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CTtaTbs NOCBsILLEHA anropuTMmU3aunmM MeTOAOB Noncka apEKTVBHON 3aMeHbl
noTpebuTenbCckMx TpaHcHOpMaTOpPOB B pacnpenenUTENbHbIX 3NEKTPUYECKUX Ce-
Tax. Kak n nioboe obopygoBaHne 3HEpProcucTemM, CUIoBble TpaHCcOopMaTopbl
MMEIOT CBOW OrpaHUYeHHbI CPOK CNyXObl, onpeaensieMblii Kak eCTeCTBEHHbIMU
npoueccamv gerpagauvMm maTtepuanoB, Tak U HenpeaBUOEHHbIM M3HOCOM B pe-
3ynbTaTe pasnuyHbIX Neperpysok 1 nepeHanpsbkeHunin. CornacHo ctangapTy, npu-
HaTomy B Pecnybnuke Benapycb, HOPMaTUBHBIN CpPOK 3KCMfyaTauuu CUMOBbIX
TpaHcdopmaTopoB coctaBnseT 25 net. OgHako 40 AOCTUXKEHUS 3TOrO Cpoka Mo-
ryT BO3HUKaTb CUMTyaLuu, MpU KOTOPbIX 3amMeHa TpaHcdopmaTopoB ByaeT aKOHO-
MUYecKmM LienecoobpasHa. PaccmoTpeHa HeoOX0OUMOCTb Takow 3aMeHbl C Lenbio
NoBbIWEHNsT 3PPDEKTUBHOCTU (DYHKLIMOHUPOBAHNS 3NEKTPUYECKOW CETU, CBSI3aH-
HOrO C ero M3nyecknm N3HOCOM U CTapEHNEM.

OTmeueHbl HegocTaTkmM pas3paboTaHHOW paHee maTemaTudeckorh Mogenu 3a-
MeHbl TpaHcdopmaTopa, B KOTOPOW TpaHccopMaTop, oTpaboTaBLuMiA CBOW pe-
cypc, Bcerga CnucbiBaeTcsi, B TO BPEMSI Kak Ha MPaKTUKE BO3MOXHbI CUTyauuu,
Korga akcnnyaTupyembli TpaHcdopmatop, Oyayyn 3aMeHeHHbIM Ha HOBbIV Ha oa-
HOW moacTaHuun, 6yaet BnornHe paboTocnoCoGHLIM M MOXET ObiTb YCTAHOBMEH
Ha Apyrov noAcTaHuMM 3HEepProcucTeMbl, MPOAOIDKUB CBOE (PYHKLMOHMPOBAaHME.
Takasi npakTMka 3amMeHbl onpaBgaHa Npy orpaHUYeHHbIX (OMHAHCOBLIX pecypcax
1 TpebyeT TWwaTenbHOro TEXHNKO-3KOHOMMNYECKOro 060CHOBaHWS.

B xome wuccnepoBaHusi aBTopaMu pa3paboTaH 3EEKTUBHBIA anropuTm
onpefeneHns onTMManbHOrO pa3MelleHnst TpaHCOpPMATOPOB Ha MOACTaHLMSX
pacnpegenuTenbHbIX 3MEKTPUYECKMX CETEW, OCHOBaHHbIM Ha MOWCKE HaWmy4yLlero
peLleHnss M3 BCEW COBOKYMHOCTM MEPECTAaHOBOK B OPMEHTUPOBaAHHOM rpade.
MpeanoxeHHbI anropuTM MO3BOMSET 3HAYMTENBHO COKpPaTUTb BpeEMsi pacyeTa
ONTMManbHOro pa3MeLLeHNsi TpaHCOpPMaTOPOB, WMCMONb3YS pAg  YNPOLLEHWNA.
Pesynbtatom paboTbl anroputMa SBRsSeTCA NOCneaoBaTenbHOCTb NePEeCcTaHOBKU
TpaHcopMaToOpoB B CETW, MO3BONSAKLWAS MNONYyYnTb OOMbLUMIA 3KOHOMUYECKUIA
3dheKT No CpaBHEHMIO C 3aMEHON OAMHOYHOrO TpaHcopmaTtopa.

KnioueBble cnoBa: onTumarnbHoOe pa3sMmellieHne Tpchd)opmaTopOB, anro-
pUTM onpeaeneHns, NOACTaHUMSA pacnpeaennTenbHbIX CETEN.

Mn. 4. Bubnwuorp.: 10 Ha3B.

ALGORITHMIZATION OF PROBLEMS
FOR OPTIMAL LOCATION OF TRANSFORMERS
IN SUBSTATIONS OF DISTRIBUTED NETWORKS

FURSANOV M. I, PETRASHEVICH N. S.

Belorussian National Technical University
This article reflects algorithmization of search methods of effective replace-
ment of consumer transformers in distributed electrical networks. As any electrical

equipment of power systems, power transformers have their own limited service
duration, which is determined by natural processes of materials degradation and
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also by unexpected wear under different conditions of overload and overvoltage.
According to the standards, adapted by in the Republic of Belarus, rated service
life of power transformers is 25 years. But it can be situations that transformers
should be better changed till this time — economically efficient. The possibility of
such replacement is considered in order to increase efficiency of electrical network
operation connected with its physical wear and aging.

In this article the faults of early developed mathematical models of transfor-
mers replacement were discussed. Early such worked out transformers were not
used. But in practice they can be replaced in one substation but they can be
successfully used in other substations .Especially if there are limits of financial
resources and the replacement needs more detail technical and economical
basis.

During the research the authors developed the efficient algorithm for determi-
ning of optimal location of transformers at substations of distributed electrical net-
works, based on search of the best solution from all sets of displacement in
oriented graph. Suggested algorithm allows considerably reduce design time
of optimal placement of transformers using a set of simplifications. The result of
algorithm’s work is series displacement of transformers in networks, which allow
obtain a great economic effect in comparison with replacement of single trans-
former.

Keywords: optimal location of transformers, algorithm of determination, sub-
station of distributed Networks.

Fig. 4. Ref.: 10 titles.

CunoBbie TPaHCHOPMATOPHI SIBISIOTCS OCHOBHBIMHU JJIEMEHTAMH DIICKTpUYC-
ckux ceredd. Kak u snro6oe 00OpyJOBaHUE DHEPrOCUCTEM, OHM HMEIOT CBOW
OTpaHUYEHHBIN CPOK CITYKOBI, OTpeeNIIeMbIi KaK eCTECTBEHHBIMH MPOIECCAMU
Jlerpajaid MaTepyualioB, TaK U HEMPEJBUICHHBIM U3HOCOM B pe3yibTaTe pas-
JWYIHBIX TIeperpy30Kk u mnepeHanpsokennid. CoriacHo cranmapty [1], HOpMa-
THUBHBI CPOK JKCIUTyaTallid CHJIOBBIX TPaHC(HOPMATOPOB COCTABIISET 25 JeT.
OnHako emie A0 JAOCTHXKCHHUS OTOTO CPOKA MOTYT BO3HHUKATH CHTYAIlUH, MPH
KOTOPBIX 3aMeHa TpaHCPOpPMATOPOB OyAET HSKOHOMHUYECKH IielecoolOpa3Ha.
Heo0xoauMocTh Takoi 3aMEHbI B PE3yJIbTATe aBAPUHHBIX MMPOKCIICCTBUI HE BbI-
3bIBACT COMHCHHS, a 3aMeHa TpaHc(HOpPMAaTOpa C IO MOBBIMCHUS 3((HEKTHB-
HOCTH (DYHKIIMOHUPOBAHMS CETH, CBI3aHHOTO C €ro (pU3MYecKuM M3HOCOM U CTa-
peHreM, paccMOTpeHHo# B [2—6] Ha mpumepe Tpanchopmaropa TMI'11-1000/10,
TpeOyeT COOTBETCTBYIOMIETO 0OOCHOBAHUSI.

VYOpoIeHHbIH METO PELICHHS 3aadd 00 ONTUMH3AIMKU 3aMEHbI TpaHChOop-
MaTopoB [7, 8] mpeanonaraeT 3aMeHy YCTaHOBJICHHOTO TpaHchopMmaropa Ha HO-
BRI MO0 KPUTEPUIO MaKCHMyMa MHJCKCA JOXOJHOCTH. DKOHOMHUECKHIA pacyer,
MOJIOCHHBIA B OCHOBY MPEICTABICHHOTO B [7] MeToa, MpeanoiaraeT CIuca-
HUE CTaporo TpaHchopMaTopa Kak OTpaboTaBinero cBod pecypc. OmHako Ha
MPAKTUKE MOXKET CJIOKUTBHCS CUTyalusi, KOrja TpaHcopMaTop, 3aMCHEHHBIH
HOBBIM Ha OJIHOM MOJCTaHIMK, OyIET BIOJIHE paOOTOCIIOCOOHBIM U MOXKET OBITh
YCTaHOBJICH Ha JIPYroi MOACTAHIMH SHEPrOCHUCTEMBI, MPOJOKUB CBOC (DYHK-
MOHUpOBaHUe. Takasi MpaKTHKa 3aMEHBI MOXET OBITh OIpaB/aHa MpPU OTPaHH-
YCHHBIX (MHAHCOBBIX pecypcax U TpeOyeT TIIATEeIBHOrO0 TEXHHUKO-3KOHOMH-
4eCKOro 00OCHOBAaHUS. AJITOPUTM PEIICHUS TAHHOM 337124kl MPECTABICH HIXKE.

CymmapHsbie exxerojnbie 3atpatsl C(S) mpu peanu3aid MEpONPHSITHS IO
3aMeHe TpaHchopMaTopa S B CETH BKJIFOYAIOT HECKOJIBKO COCTABJISIOMINX [2]
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C(S) = Cyi(S) +Ci (S) + Cau (S) + Vi (S), )

rae Ci(S) — xammranbHble 3aTpaThl Ha peanm3anuio Meporpusitus; Ceq(S) —
IKCILTyaTallMOHHBIE PAcXo/bl HA aMOPTHU3AIMIO, TEKYIIHMHA PEMOHT U OOCITYXKHU-
BaHue; Cry(S) — mepeMeHHbIE DKCIUTyaTallMOHHBIC PACXObl Ul KOMIICHCAIINU
HoTeph MeKTpodHeprur; Y¢(S) — ymepd oT HETOOTIyCKa JJIEKTPOIHEPTUH I10-
TPEOUTEIISIM.

Beruncnenue cocraisitomux Cii(S), Ceu(S), Yi(S) dopmymsr (1) TpyaHocTeit
HE BBI3BIBAET, MOCKOJBKY OHHM JAOCTATOYHO TOYHO ONPEACISIIOTCS M3BECTHBIMH
napaMeTpaMu TpaHc(hopMaTopoB M moTpeduTeneid. s onpeneneHus BeIUdH-
Hbl Cry(S), B cuily HelMHEHHOW 3aBUCHMOCTH HOTEPh, HEOOXOAMMO IPOU3-
BOJUTH MHOTOKPATHBIN pacdeT pe’kKuMa CETH ¢ HOBOH pacCTaHOBKOM TpaHCHOp-
MaTopoB.

BrImoTHATE pacdeT pexuMa I KaKI0H HOBOW pacCTaHOBKHU TpaHchopma-
TOPOB 3aTPYyIHHUTENIHHO, MOCKOJIbKY B Pa3BETBICHHBIX DJIEKTPHYECKUX CETIX
C YHCIIOM TOTPEOUTENLCKUX TpaHchopMaTOpoB N oOIee KOJHIECTBO pacue-
ToB [" OyzeT paBHO KOJIMYECTBY MEPECTAHOBOK TPaHC(HOPMATOPOB U B MPEIEIb-
HOM ClTydae

I'=n!=1-2-..-n. 2

[TosToMy nmaxke mist HeGonpmiol cetn u3 10 TpanchopmaTopoB pacyeT pe-
JKUMa HEOOXOIUMO TMPOW3BOAMTH M0 3,5 MIIH pa3. B HelCcTBUTENLHOCTH H3-3a
TEXHUYECKUX W IKOHOMHUYECKHX OTPAaHMYEHHUH YUCIIO pacdeToB Oy/eT HaMHOTO
MeHbire. Ho fgaxke B 3TOM cilydae WX BEJIMYMHA OKAXKETCS 3HAYUTEIHHOW
M 3aTpaThl HAa TPOBEJCHUE PAcUeTOB MOTYT MPOCTO HUBEIHWPOBATH JIFOOOW IMO-
JIOKUTENBHBIN SKOHOMUYECKHH 3((EKT OT 3aMEeHBI «HECITHCAHHBIM TpaHCQOop-
MaTOpOMY.

Hcxons w3 BhIIECKa3aHHOTO aBTOpPaMH pa3padOTaH allTOPUTM, TO3BOJISIO-
W 3HAYUTEITLHO COKPATUTh BPEMsI PACUETOB U TEM CaMbIM MOBBICUTH 3 dek-
TUBHOCTH 3aMEHBI TPaHC(POPMATOPOB B pacHpeesIuTeNIbHOM cetu. PaccMoTpum
MPOCTEHUINYIO 3JEKTPUUYECKYI0 CETh, BKIIOYAIOIIYI0 BOCEMb TPaHC(HOPMATOPOB

(puc. 1).
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Puc. 1. ccnenyemast aneKkTpudeckas CeTh
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Kaxnprii TpancdopmaTop cetn mMeeT MOJMHBIA HAOOp MapameTpoB, AOCTa-
TOYHBIN /7Sl MPOBEACHUSI TEXHUKO-YKOHOMHYECKHX PACUYETOB C HCIIOJIb30BaHU-
€M MaTeMaTHYeCKOW MOMCNH, MpeAcTaBIeHHONW B [2]. MMeeTcs BO3MOXKHOCTH
npuoOpeTeHust TpaHchOpMaTOPOB C IENBI0 WX YCTAaHOBKH B CeTH. B oOmiem
Cllydae TaKMX TPaHC(HOPMATOPOB MOXKET OBITh HECKOJIbKO. OIHAKO C IEIbo
YIPOILEHUS pacuyeToB OyJeM IojaraTh, YTO TOJBKO OAMH (J1r000H) TpaHchop-
MaToOp MOXeT ObITh npuoOpeTeH. Takxe OyaeM cuMTaTh, YTO BCE 3aMEHBI MPO-
UCXOIAT B TeueHwe roga. HeoOxomumo ompenenuTs Hambosee 3QQexTus-
HBIH c1oco0 pa3MerieHus] TpaHCchOPMaTOPOB B CETH, BKJIIOYAsi HOBBIM, WX TO-
Ka3aTh, 4TO 3PPEKTUBHOCTb paOOTHI CETH HE MOXET OBITh MOBBIIICHA JTAHHBIM
crocobom.

Bce Bo3aMoOHBIE BapuaHTHI IEPECTAHOBOK TPAHCPOPMATOPOB C YUETOM TEX-
HUYECKUX OTPaHWYEHHH IpencTaBieHbl Ha puc. 2. CTpeiaku BeAyT OT TpaHC-
(dhopMaTopoB, KOTOPBIMH MOXKHO 3aMEHHTH JIPYTHE TpaHCc(HOpMATOphI, YCTAHOB-
nennsle B cetr. Mexomuoe coctosaue cetn 0603uaunm SO, CoBokymmocTs me-
pPECTaHOBOK TpeACTaBisieT co0oi opueHTHpoBanHbli rpadp G = (N, M).
MmuosxecTBO BepiinH rpaga N — 3To MecTa yCTaHOBKHM TpaHCHOpPMaTOpoB (IOJ-
CTaHLIMM), 2 MHOXXECTBO pebep M — mMyTH BO3MOXXHBIX HepecTaHOBOK. Kakmas
repecTaHoBka TpaHc(hOpMAaToOpa IPUBOAUT K HOBOMY cocTosrmio cetn SU. Bec
pebpa rpacda m; OyaeT onpenensaTbCs U3MEHEHUEM €KETOAHBIX 3aTpaT Ha JKC-
IUTyaTallUIo0 DJIEKTPUYECKOH CETH, BBI3BAHHBIX 3aMEHOH TpaHcdopmaropa N Ha

Nj+1, T. €. mepexonom u3 coctosuus S B cocrosmme SO

w(m,) =w(n;;n;..) = C(s') ~C(S"). ©

Puc. 2. Bo3MokHbIC BapHaHThI IEPECTAHOBOK TpaHC(HOPMATOPOB

OtpuniaTenbHbIi Bec pedpa CBUAETEIHCTBYET O TOM, YTO MPH 3aMEUICHUH
TpaHcopMaTopa B JIAHHOM HAIPABJICHUU €XKETOJHBIC 3aTPAThl YMEHBIIAIOTCS,
a TP TIOJIOKUTEITHFHOM BECE — YBEITHMIUBAIOTCSI.
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Jlyis penieHus MoCTaBICHHOHN 3a/jaun 0003HAYMM BEPIIUHBI MO TOPSIAKY OT
1 1o 8 u BBeAeM /iBe MOMONHUTENBbHBIE BepmuHbl — 0 1 9 (puc. 3). [lyTs u3 nep-
Boit Bepiunbl (0) K J1000# Apyroi 0003HaYaeT MPUOOPETEHHE U YCTAHOBKY HOBO-
0, paHee He MCIO0JIb3yeMoro Tpancdopmaropa. Bropast BepiimHa (9) COOTBETCTBY-
eT crucanuio Tpancdopmatopos. Bec myTH ot m000# BEPIIMHBI C YCTaHOBICHHBIM
TpaHC(POPMATOPOM B JTAHHYIO BEPIIMHY OIPEAESIETCS JTUKBUIHONW CTOMMOCTBIO
Tpanchopmaropa K.

IIpnoGperenne
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5 ™0
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Puc. 3. Tpad BO3MOXKHBIX pacCTaHOBOK TpaHC(HOpMaTOPOB

YuuThIBas BBINIECKA3aHHOE, PEIICHUE 3aJa4d CBOJUTCS K TOWCKY ITyTH
C HAaNMEHBIINM BECOM pebep OT BEpIIMHBI «IIPHOOPETEHHE» K BEPIIHHE «CIIH-
canue». Takol MyTh HA30BEM KpaTyalliuM. TeopeTuuecKku ONTUMHU3AINS IJEK-
TPUYECKON CETH BO3MOXKHA TOJBKO 3a CYET TEPECTAHOBOK CYIIECTBYIOIINX
TpaHc(hOpMaTOPOB. DTO MOKET OBITH CIIEJICTBUEM 3HAUYUTEIHHOTO PACXOXKICHUS
HOMHHAJBHBIX MOIIHOCTEH TpaHC(HOPMATOPOB M BEIWYMHBI UX PEALHOW 3a-
rpy3kd. B Takom ciydae perieHue mpencTaBiseT cOOOW 3aMKHYTHIM MapuIpyT
JBIOKCHUS BIIOJIb pedep — KOHTYp. JJig Hanmydiero MapuipyTa Bec Takoro KoH-
Typa JOKEH OBITh OTPHIATEIBHBIM WU, NMPH HAJTUYWW HECKOJIBKHUX OTPHIIA-
TEJIHHBIX KOHTYPOB, HAMMEHBIINM U3 OTPUIATEIbHBIX.

Bo3Mo)kHOE TPUCYTCTBUE OTPHIIATEIBHOIO IIMKIA B rpade 3aMeHbI HE I103-
BOJISIET HCIOJB30BaTh HEKOTOPHIE AITOPUTMBEI TOHCKAa B IIOJIHOM OObeMeE,
HarpuMep Takue kKak anroput™ Jeitkerps! n @noiina — Yopmesra [9]. [Toatomy
JUTsL CTICU(UUYECKON 3a/laui ONTHMU3AIMN pa3MeIleHHs TPaHCPOPMATOPOB HC-
moJik30BaHue anroputMma bemnmmana — ®opna npencraBiseTcs Hanbomee Iielne-
CO00pa3HbIM.
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Beenem crenyromue o6o3HaueHus: ® — mocieaHss BepiirHa rpada (B pac-
CMaTpUBacMOM cirydae oboszHadaercs «9»); mj(n;, kj) — j-e pedpo rpada c Haua-
JoM B BepiuHe Nj 1 KoHIoM B K, m;(n;, kj) € M; n;, kj € N; A(k;) — kpargaiimmii
nyTh 0T BepiuuHbl 0 k BepmuHe Kj; Q(K;) — mpexpinymas Bepmmna 10 Kj B kpat-
vaiimem mytu A(K;).

Crenyer OTMETHUTb, YTO B CHJIY HEJIMHEHHOCTH 3aBUCHMOCTU COCTaBIISIO-
it Cry(S) B BeIpakenuu (1) Bec myTH OT BepIiMHBI N; K Bepimue K; Gymer
3aBHUCETHh OT MpeAbLAylIeH BepmMHBI Ny B IMyTH. OJHAKO MPEANONOKUB, YTO
pasHHIIa B 3HAYCHHAX HeOoibIIas, yciaoBuMmcs BenmdauHy W(Nj, Kj) cumrath
MIOCTOSIHHOH.

Jns pebep rpada, HaunHaromuxcs B BepummHe 0, 3HaueHueM Beca W(0, kj)
OyZneT cuuTaThCsl HauOOoJIbIIeE U3 BOSMOXKHBIX CHIDKEHHH JCHEKHBIX PacXolloB
npu 3aMeHe TpaHcopmaTopa. Takum o0pa3oM, €ciM MMEEeTCsS BO3MOXKHOCTD
3aMEHHUTh YCTAHOBJICHHBIN TpaHC(HOPMATOP OJAHUM M3 HECKOIBKUX HOBBIX, TO
BCerja HawIy4llel 3aMeHol OyIeT Ta, Ipu KOTOpoil SkoHOMHuYeckuii 3P ekt Ha
JAHHOM TIEPBOM IIIare HamOOJIBINHA. DTO BBITEKAET W3 HEIEIIeCO00Pa3HOCTH
yCTaHOBKH TpaHc(opMaTopa Ha OJHON MOACTAHIMHU C MOCIEeNYIOLIeH nepeycra-
HOBKOMH €ro Ha JIpyTYyIo.

Anroputm ®opaa — bemimana BkirodaeT Heckoibko ¢a3. Ha xaxxmoit daze
MPOCMAaTPUBAIOTCS Bce pebpa rpada, U anropuTM TBITACTCS MPOU3BECTH pellak-
caluio BJIOJb KOKI0Tro pedpa 1o Becy. Penmakcanus BJoib pebpa — 3TO MOMBITKA
yay4muts 3Hadenne A(Kj) snauenunem A(n;) + w(n;, k). daxtuuecku 310 03Ha-
YaeT, YTO MPEIIPUHUMACTCS MOMBITKA YIIyUIIUTh OTBET JJIsl BEPIIHHBI K, TIOJIb-
3ysck BecoM pedpa W(N;, Ki) 1 TeKynuM oTBeTOM Juisi BepiuHsI N; [9].

Bnok-cxema pa3paboTaHHOTO aNTOPUTMA MOKMCKA KpaTyaiilero paccTOsIHUS
cornacHo [10] npexacrasiena Ha puc. 4.

Penrenue 3amaun ans cinydas 0e3 OTPUIATEIBHOTO IUKJIA JOCTHTAeTCs 3a
(N — 1) utepanuto BHemHero 1ukia, Kj € N. [Tocnennss utepanus CIyKUT JTUIIb
JUI KOHTpouis. Eciin B pe3ynbTare BBIMONHEHUS TOCIEAHEH UTEpaIluu Mpo-
u301ILIM M3MeHeHus 1 moboro A(Kj), To B rpade mpuCyTCTBYeT OTpulla-
TenbHBIN 1MKI. Bepimmna Kj Oyner nubo nexarh Ha IUKIE OTPUIATEIBHOTO
Beca, JIN0O OHA JOCTIKMMA M3 Hero. VMest HOMep BEpIIMHBI, Jexaleil Ha
LUKJIE, HEOOXOAMMO MPOUTHUCH OT NAHHOW BEPILIMHBI MO MPEeAKaM — MpeIblIy-
IIMM BEpIIMHAM, ITOKa HE BEPHEMCS B 3Ty e BEpIIUHY (a 3TO 00s13aTebHO
MPOU30MAET, MOCKOJIBKY pellaKcallid B IUKJIE OTPUUATENBHOTO Beca MpPOMC-
XOJIAT 110 KPYTy).

Pe3ynbpraroM BBINOIHEHHS Pa3pa0OTaHHOrO anroputMa OyIeT 3HayYCHHE
A(®), cooTBeTcTBYIONIEE KpaTyaimeMmy myTH OT BepmwmHbl 0 K BepmuHe 9.
Ecnu B pe3ynpTate pacuera okaxercs, 9To A(®) > 0, To oNTUMHU3ANKUSI CETH
HE MOXET OBITh JOCTUTHYTa 3aMeHOW TpaHcopmaTtopoB. Kparuaitmuii myTh
A(®) mpexacraBnger coboil HaUOONBIIYIO CYMMY CPEICTB, KOTOPYIO MOXKHO
COKOHOMHTH IIPH ONTHMHU3ALMU 3JIEKTPUUECKON CETH 3aMEHOW TpaHchopMma-
TopoB. OIHAKO KpOME BEIWYHMHBI ITyTH, HEOOXOJUMO TaKKe 3HATh HaIlpaB-
JICHUE JBWKEHHUS, T. €. IOCIEeI0BAaTEIbHOCTh 3aMEHBl TpPaHC(HOPMATOPOB.
Jns ompezeneHus: MOpsiiKa 3aMeHbl TPaHC(HOPMATOPOB CIIEYET BOCIOIb30-
BaThcss MHOXecTBOM Q(Kj), KoTopoe mpeacTaBisieT co0OH IoclieqoBaTeNb-
HOCTb 3aMEHBI, 3aIIMCAHHYIO C KOHIIA.
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Puc. 4. biok-cxema anropurma rnoucka KpaT4aiiiero pacCTossHUs

PaBpa60TaHHBII>’I AJITOPpUTM ONTUMAJIBHOTO PasMCIICHUA TpaHC(l)OpMaTOPOB
MOJKET OBITh YCHCIIHO pCaIn30BaH Ha II5BM AJId ONTUMU3AlUU pacClpeCaAC/Iin-
TCJIIBHBIX OJOJICKTPHUYCCKUX cereil. IToMrUMO OYEBUAHBIX TEXHUYECKUX orpaHu-
‘-ICHI/II\/‘I, AJITOPUTM C HCKOTOPLIMH ,Z[Opa60TKaMI/I MOXCT HCIIOJIB30BAaThCA W IJIA
0oJree CIIOKHBIX CJIydacB OIITUMHU3AlHHU.

BbIB O bl

1. TTokazano, 4To eme 10 JOCTHKEHHS HOPMAaTHBHOTO CPOKa CIYXOBI CHIIO-
BOT'0 TpaHC(OpPMAaTOpa BO3MOXKHA €T0 IKOHOMUYECKH IIeJiecoo0pa3Hast 3aMeHa.

2. Pazpaboran 3¢ ¢eKTHBHBI ITOPUTM ONPEACICHUs] ONTUMAIILHOTO pa3-
MEILEHHs TPaHC(POPMATOPOB Ha MOACTAHIHMAX paclpedeuTeIbHBIX dIeKTpUYe-
CKHX CETel, OCHOBAHHBIN Ha MOMCKE HAWIY4YlIero PEeleHUs U3 COBOKYIMHOCTH
MEPECTaHOBOK B OPHEHTHPOBAHHOM rpade.
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