


BBEAEHME 

B HMnYJIbCHbIX 3JIeKTPOCTaTHrIeCKHX YCKOpHTeJIHX (3CY) Aj'lFI CHHXPO- 

HH3aUHH p a 6 0 ~ b l  HOHHOrO HCTOWHKa H ~ O ~ X O A U M O  n e p e A a B a T b  C?iHXPOHM- 

IIyJIbCbI. ~ o c J I ~ A H H ~  MOrYT PeryJIkipoBaTbCFI BO B p e M e H H  H no OllTHsl?CKOMy 

~ a ~ a n y  nepenasa ~ ~ @ o p ~ a s a s  (OKHM) n0cTynm-r K y c ~ p o i i m s a ~  y n p a B -  

JIeHHFI HMnyJIbCHbIM IMTaHHeM HOHHOrO H C T O W H K ~ " - ~  I. C 0 3 ~ i \ H H e  OKHM 
COnpFIXeHO C OIlpeneJleHHbIMH TPYAHOCTFIMH: 

- HCTOqHHK HOHOB HaXOAkiTCR H a  B ~ I C O K O B O J I ~ T H O ~  r I . l I a ~ @ o p ~ e  n 0 A  

IlOTeHUHUIOM - 750 KB OTHOCHTeJIbHO 3eMJIH B ~ W H U H O H H O ~ ~  3 0 H e .  OKHM 
A o n x e H  0 6 e c n e r u l s a ~ b  n o n r o s p e M e H H y m  H a n e m y m  pa6o~y n p H  B~ICOKHX 

YPOBHFIX IlOMeX, l l O T e H m U I b H b I M  HCTOqHHKOM KOTOPbIX HBJIFIEOTCFI M O w b I e  

r e H e p a T o p b 1  TOKOB B ~ I C O K O ~ ~  s a c T o T b I  H B b I c o K o e  H a r r p R x e H H e ;  

- y c T i \ H a s n m a e M a R  Ha B b I c o K o B o n b T H o M  T e p M m a n e  a n n a p a T y p a  OKHM 
AOJIXHa OTBesaTb CJIeAyIoI4 iM OCHOBHbIM YWOBHFIM.  OH^ AOJIXHa 6 b m b :  

a) ~ K O H O M H W O ~ ~ ,  TaK K a K  ~ B T O H O M H ~ I ~ ~  HCTOWHK nHTaHkIII HMeeT O r p W -  

seI-IHyHJ MOLLWIOCTb; 

6) 3 ~ H L L ( e ~ ~ o f i  OT HMnYJIbCHbIX IlOMeX, nP0HHKiLH)mHX H3BHe K a K  no B 0 3 -  

nyxy, T a K  H sepes o6m~i i  c$~nep ~ T ~ H H H ;  

B) B H ~ P O C T O ~ ~ K O ~ ~ ,  T a K  K a K  3JIeKTpOIEiTi\HHe HOHHOrO HCTOWHKa OCYLUeCT- 

BnneTcFI sepes X ~ C T K O C B F I ~ ~ H H ~ ~  c H c T e M y  "MOTOP - r e~epa~op"  c sa- 
n o M ,  0 6 e c n e s m m ~ n ~  r a n b e m u s e c K y m  p a 3 B a 3 K y .  

no M e p e  p a 3 ~ r n ~ ~  3 C Y  y p o s e H b  n o M e x  H e n p e p b m H o  ~ o s p a m a e ~  ncnen- 
CTBHe PaCUlHpeHHFI C n e K T p a  pa6osax CHrHUIOB H, COOTBeTCTBeHHO, CHrHUIOB 

napa3HTHbIX Ha8OnOK.  B TO Xe BpeMFI H e n p e p b J B H O  CHIIXGWTCFI M O U O C T H ,  

no~pe6me~b1e  a n n a p a T y p o ~  OKHM, 3a c s e ~  m H p o K o r o  ~ c n o n b s o s a ~ m  mi- 
T e r p U I b H b I X  MHKpOCXeM. H p H  3TOM I l O M e X 0 3 a ~ m e H H O C T b  MHKP03JIeKTPOH- 

~ 0 f i  6a3b1 HMeeT TBHAeHmH) K CHIIXeHHIO 38 CqeT nOBbIUleHHFI ~ ~ I c T ~ O A ~ ~ ~ C T -  

BHFI H YMeHbUleHHFI ~ J I ~ K T ~ o ~ o T ~ ~ ~ J I ~ H H ~ I .  

OHbIT 3KCHJlYATAuMM OKHM 
HA 3JlEKTPO@M3MYECKMX YCTAHOBKAX 

~ K C T P ~ M ~ J I ~ H ~ I ~  YCJIOBHFI 3KCrI.lIyaTaIJHH OKHM OnpeneJIFIIoT n 0 B b I -  

UleHHbIe ~ p e 6 o s a ~ ~ a  K ~ b 1 6 0 p y :  

1) 0 I I ~ H s e c ~ o f i  TpaCCbI C B e T O B O ~ O r O  K W U I a ;  

2) WCTOWHKOB 

~ccnenoeewidi ny6~a, 1989 



1. OKnM no T H W  0 I l T U q W ~ o f i  TpaCCbI, 3 n e M e H T a M  KOHCTPYKIUiH OnTU- 

WCKklX COrJIaCymUHX YCTPO~~CTB, THnaM HCnOnb3YeMbIX H 3 J I y q a ~ W I e f i  H @OTO- 

nPUeMHHKOB MOXHO p a 3 A W H T b  H a  CJIeAyloUHe: 

- C OTKpbITbIM OnTHrIeCKUM K a H m O M  (OOK) , B 0 3 ~ y I U ~ b I f i  I IpOMeXyTOK 

KOTOPOI'O H e  3aIlJ,UI.LleH OT B O ~ A ~ ~ ~ C T B W I  ~ O C T O P O H H ~ ~ ~  3aCBeTKH; 

- C 3aKpblTbIM OIlTHrIWKHM KaI-IXIOM ( 3 0 K ) ,  H H @ o ~ M ~ U U H  Wpe3 K O T O P ~ I ~ ~  

n e p e n a e T C H  no B03AYXY, BHYTPH C B ~ T O H ~ I I P O H U ~ ~ ~ M O ~ ~  H ~ O ~ R U H O H H O ~  

~py6b1; 
- C HCnOJlb30BaHHeM BOnOKOHHO-OnTUqeCKOrO K ~ ~ W R  (BOK) , OllTHqeCKaR 

TpaCCa KOTOpOrO npeACTaBJIReT co6ofi B o J I o K o H H ~ I ~ ~  CBeTOBOA. 

B KalrWTBe ~3nyna~erreii B CHCTeMaX OKnM MOrYT 6 b 1 ~ b  HCllOnb3OBaHbI 

ra3opmp~n~b1e naMnb1,  n a M n b r  c @nmopecmpymuu~  mono^, nonynpo- 
BOAHHKOBbIe CBeTOLUiOAbI H HHXeKUUOHHbIe n a 3 e p b I .  O A H ~ K O  CWCTeMbI 

OKnM, ~ c n o n b s y m r r p l e  r a 3 o p m p ~ ~ ~ b 1 e  npu6opb1 H n a M n b I  c @ n m o p e c I U i -  

PYH)IL@iM 8HOAOM, AOCTaTOPHO CnOXHbI, He3KOHOMU'IHbI H H M e m T  ~LUlbIfl 

P W y p C  pa60~b1. ~ ~ H ~ M H H K ~ M H  CBeTa B TaKHX CHCTeMaX CJIyXZlT @OTO- 

3JIeKTpOHHbIe YMHOXUiTeJIH ( @ 3 Y ) ,  pa60~amuue B o ~ J I ~ ~ T ~ H H o M  p e X U M e ,  

H lTOJIylTpOBOHHHKOBbIe @ O T O A ~ ~ O A ~ I .  C pa3pa60~~0fi nOnynpOB0JlHHKOBbIX 

OnTHqeCKHX KOMnOHeHTOB nORBklTIaCb B03MOXHOCTb C03J$3HHR O m M  C 60JIb-  

U H M  PeCYPCOM pa60~b1, BbICOKHM IIaCTOTHbIM pa3peUIeHHeM,  M m b I M  TOKO- 

n o ~ p e 6 n e ~ u e ~ .  
B ITpOUeCCe 3KCIlJIyaTaUUH OKnM H a  pa3nUqHbIX ~ J I ~ K T ~ ~ @ H ~ H ~ ~ c K H x  

YCTaHOBKaX 6bma BbIHBJIeHbI CneAyIoLIJHe ~ 0 T e H L I . H ~ b H b I e  BO3MOlKHOCTH 

3TIIX CUCTeM: 

- CuCTeMa C OOK, p a 3 p a 6 0 ~ a ~ ~ m  B  MA^" ', C O n e p X U T  U ~ n y n b c H b G  

MOAYJIRTOP, ~06pm~b1fi H a  m C K p e T H b I X  KOMllOHeHTaX, IIOnynpOBOAHHKO- 

~ b I f i  K B W T O B ~ I ~ ~  r e H e p a T O p  M K - ~ H a n a 3 0 ~ a  C HMnYJIbCHbIM TOKOM HaKalIKU 

7 t 8 A, o n ~ o n u ~ 3 0 ~ o e  @o~ycupymuee YCTPO~~CTBO H a  B b I x o A e  n e p e n a T -  

W K a ,  c ~ e T o @ W I b T p  H a  B X O n e  npHeMHHKa,  @ o T o I I ~ H ~ M H H K  H a  OCHOBe @3y, 
H M f 3 O u e r O  AOCTaTOYHO 6 o n b r u y m  I l J I O u a A b  @ O T O K ~ T O A ~ , H  B ~ I X O A H O ~ ~  YCHnH- 

T a b  M O ~ O C T H .  n p 0 C T a R  OnTHKa OTKpbITOrO OnTUlIeCKOrO KZiHUla n p H 3 B a -  

H a  rapaI-ITUpOBaTb 3 @ @ e ~ T ? i B ~ b I f i  ~ 6 0 p  CBeTa B YCJIOBHRX ~ ~ 6 p ~ ~ f i  n p H e M -  

HOrO 6 n o ~ a .  3~0, B KOHe'IHOM HTOW, O n p e A e n H n O  ~b160p @ 3 Y  B K a q W T B e  

@ o T o ~ ~ ~ H ~ M H H K ~ .  BTOP~IM apI'yMeHTOM B n O n b 3 y  3 T O r 0  ~b16opa RBJIHeTCH 

6 o n b r u o f i  C O ~ C T B ~ H H ~ ~  K O ~ @ @ U L U I ~ H T  yCIznefMR @ 3 Y ,  no3~onRmIlJ,Uk y n p -  
CTUTb B ~ I X O A H O ~ ~  YCIznHTWIb IIpH COXpaHeHUU BbICOKOrO OTHOUleHUR C I I ~ H U ~ /  

n o M e x a .  O n b r r ~ m  nposepm @ ~ H K L ~ I O H Z I ~ O B ~ H H R  o ~ ~ p b r r o r o  O n m q e c K O r o  

K a H m a  H a  H H X e K T O p e  YCKOPHTWIR JJma 0 ~ p H q a T W I b ~ b I f i  pe3yJIbTaT. Mexam- 
q W K =  B H ~ P ~ H R  B ~ I C O K O B O ~ ~ T H O ~ ~  ~ ~ J ~ ~ T @ o P M ~ I  C YCTaI-IOBneHHbIM H a  ~ e f i  
@ O T O ~ ~ U ~ M H H K O M  IIpUBO)JJUIa K Pa3'bH)CTUPOBKe OIITUIIWKUX y 3 n O B  -ma, 
a C m H =  UOHH3wIIR B O B A Y L W O ~ ~  CpeAbI c n o c o 6 ~ ~ ~ o ~ m a  ~ ~ I C T ~ I V I ~  3 W b I -  

JIeHHKl OIlTU'IeCKIIX 3JIeMeHTOB, KOTOpbIe no Y m O B H R M  p a 6 0 ~ b I  AOnXHbI 

6b1n O T K P ~ I T ~ I M U .  ~ ~ ~ P I I O ~ ' I ~ C K ~  n p o B e p K a  H n o n c ~ p o f i ~ a  OrnkiqecKkix  

y 3 n O B  K a H X I a  O K a 3 U l a C b  AOCTaTOqHO ~n0?fCH0fi n P H  HCIIOnb30BaHUU H ~ @ p a -  

KpaCHOrO H3nyqeHHR H, TaKHM 06pa30~,  3aTpyJlHRna er0 3KCIlJIyaTarUIIo; 

- CHCTeMa C 3 0 K ,  p a 3 p a 6 0 ~ a H ~ a R  B M Q B ~ I ~  I ,  BbInOJIHeHa H a  CBeTO- 

AHOAe 113 @ O C @ J W ~  r U l n W 3 ,  K O T O P ~ I ~ ~  n n R  YBWIHIIeHUR m.4 CBeTOBOrO no- 
T o K a  n o M e u e s  B @ o ~ y c e  c@epmec~oro s e p ~ m a .  B K a s e c r B e  @ o ~ o n p n e ~ -  
HHKa HCnOJIb30BaH 03y, pa6o~arouufi B o ~ J I ~ ~ ~ ~ H H o M  p e X U M e .  C B ~ T O B ~ I ~  
HMnyJIbCbI lTepeAaBLUIHCb no B03aYXY BHYTPH ~ - M ~ T P O B O ~ ~  k i 3 0 n H U U 0 ~ ~ 0 f i  

~py6b1. A ~ n n k i T y A a  TOKa CBeTOAHOAa p e r y n H p o B a n a c b  B n p e a e J I a X  1 + 3 A, 
IITO n 0 3 B O n H J I 0  nOnyIIHTb H a  BbIXOHe @ 3 Y  H M n y n b C b I  C a M I l J I k i T y ~ 0 f i  > 20 B 
6e3 oco6oro o~6opa CBeTODJiOAa H Q 3 Y .  n ~ n ~ X U T e n b ~ b ~ f i  3 @ @ e ~ T ,  n 0 J I y q e H -  

~ b 1 f i  OT HCnOJIb30BZiHUR 3 0 K ,  - BbICOKaR HaAeXHOCTb pa6o~b1 T a K O r O  KaHaJla 

1 B YUIOBHRX M O W O I ' O  PeHTreHOBCKOrO u ~ ~ ~ I I ~ H H R ~ ~  I ,  KOTOPOe C03AaeTCR 

pa6o~ofi y c ~ o p R ~ o I U e f i  CHCTeMbI @ O ~ H H X ~ K T O ~ ~ ;  ~ T p k i I l a T W I b ~ b I j i  - B HC- ' IIOJIb30BaHHH BbICOKOBOnbTHOrO HCTOlIHHKa IIHTaHHR Q 3 Y  - npHeMHHKa,  

\ C H H X a W U e r O  3KCnJ'IyaTaIlHOHHyICl HaAeXHOCTb CUCTeMbI, a T a K X e  B YTONM- 

T e J I b ~ o f i  H ~ C T P O ~ ~ K ~  OIITUKH K a H X I a ,  K O T O P M ,  K a K  npaBHJI0 ,  npoU3BOPJiTCH 

W Y M H  JTUUaMU; 

- CHCTeMa C BOK, p a 3 p a 6 0 ~ a ~ ~ m  B M H C T H T ~ T ~  06ueir @ U ~ H K H / ~  I ,  

COAepXHT @ o ~ M u ~ o B ~ T ~ J I ~  TOKOBbIX HMnYJIbCOB H a  JIaBHHHOM TPaH3HCTOPe, 

I I O J I ~ ~ ~ ~ O B O A H H K O B ~ ~  n a 3 e p ~ b 1 f i  AUOA C H O M H H ~ ~ ~ H O ~ ~  MOWOCTbH)  H 3 n y -  ' IIeHHR B 10 MBT, ~ - M ~ T P O B Y H )  BOJIOKOHHO-OnTHqeCKYH) JI?iHHH) CBR3H H @OTO- 

npHeMHHK.  ~ o c J I ~ A H H ~ ~  COCTOHT H3 ~ ~ I C T ~ O J I ~ ~ ~ C T B Y H ) I ~ ~ ~ O  @OTOAIIOA~, I l l k i p -  

KOnOnOCHOrO YCHJIHTWIR C n a p X I n W I b ~ 0 f i  0 ~ p H U a T W I b ~ o f i  06pamofi CBR3bH) 

no H a n p R X e H U I o  3MHTTepHOI'O l l 0 B T O p ~ T e n R .  M O A ~ ~ H T O ~  n a 3 e p H O r O  n H O n a  

u M e e T  O ~ T O ~ J I ~ K T ~ O H H O ~  y n p a B n e H n e  no ~ x o n y ,  ~ c n o n b s y e ~ o e  w r ~  ~0p.y- 

~ R U H H  HHTeHcHBHocTH O n T u q e c K o r o  n e p e a a T s u K a .  A.~H y B e n a s e a u R  n o M e x o -  

~ ~ ~ H ~ ~ H H O C T H  o n T u s e c K H e  M o A y n a  n e p e A a T s u K a  u n p H e M H H K a  p a 3 ~ e u a m ~ -  
CR B 3KpaI-IUpOBaHHbIX K O p n y C a X  C llHTaHHeM OT a K K y M y n R T O p H b I X  6a~apefi. 
M c n o n b a o ~ a H u e  u H x e K s u o H H o r o  nasepa B o n m ( I e c K o M  n e p e A a T s u K e  n p H -  

M e p H 0  H a  lTOpJ3AOK (no CpaBHeHkiH, CO CB~TOAUOAOM) YBWIHqIznO Y p o B e H b  

C B ~ T O B O ~ ~  M O ~ O C T H ,  B B O D J ~ M O ~ ~  B BOK. 
 TO n03BOJIIznO YnPOCTHTb npHeMHyH,  IIaCTb CHCTeMbI, WCKIIIOWB BbI- 

> 
~ 0 ~ 0 f i  YCHJIHTenb C BeCbMa ~ ~ J I ~ u I H M  K O ~ @ @ U ~ ~ H T O M  YCIzneHHR, a n p H -  

MeHeHHe U30JIUpOBaHHOrO HCTOIIHHKa nHTaHUH CyIlJeCTBeHHO nOBbICHJI0 

~ c T o ~ ~ I I U B O C T ~  H HaAeXHOCTb pa60~b1 CHCTeMbI B YUIOBHRX MOLUHbIX 3J'IeKTpo- 

MaI'HHTHbIX HaBOAOK. 



6) M O W ~ I M H  r e H e p a T o p a M u  TOKOB B ~ I C O K O ~ ~  s a c T o T b I ;  

B ) ~ @ @ ~ K T ~ M H  BbICOKOrO HaIIpHXeHHH ( ~ J l e ~ o I U L i f i  p a 3 p R A ,  KOpOHHpOBiLHHe, 

HCKpeHHe U T.A.) ; 
r) H M ~ T Y ~ ~ c H O ~ ~  pa60~0fi THPaTPOHOB H THPHCTOPOB . 

~ T H  H A p y r u e  n o M e x u  n p o H u K m T  B a ~ a n o r o ~ y m  s a c r b  HPOM, B OCHOB- 

HOM, sepe3 napa3HTHyH) eMKOCTb T ~ ~ H c @ o ~ M ~ T o ~ ~  UCTOsHHKa nHTaHW3. 

K O M ~ ~ H C ~ ~ I H O H H ~ I ~  ~ ~ a 6 m u 3 a ~ o p b 1  H a n p J I X e H w I  H e  Y C n e B m T  p e a r U p O B a T b  

H a  KOPOTKHe HMnyJlbCbI CeTeBbIX n 0 M e X  H3-3a OrpaHHlleHHOCTU C O ~ C T B ~ H -  

H O ~  nOnOCbI n p o n y C K a H m .  H~P.OCT~TOVHO ~ @ @ ~ K T U B H ~ I  H CeTeBbIe @ ~ n b ~ -  

p b I I 9  I ,  B b I n y C K a e M b I e  np0MbImneHHOCTbH).  

T P ~ H U O H H ~ I M  C ~ O C O ~ O M  p e m e H H R  TaKHX 38n8'1 m n R e T C R  HCIIOnb30- 

BaHHe AJIR nHTaHHR nPOM ~aJIbBaHHW?CKHX 3JIeMeHTOB HIIU aKKYMYJIFIT0- 

p ~ ~ 1 8  I .  ~ P U M ~ H R ~ T C F I  T P K X e  IIHTaHHe OT OTAenbHOrO MallIHHHOrO I'eHe- 

pa~opa, s p a u a e ~ o r o  c s e m u  sepes ~ s o n a p y ~ o u ~ ~  B ~ J I  ma p e ~ e ~ b l l  I ,  / 

UJIH npOBOAHMOr0 B W H X e H H e  ra30~0a ~yp6mofi, K K O T O P O ~  n0 AH3neKTPH- 

sec~ofi ~ p y 6 ~ e  H a n p a s n R e T c R  n o T o K  rasa, nuTaHs.ie OT c o n H e s H b I x  6a~apeti 
H A p .  K a w b ~ f i  H3 Y K a 3 m H b I X  BapUaHTOB HMeeT K a K  CBOH npeHMyIJJeCTBa, 

' 
T a K  H HeAOCTaTKH, C B R 3 m H b I e  nu60 C H ~ O ~ X O A H M O C T ~ H )  HMeTb n O ~ O J l H H T e J l b -  

HYH) CHCTeMY AUCTaHUHOHHOrO KOHTPOnR n a p a M e T p O B  HCTOWHKOB nHTiLHHR, 

nu60 C HaJIHsHeM ~~6paukd i ,  nu60 C 6 0 n b r n k i ~ a  r a 6 a p a ~ a ~ a .  
K O M ~ P O M H C H ~ I ~ ~  BapHaHT HCTOsHHKa IIHTiLHHR nPOM MOXeT 6 b 1 ~ b  

BbInOJIHeH C IIPHMeHeHHeM npeo6pa30~a~en~  HanpRX€?HHH. ~ o I I H o c T ~ H )  

HCKnH)qUTb nPOHHKHOBeHHe CeTeBbIX nOMeX n O M O X e T  UCnOJIb3OBaHUe pa3- 
B R 3 b l B a I O 4 e r O  T ~ ~ H C @ O ~ M ~ T O ~ ~  C O ~ ~ ~ M H ~ I M  B H T K O M ' ~ ~ ' ,  H M e H ) U e r O  

O s e H b  MaJIyH) eMK0CTb M e m y  n e p ~ H Y H 0 f i  H BTOPU~HOG O ~ M O T K ~ M H .  B~IXOA- 
HbIe  R C - @ u n b ~ p b ~  C ~ O C O ~ H ~ I  nOAaBHTb n O  YPOBHR enUHHU MHnJIUBOnbT 

l l y n b C ~ H H  HEUlpRXeHHR, CO3AaBaeMbIe  a B T O r e H e p a T 0 p O M  npeo6pa30~a~en~.  

H e o 6 x o ~ u ~ b 1 ~ ~  3neMeHTaMH CBeTOBOAHOrO KiLHma CKHXpOHH3a.UHM 

JXBIIRIOTCR HCTOYHHKH H3JlY'leHHR, KOMMYHHKa4kiOHHaR C p e A a ,  B K a s e C T B e  

K O T O P O ~ ~  HCnOnb3YH)TCR B O ~ O K O H H O - o ~ T U ' I ~ C K A ~  ~ a 6 e J l b  (BOK) U OnTO- 

npHeMHHKH. Bb160p 3THX 3JIeMeHTOB n p H  pa3pa6o~~e  KaHaJIOB BOnC HMeeT 

cy uecweaaoe s ~ a s e ~ u e .  
B KaqeCTBe HCTOVHHKa H3nYqeHHR n p H  C03naHUU C B e T O B O m O r O  K m a -  

na u c n o n b 3 y ~ ) ~ c ~  c ~ e ~ o ~ 3 n y s ; u o u u e  A H O A ~ I  (CMA) H H H X ~ K U H O H H ~ I ~  nony- 
npOBOJlHHKOBbIe n a 3 e p b I  (Mnn) , a B KaqeCTBe npHeMHHKOB H 3 J I p e H w I  - 

@OTOHI.IOA~I. B C B e T o B o m o M  KiLHane nepenasu a ~ n y n b c o ~  C H H X ~ ~ H H ~ ~ U H  

h c . 1 .  C r p y ~ r y p ~ m  c x e M a  n o -  

,MeX03aLllULUeHHOrO CBeTOBOX- 

HOrO KaIiaJIa CUHXPOHH3aLIHH 

HOHHO~O H c m w u K a .  

nme 

npOkiCXOnUT nepemw, n p H e M  H 0 6 p a 6 0 ~ ~ a  CBeTOBbIx CHrHaJIOB C n O M O u b H )  

n e p e A W I J J H X  U npUeMHbIX OnT03neKTpOHHbIX YCTPO~CTB ( P H C . ~ )  . HC- 

KnIoseHHR TPY~HOYCTPaHHMbIX nOMeX no "3eMJIe" U ~ @ @ ~ K T o B ,  C03AaBae-  

MbIX KOHTJ'PaMH 3a3elWIeHHR, B CUCTeMe HCnOJIb30BiLHbI O ~ T 0 3 J l e K T p O H H b I e  

P ~ ~ B R ~ K H  no B X O A H O M ~  c a r H a n y  B n e p e n a T q a K e  a B ~ I X O ~ O M Y  - B O ~ T U -  

s e c K o M  n p u e M H u K e .  Ann y s e n u s e H w r  n o ~ e x o 3 a u ~ u e ~ ~ o c ~ ~  o m u q e c K a e  

MOAynH nOM H nPOM, a T a K X e  MOAyJIb HCTOYHHKa IMTiLHm pa3MeLqaIOTCR 

B 3KpmHPOBiLHHbIX KOpnyCaX.  

npki ~ b 1 6 0 p e  T u n a  HCTOsHHKOB H3I'IYWHHR AJlR CHCTeMbI CUHXpOHki3aUH 

~ e o 6 x o n a ~ o  3HaTb HX 3 K C l l J l y a T ~ O H H b I e  XapaKTepHCTHKU. 

npellntyl4eC~CZU CkfA: IIpOCTOTa, BbICOKaFI H m e X H O C T b ,  JlOJIrOBeYHOCTb, 

HH3KaR CTOHMOCTb, J ' I H H ~ ~ o c T ~  M O A Y I I R ~ H O H H O ~ ~  XaPaKTePHCTUKH. 

Ilpeuntywec~ea Nl7J7: 6 o n b m a ~  nonoca n p o n y c K a H m  u m b ~ o c n  

n e p e A a s H ,  BbICOKaR ~ @ @ ~ K T U B H O C T ~  BBOAa H3llYqeHHR B CBeTOBOA. 

H ~ ~ O C T U T K U  CkfA: HH3KaR ~ @ @ ~ K T U B H O C T ~  BBOAa I13J'IYPeHHR B CBeTO- 

BOA, OrpiLHuqeHHocTb n o n o c b I  n p o n y c m u R  H ~ ~ ~ H O C T H  nepenass. 
H ~ ~ O C T U T K U  k f m :  CUJIbHaR 3aBUCHMOCTb XapaKTepHCTHK OT T e M n e p a -  

TJ'PbI, HeAOnrOBe'lHOCTb, BbICOKaR CTOHMOCTb. 

C ~ ~ B H ~ H U ~  XapaKTepHCTUK COBpeMeHHbIX Cm U Mnn nO3BOJIReT 

CAeJlaTb BbIBOA 0 TOM, 'IT0 Cm nOJIXHbI nPHMeHRTbCR B CBeTOBOAHbIX JIH- 

HHRX ~ a J I 0 f i  H C P ~ A H ~ ~  ~POTRXeHHOCTH.  B CneUHaJIbHbIX CJlysaRX, a T a K X e  

B M ~ X O ~ % ~ K T O B ~ I X  H MarHCTpaJIbHbIX BOnC &nee ~enecoo6pa3~0 n p H M e -  

HeHHe Mnn. ~ P H ~ M H U K U  H3JIYqeHHFI n O n X H b I  YAOBneTBOPRTb UeJlOMy PRAY 

c ~ ~ ~ H @ H W ? C K H X  ~ p e 6 o ~ a ~ u f i ,  OCHOBHbIMH H 3  KOTOpbIX RBIIRH)TCR C n W y H ) U H e :  

- CneKTpaJIbHaR sYBCTBUTeJlbHOCTb IIpHeMHUKOB A O n X H a  6 b 1 ~ b  MaKCHMaJIb- 

H O ~  B AHEUla30He nJU3I-I BOJIH p a 6 o ~ b 1  HCTOYHHKOB H3nyqeHHR;  

- nnouam pa60sefi n o s e p m o c T u  @o~onuona nonma 6 b 1 ~ b  H e  6onee mo- 
LfJmU n O n e p e s H O r 0  CeseHkiJ3 CBeTOBOna, TO eCTb H e  6onee HeCKOnbKHX 

COTeH MUKPOH; 

- BbICOKOe 6b1c~ponefic~~ae ( l om9  c ) ,  06ec~esmmuee ~ e o 6 x o n ~ ~ y 1 0  
nonocy n p o n y c ~ m u ~  C B ~ T O B O ~ O ~ ~  n m m ;  

- 6 o n b m o f i  AHHaMH9ecKHfi AHEUla3OH H J l U ~ e f i ~ o C T b  n p e o 6 p a 3 o ~ a ~ ~ ~  OnTH- 

s e c K o r o  ~ s n y s e ~ m  B 3 n e m p ~ s e c ~ d i .  TOK; 

- CornacoBaHHOCTb c A p y r H M u  3neMeHTaMH BOnC u c n o n y n p o B o m u K o -  

BbIMH MHKPOCXeMaMU no AOnrOBesHOCTU, H a n p R X e H m  CMeI4eHHR H A p .  

nepesHCJIeHHbIM T ~ ~ ~ O B ~ H H R M  YnOBJIeTBOpRIOT, B OCHOBHOM, CneUUaJIb- 

HbIe TUnbI @OTOWOAOB C P - i - n C T P Y K T Y ~ O ~ ~ .  

5 



3HEPrETMrIECKm BAJIAHC 
50-METPOBOrO CBETOBOAHOrO KAHAJIA 

~ K C ~ ~ ~ U M ~ H T W I ~ H O  YCTaHOBneHO, YTO AJlH Y C T O G Y U B O ~ ~  p a 6 0 ~ b 1  CHCTeMbI 

C U H X P O H U 3 a m  ( o T H o u ~ ~ H u ~  C U ~ H ~ V I I I U ~ M  10) MUHUManbHaH BenUYUHa 

c u r H a n a  B qenu @ o ~ o m o ~ a  A o n m a  6 b 1 ~ b  H e  M e H e e  > 5 MKA. AIIH n o n y s e H u H  

rn~01-0 T o K a ,  n p o T e K a m u e r o  sepe3 @OTOAUOA (@A) , M O ~ H O C T ~  usnyse- 
HUH, llWZLH)UeTO H a  CBeTOYyBCTBHTe.JIbHyIO n n O u W K y  @A, A O n X H a  6b1Tb 

> 15 MKBT. O A H ~ K O  c y s e T o M  ~ e ~ n e p a ~ y p ~ o G  B~BUCUMOCTU u s n y s a ~ e n ~  
H H ~ O ~ X O A B M O C T H  0 6 e c n e s e ~ n ~  HOpMiVIbHOrO @ ~ H K ~ O H U ~ O B ~ H U X  ns- 
HHH B A H a n a 3 0 H e  263 + 323 K M O W O C T b  H3JIyYeHUX H a 0  nOBbICUTb B 1,5- 
2 pma. 

113 AOCTYrIHbIX U3JIysa~e.JIek CBeTOWOA AJI107B HBnHeTCH HeAOpO- 

lWM KOMllJIeKTYKJuUM U3AenUeM H 6 n a r o ~ a p ~  C B O ~ G  KOHCTPYKUUU ~ ~ 0 6 -  
HbIM AJlH YCTaHOBKU B O I ~ T H Y ~ C K H G  C O ~ W U T W I ~ "  n p U  T O K e  HaKaYKH - 100 MA OH lI03BOJlHeT n O n y W T b  OnTUYeCKyH) MOlJJHOCTb 10 MBT. n p U  HC- 

nOJIb30BaHHU BOK TUlTa KBapU-KBapU m a M e T p O M  125150 M K M  U CBeTO- 

Mona AJI107B n O T e p U  n p U  UX CTbIKOBKe COCTaBJIHKIT 30 AB I '  I .  C YWTOM 

3TUX n O T e p b  BBeAeHHaR B BOK OIlTUYeCKZlf3 MOuHOCTb COCTaBnHeT 10 MKBT, 
YTO FIBHO HeAOCTaTOYHO W H  H U ~ X H O G  p a 6 0 T b 1  CHCTeMbI. &H IIOnyYeHUH 

n o ~ b l r n e ~ ~ o G  MOuHOCTU U3nyYeHUH PeXGiM p a 6 0 ~ b 1  C B e T O m O n a  H ~ O ~ X O ~ M O  

@ O ~ C U ~ O B ~ T ~ .  

l7epedalolyuii on~uueclcuii ~ o d y n b  (l7OM) (puc. 1,2) COCTOHT u3 
BXOAHOrO @ o ~ M u ~ o B ~ T ~ J ~ H  (B@), y c T p 0 f i c T B a  r i V I b ~ a H U s e c ~ 0 f i  p a 3 B H 3 K U  

( w p )  U BbIXOAHOrO YCTPOGCTB~ (By) C OnTHYeCKUM COeAUHHTeneM (OC) 
WH n o A K n m s e H u x  BOK. n u ~ m u e  BXOAHOG uenu a @ o p ~ u p o ~ a ~ e n ~  npous- 
BOAUTCH OT OTAenbHOrO UCTOYHHKa IIHTaHUH H a  OCHOBe n p e o 6 p a 3 o ~ a ~ e n ~  
U p a 3 B R 3 b l B a K l u e r O  T ~ ~ H C @ O ~ M ~ T O ~ ~  C O ~ % ~ M H ~ I M  BUTKOM (nTOB) . 

c U r ~ i V I b 1  C U H X p O H U 3 a ~ U U ,  IIOAaBaeMbIe H a  B k O A  ~ C T ~ O ~ C T B ~ ,  MOrYT 

6b1Tb I T ~ o u ~ B o J I ~ H o ~ ~  IIOnHpHOCTU. B x o A H ~ F I  U e n b  OnTUYeCKOrO M O A y n R  3a- 
W u e H a  OT KPaTKOBpeMeHHbIX n e p e r p y 3 O K  AUOAHbIMU " c T o ~ ~ ~ M u " / '  / 

C B p e M e H e M  c p a 6 a ~ b I B a H ~ ~  - 5 HC. T~KoG "c~on6" H a  AHOpaX KA522 M O X e 7  

o6ecnesu-m 6 b 1 c ~ p o e  c p a 6 a T b ~ a H U e  B n p H M O M  HLUIpaBneHUU, OAHaKO nape- 
HUe HaIIPHXeHUH H a  H e M  HeBenUKO - M e H e e  1 B. n p U  IIOCJTeAOBaTe.JIbHOM 

c o e A m e H u u  N T a K a x  AUOAOB n p H M o e  n W e H u e  H a n p m c e H u H  "c~on6a" n o s b I -  

IUaeTCH B N pas, e M K 0 C T b  CHU?KaeTCH B N pas, a B p e M R  c p a 6 a ~ b 1 ~ a ~ m  H e  

U3MeHHeTCH. T ~ K U M  o 6 p a s o ~ ,  o6ecnesmae~c~  ~ @ @ ~ K T u B H ~ F I  3 a U U T a  BXOA- 

~ o f i  qenu OT neperpyso~.  Bxomofi c u r H a n  3 a n y c K a e T  O A H O B U ~ ~ ~ T O ~ ,  ~ 0 6 -  
p a H ~ b & I  H a  BeHTUJlHX 5 5 5 - c e p H U .  OH @oPMUPYC!T B~IXOL(HOG CHrHWI t, = 
= 3 MKC, M O A ~ ~ U ~ ~ I O L U U ~ ~  CBeTOAHOA OIITO~JI~KTPOHHOG U ~ T e r p i V I b ~ ~ f i  MH- 

KPOCXeMbl 249JIn1. ~ O C ~ ~ ? A H H H  H a  CBOeM BbIXOAe 0 6 e c n e s s ~ a e ~  UH@p0-  
v 

B b I e  YPOBHU H a n p H X e H U H  A n H  3LUIyCKa MOrrpIOrO BbIXOAHOrO K a C K W a .  

B b r x o ~ ~ o G  K a C K W  OnTHYeCKOrO M O A y n H T O p a  c o 6 p a ~  no CXeMe r e H e p a T O p a  

TOKa.  Ta~aFi C x e M a  o 6 n w a e ~  ~ a u 6 o n b m u ~  ~ ~ I C T ~ O A ~ ~ ~ C T B U ~ M .  Ka~~LlJibIfi ' BbIBOA CMA n0AKnIoYeH K o6ueG m a H e  Wpe3 ~ 0 ~ 0 ~ 3 ~ e p U T e n b ~ b f i  pe3HC- 

TOP R14, ~ J l y X a ~ H i i  W H  KOHTpOnH T O K a  U p a 6 o ~ b 1  y3na UHAHKaUUU. Bens- 
w H a  T o K a ,  n p o T e K a m u e r o  sepes CMA, o n p e A e n H e T c H  ero BHyTpeHHHM CO- 

' 

npOTHBneHUeM.  f i J 3  YMeHbrUeHUR K O ~ @ @ U I ~ U ~ H T ~  H ~ C T ~ ~ U ~ ~ H O C T U  (KHC) , 
BHOCUMOrO TpaH3UCTOpOM (T4) U CMA, H ~ O ~ X O A U M O  n0BbIIUaTb H U I p H X e -  

HUe nHTaHHH, T a K  K a K  KHc = AVH/Vn, r A e  AVH - H ~ C T ~ ~ H ~ ~ H O C T ~ ,  o6ycno~-  
n e H H a R  U3MeHeHHeM n&lleHlzFI HaIIpHXeHUH H a  TpaH3UCTOpe U CMA. T ~ K H M  
06pa30~ ,  s e M  6 o n b m e  Vn,  T e M  6 o n b m e  n o n m a  6b1Tb B e n U s U H a  pe3UCTOpa ,  

BKnIoYeHHOrO IIOCneAOBaTWIbHO M e m y  UCTOlMUKOM nUTaHUH, KnIoYOM H 

CMA, U, CJleAOBaTenbHO, ~ e ~ b I l l e  6 y n e ~  CKa3bIBaTbCH BnURHUe er0 BHYTPeH- 

H e r o  c o n p o T m n e H m .  M M ~ ~ J T ~ c H ~ H  M O ~ H O C T ~  p a c c e H H m  H a  CMA onpene- 
n f i n a c b  c y s e T o M  n u ~ e # ~ o G  a n n p o K c u M a q u u  BAX no cne~ymueG @op- 
~ ~ n e / '  e I: 

me IcMn - TOK, n p o ~ e ~ a m u ~ G  sepes CMA, r, - m H a M H s e c K o e  c o n p o T m n e -  
4 

HUe CMA, ycMn - HLUIpRXeHUe OTCeYKU. ~ @ @ ~ K T U B H O ~  3HaYeHUe TOKa 

Is++, = IHdQ. OTCMA~ MaKCUMWIbHO AOlTJWTHMOe 3HaYeHHe TOKa:  

me 1, - aMlUlHTyAa UMIIyJlbCHOrO TOKa; IH - BenHYUHa HOMUHiVIbHOrO 

T O K ~ ,  n p o ~ e ~ m u e r o  sepes CMA; Q - C K B a m o c T b ;  T - W U T W I ~ H O C T ~  

n a y s b r ;  t, - ~ s ~ e n b ~ o c ~ b  u M n y n b c a .  





r e ~ e p a ~ o p  Ha m K p o c x e M e  M 1  ~ b I p a 6 a T b l s a e ~  ~ o n e 6 a ~ m  c m y c o m a n b -  

~ 0 f i  @ O P M ~ I  WCTOTbI 50 K ~ U .  K O ~ @ @ H W ~ H T  faPMOHHrIeCKHX H c K - ~ H ~  

BbIXOnHOfO K a C K a a  Ha  H a f p y 3 K e  51 OM COCTaBnReT MeHee 2%. K a c ~ a ,  
n o c T p 0 e H H b a  Ha  MHKpOCXeMe M I ,  COOTBeTCTByeT UCTO IIpkiMeHReMOMy 

r e H e p a T o p y  c MOCTOM Bma" ' I .  K ~ K  BWHO 113 cxeMbI ,  H a n p R x e H a e  nono- 
X H T e n b ~ o f i  0 6 p a T ~ o f i  CBR3H IIOnaeTCR Ha  ~ekiHBepTlipyI0ILWfi BXOn OY C W -  

C T O T H O - U ~ ~ U P ~ T ~ J I ~ H O ~ O  neJ'IHTenR, COCTORUefO H3 pe3HCTOPOB R2, R 4  

H KOWeHCaTOpOB C1, C2. H a n p R X e ~ H e  ~ T p k n r a T e n b ~ ~ f i  o6pa~~of i  CBR3ki 

CHHMaeTCR C neJIHTeJIR HanpRXeHliR, COCTORuefO I13 Pe3kiCTOPOB R 1 ,  R 3  

a n a M n o q m  H a K a n a s a H m  THna  HCM, c~a6ma3apymueii a M m m y n y  K o n e -  

6m&. npa R3 /R1 + RE > R4 /Rz + C1/C2 B yc~pofic~se B03HHKmOT 

~ B T O K O ~ ~ ~ ~ H E ~ R ,  WCTOTa KOTOpbIX OnpaeJ IReTCR @ o p ~ y J I o f i  Cdi = 

= 1 / ( R 4  Rz Cz C1 ) . B WCTOTHO-3aEncH~of i  BeTBH MOCTa B a ~ a  HCnOnb30BaHbI 

PaBHbIe COnpOTkiBneHm k i  PaBHbIe eMKOCTLi R 4  = Rz = R, C2 =Cl=C. ~ ~ C T O T ~  

a ~ ~ o ~ o n e 6 a ~ &  HUOnWIaCb  no COOTHOmeHHH) f0=1/(2nRC). A ~ ~ o ~ o n e 6 m m  
B r e H e p a T o p e  B O S H H K ~ T  npa y c n o B m ,  wo ~ o s @ @ a u a e ~ ~  y c n n e H m  onepa- 
IJHOHHOfO yCWIMTeJU3 (OY) , COCTaBneHHOf 0 H3  M 1  H pe3HCTOpOB R 3  H 

R1 + REL1, 6 o n b m e  TpeX. n 0 ~ J ' I e  BOSHHKHOBeHEIR a ~ ~ o ~ o n e 6 a ~ a f i  HX aMrIJIH- 

F'nc.6. KOHCTPYKUHR 
rpac@op~aropa c 0 6 5 -  

BMHbIM BHTKOM: 1-065- 

eMHb1fi BHTOK; 2 - 3 K -  

pm; 3 - CTRXCHO~~  c T e p -  

x e H b ;  4 - r a i i ~ a ;  5,6 - 

c e p n e w n K n ;  7 - 0 6 ~ 0 ~ -  

Ka;  8 - BbIBOnbI 0 6 ~ 0 -  
TOK. 

T y n a  Ha BbIXOne K a C K a m  c~a6ma3kipye~c~ Ha  TOM YPOBHe, n p H  KOTOPOM 

3a c s e T  ~ e n m e h o r o  sneMeHTa  B n e T n e  ~ o s @ @ a u n e ~ ~  y c m e H m  c ~ n m e ~ c ~  
no enk iHUbI .  B y @ e p ~ b a  YCWIHTenb Ha  M2 H TpaH3HCTOpaX T1 a T2 q e p e 3  

nOCnaOBaTeJIbH0 COenHHeHHbIe pe3UCTOP R l o  ki  KOHneHCaTOP C7 HWPYXeH 

Ha nepBaWIyH) O ~ M O T K Y  T ~ ~ H c @ o ~ M ~ T o ~ ~  C O ~ X ~ M H ~ I M  B m K O M  (TOB). 
C nOMOubH) pe3HCTOpa R7 aMrIJIHTyna fapMOHHqeCKkiX ~ o n e 6 a ~ ~ i i  Ha  BbIXO- 

ne y C ~ l i T e J ' I R  YCTaHaEJIEiEaeTCR B COOTBeTCTBW C H ~ O ~ X O ~ H M ~ I M  HanpRXe-  

HkieM BTOpHWIbIX HCTOWHKOB TOKB. 

P a 3 ~ ~ 3 b I B a I O u k i f i  T ~ ~ H C @ O P M ~ T O P  BbInOnHeH no CXeMe C KOPOTKO- 

3 a M K ~ y T b 1 M  B ~ K O M  Ha  KOJIbUeBbIX C e p n e W n K a x  K20 X 12 X 6 ?is @ e p p a T a  

M2000HM. nepsawm O ~ M O T K ~  HMeeT 20 B ~ K O B ,  BTOPH- - 45 ~ m -  
KOB, HaMOTZLHHbIX I I P B O n O M  MrTa-0,14. K m a ~  O ~ M O T K ~  W R  CHMMeTpHH 

HaMOTma B n B a  npOBOna Ha CBOkiX CepneWIk iKU,  KOTOPbIe IIOMeUeHbI B na- 
l ' ~ H H b a  n o c e p e 6 p ~ ~ b 1 f i  3KpaH,  B ~ I ~ ~ o J I H R H ) I ~ ~ ~ ~  POnb KOPOTK03aMKHyTOfO 

BHTKa. C X ~ M ~ T H ~ ~ C K H  KOHCTPYKUHH Pa3BR3bIBaIOUefO T ~ ~ H C @ O P M ~ T O ~ ~  

C O ~ X ~ M H ~ I M  BHTKOM npHBeneHa Ha  p~c.6.  
I l c n o n b 3 0 ~ m a e  ~ ~ ~ B R ~ ~ I B ~ I O U ~ I - o  ~ p a H c @ o p ~ a ~ o p a  n o s ~ o n ~ ~ o  nony- 

W T b  OWHb 6 o n b ~ ~ 1 0 e  C O n p O T m n e m e  M e m y  O ~ M O T K ~ M H  C B ~ I C O K O ~ ~  3 n e K -  

TpHqfXKofi IIpOWIOCTbH) M ~ X O ~ M O T O W O ~ ~  USOJIRIJHH Ii MWYH) n P O X O w H )  

eMKOCTb Ha  YPOBHe WHHkIU I I l i K o @ a p ~ .  IlcrlblTaHHH TaKOfO HCTOWiHKa 

llMTaHHR Ha C T e W e  C npHMeHeHHeM HMHTaTOpa nOMeX nOKa3aJIH, YTO nOn88-  

J'IeHHe H M q m C H b I X  CeTeBbIX nOMeX WmeJ'IbHOCTbH) 2 f 20 MKC COCT8BJIIIeT - 60 nB. M a K c H ~ a n b ~ a R  MOWOCTb,  n m y r I a e M m  OT BTOPUWOfO HCTOq- 

HHKa TOKa, COCTaEJIReT - 120 MBT. I l c n o n b 3 0 ~ ~ e  ki30J'IHpOBWHbIX HCTOs- 

HHKOB m m m  B C n m e M e  no3~0nmo ~ C K n m w T b  n o M e x a  OT pasnoasny- 
sea&, a T a K x e  OT 3 n e m p o ~ a m 1 1 ~ ~ 0 f o  1 1 3 n y q e ~ m  MOTOPB, pene n LLIHH 

m T a H m .  



T e x H m e c ~ a ~  XapaKTepUCTHKa CBeTOBOnHOrO KWma 
1. q a c ~ o ~ a  aarryc~a IIOM, K ~ U ,  ~e 6onee - 10 
2. & U H ~  BOnHbI U3nyW?HWI, HM - 950 
3. Z I y ~ c ~ ~ m e n b ~ o c r b  IIPOM, BT - 
4. ~ P O B H U  B X O ~ H O ~ O / B ~ I X O ~ H O ~ O  ClWHaJIOB - 'TTn 
5. nuanaso~  pa6osux ~ e ~ n e p a ~ y p ,  K - 263t 323 
6. Coenme~ue c BOK - p a 3 . a e ~ ~ o e  
7. &ma BOK, M, ~e 6onee - 100 
8. Ko~crpyrurm IIOM, IIPOM, IITOB - ~ c ~ p a m a e ~ m  
9. Easosble 6 n o ~ u  - KAMAK,BM 

YWCTOK cneKTpa 800 + 900 HM, B OCHOBHOM, 06ecneqe~ HcTowuKaMu 
H npueMHuKaMu u3nyqe~~t1,  u npu co3na1-1~~ nepsbrx n o ~ o n e ~ u f i  BOJTC, 
pa6o~a1ouux Ha 3 0 ~ "  - ', UCllOJIb3yIoTCcI npu6opb1, p a 6 o ~ m u a e  B 3TOM 

nuanaso~e B O ~ H  . 
&cI nWIbHefimer0 pa3BHTZlR CUCTeM BOJTC H ~ O ~ X O ~ I I M ~  pa3pa6o~~a  

U OCBOeHUe nPOMbIllIJleHHOCTbH) HCTOWUKOB H npUeMHUKOB U3nyqWMtI, 
pa6o~a1ouux B o6nac~u cneKTpa 1300 + 1700 HM. I I o ~ ~ n e ~ u e  ~ T H X  npu60p0~ 
nosaonur pemmb npo6ne~y  nosbrmeHm paxuarr~ossofi c ~ o f i ~ o c ~ u  map-  
UeBbIX BOnOKOHHbIX C B ~ T O B O ~ O B ' ~  ' '. 

B HacToHuee sperm mupoKoe npaKTusecKoe u c n o n b s o ~ a ~ ~ e  noMexo- 
3 a u a u e ~ ~ b 1 x  c ~ e ~ o ~ o ~ b r x  m a n o B  Ha 3 0 Y  cnepxmaeTcH He TonbKo 
UHeP~OHHOCTbH) P ~ ~ P ~ ~ O T ~ H K O B  K HOBOMY, HO U OTCYTCTBU~M H ~ O ~ X O W -  

~ 0 f i  ~ J I ~ ~ M ~ H T H o ~ ~  6a3b1 U TeXHOnOrHH IIOCTpOeHHcI TaKuX CHCTeM BOJTC 
C KOHKP~THOH ?iX peanU3a~Uefi. 
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