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Abstract. The use of regenerative braking allows for a significant reduction in energy costs for the
processes of transporting goods and passengers; At the same time, the negative impact on the environment
is reduced by reducing carbon dioxide emissions. However, recuperation modes are characterized by
increased consumption of reactive power by electric locomotives, which leads to a number of negative
effects: voltage asymmetry in the networks feeding traction substations increases; active power losses
in power lines and transformers increase. To quantify the positive and negative effects of recovery,
digital models of the traction power supply system for a double-track section of the railway with 25 kV
traction networks have been developed and their operating modes during train movement have been
determined. Calculations were performed using the Fazonord software package, version 5.3.4.1-2024
for two regime situations. In the first, regenerative braking was not used, but in the second, it was. The
following indicators were analyzed: active and reactive power consumption; voltages on pantographs
of electric locomotives; asymmetry on busbars of 220 kV traction substations; losses of active power at
the head section of the supply power line and transformers. The results obtained allowed us to draw the
following conclusions: in recuperation modes, the total active energy consumption for train movement
is reduced by 24...27 %, reactive power consumption increases by 1.6 times; the average voltage values
on the current collectors of electric locomotives decrease by 4.4 %. In addition, there is a deterioration
in the quality of electricity due to asymmetry and an increase in active power losses in transformers
and power lines. The proposed technique is universal and can be used to analyze the modes of power
supply systems of various structures and designs.
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AHHoTanus. Vcnonb3oBaHNE PEKyIEPATHBHOIO TOPMOKEHHU S MO3BOJISET MOy YUTh 3HAUNTEIHHOE
COKpaIIIeHHE HEPT03aTpaT Ha OCYIIECTBIEHHE MPOIECCOB MEPEBO30K I'PY30B U MACCAKUPOB; TIPH ATOM
CHM)KAETCSl HETaTHBHOE BO3/ACIHCTBHE HA OKPYIKAIOIIYIO CPEY 32 CUET YMEHBIIEHHSI BIOPOCOB THOKCH 1A
yrepozaa. OmHaKO peXXUMBI PEKyIepaiy XapaKTePU3YIOTCS MOBBIIICHHBIM HOTPEOJICHNEM PEaKTHBHOM
MOIITHOCTH 3JI€KTPOBO3aMH, UTO IPUBOAUT K PSAAY HETraTHBHBIX 3P (EKTOB: yBEIUINBACTCS HECUMMETPHUS
HAINpPsDKEHUH B CETAX, MUTAIOLINX TATOBBIE MOACTAHIINHN; BO3PACTAIOT IOTEPHU aKTHBHOW MOILTHOCTH
B JIUHUAX dJIEKTpONepenadyn U Tpanchopmaropax. [ KOTNIeCTBEHHON OLEHKH MOJIOKHUTEITBHBIX
W OTpUIATEIBHBIX 3(()EKTOB peKynepanuu pa3padoTaHbl HU(POBEIE MOJETN CUCTEMBI TSTOBOTO
EKTPOCHAOKEHNS ABYXITyTHOT'O yUaCTKa JKEJIE3HON JOPOTH C TATOBBIMH CETSAME 25 KB 1 onpeneneHsl
PEXXUMBI UX paOOTHI IPU ABM)KEHNUH MOE3/10B. PacueThl BHIOIHAINCH C TOMOIIBIO TPOTPAMMHOTO
xomrekca Fazonord, Bepcus 5.3.4.1-2024 ns aByX pe)KUMHBIX CHTyannii. B mepBoii — pexynepaTuBHOE
TOPMOXXEHHE HE NUCIIOJIB30BAJIOCH, @ BO BTOPOH — OCYIIECTBIISIOCh. AHAIM3UPOBAIHNCEH CIEAYIOINE
TIOKa3aTe: aKTUBHOE U PEAKTHBHOE HIIEKTPONOTPEOICHNE; HAIPSKEHNS Ha TAaHTOrpagax 37IeKTPOBO30B;
HecumMeTpHs Ha muHaX 220 kB taroseix noxctannuii (TI1); moTepn ak THBHOM MOIITHOCTH Ha TOJIOBHOM
yuactke nutatomieit JIDII u tpancdopmaropax TII. [lomydeHHbIe pe3yabTaThl MO3BOIIIIH CIETIATh
CIIEAYIOIINE BHIBOJBI: B PEKMMAaX C PEKyIeparieil cyMMapHbIe pacXoibl aKTHBHOM SHEPTUH Ha JBUKCHUE
M0€3710B CHIKAITCA Ha 24...27 %, peakTHBHOE 3JIEKTpOonoTpediieHne yBennunBaercs B 1,6 pasa;
CpeaHNe BEJIMYNHBI HANPSHKCHUH Ha TOKOIIPUEMHHUKAX 3JIEKTPOBO30B yMeHbIatoTcs Ha 4,4 %.
Kpowme Toro, HabmroaeTcst yxXyaIIeHHe KauecTBa 3JIEKTPOIHEPTUU TI0 HECUMMETPHH U POCT MOTEPh
AKTUBHOHM MOIIHOCTH B TpaHchopmaropax u JIDIL. [IpennoskeHHas METOAMKA SBISACTCS YHUBEPCATBHON
1 MOJKET MCTIONB30BAThCS JIJISl aHATM3a PEKUMOB CUCTEM IIEKTPOCHAOKEHN S PA3JINYHON CTPYKTY PbI
1 KOHCTPYKTHBHOT'O UCTIOJTHEHNU .

KuroueBble cj10Ba: CUCTEMBI AJIEKTPOCHAOKEHHU ST KEJIE3HBIX JIOPOT, PEXKUMBI PEKYIIepaTUBHOIO
TOPMOKEHH I, KAUECTBO DJIEKTPOIHEPI U U dHEpreTnyeckas 3pPpekTHBHOCTb.
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Brenenue

3a cuet pexymnepaTuBHOro TopmoxeHus noe3nos (PTII) MokHO CyIecTBEHHO COKpaTUTh pac-
XOAaBI AnekTposHeprun (93) Ha Tary. Hapsny ¢ skoHOMHe#H (pUHAHCOBBIX CPEJICTB 3TO MO3BOJISIET
CHM3MTb HEraTHBHOE BO3/JICUCTBHE HA OKPYIKAIOIIYIO CPEY 3a CUST YMEHbBIICHHUs BHIOPOCOB THOKCH /1A
yraepoaa. Onnako pexxuMbl PTII xapakTepru3yIoTcsi HOBBIIIEHHBIM ITOTPEOIEHNEM peaKTHBHOM MOIII-
HOCTH AJIEKTPOBO3aMH, YTO MPUBOJUT K PSIIY HEraTUBHBIX A((PEKTOB: YBEIMUNBACTCSI HECUMMETPUS
HAIPSDKCHUH B CETAX, MUTAIONINX TATOBBIC MOJCTAHIIUN; BO3PACTAIOT IMMOTEPH aKTUBHON MOIIHOCTH
B JINHUSIX AJIEKTPOIIEpeiaun U TpaHchopMaTopax.

3ajauaM aHaJM3a IIPOLECCOB PEKyTEePaNy ITOCBAIICH EJIbIH Psi paboT, 4acTh U3 KOTOPBIX
npezacraBieHa B OubinorpaduyeckoM Crucke K JaHHOU craThe. Tak, HanpuMep, OlleHKa [Mana30HOB
MIPUMEHEHU S PEeKYIIepallii, MOJIydeHHast Ha 0a3e aHaIM3a CTATHCTHKH 10 PacXoaaM JIEKTPOIHEP-
ruu, npusesena B [1]. Bonpockl sHepreTnyeckoit 3 peKTHBHOCTH PEKYIIEPATHBHOIO TOPMOKECHHU I
TPY30BBIX 3JIEKTPOBO30B paccMOTpeHbI B [2]. [logXxomsl K ONTHMHU3AIUAH IIPOIECCOB PEKYIICPAITUT
Ha AJIEKTPUYECKOM TPAHCIOPTE MpeIokeHsI B [3, 4]. 3agaua ynpaBlIeHHUs peKyIlepaTUBHBIM TOP-
MOJKEHHMEM IIpU HAJIMIUH OTpaHUYEHUH 110 Bo3BpaTy I3 B TaArosylo ceTh (TC) pemena B [5]. MeTton
MOJIETTUPOBAHHUS DJIEKTPOBO3a B PEKMUME PEKYTIEPATUBHOTO TOPMOKEHU I MPETIOKEH B [6]. Bnusaue
IIapaMeTPOB CUCTEMBI TATOBOTO AeKTpocHadkeHus (CTI) Ha mpolecchl peKyIepanuy poaHan-
3upoBaHo B [7]. Pesynbrarsl onpenenenus sgpdextuBnoctu PTII Ha noporax nocTostHHOTO U mepe-
MEHHOr0 ToKa npuseneHsl B [8]. Bonpoc o Biusuuu PTII Ha yposens noteps B TC paccMmoTpeH B [9].
OCHOBHbBIC TOJIOKEHHUSI METOAUKHU aHainu3a npoieccoB PTII npeacrasiens: B [10]. OcoOenHOCTH
AKCILTyaTauu MeKTpoBo30B B pexxumax PTII ommcansr B [11]. [ToBpimeHn0 3G (HEeKTUBHOCTH pe-
KyTepanuy NocBseHs! padoTsl [12, 13]. AHanu3 BAUSHUS Macc COCTAaBOB U Pa3MepPOB JBH)KCHUS
noe3nos Ha PTII B CTD nepemenHoro Toka npeactasiieH B [14]. Metoauka onpenenaeHus NoTeHIU-
aja rnoBwllIeHUs dHepreTuueckor spdexruBHoctn CTD uznoxena B [15, 16]. Pesynbrarsl pacuera
napamMeTpoB Hakonutesne 3D u Ha yyacTtkax ¢ PTII anexTponoaBrukHOro cocTaBa MpeacTaBICHb
B [17]. Crparerus sueprocoepexxerus B CTD ¢ yuerom PTII onucana B [18]. 3agaua ucrnosib30BaHus
sHepruu PTII npu B3auMoaeCTBUM HECKOIBKUX N0€310B peleHa B [19]. MeTonuka MoaeIupoBaHus
u pacuera sHepromnorpediaeHus ¢ yuetom PTII npencrasiena B [20]. AHaIH3y MPOIECCOB PEKYyIIC-
panuu mocBsIeHa ctaths [21]. HoBas cTpaterus yrnpaBieHHS ISl ONTUMAIBHOTO UCTIOIB30BaHUS
suepruu PTII npeanoxxena B [22]. PesynbraTsel uccinenoBanus pexumoB PTII B CTD npuBeaeHbl
B [23, 24]. 3anaua coBmecTHOM onTumuzanuu CTD Ha ocHoBe ucnoib3oBanus PTII pemwena B [25].
OHeprodexTUBHBIN MOAXO0/I K dKCILTyaTallui, OCHOBaHHbIH Ha npuMeHeHnun PTII, npennoxen
B [26]. Pazpaborke anropurma ontumMusanii PTII BEICOKOCKOPOCTHBIX MOE30B MOCBSIICHA CTaThs
[27]. Bonpocsl mogenupoBanus sHepruu PTII 8 CTO mocTosHHOT0 TOKAa pacCMOTPEHHI B [28].

[IpencraBieHHBIH BBIIIE aHATU3 AT BO3MOKHOCTH C(HOPMYIHPOBATH BBIBOJ O TOM, YTO MHOTHE
acnexTsl PTII netanpHO n3ydeHbsl. OJHAKO METOAMKA, TIO3BOJISAIONMIA KOMIIJIEKCHO OMPEAEATh BCE
napameTrpsl pexkxumos PTIT B CTD, B paccMOTpeHHBIX MyOIMKanusx He npeacraBieHa. OHa MOXKeT

OBITh peain30BaHa Ha OCHOBE MOJXO/I0B, IIPEIIOKEHHBIX B [29, 30].
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Pe3yabTaThl MOAEIHPOBAHHUS

JI7151 KOTI9ecTBEHHOM OICHKH TTOJIOKUATEIBHBIX U OTPHUIATEIBHBIX d(Hh(HEKTOB peKyIIepanu pas-
paboTraHbl 1IU(POBBIE MOJETH CHCTEMBbI AJIEKTPOCHA0KEHUS IBYXITYTHOTO yUaCTKa KEJIE3HOH J0poru
C TATOBBIMH ceTsiMu 25 kB (puc. 1) u onpemeneHbl pexXxMBI X pabOTHI IPU IBIKEHUH 1Oe370B. Pac-
YeThI BBIMOJHSIIUCH C TIOMOILBIO TPOrpaMMHOro komiuiekca Fazonord, Bepcus 5.3.4.1-2024 nuist aByx
PEXKUMHBIX CUTyauuid. B nepBoii — peKynepaTuBHOE TOPMOKEHUE HE UCIIOJIb30BaJIOCh, @ BO BTOPOU —
OCYIIECTBIISIIIOCh. AHAM3UPOBAIKCH CIEAYIOMINE MOKA3aTeIH: aKTUBHOE U PEAKTUBHOE JIEKTPOIO-
TpeOIieHNe; HATIPSKCHUSI Ha MMaHTorpadax 3JIeKTPOBO30B; HecHMMETpus Ha mmHax 220 kB TsroBeix
HOJICTaHIIMI; moTepu akTuBHOU MotHocTH B JIDIT 1 Tpanchopmaropax TII. YacTh pacueTHOI cXeMbl,
oTBevaromas nutaromeit cetn 220 kB, moka3aHa Ha puc. 2. ['paduk IBHKEHUS COCTABOB MPUBEACH
Ha puc. 3. 3aBUCHMOCTH MOTPEOIAEMBIX 3JIEKTPOBO3aMHU TOKOB OT IPOCTPAHCTBEHHON KOOPMHATHI
OTpa’keHbl Ha puc. 4.

PesynbTaThl MOAENIUpPOBaHUS MPEACTaBIEHBl B Ta0d. 1 U MPOMIIIIOCTPUPOBAHBI Ha puc. 5—15.

Ha puc. 5 u 6 moka3aHbl 3aBHCUMOCTH aKTHBHOH W peakTUBHOU MomHOCTeH (PM), moTpednsemMbix

ne 1 220 kB AC-240 ne 2
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Puc. 1. Cxema ceTH, MUTAIOLIEH TATOBBIE MOACTAHIIUH

Fig. 1. Diagram of the network supplying traction substations
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Fig. 2. The part of the design scheme corresponding to the 220 kV supply network
— 831 —



R S

|
1

[N N M A
[N
F1-rToraTr

L -

. HetHoe

120

100

Journal of Siberian Federal University. Engineering & Technologies 2024 17(7): 828-840

= 5280

7
5
i

=

2270 -

5250 +

110

20 30 40 a0 G0 7o a0 90

10

Bpemsa, MiH

Puc. 3. I'paduk aBrkeHus: nudpamMu 0003HaYCHBI HOMEpa MOEe310B

Fig. 3. Timetable: numbers indicate train numbers

5300

5280

5240

000 F-rf--r---rammrm e

5260
IMker, kM

1
5300

T
5240

F

[

I

'
I
I
'

5300

5280

EM

IIuxet

FOO ot mmm o e oo

600 -+ -- - - TTomer

500 +-

200 -

5280

5260

IInxer, kM

| .
===

A —
1

700 q--a---n--mmmmmmm e mmmn e oe

500 -

3260 5280 5300

5240

IInker, kM

W KOOpAMHATHL: a, B — Moe3a

— peKyInepaTUuBHOE TOPMOXKCHHUE HE MCIIOJIb3YETCS; B,

Puc. 4. 3aBucumMocTH NOTPEOIISIEMbIX AIEKTPOBO3aMHU TOKOB OT MPOCTPAHCTBEHHO

HEYCTHOI'O HallpaBJICHUA, 6, I' — TO XK€ IJIs1 4YETHOI'O,

,0

a

I' — peKyNepaTuBHOE TOPMOKEHHUE BBIIIOJIHAETCS

Fig. 4. Dependences of the currents consumed by electric locomotives on the spatial coordinate: a, B — trains of

an odd direction; 6, r — the same for an even direction;

— regenerative braking is not used; B, T — regenerative

5a76

braking is performed
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Tabnuma 1. CBOIHBIC aHHBIC [0 HATIPSHKCHHUSM Ha TOKOPUEMHHUKAX U SHEPrOMOTPEOICHIIO

Table 1. Summary data on current collector voltages and energy consumption

Howmep noeszna
Pexum TopMOXKEeHUS [TapameTp

1 2 3 4
PekyrepaTiBHOE Upnin, KB 21,9 21,1 21,60 21,7
TOPMOXKEHUE W,, MBTu 8,4 8.4 10,6 10,6

HE UCIIOJIb3YETCA VVP MBT1y 0 0 O 0
Unnin, KB 21,9 21,1 21,2 21,2
PeiyneparusHoe W,, MBr-4 6,1 6,1 8,02 8,02

TOPMOKEHHE BBITTOTHSACTCS

W,, MBT1 1,77 1,77 2,09 2,09

Ipumevanus: Uy, — MUHHMaJIbHOE HampsyKeHue Ha maHtorpadax; W, — pacxos 21eKTPOdHEpPrun Ha TATY; W, — sHeprus
peKymnepanuu

16 P, MBt O.Meap 25 P, MBt O.Meap
14
V | 20 A f

12 P

- .-P
10 = 15

1
S ¥
6 J Qo \ 10 f :
0
4 U 5 l- n
) # M Uk=
0 0
0 20 40 Bpema, num 0 20 40 Bpema, nom
a 0

Puc. 5. 3aBUCHMMOCTH aKTHBHON U PEaKTHBHON MOIIHOCTEH, MOTPEOISIEMBIX SIIEKTPOBO3aMH, OT BPEMEHHU NPH
OTCYTCTBHH peKyTNepanuu: a — moesx 1; 6 — moesn 3

Fig. 5. Dependences of the active and reactive capacities consumed by electric locomotives on time in the absence
of recovery: a — train 1; 6 — train 3
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Puc. 6. 3aBUCHMMOCTH aKTHBHOW M PEAKTHUBHOI MOLIHOCTH, MOTPeOIsieMoil (reHepupyemMoil) dJIeKTpoBO3aMH,
OT BPEMEHHU IIPU HCII0JIb30BAaHUHU PEKYIEPaTUBHOIO TOPMOXKEHUS: a — oe3x 1; 6 — moe3n 3

Fig. 6. Dependences of active and reactive power consumed (generated) by electric locomotives on time when
using regenerative braking: a — train 1; 6 — train 3
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9JIEKTPOBO3aMH, OT BPEMEHHM INPH OTCYTCTBUU M HAJIMYUHU PEKylepaluu. AHajIu3 3TUX rpadukos
JlaeT BO3MOXKHOCTB CJIeJIaTh BBIBOA O TOM, uTo B mpouecce PTII 31ekTpoBo3bl CTaHOBSITCS TeHepa-
TopaMu D03, MepeMenalIuMIci B IpocTpaHcTBe. Pacxox 33 Ha JIBH)KEHHE OTACNBHBIX MOE3710B
ymenbmiaercst Ha 24...27 %, tabx. 1. I1pu nepexone B pexxum PTII norpebnenne peakTHBHOI MoII-
HOCTH MoBbITIaeTcs B 1,6 pasa.

Ha puc. 7 npencrasiensl rpaduky, XapakTepru3yIomnue TUHAMUKY U3MEHEHNH HanpsokeHuid U
Ha TOKOIPUEMHHUKAX AJIEKTPOBO30B. 13 HUX BHUIAHO, YTO CPEAHHE BEIUYMHBI 3TUX apaMeTPOB B pe-
xkume PTII ymensmatores Ha 4,4 %. OqHako MUHUMAaIbHbIE yPOBHU Uy, IPU HATUYHH U OTCYTCTBUU
PTII He usmensrorcs (tadi. 1).

Ha puc. 8, 9 mpexacraBieHbl BpeMEHHBIE 3aBHCUMOCTH ISl KOI((OHUIIMEHTOB HECUMMETPHH

1o oOpaTHOM Mocje0BaTeNbHOCTH, a Ha puc. 10 rpaduk cpenHux 3HaueHui k,y Ha BBoAax 220 kB

U, kB K
- F i LA boxB

I\ T P
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T
-

s

-
————,

N RN IR

Bpema, nm Bpema, nm
! ]

0 20 40 60 30 0 20 40 60 80

Puc. 7. 3aBucumoctu Ha TOKOIIPUEMHHUKAX DJICKTPOBO30B OT BPEMCHU: a4 — PCKYNECPATUBHOC TOPMOKCHUC
HCE UCHOJIb3YETCA; 0— PEKYINEPATHUBHOC TOPMOKECHUEC BLIITOJIHACTCS, III/I(bpaMI/I 0003HaYCHBI HOMEpa n1oe310B

Fig. 7. Time dependences on electric locomotive current collectors: a — regenerative braking is not used; 6 — re-
generative braking is performed; train numbers are indicated by numbers
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Puc. 8. 3aBucumoctu K03(pdUIIMEHTA HECUMMETPUHU 10 OOpPATHOM MOCieI0BaTebHOCTH Ha BBomax 220 kB
OT BPEMCHU: & —PEKYIEPATUBHOE TOPMOKECHHUE HE UCTIONIB3YETCs; 0 — pEKyePaTHBHOE TOPMOYKCHHE BBIITOIHSICTCS
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Fig. 8. The dependence of the coefficient of asymmetry in the reverse sequence at the 220 kV inputs on time:
a — regenerative braking is not used; 6 — regenerative braking is performed
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Puc. 10. 3aBucMMOCTH CpeOHUX 3HAYCHHUU kyy
Ha BBogax 220 kB ot TII paccrossnus no IIC 1;
1udpoBbie 0003HAYCHHS AHAIOTUYHBI pUC. 9

Fig. 10. Dependences of the average values of &y at

220 kV inputs on the TP of the distance to PS 1; the
numerical designations are similar to Fig. 9

generative braking is not used; 2 — regenerative brak-
ing is performed

TII ot paccrositus 1o I1C 1 (puc. 1). [lannble, npuBeaeHHbIe Ha puc. 8—10, MO3BOJISIOT CieTaTh BHIBOJ
0 TOM, YTO BEJIMYNHBI kpyy HE TIPEBBIIIAIOT AOMYCTUMBIX 3HAaUEHUH B 00€MX paccMaTpUBacMbIX CHTY-
anusx. B pexume PTII numeet mecto ux noBeimenue Ha 25...35 %.

Ha puc. 11, 12 mpexcraBieHBl pe3yibTarhl, XapakTepusyromniue sHeprodddexruBHocTs PTIL
W3 puc. 11a BUHO, 4TO B 3TOM pexuMe HabII0aeTCsl peBepc MOTOKA MOIIHOCTH 1o rosioBHOM JIDIT 1,
T.€. BMECTO noTpebieHust 33 mpoucxoauT ee renepanus. OfHAKO 3a CUET YBEIMUCHHS TOTOKOB PM
(puc. 12) Habirogaercst pocT MoTeph aKTUBHOW MolHOCTH B 3T0H JIDIT (puc. 110).

Ha puc. 13—15 npuBenens! rpaduky, XapakTepu3yIoOIue Mporecchl Ipeo0pa3oBaHus SHEPTHH
B TsiroBbIX TpaHcdopmaropax (TT). B pexumax PTII cpennue BenuunHbl cymmapHbix noteps B TT
Bo3pacTaroT Ha 3,3...7,1 %. [lorepu B menu nossimarorcs Ha 12...34 %. W3 puc. 15 BugHO, 4TO Hau-

OosblIKe TOTepH SHEepruu uMetoT Mecto B TT noacraniuu Homep 2 (puc. 1).
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Fig. 11. Dependences of active power flows through the main transmission line (a) and losses in it (6) on time: the

numerical designations are similar to Fig. 9
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Puc. 12. 3aBUCHMOCTH NIEPETOKOB PEAKTHBHOM MOIIHOCTH 110 rojioBHOM JIDII (a) u moTeps B Hell (0) OT BpeMeHU:
nuppoBbie 0003HAYCHUS AHATIOTHYHBI PUC. 9

Fig. 12. Dependences of reactive power flows along the main transmission line (a) and losses in it (6) on time: the
numerical designations are similar to Fig. 9
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TOPMOXKEHHMSI: @ — CyMMapHble notepu APy; 6 — notepu B Menu APy

Fig. 13. Dependence of losses in traction transformers on time in the absence of regenerative braking: a — total
losses APs; 6 — losses in copper APy
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Fig. 14. Dependence of losses in traction transformers on time when using regenerative braking: a — total loss-

es; 6 — losses in copper
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Fig. 15. Average values APs (a) and AP, (6): the numerical designations are similar to Fig. 9

Takum 06p330M, OIIMCaHHBIC L[I/I(I)pOBLIG MOJCIIN JAa0T BO3MOKHOCTb ACTAJIbHO aHAJIHU3UPOBATH
IMPOLECChI B CUCTEMAX 3J'IeKTpOCHa6)KCHI/I${ JKCJIC3HBIX JOPOTI' B pCKUMaAX PEKYNNEPATHUBHOI'O TOPMOKE-

HHA IIOC3/10B.

3akJoueHue

HpeI[CTaBJ'IeHHI)Ie PE3YIbTATHhI, IIOJTYYCHHBIC B paMKaxX NIporpaMMbl TOCYJapCTBECHHOI'O 3alaHUA
«IIpoBeneHre MPUKJIAJIHBIX HAYUYHBIX UCCIEIOBAHUIY 10 TeMe «Pa3paboTka METO/IOB, aIFOPUTMOB
U IPOr'PaMMHOI0 00eCIeueHH sl ISl MOJICITUPOBAHHMSI PEKUMOB CHCTEM TSATOBOI'O AJIIEKTPOCHAOKEHHU ST
JKEJE3HBIX IOPOr MOCTOSTHHOT'O TOKay, Hal0T BO3MOXKHOCTD C/IEJIaTh BBIBOJ] O TOM, 4TO peskumbl PTII
MO3BOJISIIOT MOJTYYUTh 3aMETHOE COKpAIleHre 3aTpat 3D Ha TATY noe3a0B. OJHaKo U3-3a poCcTa MOTO-
KOB PCaKTHBHOW MOIIHOCTH HaOIronaeTcs yBeiaumdeHue noreps B JIDII u TpanchopmaTopax U yXya-
HICHHUE TI0Ka3aTeNel KayecTBa dIIEKTPOIHEPIHH.

[MpeaoxkeHHass METOAMKA SIBIISIETCS YHUBEPCAIBHON M MOXKET UCTIONIL30BATHCS JIJISl aHATIU3A Pe-
YKUMOB CHCTEM DJIEKTPOCHAOKEHHSI PA3IMUHON CTPYKTYPBl M KOHCTPYKTHBHOI'O UCIIOJIHEHUSI, BKJIIO-

yasg CTD nocrosinHoro Toka [31].
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