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n P E  a h c a o b h e .

CoflepataHHe HacToaujeñ k h h t h  b ochobhom cocTaBAeHo no 
AeKyHHM, MHTaeMbiM aBTopoM b AeHHHrpaACKOM 9AeKTpoTexHHqe- 
CKOM HHCTHTyTe m m c h h  B. H. AeHHHa CTyAeHTaM paAHOcneynaAH- 
3ayHH h cooTBeTCTByeT nporpaMMe cneynaAbHoro Kypca ,,9AeK- 
TpHHecKoe nHTaHHe paAHoycTpoñcTB“, yTBepaiAeHHoñ Komhtctom 
no BbicuieMy TexHHnecKOMy o6pa30BaHHio npn U.HK CCCP.

n P H C O C T aB A eH H H  K H H rH  a B T O p  C 4 H T 3 A  HeOÖXOAHMbIM  O C B e T H T b  

öoAee n o A p o Ö H O  H e K O T o p b i e  O T A e A b i ,  h t o ö m  T e M  c a M b i M  A a T b  

B 0 3 M 0 J K H 0 C T b  C T y A e H T 3 M  3 a O H H b IX  H H CT H T yT O B  n 0 A b 3 0 B a T b C f l  eK )  

n p n  c a M o c T O H T e A b H O M  H 3 y n e H H H  n p e A M e T a .

A btop  CTpeMHACH He TOAbKO npHAaTb HaCTOHIIjeMy TpyAy 

x a p a K T e p  y q e Ô H H K a  ą j m  C T y A e H T O B ,  h o  h  c H C T e M a T H 3 H p o B a T b  

b  H eM  M a T e p H a A ,  H e o ô x o A H M b i H  p a A H O H H a s e H e p y  n p n  n p o e K T H p o -

B aH H H  HCTOHHHKOB n H T a H H H  AAH p a A H O y C T p O H C T B .

A . M. Kyiyiuee.
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B B E 4 E H H E .

Y B e A H ^ e H H e  m o u j h o c t h  c o B p e M e H H b i x  p a f lH O C T a H y H j ł ,  a  T a i m e  

y c A o a îH e H H e  hx y c T p o H C T B a ,  b cb«3h c n p m u e H e H H e M  M H o r o K a c -  

KaAHblX e x e M ,  n p H B e A H  K TOMy, HTO B O npO Cbl 3AeKTpH«ieCKO rO 

nHTaHHH nepeA a T H H K O B  0 6 p a 3 0 B a A H  c a M o c T O H T e A b H y to  o T p a c A b  

TeXHHKH. To a t e  B H3BeCTHOH M e p e  OTHOCHTCH h k  HCTOHHHKaM 

S A e K T p u n e c K o r o  nHTaHHîT p a A H o n p n e M H b i x  y c T p o ñ c T B  h y c H A H T e -  

A e n  p a A H 0 y 3 A 0 B .

TAaBHeHuiHH THn paAHonepeAaTHHKa HacTOHiijero BpeMeHH 

B OCHOBHOM COCTOHT >13 KaTOAHOrO TeHepaTOpa, KOTOpblH B to rae 

BpeMH HBAHeTCH npeoôpaaoBaTeAeM nocToaHHoro Tona b nepe- 

MeHHbiH tok BbicoKOH HacTOTbi. TaKHM »e npeoôpaaoBaTeAeM, 

no cyujecTBy AeAa, HBAaeTCH h ycHAHTeAb b paAHonpneMHOM 

yCTpOHCTBe.

KaTOAHaH AaMna, HBAHHCb OCHOBHbIM 3AeMeHTOM Bcex 9THX 

ycTpoBcTB, b paôoneM peaîHMe, noMHMO noaBoaa ochobhoh 9HeprnH 

(aHOAHon), TpeôyeT eiije Ha CBoe nHTaHHS HCTOMHHKa 3AeKTpn- 

H ecK O Îi  9 H e p r H H  a a h  y e n n  H a n a A a  h  c e T O H H o r o  c M e u j e H H H .

ĄaH HCTOHHHKOB nO C T O H H H O rO  T O K a  K a T O A H b lH  n e p e A a T H H K  

h y c H A H T e A b  jïbahiotch c n e i ¿ H ( | ) H M e c K o B  H a r p y 3 K O H .  Ee c n e u H i p H H -  

HOCTb o ö y c A O B A H B a e T C H  H a A H H H e M  M O A yA fl i jH H  npH p a A H O T e A e -  

(pOHHOH n e p e A a n e  hah n p n  n e p e A a n e  K3o6paaîeHHH h H a A H H H e M  

M a H H n y A f lU H H  n p H  T e A e r p a c p H O H  p a ô o T e ,  o c o ô e H H O  npn ô b i c T p o -  

A e ñ c T B y i o u i e H .  B  kohchhom c n e T e  t3koh bha H a r p y 3 K H  M o æ e T  

ô b i T b  c B e A e H  k B H A y n e p e M e H H o f t  H a r p y 3 K H ,  n p n n e M  n e p H O A H H -  

H O CT b H 3 M e H e H H H  ee O K a 3 b i B a e T C H  b n p e A e A a x  ot A e c H T b i x  A O A e ñ  

ceKyHAbï Ao tmchhhwx AOAen h ¿arce HHHîe.

PeiKHM n e p e M e H H O H  H a r p y 3 K n  h h  a a h  K a K o r o  HCTOHHHKa 

9 H e p r H H  H e MOÎKeT ÔbITb BbirOAHbIM, B OCOÔeHHOCTH, e cA H  q a c T O T a

ee H 3 M e H e H H H  H M e e T  ot 50 ao 10000 n e p H O A O B  b  ceKyHAy, 

K a K  9T O  6 b i B a e T  b p a A H O T e A e c p o H H b i x  n e p e A a T H H K a x .  Tanon x a p a K -  

T e p  H a r p y 3 K H  T p e ô y e T  n o c T O H H C T B a  H a n p a H s e H H H ,  o T c y T C T B H a  

B H y r p e H H e r i  p e a n g H H  h  M a A O H  n o c T o a H H o ñ  B p e M e H H  O T A e A b H b i x  

y e n e f l  HC TOHHHKa.  IIomhmo H e 3 a B H C H M O C T H  H a n p f l jK e H H H  ot H a r p y 3 K H ,  

M I 'H O B eH H O e  H a n p a a î C H H e  HC TOHHHKa A G A C H O  Ô b IT b  B B b lC U ieH
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CTeneHH nocTOHHHbiM h He coaepiKaTb nyAbcayHH. OTCTynAeHHe 
OT 3THX OCHOBHblX Tpe60BaHHH AOnyCTHMO TOAbKO B peAKHX 
C A y q a a x .

H c TOHHHKH  9 A e K T p H H e C K O r O  n H T a H H H  p a A H O y C T p O H C T B  C K a T O A -  

h w m h  A a M n a M H  M o r y T  S b i T b  p a 3 A e A e H b i  H a  C A e A y i o u j H e  r p y n n b i :

1 .  H c t o h h h k h  a H O A H o r o  n H T a H H H — n p e H M y u j e c T B e H H O  c  n o c T O H H -  

h m m  H a n p a a i e H H e M .

2. McTOHHHKH CeTOHHOrO CMeiljeHHH---06fl3aTeAbH0 C nOCTOHH'
H b l M  H a n p H i K e H H e M .

3 .  H c t o h h h k h  H a n a A a  K aT O A O B  A a M n ;  b  O A H H a K O B O H  CTeneHH 
o h h  M o r y T  6 b i T b  K a K  c  n o c T O H H H b i M  H a n p n a c e H H e M ,  T a K  h  c n e p e -  

M SH H blM .

H t o  ase K a c a e T c a  p a A n o n e p e A a T H H K O B  c  M a u i H H a M H  b m c o k o h  

n a c T O T b i ,  B b i x o A a u j H X  3 a  n p e A e A b i  Hauien T e M b i ,  t o  aah h h x  

OCHOBHblM  HCTOHHHKOM  S H e p r e T H H e C K O r O  n H T a H H H  H B A H eT C H  A B H - 

r a T e A b ,  B H aC T H OC T H  S A e K T p O M O T O p  n O C T O H H H O r O  T O K a .  T a K O H  

3 A e K T p 0 M 0 T 0 p  n p H M e H n e T c s  o 6 b i H H O  h  T o r A a ,  K o r A a  n H T a i o u j a f l  

c e T b  H M e e T  nepeMeHHoe HanpaaceHHe. B s t o m  C A y n a e  CTaBHTCfl 
M 0 T 0 p - r e H e p a T 0 p  h A e A a e T C H  s t o  b  c b h 3 h  c  T e M ,  h t o  h h c a o  

o 6 o p o t o b  y  3 A e K T p 0 M 0 T 0 p a  n o c T O H H H o r o  T O K a  Aerne p e r y A H p o -  

B a T b .  n O C T O H H C T B O  a i e  0 6 0 p 0 T 0 B A H K T y e T C H  H e o 6 x O A H M O H  e r a -  

6 H A b H O C T b K )  H a C T O T b l .

B B H A y  6 0 A b H I0 H BaaSHOC TH a a h  H H a t e H e p H O H  n p a K T H K H  O n H C a H H H  

K O H C T p y n y H H  h  p a 6 o T b i  h c t o h h h k o b  n H T a H H H ,  a  T a K a s e  B a a iH O C T H  

p a i i H O H a A b H O T O  H p O e K T H p O B a H H H  OC HOB HblX 3AeMeHT0B 3 T H X  

y c T p o K c T B ,  n p e A C T a B A H e T C H  c o B e p u i e H H O  H e o 6 x o A H M b i M  A a T b  B c e M y  

3 T O M y  A o c T a T O H H o e  o c B e i g e H H e  h  C H C T e M a T H 3 H p o B a T b  y a i e  H a K o n -  

A e H H b i i i  M a T e p n a A .



rAABA I.

HCTOHHHKH AHO^HOrO I1HTAHHH.

§ 1. Oöigne cooöpaaieHHH.

HcTOHHHKaMH aHOAHOrO IIHTaHHH ĄAH paflHonepcflaTHHKa 
MoryT 6biTi>: AHHaMOM,aiiiHHa nocToaHHoro HanpaaieHHa, Bbinpa- 
MHTeAb, aKKyMyA«TOpbI H, B HeKOTOpbIX CAynaflX, TpaHC(|)OpMaTOp 
nepeMeHHoro TOKa. / I a «  paAnonpneMHbix y c i p o ß c T B  H c n o A b 3 y i o T c a :  

BbinpHMHTeAb, aKKyMyAHTOpbl H, B HeKOTOpbIX CAyHaaX, 3AeKTpH” 
uecKHe 3AeMeHTbi. FIocAeAHHe HHoraa ynoTpeÖAaioTca h ąah 
n e p e A a T H H K O B  o n e H b  M a A o ü  m o u j h o c t h  c n e i j H a A b H o r o  H a 3 H a n e -  

HH3— KaK, HanpHMep, Ha aBTOMaTHHecKHX n p n 6 o p a x  MeTeopoAO- 
THH H Ap.

riepeAaTHHKaMH MaAOH moujhocth 6yaetJi Ha3biBaTb nepeAaT- 
HHKH MOIgHOCTbK) MeHbUie 100 BaTT B aHTeHHe. riepeAaTMHKH 
C MOLLJHOCTbK) OT 100 BaTT AO OAHOrO KHAOBaTTa B aHTeHHe 
6yAeM OTHOCHTb K nepeAaTHHKaM cpeAHeö moiijhocth h, HaKOHey, 
nepeAaTHHKH c MoigHOCTbio CBbinie OAHOrO KHAOBaTTa 6yAeM 
onpeAeAaTb, Kan MoujHbie nepeAaTMHKH. B nepBbix nepeAaTHHKax 
npHMeHfliOTca aHOAHbie HanpHJKeHHH nopaAKa 100 — 1000 BOAbT,
BO BTOpblX---OT 1000 AO 3000 BOAbT, H B TpeTbHX---OT 3000 AO
10000 BOAbT, a HHorAa h Bbiiue (ao 18000 BOAbT b aMepHKaH-
CKOH n p a K T H K e ) .

Ą ah paAHonpneMHHKOB h ycHAHTeAeü MOigHbix paAHOy3AOB 
npHMeHHeMbie aHOAHbie HanpaaseHHa AeîKaT b npeAeAax 100— 
3000 BOAbT, a noTpeÖHaa MoujHOCTb hctohhhkob aHOAHoro 
IIHTaHHH HCHHCAHeTCfl OT eAHHHIJ BaTT AO HeCKOAbKHX KHAOBaTT.

AHOAHaa yenb KaK coBpeMeHHoro nepeAaTHHKa, TaK h paAHO- 
npHeMHoro ycTpoîicTBa no óoAbuien nacTH TpeöyeT He OAHOrO, 
a  HeCKOAbKHX H an p a îK e H H H  a a h  nHTaHHH O T A eA bH bix  KacKaAOB. 

B 3THX CAynaax nacTO npHMeHaeTCH oahh hctohhhk c noTeH- 
yHOMeTpoM b ijenn nocToaHHoro TOKa. FIoTeHynoMeTp HcnoAb- 
syeTca ąah AeAeHHa HanpaîKeHHa h HMeeT otboam aah nHTaHHa
C O O T B e T C T B y K J L U H X  K a C K 3 A 0 B .
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B n e p e a a T M H K a x ,  C T aÖ H A H 30B aH H bix  K B a p u e M ,  n H T â H H e  aHOA" 

h ö h  y e n n  3 a A a K ) iH ,e ro  K a c n a A a  p e K O M e H A y e T c n  n p 0 H 3 B 0 A H T b  o t  

aK K y M y A H T o p o B .  T a K o i i  c n o c o ö  n o B b i m a e T  nocTOHHCTBO n a c T O T b i  

n e p e A a T H H K a .  O h o  TeM  6 o A e e  H e 0 6 x 0 AHM0 , h t o  H a n p a a i e H H e  H a  

aH O A e  K B a p ö e B o r o  r e H e p a T o p a  CHAbHO O TA HqaeTCH o t  a H O A H o r o  

H an p aJK eH H H  6 o A e e  m o u j h w x  K acK aA O B .

K o r A a  n p H M e H a e T C H  B b i n p H M H T e A b  c  n o T e H g n o M e T p o M ,  t o  a a a  

yHHHTO/KeHHH SAeKTpHHeCKO H CBH3H M eJK A y p a 3 AHHHbIMH K a C K a -  

AaMH, nO A e3H O  CTaBHTb O T A eA b H b ie  CrAaJKHBaiOlIJHe (p H A b T p b l ,  KaK 

n 0 K a 3 a H 0  H a ( p n r .  1 . P a c n e T  n o T e H g H O M e T p a  n a c T o  o Ö A e r n a e T C H  

T e M  OÖCTOHTeAbCTBOM, HTO n O T p e Ö A H C M b i e  TOKH OÖbXMHO H M e iO T

nocT O H H H yK ) BeAHKHHy. P a c x o A  S H e p r H H  H a  n O T eH ijH O M eT p  b  molu ,-

H b i x  n e p e A a T H H K a x  H e  n p e ß o -  

L  "MoÔHOMy c x o a h t  1 — 1 0 %  o t  n o A H O H

i  Hockady S H e p r H H  HCTO^HHKa, T o r A a  KaK

b  MaAOMOiijHbix n e p e A a T H H K a x

— ------ • /r npo«e*cum o*H  H> o c ° 6 eHHO, b  paAnonpneMHbix
_______ t kackady ycTpoHCTBax oh  MoateT c o c r a -

BHTb ÓÓAbUiyiO H aC Tb BCeS 
® Hr' 3 H e p r H H  HCTOHHHKa.

ToBopa 0 6  HCTOHHHKax aHOAHoro nHTaHHa nepeAaT^HKOB, 
KaK 0 6  HCTOHHHKax OCHOBHOH sHeprHH, n p eo 6 p a 3 y eM o S  b KOAe- 
ÔaHHH BbICOKOH HaCTOTbl H H3AVHaeMOH 3HTeHHOH, HeOÖXOAHMO 
O T M e T H T b ,  HTO B ÖOAbUIHHCTBe COBpeMeHHbIX yCTpOHCTB p a C X O A  

e e  coxpaHHeTca nocTOHHHbiM b o  Bee BpeMH BKAK)qeHHH nepeAaT-  
HHKa, T. e .  OH H M e e T  OAHHaKOByiO BeAHHHHy KaK BO BpeMH CaMOH 
n e p e A a H H ,  TaK h bo BpeMH e e  n a y s .  P a 3yMeeTCH, h t o  p a c x o A  

SHeprHH bo BpeMH n ay3 h b a h c tc h  6ecnoAe3HbiM. Il03T0My HMeeTCH 
CTpeMAeHHe, rAe s t o  TOAbKo b o3m o^ h o , HCKAioyHTb 3TOT 6 e cn o -  
A63HbiH p a c x o A  SHeprnn nyTeM npHMeHemiH Tex h a h  h h w x  y c o -  
BepuieHCTBOBaHHÎi cHCTeMbi paAHonepeAaT^HKa. B  nacTHOCTH, 
mojkho yKa3aTb Ha TeAetpOHHbie nepeAaTHHKH c  H3AyneHHeM 
o a h o h  6 0 K0 B0 H noAOCbi nacTOT h Ha nepeAaTHHKH c  TaK Ha3bi- 
BaeMblM nOCTOHHHblM K03(|)HHHeHT0M MOAyAJ^HH. HcTOHHHK 
aHOAHoro nHTaHHH noAOÔHbix nepeAaTHHKOB HarpyæaeTCH Anmb  
b MOMeHTbi caMOH nep eA ann  h ocTaeTCH noHTH pa3rpy»eHHbiM  
bo BpeMH nay3 ee .  3 T a  sKOHOMHHecKan BbiroAa, yeHHan He 
TOAbKO AAH M OU JH blX , HO A a * e  H AAH CaMbIX MaAOMOUJHblX 
nepeAaTqHKOB, b  KOTOpbix OHa n03B0AneT 3HanHTeAbH0 AOAbme 
n0Ab30BäTbCH, HanpHMep, 3HOAHOH 6 aT apeeS , TeM caMbiM oÖAer- 
M a a  ocyujecTBAeHHe h h 3 0 B 0 h  p a A H 0 C B H 3 H  b  O T A a A e H H b i x  pafioHax, 
B b I 3 b I B a e T ,  OAHaKO, HeKOTOpbie TeXHHHeCKHe 3aTpyAHeHHH npH 
O C y i l j e C T B A e H H H  HeOÖXOAHMOrO HCT0HHHK3 nHTBHHH.
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O c H O B H a H  O C O G e H H O C T b  B y C T p O H C T B e  H C T O H H HK a a H O f l H O r O  

Ü H T a H H H  4 A H  O T M e H e H H b lX  n e p e A a T H H K O B  3 a K A K ) H a e T C H  B TOM , 

h t o  o h h  n p e T e p n e B a i o T  H a r p y 3 K y ,  H 3 M e H s t o u i y i o c H  O A H O B p e M e H H O  

KaK C MaCTOTOH B H e C K O A b K O  n e p H O A O B  B C e K y H A y ,  T 3 K  H c  n a -  

CTOTOH B COTHH H TbICflH H n e p H O A O B .  Ha <f)Hr. 115 T A a B b l  IV 
n o K a 3 a H a  A H a r p a M M a  a n o A H o r o  T o n a ,  n o T p e 6 A f i e M o r o  n o A O Ó H b i M  

n e p e A a T H H K O M  o t  H C TOHHHKa 3 H e p r H H .  P a 3 y M e e T C H ,  n p n  p a c n e T e  

T a K O r O  H C TO H H HK a H e o 6 x O A H M O  0 3 a 6 0 T H T b C H  C 0 3 4 a H H e M  MaAOrO 
B H y T p e H H e r o  c o n p o T H B A e H H H  e r o ,  K a K  a a h  n o c T O H H H O H  c A a r a i o i g e H ,  

T a K  h  a a h  n e p e M e H H b i x  C A a r a i o i g H x  n o T p e Ó A s e M o r o  o t  H e r o  T O K a ,  

a a h  T o r o ,  H T O Ó w  H a n p n / K e H H e  H a  e r o  3 a * H M a x  0 C T a B a A 0 C b  n p H M e p H O  

nOCTOHHHbJM  3 a  B C e  B p e M H  H 3 M e H e H H H  a H O A H O r O  T O K a .  C f l p y r O H  

c t o p o h w ,  n p n  p a c n e T e  h c o 6 x o a h m o  y n e c T b ,  h t o  h c t o h h h k  A a H H o r o  

T H n a  n e p e A a T H H K a  3 H a H H T e A b H y i o  n a c T b  B p e M e H H  B K A i o n e H H H  p a 6 o -  

T a e T  b  x o a o c t o m  x o A e .  9 t o  n 0 3 B 0 A » e T  y M e H b u i H T b  e r o  r a 6 a p H T ,  

h t o  y M e H b ü i a e T ,  b  c b o i o  o n e p e A b ,  C TOHMOCTb n e p B O H a q a A b H b i x  

3 a T p a T  h  p e 3 e p B a ,  h  h t o  B a a iH O  a a h  n e p e A B H J K H b i x  p a f l H O C T a H -  

y H H ,  b  K O T o p b i x  3 k o h o m h h  B e c a  H r p a e T  p e m a r o i i j y f o  p O A b .

PaccHHTaeM aah npHMepa aHOAHyio MoiHHOCTb nepeAaTHHKa, 
pa6oTaiomero oómhhmm cnoco6oM, t. e. c HSAyneHHeM aHeprnH 
bo BpeMH n a y 3 .  IlycTb aHOAHoe HanpHJKeHHe h tok b stom 
CAynae cocTaBAHioT E0 h Iq. Ilpn MOAyAHijHH (ceTOHHOH) aH04Hwii 
tok 6y aeT H3MeHHTbca b npeaeAax o t 0,1 a o 2 lo co 3ByKOBOH 
qacTOTOH, t. e. 50 -=-10 000 neplcex, b oTeyTeTBHH ase MOAy-
AflUHH OH O C T a e T C H  p a B H b l M  Iq. Y c T a H O B H B  n a p a A A e A b H O  3 a ^ H M a M  

HCTOHHHKa K O H A C H C aT O p A 0 C T 3 T 0 H H 0 H  eM K O C TH , Mbl M O * e M  H 3 6 a -  

B H Tb HCTOHHHK OT n p O X O /K A e H H H  n O  H e M y  n y A b C a U H H  T O K a .

B T aK O M  c A y n a e  e r o  M O ig H O C T b  o n p e A e A H T c a  n p o c T O  b  B H ^ e

P q — E q lo .

$ a h  B T o p o r o  C A y n a n  p a 6 o T b i  n e p e a a T H H K a  a H O f l H b m  t o k  n p n  

y c T a H O B H B i u e H C H  M O A y A s y H H  H e  O T A H H a e T C H  o t  n p e A b i A y u j e r o ,  

a  n O T O M y  H n O T p e Ó A H e M a H  M OIIJHOCTb BO B p e M H  M OAyAHIJHH HM 

ó y ^ e T  T a  a i e .  B O T e y T e T B H H  a t e  M o a y A a u H H  M o m H O C T b  n p a K T H n e c K H  

Ó A H 3 K a  K H yA K ).  0 6 b I H H O  B p e M H  n a y 3  3 a H H M a e T  Ó O A b m y K )  H a C T b  

B p e M e H H  p a 6 o T b i  n e p e ^ a T H H K a  ( b  c p e A H e M  H e  M e H e e  60-^-70%
B C e r O  B p e M e H H ) .  F i o  3T O H  n p H H H H e  3 a  H O p M a A b H y  K> MOIIJHOCTb 

H C TOHHHKa a a h  p a G o T b i  n e p e A a T H H K a  b o  B T O p O M  C A y n a e  m o j k h o  

n p H H H T b  B e A H H H H y ,  n p H M e p H O ,

P0 =  0 ,7 5 10 E0.

B p e a H M e  y c T a H O B H B i u e H C H  M o a y A f l U H H  T a K o í í  h c t o h h h k  a H O A H O r O  

n H T a H H H  o K a a i e T C H  n e p e r p y i s e H H b i M ,  n p H M e p H O ,  H a  30%, O A H aK O ,



B c e r ^ a  m o í k h o  p a c c M H T b iB a T b ,  h t o  3 T a  n e p e r p y 3 K a  b  T e q e H H e  

3 0  MHHyT B n o A H e  A o n y c T H M a  a a h  B C H K o ro  p o A a  h c t o h h h k o b  

a H O A H o r o  nHTaHHH. B p e M «  a t e  3 0  MHHyT B n o A H e  AOCTaTOHHO a a h

B C e x  H c n b iT aH H H  n e p e f l a T H H K a  b  p e a t H M e  y c T a H O B H B m e n c H  MOAy* 

AHyHH.

f lo A o Ö H b i e  B o n p o c b i  p a c n e T a  m o u j h o c t h  HCTOHHHKa a H O A H o r o  

nHTaHHH M O ry T  BCTpeTHTbCH H B p a A H O n p H e M H b IX  y C T p O H C T B a x .  

B MaCTHOCTH, n p H M e H H e M b ie  H a  TpaHCAHIJHOHHblX nOACTaHIJHHX 

MOUJHbie yCHAHTeAH HH3 KOH n aC TO T bl p a Ö O T a iO T  n o  n y m n y A b H O H  

c x e M e ,  n p H  K O T O p o ñ  aHOAHbifi  t o k  A a M n  MaA, e c A H  H a  c e T K e  H eT  

c o o T B e T C T B y i o u j e r o  B0 3 6 ya tA eH H H .

§ 2. ^HHaMOMamHHbi BbicoKoro HanpnnieHHfl.

JXah nHTaHHH aHOA«bix yeneii KaTOA«bix AaMn paAHonepeAaT-
MHKOB B0 3 M0 /KH0  n p H M e H e H H e  BblCOKOBOAbTHbIX MaiUHH nOCTOHH- 

Horo TOKa. B n o c A e A H e e  BpeM H  b  o Ö A a c T H  n o c T p o e H H H  b m c o k o -  

BOAbTHblX MaiUHH nOCTOHHHOrO TOKa A O C TH rH yT bl  3 H a H H T e A b H b ie  

y c n e x H ,  h  HMeeTCH pHA p a A H O C T a H a n ñ ,  r ^ e  y c T a H O B A e H b i  T aK H e  

M ainH H bl C H a n p H ^ e H H e M  B 1 0 ----1 2  KHAOBOAbT.

P a 3 B H T H e  K O H C r p y H p O B a H H H  B b lC O K O B O A b T H b IX  M a iU H H  B C T p e -  

n a e T ,  O A H aK O , 3 a T p y A H e H H H  h  n p e a t A e  B c e r o — b  c b h b h  c  T p y A H O -  

CTHMH O C y i i j e C T B A e H H H  K O A A e K T O p a ,  K O T O p b lH  B T 3K H X  M a iU H H a X  

A O A a te H  Ô b IT b  n O C T p o e H  C Ô OAbUIHM  HHCAOM n A d C T H H  H C H 3 0 A H y H e Ö  

M e a t A y  n A a c T H H a M H  H a  ô o A b i u o e  H a n p n a t e H H e .

B 3KcnAoaTayHH TaKHe MauiHHbi TaKate npeACTaBAHioT 
H3BeCTHyiO CAOatHOCTb, B HaCTHOCTH H3'3a B03HHKH0BeHHH TaK 
HasbiBaeMoro KpyroBoro othh Ha KOAAeKTope, KOTOpblH no cyujecTBy 
HBAHeTCH BOAbTOBOH AyrOH, B03HHKaHDUjeÜ BAOAb nOBepXHOCTH 
KOAAeKTOpa Me^Ay igeTKaMH pa3Horo 3HaKa. Bo3HHKHOBeHHe ero 
OÖyCAOBAeHO TOAHK3MH TOKa H, B HaCTHOCTH, OH nOHBAHeTCH npH 
KOpOTKHX 3aMbIK3HHHX. FIpH KOpOTKOM 3aMbIKaHHH, BCAeACTBHe 
yxyAiueHHH KOMMyTaijHH h ycHAeHHoro HCKp006pa30BaHHH noA 
UjeTKaMH, HCKpbl AerKO nepeKHAblBaiOTCH OT OAHOH nAaCTHHbl 
KOAAeKTOpa Ha Apyryio, CAeACTBHeM qero h hbahctch cnAOUiHan 
A y r a  no KOAAeKTopy.

O c H O B H b ie  TpyAHOCTH BbinOAH eHHH BblCOKOBOAbTHOH AHH3MO- 

M auiH H bi M o r y T  6 b iT b  n p H  ee K O H C T p y n p o B a H H H  n p e o A O A e H b i  

C n e y w a A b H b lM H  M e p a M H . B CBH3 H C 3THM OCHOBHaH KOHCTpyKIJHH 

AHHaM OMauiHHbi B b i c o K o r o  H a n p a a t e H H H  x a p a K T e p H 3 y e T C H  n p H M e -  

HeHHeM  2  KOAAeKTOpOB, C OTAeAbHbIMH 0 6 m 0TK3M H H a  OAHOM 

HK O pe H He33BHCHMbIM B0 3 6 y a tA e H H e M  OT n O C T O p O H H erO  HCTOH- 

HHKa C HH3KHM H a n p H 2 te H H e M .
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H a n p a a t e H H e  M e a s A y  c o c c a h h m h  n A a c T H H a M H  K O A A e K T o p a  

B M aiU H H a X  ÖOAbUIOH MOIIJHOCTH, n O p a A K a  1000 kW, M O a îe T  Ö b lT b  

A o n y i g e H O  He 6 o A e e  25 —  35 boalt. B MauiHHax Ha HecKOAbKO
A eC f lT K O B  K H A O B a T T  3 T O  H a n p a i K e H H e  MOJKeT 6  bl T b  y B B A H H e H O  AO 

100 B O A b T ,  H A a a t e  H M e iO T C a  K O H C T p y K H H H  A H H a M O M a i l lH H ,  n p H  

K O T O p b i x  s t o  H a n p a a i e H H e  c o c T a B A a e r  600 B O A b T .  H a n p a a t e H H e  

H a  e A H H H y y  a a h h m  K O A A e K T o p a  H e A b 3 a  A o n y c n a T b  ö o A b i u e  

H 3B eC T H O H  B e A H T O H b l  ( b  C p e A H e M  H a  1 C a H T H M e T p  AAHHbl O K p y iK -  

HOCTH K O A A e K T o p a  A o n y c K a e T c a  H a n p a a i e H H e  n o p a A K a  100 B O A b T ) .  

O T M e n e H H b i e  o ö c T o a T e A b C T B a ,  b  C B a 3 H  c  6 o A b u i H M  H a n p a a s e H H e M  

M a m H H b i ,  T p e ö y n j T  n p H M e H e H H a  K O A A e K T o p a  c  ö o A b ü i H M  A H a M e T p o M ;  

O A H 3KO , n o M H M o  S A e K T p H H e c K O H  c T O p o H b i ,  o h  o n p e A e A a e T C H  H 

M e y a H H H e c K O H  n p O H H O C T b i o .  H t o ö m  H e  6 b i A a  n p e B 3 0 H A e H a  M e x a -  

H H H e c K a a  n p o ^ H O C T b  K p e n A e H H a  n A a c T H H  K O A A e K T o p a ,  O K p y a t H a a  

C K o p o c T b  H a  e r o  n o B e p x H O C T H  M o a i e T  ö b i T b  A O n y u j e H a  H e  ö o A e e  

50 M e T p o B  c c e n y H A y .  H 3 0 A a y n a  M e a s A y  n A a c T H H a M H  K O A A e K T O p a  

H M e e T  T O A H jH H y b  c p e A H e M  1 — 1 , 8  m m . r i e p e q H C A e H H b i e  A a H H b i e  

n 0 3 B 0 A a K ) T  O K O H H a T e A b H O  B b l Ö p a T b  H a H B b i r O A H e H IU H H  A H a M e T p  

K O A A e K T o p a  A H H a M O M a n iH H b l .  B C B a 3 H  C ÖOAbUIHMH O K pyaS H bIM H  

C K O p o c T a M H  h  H a r p e B a H H e M  n o B e p x H O C T H  K O A A e K T o p a  o t  T p e H H a  

u j e T O K  n p H x o A H T c a  n p H M e H a T b  c n e g H a A b H w e  M e p b i  a a h  e r o  

o x A a a s A e H H a .  B K a n e c T B e  o a h o h  T a K O H  M e p w  C A y a îH T  o Ö A y ß a H n e  

B 0 3 A y x 0 M ,  n e M  O A H O B p e M e H H O  A O C T H r a e T c a  O H H i i j e H H e  n o B e p x -  

HOCTH K O A A e K T O p a  OT IIWAH. ^ A M  M e H b U I C r O  H a r p e B a H H a  K O A A eK - 

T O p  A O A * e H  Ö b lT b  p a C n O A O a t e H  B H e  M a r H H T H O r O  n O A a  H H A y K T O p O B .

H 30AayHa Kopnyca 

A H H aM O M älH H H bl OT 3 e M A H  

AeAaeTca Ha n Ó A H o e  Ha- - 
n p a a s e H H e  n p n  n o M o m n  |

c n e y w a A b H b i x  H 3 0 A 3 T 0 p 0 B  Â m m m m m m m m  m m m m n ém m m /m  
n o A  (p y H A a M e H T H O H  n A H -

TOH, HAH n p H M e H e H H e M  2

a c t p a A b T O B O r o  n O A a .  Co-
e A H H H T e A b H a a  M y t p T a  M e a tA y  b s a o m  A H H a M O M a u iH H b i  h  BaAOM  

3 A e K T p 0 M 0 T 0 p a  A e A a e T c a  c  t o h  a t e  ^ A b i o  h 3  s ö o H H T a  h a h  

Ap y r o r o ,  n o A O Ö H o r o  e M y ,  H s o A M p y i o u j e r o  M a T e p n a A a .

H 3 0 A « ü H a  o ö m o t k h  a K o p a  o t  K o p n y c a  c a M o r o  a K o p a  o c y t y e -  

CTBAaeTca Ha n o A O B H H H o e  HanpaateHHe, h o  3 a T O  c p e A H a a  T O H K a  

3TOH o ö m o t k h  H e p e 3  c o n p o T H B A e H H e  c o e A H H a e T c a  c  K o p n y c o M  

a K o p a .  9 t o  H e o ö x o A H M o  A A a  T o r o ,  h t o ö m  n o T e H u w a A  o ö m o t k h  

p a B H O M e p H O  p a c n p e A e A H A c a  O T H O C H T e A b H O  T e A a  a n o p a .  Ha ( p H r .  2 
n o K a 3 a H b i  A n a r p a M M b i  p a c n p e A e A e H H a  n o T e H a n a A a  o ö m o t k h  o t h o - 

C H T e A b H O  T e A a  a K o p a  b  A B y x  c A y n a a x .  f l e p B a a  A H a r p a M M a  o t h o -
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CHTCH K TOM y C A y q a i o ,  K o r ^ a  c  xeAOM  « K o p n  c o e ^ H H e H  o a h h  

K O H ey  o ö m o t k h  « K o p a ,  a  A p y r a a —  k  C A y q a i o ,  K o r ^ a  c  t c a o m  

« K o p a  c o e A H H e H a  c e p e A H H a  o ö m o t k h .  E c a h  b  n e p B O M  c A y q a e  h 3 0 -

AHIJHH OÖMOTKH T p e -

ô y e T C H  H a  E 0 ' ,  t o  b o

BTOpOM C A y n a e  TOAbKO

H a - J - .  C p e A H IO K )  TO1! '

Ky  OÖMOTKH AByXKOA- 

A eK TOpHOH AHHaM OM a- 

IUHHbl COeAHHiHOT C T e -  

AOM A K o p n  H e p e 3  c o -  

® Hr. 3. npoTHBAeHHe a a h  Toro ,
H T O Ö bl  H 3 Ö e a i a T b  TOKOB 

K O p O T K O r O  3 a M b I K 3 H H H  I i p H  C A y H a H H O M  n p O Ô O e  H 3 0 A i J y H H .  B O A H O - 

K O A A e K T O p H b lX  A H H a M O M a U IH H a X  C p e A H H H  T O H K 3  OÖMOTKH f lK O p f l  

MOJKeT Ö b l T b  C 0 3 A a H a  H C K y C C T B e H H b IM  n y T e M ,  n p H  n O M O U JH  T a K  

H a 3 b I B a e M O r O  A ^ A H T e A i l  H a n p f l J K e H H H  ^ O A H B O ’ / l o Ö p O B O A b C K O r O .

ü e -k o u n  o6m .

i«WW
—AqqqI-

sBb/c conpomufi wynmo

AonojiHuma/ibH. nonmca-

uUynm. o6m 6o35yokd.

£=

ft

U3ons>u,.M&ne3ci/ 
akopn om 6asio

ypaßH. r/omenu. 70000S2~

BannomeHU,.
3ËM/1U

P
^Vpaßn luemko

K ykQiamejiH) ym e iku  220 V 

C p n r .  4 .

CxeMa TaKoro agahtcaji noKa3aHa Ha (pwr. 3-Ö. ¿Xah ee ocyiye-
C TB A 6H HH  H a  B a A y  A H H a M O M a iH H H b l  y C T a H a B A H B a i O T C H  T p H  H 3 0 A H -  

p O B a H H b l X  K O A b y a ,  K K O T O p b IM  nO A BO A H TC H  T p H  TOHKH OÖMOTKH 

flKOpa, CABHHyTbie Apyr O T H O C H T e A b H O  Apyra no OKpyîKHOCTH 
H a  120°. K K O A b y a M  n e p e 3  n o c p e A C T B O  u j e T O K  n p H C o e A H H H i o T C H
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TpH ApOCCeAH, BKAIOMeHHbie no exeMe 3B63AM, HyAeBaa T0HK3 
KOTopoH qepe3 conpoTHBAeHHe npHcoeflHHaeTca k TeAy HKopst. 
TaK KaK Ha 3aatHMax 3Thx KOAey Mbi HMeeM Tpn CHHycoHAaAbHbix 
HanpfljKeHHH, CABHHyTbie Apyr OTHOCHTeAbHO Apyra Ha 120°, to

TOK, HAyUJHH OT HHX B ApOCCeAH, MOÎKeT ÖblTb CACA3H CKOAb yrOAHO 
MaAblM H HBAHeTCa TOKOM npaKTHM6CKH peaKTHBHblM.

H a  (p H r .  4 n o K a 3 a H O  c x e M a T H M e c K o e  o c y u j e c T B A e H H e  A B y x -  

KOAAeKTOpHblX MaiUHH BblCOKOTO H anpflHteHHH C He33BHCHMbIM 

B 0 3 6 y * A e H H e M  OT BCnOMOTaTeAbHOH AHHaMOMaUlHHbl, H3XOAH- 

IljeHCH OÖblHHO Ha OAHOM B a A y  C TA3BHblM HKOpeM.

.ĄonOAHHTeAbHOH KOHCTpyKTHBHOH A^TSAbiO. npHMeHÍHOIljeHCH 
b  MauiHHax BbicoKoro HanpaateHHii, hbahiotch 9KpaHbi aah 6opb6bi 
c K p y r o B b i M  orHeM. 3KpaH no,CHCTeMe Hko6h 
(cm. (Jmr. 5) pacnoAaraeTCH HaA koaackto- 
poM h pacnpeAeAHeT aAeKTpH^ecKHe chao- 
B b i e  AHHHH B paAHKaAbHOM HanpaBAeHHH.
BcAeACTBHe 3Toro nepeMeujeHHe AyrH BAOAb 

KOAAeKTopa orpaHHHHFaeTCH. KpoMe Toro 

B H yT peH H ^H  n o B e p x H O C T b  a K p a H a ,  o ô p a u j e H -  

HaH K KOAAeKTOpy, nOKpblBaeTCH CAOeM H30- 

AHpyioigero MaTepnaAa, BCAeACTBHe nero 

BOAbTOBa Ayra yate coBepmeHHO AHiiiaeTCH 
B03M0ÎKH0CTH B03HHKH0BeHHH. FIOMHMO STOrO, CpBr. 5.

AAH Ton ase yeAH npHMeHflioTCH TaK Ha-
3 b i B a e M b i e  K O A b y e B b i e  ö a p b e p w ,  p a c n o A o a c e H H b i e  b  B H A e  K O A e y  

K O aK C H aA b H O  C K O A A e K T O pO M  H H 3 0 A H p y K ) U J H e  H je T K H  p a 3 H b I X  

3 H 3 K O B .

HanpaaieHHe, AaBaeMoe AHHaMOMauiHHOH nocTOHHHoro TOKa, 
HBAiieTCH, Booöiye roBopa, HanpaateHHeM nyAbCHpyiom,HM, h 3to 
06cT0«TeAbCTB0, AO H3BecTHoS CTeneHH, orpaHHHHBaeT npHMeHe- 
H H e A H H a M O M a u iH H  a a h  H e n o c p e A C T B e H H o r o  n H T a H H H  a H OA H O H  

yenn paAHonepeAaTHHKa. OpHHHH nyAbcayHH HecKOAbKO. flepBaa 
npH^HHa, Bbi3biBaK)iuai3 nyAbcayHK) HanpaaseHHH, sto BKcyeHTpHH-
H OCTb H K O p a  A H H aM O M a U lH H b l ,  B C A e A C T B H e  K O T O p O H  B 0 3 A y U IH b IH  

3 a 3 0 p  M e a i A y  3 y 6 u a M H  ÎIKOpH H nO AIOC HblM H H a K O H e H H H K a M H  

b o  B p e M H  O A H o r o  o ö o p o T a  « K o p a  M e H a e T C H .  H a c T O T a  b t o h  n y A b -  

C a y H H  p a B H f le T C H  HH CA y O Ö O pO T O B  BaAa A H H aM O M a U lH H bl B O A H y 

ceKyHAy, ') BeAHHHHa ate ee— nopaAKa 1%.
CAeAyioujeH npHHHHOH nyAbcayHH HanpaateHHH HBAHeTca HaAH- 

HHe 3y6yoB Ha noBepxHOCTH HKopa. Ecah aahh3 noAiocHoro 

HaKOHeHHHKa He KpaTHa AAHHe 3 y 6 y o B o ro  AeAeHHH, to npn Bpa-

1) n p H  o f l H o f i  n a p e  no j iw coB .
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u j e H H H  H K o p a  c p e f l H H H  A A H H a  B 0 3 A y n i H o r o  3 a 3 o p a  6 y a e T  M e H S T b c a .  

EcAH npH OAHOM nOAOÍKeHHH nofl  nOAIOCHblM HaKOHeHHHKOM 
H a x o A H T C H  T p n  3 y 6 y a ,  a  n p n  n o B o p o T e  « K o p a  Ha H e K O T o p b i H  

yroA — n e T b i p e  3 y 6 y a ,  t o  s to  p a B H O C H A b H O  H3MeHeHHio cpeAHeñ 
Aahhw B 0 3 A y u i H 0 r 0  3 a 3 0 p a .  E c a h  h h c a o  3 y 6 y o B  p a B H a e T c a  z,  
a  h h c a o  o 6 o p o T O B  b  O A H y  c e K y H A y  n ,  t o  n a c T O T 3  n y A b c s y H H ,  

3 a B H C í ) u j a H  o t  h s a h h h h  3 y 6 i j O B  H a  i i O B e p x H O C T H  « H o p a ,  p a B H a

r i o M H M o  O T M e n e H H b i x  n p H H H H ,  n y A b c a y H í i  M o a t e r  6 b i T b  b m 3 B 3 H 3  

npoyeccaMH KOMMyTaüHH h, OTHacTH, BHÓpayneH iijeTOK npH Bpa- 
uxeHHH KOAAeKTopa. riocAeAHee coBepineHHO noHHTHO, ecAH ynecTb 
to oócTOHTeAbCTBO, hto npH nepexoAe c oahoh nAacTHHbi Ha 
Apyryio iijeTKa npeTepneBaeT paAnaAbHoe nepeiweigeHue, h TeM 
caMbiM H3MeHneTCH nAOTHOCTb KOHTaKTa. flpH caMOM npoyecce 
KOMMyTayHH nyAbcayHH B03HHKaeT no AByM npHHHHaM: 1) b c a c a *

CTBHe H3 MeHeHHH 3 . A -C . AHHSMOMaiHHHbl o t  n e p e K p b iB a H H H  

u jeT K aM H  n a c T H  c e iq jH H  o 6 m o t k h  f i K o p a  h 2) BCAeACTBHe a .  a -  c .  

H H A yK yH H , 0 6 yCA0 BAeHH0 Í4 T0 K3 MH B K0 p 0 TK0 3 3 MKHyTbIX CeKU,HHX. 

H a c T O T a  n y A b c a i j H H ,  o S y c A O B A e H H a a  n 3 M e H eH H eM  H anpH íK eH H H , 

p a B H a  f k =  k  • n  , r A e  k  — hhcao K O A A eK T o p H b ix  nASCTHH. B e A H -  

hhh3 2íe 3toh nyAbcaiiHH no ApHOAbAy Moa:eT 6biTb BbipaaseHa 
b npoyeHTax o t n0AH0r0 HanpaaieHHH (popMyAoñ

HacTOTa nyAbcaijHH, 0 6 ycA0 BAeHHaa HHAyKijHeH o t  to k o b  KopoT- 
Koro 3aMbiKaHHH, BbipaajaeTCH tpopMyAOÜ

yMeHbuieHae nyAbcaijHH ao c th ík h m o  Kan k o h c t p y k t h  bhmmh 
M e p a M H , TaK h c n oM O ii jb K )  n p u M e H e H H H  crAa?KHB3K)iijHX cpH A bT poB . 

H h c a o  na30B a n o p a, n p n x o A H U í e e c H  Ha n a p y  noAiocoB, a o a ík h o  
6 b I T b  06H3axeAbH0 HHCAOM H eH eTH blM . 3 t O  yMeHbUiaeT nyAbCayHK) 
OT H3AHHHH 3y6yOB Ha nOBepXHOCTH HKOpfl. /(AH yMeHbLUeHHH 
3TOÍÍ ate nyAbcayHH n0Ae3H0 npHMeHeHHe k o cw x  na30B h a h  
C K 3 U I H B 3 H H e  nOAIOCHblX HaKOHeHHHKOB. ^ A H  yMeHbUJeHHH nyAb- 
C 3IJH H ,  B 0 3 H H K 3 K 5 II J6 H  nO KOMMyTayHOHHblM npH H H H 3M , H eo S x O A H M O

6oAbinoe hhcao nAacTHH KOAAeKTopa (He MeHee 10— 12 Ha napy 
noAiocoB), ycTpoHcTBO AonoAHHTeAbHbix noAK>coB, HeneTHoe HHCAO 
KOAAeKTOpHblX HAaCTHH, npHXOAHUjeeCH H a  OAHH na3. FIpHMeHe- 
H H e  yCnOKOHTeAbHblX 06m0T0K Ha nOAK)CHbIX H3KOH6HHHK3X H

í t = n  • z .

t k =  k  • n .
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b na3ax HKopa TO*e ocAaÓAaeT nyAbcagHjo h, KpoMe Toro, TSKHe 
o6motkh noAe3Hbi b  CMWCAe 6opb6bi c KpyroBbiM orHeM.

Bbi6opa crAaiKHBaioujero (pHAbTpa He06x0AHM0 HMeTb 
AaHHbie, KacaioujHecfl BeAHiHHbi nyAbcagHH h ee HacTOTbi. 
HaHÓOAbuiyK) BeAHHHHy HMeeT nyAbcaijHH KOMMyTsyHOHHaH. Ee 
nacTOTa MO^eT 6biTb BbiHHCAeHa no yKa3aHHoñ Bbiuie cpopMyAe 
h aah o6biHHbix MauiHH AejKHT b npeAeAax OT 1000 AO 3000  
nepnoAOB. AninAHTyAa ee coctsbahct 5 % o t  HanpnweHHH MauiHHbi 
h b HeKOTOpbix CAynaíix AaíKe MoaseT 6biTb 6oAbiue. FlyAbcagHH
o t  HaAH H H H  3 y 6 g o B  H M e e T  n a c T O T y  n o p H A K a  5 0 0 — 1500 n e p H O A O B  

h  a M n A H T y A y  o t  2  a o  5%. r i y A b c a g H H  o t  8 K c y e H T p n c H T e T a  « K o p H  

y  o 6 b i 4 H b i x  M a u iH H  c o c T a B A n e T  15 —  50 n e p n o A O B  b  c e n y H A y  

h  a M n A H T y A a — o k o a o  1%.
B BHAy H3AHHHH HHAyKTHBHOCTH HKOpH npHXOAHTCH npHMeHHTb 

b genn AHHaMOMauiHHbi BbicoKoro HanpjiíKeHHH, nm-aroiijeñ aHOAbi 
KaTOAHblX AaMn, KOHAeHCaTOp AAH yMeHbUieHHH T3K Ha3bIBaeMOH 
AeMOAyAHgHH h nepeHanpnaíeHHH, Moryujwx B03HHKHyTb npn 
MaHHnyAJJgHH (cm. rAaBy IV). C stoh tohkh 3peHHH npHMeHeHHe 
KOHAeHcaTopa 6wao 6bi 06n3aTeAbH0 h b tom CAynae, ecAH 6w 
AHHaMOMauiHHa AaBaAa 36coak>tho n0CT0HHH0e, He nyAbcnpyio- 
ujee HanpH)KeHHe.

HeAOCTaTKOM AHHaMOManiHH BbicoKoro Hanpa*eHHH, noMHMO 
CAOiKHOCTH KOHCTpyKgHH, BbI3bIB3K>UjeH ÓOAbUiyiO CTOHMOCTb H3rO" 
TOBAeHHH,HBAHeTCH 6oAbUI3H CTOHMOCTb peMOHTa. KpOMe TOrO He
AOCTaTKOM h x  HBAaeTCH ycAOJKHeHHe Bcn0M0raTeAbH0H annapaTypbi 
h, b nacTHOCTH, annapaTypw aah 3BTOM3THHecKoro BbiKAioqeHHH 
AHHaMOMaUIHHbl npH aBapHH. 3tO BblKAIOHeHHe npOH3BOAHTCfl 
nyTeM CHHTHH B036yiKAeHHH, CHHTb KOTOpoe AOCTaTOHHO SbICTpO 
HeAb3H H 3 -3 a  ÓOAbUIOH nOCTOHHHOH BpeMeHH genH B036yJKAeHHH. 
HaKOHey, AUH3MOM3uiHHa BbicoKoro HanpaaieHHH npeACTSBAaeT 
6ÓAbuiyio onacHoeTb aah o6cAy*HBaK)in,ero nepcoHaAa, HeaieAH 
Apyrne hctohhhkh BbicoKoro HsnpHíKeHHH, KaK, HanpHMep, Bbinpn-
M H T e A H .

HanGoAbuinM pacnpocTpaHeHHeM ao nocAeAHero BpeMeHH 
AHHaMOMaUIHHbl B K3H6CTBe HCT0HHHK3 3HOAHOTO nHT3HHH p3AHO- 
nepeAaTHHKOB n0Ab30BaAHCb b TepMaHHH, npnqeM b KanecTBe 
AySAHpyiOUieH yCTaHOBKH, npHMeHHACH KeHOTpOHHblH BbinpHMH- 
TeAb. 3 a  nocAeAHee BpeMH Ha repMaHCKHX paAHOCTaHgHHX 
OTKa3biBaK>TCH o t AHHaMOMauiHH h nepexoAHT K npHMeHeHHio 
BbicoKOBOAbTHbix BbinpflMHTeAeñ b MeTaAAHHecKHX Kopnycax. Hto 
KacaeTca Ahpahh, to  aah npHMepa mojkho yKa3aTb H a neTbipex- 
KOAAeKTopHyio AUHaMOMauiHHy, ycTaHOBAeHHyio Ha oahom H3 ne
peAaTHHKOB b AoHAOHe. KpoMe Toro, MoujHan paAHOCTSHgHH Per6n
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n e p B O H a n a A b H O  H M e A S ,  b  K s n e c T B e  h c t o h h h k s  3 H0 AH 0 r 0  nanpn-  
î i î e H H H ,  U i e C T b  A H H a M O M a iU H H  B n O C A e f l O B a T e A b H O M  C O e A H H e H H H ,

c oöujhm HanpaaieHHeM 9 0 0 0  B O A b T .  B AiwepHKe o t  npHMeHeHHH
A H H 3 MOM3 UIHH B b IC O K O rO  H a n p H î K e H H H  O T K a 3 3 A H C b ,  O C O Ô e H H O  

T e n e p b ,  B CBH3 H C p a 3 B H T H eM  T e X H H K H  n p O H 3 B O f lC T B a  r a 3 0 T p 0 H 0 B .  

B CCCP H M e e T c a  O A H a  M O u j H a a  y c T a H O B K a  c M a u i H H O H  b w c o k o t o  

H a n p H î K e H H H  1 0 0 0 0  B O A b T ,  C p e 3 e p B O M  B B H f l e  K e H O T p O H H O r O  

B b i n p H M H T e A H  ( K O p O T K O B O A H O B b lH  n e p e f l a T H H K  H a  O K T H Ö p b C K O H  

p a A H O C T a H I J H H ) .

® h t . 6 .

HecMOTpn Ha t o ,  h t o  AHHOMOMauiHHbi BbicoKoro HsnpnaieHHH 
b  n a c T o n m e e  BpeMn' H e  MoryT K0 HKypap0 B3Tb c BbinpnMHTeAb- 
HblM H yCTpOHCTBaMH AAH nepeAaTHHKOB ÔOAbUIOH MOIIJHOCTH,
h x  n p H M e H e H H e  a a h  n e p e A a T H H K O B  M a A o î î  h  c p e ^ H e ñ  m o i i j h o c t h  

b  H e K O T o p b ix  C A y n a n x  MOîKeT 0 K a 3 a T b C H  6 o A e e  a e A e c o o 6 p a 3 H b i M .  

B H3CTHOCTH, O HH HaXOflHT UIHpOKOe n p H M e H e H H e  B CyAOBbIX, 

a B H a y H O H H b ix  n e p e A a T H H K a x ,  h  H a  n e p e A S T H H K a x ,  p a c n o A o a i e H H b i x  

AaA eK O  o t  6 a 3  T e x H H n e c K o r o  CH SôaieH H H . B o t k o i u 3 h h h  C H S ô a îe -  

HHH 3 K C n A 0 3 T 3 ^ 0 H H b l M  paC X O flH blM  M a T e p H 3 A 0 M  AHHaM OM aiU HH3, 

6 e 3  coM H eH H H , 6 o A e e  B b i r o A H 3 ,  H e a je A H  B b i n p n M H T e A b H o e  y c T p o w -  

CTBO, T p e6 y iO L U ,ee  o ö m h h o  C M e n w  B e H T H A e n .

H s (pH I\  6  n p H B e A e H 3  (pOTOrpaCpHH AHH3MOM3IIIHHbI, n p i J M e -  

HHeMOH H3 c y A O B b ix  n e p e A 3 T H H K 3 x .  Hs C A e A y io i J ie H  cpHr. 7-3 no- 
KasaHa c x e M a  a h h sm om su ih h w  BbicoKoro H s n p n a î e H H H ,  H3 K O T o p o ñ  

BHAHO, HTO B 0 3 0 y a îA e H H e  AAH H H A yK T O pa TAaBHOrO HKOpH Ö e p e T C H  

o t  c e T H  120 BOAbT. Ha <pHr. 7-6 AaH npOAOAbHbiîi p a 3 p e 3  A ß y x -  

KOAAeKTOpHOH AHH3M0M3IUHHM.
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§  3. IÏHTaHHe pa^HonepeflaTiBKOB uepeweuHbiM tokom.

Ü H T a H H e  a H O f lH O H  y e n n  p a ^ H o n e p e ^ a T m i K O B  n e p e M e H H b i M  H a -  

n p a a î e H H e M  n p H  h h 3 k o h  n a c T c r r e  H H o r ^ a  y n o T p e Ö A a e T C H  b  m 3A O - 

M o i i i H b i x  T e A e r p a c p H b i x  n e p e A a T H H K a x  a a h  o c y u j e c T B A e H H H  TaK  

H a 3 b i B a e M O H  T O H a A b H O H  n e p e A a n H .  F I p H M e H e H H e  T a K o r o  n H T a -  

h h h  b  n e p e A a T H H K a x  ö o A b u i o H  m o u j h o c t h  H e  m o í r c t  6 b i T b  A o n y -  

i y e H O ,  T a K  K a K ,  i i o m h m o  H e p a y n o H a A b H o r o  H c n 0 A b 3 0 B 3 H H H  S H e p r H H , 

o h o  B A e n e T  3 a  c o ö o i i  H 3 A y n e H H e  i u n p o K o r o  c n e K T p a  n a c T O T .

r i n T a H H e  n e p e M e H H b i M  t o k o m  b m c o k o h  n a c T O T b i ,  H a n p H M e p ,  

b  1 0 0 0 0  n e p H O A O B ,  n p H H i | H n H 3 A bH O  A o n y c T H M O  h  a a h  p a f l H O -  

T e A e < | )O H H b ix  n e p e f l a T H H K O B ,  n o c K O A b K y  A o n o A H H T e A b H a a  M OA y* 

AHI¿HH Ö y A e T  B bIX O A HT b 3 a  n p e A e A b l  (p H 3 H O A O r H 4 e C K O r O  B O C n p H -  

HTHÍI . O A H a K O ,  B C H A y  n p H H H H ,  y K a 3 a H H b I X  B b l i n e ,  H B C H A y 

ÖOAbUIOH CTOHMOCTH M aiU H H  BbICOKOH H S C T O T bl ,  OHO H e  MOJKeT 

Ö b lT b  npH3H3HO y e A e C 0 0 6 p 3 3 H bIM .

n P H nHT3HHH nepeMeHHbiM H3npHÎKeHHeM HCn0Ab30BaHHe MOII£- 
HOCTH HCTOHHHKa, B A 3 H H 0 M  CAy4ae Tp3HC(pOpM3TOp3, a T3KJKe 
h  caMoro reH epaTops, noAynseTCH HenoAHbiM. E c a h  oöpsTHTbca  
K cxeMe, AaHHoñ H a  <J)Hr. 8, c  AnarpaMMaMH aHOAHoro TOKa 
h  H a n p f l îK e H H H ,  t o  m o î k h o  H 3 n H c a T b  C A e A y i o u i H e  B b i p a a i e H H a  a a h  

3KTHBH0H H K3ÍKyiIjeHCH MOIJgHOCTH HCTOHHHK3 H nHT3HH>II

B 3THX BbipaJKeHHSX 3KTHBH3H MOIlJHOCTb H3X0AHTCH, K3K 

n o A y n p o H 3 B e A e H H e  3M nA H TyA  n ep B O Ü  rapM O H H K H  H an p f l ra eH H H  hs 
n e p B y i o  ra p M O H H K y  TOKa, K a a t y i y s a c H  ace  MOiijHOCTb «BAiieTCH 

n p o H 3 B e A e H H e M  A e H C T B y ra u jH x  3 H a n e H H H  n o A H o r o  H anpH aseH H H  

H TOKa. n P H CHHyCOHAaAbHOM H 3 n p H * e H H H ,  B CHAy yHHnOAHpHOH 

npOBOAHMOCTH s h o a h o h  y e n n  K aT O A H O ro  r e H e p a T o p s ,  s h o a h m B  

t o k  n o A y q s e T C H  H e c H H y c o H A a A b H b i M ,  b  B H A e  O A H o n o A y n e p H O A H o r o  

C H H y c o H A a A b H o r o  H M n y A b c s .  / l e n c T B y i o i i j e e  3 H 3 s e H n e  t 3 k o t o  t o k 3  

P3BHO noA O B H H e aM nA H TyA bi e r o ,  a A e n c T B y i o i g e e  3H a<ieH H e n e p -

C M O T p a  A a * e  n a  t o , h t o  3 K B H B a A e H T H o e  c o n p o T H B A e H H e  3 h o a h o h

n _E \I \__ E 2 _ E 1
2  2  4

v / 2 '  2  2\j2
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yenn KćiTOAHoro reHepaTopa tibi npHHHMaeM KaK hhcto aKTHBHoe,
OTHOIlieHH e 3 K T H B H 0 H  MOUJHOCTH K KaaiyU jeH CH  MOUJHOCTH MeHfaUie

e£HHHU,bi. C noAo6HbiM HBAeHHeM Mbi CTaAKiiBaeMCH BcerAa, Kor,aa
B 'yenH B03HHKaeT HeCHHyCOHAaAbHblH TOK, OTAHH3IOiyHHCa no 
(popMe ot HanpajKeHHH.

T a K  KaK K 3 a t y i y a a c a  MOUjHOCTb H B A a e T c a  p a c n e T H O H  M O iy -  

HOCTbK), t . e. TaKOH, K O T o p s a  o n p e ^ e A H e T  p a 3 M e p b i  T p a H C $ o p M a -  

T o p a ,  t o  n p e B b i i u e H i i e  e io  aK THBH OH m o u j h o c t h , H c n o A b 3 y e M o n  

r e H e p a T o p o M ,  c b o a h t c «  k  H e n o A H O M y  K o a c p H y n e H T y  H c n 0 A b 3 0 B a -  

h h h  c a M o r o  T p a H C t p o p M a T o p a .

H enoA H oe Hcn0Ab30BaHne moujhocth HMeeT MecTO h ¿ ah AaMn 
KaTOAHoro renepaT opa. E cah npn  nocTOHHHOM aHOAHOM H3npa-  
iKeHHH reHepaTop mojkct AaTb onpeAeAeHHyio BeAHHHHy moiijhocth 
bmcokoh  hsctotm , to npH nHTaHHH ero nepeMeHHWM tdkom  oh

MOJKeT A S T b  TOAbKO H 3 C T b  e e .  O Q t H C H H e T C H  3 T O  TeM, HTO M 3K C H - 

MaAbHoe aHOAHoe HanpaaieHHe o r p a H H H e H O ,  h  npn nHTaHHH nepe- 
MeHKbiM HanpajKeHHeM awnAHTyAa nocAeAHero He MoateT npe- 
B30HTH MaKCHMaAbHyio AonycTHMyio BeAHHHHy aHOAHoro Hanpa- 
jKeHHH a a h  K3TOAHOH AaMnbi AaHHoro THna. BwecTe c TeM, npn 
nHTaHHH nepeMeHHWM HanpajKeHHeM, cpeAHee 3HaqeHHe ero 3a 
noAnepHOAa, kohchho, MeHbiue aMnAHTyAbi, a 3H3HHT h cpeAHaa 
M O u j H O C T b  renepaTopa MeHbuie.

n o  T e M  2Ke n p H H H H 3 M  H e B 0 3 M 0 J K H 0  ÓbIAO 6 b l  H C n 0 A b 3 0 B 3 H H e  

n o A H O H  M O iyH O C T H  a H T e H H M ,  p a c c H H T a H H O H  Ha o n p e A e A e H H o e  3H3- 
M eH H e M 3 K C H M a A b H 0 H  3 M n A H T y A b l  H 3 n p a J K e H H a  B blC OK O H  H a C T O T b l .

3 a M e T H M ,  h t o  n p n  nH TaH H H  n e p e M e H H b iM  H a n p a a t e H H e M  c p o p M a  

3 H T e H H o r o  TOKa MOiKeT 6 b iT b  n p e A C T a B A e H a  A H a rp a M M O H  H a  < p n r .  8 ,  

h  y p a B H e H H e M

n  — oo

i  , i
sin v t  —  , . .  o------cos  • 2n  v t

V 1 2 [it (A n2 —  1)
11 — 1

=  — sin w t  4 -  cos (<o — vV —  ^  cos(cu 4 -  
7t 4 4
n  =  oo n — oo

, ,  V I  s i n  ( t o  —  2 n  v )  t  V I  sin(«> - | -  2 n  v ) i

2 ^  * ( 4 n 2 — 1) it (4 n 2 —  1)
n — 1 n  =  l

sin co t=-

9to ypaBHeHHe AencTBHTeAbHO noKa3biB3eT, hto aHTeHHOH H3Ay- 
naeTca yeAbiH cneKTp nacTOT, npnneM Bca H3AynaeM3a aHeprna 
H3BecTHbiM o6pa3QM pacnpeAeAaeTca Mea*Ay sthmh hsctotsmh.

24



E c a h  n p n e M H H K  6 y a e T  H M e r b  H a c T p o n n y  TOAbKo Ha OAHy H e c y -  

Ułyio n a c T O T y  h 3  B c e r o  3 T o r o  c n e K T p a ,  t o  c o o T B e T C T B y io i i j a H  

n O A e 3 H a a  M o u jH o c T b  aH T eH H bi,  o ö y c A O B A e H H a a  S H e p r n e f i ,  n e p e ^ a -  

BaeM OH S T O ß HaCTOTOił, Ö yA eT  COCTaBAHTb B c e r o  A H U I b ^ 4 0 %  

o r  B c e î î  3 H e p r H H ,  H3A yH aeM O H  a H T e H H o ß  ' ) .

H 3 3 T o r o  p a c n e T a  m o j k h o  y c M O T p e T b ,

HTO, nOMHMO H enO A H O rO  H C n 0 A b 3 0 B a H H H  

m o u j h o c t h  K a T O A H o r o  r e H e p a T o p a ,  O T M en eH -  

H o r o  B b iu ie  h  3 a B H C H i i ^ e r o  o t  e r o  c b o h c t b , 

n o A y n a e T C H  H e n o A H o e  H c n 0 A b 3 0 B a H H e  npn-  
eMHHKOM B c e ö  3 H e p r H H ,  A a B a e M O H  s t h m  r e -  

H e p a T o p o M  B a H T e H H y .

CpHr. 8.

§ 4. BbinpHMHTeAH-

B b i n p H M H T e A b H o e  y c T p o H C T B O  b  i jeA O M  COCTOHT H 3  n e p e x o A *  

H o r o  T p a H c c p o p M a T o p a ,  S A e K T p H n e c K H X  B e H T H A e f i  h  c r A a a s H B a -  

l o u j e r o  ( p H A b T p a .  T p a H C ( | ) O p M a T O p  h c o ö x o a h m  T o r A a ,  K o r A a  H a -  

n p « i K e H H e  c e T H  H e  c o o T B e T C T B y e T  3 a A a H H 0 M y  3 H a n e H H K >  B b i n p a M -  

A e H H o r o  H a n p s a t e H H H .  T a i c o ß  T p a H C ( p o p M a T o p  o n e H b  n a c T O  

H a 3 b I B a e T C H  aH OA H bIM  T p a H C i p O p M a T O p O M  n O T O M y ,  HTO OH n p H -  

KAlO HaeTCH K a H O A a M  S A e K T p H H e C K H X  B e H T H A e ß .

SAeKTpHHeCKHß BeHTHAb IipeACTaBAHeT C0 6 0 K) npnöop , O Ö A a-  

A a i o u i H H  yHHnoAapHoß npoBOAHMOCTbro; o h  TaK a ï e ,  KaK w TpaHC- 
(popMaTop, MoateT öbiTb ocyigecTBAeH b  B H A e  y c r p o ß c T B a  6 e 3  

n o A B H ^ H b i x  nacTeß h ,  b  CHAy 3Toro, oÖAaAaTb x o p o i u e f l  h  Ha- 
A e a t H o ß  H 3 0 A a y H e ß  w ie a tA y  S A e K T p o A a M H ,  h m c i o u j h m h  ö o A b u i y i o  

pä3H0CTb nOTeHIJHaAOB.

x) ,4eHCTByK>iijee 3HaqeHne Bcero TOKa aHTeHHbi > a T°Ka Hecyujeñ

I  a 2 V 2
l a c T O T b l --- 7— .

v . \ j  1
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r i o A  T e o p e T H q e c K H M  b ö h t h a c m  m m  y c A O É H M c a  nO H H M aT b  T a K o f t  

n p H Ö O p ,  KOTOpblH O Ö A aA a eT  ÖeCKOHeHHO ÖOAblHOH npOBOAHMOCTblO 

B H a n p a B A e H H H  o t  O A n o r o  S A e K T p o A a  k  A p y r o M y  h  n p o B O A H M O C T b K ) ,  

paB H O H  HyAK), B OÖpaTHOM H a n p a B A e H H H .  C o B e p n i e H H b l M  B e H T H A e M  

Mbl Ö yA eM  H a 3 h TB a T b  n p n ö o p  C KOHeHHOH npOBOAHMOCTbK) B OAHOM 

H a n p a B A e H H H  h  npOBOAHMOCTblO, p a B H O ii  H y A K ) ,  b  A P y r o M  H a n p a B 

AeHHH. H e c o B e p i n e H H b i M  BeHTHAeM  ö y A e M  H a 3 b i B a T b  T a n o i ł ,  y  k o - 

T o p o r o  npOBOAHMOCTb B OÖOHX H a n p a B A e H H H X  HMeeT KOHeHHyK) 

B eA H qH H y, h o  p a 3 H b i e  ä ö c o A K ) T H b i e  3 h s lh g h h h .

BAaroAapa yHHnoAapHOH npoBOAHMOcTH bchthah, BKAioneH- 
Horo MeaîAy TpaHCtpopMaTopoM h H a r p y 3 K O H ,  nocAeAHH» noAynaeT 
tok TOAbKO b Te MOMeHTbi, KorAa HanpaBAeHHe aToro TOKa cob- 
naAaeT c HanpaBAeHHeM, b Kotopom AaHHbiH BeHTHAb OÖAaAaeT 
npoBOAHMOCTbK). B cHAy aToro, AeficTBHe BeHTHAH mojkho pac- 
C M a T p H B a T b ,  K aK A e i tC T B H e  C H H X p O H H O r O  BblKAHDHaTeAH.

r i p H M e H e H H e  CrAaJKHBaiOIgHX (pH A bTpO B , BKAIOHaeMblX MeîKAy 

BeHTHAeM H n 0 A Ë 3 H 0 H  H a r p y 3 K 0 H ,  B bI3bIB aeTC H  T eM  OÔCTOHTeAb- 
CTBOM, 4TO B b i n p a M A e H H o e  H a n p a a t e H H e  O K a3 b iB aeT C H  n y A b C H p y -  

ÏOII^HM H AAH ÔOAbUlHHCTBa paA H O yC TpO H C TB  H e n p H r O A H b lM .  B k AK)* 

HeHHeM 3THX ^ H A b T p o B  n y A b C H p y i o n j e e  H a n p a a i e H H e  M o æ e T  ôbiTb 
n p e B p a n i e H O  n p a K T H n e c K H  b  n o c T O H H H o e .

r i p H H U H n  B b in p H M A e H H H  m o j k h o  y H C H H T b  c e 6 e  H 3  n p O C T e H U i e H  

c x e M b i ,  n p H B e A e H H O H  H a  t p n r .  9. H a 3 t o h  c x e M e  T p a H C c p o p M a T o p  Tp 
C A y a tH T  a a ü  n o B b i u i e H H H  H a n p a a î e H H H  c e T H .  B T o p H ^ m a n  o Ô M O T K â  

e r o  H M e e T  c p e A H i o i o  T O H K y ,  KOTOpaa npHcoeAHHneTCH k  n o A e 3 -  

H O M y c o n p o T H B A e H H K ) .  Æ p y r o n  a ï e  K O H e y  n o A e s H O r o  c o n p O T H B A e -  

HHfl  n p H c o e A H H æ e T C H  k  o 6 u £ e H  T o q K e  O A H H a K O B b ix  a A e K T p o A O B  

A B y x  B e H T H A e ü .  Æ p y r n e  3 A e K T p o A b i  h x  n p H C o e A H H H iO T C f l  k  k o h -  

^ m  T p a H C t p o p M a T O p a .  H a c x e M e  b c h t h a h  HapncoBaHbi y c A O B H O ,  

n p H H e M  TO T 3 A e K T p O A ,  K O T O p b l i t  H a 3 b I B a e T C H  a H O A O M , 0 6 0 3 H a n e H

CTpeAKOH, ApyrOH aie 3AeKTpOA HepTOH. 3 tOT 3AeKTpOA H33bl"
B aeTC H  KaTOAOM H y H H n O A H p H a a  npOBOAHM OCTb BeHTHAJI HM eeT

M e c T o  o t  aH O A a k  H eM y.

E c a h  n p o c A e A K T b  n p o x o æ A e H H e  TOKa 3 a  K aa iA b iH  n o A y n e p H O A  

H a n p a a ie H H H ,  t o  m w  y b h a h m , h t o  t o k  o t  KaatAOH noAOBHHbi 

T p a H c c p o p M a T o p a  M o a îe T  n p o x o A H T b  A H u ib  b  T e ^ e H H e  O A H o r o  n o -  

A y n e p H O A a  H a n p a a ie H H H .  I l p H  s t o m  t o k  p a 3 H b i x  noA O B H H  B T opH H - 

HOH o ô m o t k h  T p a H C c p o p M a T o p a  cA B H H yT n o  B p e M e H H  H a  nOA 

n e p H O A a ,  h o  n o  H a r p y 3 K e  n p o x o A H T  b  OAHHaKOBOM H a n p a B A e H H H . 

B KOHeHHOM C H eTe TOK, npOXOAHUJHH H e p e 3  OAHy nO AOB HHy BTO* 

pnH H O H  OÖMOTKH T pa H C (J )O p M a T O p a  H H e p e 3  COOTBeTCTByiOIIJHi} 

B eH TH A b, B A 3HH0M  C A y*iae  n p e A C T a B A H e T  COÖOK) HeCHHyCOH-

A a A b H b jS  t o k  b  O A H o n O A y n e p H O A H O r o  H M n y A b c a .  T o k  * e
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B rîOAe3MOM conpoTHBAeHHH, öyayHH cyMMOH Aßyx TaKHX HMnyAb- 
COB, n p e A C T a B A H e T  c o 6 o k >  t o k ,  n y A b c n p y r o u i H H  b  T e n e H H e  K a a t -  

Aoro n o A y n e p n o A a  no 3aK0Hy cHHycoHAbi. YKa3aHHaa H a  (J)Hr.  9 
c x e M a  B b i n p a M A e H H H  Ha3biBaeTca c x e M O H  0AH0<pa3H0r0 AßyxnoAy- 
n e p H O A H o r o  B b i n p a M A e H H a .

H a  (J)Hr. 10 n p e A C T a B A e H a  A p y r a a  c x e M a ,  TaK H a 3 b iB a e M a a  

n p o c T a a  T p e x ( | ) a 3 HaH c x e M a .  B a ^ h h o m  C A y n a e  H M eeT  M ecTO b w -  

n p a M A e H H e  T p e x  H a n p a a t e H H H ,  noABO AHM bix o t  K a a tA o i i  cpa3 bi 

BTOpHHHOÍi OÖMOTKH T p a H C ip O p M a T O p a .  3 ï a  OÖMOTKa C O e A H H e H a  

n o  c x e M e  3 B e3 Abi, M e a tA y  H y A e B o ñ  t o h k o í í  K O T o p o i i  h  o ö u j e S  

TOMKOH OAHOHMeHHblX 9 AeKTpOAOB BeHTHAeH BKAlOHaeTCH n O A e 3 ‘ 

H o e  c o n p o T H B A e H H e .  Ha $ H r .  10 A aH bi A w a rp a M M b i  (p a 3 H b ix  H a 

n p a a t e H H H ,  t o k o b ,  n p o x o A a i y H x  n o  ( p a 3 HbiM o 6 m o t k 3 m h  TOKa 

n 0 A e 3 H0 H y e n n .  K a n  b h a h o  h 3  n o c A e A H e ñ  A H a rp a M M b i ,  B b in p a M -  

AeHHbiH t o k  b  AaHHOM C A y n a e  TaK a t e  n y A b c n p y e T ,  KaK h  b  n p e -  

A b iA y y jeH  c x e M e ,  h o  BeAHHHHa 3 t o h  n y A b c a y n n  3 A e c b  M e H b iu e ;  

opA H H aTW  TOKa B c e r A a  S o A b u i e  H y A a .

B n o A O Ö H o S  M H o r o c p a s H o i i  cxeMe B b i n p a M A e H H a ,  p a ö o T a i o u i e H  

H a HHCTO OM HM eCKOe c o n p o T H B A e H H e ,  ( p a 3 H b I H  TOK n p e A C T a B A H tT  

C0 6 0 K> H M n y A b C b l  B B H A e  O T p e 3 K O B  C H HyC O H A bl.  r i p O A O A J K H T e A b -
2  n

HOCTb K a a t A o r o  H M n y A b c a  c o c T a B A a e T  —  , r A e  m  —  h h c a o  <pa3,

b  AaHHOM C A y n a e  m =  3. 3 t h  <pa3 H bie  t o k h  x a p a K T e p H b i  TeM , 

HTO OHH HMeiOT MTHOBeHHOe H3 M eH eH H e O pA H H aTbl  OT KOHeHHOrO 

3 HaHeHHH e e  a o  H y A a .  F lp o H C x o A H T  3 T0  b  CHAy T o r o ,  h t o  o a h o -  

BpeMeHHO t o k  He M o a te T  n p O T e K a T b  n e p e 3  a b  a  b c h t h a í i ,  npHKAK)- 

qeH H b ix  K p a 3 AHMHbiM $ a 3 aM , K o r A a  H a n p a a t e H n e  n o c A eA H H X  H e -  

OAHHaKOBO. f l p H  3 TOM t o k  n p o T e K a e T  b  T o n  $ a 3 e ,  H a n p a a t e H H e  

K O T o p o i i  ö o A b u i e  A p y r o ñ .  O t  MOMeHTa O T M e n e H H o r o  t '  a o  m o -  

M eHTa t  ' t o k  n p o T e K a e T  n o  n e p B O H  (J>a3 e ,  TaK KaK b  H e n  H a n p a -  

a teH H e ö o A b u i e ,  n e M  b o  B T o p o S  <pa3 e .  H a H H H a a  a t e  c  MOMeHTa t "  

t o k  H aH H H aeT  n p O T e K a T b  y a t e  n o  B T o p o H  ( |)a3 e .

r i e p e x o A  T O K a  c  o a h o h  c p a 3 b i ,  a  3 H a H H T  h  c  O A H o r o  b c h t h a h ,  

H a  A p y r y i o  ( p a 3 y  h  H a  A p y r o n  B e H T H A b  n p o H c x o A H T  b  t o t  m o -  

M eH T ,  K o r A a  H a n p a a t e H H a  h x  O A H H aK O B bi.  H 3  c a M o r o  o n p e A e A e H H H  

nOHHTHH y H H n O A f lp H O Î i  n p O B O A H M O C T H  BCHTHAH C A e A y e T ,  HTO H O '

C AeAHHH n p o B O A H T  t o k  T o r A a ,  K o r A a  H a  e r o  a H O A e  O T H o c H T e A b H O  

K a T O A a  H M e e T C H  n o A o a t H T e A b H b i B  n o T e H y n a A .  f l o A C H e T O M  H a n p a -  

a t e H H a  H a K a atA O M  B e H T H A e ,  K a K  p a s H O C T H  M e atA y  ( p a 3 H b iM  n a n p a -  

a t e H H e M  h  n a A e H H e M  H a n p a a t e H H a  b  n 0 A e 3 H 0 M  c o n p o T H B A e H H H ,  

M oa tH O  y ö e A H T b c a ,  h t o ,  H a n p H M e p ,  b o  s p e M a  o t  t '  a o  t "  n o T e H -  

u H a A  H a  a H O A e  B T O p o r o  b c h t h a h  O T p n y a T e A e H ,  b o  B p e M a  a t e  o t  

t "  a o  t ' "  H a  e r o  a H O A e  O K a 3 b i B a e T c a  n o A o a t H T e A b H b i n  n o T e H y w a A ,
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H o h  H a ^ H H a e r  r i p O B O A U T b  t o k .  3 t o t  n o T e H i j n a A  m o j k c t  ö b i T b  

T a K îK e  H a H A e H  K aK  p a 3 H O CT b O p A H H a T  K p H B O H  H a n p j î f l î e H H f l  e “ 2' <p 
H K p H B O H  H a n p H J K e H H H  é  2^  AAH n p O M e î K y T K a  B p e M e H H  OT t' AO t" .

E c AH O Ô paTH TbC H  K (pH r.  1 1 ,  HMefOUjeH A B a  HCTOHHHKa 3A eK -  

T p o A B H * y u jH X  c h a , B K A ïow eH H bix  H a  o ô u j y i o  H a r p y 3 K y  n a p a A A e A b H O

3,
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Onr. 9. CpHr. 10.

qepe3 2 BeHTHAfi, to  AerKO yôeAHTbcn, hto tok 6yAeT npoxoAHTb 
TOAbKO Hepe3 TOT BeHTHAb, KOTOpblH BKAIOHeH B pa3BeTBAeHHe, 
HMeionjee hctohhhk E 2 c ôoAbuieS a.A-c., t .  e. b  3toh cxeMe

i¡ =  0, a i2 =  £ ,  ecAH E 2 >  E x. 

IlpHMeHHeMbie Ha npaKTHKe cxeMW BbinpnMAeHHH, KaK m m  

y B H A H M  A a A b u i e ,  c A o a i H e e ,  n e M  T e  A B e ,  K O T o p w e  n p H B e A e H b i  B b i u i e  

A A h  o ô b H C H e H H H  n p o i j e c c a  B b i n p H M A e H H a .  3 t h  n p o i j e c c b i  B b i n p H M -
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AeHHH TaKHîe yCAOHîHHIOTCH n p H  BKAKJHeHHH CTASÎKHBaiOUJHX 

(jîHAbTpOB. T e M  He M e H e e ,  aH 3A H 3 HBAeHHH B HHX MOîKeT ÔbITb 

c ^ e A a H  H a  ocH O B aH H H  o ô u j e r o  n p H H ^ n a ,  n o  KOTOpOMy ^ n b  C T a-  

h o b h t c h  n p o B O A H ig e H  c T o r o  MOMeHTa, K orv ia  n o T e H i j n a A  a H o a a  

H aH H H aeT  n p e B b i u i s T b  n o T e H i jH a A  KaTO A a. O ^ H a K O ,  n p n  n p i m e H e -  

HHH HeKOTOpbIX THIIOB BeHTHAeH, KaK, H a n p H M e p ,  p T y T H b lX  Bbl- 

np j lM H T eA eH , B 03H H K H 0B eH H e TOKa MOîKeT 

H a c T y n H T b  HecKOAbKO n o 3 Æ H e e ,  a  HMeHHo,

T o r A a ,  K o r ^ a  n o T e H u n a A  s h o a s  O T H O C H T eA bH O  

K a T O fla  a o c T H r H e T  o n p e a e A e H H o ñ  B eA H H H H bi.

B o  B c e x  9THX C A y n a n x ,  3 3 m c h h h  BeHTHAb 

CHHXpOHHO AeÎÎCTByiOIIJHM BblKAIOHaTCAeM,

MOMeHT BKAïoqeHHH K O T O p o ro  MOJKHO o n p e -

a e A H T b  HCXOAH H 3 yK 83aH H bIX  COOÔpaîKeHHH,

HBAeHHe TOKa B ô e n n  MOîKeT ÔbITb H afi-  

AeHO, KaK HBAeHHe H e c T a i j H O H a p H o r o  TOKa, 

c  npH M eH eH H eM  H3 B e c T H b ix  y p a B H e H H f i  H e -  (Dar. I L

y c T a H O B H B in e ro c H  peiK H M a.

B b inpH M H TeA H  n p eA C T 3 B A H io T  pH A  3 H a 4 H T e A b H b ix  n p e H M y u j e c T B  

n o  CpaBHeHHK) C A p y rH M H  HCTOHHHK3MH 3HOAHOrO nHT3HHH. B TOM 

C A y n a e ,  K o r A a  a H e p r n n  6 e p e T C H  o t  S A e K T p H H e c K o i î  c e T H  n e p e -  

M e H H o ro  TOKa, n p n M e H e H H e  B p s u j s i o u j e r o c H  n p e o 6 p a 3 0 B a T e A H ,  

COCTOHUjerO HS M O TO pa H AHHSMOMSIUHHbl nOCTOHHHOrO TOKa, 

OKâ3bIBaeTCH M e H e e  BbirOAHO, HeM yCTaHOBKa BbinpHM HTeAH. no- 
MHMO CAOîKHOCTH yCT pO H CTBS AHHaMOMaUIHHbl BbICOKOrO H 3 n p H -  

ateHHH, a, CAeAOBaTeAbHO, h  b w c o k o h  c t o h m o c t h  ee, n p e H M y u j e c T B a  

BbinpHMHTeAH 33KAK)4aiOTCH, TAaBHblM o 6 p a 3 0 M ,  B OTCyTCTBHH 

y  H e r o  B p a u ja ïo i i jH X C H  n a c T e n .  F l o c A e A H e e  c b o h c t b o  b o  b c h k o H 

yCTaHOBKe HBAHeTCH H p e3 B b IH aH H 0  geH H blM , TaK KaK 3H3HHTeAbHO 

y n p o i g a e T  3 K c n A 0 a T 3 i jH 0 H H b iH  y x o A  3 3  H e n .

K o r A a  HCTOHHHKOM S H e p r H H  HBAHeTCH C eTb  nOCTOHHHOrO TOKa, 

HHOrAa T3K/Ke I j e A e C 0 0 6 p 3 3 H 0  n p H M eH H T b AAH SHOAHOrO nHT3HHH 

BbinpHMHTeAH C OAHOHKOpHblMH n p e 0 6 p a 3 0 B a T e A H M H .  r iO A 0 6 H 3 H  

CHCTeM3, B H3CTHOCTH, MOîKeT ÔbITb peK O M eH A O B 3H 3 AAH nHT3HHH 

p a A H o n p n e M H b ix  y c T 3 H 0 B 0 K .  F Io  s t o h  CHCTeMe p a A H o n p n e M H H K H  

AeA3K)TCH C BbinpHMHTeAHMH AAH nHT3HHH HX n e p e M e H H b lM  TOKOM. 

B T e x  æ e  M e c T a x ,  r A e  s A e K T p H M e c K a n  c e T b  H M eeT  nocT O H H H b iñ  

t o k , KSîKAbiS p 3 A H o n p H e M H H K  cH aô îK aeTC H  OAHOHKopHbiM n p e o ô p s “

3 0 B3 T e A e M  C O O T B eT C T B y iO U jeH  MOUJHOCTH, K O T O p b lÜ  A e r K O  MOîKeT 

6bITb, n O H T H  B C e r A a ,  C A S A 3 H H3 A lO Ô O rO  M O T O p a  nO C T O H H H O rO  

TOKa. 9 T O r O  A O C T aTO H H O  n p H C O e A H H H T b  A B e  A H 3 M e T p 3 AbHO

npO T H B O n O A O ÎK H b ie  KOAACKTOpHbie n A 3 CTHHbI K A B y M  K O A b lja M ,  

yCT3HaBAHB3eMbIM H a  B a A y  M O T O p a .
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riepeMeHHoe HsnpnateHHe, CHHMaeMoe c sthx KOAeu, nan H3- 
BeCTHO, paBHO

£  =  0,7 E,

rae £ —HanpnaseHHe ceTH nocToaHHoro toks. HacTOTa nepeMeH- 
Horo Hanp̂ JKeHHH hsxoahtch h3 (popMyAbi

/  P n f =  g o  r e p u ,

B KOTOpOH p — HHCAO nap nOAIOCOB HHAyKTOpS MOTOpa, a n---HHCAO
060p0T0B HKopfl b OAHy MHHyTy. B tom CAynae, KorAa noAyqae- 
Moe nepeMeHHoe HsnpHateHHe He noAxoAHT aah hhtshhh 33A3H- 
Horo BbinpaMHTeAH HaAAeatHT npHMeHHTb cooTBeTCTByiouiHñ nepe- 
XOAHblH aBTOTpaHCCpOpMaTOp.

B KanecTBe AonoAHHTeAbHoro npHMepa, HAAJOCTpnpyiouiero 
B b i r o A y  n p H M e H e H H H  B b i n p H M H T e A e n  ą a h  n H T a H H H  a H O A H b i x  y e n e ñ ,  

MoateT CAyatHTb CHCTeMa nHTaHHH paAHonpneMHHKOB o t  sAeMeHTOB 
HAH aKKyMyAHTOpHbIX Ö3T3peH HH3KOTO HanpjîaieHHH (b HeCKOAbKO 
BOAbT) Hepe3 BbinpaMHTeAb. B 3TOH CHCTCMe npHMeHHCTCH CXeMa, 
coAepataujan nepepbiBaTeAb, nepBHHHyio oÖMoray TpsHC(J)opM3Topa 
HAH HHAyKTOpa H SKKyMyAHTOp Ha 4 -i- 6 BOAbT BTOpHHHSfl OÖMOTK3 
nHTaeT Aßyx-HAH oAHonoAynepHOAHbiH BbinpHMHTeAb. noAOÖHaa 
CHCTeMa MoaseT OKa33Tbca ocoôeHHO BbiroAHOH b Tex MecTax, rAe 
He HMeeTCH oóigeñ SAeKTpHnecKOH cera, h (paKT npHMeHeHHa ee Ha 
npaKTHKe noKa3biBaeT, mto b SKcnAOSTayHOHHbix ycAOBHax ycTa- 
HOBKa BbinpHMHTeAH BblTOAHee npHMeHeHHH aHOAHOH ÖaTapeH.

§  5. KAaccH^JHKagHH BbinpHMHTeAeä.

B COOTBeTCTBHH C XapaKTepOM BbinpHMHTeAbHblX yCTpOHCTB, 
npHMeHHeMbix Ha npaKTHKe, h aah yAOÖCTBa hx H3yqeHHH, mw 
yCAOBHMCH p33AHH3Tb BCe BbinpHMHTeAH no AByM npH3HaKaM: 
BO-nepBbix, no rany BeHTHAen h, so-BTopbix, no rany cxeM bkaio- 
HeHHH BeHTHAeH h Harpy3KH.

no  THny BeHTHAen mw 6yAeM pa3AHnaTb:
a) K e H O T p O H H b i e  B b i n p f l M H T e A H ;

6 )  p T y T H b i e  B b i n p H M H T e A H ;

b) B b i n p H M H T e A H  C r 3 3 0 T p 0 H a M H .

npHMeHJieMblñ B nepBblX BbinpflMHTeAHX B KaMeCTSe BeHTHAH, 
KeHOTpOH, HBAHeTCH npHÖOpOM, yHHnOAHpHaH npOBOAHMOCTb KOTO- 
poro ocHOBaHa Ha nepeMeujeHHH 3ap«AOB cboöoahwmh sAeKTpo- 
H3MH B nyCTOTe. Bo BTOpbIX BbinpHMHTeAHX B KSHeCTBe BeHTHAH
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1

H c n o A b 3 y e T C H  p T y T H a a  A y r a  b  c t c k a h h h o m  h a h  MeTaAAH necKOM  

p e 3 e p B y a p e .  Y H H n o A H p H a a  npoBOA HM OCTb e e  o c y u je c T B A a e T C H  

n epeH O C O M  S a p j lA O B  nOAOaîHTeAbHblM H HOHaMH H 3AeK T pO H aM H , 

JIBAÍIIOIIÍHMHCH CAeACTBHeM HOHH33UHH n a p O B  p T y T H .  B T p eT b H X  

BbinpHMHTeAHX BeHTHAeM CAyîKHT r a 3 0 T p 0 H ,  yH H n O A H p H a n  npO B O - 

AHMOCTb KOTOpOrO H M eeT  OAHHBKOBy H) n p H p O A y  C pTyTHblM H 

B b in p f lM H T e A H M H .

3 a  n o c A e A H e e  B p e M s  b  M o i g H b i x  B b i n p a M H T e A b H b i x  y c T a H O B K a x  

S o A b i u e e  p a c n p o c T p a H e H H e  b  K a n e c T B e  B e H T H A e n  n o A y q a i o T  r a 3 o -  

T p O H  H p T y T H b l H  B b i n p j i M H T e A b ,  HÖO C HHMH 

n o A y n a i o T C H  6 o A e e  b m c o k h h  K o a t p H g n e H T  < ~  ł

n o A e 3 H o r o  a s h c t b h h  h  M e H b m n e  S K c n A o a -  l o o o j

T a g H O H H b i e  p a c x o A b i .  J f Ü R

'w . - ł
! -H. ^  '

£

n 2 x

m u

/ \ n 2n

A T
(pnr. 13. r.  14.

C TOHKH 3peHHH npHMCHeHHÍI AAH paAHyCTpOHCTB HaHÖOAee 
B a a i H b i  C A e A y i o u j H e  cxeMbi b k a k d h c h h h  b c h t h a c h :

a) cxeMbi c nocTOHHHOH CAararomeH TOKa b  (pa3Hbix o6mot- 
K a x  (cm. (pnr. 12);

6) cxeMbi no rany Tpeija ( c m . cpm\ 13);
b )  cxeMbi no Tuny TpeHHaxepa (cm. (pur. 14).

riepBbie A se H3 s t h x  cxeM no n p H H g n n y  a c h c t b h h  noHHTHbi 
H3 npeAbiAyigero h HMeioT 6oAee BaasHoe 3HaneHHe. KacaTeAbHO 
BTOpofi c x e M b i ,  HaAO AOÔaBHTb, HTO OHa npeACTaBAHeT COÖOK)
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AByxnoAynepHOAHoe B b i n p H M A e m n e  Tpex(pa3Horo TOKa. OHa otah’ 
naeTca o t  nepBOH TeM, hto no (pa3HbiM OÔMOTKaM npOTenaeT 
hhcto nepeMeHHbiM tok, He C04epaîainHH nocToaHHOH cAaraioujeH. 
9 t o  06cT0HTeAbCTB0 , KaK Mbi yBHAHM b  AaAbHeSuieM, 4 eAaeT ee 
6oAee yeHHOH no cpaBHenmo co cxeMoS nepBoro Tnna, t . e. 
HMeioujen nocToaHHyio CAaraioujyio TOKa b  (pa3Hbix oÖMOTKax.

TpeTbH cxeMa ynoTpeÔAaeTCH npenMyiyecTBeHHO TaM, r^e 
TpeöyeTCH oneHb BbicoKoe HanpaateHHe npn MaAOH moij^hocth, 
t. e. npH öoAbinoM conpoTHBAeHHH R  Harpy3KH, hah Toraa, Koraa 
BbinpHMAeHHK) nOflAeJKHT nepeMeHHblH TOK nOBblUieHHOH HaCTOTbl, 
HanpHMep, 1000 nepnoaoB. B stoh cxeMe no OÔMOTKaM nnTaio- 
in,ero TpaHC$opMaTopa TaKíKe npoxo4 HT hhcto nepeMeHHblH tok. 
ripHHyKn ee aencTBHa coctoht b tom, hto BKAioneHHbie kohach- 
caTopbi b TeneHHe Kaataoro nepno^a 3apaaiaioTCH o t  HCTOHHHKa 
BHeuiHero HanpaateHHH nepe3 cooTBeTCTByioujHH BeHTHAb h pa3* 
paasaioTca HenocpeACTBeHHO nepe3 noAe3Hoe conpoTHBAeHHe R. 
BpeMH 3apj?4a Kaaiaoro KOHaeHcaTopa oömhho 3aHHMaeT AHUib 
nacTb noAO/KHTeAbHoro noAynepHOAa, Toraa KaK pa3paa ero npo- 
hcxoaht Ha npoTaateHHH Been ocTaAbHoii nacTH yeAoro nepnoaa. 
B 43HHOM nacTHOM npHMepe noaoÖHoro THna cxeM, BbinpaMAeH- 
HOe HanpHJKeHHe MOÎKeT 6blTb paBHO nOHTH abohhoh BeAHHHHe 
aMnAHTyflbi BHeuiHero HanpaateHHH Ha TpaHccpopMaTope.

B 4 a A b H e H iu e M  ( r A a B a  III) Mbi 6 o A e e  n o a p o Ô H o  p a c c M O T p H M  

CBOHCTBa B c e x  cxeM H B blB eA eM  HeOÖXOAHMbie COOTHOIUeHHH 

M e a i a y  B b in p aM A eH H b iM  H a n p a a îe H H e M ,  tokom h M O ig H o c T b io ,  c 04- 
HOH CTOpOHbl,  H H a n p a a îe H H e M ,  TOKOM H MOIIJHOCTblO, n04B04HM0H
k cxeMe o t  TpaHccpopMaTopa— c apyroii. B pe3yAbTaTe sToro 
aHaAH3a mm ycTaHOBHM Bee Te npeHMyujecTBa h He40CTaTKH, 
KOTopbiMH oÔAaaaeT Ta hah HHaa cxeMa, h TeM caMMM HañaeM 
oÖAacTH npHMeHeHHa ¿Aa KaasaoH H3 hhx.



fA A B A  II.

T A A B H E H I IIH E  T H I l b l  9 A E K T P H H 1 E C K H X  B E H T H A E H . -

§  1 .  K e H O T p o H ,  X a p a K T e p u c T H K H ,  o 6 p a T H o e  s a i K i i r a H H e .

/teHCTBHe KeHOTpOHa, KaK »AeKTpHHeCKOrO BeHTHAH, OCHOBaHO 
Ha nepeMeujeHHH cboôoahmx 3AeKTpoHOB b nycTOTe noA bah- 

JIHHeM CHAbI 3AeKTpHHeCKOrO nOAfl. no CBOewy yCTpOHCTBy KeHO- 

TpOH npeACTaBAHeT C06010 CTeKAHHHblH HAH MeTaAAHHeCKHH 

ÔaAAOH C BbICOKHM BBKyyMOM H HMeeT ABa SAeKTpOAa. OaHH H3 

3thx SAeKTpoAOB HaKaAHBaeTCH tokom ao TeMnepaTypbi H c n a p e -  

HH3 3AeKTp0H0B H Ha3bIBaeTCfl K3TOAOM. /^pyrOH SAeKTpOA— 3H0A,

B b in o A H H e T c a  n o  ô o A b n i e t i  n a c r a  b  B H A e  M e T a A A H n e c K o r o  y H A H H -  

Apa, ah6o aHOAOM CAyaiHT caM 6aAAOH, ecAH oh MeTaAAHuecKHH.
Tok 3 MHCCHH, HAH TOK H a C b lU je H H H ,  K O T O p b lH  MOJKeT 6 b I T b  

n p o n y u j e H  A aH H b iM  K e H 0 T p 0 H0 M, 3 aB H C H T  ot T e M n e p a T y p w  K a 

T O A a , B e A H H H H b i e r o  n o B e p x H o e T H  h p O A a  e r o  M a T e p n a A a .  i l o  

H3 B eC T H O H  C pO p M y A e  P H H a p A C O H a  OH MOJKeT 6 b l T b  B b i p a J K e H  C A e -  

AyK)m ,HM 0 0 p a 3 0 M:

I 's =  nq — A  T 1, e~ T .

B  3 t o h  tp o p M y A e :

n----  HHCAO HC napHHDUJHXCH 3 A e K T p O H O B  C O A H O rO  K B a A p a T H O T O

caHTHMeTpa noBepxHoeTH KaTOAa b OAHy ceKyHAy, 

q — 3 a p « A  O A H o r o  S A e K T p o H a ,

A  h  b —  n o c T O i iH H b ie ,  3aBHCiiUJ,He o t  p O A a  M a T e p n a A a  KaTOAa,

T — a 6 c o A K )T H a H  T e M n e p a T y p a  KaT O A a.

M e x a H H 3 M  H c n a p e H H H  3 A e K T p 0 H 0 B  H a r p e T b iM  MeTaAAOM c o -  

CTOHT B TOM, HTO CBOÓOAHbie SAeKTpOHbl,  nOA BAHflHHeM BblCOKOH 

T e M n e p a T y p b i ,  n p n o ó p e T a i o T  ô o A b i n y i o  C K o p o c T b  ( a ,  3H3HHT, h  3 a -  

n a c  KHHeTHnecKO H sHepran), AOCTaTOHHyro a a h  T o r o ,  h t o 6 w  o h h  

MOrAH npO H T H  CKBOSb nOBepXHOCTHblH CAOH H OTAeAHTbCH OT 

c a w o r o  H a r p e T o r o  T e A a .  H e o ô x o A H M a i i  a a h  s t o t o  C K o p o c T b  3 a -  

b h c h t  o t  p o A a  H a r p e T o r o  M e T aA A a h ,  b  nacTHOCTH, a a h  BOAbtp- 

p a M a  p a B H a  c  =  1200 k m / c c k .  O ó b i n H O  3 T a  C K o p o c T b  H 3 M ep aeT C H

nHTaHwe paAHoycTpońcTB—3 33



B BOAbTaX, T. e. TOH pa3HOCTbK> nOTeHJiHaAOB, KOTOpaa, 6yÆy^H 
y MHOJKeHa Ha 3apaA SAeKTpoHa, B b i p a a s a e T  3 a n a c  KHHeTH^ecKOH 
S H e p r H H  A B H / K y u j e r o c i i  s A e K T p o H a .  B b i p a a s a a  M a T e M a T H n e c K H  s t o

y C A O B H e ,  MbI H M e e M  1

m e 2 —  q E

HAH /  a  „
c =  \ / 2  q E .

V m

B 3T H X  B b ip a a îC H H H X  771 flBAHCTCH M aC C O H  O A H O r O  S A e K T p O H a  H, 
C O rA a C H O  HM, H e 0 6 x 0 A ™ a H  AAH H C n a p e H H H  C K O p O C T b  3 A e K T p O H 3 ,  

b  C A y n a e  H a r p e B a  B O A b i p p a M a ,  p a B H a

( 1 , 2  • 1 0 8) 2 • Y jlT w  • 1 0 ~  8 =  4  B O A b T a -

Kor^a 3AeKTpoH noKHAaeT noBepxHOCTb, CKOpOCTb ero  CHAbHO 
naAaeT, nanpHMep, c 4  BOAbT ao 0 ,2  BOAbT; sto 03HaMaeT, hto

3 A e * T p o H  BH e T e A a  M e T a A A a  M oa seT  n p e o A O A e T b  c H A y  s A e K T p H -  

necKoro noAH b 0,2  V.
O'fAeAHBUIHeCH OT nOBepXHOCTH KaTOAa SAeKTpOHbl, BBHAy 

noTepH CKopocTH, He MoryT o t  Hero abacko yAaAHTbca h o6pa-  
syioT n03T0My BOKpyr Hero oóteMHbiH 3apnA, npensTCTByioiijHH 
HcnapeHHK) hobwx SAeKTpoHOB. E cah  me  aHOA HMeeT üoaosîh-  
TeAbHblH nOTeHynaA OTHOCHTeAbHO KaTOAa, TO 3AeKTpOHbI HaHH- 
HaioT nepeMeu^aTbCH b 06pa30BaHH0M SAeKTpnqecKOM noAe o t  
KaTOAa K aHOAy- Ha MecTO yAaAHBUinxca SAeKTpoHOB H3 noBepx- 
h o cth  KaTOAa bm acaíhotch  HOBbie, h b KOHeHHOM HTore ycTaHa- 
BAHBaeTca HenpepbiBHoe nepeiweujeHHe 3apnAOB b npocTpaHCTBe 
MeaiAy aHOAOM h KaTOAOM, t .  e., ApyrHMH caob3mh, ycTaHaB^H- 
BaeTCH SAeKTpHHeCKHH TOK. BAHHHHe nOAO/KHTeAbHOTO noTeHijHaAa 
aHOAa b TaKOM CAyqae mojkho paccMaTpHBaTb KaK HeHTpaAH3aynio 
h m  oÖT>eMHoro 3ap«Aa HcnapHioujnxca SAeKTpoHOB. FIpoTeKaioiijHH 
TOK no BeAHTOHe OrpaHHHeH CKOpOCTblO HCnapeHHH 9AeKTpOHOB 
b eAHHHyy BpeMeHH, t .  e. onpeAeAaeTCH a3hhoh Bbiuie (popMy- 
AOH PHHapACOHa.

3aBHCHM0CTb TOKa OT BeAHMHHbl aHOAHOrO nOTeHIJHaAa MOJKeT 
6biTb HaHAeHa noMombio CAeAyionjHx ochobhmx ypaBHeHHÖ:

ix — ~  <]E ; 4 ^  =  4 . P .

B 3 T H x  y p a B H e H H H x  p =  — 3apaA b  eA H H H H e o ö t e M a ,
d(nq) 1 *

l x =  d t  • ~~  nAOTHOCTb TOK3 H a eA H H H Ijy  nO BepXHOCTH,

34



C o B M e c T H o e  p e i u e H H e  3 t h x  y p a B H e H H H  npHBO AH T  k  B b i p a a t e H H i o

/ ------- ^

V 2 m  */,
—  • E • d* E  =  i vd x \

K O T O p o e  a a h  n A O C K o r o  a H O f l a ,  H a x o A f l u j e r o c a  H a  p a c c T O H H H H  x  c m  

o t  K a T O A a ,  A a e T  c p o p M y A y

-  6 E 3,3
=  2,33 - 1 0  a M n e p  H a  1 c m 2 a H O A a

h  a a h  K o a K C H a A b H o r o  y H A H H A p H q e c K o r o  a H O A a  p a A H y c o M  r  h  a a h -  

HOH I  ( f o p M y A y

14,6 • 10“  6 ■ —  • E^ aMnep.

0 6 e  n p H B e A e H H b i e  (p o p M y A b i  A e ñ c T B H T e A b H b i  a o  3 H a n e H H H  

i < I ' s , n o a T o u y  n o A H a a  x a p a K T e p H C T H K a  K e H O T p o H a ,  t .  e .  i —f(E) 
MOiKeT ÖblTb n p e A C T a B A e H a  KpHBOH, A3HH0H Ha <pHI\ 1 5 .

B o A b í p p a M  B K a* iecT B e  M a T e p w a A a  KaTOAa y n o T p e Ô A n e T C H  n p e -  

HM yiljeCTBeHHO TOAbKO B  MOUJHblX KeHOTpOHaX. T a K  KaK AAH 

T e x H i i n e c K o r o  p a c q e T a  (p o p M y A a  P a n a p A C O H a

H e yA O Ô H ê,, -----T p y A H O  H 3 M e p H T b  HAH BblHH"
CAHTb TeMnepaTypy KaTOAa,— t o  mojkho 
B0 Cn0Ab30BaTbCH H H J K e n p H B O A H M O H  TaÖAH- 
i j e ñ ,  b  K O T o p o H  y n a s a H a  BeAHHHHa yAeA bH O H

3MHCCHH B 33BHCHMOCTH OT TeMnepaTypbl 
H a n a A a  K a T O A a .

T°K
aMni -----

S BaTT

2300 2,60 • 10“ 3

2400 5,61 • 10~3

2500 11,50 -10—3

TeMnepaTypa 2400°K npHMeHHeTca b MaAOMOiijHbix KeHQTponax, 

y KOTOpbIX KaTOAbI AGAaiOTCH H3 TOHKOH BOAbíppaMOBOH HHTH,

a  BbicmaH TeMnepaTypa 2500°K—b  moujhmx KeHOTpOHaX c KaTO-
AaMH H3 TOACTOH npOBOAOKH. 3 h3h HanpHîseHHe H tok HaKaAa 

KaTOAa, b KaaiAOM OTAeAbHOM CAyqae mojkho noACHHTaTb tok

9MHCCHH. HanpHMep, AAH K eH O TpO H a B ----17 (K-5) Ea =  11 BOAbT,

IB — 3,5 a M n e p a ,  H M e e M

/ > =  11 • 3,5 • 5,6 • IO“ 3 ^  0,22 a Mn e p .
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y  KeHOTpoHa B-38 (K-2000) H M e e i t :  E a —  16,5 BOAbT, /„ =  56 aM- 
n e p ,  n o a T O M y  e r o  t o k  3 m h c c h h  6 y A e T :  

I ’s =  16,5 ■ 56  ■ 11,5 =  11 a M n e p .  

^HaMeTp HHTH B nepBOM THne KeHOTpoHa cocTaBAaeT 0 ,16  m m , 
a BO BTOpOM — 1,0 m m .

H e c M O T p n  H a  ö o A e e  B b i c o K y io  T e M n e p a T y p y  K aT O A a H 3 t o a -  

CTOH HHTH, OÔbIHHO, e r O  CpOK CAyjKÔbl n p e B b l U i a e T  CpOK CAyîKÔbl 

K aT O A a H3 TOHKOH npOBOAOKH. 06 í> ÍIC H 5ieTC H  3TO T eM , HTO, BO- 

n e p B b i x ,  OAHHaK OBoe a ô c o A i o T H o e  y M e H b i n e H H e  p a 3 M e p o B  t o h k o t o  

h  T O A C T o ro  A H a M e T p a  a a h  n o c A e A H e r o  a b a s c t c h  m b a o h  o t h o c h -

TeAbHOH BeAHHHHOH H, B O 'B T O pblX ,  TeM, HTO C A yH 3H H bie  p aK O B H H b l’ 

H a  nOBepXHOCTH TOHKOTO K aTO A a OTHOCHTeAbHO ÔOAbUie CK a3bI-  

B a i o T c a  H a  y M e H b iu e H H H  n o n e p e H H o r o  c e n e H H H  n p n  m 3 a o m  a « 3 -  

M e T p e ,  s e M  n p n  ô o A b i u o M .  E c a h  a t e  H e  CHHTaTbCH c s t h m h  0 6 -  

CTOilTeAbCTBaMH H n O A 3 r a T b ,  HTO K 3 T 0 A  H3XOAHTCH B HOpM 3AbHOM 

p s ô o n e M  p e a tH M e ,  M S T e p n a A  e r o  O A H o p o A e H  h  A n a M e T p  no b c c h  

AAHHe OAHH3KOB, TO e r O  CpOK C A yatÖ bl  MOateT ÔbITb BbIHHCAeH

n o  T eopeT H qecK O H  (ÇopMyAe

T.,ac =  2 ,64  • 10- 4  —  ').m,
3 t 3  (p o p M y A S  n o K a 3 b i B 3 e T  B peM H  b  nacax, b  T e n e H H e  K O T o p o r o  

A H 3 M e T p  K aTO A 3 y M e H b m a e T C H  H a  10% c B o e n  BeAHHHHbi 3 a  c n e T  

3 A e K T p o H H o r o  H c n a p e H H H .  B H efi  d — A H a M e T p  K aT O A a B caH T H - 

MeTpax, a  m t— k o a h h c c t b o  B O A b (p p a M 3 ,  H c n a p i n o u j e r o c n  b  1 c e -  

K y H A y  c O A H O r O  C M 2 nOBepXHOCTH K 3 T 0 A 3 .  F l o  O n b IT 3 M  A a H r M K J -  

p 3  3 T 3  B eA H 4H H 3 H M eeT  CACAyiOIÜHe 3H3HCHHH n p H  p63AHHHbIX 

T e M n e p 3 T y p 3 x :

7^K =  2400° m¿ =  0 , 8 - 1 0  9 i¡CM¡ceK

„ = 2 5 0 0 °  m t ^  4 , 7 - 1 0 ~ 9 „ „

H 3  3TOH (JjOpMyAbl AOBOAbHO npOCTO BHAHO BAHflHUe A H a M e T p a  

HHTH H 3 CPOK CAyaîÔbl K aT O A a.  H a A O  3 3 M e T H T b ,  HTO H 3 CpOK 

C A y a tö b i ,  MeatAy n p o H H M , b a h h c t  K s n e c T B O  o t k s h k h ,  h  b  npsK TH -

HeCKOH 0 6 c T 3 H 0 B K e  OH HCHHCAiieTCiI B 5 0 0 ----2 0 0 0  H3COB, B 3 3 BH"

C H M O C T H  OT BeAHHHHbl K e H O T p O H 3 .

ripHMeHeHHe BOAbCppaMa AAH K3T0A3 MâAblX KeHOTpOHOB He- 
ijeAec006pa3H0, BBHAy OTHOCHTeAbHO 6oAbnioro pacxoAa 3 H e p r H H  

H a ero  h3K3a. B cHAy SToro, b  M3A0M0m,Hbix KeHOTpoHax b  Ha-

1)  © O p M y A a  B. H. BoAbIHKHHa.
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C T O H u je e  B peM H  npH M eH H ioTC H  n p e H M y u je c T B e H H O  KaTOflbi T o p n -  

p o B a H H b i e  h a h  OKCH A H poBaH H bie .  B n e p B O M  C A y n a e  BOAbcfjpaM OBaa 

n pO B O A O K a H M eeT  n p H M e C b  OKHCH TOpHH, KOTOpblH BO B peM H  0 6 - 

p a ô o T K H  p a 3 A a r a e T C H ,  b m a c a h h  h h c t w h  T o p n B ,  o Ö A a A a to u jH Ö  

ö o A b i u e n  s M H c c H e ñ  n p H  c p a B H H T e A b H o  H eB bicoK O H  T e M n e p a T y p e ,  

1400— 1700°K. Bo B T o p o M  C A y n a e  CAoeM o k h c a o b  u jeA O H H O -3 e-  

MeAbHblX MeTaAAOB nO K pbIB aeTC H  HHCT3H nAaTHHOBaH npOBO AOKa. 

T e M n e p a T y p a  T a K o r o  KaTOAa a c î k h t  n p H M e p H o  b  T e x  ase n p e A e A a x .  

T o k  3MHCCHH nOAOÖHblX K3TOAOB, npHXOAHUJHHCH Ha 1 BaTT MOIg- 

HOCTH H a K a A a ,  h c h h c a h c t c h  nopHAKOM  30—50 mA Ha 1 B aTT  H3- 

K aA a.  H eA O C TaTK O M  T a K o r o  p o A a  k s t o a o b  h b a h c t c h  h x  c p a B H H -  

TeAbHO A e r K O e  p a 3 p y m e H H e  A a r a e  n p n  H e ö o A b iU H x  n e p e K a A a x .

XapaKTepHCTHKa KeHOTpoHa, yKa3aHHan Ha tpnr. 15, HMeeT 
BaîKHoe TexHHHecKoe 3HaMeHHe b  t o m  CMbicAe, h t o  n03B0AHeT 
paccHHTaTb naAeHHe HanpHJKeHHH, AaBaeMoe KeHOTpoHOM npn b m -  

npHMAeHHH. no  3TOH xapaKTepHCTHKe BHyTpeHHee conpoTHBAeHiie 
KeHOTpoHa MO*HO onpeAeAHTb a b o h k h m  cnocoôoM, a h m c h h o :

e  „ _  d e

i  H r > -  d i  '

XapaKTepHCTHKa noKa3biBaeT, h to  a a h  Bcex npaKTHnecKH 33AaH- 
HblX paÖOHHX TOHeK 

r b’ > r b\  

T a K  K aK  r ft'  =  t g a ' ,  a  r b —  t g a " ,  h o  a ' > a " .

O ö p a u j a n c b  K y K a 3 a H H O H  p a H e e  ( p o p M y A e  A a H r M i o p a

/  =  14,65 • 10~6 —  E ^\  
r

3 T H  C O n p O T H B A e H H H  MOÎKHO 6 b IA O  6 b l  B b i p a 3 H T b  T a K iK e  a H a A H T H -  

necKH
f ___  /  •—V8

r b — k - i  

H

II 2  i .— I' 3
r> =  T*'' ' 

C o n p O T H B A e H H e  r b' MOJKHO O T H e C T H  K C O n p O T H B A e H H IO  nOC TO H H - 

H O M y T O K y ,  T o r A a  K a K  c o n p o T H B A e H H e  r b" — k  c o n p o T H B A e H H i o  

n e p e M e H H O M y  T O K y  h ,  p y K O B O A C T B y n c b  3 3 A 3 h h o h  ( p o p M o f i  T O K a ,  

n p o T e K a i o u j e r o  n e p e 3  B e H T H A b ,  p a c c H H T a T b  H H T e p e c y j o i y e e  H ac  

n a A e H H e  H a n p n æ e H H H  a H a A H T H n e c K H  n o  s t h m  ( p o p M y A a M .  T a K
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KaK, nOMHMO CAOHÎHOCTH CaM OrO TOHHOrO B blpaf l teH H H  C O n p O T H B j  

AeHHH, CAOJKHOH (JjOpMOH O Ô b i q H O  0 0 A 3 A 3 e T  H TO K ,  n p o x o A f l i ô 11**

H e p e 3  K e H O T p o H  ( c m . 4)nr. 9, 10), t o  T a K O H  cnocoô p a c n e T a  

y T p a w H B a e T  T e x H H H e c K y  10 y e H H O C T b  h  c 6 o A b u i H M  y c n e x o M  MoaseT 
6 b I T b  3 a M e H e H  H C n 0 A b 3 0 B 3 H H e M  B b lp S ÎK e H H H

B 3 T0 M BbipaateHHH E J  e c T b  t s k  H a 3 b i B a e M o e  H a n p a î K e H H e  Ha- 
C b i ig e H H » ,  t .  e. t o  H a n p a îK e H H e  H a  a H O A e ,  n p n  K o t o p o m  t o k  i  a o c t m -

r a e T  B eA H H H H b i  T O K a  H a c b i n j e -  

* '  HHH / / ,  a  Is h  Es —  a o n y c K a -

CTHKH, HO OUIHÔKa 3 T 3  0 K a 3 b I B a e T C H  HaCTOAbKO M3AOK), HTO 

b  T ex H H H ecK H X  p a c n e T a x  c b o ô o a h o  m o j k c t  ô b i T b  a o n y u j e H a .

H 3  r p a c p H H e c K o r o  n o c T p o e H H j i ,  n o K a 3 a H H o r o  h 3  cJjHr. 16, H e-  

T p y A H O  T a K ff ie  y ö e A H T b c a ,  h t o  3 T a  o u r a Ô K a  0 C0 6 e H H 0  m s a 3 ,  

K o r A a  H M eeT  M ecT O  i i o h t h  n o A H o e  H c n 0 A b 3 0 B a H H e  t o k s  s m h c c h h  

H n p H M e H e H H e  MHOrOCjD3 3 HOrO BbHIpiIMAeHHH. Z te H C T B H T eA bH O , BO 

B T o p o M  c A y n s e  3 t o ü  c p u r y p b i  n s ^ e H H e  H a n p a a î e H H i i  MOîKeT 6 biT b  

TOHHO B b ip a a t e H O  n p o H 3 B e a e H H e M  i r b . B n e p B O M  a t e  CAynae no- 
A y n s e T C H  H e K O T o p o e  OTKAOHeHHe o t  3 T O r o  B b ip s jK e H H a .

n P H A C C T H H îeH H H  B A eK T p O H O M  a H O A a ,  e r o  K H H e T H H e C K a f I  

3 H e p r H H  n e p e x o f l H T  b  T e n A O ,  p a c c e H B 3 e M o e  n o B e p x H O C T b i o  

a H O ^ a .

e M b i e  p a ô o H H e  3 H a n e H H f l  aM - 

n A H T y a  T O K a  n e p e s  K e H O T p o H  

h  n a a e H H H  H s n p a î K e H H i i  H a  H e M .  

0 6 b I H H O  B b l Ô H p a e T C H  / , < C  IJ> 
HTOÖW H 3 0 e î K 3 T b  CAHIUKOM 

ô o A b u i O H  n o T e p H  H a n p a æ e H H H  

b  K e H O T p o H e  h  n e p e r p e B a  e r o  

a H O A a .  B A a A b H e ñ u i e M  Mbi 6y-
Ą e U  H 3 3 b I B 3 T b  I s  —  p a Ô O H H M  

3 H a n e H H e M  T O K a  H a c w u j e H H H ,

a  Es —  p a ô o H H M  3 H a q e H H e M

H a n p a îK e H H î i  H a c b iu j e H H H  h  n p w -  

M e H H T b  h x  a a h  o n p e a e A e H H i !  

B H y T p e H H e r o  c o n p o T H B A e H H H  

K eH O T p O H a .

r i o A b 3 y a C b  3THM B bipajK e*  

HHeM ( 1 ) ,  Mbi n p e H e 6 p e r 3 e M  

HeAHHeHHOCTblO X 3 p 3 K T e p H "

5>h i \  16.
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M o u jH O C T b  p b n p H  3TOM MOiKeT 6h IT b  BblHHCAeHa n o  COOTHOIU6HHIO

2 m c2n =  Eq n, 

h o  nq — i, n o a T O M y ,  icaK h cA e# O B aA O  oîKHAaTb,

Pb —* E,
t .  e. O H a  p a B H a  n p o H 3 B e A e H H K >  T O K a  H a  H a n p a H s e H H e  M e > K A y aHO- 

A O M  H K a T O A O M . E c A H  X a p a K T e p H C T H K y  K e H O T p O H a  C H H T a T b  AHHefl- 

HOH, t o  M O ii jH O C T b  H H a n e  M o s e T  6 b iT b  o n p e A e A e H a ,  K a n

Pb =  i2 rb,
a ee  cpeAHee 3Ha«ieHHe 3 a  nepnoA npH nyAbCHpyioiijeM Tone

Pb = J2rb, .................................................................. ( 2 )

r A e  J — A eH C T B y ro n x ee  3 H a n e H H e  TOKa, n p o x o A f l u j e r o  n e p e 3  

BeHTHAb.

FIoB epX H O C Tb aH O A a AOAJKHa HM eTb AOCTaTOHHbie p a 3 M e p b I ,  

HTOÖbi 6 e 3  o n a c H o r o  n e p e r p e B a  p a c c e H B a T b  n o A y q a e M o e  k o a h - 

n ecT B O  3 H e p r H H .  I lp a K T H H e c K H  ycT aH O B A eH bi  C A e A y io ig H e  3H aneH H H  

AOnyCTHMOH MOIIJHOCTH, paC C eH B aeM O H  aHOAOM n p H  yCAOBHH 

e c T e c T B e H H o r o  oxA aasA eH H H  aHO A a 3 a  c n e T  H e n o c p e A C T B e H H o f i  

p a A H a u H H  T e n A a :

AA» HHKeAeBblX aHOAOB 1,5 B a T T a  H a  1 cm2,
„  M OA H Ö A eHO BblX  „  4,5 B a T T a  H a  1 CM2.

B  KeHOTpOHaX, y  KOTOpbIX aHOAOM CAyJKHT CaM MeTaAAHHeCKHH 

öaAAOH, H a n p H M e p ,  CA eA aH H bia  H3 m c a h , o x A a ^ A e H H e  y c T p a H B a e T c n  

c  n o M o u ib K )  npoTO H H O H  b o a m . < Ą o n y cK ae M af l  n p H  s t o m  p a c c e H B a -  

eMaH MOiijHOCTb COCTaBAHeT 10 ~  15 BaTT H a 1 CM2.
H a n a A  K a T O A a  K e H O T p O H a  o ö w h h o  n p 0 H 3 B 0 A H T c a  n e p e M e H H b i M  

TOKOM OT O T A e A b H b IX  OÔMOTOK, HaXOAfl llJHXCH HaCT O  H a  OAHOM 

c e p A e H H H K e  c  rA a B H O H  o ô m o t k o h  a H O A H o S  y e n n .  / ^ a h  6 o A e e  p a B -  

H O M e p H O H  3 a r p y 3 K H  K a T O A a  aH O A H biM  t o k o m  OTBOA n o c A e A H e r o  

A eA a e T C H  o ö m h h o  o t  c p e A H e i ł  t o h k h  T p a H c t p o p M a T o p a  H a n a A a  

( c m .  c pH r .  17). / I a h  c o ô a j o a c h h h  H e o ô x o A H M b i x  3 H a q e H H H  T O K a  

h  H a n p n a s e H H H  H a  K a T O A e  B K A i o n a e T C H  p e r y A n p o B O H H b i H  p e o c T a T ;  

n p n  y n o T p e Ö A e H H H  O T A e A b H o r o  T p a H c i p o p M E T o p a  H a K a A a  s t o t  

p e o c T a T  u e A e c o o ö p a 3 H e e  B K A i o n a T b  b  n e p B H H H y i o  oÖ M O T K y .

H e n p a B H A b H b i H  pejKHM y e r n i  KaTOAa M o a teT  0 K a 3 a T b c a  o n a c H b iM  

Q c o ö e H H O  b  M o n iH b ix  y c T a H O B K a x ,  KaK n p n  n e p e K a A e ,  T a n  n  n p H



H e ^ O K a A e .  B  n o c A e ^ n e M  c A y q a e ,  B C A e A C T B H e  y M e H b i u e H H H  T O K a  

H a c b i u j e H H H  (< p n r .  1 8 ) ,  y B e A H « iH B a e T C f l  n a A e H H e  H a n p a a s e H H »  H a

K e H O T p o H e ,  HTO b  CBOK) o n e p e A k  

M o a t e T  n o B A e n b  3 a  c o 6 o h  n e p e -  

r p e B  a H O A a  h  e r o  p a 3p y u i e H H e  

h a h  B b i a e A e H H e  h m  r a 3 a  H B 0 3 -  

H H K H O B e H H e  T a K  H a 3 b i B a e M o r o  

o ô p a T H o r o  3 a a î H r a H H «  ( c m .  A a A e e ) .  

Y B e A H H e H H e  n a A e H H H  H a n p a a t e -

c&nr. 17.

HHfl B K e H O T p O H e  I i p H  H e A O K 3 A e  y « C H H T C a  HaM H 3  (pHr. 19, no- 
C T p o e H H O H  a a h  y e n n ,  c o A e p a i a u i e H  KeHOTpoH, OMHnecKoe conpo-

• e

THBAeHHe H nOCTOHHHOe HanpH- 
a t e H H e  Eq. P I o c A e A H e e  B c e r A a  

upeACTaBAHeT c o ö o io  cyMMy 
naAeHHH HanpnaseHHH Ha kcho* 
TpOHe e b H Ha COnpOTHBAeHHH 
R i =  e. EcAH npH HOpMaAbHOM 
peasHMe b  yen n  MOaseT ycTaHO- 
BHTbCH TOK BeAHMHHOH ¿' H pa- 
öoneH TOHKOH Ha xapaKTepn- 
CTHKe 6yAeT toh k 3  p ' ,  t o ,  co-  
O T B e T C T B e H H O ,  H a n p n a i e H H H  e b 

h  e  6 y a y T



I l p H  H ef lO K aA e t o k  b  y e n n  HaiłAeTCH, e c A H  n p o ß e c T H  M e p e 3  

TOHKy p' n p H M y io  A '  — O ,  n a p a A A e A b H y i o  A  — O. T o h k s  n e p e -  

c e n e H H H  p "  c  h o b o h  x a p a K T e p H C T U K o n  n p n  HeAOKSAe A a c T  HOBbie 

3 H a n e H H H  e b"  h  e "  h  H O B oe 3H 3*ieH H e TOKa i " .  K a K  b h a h o ,  h 3 -  

n p a a t e H H e  e ti cHAbHO B 0 3 p 0 C A 0 .  T s k h m  rpacpH H ecK H M  n y T e M  M o r y T  

6 b iT b  H af tA eH bi  n a ^ e H H H  HanpHJKeHHH b  K e H O T p o H a x  n p n  p a 3 A H q -  

H b ix  H a K a A a x ,  h  A a A e e  M o a te T  6 b iT b  B bm H C A eH a p a c c e H B a e M a a  

MOUjHOCTb. E c a h  3HaneHHH n o cA eA H eił  He npeBOCXOAHT A o n y -  

CTHMblX BeAHHHH, ,TO p e ry A H p O B K O H  H a K a A a  M02KH0 n 0 A b 3 0 B 3 T b C H  

AAH p e r y A H p o B K H  B b i n p a M A e H H o r o  H a n p H æ e H H » .

Î Î B A e H H e M  o ö p a T H o r o  3 a a î H r a H H a  b o  b c s k o m  B e H T H A e  H 3 3 b i -  

B aeT C H  B 0 3 H H K H 0 B e H H e  T O K a  nepe3 H e r o  b  o ô p a T H O M  H a n p a B A e -  

HHH, T.  e. OT K a T O A a  K a H O A y .  / 1 a m  Ô O A bIH H H C T Ba I ip 3 K T H H e C K H  

U,eHHblX B b i n p H M H T e A b H b l X  CX eM  H B A e H H e  O Ô p S T H O r O  3 a æ H r a H H H  

n p H B O A H T  K K O p O T K O M y  3 a M b I K 3 H H K ) H C T 0 H H H K 3  3 H e p T H H .  E c A H  

o ô p a T H T b C H ,  H a n p H M e p ,  k  n p o c T o ñ  A s y x n o A y n e p H O A H O H  c x e M e ,  

TO Mbl B HAHM , HTO n p H  H a p y U i e H H H  B e H T H A b H O r O  C B 0 H C T B 3  O A H O rO  

K e H O T p O H a  KOHUbl B T O p H H H O H  OÖMOTKH T p a H C C p O p M a T O p S  OK3ÎKyTCH 

3 a M K H y T b iM H  n o H T H  H a K o p o T K O .  B c aM O M  A e A e :  B H y T p e H H e e  c o -  

n p o T H B A e H H e  b c h t h a h ,  A a B U i e r o  o ô p a T H O e  3 a a î H r a H H e ,  O K 3 3 b i -  

B a e T c a  o n e H b  M aA b iM  b  c H A y  A y r o B o r o  x a p a K T e p a  B 0 3 H H K U i e r 0  

b  HeM  p a 3 p H A a ,  a  c o n p o T H B A e H n e  A p y r o r o  b c h t h a a ,  p a ö o T a r o -  

m , e r o  n p a B H A b H O  b  T e n e H H e  A a H H o r o  n o A y n e p n o A a ,  o ö w h h o  m 3 a o  

b  C H A y C T p e M A e H H H  H M e T b  ö o A b u i H H  K o s t p H i j H e H T  n o A e s H o r o  A e ß -  

c t b h h  y c T a H O B K H .  E c a h  H e  n p H H H T O  c n e y n a A b H b i x  M e p  a a h  o r p a -  

HHHeHHH T 3K H X  TOKOB K O p O T K O rO  3 3 M b lK a H H H ,  TO H B A e H H e  o ß p a T *  

H o r o  3 a ż K H ra H H H ,  H a ^ a a n i H C b  H 3 - 3 a  H e n c n p a B H O C T H  O A H O rO  b c h t h a h ,  

MOaSeT n p H H H T b  y C T aH O B H B U IH H CH  X a p a K T e p  B C A e A C T B H e  yH H H T O - 

aSeHHH B e H T H A b H O r O  C B 0 Í ÍC T B 3  A p y r o r o  B eH T H AH  B TOT M O M eH T , 

K o r A a  M e p e 3  H e r o  n p o x o A H T  n e p B b i n  H M n y A b c  T O K a  n p e 3 M e p H O H  

B e A H ' iH H b i .  K o r a a ,  a ï e  b  C H A y  T e x  h a h  h h w x  n p H H H H ,  H B A e H H e  

o ö p a T H o r o  3 a î K H r a H H a  H e  p a c n p o c T p a H f l e T C H  H a  A p y r o f t  B eH T H A b ,  

TO H B e H T H A b H O e ,  CBOHCTBO n e p B O T O  B eHTHAH M O/KeT B O C C T aH O - 

BHTbCH k  H a n a A y  C A e A y i o i H , e r o  n e p H O A a .  O ö p a T H o e  s a æ n r a H H e  

n o A O Ô H o r o  x a p a K T e p a ,  e c A H  o h o  H e  n a c T O  i iO B T O p a e T C H ,  A a a s e  

M o iK eT  ö b i T b  H e  3 a M e 4 e H 0  B p a ö o T a i o i i j e M  B b i n p H M H T e A e .

B KeHOTpoHe, HMeioigeM npeAeAbHbiH BaKyyM 10~7̂ _,10_ ° mmHg, 
B03HHKH0BeHHe oöpaTHOro 3aænraHHH HeB03M0JKH0 Aaase npH 
T3KHX ÖOAbUIHX HanpHaseHHHX, KaK, HanpHMep, 100000 BOAbT. 
n P H yK33aHH0H CTeneHH p33peateHHH aahh3 cßoöoAHoro nyTH 
3AeKTpOH3 6e3 COyAapeHHH C HeHTpaAbHbIMH MOAeKyA3MH co- 
CT3BA5ieT BeAHHHHy nopaA io  100 M ,  A3ACKO BbixoA fliiiy io  3a npe- 
AeAbi HHTepecyioujHx Hac pa3MepoB. B npaKTHHecKHx ycAOBHax
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BanyyM y  xoporno  oTKaneHHbix KeHo rpoHOB HHíKe h cocT aB A aet

10 10 ° MM Hg, H B 03H H K H 0B eH H e B HHX HOHH3aiJHH n p H  Ha-
npa /K eH H H X  2 0 - ^ 4 0  TbICHH BOAbT H e M O aíeT  H M eTb M e C T a .  rioaBAe- 

HHe iKe O Ó p aT H O rO  TOKa H e p e 3  KeHOTpOH MOJKeT 6 b I T b  TOAbKO

C A e A C T B H e M  H O H H 3 a y H H .  n P H  y x y A u i e H H H  B a K y y M a  B C A e A C T B H e  B b i -

A e A e H H a  r a 3 a  n e p e r p e T b i M H  B H y T p e H H H M H  n a c T H M H ,  a T a  H O H H 3 a i jH H ,  

O A H a K O ,  M O J K S T  B 0 3 H H K H y T b ,  H  T O r ^ a  y C T a H O B H T C H  T O K  O Ó p a T H O r O  

H a n p a B A e H H H .  Ü H a  3 a K A K ) H a e T C H  b  t o m ,  h t o  c B o 6 o A H b i e  3 a p H A b i ,  

A B H r a H C b  n O A  A e H C T B H e M  A O C T a T O H H O  S O A b l I I O H  p a 3 H O C T H  n O T e H -  

y n a A O B  H a  9 A e K T p o A a x  K e H O T p o H a ,  n p n o S p e T a i O T  6 o A b i u y i o  c k o -  

p O C T b ,  A O C T a T O H H y i O  A A H  T O T O ,  H T o 6 b I  n p H  B C T p e n e  C  H e í l T p a A b H O H  

M O A e K y A O H  r a 3 a  p a c i i j e n H T b  e e  H a  n o A O J K H T e A b H b i ñ  h  o T p H y a T e A b -

r

'e=Esir\üjt
L

H b lH  H O H bl .  / ^ B H J K e H H e  nO C A C A H H X  

B C O O T B eT C T B y iO U IH X  H a n p a B A e H H H x  

h  n p e A C T a B A a e T  c o 6 o h  t o k  o ó p a T -  

Horo 3aaiHraHHH b  KeHOTpoHe. CaMO 
c o 6 o h  p a 3 y M e e T c a ,  h t o  n p n  b t o m  

H a  K a T O A e  A O A ^ e H  6 b i T b  ü o a o í k h -  

T e A b H b l H  n O T e H y n a A  O T H O C H T e A b H O  

a H O A a .

B H O p M a A b H O M  p e J K H M e  B b in p H M H T e A b H O H  C X e M b I  3 H 3 K  n O T e H -  

y n a A a  a H O A a  b c h t h a h  n e p H O A H n e c K H  M e H n e T C H .  E c a h ,  H a n p H M e p ,  

p a c c M O T p e T b  n p o c T e H u i y i o  O A H o n o A y n e p H O A H y i o  c x e M y ,  to  A H a -  

r p a M M a  H a n p H a ie H H H  H a  B e H T H A e  h tok n e p e a  H e r o  M o r y T  6 b iT b  

npeACTaBAeHbi $Hr. 20. Ha btoh AnarpaMMe o t co / =  0 ao t =  rc 
a H O A  H M e e T  H e 6 o A b u i o 8  n o T e n y H a A ,  c o o T B e T C T B y io i g H H  n a A e -  

hhk) H a n p a a s e H H H  H a  B e H T H A e  n p H  n p H M O M  —  n p a B H A b H O M  —  

n p o x o í K A e H H H  T O K a  n e p e 3 H e r o .  Bo btopom n o A y n e p H O A e  tok 
n e p e 3  B e H T H A b  p a B e H  H y A io ,  h  H a  a H O A e  H M e e T C H  o T p n i j a T e A b H b iH  

n o T e H U H a A ,  c o o T B e T C T B y f o n jH H  t iO A H O M y  H a n p H * e H H K )  T p a n c f p o p M a -  

T o p a .  3 t o  H a n p n a ie H H e ,  c o B n a A a i o i y e e  c  momchtom O T c y T C T B H H  T O K a  

H e p e 3  K e H O T p O H , M O iK e T  6 b IT b  H a 3 B 3 H O  O Ó p a T H b lM  B C H A y  T O F O , 

hto oho cTpeMHTCH Bbi3BaTb tok o6paTHoro HanpaBAeHHH, h  ero 
B e A H H H H a  H B A H e T C H  O H e H b  B a íK H O H  n p H  B b l6 o p e  T H n a  K e H O T p C H a .  

Ha30BeM npeAeAbHbiM 3HaneHHeM o6paTHoro HanpnjKeHHH to  no-
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AOHSHTeAbHOe H H IipH IK eH H e H a  K aT O fle  BeHTHAH OTHOCHTeAbHO  

aH O A a, n p H  n p e B b iu ie H H H  n o T o p o r o  no H B A aeTC H  o 6 p a T H b iH  t o k .  

P a 6 oHHM 3 H an e H H e M  o 6 p a T H o r o  H a n p n a ie H H H  6 y A e M  H a 3 b iB aTb  t o  

M aK C H M aA bH oe o 6 p a T H o e  H a n p n a seH H e , n p n  k o t o p o m  a a H H b iH  B e H - 

T H A b MOJKeT A a B a T b  H o p M a A b H y io  p a 6 o T y  H e o n p e A e A e H H O  A O A ro .  

H c n b iT a T e A b n o e  o G p a T H o e  H a n p n a ie H H e  a o a jk h o  H M eT b  3 H an e H H e  

H e M e H e e  q e M  b  A B a p a 3 a  S o A b u ie  3 H a q e H H »  p a 6 o * ie r o  o 6 p a T -  

H o r o  H an p a jK e H H H .

Tnn cxeMbi cBH3bmaeT BeAHHHHy pa6oqero o6paTHoro Hanpn- 
JKeHHH C BeAHHHHOH BbinpHMAeHHOrO HanpHJKeHHH. B  p33AHHHbIX 
cxeMax npn OAHHaKOBOM Eo mojkct noAyHHTbca pa3AHHHoe 3 H a -  

qeHHe Eo6p pa6oqero 06paTH0r0 HanpnaieHHH. HanpHMep, b  npo- 
ctoh AByxnoAynepHOAHOH cxeMe E 06P' — 2E, a b  npocToii Tpex- 

cpa3HOH cxeMe Eo5p =  \j‘2> E ,rae  E  ecTb aMnAHTy^a <|)a3Horo Ha- 

n p a a i e H H H .

a h  K eH 0 T p 0 H a p a S o n e e  o 6 p a T H o e  H a n p n a i e H H e  a o a i k h o  

S p a T b C H  n o  3 aBOACKHM AaHHbiM , h  H a  n p a K T H K e  y c T aH aB A H B aeT C H  

HCnblTaHHHM H n p H  n p O H 3 BOACTBe.

§  2 . I I p O M b in iA e H H b ie  TH D M  KeHOTpOHOB H HX B b l6 o p .

K a K  M021H0  B H A eT b  H3  n p e A b i A y i J i e r o  n a p a r p a c p a ,  T e x H H n ecK H M H  

AaHHblMH, X a p 3 K T e p H 3yiOIIJHMH KeHOTpOH H n 0 3 B0 AHKJIIJHMH B bl6 p a T b  

e r o  a a h  A a H H o r o  n a c T H o r o  C A y n a n ,  h b a h h d t c h :  p a 6 o q H e  3 H aqeH H H  

TOKa H a c b i iy e H K H  I s h  H a n p n a s e H H H  H a c b iu je H H H  E s , o 6 p a i H o e  

H a n p n a i e H H e  E ' o5p h ,  H aK O H eij ,  A o n y c T H M o e  3 H a n e H H e  p a c c e H B a e M O H  

MOIIJHOCTH H a  aHOAe* n O M H M O  3 THX OCHOBHbIX n a p a M e T p O B  KeHO- 

T p o H a  A o n o A H H T eA b H b iM H  n a p a M e T p a M H  e r o  h b a h h d t c h :  H a n p n i s e H H e  

H TOK H a K a A a  H CpeA H H H  CpOK CAyiK6 bI.

B b iu ie ,  b T a 6 A H y e  c y n je c T B y io ig H X  t h h o b  KeH O TpO H O B, y K a 3 aHbi 

B ee 9 t h  n a p a M e T p w  h ,  pyK O B O A C T B yncb e io ,  m o jk h o  C A eA aT b  H aA A e-  

JKaillHH Bbl6 o p  K eHOTpOHE.

H t o 6 w  p a 3bH CH H Tb nOpHAOK 3 TOTO B bi6 o p a ,  n p H B e A e M  n p H M e p ,  

K O T opbiH  OAHOBpeM eH HO H a u  n o K a a t e T ,  HTO OAHH H TOT * e  THH 

K e H O T p o H a  b  p a 3 AHMHbix c x e M a x  M O * e T  A a T b  p a 3 H b ie  3 H aqeH H H  

Eo H / 0. J)
r i y c T b  A aH  KeHOTpOH r a n a  B-17 (K-5) c o  C A e A y i o u j H M H  n a p a 

M eT paM H : Is =  0,2 a M n e p a ,  £ ^  =  3 5 0  BOAbT. I l o B e p x H o c T b  H H K e -  

A e B o r o  a H O A a 25 cm 2, E o6p =  4 0 0 0  BOAbT. T p e 6 ye T C H  o n p e A e -  

AHTb E0 H I0, K O T O pbie  M O ry T  A a T b  A B a  TaKHX K eH O T p O H a B n p o -  

c t o M  A B y x n o A y n e p H O A H O H  c x e M e  B b i n p H M A e H H H  h  T p n  T a K H X  

K e H O T p o H a  b  n p o c T o i i  T p e x ( J ) a 3 HOH c x e M e .

*) — BhinpHMAeHHoe HanpfluieHHe n p a  Harpy3Ke, a  E '0—npa x o a o c to m  xoae.
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B AßyxnoAynepHOAHOH cxeMe E'o69 — 2 E ,  r&e E — aMnAHTy^a
H a n p a a i e H H H  OAHOH n O A O B H H b l  B T O pH H H O H  OÔMOTKH T p a H C C p O p -  

1 M a T O p a .  C  a p y r o i l  C T O p O H b l ,  AAH 3 T 0 H  C X eM bI B b in p a M A e H H H

Eo'=—E ( c m .  C A e f l y i o m y K )  r A a B y ) ,  n 0 3 T 0 M yi
* 2 E'o6p 4000
J. E0 = --------r -  = ------  =  1270 B O A bT .

ÍT Z  TT

EcAH npeAnOAOJKHTb, HTO H a r p y 3 K O H  HBAiieTCH TOAbKO OMHHeCKOe 
s  c o n p o T H B A e H H e ,  t o  c p o p M a  B b i n p a M A e H H o r o  TOKa ó y a e T  c o B n a A a T b  

c (j30pM0H BbinpflMAeHHoro HanpjiaieHHH. IlosTOMy

2
»  Io=-I,

iw
»

r f l e  7 — a M iiA H T y A a  T O K a  q e p e 3  B S H T H A b  h , b  a s h h o m  c A y n a e ,  n o

-  oÖMOTKe T p a H C f p o p M a T o p a .  3 T a  B eAHH HHa AOAasHa 6biTb C B « 3 a H a  

C TOKOM 3M HCCHH H C A O n y C T H M b IM  p a C C e H B a H H e M  MOIJUHOCTH H a  

a H O A e .  B o 3 b M e M  n e p B O H a n a A b H o

7 =  0 ,8 - i - 0,9 Is.........................  . ( 3 )

KaK s t o  n a c T O  ¿ e A a e T C H  Ha n p a K T H K e .  Tor A a  b  H a m e M  c A y n a e  

MOaiHO H M eTb

70 =  ~  • 0,9 • 0 ,2 ^ 0 ,1 1 5  aMnep.

C p e A H e e  3 H a q e H H e  n o T e p H  H a n p H æ e H H H  3 a  n o A y n e p n o A  n a  o a h o m  

Ke H O T p o H e  M o æ e T  6 b i T b  BbiHHCAeHO c yqeTOM BHyTpeHHero conpo- 
T H B A eH ü n  n o  ( p o p M y A e  ( 1 ) ,  t . e .

• 0,115 =  255 BOAbT.

T a n  KaK H a n p O T aase H H H  K a ^ A o r o  n o A y n e p n o A a  paSoTaeT o a h h  

KeHOTpoH, to  cpeAHee 3HaqeH«e naAeHHH Hanpn?KeHHH 3a Becb 
nepnoA 6 y A 6 T T o x e  255 BOAbT, a H a n p i m e H H e  H a n a r p y 3 Ke

E0 =  Eq — 255 =  1000 BOAbT.

r i p o B e p H M  T e n e p b  p a c c e H B a e M y i o  MOigHOCTb. o ^ H o r o

K e H O T p o H a  H M e e M

W*

i  0,9 • 0 ,2 \ 2 350 _  
[  2  )  ' 0 , 2 -

P h — P  rh— \ -  ̂ ’ ) • - î t r S  14 BaTT.
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B  3 T 0 H  ( p o p M y A e  H a M H  n o A C T a B A e H O  J =  ^ , t .  e .  AeHCTByioiyee

3 H a q e H n e  T O K a ,  n p o x o A H i g e r o  n e p e 3  B e H T H A b ,  p a B H O  n o A O B H H e  

a M n A H T y A b i  S T o r o  TOKa, hto H M e e T  M e c T O  b  AaHHOM c A y q a e ,  T a K  

KaK no (popMe stot tok npeACTaBAneT coöoio OAHonoAynepHOAHbiH 
C H H y C O H A a A b H b lH  H M n y A b C .  Ha OAHH KBaApaTHblH c a H T H M e T p

14  ^  ï  c
n o B e p x H O C T H  aH O A a  Mbi HM eeM  ^  <  1 ,5 , t .  e .  p e 3 y A b T a T  B n o A H e  

AOnyCTHMblH.

P a C C e H B a e M y i O  M OIIJHOCTb OÖOHX K e H O T p O H O B  H e A b 3 H  H a x o -

A H T b ,  K aK  n p o n 3 B e A e H n e  70 n a  n a A e H H e  H a n p a a t e H H H ,  n o  t o h  

n p H H H H e ,  HTO A e n c T B y i o u i H e  3 H a q e H H f l  T O K a  H e  c o B n a A a i o T  c o  c p e A -  

h h m h  3 H a H e H H 5 JM H .  B  c a M O M  A e A e ,  e c A H  b  B b i p a a s e H H H  J 2 r b 3 a M e -

HHTb J nepe3 70, t o  noAyqHM J =  y  =  ^  • y  h

2 Pb == 2 ~  • I ł  ■ rb =  ~  !q (E'0 —  E0) =  28  BaTT.

3HaHHT, noAHaa pacceHBaeiwafl MOiijHOCTb Ha aHOAe oöoh x  kcho- 
TpoHOB b  AByxnoAynepHOAHOH cxeMe MoateT 6 b i T b  HaiłAeHa KaK 
npoH3BeAeHHe 70 H a  n a A e H H e  H a n p a a t e H H i i  ( E 0' —  E 0) npn ycAOBHH

7t2
B B e A e H H f l  M HOiKHTeAH -g- .

C A e A a e M  T e n e p . b  n o A c n e T  a a h  T p e x $ a 3 H O H  c x e M b i .  3 A e c b

E o6p' = \ /  3  E; E q —  0 ,8 2 7  E;  7 =  0 ,588  70 =  0 ,485  7.

E — a M n A H T y A a  ( p a 3 H 0 i 0  H a n p n a t e H H H  (cm . r A a B y  III). O o a o ö h o  

n p e A M A y n j e M y  n o A y q a e M

40DD
E 0' =  0 ,827  • ^ =  = 1 9 1 0  BOAbT,

\ l  3
70 =  0 ,827  ■ (0 ,9  • 0 ,2) =  0 ,15 aMnep,

E0 =  ^1910 — 0 ,15  • 305 ° j  =  1650 BOAbT,

Pb =  (0 ,588  • 0,15)2 . ^  =  14 BaTT.

Oônjaa nOTepH 3HeprHH onpeAeAHTcn MoujHOCTbio

3 P b =  42 BaTT.

H e c M O T p n  H a  S o A b i n e e  3 H a n e H H e  n o A H o i i  p a c c e H B a e M O H  m o i i j - 

HOCTH, n p H  T p e X ( p a 3 H 0 H  c x e M e  n O A e 3 H a n  M OUJHOCTb n O C T O H H H O H  C A a-
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100Ï

r a i o u j e ü  B b i n p a  m a c h  h o t o  TOKa n o A y n H A a c b  ô o A b i u e B , — 0 , 1 5  . 1 6 5 0 =  

=  2 5 0  >  0 , 1 1 5  • 1 0 0 0  =  1 1 5  B a T T — n e M  n p n  A B y x n o A y n e p H O f l H O Î i  

c x e M e .  T o h h o  T a n  a i e  T p e x ( p a 3 H a n  c x e M a  H M e eT  ô o A b u i H H  k o 9<J)h - 

y H eH T  n o A e 3 H o r o  AeHCTBHH. K a K  b h a h m , s t o t  n p H M e p  H arA SA H O  

n o K a 3 b i ß a e T  BAH flirae  T H n a  c x e M b i  H a n o A e 3 H o e  3 H a q e H H e  B b in p n M -  

A e H H o r o  TOKa h  H a n p a a îe H H H .

n p H  n p H M e H e H H H  M aAOM OUJHblX  K e H O T p O H O B  n O A H O e  H C n O A b -  

3 0 B a H H e  T O K a  3M HCCHH OÔbIH HO H e  CBH 3aH O  C n p e A e A b H O H  BeAH* 

HHHOH p a c c e H B a e M O H  MOIH.HOCTH H a  a H O A e .  B T a K H x  C A y n a H X  O K a-  

3 b iB a e T C H  A a a î e  b o s m o j k h w m  aHOAHbiB t o k  c  n p H T y n A e H H O H  c p o p M o n .  

T e p n e M a H  H a  a H O A e  3 H e p -  

THH n p H  9TO M  B 0 3 p a C T a e T  

h  o ô u p i H  k .  n .  A- B b i n p n -  

M H T e A b H O r O  y C T p O H C T B a  

n a A a e T .  K o r A a  n p H M e -  

H H eT C H  n O A O Ö H b lH  p e iK H M , 

p a c n e T  p a c c e H B a e M O H  

MOUJHOCTH H e  M O a seT  6 b l T b

n p o H 3 B e A e H  n o  c p o p M y A e  

( 2 ) ,  a  H e 0 6 x 0 AHM0  n o A b -  

3 0 B a T b C f l  COOTHOUieHH6M:

Pb = ~ - J 2 R,
tût

n e p B b i H  H A eH  K O T o p o r o  

n p e A C T 3 B A Î î e T  M OIIIHOCTb, 

n o T p e Ô A H e M y i o  B c e i o  

y e n b i o  o t  o a h o h  n0A0- 

BHHbl T p a H C C j J O p M a T O p a ,

H BTOpOH HAeH---MOU¿HOCTb OT Hee aïe, TOAbKO Ha n0Ae3H0M c o n p o -

THBAeHHH. ®opMa TOKa, npoxoAHUjero n e p e 3  BeHTHAb, yKa3aHa Ha 
$Hr. 21. l l p e A n o A a r a H  HanpaasieHHe, noABOAHMoe k  cxeMe, CHHyco- 
H a a A b H b i M ,  a  Harpy3Ky h h c t o  3 k t h b h o h , Bbipa*eHHe 3 k t h b h o h  

m o u j h o c t h  b o  B e e n  y e n n  n o A y HHM K aK  n o A y n p o H 3 B e A e H n e  a M n A H T y A  

n e p B b i x  rapMOHHK TOKa h  HanpnîKeHHH. MouiHOCTb ase Ha n0Ae3H0M 
conpoTHBAeHHH Bbipa3HTCH n e p e 3  KBaApaT AeñcTByioiijero 3HaneHHH 
TOKa, yMH0aîeHH0r0 Ha s t o  conpoTHBAeHHe. Ha o c h o b 3 h h h  9T0r0

P b=  - L - P R  =
/2 \J 2

I l ___ ß  f?
\J~2 ’

(4)

»of

lut

r A e  £  =  ~ =  A e ß c T B y i o i g e e  3 H a n e H H e  B b in p a M A J ie M o r o  H a n p a a te H H f l ,V 2
r  2  ce — s i n  2 CC r f ,3
1 =  — 2 - s in  a—  s ’ —  a M n A H T y A a  n e p B O H  r a p M O H H K H  T O K a ,
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n p o x o A H U i e r o  n ep e3  B eHTHAb —  H a x o A H T c a  p a 3 A o a t e H H e M  b  p a A  

C&ypbe, a

/  =
r  1 ( « t

j/ —  I 2 Í /'max sin2wí • c/((uí)—(-2 J Is2 d(ut) =
r *■ 90°— a

=  / A / _ L _  / J L _ s ! n ^ a \  i A _ >
V  s i n - a  y 2 «  y 2  tc

A e ñ c T B y i o i i j e e  3 H a H e H H e  T o r o  a t e  T o n a .  B s t h x  B b i p a a t e n H a x

\ • A 'a =  a r c  s i n  ——

Pb > P rb =  f -Tr ] • ^  — 7200 BaTT,

/ '  ’■* ma x

n p H H C M

/ '  —  ^  ■1 max — ni _
K ~ C  rb

B M O igH bix  K e H O T p o H H b ix  y c T a H O B K a x ,  KaK o ö u j e e  np aB H A O , 

nO A H O e H C n0 A b 3 0 B3 HHe TOKa 3MHCCHH H e B 0 3 M 0 a iH 0 ,  B B H A y  ÖOAb* 

i i iHx n o T e p b  3 H e p r H H  H a  aH O A e .  O ö p a u j a a c b  a a h  n p n i v i e p a  k  A ^ y x -  

n o A y n e p H O A H O H  c x e M e  c  K eH O T p o H aM H  T « n a  B-38 n p n  / = / ' ä =  
=  12 a M n e p  H M eeM

/  Y  2000 
10

KAM ÖOAbUie 11 B3Tt/1 C ^í2, HTO HBAHeTCH BO BCHKOM CAyMae 

n p e A e A O M .

K a K  öbiA O  y n o M H H y T O  B b i r n e ,  o x A a a t A e H H e  K eH O T poH O B  o n e H b  

ÖOAbUIOH MOIgHOCTH npOH3BOAHTCH npOTOHHOH BOAOH, KOTOpaH 

O M biB aeT  H a p y a t H y i o  n o ß e p x H O C T b  a H O A a ,  3 aK A K > H e H H o ro  b  s t h x  

C A y ^ a a x  b  M e T a A A H q e c K y io  p y 6 a n i K y .  B x o a  b o a w  A y n n i e  A e A a T b  

CHH 3y, a B b ix o A  y B e p x H e ñ  n a c T H  p y ö a u i K H ,  h t o ö w  n p n  C A a ö o M  

H a n o p e  H M eTb H e n p e p b i B H b i H  t o k  b o a w .  H t o ö w  He n p H M eH H T b

H 3 0 A H p y i0 I lJH X  AAHHHblX UIAaHTOB AAH nO A B O A a H yB O A a  BOAbl, 

p e K O M e H A y e T c a  n p n  M H 0 r0 ( p a 3 H 0 M  B b in p a M A e H H H  c o e A H H a T b  B M e c T e  

aHOAW, a  KaTOAbl OTAeAbHbIX KeHOTpOHOB npH C O eA H H H Tb K K O H yaM  

T paH C ^)O pM aT O pH bIX  OÖMOTOK ( c m . <J)Hr. 17). F Ip H  TaKOH c x e M e  

c o e A H H e H H a  M H Hyc B b i n p a M A e H H o r o  H a n p a a t e H H H  n o A y n a e T c a  y  aHO- 

AOB, BCAeACTBHe n e r o  h x  3 a 3 e M A e H H e  H e p e 3  B O A o n p o B O A H b ie  

T p y ö b l  CTaHOBHTCH B 0 3 M 0 X H W M .
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H a (pHr. 22, TAe n p H B e A e H b l  THnbI KeHOTpOHOB, H3rOTOBAHeM bie 

33BOAOM CBeTAaHa, n0Ka3aH0 ycTpoficTBO aHOAa MOigHoro KeHO- 
T p O H a C BOAHHbIM OXAajKA^HHeM, a  T aK ase  yCTpOHCTBO ABOHHOrO

a H O A a  b  M aA O M O iyH O M  T H n e  k c h o -  

T p o H a ,  n p e A H 3 3 H a H e H H 0 M  a a h  

A B y x n o A y n e p H O A H O H  c x e M b i  b w -  

npHMAeHHK.

i 1 .■ 1
§ 3. MexaHH3M pa6oTbi pTyT- 

Horo BeHTHAH.

B OTAHHHe OT KeHOTpOHB, 
B p T y T H O H  K O A 6 e  M b I  H M e e M  

3 A e K T p o - H O H H b i H  n p o y e c c .  3 t o  

0 3 H a > i a e T ,  h t o  n e p e H o c  3 a p H A O B  

H J IB A e H H e  T O K a  n p O H C X O A « T  3 a  

C q e T  A B H a te H H H  B A e K T p O H O B  H 

H O H O B . Y C T P O H C T B O  p T y T H O r O  B e H -

I

V /
w  

7 a

K  

1

® n r .  2 2 .

THAH B B H A e  p T y T H O H  k o a 6 m  COCTOHT H3 6 a A A O H a  C n a p a M H  p T y T H ,  

KaTOAa B B H A e  /KHAKOH p T y T H  H OAHOrO HAH HeCKOAbKHX a H O A O B  

H 3 a < e A e 3 a  h a h  r p a c p H T a .  Cai/ibiS 6aAAOH a a h  B b i n p a M H T e A e f i  n p H  

MaAOH MOI1JHOCTH A e A a e T C H  CTeKAHHHblM , n p H  60A b IU0H MOIIJHOCTH 

MeTaAAHHecKHM ( h 3  ?KeAe3a).
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?K H flK aa p T y T b  H M eeT  Ha n o B e p x H O C T H  t f e ö o A b u i o f t  y n a c T O K ,  

p a c K a A e H H b iH  AO T e M n e p a T y p b i  n o p a A K a  2000— 3000° C, K O T o p b iH  

a M H T H p y e T  s A e K T p o H b i .  3 t h  SA eK T pO H bi,  B b i m e A u i H e  H e n o c p e A *  

CTBeHHO H3 M CTaAAa K aT O A a,  Mbl ÖyAßM H a 3 b I B a T b  n ep B H H H b lM H .

n P H H 0 p M 3 A b H 0 H  T e M n e p a T y p e  O K p y a ta ü o iy e f i  c p e A b i  b  20' C 
A aB A 6H H 6 p T y T H  B H yT pH  KOAÖbl p a B H a e T C H  ~  1,3 • 10~ 3 M M  Hg, 
qTO e c T b  H e  HTO H H o e ,  K a n  A a B A eH H e n a p o B  p T y T H ,  H a c b i iy a iO L y H X  

n p o c T p a H C T B O .  n P H T e M n e p a T y p e  50° C o h o  B0 3 p a c T a e T  a o  

1 • 10~ 2m m  Hg. B ycT aH O B H B uieM C H  p a ö o n e M  p e a t H M e  3 T a  T e M n e -  

p a T y p a ,  KaK c p e A H a j i ,  H M eeT  M e cT O  b  KOAÖe. I l p H  AaBAeHHH 

10-2 m m  Hg AAHHa C B o 6 o A H o r o  n y T H  c o c T a B A a e T  BeAHHHHy 

^ =  1,13 c m .,  t .  e . ,  p a c c T O H H H e ,  K O T o p o e  n e p B H H H b i ñ  s a c k *  

T p o H ,  A B H r a a c b  n o A  b a h h h h c m  n o A o a i H T e A b H o r o  n o T e H y n a A a  Ha 

aH O A e ,  MOJKeT n p o H T H  6 e 3  c o y A a p e H H H  c H e i lT p a A b H O H  M O A enyA O H .

9 A e K T p O H  B paB H O M ep H O M  SAeKTpHHeCKO M  n O A e  ABHiKeTCfl,  K aK 

H3BeCTHO, p a B H O M e p H O  yC K O peH H O . E c AH n p H  HaAHHHH H 3B eC T H 0fi  

CHAbI 3 A e K T p H H e C K O rO  n O A a  SA eK T pO H  K KOHUy C B O erO  CBOÖOA- 

H o r o  n y T H  n p n o ô p e T e T  AO C T aT O H H yio  C K O p o c T b  ( o k o a o  2000 k m ¡ c e t ( ) ,  

t o  n p H  B C T p e n e  c  H e H T p a A b H o f i  MOAeKyAOH o h  p a c i y e n H T  ee Ha 

nOAOÎKHTeAbHblH H O T p H Ija T e A b H b lH  HOHbl. Ą a J I  H 0 H H 3 a y H H  p T y T "  

HOH MOAeKyAbI 3 T a  CKOpOCTb, H 3 M e p e H H a H  B BOA bTaX, p a B H a ,  K aK  

H3BeCTHO, 10,4 B O A bTa. f l p H  H 0 H H 3 a y H a  a T O M a  p T y T H  o 6 p a 3 y K > T C H  

nOAO/KHTeAbHblH HOH H H O B bie  CBOÖOAHbie SA eK T p O H b l .  I loAOiKH* 

TeA bH blH  HOH, A B H raH C b K K a T O A y ,  n p H  C O y A a p e H H H  C HHM T e p a e T  

CBOK) 3 H e p r H I O  ABHJKeHHH H T eM  CaMblM nO A A epJK H B aeT  BblCOKyiO TeM - 

n e p a T y p y  p a c K a A e H H o r o  n a T H a  H a  n o B e p x H O C T H  » h a k o h  p t v t h .  

H o B b i e  a t e  s A e K T p o H b i ,  O T A eA eH H b ie  o t  a T O M a  n a p o B  p T y T H ,  K O T o p w e  

Mbl H 3 3 0 B e M  BTOpHHHbIMH 3 A e K T p 0 H a M H , A B H aty T C a  K a H O A y ,  H epeH O C H  

S A e K T p n q e c K H H  3 a p a A -  T a K H M  0 6 p a 3 0 M ,  a B A e H H e T O K a  M e a tA y  aHOAOM 

h  KaTOAOM oôy cA O B A H B ae T C H  n e p e H O c o M  3 a p a A 0 B  nepB H H H biM H  

H BTOpHHHbIMH SA eK TpO H aM H , a  T aK iK e nOAO/KHTCAbHblMH HOHaMH. 

H a A O  O TM eTHTb, HTO b  o ö i y e M  6 a A £ H c e  n e p e H o c a  3 a p a A O B  r A a B H a a  

p O A b  n p H H a A A e a tH T  BTO pH ^H blM  3 A eK T pO H aM , nOaBAHKDIlJHMCa n p H  

HOHH3aiJHH B B H A y  T O rO , HTO HX CKOpOCTb 3H 3H H T eA bH O  n p e -  

BOCXOAHT CKOpOCTb nepeA B H JK eH H H  nO A O atH TeA bH bIX  HOHOB.

C K O p O C T b  3 A eK T p O H a,  A O C T aT O H H aa A A a  H0 HH3 a y H H ,  H 3 M e p e H -  

H a a  B B O A bT ax  h  n p H O Ö p e T e H H a a  a A e K T p o H O M  H a  AAHHe c b o ö o a -  

H o r o  n y T H ,  H a 3 b i B a e T c a  H0 HH3 a u H 0 HHbiM n o T e H y n a A O M .  Mbi ee 
ÖyAßM o 6 o 3 H a n a T b  n e p e 3  e¿. E c a h  AAHHa n y T H  o t  a H O A a  a o  KaTO A a 

p a B H a  I ,  t o  n p H A o a te H H b iH  k  a H O A y  n o T e H y H a A ,  A A a T o r o ,  h t o ö m  

B0 3 HHKAa H0 HH3 a y H a ,  AOAateH paB HHTbC H

50



«■

s
ú
ti

i i

Söf

« i

es

El

SW
injr

::s:

] »

ITVS

80JM

SÜß

!HDß'

lassi

S nj» 
Uff

iepef

BCÓW'

Mm«

SäTOJi

qlOÓS

3 T y  B 6A H *lH H y Mbl Ö y ^ e M  H a S b lB ä T b  nOAHbIM H O H H 3 a y H O H H b IM  

n o T e H y w a A O M ,  h a h  n o p o r o M  3 a j K H r a H H a .

rioCAe B 0 3 H H K H 0 B e H H H  T O K a  B p e 3 y A b T a T e  H O H H 3 a y H H ,  C B H 3 a H -  

HOÜ C n O H B A e H H e M  n O A O * H T e A b H b I X  HOHOB, H e H T p a A H 3 y iO I I J H X

o ö b e M H b i ö  3 a p a A ,  c o 3 A a B a e M b i ñ  n e p B U H H b i M H  S A e K T p O H a M H ,  n a A e H H e  

H a n p a * e H H J i  M e a t A y  3 h o a o m  h  k b t o a o m  y M e n b i n a e T c a  a o  c p a B H H -

T e A b H O  H e 3 H 3 H H T e A b H O H  B CAHHHHbl ( n O p a A K a  2 0 ---- 3 0  B O A bT

B B blC O K O B O A bT H O Ü  p T y T H O Í i  K O A Ö e ) .

r i e p B O H a n a A b H o e  M e c T O  H O H H 3 a y H H  n p H ^  n o c T e n e H H O M  B 0 3 p a -  

C TaH H H  a H O A H o r o  n o T e H y n a A a  H a x p A H T c a  A a A e n o  o t  K a T O A a ,  h o  

3 a T e M  o h o  ö b i C T p o  n e p e A B H r a e T c a  n o  H a n p a B A e H H i o  k  K aTO A y> c o -  

c p e A O T O H H B a a c b  H a  p a c -  

CTOHHHH, n p H M e p H O ,  X

o t  H e r o .  r i o A H o e  n a A e -  

H H e  H a n p a a î e H H H  M e * A y  

3 H 0 A 0 M  H K a TO A O M  n p H  

y C T a H O B A e H H H  H O H H O rO  

T O K a COCTOHT H 3  n a -  

A e H H a  H a n p a a i e H H H  y  K a -

TOAa--OKOAO 1 0  B O A b T ,

naACHHH H a n p a ^ e H H H  b

A y r e — o k o a o  5 — 7  B O A bT ,  

h  n a A e H H a  H a n p a a i e H H a  

y  c a M o r o  a H O A a .

Ha (J)Hr. 23 n o K a 3 a H a  3 3 B H C H M 0 C T b  M e a î A y  t o k o m  h  H a n p a -  

j f i eH H eM  p T y T H O H  K OAÖbi .  H 3 o 6 p a î K e H H a a  K p H B a a  c o c t o h t  M3 T p e x  

y n a c T K O B :  n e p B b i ä  y n a c T O K  o t  /  =  0  a o  i =  i', n o A y n e H H b i H  n A a B -  

HblM y B e A H H e H H e M  e  AO E¡, C O O T B e T C T B y e T  HHCTO 9 A e K T p O H H O M y  

n p o y e c c y ,  t .  e .  n e p e H o c y  3 a p a A O B  n e p B H H H b i M H  a A e K T p o H a M H ,  n o K a  

C K OpO C Tb 3 A e K T p O H O B  H e  A O C T H T A a K p H T H H eC K O H  B eA H H H H b l  H

H O H H 3 a u H a  H e  H M e e T  M e c T a .  3 H a H e H H a  T O K a  b  u p e A e A a x  0  <

<  i <  i M o r y T  ö b i T b  B b i q n c A e H b i  n o  ( p o p M y A e

i  =  k e3¡1 !),

t .  e .  n o  ( p o p M y A e ,  K O T o p a a  n p n M e H a e T c a  A A a  p a c n e T a  T O K a  b  k c h o -  

T p O H e .  ,
n P H A O C T H * e H H H  BHeUIH HM  H a n p a J K e H H e M  B eA H H H H bl  n O A H O r O  

H 0 H H 3 a y H 0 H H 0 r 0  n o T e H y n a A a  E¡ H a ^ H H a e T c a  B T o p o ß  y n a c T O K  

i — /m in ,  o ö y c A O B A e H H b i H  n o a B A e H H e M  H O H H 3 a y H H .  H a n p a ^ e H H e  

H a  B e H T H A e  noA B A H a H H e M  B H e u i H e r o  c o n p o T H B A e H H a  p e 3 K O  n a A a e T

* ) * ■
2 , 3 3 - l Q - s

a  X  —  paccTOHHHe Meæ4jr B A e K T p o a a M H  b c a H T H M e t p a x .
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Aaate npn HeöoAbinOM yBeAHHeHHH Tona, BCAeACTBHe nero noAy-  
naeTCH HeKOTopaa oÓAacTb HeycTOHHHBOH paöoTbi pTyTHoro BeH- 

THAH. 3 tot ynacTOK npeacTaBAHeT nepexoAHOe coctohhhc ot hhcto 

3AeKTpOHHOH npOBOAHMOCTH K 3AeKTpOHHO"HOHHOH.
C A e A y i O I I ł H H ,  T p e T H H  y w a C T O K  K p H B O H ,  OT ł >  / m in , C O O T B e T -  

c T B y e T  y c T O H H H B O H  H O H H 3 a y H H .  H a  3 T O M  y n a c T K e  n a A e H H e  H a n p n -  

jK e H H e  Ha B e H T H A e  b  i i m p o K H X  n p e f l e A a x  n p a K T H n e c K H  o c T a e T c a  

n O C T O S H H b IM ,  T a K  HTO TOK B y e n H  O n p e A e A H e T C J l  A H IU b  B H e iH H H M  

H a n p n a i e H H e M  h  c o n p o T H B A e H H e M ,  a h m c h h o :

■ e ~ e b ^  e 

R =  R '

n pH 3HEHHTeAbHOM yB eA H H eH H H  TO K a H a n p í í íK e H H e  Ha BeHTHAe 

H aH H H a eT  BHOBb B 0 3 p a C T a T b  H, TAaBHblM 0 6 p a 3 0 M ,  BCAeACTBHe 

yBeAHHeHHH na A e H H H  H a n p a îK e H H H  y  a H O A a .  3 H a n e H H e  TOKa i max, 

n p H  KOTOpOM H aH H H aeTC H  3TOT pOCT H anpH ÎK eH H fl ,  M O aîeT  ÖblTb 

yBeAHHeHO nyTeM noAAepaiaHHH nocTOHHCTBa TeMnepaTypbi h a h 

n y T e M  c h h^ c h h h e e .

H 3 npHBeAeHHOH x a p a K T e p H C T H K H  mojkho yCMOTpeTb B aJ K H b ie  

3HaqeHHJI TOKa, XapaKTepH3yiOUJHe AaHHblH pTyTHblH BeHTHAb. 

r i e p e x o A  3 a  M HHHM aAbHbiił  tok n o B A e n e T  H e y c T O H H H B y io  p a ö o T y  

BbinpiiMHTeAH, a n e p e x o A  3a MaKCHMaAbHbiH npeAeA Bbi30BeT
yB e A H H eH H e n O T e p b  S H e p r H H ,  n o B b i i u e H H e  T e M n e p a T y p b i  h ,  b  k o -  

HeHHOM c n e T e ,  o ö p a T H o e  3a?K H raH H e .  B T a Ö A H y e  c t c k a h h h m x  

p T y T H b i x  k o a 6  h h î k h h h  n p e A e A  TOKa o 6 o 3 H a n e H  n e p e 3  /om in  

h  B e p x H H H  n p e A e A  H e p e 3  7 0 h .  H a A O  H M eTb  b  BH A y, h t o  n o H H -  

a î e H H e  O K p y a i a i o i y e H  T e M n e p a T y p b i  n o B b i i u a e T  KaK h h j k h h h ,  TaK 

h  B e p x H H H  n p e A e A b i  p a ô o n e r o  TOKa.

Ecah aHOAy pTyTHoro bchthah nepBOHanaAbHO AaTb OTpnya- 
T eA b H b iH  n o T e H y n a A ,  t o  nepBHHHbie SAeKTpoHbi H e  b coctoahhh 

nOAyHHTb yCKOpeHHe, HOHH3ayHH He npOHCXOAHT H HBAeHHe TOKa 

BOOÖiye He B03HHKaeT. C  APyrOH CTOpOHbl, KOrAa pTyTHblH B e H 

THAb HaxoAHTca b yenH c nepeMeHHbiM bhcihhhm HanpajKeHHeM, 

to k  MOMeHTy nepexoAa nocAeAHero H3 oÖAacTH noAoatHTeAbHbix 

b oÖAacTb O T p n y a T e A b H b i x  3 H a q e H H H , b n p o c T p a H C T B e  Me»Ay aHO- 

AOM H KaTOAOM HaXOAHTCH KaK nOAOJKHTeAbHbie HOHbl, TaK H 

BTopHHHbie SAeKTpoHbi, Moryiyne Tenepb nepeMeujaTbcn b oôpaT- 

HOM HanpaBAeHHH. B CHAy 3Toro HMeeT MecTO oöpaTHbiä tok 

(cm. <J)hi\ 24), t, e .  ot xoAOAHoro aHOAa k  jkhakoh pTyra. Ero 
M a K C H M a A b H o e  3 H a n e H H e  H s p a c T a e T  b  T e n e H H e  ~  1 / 1 0 0 0 " ,  a  H a  

npoTHJKeHHH ocTaAbHOH H3CTH OTpHyaTeAbHoro noAynepHOAa oh 

npoAOAaîaeTCH, HMea coBceM He3HaHHTeAbHyio BeAHHHHy, h6o HacTy-
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n a e T  j iBA eH H e M 0A H 3aijH H , t .  e. 0 6 p a 3 0 B a H n e  H3 n o A o * H T e A b H b i x  

HOHOB H 3 AeKTpOHOB HeHTpaAbHbIX aTOMOB. BeAHHHHa o S p a T H o r o  

TOKa n o  CpaBHeHHK) C npHMbIM TOKOM HHHTOSKHa, H pTyTHblH B6 H- 

THAb MOJKHO OTHOCHTb, npaKTHHeCKH, K COBepnieHHblM BeHTHAHM. 

n o  H3 M epeH H 5JM T i o H T e p u i y A b y e  ą a h  k o a 6 w ,  paccHHTaaHOH  

Ha 1 0  a M n e p ,  nHK o 6 p a T H o r o  TOKa m o ż k c t  ¿ o c T H r H y r b  B c e r o  a h i u ł  

3 mA h  CHAbHO n a f l a e T  c y M eH bineH H eM  H a r p y 3 KH.

B ó A b m e e  n p a K T H H e c K o e  3 H a n e H H e  o S p a T H o r o  TOKa 3 a K A io -  

n a e T c a  b  t o m ,  h t o  c  h h m  C B a s a n o  p a c n w A e H n e  aHOAOB. 3 t o

MBAeHHe H eÓ A aronpnH TH O  O T p a a s a eT ca  Ha p a S o T e  k o a 6 m, yBeAH -  

HHBan noAHbiH HOHH3 auHOHHbiH n o T e H y n a A .

O K O H i a T e A b H a a  K a p T H H a  n p o x o ^ ą e H H H  TOKa q e p e 3  p T y T H b in

BeHTHAb n p e 4 CTaBAeHa AHarpaMMaMH Ha (Jmr. 2 4 . B B H A y T o r o ,

HTO B pTyTHOH KOA6 e  HOpMaAbHO paCCHHTaHHOH Ha TOK B He* 

CKOAbKO a M n e p ,  BeAHHHHa HHCTO 3 AeKTpOHHOrO TOKa, M eHbUiaa z", 

c o c T a B A a e T  HecKOAbKo MHAAHaMnep, OHa He n o K a 3 aHa Ha k p h b o h  

TOKa. B o 3 HHKHOBeHHe n p H M o r o  TOKa n 0 Ka3 aH 0  AHiub HanHHaa  

c  MOMeHTa, K o r ^ a  B H e n iH e e  H a n p a s e H H e  A O c r a r a e T  BeAHHHHbi 

n o A H o r o  H 0 H H 3 a g H 0 H H 0 r 0  n o T e H y n a A a .  T aK H M  0 6 p a 3 0 M ,  s t o t  

MOMeHT MOJKeT 6 bITb H aiłAeH H3  ypaBHeHHH

s i n  (et) t j )  —  s i n  ( ¿ )  =  ^  . . . . • . . . ( 6 )
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B CBA3H C 3THM pTyTHblft BeHTHAb MO*HO paCCMaTpHBaTb, 
B OTAHHHe OT KeHOTpOHa, KaK BeHTHAb, OÖAaAaHDIIJHH npOBOAH* 
MOCTblO B npHMOM HanpaBAeHHH AHUIb no AOCTHateHHH aHOAHbIM
noTeHynaAOM BeAHHHHbi E¡. KeHOTpoH ate hbahctch npoBOAHHKOM 
npn KaKOM yroAHO MaAOM noAoatHTeAbHOM 3HaqeHHH aHOAHoro 
n o T e H y n a A a .

K a K  AOKa33HO npO(J) .  B. ü . B oA O rA H H W M , B e A H q H H a  E¡ ,  nOMHMO 

T e M n e p a T y p H o r o  p e a t H M a ,  33bhcht o t no c T O p O H H H X  3 a p H A 0 B ,

MOryilJHX H M eT b MeCTO H a CTeHKaX pT yTH O fi  KOA6 l I .  I l o B e p X H O C T b  

c T e K A a  M o a te T  y A e p a t a T b  O T p H y a T e A b H b i e  3 a p n A b i ,  n o A y q a e M b i e  

e i o  o t yAapHKDHjHxca 0 6  H e e  a A e K T p o H O B , A B H ateH H e K O T o p w x  

n p o H c x o A H T  n o  h3bhahctwm CHAOBbiM AHHHHM. 3apnateHHaH ate 
n o B e p x H O C T b  CTeKAa n o B b i m a e T  n a A e H H e  H a n p f l a t e H H H  M e a tA y  

KaTOAOM H aHOAOM KOAÖbl. O c O Ö e H H O  C K a3bIB aeT C H  BAHHHHe

CTeHOK, KorAa ohh noKpwBaioTCH cAoeM pry ra . IlocAeAHee 
H B A eH H e H M e e T  M e c T O  q a n j e  B c e r o  T o r A a ,  K o r A a  p T y T b  6 w A a  

H e A O C T a T o q H a  o q n i g e H a ,  h K o r A a  H e  öb iA O  AOCTHrHyTO A O C T a T o q -

H o r o  B a K y y M a  n p n  H 3 r0 T 0 B A e H H H  p T y T H o ä  k o a ö w .

Hto6w nOKa3aTb, KaK BAHHeT Ha nOAHblH H0HH3ayH0HHbIH 
noTeHynaA HaAHqne pTyTHoro 3epKaAa Ha BHyTpeHHen noB epx-  
HocTH CTeKAa, oöpaTHMCH K cpHr. 24, Ha KOTopoH H3o6paateHa  
AßyxaHOAHaa pTyTHaa KOAÖa c MeTaAAHnecKoii MaHateTOH Ha 
OAHO0 H3 aHOAHbix TpyöoK. I lycT b HanpaateHHe, npHAoateHHoe 
k aHOAy, paBHO eb, a k MaHateTe— er  B TaKOM CAyqae MoatHO 
cocTaBHTb ypaBHeHHe

est =  eg Jr D  eb>

KaK npH aHaAH3e TpexaAeKTpoAHbix KaTOAHbix AaMn, h achctbh- 
TeAbHOe AO MOMeHTa nOHBAeHHH H0HH3aiJHH. B 3T0M ypaBHeHHH 
èst—TaK Ha3biBaeMoe ynpaBAHioujee HanpaateHHe, KOTopoe no 
cBoeMy B03AencTBHK) Ha noBeAeHHe CBo6oAHoro SAeKTpoHa 3kbh- 
BaAeHTHO B03ACHCTBHK) Ha Hero noTeHynaAOB eg h eb. BeAHqHHa

D  =  Cak

paBHa OTHOUISHHIO eMKOCTH aHOA'KaTOA H eMKOCTH MaHæeTa-KaTOA; 
OHa HBAaeTCH b AaHHOM CAyqae npoHHyaeMocTbro MaHateTbi. Ecah 
AonycTHTb, qTo eg =  0, t .  e. MaHateTa npHcoeAHHeHa KOPOTKO 
K KaTOAy, H B TO ate BpeMH TpeSyeTCH BbI3BaTb HOHH3ayHK), T. e., 
AOAatHÖ 6bITb esf — E¡. TO AAH 3TOr0, OqeBHAHO, aHOAHblH nOTeH- 
y n a A  AOAateH HM eTb B e A H qH H y
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r i p n  Z )  =  0,1 Mbi n o A y q a e M  A e c H T H K p a T H o e  y B e A H H e H n e  n o A H o r o  

HOHH3 a y H O H H o r o  n o T e H g H a A a ,  e c A H  H a n y m  M e x A y  3 h o a o m  h  

K3 T0 AOM H M e e T c a  M e T a A A H q e c K a a  M a H îs e T a ,  c o e A H H e H H a a  c  k s t o -  

AOM. H e  T p y A H O  T e n e p b  n p eA C T S B H T b  c e 6 e ,  h t o  t o h h o  T3 K y io  * e  

p O A b  M O æ eT  H r p 3 T b H p T y T H O e  3 e p K 3A O , p 3 C n p O C T p 3 H eH H O e n o  

B H y T p e H H e S  n o B e p x H O C T H  s h o a h o h  T p y Ö K H , n p o A O A i s a i o n i e e c f l  

AO COeAHHeHHH C J8 HAKOH pTyTbK ».

C  nOAOÖHbJM * e  HBAeHHeM  yBeAHHeHHH E¡ Mbl CTOAKHeMCH, ecAH 

KOHCTpyKTHBH3H AeTSAb, noAAepsHBaioiijaa pTyTHyK) KOAÖy, npH- 

coeAHHeHa k KaTOAy-

B THnOBM X pTyTHW X  KOAÖaX nOAHblH HOHH3aüHOHHbIH HOTeH- 

UH3A, öe3 yneTa  b ahh hh h  nocTopoHHHX 3apnA0B , onpeAeAHeTCH 

BeAHIHH OH  200-400 BOAbT AAH BbICOKOBOAbTHblX KOAÖ H  50--100
BOAbT AAH HH3KOBOAbTHbIX.

4 o A » H O  ÖW Tb C O B ep m eH H O  OHeBHAHO, HTO n p H M e H e H H e  BblCOKO* 

BOAbTHOH KOAÖbl AAH BbinpHM AeHBH HH3KOrO H a n p H X e H H H  6 e C H O '  

Ae3HO, HeCMOTpH A 3 æ e  H 3 HH3KOe n 3 A e H H e  H3npH2KeHHH B H e ö .  

B C3M0M A e A e ,  eCAH TOAbKO 3M nA H TyA 3 BbinpH M A fleM O rO  H 3 n p H *  

XeHHH E<^E¡, TO K0AÔ3 H e  B COCTOHHHH H pO nyC TH T b H TOK n p « -  

MOrO H SnpSBA eH H H .

I~IoA06h3H K3pTHH3 H apym eH HH  npOBOAHMOCTH B npHMOM  HanpaB- 

AeHHH HAH, K3 K TOBOpHT, nOHBAeHHe nCeBAOBblCOKOJO B3KyyMa, 

M O *e T  HaÔAioAaTbCH h  TorAa, KorAa THn k o a ö w  BbiöpaH npa- 

BHAbHO. Bo-nepBbIX, npHHHHOH erO MOiSeT ÖblTb 06p330B 3H H e 

pTyTHoro 3epKaAa, coeAHHHBm erocn c k3toaom , a, BO-BTOpwx, 

B03HHKH0BeHHe Ha 3epKaAe, He COeAHHeHHOM C KaTOAOM, OTpH- 

naTeAbHoro noTeHUHaAa, paBHoro aMHAHTyAe BbinpHMAneMoro 

HanpnæeHHH, bo BpeMH AeñcTBHH oopaTH Oro  H anp H *eH H H . I~Ioao6- 

Hoe « e  BAKHHHe OKa3bIBaeT H nOBepXHOCTb 3HOAHOH TpyÔKH, 

noKpbjTaa n poAyK T3M H  pscnw AeH H H  SHOAa ot oôpaTHoro to rs .

H a  n p S K T H K e,  BO H3 6 e * 3 HHe y K 3 3 3 HHbIX HBAeHHH, CT3 BHT HSpOHHO 

M S H æ eT y ,  HO COeAHHHIOT e e  KOpOTKO C aHOAOM. P a A H  TOH * e  ^ A H  

KOHIIbl aHOAHblX TpyÔ O K , BM eCTe C HX BbIBOAaMH, H H O rA a MeTaAAH- 

3 H pyioT C H , t .  e. n o K p b iB a io T C H  C H a p y æ n  t o h k h m  c a o c m  M eT aA A a.

§ 4 . O ô p a T H o e  3aÂHraHne b pTyTHOM bchthac h p a c q e T

A o n y c T H K L ix  H a r p y 3 0 K .

riOHBAeHHe TOKa B OÔpaTHOM  HanpaBAeHHH B pTyTHOM BeHTHAe 

3HaqHTeAbHO OÔAerqeHO no  CpaBHeHHK) C KeHOTpOHOM. f lp H H H -  

H3MH oôpaTH oro  3aæHraHHH b  s t o m  CAyqae h b a h i o t c h :

а) HaAHHHe napoB, H acw m aro m n x  npocTpaHCTBo;

б) npHcyTcTBHe b  k o a 6 c  nocTopoHHHX ra30B ;
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b ) HeHHCTHH noBepxHOCTb aHOAa h  nonaAaHHe Ha Hero Katie- 
AeK p T y T H ,  M o r y u iH X  0 6 p a 3 0 B a T b  S M H T H p y io i i i e e  n a T H O  ( k o h a ê h -  

c a y n a  n a p o B  p T y T H  b 6 a h 3 h  a H o ^ a ) .

P a H e e  6 w a o  n 0 K a 3 a H 0 ,  m t o  b  H c n p a B H O  p a ö o T a r o u j e ü  pT yTH O H  

KOAÔe H M eeT  M ecTO  o ó p a T H b i ñ  t o k  b  n e p H O A b i  O T p w i j a T e A b H o r o

|P -Hg 

8000
6000

¿+G00
3000
2000

1000
8C0

®Hr. 25

H a n p a a t e H H a  H a  aH O A e. 3 t o t  t o k ,  o n e H b  H e3H a*iH T eA bH bJH  no  

BeAHHHHe, n o  C B o e n  n p n p o A e  n p e A C T a B A a e T  H e  h t o  H H o e ,  KaK T a n  

H a3bIB aeM bIH  TOK THXOrO p a 3 p f l A a .  n P H H3AHHHH n e p eH H C A eH H b IX  

0 6 c T 0 aTeAbC*TB, OAHaKO, T 3 K 0 H  TOK THXOrO p a 3 p a A a  MOîKeT nOHTH 

M rHOBeHHO n p e B p a T H T b c a  b  t o k  A y r o B o r o  p a 3 p H A a ,  h ,  Ö A a r o A a p a
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n a ^ a j o u j e ü  x a p a K r e p H C T H K e  eb =  / ' ( / ) ,  n a A e H H e  H a n p a a î e H H a  Ha 

A y r e  CT3 HOBHTCH B eC bM a MaAbIM, HTO H OÔyCAOBAHBaeT KOpOTKOe 

3 aM bIK aH H e CeTH, npHKAIOHeHHOH K A a H H O M y  BeHTHAK).

r i e p B O e  H3 O T M e n e H H b lX  O Ô C T O a T e A b C T B  H M e eT  M e C T O  B p T y T -  

HOM B e a T H A e  B c e r A a ,  n o c K O A b K y  y  K a T O A a  B b iA e A a e T c a  ö o A b iu o e  

K O AHM eCTBO  T e r i A a  B C A e A C T B H e  n O T e p b ,  H H M e e T C a  H3 ÖblT OK JKHA_ 

KOH p T y T H .  C  n o B b i m e H H e M  T e M r i e p a T y p b i  A a B A e H H e  n a p o B ,  H a c b i -  

u j a i o u j H X  n p o c T p a H C T B O ,  H e  n o A ^ H H a e T c a  3 a K O H y  B o H A a - M a p n o T T a ,  

a  p a c T e T  ö b i c T p e e  n o  C A O îK H O M y 3 a K 0 H y .  H a  (p H r .  2 5  3 T a  3 a B H -  

CHM O CTb n p e A C T a B A e H a  r p a c J m n e c K H .  Y B e A H H e H H e  A a B A e H H H  M o r a e r  

O A H H aK O B O  n p 0 H 3 0 H T H  H n p H  y B e A H -  

n e H H H  T e M n e p a T y p w  O K p y a j a i o i i j e r o  

npocTpaHCTBa.

n p O H 3 B e A e H H b i e  H C C A eA O B aH H H  

nOK a3bIB aiO T,  HTO SAeKTpHHeCKHH  

n p o ô o H  b  a T M O C f p e p e  H a c b i u j a i o u j H X  

n a p o B  p T y T H  H e  3aB HCHT n p a K T H q e *

CKH HH OT paCCTOHHHH, HH OT pa3'
MepOB 3AeKTpOAa, HO 3aTO B  Bbico- 
KOH CTeneHH onpeAeAaeTca Teivme- 
paTypoS napoB. Ha (pnr. 26 npn- 
BeAeHa 3Ta 3aBHCHMOcrb; H3 Hee 
CAeAyeT, HTO npn TeMnepaType 
b 70°— 80° C  SAeKTpHMecKaa npon- 
HOCTb napoB, HacbiujaioigHX npo- 
CTpaHCTBO, HHJKe 5 0 0 0  BOAbT.

nPH T a K H X  O Ô C T O H T e A b C T B a X ,  K a -  

3 3 A O C b  6 b l  C O B e p n i e H H O  H e B 0 3 M 0 ż K H 0  

H C n 0 A b 3 0 B a T b  p T y T H b l H  B e H T H A b  AAH 

n p a K T H ^ e c K H X  y e A e n .  O A H a K O ,  o t -  

M e n e H H b i e  3 a T p y A H e H H H  y c T p a H H i o T c a ,  B O - n e p B b i x — H C K y c c T B e H H W M  

o x A a ^ A e H H e M ,  n o A A e p a î H B a j o i i j H M  c p a B H H T e A b H O  H H 3 K y io  T e M n e p a -  

Typy 4 0 ° — 5 0 °  C ,  h ,  b o  B T o p w x , — p a c n o A o a i e H H e M  a n o A O B  b  y 3 K H x

K a H a A a x ;  y  C TeKAHHHbIX  p T y T H b l X  KOAÔ b  A A H H H H X  H C p a B H H T e A b H O  

TOHKHX T p y Ö K a X .

r i o T e p a  3 H e p r H H  b  pTyTHOH KOAÔe M o a îe T  ö b i T b  B b i p a » : e H a  

M e p e3

16

1k

12

10

8

G

%

0 20 kO 60 80 100 120 T°C

CpHr. 26.

~ r f ' '
dt -

1

7

r j
o

idt =  eh . Io (7)

H e p e 3  e é =  2 0 - ^ 3 0  BOAbT 0 6 0 3 H a ii e H 0  n o c T o a H H o e ,  n p a K T H ^ e c K H  

H e  3 a B H c a u j e e  o t  B b i n p a M A a e M o r o  T O K a ,  n a A e H H e  H a n p a a i e H H a
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B K O A 6 e .  H e o 6 x O A H M O  O T M 6TH Tb, MTO OTAHHHe 3 T O r O  ypaB H eH H fl  

o t  (p o p M y A b i  (2), B b i p a i K a i o u j e B  n o T e p i o  m o u j h o c t h  b  K eH O T poH e,  

3aKAK>MaeTCH H e  T0 AbK0  b  t o m ,  h t o  3 A e c b  H r p a e T  p o A b  c p e f l H e e  

3 H aqeH H e o 6 u j e r o  B b in p a M A e H H o r o  TOKa b m c c t o  A e H C T B y r o u j e r o  

3 HaqeHHH T o n a ,  n p o x o A a i g e r o  n e p e 3  o a h h  aHOA. C y u j e c T B e H H O  h  

t o ,  h t o  r A a B H a H  H a c T b  n o T e p b  S H e p r H H  c o c p e A O T o n e H a  H a  KaTOA® 

h  A H u ib  H e 6 o A b i u a H  q a c T b  b  c a M O H  A y r e  h  H a  a H O A a x .  B K e H o -  

T p o H e  ace mm HMeeM c o B e p u ie H H O  n p o T H B o n o A o a t H y io  K apT H H y—  

TaM B e e  n o T e p n  c o c p e A O T O M e n w  H a  aHOAe.

Pa3yMeeTCH, ecAH npH AaHHOM ycTaHOBHBineMca 3HaneHHH 70 
h onpeAeAeHHOM ycTpoiicTBe oxAaaiAeHHH, pTyraaa KOA6a He AaeT 
o6paTHoro 3ajKHraHHH, to  nOBbiuieHHe Harpy3KH npH yBeAHieHHH 70 
MoateT Bbi3BaTb sBAeriHe o6paTHoro 3a*HraHHH. B 3tom CAynae 
oho 6yAeT o6ycAOBAeHO HenocpeACTBeHHo noBbimeHHeM TeMne- 
paTypbi HacbiujeHHbix napoB, a 3HaHHT, corAacHO (pnr. 26, noHH- 
JKeHHeM HX 3AeKTpHMeCKOH npOHHOCTH. fl03T0My pTyTH3H KOA6a, 
paccHHTaHHan Ha HopMaAbHyio Harpy3Ky npH onpeAeAeHHoii 
CTeneHH HCKyccTBeHHoro oxAaaiAeHHH, MoaseT pa6oTaTb 6 e a  bch- 
KOrO HCKyCCTBeHHOTO OXAaaiAeHHH npH yCAOBHH CHHateHHH BeAH- 
HHHbi Harpy3KH. HaoSopoT, HopMaAbHyio Harpysny MoaiHO n p e -  

BblCHTb, eCAH yBeAHHHTb CTeneHb HCKyCCTBeHHOTO OXAaaSAeHHH.
y c t p o h c t b o  aHOAOB pTyTHOH k o a 6 m  b  a a h h h w x  T p y 6 n a x  n o s -  

BOAHeT o c y u j e c T B H T b  p a s H b i e  T e M n e p a T y p H b ie  peaiH M bi h  AaBAeHH«  

b  p a 3 AHMHbix n a c T a x  k o a 6 m .  9 t h m  A O C T H raeT ca , n p e a s A e  B c e r o ,  

TO, HTO aHOAbl OKa3 bIBaiOTCH B C p e A e  C HeHaCblHjeHHblMH napaMH 
pTyTH, KOTOpbie nOAHHHHIOTCH 3 aKOHy B o f lA H -M a p H O T T a  H TeH 
A r o c c a K a ,  t .  e .

p v  — c o n s t  ( 1  -f- a  f°)

h  H M eio T ,  6 A a r o A a p H  M a A o i i  h a o t h o c t h ,  S o A e e  B b i c o K y io  SAeKTpH- 

H e c K y i o  n p o H H O C T b  n p n  0 A H H a K 0 B 0 H  T e M n e p a T y p e ,  n e M  H a c w -  

iy e H H b ie  n a p b i .

^ A H H H b ie  aHOAHbie T p y 6 KH, H M e fo u jn e  B A o 6 aBOK KOAeHO, o r p a -  

asAaroT aHOA o t  H e n o c p e A C T B e H H o r o  n o n a A a H H a  Ha H e r o  CTpyH 

n a p o B  pTyT H , n o T o p a a  HopMaAbHO H a n p a B A a e T c a  b  p a c u iH p e H H y io  

n a c T b  k o a 6 m , r A e  h  n p O H c x o A H T  K O H A e H c a y H a  h x  b  KaneAbKH  

aiHAKOH pTyT H . P a a A H H H o e  cocT O H HH e c p e A b i  n a n  n o  x a p a K T e p y  

n a p o B ,  TaK k  n o  AaBA eH H io h  h a o t h o c t h  h x ,  p a 3 y M e e T c a ,  B0 3 - 

MOaiHO B CHAy HeKOTOpOrO AHHaMHHeCKOrO paBHOBeCHH, C B « 3 a H *  

H o r o  c  H en p ep b iB H b iM  ABHaieHneM CTpyH n a p o B  pTyTH BHyTpH  

k o a 6 m . 3 t o  ABHaieHHe H M eeT  H a n p a B A e H H e  o t  r o p a n n x  n a c T e H  

k  XOAOAHWM, r A e  n a p b i  K O H A eH cn p y iO T ca ,  n o A A e p a i H B a n  T e M  caMbiM  

H e o S x o A H M o e  a a h  A H H a M H H e c K o r o  p a B H O B e c H a  H e n p e p b i B H o e  a b h -
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wa H seH H e.  K p o M e  T o r o ,  H aA w q w e  c p a B H H T e A b H O  H H 3 K o ro  o ß i g e r O

He, AaBAeHHjj B c e r A a  n 0 3 B 0 A a e T  a 6 o A e e  A erK O H  c r e n e H H  o c y u j e c T B H T b  

W  p a 3 H b i e  AaBAeHHH b p a 3 A H 4 H b ix  MacTJix O A H o r o  h  T o r o  ase c o c y A a .  

p  H a  o cH O B aH H H  C K a 3 a H H o r o  p r y T H a a  KOAÖa ö y A e T  H opM aA bH O

«oí p a ô o T a T b ,  H e  A a B a a  o 6 p a x H o r o  3aa tH raH H Si,  ecA H  T e M n e p a T y p a  

no* y  KaTO A a, a  3H3MHT, h A aB A eH w e H a c b iu ja io i i jH X  n a p o B  n o A A e p a iH -  

Mft BaeTCH H a  AOCTaTQHHO HH3KOM y p O B H e ,  a  OKOAO aHOAOB HMeeTCH 

:m¡- c p e A a  c  H e H a c b iu ja io i i jH M H  n a p a M H ,  H M ejoujHM H M a A y io  riAOTHOCTb, 

BbicoKyto, cp a B H H T e A b H O , T e M n e p a T y p y  h AaB A eH H e, o n p e A e A a e M o e  

¡Mi n o  3 aK O H y B o ñ A H - M a p a o T T a .

Hit CaMO C 0 6 0 H  p a s y M e e T C H ,  hto n p n  btom B H y T p n  koaöw
œ  , i e  A O A J K H O  Ö b l T b  n O C T O p O H H H X  T a 3 0 B ,  M O r y i l J H X ,  H e 3 a B H C H M O  O T

up c K a 3 a H H o r o ,  n p e B p a T H T b  thxhh pa3pnA b  AyroBoñ, c o 3 A a B  T e M  

i k e  c a M b i M  o ö p a T H o e  3 a * n r a H H e .

T o h h o  T a K  J K e  H e n n c T a a  n o B e p X H O C T b  3 h o a o b ,  h a h  n o n a A a H n e  

i k l  n a  H e e  K a n e A e K  p T y T H  b c a c a c t b h c  B p e A H O Ü  K O H A e H c a y n n  o k o a o  

ihm« a H O A O B ,  MoæeT B b i 3 B a T b  oöpaTHoe 3aaiHraHHe, He3aBHCHMO o t  

M3 ¡a B b i u i e y K a 3 a H 0 r 0 .  9 t o  o ö p a T H o e  3 a a s n r a H H e  6 y A e T  o ô y c A O B A e H O  

h  Kt 0 6 p a 3 0 B a H H e M  H a  a H O A H O H  n o B e p x H O C T H  y n a c T K O B ,  H c n y c K a i o n j H x  

jjO C B O H  n e p B H H H b i e  3  A e K T p O H b l .  H a A O  3 a M e T H T b ,  O A H 3 K O ,  H T O  

i)««  o ö p a T H o e  3 a * H r a H H e  B C A e A C T B n e  n o H B A e H H H  S M H T H p y i o i i j H X  n a T e H  

¡¡¡aj H a  n o B e p x H O C T H  a H O A a  p e A K O  n e p e x o A H T  b y c T a H O B H B u i H H c a  

jawa P e * H M  H > O Ö b I H H O ,  H 6  B b I 3 b I B a e T  T O K a  K O p O T K O r O  3 a M b I K a H H H .

,eW1 PacneT AonycTHMOii Harpy3KH, orpaHHHeHHon, KaK 3to CAe- 
.. AyeT H3 npeAbiAyin,ei’0, onacHOCTbK) noHBAeHHH oôpaTHoro 3a»H- 
l a r a H H H ,  MOaseT 6bITb npOHSBeASH, eCAH H3BeCTHbI yCAOBHH OXA3- 

iKAeHHîi. B CAynae npHMeHeHHH B03AyuiHoro oxAaatAeHHH TenAO* 
OTAana cTeKAHHHbiMH CTeHKaMH pTyTHOH KOAÔbi paBHa ~  0 ,005  ■ 
BaTTa KaæAbiM KBaApaTHbiM caHTHMeTpoM ee noBepxHOCTH, npn

3Jtr ycAOBHH pa3HOCTH TeMnepaTyp ctchkh h OKpyîKaiouiero npocTpaH- 
.. CTBa b I o C. n PH 6e3AeHCTByioiijeM BeHTHAHTope 3Ta ate KOAÔa 

cnoco6Ha paccenBaTb TOAbKO~ 0,001 BaTT\ c m 1 Ha I o C. 
a„. TaK KaK npn AaHHOH oônjen noBepxHOCTH koaôm h onpeAe* 

AeHHbix ycAOBHHX oxAaaïAeHHH TeMnepaTypa ee onpeAeAaeTCH
' B CHAy (pOpMyAbl (7), BbinpHMAeHHblM TOKOM I0, npOXOAHUJHM 

nepes KaTOA, a TSKate tokom AeasypHoro 33atHr3HHSi (cm. CAeAyio- 
' iijHH naparpatp), to  <Çhi\ 26 MoaîHO BHAOH3MeHHTb, OTAoaiHB no 

och aôcyncc BMecTO TeMnepaTyp CHAy TOKa / o ,  a  no och opAH- 
sJÿ; HaT HanpaaseHHH, npn KOTOpbix HacTynaeT SAeKTpHHecKHH npoôon.

’ bhï: nacTHoro CAyna» ctckahhhoh pTyTHOH koaôw, HMeioujeñ
°a;. noBepxHOCTb 3000  c m 2, TaKan KpHBaa AaHa Ha cpnr. 27. 9Ta Kpn- 

1 Baa AencTBKTeAbHa npn OKpyataioineH TeMnepaType 30° C h xopo-
ÿ ^  U ie w  O Ô A y B a H H H  KOAÔbl C H H 3 y  n p n  nOMOUJH B e H T H A H T O p a .  < Ą a h
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KOAÔbi c ApyroH noBepxHOCTbio, ho HaxoflfliJu;eftCfl B T e x  a te  y c A O -  

B H H X  o x A a jK A e H H H ,  3 T a  K p H B a H  A a e T  A o n y c T H M y i o  C H A y  T O i< a ,  

H 3 M e H e H H y io  n p o n o p y H O H a A b H O  n o ß e p x H O C T H  koaöw. Ecah n o ß e p x -  

H O C T b  A p y r o í í  KO A  O b i C O C T a B A H e T ,  H a n p H M e p ,  1500, C M 1, TO  A A H  

O A H H a K O B O rO  3 H a H e H H H  E06p TO K  A O A a te H  Ö b lT b  B A B a  p a 3 a  CHHÎKeH.

0  2  4  6  8  10  42 14  1 6  A  CTBeHHOro oxAaaiAeHHH. îïo-

M o r o  n o A  p T y T H o î i  k o a ô o S ,  n p n  H 3B ecT H O H  o K p y ^ a i o u j e H  T e iu n e -  

p a ' r y p e .  B M eT aA A H necK H X  pTyTHbix BbinpiiMHTeAax oxAaaîAeHHe 

npOH3BOAHTCa npOTOHHOH BOAOH H AAH HHX AOAiKHa yCTâHaBAH" 

B a T b C H  C K o p o c T b  e e  n p o T e K a H H H  ( a h t p I'm h h ) .

§  5 .  y C T p o i iC T B o  ß e ü K y p H o r o  s a H îs i r a H H H  a  T n n b i  C T eK A H H H bix  

pTyTHblX BbinpHMHTeACH.

Ą ah  nycKa pTyTHoro BbinpHMHTeAH b  xoa h  noAAepJKaHHH ero 
AeHcTBHH HeoôxoAHMO cneyHaAbHoe npncnocoÖAeHHe, Ha3bmaeM0e 
oöbiHHO AeniypHbiM 3 a ? K H ra H H e M .  $ e A O  b  t o m ,  hto H e o ö x o A H M O  n e p B O -  

HanaAbHO co3AaTb pacKaAeHHoe iihtho Ha noßepxHOCTH îkhakoh 
pTyTH, aMHTHpyiOIIjee SAeKTpOHbl, H COXpaHHTb ero B MOMeHTbl 
ocAaÓAeHHH rAaBHoro TOKa /o, h6o oho MoateT cyiijecTBOBaTb Anuib 
npH ycAOBHH, KorAa stot tok He onycKaeTcn HHise 3— 4 a M n e p .  

n PH HH3KHX OKpyaîaioujHX TeMnepaTypax mojkct OKa3aTbCfl 
HeAOCTaTOMHbIM Aaîiîe H STÜH BeAHHHHbl TOKa AAH HOAAepJKaHHH 
pacKaAeiiHoro nnTHa, hah KpaTepa, KaK ero HHane Ha3biBaioT.

kV
H 3  n p e A b i A y u j e r o  h c h o , 

h t o  p T y T H a a  K O A Ô a  M O îK eT  

A o n y c K a T b  K paT K O B peM eH - 

H b i e  n e p e r p y 3 K H ,  n p H  k o - 

Topbix o n a c H b i H  neperpeB  
H e  y c n e B a e T  H a p a c T H .

FIoKa3aHHbiH cnocoö onpe- 
A eA eH H H  BeAHHHHbl H a r p y 3 -  

K H  h  o ö p a T H o r o  p a ö o n e r o  

H a n p f l íK e H H H  « B A a e T C H  a o  

H 3 B e c T H O H  c T e n e H H  o p n e H -  

THpOBOHHblM. B C H A y  3T0r0 
p T y T H a S  K O A Ô a  A O A JK H a  Bbl- 

Ó H p a T b C H  no 3 a B O A C K H M  A a H -  

H b lM .  B H H C A O  HX, K p O M e  

70 H E'0 6 p ,  A O A ÎK H b l BXOAHTb 
0 6 f l 3 a T e A b H 0  y c A O B H H  H C K yC -

CAeAHHe oneHb nacTO xa.- 

paKTepH3yiOTCH MOHJHOCTbK) 

BeHTHA^Topa, ycTaHaBAHBae-
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Ha ( p a r .  28-a A a H a  n p H H y n r i H a A b H a f l  c x e M a  y c T p o H c T B a  A e a t y p -  

H o r o  3 a a í H r a H H H  C T e K A S H H o r o  p T y T H o r o  B b i n p a M H T e A H .  H 3  H e e  

)S c A e A y e T ,  h t o  K O A Ô a  C H a 6 a t a e T c n ,  ü o m h m o  r A a B H b i x  b h o a o b  A ¡ ,

n  2 n
-»►oot 

-i»- oot

t e  2TZ

J ^ L

- C ü t  

-3«~ 0o t

l o i

O f t(jjt

® H r. 28.

Al, A u  AByM H B C n O M O r a T e A b H b J M H  a H O A a M H  A 2, A 2, 3 a K A K ) q e H -  

H b l M H  B  KOpOTKHe TpyÔKH, H OflHHM B C n O M O r a T e A b H b lM  OTpOCTKOM  

c JKHAKOH pTyTbK) K2. PxyTb 3TOrO OTpOCTKa UpH H aK A O H eH H H
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KOAÖbl MOÎKeT COeAHHHTbCil C pTyTbK) TAaBHOrO OTpOCTKa K \ ,  
CAyataujero oöiijhm KaTOAOM. E c a h  n p n  nOBOpOTe k o a ö m  oaho- 

nOAKJCHblH pyÖ H AbH H K  B\ ÖblA 3aMKHyT, TO n p H  B 0 3 B paiHeHHH 

KOAÖbl B HOpM aAbHOe nOAOateHHe H pa3pbIBe Ä H A K O H  pTyTK 

noHBHTCH HCKpa c  0 6 p a 3 0 B 3 H H e M  KpaTepa. T a K  KaK b  bto  ate 

BpeMü aHOAbi A 2, A2 HaxoAHTCfl n o A  HanpaateHHeM oTHOCHTeAbHO 

KaTOAa, to  nep e3  hhx  ycTaHaBAHBaeTcs tok , h  b c h  cxeM a A e a ty p -  

Horo 3aatHraHHH HaHHHaeT paöoTaTb  KaK iioctoíihho AeîîcTByjoujHH 

AßyxnoAynepHOAHbiH  BbinpHMHTeAb. Pa3yMeeTCfl, BbiKAionaTeAb B¡ 
cAeAyeT nocAe 3 T o r o  pa30M KH yTb , TaK KaK 3 AeKTpHHecKHH b b o a  

y  OTpOCTKa K 2 He paccHHTaH  Ha npoAOAatHTeAbHyio Harpy3Ky.

H aA H H H e A p o c c e A e f i  L \ ,  L \  o ö e c n e H H B a e T  H e n p e p b iB H o e  n p o -  

T eK aH H e TOKa i0 q e p e 3  KaTOA- B e a  hhx  t o k  CHAbHO n y A b c n p o B a A  öbi 

H AOXOAHA Öbi H a  MTHOBeHHiJ AO H yA fl. 3 T O rO , OAHaKO, A O nyC K aT b 

H e C A e A y eT , h ö o  o n b iT  n o K a 3 b iB a e T , h t o  AOCTaTOHHo n p e p ß a T b  

t o k  A e a ty p H o r o  3 a a s n ra H H ji  A a a te  H a OAHy CTO TbiC H H H yio a o a i o  

c eK y H A b i, HTOÖbi p a c K a A e H H o e  naT H O  y c n e A O  o x A a A H T b c n . F Io m h m o  

c rA a æ H B a H H a  n y A b c a i jH H  TOKa A e a t y p H o r o  3 a a tn r a H H f l ,  b AaHHOH

cxeMe ApocceAH AeöcTByioT KaK aHOAHwe ( cm . §  5  rAaBbi IV ) ,

T. e. orpaHHHHBaioT BeAHHHHy TOKa AeatypHoro 3aatnraHHH.
E c a h  BHA0H3MeHHTb cxeMy BKAioneHHii ApocceAefi (cMOTpn 

<pHr. 2 8 - 6 ) ,  bkaiohhb  ApocceAb M eatA y  KaTOAOM h  c p e A H e n  to h k o h  
TpaHccpopMaTopa, t o  a a h  orpaHHneHHH BeAiiHHHbi TOKa Aeæyp- 
Horo 3aatnraHHa HeoöxoAHMO CTaBHTb Aßa conpoTHBAeHH« R it Ri 
h a h  OAHO nocAeAOBaTeAbHoe c  ApocceAeM L k . 3 t o  hcoóxoahm o 
nOTOMy, HTO ApocceAb L k , BKAHDHeHHblH B A3HHOM CAyHae KaK 
KaTOAHbiił, He BAHHeT n a  BeAHHHHy nocTOKHHOH cAaraiomeH 
BbinpjiMAeHHoro TOKa, a  yMeHbiuaeT Anuib e r o  nepeMeHHbie 
CAaraioujHe, t .  e .  crAaatHsaeT nyAbcaijHH (cm. rA aßy I V ) .

H a  AHarpaMMax, noMeujeHHbix Ha cpHr. 2 8 - a ,  6  b h a h o ,  h to  
çopM a TOKa io, npoxoAHigero nepe3  KaTOA, nOHTH He 3aBHCHT o t  
c n o c o ö a  BKAioneHHa ApocceAeM, TorAa KaK $opM a aHOAHbix to k o b  
OKa3bIBaeTCH n PH 9T0M pa3AHHHOH.

n P H pacneT e TpaHccpopMaTopa h A pyrnx  nacTen cxeMbi Aeatyp
Horo 3aatHraHHfl HyatHO HMeTb b BHAy, h to  aMnAHTyAa E  Hanpa- 
ateHHH OAHO0 nOAOBHHbl BTOpHHHOH OÖMOTKH TOaHCtpOpMaTOpa 
AOAatHa öbiTb öoAbuie noAHoro H0HH3aijH0HH0r0 noTeHynaAa 
BcnoMoraTeAbHbix 3 h o ao b  Eid. TaK KaK nocAeAHHH cocTaBAaeT He 
öoAee 5 0  8 0  BOAbT, ÖAaroAapa cpaBHHTeAbHO MaAOMy paccTOfl-
HHK) aHOAOB OT K aT O A a, TO AOCT3TOHHO npH H H T b

£
E^Z-  1 5 0  BOAbT H £  = = -7=  ^ 1 1 0  BOAbT.

V 2
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r i p H  y c T a H O B A e H H H  T O K a  H a n p a a i e H H e  H a  B c n o M O r a T e A h H b i x  

io- aHOAax öy^eT na^aTb ao hoctojihhoh BeAHHHHbi 15— 25 BOAbT, 
las h p a 3 H H y a  MeasAy h h m h  AOAatHa 6biTb norAonjeHa ah6o Apocce- 
VTl AHMH ¿ 1 ,  ¿ !  B cxeiwe 28-a, A h 6 o  COnpOTHBAeHHflMH / ? ! , / ? !  B cxe- 
I: Me 28-6. Ecah o6o3HanHTb cpeAHee 3HaneHHe Heo6xoAHMoro TOKa

a n AeatypHoro 3aatHraHHH nepe3 I o d , to aajj nepBOH cxeMbi HMeeM

%
Er

it I od~  it « l i ,
( 7t  —  <},) c o s  Ą - j -  s in j 'l ')

iR- a AAS BTopoS 
j  ^  E  1 - j - c o s ^

)
( 8 )

ms

»

rA e

I ~  * I T c0 / /nv
J ^ = R i ------------------------------- i t -------- A  ’ • • ■ • * - ( 9 )

I • E i d7 —  arc sin —¡S- 
Ł

3aAaBajicb yKa3aHHbiMH Bbime 3Ha<ieHHflMH 700 =  3 - ł - 4  aMnep 
E  =  150 BOAbT; £,-a =  5 0 - 5 -8 0  BOAbT H eb =  15 - 5 -  25 BOAbT’ 
MOÎKHO H 3H TH  L \  H R x.

Bo BTopoH cxeMe 0 6 a conpoTHBAeHHH R i  MoryT 6 biTb 3 aMe- 
HeHbi OAHHM Ro, BKAiOHeHHbiM nocAeAOBaTeAbHO c ApocceAeM L k 
h  HMeioigHM Ty ate BeAHHHHy. BeAHHHHa ApocceAH L k AOAaiHa 
6 biTb HaHAeHa no (popMyAe

I fill* lip

3 <*Lk ^ l R x * ) ............................................. (10)
« i l
¡ranę K oH C TpyK TH B H biH  p a c M e T  B c e x  A e T a A e n  ( ß b iö o p  A n a M e T p a  n p o B O - 

ïïc-- AOb T p a H C (p o p M a T o p a , A p o c c e A e f i  h conpO T H B A eH H Îî h t .  a - )  CA e- 

A yeT  C A eA aT b  H a ochob3hhh oöuihx yK 33aH H H  o  p a ö o T e  A B y x - 

jHC,« noA ynepH O A H O fi c x e M b i B bm paM A eH H H  c  (pH A bTpoM , H M e io m n x c a  

BHCIT5 B TAaBaX III H IV. C onpO T H B A C H H e R 2 OÖblHHO ACAaeTCH OT 100 
ß joe AO 2 0 0  o m .

H 3 0A flU H fl M e » A y  nepBKM HOÖ H BTOpHHHOH OÔMOTKOH T p aH C - 

(p o p M a T o p a  A e a s y p H o r o  3aa> H raH H H  AOAjKHa A e A a T b c a  H a noA H O e 

£ 0p H a n p a a te H H e  B b in p aM H T eA H , ecA H  e r o  o T p n u a T e A b H b iH  n o A io c

- « ■; noA A easH T  3a3eM A eH H K >, n a n  s t o  h H M eeT  oöbiH H O  M ecTO  b  B b in p a -  

MHTeAHx a a h  p aA H O n e p eA aT ^H K O B .

TaK Kan p a c x o A  9 H e p r n H  b  i^ e n n  AeasypHoro 3aainraHHH, n p n -  

pacCTa XOAflUJHHCH H a AOAK) pTyTHOH KOAÖbl, COCTaBAHCT OTHOCHTeAbHO

B b lB 0 4  CM. TA. V, § 5.
2) BbIBOA CM. TA. V, § 4.
3) Cm. r A a B y  IV, §  7.
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3 HaHHTeAbHyK) BeAHHHHy 5 0 - ^ 1 0 0  BaTT H TeM CaMbIM MOÎKeT 
CKa3 aTbCH Ha TeiwriepaTypHOM peîKHMe KOAÔbi ' h noBAHHTb Ha 
ycAOBHa oôpaTHoro 3ajKnraHHH, t o  ero  HeoöxoAHMO yHHTbiBaTb

npH pacweTe oxAaasAeHHH a a h  Hee.
FIOMHMO HeaBTOMaTHHeCKOH CHCTeMbl 

AeaiypHoro 3aîKHraHHH cyujecTByeT pHA 

cxeM aBTOMaTHHecKoro nycna b  x o a , npH- 
qeM B HeKOTOpblX H3 HHX nO K 3H H B aH H e

AAH nepBOHanaAbHoro 06pa30BaHHH pac- 
K aA eH H O ro  nH T H a 3 aM eH aeT C H  A pyrH M H  

cnocoöaMH, HanpnMep, 9AeKTpHHecK0H 
HCKpOH MeîKAy TAaBHblM K3TOAOM H ÖAH3KO 
pacnoAoaseHHbiM o t  Hero BcnoMoraTeAb- 
HblM SAeKTpOAOM.

H a (pHr. 29 H3 o 6 paæeHa aah  npHMepa 
noAHan cxeMa aBTOMaTHMecKoro Aeatyp- 
Horo 3aaíHraHHH c noKanHBaHHeM k oa 6 m, 
a Ha <J>nr. 30  npHMep ycTpoScTBa nycKa 
KOAÖbl B XOA 6e3 nOKaHHB3HHH c npH- 
MeHeHHeM JKeAe3 Horo nonAaBKa a,  ynpa- 
BAHeMOro coAeHOHAOM h noAHHMaioiijero 
ypOBeHb pTyTH AO COnpHKOCHOBeHHH CO

(ftm-. 29. BcnoMoraTeAbHbiM aAeKTpoAOM n. Hano-
Heu, Ha (pHr. 31 AaHa noAHaa cxeMa Tpex- 

(pa3Horo BbinpHMHTeAH, y KOTOporo nycK np0H3B0AHTCH c noMOUJbio 
ÖHMeTaAAHHeCKOH IJAaCTHHbl, pa3pb]B3K)IgeH npH BKAIOHeHHH BCnO' 
MorareAbHyK) ijenb b MecTe conpHKOc- 
HOBeHHH KOHU,a nAaCTHHbl C ÎKHAKOH 

p T y T b io  K aT O A a.

B TaÖAHue HH^e noweiijeHbi t h h w  
CTeKAHHHblX K0a 6, HSrOTaBAHBaeMbIX 

3 3 BOAOM CßeTAaHa. 3 ï a  TaÖAHya no3- 
BOAfleT BbiÖpaTb HCOÖXOAHMyK) KOAÖy 
a a h  3aAaHHoro nacTHoro CAynan,
H cxoA H  H 3 p a ö o n e r o  o ö p a T H o r o  nanpn- 
îKeHHH E o ô p '  h  c p e A H e r o  3 H an eH H H  no- 
A e3H O rO  B binpH M A eH H O rO  T O K a /o . B 3TOH 

T aÔ A H y e TaK îK e e o A ep a saT C H  h c o ö x o a h -  

M bie CB eA eH H H , K aca K )iijH e c H  y c T p o ñ -  

CTBa A e « y p H o r o  3 a a tn r a H H H  h  c n o c o ö o B  

oxA aaîA eH H H .

H a cjmr. 32, AaHa (pOTorpacpHH c t c k a h h h o h ’ k o a 6 w  3aBO¿a 

C ß e T A a H a .
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§  6  V c T p o H C T B O  M e T a A A H q e c K n x  pTyTHbix  BbinpflMtrreAeH.

B nocAeAHee BpeMH repiuaHCKaa <pHpMa TeAe<J>yHKeH Ha pjiAe 
nocTpoeHHbix e i o  paAHOCTaHijHH HanaAa npHMeHHTb a a h  a H O A H o r o  

n H T a H H H  M e T a A A H H e c K H e  p T y T H b i e  B b in p H M H T e A H .  / J a r  p e r y A i i p o B K H  

B b in p J I M A e H H O r O  H a n p H J K e H H H ,  OKOAO 3 H 0 A 0 B  b  3THX B b i n p a M H T e A f lX  

y c T p a H B a i o T  A o n o A H H T e A b H b i e  3 A e K T p o 4 b i  H a  n o A O ö a e  c e T O K

K a T O A H b lX  A a M n ,  H  T S K O e  y C T p O Ü C T B O  HOCHT H a 3 B a H H C  T H p a T p o H *  

H b lH  B b in p J IM H T e A b  (C M . T A a B y  V ) .  F lo  M H O TH M  CBOHM  C B O H C TB 3M  

H , B H aC TH O C TH , Ö A a rO A a p H  C B O e n  A O A rO B e H H O C T H , M e T a A A H H e C K H H  

p T y T H b lH  U b in p H M H T e A b  n p e B O C X O A H T  B b l l lp i lM H T e A b  CO C T e K A H H - 

H bIM H  p T y i  H b IM H  K O A Ô 3 M H  H , O H e B H A H O , B Ö A H J K a H in e e  B p e M H  6 y A C T

niHpoKO (lAicnpocTpaHeH Ha MonjHbix paAHOCTaHynHx. B cbh3h
C 3 T H M  H C ()6 x O A « M O  A ^ T b  K p a T K H e  OÔUJHe C B e A e H H H , K a C a iO H JH eC H  

e r o  y e T p o ü c T B a .
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M eTaA A H H eC K H e p T y T H b ie  B bH ipaM H TeA H  y * e  CpaBHHTeAfeHO 

a a B H o  b o u i a i í  b n p aK T H K y  aA eK T poT exH H M ecK H X  c o o p y x e H H H , r a e  

t ta n p a a s e H H e  B b in p a M A e H H o ro  T o n a  H e n p e B o c x o A H T  3 — 5  t w c h h  

BOAbT. H x  npHMeHeHHHD AAH paflH O CTaH IJH H  n p enflT C T B O B aA H  T p y A " 

h o c t h  o c y o je c T B A e H H H  H a A A e a ia iije H  K O H C TpyK yH H , c i i o c o 6 h o h  

o 6 e cn eM H T b  o T c y rc T B H e  o 6 p a T « o r o  3 aa iH ra H H H , K o r ^ a  p a ó o n n e  3 H a- 

'neH H H  o 6 p a T H o r o  H snpa íK eH H H  A O C T H rsioT  1 0 — 2 0  t w c h h  BOAbT.

B  OCHOBHOM M eTaAAHHeCKHH pT yT H blH  B b in p « M H T e A b  OTAHHaeTCfl 

OT CTeKAHHHOH KOA6 bI npH M eH eH H eM  JK eA e3H O rO  HAH C T a A b H o ro  

3 a K p w T o r o  p e 3 e p B y a p a ,  3 a M e H a io i i j e r o  CTeKAHHHbiH 6 aAAOH. 3 t o  

OÓCTOaTeAbCTBO B CBOK) O H e p e A b  B b I3 b IB aeT  npH M eH C H H e CneyHaAb- 
HOH KOHCTDVKUHH BblBOAOB 3HOAOB H K3TOA3. a  T a K ^ e  IipH M eH eH H e

nocTO H H H O  A e H C T B y ro u je ro  BaK yyw t- 

H o r o  H a c o c a .  / [ a h  n p e A O T B p a ig e H H a  

H e n o c p e A C T B e H H o ñ  A y rH  M eíKAy aHO- 

AaMH h  K o p n y c o M , a n o A b i  p a c n o A O -  

raiO TC H  B M eiaA A H H eC K H X  gHAHH* 

A p a x ,  H 3 0 A H p 0 B aH H b ix  o t  K o p n y c a  

H C3MHX 3HOAOB. J i ,AH OXA3JKAeHHfl

a c e r o  K o p n y c a  n p H M e H H e T c a  n p o *  

TOMHaa b o a s .

H a  <J)Hr. 3 3  a s h  cx eM aT H q ecK H H

q epT eJK  B bm pflM H T eA bH O H  yCT3HOBKH 

C M eTaAAHHeCKHM  pT yT H blM  B b lf ip a -  

M HTeAeM . C a M b if i  K o p n y c  ( 1 )  O K p y jseH  

C H apyíK H  KOiKyXOM H B npO C T paH C T B e, 

M eíKAy HHMH IJH p K y A H p y eT  OXAa- 

a íA a io i i j3 H BOAa. Bxoa b o a m  n o M e n e H  

g H tppO H  5, a  BblXOA— g H íp p O H  9.
KaTOA B B H A e  /K H A K O Íl p T y T H  H a A H B a e T C H  B H 3 0 A H p 0 B a H H y i0  OT 

K o p n y c a  n a u i n y  K . Ahoam A t O K p y a íe H b i  H 3 0 A H p y K > i i jH M H  MaHJKe- 
r a M H  7 .  H a  n e p T e a t e ,  a a h  y n p o u je H H H  H a p n c o B a H o  T 0 A b K 0  A B a  

a H O A a  B M e c T O  u ie c T H .  ^ a h  n y c n a  b  x o a  «  A e a t y p H o r j  3 a jK H r a H H a  

C A y a ia T  a H O A b i A 2 —  A2 h  B c n o M o r a T e A b H b i i l  S A e K T p o A  a2, k o t o -  

p b lH  nO M O U Jb K ) C O A eH O H A a  S  M O a ie T  O n y C K a T b C H  AO C O n p H K O C H O -  

B6HH5I C nOBepXHOCTbK) pT yT H .

B A a r o A a p a  h 3 a h 4 h k > u ib o b  b  M e c T a x  aH O A H bix h  k s t o a h w x  

BbIBOAOB HeOÓXOAHMO HBAHHHe B3K yyM HOTO H aC O Ca, nOCTOHHHO 

A e H C T B y ro u je ro  b o  B p e M a  p a S o T b i  B b in p a M H T e A a . <Z£a h  s t o h  y e  a h  

n p H M e H a io T c a  A Be C T yneH H : n e p B a a — (p o p B a K y y M H a a , o c y u je c T -

B A a e M a a  c  noM O ujbK ) M a c A a H o ro  H a c o c a  T e A e  ( 4 ) ,  h  A p y r a a —  

c  n o M O iijb io  p 'r y T H o r o  K O H A eH caijH O H H oro  H a c o c a  A a H r M io p a  ( 3 ) .  

I l o c A e  n e p B o f t  C T yneH H  n o A y n a e T c a  p a 3 p e jK e H H e  n o p a A K a
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0,1 ^ 2  MM Hg, a nocAe BTopoS, t. e. b cbmom Kopnyce Bwnpa- 
MHTeAH, 0,001 —î— 0,01 mm Hg. TaK KaK npH ycTaHOBHBUieBcfl 

H0pMâAbH0H paôoTe BbinpHMHTeAH ero TeMnepaTypa HafcOflHTcn 
b npeaeAax 45-s-55 "C, a AaBAeHHe HMeeT cpeflHioio BeAHHHHy^

OX8B0 ©nr. 35.

geii

njeci 0,01 -s- 0,1 m m  Hg, to  bo BpeMH p a ô O T b i BbinpHM HTeAH B aK y 

rar yM H bie H a c o c b i  m o î k h o  n e p H o a n n e c K H  o cT aH aB A H B aT b . 

a PI B K a n e c T B e  npHMepa Ha (fmr. 34 A a n  pa3pe3 pT y T H O ro  Bbin* 

) 0  PHMHT6 AH 3aBOAa SA eK T pO C H A a, H Ha $ H I \  3 5  flüHa (J)OTOrpa<|)Ha



C£>ar. 3 6 .

H aH Ö O A b L u ee  3 a T p y A H e H H e  n p n  o c y m e c T B A e H H H  b w c o k o b o a l t -  

Horo M eTaA A H H eCK O rO  B binpH M H TeA H , H  OCOÖeHHO C I ip H M 6 H 6 H H £ M  

ynpaB A SIO U JH X  CeTOK, AeîKHT B yC T pO H C TB e aHOAHblX H KaTOAHbIX 

BMBOAOB, a  TaK iK e h  c a v b i x  sA eK T poA O B . rioM H M O  H aA A e jK au je fi

M e T a A A n q e c K o r o  p T y T H o r o  B u n p H M H r e A a  c y n p aB A H io n iH M H  

CeTKaMH, yCTaHOBAeHHOrO Ha paAHOCTaHHHH OKOAO BeHW (pHpMOH 

T e A e tp y H K e H .  H a K O H e u ,  Ha <pnr .  3 6  n o K a 3 a H  p a 3 p e 3  M e T a A A H ^ e -  

CKOrO T H p a T p O H H O rO  BbinpHM HTeAH-



<Ph i \  3 7 - a .

SAeKTpHHeCKOH npOHHOCTH, BblBOAbl AOAHtHbl O Ö A aA aTb IlAOTHOCTblO 

A a h  c o x p a H e H H H  B a n y y M a . C 3 t o h  y e A b io  n p i iM e H a e T c a  (p a p c p o p , 

CTbIKH K OTOpOrO C MeTaAAHHeCKHMH nOBepXHOCTHMH ynAOTHHIOTCfl 

H H O r^ a  3 aAHBK0 H M3  atHAKOß pT yT H . Ha (pH r. 37 
A aH bi n p H M e p b i t 3 k h x  ynAOTHeHHH. 4 t o  a t e  K a- 

CaeTCH KOHCTpyKyHH aHOAOB H KaTOAHOM HaillKH,

-T-------- - ,

to  Ha Bbiöop h x  BAHHHDT ycAOBHH, npeAOTBpaujaioigKe OÖpaTHOe 
3aatHraHHe. B HacTOflm,ee BpeMfl yate pa3 pa6 oTaHbi HaAAeataiijHe 
KOHCTpyKijHH 3 THX HacTen BbinpHMHTeAH, n03B0AHK>iijne ocyuje- 
CTBHTb MOUJHbie yCTaHOBKH Ha Hanpfl2teHHe AO 30 TbICflq BOAbT H 
Bbirne ((pHpMa BpoyH-BoBepn h  AP-)-

§ 7. FaSOTpOHbl. n p H H g H D  paôoTbi.

Kan yate 6w a o  OTMeqeHO, o c h o b h o B onacHOCTbK» HapyuieHHH 

HOpMaAbHOH paÔOTbl pTyTHOrO BeHTHAH HBAHeTCH AerKOCTb B03* 

HHKHOBeHH« o ô p a T H o r o  3aa tH raH H H . O H a  oöycA O B A H B aeT C » rA a B -  

HbiM 06pa30M HaAHqHeM HacbiigeHHbix napoB pT yra  BHyTpn TaKoro 
BeHTHAH. npeHMymecTBa pTyTHoro BbinpnMHTeAH nepeA KeHOTpO" 
H O M  B OTHOHieHHH nOTepH HanpHÎKeHHH, a, 3 H a H H T ,  H  B OTHOHieHHH 

K.n.A", HaCTOAbKO BeAHKH/ HTO CTHMyAHpyiOT HCCAeAOBaTeAbCKyKj 

paöoTy HaA ycoBepmeHCTBOBaHHeM npHMeHeHH« h m c h h o  h o h h o t o  

(AyroBoro) pa3pHAa a a h  npaKTHHecKHx yeAen BbinpHMAeHHH. 
B p e 3yAbTaTe noAOÖHbix paöoT aMepHKaHCKOH tpnpMoH ^aieHepaAb
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9AeKTpHK K° 6 b IA  B D e p B b i e  B b i n y i I j e H  B e H T H A b  C pTyTHbIMH 
n a p a M H  h TBepAbiM K aTO A O M , 3 a  K O T O p b iM  b Hanieñ n p a K T H K e  y c T a -  

HOBHAOCb Ha3BaHHe r a 3 0 T p 0 H a .

Fio cyujecTBy npHHywna fleHCTBHa h ycTpoScTBa ra3 0 Tp0 H 
MOaeT 6bITb OTHeCeH K OÓbIHHblM ra30BbIM BbinpHMHTeAHM. 
OAHaKO, ot hhx oh OTAHHaeTCH TeM, hto b HeM npHHHTbi cne-
ywaAbHbie Mepw aah yBeAHMeHHH cpona CAyaióbi KaTOAa. O t
OÓblHHOH ÍKe pTyTHOH KOA6bl Ta30Tp0H OTAHHaeTCfl HaAHHHeM 

TBepAoro, HaKaAHBaeMOTO BHeuiHHM t o k o m , KaTOAa h cpeAOH 
c HeHacbiujeHHbiMH napaMH pTyTH b oÓAacTH, rAe pacnoAoaeHbi 

KaTOA H aHOA-
H a (pnr. 38 n o K a 3aH  p a 3 p e 3  0 AH0 r 0  ra30Tp0Ha. Kan m o jk h o  

B H A eTb, OH X a p a K T e p e H  yAAHHeHHOH HHJKHeíí HaCTbK) CTeKAHHHOrO 

6aAAona, KyAa HaAHTO He6oAbuioe KOAHqecTBo 
p T y T H . n P H H3KaAeHH0M K aT O A e, BbIHeCeHHOM

A aA eK O  OT JKHAKOH p T y T H , npO C T paH C T B O  MeíKAy

hhm h aHOAOM coAep^HT HeHacbinjeHHbie napbi
p T yT H , T o rA a  KaK BH H 3y 6 aA A O H a b x o a o a h o h

nacTH nocAeAHero npoHcxoAHT KOHASHCaijHH na- 
p o B  p T y T H  h HM eioTCH ee n a p w ,  H a c b in ja io u jH e  

npO C T paH C TB O .

Hohhwh pa3p«A b HeHacbiujeHHbix n a p a x  pT yTH  

MOÍK6T npOHCXOAHTb MeJKAy aHOAOM H KaTOAOM 

ÓAaronoAyHHO 6e3 o6paTHbix 3aiKHraHHH Aaase 
npH cpaBHHTeAbHo BbicoKOH TeM ne p aTyp e , HanpH- 
Mep, 80°C. n PH 3toh TeMnepaType b HacbiigeH- 
h w x  napax pTyTH m w  noAyraAH 6bi o 6 p a T H o e  

3aa5HraHHe ot oTpayaTeAbHoro HanpaiseHHH Bcero 
AHIlIb 1000 BOAbT (CM. $ H r .  26).

Fio 3thm ase coo6pajseHHííM aHOA h KaTOA 
MOryT 6bITb CpaBHHTeAbHO 6AH3KO p a e n O A O a e H b l  

Apyr k Apyry, h nocKOAbKy ohh npn stom BbiHeceHbi b  B e p x H io K )  

nacTb 6aAAOHa, He noABepraioiijyiocH ncKyccTBeHHOMy oxAaaiAe- 
hhk), b  Heñ He MOíseT HMeTb MecTa KOHAeHcayHH n a p o B  p T yT H . 

3HeprHH, BbiAeAHeMas HanaAOM KaTOAa, h SHeprna ot naAeHus 
HanpnaieHHH Me*Ay bhoaom h  k3toaom AOCTaTOHHbi a a h  T o r o ,  

hto6m npn H3BecTHOH OKpy*aK> lijen TeMnepaType noAAepasHBaTb 
HaAAe*auiyio TeMnepaTypy stoh nacTH 6aAAOHa h npeAOTBpanjaTb 
b HeS KOHAeHcayHK) pTyrabix napoB.

P a 3 A e A e H H e  b  6 aA A O H e r a 3 0 T p 0 H a  o Ó A a c T e ñ  H a c w u je H H o r o  h 
HeHacbimeHHoro napa e u j e  H e  pernaeT B c e ñ  3aAaHH. ^ e A O  b t o m . 
mto TBepAbiií HaKaAeHbiñ KaTOA, HaxoAHCb b ra30B0H c p e A e ,  KaKo- 
b o h  HBAaeTCS o6AacTb HeHacbiiiieHHbix n a p o B ,  noABepraeTca 6o m -

® hi\ 38.
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6ap4HpoBKe noAOJKHTeAbHbiMH HOHäMH h pa3pyiuaeTCH. OcOÖeHHO 
1 3TO pa3pymeHHe CKa3biBaeTCH Ha KaTOAax, noKpwTbix aah yßeAH-

HeHHH 3MHCCHH OKCHflHblM CAOeM. 9t H M  pa3pyUieHHeM OÖbIHHO H 
onpeAeAHAc» MaAbiił cpoK cAy>K6w  npeiKHHX ra30Bbix BeHTHAefi, 

AOxoahbhihH HHorAa Bcero ahuhj ao HecKOAbKHx qacOB. TasoTpow 

•' AHineH aToro HeAOCTaTKa npn noMOujH Aßyx cnoco6oß. Bo-nep
BblX, B HeM COÖAKJAaeTCH H3BeCTHOe MHHHM3AbHOe naAeHHe 

HanpsiKeHHH y KaTOAa h , BO-BTOpbix, npHMeHHeTca cneynaAbHasi 

BKpaHHpOBKa, ÖAarÖAapa KOTOpOH THJKCAbie nOAOIKHTeAbHbie HOHbl 

* He nonaAaK)T HenocpeACTBeHHO Ha aKTHBHyio noBepxHoeTb

KaTOAa, npeAHa3HaHeHHyio aah HcnycKaHHH nepBHMHbix 3AeKTpOHOB.
ripaKTHHecKH 3aM eTme pa3pymeHHe KaTOAa noAoaiHTeAbHbiMH 

HOH3MH HMeeT MeCTO TOAbKO TOrAa, KOrAa HOHbl o 6AaAaK>T Heoö- 
a  XOAHMOH CKOpOCTbK). B HaCTHOCTH, AAH CpeAbl C HeHaCbllljeHHbIMH
s pTyTHbiMH napaMH s t o  pa3pyuieHHe KaTOAa He HMeeT MecTa, ecAH
aj naAeHHe HanpnaieHH« MeaeAy SAeKTpOAaMH He npeBocxoAHT 22 BOAbT.
ajS ripOHCXOAHT 9TO OTTOrO, HTO npH MeHbHIHX 3HaneHHHX HanpH-
'Ś äteHHH nOAOÄHTeAbHblH HOH He B COCTOHHHH npHoöpecTH OnaCHyiO
ie b  cMbiCAe pa3pymeHHH KaTOAa CKopocTb. BeAHMHHa naAeHHH

ffi HanpnjKeHHH MeasAy aHOAOM h ketoaom ra30Tp0Ha 3aBHCHT, OAHaKO,
ot TeMnepaTypbi. C  noHHJKeHHeM TeMnepaTypbi sto  HanpnateHHe 

trc B03pacTaeT, h MoaseT HacTynHTb pa3pymeHHe KaTOAa.
»9 T a K H M  0 6 p a 3 0 M ,  m m  n p n x o A H M  k  o n p e A e A e H H K )  £ B y x  T e M n e -

(2 p a T y p H b l X  r p a H H y ,  B H y T p H  K O T O p b lX  MOJKeT n p O H C X O f lH T b  H O p -

i f  M a A b H a a  p a ö o T a  r a 3 0 T p 0 H a ,  t .  e . ,  c o a h o h  c T o p o H b i ,  6 e 3  o 6 p a T -

m H o r o  3 a a 5 H r a H H H ,  a  c A p y r o f i  C T o p o H b i  6 e 3  p a 3 p y m e H H H  K a T O A a-

b® I l p e B b i u i e H H e  B b i c u i e f i  T e M n e p a T y p b i  n p H B O A H T  k  b o 3 h h k h o b 6 h h i o

Btf o ö p a T H o r o  3 a i K H r a H H j i ,  a  n e p e x o A  3 a  h h j k h h h  n p e A e A  T e M n e p a 

T y p b i — k  p a 3 p y u i e H H i o  K a T O A a .  

tat F I o c K O A b K y  T e M n e p a T y p H b i f i  p e a t H M  b  B e p x H e ö  h  b H H aiH e f i

Bet q a c T H  6 a A A O H a  r a 3 0 T p 0 H a  a O A ^ e H  6 b i T b  p a 3 H b i M  h  n p n  y c T a H o -

,¡¡0 BHBiueMCH p a ö o n e M  p e i K H M e  3 a B H C H T  o t  O K p y a i a i o n j e ß  T e M n e p a -

iajjf T y p b i ,  a a h  o n p e A e A e H H H  B b i m e y n o M H H y T b i x  r p aH H u , Ö A a r o n o A y H H o f i

paöoTbi r a 3 0 T p 0 H a  n 0 A e 3 H 0  o ö p a T H T b c n  k k p h b h m  t p n r .  3 9 .  0 T a

0  ( | ) n r y p a ,  3 a H M C T B O B a H H a n  H3 C T a T b H  S t e i n e r  a n d  M a s e r  ( P r o c .  I n s t .

AK R a d .  E n g .  N e  1 ,  1 9 3 0  r . )  A a e T ,  c  o a h o h  C T o p o H b i ,  3 a B H C H M 0 C T b

jü? o t  O K p y a s a i o u j e f i  T e M n e p a T y p b i  n a A e H H H  H a n p s a i e H n s  H a  3 A e K T p o -

Aax (KpHBan 1 )  H, C Apyrofi CTopoHbi,--3aBHCHMOCTb OT OKpy-

a s a i o m e H  T e M n e p a T y p b i  o 6 p a T H o r o  H a n p n i K e H H H ,  n p n  K o t o p o m  

jr0i B 0 3 H H K a e T  o ö p a T H o e  3 a a : H r a H H e  ( K p H B a n  2).
Toi 9 t h  K pH B bie  CHHTbi n p n  n o cT en eH H O M  yB eA H ^eH H H  0 K p y a :a i0 - 

aKc- ^seii T e M n e p a T y p b i  y ra30Tp0Ha, paSoTaBinero b KanecTBe B b in p n -

goii MHTeA« b  ycA O B H flx  noAHOH H a rp y 3 K H . M e a iA y  O K p y a ła io u je f i  T eM -
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nepaTypoH h TeMnepaTypoñ caitoił xoaoah oh  nacTH óaAAOHa npn 
9 T0 M Bee BpeMÎI OKa3blBaAaCfa pa3HOCTb B 15° C. TaKKaKB caMOH 
XOAOflHOH HaCTH---BHH3y 6aAAOH3--- np0 HCX0 4 HT KOH^eHCaiíHH napoB

T e M n e p a m y p a  j k u d k o ü  p m y m u  6 °C
5  2 5 U 5  6 5  85  105 125

Okpyo+catouçciR m e M n e p a m y p a  °C

®nr. 39.

b  »HflKyio pTyTb, t o  TeMnepaTypa nocAe^HeB mojkot 6 biTb TaKwe 
OTAOJKeHa no och aöcyncc c yneTOM yKa3aHHOH pa3HOCTH b 15o C. 
KpHBan 1 noKa3biBaeT, hto ecAH OKpyíKaioiijaH TeMnepaTypa h h m
0o C to TeMnepaTypa HHjKHeS nacTH MO*eT öbiTb HHHse 15 C

74



h  n a ^ e H H e  HanpnateHHH Ha aHO^-KaTOAe n p eß b iC H T  K p H T H ^e cK y io  

B e A H M H H y , t .  e. H a n H e T C H  p a 3 p y u i e H H e  0 K C H A H 0 r 0  c a o h  K a T O A a .

6 0

%
$

Qu

I
*  4 0
03

fl 2 0
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q. 9 0 0 0
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I  S0 0 0
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7 0 0 0

* 6 0 0 0
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& 5 0 0 0

l m o
CD
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^  n r n n

1 0 0 0

\

\

\
m

P a ö o v a n
oösiacmb

2

X

V
v.

\
s7

0  2 0  ¿+0 6 0  8 0  1 0 0  120 1 W
T e M n e p a m y p a  o k u d k o ü  p m y m u  6  °C 

5 2 5 45  6 5  8 5  105 125
O k p y r t c a t o m a R  m e M n e p a m y p a  ° C

O hi\ 40.
flfl V

C a p y r o f i  c T o p o H b i ,  K p H B a a  2 n o K a 3 b iB a e T ,  h t o  B b im e  O K p y a a i ö  

u j e i i  T e M n e p a T y p b i  50° C o ö p a T H o e  3 a a t H r a H H e  M o a i e T  HMfcTb 

M e c T O  n p n  o ö p a T H b i x  H a n p a a e H H a x  h h < k s  20000 B O A b T .
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rio  TaKoro p o f l a  k p h b m m  MoateT 6 biT b  H aiÍA eH  4 o n y c T H M b iñ  

pa6 o«iHH pejKHM aah AK)6 oro  Tnna ra30Tp0Ha. Ha (Jwr. 40  npn- 
BeaeHbi noflo6 Hbie KpHBbie 4 ah 4 pyrnx ra3 0 Tp0 H0 B: U V  866 
h  U V  —  872. E cah n p e A n o A o ^ i H T b ,  h t o  b  y c A O B H H x  a K c n A o a T a -

i j h o h h o í í  o S cT aH O B K H  o K p y a ta r o u ía H  T e M n e p a T y p a  6 y 4 e T  H 3M e- 

HHTbCfl OT 0 °  C 4 0  50° C, TO 3TH T a 3 O T p 0 H b I 6 y 4 y T  yAOBAeTBO* 

pH T eA bH O  p a 6 o T a T b , K o r 4 a  o 6 p a T H o e  H a n p a a s e H H e  H a h h x  H e 6 y 4 eT  

n p e B 0 CX0 4 H Tb 7 0 0 0  BO A bT. B  T aÓ A H Ije r a 3 0 T p 0 H 0 B  H TH paTpO H O B  

3 a B 0 4 a  C B e T A a H a  (c m . H H ate)  O T M eneH O , KaKHM T H naM  M o ry T  6 b i T b  

y n o 4 o 6 A eH bi y n o M ím y T b ie  a M e p H K a n c K H e  r a 3 0 T p 0 H M  U V — 8 6 9 ,  

UV— 8 5 7 ,  UX— 8 6 6  h  UV— 8 7 2 ,  A aH H bie  K o - r o p u z  3 4 e c b  n p n -

B 0 4 H T C H .

TaS^aga r a a c T p O H O B  a iwepHKaHCKoS q m p M u  A a s e H e p a A b  9 a « k t p ¡ ? k  Kc.

T a n

K  a r  0 a 0 6 p a T H o e

H a n p f l i s e H H e

BO AbT

M a K C H M a A b H b l á  

i i h k  a H O ^ H o r o  

TO Ka 

a i w n e pBOAbT a M n e p

U X — 8 6 6  . . 2 , 5 5 5  0 0 0 0 , 6

U V — 8 7 2  . . 5 1 0 5 0 0 0 2 , 5

U V — 8 6 9  . . 5 2 0 2 0  0 0 0 5

U V — 8 5 7  . . 5 6 0 2 0  0 0 0 2 0

BaatHO no4 MepKnyTb, h t o  npaKTHHecKoe Hcn0Ab30BaHHe r a 3 0 -  

T p o H H o r o  B b i n p H M H T e A a  n p H  o n e H b  H H 3 K O 0  T e M n e p a T y p e  H e B 0 3 -

mO/KHO (K p H B b ie  cf)Hr. 39 h  40). 3 t o  3 a r p y 4 H e H H e ,  0 4 HaK0 , 

b  C A y q a e  H y » 4 b i ,  m o í k h o  n p e 0 4 0 A e T b  n y T e M  n p H M e H e H H «  4 0 - 

n o A H H T e A b H o r o  n o 4 o r p e B a  6aAAOHO B o t  B H e u i H e r o  HCTOHHHKa 

T e n A a .

HHTepecHO oTMeTHTb, h to  nepeMeujeHHe KaT04a h aH04 a 
b hhhíhioio nacTb 6 aAAOHa, o 6 Aa4 aiouiyio TeMnepaTypoñ, Hanpn- 
Mep, 60° C, neMHHyeMO Bbi3 BaAO 6 bi o 6paTHoe 3aaíHraHHe o t  
HanpH^eHHH Menee 10 0 0 0  BOAbT, Tor4 a KaK, Haxo4 HCb b BepxHen 
qacTH, o hh  4 aioT e ro  AHuib n p n  32  0 0 0  BOAbT. 3 t o  CAe4 yeT H3 
cpaBHeHHH (J)Hr. 26 h  39. H e 06 x 0 4 HM0 n p n  s to m  yKa3aTb, h to ,  
/cor4 a hhjkhhh nacTb ra30Tp0Ha HMeeT TeMnepaTypy 60°, BepxHHfl 
nacTb e ro  HMeeT 6oAee BbicoKyio TeMnepaTypy h, HecMOTpn Ha 
9t o ,  oópaTH oro saaíHraHHH b Heñ Bce aje He noAynaeTCH TOAbKO 
noTOMy, h to  b  BepxHen nacTH 6 aAAOHa npocTpaHCTBo 3an0AHeH0 
HeHacbiujeHHbiMH napaMH, HMeroujHMH MaAyio nA0TH0 CTb no 
cpaBHeHHio c HacbiigeHHbiMH napaMH.
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§  8 . Y C T p o H C T B o  r a s o T p o n a .

H 3 n p H B e 4 e H H o ro  o rm caH H H  ycAOBHH H o p M aA b H o S  p a ß o T b i  

ra30Tp0Ha BbiTenaioT onpeAeAeHHbie TpeöoßaHHii, KOTopbiM AOAîKHa 

yAOBAeTBOpHTb ero KOHCTpyKyHH, a h3 sthx TpeôoBaHwS aoiioa- 

HHTeAbHbie flaHHbie, OTHOCHujHecH K ero xapaKTepHCTHKe.

ripeasae Bcero, KaK 6 m a o  h  paHee OTMeneHO, ô s a a o h  ra3o- 

TpOHa AOAateH HMeTb iuapoo6pa3Hyio (popMy c yAAHHeHHoii h h k̂ h s h  

n a c T b io . n P H B 0 3p0C T aH H H  O K p y a ta io u je M  T e M n e p a T y p b i  o x A a a tA a T b  

cAe^yeT TOAbKO h h h î h j o k) MacTb, h  HanpsBAeHHe oxAaatflaioigeH 

C T p y H  B03AyXa OT BeHTHAHTOpa AOAÎKHO ÔbITb r0pH3OHT3AbHbIM. 

TKnAKaa pTyTb B KOAHHecTBe, npHMepHO, OAHoro rpaMMa h s x o - 

AHTCH Ha AHe HHJKHeS nacra 6aAAOHa.

A h o a  AeAaeTCH b bhas rpuooBHAHoM toaobkh h3 rpacpHTS 

(b MaAOMOujHbix h H3 JKeAe3a) h pacnoAaraeTCH Ha paccTOHHHH 
/ ~ 2 — 3 CM OT K3TO'
Aa. rioMeuiaTb hx TaK 

6ah3ko Apyr ot Apyra 

HyæHO aah Toro, h to -  
6 bl HM eTb M aA O e 3 H 3- 

neHHe E¡ —  noAHoro 

HOHH3aipiOHHOrO no- 

TeHyHaAa. B npoTHB- 
HOM CAynae bo3moîkho 

B H3BeCTH0fî CTeneHH 

pa3pymeHHe KaTOAa.

TaK KaK HOHH3ayHOH*

H biñ n o T eH ijH aA  a a h  

pTyTHbix napoB npH

AAHHe cBoöoAHoro nyTH X— 1 cm  c o c t s b a h c t  e¡ =  10,4 BOAbTa, 

t o n p n  ÖAH3K0 pacüOAOJKeHHbix aHOAe h  KaTOAe noAynaeTCH

l

X
E; = =  2 0 -H 30  BO AbT.

llaA e H H e  H a n p a a ie H H H  M eaîA y aHOAOM h  KaTOAOM a a h  cp eA H H x  

paôoHHx TeMnepaTyp HMeeT BeAHHHHy nop^AKa eb —  15 BOAbT. 
Oho TaK ase, K a K  h  b pTyTHOH K O A Ôe,  HSHHHaeT B03pacTaTb n o c A e  

n e p e x o A a  aH O A H O ro TOKa 3 a  H 3 B ecT H b iñ  n p e A e A .

BoAbTaMnepHaa xapaKTepucTHKa ra30Tpona ((pHr. 41) HMeeT 
T3K0H ate OÔlgHH BHA KaK y pTyTHOH KOAÖbl. p33AH4He 33KAK)- 

H3eTCH AHIUb B HHCAOBblX 3HaqeHHHX napSMeTpOB. 3tO pa3AH4He 

BeAeT, MeSKAy IipOHHM, K TOMy, HTO MHHHM3AbHblH paÔOMHH TOK 

npH KOTGpoM HaHHHaeTCH HeycTOHHHBSH paôoTa ra30Tp0Ha,
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npaKTMMecKH paBeH HyAio. OflHaKO, BeAimHHa aHOAnoro Tona, npH 

K O T o p o ñ  n a f le H H e  H anpa jK eH H H  yB e.\H H H B aeT C H , b  flaHHOM  c A y n a e  

HrpaeT 6ÓAbuiyio poAb, h b m  b pTyrHoñ KOAÓe, noTOMy h t o  yBe- 

AHHeHHe nafleHHH HanpnateHHíi, Kan HaM H3BecxHO, cBH3aHO c pa3-

pymeHHeM KaTOAa. KpHBaH ( /) ,  npHBeAeHHaa Ha cpHr. 39 h 40, 
o t h o c h t c h  k  H e K O T o p o M y  n p e A e A b H O M y  3 H a n e H H i o  T o n a  n e p e 3  

r a 3 0 T p 0 H .  r i p e B b i u j e H H e  a T o r o  3 H a n e H H H  n o B A e n e T  3 a  c o S o i o  B 0 3 -  

p a c T a H H e  o p A H H a T  k p h b o h  (7 ). M w  ó y ^ e M  o 6 o 3 H a n a T b  n e p e 3

/ m a x r ------TO T M a K C H M a A b H b lH  IIHK T O K a ,

n p o x o 4 a m ,e r o  n e p e 3  r a s o T p o H ,  n p n  

n p e B w u ie H H H  K C T o p o r o  rxafleH H e H a- 

n pS ffieH H H  CT3HOBHTCH O naC H blM  AAH 

e l — H  ^  A O A ro B eq H o e T H  K aT O A a.

C Apyroíí cTopoHbi, npn BbinpnMAe-
-------- - HHH BbICOKHX H a n p f l H í e H H H  H B A eH H eM

H0HH3ayH0HH0r0 noTeHyHaAa b  ra30- 
TpoHe mojkho npeHe6 peraTb. H a (Jmr. 42 
AaHbi AHarpaMMbi TOKa h HanpnseHHK 
ra30Tp0Ha b  0 AH0 n 0 AynepH0 AH0 ñ cxeMe.

H 3  9 T H X  A H a r p a M M  h c h o

>0 ) t

jO

K O T A aC A e A y e T ,  H TO

E E¡, TO
E  •

4» =  are sin -g? =  0 ,

h  r a 3 0 T p 0 H y n 0 A 0 6 A a e T C f l  

K eH O T p o H y , t .  e .  TaKOMy 

BeHTHAÍO, KOTOpblH IipO- 

BOAHT TOK B íipHMOM Ha- 

npaBAeHHH, HaHHHan c m o - 

M eH T a n e p e x o A a  H a n p a -

ÍKeHHfl H 3 OÓAaCTH OTpH- 

y a T e A b H b i x  o p A H H a T  b 

o S A a C T b  nOAO*H TeA bH bIX .

06paT H biñ  t o k  THXoro paapHAa b o  BpeMH OTpwyaTeAbHbix 

no vynepHOAOB H anpajK eH H H  b r a 3 0 T p 0 H e  c o c T a B A a e T , KaK h  b pT y T - 

HOH KOA6 e, HHHTOiKHyiO BeAHHHHy, H nOTOMy ra30Tp0H AOAJKeH 
6 bITb TaKíKe OTHeCeH K p a 3 p f lA y  COBepmeHHblX BeHTHAeS.

FIoTepH sHeprHH b ra30Tp0He onenb MaAa. O H a  onpeAeAaeTca, 

KaK h  b pTyTH O H  KOAÓe, cpeA H H M  3 H a n e H n e M  a H O A H o ro  TOKa, h 6 o 

naA O H H e H anpHJKeHHH n p a K T H n e c K H  i i o c t o h h h o ,  t .  e .

® n r .  42.

P BaTT .
b

y j ‘
ed t  ■ ¿o r . 15 70 i . ( 1 1 )



lin 3 H a H H e  3TOÖ BeAHRHHhl HeOÖXOAHMO, nOCKOAbKy OHa M O îK e T  BbI3- 

'as. BaTb onacHbiñ neperpeB ra30Tp 0H a  h  oôpaTHoe 3aa¡HraHHe. Amc- 

O fr lp H fc a H e n a j i  n p a K T H K a  y c T a H a B A H B a e T  C A e A y io u je e  c o o T H O iu e H n e :

/o r ~  2  2  m̂ai ................ (12)

n e p e x o A «  K y c T p o S c T B y  c a M o r o  K a T O A a , h c o ö x o a h m o  n o A -  

st H e p K H y T b , HTO  A A f l y B e A H H e H H »  3M H C C H H  OH n O K p b IB a e T C H  C A O eM  

OKHCAOB Ig e A O H H O -3 e M e A L H b IX  M e T 3 A A O B . O c H O B O H  ÎKe AAH  H e r o  

t (  C A y x H T  H H K e A e B a a  a c h t e . T e M n e p a T y p a  K a T O A a  c p a B H H T e A b H O  

a a ^ H H 3 K a .  n o p H A K a  800°— 900° C .  I l o A H b iH  t o k  s m h c c h h  t c m  H e  

M e H e e  B W Ô H p a e T c a  o n e H b  ô o A b n iH M :  o h  a o a î k c h  ô n t l  n o  K p a S -  

stat h ê h  M e p e  b  A B a  p a 3 a  6  A b u ie  A o n y c T H M o r o  n w K a  a H O A H o r o  TO K a  

U ®  /n a iT -  9 t O H eO Ö X O A H M O  A A H  T O T O , q T O Ö b l HO B 03M O ÎK H O C T H  y M e H b *  

i s  m iiT b  n a A e H H e  H a n p a a je H H H  H a  r a 3 0 T p 0 H e .

PeryAHpoBan» tok HaKaAa npaxoAHTC« oqeHb toh ho. üepeKSA 
an AAH OKCHAHpoBaHHoro KaTOAa, KaK H3BecTHO, BpeAeH TeM, hto 
in oh HenocpeACTBeHHO coKpaoiaeT AOATOBeqHOCTb aKTHBHoro caoh. 
sar HeAOKaA, BW3biBan yBeAHqeHHe naAeHHH nanpHæeHHH Ha aHOA- 

135 KaTOAe, T S K æ e B eA eT  k  n p eæ A eB p eM eH H O M y  p a 3 p y in eH H K >  aKTHBH-

pOBaHHOro KaTOAa. Ha (jmr. 43 npHBeAeHa 3aBHCHM0CTb eb = / ( * )  
npH pa3.\H^HOH m o e h o c t h  HaKaAa. KpHBaa Ne 1, oTHOcanjajicfl 

:= k MOiHHOCTH b 2,5 pa3a MeHbme HopMaAbHOÜ, H0Ka3biBaeT, qTo 
paöoTa AaHHoro ra30Tp0Ha c Heä coBepuieHHO HeB03M0atHa. 
CuaHKH 3TOH KpHBOH nOKa3WBaiOT 06pa30BaHHe KpaTepOB Ha 

", noBepxHOCTH KaTOAa, t. e. pacKaAeHHbix ToqeK, H3-3a KOTopwx
3MHCCHH BpeMeHHO yBeAHHHBaeTCH. riocAe ae HcnapeHH» bcaca-
CTBHe BblCOKOH TeMnepaTypbl 3MHCCHÎI b 3THX MeCTaX OKCHAHOrO 

CAoa CHOBa naAaeT, h  HanpfliseHHe Ha aHOAe B03pacTaeT c k 3h k o m .

HanpaxeHHe HaKaAa BbiônpaeTCH h h 3k h m — 2— 5 BOAbT, a t o k —  

ÔOAbüIHM 9 tO HeOÖXOAHMO, C OAHOH CTOpOHbl, AAH TOrO, qTOÔbl

)Bk _ aHOAHbifi t o k ,  n p o x o A »  n o  K aTO A y, He CKa3 b iB aA ca  3 aM eTHO Ha 

'  n e p e r p e B e  n o c A e A H e ro .  K p o M e  T o r o ,  npH M eH H T b H H 3K oe H a n p n -  

P "  æ eH H e H a K O H nax  K aTO A a, h c o ó x o a h m o  a a h  T o r o ,  q T o ö w  H 3 6 e a ia T t  

31 B03HHKHOBeHHH HOHHOrO p a 3 p « A a  M eaiA y  HHMH. H a A O  nOM HHTb,

l i ' HTo npn CKopocTH 3AeKTpoH3 10,4 BOAbTa, b pTyTHbix napax 
HiieeT MeCTO HOHH33UHH, H eCAH MbI He AOAJKHbl ee HMeTb Me*Ay 

■îeL: ' AaHHblMH 3AeKTpOA3MH, TO pa3H0CTb HOTeHyHaAOB Me?KAy HHMH 
^  AOAÂHa ÔbîTb M e H b m e  10,4 BOAbTS.

C IjeAbIO AOnOAHHTeAbHOH 3aiHHTbI KaTOAa OT ÖOMÖSpAHpOBKH 

ero nOAOiKHTeAbHbIMH H 0H3M H npHMeHHeTCH 3Kp3HHpOBK3 Ka- 

, TOAa h H3r0T0BAeHHe ero aah moujhmx THnoB H3 ninpoKofi
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ro tp p H p o B a H H O ft A eH T bi, HaMOTaHHOH B nAOCKyK) c n n p a A b .  H a  cpnr» 4 4  

n o K a 3 a H b i  n p p r a e p H b ie  KOHCTpyKijHH K aT O fla b  cxeM aTH neG K O M  

H 3 o 6 p aH teH H H . ripO C A eflH M  H a OflHOH H3 HHX 3 aUJHTHOe flefiiCTBHe 

a n p a H a .  S a c k t p o h ,  O T p b i B a n c b  o t  n o B e p x H O C T H  a K T H B H O r o  c a o h ,  

0 K a 3 b i B a e T C H  b  C A a ö O M  a A e K T p n q e c K O M  n o A e  M e a t f l y  coceflH H M H  

BHTK3MH. B A a r o f l a p n  S K p a H y  h  y s K H M  n p o M e a t y T K a M  M e a t f l y  b h t -

KaMH BAeKTpHHeCKHe CHAOBbie AHHHH OT aHOfla TOAbKO B HeÖOAb- 
T-> UIOH HaCTH MOryT npOHHKHyTb K aKTHBHOMy CAOK). TeM He MeHee, 

KaK HOKa3bIBaeT OnbIT, SAeKTpOH, XOTfl MeflAeHHO, HO cnocoöeH
-

<J)nr. 44.

S K p a H a  h  n o n a c T b  

CHAa 3 T O r O  nO AH

BblÄTH H3 UjeAH K HapyatHOH nOBepXHOCTH 
3flecb yate b  CHAbHoe aAeKTpHnecKoe noAe, 
co3flaeT eMy HyatHyio CKOpocTb, npn KOTopoii oh HOHH3HpyeT 
HeHTpaAbHWH aTOM npH CBoeM flBHateHHH K aHOfly. 06pa3yK)ujHecH  
BTOpHHHbie 3AeKTpOHbI yCTpeMAHIOTCH K aHOfly, a nOAOaiHTeAbHbie 
HOHbi— k KaTOfly. OflHaKO, nocAeflHHe, ÔAaroflapa a ic p a H y , He MoryT  
nonacTb Ha aKTHBHbiH c a o h  KaTofla. O h h  b  öoAbHieH CBoeft nacTH 
nonaflaioT H a noBepxHOCTb aKpaHa, h  AHUib HeöoAbiuaH nacTb h x  

öoMÖapflHpyeT npaft AeHTbi, He ôyflynn b  c o c t o a h h h  coBepmeHHO 
n p o Ü T H  b  npocTpaHCTBO Meatfly b h t k 3 m h  h  nonacTb Ha aKTHBHyio 
noBepxHOCTb KaTOfla. B cHAy aToro Bcerfla MoatHO oatHflaTb pa3-
pymeHHH aKTHBHoro c a o h Ha TopyeBoH nOBepXHOCTH TaKoro KaTOfla,

» .

P»T»HHe paflHoycrpoiicTa—6 . 8 }



t .  e. Ha Kpaax ero  a c h t w ,  OAHaKO, b o 6 u j e M  3 m h c c h o h h o m  

ôaAance pOAb h x  k o h c h h o ,  h h h t o j k h 3 .

CßepTbiBaHHe KaTOAHoS a c h tw  b TecHyK) cnnpaAb npecAeAyeT 
euje h Apyryio geAb. EAaroAapa e t ty ,  H3AyneHHe TenAa b o  BHe- 
UIHIOK) C p e A y  H M e e T  M eC T O  T O A b K O  C H a p y * H O r O  B H T K a ,  A a  h  TO, 

eC A H  OH H e  O K p y æ e H  K O A b y e B b l M  3 K p a H O M .  Y M e H b U i e H H e  H 3 A y -  

iieHHH TenAa BeAeT k  noBbiuieHHio TeMnepaTypw KaTOAa n p H  

Toit ase 3 aTpaTe moujhocth H a  H a n a A .  Ecah « e ,
K aK  3 T O  OÔbIHHO Ô b lB a eT , H e 0 6 x 0 AHM0  A O C T H r-  

n y T b  o n p e A e A e H H O Î i  T e M n e p a T y p w  K a T O A a ,  t o  

n p H  C B e p T b i B a H H H  e r o  b  T e c H y i o  c n n p a A b  m o j k h o  

y B e A H H H T b  y A e A b H y K )  3M HC C H IO .  O n b l T  n O K a 3 b I -  

B a e T ,  h t o  ecAH o k c h a h w h  K a -  

T OA O T K p b lT O H  K O H C T pyK JJH H

npn TeMnepaType 1000— 1200°
AaeT 9MHCCHIO 30— 40 mA Ha
1 BaTT, TO 3aKpbITbIH KaTOA 
npn TeMnepaType 800— 900° C 
AaeT 100 h éoAbnie mA Ha
1 BaTT HaKaAa. Ha cpHr. 45
npHBeAeHa OAHa KOHCTpyK^a 
3 a K p b i T o r o  T H n a  K a T O A a ,  k o t o -  

paa M O * e T  np« öapHeBOM o k -  

CHAHOM C A O e  A a T b  s m h c c h i o  

A a * e  AO 2 a M n e p  H a  1 B aT T  

MoigHOCTH HanaAa KaTOAa.
B 3 aKAK>qeHHe, CAeAyeT ynoMHHyTb o c n o co ô e  MOHTaaîa ero 

b  paöoqeH cxeMe. Ha hhikhcm KOHije yAAHHeHHOÜ nacTH ôaAAOHa 
Ae^aeTC» MeTaAAHnecKHH ^KOAb, KoropwM ra30Tp0H ynnpaeTca 
b  KpoHUiTeñH, noAAepíKHBaioujHñ ero  b  H a A A e f l t a u j e M  noAoateHHH. 
TaKoe ycTpoHCTBO cnocoöcTByeT AynineMy oxAaasAeHHio h h î k h c h  

nacTH éaAAOHa, h t o  HeoôxoAHMO a a»  KOHAeHcagHH b  3TOh nacra  
pTyTHbix n a p O B .  CaMaa BepxHaa naerb ra30Tp0Ha oxBaTbiBaeTca 
AerKOH AepaîaBKOÎi, KOTopaa npoHHO yAep*HBaeT b  BepTHKaAbHOM 
noAoateHHH ra30Tp0H (cm. cpnr. 46). FIoAflep*HBaTb ra30Tp0H 3 a 
cpeAHKjK) nacra ¿aAAOHa He peKOMeHAyeTCH BOBce.

$ H r .  4 5 . C D n r .  4 6 .

§  9. n p o M b i m A e H H b i e  t h d h  r a 3 0 T p 0 H 0 B  b  n p a B H A a

S K C B A O a T a g B B  B X .

Hnase b TaÔAHije npHBeAeHW ranu ra30Tp0H0B h THpaTpoHOB 
(rasoTpoH c ynpaBAHioujen ceraoK, cm. rAaBy V), HsroTaBAHBaeMbie
33BOAOM CßeTAaHa.
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H a  (pH r. 4 7  n p H B e ^ e H b i  (p o T o rp a tp H H  H eK O T o p w x  H3 s t h x  t h iio b . 
r ip «  Bbi6ope ra30Tp0Ha hco ô xo a h m o  onpeAeAarb a) MaKcw- 

M aA bH biñ  riHK p a ó o n e r o  T o n a  n e p e 3  H e r o  /m a x r ;  6) M aKCHM aAbHoe 

c p e A H e e  3 H an eH H e’ TOKa n e p e 3  H e r o  J0n  K O T o p o e  npH n p o c T o B

MH0 r 0 ( p a 3 H0 H c x e M e  p a B H o  7 0r  =  ~  ; b )  A o n y c T H M o e  3 H a M e m i e

o ô p a T H o r o  p a ô o n e r o  H a n p s iK e H H s E ' 0«p.

n P H p a c n e T e  HeycTaHOBHBuinxca p e a iH M O B  b  B b i n p a M H T e A e  

C (pHAbTpOM HeOÔXOAHMO COÔAIOAaTb yCAOBHe, HTOÔbl ÔpOCOK TOKa 
He npeBOCXOAHA /maxr ( c m . § 11 TAaBbl IV ). C 3TOH y e A b K )  OH6Hb 
nacTO HapoMHO yBeAHHHBaeTca HHAyKTHBHocTb crAaaiHBaioiijero 
ApocceAH.

B SKCnAOaTayHOH HbIX yCAOBHaX HeOÔXOAHMO 3aÔ O T H TbC a

o  noA A epiK aH H H  T O H H o ro  3 H a q e H H a  H a n p a a te H H a  H aK aA a. O t k a o -  

HeHHe A onycT H M O  H e 6 o A e e  KaK H a + 0 , 1  BO A bTa. B K A io ie H H e  

BblCOKOrO H a n p a ^ e H H H  M02KH0  npO H 3B O A H Tb AHLUb nOCA e BKAIOMeHHH 

H aK aA a. I l p n  3 t o m  h c o ö x o a h m  n p O M e * y T O K  B peM eH H  1 — 2  MHHyTbi 

M e * A y  yK 33aH H bIM H  BKAIOHeHHHMH, HTOÔbl T en A O T a H aK a A e H H o ro  

KaTOAa y c n e A a  yA aA H T b H acb iix jeH H b ie  n a p w  pT yT H  h 3  r a 3 c o ô p a 3 H o M  

n a c r a  ôaA A O H a. E c a h  r a 3 0 T p 0 H  CTaBH TCa b  p a ô o T y  B n e p B b ie ,  t o  

np eA B apH T eA bH biH  n p o r p e B  a o a j k c h  ô b iT b  CA eA aH  b  T e n e H H e  n o  

KpaH H 6 H M e p e  3 0  MHHyT. 3 t O  HeOÔXOAHMO AAH T o r o ,  HTOÔbl 

yAaA H Tb b  c o B e p u ie H C T B e  K aneA bK H  p T y r a ,  n o n a B iu n e  H a aHOA 

H H a CaMblH KaTOA BO BpeM H n e p e B 0 3 K H  r a 3 0 T p 0 H 0 B .

n P H n y c K e  b  x o a  H H o r A a  3 a M e n a e T C a  n o a B A e H H e  C B e T A b ix  

M H r a i o iy H X  n a T e H  H a  a H o a e  h a h  y c T O H H H B o r o  C B eT A o ro  n a r a a  H a 

KaTOAe. n P H 3TOM o ô m h h o  B03HHKaK)T o ô p a T H b ie  3 a * f i r a H H a ,  

A H K B H A H p y i o i g H e c a  H H o r A a  c a M H  n o  c e ô e ,  ô e 3  B b i ô p a c w a a H H a  

aB T O M aTO B . 3 t h  a B A e H H a  o ô t a c H a i O T c a  n o n a A a H H e M  K a n e A e K  p T y T H  

Ha aH O A  h  K aT O A  h  C A yataT  npH 3H aK O M  T o r o ,  h t o  r a 3 0 T p 0 H b i  

He ô b iA H  n p e A B a p H T e A b H O  A OCTaTOHHO n p o r p e T b i .

H c K y c c T B e H H o e  oxA aiK A eH H e He T p e ô y e T c a  BnAO Tb a o  TeMne- 
p a T y p b i  O K p y æ a ïo n je r o  B 0 3 A y x a  b  4 0 — 4 5 °  C .

B CHAy yK a3aH H bIX  B b lllie  OÔGTOaTeAbCTB MOUJHblH ra 3 0 T p 0 H H b IH  

B binpaM H T eA b o c o ô e H H O  a teA aT eA bH O  cH aô îK a T b  a B T O M ara n ecK H  

p a ô o T a ie u jH M H  BbiKAiOHaTeASM H. B n a c T H O c r a ,  jneA aT eA bH O  n p H M e- 

HeHHe p e A e  B peM eH H , H e A o n y c K a io i j j e ro  BKAHjneHHe aH O A H o ro  

H a n p a x e H H a  a o  H C T eneH H a H 3 B e c T H o ro  B peM eH H  c  m o m c h to m  b k a i o -  

HeHHa H aK aA a. r i0 A e 3 H 0  a B T O M a ra n e c K o e  B biK A ioneH H e aHOAHOH 

y e n n  n p n  naA eH H H  H anpajK C H H H  H aK aA a H H * e  h 3 b c c t h o h  H opM bi.

riycK O B O H  h  p e ry A H p o B O H H b iH  p e o c T a T b i  y e n n  H aK aA a a o a h ic h  

HMeTb nycKOByio nacTb, paccHHTaHHyio Ha MeAAeHHoe ycTaHOBAeHHe 
H o p M a A b H o r o  3 H a n e H H a  T O K a  H a K a A a  b  b h a y  ö o A b u i o ö  T e n A O B O Ö

6* 83





H H epuH H  K a T o a a .  r i e p B a j i  C T y n eH b  a T o r o  p e o c T a T a  AOAXHa m ie T b  

AOCTaTOHHOe COnpO TH B A eH H e, HTOÔhl O rpaH M TO T b nyCKOBOH TOK 

H a n a A a  b  n e p B b iß  m o m c h t ,  nocK O A bK y c o n p o T H B A eH H e x o A O A H o ro  
KaTOAa  npaK TH H eCK H  6aH 3K O  K HyAK).

Tpanc(J)opM aTop HanaAa, Tan æ e ,  KaK h  n p n  KeHOTpOHe, a o a æ c h
6 b lT b  CHaÔaieH BTOpHHHOß OÔMOTKOfi, H3O A H p0 B3 HH0 fi H a nOAHOe 

aH O A H oe H a n p ü æ e H H e  h  H M e io u je n  c p e A - 

HK)K> TOHKy AAS BbIBOAa aHOAHOTO TOKa.

PeryAHpOBOHHblH peOCTaT, BOAbT- 

MeTp H ApyrH e KOHTpOAbHbie npHÔOpbl 
i je n H  H a n a A a  C A eA yeT  B K A ionsT b  b n e p -  

BH^HyiO OÔMOTKy T paH C (pO pM aT O pa.

E cAH 3TH n p H Ô O p b l HBAHIOTCH OÔEgHMH 

AA* B c e x  p a ö o T a io m H X  ra 3 0 T p 0 H 0 B ,

TO npH CÔO pKe CXeMbI HeOÔXOAHMO 

o T p e ry A H p o B a T b , n y T eM  BBeAeHHH a o -  

ôaB O H H bix co n p o T H B A eH H H , H aA A easa- 

IgHH p e * H M  B c e x  KETOAOB. n P H CM eHe 

B b iô b iB in e ro  h 3  C T p o n  r a 3 0 T p 0 H a  H e o 6 - 

XOAHMO n p O B e p H T b , COX paHHAaCb AH 

3T a p e ry A H p O B K a .

B 3aKAK)HeHHe a T o r o  n a p a r p a Ç a

O T M e T H M ,  H T O  H e T  n p e H H T C T B H H  K H 3 rO '

TOBAeHHK) r a 3 0 Tp0 H0 B B MeTEAAHHe- 
CKHX c o cy A a x .  B 0 3 M0 aiH0 , h t o  b  6 a h -  

s a S m e e  BpeMH Tanne r a 3 0 Tp0 Hbi HañAyT 
m ep o K o e  npaKTHHecKoe npHMeHeHHe.

§  1 0 .  0 6 t g e e  c p a B H e H H e  B c e x  t h h o b

B ePT H A eH , 0  6A 3C T H  HX npH M eH C H H H  

h n e p c n e K T H B b :  a x  c o B e p m e H C T s o B a -

HHH.

Bbime Mbi n o A poÔ H O  p a 3 o 6 paA H  Han- 

ô o A e e  u e H H b ie  b  npaKTHM ecKOM  cMWCAe -  -¡&. . j l Æ .  j

THDbl BeHTHAeä. K eH O T pO H , pT yTH blH  

BeHTHAb h  r a 3 0 T p 0 H  6 o A e e ,  neM  K aKHe- <Dar. 47-b.

a h 6 o  A p y r n e  c y ig e c T B y io n jH e  t h h w
BeHTHAeÖ, M O ryT  yAOBA eTBO pH Tb TeM TpeÔOBaHHHM , K O TO pbie 

npeAIiHBAHIOTCJI K HCTOHHHK3M HHTaHHH paAHOyCTpOHCTB.
KpOMe ynoMHHyTNX bchthach cAeayeT yKa3an> Ha nrapoKO 

pacnpocTpaHeHHbiH b HacToaujee BpeMH KynpoKCHM H BeHTHAb. 

KOTopbifi npHMemieTCA b y e A o u  p *A e  CAa6 0 T0 «îHbix aACKTpotexEH-

«5
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necKHx annapaTOB. O h  npeflCTaBAHeT c o 6 ok> MeAHyio nAacTHHKy, 
nOKpblTyK) 3aKHCbIO M6 AH. BeHTHAbHOe CBOHCTBO erO OCHOBaHO 
H a  yHHnOAHpHOÎÎ n p O B O A H M O C T H  IIAOCKOCTH pa3 fleAa C A O H  3 3 K H C H  

H CaMOrO MeTaAAa. TaKOfi BeHTHAb, He H B A f l f l C b  COBepnieHHbIM, 
OKa3biBaeTCH npHroAHbiM aah HeôoAbiuHX HanpnajeHHÎi 4 — 6  BOAbT 
Ha CHAy TOKa okoao 1 aMnepa. Ero  cxewa BKAKweHHH npeACTaB- 
A e H a  Ha $ n r .  4 8 - a .

MOJKHO y n O M H H yT b  TaKÍKe 0 6  3AeKTpOAHTH«ieCKOM BeHTHAC,  

c o c T O H iije M  n o  6 o A b u i e S  n a c T H  H3  c o c y a a  c  p a c T B o p o M  A ß y y r A e K H -

CAOH COflbl H AByX SACKTpOAOB, 

H3 KOTOpbIX OAHH A^AaeTCH 

aAKDMHHHeBbIM. TaKOH BeHTHAb 
MO/KeT ÓbITb H C n0A b30B aH  KaK 

B binp ííM H T eA b AAH 3apHAKH 

aK K yM yA M T opH bix ó a T a p e S .

i»
, “ "fu 3

<t>nr. 48-a. 

4 a h  toB aie ijeAH Í3 apaAKa aKKyMyAflTopHbix 6 aTapeS) HHorAa 
npHMeHHIOTCH MeXaHHHeCKHe BbinpflMHTeAH, OCHOBaHHbie Ha CHH* 
xpoHHOM nepeMenjeHHH Toro h a h  h h o t o  poAa 3aMbiKaTeAH c qacTo- 
T0 Ö BbinpaMAHeMOro HanpflitseHHH. OAnano, noAOÖHwe ycTponcTBa 
He HMeioT nmpOKoro pacnpocTpaHeHHH b  BHAy h x  H e H a A e a s H O H  

paÖOTbl B 9KCnAOaTayHOHHOft OÖCTaHOBKe. 
Ą a h  T o r o ,  HTOÖbl npaBHAbHO n 0 A b 3 0 B3 T b C a  K3 ÎKAWM THnOM 

BeHTHAH, Heo6 xoAtiMO CAeAaTb oöujee cpaBHeHHe h x .  

Oöpaujaacb k KeHOTpoHy, moîkho oTMeTHTb CACAyiorgHe ero  
npeHMyujecTBa:

a) cpaBHHTeAbHO BbicoKoe 3HaqeHHe oöpaTHoro p a ß o ^ e ro  Hanpa- 
SCHHfl)

6 )  O T c y T C T B H e  H0 HH3 a H H 0 HH0 r 0  n o T e H u n a A a ,  m t o  H M e e T  c a c a *  

CTBHeM yC TO Ö *lH B yK ) p a Ô O T y  H a  e M K O C T b ( c m .  TA. IV ) ,

b )  nO C T O H H H yiO  rO T O B H O C T b  K p a ö o T e ,

r )  AOCTaTOHHblH c p O K  C A y a t6 b í ,  OT 500  HaCOB  AAH MaAOMOUJHblX 

KeHOTpOHOB H AO 1 5 00  HaCOB AAH MOUJHblX KeHOTpOHOB.

(Dnr. 48-6.
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J

K  e r o  H e a o c T a T K a M , o a h b k o , o t h o c h t c h :

а )  m sa m M  K o a c p H y n e H T  n o A e 3H O ro  AeM cTBHH, o k o a o

H TOAbKO B AyHUIHX CAyH3HX 8 0 % ,  u t o  HMeeT öoAbiuoe 3 H3 H eH H e, 

OCOÖeHHO flAH MOIJJHblX yCTpOHCTB,

б )  H eB 03M 0aiH 0C T b  n e p e r p y s K H  n p a  nOAHOM H cn 0 A b30B aH M H  

3M HCCHH.

r i e p e x o f l »  K  pT yT H blM  KOAÖ3M, HCOÖXOAHMO O TM eTH Tb C A e A y io -  

i y n e  h x  n p e H M y iy e c T B a :

a )  BblCOKHÖ K 03(J)H yH eH T  nO A e3H O rO  A eS cT B H H , AOXOASU^HH 

B MOIIJHbIX BblCOKOBOAbTHbIX yCT3HOBKaX AO 99°/0,
6) HeOrpSHHMeHHOCTb 3MHCCHH, HTO I103B0AHeT HM6Tb XOTfl 6bl 

K p sT K O B p eM eH H y io  n e p e r p y 3 K y ,

b) C paB H H T eA bH O  ÖOAblUOH CpOK C A y * 6 b I— OT 1 000 HaCOB 00 
8 0 0 0  H a c o B  ( a a h  c t c k a h h h m x  k o a 6 ) ,

r) B03M0ÎKH0CTb H3rOTOBAHTb HX B MeTaAAHMeCKHX COCyAaX.

K  HeAOCT3TK3M  pTyTH O H  KOAÖbl OTHOCHTCH:

a) AerKOe B03HHKH0BeHHe 06p3TH0r0 33JKHraHHH,
6) CpaBHHTeAbHO BMCOKHH H0HH33IJH0HHbIH nOTeHIJHaA, HTO 

n p e n H T C T B y e T  p a ö o T e  p T y T H o r o  B binp jiM H T eA fl H en ocpeA C T B eH H O  

H3 K O H A eH C aT O p, "

b ) TpyAHOCTb <J)36pHK3gHH H nepeB03KH,

r )  CAOHJHOCTb yC TpO H C T B 3 A eîK ypH O rO  3 3 * H ra H H f l ,  COCTaBAflK)- 

U je r o  3H aH HTeAbM yK) CTOHMOCTb B yC T 3H 0B K aX  C p e A H e ñ  MOUJHOCTH. 

T a 3 0 T p 0 H  n o  CBOHM CBOHCTB3M HBAHCTCH KaK 6 bl n p O M e » y -

TOHHbiM M e * A y  KeHOTpoHOM h  pTyTHblM BeHTHAeM. K  ero npewMy- 
ujecTBaM M o æ e T  6wT b  oTHeceHo:

a )  C paB H H T eA bH O  B b ic o K o e  3 H a n e H H e  o ö p a T H o r o  H anpH iseH H H ,

6 )  HH3KHH HOHH33yHOHHbIH nOTCHIJHaA,

b ) BblCOKHH K03$HyHeHT nO A eB H O rO  AeHCTBHH, AOXOAHIÍJHM

AO 99%,
r )  A e r K a «  (paÖpHKayHH, C B 03M 0*H 0C T bK >  npH M eH eH H H  m s ib h h -  

Horo H 3r0T 0B A eH H H  ero ô s a a o h o b ,  h  A erK O C T b nepeB03KH. 

K  e r o  HeAOCTaTKaM  o t h o c h t c h :

a )  HeoöxoAHMOCTb HeKOToporo BpeMeHH a a h  n y c K a  ( n p o r p e B  

KaTOAa h  ôaAAOHa),

6) OrpaHHHeHHOCTb 3MHCCHH, BCACACTBHe HerO HeB03M0*Ha 

neperpy3Ka npn n O AHOM Hcn0Ab30BaHHH 7raaxr ,

b ) HeB03M02ÎH0CTb paÔOTbl n pH HH3K0H O K pyæ ajO U jeM  T e M n e -  

paType.

H 3 paccMOTpeHHH KaK npeHMyujecTB, TaK h HeAocTaTKOB, 

yK333HHblX BblUie, H OTHOCBIIJHXCH K H3yHaeMbIM H3M U  THn3M 

BeHTHAeM, MO/KHO CAeAaTfc HHaseCACAytOHJHe BblBOAbl.

88



B  B binp jjM H T eA bH bix  y c T p o ñ c T B a x ,  n p e A H a 3 H a4 ae M b ix  4 A a n a T a -  

HHfl paA H onpH eM H H K O B , H a n ô o A e e  i j e A e c 0 0 6 p a 3 H0  npH M eH eH H e 

18! KeHOTpOHa. n P H 3TOM, B yeAflX 3KOHOMHH SHepTHH Ha HaKaA, 

HSeAaTeAbHO n p H M eH eH H e KeHOTpOHOB C OKCHflHpOBaHHblMH H TOpH- 

131 poBaHHbiMH KaTo^aMH. $ ah ö oA bineÄ  KOMnaKTHOCTH cAeAyeT

npH M eH H Tb K eH O T poH bi c  ÆByMH aHOflaM H, h 6 o  n o  6 o A b m e ñ  * iacT n  

M  A a h  T a K o ro  p o A a  B b in p aM H T eA b H b ix  y c T p o ñ c T B  H a n ô o A e e  B b iroA H a 

n p o c T a n  A B y x n o A y n e p H O A H a a  c x e M a  B binpaM A eH H H .

Mi <Ąa H BbinpflMHTeAbHbIX yC T poftC T B  MOUJHOCTbK) AO 5 ---- 1 0  KHAO"
B a n  ^ A e c o o 6 p a 3 H o  npHMeHHTb b  K anecT B e BeHTHAeñ ra 3 0 T p 0 H b i,

M il A a k  B b in p H M H T e A b H b lX  yCTpoftCTB MOUJHOCTbK) nOpHAKa 1 0  

4 0  KHAOBaTT B HeKOTOpbIX CAyHaflX MOiKeT O K a3aTbCH  BbirOAHbIM 

os y. npH M eH eH H e T pexaH O A H O H  p T y T H o ii CTeKAflHHOH k o a ö m .

<Z£a h  B b in p a M H T e A e ñ  ô o A b in o î i  m o h j h o c t h , B b iu ie  3 0 — 5 0  k h a o - 

f jia l BaTT, H a n ô o A e e  g e A e c o o 6 p a 3 H b iM  H B A aeT c a  npH M eH eH H e b  K a n e -  

CTBe BeHTHAeH MOHJHblX raS O T pO H O B  H MeTaAAHHeCKHX pTyTHbIX 

BbinpHM HTeAeH.

B 3aKAK)HeHHe H acT O H U jeS  rA aB b i H e o ô x o A H M o  C A eA aTb K p aT K o e 

^  3aMenaHHe o  n e p cn e K T H B a x  ycoBepmeHCTBOBaHHH BeH TH A eił. X o t h  

yK a3aH H bie T pH  TH na BeHTHAeft b  h s b c c t h o S  M e p e  yAOBAeTBopatoT 

TeM TpeÖOBaHHHM, KOTOpbie npeA'bflBAHIOTCH K BbinpHM HTeAbHOH 

ulB ycTaH O B K e, n p e A H a 3 H a n a e M 0 H  a a h  nHTaHHH p a A H O y c T p o H cT B , TeM 

He MeHee o h h  e ig e  A aA eno  H e  h b a h k j t c h  c e m h  n o  c e 6 e  c o B e p -  
;’ r UieHHblMH. B MaCTHOCTH, pT yTH blÖ  BeHTHAb H r a 3 0 T p 0 H , He- 

CMOTpji Ha BbICOKHH KOSCpHIJHeHT nOAe3HOrO AeHCTBHfl, OÖAaAaiOT 

yKa3aHHbIMH Bbiuie HeAOCTaTKaMH. B  CBH3H C 3THM, B HaCTOHUjee 

BpeMH UIHpOKO npOBOAHTCH paÖOTbl B OÖAaCTH yCOBepmeHCTBOBaHHfl 
BeHTHAeH, npHHeM MOXHO 6 w a o  6 bi y K a 3 a T b , b K anecTB e n p H M e p a , 

Ha cAeAyionjHe HOBbie THnw BeHTHAeii.
* • Ą ah  noAyneHHH öoAbniHX MonjHOCTeił n p n  b m c o k o m  HanpaiKeHHH 

MoaieT HMeTb 3Ha«ieHHe h o h h w S  BeHTHAb c  MarHHTHbiM ynpaB A e» 
HHeM. B  noAOÖHOM ycTpoH CTBe, p a3 p a6 0 T aH H 0 M  M . M . C h t h h -
KOBblM, B K aneC T B e BeHTHAbHOrO 3 $ ( |)e K T a  H CnO A b3yeTC H  AeHCTBHe 

MarHHTHOrO IIOAH H a T paeK TO pH K ) HOHOB H 9AeKTpOHOB. K a K  

nporps H 3Bec?H O , n o A  BAHHHHeM M a rH H T H o ro  nOAH SA eK T poH  n p e T e p n e B a e T  

yKAOHeHne n p n  CB oeM  a b h k c h h h ,  npH M eM , ecA H  b  HyjKHbiił m o m c h t  

mi& CHAa M arH H T H o ro  noA H  AOCTaTOHHO BeA H K a, t o  yKAOHCHne o t  

n e p B O H a n a A b H o ro  H an p aB A eH H a s A e K T p o n a  h a h  HOHa M o * e T  6 biTb 

jjKjr HaCTOAbKO BeAHKO, HTO OH, BbIHAH H3 OAHOrO SA eK T pO A a, HÔ Ą O ‘  

CTHTHeT A p y r o r o ,  b  t o  B p e a w  KaK b  a p y r o i i  n o A y n e p n o A  B b in p aM - 

AHeMOrO H anpHJKeHHH 3 T 0  BAHHHHe M a rH H T H o ro  nOAH OHeHb OCAa- 

J0 t ÖAeHO, H 3AeKTpOH B COCTOHHHH npO H TH  B eC b n y T b  OT OAHOrO 

9AeKTpOAa  AO A p y r o r o .
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B caMoe r t o c A e A H e e  b j j c m m ,  n o A  H a 3 B a H H e M  „ H r H a H T p o H "  

(Ignitrón) b AHTepaType noHBHAOCb onncaHHe HOBoro T w n a  p T y T -  

HOrO BeHTHAH. T aK O H  BeHTHAb n p eA C T 3 B A H eT  C0 6 0 1 0  CTeK- 

AHHHblH 6 aAAOH, HMeiOUJIiS KaTOA B BHAe ÎKHAKOH p T y T H  H 

aHOA Ha noAOÖHe aHOAa ra30Tp0Ha. KpoMe 9 th x  AByx 9AeK- 
T p O A O B ,  HMeeTCH B C n O M O r a T e A b H b l H  9AeKTpOA> C A e A a H H b l i i  M3 

Kap6opyHAa h hmckhijhh koht3KT c  n o B e p x H O C T b K )  jkmakoh p T y r n .  

E cah nepe3 BCnOMOraTeAbHblH 9AeKTpoA nponycKaeTca tok, t o  

y MecTa ero KOHTaKTa o 6 p a 3 y e T c a  p a c K a A e H H b iH  y q a c T O K  pTyTH, 
CnOCOÖHblH A â T b  9 MHCCHK) SAeKTpOHOB. E c A H  n p H  9T O M  TA3 BHblH 

aHOA H M eeT HOAOJKHTeAbHblfi nOTeHIJHSA OTHOCHTeAbHO pTyTHoro

HHH Ha aHOAfe OAHoro HTHaHTpoHa b yenn BonoMorsTeAbHoro 

SAeKTpOAa nOHBAHeTCH TOK H B03HHKaeT 9MHCCHH nCpBHHHbIX 
3A6KTpOHOB, BCAeA 3a HeM yCT3HaBAHB3eTCH TOK Hepe3 rAaBHblñ 
KaTOA- BpeMH aah aToro TpeÖyeTc« Bcero AHuib 2 0 — 30 MHKpo- 
ceKyHA. OAHOBpeMeHHO c bo3Hh k h o b6h h6m  HOHH3aijHH HanpHMceHHe 
H3 TA3BH0M aHOAe naAaeT, h to k  nepe3 KapöopyHAOBbiH 3AeKTp0A 
npeKpsigseTCH. OAHaKO, pacKaAeHHoe nHTHo Ha noBepxHOCTH 
ÄHAKOS pTyTH nOAAepJKHBaeTCH ÖOMÖapAHpOBKOH nO A O ÎK H T eA b -  

HbiMH HOH3MH, t. e. 3a cneT TOKa TAaBHoro aHOAa. KorAa Ha 
0 TOM aHOAe noHBAaeTca OTpnyaTeAbHbifi noTeHynaA, t o k  nepes 
Hero npeKpaujaeTCH, h pacKaAeHHoe nHTHo Ha noBepxHOCTH 
pTyTH MrHOB6HHO TyXHeT, TaK HTO BO BpeMfl BTOpOrO OTpHya-

KBTOAa, TO B03HHKHeT TOK OT
nero K pTyTHOMy KaTOAy 3a cneT
HOHHSayHH aTOMOB PTyTH, KaK 
9TO ÔbIBaeT B OÓblHHOM pTyTHOM 

BbinpaMHTeAe h a h raaoTpOHe. 
9 tOT TOK He npeKpaTHTCH, eCAH 
npH 9TOM 6yA6T BblKAlOHeH TOK 
4epe3 BcnoMoraTeAbHbiH 9AeK- 

TpOA.

CDhi \  49.

y e A e c o o 6 p a 3 H o e  H c n 0 A b 3 0 B a -  

HHe TaKoro poAa bchthah MO*eT 
ÔbITb nOHHTO M3 paCCMOTpeHHfl 
A B y x n o A y n ep H O A H O H  c x e M b i b w  

npH M A eH H H , c H a 6 * e H H o ñ  AßyMfl

„HrHaÖTpoHaMH“ ( cm. (Jmr. 49). 
B cn oM oraT eA b H b ifi »AeKTpoA 
(„nrHafiTep“— „Igniter“) npwco- 
eAHHeH k aHOAy Hepe3 MaAeHb-
KHÍÍ BOHTHAb. IlpH nOAOJKH" 
TeAbHOM noAynepMOAe Hanpaate-
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jo T e A b H o ro  n o A y n e p H O A a  h c t  p a c K a A e H H o ro  K a T o a a  B H yT pH  6 a A A o n a
HJ! R eHTHAH.

TaKoe ycTpoiicTBo o 6AaAaeT npeHMyujecTBaMH no cpaBHeHHio 
■■ c r a 3 0 T p 0 H 0 M , K O T o p b ie  3aKAK»MaioTCfl B t o m ,  HTO He T p eö y eT C H  

BpeM eHH a a h  n p e A B a p H T e A b H o ro  n p o r p e B a ,  s m h c c h h  H e o rp a H H H e H a , 

h  A o n y cT H M a n e p e r p y 3 K a ,  KaK b  oöbm H O M  pTyTHOM  B binpH M H T eA e. 

fit OAHaKO, no  CpaBHeHHHJ C OÖblHHblM pTyTHbIM B binpflM H T eA 6 M 

HTHâHTpoH H e H M eeT  e ro  H eA o cT aT K a— A e r K o r o  b o 3 h h k h o b 6 h h h  

Jif 0 6 p aT H 0 r 0  3ajK H raH H H , TaK K an  n p H  O T p n y a T e A b H o ñ  noA yB O A H e 

B npO C T paH C T B e H eT  nepB H H H bIX  SAeKTpOHOB. ripeH M yU jeC T B O  

tja H rH aH T peH a n o  CpaBHGHHIO C OÖbIHHbIM pTyTH bIM  BeHTHAeM H r a 3 0 -  

ta TpOHOM 3aKAK>qaeTCH - " 

as TaK*e h b t o m ,  h t o  r ~
fn, a a «  H e r o  He T p e  

pm 6yeTCH AonoAHHTeAb-
r*  H o ro  y c T p o H C T B a  h  ------ ®-<

t¡,¡ BHeprHH H a p a 3 o r p e p  

«s KaTOAa; O T n aA aeT  H e-

I î 0 6 x 0 AHM0 CTb B T paH C "

(p o p M aT o p e  H aK aA a h 

Miv B a r p e r a T e  A e * y p H O r o  

i t  3a;KHraHHH. 

lots H rH a iiT p O H  M o æ eT  

£U ÖblTb npH M eH eH  B Btd- 

i s  npflM HTeAe a a h  p e r y -  

;r AHpOBKH H an p fla teH H H , &  

j et KaK n p H  n p H M eH e- (D ur.  50.

) 35 HHH T H paTpO H O B. H a

a t (pHr. 5 0  n p e A C T aB A eH a  c x e M a  H rn a H T p o H a , n03B 0A H K )igaH  o c y i g e -  

huk CTBHTb p e ry A H p o B K y  c p e A H e r o  3HaHeHHH TO K a, n p o x o A H ig e r o  

i e p e 3  H e r o .  s t o í í  geA H  B c n o M o ra T e A b H b iii  S A eK T poA  n p n -

[yü coeAHHHeTCH H e H en o cp eA C T B eH H O  k  g e n n  rA a B H o r o  aH O A a, a  n e p e a  

OTAeAbHblH B binp ilM H T eA b H TpeX 3A eK TpO A H yK > A aM n y  T<¿ . C eT O H - 

rui HbiH n o T e H g n a A  aT O fi A aM nbi ö e p e T c a  o t  ( p a 3 0 p e r y A H T 0 p a ,  K O T o p w S , 

b  CBOK) o n e p e A b ,  AOAJKeH 6 biT b  n p H c o e A H H e H  k  o 6 i g e 8  n H T a io u je H  

, ceTH. P e r y A H p y n  ( p a 3 y  ceT O H H O ro  n o T e n g n a A a ,  m o jk h o  p e r y A H p o -  

BâTb MOMeHT B0 3 HHKH0 BeHHH TOKa H e p e 3  TAaBHWÖ aHOA H rH 3H TpO H a 

H TeM CaMblM, 3 HaHHT, H3M eHHTb C p e A H ee  3 H a 4 e H H e  STO rO  TOKa. 

j j n  H a K O H e g , K a K  o  h o b o m  T H n e  3A eK T p H « iecK o ro  BeHTHA», C A eA yeT  

ynO M HHyTb o  B b inpH M H T eA e M a p K c a  (M arx). 3 t o  y c T p o g c T B O  

3aKAK)4aeTCH b  H cn 0 A b 3 0 B aH H H  B eH T H A bH oro  CBOHCTBa A y r o a o r o  

... p a 3 p H A a  b  aT M O C ip ep e , n p n q e M  a a h  noA A epasaH H H  e r o  npHM eHHCTCH 

c n e y n a A b H O e  y c T p o i ic T B o  aA ew T poA O B .



C jPar. 5 1 - a  n o K a 3 W B aeT  cx e M a T H q e c K H  t e k o h  B eH TH A b. H p o a e c c b i ,

KOTOpbie npOHCXOflHT B nOflOÖHOM B eH TH A e, aaK A K jqaiO TC il B CAe-

AyioujeM. MeiKAy sAeKTpoflaMH E  nepHOAHnecKH B036y*AaeTCH 
3a*HraioujaH HCKpa o t  B c n o M o r a T e A b H o ro  H a n p H * eH H H . 3 t o  Bcno-

M o ra T e A b H o e  H a n p n * e -  

HHe M o a teT  6 b iT b  n o A y - 

HCHO, H a n p H M e p , ny- 
TeM  nocA eA O B aT eA bH O - 

r o  BKAioHeHHH b  g e m  

I'AaBHoro TOKa KaTyrn- 
KH, HHAyKTHBHO CBfl- 

33H H ofi c  y e n b i o  3a- 

aiHraHHfl. B y e m i  3a- 
iKHraHHH C nOMOOJbK) 
B p a i y a i o m e r o c f l  p a s 

te u r .  51-a. pHAHHKa B03HH KaeT

TOR BWCOKOH HaCTOTbl.

H e n o A B H * H b ie  sA e K T p o A w  B p a u ja i o u j e r o c H  p a 3 p H A « H K a  m oîkho  

n e p e c T a B A H T b  h  t c m  caM biM  p e ry A H p O B a T b  m o m c h t  3 a» H ra H H fl. 

3 a a tH r a K ) i s H e  H C K pw  o t  t o k o b  b m c o k o B  H acT O T bi npocK aK H B aiO T  

M e * A y  ÖAH3 AeiKaUJHMH TOHKcIMH 3A eK TpO A O B E. 9 t O  OÖCTOHTeAb- 

c t b o  B A e q e T  3 a  c o ö o i i  B 03H H K H 0B e- 

HHe A y r o B o r o  p a 3 p n A a  h  noH B A eH H e 

TOKa b  T A aB H oft y e n n .  H t o 6 w  n o -  

B e p x H o c T b  3A eK T poA O B  H e o ö r o p a A a ,

A y r a  B p a u ja e T C H  napaAAeAbHo o c h  

3AeKTpOAOB nOMOUibK) MarHHTHOrO 
noAH, c o 3A a s a e M o r o  KaTyuiKaMH MW .
O A H O B peM eH H O  CH A bH bie BO SAyUIHbie 

c T p y H , H a n p a B A e H H e  K O T o p w x  n o K a -  

3aH O  H a <pHr. 5 1 - a  CT peA K aM H , o t -

KAOHHIOT Ayry K OCH 3A eK TpO A O B.

MOJKHO B b lÖ p a T b  T aK H e COOTHOUJe- 

HHH, HTOÖbl OCHOBaHHH A y rH  B MO- 

MeHT, ÔAH3KHH K n ep eX O A Y  TOKa 

n e p e 3  H yA b ( h 3  oÔ A acT H  n o A o a îH - 

T eA bH blX  O pA H H aT B OÔAaCTb OTpH- 

I ja T e A b H b lx ) ,  C M eiijaA H C b 6 bl K CaMbiM y3KHM  HaCTHM d  KaHaAOB 
b  3 A e K T p o A a x , rA e  C K O pocT b  B O S A yuiH b ix  C T p y ii A O C T H raeT  T aK o ro  

SHaneHHa, n p w  K o to p o m  A y r a  p a 3 p b iB a e T C H . riocA e sT o ro  moîkho 
npH A oasH T b  o s e H b  B b ic o K o e  H a i ip « æ e H H e , H e  o n a c a j i c b  n ep eK p b iT H fl 

MeiKAy 3A eK T pO A aM H , TaK  KaK nO B epX H O C Tb HX nOCAe HCHe3 HOB,eHHH 
A yrH  ô b ic T p o  oxA ajK A aeT C H  CHAbHMMH CTpyHM H B 0 3 A y x a .  H o B o e

9JiekmpodaMU 

í > H r .  5 1 - 6 .
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:tn B03HMKH0BeHne paapaAa óyaeT HMeTb mccto  AHiiib nocAe npocKa- 
Cll KHBaHHH HOBWX HCKp BWCOKOH HaCTOTbl.
iff K an  mojkho BHaeTb H3 51-6, oSpaTHoe HanpHíKeHHe mohíct 
BCI 6blTb ÓOAee 120 KHAOBOAbT IipH TOKe IipHMOrO HanpaBAeHHfl flO 
pa 180 aMnep. KoaifjHyHeHT nOAe3Horo a c Bctbhh  TaKoro BeHTHAH
mu AOCraraeT 98-f-99°/0.
M BeHTHAb noAo6 Horo ycTpoftcTBa cKopee Bcero MoaieT 6 biTb 

Hcn0Ab30BaH a a h  nepeAanH aiieprHH nocTOHHHbiM tokom . IlpHMe- 
Bą HeHHK) e ro  a ah  paAHonepeAaTHHKOB, BepoaTHO, noMemaeT caojk 
uił HocTb ycTpoflcTBa BcnoMoraTeAbHoii yenw aaraaraHna.
¡0 5 ' ' *

K i ® ,  I



rA A B A  I I I

CXEMbl BbinPflMAEHMfl IIEFEMEHHOrO TOKA.

§  1. OcHOBBbie COOTHOnieHHH fflAH exeM C nOCTOHHHOH 
CAaraionjew TOKa b ÿ a jB b ix  oÖMOTKax.

Toro, HTOÖbl yC TSH O B H Tb HeOÖXO flHM bie COOTHOIUeHHfl 

b TOH hah HHOH c x e M e  BbinpH M A eH H H , npeflnoA O /K H M , n p e a s A e  Bcero, 

4X 0  Mbl HMeeM AeAO C HAeaAbHbIMH BeHTHAHMH, H HTO BHyTpeHHee 

conpoTHBAeHHe T p a H C tp o p M a T o p a  B M ecT e  c  n H T a io u je H  c e ™  

paB H O  HyAH). B K a n e c T B e  M eTO A a 6 yA eM  n 0 A b 3 0 B 3 T b c a  paccMOT' 

peHHeM AnarpaMM t o k o b  h H s n p a a s e H H H , c o c T a B A e H H b ix  aas 

CAynaa, KorAa B binpH M A H eM O e H a n p a a s e H H e  « B A a e T c a  hhcto  

CHHyCOHAaAbHbIM, a H a r p y 3 K a — OMHHeCKOH.

Oßpau^aacb k cpHr. 52, Ha KOTopoił npeACTaBAeHbi npocia» 
u i e c T H $ a 3 H a a  c x e M a  h  c o o T B e T C T B y i o u j H e  A n a r p a M M b i ,  p e iuaen  

3 a A a n y  0 6  h c k o m m x  c o o T H o m e H H f l x  b  o ö u j e M  BHAe a a h  m — cpa3-

h o8 cxeMbi.
H3 paccMorpeHHH AnarpaMM ycTaHaBAHBaeM, npeasAe Bcero,

T
HTO t o k  nepe3 Kaa«AbiH B eH TH A b H A eT b T eH eH H e - n a c T H  nepHOAa,

r A e  i n — h h c a o  ( p a 3 ,  H a  n p o T H a se H H H  o c T a A b H o n  n a c T H  nepHOAa 

t o k  p a ß e a  HyAK), T a n  KaK b o  BpeMH e e  H a n p a a s e H H e  a 3 hhoh 

cpa3bi  M e H b iu e  A p y r n x .  I l o T e H U H a A  ase a n o A a  OTHOCHTeAbHO KaT04a 

b  t o m  B eH TH A e, K O T opbiH  npHKAK>HeH k  ( p a 3 e ,  H M e i o u j e i i  MeHbiuee 

HanpaaseHHe, OTpnyaTeAeH.
(Ą a A e e  HC0 6 x 0 AHM0  OTM eTH Tb, HTO TOK Í¿ , HBAHJICb TOKOH 

H ecH H ycoH A aA bH biM , co A ep a sH T  n o cT O H H H y io  c A a r a t o u j y i o .

CpopMa BbinpHMAeHHOro HanpaaseHHH Ha Harpy3Ke oöpa3yeTC« 
OTpe3K3MH KOCHHyCOHA (paSHbIX HanpfiaSeHHH. 3 th OTpe3KH 
CHM MeTpHHHbl OTHOCHTeAbHO aM nA H TyA W  KOCHHycOHAbl H IK

och ^öcyHcc 33HHMaioT TaKase ~ . BbinpjiMAeHHoe HanpHaseHHe

KaK BHAHM, HBAfleTCH nyA bC H pyiO U JH M , n p H H eM  OCHOBHaH H a C T O T i 

nyAbcayHH b  m  pa3 öoAöuie nacTOTbi nHTaiouj,ero HsnpaaseHHH



OKA.

toimi

1  aK  KaK B ÖOAblUHHCTBe CAy- 

q a e B  H C n0A b30B aH H H  B binpH M H - 

TeAbHOH CXeM bl flAH ÜHTaHHH 

paAHOyCTpOHCTB Mbl IIpH M eH SeM  

c rA a æ H B a io m ,H e  (pHAbTpw c TeM, 

HTOÖbi H a  3 aasH M ax  n o A e 3 H o S  n a -  

rp y3K H  H M eT b AHUlb nOCTOflHHOe 

HanpíiíKeHHe, t o  ripeaste Bcero

yCTaHOBHM C B ü3b  M e * f ly  CpeAHHM 

3K aneH H eM  B b in p jiM A e H H o ro  H a-

npa*eHHH E 0 h aMHAHTyAOH (|)a3- 
H o ro  H a n p « * e H H H  E. M aT eM aT H - 

qeCKH 3 T a  CBJJ3b MOJKeT 6bITb Bbl- 
paaieHa CAeAyioujHM HHTerpaAOM:

t -  o -
a  ;

' ( t  I
'ESC

r- /
E  cos w t d (<o t ) .

lOttü!

¡020 ¿ 

rbci 

uetu

una \ Pemaa ero , mm HMeeM

, u
Aera ■  +  — ‘

i
m

Eo =̂= 2^  \E  sin <uí

HAH
m  . Tt
—  s i n  —  . . ( 1 )
i t  m

npoiH
qaCTHKS

«ns® B '  Eo =  E 
i tm  m

J\ah  p a c n e T a  h a h  B b io o p a  

T p a H C $ o p M a T o p a  HaM H e o 6 x o -  

HHMo 3H 3T b  e r o  A e n c T B y io m e e  H a-

fflUiö n p jm e H H e , t .  e .  £¿<j> =  —  3 H a -

HeHHe a i e ^ o  HaM o ô b iH H o  3aA aeT C H . 

j IH V rio sT O M y  n e p e n n u i e M  y p a B H eH H e

(1 )  B BHAe

\ ^  =  E 0 ----------- 3 --------—  .  - ( 2 )

y/2 -sin
it

m ' (pH 52.

; i"f/
----------*-Wt

J\2TZ  L -  
¿o w



Æ a A e e  a a h  p a c n e T a  T p a H C ip o p s ia T o p a  H a f lo  3 H aT b  A e 8 cT B yK >uje e  

3 H aM eH H e T o n a  J 2, n p o T e n a i o u j e r o  n o  e r o  o 6 m o t k 3 m. 0 T y  b c a h -

H H H y MbI O n p e f l e A H M  B 3âB H C H M O C T H  OT B e  A H H HH bl C p e A H e r O  

3HaHeHHH BbinpíiMAeHHoro Tona /o. Tan KaK Harpy3Ka npeACTau- 
A H eT  c o 6 o k >  m h c t o  O M k q e c K o e  c o n p o T H B A e H n e ,  t o  ( f j o p M a  Bbi- 
n p H M A e H H O r o  TOKa c o B n a A a e T  c  < p o p M o 8  B b i n p H M A C H H o r o  H a n p n -  

a î e n n a .  B c A e A C T B n e  3 T o r o  a a h  a i w n A H T y A b i  B b i n p H M A e H H o r o  TOKa 

/  H M e e r

/  =  / •  — ......... .................................................(3)
m  . Tc
— sin —
•K m

3 r a  BeAHHHHa h b a h c t c h  aM n A H T y A o iî TO K a, n p o x O A H U je ro  n o  

(pasH biM  oÔM OTKaM , a ,  3H aH H T , h  q e p e 3  b c h t h a h ,  h  M o a îeT  CAyajHTb 

a a h  B b iô o p a  TOKa H acbim ,eH H H  Is b  C A y n a e  npH M eH eH H H  K eH O T po- 

HOB HAH AAH B b lö o p a  r a 3 0 T p 0 H a ,  AAH K O T O pO rO  AOA35HO ÔbITb 

COÔAK)AeHO yCAOBHe

® /  - / m a x  ]’ .

C ApyroH CTopoHbi, nepe3 I  u m  BbipaaîaeTCH J-¡ cAeAyioujHM 
0 6 p a 3 0 M :

r  + i

y  Ł  J  cosa CU t d  ( »  t ) .

_ n  

"PeuieHHe aToro BbipaaseHHH AaeT

+  -  +  m

J  c  o » * 0> t d ( u > t ) =  J  =

a  

a

«a

a  

®

, JL . 2 n  Í

m  2  S ln  n i  ’ «

y 2 = 7 f  \ / -  +  J - s i n — ...............................(4)
V 2  y  m  ¿ k  m

Ecah 1 saMeHHTb no BbipaaieHHio (3) «iepe3  I 0, t o  noAyHHM
pacKeTHyio (popwyAy aah AeñcTByioujero 3Ha<ieHHH TOKa TpaHC- j fit

HAH OKOHHaTeAbHO



cpopMaTopa J2 no cpeaHeniy 3 H aq eH H io  BbinpaMAeHHoro TOKa 70 ,
T P

a«:
iM

Mr T’ e

u =  •/-- T+—  • • • -(40

IV,

• 2 • i. m  • sirr — Tttg—
m  m

3 ï a  (popMyAa æasi 3  MoateT 6 wTb nepenncaH a b npHÔAH-
JKeHHOM B H ^ e

.............................................(4 ")
y m

n P H 3T0 M OUIHÖKa flAH 771 =  3 paBHa OKOAO — 2 % ,  a  AA» 
771 =  6  M e H b iu e  0 ,2 % .  ^

X o T H  n o  3 H a H e H H H M  Ą  K  MOatHO p a C C H H T a T b  HAH B b l Ö p a T b

H e o ô x O Æ H M b iH  T p a H c t p o p M a T o p ,  T e M  H e  M e H e e  B a a m o  H M e T b  o ^ H y  

BeAHMHHy æ a h  o y e H K H  e r o  p a 3 M e p o B ,  a  3 H a q H T ,  h  c t o h m o c t h  

e r o .  T a K  K a n  qHCAO b h t k o b  o n p e f l e A s e T C H  H a n p a a t e H H e M ,  a  c e q e -  

HHe h x — A e n c T B y i o i i i H M  3 H a M e H H e M  T O K a ,  t o , o h c b h a h o , p a 3 M e p w  

T p a H C i p o p M a T o p a  3 a B H c a T  o t  n p o H 3 B e 4 e H H H  / 2 h  . H a npan-

—  THKe AAH O y e H K H  p a 3 M e p O B  T p a H C t p O p M a T O p a  O Ô biqH O  H n p H H H -  

M aioT  3 T y  B e A H H H H y ,  H a 3 b i B a a  e e  K a a t y u j e H c i i  M o u j H o c T b i o ,  K O T O p a n ,  

B o o ó i j i e  r o E o p H ,  H e  p a B H a  a K T U B H o ñ  m o u j h o c t h .

B T eo p H H  C H H ycoH flaA bH bix  n e p e M e H H b ix  t o k o b  3 a  K a a ty ig e ñ c a  

MOuxHOCTbK) ycT aH O B A eH O  nOHHTHe npO H 3B eA eH H fl TOKa H a H a n p a -  

ateH H e, K O T o p o e  M O ateT OTAHqaTbCH o t  aKTHBHOH m o i u h o c t h  n p H  

peaKTHBHOM x a p a K T e p e  H a rp y 3 K H . B H aiu eM  c A y q a e  Mbi n p e H e ö p e -  

raeM  BHyTpeHHHM  co n p o T H B A eH H eM  T p aH C c p o p iw a T o p a , B bi3biB aeM biM  

KaK OMHHeCKHM COnpO THBAeHHeM  OÔMOTOK, TaK H HHAyKTHBHOCTblO 

M arH H T H oro  p a c c e H B a H H H , a  H a r p y 3 K y  Mbi B b iß p aA H  h h c t o  aKTHB- 

l)-  h o h .  n o  3TOH n p n q H H e  n p o H 3 B e fle H H e  A e ñ c T B y io i i j e r o  3H aqeH H H  

TOKa Ha a e n c T B y i o i n e e  3 H a q e H H e  H a n p a a te H H H  mm 6 y,ąeM  H a 3 b iB a i 'b  

paeqeT H O H  MOIgHOCTblO, HÖO OHO HBAHeTCfl HCXOflHOH BeAHqHHOH 

npH  p a c q e T e  T p aH C C p o p M aT o p a . (£ > H 3 H q ecK o ro  a te  cM b icA a m o u j-  

HOCTH B 3TOM npO H 3 B efleH H H  H CK aTb H e C A e # y e T . E aH H H IjeH  

H3M epeHHH p a e q e T H O H  m o i h h o c t h  a b a h c t c h  B O A bT aM nep .

P a c q e T H a n  M O igH O C T b  B T ö p n q H O H  o ö m o t k h  T p a H c c p o p M a T o p a ,  

H M e i o u i e r o  m  <pa3 ,  o q e B H ^ H O ,  p a B H a

P 2 —  m  J i .............................................(5)

L J e A e c 0 0 6 p a 3 H 0  b  s t o m  BbipaateHHH h / 2 3aMeHHTb q e p e 3  E ü

h  70 , n o A b 3 y a c b  c p o p M y A a M H  (2 ) h  (4 ).
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T o r 4 a  n o A y n a e M

P 2 =  P o ---------

f i 
r n  . *
—  • sin —
tc m

m

Tc m  \/2
V

m  s i n 2

1

m

TC

B 3 T0 M B w p a a teH H H  Mbi c f leA aA H  n 0 4 C T aH 0 BKy

Po — Eo ■ /o )

K O T O p a H  H M e e T  ( | )H 3H H eC K H H  CMbICA B b i p a æ e H H H  a K T H B H O H  MOUJHOCTH 

n o c T O H H H O H  G A a r a i o u j e H  B b i n p a M A e H H o r o  T O K a .  0 T a  M OiijHOCTb 

MeHblUe aKTHBHOH MOUJHOCTH BCeTO ' B b i n p i l M A e H H O r O  T O K a ,  no- 
C K O A b K y  no c o n p o T H B A e H H i o  R, K p o M e  n o c T O H H H O H  C A a r a i o a j e H ,  

npoxo4HT eige rapMOHHKH n y A b c n p y i o n j e r o  T O K a .

B npaKTHKe P0 H M e e T  6 o A b u i o e  3 H a n e H H e ,  T a K  KaK n p n  n p n -  

MeHeHHH CrAaaiHBaiOIgHX (pHAbTpOB HAH n p H  ÖOAbUIOM HHCAe 
(|)a3 m  OHa npnÖAH/KeHHO paBHaeTCH aKTHBHOH m oiijhocth  bm- 
npsMAeHHoro TOKa, npoxoAHUjero n o  yenn n o A e 3 H o n  H a r p y 3 K H .  

^ e A a n  H e o 6 x o 4 H M b i e  n p e o 6 p a 3 0 B a H H J i ,  H a x o A H M

H a i i A e H H a i i  ( p o p M y A a  n p a K T H H e c K H  o n e H b  B a a iH a  n o T O M y ,  h t o  

n 0 3 B 0 A a e T  o n p e f l e A H T b  p a c n e T H y i o  M ou jH O C Tb b to ph h ho h oómotkh 
TpaHccpopMaTopa HenocpeACTBeHHO n o  moiijhocth nocTOHHHOH 

C A a r a i o u j e i i  B b i n p s M A e H H o r o  TOKa.

H e  T p y ^ H O  B H A eT b ,  h t o

3 t o h  B e A H H H H e  i j e A e c 0 0 6 p a 3 H 0  A a T b  H a 3 B a H H e  K 0 3 ( p H y n e H T 3  

HCn0Ab30BaHHH MOIIJHOCTH, nOCKOAbKy OHa noKa3biBaeT, KanyiO 
nacTb pacneTHOH moiijhocth cocTaBAaeT BeAHHHHa noAe3Hoił 
aKTHBHOH MOIIJHOCTH P0 .

HncAeHHoe pacxoatfleHHe MeiKAy P 0 n P 2 , c o a h o h CTopoHbi, 
nOHHTHO, TaK KaK HM COOTBeTCTByiOT ABa pa3AHHHbIX nOHHTHH Pt), 
KaK 6biAO yKa3aHo, —  aKTHBHaa MonjHocTb, a P¿ —  cpopMaAbHoe

p 2
2 m s i n

m

f i?

P 2

2  m  s i n  —  
m

< 1
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npoH3BeAeHne AeHCTByjoujHx 3HaMeHHH TOKa h  HanpnîKeHHH. 
C A p yro îi CTOpOHbl, 3TO pa3AHHHe OÖyCAOBAHBaeTCH HeCHHyCOH- 
AaAbHOCTblO TOKOB, C KOTOpblMH MbI HMeeM AeAO.

H 3  TeOpHH nOCAeAHHX H3BeCTHO, HTO IIpOH3BeAeHHe AÊHCTByiO- 
njHX 3HaMeHHÍí TOKa h HanpaateHHH, Booöige r o B o p a ,  He paBHO 
3KTHBHOH MoujHocTH AajKe h TorAa, KorAa yenb AnoieHa peaKTHB- 
HblX COnpOTHBAeHHH. HenpeMeHHbIM yCAOBHeM AAH 3TOrO, OAHaKO, 
HBAHeTCH TO, HTOÖbl Ijenb ÔbIAa HeAHHeHHOH CHCTeMOH. B AaHHOM 
CAynae Hama ^ n b  hbahütch tsk o b o h  b  BHAy h3ahmhh BeHTHAen, 
KOTOpbie no cBoeMy cyigecTBy npeACTaBAHioT conpoTHBAeHHH, 
ne nOA^nHHioujHecH 33KOHy O m s , t .  e . aah KOTOpbix He rnneeT 
MecTa 33K0H i  — const • e.

/[ah  HecHHycoHAaAbHoro TOKa b TaKOH nenn KaK c peaKTHBHbiMH 
COnpOTHBAeHHHMH, TaK H 6e3 HHX, np0H3BeAeHHe AeMcTByKDUiHX 
3H3MeHHH £  • J  BCerA3 ÖOAbme, HeM 3KTHBH3H MOIgHOCTb P, h6 o

BXOAHT TOAbKO npO H 3 B eA eH H e HyAeBOH T3PM 0HHKH TOKa H H yA e- 

BOH r3pM O H ÍiK H  H 3npH 2ieH H H .

Ps3HHUy MeaiAy p3C H eT H 0H  MOIIJHOCTbK) H 3KTHBH0H MOIH,- 
HOCTbK) Pq mojkho noKa3aTb enje H a c A e A y io u je M  n p H M e p e . FlycTb, 
KaK n0Ka3aH0 Ha $ n r .  53, hm cio tch  3a-
JKHMbl HCTOMHHKa SHeprHH C CHHyCOHAaAb- HeßUHSÜHaH uenb .

yenb, He coAepiKamsn aKTHBHWx conpo
THBAeHHH. 9 t 3  np O N ie iK y T O H H 3 H  g e n b ,  B C H A y C B O e ß  H eA H H eÖ H O C T H , 

33CT3BAHeT n p O X O A H T b  n O  HC TOHHHKy B H e p r H H  H eC H H yC O H A 3A bH blM  

TOK, a no C O n p O T H B A e H H K )  R ---- T O A bK O nO C T O H H H blf i  TOK. C  T3KHM

n p o i je c c o M  Mbi u  H M e e M  A eA O , K o r A a  n p H M e H n e M  B b in p H M H T e A b  

CO C r A a a S H B a r o n jH M  (J)HAbTpOM.

AK TH BH aH  MOIIJHOCTb, nO T p e6 A H eM 3 H  OT HCTOHHHK3 SHepTHH 

c CHHyc0HA3AbHbiM HanpHJKeHHeM, paBHa npoH3BeAeHHK> AeH-

_ p

£  • J

0 0

o
< 1 .

o o

f l 0 3 T 0 M y  P 2 erne ô o A b i n e  npeBbimaeT P 0 , b  cocTaB K O T o p o H

H M eaSAy HHMH H aK TH B HbIM  n O A e 3 H b !M  

C O n p O T H B A e H H eM  R  BKAHDMeHa H e K O T O p a n <t> nr. 5 3 .
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CTByfOujHX S H a n e H H í i  n e p B o ñ  r a p M O H H K n  TOKa h  HanpsaieHHfl, t .  e.

Tan KaK B Hanpíi/KeHHH HMeeTca OAHa AHiub nepBan rapMOHHKa. 

C  apyroñ CTopoHbi, OHa MoæeT 6biTb HaHAeHa nan

Tan "KaK aKTHBHoe conpoTHBAeHne bo Been yenn cb o ah tch  B c e r o

B BHAy Toro, HTO nOTpeÖAHeMblH OT HCTOHHHKa TOK I HBAHeTCH, 
KaK npeAtiOAaraAOCb, HecHHycoHAaAbHbiM, ero BbipaateHHe mojkct 
6biTb npeACTaBAeHO b BHAe

n o  o n p e A e A e H H K ) p a c H e T H a a  M O u p io c T b  H M eeT  B b ip a ra e H H e

hto h TpeöoBaAoeb noKa3aTb.
H 3 H 3 A o a îe H H o ro  T a n a te  h c h o  B b iT eK aeT , h t o  p a3 H O C T b  M e ^ a y  

P i  h P o  HH b  KaKOM CAynae He CBH3aHa c noTepHMH SHeprHH 
B  TpaHCtpOpMaTOpHOH OÖMOTKe, TCM ÖOAee, HTO MbI yCAOBHAHCb 
Haul TpaHC(|)OpMaTOp CHHTaTb AHUieHHblM KaKHX-AHÖO nOTepb.

n o  npaK T H H ecK H M  c o o ö p a rc e H H H M  yA O Ö H ee n 0 A b 3 0 B a T b C H  He 

K09(pHIJHeHT0M HCn0Ab30BaHHH, a OÖpaTHOH BeAHHHHOH, T. e.

P =  £ JK £ Kcos cp„ =  £¡ Ji cos ®i,

P  =  R I 02 =  E 0 /o =  Po .

AHUIb K R.

0 0

i —  2  h  sin (k  “  ł  +  ł* )  >
o

a  A e í í c T B y i o u j e e  3 H a n e H H e

o

o

Tenepb A erK O  B H A eT b, h t o

£  J\ eos <pi £  \]j¿¿ J i1 -f-  . • •

a 3HaqHT, h

I0Eo <  £  J

m • s i n 2 —  
V m

1
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K O T o p afl rtO K íiBbíBaeT, b o  c k o a ł k o  p a 3 p a c H e T H a a  M O iu,nocT b 

BTOpHMHOH OÖMOTKH ÖOAbUIÖ MOIJJHOCTH nOCTOHHHOÎi C A a rs io iije H  
B b i n p H M A e H H O r O  TOKa.

K a n  Mbi 3 H aeM  h 3 n p e ^ b iA y i i ie H  rA S B bi, o n e H b  b s í k h o í í  b c a h -  

h h h o h  n p H  B b i6 o p e  T H n a  b c h t h a h  h b a h c t c h  3 H a n e H H e  o ö p a T H o r o  

p a ö o n e r o  H 3 n p H * eH H H  E ' o6p. 3 t o  H sn p n iK e H H e  3 3 b h c h t  o t  cx e M b i 

BKAK3 HeHHH B eH TH A eS H HBAHeTCH TeM  H3HÖ0AbIHHM OTpH IJ3TeA b* 

HblM H anpH íK eH H eM  Ha SHOAe OTHOCHTeAbHO K 3T 0A 3, KOTOpOe 

B AaHHOH CXeM e H M eeT  MeCTO.

B o ö u je M  C A y n a e  3 t o  H an p H JtieH iie  h b a h c t c h  MaKCHMSAbHbiM 

3H aneH H eM  p a 3 H o c r a  H anpnîK eH H H  H a H a r p y 3 ic e  h  HanpH H îeH H H  Ha 

3aîKHM ax (p a 3 HOH o ö m o t k h  T p a H C c p o p M a T o p a . H a  tJ)Hr. 5 2  K p n -  

B an eb npeA C T aB A H eT  3 T y  p a 3 H o c T b ,  t .  e .

e* =  e0 —  e2$.

T a K  KaK KpHBaH e 0 H M eeT  p a 3 p b IB b l  H enpepbIB H O C T H , TO COCTaBHTb 

ypaB H eH H ii e b b  o ö i i je M  BHAe a a h  A i o ö o r o  3Ha*ieHHH m  TpyA H O , 

nosT O M y E 0&9'  Mbi 6 yA eM  o n p e A e A H T b  OTACAbHO b  KaatAOM n a c T -  

HOM C A y n a e .

JXAa m  =  2 ,  h a h ,  HTO B c e  paB H O , a a h  A B y x  n O A y n e p n o A H o ñ  

n pocT O H  c x e M b i (c m . ( p u r .  9) o ö p a T H b iM  p a ö o H H M  H a n p n a s e -  

HHeM HBAHeTCH

E ' o6? =  2 E ,

h 6 o  b  t o t  MOMeHT, K o rA a  OAHa noA O B H H a o ö m o t k h  H M eeT  MaK- 

CHM aAbHyio O T p n y a T e A b H y io  aM nA H T yA y. A p y r a H  H M eeT  m b k c H “ 

MaAbHyiO nOAOJKHTeAbHyiO aM nA H TyA y H BeH TH A b, BKAK)qeHHbIH 

B KOHeiJ n ep B O H  nOAOBHHbl OÖMOTKH, B 3TOT MOMeHT H M eeT  

Ha aH O A e OTHOCHTeAbHO K aTO A a M aKCHM aAbHNH O T pH yaT eA bH blH  

n o T eH ijn aA .

A H aA o rH H H o  a a h  m  =  3  HM eeM  E ' 06p — \ / 3 E ,  a  a a h  m  =  6 ,

E ' o6p =  2 E .

E cah  b  H aH A eH H bix 3 Ha*ieHHHX a a h  E 'o6P 3 aM eH H Tb E  no tpop- 
MyAe ( 1) ,  t o  noA yH H M  C A e A y io u jy io  TaÖAHHKy 3Ha»ieHHH o ö p a T H O ro  

paöonero  HanpniKeHHa:

m  —  2 ,  E ' o6p =  3 ,1 4  E 0,

m  —  3 ,  £ " o 6p —  2 ,1  E 0,

m  =  6 ,  E ' o6p =  2 ,1  E 0 .

OöpaTHoe paöonee Hsnpaæ eHH e mojkct öbiTb hsh acho  h KaK 

3M IlA H T y A 3  M3KCHM3AbHOrO AHHeHHOTO HanpHiKeHHH. B CaMOM 

AeAe, Bce BeHTHAH npHCOeAHHeHbl OAHOHMeHHbIMH 3AeKTpOAaMH



K K O H g a M  ( p a 3 H b i x  o 6 m o t o k .  ri03T0My B c e r a a  Ha A i o ö y i o  napy 
B e H T H A e H  A e ß c T B y e T  A H H e Ö H o e  H a n p a j K e H H e ,  a B A fn o u ¿ e e c a  b  T e n e -  

H H e  K a m o r o  n o A y n e p n o A a  o ö p a T H b i M  H a n p a a i e H H e M  a a h  O A H o r o  

H 3  3 T H X  B e H T H A e H .  B M H O r O ( p a 3 H O H  C X e M e  ( m ^ > 3 ) H M e iO T  M eC TO  

H eC K O A bK O  AHHeHHblX H a n p H / K e H H H ,  p a 3 A E H a K ) I I J H X C H  CBOHMH 

a M n A H T y a a M H .  HanpHMep, b  iu e c T H C |> a 3 H O H  c x e M e  M b i_ H M e e M  o a h o  

A H H e H H o e  H a n p a ^ e H H e ,  p a B H o e  (p a 3 H O M y ,  a p y r o e  b  \ /3  p a 3  öoAbnie 
( p a 3 H o r o  h ,  H a K O H e y ,  T p e T b e  b  A ß a  p a 3 a  ö o A b r n e  < p a 3 H o r o .  i l o c A e A -  

H e e  h b a h c t c h  H a n p n a c e H H e M  H a  K O H u a x  < p a 3 ,  n w e i o i i j H x  c a b h t  1 8 0 ° .

B § 7 HacTOHujeH rAaBbi npHBeAßHa TaÖAHga cooTHOuieHHH
A A S  TOKOB, H a n p j I Î K e H H H  H M OU JH O CT eH  B C eX  H a H Ö O A e e  BajKHblX 

c x e M  B b i n p a M A e H H í i .  B H e n  m o j k h o  h 3 h t h  a a s  n a c T H b i x  3 H a n e H H H m  

B eAHM HHbi n o  t p o p M y A a M  ( 1), ( 2), (3 ), (4 '), (7 ) H a c T O H i y e r o  n a p a -  

r p a c p a ,  a  T a K îK e  3 H a n e H H H  E 'o6p.
P a 3o 6paHHbie Bbime cxeMbi BbinpaMAeHHH hm cio t  orpaHHHeH- 

Hoe npHMeHeHHe. H 3 hhx n p o e r a a  AByxnoAynepnoAHaa c x e M a , 

AAa KOTopoH m. —  2, HaxoAHT euje cpaBHHTeAbHo uiHpoKoe npH
MeHeHHe b  MaAOMOUjHbix BbinpHMHTeAax (aa h  npneMHOH annapa- 
Typbi), nocKOAbKy ee HeAOCTaTKH, b  BH^e öoA biuero  3HaneHHH E o6p', 
ßoAbmoH nyAbcagHH h öoA binero  nHaneHHH Po , b 3t h x  CAynaax 
npaKTHHecKoro 3HaneHHa He hm cio t.  C  Apyrofi CTopoHbi, ee 
npOCTOTa, B03M0ÎKH0 CTb npHMeHeHHH OAHOrO ASyXaHOAHOrO 

KeHOTpoHa, n 03B0AaK)T npeH eöperaTb s th m h  HeAOCTaTKaMH. IlpH- 

MeHeHHe AOCT3TOHHO ÖOAbUIOH HHAyKTHBHOCTH H eMKOCTH B CFAaiKH- 
BaionjeM (JwAbTpe n 03B0AaeT ocyujecTBHTb HeoöxoAHMyio tpHAb- 
TpagHÍO H, ÖAarOAapH M3A0 CTH aÖCOAIOTHblX 3HaneHHH Eo H Io, 
SAeMeHTbl CpHAbTpa He npeACTaBAHKDT npaKTHHeCKHX OCAOJKHeHHH.

H to  KacaeTca BbinpHMHTeAeñ cpeAHefi h  öoAbmoH moihhocth, 
t o  yKa3aHHbie cxeMbi He MOryT 6 b i T b  npH3HaHbi yAOBAeTBopn- 
TeAbHblMH. EcAH, HanpHMep, HeOÖXOAHMO HMeTb E 0 =  10 KHAOBaTT 
h 70 =  10 aMnep, t .  e. P 0 — 100 KHAOBOAbT, t o  oöpaTHoe paöonee 
HanpajKeHHe b A y n rn e M  C A y q a e  (m  =  6 ) OKa3biBaeTca 21 KHAOBOAbT, 
a P> =  183 KHAOBOAbTaMnep, h to  Kan a a h  b c h th a h ,  TaK h aah 
TpaHccpopMaTopa aBAaeTca hbho  HeBbiroAHbiM.

§ 2. CxeMa h s  AByx TpexjfjasHbix 3Be3# c Me¿K#y<|}a3HbiM
A p o c c e A e M ,

9 T a  c x e M a ,  H H a q e  H a s b i B a e M a a  c x e M O H  K i o Ó A p p a ,  n o  C B o e M y  

r a n y  OTHOCHTCH k  c x e M a M  c  n o c T O H H H O H  C A a r a i o u j e H  T O K a  b  cpa3- 

HblX  OÔMOTKaX H HB AHeTC H A H U lb  B H 4 0 H 3 M e H e H H e M  OCHOBHOrO 

T H n a .  O A H a K O ,  O H a  b  H e K O T o p w x  C A y q a a x  n p e A C T a B A a e T  H 3 B e c T -  

H b ie  n p e H M y i y e c T B a .
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api

MB

a«-

H a  ( p H t \  5 4  4a H a  T a K a n  c x e M a  b m ö c t ö  c  A w a r p a M M a M H  T O K a  

h  H a n p a iK e H H i i .  Kan m o jk h o  b h a c t l . ,  o H a  c o c t o h t  h 3  A ß y x  T p e x -  

(Jia3HbIX npOCTbIX C X e M , C O e A H H e H H b IX  M e * A y  HyAeBblMH TOMKaMH 
A p o c c e A e M  Lg . C£)a3 - 
H b je  H a n p a a te H H H  o 6 e -

HX 3Be3A I H II CABH- 
HyTbl A p y r  OTHOCH- 
TeA bH O  A p y r a  H a  60°.

r i o A O Ö H a a  C H C T eM a  

M o æ e T  ö b i T b  o c y i i j e c T -  

BAeHa Ha o ó m ^ h o m  

T p e x ( p a 3 HOM T paH C - 

(pO pM aTO pe,  BTOpHM" 

H a a  oÖMOTKa K O T O p o ro  

B KaasAOH <J>a3 e  p a 3 - 

AeA eH a H a  ABe n a c r a .  

O t BTOpHHHOH OÔMOT- 

KH b  TaKOM C A y n a e  

H e O Ö X O A H M O  HM e  T b

8 BblBOAOB--- ABe HyAe-
B b i X  TOHKH H lUeCTb 
(pa3HbIX KOHUOB. H a
(Jwr.  55-a noKaaaHO
i u e c r a ( p a 3 H o e  c o e A H -  

H e H i ie  B TO pH H H OH  o 6 ‘ 

MOTKH T p a H C ( | )O p M a T O -  

p a  a a h  n p o c T O H  m e -  

CTH(pa3HOH C X eM bI B bl-  

n p H M A e H H » ,  T o r A a  KaK

Ha <|>Hr. 55-6 —  aah 
■ cxeM bi K r o Ô A e p a .  C a M  

Kf®*1 A p o c c e A b  K t o Ô A e p a  Lg 
M oæ eT  ö b iT b  n o M e iije H  

b o d o iH H  K o æ y x  c  c e p -  

ACHHHKOM T p a H C ( | ) O p -  

MäTOpa.

B noAOÔHOH cxeMe 
p a ô o T a  o 6 e w x  3 B e 3 A 

n p o H c xo A H T  n a p a A -  
A eAbH O , Ó A a r o A a p a  H a -

;ieb 
i ca

i l ira  : 

aa:,

[ a n  :

[ÎBCÏ

m i*!

Bca-

m j t i

i f i i |

.100»

I0ĘC

iVM

TU I*

|ajoa

DO t*5
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I o
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i-m a x

■ w t
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A p o c c e A b  3 a c T a B A a e T  
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<rT
imax u

V
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AHTb tok nepeâ ABa bchthah, npnco6 AHiieHHbié k 4 >3 3 sm pa3 Hbix 
3Be3A- HanpHMep, OAHOBpeMeHHO paöoTaioT bchthah b (J)a3 ax
2— 1 h  AaAee:

1 — 3', 3 '— 2, 2 —  1', 1 '— 3, 3  —  2'.

BcAeACTBue SToro, aMtiAHTyAa Tona, npoxoA^uiero nepe3 KajK- 
AblH BeHTHAb, COCTâB AiieT nOHTH nOAOBHHy BbinpHMAeHHOrO TOKa. 
riaAeHHe HanpaiKeHHH Ha BeHTHAe o t s t o t o  yMeHbuiaeTca, h ecAH 

T3KyiO CXeMy npHMeHHTb C KeHOTpOHaMH, TO OÓliJHH K03(pH- 
yneHT noAe3Horo ashctbhh ycTaHOBKH B03pacTeT no cpaBHeHHio 
C npOCTOH MHOrO(pa3HOH cxeMOH.

© m .  55 .

H a A H q n e  n a p s A A e A b H O î î  p a ô o T b i  o t  p a 3 A H H H b i x  <J»a3Hbix Ha- 

n p a a î e H H H  b  a ^ h h o m  C A y n a e  H e  a b a h c t c h  n p o r H B o p e M H e M  T o w y ,  

HTO ÔblA O C K a 3 a H O  o 6  3TOM  B §  4 ( r A a B 3  I), T 3 K  K a K  A H U ib  n p H  

O TC yTC T B H H  H H A yK T H BH O H  p e 3 K T H B H 0 C T H  TOK M TH O BeH H O  n e p e 6 p 3 -  

c b i B s e T c a  c  O A H o r o  b c h t h a h  H a  A p y r o H .  i lp H  h s a h h h h  * e  e e  

M r H O B e H H o e  n p e n p a u j e H H e  T O K a ,  a  p a B H O  h  M T H O B e H H o e  n o H B A e H H e  

e r o  b  u e n H ,  H e B 0 3 M 0 J K H 0 .  K o r A a  H M e e T C H  T a K a a  p e a K T H B H O C T b ,  

B c e r A a  B 0 3 H H K a i 0 T  n p o M e a s y T K H  B p e M e H H ,  b  T e q e H H e  K O T o p b i x  

p 3 Ö O T 3 K ) T  n o  M e H b m e S  M e p e  A B a  b c h t h a h ,  n p H i e M ,  e c a h  b  o a h o m  

H3 HHX t o k  3a s t o  B p e M H  y ö b i B a e T ,  t o  b  A p y r o M  o h  H a p a c T a e T .

O öpaTHM CH k  A narpaM M aM , A a H H b iM  H a  (p n r .  5 4 .  H a  n e p B O H  

A H a r p s M M e  n 3 o 6 p 3 i K e H b i  T p n  H M n y A b c s  t o k o b ,  n p o T e K s r o i g n x  no

(p 3 3 H b IM  OÔM OTK3M  n e p B O H  3 B e 3 A b I  1 --- 2 ----3 ,  3  H a  B T O p o S  A « a -

r p a M M e — B T O p O H  3 B e 3 A b i  1 ' — 2'— 3 ' .  B o  B H e u i H e S  H a r p y 3 K e  s t h  

t o k h  c K A a A b i B a K v r c f l  h  A a iO T  K p H B y i o ,  o ß A a A a i o u j y K )  c p o p M o i i  

U i e C T H ( | ) a 3 H O r O  B b i n p f lM A e H H H .  A M n A H T y A a  B b i n p f l M A e H H O r O  t o k s  

/m a x  p 3 B H 3  y A B O e H H O H  O p A « H 3 T e  ( p a 3 H O r O  T O K a  B M O M eH T , COOT-

BeTCTByioiijHH ee  3H3 ^eHHio cos 3 0 ° ,  t .  e.

/ m a x  =  2  /  COS 3 0 °  =  V^3 •
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4aHHOM BbipaateHHH /  sBAaeTCH aninAHTyAoft cf>a3Horo TOKa 
hah, 4TO t o  ase, TOKa, npoxoAHiijero qepe3  BeHTHAb. TaK KaK no 
$OpMe BbinpaMAeHHblS TOK JIBAHeTCfl meCTH$a3 HOH KpHBOH, t o  
ero cpeAHee 3HaneHHe

• '  /o =  / m * x  • —  sin-^- =  0 , 9 5 5  / m a x  •
~  6

osM C o e A H H a a  3TO B bipajK eH H e c  n p e A b iA y iS HM> n o A y n a e M

/ =  0 , 6 0 5  / „ ......................................................( 9 )

3 î a  ÇopMyAa AeMcTBHTeAbHO noATBepasAaex, hto aMOAHTyAa TOKa, 
n p o x o A H ii ie r o  n e p e 3  K a^ A b iH  BeHTHAb, p a B H a  TOAbKo n a c T H  b w -  

npflMAeHHoro TOKa.
/JeHCTByioiijee 3HaneHHe $ a 3Horo TOKa J2, BwpajKeHHoe nepft3 

ero aMnAHTyAy / ,  mojkct 6 biTb HaftAeHo no cpopw iyA e ( 4 )  nyTeM 
noACTaHOBKH m  — 3 , TaK KaK no (popMe to k ,  npoTeKaioujHH n e p e 3 
KaasAbiH BeHTHAb, coBnaAaeT c noAOÖHbiM tokom  b npocTOH Tpex- 
c{)a3HOH cxeMe. TaKHM 06p a 30M, HMe^M

, /  1 , sin 120°

v/2 V  ~3~ 2rc ‘

EcAH 3A eC b 33M eH H Tb /  H e p e 3  /o  H3 $ O p M y A b l ( 9 ) ,  TO OKOHHa- 

T eA bH aa tp o p M y A a  a a h  A e i łc T B y io ig e r o  TOKa b  oÔM OTKe K aa tA o ñ  
¡mi $a3bi
im  y a =  0 , 2 9 - / o ...................................................... ( 1 0 )

4 a h  pacneTa Hanpa*eHHa oôpaTHMcn k cAeAytoujen A^arpaMMe 
e = f(<o i). H a 3TOH AHarpaMMe tohkhmh ahhhhmh H3o6paaseHW 
MaCTHHHO (|)a3Hbie HanpHJKeHHH Ka>KAOH 3Be3AbI. H a  CTOpOHe Bbl- 
npsîMAeHHoro TOKa, b CAynae paöoTbi KaatAon 3Be3Abi Ha caMO- 
CTOJiTeAbHyK) Harpy3Ky, mm hmcah 6 bi Tpex(pa3Hbie KpHBbie b w  

l01' npHMAeHHoro HanpaaieHHa, CABHHyTbie Apyr OTHOCHTeAbHO Apyra 
Ha yroA 60°. B momchtw nepHOAa, noAoÖHbie OTMeneHHOMy mo- 
MeHTy t’, o 6 e s t h  KpHBbie HMeroT OAHHaKOBbie opAHHaTbi, paB-

íeP: Hbie E  ■ cos 30°, rAe E —  aMnAHTyAa (pa3HOro HanpaaieHHfl KaasAOH
Ï® 3B e34bI.

n p H  paöoTe H a  OAHy h  Ty * e  H a r p y 3 K y ,  6 e 3  ApocceAH Lg} 
KpHBaa BbinpaMAeHHoro HanpHJKeHHH 06pa30BaAacb 6 w H3 OTpes- 
KOB KOCHHyCOHA $a3HbIX HanpflaieHHH H He HMeAa 6 bl O p A H H a T b i  

'<,f- MeHbiue E  ■ ( os 30°. Ilpn HaAHHHH aie ApocceAH, BbinpaMAeHHoe 
i wî HanpnaieHHe HBAiieTCH noAycyMMOH o 6 enx T p e x < p a 3 H b i x  KpHBbix, 

t .  e. ero KpHBan noHAeT TaK, KaK noKaaaHO Ha AHarpaMMe, SKHp- 
HOH AHHHeH.

etes
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/ leH C T B H T eA b H O , O Ô p aU ja f lC b  K CaMOH e x e M e ,  Mb! BHAHM, q T 0  

H anpH /K eH H e H a  nOAe3HOM COnpOTHBAeHHH R  HBAHeTCfl B AK)6 o S  

MOMeHT p33H O C TbK ) MeíKAy cpa3HbiM  H a n p a a íe H H e M  u  n a a e H H e M  

HanpflíKeHHH H a  o a h o h  noA O B H H e h h a y k t h b h o c t h  L g . í l p n  s t o m  

n a f l e H H e  H a n p a a i e H H H  H a  h h a y k t h b h o c t h  H M eeT  t o  3 H3 k  n A io c ,  

t o  3 HaK MH Hyc. E c a h  t o k  AaHHOH 3 B e 3 flbi M e A A eH H ee  n a ^ a e T ,  

HeM H a p a c T a e T  t o k  A p y r o ñ  3 B e 3 A b i ,  t o  n a A e H n e  H a n p a a t e H H a  Ha 

nOAOBHHe HHAyKTHBHOCTH, BKAIOHeHHOfl B I i e p B y iO  3 B e 3 A y >  apH fp-  

M e r a q e c K H  B bm H T aeT C H  M3 < p a 3 H o r o  H a n p n æ e H H a  3 t o h  3Be3Abi. 

K o r A a  i s e  C K o p o c T b  y ö b i ß a H H a  Toi<a n e p B o ñ  3 B e 3 A b i  n p e B o c x o A H T  

CKOpOCTb H apaC T aH H H  e r o  B A p y r o ñ  3 B e 3 A e ,  H a n p H J K e H H e  H a  HH

AyKTHBHOCTH a p H íp M eT H H e cK H  CKA aAbiBaeTCH c  $ a 3 H b i M  H a n p a íK e -  

HHeM n e p B O H  3B e 3 A b I.  T a K  KaK B A I o S o H  MOMeHT TOK OAHOH 

3 B e 3 A b I  y M e H b ü ia e T C f l ,  a  A p y r O H  p a C T e T ,  TO HHAyKTHBHOCTb 

B AIO6 0 H MOMeHT y p a B H H B a e T * p a 3 H O C T b  (pa3HbIX H a n p n iK eH H H  p a3 -  

HblX 3 B e 3 A  0 -

B b in p H M A e H H o e  H a n p n a t e H H e  ( a t n p H a n  K p H B a a )  c o c t o h t  h 3  o t -

pe3K O B  KOCHHyCOHA, HMeiOIIJHX npO A O A aíH T eA bH O C Tb , T. e .  OHO

n o  (J)opM e T a K o e  ase, KaK h  n p n  n p o c T O M  m ecTH Cj)a3H O M  B b in p jm -  

AeHHH. 3 t o  C A eA y eT , B O -n e p B b ix ,  H3 T o r o ,  m to  c y M M o n  A B yx  ch - 

HyCOHA OAHHaKOBOH HaCTOTbl HBAÍieTCH CHHyCOHAa TOH ÍKe qaCTOTbl 

h ,  B O -B T o p b ix , H3 T o r o ,  HTO C M eH a C A a ra io n jH X  H a n p a a te H H H  n p o -  

h c x o a h t  u ie c T b  p a 3  3 a  n e p n o A -  B TaKOH (p o p M e  B b in p a M A e H H o ro  

H an p aa seH H H  m o jk h o  6 w a o  6 bi y ö e A H T b c a  h  rp a c p H n e c K H M  n o c T p o -  

e n n e M . H a K O H e y , 3 T a  $ o p M a  H a n p n a ie H H H  c o B n a A a e T  c H aH A eH uon 

p a H e e  c p o p M o ñ  T O K a ,  m to  h  a o a î k h o  6 w T b , T aK  KaK R  HBAaeTCfl  

HHCTO OMHHeCKOH H a rp y 3 K O H .

A M n A H T y A a B b in p íiM A e H H o ro  H anpH aseH H H , KaK H e TpyA H O  cy- 

AHTb n o  A H a r p a M M e ,  p a B n a

E m ax —  E  e o s  30° =  0,867 E ,

rA e  E — aM nA H T yA a ( J ja 3 H o ro  H a n p fla se H H »  KaasAOH 3 B e 3 A b i.

T a K  K aK , C A p y rO H  CTO pO H bl,

6  .
—  sin —r
TC 6

t o  HM eeM

Eq =  £ r n a x  • —  sin —  =  0,955 Æ’max ,

Eq =  0,827 E .................................. (11)

a ) H a ¿ o  H M e T b  b  B H A y ,  h t o  n a A e H H e  H a n p # j k c h h h  H a  o a h o h  ï i o a o b h h c

t I I ^*2(0 I n* dl2 00 I n i
HH AyK THB HO CTH Lg B b i p a iK a e T C H  q e p e 3  — — -\ -M  — ~  -- , r ¿ e  M —k o -

aepHLJHeHT B ,e aH M O H H A y K g H H .
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9 to cooTHomeHHe HanpaateHHä m m  HMeeM h  a a h  npocToft Tpex- 

' cpasHOH cxeMbi, HTo euje pa3 cAyatHT noATBepatAeHHeM napaA- 

ACAbHOH paöoTbi oöenx noAOBHH Hameii cxeMbi.
PacneTHoe HanpnateHHe, t .  e. AeHCTByroiHee SHaneHHe (pa3Horo 

E 
nafc HanpaaieHH«, Aerno onpeAeAaeTca Tenepb nepe3 £2 $> =  -7= hah

t *  ' / 2
£'2$ =  0,855 ZT0 ........... (12)

asi É
OöpaTHoe paöonee H a n p iia te H H e , KaK M aK CH M aA bH oe AH H eÖ H oe 

es : H a n p a a te H H e  a a h  a s h h o h  c x e M b i, paB H O  a b o h h o ö  aM HAHTyAe <J>a3- 

ss H o ro  H anpflaseH H H , t .  e .

‘"j* E'c6p =  2 E
HAH

m f,- E'o6(, = 2,4 E 0 ........... (13)
H e 0 6 x0 AHM 0  3aMeTHTb, HTO 3TO oöpaTHoe HanpaateHne He 

OnaCHO B CMbICAe yCTaHOBAeHHfl B gen« TOKa KOpOTKOrO 3aMbI- 
KaHHfl. T ok , B03HHKU1HH BCAeACTBHe OÖpaTHOrO 3aatHraHHH OT 
3 T o ro  HanpaaieHHH, orpaHH^eH peaKTHBHbiM conpoTHBAeHHeM 

Mea>Ay<i)a3Horo ApocceAH. 3to conpoTHBAeHHe, Booôige roBOpa, 

MOaseT ÖblTb CAeAaHO OHeHb ÔOAblHHM, H TOK, npOXOAHUlHH OAHO- 
BpeMeHHO no AßyM npoTHBonoAoatHWM (J)a3aM, HanpHMep 1— 1' 

mea H qepe3 npHKAJOHeHHbie k hhm Aßa bchthah, MoateT 6biTb cHAbHO 

orpaHH^eH.
E c a h ate oôpaTHoe 3aasHraHHe np0H30HAeT o t  AHHeiiHoro Ha 

npnateHHH, paBHoro E  ■ \j 3 h a hern

■ - E'o6p =  2,1 • E 0 ........... (13')

H TOK KOpOTKOrO 3aMbIKaHHH n p O H A e T  OAHOBpeMCHHO nO AByM 

(pa3aM o a h o h  3 B e 3A bi ,  H a n p H M e p ,  1 ' — 2 ' ,  n e p e 3  npH K A ioH eH H bie

K HHM BeHTHAH, TO OH, He ÖyAyHH O r p a H H H e H  HHKaKHM AO Ö aB O H - 

HblM ConpoTHBAeHHeM, M O a te T  AOCTHrHyTb OnaCHOH B eA H H H H bl.

B CHAy 9TOrO OÖCTOHTeAbCTBa AOCTaTOHHO B b lÖ p a T b  BeHTHAH, 
n o  M eH b in eM y  3 HaHeHHK> o ö p a T H o r o  H a n p a a te H H H . ilpH x O a o c t o m  

x o A e ,  n o K a  HeT naAeHHH H a n p a a te H H »  Ha A p o c c e A e  L g , o h  öyAeT 
H cnb iT b iB aT b  HecKOAbKO ö o A b n ie e  o ö p a T H o e  H a n p a a te H H e , h o  s t o  

AOnyCTHMO, n O C K O A b K y  B OTCyTCTBHe aHOAHOrO TOKa BeHTHAb 

B c e rA a  »BAJieTCH ô o A e e  c t o h k h m  b  o t h o u i c k h h  oöpaTHoro s a a tH -  

raH H jj h ,  K poM e T o r o ,  H M eeT  H c n w T a T e A b H o e  o ö p a T H o e  H a n p a -  

je^' x e H H e , n p e B b iu i a io ig e e  p a ö o n e e  o ö p a T H o e  H a n p n a s e H H e , o ö m h h o ,  

He M e H e e , neM  b  A Ba p a 3 a .
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PacneTHaH MOlgHOCTb BTOpHHHoft OÔMOTKH TpaHCCpOpMaTOpâ 
MOJKeT 6 b i T b  HaSAeHa no (popMyAe

P 2 =  6 ■ • J,  =  6 ■ 0 ,855  • 0 ,29  • E 0I0

HAH

P 2 =  1,5 • Po  .......................................(14)

r i e p e x o f l H  K p a c M e T y  A p o c c e A f l ,  Mbi a o a j k h m  n p e j K A e  Bcero 
O T M e T H T b ,  HTO B A HH T b H a  p a ö o T y  B c e fi  C X eM bI OH 6 y A e T  n p H  TOM 

yC A OB H H , eCAH, C OflHOH C T O p O H b l,  OH O Ö A a f l a e T  flOCTaTOHHbIM 

KOaCpHUHeHTOM H H flyK TH B H O C T H , a  C A p y r O H  C T O p O H b l ,  e C A H  H e p e 3  

H e r o  n p O X O A H T  HeKOTOpblH TOK i .  T o A b K O  n p H  T 3K H X  yCAOBHflX 

n a a e K H e  H an p a íK e H H S  H a ero  3 a * H M a x  6 y a e r  H M eTb H eo ö x o flH M o e  

3 H a n e H H e

+  L  —
—  * d t

E c a h  Mbi n p e a n o A o a t H M  c A y n a n  x o A O C T o r o  x o a a  h a h  o n e H b  

M aAOH H a r p y 3 K H ,  H a n p H M e p ,  TO A bK O  H a  OAHH B O A b T M e T p ,  T. e. 

/ 0 =  0, TO f l p O C C e A b  Lg B A H3H H H  H M e T b  H e  Ö y f l e T .  B 8TOM  CAy- 

n a e  c x e M a  6 y A e T  p a ö o T a T b  K aK  n p o c T a a  u i e c T H ( | ) a 3 H a a ,  h  B b in p a M -  

A e H H o e  H a n p H î K e H H e  6yaer o n p e f l e A H T b C H  B b i p a « e H n e M

E0' =  E —  sin ~  =  0,955 E  >  0,827 E. 
it 6

T o A b K O  npa AOCTHiKeHHH t o k o m  I q o n p e A e A e H H o S  B eA H H H H bi,  ero

H 3 M e H e H H H  Ö y ^ y T  C 0 3 flaB a T b  AOCTaTOHHyK) B e A H H H H y  4 - L s  —f t ,

h  HanHeTCH napaAAeAbHaa paöoTa oöenx 3Be3A c OAHOBpeMeHHbiM 
n p o T e K a H H e M  TOKa nepea A B a  b c h t h a h  h  y M e H b u i e n n e M  B b in p n M -

A e H H o r o  H a n p H / K e H H H  o t  E0' =  0,955 E ao E0 =  0,827 E.
Ha ocHOBaHHH cKa3anHoro BHemHHH xapaKTepHCTHKa E0 —f(h) 

T a K O r O  B b in p H M H T e A H  H M e e T  OCOÖeHHblH BHA ( c m .  (p H r .  56) H B H/ie- 

a A b H O M  C A y n a e  C K A a A b i B a e T c a  H 3  K p y T O  n a A a i o u j e H  k p h b o h  npH  

M aA bIX  H a r p y 3 K a X  H n p H M O H  r 0 p H 3 0 H T 3 A b H 0 H  AHHHH n p H  3H ane- 

HHHX T O K a  I 0 B b lU ie  H e K O T O p O H  KpHTHHfcCKOH B eA H H H H bl / OKp.

© H S H H e c K a a  n p H H H H a  o c o ö e H H o r o  B H A a  B H e u i H e H  x a p a K T e -  

p H C TH K H  O Ö y C A O B A H B aeT C H  T e M ,  HTO n p H  3 H a H e H H H X  T O K a  /0  <  L e 

n a s e H H e  H a n p a a t e H H a  H a  A p o c c e A e  L g  H eAO C TaT OM H O  a a h  T o r o ,  

qT O Ö b i y p a B H O B e c H T b  b  a i o ö o ü  M O M e H T  p a 3 H O C T b  $ a 3 H b i x  H a n p a -

2££HHH p a S A K H H b lX  3B C 3A .

ITpa h s a h i k h  Ao6 aso«iHWx noTepb H a n p a a i e H H H ,  H a n p H M e p ,  

B B eH T iä A a X  HAH O Ö U O T K aX  T p a H C t p O p M a T O p a ,  r 0 p H 3 0 H T a A b H b l B



ynacTOK xapaKTepHCTHKH T a n a t e  c t h h o b h t c h  n a A a i o u j H M ,  K aK s t o  

n o K a 3 a H o  n y H K T H p H o ñ  a h h h c ö  H a  < p n r .  56.
C K a 3 a H H O e  O BAHflHHH H H A y K T H B H O C T H  M O aiH O  e i g e  A O n O A H H T b  

y K a 3 a H H e M  H a  t o ,  h t o  c e p A e n H H K  A p o c c e A H  H e  c o A e p a s H T  i t o c t o -  

H H H O ro  n o T o n a .  C p e A H H H  t o k  b  k 3 ? k a o h  n o A O B H H e  e r o  o ö m o t k h  

O A H H aK O B , h 6 o  « B A » e T C f l  nOAOBHHOH C p e A H e r O  3 H a n e H H J l B b i n p f l M -  

e A e H H O ro  T O K a . H a n p a B A e H H a  t o k o b  

DP > w B ° ^ eHX n 0 A 0 B H H a x  o 6 m o t k h  p a 3 -  

1TC.C; A H H H b l, K 0 3 (J )H y H e H T  K e  M a rH H T H O H  1 '  " K

CBJI3H M e iK A y  h h m h  A e v a e T C H  p a ß -  j  . S v .

w i HblM nOHTH eAHHHye. 0ß5E\
jdjj Y cTanoBHM T e n e p b  (popMyAy aah

' In
pacneTa K03(|)HyHeHT3 HHAyKTHBHO- 
c th  ApocceA«. F laA eH H e BbinpHMAe- 0
H H oro  H a n p a a ie H H H  © Hr. 56.

£ 0 =  0,955 E — 0,827 Eo?  0,128 E

;•], npH  TOKe IOKp npOHCXOAHT HCKAIOHHTtíAbHO H3‘3a H3AHHHÍI HHAyK- 
uoi th b h o c th  ApocceAH Lg. B § 5 rAaBbi IV  öyAeT BbiBeAeHa cpop- 
iä£: MyA3, Bbipsassioujsji cpeAHee 3H3HeHHe naAeHHH BbinpaMAeHHoro 

HanpaaieHHfl npH H3AHHHH HHAyKTHBHOCTH, BKAIOMeHHOH nOCAeAOBa- 
TeAbHO C BeHTHAHMH; IipHMeHHTeAbHO K A^HHOMy CAyHaio OHa 
MO^eT öbiTb nepenncaHa b BHAe

Eql =  6 f  ■ (Lg-\- M) ■ I0.

3 a e C b  L, ----H H A yK T H BH O C T b OAHOH nO A O B H H bl A p O C C e A H ,  a M —

K 0 3 (p H y K e H T  B 3 3 H M H 0 H  HHAyKIJHH M ea>A y O Ö eHM H nOAOBHHSM H. 

TaK K3K BbirOAHO B 3H T b  M  =  Lg TO n O A y H H M

0,128 E =  6 f  -2 ■ Lg - I OKf.
F "S‘
P_I EcAH HOpM 3AbHbIH psÖ O H H H  TOK p 3 B e H  70, TO, OHeBHAHO, H3AO 

■ HMeTb / 0K p < / o ,  HTOÖbl TeM  C3MbIM 33C T 3B H T b CXeM y p3Ö O T 3Tb 

napsAAeAbHO eme npH a o c t s t o h h o  msaoh H 3 rp y 3 K e . Mbi Aony-
, m §  r  1  ,  ™  r  a Z7 En
pg 3S cthm / o k p ^ - j  Jo- TorA3, 33MeHHB t nepe3 c0, T. e. h =  Q827 

6yAeM HMeTb

MF 0 ,1 2 8  __ ¿i {  j  h

> m  ~ 0 j i 2 8  I  s  T
IM ^ j?
s g. H, TaK K a K  —f -  —  R , TO OKOHHaTeAbHO

0,05 0



OöbiwHO f —  50 n e p / c e K . — q a c T O T a  B b in p H M A H e M o r o  H a n p a a i e H H H ,  

a n09T0My

K o H C T p y K T H B H b l H  p a C H e T  A p O C C e A H  M OiKeT Ö b l T h  n p O H 3 B e A 6 H  

H a  OCHOB3HHH C006p a * e H H Ü ,  y K a 3 a H H b l X  B  §  14 T A a B b l  IV. nPn 
3TOM  HeOÖXOAMM O H M e T b  B  B H A y ,  HTO C e n e H H e  n p O B O A a  OÖMOTKH 

H a f lA e a îH T  p a C C H H T b I B a T b  H a  TOK 0,5 /(). EcAH, K a K  3 T 0  OÖbIHHO 

A e A a e T C H ,  n p o B O A  K p y r A b i S  h  A o n y c T H M a a  n A O T H O C T b  T o n a  

p a B H a  2 A  ¡m m 2, t o  ero A H a w ie T p  M o a s e T  6 b i T b  b 3 h t  no (JJopMy/ie

CepAeHHHK ApocceAH AeAaeTca 3aMKHyTbiM, x o t h  aah Bbinpa-  

MHTeAeñ 6oAbuioH m ou jhoc th  MoaseT OKa3aTbCH yeAecoo6pa3HbiM 
BBeAeHHe AnaMarHHTHoro 3a3opa. Tan KaK Lg —  KoatpHyHeHT hh-
AyKTHBHOCTH OAHOH nOAOBHHbl erO OÖMOTKH, TO nOAHblH K03(pH-
yueHT HHAyKTHBHOCTM paBeH 4 L g . C  Apyroñ CTopoHbi, pa3Mepbi
ApOCCeAH 33BHCHT, KpOMe K03(pHyHeHTa HHAyKTHBHOCTM, H OT
KBaApaTa TOKa (§ 14, ta .  IV ) ,  nosTOM y p a 3 M e p w  AaHHOro Apoc- 
ceAH CAeAyeT onpeAeAHTb, hcxoah h3 BwpaaieHHH

H a n p a a t e H w e  Ha K OHyax A p o c c e A H  b  ycT aH O B H B ii ieM cn  pejKHwe 

p a ô o r b i  Ha oM H H ecK yio  H a r p y 3 Ky h b a h c t c h  n epeM eH H biM  C H H y c o -  

HAaAbHbiM c  TpoHHOH HacTOTOH 3<o. A M n A H T yA a ero paB H a

H a 3 TO H a n p n a íe H H e  A O A aiH a 6 b iT b  p a c c m r r a H a  h 3 0 a h i í h h  b h t k o b

OÔMOTKH.

§  3. Tpex(|»a3Hafl KacKa^Haa cxeMa BbinpiuiAeHiiH.

/^pyrHM BHAOH3MeHeHHeM npOCTOH MHOrOCpa3HOH CXeMbI Bbi

n p H M A e H H H  HBAHeTCH cxeMa, yKa3aHHan Ha <pHr. 57. 3 ï a  cxeMa 
AaeT TaKîKe nocTOHHiiyio CAaraiomyio TOKa b  (pa3Hbix oÖMOTKax 
h  OTAHHaeTCH o t  npeAbiAyiyeH nocAeAOBaTeAbHOH p a 6oToH Aßyx 
Tpex(pa3Hbix 3Be3A- ^ aso B b ie  HanpnaîeHHH o ö e n x  3Be3A 3Aecb 
TOHHO TaKîKe OTAHHaiOTCH H a  60°, H CHCTeMa TaKHX 3Be3A MOaieT

*  =  T ö ö ö re H p H
(150

E  —  E  cos 60° =  0,5 E.
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(il

6fa iT b n o A y n e H a  n y T e M  B b i B o ^ a  n o p o 3 H b  A ß y x  iiy A e B b ix  t o h c k  

B T O p H H H O 0  OÖMOTKH.

AaHHoîi cxeMbi He Tpe6yeTca HHKaKHx AonoAHHTeAbHbix 
npHcnocoÔAeHHH b  bhac ApocceAH KioÖAepa, Tan KaK nocAeAO- 
BaTeAbHaa paöoTa Aßyx BeHTHAeii mojkct 6biTb BcerAa ocyuje- 
CTBAeHa nyTeM npocToro h x  b k a j o h c h h h .

, 2 !

f  2  / '  

“S 5 *

LÀ

M :

\2
m L

\3 m

r m
/

n n

i3'

■Lû t

w t
0 T a  c x e M a  H M eeT 

n e p e A  n p o cT b iM H  m h o -  

rO(J)a3HbIMH cxeM aM H  

t o  n p eH M y ig e c T B O , h t o  

o ô p a T H o e  H a n p a a s e H H e  

B HeH CpaBHHTeAbHO 

M3AO. B CHAy 8 TOrO 

o s a  o c o ô e H H o  n p a r o A -  

Ha AAH pT yTH blX  KOAÖ.

FIpeACTaBAeHH aH A H a- 

rp aM M a BbinpHM AeHHO- 

r o  H an p iîæ e H H H  n o A y -  

naeTCH KaK cy M M a A s y x  

KpHBblX TpeX Cpa3H O rO  

B b in p aM A eH H o ro  H a-

npfl/KeHHH, c o 3 A a B a e M o ro  KażKAOH 3 B e3 A oH . 0 6 e  3 t h  K pH B bie 

CABHHyTbi A p y r  OTHOCHTeAbHo A p y r a  H a 60°, a n oT O M y aM nA H - 

T yA a B b in p s M A e H H o ro  H an p aa seH H H  p a B H a

Emsx — E  - 2 c o s  30° =  1,73 E. 

n e p e 3  E 0 HM eeM

6  . rc - zr — n Q zz  r

w t

w t

w t

w t

w t
® H r .  5 7 .

)Ôhoî n PH 3aMeHe E,
roi?



h 6 o  p e 3 y j \b T H p y io i i ja H  K p H B a a  n o  $ o p M e  c o B n a ^ a e T  c  k p h b o h

BfainpH M A eH H O rO  H an p a iK e H H H  n p n  ineCTH<í>a3HOM B b inpaM A eH H H .

A a a  c o o T B e ’rc T B y io in .H e  noA CTaH O B K H , oK O H qaTC A bH O  h s x o a h m  

ąap. aM nA H T yA bi E ( p a 3 H o r o  H a n p a æ e H H H  o a h o í í  3 B e 3 Abi 3 H aq eH H e, 

B b ip a a ta e M o e  q e p e 3  E0, a  MMeHHO

E  =  0 ,605 E 0 ............................................(17)

C o o T B eT C T B eH H O , A eñcT B y K > ii£ ee  3 H a n e H H e  <f>a3H oro H a n p aa te H H H  

OAHOH 3 B e3A bI B b!p33H T C H  CpOpMyAOH

£-23, =  0 ,428  E 0 ........................................ - (18)

AnHeHHoe * e  Hanpaatemie KsatAOH 3 B e 3 A b i paB H O

£ »  =  0 , 7 4 E o ............................................................( 1 8 ')

O ö p a T H b iM  H anp aateH H eM  b  a 3 h h o h  c x e M e  a B A a e T c a  s m iia k - 

T yA a A H H e n H o r o  H anp aaseH H a 3 B e 3 Abi, t . e .

£'o«p =  l ,0 5 £ o ........................................ (19)

K a n  BHAHM H3 ycT3HOBAeHHbix cpopMyA, H3npaateHHa TpaHC- 

(popM3Top3, 3 psBHO h  3HaqeHHa oöpsTHoro H3npaaieHHa b  3T0h 

cxeMe He b c a h k h  no cpaBHeHHio c  paAOM npeAbiAyuinx cxeM.

Ą ah onpeAeAeHHa cooTHomeHHa tokob nocTpoHM AHarpaMMbi 

nocAeAHHx, ncxoAa H3 loro, hto tpopMa BbinpaMAeHHoro TOKa 

AOAJKH3 coBnaA3Tb c (JjopMOH BbinpaMAeHHoro HsnpaateHHa, pa3 

H 3 rp y 3 K 0 K  y h3c aBAaeTca TOAbKO OMHqecKoe conpoTHBAeHne.

( f )o p M a  t o k o b , n p o x o A a m n x  q e p e 3  K aatA biH  H3 T p e x  BeHTHAeS,

n p e K A io q e H H b ix  k  (J»a3aM 1 — 2 — 3 , n p e A C T a B A a e T  c o ô o i o  T pn 

H M n y A b c a , cA B H H yT bie  A p y r  OTHOCHTeAbHO A p y r a  H 3 120". Tpn 
T3KHX H M nyA bC 3 B  CyM Me A3IOT B b in p aM A eH H b lH  TOK Z0. IloA O Ö H bie 

a n a r p a M M b i  H M eioT  M ecTO  h  a a a  cp3 3 H b ix  t o k o b  A p y r o n  3Be3AW  

1'----2 '---- 3 ' .  K sH ÍA b lñ  H3 yK 333H H bIX  TOKOB COAep>KHT nOCTOaHHyiO

CAsrsroiyyio, p3BHyro y  ■ I q. Cf)opM3 KsasAoro HMnyAbca orpaHH-

qeHa AB);Ma KOCHHyCOHAaAbHblMH O T p e3 K aM H , CHMMerpHHHblMH 

OTHOCHTeAbHO 3MnAHTyA h  HMeiouiHMH no o c h  aócyncc yrOA

5 - =  6 0 ° . 
o

y  K333HH3a (|)OpM3 HMnyAbCOB TO K a M O ateT  6 bIT b HSHAeHâ 

h  H e n o cp e A C T B eH H O  H a o c h o b 3 h h h  A H s rp s M M  (J)a3H bix  H3npa- 

X SH H U . B C3M 0M ĄeAe, 0 5 p a i ÿ 3 a c b  K HUM, Mbl BHAHM, qTO Ha 

n p o T a ^ e H H H  n ep B O H  u ie c T O H  q a c T H  r i e p n o A a  CKA3AbiB3K)TCH Ç 3 3 -  

H b ie  HanpaateHHa 2  h  1 , a  3 H a li h t , t o k  c o o T B e T C T B y io ii je H  <J)opMb¡
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npOHCXOAHT TOAbKO nO  3THM (p a3 aM  H npHKAIOHeHHbIM  K HHM 

BeHTHAHM. H a  n p o T fla te H H H  C A e a y to ii je H  m ecT O H  n a c T H  n e p n o A a  

S y a y T  CK A aA biBaTbCH  (p a 3 H b ie  HanpH jK eH H H  1 h  3 , n 0 3 T0 M y b  n e p -  

b o h  ( p a 3 e  t o k  6 y A e T  n p o A O A a ta T b c a , T o r ^ a  Kate b o  B T o p o f t  ( p a s e ,  

O T M eneH H oH  o a h h m  i h t P h x o m  ( 2  ) ,  e r o  y a te  H e 6 y A eT , h o  3 a T o  

o h  B03H H K H eT b  (p a 3 e  3 ' .  P a 3 0 H p a H  n o c T e n e H H O  B e c b  n e p n o A  

n e p e 3  K aa tA y io  i n e c T y io  n a c T b  e r o ,  Mbi H anA eM  H e o ö x o A H M y io  
(popM y TOKa.

r i y c T b  c p e A H n a  BeAHMHHa B b in p a M A e H H o ro  T o n a  p a B H a  1o. 

T o r A a  aM iJA H TyA a TO K a, n p o x o A H ç u e r o  n e p e 3  BeH TH A b, co cT aB H T

1 =
h

6  . TC
—  s i n  —- 
k  6

=  l,05/0 ......... (20)

“J i 4 e M c T B y io i i j e e  3 H a q e H H e  TOKa, n p o x o A H ig e r o  n o  (p a3 HbiM 

o 6 m o tk 3 m  h  BeHTHAKM, M o a teT  6 biT b  H3HAeHO H3 C A e A y io i ije ro  

B b ip aa teH H a:

J , =
• V ‘

i22d(a> t).
3 1 *

¡103 

a r a

r r a J  , - - ¿ -

Bffi _
B  caMOM A eA e, o ß p a m a H C b  k  B cnoM O - 

raTeA bH O M y q e p T e a ty  ( p n r .  5 8 ,  mm  b h a h m , 

hto H H T e rp a A  AOAateH 6 w r b  b 3 h t  b n p e -

f i

® n r .  58.

J 2T .il 

i b »  

"V- 3=- 

ortff

iisi*

api®

:jt. r

A eA ax h  y A B o e H . H 3 M e n e H H e  TOKa / 2 n p w  s t o m  n p o n c x o A H T

n o  K O C H HycoHAe. TaK H M  0 6 p a 3 0 M, O K O H naTeAbHO n o A y n a e M

y .

C /
COS2 O) ic/((U ź) - V -

1  v ^ 3

6  4 ^

6 BÍÍ 

0 5C

HAH

y 2 =  0 , 5 5 2 1.

¡̂ tff 3aMeH«H ate / qepe3 70 no (popiayAe (20), HMeeM

. ya=o,58/o........
a  p  V

UBTiHUe paflHOJCTpofiCTB—8

(20')
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PaccueTHaa MoujHoCTb BTopHHHoñ o ô m o tk h  TpaHCípopMaTopa 

BwpaaiaeTca uepe3

P 2 =  6  £ 2<b ■ J2 —  6  • 0 , 4 2 8  E0 • 0 , 5 8 1  70

H O n peA eA H eT C H  OKOHHaTeAbHOH (pO pM yAOH

P 2 =  l ,5 P o ..................................... (21)

T aK H M  0 6 p a 3 0 M , MW BHflHM, HTO A a H H a a  C X eM a, Ö yA yH H  B OT- 

H O iueH H H  pacM eT H O H  M O igH ocT H  TO JK A ecTBeH H a n p e A b iA y u íe í t  

c x e M e ,  T p e ö y e T  n p H M eH eH H a B eH T H A en  H a  ô O A b iu H Îi MaKCHMaAb- 

HWH TOK [ c p .  (pO pM yA bl ( 9 )  H ( 2 0 ) ] ,  HO 3 aT O  C MeHbUlHM  3H a<je- 

HHeM o ö p a T H o r o  p a ö o n e r o  H a n p a a s e H H a  [ c p .  (p o p M y A b i ( 1 3 )  h  ( 1 9 ) ] .  

9 t h m h  npH H H H aM H  h  oöbH C H H eT C H  t o ,  u t o  A aH H a a  c x e M a  ÖOAee 

n p H r o A H a  n p n  p T y T H b ix  b c h t h a h x ,  T o rA a  KaK n p e A W A y n je îi  c x e -  

MOH y e A e c o o 6 p a 3 HO n 0 A b 3 0 B a T b c a  n p n  K eH O T p o H a x .

H e 0 6 x 0 AHM0  H M eTb b  BH A y, u t o  K a c K a A H a a  c x e M a  H3 A »yx  

T p e x (p a 3 H w x  3 B e 3 A  o Ô A a A a e T  TeM  n p a K T H u e c K H  yeH H W M  c b o h c t -  

BOM, UTO O H a A a e T  B 0 3 M 0 Ä H 0 C T b  H M eT b , KpO M e OAHOrO B b in p aM -

A e H H o ro  H a n p a a te H H a  E 0, e u j e  A p y r o e ,  c o  3 H au eH H eM  0 , 5  Eq. ,Z[ah 

8 T O rO  flOCTaTOHHO C A eA aT b AOnO A H H TeA bH blH  OTBOA OT MeCTa 

coeA H H eH H H  T p e x  KaTOAOB OAHOii r p y n n w  B eH T H A eS  c HyAeBOH 

TOMKOH n ep B O H  3 B e3 flbI. Ha ( p H r .  5 7  3 TOT OTBOA n O K a3 aH . C p e A ' 

H e e  3 H a u e H H e  H a n p a a ;e H H a  M e a iA y  h h m  h  KaKHM -A HÖo n o A io co M  

o 6njeH , u,enn BwnpHMAeHHOro TOKa cocTaBAaer riOAOBHHy Bcero 
B b in p a M A e H H o ro  H a n p a a te H H a .  3 t o  H e T pyA H O  n o H a T b ,  ecA H  0 6 - 

p aT H T b  BHHM aHHe H a t o  0 6 c T 0 aT eA b C T B 0 , u t o  y K a 3 a H H o e  H a n p a -  

aseH H e n p e A C T a B A a e T  coöo io  H e u t o  H H o e , KaK B w n p a M A eH H o e  

H a n p a a te H H e  o t  o a h o h  T p ex cp a3 H O H  3 B e3A W . B CHAy s T O r o  m th o -  

EeKHoe e r o  3 H a u e H H e  M e H a e T c a  n o  3aK O H y T p e x cp a3 H O H  KpHBOH 

B b in p a M A e H H o ro  H a n p a a te H H a ,  a  3 H aq H T  O Ô A aA aeT  h  ô o A b in e î i  

n y A b c a i jH e H , neM  n o A H o e  B w n p a M A e H H o e  H a n p a a te H H e  o t  o ö e n x  

3 B e 3 A  BCeH CXeM bl.

n P H H cn 0 A b 3 0 B aH H H  u a c T H  B b in p a M A e H H o ro  H a n p a a ie H H H  AaH- 

hoh c x e M b i, H a n p H M e p , a a h  n H T aH H a M aA O M O iijH w x K a c K aaob 
n e p e A a T H H K a , n y T e M  B K A ioueH H a hx aHOAHOH i j e n n  M eatA y  t o h -  

K3 MH O i h O n , BeHTHAH 3 B e3 Abi II 6 y A y T  H ecT H  H a r p y 3 K y no 
TO K y Ö O A b ü ie , HeM BeHTHAH 3 B e3A bI I. 0 T a  A O nO A H H T eA bH aa H a- 

r p y 3 K a ,  paB H O  KaK h  ö o A b i u a a  n y A b c a y n a  H a n p a a s e H H a  M eatA y 

TOMK3MH O I H O n , KOHeHHO, AOAatHbl 6 bITb y^T C H b l n p H  B blÔ O pe 

T H noB  BeH TH A eH  h p a c u e T e  A o n o A H H T e A b H o ro  c r A a a s H B a io u je r o  

(pH A bT pa.
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§  4 .  C x e M b i  T p e - r g a .

9 th  cxeMbi xapaKTepHbi Hcn0 Ab30BaHHeM oßewx noAyBOAH 
BbinpaMAHeMoro HanpaaîeHHH, b cHAy nero no o6 m otk3m anofl- 
Horo TpaHCipopMaTopa npoTeKaeT h h c to  nepeMeHHbiñ to k ,  He

coAepjfiaujHH nocToaHHOH CAaraw- 
ujeß. 9 to  oöcTOSTeAbCTBO flaeT 
cx eM aM  r p e T i j a  pHA n p e H M y ig e c T B  

n o  cpaB H eH H K ) c y a s e  p a3 o 6 p a H H b iM H  

p a H e e  TH naM H  c x e M .

H a (pHr. 59 npeacTaBAeHa o a h o -  

c{)a3HaH c x e M a  T p e T i j a .  C>Ha H M e e T  

H e T b lp e  BeHTHAH, h  t o k  o t  h c t o h -  

H H K a  n p o T e K a e T  H a  n p o T J U K e H H H  K a -  

J K A o r o  n o A y n e p n o A a  H e p e 3  4 B a  B eH - 

THAH, p a c n o A o a s e H H b i e  n o  anaro- 
H a A H . Bee H e T b i p e  b c h t h a h  nonapHo 
c o e a H H e H b i  K a T o a a M H  h  a H o a a M H ,  

a n o s T O M y  aaHHaa c x e M a  M o a s e T  

6 b iT b  o c y u j e c T B A e H a  c n o M o u j b i o

----s/WWV—

r x ■lut

■ t £ \ -lut

-lu t

-lu t

<£>hi \  59.

AByX CA03Í HbIX BeHTHAeÖ , H3 KOTOpbIX OflHH H M eeT  flB a OTfleAbHblX 

. a H o a a  h  o a h h  o ô u jh h  K a T o a , T o r a a  KaK a p y r o n ,  H a o ö o p o T ,  HM eeT 

ABa OTAeAbHbIX K aT O fla H OAHH OÔUJHH aHOA.

C A oaîH b iH  BeHTHAb n o c A e A H e ro  r a n a  M oaseT  6 biT b  CASAaH,
: - u  /  /- / \ \

H an p H M ep , H3 3AeKTpOAHTHHeCKHX B binp flM H T eA eH  ( c m . (p H r. o(J). 

f loA O Ö H oe ycTpO H CTBO  H H o rA a  npH M eH H eT C H  a a h  3apnA K H  aK K y- 

: MyAHTOpOB H COCTOHT M3 3teAe3HOrO COCyAa H AByX aAIOMHHH-

'  eBbix aAeKTpoAOB b BHfle nAacTHH, cAyataiyHX KaToaaMH. O öujhm

8* 115



aHOAOM flBAfercfl Kopnyc caMoro cocyAa. B KanecTBe aAeKTpo- 
AHTa npHP eHHeTca 8% -h m h  pacTBop AByyrAeKHCAOH c o a w  b a g c th -  

AHpOBaHHC 0 BOAe.
COOTHOIU-HHÍI HanpíiaieHHH H TOKOB AAH OAHO(|)a3HOH cxeMbi 

TpeTya tsk o bm :

E  1 ir '
ea = 4 = - ^  —  e 0 = í , i í e 0 

\ / 2  \ ¡ 2  2

E 'o6p =  E =  —  /o  =  1,57 o
2

/ = y / 0 =  l,5 7 /0

72 =  ; / i = 7 i T / o  =  1 , 1 1 / 0

p 2 =  £■ 2 y2 =  l , l l 2 £ 0/0 =  1,24 Po

( 2 2 )

n o  3HaM eHHHM O Ó paT H O rO  H an p H aieH H H  H K 0 3 $ H IJH e H T a  HCIlOAb- 

30B aH H H  MOUJHOCTH BHAHO, HTO A aHHaH C X eM a B b irO A H ee , HeM n p o -  

CTaji A B y x n o A y n e p n o A H a H  c x e M a ,  b  q a c T H O c r n ,  n eM  noK a3aH H a>i 

H a ( p a r .  9 ( c m .  rA a B y  I). Ü A H aK O , n p H M e H e H n e  e e  cpaB H H TeA bH O  

o rp a H H H e H O . 0 6 t>HCHHeTCH s t o  H e K O T o p o H  cAOJKHOCTbK) e e ,  k o t o -  

p a n  He MOJKeT 6 b iT b  o n p a B A a H a  b  C A V ^ a a x  0 A H 0 (p a 3 H 0 r0  B binpaM - 

AeHHH.
noM H M O  y K a 3 a H H o ro  npH M eH eH H H  OAHO(pa3HOH c x e M b i r p e T u a  

C BAeKTpOAHTHHeCKHMH B b i n p f lM H T 3 A 3 M H ,  O Ha n p H M e H H e T C f l  C Ky- 

np O K C H b lM H  BeHTHAHMH B H 3 M e p H T e AbHOH TeX H H K e H B A pyrH X  

n o A o 6 H bix  C A ynaH X  b  oÓ A acT H  c A a 6 í>ix t o k o b .

T p e x ( p a 3 H a H  c x e M a  T p e T u a  B .w e c T e  c  e e  A n a r p a M M a M H  H30- 

6 p a a í e H a  H a  $ H r .  61. T a n o S  c x e M b i  H e o ó x o A H M b i  u i e c T b

B e H T H A e M .  K o r A a  n p H M e H H iO T C H  p r y i H b i e  B e H T H A H ,  m o j k h o  o r p a -  

HHMHTbCH B c e r o  A H U Ib  H e T b i p b M H  K O A Ó aM H ,  O A H a  H 3  KOTOpblX  

AOA?KHa H M e T b  H e  M e H e e  T p e x  a H O A O B .  B H e K O T O p b i x  c A y n a í i x  

M o a i e T  O K a 3 a T b C H  y e A e c o o 6 p a 3 H b i w  K 0 M 6 H H H p 0 B a H H 0 e  n p u M e H e H H e  

O A H o r o  T p e x a H O f l H o r o  p T y T H o r o  b s h t h a h  h  T p e x  o T A e A b H b i x  k c h o - 

T p O H O B  HAH r a 3 0 T p 0 H 0 B ,  y  K O T O p b lX  a H O A b l  AOAÍKHbl 6 b I T b  C OeAH’

H eH bi w eíK A y c o 6 o h .

B o  B TO pH H H O H  O Ó M O T Ke T p a H C < J ) O p M a T O p a ,  n p H C O S A H H e H H O H  

K BeHTHAHM, H eT  H y * A b I  B b lB O f lH T b  H yA eB yK ) TO H K y ,  a  n O S T O M y  

O H a  MOJKeT 6 b l T b  C O e A H H e H a  K aK  3 B e 3 A O H ,  T a K  H T p e y r O A b H H K O M .

□  o  AHHeHHblM  npO B O A aM , HflyiXJHM OT T p e x  KOHyOB BTOpHHHOft
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o 6 moTkh TpaHC(J)opMaTOpa k  aHOAaM Tpex BeHTHAeii Í, 2, 3  oa* 
hoh rpynnbi h  OAHOBpeMeHHO k  KaTOAaM Tpex B eH T H A eii 4, 5, 6  

ApyroH rpynnbi, npoTenaeT t o k  i 2, KOTopwfi nBM iercu  h h c t o  

nepeMeHHbiM tokom, t .  e. He coAepatHT nocTOHHHOH cAaraiouieH.
P a 6 o T y  c x e M b i m o jk h o  y a c H H T b  c e 6 e ,  n o cA eA O B aT eA b H O  p a c -  

C M eT peB  A e n c T B H e  A H H eñH bix  H anpH JK eH H ił. I lp e A n o A o a tH M , h t o  Ha 
n p O T H J K eH H H  H eKOTOpOH H 3CTH n e p H O A a  M THOBeHHbie 3 H a q e H H K  

A H H eH H o ro  H a n p a ^ e H H H  e 31 G o A b in e , n eM  M e a tA y  TOHKaMH 3 — 2 

H 2 — 1, H HTO nOTeHUH3A K O H ya 3 HMeeT nOAOiKHTeAbHblH 3H3K, 
a  K O H ey 1— O T p H u a T e A b H b i H .  T o r A a  t o k  n p o x o A H T  n o  n p o B O A y  3 
b  H an p aB A eH H H  c B e p x y  b h h 3 , n e p e 3  BeH TH A b 3, n o  H a r p y 3 Ke R, 
n e p e 3  BeHTHAb 4, n o  n p o B O A y  1 CH H 3y B B e p x , k  t o h k c  1. Ha 
n p o T a a ie H H H  A p y r o i i  n a c T H  n e p n o A a  3H aK H  y k o h u o b  3 h  1 M e -  

h h i o t c « ,  h  t o k  n p o x o A H T  n o  n p o B O A y  1 y * e  b  H anpaB A eH H H  

C B e p x y  b h h 3 ,  n e p e 3  BeHTHAb 1, n o  H 3 r p y 3 K e  R, h  B 0 3 B p a u ja e T c a  

n e p e 3  BeH TH A b 6  n o  n p o B O A y  3 b  H an p aB A eH H H  CHH 3y B B ep x . 

r ie p B b iH  C A y n a ñ  n p o x o íK A e H H íi TOKa H a (Jmr. 61 n o K a 3 3 H  cnAoui- 
HblMH CTpeA K 3M H , BTO pO ÍÍ----nyH K TH pH blM H .

r ip H B e A e H H o e  p a c c y a iA e H H e  n o K a 3 b iB a e T , h t o  t o k  b  A H H eñH bix  

npoBOAax b  TeneHHe nepHOAa MeHiieT C B oe HanpaBAeHHe h  b  CHAy 

3TOrO AOAaieH 6 bITb HHCTO nepeMeHHbiM.
^AH Toro, HTo6bl H3pHCOBaTb noAHyio KapTHHy TOKOB h Ha- 

npaaieHHH, o 6 paTHM CH k  B e K T o p H o ił AnarpaMMe AHHeÜHbix Hanpa- 
xeHHH, npeACTaBAeHHOH Ha (fur. 61. 0Ta BeKTopHaa A^arpaMMa
AaeT TpH HanpflżKeHHH, CABHHyTbie CHMMeTpHHHO Ha B3aHMHbIH 
y r o A ,  paBHbiii 120°. H a nAOCKOH AnarpaMMe b  CHAy 3Toro noAy- 
naioTCH TpH cHHycoHAbi, CMeuieHHbie Apyr OTHOCHTeAbHO A p y r a  

Ha t o t  a ie  y r o A .  H a 3 t o h  AnarpaMMe n e p a o A  pasAeAeH Ha iuecTb 
OAHHaKOBblX HaCTeH, H 3a BpeMH KajKAOH H3 HHX OpAHHaTbl OAHOrO 
AHHeHHOrO HanpiIJKeHHH n o  a6cOAK)THOH BeAHHHHe ÓOAbUie OpAH- 
HaT AByx Apyrnx AHHeíiHbix HanpjiateHHH.

E c A H  yCAOBHMCH 0 6 0 3 H a H a T b  OAHO H TO JKe H anpjU K eH H e, 

H a n p H M e p , M e * A y  KOHyaM H 1 — 2 ,  n e p e 3  e¡ 2 T o rA a ,  K o rA a  K O H ey 1 

H M eeT  n A io c  ( —(—) ,  a  K O H ey 2 — M H Hyc ( — ) ,  h  n e p e 3  e 2x T o rA a , 

K o rA a  n A io c  (-f-) H M eeT  KOHeu, 2, a  M H H yc (— ) KOHen, 1, t o  He 

T pyA H O  6 y A e T  noA yH H T b A H a rp a M M y  t o k o b ,  n p o x o A a n jH X  KaK n e p e 3  

BeHTHAH, TaK  H H e p e 3  A H H eH H bie npO B O A a.

^  n P H 3TOM H e o 6 xOAHM O, KOHeHHO, H M eTb B BHA y, HTO TOK 

b  y e n n  B 03H H K aeT  n o A  A eiłcT B H eM  A H iub  T o r o  H an p a jK eH H H , k o t o -  

p o e  3 a  A aH H biił 0 T p e 3 0 K  n e p H O A a  H M eeT  o p A H H aT b i, n o  a 6 coAK>T- 

Hoił BeAHHHHe n p e B b iin a io i i iH e  o p A H H aT b i A p y r n x  H an p a a se H H H . 

T a K , H a n p H M e p , 3 a  n e p B y io  u i e c T y io  n a c T b  n e p H O A a  6 y A e T  A aB aTb 

t o k  H a n p H a e H H e  H a  K O H ijax  1 — 2  c  n o A o a iH T eA b H b iM  3 H3 kom



IJ'
j  B T0 HK6 1 H O TpnyaTeAbHblM  3H3KOM B TOHKe 2. 3 a  BTOpyk)

^  u i e c T y i o  n a c ib  n e p w o A a  6 y A e T  AaBaTb t o k  HanpaajeHHe Ha k o h -

y a x  1 3 ,  c noAoatHTeAbHbiM 3 H 3 kom  y  t o h k h  1 h  OTpnyaTeAb-
' HbIM 3H3KOM y  TOHKH 3 .

y c A O B H B U iH C b  n p H n H C b iB a T b  o p A H H S T a M  T O K a , n p o x o A a i y e r o  

n o  A H H e H H O M y  n p O B O A y  OT H C T O H H H K 3  K B e H T H A H M , T. e .  C B e p x y

j j j  B H H 3 , n O A O ? K H T e A b H b l H  3 H 3 K H  n p H  O Ô p a T H O M  H 3 f i p 3 B A e H H H -------O T p H -

yaTeAbHblîÎ 3 H 3 K , M b l  B H A H M ,  HTO e r O  <J )O p M a o 6 p 3 3 y e T C a  H 3  n e -  

Tbipex KOCHHyCOHAaAbHbIX HMnyAbCOB, CHMMeTpHHHbIX OTHOCH- 

TeAbHO a M n A H T y A .  FIpOAOAJKHTeAbHOCTb KaiKAOrO HMnyAbCa 

cocTaBAfleT 1 /6 nacTb nepnoAa . Tanaa (popM3 TOKa He coAepaiHT 

nocTOHHHOH CAarsioiyeñ h  n o K a 3 b i B a e T ,  h t o  K a j K A o e  A H H e n H o e  h 3 - 

npHJKeHHe paöoTaer  Ha H a r p y 3 K y  b TeneHHe AByx TpeTen  nepnoAa. 

Bo Bcex npeAbiAyiynx cxeM ax  m m  h m c a h  BpeMa paôoTbi k s j k -  

v. Aoro HanpaateHHH MeHbuie oAHoro noA ynep noAa . 3ra pa3Hnya

B npOAOAiKHTeAbHOCTH BpeMeHH paÖOTbl K3>KAOrO H a n p a i K e H H H ,  

OHeBHAHO, npHBOAHT K TOMy, HTO K03(j)HyneHT HCn0Ab30BaHHH MOiy- 

, HOCTH HCTOHHHKa (HanpHM ep, TpaHC(J)OpMaTOpa) B TpeX(pa3HOH CXeMe 

TpeTya Bbiuie, neM  b  Ap yrnx  cxeM ax, paccMOTpeHHbix h 3 m h  paHee.

T o k , npoxoA»iyHÖ  no KsaiAOMy bchthaio, coctoht to ab k o  h3 

AByX HMnyAbCOB, npeACTaBAHIOiyHX CHMMeTpHHHbie 0Tpe3KH  KOCH- 

HyCOHA 33 Ty XL î H3CTb nepH0A3. T sK H M  0 6 p 3 3 0 M , B OTAHHHe 

OT 3H "A H OrO  Tp3HC(J)OpM3TOp3, K3HiAbIH BeHTHAb p36oT 3eT  TOAbKO 

V s  n e p n o A a  h  n O B T O M y  e r o  H c n 0 A b 3 0 B a H H e  H e A b 3 a  C H H T S T b  n o A -  

HblM. O A H O B p e M e H H O  TOK npOTeKSeT H e p e 3  AB3 BeHTHAH. B CHAy 

3Toro h  npeAbiAyiyero oöcToaTeAbCTBa, tokh , npoxoAaujne  nepe3 

Sl I BeHTHAH B A3HHOH CXeMe, HHHeM He OTAHH3IOTCH OT Tex * e  

TOKOB B KaCKaAHOH CXeMe H3 AByX TpeX(pa3HblX 3Be3A-

BbinpaMAeHHbJH TOK HBAfleTCa C yM M O H  TOKOB, npOXOAHiyHX 

nepe3 TpH BeHTHAa 1—2—3, hah , hto to  ase, nepe3  T p n  BeH- 

THAa 4 — 5 — 6 .  r i0 3 T 0 M y  e r o  (p o p M o ñ  a B A a e T c a  uiecTHtJ)a3Haa  

KpHBaa B b in p a M A eH H o ro  TOKa, h  aM nA H Ty Aa  1, aBAaacb  b t o  ate 

BpeMa aM nAHTyAOH BeHTHAbHOrO T O K a  ib H TOKa  io, B AHHeHHOM  

npOBOAe p 3 B H 3

”1 , / 3  E
R  '

W  B 3TOM BbipaHîeHHH Hepe3 E  0603H3HeH0 $a3Hoe HanpajKeHHe 

a, Tpex<J)33H0H ceTH h a h  3H 0A H 0r0  TpsHCtpopMSTopa, nnTaionjero

ito.# AaHHyio cxeMy.
jsse® ® o p M a  BbinpaMAeHHoro HsnpaateHHa, o h c b h a h o , b  a s h h o m  

CAynse OM HnecKOH Harpy3KH , He OTAHHsacb o t  tpopMbi BbinpaM- 

38tf AeiiHoro TOKa, aBAaeTca  uiecTH<|>a3H0H k p h b o K, cocTaBAeHHon



M3 OTpe3KOB ĆHHyCOHA C äMnAHTy^aMH E  ■ v 3 .  B OTAHHHe OT 
A p y r n x  cxeM, onncaHHbix b npeabiA yiip ix naparpacpax, Bbinpa- 
MAHeMbiM HanpaateHneivi 3flecb HBAaeTca AHHeHHoe HanpnateHHe, 

a He cpa3Hoe.
HeoöxoAHMbie cooTHOUjeHHa Tenepb, nocAe yKa3 aHHoro Bbiuie 

paccMOTpeHHH paôoTbi Tpex(pa3HOH cxeMbi TpeTya, AerKO MoryT 

6bITb yCTaHOBAeHbl. 4 eHCTBHTeAbHO, TaK KaK

e Ernax — E  \] 3  )

p  6  . ^  p  
h o ---- S in —-y- tí ,max >

7T D

£ V
E s J  3

-wt

x/ 2

t o  A e n c T B y i o u i e e  3 H a q e H n e  £2  a h h c h -  

Horo H a n p a a te H H a  paB H O

e 2 =  0 , 7 4 £ 0 . • . - (2 3 )

¿ X e ñ c T B y io u je e  a te  3 H aH eH H e cp a 3 H o ro  

H a n p a a s e H H a  B b ip a 3 H T c a  (p o p M y A o H

£*2 <5 = - 7=  —  0 ,428  £ 0  . . (23')

w t
v/3

® H r. 62.

PaöouHM 3 HaqeHHeM oöpaTHoro Ha- 

npaateHHH «BAHeTca E  ■ \ /  3 —  aMnAH- 
Ty^a AHHe0Horo BbinpaMAeHHOro Ha- 
npaateHHa, a 3HauHT ero  cooTHOiueHHe 
c £0 Bbipa3HTca uepe3

£ ,o6p= l , 0 5 £ 0 • • -(24)
9 to 3 H a n e H H e  H a n p a a ie H H H  mw H axoA H M , p a c c M O T p e ß  tot momcht 
B peM eH H , K o rA a  A H H e ñ H o e  H a n p a a te H H e  A o c r n r a e T  aM nA H TyA bi, 

H a n p H M e p , K o rA a  KOHen, 1 H M eeT  ( - f ) ,  a  K O H ey  2 — ( — ) ,  h AeH- 

C TB yeT  KaK o ö p a T H o e  H a n p a a te H H e  no O T H o m eH H io  k bchthaio 4 
n e p e 3  BeH TH A b 5. ^ H a r p a M M a  M rH O B eH H bix  3 H aq eH H H  H a n p n a te H H a  

H a B eH TH A e 1 n p e A C T a s A e H a  oT A eA bH O  H a cpH r. 6 2 .  M 3 H e e  CAe- 

A y e T  T a K a te , h t o  M aK C H M aA bH oe o ö p a T H o e  H a n p a a te H H e  paBHO 

aM n A H T y A e A H H e f iH o ro  H a n p a a te H H H . 

riepexoAa k pacneTy tokob, HMeeM

I = I o - r ^—  = 1,0 5 / 0...... (25)
O . 7T
—  s i n  - r
7t 6
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t .  e. nun  TOKa, hmckjiijhh MecTO b  BeHTHAe npw æhhhoh cxeMe, 
HeMHOrHM npeBbimaeT cpeflfiee 3HaneHHe BbinpíiMAOHHoro TOKa 
h HMeeT TaKoe »¡e 3HaneHHe, KaK n p n  KacKaflHOH cxeMe h3 flByx 
TpeX(pa3HbIX 3Be3fl.

Æ e ô c T B y i o u j e e  S H a n e H H e  Jb T O K a ,  n p o x o f l a u j e r o  M e p e 3  B e H -

1 THAH b  c x e M e  r p e T y a ,  o T A i m a e - r c H  o t  f l e î i c T B y i o u j e r o  3 H a n e H H H  J o  

TO Ka B  A H H eH H b lX  n p o B O ^ a x ,  H m c h h o

TBOEà

HAH J2 =  0,781 • 7.

Ecah 3aMeHHTb /  nepe3 lo, to  noAyqHM OKOHMaTeAbHbie (pop-
M y A b I A A H  T O K O B  B B H 4 e

Jb —  0,58 /0 .............

y2 =  0,817 7 o .............

(25')

(26)

ne
aunjl 
i l  It 
ffllWf 
ip0i*

a  TaKîKe

n P H  n p H M e H S H H H  p T y T H b J X  B e H T H A e H  C  2 K H A K H M  K a T O ^ O M ,  

n p H  n p H M e H e H H H  r a 3 0 T p 0 H 0 B ,  Jb H e  H M e e T  n p a K T H n e -  

CKoro 3 H a n e H H H ,  n o c K O A b K y  n o T e p n  b  h h x  3 a B H C « T  o t  c p e A H e r o  

3 H a n e H H H  T O K a .  npH i < e H 0 T p 0 H H b i x  B b i n p f l M H T e A H x  nepe3 Jb o n p e -  

4eAHK)TCfl noTepn Ha aH0 4 e, a noTOMy ero óoAbuiaa BeAH^HHa 
HeBbirOAHa B  C M b I C A e  H C n 0 A b 3 0 B a H H H  K e H O T p O H a ,  H B 3 T O M  O T H O -  

iu e H H H H  T p e x ( p a 3 H a s  c x e M a  r p e T y a  c K e H O T p o H a M H  H e  n p e A C T a B A a e T  

npeHMyigecTB no c p a B H e H H i o  c K a c K a 4 H O H  c x e M o ñ  h 3  4 ß y x  T p e x -  

( p a 3 H b ix  3 B e 3 4 . O ôe o h h  b  3 T o m  o T H O i u e H H H  3 H a H H T e A b H O  y c T y -  

naioT c x e M e  c M e a t a y $ a 3 H b i M  ApocceAeM KioÔAepa.
PacneTHan M o iJgH O C T b  nH T aH H S î,  h a h  b t o p h h h o h  o ô m o t k h  TpaHC- 

(popMaTopa, npH HaAHHHH TaKOBoro, Bbipa3HTCH nepe3

2 )
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h 6 o  £ 2  h  J 2 B H 3 y H a e M 0 H  c x e M e  T p e T i j a  n p e A C T a S A H t o T  A e B c t B y "  

l o u j n e  3 H a cie H H H  A H H e H H o r o  H a n p n * e H H H  h T O K a .  3 a M e H H H  E 2 

h J2 qepe3 £ 0 h I0, noAyHHM

P 2 =  y /3 .  0,74 • Eo ■ 0 ,817 • /o

P 2 =  1,05 Po ...................................
HAH

(27)

3Aecb h e m  BnepBbie BCTpeTHACH CAynaS, KorAa pacueTHaa 
MOUJHOCTb BTOpHHHOH O Ô M O T K H  TpaHC(J)OpMaTOpa OKa3bIBaeTCfl

nOHTH p aB H O H  MOUJHOCTH nOCTOilHHOB 

cAaraiomeS B b in p H M A e H H o r o  TOKa 

HAH, HTO n p aK T H H eC K H  t o  a i e  —  a n -  

THBHOH MOUJHOCTH BbinpHM HTeAH. 

9 T o r o  p e 3 y A b T a T a  Mbi BnpaBe 6 m a h  

OîKHAaTb B CBH3H C npO flO A âîH TeA b- 

HbiM n p o T e K a H H e M  A H H e ñ H o r o  TOKa 

o t  HCTOHHHKa 3 a  B peM H  O A H o r o  n e -  

pHOAa. 9 t O  2 i e  OÖCTOHTeAbCTBO, 

H a p H A y  c  OTHOCHTeAbHO HH3KHM 3Ha* 
n e H H e M O Ö p a T H O r o  H a n p H æ e H H H ,  AaeT 

T p e x ( p a 3 H 0 ä  c x e M e  T p e T y a  3 H a r a -  

T e A b H b ie  npeHMyujecTBa no c p a B H e -  

HHÎO C ApyrHMH, paCCM OTpeHHblM H 

H3 MH B b iu i e .  C a M O  C0 6 0 H pa3y- 
M eeTC H , HTO 9TH  n p e H M y u j e c T B a  

c x e M b i  T p e T y a  o c o ö e H H O  i jeH H bi a a h  

yCTâHOBOK ÖOAblUOH MOUJHOCTH.

^ o n o A H H T e A b H b i M  n p e H M y u je c T B O M  

c x e M b i  TpeTga h b a h c t c h  h t o ,  hto 
a a h  Hee He T p e ö y e T C H  y c A o a m e H H H  

b  c x e M e  c o e A H H e H H H  T p aH C ( |)o p M a-  

TOpHbIX OÖMOTOK, H MOiKeT ÖblTb HC* 

n 0 A b 3 0 B a H  AK>6 o B  rOTOB blH TpaHC* 
(pO pM aT O p,  TOAbKO 6 bl OH 6 bIA AO- 
CTaTOHHbiM no HanpHJKeHHio. B qacT- 
HOCTH, KaK yæe 6 m a o  y K a 3 a H 0  h 

p a n e e ,  a a h  e e  nHTaHHH m o j k h o  n p H M e H H T b  T p a H C c p o p M a T o p ,  

H M eiou jH H  B T o p H H H y io  oÔM OTKy T p e y ro A b H H K O M . B 3 TOM CAyqae 

TOK B OÖMOTKaX KaiKAOH (p a3 b l  ( c T O p O H b l)  T p e y rO A b H H K a  6yAeT 
OTAHHaTbCH OT AHHeHHOTO TOKa -/2 H e TOAbKO BeAHHHHOH, HO H 
(J)OpMOH.

H a  (J)Hr. 63 a a h  npHMepa npH BeA fcH bi A H a rp a M M b i :  a )  AHHefi* 

H o r o  TOKa b  n p o B O A e  i- /', 6 )  c p a 3 H o r o  TOKa b  c T o p o H e  1 — 2
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H b )  t o  H ie  B C T O p o H e  1 — 3 .  H o c A e A H H e  A ß e  A w a r p a M M b i  nocTpo- 
eHbl H a  O C H O B a H H H  O Ö llJH X  y p a B H e H H H

=  h

i"' =  iJ".

KaK MOflîHO B H A e T b  H 3  C p a B H e H H H  nepBOH A H a r p a M M b I  C AByMH 

ocTaAbHbiMH, (pa3HbiH t o k  TeneT b  TeneHue Bcero nepnoAa-
Ko3$nyHeHT Hcn0Ab30BaHHH MOUJHOCTH npH coeAHHeHHH Tpe- 

yroAbHHKOM ocTaeTCH npeatHHM. B csmom AeAe, ecAn paHee mw 
HMeAH aah AHHeiiHoro TOKa BbipaateHHe AeñcTByioiijero 3HaHeHHa 
B BHAe

4 j  cos2 <ütd(«>t)  —  y/4ÿ  (

to T e n e p b ,  no a H a A o r m i ,  AeßcTBytoujee 3HaqeHHe (J>a3Horo 
Tona 6yAeT

Eepfl OTHOiiieHHe HañAeHHbix BeAHHHH, noAynaeM

J,
J:2 sj 3 ,

" t .  e. oôbiHHbiH K03(J)Hi¿HeHT, HMeioiijHH MecTO h  b C A y n a e  npo- 
C T b l X  CHHyCOHAaAbHblX TOKOB. TaKHM 0 6 p a 3 0 M ,  K09(|)H1JH6HT
HCn0Ab30BaHHH MOI1JHOCTH BTOpHMHOH OÔMOTKH a H O A H O T O  TpaHC- 
(JjopMaTopa b  cxeMe fp e T ya  ocTaeTca oahhm h t b m  ase, He3aBn • 

CHMO 0 T c o e A H H e H H H  A H A H  Y.
K o r A a  n p H M e H a e T c a  3 B e 3 A a ,  t o  b w b o a o m  ee H y A e B O H  t o h k h  

m o j k h o  B 0 c n 0 A b 3 0 B a T b c a  a a h  n o A y n e H H H  M e H b i u e r o  B b i n p a M A e H -  

'H!t Horo HanpanîeHHa 0,5 E 0, K a K  s t o  n p n  K a c K a A H O f i  cxeMe, onH-



CäHHOH B npeAbiAyigeM naparpacpe. Cf)opMa 3Toro HanpaaieHHH 
ÔyAeT TPex(pa3HOH, h bk \iOHeHne AonoAHHTeAbHon HarpysKH, 
HanpHMep, b BHAe npoMeaiyroHHbix KacKaAOB nepeA3THHK3 Meaí¿y 
TOHKOH 0 H OÖUjeß TOHKOH aHOAOB BeHTHAeH 4, 5, 6 ÖyAST yße- 
AHHHBaTb 3arpy3Ky sthx BeHTHAeñ no cpaBHeHHK) c 3arpy3KOH 
BeHTHAeö 1, 2, 3, nepe3 KOTopbie b sthx ycAOBHnx 6yAeT npoxo- 
AHTb TOAbKO tok, HAynjHH Ha nHT3HHe OAHoro iwaBHoro KacKaaa 
n e p e A a T ^ H K a .

§ 5. MaoroKacKaAHbie cxeMbi BbinpflMAeHHs.

KorAa Tpe5yeTCH öoAee 3HaHHTeAbHaa BeAHHHHa BbinpHMAeH- 
Horo Hanpa;KeHHH, to MoatHO npHMeHHTb Aße Tpex(pa3Hbix cxeMbi 
TpeTya, paóoTaioiyne nocAeAOBaTeAbHO. B HeKOTopwx CAyqaax 
npH 3TOM MOJKeT OK333TbCH yeAeCOOÖpa3HbIM H3MeHHTb oöiyyio 
CxeMy BKAIOHeHHH BeHTHAeH H COKpaTHTb HX HHCAO OT 12 AO 9 
6e3 HapymeHHH BeAHHHHbi BbinpHMAeHHoro HanpaaieHHH. floAOÖHoe
B H A O H 3 M e H e H H e  n p e A C T a B A e H o  H a  <J>Hr. 64.

Oöe n H T a i o i i j H e  o ö m o t k h  M o r y T  B B H T b c a  B T o p H H H b iM H  o 6 m o t -  

K 3 M H  o A H o r o  T p a H C $ o p M 3 T o p 3 ,  n p n n e M  n e p e c o e A H H e H H e w  K O H g o ß  

OAHOH A H U Ib  H 3  HHX M O a iH O  H 3 M e H H T b  B eA H H H H y B b l n p  Í IM A e H  HOTO

HsnpnaîeHHH o t  E 0 ąo 0,5 E 0. TaK cxeMa, npeACT3BAeHH3H Ha 

cpHr. 64-3, A3eT noAHoe 3H3HeHHe BbinpsMAeHHoro HanpaaîeHHfl E[)t 
T0TA3 K 3 K  BTopsH cxeMa (cjmr. 64-6) n p H  t o m  ate 3H3HeHHH ahhch- 
H o r o  H a n p a a ie H H H  A a e T  0,5 E 0.

rioHHTHO, HTO MOaîHO COeAHHHTb H  Ö O A b U ie ,  HeM ABa nO A O Ö H b lX  

K 3 C K 3 A 3 ,  H  n p H Ô S B A e H H e  K 3 a îA O r O  K a C K a A a  Ö y A e T  B b I3 b IB 3 T b  yBS- 

AHHeHHe HHCAa BeHTHAeH AHUIb Ha T p H, a He Ha UieCTb, KaK 3 T0  

T p e ö y e T C H  a a h  o A H o r o  nepBoro K a c n a A a .

B c A y n a e  c x e M b i  64-6 o ö p a T H o e  H a n p a a i e H H e ,  KOTopoe CTpe- 
MHTCfl B A K ) 6 o M  C p e A H e M  BeHTHAe C 0 3 A 3 T b  „ 0 6 p 3 T H 0 e  3 a * H r a H H e “ , 

P 3 B H O , no S M n A H T y A e ,  n p H M e p H O  E 0 , p a 3 A e A e H H O M y  H a  h h c a o  

K 3 C K 3 A O B , T . e .  H 3  A B 3 ,  3 T O  a ïe  O THO CH TC H  H K  K p 3 H H H M  B eH TH "

A3M 1, 2, 3, 7, 8, 9 cxeMbi 64-s, t o t a s  K a K  a a h  ee c p e A H H x

B e H T H A e H  OHO n O H T H  B A B a  p a 3 3  Ö ö A b U ie .

f l e p e X O A H  K B b lB O A y  C O O T H O U ie H H H  M e jK A y  H S n p a a ie H H H M H ,  

ynaaseM, h t o  b H a r n e n  c x e M e  ( c p H r .  64) K p H B a a  BbinpaMAeHHoro 
T O K a ,  e c T e c T B e H H O ,  A O A a tn s  H M e T b  m e c T K t p a s H y i o  c p o p M y ,  KaK 

h  b  C A y n a e  o a h o k s c k s a h o ö  cxeMbi, p a 3 0 6 p a H H 0 H  b  § 4.
C B H 3 b  MeîKAy Eo H £ 2 , H 3  O C H O B 3 H H H  n p e A b l A Y ^ H X  HCC AC AO ' 

B 3 H H H , M O a îe T  6 b I T b  BbipSJKeHa ĄAH H O B O H  CXeMbl ( p H r .  64-a B BHA6



fi A  =  0,58/<o,

\JlMQ_y—
/ 3 i

/ r**<
,fl' hI J ÍI

a  a a h  n a p a A A e A b H C Î i  p a ó o T b i  K a c -

KaflOB ( tp H r .  6 4 - 6 )

£» =  0 ,1 4  E 0 • • (28')

C o O T H O U ie H H e  TOKOB H  K09(pH-  

y H e H T  H C I1 0 A b 3 0 B a H H H  M O m H O C T H  

ceT H  h a h  n e p e x O A H b ix  T p a H c t p o p -  

MaTOpOB OCTaiOTCH T3KHMH JKe, 

Kan h  n p H  n p o c T O H  O A H O K a c K a a -  

o n  höh c x e M e ,  B C A e A C T B H e  n e r o  c n a -  

an; 3aHHoe 0 6  3 t h x  B eA H H H Hax b §  4

BI O C T a e T C i )  B  C H A e  H  ¿ A H  A a H H O r O  

cAynan '). CAeAyer AHiub oroBo- 
oee pHTb, HTO KorAa ocyujecTBAiieTCii 
m  cxeM a 6 4 - 6 ,  t .  e . n a p aA A eA b H aa  

a « :  paôoTa K a c n a A O B ,  t o  t o k ,  n p o x o -

I® Anu¡nñ Hepe3 KpañHHe h cpeAHne 
B e H T H A H ,  H e  0 A H H 3 K 0 B  —  B  n e p -  

B bix  O H  Ö O A b m e ,  H e M  E O  B T O p b l X ,  

¡»hs a  H M e H H o :  A e f i c T B y i o i i j e e  3 H a q e -  

J¡!0  H U e  T O K a  B  K p a H H H X  B e H T H A H X ,  

T a K  « e ,  K a K  h  a a h  n o c A e A O B a -  

T e A b H O H  p a Ö O T b l  K a C K 3 A 0 B , p a B H O

0(1

i 1 „ 

i 1 ¡B l
' ¡ i  j

8  ! !___ I___ 1 1

w t
w t

w t

but

' j j t
(29) O u r .  6 4 .

*) Pa3yMeeTCfl, npH cxeMe <pHr. 6 4 - 6  aeñcTBywnjee 3aaHeHne TOKa b  AHBeS- 
H w x  n p o B o a a s ç

Ą =  ( 0 , 8 1 7  I0) : 2 qè 0 , 4 0 9  / 0 ,
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a B cpeAHtfx

AainAHTyAa jse TOKa

a  b cpeAHHX

=  =  0 ,409 h

B  K p a K H H X  B e H T H A f l X

7 = 1 , 0 5  70 , . • 

Ic =  0,53 70 . .

(29')

.(30)

(30')

noAyneHHbie p a B S H C T B a  HeTpyAHO 40Ka3aTb, h6o h 3  i i a o c k o h  

ĄHarpaMMbi tokob nepe3 bchthah moîkho BHACTb ( ( p n r .  64-6), mto

4. B KpaHHHX BeHTHAHX nO 
CpaBHeHHK) CO CpeAHHMH 

öoAbiue aMnAHTyAa, ho 3aT0 ' 
^  ^  M e H b u i e  B p e M a  n p o x o a t A e -

HHH TOKa 3 a nepnoA- CpeA- 
nee ace 3 HaneHHe TOKa bo 

Bcex BeHTHAHX OAHHaKOBO.
HeöoAbuiaa HepaBHOMep- 

HOCTb B 3(p(peKTHBH0H Ha* 
rpy3Ke BeHTHAeii MoateT 
TpeÖOBaTb AHIHb pa3AHHHbIX 
BbIBOAOB y pTJÍTHblX KOAÖ 
H ra30Tp0H0B, OAHaKO, TAaB- 

Haa yeHHOCTb stoh cxeMbi 3aKAiOHaeTca 
b nocAeAOBaTeAbHOM coeAHHeHHH KacKa- 
AOB, a noTOMy cyujecTBeHHoro 3HaneHHH 
OTMeneHHblH HeAOCTaTOK HMeTb He MOaîeT.

Ąatwafi cxeMa, KaK h OAHOKacKaAHaa, 
oÖAaAaeT cnocoÖHOCTbio AaBaTb oaho- 
BpeMeHHO, 6e3 OCOÖblX AOHOAHHTeAbHblX 
ycTpoHCTB, noHHJKeHHoe 3HaqeHHe BbinpaM- 
AeHHOro HanpnæeHHH c Tpexcpa3HOH (pop- 
MOH KpHBOH.

H a (pnr. 65-a a&h nacTHbin CAynaä
MHOrOKaCKaAHOH c x e M b i  MOIgHOH Bbinps- 
MHTeAbHOH yCTaHOBKH. B A a r O A a p i l  HaAH- 

HHK) AByX UieCTHnOAIOCHblX TpeH U iaA b- 

T e p o B  - n e p e K A f o n a T e A e H ,  c o c a h h h i o u í h x  

BTOpHHHbie OÔMOTKH B 3Be3AbI HAH B T p e y rO A b H H K H ,  a  K aC KaA“ -  

napaAAeAbHO hah nocAeAOBaTeAbHO, 3Ta ycTaHOBKa MoaieT AaBaTb, 
C A e A y io u iH e  n e T b i p e  H a n p a a ie H H H  n p w  i t o a h o h  C B o e n  m o i ^ h o c t h :

7,8 -  4,5 k V .

C£)nr .  6 > a .

E0 =  15,5 —  9,0



H a  ( f )H r .  Ć5-6, b , n p e A C T a B A e H b i  o c y H A A o r p a w M b i ,  CHHTbie H a

(ÿ 3TOH ycTanoBKe, npHqeM K p H B b ie  1 o th o c h tc h  k CAynaio bkaio-
MeHHH B T O p H H H b lX  OÖMOTOK B A, a  K p H B b ie  2 —  K C A V H a iO  B K A IO
HCHHH H X B Y.

®Hr. 65-6.

®nr. 65-b.

H a 3 T H X  O C y H A A O r p a M M a X  M 0 3 Î H 0  H a Ó A IO A a T b  B A H f lH H e  H O H H- 

3 a g H O H H o r o  n o T e H y H a A a  H a  ( f io p iw y  k p h b o h  B b in p H M A e H H o r o  

H a n p n æ e H H H ,  a  T a n a t e  r a p M O H H K  n n r a i o i i j e r o  H a n p a a í e H H H ,  o u e M  

ö y ^ e T  p e n b  H H iü e ,  b  § 6  rAaßbi IV .
YnaateM euje Ha B03M0íKH0CTb noAyqeHHH MHoroKacKaAHoM 

c x e M b i  A B e H a A ü a T H ( J ) a 3 H o r o  B b in p H M A e H H « .  O y c T b ,  K a n  n o K a 3 a H o  

Ha ( J m r .  6 6 ,  n H T a H H e  B e H T H A e S  n p o H c x o A U T  o t  A B y x  T p e x -  

C f > a 3 H b l X  T p a H C ( J ) O p M a T O p O B ,  H  B  C e T b  O H H  B K A I O H e H b l  O A H H  T P e -  

y r o A b H H K O M ,  a  B T o p o H  3 B e 3 A O H ,  B e K T o p H a í j  A H a r p a M M a  H a -

w



KaJKAOH rpynnfai CABHHyTbi Apyr

-0 +
Hapannenbno ilocnedofiame/ibHO

np»»:eHHH, BbinoAHeHHaa aah  TaKOH cxeMbi, npeflCTaBAeHa Ha 
t | )H r .  67. OHa n o K a 3 b iB a e T ,  h t o  B e K T o p w  b t o p h h h w x  HanpaateHHH

OTHOCHTeAbHo Apyra  Ha 30 .
9 t O  O Ö C T O H TeA b C T B O  

MoaieT aaTb AseHaA- 
y a T H ( | ) a 3 H y K )  K p H B y io  

B b in p a M A e H H o r o  TO Ka. 

To JKe M O atH O  n O A y H H T b  

h  n p H  0 4 H 0 M T p e x c J )a 3 -  

H O M  T p a H C ( | )O p M a T O p e ,  

e C A H  B T O p H ^ H y iO  0 6 - 

M O T K y  p a 3 0 H T b  H a  ABe 

C H C T e M b I H  O A H y  H3 

H H X  C O e A H H H T b  3 B e 3 -  

A O H , a  A p y r y K )  —  Tpe-  

y r O A b H H K O M ,  H A H , Ha-  

K0 Hey(M0 aiH0  B o c n o A b -  

3 0 B â T b C H  p « A O M  OAHO- 

q > a 3 H b ix  TpaH C <J)opM a-  

T O p O B , B KA IO HeHHblX  

T p e x ( p a 3 H 0 .

/ipyrHM  BHA0H3MeHeHHeM Tpex<J)a3HOH cxeMbi 1 peTya aBAHeTca 
cxeMa, H3o6paaieHHaa Ha (Jmr. 
e x e M O H  C pa3AeAeHHblMH (J )a3aM H, 

npHMeHeHHH BOCbMH BeHTHAeS,
H3 KOTOpbIX ABa MOÍKHO 3aMe- 
HHTb OAHHM C 061IJHM K3TOAOM 
H ABOHHbIM aHOAOM, a ABa Apy- 
THX MOaîHO 3aMeHHTb OAHHM C 0 6 - 
UJHM aHOAOM H ABOHHbIM KaTOAOM.
BTOpĤ HaH OÖMOTKa aHOAHOrO
TpaHCcpopMaTopa HMeeT no ABa 
BbIBOAa OT KaiKAOH $a3bl.

PaöoTa AaHHOH cxeMbi Bbinpa- 
MAeHHH noAOÖHa paôoTe Tpex- 
(pa3HOH cxeMbi TpeTya. O opM a 
TOKa, npoxoAaiyero no $a3HbiM 
OÖMOTKaM B 3T0H CXeMe, TaK /Ke,
KaK h b  Tpex(J)a3HOH c x e M e  T p e T u a ,

H e  c o A e p a î H T  n o c T O H H H O H  C A a r a i o -

meñ. ®opMa ate TOKa, npoxoAHiijero qepe3 KaasAbiH BeHTHAb, 
COCTaBAiieTCH H 3  TpeX KOCHHyCOHAaAbHbIX OTpe3KOB, CHMMeTpHHHbIX 
OTHOCHTeAbHO aMnAHTyA H HMeiOIHHX npOAOAaSHTeAbHOCTb no OClf

6 8 ,  K O T o p y io  M O a îH O  H asB aT b  

KaK B H A H O , 3 T a  c x e M a  T p e ö y e T

/'

® n r .  6 7 .



a6cijHCc
2 TZ -°tr
6 . TaKHM o6pa30M, noA-

H c e  BpeMH paöoTbi KajKAoro bchthah 
b TeneHHe oAHoro nepHOAa cocTa- 
BAfleT 0,5 T , t. e. noAynaeTCH 6 oAb-
Iliee HCn0Ab30BaHH6 BeHTHAH, HeM 
npn oöbiqHOH Tpex(J)a3HOH cxeMe 
TpeTya

KpHBaa BbinpHMAeHHoro Hanpa- 
îKeHHa b  AaHHoii c x e M e  noAynaeTCH 
coBnaAaioujeH no (popMe c KpHBoii 
oöbiHHoro iuecTH(j)a3Horo BbinpaMH- 
TeAH, OAHaKO, BbinpflMAaeMblMH Ha- 

npa*eHHHMH 3AeCb HBAaiOTCH AHHeîï- 
Hbie HanpajKeHH«, CABHHyTbie B3a-
HMHO Ha yroA 120°.

riepexoA« k onpeAeAeHnio coot- 
HomeHHH MeîKAy HanpaaieHHaMH, 0 6 0 - 
3HaHHM aMnAHTyAy (pa30Boro Hanpa- 
jKeHHH nepe3 E ; TorAa cpeAnee 3Ha- 
neHHe BbinpHMAeHHoro- HanpaiKeHHa 
Bbipa3HTCH ypaBHeHHeM

E0 =  E  • v/3 ■ — sin - I ,
TC D

t. e.

E0 =  \/3  • 0,955 • E =  1 ,6 5 E .

Ecah 3aMeHHTb E  nepe3 S’ 2$  ’ \¡2, 
to aah AeHCTByromero 3HaneHHa 
<pa3Horo HanpaîKeHHa noAynaeM

e 2® =  0,428 E 0, . . ( 3 1 )

t. e. tot ate pe3yAbTaT, hto h aah 
Tpex(J)a3HOH cxeMbi TpeTga.

Ecah noACHHTaTb 3HaneHHe 0 6 - 
paTHoro HanpaaseHHH, to OKa3bi- 
BaeTca, hto aah KpaHHHx bchthach 
J, 2, 7, 8  oho paBHO Bcero Anuib

E 'oSp= E ^ 0 , 6 0 5  Eo , . . ( 3 2 )

riHTaHHe paÄHOyCTpbHCTB—9

/

2

Lt

3

4

k
5

2  4
- !.rfi .. . . i-r* ,

6 s
- i - ni • 1 — 

-----------(5+ -0 ------------

^ ^ 1

m .

f l  (' n .
1

---------

m

n n .

i

m .

O u r .  6 8 .
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Torfla Kan aah neTbipex cpeAHHx B e H T H A e ñ  o h o  6oAbine b  \/3 

pa3, t .  e. p a B H O

E ’ o 6 p =  1 , 0 5  E 0 ................................................................ ( 3 2 ' )

BaíKHO O T M e T H T b ,  HTO B C X e M e  C p a 3 A e A e H H b l M H  (J )a3aM H  T a K O M y  

a t e ,  K a K  n p n  c x e M e  T p e T u a ,  0 6 p a T H 0 M y  H a n p j j a t e H H i o  n o A B e p -  

r a i o T C í i  B c e r o  A H u i b  n e T b i p e  B eH T H AH , T o r A a  K a K  b  c x e M e  r p e T i j a  

h  b  A p y r n x ,  p a 3 o 6 p a H H b i x  p a H e e , — H e  M e H e e  i n e c T H .  K p o M e  T o r o ,  

TOK K O p O T K O rO  3 a M b I K a H H f l ,  B 03H H K IU H H  n p H  0 6 p a T H 0 M 3 a JK H ra H H H ,  

B A a H H O ÍÍ  c x e M e  n p O X O A H T  T O A b K O  Hepe3 A B a  B e H T H A f l .  3 t h  

O Ó C T O íIT e A b C T B a  A e A a i O T  B b i n p H M H T e A b  c n O A O Ó H O H  C XeM OÍÍ ÓOAee 
H a A e a i H b i M  b  p a 6 o T e .

C o o T H o m e H H e  M e a / i y  t o k 3 m h  HaiÍAeM, ecA H  o 6 o 3 H a 4 H M  aMnAH- 

T y A y  BbinpflMACHHoro TOKa n e p e 3  7. T a  a e  BeAHHHHa aMnAHTyAbi 

TOKa HMeeT MeCTO B AK)6o m  BeHTHAe H B (J)a3HOH OÓMOTKe. TaK 
KaK KpHBajI BbinpflMAeHHOrO TOKa ABAÍieTCH UieCTH(pa3HOH KpH' 

BOH, TO

7 = 1 , 0 5 /o ............................................... (33)

^eñcTByiouiee 3HaneHHe TOKa b  oÓMOTKax TpaHCípopMaTopa 
T a K O B O  ase, h t o  h  n p H  cxeMe T p e T y a ,  t .  e.

J 2 =  0 , 8 1 7 7 o , ........................................................................ ( 3 4 )

T o r A a  K a K  A e ñ c T B y i o u j e e  3 H a n e H H e  T O K a ,  n p o T e K a i o u j e r o  « i e p e 3  

A K ) 6 o H  B C H T H A b ,  p a B H O

eos2 <0 td  (co t) .

Peuiaa 9to  ypaBHeHHe, m w  noAynaeM

J b =  0 , 7 0 8  7 ,

HAH
• A , —  0 , 6 7  7 0 ................................................. ........ . ( 3 5 )

t . e. HecKOAbKO óoAbiue, qeM npa Tpex(pa3HOH cxeMe rpeTya, 
KaK h CAeAOBaAO oaîHAaTb, nocKOAbKy b a3 hhoh cxeMe mw HMeeM 
óÓAbuiyio 3arpy3Ky KaaïAoro bchthah no BpeMeHH. OAHaKO, 3to 
oócTOHTeAbCTBO, KaK yaie ynoMHHaAoeb, He HMeeT 6oAbinoro 
3HaHeHHfl npn npHMeHeHHH pTyTHbix koa6 h ra30Tp0H0B. BaiKHee
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to 06cT0HTeAbCTB0, HTO cpeAHee 3Ha»łeHHe Tona, npoxoAHujero 
nepe3 Ka*AW0 BeHTHAb npw a3hhoh cxeMe, cocTaBAaeT

.............................................. (36')

TorAa Kan npn TPex$a3HOił cxeMe fpeTya h npn KacnaAHOH (§ 3) 
OHO paBHO*

/«* =  § ...............................■ • ■ -(36")

a npH ak>6oB npocToft MH0r0<pa3H0H‘.

(36")

rioTepfl BHeprHH B pTyTHOM BeHTHAe C iKHAKHM KaTOAOM, KaK 
h b ra30Tp0He, onpeAeAaeTcs, Kan H3BecTHO, hmchho cpeAHHM 
3HaqeHHeM TOKa. B cHAy sToro pacxoA 3Heprnn b bchthahx npn 
cxeMe c pa3AeAeHHbiMH (pa3aMH HecKOAtKO öoAbiue, qeM, Hanpn- 
Mep, npn Tpex$a3HOH cxeMe TpeTua. B caMOM AeAe, npHMeHHH 
ra30Tp0Hbi c nocTOflHHOH noTepen HanpnæeHHfl e6= 1 5  BOAbT, 
aas nepBoro CAyqaa 6yAeM HMeTb

2 P * =  8 ^ 1 5 . ^  =  6 0 / 0 ,

TorAa KaK aah BTOporo

EP* =  6 ^ 1 5 - | ^  =  3 0 / 0 .

rioCKOAbKy aÖCOAlOTHajI BeAHTOHa 9TOH nOTepH 3HeprHH HHHTOaiHa 

(nPH MOOJHOH yCTaHOBKe),  rOBOpHTb O 3aMeTHOM yMeHbUieHHH  

Kna. npn cxeMe c pa3AeAeHHbiMH cpa3aMH He npaxoAHTca. 
T o h h o  TaK ase He n p H x o A H T c a  ro B o p H T b  o bo3moähom n e p e r p e B e  

BeHTHAeft, TaK KaK r a 3 0 T p 0 H  o ö m h h o  H3r0T0BAaeTCH Ha cpeAHHH  

TOK, paBHblH nOAOBHHe MaKCHMaAbHOFO TOKa /maxr , KOTOpblH 
b CBOIO onepeAb AOAaseH 6 w T b  öoAbine h a h  paBeH HaHAeHHOH 
n o  (p op M yA e ( 3 3 )  aM nAHTyAe B b in p a M A eH H o ro  TOKa. H t o  s e  

KacaeTCH p T y T H w x  k o a 6 ,  t o  npHMeHeHHe h x  no AaHHOH cxeMe 
B03M 0æ H 0 B c e r A a ,  nocKOAbKy K a x a a a  KOAÖa p a c cH H T b iB a eT ca  Ha 

noAHoe c p e A H e e  3Ha«ieHHe B ta n p a M A eH H o ro  TOKa Io •

P a c i e T H a «  MonjHOCTb btophhhoh oömotkh T p a H C $ o p M a T o p a  

c Pa3AeAeHHbiMH (J>a3aMH HaxoAHTca no <J>opMyAe

P 2 =  3  £ - 2$  J 2 =  3  ■ 0 , 4 2 8  E 0 • 0 , 8 1 7 / o



H p a B H H e T C f l

P 2 —  1,05 Po (37)

He^ocTaTKOM cxeMbi c 
HeKOTopaH CAOasHOCTb ee,

J,

( D a r .  6 9 .

pa3AeAeHHbiMH (J)a3aMH «BAHeTCfl 
B C A e f lC T B H e  H 3AHHHH 8  B e H T H A e H .  

HeAb3H, O A H a K O ,  C K a 3 a T b ,  HTO 

B C H A y  3Toro n p H  H e ñ  S K c n A o a -  

T a i j H H  B o o ö u j e  A o p o î K e ,  n e M  

n p H  C X e M e  C 6  B e H T H A H M H .  ĄeAO 
b  t o m ,  HTO n p e H M y i y e c T B e H H O H  

n p H H H H O H  B b IX O A a  H 3  CTpOfl 

B e H T H A e H  H B AfleT C H  B 0 3 H H K H 0 B e *  

H H e  o ö p a T H o r o  a s a s H r s H H H .  A a H ' 

nan a t e  c x e M a ,  K a K  ö b i A O  yate 
o T M e n e H O ,  b  s t o m  o t h o u i c h k h  

H B AH eTC H  K a K  p a 3  H a n ö o A e e  

ÖAaronoAyuHOH.

§ 6. CxeMbi no -rany 
rpeÖHaxepa.

B T A a B e  I n p H  KAac- 

CHCpHKayHH BbinpHMH- 

T e A e n  no T H n aM  cxeM  

ß b i A a  y a s e  y K a 3 aHa, 

b  K a ^ e c T B e  n p H M e p a ,  

c x e M a  T p e H H a x e p a .  

O c H O B H b lM  SAeMeHTOM 

HOAOÖHbix c x e M ,  noMH- 

MO BeHTHAH, HBAfleTCfl 

KO H A eH CaT O p,  KOTOpwS 

3 a p H a i a e T C H  o t  h c t o u -  

HHKa M e p e 3  BeHTHAb 

b  T e n e H H e  H3BecTHOH, 

OÖblHHO HeÖOAblUOH, 

n a c T H  n e p H O A a ,  a  b 

o c T a A b H y i o  q a c T b  ero 
p a 3pHHíaeTCH Ha no- 
A e 3 H y i o  H a r p y 3 K y .

T a M  a i e  6 b iA o  yKa3a- 
HO, UTO AAH paf lH O TeX -  

HH H ecK H x y e A e n  n p n -  

Me h  e h  h  e n o A O Ö H b i x



nur

cxeM yeAec006pa3H0 TOAbKO TorAa, KorAa TpeßyeTca cpaBHHTeAbHO 
BbicoKoe HanpnateHHe, h KorAa nacTOTa BbinpHMAaeMoro Hanpaate- 
HHH cocTaBAaeT HecKOAbKo cot r ep y .

B § 3  TAaBbi  IV  6 y A e T  pa3o6paH b  oöiyeM BHAe npoyecc 
AAH y e n n ,  c o A e p a t a i y e ñ  BeHTHAb h  K O H A e H c a T o p .  3 A e c b  a t e  Mbi 

KOCHeMCH e r o  A H uib  npH M eH H T eA bH O  K ynoM iiH yT O H  cxeMe h  b w -  

BeAeM HeoöxoAHMbie cooTHOuieHH«, n p eH e ö p eraa  BHyTpeHHHM 
conpoTHBAeHHeM BeHTHAeñ h TpaHC(popMaTopa.

H a (pHr. 69  H3o6paateHbi caMa cxeMa, a  Tanate h AHarpaMMbi 
TOKOB H HanpHateHHH. Kan MOatHO H3 HHX BHAeTb, BbinpfIMAeHHOe 
HanpaateHHe e 0 sbahctch cyMMOH HanpaateHHH Ha KOHACHcaTO- 
pax, t . e.

e0 =  e ć  +  e c" •

E c a h  n p e A n o A a r a T b ,  h t o  p a 3 p ^ A  K O H A e H c a T o p a  HaHHHaeTCfl  

b  t o t  MOMeHT, K o r A a  H a n p a a t e H H e  HCTOHHHKa A o e r a r a e T  a i a n A H -  

TyAHOrO 3 H a q e H H H ,  HTO B e p H O  TOAbKO npH Ö A H 3H TeA bH O , TO BpeMH 

e r o  3 a p H A a  o n p e A e A H T c a  b  p a A H a H a x  p a 3 H o c T b i o

9 = 2 — ' ł i  =  2 «  —  j e ................................... (a)

$aAee M O atH O  H a n n c a T b  euje C A e A y i o i y H e  B b ip a a te H H H  a a h  

M a K C H M a A b H O rO  H M H H H M a A b H O r O  H a n p a a t e H H H  H a  C O n p O T H B A e H H H

naaf

Häl; 

1H®

HarpysKH R
Em** =  E - \-  Ey , 

E m-,n = E g - \ -  E x .

¡H1*  riosTOMy cpeAHee 3HaqeHHe Toro ate HanpaateHHH npnÖAHateHHO
M o a t e T  ö b i T b  B b ip a a t e H O  b  BHAe

F F E
ff*® 1 4 -  —
SfSTi T-. Emax “f" Emin r* E  E  E  , >

£„  = --------- g ---------E ----------------2 -------------  . . .  . ( 6 )

YMeHbuieHHe HanpaateHHH o t £ raax AO E m\n cooTBeTCTByeT
it —  0

afl» H3paCXOAOBaHHOMy KOAHHeCTBy SAeKTpHHeCTBa 3a BpeMH —- —

b conpoTHBAeHHH R. 3 t o  cooöpaateHHe AaeT B03M0atH0CTb Hann- 
caTb cAeAyioigee BbipaateHHe:

Ü S  r, N C , 0



¡b Ko t o p o m C  03HanaeT eMKOCTb OflHoro KOHaeHcaTopa. Pa3aeAHB 
o6e nacTH paBeHCTBa Ha Eq h  n o a c T a B H B

2 £ 0___ ' ' ' .................................

A - A

E 0 ~ R ’

noAyHHM (popMyAy, onpeaeAíiioujyío eMKOCTb KOHaeHcaTopa

_  7 t — 0

(b)

s a>R
. ( 3 8 )

B 9 T 0 H  ( p O p M y A e  5 eCTb K 0 3 ( J ) H y H e H T  n yA b C a g H H  BbinpHMAeHHOrO  

HanpîiJKeHHH ( c m . T a n a te  §  6  rAaBbi I V )  h  b aaHHOM C A y n a e  MoaieT  

6b iT b  B b ip a a teH  T a n a te  n e p e 3  c o o T H o m e H H e

E max - ( -  E m \a

B CHAy 9TOrO MOatHO HanHCaTb C TOHHOCTbIO, flOCTaTOHHOñ AAfl 
npaKTHHecKHx pacneTOB, eige CAeayioiiiHe cooTHomeHHH

=  (1 — 4 s) • E I / \
E , m ( \  —  2 s ) - E }  ..........

IiaAee n p H M e M  bo BHHMaHHe, mto 3apnA KOHaeHcaTopa HaHHHaeTCfl 

b M O M e H T  aocTHjKeHHH EHeuiHHM HanpaateHHeM e =  ZTsin coi bcah- 

HHHbi, OAHHaKOBOH c HanpaateHHeM Ha KOHaeHcaTope, t. e. noraa

E x  —  E  sin
hah, hto to ate,

E x  =  E  sin — 0  j  ; 0  =  — are sin .

B CBH3H ate c ycAOBHeM (r) HMeeM

0  =  ^ —  arc sin (1 —  4 s )  ........................... (39)

FIpeanoAoatHM, hto aonycTHMaa nyAbcaijHH aoAatHa 6biTb 
paBHa s  =  0,05, a cu =  2 ir/.

T o ra a  HMeeM

c = r r f ' l F ........... w
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Pa3yMeeTc.H, b AaHHbix (popMyAax nacTOTa HSMepaeTcH b repya* 
H COnpOTHBAeHHe b oMax.

K a K  H e T p y ^ H O  6 w a o  6 w  y ö e ^ H T b C H  n y T e M  n p H M e H e H H H  n o c A e A H H x  

( p o p M y A  K  n a c T H b iM  C A y n a a M ,  n p n  o ö b iH H O H  q a c T O T e  / =  50 r e p y  

3 H a n e H H f l  c m k o c t h  K O H A C H c a T o p a  n o A y n a t o T C f l  A O B O A b H O  3 H a n H -  

T e A b H b lM H .  l i o  3 T O H  n p H H H H e  H a  n p a K T H K e  H H O T A a  A i H H y i O  c x e M y  

CHaöaiaioT AonoAHHTeAbHbiM r _o6pa3HbiM cpHAbTpoM, Kan noKa- 
3 a H O  H a  ( | ) H r .  70. B s t o h  c x e M e  H a  3 a a t H M a x  K O H A e H c a T o p o B  C 
A o n y c K a e T C H  c p a B H H T e A b H O  ö o A b m a a  n y A b c a y n n ,  K O T o p a a  m o j k c t  

ô b i T b  y M e H b i n e H a  öoAee B b i r o A H O  b  3 k o h o m h m 6 C k o m  o t h o u i c h m h  

A O n O A H H T C A b H b lM  ( p H A b T p O M  ( c m .  e r o  p a C H e T  B §  8  T A . ^ I V ) .

]\ah pacneTa cooTHomeHtin Me*Ay TOKaMH 
Mbl MO*eM B0Cn0Ab30BaTbCH paBeHCTBOM KOAH* 
qecTB 3AeKTpHHecTBa npn 3apaAe h pa3p«Ae koh- 
AeHcaTopa, t. e.

h *  =  r ® .

^onycKaa AaAee, hto no cBoeM (popMe HMnyAbc
3apHAHOrO TOKa, npOXÔ HUiHH Hepe3 BeHTHAb,
M3A0 OTAHHaeTCH OT CHHyCOHAbI, MoaseM HanHCaTb

a OTciOAa

r = K ¡ ’TZ

I - I ^ ~  
“ ° 2 0

(40)

nPH nyAbcauHH s=0,05,

7 = 8 / 0 ........... (40')
ÆeücTByioiijee 3 H a q e H H e  J2 T O K a ,  npoxoAHiijero nepe3 T p a n c -  

( p O p M a T O p ,  M O K Í T  6 b l T b  H a H A e H O  n ^ H O A H a ie H H O  no ( p O p M y A e

0

 (41)
h a m  Toro JKe CAyqan s — 0,05,

Jo =  2,5 70 ........................................... ( 4 i ;

/ l e ñ c T B y i o i i i e e  3 H a n e H H e  J 2b T O K a ,  n p o x o A f l u j e r o  n e p e 3  B e H 

T H A b ,  O H e B H A H O , b  \] l  p a 3  M e H b iu e  n e m J¿, T a K  K a K  n e p e 3  K a a i -  

A b iH  B e H T H A b  n p o T e K a e T  O A H H  H M n y A b c  3a B p e M H  O A H o r o  n e p H O A a .

CpeAHee S H a q e H H e  B b in p a M A e H H O r o  H a n p a a je H H j i  m o * h o  n o A -  

CHHTâTb coB O K ynH biM  p e u i e H H e M  n o  (po p M y A aM  ( 6 ) h  ( r ) ,  a  h m c h h o :  

E 0 =  E  ■ 2 (1 —  2  s )  > ) ............................................... (42)



h  A A H  A e n c T B y i o u j e r o  3 H a H e H H H  £2 a H O A H o r o  T p a H c < J ) o p M a T o p a  

n o A y n a e M  ( p o p M y A y :

Si =  E0- ~ ---------• ■ • • < « )
2  \ / 2  (1  —  2  s) ( 1  — 2  s)

P a c ^ e T H a H  M o n jH O C T b  B T o p H H H O H  o 6 m o t k h  T p a H c t p o p M a T o p a  

p a B H a

P 2 =  £ 2 ' J  2
h  f lA H  A a H H O r o  n a c T H o r o  C A y n a a  n p n  n y A b c a i j H H  b  0 , 0 5  O H a 

p a B H f l e T c a  *

P  2 = P o >
T .  e .  K 0 3 ( p H y H e H T  H C n 0 A b 3 0 B 3 H H H  M OIH.HO CTH n O A y M a e T C f l  B b IC O K H M . 

BcAe^cTBHe 3Toro oôcToaTeAbCTBa AeiîcïByioiijee 3HaneHHe J2 

B T O p H H H O r O  TOKa MOÍKHO 6 b IA O  6 b l  O n p e A e A H T b  Hepe3 OTHOIIieHHe

M e a s l y  Po h  P 2 *

O ö p a T H o e  p a ö o n e e  H a n p a a t e H H e  H a  K a a î f lO M  B e H T H A e  p a B H o
£

c y M M e  - y  h  E ,  t .  e .

E'o6p̂  +  E ^ E 0 .............................................. ( 4 4 )

T a n  KaK T a n a H  c x e M a  o S m h h o  n p H M e H a e T C H  T o r A a ,  K o r a a  E 0 

BeAHKO, t o  y e A C C 0 0 6 p a 3 H 0  b  K a n e c T B e  b c h t h a c h  6 p a T b  KeHO- 

T p o H b i .  Y n o T p e Ô A e H H e  p T y T H b ix  k o a 6  6 biAO 6 bi H e u , e A e c 0 0 6 p a 3 H 0  

H 3 - 3 a  HaAHHHii y  HHX ô o A b u i o r o  H 0 H H 3 a i j H 0 H H 0 r 0  n o T e H y n s A S ,  

a  r a 3 0 T p 0 H b i  H M eioT  o r p a H H n e H H o e  3 H a q e H H e  ¿ o n y c T H M o r o  nH K a 

TO K a /m a x r . *

B n p 0 H3 B6 A e H H 0 M p a c n e T e ,  noM H M O  y a c e  y K a 3 a H H b ix  A o n y i y e -  

H H H , H e  y H T eH O  B H y T p e H H e e  c o n p o T H B A e H n e  K eH O T poH O B . P a c n e T  

6 o A e e  TOHHbiH, c  y n e T O M  S T o r o  c o n p o T H B A e H H H ,  m o î k h o  n p o n 3 -  

BeCTH H a  OCHOBaHHH 3 H 3 A H 3 a  3 A e M e H T a p H 0 H  CXeMbI BeHTHAH 

C KOHAeHCaTOpOM, n p H B e f le H H O H  B § 13 TAaBbl IV . H a A O  3 3M e TH T b,  

OAH3KO, HTO B p 3 3 0 6 p a H H 0 H  B blH ie  C X C M e ,  OÔbIHHO R  H 3T py3K H  

H3CTOAŁKO BeAHKO, HTO BH yT peH H H M  COnpO THBAeHHCM  nO C p 3 B H e -  

HHK) c HHM B n o A H e  m o î k h o  n p e H e ô p e n b .

B o A e e  c y u j e c T B e H H y i o  n o n p s B K y  H e o ô x o A H M O  b b c c t h  b  p a c ^ e T ,  

K o r ^ a  n o  ( p o p M y A e  ( 4 0 )  a iw n A H T y A a  T O K a  /  n o A y n a e T C f l  ¿ O A b m e  

T O K a  H a C b im e H H H  K e H O T p O H O B , K O T O p b ie  J K e A a T e A b H O  n p H M e H H T b  

b  3 a A a H H 0 M  n a c T H O M  C A y q a e .  3 ï y  n o n p a B K y  m o î k h o  c ^ e A a T b ,  

p y K O B O A C T B y f lC b  y K a S a H H H M H ,  n p H B e A e H H b lM H  B §  2 T A a B b l  II.
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B H A O H 3 M e H e H H H M H  C X e *

Mbi rpeñHaxepa hbahiotch 

cxeMbi, ripHBeAeHHbie Ha 

( p H r .  7 1 .  r i e p B a a  h 3  h h x  

( ( p u r .  7 1 - a )  M o a t e T  A a T b  

B b i n p f l M A e H H o e  H a n p a a t e H H e ,  

p a B H o e  n O H T H  a M n A H T y A e  H a -  

n p H J K e H H H  T p a H c c p o p M a T o p a ,

T o r a a  K a n  a p y r n e  ( t p n r .

71-6 h 71 -b ),  HaoöopoT, mo- 
r y T  A a T b  E 0 ^ 2 E ,  t .  e .

Aaate öoAbuie, neM b pa30- 
öpaHHOH cxeMe, AaHHOH Ha 
$ n r .  6 9 .

/ [ a j í  B c e x  y K a 3 a H H b i x  

Bbirne cxeM  x a p a K T e p H O  t o  

O Ö C T O H T e A b C T B O ,  H T O  HX 
BHeiUHHH x a p a K T e p n c T H K a ,  

t . e .  E o-f(Io) H B A í i e T c a  n a -  

AaioujeH KpHBOH Aaate Toraa,

K o r a a  a H O A H b i H  T p a H C t p o p -  

M a T O p  H  BeHTHAH C 3 M H  n O  

c e 6 e  H e  A a i o T  n o T e p n  H a n p j i -  

æ e H H H  ( c m .  ( p H r .  7 2 ) .  I l p n -

H H H O H  3 T O r O  H B A H e T C H  T O ,

H T O  c  y B e A H u e H H e M  T O K a  7 0 n p n

yMeHbineHHH R  yMeHbmaeTCH

HanpnateHHe E x Ha KOHASHca- 
Tope. BcAeACTBHe SToro, ko- 
HeiHO, MeHbme h cpeAHee 3Haqe- 
HHe BbinpHMAeHHOrO HanpHÍKeHHH. 

3 t o  ate CAeAyeT h h3 (popMyA 
(38) h (42 ). C yMeHbuieHHeM R  
yBeAH4HBaeTCH s, a 3HaHHT, yMeHb- 
uiaexcH E 0.

B c H A y  3TOH n p H H H H b i  cxeMa 
rpenHaxepa AaeT KoneHHoe 3Ha- 
H e H H e  T O K a  K O p O T K O r O  3 a M b I K a -  

HKfl I0k. 3 t o t  tok TaK ate, KaK
H O Ó p a T H b l H  TOK, B03HHKaK>UJHH 

n p H  o ö p a T H O M  3 a a t H r a H H H ,  o r p a -  

HHHHBaeTCH peaKTHBHblM c o n p o -  

THBAeHHeM KOHAeHCaTOpa.

• o ,
Co
II *
cu

3--- - f ----- €------f------*
1 1 '

Cs, - p  t v j - j -

W I
c‘0

?



H a  «pnr. 73 nOKa3aHa AHarpaMMa tokob b  cxeMe, 3 aMKHyToił
Ha KOpOTKOe. ToK Íq, npOXOAflIIJHÖ no KOpOTKOMy 3aMbIKaHHIO,

I0k =  - E  co C
K 7t

J Ł

Ü V y i r *

npeACTaBAfleT co6oio npn 

it
— — tok 3ap«Aa

KOHAeHcaTopa C",
’ Tt

— ^  cu t ti — tok pa3paAa
KOHAeHcaTopa C ,

3
tt sg  o) í ^  - 7c — tok 3apflAa

KOHAeHcaTopa C ',
3

— tok pa3p«Aa
KOHAeHcaTOpa C ".

AMnAHTyAa 3Toro TOKa h ero cpe^Hee 
3HaneHHe MoryT 6biTb HaHAeHbi no 
(JtopMyAaM

Ik =  E  (o C

7 - Ujt

-uÁ

. (45) utl

n P H KOpOTKOM 3aM bIK aH H H  KaKOrO-AHÓO 

BeHTHAfl H3-3a OÖpaTHOrO 3a*HraHHH 
b  H6M, 3HaneHHH TOKa Te se.

IlpHBeAeHHbie pe3yAbTaTbi nOKa3biBaiOT, hto xopomnM cboS-
CTBOM AaHHOH CXeMbI- aBTOMaTHHeCKH OrpaHHHHBaTb TOK npH
KOpOTKOM 3aMbIK3HHH— IlIHpOKO BOCnOAbSOBaTbCH HeAb3H. B CaMOM 
AeAe, yMeHbineHHe bcahmmhw TOKa KopotKoro 3aMbiKaHHH Tpeóyei
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yMeHbmeHHH eMKOCTH KOH^eHCaTopoB, yMeHbuiHTb >Ke ee hcbos* 
mojkho, Bo-nepBbix, noTOMy, «rro 3to AaeT 6oAbuiyio nyAbcaymo 

HanpajKeHHH, a, KpoMe toto, AeAaeT BHewHioK) 
xapaKTepHCTHKy KpyTO naAaiouieii h TeM caMbiM 
yBeAHHHBaeT pa3H0CTb Me^fly HanpaaieHHeM npn 
HopMaAbHOH Harpy3Ke h HanpnaseHHeM xoAOCToro 
xoAa. riocAeAHee, KaK HeTpyAHO noHHTb, onpe- 
AeAJieTCH (popMyAoä

E 0x' =  2 E ,
a n09TOMy yKa3aHHaa Pa3HocTb onpeAeAHeTCH BbipaaieHHeM

E 0x' —  E 0 =  2 E — 2 E ( l  —  2 s )  =  4 s E  . . . . ( 4 6 )

Pa3yMeeTCH, neM MeHbine C 
h MeHbine R, TeM 6oAbiiie s, 
a 3HaHHT, h 6oAbiue pa3HHya
(E0x' - E 0).

yAymueHHOH BHeumeH xa- 
paKTepHCTHKoii oÖAaAaeT bhao- 
H3MeHeHHaa K. C a66a cxeMa 
TpeSHaxepa. B 3toh cxeMe,
H306pa2KeHH0H Ha (pnr. 74,
ÖAaroAapH HaAĤ Hio Apocce- 
Aeft, BpeMH sapHAa KaasAoro 
KOHAeHcaTopa yBeAHHHBaeTCH, 
a, CAeAOBaTeAbHo, BpeM« pa3- 
paAa b TeneHHe ocTaAbHon 
HacTH nepnoAa yMeHbuiaeTca 
h BbinpHMAeHHoe HanpHîKeHHe 
b MeHbuieii cTeneHH 33bhcht 
o t BeAHHHHbi BHemHero conpo- 
THBAeHHH Harpy3KH R. Tanaa 
cxeMa oÔAaAaeT TaKJKe aBTOMa- 
THHeCKHM OrpaHHHeHHeM TOKa 
KOpOTKOrO 3aMbI KaHHH, B03HH- 
Kałoiyero npn oöpaTHOM 3aatH* 
raHHH. HeAOCTaTKOM ee hb- 
AHeTca 6oAbUjaH nepeMeHHaa 
CAaraioojafl HanpflateHHH Ha cj)Hr 75
KOHAeHcaTopax, KOTopaa,CKAa-
AbiBancb c nocrOHHHOH CAaraioujeii Toro ate HanpnaieHHfl, TpeôyeT 
yBeAH^eHHH h x sAeKTpnqecKOH npoHHOCTH.



Bee y K a 3 aH H b ie  B b i iu e  c x e M b i  M o r y T  6 b i T b  n p H M e H e H b i  h  n p H  

Tpex(|)a3 HOH ceTH. B nacTHOCTH, Ha cpHr. 75 noKa3 aHbi cxeMbi 
c pasAeAeHHbiMH cpaaaMH. B cxeMe, H3 0 6 paa<eHH0 H Ha ( p u r .  75«a, 
paöoTaioiyeH HanoAOÖHe 0AH0(pa3H0fl cxeMbi T p e H n a x e p a ,  Tpe- 
6 y e T C H  TOAbKO HeTbipe BeHTHAH, TOTAa I<aK BbinpjIMAeHHOe H a n p a -  

îKeHHe b n p e A e A b H O M  C A y n a e  M o a ie T  AOCTHTHyTb BeAHHMHbi 

£ ’o ^ 3 v / 3 £ ^ 5 )2 £ ' ,

a  c o o T H O iu e H H e  M e a tA y  E $  h  A eH C T B y io iy H M  3 H a n e H H e M  £ ’2$  <pa3o- 

Boro HanpaateHHH MOseT öbiTb paBHO

£ 2 $  0 ,14  Eq .

9 t O A a e T  B 0 3 M 0 a íH 0 C T b  OT OÔbIHHOH HH3KOBOAbTHOH CeTH

120/210 BOAbT noAyqHTb 6e3 npHMeHeHHH noBbimaioiyero aHOA-
H o r o  T p a H c c p o p M a T o p a  B b in p a M A e H H o e  H a n p a a s e H H e  n o p a A K a

E 0 —  850 - h  1500 BOAbT. *
CxeMa, H 3 o 6 p a a s e H H a H  H a cjmr. 75-6, KaK h cx'eMa K. Ca66a, 

A a e T  y A y n m e H H y i o  BHeniHioK) x a p a K T e p n c T H K y ,  a n o T O M y  o t  Hee 
MOiKHO noAyHHTb öoAboiee 3HaneHHe BbinpaMAeHHoro HanpaaieHHfl 
n p H  Harpy3Ke.

§ 7. 06njee cpaBHeHae BbinpaMHreAbHbix cxeM h oÔAacTH hx 
npaKTHqecKoro npHMeaeHHH.

/ [ ax Toro, HTo6bi MHTaTeAK) Aerne 6wao cpaBHHBaTb h bmôh- 
paTb cxeMbi aah KaasAoro npaKTHMecKoro CAyqaa, b TaÖAHyy (cm. 
b KOHye khhth) CBeAeHbi Bee paHee HanAeHHbie cooTHomeHHfl 
MeasAy tok3mh h HanpaaieHHHMH, a Tanate h Measly moluhocthmh.

Ha ocHOBaHHH Toro noApoÔHoro H3y4eHHa, KOTopoMy mw noA- 
BeprAH Bee cxeMbi, moîkho npHTTH k CAeAyiomHM BbiBOAaM, noA- 
TBepaîAaeMblM npaKTHKOH H n03BOAaiOiyHM OpneHTHpOBaTbCH npH 
npOeKTHpOBaHHH BbinpHMHTeAbHbIX yCTpOHCTB.

Ą ah BbinpHMHTeAefi,  KOTOpbie npeA H a3H aH aioT C B  a a h  nHTaHHH 

p a A H o n p H e M H b ix  y c T p o n c T B  h b CHAy 3 T o r o  oÓAaAaiOT MaAoñ  

MoujHOCTbK), HanöoAee yeAecoo6pa3Ha npocTaa AByxnoAynepnoAHaa 
c x e M a .  BbinpH M H TeA b c  TaKOH cxeM O H  (cm. (p n r .  9 ) ,  o co ô e H H O  

c  npHMeHeHneM AßyxaHOAHoro KeHOTpoHa, noAynaeTca BecbMa  

KOMnaKTHblM. TpaHC(j)OpMaTOp, CAyataujHH AAR nHTaHHH aHOAHOH 

y e n n ,  C H a ö a ta e T c a  AßyMH A on oA H H T eA b H b imh oÖMOTKaMH, OAHa 

H3 K O T opbix  A a eT  HaKaa  KeHOTpOHaM, a  A p y r a a  H an aA H B aeT  naTOAW 

yCHAHTeAbHbIX AaMH. HeAOCTaTKH 3TOH BbinpHMHTeAbHOH CXeMbI, 

a HMeHHO, öoAbuioe 3HaneHHe oöpaTHoro HanpaaseHHa h öoAbiuaa
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pacneTHan MoigHOCTb b AaHHOM cAynae HecyujecTBeHHbi, ÓAaro- 

Aapa HeóoAbuioñ a 6 c 0 A t0 T H 0 H  BeAHHHHe .npH M eH aeM bix  H anpníK e-  
HHÍÍ H MOUJHOCTeH.

? K eA a a  H 36eiKaTb npHMeHeHHH aH O A H oro T p a H ccp o p M a T o p a  

b  paA H onpH eM H H K ax, m ohsh o  n0Ab30BaT bCH  a a h  nHTaHHH h x  c x e -  

MaMH BbinpHMAeHHH no rany T p e H H a x e p a .  K a K  H3BecTHO, BbinpHM-  

AeHHOe H a n p a a te H H e  b  t 3 k h x  c x e M a x  Bbirne, neM n e p e M e H H o e  H an p n-  

JKeHHe. B  MaCTHOCTH, OT CeTH 1 2 0  BOAbT MOÍKHO IlOAyMHTb 6e3
n o B b i m a i o u i e r o  T p a H C íp o p M a T o p a  HanpHíKeHHe E 0^ 2  • \J 2  • 1 2 0 ^

=  3 4 0  BOAbT, HTO HBAHeTCH npHTOAHblM AAH nHTaHHH HeKOTOpblX 

paAHOnpHeMHHKOB. OAHaKO, HeOÓXOAHMblM yCAOBHeM npHMeHeHHH  

noAOÓHbix c x e M  b  s t h x  c A y q a n x  c A y * H T  HaAHHHe K O H A eH caTopoB

C MaAOÍi CTOHMOCTbIO H KeHOTpOHOB C nOAOrpeBHblM K3T0A0M,  

paCCHHTaHHblM Ha HanpHJKtíHHe 1 2 0  BOAbT.

/ [ a h  B b i n p s i M H T e A e H  6 o A e e  M o n j H b i x ,  h o  H e  B b i r n e  O A H o r o  k h a o -  

BaTTa, y e A e c o o 6 p a 3 H e e  npHMeHHTb T p e x c f ) a 3 H 0 e  nHTaHHe. C x e M O H  

BbinpnMAeHHH MOJKeT CAyaíHTb n p o c T a H  Tpexc|)a3HaH c x e M a  (<J)Hr. 1 0 ) ,  

a  b  K a n e c T B e  B e H T H A e ñ  c A e A y e T  n o A b s o B a T b C H  r a 3 0 T p 0 H a M H .  X o t h  

TaKan c x e M a  o Ó A a A a eT , K a K  h  n p e A b i A y i n a n ,  3HaHHTeAbHoñ n y A b -  

c a y H e ñ  B b i n p n M A e H H O r o  H a n p n a i e H H H  h  T p e S y e T  n o a T O M y  cpaB- 

HHTeAbHO 60AbUI0r0 K03tJ)HyHeHTa H HAyKT HBHOC TH H eMKOCTH 

c r A a a i H B a í o i g e r o  c p H A b T p a ,  TeM He M eH ee  n o  p a 3 M e p a M  A p o c c e A b  

H K O H AC H C aT O p 3 T O r O  ( J ) H A b T p a  O K a3 b I B a iO T C H  B n O A H e  n p H e M A e M b l M H .

BbinpHMHTeAeH MOIgHOCTblO OT 1 40 1 0  KHAOBaTT C HanpH*

aeHHHMH AO 5  0 0 0 ----6 0 0 0  BOAbT payHOHaAbHO B 0C n0A b30B aTbC H

Tpex<|)a3HOH cxeM OH T p e T y a  ( (p n r .  6 1 ) .  B  T e x  ¡Ke C A ynaH x, KOrAa 

T p e6y e M o e  H a n p n a ie H H e  n p n  TaKHX m o i i j h o c t h x  AOCTHraeT 1 0 0 0 0  

BOAbT h a h  4a a ie  6o A b i n e ,  y e A e c 0 0 6 p a 3 H 0  npHMeHHTb c x e M y  

c Mea5Ay<pa3HbiM A p o c c e A e M  K i o6A e p a  h  c  KeHOTpoHaMH (cpHr. 54).
B  yCTaHOBKaX nOBbimeHHOH MOUJHOCTH, OT 1 0  40 3 0 — 4 o  K H A O 

BaTT, MOJKeT 6biTb p e K0MeH40BaH0 npiiMeHeHHe KachaAHOH Tpex- 

(J)a3HOH CXeMbI ($Hr. 5 7 )  C 4ByMH TpeXaHOAHbIMH pTyTHbIMH KOA- 

6aM H. T aK O H  BbinpHMHTeAb npn H anpnaieHHHX a o  1 0 — 1 2  k h a o -  

BOAbT 6y A e T  BnOAHe H3AeJKHbIM B 3KCnAOaTayHOHHblX yCAOBHHX.

Oh o 6A aA aeT  b w c o k h m  k  n  a> h  MaAbiMH SK cnA oaTaynoH H biM H  

pacxoflaMH.
BbinpHMHTeAeH 6 0 A b U I 0 8  MOI1JHOCTH, BblUie 4 0 ----5 0  KHAO

B a T T  y e A e c o o 6 p a 3 H e e  T pexcp33H 3H  c x e M a  T p e T y a  c  r a30T p0H 3M H  

(tpHr. 6 1 ) .  T s K O e  yCTpOHCTBO o 6 a 3 A 3 C T  M3AOÍÍ yCT3HOBAeHHOH 

MOUJHOCTbK), BblCOKHM K  n A- H He T p e6y e T  yCAOJKHeHHH B  e x e M e  

COeAHHeHHH BTOpHHHblX OÓMOTOK Tp3HC(J)OpM3TOp3.

^ A H  CBepXMOIgHblX y C T 3H O B O K , C B b lU ie  2 0 0 ---- 3 0 0  K H A OB 3T T,

CAeAyeT npHMeHHTb n s p s A A e A b H y i o  paóoTy noAOÓHbix BbinpHMH-
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TeAeH (cm. § 1 TAaBbl IV ) .  ripH B03M0iKH0CTH npHMeHHTb MeT3A' 
AHHeCKHe pTyTHbie BbinpHMHTeAH C BblCOKHM OÓpaTHbIM Hanpsi- 
JKeHHeM Bbiro^HOH MOJK6T OKa3aTbCH cxeMa Kio6Aepa (c MeasAy-

B IipHMeHeHHH K MOIIJHblM yCTaHOBK3M MOJKeT 6 bITb c ycnexoM  
npHMeHeHa Ha ra30Tp0Hax TaKate Tpex<|>a3HaH cxeMa c pa3AeAeH- 
HblMH (J)a3aMH ((JDHT. 6 8 ). 

Ą a h  Tex CAynaeB, Korfla BbinpaMAHeMoe HanpaaieHHe HMeeT 
noBbiiueHHyio nacTOTy, a n0 CT0 HHH0 e  HanpnaieHHe paBHO 5 — 10 
KHAOBOAbT, BbiroAHOH MoateT 6 biTb cxeMa fpeH H axepa  (cpwr. 70).

Pa3yMeeTCH, h t o  Bce BbiinecKa3aHHoe aBAHeTca AHinb rpy6biM 
onepTaHHeM o6a3Cth npHMeHeHHfl toh hah hhoh cxeMbi. B npan- 
THHeCKOH OÓCTaHOBKe He06x0flHM0, KOHeHHO,yneCTb BCe M OM eHTbl 

KaK T e X H H H e C K H e ,  TaK H 3KOHOMHHeCKHe, H OKOHHaTeAbHWH Bblóop 
AeAaTb Ha 0CH0BaHHH pe3yAbTaTOB 3Toro yneTa.

M o * eT  oK asaT tca , HanpHMep, h t o  poA BeHTHAa 3aAaeTca. 
TorAa Bbi6 paTb cxeMy cAeAyeT c  yneTOM 0 C0 6 eHH0 CTeH AaHHoro 
T«na BeHTHAH. Ecah, HanpHMep, npHMeHeHHro noAAeataT neHo- 
TpOHbl H yCTaHOBKa MOIIJHafl, 3 0 — 4 0  KHAOBaTT, TO 6 e 3  COMHeHHfl 
HaAAeiKHT npHMeHHTb cxeM y BbinpaMHTeAH c Mea5Ay$a3HbiM Apoc- 
ceAeM.

06blHHO BbinpHMHTeAbHaa CXeMa COAepJKHT TaK Ha3blBaeMbIH 
aHOAHWH TpaHccpopMaTOp a a h  noBbiuieHHH BbinpaMAaeMoro Hanpa- 
iKeHHfl hah  a a h  bo3moyKhocth 3a3eMAeHHH OTpm£aTeAbHoro noAioca. 
A o  c e r o  BpeMeHH, pa36HpajI OTAeAbHbie THnbl BbinpflMHTeAbHbIX 
CXeM, Mbl He HHTepeC0B3AHCb HH BeAHHHHOH, HH (J)OpMOH nepBHM" 
Horo TOKa aHOAHoro TpaHCipopMaTopa, a nosTOMy peuiHM Tenepb 
3Ty 3aAany b o6uieM BHAe.

B K a n e c T B e  o c H O B H o r o  n o A o a s e H H H ,  n p e a i A e  B c e r o  H e o 6 xoAHMC> 

y C T aH O B H Tb,  HTO nep B H H H b lH  t o k  T p a H C i p o p M a T o p a ,  n n T a i o u j e r o  

B b in p H M H T e A b H y io  y c T a H O B K y  n o  a k > 6 o h  c x e M e ,  H e  c o A e p a tH T  

n o c T O f l H H o S  c A a r a i o n j e B  h  » b a h c t c h  t o k o m  h h c t o  nep eM eH H b iM .

06paTHMCH k <Jmr. 76, rAe Aana cxeMa OAHonoAynepnoAHOro 
BbinpaMHTeAH. llepBHHHoe HanpaateHHe flBAfieTcfl CHHyeoHAaAb- 
HblM, T. e. n •

e =  csin (i)i .

Bo bt©phhhoh genu npoTeKaeT tok, H3o6paateHHbiH Ha nep- 
boh AHarpaMMe. 3 tot tok coAepasHT nocTOHHHyio CAaraionjyK)

I0== ÓAaroAapH HaAHHHK) bchthah bo btophhhoh ijenn.

(J)a3HbIM A P O C C e A e M  HAH c x e M a  

Haa T p e x (J > a 3 H aH  c x e M a .

§  8. ® o pM a h  BeAHHHHa nepBHHHoro TOKa.
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TOKa nepBHHHblH TOK BBAHCTCH 
nOTOMy, HTO HCTOHHHK oÖAaAaeT

I,

I
i/77

-cot

E y a e M  n p e a n o A a r a T b ,  h t o  c e p A e n H H K  T p a H c t p o p M a T o p a  oÖ A a-  

A aeT  ö ecK O H eH H O  öoAbmofl M arHHTHofi  npO H H yaeM O CTbK ) h  He 

HMeeT n o T e p b  H a  t o k h  CpyKO h  r n c T e p e s H C .  B  TaKOM C A y n a e  

nepBHHHbifi  t o k  p a B e H  H yA io  n p H  p a 3 0 M K H y r 0 H  b t o p h h h o h  y e n n .  

E c a h  a t e  OHa O K a a t e i c a  3aMKHyTOH, t o  b  n e p B H H H o ñ  y e n H  a a h  

y p a B H o B e n in B a H H H  n e p e M e H H w x  a M n e p -B H T K O B  b t o p h h h o t o  TOKa 

AOA*eH B 03H H K H yTb CBOH TOK.

B OTAHHHe OT BTOpHHHOrO 

h h c t o  n e p e M e H H b iM ,  

n ep eM eH H b iM  c H H y -  

coHAaAbHbiM H a n p a -  

ateHHeM h  H e  m o -  

a teT A aT b  c a M  n o  

c e 6 e  n o c T O H H H O H  

c A a r a i o u j e n  TOKa h ,

B 0-B T 0pbix ,  nOTOMy, HTO 3Ta CAaraioujaa He 

MoateT n o s B H T b c a  n o A  B A H anneM  aA eK T po-  

MaTHHTHOH HH^yKIiHH H3 BTOpHHHOH y e n H .

B npoTHBHOM C A y n a e  n p o H c x o A H A O  6 bi H e n p e -  

pbiBHoe H a p a c T a H H e  h a h  HenpepbiBHoe y ô b i B a -  

HHe oôujero MarHHTHoro n o T O K a  b  c e p a e H H H K e  

T p a H c t p o p M a T o p a .  Pa3yMeeTCH, noA O Ô H bix  h b a c h h ü  He HaÖAiOAaeTCH, 
a , CAe^OBaTeAbHO, n ep B H H H b lH  TOK AOAateH 6 b I T b  HHCTO n e p e M e H H b iM .

ÆoKaateM to ate MaTeMaTHnecKHM nyTeM. ypaBHeHHe Knpxrofpa 
AAii nepBHHHOH yenn M o a t e T  6biTb HanncaHo b  cAeAyJOiijeM BHAe:

</$
E s i n  t — it r i  - 4 -  Wx ——  • 

at
3*ecb Mbi npeAnoAaraeM, h t o  TpaHccpopMaTop He oÔAaAaeT Mar- 
HHTHblM paCCeHBaHHeM, H 3* JIBAHeTCH nOSTOMy OÔiyHM nOTOKOM. 

FIoa T\ h Wi noApa3yMeBaioTCH OMHnecKoe conpoTHBAeHHe h 
HHCAO BHTKOB nepB HHHOH OÖMOTKH TpaH C(J)O pM aTO pa.

YMHoatHB o6e qacTH paBeHCTBa Ha dt, 3aTeM npoHHTerpn- 
poBaB hx b npeAeAax o t  0 ao T  h  p a 3 AeAHB Ha T, m m , H e Hapy- 
IHHB paBeHCTBa, nOAyHHM

T T T

^  J  s i n  (o t dt — j *  i i dt - j -  J d  ^  •

( p a r .  7 6 .

AeBaa nacTb HanAeHHoro ypaBHeHHH paBHa 
HyAio npnpaiyeHHe noTOKa 3a nepHOA, t .  e .

o
HyAio. T a K a s e  paBHO



n 0 3 T 0 M y  flOAÎKHO HMeTb MeCTO
T

0

r i o C K O A b K y  r i  = £  0 ,  flOAJKHO 6 b I T b
k

T

r x • y  f  i, eft =  0,

Y  / h (ft — o,

0

a  3TO K a n  p a 3  h  n o K a 3 b i B a e T ,  h t o  c p e ^ H e e  3 H a n e H H e  n e p B H H H o r o  

TOKa, h a h ,  m o t o  ase, ero nocTOHHHaH CAaraioujaH p a E H a  HyAio.

O t A H H H C  (pOpMbl n e p B H H H o r o  TOKa OT (pOpM bl BTOpHHHOrO 

TOKa,  CAyjKHT npHHHHOH pa3 H H IJb I  uem ay  4e0C TByK )IIJH M H  3 H a n e -  

H H H M H  OÖOHX T O K O B .  O h O  ÎKe B  O Ó U j e M  C A y q a e  B b I3 b lB a e T  H e p a -  

BeHCTBO p a C q e T H b IX  MOHJHOCTeH nepB H H H O H  H  BTOpHHHOH OÖMOTOK.

r i y c T b  A A n  n p o c T O T b i  p a c c y a t f l e H H H  h h c a o  b h t k o b  nepBHHHOH 

H BTOpHHHOH OÖMOTKH OflHHaKOBO, T O r f l a

h ,  e c A H  a M r iA H T y a a  TOKa b t o p h h h o h  o ö m o t k h  I =  , t o  HMeeM

B 3 TOM B b ip a a î e H H H  Mbi npH H H A H  f l e n c T B y i o i i j e e  3 H a q e H H e  B T o p n q -  

H o r o  TOKa p aB H b iM  n o A O B H H e  e r o  a M n A H T y f lb i ,  TaK KaK n o  CBoen  

( p O p M e OH HB AHeTCH O f l H O n O A y n e p H O A H b l M  CHHyCOHflaAbHbIM HM- 

n y A b c o M .

/lencTByioujee 3HaqeHHe nepBHqHoro TOKa HaxoAHM, h c x o a a  

H 3  Toro, qTO OH OTAHHaeTCH OT BTOpHHHOrO TOKa A H U Ib  OTCyT" 

CTBHeM nocTOHHHOH CAaraioujeH. AMnAHTy^bi nepBOH h  ¿pymx, 

BblClHHX rapMOHHK OÖOHX TOKOB, OflHHaKOBbl nOTOMy, HTO OAHHa- 

KOBO HHCAO BHTKOB nepBHHHOH H BTOpHHHOH OÖMOTOK, a TOKOM

x o A o e T o r o  x o A a  m w  yjKe ycAOBHAHCb n p e H e ö p e r a T b .  H a  o c h o -  

B a H H H  3TOrO, e c A H “

£ i  —  £ 2

E

(a)

(6)

TO
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B nepBOM BbipaîKeHHH — ecTb nocToaHHaa CAaraioiysa, koto- 

paa OTcyTCTByeT b nepBHMHOM TOKe. 9 to 0ÖCT0aTeAbCTB0 n o 3 -  

BOAaeT Tanate nocTpoHTb K pH Byio  nepBHHHoro TOKa b BH ê oaho- 
nOAynepHOAHOH CHHycoHAbi, CMeû eHHOH no och opAHHaT Ha BeAH-

HHHy —  . Tanaa KpHBaa (cm. BTopyio AHarpaMMy Ha (pHr. 76) 

HBAaeTca hhcto nepeMeHHbiM tokom.
/  CO

OTHOCHTeAbHO £  J *  , H3X0AHM

WF-VIiFW
HAH

A - /  ^ - ¿ - 0 3 8 «  / ............................................ ( B )

Tenepb MoaieM HaÜTH pacneTHyio MOujHOCTb nepBHHHOH oömotkh 
TpaHccpopMaTopa, t. e.

£
Pi =  g-i Ą  =  _  . 0>386 / ............'(r)

ConocTaBAaa stot pe3yAbTaT c BbipaateHHeM (a), mm bhahm, hto

1 P i < P 2; ^ 0 , 7 7 , ............... (a)

*
t . e. pacueT H aa  MOigHocTb nepBHHHOH oömotkh  MeHbiue b t o p h h h q h , 
KaK mm h npeAnoAaraAH, HcxoAa h 3 oöujhx cooöpaateHHH.

HeOÖXOAHMO OTMeTHTb, HTO B H3CTHMX CAyHaHX BeAHMHHbl 
Pi h P 2 MoryT OKa3aTbca h OAHHaKOBbiMH, ho bo BcaKOM CAynae 
Pz, P\ He MoryT öbiTb MeHbiue P 0.

CaMO coöoh pa3yMeeTca, hto H3HAeHHaa h3mh pa3HOCTb 

MeasAy P\ h  P 2 HH b KoeM CAyqae He oöycAOBAeHa KaKHMH-AHÖo 
SHepreTHHecKHMH npHHHHaMH, a toa{>ko pa3AHHHeM MeaiAy ( p o p -  

M3MH TOKOB, KOTOpOe OÖbaCHHeTCa B KOHeHHOM CHeTe H3AH4HeM 
BeHTHAH, A eA siou je ro  H3uiy y e n b  HeAHHeñHOH chctcmoh.

§  9. P a c ^ e T H a n  m o h jh o c t h  nepBHHHOH o ö m o t k h . r a ö a p H T H a a  
m o h jh o c t l . P a c q e T H a a  m o ih h o c t b  U HTaroxgeä c c t h .

ripoAeAaeM pacneT no cnocoöy, yKa3aHH0My b  npeAbiAyujeM 

nap a rp acp e  AAa npaKTHHecKOH cxeMbi AßyxnoAynepHOAHoro Bbinpa- 

MHTeAa h HSHAeM AAa Hee cooTHomeHHa Mea?Ay P\, P¿, Po-

Pemafl (ö)
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Oöpanjaacb k <J>hi\ 77, m w  b h a h m , h t o b AaHHOM CAynae nep-
BHHHblŚ TOK HBAHeTCH He TOAbKO HHCTO nepeMCHHblM, HO B  TO *e 
BpeMH H  CHHyCOHAaAbHblM. IlpH p a B e H C T B e  BHTKOB OAHO0 nOAO- 
BHHbl BTOpHMHOH OÖMOTKH H BCeH nepBHHHOÏÏ OÖMOTKH H npH 
H3AHHHH TeX ÎKe CBOHCTB HAeaAbHOrO TpaHC<J>OpMaTOpa, aMIIAH- 
TyAa y  nepBHHHoro TOKa TaKOBa aie, KaK y  BTopHHHOro.

KaK H3BeCTHO, AAH AByXnOAy-

J, <7/

o ? o—I—WAMMAr-

T ' “" '

n e p n o A H O H  c x e M b i

H £ ■  =1 -  —  I J -  2 /<o -0,

" X T '

n09T0My

P% — 2 ÍT-2 <5 2̂ =  

/iaAee hsxoahm 

P i  =  £¿Ji  —

1,23 P 0.
£

v /2 V 2

T a K H M  0 6 p a 3 0 M ,  p a c n e T H a n  m o u j - 

HOCTb y  n e p B H H H O Ö  OÖMOTKH 

O K a 3 b iB a e T C i j  o n H T b  M e H b u i e ,  neM 

y  BTOpHHHOÖ.

C o O T H O U ie H H e  MeJKAy Pi H Pq AAH A p y r r f x  BbinpHM HTeAbHbIX 

c x e M  MoasHO H a 0 T H  a H a A o rH H H b iM  n p n e M O M .  E c a h  mm oöpaTHM C H, 

H a n p H M e p ,  k n p o c T o n  T p ex < |)a3 H O H  c x e M e ,  H 3 0 Ö p a H s e H H 0 H  H a  cpHr. 78 

h  H M e io i i i e H  n e p B H M H y io  oÖ M O TK y, c o e A H H e H H y i o  b 3Be3Ay> to 
yBHAHM, HTO nep B H H H W H  TOK MOflieT Ö blTb  H aH A e H  n y T e M  BblHHTa- 

h h h  H3 B T o p H H H p r o  TOKa n o cT O H H H O Ö  C A a r a i o u i e H ,  paBHOÖ

-y- . BbIHHTaHHe, B AaHHOM CAyHae, T3KOH BeAHHHHbl BIlOAHe

n oH H TH O , HÖ o c p e A H e e  3 H a n e H H e  b t o p h h h o t o  TOKa, n p o x o A H i y e r o  

n o  K 3 Ä A 0 H  < pa3e ,  p a B H O  o a h o h  T p e T H  B b i n p n M A e H H o r o  TOKa. 

C  A p y r o ß  CTOpOHbl, AAH nOAOÖHOß c x e M b i  HSM H3BeCTHbI CAeAyiO" 
HJHe COOTHOUieHHH:

^2$ =  0i855 £q> P 2= rl>5 • Po h ^2=0.588  70.

Ą a h  o n p e A e A e H H H  p s c n e T H O H  m o u ^ h o c t h  n e p B H H H o ñ  o ö m o t k h  

Mbl H M eeM

P \  =  3 • • Ji,



ÆeftcTByioujee 3HaneHHe neoBHHHoro TOKa HaxoAHM H3 ypaB- 
HeHHH

+  =  0,588 7(

/i=/ !
Peina« hx cobmcctho, noAynaeM

y, =  v/0,5882 /o2- ^  =  0,485 70. (a)

Hiueíi TaKoñ pe3yA bTaT h  npHHHMaa bo  b h h -  
M3HHe, HTO no yCAOBHIO =  £*2$ » OKOH-
HaTeAbHO HaXOAHM

P, =  3 • 0,855 £0 • 0,485 70s  1,24 P0 . . (6)

B 3T0M npHMepe, KaK h cAeAOBaAO ojkh- 
AaTb, nepBHqHan pacneTHaa MonjHOCTb no- 
AyHHAacb TaK*e MeHbine btophhhoh.

He TpyAHo 6biAO 6 w  noKa3aTb, h t o  b 
Apyrnx cxeM ax, b nacTHOCTH He HMeioigHx 
nocTOiiHHOH CAaraioujeH TOKa bo  b t o p h h h o h  
oÔMûTKe TpaHccpopMaTopa, pacneTHaa nep- 
BHHHaa MOUJHOCTb paBHa BTOpHHHOH MOUJ- 
HOCTH. HanpHMep, b 0AH0(pa3H0ñ h a h  Tpex- 
$a3H0Îi cxeMe TpeTya nepBHHHbiH t o k  no 
CBoeñ cpopMe He OTAnnaeTCH o t  BTopnq- 
Horo TOKa, a nosTOMy npn HAeaAbHOM 
TpaHCtpopMaTope 6yAeT HMeTb MecTO

P i = P 2.

I

Ja.

(P a r .  78 .

B Tex CAynaax, KorAa P\ ^  P z, paccHHTbiBaTb cepAenHHK TpaHc- 
(popMaTopa HeoôxoAHMo no cpeAHeîî BeAHHHHe MeîKAy P\ h P 2. 
B caMOM AeAe, cepAeHHHK TpaHctpopMaTopa, nHTaioujero Bbinpa- 
MHTeAbHyK) ijenb, Kan h  npn o ô w h h o h ,  He BeHTHAbHOH Harpy3Ke, 
AOA*eH ÖblTb paCCHHTaH T3K, HTOÔbl HMeAOCb MeCTO ĄAH yKA3AKH 
nepBHHHOH h BTopHHHoß o 6 m o t o k .  Flo3TOMy 3a MOixjHOCTb, onpe- 
AeAjnoiyyio raöapHT Bcero TpaHCtpopMaTopa, m o î k h o  npHHHTb 
BeAHHHHy

P r =  ^ t — .......................................... (47)



H a 3 b iB a e M y i o  ra6apHTHoñ ( h a h  T H n O B o ñ )  M O u jH O C T b io  T p a H C t p o p -  

M a T O p a .  r iO H H T H O ,  H TO  3 T 0  B b lp a J K e H H e  H e  H M e e T  H H K a K O r O  n p a -  

Moro (J )H 3 H H e C K O rO  C M b IC A a ,  a A G A C H O  C A y f l iH T b  A H U Ib  AAH Bbiöopa 
T p a H C ( p o p M a T o p a  no K a T a A o r y  h a h  a a h  p a c n e T a  T p a H C ( p o p M a T o p -  

Horo cepAeHHHKa.
PacneT caMHx o ô m o t o k TpaHctpopMaTopa aoajkch BecTHCb no 

TeM 3HaHeHHHM, KOTOpbie nOAyHEHDTCH H 3  OCHOBHbIX COOTHOUieHHH 
AAH J2, £2 H AAH Ju £*1- n P H 9TOM, B BHAy HepaBeHCTBa P 2y Pi  H

\ £ 5 u

k f
J L

/
/ n

— f —

V T T ;
A

oöbeM, 3aHHMaeMbiH Ka*AOH oömotkoh, 6yAeT pa3AHneH npH npo- 
H H X  OAHHaKOBbIX yCAOBHiIX (H30AJiyHH H AAHHbl CpeAHeTO B H T K a ) .

E c a h  nepBHHHan oÖMOTKa cocTaBAeHa H3 napaAAeAbHbix BeT- 
B e H ,  TO MOłKeT OKa3aTbCH, HTO BOAbTaMnepbl, nOTpeÖAHeMbie H3 

CeTH, H BOAbTaMnepbl Beeil nepBHHHOH OÖMOTKH He 6yAyT Apyr 
Apyry paBHbl. 9 tO OÔCTOHTeAbCTBO npHBOAHT H yCTaHOBAeHHK) 
enje oAHoro noHHTHH— pacneTHOH moujhocth noTpeÖAaeMOH h3 
ceTH, KOTopyio 6yAeM o6o3HaqaTb nepe3 P c.

llpHHHHOH B03M0ÎKH0r0 H e p a B e H C T B a  P c Pi O n H T b -T aK H  MOÎKeT 

nOCAyîKHTb p a 3 A H H H e  MeîKAy (JjOpMOH TOKa ic, n O T p e Ô A H e M O rO  H3 

c e T H ,  h  cpopMOH n e p B H H H o r o  TOKa, n p o T e K a i o u j e r o  n o  a k » 6 oB 

n a p a A A e A b H o ñ  b c t b h  nepB H H H O H  o ö m o t k h  T p a H c c j ) o p M a T o p a .
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Aynuiero yncHeHMH sToro Bonpoca cfleAàeM pacne’r aah 
A B yxnoA ynepH O flH O H  BbinpaMHTeAbHOH c x e M b i ,  aHOflHoe H a n p a -  

jKeHne B KOTopoH n o A y n a eT C H  o t  A B y x  OTAeAbHbix TpaH CipopM a-  

TOpOB ( c m .  (pHr. 7 9 ) .  r iepB H H H bie  OÖMOTKH TpaHC(J)0P MaT0p 0B c o e -  

AHHeHbi n a p a A A eA b H O , a  BTOpHHHbie nocA eA O B aT eA bH O . E c a h  HanaAO  

H KOHey A B y X  BTOpHHHbIX OÖMOTOK COeAHHHTb MeJKAy C060K), TO, 

npH M e H H H  A B a  b c h t h a h ,  n o A y ^ H M  n p o c T o e  A B y x n o A y n e p H O A H o e  

BbinpHMAeHHC. P a 3y M e e T c a ,  n ep B H ^ H b ie  o ö m o t k h  n p a  b t o m  a o a j k h w  

ÖblTb COeAHHeHbl OAHHaKOBblMH KOHIja- 

MH. BcAeACTBHe Bcero aToro, KajKAWH 
TpaHCipopM aTop 6y A e T  p a ö o T a T b  H e 3 a -  

b h c h m o  h  x a p a K T e p  e r o  H arp y3K H  6y- 
AeT T3KOH, K an n p H  O A H o n o A y n e p n o A *

Hoii cxeMe BbinpHMAeHHa.
f l y c T b  a a h  y n p o i g e H H H  p a c n e T O B  

K o a tp H y n e H T  T p a H C c p o p M a y H H  y  o ö o h x  

T p a H c i p o p M a T o p o B  p a B e H  eA H H H ije .  FIo- 
A02KHM A ^ A e e ,  HTO aM IIA H TyA a BTOpHH- 

H o r o  TOKa p a B H a  / ,  T o r A a  n epB H H H biH  

t o k  K a a i A o r o  T p a H c c p o p M a T o p a  n p e A -  

CTaBAHeT C060K) OAHonoAynepHOAHbiii 
CHHyCOHA^AbHblH H M nyA bC , CMeiljeHHblH

no och opAHHaT Ha — . flp n  stom 06a

E
, i
\

000

Jo
-T-Vr
E

—1-----AAAJ

-w-

nepBHHHblX TOKa HMeiOT MaKCHMaAb- 

Hbie OpAHHaTbl C npOTHBOnOAOÎKHblMH 

3HäKaMH.

T o k  ic, H AyU JH H  H 3 CeTH, HBAaeTCH 

TOKOB, T .  e.

Phc. 79-6.

C y M M O H  n e p B H H H b IX

z’c — W Ą-ii" i

npnqeM, K a K  A e r K O  B H A e T b ,  o h  O K a 3 b iB a e T c a  C H H y c o H A a A b H b i  m 

c a M n A H T y A O H  I. B c a M O M  A e A e ,  p a 3 A a r a a  b  p « a  O ypb e < p a 3 H b ie  

TOKH, MbI H M e e M



à oTCK)4a y *ë
i c — — / s i n  (ut.

K  3T0My p e 3yAbTaTy mohîho 6 m a o  6 w  npHTTH, n o A b a y a c b  h  rpa- 
(pHHeCKHM CAOîKeHHeM Í\ C I .

H 3 np eA b if ly ii jH X  na pa rpa tpo B  m h  3HaeM, h t o

/ = y / o ;  E  =  ^ E 0; J 2 = ~ I .

H 3BecTHO yate  Tana ie [§ 8 (popM yAa (b)] A eK cT B y io iiłee  3Hane- 

HHe J i  TOKa b  nepBHHHOîi oÔMOTKe TpaH C $0pM aT0pa, paôoTa ïo - 

i i je r o  Ha O AH onoA ynepnoA H yio  H a rpy3K y , a hm chho ,

A  =  0 ,386 I.

H to  KacaeTca A e S c T B y io ii je ro  3HaneHHH Jc TOKa, noTpeÔAae- 

M o ro  H3 CeTH, TO, B BHAy CHHyCOHA&AbHOCTH, OHO paBHO

YKa3aHHbie cooTHomeHHH TOKOB n03B0AHK)T onpeAeAHTb npeWAe 
Bcero pacneTHyio MOujHocTb oôenx b t o p h h h m x o ô m o t o k

P 2 —  2 £ 23> J  2 == 1,75 P 0,

pacneTH yio MOujHOCTb oöenx nepBHHHbix oômotok TpaHCípop- 

MaTopa

Pt = 2 ? ,  J t =  2 - ^ =  ■ 0 ,386 /= s  1,35 P 0 
V 2

h, HaKOHey, pacneTHyio MOujHOCTb P c, noTpeÖAHeMyio oöohmh 
TpaHCCpOpMaTOpaMH H3 CeTH, T. e.

P c =  EK - J c = - j = -  -^== =  1,24 Po.

Pe3yAbTaT, AeßcTBHTeAbHO, noKa3biBaeT, hto Pc^ P x h

P c <  P\ < ^P 2.

B HanöoA ee qacTo ynoTpeÖAneMbix cxeM ax noAOÖHbin p e 3yAb- 
TaT MO«eT noAymiTbCH TorAa, KorAa a a h  nHTaHHH CAyjKHT Tpex- 
(pa3Haiï ceTb, h nepBHHHaa o 6 m o t k 3  aHOAHoro TpanccpopiwaTopa  
coeAHHeHa TpeyroAbHHKOM.
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OöpaTHMcfl K npocToft Tpex({)a3Hoft cxeiuè, np« Kotopon n e p »  

BHHH3H OÖMOTKa T p a H C $ O p M a T O p a  COe,ĄHHeHa TpeyrOAbHHKOM. 
H a (pHr. 80-a H3o6paateHa T a n a a  c x e M a  h TaM * e  npHBefleHfai 
4 HarpaMMbI TOKOS i2, i j ' ,  iy" H i c. rioCAeAHHH TOK, nO T peÖ A H eM blH  

H3 CeTH, HaXOAHTCH, KaK p aS H O C T b  Aßyx (pa3HbIX TOKOB n e p B H H -  

HOH OÔMOTKH, T. e.

4  =  h  —  il",

t r ï
©Hr. 80.

h oh, KaK bhahm, HMeeT HHyio (popMy, HeateAH Ka*AWH M3 o6pa- 
3yiou}HX ero tokob.

riyCTb nepBHHHOe H BTOpHHHOe HHCAa BHTKOB B KaîKAOÔ (pa3e 
OAHHaKOBbi, aMnAHTyAa BTOpHHHoro TOKa paBHa I, a aMriAHTyAa 
c p a 3 H o ro  HanpjiJKeHHH TpaHctpopMaTopa (b AaHHOM CAynae paBHoro 
AHHeHHOMy HanpHÄeHHio cera) —  E. TorAa, Ha ocHOBaHHH npeAW- 
Ayiyero, HMeeM

P 2 =  1,5 Po-, J\ =  0,485 70; P x — 1,24 P0 >)

*) Cm. ÇopMyAbi (a) u (6) HacToflijjero naparpaífa.
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ÂM nA H TyA bi TOKa î c, n o T p e Ô A H e M o r o  H3 c e r a ,  h  B T o p H H H o r o  T o n a  

OAHHaKOBbi, 4TO C A e a y e T  H3 n o c T p o e H H H  AHarpaM M , a  ¿ e ñ c T B y i o m e e  

3 H an eH H e J c a o a j k h o  ôb iT b  b  \J 2  p a 3  ô o A b i n e  A e H C T B y io n je r o  3Ha' 
qeHHH J 2 B T o p H H H o r o  TOKa, b  CHAy T o r o ,  *!TO n o  (pop M e ic n p e A -  

CTaBAaeT A s a  H M n y A b c a ,  a  l ¿— o a h h  TaKOH ate H M nyA bc. TaKHM 

0 6 p a 3 0 M ,

J c z = J i y f ~ 2  =  0 , 8 3 1  /„

H

P c =  / 3  • S  i • J e =  \ f  3 • 0 , 8 5 5  E 0 ■ 0 , 8 3 1  70 ^  1 , 2 3  P 0.

P a 3 HOCTb M eatA y P c h  Pi b  AaHHOM c A y q a e  n o  aöcoAiOTHOH  

BeAHMHHe H e 3 H aH H T eA b H a ,  h o  B e e  a t e  P C<^P¡.
B o A e e  3 a M e r a a  3 T a  p a 3 H O C T b  b  C A y n a e  m e c r a ( | ) a 3 H o r o  B b in p j i -  

M H T eA a .  K o r A a  n e p B H H H a n  o 6 M O T«a T p a H c t p o p M a T o p a  T a K o r o  B b i n p a -  

MHTeAH c o e A H H e H a  3 B e 3 A O Îi ,  t o ,  k o h c h h o ,  H e  M o a te T  ö b i T b  p e q n

o  H e p a B e H C T B e  P c h  P\ ( c m .  ( p n r .  8 0  6 ) .  B 9 t o m  c A y n a e ,  KaK He 

Tp y A H O  y ô e A H T b C H  H3 A w a r p a M M ,  n p n  Wy =  w 2

J C =  J ,  =  J ,  ■ J ~  2 ( | ) 2 +  4  ^ j 2= 0 , 4 1  - / „ - ^ = 0 , 4 7 2 / „ .  

H  TaK KaK
£"i<j> =  ==  0 , 7 4  E q,

TO
P c =  Pi =  6  • 0 , 7 4  • E 0 • 0 , 4 7 2  / „ =  1 , 0 5  P oî

P r = P ± ± ñ = i M P „.

E c a h  a t e  nepBHHHafl oÔMOTKa c o e A H H e H a  T peyroA bH H K O M  (cm .  

(pH r.  8 0 - b ) ,  TO He TOAbKO n o  BeAHHHHe, HO H n o  (pO pM e TOKU 

ic H i\ 6 y A y T  pa3AHM HbI.  B CHAy 3 T O rO  H a p y n iH T C f l  paB eHCTBO

M e a tA y  J c h  J i  • \ J  3 ,  a  TeM c aM b iM  h  p aB eH C T B O  M e a tA y  P i  h  P c.

r i o  \ b 3 y i i c b  A n a r p a M M a M H  ( p n r .  8 0 - b ,  h e x o a k m

J> —  0 , 4 1  J0,

Ą z = / 2 .  Ą  = 0 , 5 7 8  /„ ,

J c =  j 2  ■ Ji —  0 , 8 1 7  70,

TaK KaK ¿2 HM eeT o a h h  H M n y A b c  3 a  n epH O A , *i —  A B a  H M n y A b c a  

u  ic —  n e T b i p e  TaKHx a te  OAHHaKOBbix H M n y A b ca .  K oH eH H O , m t h o -
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BeHHbie 3HaqeHHfl Tona ceTH h3xoahtch Kan pa3HOCTb MrHOBeH*
HbIX 3HaneHHH AByX (J)a3HbIX TOKOB / /  H i l " , t .  e.

i c — i i — i  / ' •

YKa3aHHbie Bbirne AeñcTByioujHe 3HaneHHH to k o b  no3BOAflioT 
AaAee BblHHCAHTb COOTHOIIieHHH MOIIJHOCTeH P 2, Pi, P c> a HMeHHO

p 2 =  6 e 2<D • J2 =  6 ■ 0,74 • E0 • 0,41 /„ =  1,82 P 0,

P i =  3 elft • /, =  3 • 0,74 • £0 • \Z~2 • 0,41 • 70 ==

=  T | = 1*2 9 / , o,

P c =  y/H £ l ■ Jc =  y/ 3 -  0,74 £ 0 • 2 • 0,41 /„ =

=  -4= — 1,05 P„,

f , = ^ ' a « s  />„.

KaK BHAHM, B AaHHOM CAynae pa3HOCTb M e^Ay P c h  P\ noAy- 
qHAacb öOAee 3aMeTHaH, h nepBHHHaa oÖMOTKa MeHee HcnoAb- 
30BaHa, neM npH coeAHHeHHH e e  o ö m o t k h  3Be3AOH.

3aMeTHM, nonyTHO, hto , HecMOTpn Ha xyA iuee Hcn0Ab30BaHHe 
TpaHCfpopMaTopa n p n  TOAbKO hto paccMOTpeHHOH cxeMe, e e ,  
OAHaKO, HHorAa npeAnoHHTaioT cxeMe BKAioHeHHH 3Be3A0ił, TaK 
KaK nepeiweHHbiH noTOK BbmyaîAeHHoro HaMarHHHHBaHHH MeHbuie 
npH coeAHHeHHH nepBHHHOH OÖMOTKH TpeyrOAbHHKOM ( cm . § 11 
TAaBbl III).
B ynoMflHyTOH paH ee  TaÖAHye BbinpaMHTeAbHbix cxeM noKa- 

3aHbI COOTHOUieHHH BCeX pacneTHblX MOIgHOCTeH H AAH ApyrHX 
CAynaeB. HanoMHHM.HTo hhcab, npHBeASHHbie BTaÔAHue, o th o c h tc h  
K HAeaAbHbIM yCAOBHHM yCTpOHCTBa BeHTHAeH H TpaHccpopiwaTopa 
H K yCAOBHIO, HTO Harpy3KOH HBAHeTCH TOAbKO OMHHeCKOe COIipO- 
THBAeHHe. n PH HAeaAbHbix ycAOBHHX HH b TpaHCCpopMaTope, HH 
b  BeHTHAflx, HH b ceTH HeT n o T e p b  3HeprHH h  HanpaaieHHSf, 
caMO aie nHTaioiijee HanpnaseHHe hb a h c tch  cHHycoHAaAbHbiM. 
B cepAeHHHKe TpaHCcpopMaTopa TaKaie He nponcxoA H T  MarHHT- 
Horo paccejiHHH, h KoatpHijHeHT MarHHTHoił npoH H yaeM O cra  y  H ero
paBeH ÔeCKOHeHHOCTH.

H 3  .B c e r o  H3AoaieHHoro b HacTOHigeñ rA aß e  BbiTeKaeT, h t o
B  C H C T e M e  T p a H C C p O p M a T O p ----- B b i n p H M H T e A b H a H  C X e M a  M b I  H M C e M

AeAO C UieCTblO BeAHHHHaMH

P c> Pu Pr , Pi, Po H P.
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M 3  HHX B c e x  TOAbKO P  HMeeT A ei icT B H T eA bH bli ł  (J)H3H*ieCKIfft 

CMblCA aKTHBHOH MOUJHOCTH BCerO BbinpflM AeHHOrO TOKa. 3 t&  
BeAHHHHa, paB H aH

ecTb n p o H 3 B e A e H H e  A e H C T B y io ig H x  3H aH eH H ñ BbinpaMAeHHoro TOKâ 

h  B b in p a M A e H H o r o  HanpHJKeHHH, KOTopwe, b  c b o i o  onepeAb, onpe- 
fleAHK)TCH H3 ypaB H eH H H

b  K O T o p b i x  Ek h Jk n p e A C T a B A H i o T  aeñcTByioujHe 3 HaneHHJi rap- 
MOHHK KpHBbIX BbinpHMACHHOrO TOKa H HanpHiKeHHH. CpeflHHe 
3HaneHHíí Toro ¡se TOKa h HanpaîKeHHH, KaK yjse HaM H3BecTH0, 
M e H b iu e ,  h 6 o  o h h  Bbipa»aK)TCH n e p B o f i  CTeneHbK) n o A H H T e r p a A b -  

HOH (pyHKgHH, a HMeHHO

r i o a T O M y  h  n p o H 3 B e A e H H e  h x  P 0 =  E 0 • 7 0 , n p e A C T a a A H i o u j e e  T a K * e

aKTHBHyiO MOUJHOCTb, HO TOAbKO OT OAHOÍÍ nOCTOHHHOÖ C A a ra K )  • 

i y e S  B b i n p H M A e H H o r o  TOKa, M e H b i u e ,  n e M  n o A H a a  a K T H B H a n  m o i j j -  

HOCTb P  Bcero BbinpHMAeHHoro TOKa.

/

Jo =  I

m

m
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rîpoH3Be4eHHe £ 0 J0 npH MH0r0<pâ3ri0M BbinpafciAertHH MâAû 
OTAHHaeTCH o t  npoH3BefleHHH E 0 70. H anpH M ep, n p n

m — 6  P  =  J g 1 ,002 I'o E q,

fñ —— 3 P  =  J0 £o =  1,03 70 £ 0,

TorAa KaK n p n  m  — 2 yate HMeeM P  —  J0 £*0 =  1 ,2 4  70 Z£o.
K o r ^ a  H M e e T C H  A O C T a T O H H b lH  C rA a ? K H B a iO I I iH H  ( p H A b T p ,  MOHiHO 

CHHTaTb, HTO J0 £ ' o = 7 0 £ ’0 H e  TOAbKO n p H  771 >  2, HO H  n p H

m —  2 .  n o  3 T O H  n p H H H H e  H B C B H 3 H  C T e M ,  HTO CrAaHÎHBaïOIIiHB
(p H A b T p  HBAHeTCH 06fl3aTeAbHbIM B BbinpHMHTeAHX A A H  p a A H O "  

y c T p O H C T B ,  MOHSHO n o A a r a T b  B c e r A a ,  h t o  

P o ~ P ,  H B ce p a C H e T b l  n p O H 3 B O A H T b  A H IU b  

no BeAHHHHe P 0.
P c, P u  P p H P -2 OTAHHaiOTCH OT aKTHB- 

HOH MOIIJHOCTH P  =  P 0, KaK yjiîe rOBOpHAOCb,
He H3-3a oöbiH H oro CABHra (pa3 MeaîAy 
to k o m  h HanpnateHHeM, a  H3-aa HecHHycoH- 
AaAbHOCTH TOKa, KOTopaa co3AaeTCH BeH- 
THAbHOH Harpy3KOH, HBAflIOUjeHCH HeAHHeH*
HOH CHCTeMOH. BcHKaH HeAHHeHHaH y e n b ,  
y KOTopoH i  ̂  ke, KaK H3BecTHO, MoaieT 
C03AaBaTb rapMOHHKH H CyÔrapMOHHKH TOKa 
Aaate npn bkak>h6hhh ee Ha CHHycoHAaAbHoe 
HanpHîKeHHe. Bo Bcex CAynaax, KorAa tok ie 
nKTaioujen cera 0Ka3biBaACH HecHHycoHAaAb- 
HblM, MbI He MOrAH HMeTb paBeHCTBa 

p c= p

B npHMepax, AaHHbix Ha tpnr. 77 h (pnr. 79, mm hmcah tok ie
HHCTO CHHyCOHAaAbHblM, H BCAeACTBHe 3TOrO y HaC OKasaAOCb4 
HTO

P c =  1,24 Po =  P.
EcAH 6bl B 3THX CAynaax 6mA npHMeHeH HHAyKTHBHblH CrAajKH- 
BaiOIIJHH CpHAbTp (ApOCCeAb), TO P  yMeHbUIHAaCb 6bl H CpaBHfl- 
Aacb 6bl C P 0, H MM HMeAH 6bl paCHeTHyiO MOIHHOCTb CeTH P c 
yate He paBHyio aKTHBHOH m o u j h o c th ,  noTOMy h t o  noTpeÔAHeMMH 
TOK ic H3 CeTH CT3A 6bl HeCHHyCOHAaAbHMM, ÔAarOAapH BKAIO- 
neHHK) (pHAbTpa b BeHTHAbHyio ijenb .

H a (pHr. 81 noKa3aHbi AHarpaMMbi tokob AByxnoAynepHOAHOÔ
BbinpîîMHTeAbHOÎi CXeMM C ApOCCeAbHblM (pHAbTpOM. H 3 8THX 
AHarpaMM CAeAyeT, h t o  KaK pe3yAbTHpyroigaH KpHBan nepBHHHoro
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HOUieHHe MOIIJHOCTeH flAH TaKOH CXeMbI, KaK HeTpyAHO BHAeTb, 
CAeAyioujee ’ ):

AKTHBHyiO MOUJHOCTb P  B A 3 H H 0 M  C A yH ae MOJKHO paCCHHTaTb H 

KaK n o A y r r p o H 3 B e f le H H e  aMnAHTyA H a n p a a te H H a  h n e p B o i i  rapMO-  

h h k h  TOKa i¡, t .  e-

9 t h m  nyTeM Mbi yme t o h h o  AOKa3biBaeM paBeHCTBO P 0 =  P (n p n  
noAHOM crAaatHBaHHH BbinpaMAeHHoro TOKa).

Ct>H3HHeCKyiO n p H H H H y  y M e H b l l ie H H H  aKTHBHOÍÍ MOIIJHOCTH 

B  H a r p y 3 K e  B b i n p a M H T e A a  n p H  BKAIOHeHHH HHAyKTHBHOrO (pH A bTpa  

A e rK O  n o H H T b ,  ecAH y n e c T b ,  h t o  B K A io n e u H e  A p o c c e A a  n o c A e A O -  

B a T e A b H O  c c o n p o T H B A e H H e M  R  y M e H b i u a e T  n e p e M e H H b i e  C A a r a i o -  

ujne TOKa, n p o x o A H u j H e  no b t o h  H a r p y 3 K e  l l p n  s t o m  o t  n e p e -  

M eH H bix  c A a r a i o u j H x  p a 3 r p y j K a e T c a  h T p a H c c p o p M a T o p .  ^ e n c T B y i o -  

t i j e e  3 H a n e H H e  J 2 TOKa c T a H O B H T c a  M e H b u i e ,  h  B 0 3 p a c T a e T  HeMHoro 
K o a tp H y w e H T  H c n 0 A b 3 0 B a H H a  T p a H C t p o p M a T o p a .

BAHaHHe CpHAbTpa Ha BeAHHHHy paCHeTHbIX MOIIJHOCTeH, BOOÖUje 
roBopa, MoateT 6biTb ABoaKoe. BßeAeHHe ipHAbTpa c eMKOCTHbiM 
xapaKTepoM MoateT yMeHbuiHTb K03$HijHeHT Hcn0Ab30BaHHa mouj- 
h o c t h  TpaHC(popMaTopa h  ceTH, t .  e. yBeAHHHTb 3HaneHHa pac- 
HeTHbIX MOrgHOCTeH, TOrAa KaK BBeAeHHe (pHAbTpa c HHAyKTHBHbIM 
xapaKTepoM, HaoôopoT, yBeAHHHBaeT KoacpHuiieHT Hcn0Ab30BaHHa, 
yMeHbuiaa 3HaneHHa pacneTHWx MoujHOCTeii. KpoMe yate cKa3aH- 
Horo no 9TOMy Bonpocy b HacToanjen rAaBe, b § 10 rAaBbi IV  
npHBOAaTca noApoÖHbie yKa3aHHa 06 yneTe 3Toro BAHaHHH h 
AaiOTca cnocoôbi onpeAeAeHHa pacneTHbix MomnocTeft B3aM6H h x

]) Cm. TaKa;e § 10 rAaBbi IV.
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BeAHMHH, ¿ipHBeaeHHbix b Ta6AHye HacTOHiijero n a p a rp acp a .  ÜTMe- 
THM AHIUb, HTO B ÓOAblUHHCTBe CAynaeB, OCOÓeHHO B yCTaHOBK3X 
CpeAHeñ H ÓOAbUIOH MOUJHOCTH, CjJHAbrp paCCHHTbIBaeTCH T3KHM 
c6pa30M, HTOÓbl OH He yMeHbinaA K09(|)HyHeHT0B HCn0Ab30BaHHfl, 
t .  e. npHMeHHeTCH $HAbTp c HHAyKTHBHbiM xapaKTepoM.

§ 10. IlaAeHHe BbinpuMAeHBoro HanpnKeniiii o t  oMimecKoro 

COIlpOTHBAeHHH H MarHHTHOrO paCCeHHHH B TpaHCCjjOpMaTOpe.

JXo c e r o  BpeiweHH h3mh He ynHTbiBaAOCb BAHHHHe BHyTpeHHero 
conpoTHBAeHHH BeHTHAeñ, TpaHccpopMaTopa h  nH Taioii je ro  (pH^epa 
Ha BeAHHHHy BbinpHMAeHHoro HanpaíKeHHa E 0 . H t o  KacaeTCH 
noTepH HanpaaieHHH b b c h t h a h x ,  t o  o h o  m o jk c t  6biTb A e rn o  h sm h  
ynTeHO Ha o c h o b 3 h h h  MaTepnaAa, ya te  H3AO¿KeHHoro b rAaBe II 
h b npeAbiAyiJiHX n a p a rp a c p a x  H acT o au jeñ  rAaBbi. B o t h o u i c h h h  
ate o 6 m o to k  TpaHCtpopMaTopa h a h h h h  h c o ó x o a h m o  yKa3aTb, h t o  
hx BAHíiHHe Ha BbinpflMAeHHoe HanpníKeHHe E 0 onpeAeAaeTCH He 
TOAbKO OMHHeCKOH COCTaBAHIOIIjeH COnpOTHBAeHHH, HO H HHAyK" 
t h b h o h  cA ara iou ieH , KOTopaa, b HaeTHoeTH y  TpaHC(popMaTopa, 
MoaieT 6biTb BCAeflCTBHe MarHHTHoro pacceaHHH.

OópaTHMca k (J)nr. 82-a, Ha KOTOpOH npeACTaBAeHa 3KBHBa- 
AeHTHaa cxeMa npaKTHnecKoro TpaHCtpopMaTopa, pa6oTaioiu,ero 
Ha Tpex(pa3Hyio BbinpaMHTeAbHyio ijenb. Ha stoh cpnrype , r2 
H ¿1 , ¿2 0603HaqaK)T COOTBeTCTBeHHO OMHHeCKHe conpoTHBAeHHH 
h HHAyKTHBHOCTH pacceíiHHfl o6motok, npHHaAAeasaiijHx OAHOÍÍ 
(pa3e. n PH yCAOBHH CHHyCOHAaAbHOCTH TOKOB Mbl MOTAH 6bl 
oMHnecKoe conpoTHBAeHHe h HHAyKTHBHOCTb pacceaHHa nepe- 
HHCAHTb Ha OAHy, HanpHMep, BTOpHHHyiO 06M0TKy TpaHCCpOpMa- 
TOpa no (popMyAaM

r T =  r2 - f  r { k 2,

L T =  L2 +  L 1k 2.

B BbinpHMHTeAbHOH CXeMe, KaK Mbl 3HaeM, HMeiOT MeCTO BblC- 
uine rapMOHHKH, a noTOMy aah Hee npHMeHeHHe noAOÓHbix cpopiuyA, 
cTporo roBop», HeaonycTHMO, h tohhmh pacneT bahhhhh 3thx 
BeAHHHH AOAJKeH y HHTbIBaTb pa3HHyy MeiKAy (pOpMaMH nepBHH- 
Horo H BTOpHHHOrO TOKa. OAHaKO, TaKOÍÍ TOHHblñ paeneT BbI3bl- 
BaeT no4TH HenpeoAOAHMbie MaTeMaTHHecKHe TpyAHOCTH, peice- 
HHe KOTOpbix He onpaBAbiBaAocb 6bi npaKTHHecKHM 3HaneHHeM 
BAHHHHH yKa3aHHblX BeAHHHH.

PeoiHM nepBOHanaAbHO npocToñ Bonpoc: KaK bahhct TOAbKO 
OAHa HHAyKTHBHOCTb L f , BKAKÍHeHHaH nOCAeAOBaTeAbHO C BeHTH-
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AHMH. H a  (pur. 82-6  npHBefleHa HeoöxoAHMaa cxeMa h AaHbi 
H a A A e H îa u jH e  A n a r p a M M b i  aH O flH b ix  t o k o b ,  b  n p e A n o A o æ e H H H ,  

HTO BbinpHMAeHHblH TOK, Ö A a rO A a p f l  HaAHHHK) O H eH b ÖOAbUIOH 

HHAyKTHBHOCTH L k , CBOÖOAeH OT n y A b C a U H H .  / ^ H a r p a M M b l  

aHOAHblX TOKOB OTAHHaiOTCfl  OT p a H e e  npHBOAHBUIHXCH TeM, 

HTo H a p a c T a H H e  h  c n a A a H H e  a H O A H o r o  TOKa n p o H C x o A H T  

H e  MTHOBeHHo, a n o c T e n e H H O .  3 t o  c o B e p m e H H O  i i o h h t h o ,  no- 
CKOAbKy B aHOAHblX I jenH X  HaXOAHTCH HHAyKTHBHOCTH, BCACA'

6)

n
2n

-(Jüt
Jo m

h n -Cül

O n r .  8 2 .

CTBHe n e ro  He M O * e T  6 b i T b  MTHOBeHHoro H3MeHeHHH TOKa. Z^aAee 
Mbi b h a h m ,  HTO n o c T e n e H H o e  c n a A a H H e  TOKa CB«3aHO c yB e A H ne -  

HHeM BpeMCHH npOTeKaHHH TOKa. H ß A e H K e ,  K O r Ą a  t o k  n e p e 3

BeHTHAb npoTeKaeT AOAbine, neM -  , h a h  b  paAHaHax — , H a 3 b i -

BaeTCH nepeKpbiTHeM  aHOAHbix to k o b ,  a BpeMH, b TeneHHe k o to -  
p o r o  npoH cxoAH T cnaAaHHe TOKa,— BpeMeHeM nepeKpbiTHH aHOA- 
Hbix to k o b .  Bo BpeMH cnaAaHHH TOKa, n p oxo A H U je ro  n e p e3 oahh 
BeHTHAb, npoH cxoAH T HapacTaHHe TOka, n p o x o A f lu je ro  nepe3 
A p v ro ö  BeHTHAb, BCAeACTBHe Hero o6uJHH BbinpflMAeHHblH TOK 
OAHOBpeMeHHO npoTeKaeT MHHHMyM nepe3 Aßa b c h t h a » .



OTMeTHM 04H 0 BpeMH nepeKpbITHH Hepe3 X  H  C O C T 3 B H M  

ocHOBHbie ypaBHeHHH, HMeioujHe CHAy aah 3Toro OTpesKa nepHOAa,

(a)

e2(p" = L t ^ £  +  I0R ■ (6)

( b )

rioACTaBAHH BTOT pe3yAbTaT B pa3HOCTb nepBblX AByX ypaBHeHHÍÍ, 
HaßACM

n o A y n e H H o e  B b i p a a e H H e  n o K a 3 b i B a e T ,  h t o  n a A e H H e  H a n p a î K e H H H  

Ha HHAyKTHBHOCTH L t  MeHfleTCH nO CHHyCOHA3AbHOMy 3 aK O H y ,  

KOrAÂ <J)a3Hbie H an pf l îK eH H H  H BAHIOTCH C3MH CHHyCOHAaAbHblMH 

(pyHKyHHMH. 3 t o  n a A e H H e  H anpH îK eH H ji,  BbiHHxaHCb h 3  c p a 3 H o r o  

H a n p n a ie H H H ,  y M e H b i n a e T  BeAHHHHy H a n p H æ e H H H  Ha c o n p o T H B A e *  

HHH R, a  3 H 3 H H T ,  H H H T e p e C y ro U jy K )  H a c  BeAHHHHy E 0.
r i a A e H H e  H a n p a a ie H H i i ,  B b i p a æ e H H o e  ( p o p M y A o i i  ( r ) ,  H M eeT  m c c t o  

AHUIb B T e n e H H e  B p e M eH H  x,  H a  npOTHÎKeHHH iKe OCTaAbHOH HaCTH

O T p e 3 K a  n e p H O A a  ( J ^ — x^ H a  3 a * H M a x  HHAyKfHBHOCTH h c t  HHKa-

Koro H a n p H * e H H H .  I lo  s t o h  n p H H H H e a a h  onpeAeAeHHH cpeAHero 
3H aneH H H  B b ip aa ieH H H  ( r )  m m  n p o H H T e r p H p y e M  e r o  b  n p e A e A a x

T
o t  0  AO x  h  p a 3 A e A H M  H a  —  ,  t .  e .

ripoyecc nepexoAa TOKa o t  OAHoro b c h t h a h  k  ApyroMy coBep- 
uiaeTCH b  n o A O Ô H b i x  cxeMax m  pa3 3a nepHOA» a noTOMy HaHAeHHaa 
BeAHHHHa Eol 6yAeT HMeTb MecTO b TeneHHe Bcero nepHOAa.

e2" $ —  e2'$
2 — Lt ~

du"
• (r)dt

X

0
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Peman ypaBHeHHe (4 ), HMeeM

1

F  —  m  T " 0  L j i  * L j j) f j k

u
Tan Kan 3a BpeMH o t  t =  0  4 0  t  — x, i2" H3MeHHeTca o t  0  4 0  I q, t o

® n r .  83 .
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3aMeHflfl eu¿e T n e p e 3  /, OKOHnaTeAbHo noAynaeM

E ol —  m • f  ■ L*r ■ I q ........................ ..... . (48 )

3 T a  ( p o p M y A a  n 0 3 B 0 A a e T  o n p e ^ e A H T b  BeAHHHHy n a ^ e H H H  

BbinpflMAeHHOrO HanpflflSeHH« npH HaAHHHH HHAyKTHBHOCTH 
B aHOAHOH ijenn BeHTHAeñ. H h  b  kocm  CAynae, OAHaKO, He CAe- 
AyeT AyMaTb, h t o  e e  moîkho H3MepHTb MarHHTO-SAeKTpHHecKHM 
BOAbTMeTpOM, npHKAIOHeHHbIM K 3aaiHvaM 3TOH HHAyKTHBHOCTH. 
CaMO C060H pa3yMeeTCH, h t o  Ha 3aaîHMax nocA eA «en, KpOMe 
HHCTO nepeM eH H oro  HanpHJKeHHH, HHKaKoro A p y r o r o  6biTb He 
MoæeT. H a  yMeHbiueHHe cpeAHero 3HaneHHfl BbinpaMAeHHoro 
HanpjiateHHH n p n  HaAHHHH noAOÖHbix HHAyKTHBHOCTeñ CAeAyeT 
CMOTpeTb, KaK Ha VMeHbUieHHe 3. A. c. BbinpHMHTeAbHOH yCTa- 
HOBKH, KOTopoe n o  cyujecTB y CBoeiay npoHcxoAHT BCAeACTBHe 
yMeHbiueHHH BbinpíiMAHeMoro HanpaaieHHH h  HCKaateHHH e r o  
cpopMbi (cm. Tanase (pnr. 84).

n PH HaAHHHH HHAyi'THBHOCTH paCCeHHHH BTOpHHHOH OÖMOTKH 
TpaHCtpOpMaTOpa MbI HMeeM, OHeBHAHO, COBepUieHHO nOAOÔHblH 
OHHcaHHOMy n p o y e c c  h  BnpaBe n0Ab30BaTbca (popMyAoñ (4 8 )  aa í j  
onpeAeAeHHH naAeHiin BbinpaMAeHHoro Ha p a *  h h h .  H t o  KacaeTcn 
BAHSHHH HHAVKTHBHOCTH paCCtHHHH nepBHHHOH OÔMOTKH, TO, KaK 
no K a 3 b iB a iO T  HeKOTopbie pa cn eT w  h  onbiT, MoasHO h  b  s t o m  cA ynae 
n0Ab30BaTbCÍI TOH JKe (pOpMyAOH C AOCT-.TOHHOH RAH npaKTHKH 
TOHHOCTbK), nepeHHCAHH K03(pHgHeHT HHAyKTHBHOCTH Ha BTOpHH" 
Hyio yenb n o  c n o c o ô y ,  npHMeHflioujeMycH a a j i  cHHycoHAaAbHbix 
TOKOB, T. e. n o  BbipaaieHHK)

L t — L.2 -\~ Li k2 ,

B KOTOpOM k  03HanaeT KOSIpHIJHeHT TpaHCipOpMayHH, paBHblH

e  *

Mbi BbiBeAH (popMyAy (4 8 )  Ha npHM epe n p o c ro H  TpexcpasHOH 
cxeMbi. OAHaKO, b  caMOM yase BbiBOAe e e  b h a h o ,  h t o  OHa Aen- 
CTBHTeAbHa AAH AK)6oH npOCTOH m - (pa3HOH cxeMbi, HMeiOUjeH 
nocTOHHHyK) CAaraioujyio  TOKa b  (pa3nw x oÖMOTKax. K poM e T oro ,  
3Ta (popMyAa n p n  cooTBeTCTByioujeH noACTaHOBKe BeAHHHHbi m 
AeficTBHTeAbHa h  a a a ApyrHX 6oA ee  c a o jk h w x  cxeM.

B caM OM A e A e ,  b  n p e A b i A y i g e M  p a c n e T e  Mbi BbiHyasAeHbi 6 m a h  

B 0 C n 0 A b 3 0 B a T b C f l  HHCAOM n e p e K p b l T H H  aHOAHOrO TOKa, HMeKHIJHX 

MecTO b  T e n e H H e  O A H o r o  n e p n o A a .  B p a 3 o 6 p a H H o n  c x e M e ,  KaK 

h  b  A p y r n x  n p o c T b i x  M H o r o t p a 3 H b i x  c x e u a x ,  s t o  h h c a o  n e p e K p w -
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THH c o B n af laeT  c h h c a o m  (pa3. FIoBTOMy, ecAH Mbi iKeAaeM npn- 
MeHHTb (|>OpMyAy (48) AAH 4pyrH X  BbinpHMHTeAbHblX CXeM, TO 
noA m  HaAAejKHT noA pssy iw esaT b  h h c a o  B03M0¡KHbix nepeKpbiTHH 

aHOAHoro TOKa 3a nepnoA.
Ecah o öpaT H T bca  K cxeMe KioÔAepa (cpHr. 54), t o  mo;kho

BHAeTb, HTO TOK B K3HÎAOH <pa3e HOpM3AbHO (6e3 HHAyKTHBHO- 
CTeîi L t) TeneT V 3 nepHOAa, n03T0My h hhcao bo3moähwx 
nepeKpbiTHH paBHHeTCH TpeM. 3 h 3 h h t aah TaKoii cxeMbi cpop- 
MyAa (48) aoa¡kh3 6 wTb nepenncaHa b BHAe

npHHeM, pa3yMeeTCH, hto Lt bkaiohbho b KajKAyio H3 uiecTH 
BTOpuHHblX Cpa3.

B KacKaAHOH cxeMe, cocTOHiyeñ h3 AByx Tpex<pa3Hbix 3Be3A, 
hhcao nepexpbiTHH 3k KaaiAbiH nepHOA paBHO rnecTH (cm. <pHr. 83), 
a noTOMy aah Hee (popMyAa (48 ) npuHHMaeT bha

Tohho TaK^e b Tpexipa3H0H cxeMe TpeTya (cpHr. 84) h b cxeMe 
C pa3AeAeHHb!MH (pa3aMH (§ 4 TA. I l l)  HHCAO nepeKpbITHñ aHOAHMX 
tokob paBHO uiecTH, h pacneT naAeHH -1 BbinpHMAeHHoro Hanpsate- 
HHH, oôycAOBAeHHoro HHAyKTHBHOCTbK) pacceHHn, cAeAyeT 
np0H3B0AHTb no (popMyAe (4 8 " ), t. e. c noACTaHOBKOH m  —  6.

H e c M O T p a  H a  t o ,  h t o  n o c A e A H H e  H3 y K a 3 a H H b ix  c x e M  AaioT  

c p o p M y A y  a a j i  n aA eH H H  n a n p n t c h h s  E d L  c  ô Ô A b u iH M  K o a c p n y w e H -  

TOM ( 6  BM ecTO 3), n e M  c x e M a  K i o Ö A e p a ,  s t o  e i i j e  H e  3 H aqH T , 

h t o  n p H  n p o ^ H X  p a B H b i x  ycAOBHHX n o c A e A H H e  c x e M b i  M eH ee  

B b i ro A H b i ,  h ° m  c x e M a  K f o 6 \ e p a  c M e * A y c p 3 3 HbiM A p o c c e A e M ,  T a n  

KaK n p H  OAHH3KOBOH MOUJHOCTH H OAHH3KOBOV1 H3npH?fteHHH B b in p f l -  

MHTe AH 3HOAHblił  T p 3 H C (p O p M 3 T O p  AAH CXeMbI K l O Ö A e p S  HMeeT 

ö o A b u i e e  h h c a o  BHTKOB b  K3JKA0H ( p a 3 e ,  BCAeACTBHe H e r o  n e p e -  

HHCAeHHblS K 0 3 (p H g H e H T  H H AyK TH B H O C TH  p aC CeHHHH L f  y  H erO  

6 y A e T  ó o A b u i e .  B A3 A b H e H u ie M ,  n p n  p s c n e T e  n sA e H H H  H a n p H * e H H H  

OT OMHHeCKOrO COnpOTHBAeHHH Mbi n O K 3 * e M ,  HTO B 3TH X yCAO- 

BHHX c x e M 3  T p e T y s  A a e T  H S H M e H b iu e e  3 H a n e H H e  n o T e p n  B b in p n M -  

AeHHOro HanpHîKeHHH.
/ I a h  n p o c T O H  iu ecT H (p 3 3 H 0 H  c x e M b i ,  p a 3 y M eeT C H , AencT BH TeA bH S  

cpopMyAa (48"). T a K  KaK STS c x e M a  HM eeT npHM epHO T e rae 

co o T H o n ie H H H  MeîKAV nep eM eH H b iM  h  b  bi n p n  m a c h  h w m  H a n p n a s e -  

HHeM, h t o  h  c x e M a  K i o Ô A e p a ,  t o  OHa n o  c p a B H e H H i o  c o  BceMH  

Bbim eyK 33aH H bIM H  CXeMaMH OK33bIB3eTCH CaMOH HeBbirOAHOH 
h  a OTHOineHHH n o T e p n  H a n p a æ eH H H .

EoL =  3 • /  • L t ■ / o , . . (48')

E 0l =6 ■ f ■ L t  ■ Iq (48")
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r i e p e i i A e M  T e n e p b  k Bonpocy, KaK BAHseT OMHnecKoe c o n p o -  

T HBAeHHe H a  BeAHHHHy BbinpjjMAeHHoro H a n p í ia s e H H í i .  E c a h  c o n p o 

THBAeHHe n e p B H H H o i ł  h BTOpHHHOH OÖMOTKH K a * A o S  c p aab i  n e p e -  

qnCAHTb HaAAeæauiHM cnocoöoM Ha oaho conpoTHBAeHHe rT, bkak>- 
neHHOe nocAeflOBaTeAbHO c c o o T B e T C T B y io iu H M  BeHTHAeM, to  n a -  

A eHHe HanpHæeHHH ot Hero 6yAeT onpeAeAHT ca TaK »e,  KaK h  

na^eHHe H an p a jK e H H H  ot B H y T p e H H e r o  c o n p o T H B A e H H «  caMoro BeH- 
THAH. n PH 3TOM cpeAHee 3HaneHHe E 0r 3Toro naACHHH Hanpaæe- 
HHH aas Bcex npocTbix MHoro(pa3Hbix cxeM, BKAionan h npocTyio 
A B y x n o A y n e p H O A H y i o  cxeMy, BbipaajaeTCH n p o c T o ñ  tpopMyAoS

E 0r =  I 0 ■ r T .........................................(49)
T

3Ta (popMyAa BbueKaeT H3 Toro, hto b TeneHHe KaaiAOH —

qacTH nepHOAa Becb t o k  Io npoxoAHT no  OAHOMy conpoTHBAe- 
H>;K) r T. Ca.vo C060H paayMeeTCH, h to  b to  paBHOCHAbHO Henpe- 

pbiBHOMy npoxoîKAeHHio TOKa BeAHHHHoS / 0 b TeneHHe Bcero 
nepaoA a no  OAHOMy conpOTHBAeHHK) rT .

OopMyAa (49) aaa cxeMbi c Me¿KAy(J>a3HbiM ApocceAeM K 1 0 6 - 
Aepa AOAiEHa 6 b i T b  nepenHcaHa b BHAe

E 0r= \ l o - r T , . ................................(49')

TaK KaK b 3T0M CAyHae nepe3 KaasAoe conpoTHBAeHHe rT npoxo
AHT TOAbKO nOAOBHHa BbinpflMAeHHOrO TOKa (cm. (pnr. 85-6). 

HaoöopoT, aaa Tpex(|)a3H0H cxeMw TpeTya h KacKaAHoä

E 0r =  2 • I 0 r x ....................................................(49")

h6o, KaK nOKa3aHO Ha (pnr. 85-b h 85-r, npH hhx  Becb BbinpHM- 
AeHHblH TOK OAHOBpeMeHHO npOXOAHT nO AByM COnpOTHBAe- 
hhbm r T .

KaK h npH pacneTe E ql , hcoöxoahmo HMeTb b BHAy, hto npa
OAHHaKOBOH MOIIJHOCTH H HanpHiKeHHH Bbinp ̂ MAeHHOrO TOKa
BeAHHHHa Eor, BbiHHCAeHHaa no (popMyAe (49 '), MeHbine, neM no 
(popMyAe (49) h Aaæe neM no (JjopMyAe (49 ). FIphhhhoH aToro 
HBAHercH öoAbinee h h c a o  b h t k o b ,  npHXOAsineecH Ha OAHy <pa3y 
TpaHCipopMaTopa, b  cxeMe KioÖAepa, neM b cxeMe TpeTyaHAH neM 
b KacKaAHoił, cocTOHnjeH H3 Asyx TpeX(J)a3HbIX 3Be3A.

<Ąah pacneTa oMHHecKoS noTepn HanpaateHHa ot TpaHC(pop- 
MaTopa b  ApyrHx cxeMax CAeAyeT yHHTbiBaTb, noAOÖHO npeAbiAy- 
ineMy ( < J > H r .  85), nepe3 CKOAbKO conpoTHBAeHHH h KaKaa nacTb
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T o n a  l o  n p o x o A H T  3 a  B p e M a  o f l H o r o  n e p n o a a .  B c H A y  3 T o r o  

n e p e n H i u e M  c p o p M y ^ b i  (49 ) b  o ö u j e M  b h a s  

E 0r =  m r ■ rT • To, . . . . . . • . ( 4 9 ' " )

n o A p a 3 y M e B a n  n o A  m r t o h  h a h  h h o h  BeAHHHHbi K 0 9 (p H y H e H T ,  

CBOHCTBeHHbiH AaHHOH cxeM e.
OnpeAeAaTb c a M y i o  BeAHHHHy r T , c o A “ P * a u j y i o  K a n  conpo-  

TH BA eH H e BTOp kIHHOS 0 6 m 0 TKH T p a H C C p O p M a T O p a ,  T a K  H nepBHHHOH, 

MOJKHO C AOCTaTOHHOH AAH IipaKTHKH TOHHOCTblO nO (pO pM yA e 

C H H y c o H A a A b H o r o  TOKa, t .  e.

rT = r2 +  n  • k 2,

S)
® n r .  8 5 .

TAe k- ' K03(J)HyHeHT TpaHCfpOpMayHH, paBHblii

£’2$
k  =

B npaK TH H eCK H X  yCAOBHflX HaCTO ÔbIBalOT H eH 3B eCTH bI Li , ¿ 2  

h  r \ , r 2 , h o  3 a T O  A a e T c a  x a p a K T e p n c T H K a  K o p o T K o r o  3 aM b iK a H n a  

T p a H C ( | )O p M a T O p a  B BHAe BeAHHHHbl £ k %  HanpHJKeHHH KOpOTKOrO 

sa M b iK aH H H  b  n p o y e H T a x  o t  H o p M a A b H o r o  H a n p a a s e H H H  h  b  b h a c  

BeAHHHHbl COS , HBAJIK) UjeHCfl KOCHHyCr M y r A a  C A B H ra  M e ^ A y  

TOKOM H  H a n p a a î e H H e M  n p n  KOpOTKOM 3aM bIK aH H H . B C B a3H  C 3 THM 

Mbi n o c T a p a e M c a  3 a M e H H T b  b  H aH A e H H b ix  ( p o p M y A a x  (48) h  (49) 
L t  h  rT q e p e 3  9 T h  BeAHHHHbi.

flycTb npn oribiTe KopoTKoro 3aMbiKaHHH nocAeAHee n p o H 3 -  

BOAHAOCb Ha CTOpOHe nep BHHHOH OÖMOTKH. TorAa aÖCOAKDTHaa 
BeAHHHHa (pa3Horo HanpjiaseHHa KopoTKoro 3aMbiKaHHa paBHa

£k%



3ra. BeAHHHHa MoateT ßoiTb pa3A0»{eHa Ha peaKTHBHyio CoCTaB- 
Aaioiiiyio

£  k %  
jQ Q  * s i n

p a B H y io  

T. e.
2  t : /  • L t ■ J2,

100 '

h H a aK T H B H y io ,  t .  e.

£  y

100 " *

C a M O  C0 6 0 H p a 3 y M e e T C f l ,  h t o  b o n b i T e  K o p o T K o r o  3 a M b iK a H H a  

Mbl HMeeM AeAO C EipaKTKHeCKH CHHyCOHflaAbHblM TOKOM, a  nOTOMy J2, 
«BAHflCb f leHCTByroil iH M 3 H a 4 e H H e M  TaKOBOrO, n o  BeAHHHHe AOA2ÎHO 

paBHHTbCH A e í i c T B y i o u í e M y  3HaqeHHK> TOKa b s t o h  a t e  oÖMOTKe 

n p n  p a ö o T e  T p a H C t p o p M a T o p a  H a  B b i n p a M H T e A b H y i o  c x e M y .

FIoACTaBHB HaH4 eHHbie COOTHOUieHHH B (pOpMyAbl (4 9 " ')  H (48), 
HMeeM

r . m . I0 e k %

oL~ ~ 2 K Sin'fkJ2 100 ’ *<I”

ZT A) £■* % _
E 0r =  m r . cos -y- ■ - jö Q -  • ^ 2$ .

Pa3AeAHB 0 6 e M a c ™  K a a iA O r o  y p a B H e H H «  H a  E 0 h yM H oaiH B hx 
Ha 100, a 3 aTeM CAoaîHB, noAyqHM

EoL ~E0 ~  ‘ 100== ( 2 « s i n +  mr ' c ó s?*) T2 ’ ’ e *

Oö03HaHHM OTHOUie HHH, 3aBHC3UJHe OT pOAa BbinpaMHTeAbHOñ 
cxeMbi, nepe3 J)

h - k  .

/o £•« “  ”
a AeByio qacTb HaHAeHHoro ypaBHeHHH nepe3 E 0t % , HaiÎAeM

E qt % =  sin <fk - ¡ -  m r cos ~  ■ £ k % . . . ( 5 0 )

x) 3th K03(j>HijHeHTbi MoryT öbiTb B3HTW H3 TaÖAHijbi npeflbiflyujero 
naparpatfa.



0 Ta cjjopMyAa AaeT HenocpeACTBeHHO OTHocHTeAbHyto BeAHHHHy 
n a A e H H H  B b i n p i i M A e H H o r o  H a n p a î K e H H H ,  B b ip a a t e H H y i o  b  n p o y e H T a x  

O T  H O p M ä A b H O H  p a Ö O H e H  B e A H H H H b l  E 0 TO TO  ÎK e  H a n p H T K e H H f l  

h noAynaKDUjyiocfl BCAeACTBHe OMHnecKoro conpoTHBAeHHH h 
H H A y K T H B H O C T H  p a C C e H H H H  O Ô M O T O K  T p a H C C p O p M a T O p a .

E c a h  y q e c T b  e u j e  n a A e H H e  H a n p a îK e H H H  b  b c h t h a a x  h  b  o m h -  

n ecK O M  c o n p o T H B A e H H H  c r A a a í H B a r o i i i e r o  A p o c c e A H ,  t o  H e o ö x o A m v r o  

b  ( p o p M y A e  (59 ) n p n 6 a B H T b  c o o T B e T C T B y i o u j H e  K O A H H ecTB a E b°/0 
h Eg%. TorAa OKOH4aTeAbHO 6yAeM HMeTb

K o r A a  HaM 3aA aeT C H  T p e ß o B a H H e  HMeTb Ha 3a}KHMax n o A e 3 -  

H o r o  c o n p o T H B A e H H H  R  H a n p a a s e H H e  E 0 , to,  o h c b h a h o ,  b  CHAy 

y K a 3 a H H b ix  B b i u i e  o ö c T o a T e A b C T B ,  H a n p H îK e H H e  n p H  XOAOCTOM 

xO A e  E o '  6 y A e T  B b i i u e ,  a  H M eHHo:

OnpeAeAeHHe HanpHîKeHHH TpaHcÇopMaTopa npn Harpy3Ke 

npaKTHqecKOH yeHHOcTH He HMeeT, TaK KaK oho MOJKeT otah- 

naTbca ot cHHycoHAaAbHon (popMbi, h  BbipaateHHe aah Hero b  b h a ê

CTporo roBopa, hbahctcji AHuib npHÖAHJüeHHbiM. HanpflaieHHe 

ate £ 2®' npH XOAOCTOM XOAe, ohcbhaho, paBHO

T o  o6cTOHTeAbCTBO, HTO 3aBHCHUjee OT pOAa BbinpflMHTeAbHOH 
cxeMbi BbipaaseHHe

(51)

£ 2$  =  {E0- \ -E b-\-E g) • k v, . . . . . .  . ( 5 3 )

H A H

=  £ 2$ L+  - f o i  sin (?h +  ' cos ?A)  IT. • ^

£ 2$' —  (Eo -f- E b

£ , , %  i m
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ABAHeTca npHHHHOH, no KOTopofi nafleHne BbinpHMACHHOro Hanp«- 
iKeHHH E o r % ,  BbipaajenHoe b  npoyeHTax, OKa3biBaeTCH 6ÓAbuiHM, 
neM noTepn HanpflJKeHHH £ k % caMoro TpaHCfpopMaTopa, noAy- 
MaioujaHcn npH oóbiHHoH Harpy3Ke e r o  CHHycow AaAbHbiM tokom . 
B caMOM aeAe, nycTb HeKOTopbiił TpaHCtpopMaTop, HMeioujHH

£*% =  5 %  H cos«PA — sin cpft =  0 ,707,

p a 6 o T a e T  n p n  BKAtoneHHH Ha A B y x n 0 A y n e p H 0 A H y K )  n p o c T y i o  c x e M y .  

r ip e H e 6 p e r a f l [  n o T e p  jjmh b BeHTHAflx h He HMea b  cxeMax c r A a -  

a H B a i o u i e r o  (pHAbTpa, n o A y n a e M  n p n  H opM aA bH oił  H a r p y s K e  n a f l e -  

HHe BbinpH M A eH H oro HanpajKeHHH (cm. $ o p M y A y  50)

E o t%  =  ' 0 ,707 +  0 , 7 0 7 ^  • 5 % ^ 6 , 6 % .

rioAOÓHbiH ase pacneT a a h  npocTofi mecTH<J)a3HOH cxeMbi aaeT

E o r %  =  ^  • 0 ,707  +  0,707 j  • 5 % .  ^  1 2 , 4 % ,

t . e. noTepa BbinpaMAeHHoro HanpaaieHHJ! 0Ka3biBaeTCH BecbMa 
3HaMHTeAbHOH, H nOAynaeTCfl OHa, c OAHOił CTOpOHbl, KaK y * e  
6 bIAO YKa3aH0, BCAeACTBHe yMeHbmeHHH H HCKaaseHHH BbinpHM-
AneMoro HanpaaieHHH (<Jmr. 8 4 )  n o#  bahhhhcm HHAyKTHBHOCTH 
pacceHHHH Lt h, c a p y ro i ł  CTopoHbi, TeM, hto

k v /o £'2® _y_ j

^ í J  2 E q

npOCTbIX MHOrO(J)a3HbIX cxer.ł, KaK MOaiHO BHAeTb H3 Ta6AHybI, 
noMeineHHOH b npeflbiAyuieM naparpacpe,

1

*1 >  ’

h noaTOMy aah hhx yBeAHueHHe noTepn HanpaateHHa E 0t % oao- 
6 eHHO 3aMeTHo. B Tpexcpa3HOH cxeMe TpeTya, b cxeMe c pa3Ae- 
AeHHblMH (Jja3aMH H B KaCKaAHOH H3 AByX TpeX(pa3HbIX 3Be3A 
OTHOUieHHe ,

i < l
ki

h noaTOMy a a h  hhx  BospacTaHHe E aT %  no cpaBHeHHio c £*%  
He TaK BeAHKO J).

I l p H  h o a h ^ h h  b  c x e M e  K O H s e B o a T o p o B  c o o T H o m e H H e  H a n p a a i e H H H  M eHHeTCH

h  Ea eT a H O B H T e H  6 o A b r a e .  C m. T a K a i e  §  6  r A a B b i  I I I  h  § §  3 ,  1 3  r A a B b i  I V .
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CfcopMyAa (50) aa a nacTHbix CAyqaes imeer cAeAytoujHH bma:

a) TpexcJia3Hafl cxeMa TpeTga h cxeMa c pa3AeAeHHbiMH (J>a3aMH

E qt% =  (0,5 s in cpÄ — 1,05 coscpé) £ k% ■ . • ( 5 0 1)

E ot% = ( 0 , 7 0 7  s i n 1,48 cos<pft) £ k% . . ( 5 0 u )

£ - 0 x 7 o  =  (1,41 s i n  cpÄ + 1,48 c o s c p ft)  £ k% . . (5 0 111)

Eor°l0 =  (1,72 sin y k-\- 1,8 cos<p¿) £ k°lo • • • (50 ,v)

C p a B H H B a a  H a n n c a H H b i e  (p o p M y A b i ,  m m

b h a h m , M T O  n a A e H H e  BbinpaMAeHHoro Hanpn-
aíeHHíi, npoHcxoAfiujee noA b a h h h h c m  aHOA- 
Horo TpaHCtpopMaTopa b  nepBbix cxeMax, 
OKa3bIBaeTCiI HaHMeHblUHM.

B BbinpHM HTeAHX HeÔOAbIHOÔ MOUJHOCTH 

o n e H b  q a c T O  npH M eH H eT C H  p e r y A n p o B a H H e  

H a n p n a i e H H í í  n p n  n o M o n j H  O M HqecKHX co-
npO T H B A eH H H , BKAIOHaeMblX B AHHeHHbie
n p o B O A a  n H T a K ju je H  c e r a .  B c b h 3 h  c 3 t h m

B 0 3 H H K a e T  HeOÔXOAHMOCTb nepeH H C A eH H fl  

OMHHeCKOrO COnpOTHBAeHHH OÔMOTOK T paH C - 

( p o p M a T o p a  h  B H y T p e H H e r o  c o n p o r a B A e H H f l  

B e H T H A e n  Ha n p o B O A a  c e r a .  IloAOÖHoe nepe- 
wHCAeHHe, t .  e .  o n p e A e A e H H e  r c' ( c m .  ( p n r .  8 6 )

6) KacnaAHan cxeMa h3 AByx Tpex(pa3Hbix 3Be3A

b )  CxeMa c Mea5Ayi>a3HbiM ApocceAeM KioÔAepa

r) ripocTafl uiecTH(pa3HaH cxeMa

i£jir. 86. BbinoAHHMO no cfopMyAe

e c A H  n e p B H H H a a  oÖ M O TK a c o e A H H e H a  3 b c 3 a o h , h  n o  ( p o p M y A e

ecAH nepBHHHan OÖMOTKa coeAHHeHa TpeyroAbHHKOM. 
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3HíiHeHHH OTfleAbHbix BeAHHHH B 3THX $opMyAax cAeAyioujHe:

K. n. fl. TpaHccpopMaTopa, 06ycA0BAeHHbiH noTepsMH 
Ha TOKH OyKO h rHCTepe3HC,

kc — p r —oôpaTHaa BïAHHHHa KoacpHyneHTa Hcn0Ab30BaHna ceTH

Pr
no MOUJHOCTH,

ki  — pT oôpaTHan BeAHHHHa KostpHyneHTa Hcn0Ab30BaHHH 

nepBHHHOH OÖMOTKH TpaHC(J)OpMaTOpa no MOUJHOCTH.

£“«* m  , ' ,

V ------  Ł ’  -------  ~P-----------------Kv K>
to  Ło w¿

I'll BHyTDeHHee COnpOTHBAeHHft BeHTHAH,
ru r-2---OMHHeCKHe COnpOTHBAeHHH OTAeAbHbIX $a3 nepBHHHOH H

BTOpHHHOH OÖMOTOK TpaHCtpOpMaTOpa. 

¿Iah HeKOTopwx HacTHbix CAynaeB (cm. cpnr. 87) HHîKe npn- 
BeAeHbl COOTBSTCTByjOUJHC 3HaMeHHH rc', BblHHCAeHHbie no yKa3aH- 
HbiM Bbiiue (JiopMyAaM (55) h (55'): 

a) aah cxewbi, H306paaieHH0H Ha $nr. 87-a,

r j  =  1,1 • k 2 • 7J* • ( rb +  r2) +  ,



6) aah cxeMbi, H306paæeHH0H Ha cjmr. 87-6, 

rc' — 1,1 • là  • Tj* . (r6 +  r2) +  ru
b )  a a h  c x e M b i ,  H 3 0 6 p a î s e H H 0 H  n a  (p a r .  87-b,

rć  =  2,1 ■ k 2 ■ f\m ■ (  r6—  2 j + 0 , 4 1  r¡ .

§  1 1 .  I Io t o k  B b i H y a i A e H H o r o  H aM arH H H H B aH B H .

B B b in p a M H T e A b H b lX  CXeMaX, B KOTOpblX (J)a3HbIH TOK HM eeT  

n o c T o a H H y i o  C A a r a i o u j y i o ,  b  c e p A e ^ H H K e  T p a H c c p o p i u a T O p a  b o 3 -  

HH K aeT,  nOMHMO TA aBHOrO nO TO K a,  AOÔaBOHHblÎÎ  nOTOK BbIHyîKASH' 

Horo HaMarHHHHBaHHH.

® a r .  88.

P aC C M O TpH M  p a Ô O T y  npO C T O H  T p e X ( | )a 3 H O H  cxeMbi, B KOTOpOH 

nepBHqHaa oÔMOTKa aHOAHoro TpaHcÇopMaTopa coeAHHeHa 3Be3- 
AOH C H 3 0 A H p 0 B a H H 0 H  H yAeB OH TOHKOH. f l o A b S y f l C b  o 6 o 3 H a n e -  

HHaMH, n p H B e A eH H b iM H  H a  <Jwr.  8 8 - a ,  H a n a m e M  y p a B H e H H e  nepB HH* 

HbIX TOKOB

U  +  h "  +  h " '  —  0 ................................................. ( a )

r i o A a r a f l  a a h  n p o c T O T b i ,  h t o  h h c a o  b h t k o b  b  nepB H H H O H  h  

BTOpHHHOH OÔMOTKe KaîKAOH (p a 3 b l  OAHHaKOBO, H CHHTaf l,  HTO 

BTOpHHHblH TOK Ío B AK)6 0 H MOU6HT p a B e H  /(,,  MbI M O æeM  HaiIH- 

C a T b  y p a B H e H H H  M arHHTHblX nOTOKOB A A a  KaíKflOH H3 T p e x  Mar-
H H T H w x ueneS

Io +  h  — h" — 0 ................................ . ( 6)
h  — ii — i i "  = 0  .  ....................... ' (b)

i l "  —  i l "  —  0 ................................ (r)
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9 th ypaBHeHHH 03Hanai0T, hto cyMMa nepBHHHbix h btophh- 

h w x  aMnep-bhtkob b KaatAOH yenn paBHa HyAio. flepBoe ypaB

HeHHe OTHOCHTCH K MarHHTHOÍÍ I j e n H ,  06pa30BaHH0Íí nepBblM H  

BTOpbiM CTep¡KHeM, BTopoe ypaBHeHHe, B CBOfO OHepe/lb, otho- 

chtch k  MarHHTHOíi yenn, cocToniijeH H3 nepBoro h TpeTbero 

CTepíKHH h, HaKOHey, nocAeAHee ypaBHeHHe— k yenn, cocTOHUieH 
H 3  C T e p jK H e H  I I  H III.

P e i n a n  cobmcctho ( a ) ,  (6), (b), HaxoAHM

h" = h " ' \  i\ — —  2 i "  — —  2 U ”
HAH

i\ — — g-/<>; i’i" =  i \ ~  .......................

H a H A e H H b lH  p e 3 y A b T a T  H O K a 3 b IB a e T ,  HTO BO B c e x  T p e x  C T e p a í-  

h h x  b a k > 6 o h  M O M e H T  c y u j e c T B y e T  n o c T O H H H b iñ  n o T O K , H a n p a B -  

A eH H b lH  O A H H 3 K O B O . ErO C H A O B b ie  A H H H H  B H e  C T e p íK H e H  3 a M b I*  

K a io T C H  o t  H p iu a  k  n p M y  n e p e 3  B 0 3 A y x  h a h  K O H C T p y K T H B H b ie  

AeTaAH.
TanoH nOTOK (c m . (pnr. 88-6), Ha3biBaeMbiñ nocTOHHHbiM noTO- 

KOM BblHyJKAeHHOrO HaMarHHHHBaHHH, HBAHeTCH B HeKOTOpblX OTHO- 

rneHHHx HeSAaronpHHTHbiM (paKTopoM. Bo-nepBbix, H 3-3aHero MoryT 

B03pacTH noTepn b aseAe3e TpaHCtpopMaTopa, a, B0-BT0pbix, npn 

BbIKAIOHeHHHX yCTaHOBKH nOA ero BAHHHHeM MOryT C03A3BaTbCH 

onacHbie nepeHanpnateHHH, h 6o oh AeñcTByeT noAoÓHO HHAynTHB- 

hocth crasjKHB3ionjero ApocceAH (c m . TA. IV ,  § 8). C s m o  co6oñ 

p33yMeeTCH, hto no stoh ate npHHHHe oh 0Ka3biBaeT noAb3y, Tan 
KaK npH ero HaAHHHH MoatHO yMeHbuiHTb pa3Mepw cneynaAbHoro 

ApocceAH B CrAaaSHB3K)UjeM «|)HAbTpe.

B Ó A b U IH H  BpeA H a H O C H T  n e p e M e H H b l ñ  n O T O K  B b lH y JK A eH H O rO  

H a M 3 rH H H H B 3 H H H , K O T O p b iS  0 C0 6 e H H 0  H M e e T  M e c T O ,  K o r A a  B T O -  

p H H H a n  o 6 M O T K a  p a 6 o T a e T  n o  c x e iw e  i n e c T H $ a 3 H 0 H  3 B e 3 A b i  ( A / ^ ) -

IloCKOAbKy BTOpHHHbie TOKH KaatAOH <pa3bl B T3KOM CAy43e 

MenaiOT H3np3BAeHHe n0T0Ka nepe3 KaatAyio ]¡3 0CH0BH0r0 nepnoAa, 

nOTOK BbIHy*AeHHOrO HaMarHHHHBaHHH He OCTaeTCH nOCTOHHHblM, 

Tpn pa3a b TeHeHHe oAHoro ocHOBHoro nepnoAa o h  Tanate MeHHeT 

CBoe HanpaBAeHHe. Ilpn HaAHHHH nepeMeHHOro noTona, HMeioiiíero 

nacTOTy 150 H z, noTepn b cepAenHHKe yBeAHHHBaioTCH BecbMa 

3HaHHTeAbHO. KpOMe Toro, nOTepH npOHCXOAflT H B KOHCTpyK" 

THBHblX AeTaAHX TpaHCCjJOpMaTOpa, npHHeM B MeAHblX H ApyrHX 

AH3MarHHTHbIX H3CTHX 3TH nOTepH 06yCA0BAeHbI T0K3MH ®yKO. 

«Ztpyroñ BpeA, HaHOCHMbiií nepeMeHHbiM noTonoM BbiHyatAeHHoro 

HaMarHHHHBaHHH, 3to— yMeHbineHHe BbinpHMAeHHoro HanpnateHHH.
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B t o  naaeH H e HanpaaceHHH 06ycA0BAHBaeTcn BAHHHHeM SAeKTpo- 
flBHJKyUjeH CHAbI, HHAyKTHpyeMOH nepeMeHHbIM nOTOKOM BblHy- 
atAeHHoro HaMarHHHHBaHHH b 00M0TKax TpaHccpopM aTopa.

Ecah nepBHHHaa o6MOTKa mecTH(pa3Horo BbinpHMHTeAH coeAH- 
HeHa TpeyroAbHHKOM, to  nepeMeHHwii noTOK BbiHya<AeHHoro HaMar- 
HHHHBaHHH yMCHbllieH AO npaKTHMeCKH HHHTOJKHOH BeAHHHHbl. 
OpOHCXOAHT 3TO BCACACTBHe TOrO, HTO HHAyKTHpyeMbie HM 3AeK" 
TpOABHIKyiUHe CHAbI C HaCTOTOH 3 «  B KaiKAOH (pa3HOH 06M0TKe 
nepBHHHoft yenw CKAaAbiBaiOTca, coBnaAaa no cpase. BcAeACTBHe 
STOrO B nepBHHHOH 06M0TKe B03HHKaeT TOK C TpOHHOH MaCTOTOH, 
H nOTOK, BbI3BaHHbIH HM, HanpaBAeH npOTHB nOTOKa BblHyJKAeH- 
Horo HaMarHHHHBaHHH h ocAaSAaeT ero. 9thm h  o 6rbHCHaeTca 
t o ,  hto b mecTH(pa3Hbix cxeMax HacTO coeAHHaK)T nepBHqHyio 
06M0TKy TpeyroAbHHKOM, xoTfl, Kan Mbi yate 3HaeM H3 Ta6AHyw § 9 
HacToaujeH rAaBbi, Tanaa cxeMa coeAHHeHHH o6motok AaeT He- 
CKOAbKO 6oAbUiyK) BeAHMHHy ra6apHTHOH MOIJyHOCTH Pr  TpaHC- 
(popMaTopa.

E c a h  o6paTHTbcn k paccMOTpeHHio pa6oTbi Tpexcpa3Horo TpaHC- 
(popMaTopa b cxeMax: c MeatAy<pa3HbiM ApocceAeM Kio6Aepa, Kac- 
KaAHOfi H3 AByX TpeX(J)a3HbIX 3Be3A H TpeTya, TO MOatHO BHdeTb, 
HTO B HHX CepAeHHHK TpaHCipOpMaTOpa He o 6AaAaeT He TOAbKO 
nOCTOHHHbIM nOTOKOM, HO H nepeMeHHbIM nOTOKOM BblHyatAeHHOrO 
HaMarHHMHBaHHH, HMeioujero TpoHHyio qacTOTy no cpaBHeHHio 
c MaCTOTOH OCHOBHOrO nOTOKa. B CaMOM AeAe, nOCTOHHHblH nOTOK 
BbiHyaiAeHHoro HaMarHHHHBaHHH B03HHKaeT TorAa, KorAa no Been 
BTopHqHoS o 6motkc KaatAofl (J)a3bi npoTeKaeT tok, hm cio ii jhh  
nocToaHHyio CAaraiomyio 0AHHaK0B0r0 HanpaBAeHHH c TaKHMH ate 
CAaraioujHMH b Apyrnx (pasax. FlepeMeHHbiH noTOK BbiHyaiAeHHoro 
HaMarHHHHBaHHH TpOHHOH HaCTOTbl TOHHO TaK ate nOHBAHeTCfl 
TorAa, KorAa BTopuqHbifi (pa3HbiH tok B e e n  o 6motkh, HaxoAa- 
iyeHCH Ha oahom cTepame TpaHccpopMaTopa, HMeeT TpeTbio rap- 
MOHHKy.

Ha (pnr. 89 noKa3aHbi ynpoujeHHbie AHarpaMMbi tokob, npo- 
TeKaioujHX no Been b t o p h h h o h  o 6 m o t k c  KaatAoii cpa3bi b pa3AHH- 
Hbix cxeMax, ynoMHHaBiiiHXCH Bbiiue. npaKTHHecKHX pacneTOB
M0aiH0 noAaraTb, m to  TaKOH cpopMoii o6AaAaeT h  noTOK, C03Aa* 
BaeMbiH 3 th m h  TOKaMH, b KaatAOM cTepame TpaHC<|)opMaTopa. 
Pa3AO*eHHe b paA ®ypbe nepBoii k p h b o h  ((pnr. 89-a), otho- 
CHixjeHCH k npocroft Tpex(pa3Hoii cxeMe, noKa3biBaeT, hto OHa

coAepatHT nocTOHHHyio CAaraioujyio bQ — -^v\ nepByio rapMOHHKy
1

ai — r  , h o  He HM eeT T p e T b e n  rapMOHHKH. TapM OHHnecKHH  
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3H 3A H 3 BTOpOH KpHBOÍÍ ( ( | )H r .  8 8 - 6 ) ,  OTHOCfllljeHCH K np O C T O ñ  

iuecTH(j»a3HOH cxeMe, cooTBeTCTBeHHo flaeT

h rv 2 4¿0 =  o ,  « 3= 3 ^ ,

t .  e. TpeTbiî rapMOHHKa y Hero cocTaBAaeT 3HaqnTeAbHyK> BeAH-
2

HHHy no cpaBHeHHK) c nepBOH rapMOHHKOH, aHMeHHO,- =  Y> Hó

a) 5)
-/W5'V----- ■>»-

n en

— î3Wv
—' o ïï —

y
n 2n

*)
0—
0—'TTOTT'— 
2>--'UW'—

0 O'ÖWäŴ---», r—-
0 QOWtfW''---1

!? !t

n <?/r _ 
o—  r  ;i "x

© n r .  89 .

ecAH e e  He C K O M n e n c H p o B a T b  n p n M e H e H n e M  T p e y r o A b H H K a  H a  n e p -  

BHHHOH C T o p o H e ,  t o  OHa c o 3 4 a c T  y a c e  y K a 3 a H H b ie  B b i r n e  H e Ö A a r o -  

npH H T H bie  yCAOBHH.

Pa3AO?KeHHe b  paa Cpypbe TpeTbeñ k P h b o h ,  HMeiomen MecTo 
B  cxeMax TpeTya, KioÖAepa h  b  k 3 c k s a h o h  c x e M e  H3 AByx Tpex- 
$ a 3 H b i x  3 B e 3 4 ,  a a e T

2 \J 3 2 \j 3 - .
u — ------- c o s * ------- ,----  cos 5 a:-

¡TT S  nr

, 2 / 3  7
H n —■ cos 7 X1 7 tc 11 it

5  i t  

2v/~3
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t. e. 3Aecb Mbi He HMeeM hh iioctojîhhoh cAaraiOLyeH, hh TpeTbeñ 
rapMOHHKH.

P a3 y M e eT ca ,  iiomhmo BbiHyjKAeHHOro noTona t p o h h o h  nacroTbi, 
B03M0iKH0 noaBAeHHe BbiHyaîAeHHoro noTOKa, HMeroujero 6oAee 
BbicoKyK) nacTOTy. OAHaKO, KaK moîkho BHAeTb H3 npuBeAeHHOro 
Bbiuie aHaAH3a, BeAH4HHa ero aMriAHTyAbi 6yAeT MaAa, a noTOMy 
OH He MOîKeT C03AaTb KaKHX-AHÖO HeÔAarOIipHHTHblX HBAeHHH, 
HMerouiHX npaKTHHecKoe 3HaneHHe.

t



r  A  A B A  IV .

CrAAiKHBAIOIIiHE JUHAbTPbl.

§  1. C 6 ujne coo6 paiKeHHsi.

BbinpflMAeHHblH TOK, nOAyH3eMbIH HenOCpeflCTBeHHO OT SAeKTpH" 
HeCKHX BeHTHAeH, HBAHeTCH HenpHrOAHblM AAH riHTaHHH paflHO- 
ycTaHOBOK BCAedCTBHe npncyujHx eMy nyAbCsijHH. 9 th nyAbcaynn 

m o 2 5 h o  p a c c M a T p H B a T b  K a n  H a A O i K e H H e  r a p M O H H K — n e p e M e H H b i x  

CAaraioujHx. OcHOBHaH nacTOTa nyAbcaipm b  m  (hhcao (pa3 

BbinpHMAeHHoro TOKa) p a3  6oAbme MacTOTbi nepeM eH H oro  H anpa- 
»eHHii, nnraioujero ycTaHOBKy. HanpHMep, npH inecTH(pa3HOM 

B b i n p s M A e H H H  5 0 - n e p H O A H O r o  H s n p i U K e H H H  o c H O B H a a  n a c T O T a  

nyAbca^H paBHa 300 nep /ceK .
HaAHHHe nepeMeHHbix CAaraioujnx b  aHOAHOM HsnpaaieHHH 

B e A e T  k  n o H B A e H H i o  T a n  H a 3 b i B a e M o r o  ( p O H a  n e p e A a m n K S  h a h  

n p n e M H H K a ,  h 6 o  n p n  s t o m  a c a o  no c y u j e c T B y  c b o a h t c h  k  a H O A *  

HOH HAH CeTOHHOH MOAyAill^HH.
3 a A a q a  c r A a a i H B a i o n j e r o  ( p H A b T p a  3 3 K A K ) H 3 e T c a  b  y M e H b m e H H H  

rapMOHHK B b i n p s M A e H H o r o  H a n p n j K e H H H ,  A e i i c T B y i o u j e r o  H a  3 a  jkh* 
Max n 0 A e 3 H 0 H  H a r p y 3 K H .  TaK K a K  n p n  3 t o m  h c o 6 x o a h m o  H 3 6 e -  

* a T b ,  no b o 3 m o / K h o c t h ,  n o T e p H  n o c T O H H H O H  C A a r a i o m e i i  H a n p a *  

a s e H H f l ,  T O ,  O ^ e B H A H O ,  3 A e M e H T b l  C l  A a i K H B a i O I X i e r O  ( { ) H A b T p a  A O A ? K H b I  

n p e A C T a B A f l T b  H 3  c e 6 f l  p e a K T H B H b i e  C O n p O T H B A e H H H .  n PH 9 T O M ,  

p a 3 y M e e T C H ,  H H A y K T H B H b i e  C O n p O T H B A e H H H  H a A A e a i H T  B K A K J q a T b  

n o c A e A O B a T e A b H O  c  H a r p y 3 K O H ,  a  e M K O C T H b i e — n a p a A A e A b H O  e f t .

yenb nepeMeHHoro TOKa, coAepatainyio BeHTHAb h K0MnAeKCH0e 
COnpOTHBAeHHe, BeCbMa y 4 0 6 H0 HCCAeAOBaTb, 33MeHHB BeHTHAb 
CHHXpOHHO H aBX0M3XHHeCKH ACHCTByiOIlJHM BblKAIOHaxeAeM. M o- 
MeHT BblKAKJHeHHH, COrAaCHO C <J)H3HHeCKHMH CBOHCTB3MH BeH-
t h a a, 6 y A e T  C 0 0 T B e T C T B 0 B a T b  M O M e H T y  n e p e x o A a  t o k s  q e p e 3  

H y A b  H 3  o 6 A a C T H  n O A O J K H X e A b H b l X  O p A H H 3 T  B  0 6 A 3 C T b  O X p H U a *  

T e A b H b i x .  C A p y r o g  C T O p O H b i ,  M O M e H T  B K A i O H e H H H  6 y A e T  o n p e -  

AeAHTbCH M O M e H T C M  n p O X O J K A e H H H  H e p e 3  H y A b  H3 o 6 A a C T H  O T p H -  

I jaT eA bH blX  O p A H H a T  B  o 6 A a C T b  n O A O a i H T e A b H b l X  a H O A K O r O  H 3 n p H -
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ÍKeHHH AAH KeHOTpOHOB H MOMeHTOM AOCTHHteHHH 3THM HanpJIÎKeHHeM 

BeAHHHHbl HOHH3HpyiOUjerO nOTeHÜHaAa A AH pTyTHblX KOAÖ h 

ra30Tp0H0 B.

KaK npoyecc BKAioneHHii, Tan h npoyecc BbiKAiOHeHHH 3AeK- 
TpHHecKOH uenn AaeT HeycxaHOBHBUiHecH npoueccbi. HaxoA» AAH 
i n e  cooTBeTCTByHDiijHe ypaBHeHHH h ycTaHaBAHBaa npeAeAbi hx

A G H C T B H T e A b H O C T H  M e a i A y  y K a 3 a H H b I M H  M O M G H T a M H  B K A IO H e H H f l  

H  B b lK A lO H e H H f l ,  M b l  T C M  C a M b IM  C y M e e M  y C T a H O B H T b  ( j ) O p M y  K p H -  

B O H  A A H  T O K a  H A H  H a n p H * e H H H  B y e n H ,  C O A e p J K a i l je H  B e H T H A b  

H  p e a K T H B H b ie  C O n p O T H B A e H H H .

§ 2 . IJeiib 0AH0n0AynepH0ĄH0r0 BbinpHMHTeAH c ApocceAeM.

H a  (pHr. 90 AaHa ijenb nepeMeHHoro TOKa, coAepaiaujan BeH
THAb H KOMÜAeKCHOe COnpOTHBAeHHe, 0 Öpa30BaHH0e HHAyKTHB-

HOCTblO L  H OMHHeCKHM COnpOTH* 
BAeHHeM R.

riycTb BHeuiHee HanpnaieHHe 
onpeAeAfleTCH ypaBHeHHeM

e —  E  sin (co t -j- <j>),

npaqeM e
=  are sin . . (1)

H 3 oöujeß TeopHH nepeMeH
H o r o  T O K a  H 3 B e c T H O  y p a B H e H w e  

TOKa b yenn, coAepaiaujeii R  h L, 
Aah HeycTaHOBHBUierocH peasHMa BKAioneHHfl TaKOH yenn Ha
CHHycoHAaAbHyK» a. a- c. Oho HMeeT bha r

i — /sin (co t -f- —  cp) —  /sin(^— cp) s L , . . . (2)

KOTOpblH OÖHSaTeAbHO AaeT AAH / =  0, i  — 0.

B 3TOM ypaBHeHHH

/  =  , ^  -- ; cp =  arc tg — — .......................... (3)s j R - Ą - ^ L Y  * R
h  o h o , OHeBHAHO, cnpaBea a h b o a a h  Harnero cAyqaa b npeAeAax 

o t  í =  0 Ao MOMeHTa, KorAa /<^0.

YpaBHeHHe (2) yAOÓHO paccMaTpHBaTb aah rpacpHnecKoro no- 
CTpoeHHH KaK cyMMy AByx tokob—oAHoro / s i n ( c u í ù — tp), 
cooTBeTCTByioujero CTaywoHapHOMy peaiHMy, h Apyroro
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n o c T e n e H H O  H c q e 3 a i o u i e r o  a o  H a c T y n A e H H H  c T a i j H O H a p H o r o  pe- 
JKHMa.

H a (pHr. 91 cAeAaH bi c o o T B e T C T B y to u r n e  n o c T p o e H H a  h c i i a o i u -

HOH AHHHeíí  n O K a 3 a H  AeHCTBHTeAbH blH TOK, B03HHKai0IIJHH B H a-  
m e n  y e n i i .

Æ a h  K e H O T p O H a  E ¡  — 0  h  ^ =  0  n o a T O M y  y e n b  c  TaK H M  b c h -  

THAeM BC T ynaeT  b  p a ö o T y  b  m o m c h t  n p o x o a s A e H H H  B H e u iH e r o  

H a n p f l a î e H H f l  n e p e 3  H y A b  H 3  oÔ AacT H  O T p n y a T e A b H b ix  3HaqeHHH  

OpAHHaT B OÔAaCTb IlOAOîKHTeAbHblX 3HaMeHHH. T o k  AA« TaKOfO

c A y n a a  A a H  A w a r p a M M o S  H a  c p H r .  91-a. I l p e K p a u j e H H e  T o n a  n p o -  

HCXOAHT B M OM eH T > K O r A a  B OÔbIHHblX  yC A O B H ilX ,  t .  e .  6 e 3  

BeHTHAH, TO K B U e r i H  AOAÎKeH 6 bIA 6 bl nepeHTH Mepe3 H y A b  B 0 6 - 

A a C T b  O T p H y a T e A b H b I X  3 H a n e H H H .  H 3  A H a r p a M M b l  AOBO A bH O  HCHO 

BHAHO, HTO TOK M e p e 3  B e H T H A b  B O A H O n O A y n e p H O A H O l t  C X e M e  

c A p o c c e A e M  n p o T e n a e T  A O A b u i e  O A H o r o  n o A y n e p n o A a .  K p o M e  

T o r o ,  ( p o p M a  H M n y A b c a  o T A H n a e T c n  o t  h h c t o h  c H H y c o H A b i ,  a  B e -  

AHHHHa nOCTOKHHOH C A a r a i O U j e H  3 a B H C H T  H e  T O A bK O  OT R, HO 

H OT L. r i p O X O i K A e H H e  T O K a  B n O A O a tH T e A b H O M  H a t l p a B A e H H H  

b  T e n e H H e  n a c T H  O T p n y a T e A b H o r o  n o A y n e p n o A a  B H e u i H e r o  H a n p H -  

j k c h h í i  H e  AOAJKHO K a 3 a T b c a  n a p a A O K c a A b H b i M .  B c a M O M  A ß A e ,  

H e c M O T p a  H a  c i w e H y  3 H a K a  B H e u i H e r o  H a n p a a t e H H a ,  H a  A p o c c e A e  

T e n e p b  H M e e T C H  H a n p a a i e H H e ,  K O T o p o e  b  a A r e ö p a H n e c K o n  c y M M e  

c B H eu iH H M  c n o c o Ö H O  n o A A e p a i a T b  b  yenu t o k  n p a M o r o  H a n p a B -

riHraHHe paflHOycTpoScTB—12 177



AeHHH, T. e. C03AaTb üOAOÎKHTeAbHblH nOTeHUHaA Ha aHOAe BeH- 
THAH OTHOCHTeAbHO ero KaTOAa.

Ecah ijerib coaep*HT b KauecTBe bchthah pTyrayio KOAÔy, 
AAH KOTOpOH HOHH3ayHOHHbIH nOTeHIJHaA E  ¡ 0, TO TOK B TaKOH
yenn noHBAHeTCH b momcht AOCTHaseHHH bhcuihhm HanpiiateHHeM 
BeAHHHHbl E¿  . HMnyAbC TOKa B 3TOM CAyHae MeHbUie, HeM npH
KeHOTpoHe (cm. cf)Hr. 91-6).

H3 cpaBHeHHH KpHBbix 91-a h 91-6 ycTaHaBAHBaeM, hto KeHO-
TpOHbl MOiKHO 3aMeHHTb CHHXpOHHO paÔOTaïOIlJHM BblKAIOHaTeACM, 
BKAKJHaïoiijHM HanpaateHHe b momcht npoxoa>AeHHíi ero »iepe3 
HyAeBoe 3HaneHHe, a pTyTHyio KOAÔy— BbiKAKnaTeAeM, BKAïoHa- 
IOIIJHM HanpflateHHe B MOMCHT AOCTHateHHH HM BeAHMHHbl HOHH3a- 
HHOHHoro noTeHynaAa. BbiKAioneHHe aie b  oôohx CAynaax npo- 
HCXOÆHT B MOMeHT npOXOaSAeHHSi TOKa nepe3 HyAb H3 OÔAaCTH 
nOAOaiHTeAbHblX 3HaneHHH B OÔAaCTb OTpnyaTeAbHblX.

Pa36epeM nacTHbiH CAynan, Kor^a HMeeTCH ycAOBHe

a L » R .

B COOTBeTCTBHH C 3THM
__________  _ t w {

\ R~ - f-  0)2 E2 =  Cl) L; <f ^  — H £ L = S  tg <p ~  1.

TorAa ypaBHeHHe (2) aah pTyTHOH koaÔm npHHHMaeT bha

i  [cos ^  — eos (cu t  - f  ł ) ] f ........................................ ( 2 ' )

a aah KeHOTpoHa

i  =  —, [1 — COS co t ] ............................ ....  (2")
co L

riocAeAHHe ypaBHeHHH noATBepasAaioT, hto BeAHHHHa nocTo-
HHHOH CAaraiOIX!,eH BbinpiîMAeHHOrO TOKa 33BHCHT OT HHAyK THB- 

HOCTH L. /laAee OKa3biBaeTCH, hto aMnAHTyAbi nepeMeHHOH h 
nOCTOiiHHOH CAaraiOUjeH MOryT OCTaBaTbCH OAHHaKOBbIMH, paB-

E
HblMH H yBeAHHeHHeM HHAyKTHBHOCTH HHK3K HCAb3H yMeHb-

UIHTb HX OTHOUieHHH, T. e. HeAb3iî AOCTHTHyTb nOAHOrO „ c r A a -  

aSHBaHHH“ BbinpHMAeHHOrO TOKa.
®Hr. 92-a h 92-6 AaioT cpopMbi TOKa no ypaBHeHHHM (2") 

H (2'), npHMeM AAH BTOpOH A^arpaMMbl, c pTyTHOH KOAÖOH, npH- 
HSTO E t =  E .  rioAHbie aMnAHTyAbi TOKOB Ha AHarpaMMax noKa- 
33HbI B OAHHaKOBOM MaCIUTaÔe. / êficTByiOIIJHe 3Ha4eHHH, paBHO
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KaK h  c p e A H H e ,  b  o 6 o h x  C A y n a a x  6 y A y r  p a 3 H b i M H .  Ą a h  c x e M b i  

C KeHOTpOHOM

E
J =

tu L
1 I 1  . J  _____ . T _ E  .

^  2 ’ 0 <aL ’ 1 ”  coL ’

Aah cxeMbi aie c pTyrHOñ koaôoh cooTBeTCTBeHHO

r E  1 J _  JE_ J _  r _  £ 1
to!' 2 ’ toL n 5 1 “  toL' 2 ’

rAe / i —nepBaa rapMOHHKa nyAbcaynn, 70—nocToaHHaa CAaraioujafl, 
y—AeöcTByioiiiee 3HaneHHe BbinpaMAeHHoro^TOKa.

n

n o  M e p e  A a j \ b H e ñ u i e r o  y B e A H q e H H H  H H A y K T H B H O C T H  ( p o p M a

K p H B b lX  H O T H O I I ie H H e  -y O C T a iO T C H  H e H 3 M e H H b IM H ,  T o r A a  K a K  J
10

h 70 yMeHbiuaioTca.
B K a n e c T B e  O K O H ^ a T e A b H o r o  B b iB O A a  y c T a H a B A H B a e M ,  h t o  h h -  

A y K T H B H O C T b  b  y e n »  O A H o n o A y n e p H O A H o r o  B w n p a M H T e A a ,  y M e H b -  

i u a a  n o c T O a H H y io  C A a r a i o u j y i o  TOKa, H e  M o a te T  A a T b  A O C T a T O H H o r o  

y M e H b iu e H H f l  n y A b c a g H H ,  T a K  K a K  b  n p e A e A e ,  n p n  L =  oo , o t h o -  

m e H H e  n e p B O H  rapMOHHKH k  n o c T O H H H O H  C A a r a r o i i i e H  H e M o a te T  

6 b IT b  M e H b U ie  e A H H H y b l .

§ 3 . y e n b  OAHonoAynepaoAHoro BbinpHMHTeAH
C K O H A C H C a T O p O M .

TaKaa yenb A a H a  H a cpHr. 93. Ecah B eH T H A b  H A e a A b H b iH  

( t .  e. oÖAaAaeT 6ecK0HeHH0 ßoAbuioB npOBOAHMOCTbio b  H a n p a B -

12*  179



t .

4 = £  Ri

A 6 H H H  OT a H O a a  K K a T O f l y  H n p O B O A H M O C T b K » ,  p a B H O Ü  HyAK), 

b  o ô p a T H O M  H a n p a B A e H H w ) ,  t o  H a n p a » e H H e  H a  K O H A e H c a T o p e

onpeAeAaeTCH Ha npoTHJKeHHH nepBoił 
l> l /l¿ ^  I I  nacTH nepnoAa CHHycoHAon BHeuiHero Ha-

[ y  [  * npaateHHH, a Ha npOTaraeHHH ocTaAb-
HOH nacTH nepnoAa noKa3aTeAbHoñ KpH- 
boS pa3p«Aa KOHAeHcaTopa nepe3 co- 
npoTHBACHHe R  Harpy3KH.

npH R  —  oo noAy- 
naeTca yenb, coAep- 
asaujaa BeHTHAb b no- 
C A e A O B a T e A b H O M  co-
eAHHeHHH c KOHAeHca- 
TopoM. H e p e 3  Tanyw 
yenb npn ycTaHOBHB- 
ujeMca peiKHMe HHKa- 
K o r o  TOKa H e npoxo- 
AHT. ® w r. 93-a h 93-6 
A a io T  A H a rp a M M b i  Ha- 

n p n a t e H H H  h t o k o b  h ah  

C A y n a e B

0 <  R <  oo
H

R  =  oo.

B nepBOM CAynae ąah 
H a n p a a t e H H H  H a  k o h -  

AeHcaTope, a, 3HaHHT, 
h HanpaaieHHa Ha Ha- 
rpy3Ke, HMeeM

npH ł i  <  a) Í <  

ec =  E sin o) t,

npn 'í'í'<  “ t <
a it—  li»

ec — E  sin e CR

B 3T 0M  ypaBHeHHH 

o n p e A e A a e T C H  to m 

k o m  nepeceneHHH nep-
BOÜ H e T B e p T H  CHHyCOHAbI C n O K a 3 a T 6 A b H O H  KpHBOH, a  ^ 2 ----MOMeH-

„ de
TOM, B KOTOpblH 
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dt TaK  KaK, HaHHHaH C 3 T O rO  M O M e H T a ,



w

V o p á H H a T b i  C H H y c o H f l b i  B H e u i H e r o  H a n p a a t e H M H  c r a H O B H T c f l  M e H b i x l e  
o p A H H a T  n o K a 3a T e A b H o S  K p H B O H  H a n p a a i e H H H  H a  K O H A e H c a T o p e
(cm . (pnr. 94), BCAeACTBHe nero HaqHHaeTca e r o  pa3pHA n e p e 3 
COnpOTHBAeHHe R. FIpHpaBHHBaH

itu

~  =  (Ü E  COS ^2
ö :H rfi( a t  =  M

t — 4*2 ,de
— - E  sin ¿2

1
R C  s

w CR de,  

d t ,
—  E sin  ^2 ’

R C '(tu  t - <p2)

arc tg  (—  ̂  C R ) =  Tc —  arc tg  co C R ........(4 )

H 3 H e p tea ia  HBCTByeT, h t o  (<]>2 — tyi) <  ir, a ,  3HaHHT, BpeMH

« dt 

noAyqaeM L)

)©
113

npoxoaíAeHHH TOKa n e p e s  BeHTHAb MeHbuie BpeMeHH OAHoro no- 
KiAynepnoAa, t .  e .  KapTHHa n p o -  
®äfl TeKaHHH TOKa npOTHBOnOAOJK- 
w Ha t o h ,  KOTopaa noAynaeTCH 
aa nPH npeAbiAyifieñ cxeMe, HMeio- 
w  u}eñ ApocceAb. H an p aa ieH H e  

H a  BeHTHAe b  a3 h h o m  CAynae 
/j ecTb aA reöpaH qecK an  cyMMa 

BHeuiHero HanpaateHHH h  Ha- 
npaaseHHH Ha KOHAeHcaTope,
KOTopaa, HaHHHas c  MOMeHTa  

“  * =  'ta» n p n o ö p e T a e T  O Tpnga- 
a TeAbHoe 3HaneHHe H a  aHOAe 

BeHTHAH n o  OTHomeHHK) K e r o  
B*KaTOAy.

floCKOAbKy R  ecTb HHCTO 3KTHBH0e COnpOTHBAeHHe, TOK Hepe3 
Hero no cpopMe coBnaAaeT c HanpaateHHeM Ha HeM, t .  e. c  ec . 
riocTosHHafl c A a ra io n ja a  s T o r o  HanpaaseHHa E 0 b  póu jeM  BHAe

¡ii'U E
ooAbuie, qeM — , a aiunAHTyAbi nepeMeHHwx CAaraioujnx 3H3mh*

reAbHO MeHboie E. FIoaTOMy, OAHOBpeMeHHO c yÈeAHHeHHeM no- 
jCTOflHHOH CAaraioujeH BbinpaMAeHHoro TOKa, yMeHbiuaeTCH otho- 
ä uieHHe aMnAHTyA nepeiweHHbix CAaraiou^Hx k BeAHHHHe Iq. 9to 

3H3HHT, MTO BBeAenne K O H A ^ H c a T o p a b ^ n b  OAHonoAynepHOAHoro 
^îbinpHMHTeAH c KeHOTpoHOM OAHOBpeMeHHO yBeAHHHBaeT nocTo* 
leia'iHHyio CAaraiouiyK) BbinpaMAeHHoro TOKa h yMeHbuiaeT nyAbca- 
ei® jhk) ero, t. e. „crAaaiHBaeT“ BbinpaMAeHHbiH tok.

lOllj *) H ó o  ¿2 >  +  90°.

® H r .  9 4 .



M 3 c p a B H e H H î i  c  n p e A b iz iy i i íH M  n a p a r p a t j j O M  C TaH O B H Tcn n o H s T *  

h o 8  T a  n p H H H H a ,  n o  K O T o p o î î  b  O A H o n o A y n e p H O A H O M  B b in p a M H -  

T e A e  a a h  c rA a a iH B a H H H  h c o ö x o a h m o  B K A io n e H H e  K O H A e H c a T o p a ,  

a  H e  A p o c c e A a .

/ I n a r p a M M b i  H a n p a a te H H H  h  t o k o b ,  A a H H b ie  H a  <J)Hr. 93, o t h o -  

c a T c a  K C A y n a i o  c x e M b i  c n e H O T p o H O M . ílpn 3 a M e H e  e r o  pTyTHOH 

KOAÖOS K p H B b ie  H 3 M e H a T C a  B 3aBHCHM 0CTH OT HOHH3ayHOHHOTO 

n o T e H y n a A a .  Tan KaK p T y T H a a  KOAÔa b  n p a M O M  H anp a B A e H H H  

CTEHOBHTCa n p O B O A a i g e S  TOAbKO n o  AOCTHîKeHIlH aHOAHbIM H a n p q -  

a te H H e M  BeAHHHHbl Et , TO, OHeBHAHO, TOK H e p e 3  H e e  B 03H H K aeT

n o 3 * e ,  q e M  b  n p e A b i A y n i e M  C A y n a e  c  KeHOTpOHOM . O h n o a B A a e T c n  

T o r A a ,  K o r A a  p a 3 H O C T b  M e a tA y  BHeuiHHM  H a n p a a c e H H e M  e =  Esin 
h 3 K c n O T e H y H E A b H b iM  H a n p a a t e H H e M

tot ~|— “2 k  — tLg 

ec =  E  s i n  <|>2 • e “ R C

A O C T H ra e T  BeAHHHHbi G, ( c m .  T a n a t e  ( p a r .  95). M o m c h t  H an aA a  

T o n a  M e p e 3  BeH TH A b T e n e p b  o n p e A e A a e T c a  h 3  y p a B H e H H a

co t  —J~ 2 rc —

E¡ =  Esm<»t —  Æ'sin^ 2 “ 

h a h ,  n o A a r a a  (^2 —  <{V) =  6 h  u> CR =  x, 

2 ft - - 8 g

sin  <}V— s i n ^ 2 - e * =  ........................... (5)
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l i p H  AOCT3TOHHO ÖOAblUOM 3H3HeHHH H 0 H H 3 3 y H 0 H H 0 r 0  nOTCH-

y n a A a  m o î k c t  CAynHTbCH, h t o  y p a B H e H H e  ( 5  ) He y A O B A eT B o p n eT C H ,  

HO 3 a T 0  MOîKeT ÔblTb yA O B A eTB O peH O  y p a B H e H H e

k l v .  - 6

s i n ^ i '  —  s i n ^ j  • e x  ~ ~ p .....................................( $ 0

3 A e c b  k — y e A o e  h h c a o ,  ’6 o A b u i e e  eA H H H ijb i .1 E c a h  k  =  2 ,  t o  mw 

n o A y n a e M  p ea tH M  H a n p a a ie H H H  h TOKa, ashhwh H a  A H a r p a M M e  

(pur. 9 6 .  9 î a  A H a r p a M M a  _ n o K a 3 W B a e r ,  h t o  h c t o h h h k  B H e p rH H  

A a e T  t o k  TOAbKO o a h h  p a 3 3 a  A Ba n e p H O A a .  O c h o b h 3 h  n a c T O T a  

TaKOrO T 0K 3 OK33blB3eTCH B ABa p a 3 a  M eH bU ie  H3CTOTW nHTaKDIgerO

H anpflaseH H H , h  m w  n o A y n s e M  n p o y e c c  t s k  H3 3 WB3 e M o r o  „ A e A e H H a “ 

H3CT0TW. r iOAOÖHOe HBAeHHe n p 0 n y C K 3  pSÔOTW  OTASAbHblX 

n e p H O A O B  AAH B b i n p a M H T e A e H  H e Ô A a r o n p H H T H O ,  h 6 o  o h o

yMeHbmaeT K03(ÔHIJHeHT HCn0Ab30B3HHH MOUJHOCTH yCTSHOBKH. 
9 t O HBAeHHe MOÆeT CAyHHTbCH H TOrA3, K0rA3 E t CpSBHH- 
TeAbHO He BeAHKO, h o  3aTo öoAbiiiHM 3HaneHHeM oÔA3A3eT n o -
CTOíiHHafi BpeMeHH RC, BCAeACTBHe n e r o  n o K a 3 aT eA b H an  KpHBan

p33p»A3 HAßT OHeHb nO A O rO .

BKAKJHeHHe K 0 H A 6 H C 3 T 0 p a  B MHOrO(pa3HWÔ B binpH M H TeA b MO

îKeT n o  y K a3aH H biM  s e  npHHHH3M  A a T b  n p o n y c K  p a ô o T w  OTASAb- 

HblX (J)33. K p H B b ie  TOKOB H H 3 n p « ÎK e H H 0  H a <pHr. 9 7  HAAIOCTpH* 

pyKDT TaKOH C A y n a n .  F l p o n y c K  p a 6 o T w  OTASAbHblX tp a 3  c o 3 A a e T  

HepaB H O M epH yK ) H a r p y 3 K y  ( p a s H w x  o 6 m o t o k  T p a H c c p o p M S T o p a  

H OTAeAbHWX 3HOAOB pTyTH O H  KOAÖW.

n P H HeoAHHaKOBOH seA H H H H e H 0 H H 3 a y H 0 H H 0 r 0  n o T e H y n a A a

AAH p33AHHHblX 3HOAOB OAHOH H TOH aïe KOAÔbl ,  HepaBHOMep- 
HOCTb paÔOTbl M O M T  ycyryÔHTbCfl, H Xap3KTep Hep3BHOMepHOfi 
H3rpy3KH OTASAbHblX <p33 yXyAUIHTCH. BHeillHe 3 T 0  MOîKeT Ô bIT b
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o n p e A e A e H O  n o  p a 3 A H H H 0 Ö  H p K o c T H  C B e » i e H H H  a H O A H b i x  T p y 6 o K

KOAÖbl.

B e e  H 3 A 0 î K e H H b i e  c o o ô p a æ e H H H  o  p a ô o T e  i j e n n ,  c o A e p a ? a n j e H

p T y T H b lH  BeHTHAb H K O HAeH CaTOp, n p H B O A ^T  K 3aKAK)HeHHK>, HTO 

paöoTa pTyTHOro BbinpHMHTeAH Ha Harpy3Ky TOAbKO c o a h h m  

K O H A f H c a T o p o M  H e A o n y c T H M a .

® n r .  9 7 .

§  4. B b i n p H M H T e A b H a »  g e n b  c r-o6pa3HbiM cf )H A b T p o M .

5ÏBAeHHH TOKa B ijenn, yKa3aHHoîi Ha (pnr. 9 8 ,  npoTeKaioT 
e iy e  6 oA ee caojkho, neia n p n  oah om  ah  nib A pocceA e h a h  npn  
OAHOM KOHAeHCaTOpe. AHaAH3HpOBaTb 3TO ABAeHHe TOMHO TaKîse 
CAeAyeT Ha ochob3H hh ypaBHeHHH HecTaynoHapHoro pe*HMa, 
onpeAeAHii HanaAbHbie h  KOHenHbie npeAeAbi h x  AeHCTBHTeAbHOCTH 
n o  (pH3HHeCKHM CBOHCTBaM BeHTHAH.

EcAH, KaK 8TO OÖbIHHO ÖblBaeT B npaKTHHecKOił o 6 CTaHOBKe,

R ' = (r +  c /?)<2 \ ] ~ c  ’
to cHCTeMa CTaHOBHTCH nepHOAHqecKOH, a, 3HaMHT, nepexoAHbie  
TOKH h HanpH>KeHHH HeycTaHOBHBuierocH peaiHMa abahiotch nepH- 
OAHHeCKHMH CpyHKIJHHMH BpeMeHH.



r ¿ e

í l o A  A6 HCTBH6 M n e p e M e H H o r o  H a n p n a ie H U r i  

e —  £ s i n  (cu t - (-  >]j),

. • E i ł  =  a r c  s i n  , . . . (1 )

A a H H o r o  Ha yenb b momcht t =  0, b 3 to ü  yena noHBHTCH to k ,  
KOTopbiH, c o r A a c H O  o ö u j e n  T e o p H H  n e p e M e H H b i x  to k o b  !) B b i p a -  

æ a e T c a  y p a B H e H H e M

?2 ^ct I ,

rAe, b CBOK) onepeAfa, ieT — to k  C T a y n o H a p H o r o  p e a tH M a  

i„ =  / s i n  (cu ¿ 4 -   ̂+  cp), 

a  ia — t o k  CBOÖOAHbix KOA eöaH H Ü  c  y ó b i B a i o u j e ñ  aiwnAHTyAOH 

—  a i

Í a = h
e o s  (<j< - f -  cp) .

s i n
, s i n  (4 -ftp) . /  cu0\

“ “ i + ^ 7 x 5 - s , " r - a r c , s « )<!>0<D LC

C  A p y r o í l  C T O p O H b i ,  H a n p a a i e H H e  H a  K O H A e H c a T o p e

e c —  6 ct “I-  e „  ,

npHMeM

dt — ------------ e o s  (cu t -(-  ̂- f -  cp) :
cu C

Z<üC
s i n  I a t  -j- cp

E  ~ at
£

Z  CU C

UJ
-------- s i n  ( 4» -f~ cp) s i n  to0 f  —)—

c o s ( ^ - f ~ c p )  .
s i n  ( co0£ - j - a r c  t g

B 3THX (popMyAax

/=4  ¡ z .
( < * + $ + cu /,/? ------- (R -|- r)

cu C .

“ VWGk—*)’•
x)  C m . ,  H a n p H M e p ,  K p y r  K. A .  „ O c h o b m  S A e K T p o T e x H H K H ' .
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3 h h k h  n p H Ô A H iK e H H o ro  p a B e H C T B a  o n p e f leA H A H C fa  TeM , h t o  ¿ a h  

OÔfalHHblX npaKTHHeCKHX yCAOBHH

(U C «  R  H /•<</?.

T a n  KaK n o  TeM a e  coo6pa»eHHHM m o j k h o n o A o a î H T b  e i g e

““= V r ë H T =00’

t o  nepexoAHWM 3HaneHHHM HanpHJKeHHH h  TOKa M o r y T  yA O B A eT B o -  

pHTb ypaBHeHHH

E  ~ ai
e

z < » c
—  —  s i n ( ^  +  cB )s in co 0 îi +(D,

COS ('} - f -  cp) COS co0

E  ~ at
*» =  z  • e -------- -  c o s  (|> -{ -  cp) s i n  <o0 1 -

—  s i n  ( 4* - j~  œ) c o s  o>o t \  

C oO T B e T C T B e H H O  AAH CTaiJHOHapHblX 3HaHeHHH H M eeM

( 6 )

6c t =  ~ 1 ^ C Z  c o s ( Cü^  +  ^  +  cp̂ 

E
—  s i n ( c u i  +  ^  +  tp)

(7)

KoHe^Ho, HaAO noMHHTb, h t o  a a h  HaineS cxeMbi, HMeioiyeH 
BeHTHAb, 3TH ypaBHeHHH CnpaBeAAHBbl AHUIb a o  Tex n o p ,  nOKa 
t o k  nepe3 BeHTHAb TeneT b npHMOM HanpaBAeHHH, t . e .

i 2 S :  0 .

PaccMOTpHM Tenepb 3TH ypaBHeHna npHMeHHTeAbHO k OTAeAb- 
h w m  CAynaaM, KOTopwe xapaKTepH3yK>TCH OTHOineHHeM qacTOTbi



B H e iD H e ro  H a n p aa seH M H  <o k  « lacTO Te c b o S o a h m x  KOAeßaHHÖ <u0. 

O K O H H a T e A b H b ie  (pOpMyAW CBeaeHbl B TaÓ A H Iíy  (cm. CTp. 190) H 
n p e 4 C T a B A e H b i  r p a ^ n n e c K H  Ha cpHr. 98 h  99.

M 3  c o n o c T a B A e H H H  n o A y q e H H b i x  A aH H bix  m o * h o  C f leA aT b  CAe- 
AyKJUJHe BblBOflbi:

1 C A y q a B :  cu0 >  u>.

a) B ycTaHOBHBUieM CH p e a tH M e  y e r i b  o Ö A a a a e T  c m k o c t h m m  

x a p a K T e p o M ,  t .  e .  H h 6 o  e e  p e a K T H B H o e  c o n p o -

THBAeHHe n p H  O)0 >  U) CTaHOBHTCH M e H b U ie  HyAH, T. e .

6 )  HMnyAbc TOKa no BpeMeHH coKpaujaeTcn noAOÔHO TOMy, 
KaK Mbl 3TO BHAeAH B § 3.

b) npH ’■!» 0, T. e. npH npHMeHeHHH pTyTHbix k o a 6 , Ha k o h -

AeHcaTOpe noaBAflioTCH nepeHanpflaieHHH, e cmax >  E .  3 t h  nepe- 
HanpaaieHHH, o ö w h h o  HeonacHbie aah caMoro KOHAeHcaTopa, TeM 
He MeHee HeAonycTHMbi, h 6 o  MOryT Bbi3BaTb nponycKH b paöoTe 
OTAeAbHblX nepHOAOB.

r) ripHMeHeHHe Tanoro ÇHAbTpa HeAonycTHMO.

2 c a y h  a îi: <i>0 <[ <d.

a) IJenb npa ycTaHOBHBineMcn pejKHMe oÖAaAaeT HHAyKTHBHbiM 
x a p a K T e p o M ,  h 6 o

r i o a T O M y  -------

6 )  HMnyAbc TOKa no BpeMeHH pacTHrHBaeTCH noAOÔHO TOMy, 
KaK 3TO Mbl HMeAH B § 2.

TZ

b )  n PH a k ) 6 o m  3HaqeHHH <|< b  npeAeAax o t  0 a o  —  Hanpa-

* e H H e  H a  K O H A e H c a T o p e  o c T a e T c a  M e H b u ie  aM nA H TyA bi B H e n i H e r o  

H a n p a a îe H H H ,  n o a T O M y  n p o n y c K O B  b p a ô o T e  OTAeAbHblX nepH O A O B 

6 bITb He MOJKeT.

r) IlpHMeHeHHe TaKoro (pHAbTpa BnoAHe AonycTHMO.
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3 c a  y h a h : o)0 =  w.

H p H M e H e H H e  T a K o r o  cp H A b T p a  H e A o n y c T H M O ,  T a n  KaK h o m h m ö  
n ep eH anp a jkc h hh , b osm ojkhm x  noTOMy, h to  b npaKTHnecKHX ycAO-

L
I  CJiyvaú (j )0 ><j )

a ) t y = 0
(h eH o m -

POH)

6 ) ^ * 0
pm ym H .
konGa^

EÎ

rrorT~T~1

t h T . ?

Ilit
E

BHflX /o .to LR >  E, ycAO-

BHe ü>0 =  03 npOTHBO- 
p e H H T  (pHAbTpyiOUjeMy 
CBOHCTBy r -o 6 p a 3 H o ro  
(pHAbTpa ( c m . §  7).

Y c T a H O B A e H H b ie  Bbl- 

BOAbl 0 6  yCAOBHHX 

yCTOHHHBQH p a B H O M e p -  

HOH p a Ö O T b l  OAHHaKOBO 

O T H O C aT C a H K MHOrO- 

Cpa3HblM CXeM aM Bbl-

npHMAeHHH. Ha (J>h- 
r y p e  1 0 0  a a H b i  A n a -  

r p a M M b i  TOKa h  H a n p a -  

JKeHHH a a h  T p e x t p a s -  

H o r o  Bbinp iJM H TeA H  

pT yT H O H  KOAÓOH. B A a -  

r o A a p a  n e p e H a n p a a t e -  

HHaM H AOCTaTOMHOH 

BeAHHHHe R y ^ Ç  B 0 3 -  

H H K aioT  n p o n y c K H  p a -  

ÖOTbl OTA eA bH blX  (p a 3 ,  

t .  e .  H e p a B H O M e p H a a  

3 a r p y 3 K a  c p a 3 H b ix  0 6 - 

MOTOK TpaHC(J)OpMaTO- 

p a  H aHOAOB pT yTH O H  

KOAÖbl.

H e o ó x o A H M o  OTMe» 

TH Tb,  HTO HH B KOeM 

C A y n a e  H e A b s a  p a c *

CHHTbIBaTb Ha paBHOMepHyiO paÔOTy yCTaHOBKH C (pHAbTpOM, HMe- 
H3UJHM ÜJq >  (0, nyTeM yMeHbUieHHa BeAHHHHbl R X C ,  T&K KaK

Mem moka: 
nponyck pa- 
6ombi nepu- 
oda

(Alt

O ht. 98.
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n o A y n a e T c a  r i p n  n o A -

HOH H O p M a A b H O H  MOUJ- 

HO C TH , n p n  y M e H b m e H -  

HOH a ;e  H a r p y 3 K e  O H a  

n p H M e T  Ô O A b lU H e  3 H a -  

M eHH H  H B b I3 0 B e T  H B A e -  

H H e  n p o n y c K O B  p a -  

Ö O Tb l (J)a3.

H 3 n p e A b i A y i y e r o  

HCHO, K a n y i o p o A b  B p a -  

ô o ^ e M  p e jK H M e  y e n n ,  

c o A e p i K a u j e n  t o t  h a h  

H H O H  B e H T H A b  H p e *  

a K T H B H b ie  C O n p O T H B A e -  

H H f l ,  H r p a e T  H a A H H H e  

H O H H S a y n o H H O r o  n o -  

T e H y n a A a .  C a M  c o ô o h

B 0 3 H H K a e T  B O n p O C , c 
n e M  c A e A y e T  c p a B H H -  

B a T b  c x e M y ,  H M e i o u j y i o

r a 3 0 T p 0 H , -----C p T y T H O H

KO AÖ O H  H A H  C K e H O *  

T p O H O M ?  O t B C T  C T a H e T  

f lC H b lM ,  e C A H  o 6 p a -  

T H T b C f l  K  B b ip a iK e -  

H H K ), o n p e A e A f l i o u j e M y  

y r o A  H iv ie H H O ,  y a t e  

ô b iA O  y c T a H O B A e H O  p a -  

H ee,  HTo

• , E i 
s i n  i  =  '

BeAHHHHa C ----eMKOCTH KOHAeHCaTOpa,— no yCAOBHHM CpHAbTpayHH,
He MOîKeT ÖblTb B3HTa MaAOM, a BeAHMHHa 9KBHB3AeHTH0r0 CO- 
npoTHBAeHHH Harpy3-  
KH B 9KCnAOaTan,HOH- 
H bix  y cA O B H H x B c e r A a  

M O ÎK 6 T O K asaT b C H  
OUeHb ÔOAbUIOH. M h- 
HHMaAbHOe3HaMeHHeR

AH BblC OK O B O A bTH bIX  p T y T H b I X  KOAÖ B e A H H H H a  HOHH3aU ,HO H H O rO  

n o T e H y H a A a  MoaseT K O A e ö a T b c a  b npeAeAax 200  —  20 00  b o a l t  

h  A a a i e  B b i m e .  IloaTOMy b o ö b i H H b i x  B b i n p a M H T e A b H b i x  y C T a H O B K a x



y p a B H e H H H  T O K O B  h  H a n p H a s e H B i T

T O K q e p e 3  B e H T H A b

YCAOBHfl
*C T

1 cAyqafi + +  0 E u> C  cos  (iu t  +  <}/) E  u> C-E a s in  + sin  u>0t- \cos  i c o s  i»0f

“ 0 »  “ 4 =  0 E  U) C  COS <1> t
—  a t

— E  io C  e cos  co0 t

i = 3 0 c E  co C cos (to í  —(— 30°)
— a t  o)0 ] .

^  t  ai C £ • —  ■ —  • sin  to0 t 
tu 2

2 CAyqaii +  =t=o
E

--------cos (cu ¿ —J— ib)
w L

E  — a i f  cu0 .
—  —  sinŸ*sina>0i~f-cos4/cos<»of

3Vo3 4> =  o
E

--------T  COS U) t
id L

E  — a t
—£ e cos œ0 t

4 = 3 0 °
E

--------V cos (w t -J- 30°)
to L

E  — a t _ n_
=  ^  £ -0,87 cos O)0 Í

3 CAyian

o>0 =  U) + +  0
E

sin  (< u f+ < !0
E  —a t  . , ,

— -£7 e • sin (co0 £ -f" y)
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K  ( { m r .  9 8  h  9 9  ( c m . < f ) o p i « y A u  ( 6 )  a  ( 7 ) .

H a n p a  a t e HH e  Ha K 0 H 4 e H c a T 0 p e
XapaKTep

paÔOTbleCT e n

E s in (<a t  -j- '}')
_ — a t \  to , "I 
A e  — —  cosysinu)0í — sin o co s  <o0 i

■ -

E sin u) t
„ — a t  m .

— £ e • —  sin ü>ot
<°o

Y c to h ^ h b w h ;  

(Jmr. 98-a

E sin (<a t 30°) c ~ at  1 — A e • -J--COS <1)0 Í
H e y c T O H i H B b i ñ ;  

cjmr. 98-6

— ■£sin(u)i-J-<t)
/  — ct tl~ u)

■ J  -A-E ĵ — cos'isincu^ji-f-sin'i'cosiu^ij
—

- ( ^ ) " . s in «oí
1U,T „  — 3 # .
-----A-E smoiní
U)

Y  c t o h ^ h b m h ;  

( p H r .  99-a

- g ) 2.£ s in ( o > f 3 0 c) —  £ - e *-0,87 sin ü)0 í
ÜJ

y C T O H q H B b l í í ;

(pur. 99-6

E
Ro¡c*0 » ( ■ » < + «

E  — a i
-8 -cos (o>0 i +  40R uiC

ÿ
riepeHanpaæe-

HHflj  OT CyTC 1 BH e  

( p H A b T p a g H H



AAfl p a A H O n e p e ^ a T H M K O B ,  y  KOTOpblX M o s i n o  n p H H H T b  E  =

=  5 0 0 0  - s - 1 0 0 0 0  BOA bT, H aH Ö O A biuaH  BeAHHHHa y r A a  A ea tH T

B npeAeAax

. 2000 . 2000 
ł S a r c  « n -jjg g g - -+• arc s,n

HAH

^ 1 2 ° h - 2 4 c.

JX a «  r a 3 0 T p 0 H a  h o h h -  

3ay H O H H b iH  n o T e H y n a A  

H M eeT  M e H b in y K )  BeAH- 

HHHy h  ö o A e e  n ocT O A H - 

H o e  3 H a H e H H e ,  n o p ^ A K a  

E ¡  =  2 0 — 2 5  V ,  T a n  h t o

• 25 ł = a r c s , n 15055r S O .

Flo 3T0H npHM HHe p 6 /KHM 

B binpH M H TeA bH O H  CXeMbl 

c  r a 3 0 T p 0 H a M H  noA O Ö eH  

K eH O TpoH H O H  c x e M e  H n p H  

BCflKOM COOTHOUieHHH Ü)0 
h  ü> o ö e c n e q H B a e T  paB H O - 

M e p H y r o  3 a r p y 3 K y  (p a3  ' ) .

YcAOBHe <u0 “ > o6ec-
neHHBaioujee HopMaAb- 
Hyio paöoTy BbinpaMH- 
BpeM H  n p o T e K a H H H  T o n a  

qepe3 BeHTHAb b npnMOM HanpaBAeHHH, Ha npaKTHKe oöwhho 
yAOBAeTBOpaeTCH aBTOMaTHnecKH npn pac^eTe (JwAbTpa no ochob- 
HblM TeXHHHeCKHM H 3KOHOMH4eCKHM TpeÖOBaHHHM. TaK, HatipH- 
Mep, b CAeAyioujHX naparpacpax ( 7 ,  8 , 9 )  mm yBHAHM, hto aah 
yAOBAeTBOpeHHH TpeÖOBaHHH (pHAbTpaiJHH, HeyCTaHOBHBIUHXCH 
peasHMOB nycKa, AeMOAyAayHH, h t. a* nacTOTa cboöoahmx KOAe- 
ôaHHH (pHAbTpa AOAaiHa öbiTb BcerAa no KpaHHen Mepe b ABa 
pa3a MeHbiue ochobhoh nacTOTbi nyAbcaijHH BbinpaMAiieMoro TOKa, 
T. e. 2u)0<m <u, rAe m.— hhcao (pa3, a a> — KpyroBaji nacTOTa 
BHeuiHero HanpaaseHHH.

l )  P a 3 y M e e T c a ,  s t o t  b h b o j  H e  K a c a e T C «  C A y q a e B  n p H M e H e H H H  r a 3 O T p 0 H 0 B  

B  H H 3 K 0 B 0 A b T H b I X  B b i n p f l M H T e A H X ,  y K O T O p b l X  £<^1000 V.

1 UUUU

e  , L

' '  Ù ponyck; pa6om àK )m  n o  ovépedu, 
C MueaHueM, d ê a  oh oda U3 m p e x

flp o n ycku ;  paffomaiom odun ano d  
u3 m p e x

O n r .  1 0 0 .

TeAH C Ç H A bTpO M  H y B e A H H H B a i o u j e e
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acton

§  5 .  „ A h o a h m h “ h  „KaTOAHbiu“ A p o c c e A b .

PaHbuie, B §  10, TA. III, Mbi yate paccMaTpHBaAH bahhhhs 
HHAyKTHBHOCTH pacceHHHH TpaHCipopMaTopa Ha BeAHHHHy h cpopMy 
BbinpHMAeHHOrO TOKa. n PH 3TOM Mbl n0Ab30BaAHCb SKBHBaAeHT- 
hoH cxeM oö, cocT oau jeñ  
H3 TpaHCcpopMaTopa 6 e3  *
MarHHTHoro pacceaHBH,h 
nocAeAOBaTeAbHO bkaio- 
HeHHblMH B KaîKAyK) Cpa3y 
ApOCCeAHMH C HHAyK- 
THBHOCTblO, paBHOH HH
AyKTHBHOCTH paCCeHHHH 
TpaHCipopMaTopa. Pac- 
npocTpaHHM npoH3EeAeH- 
HblH 3H aAH3 Ha TaKOH 

CAynaii KorAa ApocceAH,
BKAK)HeHHbie B (J)a3W tlO- 
CAeAOBaTeAbHO C BeHTH- 
AHMH, OÖAaAaiOT B33HM* 
h ö h  H H A yK yneH .

O n r .  101 n p e A C T a B A H e T  A B } x r iO A y n e p H O A H y K >  c x e M y  c  A p o c -

CeAHMH, O Ö A aA aiO IIJH M H  B 33H M H O H  H H A y K IJH e H .  O c H O B H b i e  y p a B H e -  

HHfl, OHeBHAHO, HMeiOT BHA

=  L ^ i  +  M ^ r  +  ( l  +  i ’ ) R ,

y  _ e» , = L ę + « ! + ( , - ' + n u .

E cAH HHAyKTHBHOe COnpOTHBAeHHe KaHiAOrO ApOCCeAH AOCTa-
TOMHO BeAHKO no CpaBHeHHK) C R, TO KaaiAblH H3 TOKOB MOJKeT
6 biTb H 3 o 6 p a a î e H  k p h b w m h ,  AaHHbiMH Ha (pH r.  101 h  o T B e n a io i i jH M H

(popMyAaM . ,  T,  s
I = / (  1 — COS coi),

i"  =  /  ( I  - j -  COS CO t)

(cm. Tanate §  2, ta .  IV ). Ha ocHOBaHUHt SToro HaxoAHM, h to
d i'  =  —  d i" , h  nocAe noACTaHOBKH b pa3HOCTb e10 —  e02 HMeeM

d i ' — d i"  , a, d r — d i
C i o ----e 0 2 -----L dt

+  M- dt
e io  —  e <)2 \ l - m Ą

rinTaHHö paflHoycTpoßcTB -13 193



ripaBaa nacTb paBeHCTBa ecTb He hto HHoe, Kan MrHOBeHHoe 
nafleHHe HanpnateHHH Ha 3aaiHMax ApocceAH. B 3 hb c p e A n e e  apnip-

T  T
M e T H H e c K o e  3 H a n e H H e  s t o h  n a c r a  3 a  B peM H  —  =  y ,  m h  n o A y -

HHM BeAHHHHy E qL ---  I i a f l e H H e  BbinpHMAeHHOrO H anpH iK eH H H , Bbl-
3bIBaeMOe BBÇAeHHblMH flpOCCeAHMH. /^eHCTBHTeAbHO,

TU

E,h = \ J  (L - M ) § . d t S  

0
To

S Ê 2 - f - ( L  —  M ) J d f  =  2 f ( L - M ) - ! o  . . . . (8) 

0

3HaK B33HMHOH HHflyKyHH M  MOJKeT ÔblTb KaK nOAOîKHTeAb- 
HbIM, TaK H OTpHIjaTeAbHbIM, B 33BHCHMOCTH OT HanpaBAeHHH 
BHTKOB. BbiBeAeHHafl (popMyAa noKa3biBaeT, h t o  npHMeHeHHe M c o t -  

pnyaTeAbHbiM 3HaKOM yMeHbiuaeT BbinpHMAeHHoe HanpaateHHe, 
a B33HMHaH HHAyKIJHH C nOAOaîHTeAbHblM 3H3K0M, HaOÖOpOT,
yMeHbiuaeT na^eHHe HanpaateHHa. B npeAeAe aah noAoaiHTeAbHOH 
B 33H M H 0H  HHAyKyHH h ee a ö c o A i o T H o r o  3H aH eH H fl M — L n a A e H H e  

HanpaaieHHH p a B H O  H y A io ,  t . e. E q l  =  0. 3 to t  p e 3 y A b T a T  noH H T eH , 

HÔO b  T3KHX yCAOBHflX CepfleH H H K  A pO C C eA eH  H M eeT  TOAbKO 

nOCTOHHHblH MaTHHTHblH nOTOK CO B33HMHbIM yHHHTOflieHHeM e rO  

n e p e M e H H b i x  C A a r a i o u j H x .  C o 3 A a H H e  L =  M  rpeóyer npHM eHeHHH 

o ö u j e r o  c e p A e H H H K a .  Ha ( p n r .  102-a n o K 3 3 a H 3  n o A O Ö H a n  KOHCTpyK- 

y n n ,  npHHeM, cyAH no HanpaBAeHHio bhtkob, mm h m scm  —  M ; Ha 
<pnr .  102-6 Mbi, H a o ö o p o T ,  H M eeM  -j- M, n p n n e M  aah A y n m e r o  

B b inoA H e H H ji  ycAOBHH M — L T e n e p b  M o a ie T  6 b iT b  n p H M e H e H  He 
TOAbKO oöujhh c e p A e H H H K , ho h o 6 u¡aH  HaM OTKa, hto h  n p e A *  

CTaBAeHO H a  C A e A y io u je H  ( p n r .  1 0 2 - b .

Ha n p a K T H K e  A p o c c e A b ,  BK A ioneH H W H  H e n o c p e A C T B e H H O  b  y e n b  

B b i n p a M A e H H o r o  TOKa, t .  e .  KaK n 0 K a 3 a H 0  Ha <pHr. 1 0 2 - b ,  n a c T o  

H a 3 b iB a io T  „K aT O A H biM “  A p o c c e A e M ,  c i j e A b i o  OTAHHHTb e r o  OT 

A p o c c e A H ,  H 3 o 6 p a æ e H H o r o  H a  (p H r .  1 0 1  h  1 0 2 - a ,  K O T o p b if l  c o 3 A a e T  

n a A e H H e  B b in p H M A e H H o r o  H a n p a a ie H H H  h  H a 3 b iB a e T C H  „aH O A H biM “ *). 

/ [ a h  ycT aH O B A eH H H  ö o A e e  t o h h o t o  o n p e A e A e H H H ,  n o A  „ K a T O A H b m “ 

A p o c c e A e M  H aA A eaíH T  n o H H M a T b  A p o c c e A b ,  K O T opbiH  H e  A a e T  no- 
T e p H  H a n p a íK e H H H  Ha C T o p o H e  B b i n p H M A e H H o r o  T O K a 2) .  I l o a T O M y ,

J) H a 3BaHHe HCTopwqecKH nepemAo H3 t c x h h k h  MeTaAAHqecKHx pTyTHbix 
B b i n p f l M H T e A e ñ ,  y K O T O p b l X  BBHfly H a A H i H H  T O A b K O  OĄHOrO K a T O f l a  HeAb3H 
npHMeHHTb cxeiny 102-a.

2) HcKAioqaH CAynan, yKa3aHHMe b § 5 t a .  V.
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c  ¿ p y r o f i  c T o p o H b i ,  n o A  „ K a T O A H b m “ A p o c c e A e M  m o í k h o  n o H H M a T b  

c o B O K y n H O C T b  A p o c c e A e i ł ,  H M e i o i i j H x  n o A o a t H T e A b H y i o  B 3 a H M H y i o  

HHAyKUHIO  H K03Cj)HI¿HeH T C BH 3H , p a B H b l H  e A H H H y e .

X o t h  B c x e M a x ,  H 3 o 6 p a a i e H H b i x  H a  ( p a r .  1 0 1  h  1 0 2 - a ,  n y A b c a -  

yH H  B b i n p a M A e H H o r o  T O K a  y M e H b i u a e T c a ,  T e M  H e  M e H e e  a a h  n p a n -  

T H 4 e c K H x  y e A e n  o h h  p e A K O  y n o T p e Ö A a i o T c a .  O ö ^ a c H a e T c a  s t o  

n o T e p e n  H a n p a s s e H H a ,  b h o c h m o h  A p o c c e A a M H  c  o T p H i ^ a T e A b H o ß  

B3aH M H O H  H H A y K y n e H .  f l o a T O M y  b  K a n e c T B e  c r A a ? K H B a t o i i i H X  A p o c -  

c e A e ñ  H a  n p a K T H K e  n p H M e H a i o T  „ K a T O A H b i ñ “ A p o c c e A b ,  b k a i o -  

a 6 6

U úO P O Q  M Q & f lr

!  7.

SWW\

! r  L

\ t \

1 1

U oooaoOOQQOQ A

ĴOÖÖÖÖÖ WWÜ^

a i s 1 i

i l l i f f 1 Ï

1

rí —  Cüt  
n  Z n

)t
n  2 n

J ^ X e o t
n  2 n

®nr. 102.

n ae M b iH  b  o 6 u j y i o  g e r i b  B b i n p a M A e H H o r o  TOKa, TaK K a n  o h  H e  

A a e T  AOÖaBOHHOH n o T e p n  H a n p a a t e H H a ,  e c A H  H e  C H H T aT bca  c  o m h -  

q ecK H M  c o n p o T H B A e H H e M  e r o  o ó m o t o k .

§  6 . K o a ÿ H g a e H T  n y A b c a g a n  n  K o a ^ j a g n e a T  c f d i A b T p a u u H .

Ha30BeM O T H O m eH H e aM iiA H TyA bi o c h o b h o í í  rapM O H H K H  b h -  
n p a M A e H H o r o  H a n p a a i e H H a  k  n o c T o a H H o i i  C A a r a i o u j e H  e r o  KOacpH- 
IJHeHTOM n y A b C a i íH H .  B OTCyTCTBHH (pHAbTpa 3TO 6 y A e T :

E S

Eo
( c m . r a n a s e  (pH r.  1 0 3 ) .
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Æ a A e e  nO A oaiH M , h t o ,  Ô A a r o A a p a  B B e ^ e H m o  (p H A b T p a  y M e H b -  

u i H A a c b  TOAbKO n e p e M e H H a a  C A a r a i o i y a H ,  a  E o He H 3 M e H H A acb ;  

T O rA a  K03(|>HU,HeHT n y A b C a y H H  C (pHAbTpOM

E ,

r O -
<  s  ,

I l > f í  r  r i t  M e H b u ie ,  q e M  B n p e A b i A y u¿eM

'■O' i ?  °! * c A y q a e  (cm . cpnr. 1 1 2 ) .
( ^ )  * 1___ L E cah T e n e p b  B 0 3 b M e M  o t h o -

U ieH H e 3THX KOSCpHyUeHTOB, 

(JJur. 103. t o  noAyHHM BeAHHHHy

s  E i
U —  — ,-  HAH U  =  ,

s h  i

KOTOpyK) Ô yA eM  H a 3 b IB a T b  „KOSiÖHyHeHTOM (p H A b T p a y H H *1 HAH 

„ K 0 3 (p H y H e H T 0 M  CrAaiKHBaHHH “ (p H A b T p a .

F lo  c y i g e c T B y  5 h  s ' x a p a K T e p H 3 y i o T  B b in p a M A e H H o e  H an p n-  

HîeHHe c  TOHKH 3peHHH rAyÔHHbi e r o  n y A b c a y H H ,  T o r A a  Kan w, 

npeACTaBAHji  coöokd  OTHOiueHHe aMnAHTyA n ep B O H  rapMOHHKH Ha- 

npaaseH H H  Ha H a r p y 3 K e  n p n  b k a i o m c h - 

HOM H BblKAHDHeHHOM (pHAbTpe, XapaK*

T e p H 3 y e T  c n o c o Ö H O C T b  n o c A e A H e r o  

y M e H b u i a T b  a r y  n y A b c a y n i o  H a n p a a t e -  

HHH. r i 0 3 T 0 M y  KOSCpHIJHeHT (pH A bT pa*  

i£hh  B c e r A a  M e H b m e  e A H H H yw ,  u <  1,

H MOJKeT 6bITb n p H  COÔAIOAeHHH H3- 

B e c T H b ix  ycAOBHH BbipaaseH  n e p e 3  n o -  

CTOHHHbie y e n n ,  C, R, L, a  T a K * e  ^  1Q4

n e p e 3  n p y r o B y i o  wacTOTy AaHHOH r a p -

MOHHKH. OcHOBHbIM yCAOBHeM 3TOrO, H a n p H M e p ,  AAH npOCTOrO 

r * o 6 p a 3 H o r o  (pHAbTpa, SBAaeTCH n p o x o a s A e H H e  T o n a  n e p e 3  BeHTHAb 

B npnMOM H anpaBAeHHH b  T e q e H H e  B c e r o  n e p H O A a  n y A b c a y n H .

K o 3 (pH y H eH T  n y A b c a y H H  Ha H a r p y 3 K e  c  (pHAbTpoM 3aAaeTCfl 

paAHOTeXHHHeCKHMH TpeÖOBaHHaM H. n y A b c a y H H  6 e 3  (pHAbTpa  

o n p e A e A a e T C i i  cxeM OH BbinpaMHTeA bHOH ycTaHOBKH. f l y c T b  HMeeTCH 

M H o r o $ a 3 H o e  BbinpflM AeHHe C H H y c o H A a A b H o r o  n e p e M e H H o r o  T o n a .  

T o r A a ,  n o A b 3 y n c b  (p n r .  1 0 4 ,  MoaseM H a n n c a T b  c A e A y K J iy e e  Bbipa-  

aseHHe a a h  ak>6o h  Ek'  rapMOHHKH n y A b C H p y i o u j e r o  H a n p aa ieH H a:

2 it

E¿ — ~~~J> cos (X — ’ c o s  dx  »
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T A e le =  m  • n =  1 ,  2 ,  3 ,  . . . ,  n o p a A O K  rapM OHHKH n o  OTHOiue^  

HHK) K q a c T O T e  n H T a i o i i j e r o  H a n p a a c e H H H  ! ).

P e m a a  HH TerpaA ,  noAynHM

■ £ .  2F  ' —  ■
m  . it

I a  - — - S i n  —  ■ 
k-  —  1  u  m

H o ,  c  A p y r o î i  cTopoHbi, Mbi yme 3 H aeM , m t o

E 0' =  E . - . s i n - ,
rc m

n o s T O M y

e ) ~  e 0 i ............(9)

r io p H A O K  rapM O H H K H  Tl n O  OTHOUieHHHD K HaCTOTe n y A b C a y H H ,  

oneB HAHO, M o a ie T  6 b iT b  o n p e A e A e n  n o  ( p o p M y A e

k  =  n ■ m .

T a K  KaK p a c n e T  ( Jm A b T p a  B n o A H e  AOCTaTOHHO B b in o A H H rb  Ha 

n e p B y i o  r a p M O H H K y  n y A b c a y n n ,  t .  e .  6 p a T b  n  =  1 ,  t o  OKOH^a-  

TeAbHO HMeeM

—  2  ........................................( 1 0 )E n' m 3 — 1

r i p H B O A H M a n  H H æ e  T a Ö A H y a  A a e T  3 H a q e H n e  K o a c p a y H e H T a  n y A b -  

caynn npH OTcyTCTBHH qjHAbTpa a a h  pHAa H a n é o A e e  ynoTpeöa- 

TeAbHblX CXeM BbinpflMAeHHH npH yCAOBHH CHHyCOHAaAbHOCTH 

nHTaioujero HanpaaieHHH.

m . 1

O c H O B H a a  n a c T O T a

n y A b C a H H H  n p n  50 Hz 
n H T a i o i g e r o  H a n p f l a s e H H f l

2 0,67 100 Hz
3 0,25 150 „
6 0,057 300 „

12 0,014 600 .

H a  npaKTHKe qacTO npnxoAHTCH cTaAKHBaTbca c HecHHycoH- 

AaAbHOH KpHBOH nHTaioiyero HanpasîeHHH. B Tpexcpa3Hbix CHCTe- 
Max HaHÖOAbmee aHaqeHHe h 3 b w c u i h x  rapMOHHnecKHX o ó w h h o



H iu e e t  TpeTbfl  r a p M O H H K a .  O a h s k o ,  b  3 aBHCHM0 CTH o t  cxeM b i  

TpaHCCjlOpMaTOpHblX OÖMOTOK, AHHCHHOe H S n p aa teH H e  M O *eT  He 

c o A e p a t s T b  T p e T b e ñ  rapMOHHKH T o r ^ a ,  K o rA a  OHa B e e  a te  H M eeT ca  

B KpHBOH (p33H O rO  H3npHÎKeHHH, H HaOÖOpOT. / [ a H H O e  0 6 - 

CTOHTeAbCTBO BaatHO B TOM OTHOIIieHHH, HTO CXeMbI BbinpaM" 

AeHHH C nOCTOHHHOH C A a ra iO U je H  B (p33HbIX OÖMOTK3X nH- 

TaioTCH (pa3HbiMH H anpaateH HaM H, a  cxeM bi  n o  T H ny  T p e T y a —  
AHHeHHblMH H anpaateH H aM H . HaflAeatSUJHM BblÖOpOM CXeMbI OÖMO

TOK T p a H c c p o p M a T o p a  n o sT O M y  m o j k h o  H 3 0 a B H T b c a  o t  HeateAa- 

TeAbHOrO HaAHHHH T p eT b e H  rapMOHHKH B TOM HAH HHOM c A y n a e .

/ Í O n y C T H M ,  HTO ( p O p M a  A H H eK H bIX  

H a n p H J K e H H H  c h a o b o h  c c t h , n o f l B e -

A e H H O H  K p a A H O c T a H y H H ,  c o A e p a t H T  

b „np0THB0-(pa3e“ TpeTbio rapMO- 
HHKy, t. e. HMeeM e —  Ei sin co t —
—  £ 3sin 3“ t. Ecah T3K0H tpopMOH öy- 
AeT oÖAaAaTb h  BTopHHHoe Hanpaate- 
HHe, to BbinpHMAeHHoe HanpaateHHe 
6yAeT HMeTb cahuikom 6oAbuiyio 
n y A b c s i j H j o ,  K 3K  n 0 K a 3 a H 0  h s  

<pHr. 1 0 5 .  3 t OTO, O A H 3 K O ,  MOaîHO 
H3Öeat3Tb nyTeM npHMeHeHMa cxeMbi 
OÖMOTOK T p a H C i p O p M a T O p a  A / à  h a h  

A / A ,  KorAa npeAnoAaraeTCH cxeM3 
BbinpaMAeHHii no THny T p e T y a ,  cm.

(pnr. 1 0 6 - 3 .  Ecah ate cxeMOM Bbi-
npjjMAeHHH öyaeT cAyatHTb cxeMa 
C nOCTOHHHOH CAarafOIIjeH B Cp33HblX 
O Ö M O T K3X ,  TO T p a H C < p O p M 3 T O p  He* 

oöxoahmo cnpoeKTHpoBSTb co cxe- 
moh coeAHHeHHa oömotok ¿ ¡ y  (cm. t p n r .  1 Ö 6 - Ö ) .  ¿ X n a r p a M M b i  Ha- 

npaateHHH, BbinoAHeHHbie Ha cpHr. 1 0 6 ,  noacHaioT He0Öx0AHM0CTb 
y K a 3 a H H o r o .

FIpHHHHa a t e ,  n o  K O T o p o n  T p e T b a  rapMOHHKa OTcyTCTByeT,  

H a n p H M ep ,  b  a h h c h h o m  H a npaateH H H  n pH  e e  h s a h h h h  b  tp33H0M,  

KaK H3BeCTHO, 33KAK)H3eTCa B TOM, HTO n pH  y r A e  CABHrS 1 2 0

AAfl OCHOBHbIX T3pM0HHK B TpeX(p33HOH CHCTeMP, y r O A  CABHrS

AAa TpeTbHX rspMOHHK 0 K a 3 b iB a e T c a  paBHbiM 360°. I l y c T b ,  H a n p H 

M ep ,  HMeeM

e$' =  Ex sin u) t —  £3 sin 3« t, 

e*"' =  El sin(co t —  120e) —  E3 sin (3® t -  3,120°).
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Toraa

eA ~ e í> — e — Ei \ /3  ■ sin (tat —  60°),

t .  e .  T p e T b H  r a p M O H H K a HCHe3 Aa.

H a A H H H e  B BbinpflMAfleMOM H a n p a îK e H H H  T p e T b e n  rapM OHHK H 

HH0 r 4 a  M O ateT  OK333TbCH, HSOÖOpOT, BbirOAHbIM C TOHKH 3 p eH H H  

n y A b c a i jH H  B b in p H M A e a -  

H o r o  TOKa. E c a h ,  H a n p n -  

M e p ,  y p a B H e H H e  a h h c h -  

H o ro  HanpHaseHHH

e ¡= E ¡ sincot-¡-E3 sin3cüí,

t . e .  T p e T b i i  r apM O H H K a

HaXOAHTCH „B  $ 3 3 e “  c  

OCHOBHOÜ rapMOHHKOH,

t o  p e s y A b T H p y i o n j a H  K p n -  
b 3 h  H M eeT  n p H T y n A e H H y f o  

( p o p M y ,  ( c m .  (pnr. 107),
a KpHB3H B binpf lM AeH- 

H o r o  H a n p n a te H H H  p o B -  

Hee. B TaKOM cAynae a a h  

T p a H c c p o p M a T o p a  b  c x e M e  

T p e T u a  c A e A y e T  n p H M e»

HHTb Y  I x  HAH A / A  

a  b  c x e M a x  c  nocT O H H  

h ö h  C A a r a i o i i j e ñ — A / Y .

n P H n pH M eH eH H H  HH- 

CTO CHH ycOHAaAbHOrO H3- 

npHJKeHHH H pT yT H blX  

KOAÔ C BbICOKHM HOHH3a- 

UHOHHbiM n o T e H y n a A O M ,

K pH B an B w n p a M A e H H o r o  HanpflJKeHHH 

M o æ eT  T aK ase  n o A y q H T b  ô Ô A b i n y t o  n y A b -  

ca ijHK),  MeM n o  c p o p M y A e  ( 1 0 ) ,  f l p o -  

h c x o a h t  s t o  BCAeACTBHe 3 s n 3 3 A b iB 3 -  

HHH B p a 6 o T e  CAeAyHDIgHX aHOAOB AO 

MOMeHTa B03HHKH0BCHHH H a  HHX AO- 

C T3T0H H 0H  BeAHHHHbl nOAOâîHTeAbHOrO

n o T e H y n a A a .  ® nr. 108 H A A io c T p H p y e T  y K a 3 a H H o e  oôcTO H TeA bC TB O . 

H e c M O T p a  Ha B 0 3 M 0 a îH b ie  yKAOHeHHH K o a ( | )H iin e H T 3  n y A b c a y H H

o t  BeAHHHHbi e r o ,  o n p e A e A s e M O H  n o  tp o p M y A e  ( 1 0 ) ,  Ha n p a K -  

THKe, n p H  p a c n e T e  c r A a a t H B a i o u i H x  cpHAbTpOB, B c e  a i e  n o A b 3 y i o T c a  

3TOH (pOpMyAOH, T3K KaK, OÔbIHHO, T p e 6 y e M b i í i  KoacpHijHeHT n y A b -
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cayHH $ 3aAaeTCH c AocTaToqHbiM 3anacoM, c n o c o 5 H b i M  nepe- 
KpblTb HSMeHeHHil, B03HHKaf0IIJHe H3"3a HeCHHyCOHAaA bHOCTH HAH 
H3-3a npHMeHeHHH pTyTHblX KOAÖ C BblCOKHM HOHH3aLJHOHHbIM

n o T e H y n a A O M .  B Ó A b i u e e  n p a K T H n e c K o e  3 H a H 6 H n e  H e c H H y c o H A a A b -  

Horo H a n p a æ e H H H  c o c t o h t  b t o m ,  h t o ,  npn HeM He yAaeTca
y M e H b iU H T b  s  n y T e M  n pH M eH eH H H  

12- (J )a3H O rO  Bblt ipf lM AeHH H.

Æpyroe SoAbuioe n p a K T H n e c K o e  

BAHHHHe Ha s ' HMeeT H e p a B H O M e p -  

HOCTb Cj)a3HbIX HanpHJKeHHH. HeOAH- 
HaKOBOCTb H a n p a a t e H H H  M o æ e T  Bbi- 

3BaTb npH MHOrO(pa3HOM Bbinp^M-

AeHHH n y A b c a y H K )  c  n a c r O T O H  50 Hz.

© H r .  108.

Tan KaK ocBo6o*AeHHe ot Hee npH noMOujH (pHAbTpa mojkct ona- 
3aTbCH HeyeAeC006pa3HbIM, TO H3AAeiKHT caMbIM TIIjaTeAbHbIM 
0 6 p a 3 0 M  BbipaBHHBaTb 9TH HanpjîMieHHH.

§  7 .  O c H O B H b i e  r p e ô o B a H H H ,  n p e A T > H B A H e M b ie  k  ( J jH A b T p y ;  

n p a K T H n e c K H e  c x e M b i  ( J m A b T p o B  h  n p H H g n n b i  h x  p a c q e T a .

O c H O B H o e  T p e ö o B a H H e ,  n p e A ' b H B A a e M o e  k  ( p H A b T p y ,  B b i T e n a e T  

H 3  e r o  H a 3 H aHeHHH. O h o  c b o a h t c h  k  o n p e A e A e H H O H  BeAHH HHe  

K o a t p H y n e H T a  (p H A bT pa i jH H , K O T o p o H  a o a j k c h  o Ô A a A a T b  AaHHbiH 

( p H A b T p ,  h  K O T o p a a ,  b  CBOfO o q e p e A b ,  o n p e A e A f l e T C H  s a A a H H b iM  

K o a c p H y n e H T O M  n y A b c a i j H H  5  H a  B b i x o A e  h 3  (p H A b T p a .

BeAHH HHbl S MO/KHO n p H H H M a T b  C A eA yiO U JH e  3HaHCHHfl:

1 .  ß,AR K O H y e p T H b lX  T eA e(p O H H bIX  p a A H O -  

n e p e A a T H H K O B ,  n p n e M H H K O B  h  T p a H C A a y H O H -

HblX y C T p O H C T B .......................................................................... s  =  0 , 0 5  • 1 0 ~ 2

2 . Ą a h  p a A H 0 T e A e ( p 0 H H bix  nepeA aTM H K O B

h  a n n a p a T y p b i  K O M M ep n e c K O H  c b h 3 h  . . . s  =  0 , l - s - 0 , 2  • 1 0 ~ 2
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3 .  / J ah  KopoTKOBOAHOB bix T e A e rp a c p H b iX  

ne p e A a T H H K O B  h  A p y r o n  a n n a p a T y p w  T o r o j K e

H a 3 H a n e H H i i ............................................................................... .......  =  0 , 1  0 , 5  • 1 0 “

4 .  ^ a h  AAHHHOBOAHOBbix T e A e r p a c p H b i x  

nepeA a T H H K O B  h  c o o T B e T C T B y jo iy e H  a n n a -

p a T y p b i ........................................................................................... s  =  0,2 - s - 1 • 10

O r  yKa3aHHbix 3HaneHHH b oTAeAbHbix, cneynaAbHbix c^yMaax 
MOJKHO O T C T y n a T b ,  H n p H B e A e H H b ie  HHCA3, KOHeHHO, H3AO CHHT3Tb 

CpeAHHMH, AOnyCTHMblMH H3 OCHOB3HHH yCT3HOBHBUieHCH n p 3 K '  

THKH n o c A e A H e r o  B pe M eH H  h, tasbhmm 0 6 p s 3 0 M ,  b b h a 3 x  yAO- 

BAeTBOpeHHH TpeÖOBSHHflM AeMOAyAHyHH ') •  K 3 C 3 T eA b H O  BblC* 

r n e r o  hx n p e A e A S  C A e A yeT  3 3 M e T H T b ,  h to  oh mojkct 6 biTb 

yBeAHHeH. / I a h  KOMMepHeCKOH CBH3H Ha aahhhmx B0AH3X 

C H C n 0 A b 3 0 B 3 H H eM  OAHOH 60KOBOH nOAOCbl MO*HO A o n y c K a T b  

s  =  l - s - 2 -  1 0 “ ' ,  a a h  S b ic T p O A e n c T B y io u jH X  T e A e r p s t p H b i x  n e p e -  

A3T4HKOB MOÍKHO A3Hie OÖXOAHTbCfl COBCeM 6 e 3  (pH A bT pS ,  npHMCHflH 

BbinpH M H TeA bH bie  CXeMbI, AaiOUJHe UieCTH(pa3HyK) KpHByK) B b in p a M -  

AeHHOrO TOK3.

C A e A y e T  y K 3 3 3 T b ,  h t o  H aH Ö O A buie H  B o c n p H H M 4 H B O C T b io  H a r n e  

y x o  o Ö A a A a e T  k  n y A b c a y w H M  o t  300 a o  1200 Hz. C s t o h  t o h k h

3peH H H  MOJKHO, HanpHMep, yBeAHHHTb AOnyCTHMblH K03(pHyHeHT 
nŷ vbcayHH npn Tpexcpa3HOM BbinpaMAeHHH n o  cpaBHeHHio c mecTH- 
cpa3HbiM. H H o r A a  Ha npaKTHKe TaK h  Ae^aeTCH, ecAH TOAbKO 3T0My 
He npennTCTByioT Apyrne Tpe6oB3HHfl, npeAMBAaeMbie k (pHAbTpy.

r ioMHM O OCHOBHOrO T p e 6 0 B 3 H H iI ,  K aC 3K)IgerOCH K 0 3 ( p H y n e H T a  

n y A b C a y H H , CpHAbTp AOAÎKeH yA O B A eTB O pflTb  p H A y  A p y rH X  T p e 6 o B 3 -  

HHH KaK TeXHHHeCKOrO, TaK H 3KOHOMHHeCKOrO X a p a K T e p a .  TsK O B bU

1 )  OTcyTCTBHe o n s c H b i x  n e p e H s n p n a t e H H H  Ha K O H A e H c a T o p e  

b MOMeHT o ô p b i B a  T O K a  b  H 3 r p y 3 K e ;

2) OTcyTCTBHe onacHbix n e p e H a n p a í K e H í i H  h  6 p 0 CK0 B TOKa 

B MOMeHTbl BKAIOHeHHH H BbIKAK>lieHHH B C eS yCT3H0BKHJ

3) H3HMeHbIH3fl CTOHMOCTbJ
4 )  OTcyTC TB He AeMOA>"AîiyHH;

5 )  B03M 0JKH0CTb 6 b i c T p o A e ñ c T B y io i i i , e H  TeAerpatpHOH MaHHny- 

AHynH;

6) coxpaHeHHe h a h  yBeAHneHne K03(payHeHT3 Hcn0Ab30B3HHH 

ycTaHOBKH n o  c p a B H e H H io  c  KoscpHyneHTOM ee H c n 0 A b 3 0 B 3 H H H  

6e3 (p H A b T p a  ( c o r A a c H O  TaÖAHye § 7 rAaBbi III);

7) ycTOHHHBan paöoTa b  CAyqae npHMeHeHHfl pTyTHbix koa6.

A Ta KÎK e  C g e A b K )  yHHtJTO/KHTb ( fO H  HS-3a H e p a B H O M e p H O C T H  4>a3HbIX 

H a n p s a t e H H H .
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M o a t e T  CAyqH TbCfl,  h t o  He B e e  H3 3 t h x  T p e ö o B S H H H  H e o ö x o -  

AHMbl AAA AaHHOH yCTEHOBKH. , Ą a A e e  MOÎKeT O K a3aT bC H , HTO 

3TH T p e ö o ß a H H H  h a h  B33HMHO A p y r  A p y r a  n e p e K p b i B a i o T ,  h a h  a t e ,  

H a o ö o p o T ,  A p y r  A p y r y  n p o T H B o p e n a T ,  h  T o r A a  H e 0 6 x 0 A «M 0  HaHTH 

o n r H M a A b H b iH  B a p H a H T .  Bo BCHKOM C A y n s e ,  B binO A H eH H e n e p B b I X  

n e T b i p e x  T p e ö o B a H H H ,  B ö o A b u iH H C T B e  c A y n a e B  y A O B A e T B O p a e T  

o c T a A b H b i e  h  b o  B c e x  C A y n a a x  n o c A e A H e e — 0 6  ycTOHHHBOH p a ö o T e  

C p T yT H blM H  KOAÔaMH,

C o B p e M e H H b i e  n p a K T H H e c K H e  c x e M b i  crAaatHBaioujHx (pHAbTpoB
yKa3aHbi Ha (pnr. 109 .

riepBaH H3 HHx ( $ h i \  1 0 9 -a )  c oahhm  „KaTOAHbiM“ ApocceAeM  
MoaseT ynoTpeÖAHTbCH nan e KeHOTpoHaMH, Tan h c  pTyTHbiMH

v i  i  N m

:: :i y. p \  v.

ISM

T  id ! 11

X
a ) 6 )

Y
¡1 1! ! !

S M
C r f  í f í

2)

6 )

- -Cg :

d )

(Pu r .  109.

KOAÖaMH. ByAyHH HeBbirOAHOH B 3K0H0MH4eCK0M OTHOUieHHH H 

onacHOH b CMbiCAe nepeHanpaaieHHH, OHa npHMeHHMa TOAbKO 

b ycTaHOBKax TaKoro poAa, KaK, HanpHMep, BbinpaMHTeAH a a h 

3apKAKH aKKyMyAHTOpOB.
B T o p a n  c x e M a  (cp H r .  1 0 9 -6 )  —  F - o 6 p a 3 H a H — T a n a t e  n p H M e H H M a

C KeHOTpOHaMH H pTyTHblMH KOAÖ3MH. BAarOAapH CBOHM 3AeK" 

TpHHecKHM h  9K0H0MHMecKHM c b o h c t b s m  3Ta cxeMa HaKÖOAee 

ynoTpeÖHTeAbHa b paAHoycTaHOBKax.

T p e T b H — c  oahhm K O H A e n c a T O p O M  ( c j m r .  1 0 9 - r ) ,  a  p a B H O  n e T -  

B e p T a a — n - o 6 p a 3 H a a  ( $ H r .  1 0 9 *a ) — n p H M e H H M a  TOAbKO c  KeHO-

T pO H aM H  H AAH yCT3HOBOK M3AOH MOI1JHOCTH. FlpHMeHeHHe HX 

C r a 3 0 T p 0 H 3 M H  T a K 3 i e  H e A b 3 H  p e K O M e H A O B 3 T b .

ÜHTaii c x e M a — „ p e 3 0 H a H C H o r o  tpHAbTps“ (<$hi\ 1 0 9 -b )— s k o h o - 

MHHecK H y e A e c o o 6 p a 3 H a  a a h  y c T a H O B O K  o n e H b  ö o A b i u o K  m o u j -
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HÓCTH H CpaBHHTeAbHO HeBblCOKOrO HanpflíKeHHfl. Ö H a  OÔbIHHO 

npHMeHHeTCH C MeTaAAHHeCKHMH pTyTHblMH Bbinp^MHTeAHMH Ha 

nOACTaHywHx SAeKTpHHecKHx aseAe3Hbix  A O por.
MeTOA pacneTa 1, 2 u 5 cxeiw $HAbTpa moîkho cBecTH k npw- 

MeHeHHK) (popMyA nepeMeHHoro Tona ą a h  CTaywoHapHoro peaiHMa. 
3tHM CaMbIM MbI He ÖyfleM yMHTblBaTb OAHOCTOpOHHeH npOBOAH- 
MOCTH BeHTHAeß, hto, KaK 6biAO yaie paHee noicaaaHO, b03M0íkh0, 
eCAH TOAbKO TOK Hepe3 BeHTHAb, BbIHHCAeHHblH HO 3THM $Op- 
MyAaM, He npHHHMaeT OTpnyaTeAbHbix 3HaneHHH. C (pH3HqecKoñ 
CTopoHbi AaHHoe ycAOBHe 6yAeT yAO- 
BAeTBOpeHO TorAa, KorAa BKAioueHHe 
AaHHoro cpHAbTpa He bahhst Ha BeAH- 
HHHy nocTOHHHoñ CAaraioiijeB BbinpaM- 
AeHHoro Tona1)- B caMOM AeAe, o6pa- 
ujancb k (pHr. 110 HanpaateHHH Ha koh- 
AeHCaTODHOM (pHAbTpe, Mbl BHAHM, HTO 
eCAH noKa3aTeAbHaa KpHBaa a — b  noM- 
AeT HHiKe CHHyCOHAbI BbinpaMAeHHOrO 
HanpaateHHH, to HanpsaseHHe Ha koh-
AeHcaTope 6yAeT noAAepatHBaTbCH BHeuiHHM h c t o ^h h k o m , h t o k  
H3 Hero 6yAeT npoTenaTb b npaMOM HanpaBAeHHH nepe3 BeHTHAb.

/ [ A a  » T o r o ,  OqeBHAHO, HeOÖXOAHMO, HTOÖbl HaHÔOAbUIHH y rO A  

K aca T eA bH O H , npO B e A eH H O H  B AK)6 0 H T 0 HKe n O K aSaT eA bH O H  KpHBOH, 

6 biA S o A b u i e  M a K C H M a A b H o ro  y r A a  K a c a T e A b H o B  k C H H ycoH A e,  t .  e .

d_
dt E0

t  - 
RC >  ^  [— s' E0 sin m co i],

OTKyAa, npn t =  0, HMeeM:
s' m co CR <  1 (H )

n o A  co n o A p a 3 y M e B a e T C H  K p y r o B a a  n a c T O T a  cera, a  n o A  m  —  

HHCAO B b in p a M A a e M b IX  Cpa3.
O c H O B a H H e M  A A a BblBOAa 3 T 0 Ö  (pOpM yÁbl,  MeiKAy npOHHM, 

CAyjKaT T e  * e  c o o 6 p a a i e H H 3 ,  h t o  h  b  c p o p iu y A e  ( 4 ) ,  A a H H o ñ  b  §  3 ,  

AAa onpeAeAeHHH MOMeHTa HanaAa pa3paAa KOHAeHcaTopa nepe3 

B H e n iH e e  c o n p o r a B A e H H e  R. Ha n p a K i H K e  y cA O B H e (11) n p n M e -  

HHMO h  A A a r * o 6 p a 3 H o r o  (p H A b T p a .  H t o  a t e  K a c a e T c a  <J)HAbTpa 

c o a h h m  A p o c c e A e M ,  t o  n p H M e H e H H e  ( p o p M y A  n e p e M e H H o r o  TOKa 

y c T a H O B H B U i e r o c a  p e a iH M a  a a h  H e r o  B n o A H e  B 0 3 M 0 a iH 0  b  CHAy 

c o o ö p a a i e H H H ,  y K a 3 a H H b ix  b  §  5 2) .  ,

*) B o n p o c ,  KOHewHO, He KacaeTca b a h a h h h  oMH«iecKoro conpoTHBAeHHff 

4pocceAH.
2)  C m . Tanate §  4  t a .  V .
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r i o A b a y í i c b  y f < a 3 a H H b iM  m c t o a o m  p a c n e r a ,  m u  M O « e M  3 i M e H H T b

A e ñ C T B H T e A b H y i O  u e n b  B b i n p f l M H T C A H  SKBHBaAeHTHOH, C O f l e p a t a -  

u j e ñ  T O A b K O  n e p e M e H H y i o  s . a - c . e / ,  c o n p o T H B A e H H 2  H a r p y 3 K H  

h  A a H H b i S  ( p H A b T p .  f l o c T O H H H a f l  a .  a - c .  b  3TOÍÍ  c x e M e  H e  o 5 a 3 a -  

T e A b H a ,  n O C K O A b K y  A a H H b l H  ( p H A b T p  B C e  p a B H O  H e  B A H H e T  H a  

n o c T o a H H y k > C A a r a i o i H , y i o  B b i n p a M A e H H o r o  T O K a .

n P H p a c i e r e  K O H A e H c a T O p a  a a h  3  c x e M b i  H eo S x O A H M O  h c x o -

4 HTb H3 K p H B b l X  3 a p f l A a  e r o  OT B t f e i H H e ñ  3 . A - C .  H e p e 3  BeHTHAb 

h  p a 3 p a A a  H a  c o n p o T H B A e H H e  H a r p y 3 : < H .  O h s b h a h o , BeAHHHHa 

K O H A e H c a r o p a  6 y A e T  o n p e A e A H T b  H e  TOAbKO n e p e M e H H b i e  CAa- 

r a i o L g H e  B b i n p f l M A e H H o r o  H a n p H a s e H H H , h o  h  n o c T O H H H y io  CAa-

r a f o i n y i o  e r o .  T o h h o  

T a n  a j e  H a A A e a i H T  p a c -  

H H T b l B a T b  K O H A e H C a*

toP Ci b  cxeMe 4 .  

KoHAeHcaTop a;e C 2 h 

ApOCCeAb MOryT 6 b I T b  

nocAe 9Toro paccnH- 

TaHai no <J>DpMyAaM ne-

p e M e H H o r o  TOKa, K an r - o 6 p a 3 H b i H  cpHAbTp. I l p n  b t o m  3 a  n y A b c a -  

y n i o n p H B X O A e  B r - o 6p a 3H y io  n a c r b  (pH A bT pa H aA A ea iH r npHHHMaTb  

n y A b c a g m o  H a n p n a í e H H a  Ha k o h a c h c a T o p s  C\. P a 3yMeeTCH, t 3khm  

o 6 p a 3 ü M  Mbi Aor.ycTHM  H e K O T o p y io  o m n 6Ky, nOCKOAbKy b  a ^ h c t b h -  

TeAbHOCTh Cx p a 3 p a a ía e T C H  He n p o c T O  M e p e 3  R, a Ha CAoasHoe  

c o n p o T H B A e H H e  B c e ñ  T  0 6 p a 3 « 0 H  n a cT H  (pHAbTpa.

B  K a n e c T B e  n p H M e p *  p a c n e T a  n o  ( p o p M y A a M  n e p e M e H H o r o  TOKa, 

o n p e A C A H M  K o a c p H y n e H T  c p H A b T p a g H H  c x e M b i  c  o a h h m  ApocceAeM 

( í p n r .  1 0 9 - a )  SKBMBaAeHTHan c x e M a  a 1' «  3Toro CAynaa A a H a  Ha 

c p n r .  1 1 1 .  ConpoTHBAeHHeM r  o 6 o 3 H a n e H o  b HyTpeHHee c o n p o 

THBAeHHe HCTOHHHKa.

OneBHAHO, KorAa BBeAeH a pocceAb, t o  m h  HMeeM CAeAyioiijee 

HanpaaieHHs nepBoíi lapMOHHKH Ha ConpoTHBAeHHh Harpy3KH:

F  __ _____________ R ______________ F ,

1 v/(/? +  r)2 +  (ma>Z.)2 1 ‘

B OTCyTCTBHH ase ApocceAH o h o  paBHaeTca

R
E1"

R  +  r
OTCIOAa AAH K 0 3 ( J ) H y H e H T a  (J)HAbTpagHH H M e e M

_ Ex f l - f r

\J \ R r ) 2 (m <s> L f
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OöbiHHO u < 0 ,1 ,  Toraa (R -J- r) (m cd L), BCAe^cTBHe qero

R - \ - r

OneHb nacTO öbiBaeT r ■■
u ■ m cd

0,1 R, TorAa

*

(12)

................................................. ( 1 2 0

B CBH3 H c  y K a 3 aHHbiM B b ipaa iC H H eM  (11), o n p e A e A f l io i i jH M  y cA O -  

BHe npHM eHHMOCTH (p o p M y A  n e p e M e H H o r o  TOKa, h c o ö x o a h m o  o t m c -  

THTb, HTO BHeuiHHH x a p a K T e p H C T H K a  BbinpHM HTeAH, H M e fo m ,e r o  

r - o 6 p a 3 H b l H  (pH A bTp, n p H O Ö p e T a e T  OCOÖblH BHA. n P H XOAOCTOM 

x o A e ,  K o r A a  I0 — 0, B b in p j iM A e H H o e  H a n p a a t e H H e ,  h a h ,  h t o  B c e  

paBHO, H a n p a a t e H H e  H a  K O H A e H c a T o p e ,  p aB H O  aM n A H T y A e  B b in p a M -  

A a e M o r o  H an p H aîe H H H . F t p n  y BeAHneHHH TOKa H a r p y 3 K H  E0 n e p B O -  

H anaA bH O  CHAbHO yM e H b i i ia eT C H  h  3 a T e M  AOCTHTHeT c E o e r o  HOp- 

M a A b H o ro  3 H a 4 e H H H , K o r A a  c o n p o T H B A e H H e  H a r p y 3 K H  R n p n -  

o ö p e T e T  BeAHHHHy, y A O B A e T B o p a i o t y y i o  ycAOBHK) (11) ( c m .  T aK ase  

§  5 t a .  V). / [ a A b H e f t u i e e  y ß e A H n e H H e  Harpy3KH m o j k c t  Bbi3BaTb 
y M e H b in e H H e  E0 TOAbKO nO A  BAHflHH6 M B H y T p e H H e rO  COnpOTHB- 

AeHHH BÜHTHAeH H aHOAHOrO T p a H C c p o p M a T o p a .

H a n p i ia i e H H e  BbinpflMHTeAH n p n  x o a o c t o m  x o A e ,  o ß y c a o b a c h -  
H o e  HaAHHHeM K O H A e H c a T o p a ,  ö y a e M  b  A a A b H e ñ m e M  o 6 o 3 H a n a T b  

H e p e 3  E0n.', KaK s t o  y a i e  6 m a o  CAeAaHO b  §  6  t a .  III.

§ 8. PacqeT T o6pa3Horo (JmAbTpa.

rioAb3yjicb MeTOAOM pacqeTa no (popMyAaM nepeMeHHoro TCKa, 
oßpaT H M C H  K cpHr. 112, r A e  H 3 o 6 p a æ e H a  B b in p a M H T e A b H a H  c x e M a

B 3KBHBaACHTHOM BHAe.

H a n p a a i e H H e  nepeMeHHOH C A a r a io u j e ñ  Ha H a r p y 3 K e  n p n  oT cyT - 

CTBHH (J)HAbTpa paBHO
E>

Z7 rr __ Z7 '

E l  ~ E l  R ^ r ’

[O' m
f '  [ 'hl o

cpar. 112.



rA e  E x — 3. a - c . ,  a r— BH yT peH H ee  conpO T H B A eH H e BceH ycTaHOBKH, 

t .  e .  T p aH cc |)o p M a T o p a  h BeHTHAeft, n e p e n n c A e H H o e  Ha y e r ib  

BbinpHMAeHHOrO TOKa.
n P H BKAioMeHHH ( p H A b T p a  H a n p j iH ie H H e  n e p e M e H H O H  CAaraK>iu,eH 

H a  H a r p y 3 K e  c t h h o b h t c h  M e H b rn e ,  c o r A a c H O  B b ip a a t e H H io

B KOTOpOM Z --- M O A y A b  nOAHOrO COnpOTHBAeHHH 3KBHB3AeHTHOH
cxeMbi, a Z i—’pa3BeTBAeHHOH nacTH ee. KoatpHyneHT (fHAbTpa- 
yHH Tenepb mojkct 6biTb npeACTaBAeH (popMyAOH

rioAyMeHHoe BwpaaieHHe He AaeT bo3m ojkh octh  onpeAeAHTb 
0 6 a HeH3BeCTHblX L H C H, KpOMe Toro, OHO M3AO HarAHAHO. 
ripHMeM cAeAyiouiHe ycAOBHbie o6o3HaHeHHa:

A  ~ z ' r + R
u ~ E i " ~ Z  R

J\ ,a A e e  HMeeM

R
(/? —{— /- — m3 <»2 LC • R )- \ - j  (m & L - \ -m  co CRr) ’

BCAeACTBHe H e r o

r +  /?
•(13)

\J (R -f- r — a»2 LCR)* -j- (m w L -f- m  co CRr)2
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Toraa

m® C =  ; m<aL =  p \  x >r — T r  (1 — ’l)»

a npeAbiAyuiee y p a ß a e H H e  (13x) M O*eT 6biTb n e p e n n c a H O  b  CAe- 
A y r o n je M  BHAe:

M2 =  0  —  Ti * ) 2 - r * \M o
1̂ ( 1  —  q )

Mn

flpHBOAH e r o  K HOpM aAbHOM y BHAy K B a A paT H O rO  yp aB H eH H H  

OTHOCHTeAbHO X, HMSSM

O ó o s H a n a a  a a h  c o K p a u j e H H j j  n u c b M a

/ a

H
n o A y n a e M

V X  —  o  +
V T

—  b (15)

Flpn6erafl k  npaHHTbiM noACTaHOBKaM

^ = W ( Ä + r ) » i ( Ä + r )  =  ^ ,L C =

O K O H H äT eA b H O  n o A y q a e M

j M0 R /— 
L  ----------------------  V *

m  <o ■ Tfj

-n

m ou M u R y f *  ■ •

• -(16)  

• -(17)

TaK K3K OÖblHHO U  1 ,  M o  « £  0 , 5 ,  0 , 5 < ^ 7 ¡ < ^ 1 ,  BCAeACTBHe 

qero a b h x  =  —  , to Te ate (popMyAbi npHÔAHæeHHO öyAyt

HMeTb B H A

L ~
Mp R

m e o  \ /  u t )  • r]

m eu
1 /  r¡

• Mo • R  V  «

(16')

(170
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3 t h  (p o p M y A b i  M0 2 SH0  fipH M eH H T b a a h  AK>6 o r o  C A y ^ a H ,  K O fA a

4aHa AOnOAHHTeAbHO BeAH4HHa M0. C (pH3HWeCKOH CTOpOHbl Mo 
npeACTaBAseT He h to  HHoe, nan oTHOCHTeAbHoe nepeHanpsateHHe, 
B03HHKai0iijee Ha KOHAeHcaTope bo BpeMH oöpbiBa TOKa Harpy3KH. 
Tan K a n  K O H A e H c a T o p b i  K O H C T p y n p y io T C H  Ha H c n b i T a T e A b H o e  H a n p a -  

JKeHKe, npeB0cx0A«iäee HopMaAbHoe paöonee HanpaaieHHe B c e r o  

AHUIb B A B a  p a 3 a ,  TO A A H COXpaHHOCTH KOHAeHCaTOpa CAeAyeT 
BblÖHpaTb Mo <  1; HHÍKHHH npeAeA Mo, COrAaCHO (pH3HHeCKOMy 
CMbicAy, paBeH HyAio, Tan h to

B b lÔ H p a H  MHHHMaAbHOe 3 H a H 3 H H e  M0, OAHH TeXHHHeCKHe CBOH- 

CTBa ( p H A b T p a  ( H a n p H M e p ,  b  C M bicA e A e M O A y A n y H « )  m o j k h o  y A y n -  

u iH T b ,  a  A p y r n e  ( 6 p o c K H  TOKa n p a  BKAiOHeHHw), H a o ô o p o T ,  y x y A -  

IUHTb. TOHHO TaK 2i e  n p H  3TOM MOJKeT H3M eH *TbC H  riOAHafl CTOH- 

MOCTb (p H A b T p a .  I l o a T O M y ,  e c A H  HeT A p y r o r o  s a A a H H n  a a h  M o, 

TO MOÎKHO e r o  nOAHHHHTb T peÔ O B aH H K ) MHHHMaAbHOH CTOHMOCTH 

(p H A b T p a .  OÖLLjaH CTOHMOCTb ( p H A b T p a  MOJKeT 6 bITb B b ip a jK e H a  

( p o p M y A o ñ

B KOTOpOH K i  — CTOHMOCTb 1 (papaAbl eMKOCTH B pyÔAiiX AAH A3H- 
H o r o  HanpnæeHHa E 0, a  K 2— CTOHMOCTb OAHoro reHpn ApocceAH 
B pyÖAHX AAH A3HH0H CHAbI I 0 TOKa. TaK KaK pa3MepbI KOHACHCa-

nponopgHOHaAbHa E02, a K 2 nponopynoHaAbHa /o2. Ho b o  b c s k o m

C A y q a e  AAH OAHOH H TOÎÎ ¡Ke B bir ipSM H T eA bH O H  yCTaHOBKH 3TH 

BeAHHHHbl C yT b  nOCTOflHHbie.

r i o A b 3 y î i C b  y p aB H eH H H M H  (16a) h  (17'), n o A y q a e M

3 T a  (pyH K yH íi  H M eeT  MHHHMyM, y c A O B H e  K O T o p o r o  o n p e A e A a e T c a  

H3 N 'Mo =  0, a HMeHHO

0  <  M q <  1 .

N  =  Ki C Jr K 2 L pyÖAen,

N

O TKyAa

(18)
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P a 3 y M e e T C f l ,  s t h m  y p a s H e H H e M  m o î k h o  n 0 A b 3 0 B a T b c «  T OAbKO T o r A a ,  

K o r a a  o h o  A a e T  7170 < 1 .  B n p O T H B H O M  c A y n a e  e r o  r p H ^ e T C H  

O T Ö p o c H T b .  n p H M e H ^ a  y p a B H e H H H  ( 1 6 ' )  h  ( 1 7 ' )  B M e c T e  c  H a i i A e H -  

H b lM ,  M O a seM  H a H T H  L H C C p H A b T p a ,  H e  3 a A a B a f l C b  n p O H 3 B O A b H O  

B eA H H H H O H  Mq. 3 H a n e H H H :  m —  HHCAa ( p a 3 B w n p H M H T e A H ;  r¡ —  e r o  

K 0 3 ( J ) H y H e H T a  n o A e 3 H o r o  a c h c t b h h ;  tu —  K p y r o B o ñ  q a c T O T b i  r i H T a i o -  

u j e 8  c e T H ,  a  TaK JKe  R  u u ,  p a 3 y M e e T C H ,  a o a j k h m  n e p e A  s t h m  

o n p e A e A H T b C i i  H 3  o 6 u j e r o  p a c q e T a  B b i n p a M H T e A b H O H  y c t 3 h o b k h .

r i p H M e p  p a c i e r a  T - 0  6 p a 3 H 0 r 0  (p h  a  b  t  p  a.

/Uho: £o = 10& K ; 70 =  5 A; cu =  314, 

m  =  6; s  =  0,06 ■ 10~2; -yj =  0,95.

T a K  K3K AAH I I i e C T H < p a 3 H O rO  B b i n p H M A e H H f l  s '= 0 ,0 5 7 , t o  

_ _ 0 . 0 6 . 1 0 -

0,057 
KpoMe Toro

R = i o o o o = 2 0 0 0  2

PyKOBOACTBySCb 33B0ACKHMH AaHHbIMH, HMeeM AAH £*0 = 1 0  kV
^  =  3 0 0  • 1 0 6 py6./(papaAa h aah 70 =  5 A  —  AT2 =  300p y 6 ./reH p H ,
HaXOAHM

_  0,95 , f  3C0 • TÖ® _
0 =  2000 y  300 =  ’

<ĄaAee, no (popMyAaM (16') u (17'),

0 • 47 • 2000 I
L — —--------- -— ~  5,4 reHpw,

6 • 314 • v' 0,953 \f  IO“ 2

Q — ___________\/0^95_______ ^  ^ „ p

6 • 314 • 0,47 • 2000 • yj 10“2 ~~ ’

§  9. npoBepKa pacneTa r-o6pa3Horo cJjHAbTpa Ha AeM°Ay’
A H gH IO .

K an yjKe 6m ao yKa3aHO paHee, cpHAbTp, paccHHTaHHbiñ no 
OCHOBHOMy TpeÖOBaHHIO, HeOÔXOAHMO npOBepHTb B OTHOIHeHHH 
yAOBAeTBOpeHHH ApyrHX TpeÖOBaHHH. EcAH (pHAbTp OÔCAyaîHBaeT
aHOAHyio yenb  paAHOTeAecpoHKoro nepeAaTHHKa c ceTOHHOH MOAy-

. 9nQ
riHT*Hne paBHoycTpoScTB—14



Aflijueñ, to HeoöxoßHMo ycTaHOBHTb, He öyfleT ah peaKTHBHoe 

COnpOTHBAeHHe BblÖpaHHOrO CpilAbTpa HapymaTb 3Ty MOAyAHyHK).

H a cpnr. 113 A a H a  SK BH B aA eH TH a« cxeMa aHOAHOH yenn p aA H O - 

T e A e t j j o H H o r o  n e p e A a T H H K a  c c c t o h h o h  M O A y A i iy n e H .  MoAyJVH- 

pyioiiiee H a n p a a î c H H e  eg l= E gl sin vi n e p e H e c e H O  b a H O A n y jo  

u e n b  c  yMHOJKeHHeM

u : : k

Ha KoatpHyneHT ycn- 

A eH H a fA h  H a r p y 3 K a  

npeACTaBAeHa conpo- 

THBAeHHeM R¡, Í1BAÍIK)* 
hjhmch no cynjecTBy 

BHyTpeHHHM conpoTH- 

BAeHHeiw A a M n o B o r o  

reHepaTopa nepeM eH -

HOMy TOKy M O A yA H pyiO II jeH  MaCTOTbl. 0 T a  BeAHHHHa AOAJKHa ÖblTb 
o n p e A e A e H a  n o  MOAyAHijHOHHOH xapaK TepH C T H K e /<> =  /  (E„). HaAO

E
3aMeTHTb, OAHaKO, HTO OHa MaAO OTAHHaeTCB OT R  —

*0
H H y a  M e * A y  R  h  R0 
MOtfîeT 6bITb nOHCHeHa

(pur. 114. CyAH no Hen,

BblXOAHT, HTO

R  =  ctg a

R¡ =  ctg p.

Tan KaK, aaAee,
TO, OH e3HAH O ,

Pa3-

Rt <R.

B CpeAHeM, MOÎKHO npH- 

HHM dTb AAH p a c s e T a  A e -

MOAyAHIJHH

R:Z 0,9 R + 0 , 9 S R .  .

Tan KaK BO BpeMH MaKCHMaAbHOH 100% MOAyAJiyHH aHOAHblH 

TOK H3MeH«eTCH MeiKAy 3HaneHHHMH /omax =  2  70 H 70min =
=  0,1 /o >  0, TO B 3KBHBaAeHTH0fi CXeMe MOÎKHO He H300paaîaTb 

BeHTHAeH, a 3aMeHHTb HX BMeCTe C TpaHC(pOpMaTOpOM HCTOHHH- 

KOM nOCTOHHHOH 3. A- C. E0' C BHyTpeHHHM COnpOTHBAeHHeM T. 

OneBHAHo, npH OTcyTCTBHH (pHAbTpa, noHTH Bee MOAyAHpyroujee 

HanpaateHHe fx EgX npnxoAHTCH Ha noAe3Hbiii ynacTOK Rit TOHHee,
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e r o  ô o A b i u a a  n a c T b ,  p a B H a n  E g i  ■ ;. n P H HaAHHHH JKe (J)HAbTpa

3Td H aC T b ,  OHeBHflHO, M e H b U ie ,  HÖO CO npO TH B A eH H e Z $ (p H A b T p a

loiyjj n p H  K p y r o B O H  n a c T O T e  v n o r A o u j a e T  H e K O T o p y io  a o a i o  B c e r o  

HOJBJj HanpflJKeHHH. r i o A b 3 y H C b  ÖyKBeHHbIMH o 6 0 3 H á n e H H H M H ,  AaHHbIMH

)sta¿| Ha <Jmr. 1 1 3 ,  HM eeM

bi¿HE F  - F  R‘
e * - e ‘ \r ¡ + z T

O T H o m e H H e  - g - ,  n o K a 3 b i B a i o i i ¿ e e ,  HacKOAbKO y M e H b iu a e T C H  MOAy-

a h i j h h  n o  H a n p a a i e H H i o ,  H a 3 0 B e M  K O iX pnyneH TO M  AeM OAyAflyHH h  

o 6 o 3H aH H M  e r o  n e p e 3

E g 2_ R¡
Egl -j_ Z  0¡» , = / = c r ^ i  .....................................( W )

M o A y A H p y j o i y a i i  H a c r o T a  v n p n  K O HyepTHOH p a A H O T eA e$ O H H H  

AeîKHT B n p e A e A a x

2  Ti ■ 5 0 < v < 2 r c  • 1 0  0 0 0

h n p n  K O M M epnecK O H

• 3 0 0 < v < 2 u  • 3 0 0 0

T a n  K a n  c o ô c T B e H H a a  p e 3 0 H a H C H a a  n a c T O T a  (p H A b T p a  A eaiHT 

OÖbIHHO OKOAO HHÎKHerO H3 y K a 3 a H H b IX  npeA C A O B , TO, OHeBHAHO, 

n ) H  p a C H e T e  BeAHHHHbl Z<P HaAO n 0 A b 3 0 B a T b C H  MUHHMaAbHblMH 

3HaneHHHMH

vm¡n =  2  it  5 0  =  3 2 0 .

_ ►  H, COOTBeTCTBeHHO,
ÿ  vmin =  2 ~  3 0 0  =  1 9 0 0 .

P e 3 0 H a H C H a n  n a c T O T a  p H A b T p a ,  p a 3 y M e e T C f l ,  AOAíKHa 6 biTb iw eH bine  

Vm¡n, T3K HTO

X /  r 2 Ć  ^
—  -  /  1 _  - < v n

P  
- : / í o n y c T H M O e  3 H a n e H H e  K o a t p u y n e H T a  AeMOAyAflijHH C A eA yeT  

®5 n p H H S T b

D jj 0 , 8 5  -v-  0 , 9 5

O h o  onpeAeAHeTCH AonycTHMbiM cnaAaHneM H u a t H e r o  KOHya qacTOT- 
h ö h  xapaKTepncTHKH paAnonepeAaTHHKa.

14* 211
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M o A y A b  \Ri-\-Z$ \ M o a t e T  ö b i T b  o n p e A e A e H  h 3  y p a B H e H H H

R‘ + ^ = R‘+ X , • ' (20>

n PH COBnaAPHHH p e 3 0 H a H C H 0 H  HaCTOTbl ( p H A b T p a  CO 3Hane- 
HHeM Vm;n , T. e.

^min—  '
yJTC \ x L ~ \ J  LC '

co n p o T H B A eH H e  e r o

L

r2 C  1

H3-3a M3AOCTH r OKa3biBaercH oueHb BeAHKO, h HacTynaeT HeAO* 
n y c T H M a a  A eM O A yA ayH Ji .  f i o  3 t o h  n p n u H H e  n p H x o A H T C H  b m ö h -

p a T b ~7=  npHMepHO b A ß a  p a 3 a  w e H b i n e ,  neu vmjn . T o r A a  Zç
V CL

MOJKHO HaXOAHTb, C AOCTaTOHHOH CTeneHbK) TOHHOCTU, nO (pOp- 

M yA e

7  ~  1
*  =  vœin C

HAH

l * ‘+ ^ l  =  V * ' , +  ( ¿ é ) 2 ................. (20'>

B &THX ycAOBHax TpeöoBaHHe A j/^-0,95 ßyAeT sKBHBaAeHTHO
c BbipaJKeHHeM

\/

R i  _  n  . v r  P  —  Ih r  9  ° - 9 5—  M , ^min ^  A ;  —  ~  ■«* y unii ^  —  /--- ——  —  ,-----------------
R 2 _|_ ( _ J _  V  x/l  — Diu* \ / l — 0,95

HAH _  ^  _
V m i n C / ? , . > 3 ...................................................... ( 2 1 )

M a c T O  C A yna eT C H  TaK , h t o  a a h  y A O B A e T B o p e H H H  K O B cpH yneH Ta 

A e M O A y A H i jH H  n p H x o A H T c a  ô p a T b  é o A b u i e e  3 H a n e H H e  C, n e M  t o ,  

K O T o p o e  T p e ö y e T c a  no $ o p i u y A e  (17).
E c a h  paA H O T eA etpoH H a«  n e p e A a n a  TaKOBa, h t o  b o  BpeMH n a y 3 

aHOAHblH TOK Ô A H 3 0 K  K H y A lO ,  a  nOHBAfleTCfl TOAbKO BO BpeMfl  

MO AyAflyHH ' ) ,  t o  B o n p o c  o  p a c n e T e  cJmAbTpa Ha AeM O A yA H yH io

*) H a n p H M e p ,  T a K  H a a u B a e M a j i  e H C T e i u a  „ n o c T o s H H o r o  K 0 3 < j w i j H e H T a  MOA y-  

A J J Q H h “ HAH CHCT6M 3 6t3  H e c y n j e í í  HaCTOTbl .
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 r—-vWWV--------1
L T J d c f í i  h

He0 6 x 0 flHM0 pacuiHpsTb. B 3THX CAynaux H rpaet Ba*Hyw poAb 
Bonpoc n p o x o * 4 eHHa „HHHiaHiuHx“ hah „aiwriAHTyAHbix“ qacTOT 
MOAyAJiyHH. EcAH OÖpaTHTbCH K <pHI\ 115 , TO MOHSHO yBHAeTb 
pa3HHyy b xapaKTepe aHOA^bix to k o b  n p n  o ô h h h o h  CHCTeMe 
MOAyAayHH h n p n  y K a 3aHHOH. H a  <pnr. 115  6  nyHKTHpoM  OTMeneHa 

KpHBaa, KOTopaa Bbirne Ha3 BaHa „aianAHTyAHoB“ nacTOToñ. E cah  
OTpbIBHCTO H nepHOAHHeCKH, nOHBAHeTCfl OAHOTOHHaH MOAyAHIJHfl,
HanpHMep, b 1 0 0  H z,
TO B aHOAHOM TOKe 

OÖbIHHOÖ yCTaHOBKH  

n p a K T H n e c K H  m h  He 

HaÖAiOAaeM  H H K a K o r o  

A p y r o r o  TOHa, K p o M e  

1 0 0 - n e p H O A H o r o  (<|)Hr.

1 1 5 - a ) .  B n e p e A a T M H K e

ase c y K a 3 aHHO0 CHCTe- 

MOH n e p H O A H ^ e c K o e  

B03HHKH0BeHHe H yHH*
HTOJKeHHe MOAyAHlJHH,

KpoM e 1 0 0  H z, AaeT 

AOÔaBOHHyK) nepeM eH - 

Hyio CAaraioujyio c  
ÔOAblHHM nepHOAOM

( $ hi\  115-6 ) .
C a M O  c o 6 oh p a 3 y -  

MeeTCfl ,  HTO (pH A bT p  

AOAJKeH 6 blTb TaK p a c -  

CHHTaH, HTOÖbl 3TH  

„ H H /K a S o iH e “  HaCTOTbl 

He AaBaAH AeMOAyAH-

IJHH. M o j k h o  n o A a ra T b , h t o  ohh 3 aHHMaK»T A n a n a 3 0 H o t  0  a o  10  Hz; 
T o ra a  p e 3 0 HaHCHan nacTO Ta cpHAbTpa T a n o ro  nepeAaTHHKa AOAaîHa, 

OHeBHAHO, AeîsaTb b npeAeAax

2  i t  1 0  <
J L C / ■

r2 C
<  2  t t 5 0

AAH paAHOBeujaTeAbHbix KOHyepTHbix nepeAaTHHKOB, h

„2 n

< 2 * 3 0 02 * 1 0 < ~ 7= r

V L

AA« n e p e A a T q H K O B  K OM M epnecKOH c b h 3 h .
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© H r. 1 1 5 -6  noKa3biBaeT, mto „HHaîaSume“ qacTOTbt aoajkhm 
n p o x o A H T b  n o  h h a y k t h b h o h  b c t b h  (p H A b T p a ,  a  3 B yK 0 B b ie  n o  

eMKOCTHOfi.
E c A H  AOnyCTHTb

t o ,  OHeBHAHO, aHaAOTHMHO ypaBHeHHK) ( 21) HMeeM

H e o ö x o A H M O  OTMeTHTb, HTO p a c n e T  B binpaM H TeA H  a  a h  n e p e -  

AaTHHKa 6 e 3  H e c y u j e n  na cT O T w  h a h  n o A o ó H o ñ  e S  n o  x a p a K T e p y  

n o T p e Ó A H e M o r o  aH O flH o ro  l o n a  a o a / K c h  BecTHCb n o  c p e A H e i i  

BeAHMHHe nocAeAHero. BbinpaMHTeAb aoajkch npH btom BbiAep- 
* H B a T b ,  n o  K p aH H en  M e p e ,  n o A y n a c o B y i o  n e p e r p y 3 K y ,  H e o 6 x o A H -  

wyto a a h  p e r y A H p o B K H  nepeA aT H H K a Ha MaKCHMaAbnyio  nHKOByro 

MOIIJHOCTb.

§  10. IIpoBepKa p a c ie ra  F-o6pa3Horo cpHAtTpa aa 
K o a t p H g n e H T  H c n o A b s o B a H H f l  m o o j e o c t h  T p a H C c J io p M a T O p a  h  Ha  

a M D A H T y A y  T O K a  nepes b c h t h a b .

K an H3BeCTHO, B OCHOBHOM K03CpH^eHT HCn0Ab30BaHHH MOig- 
HOCTH onpeAeAHeTCfl cooTHOiuemieM AencTByioiijHx h cpeAHnx 
3 HaHeHHH TOKOB h HanpHHteHHH b BbinpHMHTeAbHOH cxeMe. B § 9 
TAaBbi III 6 biA yaie  noKa3 aH 9AeMeHTaPHbiñ CAynaii Toro, KaK 
BAHHeT H a  3TO COOTHOHieHHe CrAajKHBaiOIlJHH ApOCCeAb. H n C A a ,  

noKa3aHHbie b § 7 rAaBbi III, BbiBeAeHbi b npeAnoAoæeHHH, h to  
(popMa TOKa, npoxoAH tgero no oÔMOTKaM TpaHCipopMaTopa, c o o t -  
BeTCTByeT ecTecTBeHHOH n yA b ca g n n  BbinpHMAeHHoro TOKa, t .  e. 
C A y q a i o  OTcyTCTBHH (pHAbTpa. BKAiOHeHHe crAaatHBaioigero 
CpHAbTpa B BHAe „KaTOAHOro“ ApOCCeAH yBeAHHHBaeT KOSCpH^eHT 
HcnoAbsoBaHHH. BiiAioqeHHe OAHoro KOHAeHcaTopa, HaoöopoT, 
yMeHbuiaeT e r o  h, HaKOHey, B K A ioneH H e P  - o 6 p a 3 H o r o  (pHAbTpa 
MoaseT noBAenb h  t o  h  A p y ro e ,  b 3 a B h ch m o cth  o t  cooTHom e-  
HHH L H C.

B K a n e c T B e  n p H M e p a  n p c H S B e A e M  o n p e A e A e H H e  p a cn eT H O H  mouj"  

HOCTH TpaHC(popMaTopa a a h  c x e M b i ,  yKa3aHHOH Ha cpnr.  116. 
B A a r o A a p n  HaAHHHio «pHAbTpa, s MnAHTyĄa rapMOHHK b  B b in p n -  

MAeHHOM TOKe CTaAa M eHbUie,  / ^ / o ;  BCAeACTBHe 3TOTO HMtiyAbC 

TOKa nepe3 BeHTHAb h  OÖMOTKH T p a H C (p o p M a T o p a  T e n e p b  n p n -
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óAnaiaeTCH no 4>opMe K np«MoyroAbHHKy. O hcbhaHO, aifxpeKTtfß- 
Ho e  3 H a n e H H e  B T o p n H H o r o  T o n a

h  =  J  2-

a noaTOMy pacHeTHan MOiijHOCTb II oöm otkh TpaHccpopMaTOpa 
p a B H a

P 2 =  2 £ ' 2<ï> J 2 =  2  •
£  . [ ±  

\ ¡ 2  ' \ / 2

H OTHOUieHHe

1,57 < 1 ,7 5
~o

M e H b in e  y K a 3 a H H o r o  b  T aÖ A H ije  § 

TAaBbl III.
® o p M a  H M n y A b c a  TOKa b o  B T o p n q -  

HOH OÔMOTKe TpaH CC pO pM aTO pa 4 AH 

C A y q a a  M H 0 r0 ( p a 3 H 0 H  c x e M b i  c T - o 6 p a -  

3HbiM (pH A bTpoM  n o K a 3 a H a  H a  (J)Hr. 1 1 7 .  

n P H 3TOM f l n a r p a M M a  1 1 7 - a  A a H a  a a h  

c p a B H e H u n ,  h  OH a O T B e ^ a e T  C A y n a io  

p a ö o T b i  6 e 3  cpH A bTpa.  ^ H a r p a M M a  1 1 7 - 6  

COOTBeTCTByeT p a Ö O T e  C (pHAbTpOM, 

y  K O T o p o r o  n o A H o e  c o n p o T H B A e H H e  

3KBHB2AeHTH0ÍÍ  CXeMbI Z  AAH n e p B O H  

rapMOHHKH n y A b c a y H H  ö o A b u i e ,  n e M  

R  -f- r , a  n 0 3 T 0 M y  a M n A H T y A a  3 t o h  

rapMOHHKH C T aA a M e H b in e .  3 t o ,  b  c b o k )  

o q e p e A b ,  yB eA H H H B aeT  K o a c p H u n e H T  h c -  

n0Ab30BaHHH TpaHCcpopMaropa. / [ n a -  
r p a M M a  1 1 7 - b  H 3 o 6 p a a t a e T ,  H a o 6 o p o T ,  

n p o T H B onoA O H íH biH  C A y n a f i ,  K o r A a

Z < ( R + r ) ,

(S u r .  116.

H a M n A H T y A a  rapM O H H K H  yBeAHHH- 

BaeTcs; BMecTe c TeM KoatpHyneHT h c -  

n 0 A b 3 0 B a H H H  n a A a e T .  T o k  ¡ b  B b in p a M H -  

TeAbHOH y e n n  a o  (p H A b T p a  n p n  3 t o m  

6o/bu ie  n y A b c n p y e T ,  n e M  6e3 ( p n ^ b T p a .
B 0 C n 0 A b 3 0 B a B IU H C b  AaHHblMH, y K 3 3 a H H b I M H  wa (Jrnr.  1 1 7 -6  

h  1 1 7 - b ,  n p o H 3 B e A e M  p a c ^ e T  b t o P h h h o h  m o u ^h o c t h  T p a H C c p o p -  

M a T o p a .



C a  y h  a  h  a )  Z  >  (/? +  r) . 

H p e H e S p e r a «  n y A b c a y H H M H  T o n a  i,  n o A y H H M

H 3 TaÔAHijbi  § 7 TAaBbi III £ 2 — 0,74 £0, O T K yA a H M eeM

P2 =  y/3 eJJ2 =  1,045 P 0 <  1,05 P e.

a 2 

1 1 rf

-mj-------
• -1 L«l

—vvvvj--- ' Û0Ô00 ’—

C n =  /?<

h -■ h

Ti
fff.Wt «

1
— i M  5  6 ' T 

r
(U

4 4 4  uit

r

2 Í Uí
a ;  (pujibmpo nem 6) bcpujibmpoM Z>(R+r) ß )c cpommpo» Z<(R+r),

OHr. 117.

C a y h a|H 6) Z  <  (R-\- r) .

Y HHTbIBaiï npHMOyrOAbHbie HMUyAbCbl C HaAO*eHHeM Ha HHX 

CHHycoHAaAbHOH nyAbcaynn, Mbi noAynaeM 60AbUiee 3HaneHHe 
AencTByioiijero TOKa J2 npn toh *e  BeAHMHHe 70. B^caMOM ¿eAe, 
nycTb aMtiAHTyfla CHHycoH¿bi cocTaBAaeT p I0, Toraa

( 1  + / > )  h  ;



t .  e .  b 3 t o m  C A y n a e  O K a3biB aeTC H , h t o  BTopHHHaH p a c n e T H a H  

MOIgHOCTb ÓOAbUie, HeM n p H  OTCyTCTBHH <j)HAbTpa.

H a A O  O T M e T H T b ,  HTO yMeHbüieHHe K03(J)HjiHeHTa HCn0Ab30Ba- 
HHH HAeT MeAAeHHO n o  C paBHeHHK) C pOCTOM BeAHHHHbl p ,  KOTO- 

p a a  M oaseT  6 b iT b  n p n Ó A H ateH H O  B b i p a a í e H a  n e p e 3  OTHOiueHHe

n P H OTCyTCTBHH (p H A b T p a ,  K o r A a  o 6 u j e e  c o n p o T H B A e H H e  y e n n  

paB HO ( / ? - ) - r ) ,  OTHOCHTeAbH3H BeAHHHHa 3MriAHTyAbI OCHOBHOH 

rapMOHHKH n y A b c a g H H  c o c T a B A H e T  s ' .  B B e A e H H e  «pH A bT pa  H 3M e-  

HíieT o 6 L yee  c o n p o T H B A e H H e  3KBHBaAeHTHOH c x e M b i  a a h  n e p e t a e H -  

h o ü  C A a r a i o i i j e H  a o  BeAHHHHbi Z. r i o 3 TOMy, H O B oe 3 H a n e H H e  

n y A b c a g H H  TOKa i ,  o qeB H A H O ,

E c A H  y M e H b lE c H H e  K 0 3 (p U y H e H T a  HCn0Ab30BaHHH MOUJHOCTH

TpaHC(|)opMaTopa c  BBeAeHHeM (pHAbTpa AonycKaTb b  npeAeAax
1 0 /  ^  "i" r~  1 / o , TO AAH STOrO BeAHHHHy OTHOmeHHH 2  MOÍKHO p a c -

CHHTaTb, HCXOAH H3 TOfO, HTO yBeAHHeHHe paCHeTHOH MOnjHOCTH

3aBHCHT y B e A H M e H H e  A e B c T B y r o u j e r o  S H a n eH H H  T o n a  J2, o n p e A e  

A H H Diy ero  P¿ . I l o a T O M y  m o j k h o  H a n H c a T b

( R + r ) : Z .

T p a H C ^ o p M a T o p a  o n p e A e A n e T C H  y B e A H neH H eM n o

OT 3 T O r O  B KOHeHHOM c ^ e T e



<Ąah m  =  6, s' — 0,057, BCAeACTBHe nero HMee&i 

— ^ ^ 3 , 5 ,  a  p ^ 0 , 2 1 .

Æah AByxnoAynepHOAHOH cxeMbi 0AH0(pa3H0r0 Tona 

m =  2, s' =  0,67,
n o a T O M y

r ip H M e p b i  noKasb iB aiO T, h t o  b  H eK O T o p w x  C A y ^ a H X ,  K a K -T O  

AAH m  =  6 ,  O T H O C H T e A b H a n  n y A b c a y H H  T o n a  /  a o  ( p H A b T p a  M o a t e T  

6 b i T b  y e e A H H e H a  c 0,057 a o  0,21 6 e 3  3 a M e T H O r o  n o H H a i e H H H  

K o a ^ H y n e H T a  H cn0A b30B aH H a  m o u j h o c t h  T p a H C i f o p M a T o p a .  O A n a n o ,  

H a A O  n o M H H T b ,  MTO T a K o e  n o B b i i u e H H e  n y A b c a y H H  C B A 3 a H O  c y B e -  

A H ^ e H H e M  M a K C H M a A b H o r o  ( n H K O B o r o )  T O K a  /  =  7 0 ( 1  p )  u  n o a T O M y  

He B c e r A a  b o s m o h î h o .  H a n p n M e p ,  n p n  y cTaHOBKe r a 3 0 T p 0 H 0 B

C MaKCHMaAbHO AOfiyCTHMblM TOKOM, n p eB b lU ia iO U JH M  Iq  pOBHO H a-  

CTOAbKO, CKOAbKO y K a 3 a H O  B T a Ó A H g e  COOTHOIUeHHH B § 7 r AaBbI III, 
OHeBHAHO, HeoÖXOAHMO yA O B A eT B O pH Tb T p e ó o B a H H e

C o r A a c H O  ( J jo p w y A aM , n p u B e A e H H b iM  b H a ^ a A e  §  8 ,

§ 11. IIpoBepKa pac^eTa r~o6pa3Horo cpHAbTpa Ha
H e y C T a H O B H B H I H H C H  p e i K H M  T O K O B  H  H a n p H 2 t t e H H H .

He3aBHCHMO o t  yKa3aHHoro b § 4 HacToaujeH TAaBbi aHaAH3a 
HBAeHHH b yen« c nepeMeHHbiM bhcuihmm HanpflJKeHHeM, coAep- 
ataiyeH BeHTHAb H r  - o6pa3Hblfi (JWAbTp, HeoÔXOAHMO paCCMOT- 
peTb H BAeHHH B T3KOH ÎKe geiTH, HO C nOCTOHHHbIM BHeniHHM
HanpaateHHeM ( c m .  cfmr. 118). FIoAOÖHaH yenb m o m t  6biTb npH- 
HiiTa 3a SKBHBaAeHTHyK) cxeMy BbinpHMHTeAH, KorAa HaAAeasauiHM 
cooTHOuieHHeM (u0 < ^ m c o  o ö e c n e n e H a  paBHOMepHan Harpy3Ka B c e x

. (25')

(25")

2 1 8



BeHTHAeH h  $ a 3 H b i x  o 6 m o t o k  T p a H C (]p o p M a T o p a ,  h  K o r ^ a  t o k  i 
y c T a H O B H B iu e r o c f l  p e a tH M a  ö o A b i i i e  h j a h .

HbACHHH TOKa H HanpflíKeHHH, B03HHKaK)U¿He B B binpH M K TeA b ■ 

HOH e x e M e  n p H  BKAIOMeHHH HAH BblKAIOHeHHH H a r p y 3 K H ,  a  paB HO 

H n p H  BKAIOMeHHH nepBHMHOH o I m o t k h  T p a H C c p o p M a T o p a  H a  CeTb ,  

c o n p o B O JK A a iO T c a  n p o y e c c a M H  H e c T a y n o H a p H o r o  p e a iH M a .  C a M O  

c o ö o ö  p a s y M e e T C H ,  h t o  

B (p H A b T p e  AOA3iHbI ÖblTb 

n p H  3TOM npeAOTBpa- 

ig e H b i  o n a c H b i e  n e p e n a -  

n p H a î e H H H  h  n p e 3 M e p H w e  

ßpOCKH TOKa.

C A y n a î î  1 . B K A i o n e -  

H h  e .

r i p o a H a A H 3 H p y e M  BHa- 

q a A e  n y c K  b  x o a  B b i n p n -

MHTeAbHOH yCT3HOBKH

B b i K A i o n a T e A e M ,  p a c n o A O -  

JKeHHblM  AO ( p H A b T p a ,  HO 

6 e 3 p a 3 A H H H O ,  B n e p B H H -  

HOH AH HAH BO B T O p H H - 

HOH O Ö M O T Ke T p a H C C p O p -  

M a T o p a .  C p H r .  118 KaK 

p a 3  A a e T  H e o S x o A H M y io  

ä a h  3 T o r o  c A y n a a  s k b h -  

B a A e H T H y i o  c x e M y .

f lp H M eH ii i i  MeTOA A H tp e p e H y H a A b H b ix  y p a B H e H H H  h  pa3A eA H H  

t o k  h  HanpHJKeHHe Ha c T a y n o H a p H b ie  h  n e p e x o A H b ie

i  =  lej H-  la ---  A  in • • • • • • • • (a)

6 ----6 ct  ~I“ —  E q "j-  e a , , ...................................( 6 )

HMeeM AAS HaXOMiAeHHH TOKa

E0' — irĄ-L  j t + z ;  j i r d t  . ...................... (b)

~  J  icdt =  ir ■ R .................................... (r)

i Æ îr ~ i .....................................................W

--- VvW---'ittöff'’—_/ ' ..
r  L *c \

£ c Ą = \ f í

î  . , / i  ............ _j 1
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UoA E¿ p a a y M e e r c H  3 . 4 . c. B binpaM H TeA bH oft  y c ta H O B K H

h  n o A  r  B H y T p e H H e e  c o n p O T H B A e H H e  B e H T H A e ñ ,  T p a H c t p o p M a T O p a  

H T. A- HH flyK TH B H O CT blO  paC CeflHHfl T p a H C C p O p M a T O p a ,  MaAOH no 
c p a B H e H H K )  c  L , n p e H e ö p e r a e M .

/ i H f f e p e H y n p y H  ( b )  n o  í  h  3aMeHHH i r a i c n e p e 3  i n o M o i y b »  
ypaB KeHH H ( r )  h  ( 4 ), n o A y n u M

/ [ a h  C T a i j H O H a p H o r o  3 H a n e H H H  T O K a  H M e e M

/ [ a h  n e p e x o Æ H o r o  TOKa HaAO p s u i H T b  y p a B H e H H e  ( e )  c  n o A -  

CTaHOBKOH in  BMeCTO Z H n p a B O H  MaCTbKD paB H O H  HyAIO, a  HMeHHO

. ( * )

d 2i„  . 1 /  . L  \  d i a
=  0 .  . „ ( 3 )

E cah

t o  p e u i e H H e  T a K o r o  y p a B H e H H H  H M eeT  b h a

i,  =  A , ! * ' +  A . J ' * ,

HM eeM

f t 12 ( 2 6 )  

4  L 2 * '  '

/ [ e A a a  A a A b H e n u iH e  noA C TaH O B K H , n o A y n a e M

2 2 0



T ćTan Kan

H

58

P)
HE I

!i» TO

— J 03o* . . .
s  = c o s c o 0 í — j s i n u > 0 t

~hj “ o t . i . .
e — cos o)01 sin to0 t,

z'n — [(-^l “ł" A?) cos co01 -j- j  ( A z  — A i )  sin «o i] • e ■ a  ł

r i y c T b

T o r 4 a

(A\ A ‘¿) — l a sin cp,

j ( A 2 — Ai) =  Ia cos cp ; 

i a - I n -e. a í s i n ( a ) 0 í  +  <p), 

E o '

œ

i — ^ p 7 +  / ns a ísin(co0í +  » ) .................(2 7 ) '

r i o Æ C T a B A H B  C K > 4 a  3 H a n e H H e  T O K a  M 3  y p a B H e H H H  ( a )  h  ( a i ) ,  H M e e M

^ H t p e p e H y H a A b H o e  y p a B H e H u e  H a n p a îK e H H ii  H a  K O H ^ e H c a T o p e  

B CBH3H c (b) TAaCHT

=  ę f , i cdt =  E0' - i r - L dJ t .

a n e H H e  TOKa H 3  y p a B H e H H S  (

Eq — r l n • s~ a ł • sin (<o0t -f- f ) —
/ ?  +  r

— L • /„ • £~ a ł [u)0 • COS (o>01 - f  cp) — a • sin (u>01 -f- <p)]
H A H

R
R  +  r E o  — r l a e a i S i n ( u ) 0 ^ + ? )  +

----- ' = 3Ín^n>0f +  ? — a r c lg ^ ]  . . .(2 8 )

n/t̂ + í )
J\ah H a x o ż K 4 e H H j i  n o c T O H H H b i x  H H T e r p n p o B a H H H  6 y ¿ e M  n o -

M H H T b ,  H T O  H p H  ¿ =  0 ,  / ( O )  =  0  H e ( 0 )  =  0  ’ ) ,  a

_ E 0' _j _r , R  _  P
ĉt(0j ^ j r̂>----* 0 j ĉt(0) 0 ^ i E* 0 •

Li2 Ce2
*) 9 HeprHH, onpe/ieAiieMaH qepe3 -ÿ - h , He m cä c t  6biTb mthobchho 

nepe^aHa hcto^hhkom b ^e^b.
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rio3TOMy, noflCTaBAflfl b ypaBHeHHH ( 2 7 ) ,  ( 2 8 )  t  —  O h  noAb3y«cb
— a 0

T eM , HTO e = 1 ,  n o A y n a e M

0 :
E0'

R
' r + R

+  / «  s i n  cp ,

0  —  E0' — — - r ;  i — r / „  s i n  cp —  cu0 ¿  /  c o s  cp 4 -  a. L / „  s i n  cp .
r - j -  H

VÍ3 3 T H X  4 B y x  y p a B H e H H H  T e n e p b  y a i e  A e r K o  h s M t h  / „  h  cp

,  • £ o '
/ n • s i n  cp =

r  +  t f  

» _ _ L

/■ +  /? 1 /? +  r r + / ? J

( h )

0)0 L  I a COS cp =  Eo' ~~T~~r> +  Eo 7̂ ----------------^ 5  £ 0

HAH

I  a COS cp =  

/ieAH (h) Ha (k), HMeeM

t g c p  =

E0' R  -j- r — a L
O)0 L  r  - f -  /Ć

“ 0 L

—  .........................

B o 3 B e A H  b  K B a f lp a T  h  CAO/KHB / „  s i n  cp H I n  CO S  Cp, HM eeM

I,
0)0 L

. w

( 2 9 )

( 3 0 )

B o  M H o rH x  C A y n a a x  n p aK T H K H : r < ^ R ;  <o0 L < ^ R ;  a < C o ) 0 , 

T o r ^ a

¿ o '  „ . /  c

=  O)0 /  =  ^  ' 

t g ?

0 V ¿ ’
O)0 L

(30')

( 2 9 ' )

a  3 H a q n T ,

i = y ~ Ç R J r E <‘ \ J z e  “ , s ! n ( “ » f  +  ï ) .

^  - e ~  a i  c o s " (o ) 0f  cp)

(31)

( 3 2 )
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T a K H e  p e m e H H H  h m c i o t  m c c t o ,  KaK y a i e  o r o B o p e n o ,  b  C A y q a e  

n e p H O f l H n e c K o r o  x a p a K T e p a  g e n n .  B  a n e p H O A H n e c K o S  H e n n  e h i 

HM eiOT Apyrofi 33KOH H3MeHeHHH BO B p e M eH H , H, B CHAy Toro, 

h t o  n p n  3 T0 M H e B 03H H K aeT  n e p e H a n p H i s e H H H ,  H ccA e A O B aH H e h x  

He H H T e p e c H O .

HanAeHHbie ypaBHeHHH TOKa h Hanpa>KeHHH ( 2 7 ) ,  ( 2 8 ) ,  ( 3 1 ) ,  ( 3 2 )

H 3 0 6 p a * e H b I  H a  (f>HI\ 118 .  O h H  6 y A y T ,  KOHeHHO, AeHCTBHTeAbHbl 
TOAbKO AO T e x  n o p ,  n o n a  t o k  He n a A a e T  HHHie HyAH. H a n H H a n  ase 

c  T a K o r o  M OMeHTa t ' , H a n p a a s e H H e  H a K O H A e H c a i o p e  H 3 M e H fle T c a  

n o  n 0 K a 3 a T e A b H 0 H kphboh p a 3 p « A a .  Tok n e p e 3 BeHTHAb ot t '  a o  t " ,  

n o K a  e E 0', o c T a e T c a  paB H biM  H yA io .  F lyH K T H pH bie  KpHBbie 

n o K a 3 b iB a io T  n p o g e c c ,  kbkhm 6 bi oh 6ma b tom c A y n a e ,  ecA H  6 bi 

b  yenn He 6mao BeHTHAen, a  hctohhhkom CAyaiHAa, HanpHMep, 

AHHaM OM auiH Ha n o c T o a H H o r o  TOKa.

r ip a K T H H e c K H H  H H T e p e c  npeA C TaB A H iO T MaKCHMaAbHbie 3 H a n e -  

HHH 6 H I, £*niax , OHeBHAHO, HeAb3H A o n y c K a T b  6 o A b u i e  toh bcah- 
h h h m ,  K O T o p a a  o 6 e c n e 4 e H a  3 a n a c o M  3 A eK T p H n ecK O H  n p o H H o e T H  

KOHAencaTopa. Hto K a c a e T c n  7 m a x  ,  TO OH TaKiKe o r p a H H H H B a e T c a  

AOnyCTHMbIM nHKOBbIM TOKOM. /l,A5l ra30Tp0H0B HeAb3fl npeBOCXO- 
A H T b  H3BeCTHbIH M a K C H M y M  TOKa, n p H  KOTOpOM HaHHHaeTCH p a 3 "  

p y u i e H H e  KaTO A a, a a h  p T y T H b i x  koa6 TaK ase  n 0 A e 3 H 0  o r p a H H -  

HHTb 7 m a x  ,  AAfl COXpaHHOCTH BblBOAHbIX B n a e B  B CTeKAe. O r p a -  

HHHeHHe / m a x  nO A e3H O  H RAH o 6 lI jeH  BAeKTpOTeXHHHeCKOH 

a n n a p a T y p w ,  H a n p H M e p ,  aah M acAHHbix B b iK A ionaT eA eH , bo H 3 6 e -  

asaH H e 6 e c n o A e 3 H o r o  a B T O M a T H n e c K o ro  B b iK A ioneH H a.  H aK O H e u , ,  

o r p a H H H e H H e  K p aT K O B p e M e H H b ix  y A a p o B  TOKa b M o n jH b ix  ycTaHOB- 

K a x  n 0 A e 3 H 0  KaK M e p a  3a iH H T bi  m o u j h m x  T p a H C tp o p M a T o p o B  o t  

nOBpeJKAeHHH nOA 4 eHCTBHeM SAeKTpOAHHaMHHeCKHX yCHAH, 

B03HHKai0iijHX b KaTyuiKax.
H e  T pyA H O  B H A eTb, hto 7 m a x  H a c T y n a e T  n e p e 3

a  Emm n e p e 3  

I l o a T O M y

4  4

2 *

a > o

2  I T

co0 '

=  r  +  R  +  E °'
-

a  T1
 < 3 3 )

_ a _ T

Entetx —— E q’ 1 +  e 2 # ........................... (34)
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n o c A e A H H H  ( p o p M y A a  n o K a 3 b i B a e T ,  h t o  H a n p a a i e H H e  H a  k o h - 

A e H C a T O p e ,  n p w  n y c K e  y c T a H O B K H  b  x o a , b  n a n x y A U i e M  c A y n a e  

M O a t e T  A O C T H T H y T b  AB OH H O H  B e A H H H H b l  n o  C p a  B H eH H K ) C p a Ó O H H M

H a n p s x e H H e M .  X o t h  K O H A e H c a r o p w  n o  T e x H H M e c K H M  T p e ö o ß a H H H M  

AOA/KHbl B b l A e p J K H B a T b  A B O H H O e  H a n p H H í e H H e ,  O A H a K O ,  n O A e 3 H O  

AAH n O B b i m e H H H  I i a A e a í H O C T H  A e H C T B H H  B C e S  y C T a H O B K H  B y e A O M ,

o r p a H H H H T b  3 T O  n e p e H a -  

n p a a i e H H e  6 o A e e  h h 3 k h m  

3HaneHHeivr. /[cHCTBHTeAb* 
h o ,  c n y c T H  n o A n e p n o A a ,  

HanpaíKeHHe Ha BeHTHAe 
B H e K O T O p b l X  C X e M a X  MO- 

æ e T  O K a 3 a T b C H  p a B H b l M  

nOHTH T p O H H O H  B eAHM HHe 

B b i n p j i M A e H H o r o  H a n p n -  

JKeHHH ( c m .  (pHI\ 119). 
B c x e M e  F p e T i j a  s t o  

n e p e H a n p H í K e H H e  O Ka- 

ateTcn Ha AByx BeHTHAHX, 
BKAioHeHHbix nocAeAOBa- 
T e A b H O .

C Apyroñ CTopoHbi,
COBepmeHHO HeOÖXOAHMO 
onpeAeAeHHbiM 06pa30M 
nOHH3HTb BeAHHHHy Im a ï ,

K O T o p a H ,  K a K  n 0 K a 3 b i B a e T  c p o p M y A a  33, MOJKeT n p n  H e y A a H H O M

B b l ö o p e  O T H O U ie H HH  \ J BO MHOr°  P a 3  n p e B 3 0 H T H  B e A H H H H y  p a 6 o -  

q e r o  T o n a .

E c a h  n p o B e p K a  p a c n e T a  c p H A b T p a  n o  ( p o p M y A e  (33) A a e T

/m ax  >  2  70 AAH p T y  TH blX  B b i n p H M H T e A e H  H 

/max >  ■AnaX [- AAH r a 3 0 T p 0 H H b I X  B b i n p H M H T e A e H ,

r a e  1  max r  1—  AOnyCTHMblH nHKOBblH TOK a a h  A a H H o r o  T H n a  r a 3 0 -

TpOHOB, TO HeOÖXOAHMO yM eH bIH H T b OTHOUieHHe a  eCAH 3 T0

H e B 0 3 M 0 J K H 0  n O  a p y r H M  n p H H H H a M ,  TO n p H M e H H T b  n y C K O B b i e

C O n p O T H B A e H H H .  T a K H e  C O n p O T H B A e H H H  M02KH0 B K A I O H a T b  AHÔO 

b  y e n b  B b i n p H M a c h h o t o  T O K a ,  a h 6 o  b  y e n b  n e p e M C H H o r o  T O K a ,  

H w e p e 3  H e C K O A b K O  C e K y H A  n O C A e  B KAKJHeH HH 3 a M b I K a T b  H a K O -  

p O T K O

J

¿<f

- i

. . i

H h

(par. 119.
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B e A H H H H a  n y c K O B o r o  c o n p o T H B A e H H H ,  b C A y w a e  c x e M b i ,  H 3 0 -  

S p a í K e H H O H  H a  ( p w r .  1 2 0 ,  M o a t e T  6 b iT i>  o n p e A e A e H a  H 3  c o o t h o - 

UieHHH

E 0'
r + r n+ R

C  - ~ J -  
I 8

r¿e

- 2  I q '■ /m ax T1

(26')

r iy C K O B b ie  COnpOTHBAeHHH H3AHÜ1HH, K o r A a  y C T a -  

HOBKa CH aóíK aeTC H  p e ry A H p o B O H H b iM  n p H c n o c o Ó A e -  

HHeM b BHAe n o T e H y H a A b H o r o  p e r y A H T O ^ a ,  CTy-  

n e u n a T o r o  T p a H c c p o p M a T o p a  h  t .  n.
FlpoBepíiTb ycTaHOBKy Ha nepeHanpaaseHHe h 

ópocoK TOKa cAeayeT aaa  nycKa ee KaK Ha noA- 
Hyio Harpy3Ky, Tan h Ha x o ao c to h  xoa, t .  e. 
n p n  R — > c v> . (Dar.  1 2 0 .

a y h a h 2. B b i K A i o q e H H e .

F l p o a H a A H 3 H p y e M  n p o y e c c w ,  B 0 3 H H K a K > m H e  b B b i n p H M H T e A b H o ñ  

i j e n n  n p n  c h h t h h  H a r p y 3 K W .  O peíK fle  B c e r o  H e o 6 x o A H M ; o  3 a M e T H T b ,  

MTO B b IK A IO H eH H e  n O C T O H H H O r O  T O K a  HH B K O eM  C A y H a e  He C A e -  

AyeT np0H3B0AHTb ao  KOHAeHcaTopa. E c a h ,  HanpHMep, npeAno- 
AaraeTCa a H O A H a n  M a H H n y A f l i p i H ,  t o  cooTBeTCTByioujee peAe m o j k h o  

BKAKDHHTb A H U Ib  M e jK A y  K O H A e H C a T O p O M  H H a r p y 3 K 0 Í Í .  3 t O  n 0 3 B 0 A H T  

H 3 6 e a t a T b  q p e 3 M e p H b i x  n e p e H a n p f l a s e H H H  H a  A p o c c e A e ,  T a K  KaK 

M a r H H T H a a  S H e p r H H ,  n e p e x o A H  n o c A e  o 6 p b i B a  T O K a  b  a A e K T p n n e -  

C K yiO ,  MOJKeT n O Ü T H  H a  3 a p H 4  C p a B H H T e A b H O  60A b U I0H 0M KOCTH C. 
H a n p a a i e H H e  n a  K O H A e H c a T o p e  o t  3 T o r o ,  K O H e u H O ,  B 0 3 p a c T a e T ,

HO npH HpaBHAbHOM BblSope OTHOUieHHJI j - He AOCTHrHCT onacHbix

3 H a n e H H H .  C o B e p m e H H O  b h k a í o n a T b  y c T a H O B K y  i ¿ e A e c o o 6 p a 3 H e e  

Bcero Ha CTopoHe nepeMeHHoro T O K a .

K a K  a a h  y K a 3 a H H O H  c h c t c m m  M a H H n y A a y H H ,  T a K  h  a a h  c A y q a a  

c e T O H H O H  M a H H n y A n y H H ,  n p n  K O T o p o í í  k a k > h  n o M e iH , a e T C H  b  y e n b  

c e T K H j  3K B H B a A e H T H a j j  c x e M a  M o a i e T  ó b i T b  n p e A C T a B A e H a  (pnr. 121.

IlHTaHHe panHoycTpoñcTB—15 2 2 5



0>Hr. 121.

ł —  /"cT in

F I o A o a t e H H e  n e p e K A f o ^ a T e A H  Ha 

R  COO TBeTC TByeT HOpM aAbHOH 

H a r p y 3 K e  BbinpH M H TeA H  h a h  , ,H a-  

f  îKaTOM y“ K A io n y ,  n o A o a t e H H e  « e

0 n e p e K A i o n a T e A J i  H a  R \ —  n a c T H H -  

HOH h a h  noA H O H  p a 3 r p y 3 K e  n p H  

„OTiKaTOM“ KAIO H e.  I lO A H O M y 0 6 - 

p b l B y  TOKa, O ^eBH A H O , COOTBeT

C T B y eT  R\ —  c o .
Tan KaK no cBoeMy oöujeMy 

x a p a K T e p y  y e n b ,  H 3 o 6 p a a i e H H a H  

H a  <|)Hr. 1 2 1 ,  He oTAHHaeTCH o t  

H3 0 6 p a iK e H H 0 H H a  (p H r . 1 1 8 ,  t o ,

O ie B H A H O , OCHOBHbie AH<pepeHi£H- 

a A b H b ie  y p a B H e H H H  y  h h x  c o B n a -  

A a iO T . P a 3 H H y a  A H U ib  b  H H T e rp a -  

yH O H H bl X nO C TO H H HblX , K O TO pbie  

3a B H C flT  OT H a n a A b H b lX  yCAOBHH.

JXa h  p e a iH M a  „ O T J K a T o r o “ K A iona  

M oaseM  H a n n c a T b  y p a B H e H H H

R ’ =  r- \

6 &CT I &a --- E0

R'

r-\~ Ri 

R i

Ri -f- r

’ in  ̂  0 ~"ł~ i*1 >

j-  e„ =  E"0 -f-  e„ ,

\ !  LC  ( 1 + /?t)  (36)

HAH

/ ? , C ’ 2 L ’

ï =  /„s“ a isin((D0/ +  cp), . . . .

e =  E"0 — Iar e ~ at • sin (cd01 +  cp) —

— I„L s ~ at [t«o c o s  (co01 +  ?) — a s i n  (cd0 t  +  cp)], 

a t  te =  E"0 — Inre  a * s i n  (a>01 - f  cp) +

In • L b—  a t

V c z . ( 1 + /?i)

s i n  ( co0 í -f- cp —  a r c  t g  —  ) ,

.(37) 

• (38)

( 3 8 ' )

2 2 6



B MOMeHT í  =  0 ,

/(O) —  l o  =
E ¿

+

n o a T O M y  n p e A W f l y u j H e  y paB H eH H H „ a a iO T

¡o —  I'ó =  I n s in<f,

E l  —  £ 0 - E n - r -  s in <p -j~ a>0 L  I a e o s  <p —  a L  /„ • sin <p,

/ n e o s  cp =  (/„ -  Q  ( ± ------- ^  A  .
0 / \ ü > 0  <o0L / 1 <ü0 ¿

O T c r o ^ a

c l g  9
O>0LJ' u) 0L Jo — ¡o'1

/ a  =  \ / ( / o - / o " ) 2 + ( l o - ¡ o " )
! a  r  \  . £ 0"  —  £<

“ o “ o £
+  '

O o¿
(40)

B o  M HOTHx C A y q a a x  n p a K T H K H

Tor^a

f l 0 3 T 0 M y

R i ^ > r ;  - E ° E ° ^ 0 ; - ^ 0 ; - ^ S O .  
(O0 £  <“0 “ o L

z' =  / 0' - H / o —  Q *  a /cos a0t ,

Œ
e =  +  (/o —  Q  \ /  a ísinco0 t .

(40')

(37')

(38')

H a H A e H H b i e  y p a B H e H H H  o t h o c h t c h , k o h b h h o ,  k  C A y n a i o  n e p n O A H -  

« lecK oB  y e n H ,  y A O B A e T B o p H ro n je ß  ycA O B H io

Ri C M
KOTOpOMy 06bI4H0 yAOBAeTBOpHHDT npaKTHHecKHe CXeMbl.
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Æ n a r p a M M b i ,  a a H H b i e  H a  c fm r.  1 2 1 , n o K a 3 b iB a io T  A e n c T B H T e A b -  

H o e  H3 M e H eH H e e n  i b o  B p e M e H H , c y n e T O M  b c h t h a h .  Kan h  

CAeflOBaAO o « H A a T b ,  H a n p H * e H H e  H a  K O H / ie H c a T O p e  n p n  y M e H b -  

iu eH H H  TOKa n o B b i m a e T C H  h  b  o c h o b h o m  o n p e A e A H e T C H  OTHOUie-

TH yTb  o n a c H b i x  3 H a n e H H H  h  n p n  K O H ^ e H c a T o p e ,  H e  H M e io u je M  

y T e H K H ,  A e p a í a T b C H  c K O A b  y r o A H O  A O A r o .  H c x o a h  h 3  BTOrO 

o ö c T o a T e A b C T B a ,  n p H  BbiBOAe p a c n e T H b i x  c p o p M y A  ( 1 6 ) ,  ( 1 7 )  a a h

L H C, Mbl B blÖ H paA H  3TO OTHOUieHHe T3K , MTOÖbl M3KCHM 3A bH0e 

H a n p n a t e H H e  h h  b  K o e M  C A y n a e  H e  n p e B b i m a A O  a b o h h o h  BeAHqHHbi 

c T a y w o H a p H o r o  p a 6 o n e r o  HanpHJKeHHH. B c 3 M om  Ą e A e ,  M3 KCHM3 Ab- 

H o e  3 H a n e H H e  e  H a c T y n a e T  n p H M e p H O  n e p e 3  M e T B ep T b  n e p H O A a  

n o c A e  „oT jK aTH H “  K A i o n a .  C o r A a c H O  c p o p M y A e  3 8 ' ,  o h o  paBHHeTCH

H a K O H e y ,  O T H O C H T e A b H a a  B e A H H H H a  n e p e H a n p H * e H H H  B w p a 3 H T C H  

(pOpMyAOH

npHHHTOH H3 MH AAH p a C H e T a  L H C  ( c M .  (J)OpMyAbI 1 6 ,  1 7 ) .

A o a i e H H o r o  H a  c T o p o H e  n epB H H H O H  o ö m o t k h  T p a H C ( J ) o p M a T o p a ,  

HeyCTaHOBHBUIHHCH peíKHM  O K a3bIB aeTC H  Ö O A ee  Ö A arO npH H T H bIM , 

HeM b  n p e A b i A y u i e M  C A y n a e .  P a 3 H H y a  6 y A e T  33KAiOHaTbCH b  t o m ,  

h t o ,  Ö A a r o A a p n  ö o A b i u o M y  m h o * h t 6 a k )  3 a T y x a H H H ,  cBOÖOAHbie 

K O A e ö a H H H  ô b i c T p o  3 a T y x a K » T  6 e 3  ö o A b i u o r o  n e p e H a n p H æ e H H H  H a

£ wm « =  E’’ +  ( I o - Q

a  n p n  n o A H O M  o ö p w B e  TOKa

O T H O C H T e A b H a a  a t e  B e A H H H H a  e r o
i

( 4 1 )

( 4 1 ' )

n P H BbiKAHDHeHHH H a r p y 3 K H  n o M O u jb K )  Bb iK A ioH aTeA H , p a c n o -

228



v K o H A e H c a T o p e .  Y p a B H e H H f l  T o n a  h  HanpHSKSHHJi a a h  A a H H o r o  CAy- 

MaH TAaCHT

i — Îqt “1~ in ~  *
* _  I _e —  cCT I Cn e n f

Si; 

XïÎ 

Üi

#r
s

»

ü

R' — r + C R ; 2 L  ’ 030 \ / Z . C ( 1 )  a2 ^

i =  / ns— a isin(co0i - ( - c p ) ......................... (43)

e =  —  /„ • r ■ b~  a ł sin (u>0 t  -(- <p) —

— /„ L z ~ at [cu0cos(«)o i +  — a s¡n (“o t +  ?)] • -(44 )

B MOMeHT t — 0;
ï(0) =  /o; e(0) =  E0,

V

noaTOMy H3 npeAWAymHx ypaBHeHHÎi HaxoAHM

/„ sin <p =  / o

I a COS 9  =  ( -
( u „ L <o0 L '

OTCK>Aa

[ g z , - ( , + / ? ) p

<U02 L2
K o r A a

TO npHÔAHHieHHO

r <C! R  ! a<Oo,

r A e

=  arc tg
<o0 L  

r +  R - « L

.(45 )  

■ (46)

l + i ^ j  e 3 i cos(cuoi +  ł ) ,  • • -(43 ')

‘^ (O 0 L I0\ J  £ ~ a isin(a)0Z+'}')» • • -(44 ')

(45')



H a  ( J m r .  1 2 2  s t h  y p a B H eH H H  H3 o 6 p a * e H b i  r p a c p H H e c K H ,  n p n n e M  

yH T eH O , h t o  y e n b  c o A e p a íH T  3 A eK T p H H ecK H tí  B eH TH A b. H a t Í A e H H b i e  

y p a B H e H H H  h  A n a r p a M M w  n o A T B e p a t A a i o T ,  h t o  B b iK A io H e H H e b  y e n n

n e p e M e H H o r o  TO K a c o n p o ß o * f l a e T C H

OneBHAHO, npeAeAbHoe 3 HaneHHe E max b AaHHOM CAynae

M e H b u i e  T o r o ,  h t o  m m  h m c a h  n o  c p o p M y A e  ( 4 1 )  a a h  p e a iH M a  

BblKAiOHeHHÜ TOKa B CX eM e (J)Hr. 1 2 1 .

§ 12. IIpoBepKa pacneTa T-o6pa3Horo «JmAbTpa b peiKHMe 
T e A e r p a ÿ a o H  M a H H n y A s i g H H .

r ip H M e H e H H e  p a A H o n e p e A a T H H K a  a a h  T e A e r p a c p H O H  p a ö o T b i  

MOJKeT B C T p eT H T b  TeXHHHeCKHe 3 a T p y A H e H H H ,  eCAH CTAaiKHBaiOUJHÖ 

CpHAbTp H e n p a B H A b H O  p a C H H T a H .  O c H O B H O e  T p e Ö O B a H H e  33KAIO" 

HaeTCH b  t o m , H T o ö b i  ({ jopM a c H r H a A a  H e  ö b i A a  H C K a a te H a ,  h  h t o ö w  

ö b i A a  ocyißecTBHMa H a 3 H a n e H H a H  cKopocTb M a H H nyA siyH H .

K o r A a  n e p e A a T H H K  p a ö o T a e T  c  T aK  H a 3 b i B a e M o ö  6 aA ac T H O Ü  

H a r p y 3 K O H  n p n  „ o T in a T O M *  K A io n e ,  n o A o 6 p a H H o ñ  c  T eM  p a c n e T O M ,  

HTOÖbl aH O A H blñ  TOK, nO T peÖ A H eM blH  OT B b in p j IM H T eA H  ¡ o ,  ÖblA 

TaKHM a i e ,  KaK n p n  „HajKATOM“ K A io n e ,  t o  HaAHHHe ( J m A b T p a  H ą  

M O æ eT  HH B b I3 B 3 T b  HCKaflîeHHH (})0 pM bI  C H rH a A a ,  HH 3 3 M e A A H T b 

c K o p o c T b  M a H H nyA H yH H . B npoT H B H O M  C A y n a e  B 0 3 H H K a i0 T  n e p e *  

x o A H b i e  n p o y e c c w  y cT aH O B A eH H H  TOKa h  H a n p f l a t e H H a ,  b a h a i o i ^ h c  

H a  K a n e c T B O  T e A e r p a t p H o ñ  p a ö o T b i  n e p e A a T H H K a .

P a ö o T a  c  6 aA ac T H O H  H a r p y 3 K0 H K p a K n e  H e B b i r o A H a  n o  aKOHO- 

MHHecKHM c o o ö p a a i e H H f l M  h  n o T O M y  pe A K O  n p H M e H H e T c a .  K p o M e  

6 e c n o A e 3 H o r o  p a c x o A a  B H e p rH H  n p n  „ o i ’a ta T O M “ K A io n e ,  OH a T p e -

® n r .  122 . e = E0\J 1 +  Mo1* “ * sin (<u0 i]-f- *1»)].

E m>x ^ E j l + M l < E o ( l + M o ) ,  . . .  . ( 4 7 )max
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6 y e T  ycT aH O B K H  a h 6 o  A o 6 aBOHHbix r e H e p a T O p H b i x  A aM n , a h 6 o  

9KBHBaAeHTHblX H arp y 3 0 M H b IX  KOHTypOB flAH IIOrAOUjeHHH SHepTHH 

3 a  TO BpeM H, KOTAa KAK>4 
OTHiaT.

/ U h  n p O B e p K H  B b l-  

6paHHoro cpHAbTpa b o t -  
HOUICHHH TeAerpatJ)HOH 
paÓ O T bl OÓpaTHMCH K 3 K- 

BHBaACHTHOH CXeMe, H30" 

ópaateHHofl Ha (fur. 123,
KOTOpaH MOHieT 6bITb 
n p H M e H e H a ,  K o r A a  k a i o h  

h a h  c o o T B e T C T B y i o n ł e e  

peAe HaxOAHTCH b y e n w  

ceTKH reHepaTopHbix AaMn 
n e p e A a T H H K a .  T a n o n  CAy- 

Hafł h o c h t  H a 3 B aH H e c e -  

t o h h o h  M a H H n y A a y H H .

H a n p n a t e H H e  e  Ha 

K O H ^ e H c a T o p e  h  t o k  iq 

b  H a r p y 3 K e  n p e A C T a B A e H w

AHarpaMMaMH Ha (pnr. 123.
ECAH B pe M eH H aH  nOCTOHH- 

H a n  B b ic 0 K0 H a c T 0 T H bix  y e -  

n e 8  • n e p e A a T H H K a  M aA a,  

t o ,  OHeBHAHO, m o j k h o  n o -  

A a r a T b ,  u t o  o r n ó a i o n j a H  

a H T e H H o r o  TOKa b w c o k o h

ąaC TO T bl---ia--- nOHTH COB-

n a A a e T  n o  c p o p M e  c  t o 

k o m  io OT Bbinp jIM H T eA H .

3 to t  t o k , b  cboio one- 
peAb, n o  cpopMe coBna- 
A aeT  c  H anp a J K e H H e M  e  Ha 

K0HAe.HcaT0pe. nocKOAbKy 
o 6 w h h o  c y i g e c T B y e T  n p n -  

MepHO AHHeHHaa 3aBHCH- 
MOCTb MejKAy aHOAHbiM Ha npHascHHeM h  aHOAHbiM to ko m  reHepaTOpa.

O TA H H H TeA bH O H  OCOÓeHHOCTbIO CeTOHHOH MaHHnyAHH,HH HB- 

AHeTCH nOCTOJIHHOe SAeKTpHHeCKO e COeAHHeHHe aHOAOB c  h c t o h -  

h h k o m  B b i c o K O r o  H anpn iK eH H H . r i o s T O M y  aHOAHyro y e n b  r e H e p a -  

T o p a  n p n  ceTOHHOH M a H H n y A a y H H  y A o 6 H e e  B c e r o  p a c C M a T p H B a T b  

KaK n e p e M e H H y i o  H a r p y s K y ,  H3MeHHK)iyyK) C K a H K 0 0 6 p a 3 H 0  C B oe

Eo

®«r. 123.
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Ć O npO TH B A eH H e OT MHHHMaAbHOÎÎ BeAHHHHbl R  n p H  „ H a » a T O M a 

KAK)He 4 0  MaKCHMaAbHOH— R {— n p H  „OTiKaTOM“ KAK)He. H a  ( p u r .  1 2 3  

0 T p e 3 0 K  B p e M e H H  OT t '  4 0  t " ’ COO TBeTC TByeT „O T M iaT O M y“ KAIOHy, 

a  o t  t ' "  4 0  t " " — „ H a æ a T O M y “ K A io q y .  C o o T Ê e T C T B e H H O  9 t h m  O T p e 3 -

KaM B p e M e H H  HM eeM  3 H a n e H H H  y c T a H O B H B i n e r o c H  T o n a  Iq" h  Iq 
h  H a n p H îK e H H iî—E0" h  E0.

n p o y e c c  n p H  „ o t m t h h “  K A i o q a  c o B n a A a e T  c b w k a k ) n e H H e M  

H a r p y 3 K H  h  p a s o ö p a H  b  n p e 4 bi4 y n j e M  n a p a r p a t p e .  T a n  KaK r e H e -  

p a T O p H b i e  A a M n b l  OCTaiOTCH B 3TO B peM H  n p H C O e 4 HHeHHbIMH 

K BbinpH M H TeA K ), TO, OHCBH4 HO, H e 0 6 x 0 4 HM0 , HTOÓbl BeAHHHHa 

B 0 3 H H K a i o u i e r o  n e p e H a n p H J K e H H H  H a  K0 H4 e H c a T 0 p e  o c T a B a A a c b  

HHiKe o n a c H o r o  3 H a n e H H f l  H e  TOAbKO 4 a h  c a M O r o  K0 H4 e H c a T 0 p a ,  h o  

h  4 AH r e H e p a T o p H b i x  A a ia n .  l l p a K T H H e c K H ,  b  ö o A b iH H H C T ß e  C A y n a e B ,  

(pH A bT p  MOJKiT CHHTaTbCfl y 4 0 BA eTB O pH TeA bH bIM , eCAH TOAbKO

£ m a x ^ l , 2 £ -0"

HAH(, COrAaCHO (p O p M y A e  ( 3 8 ' )  4 0 AJKH0  6 bITb
_ o j r

l , 2 E o " ^ E 0" +  ( I o - I 0") 4 . . . . ( 4 8 )

E c a h  H aH 4 e H H o e  H e p aB eH C T B O  H e  y 4 0 B A e T B o p i i e T C » ,  a  MeHHTb

O T H O iueH H e - g  n o  k 3 k h m " a h 6 o  4 p y r « M  c o o 6 p a jK e H H « M  He y e A e c o -  

0 6 p a 3 H0 , t o  c A e 4 y e T  y M e H b i i iH T b  (70 — 1 0" ) ,  t .  e .  y se A H H H T b  t o k

n p H  „OTJKaTOM“ KAIOHe.

r i p o y e c c  ycT aH O B A eH H H  TOKa h  H an p i i JK eH H ji  n p H  „ H a a ta T H H “ 

KA ioH a x a p a K T e p H 3 y e T c a  n o j iB A e H H e M  T aK  H a 3 b i B a e M o r o  » n p o B a A a “ 

B c p o p M e  C H rH a A a .  9 t o  n p o H c x o 4 HT o t  noHHîKeHHH H anpH îK eH H H  Ha 

K0 H4 e H c a T 0 p e  BC A e4 CTBHe p a 3 p H 4 a  e r o  H a  H a r p y 3 K y  h  o t  b o 3 h h -  

K a io i i i e H  n p H  s t o m  H a  4 p o c c e A e  n p 0 T H B 0 9 A e K T p 0 4 B H îK y i i j e H  c h a m .  

/ l o n y c T H M a f l  B eA H H H na „ n p o ß a A a “ H e  4 0 AJKHa n p e B o c x o 4 HTb 2 0 %  

OT HOpM aAbHOH BeAHHHHbl TOKa^ B npOTHBHOM C A y q a e  H H T e r p a A b -  

HbiH 3 $ ( j ) e K T  C H rH a A a  3 aM eTH O  y M e H b m a e T C H ,  h H a 4 e?KH0 CTb n p o -  

x o * 4 eHHH p a 4 H o n e p e 4 aHH m o m t  y n a c T b .  n o c K O A b K y  n o B b i u i e H H e  

H a np j i f f ieH H iï  o r p a H H H e H O  b  n p e 4 t>i4 y i n e M  b c a h h h h o h  2 0 % ,  o n e -  

BH4 HO, n oH H H teH H e  e r o  TeM  6 o A e e  6 y 4 e T  M e H b u ie ,  t .  e .

...................................(48')
■Crmin

/ Î o c T a T O H H o  B c n o M H H T b ,  HTO n p H  „ H a a sa T O M “  K A io n e  y e n b  o Ö A a -  

A a e T  3 H S H H T e A b H b IM  3 a T y X a H H e M ,  H  y *  B C H A y  3T O rO  0 6 » 3 a T e A b H 0
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C P o p M y A b i  TOKa h  H a n p a a c e H H f l  n p n  „ H a a ta T O M “ K A io q e  A e r n ö  

ycTaHOBHTb no cpopMyAaM (36), (37), (38), (39), (40) peasmaa 
>>OT*aTHij“ KAKjna, npHBeAeHHbiM B npeAbiflyujeM naparpacpe. FIpH 
3TOM HeOÖXOAHMO AHUIb B33HMHO 3 3 MeHHTb R i  H R ,  I q"  H I q H,

H a K O H e y ,  E0" u E0, a. h m c h h o :

i  =  h  +  * „ ,

e  —  E o  H ~  e n

-:=Vre.(1 + s)-a* • (26)
i  —  l o  ~f~ I n 8 3 # s i n  (u>oí  H~ ?  ) .................................... ( 2 7 )

e  =  £ 0— I  n • r • £ a  ̂sin (<ü0f —j— ep) — In ■ L ■ e ~ a t [ u)„ cos (<V +

+  <p) —  a sin ( V  -f- < p )J ..........................(28)

B MOMeHT t = 0,

n 0 3 T 0 M y

i(0) — I0" h e =  E'¿, 

I a sin cp = --- ( / o ----- V ' ) »

/„ COS Cp =  —

O ï c i o f l a

Ik«

1

\ “ o wo / / 0) o ¿

c t g  ?  —  =

In = { I ( i ---- l o " )  1

a _____ r _ \  j ____J _  ( E , ) "  —  £ ’0)

1% d>0 Z. j  (A)----/o")

r g E I
i “ '  \

03

'oL/ “ 0/  [ l o —  l o " )

ZIa h  npaKTHuecKHX CAynaeB, Kor^a

E ^ ' - E ,
=  0  ;

HMeeM

a ,  3 H a u n T ,

? =  - - J ; / .  =  / o - V ,

! =  /o --- ( / o ----- / o" ) s“ ' 0!', coscd0 í , . . . .

e  =  £ ’0 — ( /o  — / „ " )  « - a i s i n « y  •

( 4 9 )

( 5 0 )  
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M b .  b h a h m , h t ó , K p o M e  C M e H b i  3 H 3 K O B  y  n e p e M e H H W X  c A a r a i o -  

u i h x , B 0 3 p o c A Q  3 a T y x a H n e ,  T a K  K a n

1 r(r+á?)> 2 r̂(r+ĉ)-
nO M H M O  O n p e A e A e H H H  MHHHMaAbHblX H MaKCHMaAbHblX 3H aH e*  

h h í í  e ,  n 0 A e 3 H0  y c T a H O B H T b  T a n o e  c o o T H o m e H H e  C ■ R i , n p n  k o -  

t o p o m  6 w a o  6 bi AOCTaTOHHO o ó e c n e q e H O  c n a A a H H e  H a n p H iK e H u a  

H a  K0 H A e H c a T 0 p e  n o c A e  „ O T a i a T H a “ K A io n a .  «¿leHCTBHTeAbHO, b o  

Bpe.MH 12 (CM. $ H r .  1 2 3 )  KOHA6 HCaTOP  O T A aeT  3 a p H A  TOAbKO H e p e 3  

A a M n u  r e H e p a T o p a .  K p H B a a  p a 3 p a A a ,  OHeBHAHO, 6 y A e T  a c c H M n - ro -  

THq;cKH cT p eM H T b C H  k  o c h  aocuncc. /tonycna» n p e B b i m e H H e  Ha- 

n p n x e H H H  k  KOHiiy B p c M e H H  n e  6 o A e e  n e M  Ha 1 0 % ,  u o x e M  

n o A y q H T b  C A e A y r o m e e  y p a B H e H H e :

OT KyAa

l , l - £ : = l , 2 - £ ¡ . e

x 2 =  ^ 1 - c - l n  { ^ ^ 0 , 0 8 5  ■ R 1 C  . . . . ( 5 1 )
* j A

K o r A a  3aAaeTCJi onpeAeAeHHaa cKopocTb MaHHnyAHijHH, o n p e -  

AeAHeMa« hhcaom  c a o b  N  b  OAHy MHHyxy, t o  BpeMH, 3 a H H M a e -  

Moe 3ACMeHTapHbIM CHrHaAOM,--- 0 4 H0 H TOHKOH----COCTaBAHeT

_____ - ^ c e K  ( 5 2 )
N - 5 - 5 - 2 ~ ~  N  .....................  '

B  3 t o m  p a c n e i e  n o A p a 3 y M e B a e T c a ,  h t o  K a a A o e  c a o b o  c o c t o h t  

H 3 i i h t h  6 yK B , a  K a x A a a  6 y K B a  H 3 i i j í t h  „ t o h c r “  c  paB H hiM H  

M e » a y  h h m h  n p O M e s y T K a M H . 1)  ¿ X a h  Toro, h t o 6 w  H M n y A b c  K a * A o H  

„ t o h k h “ B b im e A  H a H S o A e e  no A H b iM , o h c b h a h o ,  í s e . \ a T e A b H o  yAOB Ae- 

T B O pH T b yCAOBHe

T —  T1 T  T2 >

b  k o t o p o m  t 2 o n p e A e A H e T c a  <|)0 p M y A 0 H ( 5 1 ) ,  a

-  —  *

1 4  2  oo0 ’

TAe ©0 HaAAejKHT IIOACTaBAHTb, n O A b 3 y í !C b  ( JO pM yA O H  ( 2 6 ) .

J) l i o  MeauyHapoAHUM npaBH.\aM 3a c p e jH e e  caobo npnHHTO caobo „ P a r i s “
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i lpoBepHTb (pHAbTp Ha TeAerpa$Hyio  paôoTy m o k h o  Tanate 
cnocoöoM, ,yKa3aHHbiM paHee aah  pacneTa AeMOAyAayHH. I lp n  
ycTaHOBHBiueMca peatHMe noAann

1 TV
2 X 2,4

„TOMeK“ B 1 ceKyHAy, MaHHnyAnyHio b yenn  ceTKH mojkho cpaB- 
HHTb C CeTOMHOH MOAyAflyHeH HCCHHyCOHAaAbHOH KpHBOÖ, HMe*

î o u j e f t  o c H O B H y io * ^  M a c T O T y  ~  Hz. C j> o p M a  T o n a ,  n o T p e Ô A j i e M o r o

aHOAHOíí yenbK) o t  BbinpaaiHTeAH, HCKa- 
3HTCH, ÖAaroAapH peaKTHBHOMy conpo- 
THBAeHHIO (JlHAbTpa, H npHMeT BHA»

Toh 6 p&ne

a u n
, I I ! I I I

' I I I I I
> ! i i i i

! i i i i i •*

-Li)t

ñ -tot
0 ---- ------------------

© n r .  124. (t>Hr. 125.

AaHHWH H a  ( p n r .  124. E c a h  „ n p O B a A “  b  ( p o p s a e  T e A e r p a c p H o r o  

CH rH aA a A o n y c T H M  H a 20°/o» t o ,  o h c b h a h o ,  s t o  c o o x B ö T C T B y e T  

AeMOAyAHIJHH B 80%, T. e .

R tD m  ■ < 0 ,8 .

\ R i + z *  I

OnpeAeAHTb HaAAe*HT no cpopMyAe (20) c noACTaHOBKofi

^ m i  n  —  —  i  r ,  N
X 1,2

(53)

Ą ah  yMeHbuieHHH nepeHanpflîKeHHa h „npoBaAa“ _B (popMe 

CHTHaAOB, nOMHMO CHHateHHH BeAHHHH ( I q ----h " )  H n  , MOHSHO

npH H H T b pflA  A p y r n x  M e p .  K HHCAy h x  OTHOCHTCH, H a n p H M e p ,  

c x e M a  cpHr. 125, b  K O T o p o S  A p o c c e A b  i n y H T H p y e T c a  r a 3 0 B b iM  p a 3 -  

pHAHHKOM. n P H TaKOM y c T p o H C T s e  n e p e H a n p a a t e H H e  H a  3 a a iH M a x  

A p o c c e A H  o rp a H H H H B a e T C H  A y r o B b iM  p a 3 p « A O M . A H a A o rH H H a H  y e A b  

n p e c A e A y e T C H  BK A ioneH H eM  „ K a T y u iK H  K a M n o c a “ M eaJA y k o h a c h -  

c a T o p o M  h  aHOAaMH r e H e p a T o p H b i x  A aM n.

235



B e C b M a  BajKHO 3 3 M e T H T b ,  HTO AAH OCyUjeCTBAeHHH C B e p X -  

6 b i c T p o A e S c T B y i o u i e H  n e p e A a n n ,  q a c T O  n p H M e H a e M O H  H a KOpoTKHX 

BOAHaX, 0 C0 6 0 H HeOÖXOAHMOCTH B C r A a 2KHBaK)U£eM (J)HAbTpe HeT. 

B p e M H  t  b 3THX C A y n a a x  A O C T H raeT  n o p a A K a  0 , 0 1  a o a h  c e n y H A b i ,  

h  c rA a a iH B a H H e  ( Jm A b T p o M  T P K o r o  H M n y A b c a  K a a t e T c a  m3AO ö e A e -  

C 0 0 6 p a 3 H b l M .

n p H  aHOAHOH M a H H n y A í ^ H H ,  K o r A a  „ k a i o m  K p n 4 a “  h a h  „peAe 
K A H t p A e H a “ c t s b h t c h  b  aH O A H y io  i ^ e n b ,  o t a h h h c  o t  c e T O ^ H o ß  

M aHHnyAHUHH 3aKAH5HaeTCfl TOAbKO B TOM, HTO n p H  aHOAHOH 

M O *H O  A O n j  CTHTb HeCKOAbKO Ô O A b U iee  3 H 3 H e H H e  E max , T a n  n a n  

aH O A bi A aM n  n p n  „O T ass T O M “ K A io n e  O K a3biB aiO TC H  oTC O eA H H eH - 

HblMH OT Bbinpf lM H T eA H . B OCTaAbHOM n p O B e p K a  (JjH A bTpa HA6 T 

aHaAOTHHHbiM n y T e M .

§  13. Pac«ieT II-o6pa3Horo (JmAbTpa.

P a c n e T  H a  n y A b c a i j H i o  (p H A b T p a ,  H M e i o u j e r o  H a  BXOAe k o h a c h - 

c a T o p ,  n o  (JJopM yAaM  n e p e M e H H o r o  TOKa y c T a H O B H B i u e r o c H  p e a iH M a

H e B 0 3 M 0 » e H ,  e c A H  t o k  T e n e T  H e p e 3  BeH TH A b M e H b u i e ,  n e M  — -  c e n .
’ r  m u

Ç  TaKHM cAynaeM mm 6yAeM BCTpe^aTbCH noHTH BcerAa b MaAO- 
M o u jH b ix  B b in p ^ M H T e A H x  ą a h  n p n e M H O H  p a A H o a n n a p a T y p b i .  T a n n e  

BbinpłiMHTeAH aca3K)tch no AByxnoAynepHOAHOH c x e M e  c KeHOTpo- 

HaMH.

B ß e A e H H e  n-o6pa3Horo ( p H A b T p a  b  A B y x n o A y n e p n o A H y i o  cxeMy 
B e A e T ,  K3K H CAeAOBaAO O a iH A 3T b ,  H3 OCHOB3HHH §  3 HaCTOHIgeH 

TAaBb!,  K yM eH bU ieH H IO  B p e M e H H  n p O T e K 3 H H H  TOKa H e p e 3  BeHTHAb, 

t .  e .  k  cy jK eH H io  H M n y A b c a  TOKa no o c h  s ö c i j h c c .  B o 6 a ie M  CAy- 

H 3 e  3TO O Ô 3 3 a T e A b H O  CB H 33H 0 T3KÎKe C H 3 M eH eH H eM  OCHOBHblX 

COOTHOUieHHH A B y x n O A y n e p H O A H O H  CXeMbl. P s C H H T b lB a T b  n * o 6 p 3 3 -  

HblH CpHAbTp B nOAOÖHblX CAyH3iJX H3AAeJKHT, HCXOA« H3 y p 3 B H e *  

HHH K p H B b ix  3 a p « A a  h  p a 3 p « A a  n e p B o r o  K O H A e H c a T O p a  C \ .  Ą a h  

6 o A b u i e H  H arA H A H ocT H  p 3 3 0 e p e M  OTAeAbHO A B a  C A y s a a :  o a h h  h 3  

h h x — K o r A a  r— B H y T p e H H e e  c o n p o T H B A e H H e  K e H O T p o H a  h  o ö m o t o k  

T p 3 H C ( |)O p M 3 T O p a  M 3A 0 nO  Cp3BHeHHIO C C O npC TH B A eH H eM  H3Tpy3K H  

R ,  H A P y r o S ----K O rAa  r  H M eeT  OTHOCHTeAbHO ÖOAbUiyfO BeAHHHHy.

C  A y H 3 H 1.

E cah BHyTpeHHee conpoTHBAeHHe KeHOTpoHOB oneHb m 3a o no 
Cp3BHeHHK) C BHeUIHHM COnpOTHBAeHHeM, T. e. eCAH

r  r  =  0 ,

TO KpHB3H HanpilHSeHHH H3 K0HAeHC3T0pe C i  COCTOHT H3 OTpe3KOB 
CHHyCOHAbI H 0Tpe3K0B nOK333TeAbHOH KpHBOH. IlepBbie HMeiOT
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M ecTO  b o  BpeM H 3 a p j i f l a  K O H A e H c a T o p a  o t  B H e u i H e r o  HCTOHHHKa 

q e p e 3  c o n p o T H B A e H H e  r, a B T o p w e —b o  BpeM fl p a 3 p a A a  e r o  n e p e 3  

c o n p o T H B A e H H e  / ? ' ) •

Tan n a n  Mbi noA oasK M  r =  0 , t o ,  OHeBHAHO, H anpHJKeHHe k o h -  

AeHcaTopa npn 3apHAe h a o a j k h o  coBnacTb c c h h y c o h a o h  BHe- 

u i H e r o  H anpí i íK eH H H .

Oôpaigancb k  (Jwr. 126, m m  m o j k c m  HanncaTb CAeAyiomne 
y p a B H e H H fl:

E min =  E ' . e ~ ^ .................................... (54)

X, = ,  —

r — , E  Em\n  i

=  2E0

cat '  —  arc sin
E min

E 1
«a t" —  a r e  s i n  ~  

E

(55)

ÆonycTHM s —  0,1 h  6 y A e M  C H H T a T b ,  h t o  b  3 T o m  C A y q a e

E ' ^ E ,

t"
2 ’

cot '  =  arc sin 0,8 =  53°;' t' —  0,147 T,
Em\n — 0,SE,

T  T  T  
H = t " ~  i “ ï + l ' - 4 “ 0 , 4 r .

rioACTaBAHH 3TH BeAHHHHbl B ypaBHCHHÎï (54 H 55), nOAyHHM

0 ,4  • T

. . . .(56 )

0,8 =  e 

10,4

R  Ci

f - R C !
=  ln 1,25

1,77-10« F 
Cl==  f - R

(57)

' )  3 , s e c b  m m  A e A a e M  a o n y u j e H H e ,  q - ro  r - o 6 p a 3 H a a  q a c T b  ( JW A b T p a  hb bah- 

aeT Ha xapaKTep p a 3 p a a a  n e p B o r o  K O H f l e H c a T o p a  Cv
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npH oôbiHHOH nacTOTe /  =  50 Hz

r  3,54 • 10* _
- =  *-------R------- ^

(57')

| T

— r

:ri \ R

- w -

( p m \  1 2 6 .

P a C H e T  B T O p O r O  K O H A S H C a T O p a  C2 H H H A y K T H B H O C T H  L MOatHO 

n p o H 3 B e c T H ,  K a n  p a c u e T  F - o 6 p a 3 H o r o  ( p H A b T p a ,  t .  e .  n o  c p o p -  

M y A a M  n e p e M e H H o r o  T O K a  C T a y n o H a p H o r o  p e a i H M a .  E c a h  3 a A a H o  s ,  

TO K O B l p H y H e H T  C p H A b T p a iJ H H  r - 0 6 p a 3 H 0 H  H a C T H  ( p H A b T p a

u — — 10 s .
s

C A p y r o S  c T o p o H b i ,  ( p o p M y A y  (13) m o * h o  y n p o c T H T b ,  a h m ö h h o , 

e c A H  u <C! 1 h m — 2, t o

4<d2 L C2 —  — .
u
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3aAaBaHCb AaAee aah H36e?KaHHH nepeHanpajKeHwH

h noACTaBAHH 3 T 0  B b i p a a t e H H e  B n p e A b i A y u j . e e ,  n o A y n n M

H . . . (58)

----------------------------------- I=r = --------------------- 7=--------  f ¿ F

6,3 ■ K ■ f  R \ !  s 20 • / •  V s ■ R

I Q s  __________1 0 «

riocM O T puM  T e n e p b ,  KaK h 3 m c h h t  BBeAeHHe I T o 6 p a 3 H o r o  

(pH A bT pa  OCHOBHbie COOTHOUieHHH H a n p f lÆ e H H H  H TOKOB. / l e f lC T B H -

TeAbHO, H3 A n a rp a M M  a a h  ycAOBHH s ' =  0,1 HMeeM

i’A e  S ' 2$  —  3(p(peK T H B H oe H a n p i u s e H H e  o a h o h  noAOBHHbi b t o p h h -  

HOH OÔMOTKH TpaHC<J)OpM aTOpa.

r i p e A n o A a r a a  c H H y c o H A a A b H y i o  ( p o p M y  H M n y A b c a  T o n a  i-¿, n p o -  

T e K a r o u je r o  b  T eneH H e BpeMeHH

HaíUeM ero aMnAHTyAy / h3 cAeAyioujnx cooöpaateHHH. Tan KaK 
- c p e A H H Ö  3 a p H A  K O H A e H c a T o p a  3 a  n o A y n e p n o A  o c T a e T c a  n o c T O -

H H HblM j TO ,  O H e B H A H O ,

!) r ipeA noA araeu  cHHycoHAajibHbm xapaKTep h 3 m chchhh  TOKa c nepn-

E q~ 0 , 9 E ;  S ' 2$ — 0,78 E $, (59)

0

OTKyAa

o

OAOM 2'C1.
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HAH

1  7t

— I — cos — t
71 \  T

i  ~  — . " Ł  —  i
°  *» ’ Tx 0 '

r *  ,  7* 
i = A  ñ >  
0 ¿

2 2 i,
T a x  K a n ,  4 a A e e ,

M = t "  —  t '  =  0 ,2 5  r —  0 ,1 4 7  t s  o , i  r ,

TO OKOHHaTeAbHO

/ =  2 ,5  tc T o ................................................ (60 )

9 t o S  BeAHHHHe AOAîKeH paBHHTbCH TOK 3MHCCHH OAHOrO K6 HO" 

T p O H a  HAH OAHOH e r O  nOAOBHHbl n p H  AByX aHOAHOH KOHC TpyK^HH.

n o  TeM  jKe c o o ö p a a i e H H i i M  ocJxpeK TH B H oe 3 H a n e H H e  B T O p H H H o ro  

TOKa

PacneTHaH MoujHocTb BTOpHHHOH o Sm o t k h TpaHC<popMaTopa, o n e -  

b h a h o, paBHa

P>— 2-  S ' 2$ /> — 2 0,78 • 1,75 £"o • 7o =  2,7 P 0 . . .(6 2 )

KaK Mbi 3 H aeM  h 3  rAaBbi III, aah n p o c T O H  AByxnoAynepHOAHOH 
CXeMbI 9 T a  B 6A H 4H H a M CHbUie,  T . e .

P -i —  1,75 P 0 .

PacneTHaa MoujHOCTb BcerAa yBeAHHHBaeTca, KorAa HMnyAbc 
TOKa cyateH no och aöcyncc h yBeAimeH no aivinAHTyAe.

PacneTHyio MOujHOCTb nepBHHHoił o ö m o t k h mojkho onpeAeAHTb, 
nOAOiKHB npH KO^(|)H^HeHTe TpaHCÇOpMaiiHH, paBHOM eAHHHIje,

J 1 =  y / 2 - Ą

H

ei =  e 2' $  ;
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(64)

(63)

CaMO co6oh pa3yMeeTca, hto AonyujeHHe r^sO AeAaeT npn- 
BeAeHHbiii pacneT npH6AHaieHHbiM, OAHaKO a a h  6oAbiuoro pHAa 
yeTpoHeTB, noTpe6AHK)iiiHX tok I0 nopaAKa 10—20 mA, Bbinpa-
MHTeAb C KeHOTpOH3MH AOCTaTOHHO TOHHO MO/KeT 6blTb paCHHTaH
no yKa3aHHbiM (popMyAaM.

Heo6xOAHMO OTMeTHTb, HTO, 3aAaBaHCb HHbIM 3HaHeHHeM s' 
nyAbcauHH Ha nepBOM KOHAeHcaTOpe, mw noAyuHAH 6bi h H H o e  

3 H a n e H H e  C\,  L h  C2. H a H B b i r o A H e H m e e  3HaneHHe s noAynaeTCH 
npn HaHMeHbineH c t o h m o c t h  B c e r o  BbinpHMHTeAbHoro ycrpoficTBa  
h  MOJKeT 6 b i T b  HaHAeHO nyreM p » A a  npo6Hbix p acn eT O B .

B y A e M  n p e A n o A a r a T b  T e n e p b ,  h t o  B H y r p e H H e e  c o n p o T H B A e H H S  

KeHOTpOHOB c o c T a B A a e T  3 a M e T H y io  BeAHHHHy n o  cpaBHeHHio c  R. 
B TaKOM C A y n a e  K p n B a n  H a n p n * e H H H  H a K O H A e H c a T O p e  n p n  3 a -  

p H A e  y * e  H e  c o B n a A a e T  c  CHHyeoHAOH b t o p H H H o r o  HanpHjKeHHH. 

O ó u j a H  K a p T H H a  n p o y e c c a ,  B 0 3 H H K a K > n ia H  b  t 3 k o h  g e n n  A B y x -  

n o A y n e p n o A H o r o  B b i n p n M H T e A a  c  I T o 6 p a 3 H b i M  ( p H A b T p O M ,  n p e A -  

C T aB A eH a Ha ( p n r .  127. i l p H  b t o m  o n H T b  n p e A n o A a r a e T C H ,  h t o  

r - o 6 p a 3 H a n  n a c T b  (p H A b T p a  He B A H aeT  Ha p a 3 p H A  nepBoro k o h -  

A e H C a T O p a  Ci . B AeHCTBHTeAbHOCTH 9TO , KOHeHHO, H e TaK . OA
HaKO, o n iH Ó K a  o t  T a K o r o  a o n y m e n n a  n p a K T H n e c K O r o  3 H an eH H H  He 

H M eeT .  K p o M e  T o r o ,  t o h h w h  p a c n e T  o n e H b  c a o j k c h  h  b  T exH H - 

n e c K O M  O T H O u ie H H H  6 e c n o A e 3 e H .

/ I a h  Toro, h to 6 w  HaHTH Heo6xo4HMbie paCHeTHbie (pOpMyAbl, 
p e n i H M  C H C T e M y  A H $ e p e H i j H a A b H b i x  y p a B H e H H H ,  H a n H c a H H w x  a a h  

O A H O H  nOAOBHHbl C XeM bI  H A A H  B p e M e H H ,  B T e H e H H e  KOTOpOrO 
nponcxoAHT 3apnA KOHAeHcaTOpa, t .  e. aah  npoMeatyTKa o t  t\ 
AO t2

C a  y h a h 2.

(6)

(a)

h  —  i  o “f* i c (b)
riHTaHne panHoycTpoacTB—1§ 241



ripoAHipepeHijHpOBaB no t ypaBHeHHe (a), HMeeM

de,1

dt

d io  i .

=  r j i + Q  •
. . (r

P a 3 fleAHB o6e n a c r a  ypaBHeHHH ( a )  Ha R  h yMHOJKHB o6e nacTH 
ypaBHeHHH (r) Ha C i, caoîkhm hx

e 2$

~R +  C l ~ d f  ~  ~ R  z’2 +  r C l  d t  +  +  R C , f l c d t  ‘ '  ( a )

r - j — » — —

É ell ¿V
1 Ä  _ L o  >

9

I  r
i-------- w — w v w -----------

io —  h
R C ! f  lc dL

FIoflCTaBAHH s t o  B n p e a w A y u i e e  

y p a B H e H H e  ( a ) ,  HM eeM

d h  , 1 +  R

dt
e 2 $

12-
rC X

1 i / e 2'<j>

~  r ■ R  ■ Cx

HAH

dt

A A
V

(# 2

dt
-J- a  i 2 —  / j  ( i ) ,

-u>t
r f l e

© nr. 127.

1 + 7 r  g + i

r C ,  ' R C ,

P =
R

E  , <oE
^  ~  T R C X sin u>i - f -  —  cos co í  .

. ( e )

• ( « )

(65)

(66) 

. < ■ )



O ö u j e e  p e i u e H H e  y p a B H e H H H  ( e )  rA a c H T

i 2 —  e a t  ■ j f i  ( f )  ea * d t  - | -  -A s  “ ¿

HAH

£  /  1 - f  u * C i 2 R 2 . , i \  i /i //•
, 1 = 7 R C [ \ I  »■ +  .»  +  +  • ( « )

E cah CAeAaTfa noACTaHOBKy

to C i /? =  ....................................................(68 )

TO B 3TOH (pOpMyAe

? !  =  a r c  t g — í ^ r , ...........................................( 6 9 )
p ~ r 1

2 =  a r c  t g  X .......................................................( 7 0 )

ÆeAaa AaAee 3aMeHbi

E  , /  1 +  Æ 2 a)2 C , 2 _  £  /  1 +  * 2

m T R C \  V  a 2 - j -  <u2 / ?  ^  V  (/> +  l ) 2 +  *

H
X

. . . ( 7 2 )
P T 1 

OKOHHaTeAbHO HMeeM

?  =  ?2  —  <Pi =  a r c  t g * — a r c

Í2 =  I m ■ s i n  ( “ 1 +  v )  +  A  e .........................( 6 1 ' )

H a n p a * e H H e  e  H a  K O H A e H c a T o p e  C j , t o k  n e p e 3  H e r o  ic h  t o k  Îq 
o n p eA e A H fO T C H  T e n e p b  C A eA y io u jH M H  ypaBH eH H JiM H :

e —  e2'$  —  h  r

HAH
__ CX t

e  =  E  s i n  u> t  —  I  r  s i n  (co t  - j -  <p) —  A  ■ r  ■ e  ...............................( 7 3 )

. _  d  ( e  C i )  _  

l ° d t  ,  _ a t  

=  E & C  c o s  <0 í  —  /  ■ r  • <0 C c o s  ( w / - ( - c p ) - [ - / 4  r  a  C s  . - ( 7 4 )

z'o =  -j=r —  s i n  to # ------ /  s i n  (<o i  - f -  ? )  —  • A  • e . ( 7 5 )

B c e  H a i Î A e H H b i e  ( p o p M y A b i ,  p a 3 y M e e T C H ,  H M e io T  M ec T O ,  K o r A a  

i2 >  0 ,  t .  e .  K o r A a  HaAHMneM B eH T H A a  m o j k h o  n p e H e ô p e r a T b .  K a n
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TOAbKO h  CTaHOBHTCH paBHbIM HyAIO, HaíífleHHbie ypaBHeHHfl Te- 
p«K)T cHAy, a HanpajKeHHe Ha KOHAeHcaTope c aToro MOMeHTa
,  <1»2
*2 '— ~  HaHHHae T H3MeHflTbCH IIO n0Ka3aTeAbH0Îi KpHBOH

'  t — to
R C t

e — E  sin 4*2 • 5 W 1 ................................ (76)

H H T e r p a ip iO H H y io  n o c T O -  

H HHyio A  o n p e f le A H M  c A e -  

AyioiijHM o6pa30M. Co- 
r A a c H O  ( p w r .  1 2 8  b  m o m c h t  

BpeMeHH a) t i  —  , HanaAa
HOBoro 3 ap « 4 a  KOHAeHca- 
T o p a ,

e =  E m in  —  E  sin .

r i o A C T a B H B  3 T O  b  y p a B H e -  

HHe (73), 6yaeM HMeTb

Emin —  E  sin <J»1 — r l m sin (<i>i -f- <p) — r A  e
HAH

A  =  — / msin (<|»i +  ÿ) • e“ ......................................... (77)

B  MOMeHT B p e M e H H  cu t 2 —  ^2  H a n p j iJ K e H H e  H a  K O H A e H c a T o p e

Emax —  E s i n ^  — r l m sin (<k¡ +  ?) +  r  I m sin (<h - f  <p) • £ 

HO

noBTOMy
Exrnx —  ¿ ' s i n  ’̂ 2 ,

3aMeHHB

0 =  — sin (<J/2 +  ?) +  sin(^! —j— ç) e

4»2---<¡»1 = = l

g ■__/? 4~ i 1 
0) 1 )

noAyHHM rP + D ,

sin (^2 -}-?) =  sin ('J'i -f- f )  e

(78)

(79)

(80)

3) CorAacHQ cpopuyAaii (65), (68).

244



H a Ü A e H H o e  ypa B H eH H e BaatHO b t o m  o t h o u i c h h u ,  m to  f l a e r  3 ï b h - 

CHMOCTb yrAOB ^  , ^2  H Ö o t  n a p a M e T p o B  <u, C ,  R  h  , r. Y r o A  6

HOCHT H33BaHHe yrAa paÔOTW BeHTHAH, a  H ^2--COQTBeTCTBeHHO
HanaAa h KOHya ee.

OôpaiijaHCb CHOBa k <pHr. 128, mm MoateM bubccth  apyroe 
ypaBHeHHe, CBH3biBaioujee yroA paôoTbi c napaMeTpaMH yen» 
h K03(J)HyHeHT0M nyAbcayHH HanpHJKeHHH Ha KOHAeHcaTOpe C i . 
rioAb3yHCb ypaBHSHHeM (76), MbI MOÎKÊM HanHCaTb

_ h  
_ r, w Ci

min —  £ m a x  e

Ho
'l's —  ^2 =  «  +  <W —  h  =  « —  6,

HTO BMecTe c npeAbiAyifíHM AaeT

F  \ s
k —  6 = 0 1  Ci R l n

Emin

C  a p y r o H  C T o p o p b i ,

■Ê'max ^  ^ 0  (1 +  S ) H F  min = =  Fq  ( 1  — 5 ) ,

n 0 3 T 0 M y

—  Jtrln I  .................................................. ( 8 1 ) '

E c a h  K p H B y io  H anp a iK eH H H  npH H H Tb 3 a  n p f l M y i o  a h h h i o ,  t o  n p H -  

Ô A H ateH H oe  y p a B H e H H e  a a h  Ö m o j k h o  HaÜTH H3 C A e A y t o i y H x  c o o t -  

HOIUeHHH

ł B —  4*2( F max F m¡n ) Ci  — I q
w

Fmax J^min _ 4*3 4*2

u C i R  ’
HAH

2s'= 71
X

H OKOHHaTeAbHO
6 ^ 7 1  — x - 2 s ................................(81')

PaCHeT BbinpflMHTeAH MO*eT 6bITb OCyiyeCTBAeH TOAbKO TOrAa, 
KorAa m w  HMeeM, KpOMe Asyx ypaBHeHHH (80) h (81), eiye oaho, 
h6o no cyiyecTBy y Hac ecTb Tpa hckommx bcahhhhm: Ô h  C i .



c)to TpeTbe ypaBHeHHe, OAHaKO, Aerno noAyqaeTCH h3 TpnroHO-
MeTpHHeCKHX COOTHOUieHHÖ. /^eÜCTBHTeAbHO,

fsin ___ ¿ m a x  ^  1 ~f~ s' (82 )

sin <h Emin 1 S

AaAbHeñmero HcnoAb30BaHHH ypaBHeHHH (80), (82),
hckaiohhm  H3 HHX <1»2 » noACTaBHB ypaBHeHHe (78) B (82).
ÆencTBHTeAbHO, npe06pa30BbiBaH (82), HMeeM

s in ^ 2 __ sin  ('J^i - j -  6 ) __sin  cos  fa - f -  cos  s in 9 _  _ £ m a x

sin'^i s in '^ i  sin  Em\n

HAH
. n . . 1 f£ m ax

ct?e+ cl̂ ' = ita9 Xi'

oTKyAa OKOHqaTeAbHO

Ctg <1»I =  \ / l  +  c t g 2 Ö ^ max —  c tg  6 .....................(83)

rip0H3B0AH aHaAorHHHbie npeo6pa30BaHHH ypaBHeHHH (80), no- 
AyHHM 

ctg +  arc tg X  —  arc tg

__________ P +  1 Q
— v/l - | -  c t g “Ö s 00 — c tg  6 .......................... (84)

BajKHO OTMeTHTb TO OÖCTOHTeAbCTBO, UTO B ypaBHeHHH (83) r He 
(pnrypHpyeT. T a n  Ha caMOM AeAe «  aoahsho  6biTb, h 6 o  b to  ypaB 
HeHHe BbiBeAeHO H3 n p o y e c c a  pa3pHAa KOHfleHcaTopa n ep e 3  Ha- 
rpy30HH0e conpoTHBAeHHe R , a BHyTpeHHee conpoTHBAeHHe 
HCTOHHHKa T npH 9TOM HHKaKOH poAH He HrpaeT.

/laA bH eSinee peuieHHe CHCTeMbi HaHAeHHbix ypaBHeHHH Aynuie 
B cero  npoBecTH rpatpHHecKHM nyTeM. Ąah s t o ö  ü c a h  cocTaB- 
AHeTCH TaÔAHHKa 3HaneHHH ^ 1  =  / i  (x ) no  ypaBHeHHio (83) a a h  
HeCKOAbKHX 3HaMeHHH s ’. 3aTeM COCTaBAHeTCH p»A TaÖAHHeK co 
3HaneHHHMH 4*i — f(x)  no  ypaBHeHHio (84) a a h  Tex * e  b b a h h h h  s' 
H AAH HeCKOAbKHX 3HaHeHHH p. ToHKH nepeceneHHH KpHBbIX no 
ypaBHeHHio (84), n p n  pa3AH4Hbix p, c KpHBoii ypaBHeHHH ^  —  fi {x) 
ypaBHeHHe (83) AaAyT 3aBHCHM0CTb x h  o t  p. ÆeîîcTBHTeAbHO,
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o n y c K a H  H S t o h k h  n e p e c e n e H H H  (< p n r .  129) n e p n e H A H K y A f l p w  H â

OCH K O O p A H H a T ,  H a x O A H M  A A «  A a H H b lX  H p  C p a 3 y  0 A H 0 3 H a H -

H b i e  O T B e T b l  AAfl  'î ' i  H X .

H a  c j m r .  1 3 0  n p e A C T a -

B A eH b l  K p H B b i e ,  I lO SBOAfllO- 

njHe OAHOBpeMeHHO H aSra 
X  h  ^  n o  H M e i o u j e M y c H  

3 H a « îeH H K ) p  h  a a j i  3 a A a H -

HOH B eA H H H H b l  s ' . I l o A b -  

3yacb A^Aee tpopMyAaMH
( 6 8 ) ,  ( 8 1 )  h ( 7 8 ) ,  HaxoAHM 
Ci, 6 h '{'a- riocAeAHHeîKe 
BeAHHHHW, K a K  yæe 6 w a o  
CKa3aH0, n03B0AHK»T pac- 
HHTaTb B c e  OCTaAbHbie 
3AeMeHTw A3HH0H ycTa- 
HOBKH.

Mine« BeAHHHHbl H ¿2 » H3XOAHM COOTHOUieHHe HanpflXeHHH.

<Z leHCT BHT eAbHO, H 3  $ H r .  1 2 8  n o A y n a e M

v  r  s i n  +  s i n  ^2  E 0 =  Ł ---2---- ,

yp-Hue

2 2 2 *  s const 
Łmin

yp-Hue
<\>,=f(x)

^  = consi 
j p i n

®Hr. 129.

OTKyAa, B CBOK) onepeAb,

E  =  E 0

, £ 2 —  £-0

s i n  <|»i - f -  s i n  ^ 2  

y/2

.(8 5 )

‘) (8 6 )
s i n  <|>i - f -  s i n  *|*2

M r H O B e H H b i e  3 H a n e H H H  T O K a ,  T e n e p b  o n p e A e A a i o T C H  y p a B H e

HHeM

1 +  j

(1 + p f - t x -
s i n  (<u /  +  cp) —  s i n  ( ^ i + ? )  s

- - ¡ r ( « í - ■+1)

. . . . . . .  ( 6 7 " )

noAynaeMbiM H3 coBMenjeHHa ypaBHeHHH ( 6 7 ) ,  ( 7 1 )  h ( 7 7 ) .  H e o ô x o *  

AHMo noMHHTb, HTO ypaBHeHHe ( 6 7 )  cnpaßeAAHBO AHuib b npeAeAax

' h  <  o> t  <  <5*2.

i) Ecah r  —  r B -f- r T , t .  e. paBHO cyMMe conpoTHBAeHHH bchthah h TpaHC* 
(fopMaTopa. TO e2'<¡> cooTBCTcTByeT Hanpa*eHiHO xoAOCToro x o ja  TpaHCcpopMa- 

Topa.
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B K O T o p b ix  z2 >  0. AivinAHTyAa TOKa n e p e 3  BeH TH Ab M o r A a  6bi 
6biTb o n p e a e A e H a  pa3bicKaHHeM MaKCHMyMa (pyHKijHH (6 7 " ) .  
O a H a K O  TaKoe p e m e H H e  c a h i u k o m  c a o j i î h o  h  M o a teT  6 b iT b  o 6 o h -  

f leHO a h 6 o  n y T e M  r p a ( p H H e c K o r o  n o c T p o e H H H  ( $ H r .  1 3 1 ) ,  a h 6 o  n o  

npHÖAHjKeHHOH (popMyAe

HAH, HTO TO JKe CaM Oe [ n p H  n p H M e H e H H H  (p O p M yA b l  ( 8 5 ) ] ,

3 th (popMyAbi npeAnoAararoT, hto OAHOMy MOMeHTy BpeMeHH 
c o o T B e T C T ß y i o T :  M aK CH M aAbH bie  3 H a n e H H f l  i¿ n  e 2'<t> h  3 H a n e -

HHe e =  E o . Ha caM O M  A e A e  s t o  c o B n a A e H H e  npHÖAHaceHH O.  

OAHaKO, npoHcxoAHigaH ot 3Toro ouiHÖKa coBepuieHHO HHHToama 
AAH n p a K T H H ecK H X  p a c -

OAHano H H T e r p H p o B a H H e  b o ö u j e M  b h a ö A a e T  c a h u i k o m CAoat- 

HblH O T BeT, n 0 3 T 0 M y  H 3 A e C b  A y H I U e  B 0 C n 0 A b 3 0 B a T b C H  n p H eM O M ,  

yK a 3 a H H b iM  b n e p B O H  n o A O B H H e  H a c T o a u j e r o  n a p a r p a c p a .  T a x  K a n  

b AaHHOM c A y n a e ,  B p e M e H H  Xj , n p H B e A S H H O M y  k  t p o p M y A e  ( 6 1 ) ,
0

I’OOT BeT CTByeT — , TO

j ^ E  —  E q
(87)

r

/ [ e H C T B y i o i i i e e  3 H a n e -

HHe Tona Jo, npoxoA«* 

ujero b KaatAOH noAOBHHe
BTOpHHHOH OÖMOTKH, AOA* 

JKHO OnpeAeAHTbCH H3
ypaBHeHHH ( 6 7 " ) ,  t. e.

MeTOB.

30 60 90 120 150 180

(88 )
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T o  * e  noAyqHM, ecAH B0 c n 0Ab3yeM ca cpopMyAoñ ( 8 7 )

A = r , - % .  • • - W
s/2 V 2^ V sin+i -f- sin /

PacneTHaa MoujHOCTb btophhhoh oömotkh TpaHCcpopMaTopa 
oqeBH^HO, onpefleAHTca noACTaHOBKOH £ 2 <j> h J 2 b (popMyAy

P 2 =  2 £ 2' Ą, J 2

HAH, ecAH B0Cn0Ab30BaTbCH COOTBeTCTByiOIgHMH y p a B H e H H H M H ,

P  =  P  . \  / 2-  . n  2  — sin  4*! s in  4*2 , aQ,
2 0 V  u  (sin 'K +  s in  <j»a) 2 *

P a c i e T H a a  MOiijHOCTb n e p B H H H o i i  o 6 m o t k h  T p a H c t p o p i a a T o p a  

M o * e T  6 b iT b  B b i p a a t e H a  « l e p e s  M ou jH O C T b b t o p h h h o h  o ö m o t k h .  

/ [ e H C T B H T e A b H O , B BHA y TOTO, HTO n o  nepB H H H O H  OÖMOTKe 3 3  

K aw A b i í í  n e p H O A  n p o x o A H T  A ß a  H M n y A b c a  c aM n A H T y A o i i  7 , o t h o -  

U ieH H e TOKOB paB H O

J2

r A e  ^  —  OTHomeHHe M e * A y  b h t k s m h  o a h o H  noA O B H H bi BTOPHH

HOH OÖMOTKH H BCeÜ nepBHHHOH OÖMOTKH. C  ApyrOÖ CTOpOHbl,

ZU 2

OTKyAa

P i —  £ i  J \  h  £  2 '  $  —  £ 1

P i  =  - I  = - 0 , 7 0 7  P 2 ...................................... (9 0 )
V 2

K a c a a c b  p a c n e T a  r-00pa3H0H nacTH (pHAbTpa, HeoöxoAHMO 
OTMeTHTb, HTO BblCKa3aHHbie B nepBOH nOAOBHHe HaCTOHUjerO 
n a p a rp a < p a  cooöpajKeHHH o  e r o  p a c n e T e  a a h  cA yn aa  r  —  0, 
a  paBHo (1 6 )  (1 7 )  o cT aioT ca  b cHAe h  b  AaHHbix ycAOBHax.

T o h h o  Tanate  B o n p o c  o  npHMeHeHHH 3HaneHHa s'  =  0 ,1  hah 
A p y r o r o  ( 0 ,0 5  h  0 ,2 )  aBAaeTca BOnpocoM 3K0H0MHnecK0r0 xapaK - 
T ep a  h  A e rn e  MoateT ö w t l  pem eH  nyTeM p«A a npoÖHbix p a c n e -  
TOB, KorAa 9TO npeACTaBAfleT npaKTHnecKHH HHTepec (üanpHMep, 
AAa MaccoBoro np0H3B0ACTBa).
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§  1 4 .  R o H ć T p y K T H B H U H  p a c q e T  A p o c c e A H  a  a h  c r A a ł K H B a i o i g e r o

(pHAbTpa.

XUh KOHCTpyKTHBHoro ocyujecTBAeHHH c rA a * H B a K )u je ro  Apoc- 
ceAH H eoöxoA H M O  HMeTb B K aqecT B e 3aAaHHH, K poM e KoacpHyneHTa 

HHAyKTHBHOCTH L, euje BeAHHHHy TOKa 70 . KaK n0Ka3aH0 6yAeT 
HHise, pa3Mepbi ApocceAH onpeAeAHioTCH BbipaateHHeM

KOTOpOe C (J)H3H4eCKOH CTOpOHbl O n p e A ß A H e T  B eA IÍq H H y  MarHHTHOÜ 

3H6prHH, 3anacaeMOH ApocceAeM.
OcHOBHOH OCOÖeHHOCTbK) CrAajKHBaiOUjerO  A p o cce A H  HBAHeTCH 

to, HTO t o k ,  H AynjHÖ  n e p e 3  H e ro ,  noMHMo nocTOHHHOH cAaraioujeS, 
coAepiKHT eige  nepeMeHHyio CAaraioujyio. AMnAHTyAa nocAeAHefl 
COCTaBAHeT, OÖblHHO, HeÖOAbUiyK) BeAHHHHy no CpaBH6HHK> C /<). 
3 tO OÖCTOHTeAbCTBO OCOÖeHHO B3ÎKHO OTMeTHTb B CBH3H C TeM, 

HTO KOBtpHIJHeHT HHAyKTHBHOCTH OnpeAeAHCTCH npOH3BOAHOÔ 

noTOKa no TOKy, a He OTHOmeHHeM h x ,  t . e.

HBAHeTCH HCAHH6 HHOH ( p y H K i j H e ñ .

CrAaaiHBaiouiHH ApocceAb noHTH bo Bcex CAynaax paAHOTex- 
HHMecKOH npaKTHKH HeoöxoAHMO npHMeHHTb c *eAe3HbiM cepA e^- 
HHKOM. TaKan KOHCTpyKijHH AeuieBAe. OAHaKO, MarHHTHan yenb , 
coAepaîaujan jKeAe30, KaK h3bcctho, AaeT HeAHHeÔHyio 3aBHCH- 
MOCTb Me*Ay nOTOKOM H HaMaTHHHHBaiOUJHM tokom. Ha (Jwr. 132 
AaHa oôwHHan xapaKTepHCTHKa ® = / ( / )  A  a h  *eAe3Horo MarHHTO- 
npoBOAa. 3 ï a  xapaKTepHCTHKa oÔAaAaeT TaK Ha3biBaeMbiM Hacw- 
lyeHHeM, h aah Hee, KaK bhaho hs HepTe*a,

/

a He

i

a
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OneBHAHO L < ^ L  h npH öoAbmoM Tone Io Aaate MoæeT CAyHHTbcs, 
HTO L  C T aH eT  p a B H b iM  H y . \K >, h  A p o c c e A b  n e p e c T a H e T  c r A a a s H B a T b  

B b inp H M A S H H blH  TOK.

E c a h  yM H T b iB a T b  e u j e  H aA H H H e r H C T e p e 3H c a ,  t o  k o 3 (p H U H e H T  

HHAyKTHBHOCTH L' M O is e T  O K a 3 a T b C H  e u ¡ e  M e H b m e .  Ha ( p H r .  133 
n o K a 3 a H a  n e T A «  r n c T e p e 3 f i c a  n p H  n y A b C H p y i o m e M  T O K e; O H a 

n o K a 3 b i B a e T ,  h t o  c p e A H H H  t g  ß  y M e H b m a e T C H  n o  c p a B H e H H i o  

c  n p e A b i A y n j e i t  <pHr. 132.
B C H A y  H 3 A O æ e H H b I X  O Ö C T O H T e A b C T B ,  K a 3 a A O C b  6 b l ,  HTO Heo6- 

XOAHMO B b lÖ H p a T b  p a Ö O H y iO  TOHKy A pO C C eA H  H a np f lM O A H H eH H O M  

y n a c T K e  k p h b o h  4> =/(/). He T p y A H O ^

OAH3KO, yÖeAHTbCH, HTO H a  TaKOH Apoc.

C eA b npH IH A O C b 6 bl 3 a T p a T H T b  3 H aH H T eA b -

H o e  KOAHqecTBO a t e A e 3 a .  B caMOM A e A e ,  npHMOAHHeiÎHbiH ynacTOK
*  / /  \ / n  -  „  a u n .  X  b h t k .
S>=/(toX0 TpeoyeT MaAOH BeAHHHHbl

CM TaK Kan CHAa

TOKa / o  3aAaeTca. t o ,  ohcbhaho, npHAeTca B3HTb waAO b h t k o b .  

Ko9(|)HUHeHT HHAyKTHBHOCTH OnpeAeAJíeTCfl Ha npHMOAHHeHHOM 
yqacTKe BbipaaeHHeM

w • B • SL =
1 0 3

3 t o  3Haq«T, HTO, yMeHbmHB HHCAO b h tk o b ,  HaM npHAGTCH yBe- 
AHHHTb S  —  nAonjaAb nonepeH H oro ceneHHii MarHHTonpoBOAa, 
t .  e. yßeAHHHTb Bec îüeAe3a.

TaKHM 06pa30M, MOSHO npHTTH K BblBOAy, HTO 9KOHOMHHeCKH 
HaHBbiroAHeHŒiHM ApocceAeM ABAaeTCH TaKoîi, y  KOToporo MarHH- 
TonpoBOA HMeeT MarHHTHoe conpoTHBAeHHe öoAbmee, neM y Apoc- 
CeAfl CO CnAOUIHblM 2K eA e3H bIM  CepACHHHKOM. YßeAHHHTb MarHHT- 
Hoe conpoTHBAeHHe, oneBHAHO, mojkho BBeAeHHeM b * eA e3 HWH
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M a r H H T o n p o B O A  B 0 3 A y u i H o r o  h a h  A p y r o r o  A H a M a r H H T H o r o  3 a 3 o p a .  

E c a h  c o n p o T H B A e H H e  * e A e 3 H O H  n a c T H  M a r H H T o n p o B O A a  c o c T a B H T  

O H e H b  M aA yH D  B e A H H H H y  n o  C p a B H e H H fO  C M a r H H T H b IM  C O n p O T H -  

B A e H H e M  B 0 3 A y u i H 0 r 0  3 a 3 o p a ,  t o , O H e B H A H O , B ( p o p M y A e

,  zu ■ B  • S  w  0 , 4  it  • w i

1 0 s / - 1 0 8 U  , /BQ3

V - S  S

B̂03S* / •  o  DU-3
M05KH0 o y A e T  n p e H e o p e n b  b c a h h h h o h  — n o  c p a B H e H H i o  c 

H npH TT H  K KA3CCHHeCKOH c p o p M y A e

r 4 i t  w 2S
reHpH,

npHMeHHeMoö npH pacneTe „B03AyiuHbixa ApocceAen. T a n o M  

ApocceAb oÖAaAaeT ahhchhoM xapaKTepncTHKOH <£> = /  (/). A h h c h -  

HbiH ynacTOK stoh xapaKTepncTHKH, kohchho, He 6e3rpaHHHeH;

n p H  ÖOAbUIHX 3HaneHHHX HHAyKyHH R v  —  *  B 0 3 p a C T e T ,  H K p H -
p* ^

B a a  < & = / ( / )  3 a r H e T C H .  H o  B e e  * e ,  c  B B e A e H H e M  A H a M a r H H T H o r o  

3 a 3 0 p a ,  H a n a A O  H aCblLUeHHH 3 H a H H T e A b H O  O T O A B H H e T C a .  P o A b  

jK e A e3 H O H  n a c T H  M a r H H T o n p O B O A a  C B e A e T C H  k  T O M y ,  h t o  O H a  6 y A e T  

H e c T H  H a  c e 6 e  H e o ö x o A H M o e  h h c a o  b h t k o b  w , K O T o p w e  H e  

B COCTOHHHH y M e C T H T b C H  H a  C p a B H H T e A b H O  M aA O H  A A H H e  /b o b .  

O T C J O A a  HCHO, HTO

l»i /b03 »

T.  e .  AAHHa /K eA e3H 0H  q a C T H  M a r H H T O n p O B O A a  AOAiKHa 3HaHHTeAbHO

n p e B b i u i a T b  A A H H y  A H a M a r H H T H o r o  3 a 3 o p a .

B b lÖ O p O M  O T H OUieHHH / b03 K 1,k MOHSHO C 0 3 A a T b  T 3 K y K )  3 a B H C H -  

MOCTb K O T o p a H  M M e eT  n p H M O A H H e H H b iH  x a p a K T e p ,  n o

K p a î Î H e ü  M e p e  b  n p e A e A a x

0 <  /  <  2 70 .

P a 3 y M e e T C H ,  T a K o i i  A p o c c e A b  m o * h o  p a c c H H T b i B a T b ,  n p e A n o A a r a n ,

t/3> $
HTO -J. - —  . - , H O C H O B H y iO  ( p O p M y A y  n p e A C T a B H T b  B B H A e

r __i  W  • S  • B g  / Q 1 \
reHpn . . . . . . .  (.yi;

Io • 1 0 8

B  3 TOH c p o p M y A e  B 0 —  c p e A H H H  H H A yK i jH H  b  r a y c c a x ,  S  —  

n A o m a A b  n o n e p e n H o r o  c e n e H H H  M a r H H T o n p o B O A a  b  c m 2, w  —  

HHCAO b h t k o b ,  It) —  t o k  b  a M n e p a x .
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EcAH Æ a*e  CHHTaTb, HTO Bq MOîKeT ÖblTb 3aAaHO Ha OCHOBaHHH. 
yica3aHHbix Bbirne cooöpaaseHHH, t o  Bce * e  o c t 3K )tch  Aßa HeH3BecT 
HblX ZU H S .  C  H3MeHeHHeM B3aHMHOrO OTHOUieHHH nAOIIjaAH H HHCA3 
BHTKOB Mbi 6yAeM HMeTb a h 6o npeoÖAaAaHHe B eca  MeAH ( o ö m o tk h )  
HaA BecoM « e A e3a  (cepAeHHHKa), a h ö o  H aoö o p oT . B  aKOHOMHne- 
CKOM OTHOUieHHH, OAHaKO, HaHBbirOAHeHUiyiO KOHCTpyKUHIO Apoc- 
C6AH MOSHO IIOAyHHTb TOAbKO npH OAHOM OnpeASAeHHOM OTHO- 
UieHHH W H B q.

H t o ö m  peniHTb 3 aA any  o  HaHMeHbiueñ c t o h m o c t h  ApocceAH, 
onpeAeAHM nepBOHanaAbHO e e  M aT eM araqecK oe  B b ip a ^ e m ie  b CAe- 
AyioujeM BHAe:

N  k ^ G x  - j -  k M G M —  « ( G *  - \ - p G M )

rAe
K

P  =  -

(92)

TT

-1—*-

CDhi-. 134.

B 3T0M  BbipaateHHH n o A  

k x  h  k w n o 4 p a 3 y M e B a K » T C H ,  

COOTBeTCTBeHHO, CTOHMOCTb 

O A H o ro  K H AorpaM M a æ e A e 3 a  

h  MeAH, a  n o A  G *  h  G »  h x  

B e c a .  r ip H B eA e H H a H  tp o p -  

M yAa, KOHeMHO, He H BAHeTC fl  

aÖCOAIOTHO TOHHOH, h 6 o  He 

yqH TblBaeT Cfl CTOHMOCTb p a -  

ÖOHeß CHAbl H KOHCTpyKTHB- 

H b i x  A e T a A e ñ ,  h o  npaKTHKa 

n o K a 3 b iB a e T ,  h t o  y K a 3 a H H o e  

o n p e A e A e H H e  c t o h m o c t h  B c e  

ase B n o A H e a o c t e t o m h o  a a h  

TeXHHHeCKHX paCMeTOB.

Y c T a H O B H M  T e n e p b  3aBH- 

CHMOCTb G m H G jk OT B e -  

AHHHHbl (L/o2). '! rioAb3yJiCb 

n e p T e a t O M ,  y K a 3 a H H b iM  Ha  

cpHr. 134, npHMeM, npeAßa- 

p H T e A b H O ,  C A e A y iO I g H e  o 6o- 
3HaneHHH:

- ’yAeAbHbiH Bec MeAH h * e A e 3 a  b i c m3,
- nAOTHOCTb TOKa^B oÖMOTKe b aMiiepax/m m 2,

Tm> "f*"

p- , •
—  o ö paT H aa  BeAHHHHa K09$HöHeHTa 3anoAHeHHa MeAbio 

OKHa »eA e3Horo cepAenHHKa,
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,  V i
do —  AHHMCTp onHcaHHOH OKpyjKHocTH nonepenH oro  cene* 

HHH CepAeHHHKa, 

k i d 0 —  cpeflHHH 4 HaMeTp b h tk 3 ,

k i —  - f =  =  l , 3 4  AAH K pecToo6pa3Horo ceneHHa cepfleHHHKa, ecAH
\ J S

n o A a r a T b  K o a tp H ijH e H T  s a n o A H e H H H  a t e A e 3 a  0 , 9 ,

k z =  ------ OTHoiueHHe uiHpHHbi OKHa K AHaMeTpy OnHcaHHOH

OKpyaîHOCTH,

O T H O U ieH H e, f  

K p e c T O o 6 p a 3 H o r o  c e n e H H H  c e p A e n H H K a ,

—  =  0 , 2  —  OTHOUieHHe, A a i o u j e e  H a n ö o A b m e e  S  n p n  H aH M eH buieM  d 0 
b

q  —  — ------ c e n e H H e  iw e f lH o ro  n p o B o a a  o ô m o t k h  b m m ¿.
P

C o o 6 p a 3 y n c b  c  H ep T ea îO M , HMeeM

G *  =  T *  ' 10-3  ( 2  • / i  +  2  h ' \ -  ^ ' d o )  • S  k i .

rioAbSyKCb BBeAeHHblMH o6o3Ha«ieHHflMH H yHTH, HTO Ha OCHOBaHHH

(popMyAbi ( 9 1 )

u , = j ~ U o ,

nepennmeM HanAeHHoe b CAeAyroujeM b h a c :

w q  1   1 0 6 I 02L

100 ‘ Va ' h  ~  5 0 ß '  h  ' ’

l2 —  k 3d 0 =  k , ko  \JS,

■k  d 0 =  K • k 2 ■ \J S

h , HaKOHey, noAyHHM

2 ■ 1 0 6 v* h 2L

ß • B o  k 2k 3 y /S

AHaAOrHHHbIM CnOCOÖOM HaXOAHM, HTO

Gm =  w  • q  • It • & i¿ o T m  ' 1 0 “ 5 Kl
HAH

^  1 0 3 Ym • k i  ■ k 2 ( I / o 2)

( 2  k z  - f -  i t )  k 2 • S  \ J S
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V

Ą aSI KpaTKOCTH npHHHB 0603HaHeHHfl

-«4 =  7»k - 1 0 - 3 ;  E  —

r = 2 {ka +  n ) . k ¡ti 4  =

2 • 1 0 6 Vfe

ß • B 0 k 2k 3

1 0 3 • 7
Tm h

nOAyqHM

N > = k a

ß -  B o

A E ^ p A  7q2¿ +  A r  . 5 ̂

(92)

HaHAeHHaa tpyHKyHH HMeeT MHHHMy m, KOTopbiił HaHAeM, npnpaBHflB 
HyAK) npOH3BOAHyiO N ¿  no S .  /teHCTBHTeAbHO,

d N k

d S

OTCiOfla

3 . A  . r  ■ U L

s = (93)J L + - M \ i o ¿L.........

9 T a  (popMyAa n03B0AneT oflHOSHaMHO onpefleAHTb S — nAonjaAb 
nonepeqH oro  c e le m ín  cepAeHHHKa, npuHeivi cTOHMOCTb ApocceAH 
c T3KHM ceneHHeM cepAenHKKa 6yAßT HaHMeHbmeii.

Bbiöop MarHHTHOH H H A ynyH H  noHTH b o  Bcex c A y n a a x  npaKTHKH 

orpaHHHHBaeTCH npeAeAaMH

3000 < B 0< 8000.

M e H b u in e  3HaneHHH cA e A ye T  npnM eH H T b a a h  M aA b ix  A p o c c e A e n ,  

B KOTOpbIX HeB03M03ÎH0 AOÔHTbCH UIHpOKOrO AHHeHHOTO y^aC T K a  

xa p a K T e p n cT H K H  < & = / ( / )  n y T e M  BBeASHHH— npaKTH H ecK H  bo3- 

M o a îH o ro — B 0 3 A y u iH 0 r0  3 a 3 o p a .

KorAa
I o 2L  >  0,5 1,

TO MO/KHO B b lß paT b

Bo =  7000 raycc.

C  ApyrOH CTOpOHbl, npHMeHHH KpeCT006pa3HbIH CepAeHHHK, HM66M

a =  0,23 \ fs ,
a noAaraa AaAee

k i  =  1 , 2 ;  ¿3 =  0 , 7 5 ;  ^ „  =  8 , 9 5 ;  ^ *  =  7 , 8 ;  ß  =  2 a M n  ! m m ¿
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TaK nan 2îeAe3o He TOHbuie 0,5 m m , noAynHM HanöoAee payno* 

HaAbHoe pa3MeujeHHe oömotkh KaK b cMbiCAe Aynuiero oxAa*Ae- 
HHfl, TaK H B CMbiCAe MeHbUierO MarHHTHOrO paCCeflHHH. 

YpaBHeHHe (93) Tenepb mojkho peuiHTb

/ 4 • 3,23 • 103
1 \  I  °L

1 3 • 7,8 • 6,22 1 3 • 6,22 ) u
Io2L  =  11,6 ( Io 2L ) ' l ‘ (94)

. . .(9 5 )

h nOAyHHTb cAeAyioigwe pacueTHbie (popMyAbi

a  —  0,78 • (Io2L)'ii cm

b =  3,91 • ' / 02L ) ’/‘ „
do =  4,56 • { h 2L V < „
h =10,76 • (/o2Z.y'* „
h =  3,43 • (VZ,)1'. „
G ac =  3,87 • (/o2! ) ’1* Kl
Gm =  0,95 • (702L)3,‘ „
ZÜ =  1230 ' (L1 s) BHTKOB

/ ^ H a M a r H H T H b i S  3 a 3 o p  o n p e ^ e A H e T C H  H 3  c A ^ A y i o i g H X  p a c n e T O B .  

r i o A H o e  h h c a o  a M n e p - B H T K O B  A p o c c e A î i :  

( a w )  o =  I 0w .  

H h c a o  a M n e p - B H T K O B ,  H e o 6 x o 4 H M o e  a a h  H a M a r H H H H B a H H j i  æ e A e 3 H O H  

H a c T H  M a r H H T o n p o B O A a  

'  a w
( a » ) s  =  / ,

CM

r a e  l x  —  f lA H H a  a i e A e 3 H o r o  c e p A e n H H K a  n o  c p e A H e ñ  a h h h h ,  

a ö e p e T C H  h3 KpHBbix HaMarHHHHBaHHH a a h  A a H H O r o  c o p T a

æeAe3 a; b cpeAHeM, aah B o  —  7000 raycc =  1>4- Hhcao

aMnep-BHTKOB, KOTOpOe AOAÎKHO 6 bITb nOrAOU¿eHO MarHHTHbIM 

conpoTHBAeHHeM AHaMarHHTHoro 3a30pa

( a ® ) B03 —  (aw )o  —  ( a w ) x  , 

riHTaHHe pasHOycTpoScTB—17 257



HO, C ApyrOH. CTOpOHbl,

o    0 , 4 *  (ao>)B03
•DO--- -----------,----- ------  »

¿B03

nosTOMy AAHHa AHaMarHHTHoro 3 a30pa

/ , „  =  0 .4 *  [ (< n ^ -(< tt» )» l  c M .................. (9&)

HAH

7 _  O'4 * I T/b03 --  —ß --- I ( c m ................. (96)

h  A-va M Homx npaKTunecKHx CAynaeB

/ so s  =  • v > h ................................................ ( 9 6 " )
•Do

n PH ßoAbinoH AAHHe 3a30pa BbiroAHee CAeAaTb ero b BHAe 
HecKOAbKHX npocAoeK, pacnOAOaieHHbix b maxMaTHOM nopHAKe 
(cm. (pHr. 134). Æa« caMHX npoKAaAOK, pasyMeeTCH, hcoöxoahmo 
B b iÔ H p a T b  T B e p A W H  M a T e p n a A — r eT H H a K C ,  6 a K a y T 0 B 0 e  A e p e B O  h  t .  n .

B  H e K O T o p b i x  C A y q a H x  n o A e 3 H o  n p o B e p H T b  x a p a K T e p H C T H K y  

$  — f( J )  H a  npH M O AH H eH H O C Tb B I i p e A e A a X  OT i =  0 AO i  =
=  1,5 ^ - 2 10, a a s  n e r o  m o ; k h o  B 0 c n 0 A b 3 0 B a T b c n  MeTOAOM n o c T p o e -

HHH K p H B o f i  T o n K H H c o H a ,  y n o T p e Ö A i j e M b i M  n p H  p a c n e T a x  AHHaMO-  

MaraHH ( c m .  T a K æ e  y K a 3 a H H H  b r A a B e  VII).
C  Apyroii CTOpOHbl, AOCTaTOHHO nOKa3aTeAbHblM B OTHOmeHHH 

»BAeHHJI HaCbllUeHHH H MarHHTHOTO paCCeflHHJ! HBAaeTCH OTHO- 
nieHHe

^B03

T T  * >i

9 t o  O T H o m e H H e ,  b o ö u i e M  c A y n a e ,  a o a s h o  o c T a B a T b c n  b n p e *  

AeAax

0,006 < - — <  0,025 ..................................(9 7 )
i'AL

H H 3 K 0 e  S H a q e H H e  e r o  n O K a 3 b iB a e T ,  h t o  A H H e S H b if i  y q a c T O K  x a p a K -  

T epH C TH K H  H e B e A H K , a  BbICOKOe 3 H a q e H H e  CBH3aHO c  H a^ H H H eM  

ö o A b i u o r o  M a r H H T H o r o  p a c c e H H H a .  M a r H H T H o e  p a c c e a H H e  H e æ e A a -  

T eA b H O  n O T O M y, HTO TOHHblii  p a C H e T  A pO C C eA H  CTaHOBHTCH 3 a T p y A H H -  

T eA b H b lM .
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B b̂os
c A y q a a x ,  K o r A a  O T H O i n e H n e  —¡—  b m x o a h t  h 3  y K a 3 a H H b i x

n p e A e A O B ,  H e o ö x o A H M  n e p e c q e T  A p o c c e A H .  H t o ô w  n o K a 3 a T b  s t o , 

y C T a H O B H M  B H a n a A e  3 a B H C H M O C T b  M eżKAy BeCOM  2 5 6 A e 3 H O r O  c e p -

G b̂i
at H O T H O m e H H e M  ~Y

B 0 3

ripHMeHHH (pOpMyAy (91) H HMeS B BHAy, HTO

Gk ■ 103
7T* ' Ak

noAyqaeM
.  h w  B 0

r r  G a
~  Io2U  T* • 1 0 5 

(ZiaAee c nOM0 ii¿bio npeo6pa30B3HHH

w / p  __  ( a w ) «  , ( á z i m o s  __ /  a w  \  , ( a w ) B

I k  ¡ w  l  ya y CM

(aw)B03 ho i B o j Bo , Í  a w
—  —  *0 7T1—  =  ATo • Ia

/* /* 0,4 Tc 11 0,4 ~ \ c m

low ( a w

IKMySHM OKOHHaTeAbHO

ft ? • If) 5

G“ = ---------  amX, ~  ( V i ) ...................... (98)
(1  +  4.!*)

CAÍ

9ts cpopMyAa noKa3biBaeT HHyio 33BHCHM0CTb seca aseAe3a ot 

BeAHHHHbl (702Z-), qeM CpOpMyAa (95), KOTOpyiO MbI BMBeAH, HCXOAa 
H3 SKOHOMHHecKHX cooôpaxeHHH. Ecah noACTaBHTb B 0 =  7000 raycc,

) =  1,4, (J- =  4000, ¿ 0 <  0,025, to h3 (popMyAbi (98) noAy-

qaeM G Ä >0,79 (/02Z.)................. (98')

H a  (pm-. 135 o6 a ypaBHeHHji (98 ) h (95') n3 o6 pa^eHbi rpa-

CpH^eCKH. MbI BHAHM, MTO o6 e KpHBbie nepeceK3K)TCfl B TOHKe 
Io2L =  555. Sto 3H3HHT, MTO npH npHHHTbIX BblUie 3H3H6HHHX 

nOCTOHHHbIX BeAHHHH, ApOCCeAb, y KOTOpOrO (Io2L) >  555, HeAb3H 
nOCTpOHTb, COÖAKJAaH yCAOBHH MHBHM3AbHOH CTOHMOCTH H M3KCH- 
MaAbHO AonycTHMoro sa3op3.~ HH3ne roBopa, ateAan coxpsHHTb

B 0 —  7000 rsycc h He æeAsa AonycTHTb k 0 >  0,025, m u  aoajkhm 
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B3HTb S  ÖOAblllHM, HeM TO, KOTOpoe CAeAyeT H3 (J)OpMyAbI ( 9 4 ) .  

riOHHTHO, HTO n p H  3TOM H3MeHHTCfl K03(J)HIJHeHTbI BO BCeX 

O C T a A b H b l X  (pOpM yAaX ( 9 5 ) ,  H 3KOHOMHHeCKHe COOÖpaateHHH B p a -  

c n e T e  npnm A O C b 6 b i o n ycT H T b .
C o B e p u i e H H O  n o H H T H o ,  HTO b o  H 3 Ö e 2 t a H H e  H H 3 i i i e r o  n p e A e A a  

AAA k o  0 , 0 0 6 ,  Mbi AOAîKHbi 6 b iA H  6 b i ,  n p H  t o m  » e  B o  =  7 0 0 0  r a y c c ,  

y M e H b l l lH T b  S  H B 3H T b Ö O A bU ie  BHTKOB [CM. TaKiKe $ O p M y A y  ( 9 6 ' ) ] .  

H e o 6 x O A H M O  O TM eT H T b,  HTO M 3A3H B eA H H H H a k o  MOJKCT n O A y -  

H H T b c «  n p H  p a c n e T e  M a A b ix  A p o c c e A e n ,  y  K O T o p w x  m 3 a o  ( L I q¿).^
Y CAOBHH HaHMeHbllieH 

CTOHMOCTH H AOnyCTHMblX 
npeAeAOB k o ,  OAHaKO, 
MoatHO corAacoBaTb, h 

npH TOM AByMH cnoco- 
6 aMH. F i o  nepBOMy H3 
HHX HaAO yMeHblUHTb
b (po p M yA e  ( 9 3 )  MarHHT- 

Hyio HHAyKlJHK). O t  3 Toro 
S  B 03paC TeT , HO ( B oS), 
HeCMOTpH Ha 3TO, yM eH b- 

niHTCH, BCAeACTBHe n e r o  

B03paCTeT HHCAO BHTKOB,

a 3H3HHT, n o  (popM yA e  

( 9 6 " )  yBeAHHHTCH k o  . 

TaK H M  0 6 p a 3 0 M , s t o t  

¿7 c n o c o ô  n p n ro A e H  a a h  

M aA b ix  A p o c c e A e n ,  K o rA a  

T pe5yeTC H  yBeAHHHTb k 0 . 

F lo  BTOpOMy c n o c o ô y ,

K o rA a  (L/o2) >  5 5 5 ,  CAe- 

A ye T  npH M eH H Tb HecKOAbRo A p o c c e A e n  c o ô u jh m  KOscfmyneHTOM 

HHAyKTHBHOCTH, paBHblM  3aA aH H 0M y. 9 tO T  CnOCOÔ OCOÔeHHO CAe- 

A y e T  peKOMeHAOBaTb, T an  KaK o h ,  K poM e  T o r o ,  n 0 3 B 0 A iie T  B apH H po- 

B3Tb n p H  SKCnAOaTayHH K03(|)HyHeHT0M  HHAyKTHBHOCTH (pHAbTpa 

h  A aeT  B03M0îKH0CTb HMeTb 6 o A e e  A e u ie B b if t  p e 3 e p B  A p o c c e A e f i.

Mo*eT CAyHHTbCH, HTO OTHOCHTeAbHafl AAHHa AHaMarHHTHOTO 

3 3 3 o p a  yAOHSHTCH b  A o n ycT H M b ie  n p e A e A b i,  h o  3a T o  n o  CBoen 

aôcOAiOTHOH AAHHe 6 y A e T  HSCTOAbKO MaAa (A e c a T b ie  a o a h  m h a - 

A H M eTpoß ), HTO npsK TH H ecK H  He npeACTSBHTca B03M0îKHbiM  ee 

o c y iy e c T B i  Tb. T a K ,  s t o  MOîKeT ö b iT b , o h c b h a h o , K o rA a  ( L / o 2)

M 3A0. B  TaKOM CAyHae peKOM eHAyeTCH A naM arH H T H O ro  3 a 3 o p a

COBCeM He yC TpaH B aTb, 3 yBeAHHHTb MSrHHTHOe COnpOTHBAeHHe 

n yT e M  cosAaHHH „n e p e m e H K a “ — M a A o ro  n o n e p e n H o ro  ceneHHH Ha

800-

W O  5 0 0  6 0 0
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HeôoAbiuoH AAHHe c e p A e H H H K a .  H a  (pnr. 1 3 6  n O K a 3 a H  n p H M e p  

TaKOH KOHCTpyKgHH. P a 3yM eeTca, p ac n eT  n o A O Ô H o r o  A p o c c e A H  

^ A e c o o 6 p a 3 H e e  3aMeHHTb sKcnepHMemaAbHbiM noAÖopoM h  Han- 
AeHHyiO TaKHM CnOCOÔOM KOHCTpy^HIO HCn0Ab30BaTb A Ail M a c -  

COBOrO npOH3BOACTBa.
K a ca a cb  euje  MaAbix A pocceAeñ (y  KOTOpbix L I 0~ MaAo), HaAO 

OTMCTHTb, HTO AAH HHX ü e A e C O O Ô p a 3 H e e  npHMeHHTb KBaApaTHOe 

ceqeHHe cepAeHHHKa BMecTO KpecTOo6pa3Horo.
®opMyAa (9 4 )  MoaseT 6 biTb npHMeHeHa h 
b 3T0M cAynae !). H to  aie KacaeTcn (popMyA (95 ) ,  
t o  T p n  nepBbie H3 h h x  CAeAyeT OTÔpocHTb h  
3aMeHHTb OAHOH

y /S  =  3 ,6  ( L / o 2) ’/*, . . . . ( 9 9 )

Aaioujen  pa3M ep cTopoHbi KBaApaTa n o n e p e n -  
Horo ceMeHHH cepAeHHHKa. O cTaAbHan nacT b 
(popMyA (95)  ocTaeTCH b CHAe.

ricMHMO yK33aHHOH paHee npOBepKH pac- 

HeTa ApOCCeAH Ha OTHOCHTeAbHyiO BeAHHHHy 

AHaMarHHTHoro 3a3opa, He06x0AHM0 npoBepHTb ero Ha cbo- 
öoAHyio yKAaAKy bhtkob  h  h30 ah ijh h . Tanan npoBepna noKa3aHa 
Ha npHMepe b TAaBe V I I .

H30AAIJHIO BHTKOB OT CepAeHHHKa, a  paBHO H H30AHIJHK) Mea$Ay 
caMHMH BHTKaMH, HaAAeatHT BbiÔHpaTb Ha noAHoe HanpaaseHHe E 0, 
TaK KaK bo  BpeMH HecTayiioHapHbix peasHMOB Bce s t o  HanpaaseHHe 
MoaseT OKa3aTbCH Ha 3aaiHMax ApocceAH. FIo 3Toh npHMHHe oÔMOTKy 
CAeAyeT pa30HBaTb Ha ceKyHH. H h c a o  ceKi¿HH CAeAyeT ycTaHa- 
BAHBaTb H3 paC ^eT a  5 0 0  BOAbT Ha Ka*AyK> C e^H IO .

BoAbuiHe ApocceAH, a  a h  AyqmeH h 3 o a h i jh h  h  A y q iu e ro  oxAa- 
asAeHHH, BMroAHee noMeujaTb b Koasyxn c  m ecaom . TaK KaK 
nepeMeHHan CAaraioiuaH TOKa oôbiMHO HeBeAHKa, t o  h  n y A b c a ^ H  
MarHHTHOro noTOKa He3HaHHTeAbHa. B  cHAy s T o ro ,  noTepaMH 
b Ä eAe3e MoasHO n p e H e ö p e ra T b  h  n p n  p a cq eT e  H arpeB a yraTbiBaTb 
AHIDb nOTepH B MeAH. Flo 3T0H iKe npHHHHe HeT 0C0608  H eoôxo- 
AHMOCTH b BbicoKOKanecTBeHHOM TpaHccpopMaTopHOM aseAe3e AAH 
cepaeHHHKa crAaasHBaïoiijero ApocceAH.

H e c M O T p n  H a  He3HanHTeAbHyio nyAbcaiiHio M a rH H T H o r o  iioah 
b c T ayH O H apH O M  p e a s H M e , M e x a H H n e c K o e  KpenAeHHe H a c T e î i  c e p -  
AeHHHKa Bce a se  AOAasHO 6biTb npOHHbiM. C  s t o î î  ijeAbio peKO- 
MeHAyeTCH CTHTHBaTb CepAeHHHK ÔOATaMH ((|)Hr. 1 3 7 ) ,  paCCHHTaH-

x) HeôoAbinoe yKAOHeHHe o t m h aHMyMa (pyHKijHH (92) B ceraa  aonycTHMO, 
0C06eHH0 npH MaAbix KOHCTpyKgaax.

261



HblMH H a H e T b ip e X K p a T H y K )  CHAy M arH H TH O rO  n p H T H aseH H H  OT 

n o T O K a  B 0S ,  t . e .

1 0 - ^ 1 6 -  5  . . . . ( 100)

¡a h  M 035H 0 y K p e n A H T b  n o  n p H M e p y ,

i cpnr. 138.

§  1 5 .  B u 6 o p  K O H ^ e H c a T o p o B  

ą a h  c rA aiK H B aion je ro  c|ïHALTP a.

O c H O B H b I M  THnOM K O H fleH C a-  

T o p a  AAH c r A a æ H B a i o u j e r o  <pHAb- 

T p a  « B A H eT C H  K O H A eH C aT O p AHÖO 

c  6y M a 2î H O - M a c A a H b iM ,  a h 6 o  c  6 y -  

M a /K H O -napa(pH H O B bIM  A H 3 A e K T p H -

KOM.

B  t o m  h  A p y r o M  C A y n a e  y n o -  

T p e Ö A n e T C H  c n e i j H a A b H a a  S y M a r a ,  

c o c T O H i y a f l  n p e H M y u j e c T B e H H O  H3  

HHCTOrO AbHHH OrO T p H n b H  6 e 3  

n p o K A eH K H . T o A i i jH H a  ö y M a r n  c o c T a B A n e T  b  c p e A H e M  o k o a o  

0 , 0 1  M M .  F l o  TOAIIJHHe KaîKAblH CAOH A H 3 A e K T p H K a  COCTaBAHeTCfl  

H3 H ecK O A bK H X  AHCTOB 6 y M a r H ,  b  3aBHCHMOCTH o t  p a ö o n e r o  

H a n p n a í e H H í i .  H a n ö o A b i n e H  S A e K T p H n e c K O H  n p o H H O C T b i o ,  O T H e c e H -  

HOH H a  OAHH AHCT ö y M a r n ,  o Ö A a A a e T  c a o h  o t  6  a o  1 2  a h c t k o b .  

3 A e K T p H 4 e C K H H  n p O Ö O ft  B OAHOM C A y H a e  npOH CXO AH T  n o  n p H H H H e  

HaAHHHH C A a ô b i x  M e c T  ( o T B e p c T H Í I )  b  ö y M a r e ,  H e  n e p e K p b i B a i o i i j H X C H  

n p H  M3AOM HHCAe AHCTKOB, B A p y r O M  C A y n a e ,  T. e .  n p H  ÖOAblUOM  

MHCAe AHCTKOB B OAHOM. C A O e,  np O Ö O H  B 0 3 H H K a e T ,  H a  K p a a x —  

3 a  c n e T  TaK H a 3 b i B a e M o r o  K p a e B o r o  a tp c p e K T a .  I l o  9 t o h  n p H H H H e  

b  K O H A e H c a T o p a x  a o  1 0 0 0  V  p a ö o n e r o  HanpjiJKeHHH h h c a o  a h c t o b ,  

n p H X O A H U ie e c i i  H a  o a h h  c a o h ,  B b i ô n p a e T C H  o t  4  a o  6 . Ą ah  
H a n p n a ie H H H  1 0  k V  h  B b i u i e  h h c a o  a h c t o b  B b i ö n p a e T C f l  o t  1 8  

A o  4 0 .

Ą ah  oÔ K AaAO K  y n o T p e Ô A s e T C H  a A io M H H H e B a H  c p O A b r a  t o a u j h h o h  

o k o a o  0 , 0 0 7  m m .  T a K a n  cp O A b r a ,  Ö A a r o A a p a  M aA O M y B e c y ,  i j e A e -  

c o o 6 p a 3 H e e ,  n e M  O AO B H H H a».

H H 3K O B O A bT :-:b ie  K O H A eH C aT O pbl MOÎKHO A ß A a T b  H 3 pyA O H H O H  

(p O A brH  h  6 y M a r H ,  H a M a T b iB a n  O T A e A b H b ie  n a c r a  h x  ( c e K y n n )  H a  

C n e y H a A b H b I X  CT aH K aX. B blC O K O B O A bT H b ie  KOHACHCaTOpbl,  K O rA a  

HHCAO AHCTOB Ö y M a r H  B OAHOM CAOe A H 3A C K T p H K a COCTaBAHCT  

6 o A b m e  6 , A e A a io T C H  h a o c k h m h  6 e 3  HaMOTKH.

&

g « = 4 t ^

M a A b i e  A p o c c e  

y K a 3 a H H O M y  h ;

®nr. 137. ® n r .  138.
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® Hr. 139-6.



ripHrOTOBAeHHblH KOHflÔHCaTOp ĆyillHTCH H 3âAHBaeTCH MHHê- 
paAbHblM (TpaHCÇOpMaTOpHblM) M3CAOM noA BaKyyMOM- H 3ro- 
TOBAeHHe KOH^eHcaTopa 6e3 BanyyMa He MoaseT oôecneMHTb 
AOCTaTOHHO ao A ro ro  cpoKa CAy»6 bi e ro .  Bo3AyuiHbie n y 3bipbKH 
B TOAUje 4H3AeKTpHKa HBAflKJTCH MeCTaMH, B KOTOpblX B03HHKai0T 
H0HH3aijH0HHbie npoyeccbi,  h , c TeqeHHeM BpeMeHH, a h b a c k tp h k  
T e p a e T  S A e K T p H H e C K y i O  npOHHOCTb.

Ha (pnr. 139 A a H  B H e u iH H H  b h a  H e n o T o p b i x  o 6 p a 3 i j o B  bm coko- 
B O A b T H b lX  KOHfleHCaTOpOB, a  Ha (pHr. 140 BHA BHyTpeHHeîi HaCTH

®nr. 140. 

KOH^eHcaTopa óyMaatHO-MacAHHoro THna. KpoMe T o r o ,  HHæe npn-
B0 4 HTCH TaÔAHya HeKOTOpblX KOHAeHCaTOpOB C HX TeXHHHeCKHMH 
xapaKTepncTHKaMH.

B s H 4 y  T o r o ,  HTO K O H A e H c a T o p  n o A B e p r a e T C H  b B b inpaM H T eA b- 

HOH ycTaHOBKe nepeHanpHJKeHHiiM, HeoôxoAHMoe ycAOBHe npn  
B b i ô o p e  e r o  —  3 to  H c n b i T a H H e  H a  S A e K T p H q e c x y r o  npOHHOCTb. 
M c n b i T a H H e  a o a ; k h o  n p 0 H 3 B 0 A H T b c a  no  M e H b m e H  Mepe a b o h h o h  

BeAHHHiJOH p a ô o n e r o  HanpażKeHHH b  t  îneHHe He MeHee o a h o h  

MHHyTbl. FIpOÔHBHOe HanpHJKeHHe KOHAeHCaTOpa AOAJKHO 6 bITb He 
HH*e 4  h a h  5-KpaTHOH BeAH4HHbi *) p a ô o n e r o  HanpaaseHHH npn  
T e M n e p a ry p e  -f-20°-=-30'C.

KoHAeHCaTOp AOA/KeH OÔAaAaTb MHHHMaAbHOH COÔCTBeHHOH
yTeHKoñ. Ee MaAoe 3HaueHHe hbahbtch npH3HaKOM HaAesHOH 
KOHCTpyKyHH; 0 Ha MoaseT 6 biTb onpeAeAeHa no  CKopocTH cnaAaHHH 
HanpaaseHHH 3apnæ eH H 0r0 KOHAeHCaTOpa. BpeMH cnaAaHHH H anpa-

1) 2 E 0—  HcnbiTaTeAbHoe H a n p a a e H a e ,  a 4E 0 h a k  5 E 0 —  HanpsaseHBe, 
npH KOTopoM KOH^eHcaTOp npoÔHBaeTca, t .  e. — npoôiiBHoe H a n p s a ie a n e .
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MteHHa 4 0  OAHOH TpeTH nepBOHaH3AbHOH BeAHHHHbl 40A/KH0 
cocTaBAHTfa He MeHee 0 4 H0 r 0 naca. E c a h  aKBHBaAeHTHoe co n p o -  
THBAeHHe yTeMKH 0603HaHHTb Hepe3 Ry , TO OHO MOateT 6 bITb 
6 biTb 0 n p e 4 eAeH0 no  BpeMeHH c n a4 aHHH CAeflyroujeH (JjopMyAoñ:

OnpeaeAHTb yTenKy Ha4 AeatHT n p n  OKpyataioiijeH TeMnepaType

TaK Kan nepeMeHHaa CAaraioiijaa HaripaateHHa Ha cpHAbTpoBOM 
KOHAeHcaTOpe cocTaBAaeT 0 6 MHH0 He6 oAbinyK) BeAHHHHy, t o  MaAbiñ 
yroA noTepb 4 ah (pHAbrpoBoro KOH^eHcaTopa He HBAae'rcfl p e ín a 
lo llihm, ho Bce ate b HeKOTopbix CAynaax paccHHTbiBaTb noTepn 
HeoóxoAHMo. HaHÓOAbmaa BeAHHHHa nepeMeHHOH cAanaronjea 
HanpaateHHa MoateT B03HHKHyTb n p n  ceTOHHOÜ MO^yAaaHH h  paB- 
HaeTca npn6AH3HTeAbHO

^min HaHMeHbmaa K pyroBaa nacTOTa M0 4 yAHijHH. n p n  3tom 
mw flOAatHbi n p e 4 noAaraTb 1 0 0 % - H y to  MO<̂^yAa^HK), hto  cooTBeT- 
cTByeT H3MeHeHHio aH0 4 Horo TOKa b n p e 4 eAax q t  0  4 0  2 / 0 . 
PeaKTHBHaa MonjHocTb KOHAeHcaTOpa BbipaataeTca nepe3

E ca h ,  4 aAee, oópaTHTbca k  (pnr. 141, r 4 e 4 aHbi npHÓAHateHHbie 
B e K T o p H b i e  h  n A O C K H e  4 n a r p a M M b i  H a n p a a t e H H H  b o  B p e M a  M 04y- 

A a a H H ,  t o  p e a K T H B H a a  M O i i jH O C T b  M o a t e T  6 b i T b  B b i p a a t e H a  n e p e 3  

MOIIJHOCTb P 0 B b i n p a M H T e A a .  / l e H C T B H T e A b H O ,

b n p e 4 eAax - f -  2 0 °  h -  3 0  C .

a c yneTOM n p e 4 bi4 y ii íe ro  BbipaateHHa—

2 ‘

oTKy4a

H
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paijj;

ip*
Uui
C{&

noten
ansi

ipa

r io T e p H  b K O H aeH caT ope  BbipaasaioTCH q e p e 3  y r o A  n o T e p b  CAe- 

A y io u je S  (po p M yA o B :

P a k = P r ■ t g 8,

r i o a T O M y  M O i i jH O C T b ,  p a c c e H B a e M a f l  K O H ^ e H c a T o p a M M ,  c o c T a B A í i e T

„  v/T^DT
1 ah

K  H e ñ ,  K O H e H H O ,  C A e a y e T  

e i y e  n p H ô a B A H T b  m o i i j -  

H O cT b, p a c x o a y e M y i o  H a  

c o ö c T B e H H y K )  y T e H K y ,  t .  e .

f !£'0

2 Du
t g  8 • P 0 (101 )

I -JVWW4-
n r

b T E 
I i___ l

P y '

K o H C T p y K y H H  K O H A e H -  

c a T o p o B  h  h x  p a c n o A O -  

aieHHe aoajkhm o ô ec n e -  
HHTb OTBOA B b l A e ASÍe MOTO 

T e n A a  h  H e  A O n y c K a T b  

n o B b i m e H H H  T e M n e p a T y p b i

CBbirne -(- 35" C , c h h t 3h 
y  CTeHOK K O H A e H c a T o p -

HblX KOJKyXOB.
B  p e 3 0 H a H C H b i x  ( J ) H A b T p a x  (< p H r .  1 4 2 )  M aA b iH  y r o A  n o T e p b  

HBAiieTCH n p H H y n n n a A b H O  H e o ö x o A H M b i M  a a h  c o 3 A a H H H  T p e ö y e M o r o  

K 0 3 ( J ) H y H e H T a  ( p H A b T p a i j H H .  B  caM OM A e A e ,  t g S  n e p e 3  a K B H B a A e H T -

Hoe conpoTHBAeHHe noTepb /acBbipaaiaeTCH 
(p O p M y A O H

t g  8 =  r 3C <ö C ,

® n r .  141.

-'tmir'-
Lo

i ?

$
e c A H  r 3C B K A i o n e H O  n o c A e A O B a T e A b H O  

C eMKOCTbIO. B  CBOHD OHepeAb KOaCpHyHeHT

(p H A b T p a y H H  a a h  A a H H O r o  C A y q a a  o n p e A e -  

A a e T c a  n e p e 3  B b i p a a i e H H e

SRa
® n r .  142.

(102)

B KOTOpOM 2  R 3 — CyMMa 3KBHBaAeHTHbIX COnpOTHBACHHH B Ka*
T y u iK e  L  h  K O H A eH caT O p e  C .

n PH yCTaHOBKe HeCKOAbKHX KOHAeHCaTOpOB, nOCAeAOBaTeAbHO 

coeAHHeHHbix MeaiAy co6 oh, He0 6 x0 AHM 0  npHKAionaTb napaAAeAbHO
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h m  c o n p o T H B A e H H f l  AAfl  p a B H O M e p H o r o  p a c n p e a e A e H H H  H a n p n H ie H H H  

MeîKÆy HHMH, KaK n0Ka3aH0 Ha cpHr. 143-a. BeAHHHHa c o n p o r a -  
BAeHHH AOAJKHa öbiTb MeHbuie R v KajKAoro KOHAeHcaTopa. Hhjkhhh 
npeAeA ee  orpaHHHHBaeTCH AonycTHMbiM pacxoAOM 3HeprnH. 
BKAK)HeHHe HCKyCCTBeHHOH yTeMKH HeOÔXOAHMO H B ApyrHX CAy- 
Manx a a h  ycKopeHHH pa3paA a KOHAeHcaTopa, HanpHMep, npn 
OCTaHOBKe BbinpflMHTeAíI. ^AH 3TOTO, MeJKAy npO^HM, MOaseT 
CAyiKHTb BOAbTMeTp *), IipHKAK)HaeMbIH HenOCpeACTBeHHO K KOH- 

AeHcaTopy h  cAyaîain,HH a a h  H3MepeHHH E 0 .

rrï
- f f -

O a r.  143-a. <tW. 143-6.

EMKOCTb (J)HAbTpa BblTOAHee COCTaBAHTb H3 OTASAbHblX eAHHHy 
b  1 —r- 5 MHKpocpapaA. TaKaa cxeMa yAemeBAJieT pe3epBnpoBaHne 

H y B e A H H H B a e T  HaAeJKHOCTb AeHCTBHH y C T a H O B K H .  OTAeAbHbie 
eAHHHybi npHKAK>4aiOTCJi napaAAeAbHO nepe3  caMOCTOHTeAbHbie 
nAaBKHe npeAOXpaHHTeAH (cm. (Jdht. 143-6), KOTopwe npH npoöoe
O TA Ö A bH O H  e A H H H y b l  p a C f lA a B A H iO T C H  H a B T O M a T H H e C K H  e e  OTKAK)- 

H a i O T  OT II IH Hbl B b i n p f l M H T e A b H O H  U ,e n H .  n A a B K H e  n p e A O X p a H H T e A H ,  

K O H e H H O ,  A O A * H b I  6 b l T b  p a C C H H T 3 H b I  Ha C T a g H O H a p H b l H  TO K nyAb- 
cayHH

Ic —  m ( o C • sE0 ................................ (103)

HAH Ha C T a y H O H a p H b l H  TO K n p n  C e T O H H O H  M O A y A H g H H ,  T .  e.

/ Ĉ v minc  • v/ l  —  D l  • E o ......................(1030

l )  ToAbKO ne CTaTHqecKHH.
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T A A B A  V .

A O n O A H H T E A b H b l E  Y C T P O H C T B A ,  i l P H M E H H E M b l E  

B  A H O A H b l X  B b i n P f l M H T E A H X .

§ 1. IlapaAAeAbHaH paöora BbinpHMHTeAea.

B  T e x  C A y n a s i x ,  K o r / t a  B B H A y ß o A b m o H  m o i i j h o c t h  n p n x o -  

AHTCH n p H M e H H T b  n a p a A A e A b H y i o  p a ö o T y  B b i n p H M H T e A e ß ,  T a n a a  

p a ö o T a  o c y u i e c T B H M a  6 e 3  A o n o A H H T e A b H b i x  n p n c n o c o Ö A e H H H  

TOAbKO C K e H O T p O H a M H .  B H y T p e H H e e  C O n p O T H B A e H H e  K e H O T p O H a  

no A O JK H T e A b H O ,  T. e .  y ß e A H H e H H K )  T O K a  c o o T B e T C T B y e T  y ß e A H H e H H e  

H a n p a a í e H H H  H a  e r o  B A e K T p o -  

Aax —  a H O A -K a T O A .  B  C H A y 

3 T o r o  o ö c T O H T e A b C T B a  p a c n p e -  

A e A e H H e  t o k o b  M eiK A y  O T A e A b -  

HWMH KeHOTpOHaMH npH napaA- 
A e A b H O H  p a ö o T e  o ö p a T H O  n p o -  

n O p y H O H a A b H O  HX B H y T p e H H H M  

C O npO T H BA eH H flM .

P a 3 y M e e T C H ,  n p H  n a p a A -  

AeAbH O M  BKAIOHeHKH y e A b l X  B W  

n p H M H T e A b H b lX  y C T 3H O B O K  H e -  

o ö x o a h m o  c o ö a k )A CHHe  o n p e -  

A e A e H H b lX  C pä30B b lX  COOTHOHie-

HHH MeaîAy HanpjiîKeHHjîMH oôenx ycTaHOBOK. TaK, HanpHMep, n p n  
napaAAeAt-HOM bkaiohchkh  Aßyx Tpex(pa3Hbix BbinpHMHTeAeił, co -  
öpaHHbix no npocTOH cxeMe, HeoéxoAHMO, ht o6 w 3Be3Aa cpa3Hbix 
HanpaaseHHH oahoh  cxeMbi coßnaAaAa no (pa3e co 3Be3AOH <pa3Hbix 
HanpaaieHHH ApyroH cxeMbi. E cah aT o ro  ne  6yAeT, to BMecTO na-  
paAAeAbHOH paÖOTbl AByX TpeX(pa3HbIX BbinpJÎMHTeAeH Mbl MOateM 
noAyHHTb uiecTH(pa3Hyio cxeM y BbinpaMAeHH« h neperpy3HTb 
KaaîAbiH KeHOTpoH. B  caMOM AeAe, aMnAHTyAa Tona q e p e 3  BeHTHAb 
b TaKOM CAynae öyAßT paBHa aMnAHTyAe BbinpHMAeHHoro TOKa, 
a  He noAOBHHe e r o ,  Kaie aoajkho 6 wao  6bi öbiTb npH napaAAeAb- 
HOH paö o T e .

<J)nr. 144.
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Ha ( p H r .  144 n 0 K a 3 a H 0  n a p a A A e A b H o e  B K A iO H e H H e  A ß y x  K e H O -  

T p o H O B  B K a j K ^ y i o  ( p a 3 y ,  a  n a  <pHr.  145 A a H a  c x e M a  n a p a A A e A b -  

HOH p a 6 0 T bI  A B y X  T p e X ( p a 3 H b I X  B W n p i l M H T e A e H .  O Ö M O T K H  OÖOHX 

T p a H C $ O p M a T O p O B  C O e A H H e H b l  H A eH T H H H O ,  H e M  O Ö e C n e H H B a e T C H

• 0o t

a )

i la e
ü + 0Á  V. * !!

\  6)  
k b ■

6)

->»-art 

~s»-cot

- e » a s t

® n r .  146.

c O B n a a e H H e  n o  ( p a 3 e  B e K T O p H b i x  A H a r p a M M  < p a 3 H b i x  H a n p a a s e H H H .  

E c a h  n e p e c o e f l H H H T b  k o h u w  o ö m o t o k  o a h o t o  T p a H c t p o p M a T o p a ,  

COMKHyB T 0 4 K H  1 '  2 '  3 ' ,  a  TOHKH 1 ,  2 ,  3  l ip H C O eA H H H B  K aH O A aM ,  

t o  A n a r p a M M a  1 4 5 - a  n O B e p H e T C «  H a  1 8 0 ° ,  h t o  n 0 K a 3 a H 0  H a  ( p n r .  1 4 5  

n y H K T H p o M .  r i a p a A A e A b H a n  p a ß o T a  b  TaKOM C A y ^ a e  H a p y u i H T c a ,  

h 6 o  b c h  c x e M a  3 a p a 6 o T a e T  KaK iu ec T H < p a3H b iM  B b i n p a M H T e A b .
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eHo- n o  H 3 A O a te H H b IM  C O O Ô p a a te H H f lM  H e A b 3 f l  O C y i I j e C T B H T b  n a p a A -

tëAM A e A b H y io  p a 6 o T y  h  T o r ^ a ,  K o r ^ a  o a h h  T p a H c c p o p M a T o p  H M e e r

>6om cxeMy o ô m o t o k  V / A >  a B T O p o n  Y / A- & n r .  146 n o K a 3 b i B a e T ,

aeTa h t o  A H a r p a M M b i  ( p a 3 H b i x  H a n p n a t e H H H  b  s t o m  c A y n a e  6 y A y T  c M e -

ig e H b i  H a  3 0 °  h  n p eA C T aB H T  H ecH M M eT pH H H yio  in e c T H (j )a 3 H y io

CHCTeMy. Tanaa CHCTeiaa He TOAbKO He AonycTHT napaAAeAbHOÜ 

paÖOTbl AByX BeHTHAeH, HO, KpOMe TOrO, BbI30BeT HeCHMMeTpHH" 
\  HyiO (pOpMy TOKOB B KeHOTpOHaX.

KorA a TpeôyeTca ocynjecTBHTb napaAAeAbHyio paôoTy ^ a w x  
yCTaHOBOK, TO nOMHMO (pa30BbIX COOTHOUieHHH, KpaHHe Heoôxo- 
AHMO oôecneHHTb paBeHCTBo aMnAHTyA HanpaateHHH OAHHaKOBbix 
(pa3. B npoTHBHOM CAynae napaAAeAbHaa paôoTa Tanate ôyACT 
HapyuiaTbCH, o t  Toro, h t o  t o k  He CMoateT npoHTH nepe3 BeHTHAb, 
y KOToporo Ha aHOAe 6yAeT MeHbinee HanpaateHHe. O öecneuH Tb 
sto paBeHCTBo aMnAHTyA Ha npaKTHKe HpesBbmaHHo 3aTPyAHH- 
TeAbHO, a nOTOMy AAS napaAAeAbHOH paÔOTbl KeHOTpOHOB oco- 
6eHHO peKOMeHAyeTCH n0Ab30BaTbCH OAHHM TpaHctpopMaTopoM, 
b KaasAyio (pa3y KOToporo BKAionaeTCH napaAAeAbHO HeoôxoAHMoe 
HHCAO KeHOTpOHOB.

HeOÔXOAHMO OTMeTHTb, HTO BblCKa3aHHbie cooôpaateHHH o 

paBeHCTBe HanpaateHHH AeataT b ocHOBe npHMeHeHHH BwnpflMH- 

TeAbHOH cxeMbi c MeatAy<|)a3 HWM ApocceAeM KioÖAepa, nOKa3 an- 

HOH b TAaBe III. TaM ate öbiAa oö^acHeHa Ta npHHHHa, no koto- 
poH npeKpanjaeTCH tok nepe3  BeHTHAb, BKAioneHHWH b tf)a3y 
c MeHbuiHM HanpaateHHeM.

n PH ynoTpeÔAeHHH pTyTHbix koa6  b KanecTBe BeHTHAeñ 

ycTOHHHBan napaAAeAbHaa paÖOTa 6e3 AoöaBOHHbix npHcnocoÔAe- 
HHH HeB03M0iKHa Aaate TorAa, KorAa 0 6 e koaôw, hah 0 6 a aHOAa 

OAHOH KCAÔbl, BKAIOHeHbl B OAHy <J>a3y, T. e. nOA OAHO Hanpfl- 
ateHHe. 3to oöijjicHaeTCH ocoôeHHocTHMH, KOTOpbie npHcyuiH 
BOAbTaMnepHOH xa^aKTepHCTHKe pTyTHOH KOAÔbi. xapaKTe-
pHCTHKa, KaK yate' h3bcctho h3 npeAWAyifiHX rAas, oTAHnaeTCH 
BO-nepBblX, HaAHHHeM HOHH3aiJHOHHOrO HOTeHUHaAa, a BO-BTOpbIX, 

naAaioujHM ynacTKOM. EAaroAapa nocAeAHeMy, BHyTpeHHee conpo- 
THBAeHHe pTyTHOH KOAÖW MOatHO CHHT3Tb OTpt^aTeAbHblM. 

CTBHTeAbHO, Ha 3TOM ynacTKe yBeAHqeHHK) TOKa qepe3 p T y m y io  
KOAÔy cooTBeTCTByeT yMeHbineHHe HanpaateHHii Ha ee BAeKTpoAax.

E c a h  Mbi coôepeM cxeMy, yKa3aHHyio Ha (J>hi\ 147, b KOTopoS 
ABa aHOAa pTyTHOH koaôw  coeAHHeHbi, t o  npoxoatAeHHe TOKa 
(cBeneHHe) 6yAeT HaÔAioAaTbCi! AHuib nepe3 oahh aHOA, npeatAe 
Bcero— b CHAy pa3HOcra MeatAy HOHH3a^HOHH wmh noTeHUHaAa mh 
OÖOHX aHOAOB. TaKyiO pa3HOCTb, XOTH 6bl b HeCKOAbKO BOAbT, 
Mbi BcerAa HMeeM b KaatAoft KOAÔe. n o  AocTHateHHH BHeuiHHM
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e=fsincot
O

HanpaaieHíieM MeHbiuero H0HH3ayH0HH0r0 noTeHynaAa npoBOAHUjeíi 
CAeAaeTCH aHOflHaa TpyÓKa, oÓAaAaioujaH s th m  noTeHijHaAOM. 
BcAefl 3a nojiBAeHHeM Tona HanpaaseHHe Meaí^y TounaMH a  —  k 
pe3KO ynaAeT flo BeAHHHHbi Bcero  AHiub 15 — 25 V , h  A pyroü

aHOA, c 6ÓAbII3HM HOHH3ai¿HOHHbIM 
noTenyHaAOM, yate He b coctoh-
HHH CAeAaTbCH npOBOAHIÜHM TOK.

/lonycTHM Tenepb, u t o  no 
KaKHM-AH6 o npHHHH3MN AaHHblH 
t o k  1 o, pa3BeTBAHHCb nopoBHy, 
OAHOBpeMeHHO npoxoAHT nepe3
ABe pTyTHbix KOAÓbi (cm. (pnr. 148). 
Ha 3aaíHMax a — k n pn  3tom  
HMeeTca HeKOTopoe naAeHHe Ha- 
npHaseHHJi, KOTopoe onpeAeAHeTca 
to h k o h  nepeceneHHH BOAbTaMnep- 
Hbix KpHBbix, npHHaAAeasaiiiHX 
HaUIHM pTyiHblM KOAÓaM. EcAH 
Tenepb Harpy3Ka b y e n n  B03pa- 
CTeT, t .  e. R  yMeHbniHTca, h  t o k  
npHMeT H0 B0 e 3HaMeHHe f /0-f-A 70), 
t o  HanpaaseHHe Ha 3aíKHMax a — k 
ynaAeT h  CTaHeT yate HeAOCTa- 
TOMHblM AAH nOAAepatHBaHHH TOKa 
B IiepBOH pTyTHOH KOAÓe, H BeCb 
TOK HaHHeT npOXOAHTb TOAbKO 
nepe3  BTopyio pTyTHyio KOA6y. 
E c a h  6 bi H arpy3Ka yMeHbniHAacb, 
T. e. TOK /o nOAyHHA OTpHyaTeAb- 
Hoe npnpameHHe —  A / 0, t o ,  KaK 
3 to  HeTpyAHO coo6pa3HTb, noTy- 
XaHHe npOH3CniAO 6 bl BO BTOpOH 
KOA6 e, h  neperpy/KeHHOH OKa3a- 
Aacb 6 w nepB aa KOA6a. í l p n  nepe- 
xoAe Bcero  TOKa Ha OAny KOAÓy 

(£>m\ 147. np0H30HAeT noHH¡KeHHe Hanpaaie-
hhh Ha 3aaíHMax a — K, ho, TeM 

He MeHee, A pyraa KOA6 a y * e  He b c o c to h h h h  „3aateHbCíi“ , t .  e. 
nponycKaTb to k ,  TaK KaK a a h  e r o  BoccTaHOBAeHn« T pe6 yeTca 
cpaBHHTeAbHo BbicoKoe HanpaaseHHe Ha 3a^HMax a — k, paBHoe 
BeAHHHHe noAHOro H0HH3ayH0HH0r0 noTeHunaAa „n o T y x m eñ “ KOA6 bi.

ripeAnoAo;KHM Tenepb, h t o  nocAeAOBaTeAbHO c KajKAofi pTyT- 
h o h  k o a 6 oh  BseAeHo QMHHecKoe conpoTHBAeHHe. BeAHHHHa 3Toro
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c o n p o T H B A e H H H  noA oô p aH a  Tan, h t o  BOAbTaMnepHaa xapaK T epn- 
CTHKa HMeeT B03pacTai0ii¿HH ynacTOK. Ha (pnr. 149 np0H3BeA<3H0 
rpacpH necKoe n o c T p o e m ie  TaKOH xapaKTepncTHKH a a h  o a h o h  
BeTBH. n p f l M a H  AHHHH C tgf a  =  COOTBeTCTByeT HanpHíKeHHIO 
Ha 3 a jK H M ax  R i  n p w  p a 3 A H q H b i x  3H aH eH H H x T o n a  /.  K p n B a n  a h h h h  

C, D, F  H 3 o 6 p a » a e T  HanpníKeHHe Ha pTyTHOH KOAÓe. O m c b h a h o ,  
HTO CyMMa OpAHHaT 3THX AHHHH npeACTaBAHeT C060H nOAHOe

<ł>nr. 148.

H a n p a æ e H H e  H a  3 a « H M a x  p a 3 B 6 TB A eH HH  a — k. Ha c p H r .  149 s t o

HanpníKeHHe, KaK (pyHKHHH TOKa, npeACTaBAeHO íkhphoh AHHHeñ 
c, d, f .  Kan BHAHM, H a  y n a c T K e  d — /  y B e A H i e H H K )  T o n a  c o o t -  

BeTCTByeT yBeAHHeHHe HanpHaseHHH.
/lonycTHM, h to ,  H3MeHHHCb c TeneHHeM BpeMeHH, BHeuiHee 

HanpaateHHe Ha 3ajKHMax Bceñ cxeMbi npno6peAO 3HaqeHne, paB- 
Hoe BeAHHHHe HaHMeHbuiero H0HH3aiiH0HH0r0 noTeHynaAa, cbo8- 
CTBeHHOro pTyTHOH KOAÓe N° 1. B03HHKUIHH nepe3 Hee t o k  
MoaieT co3AaTb Ha 3a*HMax a — k AOCTaTOHHyio pa3HOCTb noTeH-

riHTaHHe paHHoycTpoñCTB— 18 273



ynaAOBi paBHyio H O HH 3 a^ O H H O M y  noTeHynaAy BTopoñ koa6m, h 

OHa TaKJKe HSHHeT npoBOAHTb nacTb oöiijero TOKa.
B o 3 H H K iu a f l  napaA AeA bHaa p a ô o T a  o 6 e n x  k o a 6  6yAeT y c T O H -  

MHBOH H COXpaHHTCH, HeCMOTpH A a í K e  Ha H3MeHeHHe B H3BeCTHbIX 
n p e a e A a x  B H e u i n e r o  c o n p O T H B A e H H H  Harpy3KH. B caMOM AeAe, 
eCAH MbI COBMeCTHM T e n e p b  BOAbTaMnepHbie X apaK T epH C T H K H  

OÖeHX B G T B e H ,  TO AerKO yÔeAHMCH B B 0 3 M 0 Î K H 0 C T H  cyujecTBOBaHHH 
TOKa b OÖeHX b c t b h x .  H 3 cpHr. 1 5 0  m m  b h a h m ,  h t o  n p n  yBeAHHe- 
HHH oôujero TOKa 3 a  cneT  yMeHbineHHH conpoTHBAeHH* H arpysK H  R 
yBeAH^HBaeTca n a^eH H e HanpnaseHH« Ha BceM pa3BeTBAeHHH 

a  —  k.  rioAHoe npeKpauieHHe 
TOKa /01 B OAHOH KaKOH-AHÖO 
BeTBH cTaHOBHTCH T e n e p b  H e -  

B03M0HÎHMM, nOCKOAbKy OHO 
BAeneT 3a  c o ö o h  Mpe3MepHoe 

B03pacTaHHe BanpflîKeHHfl Ha 

3ażKHM3X a ---K BCAeflCTBHe

y B eA H H eH K H  T O R S  / 02 BO BTOpOH BeTBK, H BCe CBOAHTCH AHUIb 
k HeKOTopoMy HepsBHOMepHOMy pacnpeAeAeHHio to k o b  MejKAy 
aHOAaMH ko aö .  BÓAbiuaH nacTb TOKa npoxoAHT no BeTBH c MeHb- 
IÜHM C O n p O T H B A e H H e M ,  T. e. no BeTBH, y KOTOpOH BOAbTaMnepHaH 
x a p a K T e p H C T H K 3  H A e T  6oAee noA oro, HanpHMep, D — F . E c a h  to k  
ynaAeT a o  3HaneHHH HHiKe /omiń, t o  ycTOHHHBaa napaAAeAbH3H 
p 3 Ö O T 3  MOÎKeT O n H T b  HSpyiUHTbCH.

ripHMeHeHHe Ha npaKTHKe tbkhx conpoTHBAeHHH HeyeAecooö- 

pa3HO B BHAy ÖOAbUIOrO pSCXOAa SHeprHH B HHX. Ho nOHHTHO, 
mto aah napaAAeAbHOH paöoTbi mojkho c ycnexoM  npwMeHHTb, 

B33MeH OMHHeCKOrp COnpOTHBAeHHH, HHAyKTHBHbie K3TyiIIKH,

m



If:

1 H M e i o u j H e  K T O M y  a t e  B 3 a H M O H H A y K y n i o .  Ha ( p H r .  1 5 1  A a H a  

c x e M a  y c T p o ñ c T B a  a  a h  n a p a A A e A b H O H  pa6oTbi A B y x  aH O A O B ,  

n p H H a A A e a s a u j H x  oahoh pTyTHoB KOAÖe. B stoh c x e i w e  HMeeTca 
T a K  H a 3 b I B a e M b I H  y p a B H H T e A b H b l H  A p O C C e A b ,  H a 3 H a M e H H e  KO- 

T o p o r o ,  Bo-nepBbix, o 6 ecnenHTb B 0 3 H H K H 0 B e H n e  napaAAeAb
HOH paÖOTbl OÖOHX aHOAOB H, B O -B T O p b IX ,  C A ß A a T b  3Ty 

paöoTy ycTOHHHBOH. CaMbiH n p o y ec c  y  c T a H O B A e H H H  n a p a A -  

A e A b H O ñ  p a Ö O T b l  CBOAHTCH K C A e A y i O U j e M y .  B M OM eHT B 0 3 -  

HHKHOBeHHH T O K a  B a H O A e  C M eH b U IH M  H O H H 3 a y H O H H b IM  n o T e H u n a -  

AOM, M eaSA y  A P y r H M  aH O A O M  H OÖUJHM KaTO A O M  nOHBAijeTCH 3 H a -  

H H T e A b H o e  HanpaaseHHe, H a B e A e H H o e  y p a B H H T e A b H b i M  A p o c c e A e M .

3 t o  H a n p a a s e H i i e  c o c T a B A a e T  n o  B eA H M H H e M  h  aBAaeTca

p e 3 y A b T a T O M  HaAHMHH B 33H M H O H  H H A y K y H H .  í l p H  AOCT3TOHHOH B e A H -  

HHHe n o c A e A n e S  H a B e A e H H o e  e i o  H a n p a a t e H H e  M o a î e T  n p e B b i c H T b  

H O H H 3 a y H O H H b iH  n o T e H y n a A  B T o p o r o  a H O A a ,  H n o c A e A H H f t  H a n H e T  

n p o n y c K a T b  t o k .  ^ a A b H e ñ i n a a  n a p a A A e A b H a a  p a ö o T a  M o a s e T  6 b iT b  

o ö e c n e n e H a  o n a T b  A O C TaTOHHOH b c a h h h h o h  b 3 3 h m h o h  HHAyi<yH H . 

B  C3M 0M  A S A e ,  n p H  p 3 B e H C T B e  TOKOB i l  H io 0 6 1 U HH M a r H H T H b l ñ  

nO TO K , n p O H H 3 b IB 3 K ) m ,H H  o 6 e  K 3T yU IK H  A p O C C e A a ,  p 3 B e H  HyAK).  

H a p y u i e H n e  S T o r o  p a B e H C T B s  B b i 3 0 B e T  n o a B A e H H e  n o T O K S ,  k o t o -  

p b l H ,  B CBOK) O H e p e A b ,  Ö y A C T  H S B O A H T b B C Ö eH X  K 3 T y iU K 3 X  HeKO * 

T O p b i e  3 .  A. c .  H e  T p y A H O  C 0 0 6 p a 3 H T b ,  HTO H 3 n p a B A e H H e  s t h x  

3 .  a- c .  T a K O B O ,  HTO o h o  n p e n a T C T B y e T  H 3 M e H e H H i o  t o k o b .  E c a h  

b  A eBO H  K a T y u i K e  t o k  H a n H H a e T  y ô b i B a T b ,  a  b  n p a B O H  B 0 3 p a c T a T b ,  

t o  H a B O A a i n a a c a  b  n e p B O H  K a T y u i K e  3 .  A- c .  C K A a A b i B s e T c a  

c  B H eu iH H M  H a n p a a s e H H e M  h  C T p e M H T c a  n o A A e p a t a T b  t o k .  B  Apy* 

ron m e  K a T y u i K e  3 .  a. c .  H a n p a B A e H a  o ö p a T H O  B H e u i H e M y  H a n p a -  

aSeHHIO H C T p e M H T C a  O C A aÖ H T b  TOK. TaKHM 0 6 p a 3 0 M ,  C H C T eM a  

n p H o ö p e T a e T  y c T O H H H B o e  n o A o a s e H H e  p a ö o T b i  T O A bK O  T o r A a ,  K o r A a  

o 6 lU,HH M a r H H T H b lH  n O T O K  Ö A H 3 0 K  K H yA K ).

^ A a  T o r o ,  q T O Ö b i  B b iB e c T H  H e o ö x o A H M b i e  p a c ^ e T H b i e  c p o p M y A b i ,  

o n p e A e i H M  C H a n a A a  y c A O B H a  b o 3 h h k h o b 6 h h í í  n a p a A A e A b H O H  

p a ö o T b i  b  3 A e M e H T a p H O H  c x e M e ,  H 3 o 6 p a a t e H H o ñ  H a  ( p n r .  1 5 2 .

E c a h  0 6 e  n a p a A A e A b H b i e  B eT B H  C H M M eT pH H H bi ,  t o  o h c b h a h o ,

n p H  B 03 H H K H 0 B C H H H  T O K a  B OAHOH H 3  HHX, B A P y r O H  HaBOAHTCH

3. a- c., paBHaa. j ;
es =  M  

s  d t  

Ą a h  AaHHOH c x e M b i  ypaBHeHHe T O K a ,  corAacHo §  2  r A a B b i  I V ,  

H M e e T  C A eA yfO U JH H  BHA

E t  -  —  t
/ • = ■ » = = =  « s i n  («0Í+  ł  —  Ç ) -  s i n  ( ł  —  tp) e hy

R * 0 > - L v2 {
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E s a s  no 9TOMy ypaBHeHHK» np0H3B0AHyi0 TOKa h  noacTaBHB ee 

B BbipaateHHe es, h3HA6m

v ' / p  +  » 2 V

- J - t
j c o s ( < u i —)—'L— ■«>) —(— s i n  ( 'I1 —  c p )  • S  L V | , ( 1 )

* ,  “ Ay . • E ir a e  cp =  a rc  tg  ^  =  a rc  sin -g r  ,

¿V

es
i

E ¡  ---  HaHMeHbHIHH nOA-

H b lH  H O H H 3 a ^ O H H b l H  nO* 

T e H a n a A  a H o a a ,  B C T y n a i o -  

u je ro  n e p B b i M  b  p a ö o T y .

r i p a K T H H e c K o e  3 H a n e -  

HHe HMeeT BeAHHHHa es 
n o  n p o m e c T B H H  h c k o t o -  

p o r o  B p e M e H H  n o c A e  

y c T aH O B A e H H H  TOKa b  0 4 - 

HOM aH O A e .  3 a 4 a B  e e  

e s ^  E i ,  ÖOAbUie h a h  p a B -  

HOH nOAHOM y HOHH3ayH- 

OHHOMy n o T e H g n a A y  Apy- 
r o r o  a H O A a ,  He H aHHHaio-  

u ^ e r o  p a ß o T a T b  n a p a A A e A b H o  h  O A HOB peM eH HO c n e p B b iM ,  m h  

BbiHyAHM B C T y n H T b  b  p a ö o T y  0 6 a  aH O A a .  B p e M f l ,  b  T e n e H H e  k o t o -  

p o r o  AOAJKeH n p 0 H 3 0 H T H  n p o i j e c c  B03HHKH0B6HHÎÎ  n a p a A A e A b H O H  

p a Ö O T b l ,  OHeBHAHO, AOAîKHO Ö blTb  AOCTaTOHHO MaAbIM n o  C p a B H e -  

HHK) C nepH O A O M . r ip a K T H H e C K H  OHO AOAJKHO ÖblTb H e  6 o A e e  

noAOB HHbi o A H o r o  n e p n o A a .  F l p n  M H 0 r 0 ( p a 3 H 0 M  B b in p a M A e H H H  s t o
T

BpeM fl AOA25HO COCT3BAHTb , nOCKOAbKy KaîKAOH n a p e  aHOAOB 

npHXOAHTCH, B o o ô u j e ,  p a ö o T a T b  TOAbKO —  a o a i o  nepH O A a.
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rioACTaBHB B CpOpMyAy (1) 2^  BMeCTO t, E¡ BMeCTO e^, H'} =  0  '),

«OKHO H3HTH L y  npH 3aAaHHOM K03(pHyH6HT6 MaTHHTHOH CBH3H

k  — ~£^ o 6eHX nOAOBHH apocceAH.

HaflaeHHan (popMyAa aah npaimmecKHx yeAeft mbao npHMe- 

HHMa He TOAbKO b CHAy cBoeß gaojkhocth, ho h b CHAy Toro, 
HT0 npH MHOrO(J)a3HOM BbinpHMAeHHH npaBHAbHee BHeiHHIOK) a-A-C. 
npHpaBHHBäTb nOCTOfl HHOH 3 .4 .C., paBHOH E 0' . llpH 3TOM yCAOBHH 
ypaBHeHHe B03HHKaK)ujer0 TOKa npuHHMaeT bha:

F  '  /  — R t

l =  R  

di
B3HB np0H3B0AHyi0 -j- h noACTaBHB ee b ypaBHeHHe

d i

noAyqHM

M d t

M  r , - ~ - t
es =  - J -  • E o  ■  a  L y

L.y

T
rioACTaBHB b HaHAeHHoe BbipaaieHHe E i BMecTO es h ^  'bmccto 

t, HaHAeM ypaBHeHHe

E M  - ,  R—L — ----  £ 2 m - f - L
E 'o L y  y  ’

O TKyAa,  b  CBOK) o ^ e p e A b ,  n o A y q a e T c a

I  =  ________ ł .......... ..........................( 2)

’ 2 m /  , » ( * ! : '

B 3T0 M ypaBHeHHH k  K03(J)HyHeHT MarHHTHOH CBH3H MeiKAy 
nOAOBHHaMH OÖMOTKH ApOCCeAfl.

K o r A a  BbinpHMHTeAb HMeeT tpHAbTp, t o  HaîtAeHHaH cpopiayAa 
( 2 ) ,  Booôiye roBopn, H3MeHneTCH. HapacTaHHe TOKa b  3 T o m  CAynae 
o n p e A e A i i e T C f l  y p a B H e H H e M  ( 3 1 ) ,  n p H B e A e H H b iM  b  §  1 1  r A a B b i  I V ,

OAHaKO, c TeM  H 3M e H eH H eM , HTO B M ecT O  L  b  H e r o  C A e A y e T  n o A ‘ 

CTaBAJJTb (L  -)- Ly) .

1) TeM caMbiM cqnTaH, *ito E j 1— ü o a h w h  HOHHsagHOHHUH noTeHgHaA n e p  

B o r o  a H O ^ a  p a B e H  H y ^ i o .
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B TaKOM CAynae o h o  n p H o 6 p e T a e T  CAeAyK>iu,H8 b h ^ :

‘ ^S f-r+ E<V - l T l /  si"  “ » ' ■ ) ,

npHneM

R'  o ,  . ¿ - + ^  _  i

a ~ 2 ( L  +  L y) ’ R  r +  C R  r “0~ v / W + A )
TaK KaK, H a c  H H T e p e c y e T  3 H a n e H H e  n p 0H 3B 0f l H 0H  3 T o r o  T o n a

T
npn i =  ~2mt H MbI’ 0 flPyr0 ® CTOPOHbI>snaeM, h to  nepHOA T  3Ha-

HHTeAbHO MeHbiue nepnoA a c b o 6 oahm x KOAe6 aHHH, BCAeflCTBHe
» „ r  n  — a r  i di

O h e  =  1 , to flAfl mw MOaieii HanncaTb
2m =  ’ *  d t

d i  r , (  1 \  E 0'
=  E  o • c o s

n e r o

d t = ^  \ L - \ - L y 2m = L  +  L v ’

r i p n  n o A C T aH O B K e b

n/r dl 
6S dt

c  3 a M e H o i ł  es H a  E i h  M  H a k  • Ly n o A y n a e M  ( p o p M y A y ,  o n p e A e -  

AHKJOjyiO BeAHHHHy Ly n p H  r-OÓpa3HOM (|)HAbTpe

¿ . B - ,  F f  - ......................................... (3)

Ei

HaftaeHHaH (po p M yA a  noK a3b iB aeT , h t o  HHflyKTHBHOCTb ypaB- 

HHTeAbHOrO ApOCCeAH TeM ÓOAbUie, MeM 6 oAbUie HHAyKTHBHOCTb 
crAaasHBaioujero ¿pocceAH. 3HaqeHHe KoacJmijHeHTa MarHHTHoft 
CBH3H k  HaflO CTpeMHTbCH CfleAaTb ÓOAblHHM. Ha npaKTHKe ero
y a a e T C H  A e r K O  a o b c c t h  a o  BeAHHHHW 0 , 8 5 — 0 , 9 5 .  JXah s t o h  yeAH  

n 0 A e 3 H 0  c e K y H H  o 6 e n x  i i o a o b h h  o 6 m o t k h  n o M e u j a T b  B n e p e M e a i K y  

MejKAy c o 6 o h .

K ( p o p M y A e  (3) m o j k h o  6 h a o  6 w  nph t t h ,  H e  n o A b 3 y n c b  B b iu ie -  

y K a 3 a H H b iM  y p a B H e H H e M  TOKa BK A K m eH H H  n p n  r - 0 6 p a 3 H 0 M  (pHAbTpe.

E cA H  CHHTaTb m  <D L~^> ------- KaK 3TO H SbIBaeT, TO 3 a  3KBH-
m u> G

1) YpaBHeHHe fleiiCTBHTeAbHo TOAbKO ąo MOMeHTa B03HHKH0BCHHH napaA- 
ACAbHOH paÓOTbl.
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SâAÔHTHyiO y e n b  t'jpH BKAK)HGHHH MOJKHO npMHHTb Ueilb, COCTOd- 
U j y i o  TOAbKO H3 OAHOß HHAyKTHBHOCTH L ,  CHHT3H TOHKH lipHKAK)- 
H eH H fl  KOHAeHCaTOpa H Harpy3KH 3aMKHyTbIMH HaKOpOTKO. B 3THX 
yCAOBHHX, OHeBHAHO

d i  „ ,  d i
£ 0' =  ( ¿  +  ¿ v)

d t
es M  d t ,

OTKyAa yaie A erno BbiTenaeT ypsBHeHHe (3).
Ha npaKTHKe HHorAS He ycT3H3BAHB3ioT crAaasHBaioujero 

ApocceAa L ,  noAb3y acb  a a h  crAsasHBSHHH, B33MeH e ro ,  HHAyKTHB- 
HOCTblO paCCeHHHfl ypaBHHTeAbHOrO ApOCCeAH (cm. (pur. 153). 
TaK KaK k  <  1, TO nOCAe B03HHKH0BeHHH 
napaAAeAbHOH pabOTbl 0 6 oHX 3H0A0B SKBHBa- 
AeHTHyK) CXeMy BblIipHMHTeAH 
C yp3BHHTeAbHblM ApOCCeACM 
MOiKHO npeACTaBHTb, TaK, KaK
n 0 Ka3a H 0  H a  $ H r .  154. Ha 
9 T 0 Ü c x e M e  A p o c c e A b ,  y k o -  

T o p o r o  B A e H C T B H T e A b H O C T H  

H M e e T c a  H e n o A H a a  m 3 t h h t h 3 h

CBH 3b M e a î A y  n 0 A 0 B H H 3 M H  

CBOeH OÖMOTKH, IipeACTSBAeH 
B BHAÖ AByX H3CTeH. riepB3H 
H 3 HHX npeACT3BAÎieT HAeaAb- 
HbiH ApocceAb 6 e 3  pacceHBa- 
HHH, y  KOToporo

z /

M

c£>Hr. 153. (£>nr. 154.

1,

a Apyraa nacTb— o 6 u í h h  A p o c c e A b

U  —  L A I  —  k ) ,

nOCKOAbKy

M = k  ■ L

(4)

(5)

O n e B H A H O ,  HTO CyMMa

L ' - \ - U  =  L

npeACTaB^jieT HHAyKTHBHOCTb OAHOH üOAOBHHbl AGHCTBHTeAbHOrO 
A pocceA a.

B ycT aH O B H B ii ieM C H  p e a s H M e  n s p s A A e A b H O H  p s ô c T b i  o 6 e  n o A O -

BHHbl KaTyilieK C 0 3 A 3 Í0 T  paBHbie H IipOTHBOnOAOaîHbie nOTOKH. 
B c A eA C T B H e s t o t o ,  b  npouecce (pHAbTpagHH ynscTByeT TOAbKO
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H H A y K T H B H o c T b  L 0] h t o  « e  KacaeTca npoyecca y c T â r i o B A é H H i i  

T O K a ,  AO H a n a A a  n a p a A A e A b H O ä  p a ö o T b i ,  t o  A a H H y i o  ^ n b  H aA *  

AeJKHT p a C C M a T p H B a T b  K a K  î i e n b ,  H M e iO U jy iO  H H A y K T H B H O C T b ,  paB -  

H y i o  L y . E c a h  T e n e p b  o n H T b  n p e H e ô p e n b  b a h h h h b m  c m k o c t h  h  

c o n p o T H B A e H H H  y e i i H  b  T e n e H n e  B p e M e H H  a o  y c T a H O B A e H H a  n a p a A -  

A e A b H O H  p a ö o T b i  o ö o H x  b h o a o b ,  t o ,  s H a A o r H H H O  n p e A b i A y i g e M y ,  

Mbl Ö y A e M  H M e T b

d i ^ E l  

d t =  L y  •

. ( 6)

TaK KaK H3 y p a B H 6 H HH (4) H (5) BblTeKaeT 

M  =  L y  L o ,

TO O K O H H 3 T eA b H O

l > > t \  • ......................................... (6,)
E o

3 th  cpopMyAbi, OTHOCHujHecH K cxeMe Ha (pnr. 153, He HMeio- 
njen cneijHaAbHoro crAaaiHBaioigero ApocceAa, noKa3biB3ioT, hto 
b HeKOTopwx CAynaax TaKaa cxeMa npeACTaBAJieT H3BecTHbie 
npeHMyigecTBa no cpaBHeHHio co  cxeMOH, HMeraujeii cneijHaAbHbift 
crAaaiHBaroigHH ApocceAb, ÖAaroAapn öoA binen npocTOTe BceS 
yCTaHOBKH.

B H aH A eH H b ix  (p o p M y A a x  (4), (6'), (7) b b a h h h h s  Lo a o a jk h s  

saAaBaTbCH pscneTOM crA aæHBaïonjero (pHAbTpa.
H eO Ö X O A H M O  nO M H H Tb, HTO OÖMOTKH yp aB H H T eA b H O T O  ApOCCeAfl 

A O A ^ H b l ÔbITb p 3 CCHHT3 HbI H a  nOAOBHHHOe 3 H3 H eH H e O Ö U jerO  TOKa, 

H C A p y rO H  CTOpOHbl, HTO K0 3 (|)HIJHeHT HHAyKTHBHOCTH L y  OTHO" 

CHTCH K OAHOH nO AOBHHe OÖMOTKH.

Ksk y a ie  B b im e  6 m a o  yKa3aHO, BTopaa poAb ypaBHHTeAbHoro 
ApOCCeAH 3 3 K A K )H aeTC iI B TOM, HTO OH AOA/KeH nO A A e p jK H B 3Tb

3 to  AaeT HOByio (popMyAy aah onpeAeAeHHH L y , t . e.

L y > M Ef  ..............................

h 6 °



paBeHCTBO TOKOB, npoxoAflUJHX Mepe3 napaAAeAbHO BKAioneHHbie 

aHOAbl. H a ^ O  OTMeTHTb, HTO 3TO TpeÖOBaHHe, npH yCAOBHH CHM- 

MeTpHHHOCTH ypaBHHTeAbHOTO ApOCCeAfl, BbI3bIBaeT B CBOK) OMe- 

peAb TpeÖOBaHHe paBeHCTBa nafleHHH Hanpfl*eHHH Ha caMHX 

aHoaax. H a  npaKTHKe TaKoe ycAOBne, OAHaKO, h 6a o c t h j k h m o , h  

B AÊHCTBHTeAbHOCTH Me^Ay naAeHHeM HanpflJKeHHH Ha OAHOM 

aHOAe h  Ha ApyroM BcerAa ecTb HeKOTopan pa3HOCTb b npeAeAax

5--8 BOAbT. 9ïa pa3HOCTb HanpHJKeHHH, AeHCTBya B 3aMKHyTOH

y e n H  0 — 1—2—0 ( c m . ,  H a n p H M e p ,  ( p n r .  151), c T p e M H T c a  c 0 3 A a T b  

p a 3 H O C T b  t o k o b , n p O T e K a i o u j H x  M e p e 3  p a 3 H b i e  a H O A b i .  9 T O M y ,  

OAHaKO, n p e n a T C T B y e T  a .  a - c . c a M O H H A y K y H H  B c e r o  A p o c c e A H ,  

p a B H a a

2 ( L , + M ) f t

H HanpaBAeHHaa npoTHB yK33aHHOH pa3HOCTH Hanpfl/KeHHÍi. 

ri03T0My, ecAH HanncaTb ypaBHeHHe

2 (Ly-\- M ) ̂  =s=¡Ae0 =  5 - ^ 8  BOAbT,

to TeM c a M b i M  Mbi n O A y ^ H M  y c A O B H e ,  o r p a H H H H B a r o i j i e e  a o  H3BecT- 

Boro npeAeAa HepaBeHCTBo aHOAHbix tokob.

YCAOBHMCH CHHTaTb ypaBHHTeAbHOe AGHCTBHe APOCCeAH AOCTa- 

TOHHbiM TorAa, KorAa noAHoe pacxoaiAeHHe b BeAHHHHe aHOAHbix
T  *)

t o k o b  3a BpeMH —  He npeBbiiuaeT 5 ° /o  OT oöujero TOKa l o  •

Viuea euje b BHAy, h t o  T  = 1 / /  h M — k L v, m m  MoaieM Ha o c h o - 

B3HHH npHBeAeHHoro ypaBHeHHH HanncaTb cAeAyionjee BbipaaieHHe:

H L y + L y - k ) ° - ^ > L e i , '

OTKyAa

0,1 • Ly (1 +  k) • m • /  /o >  A eb
HAH

/  ■> I______________________  (8 )
0 , 1 ( 1 + / : )  • m  - / o  • l o ................................K

CAeAyeT 3aMeTHTb, hto b öoAboiHHCTBe npaKTH^ecKHx CAynaeB 

$opMyAa ( 8)  BcerAa nepeKpbiBaeTCH ochobhmmh (JjopMyAaMH ( 3 ) ,  

(6'), npHBeAeHHbiMH paHee.

#oah nepHOfla, b TeqeHHe KOTopoH t o k  npoxo4HT HenpepbiBHO nepea 
flaHHyto napy aHOflOB.
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rioMHMO npHMeHeHHH napaAAeAbHOH paSoTbi AByx aHOAOß, 
BCTpenaioiijeHCH b  MeTaAAnnecKHx pTyTHbix BwnpflMHTeAHX, nacTO 
npHMeHHeTCH cxewra napaAAeAbHOH p a6 o T b i yeAbix BbinpaMHTeAb- 
Hbix ycTaHOBOK. Ha (pHr. 155 ^aH npHMep paöoT bi AByx B binp«- 
MHTeAeñ, H3 KOTopbix KaîKAbiH p a ö o T a e T  no Tpex(jja3HOH AByx- 
K a c K a A H O H  cxeM e o t  O A H o r o  o ö u je r o  TpaHC<popMaTopa. Ha (pnr .  156 

i '

AaH A pyroS npm uep napaAAeAbHOH paöoTbi n e x b ip ex  Tannx ate 
BbinpflMHTeAeH OT AByx TpaHctpopMaTopoB.

B n p a K T H K e  M e i a A A H n e c K H X  p T y T H b i x  B b i n p H M H T e A e ñ  m o h í h o  

y n o T p e Ö A H T b  cxeMy n a p a A A e A b H O H  p a ö o T b i  q e T b i p e x  a H O A O B .  

B 9 T O M  C A y n a e  H e 06x 0A M M0 n p H M e H S T b  T p n  y p a B H H T e A b H b i x  

A p o c c e A H ,  K a K  y K a 3 a H O  H a  < p H r .  157.
rioA b3y iîcb  ra30Tp0HaMH b KanecTBe BeHTHAeii HaAAeaîHT, 

B o o ö u j e  r o B o p n ,  a a h  o c y m , e c T B A e H H H  n a p a A A e A b H O H  p a ö o T b i  

n o c T y n a T b  T a K  r a e ,  K a K  h  n p n  p T y T H b i x  K O A Ö a x .  O A H a K O ,  B B - iA y  

M aA O H  B e A H H H H b i  noAHoro H 0 H H 3 a u , H 0 H H 0 r 0  n o T e H y n a A a ,  n p H M e -
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t i e H H e  ypaBHHTeAbHbix A p o c c e A e n  MoaieT 6 biTb 3aMeHeHO y c T a -  

HOBKOH OTAeAbHblX CrAa?KHBaiOIJU,HX flpOCCeAeH B KaaiAblH BbinpH-

MHTeAb. T an o H  CAyqan yKa3aH Ha (pnr. 15 8 .  KoacpHyneHT HHAyK-
THBHOCTH KajKAOrO ApOCCeAH AOAJKCH ÖblTb 2 L, TĄG. L --- K03$HyHeHT

njero TOKa Io, t o ,  ohbbhaho, y cT aH O B K a 

A ßyx A p o c c e A e ö  no c t o h m o c t h  He OTAHHaeTCH o t  ycT aH O BK H  

o A H O r o  A p o c c e A H  L ,  p a c c H H T a H H o r o  H a  n o A H b i ß  t o k  I o . ^ k c t b h -  

T eA bH O , r a ö a p H T  A ß y x  A p o c c e A e n  c o c T a B A n e T  BeAHHHHy

f h } 2
2 L =  lo*L,

KOTOpylO M bl nOAyHHAH 6 bl  n p H  y C T p O H C T B e  OAHOrO A p o c c e A H .

§  2 .  P e r y A H p o B a H H e  B b i n p H M A C H H o r o  H a n p H i K e H i i H .

C A e A y e T  p a 3A H H a T b  6o A b u i y K >  h  M a A y i o  p e r y A n p o B K y  H a n p n -  

HieHHH B b i n p f l M H T e A f l .  I l e p B a H  n 0 3 B 0 A « e T  M e H H T b  B b i n p H M A e H H O e

H a n p a a s e H H e  b n p e A e A a x  o t  n o A O B H H b i  a o  n o A H O H  B e A H H H H b i  E 0 . 
C>Ha H e o ö x o A H M a  a a h  H a c T p o H K H  h  p e r y A H p o B K H  c a M o r o  n e p e -  

A a T H H K a ,  n o T O M y  h t o  M H O r o K a c K a A H b í ñ  n e p e A a T H H K  T p e ö y e T  

H a C T p O H K H  B p e 3 0 H a H C  H e C K O A b K O  K O H T y p O B ,  a  H a c T p o Ö K y  3 T y  

H eOÖ X O A H M O  n p O H 3 B O A H T b  n p H  C H A bH O  nO H H ÎK eH H O M  H a n p H J K e H H H ,  

T a K  K a n  b n p o y e c c e  H a c T p o H K H  r e H e p a T o p H b i e  A a M n w  M o r y T
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0Ka3aTbCfl B pejKHMe HeBbiroAHOH Harpy3KH h npn  AOCTaTOHHo 
ÔOAbUIOM HanpHÎKeHHH BblHTH H3 CTpOH.

C  4 p y r o H  C T o p o H b i ,  K o r ^ a  b  T exH H H ecK H X  y c A O B H a x  Ha n e p e -  

flaTHHK y K a 3 a H O ,  HTO OH f l O A * e H  A a B a T b  H eH 3M eH H yiO  MOIlJHOCTb 

n p H  K O A eô a H H H X  n e p B H H H o r o  H a n p a a s e H H H ,  H a n p H M e p ,  b  n p e ^ e -  

A a x = tlO ° /0, t o ,  p a 3 y M e e T C H ,  HeoöxoAHMO n p H Ö e r a T b  k A o n o A H H -  

TeA b H O H  C p a B H H T e A b H O  H eÖ O A b -  

uiOH p e r y A H p o B K e  B b m p a M A e H -  

Horo HanpHateHHH.
H anöoA ee npocTbiM cnocoöoM 

peryAHpOBKH h b a h c tc h  npn-  
MeHeHHe om hhcckhx conporaBA e- 
HHH a h 6 o b  ^enH npHMoro TOKa, 
a h 6o b  ijenn nepBHHHOH oöm otkh .
3 t o t  cn ocoö  oÖAaaaeT TeM He- 
flOCTaTKOM, HTO OH COIipHJKeH CO 

3HaHHTeAbHbIM paCXOAOM BHeprHH 
h, KpOMe Toro, y moujhmx nepe-  
flaT4HK0B MOatST noTpeöoBaTb 
yCAOaîHeHHfl KOHCTpyKgHH B OT- 
HomeHHH OTBOAa TeriAa. B  c m m -  

CAe aie npe^oxpaHeHHii reHe- 
paTopHbix AaMn TaKoñ cn ocoô  
peryAHpOBKH HanöoAee geAe- 
coo6pa3eH. O h  n03B0A»eT 
OrpaHHHHTb TOK KOpOTKOrO 3a- 
MbiKaHHa npH CAynaHHOM no- 
HBAeHHH ra3a b  AaMnax h  npe-  
AoxpaHHTb hx o t  pa3pyiueHHii. 
npH ycTaHOBKe conporaBAe-  
HHH B nepBHHHOH ^ n H  TpaHC"
(popMaTopa, noMHMO AaMn, npeAOxpaHHioTCH ot pa3pyuieHHH h 
BeHTHAH, K or^a noHBAHeTCH oöpaTHoe 3aasHraHHe.

Ha (pnr. 159 AaHa cxeMa BKAiOHeHHH peryAHpoBOHHbix conpo-  
THBAeHHH. HacTb hx, noMeujeHHan nepeA KOHAeHcaTopoM, CAyaiHT 
AAH ÔOAbUIOH peryAHpOBKH H BblKAKDMaeTCH nOCAe HaCTpOHKH 
h nycKa nepeAaTHHKa. /Ip yraa  nacTb, BKAioneHHaa 3a KOHAeHca- 
TOpoM, Ha3HaqaeTCfl a  ah noAAepasaHHH BbinpaMAeHHoro Hanpaace- 
HHH npH H3MeHeHHHX HanpaateHHH b nHTaioijieH cera . 9 ï a  nacTb 
conpoTHBAeHHH nonra BcerAa öbißaeT BKAioneHa bo BpeMH Hop- 
MaAbHOH paöoTbi nepeAaTHHKa, h noMeujeHHe ee  MeaiAy KOHAeH- 
caTopoM h Harpy3KOH n0Ae3H0 aaa  orpaHHHeHna 6oAbuiHx tokob, 
B03HHKaK>iijHx, KaK 6biAO yKa3aHO Bbiuie, b MOMeHTbi CAyqañHoro

~^omih ^
rndäc-
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n o H B A C H H H  r a 3 a  b  AaMnax. E c a h  B K A i O H H T b  3 T y  q a c T b  c o n p o 

T H B A e H H H  n e p e A  K O H A e H c a T o p o w ,  t o  o H a  H e  o r p a H H H H T  T O K a  

KopOTKoro 3aMbiK3HHH npH pa3pHAe KOHAeHcaTopa u e p e 3  Aasiny, 
B  K O T O p O H  C A y n a H H O  B b lA e A H T C H  r a 3 .

PacHeT B c e r o  conpoTHBAeHHH h  O T A e A b H b i x  c e K y H H  ero, KaK 
B  O T H O O i e H H H  H H C A a  O M O B ,  T a K  H B O T H O m e H H H  C H A b I  T O K a ,  H e  

n p e A C T a B A i i e T  3 a T p y A H e H H i i .  O h  M o x e T  6 b i T b  B b i n o A H e H ,  h o m h m o  

o ö b i H H o r o  c n o c o ô a ,  no r p a c p H H e c K O M y  M e T O A y -  Ha ( p n r .  159 
n p e A C T a B A e H  T a K O H  M e T O A -  I l o  o c h  a ô c u H c c  O T A O * e H b i  c h a w  

t o k o b ,  n p o x c A f l i u H e  b  n e n n  n p H  a i o ö o m  n o A o x e H H H  p a s b e A H H H -  

T e A e S ,  a  n o  o c h  o p A H H a T ,  c  o a h o h  c T o p o H b i ,  H a n p n a t e H H H  H a  

H a r p y 3 K e ,  a  c  A p y r o f t  C T o p o H b i ,  c o o T B e T C T B y i o u i H e  h m  C o n p o T H B 

AeHHH O T A e A b H b i x  C e K g H H .  l l o  T a K O M y  r p a i p H K y  M O iK H O  COCTaBHTb 

T a Ö A H H K y  C O  3 H a q e H H f lM H  p a C M e T H 0 :0  T O K a  H  C O Q p O T H B A e H H H  

K a X A O H  C e K U H H .

C  neAbio yMeHbmeHHa noT epb  SH eprnn n pn  peryAHpoBKe 
HHOrAa b y en b  nepeMeHHoro TOKa BKAiouaioT bmccto omhhcckhx 
conpoTHBAeHHH ApOCCeAH c  BWABHSHblM CepAeHHHKOM, HAH, pejKe, 
AonoAHHreAbHo noAMarHHHHBaeMbie ot g e n u  nocTOHHHoro TOKa. 
H3MCHHH BeAHHHHy AOnOAHHTeAbHOrO nOAMarHHHHBaHHH, MOJKHO 
H3MeHHTb K03<pHIJHeHT CaMOHHAyKIJHH.

CAe4 yio©HM, 6 oAee coBepmeHHbiM b  HeKOTOpbix o T H o m e H H H X  

h b a h c t c h  cnocoö peryAHpoBKH HanpaæeHHH noMombio aB TO TpaH C -  

(popMaTopa. O h  EKAïonaeTCH MesAy ceTbio h  nepBHHHOîi oöm o tk o h  
aHOAHOrO TpaHC(pOpMaTOpa H  HMeeT OÖMOTKy C AOnOAHHTeAbHblMH 
B b l B O A a M H ,  KOTOpbie n 0 3 B 0 A H K ) T  M e H H T b  K03(pHUHeHT TpaHCCpOp-

M a u F H .  r i p H M e H e H H e  a B T O T p a H c t p o p s i a T o p a  n p e A C T a B A n e T  t o  n p e -  

H M y i y e c T B o ,  h t o  n o H H J s e H H e  H a n p H a i e H H H  H e  3 3 b h c h t  o t  H a r p y 3 K H ,  

T .  e .  o t  B H e u i H e r o  c o n p o T H B A e H H H  R .  F I p H  n p e A W A y u i H X  æ e  

c n o c o ó a x ,  H a o ö o p o T ,  B b i n p H M A e H H o e  H a n p H æ e H H e  o n p e A e A H e T C H  

H  3 3 B H C H T  H e  T O A b K O  O T  B e A H U H H b l  B B e A e H H b I X  C O n p O T H B A e H H H ,  

H O  H  O T  B e A H H H H b l  B b i n p H M A e H H O T O  T O K a  7 0 .  H e A O C T a T K O M  a B T O "  

T p a H C t p O p M a T O p H O H  p e r y A H p O B K H  H B A H e T C H  C A O / K H O C T b  B y C T p O H *  

C T B e  K O M M j r r a T o p a ,  o c o ö e H H O  n p n  " B b i n p H M H T e A H X  ô o A b i n o H  m o i u -  

H O C T H ,  n p H C O e A H H H e M b I X  K  C e T H  T p e X ( p a 3 H O r O  T O K a .  B  s t o m  

C A y n a e  n e p e K A i o n a T e A b  H e o ö x o A H M  T p e x n o  m o c h m h  h ,  h t o 6 m  H e  

3 E M b I K a T b  H a K O p O T K O  O T A e A b H b i x  C e K U H H  a B T O T p a H C C p O p M a T O p a ,  

K a æ A y K )  i g e T K y  n p a x o A H T C H  A e A a T b  a b o h h o h ,  c  A O Ô a B O U H b i M  

c o n p o T H B A e H H e M ,  K a K  n o K a 3 a H o  H a  c x e M e  ( p n r .  160.
JX AH peryAHpOBKH HanpHÎSeHHH B BbinpHMHTeAHX MOUJHblX 

paAHOCTaHUHH nacTO npHMeHHiOTCH noTeHUHaAbHbie peryAHTOpw. 
no cpaBHeHHK) co Bce&m npeAbiAyigHMH cnocoöaM H npHMeHeHHe 
n o T e m j H a A b H o r o  p e r y A H T o p a  A a e T  t o  n p e H M y u j e c T B o ,  h t o  o h
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n03B0AHeT coBepuieHHO riAaBHO H3MeHHTb HanpnateHHe. HeAOCTaT- 
KOM e r o  HBAReTCH cpaBHHTeAbHO ôoAbuiaa cTOHMOCTb h yxyAuie- 
HHe KOSCpH^eHTa MOUJHOCTH.

rioTeHu,HaAbHbiH p e r y A H T o p  n p e A C T a B A f le T  h3 c e 6 n, KaK n3Be* 
CTHO, 3aTOpMO/KeHHblH aCHHXpOHHblH ABHraTeAb, pOTOp KOTOpOrO 
BKAionaeTCH b ceTb. H a r p y 3 Ka npHCoeAHHjieTCii c o a h o h  CTopoHbi 
OÖMOTKH C T a T O p a ,  B TO BpeMH KaK A p y m e KOHI^M s t o h  OÖMOTKH 
COeAHHHKJTCíí  C 3aJKHM3MH CeTH. ÖÖMOTKa pOTOpa BKAIOHeHa

®>Hr. 160.

3Be3AOS. TaKHM 0 6 p a 30M, 
noTeH^aAbHbiß peryAHTop 
b 3AeKTpHqecK0M OTHOuie- 
HHH JIBAHeTCa aBTOTpaHC"
(popMaTopoM c riAaBHO Me- 
HfltOUiHMCi! K03(pHyHeHT0M 
TpaHCCpOpMa^H.

Ha cpHr. 161 ashw  cxeMbi
H BeKTOpHbie AHarpaMMbl
noTenyHaAbHoro peryAjiTO- 
pa  AAH OAHOH $a3bl H AAH 

Bcex (pa3 TpeX(pa3H0H CHCTeMbl. IÎ3 3THX AHarpaMM OHeBHAHO, HTO 
npH BpameHHH oahoh oömotkh, HanpHMep, poTopa, OTHOCHTeAbHO 
ApyroH paBHOAeñcTByioimiH BeKTop btophhhoto HanpaaieHHH 
H3MeHHeTCH He TOAbKO no BeAHMHHe, HO H no  (pa3e.

rioTeH ^aA bH bie peryAilTOpbl Ha OHeHb 6oAbUiyK> MOIIJHOCTb 
H npH BbICOKOM Hanpfl/KeHHH CeTH HCnOAHflK)TCH C BepTHKaAbHOH 
ocbio BpanjeHHH poT opa h noMeujaioTCH b Koatyx c MacAOM (cm.
(pHr. I 62 ). BaA poTopa q ep e 3 caM0T0pM03flinyK> HepBSHHyio
nepeAany oömhho coeAHHeH c b3aom cepBO MOTopa, ynpaBAneMoro 
c nyAbTa. nepeAaTHHKOB cpeAHeñ moujhocth b KanecTBe
noTei^HaAbHoro peryAHTopa MoæeT öbiTb npHMeHeH acHHxpoHHbm 
ABHraTeAb, n p n  ycAOBHH, h t o  o öm otke  e r o  poT opa paccHHTaHa Ha 
3aAaHHbie npeAeAbi peryAHpoBKH HanpnifieHHH BbinpaMHTeAH. Ą ah 
3aTopMaasHBaHHH h HeoöxoAHMOro BpanjeHHH poTopa, noMHMO 
qepBHHHOH nepeA^HH, MOSKO npHMeHHTb MexaHH3M, CXeMaTHHeCKH
H3o6pajKeHHbiH Ha cpnr. 163. YcAOBHe caMOTOpMO»eHHH nepBHHHOH
nepeAaHH, KaK H3BecTH0, onpeAeAneTCH BbipaateHHeM:

tg a <  0 ̂  0,05 ,
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3
8

W

(p a r .  161 .

P cmax —  m • J  2max —  JTl J 2 max ' £  ¡¡max —  TtlJ\ max ‘ ? 1  >

£*2 wax £ '2min=— 2  A £" ,  

n03T0 My . p  /  F
D c  r> cmax I -, C-omin i /rA
r p  —  — •  ̂ cmax —  ( 1  p  I • • • • (,"/

S^max 2  V £om ax

B Ko t o p o m  a — y r o A  n o A T > e M a  H a-

p 6 3 K H  H e p B H K a  H 0---- K09(J)HyHeHT

T peH H H  OT CKOAbJKeHHH HepBHKa 

no nepBHMHOMy KOAecy.
r i o T e H y n a A b H b i H  p e r y A H T o p  p a c -  

CMHTblBaiOT, HCXOA« H3 paC H eT-  

HOÍI MOUJHOCTH P c , n O T p eÔ A H eM O ft  BbinpHMH- 

TeA bH O H  ycT aH O B K O H , h  H3 n p e A e A O B  p e r y -  

A H poB K H . O ö p a u j a a c b  K ( p n r .  1 6 1 ,  m w  b h a h m ,

HTO paC'ieTHafl MOIIJHOCTb CTaTOpHOH 0 6 - 
m o t k h  o n p e A e A a e T C H  n p o H 3 B e A e H H e M

& £  ' J2max
0 1720

HAH, 6 e 3  

TOKa,

yneTa HaMarHH^HBaioujero

£  1 ‘ J Omax •

ApyrOH CTOpOHbl

® H r .  1 6 2 .  ^Omax — A m a x  J\2max ,
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¿Jah K O M n e H c a ^ H  C A B w ra  <pa3 M e a t f ly  B rop H H H biM  h nepB H H H b iM  

H a n p a a î e H H e M  moîkho n p H M e H H T b  C flB oeH H biH  n o T e H u n a A - p e r y A f l T o p .  

H a  (pMr. 1 6 4  H 3o6p aæ eH a  e r o  c x e M a  h B eK T O p H a a  f l n a r p a M M a  

HanpíiaíeHHñ.

C  TOH a t e  y e A b i o  K O M n e H c a i j H H  f l o ô a B O H H o r o  c f l B H r a  ( p a 3  h  

yA V H u ie H H H  K o a t p H y n e H T a  m o i i j h o c t h  r e p M a H C K a a  ( p n p M a  K o x  

h l Ü T e p y e A b  B w n y c K a e r  T a n  H a 3 b i B a e M b i e  „CflBHaiHbie“ T p a H c c p o p -  

M a T o p b i  ( „ S c h u b - T r a n s f o r -  

m a t o r e n " ) .  F l o  c y m , e c T B y  

OHH O TAHHaiOTCH OT I lO T e H -  

y n a A b K o r o  p e r y A H T O p a  T e M ,

HTO flAfl H3MeHeHHH B33HM"
Horo pacnoAoaîeHHî! n e p -  
BHHHOH H BTOpHMHOH 0 6 - 

MOTOK B npOCïpaHCTBe B3a- 
MeH BpaigaTeAbHoro a b h -  
ateHHfl npHMeHeHO n e p e -  
MeiyeHHe KaTymeK BAOAb 
o c h  MarHHTonpoBOAa (cm. 
cxeMy n a  (pur. 1 6 5 ) .  BßHAy
CAOÎKHOCTH MexaHHHeCKOH 
MaCTH TaKOH TpaHCipOpMa- 
Top He noAyHHA p a c n p o -  
CTpaHeHHH.
B 3aKAioHeHHe HacTOHUjero n a p a rp a c p a  ynoM«HeM 06  aBTOMa- 

THHecKOH peryAHpoBKe H anpaateHHa c  noMOiijbio A pocceA en  
C HaCblU^eHHblM CepAGHHHKOM. IloAOÓHaH CXCMa MOiKeT 6blTb 
npHMeHeHa b MaAOMOUjHbix ycTpoficTBax, KaK HanpHMep, b Bbinpa- 
MHTeAe aa î i  3aAaK)iiiero re H e p a T o p a  c KBapyeBOH CTa6HAH3ayHeB. 
KaK H3BeCTHO, AAH nOAAepîKaHHH e r o  CTaÔHAbHOCTH HeOÔXOAHMO 
CTporoe nocTOiiHCTBO aHOAHoro HanpH/KeHHH. C x eM a peryAHpoBKH 
coAepHîHT b oôujeM CAynae Aôa ApocceAH, h 3  KOTopwx o a h h  
BKAïoHaeTCfl napaAAeAbHo nepBHHHOH o ô m o tk c  TpaHctpopMaTOpa, 
h cepAeMHHK KOToporo HMeeT ôoA binyio  MarHHTHyio h hayk i^h io .  
/ I p y r o H  ApocceAb BKAïonaeTCH nocAeAOBaTeAbHO b  nepBHMHyio 
yen b .  ülpH yseAHqeHMH HanpaaieHHH ceTH t o k  b oÖMOTKe n e p B o ro  
ApocceAH 3HaHHTeAbHO B03pacTaeT h co3AaeT AOÔaBOHHyK) n oT ep io  
HanpaaseHHH Ha 3a<KHMax B T o p o r o  ApocceAH, BCAeACTBHe n e r o  

nepBHMHoe HanpaateHHe aHOAHoro TpaHC$opM aTopa ocT aeT ca  
nOHTH HeH3MeHHblM. B  H3CTHOCTH He fipeACTaBAiieT 3aTpyflHeHHB 
paccHHTaTb onHcaHHyK) cxeMy c TeM, h t o ô w  n p n  H3MeHeHHH 
HanpnaceHHH ceTH Ha z ï i  1 0 ° / o nepBH^Hoe HanpnaîeHHe aHOAHoro 
TpaHCtpopMaTopa He H3MeHHAOCb 6bi 6oAee neM H a = t l % .

nHTaHHe paHHOycTpoñcTB—19 289
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O a r .  166 a.

OnncaHHaa cHcreMa peryAHpoBKH He MoaseT 6biTb npHMeHeHa 

AA* yCTaHOBOK epe^Heñ H ÖOAblllOH MOUJHOCTH, TaK KaK OHa 

HMeeT HeÖOAbUIOH K.n.fl.
eige  6 oAee tohhoh aBTOMaTHMecKOH peryAHpoBKH aHO/i- 

Horo HanpnîKeHHH b 3aAaK>iijHx reH epaTopax BKAionaiOT b yetib 
BbinpHMAeHHOrO TOKa HeOHOByiO 
AaMny c Ao6 aBO*mbiM conpoTn- 
BAeHHeM. I lo p o r  3a>KHraHHfl stoh
AaMHbl BblÔHpaeTCH TaKHM, HTOÖbl w

3a»5HraHHe ee npoHcxoAHAO na- f
*AbiH pa3, Koraa BMnpHMAeHHoe 

HanpaaieHHe B03pacTeT Bbirne 40- 

nycKaeMoñ BeAHHHHbi. riosBAeHHe 
Ao6aB04Horo TOKa qepe3 HeoHo- 

Byio AaMny h AOÖaBOHHoe conpo- 

THBAeHHe BbI3bIBaeT Ha nOCAeAHeM 

AOÔaBOHHyio nOTepK) HanpflaieHHfl,

BCAeACTBHe n e ro  HanpH^eHHe Ha 
aHOAe reH epaTopa He noAHHMaeTcn 
Bbime 33AaHHOH BeAHHHHbl.

§  3. TapaTpoHbi.

rioA Ha3BaHHeM 
THpaTpoHaJ) 3a no- 
CAeAHee speMJi Ha- 
HHHaioT noAyqaTb 
ôoAbiuoe pacnpo-  
CTpaHeHHe ra30Tpo- 
Hbl H pTyTHbie Bbl- 
npsMHTeAH, cHaö- 
JKeHHbie ynpaBAHio- 
ujen ceTKofi, pacno -  
AoaieHHOH b nepBOM 
CAynae y KaTOAa 
(KaTOAHaa ceTKa), 
a  bo BTopoM CAynae 
y aHOAOB (aHOAnaa 
ceTKa). B TaKoro 
poAa ycrpoHCTBax noTeHijHaA ceTKH MO*eT ynpaBAHTb He m tho-  
BeHHbiM 3HaneHHeM aHOAHOro TOKa, a cpeAHeS BeAHHHHOH e ro .

W

®Br. 166-6.

ł )  H a 3 B a H H e  o t  rpeqecKoro CA OBa 06pa, >ito 0 3 H a q a e T  „ f l B e p b “ .

19* 291



Milane roBOpa, b o ta h h h c  ot nycTOTHOü Tpex3AeKTpoAHo8 AaMnw, 
THpaTpOH He HMeeT AHHeHHOH H HenpepblBHOH 3aBHCHMOCTH 

ia h eg . BAaroflapii TaKHM CBOHCTBaM THpaTpoHa, oh  HaxoAHT 
oneHb uiHpOKoe npHMeHeHHe b npaKTHKe, KaK npnöop peAeHHoro 
THna, C OAHOH CTOpOHbl, KaK BbinpHMHTeAb C peryAHpOBKOH Ha- 
npHiKeHHH, c ApyroH CTopoHbi, h, HaKOHey, KaK npeo6pa30BaTeAb 
qacTOTbi nepeMeHHoro TOKa, BKAionaa h npeo6pa30BaHHe no- 
CToaHHoro TOKa b nepeMeHHbiS.

PaccMOTpuM npHHynn paôoTbi THpaTpoHa, H3o6paæeHHoro Ha 
tfmr. 166. A h o a ,  KaTOA h CTeKAflHHbiH öaAAOH y  nOAOÖHoro THpa- 
TpoHa coBepuieHHO TaKOBbi ate no  ycTpoñcTBy, KaK y oöbiHHoro 
ra30Tp0Ha. T o k  q e p e 3 THpaTpOH npoxoAHT o t  aHOAa k KaTOAy 
b BHAe A yroBoro pa3p«Aa b r a 3e —  n a p a x  pTyTH. M om ch t b o 3hhk- 
HOBeHH« 3Toro pa3p«Aa ynpaBAHeTCH c c tk o h .  FlocAe bo3hhkhob6- 
hhü a y r a  BAHHHHe noTeHijHaAa ceTKH npeK pam aeTca, h  t o k  3aBHCHT 
TOAbKO OT aHOAHOrO HanpH/KeHHH H BHeiUHerO COnpOTHBAeHHH. 
MOMeKTa noHBAeHHH TOKa HOHH3ayHOHHbiH noTeHynaA onpeAeAaeTCH 
noTeHynaAaMH ceTKH h aHOAa OTHOCHTeAbHO KaTOAa. HeM Bbirne 
OTpnyaTeAbHbiH 3ap«A ceTKH, TeM Bwuie ao a jk c h  öbiTb noAoatHTeAb- 
HbiH noTeHynaA aHOAa Aah co3AaHHH noTeHynaAa, HOHH3Hpyioii{ero 
ra30ByK> cpeAy BHyTpn öaAAOHa. ü o c A e  HOHH3ayHH h  bo3hhkho- 
BeHHH TOKa nOAOJKHTeAbHbie HOHbl HCHTpaAH3yiOT OTpHyaTeAbHblH 
3apHA ceTKH, a  e r o  b a h s h h c  Ha ycTaHOBHBuiHHca t o k  HcqesaeT. 
EcAH, OAH3KO, OTpHljaTeAbHblH nOTeHynaA ceTKH, .OMeHb CHAbHO 
yBeAHHHBaTb, t o  MoateT HacTynHTb TaKoe noAoateHHe, n pn  k o to -  
pOM CAOH nOAOIKHTeAbHblX HOHOB BOKpyr npOBOAOK CeTKH Ha- 
CTOAbKO B03paCTeT, HTO HMH 6 yAyT nepeKpblTbl BCe OTBepCTHH 
ceTKH. B 3THX yCAOBHHX aHOAHblH TOK K KaTOAy MOîKeT npepBaTbca, 
ho  3aT0 3T0My 6 yAeT npeAiuecTBOBaTb öoAbinOH t o k  b y e n n  ceTKH, 
oöpaTH oro HanpaBAeHHH h He 6e3onacHbiH a a h  e e  yeAOCTH.

B COOTBeTCTBHH C H3AOJKeHHbIM, XapaKTepHCTHKH THpaTpOHa
aah cxeMbi, AaHHoii Ha (|)Hr. 167-a, HMeioT bha coBepuieHHO
OTAHWHblH OT XapaKTepHCTHK OÖbIHHOH nyCTOTHOH TpeX3AeKTpOA" 
HOH AaMnbl C HHCTO SAeKTpOHHbIM npoyeCCOM. E cAH npeABapH- 
TeAbHO 3aAaTb Ha CeTKy THpaTpoHa AOCTaTOHHO ÖOAbUIOH OTpH-
yaTeAbHbiH noTeHynaA, t o  BKAioneHHe aHOAHoro HanpaateHHH E  

He AacT TOKa nepe3  THpaTpOH. TaK oe cocTOiiHne HMeeT MecTO 
h npH yMeHbineHHH OTpnyaTeAbHoro noTeHynaAa ceTKH BnAOTb 
AO BeAHHHHbl egk . IloCAe AOCTH/KeHHH ee  aHOAHOH TOK nOHTH
MTHOBeHHo B03HHKaeT, h BeAHHHHa e r o  onpeAeAHercH no  (popMyAe
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®nr. 167-6.

B K O T o p o ö  eb — 15 — 20 V — n a a e H H e  H a n p a jK e H H fl  b T n p a T p o H e .

AaAbHeHmee yrueHbmeHHe OTpHu;aTeAbHoro noTeHgnaAa ceTKH, 

HAH C03fl3HHe IIOAOîKHTeAbHOrO 3HaHeHHH erO, COBepUieHHO 
He CKa3bIBaeTC51 Ha BeAHHHHe TOKa /. EcAH *e CeTKe BHOBb 
3aAaTb OTpHyaTeAbHblH nOTeHgnaA ÖOAblUHH, MeM egk,TO BeAHHHHa 
aHOAHoro TOKa onnTb-TaKH ocTaHeTca HeH3MeHHOH, ToAbKO npn

~ eJ  V  •

®nr. 167-a.

oneHb 3HaHHTeAbH0H BeAHHHHe OTpnyaTeAbHoro noT eH ^aA a, Korfla 
CeTKa CnAOUIb OKpyæeHa EIOAOJKHTeAbHblMH HOHaMH, aHOAHblH TOK 
naAaeT iiohth ao HyAH.

H 3 npHBeAeHHbix xapaKTepHCTHK ceTOHHoro TOKa ((pnr. 167-6) 
Mbi BHAHM, HTO ao noHBACHHH aHOAHoro TOKa b yenn CeTKH TeneT 
TOK OÖblHHOrO HanpaBAeHHH. EcAH aHOAHblH TOK nOHBHACH, TO 

HaAHqne oTpnyaTeAbHoro noTeHyHaAa Ha ceTKe 06«3aTeAbH0 
B b I 3 b I B a e T  TOK B y e n H  ceTKH OÔpaTHOrO HanpaBAeHHH, H 3TOT TOK



i e M  ô o A b i u e ,  H eM  ö o A b i n e  n p a M O H  a n o A H b i ü  t o k . Ha <pnr. 167-6 
A o n o A H H T e A b H O  n O K a 3 a H O  C T p e A K a M H  p a c n p e A e A e H H e  t o k o b , c o o t - 

B e T C T B y i o i y e e  H a A H H H io  Ha c e T K e  K aK  n o A o a í H T e A b H o r o  n o T e H y n a A a  

( n y H K T H p H b i e  c T p e A K H ) ,  T a K  h  O T p n y a T e A b H o r o  ( c n A O u i H b i e  c T p e A K n ) .  

T o k  b  n e p B O M  C A y n a e ,  t . e .  n o A o a í H T e A b H b i ñ  c e r o H H b i H  t o k , 

a s A a e T c a  nO TO K O M  S A e K T p o H O B ,  A B H a t y i y n x c a  o t  K a T O A a ,  a  t o k  

b o  B T o p o M  C A y ^ a e ,  t . e .  o ö p a T H b i H  t o k  b  y e n n  c e T K H ,  H B A a e T c a  

nO TO K O M  n O A O aS H T e A b H b I X  HOHOB H a  C e T K y .

E c A H  H e  n p H H H M a T b  BO B H H M a H H e  BAHHHHH M p e 3 M e p H O  ÖOAbUIHX 

O T p n y a T e A b H b i x  n o T e H y n a A O B  H a  c e T K e ,  k T O M y  a t e  H e A o n y c T H M b i x  

B n p a K T H H e C K H X  y C A O B H a X ,  TO TOK H e p e 3  T H p a T p O H  M OHíeT 6 bIT b  

n p e K p a i y e H  a h u i ö  c h h t h b m  n o A o a í H T e A b H o r o  a H O A H o r o  H a n p a a s e H H « .  

n P H 3T O M  A O C T aT O H H O  A H U Ib  C H HT b 3 T O  H a n p H J K e H H e  H a  HeCK O A bK O  

M H K pO C eK yH A , HTOÖbl e r O  B O C C T a H O B A e H H e  H e  B bI3BaA O  T O K a ,  eCAH 

o c T a B A e H H b i H  n o T e H y n a a  c e T K H  X O T «  6 b i  H e M H o r o  n p e B b i m a A  e g k . 

B p e M H  B H e C K O A b K O  M H K p O C e K y H A  A O CT 3TO H H O  Ą A f l  p e K O M Ö H H a y H H  

B c e x  ü O A O ÎK H T e A b H b l X  HOHOB, n 0 3 T 0 M y  Mbl B b I H y t f îA e H b l  » p H  BTO" 

pH H H O M  n p H A O Î K e H H H  E  B H O B b  C H H 3 H T b  n O T e H y H a A  C eT K H  AO 

K p H T H H e C K O r O  3 H a H e H H f l  ekg.

B e A H H H H a  K p H T H H e C K O r O  C e T O H H O r O  H a n p H Æ e H H H ,  n p H  KOTOpOM 

n o H B A a e T C H  t o k  q e p e 3  T n p a T p o H ,  3 3 b h c h t  o t  B eA H H H H b i  H a n p a -

îK e H H a  E  a H O A H o r o  H C T o q H H K a .  O T H O i u e H H e

eSk- =  £ ) fl ~  1
E  {]~ k

Ha3 biBaeTca KoacpHyneHTOM ceTOHHoro ynpaBAeHHH. O h o  3 aBHCHT, 
noMHMO KOHCTpyKyHH ceTKH, o t  BeAH^HHbi aHOAHoro HanpaaceHHa 

h  o t  T eM n ep aT ypH oro  peatHMa, qeM cyiyecTBeHHO OTAHHaeTca o t  

KoacpHyHeHTa npoHHyaeMOCTH nycTOTHOH TpexaAeKTpoAHOH AaMnw, 

B KOTOpOH 3 TO OTHOUieHHe eCTb npOCTO (pyHKyHH eMKOCTH a H O A a  

H CeTKH OTHOCHTeAbHO KaTOAa. KOHCTpyKyHH CeTKH B THpaTpoHe  

A O A a îH a  ÖblTb TaKOBa, HTOÖbl OHa yeAHKOM OXBaTblBaAa KaTOA, 
H HTOÖbl HH OAHH SAeKTpOH He MOr MHHOB3 Tb AeHCTBHH e e  

3 AeKTpHHecKoro noA a; b  npoTHBHOM CA ynae ceTKa m o jk c t  n o T e -  

paTb y n p a B A a io iy e e  a g h c t b h c .

§  4. npHM eneHHe THpaTpOHOB a a h  perjA H poB K H  H an p a x eH B fl.

E c a h  T H p a T p O H  B K A ioH H T b b  y e n b  n e p e M e H H O r o  T O K a,  t o ,  

p e r y A H p y a  B eA H H H H y c e T O H H o r o  H a n p a a i e H H H ,  m o î k h o  H 3M eH flT b  

M OM eH T B 0 3 H H K H 0 B e H H a  a H O A H o r o  TOKa. n p e K p a u j e H H e  * e  e r o  

B c e r A a  6 y A e T  n p o n c x o A H T b  b  m o m c h t  n e p e x O A a  a H O A H o r o  H a n p a *  

a te H H a  H 3 o Ô A a c T H  n o A o a t H T e A b H b i x  o p A H H a T  b  o Ö A a c T b  O T p n y a -
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TeAbHblX. n PH TaKOM yCTpOHCTBe, OHeBHflHO, Mbl B CyigHOCTH 
3 a c T a B A « e M  c e T K y  y n p a B A H T b  cpeA H H M  3 H a n e H n e M  a H O A H o r o  TOKa. 

OAHaKo, nAaBHbiH npeAeA TaKoro ynpaBAeHHH orpaHHHeH 3Hane-

HHHMH OT —- AO ^  , HTO HeTpyAHO nOHHTb H3 (f)Hr. 168-a, 6 .

ZteñcTBHTeAbHO, eCAH MbI nOnblTaeMCH nOAHHTb e,r HeCKOAbKO 
B birne  T o r o  3HaqeHHH, KOTOpoe flBAHeTCH KpHTHHeCKHM AAH 
aMnAHTyAbi aHOAHoro HanpaateHHii, to coBepuieHHO He nOAynwM 
TOKa b yenn , TaK ate, KaK b cAy- 
nae c pTyTHOH koaôoh, y ko- 
TOpOH HOHH3aiJHOHHbIH nOTeH- 
^ a A  öoAbrne aMnAHTyAbi BHern- 
Hero HanpjiîKeHHJi.

HenpepbiBHaa peryAHpoBKa 
TOKa b THpaTpOHe TeM He MeHee 
AOCTHatHMa eCAH npHMeHHTb 
cxeMy TyAOHa ') .  CorAacHO 
3TOH CXeMe HCnOAb3yeTCH CABHr 
cpa3 MeiKAy nepeMeHHbiM Hanpa- 
ateHHeM Ha ceTKe h nepeMeH- 
HbiM HanpnateHHeM Ha aHOAe.
0T a cxeMa n03B0A*ieT noAb- 
30BaTbCH THpaTpoHOM b Kane- 
CTBe BeHTHAH B BbinpflMHTeAb*
HOM yCTpOHCTBe h peryAHpo- 
BaTb hm cpeAHee 3HaneHHe bw- 
npHMAeHHoro HanpaateHHH E 0 .
H a  (pHr. 169 AaH AByxnoAynepnoAHbifi BbinpaMHTeAb c rap a T p o -  
H3MH, y KOToporo HanpnateHHe E 0 MOatHO nAaBHO peryAHpoBarb 
b npeAeAax o t  HyAa a o  noAHoro 3HaneHHa. IlpeHMyiijecTBO 
TaKoro c n o c o ö a  peryAHpoBKH 3aKAK)HaeTCii b tom , mto n pn  npa- 
BHAbHOM p a c q e re  ycTaHOBKH OHa no^TH He 3aBHcnT o t  Harpy3KH 
h He Bbi3biBaeT KaKoro-AHÔo 6ecnoAe3Horo pacxoAa 3HeprHH.

O ö p au ja n cb  k AHarpaMMaM, AaHHbiM Ha (Jmr. 169-6, npeAno- 
AoatHM, paAH npocTOTbi paccyatAeHHH, hto , He3aBHGHMO ot mtho- 
BeHHoro 3HaneHHii aHOAHoro HanpsaieHHH, aHOAHbiñ tok bo3hh- 
KaeT b  tot MOMeHT, KorAa 3HaqeHHe ceTOHHoro HanpaateHHii 
paBHO HyAK). Toro, HTOÖbl TaKHe MOMeHTbl B03HHK3AH,
nocTOJiHHoe oTpni|aTeAbHoe HanpaateHHe Ha ceTKe aoa3îho  6 biTb 
paBHO aMnAHTyAe ceTOHHoro nepeMeHHoro HanpnateHHH. OycTb 
AaAee nepeMeHHoe aHOAHoe HanpaateHHe e —  E sin cu t , a c o o t-

i )  P.  T o u lo n ,  U .  S. P a t .  1654949 .



B C T C T B y io u je e  H a n p a r c e H H e  H a  c e T K e  e g  —  E g  c o s  (u> t  —  a )  —  i g o t  

n p H M e M  y r O A  C A ß H ra  Me>KAy h h m h  m o m t  6biTb n A a B H O  H 3 M e H « e M  

n o M o n j b i o  K a K o r o - A H Ö o  c p a 3 o p e r y A f l T O p a  b  n p e ^ e A a x  0 °  — 1 8 0  . 

Tenepb c T a n o B H T c a  o n e B H f l H b i M ,  h t o ,  m c h h h  B e A H H H H y  a ,  m m  

6 y f l e M  TeM  caM biM  n o A y q a T b  p a 3 H o n  (p o p M b i  H w n y A b C b i  a H O f l H o r o  

TOKa, p a 3 A n q a i o i i j H e c H  M e a iA y  c o ö o h  cp eA H H M  3 H a n e H H e M .

E c A H  Mbl n p H M e M  a M n A H -  

TyAy noAHoro HMnyAbca 3a  / ,  
t o  c p e A H e e  3 H a n e H H e  T O K a  3 a  

n o A y n e p H O A  o n p e A e A H T c a  B 3 a -  

BHCHMOCTH OT <2 H H T e r p a A O M

n

r I  r  . . J ( ± \  2 ,/l +  co sa
l o a — —  / S i n  CO t d  (<o t )  —  —  • / 1 -------- ----------

HAH

j _ j 1 +  cos a
¿ o a — h  ' -----o------- •

BbinpHMAeHHoe HanpnaieHHe cooTseTCTBeHHO HMeeT Tanoe me 
Bbipa»eHHe



BaaîHo OTiweTHTb, hto c yMeHb* 
iueHHeM cpeAHero 3HaMeHHH BbinpjiM- 
AeHHoro HanpnaîeHHa B03pacTaeT k o- 
3(})HU,HeHT nyAbcayHH, TaK KaK o t h o - 
CHTeAbHaH BeAHHHHa rapMOHHK yBe- 

AHMHBaeTCfl. 3 tO OÔCTOHTeAbCTBO 
TpeôyeT, Boo6uje roBopn, yBeAHne- 

HHH crAaasHBaioujero cpHAbTpa, hto 

MOHîeT HBHTbCH HeflOCTaTKOM CHCTe* 

MbI peryAHpOBKH HanpHJKeHHH THpa- 
TpOHaMH.

H a  (J)Hr. 1 7 0  n o K a 3 a H a  n p H H y n -  

nHaAbHaH cxeMa BbinpaMHTeAH c rne- 
CTII(|)a3HbIM THpaTpOHOM, H TaM ÎKe 
npHBeAeHbi AHarpaMMbi e r o  HanpajKe- 
HHH. B  COOTBeTCTBHH C 3THMH flHa- 
rpaMMaMH, mm mojkcm h 3 h th  3Hane- 
HHH BbinpiIMAeHHOrO HanpimeHHa 
n p H  AJ0 6 0 M CABHre a h  aioôom 3Ha- 
MeHHH HHCAa <pa3 m .

B caMOM AeAe, npHMeHeHHe pHAa 
( P y p b e  a  a h  A H a r p a M M b i  1 7 0 - a  n o -

3B0AJieT Bbipa3HTb nOCTOHHHyiO CAa-

I
73
■f

S IE
+

£!<ni

r
tí

i _
Ô g

T



7C 71

~2 +  m +  “
i m  P . , . . . ■ m  . Tc
o 0 =  -  - / s in  co ío í  (c u / )  =  —  s in  — • c o s  a  .

Z ~  J  ir  m

71 71

T  ~  m +  a

I l p e A e A a M H  a, n p n  K O T o p w x  ^ a H H b i í i  H H T e r p a A  H M e e T  ^ e H C T B H T ß A b *  

H b lH  ( p H S H ^ e C K H H  CM bICA, Í1BAHIOTCH C OflH OH C T O p O H b l  0 ,  a  C A p y -  

r O H  C T O p O H b l
7T I t  ,

~r) ~  ~ r  a  71 »¿ m

raioujyto BbinpjiMAeHHoro HanpajKeHHa cAeAyioiuHM HHTerpaAOM:

t . e.

3 aM eq a H , hto

.......... (11)
¿ m

u  / V m  ■ 11
t 0 = t  —  sin  —

rc m

MOJKeM H a n H c a T b  O K O H H a T e A b H o e  B b i p a a t e H H e  B b i n p a M A e H H o r o  

H a n p H ^ e H H H  b  B H fle

Eo'a =  Eo ■ COS a ...................................................... ( 1 2 )

9 T a  (popMyAa HenpHMeHHMa k AByxnOAynepHOAHOMy BbinpHMHTeAio 
B O B c e ,  ąah  T p e x ( p a 3 H o r o  n p o c T o r o  B b m p a M H T e A H  O Ha c n p a B e A -  

AHBa, ecAH p  ,

0 < a < 3 0 °  h a h  1 = > ^ > 0 , 8 6 7
^O

h AAH m e c T H ( j ) a 3 H o r o  O Ha n p H M e H H M a ,  e c A f t

0 < ! a - ^ 6 0 o hah 1 - v . -/- 0 , 5 .
t o

K o r ^ a  T p e ö y e T C H  ß Ö A b m a n  p e r y A H p o B K a  H a n p f l * e H H H ,  n p H  

K O T o p o H  K p H B a n  B b i n p a M A e H H o r o  HanpHJKeHHH H M e e T  O pA H H aT b l,  

paBHbie HyAK) ((pHr. 1 7 0 -6 ) ,  t o  BepxHHM npeAeAOM HHTerpaAa ¿0 
CTaHOBHTCH it .  F I o 3 T O M y  K o a c p H ^ e H T  n o c T O H H H O H  C A a r a i o u j e S  

o n p e A e A i i e T C H  h 3  B b ip a a ieH H H



E c^H HHCAHTeAb H 3HaMeHaTeAb HaHAeHHOrO BbipaaîeHHH yMHO-
IE

¡KHM Ha sin — , TO nOAyHHM OKOHHaTeAbHytO CpOpMyAy AAH 

BbinpaMAeHHoro HanpaateHHa

1 +  s i n f - -
E q'x =  E q ---------- ^ ------L ..................... (13)

n • 71¿ sin —
m

H hjkhhh npeAeA a b b to h  (popMyAe HaxoAHTC« H3 BbipaaîeHHH

*  i i \
y  +  a +  —¿ m

a  BepxHHÍi npeAeA— H3 ycAOBHH E 0' a =  0, t .  e.

1 +  s!n ^ - * ) = o ,

HAH H3 yCAOBHfl
TT 7T -

9 - — ZT T  « *  •2 m  

TaKHM o6pa30M, (popiayAa (13) HMeeT MecTO, ecAH

^  TC i IT « j * \

o ' --------< a < o ~ + ™ ................................ (142 m  2 m

9 r a  (popMyAa AeöcTBHTeAbHa TaKase h  a a h  AByxnoAynepnoAHoro 
BbinpHMHTeAHj OHa coBnaAaeT c (popMyAon (10) npn  noACTaHOBKe 
77i =  2 H O < a < T T .  / [ a h  Tpex<pa3Horo BbinpHMHTeAH (popMyAy (13) 
HaAAejKHT npnMeHHTb TorAa, KorAa

3 0 ° < a < 1 5 0 °  hah 0 ,867  >  4 ^ - > 0 ,  

a AAH uiecTH(J)a3Horo— Koraa

6 0 ° < a < 1 2 0 °  hah 0 ,5  >  4 ^  > 0 .
E-0

OnpeAeAHTb KoacpHgHeHT nyAbcaijHH TaKate mojkho pa3Aoaîe- 
HaeM b p«A ® y p b e  kphboh BbinpaMAeHHOro HanpaateHHH.

] \ \ h coKpameHHH MaTeMaTHHecKHx BbiKAaAOK npHMeHHM k k p h 
boh AnarpaMMbi 1 7 0 - a  3aKOH h oboh  CHHycoHAaAbHOH (pyHKyHH



y KOTopoH nepHOÄ b m  pa3  M e H b u ie  n e p n o 4 a  ochobhoB qacTOTM cd 

a HanaAO icoopAHHaT coBnaAaeT c tohkoh

7t 7C

¿ m
n PH X =  2 TC Mbl HMeeM

npeAeAbHoe 3HaneHHe opAHHaTbi BbinpaMAeHHoro HanpaaieHHH, 
ecAH a noAMHHeHO ycAOBHio (11), t. e.

0 <  a «5.—--------- .
z m

3tO OÖCTOHTeAbCTBO A a e T  BOSMOJKHOCTb n H C a T b  (pO pM yA bl p a3A O - 

æeHHH c  npeaeAaMH HHTerpnpoBaHHH n o  x ot 0 4 0  2 tc, t. e.

2 7E
1

COS
X ----TT

m
- a ) • sin nx dx =

m  . ir 
—  —  s i n —  • s i n  a  

ir m
2 n

2 m  • n
m 2 n2

(15)

b-= * f  cos(V+a)
m  . ir

-------- s i n  —  • c o s  a
■ K m  m- n

• c o s  nx dx —  

2
i2 n2 —  1

Tan KaK aMnAHTyAa n-oö rapMOHHKH paBHa

E n' a —  E \ / a n2 - \ - b n~ 

HAH, B CBH3H C y p a B H e H H H M H  (15),

v , „m . K 2 \ j l  4 -  m 2 nz tg2 a
a —  t — sin — cos  a —v---- -— ------— —  ,

ri m  m~ nl— 1

TO B COOTBeTCTBHH C O n p e A e A e H H e M , A a H H b IM  B §  6 T A a B b l I V ,  

h  c p o p M y A o i ł  (12), K o a tp H y n e H T  n y A b c a i jH H  p a B e H

s„ — E l a .

E m
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r a e  n —  nopwaoK rapMOHHKH OTHOCHTeAbHO ochobhoB  nacTOTbi 
nyAbcayHH, f>aBHOH m  cu.

<Ąah ycAOBHH (1 4 ) ,  t . e .  KorAa a H3MeHHeTCH b npeAeAax

IT tz TX TZ
2 ~ m < a < 2 + m '

HaHAeHHaji cpopMyAS (1 6 )  HeAeñcTBHTeAbHa. B cbmom AeAe, 
oôpaiyaHCb k ({mr. 1 6 0 -6 ,  mw bhahm no cpaBHeHHK) c npeAbiAy- 
UJHM Ty p33HHIjy, HTO OpAHHaTbl KpHBOH BbinpflMAeHHOrO HanpH- 
jKeHHH npeBpaujaioTCH b 0  paHee, neM x  cTaHeT paBHbiM 2  ir. 
rioaTOMy aah  AaHHOro CAynaa BepXHHM npeAeAOM nHTerpaAOB (1 5 )  
6yAeT He 2 ít, a . FIocAeAHHfl b ca h h h h s  MOíKeT 6biTb HaiiAeHa 
H3 Toro yCAOBHH, HTO npH X =  X\ , y  — s in ir HAH

sin

9 to AaeT

a 3H3HHT,

+ T ~ ^ + a) - sinTC'

7T
Jfi =  m  "2" +  IT — m a , ..................................... (17)

ar — 1 J*  e o s  ----------f - a j  sin n x dx  —

=  ;— T— — r y -  I mn e o s  ( —---- a )  —  sin atj l . . . ( 1 5 ' )
(m- n ¿—  1 ) Tr [ y m  J  j

b„ =  —  I e o s  ( ------- 4 -  a ) e o s  nx dx  =
■k J \  m J

o

=  ~  « (m " n>  -  1) (Sin ( ¡ ¡ i — )  +  C° S "  * ■ }  ' ' (15,)

flocTynaji AaAee SHSAornqHO npeAbiAyujeMy, T- e - noAb3yacb  
cooTHomeHHeM

En'a =  E\Jan2 +  bn2 ,

MO/KHO no (pOpMyAaM (1 5 ' )  HaHTH KOS(J)HyHeHT nyAbCaiJHH npH 
peryAHpoBKe HsnpaiKeHHH c  yKa33HHbiMn npeAeASMH H3M6h6Hhh a,



PacneTbi noKasbiBaiOT, 4 to  HaHÔOAbinen aMnAHTyAOÖ oDAaaaeT 
n e p B a n  r a p M O H H K a ,  n o a T O M y  b  H H * e  n p n B e A e H H O H  T a Ö A H y e  

A aiO T C H  3 H a H e H H «  KOBCpHUHeHTOB n y A b C a y H H ,  B b lH H C A e H H b ie  

c noA C TaH O B K O H  n =  l .  B o t h o u i c h h h  n p e A e A O B  p e r y A H p O B K H  

h  HHCAa (p a 3  T a Ö A H y a  o r p a H H H e H a  H aH Ö O A ee  BaatHbiM H 3 H a n e -

HHSMH HX.
Eq a

T a Ó A H g a  a a  s '  n p a  p a s A H tH O H  s e A H i H B e  ,,  , ■
■fin

E0’a
m —  2 m =  3

VOIIE

Eo’
a °

1
s' a ° s ' a? s'

1
0.9

0.8
0,7
0,6
0,5

0
37°

53-
66,5°
78,5°
90°

0.67
0,90

1.07
1,22
1,36
1,49

0
2 f°

0,25
0.44

0
Ź6°
37°
45,5°
53°
60°

0,057
0.175
1.26
0.35
0,47
0,6

38°
48°
54c

0,61
0.80
0,95

68° 1,12

H H C A a  T a Ö A H i j b i ,  H a x o A a u j H e c H  B b i i u e  cn A O i i iH O M  n e p T b i ,  n o A y -  

«leHbi n o  c p o p M y A a M  (12) u  (16). O c T a A b H b i e  * e  HHCAa B b iB e A e H w
TZ TC

n o  ( p o p M y A a M  (13) h  (15'), T a K  K aK  a a h  h h x  a  ^  — — .

npHBeAeHHan TaÖAHya noKa3WBaeT, h to  KoacpnyneHT nyAbcayHH 
o c o ô e H H O  3 a M e T H O  B 0 3 p a c T a e T ,  K o r A a  H a n p a î K e H H e  C H HiKaeTCH  ą o  

n O A O B H H b l  M a K C H M a A b H O r O  3 H a H e H H H  E  o'.  n P H C H H æ e H H H  Ha 

10 — 2 0 ° / o >  K 0 3 ( p H I J H e H T  n y A b C a i J H H  y B e A H q H B a e T C H  C p a B H H T e A b H O  

M a A O .  Tan K aK  ôoAbuioe C H H ^ e H H e  H a n p a a î e H H H  T p e ö y e T C H  AHUib 

H a  B p e M H  H a c T p O H K H  n e p e A a T H H K a ,  t o  c r A a s H B a i o i i i H H  (pH A b T p  

MOÎKHO p a C C H H T b l B a T b  H a  M e H b U i y i O  n y A b C a y H f O ,  K O T O p O H  B b i n p f l -  

M H T e A b  Ö yA Ö T  O Ö A a A a T b  n p H  M a K C H M a A b H O M  3 H a n e H H H  E o ' .

§  5. P a ô o T a  THpaTpoHHoro BbinpsMHTeAH Ha crAa>KHBaion}HH
( J j H A b T p .

n o  n o B O A y  p a 6 o T b i  T H p a T p o H H o r o  B b in p a M H T e A H  H a  c r A a a t H -  

B a i o u j H H  (p H A b T p  h c o ô x o a h m o  c A e A a T b  H e K O T o p w e  3 a M e n a H H H .

B r A a B e  IV  § 7 6biAO y K a 3 a H O ,  m t o  c r A a ż K H B a to u jH H  (pHAbTp  

MOiKHO p a c c H H T b i B a T b  n o  (p o p M y A a M  n e p e M e H H o r o  TOKa C T a y H O H a p -  

Horo p e a î H M a  TOAbKO b  t o m  CAyqae, K o r A a  3 H a n e H H e  BbinpHMAeH- 
H o r o  TOKa, B b iH H C A e H H o e  n o  3THM ( p o p M y A a M ,  H e  n p n o ö p e T a e T
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O T p n y a T e A b H b l X  3 H a » ie H H H . F I p H M e H e H H e  3 T H X  ( j ) O p M y A  p a B H O C H A b H O  

3 a M e H e  A a H H O H  B b i r i p H M H T e A b H O f t  C X e M b I 3 K B H B 3 A e H T H O H  C X e M O H , 

c o f l e p jK a u j , e H  h c t o h h h k h  i i o c t o h h h o h  h  n e p e M e H H O H  a .  a .  c . ,  c o o t -  

B e T C T B y io u jH x  n o c T O H H H O H  c A a r a i o u j e H  h  r a p M O H H K a M  B b in p a M A e H -  

H o r o  H a n p f l a ie H H a .  B e H T H A b  b  3 t o h  c x e M e  3 a M e H « e T C H  s K B H B a -  

A e H T H b lM  O M H H e C K H M  C O n p O T H B A e H H C M , p a C C M H T a H H b lM  H a  O C H O B aH H H  

n O T e p n  H a n p f l îK e H H H  b  H e w  n p n  n p a M O M  n p o x o * A e H H H  T O K a  n e p e 3  

H e r o .  C a M O  c o 6 o h  p a 3 y M e e T C H ,  h t o  o n e p n p o B a H H e  c T a K O H  s k b h -  

B a A e H T H O H  C X e M O H  B n O A H e  A O n y C T H M O , e C A H  T O A b K O  a M n H T y A b l  

n e p e M e H H b i x  c A a r a r o i g H X  M e H b iu e  B e A H H H H b i h o c t o h h h o h  C A a r a i o -  

u j e n  B b in p H M A e H H o r o  T O K a . T o a l k o  b  T a K H x  y c A O B H a x  b  y e r iH  

H e  B 0 3 H H K a e T  o ö p a T H o r o  T O K a ,

H M02KH0  He CHHTaTbCH C yHH- 

nOAflpHOH npOBOAHMOCTbtO B eH '

THAH.

C  06u j e 5>H3H H e C K0H T O H K H  

3 p e H H H  T a K O H  M e T O A  p a 3 A O * e -  

HHH B b in p H M A e H H o r o  H a n p a -  

a ie H H H  H a  c o c T a B A H K ju j H e ,  K a -  

3 3 A 0 C b  6 b l ,  H e A O n y C T H M ,  p a 3  

b  y e n «  H M e e T c a  H e A H H e ñ H o e  

C O n p O T H B A e H H e  B B H A e  B e H -  

T H A H , H e  n o A H H H H i o i i j e r o c H  3 a -  

K O H y  Û M a .  O A H a K O ,  H C 3 T O H  T O H K H  3 p e H H H  y K a 3 b lB a e M b IH  B b l i u e  

M e T O A  p a c q e T a  C T a H O B H T c a  A o n y c T H M b i M ,  n o c K O A b K y  H e n p e p b iB H O e  

n p o T e K a H H e  T O K a  n e p e 3  B e H T H A b  b  o a h o m  H a n p a B A e H H H  c b o a h t  

p a ö o T y  B e H T H A H  H a  n p a M O A H H e H H b iH  y n a c T O K  e r o  x a p a K T e p H C T H K H ,  

a B 3 T H X  y C A O B H H X  B e H T H A b  H B A H e T C H  n p a K T H H e C K H  A H H e H H b IM  

C O n p O T H B A e H H e M .

Tenepb B0 3 HHKaeT AaAbHeHuiHH B o n p o c :  o t  n e ro  3 3 b h c h t  H e n p e - 

pbiBHoe npoTeK aH H e TOKa q e p e 3 BeHTHAb? 3 t h x  npHHHH A ß e: OAHa 

H3 HHX OnpeAeAHeTCH COOTHOUieHHeM SAeMeHTOB (pH AbTpa H 6 b J A a  

BbipaaseHa ą a h  O A H oro  q acTH O ro  CAynaa MaTeMaTHnecKH (popM yA oS  

( U )  rA . I V ;  A p y ra a  3 aKAK>HaeTca b caMOH (popM e B b in p a M A e H H o ro  

HanpaaseHHa, n p n q e M  3 HaneHHe o a h o h  npHHHHbi 3 8 b h c h t  o t  A p y ro H . 

E c a h  3 .  a -  c. BbinpHMHTeAH H3o 6 p a 3 HTb y n p o u je H H b iM  ypaBHeHHeM  J)

e =  E0'a -f- E i a s i n  m  cu t,

a c o n p o T H B A e H H e  a a h  n e p e M e H H O r o  T O K a  s K B H B a A e H T H O H  c x e M b i  

c p H A b T p a  c H a r p y 3 K O H  <|»Hr. 171 A A a  n e p e M e H H o r o  T O K a

Z = R , + j X ,

1)  r i p a K T H i e c K o e  3 H a q e H H e  H M e e T  t o a l k o  n e p B a n  r a p M O H H K a  n y A b c a i j H H .



H ¿AH nOCTOHHHOrO TOKa

Ro — r - \ -  R,

to  t o k , npoTeKaioujHH Hepea BeHTHAb, corAacHO cpopMyAaM nepe- 
MeHHoro TOKa CTaijHOHapHoro peatHMa, paBeH

E  ' E  '
i =  I 0 -j- Ii sin (m w t  -J- cp) =  sin <f>).

^ A H  BeHTHAbHOH U e n H  3 T 0  y p a B H C H H e  CpH3HqSCKH ¿eH C TB H TeA bH O ,

eCAH TOAbKO ,
i i  Lj \ n t \ 0 A o

- f =  ............(18)■*0 a ^

KorAa npHMeHHeTCH HHCTO ApOCCeAbHblH $HAbTp, TO

Z — \J Ro2 -j- (m  <i> L y  /?o.

T omho TaK ate, KorAa npHMeHeH r*o6pa3HbiH (pHAbTp, y KOToporo 

no yase H3BecTHbiM npHHHHaM, <o0 <1 m  <u, ^  ^  (R  -j- r)2, r R,

a  3HaHHT, H

R<^ma> L, R  >
m cu C ’

to  noAHoe conpoTHBAeHHe Z,  KaK bhaho h3 (pHr. 172, TaKJKe 
öoAbiue Rq. 3 ï a  $nr. 172 H3o6paaîaeT KpHByio Z  = /  (C), nocTpoeH- 
H y io  no (popMyAe

Z — r - \ - j m a > L — j -------------------------------------- ß p ............. ......... (19)
1 J m co C R  — J
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AAH AIOÖblX 3H a n e H H H  C  OT 0 AO CO . ri03T0My AAH o 6 o h x  nOAOÖ- 

Hbix C A y n a e B  y cA O B H e (18), n e p e n n c a n H o e  b  BHAe

E la
1 ...................................... (1 8 ')

c 0 a

B noA H e o ö e c n e M H B a e T  B03MCJKH0CTb npH M eH eH H H  (p o p M y A  n e p e 

M eH H oro-  TOKa C T a i jH O H a p H o r o  p e a iH M a .

H a i ÍA e H H b iH  p e 3 y A b T a T  o n e H b  B a a ie H  b  t o m  OTHOiueHHH, h t o  

oh noKa3biBaeT npeAeAbi AonycTHMOCTH npHMeHeHHH (popMyA 
n e p e M e H H o r o  TOKa a a h  (p H A b T p a  T H p a T p o H H o r o  B b inpnM H T e A H . 

B caMOM A e A e ,  o ö p a u j a n c b  k  T a Ô A H ^ ,  a 3 h h o h  B b iu ie ,  mm  M O se M  

T e n e p b  y T B e p a s A a T b ,  h t o  a a h  B c e x  3 H a q e H H H  s ' ,  n o M e i y e H H b i x  

H H æ e nyHKTHpHOH n e p T b i ,  cpopM yA bi n e p e M e H H o r o  TOKa c r a ^ O H a p -  

H o r o  peiKHMa h  aKBHBaAeH THaH c x e M a  6e3 b c h t h a h  a a h  p a c n e T a  

(puA b T p a  B o 6 u j e M  C A y q a e  H e A e n c T B H T e A b H b i.

Y cA O B H e npHMeHHMOCTH (p o p M y A  n e p e M e H H o r o  TOKa, KaK y æ e  

6biAO y ic a3 aH O  h  b  § 7 rA a B b i  IV ,  n p e A n o A a r a e T  OTcyTCTBHe 

BAHHHHH (JlHAbTpa Ha nOCTOHHHyK) C A a ra iO I l jy iO  BbinpH M A eH H O rO  

H an p aa seH H H  h  TOKa. (£>H3HHecKaH c y u jH O C T b  a T o r o  b a h h h h h  A erK O  

M oaîeT  6 b iT b  n o K a 3 a H a  n p n  npH M eH eH H H  K O H A e H c a T o p a ,  K O T opw H  

6 b i c T p e e  h a h  M eA A eH H ee  p a 3 p n a ; a e T C H  b 3aBHCHMOCTH o t  b c a h ^ h h w  

COnpOTHBAeHHH R. Bblllie B § 7 TAaBbl IV ,  HCXOAH HMeHHO H3 

3 t h x  c o o ô p a a î e H H H  h  n p e H e ö p e r a n  r h  L, Mbi ycTaHOBHA H B b ip a -  

aseHHe

s ' ■ m  u) C 7 ? <  1,

KOTopoe onpeAeAHeT rpaHHöbi b a h h h h h  KOHAeHcaTopa Ha nocTOHH- 
Hyio CAaratoigyio HanpnîKeHHH, a  3HanHT, h  ycTaHaBAHBaeT ycAOBne 

AonycTHMoro npHMeHeHHH (popMyA nepeMeHHoro TOKa. 3to Bbipa- 
»eHHe MoîKeT 6biTb noAyneHO TaK?Ke, h c x o a h  h 3  ypaBHeHHH (18), 
ecAH npeHeôpeHb TeMH aie BeAHHHHaMH. ^encTBHTeAbHO, n o  (pop- 
MyAe (19) HMeeM

_ • _ ?

R 0^ R ,

R ~ J r r ^ ^ C

OTKyAa

E\ a R 0
—  , -  =  s ' (1 —  jm  «o CR),
Ło Z

H, TaK KaK
1 + m 3 «)2 C 2 & ^ m 2c«2 C 2R ¿,

nHTaHHe pasHoycTpoHCTB—20 305



10
E l ' a  R o

T l  z
s' m <u C R  1 ( 2 0 )

E c a h  a i e  He n p e H e ö p e r a T b  HHayKTHBHO CTbK ),  t o  n o  T eM  » e  y p a B -  

HeHHHM ( 1 8 )  h  ( 2 0 )  n p n  r ^ O  H a i i f leM

7  R  i r m u C R 2
z ~ l - { - m 2 ^ C 2R 2^ J \ mui l + m 2 «>2 C 2R 2

T a K  KaK B npaK T H H eC K H  yeH H O M  F - 0 6 p a 3 H 0 M  ( p H A b T p e

] 4_ m 2 tô2 Qt R 2 ~  rn2 m2 C ¿ R 2

III
l T1

Í
TO

1

m  oj C ’

- ¥ l  
«f- CL ^  ^

r i  m  r jL -  —-
T  !

0 r

®nr. 173.

Z = m ü ) L ,

n 0 3 T 0 M y  r p a H H y e n  

BAHHHHfl T aK O rO  (|)HAb- 

T p a  H a  BeAHHHHy n o -  

CTOHHHOÍÍ C A a r a i o u j e H  

B b in p H M A eH H O rO  TOKa 

H yCAOBHeM npHMeHHMOCTH 

( p o p iu y A  n e p e M e H H o r o  TOKa a a a  

He r o  ¡HBAHIOTCH

s ' — ^ T < 1  .(2 0 '). 
m <o L

C t > H 3 H q e c K a f l  c y i y H O C T b  b a h a -

HHH HHAyKTHBHOCTH Ha nO- 
CTOflHHyK) CAaraionjyio TOKa 6biAa yace noKa3aHa TaKJKe b  nacTHOM 
CAynae OAHonoAynepHOAHOra BwnpHMHTeAH (§ 2 rAaßa IV). Tenepb 
HeoöxoAHMO noHHTb ee b  6oAee oöujeM CAynae npn MH0r0(pa3H0M 
BbinpHMAeHHH THpaTp0H3MH. OöpaujaHCb K AByM (pnrypaM 173-a, 6, 
npeACTaBAHioiijHM ynpoiyeHHwe (popMbi BbinpHMAeHHoro Hanpn- 
JKeHHH H TOKa npH pa3AHHHbIX yrAaX a, MbI HarAHAHO BHAHM 
B A H H H H e  HHAyKTHBHOCTH Ha (pOpMy H BeAHHHHy BbinpHMAeHHOrO 
TOKa. OcOÖeHHO OHO MO/KeT CKa3aTbCfl npH ÖOAbUIHX 3HaqeHHHX 
yrAa a, KorAa t o k, ÖAaroAapn HaAHqHio HHAyKTHBHOCTH, He

ycnesaeT HapacTH ąo  MaKCHMaAbHOH BeAHHHHbi -g - . HaAo 3aMeTHTb,
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HTO B OÔUjeM CAynae BAHHHHe HHAyKTHBHOCTH MOÍKCT 6bITb ABOflKOe, 
t . e. AaBaTb KaK yBeAHneHHe, TaK h yMeHbineHHe /o b 3aBHCHMOCTH

2*
^  o t  c o o T H o m e H H H  y r A a  a  «  m • 

PaccMOTpHM aaAee (pHr. 1 7 4 ,

H a  KOTOpOH f laH b l  T pH  flHa-  

rp a M M b l  T H paT pO H H O rO  B b inpH -  

MHTeAH C ApOCCeAbHbIM (J)HAb- 

T p o M . O H 3 H H e c K H H  n p o n e c c

BAHHHHH HHAyKTHBHOCTH Ha

n o c T O H H H y io  C A a r a i o u j y i o  b w - 

n p H M A e H H o r o  TOKa 3 f l e c b  t o t  

a se  caM biH .  O n r .  1 7 4 - a  A a H a  

Aa h  c A y n a a  a  =  4 5 ° ;  BeAHHHHa 

1 o npaKTHHecKH ne ssbhcht  
o t  L. Ha (pH r.  1 7 4 - 6  a =  90° 
h Ha cpnr. 1 7 4 - b  a =  1 3 5 ° .

33
■+J
3

4*1
i

£

r

« o

B OÖOHX nOCAeAHHX CAynaaX TOK Iq 33BHCHT OT L  H MO*eT 6bITb
HaHAeH no cpopMyAe ^

co L
[cos ̂  — cos (<o t -f- 'i')],
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npHBe¿eHHOH b § 2 rAaBbi IV h BbiBeAeHHoM «3 HBAeHHñ HecTa- 
yHOHapHoro peasHMa. 9 T a  (popMyAa, BbiBeAeHHaa b npeAnoAoateHHH, 
hto o> L ^ > R ,  aah AanHoro CAynaH mojkct 6biTb nepenHcaHa 
c 3aMeHoíí yrAa <|> yrAOM peryAnpoBKH a ,  t. e.

E
i  =  — y f eos a — eo s (co 1 4 -  a ) l . 

co L

® H 3HqecKHH npo i |e cc ,  npoHCxoAHiííHH b pTyTHoñ KOAÓe h  onpe- 
A e A H iou jH H  y r o A  <¡> KaK

• , E i sin ¿  ,

TOT JKe, HTO H B T H p a T p O H e ,  K O rA a  nOCAeAHHH H M eeT  MOMeHT 

H O H H 3 a y H i i ,  p e r y A u p y e M O H  < p a 3 0 H  a  c e T O H H o r o  H a n p n a t e H H f l .

FIpeAeAbl AeñCTBHTeAbHOCTH yKa3aHHbIX (pOpMyA, KaK H3BeCTHO, 

onpeAeAHK)TCH n0A0>KHTeAbHbiMH 3HaHeHHHMH TOKa; KOrAa »e i  

CTaHOBHTCH paB H biM  HyAio nocAe nepBoro npoxo>KAeHHH nepe3 

MaKCHMyM, 3t o ypaBHeuHe TepaeT CHAy. Peinan ypaBHeHue 

£
0 =  “ £  [eos a  —  eos (m t '  - j - a ) ] ,

HaxoAHM, h t o  Tpe6 yeM oe 3HaneHHe w t \  npn  k o to p o m  i  npeBpa- 
ujaeTCfl b  0, paBHO

co t '  =  2  (tc —  a ) .

O S p a i g a a c b  k  ( p u r .  1 7 4 ,  m u  b h a h m ,  h t o  M o r y T  6 b i T b  ABa 

C A y i a H .  F l e p B b i H — K o r A a  <ot'<C. ir, (< jm r .  1 7 4 - b )  h  B T o p o í í — K o rA a  

oj t ’ tc, (({)Hr. 1 7 4 - a ) .  B  n e p B O M  C A y n a e  O T A e A b H b ie  H M nyA bC bi  He 

HaKAaAbiBaiOTCH A p y r  H a  Apyra, h  Mbi HMeeM ycTaHOBHBUJHHCH 

peíKHM B b i n p a M A e H H o r o  TOKa cpa3y n o c A e  n e p s o r o  b k a h d h c h h h .  

CpeAHee 3HaneHne TaKoro TOKa onpeAeAfleTCH, rAaBHbiM 06pa30M, 
H H A y K T H B H b lM  C O n p O T H B A e H H e M  I j e n H ,  a  H M eH H O

u) t ’ —  ( 2  tu —  a )

E  1 C
/0 =  • —  / [eos a — eos (tu t  -f- a) ] d(wt) —

o

[ ( 2  TC —  2  a )  e o s  a  —  | s i n  (co t  - ) -  a )  |0^  "  2 ^ ]  =

1

TV CU L

E  2
: — Y • — [(tt —  a) e o s  a s i n  a[ . . . . . . . .  . ( 2 1 ' )
<u L  "R ‘

3C8



E c a h  aie t o  t  >  i t ,  t o  HMnyAbcw nepenpbiBaioT a p y r  4 p yra  
(<J)Hr. 174-a), CTaijHOHapHbiH peaîHM BbinpHMAeHHoro TOKa H a p a -  

CTaeT B TeneHHe HecKOAbKHX nepHOAOB, H npe4 eAbHan BeAHHHHa / 0 

OnpefleAHeTCH npaKTHHeCKH TOAbKO OMHHeCKHM COnpOTHBASHHeM 
no H3BeCTHOH (pOpMyAe

T co E  1 +  cos a
0 = =  R  1C

■
H  B  ÆeHCTBHTeAbHOCTH MOÎKeT 6 b IT b  4 a H îe  HÊMHOrO ÔOAbUie.

r i p e a e A b H o e  3 H a n e H H e  i '  n 0 3 B 0 A n e T  H a H ™  n p e A e A b H o e

3 H a n e H H e  y r A a  p e r y A H p o B K H  a ,  HH»te K O T O p o ro  /<> o n p e A e A H e T c æ  

npaKTHHeCKH TOAbKO OMHHeCKHM COnpOTHBACHHeM R .  3 h 3H, HTO

w i '  =  2  (ir —  a ) ,  HMeeM

2 tt —  2  a  < <  ît ,

HAH

71

a  <  ”2  ’

9 t o t  p e 3 y A b T a T  n o K a s b i B a e T ,  h t o  n p n  A B y x n o A y n e p K O f lH O M  B b in p i i -  

MA6HHH C TH paTpO H aM H  H3AHHHe HHflyKTHBHOrO (pH A bTpa  n p S K T H ' 

necKH H e C K a3biB aeT C H , n o n a  y r o A  a H3M eHiieTCH b  n p e A e A a x  o t
Eg' a

0 f lo  90°. S ï G M y  H3MeHeHHK> y r A a  c o o T B e T C T B y e T  H 3M eH 6H H e ~ g ~ r

OT 1 40 0,5. n p H  4 aAbHeHUieM yBeAHHeHHH a HaAHHHe HHAyKTHB- 

H o r o  (JjHAbTpa 3aM eTH O  y M e H b u i a e T  S H s n e H H e  70 B b i n p n M A e H H o r o  

TOKa. H H a n e  r o B o p n ,  a a h  o n p e 4 e A e H H a  70 CA ya taT  4 B e  (p o pM yA bi:

nepBaa,

4 eSC T B H TeA bH a 4A H  

a  B T O p aa ,

0 <  a <  90°,

E  2 
70 =  — j  —  [ (rc — a) cos a - f  sin a], 

cu L  it 

4eñcTBHTeAbHa npH 
90° <  a < 1 8 0 ° .

Ha (pnr. 174-r npnE34eHa 33BHCHMOCTb 70 = / ( a )  aah CAynaeB 
paôoTbi TaKoro BbinpaMHTeAH Ha OMHHecKyK) parpy3K y (cm. nyHK- 
THpHyiO KpHByK)) H Ha HHayKTHBHyiO ( c m .  CnAOUIHyiO KpHByio). 
9 t h  KpHBbie noATBepjKAaioT, h to  npn a <  90° HaAHHHe HHAyKTHB-
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HOC'Í’H ( p H A b T p a  n 0 4 T H  HC C K a 3 b I B a e T C H  H a  B eA H U H H C  T O K a  lo, 
T o r ^ a  K a K  n p H  a^>90° o h o  y M e H b i n a e T  s t o t  to k . 3 t h  K p n B b i e ,  

ó y a y ' i H  3 K c n e p H M e H T a A b H b i M H ,  M o r y T  6 b i T b  H a H A e H b i  n o  n p n B e -  

A e H H b lM  ( p O p M y A a M  C B B e A É H H e M  H e K O T O p b l X  n O n p a B O K ,  yHHTbl-
o) L

3 H a q e H H e
R

a  He

0 0

BaiOUJHX, M e ^ A y  n p 0 4 H M ,  KOHeHHOe

(o L  

~ R

q T o  6biAO n p e A n o A O J K e H O  n p n  BbiBOAe (p o p M y A b i  ( 2 1 ) .

H 3  p a c c M O T p e H H H  ( p u r .  1 7 4 - r ,  a  p aB H O  h  h 3  t o h h o t o  p a c q e T a ,  

MOÎKHO B H A eTb ,  HTO AAH nO A yH eH H H  nOAOBHHHOTO 3HaHeH HÍI B b in p f l -  

M A e H H o ro  H anpa? K eH H H  T p e ö y e T C H  HecK O A bK O  M e H b u i e e  3 H a n e H n e  

y r A a  a ,  n e u  9 0 ° ,  KaK 3TO H M eeT  M ecT O  b t o m  C A y n a e ,  K o rA a  

B b in p H M H T e A b  p a ö o T a e T  H a  h h c t o  o M H n e c K o e  c o n p o T H B A e H H e  6 e 3  

A p o c c e A H .

n P H T p e X $ a 3 H 0 M  HAH Il ieCTH(pa3HOM B b m p j íM H T e A e  Mbl HMeeM 

aHaAOTHHHyK) K a p T H H y  BAHHHHH A PO C C eA bH O rO  (p H A b T p a  H a  BeAH- 

HHHy TO K a 7 0. O ö p a u j a n c b  K (pH r.  1 7 5 ,  MOÎKHO yC T aH O B H Tb, HTO

2 *
V t ' =  2

ti: n  .
9  ~  n 7  +  a  Z m

=  7c —  2  a  - j -
m

h  n p e A e A b H o e  3 H a n e H H e  a, HH¡Ke K O T o p o r o  tok n p a K T H n e c K H  He 
3aBHCHT OT HHAyKTHBHOTO COnpOTHBAeHHJi,  O nH T b  p aB H O  GC< 9 0 V )

n p H  a  >  9 0 °  t o k  l o  o n p e A e A H e T C H  ( p o p M y A o ñ

E
/ o í

m ' í  71 . I tt\

71 . ( - 2 ~ m)
• sin a  -

- s ) +

- t - c o s f a  —  -  
\ m ( 2 1 ' j

H eHHe
Eo1

H 3 M e H e H H K )  y r A a  a  b  n p e A e A a x  o t  0  a o  9 0 o c o o T B e T C T B y e T  H3Me-

Eo'a
E  '

n p w  m  =  3  1 —r T T  >  0 , 2 8 8 ,
' tL 0

E  '
„ m — 6 1 >  ~p T  0 , 1 3 3 .

o

3 t H HHCAa n O K a3 b IB aK )T ,  HTO n p H  MHOrOCpa3HOM BbinpHMAeHHH 

3 a M e T H O e  BAHHHHe HHAyKTHBHblH (pH A bT p  O K a 3 b IB a e T  H a  BeAHHHHy 

TOKa A H iu b  3 a  npaK T H H ecK H M H  n p e A e A a M H  p e r y A H p o B K H  H an p a jK e H H ii .

Z  7" , 2 ti
’) n P H ycAOBHH ioí' <  m  HMeeT MecTO nepeKpbiTHe to k o b  o t  pasHbix (pas.
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E c a h  HcxoAHTb H3 ycAOBHH a ^ > 9 0 3, o n p e a e A H i o i i j e r o  b a h « h h c  

HHAyKTHBHOrO ( |)H A bT pa  H a  BeAHHHHy 70, TO OKa3bIBaeTCH, HT0 n p H
£ i ' a  £ , ' a

3TOM g - j — >  1. HanpHMep, a a j j  m  —  2 y«e n p H  79°, — s ' —

=  1 , 3 6 .  3 t o  oöcT O H TeA bC T B O  n o A T B e p jK A a e T ,  h t o  ycA O B H e ( 1 8 ’) ,

u)tł

O a r .  175.

y c T a H 0 B A 6 H H 0 e  HaMH a a h  n p e ^ e A a  npHM eHHM OCTH k  p a c n e T y  

(J )H A b T p a  ( p o p M y A  n e p e M e H H o r o  TOKa C T a g H O H a p H o r o  p e a t H M a  6 e 3 y -  

CAOBHO AOCTaTOHHO.

C a M O  c o 6 o h  p a 3 y M e e T C H ,  h t o  b o  b c s x  c A y q a a x ,  K o r a a  H H a y K -  

T H B H M H  ( f H A b T p  y M e H b m a e T  n o c T O H H H y io  c A a r a i o m y i o  B b in p a M A e H -  

H o r o  T O K a  h  H a n p a æ e H H H ,  h h  b  K oeM  C A y n a e  H e  c A e a y e T  

n p e A n O A a r a T b ,  h t o  H a  3 a a s H M a x  ¿ p o c c e A H  m o jk h o  H 3 M e p H T b
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f taK O e-A H Ö o n a A e H H e  H a n p a a îe H H H  M a rH H T H O -a A e K T p H n e c K H M  BOAbT- 

M e T p o M . H a  3TO y M e H b iu e H H e  B b in p H M A e H H o r o  H a n p n a t e H H H  

HaAO C M O T pe T b  KaK H a  y M e H b iu e H H e  s .  fl. c .  B b in p a M H T e A H ,  

K O T o p o e  n o A y q a e T c a  T o r ^ a ,  K o r A a  y r o A  p e r y A H p o B K H  a  n p e ß o -  

c x o f lH T  K p H T H H e c K o e  3 H a n e H H e  9 0 ° .  K a K  n p n  BKAioHeHHH k o h a c h -  

c a T o p a  MO/KHO nO A yH H T b y ß e A H H e H H e  nocTO H H H O H  C A a r a i o i g e H  

B b i n p a M A e H H o r o  H a n p n a j e H H H ,  TaK , H a o ö o p o - r ,  n p n  BKAioneHMH 

A p o c c e A H  m m  3 A e c b  n o A y n a e M  y M e H b i u e H H e  e e .  F I o  3 T 0 h  n p n -  

MHHe HHCAa, n p H B e A e H H b ie  B b i m e ,  b T a Ö A H y e  a a h  s ', h  n o M e -  

u j e H H w e  HHHîe nyHK TH pH O H  a h h h h ,  o t h o c h t c h  k  p e r y A H p o B K e  

H a n p H æ e H H H  T u p a r p o H H o r o  B b in p H M H x eA H , p a ö o T a i o i i j e r o  Ha h h c t o  

OMHHeCKOe c o n p o T H B A e H H e .

B OTHOUieHHH paÖOTbl THpaTpOHHOrO BbinpjIMHTeAil Ha CpHAbTp 
BaiKHO 3 a M e T H T b ,  e u j e  to , h to  ycAOBHH ycTOH^HBOH p a ö o T b i ,  o n p e -  

AeAiieMbie cooTHOiueHHeM

c»o <  m  co

H BblBeAeHHbie B § 4 TAaBbl IV ,  3AeCb OCOÔeHHO AOAHÎHbl c o 6a k )' 

AaTbCH. B caMOM AeAe, KaK yate 6 w a o  OTMeqeHO, yßeAHHeHHe 

yrAa peryAHpoBKH paBHOCHAbHO yBeAHneHHio HOHH3aynoHHoro 

noTeHynaAa aHOAa. Ilpn öoAbumx npeAeAax peryAHpoBKH o h  MoateT 

AOCTHTHyTb aMüAHTyAHbix 3HaMeHHH BbinpHMAiieMoro HanpHateHHH, 

h HecoÖAioAeHHe ycAOBHH cüq m  co noBAeneT 3 a  coöoio n e p e -  

HanpaaieHHe Ha KOHAeHcaTope h A p y r n e  HeÖAaronpHHTHbie a b a c h k h , 

yKa3aHHbie panee npn aHaAH3e paöoTbi bchthah Ha r-o6pa3Hbiä
CpHAbTp.

§  6 .  B e e n i H A H  X a p a K T e p H C T H K a  u  K 0 9 $ H g i i e B T  m o u j h o c t h  

THpaTpOHHOrO BbinpRMHTeAH.

BHeiUHHH X a p a K T e p H C T H K a  T H p a T p O H H O rO  BbinpH M H TeA H  p a ö o -  

T a i o u j e r o  c  cpHAbTpoM , O T A H 4 a e T c a  o t  e r o  B H e i u H e n  x a p a K T e p u -  

CTHKH 6 e 3  q jH A b T p a .  B caM O M  A e A e ,  n p H  HHAyKTHBHOM (pH A bT pe  

h y r A e  p e r y A H p o B K H  a 90" m m  H M eeM  y M e H b i u e H H e  B b in p a M A e H -  

H o r o  H anpH îK eH H H  n o  c p a B H e H H io  c  E 0'a , n p H B e A eH H M M  p a H e e  

b TaÖAHye aah s', I l p n  R  —  0 noAynaeTCH Aaate KOHenHoe 3Ha- 
n e H H e  / o ,  TOKa K O p O T K o ro  s a M b iK aH H ii .  n P H y M e H b iu e H H H  H a r p y 3 K H ,  

BCAeACTBHe yBeAHqeHHa R  BbinpnMAeHHoe HanpaateHHe yßeAHHH- 
BaeTC H BIIAOTb AO Eo'a , H BHeU¡HHfl X a p a K T e p H C T H K a  OCTaeTCH 

n a A a r o u i e H  A a a s e  T o r A a ,  K o r A a  M oatHO n p e H e ö p e n b  BHyTpeH H H M H  

COnpOTHBAeHHHMH T paH C C p O p M aT O p a ,  BeH TH A eH  H A P y r H X  S A eM eH - 

TOB ycT aH O B K H . llpH  M e H b i u e u  y r A e  p e r y A H p o B K H  % <  90° n o A y -
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qaeTCH oôpaTHaa KapTHHa, t .e . HanpjmeHHe c yßeAHHeHHeM R 
MOJKeT naflaTb, x o th  h o^eHb He3 HanHTeAbHO. Ha (pur. 176 AaHbi
BHeuiHHe xapaKTepHCTHKH AByxnoAynepHOAHoro rapa-rpoHHoro 
BbinpjiMHTeA« aah a =  45 h a =135°, nOATBepasAaioiijHe h3ao- 
JKeHHbie COOÖpaÄeHHH. CnAOUIHbie ahhhh othochtch k BbinpflMH- 
TeAK) C CpHAbTpOM, a nyHKTHpHbie K HeMy ® e ,  HO 6 e 3  ({)HAbTpa. 
KpHBaa, OTHOcaigaacH k a =  45°, HMeeT bocxoahhíhh ynacTOK, 
K O TO pblH  MOîKeT 6 b IT b  OÖyCAOBAeH BAHflHHeM HHflyKTHBHOCTH paC- 
CeaHHH OÖMOTOK TpaHC(})OpMaTOpa. Heo6xO/lHMO OTMeTHTb, HTO 
BAHHHHe HHAyKTHBHOrO (j f»HAbTpa B CM bICA e yBeAHHeHHH B b i n p H -

MAeHHoro H a n p a æ e H H a  ocoöeH H O  CKa3biBaeTCfl T o rA a ,  K orA a  0 6 - 
MOTKH T p a H C ( J ) O p M a T O p a  OÖAaAaKDT M a r H H T H b IM  p a C C e a H H e M  HAH 

b  y e n n  3 h o a o b  B K A i o q e H b i  p e a K T H B H b i e  K a T y u iK H .  3 t o  o ö ’b a c H a e T c a  

T eM , HTO BBeAeHHe H H A y K T H B H O rO  C p H A b r p a  AeAaeT h a o c k h m h  

H M n y A b C b i  TOKOB, n p o x o A « i ¿ í H x  H e p e 3  a H O A b i  B b i n p a M H T e A a .  F I a o -  

c k h h  » e  H M n y A b c  A a e T  M e H b i u e e  n a a e H H e  B b i n p j i M A e H H o r o  H a n p a -  

« e H H H  n o  a  B A H i îH H e M  p a c c e H H H f l  T p a H c Ç o p M a T o p a .

B o A e e  B a » H o e  n p a K T H n e c K o e  S H a n e n n e  H M e e T  b h a  B H e u i H e S  

x a p a K T e p H C T H K H  T H p a T p O H H O r O  B b i n p a M H T e A H  n p H  H aAH H H H  KOH- 

A e H c a T o p a  b  g e n n  c r A a a s H B a i o m e r o  c p H A b T p a .  ^ e ß c T B H T e A b H O ,  n p n  

n p H M e H e H H H  T * o ö p a 3 H o r o  ( p H A b T p a ,  A a s t e  n p n  y c A O B H H

E x *

E 'o «
<  1 ,

HanpHJKeHHe B b in p a M H T e A H  n o B b i u i a e T c a  n p n  p a 3 r p y 3 K e ,  K o r A a  y B e -
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An4H B aeTC fl R .  B H e u iH H fl  x a p a K T e p H C T H K a  n p n  s to m  H M eeT  b h a ,  h 30- 
öpaa ieH H b iH  Ha cpHr. 1 7 7 - a .  O ö ^ a c H a e T c a  s t o  TeM, h t o  n p n  ô o A b u m x

3 H a H e H H s x / ?  H anpf lJK eH H e 

Ha K O H A e H c a T o p e  C A e A y e T  

SKCnOTeHIJHaA bHOH KpH- 

BOH p a 3 p H A a  K O H A eH ca-  

T o p a  n e p e 3  R  ( c m . (pH r.  

1 7 7 - 6 ) .  9 t o  HBAeHHe Ha-

C T ynH T  T o r A a ,  K O rA a  Ha- 

p y u iH T C H  yc A O B H e  ( 1 8 )  

h a h ,  h t o B  AaHHOM C A y n a e  

t o  îKe c a M o e ,  ycA O B H e 

I q  (20 '). T o H K a  n e p e A O M a  

BHeiUHeH X apaK T epH C TH K H  

M oa seT  6 b iT b  HaH A eH a, 

B CBH3H C (pOpMyAOS 

( 2 0  ) ,  H 3 y p a B H e H H H

En'0 a E 0\o a
, ( 2 2 ) ' )

c o t

a  BeAHHHHa H a n p n a ie H H f l  

B binpH M H TeA fl n p H  nOAHOH 

p a 3 r p y 3 K e  H3 c o o T H o m e -  

HHH

AAH 0  <  a <  — , E 'oaj : E  =

AAH a >
m

E ' o a x = E  COS

m

•K

TZ

m

sin
m

m

•K

( ~COS
\ rn

s i n
m

( 2 3 )

r a n  K a K  b  s to m  cAynae H a n p n a i e H H e  Ha KOHAeHcaTope npaKTH- 
H e C K H  paBHO M3KCHMaAbHOH OpAHHaTe KpHBOH BbinpjlMAeHHOrO
HanpajKeHHfl, KaK n0Ka3aH0 Ha ( p n r .  1 7 7 - 6 .  0 6 e  n o c A e A H H X  <pop-

M y A b l  BaaiHbl B TOM O T H O U ie H H H ,  HTO n 0 3 B 0 A H K ) T  p a C C H H T 3 T b  

BHeilJHIOIO X a p a K T e p H C T H K y  T H p a T p O H H O r O  B b i n p f l M H T e A H .

R r
1 4 o 6 H B a a c b  TeM caM biM  <C ! •
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P a H e e  ( r A a B a  III , §  1 0 )  Mbi o 6 o 3 H a q a A H  M e p e 3  E Q'  H a n p n -  

îKeHHe BbinpHM HTeAH n p H  XOAOCTOM x o A e  h  q e p e 3  E 0 H a n p n iK e H H e  

n p n  H a r p y 3 K e .  E c a h  n p e H e ó p e r a T b  HHAyKTHBHOCTbio p a c c e H H H H  

o ö m o t o k  T p a H C $ o p M a T o p a ,  t o  MOJKHO H a n n c a T b  y p a B H e H H e

E q =  E o' — r  • 70,

B K o t o p o m  r  o6o3HanaeT O M H ^ e c K o e  conpoTHBAeime o ö m o t o k  

T p a H C t p o p M a T o p a  h  B H y T p e H H e e  c o n p o T H B A e H H e  BeHTHAeił ,  n e p s H H -  

C A eH H oe H a  ö e r i b  B b i n p n M A e H H o r o  TOKa. B eA H H H H a E 0'  b  r A a B e  III 

B b iB eA eH a h 3 m h  b  n p e A n o A O îs e H H H  p e a iH M a  x o A O C T o r o  x o A a  B b in p n -  

MHTeAH h  oTcyTC TB H H  c r A a a s H B a i o u j e r o  (p H A b T p a  ' ) .  B ß e A e H H e  

r - o 6 p a 3 H o r o  cpH A bT pa  c  K O H A e H c a T o p o M  y B eA H H H B aeT  H a n p n æ e H H e  

n p n  XOAOCTOM x o A e ,  h t o  6 w a o  y ica3 aH O  b  §  7  rA a B b i  I V .  T a M  

H3MH 6 b i A a  BBeAfiHa BeAHHiiHa E ' ox  a a h  o 6 o 3 H a H e H H i i  H a n p a a îe H H H  

BbinpHMHTeAH C F - o 6 p a 3 H b l M  (pHAbTpOM n p H  70 =  0 .

n P H npH M eH eH H H  T H p a T p o H O B  b  K a q e c T s e  BeHTHAeii  h  p e r y *  

A H poB K e  B b in p H M A e H H o ro  HanpHîKeHHH yrA O M  a ,  m h  6 w a h  BbiHy- 
» A e H b i  B B ecTH  n o A O Ô H b ie  a ï e  o 6 o 3 H a q e H H H .  B cHAy 3 T o r o  3 H a -  

HeHHH E 0, E q  h  E ’ox  M0 2 ÎH0  pa C C M a T p H B a T b  K3K 3HaHeHHH E 0a , 

E'03 h  E 'q x x ,  K o r A a  a  =  0 ,  h  n o  3 T o h  npH H H H e p a3 H O C T b  ( E'oa —  

E 0 a ) ,  y K a 3 a H H a n  n a  ( p n r .  1 7 7 - a ,  m o j k c t  6 b iT b  T a K » e  H a n A e H a  H3

COOTHOUieHHH

E o a =  E 0 a r  • I q,

ecA H  n p e H e ô p e n b  HHAyKTHBHOCTbK) p a c c e H H H H  T p a H c c p o p M a T o p a  

h  yB e A H 4 eH H eM  70 noA b a h h h h c m  A p o c c e A b H o r o  Ç H A b T p a ,  K o r ^ a  

a  <  9 0 ° .

B  T p e X $ a 3 H O M  HAH HieCTH(pa3HOM B binpH M H T eA e BeAHHHHa 

y r A a  a  n o  n p a K T H ie c K H M  c o o ô p a a î e H H H M  He b w x o a h t  3 a  n p e A e A b i  

6 5 ° - v - 6 0 °  H C y M e H b U ieH H eM  70 nOA BAHHHHeM HHAyKTHBHOrO 

(pH A bTpa  npaKTHHeCKH He npHXOAHTCH HMeTb A6AO. r i 0 3 T 0 M y  AAH 

HHX B c e r A a  M o æ e T  H M eTb  M ecTO y K a 3 a H H 0 e  c o o T H o m e H H e

£"oa = =  Eo a  r  ’ 7 0>

h  (pHr.  1 7 7 - a .  K o r A a  æe n p H M e H n e T c a  A B y x n o A y n e p n o A H b i H  B b i n p n -  

MHTeAb C T H p a T p O H a M H  H yrA O M  0. ÔOAbHie 9 0 ° ,  TO BHeUIHHH x a p a K -  

TepH CTH K a e r o  n p n  T - o 6 p a 3 H O M  (JjHAbTpe o T A H naeT C H  o t  y K a 3 a H -  

HOH H a  ( |)Hr.  1 7 7 - a .  3 t 0  OTAHHHe BHAHO H 3  CpaBHeHHH C Ç H r .  1 7 8 ,

* )  n P H  B b iB o s e  cpopMyA § §  1 — 5  rA aBbi  I I I  m m  n p e a n o A a r a A H ,  q T O  H M e e M

AeAO C TpaHC({)OpMaTOpOM H BeHTHAflMH, H e HMeiOnjHMH n O T e p b  H anp a îK eH H H ,  

BCAeflCTBue q e r o  m m  TaM iiHCaAH E 0 =  E a\
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kOTOpaa A a H a  m » C A y q a a  a >  90°. B s t o m  C A y « i a e  p a 3 H o c t f a  

( E '0a —  E 0(X) H e  p a B H a  n p o c T O  (r • 70), h 6 o  O H a  o n p e A e A a e T c a  

B A H a H H e M  H H Æ yK T HB H O C TH  ( p H A b T p a  H n p H Ö A H J K e H H O  M O * e T  6 b I T b

BbiHHCAeHa cAeAyioujHM o6pa30M. H3  cpHr. 178 HMeeM

E oa — r l0 -f-A e.

B CB 0 1 0  o q e p e f l b  A e m o j k c t  6 b i T b  H a H A e n a  K a K  p a 3 H O C T b  M e a s A y  

H a n p a æ e H H e M  n p n  H a r p y 3 K e  c  ( p H A b T p o M  h  6 e 3  H e r o .  I ~ I o A b 3 y a c b

( p o p M y A a M H  (13) h  (21), H M e e M

A e = E ’
R

0a
E  2 

- R - j  -  [ ( * -
(O L  Tt

a) cos a -J- sin a] .. (24)

l0olx

( r  H ~  R)
H 3 A 0 2 î e H H b i H  M a T e p H a A  n o K a 3 b i B a e T ,  h t o  

e c A H  H e  n p H H H T b  c n e y n a A b H b i x  M e p ,  t o  b  H e -  

KO TO P b i x  C A y n a a x  H a n p a j s e H H e  H a  3 a a i H M a x  

n 0 A e 3 H 0 H  H a r p y 3 K H  6 y A e T  o ^ e H b  C H A b H O  H 3 M e -  

H a T b c a .  3 t o  a B A e H H e  o c o ô e H H o  H e A o n y c T H M o ,  

K o r A a  H M eeT  M e cT O  nH T aH H e 

T e A e r p a t p H o r o  h a h  T e A e -  

( p o H H O r o  n e p e A a T H H K a  6 e 3  

H 3 A y q e H H a  b o  B p e M a  n a y 3 .  

B 3 T H X  c A y q a a x  H e o ö x o A H M O  

o ö e c n e M H T b  T O K y  I0" H a  

B p e M a ,  K o r A a  k a i o m

* * - I n

í>Hr. 178.

O T æ a T ,  h  H a  B p e M a  

n a y 3  b  n e p e A a n e  B e -  

AHHHHy He HHJKe /,ox’
y K a 3 a H H O H  b  tp o p M y A e  

(22). TorAa, no K p a H H e ñ  M e p e  b  y c A O B H a x  T p e x c p a 3 H o r o  h  m e c T H -  

< p a 3 H o r o  B b m p a M A e H H a ,  m m  6 y A e M  H M eTb H e 3 H a * iH T e A b H b ie  CKanKH 

n o B b i m e H H a  H a n p a æ e H H a  H a  a H O A a x  r e o e p a T o p a .

r i p H M e p  p a c q e T a  B H e u i H e H  x a p a K T e p n c i H K H .

r i y C T b  HM eeM  BbinpHMHTCAb c UieCTH(pa3HOH KpHBOH Bbinpa- 
M A e H H o ro  H a n p a » : e H H a ,  y  K O T o p o r o  E 0' ~  12 000 V, /' =  20 S, 
L =  1 H, C  =  30 h  iu =  314. TpeöyeTca, h t o 6 w  n p n  n o A H o n  

MOujHOCTH r e H e p a T o p a  H a n p a a t e H H e  H a  a H O A a x  e r o  A a M n  6 w a o  

Eoa =  9 000 BOAbT n p H  TOKe Io —  30 A. O n p e A e A H T b  H a n p a æ e H H a  

H a  a H O A a x  n p n  I 0 =  0 h  M H H H M aA bH oe 3 H a q e H H e  I ox TO K a,  k o t o -  

p b i H  AOAJKeH n o T p e Ö A a T b  r e H e p a T o p  n p n  OT^KaTOM KAiOMe h a h  

b o  B p e M a  n a y 3  b  n e p e A a n e ,  h t o 6 w  H e  n p o H C x o A H A o  ö o A b u m x  

CKaHKOB H a n p a a c e H H a .
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H a H A e M  H a n p f l îK e H H e  x 0 A0 CT0 r 0  x o / i a  E 0'a 6 e 3  y n e T a  b a h h h h h  
(JJHAbTpa

E 0'a ^ E 0a +  r ■ 70 =  9 0 0 0  +  20 • 3 0 - 9 6 0 0  V 

HAH 9600 _
12  000  : = : 0 ’ 8 ‘

r ioACTaBAHH 3 t o t  p e 3 y A b T a T  B c p o p M y A y  (12), HMeeM y r o A  p e r y -

AHpOBKH
a  =  a r c  c o s  0 , 8

n o  (p o p M y A e  (23) T e n e p b  H axoA H M

12000  
6

E '  0“.r =
S in  - j r

7T 6

COS

37° 0 .

-37°J =  12 400 V.

n o  ( p o p M y A e  ( 2 2 )  HM eeM

L , =
9 600

=  5 A.
6 • 314 1 

HanpaaseHHe Ha aHOAe npn TaKOM Tone

£ 0a =  9 600 — 5 • 20 =  9 500 V.

T a K H M  0 6 p a 3 0 M ,  e c A H  n o r p e Ô A H e M b iH  t o k  6 y A e T  H 3 M e H f lT b C H  p e r y -  

A H p o B K O H  caMoro r e H e p a T o p a  b  n p e A e A a x  5-^-30 A, t o  a H O A H o e  

H a n p f l îK e H H e  6 y A e T  H 3 M e H f lT b c «  b  n p e A e A a x  9500— 9000 s a  c ^ e T

B H y r p e H H e r o  c o n p o T H B A e H H H  B b in p a M H T e A b H O H  y c ' r a H O B K H .  n a A e -  

H H e  a ïe  T O K a  H H * e  5 a M n e p  n o B A e n e T  3 a  c o ô o i o  p e 3 i< o e  y B e A H -  

n e H H e  a H O A H o r o  H a n p H îK e H H a  b  C H A y  H a A H H H H  y r A a  p e r y A H p o B K H  

T H p a T p o H O B .  H a A O ,  K O H e H H O , n o M H H T b ,  MTO 3 T O  n o B b i u i e H H e  o 6 y -  

C A O B A eH O  B C e ÎKe  H e  O A H H M H  C ne iJH C p H H e C K H M H  C B O H C T B 3M H  T H p a -  

T p o H H o r o  B b in p a M H T e A H ,  a  e r o  p a ö o T o H  H a  c r A a a t H B a i o i i jH H  ( J rn A b T p  

c  K O H A e H C a T O p O M .

B T A a B e  I I I 6 b l  A  H B b IB e A e H b l  K 0 3 (J )H y H e H T b I  H C n O A b S O B a H H H  

M o ig H O C T H  a H O A H o r o  T p a H c t p o p M a T o p a .  3 t h  K o a t p H y n e H T b i  o n p e -  

AeAHHJTCH O T H O U ie H H Î ÎM H  B b in p H M A e H H O T O  T O K a  H H a n p i l îK e H H H  K  T O K y  

h  H a n p a a t e H H io  T p a H C ( | ) 0 p M a T 0 p a .  Ecah A o n y c T H T b ,  h t o  b  n p a K T H ^ e -  

CKHX y C A O B H f lX  n p e A e A b l  p e r y A H p o B K H  T H p a T p O H H O r O  B b in p f lM H "  

T e A H  o r p a H H H e H b i  3 H a n e H H j î m h

E \a '
s' — ---- —  <" 1

x )  H a h  n o A b 3 y a c b  T a ö A H i j e H  a j \ h  s ' .
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a  C pHAbTp H M e e T  H H A y K T H B H b lH  X a p a K T e p ,  TO MOÎKHO n O A a r a T b ,  HTO 

c o o T H o m e H H e  M e?KAy TO K a M H  H e  3 a B H C H T  o t  y r A a  p e r y A H p o B K H .  

CooTHomeHHe îKe  M e jK A y  H a n p a a i e H H H M H  3 3 b h c h t  o t  y r A a  a, T a K

KaK HanpaaieHHe TpaHccpopMaTopa ocTaeTcn HeH3MeHHWM. B CHAy
3T O rO  KOBlÇHyHeHT H C n 0 A b 3 0 B a H H H  MOUJHOCTH B THpaTpO H H O M  

B b in p H M H T e A e ,  H a n p H M e p  a a h  b t o p h h h o h  o ö m o t k h  T p a H C c p o p M a -  

T o p a ,  M o a îe T  6 b i T b  H ai iA SH  h 3  p a B e H C T B a

Poa E'oa h

P 2<x m  £ ' 2 y ■ J t

Tai< KaK £ ' 2$ ^ k e ■ E 0' h  Jï =  k i - I o 1), t o  

Pool 1  E  Oa

P 2 a ~  m  ■ k e • ki E q
( 2 5 )

E' 
Ą ah uiecTH(pa3Horo BbinpHMAeHHH npn peryAHpoBKe a o  - ^ Î ^ 0 ,S  

3TO paBeHCTBO MOJKeT 6biTb nepenHcaHO b  BH ê

=  p -  • c o s  a .....................................( 2 5  )
I 22a

HaHAeHHblH pe3yAbTaT nOKa3bIBaeT, HTO K03(|)HyHeHT HCnOAb- 
3 0 B 3 H H H  TpaHC(J)OpMaTOpa npH THpaTpOHHOM BbinpHMHTeAe M e H b U ie .  

OAHaKO, sto euje He 3HaHHT, hto pacneTHyK) MOu^HOCTb TpaHC- 
(ÇopMaTopa AAH THpaTpoHHoro BbinpHMHTeAH HaAO 6paTb BcerAa 
¿OAbuieK), neM b  o ô w h h o m  CA ynae, n p n  npHMeHeHHH, HanpHMep,  

r a 3 0 T p 0 H 0 B .

EcAH HaM 33AaHO paCCHHTaTb P 2at AAH BbinpHMHTeAH, y  koto- 
p

p o r o  -p- =  0 , 9 5 5  h  3 K B H B aA eH T H o e  c o n p o T H B A e H H e  H a r p y 3 K H  R  =  

=  c o n s t ,  TO n p H  MaKCHMaAbHOM 3 H a n e H H H  E 0a ' —  E q MbI 6yA eM  

H M eTb M aK C H M aA bH oe 3 H a n e H H e  P 0 h  a  =  0 .  P a c n e T H a n  MOiijHOCTb
p

T p a H C ( p o p M a T o p a  n p n  s t o m  6 y A e T  P>¿ =  q q ^  — ■ 1 > 0 5  Pq- f l p w

yMeHbuieHHH HanpHJKeHHH a o  noAOBHHbi, y rA a  a  a o  6 0 ° ,  OT^a- 
B a e M a n  MoujHO CTb

( E ' o J ¿ ( E ' 0 a y  (£„')
p oa R  -  ( E < ) ‘ R  ° ’25 P{)-

>) Cm. § 10 TA. III.
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PacneTHa« MoiijHOCTb btophhhoh oömotkh TpaHccpopMaTopa Tenepb  
paBHa

p  _  Po» 0,25 1,05

2a P0IP2 ■ cos 60° — 0,955 • 0,5 0 “  ~ T  P° < P*'

TpaHC(pOpMaTOp, paCCHHTaHHWH AAH T3KHX yCAOBHM Ha MaKCH- 

MaAbHyiO MOUJHOCTb P2 npH a =  0, ÖyAeT AOCTaTOHHbIM H npH 
a^>0. O ö u j e e  BbipaateHHe, onpeAeAflioiijee pacneTHyio MOujHOCTb 
npH a ioöom  3HaneHHn yrAa a

_  Poa Po (cosa)2
* 2 OL ñ  i n  ñ  i n  * ----  P 2 * COS GC« . . f 2 6 ^

P qIP 2 * COSOC P 0¡P 2 - COS CL I V /

rAe P 2— MOigHOCTb, npn a =  0-
CoBepmeHHO Tanne rae cooTHOuieHHji npn R  =  const moäho 

HanncaTb h áah P lf Pr , Pc . HaAO, KOHeqHO, noMHHTb, hto  

b (popMyAax (25) h (26) MHOÄHTeAb cos a 3aMeH5ieT co6oh otho- 
Eoa'

rneHHe ^  , KOTopoe ne BcerAa eMy paBHO. lloaTOMy b H3Be-

CTHbix cAynaax s t o  OTHOiueHHe aaAO öpaTb He H3 cpopMyAbi ( 1 2 ) ,  

a H3 CpOpMyAbl ( 1 3 ) .

§  7. IIpHMeHeHue T n p a T p o H O B  b  c x e ia e  r p e T ija  h  KacKaAHOH. 

P a c q e T  ceTOHHOH g e n a .

B HeKOTopbix CAynanx, KaK HanpHMep, b cxeMe TpeTga hah  
b KacKaAHOH cxeMe, co cT oa ig en  h3 Aßyx Tpex(J>a3Hbix 3Be3A, h c t  
HeOÖXOAHMOCTH B KaneCTBe Bcex BeHTHAeß CTaBHTb THpaTpOHbl. 
B OAHO(J>a3HOH AByxnoAynepHOAHOÖ cxeMe T peTya AOCTaTO^HO 
HMeTb TOAbKO ABa THpaTpOHa, a b KanecTBe Aßyx Apyrnx BeH- 
THAeñ m o £ h o  B0cn0Ab30BaTbCH ra30Tp0HaMH. T o h h o  TaK ¡se 
b TpexcpasHOH cxeMe TpeTya h b KacKaAHOH h co ö xo a h m o  HMeTb 
TOAbKO TpH THpaTpOHa. H a  <J>HI\ 1 7 9 ,  1 8 0  H 1 8 1  nOKa3aHbI npHH- 
UHnnaAbHbie cxeMbi tb k h x  BbinpHMHTeAen, c  noA po6 HbiM H3o6pa-  
»eHHeM ceTOMHbix ijeneB.

MexaHH3M p a 6 oTbi s t h x  cxeM AocTaTOHHO HceH H3 noMenjeH- 
Hbix AHarpaMM. ^HarpaMMbi BbinpaMAeHHoro HanpasseHHa aah  
AByxnoAynepHOAHOH cxeMbi 0Ka3biBaioTCfl coBnaAaionjHMH c  yj«e 
paCCMOTpeHHbIMH B § 4. HtO /Ke KaCaeTCH OCTaAbHblX cxeM, TO 
h x  AHarpaMMbi HecKOAbKO OTAHqaK)Tca o t  paHee yKa3aHHbix.
M3MeHeHHe BbinpaMAeHHoro HanpaæeHHa mojkct 6 biTb noACMHTaHO,



OAHaKO, C A efly io i i jH M  0 6 p a 3 0 M .  H a  o cH O B aH H H  A H a r p a M M b i  c p u r .  1 8 1  

M O * e M  H a n w c a T b
a

Eo'a —  fo  — 2 3_  j  exd(<»t),
0

r A e  a a h  0  < 1  a  <C 6 0 "

ex —  E  [sin(<u t  -f- 60°) — sin (a> i  —|— 120°)],

CPur. 179-a. Cpur. 179-6.

IloCAe nOACTaHOBOK OKOHHaTeAbHO H M e e M  

zr r ___ JT I 1 ~l~  COS a
Coa — ¿o -------2 -------- . . . . . . .  (27)

t .  e. (popMyAy, KOTopan hbmh 6biAa paHee ycTaHOBAeHa a a h  npo- 
CTOH AByxnOAynepHOAHOH CXeMbl. OAHaKO, H3A0 HMeTb B BHAy, 
H TO  3 T a  ( p o p M y A a  O T A n q a e T c n  o t  ( p o p iw y A b i  (10) T e M ,  h t o  3 A e c b

3
E 0' =  —  E, n p n q e M  E  e c T b  a M n A H T y A a  A H H e w H o ro  H a n p a jK e H H H  

b cxeMe (pHr. 181, h  o n a  b \ / 3  pa3  öoAbine aMnAHTyAbi (pa3Horo
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HanpHjKeHHfl b  c x e M e  (pH r.  1 8 0 .  Koraa a  n p e B b i m a e T  6 0 ° ,  ( p o p M 3 

B b in p H M A e H H o ro  H a n p a a te H H ^ i  b  a 3 h h m x  c x e M a x  c o B n a ^ a e T  c n p o -  

CTblM TpeXCjja3HbIM Bbinpf lM H T eA eM , y  KOTOpOrO a > 3 0 ° .  n o  3TOÖ  

npH H H H e a a j j  o ö e n x  H a i n n x  c x e M  n p n  6 0 °  <  a  1 8 0 °  M oatH o  

n 0 A b 3 0 B 3 T b c a  (p o pM yA O H  ( 1 3 ) ,  nof lC T a B H B  b  H e e  m  —  3 ,  a b m c c t o

a ( a  3 0 3) ,  h  yMHOjKHB e u j e  H a - y ,  t 3 k  k 3 k  E q T e n e p b  h c h h -

CAaeTCfl c 0 0 6 p 3 3 H0  c  m  —  6 .  f l p H  s t h x  a t e  n p e A e A a x  3 H 3qeH H H  

y r A 3  a  m o j k h o  n o  tp o p M y A S M  ( 1 5 ' )  o n p e a e A A T b  n y A b c a y m o  s ' ,  

A eA aa  a n a A o r H M H b ie  noACTaHOBKH. B  q a c T H O c r a ,  n p H

Eo'a „ ■  E\ a
- f t  =  0 , 5 ,  a  =  9 0 ° ,  H M eeM  h 3  h h x  r  , —  1 ,

¿ 0  tLo a

t .  e. o 6 e  p a c c M O T p e H H w e  c x e M M  c  T p eM H  t h p s t p o h s m h  a s i o t  

ÔÔAbUiyiO nyA bC 3U H IO , HeM np O C T 3H  m e C T H (p 3 3 H 3 H  C X e M 3 .  Ecah 
» e  B 3THX c x e M a x  n p H M e H H T b  n o  m e C T b  T H p aT p O H O B , TO T O r A 3  

OHH H e 6 y A y T  npaK TH H eC K H  OTAHHaTbCfl  OT npO CTO H  m e C T H (p a 3 H 0 H  

h ,  b  qacTHOCTH, n p e A e A b i  H3M eH eH H H  y r A 3  a  a a h  n o A H o f l  p e r y -  

AHpoBKH H a n p H ss e H H H  T a K æ e  y M e H b m s T c a  c o  1 8 0 °  a o  1 2 0 ° .

OcHOBHblMH SAeMeHTaMH CeTOHHOH IjenH THpaTpOHHOrO Bbinpa-  

MHTeAa HBAHioTCH pa3AôAHTeAbHbiH TpaHCcpopMaTop, (p a 3 o p er y -  

AflTOp, OrpaHHHHTeAbHbie COnpOTHBAeHHH rgr , HCTOHHHK nOCTOHH' 
Horo CMenjeHH«, o ö w h h o  aKKyMyAHTopHaa ö a T a p e a  c  noTeHyHO-  
MeTpOM.

P a 3 A e A H T e A b H w i t  T p a H C ( p o p M a T o p  H M eeT  n o  ö o A b i n e H  q a c r a

K03(pHI|HeHT T p a H C tp O p M a g H H  p a B H b lH  e A H H H y e .  O h  HeOÖXOAHM  

AAH h 3 o a a i j h h  c e T o q H b i x  g e n e i ł  o t  n H T a iO L g e f i  c e T H  h  n p H M e -  

HfleTCfl B BblCOKOBOAbTHbIX yC T 3H O B K aX . ü p H  BbinpH M AeH H H  HH3-

K o r o  HSnpHiKeHHH AO 1 0 0 0 ----1 5 0 0  V  HeOÔXOAHMOCTH b  pS3AeAH-

TeAbHOM T p3H C (p O p M 3 T O p e  HCT, HÖO H30AflIJHH M e ^ A y  0ÖM0TK3MH 

C T a T o p s  h  p o T o p a  < p a 3 0 p e r y A H T 0 p a  b  t 3 k h x  C A y q a a x  O K a3b iB aeT C fl  

AOCraTOHHOH. P a 3 A e A H T e A b H b IH  T p aH C (p O p M aT O p  AOAÎKeH ÖblTb 

p s c c H H T a H  H a  MOEgHOCTb, n o T p e Ö A n e M y i o  o t  H e r o  c p a 3 o p e r y A f l -  

TOpOM. T a K  KaK CeTOHHbie TOKH H H S n p H S e H H f l  OHeHb MaAbI, TO 

3 T 3  MOUJHOCTb HBAfleTCH TASBHblM o 6 p 3 3 0 M  peSKTHBHOH H H fleT 

Hs c o 3 A 3 H H e  B p a n j a i o n j e r o c H  M s r H H T H o r o  n o T O K 3  c T a T o p a  <pa30-  

p e r y A H T o p a .

T H p a T p o H H o r o  B b in p jîM H T eA H  A a a t e  n p n  m o h j h o c t h  b  H e -  

CKOAbKO c o T e H  KHAOBaTT h  n p H  H a n p j jæ e H H H  Eo n o p ^ A K a  1 0 0 0 0  V

MOajHO n 0 A b 3 0 B 3 T b C H  B K a n e C T B e  ( p a 3 0 p e r y A H T 0 p 3  3 3 T O p M O æ e H -

HblM T p e X (p 3 3 H b IM  MOTOpOM MOIgHOCTblO 0 , 2 ----0 5  k V A .  Ô 6 M O T K 3

poTopa c p a 3 o p e r y A H T o p a  a o a h s h s  H M eT b B b iB e A e H H y i o  H y A e B y i o
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T O H K y .  r i o M H M O  y K a 3 a H H o r o  c n o c o ö a  p e r y A H p O B K H  ( p a s w  M oasH O  

n p H M e H H T f a  C X eM b I ,  C O CT O HH JH e H 3  K O M 6 H H 3 I ¡ H H  H H a y K T H B H b lX ,  

eM K O C T H bIX  H p e r y A H p y e M b I X  O M H H eC KH X  C O n p O T H B A e H H H .

T o H H b iH  p a c n e T  ( p a 3 H b ix  H a n p a a ie H H H  p o T o p a  H a a o  o cH O B b iB a T b  

H a  x a p a K T e p H C T H K a x  a s h h m x  T H p aT p O H O B . T a n a t e  C A e a y e T  b m 6 h-  

p a T b  h  H a n p a a t e H H e  E g0 n o c T O H H H o r o  c e T o n H o r o  c M e m e H H H .  

B ß H A y  T o r o ,  HTO X a p aK T ep H C T H K H  OTAeAbHbIX T H p aT p O H O B  H e OT- 

A HqaiO TCH  HAeHTHHHOCTbK), Ä e A 3 T eA bH O  AAH p e r y A H p O B K H  

n p H M e H H T b  n o T e H U H O M e T p .  r io T e H U H O M e T p ,  p a 3 y M e e T c a ,  a o a / K c h  

6 bITb H iyH T H pO B aH  KOHAeH CaTOpOM  HAH H M eTb  CO npO TH B A eH H e

n o p H A K a  H e  B b i r n e  1 0  Q .  B  n p o T H B H O M  c A y q a e  b  H e M  6 y A e T  n p o -  

n c x o A H T b  n o T e p f l  q a c T H  n e p e M e H H o r o  H a n p n æ e H H H  h  n p a B H A b -  

H a n  p a ö o T a  T H p a T p O H O B  6 y A e T  H a p y m a T b C H .

K a K  6 b IA O  y C T a H O B A e H O ,  H 0 H H 3 H p y K > m H H  n o T e H U H a A  H B A f le T C a  

O A HOB peM eH HO p e 3 y A b T a T 0 M c e T o q H o r o  h  a H O A H o r o  n o T e H U H a A a ,  

n o a T O M y  AAH T O H H o r o  o n p e A e A e H H H  y r A a  p e r y A H p O B K H  a ,  c o o t - 

B e T C T B y i O U j e r O  M O M e H T y  B 0 3 H H K H 0 B e H H H  T O K a .  H 3 A O  y q H T b l B a T b  

c o B M e c T H O e  A e n c T B H e  a H O A n o r o  h  c e T o q H o r o  H a n p a i K e H H H .  I l p H  

H 3 M e H e H H H  y r A a  C A B H r a  a '  K O C H H y c o H A b i  c e T o q a o r o  H a n p a a t e H H H ,  

c M H H H M äA b H b iM  O T p H H 3 T e A b H b i M  3 H a q e H H e M  n c c A e A H e r o  b o  B p e -  

M eH H  M O r y T  C 0 B n 3 A 3 T b  p 3 3 A H q H b i e  3 H 3 q e H H H  O P A H H 3 T  aHOA" 

H o r o  H a n p a a i e H H H .  I l o  s t o h  n p n q H H e  b  o ô n j e M  C A y q s e  y r o A  

a ^ t a '  ( c m .  T a K a t e  ( p n r .  1 8 2 ) ,  n p n q e M  H a  B c e M  A H a n 3 3 0 H e  H3M e- 

h c h h h  o! o t  0  a o  2 "  ot n p o x o A H T  q e p e 3  M HH H M yM  o t  3 H a q e H H H  

a s ^ a '  a o  3 H 3 q e H H H  a s s a ' .  P a 3 y M e e T C H ,  b  c H A y  <pH 3H qecK H x n p n -

HHH 0  a  s g

Ą a X  y C T S H O B A e H H H  HeOÔXOAHMOH M a T e M 3 T H q e C K 0 H  3 3B H C H “ 

MOCTH M o a t e M  H a n H c a T b  C A e A y i o m e e  y p a B H e H H e :

E¡ —  E  s i n  œ  t  - f -  k  E a c o s  (o) t  —  x ' )  —  k  Ego . . . .  ( 2 8 )

B K O TO pO M  -J - -  ---- O Ö p a T H a a  B e A H q H H a  K 0 3 ( p H U H e H T 3  C eT O H H O rO
6

y n p a B A e H H H  ( c m . §  3 )  *), a  E¡ e c T b  t o t  n o T e H y n a A  s h o a s  o t h o -

CHTeAbHO K 3 T O A 3 ,  n O A  A ^ H C T B H f iM  K O T O p O r O  B 0 3 H H K 3 e T  TOK, npH  

y C A O B H H ,  q T O  C e T K H  H e T .  T a K H M  0 6 p a 3 0 M ,  B A 3 H H 0 M  y p a B H e H H H  

E¡ M02ÍH0 y n o A O Ô H T b  T a n  H a 3 b i B 3 e M 0 M y  ynpsBAfliouieMy Hsnpa-
iKeHHK) H a  a H O A e ---- nOHHTHIO, npHHHTOMy AAH T p e X S A e K T p O A H b I X

A 3 M n .  E g e c T b  a M n A H T y A a  n e p e M e H H o r o  H s n p a a t e H H H ,  E — T o a t e  Ha 

a H O A e ,  a  E g0— n o c T O H H H o e  H a n p n a i e H H e  b  u e n n  c e T K H .

-, E:



HaAo o T M e T H T b ,  H T O  y p a B H e H n e  (28) o r p a H i m e H o  t ö m h  npe* 
AeAaMH üj t, B K O T o p b i x  a H O A H O e  H a n p H i K e H H e  T H p a T p o H a  « B A a e T C H  

n o A o a i H T e A b H b i M .  H a c h  U s i n a i  b  3 t o m  y p a B H e m m  n p e A C T a B A a e T  

C0 6 0 H 3 T O  H a n p a * e H H e .  T a K o e  e r o  B b i p a æ e H H e  H M e e T  M e c T O  npa 
0 - C < o < 4 "  b  n p o c T o S  OAHO<|)a3HOH c x e M e ,  b  A ß y x n o A y n e p H O A H O H ,  

b  c x e M e  f p e T y a  h ,  H a K O H e u ,  b  K a c K a A H O H  c x e M e ,  c o c T o a u j e ñ  h 3

© n r .  182.

AByX T p e X $ a 3 H b I X  3 B C 3 A .  n P H 3TOM E  «B A H eT C H  äM ÜAHTyAOH  

B b in p j iM A e H H o r o  H a n p H a e a H H .  F I o s T O M y  n p e A e A b i  A e S c T B H T e A b -  

h o c t h  y p a B H e H H H  (28) o r p a H H q e H b i  3HaHeHHHMH

0  io t

B n p o c T O H  T pex 4 > a3 H O H  c x e M e  hah b  n p o c T o ä  mecTH<|>a3HOH 

c x e M e  a H O A H o e  H a n p a æ e H a e  r a p a T p o a a  a o  MOMeHTa b o 3 H h k h o -



BéHMH TOKa Mepe3 Hero ne paBHaeTCa npocTO E  sin cu t. B noAo6-
Hbix  C A y n a f l x  o h o  m o j k c t  6 b i T b  n p e A C T a B A e H O  p a 3 H o c T b i o  A s y x  

C H H yeoH A  C M eatH b ix  <pa3H bix  H anpH iK eH H H , KaK n 0 K a 3 a H 0  Ha 

( p n r .  1 8 Q - b ,  r .  ü p n  Tpex<J)a3HOH c x e M e  a M n A H T y A a  a H O A n o r o  H a-  

n p a a i e H H H  T n p a T p O H a  c o B n a A a e T  c  aM nA H T yA O H  ( p a 3 H o r o  (B b in p í iM -  

AaeMoro) HanpsiaíeHHJi, a H3MeHeHHH ero orpaHHHeHbi npeAeAaMH 

0 <  coi < 1 5 0 ° .  

ripn npocTOH uieoTH(|)i3HOH cxeMe aMnAHTyAa aHOAHoro Hanpa- 
ateHHH cocTaBAfleT 0,867 aMnAHTyAbi $a3Horo Hanpa*eHHH, a npe- 
A e A b l  H 3M eH eH H H  tü t

0 < c o f  < 1 2 0 ° .

IlepenHcaB ypaBHeHHe (28) b bhac

p  =  sin cu /  - f -  a  sin — (-  cu t  —  —  b,

rae
F- kE  kE

P — E ’ a — £  H E *

h CAeAaB C00TBeTCTByK)iijHe npeo6pa30BaHHH, HMeeM

p  — q sin (o) t -f- ^) — b, ■ • ■ ■ ■ • • (28')
rAe ,

/ i ■ 0— .----r , , a  cosa
o =  V 1 4 - a ' - j - 2 a s i n a  ; tg- 7  =  í—¡--------  — } •
v v 1 1 1 - j -  a  eos a

Peina« 9to ypaBHeHHe 0TH0CHTeAbH0 cu t, HMeeM:

, . p - \ - b  . a  cosa'
cu t  =  a =  are sin ------------ are tor -—¡--------:— - . . . 2 9 )

q 5 1 -j-a s m a ' v ’

HaíiAeHHoe BwpaateHHe AaeT BeAHHHHy yrAa a ,  npn kotopom 
B03HHKaeT TOK Hepe3 THpaTpOH. 9Ta BeAHHHHa 3aBHCHT KaK OT 
H3MeHeHHH yrAa a' cABHra nepeMeHHoro ceT0HH0r0 HanpíUKeHHH, 
TaK h ot a6coAK>THbix 3HaqeHHH E, Eg , Eg0 h k. Ha (pnr. 183-a 
AaHa KpHBaH 3T0r0 yp-HHH, H3 KOTOpOÍi AeHCTBHTeAbHO BHAHO, 
4to yroA a  mohíct SbiTb KaK 6oAbine, TaK h MeHbiue yrAa a ' .  

Ha6AK)AaeMoe pacxojKAeHHe MeJKAy hhmh yBeAHHHBaeTCH c yMeHb- 
nieHHeM BeAHHHHbi a. Ilpn a =  00 h b — co mw noAynaeM

a =  a',
noKa

0  <  a '  t t ,
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K o r f l a  a t e  r t < a ' < 2 i t ,  t o  HM eeM  oi =  i t ,  h t o  C A e a y e T  H3 (|)H3H“ 

n e c K o r o  npe f lC T aB A eH H H  o paöoTe TnpaTpOHa; caMa cpyHKijHa (29) 
B 3 T H x  n p e A e A a x  m vieeT  p a s p b i B  H e n p e p b iB H O C T H .

Ecah b ypaBHeHHe

E 0 a  1 “ H COS O'-

~ Ê Z =  2

noA CT aB H Tb 3 H a n e H H e  a  m3  n p e / i b i A y u j e r o  y p a B H e H H »  ( 2 9 ) ,  t o  n o -
Eo' a

AyHHTCH 33BHCnMOCTb „ 7 -  —  / ( a  ) ,  n p e A C T a B A e H H a a  AAH o a H o r o

q a c T H o r o  C A y q a a  H a  ( p a r .  183-6. I lyH K TH pH O H  a h h h c h  Ha s t o h  

c j m r y p e  n p e f lC T a B A e H a  T a  ase 3aB HCHM 0CTb a a h  H A e a A b H o r o  CAy- 

q a a  a  =  a ' ,  t .  e . ,  K o r f l a  a  — > 0 0  u  b  — ► c o  .

H 3  p a C C M O T p e H H H  3T H X  KpHBbIX C A e A y e T ,  HTO B n p a K T H H e C K H X  

y c A O B H a x ,  b  K O T O p b i x  H e A b 3 f l  H M e T b  ¿  =  w h  a —  c o ,  n p e A e A b i  

i iA aB H O H  p e r y A H p o B K H  H a n p a a s e H H a  y M e H b u i a i o T C H ,  a  H e o ö x o A H M o e  

H 3 M e H e H H e  y r A a  a  c e T O H H o r o  H a n p a a t e H H H  B 0 3 p a c T a e T .  3 t o t  b w -  

b o a  H M e e T  M e c T O  a a h  B c e x  cx e iw .

P a c u i H p H T b  n p e A e A b i  r iA a B H O H  p e r y A H p o B K H  h  A O Ö H T b c a  p a B e H -  

C T B a  a ^ a '  m o j k h o  n p H M e H e H t r e M  H e c H H y c o H A a A b H o f i  ( p o p M b i  c e -  

T O H H o r o  H a n p a a i e H H a .  B q a c T H O C T H ,  H a x o A H T  p a c n p o c T p a H e H H e  

n H K 0 0 6 p a 3 H a H  < p o p M a  c e T O H H o r o  H a n p a a t e H H H  c o r A a c H O  $ H r .  184-b ,  

K O T o p a a  A e r K O  N io a seT  6 b i T b  n o A y n e H a  c n o M o u j b i o  c H A b H O  H a c w -  

u j e H H o r o  c e p A C H H H K a  c e T O H H o r o  T p a H c c p o p M a T O p a .  Bbhay H a A H -  

h h h  ô o A b u i H x  o T p H i j a T e A b H b i x  iiH K  H a  c e T K e  y K a 3 a H H a a  c H C T e M a
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ivïeHee yeAecooopa3Ha nó cpaBHeHHïo c flpyroíí chctcmoh, npH 
KOTopoH ceTOHHoe HanpH*eHHe HMeeT HecHMMeTpHHHyio (popMy, 

H3o6pa>KeHHyK) Ha CAeAyioigeił (pnr. 1 8 4 - r .  TaKan (popMa ceTOH- 

H o r o  HanpH iK eH H H  n o A y q a e T C H  n p H M e H e H n e M  T p a H C c p o p M a T o p a  

C CepAe^HHKOM, nOAMarHHHeHHbIM nOCTOHHHblM T O K O M 1)- C  9TOH 

CHCTeMOH M O SHO C p a B H H T b  CHCTeMy, H 3 o 6 p a » e H H y i o  H a  ( p u r .  1 9 0 - a ,  

B KOTOpOH oneab noxoaiaH (popMa ceTOHHoro HanpnæeHHH aocth- 

raeTCH np HMeHeHHeM Bpaigaioujerocn KOMMyTaTopa.

H t o 6 w  H 3 6 e * a T b  ÔOAbUIHX HOHHblX TOKOB B y e i IH  CeTKH B MO- 

MeHTbi M aKCHMaAbHbix O T p n ya T eA b H b ix  opA H H aT  ceTO HHbix HanpH - 

ÎKeHHH, npHXOAHTCH OrpaHHHH BaTb BeAHMHHbl a  H b  n p H  CHHyCOH- 

A aAbHOM  ceTOHHOM  H a n p n a î e H H H  3H aneH H H M H

H e O Ô X O A H M O  O r O B O p H T b C H ,  HTO n O C K O A b K y  ¿  =  3 a B H C H T  OT

aHOAKoro HanpajKeHHH ( cm . §  3 ) ,  nocTOAbKy h  a BMecTe c b 
HBAHKJTCH (pyH K IJH H M H  BpeMeHH. 9 t O OÔCTOHTeAbCTBO H3MeHfleT
K p H B b i e ,  A a H H b i e  H a  ( p n r .  1 8 3  b  t o m  o T H o m e H H H ,  h t o  p a c x o a s A e -  

H H e  M e ^ A y  a n a '  H a - K O H y a x  K p H B b i x  e i g e  ô o A b i n e  y B e A H H H B a e T C H .  

K o r A a  H M e e T  M e c T O  ô o A b u i o e  p a c x o æ A e H H e  M e æ A y  a  h  a ' t  H e B 0 3 -  

M02KH0  n o c T e n e H H b i M  H 3 M e H e H H e M  <*' n p H T T H  K E 0'a =  0. Hhhtojk- 

H o e  y B e A H H e H H e  o !  c B b i r n e  3 6 0 °  M o æ e T  B b i 3 B a T b  p e 3 K o e  y B e A H -  

M eH H e  E 0'a AO M a K C H M a A b H o r o  e r o  3 H a n e H H H .

O T M e n e H H b ie  OÔCTOHTeAbCTBa H A 0 A3ÎHW nOCAy/KHTb OKOHHa- 

TeAbHbiM KpHTepneM AAH pacneTa BeAHHHH Eg h Eg0. OôpaujaHCb 
BHOBb k  ( p n r .  1 8 3 ,  y c T a H a B A H B a e M

C A P y r O H  C T O p O H b l ,  H 3  yC A O B H H  ¿ e H C T B H T e A b H O C T H  y p a B H e H H H  ( 2 9 )  

HM eeM

a, 2 -â-5.
1

/
( 3 0 )

n 0 3 T 0 M y
. (p +  b)2 — 1 — a2ln— _ ——  a r c  sin (310

\

*) Cm . 3aaBKy JS& 148776.
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0Lo = —  a r c  t g
Cl c o s  0-2 

1 - j -  a s i n a /
- (31)

d  a
HaKOHeu, n o A b 3 y a c b  ¿ a h  onp eaeA eH H H  a 0 h  a 0' ycAOBneM ^  —- 0 ,

n o A y q a e i u  B 0 3 M 0 a s H 0 C T b  o n p e a e A H T b  a  h b.
® opM yA bi a a h  a-2 , a a , a 0'  h  a 0 b o6ujeM  BHAe ca h u ik o m  

CAOJKHbi h  He HarASAHhi. K po.\ie  T o ro  npaKTHHecKaa yeHHOCTb hx  

CHHæaeTCH HenocTOHHCTBOM BeAHHHHbi k .  r i o 3 T O M y  AAH ynpOmeHHH  

p a c n e T a  A yq m e c p a 3 y  3aAaTb npeA eAbi peryAHpoBKH 0 
AonycTHTb a 2' =  ~ ,  a0' = 0  h  H3HTH H3 (popiuyA (30) a 2 h  a 0 ; 
3aTeM, B0Cn0Ab30BaTbCH OCHOBHbIM ypaBHeHHeM ( 2 8 )  H HaHTH Eg,

- go
saAaBniHCb npeAßapHTeAbHO bbahhhhoh p —  h noACTaBHB b  Hero

S
B M e c T o  <üt = -0 -2 h B M e c T O  a' =  t. . î l o c A e  3 T o r o  H e o ô x o A H M O  CAe- 

A a T b  n p o B e p K y  n o  T O M y æ e  o c H O B H O M y  y p a B H e H H i o  c  n o A C T a H O B -  

KOH u > i  =  a 0 h  a '  =  0 .

r i p H M e H H H  T 3 KOH n p H e M ,  H3  < p H r .  1 8 4 - a  h  y p a B H e H H H  ( 2 8 )  H M e e M

E¿ =  E  s i n  a 2 —  k 2 E  e o s  a 2 —  k-> E go •

/ [A H  BbICOKOBOAbTHblX B b inpH -  

M H T e A e ü j  K o r A a  £ " > 1 0 0 0  V ,  
E-

S 2  0 ,  n o s T O M y

E g =

s in  cc2

go
+  c o s a 2^ . ( 3 2 )

KaK H3BeCTHO, k  3 a B H C H T  OT 

a H O A H O r o  H a n p n a s e H H H ,  n o -  

3 T O M y  e r o  c A e A y e T  6 p a T b  

H3 XapâKTepHCTHK THpaTpOHa 

egk==f(eb)  ( CM - H a n p H M e p ,

(pH r.  1 8 5 ) ,  n oA C T aB A H H  eb =  

=  E  s i n  a 2 a a h  o n p e A e A e H H H  k 2.
JIah Toro, HTOÔbi Tenepb 

ÔblAO yAOBAeTBOpeHO TpeÔO- 

BaHHe MaKCHMaAbHoro npeAeAa peryAHpoBKH Hanpn*eHHH [ypaB- 

HeHHe ( 3 0 ' ) ] ,  HeOÔXOAHMO BbinOAHHTb yCAOBHe
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HailHCaHHOe flpHMeHHTeAbHO K (f)Hr.  1 8 4 - 6 .  B 3TOM BbipaJKGHHH k 0 
C A e ^ y e T  6 p a T b  h 3  T e x  * e  x a p a K T e p H C T H K  T H p a T p o H a  ( $ H r .  1 8 5 ) ,  

n o 4 C T a B A 3 H  O A H a K o  eb — E  s i n  a 0 • B  c b o k )  o n e p e A b  E¡ m o j k h o  

y3HaTb, onpefleAHB HOHH3a^OHHbiii noTeHywaA ra30T p0H a, He 
O T A H H a i o i g e r o c f l  n o  K O H C T p y i^ H H  o t  f la H H O r o  T H p a T p o H a .

H a 0 A H  n o  ( p o p M y A e  ( 3 2 )  Eg n p n  n p o H 3 B O A b H O  B b i6p aH H O M
 ̂ Ego

OTHOuieHHH - g —  , n p o B e p a e M  n o  ( p o p M y A e  ( 3 3 )  A o n y c T H M o c T b  H a fi -

AeHHbix 3HaneHHH Eg h Ego . E cah  ypaBHeHne ( 3 3 )  He yaoB AeT B o-
E go

paeTCH, TO HaflO yMeHbUIHTb O T H O U ie H H e  - p —  .

s
4 a H nOHCHeHHH H3AO»eHHOrO OÖpaTHMCH K npHM epy. riyCTb

f E» a \  l Eo ' « \
AaHO E  =  5 0 0 0  V ,  = 0 , 0 6 6 ,  - = ^  =  0 , 9 9 .  H a M r a  E .

\ L0 J min \  £ 0 /max g
H Eg0 .

n o  ( p o p M y A e  ( 3 0 )  H M e eM  a 2 =  1 5 0 ° ,  a  3H aH H T  s i n a 2 =  0 , 5 ;  

c o s  a 2 =  0 , 8 6 7 ;  h 3  x a p a K T e p n c T H K H  $ H r .  1 8 5  a a h  e 0 = = 0 , 5  • 5 0 0 0  =  

=  2 5 0 0  V  H M eeM  k 2 =  8 0 0 .  F l o  c p o p M y A e  ( 3 0 ' )  a 0 =  1 2 ° ;  s i n  1 2 °  =  0 2 ,  

c o s  1 2 °  — 0 , 9 8 ;  a a a  eb =  5 0 0 0  • 0 , 2  =  1 0 0 0  V ;  k 0 =  3 5 0 .  3 a A a -

AHMCH BeAHHHHOH

H, n o A b 3 y j ! C b  c p o p M y A o S  ( 3 2 ) ,  n o A y n H M

E  —  5 0 0 0  • 0 , 5  ~  o  a  w

* —  8 0 0 ( 1 , 2  —  0 , 8 6 7 ) “  ’

E go =  1 , 2  9,4 =  1 1 , 2 5  V .

ĄeAaa  n p o B e p n y  n o  ( p o p M y A e  ( 3 3 ) ,  H M eeM

5 0 0 0  • 0 , 2  +  3 5 0  (9,4 — 1 1 , 2 5 )  =  +  3 6 0  >  2 0  - h  3 0  V «)■

PeoieHHe yAOBAeTBopHTeAbHO.
H e T p y A H O  B H A eT b  h 3  n p H B e A e H H b ix  p a c ^ e T O B ,  h t o ,  e c A H  6 w  

Mbi n o /K e A a A H  yB eA H H H T b  y r o A  a 2 , t .  e .  e i g e  p a c i u n p H T b  n p e -  

AeAbi nAaB H O H  p e r y A H p o B K H  H an p aJK eH H H , t o  3 t o  n p H B e A O  6 b i  H a c
k Eg

K yBeA H qeH H K ) B e A H q n H b i  a  =  ,  t .  e .  b k o h c h h o m  c n e T e

k yBeAHHeHHK) H a n p a a î e H H H  H a c e T K e ,  KaK s t o  h  C A eA yeT  h 3

*) /[«a THpaTpoHOB 40-aMnepHoro ran a  3aBO,ta CßeTAaHa KaK pa3 E,¿ —
=  20 -Ą  30 V.
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( p H r .  1 8 3 .  T a K  K aK  y B e A H H e m i e  c e T O H H b i x  H a n p a a t e H H H  H e a t e A a -  

T e A b H O  n o  y K a 3 a H H b i M  p a H e e  n p H H H H a M ,  t o  O T C i o A a  C T a H O B H T c a  

n o H í í T H b i M ,  h t o  H e y e A e c 0 0 6 p a 3 H 0  T p e ö o ß a T b  u m p o K H X  n p e A e A O B  

p e r y A H p O B K H  B n A O T b  AO H y A H .  HaAO O T M e T H T b ,  HTO B n p H B e -  

A eHH O M  n p n M e p e  M a K C H M a A b H o e  o T p n y a T e A b H o e  H a n p a a t e H H e  n a  

c e T K e

E gmax =  Eg -Ą- Ego =  2 0 , 6  V

nOAyHHAOCb BnOAHS AOnyCTHMbIM, H a n p H M e p ,  AAH T H paTpO H O B  

4 0  a M n e p H o r o  T n n a  3 a B O A a  C ß e T A a H a .

f l p n  n p H M eH eH H H  B c e x  c x e M  B b in p a M A e H H a  p a c n e T  ceTOHHOH 

y e n n  C A e A y e T  B e cT H  y n a s a H H b i M  n o p a A K O M , n p n n e M  M o r y T  B C T pe-  

THTbCH ö o A e e  Ö A a r o n p n a T H b i e  C A y n a n  K a n  b  C M b icA e  n p e A e A a  

p e ry A H p O B K H ,  TaK h  b  CMbiCAe b c a h h h h  ceT O H H b ix  H a n p a a t e H H ß .  

K a K  y a t e  6 w a o  O T M eneH O , b  H eK O T O pbix  M H o r o ( p a 3 H b i x  c x e M a x  

n o A H b in  y r o A  p e r y A H p O B K H  a a h  H A e a A b H o r o  C A y n a a  a  =  a '  

M e H b in e  1 8 0 ° .  H a n p H M e p ,  AAa m e c T H (p a 3 H O H  c x e M b i  y r o A  a  1 2 0 ° .  

H 3 M e H a a  a t e  ( p a 3 y  c e T O H H o r o  H a n p a a t e H H a  a '  H a  B e e  1 8 0 ° ,  Mbi 

n o A y q a e M  B 0 3 M 0 a tH 0 C T b  n p n  CBeAeHHH H a  H yA b B b i n p a M A e H H o r o  

H a n p a a t e H H a  H M eTb  p a c x o a t A Ê H H e  M e a tA y  a  h a '  b  6 0 ° ,  h t o ,  KaK 

H 3 B e c T H o  H3 K p H B b ix  (Jmr. 1 8 3 ,  M pe3B biM aÖ H o Ö A a r o n p H a T H o ,  TaK 

KaK A a e T  y M e H b u i e H H e  a ,  h t o  paBHOCHAbHO CH H ateH H io  E g . / I n a -  

r p a M M b i ,  n p H B e A e H H b ie  p a n e e  H a  ( p n r .  1 8 2 ,  n o K a 3 b i B a i o T ,  KaK HaA- 

A eatH T  B b lÔ H p a T b  BeAHHHHy E  n p H  n 0 A b 3 0 B a H H H  (J jopM yA aM H  ( 3 2 )

H ( 3 3 ) .

BßHAy B03M0atH0H HCHAeHTHHHOCTH CMeHaeMblX THpaTpOHOB 

n0A e3H 0 HMeTb B03M0atH0CTb peryA H poB aT b aMnAHTyAy H a n p a 
ateHHH y  tp a 3 o p er y A a T o p a .  B ß H A y  MaAoñ m o u j h o c t h  M oatHO AAa 

3 T o r o  ynoTpeÖHTb npocTOH Tpex(pa3HbiH p eo cT a T .
O t m c t h m  e i y e ,  h t o  p a ö o T a  T H p a T p o H H o r o  B b i n p a M H T e A a  H a  

H a r p y 3 K y  B A H a e T  H a  c o o T H o m e H H e  y r A O B  a  h  a ' .  H o  3 t o h  n p H -  

H H H e  H H O r A a  ö b i ß a e T ,  h t o  B b i n p a M H T e A b  A a e T  n A a B H y i o  p e r y A H -  

p o B K y  6 e 3  ( p H A b T p a ,  h o  H e y c T O H H H B O  p a ö o T a e T  n o c A e  B K A i o n e H H a  

C p H A b T p a .  H ß A e H H a  3 T H  C T 3 H O B a T C a  n O H a T H b l M H ,  e C A H  B C nO M H H T b 

y c A O B H a  p a ö o T b i  H a  K O M n A e K C H o e  c o n p o T H B A e H H e  B e H T H A a ,  H M e w  

i y e r o  H O H H 3 a y H O H H b iH  n o T e H y n a A .  3 t h  y c A O B H a  6 b iA H  H 3 y n e H b i  

H aM H  B §  4 T A a B b l  IV, H M bl 3 H a e M ,  HTO A A a  yC T O H H H B O Ö  p a Ö O T b l  

H eOÖ X O A H M O  H M e T b

Cü0 <  m  cu,

TAe co0 —  coöcT ßeH H aa K p y ro ß a a  nacTOTa (pHAbTpa c  Harpy3KOH.
B 3aKAK>HeHHe o t m c t h m ,  h t o  AAa ocyinecTBAeHHH ö o A e e  paß -  

HOMepHOH paÖOTbl OTAeAbHblX THpaTpOHOB HeOÖXOAHMO npHMeHaTb



oÖAyßaHHe B03Ayx0M HHJKHeîi nacTH öaAAOHa. C stoh geAbio 
A O C T aT O H H O  n p H M e H H T b  M aAOM OUJHblH  K O M n p e C C O p ,  OT K O T O p O rO

n o M O u j b K )  p a 3 B e T B A e H H o r o  T p y ö o n p O B O A a  ( A H a M e T p o M  1 5 — 2 0  m m )

CÎKaTbIH B03AyX nOABOAHTCH K HHÎKHeH H3CTH K3ÎKAOrO THp3TpOH3.

§ 8. Orpammemie t o k o b  KopoTKoro saMbiKanun npH 
O Ó paT H O M  3 a > K H r a H ! lH ,

O a H H M  H3 r A a B H b lX  HeAOCTaTKOB B bICOKOBOAbTHblX BbHipHMH- 
T e A e ä  C pTyTHbIMH KOA ÖaM H  HAH ra30Tp0H3MH HBAHeTCfl B0 3 HHK- 

H O B eH H e  „ o ö p a T H O r o  3 a a î H r 3 H H H “ , t .  e .  n O H B A e H H e  b  B e H T H A e  

T O K a o ö p a T H o r o  H a n p a B A e H H H .  K a n  C A eA C T B H e ,  B0 3 H H K a e T  K o p o T -  

Koe 3aMbiKaHHe, h b c h  y c T a H O B K a  H a  B p e M H  b m x o a h t  h 3  C T p o a ,  

H a p y m a «  H O p M a A b H y i o  3 K c n A 0 3 T a u ,H i0 . i l p n  A o e r a T O H H O H  m o i i j -  

HOCTH B b in p H M H T e A f l  B03HHKaK>U¿He TOKH KOpOTKOrO 33MblKaHHH 
M o r y T  A O C T H T H y T b  n p e 3 M e p H b i x  3 H3 H e H H H  h  B b i3 B a T b  p a 3 p y u i e H H e  

o T A e A b H b i x  q a c T e n  y c T a H O B K H ,  H e c M O T p H  A a * e  H a  H a A n q n e  ö b i -  

c T p o A e n c T B y i o m H X  B b iK A io M a T e A e H .  I l o c A e A H H e  H e c n o c o Ö H b i  A a T b  

H y iK H o e  n p e A O x p a H e H H e ,  h6o, KSK n o K 3 3 3 A onbiT, aoct3Tohho 
HecKOAbKHX nepHOAOB, hah Aaate OAHoro nepHOAa nepeMeHHOro 
TO K a,  HTOÖbl H a p y U I H T b  T a K O Í t  n p n ö o p ,  K aK  C T e K A H H H a n  p T y T H H H  

KOAÖa HAH r a 3 0 T p 0 H.

B  a i o ö o h  BbinpHM HTeAbHOH c x e M e  n p a K T H H e c K o r o  3 H a q e H H n ,  

npH B0 3 HHKH0 BeHHH O Ö paT H O rO  332KHT3HHH, TOK KOpOTKOrO 3 aM bI-

K3HHH npOXOAHT MHHHMyM H e p e 3  ABa BeHTHAH----H e p e 3  „ÖOAbHOH“ ,

t . e .  t o t , K O T opbiH  AaA o 6 p a T H o e  3 aa îH T 3 H H e ( s A e c b  H a n p s B A e H H e

TOKa OÖpaTHOe----OT K 3 T 0 A 3  K 3H O A y) ,  H Mepe3 K aKOH-HHÖyAb A p y -

roH n3AopoBbiñ“ (sAecb HanpsBAeHHe TOKa npsBHAbHoe— ot aHOAa 

K KaTOAy)- FIpHMeHHH yCTpOHCTBa, OrpaHHHHBaiOIlJHe TOKH KOpOT- 
Koro saMbiKaHHH, HsnpHMep, ApocceA» b genn nepeMeHHoro TOKa, 

MOiKHO COXpaHHTb B IjeAOCTH nO KpaHHeH Mepe „3AOpOBbie“ BeH

THAH, a npH CHAbHOM orpaHHHeHHH Aaate h „öoAbHoii“, nocKOAbKy 

ero BeHTHAbHOe AenCTBHe MOJKeT BOCCTaHOBHTbCH. XoTH T3KHe 
cnocoöbl ÖOpbÖbl C OÖpaTHbIM 333ÎHr3HHeM H He flBAHIOTCH paAH- 

KaAbHblMH Mep3MH, HO OHH HeOÖXOAHMbl, TaK KaK HCB03M0ÎKH0 
H3TOTObHTb aÖCOAlOTHO COBepiXieHHblH BeHTHAb H nOAAepîKHBaTb 
b 3KcnA0aTaijH0HH0H oöcTaHOBKe Bce ycAOBHH (TeMnepaTypy, 

AaBAeHHe h t. a -)> KOTOpbie TpeöyiOTCH HopMaAbHO ero (pH3Hqe- 

CKHMH npO^CCaMH.
ÛTMeTHM, HTO TpexcpaßHaa cxeMa c 8 bchtkaamk ((pHr. 68 

b TAaBe III) npeACTaBAJieT o c o ö m h  HHTepec n o T O M y , h t o  b  H e ñ  TOAbKO 

noAOBHHa B c e x  B e H T H A eß  HcnbiTbiBaeT n o A H o e  o ö p a T H o e  H s n p a a i e -  

HHe; Apyrne s e  b c h t h a h  h m c i o t  MeHbuiee o ö p a T H o e  H 3 n p a » ie H H e .
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n p H  ycTaHOBKe b  a H O A H O H  yeriH A p o c c e A e i i  n o A y n a e T C i i  a o 6 3 -  

BOHHoe na^eHHe HanpnateHHfl Ha CTopOHe BbinpaMAeHHOro rOKa, 

K O T o p o e  A e r K O  p a c H H T a T b  n o  ( p o p M y A a M  § 1 0  r A a B b i  III. I l o a T O M y

3flecb Mbl peUIHM AHUIb BOnpOC, KaK paCCHHTaTb aMnAHTyay TOKOB 
K opoTK oro  saMbiKaHHH n p n  HaAHHHH ApocceAeñ, BKAioHeHHbix no
cxeMaM, H3o6pa^eHHbiM Ha cpHr. 8 2 ,  8 3 ,  8 4  b rAaße III.

JXAH pacneTa BeAHHHHbl TOKOB KOpOTKOrO 3aMbIKaHHH BOCnOAb-

3yeMC« 3KBHB3AeHTHOH cxeMOH c OAHHM BeHTHAeM (c m . ( p n r .  1 8 6 - a ) .  

OcHOBHoe ypaBHeHHe e e

Ha OCHOBaHHH yK33aHHH, AaHHbIX B § 2 TAaBbl IV, HMeeT CAeAy- 
K)in ,ee p e i n e H H e :

eb— n s A e H H e  H a n p a æ e H H H  H a  B e H TH A e. 3 t o  p e i n e H H e  n p n  HaAHHHH 

BeHTHAH A eHCTBHTeAbH O AAH T O rO  n p O M e » y T K 3  B p e M e H H , KOrA3 

t o k  H M eeT  n o A O /K H T eA b H o e  H a n p a B A e H H e .  rioHBAseTCH *e  3 t o t  

TOK KaJKAblH p a 3  n p H  AOCTHJKeHHH e =  E i \ T3KHM 0 6 p a 3 0 M ,  fl,AH 

H 3 H 3 A bH 0H  ( |)33bl Ù C A e f ly e T  nOACT3BAHTb

®H r.  186.

. E,

z

2
sin (co t  ?) ^ s in ( ' |»  — C?)— ^

3 A e c b

z =  \ J R 02 +  iü*L02 ; cp =  arc tg ~ ^ ,
'0

Ro

7 - - arc s
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H e T p y 4 HO B H A e T b ,  HTO 3 T O H  <|>OpMyAOH MOJKHO B 0 C n 0 A b 3 0 B a T b C H  

AA« o n p e A e A e H H H  to ko b  K O p o r K o r o  3 3 M b iK 3 H H a  bo B p e M H  o ö p a T -  

Horo 3aaiHraHHii. B caMOM A e A e ,  k cxeMe (pnr. 186-6, Ha K O T o p o n  

OAHH B e H T H A b  ( „ Ö O A b H O J l“ )  n O K a 3 a H  3 a M K H y T b IM  H 3K O p O T K O , npH- 

M eH H M o H a f i A e H H o e  y p a B H e H H e ,  T 0 A b K 0  T e n e p b  Z ~  2 \]R l -{- (tu L )2. 
3 H a H e H H e  H a H 3 A b H O H  c p a 3 b i  ^  a a h  n e p B o r o  M O M e H T a  o ö p a T H o r o

i n
3 3 Ä H r a H H H  C A e A y e T  n p H H H M a T b  7 =  - y ,  T e M  C aM blM  C H H T 3« ,  HTO

o h o  H a c T y n a e T  n p n  MaKCHMaAbHOM 3H3>ieHHH o 6 p a T H o r o  H s n p a -  

aieHHH. rioA E2 AAfl B c e x  T p e x  c x e M  ( $ H r .  82, 83, 84 rA a B b i  III) 
HaAO n o H H M a T b  a M n A H T y A y  A H H e H H o r o  H a n p a a s e H H H  c e T H  h a h  

T p a H C $ o p M a T o p a ,  n H T a i o i i | e r o  B b in p a M H T e A b H y io  c x e M y .  U r n e n  s t o  

b BHAy h  n p e H e ö p e r a a  BeAHHHHOH eb , n e p e n H u i e M  H aH A eH H yio  

Bbiiue  (p o p M y A y  b BHAe

E  \ <*t |
f =  - ^ |c O S ( u » i— ®)— COS? • £ tgc? |

HAH C A O C T aT O H H O B  AAH HpäKTHKH TOMHOCTbK) (npH <p —  9 0 ° )

¿Xa h  n o c A e A y i o i g H x  n o A y n e p n o A O B  y c T a H O B H B i i i e r o c a  k o d o t -
E • E

Koro h 3ao  npHHHMaTb 6 =  a rcs in  =  0, a 3H a«H T,/max =  2 , h o

3 a T o  h  BMecTO E  h s a o  noACTaBAHTb y j s e  a M nA H T yA y ( p a 3 H o r o  

H anpHiseHHH. B c x e M a x  T p e T u a  h  KacKaAHOH t o k  K o p o T K o r o  3 a -  

MbTKSHHH HAeT B TeHeHHH OAHOrO n e p H O A a  H e p e 3  A Ba „3A O p O B b Ix “  

BeH T H A H , n p H H eM  BeA H qH H a TOKOB B K335AOM „ 3 A O p O B O M U BeHTHAe 

He OAHH3KOB3, a  33BHCHT OT nO p f lA K a  CAeAOB3HHa (J)33. B TOM 

„3AOpOBOM“  BeHTHAe, KOTOpblH HaMHHaeT n p o n y C K a T b  TOK KOpOT- 

KOrO 33MbIK3HHH n03JK e,  BeAHHHHa yCT3HOBHBUierOCH TOK3 ÖOAbUie 

noHTH b  l 1/2 p a 3 a .  (Sur. 187 H A A i o c T p n p y e T  s t h  n o A o a s e H H « .  

E c a h  A p o c c e A H  p a c n o A a r a T b  b  n e p B H H H o ß  oÖMOTKe n H T a i o m e r o  

T p a H C ( |)o p M 3 T o p a ,  t o  6 A a r O A a p a  MarHHTHOH c b h 3 h  OTA eA bH bix  <pa3, 

pa3H H U 3 b  TOKe n e p B o r o  h  B T o p o r o  „ 3 A o p o B o r o “  b c h t h a «  y M e H b-  

m a e T c a ,  h  3H3HeHHfl b t h x  t o k o b  y p a B H H B 3 io T c a .

T o k  K O p O T K O rO  3 a M b lK a H H H  q e p e 3  „ 6 0 A b H 0 f i “  B e H T H A b  H B A aeT C H  

CyMMOH M TH O B eH H blX  3 H a H e H H H  TOKOB H e p e 3  A B3  C O CeAHHX „ 3 A 0 -

p O B b lx “ BeHTHA«, HMeHDIIJHX B33HMHMH CABHr OKOAO y  , H e r O

M 3 K C H M 3 A b H o e  3 H a H e H H e  n 0 3 T 0 M y  n p e B b i m a e T  n p n M e p H O  B 1,73 
p a 3 a  a M n A H T y A y  t o k s  b  n e p B O M  „ 3 a o p o b o m “ B e H T H A e .



„  1
OKOHHaTeAbHfaie (popMyAbi aah npaKTHwecKoro pacneTa T o n a

KOpOTKoro 3aMbiK3HHH TaKHM 06pa30M, rAacHT a ah nepB oro  no
BpeMeHH 3a<KHraHHH „3A 0p0B 0r0“ BeHTHAH

/  —  2  E ï  ( 3 4 ' }

m axl_N/3 Z  ’ • • ......................... 1 '

a a h  B T o p o r o  n o  B p e M e H H  „ 3 A o p o B o r o u b c h t h a h

7max2= v / 3 § ..........................................(34")

AAH „ Ö O A b H O ro “

/max —-  2 ........................................................... (34)

Benmusia 
Hepoôomofcm

Pa6omaK>m ' Paôomatom
2 A u 6

PoSomafom 
Z u  6

O a r .  187.

B c e  HaHAtHHbie Bbinie pacneT bi a a h  AaHHbix Tpex cxeM, ko- 
HeqHO, MOryT 6 b I T b  COOTBeTCTBeHHO n p H M e H e H b l  H AAH A p y r H X  

cxeM.
B K A ï o n e H H e  A p o c c e A e n  b o  B T o p H H H y i o  y e n b  T p a H c c p o p M a T O p a  

A a e T  O A H HaK O B blH  p e 3 y A b T a T  AAH B c e x  O T M e M e H H b lX  T p e x  c x e M ,  

C TO H  T O A bK O  p a 3 H H U e H ,  HTO AAH K 3 C K 3 A H 0 H  C X eM bI  HeOÖXOAHMbl 

r n e c T b  K a T y m e K  B M e c T O  T p e x .  O A H a n o ,  H a A O  3 a M e T H T b ,  h t o  s t h  

uiecTb K a T y i n e K  n o  c y M M a p H O M y  r a ô a p H T y  h B e c y  6 y A y T  nOHTM 

3 K B H B a A e H T H b !  T p e M  K 3 T y u i K a M  A p y r n x  c x e M .

n p H  ycT3HOBKe Apocce\en b  nepBHHHyio u e n b  n o  h h m  npo- 

T e K 3 e T  HaMarHHHHBaioujHH t o k ,  h  noAynaeTCH a o ó s b o h h s h  n o T e p a  

H3npH2SeHHH, KOTOp3H TaKiKe AOAÎKHa 6 b I T b  y H T e H a  n p H  B b l ß o p e  

TpaHC(p0p M 3T0pa. r i o  Mepe B03p 3CT 3HHH aKTHBHOH H a r p y 3 K H  OTHOCH- 

T e A b H 3 H  BeAHHHHa 3TOH nOTepH H 3 n p H J K e H H H  y M e H b U i a e T C H ,  T3K 

K a K  CHHÎKaeTCH n O T O K ,  a  n p H  K O pO T K O M  3 a M b I K 3 H H H  OHa npaKTH- 

H e c K H  p a B H a  HyAio. I I o m h m o  s t o h  n o T e p n  H a n p n a î e H H H ,  b  C A y « i3 e
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T p e x ( p a 3 H O H  K a c K a A H o f i  c x e M b i  h 3  f l B y x  3 B e 3 A  o 6 p a 3 y e T C H  e u j e  

A06a B 0HH0e  n a A e H w e  H a n p a a s e H H H  b  C H A y H e n o A H o r o  H c n o A b 3 o -  

B3HHH M OIgH OC T H  T p S H C C p O p M a T O p a  ( c p .  TaK JKe  (J )O pM yAbI (50') 
H (¿0 ) T A a B b l  III). 9 t O  O Ö C T O H TeA bCT BO  A e A a e T  n p H  T 3 K 0 H  c x e M e  

c o B e p m e H H O  H e B b i r o A H O H  y c T a H O B K y  A p o c c e A e f i  b  n e p B H H H O H  y e n « ,  

XOTH c a M o  n o  c e 6 e  o h o  B b i r o A H O ,  h 6 o  A a e T  6 o A b i u y i o  6 e 3 o n a c -  

HOCTb o t  o ö p a T H o r o  3 a ? K H ra H H H  n p n  n y c K e  y c T a H O B K H  b  x o a .

I l p o A e A a e M  n p H M e p H b i e  p a c n e T b i  p e a K T o p o B  a a h  o r p a H H ^ e H H H  

KOpOTKOrO 33MbIKaHHH. I l y C T b  A a H a  CXeM3 r p e T 0 3  C T peM H  A p o c -  

CCAHMH BO BTOpHHHOH OÖMOTKe T p3H C ( |)O pM aTO pa .  Y c T 3 H 0 B A e H H 3 H  

MOUJHOCTb T p a H C (p O p M a T O p a

Pr =  560 kVA, e =  6,3 k b .  £2' =  1,6 kV.

r i p H H H M a H  H a n p a æ e H H e  K o p o T K o r o  3aM biKaHHH a l o r o  T p s r i c -

^ O p M a T O p a  B 5% , HMSSM B e A H T O H y  Zk---- C O n p O T H B A e H H H  A B y X

$ 3 3

aff
I S

vs

! If-

a »

Zk =  0,05 • 2 £ 2#

J 2<s>
= 0 , 1

12£2
Pr

3 t o  c o n p o T H B A e H H e  n p n  b o 3 h h k h o b 6 h h h  o ô p a T H o r o  3 a îK w r a H H f l  

B K S K O M -H H Ô yA b O AH OM B e H T H A e  C K A 3 A b IB 3 e T C H  C C O n p O T H B A e H H e M  

A B y x  A p o c c e A e S .  I l o a T O M y  B e A H H H H a  Z a a h  ( p o p M y A  ( 3 4 )  p a B H a

Z ~  2-f ■ L - \ -  Zk —  2~f L -(- 0,1 ,

eCAH C H H T a T b ,  HTO y r O A  CABHT3 H p H  K O pO TK O M  3 3 M W K 3 H H H  Ö A H 3 0 K

K 90s, T.  e .  s i n  —  1.
r ip e a n o A O iK H M ,  h t o  b  a 3 h h o h  y c T a H O B K e  npH M eH fl ioTCH  r a 3 0 -  

T poH bi  T H n a  Br-126. h h x  p a ö o q e e  3 H a q e H H e  M 3 K C H \ ia A b H o ro

nH K a TOKa COCTaBAHeT 40 A. E c A H  AOnyC THTb,  HTO b  „Ö OAbHOM“ 

BeHTHAe 3 H a n e H H e  3 T o r o  TOKa b o  BpeMH o ö p a T H o r o  3 a æ H ra H H H  

A onycT H M O  200 A, t o  n o  (p o p M y A e  (34)

Z =  2

o T K y A a ,  b  c b o k ) o n e p e A b ,

L=  ^108 — 0,1

7 6 0 0  • v / 2

2 0 0

S y :

Pr
: 628 =  0,155 r e H p n .

Ecah y q e c T b ,  * i t o  A e ñ c T B y i o i y e e  3 H a n e H H e  B T o p H r a o r o  T O K a  J2, 
n p o T e K a i o u j e r o  q e p e 3  A p o c c e A H  b  a s h h o m  B b inpH M H Te A e,  c o c T a B -

n HT̂ H Hfi papHOyCTpOHCTB— 22 3?7



A a e T  22,5 A  H B b in O A H H T b  3 T H  A p O C C e A «  B B H f le  r a A e T ,  TO B e c  

MeAH KaiKAoro ApocceAH 6yAeT nopHAKa 110 k i . G A p yroñ  c to -  
p o H b i ,  BBeAeHHe ApocceAeK y B e A H H H B a e T  naAeHHe B b i n p a M A e H H o r o

HanpaîKeHHH. FIoACHHTaB ero no (popMyAaM § 10 rAaßbi III, H aB -  

AeM, HTo b ashhom  CAynae oho mojkct AOCTHrHyTb 1760 V ,  t .  e. 
17%  o t  HanpfliKeHHH xoAOCToro xoAa, ecAH npHHHTb cos »¿ — 0,2.

n PH ycTaHOBKe ApocceAeft b nepBHHHOH yenn TpaHC<|)OpMaTOpa 

H X H H A y K T H B H O C T b  A O A iK H a  6 b IT b

L  =  0,155 ^Jr>j = 0 , 1 0 7  reH p«,

a naAeHHe HanpjjæeHHH, KaK cKa3aHO paHee, yBeAHHHBaeTCH BCAeA- 

CTBHe npoTeKaHHH n o  hhm HaMarHHHHBaK)iyero TOKa T p a H C c p o p -  

MaTOpa. EcAH nOAOJKHTb BeAHHHHy 3TOrO TOKa paBHOK) 7 %  OT 

p a ô o M e r o  3HaHeHHH, to  A 0 6 a B 0 H H 0 e  n a A e H H e  HanpaateHHH npn

xOAOCTOM xoAe cocTaBAaeT

Eo L —
£ ^Z

v / 3
- 2-  • v/3 1,35 
£ i

430 V,

J  -  o,07 Pr . ^ 3 , 6  A,
£ i  • y 3

n p H  Harpy3Ke AOÔaBoqHoe naAeHHe HanpflîKeHHJi MeHbuie, no- 

9TOMy BeAHHHHa HaMarHHHHBaiouiero TOKa HecKOAbKO yMeHbinaeTCH, 

h naAeHHe HanpaîKeHHe mojkct 6biTb BbiHHCAeHO no «popMyAe

-QL :
R' \ ! r ' 2 J t X ' 2

\ R- - ; X~ v / ^ ' 2 +  ( ^ + ^ '  

B 3 T O H  ( p O p M y A e

= 1  • —  v/3 • 1,35 .
V) 2 J  G i

(35)

R

R

X q

£ii>

T
y __ /  ¿*1

“ v / s U r

1 IR
( i / R y - \ - ( i ! x 0y ’

£ i  _

\/ 3 Jp ’

X  =
v x 0

( ! / / ? ) > +  ( 1 W
(36)

a KoatpHyneHT (1,35 - \ / 3) CAyatHT a a h  nepenHCAeHHH conpoTHB- 

AeHHH b yenb BbinpHMAeHHoro TOKa npn cxeiwe fpeTga. Cpop-
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M y A w  (36) A e r K O  MoryT 6 b i T b  B b i B e / i s H b i  h 3  p a c c M O T p e H H H  Kpy- 
rOBOH A H a r p a M M b I  SKBHBaAeHTHOH C XeM bI B b in p H M H T e A H  (cm.
cpHr. 188) h  B H a m e M  npHMepe A a io T  E 0¿ ^  230 V.

E cah  6bi Mbi npoBeAH pacMeT AaHHoro npHMepa npHMeHH* 
TeAbHO K KacKaAHOH cxeM e, cocTOHujeK h3 AByx Tpex(j)a3Hbix

3B63A, TO nOAyHHAH*6bI

Ć -

0 -

-m m

O ^ E

CA eA yiou jH H  p e 3 y A b -  

T aT .  K o 3 ( p H g H e H T  HH- 

- Q e  ayKTHBHOCTH K a m o r o

' ApocceAH Z,=0,14reH-
___ j  p H ,  HHCAO APOCCeAeÜ —

6 ,  OÖUJHÖ B e c  H X  M e A H

n o p a A K a  320 k i ,  n a ¿e-

EO — « E 0 1z=rm 

O Ä =  \  ; Ä B  =
Léj /C min

A C =
1

^ m a i

OxK =  /m a x  ; Ö i7 V r= /m in

. Ö D  , Ö F
e i m i n  =  e j  <¡6 ■ . . .  e j m a i  =  e ¡  $  ----------

O iD  O j F

O nr. 188.

HHe HanpameHHH-h  18% ot HanpHaieHHH xOAOCToro xoAa. Ilpn 

ycTaHOBKe Tpex ApocceAeö b nepBHHHofi oÖMOTKe Koa<|)H^eHT h h -

(
E  \  2

-g j j  = 0 , 1  reHpH. riaAeHHe Ha-

npH*eHHH npn 3To m  3HanHTeAbHO B03pacTaeT, nocKOAbKy AaHHaa 

cxeMa BbinpjiMAeHHH TpeöyeT öoAbinen ycTaHOBAeHHOH m o uj h o c th 
TpaHCipopMaTopa, h AOCTHraeT b o6ujen caojkhocth noHTH 25% 
ot HanpH^eHHH xoAocToro xoAa. 3 t o noKa3bißaeT, hto orpaHH- 

HeHHe TOKOB KOpOTKOrO 3aMbIKaHHH B A3HHOH CXeMe CBH3aH0 

c öoAbUiHMH 3aTpy4HeHHiiMH, HeM b cxeMe TpeTya.
ripHMepbl nOKa3bIBaiOT, qTO, HeCMOTpa Ha AOnyigeHHblH ÖOAb- 

UIOH TOK npH OÖpaTHOM 3aJKHraHHH, ApOCCeAH nOAyHHAHCb 60Ab- 
IUHMH, 3HaHHTeAbHO yA0p02KaK»UJHMH yCTaHOBKy, h naAeHHe 
HanpHîKeHHH b HopMaAbHOM paöoneM pejKHMe bwxoaht 3a npe- 

AeAbi npneMAeMbix 3HaneHHH. FlpHMeHeHHe æeAe3Hbix cepAen-
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HHKOB B T a K H X  ApOCCeAflX C y e A b K )  y M e H b U i e H H Í I  HX p a 3 M e p O B  

H e A a e T  J K e A a T e A b H o ro  p e 3 y A b T a T a  b c a c a c t b h c  M a r H H T H o r o  H a c b i -  

UjeHHH n p H  KOpOTKOM 33M bIKaHHH. B CHAy 3TH X  OÖCTOHTeAbCTB 

n p H M e H e H w e  p e a K T o p o B  a a h  o r p a H H H e H H H  t o k o b  K o p o T K O r o  3aM b i-  

K âH H H  MOÎKeT 6 b I T b  I j e A e C 0 0 6 p a 3 H b I M  AHIHb B O T ^eA b H b lX ,  HaCTHbIX 

C A y n a n x .

ripHMeHeHHe O M H HeCKHX C O n p O T H B A e H H H  B 3 a M e H  peaKTOpOB AAR 

o r p a H H H e H H H  t o k o b  K o p o T K o r o  3 a M b i K ä H H H  e u j e  6o A e e  H e B b i r o A H O ,  

T a K  K aK  n o M H M O  y B e A H H e H H H  n o T e p n  H a n p a a s e H H H  h  y B e A H H e H H H  

CTOHMOCTH y C T 3 H O B K H ,  y M e H b U i a e T C f l  3 H a H H T e A b H O  061H H H  K. n .  a.
BoAee coBepuieHHbiMH cpeACTBaMH orpaHH^eHHa t o k o b KOpOT« 

K o r o  3aMbIKaHHfl B B b i n p H M H T e A H X  MOryT CAyjKHTb CXeMbI C npH- 

MeHeHHeM t3k h x  ApocceAeñ, KOTopbie b HopMaAbHOM paöoneM

p e a î H M e  H e  A a i o T  a o ó e b o h h o h  n o T e p n  H a n p a a e H H « .  H a  <J)Hr. 189 
npHBefleHbi f l B e  t 3 k h x  cxeMbi. B n e p B O H  h 3  h h x  MarHHTHbiH noTOK 
C e p A e H H H K O B  p a B e H  H yA IO  H B 0 3 H H K a e T  A H IH b  T O I T ia ,  K O r ^ a  B Ka- 

K O M - H H Ö y f l b  B e H T H A e  n O H B A f le T C f l  TOK O Ô p a T H O r O  HanpaBAeHHH. 
B 3TOM H eT p y A H O  y ö e A H T b c a ,  n p o c A e A H B  3 a  H a n p a B A e H H e M  TOKa 

b  KajKAOH KaTyuiKe npn HopMaAbHOM peaîHMe pafioTbi h  npH pe- 
îKHMe o ô p a T H o r o  3a;KHraHHH. B Apyron cxeM e, H 3 0 6 p a » e H H 0 H  Ha 
( p H r .  189-6, n p H  H o p M a A b H O H  p a ô o T e  B b i n p a M H T e A a  c e p A e H H H K H  

A p o cceA en  H M e i o T  n o c r o í i H H b i ñ  n o T O K ,  h  c a M H  A p o c c e A H  paöoTaioT 
K a K  „ K a T O A H b i e “ ApocceAa, t. e. 6 e 3  n o T e p n  BbinpaMAeHHoro 
H a n p a a i e H H H .  í l p n  b o 3 h h k h o b c h h h  o6paTHoro 3 a > K H ra H H f l  b  h h x  

B 0 3 H H K a e T  ÖOAblHOH nepeMeHHblH n O T O K ,  H OH H  npeACTaBAKIOT 
ô o A b i u o e  c o n p o T H B A e H H e  a a h  H C T O H H H K a n e p e M e H H o r o  H a n p a a t e -  

HHfl. B H O p M a A b H O M  p a Ô O H e M  p e î K H M e  A p O C C e A H ,  B K A IO H e H H b ie  no 
cxeMe 189-6, o ^ i H O B p e M e H H O  M o r y T  B b i n o A H H T b  p o A b  crAajKHBaio- 
ujHX A pocceA eil .  B H e u i H H H  x a p a K T e p H C T H K a  BbinpaMHTeAH npaK’
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THHeCKH He MeHaeTCH OT BKAIOHeHHH ApOCCeAeft no yKa3aHHbIM 

CXeMaM, H TOK KOpOTKOrO 3aMbIKaHHH npn OÖpaTHOM 3a*HraHHH 

AerKo B 9THX cxeMax CAeAaTb MeHbiue TOKa HopMaAbHoro pa6o- 

nero peatHMa. ÍIpHMeHeHHe TaKHX ApocceAeH b Apyrnx cxeMax 

BbinpHMAeHHH, HanpHMep, b Tpex(pa3Hoñ cxeMe TpeTiia, MoateT 

AaTb TaKÎKe ÔAarOnpHHTHblH pe3yAbTaT B CMblCAe orpaHHHeHHH 

TOKOB KOpOTKOrO 3aMbIKaHHfl.

HeAOCTaTKOM onHcaHHbix cxeM c pa3MarHHMHBaeMbiMH Apoc- 

CeAHMH HBAHeTCH B 03H H K H 0B eH H e n e p e H a n p f lH îe H H H  H a 3AOpOBblX 

BeHTHAax b o  BpeMfl oöpaTHoro 3a>KHraHHH. 9 t o  nepeHanpaateHHe 

MoaieT AOCTHrHyTb a b o h h o t o  3HaneHHfl n o  cpaBHeHHio c  HopMaAb- 

HOH BeAHMHHOH OÔpaTHOrO HanpflîKeBHfl. C 3THM HBAeHHeM, OA- 
HaKO, M 035H0 6opOTbCH KOMÖHHupoBaHHOH cxeMoñ, coAepataujeö 

OÔblHHbie ApOCCeAH C HeÔOAblUHM KOSCpHIJHeHTOM HHAyKTHBHOCTH,

h a h  n y T e M  n p H M e H e H H H  H e n o A H O Ü  M a r H H T H O H  c b a 3 h  M e a t A y  o t -  

AeAbHbiMH KaTymKaMH KaaîAoro ApocceAH.

/ l a A b H e H m e e  y c o B e p in e H C T B O B a H H e  m c t o a o b  o r p a H H H e H H H  0 6 - 
paTHoro 3aasHraHHH B03M 0asH0 npH noMoujH THpaTpoHOB. Ecah 

BbinOAHHTb TaKyK) CXeMy T H p aT p O H H O rO  BbinpflMHTeAH, B KOTOpOH 

CeTKH Bcex HAH HCKOTOpblX T H paTpO H O B  nOAyHaiOT aBTOMaTHHeCKH 

3HawreAbHbIH O T p H y a T e A b H b lH  nO TeH IJH aA  BO BpeMH B03HHKH0- 

BeHHH o ö p a T H o r o  3 a a î n r a H H H  b  o a h o m  KanoM-AHÔo r a p a T p o H e ,  t o  

TOK KOpOTKOrO 3aMbIKaHHH B T3KOH y e n H  He MOateT AOCTHrHyTb 
onacHbix 3HaHeHHH.

Ha <J>Hr. 1 9 0 - a  n o K a 3 a H a  n p H H i jn n H a A b H a H  c x e M a  Bbinp f lM H T eA »

C THpaTpOHaMH H pa3MarHHHHBaeMbIMH ApOCCeAHMH, B KOTOpblX 

orpaHHHeHHe TOKa KopoTKoro 3aMbiKaHHH coBepmaeTCH OAHOBpe- 

MeHHbiM AeHCTBHeM THpaTpoHOB h TaKHx ApocceAen. 9 to AeS- 

CTBHe 33KAK)HaeTCH B TOM, HTO npH HOpM3AbHOM peaîHMe Hailpfl- 

aseHHe, HHAyKTHpyeMoe b oômotkc zu0 , hah paBHO HyAio hah He 
BeAHKO (eCAH ApOCCeAH BKAKJHeHbl nO cxeMe 1 8 9 - 6 ) ,  HO CHAbHO 

B03pacTaeT, KorAa B03HHKaeT oôpaTuoe 3aaiHraHHe. 9 to Hanpa- 

ateHHe nocAe BbinpaMAeHHH noAaeTca Ha ceTKH THpaTpoHOB b buąc 

OTpHyaTeAbHoro CMeiijeHHîi, np0H3B0AH sannpaïoiijee ashctbhc. 

3 aMenaTeAbHo Tanate to, hto BbinpaMAHTb HanpaateHHH ot 06- 

MOTKH züo He 0ÔH3aTeAbH0, T3K KaK, ycTaHOBHB HaAAeataujyio 

cpa3y 9Toro HanpaateHHH, Moamo Bbi3BaTb 3anHpaioiiiHH atpcpeKT 

ero OTpHyaTeAbhöh noAyBOAHOH. H e 3aBHCHMO ot orpaHHHHBa- 

loujero AeiiCTBHH, TaKHe cxeMbi AaiOT peryAHpOBKy BwnpiîMAeH- 

Horo HanpaaseHHH.

B 03M 0atHbI c x e M b i  C T H p a T p O H a M H  H  6 e 3  p a 3 M a r H H H H B a e M M X  

A p o c c e A e n ,  h o  oÔAaAaioujHe cnocoônocTbio a B T O M a r a n e c K H  o r p a -  

H H H H B aTb  TOK KOpOTKOrO 3 a M b IK a H H f l .  B H a C T H O C T H , MOatHO ÔblAO
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6bi yKa3aTb Ha npHMeHemie n0AHpH30BaHHbix 3AeKTpoMarHHTHbix 
p e A e  h a h  p e A e  n epeM eH H oro  TOKa (cm .,  HanpHMep, «Jmr. “190-6),

BKAionaionjHX OTpHyaTeAbHoe cMeujeHHe b m o m c h t  oöpaTHoro 3a*H- 

raHHH. OflHano, noKa3aHHbie Bbirne cxeMbi oÖAaflaioT TeM npeHMy-

U je C T B O M , H TO  B HHX 
c o ß e p m e H H O  H e  c o 3 -  

^ a e T C H  T O K a  K O p O T K O " 

ro 3 a M b IK a H H H  H p e 3 ‘  

M e p H O H  B e A H H H H b l ,  XO' 
tíj 6bi Aajse Ha onem» 

K O p O T K O e  B p e M H .

Bee 3 T H  OÖCTOH" 
TeAbCTBa n03B0AHK)T 

AyMaTb, HTO Hafle*- 

HOCTb paÖOTbl MOUi' 

H b lX  yCTpoñCTB C TH- 
paTpOHaMH (ßbinpjlMH- 

T e A e ö  h  n p e o 6 p a 3 0 B a j 

TeAeS) m oîkho noA*
HHTb flO OHeHb BbICO' 

K U X  TpeÖOBaHHH.

B 33KAK)HeHHe 3TO' 
ro naparpacpa OTMe- 

THM, HTO HeKOTOpbie 

exeMW BbinpHMAeHHfl 
He TpeöyioT cneijHaAbHbix Mep a a h orpaHHHeHHH t o k o b  KopoTKoro 

3aMblKaHHH, B03HHKaK)IIJHX npH OÖpaTHOM 3aXtHraHHH. K HHCAy



T a K H x  c x e M  M o r y T  ß b i T b  O T H e c e H b i  c x e M b i  n o  T H n y  F p e n H a x e p a  

h , b  n a c T H O C T H ,  K O M Ö H H H p o B a H H a H  c x e M a  K a M H A A a  Ca66a, n p n -  

B e A e H H a a  b  r A a ß e  II I .  I l o A O Ö H b i e  c x e M b i  x a p a K T e p H b i  T e M ,  h t o  

B HHX B e H T H A b  n p H K A lO H C H  K HCTOHHHKy B b H ip H M A H e M O rO  H a n p f l -  

aseH H H  0 Ö H 3 a T e A b H 0  n e p e 3  K O H A e H c a T O p  h a h  n e p e 3  A p o c c e A b ,  

H e o ö x o A H M b i e  a a h  n p o u e c c a  B b i n p a M A e H H f l .  I l p n  b o 3 h h k h o b 6 h h h  

o ö p a T H o r o  3 a ^ H r a H H H  p e a K T H B H o e  c o n p o T H B A e H H e  K O H A e H c a T o p a  

HAH A p O C C e A H  O r p a H H H H B a e T  a M n A H T y A y  T O K a  K o p o T K o r o  3 a M b I -  

KaHHH. E c A H  B b l Ö p a T b  HX n O  B e A H H H H e  B C O O T B eT CT B H H  C T p e Ö O -  

BaHHSMH O r p a H H H e H H f l  TOKOB K O p O T K O rO  3 a M b lK a H H f l ,  TO H e T  

H y ^ A b l  n p H M e H H T b  AAH TOH JKe I je A H  K a K H e  AHÖO A O n O A H H T e A b H b ie  

y c T p o H c T B a .

H e o ö x o A H M O  3 a M e T H T b ,  h t o  n o A O Ö H b i e  c x e M b i  3 a M e n a T e A b H b i  

e i g e  h  T e M ,  h t o  o h h  o r p a H H H H B a i O T  t o k  n p n  k o p o t k o m  3 a M b i K a -  

h h h  i j e n n  B b i n p H M A e H H o r o  T O K a .  B  n a c T H O C T H ,  y K a 3 a H H a H  H a  

(pwr. 69 r A a B b i  III c x e M a  T p e H H a x e p a ,  n p n  oöpaTHOM 3aaiHraHHH

B AK)6 o M  BeHTHAe, H e  M 0 2 4 eT  A a T b  y C T aH O B H B U IH H C H  TOK K O p O T -  

K o r o  3 a M b I K a H H H  B b lU ie

I k =  E <0 C .

TOHHO TaK ase  npH KOPOTKOM 3 aMbIK3 HHH Ha CTOpOHe B b inp f lM A eH - 

H o r o  TOKa, a M n A H T y A a  TOKa nepe3 BeHTHAb H e npeB30HA6T t o h  

*e BeAHHHHbl.



P A  A B  A  VI.

H C TO H H H K H  IIH T A H H H  HEIIH C ET K H  H H E I M  K A T O D A .

§  1 . SAeMeHTbi ceTOHHOH g e n a .

B KaTO^HOM re H e p a T o p e ,  KaK paAH0 TeAecp0 HH0 M, Tan h  paAHO- 
T e A e rp a c p H O M , b y e n n  ceTKH m m  HMeeM o ó b iH H O  T p n  H a n p a * e H H a :  

HanpnaieHHe b ł ic o k o h  nacTOTbi, n 0 CT0 HHH0 e  HanpaaeHHe, H eo6xo-  
flHMoe a a h  ycTaHOBAeHH« HaAAejKamero peiKHMa reH epaTopa, h 
Hanpa^eHHe h h sk o h  nacTOTbi, b oah o m  CAyqae HBAHioiijeecii 
HanpfliseHHeM MOAyAHpyK>uieH «jacTOTbi, a b ^pyroM  CAynae—  
H a n p n jK e H H e M ,  n o T o p o e  y n p a B A a e T  p e a m M O M  r e H e p a T o p a  n p n  b o c -  

npoH3BeAeHHH TeAerpa(|)Hbix cnrHaAOB. 0 6 h h h o  MSHHnyAHUHH 
ocyujecTBAHeTCH a h 6 o nyTeM H3MeHeHHH nccTOHHHoro HanpnaieHHH 
CMenjeHHH, a h 6 o H3MeHeHHeM oMnqecKoro conpoTHBAeHHH, Haxo- 
A nujeroca  b yeriH ceTKH h 3amyHTHpOB3HHoro HeKOTopbiM koh-  
AencaTopoM. FIocAeAHHH c n o c o ó  MaHHnyAHyHH mojkho y n o A o 6 HTb 
T3K3ie H3M eHeHHK) HOCTOHHHOrO HanpflHteHHH CMeigeHHH.

M b i  A O A ajH b i  6 y A e M  p a c c M O T p e T b  h c t o h h h k h  c e T O H H o r o  CMe- 

u j e H H H ,  K O T o p w e  c 0 3 A a i 0 T  n o c T O H H H o e  H a n p n ^ e H H e  b  y e n n  c eT K H  

A a h  H a A A e a i a u i e r o  p e a i H M a  reHepaTopa. T a K H M H  h c t o h h h k s m h  

CMPU j e H H H  M O r y T  6 b I T b  r p H A A H K ,  A H H a M O M a iU H H a ,  a K K y M y A H -  

T o p H a a  6 a T a p e n ,  h a k , H a K O H e i j ,  B b i n p H M H T e A b .

r i p a K T H n e c K H e  cxe .M bi o c y u j e c T B A e H H s  n o c T O H H H o r o  CM eujeHHH 

c  n o M o u j b i o  rp H A A H K a  n o K a 3 aH bi  H a  ( p n r .  1 9 1  h  n a  ( p a r .  1 9 2 .  

H e o 6 x o A H M o e  H anpH H seH H e CM eujeH H H  b 3 t h x  c x e M a x  c o 3 A a e T c n  

3 a  c n e T  a H e p r u a  b m c o k o h  h s c t o t m ,  i i o a b o a h m o h  a h 6 o  o t  B H e u i-  

H e r o  H e 3 a B H C H M o ro  B o a ó y A H T e A H ,  a h 6 o  n p w  n o M O u jH  C 3 M 0 B 0 3 6 y -  

jKAeHH». 9 K B H B a A e H T H a H  c x e M a  a a h  o 6 o h x  y K a 3 a H H b ix  c n o c o S o B  

y o T p o H C T B a  rp H A A H K a  n o K a 3 a H a  H a  T e x  j s e  c p H r y p a x .  K a K  b h a h o  

H3 h h x ,  c e T K a -K a T O A  r e H e p a T 0 p H 0 H  A a M n w  ynoA o 6 A > ?eT C H  aH O A y 

h  K aT O A y 3 A e K T p H H e c K o r o  BeHTHAH. M e p e 3 C o  o 6 o 3 H a q e H a  n a p a -  

3HTH3H eMKOCTb, HMeHDUjaH MeCTO M e * 4 y  CeTKOH H K3TOAOM. 3 a  

HCKAIOHeHHeM 3TOH eMKOCTH, n e p B 3 H  CX eM a O K a3 b IB ae T C H  C O B ep-  

a ieH H O  T O * 4 e c T B e H H O H  c x e M e  O A H o n o A y n e p H O A H O r o  B binpH M H TeA H ,
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HMeioujero K O H ^ e H c a T o p  C. C a M o  c o ö o h  p a 3 y M e e T c a ,  h t o  b  t 3 k o h  

i j e n H  B 0 3 H H K a e T  n o c T O H H H a n  C A a r a i o i g a n  T O K a ,  K O T o p a n  H a  3 a * H -  

M a x  K O H f l e H c a T o p a  c o 3 A a e T  n o c T o n H H y i o  C A a r a r o n j y i o  H a n p H a ie H H f i ,  

O T p n y a T e A b H b i H  3 H a K  K O T o p o r o  O K a 3 b i B a e T C H  H a  c e T i t e .

/ l e i i c T B H e  B T o p o H  c x e M b i  (c m .  t p u r .  192) n p O T e i c a e T  c A e A y i o -  

u j h m  0 6 p a 3 0 M: n p n  n o A o a i H T e A b H O M  3 H a K e  n o T e H i j K a A a  c e T K H  

O T H O C H T e A b H O  K a T O ß a  K O H A e H c a T o p  C  3 a p a a ia e T C 5 i  o t  h c t o h h h k 3  

( b  n p e A e A b H O M  C A y q a e  a o  a M t i A H T y A b i  H a n p H a t e H H H  b w c o k o h  

H a c T O T b i ) ;  p a 3 p h ą  a e  s t o t o  K O H A e H c a T o p a  M o æ e T  n p 0 HCX0 AHTb 

TO A bK O  q e p e 3  C O n p O T H B A e H H e  R, H  eC A H  OHO A O C T a T O H H O  EeAHKO, 

TO  9TOT p a 3 p H A  n p O H C X O A H T  M e A A e H H O ,  H Ha KOHASHCaTOpe C 
Mbi o n a T b  n o A y q a e M  i i o c t o h h h o ê  H a n p a i K e H H e  c  O T p H i ¿ a T e A b H b i M  

3 E 3 K 0 M  H a  C e T K e  r e H e p a T O p H O H  A a M n b l .  H H A y K T H B H O C T b  Lg H e-

OÖ X O A H M a AAH T o r o ,  H TOÖbl eg ---E g0 , H AAA T o r o ,  H T o 6 bI

yM eH bU IH T b  paC X O A  3 H e p -  

T H H  Ha CO npO TH B A eH H e R, 
eC A H  o h o  n o  p a c n e T y a A e -  

M eH T O B  rp H A A H K a OKa* 

3 b I B a e T C a  C p a B H H T e A b H O  

MaAbIM.

U S -
n

-  Iot

O m r.  193.

npH  o6 ohx c*oco6ax ycTponcTBa rpHAAHKa BeAH^HHa conpo-

THBAeHHH R  MOæeT ÖblTb HaHAeHa no (ÈOpMyAe R  =  . B 3toh
lüg

(popMyAe E0g ecTb nocTOHHHoe HanpnaseHHe cMeujeHHH, a  Iog 
nocTOHHHan cAaraionjaH  ceTOMHoro TOKa. 0 6 e  s t h  BeAHHHHbi 
öepyTCH H 3  pacH eT a A aM noB oro  r e H e p s T o p a .  ToHHee onpeA e-  

AHTb 70 MOŻKHO rpacpHHeCKHM pa3AOHSeHHeM B pJîAbl (P y p b e  

K p H B b i x  c e T o q H o r o  TOKa ( c m .  (pnr. 193), nO AyqeH H wx n p n  pac- 

q eT e  r e H e p a T o p a .  FlpH6AHJKeHHO, a a h  opHeHTHpoBOHHbix p a cq e -  

TOB, BeAHHHHy I o g  MOXHO n p H H H M 3 T b  paBHOH 0,1 aHOAHOrO 

TOKa 70.
n P H B b l ß o p e  eMKOCTH K O H A S H C 3 T O p a  r p H A A H K a  HeOÖXOAHMO, 

B O - n e p B b l X ,  p y K O B O A C T B O B a T b C H  T e M ,  | h T O  ee B e A H H H H a  A O A Ä H a
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6 b iT b  ö o A b i u e ,  HeM n a p a 3 H T H a a  eM KOcTb c e T K a - K a T O a ;  o ö m h h o  
npHHHM aiOT

C > 1 0 C 0 . ( 1 )

AAH T o r o ,  HTOÖbl Ô O A b ü i a H  H a C T b  n e p e M e H H O r O  HaiipfliKeHHfl BblCO- 

KOH H a c T O T b i  ö b i A a  c o c p e A O T o n e H a  H a  3 a a 5 H M a x  c e T K a - K a T O A -  H 3  

(pHr. 191-6 HCHO, HTO n p H  H eC O Ö A IO A SH H H  3 T O r O  yCAOBHH Ö Ö A b ü ia H  

n a c T b  H a n p H J K e H H H  b w c o k o h  n a c T O T b i  6 b i A a  6 w  H a  3 a * H M a x  r p H A -  

AHKa. C A P y r O H  C T O p O H b l ,  K p H T e p H e M  AAH B b l 6 o p a  K O H A e H C a T O p a  

r p H A A H K a  C  HBAiieTCH n p e A e A b H o e  3 H a n e H H e  n y A b c a i j H H  Hanpa- 
.’KeHHH C M e iy e H H H .  K a K  s t o  6 w a o  6 b i  H e T p y A H o  y c T a H O B H T b  H a  

0 C H 0 B 3 H H H  ( p o p M y A ,  n p H B e A C H H b i x  n p H  a H a A H 3 e  A B y x n o A y n e p H O A -  

HOH CXeM bI B b in p H M H T e A H  C K O H A e H C aT O p O M , ( §  3, T A a B b l  IV), 
n p e A e A b H o e  3HaneHHe c m k o c t h  C  b s t o m  C A y n a e  H e  aoaîkho 
Ö blTb  M e H b U i e ,  HeM

ecAH H e o ö x o A H M o  o r p a H H H H T b  n y A b c a y n i o  HanpHiKeH HH c M e iy e H H i i

npeAeAaMH -f- 0,05 E 0g (cm . TaK*e (pnr. 194).
C n o c o 6  rpHAAHKa rAaBHbiM 0 6 pa3 0 M npHMeHaeTca b reHepa- 

Topax c  caM0B036y*AeHHeM n o  to î î  npHHHHe, h to  b s tom  CAynae 
hm oöecneHHBaeTCH AerKoe B03HHKH0BeHHe KOAeôaHHH. B caMOM 
AeAe, b MOMeHT nycKa reHepaTopa, noTeHynaA ceTKH OKa3biBaeTCH 
paBHbiM HyAK), ÖAaroAapa neMy He TpeöyeTCH ôoAbinoH HanaAbHOH 
aMnAHTyAbi nepeMeHHOio HanpajKeHH» bwcokoS nacTOTbi. Flo 
Mepe ace yBeAHneHHH aMnAHTyAbi sToro HanpHiKenHH, b yenn 
CeTKH HapaCTaeT nOCTOHHHblH TOK, BbI3 bIBaiOUiHH nOHBAeHHe
O T p n y a T e A b H o r o  HanpflHseHHH H a oÔK A aA K e KOHAeH CaTOpa C, n p n -

KAlOHeHHOS K ceTKe.
HeA O C TaT K O M  npH M eH eH H H  rpH A A H K a HBAiieTCfl TO, HTO n p H  

HeM o M H H e c K o e  c o n p o T H B A e H H e  b  y e n H  ceTK H  0 K a 3 b i B a e T c a  o ö m h h o  

ÖOAbUIHM H n p H  HaAHHHH AHHaTpOHHOTO 3 $ ( p e K T a  OHO MOHieT 

C 0 3 A a T b  HBAeHHe TaK H a 3 b i B a e M o r o  „ Ö A O K H H ra“  ( „ b l o c k i n g “ ) .  9 t o  

JIBACHHe 3aK A K )4aeT C H  B TOM, HTO nOHBAHIOIlJHHCH n p H  AHHaTpOH- 

HOM 3 (p (peK T e b  y e n n  ceT K H  o ö p a T H b i H  t o k  M eH íieT  3H aK  H a n p H -  

HîeHHH CMeUjeHHH H a  nOAOJKHTeAbHblH, BCAeACTBHe H e r o  aHOAHblñ 

t o k  p e 3 KO yBeAHHHBaeTCH , h  H o p M aA b H aH  p a ô o T a  r e H e p a T o p a  

H a p y u ia e T C H .  í l p n  r e H e p a T O p a x  c  He3aBHCHMbiM B0 3 6 yasAeHHeM  

n p H M eH eH H e rp H A A H K a MaAO y e A e c o o 6 p a 3 H o .  b 0 3 h h k h o b 6 h h h

( 2 )

ra e
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K O A e ô a H H H  B 3 T 0 M  C A y q a e  H e T  h c o ô x o a h m o c t h  HMeTb MaAoe 
H a n p a a s e H n e  C M e n j e H H a  c e T K H ,  a  H a A H M H e ô o A b i u o r o  o M H w e c K o r o  

c o n p o T H B A e H H H  b e e  i i e n n ,  K a K  m m  t o a l > k o  h t o  o t m c t h a h ,  

H B A a e T c a  H e Ô A a ro n p H H T H b iM  «paK T o p o M . / ^ a h  TaKHX r e H e p a T o p O B  

n p H  ÔOAblUOH MOUJHOCTH, np H M e H ÍH O T C f l  AHHaM OM aïU HHbl IIOCTOHH- 

Horo T o n a ,  a aah r e H e p a T o p o B  c p e A H e n  h  MaAOÜ m o i i j h o c t h —  

a K K y M y A H T o p H b i e  ô a T a p e n .

Bo B p e M H  H o p M a A b H O H  p a ô o T b i  r e H e p a T o p a  t o k  n e p e 3  A H H aM o-  

M a u iH H y  h a h  a K K y M y A A T o p  H A eT  b  o ô p a T H Q M  H a n p a B A e H H H ,  t .  e,

B TaKOM, b KaKOM oh npoTBKaeT, KorAa AHHaMo paôoTaeT m o t o - 
poM, h a h  KorAa aKKyMyAHTop 3 a p a iK a e T C H .  FIo btoh n p H M H H e  

aHeprna, n o A B O A H M a a  k  A ß H r a T e A i o ,  n p H B O A H i f i e M y  b  A B u a ie H H e  

AHHaMOMauiHHy CMeujeHHa, HeMHoro pacxoAyeTca A H iu b  bo 

BpeMH noKoa reHepaTopa.
PacneTHaa MOui,HOCTb He3aBHCHMoro HCTOHHHKa CMeujerniH 

(AHHaMOMaUIHHbl H aKKyMyAflTOpa) AOAÎKHa 6bITb B3«Ta n o  (|)Op- 
MyAe Pog =  log • Eog. MoiijHOCTb MOTopa, b CHAy BbimeyKa3aHHoro, 
MOJKeT 6blTb B3HTa MeHbUie 3T0Ö BeAHHHHbl.

X o t h  a K K y M y A a T o p ,  H a x o A a i f i H H c a  b i j e n n  c e T K H ,  s a p a i K a e T c a ,  

T e M  H e  M e H e e  B p e M a  o t  B p e M C H H  e r o  n p H x o A H T c a  c M e H H T b  h  

3 3 A H B a T b  CBC/KHM  3 A e K T p O A H T O M ,  K O T O p b lH  n p H  n p O A O A J K H T e A b H O M
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3 a p n a e  H c n a p a e T C H .  4 a h  n o A A e p a t a H n a  H o p M a A b H o r o  p e a tH M a  

a K K y M y A H T o p a ,  n 0 A e 3 H 0  T a n a t e  BpeM H o t  B peM eH H  r iO A B e p r a T b  

e r o  H C K y c c T B e H H O M y  p a 3 p a f l y .

K  HCTOHHHK3M  He3aBHCHMOTO CMeiljeHHH C A e ^ y e T  O T H eC T B  

T a n a t e  B b i n p i i M H T e A H ,  K O T o p w e  3 a n o c A e A H e e  B p e M H ,  b cbh3h 
c  y c o B e p m e H C T B O B a H H e M  ra30Tp0H0B, c t3 a h  n a c T O  npHMeHHTbca 
A a h  n o f l O Ö H b i x  i j e A e n .  C x e M a  y c T p o n c T B a  T a n o r o  p o A a  c M e u j e H H H  

noKa3aHa Ha c p H r .  1 9 5 .  H a  aToił c x e M e  m w  bhahm, h to  aah n e e  

T 3 K a te  H e o ô x o A H M O  n p H M e H e H H e  c o n p o T H B A e H H H  R, K aK  h  n p n  

r p H A A H K e ,  O A H aK O  B e A H H H H a  3 T o r o  c o n p o T H B A e H H H  3 A e c b  y a t e  

M o ac e T  6 b i T b  C A e A a H a  C K OA b y r o A H O  M a A o i i  npH y c aobhh A O C T a -  

TOHHOH MOUJHOCTH B b in p f l M H T e A H .

EcAH H e p e 3  I qB 0 6 0 3 H a H H T b  TOK, HAyUJHH OT B b in p H M H T C A H ,  

a  n e p e 3  I 0g n o c T O H H H y i o  C A a r a i o i g y i o  c e T O H H o r o  T O K a ,  n 3 B e c T H y i o  

H3 p a c n e T a  r e H e p a T o p a ,  t o  H a n p a a t e H H e  c M e u j e m i f l  o n p e A e A a e T C H  

ypaB H eH H eM

E o g  —  ( I o g  +  I o B )  • R  —  l o *  R  J o b  R  ■

r i e p B o e  C A a r a e M o e  9 T o r o  y p a B H e H H H  n p e A C T a B A » e T  T y  n a c T b  

H a n p H ^ e H H H  C M e i g e H H H ,  K O T o p a a  c o 3 A a e T C H  n o A  B 0 3 A e n c T B H e M  

C O n p O T H B A e H H H  R  H K O H A e H C a T O p a  C  K a K  r p H A A H K a .  1 a K  K a K  M b I  

a t e A a e M  b  A a H H O M  c A y n a e  H M e T b  H e 3 a B H C H M b i ñ  h c t o h h h k  c e T O H -  

Horo CMeujeHHH, t o ,  o h c b í i a h o ,  y K a33H H 3H  BeAHHHHa ( I o g R ) AOAatHa 

6b lT b  A O C T a T O H H O  M a A O H  n O  C p a B H e H H K )  C B e A H H H H O H  ( I q B  ■ R)- 
H e M  M e H b u ie  m w  B 0 3 b M eM  BeAHHHHy ( I o g R )> TeM M e H b i u e  6 y A e T  

C K 3 3 b I B 3 T b C H  B e A H H H H a  C e T O H H O r O  T O K a  Jog H a  B e A H H H H e  CeTOH- 

H O ro  C M e u j e H H í i ,  h T e M  n a  ó Ó A b u i y i o  M O U j H O C T b  A O A a t e H  6 w T b
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paCCHHTaH B b in p H M H T e A b .  ß,ASl n e p e A a T H H K O B  M 3AOK H e p e A H e ñ  

MOUXHOCTH MOÎKHO A O n yC T H T b

A)gR ̂  0,1 Eog;
a a h  n e p e a a T H M K O B  x e  6 o A b m o H  m o b x h o c t h  n p n  TaKOM 3 H a q e H H H  

( / 0¿T/ ? )  MODUHOCTb B b m p S M H T e A J I  HCTOHHHKa C M e m e H H fl  MOJKeT OKa-  

3a T b C iI  CAHniKOM Ö O A bm O H . I l 0 3 T 0 M y  A AH n e p e A a T H H K O B  MOU{HO- 

CTbK) B HeCKOAbKO AeCHTKOB KHAOBaTT H B b lU ie  MW 6yA C M  

A o n y c K a T b

logR ^C  0,2 E 0g;
T o r A a

I0BR > 0 , 8 E 0g.

T a n  KaK I 0g h  E 0g H 3B 6C TH bi H3 p a c i e r a  r e H e p a T o p a ,  TO H a OCHO* 

B 3H H H  3 THX COOTHOUieHHS MOJKHO O n p e A e A H T b  R  H I0B , à  HMeHHO

£ < 0 , 2 ^ .....................................(3)
*Og

0,8 E oe

Io B > &2F?g ' Io s= = iIo g ................. (4)

O n e B H A H O ,  HTO MOiijHOCTb BbinpHM HTeAH p a B H a  T e n e p b

Pob =  Vog I o b ^ Ą  E og Iog l) .............................(5)

P a c n e T  K O H A e H c a T o p a  C  h  HHAyKTHBHOCTH L  b  3TOM c A y q a e ’ 

p a 3 y M e e T C H ,  A O A æ e H  ö b i T b  n p o H 3 B e A C H  H a  o c H O B a H H H  A o n y c T H M O H  

n y A b c a y H H  H a n p a æ e H H H  B b in p H M H T e A H  h  y c A O B H Îi  A eM O A yA H U H H

( c m . A a A b u i e ) .

H e 3 a B H C H M 0  o t  p o A a  y c T p o M c T B a  HCTOHHHKa C M eiy e H H i? ,  k  e r o

33/KHM aM  0 6 u 3 a T e A b H 0  A O A æ e H  Ô blTb np H K A IO H eH  K OHAeHCaT Op.  

3 t o  H yaiH O , B O - n e p B b i x ,  a a h  T o r o ,  h t o 6 w  c e T O H H b iñ  t o k  b w c o k o h  

n a c T O T b i  H e  n p o x o A H A  n o  HCTOHHHKy C M e ig e H H j i ,  h t o  o c o ó c h h o  

He ö A a r o n p H a T H O  o T p a æ a e T c a  H a  p a ö o T e  a K K y M y A H T o p H o ñ  ö a T a p e n .  

B o - B T O p b l X ,  n p H  O C y n jeC T B A e H H H  M O A y A a y H H  HAH M aH H nyA iîU H H  

6 e 3  K O H A e H c a T o p a  b o 3 m o î k h o  n o H B A e H H e  A eM O A yA H U H H  h  H C K a æ e -  

HRH CpOpMbI C H r H aA a H 3 - 3 a  p e a K T H B H O r O  C O np O T H B A eH H fl  OÔMOTKH 

H K o p a  AH H aM O M auiH K bi h a h  c r A a j K H B a i o i n e r o  A p o c c e A »  B b in p aM H *  

T e A f l .  H a K O H e g ,  K O H A eH C aT O p C H e o ö x o A H M  a a í i  T o r o ,  h t o 6 w  

y C T p a H H T b  BAHHHHe n y A b C a U H H  H a n p H * e H H i J  AH H aM O M aniH H b l HAH

1) CoOTBeTCTBeHHO ÄAS nepeflaTIHKOB MaAOH H CpeAHeH MOEJHOCTH

PoB ^  9  Eog Io g ........................................................... (5  )

350



I

ess

»I

BbinpflMHTeAH, K O T O p o e  M o a t e r  CKa33TbCH b  BHAe A o n o A H H T eA b H O ñ  
CeTOHHOH M O A y A a y H H .

ripH rpHAAHKe HaAHHHe KOHAeHcaTOpa C  npHHywnHaAbHO
He0 6 x 0 AHM0 . Be3 Hero c oahhm TOAbKo conpOTHBAeHHeM R
y M e H b u iH A a c b  6 b i  A H iu b  aM n A H T y A a  n e p e M e H H o r o  H a n p a a t e a H H  

Ha ceTKe, npH^eM oho onpeAeAHAOCb 6bi noAoaîHTeAbHbiMH opA«- 

HaTaMH Ha npoTflaseHHH Bcero BpeMeHH noAoatHTeAbHoro noAy-

nepHOAa- B c3mom AeAe, 3a BpeMH noAOütHTeAbHoro noAynepHOAa
ceTOHHoe HanpaîKeHHe e„, b m c c t o  „ . „

s eg =  t sin otf —  t g0,

HMeAO 6 b i  3 H a n e H H e

e e = - ñ ~ l ------  E  s ' n  >
e  R  +  r z

O hf. 197.

KOTOpOe OTHiOAb He MOJKeT yMeHbOIHTb yrAa OTCeHKH aHOAHOrO TOKa.
Ecah HanpaaseHHe HCTOMHHKa CMeujeHHii He HMeeT nyAbcaynH, 

H MOAyAHIJHH HAH M3HHnyAHIJHH npOH3BOAHTCH B IjenH aHOAa, TO 
AAH OTBOAa TOKOB BbICOKOH HSCTOTbl AOCTaTOHHO eMKOCTH KaÖeAH, 
qepe3 KOTopbifi HCTOHHHK cMeujeHHH npHcoeAHHeH K reHepaTopy, 
u oTAeAbHoro KOHAeHcaTOpa C He TpeöyeTCH.

Ha npaKTHKe, b  MHoroK3 CK3 AHbix nepeAaTHHKax oneHb qacTO 
nOAb3VK»TCa OAHHM HCTOHHHKOM AAH C03A3HHH OTpHyaTeAbHOrO 
CMenjeHHa Ha ceTKax Bcex KacKaAOB. Tan KaK Ha k s î k a o h  h3  h h x  

HanpaaîeHHe CMeiyeHHH m o j k c t  6 biTb ApyrHM, t o  b  s t o m  CAyqae 
He0 6 x0 AHM0  npHMeHHTb noTeHyHOMeTp. Ha cpHr. 196 a 3 h npHMep 
noAOÖHoro ycTpoHCTBa, H3 KOToporo b h a h o , m t o  b  k b j k a o m  o t b c t - 

BAeHHH HMeeTCH OTAeAbHblH KOHAeHCaTOp. BAarOASp« T3KOH cxeMe 
BKAKJMeHHH, nOAyHaeTCH He33BHCHMaiI P3ÖOT3 K3/KAOH CeTOHHOH 
yenH, h  HapyineHHe pe*HM3 b  o a h o h  h3 h h x  He cKaaseTCii Ha 
peasHMe ‘ Apyroił. IloAHyio BeAHHHHy conpoTHBAeHHH noTeHijHO-

351



MeTpa B T3KHX C Ayqasx  HaAO paccHHTbiBaTb n o  (popMyAe (3), 
h c x o a h  H3 HanpiDKeHHH Enfr h  TOKa 7ntr c aM o ro  M oinH oro  KacKaAa.

T T *  U&
r l e 3 a B H C H M b ie  h c t o h h h k h  ceTOHHoro cMeigeHHa t o h h o  TaK ase, 

Kan 6biAO nOKa3aHO Ha cfmr. 192 a a h  rpnAAHKa, MoryT BKAionaTbca 
b  y e n b  ceTKH n e p e 3  A pocceA b. HHAyKTHBHocTb Lg T aK oro  Apoc- 
ceAH (cm. (pnr . 197) p ac c ra T b m a io T ,  h c x o a h  h3  T o ro ,  u t o  nepeMeH- 
Haa CAararoujaH TOKa b m c o k o h  nacTOTbi, npo x o A H m aa  n e p e 3  Hero, 
AOAatHa cocTaBAHTb HeöoAbiuyK) MacTb nocTOiiHHOH CAaraioujeH 
ceT O ^H oro  TOKa Iog. O h c b h a h o ,  u t o  3 t o  TpeSoBaHHe 6yAeT yAOB- 
AeTBOpeHO, ecAH

ï o f °s ............................................... ^

n P H T3KOH CXeM e BKAK)HeHHfl AHHaMOMaUIHHbl, aK K yM yAHTO pa

h a h  BbinpH M H TeA H , HaAHHHe K O H A e H c a T o p a  C  cTaHOBHTCH H e o f a -

3aTeAbHbIM.

§ 2. Bbioop hctohhhkob CMeigeHHS h pacqeT crAaiKHBaioiijero
tJjHAfeTpa.

B npeAbiAyigeM n a p a rp a c p e  6 w a o  n 0 K a 3 a H 0 ,  h t o  h c t o h h h k  

CeTOHHOrO CM eigeH H H  BO BpeM H  HOpM aAbHOH p a Ö O T b l  KaTOAHOrO 

r e H e p a T o p a  H e  pacx o A y eT  3HeprHH, a  noTOMy e r o  BHyTpeHHHH 

I j e n b  AOAiKHa Ö blTb p a C C H H T a H a  AHUlb H a  TOK Iog. B CBH3H C 9THM 

HaMH 6biA O  yK a3 an o ,  u t o  p a c u e T H a a  MOuçHOCTb AHHaMOMauiHHbi 

h a h  a K K y M y A H T o p a  M oaseT  6 b i T b  o n p e A e A e H a  KaK

P = F  I1 og og 1og '

n P H n p H M e n e H H H  B b in p a M H T e A a  b  K a q e c T B e  H C T ouH H K a cM e-  

ig e H H a ,  p a c q e T  e r o  H a  T any io  MOujHOCTb AaA 6 w HeyAOBAeTBopn- 
T eA bH blH  p e 3 y A b T a T  HMeHHO B TOM CMbICAe, UTO BeAHUHHa CeTOH- 

H o r o  C M eiyeH H H  3 a B H C e A a  6 b l  OHeHb CHAbHO OT BeAH4HHbI CeTOM- 

Horo TOKa. no 9Toh  n p H T O H e  HaM h  n p H X O A H T c a ,  corA acHo 
(p O p M y A e ( 5 ) ,  B b l 6 n p a T b  B b in p H M H T e A b  c  ÖOAbffleH MOIgHOCTbK), 

q eM  og log E 0g ’
A H a A O rH H H b ie  B HeKOTOpOH C T e n e H H  npH H H H bl 3aCTaBAHK)T 

H a c  B b lÔ H p a T b  HOM HHaAbHyiO MOUJHOCTb AHHEMO MaiHHHbl H aKKy*

M y A H T o p a  T aK ace S o A b u i e n ,  u e M  Pog, n p r m e M  y B e A H u e H H e

HOMHHaAbHOH MOUJHOCTH AOA25HO HTTH KOHCHHO 3 a  CHeT B blÖ O pa 

AHHaMOMaUIHHbl H aK K y M y A H T O p a  C ÖOAbUIHM pa604HM  TOKOM. 

ripHMeHeHHe AHHaMOMaUIHHbl C ÖOAbllieH HOMHHaAbHOH MOUJ- 
HOCTbK), HMeiOIIjeH B CHAy 9TOrO H ÖOAbUIHH MOMeHT HHepyHH, 
n 0 3 B 0 A a e T  c A e A a T b  H a n p a a s e H H e  H a  e e  3 a a s H M a x  n o u T H  He3aBHCH-



á

(3')

MbIM OT CeTOHHOrO TOKa Iog. Ą a H AOCTHŻKeHHH TOH Mie yeAH 

nyTeM noAAepasaHHH nocroiiHCTBa 0Ö0p0T0B n0Ae3H0 npHMeHHTb 

B KanecTBe ABHraTeA» acHHxpoHHbiM MOTop Tpex(pa3Horo TOKa, 

HHCAO OÔOpOTOB KOTOpOTO, KaK H3BeCTHO, OnpefleAHeTCH TAaBHblM 

0Ôpa30M HaCTOTOH CeTH.

C a M O  c o ô o h  p a 3 y M e e T C H ,  h t o  K o r A a  A H H a M O M a u iH H a  paôoTaeT 
n e p e 3  n o T e H U H O M e T p ,  t o  O H a  A O A îK H a  ô b iT b  p a c c H H T a H a  H a  pacxoA
3HeprHH B HeM. ß,AH 3TOTO, KaK H n P H n p H  ..eHeHHH BbinpHMHTeAH,

îseAaTeAbHO yAOBAeTBopHTb ycAOBMe (cm . (fmr. 198)

Iog IoM .

M ojkho AonycKaTb

IogR <  0 , 2 5 ^ 0 , 5  E og;

T o rA a  n o A H o e  c o n p o T H B A e H H e  no- 

T e n y H O M e T p a  n p n  npH M eH eH H H  ą h -  

HaMOMamHHbi 6yAeT

E  
R  K  0,25 -4- 0,5 y -  .

— *Og

t . e. ôOAbrne, neM npn BbinpjiMHTeAe [c m .

(pOpM. (3)] H p a C X O A  B H 6 M  S H e p r H H ,  A O -  

C TaB A H eM O H  A H H a M O M a i l lH H O H , T3K KaK

Ion ■ R  0,75 -4- 0,5 Eog,

/ o j v > 3 , 0 - h  1 , 0  • I o g ,

6yAeT cocTaBAHTb o k o a o  3 ,0 h - 1,0 • (Eog ■ /  ) .  TaKHM oôpaaoM,.
HTOÔbl HM eTb B03M 0îKH0CTb yAOB AeTB OpHTb BCeM nepeH H C A eH H blM  

yCAOBHHM, HOMHH9AbHaH MOIUHOCTb AHHâMOMaillHHbl AOAîKHa Bbl*

ÔHpaTbCH b n p e A e A s x  o t  2 l ogE og a o  4 I ogEog, t .  e .

P o M > 2-5-4 • Po g ...................(7)

n P H Bbiôope 3KKyMyAJîT0pH0H öaTapen cAeAyeT pyKOBOACTBo- 

BaTbCîJ 3THM ÎKe COOTHOUieHHeM [cfiOpMyAa (7)], XOTH npH BTOM 

HeT He06x0A H M0CTH b noTeHUHOMeTpe, ho 3anac ÖaTapeH no TOKy 
nOBbimaeT TaKJKe yCTOHHHBOCTb BeAHHHHbl Eog npH B03M0/KHbIX 

H3MeHeHHHX EeAHHHHbl CeTOHHOrO TOKa.

Heo6xOAHMO OTMCTHTb, MTO yBeAHHeHHe HOMHHaAbHOH MOUJ- 

HOCTH AHHaMOMaUIHHbl HAH aKKyMyAÎÎTOpHOH ÖaTapeH AA« nOBbl- 

UieHHJÏ yCTOHHHBOCTH CeTOHHOTO CMemeHHfl BOBCe He CBH33HO 

c yBeAHHeHHeM pacxoAa 9HeprnH, KaK s t o HMeeT MecTO npn

(par . 198.
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n p H M e H e H H H  B b i n p j l M H T e A e H ,  y  K O T O p b IX  flAH AOCTHJKeHHH TOH ÍKe 

y e A H  n p H X O f l f lT C H  O Ô i l 3 3 T e A b H O  n p H M e H H T b  C O n p O T H B A e H H i I .  4 a h  

Op K e H T H p O B O H H b lX  I lO A C H eT O B  MOÎKHO C M H T aT b ,  4 T 0  B OÔUjeM  

C A y M a e  M OIHHOCTb H C T O H H H K a C e T O H H O r O  C M e i l j e H H H  C O C T a B A îie T  

o t  l ° / o  A o  5 ° / 0 M O i g H o c T H  c a M o r o  r e H e p a T o p a .

O t  HCTOHHHKa CeTOHHOTO CM eiIjeHHH T p e Ö y e T C H ,  HTOÔbl e r o  

H a n p f l t f î e H H e  H e  HM eAO n y A b c a i j H H .  3 a  H C K A io n e H H e M  aK K yM yAH -  

T o p H O H  ö a T a p e H ,  n o c A e ß H H e  n p n c y u j H  k 3 k  a h h s m o m s i u h h c  ( c m . 

§  2  T A aBbl I ) ,  T 3 K  H B b in p f lM H T e A K ) (CM. §  6 ,  7  T A a B b l  I V ) .  I l o  

3T O H  n p H H H H e  npHXOAHTCH n p H M e H H T b  C TA ażK H BaiO IlJHH  ( p H A b T p ,  

OÔbIMHO r - o 6 p a 3 H b I H ,  XOTH n p H  n p H M e H e H H H  AHHaMOMaUIHHbl  

MOÎKHO OrpaH H H H TbCH  OAHHM KOHAßHCSTOpOM , T3K KaK HH^yKTHB-  

H O C T b  HKOpH MOflteT B3HTÏ» H 3  c e 6 a  p O A b  c r A a a i H B a ï o i i j e r o  

4 p O C C e A H .

B e A H H H H a  A O r i y c T H M o r o  K o a $ H ^ e H T a  n y A b c a y n n  s  M o a ie T  

Ô b IT b  B b l 6 p 3 H 3  n o  T e M  a i e  A a H H b I M ,  K O T O p b i e  n p H B e ^ e H b l  6bIAH 

B §  7  T A a B b l  IV  AAH p 3 C H 6 T 3  a H O f l H O r O  ( p H A b T p a ,  n p H » i e M  B OTHO- 

U ie H H H  H C X O f lH O rO  K 0 3 ( | ) H U H e H T 3  n y A b C a ^ H  s' ÆASf f lH H a M O M a m H H  

C A e ^ y e T  p y K 0 B 0 A C T B 0 B a T b C H  y K a 3 a H H f l M H ,  C ^ e A a H H b l M H  B §  2 
T A a B b l  I, a  AAH B b i n p H M H T e A e H — T a Ó A H H K o M  B §  6  T A a B b l  IV.

P a C C H H T a H H b l H  T3K H M  0 6 p a 3 0 M ,  ( J )H A bT p  A O A tf teH  Ô b lT b  n p O B e p e H  

H a  A e M O A y A H i jH io ,  n p n n e M  9 T a  n p o B e p K a  0C06e H H 0 H e o ô x o A H M S ,  

K o r A a  n p H M e H H e T C H  c e T O H H a a  M O A y A a i iH f l  ( h a h  M a H H n y A f l ^ a ) .  

B  c a M O M  A e A e ,  c p e A H e e  3 H a n e H H e  c e T O H H o r o  T o n a  b m c o k o h  

H a C T O T b l  n p H  a H O A H O H  M O A yA íi l JH H  M 3A O  H 3 M e H H e T C H ,  T 0 T A 3  K3K 

n p H  c e T O H H O H  o h o  n o A B e p r s e T C f l  3 H 3 H H T e A b H 0 M y  n e p H O A H H e c K O M y

H 3 M e H e H H I O  C H 3C T O T O H  M O A yA H IJH H . 3 t O O A H H 3 K O B O  OTHOCHTCfl 

K a K  K C A y n a r o  M O A y A a y H H  a M n A H T y A O H  c e T O H H o r o  H 3 n p a î K e H H f l  

B 0 3 Ö y A H T e A H ,  T 3 K  H K CAy«iaK> M OA yA H l^H H  H a n p H J K e H H e M  C M e il jeH H H .  

B o  B p e M H  n a y 3 b i  b  n e p e A a n e  r e H e p a T c p  c  c e T O H H O Î i  M OAyAfl-  

y n e n  H M e e T  C p S B H H T e A b H O  H eÔ O A b U IO H  K 0 3 (I )H I¿ H e H T  HCn0Ab30Ba- 
HHH a H O A H O r O  H a n p H J K e H H H  ( B C A e A C T B K e  q e r o  M H H H M 3 A b H b i e  3 H 3 -  

H eHH H  n o c A e A H e r o  b c a h k h )  h  H e ô o A b u i y i o  S M n A H T y A y  n e p e M e H H o r o  

c e T O H H o r o  H a n p n i K e H H f l .  B  c H A y  a T o r o  c e T O H H b i n  t o k  H M e e T  h c k o - 

T o p o e  c p e A H e e ,  H e ô o A b i n o e  3 H 3 4 e H H e .  I l p H  M O A y A flH H H  a s e ,  b  T e  

M O M e H T b l ,  K o r A a  K 0 9 ( | ) H H H e H T  H C n 0 A b 3 0 B 3 H H H  3 H O A H O F O  H 3 n p H 2 5 e -  

HHH B 0 3 p 3 C T 3 e T ,  Ô A S T O A a p H  B 0 3 p a C T 3 H H I 0  a M n A H T y A b l  H 3np îI}K eH H ÎI  

H a  c e T K e ,  n o A y n a i O T C H  B c e  y c A O B H H  a a h  B 0 3 p a c T 3 H H »  c e T O H H o r o  

T O K 3 .  K o r A a  a i e  K O S c p H i jH eH T  H c n 0 A b 3 0 B a H H «  a H O A H O r O  H a n p a a ; e -  

HHH y M e H b i n a e T C H ,  TO H a O Ô O p O T ,  C 0 3 A a i 0 T C f l  B c e  y C A O B H fl  A AH y M e H b -  

i i i e H H H  c p e A H e r o  3 H a H e H H H  c e T O H H o r o  t o k s  b m c o k o h  n a c T O T b i .  

T a K  K aK  3 T H  H 3 M e H e H H H  a M n A H T y A  3 H 0 A H 0 r 0  H C e T O H H O r O  H 3 -  

n p a a i e H H a  n p o a c x o A H T  c  h s c t o t o H M O A y A H i jH H ,  t o  c  t b k o h  * e
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qacTOTO H, OHeBHAHO, MeHHHDTCíi aM tiA H TyA a h  c p e A H e e  3 H a n e H H e  

c eT O H H O ro  T o n a  b w c o k o h  n a c T O T b i .  C a M O  c o ô o ï i  p a 3 y M e e T C í? ,  h t o  

9AeM eHTbi c e x o H H o ñ  y e r iH  H e  a o a î k h m  o rp a H H H H B a T b  y K a 3 a H H b ie  

H3MeHeHHfl ceTOMHOrO TOKa H HanpflJKeHHH, T3K KaK B npOTHBHOM 

c A y n a e  M O A yA flyw a H e o c y u je c T B H T C ü .

H a  (Jrnr.  1 9 9  n p e A C T a B A e H a  3K BH B aA eH T H an c x e M a  a a h  c A y q a n  

MOAyAHgHH C M eu jeH H eM  ceTOMHOH y e n n .  B  noAOÔHOH y e r r n  Mbi 

HMeeM C A O « e H H e  T p e x  H a n p a a î e -  

h h h :  H anpH S îeH H H  b w c o k o h  n a -  

CTOTw e  =  E  s i n  S í , n o cT O H H -  

H o r o  H an p f la îe H H H  CM eujeHHH E g0 
h n e p e M e H H o r o  M O A y A H p y i o u j e r o  

HanpHJKeHHH HH3KOH qaCTOTb! 

eiir =  E m  s i n  vf. O ï c y T C T B H e  AeMO- 

AyA ayH H  o n p e A e A H e T c a  TeM , h t o  

H an p H a îe H H e  e g  H a  c e T K e  a o a h î h o  

cOAepîsaTb HanpHHîeHHe hh3K0h 199.
n a c T O T w  c  aM tiA HTyAOH D m  ■ E u ,

rA e  D m  e c T b  K o a c p H y n e H T  A eM O A yA ayH H ,  K O T o p w H , b CHAy 3 T o r o ,  

AOAaseH ô b iT b  He M e H b u ie

D m >  0 , 9 - h 0 , 9 5

( c m . TaKîKe §  9  r A a ß w  I V ) .

H t o 6 w  3TO T p e ô o B a H H e ,  K O T o p o e  b  o ô u j e M  BHAe B w p a a ïa e T C f l  

yp aB H eH H eM

eg =  E  s i n  Qt —  E og-\- D m E m  s i n  v í ,

npeA C TaB H Tb b  (p o p M e ,  6 o A e e  yAOÔHOÎi a a h  p a c q e T a ,  o h c b h a h o ,  

C A e a y e T  o ö p a T H T b C H  K p a c n e T y  aM nA H TyA bi D m E m  n e p e M e H H o r o  

H anp«2 îeH H H  h h 3 k o h  n a c T O T b i ,  n o A y q a i o u j e r o c H  Ha 3 a a îH M a x  c e T K a -  

KaTOA. F I p e H e ô p e r a H  c o n p o T H B A e H H e M  K aTyniK H  c b î i 3 h  a a h  t o k o b  

HH3KOH n a c T O T b i  h  o 6 o 3 H a q a H  n e p e 3  Zip B H y T p e H H e e  c o n p o T H B A e -  

HHe HCTOHHHKa CM enjeHHH, a  n e p e 3  rgi c o n p o T H B A e H n e  c e T K a -K a T O A  

n e p eM eH H O M y  TOKy h h 3 k o h  n a c T O T b i ,  m w  HM eeM n p a s o  H a n n c a T b  

( c m .  ( p n r .  2 0 0 ) :

D m  E m  —  E m  -¡-------- f - = — n
r g i  X  z< t>

- A
D m = -------- * ................................................................ ( 8 )

_______  , I r gi I
*) Pa3yMeeTC-T, ^to 3HaMeHaTeAb npeflCTaBAHeT H3 c e 6 a  MO/iyAb KOMnAeKCa

r g i J r z $  •



H a Ö A e H H o e  B b i p a a t e H H e ,  KaK h  C A e A O B a A O  o a t H A S T b ,  c o B e p -  

u i e H H O  c o B n a ^ a e T  c Tewr,  K O T O p o e  Mbi h m c a h  b  §  9 r A a ß b i  IV.
BeAHHHHa z$ 3aBHCHT OT SAeMeHTOB HCTOHHHKa CMeiljeHHH H 

MoaseT öbiTb onpeAeAeHa no cpopMyAe

n p n n e M  v o 3 H a q a e T  n a c T O T y  MOAyAHyHH, r — c o n p o T H B A e H H e  h c t o h -  

HHKa C M e i y e H H a ,  a  L — e r o  HHAyKTHBHOcTb, H a n p H M e p ,  HHAyKTHB- 

KOCTb CrAa?KHBaK3U],erO ApOCCeAH ( p H A b T p a  HAH HKOpH AHHaMO- 

M a u i H H b i .  C o n p o T H B A e H H e  rgl M ejK A y  c e T K O H  h  KaTOAOM a a h  n e p e -  

M e H H o r o  T o n a  M o a s e T  6 w T b  Haw A eH O  H 3  x a p a K T e p n c T H K  K aT O A H o ro

r e H e p a T o p a .  ® n r. 201 n o K . a 3 b i B a e T  n p H M e p  n o A o Ö H o n  x a p a K T e -

p H C T H K H  ( a HHHH O----CL---- b).
Bo B p e M H  M O A y A H y H H  q a C T O T a  v M eH H e T C H  B O H e H b  m n p O K H X

n p eA eA a x ,  HanpHMep, ot 2 ir 50 a o  2 it 10000. Pa3yMeeTCH, b  TaKHX

ycAOBHHx z $  Tanate H3MeHHeTCH, h  noaTOMy, ecAH  m m  H 3 o 6 p a 3 H M  

B b ip a a t e H H e

rpatpHHecKH, t o  noAy^HM KpHByio, yKa3aHHyro cnAoniHoß a h h h c h  

Ha (f)Hr. 202. Kan b h a h m ,  3Ta KpHBaa H M e e T  MHHHMym npn pe30- 
H3HCHOH HaCTOTe (J)HAbTpa C, L, r, paBHOß

»

(J>nr. 200. ® n r .  2 0 1 .
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C a M b I M  M b l  n p a K T H H e C K H

n P H KpHB3H D M — f ( y )  OCTSeTCfl nOHTH 6 e 3  H3M6H6HH>I>

EcAH Mbl OrpaHHHHM lOpe3 Vmin C TeM, HTOÖbl n p H  3TOII

Dm  0 ,9 -r- 0,95 t o , o h b b h a h o , TeM

HCKAIOHHM BAHilHHe B H y-  

T p e H H e r o  c o n p o T H B A e H H H  

HCTOHHHK3 CMeUjeHHH Ha 

y M e H b iu e H H e  MOAyAHu,nH 

n p H  CaMbIX HH3KHX h 3 -  

CTOTax e e  h  H a  H C K sa te -  

HHe H3CTOTHOH x s p s K -  

TepHCTHKH n e p e A a T H H K a  

B 0ÔA3CTH 3THX H3CTOT.

E c a h  n p n  n p o B e p n e  

na  A eM OAyAHgHio  n o  < pop-  

MyAe (8) c  noACTaHOBKOH 
V =  v m in O K a 3 b i B a e T c a ,  h t o  

D M <  0,9, t o  c A e A y e T

yMeHbUIHTb L  H y B eA H - 

H H T b C .  T a K  KdK aÔCOAIOT- 

Hbie H a n p a îK e H H H  b  ceTOHHOH ^ n H

L h C  M o a tH o  c p a s y  n o  y p a B H e H H S M

1 0
m 2cu2Z r C =  —  ;

u

■ 0,5 Vmin

H e B e A H K H ,  TO  p a C C H H T 3 T b

\ / L C

(9)

b  K O T o p b i x  may— K p y r o B a n  n a c T O T a  n y A b c a i j H H ,  a  
(JtHAbTpayHH. PaSyMeeTCH, p a C C H H T a H H b lH  TaK H M  

AOAJKeH 6 b i T b  B e e  a t e  n o A B e p r H y T  n p o B e p n e  H a  n e p e H a n p a i K e H H e ,  

K O T o p a a  M o a i e T  6 b i T b  H c n o A H e H a  n o  H 3 B e c T H o i i  ( p o p M y A e

U — K03(J)HÜHeHT 

n y T e M  (J)HAbTp

c
< 0 , 5  R  +  R .

O'rHocHTeAbHO pacneTa r„-L neoöxoAHMO OTMeTHTb, h to  onpe- 
ASAHTb e r o  no cpopMyAe

_  s
'V i  ;

MOÎKHO A H U Ib  n p H  yC A O B H H , HTO A H H 3 T p O H H b IH  3<f)(J)eKT H e  H M e e T  

M e c T a ,  h a h  h t o  a M n A H T y A b i  c e T O H H o r o  H a n p H îK e H H H  H e  n p e B O c x o -  

AST B eA H H H H bl  0 ---a', y K 3 3 a H H o B  H a  <J)HI\ 201. B n p O T H B H O M

E c a h  ynpocTHTb (JjopiuyAy (13), aaHHyio  Ha CTp. 206 y q n i b i B a a ,  i t o  

OÔbJHHO m2u> '*LC > >  1.
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CAynae a a h  o n p e ^ e A e H H H  r gi HaAO 6 p a T fa  n p o H 3 B O A n y i o ,  t -  6. 

CHHTaTb, HTO j " ,

’m T d e g 

rg i  =  ~ d L  ’ g

TaK KaK npH eg ^>eg' 3HaK npOH3BOAHOH CTaHOBHTCH OTpHgaTeAb- 
HblM, TO H CaMOMy COnpOTHBAeHHIO MOaiHO npHAaTb TaKOH æe 
3H3K. ®H3HHeCKHH CMbICA OTpHgaTeAbHOrO COnpOTHBAeHHH B AaH' 
HOM CAynae onpeAeAaeTca TeM, h to  yBeAHneHHio HanpajKeHHH Ha 
ceTKe cooTBeTCTByeT yMeHbineHHe TOKa.

n P H H3AHHHH A H H aTpO H H O rO  3(p(J)eK Ta KpH B aH  D m  =  f  (v) 

n o A y n a e T  n p H  p e 3 0 H a H C H 0 H  q a c T O T e  MaKCHMyM BM ecTO  MHHHMyMa 

(cm. nyHKTHpHyra KpHByio Ha (Jmr. 202). B caMOM AeAe, npH

p e 3 0 H a H C e  CTaHOBHTCH 4H C T0 aKTHBHbIM, H K09(J)HHHeHT

AeM OAyAHgHH n p H  HaAHHHH O T p H Ija T e A b H O rO  3 H a n e H H H  r gi y BeAH" 

HHBaeTCH c o r A a c H O  y p a B H e H H i o

D m  '■
r  ■ ; +  z *

S ‘

■ rgi +  z <t>

g‘

Zip g‘

n P H TOM ÎKe yCAOBHH pe30HaHCa H nOAOÄHTeAbHOM 3HaneHHH r gl, 
D m  6 w ao 6bi MeHbrne, TaK KaK 3HaMeHaTeAb 6 w a 6w öoAbine, 
HBAHHCb CyMMOH, a He pa3HOCTbK) ZĄ, h rg j.

^HHaTpOHHblH 3(J)(|)eKT OKa3bIBaeTCH BeCbMa 
HeÖAarOnpHHTHblM (paKTOpOM. H 3  MHCAa BHeiU- 
HHX cnoco6oB ero ycTpaHeHHa MoacHO yKa3aT& 
Ha BKAioneHHS KeHOTpoHa napaAAeAbHO ceTKe 
reHepaTopHoii AaMnw. TaK KaK Ha3HaneHHeM 
KeHOTpoHa b AaHHOM CAynae hbahctch npH- 
AaHHe noAO/KHTeAbHoro xapaKTepa oönjeiwy 
COnpOTHBAeHHIO npH 3HaHHTeAbHbIX H3MeHe- 
HHHX CeTOMHOrO HanpaaieHHH, TO KeHOTpOH 
HHorAa npHcoeAHHaeTCH no cxeMe, yKasanHoił 
Ha (pHr. 203. ConpoTHBAeHHeM R 2 mojkho no-
AOrHaTb KpyTH3Hy XapaKTepHCTHKH KeHOTpOHa
(a ' —  b ' Ha <f>Hr. 201) ao HeoôxoAHMoM bcah-
HHHbl. ConpOTHBAeHHe ÍKe R\ C KOHAeHCaTOpOM 
C 1 n03B0A«eT ocyujecTBHTb cBoero poAa c M e -  

ujeHHe, t .  e. nepeABHHyTb HanaAO xapaKTepa- 
CTHKH H3 T04KH 0 BnpaBO AO aÔCyHCCbl CL nepBOrO MaKCHMyMa
ceTOHHoro TOKa, KaK n0Ka3aH0 Ha to h  ate tpHr. 201. KpHBaa 
o— a — b' H3o6paJKaeT o ó ijíhh  to k ,  npoxoAauiHH no ceTOHHOH uenH;



OHâ HBAHeTCH CyMMOH O pA H H aT A B y X  KpHBbIX: 1) O —  a ----b KpHBOH

TOKa Ha ceTKy h 2) a — b ' kphboh TOKa nepe3 KeHOTpoH.
P a c n e T  conpOTHBAeHHH R r h  R 2 h  Bbi6op napaM eTpoB KeHO- 

TpOHa AOAiKHbi ôbiTb ocHOBaHbi Ha xapaKTepHCTHKax re H e p aT o p a .  
B eA H M H H y  K O H A e H c a T o p a  C i H aA O  B b i ô p a T b  TaKoiî, h t o ö w  ero  
conpoTHBAeHHe npH caMoü hh3koh nacTOTe MOAyAflyHH 6wao no 
KpaHHeiî Mepe b  Tpn pa3a M e H b i n e ,  ^ e M  conpoTHBAeHne R i ,  t .  e.

1 - R l  ..............................  ( 1 0 )
vminCj 3

rioAHOCTbK) CKOMneHCHpOBaTb AHHaTpOHHWH 9<p(|)eKT TpyAHO, 
Aa 3Toro h  He TpeôyeTca, t 3 k  k s k  npH H e ô o A b i n o M  a h h s t p o h h o m  

3(J)(J)eKTe pscxoAyeTca MeHbiuaa MOigHOCTb b  i j e n n  ceTOK, h  A y n u i e  

CTaHOBHTCH HaCTOTHaH X3p3KTepHCTHK3 B 06a3CTH HH3KHX HaCTOT 
MOAyAHIJHH.

B 3 aK A K )H eH ne  H a c T o a u j e r o  n a p a r p a c p a  c A e A a e M  H e K O T o p b ie  

33MeH3HHH, K3C3K)UJHeCH A e T 3 A e S  yCTpOHCTBS CeTOHHOrO c M e u je H H a .  

r iA aBK H e n p e A O X p S H H T e A H  H pyÔHAbHHKH, OTHOCHIgHeCa K HCTOU- 

HHKy CeTOHHOrO CMeUjeHHH, HeOÔXOAHMO p 3 C n O A a r 3 T b  TâKHM o 6 p 3 -  

30M, HTOÔbl B CeTOHHOH I£enH HH B K3KOM C A y H ae  He npOHCXOAHAO

noAHoro pa3pbiB3 (cm. HanpHMep, <Jmr. 195 h $ n r .  196).
n P H npH M eH eH H H  AHHaMOMauiHHbi B 0 3 Ô y Â A e H H e  e e  a o a î k h o

OCyigeCTBAflTbCa Ah 6 o OT HC3aBHCHMOrO B030yAHTeAH, CHAHUjerO 
c Heio H3 OAHOM BaAy, a h 6 o o t  oôujeH ceTH nocToaHHOro to ks

1 2 0  - t -  220 V .
K o H C T pyK T H B H blS  p a C H e T  CrAaiKHBaiOUjerO ApOCCeAH H BblÔOp 

KOHAeHC3TOpOB AOA®Hbl ÔbITb 0C H 0B 3H M  H3 TeX JKe COOÔpa- 

îKeHHHX, K O T O pbie  6bIAH y K 3 3 3 H b I  B TABBe IV O p a C H e T e  (pHAbTpOB.

§  3 .  H a K a A  K a r o ^ o e .

Æ o ô a B O H H a a ,  n a p a 3 H T H a a  M O A y A a u n a  sM nA H T yA bi K 3 T 0 A H 0 r0  

r e H e p a T o p a  n o A y q a e T c a  n p n  nHTSHHH y e n n  H a K a A a  n e p e M e H H b iM  

t o k o m  h a h  AHHaMOMauiHHOH, H M d o u j e H  n y A b c n p y i o i g e e  Ha- 
n p n a s e H H e .  Oahoh npHHHHOH 9 T o r o  HBAeHHa CAyaîHT H eoA H H a -  

KOBbiH n e p e M e H H b iH  n o T e H y n a A  y  KOHyOB KaTOAa OTHOCHTeAbHO 

ceTKH, a  A p y r o H  —  b a h h h h c  n e p e M e H H O r o  M a rH H T H o r o  n o A a  o t  

TOKa H a K a A a  H a  T p a e K T o p n i o  3 A e K T p 0 H 0 B .

Ecah o ô p a T H T b c a  k  $ H r .  204-a, H a K O T o p o f t  n o K a 3 a H a  AHa- 
r p a M M a  p a c n p e A e A e H H a  n o T e H U ,n a A a  ceT K H  OTHOCHTeAbHO a k > 6 o h  

t o h k h  K aTOAa, K o r A a  o h  o a h h m  c b o h m  k o h i j o m  n p H K A ïo q e H  k c e T K e ,  

t o  CTaHOBHTCH h c h m m , HTo nH T a H H e  KaTOAa n e p e M e H H b iM  h a h  n y A b -
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4>m\ 205.

(J)Hr\ 2 0 5  c x e M a T H H e c K H M  H e p T e a iO M  n o K a 3 a H w  4 B a  noA O JK eH H «, h 3

KOTopbix oaho oTBenaeT HopiwaAbHOMy nyTH a — o BAeKTpoHa, 
a apyroe—HCKpHBAeHHOMy nyTH o!—o' noA AeHCTBHeM MarHHTHOro 
noAa H,  y CTaHaBAHBaioujjeMycH b  nepnen4HKyAflpH0H nAOCKOCTH 
no OTHOUieHHK) K KaTOfly.

C H p y io u jH M  H a n p n a ł e H H e M  o 6 i j 3 a T e A b H O  a o a >k h o  B b i3 B a T b  n e p n o f l H -  

n e c K o e  H 3 M e H e H H e  a H O A H o r o  T o n a ,  a  3 H a n H T ,  h  MOAyAHijHK) awinAH- 

TyÆbl KOAeÔaHHÎi BblCOKOH HaCTOTbl. F I p H  COeflHHeH HH CeTKH CO 

c p e ^ H e ñ  t o h k o h  HCTOHHHKa H a K a A a  (cp H r.  2 0 4 - 6 )  aiwnAHTyAb,

n e p e M e H H O r o  n o T e H y a a A a  

e e  yM eH buiaioTca BABoe, 
a  B M e c T e  c  T eM  3 H a n n -  

T e  A b H O  4 0 A 3 Î H 0  y M e H b *  

U IH T bC f l  H nep H 0 4 MHe- 
CKOe H 3 M S H e H H e aHOAHO- 
r o  T O K a,  T aK  KaK T e n e p b  

p a 3 H b i e  KOHybi K a ' io f la  

HMeiOT B K aatA blH  MOMCHT 

p a a H b i e  n o  3 H a n y  no- 

T e H y n a A b l  OTHOCHTCAbHO 

CeTKH.

B a HHHHC MarHHTHOrO 

n o A H  TOKa H a n a A a ,  h a h , 

® n r .  204.  KaK e r o  H a 3 b iB a io T ,  M a r -

H eT pO H H blH  3 $ (J )e K T ,  CKa- 

3blBaeTCH Ha a H O A H O M  TOKe B CHAy T o r o ,  HTO BAeKTpOHbl nO A yqaiO T 

OTKAOHeHHe o t  H a n a A b H o r o  H a n p a B A e H H H  h  n p H  n y A b c a y H H X  TÖKa 

H a K a A a ,  AAHHa h x  n y T H  n ep H O A H H e c K H  c  t o h  a t e  na c T O T O H  iweHaeTCH, 

cAeAC TB HeM  n e r o  h  h b a h c t c h  M O AyAiiyHH a H O A H o r o  TOKa. Ha

Cemka
Aho9

T  y C e m k a  
K
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P a 4 H K a A b H 0 H  M e p o H  y M e H b i u e H i i a  B p e A H O ro  b a h h h h h  y K a 3 ä H -  

HblX (paK TO pO B HBAHeTCa Ha AAeíKaUjaíl  KOHCTpyKyHH KaTOfla. 

C  3TOH IjeAbK) e r o  n O A H a a  AAHHa AOAiKHa ÖblTb HeÖOAbUIOH, 
4T06bl MOJKHO ÖblAO II0Ab30BaTbCH HH3KHM H anp ii îK eH H eM  H aK aA a.

yMeHbUieHHH MarHHTHOrO nOAH KOHCTpyKyHH KaTOfla AOAJKHa 

npeACTaBAHTb H3 ce6ii ÔHcpHAnpHyio CHCTeMy. KpoMe toto, BecbMa 
yeAecoo6pa3HbiM hbahctch npHMeHeHHe TaK Ha3biBaeMbix noAO- 
rpeBHbix KaTOAOB, y KOTopbix no SMHTHpyioujHM qacTHM He npo- 

xoAHT tok HaKaAa (cm. H anpH M ep, (finr. 206). rioAOrpeBHbie KaTOAbi 
IUHpOKO npHMeHHKiTQ», TAaBHblM o 6 p a 3 0 M , B A3M" 

nax paAHonpneMHbix ycTponcTB.

n P H n p H M e H e H H H  nOCTOHHHOrO TOKa AAH 

H a n a A a  M e p o n ,  ocAaÔAHioiijeH bahhhhc e ro  n y A b -  

c a y n i ł ,  H B A H eT ca  n p H M e H e H H e  c r A a a s H B a r o u j e r o  

(pHAbTpa. TaK KaK conpOTHBAeHHe yenn KaTOAa 
o n e H b  H eseA H K O , t o  eMKOCTb c r A a j K H B a i o u je r o  

(pH A bTpa  OKa3bIBaeTC H  OHeHb ÖOAbfflOH. n 0 3 T 0 M y ,  

npH OTcyTCTBHH np0H3B0ACTBa cneynaAbHbix 
HH3KOBOAbTHbIX KOHAeHCaTOpOB npHXOAHTCH O T p a -  

HHMHBaTbCH H pH M eH eH H eM  OAHOrO AHUIb ApOCCeAH 

B I je n H  H aK aA a.  B b lôop1 APOCCeAH H KOHCTpyKTHB*

Hbiił pacqeT ero moîsho npOH3BOAHTb Ha ocho- 
BaHHH yK a 3 a H H H , CAeAaHHbIX B § 2 TAaBbl I 206.
o  nyAbcai^HH HanpflaceHHH AHHaMOMauiHH h Ha 
OCHOBäHHH paCneTHblX (pOpMyA, AaHHbIX B § 7 r A a B b i  IV. Hto 
K acaeTC H  A o n y c T H M o r o  KostpHyneHTa n y A b c a y n n ,  to  ąas\ Hero 
CAeAyeT A o n y c K a T b  H e  ö o A b i n e  s ^  0,5% 0,1%.

n PH H3AH4HH SAeKTpOAHTHHeCKHX, OCOÔeHHO CyXHX, KOHAeH-
caTopoB, H M e to n jH x  eMKOCTb n o p i i A K a  100^-2000 M H K p o cp ap aA  

B e A H H H y e ,  CAeAyeT npHMeHHTb r - o 6 p a 3 H b I H  ( |)HAbTp. B 3THX 

yCAOBHHX (pHAbTp nOAyHaeTCH C MeHbHieH CTOHMOCTbK), H CT3HO” 
BHTCH B03M0/KHblM npHMeHeHHe AHHaMOMauiHH C ÖOAbUieH nyAbCa-
ijh(:h HanpaateHHH. Ha (pnr. 207 noKa3aHbi pa3Mepbi (pHAbTpa, 
cocToaujero H3 c ahoi'o ApocceAH 0,7 . 10 ~3 reHpH h (pHAb- 
Tpa, HMeioni,ero KonAeHcaTop 11 • 103¡j-F h ApocceAb 0,25 • 10 3 
reHpH no  T-o6pa3HOH cxeM e. O ó a  3 t h  (pHAbTpa AaiOT OAHHaKOBbie 
ycAOBHH nyAbcayHH TOKa HaKaAa b 0,2% n p n  nyAbcayHH Hanpa- 
¡KeHHH AHHaMOMaiUHHbl 5%, HO HMeiOT pa3HyiO CTOHMOCTb.

n P H pacMeTe F -o6pa3H oro $ HAbrpa OTHoiueHue ^  HaAO bm6h*

p a T b ,  HCXOAH TAaBHblM 0 6 p a 3 0 M ,  H3 HaHBblTOAHeHUIHX 3KOHOMH- 

HeCKHX yCAOBHH, H MOJKHO A O nyC K aT b  M 0^ > 1 .  n P H 3T 0M  T aK ate  

HeOÔXOAHMO yHHTblBaTb HHAyKTHBHOCTb HKOpH AHHaMOMaiUHHbl,
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raK nan OHa MOiKeT OKa3aTbca y x e  AocTaTo^Hoft b  KanecTBe 
HHflyKTHBHOCTH (p H A b T p a ,  H T O r f l a  ApOCCeAH BOBCe H e  T p e S y e T C f l .

PoAfa K0 H4 eHcaT0 pa b  crAajKHBafoujeM cpHAbTpe ijenH HanaAa 
MOJKeT B 3HTb H a c e 6 a  a K K y M y A H T o p H a n  6 y $ e p H a H  6 a T a p e n .  

Tanaa 6 a T a p e H  6 y f l e T  c p e 3 a T b  i i h k h  H a n p f l * e H H H  ^H H aM O M au iH H w , 

3 a p H a a H C b  c a M a  b  3 t h  m o y b h t w .  K p o M e  T o r o  O H a 6 y a e T  A eR cTB O - 

B 3 T b ,  KaK K O H A eH C aTO p, h 6 o  O Ó A a ^ a e T  60AbIU0 H eMKOCTbK).

Ó H T a H H e  i j e n H  K aT O A O B  n o c T o n H H b iM  t o k o m  K a n  y  p a A H o n e p e *  

A a T H H K O B , T a K  H y  p a A H O n p H e M H b IX  yCT pO H C T B , H p e 3 B b l* ia H H 0  

y c A O J K H a e T  y c T a H O B K y  h  y A o p o a i a e T  B K c n A o a T a i j H i o .  Ilo 9 t o h  npn- 
H H H e  H a A O  C T a p a T b C H  H 3 6 e r a T b  n p H M e H e H H H  n o c T O J J H H o r o  TO Ka  

AAH nHTaHHfl K aT O A O B .

a )

-20  V- 

- 0 “

VJ

L=0,7 mH  
G = 8b hzp 
H=38Sp$

-760- 
C -16 mf 
G-12 ken

«190"
L=0,1Smh
G 30 hrg  

tJ-225pS

n P H H a K a A e  K aT O A O B  n e p e M e n H b i M  t o k o m  o t  o S u j e f t  n H T a i o -  

U j e i l  CeTH H e o 6 x O A H M O  n p H M C H H T b  I I O H H 3 H T e A b H b i e  T p a H C t p O p M a -  

T o p b l ,  y K O T O pbIX  n O A e 3 H O  H a  C T O p O H e  B T O p H H H O H  OÓM OTKH A e A a T b  

A O n O A H H T e A b H b lH  BbIBOA C p e A H e H  TOHKH. 3 t O  OÓCT O H TeA bCT BO  

n 0 3 B 0 A H e T  o c A a 6 H T b  BAHHHHe n e p e M e H H O r o  n o T e H i j H a A a  k o h ^ b  

K a T O A a  h ,  K p o M e  T o r o ,  A a e T  B 0 3 M 0 a t H 0 C T b  6 o A e e  p a B H O M e p H O  

3 a r p y 3 H T b  KaTOA aH O A H b iM  t o k o m .  Ha ( | m r .  208-a n 0 K a 3 a H 0 , h t o  

npH T a K O M  y C T p O H C T B e  a H O A H b lH  T O K , p a 3 B e T B A H H C b ,  np O X O flH T  

no o 6 e H M  n o A O B H H a M  K a T O A a .  B T e x  c A y ^ a n x ,  K o r A a  HeB03M OJKHO

B0Cn0Ab30BaTbCH CpeAHeH TOHKOH BTOpHHHoS 06MOTKH TpaHC(J)Op- 
MaTopa HaKaAa, co3AaeTca HCKyccTBeHHaa HyAeBaa TOMKa np« n0M0- 
ujH conpoTHBAeHHH, BKAKmaeMoro napaAAeAbHO KaTOAy, KaK noKa3a- 
h o  Ha (pur. 208-6. BeAHHHHa 9 T o r o  conpoTHBAeHHH R k AOAama 6biTb, 
KOHe^Ho, B 3H T aH 3T oro  pacH eT a, HTo6bi He n e p e r p y 3 H A c a  TpaHC(pop- 
MaTop HaKaAa. KoHAeHcaTopw Ck npHMeHHiOTCH c u,eAbio npeAOT- 
BpaTHTb npoxoiKAeHHe nepeMeHHoro TOKa b w c o k o H  nacTOTbr n e p e 3
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í í c t o h h h k  HaicaAa. Kan h  b CAyqae Bbiöopa TaKHX KOHASHCaTopoB 
AAH HCTOHHHKOB C6TOHHOrO CMeigeHHH, HX eMKOCTb AOAJKHa 6bITb 
paccHHTaHa Tan, htoöw ohh OK33bi b3ah b 5— 10 pa3 MeHbmee 
conpoTHBAeHHe TOKaM BbicoKoS MacTDTbi, neM yenb caM oro  
HCTOHHHKa HaKaAa. EcAH eMKOCTb TaKOrO pofla KOHÂ HCaTOpOB 
0 K a 3 b I B a e T C H  OHeHb ÓOAblUOH, TO IIOAe3HO Me*Ay HHMH H HCT04* 

HHKOM HaKaAa CTaBHTb peaKTHBHbie KaryniKH—ApocceAH, paccHH- 
TaHHbie Ha to, htoóm yBeAHHHTb BHyTpeHHee conpoTHBAeHHe 
HCTÔ HHKa HaKaAa T0K3M BbICOKOH HaCTOTbI. B OTAHHHe OT 
TpaHCípOpMaTOpOB HaKaAa BeHTHAeH (ra30Tp0H0B, KeHOTpOHOß), 
TpaHC(popMaTopbi HaKaAa reHepaTopHbix h ycHAHTeAbHbix AaMn

HeT H y * A b i  A e A a T b  c b m c o k o h  H3 0 AH iiH eH  M e a i A y  nepBH H H O H  h

BTOpHHHOH OÓMOTKaMH.
Fio pflAy n p a K T H q e c K H X  cooöpaaieHHH ynpaBAeHHe h  Bce Bcno- 

MoraTeAbHbie npnöopbi (B K A io H a a  n p e A o x p a H H T e A H )  ijena h c t o h -  

HHKa H a K a A a  c o c p e A O T O H H B a io T C H  a h 6 o  b  y e i m  nepB H H H O H  o ó m o t k h  

TpaHccpopMaTopa, a h 6 o  b  geiiH B036yjKAeHHa h  b  ijenn «Kopa 
MOTopa, ecAH npHMeHHeTCH AHHaMOMauiHHa. HcKAioneHHe cocTa- 
BAaeT BOAbTMeTp HaKaAa, KOTOpbiñ ijeAecoo6pa3Hee Bcero npa- 
KAHJHaTb H e n o c p e A C T B e H H O  K 3 aatH MaM K aTO A a,  A a æ e  h  T o r A a ,  

KorAa oh caM ycTaHaBAHBaeTca Ha u,eHTpaAbHOM nyAbTe.
F I p H M e H í í e M b i e  o ö w h h o  b  ü e r r a  H a K a A a  n p H  n e p e M e H H O M  TO K e 

p e o c T a T b i  C A y a s a T ,  c  o a h o h  c T o p o H b i ,  a a h  n e p B O H a n a A b H o r o  

n o c T e n e H H o r o  n y c K a  h ,  c  A p y r o B  C T o p o H b i ,  a a h  p e r y A H p O B K H  

BeA H H H H bi H a K a A a .  n PH n p H M e n e H H H  A H H a M O M a u iH H b i  n y c K  h  

p e r y A H p o B K a  H a K a A a  k 3 t o a o b  o c y i i£ e c T B A í iK )T C f l  H3 M e H e H H e M  H e 3 a -  

BHCHMOrO B036yaSAeHHH AHHaMOMaiHHHbl.

+B.H.

+ B.H

® n r .  208.



r i p H M R H J i T b  c n e y H a A b H b i e  M e p b :  n p n  n y c K e  b  x o a  H a K a A a

KaTOAOB, npHXOAHTCH TOAbKO flAH MOIHHblX AaMn, HAH BOOÔULje 

4AH TaKHX, y KOTOpblX KaTOA OÓAa^aeT ÖOAblUOH TenA O BO H  HHep- 

IJHeH, H npHHHMaTb HX TOTAa npHXOAHTCH no TOH npHHHHe, HTO 
b  n e p B b iH  MOMeHT B K A io q e H H a  y e n b  H a K a A a  H M eeT  M a A o e  C o n p o 

THBAeHHe, ÖAaroAapn HaAHHHio xoAOAHoro KaTOAa. ConpoTHBAeHHe 
npoBOAHHKOB I poAa, nan H 3B ecTH O , B03pacTaeT c T e M n e p a T y p o H  

no 3aKOHy

—  ^ „ „ ( 1  +  K0 >

h  T aK  KaK n p H M e H H e M b ie  T e M n e p a T y p w  y  H o p M a A b H O  p a ö o T a i o i i i H X  

KaTOAOB OHeHb BblCOKH (2200 —  2600°), TO B nO A H e nOHHTHO, HTO 

C o n p o T H B A e H H e  o x A a a j A e H H o r o  K aTO A a n e p e A  n y c K O M  m o j k c t  o K a -  

3 aT b C H  n o H T H  b  20 p a 3  M e H b n i e ,  n e M  y  H o p M a A b H O  p a ö o T a r o u j e r o .  

E c AH K3TOA O Ô A aA a eT  ÔOAblUOH TenAOeMKOCTbK) (HanpHMep, B CHAy 

6 o A b iH H x  c b o h x  p a 3 M e p O ß ) ,  t o  H a p a c T a H n e  T e M n e p a T y p w  n p n  

n y c K e  n p o H c x o A H T  o ^ e H b  M eAAeHHO, a  3HaHHT, b  y e n n  H aK aA a 

C paB H H T eA bH O  AOArO H M e e T  MeCTO TOK ÔOAbUIOH BeAHHHHbl. T aK O H  

t o k  MOîKeT, B O - n e p B b i x ,  B b i3 B a T b  n o B p e a s A e H H e  c a M o r o  KaTOAa 

OT nOHBAÍHOLLJHXCfl 3AeKTpOAHHaM HHeCKHX yCHAHH H, BO'BTOpblX, 

ô b i c T p o  n e p e r p e B a a  c n a n  c T e K A a  c  BbiBOAaMH, n a p y u i H T b  y e A o c T b  

nocAeAHHx.

IlycKOByK) nacTb peocTaTa paccHHTbiBaioT, hcxoah HS Toro, 

hto ConpoTHBAeHHe yenH HaKaAa b  nepBbiH MOMeHT BKAioHeHH« 

paBHO HyAK), H H3 TOrO, HTO MaKCHMaAbHaH BeAHHHHa nyCKOBOrO 

TOKa He AOAîKHa npeBocxoAHTb AByxKpaTHOH, b  KpaHHeM CAyqae 

HeTbipexKpaTHOH, BeAHHHHbi HopMaAbHOTO TOKa. ilycKOBOe conpo-

THBAeHHe AOAÎKHO ÖblTb pa3ÖHTO Ha 3--4 CeKHHH, HTO n03B0AfleT

coKpaTHTb npoijecc nycKa AaJKe HaHÖOAee MoujHbix KaTOAOB ao

2— 3 ceKyHA-
B CHAy 3THX JKe COOÔpaaîeHHH B030yîKAeHHe AHHaMOMaUIHHbl 

ijenn HaKaAa aoaäho AeAaTbcn He33BHCHMbiM ah6o ot OTAeAbHoro 

B036yAHTeAH, CHAHiijero Ha tom ate BaAy, ah6o ot oöigeH ceTH 
nOCTOHHHOrO TOKa.



r A A B A  VII.

n P H M E P b l  P A C H E T O B .

§ 1. 06njee COOÔpaiKeHHH O KOHCTpyKTHBHOM OCpOpMACHHH 

B b in p H M H T e A b H b lX  yC T pO H C T B  H O paC M C TC  T p a H C ^ J O p M a T O p O B .

B b in p « M H T e A H  HeÖOAbUIOH MOIIJHOCTH, B H3CTHOCTH n p e ^ H a -  

3 H aH eH H bie  a a h  n n r a H H a  p a A n o n p n e M H o ñ  a n n a p a T y p w ,  i j e A e c o -  

o 6 p a 3 H e e  B c e r o  p a 3 M e i g a T b  b  o a h o m  a i i jH K e  c  c a M o i ł  a n n a p a -  

T y p o i î .  B binpH M H T e A H  c p e a H e ñ  h  ö o A b i n o ß  m o u j h o c t h  c A e A y e T  

KOHCTpyHpOBaTb AH0O B OTfleAbHblX IIlKatJjaX, Ah 6 o  TaK H a3 b l-  

BaeMbiM OTKpbiTbiM MOHTaaseM, c  n pH M eH ßH H eM  o r p a / K A a t o i i j e r o  

ö a p b e p a .

Bce B binp ilM H TeA H , K O TO pbie  AaiOT H anpH JK eH H e CBblllie 

3 0 0  h - 5 0 0  V ,  H e o 6 x o 4 H M O  c H a ö ä ia T b  ö a o k h p o b k o h , o ö e c n e n H B a -  

l o i g e f i  6 e 3 o n a c H o e  o ö c A y jK H ß a H n e  h x . B  o c h o b h o m  y c T p o S c T B O  

TaKOH OAOKHpOBKH CBOAHTCfl K TOMy, MTO npH OTKpblBaMHH ABepei^ 
i n n a t a  h a h , n p H  OTKpbiT  j m  MOHTaîKe, c a M o r o  ö a p b e p a ,  aBTOMaTH- 
q ecK H  B b iK A jovaeTC H  B b i c o K o e  H a n p f l ^ e H H e .

H e  B f l a B a a c b  b  A eT aA H  y c T p o f i c T B a  B c n o M o r a T e A b H o ñ  a n n a -  

p a T y p w  o ö i g e r o  3 A e K T p o T e x H H H e c K o r o  x a p a K T e p a ,  o t m c t h m  AHiiib, 

HTO r i p n  M eH eH H e aB T O M a T H H e c K o ro  h  ^ H T p a A H 3 0 B a H H 0 r 0  y n p a -  

BAeHíiíi c  n y A b T a  o c o ö e H H O  îKeA aTeA bH O  b  m o u j h m x  y c T a H O B K a x ,  

HM eroi^HX p T y T H b ie  B b i n p H M H T e A H  H r a 3 0 T p 0 H b I .  r i o C A e 4 H H e ,  K a K  

öbiAO ycx aH O B A eH O  p a H e e ,  T p e ö y i o T  o c o ö e H H o  T i i j a T e A b H o r o  y x o a a  

3 a  c o ö o h  b o  BpeM H  a K c n A o a r a ^ H .  B  y c T aH O B K a x  ö o A b L u o il  MOig- 

HOCTH /K eA aTeA bH O  p a c n o A a r a T b  9 A e K T p n n e c K y i o  cH A O B yio  a n n a -  

p a T y p y  (aH O A H bie  T p a H C c p o p M a T o p b i ,  M acA siH bie B b iK A iona T eA H  h  

T. A . ) OTAeAbHO OT B blI ip iîM H T eA eH . / ip O C C e A H  H KOHAeHCaTOpbl 

c r A a a s H B a i o t g e r o  $ H A b T p a  b  T a n n x  y c T a H O B K a x  H a n A e a m r  T a K ^ e  

p a c n o A a r a T b  BHe Toro 3 a A a ,  b  K o t o p o m  p a 3 M e i g a e T c n  a n n a p a T y p a  

c a M o r o  BbinpHM HTeAH h  n e p e A a T H H K a .  3 a M e T H M  n o n y T H O ,  h t o  

CrAaa»HBaK3IIJHH KOHAßHCaTOp AOAaieH ÖblTb OÖH3aTeAbHO C H a 6 * e H  

pa3pHAHHK OM , aBTOM aTHHeCKH pa3pHJKaiOUJHM e r O  n p H  OTKpblBaHHH 

ABepeö b n o M e i g e H H e ,  r A e  o h  p a c n o A C i ü e H .

365



Ha $Hr. 209 noKa3aHbi npmviepbi KOHCTpyKTHBHoro ocpopMAe-

HHH BbinpHMHTeAbHbIX yCTpOHCTB pa3AHqHOH MOWHOCTH.

n P H KOHCTpyHpOBaHHH BbinpHMHTeAH B C erA a npHXOAHTCH HMeTb 

AeAO C KOHCTpyKTHBHblM paCHeTOM TpaHCCj)OpMaTOpa. nOApOÖHOe 

pemeHHe s t o h  s a b a n a  b m x o a h t  3 a  npeaeAbi HacTOHiijero Kypca.

O u r .  20 9 -a .

TeM He MeHee hbahbtch ¿o H3BecTHoñ CTeneHH ^Aecoo6pa3HbiM 
AaTb HeKOTopbie yKa3aHHH no 3TOMy Bonpocy, ocoöeHHO b cbh3h 
c TeM, HTO b cneywaAbHbix Kypcax oöwhho npHBOAHTCH npHMepw 
pacneTOB TpaHC$opMaTopa öoAbinoö moujhocth, Toraa nan aah 
paflHOyCTpOHCTB npHXOflHTCíí HaCTO paCCHHTbIBaTb TpaHCípOpMaTOpbl
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HeÖOAblUOH MOUJHOCTH, Bfl06aB0K HMeiOIU,He CAOÄHyiO cxeiwy 

BTOpHHHOH IjenH, COCTOflUjeB H3 HeCKOAbKHX OTfleAbHblX OÖMOTOK. 
Haflo O TM eTHTb e u j e ,  h t o  noAOÖHan 3aAana pacieT a TpaHccpop- 
M aTOpOB M3AOH MOIU.HOCTH OÖbIHHO ÖblBaeT CBH3aHa C MaCCOBbIM 

npOH3BOaCTBOM HX H nOTOMy HaXOAHTCH B CBH3H C BOIipOCaMH 
np0H3B0ACTBeHH0r0 h 3K0H0MHHecK0r0 xapaKTepa, TpeöyioujHMH 
B b l ö o p a  H a H Ö O A e e  paU,HOHaAbHOH KOHCTpyKyHH H3 B c e x  T e X H H H e C K H

B03M0HiHbIX.

HecMOTpH Ha OTHOCHTeAbHyio npocTOTy pacneTa TpaHC(J)op- 
MaTOpa C HHCTO n p H H IiH n H aA b H O H  CTOpOHbl, B OCOÖeHHOCTH npH 

HeÖOAblUOH MOUJHOCTH, KOHCTpyKTOpy nOAe3HO nOAMeTHTb OCHOB- 
Hbie 3aKOHbi npoeKTHpoBaHHH, cpa3y Be^yiiiHe k H a n ö o A e e  paijHo- 
HaAbHOH KOHCTpyKipiH, H COCTaBHTb OnpefleAeHHblH, ÍJCHblH H 
H e TpeÖyfOLgHH KaKHX'AHÖO KpOnOTAHBblX npOÖ MeTOA, TOHHee 
r ö B o p a ,  p«A npocTbix cpopMyA. H  ecAH s t o  HeocymecTBHMO aah 
H e n p e p b i B H O r o  p ^ A a  T p a H c c p o p M a T o p O B— o t  caMoro M a A e H b K o ro  

AO caMoro MOiijHoro— to , no KpaHHeñ M e p e ,  mo*ho HañTH oah- 
HaK O B bie  (ÇopMVAbi AAH A i o ö o r o  n p o M e * y T K a  s T o r o  p H A a .

H n a te  H 3A araeT ca  m c t o a  p a c n e T a ,  KOTopbiH b AOCTaTOHHOH 
CTeneHH yAOBAeTBopaeT ochobhwm 3aKOHaM aKOHOMHnecKoro npo-  

eKTHpoBaHHH h AaeT B03M0aiH0CTb ąah  o n p eA eA eH H o ro  npoMe-  

atyTKa H en pepb iB H oro  pflAa TpaHCtpopMaTopoB noAynHTb pnA 
n p o cT b ix  (J)OpMyA C H3BeCTHbIMH K03(j)H^eHTaMH, nO KOTOpbIM 

pacneTHaH p a ö o T a  MoateT c B e c r a c b  k npocTbiM MexammecKHM  

BbIHHCAeHHSM.
n PH p a c n e T e  T p a H C tß o p M a T O p a ,  KaK h b c h k o t o  A p y r o r o  ycT- 

p o i î c T B a ,  npHXOAHTCH p e r n a T b  3 a A a n y ,  K O T O p a a  c o c t o h t  b t o m ,  

4TOÖbI C 0 3 A a T b  T p a H C $ O p M a T O p ,  H aH Ö O A ee 3KOHOMHHHWH KaK 

B CMbICAe CTOHMOCTH, T aK  H B OTHCflUeHHH n O .T e p b .  /^AH 3TOrO 
CpeA H  H eM aA O rO  HHCAa pa3A H H H bIX  BeAHHHH HeOÖXOAHMO npaBHAbHO

BblÖpaTb ABe TAaBHeHUIHe: nAOTHOCTb TOKa ß H nAOTHOCTb
* MM*

MarHHTHOrO nOTOKa Æmax raycc, BhlÖOp KOTOpblX B CBOK) OHepeAb 
o r p a H H ^ e H  a h ö o  x o a o c t w m  t o k o m ,  a h 6 o  H a r p e B a H H e M ,  h a h ,  HaKO- 

Hey, TeM h ApyrHM BMecTe.

H a B A «  (pyH K yH H  b h a 3

rAe P T — noAHbie noTepH b Barrax, N  —  noAHaa cTOHMocTb 

b pyÖAax h 5  —  ceneHHe H«eAe3Horo cepAeHHHKa b cm2, 6yaeu 
HCKarb Te 3HaHeHHH S ,  npH KOTOpblX P T  h N  ö y A y T  HaHMeHb-

P T = h &  B m , S ) .  

N  = / , ( ß ,  B m , S ) ,  .

(1)

(2 )



i a - î  • G m 2

U1HMH. r i o T e p H  B nepB H H H O H  OÔMOTKe MOJKHO B b Ip a 3 H T b  CAeAyJOUJHM 
0 6 p a 3 0 M :

P M  1 =  1 0 - 2  A _  p . W l  . k S  ■ K . d 0 =  1 0 _ 3  f ■ —  • G j r i

h aHaAorHHHO

_  ß 2p 

I O - 3 ■ Tar 

h , HaKOHeij,

P ji = V  j q - ^ 3  P  • ( G i r l  - f  Gmt) . . . . . . . . ( 3 )

B  3THX ypaBHeHHHX 0603HaHai0T: p  - - yaeAbHoe conpo-

T H B A eH H e;  w  —  h h c a o  b h t k o b ;  d 0 —  / i w a M e T p  b  c m  K p y r a ,  o n n c a H -  

Horo OKOAO CTepaiHH c e p A e ^ H H K a  ( n p e a n o A a r a r o T C H  K p y r A b i e  

K a T y u iK H ) ;  k { — K o a ^ m i j H e H T  > 1 ,  —  y ¿ .  B e e  M e ^ H  b  i / c m 3 ;

G 11 —  B e e  M e a n  b  k i ;  q  —  c e n e H H e  n p o B C u a  b  m m 2.

O n p e A e A H M  B eA H H H H y  Gm, I I 0 A b 3 y H C b  H 3 B eC T H b IM H  ( p o p M y A a M H  

B BH^e
Gm  1 =  10~5 • ~iM • qiWifci K(/0 =

= T O 9 . ï k . * 2 . v _ L _ . A . . .  , ( 4 )

3¿iecb k 2 —  ; P 1 --MOUJHOCTb B V A ;  / --HaCTOTa TpaHC(fOp-
\  s

MHpyeMOrO TOKa, K03(pHI£HeHT (pOpMbl Koero 1,11.

T o h h o  T a n  m e

C m  =  7 0 9  - T j ,  ■ ¿2  1 k ' P ' + k ’ P "

I I
(4-a)

ripHHHMaH BO BHHMaHHe $OpMyAy (3), nOAyHHM



P m = G m - 5  • B J ,

. r*  'yaeAbHbie noTepn b x.eAe3e, U K —  Bee aKTHBHOro

rioTepH B }KeAe3e HUjeM H3 COOTHOUieHHft

ki  r a y c c  J ' ' 1 7 3

3 t e A e 3 a  ( c T e p æ H H  h  a p M o )  b  k i ,  K O T o p w H  m o * h o  n p e ^ c T a B H T b

B BHA e

G ) K  —  7 Ä  • »S' • ( 2  /i — (—  2  /2 -|—  tv do) • 1 0 - 3 k i  

l \  h  l 2 —  B b i c o T a  h  u iH p H H a  OKHa c e p A e H H H K a ,  n p n q e M  n y c T b

l2 — k3 - k 2 \ /S ,

T o r A a  n p H  vé ^ > l  (K 09(J )H yH eH T  3 a n o A H e H H H  M e A b io )  H M eeM

h 

1 0 6 

~  2,22 

H COOTBeTCTBeHHO

__9 ri)2q 2 

100
1

k 3 ■ k 2 \JŚ

k 3 - k 2 V - B m sfS* f

G ^ ^ l O - s y ^

/ J a A e e

=  i o - 3

0 , 9  • 1 0 «  _ 5 . - | _ ( 2 * 3 - f - * )  • k 3 ■ S \ / S
k 3k.2 j

•(7)

' T i 0 , 9  • 1 0 °
1

-f- ( 2  & 3  - | -  tc) A:2 • S  \JS

Tenepb MôîKeM HarmcaTb

P m + P k =  P t = ( A + A E )

h  • k 2 ß  • B m • ^  /

5  • B J  . ■ . .

+

1

y/s a  ■ r  ■ s{]
3 A e c b  A  =  1 0 ~ 3 8  • Y *  •

r  =  ( 2  k3 - j -  it) • k2 .

(«)

(9)

( а )

( б )

5  =  0 , 9  • 1 0 6

4  =  0 , 7 0 9  - p  . k 2 ■ k 1 0 6

k-¿k3 $ B m f  

1 _  P u  

B m  ' f

OroHMOCTb TpaHC(|)opMaTopa 6yAeM cHHTaTb b bhaq

N = k MGM +  k MG  .

• ( b ) 

- ( r )



r f l e  k M h  k M  —  i^eH a  a K T H B H o ro  M a T e p H a A a ,  a t e A e s a  h  MeflH, 

B pyÖABX 3 a  1 k i  c  y q eT O M  p a G o ^ e ñ  chaw h B c n o M o r a T e A b H b i x  

MaTepnaAOB— h30ahi¿hh, KOHCTpyKTHBHbix A e i a A e ñ  h t. a -

C  nOACTaHOBKOH CpOpMyA ( 5 )  H ( 7 )  CTOHMOCTb npeACTaBAHeTC« 
B BHAe

3 A e c b

n={Ai+axE) jg'+At - r ■ s*¡, ( 1 0 )

A i

A \  —  7 0 9

• T »  

k a ■ k P i

7

( a ' )

( r ' )

1 0 " 3 . .

1

F ^ T

K o 3 C p H ä H e H T  k 3 M O J K H O  6bIAO 6 b l  H C K A K ) H H T b ,  e C A H  6 b l  y p a B *

HenHe ( 7 )  npeACTaBHTb b BHAe

. p
G x — f

H HaHTH e r o  MHHHMyM n p H  P n  

nepeM eHHOM ; 3 A e c b  s T o r o  

AeAaTb, oAHaKO, H e  6 y A e M ,

A aöbi H e  ocAOJKHHTb p e r n e -

HHH, HÖO, KaK yB H A H M , HaH"

BbirOAHeHUiaH BeAHHHHa &3 

AerKO y ra A b iB a e T C H .

T o h h o  TaK*e Heoöxo- 
k

AHMO OrOBOpHTb, HTO - y -----

OTHOuieHHe cpeAHero AHa- 

M eT pa BHTKa o ö m o t k h  k  a h e -  

MeTpy K p y r a ,  onncaHHoro 

OKOAO nonepeHHoro ceneHHH 

CTepjKHH, He HBAaeTCil BeAH"

HHHOH BnOAHe npO H 3B O A b" 

h ö h ,  a  HMeHHO, KaK A erK O  

nOHJJTb H3 $ H r .  2 1 0 ,

^ < 2 4 - ^ 3  • • ( 7 " )

B  CHAy 3 T o r o  e e  c a c a o - 
B3AO 6 b l  T a K 2 i e  H C K A I O H H T b ,
B 0 c n 0 A b 3 0 B â B in H C b  y p a B H e -

HHeM ( 7 0 ,  HTO B A 3 A b H e 8 in e M  n p H  OTbICKaHHH yCAOBHÜ MHHH* 

MyMOB n p H B e A o  6 b i  K p e m e H H i o  y p a B H e H H H  3  C T en eH H . T a K o e



1

ycAOîKHeHue coBepineHHO H e onp aB A b iB aeT ca ,  h 6 o  c a h h i k o m  m e a o  

3HaqeHHe t o B o i h h ö k h , KaKaa nOAyqaeTCH, ecAH k  cwraTb n o -  

CTOüHHoñ, a ,  K p o M e  T o r o ,  K a K  yBHflHM A a A e e ,  3 T y  BeAHHHHy 

A e r K O  n p a B H A b H O  3 a A a T b .

HaXOAHM 3 H aq eH H 3  S ,  n p H  KOTOpbIX P T H N  AaiOT MHHHMyM. 

3 t h  3HaneHHfl c y T b

n o  noTepH M :

no c t o h m o c t h :

^ \ { - é r + T ) ..........................<“ >

A
A x

h a h  AaAee

/  Ax
1 E

[ A . r ‘ r
HMeeM n o c A e

A

A \

) ..................................... ( 1 2 )
)

/  £ łr Tir ' 1 0 ~ 3

.........(13)

TaKOBO 4 0 AÄH0  ôbiTb cooTHomeHHe MeæAy h a o t h o c t h m h  r o K a  

H nOTOKa, MTOÖbl paCCHHTaHHblH TpaHC(J)OpMaTOp npH HaHMeHbUIHX 
noTepax c t o h a  KaK m o ä h o  AemeBAe. F I o h h t h o ,  h t o  TaKoe c o o t -  

HoraeHHe He BcerAa MoæeT öbiTb BbinoAHeHO b CHAy HeÖAaro- 
npHHTHblX yCAOBHH HarpeBaHHH H XOAOCTOrO XOAa, KOTOpbie 

He SblAH yqTeHbl npH BbIBOAe 3TOÎÎ <|)OpMyAbI. OAHaKO, HeKOTOpbie 
H eoöxoA HM bie OTCTynAeHHa o t  HaiiAeHHOro c o o T H o m eH H s BcerAa  

m o æ h o  caeAaTb 6e3 6oAee h a h  MeHee 3HaHHTeAbHoro 0TX0Aa ot 
MHHHMyMa nOTepb H CTOHMOCTH. KpOMe Toro, BcerAa B03M 0ŻKH0 

B biöopoM  T o r o  h a h  HHoro copTa MaTepHaAa cAeAaTb cooT H om e-  

H H e  ( 1 3 )  n p n r O A H b lM  AAH AOBOAbHO AAHHHOrO pflAa, OAHOTHnHbIX 

TpaHC(|)QpMaTopoB pa3HOH m o o j h o c t h ;  a a h  pacqeTa h x  mojkho 
HaHTH HeOÖXOAHMOe KOAHHeCTBO $OpMyA, apryMeHTOM B KOHX 

6yAeT TOAbKO MOigHOCTb. <Ąah Apyroro p^Aa TpaHccpopMaTopoE 
( h h o t o  THna no KOHCTpyKUHH h a h  HHoro AHana30Ha no moiuhocth) 
B 3THX CpOpMyAaX AHUIb npHAeTCH H3MeHHTb K03(pHUHeHThI.

H t o 6 w  HAAKDCTpHpOBaTb BCe Bbin ieH 3A O JK eH H O e, H aifA eM  nepB O * 

H a n a A b H O  3TH CpOpMyAbl T aK , HTOÖbl HMH MOXHO 6bIA O  n0Ab30* 

B a T b c a  a a h  p a c n e T a  T p a H C ( p o p M a T o p a  S o A b m o i i  moihhocth ot 5
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Ao 500 kW. B 3TOM cAynae geAec006pa3H0 B0cn0Ab30BaTbc>i Ae*
rHpOBaHHbIM ÎKeAe30M, AAA KOTOpOrO

8 =  1 , 7 5 - 1 0 "  BaTT
k i  ■ ra ycc2

__ o

k x  ~

E cah AonycKaTb HarpeB mcah ao 50°C h yBeAHHeHHe ee 
yA eA bH O rO  COnpOTHBACHHil OT T0KOB & y K O  Ha 15%, TO

p  =  0 , 0 2 2
h (popMyAa (13) AacT

ß =  l , 4 6  • 1 0 - 4  ■ ß m yCL a M n ¡m m 2 .

Kan 6 y A e T  AOKa3 aHO H H s e  p a c n e T O M  o n p e A e A e H H o r o  T p aH C -  

( p o p M a T o p a ,  a a h  yAOBAeTBOpeHHH ycAOBHH Ö A a r o n p H H T H o r o  o x A a -  

»AeHHH MOJKHO B3KTb

ß =  2 aMn I m m 2,

HTO A a e T  A a A e e

B m  =  1 3 7 0 0  raycc.

H a S A e M  T e n e p b  K o a c p H y n e H T b i  A ,  E , r ,  ¿ I , 3 a A a B u r a c b  n p e A *  

BapHTeAbHO

T *  =  7 »8  l l CM3>
=  6  —  o 6 p a T H a a  BeAHHHHa K o a ^ H y n e H T a  3an o A H eH H H  M eA bio ,  

/  = 5 0  H z ,

k 2 =  1 , 3 4  a a h  KpecToo6pa3Horo ceneHHH CTepaiHH, 

eCAH CMHTaTb K03$Hg H e H T  3anOAHeHHH ÎKeAe3a 0 , 9  H OTHOmeHHe 

=  0 , 2  (c m . (pHr. 2 1 0 ) ,  KOTopoe AaeT HaHÔOAbiuee nonepenHoe

ceneHHe KpecToo6pa3Horo CTepîKHH npn HaHMeHbineM d0 ; OTCioAa 
ate HMeeM

a  =  0 , 2 3  \ J S ;  3  a  =  0 , 6 9  \ / S ;  S a = l , 1 5 } / S  

d0 =  1 . 3 4  \JS;

¿  =  2 , 8  ö e p e T C H  H a ocH O B aH H H  T o r o  c o o 6 p a * e H H H ,  h t o  cpeA H H H  

A H aM eTp BHTKa 6 y A e T  —•> 1 , 4  do p a A H  A y n m e r o  o xA aatA eH H H  h  

M e H b i n e r o  p a c c e f lH H H  M a rH H T H b ix  c h a o b w x  a h h h h ;  k $  =  0 , 9 ,  ecA H  

HMeTb B BHA y n p e A b i A y i f l e e  cooôpaæeHHe h  y p a B H e H H e  ( 7 ' ) -
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0 n p e 4 e A H e M  T e n e p b  K09(pHijneHTb! A ,  E p i , n o  (popM yAaM  a,
6, b, r - f

A  —  2 5 , 6  • 1 0 ~ 3,

E  =  3 , 2 7  • P u ,

i  =  6 , 6 2 ,

4  =  0 , 1 7 1  P n .

r i o A b 3 y i i c b  y p a B H e H H e M  ( 1 1 ) ,  HM eeM

S  =  0 , 7 0 8  P % .......................................................( 1 4 )

T a K o e  c e ^ e H H e  CAeAyeT n p H A aB aT b  CTepjKHio b c h k o t o  T p a n c -  

( p o p M a T o p a  o n p e f le A e H H o r o  pHAa n o  m o u j h o c t h ,  a a h  K O T oporo  

yCAOBHH OXA3ÎKACHHH H BeAHHHHa TOKa XOAOCTOrO XOAa n03B0' 
A flioT n p H H H T b  y K a 3 a H H o e  B b iu ie  H A e a A b H o e  c o o T H o u i e H H e  [cm. 

( p o p M y A a  ( 1 3 ) ] .

Ąâ ee H a îU e M  cAeAyJOUiHe p a c n e T H b ie  (popMyAbi, H eo6xoAH M bie

K O H C TpyK T O py

a — 0 , 1 9 4  P n‘ cm

3  a  =  0 , 5 8 1  P \ ïII r)

U ( 1 5 )
5 a  —  0 , 9 6 8  P “ „

(70 =  1 , 1 3  P'u‘ „

h  =  2 , 7 4  p l\\  c m  .............................................. ( 1 6 ' )

/ 2 =  1 , 0 1 6  P ' k  c m  ........................................... ( 1 6 " )

G M =  0 , 0 6 1 1  P ¡ {  k i  > ) .............................................. ( 1 7 ' )

G m —  0 , 0 2 0 6 5  P*n k i ........................................... ( 1 7 " )

G t p  =  G x  - f -  G m  —  0 , 0 8 2 0  P u‘ k i ............................... ...... . ( 1 7 )

G k  : G m  =  2 , 9 6  =  3 ;  g T =  - ^  =  0 , 2 0 3  P ~ ' li
n  BaTT

ripn IJHAHHApHHeCKHX OÔMOTKax:

P m  i =  X  P “  =  z t  P "  =  ° ' 0 8 7  P  «  B aTT  ■ ■ • <1 8 ' )

P « *  =  T  P X  =  W  P ’n  ■ ■ ■ - ( 1 8 " )

*) rip“ 3T0M OKasbiBaeTCH, ito oTHomeHHe Beca cTepjKHH k Becy apMa 
pasHo eflHHHije.
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Æ a A e e :

H

M ^ 1  +  ^ 2 ^ 0 , 2 0 3  P \  BaTT . . . . ( 1 8 ' " )

P *  =  G *  • 1 , 7 5  • 1 0 - 8  • £ «  =  0 , 2 0 0  P j ' 1 BaTT . . ( 1 8 " " )  

P T  —  P M - \ - P m  = 0 , 4 0 3  P ¡1  B a T T ............................( 1 8 )

P T  .i P m  203
0,403 ¿ » - j j - S l .

C A e a y e T  3 a M e T H T b ,  h t o  BeAHHHHa P n  e c T b  n o A e 3 H a H  m o u |- 

HOCTb P 2 nAlOC I lO TepH  B M e ^H  BTOpHHHOH OÖMOTKH. ^ A H  CpaBH H - 

T6AbHO MOIIJHbIX TpaHC({)OpM aTOpOB, KOHeHHO, MOJKHO CHHT3Tb

P 2 ^ P U

H TOAbKO flAH OHeHb MaAOMOUIHblX ( < [  1 k W )  C A eA yßT  CHHTaTbCH 

C TOHHblM B b ip a æ e H H e M :

/ l a A e e

P ,  =  P n  - 0 , 1 1 6  P ' k  

1

1 +
0,403

, ( 1 9 )  

( 1 9 0

p ’ I.
1 II

Æ a h  p a c n e T a  h h c a 3  b h t k o b  HM eeM

1 0 8 • £ \
W  2

ZU¡

4,44 ■ f  ■ B  ■ 5  =  4 6 , 5  ( i r ~ 7 ^ J  ' P n ' ‘ BHTKOB( 2 ( r )

1 0 8  . S i

4,44 f - B n - S
46,5 g-j

Ml
J 1

P u  BHTKOB ( 2 0 ' )

r^e  f ¡  h  £ n  —  cooTBeTCTBeHHO aAeKTpoflBHJKyujHe c h a m ,  a  fTj 

h G 2 —  H anpH*eHHe Ha 3a*H M ax. F Io h h th o  —  a  ah  MoujHOCTeîl 
nOp^AKa HeCKOAbKHX AeCflTKOB KHAOBaTT H BblUie MOÎKHO C^HTaTb

~  F i  ; £ 2  •

r iepB H H H blH  TOK n p H  H a r p y 3 K e  C AOCTaTOHHOH C T en eH b K )  TOHHOCTH 

o n p e A e A H e T c a  cpopM yAOH

I _  P 2 +  0,403 Pli*
~ — —  - ’----------- —  a w n e p  . . . . ( 2 1 )

C 1
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CeneHne npOBOflOB

q \  —  ~ -  =  0 , 5  i m m ¿ .........................(22')

<72 =  y -  =  0 ^ 5  J 2 M M 2 .........................(22")

B e c b M a  BaatHO o T M eT H T b ,  hto noAyneHHbie pacneTHbie <J)opMyAbi 

AOCTaTOHHO TOHHO OnpefleAHIOT SKOHOMHHeCKH HaHBbirOflHeÖIUHe 
pa3Mepbi TpaHC$opMaTopa h ¿aíOT onpeAeAeHHyio cpyHKynoHaAb* 
Hyio 33BHCHMOCTb Meatfly KOUJHOCTblO C OflHOÍt CTOpOHbl, H AHHeH- 

HbiMH pa3MepaMH, B e c c M  h  noTepaMH —  c  f l p y r o i ł  C T o p o H b i .  

B HacTHOCTH, paBeHCTBo Beca cepfleHHHKa h Beca npma. flaeT, 
bo n e p B b i x ,  HaHMeHbiuHH Bec ateAe3a, npHxoflaigHHCíi H a 1 kW, 
a  BO-BTOpbIX, n O K a 3 b IB a e T  npaB H A b H O C T b  B b l ö o p a  K03(J)HU^HeHT0B k  

H k s .

CpopMyAa ( 1 9 ' )  no3BQAHeT c AOCTaTOHHOH TOHHOCTbK) Hane-
pefl O n p e f l e A H T b  B 03M 0atH bIH  KOatpHIJHeHT nO A e3 H O rO  AeHCTBHH. 
B a a tH O  to, hto b 3TOH (popMyAe M02ÎH0 noAaraTb P n  =  P 2 flAH 
B c e x  TpaHCCpOpMaTOpOB, BKAKJHaa C a M b ie  MaAOMOUJHbie.

Kan yate 6wao yKa3aHO, npHMeHHMOCTb (popMyA (14)—(22)
M O * e T  6 b IT b  O rp a H H H e H a  flAH MOIIJHbIX T paH C ( |)O pM aTO pO B yCAO-

BHHMH OXAaatfleHHH, a flAH MaAOMOIlJHblX--  BeAHHHHOH XOAOCTOrO
T o n a .  B e p x H H H  n p e f l e A  s t o h  m o i u h o c t h  M o a te T  ß b i T b  H a S f le H  H3 

CAeflyjoujnx c o o è p a a t e H H H .  T a n  KaK AHHeHHbie p a 3 M e p w  TpaHc- 
( p o p M a T o p a  n p o n o p g H O H a A b H b i  K o p H io  n e T B e p T O H  CTeneHH m o u j-  

h o c t h ,  t o ,  OHeBHflHO, flAH ^ o n p e A e A e H H a  H a p y a tH O H  noBepXHOCTH 
OÔMOTOK h c e p f le H H H K a  T p a H C ( | )o p M a T o p a  MoatHO HanncaTb cA e-  

4 y r o m , e e  n p o c T o e  y p a B H e H H e

0  =  k ' 0 , P ' ¿ ........................................................... ( 2 3 )

npHHHB bo BHHMaHHe ypaBHeHHe ( 1 8 ) ,  MO/KHO HanncaTb flaAee 
BbipaateHne aah yfleAbHOH noBepxHOCTH, npHXOflHijieHCH Ha 1 W  

n o T e p b ,  T. e .

_o = k:
p t  0 , 4  •

3 ïa  BeAHHHHa He AOAatHa 6biTb MeHee onpeAeAeHHoñ KparanecKoił 
BeAHHHHbi o k p , n03T0My ypaBHeHHe (24) OKOHnaTeAbHO AaeT

P , , , lp„ . =  / . ^  j ‘ ..........................................( 2 5 )
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H p H M e p H b iH  pacqeT a a h  k ' 0 X A a e T  3 H a n e H H e ,  p a B H o e  £ ' ot. =  3 0 0 ;  

ecAH a i e ,  c  A p y r o f t  CTopoHfai ,  n p H H H T b o kn =  3 0  c;u2/W 0» t o  

O K a s b iB a e - r c * ,  h t o

P „  npefl.< 5 7 0 k V A ,

T. e .  3 H a H H T e A b H O  B bIXOAHT 3 a  T e  n p e A e A b l ,  C K O T O pblM H  n p a -  

XOAHTCH HM eTb ACAO B n p a K T H K e  npO eK T H pO B aH H fl  T p a H C Ç o p M a -  

T O poB  a a h  p a A H o y c T p o H c T B .  3 t o t  n p e A e A ,  OAHaKO, m o j k h o  A e r n o  

p a c u i H p H T b ,  H e  H 3 M e H a a  K03<pHiiHeHT0B cpopM yA  ( 1 4 ) — ( 2 2 ) ,  n y T e M

C03AaHHH AymiIHX yCAOBHH OXAaiKAeHHfl.
H t o  K a c a e T c s i  HHJKHero n p e A e A a  m o i s h o c t h  T p a H c c p o p M a T o p a ,  

a a h  K O T o p o r o  npH M 6H H M bi (p o p M y A b i  ( 1 4 ) — ( 2 2 ) ,  t o  a a h  e r o  o n p e -  

AeAeHHH, B OÔUjeM BHAe, HeOÔXOAHMO HCXOAMTb H3 (ÇyHKyHH BHAa

a z u = f ( P ' „ ) ,

TAe a t u  —  a M n e p - b h t k h  H a M a rH H H H B a ïo i i i e r o  TOKa, h  3 a A a B a T b c n  

n p e A e A b H O  A onycT H M O H  BeAHHHHOH 9 T o r o  TOKa. He npHBOAH 

A eT aA eH  n o A O Ô H O ro  p e u ie H H H ,  y K a a s e M  A H iu b  H a t o ,  h t o  s t h  

p a c n e T b i  n o K a 3 b iB a K )T ,  h t o  H aH A eH H bie  (Jop iw yA bi  ( 1 4 ) — ( 2 2 )

MOÎKHO npHMeHSJTb AAH paCHeTa TpaHCipOpMaTOpOB MOUJHOCTbK)
o t  5  k V A .

<ẐAH TpaHC(J)OpMaTOpOB MeHbUieH MOIIJHOCTH (aO ~i~ 5 0  -H 1 0 0  

BOAbT-aMnep) HeOÔXOAHMO H3MeHHTb K09(|)HIJHeHTbI B paCHeTHblX
Ç o p M y A a x  ( 1 4 ) — ( 2 2 ) ,  3 a A aB ii iH C b  ô o A e e  h h 3 k h m  3 H a n e H H e M  M a r -

HHTHOH HHAyKIJHH, HTO, B CBOK) O H e p e A b ,  BeAeT K yMeHbUieHHIO 
H a M a rH H H H B a io u je r o  TOKa. Toh^o T a K » e  a a h  h h x  H eT ocoôoh 
HyîKAbi npHMeHHTb K p e c T O o 6 p a 3 H o e  c e n e H H e  cTepîKHH h  mojkho 
3aMeHHTb ero KBaAparabiM. B CBH3H co CKa3aHHbiM, a a h  p a c q e T a  

T p aH C Ç O p M aT O p O B  MOUJHOCTbK) OT 0 , 0 5  AO 5  k V A  MO®HO n p H 

MeHHTb HH/KeCAeAyiOIIJHe (J)OpMyAbI, K O T O pbie  BbJBeAeHbl n p H  

yCAOBHHX

\ Bm =  6 8 5 0  r a y c c ,

8 =  3 , 5  • 1 0  8 ^  - (*eAe30 toaujhhoio 0 , 5  m m ) h

¡3= 2  a M n ¡m m 2.

A =  10-3  • 3,5 • 10~8 • 6850 =  12,3 • 10~8;

B  =  6 , 5 4  P u  ; r  =  6 , 6 2 ;  A  =  0 , 3 4  P n

x) H t o  cooTBeTCTByeT ecTecTBfiHHbiM ycAOBHaM oxAaasfleHHH TpaHccj>opMa- 

TOpa B MaCAHBOM ôane.
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S  = 1 , 3 0 / #  c^ 2 

«1 =  1,14 P ^  CM 
a 2 =  1,25 PU* c m  [ 

e\ —  2 , 2 5  Pj[‘ c m  
e2 — 1,20 Pjj* cm

J

G¡K = 0 ,1 1 6  P ¿  k i  
G m  =  0,026 P ki

G r =  0 ,14 P [/* Kl

P m  = 0 , 1 2 9  / » Ï ^ O . 1 3  P*!i B3TT

P M2 = . . . . . . . ° .  1 7  Pu  B a T T
p

p ,  =  G

J f  —  1 +  ^ a r 2 =  °> 3  P U BaTT

8 • B m  =  0 , 2  • P j l '  BaTT

P T =  P . + P , . . . =  0 , 5  / > • BaTT

p ii — 0 , 1 7  ’ )

1

i o 8 • e ,
w 2

4,44 • 50 • 6850 • 1,3 P,
ü ; =  5 1 £ 2 '

M2

wi =  51 Ml

'1 /

A p —'u
i - r  u

/ i  =

P 2 - f -  0 , 5  P ,{4

(26)

• - ( 2 7 )

. . . (28)

. . .(29)

. . .(30) 

. . .(31)

7,,3...(32") 

. . .(32')

<7i =  0,5 Ą ;  q 2 —  0,5 y2 ......................

06o3HaneHHe pa3MepOB cepAenHHKa n0Ka3aH0 Ha (Jmr. 2 1 1 .

( 3 3 )

( 3 4 )

l) n Pn qacTOM pacqeTe TpaHcipopMaTopoB m b a o h  m o i j j h o c t h no\e3HO 
COCTaBHTb rpaCjJHK P2= f  (Pn )-
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AHaAOrHHHbIM CnOCOÔOM MOJKHO 6bIAO 6bl BblBeCTH pacneTHbie 
cjjopMyAbi h aah flpyrwx CAyqaeB, aah 3Toro onaTb TaKH npw- 
UIAOCb 6bl AHIIIb 3aHOBO HOACHHTaTb BeAHHHHbl A ,  E ,  T’, 4> 
f l a H H b i e  y p a B H e H H H M H  ( a ) ,  ( 6 ) ,  ( b ) ,  ( r ) .

riocAe onpe/ieAeHHH ochobhmx pasMepoB TpaHctpopMaTOpa 
H e0 6 x 0 AHM0  n p o B e p H T b  i iO A y q e H H b ie  p e 3 y A b T a T b i  H a p a 3 M e n j e H H e  

OÖMOTOK, a  TaK*e npoBepHTb ycAOBHa oxAaaiAeHHH h tok xoao- 
C T o r o  xoAa, KOTopbiñ H e cAeAyeT AOnycKaTb 6oAee 20% h - 30% 
AAa C aM bIX  MaAOMOIJUHbIX TpaHCtpOpMaTOpOB (cm. npHMepbl B CAe- 
A y io i^ e M  §  2 ) .

B e e  npiiBeAeHHbie Bbime paccyatAeHHH KacaAHCb 0AH0(})a3H0r0 
TpaHCtpopMaTopa. Flpn npHMeHeHHH k Tpexc|)a3HOMy TpaHC$op- 
MaTopy, HanpHMep, (pnr. 212, b ycTaHOBAeHHbix Bbiuie (popMyAax

®ar. 211.

AAH pa3MepoB cepAeHHHKa S, d0.. O i, «2 > h , h  naAO nepeA P u 
nOCTaBHTb K03(|)HIJHeHT 2/ 3 . 3 t O  C Ô ta C H a e T C f l  TeM , HTO y  Tpex- 
(pa3Horo TpaHccfopMaTopa Ha KaaiAOM CTep;KHe pa3MemaeTca 1I3 
BCeH BTOpHHHOH OÔMOTKH, T O rA a  KaK y  OAHO(pa3HOrO —  V 2 e e .  

CoOTBeTCTByiOUJHM 06pa30M, KOHeHHO, 3TO OÔCTOHTeAbCTBO AOAHÎHO 
6 b i T b  yqTeHO h n p H  onpeAeAeHHH A pyrux  bcah^hh. T a n ,  HanpHMep, 
b c o r A a c H H  c  (popM yA oM  ( 1 7 )  oôu jhh Bec ?KeAe3a Tpex<|)a3Horo 
TpaHC(popMaTopa onpeAeAaeTCa (popMyAoił

—  P
3  11

>/. 3
+  |  ■ 0 , 0 6 1

2  p

3  11

1 , 7 5  • 0 , 0 6 1  ( f  P n ( 1 7 " ' )

B  ycTaHOBKax 6oAbuioíí moiiíhocth BbiroAHO HHorAa BMecTO 
OAHOro Tpex(pa3Horo TpaHCcpopMaTopa ycTaHaBAHBaTb Tpn oaho- 
(Jia3Hbix> HTO, b HacTHOCTH, oÖAernaeT ycAOBHa pe3epBHpoBaHHa.
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TaK K aK n p H  pa6oTe TpaHccpopMaTopa Ha BbinpflMHTeAbHyio 

c x e M y  M bi H M e e M  p a 3 A H H H o e  3 H a q e H H e  B O A b T a M n e p  y  n ep B H H H O H  

h  y  B T O p u q H O H  OÖM OTKH, t o  flAH p a c q e T a  p a 3M e p o B  c e p f l e M H H K a ,  

B e c a  * e A e 3 a ,  n o T e p b  b c e p a e H H H K e ,  o ô u j e r o  B e c a  M e A H  h  o ö i i ^ h x  

n o T e p b  b M e f lH  H a A A e îK H T  n 0 A b 3 O B a T b c s i  r a ö a p H T H O H  MOUjHOCTbio Pr  

( c m .  rAaBy III). fl,An pa3fleAeHHH jse B e c a  h  n o T e p b  b K a aiA O H  

o Ö M O T K e  c A e ^ y e T  ö p a T b  h x ,  c o o 6 p a 3 y * i c b  c cooTHOmeHHeM M e * 4y 

p a C H e T H b l M H  MOUJHOCTíIMH n e p B H H H O H  H B T O p H H H O H  OÍÍMOTKH. 

C a M O  c o 6 o h  p a 3 y M e e T c a ,  h t o  3 t h  oöcToaTeAbCTBa aoajkhm 6biTb 

yHTeHbi h  npn onpeAeAeHHH z v x , w 2 , <71,  <72 h  h  •

§  2 .  I I p H M e p H b i e  p a c q e T b i  T p a H C i f i o p M a T o p o B .

1) T p a H C C p o p M a T o p  a a h  M a A O Mo i g H o r o  AByx-  
n o A y n e p HO A HO r o  Bbi npHMHTeAs  c FI - o 6 p a 3 HbiM
C p H A b T p O M ,  HMeK)HJHH TpH BTOpHiHblX OÖMOTKH. O A H a  H3 HHX

npeAHa3HaqaeTca aah nOAyqeHHH aHOAHOro HanpfliseHHH h Â e 
Apyrne—aah nHTaHHH HanaAa KeHOTpoHOB h ycHAHTeAbHbix AaMn. 

HcxoAHbie pacqeTHbie BeAHHHHbi aah aHOAHOH Ljenn:

P 2 —  4 9  BOAbTaMnep; P i  =  3 5  BOAbTaMnep; P r  =  4 2  BOAbTaMnep. 

72  =  0 , 0 5 4  aMnep; £ '2 ' =  2  X  4 5 6  =  9 1 2  BOAbT ’ ) ,

£•1 =  120 BOAbT; /  =  50 repy.

CooTBeTCTBeHHO a a h  yenn HanaAa HMeeM

J 21 —  2 , 2  a M n e p ,  £21 =  4  BO A bTa 2)  P 21 =  8 , 8  B a r r  

J 22 —  3,5 „ ' £ ' 2 2  —  4  „ $) P 22 —  1 3 , 6  „

rioAHan pacqeTHaa MOiHHOCTb aajj noACTaHOBKH b (fiopMyAbi

(26), (27), (29) (§ I, t a . VII).

-  P r  =  42 -=j- 8 , 8  4 =  13,6 —  64,4 =  65 B O A b T a M n e p .

ripHMeHHH cpopwyAy (30) (§ I ta. VII), HaiiAeM P n  nyreM nocTe- 
neHHbix noACTaHOBOK

X P r = P n  —  0 , 1 7 />„*/*

P n  =  69 BOAbTaMnep.

*) H anpna teH H e xoAocToro xoaa .
2) H an p i ia e H H e  n p n  Harpy3Ke.
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AaAee
P 1/ ’ — 8,31; Pn'l<= 2,88; P nsl‘ =  24;

S =  1,3 - 8,31 =  10,8 cm2,

a i  =  1,14 • 2,88 =  2,3 c m ,

tt2 =  l,25 • 2,88 =  3,6 cm,

li =  2,25 • 2,88 =  6,5 cm,

Iz =  1,2 ■ 2,88 =  3,5 c m ,

Pt =  0,5 • 2 4 = 1 2  Bair.

1 ^  P\ ~r P¿ 1 ~f~ P 22 ~j~ P t  * )_35 -f- 8,8 -f- 13,6 -f- 12 __
F i  _  ~  1 2 0  ~

69,4 n co 
=  ■ -̂ 2q =  aMnep,

<72 =  0,5 • 0,054 — 0,027 m m 2; 0 2 =  O,1 9  m m ,

t
C 3MaAbK) 0 O =  0,22 M M ,

¿ »

91 =  0,5 • 0,58 =  0,29 m m 2; 0 t  =  0,6 m m ,  

n iU 4  0 t =  0,75 m m ,

<721=0,5 • 2 ,2 =  1,1 m m 2; 0 21 =  1,2 M M ,  

nE>4 0 2i =  l,55 m m ,

<722 =  0,5 • 3,4 = 1 ,7  m m 2; 022 =  1,5 m m ,

nB 4  0 22=  1,9  m m .

npH pacqeTe Wo no HanpaateHHio xoAOCToro xoaa 6yaeM 
npHHHMaTb MarHHTHyio HHflyKyHio Ha 6 % 6oAbme, neM 6850 raycc, 
HcxoflH H3 Toro, HTO aah noAHOTO naAeHHH HanpH/KeHHH b oôenx 
yenax, I h II, moíkho oaiHflaTb BeAHUHHy nopnflKa 12%.

10s • 912
W2 4,44 • 50 • 6850 • 1,06 • 10,8 =  5252 BHTKa’

120
wi =  5252 =  690 bhtkob.

ł ) He COBCeM TO^HO, BBHAy Toro, 1TO Pj COCTaBAHeTCfl HeCHHyCOHAaAbHbIM 
TOKOM-
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f i o  (p o p M y A a M  ( 2 8 ) ,  ( 3 2 )  ( §  I t a .  V I I )

Pii2\ —  0,17 • 24 —  0,55 BaTT,
O J

Pii22 —  0,17 • 24 —  0,85 BaTT,
CD

=  26 BHTKOB,

■w22 = 5 1  31 ~  ̂  BHTKOB.

K o H C T p y K T H B H o e  p a c n O A O iK e H H e  o ô m o t o k  n o K a s a H O  H a (}mr. 213. 
C A e A a H H a «  n p o B e p n a  H a  p a 3 M e u j e H H e  o ö m o t k h  n o K a 3 b i B a e T ,  h t o  

n o c A e f lH i îH  B n o A H e  y K A a f l b i B a e T c a ,  h  h t o  o c T a e T c a  AOCTaTOHHo

MeCTO Ha H30A^yHI0.

ripoBepKa Ha naaeHHe HanpaaieHHH nyTeM no^cneTa OMHne- 
CKHX COnpOTHBAeHHH npH AeHCTBHTeAbHOH Cpe^HeB flAHHe BHTKOB, 
TaKate noKa3biBaeT, hto BbiôpaHHoe Bbime mhcao bhtkob aaeT 
3 a f l a H H b ie  H a n p a a ie H H H .

r i p o B e p K a  H a  H a r p e B a H H e  T a K a te  a a e T  y ^ o B A e T B o p H T e A b H b ie  

pe3yAbTaTbI. Ko3(pHIJHeHT nOAe3HOrO AeHCTBHfl, OTHeceHHblił K P r ,  
OKaSblBaeTCH BIlOAHe yflOBAeTBOpHTeAbHblM

BeAH4HHa XOAOCTOrO TOKa

J , 0,044 a M n e p ,

0  2 - 2 4  

J *  + r =  ’ 1 2 0  '  =  0 , 0 4  a M n e p ’

a+ r
-  • 1 0 0 %  ^ 1 0 %

Ą

HMeeT BnoAHe AonycTHMoę 3HaneHHe»
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W , 3 M

cpur. 213.

iW \U M r-0
/

912 V /¡na kenompoHoo

J

2) T p a H C $ 0 p M a T 0 p A A h  A B y x n o A y n e p n o f l  h o t o  

B b i n p ü M H T C A H .

P 2 =  910 VA 

P i  =  640 „

P r  =  l l b  „

J2 =  0,355 A

FIHT3HH6 paflBoyCTpoflCTB — 25 385



HanpfljKeHne npH xoaoctom xoAe:

£V =  2600 V ,

£ i  =  1 2 0  „

/ =  50 Hz.

ripHMeHHeM (pOpMyAbl (26) (§ I TA. V II) C 33MCHOK P„ *) 
q e p e 3  P r :

5 =  1,3 • Ą  =  1,3 • v/775 =  36,0 cm,

öi =  1,14 • Pp =  60 mm\ a2 == 1,25 • Pp — 66 mm,

/i =  2,25 • P'p — 120 mm', l2 — 65 mm.
Bee *eAe3a

G>k= 10 3 • 7,8 ■ 2 (12 —j— 6 —f— 6 —|— 6,5) • 36 =  17,6 ki,

Torfla KaK no (popMyAe (26) (§ I ta. V II)  oh paBeH 

G>,( =  0,116 P ^  =  \ 6  k i .

OöujHe noTepH no (popMyAe (29) (§ I ta. V II) opneHrapoBOMHO
paBHbl

PT =  0,5 • 7753(‘ =  0,5 • 145 =  73 BaTTa.

3 A e C b  MbI flOAJKHbl nO A C TaB A H Tb P r ,  BMeCTO P n  OnHTb-TaKH 

B CHAy T o r o ,  HTO n o T e p n  o t h o c h t c h  ko B c e M y  T p a H C tp o p M a T o p y .  

/laAee HaxOAHM

,  P x +  P t  6 4 0 +  73 . . .

A  =  =  — Î 2 Ô —  ”  5 ' 9 4  a M n e p '

<7! =  0,5 • 5,94 =  2,97 mm2; 0  : =  1,95 mm,

c H30AflyHeM I1B4 0  ' =  2,35 mm,

<72=0,5 • 0,355 =  0,178 mm2; 0 2 =  O,5 mm,

c H30AHyHen fÏEÆ 0  ‘3 — 0,7 mm.

TaK  KaK HaM 3aAaHO H a n p a » eH H e £ 2' X0 A0 CT0 r 0  xoAa, T0 
n p n  p a c n e T e  n o  HeMy HHCAa b h t k o b  AonycTHM MarHHTHyio HHAyK- 
ijHH) Ha 3 , 5 %  6 o A b iu e ,  h c x o a h  h 3  T o r o ,  h t o  a a h noA H o ro  naae-

x) Mbi He B0cn0Ab30BaAHCb (popMyAoS (30) (§  I ta. VII), b CHAy MaAoro 
3qaneHHH ee 3flecb h b CHAy Toro, *jto ¿AH^TaKofi MonjHoeTH m o * h o npn He- 

HHTb MarHHTHyio HHAyKyHK) Bbiine 6850 raycc.
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HHH HanpaajeHHH b oôenx oÔMOTKax m o î k h o OJKHAaTb BeAHHHHy 
n o p H A K a  1 % .

m _  108-2600 . . . .
3 4,44 • 50 • 6850 • 1,035 • 36 b h t k o b ,

4 6 R &  •? 1 2 0

tvi =  4616 =  213 b h t k o b .
z oU U

C x e M a

(Dar. 214.

Tenepb CAeAaeM npoBepKy Ha pa3MeujeHHe oömotkh, BbiôpaB 

nonyTHO HeoöxoAHMyio H30AayHi0. Oöm o t k h  pacnoAaraeM koh- 

yeHTpHHHO. H 3OAHIJHK) OCyUjeCTBAfleM H3 npecmnaHOBblX THAb3,

TOAujHHa KOTopbix c pa3MepaMH ÇAaHgeB noKa3aHa Ha cpHr. 214.
120

HhCAO CeKUHH nepBHHHOH OÖMOTKH 2, TO/Ke BTOpHHHOH 26qq =  

=  8 ceKijHH (h3 pacneTa okoao 300 V Ha KaæAyio ceKijnio).
» -  * » V 1 2 0 - 2 - 6
1 O Ö M O T K a. 4 h c a o  BHTKOB B o a h o m  CAOe =  t t i î î —  =  46,

HHCAO CAOeB Ha OAHOH THAb3e :

2-35
213
2-46 3,

paAHaAbHaH TOAujHHa 3 X  2,35 =  7 m m .
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II o  6  M o  T K a .  4 h c a o  b h t k o b  b 0 4 H0 H c e n y H H  —  - g --------5 7 7 ,

HHCAO BHTKOB B OflHOM CAOe KaiKAOH CeKHHH =
_  120 —  ( 3 -2 +  2 - 8 )  Qrj

4-0,7 —
577 -  1 8HHCAO CAOeB B KaîKAOH C e K ip iH  =  ^3

p a A H a A b H a h  TOAiijHHa ceK i jH H  c  npOKAaAKaMf 

M eíKfly CAOHMH H3 6 y M a r n  t o a u j h h o h  0 , 1 2  m m  =

—  0 , 1 5  ■ 1 7  +  0 , 7  ■ 1 8  ^  1 5  M M .

3 a 3 o p  b  o  k  h  e  M e æ A y  K a T y u iR aM H , p a c n o A O íK e H H b iM H  H a p a 3  

H b ix  c T e p jK H íix :  6 5 —  2  ( 1  —)— 7  - f - 2 , 5  1 5 )  =

=  1 4 , 5  m m , t .  e .  B n o A H e  A ocT aTO H H O .

M o î k h o  6 w a o  6 bi A a æ e  y M e H b iu H T b  u m p H H y  OKHa a o  6 0  m m  

OAHaKO, He AeAaeM a T o r o ,  h t o 6 w  HMeTb HeKOTopbiH 3 a n a c .

T o k  x o a o c t o t o  x o A a .  ^ o n y cT H M , hto  n o  xapaKTepn-

CTHKe n p H H í i T o r o  H3MH » t e A e 3 a  H M eeM  ~  =  1 ,4 .  T a K  KaK * e A e 3

H bie  AHCTbi c e p A e n H H K a  6 y A e M  c o ô n p a T b  b  H a x A e c T K y ,  t o  mojkciv 

c H H T a T b ,  HTO B e e  M aFH H T H oe c o n p o T H B A e H H e  o n p e A e A ^ e T C H  æah- 

h o h  a i e A e 3 H o r o  M a rH H T O n p o B O A a ,  BCAeACTBHe n e r o  HaMarHHHH 

BaK»IH,HH t o k  p a B e H  •

a w  ,
j  __ c m  ___  1 , 4  • ( 1 2  —)—1 2  - f -  6 , 4  +  6 , 5  - | -  rc • 6 ) _  ^  ą

w lX/2 ~  2 1 3 y/2

A K T H B H a n  c o c T a B A H io u j a f l  x o A O C T o r o  x o A a

, P K 3 , 5  • K T 8 • 6 8 5 0 2 • 1 7 , 5

• /*  +  -  =  —  = --------------------- Ï 2 Ô -------------------------- ”  0 ’2 4 0  A ‘

r i o A H b i i i  t o k  xoAO CToro x o A a  b  n p o u eH T a x

1 0 0  • ^ , + / - * ± L  =  6 t 4 ^ )
J \

4TO BnOAHe AOnyCTHMO.

H a n p a « e H H e  K o p o T K o r o  s a M b i K a H H t i .  O mmhcckoi  

c o n p o T H B A e H H e  OÖMOTOK n o  c p e A H e ñ  AAHHe BHTKa

( 6 , 9 +  6 , 9 +  0 , 5 )  2  0 , 0 2 2  _

1 - 2 1 3  1 0 0  • 2 , 9 7  - U>4 5 5 U ’
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r 2  =  4 6 1 6  ( M + M ^ f O S )  2  0 0 2 2  _  2 Q 6  Q>

1UU U ,1 ^ D

461 (S2
r T =  2 0 6  +  ^  =  0 , 4 5 5  =  4 1 9  9 .

P ea K T H B H o e  c o n p o T H B A e H H e ,  n e p e n n c A e H H o e  H a  B T o p H H H y io  i j e n b ,  

npH  paA H K aA bH O H  TOAUJHHe 1 OÔMOTKH A = 0 , 7  CM, II OÖMOTKH

A2 = l , 4 ,  3 a 3 o p e  MejKAy oÔMOTKaMH A =  0 , 2 5  c m , c p e f lH e M  n e p n -  

M eTpe OÖMOTKH U m =  3 5  c m  h  AAHHe n o  o c h  o ö m o t o k  l s  —  1 2  c m ,

8 , 5  • /  • z v 22 U m +  y  +  A 

r  ÏÔSTÇ 7Jf

_ 8 , 5  • 5 0  • 4 6  1 6 2 • 3 5  ( 0 , 2 3  +  0 , 4 7  - f -  0 , 2 5 )  o c n  0

12 • 108 =  ’

o, _  i m  ,  v V  +  V  1 0 0  • 0 , 3 5 5  • v / 4 1 9 a +  2 5 0 2 _  
e ;, / o _ 1 0 0 . y 2 ----------- i r r —  -  2 6 Ö Ö  “

3 5 , 5  ■ 4 8 7

2 6 0 0
- = 6 , 6 %  .

riaAeHne Hanp;meHHH Ha cT o p o H e  BbinpaMAeHHOro TOKa (<pop-

MyAa ( 5 0 )  §  1 0  t a .  I I I ) .

E« ° l-  =  ( h  -487 +  w )  ë î  ' 6'67» = 10-37 -

3 A e c b  M w  npHHHAH k ¡  =  0 , 7 1 ,  npeAnoAoatHB, h t o  b t o p h h h m h  t o k  

6yAeT HMeTb npHM oyroAbHyio (popMy. BbinpnMAeHHoe HanpaaîeHHe  

npH noAHOH H arpy3K e ( n p e H e ö p e r a a  noTepHMH b p c h t h a h x )

E 0 =  2 6 0 0 =  1 0 5 0  V .
Z * 1 ) 1 1

n p O B e p K a  n o T e p b .

P M j =  7,2 r i  =  5 , 9 4 2 • 0 , 4 5 5  -  1 6  W ,

P M2 =  / 22 r 2 =  0 . 3 5 5 2 • 2 0  =  2 6  W ,

P x  =  ^  +  r ■ £*i =  0 , 2 4  • 1 2 0  =  2 8 , 8  W ,

P T =  1 6  +  2 6  +  2 8 , 8  =  7 1  W ,
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T. e .  n o A y n a e T C H  n o * m î  t o  * e ,  h t o  m m  npHHHAH p a H e e ,  n o A b -  

3 y n c b  ( j jo p M y A o H  ( 2 9 )  ( §  î  t a . V I I ) ,  n o s T O M y  b  n p o B e p K e  Ha 

H a r p e B  H eT  h 6 o 6 x o a h m o c t h . K o a c J m i jH e H T  n o A e 3 H o r o  a c h c t b h h , 

O T H e c e H H b iñ  K r a ô a p H T H O H  m o u j h o c t h , b i i o a h s  n p a e M A e M

P r  _ _  7 7 5

71 P r - \ - P T ~  7 7 5 + 7 1  ’

3 )  T p e x $ a 3 H b i H  T p a H C t p o p M a T o p  a  a h  B b i n p a -  

M h t  e  A H

E q =  4 0 0 0  V ,  7 0 =  1 A ,

P 2 ==  P r  —— P i == 4 , 5 7  k V A  

r2 =  0 , 8 1 7  A ,  £ 2' =  3 2 3 0  V ,  ^  =  2 0 8  V ,

/ = 5 0  H z .

B b lÔ H p a e M  flAH 1 OÖMOTKH / \ ,  a  A A f l  I I  o 6 m o t k h  3 TO n 0 3 B 0 -  

AHT n p H  n p H M e H e H H H  CXeMbI T p e T y a  B0 CI10 A b 3 0 BaTbCH HyAeBOß

TOHKOH 4 AH IIOAyHeHHH BbltlpH M A CH H O rO  HanpJIJKeHHÎJ y  = =  2 0 0 0  V

(c m . §  4  TA. III ) .

P e u i a a  y p a B H e H H e  ( 1 9 ' )  ( §  1 t a . V I I )

HaXOAHM

4 5 7 0  =  P n  —  0 , 1 1 6  P ‘l ‘ ,

0 , 1 1 6  • 0 , 1 1 6  • 4 5 7 0 s|‘ =  6 5 ,

P u  =  4 5 7 0  - ( -  6 5  =  4 6 3 5  B O A b T a M n e p ,

( | P i. ) " '= 5 5 ,6 ;  ^ | p ijJ ' , =  7,46; ^ „ ^ ‘= 4 1 5 .

CorAacHO <J)opMyAaM ( 1 4 ) ,  ( 1 5 ) ,  ( 1 6 ) ,  ( 1 7 ) ,  ( 1 8 ) ,  h  ( 2 2 )  ( §  I t a . V II)

h y H H T b iB a a  3 a M e n a H H H  o  p a c n e T e  T p e x ( | ) a 3 H b i x  T p a H c c p o p M a T o p o B ,  

H M eeM

S  =  0 , 7 0 8  • 5 5 , 6  =  3 9 , 4  cm2, a  =  0 , 1 9 4  • 7 . 5 6  =  1 , 4 5  cm,

3 a  =  0 , 5 8 1  • 7 , 4 6  =  4 , 3 5  cm, 5a  =  0 , 9 6 8  • 7 , 4 6  =  7 , 2 2  cm,

d0~  1 , 1 3  • 7 , 4 6 =  8 , 4  cm, /, =  2 , 7 4  • 7 , 4 6  =  2 0 , 4  cm,

Z2 = 1 , 0 1 6  . 7 , 4 6  =  7 , 6  cm,

G x =  1 , 7 5  • 0 , 0 6 1 1  • 4 1 5  =  4 4 , 5  m ,

G m =  1 , 5  • 0 , 0 2 0 6 5  • 4 1 5  =  1 2 , 8  k i ,  G t  =  5 7 , 3  k i ,
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P M = [ i , S  • 0 , 2 0 3  • 4 1 5  =  1 2 6  B a x x ,  P Ml = y |  • 1 2 6  =

P m i  —  ^ 3  ■ 1 2 6  =  7 2  BaTT,

2 , 8

= 5 4  B a T T ,
1 > 6
2 , 8

P M — 1 , 7 5  • 0 , 2  • 4 1 5  =  1 4 5  B a T T ,  P T =  211 B a T T ,

4 5 7 0  . 4 8 4 1
’1 =  4 8 4 1  = 9 4 ' 4 / " i y ’ S 7 i ~ 2 M =  3 , 4  ' *  =

=  7 , 7 5  a M n e p .

T a x  K a n  HaM 3 a a a H O  H a n p ju K e H H e  x o A o c T o r o  x o a a  h ,  h c x o a h  H3 

H e r o ,  noACH HTaHO 3 H a n e H H e  P 2 , t o  ¿ a h  p a c n e T a  HHCAa b h t k o b  

n o  3TOMy H a n p a a t e H H i o  m w  A o n y c T H M  M a rH H T H y io  H H A y K y m o  Ha 

2 1 / a°/o 6 o A b i n e ,  t .  e .  h h c a o  b t o p h h h w x  b h t k o b  Ha KaaiAOH <pa3e

1 0 8 • 3 2 3 0

a '24> ^ / 3  • 4 , 4 4  • 5 0  • 1 , 0 2 5  • 1 3 7 0 0  • 3 9 , 4
1 / s

^ = 3 ^ - 2 0 8 - 1 5 4 2  =  1 7 2 ,

<7i =  0 , 5  • 7 , 7 5  =  3 , 7 8  m m 2; 0 1 — 2 , 2  m m  c  H 3 0 A .  

n B 4  0 ‘ =  2 , 6  m m ,  

q, =  0 , 5  • 0 , 8 1 7  =  0 , 4 0 8  m m 2; 0 2 =  0 , 7 2  =  0 , 8 0  m m  c  h 3 o a .

n f i f l 0 ‘ =  l , O 5  m m .

T o k  x o A o c T o r o  x o A a  HatiASM , n o A a r a a  a a h  A a H H o r o  c o p T a  

a t e A e 3 a  ( t o a u j .  0 , 3 5  m m )  Bm =  1 3 7 0 0  r a y c c ,  ~  —  8

7 , 6  . 7 , 6  . n ■ 7 , 2 2 '
8 . ( 2 q , 4  +  ¥  +  ¥  +  ^

J p —  ^  • 1 7 2  a M n e P>

1 4 5
y  = - _ ------- —  =  0 , 2 3  a M n e p ,

<t) +  r  v/ 3  • 2 0 8

v/ y  11 +  y ^  , r
- " ,  <t, +  r- • 1 0 0 ° / o=  9 , 7 ° / 0.

A

r i p o B e p K H  H a p a 3 M e u j e H H e  o 6 m o t o k , H a  oxAaiKAC HHe h  H a  H a n p a -  

K eH H e KOpOTKOrO 3aM bIKaHHH ASIOT BnOAHe yA O B A eT B O pH TeA bH bie  

p e 3 y A b  r a T b i .
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(t>Hr. 215.

KoHCTpyKTHBHbie AÖTaAH H pa3MepbI H30AflyHH MOJKHO BHAeTb
H3 <pnr. 215.

§  3 .  n p u M e p H b i e  p a c q e r b i  A p o c c e A e » .

1) Z l p o c c e A b  a a h  r i - o6 p a 3 H o r o  (p h a b t p a L —

=  82 H; I0 =  50 mA.

F I p e A B a p H T e A b H o  o n p e ^ e A H e M

I02L =  0,052 82 =  0,205; (702Z,)',a =  0,453; ( V  L)l¡t =  0,674; 

(702 L)’,‘ =  0,305.
ÆaAee h3xoahm

yJS=  3,6 0,674 =  2,45 c;w =  24,5 mm;

Ii =  10,76 • 0,674 =  7,2 cm =  72 jhjw,

Z2 =  3,43 • 0,674 — 2,3 cm =  23 mm,
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G *  = 3 , 8 7  • 0 , 3 0 5  =  1 , 1 8  * i ,

G m =  0 , 9 5  • 0 , 3 0 5  =  0 , 2 9  k i ,

W  =  1 2 3 0  Y  8 2  —  1 1  • 1 6 0  BHTKOB.

C e n e H H e  n p o B O f l a  h e r o  A H aiu eT p  

9  =  0 , 5  • 0 , 0 5 = 0 , 0 2 5  m m 2', 0  =  0 , 1 8  m m  1 1 9  c  h 3 o a .

0 '  =  0 , 2 1  M M .  

n o  (p o p M y A e  ( 9 6 )  ( §  1 4  t a .  I V ) ,  n o A a r a n  Í - )  =  1 ,4 ,
\  CM /  )K

B q  =  7 0 0 0  r a y c c  h  ^łK= =  7 , 8  - f -  7 , 2  - J -  2 , 3  - ) -  2 , 3  - J -  tc 2 , 5  =  2 6 , 5  c m

I 0 3 =  "7QQ0 ( 1 1 1 6 0  • 0 , 0 5  — 2 6 , 5 -  1 , 4 )  =  0 , 0 9  c m  = 0 , 9  m m ,

I 7f=êb0’0035’
He y 4 0 BAeTB0 p a e T  ycA O B H io  ( 9 7 )  ( §  1 4  p a .  I V ) ,  n o a T O M y  n o c T p o H M  

KpHByfO B  = / ( / ) ,  H3 KOTOpOH OKOHHaTCAbHO o n p e A e A H M  [IpHrOA" 

HOCTb HaÖAeHHblX p a 3 M e p O B  H HHCAa BHTKOB ApOCCeAH.

riOAb3yHCb TfjriHHHOH X apaK T epH C T H K O H  B  =  f ( Í Z ü ) AAfl A aH- 

H o r o  c o p T a  a î e A e 3 a ,  n o c T p o H M  T a n y i o  a i e  x a p a K T e p H C T H K y  a a h  

H a m e r o  A p o c c e A H  c  y n e T O M  B O S A y u iH o r o  3 a 3 o p a  n p w  H3M eHeHHH 

T o n a  b  n p e A e A a x  0 ^ z < S ^ 2  • 0 , 0 5  a M n e p .  C o c T a B A H e iw  c A e A y io -  

u j y i o  T aÔ A H ijy ,  b  KOTOpOH n e p B b i n  c T O A Ó eij  3 a n o A H H e M  n p o H 3 -  

BOAbHbiMH 3H aneH H H M H  B  o t  0  A o  1 4 0 0 0  r a y c c ,  a  BTOpOH

1 2 3 4 5 6

B  r a y c c
f a w \
\ cmJx i — )  -Ak  \ cmJ& *

B l B03
0 ,4  n (a a , )o6m.

(aw)u6m.
w

aMnep

0 0 0 0 0 0
2 0 0 0 0,45 12 144 1 56 0 ,0 1 4
4 0 0 0 0 ,8 6 23 2 8 8 311 0 ,0 2 8
6 0 0 0 1,3 35 4 32 4 6 7 0 ,0 4 2
8 0 0 0 2 ,2 5 8 5 7 6 6 3 4 0 ,0 5 7

100 0 0 3 ,7 100 7 2 0 8 2 0 0 ,0 7 4
1 2 0 0 0 6 ,2 165 8 6 4 1029 0 ,0 9 3
1 4 0 0 0 1 3 ,0 3 5 0 1 0 5 0 1 4 0 0 0 ,1 1 4
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CTOAÖey —” 3H3HeHtÍHMH ( — \ , B3HTblMH H3 XapâKTfipHCTHKÎJ
\ CM / >K

*eAe3a. 3HaneHHH nnceA b 3, 4 h 5 cTOAÖijax aoaíkhm cootbct- 

CTBOBaTb aMnep-BHTKaM, HeOÖXOAHMbIM AAH C03AaHHfl SaflaHHOH 

HHAyKIiHH B ÎKeAe3HOH, B B03AyiHH0H H3CTHX H BO BCeM MarHHTO" 

npoBOAe. riocAeAHHH cTOAÖe^ AaeT 3HaHeHHH TOKa, npn KOTopwx 

B MarHHTOnpOBOAe ApOCCeAH B03HHKaeT MarHHTHblH nOTOK C AaH- 

HOH HHAy^Heíí.

BbiHepneHHaH Ha <jmr. 216 KpHBaa B — f(i) noKa3biBaeT, hto, 

HecMOTpn Ha MaAoe 3HaneHHe ^ , m m  Bce ase HMeeM AOCTaTon-

® n r .  216.

HbiH npHMOAHHSHHbiH ynacTOK h, TaK KaK AaHHbiH ApocceAb npeA* 
H33HaMaeTCH AAH MaAOMOUJHOrO yCTpOHCTBa, HeT HeOÖXOAHMOCTH 
H3MeHHTb CASAaHHblH paCHeT.

npOBepKa Ha pa3MeujeHHe oömotkh noKa3biBaeT, hto nocAeA' 

HHS BnoAHe yKAaAbiBaeTCH BMecTe c HeoöxoAHMoB H30AHyHeü 

(cm. (pHr. 216).

OMHHeCKOe COnpOTHBAeHHe OÖMOTKH

- n i f i n  3>5 • 4 M L - i o c n o  
re  1 1 1 6 0  • l o o  0,025 '

f l a A e H H e  H a n p a a te H H H

egp —  0,05 ■ 1250 =  62,5 V.

E c a h  TaKaH BeAHHHHa naASHHH HanpaîKeHHH HeAonycTHMa, to 

CAeAyeT yßeAHHHTb ceneHHe npoBOAa, TaK KaK HeKOTopbiił 3anac 
MecTa AAH yKAaAKH o ö m o t k h  HMeeTCfl.



2) Æ p o c c e A f a  i a h  r - o 6 p a 3 H o r o  d) h a b t p a ;  L — 
=  21,5 H ;  I0 —  0,5 A .

O n p e ^ e A H M  npeABapHTeAbHo:

(L  I 02)  =  (0,52 • 21,5) =  5,375; ( / 0* L ) ' u=  2,32; ( / 02 L ) ' 1'—  1,52;

(Z, I 0~yll~  3,54.

rioAb3yiicb aaAee ÇopMyAaMH (95) (§ 14 ta. I V ) ,  noAynaeM 

\ Î S  =  3,60 • 1,52 =  5,5 c m ,

A =  10,76 • 1,52=  16,5 c m ,

l 2 =  3,43 • 1,52 =  5,5 c m ,

Gk =  3,87 • 3,54 =  13,7 k i ,

Gm =  0,95 • 3,54 =  3,4 k i ,  

zu =  1230 • v/21,5 =  5700 bhtkob.

C e n e H H e  n p o B o a a  h  e r o  A H a i w e T p :

<7= 7a • 0,5 = 0,25 m m 2 ', 0 = 0,56 =  0,6 m m  c hsoa

0 '  =  0 , 8  m m .

F l o  (popM. (96) (§ 14 ta. IV), noAaraa (— ') = 1 ,4 ,
\ C M J  >k

B 0 =  7000 r a y c c  

h = 16,5 +  16,5 +  5,5 +  5,5 + * : •  5,5 =  61,3 c m ,

1b°3 =  ̂  • (5700 • 0,5 —  61,3 • 1,4) =  0,49 =  5 m m ,

Zbo3 =  05 =  0 > 0 0 8 2

/>K 6 1 , 0

yAOBAeTBopaeT ycAOBHio (97) (§ 14, t a . IV).
riocTpoHB, corAacHO yKa3aHHHM npeAbiAyujero npmviepa, Kpn- 

Byio ((pur. 217), Mbl BHflHM, HTO B üpefleAaX 03MeHeHHa TOKa

0 ^  i  ̂  2 70, AHHeHHblH 3aKOH COXpaHaeTCa C AOCTaTOHHOH 

CTeneHbK) tohhocth, hto HaM h TpeôyeTca.
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1 2 3 4 5 6

r a y c c
/  a w \  

\ C ^ f  J  * ( —  )  ' l M\ c m J ik  “

B ' l B0 3
( a « 0 O6m .

( a ^ O o ß m .
i  —

w

a M n e p0 , 4  n

0 0 0 0 0 0

2 0 0 0 0 , 4 5 2 7 8 0 0 8 2 7 0 , 1 4

4 0 0 0 0 , 8 6 5 3 1 6 0 0 1 6 5 3 0 , 2 9

6 0 0 0 1 , 3 0 8 0 2 4 0 0 2 4 8 0 0 , 4 4

8 0 0 0 2 , 2 0 1 3 5 3 2 0 0 3 3 3 5 0 , 5 9

1 0 0 0 0 3 , 7 2 3 0 4 0 0 0 4 2 3 0 9 , 7 4

1 2 0 0 0 6 , 2 3 8 0 4 8 0 0 5 1 8 0  - 0 , 9 1

1 4 0 0 0 1 3 , 0 8 0 0 5 6 0 0 6 4 0 0 1 , 1 2

r i p o H 3 B e A e H H a a  npO BepKa H a  pa3M euieH H e oö m o tk h  noKa3bi-  

BaeT, HTO oÖMOTKa BnoAHe yKAaAbiBaeTCH ripn HaiiAeHHbix Bbiuie 

p a 3 M e p a x  cepAenHHKa. H h c a o  c e K u n n  B b i ö n p a e M  4 .  Æ e T a A H  h s o a h - 

yH H  h  B b i ö p a H H a a  KOHC TpyKyHH K p en A eH H H  a p M a  a c h m  h 3  tp H r .  2 1 7 .

O u r .  2 1 7 .

O M n q e c K o e  c o n p o T H B A e H H e  o ô m o tk h

5 7 0 0  • =  1 2 1  2 ,

r i a A e H H e  H anpaJK eH H H

1 0 0  0 , 2 8 3

egp =  0,5 • 1 2 1 ^  60 V.
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3) A  p o c c e A b  a a  h r - o 6 p a 3 H o r o  cp h a b t p a moiju;- 

h o t o  B b i n p s M H T e A s ,  / 0 =  27 A, L — 0,9 H.

n p H  3aA aH H blX  3H aneH H H X  7 0 H L  BeAHHHHa

V  L  — 272 • 0,9 =  690 >  555,

BCAeACTBwe Hero yeAec006pa3H0 bmccto OAHoro ApocceAH CAe- 

AaTb ABa, KaaîAblH C HHAyKTHBHOCTblO

L  =  0,45 H H / 0 =  27 A.

TaKoe pa3AeAeHHe n03B0AneT c o r A a c o B a T b  3KOHOM HnecKHe Tpe-

6 o b 3 h h h  c T p e ô o B a H H A M H  n p e A e A b H o r o  3Ha*ieHHfl . .  C  A p y r o H

C T o p o H b i ,  TaKoe pa3AeAeHHe oÖAernaeT ycAOBHji pe3epBHpoßaHHH 

H n03B0AHeT BâpbHpOBaTb 06lH,eH HHAyKTHBHOCTblO CpHAbTpa npH 
Hcn0Ab30BaHHH psAHonepeAaTHHKa aah TeAerpa(pHOH h TeAecpOH- 

HOH nepeAanH (cm. TaKjse § 1 4 ,  t a .  I V ) .

OnpeAeAHM npeABapHTeAbHO

2T  • 0,45 =  328; {2V • 0,45),;s =  18,1; (272 • O ^ ) 1'* =  4,26; 

(272 • 0,45)3,‘ =  17.

TorAa, corAacHO (popMyAaM, (§ 14 ta. IV), HMeeM

5 = 1 1 ,6 18,1 = 210 C M 2,

a =  0,783 4,26 = 33 M M ,

3a  =  2,349 4,26 = 100 M M ,

5 a =  3,915 4,26 = 167 n

d0 =  4,56 4,26 = 194 J9

h =  10,76 4,26 = 460 »

COCOIIiH 4,26 = 145 n

zu =  1230 • 0,45’/2 =  825 bhtkob,

(aw)o6m =  825 • 27 =  22300,

/ * =  2 (46 +  16,7) +  2 (14,5 + 1 6 ,7 )  =  188 c m ,

(aw U =  ■ /„< =  1,4 • 188 =  262,
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( a w ) B 0 3  —  ( a w ) o6m —  ( a w ) K =  2 2 3 0 0  —  2 6 2  =  2 2 0 4 0  aMnep-BHTKOB, 

, 0 , 4  • 7z ■ a w Bos 0 , 4  • 2 2 0 4 0

/bos = --------- 7 0 0 0 -------- =  7 0 0 0  =  3 > %  C M ’

/ bos 3 ^ 9 6  o  0 2 1 5

L  1 8 8

HTO AOnyCTHMO.

B  K a q e c T B e  n p O K A a ^ K H  B b i ö n p a e M  ö a K a y T O B O e  A e p e B O ,  K an  

H a n ö o A e e  T B e p A o e .

F I p e A n o A a r a H ,  h t o  n e p e M e H H a a  C A a r a i o m a a  TOKa q e p e 3  A p o c -  

c e A b  p a B H a  0 , 0 2  70 h  m =  6 ,  n o A y n a e M  a a h  H an p H aseH H H  Ha 

3 a » H M a x  K aJK A o ro  A p o c c e A H  b  ycT aH O B H B ineM C H  p e a tH M e  H a æ a T o r o  

KAKDMa

4 7 0  V
2  ■ * •  / •  m  ■  L  • 0 , 0 2  • 7 0 •== =  3 3 0  V .

V 2

C a M O  n o  c e ö e  o h o  He T p e ö y e T  a g a c h h h  o ö m o t k h  H a  c e i ^ H H ;  

OAH3KO, HTOÖbl yA yH U IH Tb O X A a*A G H H e H n p e A O T B p a T H T b  npOÖOH 

b n e p e x o A H b i e  m o m c h t m ,  B b i ö e p e M  h h c a o  c e n g H Ö  p a B H o e  2 0 ,  

n o  1 0  H a  KajKAOM c T e p ^ H e  ( c m .  c p n r .  2 1 8 ) .

B  1 8  c eK i£ H iix  n o M e u j a e M  n o  4 3  BHTKa h , K p o M e  T o r o ,  b  o a h o h  

Kp a H H e ß — 2 6  b h t k o b , b  A p y r o H  K p a H H e ñ — 2 5  b h t k o b .

CeneHHe npoBOAa aoaæho öbiTb

q  =  ^  =  1 3 , 5  m m ? ,

B b i ö n p a e M  a a h  H e r o  n e p H M e T p  0 , 2 5 X 3 0  m m  6 e 3  k 3 0 a h i j h h .

MeaSAy BHTK3MH KA9A6TCH H30AHHHH H3 3 K C U ,eA b C H 0 p H 0 r0  

nOAOTHa TOAUJHHCIO 0 , 1 5  M M , BCAeACTBHe H e r o  p a A H a A b H a «  TOA- 

Ig H H a  H3M 0TKH CeKIJHH n p H  4 3  BHTKaX

0 , 4 5  X  4 3  +  0 , 1 5  X  4 2  -  2 5 , 5  m m ,

T o a i e  n p n  2 6  BHTKaX

0 , 4 5  X  2 6  +  0 , 1 5  X  2 5  =  1 5 , 5  M M .

r iO A b e M H b lH  ÖOAT AAH BbI€MHOH HaCTH (c e p A e H H H K a  C OÖMOT- 

K 3Mh )  A O A * e H  HM eTb A n a M e T p

0 ! > l /  — ;X  0 . -K
o =  6 0 0  rcijcM-; G — Gjf-J- Gjk= 4 , 8 2  ( L I 0 2 )  '* =  4 0 0  ki,
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T a «  MTO OKpyrAHH H npHHHB BO B H H M ä H t iC  BeC H30AHgHH, apMa- 
Typbi h t . 4., noA yqaeM

_  /4  • 400 1 .

0 1= V 6Ö O ^ S l 'O c '"-
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H o  KOHCTpyKTHBHblM COOÖpaJKeHHilM A e A a e M

0 1  =  V U " .

B o atbi, CTflrHBaioiijHe jipMO c cepAeHHHKOM, BbiönpaeM b k o a h- 
necTBe Aßyx c AnaMeTpoM KaasAbiM

0 ,  =  1 " ,

HTO n 0 3 B 0 A H T  CTHHyTb C epfleH H H K  C CHAOK) nO  UIKaAe B H T B O p T a

G kz —  3 9 0 0  k i .

l i o  (popMyAe aie ( 1 0 0 )  ( §  1 4  ta. I V )

=  16 • 210 =  3300 k i .

B C A e f lC T B H e  n e r o  B b i ö p a H H o e  c e n e H H e  h  K O A H n e c T B O  c T ^ a i H b i x  

6 0 A TOB  B n O A H e  y A O B A e T B O p H T e A b H b l .

P a c n e T  o x A a » 4 eHHH. ConpoTHBAeHHe oömotkh b Harpe- 
TOM 40  60° C  COCTOHHHH C yHeTOM yBeAHHeHHH ero Ha 10% OT 
HepaBHOMepHoro pacnpeAeAeHHH MarHHTHoro noAH

1 ,1  S .
_  z v K  • D cp p _  8 2 5  . i t  0 , 2 6  . 0 , 0 2 2  

T g ~  q  H T 3 3

O M H q e c K o e  n a A e H H e

e g =  1 , 1  X  2 7  =  3 0  V .

r i o T e p H  B MeAH

P M =  3 0 X 2 7  =  8 1 0  W .

A M n A H T y A a  n y A b c a i j H H  M a rH H T H o r o  noA H

B m =  7 0 0 0  • 0 , 0 2  • 2 7  =  1 5 0  r a y c c .

B  3THX yCAOBHHX AAH y A eA bH bIX  n O T e p b  B « e A e 3 e  MOÎKHO OÎKH-

A a T b  BeAHHHHy n o p H A K a .

° 1 5 0 =  ^«ooo ■ 2  • ^ 6 0 0 0 j  ~ 2  • 1 0 0 0  •

r i o A H b i e  n o T e p H  b  a t e A e 3 e

P x =  0 , 0 0 2  • 3 , 8 7  ( L  =  1 0  W ,

t . e . ,  B o o ö i g e  r O B o p n ,  o h h  B e c b M a  M aAbi, n e M  n o A T B e p * A a e T C H

A o n y cT H M O C T b  H e B b ic o K O r o  K a n e c T B a  J ü e A e 3 a  b  o t h o i u c h h h  

y A e A b H b ix  n o T e p b .



BbiÔHpa» yKasaHHbiH Ha (pnr. 218 npotpHAb ctchok KO*yxa 
h yAeAbHyK) noBepxHOCTb

O — 35 cm2¡BaTT ( H a r p e B  M a c A a  B B e p x y  H a  40° C),

noA ynaeM  noA H yio  öoKOByio noBepxHOCTb K oaiyxa

O =  35 • 820 =  28000 cm2.

riepHMeTp 60K0Bb¡x cTeHOK Koatyxa b nonepenHOM ceneHHH 
(h3 nepTeasa)

2 (41,5 -f- 72,5) = 4 ,4  • 114 =  500 caí.

BbICOTa ÖOKOBblX CTeHOK AOAJKH3 6bITb

28000^ 500 =  56 cm.

§ 4. IIpHMepHbie pacneTbi BbinpuMHTeAeä.

1) Bb i npf l MHTeAb a a a n  h T a h h h a h o a h o ñ y e n h 
npneMHHKa.

T p e ö y i o T C H  A Ba H an p H aíe H H H :

£"01 =  4 0 0  V ;  7 0i =  3 0  m A ;

£ 0 2  =  150 V; / C2 — 15 mA.

B b iÖ H p a e M  A B y x n o A y n e p n o A H y i o  c x e M y  c n 0 TeH i¡H 0 M e T p 0 M h  

n - o 6 p a 3 H y i o  c x e M y  c r A a a i H B a i o u i e r o  (JW A bT pa  ( c m .  cpHr. 2 1 9 - a ) .  

B K a n e c T B e  b c h t h a h  b  a s h h o m  C A y n a e  n p n r o A e H  A B yxaH O A H biñ  

K eH O T poH  Tuna BO-116 ( c m .  T a Ö A H y y  KeHOTpoHOB b §  2  r A a ß b i  H).

Ç n  MT3HH6 panHOyCTpofiCTB—26



ÆonycKaeM tok yreqKH nepe3 noTeHijHOMeTp

Icjn — 5 mA.

ConpoTHBAeHHe noTeHunoMeTpa R \ 2 M e æ A y  tohkemh 1— 2

R 23 =  fQ1 > 02 =  7 7  , A  • 103 =  1,25 • 10*.

To aie MezKAy tohkemh 2— 3

E 01 — E Ci2 400 — 150 

Zo2“î“ Zon (5 -p 15)

rioAHblH BbinpHMAeHHblH TOK

/o =  loi +  A)2 H-  /on =  (5 —J—15 —  30) • 10 =  0,05 A.

r i o A H o e  B b in p a M A e H H o e  H a n p j jH ie H H e  c y q e T O M  n p e A n o A a r a e M b i x  

n o T e p b  e r o  b  A p o c c e A e

£o =  l ,  1^01 =  440 V.

9KBHBaAeHTHoe ConpoTHBAeHHe Harpy3KH

*  =  f = 5 f 5  =  8 8 0 0  S -

BHyTpeHHee • conpoTHBAemie KeHOTpoHa (cw raji na o a h h  aHOA) 
h  npeAnoAoæHTeAbHO— TpaHCtpopMaTopa, h3 pacneTa 12% o t  R

r  =  r e +  r T =  Ef -  +  0,12 R  =  ^  103 - f  1056 S 1360 Q .

/laAee no (popmyAe (66) § 13 ta. IV HaxoAHM

R  8800 ,  , 0
”  =  - =  1360 =  6-48 '

BwôupaeM
s '=  0,05

H H 3  TaÔAHUbI (pHT. 130 (§ 13 TA. IV ) H3XOAHM 

X =  15,0; '}i =  40,5°.

4aAee no (popMyAaM (68), (81), (78) (§ 13 ta. IV )

^  _  15,0 • IO« c c ^

1 314 - 8800 ’ ’

9  =  *  —  15,0- 2 • 0,05 =  1,64 paA. =  94°,

•h =  40,50° +  94,0° =  134,5°.
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H a n p H X C H H e  OAHOH nOAOBHHb! BTOpH^HOH OÖMOTKH (*OpM‘
(&>.) H (86) (§ 13, FA. IV )

E —  4 4 0  . 2  . - .A ,  >6 =  6 4 5  V ,
sin 40,D — sin lo4,5

£ • , ' + =  4 5 6  V .

T o k  « i e p e 3  K a * 4 U H  a n o  a  h  B T o p H 'iH y io  o 6 n o T K y  T p a n c < |> o o -  

M a T o p a  n o  $ o p M .  ( 8 7 )  h  ( 8 8 )  ( §  1 3  ta. I V )

'  6 4 5 - « °  = 0 . 1 4 9  A < / s ,
1 3 8 0

f t  =  \  f ^ ^ -  = 0 , 0 5 4  A ;  y 28 ( — )  <  1 0 W
\ 2  \  6 , 2 8  \ l j

P a c n e T H h i e  m o h j h o c t h  B axO A H M  C A e ^ y io ra H M  0 6 p a 3 0 M :

P *  =  2 -  £ V  J 2 =  2  . 4 5 6  • 0 , 0 5 4  =  4 9  V A .

P i  =  0 , 7 1  P 2 -  3 5  V A .

P r  =  0 , 5  ( 4 9  +  3 5 )  =  4 2  V A .

P a C H e T  r - 0 6 p a 3 H 0 H  M2CTH (p H A b T p a  BbJHOAHHM n o  npH Ö A H - 

se H H W M  (p o p M y A a M  ( 1 6 ' )  ( 1 7 0  ( §  Í 8  t a .  I V ) ,  n p e A n o A a r a a  r ( —  0 , 9 ;  

0 , 5  H 5  =  0 , 0 5  ■ 1 0  s .

S  0 , 0 5  ■ 1 0 - 8 .  . .  / ------ n  1
------—  =  0,Ui ;  y u =  U ,l,

s '  0 , 0 5

L  =  .------------- 0 , 5  • 8 8 0 0 _ ----------

2  • 3 1 4  • 0 , 1  V 0 , 9  ■ 0 , 9

vr ö 9  10® _  0

-  2  • 3 1 4  • 0 , 5  • 8 8 C 0  ■ 0 , 1  ~  ’ :

Æva Toro. HTOÖbi H3ÖesaTb B3aHMHOH peaKQHH OTAeAbHMX 
KaCKaAOB npneMHHKa, CTaBIÎM AOnOAHHTeAbHblH KOHjeHCaTOp C, 
KOTOpbtH BHÖHpaeM, HC50AH H3 yCAOBHH



3 t o

( c m .

y cA O B H e a H 3 A 0 rH H H 0

§ 9  t a . I V )  h  A a e T

y C AOB HIO  O T C yT C T B H H  f l e M O f l y A H y H H

c>
1

0,01 • 106
0 , 1  • 3 1 4  • 1 5 0

2  h - F .

ConpoTHBAeHHe caMfalx hh3khx 3ByK03WX MacTOT OKa-
r  vmin ̂

3biBaeTCH noHTH B 10 pa3 MeHbine, neM conpoTHBAeHHe qacTH R 23 

noTeHynoMeTpa, mto TaKJKe HeoöxoAHMo aah yMeHbiueHHH B3aHM-
HOH peaKywH yen« 400 V  h ijeim 150 V .

3flecb OHeHb BaJKHO OTMeTHTb CAeflyiOlljee OÖCTOHTeAbCTBO. 
EcAH BbinpHMHTeAb AAH IipHeMHHKä AeAaeTCH C AByMH HanpH- 
iKeHHHMH, H3 KOTopbix MeHbinee npeAHa3HanaeTCH AAH OTpHya-

TeAbHoro cMeiijeHHH ceT-

n y A b c a y H e w  

180°-

© n r .  219-6.

c e T O H H o r o

KH B b ix o A H O ro  K a c K a A a ,  

TO MOSHO yMeHbUIHTb 
nyAbcaynio aHOAHOro to- 
Ka b 3TOM KacKaAe, n p n -  

MeHHH c x e M y ,  A a H H y io  H a 

(jwr. 219-6. Ąah  3Toro 
H e o ö x o A H M O  n o A Ö o p o M  

R 32 H C  nOAyHHTb CABHr 
(p a 3  M e ^ A y  n y A b c a g H e n  

a H O A H o r o  H a n p j ia te H H H  h  

( c M e i y a i o n j e r o )  H a n p a jK e H H H , 6 a h 3 -

K  a t io d o M

K  k o m o d a ^  

K  c e m k e

KHH K H p a B e H C T B O :  SaHOÆ —  -^ceTOq. , TAe SaHoa ---- K 03(J )H -

yneH T nyAbcaijHH nocTOHHHoro aHOAHoro HanpjiîKeHHii, a Sce-roi.—  

T O *e ceTOHHoro; ^ — KoscpHyneHT ycHAeHHa BbixoAH oro KacnaAa  

Ha nacTOTe nyAbcaijHH.
n P H T3KOH CXeMe M O SK O  3H aqH T C A bH O  CbSKOHOMHTb H a  BeAH- 

HHHe eMKOCTH KOHAeHCaTOpOB Cl, C2 H HHAyKTHBHOCTH L.

2 ) B b i n p « M H T e A b  c  p e r y A H p o B K O H  H a n p H K e H H f l ’

E 0 =  1 0 0 0  V — 2 0 0  V .

OTAaßaeMbiH n p n  3Tom t o k  cocTaBAHeT o t  / o =  0 , 5  A a o  

/ 0 =  0 , 1  A .  Æ o n y c K a e T C H  n y A b c a y n a  s  =  0 , 5 % .  ÜHTaHHe o t  o a h o -  

(pa3HOH c e r a  1 2 0  V ,  / =  5 0  H z .

npHMeHHM AByxnoAynepHOAHyK) c x e M y  c  r -o 6 p a 3 H b iM  tpHAb- 

TpoM H r a 3 0 T p 0 H a M H  T H n a  B F - 1 2 9  ( / m a x r  =  l> 5  A ) .  Ą a k  peryA H -  

poBKH H anpnæeH H a npHMeHHM p e o c T a T  b  nepBHHHOH o ö m o t k c  

aHOAHoro TpaHC(popMaTopa. Ą a h  n ycK a h  peryAHpoBKH HaKaAa 

ra3 0 T p 0 H 0 B  TaKJKe npHMeHHM p eo c T a T  b  nepBHHHOH o ô m o t k c
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TpaHC(|)0pMaT0pa HaicaAa. CxeMa BCero ycTpoñcTBa H3o6paaseHa 
H a (p H r .  220-a.

P aC C H H T aeM  B e c b  Bblt ipHM HTeA b H a nOAHyiO MOUJHOCTb. HaXOAHM 

E °  1000 « 2 0 0 0  2 ,R.
0,5

pi—2

u = A -  =  =  0,0075.
0,67

cDnr. 220 -a .

n o  npHÔAHJKeHHblM CpOpMyAaM ( 1 6 ' )  ( 1 7 ' )  §  8  TA. I V ,  npHHHMafi

M0 =  0,5; ^ =  0,9,
noAynaeM

\ / Ö ^ Ö  • 1 0 «c=

L =

2 • 314 • 0,5 • 2000 • yj 0,0075 

0,5 • 2000_______

=  17,5 f*F,

-  = 2 1 ,5  H.
2 ■ 314 • v/ 0,0075 • /Ö|9Ö - 0,9

no (pOpM. (33) § 11 TA. IV  MaKCHMaAbHblH 6pOCOK TOKa

/ max =  0,5 +  1000 y j ™  ■ 10~6 =  1,4 A  <  /max r.

noAHoe BTopHMHOe HanpaaieHHe TpaHCtpopMaTOpa, BKAionaH noTepio 
HanpaæeHHH b ra30Tp0Hax, paBHyio 15 BOAbT, h b ApocceASX,
paBHyK) 45 V , cocTaBAseT

£ 2  — 2 • £ 2$ • 1 ,H  [ (£0 + 1 5 - ) -4 5 )  ■ 1,11] 0  =

==2 • 1,11 • 1060 • 1,11 = 2 6 0 0  V.

J) ^ o n y c K a a  no cooßpaaseHHiiM c §  1 0  t a .  Ill, 11%  noTepb HanpaaseHHH 
aa cneT TpancipopMaTopa.
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BTOpHHHblH TOK HMCeT npaKTHHeCKH IlpHMOyrOAbHyiO (J)OpMy
R + r  2 0 0 0  « ,

HMnyAbca BBHAy Toro, hto -  z  ~  ^ 314 21 5 ^  ĈM' npHMeP
B § 10 TA. IV ), nOBTOMy

1 ^ 1 a H ya = A =  0,355 A. 
y j  2

ÆaAee HaxoAHM

P 2 =  2600 • 0,355 =  910 V A ,

P l  =  7 1 = = 7 1  =  6 4 0  V A >

Pr — ~^~2 ~~  ~  765 V A .

FIoAaraH b $opM. (33) (§ 1 ta . V II) Pi bmccto P2 (ßBHAy hx 
HepaBeHCTBa) h P r  bmccto P u  (BBHAy Toro, hto hach 0,5 P ^  

BbipaîKaeT o6ujHe noTepa bo BceM TpaHC$opMaTope), HaxoflHM 
npHÔAHaîeHHoe 3HaneHHe nepBHHHoro TOKa

, _  640 +  0,5 • 7753/4 _  640 +  73,0 _  c n/l A
1 120  120  ’

rioAHoe conpoTHBAeHHe peocTaTa aah peryAnpoBKH aHOAHoro 
HanpnjKeHHH HaxoAHM H3 CACAyioigero pacneTa:

£
(  2 0 0  \

1 ( l o o o )  J l  RpX
=  £ 1

2 0 0  

1 0 0 0  ’

R  ° ’8  • g i  4  1 2 0  p i  Q
0 , 2 - a  s -

n PH TaKOM pacneTe m m  noAynaeM HeKOTopbiH 3anac, TaK KaK 
nepBHHHbiH tok yöbiBaeT He nponopyHOHaAbHO yMeHbiueHHio 
BbinpilMAeHHOrO TOKa. HaAO 3aMeTHTb, HTO npHÔAHÎKeHHOCTb TaKOrO 
poAa pacHeTa 3aKAiOHaeTCH eme b tom, hto nepBHHHbiñ tok b Aeñ- 
CTBHTeAbHOCTH OTAHHaeTCH OT CHHyCOHAbI (§ 8 TA. III ) .  ToHHblH 
pacneT, OAHaKO, b BHAy CBoeîi caoîkhocth, b a3hhom cAyqae He 
ü e A e c o o ö p a 3 e H .
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Bee c o n p o T H B A e H H e  p e o c T a T a  pa3ÖHBaeM Ha 2 0  c e K y H H  a a h  

AOCTH3ieHHH IlAaBHOH p e ry A H p O B K H . B  COOTBeTCTBHH C 3THM Hie 

AOAíKeH 6 w T b  B b i ö p a H  n p o B O A  a a h  p e o c T a T a .

HanpnæeHHe BbinpHMHTeAH n o n  x o a o c t o m  xoAe, ÓAaroAapn 
HaAHHHK» c r A a a t H B a i o u j e r o  K O H A e H c a T o p a ,  paB H O  aM nA H T yA e $ a 3 -  

H o r o  H anpHJKeHHH, t .  e .  £ 2$  ' • \ ¡  2  —  1 8 4 0  V, a  n o T O M y  BOAbT- 

M eTp Ha CT O pO H e B b inpH M A eH H O rO  TOKa AOAíKeH HM eTb UIKaAy He

M e H e e  1 8 5 0  V. 3 H a n e H H e  TOKa /<>*, n p n  Ko t o p o m  scptpeKT n o B w -

uieHHH H a n p n í s e H H H  noÆ  b a h h h h 6 m  c r A a a t H B a i o i i j e r o  K O H A e H c a T o p a

He H M eeT  M e c T a  ( c m .  §  7  t a .  I V  h  $ o p M .  ( 2 2 )  §  6  t a .  V ) ,  paB H O

1000
2  . 3 1 4  . 2 1 , 5  “ ■ ° ’° 7  A '

ZOOÚ

0

c
-0

0,1 0 2  0 ,3  0, 4  0 ,5

(Sur. 220-6.

I o

BH euiH H H  x a p a K T e p n c T H K a  b m - 

npHM HTeAH n p H  R  i =  0  A a H a  Ha 

$ H r .  220-6.
r iyH K TH pH blM H  AHHHHMH H30* jQQQ 

ô p a j s e H w  x a p a K T e p H C T H K H  s T o r o  

BbinpHM HTeAH: OAHa n p n  3aM K H y- 

TOM A p o c c e A e  h Apyran npn ot- 
KAK>qeHHOM (JjHAbTpe.

TpaHCcpopMaTop HaKaAa ra30- 

TpOHOB AOAÎKeH 6bITb paCCHHTaH
Ha  £ h =  2 , 7  V  h / „  =  2  X  1 0  =

=  2 0  A, MTOÔbl H M eTb B03M0ÎK- 

HOCTb n o A A e p a iH B a T b  H o p M a A b H o e  H a n p n a ie H H e  H a KaTOAe n p n  n o H H - 

jKeHHH n e p B H H H o r o  H a n p n a îe H H H .  B  c o o t b c t c t b h h  c  s t h m  x e  a o a -  

aSeH 6 b IT b  paC CH H TaH  H p e ry A H p O B O H H b lH  p eO C T a T ,  H a KOTOpOM 

AOA/KHbl 6 b I T b  n p e A y C M O T p e H b l  nyC K O B bie  eeKIJHH.

3 )  B  bi n  p  h  m h  T e  a  b  a  a h  p a A H O T e A e  ( J i o H H o r o  n e p e -  

A a  T H H K a  K O M M e p i e C K O Î i  C B H 3 H ,  £ 0  =  4 0 0 0  V, Io  —  1 A, 
n H T aH H e o t  T p e x (p a 3 H O H  ce T H  5 0  H z ,  A H H ef iH oe  H anpH /K eH H e 

£  ! =  2 0 8  V. T p e ô y e T C H  p e r y A H p o B K a  H a n p n a îe H H H  a o  E 0 =  1 0 0 0  V 
n p n  /o m in —— 0 , 2 5  Á .  F Ip o A e A a e M  p a c n e T  b  A B y x  B a p n a H T a x .

B a p n a H T  I. FIpH M eH H eM  n p o c T y t o  T p e x c [ ) a 3 H y io  c x e M y  

c  r - o 6 p a 3 H b i M  cpHAbTpoM  h  r a 3 0 T p 0 H a M H  r a n a  B r — 1 3 0 ,  y  KOTO* 

p b ix  /max r  =?= 4  A; E H =  2 , 5  V, I H =  2 0  A. 4 a h  p e ry A H p O B K H

B b in p H M A e H H o ro  H a n p n a îe H H H  npH M eH H M  TpexcJ)a3H biH  p e o c T a T  

b nepB HHHOH oÔMOTKe a H O A H o r o  T p a H c c f o p M a T o p a .  p e r y A H -

pOBKH h  n y c K a  H a n a A a  TaKiKe npHM eHHM  p e o c T a T  b nepBHHHOH 

y e n n .  C x e M a  B c e r o  ycT p O H C T B a  n o K a 3 a H a  H a (pnr. 2 2 1 .



PaCCHHTblBaeM BbînpîîMHTeAb Ha nOAHVIO MOIUHOCTb H 3a4aeMCH
( §  7  PA. I V )

s  =  0 , 2  • 1 0 ~ 2; Y) =  0 , 9 2 ;  M 0 =  0 , 3 5 .

4 a A e e  HaxoAHM (tpopM. (16') (17') § 8, t a . IV)

* = n r = 4000 s - * = 7 = 9 ¿ 5 3 ¡ r - - v m ’

L  - = ----------------------° l 3 5 . :  4 ° Qo —  —  _  1 8  8  H

3  • 3 1 4  • 0 , 9 2  • y / 0 , 9 2  • v / 0 , 0 0 8

c  - y /0 ^ 9 2  » 1 0 6 _ S 1

3  • 3 1 4  • 0 , 3 5  • 4 0 0 0  • \J 0 , 0 0 8

(Dur. 221.

HaAO HMeTb B BHAy, HTO npn npHHíJTOH H3MH cxeMe, B cepaen-
HHKe aHOAHOrO TpaHCCpOpMaTOpa B03HHKHCT nOCTOHHHblH nOTOK 
BbiHyjKAeHHoro HaMarHHHHBaHHH ( §  1 1 ,  TA. I l l ) ,  a nosTOMy, nocAe 
pacqeTa aHOAHOrO TpaHC(J»opMafopa, CAeAyeT onpeAeAHTb bcah- 
HHHy HHAyKTHBHOcTH, co3AaBaeMon 3THM noTOKOM, h BbiHecTb ee

H3 i 8 , 8  r e H p H .  H a  o c T a T O K  H e o ö x o A H M O  p a c c H H T a T b  c o o T B e T C T B y i o *
UJHH ApOCCeAb.

ripoBepKa (pHAbTpa n o  <J)opM. ( 3 3 )  ( § 1 1  ta. I V )  Ha 6pocoK 
TOKa AaeT

/  8  1 . 1 0  ~s
7m„  =  1 +  4 0 0 0  ’- y g  g  =  3 , 6  <  I m„  r .
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H p o B e p K a  Ha AeMOAyAayHio n o  (popM. ( 2 1 )  ( §  9  t a . I V )  

f t ,  =  0 , 9  • 4 0 0 0  =  3 6 0 0  Q ,  vmin= 3 0 0  • 2  =  1 9 0 0 ;

1 1

V/  L C  1 8 , 8  • 8 , 1  • 1 0 “
—  8 1  Vm| n ,

1 9 0 0  • 8 , 1  • 1 0 ~ 6 =  5 5 , 4  3 .

By^eM npeAnoAaraTb, h t o  aHOAHbiß TpaHCipopMaTop mojkct 

HMeTb £ k ° / 0 =  6 % ;  <pÄ= 3 0 ° ,  n a ^ e H M e  H anpfl jfteH H H  b  r a 3 0 T p 0 -  

Hax 1 5  V  h  naAeHiłe HanpaaieHHH b crAajKHBaioiyeM ApocceAe 

3 0  V ;  Tor^a HanpaateHHe TpaHCtpopMaTopa npn x o a o c t o m  xoAe 

flOAJKHO 6blTb (<pOpM. ( 5 4 ' )  §  1 0 ,  TA. I II ) .

' =  ( 4 0 0 0  +  1 5  +  3 0 )  • 0 , 8 5 5  

, 0 , 8 5 5

1 +  0 , 0 6  ( ~  • 0 , 5  +

+  0 , 8 6 7
' 0 , 5 8 8

O ô p a T H o e  H a n p f i /K eH H e E ' 06p —  ^ 2'$  * \ /  3  • \J 2  =  9 3 0 0  V ,  

He n p e B o c x o A H T  A o n y c T H M o r o  3H aneH H H  1 0 0 0 0  V  ( c m .  T aÖ A H y y  

r a 3 0 T p 0 H 0 B  b  §  9  t a .  I I) .

/ l a A e e  HaXOAHM BTOpH4HbIH TOK H paC H C T H bie  MOUJHOCTH

Ą  =  0 , 5 8 8  • i  =  0 , 5 8 8  A ,

P 2 =  3  • 0 , 5 8 8  • 3 8 0 0  =  6 , 7  k V A ;

P l  ~  i j ö  P 2 =  5 , 5 4  k V A ;

P r =  6 , 7  ~tl 5 -’-5 -  =  6 , 1 2  k V A .

r ipH Ö A H jK eH H oe 3 H a H e H n e  n e p B H H H o r o  TOKa c  y q eT O M  n o T e p n  

3 H e p r H H  b  T p a H c c p o p M a T o p e  HaHAeM , n o A a r a n  b  (p o p M y A e  ( 2 1 )  

( §  1 TA. V I I )  P r  BMeCTO P n  .

5 5 4 0  +  3 , 2 5 ( 4  • 6 1 2 0  V /a • 0 , 0 2 0

y 1 Ä ________________\ ¿ __________ ’  -  =  5 5 4 0 + S - 7  =  1 6 , 2  A .
v/ 3  • 2 0 8  2 0 8  • v/ 3

----------------- /  2  \ 3U
IIoTepH b M e4H P M =  1 , 5  • 0 , 2  6 1 2 0  j *, a  n o T e p a  b a s e A e 3 e  =

1,75-0,2 (-~ 6 1 2 o )
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ConpoTHBAeHHe Ha OAHy ( p a 3 y  peryAHpoBOHHoro peocTaTa H a i i -  

AeTca H3 CAeAyronjero pacneTa

S’il}) —
0,25

■ J Á R  

0,75 • 208

p 1
J~ \a .

■ S' i (Jj
0,25

0,25 • 3 • 16,2

i

22 2 .
t J

B r - 1 2 9 ,  y
noKa3aHa Ha 

3 a f l a e M C H

HaxoAHM

KOTOpbIX /maxT =  1,5 A. 
(pHr. 222 a.

H a i i A e H H y i o  BeAHHHHy 

p a c n p e A e A H e M  H a  A ecH Tb 

ceKU,HH, noAb3yacb yna- 
3 aHHHMH, npHBeAeHHblM H

K (pHr. 159 TAaBbl V .
HanpHJKeHHe Bbinpa- 

MHTeAH npH I0 =  0 AO- 
CTHTHeT aMnAHTyAbl (pa3- 
Horo HanpaaieHHH, t . e.

£ 2$, \¡2 =  5300 V, no-
STOMy HeOÖXOAHM BOAbT-
MeTp CO UIKaAOH 5500 V. 
3HaqeH«e TOKa I%x, npw 
icoTopoM BHeuiHiiH xapaK- 
TepKCTHKa nepexoAHT b 

noAoryio ahhh io , paBHO 
(no (popM. (22) § 6 ta. V )

r ^  4000
° * =  3 • 314 • 18,8“  

=  0,22 A.

B a p n a H T  II. Cfle- 
AaeM Tenepb pacneT no 
Tpex(pa3HOH cxeMe TpeT- 
ga c ra30Tp0HaMH THna 

CxeMa Bcero ycrpoiicTBa

5  =  0,2 • 10~2; r¡ == 0,92; M0 =  0,35. 

5 0 , 2  • 1 0  ~



0,35 • 4000 . c u
— 4,5 H,

6 • 314 • 0,92 • \J 0,92 • \/ 0,035

C  — -__________\ /  __________ —  i 9 3  u. F
6 • 314 • 0,35 • 4000 • 0,35 “  ’ ^

BpocoK TOKa npn b k a i o h s h h h  Ha noAHoe HanpHaseHHe 

/max =  1 +  4000 \ J  1>934510 .=  3,6 A,

n03T0My BKAK)4eHHe MOHÎHO npOH3BOAHTb TOAbKO FipH nOAHOM 

BBefleHHOM b nepBHMHyio ijenb peryAHpoBOHHOM peocTaTe. 

ripoBepKa Ha AeMOAyAHi£HK>

I  ^  = i i ^ = 333<-" = 1900'
1900 ■ 1,93 • 10~G • 3600 =  13 >  3.

ripeAnoAaraa oriHTb, hto aHOAHbiñ TpaHCipopMaTop MOJfteT 

H M e T b  £ k°/o =  6  % , =  3 0 ° ,  a  e b =  1 5  V  h  e„. =  3 0 V ,  H a x o A H M

HanpaJseHHe TpaHCCpopMaTopa npn x o a o c t o m  xo^e

£ 2V  =  (4000 +  2 • 15 +  30) 0,428

0,428

1 + 0 ,0 6  ( • 0,5 +

+  2  • 0,867 = 1 8 6 5  V ,
0 , 8 1 7

£ V  =  1 8 6 5  • J 3  =  3 2 3 0  V ;  E o6p =  3 2 3 0  \ /~2  =  4 5 7 0  V .

□  oCAeAHÍIH BeAHHHHa HeCKOAbKO MeHbUie Toro 3HaHeHHH OÔpaT- 
Horo HanpaiKeHHH, KOTopoe AonycTHMO a a h  ra30Tp0H0B ™ n a
B r — 1 2 9  ( 5 0 0 0  V ) ,  a n03T0My b  a^hhom BapwaHTe mo^kho n p n -

MeHHTb 3T0T THii ra30Tp0H0B. K  TOMy ase,

R  4 0 0 0  . T r 1 A ^  r  , \
— T  —  ~2-----ÖT~a------T ~ c~  <  1 > a  3HaHHT 1  =  Jo  —  1 A  <  / max T

m  o j L  6  • 3 1 4  • 4 , 5  

^ aA e e  h3xoahm b top h hh w h  to k  h pacqeTHbie m oiijhocth  

y 2 =  0 , 8 1 7  • 1 = 0 , 8 1 7  A ;  P 2 =  P ,  =  P T =  \J  3  • 3 2 3 0  ■ 0 , 8 1 7  =

=  4 , 5 7  k V A ,

4 5 7 0  +  0 , 4  1 4  4 5 7 o V *  ■ 1 , 6 2  
j  Ä  V_3 _______ I __________=  4 5 7 0  +  2 4 7  =  1 3  4  A .

v / 3  ■ 2 0 8  y / 3  • 2 0 8

’) C m . $OpMyAbI (2 5 )  H ( 2 5 ’) §  10, TA IV!
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B  corAacHH c  nepBbiM BapHaHTOM, conpoTHBAéHHe oahoh cpa3bi 

peryAHpoBoqHoro peocTaTa b nepBHHHOii oÖMOTKe paBHo

R  l =  — °>7 5  • 2 0 8 — _  26 5 Q . 

p 0,25 • y7 3 • 13,4

HanpaaseHHe BbinpnMHTeAH npn I0 =  0 paBHO aMnAHTyae AHHeii-

Horo HanpaateHHH, t. e. £V \J 2 =  4570 V  h

, _  4000

-1 6 314 • 4 ,5=  a" " ep

(c m . BHeiuHHDK) xapaKTepncTHKy Ha ( p n r .  2 2 2 - 6 ) .

BblÔOp Me^Ay BapHaHTaMH I H II 3aBHCHT ot ctohmocth h
3KcnAoaTaijH0HHbix pacxoAOB KaîKAoro H3 h h x. OneBHAHO, hto

CTOHMOCTb H3rOTOBAeHHH BbllipHMH- 
TeAH no BapnaHTy I Bbiuie, TorAa 
KaK 3KcnA0aTayH0HHbiH pacxoA na 
CMeHy ra30Tp0H0B y Hero HecKOAbKo 
HH*e. M o j k h o  noAaraTb, hto aah 
6oAbiUHHCTBa CAynaeB npaKTHne- 
CKoro npHMeHeHHfl BapnaHT II sko- 
HOMHHeCKH AOAÎKeH OKa3aTbCH 6oAee 

yeAecoo6pa3HbiM.
Ig 4)MoujHbIH B b i n p S M H T e A b  

a a h  p a 4 ho T e a e <p o h h o r o h 
p a A H O T e A e r p a c p H o r o  nepe- 

® H r .  2 2 2 -6 .  a  a  T h  H K a. OnTaioujan ceTb Tpex-
cpa3Horo TOKa Pi =  6300 V, /  =

=  50 Hz. BbinpHMHTeAb AOAHteH nHTaTb npH T e A e c p O H H O H  KOH- 

yepTHoñ nepeAane TAaBHbiS KacKaA

E01 =  9500 V npH 70i —  26,7 A,

h BcnoMoraTeAbHbie KacKaAbi

£02 =  9500 V  npn I0 2 —  3 A.

n PH TeAerpa(pHOH paöoTe, bo Bp 3mh „HaaiaToro“ KAiona Hanpn- 
JKeHHe h tok aah Bcex KacKaAOB HMeiOT Te aie 3HaneHHH, hto 
H Bbliue. n P H „OTJKaTOM“ KAK)He TOK B aHTeHHe paBHaeTCH HyAK), 
aHOAHblñ ffie TOK MOJKeT 6blTb Bbl6paH no CKOpOCTH MaHHny- 
AHgHH, KOTopan AOAiKHa 6biTb He MeHee 120 caob b MHHyTy.

PaAHonepeAaTHHK OAHOBpeMeHHO paccnHTaH Ha paAHOTeAe- 
(pOHHyio paêoTy o a h o h 6o k o bo h noAocoH, hto TpeöyeTCH ynecTb
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n p H  B b l ö o p e  (p H A b T p a .  r io T p e Ô A H e M b lH  OT BbinpHM HTeAH TOK B 3T 0M  

C A y n a e  ( b o  BpeM H y e ra H O B H B m e H C H  o a h o t o h h o h  MOAyAflijHH) p a ß e H  

TOKy, n j T p e Ó A a e M O M y  n p n  K O H yepTHOH n e p e A a n e .

PeryAHpoBKa HanpaateHHH npn nocTOHHHOH BeAHMHHe aKBHBa-

AeHTHOrO COnpOTHBAeHHH Harpy3KH AOAJKHa 6b IT b  aBTOMaTHHeCKOH 

b npeAeAax +  5 %  h pyqHOH b npeAeAax— 50%.

B b i ö o p  c x e M b i  h a H O A H o r o  T p a H C t p o p i u a T o p a .

B  COOTBeTCTBHH C yKa3aHHHMH, CAÊAaHHblMH B KypCe, BblÖH- 

p a e i a  Tpex(pa3Hyio cxeMy TpeTija c mecTbio rapaTpoHaMH rana 

^m axr=40 A, Eoôp' =  15000 V. FIo a h w h  t o k  o t  BbinpaMHTeAH 

c OKpyrAeHneM aah  cAy^eÔHbix H y * A x) :

70 =  26,7 4 - 3  +  0,3 — 30 A,

a  H a n p f l î s e H H e ,  c  y n e T O M  a B T O M a ra H e c K O H  p e r y A H p o B K H ,

£ 0 =  (1 +  0,05) • 9500 =  10000 V.

npeAnoAaraa, hto aHOAHbra TpaHCfpopMaTop 6yAeT HMeTb 
£ k % — 4l°/0, coso* =  0,71, a naAeHHe HanpaateHHa b BeHTHAax 
eg =  2 X  15 V  h b crAajKHBaioujeM ApocceAe eg —  30 V, h3xoahm 
(<|)0 pM . (51') § 10, ta. I l l )  BTopnqHoe HanpflateHHe TpaHctpopMa-
Topa n p n  XOAOCTOM x o A e

=  0,428 ( 1 0 0 0 0 + 2  - 1 5  +  30) ' 1 " ' 1 6

+  2 - 0 , 7 l )
0,428

1 +  0)4 ^  ' ° ’71+  

=  0,428 • 10060 • 1,044 =  4500 V,
0,817

£•>' =  4500 • / 3  =  7780 V,
J2 =  30 • 0,817 =  24,5 A,
P.z =  p x =  Pr =  7780 ■ 24,5 • y 3 =  330 kVA, 

E'o6p =  \!~2 ■ £ 2' =  11000 V <  15000 V,

I  =  30 ■ 1,05 =  31,5 A.

FIoAb3yflCb (pOpMyAOH (17') (§ 1 TA. VII) H COOÔpaîKeHHflMH, 

KacaïoinHMHCîi p a c ^ e T a  T pex < |)a3 H o ro  T p a H c Ç o p M a T o p a ,  MoæeM 

HaHTH nepBHHHblH TOK

j  _  3 3 0  • 1 0 3 + 1 , 6 2  • 0 , 4  ( 3 3 0  • 1 0 S) > _  g i  A  

1 =  y /3  ■ 6 3 0 0

]) HanpHMep, t o k  HCKyccTBeHHOH yTe'îKH K0H4eHcaT0pa. ^a3pnA  KOHaeH- 
caTOpa npH xaKOË yTe^Ke AOAæeH 3aKaHqHBaTbCH npaKTHneCKH B 2 eeicyHaw.
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HanpaaîeHne BbinpaMHTeAH npn xoaoctom xo^e 6e3 yneTa bahhhhh 
(pHAbTpa h n p n  peryAHpoBKe Ha E0 =  9500 V ,

E0' =  0,95 • =  10000 V.

C x e M y  coeAMHeHHH o ö m o t o k  B biônpaeM  A  / Y ;  s t o  i i o 3 b o a h t

b CAyqae Heo6xoAHMocTH HMeTb AOÔaBOHHoe H a n p a æ e H H e =

=  5000 V, noAb3yHCb HyAeBOH tohkoh btophhhoh o6motkh. 
,Ąah pe3epBa ycTaHOBKe noA-^eiKaT ab a TaKHx TpaHctpopMaTopa, 
Kan n0Ka3aH0 Ha o ó u j e ñ  cxeMe (cm. (pHr. 223-a).

P e r y A H p o B K a  H a n p a a î e H H H .  

n p e A e A b i  H3MeHeHHH yrA a  3aæHraHHH a ( cm . § 4 t a . V) aah

aBTOMaTHHecKOH peryAHpoBKH

0 <  a =  arc cos 0,9 =  26°; 0,057 <  s' ^  0,175,

a AAH pyHHOH

0 ^ a  — arc cos 0,5 =  60°; 0,057 s' 0,5.

n p H  9TOM co oT B ercT B yio i i jH e  y r /ib i  cABHra n e p eM eH H o ro  ceTOH- 

H o ro  HanpHHîeHHa oTHOCHTeAbHO aHOAHOrO HanpnaíeHHíi, corAacHO  

yKa3aHHilM § 7 TA. V , COCTaBAHIOT

-s- 30° H -s- 70°,

4TO npn OAHonoAHjCHOH cxeMe o6motkh Tpexc|)a3HOro (pa3opery- 

AHTopa TpeôyeT yrAa noBopora ero poTopa Ha 90°.
H cnOAb3yH  npHMep, yKa3aHHbiñ b § 7, ta. V , HaxoAHM 3Ha- 

neHHa aMnAHTyAbi n epeM eH H oro  ceTOHHoro HanpnaîeHHH h e r o  

nocTOHHHoro cMeu^eHHH. ConpoTHBAeHHH b y e n «  ceTOK a a h  o r p a -  

HHHeHHH TOKOB BblÔHpaeM ( §  7 TA. V):

rgr =  100 2 .

O c T a A b H b i e  A eT aA H  n o K a 3 a H M  H a o ö u j e i i  c x e M e  ( c m . (p H r .  2 2 3 - a ) .  

B b i ô o p  3 A e M e H T O B  c r  A a j K H B a ï o i i j e r o  ( p H A b T p a .

a T o r o ,  HTOÖW HCKAIOHHTb B33HMHyK) CBH3b aHOAHblX I¡eneH  

OTAGAbHblX KaCMaAOB, CTaBHM B KaîKAyiO H3 HHX CBOH T-OÓpaSHblH
(pHAbTp (cm. (pHr. 223-a).

PacneT TAaBHoro (pHAb rpa npoH3BeAeM npeAßapHTeAbHO, hcxoa«
H3 AOnyCTHMOrO K03C|)HIJHeHTa nyAbCaigHH H HS 3KOHOMHHeCKHX 

coo6pa«eHHH. Tan KaK HopMaAbHO nepeAaTHHK aoajkch BcerAa
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p a ô o T a T b  n p H  H a n p a jK e H H H  E 0 —  9 5 0 0  V ,  T O rA a  K a n  H a n p n a î e H H e  

c e T H  M o æ e T  H3MeHHTbCH b n p e a e A a x  +  5 % ,  t o  H aH Ö O A b in a j i  b o 3 -  

M O K H a»  n y A b c a y n a  6 y a e T  B 03H H K 3Tb  n p n  y r A e  3 a a îH ra H H H  a  =  2 6 ° ,  

h  6 y A e T  paB H H TbC H  s '  =  0 , 1 7 5 .  C o r A a c H O  HM eioujH M C iï b  K y p c e  

yK333H H H M  ( §  4  T A aB a V )  MbI IlpHM eM  BeAHMHHy K 03(J)H yH 6H T a 

n y A b c a y H H  6e3 (p H A b T p a  c o o T B e T C T B y i o u j y i o  c p e A H e M y  c h h 2 K 6 h h k )  

H a n p n a s e H H H  a o  0 , 9 5  E q ' ,  t . e .  y r A y  3aîK H raH H H

H 3aA3AHMCH CaMbIM M3AbIM K03(pHIJHeHT0M nyAbCagHH C (J)HAbTpOM’

KoatpHgHeHT <J>HAbTp3IJHH B T3KHX yCAOBHHX 6yACT paBHJITbCH

CTOHMOCTb ApOCCeAH B 1 reHpH AAH TOKa 70 =  27 A MOJKHO 
noAaraTb k 2 =  1Ó000 py6., a CTOHMOCTb KOHAeHcaTopa Ha o^Hy 
(papaAy Aah E 0 =  10000 V ,  =  200 • 106 py6.

FIpeAnoAaraH, h t o  k . n. a .  BwnpHMHTeAbHOH ycTaHOBKH 6 y A e i  
p a B e H  *)

npH KOTOpOM

a  =  a r c  c o s  0 , 9 5  =  1 8 ° ,

5 ' =  0 , 1 2 6 ,

T. e.

s  =  0 , 0 5  • I O ' 2.

r A e

_ e b + e g  £ k %  k e 2  • 1 5  +  3 0

r = “ X T  +  / ? - T ö ö - m ' - c o s c p * ^  =  — 2 7 —  +

+ ; 3 5 0  • 0 , 0 4  • 2  • 0 , 7 1  § | ^ ! =  1 0 , 3  S ,

no (fopiwyAe ( 1 8 )  ( §  8  ta. I V )  h s x o a h m

*) C  yqeTOM oMHqecKHX noT epb  TpaHctpopMaTopa h  naaeHHH HanpaæeHHH 
B BeHTHAHX H B flpOCCeAe.



ÆaAee no (popMyAaM (16') h  (17') t o h  aie rAaßbi noAynae m

0 , 3 9  • 3 5 0
=  = = 1 , 2 0  H ,

6  • 3 1 4  • \ / T -  1 0  3 • 0 , 9 7  y/  0 , 9 7

106 y/0,97

6  ■ 314 • 0,39 - 350 • y/ 4 • 10 :i
6 0  (¿F.

BaîKHO OTMÔTHTb, HTO eMKOCTb KOHAeHC3TOpa nOAyHHASCb 

HaCTOAbKO ÔOAbUIOH, HTO nOCTOflHHafl BpeMeHH R  X  C  —  0 , 0 2 1 "  

OKa3biBaeTca 6oAbme OAHoro nepnoAa. 3 to oöcroHTeAbCTBO ÔAaro- 

npHHTHO B tom OTHOuisHHH, HTO nepepbiBbi B psôoTe nepeA3THHK3 

BbI3BaHHbie H“HOpM3AbHbIMH HBAeHHHMH, HanpHMep, o6p3THMM 3a- 

iKuraHHeM, ocTaioTCH noHTH He33MeH6HHbiMH Ha npneMe, ecAH ohh 

ycTpaHHK)TC3 aBTOMaTHHecKOH anaapaTypoił b TeneHHe aoah 

nepHOAOB .

ripoBepKa (pHAbTpa Ha fleMOAyAHijHio (§ 9 ta. IV)

HTO n03B0AiieT npHMeHHTb ^)OpMyAy ( 2 1 ) ,  t. e.

paöoTW OAHOH ÔOKOBOH nCAOCOH Tpe6 y eTCH, htoôm 
“ p e 3 ^ ' 2 ~  ■ 1 0 ;  x o th  y Hac tupe3 =  1 1 8 ,  -t3k h to  s to  HepaBeHCTBO 
yAOBAeTBopHeTca; TeM He MeHee, aa h ôoAbiuero oôecneneHHH 

T3KOH paÔOTbl, HHAyKTHBHOCTb (JlHAbTpa BblÔHpaeM B ABa pa3a 
MeHbiuyio, t .  e. L =  0 , 6  reHpH. Bbi3biBaeMoe 3thm yseAHHeHHe 
nyAbcai^HH AonycTHMO Ha ocHOBaHHH yK333HHH §  7  ta .  I V .

B  CBH3H C yKa3aHHbIM, OÖIga« HHAyKTHBHOCTb (pHAbTpa ÔyAeT 

cocTOHTb H3 AByx OAHH3KôBbix ApocceAeft n o  0 , 6  reHpH, HTO 

BbirOAHO TaKHSe H B CMbICAe pe3epB3- npOBepKa Ha K09({)HyHeHT

T. e. BHOAHe yAOBAeTBOpHTeAbHblH pe3yAbT>.T, H HOKa3bIBaeT, HTO 

Hepe3 BeHTHAb 6yAeT npoxoAHTb tok c npaKTHHecKH npiiMOyroAb- 

HblM HMnyAbCOM.

3 2 0  • 6 0  • 1 0 - 6 • 0 , 9 5  ■ 3 5 0  ^ 6 , 4  >  3 .

riHTaHH6 paÂHoycTpoii:TB—27 417



npOBepna Ha H e y c T -iHOBH biuhMcíí peaHM npn BKAioneHHH H a 

x o a o c t o h  x o a  (R —*■ cv>) no (popMyAaM (26) (33) AaeT

« = ( 1 0 ,3 + 0 )  <o0 =
1 - 2 - 2  ’ y¡  1 , 2  . 6 0  • 1 0 ~ 6

S  1 1 8 ;  ^  =  0 , 0 5 ,

/ max =  10000 y / 1 26Q106 s-0 ’05 =  67,3 A  >  / max r •

n P H BKAHDHSHHH H a nO A H yiO  HOpM3AbHyK> H a r p y 3 K y  6 y A e M  HM eTb

(cpopM. ( 2 9 ' ) ,  (30'), (31")

a =
1 *5 • 1 0 6

1 0  3  -I— •
’ r  6 0  • 3 5 0 2  • 1 , 2

o,r  =  ( 1 — 0 , 9 7 )  %  ¿  =  1 1 8  • 1 , 2  <  R ;  a  < C

t  1 1 8 - 1 , 2  Ol 0  n  q *7
o  =  a r e  ^  ' 3 5 0  . 1 0 3  ^  = 0 , 3 7  p a c a n a ,

7  w ^ s o  + 1 0 0 0 0  \ J i i r m  * " ! l '  s ! " d 1 8 ‘ + o . 3 7 ) s

^  2 7 , 5  H - 7 1  £ 28 * s i n  ( 1 1 8 1 + 0 , 3 7 ) :

/max = =  2 7 , 5  +  5 2 , 5  =  8 0  A  /max r  •

K a n  BHAHM, B OÓOHX C A y n ax  BKAIOHeKHÍI 6pOCOK TOKa Bbixo- 

a h t  3 a A onycT H M bie  n peA eA bi .  FIoaTOMy npeAycM OTpHM  b  n e p -

BHqHOH u e n H  nycKOBbie  conpOTHBAeHHu; BeAHHHHy hx  B b i6 ep e w  

t s k , h t o 6 w  n p H  h h x  y cT aH O B H B m eecH  SH aneH H e BbinpaM AeHHO ro

TOKa 6biAO He 6 o A e e  -y -  . B  CHAy 3 T o r o  c o npoT H B A eH H e  a a h  k 3 ík a o h

(pa3bl

[ ^ líj)  ( 0 , 5  • / i )  R n  l ]  —  £*1$  • 0 , 5 ,

Ru 1 =■= E-^- =  —i 300 -  ^ 1 1 7  Q.
J t v  3 - 3 1

C o n p o T H B A eH H e  AOAÍKHO SbITb paCC^HTaHO Ha KpaTKOBpeMeHHyiO 

H a r p y a K y  t o k o m  y  = 1 5  A .

B  n p o B e p K e  Ha n e p eH an p H íK e H H e  h c t  H e o  j x o a h m o c t h ,  TaK k s k  

npH  n y c K e  o h o  6y A eT  npeA O T B paiueH O , Ó A a r o a a p H  npHMeHeHHK1

11?



EyCKÔBNX COnpOTHBAeHHH, a  ÛpH BbIKAIO'íeHHJJX OHO He MOÎKef
6biTb 6oAbnie A/o =  0,39-

npeAWAvujHe pacHeTbi noKa3aAH, hto coôcTBeHHan qacTOTa 

CpHAbTpa 0-0 =  118 OKa3bIBaeTCH SHaHHTeAbHO MeHbllieK), HeM 

nacTOTa m m  = 1900, nosTOMy BwôpaHHWH h3mh (JmAbTp 6 w a  6bi 

npHroAeH h b tom cAyqae, ecAH 6b! bchthahmh cAyasHAH pTyTHbie 

BCHTHAH C ÔOAbUIHM 3HaHeHHeM nOAHOrO HOHH33QHOHHOrO nOTeH* 

UHaAa E¡. lio 3TOH *e npnqHHe Harn (pHAbrp ô yaer  AaBaTb 

ycTOHHHByio paôoTy h npH ak>6om 3HaqeHHH yrAa a 3aæHraHHH 

THpaTpOHOB.
BHeoiHiîH xapaKTepHCTHKa BHnpaMHTe.va 33bhcht ot yrAa pery- 

AUOOBKH THpaTpOHOB. EcAH nepBHHHOe HanpHîKeHHe OCTaeTCa

HeH3veHHHM h paBHbiM £*! =  6 3 0 0  V ,  to  no ({jopMyAaM ( 2 2 )  h ( 2 3 )

(§ 6 TA. V )  ¿AH pa3AHqHMX 3HaHeHHH yrAa 1 M02KH0 H3HTH 3Ha- 
4eHHH E 0ax h Iox. Pa3yMeeTCH, o t  a 6yAeT 3aBHceTb h Hanpn- 

SrHHe Eqz  XOAOCTOrO XOAa npH OTCyTCTBHH (J)HAbTpa H HanpH- 

æeHHe E npa iioahoh BeAHHHHe TOKa I0. H næe npHBOASTCH Bce 

3TH BeAHHHHbl

a  =  0 :  E 0 a V =  7 7 8 0  v r 2  =  1 1 0 0 0  V ;

E 0' a =  0 , 9 5 5  • 7 7 8 0  \ /  2  =  1 0 5 0 0  V ;

E 0'a =  0 , 9 5 5  • 7 7 8 0  V 2  • c o s  1 8 : =  1 0 0 0 0  V ;

a =  2 ô c: E 0 a 'x  =  7 7 8 0  y /  2  =  H O C O  V ;

VJ •- '11

£ 0' 2 = 0 , 9 5 5  • 7 7 8 0  v 2  • c o s  2 6 3 =  9 5 0 0  V ;
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I

6 0 ° :  E 0 a -V ' 7 7 8 0  \ j  2  ■ c o s f  6  —  6 0 c

h x —  

E q a —  

E

5 2 5 0
; =  2 , 3  A ;

6  • 3 1 4  • 1 ,2  

0 , 9 5 5  • 7 7 8 0  y/~2  • c o s  6 0 °  

5 2 5 0

9 5 3 0  V ;

5 2 5 0  V ;

' 0 a -
1 , 0 4 4

• 6 0  =  4 9 7 0  V .

H a  ( p u r .  2 2 3 - 6  B e e  s t h  x a p a K T e p H C T H K H  n p H B e A e H b i .

ripoBepKa cpHAbTpa Ha TeAe- 
rpa<J)Hyio paöoTy MoaieT 6biTb 
CAeAana, ecAH 3aAaTbca tokom, 
riOTpeÔAHeMbiM nepeAaTHHKOM o t  
BbinpflMHTeAH npH „OTJKaTOM“ 
KAione. Mw nocTynHM aah  SToro 
CAeAyKjiijHM 06pa30M. npeAnoAa- 
raH, h to  mm HMeeM ągao  c nepe 
AaTHHKOM, B K O T C p O M  npHMeHeHa 
CeTOHHaH MOAyAHyH H, BblHHCAHM 

MOiHHOCTb, pacceHBaeMyio Ha aHO- 
A a x ,  H c x o A H  H 3  k . n .  a -  M O iy -  

Horo KacKaAa npn TeAeipOHHOM 
0 3 ^r. 2 2 2 -6 .  pejKHMe 0 , 3 5

P aH =  E 0l ■ lo i  • ( 1 — 0 , 3 5 )  = =  1 6 5  k W ,

OMeBHAHO, h t o  n p w  p e ^ K H M e  T e A e r p a < | ) i i O H  paöOTbi M b i  MorAH 6 bi 
A O n y C T H T b  TOK n p H  OT/K aTOM  KAH3He

1 6 5 0 0 0  

9 5 0 0  :
/ o " < 1 7 , 3  A .

f l o n b lT a e M C f l ,  OAHaKO, n o  SKOHOMHHeCKHM COOGpaiKeHHHM, CHH3HTb 

3TO 3HaneHHe AO nOAOBHHbl, T. e .  n p H H H T b

/ o "  =  8  A .

M e n b i u y t o  BeAHHHHy H e y e A e c o o 6 p a 3 H O  B b i ö p a T b  n o  t o h  npHM HHe, 

HTO B H e u jH i i«  x a p a K T e p H C T H K a  n p H  TOKe / o < C 5  A  H aH H H aeT  K p y r o  

B 0 3 p a c T a r b ,  h  Mbi HMeAH 6 b i  y B e ^ H H e H H e  n e p e H a n p f l íK e H H Í í .  T a n  

KaK n p H  rr e A e r p a ( p H O H  p a ö o T e  H eT h 6 o 6 x o a h m o c t h  A o Ö H B a T b c a  

w a A o r o  3HaHeHKfl 5, t o  mw npeAnoAaraeM, h t o  o a h h  h 3  A p o c -  

c e A e S  bo BpeM H T e A e rp a c p H O H  p a ö o T b i  3 a M b iK a e T C H 'H a K o p o T K O ,  h 

06 in,aH HHAyKTHBHOCTb ( p H A b T p a  CTaHOBHTCH paBHOH 0  6  TeHpH.
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l i o  c |)opM yA aM  ( 3 6 )  n  ( 4 8 )  (rA. i V )  HMeeM

R '  =  1 0 , 3  +  ° ¿ 6  ^  ; R i  =  ^  ^  =  1 1 0 0  Q;

R f = »  1 0 , 3  + 8 , 4 ^ 1 9  2  « Q -¿  =  1 5 , 8 ;

1 1 6 7 ;  ~  =  1 5 - f  '  2  =  0 , 1 5 ;
y/ 0,6 • 60 • 10~6” ’ 4 4

£o" +  (¡o -  /o") v / £  e- °T ̂  9500 1

- j -  1 8 , 3  y  0 ’6 6 0 1Q6 • 0,15 =  1 1 0 7 0  V ;

1 1 0 7 0  < 1 , 2  • E 0" =  1 1 4 0 0 .

H t o  K a ca eT C H  „ n p o B a A a “  b ( p o p M e ,  t o  o h  h  n o ^ a B H O  6 y A e T  

m í a t e  2 0 ° / o c o r A a c H O  ( p o p M y A e  ( 5 0 )  ( r A .  I V ) .  B  c a M O M  A e A e ,  a a h

9TOH CpOpMyAbI HM eeM

■  =  2 ~ 0 , 6  í 1 0 ' 3  +  m )  =  è  ( I 0 ' 3 +  2 8 ' 6 )  “  3 2 ' 5 ’

a T - ntnn io q  /  0 • 6 • 10e - 0,305
~  0,30:) h 9500 — 18,3 W ------^ -- ■ £ =

o  s o n
=  9 5 0 0  —  1 3 5 0  =  8 1 5 0  •

l y Z

BpeM3 pa3psAa KOHAeHcaTOpa ao 1 ,1  E 0 no cpopMyAe ( 5 1 )  paBHo 

=  1 1 9 0  • 6 0  • I O “ 0 In  =  0 , 0 0 5 ".

¿XaAee, no (popMyAe ( 5 2 )

' = m = 0 , 0 1 " ’ a  ’ ■ =  t Ą ó 7 = 0 , 0 0 9  "■

K a n  b h a h m , t =  0 , 0 1  "  <  ^  +  x ,  =  0 , 0 1 4 " ,  t . e :  B peM H , 3 a H H M a e M o e

OflHOH TOHKOH, M eH bU ie ,  HeM BpeMH I.OAHOTO HapacTaHHH H cna- 
A3HHH H an p a íK e H H H . TaK KaK H3M eiieHHH Hanpfl*eHHH HeBeAHKF, 

TO, OHeBHAHO, COÖAIOCTH yCAOBHH

T > T i - f - T ,
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H e T p e ô y e T C H .  Ecah 6m, OAHaKO, co6ak)CTH e r o  6mao HeoôxoAHMü, 

a  A a A b H e ñ m e e  yeeAHHeHHe I 0"  6biAO HeateAaTeAbHO, t o  cacao- 

BâAo 6bi noHTH H a yineHbmeHHe HHAyKTHBHocTH c r A a i K H B a i o i i i e r o  

(p H A b T p a .

P a C i e T  ( J i H A b T p a  A A fl M a A O M O U J H b I X  K a C K a A O B .

B y A e M  H c x o A H T b  H3 T o r o  j s e  K o acp H ijH e H T a  ( p H A b T p a y n n

u — 4 • 10—3 h /?2 — - 3—=  3170 Q. Tan Kan paHee HaííAeHO

r  =  10,3 2 , «rro 3HaHHTeAbH0 MeHbiue R  =  3170 Q, to b cpopMy- 
Aax aah Z-2 h C 2 6 y a e M  npHHHMaTb r¡ =  1 .  GrOHMocTb kohach- 
caTopa eMKOCTbK) b 1 ¡J-F CAeAyeT npHHATb npeîKHen, t. e. =  

=  200 10tí py6/F, h6o £"0 =  9500 V . CTOHMocTb ApocceAH 
6 yAeT MeHbuie, a hmchho

^ 2 = =  1 0 0 0 0  ~t~~z 1 2 5  p y ö . / r e n p H ,
J m

n 0 3 T 0 w y

Æ a A e e

M  _ _  1 / 2 0 0  * 10®

0 3170 V 125 ' ’

j  __ 0 , 4 - 3 1 7 0

^  - 6 . T i 4 - n/ 4 - 1 0 ' V ^  10 reH p* ’

C 2 = ---------------------------— --------- ___________= 6 , 6  ¡¿F.
6 • 314 • 0,4 • 3170 y/4 • 10 3

T a n  K a K  n p H  T e A e r p a c p H O H  h  K O H y e p T H O H  T e A e c p O H K O H  p a ô û T e  

TOK I 02 OCTaeTCH HeH3MeHHbIM, TO npOBepKH Ha AeMOAyAHIJHK) H 

Ha (popMy CHi'HaAa He Tpe6yeTca. H t o  jKe KacaeTca AewoAyAJiyHH 

npn pa6oie oahoh 6 o k o b o h  noAOCOH, to, onpeAeAaa pe30HaHCHyf0 

HacTOTy BcnoMoraTeAbHoro (piiAb'rpa, KMeeM

2  7T - 10 <  ..=  123 < C  1900,
V' 10 • 6,6 • IO “ 6

T. e .  B n o A H e  y A O B A e T B o p H T e A b H b i S  p e 3 y A b T a r .

n p o B e p n a  H a  6 p o c o K  T O K a  n p n  b k a k j h c h h h , a  p a B H O  n a  K o a c p a -  

y n e H T  H c n 0 A b 3 0 B a H H H  m o u j h o c t h  h  H a  y c T o w H H s y i o  p a ß o x y ,  H e  

H y a î H a ,  h 6 o  O T H O C H T e A b H a f l  B e A H H H H a  TOKa CAHUIKOM M a A a  n o  

C p a B H e H H K )  C n O A H K M  TOKOM B b i n p H M H T e A H .
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B i j e u i H a a  x a p a K T e p H C T H K a  p a ccH H T b iB a eM O H  i j e n n ,  n p n  b w k a i o - 

neH H O H  TAaBHOH y e n H ,  t . e .  K o r A a  /o i  — 0> H n P H y r ^ e  p e r y A H -  

poBKH a  =  1 8 ° ,  M o s e T  6 w T b  n o c T p o e H a  n o  cA e A y io i i iH M  T 04K 3M :

E q'ojc—  1 1 0 0 0 V ;  E 0 a ' =  1 0 0 0 0  V ;  ¡ox < 6 =  0 , 5  A ‘ 

£ o 3 =  [  1 0 0 0 0  : ( 1 4 - 0 , 0 4 4 - ^ - 2  • 1 5  =  9 9 0 0  V .

P a 3 y M e e T c s ,  n p n  Ą i  =  2 7  A  3 T a  x a p a K T e p n c T H K a  n e p e r U e T  

npaK T H H ecK H  b  n p / m y i o ,  n a p a A A e A b H y i o  o c h  a ö c g n c c .

B  a a K A io H e H K e  O T M e r a M ,  h t o  p a c q e T  T A a B H o r o  ( p H A b T p a  CAe- 

¿ O B a A O  6 bi n p o B e p H T b  e m e  H a  M a K C H M a A b H o e  3 H a q e H H e  T O K a ,  n p o -  

x o A ^ n j e r o  H e p e 3  B e H T H A b  b o  B p e M H  H a a i a T H S  K A i o q a ,  K aK  n o K a -  

3 a H O  H a  (J )Hr.  1 2 3  t a .  I V .  M o j k h o  O A H aK O ,  n o A a r a T b ,  h t o  ÖAaro- 

A a p a  6 o A b m o M y  3 a n a c y  /m a x  r  b  A aHH O M  C A y q a e  s t o h  n p o B e p K H  

H e  T p e ö y e T c a .
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