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TECHNICAL SCIENCES

INFLUENCE OF ASYMMETRY OF TENSION ON
OPERATION OF ASYNCHRONOUS ENGINES
Averyanov D.A.}, Golovin E.V.2, Zuev A.1.% (Russian Federation)
Email: Averyanov54@scientifictext.ru
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2Golovin Evgeny Viktorovich — Student;
$Zuev Alexander Igorevich — Student,
DEPARTMENT OF ELECTRIC POWER SYSTEMS,
NATIONAL RESEARCH UNIVERSITY
MOSCOW POWER ENGINEERING INSTITUTE,
MOSCOW

Abstract: in article the reasons of distortion of symmetry in a three-phase chain and
their possible consequences for elements of an electrical network and a power supply
system in general are considered. Asymmetry of currents and tension — the
phenomenon in multiphase (for example, three-phase) alternating current mains at
which amplitudes of the phase tension (currents) and/or corners between them aren't
equal among themselves. The reasons of asymmetry of tension can be different, but the
main of them is the asymmetry of currents in network caused by inequality of loading
on phases. Also in article sources of asymmetry of tension have been considered.
Characteristics of asymmetry of tension (currents) are provided. The way of
assessment of asymmetry of tension (currents) which is called method of symmetric
components is given. Asymmetry sources in power supply systems of the Urals and
Siberia and their consequence are given.

Keywords: power industry, asymmetry, phase, tension, direct sequence, return sequence,
zero sequence.

BJIMAHUE HECUMMETPUU HAIIPSKEHUSA HA PABOTY
ACHUHXPOHHBIX JIBUTATEJIEN
ABepbsIHOB II.A.", Tonosun E.B.2, 3yesB AN?
(Poccuiickas ®Penepanus)

1A6’€pb}lH06 Hanuna Anopeesuu — cmyoenm,
I'onoeun Escenuii Buxmoposuu — cmyoenm;
*3ye6 Anexcandp Hzopesuu — cmydenm,
Kagedpa snekmposnepeemuseckux cucmem,
Hayuonansuwiil ucciedosamenvbckuil yHugepcumem
Mockosckuil snepeemuyeckuti UHCIUMYm,
2. Mockea

Annomauusa: ¢ cmamve paccCMOmMpenvl NPUYUHBL UCKANCEHUS CUMMEMPUY 8 mpexghazHot
yenu U UX B603MOJNCHble NOCIeOCMEUs Ol INEeMEeHMO8 INeKMPU4ecKou cemu U
aHepeocucmemvl 6 yenom. Hecummempus mokoe u HanpsadlceHui — sGleHue 8
MHO20GhaszHol (Hanpumep, MpéxgasHou) cemu nepeMeHHo20 MOKa, Npu KOMOpom
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amnaumyobl azHvIX HANPAXNCEHUN (MOK08) U/Uu Yaibl MeHcOY HUMU He PABHbL MedCOy
coboiul. [Ipuuunvl Hecummempuu HANPANCEHUL MO2Ym OblMb PA3HbLIMU, HO OCHOBHASL U3
HUX — MO HeCUMMEmpus. MOK08 8 cemu, 00YCIOGICHHAS. HEPABECHCBOM HA2PY3KU NO
Gazam. Taxoce 6 cmamove ObLIU PACCMOMPEHBL UCIOYHUKU HECUMMEMPUU HANPANCEHUSL.
Ilpusedenvl xapaxmepucmuxu Hecummempuu Hanpsicenutl (mokog). Ilpuseden cnocod
OYEHKU HeCUMMEmpPUU HANPANCeHUll  (MOKO08), KOMOpbIll HA3bIBACMC  MemoooM
cummempuynblx  cocmaesusiowux.  Ilpusedenvl  UCMOYHUKU — HecuMMmempuu 8
anepeocucmemax Ypana u Cubupu u ux nociedcmeus.

Kniouesvie cnosa: snekmposnepeemuxa, Hecummempus, (asa, Hanpsicenue, npsamas
nOCIe006AMENLHOCb, 0OPAMHAsL NOCIEO08AMENbHOCHb, HYe8ds NOCIe008AMENbHOCIb.

Hanpsokenue B TpexdazHol ceTH MOXKET OBITh HeCUMMETpHYHBIM. HecummeTtpuunoe
HanpsDKeHUEe HOPMHpPYETCs 10 ero IapaMerpaM Ha OCHOBHOHW udacTtoTe. Ecnu ammiauryast
¢da3zHbIX (Mexmy]a3HBIX) HaMpsDKEHWH paBHBI W cABUT (a3 (Yyroia MexIay HHMH)
OJMHAKOB, TO HANpsDKEHHE CUMMETpPHYHO. Eciam oAMH W3 3THX NpHU3HAKOB Wi 00a
HapyLIaTCs, TO HAIPsHKEHHE HECUMMETPUYHO. AHAIOTHYHOE ONPEACICHHUE MOXKET OBbITh
pacmpocTpaHeHo U Ha TOKH [2].

Ilpu sTOM BCerga mpH OLEHKE HECUMMETPUHU HampsbKeHHs Tpex@a3zHoH ceTh B
COOTBETCTBHU ¢ TpeOoBaHUAMH [3] HMEIOT B BHIY HaIpsHKEHHE (TOK) OCHOBHOM 4acTOTHI
(nmepBast rapmonuka) [1]. Torma xkak HECUMMETPUYHASI CHCTEMa MOXET OBITh 00pa3oBaHa
Ha 000l yacToTe, B TOM YHUCIE U Ha YaCTOTE BBICIIMX FAPMOHUK. DTO 0OCTOSTEIHCTBO
HEOOXOMMO YYHTBHIBATh NPH pacueTe WM U3MEPEHHH CHMMETPUYHBIX COCTAaBIISIOIINX
HanpsDKEHUH (TOKOB) B CETH C HECUHYCOUIATIBHBIM HAIPsDKEHUEM CIIEIYIOLIMM 00pa3oM:
CHayajla BBIIENAIOT OCHOBHYIO TapMOHMKY HANpSDKEHHUS, a 3aTe€M pPAacCUUTHIBAIOT ¢
CUMMETPHUYHBIE COCTaBIsOmMuUe [2].

[IprunH HECUMMETPUHN HANPSHKEHUM MHOTO, HO OCHOBHAs U3 HUX — 3TO HECUMMETPHS
TOKOB B CETH, 4TO 00yCJIOBJICHO HEPABEHCTBOM Harpys3ku o ¢aszaM. 3Ha4UTENbHAas 4acTh
OBITOBBIX M TPOMBIIUICHHBIX JJIEKTPONPUEMHHUKOB HMMEIOT OJHO- WM JAByX(azHoe
WCTIOIHEHWE W mpucoequssiorcs kK cerssMm 380 B. MMeHHO 11 mHMTaHHUS TaKuUX
3JIEKTPOIPUEMHUKOB ceTH HanpsskeHreM 380 B MMeroT 4eThIpeXnpoBOIHOE HCIIOIHEHHE.
Oobmotka 380 B TpaHcdopMaTOpoB, MUTAIOLINX TaKUE CETH, COCIUHEHA B «3BE31y», a €€
HEHTpadb BBIBOAUTCA YETBEPTHIM TOKOBEAYIIMM IpOBOAOM. be3 HyneBoro mpoBona
9KCIUTyaTallMs ceTH HeBo3MokHa. IIpu ero oOpwiBe HacTymaeT aBapuiiHas CHUTyauus,
00yCIIOBJIEHHAs CYLIECTBEHHON HecMMMeTpuel HampspkeHus. IIpn 3ToM Ha OTAEIBHBIX
¢azax HanpspkeHre npubdmmKkaercs K mexaydaznomy (380 B), a Ha apyrux — k Hymo [2].

K wucrounukam HecMMMETpUH HAaINpsDKEHHS OTHOCSTCS, HampuMmep, TyTOBBIE
CTaJICIUIaBUIIbHBIE TIEUH. PerynmpoBaHuE TOKa 3JIEKTPUYECKOM IyrM B TaKMX Iedax
ocymecTBisiercs: modasHo. B pexxume paciiaBa MOTYT BO3HUKATh U 3KCILTyaTallHOHHBIE
HECUMMETPHUYHbIE KOPOTKHE 3aMbIKaHUA [2].

B cersix BBICOKOrO HampsDKEHUS! HECHUMMETPHS MOXXET ObIThb  00ycloBJeHa
KOHCTPYKLMEH JIMHUM W3-32 HEpaBEeHCTBA €€ CONpoTHBIeHMH 1o Qaszam. s
CUMMETPUPOBAHUSI CONPOTUBICHUH (a3 JMHWU TPOBONAT TPAHCIOZMIUIO (a3HBIX
MPOBOJOB, 4YTO TpeOyeT COOPYKEHHUS CIEeUMAIBHBIX TPAHCHO3ULIUOHHBIX — OIOP.
KoHcTpykiun Takux omop CiO0XKHBI M AOPOrOCTOAILIME, KPOME TOr0, OHHM SBISIOTCS
3JIeMEHTaMH, TOBPEXIEHUSI B KOTOPBIX Hanbojee BeposATHHL. [loaTomy KomndecTBO omop
CTPEMSITCSL YMEHBILIUTb, YTO, €CTECTBEHHO, OTPakaeTcsl Ha CUMMETPUU HaNpsDKCHUH, HO
CIOCOOCTBYET MOBBILICHUIO HAJEKHOCTH AJIEKTPOCHAOKEHHS [2].



Eme omHa mpuuuMHa HECHMMETPUHM HANPSKEHUH — 3TO HEMOJHO(Aa3HBIE PEXHUMBI B
CeTAX C HW30JMPOBAHHOW HeWTpanplo. X OTHOCAT K 0COOBIM, HO JONYCTHMBIM IO
YCIOBUSAM 3KCIUIyaTallUd pPEXUMaM. OTH PEXKUMBl JOIYCKAlOT M COXPaHEHHSA
JNEKTPOCHAOXKEHUSI TOTpeOuTeNneil B ymepd CHMMETpPHH HANpsHKEHHH Ha MPHEMHOM
KOHIIe Takoil nuHuH. K Takum ke OCOOBIM pexXUMaM CcJEAyeT OTHECTH PEKUMBI C
3aMBIKaHUEM Ha 3€MJIIO OJTHOM M3 (a3 B CETAX C M30JIMPOBAHHONW HEUTpaIbio [2].

Hecummerpuro HaNpsDKeHUH (ToxoB) XapaKTEePU3YIOT CUMMETPUYHBIMU
COCTaBJIAIOIUMHU OCHOBHOH YaCTOTBI NIpsIMOA, oOpaTHOH 5 HYJIEBOU
nocienoBaTenbHOCTH. [IpsiMast mocae10BaTeIbHOCTD SIBISETCSI OCHOBHOM COCTaBIISIIOIIEH.
Nmenno oHa omnpenenser yepenoBanne (ha3HpIx (MexmaydazHbIX) HAIPHKEHUH U padouee
(HOMHMHANBbHOE)  HampsbkeHWe  ceTH.  HampspbkeHue — oOpaTHOW M HyJIeBOH
MOCJEeIOBAaTEIFHOCTH CJIEyeT PaccMaTpHBaTh Kak IOMEXY, HOJ BIUSHHEM KOTOPOH B
uenu Tpex(asHON Harpy3Ku IPOTEKal0T COOTBETCTBYIOIIME TOKH. OTH TOKH HE
COBEPILIAIOT M0JIE3HON paboThl, MPUBOIS, HAIPUMED, K CHIKEHHUIO BPAILAOLIEr0 MOMEHTA
Ha BaJly BpalarOIIUXCs MAllMH W MX JOTOJHUTEILHOMY HarpeBy. Y TPOCHHOE 3HauCHHE
TOKOB HYJIE-BOM IMOCJIEIOBATEIBHOCTH B HYJIEBBIX MPOBOJAX ceTeil HampsbkeHueM 380 B
MPUBOIUT K UX Heperpy3ke. 3aMbIKasich B OOMOTKax TpaHC(hOpPMaTOPOB, COEIMHEHHBIX B
«TPEyrojbHHK»,  TOKH  HYJEBOH MOCIIEZIOBATEIBHOCTH ~ CO3JAI0T A QeKT
nogMarauuuBanus. OpHako Onaronaps STOMY TOKM HYJIEBOH MOCIEIOBAaTENLHOCTH HE
npoHukatot B ceth 6—10 kB u3 cetn 380 B [2].

JAnsg OLEHKHM HECUMMETPUU HANpSHKCHUH (TOKOB) IOJIB3YIOTCS  METOJ0M
CUMMETPUYHBIX COCTABJIAIONINX, COIJIAaCHO KOTOpOoMy Jto0as TpexdasHas cucTema
CUHYCOWJANBHBIX HANpPSDKeHWH (TOKOB) MOXET OBITh TpeAcTaBiIeHa TpeMs
CUMMETPUYHBIMU COCTABJISAIOIIUMU: OpsAMOi, obpaTHOH u HYyJIEBOU
MOCJIeI0BATEIBLHOCTH [2].

[Ipu HecuMMeTpuM HampspKeHHH, cocTaBisionie 2%, Cpok CiIyXObl aCHHXPOHHBIX
JBUraTesei BBUAY NOMOJHHUTENIBHBIX MMOTEPh aKTMBHOW MOIIHOCTH cokparaercs Ha 10,8
%. Jast Toro 4ToObl H30€KaTh JOMOJHUTENLHOTO HArpeBa, Harpy3Ka JABUrateis (MOMEHT
Ha BaJly) JOJDKHA OBITh CHIKeHa [2].

CornacHo MOK 892 HomuHanbHas Harpyska aBuratens gonyckaerca npu K2U < 1%.
IIpu koadduuuente oOpaTHON mHOCIENOBATENBLHOCTH 2% HArpy3ka IBUraTeisl IOJDKHA
ObITh CHUXKEHA 70 96%, ipu 3% - 10 90%, ipu 4% - 1o 83% u npu 5% - 10 76%. Dtn
nudphl CIpaBeAIUBBl IPU YCIOBHH, YTO JABUraTeib paboTaeT C MOCTOSIHHOW Harpy3Koi,
T.€. B YCTAHOBUBILIEMCS TEIUIOBOM PEXUME [2].

UzBecTHO, uTO B dHeprocucremax Ypana u Cubupw, rjie ICTOUHUKOM HECUMMETPHU
SIBIIIIOTCS  ANEKTpUHUIIMpOBaHHbIe jkene3Hbie fopord (DXK/I), ropHooOOraTuTeIbHBIC
KOMOWHATBI, JIECONPOMBILUICHHBIE KOMIUIEKCH, MakCHUMajlbHble 3HaueHus K2U
HabOromanuce B Tpedenax MNOJUroHoB 3anagHo-CHOMpPCKOM 3JeKTpUHULIMpPOBaHHON
xene3nout goporu: 1,5% B ceTsix 220 kB, 7,5% B cersx 27,5 kB u 9,2% B ceTsax 10,5 xB.
AHaNorn4HoO U3BECTHO O ceTsax FOxHo-Ypanbckoit n Boctouno-Cubupckoit 92K/ [2].

Ilon Bo3AelicTBHEM 3THUX HCKAXEHWH OBUIM 3apErHMCTPUPOBAHBI IMPEXAEBPEMEHHBIN
BBIXOJ] U3 CTPOsSI KPYIHBIX CHHXPOHHBIX MAIMH, HACOCHBIX CTaHIIMK B 3alajHON YacTH
WpkyTckoif »HEProcHMCTEMbI, HapymIeHWs padOThl YCTPOMCTB CHTHAIW3ALUU U
6nokupoBku Ha FOxHO-Ypansckoit DK/ [2].
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RESEARCH OF EFFICIENCY OF APPLICATION OF
ELECTRIC BRAKING AT REMOTE POWER PLANT
Averyanov D.A.}, Golovin E.V.2, Zuev A.1.% (Russian Federation)
Email: Averyanov54@scientifictext.ru

!Averyanov Danila Andreevich — Student;
2Golovin Evgeny Viktorovich — Student;
$Zuev Alexander Igorevich — Student,
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NATIONAL RESEARCH UNIVERSITY
MOSCOW POWER ENGINEERING INSTITUTE,
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Abstract: in article the efficiency of application of electric braking at remote power plant,
for ensuring steady work of a power supply system is considered. The characteristic
normally of the mode is given. Stability of electric system is considered. Consequences of
violation of a normal operating mode of electric system are given. It is considered at what
power plants and to what equipment electric braking is applied. Methods of application of
electric braking are considered and examples are given.

Keywords: power industry, electrical power system, air-line, compact line, capacity.
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Kageopa 21eKmpodHep2emuyeckux Cuchmem,
Hayuonanvnolii ucciedogamenvckuil yHugepcumen
Mockosckuii sHepeemuyecKull UHCMUmym,

2. Mockea

Annomayusa: 6 cmamve paccmompena 3QpexmusHoCms NPUMEHEHUs INEKMPULECKO20
MOPMOJICEHUsT HA YOALEHHOU IIeKMPOCManyuy, 0as 0becneyenus ycmouuugou pabomuol
anepeocucmemol. Jana Xapakmepucmuxa HOPMAIbHO —pPecCuma. Paccmompena
yemouyusocms  daeKkmpudeckou  cucmemul.  Ilpugedenvt nocredcmeus  HapyuweHus
HOPpMANbHO20 pabouezo pexcuma 2NeKmpuyeckol cucmemvl. Paccmompeno, Ha xakux
INEKMPOCMAHYUAX U O  KAKO20 000PYOOGAHUS NPUMEHACMC  2NeKMPUUEecKoe
mopmodcerue. Paccmompenst cnocodbl npumeHeHus 31eKmpuueckoe0 MmMopMONCeHUs U
npueedeHvl npumepbol.

Knrwowuesvie cnosa: snexmposnepeemuxa, ycmouuugocmyv 9AeKMPUUECKOU CUCTEMDbL,
2JIeKMpU4ecKoe mopModcerue, pomop, 2eHepamop.



OnHUM W3 3HAUYMMBIX HANpaBlICHUH B O3JIEKTPOIHEPreTHKE SIBISICTCS obecreyeHne
YCTOMYMBON pabOTBl JHEPrOCHUCTEMBL. Y CTOWYHMBOCTH DIEKTPUYECKOW CHCTEMBI -
CIIOCOOHOCTH 3JIEKTPUYECKOM CHUCTEMBI BOCCTaHABIMBATH HCXOIHOE WM IIPAKTUYECKU
OmmM3Koe K HEeMy COCTOSHHE (PEeXHWM) TOCiie BO3MYIIEHHWS, IPOSBISIONIETOCS B
OTKJIOHEHWH 3HAYeHMH MapaMeTpoB pEeXHMMa 3JIEKTPUUYECKONH CHUCTEMBI OT HadaJbHBIX
3HAYCHUU. B 3IeKTpUYecKOr cHCTEME HCTOYHHUKAMH DJICKTPUUYSCKON SHEPTHH OOBITHO
SIBJISIIOTCSL CUHXPOHHBIE T€HEPATOPHI, CBA3aHHBIC MEXIY COOOM CEThIO, MPUYEM POTOPHI
BCEX T€HEPaTOPOB BPAIAIOTCA CUHXPOHHO. Takoil pexum, Ha3plBaeTCs HOpMaabHBIM. OH
JOJDKEH OBITh YCTOMYMB, TO €CTh JJIEKTpHUUECKas CHCTeMa JOJKHA BO3BPALIATHCS B
HCXOIHOE COCTOSIHME IIOC]I€ OTKJIOHEHHIl OT yCTaHOBHBILETOCsS pexuma. OTKIOHEHHS
MOTYT OBITH CBSI3aHBI C W3MEHEHHEM MOIIHOCTH HArpy3KH, KOPOTKUMH 3aMBIKaHUSIMH,
OTKJIIOUEHUSIMU  JIMHUHM 3JeKTponepefadyd. YCTONYMBOCTh CHCTEMBI, KaK IpaBUIIO,
YMEHBIIAETCSI NPU YBEJIMYEHUHM Harpy3ku (MOIIHOCTH, OTIABaeMOil I'eHepaTropamu) U
MOHW)XKEHUH HAINpPsDKeHHs (POCTE€ MOLIHOCTH TMOTPEOMTENeH, CHIKEHHH BO30Y>KICHUS
reHepartopoB). Pasnmuunbie aBapuiiHble cuTyanuu B paboTe BSHEPrOCHCTEM MOTYT
NPUBOAUTH K Pa3HOMY pOAY MNaryOHeIM mocieacTBusiM. Hampumep, HapymeHue
YCTOMYMBOCTH MOTYT NPHUBOAUTH K HAPYLICHUIO 3JIEKTPOCHAOXKEHHs OOJBLIOTO YHCia
notpeduTenel, MOBPEXKICHUIO 000OpY/IOBaHUS, BBHIXOJY W3 CHHXPOHH3Ma T'€HEPaTOPOB
JNEKTPOCTAHIIMI M APYTUM TSDKENBIM TOCNeACcTBUAM. Bceskoe BHe3amHoe HapylleHue
HOPMAaJILHOTO Pado4yero pekuMa 3JIEKTPUYECKOH CHUCTEMBI, COCTOSILIECH W3 pa3IM4YHbIX
Y3JI0B: 3JIEKTPOCTAHIMM, JIMHUN 3JEKTponepefadyd M Harpy3oK, BBI3BIBACT KadaHUS
CHHXPOHHBIX MallliH (Fe€HepaTOpOB, CHHXPOHHBIX JABUTaTeneil u koMmmeHcatopoB). [lpu
KPUTUYECKHUX YCJOBUSX aMIUIMTYyJa KadyaHUH MOXKET CTaTh HACTOJBKO OOJNBIION, 8 uTo
OTACNbHbIE MAIIMHBl WM LENbIe 3JIEKTPOCTAHIMM BBIIAAYT W3 PEKUMa CHHXPOHHOH
pabotsl. CormacHo neiicTBytouM B EDC HopMaTHBaM MepexoAHbIi MPOLEcC CYUTAETCS
YCTOWYMBBIM, €CJIHM  BBIMIOJHSAIOTCA  YCIOBUS  JUHAMHYECKOM  YCTOWYMBOCTH U
o0ecrieunBaeTcsl CTaTHYECKas YCTOWYMBOCTH € KO3((HUIMEHTOM 3amaca, HE HHXKE
HOPMAaTHBHOTO, Ha Bcex (hazax mpolecca BIUIOTh JO YCTaHOBJICHHS HOBOTO
CTaIMOHApHOTO pexkuma [1].

Hnst  ymydineHUss YCTOWYMBOCTH CHUCTEM M IIPEOJOJIEHUS HeOJIaronpusTHBIX
CIIO)KHOCTEH B NPUMEHEHHWH BBILIICHA3BAHHBIX YIPABISIIOIIMX BO3ACHCTBUI ObUIN
pa3paboTaHbl CpeACTBa YIMpaBieHHs, OOECIEUYMBAIONINE YIPABISIIONIUE BO3JACUCTBUS
UMITYJIbCHOTO THMA. K 4nCily UX OTHOCHTCS M 3JIEKTPHUYECKOE TOPMOKECHUE FE€HEPATOPOB
(QT), ocymecTBisieMOe BKIIOYEHHEM MMapauIeNbHO WM HOCIEAOBATEIbHO CIIEHAIbHbBIX
pesuctopoB. OmHAako B HAcTOsIIee BPEeMs W3BECTHHI JIMIIb OTHENbHBIE CIIy4au
MPAKTHYECKOTO HWCIOJIB30BAHHUS YCTAHOBOK 3JIEKTPHUYECKOTO TOPMOXKEHHS T€HEPaTOpOB
BBHJly BBICOKOM CTOMMOCTHM 3THX YycTaHoBOK. OT mnpumeHsercs B  ciydae
HeapPekTHBHOCTH (HEBO3MOXKHOCTH) HCIONB30BAHUS JUIS TIPEIOTBPALICHNST HAPYIICHHUS
JTMHAMHYECKOW  YCTOMYMBOCTH TEHEPUPYIOMIETO  O00OpYIOBaHUS  AIIEKTPOCTAHIMN
KpaTtkoBpeMeHHOH pa3rpy3ku TypOuH (KPT) u otkmouenue reneparopos (OI') na TOC,
ADCu OI' Ha I'D2C [2].

OcTaHOBKa SBHOMOJIOCHOTO POTOPa CHHXPOHHOM MAITMHBI BO MHOTHX CITy9asX MOXET
npojaoibkateesl Oonee moiydaca. Ho mumtenbHas paboTa MaliMHBI IpU MajoOd 4acToTe
BpaleHNs] MOXKET OBbITh OMACHOW Ul MOJALIMITHUKOB MAIIMHBI M3-32 HHU3KOTO JaBJICHHS
macia. [loaTomy nisi OCTaHOBKM TypOHWHBI BO3MOKHO MPHMEHEHHE MEXaHHYECKOTrO
TOPMOXKEHUS, 110 IPUHIUITY MEXaHUYECKOTI'O TPEHHsI, KOTOPOE 3aMeISIET BPALatoIyocs
Maccy reHepaTtopa. B ycinoBHsIX NHKOBBIX Harpy3ok, a Taxke Ha [TADC, rue Tpebyrotes
YyacTeleé IIyCKM M OCTaHOBKM arperara, MEXaHMYeCKOe TOPMOXKEHUE He SIBISETCA
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ONTUMAJIBHBIM PEIICHHEM H3-3a OOJBIINX 3aTpaT Ha TeX0OCIyXuBaHHEe. B Takux cirydasx
9acTO UCIIOJIB3YETCS DICKTPHUECKOE TOpMOXKeHue [2].

DNEeKTpUYecKoe TOPMOXKEHHE MPHUMEHSIOT I TamleHuss W30BITOYHON SHEPTHH,
KOTOPYIO HakaIulnBaeTcsi poTopamu reHepatopoB Bo BpeMsi K3. OcHoBHas 3amaga OT
COCTOWT B NPEOTBPAICHUY BBITIAJICHUS U3 CHHXPOHH3Ma I'eHEPAaTOPOB AJIEKTPOCTAHIIUN
MIPY MHTEHCUBHOM YBEJIMYEHUH yTiIa O B IEPBOM ITUKJIE CHHXPOHHBIX KadaHui. [1]

W3 Teopum ONTUMATBRHOTO YIPABIIEHWUS W3BECTHO, UTO JJS  JOCTH)KEHHUS
ONTUMAJBHOTO MEPEXONHOr0 Tpollecca MOA ACHCTBUEM YHPAaBISIOUINX BO3ICHCTBHI,
OTpaHMYEHHBIX MO0 MOAYIIIO, HEOOXOIMMO UMEThH peneiiHoe yrpasienne. CieqoBaTeNnsHO,
HEMpPepBhIBHOE WITH IUIABHOE PETYIMPOBAHHUE, €CIIM PACCMATPHUBATH €r0 C TOYKH 3PEHUS
COXpaHCHUs AMHAMUYECKOH ycroiuuBoctd DOC B MEPBOM IUKIIC KaYaHUW POTOPOB, HO
He J¢pdekTuBHOTO neMIpUPOBAHUS OTHX KauyaHUH, HE UMEET CYIICCTBEHHBIX
MPEeNMYINeCTB Tepex peneilHpiM  ympaeineHueMm. llostomy ycrpoiictBa OT mo
BO3MOXXHOCTH Cpa3y B MOMEHT BO3HHMKHOBEHHS KOpoTKoro 3ambikaHus (K3) momxHbI
MTHOBEHHO BKIIIOYAThCSI B pabOTy, OKa3biBas MPEACIBHO BO3MOXHOE IOJIOKHTEINBHOE
BO3JeiicTBE Ha  pOTOp TreHepatopa. [lo3ToMy  TOpPMO3HBIE  CONPOTHBICHUS
MIPUCOEANHAIOTCA Yepe3 OBICTPOACHUCTBYIOIINE BBIKIIOYATEIN C TMPENSThbHO MaJbIM
BpeMeHeM 3amna3zibiBanus [1].

IIpn BKIIOYEHUM HArpy304HbBIX COIPOTHBIEHUN B IL€lb, 3HAYUTEIbHAs YacTb
HaKOIUICHHBIX TE€HEpaTopaMy »JHEPTHH, TpPEBpallaeTcs TeIyoTy. BciencTBue 3Toro
3HAYUTEJILHO YMEHBIIACTCS N30BITOUYHAS KUHETHUCCKAs SJHEPTHUS POTOPOB FeHEPATOPOB.
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1. Jloxmuonos C.B., lymvocenko C.B. DNEKTPOIHEPTETUUECKUE CHUCTEMBI U CETH:
Koncnekr nekimii: Yuednoe mocodue. M.: M3narenscteo MOU, 2013.

2. XKoanos I1.C. Boripocsl YCTOHYMBOCTH 3JIEKTpHUYECKHX cucTeM. M: DHeprus, 1979.
456 e.: ui.

10



REVIEW OF WAYS OF DECREASE IN LOSSES OF ACTIVE
POWER
Averyanov D.A.}, Golovin E.V.2, Zuev A.1.% (Russian Federation)
Email: Averyanov54@scientifictext.ru

!Averyanov Danila Andreevich — Student;
2Golovin Evgeny Viktorovich — Student;
$Zuev Alexander lgorevich — Student,
DEPARTMENT OF ELECTRIC POWER SYSTEMS,
NATIONAL RESEARCH UNIVERSITY
MOSCOW POWER ENGINEERING INSTITUTE,
MOSCOW

Abstract: in this article the review of ways of decrease in losses of active power is made.
Ways of optimization of the modes are considered, types of criteria of optimization are
also considered. Ways of the choice of criteria for a certain type of optimization of
parameters and the modes are considered. The ways directed to optimization of
parameters and the modes of systems of transfer and distribution of the electric power are
given, the most essential operational ways of optimization of the modes which aren't
demanding additional capital expenditure are also considered.

Keywords: optimization, losses of active power, transfer and distribution, efficiency.
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2. Mockea

Annomayua: 6 OauHou cmamve npousgedeH 0030p CHOCODO8 CHUIICEHUS NOmepb
akmueHoll  mowjpocmu. Paccmompenvl  cnocobvr  onmumuzayuu  pexscumos, maxice
paccmompenvl  6uobl  Kpumepues onmumusayuu. Paccmompenvt cnocobvl 6vibopa
Kpumepues Ol ONPEOeNeHHO20 U0  ONMUMUBAYUL  NAPAMEMPO8 U  PEeNCUMOS.
IIpusedenvl nymu, HanpagieHHvie HA ONMUMUZAYUIO NAPAMEMPOS U PENCUMOB CUCTEM
nepeoayu U pacnpeoeienus NeKMpOIHepUU, MaKxice PpaccMompenvl Haubonee
cywjecmeeHnHvle IKCNIYAMAYUOHHbIE NYMU ONMUMUSAYUU DENCUMOS, He mpedyroujue
OONOHUMENbHBIX KANUMATbHBIX 3AMPAm.

Kniouesvie cnosa: onmumusayus, nomepu aKmueHOU MOWHOCMU, nepeoaia U
pacnpeoenenue, QpdexmusHocme.

[IpoGiiemMa onTHMU3ANMY TAPAMETPOB U PEKUMOB CUCTEM IEpPeIadul U pactpe/Ie/ICHUs
JJIEKTPOIHEPTUU BeChMa CIIO)KHA M MHOTOTpaHHA. 3aJaddl ONTHMH3AIUN TapaMeTpOB
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O0BEKTOB MPHUXOOUTCA pEIIaTh Ha CTaJud I[POSKTHUPOBAHUS pa3BUTHA  WIH
PEKOHCTPYKIMH BIIEKTPUIECKOH ceTH. TeKymiasi ONTUMHU3AIHs PEKUMOB OCYIIECTBISETCS
NP SKCIUTyaTauu ceTH. [IpoexTupoBanue, COOpyKeHne 00BEKTOB AIEKTPHIECKON CETH
M UX 9KCIUTyaTals CBA3aHbI C OOJBIINMHU MaTepUaIbHBIMU 3aTpaTaMu. [103TOMy BakHO,
YTOOBI ATH 3aTpaThl OBUIM HCIIOJIE30BaHbI ¢ HauOoOJbIIeH 3¢ deKkTuBHOCTRI0. [Ipu 3TOM
CIlelyeT y4YUTBIBaTh, YTO TNPABWIBHOCTH DEIICHMI IO PAa3BUTHIO CHUCTEM IIepeladd H
pacmpenesnieHuss  DIEKTPO’HEPIHH, MPUHUMAEMBIX B  KaKOW-TO MOMEHT, MOXET
MPOSIBIIATBCSL  Yepe3 JOCTaTOYHO JUIMTENFHOE BpeMs, KOTAa JOMYyLICHHBIC OIINOKU
WCTIPaBUTh HEBO3MOXKHO WM OYeHb TpPYAHO. JlOMONHUTENbHBIE TPYIHOCTH MpU
BBIPA0OTKE pPEHICHHs CBS3aHBI C TEM, YTO OOBIYHO IPUCYTCTBYET HEONPEICIICHHOCTD
(HegocTaTouHasi JOCTOBEPHOCTh) MCXOAHOW mH(popMauuu. Hampumep, 3apanee oObIYHO
TOYHO HEM3BECTHA MEPCIEKTUBHAA HArpy3Ka B KakMX-TO y3Jax ceTd. lIpu ympouieHHOM
MOAXOJE K PELICHUIO TaKOW 3aJaud 33Jal0TCs TPeMs YPOBHSIMH Harpys3k (BO3MOKHBIM
HaHOOJBIINM, BO3MOKHBIM HAMMEHBIIUM M CPETHUM) M BHIOMPAIOT MapaMeTphl ISl BCEX
3THX ypoBHe#H. OKOHYATeNbHOE pelleHHe MPUHUMAIOT Ha OCHOBE COOTBETCTBYIOIIUX
NPUEMOB, OITMCAHHBIX B CIICIMAIBHON JHTeparype. B mobom ciydae Ui onTHMU3aLUH
napaMeTpoB MpPEIBAPUTENFHO JOJDKEH OBITh BBHIOpaH KpUTepHi onTuMH3auud. [lpu
Hanbosee oOLIeM MOIXoAe OOBIYHO B KadyecTBe MoKazaTels 3(QQEeKTUBHOCTH pelIeHHUH
BBICTYIIA€T HE OJWH KPUTEPHUIl, a HECKOJBKO KPUTEPHUEB, T.e. MPUXOIUTCA peIlaTh
MHOTOKpPHUTEpHAIBHYIO (MHOTOLIENEBYI0) 3ajady. Hampumep, B KadecTBe KpUTEpUEB
MOTYT BBICTYNAaTh KalWTalbHBIE 3aTpaThl, MOTEPU DIEKTPOIHEPTHH, TPOITyCKHAS
CIOCOOHOCTh CETH, CTENEHb HA/JEKHOCTH 3JIEKTPOCHAOKEHUsI, CTENIEHb BO3JICHCTBUS Ha
OKpY)KalOIlyl0 cpemxy H Ap. MeToapl penieHHs MHOTOKPHTEPHAIBbHBIX — 3a/1a4
3JIEKTPOSHEPIEeTUKN OINUCAaHbl B CHEUUAIbHOW JuTepartype. B mpocteiimiem ciydae
MHOTOKpHUTEpUAIbHAs 3aja4a CBOJIUTCA K OJHOKPUTEPHAIbHOM, B KOTOPOH ONTHMH3AIINS
napamMeTpoB 00bEKTa OCYIIECTBISIETCS IO OJIHOMY KPHTEPUIO, IPUHATOMY 32 TIABHBIH, a
OCTaJbHBIC KPHUTEPUHM YYUTHIBAIOTCS B BHJAE OrpaHHdeHuid. DakTUueckw 3amady
ONTUMH3ALMN TapaMeTpOB HAYMHAIOT pellaTh yXe Ha CTaAud BBIOOPa OCHOBHBIX
MPOEKTHBIX PEIIeHUH, TAKUX HaNpuMep, Kak BHIOOp KOH(QUTYpAIMK CETH, HOMHHAIBHOTO
HAIpsDKSHUS JIMHUH, CeUYSHUI UX MPOBOAOB | Ap. [Ipr 9TOM OCHOBHAS II€Jb 3aKIF0YaeTCs
B JOCTH)KEHHH TpedyeMoro TexHH4deckoro i3ddexra (HEOOXOIUMBIX MPOMYCKHON
CIOCOOHOCTH, HAJIC)KHOCTH JJIEKTPOCHAOXKEHHsI, KauecTBa HAINpPSDKEHHS H JIp.) C
MHHUMAJIBHO BO3MOYKHBIMU JICHE)KHBIMH 3aTpaTtamu [1].

B 3aBHCMMOCTM OT TIOCTAaHOBKHM 33Jla4d B KadecTBe KpUTepus 3S(PPEKTHBHOCTH
WCTIONB3YIOT OIMH U3 KpuTepHueB. [locie BEIOOpa OCHOBHBIX TAPaMETPOB JUJISI TOCTHIKEHHS
3aJJAHHOTO TEXHUYECKOTo 3 QeKTa pemaercss AONOJHUTENbHass (HO HE MEHee BajKHAas)
3ajaya MPUMEHEHUS KaKHUX-TO JIOTOJIHUTEIBHBIX YCTPOHCTB M ONTHMHU3ALUH HX
napamMeTpoB, KOTOpash NMPEUMYIIECTBEHHO HaIlelieHa Ha TOJYy4eHHE JIOTOIHHUTEIBHOTO
sKoHOMHUYeckoro 3ddexra. DToT 3ddeKT, MPekKIe BCEro, JOCTUraeTCs 3a CUST CHIDKEHUS
MOTEPb AIIEKTPOIHEPTHH, XOTS TOMYTHO MOTYT YJIyUIIaThCSl U TEXHUYECKHE BO3MOKHOCTU
ceTu (HanmpuMep HOBBILICHUE MPOITYCKHOM CLIOCOOHOCTH, HaJIeKHOCTH U J1p.). B ycnoBusax
AKCIUTyaTally 33/1a9¥ ONTUMH3AINN TPUHIUITHAIIFHO OTIIMYAIOTCS OT TMPOEKTHBIX 3aJ1a4
TEM, YTO HAWIYYLIMHA PEXHUM OINpeesieTcss 0e3 OMOTHUTENbHBIX KaluTalbHBIX 3aTparT.
[TosTOoMy B KauecTBe Hanbosiee OOIIEro KPUTEPHsI ONTUMHU3ALUK BBICTYNAIOT €XKEroJHbIC
nzgepkkr. OIHAKO, YYUTHIBAs, YTO EXKETOJHBIC H3JIEPKKU COCTOAT M3 TOCTOSHHBIX
OTYUCIICHUI OT KAalUTalbHBIX 3aTpaT W CTOMMOCTH IOTEPh 3JEKTPOSHEPIUH, MOXKHO
NepedTH OT DJKOHOMHYECKMX K TEXHHUYECKHMM KpHUTEpUsSM onTuMusanuu. Ecmm
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OnTUMH3alud peKUMa SHGKTqueCKOfI CCTU OCYHICCTBIIACTCA 3a KaKoi-To nepuon
BpPEMCHHU, TO B KAYCCTBC KPUTCPUSA UCIIOJIB3YIOT IIOTCPU IJICKTPOSHCPIUN

n
AW = E AW, — min,
i=1
rac AW — MOTCPHU IBJICKTPOSHECPruu B i-OM 3JICMCHTEC CCTH 3a paCCManI/IBaCMHﬁ
NeproJa; N — KOJIUYCCTBO IJIEMCHTOB CETH.

B Tex ClIy4dasaX, Koraa pexuM OINTUMHUBHUPYCTCA IOJId OTaHHOTO MOMCEHTAa BPEMEHU,
MOKET OBITh UCIIONL30BaH 0ojee HpOCTOI>'I KpI/ITepI/II\/'I B BUAC NOTECPH aKTUBHOM MOIITHOCTH

M
AP = ZL\.P; ~» min,
i=l

rae AP — moTepw MOITHOCTH B i-M DIIEMEHTE CETH B pacCMaTpUBAaEeMBII MOMEHT
BpeMeHH. M3BecTHbl MHOTOYHCIEHHbIE IyTH, HaNpaBiIeHHbIE Ha ONTUMH3AIIIO
MapaMeTpoB U PEKUMOB CUCTEM IE€pe/lady U paclpeeseHHsl JeKTPOIHEPTUH, CPEIU HIUX
HamOoyiee Ba)kKHBIE, CBS3aHHBIC C YIyYIIEHHEM IIapaMETPOB JJIEKTPUYECKHX CeTell u
peanm3yemMble Ha CTaaud TPOCKTHUPOBAHHS, PEKOHCTPYKIUH, MOJEPHU3AIUN CETH,
[ (134701117

1. IToBBIIEHNE HOMUHATFHOTO HAIPSDKEHUSI CUCTEMOOOPA3yIONINX U MEKCHCTEMHBIX
ANeKTpoIepeaay.

2. YcTaHOBKa YCTPOUCTB MOMEPEUYHON U MPOJOTHHOM KOMIICHCAIIMU B MPOTSHKCHHBIX
3JIeKTpoIepesayax.

3. lloBblmeHMe HOMHHAJIBHOTO HAIPSDKEHUS PACIPENICTUTEIBHBIX JIIEKTPHIECKUAX
cerei.

4. YcraHoBKa YCTPOMCTB KOMIIEHCALIUU pEaKTUBHOMU MOIITHOCTH B
CUCTEMOOOPA3YIONX AIEKTPUUECKUX CETAX.

5. PanmoHanpHast KOMIIEHCANINST PEAKTHBHON MOIIHOCTH B PAcTIPEACTUTEIHBIX CETAX.

6. YcTaHOBKa  yCTPOWCTB  NPHUHYIWUTEIBHOTO  pacHpe/e/ieHUus  MOIIHOCTEH B
HEOJTHOPOJIHBIX 3aMKHYTHIX CETSIX.

7. YcTaHOBKa JOMOIHUTENBHBIX YCTPOMCTB PEryTNPOBAHUS HAIPSHKESHUS.

8. 3aMeHa MpOBOIOB MEPETPYKEHHBIX JIUHAN JIEKTpoNepeaadn Ha MpoBoJia OOJbIIeH
TIOIAI CEUEHUSI.

9. Ynopsnouenue MOIIHOCTEN (nepemerienue) TparchopmaTopoB B
pacipeaeTuTeNbHBIX CEeTAX.

10. 3aMeHa MOPaJIbHO YCTAPEBINX TPAHC(HOPMATOPOB B PACIIPEACIIUTESIIbHBIX CETIX Ha
TpaHc(POPMATOPHI C MEHBIIMMH OTEPSIMH MOILITHOCTH XOJIOCTOTO X0/1a.

11. VBenuuenue pabodyell MOIIHOCTH YCTAHOBJIEHHBIX B CETH CHHXPOHHBIX
KOMIIEHCATOPOB.

12. YcraHoBKa Ha MOJICTAHIUSIX JIOTIOJIHUTEIBHBIX MMapalIeIbHBIX TPAHCPOPMATOPOB.

13. Coopy:xeHue TONOTHUTENbHBIX JIMHUN U TOJICTAHLIUH.

14. CoxkparreHue npoa0DKATEILHOCTH COOPYKESHHSI TMHUH M TIOICTAHITHH.

15. OcHamenue JIEHCTBYIOIITIX Oarapeit KOHJICHCATOPOB YCTpOHCTBAMH
aBTOMATHYECKOT0 PErYIUPOBAHUS HX MOIIHOCTH.

16. Ucnonp30BaHKe TEMIOTHI, OTOMPAEMOi OT TpaHC(POPMATOPOB MOACTAHLINH.

17. YcraHOBKa B CETSAX HAaKOMHUTEIEH SHEPTHH.

18. [IlpumeneHne TPOBOAOB BO3AYIIHBIX JHUHUH C TOHWKEHHBIM AKTHBHBIM
COTIPOTUBJIEHUEM.
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K nanbonee cymiecTBeHHBIM 3KCILTyaTallMOHHBIM MYTSM ONTHMH3ALUN PEKHUMOB, HE
TpeOYIOLUIMM AOTIOMHUTEIBHBIX KAUTAIBHBIX 3aTPaT, OTHOCATCS CIETYIOLIHE.

1. IloBblmeHue ypoBHS pabOYero HANPSHKEHUS B PA30MKHYTHIX paclpenesnTeIbHbIX
CeTsX.

2. Bpibop panMoHaJIbHBIX 3aKOHOB PETYJIMPOBAaHUS HAMPSDKEHHSA B LIGHTPaxX MHUTaHUS
pacnpeieTuTeNbHbIX CEeTEN.

3. OnTuMm3anyst  PEeXXMMOB — HANPSHKEHUST  AJIEKTponepenad  CBEPXBBICOKOTO
HaTpSHKEHUSL.

4. OnTuMu3anys  pPEKUMOB — HANpPSHKEHHWST U PEaKTHBHBIX ~ MOIIHOCTEH B
CHUCTEMOOOPAa3YIOINX CETSIX.

5. YrpaBneHue NOTOKaMHU MOITHOCTH B HEOIHOPOHBIX 3aMKHYTBIX CETAX.

6. YrpaBieHHE TOTOKaMH PEaKTHBHOW MOIIHOCTH B Pa30MKHYTBIX CETSIX.

7. OnTUMH3aIMs MECT pa3MBIKaHUS 3aMKHYTHIX ceTeil 35 KB ¥ BBIIIE ¢ Pa3InIHBIMHU
HOMUHAJIbHBIMH HANPSDKEHUSIMU JINHUM B KOHTYpax.

8. OnTumu3aIys MecT pa3MbIKaHUS 3aMKHYTBIX pacIpelenuTenbHbix cetelt 6-10 kB u
0,38 xB.

9. Ontumu3anus pe>XUMoB paboTh TpaHCHOPMATOPOB Ha MOACTAHLIUX.

10. BeipaBHUBaHUE Harpy3KH MapajjielbHbIX 2JIEMEHTOB CETH, UMEIOIUX OJMHAKOBHIE
napameTpebl.

11. BolpaBHuBanne  rpaduka  HArpy3Kd ~ CEeTH  3a  CUET  yIpaBJICHHA
AJIEKTPONIOTPEOIICHUEM.

12. TlepeBoz TeHEPATOPOB B PEKUM CHUHXPOHHBIX KOHJIEHCATOPOB.

13. BeipaBHUBaHuEe Harpy3ok (a3 TpexdasHoii ceru.

14. CokpariieHue mpoA0KUTEIBHOCTH PEMOHTOB JIEMEHTOB JIEKTPHUUYECKO# ceTH. [2]

EIIIC pas 06paTI/IM BHMUMAHUE Ha TO, YTO OKCILUIYyaTallMOHHBLIC ITYTU OIITUMH3AlINU
PEXKUMOB HE Tpe6}/IOT JOMNOJJHUTCIIbHBIX KallUTAJIbHBIX 3aTpaT HOSTOMy HUX BO3MOXHOCTb
Ha TpaKkTHKE [OJDKHA PEalM30BBIBATHCS MaKCHUMabHO. Eciam cucTeMsl mnepemayu U
pacnpeziesneHus 3JIeKTPOIHEPTUN YCIOBHO pa3ieNIuTh Ha MPOTSHKEHHBIE AJIEKTPOTIEpeIadH,
CHCTEMOOOpa3yIollie CEeTH W CHUCTEMbl pPACIpPEACICHUS DJJCKTPOIHEPTHH, TO B
OOJIBLIIMHCTBE CIy4aeB CIIOCOOBI M CPEACTBa ONTHMHU3ALMU IapaMeTpPOB U PEXUMOB
KaXXZI0TO U3 BBIJCIICHHBIX OOBEKTOB MOTYT PacCMaTpPUBATHCS OTHOCUTENHFHO HE3aBUCHMO,
XO0Td B paa€ ClIydacB B3aMMHOC BJIIMAHHUE MOXET 6BITL A0CTAaTOYHO CYHIECTBEHHO,
HanpUMep NPH PELICHUH BOIPOCOB ONTUMAIbHON KOMIEHCALIMH PEAKTUBHOM MOLITHOCTH.

Cnucox rumepamyput / References

1. Totepn 5IEKTPOIHEPTHU TPU €€ TPAHCHOPTE MO IIEKTPUUECKUM CETSAM: PAacuérT,
aHaJIM3, HOPMUPOBAaHUE M CHWKEHHUE: yueOHOoe mocobue aist By3oB / ['.B. IllBenos,
O.B. Cumnauena, O.B. Casuenko ; noxa. Pex. HO.C. XKenesko. M.:M3narensckuii 1om
MDUH, 2013.

2. llepenaua u pacmpenesieHHE 3JIEKTPUYECKOM SHepruu : ydebHoe mocobue /
A.A. T'epacumenko, B.T. ®enun. 3-e uznanue., nepepad. M.:.KHOPYC, 2012.
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WAYS OF ACCESSION OF WIND POWER PLANT
TO ELECTRICAL POWER SYSTEMS
Averyanov D.A.}, Golovin E.V.2, Zuev A.1.% (Russian Federation)
Email: Averyanov54@scientifictext.ru

!Averyanov Danila Andreevich — Student;
2Golovin Evgeny Viktorovich — Student;
$Zuev Alexander Igorevich — Student,
DEPARTMENT OF ELECTRIC POWER SYSTEMS,
NATIONAL RESEARCH UNIVERSITY
MOSCOW POWER ENGINEERING INSTITUTE,
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Abstract: n article ways of accession of wind power plant to electrical power systems are
considered. Types of wind power installations are considered. The wind power plant is
several wind power installations, collected in one or several places and united in uniform
network. Large wind power stations can consist of 100 and more wind generators. Wind
power installation represents the complex of the interconnected equipment and
constructions intended for transformation of wind power to other types of energy (electric,
mechanical, thermal, etc.).

Keywords: wind power plant, types of accessions of wind power plant to electrical power
systems.

CIHOCOBbI IPUCOEJUHEHUS BETPSIHON
JEKTPOCTAHIIUU K DJIEKTPOOHEPIT'ETHUYECKHUM
CUCTEMAM
ABepbsIHOB II.A.", Tomosun E.B.2, 3yesB AN?
(Poccuiickas ®@enepanus)

dsepusnos Januna Anopeesuy — cmyoenm;
*I'onosun Eezenuii Buxmopoesuu — cmyoenm;
*3yes Anexcanop Heopesuy — cmydenm,
Kageopa sneKmpodHep2emuyeckKux Cucmem,
Hayuonanenuiii uccnedosamenvckutl yrusepcumem
Mockogckuti snepeemuiecKuil UHCMUmym,
2. Mockea

Annomauyusa: 6 cmamve PACCMOMPEHvl CHOCOOb npucoeouHenuss  8empsHou
INEKMPOCMAHYUY K DJIeKMpOIHepeemuieckum cucmemam. Paccmompenwvr  6udwi
6EMPOIHEP2EMUYECKUX YCMAHOBOK. Bempsanas anexmpocmanyus — 9mo HeCKOIbKO
6EMPOIHEP2EMUUECKUX VYCMAHOBOK, COOPAHHLIX 8 OOHOM UNU HEeCKOIbKUX Mecmax u
00veOunénHbIX 6 eOUnYIo cemv. Kpynuvie 6emposvie 31eKmpocmanyuy, Mo2ym cOCmosms
uz 100 u 6onee sempoecenepamopos. Bemposnepeemuueckas ycmanoska npedcmasgisiem
000Ul KOMNIEKC B3AUMOCEIA3AHHO20 000PYO0BANHUS U COOPYICEHUU, NPEeOHA3HAYEHHbLI
015l npeobpazoeanusi 3Hepauu eempa 6 opyeue 6udvl Hepeuu  (NeKMpUuiecKyio,
MexXaHuyeckyro, meniogyio u m. n.).
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Knwouesvie cnoea: eempsnas 31eKMPOCMAaHyus, 6UO0bl NPUCOCOUHEHUN BEMPSHON
INEKMPOCMAHYUY K DNIEKMPOIHEPLEMUUECKUM CUCTNEMAM.

Jugs BOY ¢ TypOuHOiT TOCTOSITHHON CKOPOCTH, XapaKTepHO OCHAICHHE aCHHXPOHHBIM
TEHEPaTOPOM C KOPOTKO3aMKHYTHIM WM (Pa3sHBIM POTOPOM. DTO TO3BOJISIET TOCTHUYb
MaKCUMaIbHOW 3(()EKTUBHOCTH TpH OMPEISICHHONH CKOpocTH BeTpa. Kpome Toro,
BO3MOXKHO TIpHIMEHEHHEe CHHXPOHHOTO TeHeparopa, Toraa BOY moakmiouaercs K ceTu
4yepe3 CHHXpOHHU3Mpylollee ycTpoicTBo (puc. 1). B aTom ciyuae Kaxaplii reHepaTop
MOXKET moakmouaTecss kK OOC He3zaBUCHUMO OT JApyrux. HemoctaTkoM Takod cxembl
SIBISICTCSI  HEOOXOAMMOCTh  TOCTOSHHOM CHHXPOHHM3AIlMA ®  HeAoBBIpaboTka 30,
00yCIIOBIIEHHAs TOCTOSIHHOM YacTOTOM BpallleHUsl BETPOBOW TYPOUHBI.

B
@ |
—_——_——_—_——. 0,4-0,6/110-220 B

@ bli -. ‘,_D..,/.__

Puc. 1. BIl na 6aze BOY ¢ cunxponuvimu eenepamopamu

v

[Ipu wucronp30BaHUM ACHHXPOHHOTO T'€HEpaTopa CHHXPOHM3HPYIOIIHME YCTPOWCTBA
UCKIIIOYAIOTCA, HO TpeOyeTcsl yCTaHOBKA KOMIIEHCHPYIOIIMX YCTPONCTB, JMOO omJjara 3a
noTpedsieHue peakTUBHOM MomrHocTH u3 DDC cereBoil kommanuu. Jljis MSITKOTro
coeauHeHHs ¢ ceTbio BOY ocHamaeTcst ycTpoiicTBOM MIaBHOTO Iycka (puc 2).

yrn

Gear

(§ =7 ceTb

crnm/
ATKP CT

PK

Puc. 2. BOY ¢ nocmosnnoii ckopocmuio spaujenus 2enepamopa

B  nanHO#  KOH(Wrypamum — WCHONB3YyeTCA  ACHHXPOHHBIH  TEHEpaTtop  C
KOpOTKO3aMKHYTBIM poTopoM (AI'KP) [1], kOoTOpBIH MOIKITIOYAETCS HEMOCPEACTBEHHO K
ceTu uepe3 TpaHcopmMaTop.

OCHOBHBIMH HEJIOCTaTKaAaMH JSTOW KOHIICMIINK SBJISIOTCS: HE mojaaepkanue BOY
KaKoro-nmu0o KOHTPOJSI CKOPOCTH, TpeOyeTcsi MOAKIIOYeHHe K HErnOKOW ceTH, |
KOHCTpykusi BOY nomxkHa BbIIepKUBATh BEICOKUE MEXaHUYECKHUE HATPY3KH.

Econ BOY nMeEOT HENMOCTOSHHYIO YacTOTY BpAIIECHUS POTOpa, TO MPUCOSAUHEHHE K
CEeTU NPOUCXOJIUT dYepe3 HHBEPTOP. VHBEPTOP KOHTPONMPYET CKOPOCTh I'€HEpaTOpa.
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COOTBETCTBEHHO CKAaYKd MOIIHOCTH, CBS3aHHBIE C W3MECHEHHUEM CKOPOCTH BETpa,
MOTJIOIIAIOTCS. B OCHOBHOM IIYTEM U3MEHEHUSI CKOPOCTH pOTOpa.

1) BOVY ¢ orpanndeHHON IEPEMEHHONW CKOPOCTHIO C M3MCHSEMBIM COIPOTHBICHHEM
potopa.

nepeMeHHoe
CONpOTUBNEHWE

Gear

AloP

TTT
PK

Puc. 3. BOY ¢ oepanuuennoii nepemenHol ckopocmulio ¢ NEPEeMeHHbIM 3HAYEeHUEM CONPOMUEIeHUs
2enepamopa pomopa

B ocHoBe naHHOW KOHIEMUWU JIEKUT HAES HCIOIb30BaHUS ACHHXPOHHOTO
reHepatopa ¢ (asHeiM  poropoMm (AI'®P) ¢ mnepeMeHHBIM JIOMOJIHHUTEIBHBIM
COIIPOTHUBIIEHHEM, KOTOPOE KOHTPOIUPYETCI W HU3MEHAETCd JOUHAMHYECKH TIpH
MTOMOIIIM CUJIOBOM 3JI€KTPOHUKH.

OTO MO3BOJISIET YNPaBIATh CKOJBKEHHEM M MOIIHOCTBIO Ha BBIXOJIE T€Heparopa. JTa
(GyHKLIUS 1O3BOJSIET BHIOPATh ONTHMANBHOE 3HAYCHHWE CKOJIBXKEGHUS B pe3yJbTare
HEOOJBIINX KOJICOaHUH KPYTSILEro MOMEHTa TPAHCMHUCCHH U BBIX0/1a MOIIHOCTH.

Cucrema TEepeMEHHOTO CKOJBKEHHUS SBISETCS OYEeHb IMPOCTBIM, HAJEKHBIM U
9KOHOMHYECKH 3()(PEeKTUBHBIM CIIOCOOOM TOOUTHCS CHIDKEHHSI MEXaHMYECKOH Harpysku
[0 CPaBHEHMIO C 0oJiee CIOXKHBIMU PELICHUSIMH Ha OCHOBE HCIOJIb30BAaHHUS HHBEPTOPOB
MOJIHOTO MpeoOpa3oBanust st BOY ¢ nepeMeHHON CKOPOCTHIO.

Hanueiii tun BOY TpeOyeT uCnoib30BaHMs YCTPOMCTBA IUIABHOTO IYyCKa, YTOOBI
YMEHBIINUTh ITYCKOBOW TOK M PEAKTHBHYIO MOIIHOCTH KOMIIEHCATOpa, T.€ YMEHBIIHTH
(ycTpanuTh) TOTpeOHOCTH TeHEpaTopa B  PEAKTUBHOM MOLIHOCTH M3  CETH.
[IpenmymiecTBOM JaHHONW KOHLEMIIMHM SBJISETCS IMpOCTas JJEKTpUYecKas CcXema |
YIIy4YlIeHHBIH Juana3oH pabounmx CKopocTeid. B HEKOTOpOoH cTemeHu 3TO IMO3BOJISIET
YMEHBIINTh MEXaHMYECKHE HArpy3KH U KoJIeOaHUsI MOIIHOCTH, BBI3bIBAEMbIE NOPHIBAMHU
Berpa. Tem He wMeHee, Bce eme TpeOyeTcs WCMOIB30BAaHUE KOMIIEHCHPYIOIIETO
PEaKTHBHYIO MOILIHOCTh YCTPOHCTBA.

K HengocraTkaM MOXKHO OTHECTH:

- JMama3oH CKOpPOCTEeH OrpaHWYeH, TaK KaKk OH 3aBHCHT OT BEJIMYMHBI 3amaca
MIEPEMEHHOTO COMPOTHUBIIEHHS POTOPA;

- IJIOXOW KOHTPOJIb aKTUBHON M pEaKTUBHOW MOIITHOCTH;

- KOO PULIMEHT CKOJIBKEHUS] MOXET 4YacTUYHO HENpPaBWIIBHO ONpEeAelieH Hu3-3a
paccestHusS YacTH MOITHOCTH B IEPEMEHHOM COTIPOTHBIICHHUH.

2) BOY ¢ orpaHuuYeHHON NEpEeMEHHONH CKOPOCTBIO C HEMOJHBIM YaCTOTHBIM
npeobpazoBateneM. B nanHoil koHpurypaumum BDY ucnonb3yercs acHMHXpOHHBIN
renepatop aBovHoro murtamus (ALAII) [2], xoTopeii coorBeTcTByeTr BIY
OTrpaHUYEHHO-IIEPEMEHHON CKOPOCTH C ACHHXPOHHBIM TI'€HEpaTopoM ¢ (ha3HbIM
POTOPOM M YacCTHYHO YHPABISIIOIIMM YacTOTHBIM IpeoOpazoBareieM B LENMU poTopa
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(MomHOCTEIO O0KOJI0 30% OT HOMHMHAJIBLHOW MOLIHOCTH reHepaTopa) (MpUHLUIHATbHAS
cxema IMpeAcTaBIeHa Ha PUCYHKE 4).

YacTW4YHO YNPaBNAKLWWA YaCTOTHLIA

npeobpa3zosarens

Gear

{ } / CETb

P
—

AlropP

Puc. 4. BOY ¢ oepanuuennoii nepemeHHol cKopocmvio ¢ HenOIHbIM YaCHOMHbIM
npeobpasosamenem

Otor Tun BOY He HyXnaeTcs HU B cUCTeME IUIaBHOTO IycKa, HU B KOMIIEHCATOpe
PEAKTHUBHOM  MOINHOCTH, TaK KaK YacCTHYHO  YNPABISIOMIUNA  YaCTOTHBIN
mpeoOpa3oBaTeb MOXET BBIMOIHATH POJIb KOMIICGHCAIIMHM PEAKTHBHON MOITHOCTH W
OCYIIECTBIISTh IJIABHBIN MYCK.

JanHbIil THIT HMeeT Ooiee MUPOKUH AUana3oH AWHAMUYECKOTO KOHTPOJISl CKOPOCTH, B
3aBHCHMOCTH OT BBEIOpAaHHOTO YacTOTHOrO mpeoOpaszoBatensa. Kak mpaBuio, AuamnazoH
ckopocTteit cocrasiseT oT — 40% 10 +30% oT CHHXPOHHOM CKOpOCTU. Masblil 4aCTOTHBIN
MpeoOpa3oBaTelib JaeT XOPOIIU 3KOHOMHUECKUH 3 deKT.

OCHOBHBIE HEJOCTATKH 3aKJIOYAIOTCS B HEOOXOIUMOCTH JOMOTHUTENHHOM 3aIIuTe
B CJly4ae HEUCHPABHOCTHU CETH M MCIOJIb30BAHUE KOHTAKTHBIX KOJIEI JJI1 COCIUHEHUS
C POTOPOM.

3) BOY c nepeMeHHON CKOPOCTHIO C MOJHBIM YACTOTHBIM MpeobpaszoBareieM. 3/1ech
HaJIMYUE TIONHOTO YAaCTOTHOTO TpeoOpa3oBareisl IOApa3yMeBaeT JOMOIHUTEIbHBIC
MOTepH B TMPeoO0pa3oBaHUM JHEPTHH, HO 3TO MOXET OBITh KOMIIEHCHPOBAHO
JIOTIOJTHUTENIbHBIMA ~ TEXHUYECKUMHU ~ XapakTepuctukamu. IlpeoOpazoBarens YacTOTHI
MTO3BOIISIET KOHTPOIUPOBATH Mepeiady aKTUBHOW W PEaKTUBHOM MOIITHOCTH U Ooiee THOKO
mojcoenuHATbCS K cetd  (puc. 5). 3mech BO30yXKIEHHE TEHEpaTropa MOXKET
OCYITIIECTBIIATHCSL DJIEKTpUYECKH (B ciiydae ucnoib3oBanuss AI'®P) unmum ¢ momombro
MOCTOSHHBIX MAarHUTOB (B Cllydyae WCIOJB30BaHUS CHHXPOHHBIX TE€HEpPaTopoB Ha
noctossHHBIX MarauTax (CI'TIM)) [3].

NOMHbIA YaCTOTHLINA

npeobpa3zoBarenb
T A\ po
i @)= = CV=
crnm/
ATKP/
AropP

Puc. 5. BOY ¢ nepemennoii ckopocmuio ¢ nOIHbIM YACMOMHBIM Hpeobpazosamenem
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HeKOTOpBIC BBV JAaHHOr'0 TUIIa HC UMCIOT PCAYKTOpPA, B 9TUX ClIydasaX UCHOJIb3YyCTCA
HpSIMOI;'I MpuBOJ ¢ MHOT'OIIOJIFOCHBIM I'CHCPATOPOM 0OJIBIIOrO AuamMceTpa.
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COMPARISON OF VARIOUS TYPES OF EXECUTION
OF AIR-LINES OF THE ELECTRICITY TRANSMISSION
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Abstract: in article ways of the solution of the problems with transfer of electric energy
arising with significant growth in consumption of electric energy are considered. A power
line — one of components of an electrical network, the system of the power equipment
intended for power transmission by means of electric current. Also electric line as a part
of such system which is going beyond power plant or substation. Also various ways of
execution of air-lines of an electricity transmission are presented in article and also the
analysis of capacity is made for them. Comparison of types of air-lines, namely in
traditional execution and in compact is presented.

Keywords: power industry, electrical power system, air-line, compact line, capacity.

CPABHEHME PA3JIMYHBIX TUITIOB UCITIOJTHEHUSA
BO31YIIHBIX JIWHUM SJIEKTPONEPEJJAUH
Asepbsinos JI.A.", Tostoun E.B.% 3yeB A.N.°
(Poccuiickas Penepauus)

Y dsepoanos lanuna Anopeesuy — cmydenm;
I'onosun Eezenuii Buxmopoesuu — cmyoenm,
33yee Anexcanop Heopesuu — cmyoenm,
Kageopa s1eKkmposHepeemuseckux CUcmem,
Hayuonanenuiii uccnedosamenvckutl yrugepcumem
Mocxkosckuii sHepeemuieckuil UHCMumym,

2. Mockea

Annomauua: 6 cmamve pACCMOMPEHbl CHOCOOLL peulenus npobiem ¢ nepeoauel
INEKMPUHECKOU IHEPeUU, GOSHUKAIOWUX NPU 3HAYUMETbHOM pocme NompeoaeHus
anexmpuieckol onepeuu. Jlunus onexmponepedauu — OOUH U3 KOMHOHEHMOS
2JIeKMPUHECKOU cemul, CUCTNeMA IHEPeMUYecKo20 000PY008anus, NPeOHA3HAYEHHAs 015
nepeoauu 1eKmposIHepeul NOCPedCmeoM dieKmpudeckoeo moka. Taxoce snexmpuveckas
JUHUSL 8 CcOocmage MaKol CUcmemvl, 6bIX00SUAs 34 Npeoeibl INeKMPOCMAHYUU UTU
noocmanyuu. Taxoce 6 cmamve npedCMAIeHbl PA3IUYHBIE CHOCOObL UCHOJIHEHUs
B030YUIHBIX JIUHULL DdJIeKmponepeoauy, a makxdce NpoussedeH aHamu3 HnponyCcKHOU
cnocobrnocmu 01 Hux. lIpedcmaegneno cpasrenue munog 6030YUWIHbIX JUHUU, A UMEHHO 8
MPAOUYUOHHOM UCNOTHEHUU U 8 KOMHAKIMHOM.
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Knwueswvie cnosa: INIEKMPOIHEPSEMUKA, INEeKMPOIHEpcemuiecKas cucmemda, 603()yWH(1}Z
JAURUS, KOMNAKMHAA JIUHUA, NPONYCKHAA cnocobHocme.

B nacrosmee Bpemst HaOM0MaeTCss 3HAYUTEIBHBIA POCT MOTPEOICHHS dIIEKTPHICCKOM
SHEPTUU KaK B MPOMBIIUICHHOH, TaK U B COUMAIBHOHN cdepax, 4To TpeOyeT JanbHeHIero
yBenn4YeHHUs] 00beMOB BBIPAOOTKH 3JEKTPOIHEPTHH, PA3BUTHS DIIEKTPOIHEPTETHUECKON
CHUCTEMBI (320), CTPOUTEIHCTBA HOBBIX TeHEePUPYIOTIX HMCTOYHHKOB,
pacnpenenuTeIbHbIX, TPAHCIIOPTHBIX W MEKCHCTEMHBIX JHHHUH 3JekTporepeaayn. K
AIIEKTPOCETEBBIM OOBEKTaM M, B YAaCTHOCTH, K BO3AYLIHBIM JIMHHUAM 3JIEKTpOIEepeaadn
(BJI) BolgBUTArOTCS HOBBIC TpeOOBaHWS TMOBBIMICHUS J(G(MEKTUBHOCTH WX pPabOTHI,
CHIDKCHHSI KallUTaJIbHBIX BIOXKEHUH B CTPOUTENHCTBO, YMEHBIICHHUS SKCIUTyaTallHOHHBIX
3aTpat, CHIDKEHUS 3KOJOTHUECKOT0 BIMSHUSA Ha OKPYKAIOIIYIO Cpeny.

J1s1 ycnenrHoro pemeHus yKa3aHHbIX 33/1a9 U JOCTIKEHHUS TIOCTABJICHHBIX IIEIeld MOTYT
OBITh TIPEIUIOKEHBI YIIPABISIEMBIE JIIEKTPOIIEpeadll TEePEMEHHOTO TOKa MOBBIIIEHHOMN
MPOIMYCKHON CIOCOOHOCTH, KOTOpBIE MPEACTABISIIOT COOOW KOMIUIEKC TEXHHYECKUX
pelleHwid, MpeIycMaTpUBAIOIINX MPUMEHEHHE OJHOIEITHBIX U MHOTolenHbX BJI HOBOTO
nokosieHus (koMnakTHEIX BJI u ynpaBmseMsix camoxomMmieHcupytommxcs BJI) B couerannn
C COBPpEMCHHBIMU CPEACTBAMU PCTYJIMPOBAHUA.

B tabnune 1 mokazaHbl 3HAYCHUS] HATYpPaJbHONH MOIIHOCTH TPW BBIMOTHEHWUH JIMHUU
TPAOULIMOHHON U KOMIIAKTHON KOHCTPYKLIUHU.

Tabruya 1. 3nauenus HamypaibHOU MOWHOCHU NPU BbINOIHEHUU 8030YUHOU TUHUU PASHBIM

UCnoIHeHuem
Bean4yuna HaTYypabHOMI
Ne n/n HaumenoBanue Tunos BJI 220 kB MomnocTH, MBT
Ha oany Ha aunuio B
uenb HEeJI0M
Tpanuuuonnas onnouennast BJI 220 kB
' (poBoza AC 300/66) 1551 155,1
KomnakrHas oxnounemnnast BJI 220 kB
’ (poBoga AC 300/66) 211,9 277,9
TpanuunonHas npyxuensas BJI 220 kB
3 (posonia AC 300/66) 152,3 304,6
KomnaxrHas nByxuennas BJI 220 kB
: (mpososa AC 300/66) 254,5 509,0

W3 TaGnuiel BUAHO, YTO KOMIIAKTHEIE IMHUW UMEIOT Topa3fao OOBIIYI0 MPOMYCKHYIO
cnocoOHocTh (Ha 40 — 45 %) mo cpaBHeHHto ¢ TpaauuuoHHbIME BJI. [lannsii sddexr
JOCTHTaeTcsl 3a cyeT cOmmKeHus (a3 M CO3AaHUS KOMIAKTHBIX KOH(QUTypanuid Wux
pacroyioKeHHss B OJIHOLICTIHBIX W MHOronenHeix BJI obecrieunBaercst yiydnieHUe
JJIEKTPUYECKUX TapaMeTpoB JIMHWH U, MpPEXJAe BCEro, MOBBIILICHHE IPOMYCKHON
cocoOHOCTH, Onarofapsi M3MEHEHHIO MapaMeTpPOB 3JEKTPOMAarHUTHOTO TMONs B
MeXy(hasHOM M OKpPYXKAaloIIeM JMHHIO TPOCTPAaHCTBE. YCWIIEHHE TapameTpoB IOJIs
BHYTpPH JIMHUH 32 cUeT COMMKEHMs (a3 Mo3BOJSET YIAYULIUTh IEKTPUIECKHE TTapaMeTphbl,
YBEUYUTh  MPOIYCKHYIO  CIIOCOOHOCTb, M,  COOTBETCTBEHHO,  TEXHHYECKHE
XapaKTepUCTUKU JIMHWHU, a OCJIa0JIeHWe IOJII BO BHEIIHEM MPOCTPAHCTBE YJIYYIIHUTh
3KoJornyeckue nokasarenu BJIL.

[IpuHIUMTUANEHBEIME  SBISIOTCS  BOMPOCHI  BBIOOpAa MHUHUMAIBHO  JIOIMYCTHMOTO
PACCTOSHUS MEKIY COMMKEHHBIMU (ha3aMHu.
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AHanu3 ¥ pacueThl OKa3alli, YTO UX 3HAYCHHS C YUCTOM Pa3psIHBIX XapaKTEPUCTHK
M30JISIIIHOHHBIX MTPOMEXKYTKOB «(aza-haza» Mpu MaKCUMaIbHBIX PAa00UYNX HATIPIKECHUSIX,
TPO30BBIX U KOMMYTAI[MOHHBIX TIEPEHANPSDKEHUSIX MOTYT OBITh IPUHATHL HAa ypoBHE 0,35-
0,5 ot BenmmumHB Mexayha3zoBsx paccrossanid (D), mpumensemsix Ha BJI TpaauimonHoit
KOHCTPYKIHUH, YTO HE MPOTHBOPEUUT MPaBHUIaM yCTPOCTBa 31eKTpoycTaHoBoK (I1Y D).

[Ipu cOommkennn a3 B KOMIMAKTHRIX BJI mOmKHEBI cobmomaTbes TpeOOBaHHUS, YTOOBI
MaKCHMalbHAs HANPSKEHHOCTH AneKkTpudeckoro mons (E;,) Ha moBepXHOCTH MPOBOAOB
HE TpeBbIlIala BEIMYMHY HANPSHKCHHOCTH TOJIs Havyana KopoHsl (E,). [Ipu sToM gomkHO
cobmopaartecs ycnosue: E,, < 0,9-E,. BeiOop npoBoI0oB U KOHCTPYKIHH (a3 JOIKHBI
YAOBJIETBOPSITH 3TOMY YCIIOBHIO.

B 3aBucHMOCTH OT TOrO, HAaCKONBKO CONMKAIOTCS (Das3bl, OCYIIECTBISETCS BBIOOP
MPOBOJOB M ONPEACTSIOTCS OCHOBHBIE XapaKTEPUCTHKH JIMHUM, €€ BOJHOBOE
COTIPOTHBJICHHUE U BEINYMHA HATYPAJTHbHOW MOIITHOCTH.
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BUOKOMIIBIOTEPHBI
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Aunomauus: 6 cmamve ONUCAH NPUHYUN PAOOMbL OUOKOMIbIOMEPA, NAPALIETbHBIX
sviuucnenul. Iloxkaszanvl ocobennocmu OanHoOU GvIYUCIUMENbHOU MawuHbl. [Iposeden
aHanU3 CcpaeHenusi OUOKOMNLIOMEPA C K8AHMOBLIM KOMNLIOMEPOM U KIACCUHECKUM
xomnwromepom. lloxkazanvl HeQOCMAMKU U HEBOIMOICHOCb PEanu3ayuu KEaHmo8020
rkomnviomepa. Coenanvl 66186006l 0 OYOyWeM paA38UMUsL OUOKOMNbIOMUHEA.

Knwouesvie cnosa: xomnviomep, OuOKOMNbIOMED, KEAHMOBHI, MHO203A0AYHOCTD,
napannenbHble GblYUCTEHUSL.

Kommbrotepsl moBcloy: HauwHas OT cMapTdoHOB U IwiaHmietoB A0 [IK u urpoBbix
KOHCOJIEH W BIJIOTH A0 CYNEPKOMITIBIOTEPOB U YMHBIX 4aCOB. CYTB B TOM, 4YTO BCC OHH
paboTaloT MO OAWHAKOBOMY NPHHIMITY — OHH HCIIOJB3YIOT MAIIMHHBINA KO, COCTOSIINI
W3 HylleH U eMHUI. DTO MOXO0KE Ha YTEHHE, KOMIBIOTEP CUNUTHIBAET HA0OOP MHCTPYKIIMHA
3a Ha0OpPOM MHCTPYKIHMIA, a 3aT€M BBIIOJIHSET 33/1a4y U MEPEXOJUT K CIEAYIOLIeMy Iary.
Mpbl HaszblBaeM TakuMe KOMIIBIOTEpBI KilaccMueckuMHu. Bosnukaer Bompoc: «Ecmn
KOMITBIOTED MOJKET BBIIONHATH TOJNBKO OJHY 3afady 3a pa3, Kak MOryT paboTarb
HECKOJIBKO MpOorpaMM OJHOBpPEeMEHHO?». B ocHOBHOM mporeccop oOpabaTbBaeT IO
OJHOHM 3a/aue 3a pa3 WM IO OJHOMY HaOOpYy MHCTPYKUHMH 3a pa3, HO HEepEeKIIoYaeTcs
MeXy HUIMU OYEeHb OBICTPO: MPUMEPHO 2,5 MIJTHAPAA pa3 B CEKYHAY JUISl OXHOSIEPHOTO
OJTHOTIOTOYHOTO Tporieccopa Ha 2,5 ['Tu. Dtoro goctaTodHo Uit paboThl MPOrpaMMHOTO
oOecriedeHus U MPOYHX MOIOOHBIX MPUIIOKEHHH, HO WHOTIAa TpeOyeTcs ropaszio Oolbiie
BBIYUCIUTEIBHON MOIIHOCTH, KOTOpas MO3BOJIJIA peIlaTh CIOXKHBIE YpaBHEHUS HOYTH
663 OFpaHH‘IeHHﬁ: KpI/IHTOFpa(bI/ISI WU CJIOXKHBIC CUMYJISIIUU IMOBCIACHUA HAIIETO MHpPA,
COBPEMCHHBIC MATEMATHYCCKUC MOJCJIN. Takne 3a1a4u MOKHO OImrncaTtb u
KJaccu(UIMpOBaTh, Kak TpeOyIoIIMe OHKCIOHCHUUAIbHO BCE OOnblIe BpEeMEHH Ha
peleHne ¢ BO3pacTaHHeM CIOXHOCTU. Kilaccudeckne KOMITBIOTEpHl HE MOTYT XOPOIIO
CTIPABIATHCS ¢ TAKMMH 3agadaMu. Jlydiree, 4To ecTh Ha JaHHBIH MOMEHT — MHO)KECTBO
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KJIACCHYECKUX  KOMIIBIOTEPOB,  COCIMHEHHBIX  MeXAy co0oii M Ha3BaHBIX
CynepKoMImbioTepoM. Ham HyXeH KOMIBIOTEp, CIIOCOOHBI Ha caMOM Jeje pelaTh
MHOKECTBO 3aJlad OJHOBPEMEHHO, HaM HYXEH KOMIBIOTEp C MapauIelbHBIMA
BBIYHACICHUAMH. Takoi KOMIIbIOTep Ha3bIBAETCSI KBAHTOBBIM.

[IpakTHUHOCTH KBAHTOBBIX KOMIIBIOTEPOB C TOYKHM 3pEHMSI MPOU3BOACTBA U
JKCIUTyaTallid He JoKa3aHa. KBaHTOBOMY KOMITBIOTEpY HJs paboThl HeoOXoanma
TeMIieparypa, O4deHb Onu3kas K aOCOMOTHOMY HYJIIO. OTH TpoOIeMbl MOTYT OBITH
pemieHsl B OyaymieMm, HO Ha JaHHBIK MOMEHT TpeOyeTcs pelieHue Mmoiyume. TyT
OPUXOASAT Ha TOMOIIb OHOKOMIIBIOTEPBHI, OKAa3aBIIMECS COBEPIICHHO HOBBIM
peannzyemMbIM perieHrneM. MeTon OMOKOMIIBPIOTHHTA MOTPebIsieT MeHbIne |1 mporeHTa ot
TOW PHEPTUH, YTO MOTPEOIISIOT COBPEMEHHBIE AIIEKTPOHHBIE TPaH3UCTOPHL. B pesynbrare
MOXKHO TOJIYYUTh MOIIHOCTh COBPEMEHHBIX CYINEPKOMIIBIOTEPOB, YMEIIEHHYIO B
HOYTOYKe U 0e3 abCypIHBIX SHEPro3aTpar U TeIuIoBbIIeneHns [1].

Kak oxazanoce, pemeHre ObLTO BCETJa PsIOM B BHIE Oellka MHO3WHA — COCTaBHOTO
JJIeMEHTa MBIIIEYHON TKaHW. MUO3MH MOXKHO TpEACTaBUTh B BHJAE MHOYKECTBA
KpOIIIEYHBIX MOJEKYJSIPHBIX JIBUTATENel, MPeoOpasyoInX XHMHUYECKYI0 JHEPTHI0 B
MEXaHHYECKYH0. BHOKOMIIBIOTEP UCIONB3YET MHO3WH, YTOOBI HAMIPABIATH OSIIKOBbIE HATH
BJIOJIb MCKYCCTBEHHBIX JOpoxeK. OH BKIIIOYAaeT B ce0sl MOCTPOCHUE CETH HaHOKAHAJOB,
KOTOpasi O0EcleunBaeT peryisiUi0 MOTOKAa HAHOOENKOBBIX HHUTEH, OTBET B CETH
COOTBETCTBYET pEIICHUI0 MAaTeMAaTHYeCKOTO YpaBHEHHA, W MHOXECTBO MOJICKYI
OJTHOBPEMEHHO MOTYT HaWTH CBOW MyTh 4epe3 ceTh. 1103TOMy, BMECTO TOro, YTOOBI
HCTIONB30BaTh MHOKECTBO KOMITBIOTEPOB, COCMHEHHBIX MEXITy COOOH, AJISl BHIMOIHEHHS
MHOKECTBEHHBIX ~ OJHOBPEMEHHBIX  BBIUMCICHHWH, MOXHO OYyJeT HCIIOb30BaTh
HaHOPA3MEPHBIA MOJIEKYJSIPHBI MOTOp, JEJArOIIUil TO € caMoe, a 3T0 — ropasio
MEHBIIIUE 10 pazMepy U OoJiee MOIIHBIE KOMITBIOTEPBL. JTa OMOKOMITBIOTEpHASI CHCTEMA
ropaszio MpolIle U JeNIeBle B IPOU3BOJICTBE, YeM KBAHTOBBIM KOMITBIOTEp, B OCHOBHOM 32
CYeT TOTO, YTO OCHOBHBIE KOMIIOHEHTHI TAKOTO KOMITHIOTEPA PACIPOCTPAHEHBI B TIPUPO/IE.
HccnenoBarenn yTBEp>KIAalOT, YTO OHMOKOMIIBIOTEPHI CKOpPEE BCETO B JECATHIIETHH OT
npousBozcTBa. OHM TaKKe YTBEPXKJAIOT, YTO CYIIECTBYIOIIME MPOTPAMMHBIE AITOPUTMBI
MOTYT OBITH UCTIONB30BAHEI B 3TOW CUCTEME C HEKOTOPOM onTuMu3anueil. [2]

B otnuunu oT 0OBIYHBIX BEIYMCIHUTENBHBIX YCTPOUCTB OMOKOMITHIOTEPHI HMEIOT PSiJ
YHUKaIbHBIX BO3MOKHOCTeH. BMecTo OMHApHOTO KOJa OHM MCIOJB3YIOT TEHApHBIH,
Tak Kak wuHpOpManmus B HUX KOJUPYeTCcsS TpOWKaMW HYKIeoTHuAoB. Mx
MIPOU3BOJAUTENBHOCT, MOXeT nocturatb 1014 omepaumii B cexyHay. IlnoTHoCTh
XpaHeHHUsl JaHHBIX C IOMOIIbIO ycTpoiicTB Ha ocHoBe JIHK B Tpunnmonsl pa3
MpEBBIIaeT MOKa3aTeId ONTHYECKHX NAHCKOB. HakoHen, OMOKOMIBIOTEPHI WMEIOT
HCKJIFOYUTENHFHO HIU3KOE 3HEepromnorpedneHue. [3]

CymiecTByronie Ha JaHHBII MOMEHT CHCTEMBl OHOKOMIIBIOTHHTA ITO3BOJSIOT
HaxOJWTh MHOKECTBO pemIeHni ogHoBpeMeHHO. Celuac OHM BBITTIAAAT MEIJICHHBIMU
W TOpuMUTUBHBIMH. Ho »3TH wuccnenoBanusi ObUIM J0Ka3aTeNbCTBAMHM KOHLENTA,
MOKa3aBIIero, 4YTO wuaess paboTaer, YTO IMO3BOJSIET MCCIEAOBATENSAM MOJYYUTh
JIOCTaTOYHO JIaHHBIX, YTOOBI YOEJHWTBCS, YTO 3TO JKU3HECIOCOOHAs albTepHATHBA
KBAaHTOBBIM KOMITBIOTEpaM.

B TO Bpems Kak KBaHTOBbIE BBIYMCICHHS MOTYT CTaThb M300pETEHHEM Ha
JNONTOCPOYHOM  MEepCreKTHBe, KOTOPOE  3aMEHHT OrPOMHBIE  TIOMEIIEHUS  C
CYTIEpKOMITBIOTEPaMH,  JaHHBIE  JIOKA3aTelbcTBA  pPabOTOCIOCOOHOCTH  KOHIIETITa
NPaKTUYHOMW, JErKOW B TNPOU3BOACTBE, TpeOYIOIIeH Tropa3go MEHbIIEH HHEPruM U
HEJIOPOTOH MapajuieIbHO-BRIYUCIUTEILHON CUCTEMBI MOXKET 03Ha4uaTh, 9To Oymymue [1K,
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a MOXET JaXE H CMapT(l)OHLI CMOTYT BMCECTUTb MOMIHOCTH  CCTOAHSIIHUX
CYIICPKOMIIBIOTCPOB. B wurore TombKO BpEMsI TIOKaXKET, CTAHCT JIM OSTOT MCTOJ
HeﬁCTBHTEHBHO TEM, O YEM I'OBOPAT y‘IéHBIe " UCCIICO0BATCIIN.
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Abstract: the article describes the scheme of spare parts supply at the Transport
Companies of Orenburg town. It reviews different methods of spare parts supply during
the maintenance and repair of the vehicles. The article proposes methods of calculation of
spare parts control in a social-technical system based on the example of the Transport
Company that help to provide the repaired units and spare parts on time. Analytical
dependence is defined, providing optimal calculation of spare parts reserves at the
Transport Company.
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00CIYICUBAHUA U PEMOHMA  NOOBUIICHO2O — COCMABA  HA  ABMOMPAHCHOPMHOM
npeonpusimuu. IIpeonosicenvl memoovl pacuema YHpAGNeHus 3andcHbIMU Y4ACMAMU 8
COYUANLHO-MEXHUYECKOU Ccucmeme Ha npumepe aemompanCnOPMHO20 NPeonpusimus,
NO3BOJIAIOWUE CBOCBPEMEHHO U 8 ONMUMALLHOM KOIUYECmee 00ecneyusams UCnpasHbLMU
(ompemMoHmuposaHHbiMuy) y3namu u 3anacHoimu dacmsamu. Onpedenenvl aHaiumuyeckue
3asucumMocmu, obecneuusaloujie ONMUMAIbHLLIL PAcuem 3anaca 3andcHuiX yacmei Ha
A6MOMpPAHCROPMHOM NPEONPUSIMUL.

Kniouesvie cnosa: 3anacmvie uacmu, mexuuueckoe OOCIYICUBAHUE U  PEMOHM,
ABMOMPAHCNOPMHOE NPeOnpusmue, dgmomooub, 000POMHbBILL CKIAO.

Aiming to provide uninterruptable working process the transport company should
constantly keep the required level (insurance) of spare parts, so that they are always
available. However, sometimes there is a necessity to look for a required spare part in the
shops as this part is not available in the company’s warehouse. In this case a company
calls the nearest shop to find out if there is a spare part it needs. Sometimes the spare part
is available in the shop and so the shutdown is not so long. It can happen that the spare
part is available only at manufacturer that is in another city and the waiting period for the
delivery will cause significant expenses.

Let’s look at the example of shutdowns in car repair caused by unsatisfactory
procurement. For example shutdowns due to lack of spare parts in the company’s
warehouse and shutdowns emergency procurement situations.

Reduction of organizational shutdowns mainly depends on cooperation with spare parts
suppliers and manufacturers.

For example here is the scheme of spare parts supply for the transport company located
in Orenburg. The specific feature of this region is its boundary location that complicates
connection with other regions of the Russian Federation. The area is characterized by its
significant length from the west to the east and the largest cities are located within 450 km
and more. The scheme of spare parts supply is presented in the figure 1:

St, Petersburg Moscow
! 2
g Orenburg
Samara 7 \

BT ok

1,2,3,5,6, 7, 8—spare parts shops in Orenburg; 4 — repair; TC — Transport Company; RR —
Radiator’s Repair shop; TS — Truckbody Shop; CW — Central Warehouse; NW — Negotiable
Warehouse; RA — Repair Area

Fig. 1. Scheme of Spare parts supply at Transport Company in Orenburg
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Transport Company cooperates with different suppliers:

— suppliers of the vehicles (car manufactures, dealers);

— suppliers of fuel and lubricating materials;

— suppliers of engineering, management and working personnel (Universities,
colleges, driver schools).

Majority of planning tasks for spare parts delivery are variable. Searching for the most
effective solution demands labor and time costs. Therefore there is a necessity of using
economical-mathematical methods that will help to find the optimal solution within the
shortest terms.

Shutdowns and losses are closely associated with deliveries from manufactures, central
storages and shops, and with organization and cooperation between structural units at
Transport Company. The company with 250 vehicles usually has several types of
warehouses and maintenance and repair depend on its operation.

There are different schemes of spare parts supply during maintenance and repair of
vehicles (with negotiable warehouse available):

— from manufacturer directly to the central warehouse;

— from manufacturer to the central warehouse via shops located within the city.

These cooperation schemes allow us to sum up, that the negotiable warehouse
operation is associated with a number of problems such as: excess amount of repaired
units in the warehouse thus increasing storage costs (by 30% of total costs of spare parts)
and vice versa, lack of spare parts leads to shutdowns in repair shops that is unacceptable
for a transportation process. In order to solve this problem we offer the method of
calculation of spare parts control.

Resource of any vehicle and duration of its repair, and the moment of its delivery to the
exchange fund is the random value. Due to this fact the working hours of Transport
Company has a random character, therefore it can be related to a private type (Markovskiy
process). This process can be illustrated by graph of spare parts movement (figure 2).
Queuing lines may arise due to lack of new (repaired) required parts.

S1 — manufacturer; S2 — central warehouse; S3 — negotiable warehouse; S4 — shops in
Orenburg; /1” - stream of possibility of transfer from status Si to status Sj

Fig. 2. Graph of status of spare parts movement
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Stock of units for vehicles located in the area of the negotiable warehouse, may be
calculated with a help of a famous Erlang equality [2], for vehicles located in several
areas, operated by one repair company, - mathematical methods of theory of mass
maintenance. In the second case the task is more complicated as apart from the number of
units of turnover fund, it is necessary to identify the storage location: distributed in several
areas or centralized in one place.

Let’s review the case of optimal storage of the turnover fund n; taking into account

minimal time for replacement of vehicles located in several areas. As an example we will
compare average time for the unit replacement waiting in two different areas and in one
central storage area.

Average  waiting  time T , at  different  storage areas  with
n=n,=n; 4 =4, =4, v, =v, =v will be:

I1(n,v, 1)
T = T = T =),
n.d. n.1. n.2. ny — /1
where A, - number of failed units delivered to i-section;
v —service time t.,, (v =1/t,).

At central storage of turnover fund, where system parameters will be equal 2n,2A4,v,
respectively, average waiting time can be defined by formula:
_1(2n,24,v) _111(2n,24,v) 1)
2nv-24 2 nv-24
Relation T,, to T, . shows coefficient of shutdown increase K at distributed storage
of turnover fund:

K:T"-d- 9 II(n,A,v) @
T I1(2n,24,v)

n.c.

Probability (P) that there won’t be required units in the warehouse is defined by

formula:
B VP, A "
H_(n—l)!(nv—ﬂ)(vj ®)

where P, — probability that at certain period of time there will not be any requirements
for the parts, and all the n of turnover fund will be available.

Inserting the value P into the formula (2), we will get a formula (4).
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K2 vPy(n,A,v) (1)”:( P,(2n,24,v) (2zjz”=

(h-1)hv-2)\v) (@n-112nv-22) v

e ORI
=4
(n-l)!zz”[i)n Z;;(ijy i _1)!6, _EJ (ij

Therefore we can see that at central storage of turnover fund the coefficient of
shutdown decrease K > 2, thus proving economic feasibility of the central storage.

However this condition is valid only at unchanged v, i.e. in case of vehicles location
within the vicinity of production base. If vehicles are located far from the base, at central
storage of the turnover fund t,,, will increase for the time of transportation 2t,,, whereas

the value v will decrease.

With decreasing v the efficiency of central location will be reduced, and at long
transportation it can be turned out that central storage is not feasible. In general creation of
central storage with location of turnover fund at separate maintenance areas can be more
efficient. In order to reduce the vehicle shutdown it is necessary to calculate reserves
resulting from the target function thus allowing to reduce total costs.

Optimal criteria is defined by the following target function:

F=7(n,n,,....n,,n,)SM +C(Zni +n, ), (5)
where T — average shutdown period at every change of the vehicle;
S — losses per day of car shutdown;

M — number of replaced units per year;
C — costs of one turnover unit;

N; — turnover fund at i-m area;
N, — turnover fund at central area (company).
To minimize function F by parameters n,n,,..,n, it is necessary to define

dependence of waiting time T, from these values. The task can be solved by means of

modelling of work of mixed system using statistical tests. It is possible to generalize
Erlang formulas for a multivariate task. However, the first option demands time, the
second — the solution is too enormous.

In order to use Erlang formulas for finding optimal turnover fund in n-systems we can
use another method of calculation. So A, ; parameter of the flow “unsatisfied” at i-area.

This flow is not a simple one, it is a flow of P [3] type, i.e. ordinary with limited sequence.
However, according to the theorem [3], it is expected that superposition of these flows
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coming to central warehouse, is leading to the simple flow with parameters A . =A4.P,

us [

where P, — probability of failure at i-area:

R= (6)

DI

Waiting time (7°,,) will depend on parameter of the flow of applications A, of number

of turnover fund n, and service parameter v :

TW:TW(ﬂf’nO’V):%v (7)
0 f

where P =

Y A
PO:nO_l v v

2 +(n0_1){n0_zf}

14

Shutdawn caused by transportation of_ turnover fund, will depend on conditional
probability of application delivery to i-area, on probability of failure to perform the
request and on transportation time for central base i.e.:

A
-—— 1T

2%
y=1

Then average shutdown time can be defined by formula:

t, = TTi *

k
A
T:Z T, +T,,. (8)

Y
=1
Function is as follows: (9).

F:[i A B0y, Ay V) T+ T, 34, () VISM +C(S 0 +n,)  (9)

SO we can see (9), that with increasing n; through PT',,; the shutdown period is

reduced, and through T',, the shutdown period is increased. At 7', =0 central storage of
the turnover fund will be optimal.
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opti. Mopto. - These values

can be derived with a help of dynamic programming [4, 5]. Calculations are much easier
and can be made practically by a method of directional selection using special calculation
tables of factorials and sums.

Reviewed methods of calculations of spare parts control in social-technical system help
to provide proper units and spare parts on time and in optimal amount.

Implementation of these methods will help to provide reduction of cars shutdown due
to lack of spare parts. For a passenger’s bus company with 250 vehicles and more these
methods will help reduce the shutdown in a service areas by 12-16%.

Monitoring of procurement work of Transport Company shows that availability of
unjustified warehouses (extra) affects spare parts supply. The proposed methods prove
efficiency of central storage of units and vehicles parts.

Maximum value of the function is achieved at some values n
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Abstract: the article analyzes the mathematical model of planetary motion, the basic
physical laws and the solution of differential equations describing the basic processes are
given. The description of the program, clearly depicting the trajectories of the motion of
the planets depending on various parameters, is given. The article will be useful for
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MOAEJIUPOBAHHUE ABUKEHUA KOCMHNYECKHUX
OBBEKTOB
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'Banviko Hzopv Huxonaesuu — macucmpanm,
2Xﬂbzcmyiwsa Examepuna Anamonvesna — macucmpanm,
Kageopa usuxu u UHGOPMAYUOHHBIX CUCTHEM,
Kybanckuii 2ocyoapcmeennviil ynusepcumenmn,

2. Kpacnooap

Annomauyua: 6 cmamve paccmMampueaemcs MAmMmemMamuyeckas Mo0enb OBUNCEHUs
njianem, NpusedeHbl OCHOBHble (DU3UYECKUe 3AKOHbL U peuleHue Oupgepenyuanvrsvix
YpaeHeHull, ONUCLIBAIOWUX OCHOBHble npoyeccyl. lIpueedeno onucanue NPOSPAMMbI,
HA2NAOHO  u300padxcaroujell. mpaekmopuu O8UMCEHUsl NiaHem 6 3a8UCUMOCIU Om
paznuynbix napamempog. Cmamovsi 6ydem nOne3HA NPenooasamensiv U CmMyOeHmaM,
UHMEPECYIOWUMCS KOMNBIOMEPHBIM MOOCTUPOBAHUEM.

Kniouesvie cnosa: xomnviomepnoe mooenupoeanue, 3akonvl Hviomowna, 3axon
Bcemupnoeo maecomenus, mpaexmopuu.

Ha ceronusimHwuii IeHb UCTIONIL30BAHNE KOMITLIOTEPOB JIAIOT ITHPOKHE BO3MOKHOCTH B
pa3NIMYHBIX O0NACTAX 3HAHWW JUISl PEIICHUs OYeHb CJIOXKHBIX 3amad. Cronb OypHOE
pa3BuTHE MH()OPMAIMOHHBIX TEXHOJOTHH M NPOrpaMMHPOBAHHA JejaeT HEOOXOAMMBIM
XOTs1 OBl B HEOOJIBIION CTENICH! 3HATh M YMETh MPUMEHSTH KOMIIbIOTEphl. KOMIBbIOTEpHBIH
SKCIIEPUMEHT MOXKET OBITh BBITIONHEH B TaKMX YCJOBHUSX, KOTJA MPOBEIECHHE HATYPHOTO
SKCHEPUMEHTa 3aTPyJHEHO WM Jaxke HeBo3MokHO [1]. K Tomy ke kommbloTepHOE
MOJICIMPOBAaHUE  MpEAyCMaTpuBaeT TIpauyeckoe MNpPEACTaBICHHE  IOIYyYEHHBIX
pe3yJIbTaToB B BUAE IpadMKOB, PUCYHKOB WJIM aHUMAIUH, a 3TO SBIACTCS HEOTHEMIIEMOM
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4acThIO OBICTPOrO BOCHPHUSATHS M OCMBICICHUS WH(POPMAIIMHU, YTO SIBJIICTCS BAXKHBIM B
nporecce 00yueHHS.

JIBwokeHne  TUIaHeThl ~ OTHOCHUTENBHO  3BE3JBI  MOXKHO  ONHCAaTh  JIBYMS
(hyHIaMEHTaTFHBIMU yPaBHEHISIME - BTOPBIM 3aKOHOM HpioTOHA 1 3akoHOM BcemupHoTro

TsroTeHus [2]:

=< (1)

GM
F=-2Tr, )

[IpupaBHSB cuibl APYyr K JOPYry W Pa3jioKHB HA TMPOCKIMH, MOIYYHUM CHCTEMY
g hepeHITnaATbHBIX YPaBHEHHAM:

. GMx
Yy O
.o GMy
y=- (x2 + y2)3/2’ (4)

IZie X' U ¥ — MpoeKIMK YCKOpEeHHH Ha OcH,

G — rpaBUTAIMOHHAS OCTOSHHAA, paBHasd 6,67 * 10711 m

X U Y — KOOpJAMHATHI TeJNa.

[IpuBeneHHass cucTeMa YpaBHCHUH OIUCHIBACT JBUKCHHE TeJla BOKPYT JpPYroro
MacCUBHOTO OOBCKTa, HANpPUMEp, IBWKCHHE IUIAHEThl OTHOCHUTEIBHO 3BE3Ibl WU
CIYyTHHKA OTHOCHTENBHO TuiaHeThl. CUCTEMY MOXHO JOTIOJHUTH W BBIBECTH YPaBHCHHUS
JUISS OTHOCHUTEJIBHOTIO JIBWKCHHS JIBYX OOBEKTOB, YTO SBJISCTCS OO0JIee HHTEPECHOMN
3a/laueii, a €e pe3yJIbTaThl IOJY4aloTCS JOBOJHHO HEOXKHUIAHHBIMU. TpaecKTopus
NBIDKEHUST Tella OyneT 3aBUCeTh OT HAYallbHBIX YCJIOBHI: HAYalbHOW CKOPOCTH,
HAYaTbHOW KOOPIWHATHI M HANPABICHUS BEKTOpa CKOpOCTH. [Ipenmmonaraem, dTO
MAaCCUBHOE TEJIO PACIOI0KEHO B HaYaie KOOPJAUHAT.

1

1 -
Skr e Y
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a) 6)

Puc. 1. TpaeKmopuﬂ 08UIICEeHUS UCKYCCMBEHHO20 CNYMHUKa 3emnu ¢ HauanbhbiMU CKoOpoCcmAMU.:

a) 7,9 m/c, u6) 9,8 m/c
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a) 0)
Puc. 2. Tpaexmopuu 0gudicenus 08yx men: a) ¢ 0OUHaAKoO8bMU maccamu u 6) ¢ maccamu My =
2,97%10% ke u M, = 5,97*10% k2

Ha pucynke 1 mokasaHa TpaeKTOpus IBH)KEHHUSI HCKYCCTBEHHOI'O CIIyTHHKA 3eMJIM Ha
OKOJIO3EMHOH OpOHWTE C HadalbHOW CKOPOCTHIO 7,9 M/c, KOTOpas SBISETCS IEPBOH
KOCMHYECKOH CKOpPOCTHIO. YBENIWYMB CKOpPOCTH A0 9,8 M/c, MBI TMOiydaeM yxe
IITMIITHYECKYIO OPOUTY.

OueHb  WHTEpeCHBbIE  pe3yiabTaThl  MOXXKHO  HaOMIo#aTh,  3amporpaMMHpPOBaB
OTHOCHUTETIbHOE JBMKEHHE ABYX 3Be3l. OIHA U3 TaKMX TPACKTOPUH, MpeACTaBICHHAs Ha
pucyHKe 2 (a), XapaKTepu3yeT ABUKEHUS Tel C OAMHAKOBBIMHU MacCcaMH.

Tenepb M3MEHUM COOTHOILICHHE MACC IBYX TeJl, YMEHBIINB OJHO U3 HHUX MPUMEPHO B
nBa pasza. PucyHok 20 u300pakaeT TPAacKTOPUH B BHJE ABYX CIHUpAJCH, 10 OONbIICH
CIMpaly JABIXETCS MEHEe MAacCHBHOE TeJIO0, B TO BpeMS Kak MO MEHbILICH chupanu
JBIDKETCS 00Jiee MaCCHBHOE TEJIO.

W3meHnsist mapaMeTpbl MOJIEN MOKHO IONYYaTh CaMble pa3HbIe TPACKTOPHUU JBIKCHHS
KOCMHYECKHX OOBEKTOB, HATJISITHO U3YYaTh y’Ke U3BECTHBIC OOBEKTHI.

Taxkum 00pazom, peannzanyst JAHHOW MOZAETH MOXET CTaTh MHTEPECHOH 3amaueil s
CTY/ICHTOB TPH U3yYEHUW 3aKOHA BCEMHPHOTO TATOTECHUS U JIBUKEHUS KOCMHYECKUX Tell
JPYyT OTHOCHUTENBHO ApYTa.
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