leHHeh1, B e n H 9 H H a  KOTOPOrO P a B H a  UJlU 

H H X e  YAeJTbHOrO C o n p o r w B n e H I I n  ~OJlynpOBOAHNKOBOrO CnOR 
H a  c s e ~ y .  B npnauwne U J ~ X  n o j w o x e l c  h f o r y T  6 b 1 ~ b  n c n o n b 3 0 ~ a -  
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n l o n a T b  c o o T s e w T e y l o u H e  n p w o c T o p o x n o c T H .  H e ~ o m p b r e  w 3  
HHX TOKCAqHbl. ~ O ~ T O M Y  NpH H3rOTOBneHWW CBeT0'4yBCTRWTe.Tb- 
HUX cnoes B n o h t a m H w x  ycnoawsx B K a q e c T a e p u c n e p c ~ o i i  cpepbl 
,4nR HeKOTOPblX CBR3YEOUIWX M a T e P H a J O B  M O X e T  6 ~ ~ b  H C n O n b -  
3 O B a H a  AHCTHnnUpOBaHHaR BOEa  CJIOU npEi 3TOM IIOnYYaloTCH, 
I I p a B l i a .  H e  CTOJb  PaBHOMePHbIMH H IIJIOTHLIMH. 

MOXHO PeKOMeHAOBaTb HeCKOnbKO THnOBblX p e u H I T O B  CBe- 
TO'4yBCTBUTeJlbHblX C.TOeB 3 n e ~ ~ p @ o ~ o r p a + n s e c ~ w x  ~ Y M W .  

P e u e n ~  h"e 1 

. . .  O~ircb u n n ~ a  (nanpn~ep, Map~n M.1) 15-23% 
Kneti 641-2 . . . . . . . . . . . . . . .  27-30 a 

3 ~ n n o ~ w l l  cnnpr . . . . . . . . . . . . .  50--55 s 

P e u e n ~  N! 2 

OKHCL unnha . . . . . . . . . . . . . . .  16-24% 
nonnsn~nn6yrapanb . . . . . . . . . . .  3-4 s 
3~nno~hll l  cnnpr ( p e ~ r s $ n ~ a ~ )  . . . . . . .  75-80 > 

P e u e n ~  H 3 

Ohncb UKHKa . . . . . . . . . . . . . . .  38-4206 
Bohnan suv~bcnn naKoocnoehl .N! 321-1 . . 32-34 s 
3\1ynbramp O n  10 . . . . . . . . . . . .  1-2 a 

. . . . . . . . . . . . . . . . . .  Bona 25-26r. 

K s r o ~ o a n e ~ ~ e  sne~~pocpo~orpacpn~ec~oR Bymarn. Tex- 
~ o n o r ~ ' 4 e c ~ n c " i  npouecc H ~ ~ O T O B . I ~ H W R  s n e ~ ~ p @ o ~ o r p a @ w s e -  
C K O ~  6 y h t a r ~  H a q U H a e T C n  C IIOArOTOBKR paCTBOpOB CBR3yIO- 
qero  e e q e c T s a .  n p n  3~oh .1 ,  H a n p w h r e p ,  B@-2 nnw n o p o m o K  
~ O ~ W B H H U ~ ~ ~ T U ~ ~ I I B  PaCTBOpRloTCR B 3TWnOBOM C n H p T e  (peK-  
T U + H K ~ T ~ ) ,  ncxo~rr as ~~e~yloUtec"i nponopuww: 50 e csn3yloqero 
H a  1 A CIIHpTa.  B IIpOlleCCe PaCTBOpeHHR XWAKOCTb H e n p e p b l B -  
HO n e p e M e m H s a l o T .  3 a ~ e ~  K pacmopy c~asyloqero B e u e c T s a  
~ 0 6 a B ~ i a l o T  1 ? 3 ~ U l b 9 e H ~ b l i (  nOnynpOBOAHHK.  n 0 n y ~ H ~ l I I y l o ~ R  
M a c c y  s a rpyxa lo~  s maposylo h 4 e n b a u u y .  n o c . i e ~ ~ a a  M o x e T  

npeACTaB.IRTb co6oA C T ~ K ~ R H H ~ I ~  COCYA ehIKOCTbK3 OKOdTO 1 A, 
B KOTOP~IB 3 a T P Y X e H O  2 5 - - 3 0 @ a p @ 3 ~ 0 ~ b l ~  U a p U K O B  AHaMeTpOM 
5-10 MM. ~ P O ~ O * ~ X W T ~ J ~ H O C T ~  pa3MOdla  3aBHCHT OT CKOPOCTW 
B p a U e H U R  MeJIbHWUW. ~ ' A O B ~ I ~ T B O P W T ~ ~ ~ ~ H ~ ~ ~  p e 3 y J b T a T b I  no- 
J ly '4a ioTCa n p H  CKOpOCTU B p a m e H H R  MeJ IbHH4U 50 O ~ / M U H  H 

llpOAOnXUTe.l!bHOCTH n 0 h f O n a  4-6 '4aCOB. 
~ P H  o rcy~c~swu M e n b H H u b l  A H c n e p r u p o B a H w e  nonynposop; 

n n K a  B c ~ 1 1 3 y l o q e h i  M a T e p a a n e ,  wx nepeumasaswe w n s n r w b -  
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seuue USXHO I I P O W ~ B O ~ W T ~  c no- 
~ o u b m  06b1s~08 G y ~ b r n ~ u  wnw 

i ~aKoro-nli60 Apyroro cocyna, s 
~ o ~ o p b r i i  jarpywewbl @ap@opos~e  
lUapMKK UnH CTWIbHble UIapUKH 

i or  uapuKonowunuwKa. 
Ecnu B KasecTBenwcneprwpym- 

lLIeii Cpenbl IlpHMeHUtoT BOQ', OT- 
nenbuo sasewueam B Boae no- 
nynpoaonHwK a c~fl3ymqee se- 
UeCTBO, a 3aTfiU CJMBaloT BMeC- 
Te obe cycnea3ww. Hanpw~ep,  
100 2 OKUCU UllHKa B3BeLLlHBaloT 
npwbiepwo B 100, s sonbr, a 77 2 
nonuswuunaueraTa - B 63 s ~onbr .  
B cycneu3alo no.iwswwa.laueTaTa 
rIp~6aBnfltoT 8 2 TpUKpe3HnOBOrO 
+ups op~o@oc$optioi K W C ~ O T ~ I ,  
K O T O P ~ I A  C ~ Y X H T  nnacru@u- 
KBTOPOM, HenpepblBHO nepwe- PUC. 10. H~COC-3hIy.lbca~op 
musas C M K ~  B TeqeHne 30 wun. 
3 a ~ e ~  06e cycnewsww clweamT BMecre u nepehlewu- 
s m .  

B npoMblwneuuoM npowws~onc~se s n e ~ ~ p o $ o ~ o r p a @ u q t . c ~ ~ x  
G y ~ a r  Ancneprwposauwe o ~ u c w  u u m a  B c ~ x s y m q e u  seqecToe 
OCyUeCTBnflloT C nOMOulblo HaCOCOB-3MyJlbCaTOpOB (plic. 10). 
Hacoc 3T0T MOXeT npeSTaBnsTb ~06ofi  u w . 1 1 1 ~ a p ~ ~ e c ~ ~ i i  baK I ,  
B K0~0pblfi 3arPYXatoT ~ 3 ~ & ' I b W ~ ~ b l f i  nOJIynpOBOAHUK K paCT- 
BOP CBRBYIOUIerO BeWeCTBa. B FlepTtiKaJb~~fi ~ p y b e  2 nOMe- 
ureH se~blpex3axo;rub18 BUNT 3, npusonu~b~ i i  BO spauewwe 

. OT 3n~KTPO~BH~aTe.lR 4. BWHT 3aCaCblBaeT CYCneH3Alo B ~ p y b y  
2 sepes orsepcTus 5 w nporowReT ee sepe3 s~ynbrupymqwe 
~ p y b ~ w  6. npouecc Awcnepruposauwx B uacoce-s~y~rbca~ope  
npo;ronxaexn o ~ o n o  1 saca. n p o a 3 ~ o n u ~ e n b ~ o c ~ b  onucaHHoro 
sbrme wacoca ( u a p ~ n  0-58) cocTasnxeT 25-30 n cycnewsww 
B sac. 

Q o ~ o n o . ~ y n p o ~ o n u w ~ o ~ y l o  cycne~swm, nocTynaDqym us 
maposofi M ~ J I ~ H W U ~ I  wnw uacoca-3~yabca~opa ,  menaTe.lbwo 
O T @ U . ~ ~ T ~ O B ~ T ~ .  A-1s 3 ~ 0 8  UenU IlPIlhleHRlOT h1eTa.l~lW~eCKOe 
CUT0 W.1W TKaHb C ~qef iKaM~,  UMelo,WW>IIi JlMaMeTP no 0,25 ww. 
nocve @unbrpo~auus  cycnew3um pa36asnxlo~ no ueobxonw- 
MOR BRJKOCTU, npli2IUBaR K ~ e f i  paCTBOPliTWIb ( H W ~ W M ~ P .  
s~unoeb~i r  cnwp~)  npw HenpepblBwohi noh:eurweauww. 
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AJlR TOP0 9~0661 HaHeCTH @OTonoilynpo- 
BOnHHKOByH, c y c n e H 3 H o  H a  6 y ~ a X H y l o  non- 1 
AOXKY, B c a M o Y  ~ P O C T O M  cnyqae wanneaor 1 
HeMHOI'O CYCflC3i3HU H a  C e p e A H H y  JlHCTa H. ' 
o c T o p o m H o  n o K a s w e a n  n o c a e ~ ~ n i r ,  sac~asnn-  
KIT ee CTeKaTb  HO H a n p a B n e H H K l  K KpaRM.  

3 a T e M  n H C T  BblCyUIHBaKIT. C y c f l e H 3 ~ ~  OKHCH 
UHHKa COXHeT O W H b  MeAneHHO, Il03TOMY CYUI- 
K a  @ J T O ~ O ~ ~ ~ ~ O B O A H H K O B O ~  6yMat-H H a  803- 
A y X e  3 a H H M a e T  HlXKOJlbKO CYTOK. A ~ R  f l 0 n -  
HOI'O BbICblXaHHR CJIOR B TePMOCTaTe  l l P H  TeM- 

I I e p a T y p e  60-80' C T p e 6 y e T C ~  HlXKOnbKO 
q a c o B .  

Tonqwna c p o ~ o n o n y n p o ~ o ~ ~ ~ ~ o ~ o r o  won 
O K a 3 t J B a e T  B n U R H H e  H a  B W H 9 H H Y  H H T e r p a n b -  

PHC. 11. ~IPHCTIO- HOB CBeTUqYBCTBHTt?JlbHOCTB ~ J ~ ~ K T P O $ O T O ~ P ~ -  
cc6nen~e ann no- c p w ~ s ~ o B  6y~arw.  O H T K M ~ ~ ~ H O B  R e n R e T c a  

3neKrp*o- T O n W U H a  I lOpRAKa  10-30 MK. rorpa@ns~KoR 
3MynbCHK T a K o B  HpOUeCC HaHECeHUR CBeTO.lyBCTBH- 

~ e n b ~ o i l  3MYnbCHH HeHPOH3BOAUTUleH H, ,9TO 

o c o 6 e ~ ~ o  eaxno, H e  MOXG 0 6 e ~ f l e q ~ ~ b  nonyqenua p a B H o -  
MepHblX @ T O ~ ~ O ~ ~ Y ~ P O B O A H H K O B ~ I X  CnOeB. H e p a a H o M e p H o c r b  
L I O R  H ~ H ~ ~ ~ X H O  Y X y n I l l a e T  KasECTBO H ~ O ~ ~ W ~ H H R .  

~ O ~ M M Y  p y q H 0 k  hleTOA H3rOTOBileHHR ~ J ~ ~ K T P ~ @ T O ~ P ~ @ R -  
YeCKHX 6 y ~ a r  MOXHO PeKOMeHaOBaTb  @ J T O ~ I O ~ H T ~ ~  .'IHUb 
H a  f l epBb lX  I l O p a X .  n p H  n e p B 0 f i  BO3MOXHOCTH CJIeAYeT W3r0- 
T O B H T ~  H e c n o x H b l e  npwcnoco6ne~~u AJIR M ~ X ~ H ~ ~ B ~ O B ~ H H O ~ O  
n o n H B a  6yua r~ .  

~ ~ H H u H I I H ~ J I ~ H ~ R  CXeMa OAHOrO H 3  T a K H X  n p ~ c n o c 0 6 ~ 1 t  
HHfi f l O K a 3 a H a  H a  PHC. 11. OHO BbIflOnHeHO B BHAe KOPblTUa 1 ,  
HaflOnHeHHOI'O @ T O ~ ~ O ~ ~ ~ I I ~ O B O A H H K O &  3 M y n b C H e f i ,  U B a -  
nHKOB 2 H 3. B a n w ~  2 norpyxea B K O p b m r e .  B a n n ~ y  3 coo6- 
W a o T  n p w w y n w T m b H o e  e p a q e H H e  c n o M c i u b l o  ~e6onburoro 
s n e K T p o J @ w r a T e n R  4. E ~ M ~ X H ~ D  JleHT)' CKJleHBaIOT KOHUBMH, 
H a n e e a m  H a  eanwxs, nocnesero B K n r o s a l o T  3 . 1 e ~ ~ p o ~ ~ ~ r a ~ e n b .  

H E C K O J I ~ K O  k n e e  c n o m H o e  npnc~oco6ne~we ~oxe?. 6 b l ~ b  
BhlnOJlHeHO B BHAe ~opoba ,  3aIlOJIHeHHOI'O ~ f l ~ ~ y f l p O B O & -  

H H K O B O ~ ~  ~ ~ ~ I l e H 3 H e f i .  H H X H H ~  3J laCTHsHble  CTeHKH ~0po6a  
06pasyror qenb ,  sepe3 KOTOPYKI f lpOTRrHBaeTCR 6 y h l m n o e  
n o n o T s o ,  c h r a T t m a e v o e  c pynonsma. 3 ~ y n b c w o ~ ~ b r f i  moii 
BblpaBHHBaeTCR npw n p o x o m A e H w w  nonoma h r e w y  D y M n  
M m a n n n s e c K u h r w  BanwKaMH.  rips H ~ O ~ X O A ~ O C T H  Y C K O ~ H T ~  

C y U K y  @ T o n o n y n p o B o ~ ~ u ~ o ~ o ~  3MYJlbCHII YCTBHOBKY ~ ~ a 6 -  



c. 
X a I U T  HeCKOAbKNhiH I l a P a M H  H H @ ~ ~ K ~ ~ C H U X  J IaMn.  ~ ~ O T O B ~ R  1. ~ n e ~ ~ p ~ o r p a @ w q e c ~ a n  6 y ~ a r a  H a M a T m a m c n  H a  pynon- 
YHK. 

H e w l o x ~ b l e  6y~arononueos~b1e y c T a H o s K w  6wnn usro- 
TOBneHbl  B H ~ ~ ~ H O - H C C ~ ~ O B ~ T U ~ C K O M  HHCTHTYTe 3J leKTpO- 

' r p a @ H H  U UMCVH IlpOH3BOfiHTWIbHOCTb A0 30 n0Z. A 3AeKTpO- 

$morpa@usec~ofi 6y~arW B sac. 
B n a 6 0 p a ~ o p ~ ~ a x  y c q o ~ w n x  nnn H a n e c e n w n  C B ~ T O ~ ~ B C T B H -  

T U b H O r O  w l O n  H a  I IOnJ lOXKy MOrYT 6 ~ b  HCnOAb30BaHbl  pa3- 
n H s H u e  uee~pw@yrw H nonueosiiue MamHHbl .  n p o ~ t a ~ u n e ~ n o e  
H3rOTOBneHWe ~ J ~ ~ K T ~ @ T O ~ ~ ~ @ H Y € C K H X  6 y h i a r  OCyulecTBJTneT- 

cn H a  c n e u w a . q b a ~ x  6 y ~ a r o n o n ~ ~ o s ~ b 1 x  ~ a i u w ~ a x .  O n ~ a  
H 3  TaKHX MaUlHH CnpOeKTWPOBaHa  H ~ ~ Y H o - u c ~ ~ ~ ~ o B ~ T W I ~ -  

CKHM HHCTHTYTOM ~ ~ ~ K T P O T ~ ~ $ H H  W HblHe )'CTaHOBAeHa H a  

Kaynacc~oR 6 y ~ a x ~ o f i  $a6pw~e HMeHH K). RHOHHCB. 

6ymarono~1n~os~an M a l u H H a  (pwc. 12) n p e a ~ a 3 ~ a s e n a  
JIJlR H3rOTOBneHHn 9 A e ~ ~ p @ ~ 0 r p a @ H s e C ~ 0 f i  ~ ~ A o H H o ~ ~  641- 
M X H  rnwpn~ofi no 840 m. ~ Y M ~ X H O ~  nonorno c M a T b I s a e r r n  
c pynona I ,  orn6am ~ a n p a e n n ~ o w i j  eanm 2 H n o c T y n a e T  

K BaAY 3, I l O r p y X e H H O M y  B KOPblTO 4 C @ ~ ~ ~ O ~ ~ ~ ~ O B O A H H K O -  
B O ~  c y c n e n 3 H e k .  Heo6xo~w~b1il Y p O B e H b  C y C n e H 3 H H t  KOpb lTe  
i lO) J ,AepXUBaCIC~  aBTOMaTHYeCKH. n p H  CKOpOCTH 6y~awc~oro 
IlOJlOTHa 8 M / ~ U H  P a C X O n  CYCneH3HH COCTaBAReT OKOAO 80 12 
B sac. nonw~oe cycnessueil n o n o T H o  n o c T y n a e T  B c y r n n n b H o e  
~ C T ~ O ~ ~ C T B O  5 C HH@paKpaCHblMH A a M n a M H  6, n O w l e  Y f f O  H a M a -  

TbIBaeTCn H a  PYAOH 7. 
Bce IlpOIXeCCbl H3TOTOBJIeHHR ~ ~ ~ ~ K T P o @ M ~ P ~ @ H ~ ~ c K o ~  6y- 

M a r H  MOrYT OCYllleCTBAFITbCR H a  CBWY, ~ 6 0  @ T O ~ ~ O J T Y I ~ P O B O ~ -  

HKKOBble 3MYJlbCHH A 0  HX 3 A e K T P H 3 a ~ H H  HeYYBCTBHTelbHkd 

K CBeTY. OAH~KO n p H  W3TOTOBneHHH C ~ H C H ~ H ~ H ~ H ~ O B ~ H H ~ ~ X  6y- 
M a r  ~eo6xoAu~o  3al l lHTHTb cnoB or ~ 0 3 n e i i c ~ s ~ n  nysefi nonocbl 
nornomenun C ~ H C I ~ ~ U J I H ~ ~ T O ~ ~ .  

A ~ Y H  3TH MOrYT Bb13BaTb pa3- 
pymeme C ~ H C U ~ U J I H ~ ~ T O ~ ~ .  

H o e  ycrpofic~eo M~IIIHHEJ c ~ a 6  
X e H O  CbeMHWMH C B ~ T @ H ~ ~ T -  
p a m .  

Haw6o~bman p a c s e ~ ~ a n  PKC. 12. 6ymaronon~ao.1~ax ma- 
~ P O H 3 B O ~ H T e J l b H O C T b  MaIIIW- UIHH~ 

H ~ I  - 480 noz. A 6 y ~ a r w  B rac, 



Ucnonbsys 6 y ~ a r o n o n n ~ o s ~ y m  Marnwwy, Kayeacc~arr 
6yhfaxnarr @a6pwKa UMeHH K). R H O H U C ~  c 1959 r.  w3ro~oBn~-  
eT ~ ~ ~ K T ~ O @ O T O ~ ~ ~ @ ~ ~ ~ C K ~ H )  6 y ~ a r y .  C ~ ~ ~ C T O U ~ . I O C T ~  3neKT- 
p o @ T ~ r p a @ ~ s e ~ K ~ i i  6yh1aru Hwxe c e 6 e c ~ o n ~ o c ~ u  06bls~blx @- 
r o 6 y ~ a r .  npemona raexn ,  ~ T O  ce6ec~oahroc~b 3 ~ a  6 y ~ e ~  
3Ha4WTUbHO CHH)I(eHP. 

H n ~ e r p a ~ ~ b ~ a r r  c ~ o o s y ~ c ~ ~ u ~ e n b ~ o c ~ b  npoMblurneHHo as- 
r o ~ o s n s e ~ o k  ~ n e ~ ~ p ~ ~ o r p a t p w s e c ~ o i i  6yMarH cocTasnrro 
0,045 ep,wewu TOCTa. n p e n n o n a r a e ~ c ~  BblnycK c e ~ c w 6 ~ . ~ n -  
3HpOBaHHblX 6 y ~ a r ,  qyBCTBWTUbHOCTb KOTOpblX B 70-100 
pa3 BblUe. 

Paspemalouarr c n o c o 6 ~ o c ~ b  BbrnycKaehfux 6yhrar p a m a  
h n e e  20 nu~inrw.  

O n ~ u s e c ~ a a  c e e c ~ 6 w n ~ 3 a ~ n a  @orocnoes. O K H C ~  U ~ H -  
Ka, Kmoparr R B ~ R ~ T C R  O C H O B H ~  MaTepaanoM nnrr HsroToane- 
wan ~ o s y ~ c ~ ~ u ~ e . n b ~ b l x  cnoee 3"qe~~po$o~arpa@wsec~wx 
b y ~ a r ,  pearwpyo Ha s ~ c n o ~ ~ p o s a ~ w e  rnaswbrm 06pa30~ B 
ynb.rpatpeonemsb~x nyrax c rpanwuaMn B npezenax Bonn OT 

300 KO 443 ANK. M ~ K C W ~ ~ Y M  c I ~ ~ K T ~ ~ J I ~ H o ~ ~  'IyBCTBHTenbHOCTli 
npaxozmcrr Ha wsnyseewe c n n w ~ o k  BonHu 370 MIK.  n p n  
p a 6 0 ~ e  5 ~ e c e ~ c a 6 u n w 3 w p o B a ~ ~ b ~ ~ a  6 y ~ a r a ~ w  npwxoAwTcrr 
IIPWMeHRTb UCTOqHWKH CBeTa. AaIOWWe N3JIy9eHHe B HpeAUaX 
yKa3atlHblX CneKTpanbHblx rpaHUU. H ~ H O C ~ ~ A C T B ~ H H O ~  UCn0,lb- 

soeanwe BTWX 6yhrar B 3 n e ~ -  
~ p c + o ~ o a n n a p a ~ e  BOBMOMHO. 

O A H ~ K O  UBemneDeiiaqa B  TOM 

.~ ~ r ~ ~~ 

, 4 s p a ~ T e p w s y a c i  T ~ M ,   TO o ~ a  
zoo 300 400 Joo 600 700 8<0 9Oonn~ OKpaureea B xten~o-opasxtee~i i  

g - . !  H"1W K O P H ~ H ~ B H ~  UBeT. M ~ K C U -  



6mofi OKHCH U H H K a  C a 3 0 T H O -  

T e M  pacnnasnenwp nep~ofi  
C HeKOTOpblMH B M M O H H ~ ~ H ~ I -  

MH CO.IUMW. Apyroti M e m A  

COCTOHT B H a r p e e a H H H  6e- 
Jl0fi OKHCH U H H K a  N K a p 6 0 -  

H a T a  BMMOHUFi ~ a ~ 6 a ~ ; i H o -  

Type 150-400" C B T e s e n w e  P H C .  14. npncnocodnenae n.m R3- 

on~oro  yaca. O n H c a H  TaK)1(e TOTOB.leHIiR n a H x p o M a T m e c K H  ~ ~ B C T -  

MeTOA, K O T O P ~ I ~  COCTOHT B 
B n T e n b H o i i  OKHCH umna 

TOM, 9 T O  6eiyw O K H C b  U H H K a  
I I O M e U a D T  B CTeKJlRHHyH) T P ) ' ~ K Y  I (PWC. 14) M e X n y  n B y M I l  T a M -  

n O H a M H  2 H 3 H 3  C T ~ K J I R H H O ~ ~  B a T b l .  qepe3 r a 3 O n p o B O A I l U H e  

T P Y ~ K W  4 W 5 B  "ipy6~y B n y B a l o T  A B y O K H C b  yrnepona H a h l ~ ~ a k a .  

o ~ o n o  saca, a 3 a ~ e b i  eue  oKono saca n p i  ~ e ~ n e ~ i ~ y b i  250' C. 
K o p w q n e s a n  O K N C ~  u H H K a  06naaaer xopow~wi n a u x p o k l a -  

THrleCKHhlU C B O ~ ~ C T B ~ M H .  O R H ~ K O  HCnO.I lb30BaHHe ee B 3 J l e K T p O -  

@o~orpa@ww o r p a H w s H s a e T c r r  m e m o  ee o ~ p a c ~ o t i .  P a c c ~ a -  
T P H B a T b  T e M H O e  n O P O U l K O B O e  ~ 3 0 6 p a x e ~ n e  H e C P a B H e H H O  

yno6nee H a  6enofi I lOBepXHOCTH 6 y ~ a r w .  
q ~ 0 6 b l  C A W l a T b  ~ . ! I ~ K T ~ @ W T O ~ ~ ~ @ H Y € C K H ~  b y ~ a r ' i  CO C J O -  

IlMH W3 6enofi OKHCH U U H K a  n p H r O n H b l M H  AJIn I l p H h l e H e H U I l  
B 0 6 6 1 9 H b 1 ~  YC.1OBHUX @ T O ~ ~ ~ @ H ~ O B ~ H H I I ,  H ~ O ~ X O ~ H ~ I O  CABH- 

H Y T b  hlaKCHMYhl ~ n e K l p a J I b H 0 f i  qyBCTBHTe.IlbHOCTH B CTOPOHY 

~pacnoti  s a c T w  c n e K T p a .  

C O B ~ ~ M ~ H H ~ I ~  h i U 0 n b l  O ~ T U ~ ~ C K O ~ ~  C ~ H C H ~ H ~ H ~ ~ U H H  9 J e K T -  

~ @ K I T o ~ ~ ~ @ H ~ € C K H X  G I O e B  OCHOBaHbl  H a  HCCJleAOBaHWRX a K a -  

A e M H K a  A. H. Tepenw~a N E. K. n y U e f i K 0 ,  K O T O P b l e  YCTBHO- 
B H J U ,  9 T O  n p H  ancop6quw1 HeKOTOpbIX O p r a H H s e C K F i X  K p a C H -  

- ~ e ~ e f i  H a  3epnax OKHCH unnua 0 6 J I a ~ ~ b  ' I~BCTBWT~.V~HOCTH noc- 
ne;r~eR C A B H r a e T C I l  B CTOPOHY 6 0 J I e e  A n H H H b l X  BO"1H. 

B K a Y t Y T B e  c e ~ c n 6 ~ n w 3 a m p o ~  6 b m ~  n p H M e H e H b 1  p a 3 n n s n b r e  

O p r a H H 9 W K P i e  K p a C H T e ' t F i :  3 0 3 W H ,  6 e H ~ a n b ~ K a f l  P03a, p o n a M H H ,  

@nyoopecue~n. M e T w n e H  C W H H ~ ,  xnopo@wnn, nunauwanon, aypa- 
MHH, a K P H n H H  0 p a H ~ e H b I f i  H UP. C I l e K ~ p a J I b H b l e  O~.MCTH I lOrJ lO-  
U t e H H n  p a 3 n H q H b l X  c e ~ c ~ 6 ~ n w 3 a ~ o p o ~  W 3 0 6 p a x t e H b l  H a  p H c .  15. 



C ~ H C H ~ H ~ H ~ ~ U U I I  OI(WCW u u H K a  no3~onaer caamyrb M a x -  

CrtMYM C n e ~ ~ p a n b H o k  qyBCTBHTeJIbHOCTH n 0 c J I e n H e f i  A 0  BenU-  

q I l H  n O p R n K a  500-650 M M K .  O A H O B ~ ~ M ~ H H O  B H W K O n b -  

KO WCFiTKOD pa3  nOHbILLIaeTCFi H H T e r p a A b H a F i  ( P O T O ~ Y B C T B H T ~ J I ~ -  
HOCTb CnOR ( M ~ K C H M ~ J I ~ H O  a0 3-5 e n H H H U  TOCTa). K ~ K  BHAHO, 
H 3  r p a @ W K a  C n e K T p a J l b H ~ k  'IYBCTBWTUbHOCTW OKWCW UWHKa 

(CM. PHC. 13), 3TO 0 6 5 1 1 c u ~ e ~ c ~  O ~ U W M  YBC'lWVeHWeM K0nWPR)TBa - n3nyreww~, ~osnet ic~~yloqero H a  cnok. 
lTpu p y q ~ b l x  M e T o n a x  w 3 r o ~ o s n e ~ w ~  ce~cw6wnw3wpo~a~- 

HblX CflOeD PaCTBOPOM C e ~ C ~ 6 n . n w 3 a ~ o p a  nOnpOCTY O ~ J I H B ~ M T  
IIOpOLLIOK @ O T O ~ O J I ~ ~ ~ O B O A H H K ~ .  3 0 3 ~ ~  O ~ W ~ W O  PaCTBOpRMT 
B ~ T H ~ O B O ~ I  c n w p T e  HJH a U e r o H e ,  Qmyopecuew~ - B M e T w n o e o M  

c n n p T e  w n w  aqwone. M3 nonyqwsweBc~ npw  TOM cycnes- 
~ W H  npw H e n p e p b l e H o M  n e p e M e u e w w n  e b l n a p w s a m  P a c T B o p u -  

~ e n b  cewc~6enw3a~opa. 
~ ~ ~ K C H M ~ U  ~ I I e ~ ~ p a J l b ~ o f i  qyBCTBHTUbHOCTH H BeJIHqIiHa 

E i H ~ e r p a n b H o k  CBeTOqyBCTBHTWIbHOCTW 3aBHCRT OT KOHUeHT- 
pauww cewcH6wnu3a~opa, B s e a e H H o r o  B cnofi, a T a m e  OT m a T e -  

pwana, n p w M e H R e M o r o  B K a s e c T s e  c e n c ~ 6 u n ~ 3 a ~ o p a .  M ~ ~ ~ I T O K  
K P a C H T U R  CHWJKaeT 9YBCTBWTeJIbHOCTb. ~ P O W C X O ~ W T  3 T 0  B 
cwny rrepexoaa ce~cw6wnw~a~opa B csnsyloqee B e u e c T e o  w 
06pa30eanw~ @nnb~pymuefi n n e H K w ,  0 6 ~ o n a ~ u ~ a w e f i  qac- 
THUbl (POTXJ~O~)'ITPOBOAHWK~. ~ P W  WCnOnb30BaHWH B KaYeCTBe 

c e u c ~ 6 ~ n ~ 3 a m p a  zi03w~a unw @nyopecuew~a o n ~ w ~ a n b ~ o k  KOH- 
q e ~ ~ p a q u e f i  r r s n n e T c r r  0,5-0,8 mz c e ~ c w 6 u n n 3 a ~ p a  H a  1 e 
6enok OKWCH q n n K a .  

Hawsb~cruwfi MaKCWMYM c I ~ ~ K T ~ ~ J I ~ H o ~  qYBCTBHTenbHOCTH 

M O X e T  6 b l ~ b  ,5OCTWrHYT I l P U  PaCTBOPeHUH 3 0 3 W H a  B a U e T O H e  



~ ~~ 

~ r . . . . 
i 
t opaexeeoro use~a ,  KOTOPM* H ~ ~ O T O B ~ ~ ~ T C R  c n n a ~ n e ~ w e ~  
:: K ~ R M H ~  wnw ero OKHCH c cepoil wnw ~ a r p e e a ~ w e ~  coneii ~ a p  

MHn C 6 e 3 ~ 0 Z ~ b l ~  T W O C ~ ~ I ~ @ H T O M  HBTPHII. ~ P W M ~ H I I ~ ~ T  e r U  B 
n a ~ ~ ~ p a ~ ~ q ~ ~ f i  IIpOMbIUldleHHOCTH, a T a K X i e  B CTeKOnbHOM 

: nponseoJcrae. @nn o K p a c K w  . c ~ e ~ d i a ) .  Cepewc~~i i  ' ~ a ~ n t w i t  . 
' 06.6a~ae~ ebrco~oii CBeTOqyBCTBHT&lbHOCTbH) B B H ~ W M O ~ ~  qaCTH 

$ ~ .  
C n e K T p a  HPI I  MaKCHMYYe ~ n e K T p a n b H 0 f i  qYBCTBHTeJlbH0CTW 

510 MJHK. H ~ ~ O M A U M ,  9TO MaKCHMYhl c ~ ~ K T P ~ J ~ ~ H o ~  9yBCTBH- F,; 
. ~ e n b k i 0 C T H  ~ece~cw6~c.nn3wpo~a~ao8 OKHCH UHHKa n e X H T  B 

o6nac~w 350 R&K.  n p a ~ n a .  TeMHOBOe y n e . l b H O e  COflpOTHBJleHKe 
: I  C e p H H c T U r o  KaAMHR HeBblCOKO (10a-106 OM. cM) no CpaBHeHHlo  

C y n U b H b i M  C O ~ p O T I ~ J l e H k l e M  OKHCH UKHKa (10'-10" OM. cM). 
v-., 
' O A H ~ K O  O H 0  M O X e T  6 b l T b  Y B W H q e H O  nYTeM T ~ P M H ~ ~ C K O ~ ~  06- 
, '  ' P B ~ O T K H  3 T U r 0  nOJ lynpOBOnHHKa.  
. . U l ~ p o ~ o ~ r y  nPHMeHeHHH) CePHHCTOrO KaAMHB B 3J leKTpO- 

< @TOTP~@HA M e Y l a e T  HHTeHCUBHO 0 p a ~ X e ~ b l f i  HJlH JlHMoHHblfi  
UBeT  3~0 ro  M a T e p n a n a .  

B b ~ x o n  6bbl ~ a i l n e ~  n y r e h f  n p n M e H e H w n  n ~ y x c n o i i ~ b ~ x  
3 ~ y n b C r i o ~ ~ b l x  CJIOeB (PHC. 16), K O r n a  H a  6 y h r a m ~ y a  n o p  
n O X K y  I HaHOCnT cnoA, COCTORUW~~ H 3  q a C T H U  2 CepHHCTUTO 
K a D f H U ,  AHCnePrHPOBaHHbIX B HeKOTOPORI CBI13YIOUeM B e U e  
CTBe  3. B~ecm CepHHCTOrO KaAMHR MOXeT HCnOJlb30BaTbCII  
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H R T ~ C A  B cuny npwcyqero e h t y  uHTeH- 
Pnc. 16. AeyxcnoAnan sne- 
~ r p c + o ~ o r p a $ n ~ e c ~ a n  6y- CnBHoro UBeTa. 

~ a r a  Ilocne npocym~a cnorr ceepxy 
HaHOCHTCfl B T O ~ O ~ ~ ,  6onee T O H K W ~  

cnoR, C O C T O R ~ W ~  u3 Y a c T n u  4 6emoii OKHCH UwHKa,  nucnep- 
rUpOBaHHblX B H30JIHPyH)UlehI CBA3YtoUleM BeIUeCTBe 5. 

O K H C ~  u m K a  06nanae~ xopomefi ~ p o l o l u e i r  cnoco6~oc~bto. 
6~1aronaprr Yeh ty  JHhfOHHO-OpaHXeBaf l  nOBepXHOCTb n e p B O r 0  
~ J I o f l '  3 a ~ p a m u B a e T C R  U CTaHOBHTCA COBepllleHHO ~ ~ J I o H .  

Bh leCTe  C Tehl CBeT0Y)'BCTBHTe.UbHOCTb K O ~ ~ ~ W H H P O B ~ H H O M )  

CJIOR no C p a B H e H H t o  C CBeTOYyBCTBUTC'lbHOCTbto OKHCH UUHKB, 
3 ~ a u u ~ e n b w o  ~ 0 3 p a c ~ a e ~ .  I lpowcxo~w~  TO ~ O T O M ~ ,  YTO TOHKUR. 
~ e p ~ ~ ~ f i  CJIOfi H e  I l pen f fTCTByeT  IlpOHUKHOBeHUto 6 O ~ b I U e f i  s a C T U  

c s e l o s b l x  nyreii K H m H e M y  CJIOW, o&laaatoue~y n o ~ b ~ u e n u o a  
@ O T O ~ . I ~ K T ~ H ~ ~ C K O ~  .iyBCTBHTeJIbHOCTbto. 

Hwxe n p w B e n e n  ~ ~ n o e o i i  p e u e n T  ~~yxcnoi inoro 3 ~ y n b c ~ -  

OHHOrO IlOKPblTUll.  

H H X H I I ~ ~  caok 
Pacrsop K.nen 6@-2 B sru.nosa~ cnnpre 

. . . .  ( I  q a c n  Kaen Ha 2 sacrn cnspra) 45 cw" 
. . . . . . . . . . . . .  Cep~ncrblii ~ a a ~ n l l  6 B 

BepxHuR c m k  
Pacraop Knen 6 0 . 2  s s r u n o s o ~  cnnpre 

. . . .  ( I  qacrb xnen ~a 2 racrn cnepia) 50 n 
. . . . . . . . .  O K H C ~  U H H K B  (blap~n M-1) 2 B 

n ~ y n c i o i i w b ~ e  3ne~~p@o~orpa@wsecme cnou H a m n u  npu- 
M e n e H u e  B H e K o T o p b l x  C n e u n a n b H b I x  O ~ ~ ~ C T I I X  - H a n p n M e p ,  

B ~ ~ ~ K T ~ O ~ ~ H T V ~ H O T ~ ~ @ H H ,  ~ J I ~ K T ~ O C B ~ T O ~ ~ B C T B H T ~ H ~ ~ ~ ~  
~ 0 f i  n0Kpb lBaH)T  C.IOeh1 K p a C U T U f f ,  K O T O P ~ I ~ ~  @ ~ . l b T p y e T  JlYqH 

AHeBHOrO CBeTa B TOR 0 6 n a ~ T H  C n e K T p a ,  B K O T O P O ~ ~  C ~ H C U ~ W -  
JIU3HpOBaH HHXHUA c . V O ~ .  T a ~ a f l  ~ ~ ~ K T P O @ O T O ~ P @ U Y ~ C K ~ R  

6 y h t a r a ,  6yf iyYU Ha3J IeKTpU3OBaHa  H 3KCllOHHpOBaHa B PeHT-  
r eHOBblx  n y Y a X ,  H e  ~ O W T C R  CBeTa. Ee MOXHO n p O X B n R T b  H a  

CBeTy.  ~ J R  OKPaCKH @ O T O ~ O ~ ~ Y ~ P O B O ~ H ~ K ~ B O T O  CJIOfl n P U h l e -  
HRKJT KpaCUTe.Ui h laPOK: M ~ T ~ H W ~ O B ~ ~ ~  ~ & l T b l k ,  ~ e J I T b l i (  np03- 
p a r u b l i r  4K, xupoeoir X ~ J I T ~ I ~ (  3X. 



3JlEKTPH3AUUR 
3JlEKTPO@OTOrPA@HYECKHX CJIOEB 

~ o ~ o n o . ~ y n p o ~ o p , ~ u ~ o s b r e  cnou, B ornusue OT r a n o r e H u p . 0 -  

c e p e 6 p n ~ b 1 . u  c n o e B ,  H e  s y e c T B u T e n b n a  K c s e T y .  3 a c s e ~ ~ a  p,nn 
HHX H e  CTpaUIHa ,  H BCnYeCKUe ~pep ,OCTOpOXHOCTH,  CTOJlb XO- 
POUIO 3HaKOMble  KaXAOMY @ O T O ~ ~ ~ J ~ U T ~ J I H ) ,  SAeCb U3flHUIHH. 

3 n e ~ ~ p o @ o ~ o r p a @ w r e c ~ u e  n n a c T u H b l  H 6 y h r a r ~  ~ 3 r o ~ a s n u s a m ~  
K XPaHHT H a  CBeTY. 

O s y e c ~ e n e ~ u e  s n e ~ ~ p o @ o ~ o r p a @ u s e c ~ u x  c n o e B  n p o B o n n T  

H e n o c p e f i c T B e n H o  nepep, HX u c n o n b 3 0 ~ a ~ t i e ~ .  Y T O ~ ~ I  c n e n a T b  
@ O T O ~ O ~ ~ ~ ~ O B O ~ U H K O B ~ T ~ ~  CJl0fi  YyBCTBHTenbHblM K CBeTy ,  

e M y  ~eo6xofiuvo C O O ~ W U T ~  H e ~ 0 ~ 0 p b l f i  n0TeHUWa.q UnU,  no- 
n p O C T y  rOBOPR,  cnoG H ~ ~ ~ X O A H M O  H a 3 f l e K T p U 3 0 B a T b .  

~ ~ ~ K T ~ H ~ ~ u H H ,  OCyUecTBnHKlT  B TehlHOTe. ~ O J I ~ ~ H B U I U ~  
norenuuan cnow w e p , y e T  f i e p x a r b  B ~ ~ T ~ M H ~ H H O M  n o h f e q e n u u  

Bn,lOTb 80 T o r 0  MOMeHTa, n O K a  C @ O P M U P O B ~ H H O ~  H a  HHX B HPO- 
UeCCe 3KCnOHHpOBaHUH CKpblTOe 3 . leKTpOCTaTUqeCKOe ~ 3 0 6 p a -  

't meme H e  6yp,e~ n p o n s n e H o .  

B C O B ~ ~ M ~ H H O ~  ~ J I ~ K T ~ @ o T o ~ ~ ~ @ U U  H3BeCTHO HetKOflbKO 

hleTOAOB 3 J e K T p H 3 a U H H  @OTOCJIoeB, KOTOpble  M U  H PaCChIOTPWM. 

3 n e ~ ~ p ~ 3 a u u u  T p e H u e m .  npouecc ~ J I ~ K T ~ H ~ ~ U H H  T p e -  

HHeM XOPOlllO H3BeCTeH. AflH T o r 0  9 ~ 0 6 ~  er0 OCyWecTBHTb,  
H y X H O  B 3 n T b  ~ J T ~ K T ~ O @ O T O ~ ~ ~ @ U ~ ~ C K Y K ,  n.qaCTUHy U HeCKOnbKO 

pa3 HHTeHCHBUO E p O T e p e T b  ee IlOBepXHOCTb Kq'CO9KOM M e X a  

H n H  CYKOHKOB. Aenam~ 3 T 0 ,  p a 3 y M e e T C R 1  B TehlHofi KOhlHaTe. 
n p H  3dTeKTpFi3aIlHU TpeHUeM H U b 3 n  A 0 6 t i ~ b C n  CKOJlbKO- 

H t i 6 y A b  p a ~ ~ o ~ e p ~ o r o  pacnpep,eneaun n o T e H u u a n a  no nosepx- 
HOCTH @ O T O ~ O ~ Y ~ P O B O & H H K O B O ~ ~  CJlOR, a 3 T 0  H ~ O ~ X O A U M O ~  
YCnOBHe &,Tn n O n y s e H U H  u 3 0 6 p a ~ e ~ u n  BblCOKOrO K a Y W T B a .  

~ H T ~ H C W B H O ~  I I p O T H p a H U e  IlOBepXHOCTU (POTOC~OR CYKOHKOR 
H.qH MeXOM IIpHBOAHT K ~ ~ I C T P O M Y  pa3PYlUeHUH)  CflOB. 



3 
B HaCTORLLLee B p e M R  9J l eKTpH3aUHR TpeHHeM H e  l lpHMeHRe7-  ,:a 

CR. %OT M e O n  MOXHO PeKOMeHnOBaTb @ T O ~ ~ ~ H T C ? K J  JlHUlb 4 
H a  nepeux nopax. 

.j 

3 n e ~ ~ p ~ 3 a q ~ n  K O ~ O H H ~ ~ M  paspnnom %OT ~ m o n  06s- 
n e r H s a e T  p a a H o M e p H o e  pacnpene.veaae n o T e H r r w a n a  ~eo6xo- 
~ H M O B  B M H V H H ~ ~  H 3 ~ a ~ a  no n o B e p x H o c T H  cnon, 6naronap~ 
r e M y  nonyrun na~6onbmee p a c n p o c ~ p a ~ e ~ u e .  CY~UHOCT~ cno- 
coda s a ~ n ~ ~ r a e ~ c n  B o c a n n e H w H  H a  n o n y n p o a o a H w K o B o e  
IIOKPblTHe IlOJlOXHTeJlbHblX HJIH OTpHUaTeJlbHblX HOHOB1, 
0 6 p a 3 0 B a H ~ b l ~  BCJlefiCTBHe HOHHSBUHH B03AYXa B IIpOUeCCe 
K o p o H H o r o  paspnaa. nocnen~ne B O ~ H H K ~ ~ T  M e m y  3 a 3 e ~ n e ~ -  
H0f i  ~ J ~ ~ K T ~ O @ T O T ~ ~ @ H ~ ~ C K O ~ ~  IIJlaCTHHofi H TOqeqHMM HAW 
npOBOilOrHblM 3JleKTpOAOM, IIOAKJlIOqeHHblM K OAHOMy H 3  no- 
AIOCOB HCTOqHHKa IIOCTORHHOTO TOKa BblCOKOTO H a l l P a X e H H R  
(5-15 m). 

3 n e ~ ~ p O @ ~ ~ r p a @ u r e c ~ u i i  C B ~ O ~ ~ B C T B H T ~ J I ~ H ~ ~ ~ ~  M a T e p n a n  
1 @HC. 17, a), nonnoxclta 2 ~omporo s a s e ~ n e ~ a ,  nonneuam 
H a  HeKOToPOM PaCCTORHHH OT 3JleKTPORa 3, nO&KJIIO'LeHHOrO 
K L(CT09HHKY nOCTORHHOr0 TOKa 4. ~ P W  3aMblKaHHU KJlIOW 5 
M e X n y  3AeKTpOAOM H ~ J I ~ K T ~ O @ T O ~ ~ ~ @ H ~ ~ ~ K W M  MaTePHaJlOM 

B03HHKaeT KOPOHHHB 3 a p R A ,  B npOU€CCe KOTOpOrO OCyUeCTBnR- 
e T c n  o c a % A e H H e  HOHOB 0 n p ~ M e ~ H o f i  n o n n p H o c T n  H a  nosepx- 
HoCTH llOJlynpOBOnHHKOBOT0 IlOKPbITHA. B C A y s a e  ~ e o 6 x o n t r -  
MoCTH 0npc3J(MeHHblk YqaCTOK @TOCJIOR M O X e T  6hITb  3a IUHUIW 

OT HOHH3HpyIOUTeI'O B O ~ A ~ ~ ~ C T B W I I  C nOMOWbIO 3 K p a H a  6. 
B 3TUfi CXeMe Mbl H M e W  A&IO C O ~ H O C T O ~ O H H ~ ~ ~ ,  H n H  YHH- 

n o J l R p H o f i ,  KOPOHOB. ~ P H M ~ H I I D T C R  T a K H e  KOpOHHble p a 3 P R A -  
HHKH C & B Y X C T O P O H H ~ ~ ~ ,  HJlH 6 t i n 0 n R p ~ 0 f i ,  K O ~ O H O ~ ~ .  B %OM 
cnysae s n e ~ ~ p @ o ~ o r p a @ ~ s e c ~ w B  M a T e p w a n  1 (pwc. 17, 6) 
IIOMeUaIOT M e X W  3JleKTpOAahlH 2 H 3, nOAKnKlqeHHbIhiH K 
~ p O T H B O n O J O X H b l M  nOJIIOCah4 HCTU'LHHKB IIOCTORHHOrO TOKa 

BblCOKOrO H a n p R X e H H R .  
Ann pa6o~b1 pa3psn~w~oe u c n o n b s y m  r e H e p a T o p u  noc- 

TORHHOrO TUKB. Hanpnxe~we H a  3JleKTpOAaX p a 3 p R n H H K O B  
c o c T a s n n e T  5-15 m. TOK K o p o H H o r o  p a 3 p ~ u a  H e  n p e s b r r u a e T  
200-250 ma.  

B KaqeCTBe  HCTOqHHKa H a I I p R X e H H R  M O X e T  C J l y X H T b  A D -  
6oii H3  U H p O K O  H3BeCTHbIX BblCOKOWCTOTHblX npeobpaso- 



'HELIS~ gon~edgo ewrnhrew enaholma unm gammlcuseduh 
suah g .nuan ~OHVOHE B wod~uox m~=~megauo~ 5 (~vg) 'u. 
aumu EH F$PIHHE~~OJ 'daeda~a~aae DELHU '(~ns) U. an 
.mu en gmnnedgo~ '(I ~J.J aa~aa"uwdu ,w~ edorewda$~ned~ 
oJoeouns am~neq quarnrntduna #iq~uoudauhuouomo , 

'61 '2nd en EHEEEHOU ~ua~~ao~edgoadu 
OJOHHO~LX~U~ OJOHLOL3ehOWOJFIS BlVaXJ I(EHSV~HUU~HH~U 

~wmsngmuonVed APIV~X ~edgos s~~qg mwtoh' 
qba~esosedgoadu #owel -BO~OLEEH~LW~UE xnxfah~@ed~aa$ 
-0d~aau6 LIHHELHU KUV (81 .JH~) praresosedgoadu xiqnra5eh 
-OWOJPIB ~XJ XNBOUHL OH~UOXJ~H OHeJHUO adhreda~wu 9 

'dV H RHH909 amH4UH901YOLEE '(~~9hdL 
goeahhu-o~~od~nau~ ~VOHE LIUHELHU wan) aoxwnwa~du X14H 
-HOHEHBalfaL H~LUWLI~UPIE alSHSqUOSOX0JIS~ LOI~EPUOU~H OX 
-rada~ nuah g0~6 LE~ ~~do~~~uhrnhwxe HUH wadereg 'e ozz HUH 
,/ZI H-5 gon~hndrwau6 LO glSwaeLHu 'LIHH~xK~u~H F$aIPaLEB 



Pnc. 19. B H C O K O ~ ~ C T O T H ~ ~ B  npeo6pa3oBaTenb sanpnxtenrin 
c ~ H n y ~ T n s ~ o i i  o6paT~oB cBn3bw 

K ~ K  BWJHO W3 CXeMbl.  WCnOJlb3yeTCR B ~ ~ C O K O ~ ~ C T O T H ~ ~ ~  TQaH- 

q 0 p M a T 0 p  ( A a H ~ b l e  CM. n p U J l O X e H U e  N9 2). 
M ~ T o T o B J I ~ H w X I  BblCOK09aCTOTHOTO T ~ ~ H C @ P M ~ T O ~ ~  C n e n y -  

e T  y & % l U T b  ocoboe BHUhlaHWe, T a K  K a K  H a  er0 0 6 h f o T K e  111 
r e H e p n p y e r c n  B h l c o K o e  H a n p s x t e H u e  ( n o p s ~ ~ a  15 ~ a ) .  K o T o p o e  

npu  H e 6 p e x t ~ 0 h l  N3TOTOBJIeHWU O ~ M O T O K  hfOXf3 IlPHBeCTW K 

n p o h m  r p a a c @ o p h i a ~ o p a  w ~ b ~ a o n y  ero n3 CTPOR. 
I < a p ~ a c  B b l c o K o r a c T o T H o r o  ~ p a ~ c r p o p ~ a ~ o p a  ne.iaercn 113 

xopoluero n u s n e K T p w K a ,  H a n p w M e p  w 3  o p r a n w r e c K o r o  creicna 
U n H  nOJIHCTHpOJIa  OH COCTOUT W3 ABYX @ W r y p ~ b l X  nJIaCTHH,  

B c T a e n s e n r w x  o R H a  B i l p y r y ~ )  (PWC. 20). H y ~ e p a q u n  B ~ I P ~ ~ O B  

K a p K a C a  COOTBeTCTByeT H y h i e p a U H U  0 6 ~ 0 ~ 0 ~  B I l p H I l O X e H U H  

N9 2. n p W  y K J l a a b l B a H U W  BHTKOB B B b l p e 3 b 1  H ~ ~ ~ X O ~ W M O  H e  

A o n y c x a T b  wx n e p e K p e u w a a H w n  s s a n a A a H n s  BHTKOB u3 onworo 
P R R a  B & p y T o i i .  C ~ K U H U  III-VII COeAUHRloTCR M e H c n y  ~06010 
n o c n e n o e a r e n b a o ,  obpa3yn B ~ I C O K O B O ~ ~ T H ~ K )  O ~ M O T K Y  11 I. 

Pwc. 20. llnacTneb~ nnn cepaeqsnaa ~panc@aphca~opa 
BHCOK04aCTOTHOTO lLpeo6pa30BaTCnX 
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edo~er~doheed~ OJOH~O~LJ OJOHHOWEB8aU2l 10 n~HhaVda3 
glsao~wdda@ ss~adrquousw edoreiudot$ssed~ enw~haVdas aesmh 
-ex p~ '~odrsuw@ IYI~H~I~~O KJI~BBHXBVJJ H (~llh~) ',y NOV 
-o~iV ss~a~(~"wsdulse 'dj rrodoservdo@s~edr trsraemlsaou lyar 
-BE ~O~OLOH '1s101seh ~OHHamlqaOU ~BH.~X!B~U~H ao~na~~ada~l 
9 eL'ehBHJ trslai~edgoadu 'J L. 'L xeVowdr xi¶sonn~Yoaodu 
 YOU EH edo~edaea~ o~o~~xeru,~aV wqmo>uou s-wadereg FOXJ 
-ahwHessveJ uLrw edo~trl;i~\,<~xe LO Xan au~axtrdue~ aoxEuH 
.IZ 's~d en eHa~t~d~0EH s~~~eao~edpoadu oJoxsr wax3 
'X~lHaNar€ XI~~O~~~HVO~O~U~KOU BH ~I~HH~O~LJOU 'LIWH~XB~U~H 
wuamaosedgoadu trss~~nawwdu wvem ~lvade aaHUaL"sou 8 
'8X SI-pJOU euur FI~oL~JH~UHO~ ~LEH~WK~U OB58 amhdy 
'421 06g OU qLJonr\'a rwarvw $3 M L3 "3 mdoses~aVno)~ 

.ex OZ-SI enV~don allHaXtrdUPH olhm 
-oleswmdaVr.re 'wwhtrrrosw olh~maYe~ qlaruu I~HXWOV '.{dole~wd 
-rnarrE huuo~~odon n trsLaehwrxUou s~~reeosedgoadu wwrqd 
-0LOH 'eBoaod~ .' d~ ado~ecudo@snedr lyoaorrus EH ssemawsed 
L(E4VaH 3~h1 BOHO~~OH~H HHrOm90 alqH4Vb?HEH 'L(JLaL(LrNaE 
-BE eBJasa swvou HHPO eua~esosedgoadu asoged udu o~h 
OJOL aMEl3UaLQg .edo~~rvdo@s~ed~ OJOHIOlJehO~D31~~ 5hUd0~ 
eH OHH~E~JV~~JOU~H LIJIwea141e1wH WHO 'O1nTltrLrOEW aim 
-odox wnmwacun %ruoVoaodu rrmntrHvoulqa ,j w ,j~ evenen 
IIHLORg0 '(31h1 B~II 3~h1) ',y B 'u XEHO~~OH~H X14HL4VOaOx 
-02mE BH ~~laedugos ~w~amtrdne~ OJOHO5148 4U2lW!4L(dllI¶pJ 

,(ww OZ-01) "HHVB yarnqL"0g 
-ueH edxsw ssra~fihuou 111 H~LOOW~O WI~B~HOH huxa~v ~odol 

-OH HdU 'E~~LHOH OJOH 
xetfondr xnaonnshsodudrau en qmr -9mregaVOx - hra~~~h 

-eao~edgaadu mqt~ro~~ehono~~g .IZ JK~ ahWsHeHOEad 
-You (~HW nns) '3 WL~ . . --- - 
-0XAa ~OHHL(0130U 
o~svalrrredeu hruaa n 
~OHHaholUXUOU U '3 ed 
-0LBJHaUHOH M4hlOCV 

-ow 5 olah aL'sOU 'wsaJ 
)1 LIJLaLaehMVHYOU 4L-l 
-eeosedgoadu uxyodrs 
-eH '(431~ 00s 
-LI) '3 edoresnau 
-HOW OJDHH~R~~~U HI3 
-0HW BHHaHaIVEW IYaL 
-hu LI~LHYOEEWO~U edor 
-edana~ engodr~e~ 



si 
:;
 

Fi;;
 

8
1

3
 

S
E

E
 

P
S
 

m
"Y

 
2

2
- 

:%E
 

=
g(

D
 

S
W

"
 

y
g

 
3
2
 c

 
,..,

! 
2 

b 
g

s
z

 
m

"
 2

 
E

g
 8 

z:
; 

5
.2

- 
b

e
 

X ::
 

2 
g 

e
v

 
z 

?2 :
 ,O 

3 
3 

.L
Y

k
 

(D
 

s
- 

(D
O

 
X

 
LU

 
7'
? 

x
r

u
z

x
x

a
a

 
-
o

r
 

S
O

X
 

w
r

u
s

 
O

h
 

U
~

P
~

S
 

m
w

 
e

m
 

r
 

=
%

R
7

=
lo

3
 

n
"

~
z

~
~

$
%

~
2

 
E

S
~

E
 

x
n

4
s

0
a

~
~

~
w

o
 

m
 

m
 

P
a

 
+

y
o

z
*

&
g

$
 

$
g

g
$

E
s

E
~

o
~

F
 

X
U

 E
 
Z

 
r

P
S

 a
2

 R 
*

w
l

 
F

O
E

C
Y

:
 

X
r

 
u
 o
n

o
g

R
N

8
x

n
S

 
n
 

w
 

x
z

 
g

a
3

z
g

y
l~

z
x

a
g

 
x

g
e

:
~

 
a

~
=

.s
g

,~
 

N
S

 0
 
g
 2

 
"

~
%

b
S

l
~

~
~

~
 

I -
m

a
 

E
 g

" 
w

?3
 E

 ,%
 

01
 

3 
>

+
 3

 a
=

 
m

 
s

u
 5 

g
-a

o
?

'x
=

Z
.,

 
. 

"Z
y

n
2

E
 

a
 

!2 
t:

o
n

m
n

m
o

g
m

W
 

t:
%

2g
xs

y,
:.

z 
- 

x 
x

x
3

3
2

3
z

a
 

3
 

2
x

"w
;5

E
~

g
rw

 
a

. 
>

g
=

x
e

m
2

 
~

~
*

"
m

C
w

o
n

X
 

x
z

 " 
E

c
~

 
m

*
 

z
s

u
+

B
~

w
l

~
~

 
3

 %
-
"
Y

: 
$

 >
u

 

s
w

$
E

B
m

m
w

m
w

 
" 

0
 
0
 
"

0
 =

 5
g;

g 
x

4
.E

'i
f-

u
v

 C
X

a
 

a
 

U
%

O
E

 
O
 

x 
m

 z
n
 

m
 w

 
R 

N
W

 
w

 
X

 
"-

>
 

.z
g.

:a
sa

:,$
 

O
T

2
0

1
T

'+
'P

x
. 



" 
Pnc. 23. n o p r a m a ~ t d  ~ u p o n t ~ d  3AeKIpH3aTOp 

B KaWCTBe 3JEHTpOAOB BMeCTO H H T ~ ~  MOrYT HCUOJbSO- 
sarbca nar'&$o~~b~e urnbr, ycTaHoeneuHble B ruaxMarHoM no- 
pnAKe B Da-TpM PnAa Ha 6noxe H 3  XOpOUerO AU3neKTQHKa, 
HanpnMep w3 opranurecKoro creKna (pwc. 23). 

,&In  Tor0 ~T06b1 Ha3JeKTPH30BaTb @ToUOJ ~ P O B O A H H K O B ~ ~ ~  
cnoir ~nex~po@o~orpa~usec~o i i  6 y ~ a r ~  (puc. - J' 4). ee n o ~ w a m r  
Ha nposonnluym 3 a 3 e ~ n e ~ ~ y r n  - n o ~ n o m ~ y  ( ~ e ~ a n n u s e c ~ y m  
~ J ~ C T H H ~ ) .  ~ ~ ~ ~ K T P H ~ ~ T O P  nOAKJlloqalOT , K  HCTOsHHKY HanpR- 

Pnc. 24. 3 n e ~ r p m a r r ~ n  @ m n o n y n p o s o n ~ a ~ o s o r o  
uron nopTaTHBHhlu onerrpwaroporr 
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x e H w n  u H e c K o n b K o  pa3 n p o B o a f l r  RM T y a a  w o 6 p a r ~ o  no no- 
BepXHOCTW CnOE.  

~ J I ~ K T ~ W ~ ~ U H K ) ,  K a K  hIbl YXe YIIOhtUHanW, npOBOfi5iT B T e N -  

H o r e .  3 . q e m p n 3 a ~ o p ,  n o 3 ~ o . q r r m m w f i  o c y q e c T s n n T b   TOT npo- 
UeCC B CBeT.lOM nOMeUIeHUH, Bb lnOnHeH B BWAe 5lUIHKa ( ~ a  pWC. 
25 OH n O K a 3 a H  CO CHIITO~? KpblLUKol?), C HanpaBnII lOlUHMW &JlE 

n e p e h i e u r e n n r r  3ne~~po@o~orpa@wsec~oir n n a c T u a b 1 ,  n o h i e u e n -  
 oil B K a c c e T e .  EHYTPW n u m a  H a  U W ~ H W ~ ~ H ~ ~ ~ K N X  n p y m a x  
n O X B H X H 0  YCTaHOBneHbl  C T O ~ ~ K U ,  H e C y U U e  npOBOJlO'll<bIe 3 n e K T -  

pow.  n p o ~ o n o s ~ w  s a m w u r e n b l  c B e p x y  3 ~ p a ~ o b i  u3 opraunqe- 
c K o r o  creltna. Oana ~3 c r o e K  n p u K p e n n e H a  K qenw, ~ o ~ o p y m  
h r o m ~ o  n e p e h { e u a T b  c ~ O M O U I ~ K )  PYKOIITKW. 

.&lE T o r 0  9 ~ 0 6 ~  H a 3 n e K T P U 3 0 B a T b  IlJIaCTHH)', KaCCeTY BABU- 

r a W T  B IIUIWK. BblABHralQT l l lTOPKy KaCCCTbl, IIOa&TK)qaK)T 3JleKT- 

POAbl K UCTO'LHWKY H a n P R X e H W I I  W MeaJIeHHO I l e p e h l e U a K l T  

3JIeKTpORbl  B a O J b  n.laCTl3HbI. Koraa 3dTeKTpW3aUWR 3aKOH' IeHa ,  
UITOpKy KaCCeThl 3 a 3 B U r a l o T  W BblHUklaEOT KaCCeTy W 3  3JIeKTpW- 

saropa. 3 n e ~ r p o @ o ~ o r p a @ w s e c ~ a ~  n . l a c T a e a  r o T o B a  K yn0.r- 
pe6nennm. 

B CTaUWOHapHOM ~ ~ ~ K T ~ o @ o T o ~ ~ ~ @ W ~ ~ C K O M  O ~ O P Y A O B ~ H W H  

3 n e ~ r p w 3 a u ~ m  H e p e n l t o  ocyuecre.nnmr r a K ,    TO u ~ J I ~ K T P O ~ I  
W @0~0~.10fi HenOABUXHbI.  B 3TOhI C . l y q a e  H a  nOBePXHOCTH 

t p o ~ o n o n y n p o B o a H a K o B o r o  CJIOR B O ~ H W K ~ I Q T  T o q e w b l e  oqaru 
sne~rpa~auuw,  ~ e x n y  ~ o r o p h ~ h i ~  na6nmaamrcn k n e e  wna Me- 

lice 3HaqWTC51bHbIe 3830pb!. a0 XOPOLUO BUaHO H a  PHC. 26, H a  

KOTOPOM a306pame~ yqaCTOK ~ ~ ~ K T ~ o @ o T o T ~ ~ @ u ~ ~ K o ~ ~  n n a C -  
T W W ~ I ,  n o ~ ~ e p r ~ y r o i l  ~ . ~ ~ K T P W ~ ~ U U U  no 3roh1y  cnoco6y, a 3 a ~ e ~ i  

npoxsne~noB (6e3 s ~ c n o ~ u p o s a 1 3 w 1 1  ~ a ~ o r o - n w 6 o  w306pame- 
HwII). 
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P ~ B H O M ~ ~ H O C T ~  9J leKTpU3a-  
usw M o x e r  6 b a b  n o e b l r u e H a  pas- 
HhUlU C ~ O C O ~ ~ M H ,  B WiCTHOCTlt 

n y T e M  coo6ueaua ~opoaupyw- 
UHM 3 n e ~ ~ p o ~ a ~  ~ 0 n e 6 a ~ e n b -  
HblX A B U ~ ( ~ H U ~  B nnOCKOCTB, 
n a p a n n a b a o f i  noeepx~o-  
CTW ( P O T O ~ O ~ Y ~ P O B O ~ H ~ K O B O -  
ro C,TOx. Pwc. 26. Ysacron snertpo+mo- 

K O ~ A ~  3 n e K T p O A b l  H3hfeHnlOT rpa@a.tecmofi nnaCTHHbl, nonsep- 
H a n p a e n e H H e  ~ o n e 6 a f l ~ f i .  OHU ~ H Y T ~ I ~  ~ ~ ~ K T P H ~ ~ U U H  c KOMYY- 
H e c K o n b K o  ~ o n b u ~ e  s a ~ e p ~ p s a -  'nPYm'4HM YCTPmCTso~ (c"Pa~a)  

H 6es Her0 
m C I I  H a 2  ~ J ~ ~ K T P W ~ Y ~ M O ~ ~  "0- 
e e p x a o c ~ b m ,  B p e 3 y n b ~ a ~ e  sero 
H a  ~ O C . I ~ A H ~ %  lW3HUKaloT 30HbI  l l ~ ~ b l l l ~ e ~ ~ ~ f i  3JIeKTPU3a4WU. 

~ H ~ ~ H T C ~ H O  Qnee p a ~ ~ o ~ e p ~ b ~ A  sapna nonysaacn c no- 
MOlUbW ~ O C J I ~ A O B ~ T ~ ~ I ~ H O ~ " ~  KOMMYTaUNll ( ~ e p e ~ . m 3 9 e ~ H 1 ( )  ABYX 
CHCTeM 3neKTll0,YOB. DaCllOi lOXeHHblX,  H a n p H M e p ,  8 UI IXMIT-  
HOM nOPRAKe.  - 

Ha U ~ O ~ F I U H O H H O %  n n a c T H H e  I (DUC. 27) VCTaHOBneHbl  Me-  . 
~L , . 

T a n n U q e C K H e H r n M 2 - 1 1 .  Bce s e T H b l e  UrAb l  n O E K n l o s e H b l  K KOH- 
TaKTY 12, BCe H e g e T H b l e  - K KOHTaKTY 13. K O H T ~ K T ~ ~  nOAK.qH)- 
YaKW K K~KOAIY-I?W& K0IIMyTWpYK)UleMY YCTPORCTBY, o6ecne- 
seearoqehty noosepeaaoe n o W n m s e H n e  seTHblX H ~ e s P T ~ b l x  
UTJI K NCTOqHHKy nOCTOnHHOr0  TOKa BblCOKOrO H a l l P I I X e H H I I  14. 

B K a s e c T s e  K o m y T w p y m q n x  y c ~ p o A c r ~  06b1s~o H c n o n b -  

3YWT 3J7eKTpOHHble Y C T P O ~ ~ C T B ~  H n U  p e r y . l K p y W b l e  rZ3OBble  
p a 3 p W H U K U ,  UIyHTUpOBaHHble  KOHAeHCaTOpaMU. 

I I p o ~ o a a u r y ~  nOAdIOHcKy 16 @ ~ o n o n y n p o B o a n u K o B o r o  cnox 
17 B npouecce s n e ~ ~ p u s a u u n  H ~ O ~ X O A E M O  s a s e u n u ~ b .  Ha pw- 
C y H K e  n o ~ a 3 a ~  u o u e a T .  K o r A a  n e p e a n w a - r e n b  15 n o a K n r o s w n  

. BblCOKOe H a I l P R X e H l l e  K geTWbIM HrJ IaU .  



Mexny OCTpURMH H I ~ ~ ~ ~ c T H H o ~  16 
2 06pa3ye~cu 3 n e K T p H s e C K O e  none, KOTOpOe 

I s b l 3 ~ s a e ~  0 6 p a s o e a ~ ~ e  ~ o p o ~ ~ o r r o  pa3pn- 
A a  H O C W e H H e  O T p H U a T G l b H O  3 a p f l X e H -  
HblX WOHOB H a  IIOBeDXHOCTH CJlOfi 17. 3 0 ~ a  

9 
PEC. 28. K o p o ~ ~ p y -  
~ U H B  s n e ~ ~ p m 3 a ~ o p  
c 6annacTHhl~a con- 

DOTHEJieHHIlMB 

OCaXAeHWR HOHOB 07 4eTHblX HrJ l  n O K a 3 a -  
H a  CnnOUHbIMH JIUHHRMH 18. 

K o r ~ a  n e p e K n m s a T e n b  15 s a ~ u ~ a e ~  
KOHTaKT 13, HaqWHaWT KOPOHWDOBaTb He-  

YeTHbre umu. O c a x n e ~ ~ i .  woios T e n e p b  
' yXe IIpOHCXOnHT B npe,Q'UaX 3 0 H ,  OrPaHW'leHHblX I I ) H K T U ~ -  

HbIMW JlWHWRMW 19. 
~ P H  6 b l ~ ~ p 0 f i  KOM'dYTaUWW IIPOHCXOnHT HaJ IOXeHWe HOHOB C 

9eTHblX W He'leTHblX O C T ~ W ~ ,  9TO 06ecnes~~aer  PaBHOMepHOCTb 

3neKTpH3aUWH CJlOR. y q a ~ T o ~ 3 n e ~ ~ p ~ 0 T o r p @ ~ q e ~ ~ 0 f i  nJIaCTU- 

HU, n o ~ ~ e p r ~ y ~ b l f i  ~ ~ ~ K T P W ~ ~ U H H  c K O M M ~ ~ T H ~ ~ W L U W M  yc~pofi- 
CTBOM. n o K a 3 a H  H a  PHC. 26 cnpasa. n p ~  cpasnentiu m r o  
Y q a C T K a  C COCenHHM H a r J l R n H O  BHAHbI n P e H M y U e C T B a  TOnbKO 

9 T O  OllHCaHHOrO MeTUna.  
BO BpeMJl 3 J l eKTPH3aUHH C.qOR MOrYT IIPOWCXOAWTb B H e 3 a n -  

Hb le  HCKpOBble p a 3 P R n b l -  ~ ~ ~ K T ~ w ~ W K W B  npo6ofi. %O B e n e T  
3a ~06Of i  MrHOBeHHOe H KpaTKOBp&UeHHOe n p e K p a I l 4 e H H e  np0- 
uecca s n e ~ ~ p ~ s a u w u .  Ha y s a c T K e  p a 3 p n ~ a  ~ a 6 n w n a e ~ c ~  pe3~oe 
c n w m e H u e  n o T e H u w a n a ,  coo6qamoro @ o ~ n o n y n p o ~ o ~ ~ w ~ o ~ o -  
MY CnOH). .ECJ~H IlpOflBWTb ~306paxe~we.  3KCnOHHpOBaHHOe H a  

T ~ K O ~  CJlok, 6 y A y ~  X O p O U O  BHAHbI ~~0e06pa3Wble 6enue n o n o c b I  
U n H  n f i T H a  B @ p ~ e  3B-A, YTU C H W X B W  K a q W T B O  ~ 3 0 6 p ~ e ~ ~ f l .  

Obb19~0fi. ~ e p 0 f i  6 0 p b 6 b l  C SneKTpWYWKWM npokm n a n n e T -  
CR C H H x e n r i e  H a n p f i x e H H R ,  n o A a s a e M o r o  H a  s n e ~ ~ p o ~ b l .  
O A H ~ K O  3 T 0  IIPHBOAWT K CHWXeHWW HHTeHCWBHOCTH 3 n e K T P H -  
3aUUH,  9TO ~ e U ~ e ~ 0 0 6 p a 3 ~ 0 .  Eonee ~ @ ~ K T H B W O ~ (  uepofi 
RBJlReTCR nOCneAOBaT 'UbHOe  BKflH)'leHWe B U e n b  K a X A O r O  

KOpOHWpyIoure rO  3J l eKTpOAa  1 ( ~ u c .  28) 6annac~~h1x COIIPOTHB- 
n e ~ ~ f i  2, B e n H q H H a  KOTOPblX BaPbHPYeTCf l  B I IpeAeJ IaX 1- 
3 MeroM.  

TOK KOpOHHOrO p a 3 p R A a  C OAHOrO 3 n e K T P O A a  - OKOnO 
I0 m u ,  a conpmwsneawe ~ o s n y ~ ~ o r o  n p o M e x y T K a  M e m y  

3neKTpOnOM H ~ ~ T O ~ O ~ ~ ~ ~ O B O A H H K O B ~ I M  CJlOeM - HeCKOnbKO 

c o T e a  MWOM. n p u  H a q a n e  npohrr c o n p o T n s n e H n e  sa3opa 
htrHOBeHH0 n m a e T  A 0  HeCKOJbKHX OX. B p e 3 y n b T a T e  get-0 n p O -  

W C X O ~ H T  6 b l c ~ p o e  H a p a c T a H u e  T o K a  KOPOHM. Y~e.~~qenrie c u n b l  

T O K a  npWBOAUT K YB'UWqeHWW CTeneHH IIaAeHUR H a l I p R X e U U R  
H a  ~ ~ J ~ ~ ~ C T H O M  COnpOTHBneHWH H OAWOBPeMeHHO K CHllXeHHH) 
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TOHKHX n P O B O J 7 0 9 e K  10, p a C n O . l O X e H H b I X  B ~ o P H ~ o H T ~ . T ~ H o ~ ~  

n J O C K O C T H  M e X n y  K O p O H H p y m q u M H  3 A e K T p O A a M H  H @ T O ~ O -  

J ~ ~ I I ~ O B O ~ H H K O B ~ ~ M  CJlOeM. ~ O T ~ H U W ~ A  H a  nOIIO. lHHTWbHOM 

3.TeKTpOjle H3MeUReTCR I l p H  nOMOlUU I l O T e H U U O M e T p a .  Pe- 
r y J l H p y R  B ' U H s H H y  n o T e H u u a n a  H a  AOnOnHHTe. lbHOhl  3 J e K T -  

H3MeHflHIT C T e n e H b  3 n e K T p H 3 a U H U  ~ J ~ ~ K T P o $ o T o ~ ~ ~ -  
@ ~ s e c ~ o i  nnacmnu H.IH 

6 y ~ a r H .  
3 n e ~ ~ p  U 3 a T O p  &nee 

n p 0 ~ ~ 0 f i  KOHCTPYKKHH 
~ 3 0 6 p a x e n ~ a p w c . 3 1 . ~ 0 -  
n ~ . I I ~ ~ ~ e . i l b ~ b l f i  3 n e K T p O A  

B b l n O ~ l H e H  3 X S b  B B H S e  
3 a M K H Y T O r O  M e T a n n H ' i e -  
c K o r o  3 ~ p a n a  I, o x a a T b 1 -  

salouero K o p o H H p y l o u w e  

Pnc. 31. 3 n e ~ r p u s a ~ o ~  c SKPSHUPYIP 3J7eKTPonb1 3 ~ 7 e ~ ~ ~ ~ 3 a -  
UHM 3 n e ~ r p o a o m  uwn n0JlynpOBO;lHHKOBOrO 



c.~on 3 ocyuecTnmReTcn sepe3 a , ~ l l ~ ~ y m  n YBKYIO i~wb 4 B 
3 ~ p a ~ e .  P~CCTORHU~ OT uenw no son - oKono 10 f i ~ .  KOPO- 
HWpyIOIKUe 3JleKTPOjl.bI H 3KPaH COe&WHeHbl C WCTOYHHKOM TOKa 
5 sepe.3 IlOTeHUHOMWp 6. 

Cnoco6 ene~rpnsaqaw nyTev @p~wposanwn KoponHoro 
p a 3 p ~ ~ a  B nopax ~ w s n e ~ ~ p u ~ o s  ' 06ecneswnaer pasnoMepHyro 
e n e ~ ~ p u s a q u t c  @ ~ o n o n y n p o ~ o ~ ~ a ~ o ~ o r o  cnon. Cnoco6 3 a ~ -  
n ro samn  B CneaytcueM. Mexay nnocKnhl hfeTannnsecKnht 
3JleKTpOjlOhl 1 (PHC. 32), IlOAKJlloYeUHblhl K OTpUIIaTenbHOMy 
nOJH)Cy WCTOYHHKB BblCO- 

KOrO HanPRWeHIiR 2, W 

@ O T O ~ O ~ ~ ~ ~ O B O ~ H U K O B ~ ~ ~ ~ .  
UOehl 3 d ' I e ~ ~ p ~ @ ~ ~ r p a -  

! 
6 

@asecKoB nnacrwnbl Hnw 
L 

6 y ~ a r n  3 no#euiaior nnac- 
c TUHV 4 H 3  K ~ K O ~ O - , ~ U ~ O  

h nOpkCTOr0 AU3.WKTpUKa- 
Oop~nposamae nopommoro 

unn uennvnouna. Tonmn- , . .  
Ha nnacrnHb1- oKono 0 , 2 5 n c ~ .  

B O ~ M O X H ~ I  pa3.?UYHbIe RapWaHTbl 3TOr0 cnoc06a. TIK npu 
pa60~e  C 0 6 b l Y ~ b l ~ ~  YHUIlOd1RPHblhlU WJIU ~ W T I O J I R P H ~ I M W  KOPOH- 
HWMH 3JeKTpH3aTOpaMH J(H3JleKTpUYeCKYH) nilaCTWHY nOh1eUa- 
EOT Mexay u r n a m  n @mcnoeM nnw hleiiily wrnaMn w noL- 
noxrofi cnon. Bo Bcex cnysanx SO npnBonnT K nonb1meHHio 

, PaRHOMepHOCTU 3neKTpU3WUU. 

5 n s y x c ~ o p o ~ ~ n n  w e w ~ p ~ s a q ~ n .  Koraa nonnomaa nony- 
nposoaHwKosoro cnoii xopomo npoaoanT a n e ~ ~ p w s e c ~ w f i  TOK, 
rpaneHT noTeHuwana 3 a p n m e ~ ~ o r o  CJIOR, KaK SO n o ~ a 3 a ~ o  
n a  pwc. 33.u. Ha rpaHwqe ero c n o ~ n o i ~ o i c  paseH nynm. 

R E C . ~  me nonnomKa obnailaeT B ~ I C O K U ~ ~  l1aenbnblM C O ~ P O T R -  

$. B.wHueM, TO rpanaeHT noTeaqwana w Ha rpanaue cnon 
I U I I O M O X K U  HMeeT HeKOTOPYH) KOHe'LH)W BeJWYHHy (PWC. 33,6). 
5 Eolw npO3KCnOHUpOBaTb TaK0fi ~ ~ ~ K T ~ ~ T o ~ ~ ~ @ H Y ~ c K U % " I  

t . Marepwan Ha c n e ~ y ,  TO nonepxnocTb c.1011 ~enonnpw3ywcn. 
$ O ~ H ~ K O  Ha rpaHUIIe CIOR U IIO&'IOXKU 1leK0~0pblfi K O H ~ Y H ~ I ~ ~  
^ norenunan ocTaHe.rcn, a60 noa.uomlta o6naaae~  xopomnhfu 

n 3 o n n p y i o ~ H ~ n  c s o f i c ~ s a ~ u .  n p u  nponBneHww u306paxe~an  

f ' npeanoxee H. M. ~ ~ R ~ B H ~ K C O M .  b. 



... 
Pnc. 33. Fpan~enr norennnana s n e ~ ~ p @ o r o r p a ~ ~ s e c ~ o r o  marepmna 

n O T e H U U a n  3TOT IlpWTRHeT KaKOe-TO KOnWPeCTBO UOPOUIKa- 
I I p O R B H T U R ,  YTO HCKa3HT I lpaBWIbHOCTb BOCIlPOW3BeAeWH%. 

~ J R  TOrO 4~06bl IIOTeHQHaJl H a  r p a H U q e  [POTOCI~OII H IlOA- 
n O x K U  6 b 1 ~  p a B e H  I1Y.TW, HeKOTOpble  aBTUPbl peKOMeHAYkOT 

I lpHMeHRTb AByXCTOPOHHWW ~ J I ~ K T P W ~ ~ U H I O ,  I l P H 9 e M  U O K )  
c o o 6 ~ a ~ n  IIOTeFlUHaJI OAHOR nOJlnpHOCTH, a I l O M O X K e  - 
A p y r O k  UOJRPHOCTH ( ~ u c .  33, 6). 

~ B ~ X C T O ~ O H H I O ~  3 n e ~ ~ p w s a s u m  qenecoo6pa3~0 npwmenmb 
npw pa6me c 3 n e ~ ~ p + ~ o r p a @ ~ ~ e c ~ w ~ n  Gymara~w B xapltoe 
B p e M n  r o n a ,  K o r A a  c o A e p x a n H e  snarw B 6 y M a x ~ 0 8  n n n n n x K e  
HeBenHKO H npOBOAHMOCTb 6 y ~ a r w  Maria. Q o ~ o n o n y n p o ~ o p  
HHKOBOMY CJIOW OKUCU UHHKa C O O ~ W ~ W T  O T P W U ~ T M ~ H ~ ~ ~ ~  IlOTeH- 
uwan, a n o & i o x K e -  nonoxu~enb~blf i .  

J ( ~ y x c ~ o p o ~ ~ r r n  a n e K T p n a a q t i f l  o c o 6 e ~ ~ o  s a c T o  n p a M e -  
HneTcrr  B 3ne~~p+~orpa[Pwsec~wx K o n t i p o e a J l b H b l x  yc~pofi- 
CTBaX, r e  ~ 3 0 6 p a x e ~ w e  MHOrOKpaTHO BOC~POU3BOAUTCR U a  

H e n p e p b I B H O  n e p e M e I 4 a K ) L U e ~ C R  ~ ~ M W H O M  nOnOTHe ,  IlOKPblTUM 
c n o e M  @ u ~ o n o n y n p o ~ o ~ n w ~ a .  3 a 3 e M n U T b  n o A n o m K y  B ~ T U M  
cnysae H e  B c e r A a  y l a a c n .  

M ~ B ~ C T H O  HeCKOnbKO 
p a a n w ~ w b ~ x  KOHCTPYKQHR 
AByXCTOpOHHHX 3 J e K T p U -  
3aTOpOB. O A H ~  H 3  HWX 

w306parne~a H a  pwc. 34. 
Cnok @o~ononynpoeop 
H H K a  I H a  ~ Y M B X H O ~ ~  
n o a m x K e  2 nponycltam 
M e m y  AByMR p n A a M H  KO- 

p o w w p y l o ~ ~ x  urn 3 H 4. 
Mrnbl 3 n o m n m s e a b l  K 
t i c ~ o s ~ w ~ y  H a n p r r x e H w R  

PHC. 34. ~ B ~ X C T O ~ O H H M B  3neKTpH3aTOP m p H U a ~ e n b ~ ~ f i  

HOCTW, WrZlb l4  - K HCTO9- 

H W K Y  H a n p n x e H n n  n n , ~ n x w ~ e n b ~ n j l  n n n n p H n c T H .  ~ P W M ~ P H O  
T a ~ o f i  Xe ~ $ @ ~ K T M O X W  6 t J T b  I lOJYYeH,  eCnH UTJIb l4  3a3eMJIHTb.  
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n p o c ~ p a n c ~ ~ o .  3; naienne 
M O X e T  6 E d ~ b  HClTOJlb30BaHO 
Ann 3neKTPH3aLIHH $ 0 ~ 0 ~ 0 -  PHC. 35. P ? ~ ~ H O ~ K T H B H ~ I ~ ~  3deKTpH- 
JlynpOBOZHHKOBOrO CnOR satop 

~ n e ~ ~ p ~ o ~ o r p a ~ w s e c ~ w x  
XJlaCTHH. ~ P H H U H ~  AeficTBHIl PaKHOaKTHBHOrO 3J l eKTPH3aTOpa  

noncnew H a  PHC. 35. 
Han 3ne~~potpo~orpar$wsff~ofi nnacrn~ofi, n p e A c T a s n n D -  

Uefi ~ 0 6 O f i  $ ~ T O ~ O ~ ~ ~ ~ O B O A H H K O B ~ ~ ~ ~  U0fi .I H a  n p 0 ~ 0 A ~ u l e f i  

n o A n o x K e  2, noMeuelleea M e T a n n n s e c K a n  n n a c T w n a  3, H e c y u l a n  
L10fi paAHOaKTHBHOr0 nO.lOHHn. Ann 3CllUHTtd 3TOTO UlOR 

OT M e X a H H s f f K H X  n 0 ~ p e E Q W I H f i  I lOBepX H e r 0  3.VeKTpOJIHTH- 

WCKHM nYTeM HaHOCIlT TOHKYM n J l e H K y  30JlOTa.  n J l e H ~ a  3 T a  
Z O n X H a  6 6 1 ~ 6  AOCTaTOWiO TOHKB, 9 ~ 0 6 ~  l lpOnYCKaTb  nOTOK a- 
VaCTHU C nOBePXHOCTH nO.VOHHR. P ~ K O M ~ H A ~ ~ M ~ U  TOJlulHHa 
IIneHKH - OKOnO 2 MK. P ~ & u o ~ K T w B H ~ ~ ~ ~  IIo.~oHHR H 3 J l y 9 a e T  
a-qaCTHUbl ,  KOTOPble HOHH3HPYmT OKPY)KBK)UH~~ 803AYX. CnO- 

C O ~ C T B ~ R  nOnBJIeHHM KaK OTpHl4aTeJIbHbIX, TaK H n0J lOx tHTenb-  
HblX HOHOB. &'Ill T o r 0  ~ ~ 0 6 b l  3aCTaBHTb HOHbl onpenene~~ofi  
nOnnpHOCTH OCaXAaTbCR H a  n0BepXHOCTH L$OTOC~OR, n O A n O X K y  
H M m a n n w s e c K y m  n n a c T w H y  coenmnm c HCTO~HHKOM n o c T o -  

IlHHOrO TOKa. 3 J l e K ~ p H s f f K o e  none, B O 3 H H K a M U e e  MeiKny 

n o ~ n o x ~ o h  H n n a c ~ u ~ o f i ,  3aCTaBJlReT HOHbl OnHOrO 3 H a ~ a  
OCaXAaTbCfl  H a  nOBePXHOCTH C.'IOR. P ~ C C T O R H H ~  M m A Y  nhac- 
T H H O ~ ~  H c n o e M  - o K o n o  5 MN. 

Yc~poficr~o AOnXHO 6b lTb  IIOMeUeHO B repMeTH¶ffKH 3aMK- 

~ y ~ b ~ f i ,  ~ e m p o n ~ u a e ~ b i f i  3.m H O H H ~ H P ~ M U ~ ~ O  ~ 3 n y s e n ~ n  
COCyA. O ~ ~ C H O C T ~  PaAHOaKTHBHOrO H3JQ"IeHHR U H ~ O ~ X O A H -  
MOCTb HPeAOTBPaUeHHU ee - rJIaBHb1fi HeAOCTaTOK PaAHOaK- 

THBHbIX 3neKTPH3aTOPOB. T ~ K  KaK IIepHOA I I O n y p a C I I a A a  paAH0-  

aKTHBHOr0 HOJlOHHIl P a B e H  140 AHRM, H 3 J l y ' l a T M b  IIepHOAHW- 
CKH H W ~ X O A H M O  3aMeHIITb.  

P ~ ~ H O ~ K T H B H ~ I ~  3JleKTPH3aTOPM H e  nOJlYYHJlH P a C n p O C T p a -  

HeHUH. 

@mononnp~saq~n cnon. M e T o A  3 n e ~ ~ p n s a u u ~  @~ono- 
JIynpOBOAHHKOBOrO L I O R ,  0 6 e c n e s ~ ~ a ~ q ~ f i  AflHTeJlbHOe CO- 

xpanenue n o ~ e ~ q ~ a - l a  H a  ero n o s e p x H o c T H ,  3 a ~ ~ l m r a e ~ c n  B 

%' 
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Pnc. 36. C x e ~ a  @ o m a n n p u s a u n e  nanynposonHHKa 

~ o n o n n p w 3 a ~ w w  cnon, B npouecce ~ o ~ o p o i r  cpo~ononynposop 
HWKY c006mam~ @ T O ~ J I ~ K T P ~ T H O ~  COCTORHHe. 

B 1921 r. nnonc~wfi @ H ~ H K  M. 3 r y ~ n  n o M e c T u n  p a c n n a B -  

n e ~ ~ b l f i  AH3JleKTpHK h f m j y  RBYhIFi 3.qeKTPOLlah!W,COeLIRHee1HblMW 
C WCTOYHWKOM IIOCTORHHOrO TOKa  BblCOKOrO H a n p R X e H H R .  K o r ~ a  
AW3neKTpHK 3aCTbld1, H a n P R X e H U e  6b1 .~0  CHRTO. M c L l e ~ y R  
ceohc~sa sac~brsmero nos H a n p R m e H w e M  cnon. 3rysw y c T a H o -  

B u n ,  q T 0  AH3JeKTPHK nOJlYYWJl C C ~ O C O ~ H O C T ~  I lPHTXTHBaTb,  

110~06~0 M a r  HUTS, J l e r K H e  npeAhleTb1.  T a ~ o f i  3neKTpOCTaTU- 
qecKWfi  aHa;rOr  noCTORHHOr0  hfarHWTa 6~ H a 3 B a H  3neKTpeToM.  

B 1937 r. 6onrapc~w8 ( P H ~ W K  r. Hanma~os  npojenan cne- 
~ y F O l 4 U k  Ol7hIT. H e 6 o n b l u o B  ~ B e p A b l R  AWCK I (PHC. 36) U3  

c e p b l  n n o m a j b m  10 CM' H TOJILLIWHO~ 1.7 M M  6bm n o M e m e H  

M e m y  ABYMX ~ J I ~ K T P O A ~ ~ ~ W ,  OAWH ~3 K O T O ~ ~ I X  n p e j c T a s n n n  
~06Jfi MeTaJd lHqeCKyIO Il . laCTHHy 2, a B T O ~ O ~  - TOHKYK) I lpO-  

3 p a q H y K 3  Il . leHKy 3JleKTpO.lHTa 3 B C e p e 6 p R H 0 ~  KOJlbUe 4. 
K 3neKTpOAah' l  6 b 1 n o  n p H f l O X e H 0  H a n p R X e H U e  OKOJIO 80 e, 
OT WCTOYHWKa IlOCTORHHOrO TOKa  5. qepe3 4 hlHH. I I O L l e  TOrO. 
KaK nanpnmenwe 6b1.10 n p H n o X e H 0  K A U C K ~ ,  OH 6bm O c B e q e H  
sepe3 sepxnwfi n p o 3 p a r ~ b l f i  s j r e K T p o j  n a h l n o f i  6 (200 em). 
~ K C I I O ~ H ~ W R  j.lWJlaCb 10-15 MWH. 3 a ~ e ~  JlaMny BblKJlIOqaJU H 

CHWMann W a n p R x e u H e .  
M c L l ~ y n  3aTeh l  C B O ~ ~ C T B ~  AHCKa, H a n x a ~ o s  yCTaHOBW.l, 

qTU AWCK RBJlReTcR 3JleKTpeTOh1, n p H q e h l  C O X p a H d e T  IIOCTORH- 

HYIO n o . ~ n p ~ 3 a q ~ 1 0  B T e q W n e  n n w r e n b n o r o  B p e M e u n .  A H ~ ~ ~ K T -  
PHK, npwo6pe~al0qw8 csokc~sa  s n e K r p e T a  n p H  ocaeuenww 
non H a n p R x e H t i e h l ,  . nonyrnn H a s s a n w e  @orno3netimpemiz. 
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~ J I ~ K T P H ~ ~ u ~ ~ I O  CJlOR B ~ . ' I ~ K T ~ C @ T O ~ P ~ ~ W H  0CYULeCTB.qRIOT - 
aHaJOrUYHblM 06pa30~. O H a  C o n p a H R e T c n  %.lee A.'IHTUbHOe 
Bp"% OAH~KO 0 6 ~ 9 ~ 0  @ O T O ~ O J ~ A ~ U ~ ~ U U R  I IOl lBepTa loT  H e  BeCb  
c p o r o n o n y n p o ~ o n ~ w ~ o ~ b ~ t  cnoii, a n m u b  H e K o r o p b l e  ero ysacr- 
KW, COB0K)'nHOCTb KOTOpblX 06pa3ye~  ~ 3 0 6 p a x e ~ ~ e .  T ~ K o ~  
cnoco6 nonyqun ~ a s s a ~ w e  3,1e~~p+~orparpwu H a  @ o ~ o s n e ~ r -  
p e T a x .  

C p w ~  npyrwx cnoco60~ 3 A e K T p H 3 a q l f H  ~ 0 4 l y ~ p O B O j l H H K O B b T X  
CJlOeB ~ e o 6 x o a u h l o  YnOMRHyTb  U H W K U H O H H ~ ~ B  cnoco6. OH 
COCTOHT B TOM, 910 ~ ~ ~ ~ K T P ~ T O ~ P ~ @ M ~ ~ C K Y K I  I lJ laCTHHy nOA- 
HOCRT K I l r l a C T W H ~ a T O M y  3 J l e K T p O n y ,  COe&HHeHHOMy C OAHHM H 3  
3aXWMOB KCTOYHHKa IlOCTORHHOrO TOKB. Henam 370 H a  CBeTY. 

non & ~ ~ ~ C T B H ~ M  ~ ~ ~ K T ~ O C T ~ T U W C K O ~ ~  WHAYKUHW H a  I lOBepX-  
HOCTW C ~ O R  renepwpyelcn n o T e H q n a n ,  n o n R p H o c T b  K m o p o r o  

, n p m H B o n o n o x H a  ~ O . ~ R ~ H O C T H  n o T e H u H a n a  snewpona. 3 a p ~ n  
n p o T u e o n o n o x H o r o  m a ~ a  ysonw~ yepea s a s e ~ n e ~ ~ p l o  non- 

! . non iKy .  E c ~  T e n e p b  Bb lK .1m~HTb  CBeT H y 6 p a T b  3neT;TpOA. 
H a  @ o T o ~ O ~ ~ H ~ O B O ~ H H K O B O ~ ~  CJlOe OCTaKeTCH H ~ K O T O ~ ~ I ~  

U H A Y U I I P O B ~ H H ~ I ~ ~  nOTeHUHaJI .  

U s ~ e p e ~ w e  n o T e H q w a n a  ~ n e ~ ~ p o ~ o ~ o r p a ~ ~ r e c ~ o r o  uon .  
Kasem~o BOCnpOH3BeAeHHH T o r 0  A n H  WHOrO H ~ O ~ ~ ~ X ~ H U R  

MOHteT KOHTP0,lUPOBaTbCR H a  BCeX CTaAHRX 3 J l e ~ ~ p C @ ~ o r p a -  
@ H ~ K K O ~ O  I lpOUeCCa,  I l p e A l U K T B y l o U U X  I lpORBJleHHlo.  OAHUN 
H 3  C ~ O C O % B  T a K O r O  KOHTPOJIR RBJlRerCR 8 3 h l e p e H A e  IIJIOTHOCTH 
a a p ~ n a  (nnw H a n p n x e H H o c T w  s n e K T p w Y e c K o r o  nonn) H a  no- 
B e p x H o c r w  @ ~ o n o n y n p o ~ o n ~ u ~ o ~ o r o  cnon KaK ao, T a K  N nocne 
@ ~ M U ~ O B ~ H H R  CKpblTOrO 3JleKTpOCTaTUqeCKOrO H 3 0 6 p a ~ e -  
HUR. 310 lI03BO.nReT Cne&HTb 3a n p a B U n b H 0 C T b l o  Bb lnOJHeHHH 
OT&eJlbHMX 0nepauFifi. 

M 3 ~ e p e ~ n e  n o T e e u e a . ? a  3 n e ~ ~ p o @ o ~ o r p a @ ~ q e c ~ o r o  cnos 
0 6 b 1 9 ~ 0  IIPOBOART C IIOMOUbIO nHHahlUYeCKUX 3JleKTpOMeTPOB. 

YCT~.IOCT~ ~ O T O ~ O ~ ~ ~ ~ O B O ~ H H K O ~ O ~ O  C.TOFl H MeTOnbl 60pb-  

: , 6bl c H e m  Ecnw s n e ~ ~ p o @ o ~ o r p a @ n s e c ~ a ~  n.uacTwea 
; B TeYeHUe  KOPOTKOPO n p O M e X Y T K a  BpeMeHH HeCKOilbKO pa3 

KCliOJlb3yeTCR &TR @ O ~ M U P O B ~ H H R  CKPblTblX 3JeKTPOCTaTH-  

' HoCRTCR H a  6 y h l a r y ,  J l e r K O  3aMeTUTb.  TITO WTKOCTb woGpaxe- 
i nun n o c ~ e n e ~ t r o  najlae~. n p o ~ c x o n u ~  370 B c1i.7y ~ C T ~ ~ O C T H  

r p o ~ o n o n y n p o ~ o ~ ~ ~ ~ o ~ o r o  c n o n ,  n p e ~ e n b ~ b ~ i i  n o T e H q H a n ,  



y ~ e p w t w a a e h t b r l  n n a c ~ ~ ~ o f i ,  ~ H ~ ~ H T ~ ~ H O C H H ~ ~ ~ T C U .  Oo~ocno~? . 
n e p e c r a e T  y A e p m u s a T b  n o T e a q n a n  B TeMHoTe. B s r o ~  cnysae 
06blqno TOBOPIT, 'ITO me~mmi cnad nmenunana ~ o s p a c -  
T a r n .  

Hauhnee ~ ~ O C T O ~ I  MeTOn 6 0 p b 6 6 1  C YCTaJIOCTbH) 3J leKTpO- 
@ o T o ~ ~ ~ $ J H Y € C K H X  IInaCTHH COCTOHT B TOM, 9TO &TOT[OAY~PO- 

B O ~ H U K O B O M Y  cnom coo614am~ n o T e H u H a n ,  onnna~oe~ i i  no 
aenasnm, HO n p o ~ ~ ~ o n o n o n r n h ~ i i  no B H ~ K Y  panee 6 b l B L U e ~ y  
H a  H ~ M  s a p ~ n y .  nocne a n e ~ r p ~ s a u ~ ~  n n a c T w m a  sacaesuaae~cn, 
a 3 a T e M  BHOBb 3J l eKTpK3yeTCK,  n p H q e M  H a  3TOT pa3 3 H a K  IIOTeH- 
UHFJJIa OnHHaKOB CO 3HaKOM IlOTeHILHaila,  C O O ~ I ~ ~ H H ~ I M  I lPH 
nepeofi s a e n ~ p u 3 a u ~ ~ .  

n 0 B T O p H a R  3J IeKTpH3aUHR ~ ~ O T H B O ~ O J O X H O ~ ~  nOnnpHOCTbK3 
n 0 3 B O J I e T  nO.lHOCTbK3 YCTpaHWTb B p e R H O e  R B n e H H e  YCTaJIOCTH 
@m.ion. 3 n e ~ ~ p @ m m r p a @ u ~ e c ~ a ~  n n a c T n n a  B H O B ~  rmoea 
K H C ~ O J b 3 0 B a H W I O .  

n p ~  CBOeBpehleHHOM YCTpaHeHHH YCTanOCTH @TOC~OR 

npouecc @pWPipOBaHkiI  CKpb lTorO 3fieKTPOCTaTH'IeCKOTO ~306-  
p&KeHWR npaKTWYeCKR H e  BnWReT H a  X H ~ H ~ C ~ O C O ~ H O C T ~  3 n e K T -  
po@~orpa@~necnofi . n n a c T u e w .  Ee c T a p e a w e  emuearncrr 
JIWUlh MeXaHH'IeCKHM HCTHpaHHeM ~ ~ O J ~ ~ ~ O B O ~ H W K O B O ~ O  
CnOR.  O A H ~  n n a C T U H a  M O X e T  6 b I T b  HCnOJlb30BaHa AnnR BOCnpO- 
H ~ B ~ ~ ~ H H R  H e  M e n e e  T M C R ~ U  ~ ~ o 6 p a x e ~ ~ i r .  B  TOM T a m e  
CoCTOHT 60J Ib lU0e  n P e H M y W T B O  ~ ~ ~ K T ~ o @ T o ~ ~ ~ @ H ' I ~ C K O ~ O  
npouecca nepen 0 6 b l ' l ~ o f I  $morpa@neii. 

$ o ~ o n m y n p o s o ~ ~ n ~ o s 6 l e  M a T e p u a n u ,  coxpannmqne s n e s T -  
PHJaqHH) .  M C ~ ~ O J I ~ ~ O B ~ H H ~  @ T O ~ O J ~ ~ ~ ~ O B O ~ H H K O B ~ ~ X  Ma-  
TepHFJJIOB CBIl3aHO C HeKOTOPblM H ~ Y ~ O ~ C T B O M :  HenOCpenCTBeHHO 
nepen Cahfblhl 3KCnOHKpOEaHHeM ~e06XO)lHMo ~ 0 0 6 1 r l W ~ b  C n O m  
~ O B ~ ~ X H O C T H ~ ~ ~ ~  p a B H O M e p H 0  p a c n p e W 2 T e ~ H b l f i  I IOTeHUHan.  

q T 0 6 b l  ~ 3 6 e w t a T b  3 T O r 0 .  ~ U J I U  npeJUIOxeHb1 KOM~HHHPO-  
s a n n b l e  @ T o n o . n y n p o s o ~ ~ w ~ o s b ~ e  nnennn, coxpannrouwe 
sne~~pnsaunro .  Ha M H K Y ~  M e T a n n n s f f K y m  (nanpw~ep, anm- 
~uwnesym)  @onbry l (pwc. 37,a)c oanofi CTO~OHEJ H a H o c x T  cnoB 
@~ononynpo~onwnna 2, a c npyroii - wok n u 3 n e ~ ~ p u n a  
(no.lwc~~pona) 3. O o m n o n y n p o ~ o ~ ~ ~ ~ o ~ ~ ~ f I  cnoB 3 n e ~ ~ p n -  
3ym O~M' IHMMU h t e T o n a h t n .  Qonbry n p H  n o M  s a ~ e ~ n ~ m ~ .  
no M e p e  3J leKTpH3al l t lW O l O I  2 I l n e H K Y  CBOpaYHBaWT B n n 0 7 ~ b l f I  
p y n 0 H  ( ~ H c .  3 7 ,  6) TaKHM 0 6 p a 3 0 M .  r~06bl c ~ o ~ I  AH3JleKTpHKa 
9 npwneran K n o H e p x H o c T n  2, na nompoii ocaxnetm mpwua- 
TeJ lbHb le  3 n e K T p H ' I e C K n e  3 a p R n M .  ~ o ~ ~ W ~ T C R  ceoeo6pa3n~fi 
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ABYMR M ~ T ~ J I ~ H P ~ C K H M H  COeAHHeH- 

HhmtH M a n y  C O & ~  O ~ K ~ ~ A K ~ M H  1 
H a x o n n T c n  @ o ~ o n o n y n p o ~ o ~ ~ w ~ o -  1 

~ b 1 k  ~ 0 f i  H A H 3 n e K T P H K  3. Ha , 
r p a H H u e  M e w y  @o~ononynpoeon- 
HHKOM H A H 3 n e K T P H K O M  P a C n p e -  

A U e H  OTPHUaT&'IbHblA 3 A e K T P H -  
s e c ~ ~ R  a a p n ~ .  HeTpy~no a a M e -  

T H T ~ ,   TO rpanuua cnoee, @om- 
n O J l y n p O B O A H H K  H o ~ K J I ~ A K ~  06- 
p a 3 y l o T  KOHAeHCaTOp C eMKOCTbKl 

C,, a r p a H H U a .  AH3JIeKTpHK H 
06Kna)J~a  - B T O P O ~  K O H n e H C a T O p  

C eMKOCTblo  C,. 06a K O H n e H C a T O p a  d 

B K n m q e H b I  ~ e x m  co@fi napan- P,. 37, o ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ H , , .  
J l U b H O .  X O B ~  MaTepHan, COXpdHRKI- 

C n o h l o q b r o  C P ~ B H H T M ~ H O  olHR 3 n e ~ ~ p u s a u ~ w  
H e C J l O X H b l X  p a C 9 e T O B  M O X H O  no- 
K a S a T b ,   TO cnnrnenne o6mero n o r e H u w a n a  @o~ocnon 6 y ~ e ~  
3 H a 9 H T W b H O  3aMe&fleHO, e C n H  , 4 H 3 n e K T P H q e C K a R  I l O C T U n H H a R  

l L H 3 n e K T p H K a  6 y ~ e ~  B b l U e ,  9 e M  A H 3 n e K T p H q e C K a f l .  I IOCTOflHHan 
@ o T o ~ o ~ ~ ~ ~ P o B O ) ~ H H K ~ ,  a T O n W H H a  C n O R  3 M e H b U e  T O J I U H H b l  

cnon 2. Ma~epwan n w u r e K T p w K a  nonmen T a m e  H M ~ T ~  3naqn- 
Tf!JbHO &nee BblCOKOe Y A e J I b H O e  0 6 a e h r n o e  C O n p O T H B J l e H H e  

no C p a B H e H H M  C 0 6 % e h l ~ b l h l  TehlHOBblM C O n p O T H B J e H H e M  @TO- 

n o n y n p o e o n H H K o e o r o  cnon. 6naronapn s e M y  p a ~ p n n ~ a  KOH- 
A e H C a T O p a  C, 6 y ; 1 ~  n p O H C X O A H T b  BO h I H O r 0  pa3 M e A J I e H H e e ,  

q e M  p a 3 p f l A K a  K O H A e H C a T O p a  C,. 
K O M ~ H H H P O B ~ H H ~ R  @ O T O ~ O ~ ~ ~ ~ O B O ~ H H K O B ~ R  n J e H K a ,  COX- 

paanloman B T e r e H H e  A n w T e ' I b a o r o  s p e h t e n w  s n e ~ ~ p ~ a a u w m ,  
n 0 3 B O i l f l e T  Y n P O C T H T b  H YCKOPHTb ~ I I ~ K T ~ O $ U J T O ~ ~ ~ @ H ~ ~ C K ~ ~  
npouecc. 



B M ~ K T ~ O @ O T O ~ ~ ~ @ H H  3KCnOHHpOBaHHe  CBeTOqyBCTBHTeJlb- 

H O r s  CJIOB IIPOW3BO&HTCII T a K  me, K a K  B 0 6 b l Y ~ 0 k  @ O T O T ~ ~ @ N H .  
I (0peHHblM OTAH'IHehl ~ J ~ ~ K T P o ~ $ O T O ~ ~ ~ @ H H  OT ~ $ O T O ~ ~ ~ @ W U  

H a  ranorenw~ocepe6pn~brx c n o R x  R s n n e T c R  TO, s ~ o n p o u e c c 3 ~ 0 ~  
qaUe BCWO O C Y U S T B n R e T C R  no CXeMe Un03UTHB - IiO3WTHBI. 
~ O ~ T O M Y  n p H  KOHTaKTHOM WJlH nPOeKUUOHHOM l (0~WPOBaHWH 

HCnOnb3YH)T H e  HeTaTUBHOe, a I l03HTHBHOe n 3 0 6 p a x e ~ ~ e  OpH-  
r H H a J l a .  C ~pyr0 f i  CTOpOHbI, n p U  C 5 e M K e  C HaTj'PLd H e 1  HYXAbl  
n p l i 6 ~ a ~ b  K HeraTHBHOMy n p O u e C C y  - ~ 3 0 6 p a ~ e ~ u e  H a  3 n e K T -  
po@omrpa@wqec~oii n n a c T n H e  nocne ero n p o n B n e H w n  cpa3y me 
nO.qYYaeTCR n03HTWBHblM. 

~ O ~ M H ~ O B ~ H U ~  CKPblTOrO 3JleKTPOCTaTH'leCKOrO U 3 0 6 p a ~ e -  
HHR. n 0 ~ e H ~ R a . 1 ,  C O O ~ W ~ H H M ~ (  ~ ~ ~ K T I ) C K $ O T O ~ P ~ @ U Y S K O ~  IiJlaC- 
T u n e  B npouecce s n e ~ r p w s a u ~ u ,  n o c T e n e H H o  c n m a e T  - A a x e  
fcnw I InaCTHHa  HaXOANTCR B TeMHOTe. B 3TOM C.'lyqae rOBOPRT 0 

rnextioeoM cnaae n o T e H u w a n a  w n H  o rnenrtioso0 aenon~pu- 
~ a y u u .  

n p n  p a f k ~ e  c 3 n e K T p ~ ~ o r p a @ a r e c ~ 1 i h 1 n  M a r e p w a n a M w  
H w K o r A a  H e  cneaym s a 6 b l ~ a ~ b  o T e h w o s o h t  cnane. r a n o r e ~ n o -  
c e p e 6 p R H b l e  @ O T O M ~ T ~ ~ H & I ~ I  I IpaKTHqeCKH BCerAa  rOTOBb1 K 
y n o ~ p e 6 n e ~ u ~ .  O ~ ~ B C T B J ~ H H ~ I ~  @ O T O ~ C . T ~ ~ P O B O A H A K O B ~ ~ ~  

cnon. H a n p o T u s ,  ~ e p e s  o n p e n e n e n ~ b ~ t  n p o M e x y T o K  B p e M e H u  
'IPCTHYHO TePRK)T CBOW CBeTOYYBCTBWTenbHble C R O ~ C T B ~ .  Bpem 
n o n y c n a A a ,  T. e. B p e h m ,  B T e q e H n e  K O T O ~ O ~ O  n o r e H u n a n  cna- 
A a e T  na 50% caoeir n e p e o ~ a ~ a n b ~ o f i  B e n w r n H w ,  3aBwCwT or 
h r a r e p w a n a  n o n y n p o e o A H w K a ,  A n H T e n b n o c T n  u s a c T o m  ero RC- 

nO.Vb3OBaHHR H P n A a  A p y r l i X  @ ~ K T O ~ O B .  U ~ ~ C T ~ J I ~ I ~ ) )  C.1ON HMCH)T 
nOBLdULeHHYK1 CKOPOCTb TeMHOBOrO C n a A a .  TOT Xe C n 0 n  HOBO* 

wnw u o ~ , q o x ~ y e m e i t a  n n a c T w n b l  s ~ a s n ~ e n b ~ o  A o n b m e  paepxn- 
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saw a a p ~ ~ ,  s e M  u y c T a n a s a  nna- ' 
CTHHa (PWC. 38). 

Ann OKUCU Q U H K a  BpeMR .no-, 
nycnana n o T e H n u a n a  B T e M u o T e  
H3MepReTCR B ~ ~ ~ W Y W H O ~ ~  I IOPHAKa 
OT HeCKOJlbKWX A 0  HeCKOJlbKHX Ae- 

uc"nd>yCn~~ 
nnacmum 

CRTKOB MHHYT. 3 a  3 T 0  BpeMR h f O X -  

HO V C n e T b  nD03KCnOHWDOBaTb H nnpne t 
-r-. ,- 

npORBWTb 3 n e ~ ~ ~ 0 ~ 0 r ~ a @ H g e -  PHC. 38. npauecc remosoro 
CKYX) n n a C T H H y .  cnana ua <ycranhu~ n uornox- 

B npOl IeCCe  3KCIIOHHpOBaHWR ~yemexr nnacrnnax 
O T n W b U b l e  YYaCTKU @TOCJIOR Ae- 

nOJlHpU3HpyHYrCR n p O n O p Q U O H a J l b H 0  UHTeHCUBHOCTU OCBe- 

UeHHOCTU, A ~ ~ C T B O B ~ B I U ~ ~  H a  3TW YYaCTKW. E c ~ w ,  H a n p H M e p ,  

Mbl n p O e U U p y e M  H a  c.~oA no3UTUB,  To TeMHblMH, MBKCH- 
Ma.qbU0 nJlOTHblMU YYaCTKaMU er0 IIOJlynpOBOnHHK COXpaHUT 

CpaBHUTeJlbHO BbICOKOe Y n E l b H O e  COnpOTUB.~eHUe  U I I epBOHa-  

9 a f i b H a R  B a u g H H a  n o T e H q u a i l a  O c T a u e T c R  n o w H  6e3 u 3 ~ e ~ e -  
HUR, n0n CBWJIblMH, n p O 3 p a W I b I h I U  YYaCTKahfW IIO3UTHBa, H a -  
n p o T w s ,  c o n p o T u s n e H w e  n o n y n p o s o n H H K a  n a A a e T ,  6naro~apn 
YeMy 3 a p R p .  IIOA 3TWMW YYaCTKaMW nOrlYgWT B03hfOXHOCTb ne- 
n O n R p U 3 0 B a T b C R .  

Ha CJlOe 06pa3ye~cn CKPblTOe 3JleKTPOCTaTHYeCKOe wso6pa- 
X e H H e  U J U  I ~ o T ~ H u H ~ . ~ ~ H ~ I A  penbe@, K O H @ W T Y ~ ~ Q W R  KOTOPOrO 

COOTBeTCTByeT ~ 0 ~ @ W r y p a l I W H  p e n p O n Y n H p y e h t O r 0  O p U r H H a J I a .  
TOT nepenan WHTeHCWBHOCTH TOHOB, K O T O P ~ I ~  Mbl B 0 6 b 1 9 ~ 0 f i  

@oTOrpa@Wkl Ha3b lBaeM KOUTPaCTHOCTbX), B ~ J ~ ~ K T P @ T o ~ P ~ @ H w  

COOTBeTCTByeT WeKOTOPOMY ne- 
9 2 3 4  5 penany n o ~ e ~ n c i a ~ l o ~  ~a 0 ~ n e n b -  

HblX Y g a C T K a X  H ~ O ~ P ~ X ~ H H R .  
no ananorww nepenan  TOT MO- 
X e T  6 6 1 ~ 6  Wa3BaH 3JleKTpOCTa-  

~ w r e c ~ o B  KOHTPaCTHOCTbX). 

OIlbl~ nOKa3bIBaeT ,  YTO He-  

n o m p m K a  wnw n e p e n e p m K a  B 
~ J ~ K T ~ @ T O ~ ~ ~ @ H U  B e n e T  K 

CHWXeHHX) UJIH IlOBblLUeHWX) 

~ J ~ K T ~ O C T ~ T H ~ ~ C K O ~ ~  KOHTPBCT- 

~ C F X '  
HOCTH. ~ P B  IlpaBWJlbHO IIOAO- 

D I Z 3 4 5 6 7 8  6 p a ~ ~ o A  B W U Y H H ~  3KCnO3HUUH 



PHC. 39, n O K a 3 b I B a e T  3aBHCUhlOCTb,  K O T O P a A  C Y U e C T B Y e T  M e m y  

B ~ H ~ H H O ~ ~  O T H O C H T U ~ H O ~  3KCn03HLlHH H B ~ ' ~ H ~ H H o ~ ~  I IOTeH-  
uwana, ocraeruerocn H a  o ~ n e n b ~ b ~ x  y s a c T K a x  @~ocnon. 3asn- 
CHMOCTb 3 T a  H e  J l H H e f i ~ a .  M k m ~  CJlOBaMH, I I O T e H Q H U ,  OCTBB- 

U H ~ C ~  H a  n n a c T u H e  nocne onpenenewaoii ~ K C I I ~ H ~ H H ,  H e  
n p R M 0  n p O n O p U U O H a J I e H  HHTeHCHBHOCTH H B P e M e H H  3~0fi 3KC- 

n 0 3 H U H H .  ~ ~ B X C H M O C T ~  M e X A y  3THMH BeJlHl lHHaMH HOCHT &flee 

CIIOXHUB xapawep. 

: K O H T ~ K T H O ~  KOllHPOBaHHe? ~ P H  KOHTaKTHOM KOIIHPO- 
B a H H H  (PHC. 40) n H W I 0 3 H T H B  f I IOMeIUaroT H e n O C p e n C T B e H H O  

H a  n o n y n p o ~ o n n u ~ o ~ ~ R  cnoA 2 n p e i p a p H T e g b n o  3 a p n m e ~ n o k  
~ J I ~ K T ~ ~ T O ~ ~ ~ @ H ~ ~ C K O ~  IIJ laCTHHbI  HJlH 6 y h l U ' H .  q ~ 0 6 b l  H 3 0 -  

Bpaxewwe 6bmo pe3KHh1,  ~ e 0 6 x o n ~ h f o  O ~ ~ C I I ~ ~ H T ~  AOCTaTOqHO 
n n o T n o e  npwneranwe ~ H ~ ~ O ~ H T H B ~  K olo~o. 3mro MOXHO 
A o ~ H T ~ c ~ ,  npHhleHFiFi K O n H p O B a n b H b l e  P a M K H .  B ~ P O C T ~ ~ U ~ ~ M  

W q a e  AOCTaTOsHO I l O n O X H T b  I l O B e p X  A H a n 0 3 H T H B a  TOJlCTOe 
3 e p K a J I b H O e  C T e K n O  3, 

B K a q e C T B e  n H a n o 3 H T H B a  M O X e T  6 b I ~ b  H C n O n b 3 0 B a H O  H 3 0 6 p a -  
Wewe, n o . q y s e H H o e  H a  c ~ e t i n s ~ ~ o f i  n n a c T H H K e  H ~ H  n n e H K e  

~ a o ~ a h l t i  ranore~wnocepe6pn~ofi @mrpa@ww. ~ T H M  M ~ T O ~ O M  
M O r y T  6 b l ~ b  ll0JlY'leHt.I T a m e  KOnHH T e K C T a . H n H  p H C y H K a ,  H a -  

I I e W T a H H O T O ,  HaPWCOBaHHOrO HIlH H a n H C a H H O r O  C O ~ H O ~  CTOpO- 
Hbl  ~ Y M B X H O P O  JIHCTB. B 3TOhf W l y g a e  n P H X O n H T C R  CqHTaTbCIl  C 

Onpe.4WleHHhIhl  ~ 0 3 n e R c ~ B k l e M  H a  @ T O ~ O . T ~ ~ ~ O B ~ ~ H H K O B ! ~ I ~  

C J O ~  @ ~ K T Y P U  6 y M a r H ,  sT0 O T p H L l a T ~ b H O  B n H n e T  H a  K a s e C T B O  
penponyqwpoaanwn. 

K O H T ~ K T H O ~  K O n H p O B a H H e  n P O H 3 8 0 A R T  B J I y q a X  HCTOYHHKa 

C B e T a ,  K KOTOPOMY n p e n b R B J l R K W 2 R  O n p e A E T e H H b l e  T ~ ~ ~ O B ~ H H S .  
Bb16op T o r 0  HlIU HHOl'O 0CBeTHTe.lR H e n O C p e n C T B e H H O  3 a B H C H T  

O T  3 0 H b I  ~ n e ~ T p a n b H 0 f i  qYBCTBHTeilbHOCTH @TOCJOFI. n p H  pa- 
6 0 ~ e  C H ~ C ~ H C H ~ H ~ H ~ H ~ O -  
BaHHblMH 3neKTpO$OT0- 

r p a $ u s e c ~ u h ~ w  6 y M a l ' a h l H  

H a  OCHOBe OKHCH U H H K B  

IIPHhleHRIOT HCTOqHHKH 
y n b T p a $ w o n m s o r o  ~ 3 -  

nyseaun, H a n p H M e p   pry^- 
~ o - ~ ~ a p q e ~ b ~ e  n a M n b I  TU- 
na nPK-4. M o r y ~  6hl~b 
I I p H M e H e H b I  H 06~snb le  
@ o ~ o n a ~ n b l ,  a T a m e  nio- 

PHC. 40. K O H T ~ K T H O ~  K O n H p O B a H H e  hlHHeCUeHTHble  JlaMnbl. 
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.. 
Benusuwa 3 K ~ n O 3 H U H U f l p H K O H T a K T H O M K O n U p O B a H U H  Of lpe -  

n e n n e T c n  3 ~ c n e p u ~ e ~ ~ a n b a o .  Ann H ~ C ~ H C H ~ H , I U ~ H ~ O B ~ H H ~ I X  

3ne~~po$omrpa@wrec~wx 6 y ~ a r  npw pa6me c r i c ~ o s w w ~ o ~  cse- 
ra MOUIHOI~T~K) 100-150 enr. H a x o n n u e M c n  OT mon H a  pac- 
c T o n H u u  0,5 N, ona u a x o n u T c w  B npenenax 0 , L 5  ceK (B sasw- 

: c u ~ 4 , r o c ~ u  OT n n o T w o c T n  ~ u a n c u u ~ u e a ) .  Ann ce~cw6wn~3wposa~- 
! HblX B e n H q H H a  3KCn03HUHH B 10-100 pa3 MeHbUIe.  

i n p o e ~ q u o ~ ~ o e  K o n n p o s a n r i e .  Cymec~eyer hnburoe K o n u -  

I WCTBO p a 3 ~ 0 0 6 p a 3 ~ b l x  ~ J I ~ K T ~ o $ o T o ~ ~ ~ $ H ¶ € C K H X  Y C T ~ O ~ ~ C T B .  
B OCHOBy KOTOPblX n 0 1 1 0 X e H O  npOeKUWOHHOe KOnHpOBaHWe. 

A n f i  n p O e K U H O U H O r 0  KOnHpOBaHHR B 3 J l e K T p o @ T U r p a @ ~ U  UC- 

n O n b 3 y h X  06bIswb1e Y H H B ? p C a n b H b l e  $ o T o Y B ~ ~ ~ H ~ H T ~ J I u ,  H a l l p H -  

M e p  T H n a  Y-2. K $ o T o ~ B & I W ~ H T ~ ~ I O  M O Z e T  6b ITb  npWCTPOeH 

3 a T B O p  K ~ K O ~ - . T U ~ O  A3  MaI lO$~ph laTHblX nJ IeH09HbIX @ O T O K ~ -  
M e p ,   TO ~ O ~ B O ~ H T  T O ~ H O  p e r y n u p o s a T b  e p e M n  s K c n o H n p o e a -  

H W R  B A o c T a T o s H o  U I A ~ O K H X  npenenax. H y x ~ o  6 p a T b  K a M e p y  

co C%EMHOR 3a~wei( KP~IUIKOA (PHC. 4 1). O ~ X ~ K T W B  a n n a p a T a  
s b l e w w w s a e T c n ,  nocne q e r o  ~ w p y  s a ~ p e n n n m ~  u a  T y d y c e  
YBeJlW'IHT&lH C COMOUIbIO ne- 
~ ~ X O A H O ~ ~  MY$T~I. 

B , H a y r ~ o  - u c c n e A o s a -  
T U b C K O M  HHCTHTYTe 3.qeK- 

~ p o r p a $ ~ u  pa3pa60ra~a 
I KOHCTpYKUWIl nOpTaTWBH0- 

ro H e p e w o c H o r o  s n e K T p o -  

$omrpa@~sec~oro yeenusw- 
T U H ,  C H ~ ~ X ~ H H O ~ O  E H e -  
PaTOpOM nOCTOnHHOr0 TOKa  

B w C o K o r o  ~ a n p ~ x e n u n ,  KO- 

POHHblM 3f leKTPH3aTOPOM W 

HeKOTOPblMN APYrWMH IIPtI -  

H a A n e x H o c T m l u .  Bcn y c T a -  
HOBKa nOMelUaeTCR B ~e60nb-  
uroh i  s e h f o n a s e  (pwc. 42). 

Bce, rro c ~ a 3 a ~ o  OTHOCR- 

T U b H O  n0263pa WCTOrHHKa 
:: O c B e u e w w n ,  O c T a e T c n  B cune 

H mn n p o e K u u o H n o r o  K o n u -  
'. p o a a H w H .  npw p a f b ~ e  c PBC. 41. @ M O ~ B ~ ~ H ~ H T W ~  nnxnpw 

3 n e ~ ~ p @ ~ o r p a @ n s e c ~ ~ ~  w enueomoro ~ o n ~ p o e a n ~ n  
6 y ~ a r a ~ w  H a s o A K y  H a  pe3- 
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PHC. 42. l lepe~oc~bni  ~ ; W K T ~ @ O T O ~ ~ O -  
@n9ecKHG YBennquTeab B C ~ O X ~ H H O Y  
u paboreh! nonomennu. Ha crone yse- 
nnrarene - pawa n.xn yaepaneaHnn 

snernp@omrpa+nqecKot nnacrnebl 

KOCTb, K a K  H 8 06~1 '1~0f i  @ o T o ~ ~ ~ @ H H ,  MOXHO nPOH3BO)lHTb 

. HenOCpe!lCTBeHHO H a  C B ~ T O Y ~ B C T B B T ~ J I ~ H ~ I ~ ~  C.TOE, HCnOJlb- 
3YR K p a c ~ b l f i  C ~ e T ~ [ P k i , l b T p .  Ecnw HaBOAKa npOEQAktTCR A0 
3>?KTpH3a l lHH [POTOC,TOR, C B ~ T O $ U . ~ ~ T P  H e  H Y X e H .  

C B ~ T ~ Y ~ B C T B W T ~ ~ T H I  cnoii 3 ~ e ~ r p o ~ ~ o r p a r p w r w ' ~ u x  ce- 
.1eHOBUX LlJlaCTHK WHTeHCNBHO O K p a U l e H .  ~ O ~ T O M Y  HaBOAKa 
H a  P U K O C T b  3 a T p Y A H e H a .  Qe.~ec006pa31io II3BOBKY H a P U K O C T b  
npOU3BOANTb H a  JIUCTOK 6e.1oii B y ~ a r u ,  p a 3 M e p b l  KOTOpOrO pas- 
H ~ I  p a ~ h f e p a h f  s n e ~ ~ p o @ o ~ o r p a @ ~ t ~ e c ~ ~ f i  nnacrnmbl. 

Ann T o r 0  W O 6 b l  TO'iHO IIOMeCTHTb ~ J ~ ~ K T P O @ O T O ~ ~ ~ $ H ¶ ~ -  

CKYlo n.laCTHHY, H a  CTOJle YBCTWYWTenR IlPWKJleUBilIOT KBPTOH- 
Hble  U.TH @ a H e p ~ b l e  YCTaHOBOYHble M a p K U  H n B  WCIlO.lb3YH)T Xe- 
c ~ x n  [ P u x c u p o s a ~ ~ b ~ e  pab!Kw. 

I I p o ; l o n w w ~ e ; r b ~ o c ~ b  s~cnoswuaa r a q e  scero Y c T a a a s n w -  
eaercn s ~ c n e p a ~ e ~ ~ a n b ~ o .  



B, OTpaXeHHOM CBeTe 06619- 
i no P e n p o a y u w p y l o T c F i  nenpo- L 
: s p a s a M e  o p w r w H a n h r  -oTAei lb-  .@ig=-cl\ 
' Wble CTPaHWULl KHUr,  r a 3 e T  W 

xypwanoe, qep~exw,  r p a ~ m p b ~ ,  ~9 q~-::-- 
BeAOMCTBeHUan AOKyMeHTaUWR 

".pxc. 43). C a e ~ ~ a  npowaooau~- @ & d l  
CFi K a K  B H a T ~ p a . l b H y t 0  Be.lW9W- .=+\ 
H y ,  T a K  W C yB%lW9eHUeM I l i l l i  

y a l e H b m e H w e M .  Oco6e~ao ue.ie- pnc. 43. K o n ~ p o a a ~ n e  B orpa- 
~ 0 0 6 p a 3 ~ 0  HCIlOJIb3OBaTb 3JleK- meHHox caeTe 

'Tpo@oTorpa$~'4€!~~wii I l p O l l E C  
npw p e n p o a y q w p o s a H u w  c y s e n w y e w w e h i .  3ro o 6 a n c ~ ~ e ~ c n  B ~ I -  
co~oB pa3peIUalolL(et  C ~ O C O ~ H O C T ~ H ,  ~ . ~ ~ K T ~ O $ O T O ~ ~ ~ @ U N ,  . H ~ ~ O M H U M  sliTaTe.lm, YTO p a 3 p e L U a ~ u l e f i  C ~ O C O ~ H O C T ~ ~  CBeTO- 

YyBCTBKTenLHOrO MaTep l i a . I l a  Ha3blBaIOT W C n O  JIUHWB C paBHbI -  
:c, 

hlW n p 0 6 e . ~ a h l n  M e X A y  HllMW, KOTOpble  h l O r y T  6 b l T b  p a 3 f i U b H O  
' I l e p e a a H h l  H a  OAHOM nOrOHHO>l MH.J.Klih1eTpe 3TOTO h l a T E P H a J l a .  

: Benwsw~a p a a p e u r a l o q e l i  cnoc06~oc~w 3asucwr r n a s H b l h 1  o6pa- 
3 0 h l  OT p a 3 M e p a  qaCTU1I ~ p O R B . I R l o q e T 0  IIOPOUIKP. B ~ l n y c ~ a e -  

- 
h lMe  npOMb1UlJTeBHOCTblo npORBUTe.1W W ~ J I ~ K T ~ @ J o T o ~ ~ ~ @ u ~ ~ -  
c K n e  6yhiai-w n o 3 ~ o n n m ~  A O C T I I ~ H ~ T ~  pa3pe~uat01nefi cnoc06 t10 -  

, ern ~o 30-50 nurtlwa. 3 ~ c n e p w h r e ~ ~ a n b ~ o e  nponsneaue 
XWAKWMW nPORBWTeJlRMU B OTaLqbHbIX C J I y q a R X  n 0 3 8 0 , l A e T  

, nOBbICHTb 3 T y  BellNYWHY a0 250 n l l r t l ~ ~ .  B b l c o K a R  pa3peUalo- 
QaFi cnoco6aocrb H a 6 n m a a e T C R  T a K x e  npw npORBJIeHUU CKpbI-  
TblX 3sleKTpOCTaTNqeCKWX 1 1 3 0 6 p a x e a a f i  M ~ J I ~ Y ~ ~ ~ L L I w M w  W C -  

. ' TKUaMli  KpaCKT%lR,  ' ~ C n e p r H p O B a H H b l M U  B 803f iyUlH0f i  

. c T p y e .  

. . : . n p ~ e h l b l  W MeTOahi ,  B b l ~ a 6 0 ~ a H H b l e  I l p U  p e n p o a y w a o ~ ~ o B  
' .  . @ o ~ o c b e ~ ~ ~ e  H a  r a n o r e ~ w ~ o c e p e G p u ~ b ~ x  c s e r o s y a c r s u T e . l b -  .. 

HblX CJTORX, B ~ ~ " T ~ U I W H C T B ~  CBOehl COXpaHRHlT C K J y  Fi B 3JIeKT- 
pO@OT~rpa@l i~ .  3 7 0  OTHOCHTCFi, B qaCTHOCTli.  K H ~ O ~ X O ~ ~ U ~ ~ O C T H  

CJIeAHTb 3a C T ~ O ~ O *  nepneHflPiK!JnRpHOCTbH, OCli o ~ % ~ K T H B ~  pe- 
n p o a y l c u w o w n o r o  3ne~rp@Jo~orpa@usec~oro annapam K nno- 
c~ocrw opwrunana w @ o ~ o n o n y n p o ~ o ; l ~ u ~ o ~ o r o  cnon, l i a  KOTO- 

poh r  ~ ~ O W ~ B O ~ H T C R  penpoayuwpoaaawe. B n p o T w s w o M  cnysae 
~ e w 3 6 e x a h 1  n e p c n e K T n B H b l e  n c K a x e n w R  K o n n t i  no cpaseenulo 
c o p w r w H a . n o u .  

npw p e n p o a y u n p o e a H u u  B o T p a x e H H o M  c s e T e  p e K o M e u -  
AyeTCR ClPWMeHRTh @OTOC.IOW, 0 6 . 1 . l a ~ a ~ u l N e  B ~ I C O K O ~ ~  3J leKTpO- 
C T ~ T A ~ ~ C R O ~  I<OHTPaCTHOCTbH). GOB 3TW a O J I X H b l  )'AePXWBaTb 

nOCTaTOqH0 B ~ ~ C O K W ~ ~  n p e a W I b ~ b l f i  nOTeHllKaJI ,  H M m b  Hki3Kylo 
. ,  L 
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C K O P O C T ~  Te,vHoBoro cnaAa r o T e w u n a n a  n n o p , e e p r a T b c R  MaKcH- 
hlaJlbH0fi l(ellOJIApN3aUHH npu o c B c ~ e H 1 1 1 1 .  

B wacrorrruee s p m ~  B CCCP H 3 a  py6em0~  C ~ P U ~ ~ H O  w3ro- 
TOBJIRIOTCR BCCBO3hlOXHble p a p O A y K U H O H H h l ?  3 . 7 e K T p 0 @ ~ 0 ~ p a -  
@ H ' ~ E C K H ~  a n n a p a T b 1 ,  PaCCsWTaHHbIe H a  p a C 0 T y  B OTPaHteHHOM 

CBeTe. A n n a p n ~ b l  9TH KOhtnJ l eKVmTCR 0 6 0 p y ~ 0 B a ~ H e h 1 ,  npel-  
~ a 3 ~ a q e ~ ~ b l ~  W ~ K T P H ~ ~ U U U  N ~ o c n o e B ,  n p o s B n e H H s  a 
3 a ~ p e n n e ~ u r r  wso6paxe~nA. M H O ~ ~  0ce ~ T H  ~ C T ~ O A C T B ~  coe- 
a w n e ~ b ~  B p a M K a x  omoro annapara. 

n p ~  ~ ~ ~ ~ K T ~ O @ O T O ~ ~ ~ @ U ~ E C K O ~ ~  penpOAyUNpOBaHHW CaCMKy 
npOH3BOART H a  0 6 b 1 q ~ y I O  @ o T o I I J I ~ H K ~ ,  nOCJle  W r O  HWaTHBHble  

M H K ~ @ O T O K O ~ U H  KOnWpyWT B npOXOAfl%eht CBeTe H a  3f leKTpO- 
@ ~ o r p a @ w s e c ~ y ~ ,  6 y h 1 a r y .  C o s ~ a n b ~  T a m e  a e T o M a T w s e c K H e  

~ C T ~ O ~ C T B ~  JJlLna y B e 7 H q e H H R  M I ~ ~ ~ O $ ~ O T O C H H M K O B  C nOf lyYe-  
HHeM OTTNCKOB H a  0 6 b 1 9 ~ 0 i i  6 y ~ a r e .  

Qo~orpa@upoea~we c H a T y p b r  B c o ~ p e ~ e ~ ~ o i i  M ~ K T P ~ @ -  
TorpaL$l i~  C K O ~ I ~ K O - ~ 1 1 6 y A b  IUAPOKOrO paCIIpOCTpaHeHUR H e  
nonyrwno. n p ~ s n ~ o i i  BTOMY C ~ Y X U T  TO,   TO B 3 ~ 0 8  O ~ ~ ~ C T H  

~ ~ ~ ? K T Q O @ O T O ~ Q ~ @ H R  n 0 K a  We H e  M O X e T  KOHKyPNpOBaTb  C 

- 0651~1oii @ T o ~ p a @ l r e f i .  C B ~ T O ~ ~ B C T R U T ~ J I ~ H O C T ~  ~ J I ~ K T P o $ ~ o -  

~orpa@wsec~wx c f l o e B  H e  htomff W&TH HB B K a K o e  c p a B H e H u e  

CO CBeTOYYBCTBWTeabHOCTbK) r a . n o i - e ~ H ~ 0 ~ e p e 6 p R ~ b i ~  @TO- 
CflOeB. K~WCTBO ~ . ~ ~ K T P @ O T O T P P @ ~ ~ ~ C K N X  aso6pamenuii. 



e C n H  C p a B H H B a T b  AX C 0 6 ~ ~ -  
HblMH @ T O T P ~ $ W H M W ,  T a K X e  
eue HHBKO. B ~ H N M  (P~KTOPOM 
ABnAffCR OTCyTCTBlie AeltleBblX 
w w a n e x H H x  e n e K T p @ n r o a n -  

n a p a T O B ,  B TU BPehIR K a K  K 
y c n y r a M  ipo~on106wren~ me=- 
CA MHOrO @ T O C P ~ $ W Y ~ C K W X  Ka-  
M e p ,  n p e ~ ~ a ~ ~ a s e w ~ b ~ x  ma 
p a ~ n ~ r ~ ~ x  ueaeR H cnocohab~x 
YAOBneTBOpHTb CaMbIe  p a 3 H b l e  
T p e Q B a H w n .  

T ~ M  H e  M e n e e  ene~~p*oro- 
rpa@wpoeanne c H a T y p b l  803- 
MOXHO. npouecc 3TOT nerqe OCY - 
~ B C T B H T ~  B n o M e q e H w n ,  B c T a -  

UI iOHapHHX YCIIOBWAX, r~eyno6- 
nee pacnoioxwrb aeo6xo~w- PHC. 45. 3neuT~rx$omrpa@~ue- 
~ y i o  annapazypy, O C B ~ T H T ~ ~ H ,  c ~ n a  noprper 
WCTOYHWKH BblCOKOM H m p A -  
x e H n A .  Ha pwc. 44 wao6p;utteno 3 . ~ e ~ ~ p c @ ~ o a ~ e n b e  Hayrtio- 
HCCJe,40BaT%?bCKOrO WHCTHTYTa 3 n e K T p O C p a $ ~ ~ .  

T a K o e  Xe ~ J ~ K T ~ @ o T o ~ T ~ J ~ ~  pa6mano B M o c ~ s e  B ~ O C Y -  
A a p c T e e H s o M  n o n w ~ e x n w r e c ~ o h ~  M y s e e  B AHH V1 B c e h f n p ~ o r o  
$ecrneann h l o n o A e x w  w cryaenros (1957 r.). 

3 n e ~ ~ p o $ o ~ o r p a $ n r e c ~ w ~  n o p T p e T a b r  (pwc. 45) n o K a  m e  
C B O ~ ~ C T B ~ H H ~  H K K O n b K O  r p C 3 h I e p H a A  KOHTpaCTHOCTb. %O BbI3- 
BaHO, OAHBKO, H e  CTOJbKO HeCOBepLUeHCTBahlW C I I O C O ~ ~ ,  CKOJb-  
KO HeAOCTaTKOM OnbITa  Y n e P H h l X  HaIlIHX ~ J ~ K T P O $ O T O ~ ~ ~ $ O B ,  
Heyh leHweM npaewnbno n o ~ o d p a r b  p e x n M b 1  H M a T e p n a n b I .  

JIyruwe p m y n b r a T b t  nonyralomi npw ~ e x ~ w r e c ~ o i r  QOTO- 
CbeMKe.  

0 0 B03MOXHOCTRX H ~ T Y P H O ~ ~  ~ ~ ~ K T P o @ ~ T o ~ ~ ~ $ H w  MOXHO 
!. c y n ~ ~ b  no CHHMKY, P e n p o n K u H A  KOTOPO~O 1 i s o 6 p a ~ e ~ a  H a  
% pwc. 46. 
i: 
;e 
i.. , Bne~rpo@o~orpa@~a H a  Q m ~ o 3 n e ~ ~ p e r a x .  ' iw~a~mb p x  ' 3HaKoM c M e T o d a M n  ~ . ~ ~ K T ~ H ~ ~ ~ w w ~ ~ ~ K T ~ o ~ o T o ~ ~ ~ ~ H ~ ~ ~ K o ~ o  l: 
, CJOA n y T e h 1  C O O ~ U ~ H H R  $ O T O ~ O . ~ ~ ~ ~ O B O A H H K ~  @ ~ 0 3 n e K T p f f -  
:. H O ~ O  COCTORHWR. T O T ~ ~ M ~ T O A  nonoxew B OCHOBY HOBOFO 3ne- 
B K T ~ O $ O T O ~ ~ ~ ~ U ~ ~ C K O ~ O  n p o u e c c a ,  pa3pabo~an~oro  B 1955 r. 

B, M. @ P H B K H H ~ I M  c rpynnoii COT~~,T,HHKOH. 
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H a n p n x e n w e h i  cnot cepu npeodpe- 
T a e T  @ O T O ~ A ~ K T P W H O ~  COCTORHNe. 
q r o h b ~  HCK.QIOYHT~ nepexoz sapn- 
AOB .c npo3paq~oro  s . g e K T p o a a  H a  

@ 0 ~ 0 3 f l e ~ T p e T ,  h f e W y  HifMN IIOhle- 
U a I O T  TOHKYIO CTeKnRHHYW nna- 
CTHHY. 

n . q ~  T o r 0  q ~ 0 6 b l  C @ O P M W P O B ~ T ~  
wa cnoe c ~ p b n . o e  a n e T p o c T a T u q e -  

c K o e  w306paxe~we, H a  @ o T o s n e K -  
T p e T  I l p O W N p y l o T  ANanO3HTlIB 6. 
B n p O U K C e  3KCn03KUHN,  KOTOPaH 
AnHTCff 1-2 AiUH I IpH CHRTOM H a -  
I I p n X e H N H ,  O C B e U e H H b l e  YYaCTKH 
C.1OR T e P R D T  @ O T O ~ . Q ~ K T P ~ T H O ~  CO- 
CTORHHe. ~ ~ T ~ M H ~ H H U ~  YqaCTKH CO- 

XpaHnIOT I lOJlUpH3aUHlo.  Ecilw T e -  pH,, 47, cxhMa s3eKTp40ro. 
nepb I I p H C b l n a T b  c.qol? npORBilRIO- rpa@nqecaora nyouecca Ha @u- 
U N M  IIOPOUIKOM, 4 a C T K q b l  noporn- msnekrperax 
K a  n p N C T a H y T  JlHUIb K Teht YqaCT- 
KaM, KOTOPble COXPIHKJIW @ O T O ~ ~ ~ K T P W H O ~  COCTOHHUe. 

B 3TOM cnoc06e ~ o T ~ H u w ~ . I ~ H ~ ~ ~  p ~ b q  H a  @ O T O C ~ O ~  CO- 

xpaunmcn B T e q e H n e  n . w T e n b H o r o  e p e h t e n w ,  B cwny sero 
O T n a i l a e T  H ~ ~ ~ ~ X O ~ ~ K M O C T ~  B H e Y e M e H H O M  IIPOIIBlleHHU CKPbI- 
T o r 0  w306paxenw~. P e ~ b e @  3TOT COXpaHReTCU H nOCf le  MHOrO- 
K p a T N O r O  IlpOHBJleHHR U n e p e H O C a  w306pawe~wB. ~ O ~ T O M ~  

s n e ~ ~ p o @ o ~ o r p a @ w ~  H a  @ o T o s . q e K ~ p e ~ a x  o c o 6 e ~ ~ o  y n 0 6 ~ a  TalvI. 
. r e  ~ e o 6 x o n N ~ o  I IOJ lps l lTb  HeCKOnbKO ~ o n u B  OAHOrO H T o r 0  
x e  u 3 0 6 p a m e ~ u ~ .  

n p ~  OCBeqeHHW BCerO @~TOC.OOR B T e q e H H e  H~~OJI~UIOTO 

Bpeh leHK @ O T O ~ ~ ~ K T ~ ~ T H O ~  COCTORHHe HCYe3aeT. n 0 c I I e  3TOTO 

IIflaCTKHa M O X e T  6 b l T b  IIOBTOPHO H C n 0 ~ 1 b 3 0 B S H a  a.qR BOCIIPO- 
u s~e i l e~wx  H O B ~ I X  ~306pame~wi l .  

Hpyrot hCeTOA NCnO.Tlb3OBaHICR @ O T O ~ J ~ K T ~ ~ T O B  B 3AeKTpO- 

@s~orpa@aw COCTOWT B T O ~ I .   TO c.~oil 2 ~ K C I I O H H P ~ W T  Yep- ne- 
rams 6 6e3 n p e i l n a p u . r e . q b e o r o  o c s e q e H w x  ero ilnn co3na~wn 
@ O T O ~ J ~ K T ~ ~ T H O ~ O  COCTORHNU. ~ O T O ~ ~ I ~ K T P ~ T H O ~  COCTORHWe 
B03HWKaeT H a  CflOe B I I p O q K C e  3 K C ~ O H H p O B a H K R  H a  YqaCTKaX,  

COOTBeTCTByloUKX npO3paqHblhC  YqaCTKakl  H e r a T H B a .  n p H  IIpO- 
RBJleHMN GTOR nO.ly1IaeTCR II03UTHBHOe ~306pawe~ue.  



3 

3ne~~porpo~orpa@~sec~of i  nnacTH- 
He CO BpeMekleM npkiBOi(HT K UCTH- 

paHHIO ~OBC~XHOCTII@TO~OJ~~~O- 

~ n n a u ~ o ~ o r i i  caon n B~IXOAY nna- 
CTUHbl H3 CTPOR. %or0 MOXHO H3- 
b e x a ~ b ,  eCnH HCIlOllb30BaTb @TO- 

nonynposonlruK numb ~ n n  nepeuq- 

HOrO @0pMHp0BaHHR CKpblTOTO 

3JleKTpOCTaTH'4eCKOrO wsobpaxe- 
wan, KoTopoe s a ~ e ~  nepeuocm H a  
nJeHKy All3fieKTpHKa U yXe 3AeCb 

nponennwr. 
K ~ K  3T0 ACnaeTCR, CTaHOBHTCR 

RCHO npH PaCCMOTpeHHH KOHKpeT- 
nor0 npwhrepa. C~pblroe snearpo- 
CTaTHYeCKOe a 3 0 6 p a x e ~ ~ e  ~ O ~ M H -  
PYDT H a  ~ O . V H C T U P O ~ O B O ~ ~  linU no- 
,ius~wne~oeo8 nneHKe 1 (pwc. 48), 

PMC. 48. Cxema ene~rp@orc- KOmPYm 3aKPennnKIT Ha nOny- 
rpa$nsectioro npouecca Ha n p o 3 p a u ~ o ~  3 n e ~ ~ p o ~ e  2. n e p e ~  

u ~ s n e ~ r p ~ t i a x  s ~ c n o n ~ p o s a ~ u e h t  nnenKe coob- 
4aDT H ~ K O T O P ~ ~ ~  nOTeHUWilr7 C 

noMoqLro Koponnoro s n e ~ ~ p n 3 a ~ o p a .  nonynpo3pas~b18 3ne- 

K-rpon c n n e ~ ~ o k  ycTaaaBnwBam B TehluoTe H a  noBepxHocTn 
@ U ~ W ~ O ~ ~ ~ ~ ~ O B O A H U K O ~ D ~ O  CdOR 3. Ha I~POBOPRU~& IIOLVIOX- 
K e  4 .  3Jle'L~poa H nOAJlOXKy COeAHHRroT M a f l y  co608 IlpOBOA- 

HWKOM H sa3e~na10~.  
~ ~ O ~ U T U B  OPHrUHa.qa, K0~0pblfi H ~ ~ ~ X O A ~ M O  penp0AyuUpd- 

BaTb, BCTaB.lnIOT B (PoToy~ennsn~enb 5. Ha O ~ ~ ~ K T U B ~  6 YBe- 
nnwTe.nn s a ~ p e n n e ~  c ~ e ~ o ~ e n p o ~ n u a e ~ b I R  KonnaK 7, ~ ~ 8 6 -  
X ~ H H M ~ ~  P ~ ~ W H O B O ~  rpyulefi 8 Ann OTCaCbIBaHHR BO3AyXa. 

O I I ~ C K ~ R  YBeJlliWTeJb no IUTaHre 9, npHBOA5IT HHXHIOM n C  
BepxeocTb KonnaKa B noHTaKT c nonynpwpaqnbrM 3 n e ~ ~ p o .  

A0 hi. 

K ~ K  nneHKa, T a K  U 3neKTpOA nOlIXHbl 6 ~ T b  AOCTaTOYHO 
3naCTH'4Hbl. Ana Tor0 '4~06h1 nJlOTHO npWiKaTb LlneHKY K @TO- 
no.lynpoBoAnnKosoMy cnom, cnexyeT nosblcwrb nasnewne 
B I I ~ T ~ H  Konnasa, XTO AenamT c noMoupm rpyma. 

B npOUeCCe 3KCnOHHpOBaHHX 3apRAbl C OCBelUeHHblX YYa-  
CTKOB IIneHKH YXOART 'lepe3 OCBeIUeHHble YWCTKH CnOX (POTO- 
no.vynpoBoAtiuKa. CKptdroe 3neKTpocraruYecKoe w306paxe~ne 

H a  nneHKe MoxeT 6b1~b nponBneno nyTeM HanblnenHn MenKO 
pasnpob.~-?u~oro ~ p a c u ~ e n n .  
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npw A P y r O M  cnoc06e @ P M U P O B ~ H A U  CKpbITOr0  3 n e K T P O -  
c T a T w r e c K o r o  ~ 3 0 6 p a ~ e H H R  H a n w 3 n e ~ ~ p w ~ e  n n e H K y  n o M e u a m  

M W ~ .  B ~ M R  s n e K T p o n a h t w .  n e p ~ b ~ ~  ~3 HHX C n y X U T  n p O B 0 -  
nuuraa 40 s p a r ~ a n  n n a c ~ ~ ~ a ,  coe,qw~enna~ c o ~ p u q a ~ e n b n b r ~  

3aXHMOM HCTO'IHWKB nOCTORHHOr0 TOKB. Ha I InaCTHHe  H a H K e H  
cnoii @~ononynposon~w~a .  BTOP~IM s n e ~ ~ p o n o ~  C ~ Y X H T  Me- 

T a n n n q e c K a R  n n a c T H n a ,  C o e A n n e H n a R  c ~ O ~ O X H T ~ J I ~ H ~ I M  38- 
XUMOM. kiso6pame~ue npoeuwpym H a  @omcnoR sepes npo- 
3paq~blk 3JleKTpOA. ~OCTOWHCTBOM 3TOrO cnoc06a RBnReTCR 

OTCyTCTBUe H ~ O ~ X O ~ U M O C T H  3 ~ l e K T p l i 3 W H U  AU3JleKTpHKa nepe,!l 
3KCIIOHWpOBaHHehi. 
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B npOU'2CCe 3 K C l l O H l i p O B a H H R  H a  ~ O D C p X l l O C T H  @ o T O n o n y -  

n p O B O A H H K O B O r 0  C n O R  @OPMWP)'€TCR C K P b l T O e  3 . leKTPOCTaTUYe-  

c K o e  a306paxe~ne.  Y T O ~ M C A ~ . ' J ~ T ~   TO ~ a o b p a x e ~ w e  BHAUYMM, 
cro l l ~ 0 6 ~ o A ~ h l o  n p o u B n r b .  ~ P O I I R J T ~ H H ~  3 a ~ n m s a e ~ c ~  B H a m -  

CeHHH H a  cnoA s a C T U K  K p a C K T e J I R ,  KOTOPMM n p e , & B a P H T e J l b H O  

coo6uee japan, I ~ ~ o T ~ B o ~ o ~ o ~ H ~ ~ ~ ~  no 3 H a K y  3 a p ~ a y  ~ 3 0 6 p a -  
W C H H R .  

I lponsne~ne  - osem a a x t t r i a n  onepauna. OT n p a s a n b H o r o  

ee B h l n O n H e H H R  BO blHOrOM 3 a B H C H T  K a q e C T B O  ~ . I ~ K T ~ C N $ O T O ~ ~ ~ -  

cpusec~oro n 3 0 6 p a m e ~ ~ n .  
MBB~CTHO MHOrO Pa3.1W'IHhlY C ~ O C O ~ O B  I IpURBdTeHRR.  P ~ c -  

CMOTpHhl H e K O T O p b l e  W3 HKX. 

K a c ~ ~ H b l f i  cnocob. B n e p s b r e  t O A b 1  p a 3 B H T H R  3 n e K T p o -  

@ T O ~ ~ ~ @ U U  3 J l e K T p O C T a T U s e C K U e  u 3 0 6 p a m e ~ n ~  npORBflR. ' JH,  

O n b l J l H B a n  HX nOpOllIKOAl K p a C H T e f l R .  n o p o l u o t i  n O # e I U a n W  B 

CWTO c A o c T a T o s H o  Y ~ J I K H M W  a s e n ~ a h ~ w .  Koraa c n T o  T p n c n w  naa 
n n a c ~ w ~ o i i ,  H a  nocne~nei  o T " 7 a r a n c s  cnoi n o p o w a .  3 a ~ e h 1  

nnacrwxy nclnsepranu g e i c ~ s w ~ ,  eosayur~oii c ~ p y n  ws @pcyn- 
KW. n p H  3TOhl q a C T b  K p a C B U K X  q a C T H U  C n y B a n a C b ,  a Y a C T b  - 
o c T a s a n a c b  H a  n . i a c T n H e ,  yzepxweaexran c n n a h r u  3 ; r e K T p o c T a -  

T n s e c K o r o  I l p H T R i K e H H R .  K ~ ~ ~ C T B O  ~ 3 0 6 p a x e ~ u ~  6b1n0 HeBM- 
COKWM. l l p o ~ ~ n ~ l o ~ ~ l ~ i i  n o p o r n O K  O T i l a r a L I c x  n na csernbxx yra-  
c T K a x  ~ 3 0 6 p a x e ~ n n ,  o b p a 3 y ~  @OH. u c ~ a r n a ~ u r n ~  P H C ~ H O K .  

n y s U I H e  p e 3 y J l b T a T b I  ~ O J l y s a r o T C ~ ' ~  n O h i O l l l b I 0  K a C K a a H O r O  
c11uco6a, npn ~ o r o p o h c  nponcx0w.r n e p e h r e w e n u e  I I ~ O R B . X R M -  

qero  n o p o u K a  no n o B e p x ~ o c ~ u  ~ O T O ~ O J ~ ~ ~ O B O ~ H H K O B O ~ O  

cnon, npn  TOM s a c T n u b l  K p a c a T e m  o c a x g a r o T c R  H a  ysa- 
cmax cnon, H e c y r l r u x  c K p b r . r o e  3 n e t i r p o c r a T n s e c x o e  uso6pa- 
xenne. 
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Hawdonee npoc~oft M e T o n  ene~~pusaqwri sepew ~ p a t u ~ e n r l  
OCHOBaH H a  T P U ~ O ~ ~ ~ K T ~ W ' ~ ~ C K O M  ~ @ $ c K T ~ .  CM~ICJ  RBJleHHR 

COCTOUT B 3J l eKTpH3aUUH 3 e p e H  nBYX pa3f lHYHbIT AU3JleKTpU- 

KO6  3 a p B A a M U  p a 3 n H q ~ o f i  IlOnRpHOCTH f l p w  KOHTaKTUpOBaHRU 

3ep€!H. n p H  3T0M 3 H a K  E i  BWlUqHHa  IlOnRPHOCTW OIlPeXMflKITCR 
0THOCUTenbHM.U P a C n O n O X e H U e h l  AU3AeKTpHKOB B T p ~ 6 0 3 . 7 ~ ~ -  

P U Y S K O M  pX!lY. 

B n w T e p a T y p e  n p o B o A w r c n  c n e a y l o u u f i  npwvep ~ p w 6 0 3 f l e ~ T -  
p w r e c K o r o  pnna: 

K y ~ y p y s ~ a n  MgKa. 
npobaa. . 
Men. 
n n r h ~ e ~ w p o s a ~ n b ~ i l  ne~ononnii. 
CMO.?~. 
n e c o ~ .  

., C e p ~ ~ c r a n  ~ e a .  
:t .. Bn~nan ~ ~ c n o r a .  

npw B3BHMHOY TpeHUH n 0 h t e U e t l H b l X  B 3TOM pnAY nr13,TeKT- 

p w K o a  p a c n o n o x e w ~ b ~ i c  ceepxy n p u o 6 p e ~ a e ~  n o n o x w T e n b s y m  

I lOnRpHOCTb,  a ~ ~ C I ~ O J I O X ~ H H ~ I I " ~  CHW3Y - O T P k I U a T e J b H Y D  

B e n n ~ w ~ a  n o T e w a w a n a  Telri 6onbrue, qeu A a n b l r r e  pacnonoxe- 
Hbl  AW3JleKTpWKU APYr OT Apyra B T ~ H ~ O ~ ~ ~ K T ~ U Y ~ C K O M  pmy. - Mec~o  ~ o r o  wnw unoro ~ a ~ e p ~ a ~ a  B p ~ w  onpenenne~ca 

? 
3 K C t I e p U M e H T U b H O  I lyTeh l  3 a h l e p a  IlOnRpHOCTw C nOM@XbKI  

I s n e K T p o M e r p a .  C n e ~ y e ~  O T M ~ T H T ~ ,  YTO c o c T o n H u e  n o s e p x H o c T w  
. . nOPOlllKOBblX YICTWU O K a 3 b l B a e T  CyUleCTBeHHOe BJlHflHHe H a  
r' 
- I  3 H a K  U BeRli'LUHY nOTeHUWa;la,  nO.l!PIeHHOrO TeM HJIH WHbIhi 
)) 

1 ,  KO>lIlOHeHTObl P R j l a  B n p O U e C C e  T p ~ 6 0 3 ~ e ~ ~ p t i 3 a U H l i .  ~ O ~ T O M ~  
8' 6 b l B a e T  H T a K ,  YTO np0f lBARKlI4wR flOpOIllOK n o n y Y a e r  COBCehf p, 
, 

H e  TOT 3 H a K ,  K a K  3 T 0  MOXHO 6b1A0 OXHIIPTb ,  UCXOXR H 3  T e O p e -  
.' TllYeCKUX npefiIlOCbIJIOK. 

9.;: 
bp. 

T p ~ 6 0 3 n e ~ ~ p w r e c ~ w i i  3 @ @ e ~ T  B ~ . ~ ~ K T P O @ O T O ~ ~ ~ @ U H  HC- 

g.. -., n O u l b 3 y e T C E  C J ~ ~ ~ K ~ I X U ~ <  06pasoh1 .  ~ P O E B J A D U H ~  ~ O ~ O ~ U O K  
COCTaBnRtOT a3 RByX A U 3 f l e K T p U Y S K H T  KOMnOHeHTOB - K p y I l -  @ 
HO3epHUCTOrO HOCHTeJlfl II Me.TKO3epHHCTOrO I lHrh feHTa .  ~ ~ C T H -  ts 

:r Ubl nWrhleHTa B p e 3 Y J I b T a T e  T p e H U R  0 HOCWTejlbP.OdlXHbl npwo6- ~ ' * ,  
6; peram sapnn. n p o ~ w e o n o n o x ~ b r i i  no 3 ~ a ~ y  3 a p n ~ y  u306paxe- 5:. *. 

. WWR. P a 3 h l e p  IlUr!vteHTWPOBaHHblX WICTHU CPaBHWTenbHO Ma.rl 

'**< . (5-15 m ~ ) .  C . r l e a y e ~  w h t e ~ b  B s u m ,  r ~ o  p a s h ~ e p   TOT o n p e ~ e n ~ e ~  

$$ sein,lwswHy pasperua~ueir cnoco6woc~a cnoco6a. Ecnw ~ m 6 -  
XOAHblO n O n y Y H T b  hl&TKO3epHHCTble H 3 0 6 p a X e ~ ~ n ,  C J l e ~ y e T C O -  ;C , 



B W W ~ H H ~  QCTHLl HOCUTeJIR 3HaqHTWbHO 60nbIUe (0,3- 
U,6 MM). OAHBKO, K a K  y x e  U3BeCTHO rnTaTenm, Hocmc.lb D 
npouecce nponenewun He yqacreym. Ero s a ~ a q a  COCTUKT B 
c o o 6 u e ~ u u  qacTuqaM KpacuTenn HeKoroporo, snonHe onpeue- 
J7eHHOrO SapUAa, a TaKXe B TOM, 4~0661 AOCTaBWTb KPaCUTWib 
K KfECT)' IlpOUBJIeHWR - K 3aPUXeHHblM Y4aCTKaM CKPblTOrO 
~ n e t i ~ p o c ~ a ~ w s e c ~ o r o  ~ 3 0 6 p a x e ~ u n .  Ha swrnsnny paspcma- 
muleti c n o c o 6 ~ o c ~ s  p a s ~ e p  qacTwq ~ o c u ~ e n n  60nbIU0r0 snwn- 
~ n f l  He o n a s b ~ ~ a e ~ .  

B KaqeCTBe K p a c U ~ ~ e i r  B ~ . T ~ K T ~ C @ ~ T O ~ ~ ~ $ M ~ ~ C K H X  IIpOUB- 
JlUIOUlHX CMeCUX IIPUMeHRlOT U3MWb9eHHble CHHTeTJIqeCKKe 
HnH WTeCTBeHHble CMOJlbl - KOnafl, ~aHH@Oflb, CaHAapaK, 
wnumn, 34wp rapnwyca a ~ p . .  K ~ o ~ o p b m r  sa.rac~)w npu6a~nn-  
KII ~e U . ~ H  aHble nuruerlrbl. Konan -  TO uctionaehian cMona. 
06na~aro1qan 6onbmofi TsepAocTbm u s ~ c o ~ o i r  ~eMnepaTypoir 
nnasneHwrr (130-300" C). Cpe~w pasnus~brx COPTOB KOIIana. 
KOTOPble llPUMeHUH)TCR H ~ o r y T  H ~ ~ % T H  npHMeHeHUe B 3neKTpO- 
C @ T O ~ ~ ~ @ K H ,  YnOMUHeM u3a~3u6apn, UKOHrO TBep~blfi~, satma- 
racKapn. 

Kauw@nb - Teepaan cocTaswaa sacrb cnronu x e o k ~ w x  
AepeBbeB - COCHbl, nUXTb1, WW, JlHCTBeHHHLlbI, KOTOPPU OCTB- 
~ C R  nocne O T ~ O H K H  n e ~ ~ q e i i  gacTn - crtwnuaapa. B TsepaoM 
cocroanwn ~ a ~ w @ o n b  n p ; ~ c ~ a a n n m  cohi r  xpynKoe c ~ e ~ n o e u n -  
Hoe BeuecTnu. Ona o a s ~ n r s a m a  nou TeuneoaTvoe 60-70" C 
w crarioawwn xunxbii npH ~ e h l n e ~ i ~ ~ ~ e  12d" C: ' X U M ~ ~ E C K H R  
COcTaB K ~ H H @ I H  nOBOnbH0 CflOXeH.  OH^ COCTUUT PflaBHblM 
06pa30~  w 3  CMonnHblx KWCJIOT. H H ~ K B R  TehfnepaTypa nnasne- 
Hun xauw@nu C ~ O C O ~ C T B ~ ~ ~  TOMY,  TO 3 ~ a  cMona, a T a m e  ee 
npoH3BORHhIe nonyqnnw urupoKoe pacnpocrpanewue B 3netiTpo- 
C@mrpa+wqec~6ii npamwKe. C p e ~ u  I I ~ O H ~ B O A H M X  H ~ ~ O B ~ M  
+up rapnuyca H cMony K m .  

3@wp rapnwyca npeAcTaennm cock8 nponytm peaKuun 
rnUUepHHa C ~a~H@onbk3. 

h 0 n a  I(nlx U M J l f l a C R  OCHOBHblM KOMnOHeHTOM PeUeIITOB 
3 n e ~ ~ p o ~ r o r p a @ w s e c ~ w x  nponsu~eneii .  



f l p ~  , n o n & p e  K p a c n T e n a  nnn s n e ~ ~ p c @ o r n r p a @ w ~ e c ~ ~ x  
IlpORBJlRloulHX C M e c e 9  C n e A y e T  0 6 p a T H T b  BHHMaHHe H a  T e M n e -  

p a T y p y  nnaeneswx M a T e p s a n a .  T ~ K  K a K  s n e ~ ~ p o $ ~ o m r p a @ n ~  
same scwo s a K p e n n n l c r r  H a r p e s a H H e M ,  T e M n e p a r y p a  nnasne- 
HHR K p a c n T e n R  ae nonxna 6 6 1 ~ b  B ~ C O K O ~ .  BO B c e x  c f l y q a s x  
oiia nonxaa 6b1Tb H m x e  T e M n e p a T y p M  06yrnmaa~un 6y~arw. 
C npyrofi CTOPOHLI, T e M n e p a T y p a  3 ~ a  H e  nonmna 6b1~b C n n u r K o h i  

H H B K O ~ ~  - B n p o T s B H o M  cnygae r a c T w u b l  K p a c w T e n n  6 y n y ~  
CJlHnaTbCR M W y  CO&fi. B ~ X H ~ I M  Tpe&BaHHeh l ,  Bb lTeKamulHM 

; H e n o c p e n c r e e H s o  n3 n p w p o n b l  ~ n e ~ ~ p o @ o r n r p a @ ~ q e c ~ o r o  npo- 
uecca. R s n R e r c R  ~ p e 6 o e a ~ n e  onsoponsomi aapxna, reue- 
p w p y e M o r o  H a  n o p o u r K e  B ~ ~ O U W C ~ T ~ H ~ O ~ ~ ~ ~ K T ~ H ~ ~ C K O R  s n e K r -  
pH3aIUiH.  ~ ~ J ~ ~ U I H H C T B O  qaCTHU KpaCUTC%n n p H  B 3 a H ~ o n e k -  
CTBHH c ~ ~ C T H U ~ M W  HOCHTCIR AOJIXHO I I p I i o b p e ~ a ~ b  sapnnu 

: onnoro s ~ a ~ a .  B n p o T w s l r o M  cnyqae +OH n p o m n e s H o r o  ~ 3 0 6 -  
: paxeswn 6 y n e ~  cwnbxo 3asyannposas, w60 racruuu K p a c w T e -  

nn,  H e c y w n e  sapan, o n ~ ~ a ~ o s b l f i  no s H a K y  sapnny uso6paxe- 
I 

HHR. OCRAYT H a  CBeTJlbIe YgaCTKH 3T0r0 1 1 3 0 6 p a x e ~ ~ l l .  
P0nb H W H T M R  B npORBWTeiT5X C YCneXOM H C n O n H R e T  peg- 

:: ~ 0 f i  K B a p l ~ e B b l f i  neCOK. n f l f l  3~0fi Xe U M H  IlpWMeHfllOT M M K H e  

, CTeKflRHHble  W KOflWCTWPOflOBble UIaPHKH, H HeKOTOPble  A p y r H e  

: M a T e p w a n u .  O~~oureiiae K o n w r e c T s a  K p a c w T e n R  B nponenrrro- 
UIeM IlOPOUIKe K KOJIHqeCTBY HOCWTenR COCTaBAReT n P H M e P H 0  
OT 1 : 10 no 1 : 30 BeCOBblX ~ ~ c T G .  n p ~  H C n O n b 3 0 B a H H H  B 

; ~ a g e c ~ ~ e  H O C H T ~ ~ A  pegsoro n e c K a  c n w a M e r p o M  r a c T H u 0 , 3 -  

j 0,6 MM J y g U I H M  OTHOUIeHHeM RB.nReTCR 1 : 30. 
O~cmna ~ ~ n o a o f i  p e u e n T  npossnnloqero s n e ~ ~ p o + O ~ o r p a -  j rpwsec~oro nopourlta. - 

. . . . . . . . . . . . . . . .  Kpacnrenb 3-10% 
. . . . . . . . . . . . . . . . .  ? Hocnrenb 9 6 9 7  D 

Ha CTp.  78 n p U B e n e H 0  HeCKOnbKO THnOBblX p e I I e n T O B  3 J e K -  

H C C l e A O B a W b C K O h  HHCTWTYTe 3 f l e K T p O r p a @ ~ W .  

B C J l ~ y I O U e M .  K O M ~ O H ~ H T ~ I  KpaCWTeflR T U a T e . l b H 0  B3BeUIHBaH)T 
H a  aHaJIHTH9eCKHX BeCaX H 3 a l ' P Y X a H I T  B nOCTaBneHHYH) H a  

, - O r O H b  HJlH 3.leKTPOnJlHTKY @~P@OPOBYIO 9 a U I K y .  P a ~ n f l a B f l ~ ~ l ~  
c h r o n y  H, uenpepbmio n e p e h r e m s ~ a n ,  no6asnn1m n s r M e H T w -  

: pymmwe n o n u s e r K n .  P a c n n a s n e ~ ~ y m  M a c c y  swnwsalar tra Me-  
T ~ J I J ~ H Y ~ X K H ~ ~  JIHCT U AaIOT OCTblHYTb. 3 a ~ T b l B l U W e  KYCKH Wa- 
T e J b H O  H3hIenbqaHIT.  Y ~ o 6 u  KPaCHTeflb  H e  I l p H J l H n a n  K CTeHKanl 



. . . . .  K p a c ~ b l i r  e p a c n r t n h  KO-senesoro 5 .  
A.  Cmo~a  KnM . . . .  90% 

X e n ~ b l i l  K p a c n r e n b  P o ~ a ~ n ~ x  X . . . . .  6~ - 
nnrhren~ a.nblR . . . .  4 a Cro.?a KnM . . . . . .  90% 

6. M l n ~ o n  . . . . . . .  80a Ilncuenr x e n m k  npos- . . . . . .  n n r h l e s ~  npno-~pacntair 21) 1. paqnwi K IOa  

C V n K U ,  B KOTOPOR p a 3 M a J b l B a l O T  MBCCY, B C T y n K y  AOJUBaIOT 

H e m o r o  nuc~wn.iwpo~a~wofi BOAM. K o r ~ a  H ~ O ~ X O R U M ~ R  c T e -  

n e H b  H3hle.lbYeHUfl ROCTUrHyTa,  BORy O T @ A . ~ ~ T P O B M B ~ H ) T ,  I IOCne  
Y e r o  BbICyluUBaloT IlOpOIIIOK. M 3 ~ " 0 ~ 0 ~ . f l e H H b l h  TaKUM 0 6 p a 3 0 ~  
KpaCUTeJ Ib  n p U C b l n a l o T  K IIOPOIIIKY-HOCUTWIH), 3 e p H a  KDTOPOrO 

n p e A B a p K T W I b H 0  npOMblBaH3T r 0 p f l Y e k  B O R O ~  U o 6 e 3 ~ u p u s a m r  
( U ~ T ~ M  paCTBOpeHUR B BORe M b L l a  U.1U T P H H ~ T P W ~ ~ @ C @ ~ T ~ ) .  
~ O T O B ~ I ~  3 n e ~ T p 0 $ D T 0 r p a @ k l q e C ~ ~ k  I lPORBWTenb C J l e r K a  BCTpX- 
XIIBaIOT, qT06bl  YaCTUUbl HOCUTenR W KPaCUTel lR B3aHMHO Ha-  

S J I e K T P U 3 0 B a ~ W C b .  

n p u  n 3 r o ~ o ~ n e ~ u u  3 n e ~ ~ p o l @ ~ o r p a @ u s e c ~ u x  nponsnrrm- 
U U X  nOpOuIKOB ~pOMMULIeHWblM n y T e M  A J I l  113MCgb9eHHII CO- 

npoc~eiiluwe nponsnnmqne yc.rpoiic~sa. C K P ~ I T ~ I ~  331e- 

K T p o c T a T w s e c K u e  u306pame~wn H a  3 n e ~ ~ p w ~ o r p a @ w s e c K w x  

n. laCTUHaX U 6 y h r a r a x  h l O X H 0  npOIIBdlI ITb B 0 6 b l Y H b l ~  KtOBeTaX. 

B K m B e T y  3 a C b l n a l o T  HehlHOrO npOIIBJIRKIUIer0  IIOPOULKB. ~ P W  
3TOM KmBeTY H ~ ~ H ~ ~ K I T ,  s m 6 b 1  nOpOllrOK c o 6 p a n c f l  y O A H O ~  U 3  
CTeHOK. 3 a ~ e h f  H a  A H 0  K. laAyT ~ ~ ~ K T ~ o @ o T o ~ ~ ~ @ H Y ~ c K Y ~  m a -  
C T H H ~  H n e r K u M  ~ O K ~ Y W B ~ H I I ~ M  ~ ~ C T ~ B J I R D T  n o p o w O K  M e a n e H H o  
n e p e M e q a T b c n  no n o s e p x H o c T w  @ ~ o n o n y n p o B o a w w K o B o r o  

CJO54, H W y U e r O  CKpblTOe n306paxe~we. TOYHO T a K  Xe IIOCTY- 
namr w npu  n p o n s n e H n u  ~ n e ~ ~ p o @ o r o r p a @ w q e c ~ n x  6ywar. 

200 c,!dS n p O n B U T e J R  MOKHO 06pa6o~arb CBblllre 100 3Je- 
K T ~ o $ o T O ~ ~ ~ $ U Y ~ C K ~ X  OTneYaTKOB p a 3 M e p O \ l  9 x 1 2  C.U. He- 
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~ c ~ a r n e n ~ n  n o r e n q u a n b n o r o  p e n b e a a  w 6opb6a c HUMW. 

0 6 u a n  w o ~ u 3 a 1 ~ w n  ~osnyxa, ~ 0 3 ~ w ~ a r n q a f l  npu sne~~pwaa-  
UHH @ T O ~ O J I Y ~ ~ O B O ~ H H K O B ~ ~ X  CJlOeB B KOPOHHblX P a 3 P f l A -  

n w K a x ,  H e p e n x o  c n y x w T  n p n q u ~ o t i  wcxa- 
X e H W R  C K P b l T O r O  3nCKTPOCTaTWVeCKOTO 
penbe@. R B n e H W e  3 T 0  0 6 b 1 4 ~ 0  ~a6~Ih3- 
q a e x n  e 3 n e ~ ~ p o @ m r p a @ u s e w x  K o n u -  .- ~ O B ~ ~ ~ H O - M H O X H T ~ ~ ~ H ~ X  M a r n u n a x ,  W ~ K T -  ;: pwsyroruee, s K c n o H n p y r n m e e  w npossnslwee 
~ C T ~ O ~ ~ C T B ~  K o ~ o p b l X  paCnOJlOXeHh!  ~ J I I K ~ K o  

npyr 0~ npyra. 
H e K o T o p a R  4 a C T b  WOHOB, r e H e p W p Y e M b l X  

KOpOHHblhl  p a 3 P R l l H W K O M ,  H e  O C W A a e T C R  H a  
$ o m n o . ~ y n p o ~ o n ~ w K o B o ~  cnoe w n o c T e n e H H o  
H a K a n J l F i B a W C n  B 3 a M K H y T O h l  06be~e  K O p n y C a  ' I  
K O ~ H ~ O B ~ ~ ~ H O - M H O X ~ T ~ ~ ~ H &  MaUIWHbl.  Ha 
y s a c T K e  OT ~ ~ n e ~ ~ p a s a m p a  1 (pwc. 51) no 
M e C T a  ~ K C ~ V H H ~ O B ~ H U R ~ O T ~ U U ~ T ~ ~ H ~ I ~  WOHbI 
3, C B V ~ O A H O  n e T a r o r u w e  e eowyxe, H e  h l o r y T  i 

Pnc. 51. %*KT 
OCeCTb Ha @ T O ~ O J ~ ~ ~ O B O A H U K O B ~ ~  c J I o ~ ~  5, i 

noHHOrO anpo-us. B C n e n C T B H e  T o r 0  W C  OH H e C e T  O T p H U a T e J l b -  ; 

neHKRV H b l e  3 a p R n b l  4. ? 
i 
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T O J b K O  nJln p e n p O n y U H p O B a H H R  U T p H X O B b l X  u306paxe- 
HHR. 

Y T O ~ ~ I  p a 3 0 6 p a T l c ~  B n p H 9 H H e  3 T O r 0  IIBJleHWR, BCnOhIHWM, 

9 T O  n P O R B n e H H e  ~ . Y ~ K T ~ O C T ~ T W ~ ~ C K O ~ O  w306pa~e~wrr n p O H C S 0 -  

g H T  BCleJICTB11e B O ~ A ~ R C T B W R  3 J I e K T P O C T a T H q e C K O r O  CUJIOBOrO 
nO.TFI, O ~ ~ ~ ~ O B ~ H H O ~ O  n O T e H U H a J I b H b l M  p E ' J l b ~ h l ,  H a  W C T H U b l  

nporrsnrrloruero nopomlta. Cwnoeble n w H w w  nonrr n o n x t ~ b l  BU- 
X O A H T ~  3a n p e , q e n h l  @ o ~ o n o n y n p o ~ o a ~ w ~ o ~ o r o  won. B npo- 
THBHOhl C J I Y Y a e  9 a C T H U h l  K p a C H T W l R  K C J O H )  I IPWTIIrHBaThCII  H e  

6yay~ .  
3 l t c n e p n ~ e ~ ~ a n b ~ h r ~  n y T e h c  y c T a n o B n e H o ,   TO cwnosbre nw- 

HHW n O J R  BblXORRT B I lPOCTPaHCTBO H a g  ~ J ~ C T H H O ~ ~  r J a B H h l M  

06pa30~ y K p a e B  ~ 3 0 6 p a X e H H S l .  RHYTPA C n n O U l H h l X  3BMKHY- 

ThlX Y s a C T K O B  OHW 3 a M h l K a l o T C I I  I l p e H M y U e C T B e H H O  sepe3, no- 
J I ~ ~ ~ o B o ~ H H K o B ~ ~ ~  cJI08. 

~ O ~ T O M ~  saCTHWh1 ~ p O R B . Y R l o U e r 0  K p a C H T W I n  H O C a X A a -  

D T C B  B OCHOBHOM H O  K p a f l h l  C n n O U l H b l S  YVaCTKOB. XOPOUO W 

I l O n H O C T b l o  nPOHB.qRloTCR J H U l b  T O H K H e  JIHHHH. 
Y C T P ~ H W T ~  ~ p a e B 0 f i  3 m e l t ~  I l03BOu' lRff  C p a B H H T U h H O  H e -  

c.noxnoe np~cnoco6.xeewe. 310 h l e T a l n w s e c l t a r r  nnaclnna 1 
( ~ H c .  54), K O T O p y l o  n O M e l 4 a D T  B H ~ ~ O C ~ ~ & C T B ~ H H O ~ ~  6 n u 3 o c ~ W .  

OT 3 i 7 e K ~ p @ 0 ~ 0 t p a @ W 9 e ~ ~ 0 f i  H.naCTHHhl 2.  ~ J ~ ~ C T H H Y  1 3a3e~-  
JlIIKlT. ~ p ~ c n o c 0 6 n e ~ n e  t l 0 3 B O J l R e T  CYUleCTBeHHO W3MeHATb 

xapamep cnnosoro nonn. B ~ T O M  c j l y q a e  ~ O ~ ~ U I W H C T B O  cnno- 
B ~ I X  ~ H H U R  n e p n e H z n l t y . x r r p H b 1  K n o s e p x H o c . r w  ipoTononynpo- 
BOAHHKOBOTO CJIOR. OHM B h l X O # l T  B I l p O C T p a H C T B O  H a  3 J I e K T p O -  

~ o r p a @ w s e C ~ o f i  n n a c ~ n ~ o i r  W M a K C H M a J l b H O  ~ 0 3 A e f ~ T ~ y l o T  

H a  s a c T w u b l  npomnnloqero nopotma. 
B HaCTOFlLlLee B p e M R  ~ ~ . ~ ~ L U W H C T B O  ~ P O I I B J I R K I L U H S  YCT- 

P O ~ C T B ,  P a C C 9 H T a H H b l X  H a  nPORB.f leHUe IIOJIYTOHOBhlX 3.'leKTPO- 

@ o ~ o r p @ H q & ~ W ~  ~306pame~w8,  c H a 6 2 K a l o ~ c f l  AOnOJIHllTeJTh- 

HHMH ~ ~ ~ ~ M . Y ~ H H ~ I M H  3 n e ~ ~ p o n a h r u ,  ] l c ~ p a ~ n l o r u n ~ ~  ltpaesofi 
S ~ ~ K T .  A H ~ J I O T W ~ H ~ I ~  p e 3 y n h T a T h r  M O r Y T  6 b l ~ b  nOJIY'XeHh1 ny- 
T e M  p a C T p H p O B a H H R  u 3 0 6 p a ~ e ~ K n ,  T .  e. p a 3 A W I e H l l R  H a O T A e . l b -  

H h l e  ~ e 6 o n b r u w e  T O s K U  H P H M e p H O  T e M  Xe MeTOAOM, K a K  3 T 0  Ae. 

n a e T c r r  npw ~ o c n p o w 3 ~ e n e ~ ~ u  @rorpa@uR B ra3e'rax. 



H e r a ~ n ~ n o e  nponsnesee. O A H H ~ ~  n3 O C H O B H ~ I X  n p e n M y -  
U e C T B  3 J I e ~ T p o @ T o r p a @ H H  RBdTReTCn B03MOXHOCTb I I O n y q e -  

HWn 1103HTHBHOrO H ~ O ~ ~ ~ X ~ H H I I  H ~ ~ ~ O C P ~ ~ C T B ~ H H O  C 1103HTWB- 
H o r o  opwrweana, h r w n y n  ~ e r a ~ w e ~ b r f i  npoqecc. T e M  H e  M e n e e  

CnnOUIb  H PRAOM B C T ~ ~ ~ ~ E D T C R  CJ IyqaH,  KOrRa  H ~ O ~ X O ~ W M O  COX- 

P a H H T b  O ~ H ~ H Y D  TeXHOJlOrUqWKyIO CXeMY - UHWBTHB - 110- 

. 3HTHBn. T ~ K  IIpOHCXOAHT, H a n p H M e p ,  W n H  H Y X H O  llOJlY'4HTb 
3ne~~po@o~orpa@wses~wii  o T n e r a T o K  c 06blq~or0 dp~orpa@w- 
~ W K O ~ O  H e r a T u B a .  

C y u e c ~ e y e ~  H e c K o n b K o  M ~ T O A O B  H e r a T w e w o r o  n p o n e n e H w R  
s n e ~ ~ p @ o ~ o r p a @ ~ f i .  n p 0 ~ T e f i m H B  w3 HHX COCTOHT B nponme- 

I HHH ~ 3 0 6 p a X e ~ u n  IIpORB,TRIOUWM IIOPOUIKOM, 9aCTHUbl  K p a -  
C k i T a R  KOTOpOrO H W y T  ~ J I ~ K T ~ u W C K H ~ ~  3apnA, O J ( H H ~ K O B ~ ~ ~  . 
no ~ H ~ K Y  c 3 a p ~ z o h l  H 3 0 6 p a X e ~ H R .  Kpacu~enb B  TOM cnyqae 
oceAaa H a  s K c n o n w p o s a H H b r x ,  3 n e K T p w s e c K u  n e k ~ p a n b ~ b ~ x  
y s a c T K a x  (pwc. 55). 

n p o ~ ~ n ~ ~ m w e  nopourltw, peuemypa K O T O P ~ I X  6 b l n a  npw- 
BeAeHa ,  p a 6 0 ~ a D T  no CXeMe UnO3HTHB - no3HTHBn.   TO 3 H a q H r ,  

9TO qaCTHUbJ K p a C W T a l l  B IIPOUeCCe T ~ H ~ O ~ J ~ K T ~ W ~ ~ U U W  IIPH- 

0 6 p e ~ a D ~  I l ~ n ~ X H ~ e J l b ~ b l f i  3 a p R A  U BIlOCAeaCTBUH O C a X A a -  
loTCR H a  O T P H U a T e n b H O  3 a P n X e H H b I X  y '4aCTKaX W ~ O ~ ~ ~ X ~ H H I I .  

q a c ~ w u b r  K p a c w T e n R  n p o R s n n l o u l e r o  n o p o u r K a ,  pa6o~alo- 
U e r O  no CXeMe UHeraTHB - nO3HTHB)>, ROJIXHM n p ~ o 6 p a a ~ b  B 
I lpOUeCCe T ~ H ~ O ~ J ~ K T ~ H ~ ~ K H H  3 a p n A ,  O & H O H M ~ H H ~ ~ ~ ~  3apRR). 

CJIOR. 3 ~ o r o  MOXHO A O ~ W T ~ C R  COOTBeTCTBYDUHhl 1 1 0 ~ 6 0 ~ 0 h l  

; M a T e p a a n a  H O C H T ~ R  H K p a c w T e n n .  B K a q e c T B e  HOCHT~JIR Hers- 
& THBHOrO I I P O R B n R I O U e r O  nOPOUIKa  nPHMeHRlOT C T a n b H b I e  HJIH 

i c T e K ~ l R H H b l e  UIaPHKH 1 (PWC. 56), IlOBepXHOCTb KOTOpblX no- 
t K P b l T a  T O H K O ~ ~  A H ~ ~ T ~ K T P W ~ ~ C K O ~ ~  I I . q e H ~ 0 f i  2, H ~ ~ O T O B ~ ~ H W O ~ ~  

w 3  h r a T e p w a n a ,  KOTOPHR npw TpeHww c q a c T w q a i w  K p a c w T e n n  3 
coo6mae~ nocneAwwh1  OT- 

#-.\ -- p ~ I l a T e . l b ~ t - r f i  3apn.X.  

Pnc 55. Hera~~sHC-2 nponeaeHHe 3 n e ~ -  PHC. 56. 3 e p ~ 0  n p o u ~ n u ~ ~ u e -  
rpogomrpajlwrecaoro wmjpaxetlw ro n o p o ~ u ~ a  
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K a p h ~ w n b ~ o e % e n e o  C n y X H T  O C H O B O ~ ~  AJlR n p O R B n R l o U W X  
q a c T w u ,  n03~onaloqefi BWTW n p o a B n e H w e  M ~ O A O M  ~ a r ~ w ~ w o i i  
KWCTW. O K U C ~  MWHWR IIBJIneTCII KOMnOHeHTOM, T P U ~ O ~ J I ~ K T P W -  
s e c K w e  c ~ o i i m ~ a  K o T o p o r o  06ecnesw~alo~ renepaum wa npo- 
flBJlRlOlllWX qaCTHUaX HnWTOna O T ~ H U ~ T W I ~ H O ~  I l O n R p H N T W .  
B h l e c ~ o  OKHCW M a r H W a  AJ In  TOR Xe U U W  MOrYT 6 b l ~ b  t l pHMeHe-  
Hhl hilaHHaS K p Y n a ,  yrne~wcnblfi M ~ F H K ~ ,  H3MWlbqeHHOe  O p r a -  
HWqglKOe CTeKJlO, IIOJIHCTHPOII. 

npW IlpORBneHUH CKpblTOrO ~ J I ~ K T ~ O C T ~ T U ~ ~ C K O ~ O    sob pa- 
X e H W R ,  YqaCTKaM KOTOpOrO coo due^ I I ~ J l ~ X w ~ e n b ~ b l f i  nOTeH- 

w a n ,  npoasurenu M e H a l m a  p o n n M w :  ~ e r a T u ~ ~ u i i  padoraw 
K a K  ~ O ~ H T W B H ~ ~ ~ ,  W H ~ O ~ O ~ O T .  

ApyroA MeTOn HeraTWBHOrO I IpORBneHHf l  COCTOHT B TOM, 

¶TO n p O l l e W  B e A y T  B IlpWCyTCTBWW ,QOnOJlHHT&TbHOrO 3 n e K T p O -  
&a, KOTOpOMY C O O ~ U ~ H  I lOTeHUHi t l ,  O ~ W H ~ K O B ~ I ~ ~  no 3 H a K y  38- 
pany w306pame~wn. Benusw~a n o r e H u w a n a  nonxaa 6 b 1 ~ b  p a B -  
H a  BenWYHHe n o T e n u r % a n a  H a  H e x c n o n w p o s a n w m x  y s a c T a a x .  

~ O A ~ O X K ~  1 (pwc. 57) ~ ~ ~ K T ~ @ O T O ~ ~ ~ @ H ~ W K O  IIJlaCTHHbl 
~ P W C O e n l l H R D T  K OnHOhlY W 3  3 a X U M O B  WCTOqHHKa IIOCTORHHOI'O 

TOKa  2, , Q o I I o J ~ H W T W ~ W ~ I ~  3 n e K T p O n  3 - K ApYrOhlY.  Ecnw T e -  
nepb B I I p O M W y T O K  M e m y  I ~ . I ~ C T H H O ~ ~  H 3neKTpOfiOM R a n p a -  
BWTb CTpYlO I I p O R B n R D q e r O  nOpOIUKa ,  n O n O X H T e i l b H 0  3 a p R -  

X e H H b l e  qaCTWUhl 4 IIPWTRHYTCR K He3KCIIOHHPOBaHHblM y¶aCT-  
KaM u306paxe~wa H n p O a B a T  er0 HeraTWBHO ( n p H  YCJIOBWH, 

9TO I I n a C T U H e  I IpH 3JTeKTp1132UHH 6mil ~0061Ile~ I l0110XHTei lb -  
~ b r f i  no~ewuwan). Cbpwua~enb~o  

...... b. .>.. HOrO 3 . 1 e ~ ~ p o ~ a  I : O ~ B O . I R ~ T  pe- 
- 1 "  / /7i . ' l  r y . l H p O B a T l ~  WHTellCHBHoCTl . . 

1' I I npouecca npoasneaun, H S M e H a u  

no w e n a H w l o  c T e n e H b o c a x A e H n n  

PHC. 57. n p ~ c n o c o d n e ~ ~ e  m n  qaCTwU KPaCWTeJn H a  O T n e n b -  
aerarns~oro nponsnenun H ~ I X  y q a c ~ ~ a x  ~ 3 0 6 p a ~ e ~ ~ n .  



A o n o n ~ w ~ e n b ~ h I f i  3 J l eKTpOA h l o n t f l  6 b l T h  B b I n O J H e H  E BWAe 

, CWCTeMbl MHKWX CTaJlhHblX IIPOBOnOqeK,  paCI IOnOXeHHblX H a  

PaCCToRHHH 1-2 M M  OT nOBePXHOCTH L$OTO~O~YIIPOBOAHHKOBO- 
ro cnon n p o e o n o s ~ ~  ~ T H  pacnonaram n a p a n n e n b H o  A p y r  

' 
A p y r y  C ~ ~ C T O T O ~ ~  A 0  30 H a  CaHTWMeTp. M H T ~ H C H B H O C T ~  H Ka-  

j s e c ~ ~ o  nponsnenwn B  TOM cnyqae p e r y n H p y m c n  n y T e M  coo6- 
i U e H H R  AOllOJlHHT&TbHOMY 3J IeKTpOAy OIlPeJ(eJleHHOC0 no Be-  

Cnoco6 M ~ ~ H H T H O ~ ~  KHCTH. B K a q e C T B e  HOCHTeJlR B ! M ~ K T ~ ~ o T o ~ ~ ~ L $ H ~ ~ K u x  I l p O n B H T U Z X  ~ o r y ~ 6 t n b  WCIIOnb30- 

BaHbl  p a 3 J I l i q H h l e  Mt2TUIJIUreCKHeOIlHJIKU - ~ p U I l O h f H H l i ~ h l e .  



~ P O H ~ O B ~ I ~ ,  C T a n b H b l e .  
O ~ ~ H ~ a J l b ~ b l f i  p a 3 M e p  

o n w n o K  H a x o f i w r c x  B npe- 
aenax 0 ,25 -0 ,5x~ .  Ecnw 
OllHJlKH CZeJ l aTb  b n e e  
MeJlKHMH, OHA IIPHCTaHYT 

K OTTWCKY. Eonee K p y n -  
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6paxesnn HOBOM cnoe). Tehf ~e ~ e ~ e e  nepe~oc  



s n e ~ ~ p c @ ~ o r p a @ u q e c ~ w x  w306paxe~wii n p w M e H n a c n  a o c T a -  

TO'LHO qaCTO W mFip0ff0, O C O ~ ~ H H O  B ~ . U ~ K T P O @ O T O ~ [ ~ ~ @ R ~ ~ C K U X  
KOnWPOBanLHO-MHOXWTMbHbIX MaUINHaX.  

Ha K a q e c T s o  n e p e H e c e n H o r o  u306p amewwn 6 o n b m o e  snwn- 
HHe OKa3b lBafT  C T p y K T y p a  IIOBepXHOCTW ~ O ~ y ~ p O B O A H U K O B O ~ O  

cnon. 3jleK~p0@0~0l"pa@~Y€C~He 6 y ~ a r u  H a  OCHOBe OKWCH 
u w H K a ,  meloque B c p a s H e w H w  c C ~ . ? ~ H O B ~ I M W  CJTORMW 6 0 ~ e e  
m e p o x o B a T y r o  n o B e p x ~ o c ~ b ,  h t e w e e  n p w r o A H b 1  niin ~ocnpou3~e-  
A e H w n  u 3 0 6 p a ~ e ~ ~ k  MeToAohr nepenoca. B  TOM cxyqae 3~aq11- 
T b l b H a R  r laCTb KpaCWTWR BCJlenCTBUe CUenJIeHWfl C I IOBepX- 

HOCT~H) cnon H e  n e p e x o n H T  H a  6 y M a r y .  
C e n e ~ o e b r e  cnon, w h r m u w e  mamylo s e p l t a n b n y l o  nosepx- 

I HOCTb, HaIIPOTWB, 0 6 e ~ ~ e l l F i ~ a l o T  K ~ Y ~ C T B ~ A H ~ I $  n e p e H O C  3 H a -  

Y W T ~ J I ~ H O $  YaCTli KpaCO'LHOrO U O T .  
noc.~e nponsnenun w n e p e H o c a  u306paxtenwn c m e ~ o ~ h r i r  

j n p ~ c ~ e $ U I F i k  hleTOA 3 a K J l o q a e T C f l  B I lOCblnaHliH nOBepXHOCTH 

. TlJlaCTHHbl K P Y ~ H ~ ~ ~ P H W C T O ~ ~  ~ ~ ~ H ) T I I H P O B ~ H H O ~ ~  COJlbH). Bc~e;l- 
CTBWe T ~ H ~ ~ ~ . I ~ K T P W ~ ~ C K O ~ O  W e K T a  Y a C T l i U b l ' ~ p a ~ H ~ f ~ ( l  npW- 
TArHBaH)TCR K 3 e P H a h I  COnW U YnaJ IR loTCn  C nJIaCTliHb1. 

ApyroA h 4 e ~ o z  COCTOHT B co06qenw~ n n a c T n H e  noTewuua .ma .  

3 H a K  KOTOPOrO ~ P O T W B O ~ O J l O W e H  3 a p I I A Y  W ~ O ~ P ~ X ~ H W R .  n0c.W 
3.lleKTpK3aUHK IIOpOluOK YAa*TRK)T C IIOBepXHOCTH CnOIl M I I ~ K O ~ ~  
T ~ R ~ o ~ K o #  W J l W  KYCOYKOM BaTbI. 

3a~pennenice. 3 ~ ~ e ~ ~ p o @ o ~ o r p a @ w s e c ~ u e  u306paxte~un, 
IIpORBJIeHHMe OnHUhl W 3  CYXHX C ~ O C O ~ ~ B .  H ~ O ~ X O A H M O  3 a K p e -  
nwm.   TOT npouecc 3 a ~ . i l o q a e ~ c n  B co3aa~uu ycnoswii A n n  

n n o T H o r o  w n p o s H o r o  n p w K p e n n e H w n  s a c T w u  K p a c w T e n n  K 6y- 
M ~ X H O U  IIOASOxtKe WnM @ 3 ~ 0 n 0 . l y n p 0 ~ 0 ~ ~ ~ ~ 0 ~ 0 ~ y  ClOH). Ec- 
nu 3~01-o ne c A e n a T b .  3 n e ~ ~ p c @ o ~ o r p a @ ~ q e c ~ o e  w306pawe~we 
6 y ~ e ~  J e r K O  Ckla3blBaTbCn.  

npW pa6o~e C XHnKM\ l l i  n p o n B a T e n n M w  HeT  H ~ O ~ X ~ A W M ~ C T W  
B cneuna .mbHoh(  @ n ~ c ~ p y l o u ~ e h ~  npouecce - 3 a ~ p e n n e ~ u e  pu- 
C y H K a  0C)TWeCTBJIReTCR CahlO c060ii n p U  BblCblXaHUW H a H e -  

c e H H o r o  H a  n w c T  3ne~~po@o~orpa@wsec~of i  6 y h 1 a r w  n p o n B w -  

Te.1R. 
E C T ~  TPW OCHOBHMX cnoc06a 3a~pen.men~113ne~~po$o~orpa-  

@ w r e c ~ ~ x  n306pame~wii - 3 a ~ p e n n e ~ w e  H a r p e B a H n e h f ,  38- 

K p e n n e n w e  a a s n e H H e h l  u 3 a ~ p e n n e n ~ e  n a p a m  aKTHBHOr0  p a c T -  

s o p w T e n n .  CYUHOCT~ n e p B o r o  cnoc06a COCTOHT B H a r p e s a H m i  

J N C T a  C HaHeCCHtIblhl Hit  H e r 0  KPaCHTe.leM A 0  p a C I l J a B J f H l t n  
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&,* 3TOr0 K p a ~ w ~ t 3 k .  ' P~c- .  
a 8 n n a ~ n e ~ ~ ~ e  sacTnuw 

n.IOTH0 npHCTaloT K dlACTy 
t A B n a n b ~ e i i m e ~  ~ e c ~ a s b l -  

I BaloTCfl. 
n Ecnn WBB~CTHO 3apa- 

6 ;!I,\, $- 4 2 aee, s r o  3 a ~ p e n n e ~ u e  6y- 
, 1 , >  
, / 1 I,', 

nPOU3BORHTbCR YKa- 
, 1 ,  ,A&- 3aHHblM CIIOCO~OM, HeO6- - xonwhro C O O T B ~ I C T B ~ ~ H M  

Pnc. 61. 3 a ~ p e n n e ~ n e  anexrpr@mrpa- 06pa30~  r10~06pa~b npo- 
@nsecKoro wc6pamesrtn: 

a-sarpennense Harperblr saneror. 6-sax- 
n~.inmulwA KpaCliTab. 

u~~psnpaca.. .3nyqeE,lieu. T e ~ n e p a r y p a  nnasneHn~ 
pennenlle xa.aaneaaer. 2 - SaHpvnnellHc "a- KpacwTerln AonxHa GblTb 

p a l "  P a C T B O P H E n A  
Hwxe npaenbl io t  TeM- 

nepaqpbr, ~ o m p y m  BblnepxuBaer 6 y ~ a r a  6e3 aaMernux Ten- 
JOBLJX OCTaTOsHblX R$op~aIIwfi. 

Harperb sacTwubl KpacwTan 1 (pwc. 61, a) Ha nwcre 2 
~ o x w o ,  npwBonR nucT B conpnKocHosewue c Harperbm MeTannn- 
YeCKUM Ba,MKOM 3. n p y r 0 ~  MeTOA ( ~ u c .  61, 6) COCTOHT B TOM, 
 TO nncT nonrrepramr ~os~e i i c r swm wwrppa~pac~ofi pa,qaauww, 
w n y s a e ~ o t  H C T O ~ H W K O M  4. 

npocreiimee y c ~ p o n c ~ ~ o  ~ ! I X  s a~pen . l e~wx  HarpeBaHweM 
wao6paxe~o Ha pwc. 62. 3 n e ~ ~ p ~ ~ o r p a r p w s e c ~ w A  omesaToK 
np0nyCKaloT MeXAy jlBYhlR BanWKaMW. B H H X H W ~ ~  B U H K  BBe- 

Pnc. 62. Yc~poiicrnonnn sa~pennenns narpesannew 
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nena cnupanb sneltrpcr 
n a r p e s a T e m .  Bepxnnii 
BBJIHK- X O J ~ O A H ~ ~ ~ ~ .  3 n e K -  
~ p o ~ o r o r p a ~ n s e c ~ n i i  OT- 
n e q a T O K  BCTaBJRIOT M e X -  
AY s a n n K a M n  nnue~oii 
c~oponoii ssepx n c no- 
h i o u b m  PYKORTKH H M a x o -  
BWYKa, COeAHHeHHOrO C 

s e p x H w M  e a n l r l t o h c ,  npony- 
CKBIOT YeDe? VCTDO~~CTBO.  . . .  

P H C .  63. Y c ~ p o R c r s o  nnn s a x p e n n e ~ ~ n  6onee co~epmennoe 
~ a r p e s a n n e ~  sa~penn~muree  ynpoii- 

CTBO n306paxeno na 
pnc. 63. Ono etanonrreao s snne 6ec~o~ernoii  M e T a n n n -  
sec~oii n e n T b l ,  n p n s o n n h ~ o f i  s nsnxenne or ~ e 6 0 n b ~ 1 0 r o  me- 
K T p o n s n r a T m R .  Han n e H T 0 k  n o M e r u e H  s n e K T p o n a r p e B a r e n b ,  
B KaVeCTBe KOTOpOrO M O W 3  6 6 1 ~ 6  WCIlOJlb30BaH 0 6 M ~ H b l i i  3ne- 
K T P H Y ~ C K U ~ ~  ymr. Ha ~ p a f i  n e H r M  K n a A y r  3ne~~po@o~orpa@n- 
sec~n i i  o r n e s a T o K  nnueaoii cropo~oii B s e p x ,  nocne sero. 
H a X U M a R  KHORKY, BKJlIOYaMT 3 ~ e K T p O n B H r a T M b .  K 0 r A a  O T n e -  
s a m K  npoxonnr non a n e K T p o n a r p e e a T m e M ,  nponcxonnr on- 
naanenwe K p a c n T e n n .  O ~ n e r a ~ o ~  npowo s a ~ p e n n ~ e ~ c ~  H a  6y- 
MaXHOM JlUCTe. M H T ~ H C I ~ B H O C T ~  3 a K p e n A e H U I I  MOXHO p e r y J l U -  
p O B a T b ,  W3MeWIIR Teh l I I epaTYPY 3 . T e K T p O H a r p e B a T U l l  il CKO- 

POCTb ABWXeHWII ~ ~ C K O H ~ Y H O ~  JleHTb1. 
3 a ~ p e n . n e ~ n e  n a a n e n w e h c  COCTOHT s TOM, YTO ~ ~ ~ K T P O @ T O -  

r p a @ n q e c ~ n i i  o T n e s a r o K  1 (CM. pric. 61, 8) n p o n y c K a m T  M e x n y  

W y M n  n p e c c y l o q n M t i  a a . n n a a M n  2 n 3. 
npPi 3 a K p e n J I e H H U  n a p a h 4 H  aKTWBHOr0 PaCTBOPWTe'lR CMOJlM. 

BXOARUlHe B COCTaB nOPOUIKOBOr0 lIPOILBHTWlll, YaCTWYHO 

DaCTBO[)RlOTCII. B pe3y.75-  
i a ~ e  iero a 3 0 6 ~ x i ~ n e  
npnnnnaer K nosepxno- 
CTW n n c T a .  R  TOM c . i y q a e  
3ne~~po@o~orpa@rirec~n R 
o r n e r a T o K  1 (CM. p u c . 6 1 , 2 )  
n o M e q a m  H a n  c o c y ~ o ~  2, 
B K 0 ~ p t d i i  Ha.PWT PICTBO- 
p n ~ e n b  3. B K a q e c T s e  

paCTBOpUTL3TR U C n O n b -  

I aumoH, 'IffblpeS- PHC.  64 .  Y C T ~ O ~ C T B O  UnR 3aKpenneHHn 
x n o p n c r t d f i  ymepon, cep- napahis pacrsopnrena 



~ b l f i  3 @ A p  A HeKOTOPbIe n p y r A e  O p r a H A Y W K H e  X H A -  
KOCTA. 

i7pocieiiuee ~ C T P O ~ ~ C T B O  A~IR 3 a ~ p e n ~ l e ~ n n  n a p a m  p a c T s o -  
purenn no~a3auo H a  pwc. 64.  TO cocyz B Qopnre ~ p e y r o n b ~ o k  
n P H 3 M h l  C KP~[UIKOR,  C H ~ ~ X ~ H H O ~  HSHYTPK H a I I p a B ~ F i H ) U I A h ( H  
nnn ewwrannn p a M N .  Mexzy n e p e K n a n n H a M a  p a M b l  H a T n H y T b l  
npOBOilOqKH,  H a  KOTOPble KJIaneTCR ~ ; ~ ~ K T ~ o @ o T o ~ ~ ~ ~ ~ ~ ~ c K H u  
OTTACK. P ~ c T B o ~ A T ~ J ~  3 a n W B a F J T  B COCyA Y e p -  BOPOHKY. 



3JIEKTPO@OTO~PA@HYECKAR AnnAPATYPA 

I I p a ~ ~ ~ s e c ~ o e  npwMeHeHne s n e ~ ~ p c + ~ o r p a $ u u  ~acqwrb:- 
saer  Bcero numb 10-12 ner. Teh~ H e  h!eHee y x e  ceroAHn B Ha- 
lueii CTpaHe W 3a p y 6 ~ 0 ~  - B C m ,  Benu~06pW~a~WW. @Pr. 
I Ionb~~le ,  Zlnowwu - cepu i i~o  H ~ ~ O T O B ~ ~ ~ T C R  pa3~oo6pa3~an  
3ne~~pc@o~orpa$wrec~an  annaparypa. IIpaana, annapaTypa 
3 ~ a  nopora u paccswrana Ha ucnonbeosaaue B HccneAosareqb- 
CKWK YYpeXXeHURX W npOMblUl~eHHblX IIpefinpHRTAHX. ~ X K T -  
polpoToannapa~u A.M @ T O ~ ~ I O ~ W T ~ J I ~ F " I  noKa e u e  HalueR npo- 
MblUrneHHOCTbW He BblnyCKaWCR. O A H ~ K O  CYUeCTByHlT KOH- 
CTpyKTOpCKIle pa3pa60T~W CpaBHHTenbHO HeCnOXHblX 3neKTpO- 
@ToannapaTOB, KOTOPble BCerAa YOXHO W3TOTOBUTb CBOWMW 
CunaMu. 

3 n e ~ ~ p o $ o m r p a @ n s e c ~ a n  annapaTypa sKnlosaeT s e m p e  
OCnOBHbIl ~ C T ~ O ~ C T B ~ :  3JleKTpU3aTOp C reHepaTOpOM BblCOKOrO 
Harrpnxenun, $ o ~ o ~ a h ~ e p y ,  nponsnnloulee ycrpoBc~so w 3a- 
Kpen.~nmulee y c ~ p o t c ~ ~ o .  3 ~ n  yc~poircrsa MoryT 6b1~b o&be~u- 
HeHU fipYT C APyCOhI B PahlKaX O A H O ~ ~  YCTaHOBKW WnW CAenaHU 
pZ3AWIbHO. 

3 n e ~ ~ p o @ o ~ o a n n a p a ~ u .  nwrw nm6oR ~Kna~Hof i  ~ H H -  
se~canbnblii, n n e ~ o s ~ b ~ i i  unu n n a c ~ u ~ o s ~ b l i i  @ ~ o a n n a p a ~  
M O X W  6bl~b  CpaBHUTenbHO nPOCM IlepefieflaH B 3.qe~Tpc$~m- 
annapar. Ann 3mro OH n p e m e  Bcero nonxen 6b1rb C H ~ ~ X ~ A  
s n e ~ ~ p w s a ~ o p o u .  I-ITO x e  KacaeTcn nponsnnloulero u s a ~ p e n -  
naKwero yc~poBcra,  TO o ~ u  ~ o r y ~  6b1~b n o ~ e q e ~ b ~  KaK B ca- 
~ o i r  KaMepe. TaK w BHe ee. 

Bne~~po$oroannapaTs MOXHO K ~ ~ C C W ~ U U W ~ O B ~ T ~  cne,qym 
UWM 06pa30~.  

I .  3 n e ~ ~ p + ~ o a n n a p a ~ b 1  Ann pa6orbr Ha nnacTueax. 
2. 3 n e ~ ~ p c + ~ o a n n a p a r b r  pnn pa60~b! Ha 6yhlare: 



a) sne~rpo$o~oannaparhI  c p y ~ l o ~ w o t  nona9eB 6yhlarn, 
6) sne~~po@oroannapa~b!  c nnc~oeofi noaasefi 6 y ~ a r w .  
Ha  n.laCTHHaX p a 6 0 ~ a I o ~  06b19~0 K P Y ~ ~ H O @ O P M ~ T H ~ I ~  3ne- 

~~po$morpa@nsec~we  penpoayKuwoHHue annapam. Mano- 
@opMaTHhle .Vl06W~MhCKne annaparb1 pa60~afflT Ha 3neKTpO- 
Qororpa@nsec~wx 6 y ~ a r a x .  

Kowcrpy~uwn 3 n e ~ ~ p o e ~ o a n n a p a T a  c pynoHIi0fi nonaset 
byhlarn 6 m a  pa3pa6ora~a B 1960 r. B MHCTWTYT~ KpHCTannO- 
rpa@nw A K ~ ~ ~ M H H  wayK CCCP. B OCHOBY nonoxeH c ~ n a ~ w o t  
nnenoqnbrt $oroannapar uMoc~sa-5n, K ~ o r o p o ~ y  npncTpoen 
06beKTws uKlnw~ep-Sa. K annapaTy npwKpenneH ~ o p o 6 ,  e KO- 

TOPOM HaXOnRTCU PYnOH ~ J ~ K T ~ o @ o T O ~ ~ ~ @ H ~ ~ C K O ~ ~  byhlarn, . 
n e ~ r o n p o r u x ~ h 1 8  ~exaBn8h1, ~ ~ ~ K T P W ~ ~ T O P ,  nponennmqee 
~ C T ~ O ~ ~ C T B O  II n p ~ ~ n 0 ~ 0 6 A e ~ w e  nJln OTpe3KW OTTWCKB. 

3 n e ~ ~ p n z i a u n ~  6y!.1arw ocymecTsnnercn npw noMomn Tpex 
MeXHblX BaJlHKOR. KOHTaKTkiPYfflUIWX C llOJlynpOBOAHWKO- 
BMM CnOeM W COeanHeHHHX C WCTU9HHKOM IIOCTORHHOrO TUKa 
eucoKoro HanpuxeHwu. B a n n ~ w  ynpaonmorcn PYKORTKOB Ha 
KpbnuKe K0p06a 

IIponsnewae ocymecrsnneTcn nponycKaHueM ~ K C ~ O H R ~ O :  
BaHHOrO fJyMa~H0r0 nOAOTHa 9epe.3 BaHHO9Ky C X W R K H M  

nponsnrenev. romeb~H OTTHCK BMBOAUTC~ wapyxy n mpe- 
saercn p e 3 a ~ o ~ .  

3 n e ~ ~ o o h ~ r o a n n a ~ a r  Havqwo-ncc~emearenbc~oro HHCTH- 

PHC. 65. 3 n e ~ ~ p c @ ~ ~ o a n n a p a ~  HMM s.ne~- 
TP~P@HH 

TyTa 3ne~rporpa@un 
CACVaH U3 UlTaTWBHOrO 
nflaCTWH09HOrO [POTO- 
annapaTa aOKa ( 1 3 ~  
x 18 CM). A n n a p a ~  

C H ~ ~ X ~ H  KUHOC&eMOq- 
HhlM O ~ ~ ~ K T H B O M  M-51 C 

@ O K ~ C H M U  PaCCTOHHHehl 
710 MA w mnocn~en~ . -  
IfblM OTBePCTWeM 1 : 4,s. 
A n n a p a ~  ycraaaenwea- 
eTcn Ha m a r n s e  (PHC. 
65). K HWXHefi XOCKe 
(OCHOB~HWW) [POTOBII- 
napaTa npuKpennen re- 
Heparop BbrcoKoro Ha- 
npnxetrwn. B nepea~ei i  
c r e m e  e r o a n n a p a r a  
yKpenneHo Konbuo, e 



r ~ ~-..~- 
HaBOJKH KOHTPOJIHPYeTCE no MaTOBOMy CTeKAY, KOTOPOe BCTBB- 

nuercu B aanppnulouwe 3 a ~ ~ e B  CTeHKa. Kaccera 3 n e ~ ~ p W -  
~ o r p a + n s e c ~ o r o  annapaTa npeacTasnnm co6oA nnoc~wa  nun -  

* seK 1 ( ~ u c .  66) C B ~ I A B ~ X H O A  u r ~ o p ~ o f i  2. P ~ M K H  3 OrpaHasw- 
s a w  o6aac~b  3~cn01x~posa~wu .  3 n e ~ ~ p o + o ~ o a n n a p a ~  paccsw- 
TaH Ha pa60Ty KaK C IlJTaCTFiHaMFi, TaK H C ~ H C T O B O ~ ~  3neKTpO- 
dporpa+wsec~ofi  6 y ~ a r o B  d p p ~ a ~ a  13x 18 cx w Memure. 

. ,&u nnacTwH H 6 y ~ a r a  n p e ~ ~ a s ~ a s e ~ b ~  p a 3 n n s ~ u e  KacceTbl. 
I npw p a h ~ e  c 3ne~~pc+o~orpa+nsec~o f i  6 y ~ a r o f i  ee npuxn-  
;. MamT K paMe ~ e r a n n ~ s e c ~ o f i  n n a c ~ w ~ o i i  4 a n p y x a ~ o A  5. 
i Maan . t l~ sec~ym u r r o p ~ y  6 s a 3 e ~ n u l o ~ .  B KacceTe aMeercu 
. ~ o ~ ~ e f i w e p  7 w u  npousnnrouero nopomlta. 

YCT~HOBHB KaCCeTy B KaMepy, BblABUraloT WTOpKY B npn- 
BOAIIT B A ~ ~ ~ C T B H ~  3JleKTDN3aTOD (OH BHlleH Ha DUC. 65). KnTn- 

ro cqou npH nokroqa 
BblBeAeHHOrO HapyXy an- 
napaTa urHypa c rpysu- 
KOM. 

. 3,1e~~pFi3a~0p  npeA 
C T g n u a  co60fic nnacra- 
HY 1 (PHC. 67) n3 opra- 
H U ~ ~ C K O ~ O  CTeKJIa, H S Y -  

urym Aea pnAa KOPOHH- 
pYlonrex 3neKT~oAos 2 H 3  PBC. 67. 3Je~Tpw3aTop s n e ~ ~ p @ o r ~ .  
n a ~ e q o a ~ b l x  ~ r o n o ~ ,  yc- rpa@asecnoro annapara 
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6 y ~ a r a ~ H  npaBH.lbH0 nono6pannan BbIfiepXKa UMeeT 60Jlb~10e 
s n a ~ e ~ u e .  BblnepX~a 3 ~ a  HaxoxwTcn B npexaax  1-2 cen. 
nonohfy 3 n e ~ ~ p a o ~ o a n r f a p a ~  Haysno-wccne~osa~enbc~oro 
HHCTHTYTa 3Jle~Tporpa@i~ cna6xen TpeXneneCTKOBblM 3aTBO- 
POM, ~PHBO~HMhlM B , Q ~ ~ ~ c T B H ~  C nOMOtqbD pene BpeMeHH. 
f i n  70k Xe  U&lH MOrYT 6b17b IIpHMeHeHbI W3TOTOBn9eMble Ha- 
UleR ~pOhlblUIJeHHOCTblo ILITOPHbIe 3aTBOpb1, KOTOPMe Ha BpeMIT 
CteMKH YCTaHaBJlWBalOTCR Ha O ~ ~ ~ K T H B .  

n0cne 3KCnOHwpOBaHHR ILITOpKy KaCCeTbl3aAB5fralOT H BbI- 
wwMalo.r Kaccery ~3 annapaTa. 3 a ~ e ~  nepesoAnT Kaccery B 

~ O ~ H ~ O H T ~ J I ~ H O ~  nonoxeHne H nerKnkl noKawsanneM 3 a c ~ a ~ -  
n n m  n p o n ~ n n l o q ~ k  nopowOK nepeMeulaTbcR sxonb nonynpo- 
BonnnKosoro c.non. n p u   TOM nponcxoaHT nponsneHwe C K P ~ I -  
Tor0 3JleKTpOCTaTUYeCKOrO n 3 0 6 p a m e ~ n ~ .  np0fLBJIe~HbIa OTne- 
qaTOK H3BJeKaloT W 3  KaCCeTbl U 3aKpenrlUHIT OnHWDI W 3  CnO- 
C O ~ O B ,  onHcannb1x B npeab~nytqek rnase. 

Ceoeo6pas~an @ ~ o ~ a h f e p a ,  B ~ o ~ o p o i r  cKpbrToe s n e ~ ~ p o -  
cTaTwqecKoe n306paxe~we nponsnneTcR HenocpeAcTsenno B 

npouecce ~ K C ~ O H U ~ O B ~ H W R  opnrnna.ia Ha cnoij @o~ononynpo- 
BonHHKa. w306paxena Ha pHC. 68, a. K a ~ e p a  tiMeeTo6teKTHB 1, 
~ ~ T B O P  2, YcTanoBnenHoe HaKnonHo 3 e p ~ a n o  3 u CncTeMy 
nepwta~e.~eit 4 nnn c s e r o s y ~ c ~ ~ n ~ e ~ b ~ o r o  sd~e~rpo@Torpa@w- 
seCKor0 KOhlnneKTa 5 ( ~ H c .  68, 6). ~ O C J ~ ~ A H H ~  COCTONT H 3  
npo3parnoii nopnoxKa 6, Ha KOTOPYKI nanecen np03pa~nb1fi 
npo~oneqwk caoir 7, a nosepx Hero - cnoa @o~ononynposop 
HHKa 8. KohttiJleK~ BKjlIosaeT B ~ ~ X H H ~  3JleKTpOA 9, ~T,?leJIeHHblff 
OT @ O T O ~ O ~ ~ ~ ~ O B O ~ H U K ~  H3OJlHpyDUIUMU npOKJlaAKaMH 10. 
H a  nosepxeocTb nonynposonnma noMeqaloT TOHKHA H POB- 

nb~k  cnoR nponsnnlotqero nopoluKa 11. 
~ ~ ~ ~ K T P O A ~ I  7 U 9 IlOAKJlloTaIOT K HCTOTHUKY TOKa BbICOKOrO 

HaIlpRXeHUsl 12, IlOcle qer0 OTKpbIBaDT 3aTBOP. O ~ ~ ~ K T A B  
npoeuwpyeT u306paxe~we opurwnana 13 Ha 3 e p ~ a n o  w mcm- 
na - Ha csioir @ o ~ o n o n y n p o ~ o ~ ~ w ~ a .  C o n p o ~ u s n e ~ n e  ocse- 
qenwwx YYaCTKOB nonynposoAHnKa p e 3 ~ 0  nanaeT, 6naroaapn 
qeMy 3ne~~pwsecKwfi 3apna coo6qaercn sacTauaM nponsnnm- 
tqero nopomKa, nexaqnhf nafi 3 ~ n ~ n  yqacTKaMn. B c J I ~ ~ c T B w ~  
nekc~sasl  3 .1e~~pwrec~oro  nonn, 0 6 p a 3 0 s a ~ ~ o r o  ~ e x , n y  3ne- 
KTPOABMU, YaCTHUbl nOPOUlKa npHTRTWBaloTCn K BePXHeMY 
3neKTpOxy. K ~ K  TOJlbKO 'laCTHUbl KOCHYTCB BepXHerO 3JeKqO- 
na, OHH TepnloT 3apnn H n a n a m  Ha ~ n x ~ w i l  3 n e ~ ~ p o n ,  nocne 
qero npouecc noBTopReTCn CHoBa. Kone6anne qacTau nponsnn- 
lotqero nopoluKa blexay s n e ~ ~ p o n a ~ n  AnnTcn xo Tex nop, 
noKa sacTuubr 3~x1 He sblijny~ 3a npenejlbt ocsetueHHbrx yTacT- 
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KOB cnon nonynpoeoAHuKa. 
n o n y s e ~ ~ o e  ~ O ~ H T H B H O ~  no, 
pourKosoe n s o 6 p a x e ~ u e  MO- 
XeT 6b1Tb 3aKpenneHO. 

3ne~~po@o~orpa@nrecsne 
penponyKqHoHHble annaparu 
npea~a3~auenbr  penpo- 
nyuwpoeaHwa nenpo3pasnMx 
OpHrHHaJlOB B OTPaXeHHOM 
ceeTe w ~ ~ ~ O T ~ I O T .  na ce- 
neHoBhrx sneK~por$oTorpa- 
r$wsecKwx nnactweax. IIpo- 
i s n e ~ w e  0 6 ~ 9 ~ 0  ocyqict-  

PHC. 69. ~ ~ ~ K T ~ C K @ T O P P ~ @ H U ~ C K U ~ ~  BnneTCIl KaCKanWbIM : c ~ ~ ~ ~ .  penpoaywnonnblfi annapar aKce- 
n n ~ . ~ .  6 0 ~ .  ~ O P O L ~ K O B O ~  nso6pa- 

xeHwe nepe~ocw~cff Ha 6y- 
MaXHble JIWCThl 3JeKTPOCTaTHrleCKKM IlYTeM. 

~ ~ O C T ~ ~ I H M  ~ J ~ K T ~ o $ O T O ~ ~ ~ @ H ~ ~ ~ K W M  peITPOAYKUWOHHbIM 
annapamM nsnneTcff ~ K c e p o ~ c  N? ID, ocyqecrsnnrouwfi. pen- 
poayuwposaHwe s ~ a c m ~ a 6 e  1 : I Ha nnacTwwax W p h ~ a ~ a  
2 1 , 5 ~ 3 3  CA (pwc. 69). Kopnyc 1 (pwc. 70 w 71) wMeeT saKpen- 
JleIlHylO Ha UIapHHpaX KPblUIKY 2. H ~ ~ ~ O C ~ ~ A C T B ~ H H O  nOA 
K P M U I K O ~ ~  noMeueHo s e p ~ a n b ~ o e  m e m o  3, Ha KoTopoe yKna- 
AblsaloTopwrnHan, nonnentaulw8 penpoAyuwposaHHa. B npo- 
WCCe SKCIIOHWPOBaHUR OPWrHHaJl 0CBeIUaH)T JlaMIlaMH 4. 3 J l e ~ -  
t p@o~orpa@nsec~y ro  nnactnny 5, noMeqeHHyD B Kaccme 6.  
BABnram no Hanpasnnroqwht 7 n KaMepy 8. B eepxstoro men- 
KY KaMePbl BBWHqWBaeTCR O ~ ~ ~ K T W B  9. CB~TO@HJI~TP MOXeT 

'(r d i k  
P H C  70. 3neKTpc+0mrpa@~9ec~nA PNC. 71. nonepel1~618 pa3- 
p e n p o a y ~ u n o ~ ~ ~ 8  annapa~ rKce- pes annapara dCcepo~w 

POKO 



A ~ K ~ ~ O H H O ~ O  a n n i p a T a  c n o h t o u b l o  c n e u n a . n b w o i i  yc~ako~kw.  
,!&IS T o r 0  9 ~ 0 6 ~  0 6 J T e r W i T b  AOCTYII K O ~ ~ ~ K T W B Y ,  B OAHOB 

n3 c T e n o K  a n n a p a T a  w M e e T c s  o T e e p c r n e ,  n p w K p b l T o e ~ p b ~ m ~ o i i  

14. npe&'chtoTpe~b~ T a K X e  BeHTHJMUUOHHbIe OTBepCTHR 15, 
16, 17 H 18. 

H ~ A O C T ~ T K O M  3TOrO PeIlPOAYKUUOHHOrO 2 I IKIapaTa  RBJIRmCR 
TO,  TO OH penponywpym n w m b  B h f a c m ~ a 6 e  1 : 1. Ysenwqw- 
B a T b  YMeHblUaTb  O P N r H H a n b l  H a  3TOM a n n a p a T e  H U l b 3 R .  . 

MMWCR ~ J I ~ K T ~ o . @ T O ~ ~ ~ $ W ~ ~ C K H ~  p e n p o n y l c u w o n n b l e  an- 
I l a p a T b l ,  ~ 0 3 B O ~ ~ I O L U W e  WShIeHRTb M ~ C I U T ~ ~  n p H  p e n p O j 7 y U H -  

posanww: rKcepo~c N?4w, K o n n p y m u n A  opwrwnanbl B p a s ~ e p e  
A0 43x56 C A  C YBeJ lHWHHeM H YMeHblUeHHeM, ~ K c e p o ~ c  
1218~- B pa3~epe AO 6 1 ~ 9 1 , 5  CN. 

K s m e ~ T p o @ ~ o r p a $ w q e c ~ n ~  p e n p o A y K u w o H H b l M  a n n a p a T a v  
T O ~ O  x e  K n a c c a  OTHOCHTCR I( C O B ~ K H B  a n n a p a T  &PA-1)). 
KOHCTpyKUHR KOTOpOrO 6ma  pa3paborana B 1959 r. Haysno- 

k 

Pnc. 72. 3ne~rporpororpagn~ec~nii penpo~xunonnwA annapaTaPA 1s 
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FIIC. 73. Y c ~ p o R c r ~ a  nnn s n e ~ ~ p n s a s ~ n  n npons.nenan snee~pc+morpa. 
Qlw.iec~im nnacTnn annapara e3PA-18 

HCC~lefiOBaTCJlbCKUM UHCTUTYTOM ~ J ~ K T P O ~ ~ ~ @ U A .  C 1960 r. 
H a q a T o  cepwit~oe ~POHSBOACTBO ~ T W X  annapawe. 

A n n a p a ~  &PA-1)) n p e p ~ a 3 ~ a r e ~  p j r ~  n o n y s e ~ l i ~ i  K O ~ U ~  c 
n p o s p a q a b l x  H ~enpospa.rwblx O p W r u H a n o B ,  u h t e ~ u n x  p a 3 ~ e p  
OT 144x203 MM (WPMBT A5) A 0  576x814 ( $ O P M ~ T  Al). 
M a ~ ~ ~ ~ a , l b ~ b l l ?  p a 3 M e p  KOnHU, K O T O P ~ I R  M O X e T  6617b I IOny-  

r e H  H a  a n n a p a T e ,  p a s e H  288x 407 
O ~ H ~ U H ~ A ~ M N  MOrYT CJIYXUTb ne'laTHh!k. P Y K O ~ W C H ~ I ~  U 

~ a U l l l H 0 n ~ ~ ~ b l f i  TeKCTbl, q e p T C X U ,  BblnOJIHeHHble K a p a H A a U O M  

UJIH T).'UlbKI H a  BaTMaHC, Ka.lbKe U.YU RPYrWX COPTaX 6 y ~ a r n ,  
J(Ha3OKOU>lH ( C H H ~ K U ) ,  pa3.7UqHble  LIITPWXOBble U nOnYTOHOBble  

w 3 0 6 ~ a x ~ e ~ a n .  Konun M O r y T  BOCnpOU3BOAUTbC~ H a  pa3J IHqHblX 
c o p T a x  n p o 3 p a r ~ b l x  U H e n p o 3 p a s H b l X  6 y ~ a r ,  H a  RH3JlCKTpU- 

~ C C K H X  n n e H K a x ,  H a  M e T a n n u q e C K n x  n w c T a x  w @.nbre. 
B KOMn.7eKT dPA-1)) BXOAUT ~ O P U ~ O H T ~ ~ ~ H ~ ! U  PenPOAYK-  

q u o ~ ~ b l i r  @ o ~ o a n n a p a ~  0 6 n e r q e ~ ~ o r o  T u n a  (pwc. 72), YCTPORCT- 
BO 3.1~ 3 n e ~ ~ p u 3 a q n u  u ~ P O R B ~ C H W R  s n e ~ ~ p ~ o ~ o r p a @ u s e -  
C K W X  n n a c T w H  (puc. 73) w Y C T ~ O R C T B O  AJR 3 a ~ p e n . l e ~ n ~  EO- 

poUlKOBblX ~ 3 0 6 p a ~ e ~ U i l  ( ~ H c .  74). A n n a p a ~  KOhfllJlCKTyWCR 



Pnc. 74. Ycrpofic~so naa sax en.?eenn ~306pamennn K annapaty  PA-I. 
~ y m  non.loxKy. Ha ~mopo i (  nyreM uanblnenwfl B sarcyykle Ha- 
HeCeH @ ~ o ~ o ~ ~ ~ ~ ~ o B o ~ H I ~ K o B ~ I ~  cenewosufi c.10fi. 

Heo6xonw~blR M ~ C I I I T ~ ~  penpo;lyuMpoBaHwR ycrarraenwsa- 

P ~ ~ K O C T ~  ~ 3 0 6 p a ~ ( e ~ H f l  K0HTPOJIliP)'H)T no MaTOBOMy CTeK,ly. 
npouecc W ~ ~ O T O B ~ I ~ H W R  3ne~~po$o~orpa@wqec~oro  orne- 

rams Ha annapaTe a3PA-lu cxehrarwqno w306pamew Ha 
pwc. 75. Opwrw~an 1 saKpen.wmT Ha opwrwna.ionepmarene 2, 
ycraHasnwsaloT p e n p 0 ~ y ~ 4 ~ 0 ~ ~ b I f i  annapar 3. 3ne~rpoQoro-  
rpa@wrec~ylo nnacTwwy B Kaccme 4 w3sne~amr n3 oxeKa YCT- ! poacrsa nnn 3ne~rpw3aqww w nporrs.7eHun 5 n sanswra~or B 

1 ~ ~ ~ K T ~ u ~ ~ ~ H o H H w ~ ?  OTCeK ~3TOrO Y C T P O ~ ~ C T B ~ .  3 a~eM O'IYBCT- 
sneHHyio nnacrwHy ycTanaenwsamr B K O ~ O ~ K Y  hraroBoro cTeKna 
penpo~yKqnoHworo annapara. noc.qe 3 ~ c n o ~ w p o s a ~ w ~  n.ia- 

t ~ T ~ I H ~  h o \ l e ~ a l o ~  B BblABHXHYHI nOBOPOTHYI0 ~ P ~ ~ ~ r 7 R ~ ~ y i o  

KaMepy 6. n o c n e a ~ n n  conepmwr 300-400 2 nponsnmoqeii 
CMeCU, C O C T O R ~ ~ ~ ~  W 3  CTeKnllHWblX UIaPliKOB AWahleTPOM 0,3- 
0.5 .w,u w Kpacuran, p a 3 ~ e p  sacrwq Roroporo He npesuruaer 
5-10 u~ Kaccery c 3 ~ c n o ~ w p o ~ a ~ ~ c B  3ne~rpo@ororpa@wqe- 1 CKOB nnacrw~oa HaKJIaAblBalOT Ha IlPOXB.~SIioLUYio KaMepy, 
UITOPKY Kaccmbl BbtaBnraior w nocne s a ~ p e n n e ~ ~ ~  KacceTu 
oco6w~w 3aqe1~ahrw Kahtepy HecKon LKO pa3 nosopar wsalor, 
9 ~ 0 6 ~  IIpOIIB.1RioUaR CMeCb WMWla B03MOXHOCTb IlepeKaTbl- 
sarbcn no nosepxHocrw @ o r o n o n y n p o ~ o n ~ w ~ o ~ o r o  cnon. 



Kacce~y c n p o n e n e n n o f i  3 n e ~ ~ p o @ o m r p a Q u s e c ~ o B  nnacTa- 
HOB CHUMaHlT C np0RBJI~Hl~efi KaMepLd. Ha n o p o u r K o m e  ~306- 
paxeaue oc ropox~o  H a K n a A b l e a m  nucT 6 y ~ a r U  7, n o c n e  sero 
KaCCeTy BaBHraloT B ~ ~ ~ K T ~ U ~ ~ L I U O H H ~ I ~ ~  OTCeK Y C T ~ O ~ C T B B  5. 
Ha KOpOHUpyHlUUe 3 J e K T p O A b l  npH 3 I V M  n0AaeTCR nOjlOXU- 
~ e n b ~ b l f i  n m e w u u a n .  Ocam~ae~ble  Ha 6yxary nonomrenbeue 
UOHM, B ~ ~ H M O A ~ ~ ~ C T B Y I I  C OTpHUaTeJIbHO 3aPRXeHHMMH 'IBCTH- 
uaMu KpacuTenR, nepenocm H X  Ha 6 y ~ a r y .  

~ Y M B X H ~ ! ~ ~  J U C T  C IlepeHRleHHblM Ha Her0 nOpOUlKOBbIM ~ 3 0 6 -  
paxeHueM noMeulaloT B 3 a ~ p e n n ~ l o q e e  YCT~OBCTBO 8. napbl 

a. . . 

'5 ', , 
8 

Pnc. 75. npouecc Hsrmoenennn ~neKrp@amrpac$msKoro mnwaTKa 
na annapare u3PA-IB . 
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\+ ~ ~ C T B O ~ H T ~ J R ,  wanwmr0 i K O H T ~ B H ~ ~  yc~pokcrsa, ancop6wpy- - 
. . IUTCR Ha raCTHUax KpacHTenn, PacTBqnmT A X  w B TerenWe He- 

CKonbKwx ceKynn nporno s a ~ p e n n a m ~  uu306paxenue ~ a . 6 ~ -  
MalKHofi IIOAJIOXKe. 

npouecc nonyrenwn 3 . l e ~ ~ p ~ r o r p a @ w q e c ~ o f i  KonwH Ha 
. annapaTe a3PA-lu aaHwMaer 2,5-3 mutt. 

3 n e ~ ~ p o @ o ~ o r p a $ ~ s e c ~ n e  ~ o l l u p o ~ a n b ~ o - ~ ~ o x n ~ e n b ~ ~ e  
a m a p a w .  3 n e ~ ~ p ~ o ~ o r p a ~ ~ r e c ~ w e  penponyKunonHue an- 
napam ocymecTsnnloT BocnpousseneHwe ~306paxenufi Ha 
~ J I ~ K T ~ ~ T o ~ ~ ~ @ H W C K H X  C€!JleHOBblX IIJaCTUHaX C nOCJIeAylo- , 
q H h 4  nePeHOCOM Ha 06b1q~ylo 6yhfary. MH~~kiTenb~hIe anna- 

a . -~ ~~~ 

6y~ai-e. riepeH& w306paxe~w~ 3necb wsiwl;e~. 
! n p ~ ~ u w n n a n ~ ~ a n  c x e ~ a  annapa~a n a ~ a  na pwc. 76. 

Qgmnonynposonnw~o~oe 6 y ~ a j i c ~ o e  nonoTno 1, CMaTbIsancfi 
C pynOHa 2, IIpOXOnllT repe3 K O P O H W ~ ~ ~ ~  3JIeKTPH3aTOP 3 H no- 
CTynaeT B KaMePY 3KCnOHWPOBaHHR 4, rAe rpomcnofi KOHTBKTH- 
p y a  c npo3pasnbr~ opwrnnanoM 5. npw BcnbnuKe naMnbl 6 
Ha @ o T U ~ O ~ ~ ~ ~ O B O X H U K O B O M  IIOKPbITWU @ O ~ M H ~ Y ~ K I I  CKpbITOe 

, 3neKTpOCTaTHreCKOe u306paxte~we, KOTOpOe npORB.lReTCR X U n -  
KWM C ~ O C O ~ O M  El IlPORBJtRloUeM y c ~ p o f i c ~ ~ e  7. B npouecce ne- 

. -  peMeqeHwn ~ m n o n y n p o ~ o n n n ~ o ~ o f i  6y~ai-w OT nporrsnrrmqe- 
FO Y C T ~ O ~ ~ C T B ~  K ~ P U ~ M H O ~ ~  KaTYIIlKe 8 

.. npomnexnoe w306paxewwe BblcMxaeT H 
aaKpennnexn wa nosepxnocTw CJIOR. 
Bnelunwri B H ~  annapaTa n3MA-lA)) no- 
~ a s a ~  Ha pwc, 77. 

X O H C T ~ ~ K U W R  annapaTa &MA-lA* 
nO3BOJIReT YCTaHOBHTb B HeM PYAOH 
@ O T O ~ O ~ ~ ~ ~ O B O A H H K O B O ~ ~  6y~ai-H (mu- 
~ H H O ~  300 MM) B E O M  OKOnO 4,s KZ,  KO- 
ropb~il 0 6 e c n e q ~ ~ a a  nonyreHne 500- 
600 3 ~ w T p o @ ~ o r p a @ ~ s e c ~ w x  ~onwfi 
B @pMa~e 203x288 MM. Annapa~  pa- 
6 0 ~ a a  OT ~ ~ ~ K T P H ~ € C K O ~ ~  CeTW HaIIpII- 
weHueM 127 nnw 220 a. Ha meblMax 
sneKTpusaTopa HanpRxeHwe perynw- 
pyacn B npenelax 6-12 KO. 3~cnoww- PHC. 7 6 . 3 n e ~ ~ p a m -  

rpa@usec~uk M H M H -  pOBaHUe npOU3BOAHTCll nyTeM BCnbllLlKli m b R ~  annapaT 
w~nynbcnofi na~nh l .  ehIA- lA,  



A n n a p a ~  n 3 M A - l A n ,  

C K O H C T ~ ~ K ~ O B ~ H H ~ ~ ~ ~  Ha- 
y q H 0 - H C C J e A O B a T a b C K W M  

WHCTHTpTOM 3 J e K T p O r p a -  

(Pun, B ~ Y A ~ I U ~ M  npenno- 
n a r a e T c n  C H L ~ ~ ~ W T ~  aonon- 
H K T ~ ~ ~ H O ~  ~ ~ H C T ~ B K O ~  

A n n  n p o e ~ u u o ~ r t o i i  n e Y a T t i  
C AWanO3WTHBHbtX WHKPO- 
@ W ~ I ~ ~ I O B .  I l p w h ~ e ~ e ~ n e  
3~0fi  IIPHCTaBKW CAej I aeT  
a n I l a p a T  yHWBepC&lbHblM. 
n p n c ~ a s ~ a  no3sonner co- 
W T a T b  I lPOeKUHOHHOe KO- 
I lUPOBaHHe  C KOHTBKT- 

HblhI. B p e 3 y J l b T a T e  no- 
RB.ilneTCR B03MOiKHOCTb 

B n e q a T b I B a T b  B K O n H p y e -  
h lb l e  KOHTaKTHhlM CnOCO- 

6 0 ~  Y e p T e x n ,  H a n p n M e p  
~ . M H K H ,  I IpeABapHTeJJbHO 
~ ~ C W I I T ~ I ~  Ha @ O T - O ~ , I ~ H K ~ .  

PMC. 77. 3 n e ~ ~ p & $ o r o r ~ a ~ n s e c ~ d 1  mxo- B K ~ ~ W T B ~  n p o f i ~ w -  
xurenb~bl~ l  annapar &MA-IA, T&lII UCnOJlb3yffCR CYC- 

ne~awnqep~of i~wnorpa(P-  
C K O ~  KpaCKH B qeTLIPeXXJlOpHCTOM y r i l e p O A e .  BBWAY TOTOTO qTO 

M a T e p w a n   TOT o 6 n a ~ a e ~  ne~o~opof i  T O K C W ~ H O C T ~ ~ ,  ~ P W H ~ T ~ I  
hdepbl w n  o T c o c a  n a p o B  nyonsnnmqero coctaea, a K o p n y c  

a n n a p a T a  B b l n o n H e H  rePhTeTWqHblM. Y P O B ~ H ~  IlPOnBHTCilII B 
KOPblTUe n O M e P X H B a e T C A  nOCTOnHHblY npW IfOMOWH aBTOMa- 
TWqeCKOrO nOnJlaBKOBOr0 Y C T P O ~ ~ C T B ~ .  

Ilponenen~oe nso6paxe~we B b l c b l x a e T  B T e n e H w e  2-5 cen. 
CKOPOCT~ ABWXeHUn 6 y x a x ~ o r o  IIOnOTHa COCTaBnReT 

0,105 M/c~'K, 9TO 06ecneq~~ae1 npOW3BO)JWTeJlbHOCTb n O p I l A K a  
1800 OTIIeqaTKOB B q a C .  n p W B 0 A  a n n a p a T a  u ~ M A - I A u  ocyqe- 
CTB.IRffCn OT 3, leKTPOABHTaTUIf l  hlOUHOCTbK) 0,7 K8m. A n n a p a ~  
C H ~ ~ X ~ H  ~ ~ O K W ~ O B O ~ H ~ I M H  Y C T P O ~ ~ C T B ~ M W  ,QXR Bb1KJK)'leHHII 
npweoaa npn  o K o H s a H n n  nonamqero pynoea, nnx n p e l c p a q e -  
H H ~  n H T a n n n  r e H e p a T o p a  B b r c o K o r o  H a n p n n c e n n n  npw OTKK- 
riblsa~ww s e p x H e r o  6.1o~a 3 n e K T p w s a T o p a  w ~ p .  Y c ~ p o k c ~ a a  
~ T H  O ~ ~ C I I ~ ' I H B ~ I O T  H a n e m n y m '  H 6e3onac~ym s K c n n y a T a u w m  
a n n a p a T a .  d M A - l A ) >  H C n O J b 3 y e T C n  Ann Pa3MHOXeHWR TeXHH- 
qt!~Kofi E i  B ~ ~ A O M C T B ~ H ~ O ~  &OKyhleHTaUWW - qep~eXek, TeXHO- 
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norwsecltnx KapT, cneun@u~auHA, nacnoproB nsnennk, HH- 

C T P Y K U H ~ ~ ,  R H @ O ~ M ~ ~ H O H H H X  MaTePHaJOB. Bce 3TH nOKYMeHTbl 
B WaCTORLUee BpeMIl BOCIlPOW3BOnRTCfl rilaBHblM o 6 p a s o ~  CBeTO- 
KOIlApOBaHHehl, 9TO He MOXf?T 06e~IleWiTb CKOJ~~KO-H86ye6 Bbl- 

coKoro Karemsa. A Z ~ H  He Ha 0 6 ~ 9 ~ b l x  @ro6y~arax,  s ~ o  
mporo w He Bcerna nocTynno. 3ne~~po@o~orpa@wsec~a i r  npo- 
qecc B  TOM myqae no3~0nf l e~  pemnTb npo6nehry ManoTnpam- 
aoro penponyuapoBaHnR ~aw6onee pauwoeaabao. . u3MA-1Ao penponyuwpyer ~ s o 6 p a x e ~ u f l  na @orononynpo- 
BoflHHKOBOM ~ Y M B X H O M  nOnOTHe U I U ~ W H O ~ ~  300 .UH. Ann pa3- 
MHOXeHWR nOKYMeHTallNH 6onee KPYnHblX @OPMBTOB - U I W -  
~ H H O A  no 600 f i M  - npefiHa3Haqen 3 . l e ~ ~ p ~ 0 ~ 0 r p a @ w s e ~ ~ ~ k  
M H o X W T ~ J I ~ H H ~ ~  annapaT, ~ 0 3 f i a ~ ~ b l f i  B H~Y~HO-Hccnefi0~a- 
renbc~ohl HHcTnTyTe sneKTporpa@au Ha ocnose BeHrepcKoro 
cewoKonnposanbHoro annapara cUF-4s (pwc. 78). Ilpanqw- 
nHanbnan cxeMa annapara nana Ha pwc. 79. OCHOBOA annapaly 
CJlyXUT ~TeKJlfl~Hblfi XUJIUHnp 1, BHyTpU KUTOpOrO llOhlWeH 
H C T O ~ H U K  cema 2. @o~ono~~ynpo~on~wKoBoe 6 y ~ a m ~ o e  no- 
JOTHO 3, CMaTblBaflCb C pyJIOHa 4, IlpOXOAHT MeXAy HWKOnb- 
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8 KHMH PAAaMH K O p O H I i p y W H X  6nno- 
J lRpHMX 3J l eKTpH3aTOpOB 5 H 3 n e K T p H -  
3 y W C n .  K a n b K I i ,  KOTOpMe H ~ O ~ X O A H -  
MO C K o n n p o B a T b ,  n o ~ a m x  B a n n a p a T  

no CToJly  6. ~ ~ H X H M  K a n b K H  K@TO- ' nOJlynpOBOAHHKOBOMy CJIOD OCy- 

lU.€CTBJlReWR ~ K K O H ~ Y H ~ I M  nOJlOT- 
HOM 7, o r n 6 a ~ ) q n ~  B~J IHKH 8, 9, 10 H 
If. C K D M T O ~  3 J I e K T D K T a T H ' I K K O e  
~ 3 0 6 ~ a x i e ~ w e ,  ~ ~ ~ ~ r i ~ o ~ a e w o e  H a  

Pnc. 79. Kpynn@op~a~-  
H H ~  N L H O X H T ~ I I ~ H &  anna- + n n n o . i y n p o ~ o ~ ~ ~ ~ e  B npouesce 

-ST 3KCnOHHDOBaHHA. IIDORBJIAeICR XHJI- 
Y". 

KBM cnbc060~ B ' y ~ T p 0 f i ~ T E I e  12. 
r 0 T O B b l e  O T n e W T K H  n O C T y n a m T  H a  n p H e M H y l 0  KaTyLU- 
KY 13. 

Heo6xo~w~o OTMWHTb,  q T 0  K ~ ~ ~ H C @ O ~ M ~ T H ~ P ?  3JIeKTpO- 
@xorpa@wsec~we M w o x w T e n b H t a e  annapam c X H R K O C T H ~  
n p o r r s n e H w e M  B H a c T o n q e e  B P ~ M R  H e  M o r y T  661Tb ~ P H ~ H ~ H ~ I  
SKOHOMHYKKH ?I@~KTWBH~IMH B CHJly 6 0 J l b I I I 0 r 0  PaCXOAa X H k  

KOrO n p O R B H T U l R .  ~ O ~ T O M Y  OHH HCnOJIb3YKITCA peAK0.  OAH~KO 
H e  w c K n m s e H o ,  'ITO ~ a n b ~ e f i u l e e  p a 3 ~ n ~ w e  sne~~pc@~orpa@rn- 
'IKKOP TeXHHKH BHeCeT B 3TOT BOnpOC CBOH KOpPeKTHB61. 

~ ~ ~ K T ~ o T o ~ ~ @ H ' ~ @ c K ~  YBeJIH'lHTeAb. H~B&THO, Ka-  
KOe  60JIbUI0e 3 H a q e H H e  HMeeT B Hi i I l le  BpeMA MWKPC@HJI~MHPO- 

B a H H e  KHHP, X Y p H a J l O B ,  apXHBHMX MaTepHaAOB,  BCeB03MOX- 
HOB T ~ x H w ' I € C K O ~ ~  ROKYMeHTaUHH. ~ P U  BOClIPOH3BeAeHHH ~306- 
p a X e H ~ f i  C MHKpC@HJIbMOB 0 6 b 1 9 ~ 0  nOJIb3YKITCR 6po~ocepe6- 
PRHUMH 6 y ~ a r a ~ ~ .  n p n h f e n e n n e  ~mopbix A ~ R  smfi uwrw p a n e T  
6 y K B a J I b H O  C KaXALdM M C R U e M .  k i ~ n o n b 3 0 B a H ~ e  3 r l e ~ ~ p O @ ~ 0 -  

r p a @ H ' I & ~ o r o  npOU€CCa  B M W K ~ O @ T O K O ~ H ~ O B ~ H I ( H  H M e W  h l b -  

I l lHe  I l ePCneKTHBbl ,  ~ 6 0  II03BOJlReT IIOJIYYHTb 60JIbII Iof i  3KOHO- 

M w Y € C K H ~ ~  !@@KT. 
H a y . 1 ~ 0 - H C C ~ ~ A O B ~ T ~ A ~ C K A ~  HHCTHTYT s J I ~ K T P o @ T U ~ P ~  

@HH CKOHCTpYHpOBaJl H nOCTpOHn H a  6a3e @ T O Y B ~ A ~ Y H T U ~ I I  
en-lo> ~ O ~ T ~ T H B H U ~ ~  ~ J ~ ~ K T ~ O @ T O ~ ~ ~ @ H ' I € C K W ~  YBeJIHYHTUlb 

(PHC. 80). n p n ~ u n n n a n b ~ a r r  c x e M a  ~ T O ~ O  a n n a p a T a  A a H a  H a  
pwc. 81. c P o ~ o n o n y n p o ~ o ~ ~ w ~ o ~ o e  6 y ~ m ~ o e  nOJIOTH0 I He-  / n p e p b l B H 0  CMaTblBaeTCR C P y n O H a  2 CO CKOpOCTbHJ OKOnO , 
20 mnrlce~. U l n p w ~ a  nonmna 120 NN. Y H H ~ O J R P H M ~ ~  KOPOH- ' 
Htdfi 3 J I eKTpH3aTOp 5,  ~ H T ~ ~ M U P  OT HCTOqHHKa BbICOKOrO H a -  

n p m e H w s  4, coo6qaer cporocnom p a e H o M e p H o  pacnpe- 

LOB i 



n e n e ~ ~ ~ i i  o ~ p u u a ~ e ~ l b u ~ i r  s a p n . 4 .  n e p e v e u a n c b  , T a m e ,  ~ J ~ K T -  
porpororpa$usec~an 6 y ~ a r a  n o n B e p r a w c n  n e n p e p b ~ e ~ o ~ y    KC- 
n O U U p O B a H H H ,  Wpe3 UUlb 5 C nOMO4bK)  O ~ T H Y ~ C K O ~ ~  CHCTehfbl, 

C O C T O U ~ ~ ~  H 3  OCBeTUTenR 6, KOHp,eHCOpa 7, O ~ % ~ K T H B ~  8 H 

sepltan 9 H 10. MHKP@U.T~M 11 n e p e M e q a m T  C H H X ~ O H W O  c 6y- 
MaXHbIM ~OJTOTUOM, Y q H T b l B a R  M ~ c U I T ~ ~  YBeJlHqeHHA. T ~ K  npH 
nRTUKpaTHOM Y B W H q e H H U ,  KOTOpOe 0 6 e c n e q w s a f l  anllapaT 
Tuna an-low, nneHKa n e p e -  
M w a e T c u  B n m b  pa3  en- 
n e e l i e e ,  reM B y ~ a x u o e  no- 
no~no.  E c n w   TO ycnoBHe 
B b l n o n H e w o ,  w 3 0 6 p a x e u u e  
MOXHO p e n p o n y u u p o B a T b  
n p H  HenpepMBHOM n e p e M e -  
qenuu  nnenKu u nonoma, 
u e o n a c a n c b ,  m r o  K o n w n  BMG- 
neT c ~ a z i a n ~ o f l .  

3KcnoHHpoBaHHn PKC. 81. 3nerrp@nrorpaQwse~~He 
~ o ~ o ~ ~ ~ ~ o B o ~ H H K o B ~ ~ ~ ~ -  yBenH'lHTenb. Cresla 
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M a r a  n o c T y n a e T  B 6 a r o ~  12 C X A A K H h l  n p O R B H T M e M .  HBTRXHO~ 
pOJIUK 13, ~0lopblF"i  ~ ~ 0 6 0 ~ ~ 0  BACAT B n e T n e ,  06pa3ye~ofi 6 y ~ a x -  
HblM HOJIOTHOM, Y C T p a H R e I  B 0 3 M O X H O C T b  I lpHKOCHOBeHUR $0~0-  
c n o R  K C T e H K a M  6 a r ~ a .  

T ~ K  K a K  sce 3ne~rp+~orpa@usec~we yc~poF"ic~~a pacno- 
n o x e H b 1  B H Y T ~ H  K o p n y c a  annapara, pa6o~a  H a  HeM M O X ~  
BeCTHCb B H e 3 a T e M H e H H O M  n O M e q e H U U .  ~ J I ~ K T ~ O $ K J T O ~ ~ ~ $ H ~ ~ -  
C K H e  yBeJ lHYHTeJlH B 6 J I ~ ~ a f i L L l e h l  B p e M e H H  ~ e C o h l H e H H 0  H B ~ A Y T  
u w p o K o e  n p u M e H e H u e  B 6 ~ 6 n u o r e ~ a x ,  a p x H B o x p a H t i n u u l a x .  

HayYHO-HCCneAOBaTenbCKWX UHCTWTYTBX. MX ~ ~ 0 6 ~ 0  UCnOJlb- 

3 O B a T b  AJIR y B e J l H Y e H U R  3 J I e K T p O K a p A H O r p a M M  H OCUHAJIO- 

r p a M M  B J I e s e 6 ~ b l x  HCCJleAOBaTeJ lbCKHX y Y p e X ( 4 e H H R X .  



H ~ I X  ~oneneB c~opocr-  
H ~ I X  s n e ~ ~ p @ o ~ o r p a @ u -  
YeCKHX MaUIWH, OCYUeCTP 

B . ~ R ~ ~ W X  ~ o c n p o u 3 ~ e ~ e -  
nwe ~ o n u i i  K a K  npospas- 
HMX. TaK H ~ e n p o 3 p a q -  

HblX OpWrUHanOB H a 0 6 b 1 ~ -  - 
~ o r l  6 y ~ a r e .  n e p e ~ e m e -  
H u e  ~ Y M B X H O ~ O  IIO.1OTHa 
OCyq€CTBJIR€TCR CO CKO- 

p o c ~ b m  A 0  ~ . H / M U H .  Haw- 
6onee p a c n p o c ~ p a ~ e ~ ~ a ~  
CePHI I  TaKWX MaUIHH U3- 

BeCTHa nOA UaHMeHOBaHki- 

ex u K o n u @ . i o ~  (puc. 82). 
n p ~ ~ ~ l i I I E i & I l b E i a R  CXeMa 

M ~ ~ H H H  A a H a  H a P u C .  83. Pnc. 83. M a l i l n ~ a  aKonnlpnon. Cxema 
C K D ~ I T O ~  3JIeKTDOCTaTH- 

s e c K o e  u306paxe~ue  @ O P M W P Y ~ T C R  I i a  6 a p a 6 a ~ e  I, no- 
BepXHOCTb KOTOpOrO n 0 K p b l T a  CnOeM CeJleHa. @OToCJIofi 3.qeKT- 
PU3yeTCR KOPOHHblM pa3PRAHUKOhI 2. Ha OqyBCTBJleHHylO no- 
B e p x H o c T b  @ m o n o n y n p o ~ o f l ~ w ~ a  B n p o x o A n u e M  c s a e  n a h t n b l 3  

c @o~onnen~w 4 n p o e u w p y e r c f l  w306paxe~we M W K ~ ~ T O K O ~ W W .  
&!IR @ ~ K Y C U P O B ~ H H R  u 3 0 6 p a x e ~ w ~  H a  nOBepXHOCTH 6apa6a~a  
n P e A H a 3 H a q e H a  OllTU9eCKa7l CHCTehla, COCTORUlaR 113 KOHAeH- 
copa 5 w O ~ ~ ~ K T U B ~  6 .  npw H ~ O ~ X O ~ ~ K ~ ~ O C T K  p e n p o A y u w p o B a H w R  

~ e n p o 3 p a s ~ ~ x  o p w r w H a n o e  n o c n e A H u e  y K n a n b r B a m T  H a  c T o n  7 
H ocseqam n a ~ n o t l 8 .  r1poeuwpo~aawe w 3 0 6 p a m e t i w ~  H a  (POTO- 
cnoir B  TOM cnyqae 0 c y u r e c T B . l n e r c R  c n o h t o q b m  3 e p ~ a n  9 
u 10 H b 6 b e ~ T ~ B a  11. C~pbrroe 3ne~~po(PO~orpa@wsec~oe ~306- 
paxtenue, c @ p ~ n p o B a H H o e  H a  cnoe B npouecce s K c n o H w p o s a -  

HHII, HPORB.lReTCR KaCKaAHblhl C ~ O C O ~ O M  B K a M e p e  12. 3 a T e M  

OCyU€CTBnReTCR ~ J ~ ~ K T ~ ~ c T ~ T H ~ € S K K ~ ~  n e p e H O C  nOpOLUKOBOr0 

uso6paxewn~ H a  6y~amwoe nO.'lOTHO 13, CMaTblBaeMOe C py- 
n 0 H a  14. n e p e H 0 c  npOK3BOAHTCR DOfi B O ~ A ~ ~ " ~ C T B H ~ M  3< leKTpH-  

3 a ~ o p a  15. 
6 y M a x t H o e  nOJlOTH0 C nOpOUIKOBbl\I ~ 3 0 6 p a m e ~ w e ~  n p O X 0 -  

~ H T  q e p -  3 a ~ p e n ~ ~ m u y m  K a M e p y  16 ti n o c r y n a e T  H a  npwehc -  

~ b 1 a  py.'lOH 17. OCT~TKU IlOPOUIKa C ~ H U W C R  C nOBepXHOCTW 
6 a p a 6 a ~ a  npw n o M o q w  U ~ K H  18. 

B KaYeCTBe M H K ~ @ H J I ~ M ~  HCnOJIb3yeTCR 16- H.lH 3 5 - M X  
HeraTWBHaR HJIH n 0 3 H T H B H a R  @ O T O I I ~ ~ ~ H K ~ .  A l i a n a 3 0 H  YB&lHlH9e- 

HHR - OT 7 20 ~ ~ - K P ~ T H O T O  B IlRTHa,&UaTli pa3J lHqHbIX pa3hfe -  
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pax. Ulnptina ~ ~ M ~ I K H O ~ O  nonoTHa, Ha KOTO~OM BOCII~OWSBO- 
nmcn sne~~po@mrpatptisewe oTnesaTKw, 660 SM. 

JIa6opa~opsbre &pasub1 sneu~p+mrpa@~sec~tix Marnnn 
C CeneHOBblM 6 a p a 6 a ~ o ~  B 1960 r. 6b1nH C03,WHtd f l e ~ ~ ~ r p a f i -  
CKWM 3JleKTPOTeXHWYeCKHhl HHCTWTYTOM CBRSW WM. M. A. 6 0 ~ 9 -  
6pyeeu~a  ( W ~ M ~ T  203x285 MA) w ontrsh~ w 3  npennpuu~nir 
JIerin~rpapsuoro co~napxo3a ( W ~ M ~ T  288x407 MM). 

B riacmuqee s p e m  seneTcR pa3pa60T~a K O H C T ~  y m w ~  
OpBTHHaJIbHblX OTeYeCTBeHHblX ~ J ~ K T ~ O @ O ~ C ~ ~ @ U ¶ ~ C K W X  CKO- 
POCTHblX IIeYaTHblX MBIUHH. 



nPkiMEHEHllE 3 J I E K T P O @ O T O r P A @ I I I I  
B HAYKE II TEXHilKE 

Ho~oe  ~ s o 6 p e ~ e ~ w e  HepenKO ~ 3 0 6 p a x a m ~  n a ~ a u e e R  or 
BCeX WeAOCTaTKOB H 6en paHee W3BSTHblX MeTOAOB. B IIOnypeK- 
JlaMHhlX CTaTbRX, O ~ Y ~ J ~ U K O B ~ H H ~ I X  H a  CTpaHWqaX 3apy6ex- 
HOR IIeqaTB, TaKaR P O n b  3aqaCTYH) OTBOAWnaCb W ~ J I ~ K T P @ ~ T O -  
r p a @ w w .  Mexny TeM  TOT npouecc HH B ~oe i i  Mepe H e  n p ~ 3 ~ a ~  
3aMeHHTb W IIQnHOCTbH) BblTeCHWTb o ~ ~ I ~ H ~ ~ o @ T o ~ P ~ @ H ~  H BCe- 
B O ~ M O X H ~ I ~  n o n r i r p a @ ~ w s ~ w e  c n o c o 6 b r .  3 ~ a n e ~ w e  ero, no 
~ p a f i ~ e i i  Mepe c e r o n s n ,  s ~ a s w ~ e n b ~ o  yme. . 

O A H ~ K O  H e  CJlWyeT H FIpeyMeHbUIaTb BO3MOXHOCTH 3JleKT- 
poc@~orpa@nn.  Bo M H o r H x  CnexHanbHblx 0 6 n a c ~ ~ x  ona yme 
T e n e p b  y c n e l u n o  l t o w ~ y p ~ p y e r  co c~apoil T ~ X H U K O ~ ~ ,  w e c ~ b  
~ c e  OcnoBaHrin npennonaram, sro scKope   TOT Meron cTanm 
3AeCb  n p w 6 n a 9 a m q ~ ~ .  O ~ ~ ~ C T H  IlpHMeHeHUR ~ J I ~ K T ~ @ ~ T o -  
r p a @ w n  c ~ w b l h c  ronoM p a c u r w ' p n m ~ c n .  I? K ~ X A M R  H O B M ~ ~  
ysnex 3~01-o c n o c 0 6 a  3~BOeBblBaeTeMy ece H O B ~ I X  H HOBUX CTO- 
POHHWKOB. 

Asa 3aMesaTenbHblx Kaqensa s n e ~ ~ p o @ ~ o r p a @ w s e c ~ o r o  
tIpOue!2Ca - OIIepaTHBHOCTb W nPOCTOTa-  3aJIOr TOI'O, 9TO IIpH- 
M e n e n w e  M m A a  B HayKe H TexHnKe 6 y n a  p a c T w  us rona B ron. 
0 HeKOTOpbIX 06nacTRX IlpHMeHeHHR 3 J l e ~ r p @ 3 ~ 0 r p a @ H ~  5% 
DaCCKa3blBaeTCR HWXe. 

il3ro~osnense neraTHux @PM. I I o n ~ r p a @ n ~  6bu1a nep- 
B O ~  06nacTbk0, B KOTOPOB s ~ ~ K T P ~ ~ @ T o ~ ~ ~ @ w R  nOily9UJIa 
&nee H n w  Menee l u w p o K o e  n p w M e n e n w e .  nonasany HepeAKo 
BHCKa3MBanHCb MHeHHR, 9TO W ~ K T P @ ~ T O ~ P ~ @ W ~ ~ C K W ~ ~  np0- 
U W C  @ P M W P O B ~ H H R  ~306pa)l(eHH~ C nOCnenylOLuHM 3neKTpO- 
CTaTBqKKHM HepeHOCOM KPaCKH H a  ~ ~ M W Y  l lpH3BaH 3aMeHHTb 
Bce c y q e c r B y m q w e  cnoco6bl neqaTn. Bc~ope,  onrlarto, e u r r c -  
HHJlOCb, 9TO ~ J ~ ~ K T P O @ T O ~ P ~ @ W I I  He MOXeT COnepHHqaTb 
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C COBpeMeHlibllfH n ~ J l H r p a @ k i q e C ~ ~ M W  MeTOAaMW HH n 0  T H P a X e -  

~ C ~ ~ ~ H B O C T H  n e q a T H b l X  WPM, HW no K a q E T B y  BOCnpOH3BeAk2- 

HPR. I lo3m~y 3ne~~p@morpa@wu msaw H e  c T o n b  ~ C e 0 6 t w -  

f l loUyh3.  HO H e  M e H e e  n O q f f H Y K )  P O n b  @PMHOTO IIpOIleCCa - 
OnHOl'O H 3  MffOAOB H3TOTOBneHWII n e q a T H b l X  @PM. 

B H a c T o n q e e  BpeMR noswii npouecc wcnonb3ye~cn B nonw- 
l'pa@UW rf laBHblh1 0 6 p a 3 0 M  Afln  H3TOTOBfleHHn @ O ~ M  n f l 0 € ~ 0 #  

n e q a T w .  Cyqwoc~b cnoco6a n f l 0 ~ ~ 0 f i  n e q a T w  COCTOHT B TOM, 
9TO n f q a T a l o U W h I  W I Ip06ff lbHb1hf  3f leMeHTaM I I e q a T W ~ f i  @PMH 

coo6qam p a 3 J l K 9 H b l e  @ H ~ H K O - X W M H ~ ~ C K W ~  C B O ~ T B ~ ,  B pe3yJlb- 
T a T e  4eI-0 n e P B b I e  CTaHOBRTCR o . ~ ~ o @ H . ~ ~ H ~ ~ M H ,  T. e. npeo6pe- 
T a l o T  C ~ O C O ~ H O C T ~  XOpOluO BOCnPHHHMaTb XWPHYlo  KPaCKY U 

H e  CMaqHBaTbCn  B O A O ~ ~ ,  a BTOPblC - ~ W A P O @ W . ~ ~ W ~ I M H ,  T.  e., 
H ~ O ~ O ~ O T ,  npwo6pffam~ C ~ O C O ~ H O C T ~  CMaqWBaTbCn ~ 0 ~ 0 8  H 

OTTaflKWBaTb K p a C K y .  
~ J ~ ~ K T ~ o @ o T o T ~ ~ @ H Y ~ C K ~  cnoco6 H 3 r m o B f l e H H n  @0pM n.il0- 

r ~ o h  n e s a T w  COCTOWT B c n e f l y m w e h l .  3ne~~po@morpa@nqe- 
CKyA7 I l f laCTHHy 09yBCTBflnkOT OAWUM H 3  W3BeCTHblX MeTOAOB, 
nocne sero K O L I W ~ ~ K I T  H a  H e e  n306paxe~we, K o m p o e  ~ ~ 6 x 0 -  
AHMO p e n p O A y U H p O B a T b .  n 0 ~ e ~ I l H a f l b ~ b l ~  pub*, 0 6 p a 3 0 B a ~ -  
Hwfi H a  @ T O ~ O ~ ~ Y ~ P O ~ O ~ H W K O B O M  CflOe B HpOUeCCe 3KCnOHWpO- 

BaHUfl,  n p o R B n R m  XWpHblM K p a C W T a e M .  ~ O P O L I ~ K O B O ~  ~ 3 0 6 -  
p a x e H w e  n e p e H o c n T  r @ ~ o n o n y n p o ~ o ~ ~ w ~ a  H a  @PMHYH) nna- 
CTHHY. B Kar l ecTBe  KOTOPOR M o x e T  6 b l ~ b  H c n o n m o B a H a  cne- 
UWit lbHO IIOATOTOBneHHan 6 y ~ a X ~ a ~  IIOAflOXKa, aflloMHHHe- 
B a n  @nbra, n u c ~ o ~ o i i  UWHK w ~ p .  n e p e ~ o c  O C Y U L ~ C T B ~ R ~  
0 6 b 1 4 ~ 0  3JeKTPOCTaTW9eCKAhI IlYTeM, AflR qer0 HaKf laAbIBaDT 

@OPMHYK) n f l a c T n H y  H a  cnofi, ~ecymwir n306paxe~ue, u coo6- 
m a m T  n n a c T n H e  3 a p n ~ ,  n o n n p H o c T b  K o m p o r o  ~ ~ O T U B O ~ O . ~ O X -  
H a  nonnp HOCTH s a p ~ n a  ~ 3 0 6 p a ~ e ~ w a .  nepen n e p e H o c o M  

MOXHO C O O ~ U H T ~  IlOpOUlKOBOMy H ~ O ~ P ~ X ~ H H H )  3 a P R A  T o r 0  
Xe 3 H a K a ,  KUTopwf i  6wn c o o 6 q e ~  ~ O J l y ~ p O B O A H W K O B O M y  

CnOK) n e p e A  3KCnOHHpOBaHHeM. 3 T O  nO3BOflf leT 0 6 J l e r q W T b  

IlepeWOC H YflY'IluUTb Ka9eCTBO BOCnPOU3SeAeHHII.  n 0 C f l e  
B T O P H ~ H O ~ ~  3 f l eKTPU3aKHH CflOR @PMHYH) nflaCTWHY. KOTO- 

poir coo61qe~ 3 a p m  npo~w~ononoxwwir no ~ H ~ K Y  sapany 
n.flaCTHHb1, YKflaAbIBaIoT H a  nOCflc2JJHlolo K I lpOKaTb lBa loT  
csepxy p e 3 n H o B b l M  B a n n K o M  n e p e ~ e c e ~ ~ o e  H a  @PMHYH) nna- 
c~wny  H 3 0 6 p a X e H W e  ~ a ~ p e n n n m ~  H ~ B ~ C T H ~ I M  06pa30h1, nocne 
sero 0 6 p a 6 a T b 1 B a l o T  npo6mbsble y 9 a C T K K  IInaCTUHbI C UCi7bF2 

coo6qe~un WM T W A P @ W ~ ! ~ ~ H ~ I X  CBO~~CTB.  ~ ~ 3 r O T 0 B . I l e ~ H b l e  3f leK-  

T ~ O @ O T O T ~ ~ ~ H ~ ~ C K K M  n y T e M  @ p ~ b l  Il .f lo~K0fi n e 9 a T H  H a  6y- 
M a X H W X  IIOpiJlOXKaX B b I A e p X U B a l o T  A 0  20 TblC. OTTUCKOB. 
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.', 
;i T H ~ ~ ~ ~ ~ C T O ~ ~ Y M B O C T ~  @pM H a  MeTaAflHYWKitX nOAJ lOXKaX BO 

MHOrO pa3 hnbme.  
re f i n  ii3romsne~wn @OPM nnoc~ofi n e ~ a ~ u  O ~ H C ~ H H H M  ~ u m e  
$ MeTOAOM M O X e T  6b1~b C yCneXOhI HCnOf lb30BaH 3Jle~~pO@~0rpa- 

' 
@UsecKHf i  pe~pOjQ'Ku~0~Hblfi a n n a p a T  &PA-1%. np0uWc H3- 

' r o ~ o s n e ~ ~ n  @OPMM B 3TOM cnysae s a ~ ~ ~ a e ~  2-3 due.  W ~ K -  
r T H B H O C T ~  H ~ ~ O T O B , ~ ~ H U R  n e s a T H b l x  @phi c n o h l o q b l o  a n n a p a T a  

a3PA-lw no c p a s n e H H l o  c c y q e c r s y l o q u h c w  @ o T o M e x a n i i s e c K x -  

\!' MU C ~ O C O ~ ~ M H  X a p a K T e p H Q y e T C H  C l e A y l o u l H M H  ~Hc$paMl i .  @0p- 
:'.: , . M a  y A e u r e e n ~ e ~ c n  B 10-15 pas. B p e ~ i i  ~ 3 r o ~ o s n e ~ i i n  c o i c p a -  

:':. q a e T c n  B 15-20 pa3. P ~ C X O A  ~ n e ~ ~ p o 3 ~ e p r n ~  C o K p a q a e T c n  

:,"i -$ . B 4 pa3a. K o h l n n e ~ r  ~ , ~ ~ ~ K T ~ ~ O T O ~ ~ ~ @ W Y ~ C K O ~ O  0 6 0 ~ y A 0 B a ~ i i i i  

, . no C p a B H e H H l o  C @ o l ' o ~ e x a H H q e C K H M  O ~ ~ ~ ~ O B ~ H H ~ M  A f l n  H3- 

E-. r o T o B n e H u n  @oph t  nnoc~oii  n e s a T H  B 20 pa3 nerse H B 5-6 pas 
. M e H b l u e  no s a ~ w h f a e ~ o f i  nnoqagw. 
: <a ,  . . 
%- A n n a p a ~  BPA-12 B COYeTaHHU C M ~ . I C @ ~ M ~ T H O ~ ~  o@ce~~of i  
, ,- 
)1 

ne~a~r io f i  ~a ruw~of i ,  ~ a n p x r h r e p  rwna a P o ~ a e p - 2 r  (LIexocno~a- 
:% . K H ~ ) ,  K C ~ I O ~ T ~ T H B H O ~ ~  H ~ ~ O ~ H O - I I H L U ~ W ~ ~ ~  MaUUHOf i  o6pa3ye~ 
. B W b  KOhlnneKC O ~ O P Y A O B ~ H H R  o I ~ ~ ~ ~ T H B H o ~ ~  T H ~ O ~ P ~ @ H H ,  A n n  

p a 3 M e U e H H R  K 0 ~ 0 p O f i  H ~ O ~ X O R H M ~  II f lOulaAb BCerO B 25-30 d'. 
C 0 3 ~ a H U e  TaKHX ~ H n o r p a @ H B  B ~ H ~ J I H O T ~ K ~ X ,  HayqHO-UCCfleAO- 
BaTC3IbCKH.X 'HHCTHTYTBX, BblCUHX yqe6nb1x  3aBe&eHURX,  np0- 
e K T H u x  H K O H C T ~ ~ K T O ~ C K U X  opran~3aqnnx n o 3 ~ o n n ~  onepa- 
TUBHO H AeUleBO U 3 A a B a T b  Hay ' lHb le  TPY&bl H H H @ P M ~ U W O H H E ~  

h t aTepHaf l t 4 .  T e X H U q K K y t o  AOKyMeHTaUHH) H B C e 8 0 3 M O X H b X  

npli MaCCOBOM p a 3 M H O X e H H U  H H @ O P M ~ U H O H H ~ I X  M a T e p H a -  
JIOB H A p y r O f i  r I e q a T H 0 k  n p o f l y K u i i H  T U p a X O M  3000-5000 3K3 .  
OAHH a n n a p a T  BPA-la M O X ~  06cnyxiisa~b 15-20 M a n w p -  

MaTllbtX o @ c ~ T H ~ I x  I I eqaTHblX M a U H H  C o6weii npOU3BOJitTC'lb- 
H O C T ~ ~  AO 100 T ~ I C .  OTTUCKOB B sac. 

B c o s p e h r e ~ ~ o i r  nonurpa@nn R o c T a T o s H o  mwpo~o npiinte- 
H n l o T  T a K X e  3 f l e K ~ p ~ O ~ O r p a @ U ~ e ~ ~ i i e  MeTOAbl H3rOTOBfleHHR 

IIeYaTHMX @OPM AflR CnHpTOBOrO HflA P ~ K T O ~ ~ ~ @ € K O T O  KOIIU- 
~ O B ~ ~ ~ ~ H O - M H O X H T ~ W ~ ~ H O ~ O  npouecca. C y ~ b  ~ T H X  C ~ O C O ~ O B  
COCTOHT B TOM, 9TU ~ 3 0 6 p a w t e H U e  HflH TeKCT, K o T O p b l e  ~ e o 6 -  
XOAHMO PeTlpOLlyUHpOBaTb,  BOCIIpOH380ART aHHJlHHOBblM K P a -  
cururn. xanpmep H a  snac~usnoti h l a c c e  wnu ~pyroic nosepx- 
HOCTU. n p e j @ a ~ l i T ~ b H 0  CMOqeHHble  6 y M a X H ~ d e  JlUCTbl I l p H K a -  
TblBaFOT K [POp~iiofi IIPaCTUHe.  n p U  3TOM KaKaII-TO W C T b  K p a -  

CHTWR n e p e x o n u T  H a  6 y ~ a r y  H o6pasye~ H a  H e k  ~ 3 0 6 p ~ e ~ H e .  
T ~ K U M  06pa30~  MOXHO U3TOTOBUTb A 0  CTB OTTUCKOB. ~ J I ~ K T P o -  

@ ~ O ~ ~ ~ @ U ~ K K U ~  MeTOa  H3IWTOBfleHHii TaKHX @PM COCTOHT 



K p a c w T e n n  3. 3 a ~ e ~  nosepx 
3 n o p o l u K o s o r o  ~306paxe~wa 

r-r-. 3ne~~pc@mrpa@wuec~nh 
npouecc B npnauene M o x e T  6 b l ~ b  n p n M e H e H  H &IIR H ~ ~ O T O B -  

n e H H R  @OPM B ~ ~ C O K O ~  H my60~0fi n e Y a T H ,  IUHpOKO HCIlOJlb- 
3YeMblX B C O B P ~ M ~ H H O ~ ~  I I o n U r p a @ ~ ~ .  B 3 m M  C n y Y a C  CKPbITOe 

3JTeKTpOCTaTHreCKOe neo6paxenue I I p O R B n R D T  K p a C K T U e M ,  

K O T O P M ~  npn H a r p e s a n n u  o6pa3ye~ npounyto KHCJIOTQYnOp- 
HYIO n n e H K y .  n o p o m ~ o ~ o e  ~ 3 0 6 p a x e ~ n e  n e p e H o c n T  H a  M e T a n -  

* n H s e C K y D  @ p h w y m  n n a c T n n y ,  H a r p e s a l o T n o c n e n a m D  w nome 
0 6 p a 3 0 B a ~ H R  I lneHKH I I p O T p a B n H B a l o T  IIOBepXHOCTb IlJlaCTHHbl 

AO 06pa3oea~w~ n e r a T a l o u l e r o  penbe@a. 
n ~ j r y h l e p ~ f i  B 3TOM C n y q a e  n B n n e T C R  H3rOTOBneHHe 3JleKT- 

~ M @ T o ~ ~ ~ @ H Y ~ ~ K H M  n y T e M  AHaII03HTUBa,  KOTOP~IR B n 0 0 1 e A -  
CTBHH H3BeCTHbIMH ( P O T O M ~ X ~ H H Y E C K H M H  M m A a M H  KOIIHPYDT 

H a  @OPMHYH) I lnaCTHHY. n n ~  H3POTOBJIeHWR RWan03HTHBa  3ne- 
~ ~ p ~ o ~ o r p a @ w s e c ~ o e  noporuKosoe w306pame~~e n e p e H o c n T  

H a  npo3par~y10 n o w o m K y ,  H a n p n M e p  H a  ( P O ~ o n n e ~ ~ y ,  OTMU- 
TYIO OT CBeTO~YBCTBHTUIbHOrO IIOKPbITHII. Ha I I n e H K y  I l p e X B a -  
pHTWIbH0  HaHOCRT TOHKHR UIOR K ~ K O ~ O - n u 6 0  K J l e R U W O  B e U e -  

CTBB. B KaW'CTBe IlOCJIeAHWO MOXHO YCIleIUHO HCIlOJlb30BaTb 

x e n a r H H y  c ~ e 6 o n b u r ~ ~  c o A e p x a n H e ? f  snarn. 



'CHX BHAOB npown~amueil p ~ w a u a u .  3ro CBORCTBO aonoxeao 
B OCHOBY 3 n e ~ ~ p @ m ~ o r p a @ u q e c ~ o r o  cnoco6a. nonysweruero 

: , , , wa3saHne o,~e~mpope~mzeNozpa~f~u ,  m u  KcepopenTreworpa- 
. @AH. 3 n e ~ ~ p w 3 a q n s  ~ o c n o ~ ,  nposBneme, nepewoc H sa- 

Kpennewue w306paxe~nrr b  TOM cny4ae ~ ~ O H ~ B O ~ J ~ T C R ,  KaK H 
e o b ~ s e o i i  ane~~po@Torpa@un .  3 ~ c n o ~ w p o e a ~ l i e  ~ ~ O H ~ B O A R T  
B peHTrewoBbur nyqax H a w  B y-.nyrax, H C M ~ H H K O M  KOMP~IX 
M c u K 1 3  U Y X H T b  ~ ~ ~ W O ~ K T W B H ~ ~ ~  ~06anbT-60. 

B KasSTBe IlpORBHTeJlR HepenKO HCnOnb3yDT 6 e n d  Kpa- 
', CHTWIb, P ~ J I ~ @ H o  B M C T ) ' I I ~ I O I ~ W ~ ~  Ha T ~ M H O ~  AOBePXHWTH Ce- 
.'~ .. . nenoeoP n n a c ~ u e ~ .  ISpo~o;lwnucb o n m u  n p o s ~ n e ~ r i u  3 n e ~ ~ -  
i p o p e n ~ r e ~ o r p a @ n w c ~ w x  ~ 3 0 6 p a x e ~ u i i  nm~wwewwpytomwMu 
': nopomeaMu, KoTopble CB~TIITCU noA ~eBcrewm y n b ~ p Q a o n e -  

rosoro wsnyse~n.  
7 \ 

3 n e ~ ~ p o p e ~ ~ r e w o r p a @ ~ s  y x e  nonysnna nocTaTovwo run- 
,~ poKoe npnMeweHwe B npoMblrunen~oe ~ ~ H T ~ ~ H O B C K O R  ~ + K T O -  
' cKonaH H B ~ e ~ b r u e k  CTenewri B M ~ ~ H U U H C K O ~ ~  pe~~reworpa@un.  . , 

' OCnoembl~ npemyqecTBoM sore MeToRa RBnnerrs TO, 
- 9TO P ~ H T ~ ~ H O B C K H ~ " ~  CHHMOK MOlKeT 6 ~ ~ 5  nOnyseH Wpe3 
: 30-40 c e ~  nocne oKowuatiun. npoceeswsaaws. ISpw STOM WET 

H ~ O ~ X O R W M O C T H  B 3aTeMHeHHOM AOhiWeHHH H B IIpUhieHeHWH 
AOpOrOCTORLlLHX XUMH4eCKHX PeaKTWBOB. C UOMOWbH) 0~0l"i  H 

<. ,. 
5" *r 
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XnhLd IJonJahHLeruoLse XONHHS &piw3Jhw$ 
-ed~o~a~~~adod~nalr awtnes a 'HONUH~ ~wnrrahw$ed.Io~a~~~ad 
-0d~nau~ oJa n ttmLeh0IvnRs o~onsahndswalr€ aw@ed~o~c+ ~8 
w 98 .3wd eH alswma~sudu smnano LME~OSEOU WH$B~JOH~J 
-s~adodmalr€ HL3OHxtONEOa '(~8 %id) ~HLH~~~~JOU~N EHSOH 
-BLJL tren3ah~$ed~o~a&~~adod~nau~ 'gHaesauogeE xlsnhw~.~ed 
aXHL30HJBHv S IV14IQWHal'it!EaH hbDA LOLE LaEIfav OLh 'HHBHL 
IJOnJttN trw~aod~s ULJOHHagO30 qLEUStrRS OHL~E~LHOX qLJOH 
-90~0113 aa KX~KUSE ww$ed~o~a~r~adod~nau€ ~uosr~arnLr~wadu 
IVl'lHXea '/(.IeNLg OlLHh1990 EH trOIfJ ~~oso~~~tfoeod~Lu~~~~c+ 
3 rxso~adau Xu '~LUH~~XOS ONuUOXgOaH HL6 AWIVWHJ HUJ3 
'SOHIVHHS XHX~SOH~JLH~~ hKJ19L OHqWOXJaH NH~~LVOII 9LR9 
LLJoIV RHHrJelru 1~0n~ah~$ed~o~c+od~nau6 gOSOHaL3J axt gOL 



uecca cnoco6cr~o~anw TOMY, 9M O H  6bln HCnOJb30BaH AJIR C a 3 -  
AaHwa yao6eoro H npaKrwsecKoro cnoco6a perucrpaunw nolta- 
aannit cser~o-pemamqwx MamnH. B ~ T O M  cnyqae CKopoCTHaR 
3ne~rpo$o~orpa@wsec~as  Mamma rwna nKoaw$nor npnhle- 
HiieTCII COBOKYnHO CO CneUH&lbWhLUH 3JleKTpOHHO-JIyVeBbIMH 
T P Y ~ K B M W ,  Ha 3KpaHaX KOTOPblX BOCIIPOH3BOARTCR pe3ynbTaTbl 
e w e c ~ e a w i i .  3 n a u n r e ~ b s o  ynpoueawau cxeMa oAHoro w3 TaKHx 
ycrpoiicre nana Ha pwc. 88. 

3na~11, ~ o c n p o u s e e ~ e ~ ~ ~ e  Ha sKpaHe 3 , 1 e ~ ~ p o ~ ~ o - n y s e -  
BOA T P Y ~ K U  I ,  npoeuwpymjca O ~ % ~ K T U B O U  2 Ha CeneHoBym no- 
Bepxaocrb bapa6aaa 3. CeneaoablA cno i  npeABapwrenbHo 
3JeKTPH3YeTCR KOpOHHbIhl Pa3PRLIHHKOM 4 .  C K P ~ I T O ~  3neKTpO- 
crarusecKoe naobpaxenwe, c d w p ~ w p o s a ~ ~ o e  Ha cnoe B npo- . .  . 
uecce ~ ~ c n o ~ u p o ~ a ~ ~ w a ,  nposennacii  c noMoqblo ycrpoitnea 
5. 3arew nopoumoeoe n s o 6 p a x e ~ u e  nepeaocm Ha 6 y ~ a x n o e  
nonorao 6, chtaTmaeMoe c pynoHa 7. n e p e ~ o c  ocyurecrsnnercn 
3.leKTpOCTaTHYeCKWhl nYTeM nOA A ~ ~ ~ C T B H ~ M  3JleKTpH3aTOpa 8. 
3 a ~ p e n n e a u e  w 3 0 6 p a x e ~ n ~  npowcxo;lwr B TO BpeMii, KorAa 
nonorno npoxoxnr naa 3neKrpowarpeearenev 9. 

B A ~ ~ ~ C T B H T C V ~ H O C T H  ~ J I ~ K T ~ @ o T O ~ ~ ~ @ H Y € ! C K H ~  PWUCTpH- 
pymlllwe YCTaHOBKH A J R  CYeTHO-PeLUalOUHX hlatUWH 3HaYH- 
renbwo cnomaee. OHH conepmar 6onbruoe Konusecrso sceaoa- 
MOXHblX 3neKTPOHHblX YCTPORCTB, npeo6pa3ymuwx I I H @ ~ M ~ -  

uum, nocvnalouym 113 bxarunwbl, B wMny.nbcw, ynpasniimque 
sne~rpoawo-nyresoii rpyb~of t .  OAHO aa raltnx ycrpoiicrs, 

3 1 2  4 



, - 
CKOHC7pyHpOBaHHOe U W3i"OTOBneHHOe ~ M ~ ~ H K ~ H C K O ~ ~  @ H ~ M o ~  ,, 
u C ~ p 0 ~ 6 e p r - K a p f l ~ 0 ~ ~ .  peK.ilaMWpyeTCR KaK aca~blfi ~ H C T P O -  ',>? 
nei ic~~ymqwfi  nmararorurifi annapaT B  upe en. 3 m  y c ~ p o f i c ~ p  
BOCIIpOH3BOnHT pe3yflbTaTbl Bblqncne~uB CPeTHO-peUlaH)WUX 
M ~ U H  Co CKopOCTbK) OKOJlO 45CX) CTpoK B hlHHYTy. TaICaR CKO- 
poCTb HwOCTYnHa COBpeMeHHblM 3fleKTpOMeXaHHseCKHM IIW- 

,1$ TamqriM annapaTaM. Oua cTana BOSMOXHO~~ n u u b  c npwexie- 
HneM 3 n e ~ ~ p ~ ~ o r p a @ u s e c ~ o r o  npouecca. 

3 n e ~ ~ p c d p ~ o r p a @ u s e c ~ o e  6ocnpousaeneHne nso6paxennic , 

C 3 ~ p a H a  3ne~rpo~~o- . lyseBof i  T P Y ~ K K  HaXOAHT nPHMeHeHNeH 
B @o~o~e.nerpa@nu. k iccnenosa~u~l  B woi( o6nac~u  B HacmRqee 
BpeMR npOH3BOnRTCR H ~ ~ ~ u o - W C C ~ ~ ~ O B ~ T ~ J ~ C K H M  HHCTHTY- 
TOM ~ O P O ~ C K O ~ ~  H ~eflb~K0k"i T&!~@OHHO~ CBR3W. 

3ne~~po$o~oocq~nnorpa$u. S n e ~ ~ p o @ ~ o r p a @ u ~  nos- . BOnHna pa3pa60TaTb npo~Toi( H ~ ~ ~ K T u ~ ~ c K u ~ ~  M W  Peru- 
cTpauwn n o ~ a 3 a ~ w f i  ocuwn~~orpa@s. Hays~~-riCGTeA~Ba~e.nb- 
CKWM HHCTHT~TOM 3 n e ~ ~ p o r p a @ n u  COBM~CTHO c M H C T W T ~ ~ M  
@ W ~ W K W  3eMflH AK~,!(~MWH HaYKCCCP CKOHCTpYWPOBaHa3fleKT- , 
pc@~orpa@wsec~a~ npwcraeKa a3n0-ln K ~ a r ~ w ~ o s n e ~ ~ p u s e -  
CKOMY ocqunnorpa@y Tuna n06-14Mn. Cep~fiHoe us ra ro~ne-  
Hue TaKUX npWCTaBOK (~Hc .  89) 
B 1961 r. Hasam K H ~ U H ~ B -  
CKHM 3aBOAOM 3fleKTPOH3MePH- 
TmbHblX npwI%pon. Cee~oaoB 2 
nys  c sepaanbaa ocuun.norpa@a 
p e r ~ c ~ p u p y e r c ~  Ha ~ o ~ p b r ~ o i i  (O 

a 6 
Pnc.  89. 3 . 1 e ~ ~ p @ m o r p a $ ~ r e c ~ a n  nplrcmsaa K ~ w n n n o r p a @ y r  

n - o6unA snn, 6 - np~~xnnmanbuan  crova 

120 



C T O T ? ~  A 0  56 2 1 + , n p H  aMnJlWTYAe A 0  2 5 - f i ~ .  U H ~ H H ~  JleHTbl 
. 120 AX, AJIHHa 18 M. 3 a n H c b  M O X e T  I lPOH3BOAHTbCRHa T p e X  

pasnwswt~x CKOPOCTRX - 1; 4 wnw 16 w t l c e ~ .  , 

r a b a p H T E J  IIpHCTaBKH 1 2 0 ~  2 2 0 ~  240 AIM, B K Y O K O ~ O  3,s KZ. 
n p w ~ u n n n a n b ~ a n  c x e M a  n p H c T a e K w  A a H a  H a  pwc. 89. 6. 

' Kopnyc npHCTaBKH Bb lnOnHeH H 3  J J O p ~ J l K M H H U f l  H c ~ a 6 x e ~  
:', OTKHAH~IM n p O 3 p a q H b l M  YrOnbHHKOM, n03BOJIRH)LUHM IIpOCMaT- 
' I: - pwaa~b ~306paxewwe, s a @ ~ ~ c n p o e a ~ w o e  ~a (PO~ononynpo~o~- 
2 H H K O B O ~  J leHTe,  W A W a T b  H a  HeK"i H ~ O ~ X O A U M ~ I ~  OTMeTKH. n e ~ ~ a  
&:cM~TFJB~ETcII C P y n O H a  1, p a C n O n O X e H H O r 0  B U e H T p a n b ~ ~ k  Ya-  
6%; CFW KOPnYCa.  ~ J I ~ K T P W ~ ~ U H R  ( P O T O ~ O ~ ~ Y ~ P O B O A H W K O B ~ ~ O  CnOU 

f O C y u l K T B n E e T C n  KOPOHHbLM Pa3PflAHHKOM 3, nOAKJlKl9eHHbIM K 6: ACToYHHKY H a n P R X e H W R  4. ~ Y ' I H ,  O T P W e H H b l e  3ePKanbHbLM 

' i  ; PaMoYHblM I'aJIbBaHOMETPOM O C I I W ~ ~ ~ I O ~ ' P ~ @ ~ ,  nPOXOAET Yepe.3 ;'' I a e J l b  11 H 06pa3ym~ H a  J leXTe,  n ~ ~ e p ~ u ~ a e ~ ~ k  BanHKaMH 5 
!:L CgpbITOe  3neKTpOCTaTHYeCKOe w306paxe~we. 3 a ~ e M  n O n O T H 0  

. npOXOAHT H a A  B ~ H H O ~ K O ~ ~  6 C XWAKHM n P O R B H T W e M  7. Ba- '. n H K  8, B ~ ~ I & ~ ~ O ~ H ~ C R  CO CKOpOCTbH) 180 O ~ / W U H ,  na6pu3- 
?f,. r k iBaeT  n p O F 4 B J l X ~ y H )  XHAKOCTb H a  ( P O T O I I O J I ~ ~ ~ O ~ O , ~ H H K O B ~ ~  
. CJI0K"i H IIpOHBnRCT w306paxe~we. EMKWT~ BaHHOqKW PaCCqHTa-  

H a  H a  T a K O e  KOJH9eCTBO l lPOIIBWTWR, KOTOPOrO XBBTHT, 9 ~ 0 6 ~ 1  
llpOflBHTb BCe 18 M JIeHTbl. no BkdXOAe JleHTbI H 3  nPOIlBnRKlLUW0 

y c T p 0 f i C T ~ a  nso6paxe~we ~ M C T P O  BblCMXaeT W MHMO CMOTPO- 
nor0 o K n a  10 n p o x o A w T  y x e  c o s e p l u e H H o  cyxw~.  3 a ~ e h c  nema 
orw6ae~ s q y q w i i  B a n w K  9 H n o c T y n a e T  H a  n p w e M H y m  K a q u r -  
K y  2. 

nwra~we ocqwnnorpz.+a w n p w c T m K w  o c y q e c T s n n m c n  OT 
HCTO9HHKa IlOCTORHHOrO HJlH I IepehreHHOrO TOKa  H a n p f l X e H H e M  

24 6. Ann IlHTaHHR 3 . l e K T p H 3 a T U p a  I IpeAyCMOTpeH MWHWaTl0p- 
HLdk Bb lC0KOB0nbT~b l f i  r e H e p a T o p ,  ~ 0 6 p a ~ ~ b l f i  H a  nOIlynpOBOJ(- 

HHKOBblX TPHOAaX.  MOUIHOCT~, I ~ o T D ~ ~ ~ R ~ M ~ R  I I D W C T ~ B K O ~ .  H e .  



6 e c ~ o n ~ p o ~ o ~ ~ o e  pa3mnoxen~e Texnurecwo# AouymenTa- 
UHH. E x e a ~ e B ~ o  MHOCOTblCR~HaA a P M U A  K O H W P O B ~ H U  H a  3a- 
BOAaX W @a6pltKax, B HayqHO-HCCneAOBaTedlbCKWX BHCTHTYTaX 
H K O H C T ~ ~ K T O ~ C K H X  6wpo 3 a ~ p a r ~ ~ a e ~  Maccy BpeMenH n c ~ i n  

H a  KonwpoBaHwe reprexefi. C waro~osnen~ofi ~o~wpoeqwueT1 
KanbKH H a  C B ~ T O K O ~ W ~ O B ~ J ~ ~ H O ~ ~  MamWHe MOrYT 661Tb nonyre- 
Hbl EWRTKW K O ~ W ~ ~ - C W H ~ K  OPII~UHa~bHO~O qePTeXa, KDTOPhle 
HeIlOCpe~CTBeHHO HCnOJlb3YWTCR B nPOW3BO~CTBeHHO%l np0- 

uecce. M3aas~a  npeA.naranwcb pa3.1~reble hieToaM 6ec~0-  
nwposoqnoro reprewan, npu3ea~woro 0 ~ ~ 0 6 0 , q n ~ b  K O ~ W P O B -  
u n u  or ~ r a i o n p o w 3 ~ o ~ ~ ~ e n b ~ o r o  a ~e6naro~apworo TpyAa. 
O E H ~ K O  HW 0AUH W3 3THX hleTOXOB He HaULe.n C K O . I I ~ K O - H W ~ Y A ~  
ruwpoKoro npwMeHennR. 3,1e~~p@o~orpa@ww npea,iaraeT HO- 
eoe, secbMa npaKTwrHoe pemenae npo6.1eh1~. q e p ~ e x ,  ebrno.1- 
~ e ~ ~ b l i i  KapaHAaUIOM H a  BaThraHe. MOKeT 661Tb HenOCpeaCTBeH- 
HO C K O n H P O B a H  ~ . I ~ K T P @ T O ~ P ~ @ W ~ ~ C K W M  nYTeM, HanPHYeP 
c nohroqbw annapaTa u3PA-1)>. npw  TOM Ha CKOPOCTH K O ~ W -  
posawwn ecTecTseHeo He oTpamawTcrr H K  p a s ~ e p b ~  repTema, 
H U  cTeneHb ero C,IIOXHOCTII. K o n w p o ~ q ~ ~ u a  cpeawefi ~sana@w- 
Kauuw KonwpyeT C ~ I O X H ~ I ~ ~  r e p e m  B reqenne 10-12 racoB. 
Konnn Toro me qepTema Ha annapaTe dPA-lo  MOXB 6bl~b no- 
nyrena qepe3 1.5-2 M U H .  Kam~alr  w3 nocneaywqwx 5-6 
~onwfi w3ro~o~nrre~ccr B Terenne 20-30 ceK. 

Ta~whl 06paso~  IlpOueCC KOnUpOBaHHA YCKOPReTCR B 50- 
100 pas, npwrehr ~OJlHOCTbw UCKnlOqalOTCR O U H ~ K K  L i  CBR3aH- 

Hble C HHMW KOHTPO.nbHbIe CBePKK H WCllPaBileWHA. 
B HeKoTopblx cnyraxx ~e,iec006pa3~0 nepenocnTb nopom- 

KoBoe w306paxe~we c 3ne~~po$o~orpalpwsec~ofi nnacTwHbl He 
H a  06blr~y10 6 y ~ a r y ,  a H a  npO3pa'IHyw KanbKy. KOTOpyIO 3a- 
Tehl nCnOnb3ywT Ann pa3MHoxeHHn n 3 0 6 p a x e ~ ~ i r  Ha 06bl ' I~bl~  
C~emKonWpoBanbHbrx annapaTax anu  me Ha s . le~rp@o~orpa- 
@wrecKwx M H O X W T ~ ~ H ~ X  annapaTax Tuna &MA-IAY. 

f l p y r ~ e  O ~ ~ ~ C T H  n p H M e H e H H R  ~ ~ ~ K T ~ ~ O T O ~ ~ @ H K .  P ~ c -  
ChlOTpeHHble HaMH O ~ J I ~ C T I I  npaKTUreCKOr0 nPHMeHeHWA 3Je- 

~ ~ p @ ~ o r p a @ w r e c ~ o r o  npouecca AaneKo He wcrepnbIBawT 
B O ~ M O X H O C T ~ ~ ~  3TOl.O HOBOrO, no-HaCTOkUeYY eule He OUeHeH- 



Pnc. 90. M n e ~ r p o $ o r n r p a $ ~ r e c ~ a ~  anpecosa.nbKan Mamma 

HOrO hIeTOAa p e n p o n y u ~ p o ~ a ~ ~ k  H Pe rHCTPHPOBaHHR.  YXe 
CerOAHn MOXHO H a 3 B a T b  H e  M e H e e  AeCIITKa A P Y r U X  0 T p a c J I e k  
Ha)'KH W TeXHHKH, B KOTOPbIX YCneUlHO HCnO.'Ib3YeTCR 3,qeKTPO- 
@~orpa@un.  

~ J ~ ~ K T ~ D $ O T O ~ ~ ~ @ H ~ ~ C K H ~  ~&0;lbl U3rOTOBJIeHHn n e W T H b l X  

. . 
3 K P a H O B  3JeKTPOHHO-nY9eBblX  T P Y ~ O K .  

TSHO C B E ~ ~ H  c s n e ~ ~ p o @ o ~ o r p a @ u e k  O C H O B ~ H H H ~ ~ ,  no CYTW 
Ae.'Ia, H a  T e X  Xe I I p H H U H n a X  hleTUA 3JIeKTpOAlOMUHeCUeHUW, 
T. e. csereeun n o n y n p o a o . n u w K o s b r x  h l a T e p w a x o s  npw nanoxe- 
HHH H a  HHX 6onb1uoro B H e U H e r O  3JIeKTpH9eCKOrO n 0 J I n .  M e ~ o n  
3TOT HaXOnHT IIPUMeHeHWe B T U e B H n e H H H ,  B CWTHO-Bbl9HCJlW- 

T~ ' Ib110f i  TeXHWKe, B PeKJIaMHOM nene. 
3 n e ~ ~ p + ~ o r p a @ ~ n  H C H O ~ ~ ~ Y ~ T C R  B reone3aw w K a p T o r p a -  

@HH LLTR BOCnPOU3BeAeHHR ~ ~ P O @ O T O C H U M K O B  H B HeKOTOPblX 

npyriix c n e u u a n b n b l x  u e . q n x .  

B H a c T o n m e e  s p e m  3a p y i k ~ o ~  c e p ~ i r ~ o  BbrnycKaroTcr r  
3 n e ~ ~ p D $ O ~ o r p a @ u s e c ~ ~ e  a n p e c o s a n b H b l e  MaUrnHbl  (PHC. QO), 
~ 0 3 E O n R E O l 4 H e  C p a B H H T U b H O  n p O C T 0  E i  ~ ~ 0 6 ~ 0  PeUrHTb  npo6~1e- 
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MY aApeCOBaHUR I I ~ ~ H O R H ~ ~ C K O R  n H T e P a T Y P b l  T a 3 m  H IKYPHa-  
noe c venbm K a K  MOXHO &nee c~opoA gocraeltw H X  nonnncsn- 
KaM. 

B 0 6 J l a c T H  ~ J I ~ K T ~ O @ € J T Q ~ ~ ~ @ H ~ ~  B HaCTORLUee >peMf l  pa6o- 
T a m  hnbUI0e KOJIHWCTBO HColeAOBaTWbCKHX y ¶ p ~ e H U i i  H 
opra~w3auwk c a M o r o  p a 3 n w r H o r o  n p 4 ~ n n .  O n u ~  co3~anwrr 
WCKYCCTBeHHblX CIIYTHHKOB 3eMJIH,  WColeAOBaHHIl B O ~ J I ~ C T W  
I l ~ e p H o f i  (PHSWKU, ~ T O M H O ~ ~  H P ~ K ~ T H O ~ ~  TeXHHKH ~ ~ ~ A B T ~ J I ~ H o  
n o ~ a s b ~ a a m ,  sm ycnemnoe paspeurenne K a p n n n a n b H b l x  eo- 
npOCOB C O B ~ ~ M ~ H H O ~ ~  H a y K H  H TeXHHKW AOCTHXUMO AHIUb n p U  
YCJIOBUU K O M ~ J I ~ K C H O ~ ~  p a 3 p a 6 W I K H ' s x  COeAHHeHHblMH YCHJIHII- 
rrrw ysenux w n p a K T w K o e  - cneuuanucms B pa~wblx o T p a c J l r r x  
3HaHHR.  

K O J I J L ~ K T U B H ~ ~ ~  UCCneAOBaHHR COBeTCKHX Y s e H U X ,  HOBaTO- 
poe w w306pe~a~e~leii a e n R m c R  a a n o r o M  mro, sro B w s e H w e  
6 n m a H m ~ x  n e T  s n e ~ ~ p o @ m o r p a @ ~ ~ e c ~ w e  M e m A t d  ~ a f l n y ~  
came m w p o K o e  n p w M e H e H u e .  



JIWTEPATYPA ' 

JIureparypa no 8onpocaM s l re~r~@morpa@nu nocTarosno pa3~ooSpa3- 
na n o5mwprla. Ona HacswrwsaeT o ~ o a o  500 nanme~oea~nir.  Eonee HnH 
MeHee nonpoSnuii cson ee CM.: 

E. JI. H e M w p o s c K HA, J lsxparypa no sonpocamane~Tporpa@nn. 
1935-1958. Sw6nnorpa@wqeC~~B yuasarenb, BnnbHm. U6TM. 1958. 

Oparnnanbw~e pabmbl cosercKHx nccnenosaTeneA no BHTepeCyloIUeMy 
sac sonpocy ony6nnKosanH B cnenyr)qnx C6OpHnKaX: . 

r 3 n e ~ ~ p o @ o ~ o r p a c $ ~ ~  n ~ a r n n r o r p a g n n i .  T p y m  
~ a y s n o - ~ e x ~ a q e c ~ o A  ~ o n c $ e ~ e ~ b n ~  no 8onpocam s n e ~ ~ p o r p a @ n ~ ~ .  non 
pen. M. M. )f(unesnsa. B ~ n b s m ,  P e c n y 6 n ~ ~ a ~ c ~ n a  HHCTIIT~T naystzo- 
T e X ~ ~ e c K 0 8  n ~ @ o p ~ a u n n  n nponaramnhl, 1959. 384 c ~ p .  

r3 n e K T p o @  O T  o r  p a @ n n. C ~ O ~ H I I K  LTaTeAl. flon pen.. npo@. 
H. 6. 3enurepa, J l e ~ n ~ r p a n .  U6TM. 1958. 60 c ~ p .  

Bonpocbl ~ e o p n n  ~ ~ ~ K T ~ o @ o T o I ~ R $ ~ ~ ~ c K o ~ o  npoqecca pacchfarpnsalor- 

B. M. @ p n n K H H, M. C. )1( e n y n e B, Omo3nexrperbl H 
3ne~~p@o~orpa+nsecxHh npouecc, M8n-eo AH CCCP, 1960. 208 c ~ p .  

M. B. A H @ H n o B, B. M. 0 p n n K n H, K TeopnW npomneHnn cKpa. 
o 3ne~~po$olorpa@nsec1(oro ~ 3 0 6 p a x e ~ n n .  XZyp~an naysHO2 H npK- 

UHOR @omrpa@nn H ~ n n e ~ a r o r p a @ n n ,  1959, T. 4, NQ I, c ~ p .  32, 34. 

C p e n ~  pa6m 063op~oro XapanTepa ynoMnHem KHHrY n CTaTbH: 
E. a. H e M H p 0.8 c K H R, Hoable c n o c o 6 ~  nesam, M., a~cnyccrsor ,  

K. C. n n n u K 0 8. Kceporpa+nn (3neKTp0@0~0rpa~nn). X<ypHan n a y s  
HOB H n p u ~ n a n ~ o R  @oTorpa+wn n xnne~amrpa+ns,  1956. T. 1. sbm. 2 
cTp. 138-139; K. C. fi n n H K 0 B, Pasenrne Kceporpa$nw. TaM me, 
w n .  3 ,  CTP. 226-230. 

K . M . M a p x n n e o n s .  B.M. U I e 6 e p c r o o  H up., Cospe. 
HHOC. p a 3 ~ n ~ l l e  $ o ~ o r p a @ n s e C ~ ~ x  npoueccos. non  0 5 ~ .  pen. np@, 
. M. Knpaanona, ~Mcnycc~no*. 1960 342 crp. 
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Pa6oru aapy6exnux aempoa: 
a B o n p o c u  ~ n e ~ r p o r p a @ n n w .  C6op~nK nepeeonoa n3 HMO- 

CTpaHHoii nepuonnvecKoii nnreparypu. non  06ueR penaltunek A. H. Ye 
Hpllueaa Cocrasne~ne n npenncnosne E. J I . H e ~ ~ p o a c ~ o r 0 ,  M., Mn, 1968: 
260 crp. 

Oraenhnbw npaKrnqecKnaf nprmomesenaf sne~~po$morpa@nsec~oro  
npouecca nozanqenbl cneayloune pa6om: 

K. if. K o p H n UI n H, Kceporpa@~sec~rdi  Meron nonysenun ~ 3 0 6 -  
parne~rtR npH pe~TreHoscKoB ne@eK~ocKonnw, M., 
BcecomHoro uncrnryra Hays~ioB n TexnmecKoB 
peaas02 ~ a y q ~ o - r e x ~ n v e c ~ ~ B  n n p o ~ 3 e o n c m e ~ n ~ 7  onbln.) v 

e 3 . n e ~ r p o n n a n  @ o r o ~ e n e r p a @ r r n s .  Mn@op~aunonnMi 
C~OPHIIK, M., C B R ~ ~ ~ ~ A ~ T ,  1958. 132 CTp. 



l l P W J l O ) l ( E H W R  
n P k J l O X E H M E  H I 

UAHH blE CHJlOBOFO TPAHCOOPMATOPA 

n3 0 0,16; 111-25 8HTKOB n3 0 0,6; IV-32 BHTKa n3 0 0.5. 

n P k n O X E H u E  H 2 

UAH H b l E  OQMOTOK BblCOKOVACTOTHOrO TPAHCOOPMATOPA 
...., 

250 B n ~ K o s  n3wo a 0.15; 11-300 B ~ T K O B  n3w0 0 O,I; I I I  - VII- 
no 360 BHTKOB n 3 U 0  5 0,l. 

~ P M ~ O X E H M E  M 3 

U A H H h l E  OQMOTOK TPAHCOOPMATOPA T l l n A  TBC-A 

- 2 ~ 6 5  BHTKOB n3n Q 0.6: 11-2X 12 BHTKOB tI3UO a 0,15; 111- 
500 BHTKOB n3dT 8 0,073 1V-8 BHTKOB n3n 0 0,35; V-3 BeTKCB 

n3n 0 0.35. 

IIPMJlOXEHME H 4 

U A H H b l E  OBMOTOK TPAHCOOPMATOPA 
,.... 
:, I - l W  BH'IKOB n3 0 0,3; 11-2760 BllTKOB n3 Q 0,16. 
13 



n p e a ~ c n o n ~ e  . . . . . . . . . . . . . . . . . . . . .  
 TO T a ~ o e  sne~~po+arorpa@n . . . . . . . . . . . .  
Mclop~n  9JleKTpo$OT0Tpat$HH. . . . . . . . . . . . . .  
3 n e ~ ~ p n p a r o r p a t $ ~ r e c ~ ~ e  n n s c r ~ ~ u  . . . . . . . . . .  
3 n e ~ ~ p o $ a r o r p a t $ ~ r e c ~ ~ e  6 , ' ~ a r ~  . . . . . . . . . . .  
3 n e ~ r p ~ ~ a s u . n  s n e ~ ~ p o $ m o r p a @ ~ s e c ~ ~ x  cnoee . . . . . .  
~ K C ~ O H H ~ O B ~ H H ~  ~ ~ ~ K T ~ ~ O T O T ~ ~ @ H ~ ~ K H X  CnOeB . . .  
l lponanen~e H aaKpenneHne 3ne~rpot$o~orpat$~rec~nx H ~ O -  
6 p a x e n ~ h .  . . . . . . . . . . . . . . . . . . . . .  
3 n e ~ ~ p n p p r o r p a t $ ~ r e c  annaparypa . . . . . . . . .  
npHMeHeHHe s n e K T p ~ l Q T p @ H ~  B HayKe H TeXHHKe . . 
nn~eparypa . . . . . . . . . . . . . . . . . . . . .  
~ ~ H * I O X ~ H H ! ~  . . . . . . . . . . . . . . . . . . . . .  

Mean U O C H ~ $ O B H ~  XZnnee~s 
EarenHA ~ ~ B O B H ~  H ~ M H ~ O B C K H ~ ~  

B~EKTPOOOTOrPAOUfl  
*. 

Pegar~op  H. 4.  t I o ~ 0 u r m  

W0panen.e xyuoxrs8ra W. 4 .  Cmoru33o~a. 
X Y ~ O X ~ C T B ~ H H ~ I R  penawop 3. B .  B O P O H ~ O ~ .  

TernHsecrHR penanrop P. e. Tgna~aecruri.  Koppenmp T. W. Cononr. 
Cuamo s ~ a 6 o p  5lX 1960 r,  noan. e ner. 1211 1961 r. Oopu. GYM 64~108 ' / . , .  

n r r .  n .  4 .0  (ycnoe~mx ner. n. 6.56). Yu -"$A. n. 6.16.  Twpax 80ODO px9. 
A01477. d e r y c c r s o l  Mocrsa. W.51. Uaernol bynbsap. 15.  

us~.  B i6309. 3ar .  rmn. Nt 1055. 
nrpssa O6pasqosan nrnorpa.isna H M ~ H R  A. A. X n a ~ o a s  N~pcroscrtoro ropoulroro , , 

cosuapxosa. Mocnaa. X-51 .  Bsnosan. 18. i .  
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