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I. B B e A e H H e 

O,n;HHY H3 M6T0,1l;OB Bbl'IHCJI6HHH nepeX0,11;HblX,IIpOU6CCOB B SJI6KTpOHHOlt 

CXeMe HBJIH6TCH qHCJI6HH06 HHTerpHpOBaHHe CHCT6Ubl ,1l;H~epeHUHaJILHblX 

ypaBHeHHlri, orrHCbiBaiOIIUfX sTy cxeYy. PPH aTou HHTerpmpyeuaR cHcTeua 

,11;0Jl~Ha 6blTL ijp6,11;CTaBJieHa B BJ4,11;6 1 paapeweHHOU OTHOCHT6JILHO CBOHX Bb1C

WJ4X IIpOH3B0,1l;HblX /!,2/. 
ilp14U6H6HH6 aaKOHOB K14pXr~a K cxeue, COCTOH~elrt H3 JIHHelriHblX SJ1e

U6HTOB c cocpe,n;oToqeHHbiYJ4 rrapaueTpauH, ,n;aeT B o6~eM cnyqae cmcTeYy 

,11;14W~epeHUHaJILHbiX ypaBH6HHlri BTOporo IIOpH,n;Ka, He paapemeHHbiX OTHOCH

T6JILHO BTOPbiX rrpoHaBo,n;HbiX. HaH6onee npocTbiN H nerKo ~opuanHayeublu 

CIIOC060N IIpT4B6,11;6HJ4H TaKOlri CHCT6Mbl K BJ4~y, npHrO,n;HOYy ,1l;JIH 'IHCJ16HHOrO 

J4HTerpHpOBaHHH 1 HBJIH6TCH 'IHCTO anre6paHqeCK06 paapeWeHH6 IIyTeU 06-

pa~eHHH uaTpHUbl KOai,Wl!r!UHeHTOB np14 BTOPbiX rrpoHaBo,n;HbiX. O,n;HaKo B o6-

~eu cnyqae aTa MaTpHua oKaabiBaeTcH Heo6paT!r!uolrt /3/ (B cHcTeue ,n;Hw

wepeHuHaJILHbiX ypaBH6HJ4lrt 1 OIIHCbiBaiOIIUfX ~H3lr!qecKE ocy~eCTBJ4Nbl6 JIHHelriHble 

cxeMbl c cocpe,n;oToqeHHbiM!r! rrapaMeTpau!r!). 

HJ4Xe IIOKa3blBaeTCH B03MOXHOCTL B03Hlr!KHOB8HJ4H OTMeqeHHOlri anre-

6paJ4qecKOlrt Hepaap6llilr!MOCTJ4 B CJ4CT8Me ,11;lr!W~epeHU!r!aJILHbiX ypaBH8HJ4lri, IIO

nyqeHHbiX M6T0,1l;OM yanOBbiX IIOT8HUJ4aJIOB. BcKpblBaeTCH CBH3L anre6pa!r!-
"7 

qecKolri Hepaapewlr!MOCTPI co cTpyttTypolrt coe,n;HHeHHlrt rraccEBHbiX aJieueHTOB 

R , C, L Me~,n;y co6olrt. ITpe,n;naraeTcH MeTo,n; aHaJIHaa lr! cooTBSTCTBY--ID~J4lrt eMy M8T0,11; 3KB!r!BaJ16HTHbiX rrpeo6pa30BaH!r!Jri lr!CX0,11;HOJri CJ4CT6Mbl ypaB-

HeH!r!lrt K WOPM8 1 anre6paJ4qeCK!r! paapellilr!MOlri OTHOCPIT8JILHO CBOHX BblCWJ4X 

IIpO!r!3B0,1l;HbiX. <1/0pMyJIHpyiDTCH IIp!r!HU!r!II!laJILHble OCHOBbl aJirOp!r!TUa ,11;JIH IIOJI

HOCTLID aBTOMaTHqecKoro pacqeTa rrepexo,n;HbiX rrpoueccoB c rroMo~LIO 8UBM • 
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Coo6maeTcH o pesynLTaTax npaKTH'IlecKoit peanzsauzz sToro anropHTMa 

Ha 9UBM. 

2. 06o6meHHaR CXeua C H63aBHCHUYYH reHepaTOpaMH TOKOB 

BBe~eu noHHTHe o6o6meHHO~ cxeuy n -ro nopa~Ka. TiycTL zueeTCH 

COBOKYTIHOCTL TO'IleK (y3HOB) 1 nepeHyuepoBaHHYX OT I ~0 n • Me~ 
Kaz~oa napoa To'lleK ( t ,j) BKnm'lleH o6o6meHH~ sneueHT (napaHHenLHoe 

coe~HH6HH6 6UKOCTH 1 COITpOTHBH6HHH 1 HH~YKTHBHOCTH H H~eaHLHOrO reHe

paTOpa TOKa 1 CU. pzc.I). B ~aHLHe~m~U MY 6y~eu ITOHLSOBaTLCH cne~y

mmHUH o6osHaqeHHHUH napaueTpoB aneueHTOB cxeuy: 

Ctj 

_.J_ 
9 tj- Ri.j 

j_ 
dtj = Ltj 

1 Lj 

- euKOCTL, BMm'lleHHaH uelK~Y L -o~ H j -olt TO'IlKBldH 
cxeMY; 

- rrpOBO~HUOCTDi 

- 06paTHaH HH~yKTHBHOCTLi 

- reaepaTOp TOKa, TIOHOZHTeHLHOe HanpaBHeHHe KOTOpOrO 
(B reHepaTope) OT L -oit TO'IIKH K j -olt. 

9TH napaueTpY aneueHTOB o6o6meHHoit cxeYY :uoryT npHHHMaTD pasm'l'llHYe 

SHa'lleHHH, B TOY 'lll!lCHe H HyneBYe. TaKHY o6paSOM, HID6aH Hanepe~ sa

~aHHaH aneKTpH'IleCKaH CXeMa C COCpe~OTO'IleHHYYH napaueTpaMH flBHHeTCH 

qacTHYY cnyqaeu o6o6meHHO~ cxeMY. 

PaccuoTpMM o6o6~eHHym cxeuy n -ro nopH~Ka, B KOTopoa napaueT

PY aneMeHTOB C t 9 , cl ITOCTOHHHY, a TOKH reHepaTOpOB HBHHIDTCH He

SaBitiCHMYMH ~YHKUHHMI!l BpeueHH. CzcTeMa ypaBHeHHit Kzpxr~a ~nH ysno

BYX ITOTeHUitlaHOB TaKOLi CXeYY HUeeT BH~ t 

n t n 
10 

> CL'(Ct.~U. '+ 9t .(u,-uJ ~ L d .. J ( u.J-u.t.)dt=LI~J, CI) 
j;:; J :J L/ J•4 J J {"' '"J-~ J=l. 
t#j LIJ ~J L+J 

4 

~ 

I . 

I ' 
~~ 
I .}.:M-·, 

r~e L = 1, 2, 3 •.... , n . 
QqeBH~HO, 'liTO CitiCTeMa (I) CO~epllCitiT HitiWL n -I HesaBHC~ 

Itl3 KOTOPYX MOliCHO onpe~eHitiTL n -I He3aBHCitiMYX pa3HOCT€ 

ITpaKTH'IleCKH rronaraiDT ITOTeHUHaH O~HO~ HS TO'Il6K paBHYY 

BaiDT O~HO l!l3 ypaBHeHI!l~ ClllCTeMY (I) Ill, pemaH OCTaBWYIDC 

XO~RT ITOTeHUHaHY OCTaHLHYX TO'IleK CXeUY~THOCHTeHLHO ~ 

KO ~Hfl y~06CTBa H 06mHOCTI!l ~aHDH6~WI!lX paccyllC~eHI!l~ MY 

TpzBaTD aeonpe~eneaayro cl!lcTeuy (I), He vlCKJIIO'IlaR IllS He 

ypaBHGHI!lH. 

BBe~eM o6oaHa'lleHHR: 
n n 

Cu=-[ ci.j,j=Fi.. (2) dLt=-~ dt; ,j; 
J=i J=f 'J 

n n 
9LL=-.[ 9·· J.* L <4> Ii. =-[ I.J j 

j=~ LJ ' J=i I. J 

nz~epeHuzpyR Cl!lCTeMy (I) ITO Bpe~eHitl 1 pacKpYBaH 

CTaBJIHH B Hee BHpazeHitlfl (2), (3), (4), (5), TIOJiy'llltiM C 
~ n n 

t- CtJ' uJ. + r 9LJ' uJ. + L di.J.LJ.J.+ il=O ' ~ae l:o.1,2, 3, ... , 
J "~ J=i J=i iJ 

nna pemeHitlff CitiCTeMH (6) O~HitiM l!l3 'llHCHeHHYX MeTO~OB ee 

paspeWitiTD OTHOCitiTeJIDHO BTOpYX ITpOI!l3BO~HHX 1 T.e. rrpHBe 

Ut=fL(t,U4,Ua,•··,U.,,LL4,U.., ... ,U.,), 2~e l=1,2,3,. 
PaccuoTpzu qzcTo anre6pazqecKza rryTL TaKoro rrpl!lE 

paapewzuocTD czcTeMH anre6pazqecKHX ypaBHeHza 

"' \ C L · X· = p. L' = 1 2 3 n f.- J J 1,. ' 1) I J '"> J•f .. 
r~e BeJIHl!HHbl Xj = Uj U.. 

n '"' 

pi. = - r 9,J. u.J. - z dLJ. u.J. - i t. 
J=i j•i 

ycnoBHo He aaBHCRT ~pyr OT ~pyra. Mccne~yeu uaTpHuy R 
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nLTaTax npaKT~~ecKo~ pean~aau~~ aToro anrop~TYa 

CX6Ya C H63aB~C~YHYH reHepaTopaY~ TOKOB 

He 0606Ul6HHO~ CX6YH n -ro ITOpH,l{Ka. IlyCTL HY66TCH 

K (yanoB), nepeHyuepoBaHHHX oT I .li;O n • Mew 

K ( t, J) BKmo~eH o6o6UleHHWi aneueHT (napauenLHoe 

H, conpOTHBH6HHH 1 HH.li;YKTHBHOCTH H H.l{6aHLHOrO reHe

pHc.I). B ,ll;aHLHet:lweM YH 6y.ll;eM TIOHL30BaTLCH CHe.l{y

YH napaueTpOB aneueHTOB cxeMH: 

YKOCTL, BKmo~eHHaH uellt.li;Y l. -ot:l H j -olit TO~&nH 
xeuH; 

pOBO.l{HMOCTLi 

6paTHafl HH.li;YKTHBHOCTLi 

eHepaTOp TOKa, ITOHOliCHT6HLH06 HanpaBH6HH6 KOTQpOrO 
B reHepaTope) OT L -0~ TO~Kl1 K j -otL 

M6HTOB 0606Ul6HHO£l CX6l\IH MOryT TipMHHMaTL paanH~HHe 

Hcne H ayneBHe. TaKHY o6paaou, nro6aH Hanepe.l{ aa

KaH CX6Ma C COCp6.li;OT0~6HHHMH napaMeTpaMH HBHHeTCH 

606Ul6HHOH CXeUH. 

60611leHHYD cxeuy n -ro nopH.l{Ka, B KOTopol napaueT-

9 , cl TIOCTOHHHH 1 a TOKH reHepaTOpOB HBHHIDTCH He

HMH BpeueHH. CHcTeMa ypaBHeHHt:l KHpxro~a .l{HH yano

aKolit CXeMH HM6eT BH.l{ 
1'\ i:. ... 

•• 9t/UJ-ut) + ~ di.J J ( u.J-u.i.)di=-.fli.J, CI) 
7.+J t~J -- i+j 

4 

~ 

'I;;-

r.l{e L = ~ ,2, 3, .... , n. 
0~eBH.l{H0 1 ~TO CHCTeMa (I) CO.l{epl!CHT HHWL n -I H838BHCHMHX ypaBHeHHH 1 

H3 KOTOPHX YOliCHO onpe,ll;eHHTL n -I HeaaBHCHMHX paaHOCTelit IIOTeHU~anOB. 

ITpaKTH~eCK~ nonaraiDT llOTeHU~an O.li;HOt:l ~3 T0~6K paBHHM Hynro, OT6paCH

BaiDT O.l{HO H3 ypaBHeH~lit CHCTeM~ (I) ~~ pewaH OCTaBlliYIDCH CHCTeYy, Ha

XO,li;HT ITOT6HUHan~ OCTaHLHHX ToqeK CX6MH~THOC~TeHLHO HyneBOJit), 0.l{Ha

KO .l{HH y.ll;o6cTBa H 06UlHOCT~ .l{anLHelitrnHx paccyllt.l{eHH.Iit YM 6y.l{eM paccua

TpHBaTL HeOnpe.l{eneHHyiD CHCTeMy (I), He HCKHID~aH H3 Hee ITOKa O.l{HO H3 

ypaBHeHli!Jit. 

BBe,ll;eY oooaHa~eHHH: 
"' n 

Cu.=- [ CLj) j :i= i. (2) dLL =-~ di.j 'j'~ L (3) 
J =f J=l 

n n 
9u=-L 9·· J'* L C4) It=-[. I .. j*L (5) 

j=~ LJ I J=-f L.J J 

~~~epeHUHpyH CHCTeMy (I) ITO BpeMeHlil, pacKp~BaH CKOOK~ H ITO,li;-

CTaBHHH B Hee BMpallteHHH (2), (3), (4), (5), nony~li!M CHCTeMy 
~ 1'\ 1'\ 

?- Ci.j UJ· + .t= 9tJ· UJ. + L d~J· LLJ .... IL=Q , 'Z.ae l= i,2,3, ... , n. (6) 
J=i j=i J=i 11 

~nH perneHHH CHCTeMH (6) O,li;HHM H3 ~HCHeHHMX MeTO.l{OB ee HeOOXO~YO 

paapelliHTL OTHOC~TenLHO BTOphlX ITpOlil3BO.l{HMX 1 T.e. npHBeCTH K BH.ll;y 

•• f (L • • . ) . 7 U.t= L 't 1Ll4,Uu ... ,Ut'I,LL4,LL1, ... ,U., , 2912 L.:o;1,2,3, ... ,n. () 
PaccMOTPHM ~HCTO anre6pa~~ecK~lit nyTL TaKoro rrpHBe.l{eHHH, T.e. 

paapellili!MOCTL C~CTeMH anre6paH~eCK~X ypaBHeH~Jit 
1'\ 

["c,.x.=P. 
j=f "J J 1.. 

L=i,2,3, ... ,n 

r,ll;e BeJm~HHbl X·=U· ~ 
J Jl'\ 1'\ 

PL = - r 9~; uJ. -L dLJ. u.J. - i L 
J=i • j•-1 

ycnOBHO He aaBHCHT .ll;pyr oT .ll;pyra. ~ccne.l{yeu uaTpHuy 

• 
5 
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( C,) npE HeESBeCTHbiX Xj = Uj, 0'1eBH,liHO, ·'ITO STa MaTpE~a CEMMeTpE'Ie

CKaJ:I, T, K, 

c .. = c .. I.J J I. • (II) 

na~ee, E3 B~paEeHEH (2) C~e.z~yeT, 'ITO cyuua a~eMeHTOB ~ro6o~ CTpOKH 

E~E CT0~6~a paBHa Hynro: n " r Ci.j = .[ C Lj = 0 , ( !2) 
J•i L-=i 

T .e. onpe.zte~ETen:& MaTpEilbl ( Ci) , KaK E cne.ztOBa~O OEH,llaT:&, TOllt,Z{eCT-

BeHHO paBeH HY~~, T,K, O,ZIHO E3 ypaBHeHH~ G~CTeM (6) H (8) HBHHeTCH 

C~e,ZICTBHeM OCTa~:&HblX. 0.ztHaK0 1 KpOYe STO~ TpEBHa~:&HO~ saBHCHYOCTH 1 

CHCTeMa (8) :,lQJit:eT CO,Z~epEaT:& ollie HeCKO~:&KO ypaBHeHH~ 1 He HB~HIDIIIHXCH 

He3aBHCHM~MH OT OCT~:&HbiX,T,e, CHCTeYa (8) MOJit:eT OKa3aT:&CH Hepaape

WHMO~ ,Z~aJit:e ITOC~e OT6pac~BaHHR H3 Hee O,liHOrO ypaBHeHHH H O,liHOrO He

R aBe CTHoro, no~oJKeHHoro paBHblM HY ~IO. .ll~H .ztOKaaaTen:&cTBa aT oro no~o

Jit:eHEH paCCMOTpHM CTPYKTYPY MaTpH!lbl (Ctj) , T.e. CTPYKTYPY pacrrpe.zte

~eHHH eMKOCTe~ B cxeue, T.K. HeKOTOpble Be~HqEHbl C~ MOryT HMeT:& Hy

~eBble 3Ha'leHHfl 1 TO TO'IKE (ys~bl) CXeYbl MOryT Oopa30BblBaT:& HeCKOH:&KO 

rpynn TaK, qTo BCe TOqKE O.ztHO~ rpynnbl COe,liHHeHbl MeE.ztY COOO~ eMKO

CTHME (Henocpe.ztCTBeHHO H~E KOCBeHHO <~epea .ztpyrHe TO'IKH STO~ rpyrrrrbl), 

By.zteM aaabiBaT:& TaKHe rpynnH TO'IeK· "ocTpoBaMH 11
• ToqKE, npHHa.zt~elKaiiiMe 

pasHblM 110CTpOBaM~ He HMeiOT MeJK.ztY COOOti eMKOCTHOti CBH3H. B 'laCTHOCTIII, 

TO'IKa, K KOTOpOH He npHCOe,liHHeHa H!t1 O,liHa· eMKOCT:& 1 TaKJit:e HBnffeTCH 

11 0CTpOBOM 11 (CM. pEc.2). T.K. HyMepanHH TO'IeK npOH3l:!On:&Ha, T0 1 He 

HapywaH 0011\HOCTH paCCMOTpeHEH 1 ITOnOlK!t1M 1 qTo HOMepa EX B KalK,liOM 110CT

poBe11 H.ztYT ITO,llpH.zt, Ilyc•;:& TOqltH O,liHOrO H3 11 0CTpOBOB 11 H.MeiDT HOMepa OT 

K .zto ~ (rro.ztpH.zt), Tor.z~a cornacHo BBe.zteHHOMy HaMH orrpe.zteneHEro'ocT-

_ _ L K
1
K -,, ... ,~ 1, t.. poBa" HMeeM { • = +.1 D_ 1 f) 

Ci.j-CJL-Q npu j=I=K,K·d, ... ,t-i, t . (!3) 

6 

''1,1' ~-
i~L , 
1 

' ~~ 
ti 
-~~ .. -, -.;~~~ 

r., 
·~ 

·,t'" 
·/.f}l' 

:~-
1 ··\\ 

;.:· ~· 
.. ~ ·: 

_. 

I 
~ 
~ 

' 

~a BblpaEeHHH (I3) cne.z~yeT, 'ITO uaTplllna KOSWWH~EeHTOB (c 

H3 pH.zta OT,Z~en:&HblX KBa.ztpaTHblX MaTpH!l, pacnO~OlKeHHblX B.ztOn 

.ztldarOHa~E OCHOBHOti YaTpH~ (cu. pEc.3). MaTeMaTHqecKH a 

qTO CHCTeNa (8) pacna.ztaeTCff Ha pH.zt HesaBHCHMblX .ztpyr OT 

CHCTeM, nna 11 0CTpOBa11 L = K, K+~, ... 1 £-~ 1 e. ITO,liCHCTeMa 

t n " • 
c .. x. =-[ g .. u.. -L d .. u.-1. 

j=t< LJ .J j:o~ LJ J j .. i L.J J I. 

r.zte L=I<,K+i, ... ,f.-t,~ . 
~3 BblpaJKeHHH (I2)H (!3) cne.z~yeT, qTQ 

e. t f./i.j=J; ci.j = o ..,PlA L,j = K, K+t, ... , t-1, e. 
T.e. onpe.ztenHTen:& ITO,liCHCTeM~ (!4) paBeH HY~ID. MOlKHO ITOl 

STO cne.ztCTBHe HenonHOT~ noone.ztHeti E qTO ITO,liCHCTeMa 
t n n • 

.L ci..(x,-x )=-[g .. G..-[ d .. u.-1. z-at L-=~-<•t ~-< .. 2, ... ,e-
j:tc~, J J I( j=• I.J J j•i I.J "J ... ' d • 

nony'leHHaJ:I H3 ITO,liCHCTeMbl (!4) nocne OT6paC~BaH!t1ff O,liHOr< 

HeHHff, BCer.J;a paapeWHMa OTHOC!dTen:&HO ( 'Xr.JCJC) • By.z~ey HI 

.zta~:&Hei.lweM K-ID TO'IKY B CXeMe onopHOH TOqKOti 110CTpOBd' (K, 

a caM 10CTpOlf1 -''K-OCTpOBOM1! TaKHM 06paamo1, jil3 CHCTeMbl ( l 

6~T:& OT<lpoweHO CTOJI:&KO saBHCHMblX ypaBHeHHi1, CKOn:&KO 1100~ 

COOTBeTCTBYIDIIIaff CXeMa. W CTO~:&KO ~e HeH3BeCTHblX OCTaHe' 

~eHHbiME, 0'1eB!t1,liHO, qTo STO OTHOCHTCH TO~:&KO K a~re6paE· 

Me (8), HO He K CHCTeMe ,liH~~epeHnHa~:&HblX ypaBHeH!t1i1 (6) 

Bcer.z~a onpe.zte~HIDTCH n -I HeHsBeCTHbiX pa3HOCTei1 llOTeHilH 

cxeMa Wlt13H'IeCKR ocyllleCTBHMa H He pacrra~aeTCR Ha qacTH, 

MeJK.ztY co6otl XOTH 6H o.ztHUM Hs aneMeHTOB R , C H~M L ) • 
KEY 06pa30M H3 HCXO,liHOi.l C!t1CTeMbl ,liH~~epeHnHa~:&HblX ypaBH 

no~y'IET:& ,liOIIO~HHTen:&HyiD CHCTet.;y anre6paHqecKIDC ypaBHeH 

.zteHHff a~re6paJ.1qeCKHM nyTeM He~sBeCTHblX JC 1 OCTaBWHXC 

7 



~3BeCTH~ Xj=Uj• Q~eB~~HO, -~TO STS MaTpM~a C~MMeTp~~e-

c .. = c .. 
~J J 1.. • (II) 

~pa~eH~H (2) cne~yeT, ~TO CYMMS aneMeHTOB nro6o~ CTpOKM 

paBHa Hynro: n " 

Lc .. =L ct.= 0 (I2) 
jsi I.J L= f J ' 

n~Teni> MSTP~~bl ( Ci) , KSK ~ cne~OBano Ollt~~aTD, TOJKAeCT-

Hynro, T.K. O~HO H3 ypaBHeH~~ C~CTeM (6) H (8) HBnHeTCH 

ocTani>H~. O~HaKo, Kpoue aTo~ TP~BHani>HO~ aaB~c~MOCTH, 

:JOJKeT CO~eplltaTI> oll\e HeCKOJil>KO ypaBHeHH~ 1 He HBJIHIDII\liiXCH 

~ OT OCTaHl>H~ 1 T.e. C~CTeMa (8) MOJKeT OKS3STI>CH Hepaape

rrocne oT6pacHBaHHH ~a Hee o~Horo ypaBHeHHH H o~Horo He-

nonolKeHHOro paBHbiM Hynro •. Una ~oKaaaTeJII>CTBa aToro nono

CTPYKTYPY MSTPH!l~ ( C tj) , T. e. CTPYKTypy pacnpe~e
cxeMe. T.K. HeKOTOpble Ben~q~HH c0 MOryT !tiMeT!> Hy

TOqKH (y3Jibl) CXeM~ MOryT 06pa30B~BaTI> HeCKOJil>KO 

ToqK~ O.l\HO~ rpynn~ coe~~HeHbl Me~~y co6o~ euKo

cpe~cTBeHHO ~n~ KOCBeHHO ~epea ~pyrHe TOqKJil 3TO~ rpyTITibl~ 

aTI> TaK~e rpynn~ ToqeK' 11 0CTpoBaMH 11
• To~H, npHHa~JielKall\He 

He ~MeiDT MelK~Y C060~ eMKOCTHO~ CBH3lil. B qaCTHOCT~, 

TOPOM He np~coe~~HeHa H~ O~Ha eMKOCTI>, TaKllte HBJIH~TCH 

(CM. p~c.2). T.K. HyMepa~MH ToqeK Tip0~3~0JII>Ha 1 TO, He 

.HOCT~ paCCMOTpeH~H, TIOJIOllt~M, qTO HOMepa ~X B Kallt~OM 110CT

TIO,Z\pH~. Tiyc·.:o Toqrm 0,1.\HOrO ~3 11 0CTpOBOB 11 ~MeiDT HOMepa OT 

ITO~PH,Z\). TOr,Z\a COrJiaCHO BBe,Z\eHHOMy HaM~ onpe,Z\eneHHID 1UCT-

{ 
l=K,K+i, ... ,.f.-1, e. 

Ci.j=CJL=Q npu j::#=K,K·d, ... ,t-~, t (I3) 
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~3 BblpallteHHH (I3) cne~yeT, qTo YaTpH!la K03WWlil~~eHTOB (CLj) COCTOHT 

lil3 pH~a OT~eni>HHX KBa,l.\paTHbiX MaTplil!l, paCTIOJIOllteHHbiX B~OJII> rnaBHO~ 

~Har9HanM OCHOBHO~ MaTpH~ (CM. pMc.3). MaTeMaTJilqecKM STO 03HaqaeT, 

qTo czcTeua (8) pacna,l.\aeTCH Ha pH~ HeaaBHCHM~ ~pyr OT ~pyra no~

cHcTeM. :zlnH 11 0CTpOBa11 L=K,J.<+-f, ... ,f--f, f_ TIO~CHCTeMa HMeeT BH~: 

t .., 1'\ • 

c .. :x:. = -L g .. u. - [ d .. u.- I. 
j::::t< I.J .J j=~ LJ J j'=i I.J J I. 

r~e L=K,K+i, ... ,f..-t,f. . 
Ma BblpallteH~M (I2)H (I3) cne~yeT, qTo 

e t 

(I4) 

j~ci.j=~ci.j=O ~'~P""' L,j=K,K+t, ... ,t-1,t , crs) 
T.e. onpe~enHTeJII> TIO,Z\CliiCTeMbl (I4) paBeH Hynro. MOlKHO TIOKaSaTI>, qTQ 

3TO cne~GTBHe H8TIOJIHOT~ TIOGJie,Z\He~ H qTQ TIO~CliiCTeMa 

fci..(X,-JC)=-fg .. u.-fd .. u.-i. 2tJf L=t<+fK~2~ ... ,e-l,t, (I
6) 

j =1( .. 1 J J I( j =4 I.J J j•i ~J J I. ' d • 

nonyqeHHaH H3 TIO,Z\CliiCTeMH (I4) TIOCne OT6paCbiBaHHH O~Horo (K-ro)ypaB-

HeHHH, BCer.J;a paapeWHMS OTHOCHTeni>HO ( XrJCK). By~eM Ha3HBaTD B 

~ani>He~weM K-ro ToqKy B cxeMe onopHo~ ToqKo~ "ocTpoBd' ( K,K+1, ... ;e-1, t) , 

a caM 'bcTpo:B' - ''K-ocTpOBOM'! TaK~M o6paaoM, lila cHcTeMhl ( 8) .n;onuo 

6blTD OT6pomeHO CTOJil>KO aaBHC~M~ ypaBH6HHi1, CKOJil>KO 110CTpOBOB1 HMeeT 

COOTBeTCTByromaH CXeMa. W CTOJil>KO lite H8~3B6CTH~ OCTaHeTCR Heonpe,Z\e

neHHbiMH. QqeBH~HO, qTQ 3TO OTHOCHTCH TOJII>KO K aJire6paHqecKO~ CHCTe

Me (8), HO He K C~CTeMe ~H~WepeH!lHani>H~ ypaBHeH~i1 (6), H3 KOTOpO~ 

BCer,Z\a onpe~enHIDTCH n -I He~3B6CTH~ pa3HOCTe~ TIOTeH~HanOB (eCJIH 

cxeMa Wlii3JilqecKH ocymecTBHMa H He pacna~aeTCH Ha ~acT~, He CBHaaHH~e 

MelK~Y co6o~ XOTH obi o~Hl1M H3 aneMeHTOB R , C HJIH L ) • iloKallteM, Ka

K~M 06pa30M lil3 liiCXO,Z\HOH C~CT8Mhl ~lil~~epeH!l~ani>H~ ypaBHeH~~(6) MOlltHO 

nonyqlifTl> ,Z\OTIOJIHYlT8JI:&Hyro CliiCTel.lY aJire6paYJqeCKHX ypaBHeH~H )l;JIH H8XOllt

,n;eH~.ff anre6paHqecK~M TiyTeM H6l13B6CTH~ JC , OCTaBill~XCH Heorrp~,I~;eJieH-
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H~H B CHCTeMe (8). nHfi STOrO CHOEH~ M6E~ C06o« noqneHHO ypaBH6HHfi 

no,&Cl'JCTellbl (I4) (. e. t, 

Ex.t CL·=-fu.> g .. -fu.[ d.t.-L j. (I7) 
j:K JL•K J j•<f J ~IC ~J J=i J l-=IC" ~ L.;=.K 4. ' 

CorHacHo paBeHCTBY (!5), HeBaa qacTh ypaBHeHHH (I7) TOX,&eCTBeHHO paB-

Ha HYHI0 1 T.e. t_ t_ t 
0 = .f U. ~ g .. -.f U;~ dr.J·- i · (IS) 

,j=•i J 1.•1< I.J J =i L• k l•~ L. 0 

ITepeHoca qneHw c nepBbiiiH npoHaBo,&HbiiiH noTeH~aHoB B BblpazeHHH (IS)B 

HeByJO qacTD 1 ,&l'J~~epeH~HpyH no BpeueHH H ,&eHaH no,&CTaHOBKY ~) , HUeeu 
"' .! " t t .. . L XJ· L 9r = -:L LlJ· E di.J. - I t. • (I9) 

J "i (•K J J-=4 J..C \.•K 
Bb!AeHHU Ha HeBo~ qacTH ypaBHeHHH (I9) rpynny qneHoB c HH,&eKcauH 

j = ~, K+ i, •.. , t- i, t H ripeo6paayeu ee CHe,&yi0!14HU o6paaou 
l. t. L t. t. t. 

[X· L g .. =[ (x.-:r:")[ 9·· + :tl( L ~ 9 · · j •K J i.•K I.J j•IC J i..•K 4J j:IC 1.,111( ~J ' 
(20) 

AHaHOrHqH~ o6pa30M UOEeT 6b1Th Bb!AeHeHa H3 HeBO~ qaCTH ypaBHeHHH 

(I9) H npeo6paaoBaHa ,&pyraH rpynna qHeHoB c HH,&eKcauH j • p, p+l, 

• • • , 'j.-i, q, 1 KOTOpble COOTBeTCTBYXlT ,&pyrouy 11 0CTpoBy 11 : 
q. t.. q,. l. ):. ' 

. L :x:J. L 9~.J· = .L (~-xP)i.LK qtj +'Xp .LP .L 9tJ· . (2I) 
J=p i.•K J=P = J= uriC 

T.o. HeBaH qacTD ypaBHeHHfl (I9) ~ozeT dbiTD paadHTa Ha rpynnw no qu~ 

Hy
1
bCTpOBOlf1 B CXeue. 8aMeTH11 1 qTO HeHaBeCTHble (:tj-XK)j=IC-+4, ••. ,! Onpe

,&eHHIOTCH Ha no,&cHcTeMbl (I6). AHaHorHqso onpe,&eHHIOTCH HeHaBecTHble 

(X;-XI')j.p+I, .• ,IJ. H3 no,&CHCTeMb1 1 aHaJiornHOti (!6) 1 COOTBeTCTBYIODle~ 11 0CT

poBy11 p, ... ,~ H T .,& • Bee 3TH Hatt;n;eHitble paSHOCTH MOryT 6b1TD nepeHeCeHW 

B npaByJO qaCTh ypaBHeHHH (!9), TaKHII Odp830~, B HeBO~ qaCTl'J ITOCJie~-

Hero OCTaHyTCfi qneHW BH;n;a: t- t 
A~pJCp=Xp [ L Q,. (22) 

" J•P L= K J I.J • 
TaKHe ze onepa~HH uoryT 6WTD npo;n;eHaHbl c rro;n;cHcTeuauH, aHaJiorHqHbiMH 

nO,&CHCTeUe (!4) 1 COOTBeTCTBYIODlHIIH ,&pyrHII 11 0CTpOBaM 11 • B peayJihTaTe 
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.j) 
:~~~ I 

··. 'it\'. 
( 

. , 

llOJiyqHII ;ZJ;OITOHHHTeJIDHyJO CHCTeMy 
~ . 

L. A,.p rj .. ~(1A4, .•. lu", u~, ... , u. .,, L, ... .i ... Y .. , ... , i,.) , 
ft"'~ 

r,&e J...=-t,2,3, ... , m. 

3;n;ec:& BBe;n;eHa HyMepaUHll OCTpOBOB: j3, J. = 1) 2, 3, ... , 

tJ:HcJio "ocTpoBoB". CMcTeMa (23) co;n;epEHT m ypaBHeH 

BeCTHbiX X.ft (BTOpbiX ITp0>13BO;ZJ;HbiX ITOTeH~aHOB OIIOpHbl 

BOB 11 ) 1 OCTaBWHXCH Heonpe;n;eJieHHb!MH B CHCTeMe (8). 

Wccne;n;yeM CBOHCTBa C>iCTeMbl (8). MO~HO ITOKa3aTD 

Koa<PqJlii~MeHTOB ( A,;..p) B CHCTeMe (23) nonHOCTDJO aHaJio 

K03W~M~HeHTOB ( C.i..j) B CHCTeMe (8). L1ccJie;n;yeM MaTp 

TOB (Ad- p) B CHCTeMe (23). 8aMeTHM cHaqaJia, qTo 

!lReHTOB ( g tj) B CHCTeMe ( 6) H (8) OdHa,&aeT BCeMH 

TpM~bl (C Lj) 1 T.e. 

9c.j=gji. l.l. 

.., 1'1 

L9t·==~g.=O L=~ J jc<f LJ 

TenepD MOEeM aanHCaTD 1 HCXO~ll >13 Bb!pazeHHH (22) H ( 

~ e. e. ..i 
A = L L g .. = L. L .. =A 

t<p j=p L-=1< LJ j=K t=p g LJ pt< ' 
HHH B HOBbiX HH;ZJ;eKcax 

A .t..s = A fir;/.. • 

A 1/lCXO,&fi l'J3 Bb!pazeHH~ .(22) H (25), MO~HO 3aiTHCaTD, q 

..,., "' 
~ Ar).ll. = [ AJ.i1 =O . 

c;(=i ,.. JJ=i ,.. 

TaKMM o6paaou, MaTpH~a Koa~rJiri~eHTOB ( AJ.j) B ~onoJI 
Me (23) 06Jia,&aeT BC6MH CBOHCTBaMH MaTpH~ KOS~H~He 
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CT8M8 (8). nna 3TOrO CHOEHM Me~ C060~ noqneHHO ypaBH8HHH 

< I4) " e ., e. t . 
c =-[u.r_ g .. -["u.L d .. -'[ I- CI7) 

Lj j ..... J L•IC ~J j=i J L=l<' LJ t.'IIK ~ • 

aBeHCTBY (IS), neBaa ~aCTh ypaBHeHHH (I7) Tox~ecTBeHHO paD-

, t " t t· 
= l: U.. [ g .. -L"u;L dtj- It era) 

j =~ J i.o:l< '-J j =i t• k l•tc • 
eHY C nepBYMH npOHSBO~HYMH nOT8HqH8HOB B BSpazeHHH (I8)B 

h,~m¢¢epeH~mpya no BpeueHH H ~enaH no~cTaHOBKY ~) , Hueeu 
n t. ..l •• 

9 .. = -:L Lt·): d .. - L I l . (I9) 
K LJ J ::~ J J-K LJ \,.siC 

neBOH ~acTH ypaBHeHHH (I9) rpynny qneHOB c HH~eKCaMH 

1, ... , t-~, t H ripeo6paayeu ee cne~YIOI14HM o6paaou 
L t. t. e. 

9 .. =.[ (:x:r :r:,J[ gil.+ xl( .L ~ 9 ,J. • (20) 
K LJ J"'l< V•K J:IC 1..•K 

M 06pa30M MOE8T 6YTh BY~eneHa !tl3 R8BO~ ~aCTH ypaBH8HHH 

o6paaoBaHa ~pyraa rpynna ~neHoB c HH~eKcaMH j • p, p+1, 

, tt-i 1 CJ. , KOTOpse COOTB6TCTBYJOT ~pyrouy 11 0CTpoBy 11 : 

q. t ):.! 
g.·= .L (~-xp).L 9ti +Xp .L .L. 9t· . C2I) 

1-< '-J J"'P L=K J=PuoiC J 
~acT» ypaBHeHHH (I9) ~ozeT 6HT» paa6mTa Ha rpynns no ~~ 

JJ' B cxeue. 8aMeTii!M, ~To HemaBeCTHYe (XJ· -X~<). ., , 11 onpe
J = .. +., ... ,c:. 

a no~cHcTeMY (I6). AHanorH~o onpe~enHJOTCH HeHaBeCTHYe 

.• ,~ lil3 no~Cii!CT8MY, aaanorlti~HO~ (I6) 1 COOTB8TCTBYIOI148~ 11 0CT

H T.~. Bee 3TH Hatt~eHliYe paaHOCTH uoryT 6sn nepelleceHw 

:acn ypaBHeHHH (I9) 1 TaKHM o6pBao:M, B neBoit ~acTH nocne;~~;-

TCH ~H8HY BH~a: CV t 

A ., xP = xP L L a .. 
" p j • p l= K J I.J 

epa~HH uoryT 6YT» npo~enaHY c rro~cHcTeuauH 1 aaanorH~HYMH 
(22) 

(I4), COOTBeTCTBYIOlJ4H:UH ~pyrHM 11 0CTpOBau". B peaynh'l'8'1'8 
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nony~li!M ~OnOnHHT8HhHYIO CHC'l'eMy 

f. A F . . .. .. 
~ .. rB = j_(IA4, ••• 1u.,,u", ... ,u.,, Iw .. .I .. , I", ... , I~), A=• ~" 

(23) 

r~e t'A = -1 1 2,3, ... , m . 

8~8Ch BBe~eHa HyMepal.(Hfl OCTpOBOB: j3
1
J.: 1,2,3, ... , rrt , r~e m

~MlCHO 11 0CTpOBOB 11
• CHCTeMa (23) CO~epEHT m ypaBH8HHtt !tl m H8H3-

B8CTHYX Xft (B'l'OphiX npOH3BO~HhiX ITOT8HqH8HOB OnOpHhiX TO~eK 11 0CTpO

BOB11)1 OCTaBUIHXCH Heonpe~eneHHbiM!tl B CliiCTeMe (8). 

Wccne~yeM CBO~CTBa CHCT8MY (8). MOEHO noKaaaTh 1 ~TO MaTplill.(a 

K03WWiii~H8HTOB (A~p) B CHCTeMe (23) TIORHOCThiO auanorllqHa MaTpll~e 
K03WWHI.(IileHTOB (C. i..j ) B Cli!CTeMe ( 8) • L1ccne~ye:M MaTpHey KOaclJif;lill.(HeH

TOB (Ad-p) 
I.(H8H'l'OB ( 9 i.j) 

B CHCTeMe (23). 8aMeTii!M CHa~ana 1 ~'1'0 MaTplil~a K03WWH

B CHCT8M8 (6) !tl (8) 06n~aeT BC8M!tl CBO~CTBaMH Ma-

TpHI.(bl (Ci.j) 1 T.e. 

9c.j = 9ji. u. (24) 
.., t'l 

L9 .. =~gL'=O t = ~ ~J j =1 J (25) 

Terrep» MOEeM aanli!CaTh 1 HCXO~H lil3 Bb!paEeHHfl (22) !tl (24), ~TO 

=t[ .=A 
j=K L=p 9LJ p~« ' 

4 f. 
A = L Z 9·· 

Kp j=p \.=1< LJ 

!tlRiil B HOBYX HH~eKCax 

A .t..e = A fir;/. (26) 

A MlCXO~H H3 Bb!pazeHH1! .(22) W (25), MOEHO aanHCaTh
1 
~TO 

"" "' ~A,;.~~.= L' A ,All =o . 
c(: -1 I' JJ=~ I' 

(27) 

TaKii!M o6paaoM, MaTplil~a KOa\Ptl>Hl.\HeHTOB ( AJ..!) B ~ononHHTen»HO~ cM~cTe
ue (23) 06n~aeT BC6Miil CB01iCTB8MH MaTpH~Y K03W¢lii~HeHTOB (Ctj) CH-
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I 

CTSYH (8). ilOSTOYY no OTHOWSHH~ K ~ononHHTen~HOti CHCT8Y8 (23) YOryT 

6HT~ npoBe~eHH Bee pacc~eaza H onepauez, npoBe~eHHHe no OTHomeHZD 

K CHCTeYe (8). B qacTHOCTH 1 aHanorzqao TIOHHTH~ 11 0CTpOBa11 YOllteT 6HT~ 

BBe~eHo noHHTHe 11 apxznenara": rpynm• 11 0CTPOBOB 11 cxe~o~H, npauo zma 

KOCBeHHO coe~HHeHHHX uez~y co6oit conpoTHBneHHHYH. T.e. 11apxHnenarH 11 

ecT~ rpynnH ToqeK, Ha KOTOpHe pacn~aeTcH cxeua, ecnH y6pat~ za Hee 

BC8 HH~KTHBHOCTH H HCTQqaJ.iKH TOKa. ilOSTOUY B CHCTeUe (23) OTIHT~ 

MOEeT OKaaaTDCH HeCKOn~KO Heonpe~enHUHX HeHaBeCTHHX J4 :ztnH H8XOQe

HHH J4X UOEeT 6HT~ nonyqeHa HOBaH ~OnOnHHTen~HaH CHCTeYa 

I"" 

[ BEa- xr= Ht(u~l ... ,u ... ,w., ... ,Cl",i., ... ,i..,L, .... i ... ,T4, •• .J .. ), (28) 
¥=i .. 

c=-f,2,"~, ... ,r, 
r:zte E)~ - HOMepa 11 apXHnenaroB 11 ' a i - qHCno 11 apxznenaro:s 11 • 

MaTpHI.{a KOa!f>!f>Hl.{ldeHTOB ( 8 E.r) CHCTeYH (28) TaK:Bte aHaJiorzqaa 

uaTpHI.{e Koa!l>!f>HUHeHTOB cHcTeuw (8) aa HcKniDqeHHeu Toro, qto oHa yze 

He uozeT pacna:ztaT~ca aa rpynnH, aHanorzqaHe 11 0CTPOBau" HnH 11apxH

nenar8l411 (ecm'l zcxo~HaH cxeua He pacn~aeTcH Ha HecKoJI~Ko He CBH

aaaHHX uellt,1J;y co6oti qacTeti xoTH 6H OJlHHY 11a aneueHTOB R , C HJIH L ) • 

TaKHY o6paaou, CHCTeua (28) CO;ll8plltldT TOn~KO O:zlHY Heonpe:zteJIHMY~ H8-

H3B8CTHYID Xy 1 qTQ SKBHBaJISHTHO TpHBHaJI:DHOti Heonpe:zteneHHOCTH 

CHCT8111 (6) H (8) o ilOJIOlltHB OJlHY 143 H8Jd3B8Cf'HHX Xr paBHOit HYniO J4 

OT6pOCHB H3 CHCTSYH (28) O;llHO ypaBH6RH6 1 HaLt)leu OCTaJI~HHe (i -I) 
H8H3BeCTHHX X¥ ypaBHeHHH (28) •. 3aTeY TIOJlCTaBJIHeu HaJi)l8HHH8 H aa

:ztaHHOe HYJIID 3HaqeHHH H8H3B8CTHHX Xy B CHCTSYY (23), OT6pacHBa-

8M za Hee nHmHHe r- ypaBHSHHJ.l (no qzcJiy "apx:rl!llenaro:s 11 B cxeue = r ) 

H 1 pemaH OCTaBWYIDCH CHCTeMy 1 HaxO~HM HOBblH PH:zl ( rn- r ) H8H3B8CT

HHX x ~ . 3aTeu no:ztcTaBnHeu Bee HaJi:zteHHble paaee rn aHaqeHHti He

Ha:secTHbiX X y H X~ B CHCTeMy (8), OT6paCbiBaey lt13 TIOCJie~Heti m 

IO 

~ 

I , 

'~I 

:,; 

l/1 ·~~~· 

A~ 
.'~:: 

··'~~· 
' 

:.·"'.ii. 
\ li 
-~~11,1 
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.:.)· ~ ' 

':~.' f 
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JIHWHWC ( 3aBHCZMbiX) ypaBHeHJtlti H H8XO;llHY OCTaJI:DHble ( M- m ) 

Hble XJ o 

no CHX nop YH ~JIH npOCTOTH paccyz~aJIH TaK, KaK 6y~~ 

qaCTRX CHCTSM (8), (23) H (28) CTOHT qJ.iCna. TOT !f>aKT, q~ 

:zteJie aTo !f>YHKUHH, aaBHCH~e OT HeHaBeCTHHX, uozeT HaueHI 

T8pYHHOJIOrHD paccyz~eHzJ,t, HO He OTU6H.Il8T TOro, qTQ H8M6t 

aJirOpHTM l103BOn.lleT npHBeCTH CHCTeuy (6) nyTeY SKBHBaJieH~ 

paao:saaza K !f>opue, KOTopaa Bcer:zta anre6panqecKH paapemm1 

BH;ll8 OTHOCHTen:DHO BTOpbiX npOI43BO;llHbiX. KpaTKO O;llldH H3 Ba] 

Koro anropHTUa uozeT 6HT:D onzcaa cne:zty~~~~ o6paaou: 

I. B CHCTeYe (6) aHaJIHazpyeTC.Il YaTpHI.{a (CLj) Ha Bl 

11 0CTpOBOB 11 J4 CHCTeUa paa6HBaeTCH Ha rpynnH ypaBHeHHJ.l B I 

c ~eneHHeY cxeuH Ha "ooTpo:sa". 

2. ~3 CHCTSMH (6) OT6pacHBatTCH pH:zt ypaBHeHHJ.l (no l 

Kall,1l;oro "ocTpo:sa"). 

3. B HCXO;llHOJ.l CHCT8Y8 (6) noqJISHHO CKna:ztH:Ba~TCH yp: 

rpynnaMH no KaJt:ztouy 11 ocTpo:sy" (JieBble qacTH nonyqeHHbiX T: 

30Y HOBbiX ypaBHSHHJ.l Bcer:zta paBHH Hyn~). 

4. TionyqeHHH8 TaKHM 06pa30M ypaBHeHHH JlH!f>!f>epeHl.{Jtlpyi 

ueHH H B HyJieBHe JI8Bble qacTH nepeHOCHTCH o6paaOBaBWH8CH 

qaCTHX qneHH CO BTOPHMH npOH3BO~HHYH. 

5. MaTpHI.{hl KOS!l>!f>Hl.{HeHTOB ( C i.J) ld ( 9 Lj) B CHCT8Y8 (I 

IDTCH Ha BHHBJI8Hide 11 apxHnenarOB 11
• 

6. lila ypaBHeHHti, ·nonyqeHHbiX B nyHKTe 4, OT6paCHBae• 

ypaBHeHHit (no o~HOMy Ha Kallt)l;oro "apxznenara"). 

7. YpaBHeHHH, rronyqeHHhle B rryHKTe 4, cKna:ztHBaiDTCH 

rpynnauz no KaE:ztOMy "apxHneJiary". 
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yy no OTHOWeH~D K ~OnO~H~Te~bHO« C~CTeUe (23) YOryT 

ce paccy~eHHH H onepaUH~, npoBe~eHHYe no OTHomeHEm 

qacTHOCTH, aHa~OrHqao nOHHTHD 11 0CTpOBa" YOE6T 6YTh 

"apxHne~ara": rpynrn• "ocTpOBOB 11 cxeuY, npHuo M~E · 

HHYX uellt~y co6o« conpoTHB~eHHHMH. T.e. "apx:rane~arH" 

K, Ha KOTOpYe pacn~aeTCH cxeua, ec~M y6paTb :ras Hee 

~ ~ HCTOqaHK~ TOKa. fiOSTOYY B CHCTeUe (23) onHTb 

HeCKO~bKO Heonpe~e~HYYX HeHSB6CTHYX H ~nH HaxOZAe

b no~yqeHa HOBaH ~ono~HHTe~hHaH cHcTeua 

E. ( ~.~ ....... u ... , w., ... , w. "· t, ... , i ,., L ..... i..,I4, ... J .. ) , (28) 
c=1,2,~, ... ,r, 

Houepa "apx~ne~aroB", a i - q:racno "apxHnenaroB". 

rlJ<lJH~HeHTOB ( 8 Ei') CHCTeYY (28) TaKEe aHaJIOrHqaa 

eHTOB cHcTeuw (8) sa HCKJIIDqeaHeu Toro, qTo oaa yze 

ThCH Ha rpynru~, aHaJIOrH'lHYe 11 0CTpOBaU 11 HJIH "apxH

CXO~HaH CXeUa He pacn~aeTCH Ha HeCKOJlbKO He CBH

Oi1: qacTei1: XOTH 6Y o~Hl1Y as aneueHTOB R , C HJIH L ) • 

HCTeMa (28) CO~eplltHT TOJlhKO O~HY Heonpe~eJIHYYID He-

qTo SKBHBaJieHTHO TpHBHaJibHOi1: Heonpe~eJieHHOCTH 

• ITonollt~B o~Hy Ha HeHsBecTHYX X r paBHoi1: ayJIXJ 14. 

euy (28) O~HO ypaBHeH~e, H~eu OCTaJihHYe (i -I) 
YPaBHeH~H (28). 3aTeY no~CT8BJIHeU H~~eHHYe H sa

eH~H HeH3B8CTHYX Xy B CHCTeMy (23), OT6paCYBa-

r ypaBHeHl1i1: (no q~cny "apx~nenaroB" B cxeue = i ) 

DCH CHCTeMy, HaxO~~M HOBYH p~ ( t'n- r ) H6HSB6CT

nO~CTaBJIHeM BCe H~~eHHHe paHee rn SHa1leH~i1: He

X~ B CHCTeMy (8), OT6paCYBaeu IdS nOCJI6~Hei1: m 
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JIHWHHX ( SaBHCI4MbiX) ypaBH6HH!.t H HaxO~HM OCT8JlhHYe ( M-rn ) HeHSB6CT

HYe XJ • 
no crHX nop MY ~JIH npOCTOTY paccyllt~aJIH TaK, KaK 6y~TO B npaBYX 

'llaCTHX CHCT6U (8), (23) H (28) CTOHT q:racJia. TOT <lJaKT, 1ITO Ha CaMOY 

~eJie STO rlJYHKUHH, SaBHCH~e OT HeHSBeCTHYX 1 YOllteT HSYeHHTh JIHWh 

TepMHHOJIOrHm paccyllt~eHE~, HO He OTY8HHeT TOro, 1ITO HaMe'lleHH~ BYme 

aJirOpHTY n03BOJIHeT npHB6CTH C~CTeYy (6) nyTeY SKBHBaJieHTHYX npeo6-

pasoBaHH!.t K <IJopue, KOTOPaH Bcer~a anre6p~-qecKE paspewHua B o6~eu 

BH~e OTHOCHT6JlhHO BTOpbiX npOHSBO~HYX. KpaTKO O~HH ~S BapHaHTOB Ta

KOrO aJirOpHTYa YOE6T 6YTb OnHCaH CJie~ym~Y 06pasou: 

I. B CMCTeYe (6) aHaJIHSHpyeTCH YaTpHUa (CLj) Ha BYHBJI6HMe 

11 0CTpOBOB 11 H CHCTeYa pas6HBaeTCH Ha rpynns ypaBHeHHJ.i B COOTB6TCTB111J4 

c ~e;neaHeu cxeus aa "ooTpoBa". 

2. ~S CHCT8MY (6) OT6paCWBatTCfl pH~ ypaBH6HHi1: (no O~HOYY IllS 

KaZAoro "ocTpoBa"). 

3. B HCXO~HO!.i CHCTeMe (6) noqJieHHO CKJI~HBaXlTCH ypaBHeHHH 

rpynnaMH no Kallt~OYy 11 0CTpOBy 11 (JI6Bhle 1l8CTH noJiy'leHHbiX TaKIIlM o6pa

SOM HOBbiX ypaBH6HHi1: Bcer~a paBHH HYJIID). 

4. IToJiyqeHHYe TaKHM o6pa30M ypaBHeHHH ~~<lJrlJepeH~HpyXlTCH no Bpe

M6HH H B HyJieBYe JieBhl6 qacTH nepeHOCHTCH 06paSOB8BWHeCH B npaBbiX 

'laCTHX 'qJI6HH co BTOPh1MH npo~sBo~HhlMH. 

5 • MaTpH~hl KOSrl><I>H~HeHTOB (C (j) H ( 9 'j) B CHCTeMe ( 6) HCCJie~y

IOTCH Ha BhlHBJI6HHe "apXHIIeJiarOB11
• 

6. 1/ls ypaBH6HHi1:, ·noJiyqeHHWC B IIYHKTe 4, OT6paCh1BaeTCH pH~ 

ypaBHeHHi1: (no o~aouy Hs KalK,11;oro "apx~rmenara"). 

7. YpaBHeHHH, rrony'leHHhle B rryHKTe 4, CKJI~h!BaiDTCH no1lJleHHO 

rpynnaMH no Kallt~ouy "apxHne;nary". 

II 
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B. rrony~eHH~e TaKEM o6paaou (B nyHKTe 7) ypaBHeHEH ~m~wepeH~H

PY~TcH no BpeueHH H B HyneB~e neB~e ~acTH nepeHOCHTCH o6paaoBaBwme

CH qneH~ CO BTOp~MH ~pOH3BO~H~H. 

9. O~Ho H3 ypaBHeHH~, nony~eHH~ B n. 8, oT6pac~BaeTcH. 

ID. YpaBHeHHH, nony~eHH~e B nyHKTax 2,6 H 9, coenHHHIDTCH B enH

HYIO CHCT6MY 
1 

B KOTOpoiii llOTeHIU1M onnon !t1.3 TO~eK llpHpaBHHBaeTCH HYJIJn 

B nony~eHHO~ T8KH:M 06pa30M CHCTeMe M8Tpit1Jta KOS~!lJH~HeHTOB npH 

BTOP~ npOH3BOnH~ BCerna o6p~aeTCH, ~TO Heo6xonHMO H nocTaTO~O 

nJIH ~CJieHHOrO HHTerpHpOB8HHH ee onHHM H3 H3BeCTH~ MeTO~OB. 

3. BBeAeHHe 38BHCHM~ reHepaTOpOB TOKa E MarHETH~ CBH3e~ 

B~HCHHM, KaK H3M6HMTCH HCXO~HaH CHCT6Ma nH~epeH~aJI:&H~ ypaB

HeHH~ (6) npH BBe~eHMH B CXeMy 8KTHBH~ ynpaBJIHeM~ SJieMeHTOB (naNn, 

TpaH3HCTOpOB H np.). 9KBMBaHeHTHaH CXeNa aKTHBHOrO ynpaBHH6NOrO 

SJie:MeHTa MOEeT 6~Tl> npencTaBJI6H8 B BEne pana naCCHBH~ aneueHTOB H 

aaBHcmuoro reHepaTopa TOKa. ITpM BBeneHHM B cxe:My reHepaTopa ToKa, 

YrHOBeHHOe 3Ha~eHHe KOTOpOrO nponop~MOHMl>HO HanpazeHEID uezny KaKH

MM-JIH60 ~By:MH. TO~KaNH CXe:M~, B CJACTeue (6) E3MeHHeTCH JIMWl> YaTpM~a 

npOBOnMMOCTe~ /4/. ITpM STOM HCXO~HaH uaTpM~a nyTe:M CHOEeHHH nonon

HHeTCH ~neHaME, paBH~ME KOS!l>!lJE~HeHTy nponop~EOHaJI:&HOCTH S (KpyTH3-

He) C COOTBeTCTBYID~HM 3H8KOM (cu. pH~.4). 

ITOCMOTpHM, KaK H3MeHHTCH MaTpM~a o6paTH~ HHAYKTHBHOCTe~ (dy) 
B CHCTeMe (6) npH HMH~HH B cxeue uarHHTH~ CBHaeiii. ITpH STOM M~ He 

6yneu paccuaTpHBaT:& npaKTH~ecKE HeocymecTBHY~~ cny~a~, Korna Koaw

!IJmumeHT CBH3H Mezny MHAYKTMBHOCTHMH paBeH 6AHHMUe. llpH T8KOM OrpaH~ 

~eHMM Bcerna cy~ecTByeT cxeua c TeM ze ~Hcnou ysJioB 6es uarHHTH~ 

CBH3eiii, SKBHBaneHTHaH HCXO~HO~ cxeue. B CHJIY 38KOHa cynepiT03HUHH 

npouecc COOTBeTCTBYIDII\HX SKBMBaJieHTH~ npeo6pa30BaHHiii MOmeT rrpOBO-
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AHTbCH nocnenoBaTen:&HO AHH KaE,ItOiii nap~ HHAJKTHBHOCTeiii, 

nY co6oiii uarHHTHYID cBHa:&. ITpaKTH~ecKH yno6Hee ~eJiaT:& a~ 

B8HH6 B BHne AOITOHH6HMI ECXOnHoiii CXeU~ HH~YKTHBHOCTHUH 

MaTpmua, Hao6pazeHHaH Ha pMc.5, aHanorM~a no cM~CJIY Yl 

C MarHHTH~MH CBH3HMH 1 npEBe~eHHOiii B pa60T6 /4/. 

4. VIHTerpMpOBaHHe B OC06~ TO~Kax 

~HCHeHHOe HHTerpHpOBaHHe CECT6M~ BH~a 

U.L = f.aijuJ.~f6tjuj·.f~~.)J·•tft,jiJ.•t~1 iJ·., l=~,2 ... 
J"1 J•f J•i J"f J•f 

HeBoauozHo, ecJIM WJHKUMHlj(t)EnM ee rrepBaH HJIM BTopaa 

rrpeTeprreBaiDT CK8~K006pa3H~e H3MeHeHMH. Me~ TOM, ~aCT 

p~B~ ~aKTH~eCKH He rrpMBO~H'r K 6eCKOHe~HhlM pemeHHHM Ud~ 
CJiyqaHX HHTerpMpOB8HH6 CHCT6Mhl (I)B MO~eHThl BpeueHM 1 C 

1.1\Ee paap~BaM WYHKUMiii 1/l:) Jp:.) MnM 'f/1:) , HYlltHO npoBo~HTD 
B~BO~ KOTOp~ npHBOAHTCH HMEe. 

l1ycTI> Bee Bx~~Hhle .PYHKUHH I/U, (j = 1,2,3, ..• , n ) M mx ne 

npomaBOAH~e I/~) M IJ. (i) npeTepneBaiDT KOHe~~e paaphlBhl :E 
~·'t 

M6HH t. = 'l. . Tor~a lLm J I J (!) d t = 0 ' j - i,Z, 3, ••.• r 
t-o 'l-t 

,+~ . 
ftm J UJ·(~)d.t ""0 , J =i,2,3, ... , 

t'-o ?-t: 
(npe~nonaraeTCH, ~TO CHCTeMa (I) HY6eT KOHe~hle pemeH~ 

BBeneu o6oaHaqeHMH: 

.lLm fJ·(t)=((~) ·. (npen~ 
~ ... '2. 

-ttl~- fj (-!:)=((~) · . (npe~~ 
!1pOHHTerpHpyey OAHH pas JieBhle E npaBhle qacTH CECTeMhl 

B OKpeCTHOCTH TO~KH 'Z ( ~-'t , 'l +'t) H COBepWHY npe~ell:&H 

ycTpeunaa 1: K HYJID. Torna, c yqeTOM (2), (3), nonyqa 
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onyqeHH~e TaKZM 06pa30M (B ITYHKTe 7) ypaBH8HHH AHWW8P6H~H-

BpeueHH H B HyneB~e HSB~e qaeTH nepeHOeHTeH o6pa30BaBWHe

eo BTOP~MH ~pOH3BOAHHMH. 

'AHO H3 ypaBH8HHH 1 nonyqeHHWC B IT, 8, OT6pae~BaeTCH, 

paBH8HHH 1 nonyqeHHHe B ITYHKTax 2,6 Z 9, eoe~HHHIDTeH B e~H

MY 1 B KOTOpoiti ITOT8H~11an O~HOW H3 TOtleK IlpHpaBHIIIBaeTeH HYJIIQ 

JiyqeHHOH TaKJ/IM 06pa30M eHeTeMe MaTpi!r~a K03WWH~H8HTOB npH 

OH3BO~HWC Beer~a OOp~aeTeH, t!TO He06XO~HMO H ~OeTaTOt!HO 

HHOrO HHTerpHpOBaHHH ee O~HHM H3 H3BeeTHWC M8TO~OB, 

B8A8HH8 aaBHeHMWC reHepaTOpOB TOKa H MarHHTHWC eBH3e~ 

HHM 1 KaK H3M8HHTeH HCXO~HaH eHCTeMa ~HwwepeH~aJIDH!iX ypaB-

npH BB8A8HHH B exeMy aKTHBHWC ynpaBHHSMWC 3H8M8HTOB (JiaMD
1 

OB H ~p.), 8KBHBaHeHTHaH exeMa aKTHBHOrO ynpaBHHSMOrO 

o~eT 6~Th npe~eTaBJieHa B BHAe PHAa naceHBHWC aneMeHTOB H 

reHepaTopa TOKa, ITpH BB8A8HHH B exeuy reHepaTopa TOKa, 

3HaqeHHe KOTOporo nponop~HOHaJIDHO HanpH~eHHID M8~AY KaKH

YMH TOt!KaNH eXeM~, B eHeTeMe (6) Z3M8Hff8TeH JIHWD MaTpHUa 

TeH /4/. ITpH 3TOM HeXOAHaH MaTpH~a nyTeM eJIOE8HIIIH ~OITOJI

HaMH, paBH~MH K03WWHUH8HTy rrponopgHOHaJIDHOeTIII S (KPYTH3-

BeTeTBYID~HM 3HaKOM (eM. pHe,4), 

TpHM 1 KaK H3M8HHTeH MaTpH~a 06paTHWC HHAYKTHBHOeTeiti (d~) 

(6) npH HaJIHqHH B exeue MarHHTHWC eBHaeiti, ITpH 3TOY M~ He 

MaTpHBaTh rrpaKTHt!SeKH Heoey~eeTBHYH~ enyqa~, KOr~a K03W

ff3H MeE~y HH~YKTHBHoeTHMH pa:seH e~HHHue. ITpH TaKou orpaH~ 

'~a ey~eeT:syeT exeMa c Teu Ee qHeJioM yaJioB 6ea uarHHTHwc 

BHBaJISHTHaH HeXO~HOH eXeMe, B eHJIY 3aKOHa cynepiT03HUHH 

OTBSTeTBYID~HX 8KBHBaJieHTHWC npeo6paaOBaHHH MOE8T npOBO-

I2 

... 

~IIITheH ITOeJie~OBaTeJihHO ~JIH Ka~OH nap~ HH~KTIIIBHOeTe~, HMSIDmHX MeE

~y eo6o~ MarHHTHym c:sHah. TipaK~zqeeKH y~o6Hee ~enaTh aTo npeo6paao

:saHH8·B BH~e ~OnOJIH8BHi HCXO~HOi exeu~ HH~YKTHBHOeTHYH (CU. pllle,5), 

MaTpHua, zao6paEeHHaH Ha pHe.5, aHaJiorHtiHa no eu~eJiy uaTpHge exeu~ 

e MarHHTH~MH eBH3HMH 1 npHBe~eHHOH B pa60Te /4/. 

4, l'lHTerpHpOBaHH8 B oeo6wc TOt!Kax 

qHeJieHHOe HHTerpHpOBaHHe eHeTeM~ BH~a 

ra " "·" ••., ••• 
U.L = La;.;U.~[6tiuj+.LJ..tiJ·+.Lfl,jlJ.+~r,.1 IJ., L=4,2 ... n (I) 

J .. i " J J. f ... J •i J= f J .. , 

He:soauoEHo, eeJIH WYHKUHH~(t)HnH ee nep:saa HJIH BTopaa npoHa:so~H~e 
npeTepneBaiDT eKa1.lK006pa3HHe H3M8H8HHH, Me~y TCM 1 qaeTO TaKIIIe paa

p~BH qJaKTH.t!SeKH He npHBO~H'l' K 6eeROH81.lH~M peweHHHM LLdi).B TaKHX 

eJiyqaax IIIHTerpHpOBaHHe eHeTeU~ (I)B MO~eHT~ BpeueHH 1 eOOTBeTeTByiD

~He paapHBalol WYHK~~I/I:},i/t)HJIH lj(t), Hy~Ho npo:so~HTD no ibopuynau, 

B~BO~ KOTOpwc npHBO~HTeH HHEe, 

Tiyen :see :sx.o~H~e .PYHKUIIIIII I/U t (j=1~2,3, ... , n ) H HX nep:s~e H BTOp~e 
npoza:so~H~e I/O H Ii (t) npeTepne:saiDT KOHetiH~e paap~:s~ :s MOMSHT :ape-

" ~·1: 
ueHH t='l . Tor~a lLm J ll!Jd!=O, j•1,2,3, ... ,n; (2) 

t-o '2-t' 
, .. 1:' • 

ltm f UJ·(i)dt =-0 , J =1,2,3, ... , n (3) 
t'-o ?-e 

(npe~nonaraeTCH 1 1.lTO CHeTeua (I) HY88T KOH8t!H~e peweHHH ) , 

B:se~eM o6oaHaqeHHH: 

i~~ fjC-1:) =((~) ; (npe~eJI crrpaBa) 

ll~- f/-1:)=((2) · . (npeAeJI cne:sa) 

TipOHHTerpHpyeu O~IIIH paa Jie:S~e H npaB~e tiaeTH eHeTeU~ ypa:SH8HH~ (I) 

B OKpeeTHOeTH TOqKH 'Z ( ~-t' 1 'Z +t') Ill eo:sepwHY npe~eJihHH~ nepexo~, 

yeTpeMJIHH "t K HYJIID, Tor~a, e yqeTOM (2), (3), rronyqaeu 
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n n 
U ~(?)- C(Crz> = .L a~;[uJ ('1)-Uj(~)] + .L G{Lj( IJ~(rz)-1; ("ZJ] ,.. 

J•4 ;I JCI1 ol (4) 
" • • ~ •t ~ 

+ j~ ~tJ[Ij(?J -I?~J] + j~ ltJ [ Ij (tzJ-IjC'Z)] , L= 1,2 ... n. 

AHanor~qso .~Bo~Hoe ~HTerp~poBaH~e neB~~ npaB~ qacTe~ c~cTeua 

(I) c npe~~n~HHY nepxo~ou ~aeT, c yqeTou (2), (3), cne~ymym czcTe

MY paBeHCTB: 
n n • • 

utC?)-ui:C~)=j~ .Stjn;~~)-ljCrz)J j~ ~) IjC~)-IjC'2)], r=1,2 ... 11. cs) 

TaK~Y oopaaoM, B~pa~eH~fl (4) ~ (5) HBHHIDTCH ~CKOYHY~ ~opuynau~ rre

pexo~a qepea ToqKy paapHBa, nocne qero ~HTerp~poBaH~e c~cTeua (I) 

MOmeT npO~OHEaT~CH oC)~qHHM~ ~CH9HHHMH M9TO~aMH. 

3aueTIIIM, qTo ecn~ BXO~Hafl <l>YHK~~H Ij ( t.) 111ueeT ~opuy e~HHHli

HOH CTyneH:bltlll, TO 5TO COOTB9TCTByeT cnyqaJO C paapHBOY B TO~e t =0. 

5. 3 a K n 10 q e H 111 e 

ITpe~;romeHHH!.t ueTo~ aHam4aa cTpyKTYPH 111 aKBIIIBaneHTH~ npeoeipa

aoBaHIIIM IIICXO~HOH CIIICT9MH ~lll<l><QepeH~an~H~ ypaBH9HIII~ IT03BOllfl9T nerKO 

<QopMam'I30BaT:b Ill ITOJIHOCT~lO aBTOMaT111311lpOBaTD BH~CJI9HIIIe nepeXO~H~ 

npoueccoB. 
Ha OCHOBe STOrO ueTO~a aBTOpaMIII ClHJIH pa3pa60TRHH aJirOpHTM Ill 

yHIIIBepcan~HaH paeioqaH nporpauua ~nH pacqeTa nepexo~H~ npo~eccoB B 

aneKTpOHH~ cxeuax Ha UBM T~rra B9CM-4, M-220, M-20 /3/. flporpauua 

npe~HaaHaqeHa ~nH npolllaBon~HHX HHHe~H~ cxeu c cocpe~oToqeHHHMIII na

paueTpaulll, cocTOH~~x 1113 aneueHTOB R , C, L 111 ynpaBJIHeM~ reHepaTo

poB TOKa (HIIIHeapiii30BaHH~ 5KBJ/1Ball9HTOB naMTI ~ TpaH3~CTOpOB). flplll 

STOM IIIH~YKTIIIBHOCT!d MOryT HMeT~ YelK]ly C060i1 MarHJIITHHe CB.f!3~, a reHe

paTOphl TOKa MoryT BKll!OqaT~CH ITO CXeMe C ~1131/lqecKJ/1 OCy~eCTBIIIMHMH 06-
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paTHHM~ CBH3HY~. B HaCTOH~ee Bpe:uH nporpauua APITIT-1 Herron 

~JIH npoeKTIIIpoBaHHH aneKTpOHHoi1 annapaTypa. HeKoTopae pe3y 

ITHTaHHU ~ npaKT~qecKOrO ,HCITOJIL30BaHHR 3TOA nporpaMMN npH! 

ooTe /3/. 
CTporo roBopH, 1113noaeHHHa Bame ueTo~ aHanH3a H aKBIIII 

npeo6pa30BaHHa OTHOC~TCH TOH~KO K CXeYaM C ITOJIO&HTeJI~HHMi 

pau~ aneueHTOB C, R , L. B oei~eu cnyqae (nono~IIITeJI~HHe m c 

HHe napaueTpa) <QaKT~qecKaH CTPYKTypa cxeu~ uomeT oTnzqaTl 

:uaJI~Ho~, narrp111:uep, npz nan~~~ B cxeue napanneJI:bHoro coe) 

~BYX paBH~ no B9JIH~He OTPH~aTeJI~HO~ H ITOJIO&HTen~HOa 9UI 

CXO~HaH C~Tya~IIIH MOE9T B03HHKHYT~ rrpH HaJIH~~ B CX91 

M~ reHepaTOpOB TOKa. nnH HCCJie~OBaH~fl ITO~OCiH~ CXeM HeO( 

OCl06~eHH9 ~3JI0~9HHOrO U9TO~a aHaJIH3a ~ SKBIIIBaJieHTH~ npe1 

qTO H911136e~HO npiiiBe~eT K ycJIO&HeH~ID ITOCJie~ll~. MelK]ly T9Y 

COBIT~9HIIIH napaUeTpOB aJieMeHTOB, npHBO~H~e K H906paTIIIM01 

KOa<Q<Q111~9HTOB rrplll BTOp~ np01113BO~H~ npeo6pa30BaHHOU C~C' 

HH BCTpeqaT~Cfl oqeH~ pe~KO, TI09TOMy, npaKT~qecK~, 1113JIO~e: 

~IIIKa H nporpaMMa npHM9H~MH K rrpOH3BOJI:bHHU cxeuau. 

n ~ T E P A T Y P A 

I. Blll6nzoTeKa cTaH~apTH~ nporpauu no~ oei~ea pe~aKu~ea M 
Bypa, MocKBa, 196I r. 

2. B.rr.neuz~oBIIIq, ~.A.MapoH, 9.3.illyBaJioBa, qlllcJieHHHe ueT 
"HayKa", MocKBa, 1967 r. 

3. ~.M.rpamzH, B.~.nBope~KIIIa, A.~.Po~111onoB, o.A.TJOpiiiKOB, 
APITIT-1 ~JIH rrOJIHOCT~ID aBTOMaTIIIqecKoro pacqeTa nepexo~H 
coB B JII4He~H~ aneKTPOHH~ cxeuax Ha 9BM,ITpenpHHT OHH 
1969 r. 

4. B.rr.c~ropcKIIIU, MaTpH~ 111 rpa~bl B aneKTPOHHKe, "9Heprz 
1968 r. 

PyKorrHCL rrocTyrrMna B M3~aTen~ 
15 HDHR 1970 rOAE 
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n n 

L' aL:J.[uj'"Crz>-uj(tzJ] .... ~ J.Li[ IJ+Crz)-lj('ZJJ + 
-~ J-1 (4) 
~ • • ~ -+ ~ 

L fJLJ.[IJ~(?) -rj-(~)] + .L liJ [ Ij (~)-IJ~(~)] , l= #,2 ••• n. 
. •1 J•1 

BOnHoe ~HTerp~pOBaH~e H6BNX ~ rrpaBNX qacTe~ CHCT6MH 

HHM rrepXOAOM ~aeT, C yqeTOM (2), (3), cne~y~m CHCTe-

I'\ 
n + "'" '+ • L ~ .. [IJ. c~>-IJ~(rz)] ~L ~J.[ IJ· (~)-IJ~('l)], i=1,2 ... 11. (s) 

=iP&.J . J={ . 

, BHpa~eHHfl (4) M (5) flBHfliDTCfl HCKOYHM~ ~OpMyHaM~ rre

TOqKy paspHBa, rrocne qero HHTerp~poBaH~e c~cTeuu (I) 

8TDCfl OdhlqHHMH qHCH6HHHMM MSTO~aYM, 

qTo ecm1 BX0,11Hafl ci>YHK~JdH Ij ( t.) MueeT ~opuy e.z~MHMq

' TO STO COOTB8TCTByeT cnyqaro C paapHBOM B TO~e t =0. 

5. 3 a K H ID q e H M e 

HHH M8T0,11 aHaHM3a CTpyKTypH M SKBMBaneHTHNX rrpeoopa-

0~ CMCT8MH .ziMWci>epeH~HaHDHNX ypaBH6HH~ IT03BOHH6T nerKO 

M ITOHHOCTDID aBTOMaT!d3~pOB8TD BHq]dCHeH~e rrepeXO~HHX 

STOrO M8TO,lla aBTOpaM~ OHH~ paspadOTBHH anropHTM ~ 

paooqaH rrporpauua .z~nH pacqeTa rrepexo~HHX rrpoueccoB B 

euax Ha UBM TMrra BSCM-4, M-220, M-20 /3/. ITporpauua 

~nH rrpoMsBonDHHX n~HenHwx cxeu c cocpe~oToqeHHHMH rra

TOHm~x Ms sneueHTOB R , C, L M yrrpaBnHeuwx reHepaTo

apMSOBaHHHX SKBMBaneHTOB naurr ~ TpaHsMcTopoB). ITpM 

OCT~ MoryT MM8TD Me~.z~y COOOH MarHHTHHe CBfl31d, a reHe

ryT BKnroqaTDCH no cxeue c ~nsHqecK~ ocymecTBMMHYH oo-
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paTHHM~ CBHsau~. B HacToamee Bpeufl rrporpauua APITIT-I ~crronDayeTCH 

.z~nH rrpoeKT~poBaHHH sneKTPOHHO~ arrrrapaTypH. HeKoTopue pesynDTaTH Hc

ITHTaHH~ i rrpaKTMqecKoro ·HcnonD30BaHHR aToM nporpaMMH npHBt~IHH B pa

ooTe /3/. 

CTporo roBOpH, M3HO~eHHH~ BHme M6TO~ aH8HH3a H 3KBHBaneHTHHX 

rrpeoopa30B8HH~ OTHOCHTCH TOHDKO K CXeUaY C ITOHOEHT6HDHHYH rrapaueT

pauH aneueHTOB C,R ,L. B oomeu cnyqae (nonozMTeHDHHe H OTPHuaTenD

HHe rrapaueTpH) ci>aKT~qecKaH CTpyKTypa CX6MH MOEeT OTHHqaTDCfl OT ~op

M8HDHOH, Harrp~uep, rrpH HaHHqJdM B cxeue napannenDHoro coe~mHeHHH 

~BYX paBHHX ITO BeH~q]dHe OTPHUaTeHDHOH H ITOHOEHTeHDHO~ eUKOCTe~. 

CXO,liHaH C~TyaUHH MOE6T B03HHKHYTD ITpH HaHJdqJdH B cxeue 3aBHCH

MHX reHepaTOpOB TOKa. nnH HCCH6,110BaH!dfl ITO,liOOHHX CXeu H600X0,11HYO 

OooomeHHe H3HOE6HHOrO M6TO,lla aHaH!d38 H 3KBHBaneHTHHX rrpeoopaaoBaHHn, 

qTo HeHa6ezHo rrpHBe~eT K ycnoEHeHHro rrocne~HHX. Me~y Teu, cnyq~HHe 

COBIT~eHHfl rrapaMeTpOB 3H6M6HTOB, rrp~B0,11flmld6 K Heo6paTHMOCTH UaTpHUH 

K03~WH~6HTOB rrpH BTOpHX ITpOH3B0,11HHX npeoopa30B8HHO~ CHCT6MH, .110HE

HH BCTpeqaTDCfl oqeHD pe~K0 1 IT03TOYy, rrpaKTHqeCKH, H3HOE6HHaH U6T0-

,11MKa H rrporpauua rrp~ueHHYH K rrpoHaBOHDHHM cxeuau. 

] H T E P A T Y P A 
I. BiiOHIIIOTeKa CTaH.z~apTHHX rrporpauu rro.z~ o6meit pe~aKuHe~ M.H.illypa

Bypa, MocKBa, I96I r. 

2. B.rr.neuH~OBHq, H.A.MapoH, 8.3.illyBanoBa, q~cneHHHe ueTo~H aHanHs~ 
"HayKa", MOCKBa, !967 r. 

3. ~.M.rpamiiiH, B.H.nBopeUKIII«, A.H.Po.z~HoHoB, O.A.TropHKoB, ITporpauua 
APITIT-I .ziHH rronHOCTDID aBTOMaTHqecKoro pacqeTa rrepexo.z~HHX rrpouec
coB B nHHenHHX sneKTPOHHHX cxeuax Ha SBM,ITperrpHHT O~HE II-4588, 
!969 r. 

4. B.II.C~ropcKIII«, MaTpiiiUH M rpa~u B aneKTPOHHKe, 118HeprHH 11 , MocKBa, 
!968 r. 

~ 
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G.J =? RiJ 

Pli!C. I. 0Ci061!l8HHbi.W 3JI8M8HT 3JI8ltTPOHHOM CX8Mbl. 

I i.j - reHepaTop TOKa. 

C13 R35 

5 

R21t Ct,.S 

Plilc. 2. Cxeya cocTOiiiT >Ia ,'llByx "ocTpo:so:s". O,'llliiH 
11 0CTPOB 11 o6paayiOT ToqKiil 1,3,4,5. BTopoLl: 
11 0CTpOB 11 COCTOiiiT lil3 O,'llHOM TOqKlil, 

I6 

Plilc. 3. Blil.'ll YaTplil~hl eMKOCTeii ( C ~j) ,'llJIH cxeYhl, co 

H8CKOJil>KiiiX 11 0CTpOBOB 11
• l{allt,'llb!W 3aliiTpliiXOBaH 

COOTB8TCTBY8T 11 0CTpOBy 11 lil3 H8CKOJil>KiiiX TOq 

CTpOqJ\a (lil CTOJI6e~) COOTB8TCTByeT 11 0CTpOB 

TOqKJil. 

X 
I.L 4=f 

\t 

P1.1c. 4. 

~tIt.= 5 u,1 = 5 (u, -u,). 

K 

-1::. ••• -t • . • n 

i 19~. t: :l9:i: t: :19·+ I .. '19, .. 
• .. 1 • 1 ... I : 1:: :1 : 

t'l9~.1::: I~ it 1: : :l!~f 1:: :19~" 

n 19 ... 1·. -·l9n .. l'. 'l9nfl" 'l9ftn_ 

nonOJIH8Hlilff B MaTpliiUe npOBO,'llliiMOCTe~ nplil BE 

cxeyy aaDliiCiiiMOro reHepaTopa TOKa I e.,.. , M 

aHaqeHlile KOToporo nponoprmouaJII>HO HanpaJKe 

.1lBYMH TQqKaMlil ( f Iii~) B TOM JKe CXeMe. 
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C.j =? Ru 

c. I. 06o6meHHbli.i aneMeHT aneKTPOHHoi.i cxeMbl. 

I i..j - reHepaTop TORa. 

Cts R35 

5 

R2tr Ct,.S 

c. 2. CxeMa cocTOliT >l3 ~Byx 11 ocTpoBoB 11 • 0~1i1H 
11

0CTpoB" o6paayiOT ToqRll 1,3,4,5. BTopoti 
11

0CTpOB 11 COCTOIIIT l13 O~HOH TOtiKll, 

I6 

..... 

P11c. 3. Blil~ LlaTpliiJ.W CMROCTCW (C~j) ;&Jill CXCl<ll>l, COCTO!lll\CH lil3 

\ 
Li..tf 

\i:. 

P11c. 4. 

He CROJI:bKiiiX 11 OCTpOB OB 11
, J{m;mbl.W 3alllTpl1XOllaHHbiH KBa;&paT 

COOTBCTCTByeT 11 0CTpOBy 11 113 HCCKOJI:bRl!X TOI!CK, :lyCTa!l 

CTpOlllta (11 CTOJI66U) COOTBCTCTByeT 11 0CTpOBY 11 .l13 O;&HO~ 
TOI!KJ/1, 

~tIt.= 5u,
1 

= 5(u, -uf). 

K 

i ... -1:. ••• -f. ••• .., 

... , 1-. ·1 . I'. 'I . • •• .. • • 11 ...... 

I II • I I I • I I I • 

t lth,, .. ·l!~tl·. ·I!~* I~. ·!g"" 
:I : 1: : :1 : 1: : :1 : 1; : :1 : 

e'lq:, 1: : :1!~·1:: :l!~f 1: : :19~" ., · r .. I · r .. 1 · r .. I · I I • I • • I I I • I I " • . . . . . . . . . . ... ' . 
n 19 ... 1· · ·19 ... 1· · '19 .. ,1 .. ·19~" 

~OITOJIHCHiil!l B MaTpiiiL(C ITpOBO;&liMOCTe~ rrpll BBC;&CHllll B 

cxeMy 3aDl1Cl!Moro reHepaTopa TORa It~ , MrHoBeHHoe 

3HaqeHIIIC KOTOpOrO rrpOITOpL(IIIOiiaJI:bHO HarrpfilKCHiiiiO MCJK;&y 

;&ByM!l TOI!RaMll ( f Iii~) B TOR JKe CXCMe. 
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f 
M 

K f 0-.--,----,. ,.---...,---~~ K 

---
L-tf Lt<e 

t e. t 0 I V f ' " ' of. 
c 

!/ ' 1- r). t 8 -f -J. '!. 1- J.. 'L 
M =ol.. LH.·LKe , 0 ~oi.·d, Q = --;:;:- L~) = 7 Ll<e I C= ~ M. 

d··=.L P"".i. a=i. r=L 
'J Lj ~ a. 1 -r g 1 c 

4 ... f ... t:. ... x ... e. ... n 

1 ,d,. I·· ·la.f I·· ·ld.i I·· ·ld,J · ·ld.el· ··I d.~ 

f ldf, 1· · ·l~lt I·· ·I~~ I· · ·I~~ I·· ·I~~~ dfn 

t. I d I· · ·lett+ I· · ·1"'"'11 I· · ·I ot-hl· · ·I a.( I. · ·1 d. il •P -P -r +r *• 

K lei~· I·· ·l~~fl:: :1~~~1· · ·l~rl· ··[~~tel.· ·ldKn 
;; • _; • l• • • , • , ••• 

• I• • •I • I• • • I • I • • • 
• I• • •I • I• • •I • I • • • 

t !dt. cltf!·. ·l<h1: I·. ·lcl.tJ<I· . ·I d.ul· .. , de .. -r +r +4 -q. 

• I• • •I • I• • •I • I • • .r • I • • • 

n I d," I' . •I cl.,fl' . •I ct.,! I' . 'I cl"·l· . ·I d~el· . 'I dh .. 

P~c. 5. norrORH0HHH B MaTpilU0 OopaTHhlX MH~YKTMBHOCT0ll np~ BBe~e

Hllil B CXCMy MarHMTHOM CBfl3:11 Me~y ~ByMH HH~yKTilBHOCTHM¥1 

L H 11 L l(e • d..= M/ ~· L ,.ce - KoscpcJmu¥~eHT cnHs¥1. 
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