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AJTOPUTM JJISI KOPPEKIUHU PEKMMA IHEPrOCUCTEMBI
¢ yueToM TpaHcGopMaluil 1 HEOJTHOPOIHOCTH CETH

0. 1. AneKcaanOBl)

UBeJ‘IOpyCCKHﬁ TOCYapCTBEHHBIN TEXHOJIOTHYECKHil yHuBepcuTeT (MUHCK,
Pecmry6iika benapycs)

© benopycckuil HallMOHANBHBIN TeXHUYECKUH yHUBepcuteT, 2017
Belarusian National Technical University, 2017

Pedepar. 3agaya omepaTHBHOI KOPPEKIIUH UMEET OONBIIOE MPAKTUUECKOE 3HAUCHHE IS YHpaBIie-
HUSI pOKUMaMH JIEKTPOIHEPTETHUESCKOH CHCTEMBI U SIBISIETCS OAHOM 13 HanboJiee BAXKHBIX M CIIOXK-
HBIX 33J]a4 aBTOMAaTU3UPOBAHHOM CHCTEMBI YIPaBJIECHHS 3JIEKTpOIHepreTHyeckoi cucreMon. Criox-
HOCTb OOBSICHSCTCSl TMHAMHUKOW M HEJIMHEHHOCTBIO YpaBHEHHMI COCTOSIHHSI DJICKTPUYECKOM CEeTH,
3aIMCAHHBIX OTHOCHUTENILHO Y3JIOBBIX HANpPSDKEHHH, a TaKKE MHOTOCBS3HOCTBIO DJIEMEHTOB CETH.
[ombITKM pelieHus MOCTaBICHHOM 3alaull ¢ IOMOIbIO TEOPHU YYBCTBUTEILHOCTH HPUBOIAT K I10-
SIBJICHUIO B JIOTIOJHEHUE K HMMEIOIIMMCS MaTpuiiaM OOOOIICHHBIX MapaMeTpOB CETH HECKOJIbKUX
MaTpHIl 49yBCTBUTEIBHOCTH, 1Sl HOPMHUPOBAHUS KOTOPBIX MOKA €IIe OTCYTCTBYIOT JOCTATOYHO 3(-
(heKTUBHBIC aArOPUTMBI OBICTPOrO MEpecueTa MaTPHIl MPH KOMMYTAIUAX B cXeMax. DTO MPUBOAUT
K HEOOXOJMMOCTH BBIYUCIIATH JTAHHBIE MAaTPHILBI 3aHOBO TIPU KaXKIOH KOMMYTALHHU MO0 MCXOIUTh
M3 HEKOTOPOro 0a30BOr0 PEKHMA, CYMTAsl OCTAJIBHBIC PEKHUMBI MPAKTHYCCKH HEM3MCHHBIMH TPH
OTHOCHUTEIIFHO HEOOJIBIINX OTKIOHEHHUSX NMapaMeTpoB, YTO, B CBOIO OYepellb, IIPUBOIUT K JIOTIOIHH-
TEJNBbHBIM NOTpelmHocTM. [IpeyioskeH HOBBIM METO/ pacueTa MOTOKOPACIPENENICHHs B CETH, KOTO-
pHIii OCHOBaH He Ha (HM3MYCCKOM MOICTUPOBAHUH CTPYKTYPBI HCCIICIYEMOI 1IEMH, a Ha MaTeMaTH-
YECKOM MOJICITUPOBAHUH CTPYKTYPhI YPaBHEHHH, OMUCHIBAIONIMX MOTOKOPACIIPEICICHIE, Oaroaaps
YeMy CHUMAIOTCSI OTPaHUYCHNS, HAKIIIbIBAEMbIC HEOHOPOTHOCTRIO M HATMYHEM TpaHC(HOpMAIIUii.

KnroueBble cioBa: siekTpuueckas ceTh, KOX(QQUIMEHTH pacHpeleleHus, MaTpHila yBCTBH-
TEJILHOCTH, d((GEKTUBHBIN ANTOPUTM, MHOTOCBSI3HOCTD JJIEMCHTOB, MOJHAs KOMILIEKCHAs MOII-
HOCTB, HCOXHOPOJIHAS CETh, IOTOKOPACIIpeeIeHNe, K03 QUIMEHTH TpaHChopMaIin

Jast nurupoBanus: Anexcanapos, O. U Anroputm mis KOPPEKIMH PEKMMa SHEPrOCHCTEMBI
¢ yderoM TpaHchopmaiwii u HeoguopoaHoctu cerr / O. Y. Anekcannpos // Duepeemura. H3zs. gviciu.
yued. 3agedenuti u snepe. 06wveounenuti' CHI 2017. T. 60, Ne 6. C. 523-535. DOI: 10.21122/1029-
7448-2017-60-6-523-535

The Algorithm for Correcting a Mode
of the Power Supply System that Takes the Transformations
and Heterogeneity of the Network into Account

O. I. Alexandroy"
DBelarusian State Technological University (Minsk, Republic of Belarus)

Abstract. The problem of expeditious correction has great practical value for operation of the
power supply system and is one of the most important and complex challenges of an automated
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control system of an electrical power system. Its complexity is due to the dynamics and nonlineari-
ty of equations of state of an electrical network, recorded as related to node voltages, and also due
to multiply connected network elements. Attempts to solve the problem by using the theory of
sensitivity lead to the appearance — in addition to the matrices of the generalized parameters of the
network — of several sensitivity matrices, for the formation of which sufficiently effective algo-
rithms for fast recalculation of the matrices when switching schemes are not yet developed. It re-
sults in a need to calculate matrix data anew at each switching, or to recognizing some mode as
a basic one considering other modes virtually unchanged at relatively small deviations of the pa-
rameters, which, in its turn, leads to additional errors. The new method of calculation of the power
flows distribution in the network is proposed that based is not on physical modeling of the struc-
ture of the investigated circuit, but on the mathematical modeling of the structure of the equations
describing the flow distribution, thereby removing the limitations imposed by heterogeneity and
the presence of transformations.

Keywords: clectrical network, distribution coefficients, sensitivity matrix, efficient algorithm,
multicoupling of elements, gross vector power, nonuniform network, flow distribution, transfor-
mation coefficients

For citation: Alexandrov O. L. (2017) The Algorithm for Correcting a Mode of the Power Supply
System that Takes the Transformations and Heterogeneity of the Network into Account. Energeti-
ka. Proc. CIS Higher Educ. Inst. and Power Eng. Assoc. 60 (6), 523-535. DOI: 10.21122/1029-
7448-2017-60-6-523-535 (in Russian)

IIpu pacuere mapamMeTpoB YCTAHOBHUBIIHMXCS PEKHUMOB B DJIEKTPHUECKUX Ce-
TAX OOJIBIION 3JEKTpOodHEepreTnieckor cucreMbl (3DC) HaubobIIKe TPYIHO-
CTH BBI3BIBAIOT CETH C BBICOKOW CTENEHBIO HEOAHOpOaHOCTH [1]. OcOOeHHO 3TO
MIPOSIBIISIETCST B BHICOKOBOJIBTHBIX MHUTAIONINX, CHCTEMOOOPA3YIOMINX U MEKCH-
CTEMHBIX JTMHHSX JICKTpONepeaayu.

Kak u3BecTHO, mo0asi IMHEHHAsT CUCTeMa YPaBHEHUN ¢ CUMMETPUYHON MaT-
pureit KodpPUINESHTOB MOXKET ObITh MPOMOJICITUPOBAHA IEKTPHUYCCKON TETBIO
M0 METOJY JIEKTPUYECKUX y3710B., CYIIHOCTh 3TOr0 METO/1a KPaTKO MOXKHO OXa-
PakTepHU30BaTh CIICAYIOLUUM 00pa3om [2, 3].

IlycTe nana cucrema TUHEHHBIX YpaBHEHUN

Ax=b, (1)

rae A — CUMMETpUYHAs MaTpHUIla pa3MepoM 7xn; X — BEKTOP-CTOIOel Hews-
BECTHBIX; b — BeKTOp-CcTONIOCT] CBOOOHBIX YICHOB.

3anmmemM ypaBHEHHE Y3JIOBBIX HAIPsDKEHUH ISl TIEMH C 71 He3aBHCHMBIMH
y31aMu

Y U=l 2

rac Xv — MaTpuna Yy3JI0BbIX HpOBO,Z[I/IMOCTeﬁ PasMCpPoOM nXxn; U- BCKTOp-

CTON6e1] HEM3BECTHBIX HAMPSHKEHMH y3710B OTHOCHTENBHO OMOPHOro y3na; I — Bek-
TOP-CTOJIOCI] 3a/JAOIIMX TOKOB B Y3JIaX, IOJOKUTENIBHBIX B CITydae TeHEPAIHHi.
[Totpebyem, utodbl cuctemsl (1) u (2) coBnananu. Toraa:

Y, =A; I=b 3)

Ecnu cymecTByeT aiekTpudeckast IeTb, YAOBIECTBOPSIONIAs yCaoBusIM (3),
TO B CHJIy SJMHCTBEHHOCTH PEIICHUS JTUHEWHON CUCTEMBI C KBaJIpaTHON HEOCO-
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OCHHOM MaTPHIICH BEKTOP Y3JIOBBIX HANPSDKCHHUHA B 3TOW CETH OyIeT COBIAIATh
C BEKTOPOM HEM3BECTHBIX HCXOJHON CUCTEMBI YpaBHEHUI

U=x.

MoHO MoKa3aTh, YTO Takas ILielb JEHCTBUTENBHO CYIIECTBYET. B camom
Jiesie, U3 TOMOJOTHYECKHX CBOMCTB MaTpuibl Y, CIEIYyeT, YTO HEJHAarOHaIbHbIE
3JIEMEHTBI 3TON MaTPUIIBI OMPENEISIOTCS Kak [4, 5]

1
Vi T “4)

Ljj

rae Z; (i #j) — CONpOTUBIEHUE BETBHU, COEJUHSAIONIEN Y3/Ibl I U j B MOJEIUPYIO-
Hiei 1enu, OTKyAa ¢ yaetoM (3) noiaydaem

=iy =i

Z.=7 :—L. (5)
a

g

JlnaroHabHBIC JJIEMECHTBI MATPHLBL Y ONPEACISIOTCS HOopMyIIoi

rae Zi — CONPOTUBIICHUE BETBHU, COEUHAIONIEN #-id y3€J1 C OTIOPHBIM Y3JIOM, OT-
Kyza c yaetoM (3) u (5) umeem

1 1

n] = '
Z;,-‘Z? Z]aij

ALy
J#I

(6)

Z; =

VpaBuenus (5) u (6) OOHO3HAYHO OMPENENSIOT CTPYKTYpy M HapaMeTphbl
ANEKTPUIECKON IeTH, MOJEIHUpyIolel cucremy ypaBHenuit (1), a (4) coorer-
CTBYET €€ PeXUMY.

[ TOoro uTO0BI CXeMa MOAETHMPYIOLIeH [eny Oblia peaan3yemMa ¢ TOMOIIBIO
MACCHUBHBIX DJIEMEHTOB, HEOOXOANMO, YTOOBI WX COIMPOTHBIICHUS OBLUTH TOJOXKH-
TeJbHBI, a I 3TOTO JIOCTATOYHO, YTOOBI BENUYMHBI Zj, Zy, I, j = 1, 2, ..., n, ompe-
neneHHsre 1o (5), (6), uMenu oJuHaKoBbIe 3HaKU. [IycTh, HanpuMep:

Z;20; Z,,20. (7)

Torma u3 (5)—(7) mony4yaeM MOMOJHUTEIRHBIC YCIIOBHS, HAKJIaAbIBACMbBIC HA
BUJ MaTpUIIBI A:

n
a;<0; @, =Y |ay|, i,j=1,2,.., n
j=1

J#
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TTokaxem, 4TO OoNMCaHHBIA METOJ] MPUMEHUM U B TOM CIIydae, Korja MaTpuiia A
HecUMMeTpuYHa. B 3TOM citydyae Hy»KHO TOJBKO IpuBecTy cuctemy (1) Kk BUIY

Bx=c, (3

rae
B=A"A; )
c=A"b; (10)

*
A’ — TpaHCTIOHMPOBaHHas MaTpUIla IO OTHOLIEHUIO K MaTpuUIle A.
HelicTButensHo, MaTpuiia B — cuMMeTpuuHasi, Tak Kak
*

B =(A"A) =A"(A") =A’A=B,
U, KpoMme Toro, cuctema (8) sxBuBanenTHa (1), mockonbky u3 (8)—(10) nmeem
x=Ble=(A'A) A=A (A") Ab=A",

4qTOo yaoBierBopseT (1).

PaccmoTpum Teneps 3aiady NpUOJMKEHHOTO ONpeeNieHHs TIOTOKOpacipe-
JeJIeHUs B MIEKTPUUIECKOM CeTH 9HEPIOCUCTEMbI UCXOS U3 IOMYLICHHUs OJUHA-
KOBBIX HampspkeHuil B y3nax. IIpu aToMm [uIst Kaxaoro i-ro He3aBUCUMOTO KOH-
Typa CXEMBI HCCIIETyeMOM LIeNH YpaBHEHNE UMeET BU [6]

isijzy‘: l_ﬁkiv Uf,p,
Jj=1 v=1

rae m; — o0IIee YUCII0 BETBEH B KOHTYPE; /; — YUCIIO TPaHCPOPMATOPOB B KOH-
TypE; Sij, Jj=1L 2, ..., m; — KOMIUDIEKCHas IIOJIHasi MOLIHOCTb B j-i BETBH i-I'0 KOH-

Typa; Zij, Jj=1, 2, ..., m; — KOMIUIEKC NIPUBEJCHHOTO COIIPOTHBIICHUS COOTBET-

CTBYIOLIEH BETBU; K,

> V=012, ..., n,— KOMIUIeKCHBbIH K03(dunueHT Tpanchop-
MalWu V-TO TpaHcopMmaropa B i-M KOHTYpe, IpHUeM IepBUYHON cunuTaeTcs 00-

MOTKa, MPOXOANMas MEPBOI MpU 00X0/Ae KOHTYpa B MPUHATOM IS HETO TOJIO-

KHUTENBHOM HanpasieHun; U, — CpelHsis BEIMUNHA HAPSDKCHHS TOM CTYIICHH,

K KOTOPOU MPHUBEACHBI COMPOTUBICHUS BETBEH.
DTO KOMITICKCHOE YpaBHEHHUE PaCIIaaeTCs Ha IBa NCHCTBUTEILHBIX:

n;

D(PR;+0;X;)= 1—Re{1ﬁ[léiv} Uz (11)
j=1 v=1
Z(PifXU_Qi/Rii):_Im|:ﬁkiv:|Uczp’ (12)

Jj=1 v=I

rae Py, O; — NOTOKM aKTUBHOW U PEAKTUBHOM MOIIHOCTEH B j-i BETBU [-T'O KOH-

Typa; Py, Xj; — aKTUBHOE M PEAKTUBHOE CONPOTHUBIICHHUS j-i BETBU [-r'0 KOHTYypa.
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PacmipocTpaneHHOE yOEKIEHHE B TOM, YTO MPHUOIMKCHHBIA pa3aeibHBIN
pacyeT MOTOKOB aKTUBHBIX M PEAKTUBHBIX MOIIHOCTEH B CETU NpU MPUIOKEHUU
K HE3aBUCUMBIM Y3JlaM 3aJal0lIUX MOILIHOCTEH COOTBETCTBYIOIIETO pPOJia B Ka-
YyecTBe He0OX0AUMOT0 JAOMYIEHHS TPeOyeT OMHOPOAHOCTH CETH, HEBEpHO [2].

B marpudnoii ¢opme ypaBHeHHS BTOporo 3akoHa Kupxroda MoxHO Tpen-
CTaBUTH B BHJIE

NR NX [[P] |K®®

NX -NR||Q]| [k |
rae N — MaTpuia KOHTYPOB cXeMbl pazMepoM (m — k + 1)xm (m — duciio BeTBei;
n — 4ucno y3noB cxembl); R, X — nuaroHajgbHbIE MaTpHUIBI COOTBETCTBEHHO
aKTHBHBIX U PEaKTUBHBIX CONPOTHBICHUI BeTBed; P, Q — BEKTOPBI-CTONOIBI
TIOTOKOB AKTHBHBIX U PEaKTHBHBIX MoHocTeil B BeTBsax; K&, K™ — pexrops!
npaBbIX yacteit ypaBHeHuid Buma (11) u (12) cooTBeTCTBEHHO, 00YCIOBIICHHEBIE
HaJIMYMEM TpaHcGOpMaIiii B KOHTYpaxX W paBHBIC HYIIIO, €CIIW TPaHCHOPMAITUH
OTCYTCTBYIOT.

AHAJIOrMYHO ypaBHEHHUs IepBoro 3akona Kupxroda B marpuuHoit (opme
UMEIOT BUJI

M O|P P

_ y

o MJQ] Q]

riae M — MaTpuila MHIUACHINN cxeMbl pazMepoM (n — 1)xm; O — HyneBas Mar-
puna pasmepom (n — 1)xm; Py, Q, — BEKTOpBI aKTUBHBIX M PEAKTHBHBIX MOLIHO-
CTEeH B y3Jax.

[NonHoe ypaBHEHUE TTOTOKOPACTIPENICIICHHS B CETU C UCIOJIb30BaHHEM KOd(D-
(PUITUEHTOB pacIpe/IeIeHUs] MOXHO TIPEJCTABUTh B BUJIC

P P, k®
=C,, +C ,
1Q Q] T k™

. -
M O C —p- RN XN b
; = — Matpuipl Koddummen-
O M » XN -RT
TOB paclpeAeNeHIs] COOTBETCTBEHHO /ISl HAarpy30YHBIX W YPaBHUTENBHBIX II0-
TOKOB B BeTBsX; D — MaTpuiia kodhPpuIueHToB HAIPSHKCHUH.
ITpu 5TOM IpUHKUMaeM:
a) I ompeieNieHUs] KOA(PPUIIMSHTOB PAaCTIPENEICHUS OT aKTUBHBIX MOIIIHO-
CTEH B y3/ax:

rie C,, = D'

P,=1;0,=P, =0, =k =k =0; u=1,2, .,n-1, p#v;

A=12,...m—-n+l;v=12 .., n-1;
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0) s onpenenacHuss KOAPGUIMEHTOB paCIPEACICHUS PEaKTUBHBIX MOIIIHO-
CTeH B y3Jax:

0, =LP, =P, =0, =k =k" =0, p=1,2,..,n-1p=v;
A=12,...m—-n+l;v=12, .., n-1;

B) JUIA OompejeicHus] KO3QQUIMEHTOB paclpeielieHns] OT AeHCTBUTEIBHBIX
(TIpPOJIOTBHBIX ) COCTABIISIONINX PE3YIBTUPYIOIIUX TpaHcHopMaIuii B KOHTYpax:

K =1LEM™ =k = k™ =P =0, =0,L=1,2,...m—n+1, L #p;

n=L2.,n-Lp=1L2,., m—n+l

r) IUIg omnpenaeneHus: Kod(Q(QUIMEHTOB paclpeleneHnss 0T MHUMBIX (TIome-
PEUHBIX) COCTABIIIOIUX PE3YIbTUPYIOMIUX TpaHC(HOPMAINi B KOHTYpax:

K™ =Lk =k =k™ =P, =Q, =0,A=12,...,m—n+1; L #p;

%
n=L2 .. n-Lp=L2,....,m-n+l1.

BriBenem dopMymsl 1715 OTIpeieNICHUsI MOIITHOCTEH B Havajie W KOHIIE 3BEHa,
€CIIM W3BECTHBI MOJYJH M (a3bl HANPSHKCHUN W MapaMeTpbl He MPHUBOMASATCS K
OJTHOM CTYIIEHU TPaHC(OPMAIIHH.

Nmeem

rae I; = ToK; Z,;, k; — KOMIUIEKCHBIE CONPOTUBIEHUE U KOIPPHUIMEHT TpaHC-

dopmannu B i-M y3ne; U, , U, — HanpsbkeHUE B Hayaje M KOHLE 3BEHa.

i i

MOIJ_IHOCTB B Ha4daJi€ 3BCHA

, o 5 -
S, =0, 0, =i _ Uiiki _Uin ~jo, _Yinlick; i(5-8u+vi-v.) _
Z; Z, Z. Z.

1 —1 —1 -1

(COS Y, — jsin ‘I’i)—M
Z 2

x[cos_(Sl. +y; —y;)— jsin (g, +\I_/,- —Y; )],

2
iH

X

e o.

"

BBIIl yron comportuBieHus; Yy, — (a30BbIid yron kosdduuuenta Tpanchopma-

8, — }asoBble yribl HaNpsKEHUH B Hayajle U KOHLE 3BEHA; Y, — (a3o-

11H; O, — (a30BbIif Yo Pa3HOCTH HAIPSKEHHUH.
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Otcrona
~y R

iK =i

cos (6i+\|ji_Yi):

=i =i

0 ow 02
=Z—’“coswi —M[cos (v, —7vo) cos &, —sin(y, —v,) sin §, ] =—lcos y, —
lleUlK—l 8 6
—Z—[(cos W,cos y, +siny;siny; Jcos 8, —(sin y,cos y; — cos y,siny; ) sin. ] =
conw, [Uz U Uk, (cos v;cos J; +sin y;sin J,; )] —
_siny, U Uk, (sin Y;c0s &, —cos v,sin J, )
Vuursisas, uro ~2> Vi _ g5 sn;\ui = b, — AKTMBHAs U PEaKTUBHAS IPOBO-

=) —1

IMMOCTH, TO JIMHEApHu3ys TPUIOHOMETpUYECKHe (YHKIMU ITapaMeTpa pexku-
Mma d,, T. e. mpuHuMas sind, =J,, a cos 0; =1, nomyuum

1i°

P,~gU, [U ~U, k,(cosy, +siny,3,)-bU, U, k, (siny, —cos ylﬁi)]z 13)
=gU, (U, ~Uk)-bU,UKk'-U,U, (gk'~bk!)8,,

IK "1

rne k!=k; cosy,, k/=k, siny, — nelicTBUTeNbHAs W MHHMasl COCTaBJIAIONINE
KOMIUTIEKCHOTO K03 uireHTa Tpanchopmanuu.

AHanoru4Ho:
0. :%sin v, - JuUk sin (3, +v, —y,-)=%5in (U
_%[sin (w; =7,) cos 8, +cos (y, —7,)sin 8, ] =
_ %sin L wcki [(sin y,cos v, - cos wsiny, )cos §, +

—1 —1

+(cos y,cos v, +sin y,siny,) sin 3, | = %x (14)

=5

IK =i

[U U Uk, (cos y,cos 8, +siny; sin §, )J -

LW, — iy, U, k, (cos y,sin 8, —sin y,cos §, ) =

IK —1

=i

~bU,, [(jm k. (cosy, +siny,3, )]
g U, Uk, (siny, —cosy,8,)=bU,, (U,.H - UiKk,') +

K =i

+ giUiHUikki”_ UiHUiK (biki"+ giki,) S;.
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MoutHOCTE B KOHIIE 3B€HA

) - UU kU U.U.
S_U IK ™~ IH —1  IK

2
_ _ Y iHYiK (Sf*%) _ ]_CiUiK j(“//*‘i’i) _
ik T Yk 7 7. - 7 7. € - (15)

—1 —1

U kU, .
=Yl [cos (8, —w; )+ jsin(8; -y, )]——’Z i cos (v, =, )+ jsin (vr=w,) .
. . .
P = U’“ZU’K cos (8, -y, ) - ké]"‘ cos (7, w[):%(cos&. cosy, +sind; siny, ) —

=i =5

72

=i K . . W, ,
_—Zi (cosvl-coswl-+smy,-s1n\lfl-) 7 (U,HU,K k,Uchosyl.)Jr

=5

Sl;"’l (0,08, ~kUzsiny, ) = g.U,, (U, ~Uy) = UK+ b,U,U,S,.

iK™ i~ i~ m ki
=5

0, =~sin(5, -, ) + £ sin(y, -y, ) - L

=5

X

72
x (sind,cos W, — cosd siny; ) + %(siny[cosw[ —cosy,siny; ) =
= 200, (klUlismyl UZHUlemS ) ;\V’ (UIHUZKCOS 8, —k,U.cos yi) ~

= Uk +bU, (U, - U, k) - U, U, 8.

IH K1

M3 (13) n (14) mosrydaem TUHEAPU30BAHHOE BBIPAKCHHE VIS TTOJIHOM MOIII-
HOCTHU B Havdaje 3BCHa

S A J lH_ (U Ull(kl)( ]bz) U U k”(b‘—i—jgi)_

H IK 1

U,HU,Kk,”( g~ 7b)8, + U, Ukl (b, + )8, = Uy, (U, = Uk ) (2, = ) -

IK 1

(16)
UZHUmkl( - jb)- U,HU,Kk,”( - jb;)8, + ]UUk( - jb)8; =

= (gl- —jb,-)U,-H (U,-H _ki'Uik kUm ) + J(g, jbi)Um (Ui](ki, +jUi1<ki")8i‘

B marpuunoii hopme

S, =(G-jB)diag U, [ . —diag (k'+ jk") U, ]+

(17)
+7(G - jB) diag U, diag (k' + jk") diag U, M3,
rae G, B — muaroHajabHbIe MaTPUIBl AKTHBHBIX M PEAKTHBHBIX MPOBOIMMOCTEN;
diagU,, diagU,, diag (k’+ jk”)zdiagk — JUArOHANBHBIC MATPHUIIBI MOAYJICH
HalpsHDKCHUH B Hadajie M KOHIIC 3BEHBEB M KOA(DPHUITMEHTOB TpaHC(HOpPMAIIHIH;

S,» U,, U, — cTron6uoBsle MaTpullbl MOIIHOCTEN B Hadaje 3BEHbEB U MOIYJIU
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HAIPSDKEHUH B HAYalie W KOHIlE; O — cToj0el (a30BbIX HANPSUKCHHUI Y3JI0B OT-
HOCHUTENIBHO OayaHcupyromero; M — HeHCTBUTENIbHAS MAaTpHIlA WHITUACHITII
CXeMblI (He YUUThIBaIoIIas KO3 OUIUSHTHI TpaHCchOopMaLnm).

U3 (5) momydaeM COOTBETCTBEHHO aKTUBHBIC M PEAKTHBHBIC CTOJIOIOBEIC
MaTpPHUIIBI MOIITHOCTEH B HayaJe:

P, =G diagU, (U, - diagk'U, ) - BdiagU,diagk U, ~
- (G diagU, diagk” — Bdiagﬁ,,diagk') U M,
Q, =G diagU, diagk"U, + BdiagU, (U, - diagk'0, )
- (Gdiagﬁﬂdiagk’ - Bdiagﬁﬂdiagk")ﬁKM*é.
N3 (15) u (16) monygaem
$ =P, = jOy =Uy Uy ~Us k) (g = b )~ U K!(b, + jg; )+ Uy U (b, + jg ), =
=(8i = 10.)Usc (Ui ~ Ui ki) - (2, = 7B U2 K+ (85 = 8 ) Uy Uy By =
=(g = /b U (Usy = Ukl = U, )+ (& = by ) UiUyd:.
B MatpiraHOii (popme

S, =(G - jB)diagU, | U, —diag(k"+ jk")U, |+
e =( J)g.q[,i g('J).q] (1)
+ j(G - jB) diagU, diagU M"3.
U3 (18) cnenyer:
P =G diagU, (ﬁu —diag k'UK)—B diagU, diagk"U, +

+B diagU, diagU M"3;

Q, =G diagU,, diagk"U_ + B diagU, (ﬁﬂ —diag k'U, ) -
- G diagU,, diagU M5,

Jns pacdera U onepaTUBHOW KOPPEKLHUU PEXUMA DICKTPUUECKOH CETH HC-
TMOJIB3YeTCsl METOMKA ONTUMAJIbHON KOppeKy Koa(dumeHToB TpaHchopMannm
TpaHc(hOpPMaTOPOB, IMEIOLIUX YCTPOKCTBA perynupoBanus noxa Harpyskoit (PIIH).
ITpu He ydere B mepBOM MPUOIIKEHUN PA3IHIHs IPUBEJICHHBIX Y3JIOBBIX HAIpS-
JKEeHUH 10 BeNTMUYMHE U (aze U, IPUHMUMAs UX PaBHBIMH CPEIHEMY IKCILTyaTallHOH-
HOMY HanpsbKeHHIO ceTd U, B COOTBETCTBHH C NPUHIIMIIOM HAJIOKEHHUS 3allUILIEM
BBIpa)KEHHE 71 TOTOKOB B BETBSIX KOMITIEKCHOW MOIITHOCTH [7, §]

§:Q+XC.BE(_]c,p7 (19)

rae S — BEKTOp-cToJ0el] MOIIHOCTEH B BETBAX; § — BEKTOP-CTOJIOEL y3JIOBBIX

MoIHocTel; C — MaTpuia Ko3G(HLIUEHTOB pacnpeaeneHus TOKoB; Y & — MaT-
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puia coOCTBEHHBIX ¥ B3aUMHBIX IpoBoaumocteli BetBeit; E — cronbmosas mar-

puria 3/1C B BeTBSIX.

ITocne mpoBepku BeTBeH MO MPOIMYCKHOW CIIOCOOHOCTH MOXKHO BBIJCIUTH
MHOKECTBO JIMHHUIA V € V ¢ HapYIICHHBIMHU PEXUMHBIMHU OrpaHudeHusMu. CooT-
BETCTBEHHO ()OPMUPYETCSI BEKTOP

AS =colon[AS;,AS,, ..., AS,, ..., AS, ], (20)
KOMITOHEHTBI KOTOPOTO PaBHEI

AS. = §Lnax _§V7 cClin E{/nax < §V7
=V

0, ecmu ST > S

v =V

rae §U — MakCUMAJIbHO JOIYCTUMBIN MOTOK MOIIHOCTH B BETBU V, Sy — mo-

max
v

TOK MOITHOCTH B V-U JIMHHH B PACCMATPHUBAEMOM PEXUME; }J — MHOXKECTBO JIU-
HUH ¢ HAPYIICHHBIMH PEKUMHBIMU OTPAHUYCHHUSIMHU.

B (19) pexumnsie mapametpst S, s, E B oGmactu pemenuns 3ameHnm mpu-

pamenusimu AS, As, AE. Torna
A§ R g A§ + X(LB AE(_]cp'

B dopmyne (20) n3BecTHBIME SBISIOTCS KOMIIOHEHTHI BeKTOpa AS, a Hems-
BECTHBIMU — BEKTOPOB A §, COOTBETCTBYIOLIUE y3J1aM C HCTOYHUKAMHU PEryJu-
pOBaHMs aKTHBHOW M peakTHBHOW MoITHOCTEH, U AK, COOTBETCTBYIOIIME BET-

BsIM, HMerommM Tpancopmatopsl ¢ PITH. Cuuras, 4To KOppeKus pexuma Bbl-
NoJHseTCs 0€3 M3MEHEHHS y3JI0BBIX MoIIHOCTeH, (19) mpeobpasyeM K BUILY

A§ = XC.B AEQcp ° (21)

Teneps Y., MOXHO paccMaTpUBaTh KaK MaTpPHIly YyBCTBHTEIILHOCTH IEpe-

TOKOB B BETBSIX MPHU U3MEHEHHUHU KOI(P(HUIMEHTOB TpaHCPOPMALMH PETYIHpYye-
MbIX TpaHcpopmaTopoB. [loxctasinss B (22) Beipaskenne anst D/1C, momyynm

AS = Y, (" - AK)UZ, (22)

rae AK — BEKTOp-CcTONOEI OTKIIOHEHUH OTHOCUTENBHBIX KO3 (UIINEHTOB TpaHC-

(hopManyy Mo OTHOLICHUIO K HCXOAHOMY PEXHUMY; e™ BEKTOp-cToJ0eH, CO-
CTOAIIMHI U3 11 €AUHUIIL.

bynem cuurtaTh KpUTEpUEM OINTHMAaIbHOCTU MUHHUMAJbHbIE II0 CPABHEHHIO
C HCXOIHBIM PEXHMOM HM3MeHeHHs KoddhdwummentoB Tpanchopmammm [9, 10].
Torna Bextop Ak, HaiineHHBIH U3 (22), OyneT cOOTBETCTBOBATH ATOMY KpHTeE-

puto. [l yckopeHHsI pacdeToB LienecooOpa3sHo cpopMHUpOBaTh YIUIOTHEHHBIE
MaTpuily u BekTop B popmyine (22). Ilotomy uckimrounm: u3 Bekropa AS Hye-

BBIC DJJICMCHTBI, COOTBCTCTBYIOIIUC BCTBAM C HCHAPYHICHHBIMU PCKUMHBIMU
OrpaHUYCHUAMU, U3 BCKTOPA Alﬁ — OJJICMCHTLI, COOTBCTCTBYIOIIUC BCTBAM, HC
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umeromuM tpancdopmaropos ¢ PIIH; u3 marpunsl Y, , — COOTBETCTByIOMIME
CTPOKH U cTONOLEL. Bripaxenue (22) NOIy4duT BUL

AS =Y, (e" - AK)U2,

rae AS, AK — ymIOTHEHHbIE BEKTOPBI; Y , — YIIOTHEHHAs MaTpHLA.

s onpenenenus BekTopa AK mpesaraercst CieIyouuil alropuTM.

1. [IpoBOAMTCS pacdeT MOTOKOpACTIpEACIECHUS B CXeMe (MCXOIHBIA PEKUM).

2. [IpoBepsieTcst JOMyCTUMOCTh HMCXOAHOTO PEXHMMa MO MPOMYCKHOH CIIo-
cobnoctu. dopmupyercsi BEKTOp HApYIICHUH PEKUMHBIX OrpaHuueHHi AS.
Bexrop AS u marpuna Y , ymnorHsiorcs. Ecnu Bektop AS HyneBoi, To niepe-
xoauMm K . 17.

3. Cpenu sneMeHTOB BekTOopa AS oOThICKMBaeTCsi HanOomplmid max(ASy),
veVl.

4. B cTpoke maTpuubl Y ,, COOTBETCTBYIOIIEH HAlWICHHOMY B IL. 3 DJIE€MEH-
Ty, OCYIIECTBISETCS TMOUCK HAMOOIBIIET0 M0 MOAYII0 KOMIIOHEHTa, KOTOPBIH
OJIHO3HAYHO OIpPEJCNSICT BETBb (0, HAWIYUIIYI0O B CMBICIEC UYBCTBUTEIBHOCTH

MEepeToKka MONIHOCTH B V-H BETBU TPU BapHanuu Kod(pGUIHEHTOB Tpanchop-
MaIruu

max|Y |, o € W.

5. Onpenensetcs 3HaueHue koddduimenta TpanchopMaLui B BETBH M

6. IlpoBepsieTcsi, HAXOAWTCSA JIX HOBOE 3HAYEHHE KOX(PGHUIMEHTa TpaHC-

!
dopmanun k =k, +Ak, BBETBU ® B IONYyCTUMOM JMaNa30HE PEryIHPOBAHHs

min 4 max
km S l_( [0 S /_cm *
7. Ecau na, To mepexon k 1. 10.
8. Ecint Het, To k03 durmeHT TpanchopManyu B BETBU  YCTAHABIUBACTCS

__ 7 max(min)
PaBHBIM NIPEAEILHOMY 3HAYEHHIO k =k

9. CumnTaercs, 4YTO BO3MOKHOCTH BETBH ® B KOPPEKIIUU PEKMMa UCUEPIIaHEI,
U OHa WUCKJIIOYaeTcs U3 AajibHeiero paccMorpeHus. COOTBETCTBEHHO YIIIOT-
HAIOTCA MaTpUlbl Y yJaJeHueM cToindua o u Bektop AK — ynanenuem sie-

MeHTa Ak, .

10. BeimonHsieTcs nepecueT KOMIIOHEHTOB BekTopa AS 1o dopmyie

AS, =AS, +Y) U2

—C.B®

11. IIpoBepsieTcsi, OCTAIUCh JIK €llle BETBU CO CPEACTBAMU PETYIUPOBAHUS
K03 (puImeHTOB TpaHChHOPMAITHH.
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12. Ecim nma, To mepexon Kk 1. 3.

13. Ecnu ner, nepexoa k m. 17.

14. IlpoBepsercs, Bce JIM HApYIIEHUSI OTPAaHUICHUN PAaCCMOTPEHEI.
15. Ecimm nma, To mepexog k . 17.

16. Ecnn HeT, mpoBOAUTCS yIJIOTHEHHE MaTpHUlbl Y, yJaJeHUEM CTPOKH V
v BekTtopa AS — ynanenuem komnonenta AS, . Ilepexox k m. 3.

17. Konerr paboTHI.

Pa3paboTaHHbIil alropuT™M OTNEPATHBHON KOPPEKIMK PEKKUMa XOPOIIO COria-
cyeTcs ¢ 00IIel Teopreil ONTUMAIFHOTO TUCKPETHOTO YIPaBIeHUS (PUHIHIIOM
HAVIMEHBIIIET0 YKJIOHEHHS), B COOTBETCTBHH C KOTOPBIM BBIOMPACTCSI DIIEMEHT
C HauOOJIBIIUM OTKJIOHGHHUEM OT JIOMyCTUMOTO (T1. 4 aNropuTMa), 3aTeM OTHICKH-
BaeTCs DIIEMEHT, 00ECIeUnBaIOMINi HanOosblee Bo3aericTBre (1. 5), U ompee-
JSeTCs BETMIMHA KOPPEKTUPYIoIIero Bo3aeiicTBus (1. 6). IIpiMenenne 1aHHOTO
NTOpPUTMa KOPPEKIUH PEKUMa C TOMOIIBIO PEryJIMpOBaHUS y3JI0BBIX MOIIHO-
CTeH TI03BOJIHT CO37]aTh CHCTEMY aJTOPUTMOB OTIEPATUBHON KOPPEKIHH PEXKIMa
C UCTION30BaHNEM B Ka4eCTBE PETYIMPYIOMUX JIEMEHTOB Kak K03(uireHToB
Tparchopmanuu Tpancopmaropon ¢ PITH, Tak u reHepupyromux UCTOYHUKOB
AKTHUBHOM U PEAKTUBHON MOILIHOCTEH.
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