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J l O ~ H 9 E C R & E  BJIENIEHTM HA O A U H 0 9 H b I X  BJIEKTPONAX 
HJIR KEAHTOBOMEXAHH~ECLCO~O'  KOMRbIOTEPA 

3 n e ~ ~ p o n ,  npone~amq~R B n o n b  A n a n e K T p n s e c K o r o  B o n H o e o A a  6e3 0 6 o n w ~ s  co 
CKOpOCTblO, 6 n U 3 ~ 0 k  K a830~0R CKOPOCTH BOAHY, M O X e T  6 b I T b  HCnOJIb30BaH A m - y n p a B -  
neHHR ~ O T O H U H  B BOnHOBOAe. P ~ C C M O T ~ ~ H M  ,&Be BO3MOXtIOCTU: H 3 W H e H m  flOAHpH3aqHH 
@ O T O H ~  M I lepeH3JlYYeHHe ~ O T O H ~  H 3  BOJlHOBOAa B BO4lBOBOA. A ~ a n ~ 3  C&eJlaH C YYeTOM 
P a A u a q n o H n o r o  *Hun a n e ~ ~ p o ~ a .  

~ K c I I ~ ~ N M ~ H T ~ J I ~ H ~ R  p e a J I U 3 a U N R  IIpOJ&eAypbI  KBaHTOBbIX H e p a 3 P Y I I I a -  
l o I 4 N X  N 3 M e p e ~ N f i  (KHM) RBJIReTCR I I p e A M e T O M  H ~ C T O ~ ~ ~ N B ~ I X  NCCJIeAOBa-  
~ N f i .  y ~ e  C A e J l a H O  KHM K B ~ A ~ ~ T Y P H O ~ ~  'KOMIIOHeHTbI  [ I ]  N IIPOAeMOHCT- 
p H p o s a H o  n o n y s e H t i e  C x a T b I x  COCTORHN~~ [2]. KHW s H e p r u u  n o K a  H e  pea- 
JIN3OBaHO.  n106o~ C J I y s a e  AJIR n p o 4 e A y p M  KHM T P ~ ~ Y ~ T C R  3 J I e M e H T ,  CO- 
r l e ~ a I O m N f i  M a J I b I e  I I O T e p N  N' 6onbruym K B a A p a T I I s H y W  H ~ J I H H ~ ~ I H O C T ~  r3f. 
M c I I o J I b 3 0 ~ a ~ b  AJIR 3 T O r 0  K B a p U e B b I e  BOJIHOBOAbI H e  Y A a e T C R  N 3 - 3 a  cna6ofi 
H ~ J I N H ~ ~ ~ H O C T N  [4]. HpyroG B03MOXHOCTbK)  AJIR p e a J I N 3 a U N N  KHM 3 H e p -  
I N N  M O X e T  C T a T b  K B a A P a T N ' i H O r O  IIO IIOJIIO paCCe5fHNR 3 J I e K T p O H a  
15, 61: 3J IeKTpOH,  I I p 0 ~ C f " f ' l o I 4 N f i  BAOJIb n n 3 ~ 1 e K ~ p ~ s e c ~ o r o  BOJIHOBOna  6e3 
O ~ O J I O ~ K U ,  II n y s a e T  n o n e p e s ~ b ~ f i  umynbc,  nponoplriio~anb~b~fi s H e p r u u  
@ O T O H ~  B BO 'X HOBOAe (IIoA (POTOHOM B BOJIHOBOAe lT0~pa- 
T O T H O - a H T H ~ C r P P e Z ~ B a ~ ~ ~  1 1 1 ,  N M e I O 4 e e  CPeAHIOH) 4 a C T O T Y  
(00, C p e A H I O I o  3 H e p i " N I o  b = f i o o  {h - IIOCTOSIHHaR ~ J I ~ H K ~ ) ,  AJlHTeJIbHOCTb 
To  N H e O l l p e A e J l e H H O C T b  3 H e p r U U  APi=h/.co). - 

OAHHM N 3  B 0 3 M O X H b I X  B 6 ~ A y i 4 e ~  I I ~ N M ~ H ~ H N ~  KHM 3 H e p r N N  M O X e T  
6 b I ~ b  C 0 3 A a H U e  K B a H T O M e X a H U q e C K O r O  KOMFIb IOTepa  181, N H @ O P M ~ ~ H O H H ~ ~ ~  
~ H T H  B K O T O P ~ I X  HPeACTaBJ IRIOT ~060fi K B a H T b I  3 H e P r N N .  Ta~of i  KOMnbKI-  
Tep A O J I X e H  COCTORTb N 3  O ~ ~ ~ T N M M X  IIePBWqHbIX 3 J I e M e H T O B  ( H Y ~ ~ ~ K N .  @pen- 
K N H a  [g]). A ~ a n s s  3 ( P @ e ~ ~ a  K B a A p a T H q H O r O  p a C C e R H H R  3 J I e K T p O H a  I I p N -  

B O A H r  K MMCJIN N C n O J I b 3 0 B a T b  3 J I e K T p O H  H e  TOJIbXO AJIR H e p a 3 p y U a H 3 u I e r O  
CsNTbIBaHN5I  H H @ O ~ ~ M ~ U H H ,  HO N AJIR y I I p a B J I e H N R  UH@OPM~UEIOHHMMN @o- 
T o H a M a .  B n p e ~ n a r a e ~ o i i  pa6o~e  a H a n m w p y l o T c s  cnenywwse I'eOMeTplrH 
n e p e K n I o . s a r o r . w x  YCTPOBCTB: 

a )  f i f f 9 J I e ~ ~ p N ' i e ~ ~ N f i  ~ O J I H O W A  61e3 O~OJIOZIKII, H a  BXOA KOTOPOI1) I I G  
cTynaeT @TOH s a n a ~ ~ @  : n o n a p H s a y u B ;  H a n a s a e  i i~one~ammero BAOJI~  
BOJIHOBOAa 3 J I e K T p Q H a  H ~ M ~ H R ~ T  I I O J I H ~ H ~ ~ L ~ N I O  @ O T O H ~  H a  BblXOAe;  



6) A B a  I IapaJ I J Ie J IbHbIX AU3JIeKTpU9eCKUX BOJIHOBOAa 6e3 O~OJIOYKW,  
H a  B x o A e  no OAHOMY u3 HHX ~ ~ X H T  (POTOH; npone~amwuii M ~ X A Y  HUMH 
3JIeKTpOH n e p e H 3 J I y s a e T  @OTOH TaK,  9TO H a  BbIXOAe @OTOH 6 e x u ~  B A p y -  
r O M  BOJIHOBOAe. 

nepesnmse~ue yc~pofic~sa n p o a c x o A u T  npu nanusuu B A o n o a H H T e n b -  
HOM B o a H o B o A e  ynpasnamuero @ O T O H ~ ,  ~ o ~ o p b ~ f i  co06wae~ n o n e p e y ~ ~ f i  
I l M n y J b C  3 , r I e K T P H Y  ( 3 @ @ e ~ ' T  KBaApaTH9HOlW PaCCWIHHR [5, 61) lU H a -  
I IpaBJIReT 3JIeKTpOH B 0 6 J I a c ~ b  B ~ ~ W M O A ~ ~ ~ C T B E I I I .  T ~ K U M  a 6 p a 3 0 ~  nepe- 
K n m s a l o u r e e  ~CTPOPCTBO n p e ~ p a u a e ~ c ~  B O ~ P ~ T H M ~ K )  J I o r u y e c K y r o  c l r e i i y .  

Pean~sauua a H a n o r u s n M x  n e p e ~ ~ ~ m s a m w u x  YCTPOBCTB, U C ~ O J I ~ ~ ~ I O -  
WUX H ~ J I H H ~ ~ ~ H O C T ~  M a T e p H a J I a  BOJIHOBOAa, no-BUAHMOMY, 3 a T p y A H U T e J I b -  
H a .  0 6 b 1 n ~ 0  BOJIHOBOAM U3rOTaBJIUBaIoTCR U 3  U30TPOnHbIX M a T e p H a J I O B ,  B 
KOTOPMX OTCYTCTBYeT K B a A p a T H Y H a H  B O C n P H R M ~ H B O C T b  x('), a K Y ~ H ~ ~ C K ~ R  
BOCnPUUMsHBOCTb x ( ~ )  NSOTPOITHII. ~ O ~ T O M Y  B CXeMe (a)  C OAHHM BOJIHOBO- 
AOM IIpUJIOlKeHUe BHeIUHerO 3JIeKTpUYeCKOI'O nOJIR B P ~ B H O ~  C T e n e H H  U3- 
M e H R e T  CKOPOCTb P a C n P O C T P a H e H U R  BOJIH p a 3 ~ 0 6  n O J I 5 i p U 3 a ~ U U  U I I03TOMy 
I I e p e K J a l o n e H U e  HeBOSMOXHO. B CXeMe (6) C ABYMR BOJIHOBOAaMU B ,  I IpUH- 
q H n e  MOXHO n P U K f I a A M B a T b  n O J I e  K OHHOMY U 3  BOJIHOBOAOB H TaKWM 06- 
p a 3 O M  B K J I m S a T b  (HJIH B M K J I I ~ Y ~ T ~ )  n e p e K a 4 K y  U 3  BOJIHOBOAa B BOJIHOBOA. 
O A H ~ K O  O u e H K H  AJIS  K B a p u e B O r O  BOJIHOBOAa A J I W H O ~  10 CM AaIOT, 9 T O  n p H  
PaCCTOHHUH M e X A Y  3JIeKTPOAaMW -50 MKM T p e 6 y e T c f l  H a I I p R X e H U e  OKOJIO 
10 KB,  TO npu B p e M e H a x  n e p e K n m s e H H s  M e H e e  c TPYAHO p e a f i u 3 y e ~ o .  

1. B ~ ~ H M O A ~ ~ T B H ~  3 A e K T P O H a  C JlOJleM BOIHOBOAa 

a n u ~ a  L B ~ ~ U M O A ~ ~ ~ C T B H R  3J IeKTpOHa C nOJIeM BOJIHOBOAa noA6upae~- 
CS3 TaK,  ¶TO L> V 0 2 d a g r  (VO - CKOPOCTb 3JIeKTPOHa,  agr= 1 l-Vo/vgr 1 ,  
V,, - rpynnosarr CKOPOCTL). 

f ins  ycneu1~0fi p a 6 o ~ b t  3TUX YCTPO~~CTB 3JIeKTPOH A O J I X e H  CUJlbHO 
B ~ ~ W M O A ~ ~ ~ C T B O B ~ T ~  C B O J I H O ~  B BOJIHOBOAe. %O BO3MOXH0,  eCJIH er0 CKO- 
POCTb v 0  6~1113xa K @a30~0fi CKOPOCTH Vph, T a K  YTO K O ~ @ @ U ~ H ~ H T  a p h = l -  
-Vo/V,h<<l, T. e. c p e n f i a r r  Y a c T o r a  ~ o a e 6 a ~ u f i  s n e ~ ~ p o ~ a  Q=aphoo<<wo.  
~ P H  TaKHX YCJIOBHRX H ~ O ~ X O A H M O  YYHTblBaTb CHJIy p a A E i a u U O H H O r 0  T p e -  
HUH, KOTOPaR OKa3bIBSteTCR C p a B H H M a  C C H J I O ~ ,  ~ e f i c T ~ y ~ o J U e f f  H a  3JIeKT- 
POH CO CTOPOHM nOJIH @OTOHB. 

C~a9aJIa PaCCMOTpWM C x e M y  (a) (OAWH BOJIHOBOA) . B ~ ~ W M O A ~ ~ S C T B U ~  
HePeJl$ITHBHCTCKOl'O 3J IeKTPOHa C ABYMII MOAaMW BOJIHOBOAa OIIUCbIBaeTCa 
r a M a n b T o H u a H o M  ( p a c c ~ a ~ p w ~ a e ~  T o n b K o  BOJIHM, 6eryque cnesa H a n p a -  
'BO, B OAHOM H a I I p a B J l e H H H  C 3Jlf'KTpOHOM, nOCKOJIbKy B ~ ~ U M O A ~ ~ ~ C T ~ U ~  
O ~ P ~ T H ~ I M H  BOJIHaMU M a n 0  H UM MOXHO n p e n e 6 p e s b )  

me e, m, P - 3 a p R A ,  M a c c a  H 0 6 0 6 ~ ~ e ~ ~ b 1 f i  HMnyJIbC 9J IeKTpOHa,  A - BeK- 
TOP-no~e~quan ,  c - c ~ o p o c ~ b  c s e T a  B B a K y y M e ,  o H $(a) - ~ ~ C T Q T ~  H 
~ o n ~ o ~ o i i  B e K m p ,  a+,, a, u b+,, b ,  - o n e p a T o p H  poxneaaa u y a u n T o x e -  
HHR MOA p a 3 ~ y x  nonapasauuii ( u ~ e m r u u x  o A u H a K o B M e  P(o) nna K p y r n o -  

- Cb BOJIHOBOASL), f, R 2 - I l O n e p e ~ H a F i  It npOAOJIbHaH KOOpAHHaTH 3JTeKTPO- 

, H a ,  At(o, r,) - B e K T o p H H e  Qlyii~uua, onac~bamwue p a c n p e n e f i e ~ n e  BeK- 



i Ai (us r l )=Ff  (us rl)lFios I Fi (us r l ) =  .'- \ - 
i . 

-- - [$v I '~ i  (us rd-kez x ~ 1 %  ( u ,  'L)] f ezvi (us r1)s 
BZy 

(2) 

r A e  HHTerpuposaHne B e n e T c r r  no ~ c e l  nnouanri nonepewor0 cesesm. no- 
JIR TH-MQA OnHCbIBaIoTCR (PYHKUNRMW qi ($i=O), a IIOJIR TE-MOB - , 
@ ~ H K U H ~ I M H  $i ( q i = O ) ,  r H 6 p H ~ H b I e  MOAbI OnHCbIBaIoTCR ~ y n e p n 0 3 H Q H e f i  
Ti H @i. 

P a n u y c - ~ s e ~ m , p  sneKTpoHa salntirue~ B lsaAe r a = e z V o t + r + r * .  B AK- 
nOJIbHOM n p u 6 n u x ~ u u  ( 1 l' 1 <(@-I, I r 1 <( 1 VLAi/Ai 1 ) H 3  raMHJIbTOHHaH_a 
(1) nOJIyqaeM Y p a B H e H H e  

- m 

d:r = h 1 do o e x p  {i$Vot) (n,Bl + buB2), 
0 

(4) 

r A e  11-e/mc, B i = y A i L ~ ~ + A i l l e z ,  ( P Y H K ~ H H  Ai ~ ~ P Y T C R  Ha JIHHHH HeB03MY- 
U e H H O r O  ABHlKeHYR 3JIeKTpOHa. M H A ~ K C H  a H (11% 0603~asaIo~ ' none* 
P e n H y I o  H I lpOAOJIbHyIo COCTaBJIXIoUyIo, HHAeKC tTH, OTHOCHTCR K TH-CO- 
c ~ a s n a m w e f i  ((P~HKUHFI q). Y p a ~ ~ e ~ u e  A n n  onepaTopa a. B TOM x e  npa- 
6 n w x e ~ a ~  meeT BHA 

" ' exp {-i$v0t) (rB;). dta,= -imam + A 
ch (5 )  

HJIR b, ypaeHeHue aHanornsHo. 
K ~ K  BHAHM, 'B (POPMYJI~X (4), (5) BMnHCaHbI TOJIbKO KOMnOHeHTbI BeK- 

TOP-IIOTeHQHaJIa A, O T H O C R ~ H e C R  K T H - c o c ~ a ~ a ~ ~ ~ I q e i i  (@YHKUHR (P) . Bsa- 
H M Q A ~ ~ ~ C T B H ~  C KOMnOHeHTaMEl TE-BOJIHH n p u 6 ~ 1 ~ 3 m e n b ~ o  B l / a p h  pa3 
MeHbIIIe, n03TOMy 3TH qneHhI OIIYUIeHbI. B e 3 ~ e  H H X e  HHAeKC t t T H >  6 y n e ~  
OHyCKaTb, l ' IOApa3yMeBaR TOnbKO TH-COCT~BJIRIOL~YIO A. 

j D, ( t )  =i'q o do a,, exp {iaPh (oo -o) t) - o r u 6 a m ~ a ~  pMnynbca B n e p m f i  

saoae ( a ~ a n o r ~ n ~ a n  @ o p ~ y n a  nna D 2 ( t ) ) ,  OnepaTopN aom a 60. cooTsercT- 
39 



BYIoT CO2TOHHI1K) n O n R  20 ~ B ~ ~ E I M O ~ ~ ~ ~ C T ' B I I R  (t+-oo), B i j =  (BjBI*).  
K p y r J I O r O  A H 9 J l e K T p H Y e C K O r O  BOJlHOBOAa @ a 3 0 ~ a 5 f  ki r p y n n 0 B a R  CKOPOCTH H e  
SaBMCRT OT n ? J I R P U 3 a 4 H H  Ei IT03TOMY P a B H b I  - K O ~ @ @ N U H ~ H T H  6 1 4 i 2 = 8 =  
= (ne2w) / (ap$&grf2112~2). B T O ~ ~ I ~  q J l e H b I  1B Y p a ~ B H e H H R X  (6) ~olnHCbIlBaIoT pa- 
nU2lQHOHHOe T p e H U e .  

n p E I  f iOCTaTC.IH0 6 0 J l b W 0 ~  B p e M e H l i  ~ B ~ ~ H M O A ~ ~ ~ C ' I ' B H R  S ~ ~ ~ = Z I J / C Z ~ ~ > > S Z - '  
c H c T e M a  (6) a r e r K o  p e m a e T c s  B r a p M o H u g e c K o M  n p ~ 6 n u > ~ e ~ w u .  Perue~ue 
3 H a Y U T e J I b H O  YIlPOLUaeTCR I I P H  B 1 2 = 0 ,  B 3TOM C J I y ¶ a e  9 J I e K T p O H  ~ 3 a H ~ o A e f i -  
C T B y e T  C ~ a I K ~ 0 f i  ~ 0 ~ 0 f i  He3aBUCUMO.  

3. C X t ? M a  (a) C OAHUM BOJIHOBOAOM 
\ 

~ Y C T ~  B K P y r J I O M  AEi3JIeKTPH'IeCKOM BOJIHOBOAe B O ~ ~ Y X A ~ H ~  OCHOBHaR 
M o n a  HEll, B e K T O p  n o ~ 1 s p u 3 a ~ u u  K O T O P O ~ ~  COCTaBJ IReT  j r r O J I  6 C JIOITepeX- 
HblM P a A U y C - B e K T O P O M  3 J I e K T P O H a  (PNC. 1, a) .  T a ~ y m  BOJIHy ~ ~ 0 6 ~ 0  pas- 

PNC. 1 B O ~ M O X C H ~ R  nOJIRPN3a9AR nC.rlR B BOJIHOBO- 
ne B H a Y a n e  (a)  N B K o H u e  (6)  ~ ~ a u ~ o n e i i c m ~ r n  
c ~ J I ~ K T P O H O M  ( c x e ~ a  (a) c o n s u h n  BOJIHOBOAOM) 

J I O X U T b  IIO OCRM X ( M O A ~  a,) U Y ( M O A ~  b,). n p U  T a K O M  p a 3 J I O X e H H U  
B 1 2 = 0 ,  a - B l l # B 2 2 .  P e w e ~ ~ e  EiMeeT BUD - 

a, (t-. a) =ao,exp{-iot-iQ,l), (7) 

b,  ( t - . ~ )  =bkexp{-iot-i&), 

I A e  Ot=arctg (el), ~ i = 6 B z , / Q .  C K B H ~  @a3 $@=@1-m2 M a K C E i M a n e H  npu 
6=n/4 u p a a e H  A 0 = 2  arctg( ( e 1 - ~ 2 ) / ( l  

Y O ~ @ @ H U H ~ H T  F I e p e K a q K R .  3 H e P r H U  

~ ~ / & ~ = [ ( E I - E z ) / (  1 + e l e 2 ) I 2 ,  (8) 

rne Z1 - 3 ~ e p r u s  H a  s x o ~ e  B U C X O A H O ~ ~  M o A e  (puc. 1, a), 8 ~ -  meprus 
H a  BMXOAe  B M O A e  o ~ T o ~ o H ~ J I ~ H o ~ ~  ~ O J l R p H 3 a U U U  ( ~ u c .  1,6). 



( p a c c ~ a ~ p w ~ a e ~  n o n n p n 3 a ~ w ~ ,  n o ~ a 3 a ~ ~ ~ e  H a  puc. 2). B ~ ~ H M O A ~ ~ ~ C T B K ~  
MOA BOJIHOBOAOB (6e3 ~ J I ~ K T ~ o H ~ )  IIPWBOAUT K H3MeHeHWK) n O C T O R H f f p ~  
P a C I l p O C T p a H e H U R  C Y M M ~ P H O ~ ~  W P ~ ~ H O C T H O ~ ~  MOA: $-d%fi W $-k'Ap C O O T ~ ~ T -  
CTBeHHO (A$ - KOACTaHTa C B R ~ U )  . MOXHO n 0 ~ 0 6 p a T b  AJlHHy ~ 3 a U ~ o ~ e f i -  
CTBHR T ~ K ,  ¶TO B O T c y T c T B u e  3 n e K T p o H a  p a c n p e n e n e H n e  s H e p r w a  no B o n -  
HOBOAaM H a  BXOAe H H a  BkJXOAe 6 y n e ~  OfiHHaKOBHM. 

7 PHC. 2 P H C .  3 

Pac. 2. Ilonapusauus soma B B o n H o B o A e  B H a s a n e  ~ s a s ~ o ~ e f i -  
CTBHR C 3neKTPOHOM ( C X ~ M ~  (6) C ABYMFi BOJIHOBOLIPMH): 
cnnoiunoR ~ H H H ~ B  n o ~ a 3 a ~ a  nonapasauua B o n m  B n e e o M  t i o n -  
HOBOAe A 0  B ~ ~ H M O A ~ ~ C T B H X ,  n y H K T H p o M  - B n p a B O M  BOnHOBOAe 

nOCJIe B ~ ~ ~ ~ M O A ~ ~ ~ C T B H R  

Ecnu 3J IeKTpOH I I p O J I e T a e T  TOqHO M e X A Y  BOJIHOBOAaMH, TO OH H$ 
B ~ ~ U M O A ~ ~ ~ C T B ~ ~ T  ,C ~ ~ ~ H O C T H O ~ ~  ~ 0 ~ 0 f i  (B12=0 ,  B 2 2 = 0 ) ,  T P K  K a K  ee none 
a ~ e c b  p a B n o  tiyam. (Ha pwc. 3 n o ~ a 3 a ~ 6 1  H a n p a s n e H u R  ~ e ~ ~ o p a  A(@, r) B 
HeKOTOPhIX T 0 4 K a X  B H e  BOJIHOBOA~.) B ~ ~ U M O A ~ ~ C T B N ~  3 J l e K T p O H a  C CyM- 
~ a p H 0 k  MOAOR ( K O ~ @ @ U U H ~ H T  Bll) H a  gbIXOAe n p H B 0 A U T  K IIORBJIeHHK) 
BOnHbI  B IIprlBOM BOJIHOBOAe C K O ~ @ @ U U U ~ H T O M  n e p e K a 4 K U  8 2 / 8 1 - e 1 2 2  
=(6B11/S2)2. 3 ~ a  @ o p ~ y n a  n o n y v a e T c R 1 n 3  (8) npu ~ + 0 .  

"' 

PICCMOPP'NM IB03MOXHQCTK p e a J I W 3 a U B N  *4IiIipeAJIOXeHHbIX CXeM IB fiUaIlal30- 
H e  ~ J I U X H ~ I ~ Q  U H @ ~ ~ K ~ ~ C H O ~ O  U B e T a  w 0 = 4 .  1Oi4c-' ( A J I H H ~ B O J I H ~ I B  B a K W M e  
h=10 MKM) HJIR O C H O B H O ~  MOAM H E 1 1  AH3JIeKTPUqeCKUX BOJIHOBOAOB KPYF- 
J O r 0  CeYeHUR. npW UCIIOJIb3OBaHUH M a T e p H a J I a  BOJIHOBOAOB C 60JIbUIWM 
no~a3a~ener.t n p e n o M n e H w a  no=2,5-2.8 ( x a n b ~ o r e ~ u n ~ ~ e  C T ~ K J I ~ )  n o T p e -  
~ Y ~ T C R  OTHOCUTeJIbHO HeBMCOKOe yCKOpf lEOuee  H a I I p R X e H U e  AJIR 3 n e K T p O -  
HOB (30-50 KB). 
. Hpa panwyoe B o n H o B o n a  ro-0,24ih-2,4 MKM, no-2,65 w lpaccm~Has 
3 J I e K T p O H a  OT U e H T p a  BOJIHOBOAa r,e14,8 MKM p a C q e T  H a  3BM AJiR CXeMbl 
(a) A a e T  e l / e 2 ? 8 7 ,  a M a K ~ k i M a J I b ~ b I f i  K O ~ @ @ U ~ H ~ H T  I I e p e K a v K H  8 2 / 8 1 ~  16 

A o c T w r a e T c a  npu ~ ~ h ~ a , = 0 , 9 . 1 0 - ~ ~  (e129,4). E ( o a @ @ u ~ u e ~ ~  n e p e K a u K w  
(8) 3aBUCEiT OT OTHOllleHHR E ~ / E ~ ,  KOTOPOe P a C T e T  n p U  yAaJ IeHHM OT BOJIHO* 

BOA& HO npSi 3TOM YMeHbl l l aeTCR B ~ ~ U M O A ~ % C T B H ~  3 J l e K T p O H a  C n 0 J I e M  H i 

~ p e 6 y e ~ c a  0 6 e ~ n e ¶ W ~ a T b  M a n H e  B e n u s w H M  a p h  K a g r .  

B c x e M e  (6) K O ~ @ @ A Y U ~ H T  n e p e K a s K u  H e  o r p a H m e H  ( e 2 = 0 )  a n p H  , 
T0=1 ,6  'MKM, n=2,65, f e z 2  MKM W PaCCTORHUU M e X A Y  BOJIHOBOAaMH 2 r e  

~ a ~ o f i  me p a e s e T  r i a  3BM nnn M O A ~ I  HE,, paer 8 2 / 8 1 = ( 0 , 5 .  1@10ap~2am)2. (3 
T. e. npu aph2agrrY. lo-" K O ~ @ @ H U B ~ H T  n e p e K a v K w  p a a e H  8 2 / 8 l r ~ . 4 0 0 .  



K ~ K  B U A ~ M ,  B C x e M e  (6) 6onee c n a 6 ~ e  T ~ ~ ~ O B ~ H H H  A J l a  B M f i Y U H K  
aph2agr ,  K o T o p H e  npu p a s e H c T s e  @asorrofi a rpynno~ofi ceopoc~eii osaasa- 
IOT Uph'agr m4. 3 ~ 0  He T a K  yX WOlKHO p e a J l U 3 0 B a T b .  O A H ~ K O  H3- 
aa e o n ~ o ~ o i i  A a c n e p c m i  + a s o r r , a a  u rpynnorraa c ~ o p o c ~ u  p a s n w s ~ b ~  u pac-. 
YeT H a  3BM A a e T  aph*0,5- 10-5, agr=0,37. Anx A O I C T W X O H W ~  Fmnb I M ~ J I O I ~  
BeJlUflUHbl Uph T ~ ~ ~ Y ~ T C X  I I O A A e p X H B a T b  y C K O p R I O U e e  H a n p H X e H U e  OKOJIO 
40 KB c T O ~ H O C T ~ I O  0,01 B. 

Ho  TO n p e o A o n u M a a  TPYAHOCT~. B ~ ~ M ~ A ~ R I O U W X  C u c T e M a x  MOXHO~ 

n a i i ~ u  pa6osym Y a c T o T y ,  H a  ~ o ~ o p o f i  r p y n n o B a x  u aasosax CKOPOCTH OA- 
H O ~  B 3  r a P M O H H K  PaBHbI ,  H a n P H M e P  B ~ O @ P N P O B ~ H H O M  AU3JIeKTPH9eCKOM 
BOJIHOBOAe [6]. B 3TOM c J I y s a e  ( a p h = a g r )  CXeMa (6) MOrJIa  6h1 6 h I ~ b  pea- 
J I H s O B a H a  n p U  AJIHHe B ~ ~ U M O A ~ ~ ~ C T B U R  L"10 CM AJIR KBaHTOB AJIUTeJIbHO- 
CTH T ~ = C L ~ ~ L / V ( ) " ~ '  C a n e p ~ y p ~ f i  3JIeKTPOHHOI'O ny'-IKa AX= 
=[hL/mvo]"=O,3 MKM. K O H ~ Y H ~ R  HeTOYHOCTb AX @OKYCNPOBKH I I y g K a  E 
CHeMe (6) IIpHBOAUT K TOMY, YTO 3JleKTPOH B B ~ W M O A ~ ~ ~ C T B ~ ~ T  T a K X e  U C 
P ~ S H O C T H O ~ ~  B O J I H O ~ ~  ( B 2 2 Z 0 ,  e2#O). O A H ~ K O  IIpU AX<h n p u 6 n u x e ~ u e  
( ~ 2 4 )  OIIpaBAaHHO. 

ABTOPM ~ J I Y ~ O K O  6 J I a r o ~ a p ~ b I  B, B. E P ~ ~ U H C K O M Y  38 U e H H H e  AUC- 
KyCCUH . 
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