
ZESZYTY
NAUKOWE
POLITECHNIKI
ŚLĄSKIEJ

C A E H K O  l O P M i ł  J I E O H H ^ O B M H

PEAKTMBHAfl MOHiHOCTb B CMCTEMAX 
3 JIEKTP0 CHAEJKEHMa 
C HEJIMHEiłHbIMM HATPy3 KAMH

I i

ELEKTRYKA

Z. 123
GLIWICE
1991



POLITECHNIKA ŚLĄSKA

ZESZYTY NAUKOW E  

Nr 1135

f ,
31

^ T b  B  C M C T E M A XP E A K T M B H A H  M O I B H O  
3J I E K T P O C H A B 3 i E H M a  

C  H E J I M H E f ó H b l M M  H A T P Y 3K A M M

G L I W I C E 1 9  9 1



O P IN IO D A W C Y :

Doc. dr hab. inż. M arek Brodzki 

Prof. dr hab. inż. Zb ign iew  Kowalski

K O LEG IUM  REDAKCYJNE

REDAKTOR N A C ZELN Y  

REDAKTOR D Z IA ŁU  

SEKRETARZ REDAKCJI

—  Prof. dr hab. inż. Jan Bandrowski

—  Doc. dr inż. Zo fia  C ichowska

—  M gr Elżbieta Lesko \
*

REDAKCJA T E C H N IC ZN A  

Eugenia M andrak

W ydano za  zgodg  

Rektora Politechniki Slgskiej

Druk z m akie t przygotow anych przez Autora

PL ISSN 0072-4688

W ydaw nic tw o Politechniki Slgskiej 

ul. Kujaw ska 3, 44-100 G liw ice

I fa k ł. 150+85 A rk . w yd .7 ,5  A rk . d ru k . 7,378 P a p ie r  o f fs e t, k l .  11170x100. 70 g 
O d d an o  do  d ru k u  19.07.91 P o d p is , do d ru k u  19.07.91 D ru k  u k o ń cz , w e  w rz e śn iu  1991
Zam . 351/91 C ena z l 10.510,—

Fotokopie, druk i opraw ę  

wykonano w  Z a k ład z ie  Graficznym  Politechniki Slgskiej w G liw icach



COflEPKAHME

BBeüeHMe
1 .  O cH O B H u e  3 H e p re T M M e c K H e  B en v w H H u  h  h x  coothokhhh 
B JIHHeHHblX 3JieKTpHMeCKHX CeTH X

1.1. AKTHBHasi u peaicTHBHaa moihhoctm b rameftmix 
uenax OHHycoHjjaflbHoro Toxa

1.2. 3/iexTpoMarHHTHaa Teopna peaxTMBHOfö mo®hoc-  
TM b AHHeflHbix uenax
1.3. 3HepreTnaeoKMe npoueccu b Tpex$a3HHX oJieK- 
TpHaeoKHx uenax
1.4. B7inaHne peaKTHBHO« moiuhooth Ha 37iexTpoMar- 
HHTHHe npoqeccw, npoTexa»mne b aaeMenrax a/ieKT- 
pHMecKHX ceTefi
1.5. Bhboah

2. 3jieKTpoMarHHTnbie npoueccu b Hejomefbaix 3JieKTpH- 
MecKHx uenax

2.1. SaeKTpoMarHHTHaa Teopna peaKTHBKoft MomHOo- 
TH b HeanHefiHux uenax
2.2. MHTerpanbHHe MeTO/m oueHKH peaicTHBHofl mou-
HOCTH
2.3. HaoTOTHHe MeTOflH oueHKH peaxTHBHOfi mohihoctm

2.4. PeaKTHBHaa MontHOOTb npM CHHycoHaaabHOM Ha- 
npaxeHMM h HeJiHHeftHOfl Harpy3Ke
2.5. PeaKTHBHaa MonjHocTb npn HecHMMerpHMHOft h 
He^HHeflHoPt Harpy3Ke
2.6. Bhboau

3. PeaKTHBHaa MosHOCTb pa3JiHHHux noTpeOHTeneft aneKT- 
pHMeCKOH 3Hepnw

3.1. PeaKTHBHaa MonjHooTb BeHTHJibHux npeo6pa30- 
BaTenbHHX ycTaHOBOK oflHo4>a3Horo Toxa
3.2. PeaKTHBHaa MO®HOCTb Tpex$a3Hnx mootobhx 
npeoöpasoBaTeneH
3.3. PeaKTHBHaa MomHocTb b oeTax ayroBux crra/ie- 
nTiaBHJibHHx neaefl
3.4. Buboah



Ct p .

4 .  npHHUHTTbl KOMneHCaUM M  peaK T H B H O H  MOmHOCTH 6 7

4 .1 .  K o M n eH cau M fl peaK T H B H O fi M o n jH o c ra  b  o e T S K  o

BHOmMMM rapM OHM KaM H 6 7

4 . 2 .  P a c M e T  n a p a M e T p o B  $M ;ibTpo-K O M neH C M pyiom M X  

yO T poK O T B  B C eT flX  O BHCHIMMM rapM OHM KaM H 8 5

4 . 3 .  n p s M a s  K O M neH oauH H  peaK T M B H ofl m o ih h o o t m  8 9

4 . 4 .  K o o B e H H a a  K O M neH caijM fl peaK TM BH O ft m o ®h o c t m  9 1

4 . 5 .  B u b o a h  9 4

5 .  3jieKTpoM ar*HHTHb)e n p o u e c c u  m K O M n e H c a m w  p e a K T H B -  

HOM MOfflHOCTH B 3JieKTpHHeCKHX CeTH X MOHIHUX TH pH CTO p-

H u x  n p e o 6 p a 3 0 B a T e j ie M  9 6

5 .1 .  P a c n e T  o n e K T p a  B x o f lH o r o  T o x a  t h p m c t o p h h x  

n p e o 0 p a 3 O B a T e 7 ie f i  9 6

5 . 2 .  BTiMñHMe G a T a p e f i  K O H a e H c a T o p o B  n a  o J ie K T p o -  

M arH M TH w e n p o q e c c u  b  cerstx o BeHTMTibHHMM n p e -  

o ö p a 3 0 B a T e 7 is M M  9 9

5 . 3 .  BtIMSHMÖ $ M ^b T p O -K O M n eH O M p y » « H X  yCTpOptCTB 

na B JieK T poM arH M T H bie  n p o q e c c u  b  c e T s x  o  B eH T M iib—

HHMM n p e o 6 p a 3 0 B a T e jis iM M  1 0 2

5 . 4 .  B tłB O flu  1 0 5

3aK JiB H eH M e 1 0 6

J lH T e p a T y p a  1 0 8

CriMCOK 0603H aM eH M K  1 1 3

P e 3 D M e  1 1 6



BBŁOEHME

A K T y a n b H o c T b  n p oS jieM M . B n o o j ie ^ H e e  B peM S b  npoMHin^eHHooTM Haónio— 
f la e T o a  3H aw T e.n b H H Jł pocrr  fionu He;iMHeiłHHX H a r p y 3 0 K , K O T opne stB/isnoTosi 

noTpeóM Te^HMM  peaKTMBHOił m o b ih o c tm . B o a 3 m  o  3 tm m  BO3HMKai0T B o n p o o u  n o  

c y e H K e  peaKTMBHOił m o iu h o c tm  m p a o M eT y  n a p a M e T p o B  K O M neH onp y»m nx  

y o T p o iio T B  n p w  HaTiMMMM B H cm n x  rapMOHMK b  n u T aiom efl oeTM . K poM e T o r o  

H eo6xoflM M O  OTMeTMTb, h t o  pexM M  peaKTMBHoi^ m od jh ootm  o n p e f le ; is ie T  KaK 

KaMeOTBO STieKTpOOHeprMM, TaK M OKOHOMMMHOOTb peiM M OB paGOTH OMCTeM 

37ieK TpO O H a6*eH M S. ypO B eH b peaKTMBHOił MOIĘHOCTM BTIMfleT Ha OTKJlOHeHHS, 

KOJieGaHMS, HeoMMMeTpMio H a n p a ieH M n ; pexM M  peaKTMBHOił m o iiih octm  

HejiM HeiłHbix H a r p y 3 0 K  o K a s u B a e T o s  Ha OTeneHM  MOKaxeHMs k p m b h x  t o k o b  m 

H a n p a ie H M fł. TaKMM o 6 p a 3 0 M  B o n p o o u  pexM M a peaKTMBHOił m o iu h o ctm  m 

K aw ecT B a 37 ieK T p ooH a6xeH M S  oK a3H BaioTO fl T ecH O  OBsisaHHHMM.

MeTOflH p a o n e r a  peaKTMBHOił m o« h o o tm  npM hm3 kom  x a q e o T B e  

s^ eK T p oaH ep rM M  Ha npoTaxeH M M  HeoKOAbKMx fleanTK O B ;ieT  npM BJieK acT  k o e G e  

BHMMaHMe p sy ja  ooBeTOKM X m MHOoTpaHHwx y a e H u x . C TeneHMeM  BpeMeHM  

M eH a^ oa n o f lx o f l  k  o q eH K e  peaKTMBHOił m ohihoctm , M eTOflaw e e  p acM eT a . 

BoTibm oił b knan b  p a s b u r n ę  n o H a m a  peaKTMBHOił mobjhootm  b  HejiMHeiłHHX  

y e n s x  BHeoTiM TaKMe y n e H u e  k b k  A. B o g u c k i ,  M .B r o d z k i ,  C .B u d e a n u ,  

L .C z a r n e o k i ,  S . F r y z e ,  Z .N o w o m ie j s k i ,  K .C.fleM M pq«H, M .B .X exe.neH K O ,

O.A.M aeBOKM ił, H.A.MeiibHMKOB, r .E .n y x o B  m ¿¡p. O^h s k o  f lo  H a o T o s m e r o  

BpeMeHM  H e c y m e o T s y e T  e flM K o ro  n o f lx o f la  k p a c ^ e T y  peaKTMBHOił mouihootm .

H a o T o a n a a  flH ooepTaijM O H H aa p a ć o T a  B im o A H a n a o b  b  paM K ax coB M eorH O ił  

H ayM H O -M oo/ieflO BaTeTibO K oti paG oT H  n o  u exB y3O B 0K O M y ooT p yA H M H ecT sy  M e x a y  

MapMyno^bOKMM M eTa/uiyprMM eoKM M  m h o tm t y to m  m Cmie30KM M  no/iMTexHMMecKMM 

MHOTMTyTOM (r .rm iB M L te , PecnyóT iM K a n o f lb m a ).

H a y M H a s noB M 3H a. 1 . OpH M eHeuM e o G a e i ł  TeopMM n o j ia  k 

oJieKTpoMarHMTHUM n p o p e o o a M  b  H e/iM H eH oił o p e f l e  no3BOJiMAO B n e p e u e  

o ó o cH O B a T b  H eo6xoflM M ooT b  M cn oiib30B aH M a n o H s m is  M rHOBeHHaa peaK TM BH as  

M oiĘH ocTb, K O T opan H aM G o/iee  noTiHo o T p a ia e T  x a p a K T e p  3/ieK TpoM arH M T H nx  

n p o u e c o o B ,  npoM cxo,aam M X  b  37ieKTpM HecKM x c e T s x  o  HeiiMHeiłHHMM 

H arpysK iiM M . OpM rM HaiibHooTbio m oym eoTBeH H U M  oTiiMHMeM n p e a x o x e H H o r o  

n o f l x o a a  k o y e n K e  peaKTMBHOił moiuhootm  o t  oym eoT B y»aiM X  sra J is e T c s  e r o  

OOOTBeTCTBMe 4>M3MHeOKCMy OMHOily 3^eKTpOŁiarHMTHMX n p o u e o o o B .

P a sp a ó o T a H H h ie  p a H e e  n c a x o f lM  b  3HaHM TexbHOił M ep e  ooHOBMB&nMCb Ha wmctc 

MaTeMaTMMeoKMX a(fcTpaKLiM Sx m a H a iio r M n x .

2 .  Ha opH O B e p a 3 p a G o T 8 H H o ił TeopMM npMMeHMTejibHO k H em tH eiłH O ił 

o p e f l e  e n e p e b ie  s a n  aHaiSMS 3H epreTM H eoK M X  n p o y e o o o B  »  H an*O T iee
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pacnpocrrpaHeHHOß ne/iMHeßHofl H arpy3K e -  BeHTMflbHtix n p eo ó p a so B a T e /ia x  
04H c4ia3H oro m T p ex $ a 3 H o ro  Toxa.

3. ripefl^oxeH  HOBbífí npHHLjwn KOMneHcauMM peaxTMBHOfi moihhoctm,

3aKJiioMaioiHMfioa b pa3>ge7ieHMM MrHOBeHHofi moüjhoctm Harpy3XM Ha MrHOBeHHyio 

peaKTHBHy» MomHocTb h MrHOBeHHy» MomHocTb JiMHeííHoro Hen3MeHsiiomerooa bo

BpeMeHM aKTMBHOrO COnpOTMBTleHMSI, MTO n03B07IM 710 nOBHCMTb TOHHOCTb

p a o M eT a  n a p a ^ ie T p o B  xoMneHCMpyioiHMX y c T p o ö c T B  rip n  b h o o x o m  y p o B H e

HecMHyconaa-'ibHocTM.

4. Pa3pa6oTaH a hob a  a M eTo/wxa p a c ie T a  aMn/iHTy^Horo cnexT pa

B x o f lH o r o  T o x a  BeH TH /ibH Ux n p e o 6 p a 3 0 B a T e ; ie f l  o  xoMneHCMpyioiflMMM m 

$n^ bT po-K O M n eH cnp yiom n M M  ycTpoPicT BaM M , n o 3 B O /ia io in a a  np on3B O flH T b paoM eT  

n o  BbipaxeHMSM f í j i a  n p e o ö p a s o ß a T e / i a  6 e 3  xoM n eH C M p yiom ero  y o T p o f lc T B a , h o  o  

yieTOM H3MeHeHna y r /ia  xöMMyTaqMM.

ripaKTHMecxaH ueH H ocTb. npe^^oxeHHHfi n o^ xofl k noHSTM» peaKTMBHaa 

M omHocTb no3E o^ aeT  pacnpocTpaHMTb e e  Ha H e^M H eiîH H e qenn  

HecMHycoHfla/ibHoro Toxa. Pa3pa0oTaHHnK b paöOTe MeToa p a c ie T a  

peaxTHBHOfi moihhoctm npH HeoHHycoHfla/ibHux pexMMax no3B o/iaeT  npon3BOflHTb 

e e  pacaeT  b oflHoi>a3HHX u T p ex$a3H ux q e n a x  o  HeTiMHeöHtJMM Harpy3xaMM. 

AHâ7ïM3 ojieKTpoMarHMTHbix n p o q eo co B  b BeHTHTibHbix n p eo6p a30B 3T e;iax  

nosBO/iaeT oueHHTb oöMeH STiexTpoMarHMTHOfl 3H eprnn u n e p e ^ a a y  peaxTMBHOít 

MoniHOOTM npn pa3/iHMHHX xoH$MrypaijMax oxeM  u xapaxTepMCTMxax Harpy3KH. 

P a sp a  ÖOTaHHHfi o n o o o P  KOMneHcaqMM peaxTMBHOfi moihhooth no3BOJiaeT 

npoH3BOflMTb nojm yio e e  KOMneHcaqmo npn He/iMHefiHHX H arp yaxax . UnseH epH aa  

MeTo^HKa onpefle^eH H s bhchimx rapMOHHK BxoiHHoro Toxa BeHTM/ibHbix 

npeo6pa30B aT e7iefł o  KOMneHCMpyioniMMM yoTpottoTB&MM flaeT BOSMoxHooTb 

¿locTaTOHHO npooTO npon3BOflMTb p a c i e r a  n o  BbipaxeHMaM flTin 
npeo6pa3öB aT e7iefl 6 e 3  xoMneHCMpyioiHMX ycTpoficTB.

nyCJiMKaiiHM. n o  MaTepna/iaM flMccepTaijMM onyó/iMxoBaHo b ooßeTOXMX u 

3apy6e*H HX nepMoaMieoxMX H3^aHMax 2 1  n e ia r a a a  paöoT a b tom iMOJie 
coB eT C xo-no^boxasj MOHorpa$ns u y ie ó H o e  n o o o 6 n e .

C T p y x T y p a  m o O beM  ü H c c e p T a i iH H . P a O o T a  c o c t o m t  H3 B B e^eH H H , naTM  

r ^ a B  u  3ax7iK )H eH H a, o n n o x a  M o n o ;ib 3 0 B a H H n x  m c t o ih m x o b  m3  7 5  

HBHMeHOBaHMfi, CO,flepXMT 1 1 8  OTpaHML) T eX C T a , 6  TaÓJIHU M M7I7IIOOTpnpOBaHa 

4 5  pM cyH xaM M .

A b t o p  3 a io H iu a e T : 1. T e o p m o  n p o q e c o o ß  o ö M e H a  3-nexTpoM arH M T H O M

O H e p m e f l  b H e/iM H eftH oft o p e a e .

2 .  TeopHR peaxTHBHOi? m o ih h o c tm  b He/iMHeßHtrx oflHO$a3Hux m 
T p e x $ a 3 H b ix  q e n a x  HecMHycoMaajibHoro T o x a .

3 .  M eT o a  p a c i e r a  m xoM neH caijM M  peaxTM BH O fi m o ih h o c tm  b  

s n e x T p M ie c x M X  c e T s x  o  bhchimmm rapMOHMxaMM.

4. ÜHiceHepHyio MeTO^Mxy p a o ie T a  cn exT p a  BxoflH oro Toxa tmpmotophhx 
n p eoöp a30B aT en efi o  (J)M7ibTpo—xoMneHOMpyioniMMM ycTpoßcTBaMM.



1. OCHOBHNE 3HEPTETMMECKME BEJIMMMHU M MX COOTHOBEHMH B 
JIMHEHHHX 3JŒXTPMMECKMX CETHX

1 . 1 .  AKTMBHan h  peaK T M BH as) m o k h o c t h  b  JWHeMHUx u e m x  

c M H y c o itn a J ib H o ro  T o ica

B flHHeilHHX OflHO$a3HHX 3.7ieKTpMMeOXHX OeTSX pa3JIMMa»T CTieflyiOmne 

BMflw MomHOOTeti: aKTMBHyio, peaK T M B H y», noTiHyio. AxTMBHaa M onpiooTb

x a p a K T e p n 3 y e T  n o T p e C ^ e H n e  sjiexT p oM arH M T H ofl 3 H e p r n n  H a r p y 3 x o f l ,  to e o T b  

e e  n p e B p a n je H n e  b  f lp y r w e  bm ^u O H eprvm  (T erm o B y io , M exaH M H ecxy» , 

XMMMMeoKyio M f lp .) .  B ^MHeWHHX q e n s x  o n H y o o n f la ^ b H o r o  tokb axT H B H aa  

MonjHooTb o n p e f le ^ a e T O f l opeflHMM 3a n e p n o f l  T 3H3M eHneM  n p o M 3 B e fle r o « i  

MrHOBeHHHX TOKa i  M H anpS*eH H H  u

T

i u  d t ,  (1 .1 )
T

n p n  yoTioBMM, VTO o y m e o T B y B T  M H TerpaJW

T T

J i 2 d t  < oo, J u 2 d t  < oo,
0 Q

n p n  3TOM n p o n 3 B e f le H n e  iu  H a 3 H B a e T o a  M rH OBeHHoß MonjHocrrbD p = p (t)

p  = iu  . (1 .2 )

E o a n  n a n p n i e H n e  w t o k  o n p e f le j ia e T o a  cJieflynm uM M  B H p axeH M jn w

u =  Ums in u t ;  i  =  Imsin (u t-< p ), (1 -3 )

TO

P  =  -  I Ums i n u t  I ms i n ( u t - < p )  d t  =1 f

ÍÍ "
T

J [ o o s < f > - o o s ( 2 u t - < p ) ]  d t  =  U Ioos< p , ( 1 .4 )
U™1™ Tm m

rfle I = Im/f 2 ;  U = Um/{ 2  -  fleftoTByDnjue 3HaaeHHS -roxa u HanpsweHHS.
TaxMM o6pa30M , npn OHHyoowfla/ibHHX pexnM ax axTMBHas MomHOOTb 

onp efle jiaeT oa npon3Be,aeHMeM fleftoTByiomMX SHa^eHufl Toxa u  HanpaxeHun Ha 

xooHHyo y r o a  oflBMra $ a 3  iie x ^ y  hmmm. MrHOBeHHaa MorçHOOTb p = u i ooBepm aeT  
onH yoonfla/ibH ue xoaeöaHHS o  aboAhoA MaoTOToA oxo.no opeflH ero  3HaaeHHsi 

P =  UIoos<p.
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ripw HeM3MeHHHX fleftOTBy»JI)MX 3HaHeHMSX TOKfl H HanpflXeHMS) aKTHBHafl 

MoajHOOTb saBMOMT ot KoonHyoa y r /ia  oflB ura $ a 3  Mexfly hmmm, kotopuR 

Ha3UBaeTos? KOPiimijMeHTOM mobihootm. Eo;im H arpy3xa He oojjepxKT  
motomhmkob 3H eprnn, to  K03(JxiinuneHT MOHHOCTM HaxoflMTOs b npe,ne;iax  

O soos<p^l. npM oos<p=0, to eoT b, Korfla <p=+u/2, P=0 -  axTMBHaa MonjHOOTb

Harpy3KoR He noT peö^aeT on. ripn oos<p=l (<p=0) axTHBHaa KtoajHocrrb 

npuHMMaeT MaxoMMa^bHoe 3HaMeHMe P=UI.

npoM3BefleHMe fleRoTByiowMX 3HaweHM(i Toxa m HanpaxeHMa Ha3HBaeTca 
ÜOflHOR MOmHOCTbß

S = UI. (1.5)

C’M suqeoKM R cmhoti noTiHoR moibhootm saK T iß M aeT ca  b tom , mto OHa 

onpefleTiaeT MaKCMMa/ibHo b o 3m oxh oc 3HS4eHMe axTMBHoR moüjhoctm 

noTpe67ineMofl H a r p y 3 x o R  npH  saaaHHHX 3H aveH nax Toxa vt H a n p sx e H M a .

KpoMe noHSTMR axTMBHoR, no^HoR h MrHOBeHHOfi MomHocreR cym eoTByeT  

noHSTwe peaxTMBHoR mobihocth. B jimhcRhux  y e n a x  CMHycoM/jajibHoro Toxa  
OHa o n p ea e /ia eT o n  c^efly»iaMM BupaxeHweM

Q = Ulslnip. (1.6)

PaccMOTpHM iJ)M3HMecKMR oniucTi peaxTMBHoR moiuhoctm, oripeflenaeM oR  

3TMM BHpaxeHHeM. H exoTopue aBTopa, HanpHMep, R. D r e c h s le r  [15] 
C4HTaioT,4To peaxTHEHaa MomHocrrb He OBasaHa o  npoqeoooM  npeo6pa30BaHM a 

3/ieKTpM4ecK0R 3H eprnw b H arp y3xe  m /wmeHa x a x o ro -.ra © o  $n 3M 4eoxoro  
cMMcna. C s to R  tomxoR 3peH na cor/iacw T b oa TpyaHO.

nycTb o t  ncT04H nxa CHHyooMflaiibHoro HanpaxeHMa u * U s ln u t
SB

n n r a e r o a  qerib, o o cT o a « a a  H3 noo^eflOBaTe^bHO Bx;tx>MeHHHX axTMBHoro 
OOnpOTMBJieHMa, MH£yXTMBHOOTH H eMKOOTH (PMO. 1.1).

B oöajeM o fly a a e  n o  n en n  npoT exaeT  OMHyooMflaabHHR to k

i  « IBsin (u t-v ) •

P**o. l . l .  Cxetta nimettHoR oaMo4>a3HoR nenn CMHyooHflanbHoro Tora
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HanpsoteHHe Ha aKTWBHOM oonpoTKBneHKH

=  R i =  R Ims in ( u t - < p )  ( 1 .7 )

coBnaflaeT no $a3e o to k o m ,  npoTeKa»mnM no uenn. 
Hanpa*eHne Ha HHflyKTHBHOcTH

d i  n
u L =  L —  =  w LImo o s ( u t - < p )  =  u L I msin(< i)t-<(H —) ( 1 .8 )

d t  2

o n e p e a c a e T  Ha y r o n  n / 2  t o k  i .  

Hanpa*eHne Ha ©mkootm

i  P 1 i
u c  =  -  i  d t  =  -  —  I mo o s ( u t - < p )  +  —  I moos<p  =

C r  (iłC C*łC0

1 u l
=  —  I  s in (< o t-< p  -  - )  +  —  I o o s i p

u C  2  u C

( 1 .9 )

OTOTaeT Ha y r o n  n / 2  o t  TOKa i .

f le i io T B y io m e e  3 H a a e H w e  H a n p a a cen m  o n p e a e / i a e T c a  cn e fly » m w M  o0p a3O M

jR 2+(uL- — )2' I = j r 2 ' " 2U =  i|R  + (u L r -  — ) I  =  ^R  + X  I  ,  ( 1 .1 0 )
u C  

1
r n e  X = u L  -  —  = X . - X _  -  peaKTHBHoe oonpoTMBJieHue q en n , KOTopoe 

i\T i - o
TaK*e MoxeT óHTb onpefleneH O  no BHpaxeHwo

U
X =  -  sin < p . (1 .1 1 )

I

3 H e p r n a  3 /ieK T p oM arH H T H oro  n o n a  W s t o J) p e n n  C K n aflH B aeT ca  H3 

SH eprM H  M arH H T H oro WM u  3 /ie K T p H a e o K o r o  W3 n o n e i ł

L i 2 C u 2
W =  W +W =  —  +  — °  . ( 1 .1 2 )

“  2 2
C p e f lH e e  3 a  n e p n o n  3 H a a e H n e  3 H e p m n  an eK T p oM arH H T H oro  n o n a

( 1 .1 3 )

OTKyna

L I 2 CU2 L I 2 I 2 1 1 2
V = ------------0 = —  -    = — (uLr- — )I2 =

P 2  2  2  2 w2 c  2 «  uC

1 2 1 Q  
=  —  X I =  —  U I s in i p  =  —  ,

2 u  2 u  2 u

Q =  2uW c p . ( 1 .1 4 )

C neflO B aT enbH O , peaK TM BH aa MonjHOCTb n p o n o p u n o n a n b H a  cp e ^ H e M y  

3 H a a eH H »  aneK TpoM arH H TH O ft S H e p r n u . Mojcho T a K ie  n o K a 3 a T b , 4 t o  

peaKTM B H aa MopHOOTb MMoneHHO p a B H a  aM nnM Tyfle oK opocT M  M3MeHeHna
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37ieKTpoMarHMTHO& 3HeprnM ye nu 
<JW
—  =  Q s i n 2 u t  . ( 1 .1 5 )
a t

TaKHM oOpaaoM, peaKTMBHaa MOBHOCTb npn CMHycoM,gaTibHHX pexMMax 

onpeaeT iaeT oa oK opocTb» M3MeHeHMa STieKTpoMarHMTHOfl SHeprMM, to eoTb o n a  

xepaK T epn3yeT  oóMeHHue n p o y ec o ti, npoTeKaiomne b LieriM. B TiMHefiHHX y e n a x  
cnH yconfla^bH oro tokb peaKTMBHaa MoniHOCTb MoxeT uMeTb M eoro TOTibKO b 

o n y a a e  H a w a n a  xotb 6ti o^H oro HaKonnTeTia sTieKTpoMarHHTHOfl oH eprnn
eMKOOTM n(MTJM) MHflyKTMBHOOTM.

MrHOBeHHaa MOCIHOOTb

P =  u i  =  U I  [ c o s < p - o o s ( 2 u t - < p )  ]  =  U I [ c o s < p - c o s 2 c o t o o s < p -

- s i n 2 w t s i n < p ]  =  U I  c o s< p  (  1 - c o s 2 u t )  -  U I s i n < p s i n 2 u t  =  ( 1 .1 6 )

= P ( l - c o s 2 u t )  -  Q s i n 2 u t

n yjib C M p yeT  o tjboM hoPí aaoTO TO fi o k o t io  o p e ^ H e r o  3H aaeH M a P. n e p B o e  

C T ia ra eM o e  b o t o m  Bw paxeH U M  B c e r * a  noTioxMTeTibHO n  or ip eju eT iaeT  T y w acT b  

MrHOBeHHOfl m o b h o c tm , K O T opaa p a c c e M B a e T c a  b  3 k tm b h o m  conpoTMBTieHMM. 

B T o p o e  C T ia ra eM o e  n p e f lO T a B ^ a eT  c o P o f i  a a o T b  MrHOBeHHOií m o b h o c tm , K O Topofi 

oOM eHM BaioToa m ctom hm k m H a r p y 3 K a . H3 B H p a x e H n a  ( 1 .1 6 )  C B e ^ y e T , m to  

e o n u  b T e a e H H e  n e p n o a a  p^ O , t o  Q = 0 , t o  e e n » ,  e cT in  s H e p r n a  H e  

B 0 3 B p a m a e T c a  ncTOMHHKy, a  t o w k o  n o T p e ö T ia e T c a  H a r p y 3 K o tt , t o  peaK TM BH aa  

MoiuHOCTb p aB H a HyTiio. C n p a B e a  tim bo u  o O p a T H o e: e c  tim Q = 0 , t o  ps*0.

Ü3 BbipaxeHMfl ( 1 .4 )  M ( 1 .5 )  O T ieayeT

P 2+ Q 2 =  (U I )2 c o s 2 <i>+(UI)2s i n 2 <p =  (U I )2 =  S 2 , ( 1 .1 7 )

t o  e c T b  peaK TM BH aa MomriooTb a B T ia e ic a  K B a a p a T y p o ft  o o c T a B T ia » m e fl bk tm bh oM  

m o b h o c tm , flon oT iH aß u ie ii e e  ¿ o  noTiHOfi.

AKTMBHy» M peaK T M B H y» MOBHOCTM BOCT3TOMHO npOOTO MOXHO OnpefleTIMTb 

c  noM O B b» KOMnTieKOHoM $opM H  3anMCM TOKa M H an p a x eH M a . KoMnTieKO noTiHOß 

m o b h o c tm  S  m o x h o  noTiyMMTb np oM 3B efleH M eM  KOMfiTieKca H a n p á x e H n a  Ö Ha 

conpaxeHHHft KOMnTieKC TOKa Î

S  =  Ù Î =  U I e Jlp =  U Icos< (H -jU Isin < p  =  P + jQ  . ( 1 .1 8 )

TaKMM O0pa3OM, aKTMBHy» MOBHOCTb MOXHO OnpefleTIMTb K8K 

fleftCTBMTeTlbHy», a peaKTMBHy» -  K8K MHMMy» MaCTb nOTIHOfi mobhoctm

P =  R e [ ú i ]  ; Q =  I m [ ü i ]  . ( 1 .1 9 )

C nOMOBb» BeKTOpOB MOXHO TaKXe noTiyMMTb BHpaxeHMe M BTia 
MrHOBeHHoß mobhoctm. MrHOBeHHoe HanpaxeHMe m tok MoryT 6im> 
npeacTaBTieHti b  KOMriTieKOHofl (JiopMe OTieny»BMM oöpa30M [ 1 5 ]

e J u t+ e - J u t * 2  .
u  =  Ums i n u t  =  UB -----------------------  =  —  ( Ù + U ) ( 1 . 20 )

2 2
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e J (u t-* )+e-J (u t -* )  ^
i  =  I œs i n u t  =  ^ --------------------------     =  —  ( Í + ! )  ,  ( 1 .2 1 )

2  2

O Ticyfla

p = u l = - (O i+ ù î+ ô l+ û !)  = -(U IeJ *a u t_ * , +U IeJ<>+
2 2 (1. 22)

+UIe~ J*+UIe-  J { 2 u t - * )) = - (S e J2wt+ S + è f§ e ~ J2ut) ,
2

r f le  Ś =  0 Í .

T a x  KSK oyM M a f lB y x  o o n p a x eH H H X  K O M ruiexaH nx n v io e j i  ecrrb  y flB o eH H a a  

MX flettoT B H T eJibH aa x a o T b , t o

p = Re[S(l+e-J2u t)] . (1.23)

Ha OCHOBaHMVi M37IOXeHHOrO MOXHO O flejiaT b  BHBOfl, MTO B JIHHeflHHX 

n e n n x  o M H y o o M fla łib H o ro  T o x a  B o e  b h ^ h  u oąH O O T eft M neioT O T p o r n fl $H3WMeoKHfl

OM uan.

1.2. 3JieKTpoMarHMTHas Teopna peaxTHBHofl mokhoctm b 
jiMHeHHWx 3jieKTpmecxMx uenax

r io o x o ^ b x y  peaxTM BH as) MoąHOOTb -  oto  $H 3M M eoK as BejinMHHa,
x a p a x T e p M 3 y » m a H  o x o p o o T b  o ô M eH a  3 ^ ex T p o n a rH M T H o ti O H e p r u e t i  M ex fly  

MOTOMHMXOM M H a r p y 3 x o f l ,  to  n p e f lO T a B J in eT o s  L |e7 ieooo6p a3H H M  o n p e f le a M T b  e e  

Ha ooH O B e TeopH M  3 7 ie x T p o iia r H M T H o r o  n o j in .

OôLeMHaa nTioTHOOTb ojiexT pH w eoxoro n o na u a onpeflejiaeT oa noxoBMHOfl 
oxaTinpHoro npoM3BefleHMS BexTopoB HanpsixeHHOcrrM E m 3;iexT pw aeoxoro  

oMemeHMH D:
ED

u = —  . (1.24)
2

AHanorwwHoe Bupaxetme onpaBejpiMBO m ¿pía oóteuHofl iitiotmooth
MarHMTHoro noxa uH:

u = —  , (1.25)
2

rfle H -  HanpnxeHHOOTb MarHMTHoro n o x a ;

B  -  BeXTO p MarHMTHOft HHflyxqHH.

CxopooTb M3MeHeHMfl sjiexTpouarHWTHoro noM W Haflfleu xax Maoroy» 
npoM3BOflHy» no BpeiieHM mrrerpaxa no oôteiiy ot oôieiiHofl nnoTHOOTH
3/ieXTpOIIBTHMTHOfl BHOprHM U  =



-  12 -

dW d ,  r d ED HB
— = — u dV = —(— + —) dV . (1.26)
d t  d t J J d t  2 2

Pa3TOXHB BÔKTOphl E M D B ¿jeKapTOBUX KOOpaHHaTâX Ha OpTOrOHa^bHUe 
cocTaB^a»mne, noayHMM

9  ËD 1 d 1 ôE ÔD
—  (—) = -( E B + E D + E D )  = - (  —x D + Ex —œ +
d t  2 2 d t 2 d t d t

(1.27)
d E  dD  d E  dD dD

+  —  D +  E —  +  —  D +  E —  )  =  E —  .
d t  v  w d t  d t  d t  d t

2as MarHMTHoro nona nojiynaeTca aHa7iornMHoe Bupa*eHne
d HB _ dB
— (—) = H — . (1.28)
d t  2 d t

Mcno/ib30BaB nepBufi m BTopoíí 3aKOHu MaKCBê Tia

—  = rotH-pE ; (1.29) 
d t

dB
— = -  ro tE  , (1.30) 
d t

rae  T -  yaeabHas ripoBoanMOCTb cpeau, noayMMM b caynae orpaHHveHHoro
oOi>eMa V

— = J (ÊrotH-yË2-HrotË) dV = |  [EH] dSr  J yÊ2 dV , (1.31)
^  V S  V

rae  BeKTop dS ^-dS  HanpaBaeH BHyTpb pacoMaTpMBaeMoro oóteMa V.

nepBoe CTiaraeMoe b BupaxeHWM (1.31) npeacrraBaaeT coôofi BéKTop 
YMOBa-noiłTMHra. to ecTb 3Heprn», nepeaaBaeMy» BHyTpb oóteMa V, BTopoe- 
âKTMBHtie noTepH 3Heprnn BHyTpx ©Toro oöbeMa.

Ecan npMBeaeHHoe BHpaxeHMe npwMeHMTb k qenn RLC npH npeHeOpexeHMM 
pacnpeaeaeHHOCTH napaMeTpoB Ha 6oabninx aacTOTax, to noaynxM oaeayionjee 
Bwpa*eHne aas CKopocTM H3MeHeHHsî oaeKTpoMarHMTHoro noaa 

dW 2
— = u i-i R = i  R+iuL+iuc- i  R = i(uL+uc) = PL+PC , (1.32)

t o  ecTb CKopocTb oOMOHa saeK TpoM ârH M TH O i) 9 H e p r n e t t  b q e n n  RLC p a B H a

OyMMe MTHOBeHHbX MOlIlHOCTefi MHayKTHBHOCTM M eMKOCTM, MTO noaHOOTblO

ooraacoBNBaeTOfl c BupaxeHneM (1.15).
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1 . 3 .  a H e p r e -r m e c K M e  n p o u e c c u  b  T p e x $ a 3 H i ix  B J ieK T p m ecicM x  

c e r a

S n eK T p n M eoK n e  oeTM  o o B p eu eH H U X  npoM H injieH H ux npeflnpHH TW fl bhtiotihsuot 

Tp ex$a3H H M M  n o  T p e x -  utim M eT H p exn p oB O flH ofl o x e M e . T p e x n p o B O flH a n  o w o T e t ia  

M OxeT 6biTb p ao o M O T p eH a  x a x  MaoTHHfl OTiyMafl T p e x $ a 3 H o f l  M era p ex n p o B O flH o fl  

o n o T e u u  ( p n o .  1 .2 ) .

I a

C

N

( u * »

h
«■{tic

HCmOMHHK HATP93KA

Pmo. 1 .2 .  T p e x $ a 3 H a f l  M eT h ip exn p oB O flH aa o x e M a  sjie icT p w M eaK ofl o e r n

JlM HeflHiie M $ a 3 H H e  H an p sxeH M fl b  T p e x $ a 3 H o f l  O M crrene oB H 3aH hi 

O Jieflyism uM  o 6 p a 3 0 M

ÚAB =  Ü A -° B  i  

ÚBC =  V ÚC ? 

ÚCA =  0 C - ÖA i

( 1 .3 3 )

B M eT u p ex n p o B O flH o ñ  OHcrreMe m ie e T  »leoT O  o o o T H o m eH n e

í a + í b + 1 c  =  * n  •

B T p e x n p o B O flH O ft  OMcrreMe Iĵ ^O m

Í a + 1 b + 1 c  =  0

( 1 .3 4 )

( 1 .3 5 )

Tpex$a3Hasi owoTeMa MoxeT 6u T b  k s k  o m u ieT p w H H o B , T a x  u  

HeoMMMeTpuvHO«. B noojieflHeM o^ywae flflsi ynpomeHun paoMCTOB m aHawraa 
np uM eH flßT  p a 3 J io x e H n e  HeoM M KieTpim Hofl o m o tb m h  Ha onM neTpn>jH H e  

OOOTaB7Iflßmne. CMOTeMa OMMMeTpHMHHX OOOTaBJlSIßlUMX OOOTOMT H3 OMOTeM 

npsiMoH, oópaTHOñ n Hy^eBO« noo/ieflOBaTejibHooTe«. CM OTeiia npnMofl 
noojieflOBaTe^bHOCTH Àt, Èj, HweeT t o t  xe nopsyjoK MepeflOBaHHH ¿(«3. 
m to  u  HeoMMMGTpMMHasi OMcrreMa. BeKTopn Bt M C j MOXHO BHpa3M Tb i e p e 3

J2JI/3
B eK T op  A t  o  n o M om b »  o n e p a T o p a  n o B o p o T a  a = e
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É j  =  a  A j  ;

Ćj = a Aj  ;

CMOTeMa oöp aT H O fl n ooT ieflO B aT eJ ib H O oro  À 2 , 

n o o ^ e f lO B a T e B b H o o T b  M ep e flO B aH iin  $ a 3 ,  n o o T o v iy

( 1 . 3 6 )

Ć 2 MMeeT o ô p a T H y »

B2 = aA2 ; 

ć2 = a Â2 ;
( 1 . 3 7 )

OOOTOMT M3

À0 = *0 = •

CM O Tem a H y fle B O tl n o o B e f lO B a T e J ib H o o T M  A 0 , B Q, Ć 

B eK T o p o B . o o B n a f la c n (M X  n o  $ a 3 e

( 1 . 3 8 )

J l » 6 y »  HeoMM M eTpM HHyio T p e x $ a 3 H ÿ io  OMOTeMy m o x h o  n p e f lo ra B M T b  b  BMfle 

À = ÀP+ÂJ+À2 ;

B =  è o + B ^  ;  ( 1 . 3 9 )

Ć = ù0+ùi+ù2 ,

OTKyfla MoryT 6trrb no-TiyneHU BupaxeHMsi j\na ommmctpmmhux oooTaB f̂l»mMX

1
À0 = -(À+é+Ô) ;

1 ,
A« =  - ( A + a B + a  Ć ) ;  ( 1 . 4 0 )

1 3

1  ,
A ,  =  - ( A + a  6 + a Ć )  .

3

B w eo T O  B e x T o p o B  À , B ,  Ć  M o r y T  6 H T b  n o n o 7 ib 3 0 B a H U  o o o T B e T O T B y c m M e  

B e K T o p u  H a n p H x e H M ü  mtim t o k o b .  O tm c tm m , m to  b  T p e x n p o B O flH o f l  axeue 
O M O T ena H y jie B o f l  n o o B e^ o B a T e J ib H O O T M  t o k o b  p a B H a  H yflio , T a x  x a x

( 1 . 4 1 )
3  "  "  “  3

o n p e f le ^ e H M S i axT M B H ott m p e a x T M B H o fl M oiqH O O Tefl T p e x $ a 3 H o t t  

oMOTBMfcj 3an M in eM  B u p a x e H M H  f l j ia  M rH O BeH H H X  M o m H o o T e ß  O T f le ^ b H u x  $ a 3  n o  

a H a /io rM M  o  ( 1 . 2 2 ) ,  ( 1 . 2 3 )

{ ! .  v
2 '  ‘ 2

P< = —  (Ûj+Ûj) —  ( l t+ í t ) = Ee[St (l+ e  J2(“t+ “t ))] , ( 1 . 4 2 )

r a e  < = A, B, C o o o T B e T O T B y e T  <J>a3aM A, B, C.
3 f l e o b  $ > a 3 a  H a n p n x e H M n  Ù A a A p a s  H a H yT ip , a  $ a 3 u  H a n p s x e H M fl Ü ß  m 0 c  -

U Vrf
r io J iH u e  MOHHOOTM $ 3 3  S < M o ry T  6 u T b  o n p e f le J ie H U  o j ie f ly » H M ii o 6 p a 3 0 » i  o
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noMombK) pa3JioxeHHfl Ha CMMMeTpmiHHe oooTaB^aemne

= = ^ iO +^ i l +^12^^iO +^<l+^ł2^ = ^ i0 ^ i0 +^ i0^ łl+

+^Í0^ t2+^ il^ í0 +^ i I^<l+^ il^ i2 +^< l^ í0+^ i2 ^ íl+^i2^ <2 *

CyMMa MrHOBeHHHX MonjHOCTeR $a3 pA, pB, pc  aBTiaeTcs MraoBeHHoR 
MOWHOCTbB CMCTeMH

- J 2 o  — J2 a

P = PA+PB+PC = E e [(§ A+2B+§c >+(3Ae  + § Be  +

^  - J 2 o  — J 2 w t (1 .4 4 )
+ §ce )e ] .

C p e ^ H e e  3 H a a e H n e  M FHOBeHHoR m oikhootm  p  ( n e p B o e  o f la r a e M o e )

S B flS eT C a aKTMBHOR MOmHOCTbIO T p eX $a3H O R  CMCTeMH

(1 .45 )
P = R e [ V V § C] = E e f3ÚA0Í A0+3Ü A lÍ A i+3Ú A2Í A2] = 

= R e ^ + S j + S j ]  = Re[§0]+Re[§1]+Re[§2] = P0+P1+P2 •

TaKMM o6pa30M, aKTHBHan MomHOCTb Tpex$a3HoR CMCTeMH onpefleJiaeToa 
eyMMOñ aXTMBHHX MOHJHOCTeR CMMMeTpMMHHX COCTaBTISIOniHX. C-TieflyeT OTMeTMTb, 
MTO npM CMMMeTOpMHHOM HanpSXeHMM UA, Ug = a2ÚA, Üc= aÜA aKTMBHHe 
MomHocTM Hy/ieBOfi m oöpaTHoR nocaeflOBaTeabHOCTeR paBHH n y n io

p0 = Re[30AOîAO] = 0 ; (1.46)

P2 = = 0 ' i1-47)

Tax Kax 0AO = 0A2 = 0.
AHaaorMMHO MoxeT ÖHTb onpe^e/ieHa peaxTWBHaa MomHOCTb Tpex$a3Hofl 

CMCTBMH

Q = Im[§A+ § B+ § c ] = Q0+Q i +Q2 . (1 .48 )

AxTMBHyio m peaxTHBHyio MomHocTM MOXHO onpeflewTb Taxxe xax cyMMy
MO®HOCTeR OTfleTIbHHX $a3 

«

p = PA+P B+P C ; Q = Qa+ û b+û c .

B OTHomeHMW onpefleaeHMa noaHoR moikhoctm b Tpex$a3HoR cem  
cyntecTByeT paa pa3/iMMHHx MHennR. no;my» MomHocTb npM cMMMeTpimHoft 
cMOTeMe HanpaxeHMR onpefleaaioT xax a/ireöpaMaeoxy» cyMMy no/iHHX 
MOmHOOTeR $â3

S = SA+SB+SC = U(IA+ I B+IC) . (1 .50 )

fl;ia oyeHXM noTpeOaeHMa 37iexTpo3HeprnM ripHMeHaeToa reoMeTpMaecxoe
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OyMMMpOBSHMe aKTMBHOR M peaKTMBHOR MOiqHOOTeR

= +Pb+Pc ) 2+ (Qa+Qb+Qc ) 2 . (1.51)

3 t b  M onjHooTb x a p a K T e p M 3 y e T  n o T p e 6 / ie H M e  x a x  axT M B H oR , T a x  m 

peaxTM BHOfl SH eprM M . n o  H am en ty  MHeHMio H aw O oT iee  p aq w o H a ^ b H H M  asT in e T O fl 

onpefleaeH M e rio jiH o R  moihhootm o  tohkm 3peH M fl n o T e p b  b  37iexTpnM eoxnx 

o e T f lx .

nOTepM  B BMHMM OT npOTeXaHM fl T p eX $ a 3 H O R  OMOTeMH TOXOB

APr = R(Ia+ i |+ I 2) = 3EI2 , (1.52)

r fle IF*h  = ^ < I I + IB+ Ic )  (1-53)

-  oxB M B a/ieH T H oe SHaH eHM e T o x a ,  n p n  xotopom n o T e p n  b  timhmm 6 y fly r  MMeTb 

to  x e  3HaMeHMe.

AnaBorMMHO moxho noTiyaMTb BHpaxeHMe fljin sxBMBa^eHTHOro HanpnxeHMS

U3 = +U l+ vl (1.54)

H o 3 tm m  3HaMeHM5iM TOK a w H a n p a x e H M S  m o x h o  o n p e;je ;iM T b  n o /iH y io  

MOIQHOOTb

S = 3UaIa = J(U 2+ u|+U 2 ) ( I 2+ I 2+ I 2 )' . (1.55)

B [33] npeflJioxeH a KOMruieKOHaji MonjHooTb m-<|)a3Hott OMOTeMH npM 
HeoMMMeTpHMHOM pexwMe

-  £  §< = £  O j lj  . (1.56)
<=1 i = l

npM pa37IOXeHMM TOKOB M HBnpSIXeHMR Ha OMMMeTpMMHHe oooTaBJiajomwe

2nk 2nk
m-1  ̂ m m-1  ̂ m

° t  = E V  i K  = £  V 5 (1-57)k = 0  k = 0

ypaBHeHMe (1.56) npMMBT bma

§m “5Wk ’ {1-58)k= 0 k= 0
T fle

Jv.
3km Pkm+^®km = m̂ k*ke

k

t o  ecrrb axTMBHaa m p e a x T M B H a n  MomHOOTb OMOTeMH o n p efle jia eT o s oyMMoR 
uoniHOOTeR B o e x  noo^eflOBaTejibHOOTeR (1.48).

Be^MMMHa noBHoR moiqhootm HeoMMMerpMMHoR T pex$a3H oR  oMOTewu
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§  = 3(Ù0Ï 0+O1î 1+Oaî a) (1.59)

H e  x a p a K T e p M 3 y e T  b  n cw iH o fl M e p e  B o e  3 H e p r e T H M e o K n e  n p o q e c c u ,  

n p o M o x o f ls a iM e  b  O M crreM e. r ip n  o jq H o ti h  t o Pi l e  B e m w e  p ea K T H B H o fl 

MonjHOOTM M o r y T  npoH O X O flM T b p a37iM M H u e 9 H e p r e T H M e c K H e  n p o q e o o u  k s k  b  

oT fleT ib H H X  $ a 3 a x ,  t s k  h  b  q eT ioM  b  OM OTeM e. B o T ie e  n o m o  S H ep re T H M e o K M e  

n p o q e o o u  b  T p e x $ a 3 H o ß  H eonM M eT pnM H O ft n e n n  x a p a K T e p w s y e T  K O M iu iex o  

n y ^ b o n p y » m e í í  MonjHOOTM [ 3 3 ]

m m œ m- 1 m- 1
K  =  Z  K  «  E  û < i t  = £  E  û k t i k t  «  E  A V  . (1 .60)

t = 1 t=  1 Í = 1 k ,q  = 0 k , q = 0
HTO flJIH T p e x $ a 3 H O Ü  OMOTeMbI M O ie T  ÖblTb 3 a n H O a H O  0 ^ e f ly » m H M  0 Ô p a 3 0 M

Ñ =  3 ( Ú 1 Í 2 + Ú 2 Í 1+ Ú 0 Í 0 ) e J 2 u t  . ( 1 . 6 1 )

M rH O B eH H aa  MOHJHOOTb T p e X $ a 3 H O f í OMOTeMH OOOTOMT M3 n o ^ H O fí MOnjHOOTM 

S  M MOĄHOOTM nyTlbO aqM M  Ń , M 3M eH SJ!0m efłon O flBOÔHOfl qaOTOTO ft

p  =  R e [ S + Ń e J 2 u t ]  . ( 1 . 6 2 )

M o f ly /ib  MomHOOTM r iy j ib o a q M fl M O xeT  6 u t l  B u p a x e H  q e p e 3  K 03$$M U M eH T H  

HeoMMMeTpM M k 2  m H eypaB H O B em eH H O O T M  k 0  t o k o b  m H a n p a x e H M ñ

I Ń I =  | S ( l + k 2 I + k 2U + k 0 I + k 0 U ) |  . ( 1 . 6 3 )

M om H ooT b  n y T ib o a q M fí Ñ O T p w q a T ejib H O  o K a 3 H B a e T o n  H a  p a ô o T e

3 J ie K T p o o 6 o p y f lO B a H M a , B H 3 H B a a  flo n o ^ H M T e ^ b H b ie  n o T e p M  h  t o jiw k h

3 J ie K T p o M a rH M T H o ñ  M om H ooTM  b  f lB M ra T eT ib H o fî H a r p y 3 K e .

3 f l e o b  l e  n p e f lT io x e H O  B M eoT O  n oT iH ott m o ię h o c t h  B M ^ a ( 1 . 5 8 )

n o J ib 3 0 B a T b O H  M o q H o o T b ß  ( 1 . 5 5 ) ,  K O T o p a a  ô o j i e e  noTiHO O T p a x a e T  n p o q e o c u  b  

T p e x $ a 3 H o ñ  OM OTeM e. 3 T a  M onjHOOTb M o i e T  6 n T b  n p e flO T a B T ie H a  b  B M fle

ÍPm+< +N» • a -64)
Tax x a x  m o ih h o o t m  m Nœ H e  y q a o T B y iO T  b  n e p e f l a q e  OH eprM M

H a r p y 3 K e ,  t o  m x  n p e f l j i o x e H O  oóŁ eflM H M T b  b  o flH O  n o H s m i e  SK BM Ba^ieH TH ofî 

peaK T M B H O ii MOmHOOTM

• (i-65)
npM  HaJiMMMM M om H ooTM  Nœ  K 0 9 $ $ M iiM eH T  m o b jh o o t m  H a r p y 3 km o n p e f le j iH T c q

oJiefly iom M M  o 6 p a 3 0 M

p  pm m
X = — = , ■ , . (1.66)

S_ lr.2 .^2m p;+cc
3 t o t  K 0 3 $ $ n q M e H T  M onjH ooTM  O K a s u B a e T O îi M eH b m e T p aflH q M O H H oro  c o s < c ,  

b  Ko t o p o m  MonjHOOTb Nm H e  y M M T H B a eT o s. C J ie f lO B a T e J ib H o , ¿ p is  noB H ineH M n  

K 03$$M L (M eH T a MOIIJHOOTM HeOÔXOflMMO OTpeM M TbOS K8K K O H M ieH M D  peH K TH BH O i. 

M om H ooT M , T a x  m MOiQHOOTM n y j ib a a q w t i .
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1.4 . BJIMHHHe peaK T M B H O R  MOIBHOCTH H a  3JieK T pO M aT H M T H U e 

npoueccu, n p o T e K a n m n e  b  a a e M e H T a x  a a e K irp H H e c K H X  

c e T e R

TeHepauMfl, nepeaaaa m noTpeöaeHMe peaxTHBHoR moihhoctm oxa3HBaßT
oymeoTBeHHoe B/inflHMe Ha pexMMH paßoTH 3aexTpnaeoxnx oereü. üpexae 
Bcero caeayeT ooTaHOBMTbca na noTepax 3aexTpo3Heprnn. nepeaaaa
peaKTMBHOR MOmHOOTM OBS3aHa O flOnoaHMTeabHHMM nOTepSMH aXTMBHOR
BHeprRM BO Boex OTieM BHTaX OeTM, OÓTiâ aiOIUMX aXTHBHHM OOnpOTHB êHkieM. 
npw nepeaaae axTHBHoR P m peaxTHBHoR Q MomHOOTeñ b saeMeHTe o aKTMBHbiM 
JOnpOTMBTICHMeM R BO3HHKai0T nOTepn aXTMBHOR MOnjHOCTM

Tax K3K noTepw SHeprvw onpeaeaaioTca KBaapaTOM peaxTHBHoR 
m o u jh o c t m ,  t o  ee reHepaqna qeaecoo6pa3Ha Ha MecTe ee noTpeöaeHMa, 

C npoöaeMoR noTepb 3Heprnn npw nepe^aae peaxTHBHoR m o h jh o c t m  TeoHO 
OBB3aHa nponyoKHas cnocoöHOCTb oaaMeHTOB saexTpHaecxHX ceTeR. Tax xax 
nponycKHaa cnoooöHOCTb 3aeMeHTOB 3/ieKTpnaeoKMX oeTeR ( timhmh  

oaexTponepeaaa, OMaoBue TpaHC$opMaTopu n T.fl.) oripeaeaaeToa BeanMHHoR 
noaHoR MOmHOOTM, t o  nepeaaaa peaxTHBHoR m o ®h o c t m  oHHxaeT m x  nponycxHy»
CnOCOpHOCTb.

HpyrwM acneKTOM nepeaaaM peaxTHBHoR MomHooTH aBaaeToa naaeHwe 
H a n p a x e H M a . r i a a e H u e  HanpaxeHxa b  oaeMeHTe oaexTpwaeoxoR oeTw o 
axTMBHHM conpoTMBaeHHeM R M peaxTHBHbiM X oocTasaaeT

Oöumho aaa saeMeHTOB oaexTpMaecxMX ceTeR X>R, n o sT O M y  

O T H o o R T e a b H o e  n a a e H H e  H a n p a x e H H a

aU PR+QX PR/X+Q Q

(1.67)

PR+QX PR QX
AU =   = ---  +   = AU +AU .

U U U a p
(1.68)

<5U = —  = -----
U U2 (1.69)

TaxMM o 0 p a 3 O M , B eaxM H H a O T x a o H e H x a  n a n p a x e n n a  b  y3ae o eT H  

n p o n o p u M O H a a b H e  O TH om eH m o p e a x T R B H o R  m o ®h o o t m  Q x  m o iiih o c t r  x o p o T X o r o  

3aMbiX6HM a SK3 B 9TO R  TOMXe.
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1 . 5 .  Bu b o / H

1 . PeaK TM BH aa MomHOOTb B aMHeRHHX q e n a x  o w H y o o v if la a b H o r o  T o x a  

x a p a x T e p n 3 y e T  n p o q e o o u  oP M eH a saexT poM arH M T H oR  S H e p r x e R  M e x a y  

MOTOHHMKOii x  H a r p y 3 x o R  M a x o a eH H O  p aB H a a M n a v iT y a e  o x o p o o T X  x sM eH e H x a  

3 aexT p o»iarH M T H oR  » H e p r x x .

2 .  C T04KM 3peH M a T e o p n n  a a e x T p o M a r H H T H o r o  n o a a  o x o p o o T b  e r o  

M3MeHeHwa o n p e a e a a e T o a  p a 3 H o o x b »  B e x T o p a  YMOBa—rioR TX H ra x skthehumm 
noT epaM M  b  o p e a e .  C x o p o o T b  o ó M eH a  oaexT p oM arH X T H oR  s H e p r x e R  b  q e n x  RLC 

p a B H a  OyMMe MrHOBeHHHX MOHHOOTeR XHayXTXBHOOTX X eMKOOTO.

3. B T p e x $ a 3 H H X  o e T a x  axT X B H aa x peaxT M B H aa M o m n o o m  o n p e a e a a io T o a  

oyMMOR OOOTBeTOTBy»mMX M om H ooreR  $ 3 3 .

4 .  3 H a M e H n e  p eaxT X B H oR  m o h jh o o t h  o x a 3 U B a e T  o y m e o T B e H H o e  B a x H x e  Ha 

n o T e p n  B o a e i ie H T a x  o a e x T p w a e o x x x  o e T e R , n o T e p x  u  O T x a o H ex x a  

H anpnxeH M R .



Z. 3JEKTP0MATHHTHUE nPOUECCU B HEJIMHEHHMX 3JIEKTPMHECKMX 
UErax

2 . 1 . 3jieKTpoMarHMTHaa TeopHH peaKTMBHO» moikhoctm

HHTeHOMBHoe B H e flp e H u e  BeHTMJibHhix n p e o ó p a s o B a T e ^ ie ñ ,  m o ü jh h x  

3 ^ e K T p o f ly r o B u x  o ra jien ^ a B M T ib H u x  n e q e i l ,  O B a p o v H u x  a r p e r a T O B  m f l p y r n x  

STieKTpoTexHO TioruM eoKM X yoTaHOBOK a  H e n iA H e ñ H u m  BOJibTaMnepHHMM  

xapaKTepMOTMKaMM n p u B e / in  k  oym eoT B eH H O M y MOKaxeHMio k p m b h x  t o k o b  m 

H a n p s x e H M fl b  n H T a io q u x  m p a o n p e n e jiM T e jib H H x  o e T a x .  H eonH yooM fla^bH O O Tb  

k p m b h x  H an p axeH M fl b  p a p e  o j iy q a e B  n p e B o o x o flM T  flon yoT M M oe oorT iaoH O  

rOCT 13109-87 S H a a e H u e  5%. C o ^ e p jc a H u e  b h o e im x  rapM O HM K b  k p m b h x  t o k o b ,  

K8K n p a B M J io , O K a3H B aeT oa  O o jib m e, MeM b  k p m b h x  H an p axeH M a.

3 t m  o ó o T o a T e j ib O T B a  o ô y o T ia B J iM B a e T  B axH O O T b  B o n p o o a  oq eH K M  3 H a a e H M fl  

p eaK T M B H O fi MomHOOTM b  O T ieK TpM aeoK M X  o e T a x  npM  H e o n H y o o M fla n b H H X  

p e ïM M a x .  C y n je o T B y io m M e b  H a o T o a i q e e  B p e M a  M eTO flH  e e  o n p e ^ e j ie H M S  b o  

MHOrOM  $OpM a71bHH /1M6o  npO M 3BO JIbH H , OHM OOHOBHBaiOTOa H a  M aTeMaTMMeOKM X  

a ô o T p a K p M a x  mtim a H a ^ o r x a x  o  n p o q e o o a M M  m h o R n p x p o f lH .

ilOOKOTlbKy $M3M MeOKM» 0MH071 peâK TM BH O fô MOMHOOTM B JlM HefÎHHX L |e n S X  

o M H y o o M fla T ib H o r o  TOK a 3 a K ^ » q a e T o n  b  n p o q e o o a x  o ô M e H a  3 .n eK T p o M a rH M T H o fl 

O H e p r M e ß , t o  b  H e ^ M H e ftH u x  q e n a x  e e  q e j i e o o o ó p a s H O  o n p e f l e n a T b  H M eH H o o  

S T O ß  TOMKM 3 p e H M a .

P aOOMOTpMM npO M 3BO TlbH H ß OÓ ŁeM  V n p O O T p aH O T B B , orp aH M M eH H H ñ  

3 a M K H y T o »  n o B e p x H o o T b B  S . E y f le M  ow M T aT b , m t o  o p e f l a ,  3 a K 7 u o q e H H a a  b  

o ó t e M e  V, s B T ia e T o a  H e u M H e ü H o il.  C x o p o o T b  M 3 M eH eH n a  O T ieK T p M q eo K o ro  m 

M a r H M T H o ro  n o / i e f l  W = W3+ WM o n p e n e n a e T o a  on eu y io n jM M  o 6 p a 3 0 M  [40, 6 8 ]

r / j e  E -  B e K T o p  H a n p axeH H O O T M  s ^ e K T p M w e o K o r o  n o T ia ;  

D -  BeKTop 37ieKTpMaeoKoro oMemeHMa;
H -  B e K T o p  H an p axeH H O O T M  M a r H M T H o ro  n oT in ;

B -  B eK T op M arHM TH Oñ MHflyKLJMM.

BeK TopH  E M D, H M B oB ireaH H  oooTHomeHMaMM

r f l e  £  m p  -  a O o o n ß T H u e  s iie K T p M a e o K a a  m MarHMTHaa npoHMyaeMOOTM  

B em e o T B a , K O T opu e a B J ia » T o a  $yHKpMaMM E m H b  o b b 3M  o  

TeM, VTo opefla HeJiMHeflHa,

(2 .1)

D = eE ; B = pH (2 .2)

£ = f(E) ; P = f(H) . (2.3)

OOieMHaa r u io T H o o T b  s j ie K T p M a e o K o r o  no^ia b  o j i y q a e  O T oyT O T B M a n o T e p b
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Ha r n o T e p e 3 w o  M o x eT  6 n T b  n p eflcrra B J ieH a  b  BM fle M H T erp ajia  C r w r r b e o a  n p w

yoTioBMM H enpepuBH O O TM  m orpaH H M eH H O oro BapwaMHH $yH K q nft E , D , H, B  b  

MHTepBBTie 0 - t

*t t
u3 = J E(x) dD(x) = E(x)D(t) -  J D(x) dE(x) (2.4)

0 0
mtim o  yaeTO M  oooT H om eH M fl (2.2)

t  t  t
U3 = J.E(X) d(e(x)E(x)) = J D(x) dE(x) + J E2(x) de(x) . (2.5)

0 0 0

M3 9TMX oooT H om eH M it m o x h o  no^yqM T b o .n e f ly » in e e  B u p a x eH M e /p in

oöbeM H O fl n/ioTHOoTM  3HeprM M  3 7 ie K T p n q e o K o r o  n o i ia

ED \  E 2 ( x )
+ J   de(T ) . (2 .6 )

2 i  2
A H a n o n m H O  o ö b e M H a a  ruioTHOOTb OHeprMM M arH M TH oro n o j in  

HB p H2 (x )
u = —  +   dp(x) . (2.7)

2 J 2
O npefleuM M  npoM3BOflHy>o n o  BpeMeHM oöbeM H O ß ütiothootm SH ep rn M

sjieK T p M M eoK oro  n o j ia

du ö ED p E2(x) d ED
— 3 = —  ( —  + --------- d e(x )) = —  (— ) +at at 2 J 2 d t 2

a « e2 (x ) de(x) a ed e2 d£(t)
+ —    dx = —  (— ) + -------= (2.8)

d t  J 2 dx d t  2 2 d t

d  ED E2 d e
= — (— ) +  •

d t 2 2 d t

fljin HejiMHeftHoft opeflH b fleKapTOBO« onoTeMe KoopflMHaT moxho

3an M o a T b

d ED 1 d 1 dEx dDx

(2.$)

_ ( _ )  =  (EXD +E D +E D ) = - (  —  Dx + Ex —  +
d t  2 2 d t  y v 2 d t  d t

dE dD dE dD_ _  dD E2 de
+ — v  D + E — v  + —  D + E ■ ) = E  -----------.

d t  v  v i t  d t  1 Z flt d t  2 d t

T bkm m  o ö p a s o M

du dD
—3 = E —  . (2.10)
d t d t

A H a ^ o rw iH O  fljin  cncopooTM  M3MeHeHMS M arH M TH oro noTisi
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d u  _  dB
— “ =  H —  . ( 2 .1 1 )
d t  d t

C o iv ia o H O  n e p B o n iy  yp a B H eH m o  M a x o B e ju ia  m y m r r u B a a , h t o  nJioTHOCTb 

TOKa OMemeHMsi o n p e f le j ia e T o a  p a 3 H o o T b »  M e x a y  p e 3 y ; ib T n p y io n ie f i  n^ oT H O crrb»  

TOKa 6  M n^oTHOOTbio TOKa npoBOflMMOOTM I n p , 3arw m eM

dD  _  _
—  =  6 - 1  =  r o t H - r E  ,  ( 2 .1 2 )
d t  p

r f l e  T =  f ( E )  -  y f le ^ b H a n  npoBOflMMOOTb o p e flh i.

y p a B H e H n e  ( 2 .1 2 )  H e ym iT H B a eT  Ha^MMwe t o k o b  n e p e H O o a .

H a ooHOBaHMM B T o p o r o  y p a B H eH w a  M axoBe.7i.na

dB
—  =  -  r o t E  ( 2 .1 3 )  
d t

nojiywMM B u p a x e H H e  f ln a  o x o p o o T M  H 3M eH eH n a sn e x T p o M a rro iT H O ß  S H e p r m i  

—  =  J ( Ë r o t H - r Ê 2- H r o t Ê )  d V  =  |  [ËH ] d S ^  |  r E 2 d V  , ( 2 .1 4 )

V

r f i e  B eK T op  d S t  =  - d S  H a n p aB JieH  n o  HopM ajiH k n o B ep x H o o T M  S BH yTpb  

o6t> eM a V.

n p M B efleH H oe  B u p a x e H u e  R7ia  o x o p o o r n  M 3M eH eH na sJiexT poM arH M TH oK  

s H e p r a M  aB T iaeT oa  oCujmm m on p a B eflJ W B O  /p ía  npoHSBOJibHOft o p e f lH  o  

HeJIMHeiiHbIMH 37ieKTpOMarHMTHUMH XapaKTepMOTMXaMM, 3aK71ÍOMeHHOñ B O Ö teM e  

V. MaoTHHM ojiyM aeM  npM M eHeHwa y p a B H eH w a  ( 2 .1 4 )  aBTiaioToa o n exT p H M eoxM e  

K e n n . C K op ooT b  M 3M eH eH na sjieK T poM arH H T H ofł SH eprH M  moxho 
M H T ep npeT H poB aT b KaK M rHOBeHHyio peaKTW BHyio MonjHOOTb q  =  q ( t )

dW
q  -  —  . ( 2 .1 5 )

d t

PaooM OTpwM  npM M eHeHHe y p a B H eH w a  ( 2 .1 4 )  f l / ia  q e n w , o o f l e p x a q e f i  

H ejlM HettHUe aKTMBHOe OOnpOTHBJieHM e. eMKOOTb M MHflyKTMBHOOTb ( p n o .2 .1 ) ,  

b  C Tiywae n p e H e 6 p e x e H n a  p a o n p e fle n e H H O O T b »  n a p a M e T p o B  Ha óOTibm ux  

M acTO Tax

q  =  I  [Ë H ] d S t -  J  T Ë2 d V  =  u i - i 2R =  i 2R +

s  V

-  (2 .16)
+ i (u L+uc ) - l  R = i (u L+uc) .

TaKHM o ó p a s o M , b  HejiM HeßHOfl p e n n  M rH O BeH H aa peaK T M BH aa MonjHOCTb 

o n p e f le J ia e T c a  n p o n 3 B e a e H n e M  T o x a  vt H a n p a x eH H a  Ha p eaxT H B H U x s n e M e H T a x .

B JWHeflHUX qenax MrHOBeHHaa peaKTMBHaa MoiqHOOTb npw i  = 
=  I  s in ( u t + < p )
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!»
q = [ oos(ut+<p)+uLI oos(ut+<i>)]I sín(ut+<p) =

uC
1 Xm= (u L  ) -  2sin(ut+o>)oos(ut+<f>) = (>C-Xc ) *  (2.17)
uC 2 .

*  Iasin(2ut+2<(>) = (QL-Q c )sln(2ut+2<p) = ftsin(2ut+2<p).

P m o .2 .1 . CxeM a HeTiMHefÍHOtí RLC q e n M

T o  e o T b  peaK TM BH aa MonjHOOTt Q. o n p e / i e / i a e T o a  aM ruiH T yflofi oK opooTM  

M3M6HGHMa OTieKTpOMarHMTHOS OHeprMM H71M aMnjIMTyflOfl MrHOBeHHOft 

peaKTMBHOM MOmHOOTM.

B HejiMHeKHHX q e n a x  o  HeoMHyooMflaTibHUMM to k b m m  m H an p axew iaM M  

peaK T M BH âa MonjHOOTb H e M o x eT  6HTb o n p e f le j ie H a  k b k o M -t o  o ^ h o A

H H T erpaT ibH oß xapaicrepM O T H K ofl, H a n p rn n ep , an aJiorv iaH O  aKTMBHOfl m oo(h ootm . 

B T3KMX q e n a x  H eoC xoflM M o paooM aT p H B aT b  tim 6o  oaM y M rH O BeH H y» peaKTMBHyio 

MomHOOTb ( 2 , 1 6 ) ,  tim 6o e e  p a 3 J io x e H M e  b  p a ^  i y p b e ;  n p w  o t o m  H a ^ o  

yMHTHBäTb H e TOJIbKO aMHflHTyflH OTflejIbHHX rapMOHHK, HO H MX $ a 3 U .  

n o K a x eM  onpaBeflTiM BOOTb O K a sa H H o ro  Ha O TieflyioqeM  npM M epe.

P aooM O T pM M  TiM HePiHyß q e n b ,  o o o T o a m y »  M3 n o c j ie f lO B a T e J ib H O  bkthomchhhx 

MHflyKTMBHOOTM M eMKOOTM, noflKTiioM eHHHX K MOTOMHMKy H a n p a x e H M a ,  

c o f l e p x a m n x  f lB e  v a o T O T H  ( p M O .2 .2 ) .  M aoTO TH  B U ó e p e M  tskmm o 6 p a 3 0 M ,  mto6h 
H a n e p B o f l  q a o T O T e  q e n b  H ooM Jia  eM K O O TH ofl x a p a K T e p ,  a  H a B T o p o f t  

M HflyKTM BHH«. n y o T b  T o r f l a  H a n p a x e H M e M  U g  moxho n p e n e ô p e M b  m
c q M T a T b , MTO q e n b  r e H e p v ip y e T  p eaK T M B H yio  MorçHOOTb. npM  U t - iU 2  q e n b  6 y ^ e T  

n o T p e ó T ia T b  p eaK T M B H yio  M on jH ooT b . n p e f ln o n o x M M , vto o y m e o T B y e T  u e T O fl

o n p e f le J ie H M a  p eaK T M B H O fl moąhootm npM  H eoM H yooM flaT ibH H X  p e x M M a x  ksk 

M H T e r p a /ib H o f)  xap aK T epM O T M K M . T o r ^ a  b  n ep B O M  o j i y v a e  sto t  M e T o fl f la o T  

Q < 0 ,  a  b o  B T o p o M  -  Q > 0 . M 3M eH eH M eM  aM n ^ M T yfl H a n p a x e H M fl U j  m U a moxho

flO Ö M T boa p a B e H O T B a  H y /n o  peaK T M B H O fl MoqHOOTM Q = 0 .  3to  O fle j ia T b  bo3MOXHO,
T aK  KaK O yH K qM n Q = f ( U 1 (U 2 ) H e n p e p u B H a  b oB a3M  o  TeM , vto q e n b  T n w e flH a  

m $ e p p o p e 3 0 H a H O H n e  oKavicM  o T o y T O T B y IOT. C f l p y r o f l  O T o p o H U , vacT O T K
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H a n p sx eH M fl U1 m U2 He s b j w i o t o s  peaoHaHOHUMM ¿ p is  p a o o M a T p H B a e n o ß  qenu h  

M3MeHeHHeM TOJIbKO MX aMnJlMTyfl flOÖM TbOS p eSO H aH C a H eB 03M 0X H 0, TO eO Tb  

npM thoóom  oooT H om eH M M  U 4 M U2 B  q e n n  ( p M o .2 .2 )  6y,uyT npoMoxo^MTb 
n p o q e o o a  o ó M e n a  oT ieK T p oM arH M T H O ß  O H e p r M e ß . Hs o T o r o  O T ie ^ y e T , m t o  npM  

H e o n H y o o M fla T ib H u x  p e x M M a x  p ea K T M B H a s  MonjHOOTb x a x  M H T e r p a T ib H a s

x a p a K T ep M O T H K a  H e  M O x eT  b  n o .7 iH o ß  M e p e  x a p a K T e p M 3 0 B a T b  c ó w e n n u e  

ST ieK T poM arH M T H H e n p o q e o o a .

Pmo.2.2. Cxeiia jiM H eßH O fl LC qenM

P a o o M aT p M B a eM a si q e n b  H a  O flH ofi M aoT O T e r e H e p n p y e T  p eaK T M B H y »  

M omHOOTb, a  H a  f l p y r o ß  n o T p e ß T ig e T  e e ,  m n o s H o r o  o n M o a H n a

sjieK T poM arH M T H H X  n p o q e o o o B  H eoöxoflM M O  p a o o M S T p M B a T b  M rH O B eH H y»  

peaK T M B H y 10 M oqH O O T b, T a x  K a x  b  flaHHOM o ;iy M a e  H e 7 ib 3 s  o flH 03H 3M H o O K a s a T b  

r e H e p n p y e T o s  um  n o T p e ö J i s e T o s  p e aK T M B H a s  MomHOOTb. E o ;im  M T H O B eH H as 

peaK T M B H O ß MomHOOTb q (t) H e  p a B H a  H y j i»  b  T e s e H M e  B o e r o  n e p n o f l a ,  t o  m3 

S T o r o  o ^ ie f ly e T ,  m to  b q e n M  n p o M o x o f lS T  n p o q e o o a  o ö M e H a  o ^ e ic rp o M a rH M T H o ß  

S H e p r a e ß  M e x f ly  m o to m h m k o m  m H a r p y s K O ß .  O ö M eH H u e  n p o q e o o a  6 y x y r  

O T oyT O T B O B aT b TO^bKO B to m  o / iy M a e ,  e a r n  b  T e s e H H e  n e p M o ^ a  q(t)=0.
TaKMM o C p a s o M , npM  a H a jiM 3 e  S B eK T poM arH M T H U x n p o q e o o o B  b  

H ejiM H eßH U X  q e n s x  H e o M H y o o M fla jib H o ro  TO K a O T ie ^ y e T  H o n o jib 3 0 B 8 T b  noH S T M e 

M rH O BeH H O ß peaK T M B H O ß MomHOOTH TomHO T a x  x e ,  KaK M o n o J ib 3 y e T o s  

M FH O BeH H uß t o k  m H a n p s x e H M e  ( u m  m x  o n e K T p a J ib H a ß  o o o T a B ) ,  a H e  m x  

f le ß c T B y io q M e  3HaM eHM S npM  p a o M e T a x  H eJiM H eßH H x ojieKTpM M eoKM X q e n e ß .

2 .2 . M H T erp ajib H b ie  M e m o u  oqeH K M  peaicTMBHoa m o m h o c tm

H H T e r p a J ib H a e  aeToflu o n p e f le j i e H M S  peaKTMBHoß m o ię h o o t m  n o 3 B O J ia » T  

HaßTM ee 3H3MeHMS 6e3 pa3BoxeHMS k p m b b x  t o k o b  m HanpsxeHMß b  psfl 
4>ypbe, MTo b ps/ie oTiyMaes 3HaMMTeJibHO ynponaeT pemaeMy» sa^aMy.

O n p efle^ iM M  p e a K T M B H y »  M oqH O O Tb k b k  $ M 3 M M e o x y »  BejiM M M Hy, 

x a p a K T e p M 3 y » m y »  o ö M e H  m o ih h o o t m  M e x f l y  m o t o m h m k o m  m H a r p y s K o ß .
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PaooM O T’OMM sjie K T p im e o K y io  qent o nepHOflimecncMMH onH yoonflajibH U M M  tok bm m  

o  nepw oflO M  T. Eojim  b  T e n e H u e  B peiieH M  x<T S H e p r u n  Wt  n o c r r y n a e T  o t  

MOTOMHMKa K n o T p e ô n T e T iB , a  b  T e n e H u e  B p e M e im  T -x S H e p r v ts  w 2 

BO SBpaajaeTO H  HOTOHHMicy, t o  o n p aB e^ ^ M B U  o j ie f ly c n j u e  oooTHomeHM B [14]
(pno.2.3)

Wt+W2 = PT ;
T (2.18)

V w2 = J lPÇt>| d t  ,
0

r^e P -  aKTMBHas) MoniHooTb narpy3Kn; 
p (t) -  e e  MrHOBeHHaa MonjHOOTb.

OÖMeHHy» peaKTMBHy» MOmHOOTb MOXHO nOTiyMMTb KaK pa3HOOTb Mexfly 

MomHooTb», noTiywaeMoñ Harpy3KoB, m noTepsMM s a  BpeMS x ,  to eoTb

Wr Px
Qo6 = —  . (2.19)

noflCTaBTian 3HaqeHne wt, Hafl^eHHoe M3 onoTeMu ypaBHeHHfl (2.18), no^yquu
T1 x

Qo6 = P (- -  - )  + —  f  I Pit.) I d t  . (2.20)
2 T 2T »

Pmo.2.3. rp a$M K  MrHOBeHHOiî MomHooTM HeTiM Heftaofł H arpy3K M

npM MMOTO axTM BHoft H a r p y s x e  

1 1
Qo6 = P (- -1 ) + -  P = 0 . (2.21)

06 2 2
M3 3 T o r o  B u p ax e H M B  O T ie fly eT  O M eB vyjH oe o  $ n 3 w q e o K O fl tomkm 3 p e H w s
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nonoxeHne, w to  n p n  b k tm b h o S  H a r p y 3 K e  oóMeH SHepruetł Mexqy h oto m h m k o m  m 

noT peóM TeT ieM  o T oyT O T B yeT , u  noTOK onexT poM arH M T H O íi S H e p r u n  a B /ia e T o a  

oflHOHanpaBJieHHHM (p(t)5>0). OGmgh OHepruefi oynjeoTByeT t o j i ł j k o  b a n y a a e ,  

K o r fla  b T ea e H H e  BpeMeHM x<T M rn o B eH H a a  MonjHOOTb npuHM M aeT

OTpMuaTeTibHwe 3HaMeHna.
B o n y a a e  peaxTM BHOfl H a r p y s x n  (P = 0 )

06

1  T

—  f lP (t) | 
2T i

d t (2 .22)

OnpefleJIM M O B 33b OÖMeHHOfl MOqHOOTM (2.20) H peaKTM BHOñ fln a

n n H eflH n x  q e n e f l  o n H y o o n fla T ib H o r o  TOKa. Eonu H a n p a jc eH u e  u t o k  b nenn 
o n p e q e n a io T o a  BupaxeHM SM M  (1.3), t o  H a ooHOBaHMM (2.20) oóM eH H aa

MOmHOOTb

Q o 6  =  -  U Is irK p  =  -  Û  . (2.23)

f l j i s  C O X p a H e H H H  npMHSTHX OOOTHOmeHMfi H MeTOflOB paO M eTa p e a K T H B H O ft 

MonjHOOTM b q e n a x  o M H y o o n fla n b H o r o  TOKa b  o ô q e M  a / i y a a e  n p w  n ep n oflH M eoK H x  

n p o u e o o a x  o ôM eH H u e 3 H e p r e T H 4 e o x n e  n p o q e o o u  a n e q y e T  x a p a x T e p u s o B a T b  o  

n oM oq b io  noHSTMH peaKTHBHOfl M oqH ooTM , o n p e n e m o r o  xax [67]

1 T  11
Q = ^06  = up(--------) + ~

2 T 2T
J lP (t) | d t (2.24)

3 t o  B upaxeH H e u o x e T  C>HTb T ax x e  3 a n n o a H o  b  ô o n e e  KOMnaxTHOM BMfle, 
yflOÔHOM flUfl paOaeTOB O npMMeHeHVieM BbmMOnMTe.71bHOfl TeXHHKM

w r i f v wi  11 pQ = —   (P(t)-P) d t  = —  sgn [p (t)](p (t)-P ) d t  ,
2T J D it}  2T J

| P ( t )

P ( t )

n

2T

rae

sgn[x]
-1 , x<0 ; 

1, x*0 .

(2.25)

(2.26)

O t m c th m  H e x o T o p u e  o o o ô eH H o o T M  peaxT H B H O fl m o ih h o o t h , o n p e f le n e H H o f l  

no B bipaxeH M P  (2.25).
1 .  3 H a a e H n e  p ea x T H B H O fl m o q h o o t m  o y q e o T B e H H O  3aBM O H T o t  o f lB u r o B  

$ a 3  rapMOHMK H a n p a x e H M fl h  T o x a  <pu . flaxe npw q onyoT W M O M  n o  rO C T  

13109-87 X03$$ni4M6HTe HeoMHyooMflajibHOOTM HanpaxeHMfl flo 5% BapwaqMH 
3H a w eH M fl Q  n p w  H 3 M eH eH n n  <pv  « o r y T  f l o c m i r a T b  ±15%.

2. B a n a n o  peax T M B H U x  x o q H O O T efl, o n p e q e n e H H U x  n o  B bipaxeH M C  

(2.25), H e o o ô n B f la e T o a .  C y x x a  peaxT M B H hix xoq H O O T efl n o T p eO M T en e iî u o x e T  

6H T b x a x  6 o n b m e ,  T a x  »  M eH bm e peaxTM BH O fl m o ę h o o t m  n o T o w H n x a  Ha
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3 . noT epM  MoiąHooTM M o r y r  oym eoT B eH H o o T a im a T b a a  o t  3Ha<ieHMft, 

HaflfleHHhix o  yMeTOM B o e x  rapMOHMX n o  s a x o H y  f lx o y a a -H e H u a .

4 .  B u p a x e H n e  ( 2 . 2 5 )  H M eeT  o a o x H y ß  o T p y K T y p y ,  H e  n o 3 B o a a » m y io  

nOJiyMMTb 0Ó03pHM He pe3y7IbTaT H . PaOMeT peaKTMBHOfl MOniHOOTO 6 e 3  

npMMeHeHMsi BhiM M oaM Te/ibHofl tc x h h x m  3aT pyflH M T eaeH  f l a x e  b  n p o o T e f łm n x  

o a y a a a x .

M3 OKa3aH HOrO MOXHO 3aK-7IE>MMTb, MTO 3HaMeHMe peaKTMBHOñ MOUHOOTM 

H eoM H yooM flaTibH oro pexM M a o o r a a o H o  ( 2 . 2 5 ) ,  B U T exaioiqee H3 g u s tm e o K o ft

oymHOOTM oöM eHHUx n p o q e o o o B  b  37iexTpnM eaxM X q e n s x  n o  oym eoT B y

0K a3H B aeT 0fl HenpweMTieMbiM f la a  n p a x T M a e a x o ro  n o n o 7 ib 3 0 B a H n a  b

s^ eK T p o o H ep reT M M eo K o a n p axT M xe.

Hapafly o  onp efleaeH M eM  peaxTMBHOft MomHOOTM x a x  o ó iieH H o ił o ym eoT B yeT  

em e  qeT iuñ  p a f l  MeTOfloB e e  p a o a e T a .

B [31] n p e flT io x e H o  peaxT M B H y» MomHooTb o n p e f le a a T b  b  BHfle M H T e rp a a a  

PwMaHa

T1 P d l 1 r
Q = —  u —  dt = —  Audi (2.27)

2a J dt 2n J
H71M

1 I du 1 r
 ------1 —  dt = - —  A

2a J dt 2a J
i  du . (2.28)

OTOiofla M oryT  6 u T b  noayM eH H  B u p a x e H H a , o B a 3 H B a » m n e  p eaxT M B H y»  

MOmHOOTb O MrHOBeHHHMM OOnpOTMBJieHMeM r ( t )  M npOBOflMMOOTbt) g ( t )  

aaeK T p M M eoK O f) p e n n

4ir J

T  < J r ( t )  2
i  d t  ; (2.29)

4 a  Q  dt

1 r dg(t) .
Q = —    u dt . (2.30)

4a J dt

H 3 3TMX B u p a x e H u ft  o a e f ly e T ,  v t o  peaxT M B H aa uomHOOTb 6ym eT  

n o T p e P j ia T b o a  n a n  r e H e p ^ ip o B a T b o a  b  to m  o a y a a e ,  eo;iM  oonpoT M B aeH V te u e n w  

M 3M eH aeT oa b o  BpeMeHM . S o h o ,  h t o  T a x o e  o n p e f le a e H w e  p e a x r o B H o f l  MontHOCTVt 

H e o T B e a a e T  e e  $H 3H M eoxoti oymHOOTM -  o h o  a B a a e T o a  $opM aabH H M . noaoHMM  

3TO H a n p H M ep e . Eojim  H a r p y 3 X o fi y n p a B a a e M o r o  B eH T w aa a B a a e T o a  axT H B H oe  

oon p oT M B aeH M e ( p n o .2 . 4 ) ,  t o ,  x a x  b h a h o  m3 p n o .2 . 5 ,  e r o  MTHOBeHHoe 

o o n p o T H B a e H H e  r ( t )  =  u / i  a B J ia e T o a  fyH K M w ett BpeM eHM , h  p a c w e T  n o  B H p a -  

xeHMio (2.27) H7IM (2.29) flaeT  S H aa en n e  peaxTMBHOfl MomHOOTM
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S in2®zn
Q = (2.31)

4tiR

C f l p y r o f l  O T op oH h i, b  p a c o M a T p u B a e M o f l  q e n n  o o f le p * M T o n  T on b K O  

aK T M B H oe co n p o T M B T ie H M e , a ,  O T ieflO B a T e^ b H O , o ó M e m u e  3 7 ie K T p o M a r H H T H u e  

n p o q e o o u  b  H e ß  O T oyT O T B yioT . MomHOOTb (2.31) ÿaK T M 'jeoK M  H e  S B ^ a e T o s i  

peaKTHBHOf), ee O K o p e e  m o i h o  H a 3 B a T b  MoniHOOTbio c f l B w r a  $ a s .  M o m n o c T b

(2.31) M M eer  T a K o e  *e B H e m H e e  n p o a B 7 ie H n e  KaK u  p ea K T M B H a a  M omHOOTb, 

n o T p e ó / i s i e M a s  MHflyKTMBHOfi H a r p y 3 K o R  np w  o n H y c o n ,q a 7 ib H O M  T O K e, x o t h  M M eeT  

o o B e p m e H H O  M H y»  $ M 3 H M e o K y »  n p w p o f ly  e e  n p o M c x o x f le H M s j .  113 S T o r o  o T ie ^ y e T  

B 0 3 M 0 * H 0 0 T b  KOM neHCäUHM  MOIflHOOTM O flB W ra  $ a 3  peaK T M B H O il MOnjHOOTblO M 

H aO Ó O pO T, VTO flOBOTIbHO DIMpOKO M O nO T lb 3yeT O fl H a  n p aK T M K e npM  KOMneHOaqM M  

p eaK T H B H O f! M om H ooT M , n o T p e 6 .7 ia e M o f l  n p e o ó p a s o B a T e T ib H H M M  yoT aH O B K aM M , 

G aT ap esiM M  K O H fle H o a T o p o B  mtim o m h x p o h h h m h  K O M n eH oaT op aM M .

S. Fryzę npefl^oxmi pa3Jio*eHne t o k  a Harpy3KM i  Ha flBe oooTaBJisnomne 
aKTMBHy» i a u peaKTOBHy» i p [19-21]

t

U

Pho.2.4. ynpaBJineMHfi BeH TM Jib o  aKTMBHOil HarpysKoR

i(t)  = i a (t)+ ip(t) (2.32)
r^e

P
i (t) = _  u(t) ;

U2
(2.33)

ip(t) = i ( t ) - i a (t) . (2.34)

f le f lo T B y » m n e  3H aM eH ns 3 t h x  t o k o b  oB si3aH H  oooTH om eH M eM

(2.35)
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Pho.2.5. XapaKTepMOTHKM y n p a B J is e M o r o  bchthtih o aicTHBHofl H a r p y 3 K o ß

AKTHBHan vt p ea K T M B H a a  mohihootm onpefle.naßToa ojieAyioqMM oCpa30M 

P = UIa ; (2.36)

= UIp ■ (2.37)

TaKMM o6pa30M, oorjiaoHO Teopnn S.Fryze peaKTMBHaa iioqHOOTb 
onpefleJiaeToa oJiefly»qMM oooTHomeHMen

f|S 2-P 2 , (2.38)

TO eOTb peaK TM BH aa MOqHOOTb Q f  M aKTMBHaa MOQHOOTb P BB/iaJOTOa 

KBaflpaTypHbiMM oooTaB7iax>qMMM noTiH otí MoqHooTM  S. HeoM O Tpa H a n p o cr ro T y  

o n p e q e j ie H M a  peaKTMBHOti MoqHOOTM Qf , o  M aT en aT M aeoK oö  to m k m  3peH M a OHa 

M o x eT  PbiTb npMTOflHa flj ia  oqeHKM n o T e p b  m o ^ h o o t m  b  OM crreviax 

ojieKTpooHaöxeHMa.

Z.Nowomiejski npeflTioxMTi onpefleTisrrb peaicTMBHy» MoqHooTb o noiioqb» 
npeo6pa30BaHMa rmiböepTa [34-39]

1  T

= lim  —  f  u(t)H (i(t)> d t  . (2.39)
T-*oo 2T ł

CorjiaoHO 3TOÜ TeopMM noJiHaa MoiqHodrb

S2 = P2+q£+K2 ; (2.40)
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-  J2T J
lim  —  I u (t) i( t )  d t  ; (2.41)
T-*oo 2T

K =
T T1 2 - ,  1

l im  (  —  )  -  | u ( t ) i ( T ) - u ( T ) i ( t ) |  d t  d t  , (2.42)
T-*«o 4T 2

ra e  K -  MomHOOTb noKaxeHna.
n p n M e H e H n e  b  K S M e o T B e  oq eH K M  p eaK T M B H O ft m o ® h o o t m  n p u B e f le H H h ix  

B u p a * e H M 0  o ô e o n e M U B a e T  6 a ; ia H O  p ea x T H B H H X  M o m n o o T e f i ,  h o  H e  n o ś B o ^ a e T  

o n p e a e / i a T b  axT M B H hie n o T e p n  b  ST ieK T pM ^ecK M X  o e T a x  u

3 /ie K T p O 0 6 o p y flO B a H M M .

TaKMM 0 6 p a 3 0 M , MOXHO 3aK.71K>MWTb, 4TO M H T erpa/lb H H e MeTOflH OqeHKM 

peaK T M BH oñ MomHooTM b OOHOBHOM H ooaT  $opM a7ibH uCł x a p a K T e p  M H e  

O T B e a a e e T  np eflŁ aB ^ aeM H M  k  h m m  T p eôoB aH w aM .

2 .3 .  M a c T O T H b ie  M e r o a u  o u eH K M  p e a ic T H B H o «  m o ih h o c t h

npM  p a o w e T a x  H e/iM H eñ H H X  o j ie K T p w a e o K M X  q e r i e f l  n m p oK O  M c n o T ib a y e T o a  

rap M O H vm ecK M f) a H a 7 iH 3 , n o s T O M y  n e y ^ M B H T e jib H O , m t o  o y n j e o T B y e T  q e j iu f t  p a  a  

M eTOflOB o n p e a e a e H M a  p eaK T M B H O fł m o ü ih o o t m  o  n o M o m b »  p a 3 .n o x e H M a  k p m b h x  

To x a  M H a n p a x e H M a  b  p a a  4 > y p b e .

H 3 B u p a x e H M fl (2.27) m o x h o  n o a y v M T b  $ o p M y / i y  f l j ia  o n p e f l e ^ e H w a  

p ea K T M B H o ñ  MOHJHOOTM npM  p a 3 ^ o x e H M H  T o x a  m H a n p a x e H w a  H a  B H o m n e  

rapMOHMKM. E  o ó m e M  B i i f l e  t o k  m H a n p a x e H M e  M o r y T  6 n T b  n p e f lO T a B J ie H H  

0 7 ie f ly » m n M  o 6 p a 3 0 M

00

u  =  £  Umus x n ( x u t + a v )  ;
V= 1

(2.43)

1 = £  Imusin (i« t+ ß v) . 
w= 1

n o f lO T a B J ia a  s t h  B H p a x e H i ia  b  (2.27), no/iyM M M  n p n  y o jio B M H  B u n oT iH eH M a  

T e o p e M H  n a p o e B a n a

T
, r 00 00

Q = __ £  Uffiis in (u u t+ a  ) £  uwl oos(vwt+ßu) d t  =
2n o w=1

(2.44)

“ £v= 1 v= 1 ’

ra e  <t>v = a u-ßv .

riOMMMO 3 T o r o  B h jp a x e H w a  f l j ia  oq eH K M  p ea K T M B H o ñ  m o b jh o o t m  o y m e o T B y io T
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li f lp y r n e  o n o o o C u  oyM M M posaHM a peaxTM BHHX MoqHOOTeft o T fle jib H u x  rapMOHMK

[ 1 6 - 2 1 , 3 0 , 3 1 , 4 4 ]

Q  =  £  ;  ( 2 . 4 5 )
1>=1

oo 1
Q -  E  -  Q v  • ( 2 .4 6 )t>= l i>

B bipaxeH M e ( 2 . 4 5 )  a B T ia eT cs  CTieflOTBueM o f lH o r o  M3 n e p B H x , H 8 M 6 o ;iee  

M3BeOTHUX nOflXOflOB K OnpefleTieHMJO peaKTMBHOtl MOąHOOTW B 37ieiCTpHMeOKMX 

o e x a x  o  BbioniMMM rapMOHMKaMM, p a 3 p a 0 o T a H H o r o  C .B u d e a n u  [ 4 ]  m 

3 a K ^ x > a a io m e ro o a  b  oyM M npoBaHM M  peaxT M B H H X  M o m H o o re fi pas/iMM Hhix rapM O H M X

-  E  ■ ( 2 . 4 7 )
v= 1

noTiH asi MonjHOOTb o o r j i a o H o  C .B u d e a n u  o n p e f le ;m e T o s i  ojieflyiom M M  o 6 p a 3 0 M  

S  =  J p 2 + Q 2 + D 2 ,  ( 2 . 4 8 )

0  =  J s 2 - P 2 - Q 2 ( 2 . 4 9 )

-  MonjHOOTb H oxaxeH M H .

O flH a x o  T a x o f t  n o f lx o f l  k  o n p e ^ eT ie H M io  p eax T M B H o fl m o ^ h o c tm  H e  o T p a x a e T  

oym H O O Tb $M3MMeoKMX n p o q e o o o B ,  n p o M o x o f la m n x  b  e jieK T p v m eo K H X  o e T a x ,  h t o  

o T M e n e H o  b  p a O o T a x  S . F r y z e ,  W. S h e p h e r d ,  P . Z a k i k h a n i ,  L . C z a r n e c k i  

[ 5 - 1 0 , 1 9 - 2 1 , 4 7 ] .

B u p ax e H M fl ( 2 . 4 4 ) - ( 2 . 4 6 )  aB .n a io T o a  $opM a^bH H M M  h  b  O o^bm H H O TB e 

O T iy aaeB  f la » T  n p o T M B o p e a M B a e  p e3 y .m > T aT H . O flH a x o , x a x  O y ^ e T  n o x a 3 a n o  

H M xe, 3TM o T p y x T y p u  M o ry T  O uT b M ono7 ib30B aH bi npM  p a o M e T a x  n a p a u e T p o B  

$ M Jib T p o -x o M n e H O M p y c m n x  y o T p o tiO T B  (i>KY).

P eaxT M B H as M om n ooT b , o n p e /j e j ie H H a a  oyMMMpoBaHweM nioąH O CTefl 

oT/ieTibHHX rapMOHMK ( 2 . 4 4 ) - ( 2 . 4 6 ) ,  T a x  x e ,  x a x  m M onjHooTb, o n p efleT ieH H a a  

MHTerpaJibHHMM MeTOflaMM ( 2 . 2 7 ) - ( 2 . 2 9 ) ,  H e n o s B O ^ a e T  o n p e f leJ ia T b  axTM BHue 

noT epM  a P  b  sT ieM eH T ax  sTiexTpM M ecxM x o e T e H

P 2 + (  E  * Q U ) 2t>= 1
A P  * ------------------------------ R ( 2 .5 0 )

u 2

n p n  thoO om  npe^oTaBTieHM M  n a n p a x e H M a  U ( n o  n ep B O tl rapM OHM xe; n o  

OKBMBa^eHTHHM OMHyOOMflaMJ HOMMHaJIbHHM 3HaHeHMaM). 3 fleO b  K0 3 $$MMMeHT k  

M O xeT  npM HM M aTb JiioO oe M3 3H aaeH M ft 1 , v ,  i / v .

W. S h e p h e r d  m P . Z a k i k h a n i  n p e fl^ o x M JiM  o n p e f l e ^ a T b  p e a x T H B H y e  

M om H ooT b o ^e fly » m M M  o ó p a s o M  [ 4 7 ] .  T o k  H a rp y 3 K M  p a o x / ia f lH B a e T c a  H a 

o o o T a B ^ a » m M e  i ^  m i r
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_  “
i j jd )  =  {2  £  Ivoos<pt)oos(v u t+ a v) ; (2.51)

00

Ev= 1 

00
i - ( t )  = {2  £  I sino sin(vut+a ) , (2.52)

i>= 1
r¿qe av - <J»3a v-ñ rapMOHwcM HanpaxeHwa;

<py -  y r o f l  o flB M ra (Jias v - x  ra p M O H M K  H a n p a ie H M a  u  TOKa. 

C ocrraB ^aßinM e ^  h  i f  o p T o r o H a jib H U , n o s T o w y

I2 = l£  + I* . (2.53)

no/iHaa MonHOOTb paoKTiaflHBaeToa Ha oocrraB̂ aonpie

S2 = s£  + <¡4 , (2.54)

r-fle

Sr = Ulg ; (2.55)

Qr  = UIr  , (2.56)

PeaKTHBHan MomH<xm> 0^ MoxeT ôHTb Mono7ib30BaHa ripu pemeHWM 
B o n p o o o B  MMHMMM3aL|MM K03$4)HMneHTa MoiQHOOTH Harpy3KH. N .K usters M 

W. Moore n p e 3 .710xM.7iM onpeflejiaTb peaK T M B H y» MonjHOOTb no BupaxeHM» [26]

U 1 TQc = J u' ( t ) i ( t )  dt , (2.57)
U' X A

d u ( t )
r ^ e  \ f  ( t )  =  —  ; \ f  -  f l e i ło T E y e m e e  3 H a a e H n e  H a n p a x eH M a  1/  ( t ) .

3 t b  peaK T H B H aa MoiqHOOTb MoxeT 6HTb nonoJib30BaHa npw onpefle;ieHMM 
MOmHOOTM KOHfleHOaTOpa npM onTMMM3aLJMM K03$$M LlM eHTa MOąHOCJTM.

L. Czarnecki npe;pioxeHO pa3JioxeHne t o k b  Ha TpM oooTaB7ia»mne [6]

i ( t )  =  i a ( t H i s ( t ) + i r ( t )  ,  (2.58)

r f l e

i a( t)  = Ge u (t) , (2.59)

P
^  . (2.60)

KoMnTiexoHaa npoBOflMuocTb Harpy3xn Ha aaoTOTe v-ñ rapnioHMicu

Y« ■ G„"JBv • (2.61)

OoTajibHue oooTaBJia»nMe TOKa Haxo/iaToa no BupaxetutsiM
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i s ( t)  = (G0-Ge )U0+ ^2Re J i (Gv-Ge )Uue Jvt,t ; (2.62)

i r ( t)  = {2Re £  j S vV y VUt .
u =  1

(2.63)

r u e G0 -  n poB O flM M O cT b  n o  n ooT O H H H oM y T o n y ;

UQ -  n o o T O H H H a a  o o o T a B T ia io m a a  H a n p a x e H M a .  

C o o T a B ^ a » m n e  i ß ,  i g ,  i r  o p T o r o H a j ib H H , n o eT O M y

Ï 2 = I* + I* + ¿  »a  s  3̂ (2.64)

r f l e

p
1 = ~ i  ' u 2

(2.65)

!s  = J J / V G e )  ; (2.66)

i  = I y  b V  .r  i  í-‘. V V ’ i>= t
(2.67)

B oooT B eT C T B M M  o B h ip axeH M H M n  (2 .65)-(2 .67) n o ; m a a MOIHHOCTb

p a o K T ia f lu B a e T o a  H a  cwieflyK>mne o o o T a B .n a » m n e

s  =  J p 2+d2+c£  , ( 2 . 6 8 )

r f l e

S =  U I  ; (2.69)

P =  U I a  ; (2.70)

Ds  =  U 1s  :
(2.71)

u
3IIa

u (2.72)

M h o «  noflxofl k  o n p e f le j i e H H io  peaK T M B H O fl m o ih h o o tm n p e f l - f lo x e n

M .B r o d z k i ,  J .W a l c z a k .  Mmm  n p e f lJ io x e H o  n p o n 3 B O flH T b  p a s / i o x e H w e  t o k o b  it 
H a n p s x e H M ñ  b  n p o c T p a H O T B ©  E e o M K O B n a a -C o 6 o n e B a  [1-3]. B c t c k  

n p o o T p a H C T B e  n o T iH a a  u o m n o c T b  n p e f lc T a B T ia e T c a  b  a jie ^ y io m e M  BM ^e

Sm = Pa + <  + C4 '  (2-73VBS BS BS BS 

r ^ e  s m -  nojiH as MonjHOOTb b  npooTpaHOTBe  BeowKOBMMa-CoóojieBa
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(2.74)

P -  BKTMBHafl MOmHOOTb B np oO T p âH O T B e EeOMKOBM'ja-CoÔO.TieBa
B S

(2.75)

Q -  peaKTM BHan MomHOOTb B n p o o r p a H O T B e  E eoM K O B M w a-C oP o/ieB a  
B S

(2.76)

Q_ -  MonjHOOTb MoxaxeHMS b npooTpaHOTBe EeoMKOBMMa-Co6o7ieBa
BS

(2.77)

npM KosiJxIiMMMeHTe HeoMHyooHflaTibHooTM HanpaxeHwa m TOKa flo 10% fljia 
paoaeTa peaKTMBHOfl MOIQHOOTM MOXeT 6hITb npMMeHeH MeTOfl 3KBMBa7ieHTHHX 
onHyooMfl. ComaoHo STOMy ueroffy axTMBHaa n peaxTMBHaa moiqhootm 
HecMHyoonfla^bHoro pexn»ia onpefle7ia»Toa oJiefly»mnM o6pa3on.

KaK M 3BeoTH O , b  oöDjeM  O T iyaae  n p n  H eTW HeflHofl H a r p y 3 K e P ajiaH O  

peaKTM BHUx MoiqHOOTet) H e ooôT U D /jaeT oa . O flH axo  r ip n  y x a3aH H H X  BeTUWMHax 

K 03$$M U H eH T 0B  HeOMHyOOHflajlbHOOTH TOK8 H HanpaxeHMa 6a 7I8H O  OXOflMTOfl a  

flocrraTOM Hofl flTia n p a x r o a e o x H X  p a o a e T O B  TOWHOOTbio.

PaooMOTpHM 3 J ie K T p n a e o ic y »  o e T b ,  b x o T o p o f i  o t  n motohhmkob m r r a e T o s  

m H a r p y 3 0 K . P eaxT M B H aa MonjHooTb < - r o  MOTOHHwea

00

p = E U„Iuoos<pv ;
V =  1

(2.78)

Q = Ju2I 2+P2 , (2.79)

rae

t2
V (2.80)

(2.81)

r^e

(2.82)

(2.83)
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U t t ł . I l B t  -  f le f tc r re y c n iM e  3 H a a e H H a  n e p B u x  ra p w o H U K  H a r i p a i e H u a  m 

TOKa  ł - r o  MOTOMHMKa.

K o3 (J)$MMMeHTU m k . j  x a p a K T e p M 3 y c T  O T H o m e m ie  a e f lo T B y » m e r o

3 H aaeH H a  B hiom w x rapM OHM K H anpsw eH M H  u  t o k b  k  h x  nepB U M  ra p n o H M K a » i.

3aMeHMM B BhipaieHMM (2.81) ownyo y r ; i a  Mexfly 3kb mb a jichthhmh 
OM HyoonflaM M  TOKa h  H a n p a x e H H a  s in < p 3  H a  OHHyo y r j i a  o /jsw a  $ a 3  iiexfly 
nepBHM H rapM OHHKaM M  s i r u p j .  r io r p e m H o o T b  TaKotł 3 a u e H U

k’+k£
A = --------- . (2.84)

2tg«pt

B u p a x e H M e  Ą jia  oyniM U peaxT H B H U X  M oąH O O T efł m o to m h m k o b  n p n u e T  b m a

n n  *Sjh<+1cI h<
m£ ^ t  = Ql« + &  I   Ql» t * (2.85)

rfle

«1. * J t t i B t  • (2.86)

AHanorMMHO ;pia Harpy30K

m 'tUmt+'clHt
= *1H + t E     Û1B< . (2.87)

riorpemHooTb O a j ia H o a  peajCTMBHUx M o n jH o o r e a  

O = -----  100% =

100% . (2.88)

H attfleM  M aTeM aTM M eoKoe oxM flaH M e M [ô] h  flH o n e p o M »  D [ö ] n o r p e m H o o r w  

6, n o t a r a s  p a B H o u e p H u u  p a o n p e f le j ie H M e  K 09 $ $ M u n eH T 0 B  kI t , ku< b y s T ia x  

motomhhkob m H a r p y s o K  b HHTBpBa jia x  0 -k T, 0-ky h  norpeniHooTb A b 

MHTepBa^e 0-A.
MaTeiiaTHMeoKoe oxMflaHne norpemHOOTH onpe/iejiaeToa BHpaxeHHen

(l+ A /2 )Q tJI (M [k*]+M [kj)-M [k^]-M (kj])
M[ö] =  —  = 0 (2-89)

( i+ A /2 )Q t a (2+M (k5]+M [k\] )

flnoriepoMa norpenmooTH
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D[Ö3 + 0,2(k¿+k*)
6 (1+A)

C y êTOM (2.84) opeflHeKBa.flpaTM'jeoKoe O TKTIOHeHM e

n p M M e T  BMfl

«o[C]

(2.90) 

norpemHocrrw

(2.91)

npeflno^oxeHMn,

4 , 9 t g ‘ <p1

3skoh p a o n p e fle ^ e H M H  n o r p e m H o o T u  6  

K o six fu M n e H T h i H eonH y o o M flaT ib H o o T M  B y 3 J i a x  H a r p y 3 0 K  aB T O ioT oa  H eaaßnonM U M M  

OJiyMaflHHMH BeTIMMMHaMH, O K a3H B aeTO a HOpMaTIbHHM. r i03T 0M y O M H T erpa^bH O ti 

BeponT H O O TbB 95%

1,64 a[ö] =

2 2 k2+k¿

3 t g 2<p1
(2.92)

PaoaeT MöKOMMajibHoß n o r p e m H o o r o  n o  STOMy Bbipaxenmo npw <pt=s/6 
n p u B e f le H  b  T a ó T in q e  2 .1 .  O O h hho o p e f lH e e  3H aM eH ne n orp em H o o T M  H e  

n p e B o o x o f lM T  2 -3 % . Taxw* o 6 p a 3 0 M , 6 a m H O  peaKTMBh h x  M om H oerrefl o x o flH T o n  

O flOOTaTOMHOfl TOHHOOTb».

TaGAvma 2.1

k j . , % k y , % « » a x * «

5 5 0,5
10 5 1.3
10 10 2,0
15 10 3,3

Oyenxa n o T e p b  b  37i e M e H T a x  s j i e x T p im e o K M X  o e T e f i  r i p n  n o n o ^ b 30B aH H H  

M e T O fla  B K B H B a jie H T H H X  o H H y o o M fl n p H B O flM T  K H e x o p p e x m m i  p e s y j i b T a T a M ,  T a x  

xax b  H eM  H e  y M H T H B a » T o s  3 a B H 0HM00TM a x T H B H o r o  w p e a x T H B H o r o  

o o n p o T M B J ie H M fl o t  n a o T O T H . B B e f l e H w e  n o n p a B O H H H X  x o s $ $ n q n e H T O B  H a  

3H aaeH M H  o o n p o T H B ^ e H M f i  k r a  u  k X3

w  i—«

E Jviv= 1
2
V *

i + k .
(2.93)

k x a  Ä

oo
E »2i 2»=i ”

i+ k ;
(2.94)
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3HaHMTejibHo yo;ioxHseT paoMeT noTepb. 3fleob 
C yMeTOM 3TMX KOS$$nqneHTOB aKTMBHUe M peaKTMBHUe noTepn 

o n p e fle jia tD T O H  o /ie fly e m w M  o 6 p a 3 0 M

*P = kr3rl2 ' *0- = lcx3Xl2 • <2-95>

TaKMM o 6 p a 3 0 M , B a p a x e H w a  flTia oqeHXM  peaxTM BHoM  mo i q h o o t m, 
noJiyM eHHbie H a o o n o B e  ra p M O H M q ecx o r o  a H a ju r e a , v io r y T  öHTb M o n o /ib so B a H u  

B H&KOTopHX x o H x p eT H U x  o ; iy q a f lx .  B  o 6 q e M  x e  o j iy q a e  T a x o e  

o n p e ^ e T ie H w e  peaxT H B H O fl m o iq h o o tm  n B J ia eT o a  $opM ajibH UM  u  n p w  e r o  

M0n0J!b30BäHM M  T p eÖ yeT O S  OOTOpOXHOOTb.

2 .4 . .  P eaK T H B H aa  m o b i h o c t b  npM C M H yconaajibH O M  H anpnxeH H M  

u  H ejM H ettH O H  H a r p y  3 K e  

npw nOflXflBHeHMM HeJIHHeiÍHOñ HarpySKM K MCTOMHMXy OHHyOOHflBilbHOrO 
HanpaxeHMS PeoKOHennofl moiąhootm HeoMHyooMflajibHHM SBJineTosi TOJibxo tok 
Harpy 3 km. B otom o^yaae aKTHBHaa MoqHOOTb onpefleJineToa totusko nepBOtt 
rapMOHMKOñ TOKa, Tax x a x  B o e  B u o m n e  rapMOHMXH HanpaxeHMS paBH U Hyjuo

P  =  E  =  U I j O OS^j  . ( 2 .9 6 )
V =  1

noT iH aa M omHooTb T a x o ii  H a fp y sK M  M o x eT  6HTb orrpe.zie.neH a  

n p o n 3 B e f le H n e M  fleßoT B yioqM X  3H aqeH M í¡ H an p axeH M S  u  T o x a

= U J ï f i’ u= i
(2.97)

Psfl aBTopoB [25,26,58] onpeflejunoT peaxTHBHy» MoąHooTb 
OMHyooMflajibHHM HanpsxeHMeu u OMHyooMflaTibHoft oooTaBXflBqeft Toxa, 
oflBMHyToH OTHooMTeTibHo HanpsxeHM fl

Q = UI1sirxp1 . (2.98)

3 t o  B H p a x e H w e  f in a  peaxTM BH O ß m o o jh ootm  M o x eT  ÖHTb a e r x o  noT iyqeH O  o  

n o M o q b »  T ic ö o r o  M3 paB eH O T B  (2.44)-(2.46). B flefloTBMTejibHOOTM uoqHOOTb  

( 2 . 9 8 )  M o x eT  o o o T a siT b  x a x  m s peaxTM BHOft mosjhooth, o ö y a n o B ^ e H H o il  

eM KOCTHUM M  M MHflyXTMBHHMM SJieM eH TaM M , T3K M M3 MOqHOOTM OflBMTa (J>a3, 

BU 3EaH H o(t H ejiM H eßH ofl axTMBHOti H a r p y 3 x o ß .  npH  orrpeflejieH M M  peaxTM BHO«  

M oqHooTM  n o  B H paxeH M B  (2.98) n o m a s  uoqH O O Tb o o /je p x H T  eqe oflH y  

X B aflp aT H yB  o o o T a B J ia » q y r >  T

s 2 = P2+Q2+T2 , (2.99)

Ha3B8HHyx> noqHOOTbB MoxaxeHMH [25,51]. H3 noaneflHero BupaxeHMS OTie^yeT
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T  =  ^ S 2 - P 2 - Q 2 . ( 2 .1 0 0 )

KaK BMflHO, MOBJHOOTb MOKSXeHUfl T  B 03H M K öeT TOTIbKO B OJiyM ae Ka^HMWS 

BUOEIMX rapM O HM K b  y 3 Tie n a r p y s K M .

CyMMa K BaflpaTO B peaKTMBHOfl m o h h o o t h  Q m moihhootm  n o K a x e H n s  T

D2  =  Q 2 + T 2 ( 2 .1 0 1 )

HOOHT H aSBäH M e HeaKTMBHOił OOOTaBTIHlOmea nOTIHOß MOBJHOOTM, KOTOpaa n p n  

OMHyOOMflaTlbHOM p e iß M e  OOOTBeTOTByeT peaKTMBHOfl MOnjHOOTO.

2 . 5 .  P eaK T M B H aS MOmHOCTb npM HeCHMMeTpHHHOfl M 

H & n n H e«H oa  H a r p y 3 K e

B OoTibiDMHOTBe cwiyM aeB H a p n fly  o H eoM H yooH flan b H ocrrb P  H M eeT t»ecno 
T a ic i e  w HeoMMMeTpMH H a n p a x eH M ß  u  t o k o b ,  n o s T o t iy  B o n p o o u  p a c m e T a  

peaKTMBHOß M oąHocrrM b  3T 01I c w iy a a e  MMe»T O o jib in o e  n p aK T V w eoK oe  S H a ^ e n n e .

PaooM OTpHM n p w M eH eH u e y p a B H e H u a  (2.14 )  ¿¡na T p e x $ a 3 H o f l

aeTupexnpoBOflHoß o e m ,  o o f le p x a r ç e f l  aK TU BH ue oonpoTMBTieHMa, e i iK o o r o  u  

MH/iyKTHBHOOTM (p M O .2 .6 ) .

P m o . 2 . 6 .  T p e x $ a 3 H a s i  o x e M a  HeTMHetÎHOf) RLC q e n w

C o o t  aB  7i a ïo n n e  o k o p o o t m  M 3w eH eH n a STieKTpoM arHM THoß s n e p r w H  u n a  

flaHHOß o x e i i u  o n p efleT isn o T o a  oJieayK>n¡KM o ö p a 3 0 M

I m  = uAiA+uBiB+ucic =
s (2.102)

+  1 b k b + í b ( u l b + u c b >+ í ^ c + 1 c Íu l c + u c c )  *
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J T E* dV  =  i 2E A+ i 2E B+ i ^ c  i  ( 2 .1 0 3 )
V

r io sT o in y  fl7tH T p e x $ a 3 H o { i  o e r a

dW p    .

—  =  y  [EH ] d S l -  J t E2 d V  .  Ç  (u L k+ u c k ) i k  . ( 2 .1 0 4 )
€ / U  g  y  K —A , B , C

ytW T M M S yrviO BO fl o a b m t  b  $ a 3 a x  A ,B ,C , f l/ ia  oqeHKM peaxTWBHOfl 

MOqHOOTH T p eX $ a 3 H O ß  OMOTeilU HeoOXOflHMO paOOMâTpMBâTb TPM MrHOBeHHUe 

peaicT H BH H e moqjhootm  q A( t ) ,  q B ( t ) ,  q c ( t ) ,  x o T o p u e  o n p e f le ^ s n o T o a  b  

oooT B eT O T B M e o  ( 2 . 1 0 4 )  OJieflyionpiM o ó p a s o M

«A  =  <ULA+ U CA>i A : ( 2 .1 0 5 )

qB = (ulb ^ ucb^b ' (2 .106)

* c  =  Í ^ C + U C C ^ C  ■ ( 2 .1 0 7 )

2 . 6 .  B u b o / o j

1 . rioTiyMeHO o G q e e  B u p a x e H M e  fíJta o K o p o o r o  H 3M eH eH na  

97ieK TpoM arH M TH oß sH ep rM H , o n p a B e fl^ M B o e  /p ía  n p o n 3 B o jib H o f l o p e f lu  c  

HejIMHeflHHMM OTieXTpOMarHWTHHMM XapaXTepMOTMKaMM.

2 .  B He^nweßHHX qenax o H eonH yoonfla .ra> H H M H  ToxaMM h H anpaxeH M H M H  

p ea K T M B H a a  M oqH ocrrb He MoxeT OHTb onpe/jejieHa xaxofl-TO o /ih o B  

HHTerpajibHoß xapaxTepHoraxofl. npw aHaJiioe 3JieKTpoMarHHTHHX npoqeoooB b 

HejiMHeflHhix qenax HeonnyoonflaTibHoro Toxa ojieflyeT Hono7ib30BaTb noH aroe  
MTHOBeHHOß peaXTMBHOß MOn(HÖOTH.

3. npH  M HTerpa/ibHOM  onp eflejieH M M  p eaxT M B H oß m o ih h o o tm  (o ó u e H H a a  

M onpiooT b) e e  3 H a a e m ie  o y q eo T B eH H O  3aB M on T  o t  o / j b u t o b  $ a 3  rap iioH M x  

H a n p a x eH H a  a  T o x a . BaaaHo peaxTH BH H X  M o q H o c r e f l b  o G q e u  a n y a a e  H e  

B H n oJiH aeT oa. A xT H BH ne n o T e p a ,  o n p e ^ e J ie H H a e  n o  3H aaeH M » oöM eHHOß  

MoqHOOTM, M orjrr  o y q eo T B eH H O  O T iin a a T b o a  0 t  3 H a a e H n a  H afl/jeH H hix o  yaeTO M  

B o e x  rapMOHMK n o  s a x o H y  f lx o y / ia - J I e H q a .

4. H H T erp ajib H H e MeTOflH oqeH X H  peaxT M B H ofl mob j h o o t m b o  MHoroM H oosrr  

$opMajibHbiß x a p a x T e p  u  H e O T B eaaB T  n p e f lb a B /ia e v n m  x hum  Tpe6oBannaM .

5. 'iaoT O T H u e M eTOflu oq eH K H . peaxT M B H oB  m o ę h o o t o  T a x s e  b o  MHoroM  

$OpMa7IbHH H M OryT ÖHTb H 0n0Jlb30B aH H  W tm b B  HeMHOrHX KOHKpeTHHX 

o n y a a a x .

6. ripa onpefle/ieH H H  peaxTHBHOfl m ob jh ootm  HeoM Hyoon/jara>Horo p e x a u a  

pa&OTU T p e x ^ a s H o ß  oeTM  H eoG xoflH M O  p aooM arp M B aT b  w r-H oseH H ue peaxT M B H u e  

m ob jh o o tm  OTflera>HHx $ a 3  o  yaeTO M  MX y rA O B oro  o / p w a .



3. PEAKTMBHAS MOHHOCTb PA3J1MHHHX nOTPEEMTEJIEH 
3J1EKTPHHECKOÍ! 3HEPTMM'

3.1. PeaKTMBHan HomHocTb B eH -n u ib H U x  npeo6pa3osaTenbHux 
y cT a H O B O K  o A H O $ a 3 H o r o  t o k b

BeHTM JibHue n p e o ö p a 3 0 B a T e ^ b H M e  yoxaHOBXM  H a p a ^ y  o  tbxmmm  

flooTOMHOTBauM, x a x  y flo ô o T B O  BKonTiyaTaqM M, n p o o -r o T a  p e r y A n p o B a r o w ,  

B uooxM ft KTifl, MMeDT p sifl oym©OTB©HHHx H eflooT aT K O B . n p e x f l e  B o e r o  STO 

BHOOMMhie B n n T a io m y »  o e T b  S H avM T ejibH n e M oxaxeH M a H a n p a x eH M a , hm3kmH  

K03(JxJ)ML(MeHT m o b jh o o tm . O ooPeH H O  P oT ib m oe BJiHSHMe Ha nM Taioiąyio o e T b  

OK83hiBai0T M onjHue n p e o 6 p a 3 0 B a T e ; ib H u e  yoTaHOBKM n p w  H e6 o 7 ib m n x  se/iMM M Hax 

MOIHHOOTH KOpOTKOrO 3aM UXaHHa B M eO Te MX yoTaHOBKM.

npM eOTeOTBeH HOfl KOMMyTayMM TMPMOTOPOB O O H O BH aa rapMOHMKa 

n H T aio tq ero  T o x a  n p e o ó p a s o B a T e T ia  O TcrraeT n o  i « 3 e  o t  n n T a » m e r o  

H a n p a x e H M a , B o/ieflO T B M e v e r o  n p e o 6 p a 3 0 B a T e 7 ib  aB T iaeT ca  n oT p eóM T ejieM  

peaxT M B H oti m o b jh o o tm  n o  n e p B o ft  rapM O H M xe.

P aooM orpM M  o x e n y  »«o o T O B o ro  B unpaM M T e^ a o  HenojiHUM  vm oaom  

ynpaBTiaeMUX BeH TH Jiefl (p m o .3 .1 )  o  axTMBHOft H a r p y s x o f i .  Ha p n o .3 . 2  

np eflcrraB JieH U  xpM B tie t o x o b  m H a n p a x eH M a  BunpaM M TeJia npM y r j i e  ynpaBTieH M a  

BeHTMAeW a .

Pmo.3.1. Cxexa y n p a B T ia e w o r o  xocT O B oro BunpaMMTe^a o  HenoTiHHM m m ojiom  

y n p a s j i a e M u x  B eH T M JieP  o  axT M B H O fl H a r p y 3 x o f l

Tok npeo6pa30BaTe^a HeoMHyooMflajieH, m oh xoxeT 6nTb paajioxeH b  

pafl *ypbe [12]
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I -*> 1 i  1 i
i  = -  £  [-----------oos2va -  ------  + — oos(2v+2)]oos(2v+l)ut +

it v=o Zv  2v 21H-2 Zv+Z

í  oo i  1 1
+ -  £  [—sin 2 irn  sin2«n +  sin(2w -2)]sln(2iH -i)u t ,

n xmo Zv Z v Zv+Z

Pmo.3.2. XapaKTepuoTM KM  y n p a B í i f l e u o r o  B u n p sn iM T eœ i o  H e n o im n i  mmcuiom 

y n p a B / i a e i w x  BeH TH Jiefl rrpw axTWBHOft H a r p y 3 ic e
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r a e

I = -  .
°  R

noTioxM B xr=0, noTiyqnM  B u p a ie H M e  /(Jisi n e p B o ü  rapMOHMKM TOKa

rfle

i = -  (n-a + -sin2oc)sinu t + -  ( -o o s2 a  )oosu t =
n  2  ti 2  2

í.r r— I (n—a + — 
u » 2

2 1 1 2- s in 2 a )  + ( - o o s 2 a  ) sin(ut+q>)
2 2

o o s 2 a - l
<p = a r o tg -

2(it-« )+ sin2a

(3 .2 )

(3 .3 )

AHa^M3 BupaxeHMti (3 .3 )  n o 3 B o ;iseT  ofleTiaTb b h b o a ,  m t o  n p n  y r^ ie  

ynpaBTieH H H  a = 0 - 7 i / 2  yroTi oflBM ra $ a 3  <p n e p B u x  rapMOHMX TOKa n  HanpnzeHM s 

aBJineTOfl 0TpnqaTe^bHUM ( a ,  OTieflOBaTeTibHO, UMeeT u e o r o  noTpeóTieH ue 

peaKTMBHo« MomHooTM n o  n ep B o ti ra p M O H M K e

Q = UljSincp U I -
l - o o s 2 a

271
(3 .4 )

r\ne

I. = —  J (2 (7 i-a )+ s in 2 a )2+ (o o s2 < x -l)z 
271

(3 .5 )

T a x  KaK B p a o o M a T p H B a e M o ñ  q e n u  o T o y T O T B y m  peaK T M BH ue STieMeHTH, 

TO 3H8M eHMe MTHOBeHHOñ peaKTMBHOft MOIIJHOOTM (2.16) B  J in ó o ñ  MOUeHT 

BpeMeHM  b  T eM eH ue n e p u o ^ a  paBH O  H yTi», t o  e o T b  oöM eH  S H e p r n e f í  M e z ^ y  

MCTOHMKOM M n p e o 6 p a 3 0 B a T e .n e M  H e n p o n o x o f lH T  h ,  O T ie^oB aT ejibH O , MonjHOOTb 

(3.4) AB^neTOH MomHooTbe oflBwra $aa .
B p aooM aT p M B aeM ofl oxeMe fleßoTByßmwe 3Ha>ieHnn TOKa u HanpaxeHMH Ha 

H a r p y 3 x e

=

i  71

-  ^  
n  I a

s in  u t  du t = I
1 1
— (7i-a + - s in 2 a )  
2ti 2

(3 .6 )

i  1
U H =  I b E h  =  u m  — ( n - o  +  - S i n 2 a )  . (3 .7 )

(271 2

CpeflHMe 3HaMeHMS Toxa u HanpqxeHMn



U = I E = -  (1+oosct) . (3.9)

npM yvne a=0 H a n p n x eH M e Ud  MSKonMaTibHO 

2Um 2{2U
Uao = -  n

S: 0.9U (3.10)

Ksk BiiflHO M3 f lu a rp a M M , n p u B e ^ e H H U x  H a  pno.3.2, to k  H a rp y 3 K M  

HBTlSieTOa npepHBM OTHM  M HeOMHyOOMAaJIbHblM, MTO OTpM LiaTe/IbHO O K a3H B aeT C n  

Ha p a ó o T e  o jieK T ponpneM H M K O B . fljin o r^ a x M B a H M a  B u n p s jM J ieH H o ro  to k b  
noc/iefloBaTe^bHO o H a rp y 3 K O fl BK7i»MaioT MHflyKTMBHOCTb. PaooMorpMM o x e M y  

M O O T O B oro B u n p g M M T ejia  o  HenoJiHŁiM  w m o tio m  y n p a B J is e M u x  B eH TM Jieft c  

aKTM BHO-M HflyKTMBHofi H a r p y s K o f l  (P M O .3 .3 ) .

I d

Pmo.3.3. CxeMa M o oT O B oro  y n p a B J is ie M o ro  B unpsiM H T ejia o  HenoTiHUM m m o jio m  

y n p a B ^ ia e M u x  BeHTMTietł o  b k tm b h o —m h æ y k tm b h o îî H a r p y 3 K o íl

OGhmho Ha npaKTMKe MHflyKTMBHoe oonp oT M B JieH w e o r \n a x M B a » n e r o  

$ H ^ b T p a  H aM H oro G ojibic 3 oonpoTM BJieHM fl H arpy3K M , n o 3 T o n y  f in a  n p o o T o r a  

a H a jiM sa  paG oTH  npM Be^eH H O ñ o x e M H  n o jio iM M , m to  L-*oo. B o t o m  o jiy M a e  

xapaKTepMOTMKM p a G o r a  BbinpnMMTeTin G yflyT  MMeTb bm ä, .npM B e/ieH H H ñ Ha 

PMc.3.4.
MooTOBOft BunpsiM M Tejib o  HenoBHHM m m o^oii ynpaBTiaeM H X  B e f r o u ie f l  n p n  

y rn e  p e r y j in p o B a H n n  <x*0 HBJineTOSi n o T p e ó H T e j ie u  peaicTM BHoft m o iq h o o tm  n o  

o o h o b h o H  rapMOHMKe: n e p B a n  ra p x o H M K a  t o k b  i  o T crraeT  o t  H an p sw eH M s
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nwTaHMS u H a y r o j i  <p=a/2. MrHOBeHHyio peaK TH BH yio M omHooTb 

onp efleT O iT b o o r^ ia o H O  B u p a ieH M io  (2.16)
MOXHO

Pmo.3.4. XapaKTepMOTHKM y n p a B J ia e M o r o  B u n p n u H T e ^ n  o HenojiHHM  aw onoM  

y n p a B /m e M H x  B eH T M /ie ti npH  aKTMBHO-MHflyKTMBHofl H a r p y 3 K e  (Ir««)
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a  =  V l =  ( U a - l V ^  , (3.11)

rfle

1+oosa

2 (3.12)

U,d
I. (3.13)

R

TaKMM o 6 p a 3 0 M , q * 0  m b  paocM aT p M B aeM ofl o x e M e  npoM O xo^M T o ô iie H  

3JieKTpoM arHM THOií 3 H e p r n e ß .  Ha M H T epB ajie a - u  n p o B O fla r  t o k  T M pnoT op VT1 

M flMOfl V D 2 , b  s t o  x e  B p e M ü  npoMOXOflXT H a K o n jieH u e  SH epruM

MH/jyKTMBHOOTbB. D o  OKOHMBHMM STOrO M H T epBajia M 3MeHBeTCa nOTlapHOCTb 

H an p axeH M a u ,  w o  B H 3H B aeT  s a n u p a H u e  flMOfla V D 2. B s t o t  MOMeHT BpeweHM  

MHflyKTMBHOOTb L H a^M HaeT oT flaB aT b  H aK on jieH H yB  s H e p r m o  H a r p y s K e ,  t o k  

K O T opofî n p o T e x a e T  a e p e 3  n p o fl0 7 ix a » m n R  ôbiTb o t k p h t h m  tm p m o to p  VT1 m 

OTKpblBmMßCa flM O fl VD1. TaKMM 0 6 p a 3 0 M , M rHOBeHHaa peaKTM BHan MOHJHOOTb 

q iip K y^ M p yeT  n o  KOHTypy HHflyKTMBHOOTb-flMOfl V D l-T M p w oT op  V T l- H a r p y 3 K a -  

MHflyKTMBHOoTb. Bo B T o p o fl n o j iy n e p n o f l  paooM O T peH H an c u T y a u n a  n o B T o p a e T c a  

(b  3TOM o j i y a a e  to k m  n p o T eK a B T  a e p e 3  np oT M B on oJ ioxH H e n j ie a n  M ooT a).

Ht 3 k ,  sjieK T poM arH M T H as S H e p r n a  MHflyKTMBHOOTb» n o T p e ó J ia e T o a  M3 

oeTM  M O T fla eT o a  H a r p y 3 K e , t o  e o T b  b  flaHHOM O T iynae o öM eH a S H e p r n e f t  

M e x fly  m otom hm kom  m n p e o 6 p a 3 0 B a T e 7 ie M  H e n p oM oxo^ M T .

AHajiorM HHH« p e 3 y ^ b T a T  M o x eT  C u rb  n o J iy a e H  npM p a o a e T e  oóM eH H oft 

peaKTMBHoM M oąHooTM  ( 2 . 2 5 ) .  T a x  KaK b  T eaeH M e n e p w o f la  p ( t ) ^ 0  

(P M O .3 .4 ), t o  Qo6 = 0 .

TaKMM o 6 p a 3 0 M , peaK TM BH aa MonjHooTb n o  n e p B o f l  rapMOHMKe, k b k  m b  

n p eflH flym eM  o / i y a a e ,  aB T iaeT oa  M onjHooTbB o flB H r a  $ 3 3 .

M hoíí x a p a K T e p  h o o b t  s jie K T p o M a rH M T H tie  n p o q e o o u  b o x e M a x  m o o t o b o t o  

y n p a B T ia e M o ro  B unpaM M Te.7ia o  noTiHHM mmotiom tm p m o to p o b  ( p h o .3 .5 )  m 

y n p a B T ia e M o ro  B unpaM M T e/ia o  H y ^ e B o ß  to m k o K  T p a H o $ o p M a T o p a  (p m o .3 .6 ) .

P aooM aT pM B aeM H e b  lí npaMMTe jim T a x x e  a B fla B T o a  noT peöM TejisM M  

peaKTM BHOß MODjHOOTM n o  n e p B o í í  rapMOHMKe. C ^ b m f $ a 3  M ex¿¡y o o h o b h o ü  

rapMOHMKOÍl TOKa M H anp axeH M eM  o o o T a B J ia eT  y r o J i  <p=a, t o  e o T b  npM oflHOM m 

t o m  x e  y r ^ e  ynp aB JieH M a a  BeJiMMMHa peaKTMBHOß m o h h o o tm , n o T p eó J ia eM o fl  

oxeM aM M  (p m o .3 .5 ,  3.6), O K a s u e a e T o a  6 o J ib m e, aeM  b o x e M e  (p m o .3 .3 ) .

M rH OBeHHaa peaK TM BH aa MomHOOTb, KaK m b  n p eflu ^ y m eM  o j i y a a e  OTTinaHa o t  

Hy jia

*  = V l  = (ud"ud>1.‘d d ' d  ' (3.14)

rfle

(3.15)
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i'd

Puc. 3.5. CxeMa y n p a B J ia e m o r o  m o c r r o B o r o  BHnpaM M TeJia o  n o /iH U M  4 m o jio m  

TMpMOTOpOB O aKTMBHO-MHflyKTHBHOß H arp y3K O Í¡

Pmo.3.6. Cxewa ynpaBJiaeMoro BunpaMHTeJia o HyTieBofi tomkoA 
TpaHOlJlOpMaTOpa O aKTMBHO-MHflyKTMBHOfi Harpy3KOfi

OflHSKO Ha M H T epsaT ie a - v .  3 H e p r n a ,  s a n a o e H H a a  b HH^yKTMBHOOTM, 

nepe^aeToa n a r p y 3 K e  n e  aepes THpwoTopu, a  vepe3 motowhmk, to eoTb b  

flaHHOM o j i y a a e  np oM oxoflW T  o ö M e n  ojieK T poM arH M T H oö O H e p r w e ñ  M ea ^ y  

n p e o 6 p a 3 0 B 3 T e 7 ie M  u  m o to m h m k o m  O H e p r n n .

Tax Kax urnoBeHHaa MonjHOOTb MeHaeT OBOfl 3Haic b TeaeHne nepwofla 
(pno.3.7), t o  oóMeHHaa peaxTMBHaa MomHoorrb (2.25) OTJiMMHa o t  Hyjia
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Pmo.3.7. XapaKTepMOTHKM ynpaBJinemoro BunpHMHTe ŝj o nołiHHM wanoM 
TMpwoTopoB M ynpaB^neiioro BunpnnnTe7isi o HyjieBofl tosko« TpaHO$opnaTopa 

npn aKTMBHO-MHflyKTMBHoa Harpy3Ke (L-*oo)
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n  a / "  t i  T / 2Q = -  f  (P^p(t)) d t  + -  f  (p (t) -P )  d t  =
T  J  T  J1 O * a /u

it 2a 2a
= I dUmo o s a - ( -  -  a )P  = —  I dUm[ i - ( l  -  — )oosa ]

(3 ,1 6 )

2 n ti
TaKMM o 6 p a 3 0 M , b  o x e M a x  s t m x  BbinpaM M Te/iefl O T cyT O T B yeT  o C m g h  

s H e p r u e ß  M e x ^ y  h o t o v h m k o m  m n p e o ô p a s o B a T e / i e M  T o jib x o  b  o j i y a a e  g ^ O .  

OTMeTMM, m t o  M o n o /ib 3 0 B a H n e  p aooM aT p M B aeM U x o x e M  n p e o ö p a s o B a T e / i e ü  M eH ee  

BUrOflHO, MBM OXeMU MOOTOBOrO BUnpHMMTejia O HenO/IHblM MMC7IOM TMpHOTOpOB. 

B o t h x  o x e j n a x  H a p a ^ y  o  6o7ibmMM m m o tio m  ynpaBT iaeM H X  B eH TU Jieñ w m eeT  M ecTO  

B flB a  p a 3 a  ó o /ib in u f i c f lB u r  $ a 3  M e x f ly  nepBhiM M  rapMOHMKaMM TOK a u  

H a n p a x e H M a . 3 t o  b h 3b s h o  TeM , m t o  p e a x T M B H a a  MomHOOTb n e p e o t ?  rapMOHMKM  

o P y o ^ o B T ie n a  x a x  M omHooTbio o f lB w r a  $ a 3 ,  T a x  m oÔM eHHofl peaxT M B H oft

MOnjHOOTblO.

rip n  HeoöxoflMMOCTM  n o n o ^ b 3 0 B a H M S  o f lH O $ a 3 H o r o  B unp aM H T ejia  o  H y / i e B o «  

t o m x o H  T p a H O $ o p M a T o p a  f l / ia  O H M x eH n a  Be/iMMMHbi n o T p e ó J ia e M o f i  p e a x T M B H o ii  

MomHOOTM n o  n e p B o f l  rapM O H M xe npMMeHsnox o x e M y  o  n y /ie B h iM  am ok om  

( p n o .3 . 8 ) .

VT1

Pno.3.8. CxeMa ynpaB/iaeMoro BhinpaMMTe/ia o Hy/ieBoß t o m x o A 

T p a H o $ o p M a T o p a  m H y/ieBUM  r v io r o m

X apaicrepuoT O K M  s t o A  o x e M u  aH a/iorn M H u  x a p a x T ep w o T M x a M  y n p a B J ia e w o r o  

M O O T O B oro B b in p aM H T e/ia  o  H eno/iH U M  m m o /io m  T u p n o T o p o B  n m m s io t  b u r , 

np u B efleH H b iñ  H a  pno.3.4. H a  H H T e p B a /ie  a - n  t o k ,  3 a n a o eH H H ft

MHflyKTHBHOOTbß, npOXOflM T W ep e3  flHOfl VD, MWHya KOHTyp BTOpHMHOfl OÓMOTKK
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T paH O $C D M aT opa, t o  e o T b  3 f l e o b  TaK x e  oT oyT O T B yeT  o ô m g h  O H ep rv ieñ  M ex fly  

BunpsM W TejieM  w m o tohhm kom  n u T aH u n .

3 . 2 .  PeaK T M B H an MomHOCTb T p e x $ a 3 H U x  m o c t o b u x  n p eo G p a 3 0 B a T & n eft

PaooM O TpuM  p a ö o T y  m o o t o b o i - o  y n p a B T ia e M o ro  BbinpsiMMTeJifl T p e x iJ ia 3 H o r o  

T o x a  ( p n o .3 . 9 ) .  R n a  npocrroT H  aH aTiM sa paooM O TpuM  xapaK T epnoTM K H  B u n p a -  

MMTeTisi Ana  oflHOÜ $ a 3 u .  Ha p n o .3 .1 0  n p w B efleH H  K p n B u e  H a n p a x e H i ia  u  T o x a  

T p e x $ a 3 H o r o  BunpnM M Tejia n p n  b k t m b h o —MHqyk t m b h o $  H a r p y 3 x e  u  L-mo.

A fi-

C j6-

l i  l i  l\

Ld

i i  l i  ¿Í

Ud

t oU r r

u,

P w o .3 .9 .  C x eM a  y n p a B T ia e M o r o  MOOTOBoro Btm paM M Teiia T p e x $ a 3 H o r o  T o x a

Plepßaa rapMOHMKa $a3Horo Toxa oTOTaeT o t  Hanpaxeroin Ha yrojj <p=a, 
t o  eoTb Tpex$a3HHii m o o t o b o B  BbmpaMHTejib aBJiaeToa noTpeóHTe/ieM
peaKTMBHoW MomHooTH no nepBotl rapMOHMKe. MrHOBeHHas peaicTMBHaa
MomHooTb q  onpe^e^aeToa BupaieHMeM ( 3 . 1 4 ) ,  a opeflHee 3HaaeHne 
BHnpHMJieHHoro HanpaxeHMa Ud -  BupaxeHVieM ( 3 .1 5 ) .

ripn y r i i e  ynpaBTieHMa a = 0-it/6  MrHOBeHHaa MoqnooTb p npeo6pa30BaTe.na 
ooTaeTca noJioxHTejibHOfl u OHeprua, 3anaoeHHaa MHflyKTMBHOCTbio, OTflaeTca 
Harpy3xe aepe3 OTKpnTbie TnpnoTophi. OftMeHHaa peaKTMBHaa MonHooTb (2.25) 
Qc6=0. PeaKTMBHaa MoqHOOTb no oohobhoH rapM O H M xe o n p e f le j ia e T o a  b s to m  

OTiyaae noKJHoanTe^bHO MoqHooTbK> o f lB w r a  $ a 3 .  ripn y r j i e  ynpaBJieHua 
oc=n/6-n/2 b  x p w B o íí MTHOBeHHOtl MoqHOOTH p  n o a B ^ a c T o a  y a a c n a i

oT puqaT eT ibH O ñ n oJiap n ooT M  ( p n o .3 .1 1 ) ,  m to  r o B o p H T  06 oC M eH e O H e p r a e fl
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Pmo.3 .1 0 . XapaKTepnoTwcn y n p a B T ia e M o r o  u o o T O B o r o  BunpaM H T eJin Tpex<J>a3- 

H o r o  t o r b  npw aKTMBHO-MHflyKTMBHOft H a r p y s K e  (L-«o)
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t ie x A y  H a r p y 3 K o ft  a  m oto m h h k o m . r ip n  t s k o m  a n a n a a o H e  m3mgh©hmsi y  m a  

yn p aB T ieH u n  T w p n o T o p o B  9 H e p r n a ,  s a n a o e H H a a  MHflyKTMBHooTbio, O T flae-roa  

H a r p y 3 K e  H e a e p e 3  tw p m o t o p h ,  a  M ep e3  m o to h h m k  nvrraHMa.

Pho.3.11. XapaKTepHOTMKM y n p a B J ia e i io r o  T p e x $ a 3 H o r o  iio o T O B o r o  

B hinp aiiH T eJia  n p w  aKTMBHO-UHflyKTMBHofi H a r p y 3 K e  (L-*«o) u  y r / i e  

ynp aB JieH M a a=n/6  -  n /2

OóMeHHaa peaicTMBHaa MorçHocrrb (2 .25) n p w  y r T ie  ynpaB7ieH«a ajm/6

B n /6 - f g

'  3 1 1 % “  3 n  »u
Q. = —  I I aUms ln u t  d t  I I dUms in u t  d t  -

^ « / i t a  ^  n /u

3 71

• <i) ■ •

5 n / 6 + a
n /u  _ uV 3n r i
J P d t  + —  J P d t  = 3 [ I dUm( l  -  - s i n a ) -

T  J Ta - n /6  n /u
(3.17)

2 n  1 2 a
-  P (—  -  a)] = 31 .U [ l  s in a  -  (  )^3oosa] ,

3 2 3 ti

r v je
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6n/6ttt
2  . . .  u  ■

= I J dt = -  IaUœoo s«  . (3.18)
n / 6 t a  71

Tbkmm o 6 p a 3 0 M , n p n  y r j i e  ynpaBJieH M H  0 0 11/6  p ea x T H B H a a  M om nooT b  

n ep B O ñ  rapM O H H K M  o n p e f le j ia e T o a  x a x  MoąHOOTbD a / p u r a  $ a 3 ,  TaK u  

MrHOBeHHOR peaKTHBHOR MOIQHOOTblO.

P e r y ^ u p o B O M H a s  x a p a x T e p n o T H x a  y n p a B T ia e M o r o  T p e x $ a 3 H o r o  i i o o T c s o r o  

B unp aM H T ejia  n o x e T  CuTb H aR fleH a  H H T erp n p o B a H n eM  kpm boR  u d  Ha H H T ep B a a e  

- n / 6 + a  -  n / 6 + a

j  n / 6 + a

Ud = -------- f  ̂ 3Ums ln u t  dt = Ud0o o sa  , (3.19)
* / 3 - n / 6 + a

r / j e

3^3
Uao = —  •

Tl

B o n y a a e  añoro  axT M B H oR  H a r p y 3 x n  B H n p s M H T e ^ s  n p n  a ś n /3  
p e r y T i n p o B o a H a a  x a p a K T e p n o T n x a  n M e e T  T a x o R  l e  b h ^ ,  x a x  m n p w  

aK TM BH O -H H A yxTM BH oR  H a r p y 3 x e  (3.19). n p n  a=u/3 -  2 n /3  o p e / j n e e  3 H a a e H n e  

B a n p H M J ie H H o r o  n a n p a x e H n a  o n p e f l e j i a e T o a  B u p a x e H n e M

 ̂ Tl
Ud  =  ------- J  | 3 U ms i n u t  d t  =  Ud 0[ i + o o s ( -  +  a ) ]  . (3 .2 0 )

n / 3  n / 3 + a  3

P eryjiH p oB O M H an xapaxTepnoTHKa B unpaM M T e^a flj ia  ouyaaeB L=0 u L -*»  

n p M B efleH a  Ha pno.3.12.
AH37IM3 npMBefleHHBX o x e u  OflHO- H T p eX $ a 3 H H X  BŁjnpaMMTeTieR

npoBO flM Tios ô e 3  y a e T a  b  .M a n n a  H H flyxTH BH ooTeR  p a o o e a H n a  n e p e n a n o R  h  

B T op n aH oR  oômotok T p a H o $ o p M a T o p a , a  Taxxe n H flykthbhooth nn T aiom eR  o e r a .  

HHflyicTMBHocTM p a o o e a H n a  o x a 3 H B a io T o a  Ha n p o y e o o e  n e p e x o ^ a  T o x a  H a r p y 3 x n  

o  o f lH o r o  BeHTMjia B unpaM H T e7ia  Ha f lp y r o R .  B B u n p a M H T e^ a x  n a ; io R  moihhooth 
B B n a y  M a /io r o  s H a a e n n a  nH flyK TH BH ocTn p a o o e a H n a  xoM M yT aqnio T o x a  oan T aioT  

M rHOBeHHoR n  b p a o a e T a x  H e  y a n T U B a c r .  B B ijn p a M n T e ^ a x  ôoJ ibm oR  M o m H o o m  

xoMMyTayna Toxa MoxeT 3aH nM aT b 3 H a a n T e^ b H u R  n p o M e x y T o x  B p eM eH n  n  

o x a s u B a T b  o y m e c T B e H H o e  B J in aH n e H a p a ô o T y  B H npaM H T ejia.

RHflyxTHBHOOTn p a o o e a H n a  nepBMMHoR Lsl n  B T op n aH oR  Ls2 oômotox
T paH O $opM 8 T o p a  n  HHflyxTMBHOOTb n w T a » m eR  o e T n  Lc  ya H T H B a » T o a  oyMMapHHM

HHflyxTMBHHM o o n p o T n B  TieHneM x a , np nB e^ eH H U M  x  B T op n aH oR  oôM O T xe  

TpaHoÿopuaTopa
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xa = uLa = «CL.a+0-.,+L o) ( - 1)a] , (3.2i)
2

r f l e  Wt> W2 -  a n o .n o  b m t k o b  n e p B n a H o f l  h  b t o p h h h o A  o ó m o t o k  

T p a H o $ io p M a T o p a .

V

Pmo.3.12. P ery jiM poB O M H Ł ie  xapaicT epM O TH K M  y n p a B n a e M o r o  m o o t o b o i-o  

B unpaM M T ena n p w  L=0 u Lr*a>

PaocM O TpM M  n p o q e o o  K O M M yTaqnn f l j ia  o f lH O $ a 3 H o r o  y r i p a B n a e u o r o  

B u n p aM M T ejia  o  H yneB U M  b u b o a o m  ( p n o .3 .1 3 )  n p n  aKTHBHO-HHflyKTM BHOtł 

H a r p y 3 K e ' (L-»«o). Bo B p eM a  K O M M yT aqnn T u p n o T o p u  VTi u VT2 3 a  c a e T  

HaJIMMUa MHflyKTM BHOOTea Xa l ,  X a 2  O Ka3hlBaiOTOa OTKPUTUMM H 0 0 3 f l a » T  

K opoT K 03aM K H yT Ł iil K OHTyp a n a  n o o j ie f lo B a T e j ib H o  o o e f lU H e H H u x  b to p h m h h x  

o ö m o t o k  T p a H o $ o p M a T o p a  o  oyM M apHHM  H a n p a x e H w e M  u 2 - i + u 2 - 2  M 

conpoTM B T ieH M eM  x a l + x a 2 - Ha M H T e p B a n e  K O M M yT aquñ y  H a n p a x e H H e  u d  

o n p e ^ e n a e T o a  c n e n y io m u M  o 6 p a 3 0 M

U2 - l +U2 - 2
Ud  =  ---------   . ( 3 .2 2 )

TaK KaK oTHoowTejibHO HyjieBoro BUBOfla u2_i=-u2-2’ TO Ha MHTepsane 
r  ud=0 (pno.3.14). B obs3m o 3TM4 HanpaxeHHe Ud OKaauBaeToa iieHbine, 
MeM n p n  t = 0

Ud  =  UdQo o s a - A U dT ,  ( 3 . 2 3 )
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r f l e

O + ï

AU,
A ï

s i n u t  d u t  =  ------- [ o o s a - o o s ( a + y ) ]  .
n

(3.24)

Pmo.3.13. CxeMa y n p a B n a e M o r o  B unpaM M T ena o  H y n e su M  b u bo a o m 
T p a H o $ o p M a T o p a  h  y a e x o M  HHflyKTHBHOOTefi p aooeM B aH M a

A H anw 3 n e p e x o f l H o r o  n p o q e o o a  b o  B p eM a M H T ep B an a KOM MyTaqnn y  

n o 3 B o n a e T  o n p ef len M T b  B e n im n H y  o T K n o n e m ia  H a n p n x e H u a  A U .

I rtxa a
(3.25)

r f l e

X =  y  =  X a 1 2

Takmm o6pa30M , perynw poB oaH aa xapaKTepwoTMKa BunpaMMTena H M eeT

oneflyioniMM BMfl
I „ x _  a a

v a  =  u d o o o s a (3.26)

yron KOMMyTaqvw y  M o x eT  6uTb onpefleneH M3 BupaxeHMa

I ûxa
y =  a r o o o s [ o o s a  -

{ 2 U ;
(3.27)



Pmo.3.14. XapaKTepwoTM KH y n p a B n a e M o r o  B u n p su iM T en a o HyneBUM  b u b o ^ om 

TpaHo$opMaTopa u  yaeTOM MHflyicTMBHooTeti paooenBaHna npH 
axTMBHO-HHflyicTMBHOtt H a r p y 3 K e  ( L m )
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Kax BMflHO M3 ^M arpaM M  ( p n o .3 . 1 4 ) ,  sB exT p oM arH M T H u e n p o q e o o u  b  

BunpsiM M T eBe o  y^eTOM  MHflyxTHBHOOTH paooesiH M H  o o T a B T o n  T e n u  x e ,  mto  m 

n p n  x a = 0 .  O flH axo  o B e ^ y e T  oTMeTMTb, wto aB B eH M e KOMMyTaqnn npuB O flU T k 

flonoBH M Te^bH OM y O flB M ry  $ a 3  n e p B o f l  rapM O H wew T o x a  BhinpaMM TeBa m 

nnTaK >m ero HanpaxeHMa. C flocrraTOHHOfl ;pia npaxT M M eoxM x p ao^ eT O B  

TOMHOOTbB i« 3 0 B H t ł  y r o B  o n p e f le B a e T o a  B u p a jte H n e w

<p = a  + -  
2

(3.28)

B MOOTOBoft o x ex e  BunpnMMTeBa (pno.3.15) KOMMyTapMOHHue npoqeooa 
aHaBorMMHU npe^uflymeny oBy^a». Ottimmmc 3axB»aaeToa b tom, vto b nepnofl 
xoMMyTauMM B npoBOflaiqeM oootosjhmm HaxoflSJToa Boe MeTHpe Tupucrropa. 
PeryBMpoBOMHaa xapaxTepucmixa mootoboR cxewu

ua = uaooosot - (3.29)

a  y r o B  xoM M yT aqnM

4 a
T  =  a r o o o s [ o o s a  - - ] - a  . (3.30)

2{  2 \
0

Ul1 \
K ud 1 3

u«ty

i Í  1 \

L

R

Pmo.3.15. Cxeua M o c r r o B o r o  y n p a B B a e n o r o  B u n p aM M T eB a  o yaeroM  

MHflyXTMBHOCTTO p a o o e M B a H M a

4>a30BuR oflBMT nepBofi rapMOHvncM Toxa BunpaMMTeBa m nuTacnero
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H a n p a x e H a a  o n p e f le j in e T o a  B u p a x e n w e s «  (3.28).
B T p e x $ a 3 H H X  ynpaBT ineM U X  B u n p a M M T ex sx  K O M xyTaqnoH H we n p o q e c c n  

HOOsiT aH a^ oru M H u ß  x a p a x T e p .  Ohm o ô y o jio B J ieH H  n e p e x o flO M  T o x a  o 
TMpMOTopa, 3aK aH M M B a»m ero p a ö o T y ,  Ha tmpmotop, BO TynaioąM fl b p a ô o T y .  

C p e f lH e e  3H aaeH M e B u n p a m ie H H o r o  H an p axeH M a o n p e f le J ia e T o a  BupaxeH M eM  

(3.23). O flH axo  B H p axeH M e /p ia  OTX^oHeHMa H an p axeH M a AUd j  MMeeT

He0K 07IbK 0 MHO« BMfl

3 r {3  3^3
AUdT = -  J —  Um2sin (u t+ a ) du t = ----  Um2(oosa-

31 (3.31)
a  &

-  0 0 s  ( a + x ) )  =  ------------ .
it

n o o j i e  noflOTaHOBKM B tapaxeH M a (3.31) b  (3.19) n o T iy w M

3 ïdxa

Ua  =  U d o 0 0 5 *“ ---------------------■ <3 ‘3 2 >n
H HflyxTM BHoe oonpoTM B JieH M e x fi, M o n o jib 3 y e M o e  b  npM BefleH H H x B um e  

B H p a x eH M a x , m o x h o  onpefleT iM T b n o  H anp axeH M io x o p o T x o r o  3an h ixaH H a u K 

T paH O $O pM 8T O pa n p n  HOMMHajIbHOM nepBMMHOM TOXe I lHOM.

UK Ui
x = --------2-------- . (3.33)

100 "  *1.0«

r f l e  U t  -  nepBM M H oe H a n p a x e n n e  T p a H O $ o p n a T o p a ;  

n -  xo3<|>4iMi4MeHT TpaHO$opMaqMM.
B T p e x $ a 3 H H X  MOOTOBbix B H npaM M T e/iax, T a x  x e  x a x  m b  o^ H O $a3H H X , 

KOMMyTaqMH T o x a  npMBO^MT k  y B ejiM te H w o  oflB M ra $ a 3  w e x ^ y  n e p B o ft  

rapMOHMKO« T o x a  m H anp axeH M eM , x o T o p H fl o n p e f le ^ a e T o n  B u p a x e m t e u  (3.28). 
B ooTaJibHOM  KOMMyTaqMOHHbie n p o q e o o u  H e o x a 3 H B a » T  o y iq e o T B eH H o r o  BTiwaHMa 

H a STiexTpoM arHM THHe n p o q e o o w  n p e o 6 p a 3 0 B a T e J ia .

3.3. P e a K T M B H a a  M o n tH O C T b  b  c e  T a x  ¿ t y r o B n x  C T a n e r u i a B m i b H u x  

n e a e M

f ly r o B u e  oT ajien jiaB M Jib H u e n e a a  (flCTI) a B J ia c T o a  noTpeCM TejiaM M  x a x  

aKTMBHO«, T a x  M peaKTMBHO« MOmHOOTM. flCfl npeflOTaBJKUDT 0060« neMM 

n p a M o r o  H a r p e B a ,  b  kotophx f l y r a  ro p H T  w e x ^ y  o ^ e x T p o f lo n  m M era-n-ioM . 

Han6o7ibmyc MonjnooTb flcn n o T p e ó J ia e T  b n e p a o f l  p aon jiaB JieH M a M eT a a jia . B 
STOT nepM O fl p aS oT b i x a p a x T e p H O  ö o j ib m o e  mmqjio a a c r r a x  axonjiyaTaqM O H H H X  

KOPOTKMX 3aMHXaHM« M SHaHMTeJIbHhie MOXaXeHMB T o x a  H arpy3K M . C pOCtTOM 

eMKocTM neaM  m modihootm r m T a o iq e r o  T p a H O $ o p n a T o p a  npoM oxoflM T  CHMxeHMe
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K0 3 <ixî>HMneHTa MomHOOTM. T b k ,  b  flCIl-10 M flCn-20 oos<p=0,75-0,88, a b  

flcn-100 m flCn-200 xo3$<i>M m.ieHT MonjHOOTM o o o T a B T is ie T  0,72-0,73 [13].
O x n fla e M u R  K 03$$M L ineH T  m o ih h o o tm  n e w  flCn-300(400) o o o T a B J i s e T  0,6-0,65. 
r io T p e O n e H M e  n ew b io  p e a x T M B H o ß  m o h ih o o t h  n p o M o x o ^ M T  H e p aB H O M ep H o , w o  

o y m eo T B e H H O  B ^ n n e T  H a y p o B e H b  x o .n e6 aH M fl H a n p n x eH M H  b  n n T a » n je ( i  oeTM . 

f l n a n a 3 0 H  w acTO TH  KOTieöaHM fl H a n p n x eH M fl H a x o flM T o n  b  n p e f l e j i a x  0,1-25  F q .

Y p o B e H b  rapM O H H K , r e H e p u p y e M H X  flCn, o ö h v h o  o x a 3 H B aeT O H  b  3-4 p a 3 a  

w e H b n i e ,  M eM  y  BeHTM JibHfcix n p e o 6 p a 3 0 B a T e 7i e f l .  X a p a x T e p H a s  ooq M T iT iorp aM M a  

TOK a flCn n p M B e f le H a  H a  pno.3.16.

Pho.3.16. Ooqun^orpaMMa Toxa flcn

XapaxTepHue ypoBHM rapM O H M X  Toxa flCTI 
np M B efleH bi B T a 6 7 i . 3 . 1  [60].

np M B efleH H H e ypoB H M  rapMOHMX o t h o o b t c s  k 

n ep M O fly  p a o n j ia B ^ e H M S . B flpyrwe n e p w o f lu  

ruiaBKM ( OKMCTieHHe, p a $ w H n p o B a H n e )  c o f le p x a H H e  

rapMOHHK B KpHBOfi TO K a 3Ha4MTe.71bHO

yM eH binaeT O H .

ynpomeHHas oxeMa saMenjeHHs KopóTKOfl 
OeTM flcn OOOTOHT M3 nOOJie^OBaTeTlbHO 
BKWSMeHHHX TIMHeftHHX äKTMBHOrO r  M

peaKTMBHOrO X OOnpOTMBJieHMfl KOPOTKOM oeTM H 
HejiHHeRHoro axTMBHoro oonpoTHB/ieHMn flyrn En (pno.3.17).

Ta6;iMqa 3.1

V V i t ,%

2 7 ,0
3 5 ,0
4 3 ,0
5 5 ,0
7 2 ,7
9 0 ,8
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Pmo.3.17. CxeMa 3 a » i e m e H i i n  K opoT icofl oeTM flCT 

flTiü npM BefleH H O fl o x eM U  3aM eqeH M Si MrHOBeHHyio M onpiooT b m o x h o  

o n p e^ e jiM T b  no B w p a x eH M »  (2.16)

x d i
q = u. i  = — 1 —  . (3.34)

u d t
noxaran

00
i  = E I1|t)sin(MJt+^v) , (3.35)

v =  1

nojiymrai

q = 2I*x ( E I^ sin iv c jt-f^ X  E vl*oos(vw t+*v»  . (3.36)

Ha p m o .3 .1 8  npM B efleH H  oTHOOM TejibHue SH a^eH M a MrHOBeHHOfl 

peaKTM BHoft MoqHOOTM n e « w  q * = q / I ^ x  m MrHOBeHHOfl peaKTMBHOfl m o iq h ootm  n o  

n e p ß o f l  rapMOHMKe q * = q 1/ I j X = s i n 2 w t  npM npoqeHTH OM  ooflepxaH M M  bm ciu hx  

rapMOHMK, npMBefleHHOM b  Ta6.n.3.1. Kax b m ^ h o  M3 n p M B e f le m o r o  pM cyHKa. 

3HäMeHMe MTHOBeHHOfl IIOmHOOTM q *  O yneO TBeH H O  O T^M iaeTO fl OT MOnjHOCTM 

q * . C T ieflO B aTe/ibH O , npM tb k o m  y p o B H e  b h cid m x rapMOHMK peaK TM BH yr  

MoiqHOOTb, n oT p eG T isieM yc flCTI, H eoöxoflM M O  o n p efle^ H T b  o  yaeTOM

HeoMHyooMflaiibHOOTM  k p m b o H TOKa. M rHOBeHHan peaK TM BH aa uoqH O CTb q  

x o p o m o  annpoK O M M M pyeTon OKBMBaneHTHoH OMHyooM floft q * .  awnTiM Tyfly x o T o p o fi  

m o x h o  o n p efle^ M T b  M3 p aB eH O T B a n j io q a f le f l  n o f l  otmmm  k pm bh m m  [ 6 9 ]

o! = (— f |q*l dt)sin2ut . (3.37)
^  2 T  J0
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P M O .3 .18 . rpa$M KM  MTHOBeHHHX peaKTMBHHX MOiqHOOTefi f l c n

y w n tB a n , w o  cp e^ H ee  3HaaeHMe q* paBHO H yjic, t o  3KBmsa.neHTHyio 
MonjHOOTb q 3 m o x h o  onpeflejiMTb M H T erp n p o B aHMeM 3a a e T B e p n  nepviofla q * .  

OflHaxo oTie^yeT yw ru B a T b , w o  MHTerpMpoBaHMe HeoöxoflMMo HaMMHaTb b 
MOMeHT BpeMeHn t ,  Korfla $ a 3 a  q  p a B H a  Hy/no

o , , T / 4
* r  %%  = (—  q d t)s ln 2 u t  . (3.38)

T  Jo

P aoM eT  n o  BTOMy B u p a x e H M »  a a e T  3 H a a e H n e  OKBH Ba/ieH TH oß Mi-HOBeHHOft 
p e a K T H B H O ft  MOBJHOOTM

q* = 0 ,474sin2w t . (3.39)

n o  oTOMy B H paxeH M io m o x h o  o n p e ^ e /iM T b  3K B na7ieH T H oe 3 H aaeH M e  

peaKTHBHOfl MonjHOOTM, n oT p eö T ia eM o R  n e a b » ,  n p w B efleH H O « k o o h o b h o A  

rapMOHMKe

Q g =  0 , 4 7 4 I j X . .  ( 3 . 4 0 )

jBkm m o 6 p a 3 0 M , n p w  npwBefleH H O M  b  T aÖ Ji.3 .1  y p o B H e  rapMOHMK TOKa 

peaKTMBHaa MoqHOOTb, noTpeöTineMan neabio, ö o j ie e  aeM b 2  p a 3 a  MeHbme 
peaKTMBHOß MoqHocTM riepBoü rapMOHMKM.

PaooMOTpMM B onpoo onpeflejieHMsi peaxTMBHOß mohhootm flCIl Kax
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p e 3 K o n e p e M e H H o f t  H a r p y 3 K n .  J¡,mi  S T o r o  n p o B e f le w  a H a jo r a  n e p e x o ^ H o r o  

n p o q e o o a  H L  q e n w  n p n  H a ö p o o e  peaxT M B H O fl H a rp y sK M . K a x  M 3BeoTH O , 

H a n p a x e H M e  H a  MHflyxTMBHOOTM u l  h  t o k  a e p e 3  H e e  1 b  o 6 q e n  o T iy a a e  

o n p e f l e 7 i a » T o a  B H p a x e H M sa m

■K —
UL = -  -łO+IU^sinfl^łOe L ; (3.41)

t x
i  = Imsln(ut+l>-<p)-IiBsln(4>-(p)e Ł , (3.42)

r q e  4> -  H a ^ a ;ib H a a  $ a s a  H a n p a x e m ia ;

uL
<p = arcrtg—  . (3.43)

H

H aaa;ib H H e 3H aaeH M a o b o G o ^ h h x  o o o T a B x su o q H x  H a n p a x eH w a  m T o x a  6 y q y T  

MaKOMMajIbHHMM npM Ą)-<p=±Tl/2. B 3TOM O fly a a e  f lx a  MTHOBeHHOfl peaXTMBHOtt 

M oqHooTM  MOXHO 3 a n n o a T b

2  _ î£  2 - 2 t R

q  =  - w L I 2 [ s i n 2 u t - ( — o o s u t + s l n u t ) e  Ł +  -  e  L ]  . ( 3 . 4 4 )
u L  L

AH37IM3 S T o r o  B u p a x eH M a  n o x a s u B a e T ,  mto y x e  a e p e a  0 , 1 - 0 , 3  n e p w o q a  

M rH OBeHHaa M o q n o o T b  q  n e p e x o f lH o r o  n p o q e o o a  n p a x T iiv eo K H  H e OTTivtaaeTca  

ot MrHOBeHHOft p eaxT H B H oß  M oqHooTM  yoT aH O B M B m erooa  pexM M a

qycT = -uL I2s in 2 u t  . (3.45)

H o x o f la  M3 3 T o r o ,  npM p a o a e T a x  x o jieó a H M fl H an p axeH M a b  o e T a x  o  flC Il, 

a  T a x x e  B H ó o p e  op eflO T B  KOM neHoaqxM  peaxTM BHOft m o h h o o tm  e e  qonyoTM M o  

o n p ef leT ia T b  b  yoTaHOBM Bm eM oa pexM M e; npM o to m  nepexoflH H M M  n p o q eo o a M M  

MOXHO n p e H e ö p e a b .

Kax M 3B eoT H o flC n  a B J ia eT o a  o y q e o T s e H H O  HeouM M eTpM aHoft H a rp y 3 K o £ ł. 

P eaxT M B H aa MoqHOOTb neaM  n p n  HeoM M M eTpnaH ofi 3 a r p y 3 x e  4 » 3

Q(t) = « A(tK Q B(t)+Qc (t) . (3.46)

P eaxT M B H u e mobjhootm  O T flex b H u x  4 » 3  BBM qy B ep oaT H O O T H oro x a p a x T e p a

M3MeHeHMa t o x o b  n p e q o T a B x a io T  o o ö o f l  o x y a a ilH H e  $yH xq n M . M a T e u a T M a e cx o e  

oxM flaH M e peaxTM BHOfi M oqHooTM  mQ p a ß  h o  o y w u e  uaT eM aT M aeoxM X  oxM qaH H fl 

MOqHOOTeß OTfleXbHHX $ 3 3

mQ =  mQA+m QB+m QC • ( 3 -4 7 )

n p o q e o o H  H3MeHeHMa peaxT M B H U x M onjH ooT efl OTflexbHHX 4 « 3  a B x a c r c a  

xoppejiM poBaH H H M M , n o o T o u y  flM onepoM a peaxT H B H O ß m o q h o o tm  nean 
o n p e q e x a e T o a  o yaeTO M  xo3$4>Hi4MeHTOB B3anM HOfl x o p p ex a q H M  MoqHOOTefl 4 ^ 3
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D«  =  DQA+ D a B + D QC+ 2 (DQAB+ D QBC+ I W  * <3 ' 4 8 >

AHa/IMS B38MMHHX K O p pe 71 SqMOHHHX $yHKL|Hfl MOHJHOOTefl OTfleTIbHHX $ 8 3  

[53] n o K a s a j i ,  m to  H op M u p oß aH H w e K03$$ML¡MeHThi B3awMHOfi K o p p e s a y m i  b 
reM eH n e  n/iasK M  npaicTMMeoKM nooT oaH H hi u p a ß  h u  pAB=pBC=pCA=0,9. B SCT1 
f l a x e  n p n  ouM M eT puaH ow  n w T a » m e n  HanpnxeH M M  m o ih h o o th  f l y r  O K a3U B aißT oa  

P337IMMHUMH. STO OÖyOTlOBTieHO KaK HeOMMMeTpMeß KOpOTKOÖ OeTM , T3K  M 

BAnnHMeM pa37iMHHHX O T iyaaß H u x $ a K T o p o B , HTO npMBOflMT K nepeHoay 
MomHOOTM M3 o flH o ß  K paftH efl $ 8 3 H  b A p y r y io . B p e 3 y 7 ib T a T e  o flH a  M3 f ly r  

G y fleT  MMBTb n o H M ieH H u e  H a n p n x e H n e  m MoiqHOOTb ( t b k  H a s u B a e M a a  " iie p T B a a "  

$ a 3 a ) ,  a  f l p y r a s ,  H a o P o p o T , n o B u m eH H u e (" f lH x a s "  $ a 3 a ) .

B T a ó T in q e  3.2 n p w B e fleH H  M a T eM a T n a e cK M e  o x m a s h m s  n t* , m * , m* m 

o p e flH eK B aA paT M M eoK M e oTKAOHeHM a a*, a*, a* M om HOOTeñ "M ep T B O fl" ,

" c p e A H e i ł "  m "A M Kofi" $ a s  b  OTHOovrreTibHHX eflM H M ijax  (npM H S T o m* =1 ; a*=l)
AJifl flCn-200. M aTeM aTM w eoK M e oxM flaH M a m opeflH eK B aflp aT M M eo K M e o t k a o h c h m s  

peaK T M B H U x M oniHOOTeii "M ep T B o K ” m "AMKOft" $ 3 3  flCTi-200 B C p eflH eM  

o n p e f le T ia s o T o a  n o  B u p a x e n n a M

m* = 0,94m* ; a* = 1,12a* ;
(3.49)

m* = 1,02m* ; a* = 0,96a*

TaóTiMua 3 .2

$a3a
Opon/iaB
TieHMe
nepBux
KOJIOfl—
y e ß

riooTie 
nepBoro 
noBopo- 
Ta BaH- 
HH

riooTie 
BToporo 
noBopo- 
Ta BaH- 
HH

06ba^u 
mnxTH

n o a n e  
noABaji- 
KM IHMX— 
TH

OKOHMa 
HMe pa 
onjiaß- 
TieHMS

Cpefl-
H ee
3H 3M e-
HMe

K 0 ,9 5 0 ,8 5 0 ,9 9 0 ,9 5 0 ,9 4 0 ,9 4 0 ,9 4'’MepTBan”
°*U 0 ,6 7 0 ,9 4 0 ,6 6 1 ,1 6 1 ,1 9 2 ,0 8 1 ,1 2

K 1 ,0 0 1 ,0 0 1 ,0 0 1 ,0 0 1 ,0 0 1 ,0 0 1 ,0 0"opeflHflH*’
° c 1 ,0 0 1 ,0 0 1 ,0 0 1 ,0 0 1 ,0 0 1 ,0 0 1 ,0 0

mn 1,01 1 ,01 1 ,0 4 1 ,0 3 O

1

1 ,0 2 1 ,0 2'flMKaSî"
< 1 ,1 3 0 ,8 4 0 ,7 1 0 ,7 8 0 ,9 3 1 ,3 0 0 ,9 6

B TaöBMye 3.3 npMBefleHH aHanorMMHue xapaKTepnoTMKM atih flCn-100, a 
B TaöJiMqe 3 .4  -  flfls flCTI-20.
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Taôroma 3 .3

$ a 3 a
ü p o n n a B n e ­
u v e  n ep B H X  
KOJIOflljeB

n o o a e  n e p -  
B o r o  n o B O -  
pO T a B8HHU

n o c w ie  n o f l -  
sanK M  m n x -
TŁI

C p e flH e e
3 H a v e H n e

"M ep T B âfl" K 0 ,9 3 0 ,9 1 0 ,9 2 0 ,9 2

< î . i i 1 ,0 3 1 ,0 9 1 ,02

mc. 1 ,0 0 1 ,0 0 1 ,0 0 1 ,00
" o p e ^ H flf l"

1 ,0 0 1 ,0 0 1 ,0 0 1 ,00

< 1 ,0 2 1 ,0 2 1 ,01 1 ,02
"/pOCasT

0 ,9 7 1 ,0 8 0 ,9 3 0 ,9 9

TaóJinqa 3 .4

C>a3a
np on T iaB T ieH u e

KOTIOfliieB
0 6 b  aJM
mMXTH

C p e flH e e
3 H a w e H n e

" M ep T B a n "
< 0 ,8 9 0 ,9 3 0 ,91

° : 1 ,0 8 1 ,1 3 1,11

1 ,0 0 1 ,0 0 1 ,0 0
" o p e f lH H n ”

° : 1 ,0 0

oo 1 ,0 0

m* 1,01 1 ,0 7 1 ,0 4
" flU K a a ”

< 1 ,2 0 1 ,0 1 1 ,U

W noT ioB ne x ap aK T ep u o T M K M  peaxTM BHOfl iiouhootm "MepTBOft" h "æmkoîî"  

i « 3  B o p e / p i e n  R 7M  flC T l-lO O
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a  ¿p in  f lC n -2 0

0,92m* ; 

1.02m* ;

= 0,91m* ;

1,04m!

1.02o* ; 

0,99a* ,

l , i l o

1,11a

(3.50)

(3.51)

A h 8 ^ m 3  p a O o x u  f ly ro B H X  s j i e i o p o n e v e f l  n o K a 3 U B a e T , vro b  6o7 ibm nH O T B e 

o J iy w a e B  3 8 k o h  p a o n p e f l e i i e H n a  t o k b  q B J ia e T o a  H o p x a jib H U M . M aK O M n a^ ib H oe  

S H a n eH M e peaK TW B H O ft m o h h o o tm  neMM x n ie e T  M eoT O  b o  B p e u a  

3 K o n 7 iy a T a q n o H H o r o  K o p o n c o r o  3aM H K aH M a

® m a x ‘' » A t5 1 " »  *  k 3 x 3 S n r (3.52)

r f l e  k 3 lta  -  K03<JxI>MHMeHT S K o n T iy a T a q w o H H o ro  K o p o T K o r o  3aM H K aH xa n e w

(TB6JI.3.5).
B OOOTBeTOTBMM  O 38KOHOM  

p a c n p e f l e j i e H M a  H a rp y 3 K M  flcn n o  

MaKOMMaTIbHOMy Qln a x  M MMHMMaJIb- 

H°M y  Qm i n = 0  3 H a M e n n a M  p e a K T H B — 

h oH  m o ih h o o tm  m o x h o  on p efleT iM T b  

e e  M aT eM aT M M eo K o e  o i i i f l a H n e  u  

o p e f lH e K B a f lp a T v m e o K o e  OTKTioneHM e

Taó/inqa 3 .5

®max+®mln
mQ =

EMKooTb n ew k3K3

0 ,5 -  6 ,0 3 ,0 -3 ,5
1 0 ,0 - 50,0 2 ,5 -3 ,2
80 ,0-200,0 1 ,5 -2 ,3

°>5k3x3SnT * (3.53)

In
=  ° ' 1 7 k 3 x 3 S n T

C  Ä p y r o «  OTOpOHbl, B OOOTBeTOTBMM O ( 3 . 4 7 )  M ( 3 . 4 8 )  

mQ =  ( l+ m * + m * )m Q c ;

Dq = [1+(o *)2+(o *)2+1,8(o *o * +o*+o*)]DQc .

(3.54)

(3.55)

(3.56)

OTOBfla MoxHO n o j iy w T b  B u p a x e H u n  flTia m m otiob h x  xapaicTepM OTM K  

peaK T M B H U x M om H ooT eft "M ep T B O fi" , " o p e f lH e f i "  u  "flM KOfl" $ a 3  f l c n - 2 0 0

m.Q*

Cic

On

0 - 1 S k » , S „T

0 ' 1 7 k 3X 3 S „ ,

0 ’ 1 7 k a * 3S nr

Qx

Q c

an

0 , 0 6 4 k 31tsS nT

° ’ 0 5 7 k 3 * 3 S nT

° ’ 0 5 5 k 3 * 3 S nT

(3.57)

AHanormM HUfl p a o a e T  a n a  f l c n - 1 0 0  f la e T  o n e f ly o m n e  p e s y x b T a r a
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3K *°nT  »

'» * »  n r (3.58)

's i t a  ijt 3 X 3  nT *

a flTia acn -20

a tea  n r '3X3 n t

3 X 3  nT 3X 3  n r (3.59)

'3K3 nT 3X 3  n r

3Haa MonjHOOTb neMHoro Tpano$opMaTopa m KpaTHOOTb TOKa 
3Kon7iyaTaqiiOHHoro KopoTKoro saMUKaHMa n e v n ,  no npMBefleHHHM BbipaxeHMaM 
MOXHO paOOMHTaTb MMOTIOBUe XapaKTepMOTMKM peaKTMBHHX MOÜIHOOTet) $a3 n e a n  

O yMeTOM MX HeOHMMeTpWM.

1 . BeHTMJibHHe n p e o C p a 3 0 B a T e J in  o  aKTWBHOfl H a r p y 3 K o f l n p n  yrae  
y n p a B T ieH u a  a¡*0 sbjisigtos! noTpeGM TeaaM M  peaKTMBHOñ mohihootm n o  n e p B o tt  

rapMOHMKe. MTHOBeHHaa peaK TM BH aa MomHOOTb x a n o f í  H arpy3K M  p aB H a HyTiio, 

to  e o T b  oóMeH S H ep rn e fi M eifly  motomhmkom m n p e o 6 p a 3 0 B a T e J ie M  H e  

n p o w o x o flM T , m 3 T a  peaK TM BH aa MomHOOTb a B J ia e r o a  MomHOOTb» oflB M ra  $ a 3 .

2. B n p e o 6 p a 3 0 B a T e 7 i a x  o aKTMBHO-MHflyKTMBHOíi H a r p y 3 K o f l  n p o i ie o o h i  

oÓ M eH a 37¡eK TpoM arH M T H O ÍÍ s n e p r n e ñ  3 a B M o a T  o t  o x eM H  n p e o 6 p a 3 0 B a T e j i a .  B 
o x e M a x  n p e o 6 p a 3 0 B a T e 7 ie f t ,  b  k o t o p h x  H eT  K O H T ypa saM H K aH M a TO K a, 

3 a n a o e H H o r o  M HflyK TM BH ooTb», t o  e o T b  K o r f l a  t o k  3 a M H K a eT o a  a e p e 3  

MOToaHMK (M OOTOBaa o x e M a  o  n o M M  mmotiom y n p a B J ia e M u x  BeHTM JieH, 

y n p a B J ia e M H ií B unpaM M T eT ib  o  H y a e B o t t  to m k o A  T p a H o $ o p M a T o p a ) ,  M THOBeHHaa 

p eaK T M B H aa  M o n p io c rrb  o T ^ M a H a  o t  H y jia .  E o jim  b  n p e o ó p a s o B a T e ^ e  e c T b  

KOHTyp 3aM H K aH M a TO K a, 3 a n a o e H H o r o  MHflyKTMBHOCTb» (M OOTOBaa o x e M a  o 
HenoTiHHM  4MCJ10M y n p a B a a e M H x  B eH T M ae tt, o x e M a  y n p a s ^ a e M o r o  B unpaM M T eJia  c 
HyTieBOÍÍ T04K O ÍÍ T D aH O jlO pM aT O pa O HyJieBHM  flMOflOM), TO M THOBeHHaa 

p e aK T M B H aa  MomHOOTb n p e o 6 p a 3 0 B a T e J i a  p a B H a  H yjuo.

3. B m o o t o b o m  B u n p aM H T ejie  T p e x $ a 3 H o r o  TOKa npM y r a e  y n p a B J ieH n a  

a = 0 -T i/6  MTHOBeHHaa peaK TM BH aa MomHOOTb p a B H a  H ym o, a  npM y r .n e  

a = n / 6 - n / 2  OHa oTaHOBM Toa o t jim m h o íí  o t  H y jia . TaKMM o 6 p a 3 0 M , o ó M en  

o^eK TpoM arH M TH O fl B H e p r n e ü  M e x fly  n p e o ó p a s o B a T e a e v  m o e T b »  npoM oxoflM T  

npM y m e  y n p a B a eH M a  a > n / 6 .

4. PeaKTM BHaa MOHHOOTb flCTI OOHOBHOñ TapMOHMKM oym eOTBeHHO  

oTJiM M aeToa o t  peaKTMBHOfl mobjhootm, n o jiy a eH H o K  n y T e M  OKBMBaaeHTMpoBaHira

3 . A . B h iB O .au
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MI-HOBeHHOfl peaKTHBHOñ MOIHHOOTH, MTO OÖyOJIOBTieHO flOOTflTOMHO OOTIblDMUM 
3HdM£HMSlMM TOKOB BUOIDMX rapMOHMK.

5. npn paoweTax KOTieöaHMfi HanpsweHMB b oerax o flCTI, a Taxxe npn 

Bhiöope cpeflOTB KOMneHcaqun peaicTMBHOii mohihootm ee flonyoTMMO orrpefle îflTb 
B y o T a H O R U B m eM o a  p e i n M e .



I .  nPM HUMnW  KOifllEHCAUMM PEA KTM BH O tl MOQHOCTM

4 . 1 .  K o M n e H c au H H  peaK T M B H O tt m o q h o c t m  b  cerax 
C BUCDDXMM rapM OHM KaM M

K oM n eH oaq w a  peaxTM BHOfl MomHOOTM b H a o T o a m e e  B peus? npoM 3B O flH T oa b  

OOOTBeTOTBMH O npHHSTUMH F 7 ia B r 0 0 3 H e p r 0 H a fl3 0 p 0 M  ''YKaSaHMflMH n o  

n p o eK T u p o B a H M »  x o M n e H c a q m i peaxTM BHOfl m o h h o o tm  b OTieKTpMMecKiix o e T a x  

npoM umxieHHUX n p e f ln p u flT u fi"  [24]. B y x a 3 a H H a x  OTflexibH o p aoo M a T p M B a cT o a  

B o n p o o H  KOMneHoaqMM peaxT H B H O fi m o iq h o o tm  b  o jieK T p im eoK H X  o e T a x  o ó m e r o  

H a3H aaeH M a m b o ^ eK T p n M e o x n x  o e T a x  o o  oneqn$>imeoKM MM  H arp y3xaM M . flo f l 

oneqM$MMeoxMMM H arpy3K aM H  H a p s /jy  a  HeonMMeTpnMHUMM m pe3xonepeM eH H hiM M  

noH H M aioToa m H ejiM H ettH ue H arp y3X M , o 6 y o J ia B J iM B a » m n e  M OxaxeHM a $op M u  

xpuB H X  TOKOB m H an p axeH M ti.

B u 6 o p  o p e a o T B  K O M n eH o aq w n  peaK T M B H O ß MomHOOTM A ns i H ejiM H eflH ux  

H a r p y 3 0 K  ( 3 a  n o K J ip n e H n e M  B eH T M JibH ux n p e o 6 p a 3 0 B a T e ^ e f t  n p n  s K3/ s H n^ Q 0 ‘ 

a  Ansi B eH T M JibH ux n p e o 6 p a 3 0 B a T e ; i e f l  n p w  s K3/ s HJIi 2 0 0 ) n p o H S B O flH T o a  k & k  m 

f l j ia  B JieK T pM qeoK M x o e T e ñ  o ö m e r o  H a sH a M e H n a . 3 f l e o b  S K3 -  M oąHOOTb x o p o T -  

K o r o  3 aM U K aH n a; SHJ1 -  o y M M a p H aa  M onjH ooT b H exiM H etlH oil H a rp y 3 K M . n p w  

H eo o ô ^B fleH M M  y x a s a H H U x  y o n o B u f t  r p e ô y e T o a  n p o B e p x a  ö a T a p e f i  

K O H fleH o aT o p o B  (EK) n o  y o j io B m o  n e p e r p y 3 X M  TOxaMM bhoidmx rapM OHM K. n p w  

K 0 3 $ $ M q n e H T e  H e o M H y o o n fla /ib H o o T M  M e H e e  5% p e x o M e H f ly e T o a  npnM eH H T b EK o  

3amHTHhlM peaK T O pO M  n n n  $M7IbTpOM. EOJIM K 03$4>H qH eH T HOOMHyOOMflajlbHOOTM 

O o T iee  5%, T p e ö y e T o a  n p w M e H e H n e  $M 7ibT poB  B tic m u x  rapM OHM K. O flH ax o  

MomHOOTb x o M n eH o n p y » iq M X  y o T p o f io T B  bo B o e x  o x iy M aa x  n p e f l n o J i a r a e T o n  

o n p e f le T if lT b  T a x  x e ,  x a x  m A ns i /n w e ftH H X  H a r p y 3 0 x .  r ip n  stom  H e  aoH O  

yM M T U B apT oa n v i B H om w e rapMOHMXM n p w  p a o a e T e  peaxT M B H O fl modjhooto 

H eT in H efiH o ñ  H a rp y 3 X H  mtim x e  o H a  o n p e f l e j i a e T o a  n o  oohobhoK r a p u o H M x e .

H a p a f ly  o  peaxT M B H O fl M onjHOOTbio, o ô y o J io B ; ie H H o f ï 3JiexT ponarH M T H U M M  

n p o q e o o a M M , b  p a f l e  o ^ y a a e B  ( n p e o ô p a s o B a T e j i b H u e  yoTaH O BXM ) m i e e T  u e c T o  

T a x x e  M om H ooT b o f l B u r a  $ a 3 .  npM  pemeHM M  B o n p o o a  x o m n e H o a q H H  p eaxT M B H ofl 

MomHOOTM T ax M x  H a r p y 3 0 x  p a s f le ^ e H M e  p e ax T M B H o fl MomHOOTM H a  b tm  A B e  

o o o T a B J ia c m n e  n p e f lO T a B / ia e T o a  Heqejieooo6pa3HHM. n p w  n o /iH o fl  x o M n e H o a q n n  

p e ax T M B H o fl MomHOOTM w BHomMX rapM OHM K T o x a , re H e p M p y e M H x  H ejiM H eíiH O íi 

H a r p y 3 x o ß ,  t o k  ö y ^ e T  o o o T B eT O T B O B aT b  noflX T ipaeH M ß jiM HeftHOft axTM BHOfl 

H e M 3 M e H a » m e ü o a  b o  B peM eH H  H a rp y 3 X M ; t o  e o T b  Anst o n p e f le j ie H M a  m th o b c h h o W  

p eax T M B H O «  MonjHOOTM o f lH o 0 a 3 H o f ł  oeT M  q ( t ) ,  n o f l J i e x a n e «  xoM neH oaqM M , 

HeOÖXOflMMO OT M PHOBeHHOił MOIĘHOOTM p ( t )  O TH aTb M TH O B eH H y» MOBJHOOTb a X -  

T M B H o ro  o o n p o T M B jieH M a p r ( t ) ,  axT M B H aa  M o n tn o o T b  x o T o p o r o  P  ö y ^ e T  p a B H a
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aXTMBHOft MOBJHOOTM H a r p y 3 KM

u2 ( t )
q (t) = p(t>-pr ( t)  = u ( t ) i ( t ) ------------ . (4.1)

E

AKTWBHoe o o n p o T M B ;ie H n e  E  m o x h o  HattTM  113 o j i e ^ y i o m e r o  oooT H om eH M H

T . T  2  ,
I f  i f  u  <*>u (t) i( t )  d t  = -    d t  ,
T  J t  J R

0

(4.2)

OTKy^a

1 r  2U ( t )
T J

d t

R = (4.3)
_  „ 2

1 T P  ’-  f  u ( t ) i ( t )  d t
T J
1 0

r f l e  U -  f l e f l o T B y c n e e  3 H a 4 e H n e  n H T a io q e r o  H a n p n x e H n n .

TaKMM o ô p a s o M ,

u2
q = ui—P — . (4.4)

U

f lo K a x e M , MTo B flaHHOM  O T iyM ae f le f lo T B M r e / ib H o  n o T e p n  3 H e p r n M  b  

n m a a m e ñ  o e r v t  uM H U M a^bH U . s i - o r o  H e o ó x o flM M O  H a ß ™  (JtyH K quß i ( t ) ,  n p n

K O TO pofi $yHKUM OHa7I

S (i(t)) = J i 2(t)  d t  (4.5)

npMHMMaeT M M H uua^bH oe 3H aM eH n e, e o n u

T

(4.6)1 r-  u (t ) i ( t )  d t  = P , 
T J

a  u (t) -  3 a f la H H a s i n e p w o flM M e o ic a s  $ y H K q n s ,  / p i s  K O T opoft o y iq e o T B y e T  

M H T e rp a /i

T

J  u2(t)  d t  < 00 . (4 .7 )
0

B ßefleM  HOByt) H ew sB eo T H y »  <J)yHKqnr>

Z(t) = J U (T )i(T )  dT . (4.8)

Torfla z(0)=0, z(T)=PT. 
fln(Jt4»epeHHMpysi z ( t )  no t ,  no7iy«oni
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Z' ( t )  =  U ( t ) i ( t )  . ( 4 .9 )

T o r f la  M H T erpajibH aa o b 3 3 b  ( 4 . 6 )  n p e f lO T a H er  b  BM/je /tM $$epeH L pia iib H oft

OB33M

u ( t ) i ( t ) - z '  ( t )  =  0  . ( 4 .1 0 )

H en o o p eflO T B eH H O u y  nooT ieflO B aH m o n o / p e p r a e u  B on ou oraT eT ib H H fl 

$yHKi4MOHa7i [ 5 4 ]

T T

S *  =  J ( I 2 ( t ) + M t ) [ u ( t ) i ( t ) - Z '  ( t ) ] >  d t  =  J  F * d t  , ( 4 .1 1 )

0 o

r f l e

F *  =  i 2 ( t ) + X ( t ) [ u ( t ) i ( t ) - z '  ( t ) 3  . ( 4 .1 2 )

B f la j ib H e ß m e n  n p e /p io T ia r a e T o s ,  mto  $yH K qw a F *  T p m f lu  

flM (J)$epeH i4M pyeM a n o  B oeM  o b o h u  a p r y * ie H T a n ;  / j o n y o T m iu e  (JyHKqwM 

H en p ep tiB H O  M H T er p u p y ew u  BHyTpM p a o o u a T p u B a e M o r o  M H TepBaJia.

»yHKHMOHa^ ( 4 .1 1 )  3aBMOMT OT B ü O o p a  $yHKI4Mtí i ( t )  M Z (t) , nOOTOMy 

o ooT aB T iseM  /p in  H e r o  / p a  ypaB H eH M S S t ln e p a

F *  -  — F * , =  0  ; ( 4 .1 3 )
d t

d  ,
F *  -  — 0  ,  ( 4 .1 4 )

d t

r / j e

Í F *
F *  =  —  =  2 í ( t ) + X ( t ) u ( t )  ; ( 4 .1 5 )

0  i  

OT
F *  =  —  =  0  ; ( 4 .1 6 )
i Oí'

OT*
F *  =  —  =  0  ; ( 4 .1 7 )

z  t f z

OT*
• *  =  —  =  - X ( t )  .  ( 4 .1 8 )

O *

n o/iO T aB X fln  BupaxeHMn ( 4 . 1 5 ) - ( 4 . 1 8 )  b  ( 4 .1 3 )  m ( 4 .1 4 )  n o j iy m tt i

2 i ( t ) + X ( t ) u ( t )  -  0  ; ( 4 .1 9 )
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d
— X(t) = 0 . (4.20)
d t

M3 ypaBHeHHS (4.20) saKJiisaaeM, wto 

X(t)  = X * o o n st  .

rioo^eflHee nosBo^aeT BHOBb oCpaTWTboa k BonoMoraTeTibHOMy 
ifyHKUMOHaTjy S* m 3aMeTMTb, w o  nepBoe M3 ypaBHeHMfi SflTiepa flJia SToro 
$yHiajMOHaiia ooBnaflaeT o ypaBHeHueM SiiTiepa j\na 6o7iee ripooToro 
$yHKi(M OHajia

T t
S = J [ i2 (t)+ X u (t)i(t)] d t  = J F d t  , (4.21)

r f l e

F = i 2 (t)+ X u (t)i(t) (4.22)

X = o o n st  .

nOflHHTerpaJlbHaS! $yHKL(MS] F 3aBMOMT TOTIbKO OT i  H t ,  nOSTOMy 
ypaBHeHue SflTiepa luieeT bm#

Ft = 0 . (4.23)

CjaeflOBareJibHO,

Of
F = —  = 2i(t)+X u(t) = 0 , (4.24)

* d l

OTKyflB

X
i( t )  = -  —u (t) . (4.25)2

nooTOflHHyio X HafłfleM H3 yonoBna (4.6)

~ iT J
X

u (t)(----- )u (t) d t  = P , (4.26)2
o T K y fla

2P
X  ---------------------------. (4.27)

;P ( t )  d t
T u

noflO T aB M B  (4.27) B B u p a i e H u e  (4.25), n o T iy au M
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P u (t)  P 1
i ( t )  = — ;----------------  = - ,u ( t )  = -  u (t) . (4.28)

U
d t

T
1 r  aU ( t )
T J

O

floorraTOHHmi ycwiOBMeii oyiqeoTBOBaHwa MMHMMyMa (JiyHKLpioHa/ia (4.11) 
siBflseTOfl nojioxMTe/ibHOOTb Ha MHTepBaiie [0;T] e ro  BTopofl Bapnannn( xorfla  

e r o  nepBas Bapnaqna pasHa HyxiB, to  eoTb flOJiieH 6im> noxioiMTe/ibHtiM 

MHxerpa^ [54]

T

G = J (t)2F*i+Zrjrf F*t, +(rf ) 2F*, t, ) d t , (4.29)
o

r f l e  T} -  HenpeptiBHO flM $$epeH unpyenafl $yHxi4na u  t}(0)^t}(T)=0.

T a K  K3K

d
F* = —  F* = 2 ; (4.30)

“  d l

d
F* ,=  —  F*,= 0 ; (4.31)

dl
d

F*, ./ = —  F*, = 0 , (4.32)i i di' ł

T

G 2  J T)2  d t  >  0  , (4.33)
o

t o  e o T b  $ y H K i4Mfl (4.28) o ô e o n e a M B a e T  M M HH«yn $yH X i4M O H a;ia (4.5) n p w  

yo /iO B M flx  (4.6) h  (4.7).
TaKMM o ô p a 3 0 M  n o T e p w  b  r a r r a io m e i ł  o ô t m  û y a y r  MMHHMajibHu, r ip n  n o « -  

KjniOMeHMH a x T M B H o ro  oonpoT M B JieH M fl

U2
R = -  . (4.34)

P
flTia o n p e fle x ie H M fl 3 H a x a  p eax T M B H o ft m o u h o o tm  H a rp y 3 X M  H e o C x o ^ m i o  

3 a f la T b  H a u a x ib H y e  $ a 3 y  n n T a » m e r o  H a n p n x e H w s  u ( t ) .  T a x  x a x  3 H a x  

peaxT M B H O ft MonjHOOTM o n p e f l e j i n e T o a  o flB M roM  $ a 3  w e x f ly  H a n p a x e H M e w  h  

M rHOBeHHOÜ peaX TM B H O fi M OmHOCTb». Ha p n o . 4 .1  n p H B efleH H  rp a $ H K H  

M rHOBeHHOft p eax T H B H O «  MOUHOOTM npM  HHflyxTMBHOft ( p n o . 4 . 1 , a )  M e u x o c T H o a  

(pno.4.1,6) H a r p y 3 x a x .

Tax xax M rH O B eH H aa  p e ax T M B H a a  MorçHOOTb M M eeT b  rbs p a 3 a  ô o x ib tn y c  

M aoT O Ty H 3 M eH eH n a , a eM  n M T a » m e e  HanpaxeHMe, t o  ro B o p w T b  o  o f lB w r e  $a3 
M e x f ly  q  h  u  m o x h o  T O Jib x o  / p i a  x a x o r o - T O  o f lH o r o  M o u e m r a  B p e u e r o i .  n o s T O łiy  

n p M M eu , MTO n p w  t=0 $ a 3 a  n M T a c q e r o  HanpaxeHwa p a B H a  HyxiB ( t o  e o T b
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u(t=0)=0 h  u(t>0)>0). B s t o k i  o n y a a e  H a r p y 3 ic a  noTpeöaaeT p ea x T M B H y c  

MomHOOTb, e o n u  $ a 3 a  m t h o b o h h o #  peaxTM BH O ft m o u h o o tm  p a B H a  n (q(t>0)<0) 
H r e H e p w p y e T  p eaxT M B H y»  MontHOOTb, e o n n  $ a 3 a  p a B H a  0 (q(t>0)>0).

a)

6 )

P M O .4 .1 . KpMBUe MTHOBeHHOft peaX TM BH O fl MOUHOOTM MHflyKTMBHOfl (a) M 

eMKOOTHOfl (0) H a r p y 3 0 K

f l a n  n o /iH O fl xoM neH oaqM M  peaxT M B H O ft m o q h o o tm  H eo ö x o flM M O , m to ô h  

M rH O B eH H as  p e a x T M B H a a  M onjH ooT b x o K in e H c n p y » n e r o  y o T p o f lo T B a  (KY) qK b  

to m h o o tm  o o o T B e T O T B O B a n a  M rH O B eH H od  m o u h o o tm  H a r p y a x M  q m H a x o f lw n a o b  o  

n e «  B n p o T M B O $ a 3 e



-  73 -

u 2
P  ~ 2 -  u i  .  ( 4 . 3 5 )

A n n  K o n im eo T B eH H o fl o q em c H  BenuMMHu peaKTM BHoft m o iq h o o t m  m o x h o  

npMHHTb MOiqHOOTb BK, MTHOBeHHan peaKTM BHan MOn|HOOTb KOTOpoił 

o n p e f le n n e T O fl MeTOflOM n an M eH b m u x K BaflpaTOB n o  MrHOBeHHOfl peaxT M B H oft 

MonjHooTM H arp ysK M , t o  e o n >  K o r f la  npuHM M aeT MMHMManbHoe 3 H a q e H n e  

W H T erp an
T

J  ( q + q K) 2 d t  m in  . ( 4 . 3 6 )

o

3 f l e o b  q  o n p e f le n n e T o n  paBeHOTBOM ( 4 . 4 ) ,  a  q K H axo/iW T on H3 

o n e n y i s q e r o  B u p a x e m ra

d u
q K =  u i K =  uC  —  . ( 4 . 3 7 )

a t
A n n  o n p e n e n e H M n  BenvmwHH evncocrru  C O a T a p e n  K O H fleH oaTopoB  

H eoöxoflM M o p em n T b  o n e n y » m e e  ypaB H eH M e

,  T / 2  .
d  P d u  .

(q + C u  — ) d t )  =  0  . ( 4 . 3 8 )ÍdC  J d t

B 3 h b  npoM 3B O flH yio n o  b m k o o t m ,  n o n y q m i

T/f 2 d u  T ' a  d u
2 q u  —  d t  +  2 C  (u  — )  d t  =  0  ,  

J d t  J d t

o n c y / j a

T/P2 d u  T/P2  u 2 d u
q u  —  d t  ( P - ,  -  u i ) u  —  d t

¿ a t  ¿  U2  d t

T / 2  a . .  T / 2
f  2 f  2

( u  — ) 2 d t  ( u  — ) 2 d t
Jo J d t

rionOXMTenbHOOTb BTOpOfl npOM3BOflHOti

.2  T / 2  T / 2r 2 r 2
— A  (q + C u  — ) z  d t) =  2  (u  — y  d t  >  0
de2 ¿ d t  ¿ a t

( 4 . 3 9 )

( 4 . 4 0 )

roB op M T  o  flocTaTOMHOOTM yon oB M n  ( 4 . 3 9 )  /p in  MMHMMyxa $ y H K q n n  ( 4 . 3 6 ) .

T a x  KaK MonjHOOTb 6 a T a p e n  K O H /jeH oaT opoB  o n p e /j e n n e T o n  B upaxeH M eM

Q =  uC U 2 ,  ( 4 .4 1 )

t o  o q e m c a  peaKTMBHOfl M onjH oom  H e m m e ttH o f l  H arpy3K M
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T / 2  i»..

Í
2 2( P u - U i ) u  —  d t

Q = -----------------------------------  • (4.42)
T / 2  - ,r 2(u —  y  d t

o

f lO K a ie M , VJTO MMHMMyM K B a f lp a T ä  oyMMH MTHOBeHHOft peaK TM BH O fi 

MoąHOOTM H a rp y 3 K H  m K O M n e H o u p y io m e ro  y o T p o i ło T B a  o o o T B e T O T B y e T  m m hm m ym y  

n o T e p b  B nM T aiom efl o e T H  n p n  3a^aH H O M  T w n e  K O M neH O M pyiom ero  y o T p o t ł o T s a ,  

t o  e o T b  Bupa*eHne (4.36) S K B U B a^eH T H O

J  ( i+ iK)2 d t  •» min . (4.43)

M rH O B eH H y»  p e a  k t m b Hyio  MonjHOOTb H a rp y 3 K M  m o x h o  n p e flO T aB M T b  b  BM fle

npoM3BefleHMn MrHOBeHHoro HanpsieHMH u  na pa3HooTb noTiHoro Toica i  u ero
2

aKTUBHOfl oooTaBJiniomefi i r=(P/U )u

q = u ( i - ir ) . (4.44)

MrHOBeHHaa peaicTMBHaa MonjHooTb KOMneHOMpy»mero ycrrpoííoTBa
onpefleJiaeToa BHpaxemieM (4.37), nooTOMy

T  T

J (q+qK)2 d t  = J u 2 ( i - i r + i K) 2  d t  . (4.45)
0 o

Tax KaK u 2 BeTiMMMHa noTioiMTe^bHaa, t o  npn MMHMMyMe MHTerpa.na
(4.45) ö y ^ e T  MMHMMyM M M H T e rp a T ia

J ( i - i r + i K) 2 d t  -► m i n  . (4.46)

r io o J ie f lH e e  o n p a B e f l j iM B o  npM  oToyTOTBM M  y a ao T K O B  b  k p h b o íí  u(t) 
paBHblX Hy/IK) ÆJlMTeTlbHOCTbK) t> 0 , 4TO  B nO JlH e O O O T B eT O T B yeT  $ o p M e  

nM T aiom ero  H a n p a x e H M a  b  STieKTpMMeoKMX o e T a x .

OnpeflejiMM eMKOOTb BK, HeoöxoflMMy» una BunoTmeHMa yojioBHa (4.46). 
flTia o T o r o  H afifleM  npon3BOflHyK sToro M H T e r p a ^ a  no eMKooTM m npMpaBHaeM 
e e  H yjiio

d r 2—  (Í -Í -+ Í - )  d t  = 0 . (4.47)
dC J r  K

C yaeT O M  (4.37), n o x y n n M
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d p  tfu ,  » tfu tfu
—  ( i - i  +C— ) a d t  = 2 ( i - i  +0— ) —  d t  
dC 4 tft j  r  tft tftdC J tft J r  tft d t

r  tfu  r  d u  2“ 2 ( i - i  ) —  d t  + 2C (— )a d t  = o .
¿  S  O t

Oncyfla

(4.48)

C = -

p t fu
T
1*

1 1— dt - i
0

J
0

T1* tfu 2
[ (—) dtJ
0 tft

p flu
1 1 — dt
J0

tfu - t f u  P T. tfu

T 0 U  2‘ d t
I» (/U

I >4 tft

(4.49)

r  ć u  2
( — )  d t

o

T a x  x a x

T ô u
f u—  d t = f u (t) du(t) = O (4.50)

j  d t .  ja tW u

npn y o t io B w t ,  MTO $yHKnun u (t) -  nepuoflMHecacan.
AHaTiorMMHuñ p e s y t ib T a T  n o / iy t a e T o a  n p u  MHHHMH3aLiMH M H T erp a jia

(4.43). flefloTBM TetibHO, p e m e H u e  ypaBHeHMfl

d  r  0 u  2—  (i+C— ) d t  = 0 (4.51)
dC J tft

f la e T  $ o p M y tiy  (4.49).
T a te n «  o 6 p a 3 0 M , n p u  onpefle jieH H M  n a p a u e T p o B  Ky n o  B H paxeH H D  (4.36) 

aBTOMaTMMeoKH n o tiy n a e M  mmhmmym n o T e p b  b  n n T a » m e fl 3JieK Tpvm eoK ofi oeTW 

(mmhmmym f le i io T B y » m e ro  3HaveHM fl TOKa).

OnpefleiiM M  fltisi n p i i u e p a  peaK TM B H ye MomHOOTb mmoto mh/ o tctubhoK 

H a rp y 3 K n  n p u  o n H y o o n fla tib H U x  H anpsxeH M M  m TOKe

u = {2U sin ut ; i  = ^ ilo o s u t  . (4.52)

B oayaae h m o to  MHflyKTMBHOtl HarpysKM P=0 u
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j T r a  a 0u  uU I lu  —  <Jt
d t

Q  -------------------------------- ; (4.53)
du  
— ) 
d t

T / 2  ,duÍ  2
( u  — y  o t

i ł0

—  = ^2Uuoosut ; 
d t

T/. 2 du 2 T/f2 2 2 uV t
(u — ) d t  = (2U u s in u to o su t)  d t  =   ;

í  Ot i  4

T /2  T /2  „  „ .  „  IU 3(i)T
F iu 2 —  d t  = f  ( -  Í2 Io o su t  2U2s in 2u t  Î2U uoosut) d t  =

J d t  J

OTKyfla peaK TM BH an M onjHooTb

,  IU3uT
«U (------------- )

4
Q     UI . (4.54)

U4u 2T

TaKMM o ô p a 3 0 M , B u p a x e H u e  ( 4 . 4 2 )  a n p a B e /p w B O  vi a n a  TiMHedHUX q e n e f t  

O M H yooM fla/ibH oro TOKa.

P aooM OTpnM  K O M neH oaym o peaKTMBHOfl MomHOOTM an s  T p e x $ a 3 H o f l

M e T u p e x n p o B O f l H o ñ  o e T H  ( p n o . 4 . 2 ) .

npuMeHMM M37ioxeHHbiK B um e n o f lx o f l  a n a  K a x ^ o f l u s  $ a 3 .  MrHOBeHHue

peaK T U B H ue m oihhootm  $ a 3

2

« a  =  V a  -  P a  J  î  <4 - 5 5 )

2
q B =  U B Í B P B ~ 2  * ( 4 . 5 6 )

B

q C “  UCi C PC y2 (4.57)

rae
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pA - ;  J V a ä  î
T  J

i f
P i s » J  “ b 1»  0 1  ;

1 0

1 rPc  -  -  J uc i c  d t  .

(4.58)

( 4 . 5 9 )

( 4 . 6 0 )

P m o .4 .2 .  K o M n e H o a i4Mfl peaxT M B H O fl m o q h o o tm  b  T p e x $ a 3 H o t t  

M eT apexnpoB oflH O fl o e r a

B OOOTBeTOTBMM O BUpaXeH M eM  ( ( 4 .4 2 )  peaKTM BHUe MOĄHOOTM $ » 3  

T r 2  2  2  0 U A
“  J  ^ a V ^ V “ *  -  d t

O  — ---------------------------------------------- ; ( 4 .6 1 )
. T / 2r a 2

I < U A > d tJ dt

f  2  2  f lU B
“  J  -  d t

T / 2

(4.62)
T / 2

r ,  * V *(U g  —  )
J *t

d t
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“  I  ^ c V ^ c ^ c  - C d t

O =  — ------------------------------------------------  . ( 4 . 6 3 )

7 / 2
. C . 2 -+(uc —  ) d t  

at

n o J iH a s  peaK T H B H asi M oąH O O Tb T p e x $ a 3 H o f l  oeT M  o n p e f le jiM T O s  oyM M Otł 

peaK T M B H U x M onfH oorrefi $ a s

Q =  Q a + Q b + Q c  • ( 4 - 6 4 )

B o J iy v a e  T p e x $ a 3 H o t t  T p e x n p o B O flH o fl o jie K T p m ie o K o f i  oeT M  ( o e T b  o  

M 307IM p0BaHH0W  H eÖ T p a T Ib ß ) B 0 3 M 0 X H 0  M 0n0.71b30B aH M e B U paxeH M ÍÍ ( 4 . 6 1 ) -  

( 4 . 6 3 )  n p n  M 3BeoTHM X $ a 3 H H X  H a n p a x e H H n x  u A,  u B,  u c . Zojm  n 3 B eo T H U  

TOTibKo jiM H ettH u e  H a n p sx e H M fl u AB, u BC, u CA, t o  npM M eH eH M e o t m x  B u p a x e H u f i  

f l j ig  p a o M e T a  peaicT M B H O fl m o ih h o c tm  OKa3 U B a e T o n  H eB03M 0X H U M .

T p e x $ a 3 H y io  T p e x n p o B O f lH y n  o jie icT pM M eoK yio  o e T b  m o x h o

M H T e p n p e T n p o B a T b  icax  f lB y x $ a 3 H y »  o  H yjieB H M  npoB O flO M , T o r f l a  T iM H eftnue 

H a n p a x e H n s  T p e x $ a 3 H o t t  oeT M  u AC m u ß c  ö y ^ y T  o o o T B eT O T B O B aT b  $a3H H M  

H a n p n x e H n e M  f l B y x $ a 3 H o ñ  oeT M  (p m o .4 .3 ) .

I
0

P m o . 4 . 3 .  T p e x $ a 3 H a s  o e T b  6 e 3  H y ^ e B o r o  n p o B O fla

no aHa^orMM o Tpex<£a3Hofl MeTupexnpoBOflHoft o e T b »  paooMOTpuM 
M rH O BeH H ue peaKTM BHHe m od jh o o tm  q AC m q BC

^AC =  P A C -P rA C  i <4 '6 5 >

^BC = PßC PrBC * (4 .66)
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P a c  * u a c *a  ! ( 4 .6 7 )

PßC = u b c * b  ’ ( 4 . 6 8 )

2 2 
UAC UAC

  = PAC~2~ i (4.69)
Ra c  X c

2 2
UB c  UßC

PrBC -  I “  -  Pbc7J~ • (4.70)
BC

AKTMBHbie MonjHOOTM P AC i t  P g c  o n p efleJ isio T O fl aHaJiorMMHo ( 4 . 5 8 ) - ( 4 . 6 0 )

1 r
P AC =  -  J  UAC^A d t  »

1 0

1 r
P BC T  J  “ b c ^ b  d t  •

(4.71)

(4.72)
T w

B CKSOTBeTOTBMM o (4 .65)-(4 .70) M rH O B eH H u e p eaK T M B H H e m oii)h o o t h

2
UAC

q AC ~  UACÍ A P AC . .2  » (4.73)
AC

' 2 
UBC

qBC = ^bc b̂ -  PBC 2 • (4.74)
BC

Ha p n o .4 . 4  n p e flO T a B T ieH H  K p u B u e  MrHOBeHHUX p eaK T M B H U x MomHOCTeft 

q AC n  q BC» n p n  yoT ioB U M , w t o  H a w a j ib H a a  $ a s a  H a n p a x e r o i a  u AC p a B H a  H y j i» .  

Pno.4.4,a o o o T B e T O T B y e T  O T iy a a e , K o r ^ a  Q.AC> 0  m Q b c > 0 .  P h c . 4 . 4 , 6  

o o o T B e T C T B y e T  C TiyaaK ), K o r f la  Q AC< 0  v¡ Q B C < 0 .

P e a K T M B H u e  m o iu h o c t m  $a3 AC u BC

T / 2
<ÍU.

“  J  ( V a c - « « 1 * X c  - AC d t
d t

r  /  AC 2 .

QAC = - J L -     ; (4.75)
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T / 2

W J ( P BCUBC_ U BCi B ^ UBC ~  d t

äu

®BC T / 2
f /• dUBC.2
J (U~ ^  }

d t

(4.76)

a)

6)

Pmo.4.4. KpnBue iirHOBeHHUx peaKTVffiHMX iionHOcrreft q AC n qK  

r io /iH a s  peaK TM BH aa worçHOOTb o n p e f le / in e T O f l  o y u u o f l  s t m x  MonjHOOTefl
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(4.77)

M c n o ; ib 3 0 B a H n e  x p M T e p w a  ( 4 . 3 6 )  b m b o t o  ( 4 . 5 )  n p e f lC T a B r t a e T c a  ó o n e e

ycTpoñcTBa H e o C x o flM M o  yM M TUBaTb (JrapMy n u T a io m e r o  H a n p a x e H M a  u ( t ) ,

nOOKO/IbKy i K(t) 3aBH O M T OT U(t) H , B O -B T O P H X , M3 KpM TepM S (4.36) MOXHO

n ojiyH M T b  o y e H K y  p e a x T M B H o tt  M om H ooTM  r t m  n p a x T M M ec x M x  p a c a e - r o E .

Ha p m o . 4 . 5 - 4 . 9  npuBeaeHU rpa$MKM MrHOBeHHUx peaxTMBHux MomnocTefi, 
nooTpoeHHue n o  BupaxeHMio ( 4 . 4 )  a n a  oxeM npeo6pa30BaTejiefl, n p u s e a e H H U x  

B rviaBe 3 .

Me7iecoo6pa3HUM, Tax xax, BO-nepBux, np« cnHTe3e xoMneHCMpyiomero

P

0
271 OJt

üjt

Pmc.4.5. MrHOBeHHaa peaxTMBHaa MonjHocTb ynpaB^aeMoro BunpaMUTe.is 
o HenoJiHHM aMC/ioM TMpuoTopoB o  axTHBHOfi H a r p y s x o í í
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P m o .4 .6 .  M rH O B eH H afl peaK T W B H aa  MonjHOOTb M o o T O B o ro  y n p a B i i a e M o r o  B u n p a -  

TeT ia  o  H enojiH B M  m m o/iom  T u p n o T o p o B  h  B u n p aM M T e jia  o  H y jie B o f l  tomkoCS 

T p aH O $ O p M 8 T O p a  W Hy710BhIM flMOflOM O aKTMBHO-MHflyKTMBHOfł H a rp y 3 K O ii

T aK , p n o .4 . 5  o o o T B eT O T B y eT  0 flH 0 $ a 3 H 0 M y , yn p aB ^ aeM O M y B unp aM M T ejic  

o  HenoTiHUM MM0710M T u p n o T o p o B  o  aKTM BHOfl H a r p y 3 K o f i ( p n o .3 . 1 ) .  P n o .4 .6

o o o T B e T O T B y eT  oflH o$a3H U M  oxeM aM  M o o T O B o ro  y n p a B T ia e M o r o  B anpaM M T ejia o  

HenOJIHUM MMOJIOM TUPMOTOPOB M BUnpflMMTeTlfl O H yjieB O ft TOMKOß 

TpaHO$op»iaTopa u HyjieBUKi flMOflOM o aKTMBHO-MHflyKTMBHoB Harpy3KOfl 
( p n o . 3 . 3 , 3 . 8 ) .  P m o . 4 . 7  o o o T B eT O T B y eT  oflH O $a3H H M  oxeM aM  y n p a B í i a e i in x

M oo T O B o ro  B unpaM M T e^a o  d o tih h m  mmotiom T u p n o T o p o B  vi BbinpaM M Te/ia o
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H y/ieB O ß  TOMKO« T paH O $O pM aTO pa O aKTMBHO—MHflyKTMBHO« H arp yS K O «  

( p n o .3 . 5 ,  3 . 6 ) .  Pmo.4 .8 oo o T B eT O T B y e T  o x e x e  r p e x $ a 3 H o r o  M ooT O B oro

y n p a B T ia e M o ro  BunpnM M Te^fl npM aKTMB HO-WHflyKTMBHO« H a r p y 3 K e  u y r / i e  

ynpaBTieH M S a « i t / 6  ( p n o .3 . 9 ) .  Pmo.4.9 o o o T B e x o T B y e T  s t o «  x e  o x e x e ,  h o

npM y r \n e  yn p aB T ierora  a = n / 6 - n / 2 .

Pwo.4.7. MrHOBeHHaa peaK T M B H asi MoniHOOTb ynpaBJinexoro iiooTOBoro BHnpn- 
MHTe/ISI O riOJlHHM WM07I0M TMpWOTOpOB U BHTipHMMTeJM) O HyJieBO« TOMKOfl 

TpaH04>0p»iaT0pa O aKTMBHO—MHflyKTHBHO« Harpy3KQ0
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P h o .4 .8 .  M rH O B eH H asi p e a K T H B H a a  MonjHOOTb T p e x $ a 3 H o r o  M O O T O B oro  

y n p a B T i n e x o r o  B unpnM M T eT isi n p w  aKTM BHO—MHflyKTM BHO« H a r p y 3 K e  u  

y r \7 ie  y n p a B jie H M n  o t< s it /6
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Pmo.4.9. M rH O B e H H a n  p e a K T M B H a a  M O iqH O O Tb T p e x $ a 3 H o r o  M o o T O B o r o  

y n p a B J ia e M o r o  B u n p a M H T e jin  n p n  a K T H B H O -M H ^ y K T H B H o f l H a r p y 3 K e  u  

y r -J ie  y n p a B T ie H M a  o t = n /6  -  n / 2

4 . 2 .  P a c w e T  n a p a w e T p o B  gn u ib T p o-K O M n eH C M p yu oH x  

y c T p o a c T B  B  c e T a x  c  b u c b h m m  r a p M o ta o c a ia i

B H a o T o a m e e  B p e M a  m n p o K O  p a o n p o c r r p a H e H U  M e -ro f lu  p a o a e T a  n a p a M e T p o B  

$M71b T p O -K O M n e H O M p y  » m u x  y O T p o H O T B  B B ^eK TpH M eO JO D C  o e T a x  o  b u o id m m m  

ra p M O H M K B M M , o o H O B a H H b ia  H a MHHMMH3ai]HM f le f lo T B y r > m e r o  3 H a v e H w a  T o x a  

H a r p y 3 k m  [ 9 , 2 7 , 6 5 ] .  E o t im  u o ą H o c r r b  K O K m e n o M p y o m e r o  y c r r p o f lo T B a  B n 6 n p a T b  

n o  yOJIOBMD MHHMMyUa p a 3 H O O T H  MTHOBeHHHX TOKOB H arpysK M  i ( t )  H  

K O M n e H O M p y s iq e r o  y o r p o f l o T B a  i K ( t )
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J  ( i ( t ) - i K( t ) ) 2 d t  ■* m in  ,  (4.78)

a  B K aM eoTB e K O M n eH on p y io iq ero  y c rr p o ß o T B a  M o n o jib so B a T b  BK, t o  e e  eMKOOTb 

m o x h o  o n p efle^ M T b  M3 o ^ e f ly io m e r o  ypaBHeHM S

= 0 , (4.79)
d ri Tr au
— -  i (i-C — )  d t
dC T  J0 at

pem eH M e KOToporo MMeeT BHfl

T

i / i  d t
T

C = —  ----------------  , (4.80)

1  r

I ( *  )
T  J

2 d t

r-fle

du
i /  =  —  .

d t

MomHOOTb BK M O ieT  6 n T b  o n p e f le ^ ie H a  M ep e3  e e  HOMMHöTibHoe H a n p s x e H w e

T

i / i  d t
2 1 r

U- " ; J

a „    . (4.81)

■ j (i/)T  J
2 d t

E ojim H a n p a x e H M e  u ( t )  m t o k  H arpy3K M  i ( t )  o n p e f leJ ia io T o s i o o r j ia o H o

( 2 . 4 3 ) ,  t o  n o o / i e f lH e e  B u p a x e H n e  M o x eT  6bm > n p e o ö p a 3 0 B a H O  k  BMfly [65]

U2H 00
Q = --------------------- y  v u  I  s i n e  ,  ( 4 . 8 2 )

S  v V „  V = 1
V =  1

r fle  <pv =  a v- ß v .

Hapafly o KOMneHoaMMeft peaKTMBHOfl MonjHOOTW BK m b o to  n o n o 7 ib 3 y o T o s i b  

K aw eoT B e oTieMeHTOB $M JibTpo-K OM neHO npyiom M X ycrrpoßO T B  (4>KY).

PaocM OTpHM  OTiyMañ, K o r /ja  k  y 3 7 iy  oeTM  o  H eoM H yooiifla^bH U M  

H a n p f lx e H n e u  noflK JicM eH a H eJiM H eüH aa H a r p y s K a ;  n ap a;iJ ie7 ib H O  ett noflK JuoaeH H  

4>Ky, H aoT p oeH H h ie Ha p e 3 0 H 3 H 0 H u e  m b o t o t h  u p l , u p 2 , . . . ,  u p n . OaeBMflHO, 

MTo b aMn/iHTyflHOM o n e K T p e  H a n p a x e H u a  6 y s y T  O T oy t o t b  o b  a  Tb rapMOHHKH

oooTBeTO TByiom M X  nopaflK O B .

MomHOOTH K O H fleH oaT op oB  d C a  u  p e a K T o p a  Q L s  s - r o  3 B e H a  4>KY O BflsaH H  

Meifly ooCofl oooTHomeroieM
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a c s “ps = QLa“ 2- (4.83)

MomHOOTb BK 4>Ky H a ftz e it  M3 yoJlOBMa MMHMMyMa opeflH eK B aflp aT M M eoK oro  

3H aaeH M fl T o x a  m o to m h m k b . M rH O BeH H oe 3H aaeH M e T o x a  s - r o  3 s e H a  * K y  [ 6 5 ]

«  vU mt)o o s ( v u t + a u )

* . = ya“pS E  2 F I   » <4.84)
» = 1  U - V  u  ps

r ^ e  y a = i / x a -  peaxT M B H aa npoBOflMMOOTb K O H fleH oaT op a s - r o  ł K y  Ha a aoT O T e  

1 -H  rapMOHMKM.

K B aflp aT  f le f io T B y c in e r o  3H aneH M a t o k b  MOTOHHMxa

,  1  ;  n , 0 0  *Jn„°os(î«t+av)
i 2 =  -  J  (  E  y t “ p t  E  — i — n  +

T “ í =i p v=i u - y  uP t
(4-85)

+  £  I mUs i n <1Jw t+ß ^  d t  ■u *  1

npoBOflM M OOTM  q e n e f t  4>Ky M o r y T  ©UTb H a ftfleH H  M3 p em eH M a  O M O T eiiu  

TiMHeüHHX a T ir e ô p a im e o K M X  y p a B H e H M ü  B M fla

a i 2
  = 0, (4.86)
fly a

rfle s = l,2 ,... ,n . Tax, flTia s - r o  4>Ky

2,-2

a i  n 2 2 “  V v
—  =  2  E  y t “ DÎWDS E  2 2 2 2 2 2
dya i~i ” = 1 <“pa-v U X “pi-V “ >

(4.87)

~  ^Up a  £  2 2 2 'H 0 * 1  U  - V  U  p s

C M oreM a ypaBHeHM fi ¿pía H ax o x fleH H a  npoBOflMMOOTeft xoH fleH oaT opoB  4>Ky 

MMeeT O T p yxT ypy

a

r f l e

s  =  1 , 2 , . . . , n  ;

s i y i + a s 2 y 2 + - + a a n y a  -  b a  - <4 -8 8 >

v V „

aa< = “pi £ . 2 2 2 2 2 2. ' (4.89)
vasl <“ pa-w “  X “p<~v “  )



noane pemeHna s t o A  oncrreMu y p a B H e r o tf l uorjrr 6 im >  o n p e f le / ie H U  

MOIQHOOTM EK M p e a K T o p a  s - r o  3 B e H a  *Ky
2

U.P*
-  y . U„ » QL.  -  —  y  A  • (4 .9 i)

(l)

B  MaoTHOii o j i y a a e ,  n p w  ycrraH O B xe o f lH o r o  4>Ky o  aaoT O T oH  

n o o ^ e f lo B a T e T ib H o r o  p e 3 o n a H o a  u p n p o B o flM x o o T b  x o H fle H o a T o p a  y  x o z e r  6 uTb 

H aK fleH a H3 y p a B H e H n a

»  w Vüwl„ s in * v

*“p E . 2 2 2.2 ~ E 2 2 2 ‘ (4.92)
V=1 (<*>_—V> U ) V = 1 u  - V  U 

P P

OTcnofla ojieflyDT B u p a x e H n a  ¿pin m o h h o o tm  sjiexeHTOB 4>Ky

vU I s in o00 1> V V V

H 2  2  2
Wsl Wp“ V W

vV00 u

“ o  I

(4.93)

P  V  «  1  ( U p - V 2 U 2 ) 2

■i
QL = T  ftc • (4.94)

(l)

BTopas npoM 3B O flH an B H paxeH M S (4.85) nonoxnTeabHa

. 2 .2  v2U2a I 00 »
T~2~  = wp E  -  2 2 2 0 > 0 , (4.95)
ac  v= i (u -V u )p

MTO rO B O pM T O flOOTaTOWHOOTH yOTIOBMft (4.93) M (4.94) fl/ISI MMHMMyMa 

M H T e r p a a a  (4.78).
flpM ycrraHOBKe BK 6 e 3  peaxT op a  (L=0; up-»oo) noTiyaaeTos B upaxeH ne  

(4.82). Eojim b  xaaeoT B e Ky nono7ib3yeToa MHflyxTMBHOcrrb, t o  e e  MonHooTb 
onpe/jeT iseT os oTieflycmnw o6pa30M
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M3 M 3 jio j te H H o ro  o n e f l y e T ,  «i t o  moinHOOTb K y  n p n  H eow H yooM flajtbH O O TM  

m r r a i o m e r o  H a n p a x e H w a  saBM OM T H e  TOJibKO o t  x a p a x T e p a  H a rp y 3 K H , h o  T a n c e  

u  o t  r a n a  c a n o r o  KY, t o  e o T b  B o n p o c w  p a o a e T a  m o u h o o t m  o p e flO T B  

KOM neHoaqM M  p eax T H B H O fl m o iq h o o t h  H eJW H eflH O fl H a r p y 3 x n  f lo j ix m i  p e m a T b o a  

TO JibK o n o o j i e  B u O o p a  K O H x p e T H o ro  ł K y .  T b k h m  o 6 p a 3 0 M ,  B H p ax e H w a  (2 .44)- 
(2.46) M o ry T  6 tm >  n o n o ^ b 3 0 B a H H  n p w  o n p e ^ e j ie H M M  n a p a n e T p o B  $Ky.

4 . 3 .  i lp a M a s  KOMTieHcauHf) peaK TM BH oR  h o dch o cth

n p a n a a  x o M n e H o a q n a  n p e f ly o M a T p iœ a e T  r e H e p u p o B a H n e  p e a x r o B H o fl  

MoniHooTM OTaTHMeoKMM K O M neH oaTopoM . P a3«M M a»T  crryn eH M aT oe n  ru iaB H oe  

p e ry ^ M p o B a H M e peaxT M B H ofl m oüjhootm . B nepBOM O T iyaae p a3m iW H oe  

KOTiMaeoTBO o e x q n f l  BK n o f lx ju o a a » T  o n oM om b » t m p h o to p h h x  x ^ ia a e f l. Bo 
B TopoM  o a y a a e  M o n o J ib sy io T o a  n p e o ô p a so B a T e T iM  aaoT O T H , n p e o ó p a so B a T e J iM  o  

MOKyOOTBeHHOfl KOMMyTaqMeW TMpMOTOpOB.

npH  oTyneHM aTOM  p ery jin p o B a H M H  n o  M e p e  yBeJiw aeH M a noT peó-neH M a  

H a rp y 3 K o îi  peaK TM BH oñ MomHooTM H e o ó x o ^ H M o e  x o a w a e cT B O  BK n o flX J iio a a eT o a  

THpMOTopHbiMM KJiioMaMM (pno.4.10). C yB e/iw aeH M eM  MHOTia O T yn eH efł BK 
p e ry jw p o B a H M e  peaxTMBHOÍÍ m o h h o o tm  OTaHOBMToa 6 o j i e e  nJiaBHHM.

R jia  cH M xeH w a T o x a  n e p e x o f lH o r o  n p o q e o o a  n p n  noflxjiwaeHM M  o a e p e f lH o f l  

oT yneH M  K O M neH oaT opa e e  BXJuoaeHMe o o y q e o T B T ia e T o a  rrpn p a B eH o rre e  

H an p axeH M fl Ha BK h  c e ™ ,  npw o t o m  b m o m c h t  BX7H oaeH na oexqH M  H a n p a x eH w e  

ceT M  p a B H O  C B oeM y aMnjiM xyflHOMy SH aaeH M io, a T o  o o o T B eT C T B y eT  n e p e x o f l y  

a e p e 3  H yjib  T o x a  x o H fle H c a T o p a . O tm ctm m , a T o  d t o t  o n o o o C  yM eH bmeHwa  

n e p e x o f lH o r o  n p o q e o o a  T p e ö y e T  n p e f lB a p n T e j ib H o t i 3 ap a#K H  x o H fleH o a T o p o B .  

TMpMOTOpHHÍÍ X7HD4 B OTKTHOHeHHOM COOTOaHMH HBXOflHTOa n o f l  fleflOTBMeM  

y f lB o e H H o r o  aM nJiM T y^H oro H a n p a x eH w a  oeT M , B o^eflO TB M e a e r o  p a o a e T H a a  

MomHOOTb r a p w o T o p o B  y B ejiw a M B a eT o a  b  f lß a  p a 3 a .  Ä^ia T p e x $ a s H b ix  o x e M  

p a o a e T H a a  MoujHOOTb ™ p n o T o p o B  np w  o x e M e  ooeflM H eH w a b T peyro jib H H X  

o o c T a B J ia e T  ST=2,54Q [52]. B O Ba3H  o TeM , aTO B X J i» a eH n e  BK
o c y q e o T B J ia e T o a  b  c T p o r o  o n p e f le j ie H H a e  m o m c h th  BpeMeHM , O u oT p oflefloT B M e  

p a o o M a T p M B a eM o ro  x o M n e H o a T o p a  ,H e B e ^ n x o . M axonM aTibH oe 3 a n a 3 f lH B a H n e  npH  

a a c T O T e  ceT M  50 T q  M o x eT  f lo o r o r a T b  10 m o.

f l jia  n j ia B H o ro  p ery jiw p o B aH M a peaxTMBHOfl MoqHooTM n p n M e H a» T c a  

H en o o p eflC T B eH H u e n p e o ö p a 3 0 B a T e 7 iH  a a o ro T U  (HTIM). T a x o fl x o n n e H o a T o p  

npeflO TaB TiaeT  ooGofl H e p e ry jiw p y e M u ft r e H e p a T o p  b h o o x o R  aacTOTU.BXJicaeHHwfi 

a e p e 3  HÜM ( p u c .4.11).
B 3äBMOMMOOTM o t  oooT H om eH w a H a n p a x eH w R  oeT H  Ua ,  Ub> Uc  w 

H a n p a x eH M «  Ha B u x o ^ e  Hm x o M n e H o a T o p  M o x eT  r e H e p H p o B a n »  wen n oT peO jisrrb  

p ea x T M B H y »  MomHOOTb. ripn o t o m  o t  r e H e p a T o p a  b m o o k o R  aacTO TH  p eaxT H B H aa  

M ontHooTb b  jnoöoM  o J iy a a e  n o T p e ö J ia e T o a . y a c m f f ia a  o t o ,  b  x a a e o T B e  

r e n e p a T o p a  m o x h o  M o n o jib so B a T b  O T a T M a ecx o e  yoT pottO T B O , o o f l e p x a q e e  LC
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KOHTypu ( p n o .4 .1 2 ) .T a K  k a k  K O H fleH oaT op a b  paooM aTpM BaeM O M  K O M neH oaT ope  

p a ô o T a io T  Ha b u o o k o H n a o T O T e , o h  H M eeT H eK O T op oe n p en M ym eoT B O  no 
raöapH TH H M  pa3*«ep aM  u  o t o m m o o t m  no o p a B H eH H »  o /tp yriiM H  TwnaM n

K O M neH oaT opoB .

P h o .4 .1 0 .  Cxeua K O M neH oaT opa o o  oTyneHM aTUM  p ery jiu p o B a H M eM  

peaKTMBHOñ MOH)HOOTM

B KBMeOTBe MOTOMHHKOB peaKTMBHOfl MOHJHOOTM flJIH npsOIOfl KOMneHOaLpfH 

T8 K * e  M on oT ib ayoT osi K o u n e H o a T o p u  o  w oicyooT B eH H oH  K O M iiyT aqueft 

T n p n o T o p o B . 3 t o t  K O M n en oaT op  n p eflcrra B J in eT  0 0 6 0 «  n ap a^ T ieT ib H oe  

ooeflH H eH M e f lB y x  T p e x $ a 3 H u x  n p e o 6 p a 3 o b a T e / i e f i . HsM eH eH M e 3 H a x a  y r j ia  

ynpaBTieHMS) T w p n o T o p o B  flooT M rH yT o  M OKyooTBeHHOfl KOMMyTaqMeñ t o k b  b  

BeHTMTlbHblX KOHTypBX HanpflmeHMflMM KOMMyTHpyemHX KOHfleHOaTOpOB, a  H e  

H ánpnxeH M SiM M  oeT M .
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Pmo.4.11. CxeMa K O M n e H o a T o p a  o HFIH

L

Pmo.4.12. CxeMa KOMneHoaTopa o HT1H u LC KOHTypawH

4 . 4 .  K o c B e H H a a  K O M n e H c a u n n  peaKTMBHOM m o b j h o c t h

KooBeHHan KOMneHoaqnn peaKTMBHOfł m o q h o o tv i  3aK7i»MaeTon b to m , w to  

napaTuieJibHO Harpy3Ke BK̂ BMaeTOsj orra6miM3aTop peaKTHBHOfł m o u h o c tm , 

oGeonemiBawmufi Hen3MeHHy» BeJimJHHy oyMMapHoft peaKTMBHofl m oięhootm

Qz = Q,(t>+QOT(t.) = o o n st , (4.97)

r ^ e  Q H( t )  -  p e aK T H B H a a  M oąH O crrb  H a r p y s K u ;

Q CT( t )  -  peaK T M BH aa M o ą H o o r b  O T a 6 m iH 3 a T o p a .



C y io ia p H a s i  peaxT M B H as MonjHOOTb Q z  K O k in e H o n p y e T c w  o  n o x o iq b D  BK. B 

K a w e o T B e  o T a 6 M 7 in 3 a T o p o B  b  H a o T o n iq e e  B p eM n  H o n o .n b 3 y io T O fl T u p u c r r o p H u e  

K O M n e H o a T o p u  peaxT M B H O fl m o h h o o t m .

Haw6oflee nwpoxoe paonpocrrpaHeHne noTiyMMJin KOMneHoaTopu o  

$a3oynpaBJisieMiJMi'i t h p m o t o p h h m h  kthom bmm . Ha pno.4.13 npe#OTaBJieHa oxewa 
oflHO$a3Horo TnpnoTopHoro $a3oynpaBJineMoro xnioMa. Vron ynpaB/ieHwn a 
M o x e T  M 3M eH H T bosi b npefleaax o t 0 ao n /2 .

P m o .4 .1 3 .  C x e w a  i a s o y n p a B j i s i e M o r o  r a p n o T o p n o r o  p e r y T i s r r o p a

n p n  flonym eH M M  p a B e H O T B a  H y /iB  a x T M B H o ro  o o n p o T H B JieH H H  p e a x T o p a  A n a  

M H T a p B a n a  n p o B O fln u o o T M  T H p w o T o p o B  m o x h o  3 a n M o a T b

d i
L—  = u = Uœoosw t , (4.98)

d t

O T K yfla  TOK w e p e 3  WHflyXTMBHOOTb

1  ri  = -  I u d t  = ^ (s ir w t -s in a )  , (4.99)
L a / u

r * e  Im=Ui« / ( “ L)-
flefloTBy»mne 3HaveHnn o o h o b h o R  h  b h o id w x  r a p w o H H x  Toxa iioryT 6im> 

onpeaeTieHH aaeay»mnvi o6pa30M
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m 2d s in 2 a

■Xi  =  7 ?  (1  '  ~  '  ----------- > ;Ą 2  n  n
(4.100)

Iu = ¡if
s in ( v + l ) a  s i n ( v - l ) a  oosva

--------------------- s in a  ---------
2 ( i h -1  ) 2 ( v - i )

(4 .1 0 1 )

r a e  v = 2 k + l  -  H O M ep ra p n o H M X n ; k = i , 2 , 3 , . . .

PeaK T M B H asi MOHHOOTb n o  ooH O BH O tl rapM O H M K e n p e a o T a B T in e T  0 0 6 0 ÍÍ 

oyM M y MomHOOTM o f lB M ra  $ 3 3 ,  o ó y o jiO B T ieH H y K  y r a o M  y n p a B x e H n n  a * 0 ,  n  

OÔMeHHOiî MOmHOOTM MHflyKTHBHOOTM

U 2a s in 2 a
Q  =  u i  =  —  (1    )  .

u L  11 Tt
( 4 .1 0 2 )

T n n o B a s  M om H ocT b B 0 3 f ly m H o ro  p e a x x o p a  Sp M o x e T  C u T b  o n p e a e a e H a  

M e p e s  a e i io T B y io m e e  3 H a a e H n e  T o x a  n p n  a * 0  [5 1 ]

= I uL = —  
P uL

2a 3sin2a 2(it-2a)sin a
1  -  •—  +  -----------------------------------------

n it it
( 4 .1 0 3 )

Ha p n c . 4 . 1 4  npeaoTasaeHa 3aBnonMooTb oT H O O H T eab  HOii BeaHM nHU

MontHOOTW p e a x T o p a  S* = Sp/Q. b  3aBnowMooTn o t  yraa ynpaBaeHna a .

Pno.4.14. 3aBnoniiocm> MonjHooTH peaxT opa or HaMaabHoro y r x a  ynpaBxeHwa

Kax BnaHO W3 p n o y n x a , a a a  yMeHbmeHMS m o iq h o o t h  peaxT opa  

MaxoxMaxbHoe SHaaeHMe peaxTMBHoft m o q h o o t m  H eoöxoaw uo n o x y v a ib  npn
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H e x o T o p o M  H aw aabH O M  y r a e  a Q o tx m m h o m  o t  H y a a .  O flH a x o  n p n  s t o m  o a e a y e x  

y m iT U B a T b , m to  o  y B e a n 'je H n e M  y r a a  a Q B 0 3 p a o T a e T  o o a e p x a H M e  B uom ux  

rapM O H H X  b  o n e x T p e  T o x a  x o M n e H o a T o p a .

B xaMeoTBe MOTOMHMxa peaxTMBHOii m o d j h o o tm  npx xooBeHHOtt 
KOMneHoaqxx Taxxe nonoab3y»Ton OTa6nan3aTopH o onHxpoHM3npoBaHHUMM 

TMpMOTOpHhlMM XXlOMaMM (pM0.4.15).npM M3 MeHeHMM peaXTMBHOii MOflJHOOTM 

Harpy3XM noaxaioMaeToa pa3anMHoe xoaMaeoTBO peaxTopoB. flaa OHMieHxa 
Toxa nepexoaHoro npoyeooa BxaxmeHne m oTxaxmeHHe peaxTopoB 

npoM3BOflMToa npM a = n /2 , xorfla t o x  aepe3 Hero paBeH nyajo. B o b » 3 m  o  

3T m m  3ana3flUBaHne Ha BxajoneHMe m OTxaioaeHMe peaxTopa He npeBumaeT 

10 m o . flooTOHHOTBOM SToro xoMneHoaTopa HBaneToa OToyTOTBMe b h o d im x  

rapMOHMX b oneTpe Toxa.

Pmo.4.15. CxeMa OTa6MaM3aTopa peaxTMBHott m o h h o o t m  o

OMHXpOHM3MpOBaHHHMM TMpMOTOpHHMM xaOMBMM

4 . 5 .  B u B o .a u

1 . r io a H a n  x o M n e H o a q M a  peaxT M B H O ii m o d i h o o tm  m b h o d im x  rapM OHM X T o x a  

o o o T B e T O T B y e T  n o a x a» M eH M io  X M HeftHofl axTM BH O tl H e M 3 M eH a» D |e flo a  b o  BpeM eHM  

H a rp y 3 X M .

2 .  M o n iH o o T b , n o a a e x a i q a a  x o M n e H o a q M M , o n p e a e a a e T o a  p a s H O O T b d
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MTHOBeHHOfl MOÜJHOOTM HäTpySKM  H lITHOBeHHOfl MOIIIHOOTM BKTMBHOro

oonpoT M B JieH H n.

3 .  O qeH K y peaicTM B H O ft M o m H o o ro  m o x h o  n o T iy w T b  a rrn p o ic o M M a n n e fl n o  

M eT O fly HaMMeHbniMX K B aflpaT O B  M rHOBeHHOfi MomHOOTH, n o f l7i e * a m e ß

KOMneHoaqMM.

4 . f l™  T p e x $ a 3 H H X  o e T e ü  c  HyjieBUM  npoBOflOM  M rn oB eH H aa  peaK TH BH aa  

MomHOOTb, n o f lJ ie x a m a a  K O M neH oaqun, o n p e f l e ^ a e T c a  r j ia  K a x flo ß  M3 $ a s .

5 .  f l j ia  T p e x $ a 3 H H X  o e T e f l  6 e 3  H y n e ß o r o  n p o B O fla  flooTaTO H H O  

o n p e f l e ^ a T b  iirH O B eH H y io  peaK T W B H y»  M om H ooT b f lß y x  <J>a3, t o  e o T b  S T y  o x e M y  

p a o o M a T p u B a T b  k3 k  f lB y x $ a 3 H y jo  o  H yjieB H M  npoB O flO M .



5 . 3JEKTP0MATHMTHUE nPOUECCU M KOMI1EHCAUHH PEAKTMBHOH MOUHOCTM 
B 3JIEKTPHHECKMX ŒTHX MODJHUX TWMCTOPHWX nPE0BPA30BATEJŒÏI

5 .1 . P acM eT  c n e K T p a  b x o a h o t o  T o x a  t h p h c t o p h h x  n p e o 6 p a 3 0 B a T & n e f l

C ym eoT B yiom M e M eTOflu p a o w e T a  b u oh im x  rapMOHMK T o x a  tm p m o to p h h x  

n p e o 6 p a 3 0 B a T e J ie f t  M a n o  n p u r o f lH u  fljisi m x n p a x T M M eo x o r o  npuM eHeHM H. H a p n fly  

o o  oTioiHhiM  BMflOM paoMeTHMX s u p a x e H M fl ohm  b  p f lf le  o / iy n a e B  flaiOT 

r ipoT M B ope^ M B ue p e s y /ib T a T h i. B ob ji3m  o  otm m  n p e f lO T a B /ia e T o a  b b x h h m  

oKOHM aTeJibHoe pem eH M e o t o H  n p o 6 /ieM U ( n p w r o f lH o e  f l/ ia  M H xeH epH ofi 

npaKTMKM.

npeo0pa3OBaHM e 3 JieK TpwM eaK oñ oneprM M  BeHTMJib h h m m  yoTpoflO TBaM M  

c o n p o B o x f la e T O f l  noflB/ieH M eM  b o n e x T p e  T o x a  b h o id m x rapMOHMK. Be/iMMMHH 

aMriTiMTyfl OTfle/ibHHX rapMOHMK MoryT 6nTb paoMMTaHu Ha ooHOBe pas/ioxeHM S  

H eoM H yooM fla^ibH ofl xpMBOft T o x a  n p e o 6 p a 3 0 B a T e 7 if l  b  p n fl 4> ypb e. H 3B ecT H O , 

MTO xaxflofl Buomefl rapMOHMxe H a n p axeH M S  n o p s f l x a  i /= k p  H a OTopoHe 

n o o T o s iH H o r o  T o x a  o o o T B eT O T B y » T  « s e  rapM OHM xn n e p e M e H H o r o  T o x a  v = k p ± l ,  

r f l e  p  -  ny;ibOHOOTb n p e o ô p a s o B a T e / i n ,  k = l , 2 , 3 , . . .  [ 2 2 ] .

A n n m n y ^ t i  b x tm b h o tt u  peaxTMBHOfl o o o T aB /ia io in n x  T o x a  u—fi rapnoHM XM  

n p e o 6 p a 3 0 B a T e / ia  m o x h o  n o /iy aH T b , p a 3 7 ia r a a  xpM B y» B X o flH o ro  T o x a  b  pflfl 

4>ypbe
n / 2

pmv

-  i  i(9)oosvd dd ; 
* - n / 2

2  n ' 2

— J i(9)sim>9 <J9 .

(5.1)

(5.2)
- n / 2

Tox n p e o ô p a a o B a T e ^ a  m o x h o  npeflcrraB M T b oxeflycniMMM B upaxeH H sniM  

oooTB eTO TB yeuM X  M H TepB a/iax

r o .

Ha

i(9 ) = -

0 .

x 71
— — « » < a  - — »

2 3
X 71

- — « 9 < a + r - —
3 3
x 71

— — « 9 < a  + — »
3 3
X 71

+ — < 9 < o t + r + —
3 3
X n

+ — « 9 < »
3 2

(5.3)
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rae a u r -  yrrai ynpaBTieHvm n KOMMyTauwn;
Id -  op eflH ee  3Ha<reHMe BwnpsMJieHHoro TOKa.

Ha yvaoTK ax KOMMyTaquM tokm i t (ó ) m i 2(9) MoryT 6«Tb npeacTaBTieHu 
B B H a e

^3E
iJP) =  ■“  [oosa  -  oos(a+r)] ; (5.4)

2 x *

2 n
i 2W  = i d -  i j (e  -  — ) , (5.5)

rae Em -  aMn^HTyaHoe 3HaMeHne sao;
x k=x s + x t -  xHayKTOBHoe oonpoTMBíieHwe KOHTypa KOMMyTaquM, oocT oaiqee

M3 conpoTWBTieHMí) OMOTeMU x s  M TpaHC$opMaTopa n p e o 6 p a 3 0 -  

BaTe^n x T-

rioaoTaB/isfl BHpaxeHMa (5 .3)-(5 .5) b (5.1) m (5.2) m MHTerpxpya,
noTiyHMM

4 I dsir r (v it /3 )  ,  s in (V T /2 ) oos[v(cx+r)]
Iamv =    ■{ ---------------- oosotsinvip + --------------------  *

7 is in (r /2 )s im p   ̂ V

1 f s in [ ( i> - l ) r /2 ]
*  s i  n ( y / 2 )  s i r u p  -------------------------  s i n [ ( v - l ) 4 > ]  +  (5.6)

2  v - í

s i n [ ( v + l ) r / 2 ]
+ -----------------------  s in [(v + i)< p ]

v+1 JJ\ \ :

4 I ds in ( im /3 )  r s i n ( v r / 2 ) s in [ v (a + r ) ]
I =  ---------------------  < -    oosaooswp +   *
p n sin (T /2 )s iru p

1 f s i n [ ( v- 1 ) t/ 2 ]
*  s i n ( r / 2 ) sirup + -    oos[(v -l)< p ] + (5.7)

2  v - 1

s i n [ ( v + l ) r / 2 ]
+  ----------------------------  O O S [(lM -l) lp ]

W -l b
2 x KI d

í  =  a r o o o s ( c o s a  -  —  ) -  a  ; (5 .8 )
^3 E*
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r
<l> = a  + -  . (5.9)2

nO /lyH eH H bie  p e 3 y ^ b T a T H  HeOKOTIbKO OTJlMMaDTOfl OT M3B©OTHHX [22]. B 
OOOTBeTOTBHM O BUpaxeHM HM M  (5.6) M (5.7) 3 H a 4 eH M a  TOKOB EhlOmMX 

rapM OHM K o  yM eH bm eH ueM  y r ; i a  7  yB e^M M M B aioTon, m to  T ie r x o  oó Ł n o H sieT O H  o  

$M 3H M eoK ofl TOMKU 3 p eH v ifl: r ip n  yBejiMMeHMM y r j i a  7 $ o p M a  K p u B o ft t o k b  

n p n 6 ; iM x a e T o n  k  o n H y o o w f le ,  u  SH aM eH usi B u o m n x  rapM OH M K  o m ix a io T O fl,  a  n p n  

yMeHbmeHMM y r n a  7 tfo p M a  k p m b o ü  TOKa O TpeM M T oa k  n p f lM o y ro J ib H O ß , m to  

B7ieM6T 3 a  c o G o f l  y c e ^ H M e H u e  rapM OHM K.

n o t a r a s  b  o t h x  $ o p M y j i a x  v=i, noTiyMMM aM n n w T y flH  aKTMBHOti m 

peaK T M B H oft o o o T a B Jia jo a jH x  o o h o b h o î î  rapM O H M K n

2 { 3 I d

I a œ l  =    00S(7/2)00S<t> ) (5.10)

IDœl = ------------------------- [7- s i n 700 s 2D>] , (5.11)
2n s in (  7/ 2 ) sirup

o T K y ^ a  f le f lo T B y io m e e  3H aM eH n e t o k b  o o h o b h o A rapMOHMKn

{ 3 1

1 2{ 2 n s in (  7/ 2 ) sirup
Ij = —p;----------------------- | s i n 27+72-27Sin700s2<p . (5.12)

n p n  w a n u x  3HaMeHMflx 7 , K o r ^ a  m o x h o  n ojioxM T b

s in 7 = 7  , (5.13)

$ o p M y n a  (5.12) n e r x o  n p e o 6 p a 3 y e T o a  k  M 3BeoTHOM y B u p a x e H w o  [75]

T ^I i = -------  . (5.14)
n

E otim  n o n o x M T b  ot=0, t o  n p ii  BhinoTiHeHMM yojioBM H  (5.13) fle f lo T B y io n ie e  

3 H a w e H n e  t o k b  v-ñ rapM O H M K n

T ^Iv = ----------------------------------  (5.15)
VTl

M7IM B OTHOOMTeTIbHhlX eflMHMqaX

T* 1-  1-  -  -  “  . (5.16)
li v

«rro no^HOOTb» noflTBepxflaeTosi npaicniKOÍÍ [60].
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5 .2 . BnMHHMe ö a T a p e f l  KonaencaTopoB Ha aJieicrpoMarHimaie 
npoueccM b œ m  c  BeHmnbHuxH npeo6pa30BaTens9oi

npH noflKJiDMeHMM k n p e o 6 p a 3 0 B a T e ; n o  C a T a p e w  K O H ^ eH o a T o p o B  o  

oonpoT M B JieH M eM  x c  b  KOMMyTaL|MOHHUx T O K ax  i j ( ® >  h  i 2 ( 0 )  n o sœ x su o T o a  

flonoT iH M T eJibH bie BHOO K O M acrroTH ue o o o T aB n sH D m n e , o 6 y  07I0B  n e H H u e

pe30H aH 0H H M M  HBneHMSiMM M ex fly  P a T a p e e ß  K O H fleH o aT o p o B  m o e T b »

rt n
i . (» )  = A + Boos(9 + - )  + Coos[*(® + — - ♦ ) ]  +

3 3

+ Dsin[x(d +  ip)] ;
3

(5.17)

i 2 W  =  i a  -  1 , ( 0  - (5.18)

r f l e

* 7  *7
A = -Boosot -  Coos—  + Dsin—  ;

2 2
(5.19)

B = -  kn-
{ 3En

2x„
(5.20)

* m

C = -  k_
{3Em X2 oosa+ oos(a+ T  ) ^  + * t ê ( r / 2 )

2x. S 7 T
C k o o s  (aex/2 ) *m

—  + t g ( * r /2 )  
pn

(5.21)

{3Em X 2 o o s a -o o s (a + r )  ~  + ^ ^ / 2 )

D =  k n —2x.. 2:2x “2 x x  s i n  ( * r /2 )  xm
K c  —  + o t g ( * 7 / 2 )

U n

(5.22)

o n c y f la

n  * 7  n
i j (0 )  = -B [oosa-oos(ot + - ) ]  -  C[oos oos* (0  + ------ ♦)] +

* 7  il
+ D[sin—  + sin * (0  + -------♦)] .

2 3

(5.23)
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3fleob o 6 o 3 HaMeHO

MT MT wm = m Qoos—  + nQsin—  ; m0 = 2sin(p~) ;

MT MT *
n = n Qo o s m0s in —  ; n Q = l - 2 o o s ( p - )  ;

M2 2 Xc  2 Xc x *

k n  “  2 ' k m =  2 .  ’ ^  -  ' *  -
*  " I  M - 1  x s  x s x t

M n o;ieH H b iíí a H a n n 3  B u p a x e H M n  ( 5 . 2 3 )  n o K 3 3 a .n ,  m t o  n p n  M a r iu x  7  o

flOOTaTOM HOfl TOMHOOTbtO KOMMyTaL|HOHHtjfi TOK O n p e f le j I S e T O f l  KOOMHyOHOfl 

o o o T aB /iaK > m eíí o o h o b h o «  rapM O H M K u:

u
i , ( 0 )  =  A  +  B o o s ( 0  +  - )  . ( 5 . 2 4 )

3

TaKUM  o 6 p a 3 0 M ,  t o k m  B u c m n x  rapM O HM K n p e o ó p a s o B a T e j i a  o  k o m -  

n e H o u p y io m u M  y o T p o P o T B O M  m o x h o  T a x x e  p a o o M H T U B a T b  n o  B u p a x e m - iS M  ( 5 . 6 )  

m ( 5 . 7 ) .  O flH aK o  n p w  o t o m  H e o ó x o flM M O  yq M T b iB aT b , m t o  n p n  noflKTiioqeHM M  

ó a T a p e n  K O H fle H o a T o p o B  B en u M M H a y r j i a  7  ó y ^ e T  O T J in q a T b o s  o r  3H aq eH M S ¡, 

n o T iy q e H H o r o  n o  B u p a x eH M J o  ( 5 . 8 ) .

H aK fleM  B e n n m iH y  y r n a  7  n p e o 6 p a 3 0 B a T e ^ s  o  KOM neHOM py»rçM M  

y o T p o ñ o T B O M  b  3aBM O M M ooTM  o t  y r M  70 ,  o n p e / t e n e H H o r o  n o  ( 5 . 8 )  RJta  
n p e o 6 p a 3 0 B a T e 7 i n  6 e 3  K O M n e H o n p y to iq e r o  y o T p o i io T B a .

3 H a q e H n e  B u n p a M J ie H H o r o  TOK a n p e o 6 p a 3 0 B a T e J i a  o  K O M n eH o n p y » m n M  

yO TpoH O TBO M  MOXHO nOTlyMMTb M3 B u p a x e H M fi ( 5 . 3 )  M ( 5 . 1 7 )

{ 3 E œ X 2

Id = kn  k  (oosct-oos(a+7))
2 x k  2 x c x k

xm
2 —  +  x c t g  (  7/2  )  
a  p n

l+km-----------------------------------
X X  aem 

C K —  + o tg ( * 7 /2 )  
p n

( 5 . 2 5 )

C f l p y r o ß  OTopoH H , o t o t  x e  t o k  /pin n p e o 6 p a 3 0 B a T e n a  6 e 3  

K O M neH O M pycm ero y o T p o flo T B a

( 3 E a

Id =  (ooso t-oos(a+7 )) , (5.26)
2 x *

OTKyfla n00ne hcotioxhhx npeo6pa30BaHMił m flonyiqeHMn, mto

t 2
oos(a+ 7 ) «  ( 1  )o o sa  -  7 sd.n0  , (5.27)2

noTiyqHM



1 +

2 X 2 —  +  * o t g ( r / 2 )
p  a  p n

xm

p  - 1  x c x  * m
+  o t g ( * r / 2 )

p n

(5.28)

npM  X I q/ 2 4 0 , 5 ,  TO e O T b , eOTIM

x l j 0

(5.29)

y ro T i  KOMMyTaqMM 7  o n p e f l e ; i a e T o a  o /ie ^y o in M M  BupaxeHMeM

T =
X X

tg2a + (1 ---“)-T(To + 27„tga) - tga .
XC XK

(5.30)

E otim  x c > x s x t / ( x k 7 0) ,  m o x h o  H e  y w T H B a T b  w sM eH eH M e y r j i a  7  m 

npH H S T b  7=r0- nepexoflfl o t  oo n p o T M B iieH M fl x a, x T, xc k  m o ^ h o o ts im  

K o p o T K o ro  38M HKaHM S SK3, n p e o 0 p a 3 O B a T e T ia  Snp, C aT a p eM  K O H fleH oaT opoB  

% K, nonyvm npn Q6ie2'(Slt3+Snp)7 2

r  = t g 2a  +
S x , - « 6 .

S +S i t s  n p

( T 0 +  2 7 0t g a )  -  t g a  . (5.31)

3 t o  B u p a x e H M e  M o x e T  O uT b H eoKOJibKO y n p o n je H o  n p i i  o o O thdachhm  

oTieflyenjM X  ycTioBM fl

e o m t  a « 0 , l 7 0 , t o

r  =
s  + stea n p

T  0 * (5.32)

e o jiM  a s > a r o t g 5 7 0 , t o

S K 3-<afi»
r  =

s  + si t s  n p
'0  • (5.33)

B o o T a jib H H x  O T iy q a a x  ( O , l7 0< a < a r c r tg 5 7 0)  y ro T i 7  HeoOxoflHMO 

o n p e f l e ^ a T b  n o  B u p a x e H M e  (5.31).
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5 . 3 .  BJttOTHue flttuibTpo-KO M rieHCM pyœm Hx y c T p o flc T B  H a sjie K T p o M a m M T H u e  

n p o u e c c k i  b  c e  T a x  c  BeHTWibwoMM rrp eo6pa30B aT ejK iM M

PaooM OTpM M  o / i y q a ñ  no flK T ieqeH M a k  BeHTMJibHOMy n p e o 6 p a 3 0 B a T e .7 i »  

(pM T ibT po-K O M neH O M pytom ero  y o T p o f lO T B a , t o  e o T b  P a T a p e u  K O H fleH o aT o p o B  o  

oonpoTM B TieH M eM  x c  u p e a K T o p a  o  o o n p o T M B Jie H n e M  x p , H a o T p o e H H b ix  b 

p e 3 0 H a H 0  H a  q a o T O T y  £ „  rapM OHM KM. B o t o m  O J iy q a e  K O o$$M H neH T H  * ,  p ,  k n , 

k onpefleTifliO TO H  OTieflyenjH M  o 6 p a 3 0 M

XC * 2 1

Xp+Xs V XK *  _1  *0

xo p2 1
p2 = ---------  ; k* = - j - d  -  -*) .

V XS  ß  - 1  l P

noflO T aBT ina o tm  3 H a q e H n a  b  (5.28) noJiyqwM  np w

Z2r2-i * 0 * 0  1
QÄ > ----- -— (S +S ) (5.34)^ 6 k  _ 2 v K3 n p y '  7

y r o ; i  KOMMyTaqnw

SK,(52-i)/5o^x Snp
t g  a  +  ---------------------------------- ( 1  +   2--------- )  ( r 0 - 2 T 0 t g a ) - t g a ;  (5.35)

S x , + S „ p

m r ipn

* 2  2 .

O*, « — i — (SK3+Snp) (5.36)

X  =  T 0 ( 5 - 3 7 )

BhipaxeHMe (5.35) MoxeT 6uTb Taxxe ynponjeHO no aHajiorwn o (5.30) 
eoTiM a « 0 ,lT 0> to

T =

s K3( £ 2- d a 2- û 6k s,n p
(1 + :r — 75 ) T0 ; (5.38)

S ic s + S n p  S K 3 + ^ 0 ® 6 k

eo^M a>arotg5T0, t o

s K3 ( t 2- i ) / t 2- a 6lt s
(1 + -  — ^  ) T0 • (5.39)

S x » + S n p  S k * + £ oQ 6 k
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T b k  hm  o 6 p a 3 0 M ,  p a o q e T  bhoidm x r a p M o m u c  B x o f lH o r o  T o x a  B e H r a n b H u x  

n p e o 6 p a 3 0 B a T e 7 ie C t  a  K O M n eH o n p y eq n M M  v¡ $MJibTpo-KOMneHOMpyDnjM M M  

y o T p o flo T B aM M  M o x e T  o o y m e o T B T ia T b o a  n o  B u p a x e H w s u i ,  n o nyqeH H U M  ; p i a  

n p e o 6 p a 3 0 B 3 T e T ia  6 e 3  K O M n e H O H p y e q e ro  y o T p o H o T B a , h o  o yaeT O M  M3 « e H e H n n  

y r j i a  KOMMyTaqHM 7 . Ha p w o .5 . 1 - 5 . 4  n p w B efleH H  K p iiB u e  oTH O O M TejibH ux 

3H aqeH M fi y r j i a  K O M M yTaqm i 7 * = 7 / 7 0 n p n  p a3 Jinw H H X  3 H a a e H w a x  y r r i a  

yn p aB T ieH M a a  h  o o o T H o m e H M ax  SK3, Snp, Q 6 k .

< ¿ - 0 °

Pho.5.1. OTHOCM TeTibHue 3 H a q e H n a  y r j i a  KOMMyTapMM 7*=7/70 

HPM (S K3 - ^ 6 K) / ( S x » + S n p ) =  ° ' 6
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< ¿ = 0 0 °

10 20 30 w  50 60 70 80 90

Pmo.5.2. 0T H O ow T e;ibH ue 3 H a q eH n n  y r j i a  KOMMyTaqnn r* = ï/T 0 
npM <SM -Q#^ / ( S M +SBp) = 0,7

Pmo.5.3. OTHOOMTejibHue 3HaMeHMfl yrna KOMMyTaunn x*- X /X Q 
np* (SK3-Q6K)/(S K3+Snp) = 0,8
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r *

0,94 

0,93 

0 9 2  

QJ91 

0,90

0 50 20 30 40 50 60 70 SO 90 f0

Pmo.5.4. OTHOOMTe^bHue SH aM eH un y r v ia  KOMMyTaqvw T*=T/T0 
np* (SK3-ft6K)/(S K3+Snp) = 0,9

5.4.. Bbœo/tu

1 .  r ioT iy^ eH U  a H a jiM T sm e o K H e  B u p a x e H M S i, n o 3 B 0 7 in c m n e  p a o o w i u B a T b  

c n e K T p a T ib H u fl o o o T a B  B x o / i H o r o  t o k b  B eH T M Jib H u x n p e o 6 p a 3 0 B a T e ; i e i i  b  

sa B M cw M o o T M  o t  y r v i a  y n p a B T ieH M a  m  y r j i a  KO M M yTaqnM .

2. r ip e f lT io ie H  M eT ofl o n p e ^ e j ie H M s  Buom vrx rapM O H wc Toica  

n p e o ö p a s o B a T e j ia  n p n  noflKJiioaeHMH K O M n eH o n p y cm ero  vi $ m ib T p o -K o u n e H o n -  

p y io m e r o  y o T p o ílo T B a , 3aKJiioMa»mMñofl b  y w e T e  H 3M eH eH H s y m a  KOMwyTaxpm.

3. y r o j i  KOMM yTaqnn x  n p n  noflK^BMeHMM K O M n eH o n p y » m ero  ycrrpoH oT B a  

yM eH b m aeT on . X a p a K T e p  M SM eHeHna y r v ia  KOMMyTaqnn o n p e f le x in e T o a  

o o o T H o m e H n e ii  M oqH ociT efl K o p o T x o r o  3aMHKaHMa, n p e o 6 p a 3 0 B a T e 7 in  h  

K O M neH ow pyiom ero y o T p o tio T B a .

4. np w  noflKTiBweHMM $n 7 ib T p o -K O M n eH O H p y » in ero  y o T p o fto T B a  T a x x e  

n p o n o x o flM T  yM eH b m eH n e y r x ia  KOMMyTaqMM, o / iH a x o  b  flaHHOM oxiyM ae BTinflHne 

0K a 3 h iB a eT  m p e3 0 H a H O H a a  M aoTOTa HaoTpoftKM  $ m ib T p a .



3AKJD0MEHME

1. B HeTiMHetíHux qenax r¡pn HeoMHyooMflaJibHux Toxax noHSTue 
peaKTMBHssí MomHooTb b oónieM oTiywae He OTpaxaeT oöMeHa s^eKTpoMarHMTHoñ 
3Heprneñ Mexfly ho tom hm kom  m Harpy3Koft. B yxa3aHHOM OTiyqae MOxeT WMeTb
MeoTo KaK npoqeoo oóMeHa sTieKTpoMarHMTHOñ 3Heprnefi, w o
xapaKTepn3yeTOfl SHaneHMeM peaKTMBHofi m o d jh o o tm  b  TpaflMqwoHHOM 
noHMMaHMH, TaK u Ha^MMMe oflBMra $a3 Mexfly nepBHMM rapMOHMKaMM Totea m 
HanpaxeHHa npM oToy t c t b  mm oöMeHa 37ieKTpoMarHMTHofí oHeprxefi Mex^y
MOTOMHMKOM M HejlMHeíÍHOfi Harpy3Koft.

2. floKa3aHO, w o  flJis xapaKTepwoTMKM oöMeHa STieKTpoMarHMTHofi 
9Heprneñ npH HeoHHyooMfla^bHux pexMMax npHMeHeHwe HHTerpaTibHnx oqeHOK 
peaKTMBHofi MOIUHOOTH HenpMeMTieMO. yOTaHOBTieHO, MTO fíJia xapaKTepMOTMKM 
o^ieKTpoMarHMTHHx npoqeocoB b oeTax o buciummm rapMOHMKaMM qe7ieoooópa3HO 
npuMeHeHMe noHsrrasi MrHOBeHHaa peaKTMBHaa MonjHOCTb.

3. flOKa38Ha Ha OOHOBaHMM TeOpXM 37ieKTpOMarHMTHOrO nojia
B03M0XH00Tb M HeoCXOflHMOOTb npHMeHeHHS) nOHHTMH MrHOBeHHOfi peaKTMBHOÍÍ 
m o ^ h o o tm  b HeJiMHefiHHX Tpex$a3Hnx qenax HeoMHyooMflaJibHoro t o k b .

nOKa3BHa HeOPXOflMMOOTb MCn07Ib30BaHMñ MFHOBeHHUX peaKTMBHhlX MOnjHOOTeti 
$a3 o yweTOM h x  yr/ioBoro oflBwra.

4. AH87IH3 OTieKTpoMarHHTHHX npoqeoooB B npeo6pa30BaTe7ibHbix yoTa- 
HOBKax oflHO$a3Horo u Tpex$a3Horo t o k b  no3BO.naeT 3aK7isoMMTb 0 7 ie f ly » m e e .

4.1. YnpaBTifleMue npeoöpa30BaTe/iM o aKTWBHofí Harpy3Koñ HB/iaioTCfl 
noTpeóMTeTiíiMM peaKTMBHofi m o ą h o o tm  TOTibKO no nepBofi rapMOHHKe. 
MrHOBeHHaa peaKTMBHaa MonjHocTb u oóMeHHaa MomHooTb Taxofi Harpy3KH 
paBHu Hy;i» (oóMeH 3Heprnet) siex^y m cto h m k o m  m npeo6pa30BaTejieM H e 

npOMOXOflMT) M 3Ta "peaKTMBHaa MOIUHOOTb" OÓyCTIOBTieHa MOK7IK>MHTe7IbHO 
MOHHOOTbB OflBMra (J)a3.

4.2. B npeo6pa30BaTe;iax c aKTMBHO—MHflyKTMBHOfl Harpy3Koft oTieKTpo- 
MarHMTHue npoyeoou 3aBMoaT o t  oxeMhi npeo6pa30BaTe.na. B oxeMax 
npeoGpasoBaTe^eK, BHyTpx KOTopwx HeT KOHTypa 3aMHicaHMa Toxa, 
sanaoeHHoro MHflyxTMBHooTb», MrHOBeHHaa peaKTMBHaa MorçHOOTb u oóMeHHan 
MomHooTb OT71M4HU o t  Hyjifl (m otom hm k SHeprM M  u  n p e o 6 p a 3 0 B a T e j ib  

o6MeHMBa»Toa sTietcTpoMarHHTHoft 3Heprneñ).
4.3. B Tpex$a3Hux m o o to b h x  B unpaM M T e/iax  npx yrjie ynpaBTieHHa a>n/6 

»4rHOBeHHaa peaxTMBHas wonHOOTb u  oóMeHHaa MomHooTb o tíim m hh  o t  Hyjia, u  

Mexfly npeoópa30BaTe^evi u oeTbc npowoxoflHT npoqeoou oómeHa 
sjieKTpoMarHHTHOfl OHeprwefl.
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5 .  n p aK T M M eoK w e p e s y j ib T a T H  p a 6 o T H  3 a x n i3M aK )T oa  b  o / i e f ly io q e M .

5 . 1 .  P a 3 p a 6 o T a H  w eT O fl oq eH K M  p eaK T M B H ofi m o h jh o o tm  b  H e /iM H efiH u x  

q e n a x  o f lH O $ a 3 H o r o  H e o M H y o o M fla J ib H o r o  T o x a ,  3axjuoM aK >njM fica b  

SXBM BajieH TM pO BaH M M  MFHOBBHHOÍÍ peaX T M B H O Ít MOH|HOOTM.

5.2. B T p e x $ a 3 H n x  o e T a x  H e o M H y o o M flaT ib H o ro  T o x a  o  H y/ieBBM  npoB O flO M  

p eaK T M B H aa  m o iu h o c t b  o n p e f l e j i s e T o a  / p í a  x a x f lo f l  $ a 3 u  b  oTfleTibHOCTM n o  

MTHOBeHHHM 3H aaeH M H M  $ a 3 H H X  t o x o b  m H a n p a x e H M íl.  B o e T a x  6 e 3  H y j ie B o r o  

n p o B O fla  T p e x $ a 3 H a s  OM OTeiua p a o o M a T p M B a e T o a  x a x  f lB y x tJ ia s H a a  o  H yjieBUM  

npoB O flO M  m p e aK T M B H aa  M oqHOOTb o n p e / i e T ia e T o a  ¿ p ía  f lB y x  $ a 3  n o  MrHOBeHHUM 

3H aaeH M aM  $ a 3 H i ¡ x  t o x o b  m JM H efiH u x  H a n p a x e H M fi.  n o j iH a a  peaK T M B H aa 

MonjHOOTb T p e x $ a 3 H o f i  oeTM  o n p e f l e j i a e T o a  oyM M ofi peaK TM B H H X  M o q H o o T e ti $ a 3 .

5 . 3 .  r i p e / p i o x e H  M eT O /¡ K O M neH oaqM M  p e a K T M B H o fi m o ii ih o o t m , 3 a x J i » i i a r i -  

H M fic a  b  p a 3 ,q e jie H M M  M rH O B e H H o fi m o d ih o c tm  H a r p y 3 K M  H a  M rH O B eH H y io  

p e a x T M B H y »  M o m H o o T b  m M r H o s e H H y io  M o m H o o T b  T iM H e f lH o ro  H e M 3 M e H a » n } e r o c a  b o  
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f t  1 1 , 1 9 8 2 .

6 2 .  X exeT ieH K O  H .B ., C a e r e c o  D .H .: M eTOfl onpefleT ieH M si aaoTO TH H x x a -
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paKTepwoTM K 3 / ie K T p n a e o K n x  o e T e ñ .  T ex H M a e o K a a  3JieicrpoflM HaM M Ka, f t  4 ,

1 9 8 3 .

6 3 .  I e x e / ie H K O  H .B ., 71mnoKMfl A.M., CaeHKO D.7I.: P a o a e T  n a p a M e T p o B  

y o T p o h o T B  KOMneHcauMM KOTiePaHMh H an p axeH M fi. V i3B .B y30B  CCCP -  O H e p r e -  

T M K a. f t  2 ,  1 9 8 4 .

6 4 .  I e x e ^ e H K o  M .B., CaeHKO D.71.: 0  M eT O flax p a o a e T a  peaKTM BHofi 

MomHocTM npw  H ecM H yooM flaTibH H x pexM M ax. npoM binuieH H aa 3 H ep re T M ica , f t  2 ,  

1 9 8 5 .

6 5 .  X exeT ieH K O  M .B .,C aeH K O  D.71.: P a o a e T  n a p a M e T p o B  $M .m >Tpo-K O M neH - 

onpyioqMx yoTpofioTB np w  H a /ln a m i b h o id m x rapMOHMK b OMOTeMax 

3 J ie K T p o o H a 6 x e H n a . M 3 B .B y 3 0 B  CCCP -  S H ep reT M K a , f t  1 2 ,  1 9 8 5 .

6 6 . I e x e j ie H K O  H .B ., CaeHKO D.71.: O qeH K a peaK TM BH ofi M o q H o o ra  npM 

H eoM HyooM flaTibHHX pexM M ax OMOTeM O T ieK T pooH aóxeH M a. Ü 3 B .B y 3 0 B  CCCP 

S H ep reT M K a , f t  7 ,  1 9 8 6 .

6 7 .  X ex ejieH K O  H .B ., CaeHKO D.71.: PeaK TM BH aa MoqHOCTb b  3 a f l a a a x  

O JieK T posH epreT M K M . S /ieK T pM aeoT B O , f t  2 ,  1 9 8 7 .

6 8 . X ex en eH K O  H .B .,C aeH K O  D .7I.: OdMeH sjieK TpoM arH M TH O fi o H e p r n e f i  b  

H e m m e ttH o P i o p e a e .  M3 B . B y 3 0 B  CCCP -  S H e p reT H K a , f t  5 ,  1 9 8 8 .

6 9 .  I e x e a e H K O  M .B.,C aeH K O  D.71.: PeaK T M BH aa MoqHOCTb b  S T ie x r p M a e o -  

km x o e T a x  a y r o B H X  OTaTienTiaBMTibHHX n e a e f i .  M3 B .B y s o B  CCCP -  S j ie K T p o M e -  

x a H M K a , f t  5 ,  1 9 8 9 .
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h o c tm  m K a a e o T B a  o T ieK T p o o H a d x e H n a  npoM am aeH H H X  n p ea n p n a T M fi. K n eB , 
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y o T p o fio T B  Ha avinnM TyaHhifi o n e K T p  t o k b  BeHTMTibHux n p e o d p a 3 0 B a T e a e f i .  

T ex H M a e o K a a  oaeKTpoflM HaM M Ka, f t  3 ,  1 9 9 0 .

7 4 .  X e x ea e H K O  H .B ., CaeHKO D.71.: B3aM M Hue oonpoTM BJieH M a s jieK T p M -  

aeoKMX o e T e i i  H a a a c T O T a x  rapMOHMK. M sB .B y s o B . CCCP -  S H ep reT M K a , f t  9 ,  

1 9 9 0 .

7 5 .  3 a 6 p o flM H  D .C .: npoM binuieH H aa sjieK T poH M K a. M., B a o m a a  u k o m ,  

1 9 8 2 . -  4 9 6  o .



OIMCOK 0603HAHEHMH

-  BeKTop npaMoü noc;ieflOBaTe.7ibHOCTM;
-  BeKTop odpaTHOií noojienoBaTeHbHooTM;
-  BeKTop H y ;ie B o f t  nocJieflOBaTe/ibHocTM;
-  onepaTop noBopoTa (a = e J2n/3);
-  B eK T O p MarHMTHOfl MHflyKUMM;
-  eM KOCTb;

-  HeaKTMBHaa co o T S B T ia io q a n  noAHOfi moiijhootm;

-  B eK T op  37ieK T pM M eoK oro OMeqeHMa;

-  ¿ jM cn e p o M a  c.nyaafíHoil BeJiManHH x ;

-  npon3BO¿)Haa no BpeM eH M ;

-  BeKTop HanpaxeHHOGTM 3^eKTpnaeoKoro no;ia;
-  B e ic r o p  H anpaxeH H O O T M  M arH M T H o ro  n o / i a ;

-  aefioTByioqee 3HaaeHxe TOKa;

-  f le ü o T B y io q e e  3H aaeH M e B tcn p aM fleH H oro  TOKa n p e o 6 p a 3 0 B a T e r a ;

- aMn/iMTy^Hoe 3HaaeHne t o k s ;
-  MHMMaa a a c T b  K O M n/ieK O H oro  a n e c i a  x;
-  B eK T o p  nTIOTHOCTM TO K a npOBOflHMOCTM;

-  HOMMHaTlbHHfí TOK;

-  MrHOBeHHHfi tok;
-  aK TW BH aa o o o T a B ^ a io q a a  TO K a;

-  MrHOBeHHHfi BHnpaMTieHHHfi tok npeodpa30BaTejia;
-  MrHOBeHHHfi tok KOMneHOMpyioqero yoTpofiOTBa;
-  peaK TM BH aa o o o T a B /ia to q a s  TOKa;

-- MHMMaa eflMHMqa (j = PT);
-  M o q n o c T b  M OK axeH M a;

-  K 03$$M U M eH T o K o a n y a T a q M O H H o ro  K o p o T K o ro  3aMHK€iHMa n e aM ;

-  MH^yKTMBHOCTb;

-  MaTeMaTMaecKoe oxMflaHMe o^yaatlHofi Be/iMaMHH x;
-  n y j ib O M p y » q a a  MoqHOOTb;

-  K 03$$M U M eH T TpaH C $O pM aqM M ;

-  aK TM B H aa M oqHO O Tb;

-  MrHOBeHHaa MoqHooTb;
-  peaK TM BH aa M oqH ooT b;

-  peaKTMBHaa MoqHooTb no C.Budeanu;
-  MOfflHocTb G a T a p eM  K O H a e H c a T o p o B ;

-  p e aK T M B H aa  MoqHOCTb n o  S . F r y z e ;
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Qn  -  peaKTMBHaa MoniHOCTb n o  Z .N ow om iejsk i;
Qh -  peaKTHBHaa MomHooTb H arpy3kh;

Qo6 -  o&MeHHaa peaKTMBHaa MonjHOCTb;

Qcx -  peaKTMBHaa MomHOCTb CTa6n/iM3aTopa;

-  OKBHBa/ieHTHaa peaKTMBHaa M oniHOCTb;

Q j. -  cyMMapHaa p e aK T M B H aa  M omHOCTb;

q -  M rH O B eH H aa p eaK T M B H aa  M oniHOCTb;

q *  -  oTHOCMTeTibHoe 3HaMeHne MrHOBeHHoPi peaKTMBHOfi m o ib h o ctm ;

q K -  M rH O B eH H aa p eaK T M B H aa  M omHOCTb K O M neH C M pyiom ero  y c r p o t tC T B a ;

R -  aKTMBHoe oonpoTMBTieHMe;
R  ̂ -  aKTMBHoe conpoTMB/ieHMe ayrvi;
Re[xJ - ̂ eMcTBHTe/ibHaa aacTb KOMn/ieKCHoro MMc;ia x;
S -  n o u H a a  M oniHOCTb;

3  -  KOMn.neKC n o /iH o tf m o uih oo tm ;

S -  no/iHaa MomHOCTb b riDOCTpaHc t b e  BeoMKOBMaa-CoOoTieBa;
bs“
SK3 -  MOIUHOOTb KOpOTKOrO 3aMHKaHMa;
SHJI -  MOlUHOCTb He/MHeflHötö Harpy3KKn;
S  -  MoniHOCTb p e a K T o p a ;

SnT -  MomHOCTb neaHoro TpaHC$opMaTopa;
S (i(t)) -  $yH K U M O H a/i;

t ,  T -  B p e M a ;

T -  nepHoa M3MeHeHMa HanpaxeHMa ceTM, MomHOCTb MCKaxeHna;
U -  aeficTByiom ee 3HaaeHMe HanpaxeHMa;

Um - aMnuMTyuHoe 3HaaeHMe HanpaxeHMa;
Ú, Í - KOMnueKcu HanpaxeHMa, TOKa;
Û, Î -  conpaxeH H ue KOMn/ieKcn HanpaxeHMa, TOKa;
UA - (JasHoe HanpaxeHMe;
UAB - UMHefiHoe HanpaxeHMe;
Ud -  ueMcTByiomee sHaaeHMe BbinpaMTieHHoro HanpaxeHMa n œ o 6 p a 3 0 B a -

Teua;
- MrHOBeHHoe HanpaxeHMe;

ud - MrHOBeHHoe BunpaM^eHHoe HanpaxeHMe n p eo6p a3oeaT e.ua;
V - oôteM  pacMaTpMBaeMoro npocTpancTBa;
w - OHeprna oueKTpoMarHMTHoro no/ia;

wM - OHeprna MarHMTHoro no/ia;

w=p - cp eu H ee  3HaaeHMe sHeprMM oueKTpoMarHMTHoro noua;

w, - SH eprna sueKTpM aecKoro noua;
X - peaKTMBHoe conpoTMB/ieHMe;

x . y . z - aexapTOBHe KoopflMHara;

XK - MHüyKTMBHOe COnpOTMB TieHMe KOHTypa KOMMyTaUMM;

x s - MHayKTMBHOe conpoTMB/ieHMe CMCTeMH;

X T - MH^yKTMBHoe conpoTMBTieHMe TpaHC$opMaTopa npeo6pa30B aT e.ua;

y - peaKTMBHaa npoBojsMMOCTb:
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a -  yro/i ynpaBJieHwa npeo6pa30BaTe/ia, Haaa/ibHaa $a3a HanpaxeHMa;
a Q -  HaaaTibHbiM yron ynpaB/ieHna npeo6pa30BaTe/ia;
ß -  HaMa/ibHaa $a3a TOKa;
r -  yaejibHaa npoBo.zjMMocTb cpe«u; yron KOMMyTaum  npeo0pa3OBa-

TeTia;
r 0 -  yron KOMMyTauMM npeo6pa30BaTeaa 6e3 KOMneHCHpyiomero ycTpofi-

O T B a;

T* -  O T H o c n T e a b H o e  3H aM eH ne y r o ; i a  KOMMyTaunw n p e o 6 p a 3 0 B a -

TeTia ( r * = r /r 0);

6  -  BeKTOp n/IOTHOCTM TOKa;
d / d t  -  a a o T H a a  n p o M 3 B O flH a a  n o  B p eM e H n ;

A, <5 -  norpemHooTb;
AP -  noTepn aKTMBHOñ mo®hoctx;
a U -  n a a e H w e  H a n p a x eH tia ;

e  -  aöooTiioTHaa OTieKTpwaeoKaa npoHnqaeMOCTb BemecTBa;
<P -  yroTi oflBnra $a3 HanpaxeHHa m TOKa;
ju. -  a6 co /iK > T H aa  M arH M T H aa npoHMiiaeMocTb B e m e c T B a ;

V -  HOMep rapMOHMKM;
ct[x], o x -  c p e f lH e K B a a p a T H M e o K o e  o T K /io H eH H e c-nyvafiHoft Be/mHM HH x;

& -  TeKymee 3HaaeHne yrvia mthobohhofo TOKa(& = ut);
£ 0 -  p e 3 0 H a H C H a a  a a c T O T a  $ H 7 ib T p o -K O M n eH C M p y io m ero  y o x p o f ic T B a ;

u  -  y r a o B a a  a a c T O - ra  H a n p a x e m i a  o eT M , o ö b e M H a a  n/ioT H O C T b 3 / i e K -

T p o M a rH M T H o ro  n o ™ ; 

u M -  o ó Ł e M H a a  nJioTH O C Tb M arH M T H o ro  n o / i a ;

(*>p - pe30HaHCHaa aacTOTa;
u g  -  o6ï>eMHaa n /i0 T H 0 C T b  3 / i e K T p n a e c K o r o  n o ™ .



PEAKTHBHAH MOHHOCTb B CMCTEMAX aHEKTPOCHAETEHMH 
C HEJIMHEHHUMM HATPy3KAMM

P e  3 u  M e

B MOHorpa$MM paooMOTpeHu B o n p o o H  o óM eH a w nepe^aan 
S^eKTpOMarHMTHOił 3HeprHM B 37ieKTpMMeOKMX O eTSX  HeOMHyOOM^a^bHOrO TOKa.

n p o B e f le H  aHa7iM 3 m fla H a  o q eH K a  oyiqecTByioiH M X MeTOflOB p a o a e T a  

peaK T M BH oñ MOHHOOTM b  s /ieK T p n aeoK M X  q e n n x  n p n  H eoM H yoonflajibH H X  

p e x m n a x .  Ha ooH O B e TeopMM sT ieK T poM arH H T H oro  n o ™  p a 3 p a 6 o T a H  MeTOfl 

o n p e f le T ie H n a  peaKTMBHOfi m o d ih o o tm  KaK b  o flH O $ a 3 H n x , TaK vt b  T p ex$> a3H U x  

He^iMHeîîHHX q e n a x .  flaH  a H a ;w 3  o jie K T p o M a r m m iH X  n p o q e o o o B  b  

n p e o 6 p a 3 0 B a T e /ib H b ix  yoT aH O B K ax o /jH O $ a 3 H o r o  u  T p e x $ a 3 H o r o  TOKa, a  T a K x e  

B o e T a x  o  flyroBHM M  OTa/ienTiaBMTibHUMM neaaM M .

P a 3 p a 6 o T a n b i n p u H q u n u  p a o a e T a  n  K O M neH oaqn n  peaKTMBHOfi moihhoctm  

n p n  H eoM H ycoM flaT ibH ux p e iM M a x . P a 3 p a 6 o T a H a  MeTo^MKa o n p efle j ieH M si o n e K T p a  

B x o f lH o r o  TOKa T u p n o T o p H o r o  n p e o O p a s o B a T e J in  o  KOMneHoxpyiomMMM h 

$M7ibT po—KOMneHOMpyiomHMM yoT pofloT B aM M .



R E A C T IV E  PO W ER I N  E L E C T R IC  S U P P L Y  S Y S T E M S  

H A V IN G  N O N L IN E A R  L O A D S

S u m m a r y

Problems o f  exchange and tran sm ission  o f  eleotrom agneteo  energy
in networks o f  nonsinusoidal cu rren ts  are con sid ered  in  t h is
monograph.

An a n a ly s is  i s  made and an estim ation  i s  done o f  cu rren t methods 
o f  r e a c t iv e  power com putation fo r  th e  networks op eratin g  in
n onsinusoidal co n d itio n s. On th e  b a s is  o f  th e  e lec trom agn etic  f ie ld
th eory  a method o f  r e a c t iv e  power determ ination  i s  worked o u t fo r  one- 
phase a s  w ell a s  fo r  th r ee -p h a se  nonlinear networks. A nalysis o f  
e lec tro m a g n etic  p r o c e sse s  i s  made fo r  one-ph ase and th ree -p h a se  
co n v er tin g  d e v ic e s  a s  w ell a s  fo r  networks with ark steelm aking  
furnaces.

P r in c ip les  o f  com putation and com pensation o f  r e a c t iv e  power in  
n onsin u soid al c o n d itio n s  are worked out. Methods o f  determ ination  
o f  th e  in pu t cu rren t spectrum  o f  th e  th y r is te r is e d  co n v er ter  having  
com pensating and filter -c o m p en sa tin g  d e v ic e s  are worked out.



MOC BIERNA W SYSTEMACH Z A SIL A N IA  

Z  NIELINIOW YM I ODBIORAMI

S t r e s z c z e n i e

W monografii rozpatrzono zagadnienia wymiany i przekazywania energii 
elektromagnetycznej w sieciach elektrycznych prądu niesinusoidalnego.

Przeprowadzono analizy i dokonano oceny istniejących metod obliczania 
mocy biernej w sieciach elektrycznych przy niesinusoidalnych stanach pracy. 
Na podstawie teorii pola elektromagnetycznego opracowano metody określenia 
mocy biernej w Jednofazowych oraz trójfazowych obwodach nieliniowych. Po­
dano analizy przebiegów elektromagnetycznych w urządzeniach przekształtni­
kowych prądu Jednofazowego i trójfazowego oraz w sieciach zawierających 
stalownicze piece łukowe.

Opracowano zasady obliczenia i kompensacji mocy biernej w stanach nie­
sinusoidalnych. Opracowano metody określenia spektrum prądu wejściowego 
przekształtnika tyrystorowego z urządzeniami kompensującymi i filtrująco- 
-kompensującymi.


