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THE PARAMETERS OF THE CONTROLLED SELF-
COMPENSATING COMPACT TRANSMISSION POWER LINES

Vitaly POSTOLATY?, Elena BYKOVA', Viktor SUSLOV?,

Yuri SHAKARYAN?, Larisa TIMASHOVA?Z, Svetlana KAREVA?
YInstitute of Power Engineering of the Academy of Sciences of Moldova
2SEC Electric Power JSC FGC UES of Russia

Abstract: The basic theoretical principles to create the controlled self-compensating compact transmission lines are analyzed in
the paper. The results of technical and project elaboration of some variants of such type of power transmission lines are presented
and the comparison between their technical and economic indicators with those of traditional power transmission lines and foreign
analogues is made in the paper. The efficiency of compact controlled transmission lines application to form power systems and to
create intersystem ties as well as distribution electric network is also stated in the paper.
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PARAMETRII LINILOR ELECTRICE DIRIJATE CU
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Rezumat: S-au analizat principiile teoretice de baza privind crearea liniilor electrice dirijate cu autocompensare si compacte. S-au
prezentat rezultatele elaborarii tehnice §i de proiect pentru un sir intreg de variante ale acestui tip de linii electrice, s-au comparat
indicatorii tehnico-economici ai acestor linii cu indicatorii liniilor electrice traditionale si ai variantelor analogice strdine. S-a
aratat eficienta utilizarii liniilor electrice compacte dirijate pentru formarea sistemelor electroenergetice, crearea liniilor electrice
de legatura intre sistemele electroenergetice i a refelelor electrice de distributie.

Cuvinte-cheie: linii compacte dirijate, linii electrice compacte cu un singur circuit si mai multe circuite, linii electrice dirijate cu
autocompensare, dispozitive pentru reglarea fazei, sisteme energetice unite.

ITAPAMETPBI YIHPABJIAEMbBIX CAMOKOMIIEHCHUPYIOHIUXCSA
KOMITAKTHBIX JIMHUU DJIEKTPOIIEPEJAYHN

B.M. Iocroaarwuii’, E.B. Brikosa', B.M. Cycﬂosl,
FO.T. lllakapsan®, JI.B. Tumamosa®, C.H. Kapesa®
"MucTuTyT SHEpreTHKM AKafeMHUH HayK MOIIOBbI
HTL] Anexrposuepreruku AO ®CK EDC Poccun

AHHOTAUMSA. Paccmompensl OCHOBHbIE MeOpemMuUuecKue RNONONCEHUs CO30aHUs  YNPAGIAEMbIX CAMOKOMNEHCUDYIOWUXCS
KOMNAKMHBIX TUHUL DNeKmponepeoayu nepemMenHo20 moka, npusedeHul pe3yibmamsl MexXHU4ecKux U npoeKmHslx papabomox paoa
sapuanmog dreKkmponepeoay OaHHO20 MUNA, GbINOAHEHbl CONOCMAGIEHUSl UX MEXHUKO-IKOHOMUYEeCKUX noxasameneti ¢
AHANO2UYHBIMU  NOKA3AMENAMU JTUHUL DNeKmponepeoayu mpaouyuoHHO20 UCHOIHEHUs U 3apyOedCHbiX aHAN0208, NOKA3AHA
apghexmusnocms npumenenus KOMRAKMHBIX YNPAGAEMbIX TUHUL deKmponepedaiu 0N GOPMUPOBAHUS IEKMPOIHEPLEMULECKUX
cucmem, cO30aHUA MEJCCUCMEMHBIX  C8A3ell U pachpedenumenbHbiX deKmpocemell.

KiiroueBble €JI0Ba: xomnakmmuvle ynpasisiemvie JUHUU SNEKMPOnepeoaiu, 0OHOyentvle U MHO2OYenHvle KOMNAKMHble JUHUU,
ynpagnsiemMvie — CaMOKOMNEHCUpyiowuecs  auHuu  d1eKkmponepeoauy,  ¢hazopezyiupylowue  ycmpoicmed,  00veouHeHHble
DHep2oCUCmeMbl.
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BBEJIEHHUE.

OCHOBHBIMHU TPOOJIEMHBIMH BOIIPOCaMH, BO3HUKAIOIIUMHU
Ipu  JaimbHEWIIeM (HOpMHUPOBAHUN 00BETMHEHHBIX
NIEKTPOIHEPTETUIECKUX CUCTEM, BEIOOPE MEKCHUCTEMHBIX
U MEXIOCYHapCTBEHHBIX CBS3€H ¥ MOJCPHH3AIMU
pacIpeaeInTENbHBIX NEKTPUIECKIX CETECH, SBISIOTCS:

- 000CHOBaHME W CO3/1aHME DJEKTpolepenay B
COOTBETCTBHUM C  33/laHHBIMHU napameTrpamu 1
MIPOIYCKHOM CIIOCOOHOCTBIO;

- obecrieyeHue ynpaBisieMOCTH 3JIeKTpoIepead,
peryjmpoBaHUe PEXUMHBIX [apaMeTpOB, BEIUYUHBI U
HanpaBJICHUA TOTOKOB MOIITHOCTH;

- BBIIIOJTHCHUC BCCX Tpe60BaHPII71 TCXHHUYCCKOT'O
XapakTepa, a TaKkKe OTPAHHYCHHH IO 3IKOJIOTHUYECKHM
MOKa3aTesiM, MUHHMaJIbHO BO3MOXKHOMY OTYYXICHHIO
3eMEeIIbHBIX YTOJIUH MO CTPOUTEIBCTBO;

- COOpYXEHHE JIEKTpoTIepeaay pu
MHHUMAJIBHO BO3MOXKHBIX KaITUTAIBHBIX BIOKCHHAX MPU
CTPOWTENBbCTBE M  MHUHHMAJIBHBIX  3aTpaTtax IpH
IKCILTyaTalHu.

TpanunuoHHbIE KOHCTPYKLIMHU JIMHUI
ANEKTpoNIepeiad M peryaupyonee 000pyloBaHHE IO
LIEJIOMY psiy TOKa3aTesiell He B MOJHOW Mepe OTBEYaroT
CYIIECTBYIOIIUM  TpeOOBaHHsIM, a HEKOTOpble HUX
MOoKa3aTeJIM  HMMEIOT  MPOTHBOPEUMBBIM  XapakTep.
Hanpumep, yBenn4nTh IPOIMYCKHYIO CIIOCOOHOCTD JINHUN
3JIEKTpoIiepeiad OOBIYHON KOHCTPYKLIMH MOXKHO ITyTEM
nepexofa Ha Oojiee BBICOKHME KIIACChl HAIPSDKECHHUS.

Opnako npu 3TOM BO3HHUKAIOT po0IeMBbI
9KOJIOTHUECKOTO XapaKTepa U YBEIUUEHHsS] CTOUMOCTH.
Hpyrum  cmocobom YBEIMUYEHUSI  IPOIYCKHOM

crocoOHOCTH JUHUE anektponiepenad (BJI) smBisercs

[IPUMEHEHHE YCTPOMCTB IPOJOJBHOM KOMIIEHCALIUU.
OmHako  3TO  CONPSDKEHO €O 3HAYUTEIHHBIMH
JTOTIOTHUTEIHHBIMH KaImuTaTbHBIMHU BIIOXKCHHSAMHU.

[IpumeneHue pa3nu4HbIX CPEACTB peryaupoBanus Ha BJI
C HEJOCTaTOYHO XOPOILIMMHU NEPBUYHBIMH MapaMeTpamMu
CONPOBOXKIAETCS ~ HHM3KOH  9((EKTHBHOCTBIO  MX
UCIIOJIb30BaHMS ¥ OOJIBIIMMH 3aTpaTaMHU.

B cBi3m ¢ ykazaHHBIMH  TIpobieMamu
CTAaHOBUTCA BECbMa aKTyaJbHOMH 3ajadya IIOMCKA W
pa3pabOTKW  HOBBIX  aJbTEPHATUBHBIX  TEXHHYECKUX
pemieHMt B 00NacTH TpaHCHOpTa 3JIEKTPOIHEPIHH,
(dbopMupoBaHUS JIIEKTPOIHEPTETUIECKIX CHCTEM,
CO3JIaHUSI MEKCHCTEMHBIX M MEXT0CyIapCTBEHHBIX
CBSI3€H € 3aaHHBIMH TEXHHUYECKUMH XapaKTEPUCTHKAMH,
3G PEKTUBHOM MOJICPHU3ALNK 3JIEKTPUUECKUX CeTeH ¢
CYIIECTBEHHO JYYIINMH PEXHUMHBIMHU, 3KOJIOTHUECKHUMHU
U TEXHUKO-d)KOHOMHYECKMMH  IIOKa3zaTeNlsiMH IO
CPaBHEHHIO C TPAAULMOHHBIMU TEXHOJIOTUAMH.

K macrosmeMy BpeMEHH PSIIOM OTEYECTBEHHBIX
1 3apyOeXHBIX HAYYHO-HCCIIEIOBATEIBCKUX, MPOEKTHBIX
U TIPOM3BOACTBEHHBIX OpTaHM3alUil caenaH OoJbIIOi
HAay4YHbI M MPaKTUYECKUM 3a7eN MO CO3JaHUI0 JIMHUN
JJIEKTpoNepeiadl IMEePEMEHHOr0 TOKa HOBOrO THIIA,

o0agamux CYIIECTBEHHO Ooutee BBICOKHMH
TEXHUYECKUMH W  OKOHOMHYECKHUMH  ITOKa3aTeIIIMHU:
YBEIMYEHHOH  TNpH  NPOYMX  PaBHBIX  YCIOBHSX
MPOIYCKHOM CIOCOOHOCTBIO, YIIy4IIEHHBIMU

PETYIUPOBOYHBIMHI  XapaKTEPHUCTUKAMH U CHIDKCHHBIM
YPOBHEM BO3JIEUCTBHS Ha OKpyXkaroiryto cpeay. K uuciy
TaKAX DJIIEKTPOIeperad OTHOCATCS paccMaTpHUBaeMbIe

HIDKE yIpaBiseMble komnakTHele BJI mepemMeHHOro Toka,
uccieayeMble U pa3pabaThiBaeMble Ha IPOTSDKEHUH psizia
ner B Uucruryre snepretuku AH Mongoser u HTI]
«ONEeKTpO’HEpreTUKM»  mpu  ydactuun  MHcruryTta

«OHEPToCeThIIPOCKT», MOCKOBCKOTO HSHEPIeTHUECKOTO
WHcTuTyTa M IpYyruX OpraHu3aluil.

OCHOBHBIE WIOEW  CO3/aHUS  YIIPABIAEMBIX
KOMITAKTHBIX BJ COCTOST B HCTIOJIb30BAHUI

JIOTIOJIHUTENIbHBIX TEXHUYECKHUX BO3MOXKHOCTEH BJI
MEPEMEHHOTO TOKa, KOTOPBIC 10 I[EJIOMY DSy IPUYUH HE
OBLTM 3aMeUeHbI U peai30BaHbl paHee.

CymHOCT,  HOBBIX HAEH TO  CO3JaHHIO
ANIEKTpoIIepeiay HOBOTO THUIIA, CYIIECTBEHHO
MMPEBOCXOAAINX I10 CBOUM OCHOBHBIM IIOKazaTecIsiM
JUHAA DSJCKTPOITepeadd OOBIYHOTO THIIA, COCTOWT B
CIIEeYIOIIeM:

- BEIOOpE  ONTUMAIBHOW  KOHCTPYKIIHU
paCIIETIICHHBIX (a3, YUcia U CEUCHHS COCTABIISIONINX;

- TpeneTbHO BO3MOXKHOM cOmmmkeHnu (a3 BJI,
YTO CTAaHOBUTCS BO3MOXKHBIM IIPH BBIHOCE CTPOUTEIBHBIX
3JICMEHTOB OIOpP JIMHHUH 33 TpeAeibl MexIy(pa3HbIX
BO3AYLIHBIX IIPOMEKYTKOB,

- NIPAUMEHEHUU HOBBIX KOH(HUTyparwii
pacmiosiokeHust (a3, 00ecHnednBaIOMNX PABHOMEPHOCTh
3HAYCHHUU HAIPSKEHHOCTH DJIEKTPUICCKOTO MOJIS Ha BCEX
(hazax ¥ UX COCTABIAIOMUX IPH MPEAETBHO JOIMTyCTUMOM
commwkeHun  ¢as JUHAA W  ONTHMHU3AIUH  UX
KOHCTPYKIIUY;

- wucnonb3oBaHWU dddekra peryampoBaHUsL
B3aMMHOIO DJICKTPOMArHUTHOTO BIUSHUS (a3 | Lemneit
JUHUMA TyTEM W3MEHCHHUS YIJIOBOTO CIBUTa BEKTOPOB
HampspkeHu# (a3 (M memel) ¢ TOMOIIBIO yCTPOMCTB
(hazoBoro yIpaBIeHUS WA MIPUMEHECHUS
COOTBETCTBYIOIINX CXEM IEPBUYHBIX COCTMHEHHUH;

- KOMIUIEKCHOM  TIPUMEHEHUH CPEICTB
pPETYIUpPOBaHUA TApaMETPaMH H  XapaKTePHUCTUKAMHU
ANIEKTpONepeiladll B IEJIOM, C YYeTOM TpeOOBaHMIA

obecrieueHnsi Kak COOCTBEHHBIX, TaK M 3aJaHHBIX
00ILECHCTEMHBIX napamMeTpoB u PEKUMHBIX
XapaKTepPUCTHUK.

B psane nyomukammii [1-8, 12-17, 24] uznoxena
CYIIHOCTh YKa3aHHBIX H}leﬁ, PE3YIbTATBl TCOPECTUICCKUX
UCCJIEOBAaHUH M IPAaKTUYECKHX pa3pabOTOK, KOTOpHIE
MOTYT CIYXHTh 0a30fl Al TPUHATHS pemeHui 00
WCTIONIb30BAaHUN  YIPABISIEMBIX  KOMIIAKTHBIX — BJI
Pa3NUYHBIX KJIACCOB HANpPSDKCHHS B AIICKTPOCETEBOM
CTPOUTENBCTBE, a TAKXKE JUIA CO3MAHHS MEKCHUCTEMHBIX 1
MEKIoCy1apCTBEHHBIX TPaH3UTOB MOIITHOCTH.
OtevecTBeHHass HOBU3HA KOMIIAKTHBIX yrpaBisieMblx BJI
3alUIIeHa aBTOPCKUMH CBUaeTenscTBaMH [1, 2, 18] u
3apy6exusiMu atenTamu [ 19, 20].

lenr wHacTOsAmEed pabOTBI — U3JIOKEHHE B
00001IeHHOM BHJIC OCHOBHBIX pe3yIpTaToB
HCCIIEIOBaHUKA U Pa3paboTOK B 00JAaCTH YIIPaBIAEMBIX
KOMITaKTHBIX JIMHUH 3JIEKTponepenayn U 0OOCHOBaHHE

Hpe,HJ'IO)KeHI/Iﬁ o BO3MOXHOM MMPAaKTUICCKOM
HCIIOJIb30BAHUU JJICKTpoIiepeaavd HOBOI'O THIIA,
Ha3bIBACMbIX TaK¥XKE JJICKTpoIepeJa4aMu HOBOI'O
IIOKOJICHHU .
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KJIACCUO®UKAIIUA BJI HOBOI'O IOKOJIEHUSA

K KaTeropuu BO3YILIHBIX JIUHUH
anektponepenadnn  (BJI) HOBoro - mokoJeHHA ~— Ha
COBPEMEHHOM  JTal€ OTHECEHbl  OIHOLEHHbIE W
MHorouenHsle BJI moBeimieHHONW 1o cpaBHeHuio ¢ BJI
TPAIUIMOHHOTO THNA MPOMYCKHOH  CHOCOOHOCTHIO,
OCHAIICHHBIE COBPEMEHHBIMHU PETYIHPYIOIUMHA

ycrpoiictBamu tuna FACTS u  oTBevaromMMu BceM,
Hamepesx 3aJaHHBIM, TEXHHYECKUM M HKOHOMHYECKHM
XapaKTepUCTUKAM U PEKUMHBIM ITapaMeTpaM:

- KoMnakTHeIe oaHotenusie BJI ¢ YIIIP;

- komnakTHble aByxienHsle Y CBJI ¢ VIIIP;

- xomnakTHele YCBJI ¢ TUCKPETHO perynupyeMbIMU

mapaMeTpamu;
- KxomnakTHele gByxuenuele YCBJI ¢ nmaBHO
peryIupyeMbIMH  TapaMmeTpaMd  (C  MpUMEHEHHEM

¢azomoBopoTtHBIX yerpoticte OIIT) u YIIP;

B mumHmsax QJICKTpOIICpEJa4Y HOBOI'O0 IHOKOJICHHUSA

peaycMaTpuBaeTcs, IpexkIe BCETO, CO3/1aHHe
KOMIIaKTHBIX KOH(Qurypaumii  pacmosioxenust ¢a3 c
MUHUMAaJIbHO JONYCTUMBIMH  PACCTOSIHHAMH  MEXKIy

HUMH, BBIOOp ONTHMAaNbHOW KOHCTPYKIMH PaCIICTUICHUS
¢a3 m JIMHEHHOW W30JALNY, NMPHUMEHEHHE HOBBIX THIIOB
OTIOP, TIO3BOJISIONINX CO37AaTh KOMITAKTHBIE KOHCTPYKITUH
JUHUM C MUHHMMAJBHO JONYCTUMBIMU PAaCCTOSIHUSMU
Mexay ¢azamm M 00eclieuuTb  COBMECTHO  C

Mexay(pasHBIMU N30JISIIMOHHBIMH 3JIEMEHTaMH,
YCTAaHAaBIMBAaCMbIMH B  MPOJIETAX, MEXAHUYECKYIO
YCTOMYMBOCTh JIMHUM B IEJIOM TIPU  BO3ACHCTBUU
HeOJIaronpusTHBIX KIMMaTHIeCKuX (pakTopos.

KomnaxrHocTs KOHCTPYKLIMH  CBsi3aHa C
yYMEHBIIEHHEM MeXIy(pa3HbIX PACCTOSIHUI M BBIOOPOM
ONTHMAIBEHON KOH(QUrypauuu pacrojoxeHus (a3 Ha
OMopax U B IIpojeTax.
AHanu3 mOKa3blBaeT, 4YTO MHHUMAJIBHO JOMYCTUMBIE
paccrostHus Mexny ¢aszamu  BJI mpm  nmHEitHOM
HaNpsDKCHUH MEXIy HHUMH TIPH YCIOBHHM OOECIICUCHHMS
JI3IIEKTPUIECKOH MIPOYHOCTH N30JSIIIMOHHBIX
MIPOMEXYTKOB «(paza-¢paza» ¢ ydeToM MaKCHMAIbHOTO
pabodero HampspKEHHsS, KOMMYTallMOHHBIX M TI'PO30BBIX
NepeHanpsHKEHUH MOXKeT OBbITh MPUHATO Ha ypoBHe 0.35-
0,5 oT BeAMYMHBI PACCTOSHMS, HPUHUMAEMOI'O MEXIY
¢azamu B BJI TpaiWIMOHHOW KOHCTPYKLMH, W 3TO HE
MIPOTUBOPEUYUT CYIIECTBYIOIIMM HopMaTuBaMm  [IIY3].
Ha puc.l. MOKa3aHbl  3HA4YEHUS  MUHHMAIBHO
JIOMYCTUMBIX paccrositauii ans  BJI 110-500 xB. B
JlabHEHIIeM TpH pa3padOTKe BapHAHTOB KOHCTPYKIHH
KOMIakTHEIX BJI TpHHATHL criemyromye — 3HaYCHUS
MeXAy()asHBIX PacCTOSHHI:

- s BJI-110 xB -1,1-1,3 Mm;

- st BJI-220 xB -2,2-3,0 Mm;

- st BJI-330 xB -3,3-3,5 M;

- g BJI-500 kB -4,0-4,5 m;

- s BJI-750 kB -5,0-6,0 m;

o pony:

nepenanpsxenmii

PaccToAHME NO YCNOBMAM PaBOMEro HaNPAMEHUA

—W—MUHMMaNLHO AONYCTMMOE PAcCTOAHNE M0 YCAOBUAM BHYTPEHHUX

Knacc Hanpaxenun BJ1, kB

330 500

A
nepenanpaeHmii

Paccronnun, XapakTepHsbie Ana B/l TpaANUMOHHONR KOHETPYKRLMM

—e—PaccToAHun, XapaKTepHbie ANA KOMNAKTHBIX BJ1

noy i

Puc .1 MuHUMaILHO TOTYCTUMBIE paccTOSTHUS Mexay (pazamu BJI

OO0s13aTeNbHBIM  TPeOOBAaHHEM npu  BBIOOpE
MHUHHMAJIBHO JIOIYCTUMBIX PAcCTOSHUH Mexny ¢asamu
KOMIakTHBIX BJI sBIsieTcs MpUHSATHE JOMOJHHUTEIBHBIX
MEp 10 MOBBILIEHUID MEXaHUYECKOH YCTOWYMBOCTHU
paboThl a3 B poJeTax, 9TO MOXKET OBITh JOCTHTHYTO 3a

CUeT YCTAaHOBKM Mexny (asaMm B mpoisietax
M30JLIUOHHBIX ~ pacmopok (WM CTSDKEK), BBIOOpa
W3MEHEHHOW KOHCTPYKLHMM paclieIUIeHHBIX (a3 u

H30JIIUOHHBIX IMOJBECOK Ha omnopax v Ap. Bo3MoxHBI
BapuaHTbl KOMITAKTHBIX B.H, BBITIOJTHEHHBIX Ha OIOpax ¢

U30JIUPYIOIIUMU TpaBepCcaMH. KoHcTpyKTUBHBIE
0COOEHHOCTH KOMIIAKTHBIX ympaBiseMmbix BJI mHarmsaHO
UJUIIOCTPUPYIOTCS HAa NPUBEJCHHBIX HUXKE PUCYHKAX.

KOMITAKTHBIE OJHOLEITHBIE
YIIPABJISIEMBIE BJI

OnuH u3 BapHaHTOB BO3MOKHOTO
KOHCTPYKTUBHOTO M CXEMHOT'O HCIOJTHEHUS OJHOIECITHOM
kommaktHo# BJI 220 kB nokasan Ha puc. 2.
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31,3

U

U,
BJI

29,3
26,7

Puc. 2. Ognouennas kommnakrHas BJI 220 kB

\ 4

\ 4

ymp

Puc. 3. Onnonuueiinas cxema KOMIIAKTHOM OQHOLIEITHOM

ynpasisemoir BJI ¢ YIIIP.

Paccrosinust Mexny ¢aszamu Ha omope s
kommaktHoii BJI-220 xB mpunsaTo paBHBEIM 3,0 M.
OcranbHple Ta0ApUTBI OCTAIOTCS TAKUMH XKe, KaK U y
00prgHBIX BJI.

B CXEMHOM OTHOILLICHUU OJIHOLICITHBIE
kommnakTHele BJI He oTnuuatrorcss OT OOBIYHBIX €
IIpUMEHEHHEeM IIyHTHpyomux peakropos (YIIP) mna
KOMIICHCAIlUM 3apsSAHOM MOIIHOCTU JIMHUH, €CIH OHa
OyzmeT W30BITOYHA MPH XOJOCTOM XOZIE WM HEOOIBIINX
BeNu4nHax nepenaBaemoii o BJI momHoctu ( puc.3)

B OGompmmHCTBE ciydaeB Ha KommakTHOW —BJI
He TpeOyeTcsi YCTaHOBKa CPEACTB NPOJOJIBHON WIH
MOMEPEYHON eMKOCTHOM KommeHcanuu. KommnakTHble

oOecrieunBaOT  33JaHHYI0  BEIMYMHY  IPOITyCKHOH
cocobnoctt B 1.2-1.4 paza Beime, dYeM BJI
TPAIULMOHHOW KOHCTPYKLUH, €CIH aToro Oymer

JO0CTAaTOYHO IO UCXOAHBIM Tpe60BaHI/I$IM.

Ecin Ha xomnakTHyro oxaHouenHyro BJI
BO3JIararoTcA eme U QyHKIUU PeryJTUpOBaHUS BEIUYHHBI
u HaTpaBJICHUSI MepeToka MOIITHOCTH, TO
[OCTIEIOBATENbHO B JIMHUIO JIOJDKHO OBITH BKJIFOUEHO
YCTPOMCTBO,  OOECNEUMBAIONIEE  COOTBETCTBYIOLIYIO
BeJIMYMHY W 3HAaK YIJIOBOTO CIOBHra  BEKTOPOB

HATIPSOKCHUH, M3MCHICMBIX B COOTBETCTBHU C 3aaHHBIM
pexxumoM. OIWH W3 BapUAHTOB CXEMBI OJHOICITHOMN
KOMIIaKTHOM BJI c YCTPOUCTBOM ¢azoBoro
perynupoBanus ( PITY) nokaszan Ha cxeme Puc. 4.

U,

BJI |
P viIp VIiIp

Puc. 4. Cxema xomnakraoii oguonennoit BJI ¢ YIIP u ®ITY

BJL, Omaromaps KOMIIaKTHOM KOHCTPYKLIUH,
oIy IUl
v
BeiOop mapameTpoB M COOTBETCTBYIOIIHX

TEXHUYECKUX PEIICHU KOMIAKTHBIX yrpaBisieMbix BJI
CBsI3aH, TMpEeXJE BCEro, C oOecreueHrueM 3aJaHHON
MPONyCKHOW crmocobHocT BJI , BenmuuHa KOTOpOit
OTpeesIeTcs] OONBIINM YUCIIOM Pa3IMYHBIX (DAKTOPOB.
3amaya COCTOMT B TOM, uTOOBI BBIOpaTh  Hambojee
BIMSIONIUME M3 HUX U OOOCHOBATH  BO3MOKHOCTHU HMX

peanu3anum.
IMPOITYCKHASA CITOCOBHOCTbD BJI
HEPEMEHHOI'O TOKA.

IIpu BEIOOpE Tex Wiy WHBIX BapuaHTOB BJI m ux
MIPOITYCKHOW CIOCOOHOCTH, Kak MpPaBWJIO, HCXOJIT,
NPEXIE BCEro, OT 3aJaHHON BEIMYMHBI IeperaBacMOn
MOIITHOCTH U AaJbHOCTH Iepeadn.

B ob6mem Buze BenuuuHa nepeaaBaemoi o BJI
MOIIHOCTH OMpeesieTcs BeipakenueM [9]:
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= Ty S @
rne U;, U, - BeKTOp HANpsHKEHHs, NPUIOKEHHOTO B
HayaJIe IMHUHU U B €€ KOHIIE, COOTBETCTBEHHO;
J — Yrol cBUra BEKTOPOB HANPSIKEHWil Hauama
KOHI[A JTHHUH;
Z, BOJIHOBOE compoTupieHue muHuu (Om),
ompenenseMoe mo hopMmyIe:

z,= [ 2)
Go+JBo

rae x,=wl,, - yZelbHOE HHIYKTHBHOE COIPOTHBICHHE
poBoJIoB ((ha3z);

8,=wC, yaeiabHas eMKOCTHAs IPOBOJHUMOCTb
poBo10B ((ha3) IMHHY;

lo — yIEJIbHOE aKTHBHOE COMPOTHBIICHUE MPOBOIOB
(dpaz), Om/km;



0o — VZICNIbHAS aKTUBHASI TOTIEPEYHAs IIPOBOAMMOCTh
npoBosioB (ha3) IHHHH, ONpeAeTsIeMas BBIPAKCHHEM:
96=APyopp.cr/ U on (Cm/xm), Trie AP opp.cr — CPETHETONOBBIE
MOTEpH HA KOPOHY;

a,l — BoOnHOBas mnMHA JIHHAW (SIEKTPUICCKHX
rpagycoB); 3mecek | — mimHa gwbum  (kM), @, -
kodpdunmeHT wm3MeHeHus  ¢aspl (3. Tpaa./KMm),
OTIpeNeIsIeMBIH TI0 (hopMyIIe:

2
@, = w\/L,C, (1 +8r7§) 3)

IIpn ¢uKCHPOBaHHBIX 3HAYCHHAX HAMPSIKECHUS
JUHUM, €€ JUIMHBI W  BOJIHOBOTO  CONPOTHBIICHMS
npezaenbHas BennunHa MomHocTH (Pr), KOTOPYIO MOXXKHO
nepesaTh 10 JMHUH, JOCTUraeTcs npu sind=1, T.e.
KOIZla pasHOCTh YIJIOB MEX/Iy BEKTOpaMH HaNpsDKEHHH
U, u U, nocturaer 90°. B nannom ciyuae Beipaxenue (1)
MPUMET BHI:

Zyg'sinagl

ITpu BomHoBoi mymue BJI, paBHo#t 90 31. rpan.,
sinagl=1, u pu paBeHcTBe Moyleil HanpsokeHuil |U, |
U |U2| BbIpakeHue (4) IpuHUMaeT BUJ!

U2
= PHaT ! (5)

Pm = Z_B
KOTOpOE SABJISICTCS BBHIPAXCHUEM HATYPaJIbHON MOITHOCTH
JTUHAH.

Beipaxxenne  (5) mpencraBiseTcss  BechMa
YHAOOHBIM MJIi COTOCTAaBICHHUS MpPH 3aJaHHOM Kilacce
HaTIPsDKCHUS Pa3NUIHBIX TAIOB BJI, oTimyaromuxcs apyr
OT Jpyra TOJLKO BOJHOBBIM COIIPOTHBIICHHEM.

AHanu3  pa3MYHBIX ~ BIUSIOMIAX  (PAKTOPOB
Mmokaszall, YTO HWMCHHO Oyiarofapsi BO3ICHCTBUIO Ha
BCJIMYMHY BOJIHOBOI'O COIIPOTHUBJICHUS MOXHO HU3MCHATH
IIPU POYHUX PABHBIX YCIOBUAX XapaKTEPUCTUKU JIMHUU U
€€ PEeKHUMHBIE ITapaMETPhI.

IIpr mepemade MO JWHUM MOITHOCTH, pPaBHOU
BEJIMYMHE €€ HAaTypalbHOW MOIIHOCTH, HMEET MECTO

PEKUM HaTypaJ'IBHOﬁ MOIITHOCTHU JIMHUU,
XapaKTepHSleH.[HﬁCSI MIPAKTUYCCKU IIOCTOSAHHBIM
YPOBHEM HaANpPAKECHHUA BAOJb JIMHUH.

HpI/IBeJIeHHLIe BBIpAXKCHUSA BCJIIMYUHBI

HaTypaJbHON MOITHOCTH M BOJIHOBBIX ITApaMETPOB MOTYT
ObITh  HUCIOJIb30BaHbI TP MCCIENOBAHUSIX  Kak
onHOIENHbIX TpexdasHpix BJI, Tak M JBYXLENHBIX U
MHOTOLICTIHBIX, a TaK)Ke B OOIIEeM cliydae MHOTO(a3HBIX
MHOTOIIPOBOIHBIX JTUHAN ANIeKTpOoIepeaadn, B
3aBHUCUMOCTH OT TOr0, Kakue IIEpBUYHBIE IMapaMeTphl
OyIlyT HCIONB30BATHCH.

Kak cnemyer wu3 Bwlpaxkenus (5) yBeJIUYUTH
3Ha4€HUE HATypaJbHOM MOIHOCTH JINHUHM MOKHO 3a CUET

YMEHBIICHHUSI BOJHOBOI'O CONPOTUBJICHMS, YTO MOXKET
OBITh JOCTHTHYTO IYyTE€M YMCHBIICHHS YICIBHOTO
WHIYKTUBHOTO  CONPOTHBJICHHUs  JUHUH  (X,) W

COOTBETCTBYIOIIETO YBEIHUYCHUs YJCIBHOW EMKOCTHOM
MIPOBOJIUMOCTH (8,), KaK 3TO CIICAYET U3 BhIpaKeHUs (2).

WHAyKTUBHOE CONPOTHBICHHE MHOTOICITHON
MHOTOITPOBOTHOU JTUHUH OTIpeeNsieTCs
TCOMETPUUCCKUMH TIapaMeTpaMH JIMHUH ¥ BEKTOPHBIMHU
COOTHOIIICHUSMHU TOKOB, TPOTEKAOIIIX o
paccMmartpuBaeMoi ¢a3e W OoCTalbHBIM (ha3zaM, Tpocam U
0 «3eMIITHOMY» TpoBoxy [10].

Bwmecre ¢ TeMm, B page paboT mpuBEneHBI IpyTHe
BEIpQKCHUS IS ONpENeNICHHs] BEIMYWHBI HATypaIbHOM

MOIIHOCTH JIMHUH, C BBIJICJICHUEM BIUSIOIMX (HAKTOPOB,
Ha KOTOpBIE MOXHO BO3JEHCTBOBaThH I yBEITHUCHHS
HaTypaJbHOI MOIIHOCTH JIMHUU.

Hanpumep, cormacHo pabore [11] BemmuuHy

HaTypalbHOU MOILIHOCTH TpexdazHOH JIUHUHU
ANEKTpONepeIadil MOKHO OTIPENLCIATh 0 (popMyIIe:
P — n~n,-Em,n-U4> (6)
H™ 20K
H

IZIe N H I, — YUCIO U PAANYC COCTABIISIOMINX
pacIeruieHHOH ¢a3bl;

E jon. — IOTIyCTHMAas BEJIMYHHA HATPSHKEHHOCTH

AIIEKTPUUECKOTO TOJIS HA TOBEPXHOCTH
MPOBO/IOB;
Uy — dasnoe nanpsixeHue;

K, — ko3 punuienT HepaBHOMEPHOCTH
pacripeziesieHust HarpsHKEHHOCTH
IJIEKTPUUECKOTO OIS HA TOBEPXHOCTH
MIPOBOOB (ha3kbl.

Broipaxenue (7) HamIAOHO MOKa3bIBAaCT, YTO

BEJTUYUHA HaTypaJabHOI MOIIIHOCTH JIMHUH
NEKTPOIEpEIaui  MPAMO  TPONOPLHOHANBHA  YHCITY
NPOBOIOB, WX paAWycy, HANOpPSHKEHWIO JIMHAW W

JIOIyCTUMON BENHYMHE HAMPSIKEHHOCTH IIEKTPUYECKOTO
OJIS1 Ha IOBEPXHOCTH ITPOBOJIOB.

[TyteM COOTBETCTBYIOIIETO BBIOOpA yKa3aHHBIX
IapaMeTpoB MOXKET OBITh oOecrieueHa Jro0ast 3amgaHHas
BEJMYMHA HATYypalbHOM MOIHOCTH JIMHUU.

ITpu 3a/1aHHOM JIOIyCTUMOM BEJIMYUHE
HampsKeHHOCTH 3iekTpudeckoro mois (E,,;) cormacHo
[11] moxer ObITH ompezeneH NOIMYCTUMBIH CyMMapHbII
INEKTPUUYECKUH 3apsj JIUHUU IO YCIOBUIO OrpaHHUYCHUS
KOPOHHOTO pa3psija:

_ 271:50-n~n,-Emrl
q,uon - K . (7)
H
I[pyl“I/IM BEChbMa yIL06HI>IM U HarJsiAHbIM
BBIPAXKCHUEM HaTypaJ'ILHOﬁ MOIIIHOCTHU SIBJISICTCS

BBIpa)KEHHUE, IPUBeICHHOE B paboTte [12]:

Py =v-UZXiLiqicos (vi —a;), (8v)
r7e V — CKOPOCTh PaclpOCTPAaHEHUs! JIEKTPOMArHUTHON
BOJTHBI;

U — ¢a3Hoe HanpsHKeHUE JTUHWH;

i — 3apsn i-ro mpoBoaa (win hasbl).

Yi ¥ o — aprymMenTsl Hanpsxenns (U;) u Toxa (I),
COOTBETCTBEHHO.

[IpuBenennoe BBIPAKCHUE HaIJIAHO
MOKa3bIBAaeT, 3aBHCHMOCTb BEJMYMHBI  HATYpaIbHOU
MOIITHOCTH MHOTOMPOBOAHOH (MHOTO(hA3HOW) JMHUU OT
3HAYEHHUH JNEKTPUUECKHUX 3aps0B, KOTOPBIE MOTYT OBITh
CO3JaHbl Ha MPOBOAAX, COCTABIAIOMNX (a3bl U JIMHHUIO B
LIEJIOM.

VYkazanusle BelpaxeHus (7), (9) mno3BomsoT
BBITIOJIHUTH ONTUMM3AIIOHHBIE PacdeThl KOH(UTryparui
PpAacIoIoKeHHs ¢a3 u ux KOHCTPYKLUH,
obecrieunBaronx Makcumym ¢ynkiun (Py), a takke
OnpenenuTs  OOOOLICHHBIE  XapaKTEpPUCTUKH  JIMHUH
PA3IMYHOTO THIA M IPOBECTH MX CONOCTABIICHHE.

IHAPAMETPBI OJHOLEITHBIX KOMITAKTHbBIX
BJI

Jus tpexdasznsrx ogaonenssx BJI nmpu yenosun
CUMMETPHYHBIX U PaBHBIX MO MOJIYJIO NMPOTEKAIOIINX IO
¢dazaMm TOKOB npu yacrore f=50 I'm BbIpaxeHus
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MOTOHHBIX napameTpoB HUMEIOT CIIEIYFOIIHIA
obuien3BecTHbIN BUA [5]:
£ — ot .
o = ronp/n:
D, 0,0157 7,58-107°
X, = 0,1445 - lg—= + By = ; ©)
75 n Ig (?cr/ra
gO = APKOP.CF/UHOM'
rae Ty M Ty, - YIAGNBHOE IIOTOHHOE aKTHBHOE

COTIPOTHBIIEHUE (Pa3bl M MPOBOJA COOTBETCTBEHHO IIPH
3aIaHHON TeMIiepaType Bo3ayxa, OM/KM.

D.; — cpenHereoMeTpuuecKoe paccTossHuE Mexay (azamu
BJL, m;

I', — SKBUBAJICHTHBIN paJInyC PacUICIUICHHON (ha3bl, M.

U3 Boipakenuit (10) criegyeT, YTO yYMEHBLIUTH
yAENbHOE HWHAYKTUBHOE CONPOTUBJICHHE W YBEJIUYUTH
YACTHHYI0 eMKOCTHYIO HPOBOIMUMOCTbD, @ CIEIOBATEIHHO
CHU3UTh BEJIMYUHY BOJHOBOTO CONIPOTHUBICHUS U
YBEIMUYUTh BEIWYMHY HaTypalbHOM MomHoctH BIJI,
MOJKHO uas (o) yTH YMCHBIIICHUS
CPEIHETEOMETPUIECKOTO PACCTOSIHAS MEXAY (a3zaMu
(D¢r), T.e. BBINOJHEHHS JIMHUM B BHMIE KOMIIAKTHON C
npeenbHO CONMMKEHHBIMU MeX Ty co00ii (hasamu.

IIpu sToM mnpexamonaraeTcs COOTBETCTBYIOIIEE
U3MEHEHHE KOHCTPYKIMM OINOp, YHUCIa M CEeUeHHs
COCTaBJSIIOIIMX pAaCIICIICHHBIX (a3 U 0053aTeIbHOTO
BBITIOJTHCHUSI HOPMUPYEMBIX TPEOOBAaHUN ¥ OTPaHUICHUH.

BrinonHeHHBIE HCCIeNOBaHUS MTOKAa3aJId, YTO HE
Hapymas TpaBWja YCTPOHCTBAa SJIEKTPOYCTAaHOBOK W
coOmromasi Ipyrne TEXHWYECKHE OTpaHWUYCHHS, pPedb
MOXXKET HATH O CO3JaHWH KOMIAKTHBIX OJHOIICITHBIX
Tpex¢asHeix BJI pasnmyHBIX KIACCOB HAMPSDKEHHUS C
YMCHBIICHHBIMH ~PacCTOSHIAMH MeXAy (a3amMu 10
BenuuuHbl 0,35+0,5 OoT mpUHMMaeMbIX B HACTOSILEE
BpeMsi IIpU IPOEKTUPOBAaHUM U cTpouTenscrse Bl
TPaIUIMOHHBIX THUIOB. brmaromaps 3ToMy MOXHO
o0ecreunTh  yBEJIMYCHHUE  HATYPAIbHOH  MOILIHOCTH
xommnaktHoii BJI B 1,2-1,4 pasa mo cpaBHEHHIO C
BEIMYMHON HaTypansHOW MoutHocTH BJI  06br4HOrO
(TpaZUIIIOHHOTO) HCTIOTHEHUS.

OU3NYECKAA CYIIHOCTD YCBJ

VYnpasnsiembie CaMOKOMIICHCHPYIOIIHECS
BBICOKOBOJIBTHBIC JINHUH 3JIEKTpONepeaull IepeMEHHOTO
Toka (YCBJI) MoryT OBITH BBITIOJTHEHBI B BO3AYIITHOM HITH
kabejbHOM BapuaHTax. Ha mepBbIX 3Tamax pa3paboTok
paccMaTpuBarOTCS ABYXIENHbIe Bo3aymHbie YCBJI, kak
Haubosee NOCTYIHbIE Ui MPAKTHYECKOTO UCTIONHEHHUS.

®usnueckas CyIHOCTh AAHHBIX JIMHUM COCTOUT
B TOM, 4TO Y HUX COJIIKEHBI MEXITY co00l TpéxdazHble
neny (IMyTeM IOIapHOro cONMKeHHs (a3 pasHBIX IeTeil)
Ha PAacCTOSIHUS, MHUHUMAJIbHO  JOIYCTUMBIE  IIO
JIEKTPUUECKON MPOYHOCTH BO3AYLIHBIX IPOMEKYTKOB
«paza-aza». brnaromapst stoMmy co3maercsi Oosblnoe
B3aUMHOE JJICKTPOMAarHUTHOE BIMSHME IIeNel Ipyr Ha
apyra. Ecmm o cOmwkenuss a3 pasHBIX —Iemei,
mapaMeTpsl a3 mene (MHAYKTUBHOE COIPOTHBICHUE,
€MKOCTHasl HPOBOANUMOCTH, BOJIHOBOE CONPOTHBIICHUE)

XapaKTepPU30BaAIIUCh TIPAKTHYCCKAM TOJILKO
COOCTBEHHBIMH 3Ha4YeHUAMH (Xo, bg, Z.,), TO mocie
CONMKEHUsT TOABISAIOTCS  B3aMMHBIE  COCTABIISIONIME
napamerpos ueneif, a umeHHo ( X, , bo,\,I v Loy ) H

PEIYIbTUPYIONIUE TMAPAMETPhbL (1)33 MNPUHUMAKOT HOBBLIC
OKBHUBAJICHTHBIC 3HAUYCHU A

Xos = X, + Xop * €795

[703 = bo - bom : 1“0].9; (10)
Ze=1Zgy+ Zey 290,
Beanuunbl B3AaMMHBIX COCTAaBJIAIOIIUX

COTIPOTHMBJICHUH B 3aBHUCHMOCTH OT CTENICHU COJFIKESHUS
nerneil MoryT cocTtaBisaTh 25-30 % 0T cOOCTBEHHBIX
3HaYEHUH yKa3aHHBIX MApPaMETPOB, & UX 3HAK 3aBHCUT OT
yrioBoro casura (6) MExAy MPOTEKAOUIUMH IO IEIsIM
Tpex(ha3HBIMU CHCTEMaMH BEKTOPOB TOKOB, KOTOPBIA B
pexuMme HaTypajbpHOW MomHOcTH BJI MOXkeT OBITh

NPUHAT ~ paBHBIM  BEJIMYMHE  YIJIOBOTO  CJIBUTa
NPWIOKEHHBIX K LemsiM  Tpex(asHbIX  CHCTEM
HaIpsHKEHUH.
Ipu 0=0° xaxxnas u3 a3 muaMN OyAeT ooragats

napaMeTpamH:

X 03=Xo+XoM;

b 03=bo — bowm;

Z 03=Zo+Zowm. (12)

Ipu 6=180° mnapamerpsl (a3 OyayT HMETh
CIICYIOIIHE 3HAUCHHS:

X 09=X0 —Xowm;
b o=Dbo + bowm;
Z 05=Z0 - ZoMm . (12)
IIpu  yrjax B muamazoHe O=0+180°
SKBUBAJCHTHbIE 3HAUCHHS IapaMeTpOB IPUHUMAIOT

MIPOMEKYTOYHbIE 3HAUCHHUS:
[Ipy TpHHATAM MHHUMAJIBHBIX JIOITYCTHMBIX
3HAUEHMSAX PACCTOSHUH MEXAy COJNIMKEHHBIMU (a3amMu
d.=(0,25-0,3)D, rme D — npuHMMaeMble Ha MpPaKTHKE
paccrosiHuss  Mexnay — (azamMu  OOBIYHBIX  JIMHHUH
9JIEKTpOIIepeiad TOTO JKe Kilacca HalpsDKEHHs, ylaeTcs B
YCBJI mpu 6=180° (120°) obecneunts Onaromaps
MUHAMAaJILHOMY npu 3TOM HWHIyKTUBHOMY
COIIPOTHBIICHHIO W MakCUMaJbHOH  €MKOCTHOM
MIPOBOANMOCTH CHIDKEHHE BOJIHOBOTO CONPOTHBIICHHS
¢daz3 wHa 30-40 % mO CpaBHEHWIO C HWCXOIZHBIMHU
3HAQUEHWAMH 710 cOmmKkeHns. B pesynprate 3T0
obecrieunBaer yBenmueHne Ha 30-40 % BeaMdIHMHBI
HaTypaJbHOM MOIIHOCTH JINHHUH, & COOTBETCTBEHHO M €€
MpPOMyCKHOW crmocobHocTH. Pexxum mpu 0=180° (120°)
HEOOXOAMM  TIPM  MAaKCUMaJbHOW  IepenaBaeMoi
MomHOCTH (Pp). Ilpm  yMEHbLICHHH MepeaaBacMon
MOIIHOCTH IleJiecoo0pa3Ho perynuposars yroia (6) B
MEHBUIYI0 CTOPOHY, @ B IIpeJelie IIPU XOJOCTOM XOe
JIMHUM - yCTaHaBIMBarh 3HaueHue §=0°. [Ipu stom dazsr
JUHAA O00NamaloT MHHAMAIBHOW YAENBHOM 3apsaHOi
momrocteio  (Qo=U%b,,), 4TO co31aeT BO3MOKHOCTH
obecriednTh MO /IePXKAHUE 3aJJaHHOTO YpPOBHS
HampsDKeHUsl  BAOJMb  JIMHMM TIPM  MHUHHMMAIbHBIX
BEJINYNHAX MOIHOCTH LIIYHTHUPYOLIUX PEaKTOPOB.
3HaueHMs YTIOBBIX CIBHUTOB MEXIy CHCTEMaMH
BEKTOPOB HarpsDKeHUH nernei MOT'YT OBITH
¢dukcupoBanubivu (0, 120, 180°), win peryaupyembIiMy,
KaKk TMoKa3aHO Ha puc. 6. Da3oBbIl CIBUT MEXIY
cHCTeMaMH BEKTOpOB HampspkeHuil uerneit (0° u 120°)
MOXeT OBITh CO3JJaH C IOMOIIbIO COOTBETCTBYIOIIMX
cxeM TmpucoenuHeHnss (a3 K IIMHAM  TOJICTaHILUH,
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yrioBoit  cmur 180° - ¢ mOMOIIBIO TPUMEHEHHS
TpaHc(opMaToOpoB C COOTBETCTBEHHO Pa3HbIMU IPYIIIaMH
COCIMHEHUS, a PEryIMpyeMblid B ipesenax 6+180° wnu B
JIPYroM JHama3oHe - C MOMOIIBIO (ha30peTynupyromux
YCTpOHCTB TpaHC(OPMaTOPHOTO I
aBTOTpaHC(HOPMATOPHOTO THUIOB. [IprMEHEHHE cpencTs
(ha30BOTO PETYINPOBAHUS B COUCTAHHUHN C YIPABISEMBIMU
YCTpOMCTBAMH KOMIICHCAI[MH TIO3BOJIIET OCYIIECTBISTH
rIIy0OKOe peryanpoBaHHE SKBHBAJIICHTHBIX IapaMeTpPOB
JNEeKTpOoNepeadl BO BCEX HOPMAIBHBIX U aBapUIHBIX
pexxumax paboTsI JIEKTPONepeIauH.

OCHOBHBIE TEXHWYECKHUE PEIIEHHS MO
CO3JIAHUIO JIBYXIEMHBIX "
MHOI'OLIENHBIX YMOPABJSIEMBIX BJI C
HUCIMOJb30BAHUEM DJ®®EKTA B3AUMHOM
CAMOKOMNEHCALIUY MTAPAMETPOB LIENEN

Hcnonp3ys OCHOBHBIE MOAXONBI K CO3JaHUIO
OJIHOLIENHBIX KOMIIAKTHBIX BJI Moker OBITH crenad

CIAeNYIONMA IIar K CO3JaHHMI0O  JABYXIENHBIX U
MHOTOILIEITHBIX KOMITAaKTHBIX BJI.

Haubonee  mpocThiM  CcHOCOOOM  SIBIISIETCS
Cco37aHue MHOTOIICTTHBIX KOMITaKTHBIX BJI c

(UKCUPOBAHHBIMH IIapaMeTpaMu Tpex(azHBIX Iemnen
ITyTeM PAacHOJOXEHUS Ha OJHOM omope IBYX M Oojee
OJIHOLIEITHBIX KOMMAKTHBIX BJL.

BapuaHnTel pacnonoxeHuss KOMIAKTHBIX Lenen

Ha OHHOﬁ Ornope MOryT OBITH pa3aniHbIMu — C
TOPU3OHTAJIBHBIM PACHOJIOKCHUCM (1)&3, TPCYTOJbHBIM H
MMPOU3BOJILHBIM.

Ilpy 5TOM WHCHOMHEHWH MapaMeTpbl KaKIOou
KOMIIAKTHOM HEIH SBISTIOTCS HE3aBHCHMBIMH OT PEKUMa
JIpYTUX KOMIIAKTHBIX IIeTel, a MPOIMyCKHas CIIOCOOHOCTH
JNEeKTponepeadl B IEJIOM  OIPENesIeTcss CyMMOH
MIPOIYCKHOM CIIOCOOHOCTH HETIECH.

BrimonHeHHBIE WCCIENOBaHUSA M pa3pabOTKA
MoKaszaly, 4YTO B ciydae HEOOXOJUMOCTH CO3/aHHMs
MHOTOLICITHBIX KOMIAKTHBIX BJI Gojee menecoobpasHo
NPUMEHCHUC YHPABJIAECMbIX CAMOKOMIICHCUPYIOIUXCSA
BBICOKOBOJIbTHBIX JTUHUI anekTponepenadn (Y CBJI).

U, YCBI

U,
- -
’ é
yiup YIiip yup
(104 DITY
U, om+90° YCBI U,
:) o
0) 83 -90°
DIIY ony

P

¥

Puc. 5. [IsyxnienHast kommaktHast Y CBJI:
a) - ¢ YIIIP; 6) - ¢ YIIP u ®IIY.

BbifOD COOTEETCTBYHILLMK CKEM
NPHCOEAHHERHMA K LWUWHEM NOACTE LKA

BAPUAHTBHI KOHCTPYKIIU W CXEM
KOMIAKTHBIX YIIPABJIAEMBIX
CAMOKOMIIEHCHPYIOIUXCA
JABYXIEITHBIX BJI (YCBJI)

[TpuMeHeHHBbIE CXEMHbIE PEIEeHUs JIBYXIIEMHbBIX
komnakTHeix YCBJI nosicusitoress Ha puc.5 m 6. Jns
YCBII NpeaycMaTpUBaeTCd  MNPUMEHEHUE  CXEM
JIMCKPETHOTO PEryIMpOBaHMs YIJIOBOTO CABUTA MEXIY
CHUCTeMaMH BEKTOPOB HampspkeHHi B mpenenax 0-120 °,
IIyTEM CXEMHBIX NEPEKITIOYCHUH, NIIN HETIPEPHIBHOTO — B
nunanazone 0-180 ( 120)° ¢ momormpo  (Hha30ITOBOPOTHBIX
ycrpoiicts ( PITY), ( puc.6).

B  oboux  BapmaHTax cxeM YCBII
pexycMaTpuBaeTCs IpUMEHEHNE YIPaBIIEMBIX
IIYHTHPYIONINX  PEaKTOPOB (YIIP). OcHOBHBIE

KOHCTPYKTHUBHBIE ocobeHHocTH YCBIJI coctosit B TOM,
gro nermn YCBJI, kak mpaBWJIo, pacroyiaraloTcs Ha
obmmx omopax (OOHO, [BYX, YETHIPEXCTOCYHBIX),
BO3MOJKHO pAacIIOJIOKEHHE Iap COMDKeHHBIX (a3 Ha
oTAenbHBIX omopax. COmmkeHHble (a3bl B TpojeTax
(UKCHPYIOTCS JPYr OTHOCHTENBHO Jpyra C IOMOILBIO
HU30JIIUOHHBIX  JJIEMCHTOB — THUPJAHA HU30JATOPOB
(cTsKeK) MM M3OJIALHMOHHBIX PACHOpOK, KOTOpPBIE MpU
BO3/IeHICTBUM HEOIArONPUSITHBIX aTMOC(EPHBIX (PaKTOPOB
NPaKTHYECKH CHUMAIOT NpoOieMy IUISICKM M BUOpanuu
IIPOBOIOB JMHUH. Bo3zmoxHBI BapUaHTHI
HETPaJUIHUOHHBIX IOJBECOK (a3 Ha OIOopax, YTo IpHU
OTIPEJETICHHBIX PACUYETHBIX YCIOBHUIX MOXKET 00E€CHeUUTh
PpaboTOCIOCOOHOCTh KOHCTPYKINIA CONMMKECHHBIX (a3 0e3
YCTQHOBKM MEXAY HHMH B TIPOJETax H3OJSIMOHHBIX
JJIEMEHTOB.

Hwke Ha puc 7-9. mokasansl pa3paOOTaHHbBIE
BapUaHThl KOHCTPYKIMH YNpaBiIsieMbIX KOMIIaKTHEIX BJI
( YCBJI). Bapuanr apyxuenuoid  kommaktHoit YCBJI-
110 kB peanu3oBan ¥ HaXxoxUTCs B SKCILTyaTaluu Oojee
30 ner B sHeprocucreme Monnossl. IlepBriif yuacTok
YCBJI-110 kB mocTtpoeH Ha OZHOCTOCYHBIX OIOpaX, a
BTOpOI — Ha JBYXCTOECUHBIX omopax (puc.7). PaccrosHue
MeXIy COMMKeHHBIME (ha3aMH Pa3HBIX IIeTeil Ha omope
NPUHSTH 2,2 M, a B IPOJIeTe, Onaroiapsi yCTaHOBJICHHBIM
CTATUBAIOMIAM THUPJSHIAM H30JTOpoB - 1.1 M. Obmas
npotskeHHocTs YCBJI-110 kB cocraBnsieT 54 km.

PerynupoeaHue yrnoeoro caeuvra $as anextponepesaqm

Cnocofbl 4OCTHKEHHA $E30B0T0CABHIA CHCTEM HANPAKERHA Lened

YCTaHOBKE COEACTE $as0soro
PEMYIHpPOBAHHA

AUCHKPETHOE PETyTHPOEAHVE YTI4

o

PETYTHMPOEANME YT/
E ITMPOKOM JHATIE0HE © IIOMOIERD
thazopery TP VEOOIL: YCTPOTETE M CTPOTICTE
=0 - mxmou=uu B, 1B, (B; omamoven) - h FACTS -

0°/120°

8=120¢ - sxmousi B, 1 B, (B, omamousi)

Puc.6. Cxembr qyxuenasix Y CBJI ¢ nuckpeTHsIM 1
HETPEPHIBHBIM PETyJIUPOBAaHHEM TAPaMETPOB
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Onebit pabotsl qanHoi YCBJI monoxwurenen. Hatypusie
9KCHEPUMEHTHI MOATBEPAMIN IPABUIBHOCTh PACUETHBIX
apaMeTpPOB U PEXKHUMHBIX XapaKTEPUCTHK.

B deabla-ciresit 173 K9 CSCEIL with the
fousle-posti towers.

Puc. 7. OmsrrHO-nipoMeinuienHas YCBJI-110 kB B
MongaBcKoi 3HEPTOCUCTEME.

Wi 8 =

Ll —— T

Puc. 8. IIpomesxxyrounas onopa YCBJI -500/500 kB Tuma
«Yaiika» Ha OTTSDKKax

Benmunna HatypaneHOit MomHOcTH YCBJI-110 B B 1,3
pa3a BBIIIC B CPAaBHCHUU C IBYXICNHbIMU BJI 00bI19HOTO
THUIIA.

JABYXUEITHBIE YCBJI 220-330 KB

Ha ocHoBe aHanM3a  OTEYECTBEHHBIX U
3apyOeKHBIX pabor B oONacTH KOMHOAKTHBIX BJI
mpeajaraeTcsi HCHojb30BaTh BapuaHTel BJI  HOBoro
TIOKOJICHHSI:

— npyxuenHas kommakTHas YCBJI 220kB ¢
nmpoBojlaMH B pacmieruieHHbIX (azax 2xAC-300/66 ¢
TOPH30HTAJIBHBIM pacroioxenueM da3 (puc.10);

— meyxuennas BJI 220 kB ¢ mnpoBogamu B
pacuierieHHbIX (azax 2XxAC-300/66 ¢ pacrojoKeHueM
¢da3 Tana «IeapTay, KOTopas MOKET OBITh BBITOJHEHA C
NpUMeHeHneM orop tuna «Yaiika» (puc.11).

20,7
13,7

26,7

34,0

Puc. 10. Onopa aByxuennoit komnaktHoi Y CBJI 220 kB
C TOPU30HTAILHBIM PAaCHOJIOKEHHEM (a3

17,3

12.3

2,5

|

b

lof

Bl‘ Bz
I

AN
|
|
|
|
|
|

C, Co

36,2
kAl

2,7

/ \

Puc. 11. Onopa neyxnennoit YCBJI 220 kB «Yatika»

9 JHEPTHA
ENWHON CETH N3 (14)
MIOHb - HIONb 2014

BEJIMYUHBI HATYPAJIbHOR MOLUHOCTH BA1 220 KB
PA3JIUYHBIX THNOB

Dleyxuennas KoMnaxkTHaa -
ynpasnseman BN
Reyxuensan koMnaktHas BN 514

Jeyxuennas Bl TpaanumokHoi 16
KOHCTPYKUMH

OpHouenian koMnaxTHas BN 93

Onnouenas BJl TpaauumonHoR 150

0 100 200 300 400 500 600

Puc. & BennunHa HaTypankHOK MowHOCTH, MBT

Puc. 12. Bennuunsl HatypansHoit MomiHoctd BJI 220 kB
Pa3IUYHBIX TUIIOB

[IpuBenennpie Ha puc. 12 naHHBIE TOKA3BIBAIOT,
YTO BEIMYMHA HATYPaJIbHON MOIMHOCTH KOMITAKTHBIX
onHOUEMHBIX W AByxmenHeix BJI 220 kB mouTtu B 1Ba
pasza Bole, 4yeM y BJI TpaniuinoHHON KOHCTPYKLMH.

OCHOBHBIC yJIICJIbHBIC MApPaMETPhl  JIBYXICIHOM
YCBJI-330 kB mnpuBenenst B Tabmuie 1. [laHHBIiH
Bapuant YCBJI Obu1 HMCIIOJB30BaH B PacyeTHOH cxeme
3aMEIICHUST JHEProCUCTeMbl MOJIOBBI, YKpauHbl |
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Pymbrauu npu BrmroueHuu B ee coctas Y CBJI-330 kB na
yuactkax CyuaBa-benbupl- PeiOHuna- Korosek- HOxHO-
VYxkpaunckas ADC.

Tabnmma 1. [TapaMeTpbl KOMIAKTHOM JBYXIICTTHOM
YCBJI-330 kB (B pacuere Ha 0IHY IIeTIb)

ITapametp HaumenoBanue YCBJI 330 kB
Cyuas Banue- KotoBck-
a- Pri6HnIa IOxHo-
Banus Ykpaunc
kasg ADC
JnmnHa, kM 128 104,4 150
R, OM/km 0,032 0,032 0,032
X, Om/km 0,22 0,22 0,22
B, MKCM/K -5,57 -5,57 -5,57
M
Z, Om 198,3 198,3 198,3
Pu, MBT 664,6 664,6 664,6
R,Om 4,096 3,34 4,8
X, Om 28,16 22,96 33,41
B, MkCM -712,96 -581,5 -846,1

KOHCTPYKIUA U TAPAMETPBI BAPUAHTA
JBYXIIEITHOM YCBJI-500 KB.

B  kauecTBe  KOHCTPYKIIMM  OMOPBI  JUIS
neyxuenHoit YCBJI-500 kB mnpunara nByxcroeuHas
MopTalibHAasE METAJUIMYECKas Omopa, NMOKa3aHHAs Ha PUC.
12. JlanHass KOHCTPYKHOHs OMOpHI OblIa pa3zpaboTaHa
CeBepo-3anamaeiMm  Otmenenmem BITIM uw  HUU
«DHEProceThIPOCKT» MO UCXOAHBIM TaHHBEIM MHCTHTYyTa
sHepretukd AH MosnnoBel.

s BeiOpanHoro Bapuanta YCBJI-500 B
NPeAyCMOTPEHO FOPHU30HTANIbHOE pacroiioxkenue ¢as. Ha
OIope  PacCTOSIHUE MEXIYy COJVDKEHHBIMH — (ha3aMu
NpPUHATO paBHBIM 5,5 M. B kaxaoM 1mposjere Ha
pacCTOSHUM OT OINOp Y UIMHBI IIPOJIETa YCTAHOBJICHBI
CTSATHBAIOIINE W3OJIALHMOHHBIE 3JIEMEHTHI, C MOMOIIBIO
KOTOPBIX PAacCTOSHHE MEXIy COMKCHHBIMH (a3aMu
ycraHaBiuBaercs paBHeIM 4,0 M. Ha puc. 8  Obmn
MPeJCTaBICH BapHaHT IPOMEXYTOYHOH omopser 500/500
kB tuna «Yaiika» Ha OTTsKKax. JIaHHBIA TUI ONOPBI
TaKXKe MOJKET paCCMaTPUBATHCS KaK MEePCIIEKTUBHBIH.

B kawgectBe mpoBomoB i1 YCBIJI-500 B
npusstel  npooja AC-240/39. Paccmotpensl jiBa
Bapuanta YCBJI-500 kB. [Ins nepBoro — xaxkmgas Qasza
SBISIETCST PAcUICIUIEHHONH Ha 6 COCTaBISAIOIMX |
conepxut npoBona 6xAC-240/56; paguyc paciienyieHus
NPHUHAT paBHbIM 1,=0,5 M, 11 Broporo 5xAC-240/39, ¢
pamuycom pacmemnenus r1,=0,34 M. Kpome storo,
PacCMOTPEH BapHaHT pPACHIEIUICHHON (a3wl, cocrosimei
n3 mpoBogoB 6xAC-300/39, ¢ pagmycoMm pacmierieHHUs
r,=0,34 M. Bpibop TNpoBOJOB U  KOHCTPYKIMH
pacmeruienHol ¢assl YCBJI-500 xB ocymecTBieH mno
JIeHcTByIOIIEed MeTonuke ¢ yuyetom ycioBusi E<0,9 E,,

rne E, — MakcuManbHas BeJIMYWHA HANPSIKEHHOCTH
JJIEKTPUYECKOTO TOJISi Ha TMOBEPXHOCTH MPOBOJOB
(cpemnee ammuuTyaHOEe 3HaveHue), E, — BenuunHa
HaTIPSKEHHOCTH ANEKTPHYECKOTO OIS,

COOTBETCTBYIOIIAs HAYaTy BOSHUKHOBEHHS KOPOHBI.

[Tpu BEIOpaHHOM KOHCTPYKIMH MPOMEKYTOUHON
MOPTAIbHONH OMOPHl W TNPHUHATHIX T'C€OMETPHUUECKUX
pacCTOSHUAX OBUIH pacCUMTAHBI MApaMETPHI IBYXLEITHOMH
YCBJI-500 kB. Ux 3nauenus mis Bapuanta Y CBJI-500
kB ¢ nmpoBogamu 6xAC-300/39, npuBeneHs! B Taduuie 2.

Tabnuua 2 PacuerHbie mapamerpsl ayxuentoi YCBJI nanpspkernem 500 kB (¢ nposomamu 6xAC-300/39, d,,,=24 mm)*

Haumenosanue napamempos Eoun. YCBJI, 6 yenom | Ha oony yenv | Yoenvuvie na
usMepeHsl ¢azy
Hanpsoxenue 500 500 289
Iposoxa hasel 6xAC-240/39 6xAC-240/39 | 6xAC-240/39
KonnyectBo a3 6 6 1
AKTHBHOE CONpOTHBJICHUE (a3bl (T,) OM/kM 0,0099 0,0198 0,0198
Pannyc pacmieruienns dassl 0,4 0,4 0,4
Paccrosiane Mexry COIMDKeHHBIMHA (azamMu 4,0
Pacnosnioxxenue ¢a3 ['opusoHTaNBHOE
VY nenbHOE HHIYKTHBHOE conpoTusieHue das3 (X,):
npu 0=0° OMm/kM 0,1797 (0,181)* 0,359 0,359
npu 6=120° Om/kM 0,0947 (0,097) 0,189 0,189
mpu 6=180° Om/kM 0,0818 (0,0839) 0,1636 0,1636
VnespHas eMKOCTHas IPOBOIUMOCTH (a3 (B,):
pu 0=0° Cwm/km-107® 6,68 (6,59) 3,34 3,34
npu 6=120° Cwm/xm-107° 11,789 (11,5) 5,89 5,89
npu 6=180° Cwm/xm-107° 13,49 (13,14) 6,745 6,745
BousHoBOE conportuieHne Gpas (Z,):
npu 6=0° OM/kM 164 (166) 328 328
mpu 6=120° Om/kM 89,75 (91,9) 179,5 179,5
mpu 6=180° Om/kM 77,9 (80) 155,8 155,8
HarypanbHasi MOIIHOCTb, (S;)
npu 0=0° MBrT 1522 (1504) 761
npu 6=120° MBA 2779 (2714) 1389
npu 6=180° MBrT 3197 (3117) 1598,5
VY aenpHas 3apsiaHas MOITHOCTH (Qc)
pu 0=0° MBAp/xm 1,674 0,837 0,279
mpu 0=120° MBAp/xm 2,946 1,473 0,491
mpu 0=180° MBAp/xm 3,378 1,689 0,563
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B ckobkax mpuBenens! nannsie s Y CBJI-500
kB ¢ nposomamu B dazax 6xAC-240/56, d,, = 22,4 mm,
paauyc pacuieIieHus r,=0,4 M; AKTuBHOE
conpoTuBieHne TIpoBoaa 1,=0,1218 OM/kMm.

JlanHble, MpUBeICHHBIC HA puc.13 u B Tabmwuie 2,
MTOKA3BIBAlOT ~ OOJBIIYI0  3aBHCHMOCTH  OCHOBHBIX
mapameTpoB YCBJI ot yria cisura (0) cuctem BEKTOpPOB
HaTIpSDKCHAH CONMMKEHHBIX IeTlell MpH peryiIupOoBaHUH

yria (0) B npemenax or 0 mo 180°. Drto M3MeHeHHe
JIOCTMTaeT NOYTH JBYXKpPAaTHOH BeNWYMHBI. JlaHHBIE
cBoiictea YCBJI 1enecooOpa3HO WCIOJIB30BaTh IS
yIpaBIeHUS MapaMeTpaMH PeXuMa 3JIEKTpolepesadu u,
B MEPBYIO OdYepenb, ISl PETyIMPOBaHMS 3apsOHON
MOIIHOCTH JIMHUM C I[EJbI0 MOJJEpXKaHUIA TpeOyeMoro
YPOBHS  HAamNpsDKCHHS BIONb JHHUM TIPH H3MCHEHHH
BEJIMYHUHBI ITepeIaBacMOil 110 HEH MOIHOCTH.

KOHCTPYKLIHA 3 f—%2 1 no :
- B 17 .' hE-
/]\ Pe:zrmil )\
-‘1 cml & =0 :.1’ r_.-r
Jau £ 3
JBy e MHAT yIIpI5TLE6 A X 5 o "
Caro sn HITese Hp yEARC X )\ Peagma?
BII500 xB (FCBJI-500 x) oye=alr d
1 - e
" Pesron 3
o =121, o
a c" B -
~ F 5.’{ 5 et
¥ o wim =180"
IMaparerpriBII A € * e
| Boranor Harypam iod
— rf':'a Qil i o [ — newiee | MoumecTs (SBE}
i i B i S ommen e, ——
o - | 7] | MET
[ 1 237 [ 8167
g | 2 1058
1 SwAC-240000 nowcE | 00— T
[ 4 1606
L 1 - .
u - . [ 146
2 EAC- 24056 40 00112 04 3 1554 5
4 17582
1 e
£ 3 ] 1305
3| exac-zéose oouz | 08— S
| 4 1559

Conocmaenenue eapuanmos BJI- xomnakmuwix
YRPABNAEMBIX U MPAOUYUOHHBIX

OCHOBHBIMHU YCIIOBUSIMU TIPH COIIOCTaBICHUU
BapuaHTOB BJI ABIIsIOTCSA Ciieyromue:

- coOmojeHue — NPHUHATHIX  JOIMYIICHHUH,
OJIMHAKOBBIX AJIS BCEX paccMaTpHUBaeMbIX TUIIOB B BJI;
- B KauecTBe JIy4ulllUX, TNPHHUMAIOTCS

onHouemnHsle komnakTHele BJI n xommaktHele YCBII (B
pacueTe Ha OJIHY IIeTIb), KOTOpPHIe 00JIaialoT HanOOIbIIei
BEJIMYMHOHN HaTypansHON MomHOCTH (PHAT).

3amaya COCTOMT B TOM, 4YTOOBI C ITOMOIIBIO
JIOTIOJTHUTEIBHBIX ~ CPEICTB KOMIICHCAIIUM  YBEJIHMYHUTH
IPOITYCKHYI0 ~ CIIOCOOHOCTh  TPaAMIHOHHBIX BJI 1o

Uy, VIIK VIIK U,
| e BI W |
I Al Al I
yzp yu=1P vuip
U’I BJI IU2
I I
6)

ymp uPM pglitg UPM VYLUP

Puc. 14. OGbrunsle oxHonenHsie BJI: a) - ¢ YIIK
n YIIP; 6) - c UPM u YIIP.

Puc. 13 ITapamerpsr YCBJI-500 kB

YPOBHA KOMIAKTHBIX  OJHOLENHBIX M JBYXLENHBIX
YCBIJI (B pacuete Ha OIHY IIETIb), H, B UTOTE, OMPEICITUTh
MOIIHOCTh U CTOUMOCTb 3THUX CPEJICTB, KOTOPHIE CIEAYET
paccMmaTpuBaTh Kak JOMOJHUTENbHbIE ISl 00bIYHBIX BJI,
YPaBHUBAIOIMX UX C KOMIIAKTHBIMM yrpaBiisieMbiMu BJI.
Benuunna 3THX 3aTpaT MOXKET paccMaTpUBaThC Kak
SKOHOMHS CPEACTB MPU UCIOJIb30BAHUU KOMITaKTHBIX BJI
II0 CPaBHEHHUIO ¢ 0ObIYHBIMU. IloKa3aTeneM MPOMyCKHOM

CIIOCOOHOCTH OpUuHATa BCIIMYMHA HaTypaJ'IBHOﬁ
MOIITHOCTH.

HpI/IHLII/IHI/IaHBHLIC OI[HOJ'II/IHCfIHBIC CXCMBI
00buHbIX  BJI C YCTaHOBKaMHU KOMIICHCallun n

peryJMpoBaHus IPHUBE/ICHBI HA pUCcyHKax 14-16.

eny  u, YIK VIIK U,
w B |
I Al Al I -
» gﬁ
viup vip vip

ony U,

METET)

Yiup WPM YUIP I/II;M Yiup

U,

Puc. 15. O6brynsie ognouenssie BJI : a) - ¢ VIIK u
VIIP u ®ITY;0) - ¢ UPM, YIIP u DITY.
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VUIP YIIP VIIP VIIP VIIP YIIP

@ny

{r-
6)%

yup

y HPM _Yl.l.ll:
Puc. 16. O6prunbie nyxuenusie BJI: a) ¢ YIIK u YIIIP;
0) c UPM, YIIIP u ®PT

HPM  yiIP

HtoroBele  naHHBIE  CONOCTABUTENIBHOIO  aHaIM3a
paccmoTpeHHbIX BapuanToB BJI BJI  110-750 kB
npuBeneHsl B Tabmuie 3. CorjaacHO NpHUBEICHHBIM BHIIIE
obocHoBarmAM 3aTpaTel Ha PIIY, npeaHasHaueHHBIC TS
pETYIHpOBaHMS BEIMYMHBI W HANpPABICHHS IIOTOKOB
MOIIHOCTH,  mepegaBaemMod mno  BJI,  mpuHATH
OJIMHAKOBBIMU JJISI PACCMOTPEHHBIX COIIOCTaBJISICMbIX
BapuaHToB BJI (B pacuere Ha OJHY Liellb), U IO3TOMY B
CYMMApHbBIC 3aTpaThl HC BKIOYCHBI.

Tab6ymma 3 JlaHHbIE 5)KOHOMHUYIECKOTO CONIOCTaBJICHMS BapuaHToB BJI pa3nuyHBIX THIIOB

No HaumenoBanue nokasareneit En. Hanpsoxenne BJI, kB
n/m n3me 110 220 330 500 750
p.
1 2 3 4 5 6 7 8
1. Hanpspkenne BJI kB 110 220 330 500 750
2. VY nenpHas skoHOMHs 3atpat 3a | Teic.$ | 0,998- 13,296- 24,75- 76,04- 133,7-
CUeT CO3JaHUs ONHOLEIHBIX | /KM 0,92 12,56 24,57 75,57 132,09
kommakTHEIX BJI mo
CPaBHEHUIO C OJTHOLICITHBIMHU
BJI o6erunoro tuna ¢ MIPM
wi Y1IK (perynupyembiMu)
3. VY nenbHast 5JKOHOMHUS 3aTpar 3a | Thic.$ 1,996- 26,592- 49,5- 152,08- 267,4-
CYET CO3JaHUsI KOMIIAKTHBIX | /KM 1,84 25,12 49,14 151,14 264,18
nByxuenseix YCBJI o
CpPaBHEHUIO C IBYMS
onHonensasMu BJI 00sr9HOTO
TUMa ¢ peryiaupyemsiMu UPM
niu YIIK
4, VY nenpHast SKOHOMHS 3aTpPaT 3a | ThIC.$ 0,796 10,637 19,8 60,836 106,95
CYET YMEHBIIICHUS CTOUMOCTH | /KM
VIIP Ha ABYX1IEMHBIX
kommakTHEIX YCBIJI ¢ ®ITY
5. VY nenbHas cymmapHas te1C.$ | 2,792- 37,229- 69,3- 212,916~ 374,35-
SKOHOMHMS 3aTpaT 3a CUeT /KM 2,636 35,757 68,94 211,976 371,13
CO3JIaHMSI KOMIIAKTHBIX
nByxuenseix YCBJI o
CPaBHEHHUIO C JIBYMS
oxHouenHsIME BJI 00b4HOTO
TUMa ¢ peryaupyemsiMmu UPM
niu YIIK
B pacuerax B KayecTBE WCXOJOHBIX OBUIM TNPH  CO3JaHUM  OJHOLCHHBIX  KOMMAakTHeIX  BJI

IOPUHATBHL CIEAYIOIIME JaHHBIE YJIEJIBHOW CTOUMOCTH
CPEICTB KOMIIEHCAIMY U PETYJIUPOBAHUS:
UCTOYHHMKM peakTuBHOM MoimHoctn Tuna VPM (CTK)
~50  eBpo/kBAp; YIIP - 25 eBpo/kBAp;
Heperymupyembie YIIK (konnencatopusie 6atapen — Kb
U HEYNpaBIAEMOW TPOJOIbHON KomreHcanmuu) 15
$/xBAp; ®ITY - 40 $/kBA.

IIpu BBIIIOJTHEHUH CONOCTaBIEHUI
HCTIONB30BaHbl HEKOTOpBIE JaHHBIE M3 JHUTEPATYPHBIX

HCTOYHUKOB [21-23].
Ha ocHOBaHMM pmaHHBIX, TIPUBEICHHBIX B
tabnuue 3, mocTpoeHsl Ha puc. 17 3aBUCHMOCTH

9KOHOMHUH YACIBHBIX KaMUTANBHBIX 3aTpaT (ThIC. $/KM)

(3aBucuMoOCTh 1) M OBYXHIENHBIX KOMIAkTHBIX YCBIJI
(3aBucuMOCTh 2 Ha 00e Ilenu) mo cpaBHeHHi0 ¢ BIJI
0OBIYHOTO THIA - OJHOLEINHBIX W JIByXICIHBIX,
COOTBETCTBEHHO, TPH  MNPHUHATHIX  COINOCTaBUMBIX
YCIIOBUSIX.

Pezynomamur conocmagnenus paznuunvix eapuanmos BJI
YCcrnoBus COoCTaBICHHUS:
- omgHOIenHBIX KOMITAkTHEIX BJI ¢ BJI 00bI4HOTO
THMa C TPUMEHEHHEM HAa HUX JOMOJHUTEIBHBIX
YCTPOMCTB KOMIICHCAIIMK JUI1 YBEJIWYEHHS HATypaJbHOU
MOIITHOCTH JI0 YPOBHSI KOMITAaKTHBIX;
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- AByxuenHblx kommnakTHeix YCBJI — ¢ nBym
IByXUenHbIMA BJI 0OBIYHOTO THIIA C YCTAHOBKOW Ha HHUX
JIOTIOJTHUTETbHBIX YCTPOICTB KOMIIEHCAIUH,

- Ha Bcex BJI oOecmeunmBaercsi peryiInpoOBaHUE
HalpsDKEHUST BAOJb JIMHUM NPU W3MEHEHHUU BEJWYMHbI
IepeaBacMoil MOILMHOCTH OT 3HAu€HUs HaTypajlbHOU
MOIITHOCTH JI0 XOJOCTOro Xo0ja ¢ moMoiiso YIIIP;

- a8 OpUIAHUS BCEM  paccMaTpUBaEMbIM
BapuaHTam BJI (yHKIMHA peryaupoBaHUsS BETHYMHBI U
HaMpaBJICHUs MEPEAaBAEMbIX TI0 HUM MOTOKOB MOIITHOCTH
IS BCEX BApHAaHTOB MpPEIyCMATPUBAETCS YCTaHOBKA
¢dasomoBopoTHBIX  ycrpoiictB  (DIIY),  MoIIHOCTH
KOTOpPBIX IIPUHATA PAaBHOM BEIMYMHE HATypalbHOU
MOIIHOCTH BJI, Kak pac4yeTHOI MOIIHOCTH,
nepenaBaeMoii no BJIL.

- OTHOLIEHWE  BEJIMYMHBI  YCTAHOBJICHHOM
MomHocT PIIY K 3HaYEHUIO HATypajJbHOW MOILIHOCTHU
1151 Becex BapuanToB BJI onqunakoBo;

- JUI1 BO3MOXKHOCTH OCYIICCTBICHHSA (Pa30BOTO
peryiIupoBaHUsl BEIUYMHBI U HalpaBJeHUs MEpeladyu Mo
BJI momuoctu Bo Bcex Bapuantax ®IIY Brirouarorcs
MOCJIEZIOBATEIIFHO B JIMHUIO, CO CTOPOHBI OTIPABHOHN WIIH
MIPUEMHOM MOJICTaHIINH;

- s aByxuenHeix YCBJI He BbIXOAS U3
yCJI0BUSl cyMMapHoi BennunHbl MoutHocTH PITY, paBHOMH
HatypanbHOH MomHoctTn YCBJI B memom, O®ITY
YCTaHaBJIMBAIOTCS HAa Ka)KJOM LIETIM B Havajie U B KOHIIE,
YTO TIO3BOJISIET YIPABIATH IIOTOKAMHU TepeaaBaeMoi
MOIIHOCTH, W TaKXe PEryJIHpOBaThb BEIWUYMHY M 3HAK
B3aHMHOTO JJICKTPOMArHUTHOTO BIHUSHHSA COJMKECHHBIX
LENeH, U IPU 3TOM O00CCIICYUTh TAKXKE JOTOIHUTEIHHYIO
9KOHOMHMIO YCTaHOBJIEHHON MowHocTH YIIP.

[lony4eHHble pe3yabTaThl SIBISIOTCS HAIJISIAHBIM
CBUJETENBCTBOM TOT0, YTO KOMIIAKTHBIC YIIpaBIIsIEMbIE
onHouenHsle BJI M KOMDakTHBIE  yIpaBisieMble
meyxnenaeile YCBJI  (a Takke — ympaBisieMble
MHoTonentHble BJI) co3mal0T BO3MOXKHOCTH CO3JIaHUS
9JeKTporiepesad C HOBBIMU KadeCTBAMH W JIOCTHXKEHUS

IIpU  3TOM 3HAYUTEIIbHOW JKOHOMHUHM KalUTaJIbHBIX
BJIOYKEHUH.
3AKJIFOUEHHUE

1. Pe3ynmpTaThl NPOBEJACHHBIX HAa KOHKPETHBIX
MpuUMepax HCCIIeIOBaHUN OTpaxaloT  3((HEKTHBHOCTH
MPUMEHEHHUST B DHEpProcucreMax KoMmmakTHeXx BJI 110,
220, 500, xoTOpBle MO CPaBHEHHUIO C TPAJTUIMOHHBIMHU
ANeKTponepeadaMy TI03BOJIIOT:

- moBeicuTh B 1,3-1,6 paza TPOMyCKHYIO
crocoOHOCTh BRICOKOBOJIBTHBIX JIMHUH U 3JIEKTPOCETEH;

- CYNIECTBEHHO YJIY4YLIHTh PEryJIHPOBOYHBIC
CBOICTBA 2JIEKTpoIIEepeay;

- CHU3UTH YJCJIbHbIC KallMTaJIbHBIC 3aTpaTbl Ha
CTPOHMTENBCTBO B pacueTe Ha EJUHMIly IepegaBaeMoil
MOIITHOCTH B mipesenax Ha 15-30%;

- YMCHBIIHUTH IOTEPH
9KCIUTyaTaI[MOHHBIC 3aTPaTEHI;

- YIIYYIINTE 3KOJIOTHYECKHE MOKA3aTeIH 3a CUET
cokpamieHuss Ha 20-40%  3eMenbHBIX  IUIOLIAJEH,
OTBOAMMBEIX TOJ  cTpouTenscTBO BJI, a  Takke
YMCHBIICHUS HATPSKEHHOCTH AJIEKTPOMArHUTHOTO TTOJIS
B Kopupope npoxoxiaeHus BJI m BOmM3m rpaHun 30H
OTUYXKICHUSA.

QJICKTPOSHCPIUA U

00CCIICUMBAIOIINX  YBCIMYCHHE  HMX  HATYypPaIbHOM
MOIIIHOCTH JI0 YPOBHS ABYXIUEeNMHON KoMmakTHOH YCBII;

BaxxHbIMM Takke SBISIOTCS JONOJHUTEIIBHBIE
mpeuMyliecTBa paccMmarpusBaeMblx BJI HOBoro tuma mno
CPaBHEHUIO C OOBIYHBIMM B 4YacTH YIpaBIICHHS
peXuMaMy, IOBBIIICHUS  HAJEKHOCTH, CHUKCHHUS
9KOJIOTMYECKOT0 BIMSAHUS, a TAKKE YKOHOMHHU 3€MEJIbHBIX
Yroauii, OTBOAUMBIX IIOA cTpoutrensbcTBo BJL. Vuer stux
JIOTIOJTHUTEIbHBIX MPEUMYIIECTB CHoCOOCTBYeT
JIOCTH>KEHUIO COOTBETCTBEHHO ele OoutbIeit
HSKOHOMHYECKOH W  TeXHHUYECKOH  3(PQPEeKTUBHOCTH
KOMIAKTHBIX  YIPaBIAEMBIX  JJEKTponepenad Mo
cpaBHeHUIO ¢ BJI 00br9HOTO THITA.

Puc. 9. IKOHOMMA YAEABbHBIX KANUTa/bHBIX 3aTPaT NPU
€037aHNM KOMNAKTHBIX OZHOLENHbIX B/ (3aBUCMMOCTb 1) M
ZBYXLENHbIX KOMNAKTHbIX YCB/T (3aBHcMMOCTb 2) 38 CueT
PasHOCTH CTOMMOCTH CPeACTB KOMMEHCALMM W PEryMpoBaHuA
N0 CPaBHEHMIO C 0BbIYHBIMM OFHOLENHLIMH U ABYXLEMNHbI

400

350 ,
300 /
250 /

w .
" ey d
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VaenbHaa 3KOHOMMA 3aTpaT, Tbic. S/Km

Puc.17. DkoHOMUS YACIBHBIX 3aTpaT P CO3JaHUU
KOMIIAKTHBIX OJIHOLETIHBIX U IBYXLEHHbIX BJI

2. PaccmoTpenHsbie
TEXHMYECKHX  pelleHnd B oOmactn  co3jaHuA
KOMIIAKTHBIX YNPaBIAEMBIX JIMHUH 3JIEKTpOIepenadn
MOTYT MOCIYXHTb aHAJIOTaMH TPH HPOCKTUPOBAHUH H
CTPOUTEJIBCTBE LENOr0 psijia OOBEKTOB M3 OOJBIIOTO
MEPeYHs, CTPOHUTEIBCTBO KOTOPBIX IUIAHUPYETCS Ha
Omwkaimuii mepuoxy W Ha - mepcuekTuBy. o
[IPEIBAPUTEILHON OLICHKE 0KOJIO TIOJIOBUHBI
IUITAHUPYEMBIX JIEKTPOIepeiad MOXKET OBITh COOPYKEHO
B BHUJE KOMIIAKTHBIX YHpaBISIEMBIX 3JEKTponepenad c
JIOCTHXKEHUEM 3HaYMTEIFHOTO SKOHOMUYECKOTo 3 deKTa
U Ka4eCTBEHHO HOBOT'O TEXHHYECKOTO YpPOBHS B 00JIacTH
(OpPMHUPOBaHUST DHEPTOCHCTEM, YIPABICHUS PEXHUMaMH,
MOBBIIICHUSI HAAEKHOCTH PabOTBHl JHEPrOCHUCTEM U
OXpaHbl OKpYXarollei cpeabl.

3. DBoImonHEeHHBIE K HACTOAIMIEMY BPEMEHH
TEXHHMYECKHE M TIPOCKTHBIE DPa3pabOTKH, a TaKkKe YxKe
HAKOIUICHHBIN B MPEABIAYIINM NEPUOA I0JIOKUTEIbHBIN
OMBIT MO3BOJAIOT CHENaTh BBIBOJ O TEXHUYECKOH H
HSKOHOMHYECKOH 11e71eco00pa3HOCTH U pealbHOCTU
IIPaKTUYEeCKOTro npuMeHeHust  BJI HOBOro mokosieHus —
KOMIIaKTHbIX ympasisgeMmblx BJI  pasnuuHBIX Ki1accoB

BAapUAHTLI HOBBIX
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HATPSKCHUS, PETYIUPYIONIETO JIEKTPOOOOPYIOBAHUS U
cucteM. [lpy  pa3BUTHH W  COOTBETCTBYIOIICH
KOOpAMHAIIMK PabOT MOXKET OBITh CO3[aHa IuIaThopma
JUIl OTEYECTBEHHOTO  MEXKAYHAPOIHOTrO JIUISPCTBA B
obmacTd  CO3[aHuMsi ~ KOMIIAKTHBIX  YIPaBJISIEMbIX
QNIEKTpOIiepeilad ¥ HOBBIX CPEICTB PEryJHUPOBaHHUS,
NpUHEMAasT BO BHUMAaHHE  aKTYallbHOCTh TEMATHKH H
Ba)YKHOCTb pelaemMbix npobiiem pa3BHUTHUS
JNIEKTPOIHEPTETUKHU B vacth  3(deKTUBHOCTH
TPaHCIIOPTa W PACIPENeNICHNs] DIIEKTPOIHEPTHHU, a TaKKe
(dhopMHUpOBaHUs OOBEIMHEHHBIX YHEPTOCHCTEM.
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