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AHAJIU3 PE3EPBOB DOHEPI'OCBEPEXXEHUS ITPU BHEJIPEHUU CUCTEMbI
PEKYIIEPALIUU DSHEPI'MU HA ITOE3JIAX
JHEITPOIIETPOBCKOI'O METPOIIOJIMTEHA

Anomayia. Meta. TeopeTndHa 1 eKCIIEpUMEHTaIbHA OLIHKA PE3epBIB €HEPro30epeKeHHS P BUKOPHC-
TaHHI pPeXHMy peKymnepamii eHeprii B ymMoBax JIHINIPONETPOBCHKOTO METpOIONiTeHy. MeToau AOCTiIKeHb.
O1iHKa pe3epBiB CHEPro30epeKeHHsI BUKOHAHA SKCIIEPUMEHTAIBHO 32 PIBHEM T'€HEPOBAHOI €Hepril y pexuMi
PEOCTaTHOrO TalbMYBaHHS O BIJIHOIICHHIO JI0 BUTpaTH eHeprii Ha Tsary. PesyasTraTn. B ymoBax /{Hinponer-
POBCHKOTO METPOTMOJITEHY ICHYE Pe3epB eHepro30epeeHHs! NPU BUKOPUCTaHHI peKylepalii eleKTpoeHepril,
10 CTaHOBUTH BiJnoBiaHO 14...34 % B npsiMoMy (Ha exBiBasieHTHOMY mifiomMi 8 %o) 1 38...52 % y 3BopoTHOMY
(Ha BimNOBiTHOMY y3B031) HampsiMkax. HaykoBa HOBH3HA i MpaKTHUYHA WiHHICTH. BCTaHOBIEH] KiJBbKICHI Ta
SKICHI TIOKa3HUKU PEXUMIB peKyriepallii eHeprii noi3/iB METPOIOJITeHY MOXYTh OyTH BUKOPHCTaHI IpU BHOOPI
panioHaJIbHUX 3aXO0/iB 010 €(EeKTHBHOTO BUKOPHUCTAHHS €HEPTil ralbMyBaHHS MOi3/IiB.

Kntwouoei cnoea: MeTpoIoIiTEeH, TATOBE HABAaHTAXEHHsI, CICKTPOCIIOKUBAHHS, PEKyIepalisi, pe3eps eHep-
ro30epexeHHSI.

Annomayusn. Uean. TeopeTuueckas U SKCIEPUMEHTANbHAS OLIEHKA PE3EPBOB IHEPrOCOEPEKEHHS TIPH KC-
MOJIb30BAHUH PEKMMA PEKYMEPAIMU HEPTUU B YCIOBUAX J[HEMPOMETPOBCKOro MeTporoiutena. MeToabl uc-
caenoBanmii. OleHKa pe3epBOB YIHEProcOEPEKEeHUs! BHIIOJIHEHA IKCIIEPUMEHTAIBHO M0 YPOBHIO T'€HEPHPOBaH-
HOW DHEPTUH B PEKUME PEOCTATHOTO TOPMOKEHHS [T0 OTHOIICHHUIO K PACXO0/1y SHEPTHH Ha TATY. Pe3ynabraThl. B
yCIOBUSIX JIHEPOIEeTPOBCKOTO METPOIOJIMTEHA CYLIECTBYET PE3epB IHEProcOEpeKeHUsl MPU HMCIOJIb30BaHUH
peKynepanuu EKTPOIHEPTUH, COCTABIISIONINA cOOTBETCTBEHHO 14...34 % B npsiMoM (Ha 3KBUBaJI€HTHOM TOJb-
eMe 8 %o) u 38...52 % B 0OpaTHOM (Ha COOTBETCTBYIOIIEM CITyCKe) HampaBieHusX. HayuHasi HOBM3HA U npak-
THYeCcKasi IEeHHOCTh. Y CTaHOBJICHHBIC KOJIMYCCTBCHHBIC M KaYECTBEHHBIC ITOKA3aTENIM PEKUMOB PEKyIepalnu
SHEPrHU TOE370B METPOIOIUTEHA MOTYT OBITh HCIOJB30BAHBI MPU BHIOOPE PAllMOHAIBHBIX MEPONPUITHU 10
3(h(heKTHBHOMY HCTIOIB30BAHUIO SHEPTHH TOPMOKEHUS TTOE30B.

Knrouosi cnosa: METpONONITEH, TATOBE HABAHTAKEHHS, €ICKTPOCIIOKUBAHHS, PEKYIIepallis, pe3epB CHEep-
ro30epexeHHSI.

Abstract. Goal. Theoretical and experimental evaluation of reserves of energy saving when using energy
recovery in terms of Dnipropetrovsk metro. Research methods. Evaluation of reserves of energy saving is car-
ried out experimentally on the level of energy generated in the dynamic braking mode to the energy consumption
for traction. Results. In terms of the Dnipropetrovsk metro, there is a reserve of energy saving when using the
regeneration energy gap of, respectively, 14...34 % direct (in equivalent t-EME 8 %) and 38...52 % return (in the
appropriate descending) directions. Scientific novelty and practical value. Established quantitative and qualita-
tive indicators of energy recovery of metro trains can be used for selecting rational actions on the efficient use of
braking energy of trains.

Keywords: underground, railway traction load, power consumption, heat recovery, the reserve of energy
saving.
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Pacxon 3mexTposHEpruy Ha JBHXKEHHE MO€3/10B METPOIIOJIUTEHA CETOJHS COCTaBiAeT oKono 75...85 % ot
o011ero sHepronoTpeOIeHUs JaHHOTO BHa TPAHCIIOPTA, YTO SIBJISICTCSl 3HAUYUTENBHON COCTaBIsIoNel cebecTo-
UMOCTH NACCAKUPCKHUX NMEPEBO30K. YUUTHIBAsL, YTO PEKMMBI JABMXKCHUS SIICKTPOIIOE3T0B METPOIIOJIHUTEHA CBSI-
3aHHBI C YaCTHIMU YCKOPEHUSIMU M TOPMOKCHHUSIMH, OJHUM W3 OCHOBHBIX PE3€PBOB CHIIKEHUSI YHEPrOEMKOCTH
METPOIIOJIMTEHA SBJSIETCSI HCIOJIB30BAHUE PEKYIEPALlUK JIEKTPOIHEPTUH, KOTOpast IIPU PallHOHAIBHBIX PEXKH-
Max JIBrKeHns no3soisgeT Ha 30...50 % yMeHbIINTS NOTPEOICHHE SHEPTUH Ha TATY.

O030p MTEpPATypPBI

[lepBbIM 3TanioM pelIeHHs 3aJaddl BEIOOpA dHeprocOeperaroliuX MEPONPHATHH SBISETCS OIpeNesICHUe
TEeXHUYECKOT0 MOTEHIHUATIa IHEProcOCpekeHUs], KOTOPbIH MOXXHO pacCMaTpHBaTh KakK M OTACIBHOIO i -TO
sHeprocoOeperatomiero Meponpusitus Ha k -M (k =k € K ) snemente (00beKTe) SHEPTETHYECKOH CUCTEMBI, TaK
U TS pa3MYHBIX MHOXKECTB TaKUX Meponpusituii i, ¢ € I [1].
OTOT MOTEHIAT MOXET PAaCCUUTHIBATHCS KaK B aOCOMIOTHOM BBIpaXeHHH (1), Tak ¥ B OTHOCHTENBHBIX €MHU-
nax (2):
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— mOTpeOJICHHE TOILTMBHO-3HEpreTndeckux pecypcoB (TDOP) cOOTBETCTBEHHO 10 U MOCJE pPeaau3aiiu dHEPro-
cOeperaromero MeporpuaATHs B YCIOBHBIX SAMHUIAX U3MEPEHUs (€CIIM paccMaTpUBaeTCs SKOHOMHES Oojee oJl-
Horo Buna TOP). Ecnu paccmarpuBaeTcst ToJIbKO ouH BuIl TOP, To B 3TOM ciiyyae MOTEHIIMAT MOXET pacCyu-

THIBATHCS B HATYPAILHBIX eAWHUIAX; j — WHACKC Buma TOP, j € J; K ;- K03((puIMEeHT ITepeBoaa HaTypallb-

HbIX €IUHULl U3BMCPCHU B YCIIOBHBIC, T; — OepruoJ BpEMEHH, U1 KOTOPOro paCCYUTBIBACTCS CHUKECHUE PACXO0-

J0B TOP mi1st COOTBETCTBYIOIIEr0 SHEPTOCOEPETAIONIEr0 MEPOTIPHSATHSL.

CrneunguyeckuM ISl CyIIECTBYIOIINX CUCTEM TATOBOTO 3JICKTPOCHAOKEHNUS SIBIISICTCS HATMIHE CHCTEMHO-
ro 3¢ ¢dekra [1]. BHeapenue sHeprocOeperaromnux MEPONPHUIATHNA HAa HU3MIMX KJIAcCaX HANpPSHKCHHUS BBI3BIBACT
JIOTIOJTHUTENNEHOE CHU)KEHHE TIOTEPh JIEKTPOIHEPTHH Ha 00JIee BBICOKMX KJIAccax HAIPSHKEHUS B ITUTAIOIINX JIN-
HUSX DJIEKTpoliepesiad U TpancopmaTopax. Bennunna storo nonoaHnTensHOro 3¢ ¢dexra OyaeT onpenensTbes
XapaKTEePUCTUKAMH JJIEMEHTOB, BXOJSIINX B CHCTEMBbI 3JIEKTPOCHAOKEHUs, a TAK)KE BCEMH CBS3SIMHU MEXy HHU-
Mu. [IpH 3TOM MOTEHIMA 3HEProcOePEKEHISI CHCTEMBI JIEKTPOCHAOKEHHS IPEICTABIIAET COO0I COBOKYITHOCTh
MOTEHIMAJIOB YHEProcOEpe)KEHNsT COCTABHBIX 3JIEMEHTOB M MOJXKET OBITh PacCUMTaH Kak CyMMa 3HA4CHHH I10-
TEHIMAJIOB OTACIBHBIX YJIEMEHTOB.

PaccmoTrpuM Bompoc 0 peanu3anyy NOTEHIMAIa YHEProcOepeskeHIsI TP HCIIOIB30BAHNN YHEPTUH PEKyIIe-
panuy B YCIOBHSAX J{HENpPONEeTpOBCKOrO METpONoNMTEeHa. B Hacrosimee BpeMsi 3KCIUTyaTalMsi COBPEMEHHOTO
sHEeprocOeperarIero NOABIKHOIO COCTaBa C IUTABHBIM PETyJIMPOBAaHUEM MOIIHOCTH OTKPBIBACT IIUPOKHE BO3-
MOJKHOCTH JUISI MCITOJIb30BAHMS PEKUMa PEKyNepalnuyd HEPTUH MPAKTUYECKH JO OCTAaHOBKH TPAHCIIOPTHOTO
cpeacTBa. Penrenne Bonpoca oTHOCUTENBEHO 3()()EKTUBHOCTH NPUMEHEHUS PEKYIIEPaTHBHOTO TOPMOXKEHHS, OI-
TUMAJIBHOTO paclpeaesieH s, HaKOIJICHUsI WM MHBEPTHPOBAHUS PEKYIIEPaTUBHOM YHEPIHH B METPOIOIUTEHAX
CBSI3aHO C aHAIN30M PEXHUMOB PAaOOTHI AIEKTPOMOE3I0B, CHCTEMBI TATOBOTO JIEKTPOCHAOKEHHS U OpTaHU3aIUI
JIBIDKEHUS, YTO HEOOXO0IMMO JUIsl 00ecieYeHNs MIepeiaun SHEPTUH 10e3/jaM, HaXO ISIIUMCS B PEKHME TATH.

Jlo HacTosIero BpeMEHH B METPONOJIMTEHAX YKpauHbBI KCIUTyaTHPYEMbIH MapK 3JIEKTPOIOE310B IIpe-
MMYIIECTBEHHO COCTOWT M3 BaroHOB cepuu 81-717(714).5M ¢ KOHTaKTHBIM PETyINPOBAHNEM MOIIHOCTH M PEO-
CTaTHBIM TOpMOXkeHHeM [2]. OTCyTCTBHE CUCTEMbI PEKYIIEPaTUBHOTO TOPMOXKEHHS Ha SKCILTyaTHPYEMBIX Baro-
Hax METPOIIOJIMTEHOB NMPHUBOJIUT K CYIIECTBEHHOMY YBEIHMUCHHIO OOILIET0 KOJIMYECTBA IMOTPEOIIIeMO SHEPTriH
Ha TATY 33 CYET 3HAYMUTENIbHBIX MOTEPh YHEPTHH B MYCKO-TOPMO3HBIX peocrarax. [lepcrekTiBa 3aKynKH HOBBIX
BaroHOB JISI METPOIOJINTEHOB YKpPaWHBI M MOJICPHM3AIMS CYIIECTBYIOUIMX CHCTEMOH peKynepanuu Tpedyer
Npe/IBapUTEIbHON TEOPETHYECKON U SKCIIEPUMEHTAIbHOW OLICHKH MOTEHIIMAIa SHEProCOEPEKEHUS IIPH UCTIOIIb-
30BaHMH PEXKUMOB PEKyTEPaIN.
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Teoperudeckas OICHKAa pe3epBa IHEProcOCPEIKEHUS MPH HCIIOJIH30BAHUU PEKYIECPALMU YHEPTUU B CHCTEME
9JIEKTPUUYECKOMN TATH OCYLIECTBIIECTCS MYTEM BBINOJHEHUS TSATOBBIX PAcYETOB C PEIICeHHEM TOPMO3HOI 3a1auw,
T/ie TIPH M3BECTHBIX MapaMeTpax y4acTKOB, CKOPOCTH Hadaja TOPMOXKEHHS M MAcCHI IT0e3/1a OIpeaessieTCs] Mak-
CUMaJIbHAs DHEPTUS PEKyIepaluu MOe310B, KOTOpask MOXKET OBbITh peain30BaHa B KOHKPETHBIX YCIOBHUSIX JKC-
IuTyataiuy. B TakoMm ciiydae MakCHMAallbHOE KOJMYECTBO JHEPTHH, KOTOPOE MOXKET ObITh CTCHEPHPOBAHO JJICK-
TPOMOE3IOM IPH TOPMOKEHHH IJISI OCTAHOBKH, CHIDKCHHUS WM CTaOMIM3allii CKOPOCTH OTIPENEIIIeTCS] YMEHb-
IIEHHEM €ro KMHETUYECKOW U MOTEeHIIMaNbHOMN 2Hepruii [3], T.e.

max WlJeK = 0,01073(1 + 'Y)Q(U: — v:) —2,725Q(w, 4, )S n 3)

pex !

rae () — Bec noesza; (1+y) — koddduuEEHT HHEPIMU BPAIAIOIIAXCA Mace T0e3/1a; v, , U, — CKOPOCTh COOT-
BETCTBEHHO B HAyase U KOHIE TOPMOKEHHUS; W, — OCHOBHOE Y/IEJIbHOE CONPOTUBJICHUE JBUKECHHIO M10€3/1a MPH
Cpe/iHeli CKOPOCTH Ha Y4aCTKE TOPMOKEHHUS; i~ — SKBHBAIEHTHBIA YKIIOH Ha y4acTKe TOPMOKEHHUS; S — JUIMHA

TopmosHoro myti; 1 — KIIJI snekTponoesna B pexmme peKymnepari.

HccnenoBaHus pe3epBOB CHMKEHHS JICKTPONOTPEOICHHS HA TATY NPH MCIONB30BAaHUHM Ha MOE3/1aX PeKy-
MIepaTUBHOTO TOPMOXKEHHMS st ycioBui KneBckoro MeTporonurtera B [4], MO3BONMMIN ONPEAETNTH NpEeIbHbIC
3HAYCHHs HHEPTUU pEKyIepalyuu IpHU TOPMOXKEHUAX. ABTOpaMM YCTAHOBJIEHO, YTO Ha YMEPEHHO HPSMBIX
y4JacTKax BO3BpAT 3HEPTHHU B CETh NPH OCTAHOBOYHBIX TOPMOXCHHUSIX MOKET gocturatbh 60 % oT 3aTpadeHHOM
SHEPTHUH Ha TATY, a Ha Y9aCTKaX CO CITyCKaMH BO3BPAT MOJKET B 2...3 pa3a NpeBbIIIaTh HOTPEOICHHYIO Ha Pa3roH
M0€371a 3HEPTHUIO.

OpHaKo B yCIOBHSAX peaJbHOI AKCIUTyaTal[M MOTEHIMAT YHEProcOepeeHnsI KpoMe apaMeTpoB, BXOJIAIINX B
BeIpaXXKeHHUE (3), CYIIECTBEHHO 3aBUCHT OT PEXHMMOB TSATOBOTO AJIEKTPONOTPEONICHHS B 30HE PEKYNEPALMH, YTO
SBJISIETCS CIyYalHBIM ITPOIIECCOM M 3aBHCUT OT MHOXKECTBA JKCIUIyaTAIlMOHHBIX M TEXHHUUYECKHX (aKTOPOB.

Bcenencrue 3Toro, Kak MmpaBuio, IpH TOPMOXKEHUIX peanusyercs sHeprust W < maxW  paBHas
pek pek

W =maxW_k (4)
pex pex wmcn
rae k - — Ko>(pOUIMEHT UCTIONL30BAHMS SHEPTUU PEKYTIEPALIUH.
ITpu orcyrcTBum Ha TsroBeix noactaHiusax (TII) ycTpoiicTB mpruema M30BITOUHON 3HEPTUH PEKyNEpaLnu

(HaKOHHTCHeﬁ Ui PIHBGpTOpOB) BCJIIMYMWHA kmn HaXoauTCsa B AUaIlia3oHe 0.1u HCTIOCPCACTBCHHO OIIPEALCIIACT-

Csl PeXKMMOM HaNpsOKEHUs Ha Tokonpuemuuke U (1) pekymepupyromiero noesaa

b U =0 G0 =0 ©)
|0, upu U (t)y>um,

rae U™ — npenenbHO JI0MyCTUMOE HaNpsKEHHE Ha TOKONIPHEMHMKE M B KOHTAKTHOH CeTH MeTpomosuTena [5].

[IpomexxyTouHbIe 3HAYCHUS] BEIIMUMHBI k B YKa3aHHOM JHMalla30HE COOTBETCTBYIOT CIY4al C OTpaHH-
ucn

YEHHBIM TATOBBIM JJIEKTPONOTPEOICHNEM B 30HE PEKyNepaliu, MpU KOTOPOM UMEEeT MecTo M30bITOUHas (Hepea-
JIM30BaHHAas) SHEPT U pEKyIepaluu

AI/VpeK:maxW —-W :maxVVpeK(lfkm), (6)

pex pek

KoTopas npu oTcyTcTBuM Ha TII MeTpormonuTeHa yCTPOWCTB MpHeMa M30BITOYHON SHEPTHH PEeKyINeparu yTH-
JM3UPYETCS] B TOPMO3HBIX PEOCTaTax MOe3/10B, YeM CYHIECTBEHHO CHIKAeTcsl 3 (EKTHBHOCTD 3HEprocoepesxe-
HUS OT pekynepanuu. [Ipun Manblx pa3mepax W HeOIaronpHATHBIX rpadUKax ABHKECHUS MOE310B (110 yCIOBHUAM

pekymepaiun) sHeprust A W;ex moxet gocturathb 30...100 % oT BenuunHbl max VVPEK [6-9].

IIpu oTCYTCTBUM UHTEIUICKTYaJIbHBIX MPUHIIUIIOB YIPABICHUS PEXKUMOM JBHKCHUS MOE3I0B PETYIHPOBA-
HUE JIUIIb WX TOJIOXKEeHUH (Tpadyka ABMKCHHS) Ha y9acTKe HE MOXKET TapaHTUPOBAHHO OOECIIEYUTh HA yJacT-
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KaX OJIHOBPEMEHHOI'O COBIIQJICHUSI BO BPEMEHH NPOIIECCOB PEKYNEPaIK U AIIEKTPONoTpedienus. B Takom ciy-
Yae Jake IpY HAIMYMU CHCTEM PEKyINepalvy Ha BCEM MapKe BarOHOB METPOMOJINTEHA IT0Ka3aTellb BO30OHOBIIe-
HUSI HEPTHH IPH CYLIECTBYIOIINX pa3Mepax U peKUMax JBIDKCHHUS M0e3/10B He mpeBbimaet 15...20 % ot 3Haue-
HU, mofly4eHHoro 1o dgopmyse (3) [6]. [ToaTomy it 0OBEKTUBHOI OLIEHKH CYIIECTBYIOLIETO IMOTEHIIHANIA pe-
Kylepalnuu 3Heprud METPONOIUTEHOB JODKHBI MIPUMEHATHCS HEUETKUE WM CTaTUCTUYECKUE METOJbI, YUUTHI-
BAIOIE UX PEallbHYIO CTPYKTYPY, pa3Mepbl IBIDKCHUSA U Tpa(uKu 3IEKTPONOTPEOICHNS 3IEKTPOIIOE310B, pe-
JKUMBI HAIIPSKEHUS B TSATOBOM CETH.

YacTHuHOE WIIK TIOJIHOE pa3JielieHHe BO BPEMEHHU MPOLIECCOB PEKYIEPAIMU U AJIEKTPOIIOTPEOICHUSI MOXKET
OBITh TOCTUTHYTO 32 CYET HCIIOJNBE30BAHMS CBEPXMOIIHBIX HakomuTenel [7, 8], MO3BOJSIOMNX MONHOCTBIO pe-
MINTH MPOOIEMY HCIIONIB30BAHMUS H30BITOYHON SHEPTUM peKynepanun. Kpome 3T0ro, BHEAPEHNE HAKOMUTENEH B
TSTOBOM 3JIEKTPOCHAO0KEHUM IOE37I0B TO3BOJHUT 3HAYMTENBHO CTAOMIM3MPOBATh TATOBYIO HAarpy3Ky OTHOCH-
TENBHO CHCTEMBI BHEIIIHETO 3JIEKTPOCHA0KEHHS M YIIyUYIINTh SHEPTETHIECKUE TIOKA3aTeNN MIEKTPUICCKOHN TATH
Ha MPUCOEAUHEHHX K MUTAIOIIUM ceTAM. IIpn 5ToM Halo OTMETUTB, YTO 33[a4a ONTUMAIILHOTO PACIIONOKEHHS
HaKOIMUTENIBHOTO 3JIEMEHTa B CUCTEME HEABTOHOMHOTI'O 3JIEKTPOTPAHCIIOPTA Ha CErOHS SBJISIETCS HEPELICHHOI.

BosBpart u30bITOUHOM pexynepaTuBHOM 3Heprun uepe3 TII merpononureHa B nuratoutyto cets 6 (10) kB
TpebyeT ucnonp3oBanus Ha TII nHBEpPTOPOB, a 3PPEKTUBHOCTH AAHHOTO MEPOIPUATHS CYIIECTBEHHO 3aBHCHT
OT pEKMMOB Harpy3ok AaHHOM ceT B Toukax noaxmtoueHus TII. YuuTsiBas, 4To 3HEpTUs peKynepaluu dJeK-
TPOMOE3/I0B HOCUT KPaTKOBPEMEHHBIN XapaKTep, ee HEMOCPeICTBeHHAs Nepefada B IEPBUYHYIO SJHEPTOCUCTEMY
MOXKET BHOCUTB B Hee 3HAUUTENbHbIC HCKKCHUS U yXyAIATh paboTy HeTATOBBIX HoTpeduTenei [9, 10].

Takum 00pa3oM, MOTEHIHAN dHEprocOepeskeHUss B METPOIMOJIUTEHaX MPU HCIOIb30BAaHUH PEKyNepalnu
ANIEKTPOIHEPIHH 3aBUCHT OT MHOTHX, B TOM YHCIE CIy4aiHbIX, (akTOpPOB, CpeId KOTOPBIX MOKHO BBIJICIUTH
[11]:

—  CTENeHb KOMIUIEKTAlUH NTapKa BarOHOB METPOIOIUTEHA CUCTEMON pEKyTIepalty;

—  YKJIOHBI y4acTKOB OOpallleHHs ¥ CTENIeHb HEOHOPOAHOCTH PACCTOSIHUI MEX/y OCTAHOBKAMU;

—  TpadUKH ABWXEHUS MOE3/I0B;

—  yIpaBIIEHHE PEKUMOM JABHKECHUS MOE3/I0B;

—  pexuMm HampsipkeHus Ha BBojax TII;

—  HaJIMYHE B CHCTEME TATOBOTO AJIEKTPOCHAOKEHHS HAKOUTENEH MM HHBEPTOPOB NEKTPOIHEPTUH.

Heab padoTsl
Teopernueckas ¥ dKCIIEPUMEHTAIIbHASL OLIEHKA PE3EPBOB DHEProcOepekeH sl OT UCTIONb30BaHUS PEeKyIepa-
MU 3JIEKTPOIHEPTUH B YCIOBHUIX JIHENPONETPOBCKOrO METPOIIOIUTEHA.

OcHoBHOI1 MaTepuaJ

OreHKa MOTEHIHANA 3HEProcOepekeHnss B METPOIOJINTEHE ITIPH HCIIOJIB30BAHUM PEXHMMa peKylepannu
sHepruu Ha 0aze [IHEeHmpoIeTPOBCKOTO METPONONNTEHa Oblia BBHINOJHEHA 3KCIIEPUMEHTAIBHO, Ul 4ero ObUIH
OTIpeieNIeHbl MMoKa3aTeIN pacxojia M IeHepalyi SYHEPTUH COOTBETCTBEHHO B PEXHMMAaX TATH M 3JIEKTPHUECKOTO
TOPMOXKECHHA. B CBS3M ¢ TeM, UTO 3KCILTyaTHPYeMBIi apK BaroHoB MetporonureHa 81-717(714).5M nHe 060py-
JIOBAaH CHCTEMOW peKylepanuy, OIeHKa MMOTeHIHana »HeprocoepexeHus OblIa BBHIIOJIHEHA 10 T€HEPHPYEMOH
SHEPTUH M0e3AaMHU IIPH PEOCTATHOM TOPMOXKEHHUH 110 OTHOIIIEHHIO €€ K pacXoay Ha TATY.

Ha neticTByromeM y4acTke METPOIOJUTEHA OOIIeH MPOTSHIKEHHOCTHIO 7,8 KM ¢ 6 CTaHIMSAMH U CPEIHUM
YKIOHOM 8 %o OBUI BBITIOJTHEH PSIl SKCIIEPUMEHTAIBHBIX TT0E3/J0K B IITATHOM PEXHME, COTJIACHO Pa3pabOTaHHBIM
PEKUMHBIM KapTaM ABIDKCHHUS HJICKTPOIOE30B U B YCKOPEHHOM PEXHMME, COOTBETCTBYIOIIEM YBEIHIEHHBIM pPa3-
MepaM JIBIKEHHS B MEPCIEKTHUBE. B mTaTHOM pekuMe BpeMs JBIDKCHHUS U CPETHSSI CKOPOCTh MEXKTy KOHEUYHBIMU
IIYHKTaMHU COCTaBIISUIM COOTBETCTBEHHO 11 MuH. 1 43 KM/, a B yCKOPEHHOM pexkuMme 8 MuH 1 60 Km/4.

C nomonis0 u3MepuTeabHOro komiuiekca cDAQ-9174 National Instruments ObIIM W3MEPEHBI C YAaCTOTOM
nuckperusanud 2 kK[ HanpsbkeHne Ha TokonpueMuuke U(t) W TOk BaroHa B pexxume Tsiru () , HampspKeHHe

Ha rpynne asurateneit U () u ux renepartopHbiii Tok [ (f) B pexume peoCTATHOrO TOPMOKEHHUS, @ TAKKE

CKOPOCTh JBMXKEHHUS JJIEKTPOIIOE3a v(t), cocTosiniero u3 5 BaroHoB. [IpuHIMNMANbHAS CXeMa IMOAKIIOYEHUS

0OECKOHTAKTHBIX PA3bEMHBIX JATYNKOB HANpsDKeHUH 1 TokoB LEM Kk CHIIOBOI 11emi BaroHa rnpuBejieHa Ha puc. 1.

B cBsi3u ¢ Tem, UTO IKCILTyaTUPYEMBbIi MapK BaroHOB JIHEMPONIETPOBCKOTO METPOTIOIUTEHA HE 000pyI0BaH
CHCTEMOW PEeKyNepaTHBHOI'O TOPMOKEHHS, OIIEHKA MoKa3aTeneil 3pPpeKTUBHOCTH peKynepanui ObUIa BBITIOIHE-
Ha M0 YPOBHIO F€Hepaluy MOe31aMy SHEPTUU IPU PEOCTATOM TOPMOXKEHHUH. J[JIsl pexxuma peocTaTHOr0 TOPMO-
JKCHHS Ha 3JICKTPOIIOE3/1aX MCIONB3YEeTCsS MOCTOBAs CXEMa C CaMOBO30Y)KIICHHEM M MEPEKPECTHOM cXeMe muTa-
HUSL 0OMOTOK BO30Y)KIIEHHUS TATOBBIX AJIeKTpoaBuratesneid. Cxema mojcoequHeHus natankoB LEM ms m3mepe-
HUS TApaMeTPOB MeHEepallMU PHEPTUU B PEKUME PEOCTATHOI'O TOPMOKEHUS BaroHa MpuBe/ieHa Ha puc. 2.
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Puc. 1 HpI/IHIIl/lHl/laJILHaﬂ CXeéMa NMOJAKJIIOYCHUSA USMEPUTEIbHBIX IIpPlﬁOpOB K CHJIOBOIi LENU BaroHa 3JIEKTpoIoe3aa

Ilo NI ¢cDAQ-9174
A

-0 T

i
LEM U

Puc. 2. Cxema u3MepeHHsi NapaMeTPOB reHepallii YHEePIruy B el TATOBBIX YJIeKTPOABUTraTe/Nel
MPH PeocTATHOM TOPMOKEHHH BaroHa

Ha puc. 3 u 4 nmpeacTaBieHsl BpeMEHHbBIE THarpaMMBl, IOJTYYEeHHBIE IPH CHHXPOHU3UPOBAHHBIX H3Me-
peHuit mapamMeTpoB MOTPeOJICHUS U TeHEpAallUK YHEPTUH BaroHoM sjekTporoesna §1-717(714).5M B ycko-
PEHHOM peXHMe [BHKCHHUS M COIJIACHO PEeKXUMHON KapTe B HampaBieHHu cT. «Box3ampHasy (cpeaHuit
CITyCK ydacTka 8 %o).

IMockonbky Ha BaroHax 81-717(714).5M OTCYTCTBYIOT CUETHHKH AJIEKTPOIHEPTUH (YUET SHEPTUH Ha TSTY
M0€3/10B NIPOU3BOJMTCS TOJIBKO 110 BBoaM TII) To pacxon u moTeHIMan peKynepanny SHEpTuK ObUIN OIpeiesie-
HBI 110 pe3yJIbTaTaM MOJTYYSHHBIX OCHMIIIOTPAMM B PEXKHUME TATH U 3JIEKTPHIECKOTO (PEOCTATHOTO) TOPMOXKEHHUS
10e3/1a 3a BpeMs 3JIeKTponoTpediieHns (pekynepanuu) 7' 1Mo BEIpaXKeHUSIM

W .=m f U)I(t)dt, W = mi]‘2UHB(t)Ir(t)dt, @)

=1 t

TAC ™M — YHUCJIO BAarOHOB B 3JICKTPOIIOE3C, tHl_ , tki — COOTBETCTBEHHO MOMCHTBI Ha4YaJla 1 OKOHYAHUA DJICKTPU-

YECKOr'o TOpMOKCHUA; 7 — KOJIMYECTBO OCTAHOBOK.
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Puc. 3 — IlapaMeTpbl 3J1eKTPONOTPEOIeHHs, TeHePALUH 1

ABMKEHHUS 1M0€31a B YCKOPEHHOM peKuMe

Puc. 4 — IlapameTpsl 3jIeKTPONOTPedIeHNUs, TeHepaluH

H IBHIKCHHUS Ioe3aa mo pe)l(I/IMHOﬁ KapTe

a — nanpskenue Ha Tokonpuemmnuke U(t), 6 — taroswiii Tox (t) , 6 — nanpsuxenue rpynubt apurateneii U (), 2—

TOK rpynmbi ieuratenei [ (t), 0 — cxopocTs BUKenus moesna v(t)

B kadecTBe moKasarels MOTEHIHAIA PEKyIepaliy 3JIEKTPOIHEPTHH DIICKTPOIIOE3I0B ObLIT MPUHAT KO-
(DUIMEHT peKyneparyy, PaBHBI OTHOIICHHIO TeHEPHPYEMOU MPH JIEKTPUIECKOM TOPMOKEHHH SHEPIHH K ee
obmemy pacxony, T.e.

ko =W /W, ®)

PesynbraTel pacueToB MprBEACHHI B TaOIHIIE.
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Tabauma
Pexxum nBroxeHus noesaa
CornacHo peXKMMHOM KapTe Y cKOpeHHBIN
Hamnpasnenune W
mar ! pex ! k. v, &M/ ! pe ! k.. |v., ,km/H
KBTu kBT'u ? b KBTu KBTu ” ’
Boxsaibhas- 36,52 525 | 0,144 | 40 56,12 18,95 |0,338| 46
KomMyHapoBckas
Kommyraposcias- 26,44 | 10,15 |0,384 | 36 43,15 2227 |0516| 45
Box3ansnas

Heo0xoanMo OTMETHTB, YTO XOTS U B YCKOPEHHOM DPEXHME IOTEHIHANl PeKyIepalyu 3J1eKTPOIHEPTUr
NPEBHINIACT NOTSHINAT IIPH ABW)KCHUH COTJIACHO PEKMMHOM KapThl, OJHAKO yJeIbHOE JIEKTPONOTpedIeHHe Ha
TATY B YCKOPEHHOM pexume Ha 19,24 % B Hanpasnennu cT. «kKommyHnaposckast» n Ha 36,46 % B HampaBIeHUH
CcT. «Bok3asibHAs) MPEBBIILIACT YASIBHOE 3JICKTPONOTPEOICHHE IPH ABH)KCHUH COTIIACHO PEXKUMHON KapThl. JTO
OOBSACHSIETCS TEM, UTO CPEIHSS CKOPOCTh B YCKOPEHHOM pexknme Ha 30 % BBIIIE ¥ HA COOTBETCTBYIOLINI MPO-
LEHT BpeMs X0Ja 110 y4aCTKy MEHBIIE.

Ha ceronus B J[HenmponeTpoBCKOM METPOIIONUTEHE pa3Mephl IBHKCHUS B 3aBUCHMOCTH OT pabo4ero Bpe-
MCHH COCTaBJISAKOT 1-2,5 mapbl MOE€370B, YTO IMOYTHU HUCKIIIOYACT COBINAACHUE BO BPEMCHU PCIKHUMOB HUX IJICKTPO-
MOTPEOICHUsT M 3JEKTPUYECKOr0 TOPMOXKEHHsI Ha y4acTkaX. [Ipu Takux pa3mepax M OpraHU3aldd JABHKECHUS
TMOC3A0B SHEPrusl TOPMOKECHUA MOC3A0B MPAKTHUUCCKU HC MOKET 6I)ITI) TIOBTOPHO HCIIOJIb30BaHa Ha TATY OdaXXe
IIPY HAJIMYUU COBPEMEHHOM CUCTEMBI PEKYyNEpaliui Ha SKCIIIIyaTUPYEMbIX BarOHaX.

OnHUM U3 pelieHuit 3aja4y MOBBIIICHUs (PPEKTUBHOCTH HCHOJIB30BAHUS SHEPIHU PEKyIepalyu B TATO-
BOH ceTH sIBJsieTcs pa3paboTka Takoro rpaduka newkeHus noe3nos (III1), mpu KOTOPOM OCYIIECTBISETCS MPO-

TYCK 33IaHHBIX Pa3MEPOB JIBIKCHUS C HAMOONBIINM TOKa3aTeneM k ., T.e. 00€CIEeYeHHe HATPSHKEHHUS Ha TO-

KOTIPHEMHHKAX MOE3/I0B IIPU PeKyNepanny B 00JIaCTH JOMYCTUMBIX 3HAUCHHH.

st BeIOOpa paIirioHaIbHOTO PACTIONOKEHHUS TATOBBIX Harpy3ok Ha I'/II1 1o Mcnosb30BaHNIO SHEPTHH PEKY-
MIEpaIMH B TSATOBOM CETH CIEAYET PACCMOTPETh s/l pealbHO BO3MOXKHBIX BAPHAHTOB rpadukos. Bapnants! rpadu-
KOB PacCMaTPHUBAIOTCSI MEXIY CMEXHBIMH TsroBeiMu nofctanimsamu (TII) B mpenenax neprona cieaoBaHus pac-
4yeTHOro noesja. [IpuHnmn noBeimeHns 3¢ QEeKTUBHOCTH MCHOJIB30BaHUS SHEPIHU PEKYIEPalii B TSATOBOH CeTH
METPOIIOJINTEHOB ITyTEM BBIOOPa PallOHAILHON JTUCIIOKAIIMH TATOBBIX HAPY30K IPECTaBJICH Ha puc. 5.

y
b J I
[ ——
L, km {
Nel\ Ne3\ Ne5\  Ne7
IlyTH cT. «A» I— BriGop BoiGop  aucIIOKaLmy,
OCIICIOBATENILHOCTH | | MHTEPBAIOB  MEKIY
TIT «Ax OTIIPABIIEHHS. || moesmaMu. -
41-K0TMYECTBO Bo3moxHbIE
I BapHaHTOB! 3HAYEHUS. HAXOISATCS
(m 1) 1,35,7; B IIpejieNax
1} 2) 1573; | < i<on
i 13) 1735 o =T =%
5:31101 1)TK213 1 g ) 3 3
| 1) |2, _2,3,5,'_. N
TIT «b» >
10 30 50 70 90 110 130 t, Mmun

Puc. S. IIpyHuMn yMeHb1IeHUSI IOTEPb 3JIEKTPOIHEPTHU B TATOBOM CeTH
nyTeM BbIOOPa PAlMOHAIBLHON TUCIOKAIMH TATOBBIX HATPY30K

OpmHUM U3 BapHaHTOB MOBHIIEHUS 3()(hEeKTHBHOCTH MCIIONBF30BAaHHS YHEPTHH PEKYIIEPAIH B TATOBOM CETH
METPOTIOJIUTEHOB 3a cueT ontumusanun I' /{11 moxxeT ObITh BEIOOp pallMOHAIBHBIX HHTEPBAJIOB MEXIY MOE3IaMH

[12]. st mocTaHOBKHM JaHHOM 3a1aui HEOOX0AMMO BBeCTH 0003HaueHus Ha I'II1 B oOmeMm Buje (puc. 6).
Bpewms npormycka nakera 7' B 00IIeM BHIC ONPEACISICTCS BRIPAKCHHEM

T=At+J +J,+ 1, —t, ©)
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Puc. 6. PacyeTnas cxema napamMeTpoB rpadguka ABH:KeHHs 110€310B

rae At — 3ajepikka BpeMEHH OTIPABJICHHS MEPBOTO N0e3/]a B MaKkeTe, MuH; J, , J, — MeXNoe3Hble MHTEPBa-

JIbl, MUH,; t4 — t3 — BpeMs X014 IIOCIEIHEr0 I10e3/1a B [TaKETe, MUH.

VyuThIBas IPUHATOE OrPAHUYEHHE, TTOJYYaEM YPaBHEHHME, ONPEAEIAIOIIEe He3aBUCUMBbIe apametpsl I'IIT:
At +J +J,=T— t, —t, = const. (10)

Jis obecriedeHnsl aIeKBaTHOTO PEKMUMa MOJICIUPOBAHUS BIMSHHS AapaMETPOB TPAHCIIOPTHOTO MOTOKA B
METpOTIONIUTeHE Ha 3()()EKTUBHOCTh HCIONB30BAHMS YHEPTHH PEKyIepaliy 0e310B HeOOX0AUMO TOIIEPKH-
BaTh CYMMY MHTEPBAJIOB MEXIY IOE3AaMHU IPH MX Pa3TUIHBIX KOMOMHAIUSIX TOCTOSHHOW, YTO MPAKTHICCKH
HEBO3MOXKHO MU JAAHHBIX pa3Mepax ABH)KEHUS Ha IEUCTBYIOIIEM Y4acTKe.

Takum 00pazom, Py BHEAPEHUU CHUCTEMBI PEKYIIEPATUBHOTO TOPMOXKEHHUSI HA TIOJBHIKHOM cocTaBe J[He-
MPOIMETPOBCKOTO METPOMOJUTEHA, MOBBIIIEHHE 3(PPEKTUBHOCTH HCIOJIB30BaHUS DHEPTUU PEKYIEpalud MpH
CYIIECTBYIOIIUX HU3KHUX pa3Mepax JBHKCHHUS MOE3I0B MOKET ObITh 3()(HEKTUBHO PEATH30BAHO 33 CUET ONTHMHU-
saruu '] mo paccMoTpeHHBIM KpuTepusiM. B TakoMm ciydae HeoOxoauMo ucnosib3oBanue Ha TII MeTpomnonu-
TeHAa WHBEPTOPOB WJIM HAKOMUTENeH SHEPTUH, 4YTO TpeOyeT COOTBETCTBYIOLIETO TEXHHKO-3KOHOMHUYECKOTO
000CHOBaHHSI.

BrIBOaBI.

B ycnoBusix JlHEIponeTpoBCKOr0 METPONOINTEHA CYIIECTBYET 3HAYUTEIILHBIN Pe3epB 3HEProcOepesKeHNUS
OT IPUMEHEHUS peKyIepaluy SHEPTHH, KOTOPBIH COCTaBIsIeT cOOTBETCTBEHHO 14...34 % B npsiMoM (Ha moabseMe
8 %o) 1 38...52 % B 00paTHOM (Ha COOTBETCTBYIOIIEM CITyCKE) HAalPaBJICHUSX, T.€. B cpepHeM 26...43 % oT anexk-
TponoTpeOsieHHs Ha TATY moe310B. Ha ceromns 3ToT pe3epB He MOKET OBITh PEeaTn30BaH B CBSI3U C OTCYTCTBHEM
CHCTEM PEKYIEepPaTUBHOTO TOPMOKEHHS Ha 3KCIUIyaTHPYEMOM MapKe IMOJABIXHOTO COCTaBa METPOIIOJINTCHA U
TEXHUYECKUX cpelrcTB 3PPEKTHUBHOTO XpaHeHH (pactpeaeseH ) PeKyepaTHBHON SHEPTUH TP MaJbIX pa3Me-
pax nBrKeHus moe3oB (1-2,5 napsl moes3nos).
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VIK 541.136

H.E. ’Kumnuk, C.B. Ilnakcun, 0-p ¢puz-wam. nayx, O.HU. llupman
(Ykpauna, 2./[nenponempoeck, Uncmumym mpancnopmuuix cucmem u mexnonozuti HAH Yxpaunwvt « Tpanc-
mazy)

HOBBIINEHUE DOPEKTUBHOCTHU UCITOJIb30BAHUSA
3APATHOI'O TOKA SJIEKTPOXUMHNYECKUMHU HAKOIIUTEJIAAMUA
SHEPI'MM B COJTHEYHBIX DHEPTOYCTAHOBKAX

Anomauin. I[lpedcmaesneno pe3ynomamu O00CHIONCEHHS BNAUGY NOCMINUHO020 MACHIMHO20 NOJSI NEGHOI
CMpPYKmMypu Ha napamempu eleKmpoxiMiyHo20 npoyecy y CeUHYego-KUcIomuux akymyramopax. Iloxazano mo-
JAHCIUBICMb BUKOPUCMANHS BUHUKATOUUX 8 AKYMYISAMOPI MACHIMO2IOPOOUHAMIUHUX A6UWY OISl NIOGUUEHHS eqheK-
MUBHOCMI BUKOPUCMAKHS 3APAOHO20 CINPYMY eJIeKMPOXIMIYHUMU HAKONUYYBAYAMU eHepeli Ha OCHOBI CBUHYEBO-
KUCTIOMHUX AKYMYJISIMOPHUX bamapetl.

Knrouosi cnosa: ceunyeso-Kuciomna aKkymyasimopra bamapes, elekmpoxXimiunull npoyec, noaapu3ayiuHull
onip, macHimue none, macnimogopes, cuia Jlopenya.

Almomauuﬂ. Hpedcmaeﬂeﬂbl pe3yibmanbl UCCIEO0BAHUSL GIUAHUS NOCTOSHHO20 MACHUMHO20 NOJIS onpe-
OelleHHO CMpPYKmypbl HA napamempuvl IJ1eKMpPOXUMUYEeCKoco npoyecca 6 CEUHYOB0-KUCIOMHBbIX AKKYM)AAMo-
pax. lloxazana 603m0CHOCMb UCNOIL308AHUS BO3HUKANOWUX 6 AKKYyMm)amope Maznumozudpoduyamuqecmx
A61eHUll OISl NOBbIULEHUS 9d)d)e1<muenocmu UCNOJIb30BAHUA 3ap20H020 mokKa 2J1eKmpoxumudecCKumu Haxkonume-
JUAMU IHEep2UU HA OCHOB€ CBUHYOB0-KUCTIONHBbIX AKKYMYIANOPHbLLX 6amapeﬁ.

Knrwouesvie cnosa: C6UHYOBO-KUCTIOMHASA AKKYMYJIIMOPHAA 6amape;i, aﬂeKmpoxwwuueCKuﬁ npoyecc, noiist-
pusayuoHHoe conpomueiieHue, MachumHuoe noiie, Maenum0¢ope3, cuua ﬂopenua.

Abstract. The investigation results on the influence of constant magnetic field with the specific structure on
the lead-acid batteries electrochemical processes are presented. It’s shown the possibility for using the MHD
phenomena which occurs in the lead-acid battery for more effective charge current using by electrochemical en-
ergy storage on the base of these batteries.

Keywords: lead-acid battery, electrochemical process, polarization resistance, magnetic field, magneto-
phoresis, Lorentz force.

BBenenne.

Bo3006HOBIIIEMbIE HCTOYHUKH SHEPTHH BCe O0JIee IMUPOKO MCIIONIB3YIOTCS B OJArONPHSITHBIX JIJIS 3TOTO PETH-
OHax, KaK B CETCBOM, TaK 1 B aBTOHOMHOM YHEPTETUKE, YTO TIO3BOJISIET CHU3UThH 3aBUCUMOCTH OT OPTaHMIECKIX HC-
TOYHHUKOB YHEPTUH U MOBBICUTH HAJIC)KHOCTH SHEPTOCHAOKCHUS 0CO00 BAXKHBIX U OTJAJICHHBIX 00BEKTOB.
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