SHEPIOCBEPE>KEHUE

VIK 621.3

E. U. Cokon, a-p TexH. HayK, uieH-kop. HAH Ykpaunsi

I'. I. ”Kemepos, a-p TEXH. HayK

N. ®©. JlIoMHHH, I-p TEXH. HAyK

H. A. nbuHa, n-p. TeXH. HAyK

O. B. UnbuHa, KaHa. TEXH. HAYK

J. C. KpbU10B, KaH]I. TEXH. HAyK

O. U. Xoinox, KaH/l. TEXH. HAYK

. O. Jlobau

HannoHanbHbINM TEXHUYECKUN YHUBEPCUTET «XapbKOBCKNAN ITOJIMTEXHUUECKUA HHCTUTY T,
. XapbKOB

J. B. Tyraii, kana. TexH. Hayk, e-mail: tugaydv(@yandex.ua

XapbKOBCKMI HallMOHAJIbHBIM YHUBEPCHUTET ropojackoro xossiictBa uMm. A.H. bekerosa, .
XapbKoB

OB30P HAYUHBIX PABPABOTOK KA®EJPHI TIPOMBINIJIEHHOM

" BUOMEJIUIUHCKOM DJIEKTPOHUKU HAITMOHAJIBHOT'O
TEXHUYECKOI'O YHUBEPCUTETA «XAPBKOBCKHUM
MOJUTEXHUYECKHAN HHCTUTYT» B OBJIACTU DHEPITOCBEPEKEHU S
U YJIEKTPOMATHUTHON COBMECTHMOCTH NPEOBPA3OBATEJILHBIX
CUCTEM (Yactb 1)

St

Ilpeocmasnen 0030p OCHOBHBIX HAYUHBLIX pPAOOM Kapeopbl NPOMBIULIEHHOU U
ouomeouyunckousnekmponuxu HT'Y « XITH » 6 obnacmu snexmpomacHumHo coemecmumocmu
npeobpaz06amenbHbIX CUCEM U IHEPeocOepedceHUs: KOMNEeHCUPOBAHHbIU YNPABIsemMblll
8LINPAMUMEND, MEeOPUs MCHOBEHHOU AKMUBHOU U PEeaKmusHoU MOWHOCMel, npeobpazosanue
KOOPOUHAM NPOCMPAHCIBEEHHBIX 8eKMOPO8 HANPANCEHUL U MOKO8, pacyem nomepb dHepeuu
u KI11J] 6 cucmeme snexmpocrabicerus u npaKmuyeckoe NpUMeHeHUsl pe3yibmamos HayyHo-
uccneoosamenvbckux pabom. B dannou cmamve npueedena nepsas uacms 0630pa HAYUHLIX
pabom kagheopul. buon. 35, puc. 6, maon. 2.

Kniouesvie cnosa: cucmema snexmpocnabicenuss, Koagguyuenm nonezHo2o 0eucmasus,
KOMNEHCUPOBAHHDIL BbINPAMUMENb, MEOPUsl MOWHOCMU, CULOBOU AKMUBHYIL uUibmp,
AKMUBHBLU  BLINPAMUMENb, KOMNEHCUPOBAHHASL ACUHXPOHHASL MAWUHA, pPACHpedeleHHoe
NPOU3BOOCMEBO INIEKMPOIHEPSUL.

Ilpeocmasnenuti 0210 OCHOBHUX HAYKOBUX POOIM Kaqbedpu nPOMUCTIOB0i [ bioMeOudHOl
enekmponixu HTY «XIIl» 6 obnacmi ereKmpOMaeHzmHoz cyMZCHocmz NnepemeopIo6anbHux
cucmem ma €H€p2035€pe:)fC€HH}l KOMNEHCOBAHUL KePOBAHUL GUNDAMIIAY, MeOpis MUMMEGOL
AKMUGHOI ma peaxmueHOi NOMYHCHOCMI, NEePemeopPIOBaAHHs. KOOPOUHAM HNPOCHOPOBUX
8eKMOpi6 Hanpye i cmpymie, po3paxyHoxk empam enepeii i KK/[ 6 cucmemi enexkmponocmayanusi
[ npakxmuuHe 3aCMOCY8aAHHs Pe3yIbmamie HaAyKo8o-00CIIOHUX pobim. B cmammi Hasedeno
nepuia 4acmuHna 02110y 0CHOBHUX HAYKosux pobim kagedpu. bion. 35, puc. 6, maon. 2

Knrouosi  cnosa: cucmema enexmponocmavauus, Koe@iyiecHm — KOpucHoi - Oii,
KOMNEHCOBAHULL GUNPAMIIAY, MEOPIsi NOMYHCHOCI, CUNOBULL AKMUBHUL (DIIbMP, AKMUGHUL
BUNPAMIIAY, KOMNEHCOBAHA ACUHXPOHHA MAUWUHA, PO3NOOLNEeHe 8UPOOHUYMBO eleKMPOeHep2li

BBenenue

Haunnass co BTopoii momoBuHbl 1990X romoB mo Hactosimiee BpeMs Kadeapoit
MIPOMBIIITIEHHON U GnoMenuuuHckon anekTpoHuku (IIBMD) HanronanbHOro TeXHUUECKOTO
yHUBEpCUTETa «XapbKOBCKUH monuTexHuueckuidi nHCTUTYT» (HTY «XIIN») nmpoBoaumuck
WHTEHCUBHBIC HCCIIEOBAHUS BO3MOXKHOCTEH TOBBIIICHHUS SHEProdpGEeKTUBHOCTU U
YIIY4IICHUS 3JIEKTPOMArHUTHOW COBMECTUMOCTH ITPE0OPa30BaTEIbHBIX CUCTEM C PA3TUUHBIMU
TUIIAaMU peoOpazoBaTeliel, C CUIOBBIMU aKTUBHBIMH (DUIIBTPAMU U HAKOMTUTEISIMU SHEPTUU.
Teoperuueckue uccaea0BaHUs COYETAIHICH C Pa3pabOTKON OOIBIIIOTO YKCIa KOMIIBIOTEPHBIX
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MoJiesiel, Ha KOTOPbIX OBUIM BBINOJHEHBl BUPTyalbHbIE 3KCIIEPUMEHTHI, I103BOJIMBIINE
MOJTBEPANUTH BBIBOJIBI O BBICOKOW (PPEKTHBHOCTH MPUMEHEHHSI COBPEMEHHBIX Mpeodpa3oBaTeeit
U HaKONMTENeH SHEpruM, YIpPaBIsIeMbIX B COOTBETCTBUM C TEOpUEH MIHOBEHHBIX AKTUBHOW M
PEaKTHUBHOM MOIIHOCTEH, MpeyIoxkeHHo# B padoTax H. Akagi et. el. [1,2], u noiyuuBieit pa3putie
B [3-20].

B Hacrosmieit 00630pHON paboTe MpUBENEHBI OCHOBHBIC PE3yNbTAThl HCCIIEIOBAHUM,
NoJy4eHHble coTpyaHukamu kadenpsl [IBMD 3a nocnennue 15 ner, Gosbiias 4acTh U3 KOTOPBIX
Obuta OMyOJNMKOBaHA paHee, B TOM YHCIE aCUPAHTAMH, YCIEIIHO 3AIMUTHBIIUMH KaHIUIATCKUE
JMCCepTalMid W MPOAOJDKABIIMMM  MCCIEAOBAHMS IOCIE 3alluThl. Pe3ynpTaTtel  HayyHO-
MCCIIEIOBATEIBCKUX PAabO0T U3JI0KEHBI B XPOHOJIOTHYECKOM TTOPSIIIKE.

KomneHcupoBaHHbIii ynipaBisiemblii Boinpsimuteab (KYB)

Hecmotps Ha omyOnmukoBanue B 1983-1984 rogax peBONIONMOHHBIX HUACH B 0071aCTH TEOPHH
MTHOBEHHBIX aKTUBHOW M PEaKTUBHOM MoIIHOCTeW simoHckumu ydensiMu H. Akagi, Y. Kanazava,
A. Nabue [1, 2], Bo BTOpoii momoBuHe 1990x romoB Ha kadenpe [IBMD, kak u B psge Ipyrux
HaYYHbIX KOJJIEKTMBOB 3JeKTpoTexHHKoB ObiBiiero CCCP, rocnoicTtBoBaiu mpeacTaBieHUs 00
AJIEKTPOMATrHUTHBIX TIpoIleccax B MpPeoOpa3oBaTEIbHBIX CHUCTEMaX, OCHOBAaHHBIE Ha TEOPUHU
momHoct O. A. Maesckoro [21], mnpemnoXxuBIIEro packiaasiBaTh IOJHYI MOIIHOCTS,
BBIYUCIICHHYIO B IIEPHUOJIE TIOBTOPSIEMOCTH CETEBOTO TOKA, HA YETHIPE COCTABIISIOIINE

S=P2+Q2+T2 + HZ, 1)

rne P, Q, T, H — cOOTBeTCTBEHHO, MOIIHOCTH AaKTHBHAs, PEaKTHBHAs, HCKAKEHHUS H
HECHUMMETPHH.

Paznoxenne O.A. MaeBckoro (1), B KOTOpOM CpeIHsist 3a EPUO/] MOBTOPSIEMOCTH CKOPOCTh
nepeaayn 3HepruM P u3 ceTw B Harpy3ky Win B OOpaTHOM HAaIpaBiI€HUH, TO €CTh, BEJIWYMHA,
OTpaXkarolasi MpoLecc Mepefayd SHepruud B MpeoOpazoBaTeIbHOM CHUCTEME, CYMMHpPOBANACh C
YUCTO pacueTHbIMH BenuuuHamu S, Q, T, H, He ompenensBiiMe HU KOIMYECTBA, HU CKOPOCTH
nepenaBaeMoil sHepruu. B xomy Obuin Takue
ceiiyac MaJIONOHATHBIE TEPMHUHBI KaK «IIOTOK
MOLIHOCTH», «MT'HOBEHHasI BblJIaBacMasi
MOILIHOCTB» [22], BEJOMBIE CETBIO
npeoOpa3oBaTeNy «HOTPEOSI  PEaKTUBHYIO
MOILIHOCTh M3 CETH» WIN «TeHEPUPOBAIU
PEAaKTUBHYIO MOILITHOCTH B CETHY.

Yeunus pa3pabOTYNKOB ObLTH
HampaBlIeHbl, B OCHOBHOM, Ha CO3JlaHHE
npeoOpa3oBaTeneil c CHHYCOUIaIbHBIMU

B

ceTeBbIMU (Da3HBIMU TOKAMH, COBIAJAOIIUMU
Ixcmparmop WM TIPOTHBOIOJIOXKHBIMU 10 ¢aze ¢ (ha3HbIMU
] ] HanpsokeHUsIMU  ceTH. CoBpeMeHHBI YPOBEHb
pa3BUTHSL CHUJIOBOM DJICKTPOHUKU TIO3BOJISET
peanuzoBaTh pa3ianyHbIe
N
_L‘J|C+ VD3 VD6 KOHKYPEHTOCIIOCOOHBIE CXEMBI BEIOMBIX CETBHIO
\é VD5 VD2 npeoOpa3oBaTened ¢ OJM3KUM K €IUHUILIC
N K03 PULIHEHTOM MOIIIHOCTH [TEKM
Yvor j&voa BMg BM, b o ( )
YIOBJIETBOPSIONINE TPeOOBaHUAM CTaHAAPTOB K
ol [N S [ N9 7
% K K K AIIEKTPOMArHUTHOM COBMECTHMOCTH
(C) | VC3 [y VG6 I3 () \VT6|(A)  mpeoOpa3soBaresieii ¢ MATAIOMICH CETHIO.
DN N N NV )
w5 (VG2 \WI5 (¢ VT2 Kagenpoit IIBMD  Obu1  mpemsoxeH
Lo N~ Lo N KOMIEHCUPOBAHHBII YIpaBIIsieMbIN
k———+udG———+ L———+ud.|_———+<
e ey - K BeipsiMutens [23]. OnHa W3 NMEpCreKTHBHBIX
K\d Iy JIBEHAAIIATUITY ILCHBIX cXeM TTEKM
> o
N npenactaBieHa Ha puc. 1. B aToit  cxeme

Puc. 1. Cxema npenanuarumynscaoro KYB 3aJlaHHasl BEJMYMHA PEAKTHUBHOM MOIIHOCTU
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MOJICP)KUBACTCSL 3@ CUET TOTO, YTO BEHTWIBHBIH MOCT Ha THpucTopax BMr pabortaer ¢
TOJIOKUTENILHBIMU (OTCTAIONIMMHE) yTIIaMU YIIPABJICHHS O, @ BeHTHIBHBIH MocT Ha GTO BMg — ¢
OTpUIIATEIEHBIMU (OTIepEKAOIIMMHU) YIJIaMU YIIPABICHUS 0. MI3MEHssI BETMUUHEI O ¥ 0, MOKHO
perympoBaTh PacYeTHYIO PEaKTHBHYIO MOITHOCTh Ha CTOpOHE ceTH Q, B TOM UHMCIe MpH padoTe B
peXUME TOJHOM KOMIEHCAlUH MOAJAepX HuBaTh e HysneBoe 3HaueHHe Q =0 Bo BcéM amanazoHe
peryaupoBaHus BEJIMYMHBI BEIXOJAHOTO HanpsikeHus Ug.

OKcTpakTop, coBMecTHO ¢ guogamu  VD1-VDS8, BeBoAMT B NHUTAONIYI0  CETh

KoMMyTaloHHyto sHepruto Mocta Ha GTO BMg. Ero menecooOpa3HO BBITOJHUTH MO CXEME
CHJIOBOTO aKTUBHOT'O (PMIIBTPA, MMOIABIISIOIIET0 TAK)KE BBICIINE TADMOHUKHU B CETEBOM TOKE.
— [Topnepxanue HYJIEBOTO WIN
v eys cnoy [ KOHEYHOI'O 3HA4YEHMs PACUETHOW PEAKTHBHOMU
Peye ¢ [— MOIIHOCTH MOXeT OBITh pealTn30BaHO C
N MIOMOUIBIO CUCTEMBI yIpaBJIEHUs,
byHKIIMOHATbHAS cxema KOTOpOU
o Je, 6y oy [—  TPCACTaBIICHA Ha PUC. 2.

’ PQ " Pe; —> * Ha  Bxox cucrembl — ympaBieHHs
—  moJaércs CUrHall 3aJaHus TOKa Harpysku lg
KOTOPBI CPaBHUBAETCSI C CUTHAJIOM OOpaTHOM
cBi3u |y, MOCTymarompM OT JaT4hKa TOKa
Harpy3ku. Pa3sHOCTHBIN CHrHaja IOCTYIAeT Ha
BXOJ peryistopa Toka P7, KOTOpbli (OpMHpPYET CHTHaJl HamnpsDKEHUs yrnpasieHus ey. Js
obecrieueHnsT PeryJMpOBaHUSA BEJIMYMHBI M 3HAKa pEakTUBHOM MomIHOCTH Ha Bxojae KVYB, nHa
BTOPOH BXOJ CHCTEMbI yTPABJICHHS [TOAETCs CHIHAT 3a{aHHs PEAKTHBHON MOIHOCTH Q , KOTOpBIii
CpPaBHUBAETCS C CUTHAJIOM 0OpaTHOH cBs3u Q, MOCTYMAONIMM OT JATYNKA PEaKTUBHON MOIIHOCTH
MUTAOUIEH CeTH. Pa3HOCTHBIN CUTHAI NOCTYNAeT Ha PEryJIsTOp PaCU€THOW PEaKTUBHON MOIHOCTH
PQ, dopmupyromuii AONOTHUTENBHBI CHTHAJ YIPABISAIONIETO HampspKeHus Aey, KOTOPBIHA
CYMMUpYETCS ¢ BBIXOJHBIM curHanoM P7. CyMMapHble CUTHANbI YIIPABICHUS eyg U eyT MOCTYNaoT
Ha BXOJbl PETyJISITOPOB HAIpsDKEHUs ynpasiieHuss Peyr u Peyc W Janee — Ha BXOJbI CHCTEM
HAMITYJIbCHO-()a30BOTO YIIpaBiaeHUs IBYX BeHTHIBHBIX MOCTOB CUDY s u CUDY 1 COOTBETCTBEHHO.
Tak kak BeHTWIbHBIA MocT Ha GTO TtupucTopax paboTaeT ¢ OTPULATEIBHBIMH yTIaMU
yIpaBJIEHUs], @ BEHTWIbHBIM MOCT Ha TUPUCTOPAX — C MOJ0KUTEIbHBIMH, JOMOJHUTEIbHbIN CUTHAI
Aey mocTynaer Ha BXOJbl PETYJIATOPOB YIJIOB ynpasieHus Peyr u Peyg ¢ IPOTHBOIOJIOXHBIMU
3Hakamu. [Ipu 3TOM B pexxrMe NOJTHON KOMITEHCAllMU PEaKTUBHOW MOIHOCTH CHUCTEMa yIPaBICHUs
aBTOMATUYECKHU MOJIEP)KUBAET PABHbBIE 110 BEJIMYMHE U IIPOTUBOIOJIOKHBIE 110 3HAKY YIJIbI CABUIa
OCHOBHBIX TapMOHHK JIByX COCTaBJISIOIIMX (Da3HOTO CETEBOrO TOKA, CO3/aBAEMBIX BEHTHJIbHBIMU
Moctamu KVYB, ortHocutensHo ¢asHoro Hampsbkenus cetd. Ilpm Q#0 cuctema ynpasieHus
HOJIIEP/KUBAET 3aJaHHYIO BEJIMUMHY pa30aiaHca yrioB CIBUTa OCHOBHBIX FAPMOHHUK TOKa.

[Ipu anammze KYB npunumaror ciemyrongie gomyimieHus [35]: KOMMyTaluu TOKa B JIBYX
MOCTax MpPOUCXOJAT IO JIMHEHHOMY 3aKOHY M HE3aBUCHUMO JApPYr OT Jpyra; TOK Harpysku lg
UJIeabHO CIIIAKEeH; HampshkeHne Ha konaencarope C (em. puc. 1) Heusmensno (Uc = Const).

C yuyé€TOoM 3TUX JONYIIEHUH, IPU MOJHONW KOMIIEHCALMU PEAKTUBHOM MOIIHOCTH OCHOBHbIE
rapMOHUKHU TOKOB ceTu MocToB Ha GTO u Ha oJHOONEpPALIMOHHBIX TUPUCTOPAX PaBHBI IO BEIUYHHE
¥ CIBUHYTHI 1O (ha3e Ha PaBHBIC MO MOJYJIO M MPOTHUBOIOIOKHBIC TI0 3HAKY YIJIBI OTHOCHTEIHHO
dasHoro HamnpsbkeHus nuraromedl cetu Uiy  CooTBeTcTByrolass BEKTOpHas —Juarpamma
npeicTaBieHa Ha puc. 3, a. Paccmorpum Oonee moapoOHO paboTy peryisiTopa peaKkTHBHON
MOLIHOCTH U1 3TOTO CIIyyYasl.

B ciydae orcyTcTBUs perynsropa peakTuBHOM MormHoctH PQ (cM. puc. 2), ¢ onopHbIMU
HanpspkeHussMu CHUDY 000MxX MOCTOB CpaBHMBAETCS OJMH U TOT )K€ CUTHAJ YIPAaBICHUA ey, KaK
nokasaHo Ha pwuc.3, 6. Ilostomy yrmel ympaBieHuss o1’ W O’ paBHbBI 1O BEJIUYMHE U
MPOTUBOIIOIOXKHBI 1O 3HaKy (cM. puc. 3, g). [Ipu 3TOM BEKTOp OCHOBHOI T'ApPMOHHMKH CYyMMAapHOTO
TOKa JIByX MOCTOB l115" (cM. puc. 3, @) cMemaercsi B CTOPOHY OTCTaBaHUS OTHOCHUTEIBHO (pa3sHOTO
HanpspKeHus nuTaromei cetu Uiy Ha yroin @', KOTOpbIi MOKHO OIPEIEINTb, KakK:

PT

Puc. 2. ®yHkunonagbpHas cxema
cuctemsl ynpasieHus KYB
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¢'=or'Hoc], 2)
r7ie o7’ — yroj cIBUra OCHOBHOW TAPMOHHMKH CETEBOTO TOKA B MOCTE HAa TUPHCTOPAX, PABHBIIA

' T

gr =ar +--, ©)

2
a ag' — yroJ cBUra OCHOBHOUM rapMOHUKH CeTeBOTO Toka B MocTe Ha GTO, paBHbIii

] [ 7/G

PG :‘0‘6‘__2 : (4)

Ipu Q" = 0 perymsitop PQ (cM. puc. 2) KOMIIGHCHPYET yroJl OTCTABAHHS BEKTOPA CETEBOTO
TOKa, BBIpadaThiBasi CHTHAJI Aey, YMEHBIIAIOMINN HANPSHKCHUE YHPABICHHS HA BXOJE MOCTa Ha
GTO u yBenMUUBAMOIIMI HANPSHKEHUE YIPABJICHHS MOCTa Ha OJIHOONEPAIMOHHBIX THPUCTOpAX
(cm. puc. 3, 6, 6). Takum o0pa3oMm, B peKMMe IMOJTHOW KOMIICHCAIIMM PEaKTHBHOW MOIIHOCTH
MOJlyNlb yria ynpasjienus mocta Ha GTO TupucTopax |q,| OyaeT Bceraa 6oiblue yriia yrnpaBiaeHus

Qr MOCTa Ha OJHOONEpPALMOHHBIX TUpUcTOpax. HeTpyaHo yOeauTbcst B TOM, YTO MPHU TOJTHON
KOMIICHCAIIK1 peaKTHBHOﬁ MOIIHOCTHU (Q* = 0) BCJIMYHUHBI YIJIOB YIIPABJIICHUA U KOMMYTAallUU TOKaA
BEHTUIICH JOJI’KHBI COOTBETCTBOBATH COOTHOIICHUIO.
|0(G|—]/—G=0{T +7—T, (5)
2 2
rac »r, Yc — COOTBCTCTBCHHO, YIJIBI KOMMYTAllUKM TOKa B BCHTWJILHBIX TIPYIIIIax Ha
OIHOOIICPAMOHHBIX TUPUCTOPAX U HA IMOJIHOCTBIO YIIPABJIIACMbBIX BCHTUIIAX.
[Ipu 5TOM yIIIBI 07 U 07, YG M Y CBSI3aHBI MEKIY COOOM CIIEIYIOIIUMU BBIPAXKCHUSIMHU:

cosag —Cos(ag + 7)) +7cUcx =€k lg=, (6)
cosar —cos(at +y7) =6k lgx. (7
Taxkum 06pa30M, HCIIOIB3YS MPUHLINII,

ONMCAHHBIA BBIIIE, MOXHO JOOUTHCS TOJICPKAHUS
TpeOyemMoro ypoBHs BbIXoAHOTo HampsbkeHus KYB Bo
BCEM  JIMANla30HE€  PETyJUPOBAHMS TMPU  TOJHOU
KOMIIEHCAIIUM PEaKTUBHOM MOIIHOCTH Ha CTOPOHE
nuTatomieid cetu. [lpu HE0OXOoAMMOCTH TOANEPKAHUS
HEHYJICBOTO 3HAYEHMs] PEaKTUBHOW MOIIHOCTH Ha
CTOpOHE THUTAIOlEed CeTH NpUIETCI OTrPaHUYUTH
JIMAINa30H PETryJIUPOBAHMS BBIXOJAHOTO HAIPSKEHUS
KVYB. IlapamerpuueckuM 3aKOHOM NOAJACP/KAHUS
HYJIEBOTO 3HAY€HUs PEAKTHUBHOM MOIIHOCTH Ha BXOJIE
KYB sBusercs Boipaxkerue (5), HCMONB3ys KOTOpPOE
MOXHO MPOBOAUTH HCCJIEAOBAHUS  XapaKTEPUCTHK
CXEMBbI, IIPEJCTaBICHHON Ha puc. 1, B pexume MoJIHOM
KOMIIEHCAIIUM  PEaKTUBHOM MomHOCTH. OTmMeTum
TaK)Ke, YTO CTPYKTYpHasl CX€Ma CHUCTEMBbI YIPaBIICHUS
KVYB, nmpencraBieHHas Ha puc.2 MOXET OBITh
UCIIOJIB30BaHa U ¢ Apyrumu cxemamu KYB.
Onucannpiii  Beille  mpuHIUO padotel KYB

5) MHOT'OKPAaTHO IPOBEPEH HA KOMIIBIOTEPHBIX MOJAEISX.
Ha puc. 4 IIPEICTaBIICHBI MalIMHOIPaMMBbI
] ot BBIIPSAMIICHHOIO HAINpPSOKEHUs] JABEHAALATUIYJIBLCHOTO
o |a * KVYB npu KOHEYHBIX 3HAYCHHSX YIJIOB KOMMYTAIlUH
- g TOKa.
% & B Hacrosuiee BpeMs KYB MOXET
B) KOHKYpUpOBaThb C JPYIMMHM THUIIAMH YIIPaBIISIEMbBIX
Puc. 3. Ilosicuenue paboThI BBITIPSIMUTEJICH W MpeoOpa3oBaTEIbHBIX CHCTEMaM B
cuctemsl ynpasieaus KYB TeX ciaydasx, Korga TpeOyercs LIMPOKUM Juana3oH
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peryJIupoBaHMs BBINPSMIIEHHOTO HANPSHKEHUS U OJIM3Kast K CHHycou e popMa CEeTeBOTO TOKa.

2 " Teiopml MrHOBeHHbli(
AKTHBHOM H peaKkTHBHOM

1 1 MOIIIHOCTEM
IlepBbie paboThl  Kadenpbl
0 0 IIBMD MOCBSIIICHHBIC TEOpUH
MT'HOBEHHBIX aKTUBHOM 51
-1 -1 l PEaKTUBHOMN MOIITHOCTEH,

HOCHBIIIME, B OCHOBHOM, OO30pPHBII
XapakTep, ObUIM OMyOJIMKOBAaHBI B
2004 rony [11, 12], xors cama
TEOpHUsi MOIIHOCTH HCIIOJIb30BaNIaCh
npu CUHTE3e CUCTEMBI
aBTOMAaTUYECKOTO yIpaBIICHUS
CWIOBBIM  aKTUBHBIM  (UIBTPOM
(CA®D), onmcannsim B coctaBe KYB,
3allaTCHTOBAHHOIO B YKpauHe B
2002 roxay [23].

B mnocnenyromue roabr Obutn
omyOJauKOBaHbl PaboOThl  Kadenpsl
[13-20, 24, 25], pa3BuBmIHE U

Puc. 4. BeimpsamieHHOe HanpsKEeHUe YTOYHHBILIHE HEKOTOPBIC
nBeHaauaruiyibcHoro KYB npu pasHbIX ag TIONOKEHHUsI TEGOPHH, BMECTE C
JpYTUMH MHOTOYHCIICHHBIMU

nyOnukanusamu [3, 9, 31-34].

B HacTosilee Bpemsi MOXKHO CUUTaTh OOLIENIPUHATHIMH CIEIYIOIIUE IOJ0XKEHUS TEOpHH
MIHOBEHHOH MOLTHOCTH!

— B xadecTBe »TanmoHHOW Teopuell paccmarpuBaercs TpexdaszHas TPEXIPOBOIHAS WU
YeTBIPEXMPOBOJHAs cuctema dnekrpocHaOxkeHus (CD) ¢ TpexdasHbIM  CHMMETPUYHBIM
HUCTOYHHKOM CHHYCOWJAJbHBIX HANPSDKCHUH M MPOHM3BOJIBHOW HArpy3KoW (JIMHEHHOW, aKTUBHOM,
PEaKTUBHOM, CMEILIAHHOW, HEJIWHEWHOW, CHMMETPUYHOW, HecMMMeTpuuHOH). OmHodasnas CD
paccMaTpuBaeTcs Kak TpexdazHasi ¢ OECKOHEYHO OOJBIIUM OMHYECKHM CONPOTHBICHHEM B JIBYX
u3 Tpex ¢as.

— DyieKTpoMarHuTHbIE Ipoiecchl B CO ONUCHIBAIOTCS TPAEKTOPUSIMU 00OOIIEHHBIX BEKTOPOB
HanpsDKeHUs ¥ TOKa B IPOCTPAHCTBEHHOM HEMOBMXKHOM 1100 Bpalarouieics 1eKapToBOil cucteme
KOOPJIMHAT:

Ug =1Ug + jup +Kug, (8)
rae G.,i, — COOTBETCTBEHHO MPOCTPAHCTBEHHBIC BEKTOPHI HAMPSLKEHHUS W TOKa TpexQaszHoiu

CO;
i K — OpTHI 10 OCsAM @, b, C cUCTeMbI KOOPAMHAT;
u,,u,,U, — COOTBETCTBCHHO MIHOBEHHOE HampsukeHus ¢as a, b, C;
i,,i,,i, — COOTBETCTBEHHO MITHOBE€HHBIE TOKHU (ba3 a,b,c.

— MrHoBeHHasl aKTUBHAasI MOIIHOCTb, MHA4YC, MI'HOBCHHAA CKOPOCTb ITOTOKA SHCPIrvMU B CB,
paBHa CKAJIIPHOMY MPOU3BCACHUIO NPOCTPAHCTBCHHBIX BCKTOPOB HANIPSKCHUS U TOKA

p:USE :Uaia +Ubib +uCiC' (10)
- BeKTOp MT'HOBCHHOM peaKTHBHOﬁ MOIIIHOCTH { OIpCaACIACTCA KaK BCKTOPHOC
IMMPOU3BCACHUC BEKTOPOB HAIIPSPKCHUA U TOKA
G = U x g, (11)
MOAYJIb 3TOI'O BEKTOpPA PaBCH
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2
Ush Usc

2

u u
- 4| sa sb
Ish Isc

u u
+|Ysc Usa _ _
Isa  Ish

Isc  Isa

al=

— Ecnu B mepuos moBTOpAEMOCTH HPOIIECCOB BHIIOJNHAETCA ycrnoBue P=const, |q|=0, CDO

(12)

paboTaeT ¢ MUHUMAILHBIMU TTOTEPSIMHA SHEPTUH, PAaBHBIMUA CyYMME TIOTEpPh B JIMHUH, COSAHHSIONICH
WCTOYHUK U HArpy3Ky, U B CHJIOBOM aKTMBHOM (PUIIbTPE, MOJIKIOYEHHOM MapajieIbHO Harpys3Ke.

— [loakmroueHHbIN MapajuIeIbHO HAarpy3Ke aKTUBHBIN KOMIIEHCATOP, COCTOSAIINN U3 CHIIOBOTO
aKTUBHOTO (WIBTPAa M KOHAECHCATOPHOTO HAKOMMTENsl SHEPrud, OJKEH HMETh COOCTBEHHBIE
BHYTPCHHHE TIOTEPU DHEPTUH, MEHBIINE YeM pPa3HOCTh MOTEPh SHEPTHH B MPeoOpa3oBaTEIHLHON
cUCTeMeE JI0 MOJKIIOYEHUSI KOMIIEHCATOpa U NMOTEPh SHEPTHH MOCIIE MOKIOUYEHUS KOMIIEHCATOpA.

— Tpexdazna Oartapes KoHIEHCATOPOB uiau TpexdaszHas Oarapes peakTopoB, Oyayuu
MOJIKJIIOYEHHON K TpeX(a3HOH CUMMETPHUUYHON CETH NEPEMEHHOT0 CUHYCOUIATILHOIO HAPSKEHMUS,
CXeMa IMpeJCTaBlIeHa Ha pHUC. D, HE OOMEHMBAETCA C CEThbIO JHEprued, Tak Kak MIHOBEHHas
aKTUBHAsE MOIIHOCTh TpeX(a3HOM CEeTH TOXKIECTBEHHO paBHA HYJIO, a SHEPIUs, HAKOIUICHHAs B
Tpexda3zHoi OaTapee KOHJIEHCATOPOB U B TpeX(a3HOM PEaKTOpe, HE U3MEHSETCS BO BPDEMEHH.:

Econd = CU ¢max = const, (13)

Ereact = LI émax = const. (14)

IIpeoOpa3oBaHusi KOOPAMHAT NPOCTPAHCTBEHHBIX BEKTOPOB HANPSIKEHNH U TOKOB
B TEeopuun MI'HOBEHHBIX
AKTUBHOM M PEaKTMBHOM MOIIHOCTEHN
JUISL  OMHUCAHUS  DJIEKTPOMATrHUTHBIX
~ sz IPOIECCOB W JUIA CHHTE3a CHCTEM
yOpaBlieHUS  CUJIOBBIM  aKTUBHBIM
Usc GUIBTPOM W aKTHBHBIM BBIIPSIMUTE-
. JIeM HCHOJB3YIOTCS TMPeoOpa3oBaHUs
_ _ | KOOPJMHAT TIPOCTPAHCTBEHHBIX BEK-
cl c cl L % L L% | TOPOB HamNpsHKEHUW U TOKOB. Eciu B
gk--1-—1—-——-1-—- “4-——-—f+—-—-f ! EP TEOpUHr ANEKTPUUECKUX MaIIfH
. MEPEMEHHOT0 TOKa paccMaTpUBAIOTCH,
Puc. 5. IlogkmtroueHue k cetu TpexdasHbIX KaK IIPAaBHIIO, CUMMETPUYHBIE
OaTapeil KOHIEHCATOPOB U PEAKTOPOB Tpexdasnpie TpexmpoBoansie CO, mis
aHaIM3a KOTOPBIX JIOCTaTOYHO
repexojia OT HETOJBWKHON TUIOCKOW TpexdaszHoi cucteMbl koopauHaT ABC k Bpamarormeics
IUIOCKOM CHCTeMe KoopAuHAT (g, TO B TEOPHH MOIIHOCTH, UMCIOIIEH IO ¢ aCUMMETPUYHBIMU
Tpex(da3HbIMU TPEXIPOBOAHBIMU M YEThIpeXNpoBoaHbIMH CD HE00XOAMMO paccMaTpUBaTh

Pe3yJIbTHPYIONIUE BEKTOPBI B TPOCTPAHCTBEHHBIX cucTeMax koopauHat abc, a0, dq0 wum par.

IIpu cunrese cucrem ympaBieHus CA® wHanbonpmmii >hdexT maetr mnepexon oT
IPOCTPAHCTBEHHOW HEMOABMKHOW JEKapTOBOM cHUCTeMbl KoopauHaT abC K Bpallaromeics
MPOCTPAHCTBEHHOW JIEKAPTOBOW CHUCTEME KOOpPAMHAT PQr, B KOTOPOW OCh P HampaBJiCHA II0
IPOCTPAHCTBEHHOMY BEKTOPY HalpsDKeHUs. Takas OpUEHTalus OCcH [ TO3BOJSET CO3/4aTh JBa
HE3aBUCHUMBIX JIpyT OT Jpyra KOHTypa peryJUpOBaHUS PEAKTUBHBIX MOIIHOCTEH  I10
OpPTOTOHANBHBIM OCsAM ( U F. OTMETHM ele pa3, 4TO PEeakTHUBHAS MOIIHOCTh 3TO pacueTHas
BEJIMYMHA, KOTOPasl, OJTHAKO, MOYKET KOHTPOIUPOBATHCS CUCTEMON YIIPABIICHHUSI.

Kadenapoit [IBMD uzgano cnpaBouHoe mocobue [26], B KOTOPOM IpUBEAEHBI OMHOTHITHBIE 10
dbopme 3amucu GopmyIsl s 26 mpeoOpa3zoBaHU B TPEX IMJIOCKUX W B MATH MPOCTPAHCTBEHHBIX
CUCTeMaxX KOOpAMHAT.

[MpenoskeHo MoIepHU3UPOBaHHOE TipeoOpazoBanue Park [27] B3amen mpeodpa3oBanuto Park
B u3BectHOM Buae [28-30] koppektHOro mis tpexdasHblx CHMMeTpu4HbIX CD 0€3 HyJIeBOro
IIPOBOJIA U, CIIEJOBATENBHO, JIJIS aHAIN3a TMEPEXOHBIX MPOIECCOB B MAITMHAX MIEPEMEHHOTO TOKA,

Usq

r——
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HO HUMEIOIIEr0 HETOYHOCTh NP aHain3e Tpex(asHbIX YEeTHIPEXMPOBOIHBIX CD ¢ aCHMMETPUYHOM
Harpyskoi [27].

Ha puc. 6 mpuBeeHbI HOMEpPA BCEX BO3MOKHBIX IMPEOOPa30BaHUil KOOPAWHAT B TPEX IJIOCKUX
(ABC, of, dg) u B msaru mpoctpanctBeHHbIx (abc, af0, dg0, pgr, a’b’c’) cucremMax KOOpAMHAT,
UMCIOIIMX Havyajlo B OaHOW W ToW ke Touke. Cucrembr koopaunat ABC, af, abc, af0 —
HETIOABIIKHBIE, a cucTeMbl koopauuat dq dg0, pgr, a’b’c’ — Bpamaromuecs.

B kauecTBe nmpumepa mpuBeaeM GopMyJIsl It mpeobpazoBanus u3 abc B Pqr, moay4eHHbIe
BTOPBIM M3 TPEX CHOCO0O0B, yKa3aHHbIX B [26]:

2 1 . 2 27 1 . 2 27 1 .
; gcos&lcosé?z +ﬁsm 6, gcos[@l—?]cosﬂz +ﬁsm 6, gcos(élﬁ?jcosﬁz +ﬁsm 6, (15)
{uﬂ— - EsinHl - Esin[@l—z—”j 25|n(91+—) -FZ},
3 3 Ue

Ur
2 ) 1 1 27
— . |—=C0s &, sin &, + —C0s & - COS ——— |sin @, + —=cos & - COS +— [sin & +7COS¢9
3 0ysin b, 70050 [91 ) 2+ [5¢05% (5‘1 Sj > >

e
g
6, =arctg—, (16)
Uy
Uo
6, = arctg ——, a7
Uaﬂ
1
Ug :—3(ua +Up +Ug ), (18)
Ugp = ué +u/2; . (19)
Mnockne MpocTpaHCTBEHHbIE

— T,
@;B@gﬁa ’I"

Puc. 6. Bo3amosxHbIe mpeoOpa3zoBaHUs KOOPIUHAT

Pacuer nmoreps 3nepruu u KII/[ B cucreMe 3j1eKTpOocHAdKeHU S

Benuuuna noteps npu nepenauye B 3aJJaHHOM HHTEpBaJle BPEMEHHU 3aJJaHHOTO KOJUYECTBa
SHEPIUU OT UCTOUYHMKA B HATPY3KY SBISETCA XapaKTepuCTHKON 3HeproaddexruBuoctu CD. Drta xe
XapaKTePUCTUKA MOXKET OMPEAEIATbCA B OTHOCUTENIbHBIX €AMHULAX KaK KO3()PULMEHT MOoIe3HOro
JIEUCTBUS

t+T
IpLoad dt
t
=t (20)
Ipsdt
t
IZI€ PLoad — MIHOBEHHAs AaKTHBHAs MOIIHOCTh HAarpy3kd; Ps — MIHOBEHHAs AKTHBHAs

MOIIHOCTb UCTOYHUKA;

T — mepuoJ1 MOBTOPSIEMOCTH KPUBOM MTHOBEHHOW aKTMBHOM MOIIIHOCTH.

B paborax kadempsr [IBMD [20, 31-34] npeanokeH MeTox pacdyera MaKCHMalbHO
BO3MOHOT0 U peanbHoro KIIJ] msati 6a30BbIX CHCTEM 3JIEKTPOCHAOKEHUS:

— C IIOCTOSIHHBIM HAIPSKEHUEM UCTOYHUKA;
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— ¢ Tpex(a3HbIM CUMMETPUYHBIM CHHYCOMJAIbHBIM HaNpsKEHUEM UCTOYHHKA,

— ¢ Tpex(a3HbIM CHUMMETPUYHBIM CHHYCOUIAIbHBIM HANPSKECHUEM HCTOYHMKA M C
HECUMMETPUYHON HEJIMHEWHON HArpy3Koii,

— ¢ 01HO(ha3HBIM IIEPEMEHHBIM CUHYCOUAJIbHBIM HANPSKEHUEM HCTOUHUKA;

— ¢ 0J1HO()a3HBIM MTEPEMEHHBIM MPSMOYTOJILHBIM HANPSKEHUEM UCTOYHHKA.

TeopeTnueckoe uCClIEeIOBaHHE M MOJECIMPOBAHHME IEPBBIX JBYX M3 YKa3aHHBIX CHUCTEM
AIIEKTPOCHAOKECHUS TTO3BOJIHIIHM MOJTYYUTh CIIEAYIOIIUe pe3ynbrarhl [32-34]:

— C uensto BO3MOXKHOCTH comoctaBieHuss pa3nmuuHbix CO mo KIIJ] BBemeHsl MOHATHS
II0JIE3HON AaKTUBHOM MOIIHOCTH, PAaBHOM CpEIHEMY 3a IEPHUOJ TMOBTOPSIEMOCTH 1 3HAYEHUIO
AKTUBHOM MOIIHOCTH HAarpy3Ku

1 t+T
Pust = T IpLoad (t )dt , (21)
t
¥ MOIHOCTH PE3MCTUBHOIO KOPOTKOTO 3aMBIKAHUS
2
U
P..=—5 22
— @

rae Us — neiicTByrolee 3HaueHUEe HAPsHKEHUST UICTOYHHUKA,

Rs — akTHBHOE CONTPOTUBIICHUE JTUHUH, COCIUHSIONICH HCTOYHUK U Harpy3Ky.

BBoautcs Takke MOHSTHE MOJIE3HOTO TOKA HArpy3ku lyss, TPy KOTOPOM 3HEPrusi MOCTYIAET B
Harpy3Ky C TIOCTOSIHHOH CKOPOCTBIO, PaBHOW Py, W TOHITHE TOKa PE3UCTUBHOIO KOPOTKOTO
3ambikaHusg CO.

U
lge =—. 23
0 g @3)
CnpaBemBo cooTHomeHue [32]:
2
Pusf :Us'lusf_Rs'lusf- (24)
[TpunsB, uTO KOdPPHULIHEHT
I
Ky =—=0, (25)
I'sc
u3 [13-16] monyuum:
(26)

CootHomenue (26) ycTaHaBIMBaeT 3aBUCHMOCTh M1y KodhduineHroM K i Pso/Pysr, ipu

izm

I:)usf
MraoBennsiii KIIJ[ CO ¢ MCTOYHHKOM MOCTOSIHHOTO HAIpPSDKEHUS WIA C CUMMETPUYHBIM
Tpex(da3HbIM UCTOYHUKOM CHHYCOUAIBHBIX HAMIPSDKCHUN OTPEACIIIETCS U3 COOTHOIICHHUS:

Us 'iLoad (t)_ Rs 'iand (t)

= : 27
§ Us'iLoad(t) @)
U3 (23), (25), (27) momyuunm:
n=1-iLad*(t) Ky, (28)
rae -
iLoad*(t) = 'L(I)a_d(t) ' (29)
usf

Ecnu mynbcaiuu ToOKa OTCYTCTBYIOT, TO ILoag*=1 M MrHoBeHHOe 3HaueHue KIIJI ¢ yderom
(25), (26) u (23) onpenenseTcst Kak
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1 1 1
N=NAV =imax = 1=Ky =2+ |- -0, (30)
e 2 4 Psc/Pusf

T. €. pabore CD ¢ HEM3MEHHBIM TOKOM HArpy3KH COOTBETCTBYET MaKCHMAaJbHO BO3MOYKHOE
3HaueHue KIIJ[, oqHO3HAYHO 3aBUCAILETO OT OTHOLICHUS MOLIHOCTH KOPOTKOTO 3aMBbIKaHUS U
MOJIE3HOM CpeHel MOIIHOCTH Harpy3ku. B Tabn. 1 mpencraBiieHa 3aBUCHMOCTh 3HAYCHUS
MakcuMaiabHO BO3MOKHOTO KITJ ot oTHOIIEHHS Pyc/P st

Tabmuia 1

IFD)E_; 4 | 6 | 8 |10|12 |14 |18 | 20| 25| 30 |40 |50 | 60 | 75 |100
Kimio (26) | 05 O,fl 0,&[4 O,:Zgll 0,39 0,;)7 0,85 0,25 0,34 0,23 O,gZ 0,02 O,;)l 0,21 0,01
ymax 110 (30)| 0,5 0,978 0,?5 0,?8 0,30 0,:?2 0,:?4 0,34 O,ES;)S 0,596 0,27 0,98 0,3?8 0,28 0,99
K, ;?:! 0,25 0,3.6 0,;.2 01 0,:(),)8 0,:(L)7 0,((3)5 0,05/0,04 O,?E)B O,é)Z 0,02 O,;)l 0,21 0,01

Bo BTopoii ctpoke Tabn. 1 npuBeneHs! TOUHbIE 3HaueHUs K|, paccuuTaHHbIe ISl 3aaHHOTO
3HayeHuss Ps/Pyss 1o cootHormenuio (26), a B 4eTBepTOl CTpOKe TaOIHMIBI — MPUOIHKEHHBIE
3HaueHus K|, ompenenseMple mo COOTHOIICHUIO

K, = st (31)
Psc

IMpu Ps/Pysi>10 TouHOE M MpHOIMKEHHOE 3HaUCHUH K| MPaKTHYECKU COBIAIAIO0T.

dopmyist (26) u (30) cripaBeyuBbl a1t CD ¢ KICTOYHUKOM MTOCTOSIHHOTO HANPSHKSHUS U IS
CD ¢ tpexda3HbIM CUMMETPUYHBIM HUCTOYHUKOM CHHYCOWJAJIBHBIX HAMPSOKCHUH U PE3UCTUBHOM
Harpy3koi npu p=P s=const.

B [25], [32] moka3aHO, YTO MpHW HAJIMYUK B KPHUBOW MTHOBEHHOW AKTHBHOW MOIIHOCTH
HU3KOYaCTOTHBIX mynbcanuii peanbHblid  KIIJI COD 3HauntensHo ymenbimaercs. Tabm. 2
wiutroctpupyet 3aBucuMocth KITJI ot mapamerpoB Ps/Puss M OT OTHOCHTEIBHOIO 3HAYECHUS
aMIUTUTY 1B CHHYCOMIaJIbHOW MePEeMEHHON COCTaBIISIONIEH B rpad)ke MTHOBEHHOW MOIIHOCTH 4| B
JIOJISIX MOJIE3HON MOITHOCTH.

Kak BumHo w3 T1abn. 2 BcheacTBue Imysbcanuii aktuBHOW MomHocTH KIIJI moxker
yMmeHbatbes Ha 5,6 % npu Pyso/Pyst =10 u Ha 2,6 % mipu Ps/P st =20.

B pa6ore [33] omucan meron ompeaenenus KIIJI npu npumenennn CAD u HakomuTesen
SHEPTUM B TpeX(Pa3HbIX YETHIPEXIPOBOIHBIX CD ¢ CHMMETPHUYHOW U aCUMMETPUIHON HATrpy3KOM.

Tabauua 2
Teopernueckue peanpubie 3HaueHus KI1J1 crucreMbl 3ekTpocHaOKeHUs
P.
PS(:c 4 6 8 |10 {12 | 14 | 18 | 20 | 25 | 30 | 40 | 50 | 60 | 75 | 100
us
A Ki 0,5 |0,211/0,146/0,113(0,092/0,077|0,059/0,052(0,042/0,034/0,026/ 0,02 [0,017|0,014| 0,01
|
(770 ) 0,5 |0,789|0,854/0,887(0,909/0,923|0,941/0,947(0,958/0,965|0,974| 0,98 0,983|0,986| 0,99
max
0,1 — 0,788|0,853|0,886(0,9080,923|0,941/0,947|0,958/0,965|0,974| 0,98 |0,983/0,986| 0,99
0,25 | - 10,789|0,849|0,883|0,905|0,921/0,939|0,946|0,957|0,964/0,973|0,979|0,982|0,986/| 0,99
0,5 - 10,763|0,836|0,873/0,897/0,913|0,934| 0,94 |0,953/0,961|0,971/0,978|0,981/0,984/0,989
0,75 | - 10,729/0,813/0,855|0,882|0,901/0,924/0,932/|0,946|0,955|0,967|0,974/0,978|0,982|0,987
1 - 10,684/0,781/0,831/0,862|0,885/0,912|0,921|0,937|0,948/0,961| 0,97 |0,975/0,979|0,985
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IIpakTHyeckoe NpuMeHeHUe Pe3yIbTATOB HAYYHO-MCCJIeI0BATeIbCKUX PadoT

DOUIBTPO-KOMIICHCHPYIOIIIME YCTPOHCTBA

MHuoro¢yHKIMOHaNbHBIE (QUIbTpOKOMITeHCHpYtomue ycrpoictBa (OKY) mosponsior
peanu3oBaTh KOMIUIEKCHBI TMOAXOA K pEHIeHHIO MpoOJeMbl MOBBIIIEHUS KadyecTBa
AIIEKTPOIHEPTUU MUTAIOIICH CETH U COOTBETCTBUS €ro craHiaapraMm. Pa3zpabarbiBacMmbie 3a
pyOexkoM U B YKpanHe METOJIbI U CTPYKTYPBI CHIIOBBIX YCTPONCTB, KaK MPaBUIIO, PEATU3YIOT
MPUHIUI MHOTO(yHKUHOHANbHOCTU. OJHAKO pEIIeHHE BCEro KOMIUIEKCa MpoOieM ¢
UCIIOJIb30BaHNEM OTHOTO CUIIOBOTO OJIOKA MPUBOJIUT K YXYAIIEHU IO SHEPTUUYECKUX TAPAMETPOB
TaKuX ycTporcTB. [loaToMy akTyanbHOIl siBiIsieTcs pa3paboTKa CUIIOBBIX CXEM, BHITIOJTHEHHBIX
0 M-KaHAJIbHOU CTPYKTYpE C pacipeneiaeHueM PyHKIHI KOHTPOJIS OTJAEIbHbBIX TapaMEeTPOB
MUTAIONIEN CETU U UX KOPPEKLHUHU 10 OTAEIbHBIM KaHaJIaM.

PeanuszoBath B OIHOM YCTpOiCTBE HECKOJIbKO (yHKUUH mo3Boisier KYB, cuioByio
CXE€My KOTOPOIO MOXHO HpPEICTAaBUTh KaK JBYXKAaHAJbHYIO CTPYKTYpPY, COCTOSIIYI W3
HU3KOYaCTOTHOT'O M BBICOKOYACTOTHOIO KaHAJI0B. HU3K04acTOTHBIN KaHaJl COCTOUT U3 OJTHOTO
7100 IByXMOCTOBOTO BHIIPSIMUTEIISI U ITPeTHA3HAUEH JJIs1 KOMIICHCAIIMU CpeTHEH peaKTUBHOM
MoIHOCTH nuTaronied cetu. [lockonbky MocT Ha 3anupaeMbix Tupuctopax BI'G moxet
paboTaTh Kak c ONepeKaroUMU (OTPUIIATETbHBIMHU ), TAK U C OTCTAIOIIUMHU (TTOJI0KUTEITbHBIMH )
yIJIaMH YIIPaBJIECHMS, MOCT Ha OJHOOIIEPALMOHHBIX THUPUCTOPAX MOYKHO HCKIIOUUTH U3
CX€MBbI, a ero PyHKIMH BO3JI0KUTh Ha MOcT Ha GTO tupuctopax. BeicokouacToTHBIN KaHAI
IpeIHAa3HA4YEH JJ1s1 KOMIIEHCAMH Ty IbCalluii MTHOBEHHON peaKTUBHOM MOITHOCTH MUTAOILIEN
ceTH (IOJABJICHUS BBICUIMX T'APMOHUK MUTAIOIIEH CETH, CHMMETPUPOBAaHUS TOKOB B (pazax
Tpex(pa3HOM LIeNH, MOAABICHUS TOKOB HYJEBOM MOCienoBareabHOCTH). Takas cTpyKTypa
cuinoBoii cxeMbl KYB obGecnieunBaer mopjep:kaHue Ha 3aJJaHHOM YPOBHE PETYIUPYEMBIX
napaMeTpoB B TOYKE MOAKIIOYEHHS (HIBTPOKOMIEHCUPYIOLIETO0 YCTPONCTBA K MUTAIOIIEH
CETH M TaKUM 00pazoM pemiaeT mpodieMy IeKTPOMAarHUTHOW COBMECTUMOCTH OHOTO WA
IpyNIbl NOTpeOuTeNel ¢ MUTAOUIEH CeThIO.

[Torepu »sHeprum B CUJIOBOM cxeMe (DUIBTPOKOMIIEHCUPYIOIIETO YCTPONCTBA
MUHUMU3HUPYIOTCSL Onaroznapsi, C OJHOM CTOPOHBI, OTCYTCTBHIO IIMPOTHO-UMIYJIbCHON
MOJYJIALIMY NIPY YIPABJICHUH TUPUCTOPHBIMU MOCTaMHU HHM3KouacTOTHOro kaHana KYB u, ¢
JPYyTOi CTOPOHBI, BCIEJCTBHE pabOThl HHBEPTOPA HANIPSHKEHUS BHICOKOYACTOTHOTO KaHasla Ha
TOKaX, 3HAYUTEIbHO MEHBIINX HOMUHAJIBHBIX TOKOB TUTAIOLIEH CETH.

BbicokodacTOTHBIN KaHai (MHBEPTOpP HANpPSDKEHHUS C YAaCTOTaMU KOMMYTAIIMM BBILIE
10 xI['11) 1 HU3KOUACTOTHBIN KaHaM (BBIIPSIMHUTEND ¢ YacToTol kommyTtanuu 50 Hz) umeror
OJIMH OOIIMI AJIEMEHT — EMKOCTHOW Hakonutesb. [Ipu BbIOOpe BEIMYMHBI HAPSHKEHUS Ha
€MKOCTHOM HaKOIUTeJIe ClIeAyeT YUUThIBaTh MAKCUMaJIbHO BO3MOYKHBIE 3HAUEHUS TTapaMeTpa
di/dt Tokxa nuraromieii cetu. MakcumanbsHasi BennunHa di/dt onpeensercs KOMMyTallMOHHON
COCTaBJIAIONICH TOKa, MOTpPeONisieMOro Harpy3koil u3 nurtaromeid ceru. Pemienue 3amauu
KOPPEKLUU UCKaKEHUI, BHOCUMBIX KOMIIEHCUPOBAHHBIM YIIPABIISIEMBbIM BBIIIPSIMUTENIEM B
TOK MUTAIOLIEH CeTH, YIPOIIAETCsl IPU MPaBUILHOM BbIOOpE CHIIOBOTO TPaHC(HOPMATOPHOTO
oOopynoBanusi. MHIYKTMBHOCTP BTOPHUYHOM OOMOTKM CHJIOBOTO TpaHchopmaropa
BBIIPSAMUTENS U UHTYKTUBHOCTh BTOPUYHOU OOMOTKH CHIJIOBOTO TpaHCc(popmaTropa MHBEPTOpa
BBIOMPAIOTCSA C YYE€TOM B3aMMHOTO BIMSHUSA JBYX KaHAJIOB Ha Kau€CTBO AJIEKTPOIHEPTUU
MATAIOLIEN CETH.

Hanpspkenue Ha KoHAEHCATOpe HAKOMUTENS] OTPAaHUYEHO CHU3Y YCIIOBUEM KOMMYTAaIUU
GTO TupuctopoB u paBHO 1.05 OT aMIUIMTYAHOIO 3HAYEHUs JIMHEWHOIO HAIPSKEHUS Ha
BTOPHYHOM OOMOTKe TpaHcdopmaropa BHIIPAMUTENS. BbIOOp BeIHMUMHBI HANPSKCHHS Ha
KOHJIEHCATOpE HAKOMMTENS CJIEeNYeT BBIMOJHITH C YYETOM HaJU4Msl JHMAara3oHa, B KOTOPOM
MPOUCXOJIUT YBEJIMYEHUE aMIUIUTYIbl OTAENIBHO B3STHIX TApMOHHK W KO3(pduImeHTa
rapMOHMK TOKa CETH B 11eJIoM. HuKHss rpaHuIa HanpspKeHUs Ha KOHJIEHCATOpEe HAKOIUTES,
BbIOMpaeMas U3 yCJIOBHs OOECHEeUYeHUs TOMYCTUMOIo 3HaueHUs Kod(p(ULIMEHTa FrapMOHUK
TOKa IUTAIOIIEH CETH, paBHA YABOEHHOMY aMIUIUTYIHOMY 3HAaYE€HUIO IMHEWUHOTO HAIIPSYKEHUS
Ha BTOPUYHON 0OMOTKE TpaHC(hOopMaTopa BEIIPSIMHUTEIIS.
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MomnocTs noteps B CAD pacteT mponopryuoHaIbHO YACTOTE MEPEKIIIOUCHUS CUITOBBIX
TpaH3ucTopoB. OntumansHoe 3HaueHue KIIJ[ mocturaercs npum yactore KOMMYTalUuu
kioueit CA®, naxomsmieiics B auanazoHe ot 20 mo 30 kHz. [lanpHeiimiee yBenuueHue
KOMMYTAllMOHHOWM 4YacTOThl MNPUBOAMT K 3aMeTHOMY yMeHbluieHuto KIIJI cxembr 0e3
COOTBETCTBYIOIIETO IOBBIIIEHNS KAa4€CTBA JJIEKTPOIHEPIMU MUTAIOLIEH CeTH. MOIIHOCTh
1oTephb B KOMIIeHcarope peakTuBHOM MomHoCcTH (KPM) ymeHbIaeTcst ¢ pocTOM HalpsKeHHS
Ha BbIxojie BbinpsimMutesis KPM. VYMmenbuienune nanpsbkeHust Ha Harpyske KPM B 2 paza
MPUBOJUT K YMEHBIICHUIO MOUIHOCTH MOTEpPh B 4 pa3a IpU paBHOW BEIWYMHE CPEIHEU
KOMIICHCUPYEMOU PEaKTUBHOM MOILHOCTH.

HccenenoBanusi BIMSHMS BEIWYUHBI HANPsDKEHUS HAa KOHACHCATOPE HAKONMUTENSA Ha
ycioBus QYHKIIMOHUpOBaHUs cuioBoro obopynoBanuss OKVY u kauecTBO 3yeKTpOo3HEpruu
OUTAIOIIEed CeTH TO3BOJIMIM CJAeNaTh BBIBOJ O LIEJIecOo00pa3HOCTH ydeTa o0OpaTHO
IIPONOPLMOHATIBHOTO XapaKTepa 3aBUCUMOCTHA OCTaTOYHOTO YPOBHS BBICIINX FTAPMOHUK TOKA
CEeTH M COOTBETCTBEHHO KOMMYTALMOHHBIX IMEpEeHANpsKEeHUH, BOZHUKAIOMIMUX MPU padboTe
MOCTa Ha IMOJHOCTBIO YIPAaBISEMbIX THPUCTOPAX, OT HANpsDKEHUs Ha KoHaeHcarope CAD
IIPY TIOCTPOCHUU CUCTEMBI YIIPABIICHUS U PEryJIUPOBAHUS.

[Ipennoxena uudponas cuctema yrnpasienuss @KV, noctpoeHHast Ha OCHOBE MPOTHO3a
COCTOSIHMSI CHUCTEMbl Ha CJEAYIOIIEM TaKTE€ B KaHaje YIPABICHUSA BBIIPSIMUTEIIEM U
TUCTEPE3UCHOTO YIPABJICHUS B KAHAJIE YIIPABJICHUS HHBEPTOPOM C KOHTYPOM PEryJIUpOBaHUs
K03(ppuieHTa rapMOHUK TOKa nuTaronieil cetn. OCHOBHBIMM MapaMeTpaMH, MO BEIMYUHE
KOTOPBIX MOJKHO C/IeNIaTh BBIBOA O 3(()eKTUBHOCTHU UCTIOIb30BAHUS [TPEATIAraeMON CTPYKTYPhI
OKVY s ynydieHus 3IeKTPOMarHiTHOW COBMECTUMOCTU TOTPEOUTENEH AIIeKTPUIECKOM
HHEPTUU C MUTAIOUIEH CEThIO ABIAIOTCA KOA(D(PUIIMEHT TapMOHUK ToKa nuTatoteid cet THD,
K03 PuIeHT MOIIHOCTH TToJie3HOM Harpy3ku U KV B Touke UX MOAKIIIOYEHUS K TUTAIOLIEH
CeTH Y, Pa3HOCTh KOA(DPUIIMEHTOB TMOJIE3HOTO JACHCTBUS TOJE3HON HArpy3KH U TOJE3HOM
Harpy3ku ¢ @PKVY An, ammmTyna MMITyJIBCHOTO KOMMYTAIIMOHHOTO NEpPEHANPSKEHUS,
Ha3bIBa€MbI€ B JlalibHEHIIIeM nokazarensiMu kadecTBa Uk. OcHOBHOE BIIMSHUE HA yKa3aHHbIE
IapaMeTpbl OKa3bIBAET YPOBEHB HANPsKEHU HAa KOHIeHcaTope HakonuTesst PKY Ucnmmpuna
rucrepesuca kommaparopa cuctembl ynpasieHus PKY G, Ha3piBaemble B JaIbHEUILIEM
BapbUpPyEeMbIMHU MTapamMeTpaMu U nipeictapisiembie BekTopoM Xx=(Uc, G). [TokazaTenu kauecTBa
3aBHCAT OT BapbHpyeMbIX mapameTpoB OKYVY, mo3ToMy WX MOXXHO MPEACTaBUTH (PYHKIUSIMU
BapbUPYEMbIX [TaPAMETPOB CUCTEMbI, KOTOPBIE OIPEAENIEHbI TOJIBKO B 00JIACTH YCTOMYUBOCTH
CHUCTEMBI aBTOMATUUYECKOTO yIpaBieHus u perynaupoBanus OKYV.

Brimonnena ontuMusanys HaCTPOECUYHBIX MapaMETPOB CHUIIOBOM CXEMbI KOMIIEHCATOPa
U CHCTEMBI yHpaBieHUs. PEKOMEHIIOBaHO MOAJNEpP)KAHUE HANPSDKEHUS Ha KOHIEHCATope
HAaKONUTENS HAa ypoBHE 2,6 OT aMIUIMTYJAHOTO 3HAYEHUs HANpPSDKEHUS Ha BTOPUYHOMU
o0MOTKe TpaHCc(popMaTopa HU3KOYACTOTHOTO KaHalla, TUCTEPEe3nca B CHUCTEME YIPaBICHHS
BBICOKOYACTOTHBIM KaHajioM Ha ypoBHe 0,005. IIpu yka3zaHHBIX HACTPOEUYHBIX MapaMeTpax
aMIUIUTyJa HUMIIyJibca KOMMYTAIlMOHHOTO TNepeHanpsbkeHuss He npesbimaer 0,96 ot
aMIUTUTYITHOTO 3HAYEHUS HaNpspDKeHUsT Ha BTOPUYHOM OOMOTKe TpaHcdopmaropa
HU3KOYACTOTHOTO KaHasa, KO3()PUIMEHT rapMOHUK TOKAa MHUTAIOMIEH CETH HE MpPEBBILIACT
0,08, xo3(duimeHT MOUTHOCTH Harpy3ku ¢ kommeHcatopom He Huxke 0,99, pasHOCTh
K03(h(HUIIMEHTOB MOJIE3HOTO AEHCTBHSI HATPY3KU U HATPY3KH C KOMIIEHCATOPOM HE MPEBBIIIACT
0,01.

MHOrOKOHTYpHBIE CUCTEMBI yIpaBieHUs MOBBIIIAIOT 3¢ HEeKTUBHOCTD
¢ynkunonuposanus OKVY B nenom. [peanoxkens! cTpykTypsl cuctem yrpasieHust OKY na
OCHOBE COBPEMEHHBIX MUKPOKOHTPOJJIEPOB, 00€CIIEUNBAIOIIME YIIPABICHHS IByXKAHAIbHON
CUJIOBOM CXEMOM B €IMHOM BBIYHMCIUTENBHOM Mpoltiecce. Paspaboransl indpoBbie 1 aHAIOTO-
mudpossie cuctembl ynpaBieHus PKY wa ocnoBe KVYB, oOecneumBaromniye BBICOKHE
JrHamMuyeckne xapakrepucTuku @KV u BbICOKOE KaueCTBO ANEKTPUUECKON IHEPTUU B TOUKE
nogkioueHust OKVY k nuraromed cetu. L{udposas mporHo3Ho-rucrepesrcHas cuctema
yIpaBJICHUsI KOMIIEHCATOPOM pealin30BaHa Ha OCHOBE npoieccopoB cepun TMS. Pa3paboran
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MakeT VYOPaBSIIOIMIMX B PEXKHME pEajJbHOTO BpPEMEHH IPOrpaMM, 00eCTIEeUMBAIOIINX
BBITMIOJTHEHUE OJHOTO LMKJIA BHIYMCICHUN MPHU YNPaBICHUH BbICOKOYACTOTHBIM KaHAJIOM 3a
60 us npu AIUTENBHOCTH OJHOTO TakTa 6.67 ns.

[IpuBeneHHBIE BBIIIIE PE3YIIBTATHI TPOIILIX APOOAITHIO TPH PEIICHUH 3a/1a9H YTy IIICHHS
SHEPreTUYECKUX XAPAKTEPUCTHK (POpMHUpOBaTesield MOIIHBIX 30HIUPYIOLIUX HMITYJIbCOB,
NpeIHA3HAYCHHBIX 11 paOOThl B COCTaBE KOMIUIEKCOB JIMCTAHIIMOHHOTO 30HIAMPOBAHUS
HOHOC(hEpHl METOIOM HEKOTEPEHTHOTO PACCESTHHSL.
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REVIEW OF SCIENTIFIC DEVELOPMENTS OF THE CHAIR OF INDUS-
TRIAL AND BIOMEDICAL ELECTRONICS OF THE NATIONAL TECHNICAL
UNIVERSITY "KHARKIV POLYTECHNIC INSTITUTE" IN THE FIELD OF EN-
ERGY SAVING AND ELECTROMAGNETIC COMPATIBILITY OF CONVERSION
SYSTEMS (Part 1)

E. 1. SOKOL Doctor of Engineering, G. G. ZHEMEROV, Doctor of Engineering
I. . DOMNIN, Doctor of Engineering N. A. ILYINA, Doctor of Engineerin
O. V. ILYINA, Candidate of Engineering, D. S. KRYLOYV, Candidate of Engineering
O. 1. KHOLOD, Candidate of Engineering, 1. O. LOBACH
D. V. TUGAY, Candidate of Engineering

The paper gives a review of main scientific works of the Chair of Industrial and Bio-
medical Electronics of the NTU "KhPI" in the field of electromagnetic compatibility of con-
version systems and energy saving: compensated controlled rectifier, theory of instantaneous
active and reactive powers, transformation of coordinates of voltage and current space vec-
tors, calculation of energy losses and efficiency factor in a power supply system and practical
application of results of scientific research. This paper presents the first part of the review of
scientific works of the chair. Bibl. 35, Fig. 6, Tabl. 2.

Key words: power supply system, efficiency factor, compensated rectifier, power theory,
active power filter, active rectifier, compensated asynchronous machine, distributed produc-
tion of electric power
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