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BO3MO)XHOCTH NPUMEHEHHSA ®YHKLHHU JIANYHOBA
B KAYECTBE KPHTEPHSA 3KBUBAJIEHTHOCTH
MATEMATHYECKHX MOJEJEH
SJNEKTPOOHEPTETHYECKHX CUCTEM

P. 1. BOPHUCOB, H. E. YEPHDbIH

(TlpencraBaeHa HayuyHbIM CEMHHAPOM KadeAprl IIEKTPHUECKHX CHCTEM H CeTel)

HccneqoBaHHA AMHAMHYECKOH YCTOHUMBOCTH CJOKHLIX 39JEKTPO3Hep-
retuyeckux cucreM (33C) cBsAzaHbl € IpOBeleHHEM MAcCCOBBIX pacueToB
NpU pas/MYHLIX HauyaJbHBIX YCJIOBHAX H BHIAX BO3MYyIIeHHH. ITO 0OCTOA-
TEAbCTBO JOJKHO YUHMTHIBATLCA IpH BbiGOpe MeTOAAa ananu3a, a TaKkKe
TpH pa3pa6oTKe aJArOPHTMOB H 3KCIIYaTalHOHUBIX MPOrpaMM.

OnuMH M3 BO3MOXKHBIX NMOAXONOB K peLIeHHI0 3TOH 3a4aud OCHOBAH Ha
npuMeneHHu mnpsMoro Merofa Jlanynosa. [lpu HccaenoBanpsix 3/€KTDH-
yeckux cucrem (9C) aas mocrpoeHHs ¢yuxknouu JlanmyHoBa IIHPOKO HC-
II0JIb3YETCsl 3HEPreTHUECKHH IOJAXOX, IIpH KOTOpoM QYHKLHs onpejesnser-
ca Kak cymMMma kuHetuueckoii (K) u morenumnaspHoil (I1) sHepruii cHcre-
Mbl B €€ BO3MYLICHIOM ABHxKeHHH [l].

Tlpu Takom noAxoje, 103BOJSAST OLEHMBATL YCTOHUHBOCTL JC TipH BO3-
JefCTBHM HAa Hee PAa3JHYHMBIX BO3MYIUEHMH, MeTon GyHkuuil JIsimynosa Mo-
XKeT ObITb HCIOJIb30BaH [Jis PelIeHHs JPYTHX BONPOCOB, CBSI3AHHBIX C HC-
ciegoBaHueM pexHMoB paborsl JC M ynpaBJaeHHs HMH.

Pacemorpum 9C, cuerema nH(QEPEHUHATbHBIX YPABHEHHA BOIMYLICH-
HOro ABHXKEHHS /s KOTOPOil B [IO3HIHOHION HieanH3aunu uMmeer Bua [2]

dAs;
: =8
dt

ds;, .. )
./r‘ﬁ'——F(O),

(1)

T §;— CKOJIb’KEHHE POTOpa CHHXPOHHOrO releparopa,

J; — nmocTtosiHHAsi HHEepPUUH CHHXPOHHOIO reHeparopa;

& — BekTOp-cToN6ell Pa3oBbIX KoopaHHaAT &y, 8z, ..., §,!

F(8) — BekTOp-PyHKLHA.

Has rakux cucreM ussectina dyskuusi Jlsanywosa [2], xoropas 3a-
NHChIBAaeTCs sl CJAydasi, Korja OTCYTCTBYIOT WIMHBLI OCCKOHEUHOH MOIIHO-

CTH, B CJIEILYIOLU.EM BUAC:
1 » (Ejsl)
V=" BJsi———

2%,

i=1

+
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+i2<]EiEij cos a;;[cos 8,;;(1—cosA3;;)—sin 8,; (A3, ;—sinAg;)]. (2)

daxr ycroiyuBoctn DC B ee AHHAMHYECKOM Iepexoje ycCTauaB/HBa-
€TCsl Mo KpurtepHuio Jlsnynosa

VoK Vi (3)

rae Vo— Havyaablioe BO3MYLIeHHe NOCAeaBAPUHHOIO peXXuma;

Vkp—*—KpHTepI/IuaJleOB 3iayedne ¢GyHKUHH JlsnyHoBa B yCTanoBHB-
memcsi, nocaeapapuiHoOM peXUMe.

Hauanbhoe BO3MylleHHe IIOC/A€aBAPHHHOrO pexHUMa OIpefesierci
YHCJEHHbIM HHTErpUpOBaHHeM auddepeHilHaJbHbIX ypaBHEHHH [IBHXKEHHS
pPOTOPOB TeHepaTOpOB M HAaXOK/AeHHeM 3HaueHHs (yHKUHH JldlnyHoBa IO
[OJIy4€HHBIM HEe3aBUCHMBIM IepeMeHHbIM — 8, 8g, ..., 0.

Ha kaxpoMm 1mare 4MC/JAEHHOTO HHTErPHUPOBAHHSl DeLIeHHeM CHCTeMbl
anre6paHyYeCKHX YpPABHEHHH pACCUMTHIBACTCS CTALHOHAPHDLIH peXUM, I8
KOTOPOro HOJIXKHO BbINOJHATLCA YCJA0BHE

S (X) =0, (4)

rae X — BekTop napamerpos pexuma IC — x|, Xo, ..., X, .

[TockoabKy ceTeBble MOLIHOCTH B CHCTeMe, [OATEKawllHe K KaKaoMy
Y371y, 3aBHCST OT HANPAKEHHH 3THX Y3JI0B H 3/JACKTPHUYCCKHX YIJOB MEX-
Jly HHMH, TO YpaBHEHHsI COCTOSIHM#A IO y3/JaMm COBMECTHO ¢ YpaBHEHHSIMHU
6ananca akTHBHOH W PEAKTHBHOH MOWLIOCTEH H OyayT OIpeLesasiTb napa-
meTpsl pexkuma [3]:

Epi” Ui' slUjiaaij):O;

W A (5)
ZQ;“ U,| ,\Ujl ,Qij)=0;
it

rae |U;|, |U;| —moaynn nanpsKenmil BBIIEJICHHOIO M CMEXKHBIX Y3J0B;

0;; — 3JEKTPHUYECKHH YroJ MEKLYy HHMH.

B" [4] npennaraercs cucremy audbdepenunadbiblXx ypasBHeHHil BHAA
(1) npuBoguTL K HOpMaJ/bHOH QopMe I KaXA0H B OTAEJbHOCTH 3KBH-
BAJICHTHON CTAHLHH W CBSI3AHHOI'O C HEH y4acTKa CeTH [0 TOYKH TMPHMBI-
Kanua K cucreme. B pesyabrare noayuaem HOBylo cHcTemy aub@epeHun-
aJbHLIX YPABHEHHH BO3MYIIEHHOrO ABHXKEHHUS BUAA:

dA,

o
(6)

udSi
-]i'Et—:Fi(Ei’ Uia ei ’ t);

rie U,—uanpsakende B y3/e NPHMbIKAHHs IKBUBA/ENTHOrO reHeparopa
K CEeTH;

0; =28, — 8,,~— 5/IeKTPHUUECKUH yroJl MexJAy BEKTOpaMH 3.71.C. MW la-
MpSIXKEHHUA.

Ilenaercs [OMyLeHHe, YTO Ha TPOTSKEHHH KaXKJAOro MaJoro, pac-
YeTHOrO MHTEPBAJa BPEMEHH BEKTOD HANpSKelHs B TOUKE BETBell CTaMIHil
‘K OCTaJILHOH CeTH OCTaeTcsi HEM3MeHHBbIM H He 3aBHCALINM OT H3MeHeHHs

pexiMa 3JeKTPOCTaHLHI.

78



OnpexesnM 3HaueHHe BeKTOpa Hanpsxenua B Havane K-ro muTepsa-
Ja [Anasi (-ro yaja NpHMBIKaHHSA:

n
EYy+ 3 E;Yy
_s_x): J=li+#J » (7)

Vat 3 ¥y

J=L it

rae ¥, — coGcTeeHHast mpoBOJHMOCTb FeHepPaTOPHON BETBH,

Y,;;— B3aHMHas TPOBOJMMOCTb MEXKIY Y3/OM INpHMbIKanus H 3.1.C.
oCTabHBIX FeHepaTOPOB.

B cuny HEH3MEHHOCTH pacyeTHbIX 3. A. C. B NPHUATOH MaTemaThHyec-
koit mMomeau DC 3HauyeHHe BEKTOpa HANpsXKEHHS MOXKHO 3alHcaTh KakK
¢yHKUMIO $a30BEIX KOOPAHHAT O AJs 11060T0 MOMEHTa BPEMEHH:

Ui=Fl’(61:62l""6i""’ 611 ) (8)

Takum o6pa3oM, B npaBofl uacTH cHcTeMbl (6) 3amucaHbl BEKTOP-
QYHKIHH, COOTBETCTBYIOLIHE BEKTOP-QYHKUHMAM B NPABOH YaCTH CHCTEMSI

(1): .
F (8)=F(5). (9)

Ha ocHOBaHMH CAENAaHHBIX PACCYXKACHHH HAa KaXAOM pAacyeTHOM HH-
TepBa/le BPEMEHH TIEPEXOAHOrO Ipollecca cxeMa 3aMeulenus caoxuolt IC
MOMeT GBiTh YCJAOBHO INIPHBEJEHA K «A» IIPOCTEHIIHM CXeMaM — «reHepa-
TOp — INMHL HEH3MEHHOr0 HANpPSIKEHHS» C MapaMeTpaMu Kollla Mpejlie-
cTBylollero HurepBaJa. Jlys KaK/0i H3 BblAEJEHHBIX CX€M MOXHO MOCTpO-
uTb QyHKLHIO JIsmyHosa 1o [5]:

14

--c0s 0,;0(1—cos AD,)], (10)

rae 0, -— 3JeKTPHUECKHE YrosJ MeXAy BeKTopaMu 3.1.C. H HAMpsAXKEHHd
Ha BLIBOAAX i-F0 reHepaTopa B YCTAHOBHBILEMCS], MOC/JA€ABAPHHHOM pEXH-
Mme; "‘ ’
ABi:(-)gk)B*io — OTKJIOHEHHe yrJaa 6 K KOHIy pacueTHOro HHTepBaJa.
dyuxuuw JIAnyHOBa AJMA BCeH CHCTEMBl MOXKHO 3aMHCaTh’ Kak CyMMY
(GYHKUHH OTAe/JbHbIX reHepaTopoOB:

VP =SV, (11)

i=l1

B cayuae, korga B 9C OTCYTCTBYIOT IIHHB O€CKOHEUHOH MOLIHOCTH, H3
BeipaxeHus (11) Heo6GXOAMMO BBLIYECTb WJ/EH, YYHTHIBAOLIHH KHHETHYECKYIO
3HEPTHIO CPeAHEeB3BCLICHHOIO [BHXKEHHS: ‘

VE—yIT_KY . (12)

IIpensioxeHHBIll aJArOpUTM pacuyeTa HAYAJbHLIX BO3MYLUGHHH peaJii-
30BaH B BHJE ABTOHOMHOIO OJI0Ka, KOTOpHIH COCTHIKOBaH C TPOrpamMMou
pacuera AuHamMuuecKo# ycroiuuBoctH Ha IBM M-220 C3M CO AH CCCP.
Pesyabratel pacuera KOHTpOJbHOTO npuMepa 1as 3C, BRaAouawooulelr 5 CHH-
XDOHHBIX TE€HEpPaTopOB, NMpHUBeJeHbl Ha DHC. l1; KpHBble H3MEHEHHMs OTHOCH-
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TeJIbHBIX YIVIOB NpuBeleHbl Ha pHc. 2. BpeMs cuera KOHTPOJbHOTO IIpHMe-
pa cocraBaser 1,5 mun. C yBe/iHYEHHEM KOJHYECTBA aKTHBHBIX y3JI0B BO3-
pacrtaer pacyeTHOe BpeMd 3axaud Ha IBM H, uro He MeHee BaXKHO, TPYLO-
3aTpaThl MpH aHaJuM3e pE3yJbTaToB. lak, HamnpuMmep, BpeMs pacuera
3JeKTpoMexaHnueckoro npouecca B IC, cocrosimeill n3 44 reHepaTopos,
cocrapaser 4050 mun. na 1 cex. mpouecca. Kpome Toro, sauacryio uccie-

V()
20 V(O.e.) Zuu=100m
4 EON
V(t)
1,5 S Zu<i0om,|
/ / t om=0,262cex.
. M ]
1,0 y <= V(t) -‘
éu_i-'- 100gm
0,5 = _/ i \\\
0 Z"’--\‘_‘-——", ‘——.-t(cek.)

01 02 03 04 05 06 07

*

Puc. 1. Kpusnie usMenenmsi  ¢hyukuuu  JIstnyHoBa  BO
BpeMeHH NPH Pa3HuHbX BUAAX BO3MYLIEHHS.
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Puc. 2. KpiBble H3MeHeHHsI OTHOCHTEBIILIX VIJI0B POTOPOB
X4paKTepHBIX TeHepaToOpoB BO BpPeMeHH.

AO0BaTENs MHTEpPECyeT He Xxapakrep IMEpPexXOJHOro mnpoliecca BO Beex 3Jle-
MeHTax, a (PakT YCTONYHBOCTH MK HeycToiluHBocTH JC npH BO3/eACTBHH
KOHKPETHOTO BO3MYyIeHusi. EcTecTBeHHbI B CBSI3H C 3THUM MONBITKH, Hanpas-
JIeHHbl€ HA YNPOLiCHHE MaTeMaTHUeCKHX Mojeaed cioxubx IC.

B [6, 7] paccmaTpHBalOTCA HEKOTOpbie BO3MOMKHOCTH TIpUMeELelHA
¢yukuuu Jisnywosa npu Mmopeauposanun IC. Tlokazano, uto dopma rH-
IIepHOBEPXHOCTH, MpejcTaBasollell ¢yHKuuio JlanynoBa, ompenenser Xa-
PaKTEepUCTHKH COOTBETCTBYIOLIEH CHCTEMBI.

[TokaxeM BO3MOMKHOCTH mpuMenenus ¢yukuun (12) naa sKBHBAJEl-
THPOBAHUSA OTAEAbHBIX TOACHCTEM. HJa 3TOro paccMOTPHM HYaCTHHIE CJay-
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. 4afi, Korja 3KBUBAJeHTHpYeMas [OJCHCTEMA HMeeT OIHH y3ea NPHCOeAH-
HEHHSI K HempeoOpa3yMoH noacucreme, pHc. 3. B IpaxTHke NPOEKTHPOBA-
HHS M 3KCIJyaTallid nmogobHas 3ajaya HMeeT MeCTO KaK B CJAy4asx NOA-
KJoueHnsa HOBHIX DIC, Tak W B caAyuyasfx paboThl YAAJCHHOH 3/JEKTPOCTAH-
HHH Ha IIPHEMHYIO CHCTEMY.

Iy Fjet
Pt
@ 1 2 O
L
rl rﬂ

Puc, 3. CrpykrypHast cxeMa HCCHe[lyeMOH 3J/eKTPH-
yecKOl cHcTeMbi: | — HenmpeoOpasyeMast HOJCUCTEMA,
2 — npeoGpasyemas MOACHCTeMA,

Auanoruunas 3ajaua pewanacb B [8], roe B KauecTBe 00OOI[EHHO-
I'0 KpPHTEpHsi 3KBHBA/JEHTHPOBAHUS NPHHHUMAaJaach HHBAPHAHTHOCTb KHHETH-
yecKoli SHeprHH ABHXKEHHS DOTOPO§ B HCXONHOH H SKBHBAJICHTHON CHCTe-
max. ®Oyuknua (12) nosposser YUHTHIBATbL MHBAPDHAHTHOCThL NOJHOH 3HEp-
rau BeeH cucTeMbl. TIpu 3ToM KpuUTepHH 3KBHBAJIEHTHPOBAHHS MOXKeT OHITH
copMyaupoBaH CaeAYIOLIUM 00pasom:

yP=yQ, (13)
[Tomumo (13), A0aKHO COBJMIONATBCH YC/I0BHE
| vy (14)

3 .
rae V¥ — snauenne QpyuKUMH 105 HCXOLHOM MOACHCTEMBI;

V(,@ — 3Hauene (HYHKUMH fJ151 SKBHBAJEHTHOH IOJCHCTEMBI,

B 3TOM cayuae 3Hau€HHS HAYaJbHBIX BO3MYLIEHHHA MOCAeaBapHHHOrO pe-
JKHEMa OCTAITCH ONHMHAKOBBIMH JJs1 HCXOAHOH M SKBHBAJIEHTHOH MoOMeJel
2C.

B nononuenne X (14) L0/KHO BBINOJHATBCA YCJAOBHE HHBAPHAHTHOCTH
AKTHBHOH MOILHOCTH:

3P =P, (15)
i=1

HenocpeacTBenno npolecs 3KBHBAJEHTHPOBAHUS BHIGPAHHOH ITOACHCTE-
Mbl pa3bHBaercs Ha 3 OCHOBIBIX 3Tama:

1. PaccuntmBaercs cranMoHapHblil pexum mnoanoii IC. HspectuniMu
MEeTOJ1aMH S5KBHBAJIEHTHPOBAHUA ONpPeLeNIsioTcss BeMHUHHB Eyy, Yis, Ji5,S:s
(npeoGpasoBanye CXeMbl, IPABHJIO MOMEHTOB, CyMMUPOBaHHe).

2. MpousBoauTCs pacuyer NePeXOLHOTO Mpollecca B IKBHBAJNEHTHOH IT

k
H OLEHHBAETCs NMOrpelllHOCTh SKBHBAJEHTHPOBAHHS — AV,

k
3. ITo seauunne AV{sY na pacueTHOM HHTEepRa/e KOPPEKTHPYIOTCA 3Ha-
' o k
yenns EY%) (0 BesnuuHe NOTEHUHANbHON SHEPTHH) H J{ (mo Benuunme K-

6 3akas 12785 81



HETHYECKOH 3HepruH), CKOPPEKTHPOBAHHbIe 3HAUCHHA [PHHHMAIOTCA B Kaue-
CTBE pacyeTHBIX Ha CJACLYIOLILEM HHTEPBaJe.

[Ipepnaraemas METOJIMKA 3KBHBAJCHTHDOBAHHS MOXKET JErKo PeasHso-
Batbcsl Ha DBM, no Tpebyer 3nanust 3nadeHuid GyHKuuM V;(f) Aaa HCKOMOH
monean DC. Ee xongpeTHast peanu3alus BO3MOXKHA B COYETAHHH C METOLOM
KOHTPOJbHLIX Bo3Myllenuit [9]. Mcnoabsosanue 370ro MeTona 3ak/iouaeTcs
B 3aJ4HMH BH/Ja BOSMYLIEHHS B y3/e MPHCOCJIHHCHHA, 3aTeM NPOHU3BONUTCH
pacueT MepexoiHoro Ipollecca B BbUIGJIEHHOH /s 3KBHBAJEHTHPOBAHMSA
nopcucreme. IlpeacrasisieTcss AOMYCTHMBIM NPHHHMATh B KayecTBe KOHT-
POJIBHOTO BO3MYIIEHHS 06JaCTb BO3MOXHBIX 3HAUCHHEH HaIpSIKeHus B y3-
Jie TIpUCOeINHEeHHU !

O*\<Ui<Uimax (16) .

[TpH pas3aHuHBIX 3HAYEHHAX KOHTPOJBHOIO BO3MYLIEHHSI B COYCTAHMH C
BEPOSITHBIMH 1I€PETOKAMH [0 BeTBH IIPHCOeAHMHEHHS AKTHBHOH MOLLHOCTH
CTPOSITCSL XapaXTepucTHKH QyHKIuH (14) BO BpeMeHH, Ha OCHOBAHHH KOTO-
PBHIX MOXeT 6bTb OpPTaHH30BaH aPXHB 3TAJOHHLIX XapaKTEPHCTHK B MaMATH
OBM. B xozme pacuera guHaMuueckofl ycroiuusocty DC mo BTOpoMy 3Tally
3KBMBAJICHTHPOBAHHS TPOHU3BOAMTCSI BHIOOPKA COOTBETCTBYIOUIMX Xapakre-
PHCTHK.

PacnpocrpaHenne NpHBOLUMON METOAMKH 3KBHBAJCHTHPOBAHHS lia 00-
WK cayYal, Korga ymnpoulaeMmasl MOJACHCTEMa HMeeT HECKOJbKO y3J0B INpH-
COeJIHHEeHHs!, 3aTPYJHEHO B CHJY BEpPOSITHOCTHOH 3aBHCHMOCTH NAPaMeTpoB
pexuMa 0o KaKAOMY u3 y3J0B. g BHIABNEHHs 3THX 3aBHCHMOCTEH CJel0-
Bajo 6Bl OpraHu3oBaTh cGOp H (GopMHpoBaHHe GOJBLIOrO KOJHYECTBA CTa -
THCTHYECKOrO MaTepHana, KOTOPHIH B HACTOslllee BPEMA OTCYTCTBYET.

BoiBOAbI

1. Vcrnonp30Banue ypaBHEHHH CeTeBBIX MOILHOCTEH B COUETAHHH C OCO-
GEHHOCTAAMH METONOB UHCJACHHOTO HHTETPHPOBAHHA AuMbEepeHUHaNbHbIX
YPaBHEHHH TMO3BOJISIET ONpeAcasiTh 3navenue ¢yuxumu Jlamyuosa aas 2C,
KaK CyMMBbl (PyHKIHH OTAEABHBIX CHHXPDOHHBIX ['€HEPaTOpPOB.

2. Tlpennaraemas ¢opma 3anucu ¢yHkuun Jlsanynosa (12) nossossier
HCIIOJB30BATh €€ B KayeCTBe KPUTEPHA 3IKBHBAJCHTHOCTH MATEMATHYECKHX
mozeaen 3C. :

3. Paccmorpennass merojauka ynpolienus moneneid DC Jerko peasunsy-
€TCA AJs1 YACTHOTO CJyuasl, HMeoliero Mecto B c¢/10XKHbX DC. Peanusauus
ee 14 o6liero c/aydas 3aTpyAHEHa OTCYTCTBHEM CTATHCTHYECKOrO MaTepB-
aJna.
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