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BU3HAYEHHA HIOTEHIIAJTY EHEPI'O3BEPEKEHHSA B CUCTEMAX
EJEKTPOTPAHCIIOPTY B 3AJJAYAX ITIIIBUIEHHSA
E®EKTUBHOCTI CIIO)KUBAHHSA EHEPI'II PEKYIIEPAILIIT

Beryn

OpHMM 3 BOXJIMBUX CHEProOIIaJHUX 3aX0[iB
Ha eNeKTpuQikoBaHOMY TPAHCIOPTi € eEeKTHBHE
BUKOPHUCTAHHS €Heprii pexynepaiii, mo mpu pa-
HiOHAIBHUX PEXUMaxX PyXy TPaHCIOPTHHX 3aCO-
0iB 103BOJISIE 3HNKYBATH €HEPTOEMHICTH ITepeBi-
3HOTO TIpoLeCYy B pI3HHX BHIAX pyxy Ha
10...40% [1, 2].

IIpote y 3B’s3Ky i3 4yacoBHM AucOanaHcoM
MpOITeCiB CITOKMBAHHS 1 TeHepallii eHeprii pi3-
HUMH TpPaHCHOPTHUMH 3aco0aMM, IO 3HAaxXo-
IATHCS HA JINSHII B TATOBUX 1 peKymnepaTUBHUX
peKkuMax, MOKa3HUK BiJHOBIIGHHS eHeprii mpu
ICHYIOUMX CHCTEeMaX CHEepro3a0e3meueHHs TpaH-
CIIOPTY Ha ChOTOJHI € He3HauHuM. CepeaHiil mo-
Ka3HHMK peKymnepauii eHeprii, HalpuKiIag Mo Me-
pPeXi 3aTi3HHUIP MOCTIHHOTO CTPyMy, 3apa3 He
nepeumye 2...3 % [3-5], mjo ocobIUBO TOMIT-
HO TP 3HIKEHHI PO3MIpiB pyXy Ha AiNSHKAX.

AKTyaJIbHIiCTh i HOCTAHOBKA 3a1a4i

BrockoHalleHHS CUCTEM eNeKTPOINOCTaYaHHS
eNeKTpru(iKoBaHOTO TPAHCHOPTY 3 METOI Mil-
BHINCHHS €()EeKTUBHOCTI BUKOPHUCTAHHS EHEPTil
pexynepanii, a came BIPOBAaIKCHHS HAKOIHYY-
BauiB eHeprii (HE) Ha TsroBux miacTraHmisx
(TII), inBepTopHUX arperatiB (IA) Ta perymnsaro-
piB Hanpyru (PH) na mmuaax TII motpebye pos-
BUTKY MiIXOJIB II0JA0 BHU3HAYCHHS TEXHIYHOTO
Ta €KOHOMIYHO JOILIJIBHOTO MOTEHIlialy eHepro-
30epeKeHHs TpH peKyrepamii IS iCHy4YuX i
MEPCIEKTUBHUX CUCTEM TpaHcnopTy. Lle mo3Bo-
JUTH 0OUpaTH HAYKOBO OOIPYHTOBaHI TEXHOJOTIT
Ta eHepro3odepiraroue oOJagHAHHS 3 MiHIMalb-
HUMHU BapTICHUMHU MOKa3HMKaMH Ta HaJJIUIIKO-
BOIO TMOTYXKHICTIO B 3aJIC)KHOCTI BiJ| eKCILTyaTa-
LIAHAX TOKA3HUKIB IiJISHOK.

Mera podoTn

Po3pobka HayKoBOTO METOTy BU3HAYCHHS MTOTCH-
iaxy eHepro30epekeHHsI B iCHYIOUHX 1 IepPCIEeKTHB-
HHX CHCTEMaX eJICKTPOTPAHCIIOPTY JUIS ITi/IBUILCHHS
e(EKTHBHOCTI BUKOPHCTAHHS CHEPTil peKyTiepartii.
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Orusig itepatypu

KinbkicTe enexTpoeneprii, sika Moxe OyTH reHe-
poBaHa TPAHCIIOPTHUM 3acCOOOM IIPH PEKyIepaTHB-
HOMY TaJbMyBaHHI JUISl 3HWKCHHS YU OOMEKCHHS
HIBU/IKOCTi, BU3HAYAETHCS 3MEHIICHHSIM HOro KiHe-
THYHOI €Heprii 3a BUpaXyBaHHAM POOOTH 3 MOIOJIAH-
HS CHJI OTIOpY PYXY 1 AopiBHIOE [1, 2]

pek

_2, 725Q(W0 T ieKB )S) npeK ’

Wrex =(0,01073(1+ 100 =)~ (1)

ne O — maca noizaa; I+y) - koeirieHT iHepIil
Hioro o0epToBUX Mac; Vi, Vi — IMIBHUIKICTH BiJIIOBI-
JHO Ha MOYATKy 1 HalpHKIHLI TalbMyBaHHS; Wy —
OCHOBHHUI MIUTOMUI OMip pyXy Moi3na mpu cepenHiit
MIBUAKOCTI Ha IUISHIN TaJbMyBaHHS; leq — €KBiBa-
JICHTHUH yXWJI Ha JUISHIN TaJbMyBaHHS; S — JOB-
JKUHA TATEMIBHOTO MUISIXY; Npex — KKII enexrpopy-

xomoro cknany (EPC) B pexxumi pexymnepartii.

[pu raspMyBaHHI TOT3/IB TS 3HWKCHHS IIBHI-
KOCTi pyXy Ha MpSAMHX AUITHKAaX TOBHA poOOTa CHII
OTIOpY PyXY 3HAYHO MEHIIE 3MiHM KIHETUYHOI eHep-
rii, Tomy (1) Moke OyTH 3amHcaHo sK

2 2
Woew =0,01073(1+V)O(V; = Vi Mpexc -~ (2)

[lpu nmpuransMoByBaHHI TOI3AYy IUIS MIATPUMKH
3a1aHoi WBHAKOCTI pyxy (mpu ¥~ CONSt) ya ninsw-
Kax 3 3aTSDKHAMH CIYCKaMH KUIBKICTh T€HepOBaHOI
SIIEKTPOSHEPTii BH3HAYAETHCS 3MIiHOIO TOTEHIIHHOT
eHeprii moi3/a i TOpiBHIOE

Woex =2, 7250(les — Wo ) SMpex - 3)

B sKoCTI KiNBKICHOTO TOKa3HHMKa €(EeKTHBHOCTI
peKymepanii eHeprii Mo)ke po3TJIsiIaThCs BEIWYMHA
KoedirtieHTa pekyreparlii [6] 3a 4ac eNeKTPOCIIOKH-
BaHHA (peKkyreparlii) 7", MO € BiTHOIIEHHSM TeHe-
poBaHOi eHeprii NpH EIeKTPUYHOMY TalbMyBaHHI

Woex 110 BuTpaty eneprii Ha TAry Woar (3 ypaxy-

BaHHSIM BUTpAT HA BJIACHI IMMOTPEOH 1M0i3/1a) Ha KOHK-
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PETHIH IiSHI, B PEKUMi PyXy TOLIO, SIKMH MOXe
OyTH BU3HAUCHUH K

3 [ U 1

pex _ =l

K = 2= L@
ULy ()t
0

ne U.(¢) — manpyra ma crtpymornpuiiMadi TpaHc-
noptaoro 3acoby; lpex(!), I...(f) — Bigmosimmo
CTPYM B pEKHMi peKynepauii i Tsru; f;, f; — Bil-
MOBIJIHO MOMEHTH TI0YaTKy Ta 3aKIHYCHHS PEeKyIie-
paTUBHOTO TAIbMYBaHHS; 5 — KUIBKICTh aKTiB pe-
KyIHepaTuBHOTO TaTbMyBaHHSI.

[Ipu BUKOpPHUCTaHHI PEKUMIB PEKYIIEPATHBHOTO
rajJbMyBaHHS B BaHT)XXHOMY Ta MAacaXHPCHKOMY
pyci Moi3miB, A¢ pPEeKyIepamis BHKOPHUCTOBYETHCS
MEPEeBAXHO IS OOMEXEHHS! HIBUIKOCTI pyXy Ha
TMUISTHKaX 31 CIyCKamu, IMOTEHINan eHepro3oepe-
JKEHHSI, 32 PI3HUMH OIliHKamMH ¢axiBmiB [1], Moxe
caratu 12...15% Big BUTpaT Ha TATY.

[Ipn BUKOpHCTaHHI JaHMX PEKUMIB Ha TpaHC-
MOPTi 3 MUKIIYHUMHU PEXKAMaMU PYyXy (TMPUMICHKi
SNIEKTPOIOI3/1a, MICHKUH EIeKTPOTPAHCIIOPT, MET-
pOTIOJITEH), piBEHb BiJHOBJICHHS BUTpPAu€HOi Ha
TATY €Heprii € 3HA4YHO OiNBIINM, i MOXE CSTaTH
40...45%. Tak, HampuKIam TOCTiIKEHHS pe3epBiB
3HW)KEHHSI €JIEKTPOCIIOKUBaHHS Ha TATY 3a paxy-
HOK BHUKOPHCTaHHS Ha €JIEKTPOIOi3Iax peKymepa-
TUBHOTO TraJlbMyBaHHS i1 yMOB KuiBChbKOTO MeT-
POTIONITEHyY, IO TPOBeAcHI B [7] mamu 3MOTy BHU-
3HAYUTH MAaKCHMaJIbHI 3HAYCHHS CHEprii peKyre-
pauii mpu raneMyBaHHI. BcraHoBineHo, 1o Ha
MTOMIPHO TPSAMHX MIITHKAX IMOBEPHEHHS CHEPTil B
Mepexxy Moxe caratu 60% BiJ BUTpaueHOi eHeprii
Ha TATy, a Ha OUISHKaX 31 CIyCKaMU MOBEPHEHHS
MoOXKe B 2...3 pa3u MepeBHUIIYBaTH CIIOKUTY Ha PO-
3TiH MO13/1a HEePriro, MO B CEPEIHHOMY MO MEpEexKi
Jla€ 3HIKEHHS TATOBOTO EJIEKTPOCIOXHMBAaHHS Ha
40...44%.

B [8] Ha 6a3i ekcriepIMEHTAIBHUX TOCIIKEHb
BCTaHOBJICHO, IO B yMOBax JIHIMpONETpOBCHKOTO
METPOIIOJITEHY iCHY€ 3HaUHHMH pe3epB eHeprosde-
peXeHHS TpH peKyleparlii eHeprii, SKuil CcTaHo-
BUTH BiAmoBinHO 14...34% B npsiMomy (Ha migiomi
8%o) 1 38...52% y 3BOpOTHOMY (Ha BiAIIOBITHOMY
CIYCKY) HampsMKax, TOOTO B CEPEIHbOMY CKIIA/IA€
26...43% Bim eneKkTpocmoXXWBaHHS Ha Tary. Ha
CBOTOIHI 1Iel pe3epB He MOke OyTH peasizoBaHUit
y 3B'SI3Ky 3 BIJICYTHICTIO Ha E€KCIUTyaTOBaHOMY Ma-
PKy PyXOMOTO CKJIaJly CUCTEM peKyIepailii Ta Tex-
HIYHHMX 3ac00iB epeKTHBHOTO 30epiranHs (po3mo-
Iily) peKymnepaTMBHOI €Heprii MpH Malux po3Mi-
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pax pyxy moizais (1-2,5 map noizaiB) B MeTpomosi-
TEHI.

Tomy Ha erami po3poOKH BIINOBITHHX €HEPro-
30epiralounx 3axofiB CUCTEMH EJIEeKTPOTPaHCIIOp-
Ty HOTPeOYIOTh MONEPEIHBOI OLIHKH MOYKIMBOTO
MOTEHITIATy eHepro30epekeHHsI, 10 BUMAarae pos-
POOKHM BiNOBITHUX HAYKOBHX IT1IXO/IIB.

OcHoBHHUIT MaTepian

Teopernynuii TOTEHIIaT EHEPro30epeIKESHHS
BiJl 3aCTOCYBaHHS peKyIepalii B CHCTEMI eJeKTpH-
YHOI TATH MOXe OYTH BH3HAYCHUH LUIIXOM BHKO-
HaHHS TATOBUX PO3PaxXyHKIB 3 PO3B’sA3aHHSIM ra-
JTHEMIBHOI 3a7adi, JIe TIPH BIOMHX IapamMeTpax Ii-
JISTHOK, PEXKUMaX PyXy, IIBHUAKOCTI MOYATKY Tallb-
MyBaHHS 1 Macu moi3aiB 3a Bupazom (1)
BH3HAYAETHCSA MaKCHMallbHa €HEpPTis peKymeparii

Wpex , Ika Oyzie pi3HOI0 JUIA PiI3HHUX JUISHOK 1 eKC-

TuTyataiitHuX GaxTopiB (po3MipiB pyXy Ha JiJIsH-
Kax, Tomo). Takum uynHoM BennuuHa (1) € B abco-
JIOTHUX OJMHUIAX TEOPETHYHUM ITOTEHIIIaIOM
E€HEPro30epeKeHHS TIPU BUKOPHUCTAaHI pPEeKymepartii
eHeprii

HTBOp — W (5)

peK *

VY BIIHOCHUX OIWHUIIAX I1¢ OyJe TeOpeTHUHUN

Koedinient pexymepartii kg -

Benuunna kel 3ameKHO Bifl eKcrutyaTarii-

HUX TIOKAa3HUKIB JJIS TUISTHOK 31 IIKIIJTHBUMH CITY-
CcKaM# MOXe OyTH BUpakeHa 5K [9]

kTeop :&l—(WO +WKp)n n ,Y (6)
pex 1-,] i+ W + WKp cep ' Ipek I pek »

ne I, I’y — piuHi BaHTaXXOIOTOKH BIJIOBIAHO B
6ik migfoMy i CIyCKy, MIH T/PIK; ¥,q, — 4acTKa
ralbMIBHOI CHJIM PEKyIlepalii B 3arajibHiil raipMi-
BHIH cuJIi Moi3/1a py JOJaTKOBOMY HPUTaIbMOBY-
BaHHI MEXaHIYHUMH T'aJIbMaMHu.

JInst cepeTHbO-eKCIUTyaTallifHUX YMOB Ma€eMO
Wy + W, # 4 H/KH, g, 20,88, my., 0,87 [9],
ToAl BUpa3 (6) mpuiiMe BUTIISAA

r,i-4
k'P = 0,652 ——vy__ . (7)
pek SRR R
B yMoBax ekcruryararii pekyreparis Ha Tipch-
KHX JUISTHKaX JTO3BOJISIE CKOPOTUTH BHUTPATY €JIEK-

tpoeneprii Ha 10..20 % (k.oP ~0,1...0,2), mo

pex
0COOJIMBO BiTIYTHO, SIKIIO CITYCK PO3TaIlIOBAHUH y
BaHTAXKOHANPYKEHOMY HalpsaMKy (mpu [, >17).

© Kysuenos B. I'., Ca6mnin O. 1., 2016

ISSN 2307-4221 Enexmpudhixayis mpancnopmy, Ne 12. - 2016.



eHepros6epexxeHHsa / energy saving

Enepretnuny eexkTuBHICTH peKkynepauii y uu-
KIYHUX BUAAaX PyXy Ha TUISHKAX 3 JIETKUM 1 cepe-
IHIM mpodineM, Je TaJlbMyBaHHS BHUKOPHCTOBY-
€THCSl TIEPEBKHO [UIS 3YIHHOK JOLUIBHO OXapak-
TePU3YBATH BEIMIHHOIO K¢, , 10 BU3HAYAETBCS Y
BUTJISA/ BITHOIICHHS KIJIBKOCTI €HEprii, 10 MmoBep-
TaEThCS TPH PEKyTepalii 70 BTpaT €HepTii B Talb-
Max TIpH BiICYTHOCTI peKymepanii

TEO vz
kper = I_V_I; ncepnpex : (8)

Jul

Hnst EPC 3 KOJNEKTOPHUM €NEeKTPONPUBOJOM 1
PENeHO-KOHTaKTOPHOIO CHCTEMOIO  YIpaBIIiHHS
v =(0,4..0,6)v, 9],

=0,65, Tolli OTpUMAEMO

MOXXHa BBaXXaTu

ncepnpex
kP =0,2..0,25. 9)

Ockinbku BTpaTd B ranbMax EPC mukmimigHOro
pyxy csratotb 40...60 % Big BUTpadeHOI €JIEeKTpO-
€HEeprii, TO 3aCTOCOBYIOYH PEKYIIepaIlifo B TaKHX
BUJIaX TSITH B MEPEKY MOXKHA PEreHEepPyBaTH 3HAu-
HY 4YacTKy BUTpaueHoi eHeprii. Jus cydacHOTo
EPC mukmnigaOr0 pyXxy 3 IDIaBHUM PETYIIOBAHHIM
MOBEPHEHHS €HEpPrii Ha ChOTO/HI MOXE JOCSTaTH
30...40 %, 3a paxyHOK pekymepalii B MEpexKy
MPAKTHYHO 10 3yNMHUHKH (IO MIBUAKOCTI 5 KM/TOJ)
Ta OUTBIIT BUCOKHX 3HAaUeHB ekcruTyaTamiamx KK
[1].

HaiiBaxxnuBimmmM eraroM BUpIIIEHHS 3a1adi
BHOOPY €HEepro30epirarounx 3axoiB OKPiM 3HAHHS
TEOPETUYHOTO TOTEHIAy € BU3HAUCHHS TEXHIY-
HOT'O MOTEHIiaNy €Hepro30epeKeHHs, IKMi MOKHa
3HAXOJUTH SIK JJISl OKPEMOTO i-Tr0 eHeprosoepira-
oJoro 3axony B k-my (k=keK) enemenri
(00'ekTi) PO3MIIATYBAHOT CUCTEMH, TaK 1 ISl PI3HUX
MHOXXHH Takux 3axoxiB 7, i €1 [10].

Le#t moTeHmiad MOXE PO3paxOBYBaTHUCS SIK B
a0COIIOTHOMY BHPa)KeHHI, TaK 1 y BIITHOCHUX OJU-
HUISIX

g =Y Y (me-wl)n,. 10

keK iel

> X (m - )T,

Hrex _ keKiel

Yoy ym )

keK iel

, (1D

ne I, T — BimmosiaHo abGcomroTHUI i Bif-
N . B 1P
HOCHHUM TIOTEHIliaJIi eHepro30epeKeHHs; Wkl- , Wk,-

— BHTpaTa eJIeKTPOCHEPTii Ha TATY BIAMIOBIAHO 0 i
micas peamizarlii eHepro30epiralouynx 3axodiB B
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YMOBHHX OJMHHIAX BUMIpIOBaHHS, T ko nepiof

qacy, JJIsl SIKOTO PO3PaxOBYEThCS 3HWKEHHS BH-
TpaT eHeprii mpu BiANOBiAHOMY eHeprozoepirato-
YOMY 3aXO/Ii.

[pu Bukopucranus Bupazis (10) i (11) anst k-ro
EIEMEHTY CHCTEMH MOXE PO3TJSIIATHCS TiNbKH
ONIVH eHepro30epirarymii 3axiji 3 KOXKHOI albTep-
HAaTHBHOI MHOXKHHU.

B ymoBax peanbHOI ekcrulyaTalii Ha peariza-
it TeopeTHyHoro noreHuiany (1) omocepeakosa-
HO BIUIMBA€E psII BUMAAKOBUX (DakTOpiB, IO HE
BxoTh 10 (1). Haituacrimie npu pexynepaTUBHO-
My TaJbMyBaHHI TPaHCIIOPTHHX 3aco0iB peanisy-
€THCSI EHEePTis

Wiex < Woe - (12)
a 11 Hepealli30BaHa YaCTHHA € HAIJTUIIKOBOIO €Hep-
ri€ro, sIKa JOPIBHIOE
—w!

peK *

AW . =W

pek pex

(13)

Ipu BigcyTtHoCcTi Ha TII HE, 1A, a6o PH BoHa
YTUNI3YETbCA B TalbMIBHUX NPHUCTPOSX TOI3MIIB,
IO 3HIWKYE €(PEeKTHBHICTb CUCTEMH €JIEKTPUYHOI
TATH.

HasBHicTh cKi1amoBoil AWpeK MOB's3aHa 3 PO3-
KHJIOM B 4Yaci MPOLECIB CIOKWUBaHHS 1 TeHepariil
eHeprii TPaHCIOPTHUX 3ac00iB, IO 3HAXOISATHCS
OJTHOYACHO Ha JUISHKAX B TATOBUX 1 pEKyIIEpPaTHB-

Hix pexnmax. Exepris AWpex ocobmmBo Bupare-
Ha TIpH 3HWKEHI PO3MIpIB pyXy Ha IUISTHKAX, Ta B
pi3HEX Buaax TpaHcnopty moxe csrata 30...100
% Bin BmacHe BenmunaH (1) [5].

OTxe eHepris peKymneparii Mo peai3yeThesl B
peanbHUX YMOBax eKcrutyararii srimzno (12) € tex-
HIYHO peayi30BaHUM IOTEHINAJIOM eHepro3oepe-
JKEHHS, 10 JIOPIBHIOE

I = W = Woock

pex peK ' BHK >

(14)

ne kg, — KoedillieHT BHKOPHCTAaHHS €Heprii pe-

Kynepauii (IHIIMMH TPaHCTIOPTHUMH 3ac00aMH, 1110
3HAXOJSTHCS B TATOBUX PEKHMAX).
Bemnunna k,,, npu Bigcyraocti HE, 1A, PH

K
Ha TII Hanexuth mianazony 0...1, 3aJIeXKUTh Tiepe-
Ba)XKHO BiJ MOi3HOI CUTyauii Ha IUISHLI, HaNpyTH
Ha muHax OmmkHpol TII i pexumiB enexkTpocmo-
JKUBaHHS TIOI3iB B 30HI peKyIepariii Ta 3HaYHOIO
MIpOIO SIBJIsIE COOOK0 BUMAAKOBY BEIHUMHY. 3ae-
JKHO BIJl HAIIpyTW Ha CTPyMOIIpUiiMadi pekynepy-
1090ro TpaHcmopTHOro 3acody U, (f) BemmumHa

k

sux MOXe OyTH BUpaXKeHa sIK
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1, mpu U (6) <US™, Ly (6) 2 Le, (0),

e (U (8)) =
0, npu U, () >U™, [, (¢)=0.

ne UM IpaHUYHO JAOIyCTHMa HaIpyra Ha

CTpyMoInpHiiMayi i B KOHTakTHOI Mepexi [11, 12];
Lo (1), Ly (1) — BIANOBIAHO CTPYM peKymepauii i
TATH B 30HI peKyIiepaitii.

[TpoMikHi 3Ha4YeHHS BeNWYMHH Kk, B 3a3Ha-

YeHOMY Jliarma3oHi BiAIOBIJalOTh BHITAIKY 3 0OMe-
KCHHM TATOBHUM €JICKTPOCIIOKMBAaHHAM B 30HI pe-
Kynepaii, KoJau

Lige (1) <y (1) 5

MPH [[LOMY Ma€ MICIIe HA/UTUIIKOBUN CTPYM PEKY-
nepartii

AIPEK(t) = [peK (0) Ly OF

AKOMY BIAIOBia€ HaUIMIIKOBA (Hepeai3oBaHa)
eHeprist pexymnepartii

AW,

pek

— HTCOp _ HTeX — HTCOp (1 _ kBMK) . (15)

[Ipu BimcyTHOCTI iHTENEKTyalbHUX MPUHIIH-
MiB yNpaBliHHSA EJEeKTPOCHOKUBAHHAM MOI3[iB
pEeryjroBaHHA JIMIIE X MOJOXEHb LUIIXOM OI-
tuMizanii rpadika pyxy noizais (I'PI1) na mins-
HII HE MOXXE TapaHTOBAaHO 3a0e3MEeYUTH B 30HI
peKkyrmepaiii 0JHOYaCHOTO 30iry IpoleciB peKy-
meparii Ta eJIeKTPOCIOKUBAHHS MOi3MiB. Y Ta-
KOMY BHINAaJKy HaBiThb NpW HAasBHOCTI CHCTEM
pekymepamnii Ha Bchomy mapky EPC moxaszamk
BiJHOBJICHHS €HEPrii NpH ICHYIOYHX po3Mipax i
peKHMax pyxy TOi31iB HE MOXKE IEPEBHIYBaTH
10...20 % Bin 3HaueHHs (1).

HeoOxigHo 3a3Ha4YMTH, IO OI[iHKA €HEpPreTH-
9HOi epeKTUBHOCTI peKymepalii B pi3HUX BUJAX
pyXy ICTOTHO 3aJIeKUTh Bix BenuuuHu ki, . [la-

HAa BENMYMHA BH3HA4Ya€ E(QEKTUBHICTH CIIOXKH-
BanHs eHeprii pexynepanii B CTE i Bmacue dop-
Mye eHeprosbepirarounii epeKkT Bil BHKOPHC-
TaHHsSI PEXXUMIB BIIHOBJICHHS €HEprii B cucteMax
enektpudikoBaHoro Tpancnopty. [lanHa Benu-
YUHA 3aJeKUTHh BiI 0aratbox sK ACTEPMiHOBA-
HUX (aKTOpiB, TaKUX SK HAsBHICTH NpHUUMadviB

eHeprii AW, Tak i HEBU3HAaYCHHX (aKTOPIB,

TaKHX SK M0i3Ha CUTyallis Ha AUISHKaX, MUTTEBE
TATOBE €JEKTPOCIIOXHUBAHHS B 30HI peKymnepanii,
Hanpyra Ha BBoai TII Ta iH., TOMy I pi3HHX
IIJISTHOK 1 cuTyani € imoBipHicHOIO. KoedimieHt
BUKOpHcTaHHs eHeprii pexynepanii B CTE e au-
HaMIi4HOI0 BEJIMYWHOIO, 1 TPEACTaBIIE COOOI0
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ckinagHy (yHKUi0 0araThbOX 3MiHHHX, OCHOBHI 3
SKHX 1€

ko =

BHUK

(16)
= [ (Urn (@), N(@), Py (0, Ly (0, Uy (),

ne Upp(f) — Hanpyra Ha muHax rpasngHux TIL
N(t) — xinbkicTs noizais Ha MII3 y pexumi Ts-

; P,.(f) — TATOBE €JEKTPOCIOKUBAHHS B 30Hi
pekymneparii; Ly, (f) — BIACTaHb MIX IOi3aMH B

pexxuMi pekynepanii i taru; Uy, (f) — Hampyra
Ha Beoai TII.

Tpeba 3a3HauMTH, M0 HABITH 32 YMOBH 00Jja-
naaHHs TII mocriitHoro ctpymy IA Ha Takux mi-
JSTHKaxX HE MO)KE T'apaHTOBaHO 3abe3medyBaTHCA

ke =100%, OCKITBKHM 31aTHICTH CHCTEMH 30B-

HIIIHBOTO €JIEKTPOIIOCTaYaHHs J0 MPUIHOMY eHe-
prii AW, B 3Ha4HIA Mipi 3a1exuUTh BiA ii 10TO-

YHOTO 3aBaHTAKEHHS HETATOBUMH CIOKHBAYaMHU
y By3nax npuegHanas TII. Ockinbku eHeprocuc-
TeMa KpaiHW Ha CHhOTOJHI € HEeJIOBaHTAXXECHOK 1
Hanpyru Ha npuenranuasx TII (35, 110, 220 kB)
MepeBaXHO TPUMAIOThCSI Ha BEPXHIH Mexi, a 4a-
cro mepeBuinyoTh ii [13], To eQEeKTUBHICTH i
BIIACHE MOXKIJIMBICTh CIOKMBAaHHSA HAJJIHIIKOBOT
eHeprii pekymeparii CHCTEMOIO 30BHINTHBOTO
eJIeKTPONOCTayYaHHs MOKe OyTH 0OMEKEHOIO.

Ha mpaktuni Bak1uBe 3Ha4YeHHS Mae BU3Ha-
YeHHS €KOHOMIYHO IOIUIHFHOTO MOTEHIlIAy eHe-
pro3oepexxeHHs Ta (GOpMYyBaHHS Ha 1[I OCHOBI
miaHiB Horo peanizamii. ['paHUYHOI0 YMOBOIO
€KOHOMIYHOI MOIUIBHOCTI peai3amii eHepro3oe-
piraro4oro 3axoay €, s’k MiHIMyM, piBHICTb JO-
JATKOBUX BUTpaT (iHBECTHLIHHUX, EKCIUTyaTa-
MIMHUX Ta iH.) 32 XUTTEBUH ITUKJI, MIOB'S3aHUX 3
peaitizali€lo Takoro 3axoany Z;; i cymapHoi Bap-

€K

TOCTI 3€KOHOMJICHUX €HEPTropecypciB 3a JKHUTTE-
BUI LIMKJ HOTO peanizamii, mo popMaizyeTscs B
TAaKOMY BUTJISI:

T

=2 Zu— D D.C A0, |20, (17)

t=1 keK iel

e ?, €KOHOMIYHO JIOLUIBHHUI NOTEHIaa
CHEPro30epeKeHHs; ! — PO3paxyHKOBHH eTam y
nepioai »kuTTeBoro nukiy; C, — BapTICTh €JIEKT-
poeneprii; AO,;, — o0cAr 3¢KOHOMJIEHOI €IeKT-
poeHeprii.

HeoOxigHo 3a3HAa4YMTH, 110 TEXHIYHHUN 1 €KO-
HOMIYHO OLIJIPHHUM IOTEHI[Ia] MOYXE 3MIHIOBa-
THCSI 3 4aCOM, IiJ] BIUIMBOM HayKOBO-TEXHIYHOTO
Mporpecy Ta eKOHOMIUHOT KOH'IOHKTYpHu. OmHaK
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3MIHM Tif BIUTUBOM IHMX (aKTOpiB, SIK MPaBUIIO,
BiJOYBAIOTHCS MPOTATOM JIOCHTH TPUBAJIOTO IIe-
pioxdy.

VY 3araapbHOMY BHIJISIAI TPOLEC OLIHKHU MOTe-
HI[laJly €Hepro30epeXeHHs UIS CHCTEM eJIeKT-
PUYHOTO TPAHCIIOPTY BKIIIOYA€E HACTYITHI €TaIu:

a) GopMyIFOBaHHS LiJIEH OIIHKH MOTEHIiaTy
eHepro30epexeHHS;

0) BU3HAYCHHS IMMEpeTiKy 00'€KTiB 1 BiAMOBiA-
HUX eHepro3oepiraloyux 3axofiB (MHOXuHH K i
D;

B) po3poOKa alropUTMIB OLIHKKA MOTEHIIAy
eHepro30epekeHHs, KUl Om BigoOpakaB cre-
uugiky 00'ekTa Ta eHepro3oepiranvoro 3axonys;

r) 30ip HeoOXimgHOI iHdopmaii ansa peamizarii
BiTIOBITHUX aJTOPHUTMIB;

1) PO3paxyHOK MOTEHIIiaNny eHepro30oepexeH-
HSL

3 ypaxyBaHHAM crienudiku po3B'a3yBaHO]l 3a-
Javi, MOKa3HHWK IMOTEHIIANy eHepro30epeKeHHs
iIeHTU}iKyeTbCss HabopoM  Kiacu@ikaliiHUX
O3HaK, MPUYOMY JesKi 3 HUX HPSIMO 3aJekaTh
BiJl 0COOJIMBOCTEH JTOCIIIKYBAHOI CUCTEMH.

[Ipu BUpilICHHI MPAaKTHYHUX 3aBJaHb 110 BH-
3HAYCHHIO TPIOPUTETIB pearnizamii MOTeHIiamy
eHepro30epekeHHs Ta GOpPMYyBaHHS BiIITOBITHAX
TUTaHIB HEOOXIiAHO BpaxoBYBaTH HasBHICTH 00-
MeXeHb, Hacamnepen iHBecTHUiiHUX. Lle moB's-
3aHO 3 THM, IO HE 3aBXIU BHUSBIISIETHCSI MOKIH-
BOIO peali3allis 3aX0/(iB 3 HaHOIIBIIMM TEXHIYHO
JOCSDKHUN MOTEHIIall eHepro30epeskeHHs.

Tomy, s BUpIIIEHHS TAaKWX 3aBAaHb HEOO-
XITHO 3aCTOCYBaHHS ONTHUMIi3aIliiHUX MOJIEICH,
SIKI y CHPOILEHI# MOCTaHOBII (HOPMaTI3yIOThCS B
HACTYITHOMY BUTJISI:

YYD by, Mg, >max,  (19)
keK iel neNy
220D b =1, (19)
keK iel neNy
> >z, <z, (20)
keK iel

Je n — IHJEKC MHOXHHHU albTePHATUBHUX ECHEp-
rozbepirarounx 3axofiB; by, — OyieBa 3MiHHA;

Z°"™ — zaranpHuil 06CAT KOWITIB Ha peaizaliio
EHEPro30epiraroumnx 3axo/IiB.

[Ipu ocBOEHHI MOTEHIIANY €HEepro30epeKeH-
HS TIpU peKymeparii eHeprii B mepry 4epry Jo-
HiTBHO peanizoByBaTH oprasizamiifHo-
TEXHOJIOTIYHI eHepro30epirawdi 3axoau, sKi He
BUMAraroTh 3HauyHUX BUTpaT. OJHUM i3 HUX €
peaiizamis TEeXHIYHO IOCTYITHOTO ITOTEHITiamy
3HWKCHHSI BTpPAT AJISI CUCTEM €JIEKTPOINOCTa4YaH-
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HS TSATH MOI31iB HAa MOCTIHHOMY CTPyMi 3a paxy-
HOK Y3TOJ[KeHOo1 onTuMizamii rpadika pyxy moi-
3M1B 1 iX CXEM EJICKTPOKHUBIICHHS,

OcCo0JMBICTIO IILOTO TMOTEHIIANY € Te, M0 BiH
3aJIeKUTH BiJ PiBHA BTpAT NMpH (PaKTHUYHOMY CTaHi
CHCTEMHU €HEepro3ade3NeueHHs i P ONTHMAaITbHIHA
cXeMi JIOpiBHIOE

eK opt fact
KI:F(ki’Np)_F(ki’N )9 (21)
ne k;— koediuieHT IHTCHCUBHOCTI pyXy Moi3iB,

IO BU3HA4ya€ 3aBaHTaKCHHsA OONaJHaHHS Miac-
TaHIi{, HEPIBHOMIPHICTh HaBaHTaXXEHHS Ta iH.;

NPt N pinnosinno onTumanbHa Ta dax-
THUYHA CXEMHU CJICKTPOIOCTAYaHHS.

Taxkum ymHOM, Il MOTEHIiaNl MOXe iCTOTHO
3MIHIOBATUCA 3 YacoM (€ TUHAMIYHUM), 110 00Y-
MOBJIEHO Horo crnenudikoro. [Topsix 3 num, cre-
nupIYHIM 71 EeHTPaNi30BaHUX CHCTEM EIJIeKT-
pOTIOCTAaYaHHS € HASBHICTh CUCTEMHOTO €(eKTy
BiJI 3HIDKCHHS BTPAT Ha HUIXKYMX KJacax Harpy-
T'H, OCKIJIBKY 1€ BUKJIMKAE JOJATKOBE 3HIMKCHHS
BTpAT Ha OiJBIT BHCOKHUX KJIacax HANpPYTH B JKH-
BHJIBHMX JIIHISX eJeKTponepenadi i tpancdop-
martopax [14]. BenuuumHa UBOTO ITOAATKOBOTO
edexTy Oylne BU3HAYATHUCS XapaKTEPHUCTHKAMH
€JIEeMEHTIB, 110 BXOASATh B CHCTEMY €JIeKTPOIOC-
TayaHHs, a TaKOX BCiMa HAsBHUMHU MiX HUMH
3B's3kamu. [lpu mpomy moTeHIian eHepro3oepe-
KEHHS CHCTEMH eJIeKTPOIOCTAadaHHS SIBIIIE CO-
0010 CYKYITHICTh MOTEHIliANIB eHepro30epekeH-
HS BXiJIHUX y HBOT'O €JIEMEHTIB 1 MOXe OyTH po-
3paxoOBaHUM SK CcyMmMa 3HA4YeHb IOTCHITIATIB
OKPEMHUX EJICMEHTIB.

OTxe BH3HAYCHHS TEXHIYHOTO TWOTCHIliaTy
eHepro30epekeHHsT TpH peKymepalii eHeprii
MOXe OyTH 3BEI€HO 0 BH3HAUEHHS 3aJeKHOCTI
Koe(ilieHTa BUKOPUCTAHHS €Heprii pekymepanii
(16) Bix BiAMOBIMHMX YHHHHKIB. [[aHi 3a1eKHOC-
Ti MOXYTh OyTH BHU3HA4YeHI ab0 EKCIIepHUMEHTa-
JILHO, IO MPEJCTABJISIOTh 3HAUHI TPYIHOIII, a00
B pe3ynbTaTi MonenmtoBaHHs pob6otu CTE mpu
3a/IaHNX eKCIUTyaTalifHuX TOKa3HUKax poOOoTH
KOHKpeTHOI HinsHkH. [Ipu npoMy MOXYTh OyTH
OTpHMaHi Jiala30HU JaHOI BEIUYMHU TPH Bpa-
xyBaHHI MoxymBocTeil CTE momo HakonmudeHHs
eHeprii AW, ii iHBepTyBaHHs Ta mepejadi 10
KUBJITIOT Mepeki, abo mepemadi 0 BigmaaeHUX
TATOBUX HAaBaHTaXXEHb HA CYMDKHHX MIXKIIiJICTa-
HIIMHUX 30HAaX [UISXOM IUIABHOTO MOHMKCHHS
Hanpyru Ha Buxogax TII.

B Tabn. 1 HaBegeHO OCHOBHI CTaTUCTHYHI Xa-
PaKTEPHUCTUKHA TEXHIYHO peali30BaHOT BEIUYUHU

kTeX

snc IPU BIPOBAJKEHHI PI3HUX MHIAXOMAIB 10
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MiJIBUINCHHS ¢()SKTUBHOCTI BUKOPUCTAHHS SHEP-
rii pekymeparmii.
Tabmums 1

. . .o o TEX
OcHOBHI CTATHCTHYHI XapaKTePHCTHKH KoedbinjerTa k-

kTeX
Ne | Emneprosz6epiratoua BUK
n/m TEXHOJIOT1s1 gmin | max | m p
BHK BHUK kBI/IK kBI/IK
1 |Onrumizamis I'PIT 04 ] 0,5 | 0,47 | 0,11
> Bukopucranns IA Ha 0.7 [085] 073 | 085
TII
3 Buxopucranns HE Ha 0.7 1075 071 | 0,12
TII
4 ?ﬁKOpHCTaHHH PH na 06 | 07 | 168 | 0,09

JlaHHi 3HaYeHHsI OTPUMaHi Ha OCHOBI PO3paxy-
HKiB CTpyMopo3moainy eneprii pexynepariii B CTE
mpu HasBHOCTI 1A, HE Ta PH ma TII [2], a Takox
npu ontuMizanii I'PII 3a xpuTepieMm cHOXKMBaHHS
eHeprii pexyneparii [15].

st BU3HAYEHHS paIioHATHPHUX EKOHOMIYHO-
OOIpYHTOBaHHUX €HEPro30epiralodmux 3axofiB s
MiABUIICHHS €(EKTUBHOCTI BUKOPHCTAHHSA €HEprii
pekyTepariii B TpaHCIIOPTHUX CUCTeMaX HEOOXiTHO

CIIMCOK BUKOPUCTAHUX JIXKEPEJI

1. Terbman, I'. K. Teopus sneKTpuuecKod TITH
[Tekcr] / T'. K. T'erbman. — JI: M3n-B0 MakoBenkuii,
2011.—-456c.

2. beixoB E. U. DnekTpocHabxeHne METPOIOIHUTE-
HOB. YCTpOWCTBO, dKCIUTyaTtalus U MPOEKTUPOBaHUE /
E. U. BeikoB. — M.: Tpancnopt, 1983. —447 c.

3. IllepOak, 5. B. Anaii3 3acToCcyBaHHS peKyrepa-
TUBHOTO TaJIbMyBaHHsI Ha 3ai3HULSAX YKkpainu / 5. B.
Iepbak, B. I1. Hepybampkuit // 3amisHUYHAN TpaHC-
nopT Ykpainu. —2011. - Ne 2. — C. 30-34.

4. Ceprieako, M. I. OcHOBHI HampsMKH pPOOOTH
VYkp3amiHuIi 3 eHepro3depexeHns Ta i pesynaprata / M.
I. Ceprienko // JlokomotuB-undopm. — 2010. - Ne 4. —
C. 24-26.

5. Comos, B. U. CrtocoObI moBBIIICHNS YPPEKTHB-
HOCTH HCIIONIb30BAaHHS 3HEPTHU JIEKTPUUYECKOr0 TOp-
MOXKEHHS TIOJIBUKHOTO COCTaBa [ DIEKTPOHHBIN pecypc]
/ B. W. ComnoB // Ounaiid DaeKTpUK: DIEKTPOIHEPreTH-
ka. HoBeie TtexHonmorum, 2012. — Pexum npocryna:
URL:http://www.online-electric.ru/articles.php?id=43.

BpaxOBYBaTU JMHAMIYHI PEKUMH TATOBOTO CJICKT-
POCIIOXKHMBAHHS, PEKUMHU 30BHILIHBOTO EIEKTPO-
MOCTAa4YaHHs, 10 MICTITh 3HAYHY BHITQJIKOBY CKJIa-
JIOBY, TOMY II¢ BUMarae moOyJ0BU CKJIaJHUX M-
HaMIYHHX, B OUIBIIIHM CTyneHi HEUiTKUX MOJIENeH,
110 € HACTYITHOO 3a/1a4Y€i0 aBTOPIB.

BucHoBkH

3anponoHOBaHO BH3HAYAaTH MOTEHLIAN €Hepro-
30epeKeHHS B CHCTEMax eJIeKTPHQiKOBAaHOTO Tpa-
HCTIOPTY TIPH pEKyTepalii 3aIeXHo BiJ KoedilieH-

Ta BUKOPHCTAaHHS eHepril pekymepauii k,, Ta

OTPHMaHO HOTo 3aJIe)KHOCTI BEJIMYMHU BiJ €KC-
TUTyaTaifHuX QakTopiB.
BusHaveHo Aiana3oH MOXIUBHX 3HAYCHb TEX-

kTeX

HIYHO peaii3oBaHOi BeIMYMHU ki,

MpU TOTEH-
UifiHiA peanizamii pi3HHX eHepro30epirarounx 3a-
XOJIB 3 MiJBHIICHHS €()EKTHBHOCTI CITOKWBaHHS
eHeprii pekymepamii B cUCTeMax eleKTpudikoBa-
HOTO TPaHCIIOPTY.

JlaHH1 pe3ynbTaTH € OCHOBOIO st BUOOPY €Ko-
HOMIYHO JOITFHUX 3aXOJiB 3 MiABUINECHHS eeK-
THBHOCTY BHKOPHCTAHHS €HEPTil peKyrmeparii, 1mo
JIO3BOJIATH MiHIMI3yBaTu BapTiCHI MOKa3HUKU CHe-
pro3oepirarounx 3aXoiB.
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3oBHimHIN penenzent Jenuciok C. I1.

Y 3B’A3Ky i3 pO3KMAOM B 4aci NpoLEeciB CNOXMBaHHS i reHepauii eHeprii pisHUMKM TpaHCNOPTHMMMK 3acobamu,
O 3HAXOASATbCA Ha AINSAHLUI B TArOBMX i pekynepaTUBHUX peXmMmax, NOKasHWK BiAHOBNEHHS eHeprii npu icHyo-
4MX cucTeMax eHeprosabesneyeHHs TPaHCNOPTY Ha CbOroAHi € He3HayYHUM. [epcneKkTMBa BAOCKOHANIEHHS CUCTEM
eHepro3abesneyveHHss enekTpMdiKOBAHOro TPaHCMOPTY AN NiABULWLEHHS edeKTUBHOCTI BMKOPWUCTAHHA eHeprii
pekynepauii, a came BNpoBaAXeHHs HakKoMnyyBadiB eHeprii Ha TAroBMX MiACTaHUiAX, IHBEPTOPHUX arperariB Ta
perynaTopis Hanpyru Ha WuHax TAroBMX MiacTaHuii notpebye po3BUTKY MiAX0AiB LWOAO BU3HAYEHHS TEXHIYHOro
Ta €KOHOMIYHO AOUiNIbHOro NoTeHuiany eHeprosbepexxeHHs Npu pekynepauii Ans iCHy4YMX | NepcnekTUBHUX Cu-
cTeM TpaHcnopTy. Lle fo3BoNnuTE 06MpaTn HaykoBO O6r'pyHTOBaHI TeXHOsOrii Ta eHepro3bepiratoye obnagHaHHs 3
MiHiManbHMMN BapTICHMMN NOKa3HMKaAMWN Ta HaAJIMLLKOBO MOTYXHICTIO B 3aI€XXHOCTI BiA4 eKcrniyaTauiiHMX noka-

KnrouoBi cnoBa: pekynepauisi eHeprii; noTeHuian eHepro3bepexeHHs; TAroBe efleKTPOCNOXUBAHHSA; HaA ML~
KOBa@ MOTYXHICTb; TArOBE Ta 30BHILLHE €NeKTPOonocTavyaHHs; KoedilieHT BUKOPUCTaHHS.
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[HenponeTpoBCKUIA HaUMOHaNbHbIN YHUBEPCUTET XENe3HOA0POXHOr0 TPaHCNopTa UMeHU akageMuka B. Jlasaps-
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OINPEAEJIEHHUE ITOTEHIUAJIA DQHEPI'OCBEPEKEHUS B
CUCTEMAX J3JIEKTPOTPAHCIIOPTA B 3AJAYAX ITOBBIIITEHUA
IOPOEKTUBHOCTHU IIOTPEBJIEHUSA DOHEPI'MU PEKYIIEPAIIU

B cBsi3n ¢ pa3bpocoM BO BpeMeHM MpoLeccoB NOTpebneHus u reHepaumm 3Hepruu pasinyHbIMKU TPaAHCMOPT-
HbIMW CPeACTBaMM, HaXOASLUMMUCS Ha y4YacTKe B TAMOBbIX M peKyrnepaTUBHbIX pexuMmax, nokasaTesnb BO306HOB-
JIEHVS SHEPIrMM NPU CYLLECTBYIOLWMNX CUCTEMaxX dHeproobecneveHms TpaHCNopTa Ha CEerofHs ABASETCS He3Hauu-
TenbHbIM. [lepcnekTMBa COBEPLUIEHCTBOBAHWUS CUCTEM dHeproobecneyvyeHus 3n1eKTpUPUUUPOBaAHHOIO TpaHcrnopTa
ANs noBblWeHUs 3(PdEKTUBHOCTU UCMNOSIb30BaHWUS SHEPrUU peKynepauuu, a MMEeHHO BHeApeHWe Hakonutenemn
SHEpPruun Ha TAroBbIX NMOACTAHUMSX, UHBEPTOPHbIX arperaTtoB MU perysisaTopoB Hanps>XeHUs Ha LIMHaX TAroBbIX Mo-
ACTaHUMiA TpebyeT pa3BuUTUS NOAXOLOB OTHOCWUTENIbHO OnpeAeneHUsl TEXHUYECKOro MU SKOHOMUYECKU Lenecoob-
pasHoro noTeHumana aHeprocbepexeHnsa nNpu pekynepaumm Ans CywecTBYOWMX U NePCreKTUBHbLIX CUCTEM TpaH-
cnopTta. 3T0 NO3BOAUT BblbUpaTb Hay4yHO O0B6OCHOBaHHble TEXHONOrMKM U 3Heprocbeperatouiee obopyaoBaHue C
MWHUManbHbIMKU CTOMMOCTHbBIMU MOKa3aTeNsMy1 U U36bITOYHON MOLLHOCTbIO B 3aBUCMMOCTMN OT 3KCrlyaTaLMOHHbIX
nokasaTenew y4acTKOB.

KnioueBble cnoBa: pekynepauus 3Heprum; noteHunan sHeprocbepexeHuns; Tarosoe snekTponorpebnerHune; mns-
6bITOYHAsA MOLLHOCTb; TArOBOE U BHELLHEE 3/1eKTpocHabxeHne; KoapdULMEHT NCMOIb30BaHNS.
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DETERMINATION OF POTENTIAL ENERGY SAVINGS IN SYSTEMS
OF ELECTRIC TRANSPORT IN THE TASK OF IMPROVING THE
EFFICIENCY OF ENERGY CONSUMPTION RECOVERY

In connection with the variation in time of the consumption and generation of energy by various means of
transport, located on a plot of the traction and regenerative modes, the rate of renewal of energy in existing
energy supply systems transport today is insignificant. The prospect of improving power supply systems of
electric transport to improve the efficiency of use of energy recovery, namely the introduction of energy storage
devices in traction substations, of inverter units and voltage regulators on the busbars of traction substations
requires the development of approaches regarding the definition of the technical and economically feasible po-
tential of energy saving in energy recovery for existing and future transport systems. This will allow you to se-
lect scientifically sound technologies and energy-efficient equipment with minimal cost indicators and excess
capacity depending on the operational parameters of the sites.

Keywords: energy recovery; the potential energy savings; traction power consumption; surplus power; trac-
tion and power supply.
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