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MMOCTOSSHHOrO TOKA B HATPY304YHOM PEXHME

3. H. TOABOPCKHH, A. H. CKOPOCIIEIIKHH, E. K. JEPTOBY30BA

(PexkomeHoBaHa Hay4HbIM CEMHHApPOM LKadefp 3JeKTPHYECKHX MalIHH
H oOUIeH SJSKTPOTEXHHKH)

Anasus YCTOAUMBOCTH I[OCTpoeHHeM obJjacteil yCTONUHUBOCTU HMeeT
6osblOe NIpaKTHYeCKoe 3HAUeHHe, TAK KaK IIO3BOJISIeT ONpEeLeJUTh, KaKHe
3HaueHud JAOJIKHLI HMeTb [12paMeTphl, pEry/JaHpYeMbie npu HaCTpOHKe,
yroOpl yeuauTeap paforan ycroiiuuso. [losTomMy B HacTrosillell cTaTbe CO-
CTAaBJEHbI M pelleHbl cHcTeMbl AuddepedHiualbHbIX yPaBHEHHN, ONHCHIBAIO-
WX paboTy yCHAUTENS NPH AKTHBHON, AaKTHBHO-HHIYKTUBHOH M JBHIa-
TeJbHON Harpy3kax, KosddHlHeHTh XapaKTepHCTHUECKHX YpaBHeHHH pac-
CYHTAHB N1 MoTesd ‘Gecko/aekTopHoro AMY TOCTOSAHHOTO TOKA, HA3ro-
TOBJEHHOTO MO oxeMe, npuBenenHoit B [1]. O6aactd ycTOHYHBOCTH pacCuH-
TaHel 'n KpuTepuo ['ypBHILA B INIOCKOCTH ABYX NapaMeTpoB, MEHAKIIHX-
Csl IpM HACTpoiiKe CTeNeHH KOMNEHCAIWH €2 M YIJa CABHTA KOMMYTAlHOH-
HOHl OCH ¢ TeOMEeTpHYecKOr HeHTpaau Pe.

I[Ipu paGore Ha AKTHBHO-HHIYKTHBHYIO Harpy3Ky JHHAMUYECKHE ' CBOH-
CTBA YCHJIHTENsT OMHUCHIBAIOTCH CJAeAYIOlLeH CUCTEMOIt yPaBHEHHI:

O = L (Wyly — Wpia), (N

By — N(Wsly — g, )

Uy = 1yly + oyWyp®y, ©)

¢ = Cby = oty + o Wpapth, SN0 )
3 Wp®; + Ridy — fugly = 0, (5)

. . . , 9N 5
&y = Cy®y = 1303 + fidy + rpis+plyuly + Wi pP:+ Lol Wiy 2‘?33‘ ig —

(6)

— 6, W;p®,,

rie

Iy — TOK Harpyskd,

Iy —- CONPOTHBJIEHHE HACPY3KH,

Ly — HHAYKTHBHOCTb LellH HATPy3KH.

Ocranbuble 0603HaueHus Aauwn B [1].

Pemas cucremy (l-—6) OTHOCHTENIBHO TOKA I, MOJYUHM 3aBHCHMOCTD
BBLIXONHOIO TOKA OT CHTHaJa YHpaBJeHHs

[(r+ pTy)(1 + pT. + K’p) + Kp(l + pTy) — TprP] {(1 + pTu+
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+ "f? + “332 [1+ °3W3p(lcz“ &) ]}13 [T"W“" (1 + pTy)p}

Wpe ™
Kal'g a3Wsp(1 — e,) . KoKy 3, W3p(1 — &)
—22 11 — 22hu
. X{ Rs { T C_) }13 R3 I+ C.Z Uy’
(7)
rine
Ry == 13 + W Tys
K
T, = L _ nocrosmmas BPEMEHH IemH HaTPY3KH,
3
G Wy

KS T R3 .

YpaBHeHuwo (7) COOTBETCTBYET XapaKTepHCTHUeCKOe ypaBHeHHE
a,p" + a,p® + ap + a; = 0, (8)
rie
ao=TyT2Ty;
T T‘) 4 e B /
ay= TyTy + _Z_i{‘)’p_‘ -+ [Ty + T, + Ty}{’p] Ty +
T
+ (Ty + T + Tpr)K3§263W3(1 - &) ToKsB,9,Ws(l — &) .

TCy =~Cy

B,
a, = (Ty + T-_; + Tpr//)( 2K3..) ( + k”p + k )[
‘ K3B29, W J 2)A ] o TokaBy

T

= (1 + K+ p)(lj@ﬂ )

[MTockonbky BOMY nocrosinHoro Toka onucbiBaeTcs cUCTeMoll ypas-
HeHuil, MMEMINIelt  XaPaKTCDUCTHYECKO® ypaBHeRMe He Bbllie YeTBepTOro

MOpsiAKa, MOITOMY LI TIOCTPOeHHst 00/1acTeil YCTOHUMBOCTH BOCHOIb3YeM-
csi kpuTepieM [ypBHHa.

Urobnl HCCIeJ0BaTh BJAHAHHE CTCIEHH KOMIEHCAaUHH H CABHTAa KOMMYy-
TaUHOHHOH OCH C TE€OMETPHUECKOHl HEATpAaH, HeOOXOIMMO MOCTPOUTH ©O-
JaCTH YCTOHYHBOCTH B IIJIOCKOCTH IBYX NapaMeTPOB & H fo.

Has storo Ko3(p(PuuHeHTb XapakTePHCTHYECKOTO YpPABHEHHA 4dg, aj,
a9, az TPENCTaBUM B BHJE:

ap=2ay +X2a,”, ag=ay +Xea,",
a;=2a,"+x:0,", as=ay +Xp83", 9
TAE Xo—= —& — OTHOCHUTEJJbHBIM cIBur KOMMYTa].U’IOHHOH OCH,

|

a,) = TyT,Ty, -  a” =0,
a = TyT2 + (Ty_+ T, + Tykp”)TH,
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» _ TyTaks (Ty + Tz + TyK”p)Kadswa(l — &)
ay = —|~
2 2¢,
' Tor,0,Wa(1 — &)
2¢, ’

3,2 - Ty JI‘ T2 + TyK”p + (1 + Kp + K”p)TH,

" Wi(l — e,
a”y'= (Ty + Tz + Tyx"plky + I+ xp + Z)Kg% a ¢2)
Ca

. Tyis
2 ’
a's = 1+ kp + &’
a’y = (1 + xp -+ K'piKs.

Jas cucTeMBl, HUMeWWeld XapakTepHCTHUeCKOe YyDaBHEHWE TpDeTbers
NOpAAKA C IOJOXKHTEALHBIMH KO3 OHIHeHTaMy, TpaHula yCTOHYHBOCTA
omnpejesasercd YCJOBHEM

‘a8, — 8,33 = 0. (10)

BeauuynHa CIBMTa KOMMYTAIMOHHOH OCH,. COOTBETCTBYIOLLAS YCTOHYH-
BOCTH, OmIpefeasnacs u3 BoipaxeHnus (10), a Takke U3 yCJ0BHSI DaBEHCT-
Ba HYJI0 KaxkA0ro xoad@uuueHTa XapaKTepPHUCTHYECKOro ypasHexus. Pac-
yeTpl N0KA3a/JH, YTO MHHUMAJbHOe 3HAyeHHe -Xg, NPH KOTOPOM YCH/JIUTENIL
nonajgaer Ha TPaHMIy YCTOHYHMBOCTH, OIpele]sercsd H3 PaBeHCTBA -HYJIO
cBoboaHOro usecHa ypasHeHus (8) u paBHO

r
Xo = — 3_3'

7
a’s

o

[Mpu 310M XapakrTepucTHueckoe ypaBHeHHe OyLeT MMeTh TPH KODHS:

— a, +Va* — 4a,a,
2a,

Kopuu ps,3 KOMIJIEKCHBle C OTPHLIATENbHON BeIeCTBEHHOH 4YacThiO.
[Tpu caBure KOMMYTalHOHHOW OCH € TPAHUILBl YCTOHUHBOCTH IO HalpaBJje-
HHIO BpPallleHHs] KOPeHb Dy CTAHOBUTCHA OTPHUATE/BLEBIM H NEPEXOAHBIH NIPO-
necc 6yneT MPOTEKATh MOHOTOHHO C 3aTYXaKOIIUMH KOJeQaHHAMU.

[pu ciABHIMe KOMMYTaiMOHHOH OCH TpPOTHB HAMPAaBJEeHUS BpaIleHHA
32 TPAHHUIly YCTOHUMBOCTH KO3(GQHUHEHT as CTAHOBHUTCA OTPHUATETbHDBIM.
Ilpu atom x0T OBl OZMH KOpeHb Oy[eT MO/IOKHTEIbHBIM, U B YCHIHTeNS
HACTYTAET TIPOLECC CaMOBO3OYKACHHUS.

B caydae AKTHBHOH HArpy3KH XapaKTepHCTHUeCKOe ypaBHeHue (8)
NDHHUMAaeT BHI

p1 = 0, P2, =

a]p2 + agp + 33 - O (11)

[Ipy TOMOKUTEJBHBIX KOIQQHLUHMEHTaX &1, ap H Az YCUIHTeNb Oyner
pa6oTaTb B 06/aCTH YCTON4HBOCTH, KOpHH ypaBHenns (11) GyxyTt uax Be-
IIeCTBeHHble OTPHLATENBHbBIE IIPH

a,® > 4a,a,,
WY KOMILIEKCHble ¢ OTDHIATENbHOH BeEIIeCTBEHHOH 4acTbIo NPH
ar”> < 4a,a,.

I'paHulell NepHOLUYECKOFO M AaTePHOAHUYECKOrO 3aTyXaloUIMX NpoUec-
COB SIBISICTCS YCJOBHE

322 == 431&3.
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[Ipn az=0 ycunauTesib nomajaer Ha TPaHULUY YCTOHYHBOCTH, HPU 3TOM
KOMMYTaHHOHHAA OChb cMellaeTcd MPOTHB HampaB/ieHHs BpalleHHs SKOpA
Ha BEAHYHHY

a/
Xy = == '_//_3 . (12)
a3

Ecan KoOMMyTaiHOHHAS OCb CMECTHTCS TPOTHB HalpaBJ/JeHUs Bpallc-
HHUST Ha BeJHuHHY, OOJbLIYIO, 4eM JONYYEHHYIO H3 paBeHCTBA (12), B ycu-
JuTeNe HACTYMaeT MPOUece CaMOBO3GYKAEHHS.

Taxum o06pasoMm, 0Opu AKTUBHOH M aKTHUBHO-HHAYKTHBHOHI Hanpys3ke
ycunuteap 6ymer padorarb yCTOHYHMBO, eC/IH YTOJ CIBHFA KOMMYTAIIHOHHOK
OCH NpOTHB HalpaB/JeHHS BpauieHHs OyIeT MeHee BeJTHUMHBI, OTpejesse-
Mol paBencrsoMm (12).

Pacemotpum 06aacTd YCTOHUMBOCTH TpH paborTe YCHAUTENS HA JBHra-
TeJlb TMOCTOAHHOTO TOKAa HE3aBHCHUMOTO BO30yXKAcHUS. YPaBHEHHUH CHCTEMbl
BeckonneKTOpHBIE DMY-aBHraTesb MOXKHO TOJNYUYUTh, OOBEIHHHB ypaBHE-
HUA YCHJIHTeNIA M ABUrateas. das storo x ypaBHeHuaAM (1—5) Heo6xonu-
MO J00aBHTh CileIyIOLLHE:

s . . v - K 2
e; — C®y, = rpiy + rix + pLals + sxWip®; — ;W ‘f i
(13)
. dn
I = Ms — M, (14)
Ma - Ki 13, . (15)
rae
e 9=Kel — 3. 1. C. ABUTATeJ,
n — CKOPOCThb BpAllleHHs BaJja JIBHUTATeNA,
J — MOMEHT HMHepUHH SKOpsi ILBHrATes, ‘

M p— IBHXKYUIHHA MOMEHT XBHraTes s,

M, — MOMeHT CONpOTHBJICHHS,

fa — CONPOTHBJIEHHE AKOPS JBUTATEJS,

L, —MHIOyKTUBHOCTB lenH sixkopeli BIMY u asurarens,

ki, ke — nmocrostHHble.

DTta cHucTeMa ypaBHeHHII cOCTaBJeHa IIPH CJIeIVIOUHX LONMYLIEHHSX:
1) maraurHas cucreMma bOMY me Hachiena,

2) BAMsAHUE THCTEPE3HCAa W BUXPEBBIX TOKOB He YUHTHI'BAETCH,

3) mMOTOK HBHTATENS1 NMOCTOSHHBIM.

Pewrass 3Ty CHCTeMy OTHOCHTENBHO CKOPOCTH H TOKa, MOJYYHM

—_ ) Raa . McRa(b - C)
[(b S)ilgp + 1jn = -K—eUy e ’ (16)
- __ Ke |
b= s —c U TR - (17)
rie
To= S?(J — 3JIEKTPOMEXaHHUeCKasas MOCTOSIHHAS BPEeMEeHH JIBHrarteJs,
IKe
L, u
Ty = . 3JIeKTPOMATHUTHAA [IOCTOAHHAA BPEMEHU UeNH SKOpei,
a
Ra = I3 _I_ ra + ——rKrm ,
Ry
KyKs 03W3P(1 — 82) ‘
= —=11 .
1= 7R, [ + 5 ; (18)
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b=[(14 pTy)(1+pTo+ «”p) + kp(1+pT y) —-TprP]{(HPTa 5::_32 +

+ ‘Kagz [1+ o, W,p(1 — &) ]}, . (19)
T Co
— W, Koly a3 W3p(1 — &)
C = Wp LeWaf () pTy)p{ [1+ - “ (20)

XapaKTepHCTHUECKOEe <YpaBHEHHE AJAS NAHHOTO <rvuas OGymeT HMeETb
BH:

App* + Ap* + Asp” + Asp + A, =0, (21)
rie
A, = TyTgTaTm ,

A1 - T TgT ‘|— (T "I" Ta + T ” )T T —{_
(T +. T, + TyK”p) TmisasWs(1 — &) — X, TszK3c3W3(1 — &)
2¢, 2¢,
o T T-)Tml(3 ’

+ _Y_.“_Q__—XZ,

A = Tul(Ty + To + Tyx"p)+(1 + ¥p + ¥p)TyT + XTI [(Ty_+
(1 + &"p + Kp)kgo,Wy(1 — &)  Tokg ]

2(:2 o 2 ’
A; = Ta(l + kp + l'C”p) + x:Tm(l + Kp -+ K”p)K3, A, = 1.

O6BIYHO 3/1EKTPOMATHUTHOIF NOCTOSHHOH BpPEeMEHH HKOPHBIX HeleH
MOXKHO mpeHebpeub. [lostomy npu Ta=0 noayuum A =0,

_f._

+ T, + TyK”p)Ks +

A/l = TyTng,
" TyT2TmK3 (Ty + T, + .TyK”p)TmK3G3W3(1 — &)
A", +
2 2¢,
- ToTakosWa(l — &)
2C2 ’

Alg = Tm(Ty + Tg _l_ TyK"p), -
(1 + xp + K”p)Ka"sWa(l — &)
2¢,

A"y, = Tm[(Ty + Ty + Tyx"p)ks +
T
5
Ay = Ta(l + ¥y + &%),
Ay = Ta(l + Kp + K"p)K3, A, = 1.
31ech
A, = Ay + xA7, . A, = A’y + x,A7,
A, = A} 4 xA", A; = A’y + x,A";.
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Jns noctpoeHus 00JacTeli yCTOIUMBOCTH BOCIIOJNb3YEMCH KPHTepHEM
[vpBHoa 1/ CHCTEMBI UETBEPTOTO MOPSAAKa, KOTOPBIt 3alHUChIBAETCA
B BHIe

As(A1A3 - A0A3) - A12A4 = 0. (22)

3ajaBasicb CTeNeHbI0 KOMIIEHCAUHH &, W3 yca0BuUa (22) HaxoauM

3HayeHUs] CIBHTra-KOMMYTALHMOHHOH OCH, COOTBETCTBYIOLHE FPaHHLE YCTOH-

qusoctd. Ha puc. 1 mpencrassaeHb 00JacTH YCTOMUMBON U HEYyCTOHUMBOH
paboTe veuaureas Ha Asurateabr MU-110.
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M3 paccMoTpeHus 064acTd  YCTOHYMBOCTH CJ€1yer, 4TO NPH CABHUTE
KOMMYTaIMOHHON OCH 10 HaTpaBJIEHHIO BpALleHUs YCHIHTEb paboraer
YCTOIYMBO, TPH 3TOM KODHH XapaKTePHCTHICOKOTO ypaBHEHUS MOTYT OBITH
quGo Bce BellecTBeHHble OTpHIlaTe/ bHble, JUOO OIHH KOpeHb BellecTBeH-
HEIl OTPHUATE/IbHBIN, 4 ABA — KOMIJIEKCHbIe C OTPHUATENBLHOH BelleCTBeH-
HOl YacTbio. B mepBoMm cayuae OydeT HMeTb MECTO alePHONHYCCKHUIl mepe-
XOJIHHIfI TIpolecc, BO BTOPOM MNEPAXOJHBIl [IPOLEece NpoTexaeT MOHOTOHHO,
HO Ha KPUBYIO MEPeXCAHOTO IIpollecca ‘HAJNATaloTCA 3aTyxaroliHe KoJe-
HaHus. ‘

Caexyer OTMETHThb, 4TO TpaHHIla ©OOJ4CTH YCTOHMYMBOCTH MOCTPOEHA H3
YCJIOBUA HE3ABHCHMOCTM yI/ia CABHra KOMMYTAIMOHHOH OCH OT CTeleHH
KoMneHcauuu. Ha camoMm jene TpH OAMHAKOBOH HaDpy3Ke VIOJ CJBHTra
KOMMYTAUHOHHOI OCH TIOJOXKHTeAbHBII W TeM OoJee, ueM MeHblle Helo-
KOMIEeHCcalus, NpH MepeKOMIeHCAUUH — CABHT oTpuilaTesbHplil. [losTOoMY
NMpH CTENEHH KOMIeHCAlWH €< | ycuaureab GymeT paboTaTb yCTOHUMBO
npu Jio6oll Harpyske, Tak Kak NpH 3ToM Xp>0. Heycroiiuuseiii pexnv
BO3MOXKE€H TOJbKO INPH MNepeKoMIICHCAHH.

Takum ob6pasom, IpoBeleHHOe aHaNUTHUYECKOe HCCAENTOBAHHME MOKa3a-
710, uTo GecKOJIeKTOPHbIH MY NOCTOSHHOrO TOKa TmpH paboTe B Harpy-
304HOM pe:KUMe OyHer yCTOHUHB mMpU g < | HE3aBHCUMO OT BUAA Ha-
TPY3KH.
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