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Anomauia—Yy cTaTTi HaBeJeHi pe3yJabTATH J0CTIIKeHHsI POOOTH IIAXTHOI'O €JIEKTPOBO3HOI0 TpaHcnopTy. Binznaueno,
IO HIAXTHI €JIeKTPOBO3H € OCHOBHUM BH/J0M TPAHCIOPTY IIPH NepeMillieHH] ripcbKol OPOAM Yy MeKaxX 0JJHOT0 T'OPH30HTY.
Peanizanisa MakcnMaIbHOI IPOAYKTUBHOCTI IIAXTHOIO €JIEKTPOBO3Y 3BOJAUTLCH 10 3MEHIICHHS Yacy IPOCTOiB, 110 IPH3BO-
JUTH 10 3MEHIICHHs Yacy pelicy Ta 30i1bIIeHHs cepeHbOI MIBUIKOCTI pyxXy cocTaBy. JlocainkeHHs1 poO0TH eJIEKTPOBO3HOIO
TPAHCHOPTY B YMOBAX 3a/1i30PyJHOI IIAXTH NOKA3aJIM, 10 OCHOBHMMH (aKTOpaMu, 10 BILIMBAIOTh HA POOOTY INAXTHHX
eJIeKTPOBO3iB € Taki, 0 0e3nmocepeIHbO AiI0TH HA eJIEKTPOMEXaHiYHy cHCTeMY Yy 30Hi KOHTAKTY KoJieca 3 peiikolo (koedi-
Hi€HT 34YeNJIeHHsl), Ta MAaHTOrpagy 3 KOHTAKTHHM JPOTOM (PiBeHb HANPYTH *KUBJICHHs eJleKTponpusoay). Tomy BIUIMB mux
¢axTopiB HeoOXiIHO 000B’A3KOBO BPaXOBYBATH NPH PoOOTi IIAXTHUX e1eKTPOBO3iB. IHIII (pakTOpU MalOTh BUNATKOBMIA
XapakTep, Ta He Ail0Th NPOTATOM YChOr0 Yacy poGOTH eJIeKTPOBO3iB, TOMY, 1151 3SMEHIIEHHs iX BILTHBY, J0CTATHBOIO YMO-
BOIO € BHKOHAHHS 3aM001KHUX 3aX0/iB, TAKHX SIK YIPOBA/ZKEeHHSI CHCTeM MJIABHOI0 MyCKY, 32CTOCYBAHHS AJTOPUTMIB eHe-

proe)eKTHBHOIO YNPABJIiHHSA, CHCTEM MOHITOPHHIY Ta AiarHOCTHKH 00/1a/IHAHHS.

Knruoei cnosa — waxmuuit enekmpoeos; npoOyKMueHicms; 4ac peiicy; weuoKicms pyxy; Hanpy2a yHcueienHnsa; Koegiyi-

€HmM 34€NnjieHHA.

1. BcTvyn

[TigBuIeHHs] eHePTeTUIHOT e(PEeKTUBHOCTI EIEKTPOY-
CTaTKyBaHHS IIAXTH € HEOOXiTHOI YMOBOK UIS 301J1b-
IIEHHS BUIOOYTKY 3a1i30pyAHOT CUpOBUHU [1].

OO0nafHaHHS y MIaXTaX MOXHA YMOBHO IOJUIHTH Ha
OCHOBHE, T€ II0 BHUKOPHCTOBYETHCA IS BHIOOYTKY Ta
TPaHCIIOPTYBaHHSI CHPOBHHH, Ta JONOMDKHE, Te IO
3abe3nedye yMOBH BHAOOYTKy. Ilpn mpomy, 3a piBHEM
€HEeProCHOXXMBaHHS Ta BCTAHOBIICHOIO IIOTYKHICTIO,
OCTaHHE HE MOCTYMAETHCS, a B AEIKHX PEXKUMax poOOTH
MepEeBUILYE MOKa3HUKU OCHOBHOTO [2], [3].

Bupimenns 3ama4i 301IbIeHHS BUIOOYTKY 3I1130PYy-
IHOI CUPOBHHH HEBiZ’€MHO MOB’sI3aHa i3 PO3BUTKOM Ta
YAOCKOHAJIGHHSAM Tij3eMHoro TpaHcmopty [4], [5].
VY 3B’A3Ky 3 IIMM, Ba)XXJIMBOTO 3HAYCHHS HaOyBa€ Ipo-
Onema posiIMpeHHs: chepu 3aCTOCYBaHHs €JIEKTPOBO3-
HOTO BiIKOYYBaHHsI, 301IBIICHHST pOOOYOT0 Yacy eNeKT-
POBO3iB Ta KoedillieHTy IX BAKOPUCTOBYBaHHSI.

Memorw pobomu ¢ BU3HAYCHHS MUIAXIB ITiIBUICHHS
MPOAYKTUBHOCTI €JICKTPOBO3HOI'O TPAHCIIOPTY MPH POp-
MYBaHHI BaHTa)XOTOTOKIB 3a/1i30py/HOT IIAXTH Ta YUH-
HUKIB, 10 BIUIMBAIOTh Ha €(DEKTHUBHICTH POOOTH LIAXT-
HHX €JIEKTPOBO3iB.

II. MATEPIAJI TA PE3VJIbTATHU JOCJIXXEHb

dopMyBaHHS BaHTKOTIOTOKY 3ai30pyAHOI CHPO-
BUHU BiI0yBa€ThCSI ITiJ] BIUIMBOM 0araTthoX TipHHYO-TEO-
JIOTIYHUX, TEXHIYHUX, TEXHOJIOTIYHUX Ta OpTaHi3aIliftHIX

(hakTopiB, AKI BUIAJKOBUM YHHOM BITMBAIOTH Ha BEJH-
YHHY BaHTAXOMOTOKY. [[MM BH3HAYA€THCS BHUITAKOBHIA
XapakTep BAaHTAXKOIMOTOKY.

[[MaxTHUI €1eKTPOBO3 € OCHOBHUM BHJIOM TPAHCIO-
PTY TIpH IepeMileHHi TipchKoi MOPOH 3 Micls BUAOOY-
TKY, PyJHOTO TIOJIs, 10 Micus 1i mifiioMy Ha IOBEPXHIO,
Y MeXax OJIHOr0 IIaXTHOT'O TOPU30HTY.

PosrnsiHEMO MOJIEIb, IO OMTUCYE POOOTY OJHOTO eJe-
KTPOBO3Y Ha OJTHOKOJIIHHOMY MapIIpyTi, SKHA 00CITyro-
BY€ OJIMH ITyHKT 3aBaHTa)KCHHS.

[Ipomec poOOTH MYyHKTY 3aBaHTAXKEHHS OIMHUIIEMO
PIBHSHHSIMU:
o
et) = [ [ Py (6)= Py (1) et (1)

0
ne e(t) — BaHTa)KHA €EMHICTh IMyHKTY 3aBaHTa)KCHHS, KT
15 — Yac JOCIIKEHHS, C; Py (¥) — paxTuHa MPOITYK-

TUBHICTh ITyHKTY 3aBaHTa)XCHHSI, KI/C;
P,.. npu 0<e(t)< E(2),

Pyegp =1 Psp () npu e(r) =0, 2)
0 npu e(t)=0 ma Py (t)=0,

ne Py (1), Py, (t) — Gaxrnuna Ta HOMiHaIbHA IPOLY-

KTHBHICTb KUBUJIHHUKA, KT/C; ITiJ] 9aC MaHEBPIiB:

®
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EnexTpoHHi cucteMu Ta cUrHaNIu

E@t)=E,, 3)
y IHIIWH yac:

E(t)= E, +E,, )
ne E, — BaHTaXHa €MHICTh, IO AKyMYIIOETHCS, KT
E, — BaHTa)XHa EMHICTh MOTATY, KT.

PosrnsiHeMO eneKkTpoBO3HE BiAKOYYBaHHS SIK CHC-
TeMy, sIkKa MOXeE IepeOyBaTH y ABOX CTIMKHX CTaHax:

MIPOCTOI0 — «HYJB» Ta poOOTH — «omuHHUIL. OcTaHHE
MOYKHA XapaKTepu3yBaTh QpyHKIIE0:

SO =2 fit=t), )
i=1
I npu t; <t<t+r,

filt=t;)= (6)

0 npu t;2t2t+r,

JIe T —4Yac i — To mepioay poOOTH, SKUI YMOBHO IMO3HAYA-
€ThCs K «1»; «0» — yMOBHE IMO3HAYEHHSI BiJIMOBH.

MateMaTHYHE CIIOAIBaHHS BHUIAIKOBOI MMOCIIIOBHO-
CTi MPSAMOKYTHHX IMITYJIbCiB OTMHUIHOI BUCOTH f{?) MOpi-
BHIOE:

M[f®]=F-0+F-1=R, (7

ne By =P[f(t)=0] - Biporigsicts Toro, MO (yHKLis
f(t) HaOyne y Oynp sKWii MOMEHT 4acy 3HaucHHs «0»;
R =P[f(t)=1] - Biporigsicts Toro, mo ¢yHxuis /{2)
Habyje 3HaueHHs «1».

DakTHYHY MBUAKICTH PyXy TMOTATY y daci Voi (?)

NPEACTaBUMO Y HACTYITHOMY BHIJISL:

Vpcp npu f(2)=1,
0 npu f(1)=0,

— CepelHs IBUIKICTD PyXy HOTATY.

Vo () =V ey - [ (1) = (3

e Vpcp

3a aHaJOTi€0 MBHUAKICTh MOTATY Y TEPioa MaHEBPiB
Vqu (1):

VMCp npu f(t)=1,

0 mnpu f(t)=0.

— cepenHs MBUAKICTh PyXy MOTATY.

VM(]; ()= VMCp f) = ©)

ne V,wcp
[Ticnst 3aBaHTaXXEHHS MOTATY €JIEKTPOBO3 BUKOHYE
MaHeBpU 3 (YAaKTHYHOK MBHIKICTIO V4 (1), a micas ix

3aKiHUEHHs MepeMilllye BaHTaX €MHICTIO E, 10 MyHKTY
PO3BaHT@XCHHs 31 WBUAKICTIO V4 (f) . Jloku enextpo-

BO3 BHKOHY€ OMHCAHHWN IHKJ pOOIT, y MyHKTI 3aBaHTa-
JKCHHS BUKOHYETHCS MIJrOTOBKA HACTYITHOTO IIOTATY.
SIKmo y MOMEHT mpuOyTTS €NeKTPOBO3Y #p < f;, MOTAT
BXKC 3aBAHTA)XCHO, W OMHCAHHUU IUKJI POOIT MOBTOPIO-
€ThbCsl. SIKINO 7y > #;, TO NOTAr HE BCTUIJIN 3aBAaHTAKUTH,
T00TO fi(?) = 0, @ OTKE ENEKTPOBO3, SKUH MPHUOYB, MpOC-
TOIO€ Y OYiKYBaHHI 3aKiHUCHHS MPOLIECY 3aBaHTAKECHHSI.

Peaurizaniss MakCUMaIbHO MOXKIMBOI IPOYKTHBHOCTI
€JICKTPOBO3Y 3BOJUTHCS J0 301JIbIIICHHSI KITLKOCTI PeiciB

n 3a pobouy 3MiHy (JTIMITOBAaHOTO MPOMIXKKY Hacy, IO
BiZIBEJICHO Ha peaizalito QYHKIIT TpaHCIOPTYBaHHS Tip-
cbkoi mopoau). OCTaHHE MOXIIMBO 32 YMOBH, 10 (HyHK-
1is fi(¢) He mpuiiMae HyJIbOBHX 3HAa4€Hb, TOOTO MPOCTOT
y po0OOTi €JIEKTPOBO3HOTO TPAHCIIOPTY BiJCYTHI, IO TIPH-
3BOJIUTD JI0 301IbIIEHHS (AKTUYHOI HIBHIKOCTI IOTATY
(8, 9), a oTKe ¥ 3MEHIIIeHHsT Yacy OJHOTO peicy #. Lle
HaJla€ MOKJIMBOCTI BUKOHYBAaTH MaKCHUMaJIbHY KiJIbKICTh
pe¥iciB 3a 0IHy poO0dy 3MiHY.

HocmijpkeHHsT poOOTH MIaXTHOTO E€JIEKTPOBO3HOTO
TpancnopTy B ymoBax IIAT «Kpusbaczamizopyakom»
MOKa3ye, 0 Yac percy 3HaXOMUThCs Y Mexkax Bix 440 mo
530 ¢, cepenHsl MIBUAKICTH MPH IIbOMY 3MIHIOETHCS BiJl
1,2 no 1,78 w/c, a BincTanp, SKy IPOXOJUTH EICKTPOBO3
3a yac OJIHOTO peicCy, CTaHOBUTH Bia 596,7 mo 796 M. Ha
puc. 1 HaBeieHa 0JTHA 3 OTPUMAHUX CKCIIEPHUMEHTAIEHIM
IUIAXOM JiarpaM CTpyMy TATOBOTO €JIEKTPOJABHIYHA 3a
gac OJHOTO peiicy. AHaii3 peliCOBHX HaiarpaM TOKasye,
10 6:13pK0 50 % yacy eneKTpOnpUBO.I MIAXTHOTO eJeK-
TPOBO3Y TPAIOE Y MEPEeXiTHUX pekUMax, Mo 00yMOB-
JIIO€ BaXKJIMBICTh PEXXHMIB ITyCKYy Ta TalbMyBaHHS IS
peatizaiiii MAKCUMaJIbHUX 34ilTHUX BIACTHBOCTEH Ta 30i-
JBIIEHHS TPOMYKTHBHOCTI MIAXTHHUX EJIEKTPOBO3iB [4],
[6], a Takox 3 MipKyBaHb Oe3riexu [4], [7].

PosrnsiHemo akTopH, 110 BIUIMBAIOTH Ha PoOOOTY
LIaXTHUX EJIEKTPOBO3IB Y PEXKUMI raibmyBaHHs. Enexrt-
pOMexaHiYHa CHCTeMa LIaXTHOTO EJEKTPOBO3Y MiCTHUTh
PEAYKTOp, 3aKpIIUICHUH Ha pami, SKHA 3 OIHOTO OOKY
MEXaHIYHO 3’€JHAHO 3 CJICKTPUYHHM JBHI'YHOM,
a 3 HIIOTO 3 BIiCCIO KOJIIC eNIeKTPOBO3Y. PO3BUTOK HariB-
MPOBIIHUKOBOI TEXHIKH, 32 OCTaHHI POKH, iHIIIIOBaB
nepexij JI0 CHCTEM eJeKTPONPHUBOAY 3 IEPETBOPIOBA-
gamu Ha 0a3i IGBT — tpansucropis [8]-[10], sixi Buko-
PHCTOBYIOTBCSI [UIsl KEpyBaHHS EJIEKTPUYHUMHU JIBUTY-
HaMH.

JKuBJCHHS WIAXTHUX EJCKTPOBO3IB BiOYBAETHCS
gepe3 CTpyMo3HiMad, maHTorpad, 3a JOMOMOTOI0 KOHTa-
KTHOTO JIPOTY BiJ] TATOBOI mifcTaHIii. /i1 MakcuMampHOT
peaiizarii TATOBUX Ta TaJbMIBHUX 3yCHJIb HEOOXiTHOIO
YMOBOIO € Ha/lilHNI KOHTAKT MK IaHTOTrpad)oM Ta KOH-
TaKTHUM JIPOTOM, TIOCTi{HE 3HAUEHHS BUXiJHOI HAIIPYTH
TATOBOI MiJICTAHIII1, a TAKOXK TaKe 3HAYCHHS KOeQII[ieHTy
3YCIIICHHSI KOJIiC €JIEKTPOBO3Y 3 pPeiKaMHu, 110 HE TOCSTaE
KPUTHUYHHUX 3HAYCHb 32 YMOB [03Y 4M OyKCyBaHHsS [6].
OkpeMo crifi 3a3Ha4WTH, IO BiApuB maHTOrpady Bif
KOHTAKTHOTO JPOTY MOXCE TPU3BECTH JO BUHUKHCHHS
AHOMAJIBHUX PEXUMIB poOoTH obmaaHaHHs [11].

LA

A 4

100 200 300 400

PYX 1 BANTIRCM  POIRANTARCHHS PY¥X HOPORHELOTD IABAMTARCHHT

Puc. 1 [liarpama cTpyMy TSATOBOTO EJIEKTPOJBUTYHA 3a 4ac OXHOTO
peiicy

[Omom
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Puc. 2 JIo6oBuii rpadik eHeprocroXUBaHH MAXTHOT BOJOBIVIMBHOI YCTaHOBKU

Jlo Toro >k HeoOX1THO JOAATH, 110 Ha 3HAYEHHS BUXi-
JIHOT HANPYTH TATOBOI MiACTaHIli CYyTTEBO BILJIMBAE TON
(haxT, M0 BOHA XUBUTHCS BiJ] CEKIIii IIIMH, 10 SKOI MpHE-
JHAHI 1HII1, OiJBIIT €HePTOEMHI CIIOkKHMBadi. Tak, HANIPH-
KJIaJ, IpU IyCKYy TOJIOBHOI BEHTWISLIMHOI YCTaHOBKH,
motyxHicTio 1600 kBT, cmoctepiraerbcs 3Ha4YHE 3HH-
KEHHsI BUX1JTHOT HAaIIpyTH, 3HAa4eHHS K01 Oynm 3adikco-
BaHi y Mexax Bix 195 no 276 B. Lle crae MOXXIMBHM yHa-
CIIJIOK pPEXHMMIB B3a€MOBIUIUBY Yy TPYIOBUX CHCTEMaX
xuBieHHS [12]. YacTKOBO Iie MUTaHHA MOYKHA BUPILIUTH
3a paxXyHOK BCTAHOBIICHHSI CHCTEM IIOJICTIIICHOTO ITyCKY
[13], [14].

Takux came 0co0IHBOCTEH y pOOOTY EIIEKTPOBO3HOTO
TPaHCTIOPTY HaJalOTh MIAXTHI BOJIOBINIMBHI YCTaHOBKHU.
PosrnsHeMo rpadik eHeprocnoXMBaHHS IIAXTHOI BOJIO-
BIJUIMBHOT YCTaHOBKM (pHc. 2), sIkMH 1OOynoBaHO 3a
JTAHVMU ITOKa3aHb JIIYMIHHAKIB, 10 BCTAHOBICHO y CXe-
Max JKUBJIEHHs oOnamHanHg. baummo, mo 3 22-i go 8-1
TOIWMHHU BiOyBajocs BiIKadyBaHHS BOIU 3 TPHOX BOJIO-
HOCHHX ropu3oHTiB. [Ipu npomy Ha ropuszonrax 527 ta
900 M obmamHAHHA TPAIIOBANIO 3 MMIKOBUM HaBaHTAXCH-
HaM. 3 8-1 10 22-1 TOIMHH CIIOCTEPIraeThCsl CYTTERE 3ME-
HIICHHS HaBaHTAKEHHS, a Ha TOPH30HTI 527 M oOmaz-
HaHHS BOJIOBIJUIMBY HE 3aJisiHe B3araji. 3acTOCyBaHHS
eHeproe(peKTUBHUX AITOPUTMIB KEPyBaHHS MIaXTHUMH
BOJIOBINTMBHUMHU ycTaHOBKamu [15] mo3Boiisie 3MeH-
LIUTH X BIUIUB HAa EHEPTOCUCTEMY.

Ane poboTa maxTHOI BOJOBIUIMBHO{ YCTAaHOBKH HE
00MEKY€ETHCS BIUIMBOM Ha CHEPrOCUCTEMY. Y YacH Mpo-
CTOI0 arperariB BOAOBIAIUBY BiIOYBa€Tbcsd HAIXO-
JOKEHHSI BOJIM 3 HIDKHIX PIBHIB BOJI03200Opy Ta YacTKOBE
MATOIJICHHS INIIAXiB BIAKOYYBAaHHS  €JEKTPOBO3IB.
Takox, i 3a3HAYUTH, IO € NUISHKH MUIAXY Ha SKUX
piBEHBb BOJIM 3aJTUIIAETHCS HE3MIHHUM, 11032 3aJIEXKHICTIO
BiZl poOOTH yCTaHOBOK BOIOBIUIMBY, YHACHIZOK IPUPOA-
HOTO IPUTOKY Boad. IlepeMilryBaHHS BOAM 3 IPYHTOM
(TIMHOYO) IPU3BOJUTH IO BUHUKHCHHS JUISTHOK HA SKHX

3HaYeHHS KOeQIIliEHTY 3USTUICHHS CHUCTEMH «KOJEeCO —
peiikay Oyae 3HaXOJUTHCH HIDKYE KPUTHYHOTO 33 YMO-
BOIO IMiBUIIIEHOTO IPOKOB3YBAHHS KOJIIC.

BusHaueHHIO Koe(illieHTa 3YCIUICHHS MPHUCBIICHO
0arato HayKOBHX pPOOIT, ajie HE MOXXHA HE BiI3HAYUTH
3HAYHHU BKJIAJ] V TOCIIKCHHS 3MiHH KOeilli€eHTa 34er-
JMeHHA JUIA IIyCKO-TaJbMIBHHX PEXHMIB, SKHH BHIC
O. O. PerreBud. Y cBOIil JOKTOPCBHKIN AMCEpTAIliifHIN
po6oTi [16], sKxa mana momTOBX AJIs 6araTboX MaOyTHIX
MOKOJiHb HAyKOBIIiB, BiH IOKa3aB EKCICPUMCHTANbHI
JAaHHI 110 BU3HAYCHHIO KOS(IIliEHTa 3YCIUICHHS I Pi3-
HOTO CTaHy peHKOBOro IUIIXy. Y podorti [17] Oyna moka-
3aHa Ta 00yMOBJIEHA HEOOXiIHICTh BPaXOBYBAaTH 3aJICK-
HICTh KOe(illieHTa 3USTUICHHS Bi/I CTaHy PEHOK ISl CHC-
TEM TraJlbMyBaHHS.

Ha puc. 3, 4 Ta 5 HaBeneHi 3HaueHHA Koe(imieHTY
3yeruieHHst P, siki OyJi0 OTPUMaHO EKCIIEPUMEHTAILHUM
IIJSIXOM, B YMOBaX 3a1i30pyHO1 maxTi. Mo)kHa 0auuTH,
M0 Y 3aJIEXKHOCTI BiJl CTaHy PEHOK KOC(III€HT 3YCTIIICHHS
3MIHIOETBCS y 3HAYHUX MEXKax (n — KUIBKICTh BUOIPOK).
Tak mns unctux peiok (puc. 3) Haituacriie 3ycrpiva-
etbes 3HaueHHT ¥ = 0,176 (n = 12), mus peitok 3a0pya-
HEeHUX 3ati3opyaHuM oM (puc. 4) ¥ = 0,255 (n = 13),
IUIA pefoK, MO0 TOKPHUTI PiAKEM OpyZoM Ta TIIHHOIO
(puc. 5) ¥ =0,121 (n=17).

Jlo ocobnmBOCTEH POOOTH EIEKTPOBO3HOTO TPAHCIIO-
PTY CIiI OOAATH, IO y MICIAX 3aBaHTAXKECHHS TipCHKOL
MOPOAN IIBHIKICTh MNEpPECyBaHHS BaroHETOK CKJIagae
6mu3bko 0,3 — 0,5 m/c. JIas 1IbOro JOCTATHIM € 3HAYCHHS
Halpyrd Ha TSATOBHX €JEKTPOABUTYHAX, IO JOPIBHIOE
MOJIOBHHI Bif HOMiHampHOTO, ToOTO 125 B. Ilpm pyci
1032 30HOI0 3aBAHTA)XEHHS IIBHJIKICTh MOXE JOCSTaTh
3,5 — 4 m/c, 1 9oTO piBEHBb HANPYTH HA EJIEKTPOABHTY-
Hax Mae Oytu He MeHmMM 250 B anst 3aBaHTa)keHOTO
COCTaBYy.
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EnexTpoHHi cucTeMu Ta cCUTHAIN

14 1 N
12
10 |

o N B O o®

14 9 N

12 A

10 -

8

6

a 4

° ] II II

Dluuuuuuuuuuuuuluuuuu
N WL W W WM e g 0
SO dMmE TN O @ NN m
PR N T S B B B S = i)
coocoocooooco S

Puc. 4 3HaueHHs Koe(ilieHTy 3YCIUICHHS Ul peifok 3a0pyIHeHUX 3a-
J30PYAHUM THIOM
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Puc. 5 3HaueHHs KoedillieHTy 34eIUIeHHs I PeHoK, [0 IOKPHTI pid-
KUM OpyJIOM Ta TIMHOO

HasBHICTD MIUPOKOTO [iana30Hy MOYATKOBUX YMOB,
SIK TO Bapiamisi KoedillieHTy 3YeTieHHS Ta IIBHUIKOCTI
PYXy, OOYMOBIIIOE CKJIaIHICTh PO3PAXyHKY XapaKTCpPHUC-
THK cHCcTeMU TanbMyBaHHs [18], [19].

Ci1iJ1 TaKOXK 3a3HAYNTH, IO IPU POOOTI TATOBOTO eJ1e-
KTPOTIPUBOY TMPOTSITOM 3MiHH CYTTEBO 3MIHIOETHCS TEM-
neparypa oOMOTOK €JIeKTPUYHHUX JBHUTYHIB (puc. 4), mo
HEOOXiTHO BPaxOBYBAaTH MPH PO3PaXyHKY iX MmapamMeTpiB
[20].

HasBHiCTP HemiHIHHOCTEH y eIeKTPOMEXaHIYHUX
cucTeMax, MO0 NOB’s3aHi 3 JOPTaMU Ta 3a30paMu
y MEXaHi4yHii mepejadi, TaKOX 3MIHMCHIOE HETaTUBHUHN
BIUIMB Ha POOOTY €ICKTPUIHOTO IPUBOY, IO CYIPOBO-
JDKYETBCS IMHAMIYHAMH yIapaMH Ta YIIKOKCHHIMH
oOnamHaHHs. Peamizaliiss alropuTMiB KepyBaHHS 3 KOM-
MICHCAIIIEI0 Ta KOPEKITiEr HemiHiiHocTe# [21] mo3Boisie
BUPIIIUTH IO MPOOIIeMy. AJle CiIiJl 3a3HAYUTH, IO TaKi
mporiecd y poOOTi MIAXTHUX €JIEKTPOBO3IB € CKOPIII
BUIAIKOBUMH 1 OUTBIN NMpUTAMaHHI JJISI CHCTEM TIpPEITH-
31HHOTO ENEKTPOIPUBOAY, a 33Ja4ya TOYHOCTI MO3HIIiI0-
BaHHS BAarOHETOK y IMYHKTI 3aBaHTAXKCHHA 1€ MMHUTAHHS
HE/TaJeKoro, ajie BCe JK TaKH MalOyTHBOTO.

BUCHOBKH

[[laxTHUIT €TEKTPOBO3 € OCHOBHUM BHJIOM TPAaHCIIO-
PTy TpHU TepeMillieHH] TipChKOT OPOIN Y MEXKaX OJHOTO
ropu3oHTy. Peaizamis #0oro MakcUMaIbHOI IPOTYKTHB-
HOCTI 3BOAMUTHCS 0 301IIBIIICHHS KUTBKOCTI PECiB MPOTS-
roM oJHiel poO0Y0i 3MiHH, IO CTAE MOKJIMBUAM TP Bij-
CYTHOCTI ITPOCTOIB 1 MPU3BOANUTE 1O 301JIBIIEHHS Cepea-
HBOI IIBUJAKOCTI PYyXy COCTaBy Ta 3MCHIICHHS 4Yacy
OJIHOTO peiicy.

JocnimKkeHHsT poOOTH [IAXTHOTO E€JIEKTPOBO3HOTO
Tpancnopty B ymoBax IIAT «Kpusbaczamizopyakom»
MOKa3ajH, 10 OCHOBHHMH (paKTOpamH, SIKi BILUIMBAIOTh
Ha poOOTY IIAXTHUX ENIEKTPOBO3IB € TaKi, 10 Oe3nocepe-
JHBO IIIOTh Ha €JICKTPOMEXaHIuHY CHCTEMY y 30HI KOH-
TaKTy KoJieca 3 peiKkoro (KoeillieHT 34eTUICHHS ), Ta aH-
Torpady 3 KOHTAaKTHHM JPOTOM (PiBEHb HAINPYTH JKUB-
JICHHS eJCKTPOIPHUBOAY). TOMy BIUIMB HUX (aKTOPiB
HEOoOX1THO 000B’A3KOBO BPaxOBYBaTH MPHU POOOTI LIaXT-
HUX eJeKTpoBO3iB. [HIII (akTOpm MaroTh BHITAJKOBHIA
XapakTep Ta He IiI0Th NPOTIrOM YChOTO 4acy poOoTH
CJICKTPOBO3iB, TOMY, JUIs 3MCHIICHHS iX BIUIMBY, OCTAT-
HBOIO YMOBOIO € BUKOHAHHS 3aMO0IKHIX 3aXO0/IiB, TAKUX
SK YHNPOBAJDKCHHS CHCTEM ILIaBHOTO ITyCKY, 3acTOCY-
BaHHs aJTOPUTMIB eHeproe()eKTHBHOTO YIPaBIiHHS,
CHCTEM MOHITOPHHTY Ta A1aTHOCTHKH 00JIaTHAHHS.
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Features of Work of Electric Locomotive
Transport in the Conditions of Iron-Ore Mines
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Kryvyi Rih, Ukraine

Abstract—In the article the results of research of work of mine electric locomotive transport are driven. It is marked
that increase of power efficiency of electrical equipment of mine are a necessary condition for the increase of booty of iron-
ore raw material. Decision of task of increase of booty of iron-ore raw material related to development and improvement of
underground transport. Forming of structure of moving of iron-ore raw material takes place under influence of many min-
ing-and-geological, technical, technological and organizational factors that influence on the size of stream of the moved loads
casual character. This is determine casual character of stream of raw material that is transported.

Mine electric locomotives are the basic type of transport that is used for moving of minerals within the limits of mountain
drift. A model, that describes work of one electric locomotive enroute, that serves one point in that there is loading of min-
erals with one claotype ways, was considered. Realization of burst performance of mine electric locomotive is possible at
reduction of time of his outages, that results in reduction of time of voyage and increase of middle rate of movement of
rolling stock.

Research of work of electric locomotive transport in the conditions of iron-ore mine was shown, that time of voyage was
in limits from 440 to 530 seconds, middle speed here changes a from 1,2 to 1,78 m/s, and distance, that passes an electric
locomotive in times of one voyage, makes from 596,7 to 796 meters.

Importance of the modes of starting and braking was shown for realization of maximal properties on coupling of wheels
of electric locomotive with rails and increase of the productivity of mine electric locomotives, and also factors that influence
to work of mine electric locomotives in the mode of braking are considered.

For the power supply of mine electric locomotives a device is used for connecting to parts being under electric tension.
This device, pantograph, by means of the special wire, carries out a contact and connecting of electric parts of electric
locomotive to the electric station. On the value of tension of the electric station influences circumstance that she is connected
to the sections of tires that conduct an electric current, to that other, more power-hungry consumers are connected. So, for
example, at starting of a main vent setting, by power 1600 kilowatts, there is a considerable decline of output tension value
of that were fixed in limits from 195 to 276 Volt. It becomes possible because of influence of powerful electrical equipment
on work of other electrical equipment in the group systems of power supply. Partly this question can be decided due to the
use of the systems facilitating starting of electrical equipment.

Basic factors, that influence to work of mine electric locomotives there are such that directly operate on the electrome-
chanics system in the zone of contact of wheel with a rail (coefficient of rolling friction of wheels of electric locomotive with
rails), and pantograph with a pin wire (level of tension of power supply of electromechanic). Therefore influence of these
factors must be necessarily taken into account during work of mine electric locomotives. Other factors have casual character,
and works of electric locomotives do not operate at all time, therefore, for reduction of their influence, a sufficient condition
is implementation of preventive measures, such as introductions of the systems of the smooth starting, application of algo-
rithms power effective management, systems of monitoring and diagnostics of work of equipment. The presence of wide
range of initial conditions, such as variation of coefficient of rolling friction and rate of movement of electric locomotive,
stipulates complication of calculations of descriptions of retrosystem.

Keywords — mine electric locomotive; productivity; time of voyage; rate of movement; tension of source of feed; coefficient
of rolling friction.
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