


M c c n e A o e a H n n ,  I lpOBeAeHHUe Ha I lpOTOTklf le KOL!JleKTHBHOrO YCKO- 
pHTef lR TRXeJlUX MOHOB 3lleKTpOHHblMH KOflbuaMH / ~ K Y T M / / ~ /  , f lOKa3a-  

4TO O ~ H ~ O ~ ~ ~ O T H ~ R  CHCTeMa HHmeKuMH C KOppeKTOpOM T p T f y T O -  E:E~~/ t l 0 3 B 0 1 9 e T  flOJlY4HTb WHTeHCWBHUe 3JleKTPOHHUe KOJlbua . 
B M ~ C T ~  C TeM PRA BOllPOCOB OCTaJlCR HeRCHMM. H a n p n ~ e p ,  B p a 6 o -  
 ax/^*^/ n p e A n o m e H  B a p n a t i T  c o r n a c o e a n ~ o f i  o ~ H ~ ~ ~ ~ ~ o T H o ~  nHmeK- 
unn, p e a n n a y o q e k  3 a X B a T  f l y 4 K a  C MaKCblMaJlbHO B03MOXHUM f lpH 3 a -  
~ a ~ ~ o k  a n e p t y p e  nMnynbcnuM p a 3 6 p o c o ~  4 a c T n u  B n y 4 K e .  O m n ~ a e ~ u ~  
c n e A c T a n e M  3Tnx n p e ~ n o m e n n k  6uno n o B u w e H n e  ~ o a @ @ n u u e H ~ a  3 a x e a -  
T a  B I , 5 - 2  p a s a  /no p a c c l e T y  - c 5 0 - 6 0 % ' ~ /  ~o go%/. 3 ~ c n e p u n e ~ -  
T a n b n a R  n p o e e p K a  a T n x  n p q n o m e ~ n h  s x o A n n a  B a a ~ a q y  ~ a ~ n o k  p a 6 o -  
TU. P ~ C C M O T P ~ H O  T a K X e  BflHRHMe npOCTPaHCTBeHHOr0 3 a p R A a  Ha Be-  
nn4nHy a a x e a q e ~ ~ o r o  T o K a  n n o T e p n  4 a c T n u  n y q K a ,  U n p K y n n p y o q e -  
r o  H a  ~ ~ B H O B ~ C H O ~  o p 6 n ~ e .  

3KCnEPMMEHTAAbHAR YCTAHOBKA 

3 ~ c n e p n ~ e ~ ~ a n b ~ a n  y c T a H o e K a  c x e M a T n w o  n p e A c T a e n e H a  
H a  p n c . 1 .  M a r H n ~ H o e  n o n e  Ha p a e ~ o e e c ~ o k  o p 6 n ~ e  p a A n y c a  R, c o -  
3AaBaf lOCb AByMR napaMH KaTyUeK,  4 T O  n03BOf lRJ l0 ,  H e  MeHRR CYM' 
~ a p H 0 k  HHAYKuHCI B= = B R, ) + B2 (R, 1, B W U ~ O K M X  f l p e ~ e f l a x  ~ a p b u -  
p o e a r b  s n a r e w e  n o n a 3 a r e n R  c n a A a  nI = ( n l B l  + n 2 B e )  - 8 2  . 6 o n b -  
WHHCTBO 3KCllePHMeHTOB IlPOBOflnJlOCb npkl  AByX a3HMyTaf lbHUX flOJl0- 

XeHHRX KOppeKTOpa:  8 1  = 103O kl O2 = 1 3 0 ° ,  T O  e C T b  B y3f laX p a -  
AHaJlbHblX ~ ~ T ~ T P O H H M X  ~ 0 n e 6 a ~ n k  B n o n e  C = O , l 8  cl ne= =0 ,54 .  
M3 p a 6 0 ~ b 1 / ~ /  c n e ~ o e a n o ,   TO A ~ R  c o r n a c o e a ~ ~ o f i  n ~ x e ~ u n n  ~ e o 6 -  
XOAHMO @ O P M H P O B ~ T ~  C f l a A a o q e e  no PaAkIyCy n o n e  KOppeKTOpa ,  
a d5/ 6 ~ n a  npeAnomeHa Q o p ~ a  e r o  e u c o K o e o n b  T Horo a n e K T p o A a ,  
n o a e o n n o ~ e r o  nonyqnTb ~ p e 6 y e n o e  p a c n p e n e n e t i n e  nonn. B a K c n e p n -  
MeHTax  MU o n p o 6 o e a n n  ~ a ~ o f i  a n e K T p o A  c n o n e p e w i u M  c e 4 e H u e M  B B n -  
A e  ABYX H a K n o H t i u x  ~ f l a C T H H  / 2  Ha  p ~ c . 2 a / ,  a T a m e  p a c c M o T p e n n  
~ o H @ n r y p a u n o  1 ,  p n c . 2 a .  C o o ~ e e ~ c ~ ~ y o q n e  HM p a c u e T H u e  p a c n p e -  

I AeJleHHR p a A n a f l b H 0 k  KOMflOHeHTU 3 J l e K T P M ~ e C K O r O  nOnR I l peACTaBf le -  
HU H a  p n c . 2 6 .  n p n  n e p e n e q e n n n  3 f l eKTpOAa 2 no p a A n y c y  Momno 6uno 
f lOJlY4aTb B 3 0 H e ,  ~ ~ H R T O G  I lpM KOppeKukl l l  O P ~ H T ~ I  4aCTHuaMH f lY4Ka 

: /no p a c q e ~ y / 5 /  3 3 - 3 9  CM/, KaK p a c T y q n e  / R ~  5 39 CM/, TaK  
n c n a A a o q n e  /Rk 2 4 2  c n /  
KOMnOHeHTa a n e K T p n 4 e c K o r o  n o n ~ / .  

O o w - a  mi- 1 



4 3 1 A - A  
7 7 77 

speMeHn HHTerpnpoeaHnR 600 HC n ne- 
PeXOAHblM BpeMeHeM - 10 HC ,a TaKNe AaTqnKaMH HHAyKuklOHHOrO THna, 
pacnonaraeunMncR BHe KaMepu. @ o p ~ a  nMnynbca 3THX AaTqnKoe 
d y c n o e n e ~ a  RBYMR ~ o ~ ~ y p n p y o q n ~ n  npoueccaMn: npoHnKHoeeHneMno- 
flR KpJlbua C K 6 0 3 b  MeTaJlJlHqeCKylO CTeHKY B ~ K ~ ~ M H O ~  KaMeptJ C XapaK- 
TePHUM BPeMeHeM -50 MKC H YMeHbUIeHneM CHrHafla C I ~ O C T O R H ~ > ~  Bpe- 
MeHn n~~erpnpyoqe i?  uenn. B peaynbTaTe /pnc.3/ OHH meoT MaKcn- 
MaflbHyo '4yBCTBnTeJlbHOCTb A t  = 100 MKC nOCJle HHNeKuHH. 

P H C . ~ ,  5 H J ~ J ~ ~ O C T P H P Y U ~ T  BflMRHHe flOJlR KOPPeKTOPa Ha pa3MepbI 
nyqKa B TOqKe 0 = 1 80°, 6nn3~0h npn n 0,18 K a3HMyTy MaKCH- 
MyMa ~ o n e 6 a ~ n k  ~ n c n e p c n o ~ ~ o h  @yHKunn. P a c n p e ~ e n e ~ n ~  nnoTHocTn 
IlyqKa 6e3 BKJlOqeHHR KOppeKTOpa / p n ~ . 4 6 ,  5B/  nOnyqeHbb npn CHH- 

meHnn ~ ~ O B H R  MarHnTHoro nonR BO na6ema~ne yxoaa nyqKa n3 06- 
nacTn perncTpaunn AaTqnKa. M 3  p ~ c . 4  enaHo, V T O  npn npnMeHeHnn 
aneKTpoRa 1 / c~ .pnc .2a /  p a ~ n a n b ~ u h  paanep p e a ~ o  yeennqnsaeTcn, 
qer0 He npOHCXORHT AflR AByX HaKJlOHHblX nflaCTnH. Lonee AeTaflb- 
m e  n ~ c n e ~ o ~ a ~ n n  no~aaann,  TO B n0cneAHet.I cnyqae pasnep nyq- 
Ka Ha 60 f lb~nx  PaAnyCaX YMeHbUIaeTCR, a VaCTMUbI, IlOIlaAalO~He B 30- 

AoBaHHR a a x ~ a ~ a ,  qncno qacTnu, B ~ I X U A F I ~ ~ M X  npn  TOM 3a aKcenTaHc 
aflreaaTopa, 6uno He6onbun~. 

O C H O B H O ~  x a p a ~ ~ e p n c ~ n ~ o f i ,  onpe~en~oue f i  ~ @ @ ~ K T H B H O C T ~  cncTe- 
Mbl MHMeKUMM, RBnReTCR ~03@@~.(41.(eHT 3aXBaTa 7) = Jar x./J,,M . 
Ma qncneHHoro MonenMpoeannR cneAoeano,  TO noTepn qacTnu n3 
UnpKynMpyoqero nyuKa a a ~ a ~ ~ n s a m ~ c ~  qepea 7-9 O ~ O ~ O T O B ,  TO ecTb 
qepea 50-65 HC. 3 ~ c n e p n ~ e n ~ a n b ~ u e  Aannble / C M .  , HanpnMep, 
pnc.7al  Tame cBnAeTenbcTeyoT o TOM,  TO B nepeble 50-70 HC Ha- 
6 n o ~ a e ~ c ~  yMeHbuenMe ToKa nyuKa. Aanb~eGwmfi cnaA cnrHana COOT- 
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AOM HMf l ynbCe  YCKOpUTenR 6b lno H ~ Y A O ~ H ~ I M ,  I lOCKOnbKY HaflUclUe nOR- 

ca Po roec~o ro  3 a  B X O A H ~ M  OKHOM u H @ n e ~ T o p a  ctiumano a a x e a q e ~ ~ b l k  

TOK H a  10+20%. n o a ~ o ~ y  c y ~ a 3 a ~ ~ o h  c u c T e ~ a ~ u r e c ~ o h  norpewo- 
C T ~ D  B K a q e C T B e  K O ~ @ @ H ~ U ~ H T ~  3 a x e a ~ a  n p u H u M a n a c b  B e n u r u H a  

- 
7 3 a x r  - J / l O O  Hc/ . C13 o c q u n n o r p a n ~ b ~  puc.76 cnepyer, q r o  

Jo 
B H a u e M  c n y q a e  peanuaoea~ A o c T a r o r H o  euco~uh Koa@@uuueHT 3 a -  

xea-ra: T~~~~ = 0,8+0,1. 
Ha puc. 8 n o ~ a 3 a ~ b 1  ocunnnorpannu a a x e a q e ~ ~ o r o  T o K a  npu p a 3 -  

n u r H H x  p a A u y c a x  K o p p e K T o p a  R ~ .  n p ~  R k  = 42 CM KO~@@HUUBHT 3 a -  

XBaTa  U 3axBaqeHHb lk  TOK YMeHbIUaDTCR HeCMOTPR Ha H ~ K O T O P U ~  POCT 

J,. B c n y q a e  R = 39 CM e e n u c l u ~ a  q3axD y e e n u c l u ~ a e ~ c ~ ,  HO na- 
A a e T  J, BCneACTBUe YMeHblUeHHR anePTYPbl .  On~UManbHb lM RBnReTCR 

R k  = 40 CM. O T M ~ T U M ,   TO npu 3 H e p r u w  3 n e K T p o H o e  E 2 2,5 MaB 
K03@@UuUeHT 3 a X B a T a  H e  3aBHCHT OT UHTeHCUBHOCTW ny '4Ka BO BCeM 

~ u a n a a o ~ e  a K c n e p u M e H T a n b t i o  ~ a 6 n D ~ a e M b l ~  a ~ a q e ~ u i  a a x e a q e t i n o r o  

TOKa, BnnOTb A 0  J,,,, ': 230 A UnU A 0  clUCna 3neKTPOHOB B KOnb-  

ue N, 5 1 013 /pnc. 9/. 
Pa3Mepbl CeqeHUR c @ o ~ M ~ ~ ~ o B ~ H H O ~ O  3JleKTpOHHOrO KOJlbua OnPeAe-  

JlRJlUCb MeTOAOM I lepeKpblTUR ClaCTU anePTYPbl  ~ O A B U H H O ~  MULlleHbD. 

~ T H  u c c n e A o B a H u R  n o ~ a 3 a n u ,   TO p a ~ u a n b ~ b ~ k  nonypaswep a R 5 3  CM, 

a B ~ K C H ~ J ~ ~ H O ~  AOpOMKe 2 2  C M . 0 1  M ~ A U ~ H H O @  f l~ l0CKOCTkl  COCpeAOTO- 

q e H o  H e  MeHee 50% r a c T u u .  

B nepeue 100+150 HC nocne u t i m e K u u u  c u r H a n  c n o R c a  Poroec~o-  
r0 npOMOAynUpOBaH / C M . P H C . ~ /  W C T O T O ~  f = 140 Mru, COOTBeTCT- 

B y D u e i  qaCTOTe 0 6 p a q e ~ u ~  3neKTpOHOB Ha  ~ ~ B H O B ~ C H O ~  o p 6 u ~ e  pa- 
A u y c a  R = 34 CM. CHHXPOHHO c ~ o ~ y n ~ u u e h  ~ a 6 n n ~ a e ~ c ~  c u r H a n  

c B ~ - ~ H T ~ H H  Ha  aroh me q a c T o T e .  3101 c u r H a n  a a ~ y x a e ~  c x a p a K -  

TePHUM BpeMeHeM t 3  5 120+160 HC, a 3aBHCHMOCTb aMflnUTyAbl 3 T O r O  

c u r H a n a  OT T o K a  nyc lKa  J,,,, R B ~ R ~ T C R  6onee cnaeoi, q e M  n u ~ e k -  
HaR /puc.lO/. n o ~ e p b  r a c T u u ,  K o p p e n u p y t o u u x  c B q - c U r H a n o M ,  

H e  ~ a 6 n n ~ a e ~ c ~ .  ~ T H  @ a K T u  C B u A e T e n b c T B y o T  o TOM,  TO @ o p M u p y e -  

M u e  B y 3 ~ 0 h  ~ e ~ a n n u q e c ~ o h  KaMepe K o n b u a  y c ~ o k q u e b ~  no O T H O ~ e H H D  

K a 3 u ~ y ~ a n b ~ u ~  H ~ Y C T O ~ C I H B O C T R M  T u n a  HOM f l pU  3 H e p r U H  E L2,5 MaB 
u N e  =1013 .  M ~ e ~ u e c ~  me H a q a n b H u e  a 3 u ~ y ~ a n b ~ u e  sapuauwu n n o T -  

HOCTH H C ~ ~ B ~ I O T  6 n a r o ~ a p ~  paa6pocy q a c T o T  0 6 p a u e ~ u ~  q a c T u q  

B f lYqKe  h ~ . f l p H B O A R u e M y  K BpeMeHH 3aTyXaHUR -150 HC. O T C D A ~  

A o  ,' h~ ' 

H M ~ ~ M  7 - ~ = 2 . 1 0 " .  Ann ~ a ~ o r o  pas6poca u a R  = 3 CM tie- 
TPYAHO o u e H v T b  BepxHton rpatiuuy a M u T T a t i c a  a a x e a q e ~ ~ o r o  n y w a :  

c 5 60 n MpaA.  CM /AnR n = 
= 0,54/. C ~ ~ B H H B ~ R  3 T y  B e n u -  

3507 

300 

250 

E, C q H H y  C 3aBUCUMOCTbD 3MHTTaH- 

: , (cn- pia an) ca u ~ m e ~ ~ u p y e ~ o r o  nywa  OT 

HHTeHCUBHOCTU /PHC. 1 1 /, no- - 1 n y q u n ,  r T o  omu~aenuh ~oa@@u- 
u u e H T  a a x e a ~ a  H e  AonmeH npe- 
BMlUaTb 0,8 npu 1 0 O - n p o u e H ~ -  - HOG 3@$eKTUBHOCTU CUCTeMbl HH- 

m e K u u u .  O T M ~ T H M ,  c l ~ o  norpew- 
HOCTb TaKHX OueHOK AOCTaTO'4' 

200 - HO B e n u K a  / - 25%/ B OC'HOBHOM 

B c n e A c T e u e  6 o n b w o h  O ~ H ~ K H  

B o u e H K e  a ~ e p r e ~ u q e c ~ o r o  pas- 

150 - 6poca a a x e a q e ~ ~ o r o  n y w a .  
M H A ~ K ~ U O H H ~ ~ ~  AaTWlKH,  K a K  

npaeuno, p e r u c T p u p o e a n u  TOK 

3f leKTpOHOB K O n b u a  Ja M B H ~ W H ~ ,  
100 : c ( e ~  J3aXD , TO e c ~ b  B nepst~e 

100  MKC nocne i4HmeKuUU npo- 
ucxo~unu n o T e p u  q a c T u u .  

50 - 



CMMOCTH OTHOUleHMR k =Jn/J38XB 
OT 3HePTHM MHMeKuMH EMHx npM 

p a 3 n u q ~ b 1 x  ~ H ~ ~ ~ H M R X  n o ~ a 3 a ~ e -  
as 2.50 2.75 3.00 3.25 n~ c n a ~ a .  A ~ R  n = 0,18 c y ~ e ~ b  

E,,, ( ~ 3 8 1  w e ~ n e ~  E MHx B e n u q u H a  k p e 3 ~ 0  

n a A a e T ,  B TO BPeMR K a K  rlpM 

n = 0,54 3aBMCMMOCTb MeMay  EHHx M k ,  C TOqHOCTbH) A 0  O U I M ~ K M  M3- 

~ e p e ~ n h ,  OTCYTCTBYeT.  A 6 c o n n ~ ~ u e  3HaqeHHR /CM. ~ a G n u u y / J ~  n p M  

n = 0,54 nponopunoHanbHt.1 TOKY M H M e K T n p y e M o r o  n y u K a  B n H T e p e a -  

ne 3 ~ e p r n i  2,2 +- 3,O MaB, a B c n y c l a e  n = 0,18 y 6 b l e a n ~  c yMeHb-  

= 2,5 MM. AnFI n = 0,54 JT n e M a T  3HaqMTenbHO BblUle AOCTHraeMblX 

UH- 

X e K -  J 
uHx  J3axn Jn Jt Jnnx J3axn T 

UUU, 

1 . 3 K ~ n e p k l ~ e H T a n b ~ 0  A O C T M ~ H Y T  K O ~ @ $ M U M ~ H T  3 a x ~ a ~ a  2 0,7, KO' 

T O P U ~  n p a K T n q e c K u  n o n H o c T b a  o n p e ~ e n ~ e ~ c ~  OTHoweHueM a K c e n T a H -  

ca a ~ r e 3 a ~ o p a  K ~ M M T T ~ H C Y  n H M e K T u p y e M o r o  n y q K a .  

2. B @ o p M u p y e M ~ x  B y 3 ~ 0 h  ~ e ~ a n n u q e c ~ o k  K a M e p e  ~ ~ ~ K T P O H H ~ I X  

K o n b u a x  H ~ Y C T O ~ L ( H B O C T ~  o ~ p n u a ~ e n b ~ o i  M a c c u  n o A a e n e H a  AnR N,,< 
< 1 013 npu 3 ~ e p r n n  CIHMeKuHH EM,, >, 2,5 M3B M (m/E )=2' 1 o ' ~  . - 

3. 3 ~ c n e p u ~ e ~ ~ a n b ~ u e  s a e n c n ~ o c ~ n  n p e A e n b H o r o  c T a u u o H a p H o r o  

TOKa /C BpeMeHeM MH3HH -100  MKC/ OT 3 H e p r H M  3neKTpOHOB H e  np0- 
TMBOpeqaT npeACKa3aHMRM TeOpMM nonepeq~ok K O ~ ~ ~ ~ H T H O ~  H ~ Y C T O ~ ~ -  

qHBOCTCI. 

1 .  C a p a H u e B  B.n. ,  n e p e n b U l T e k H  3 .A .  K O ~ ~ ~ K T M B H O ~  YCKOpeHMe 
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