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J1s IpUHATHSA peIIeHNs O TPOBEACHUN COOTBETCTBYIOIINX MEPOIPHUITHH MO HOBBIIEHHUIO 3P (PEKTHBHOCTH
3JIEKTPOIIOTPEOIICHHUS CIIELYyeT PYKOBOJICTBOBATHCS SKOHOMHIECKON LIENECO00Pa3HOCTBIO: CTOMMOCTh MEPOIIPH-
ATHH, HANPaBJICHHBIX HA CHIDKCHHE 3JIEKTPOMArHUTHOTO M TEXHOJIOTHYECKOTO YIIEpOOB, HE TOIDKHA IIPEBBIIIATH
BEJINYMHBI CTOMMOCTH CaMoro yIepoa.

BoiBoabI

1. CymecTByIoIIye METOIbI OLIGHKH HE SIBIISIFOTCSI OCTATOYHO 3()(EKTUBHBIMH, TOCKOJIBKY HE MO3BOJISIOT
OLIEHUTH "CIIEKTPAIBbHBIN cocTaB" MOTeph, 00YCIOBICHHBIX AKTUBHBIMU M HEAKTUBHBIMU 3HEPTETUYECKUMHU I10-
TOKaMH.

2. IlpenyioskeHHBIM METOJ] aHaNK3a COOTHOILIEHHS MOTEPh MO3BOJISIET OLIEHUTh JEHCTBUTEIBHBIN XapakTep
AIEKTPOTOTPEOICHHUS.

3. Ha ocHOBaHMH "CrIEKTpaNbHOT0" aHAIN3a ITOTEPh MOXKHO OIIEHHUTH XapakTep MOTPEOICHNUS 3IEKTPOIHEP-
THH TEXHOJOTUYECKHM 3JIEKTPOOOOPYIOBaHNEM H ONPEACIUTHCS C MEPOIPUSATHIMH, MTO3BOJIAIOIINMA MHHUMH-
3UPOBATh MIOTEPHU ICKTPOIHEPTHH IIPH €€ Tepeaade.
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KO2®POUIMEHTHI MOIIIHOCTHU U PEAKTUBHOM MOIIITHOCTH TPAMBAEB

BBeaenue

JanHas pa®oTa sSBJISETCS MPOJODKCHHEM M Pa3BUTHEM HccienoBaHui [1-3] Mo 3HepreTHYeckuM IoKasa-
TEJSIM CUCTEM U YCTPOMCTB 3JIEKTPUUECKOI0 TPAHCIIOPTA TOCTOSIHHOTO TOKA.

TpamMBau, Kak u CUCTEMa JICKTPUIECCKOH TATH IMOCTOSHHOTO TOKAa MAardHCTPaJbHBIX KEIE3HBIX JTOPOT, ITH-
TalOTCS BBIPSAMIICHHBIM HanpspkeHuM. OJTHAKO IPUIUHBI TEXHOJIOTHUECKOTO XapaKTepa 00yCIOBIUBAIOT PEe3KHe
CIIyJaiiHble N3MEHEHHS BO BPEMEHH YK€ CTIIQ)KEHHBIX TIOCTOSHHBIX (TOYHEe, HEM3MEHHBIX BO BPEMEHH) HaIpsi-
eHus Ha Tokonpuemuuke Tpampas U(t)u ero tarosoro toka 1(t) (puc. 1 u 2). Takum o6pa3om, TpamBaii, sB-

JSSICH TI0 Ha3BaHWIO (IO KJIACCH(HKAIIMM) CUCTEMON 3JIEKTPUIECKOTO TPAHCIOPTA ITOCTOSTHHOTO TOKA, MO CYTH
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TaKOBOW HE SIBJISIETCS, a SIBJISICTCS CUCTEMOI NepeMEeHHOro Toka. Toraa nmpu cocTaBlICHHH HeprodajaHca B Ta-
KO CHCTEME HENb3sl HCXOIUTh M3 YCIOBHS, 4To e€ ko3 duiment momuoctu A =1, kak 310 MIpUiiHATO B HacTO-
sutee Bpems. HeoOX0MMMO yqHTBIBATE, YTO TpaMBail MOTPEGISET PEAKTUBHYKO MOIIHOCTh, uto A <1, BCmen-
CTBHE YETO UMEIOT MECTO JOTOIHUTEIbHBIE TOTEPH IEKTPUIECKON IHEPTHH.
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Puc. 1. BpeMeHHLle peajiu3alvu HaNpsi>KEHUA HA TOKOINIPUEMHHUKE TPaMBaeB
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Puc. 2. Peasim3anum cay4aiiHOro npoiecca TAroBoro Toka TpaMBaeB (Ha 2 BaroHa):
¢ peocTaTHbIM peryaupoBanuem [10] (a);
¢ HMIYJIBCHBIM PeryJiMpoBaHueM (peaju3alus NpuBeeHa ¢ pekynepauueii) (0)

Llenbro nanHOM paboThl SBISETCSA, OLEHUTH (PAKTHYECKUE 3HAYEHHUS KOIQPUIMERTA A peanbHO JAeHCTRY-
roKMx TpamBaeB. Ho Ipu 3TOM yuTeM, UTO, XOTS A U ABJISAETCS B HACTOSIIEE BPEMS OTUETHBIM SHEPTETHYECKUM
MOKa3aTesIeM, OH He BCErja JOCTATOYHO TOYHO XapaKTEPHU3YEeT SHEPreTHYECKUE NMPOLECCH B cucTeMe. IloaTomy
B nocneanue §...10 yeT B cucteMax 3MeKTPUIEeCKOH TATH, M0J00HO MPOMBIIUICHHOH AJIEKTPO3HEPreTHKE, B Ka-
4eCTBE OTUYETHON HHEPreTHYECKON BEJIMUMHBI UCTIOJb3YIOT KOA()OULUEHT PeaKTUBHOM MOIHOCTH 1Q(, KOTOPHIH

SHEPTETUYECKH SBISAETCS GOJIEM TIPAKTHYECKUM TIoKaszateneM. JlelictBurensro, Hanpumep, pu A, =095 Benu-
unna tgp=02329, 1o ecTh x0T A 6JM30K K OJMHMIE, HO MOTPeOIsieMas PEaKTHBHAS MOIIHOCTh COCTABJISET

IIOYTH ]/3 OT aKTUBHOM MOIIHOCTH, TO €CTh, CPABHUTCJILHO BEJIMKA. B sToii cBs13u B I[aHHOfI pa60Te JlaHa OIICHKa

06oux ko3 duureHToB, A U tgQ, TpaMBaeB ABYX THIIOB.

TeopeTuyeckne NpeANOCHLIKH

Kak m3Bectno [4] u cormacHo JICTY 2843-94 u ACTY 3120-95, mis oneKTpUUeCKuX Iemnel ¢ qeTepMUHU-
POBaHHBIMHU IEPHOINIESCKAMHU HECHHYCOMAAIBHBIMH JJIEKTPUICCKUMH BETMUYWHAMH KO3(D(HUIIMEHT MOIIHOCTH
A ycTpoiicTBa (CUCTEMbI) ONPENENIAIOT KaK OTHOIIEHHE aKTUBHON MOIIHOCTH P, noTpebisemMoii ycTpoiicTBoM
B PACCMATPHBAEMOM PEKUME, K €T0 TIOJIHONH MOIHOCTH S

P P
A=—=—, 1
S ul @
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a K03 HUIMEHT PeaKTUBHON MOLIHOCTH Qg — Kak OTHOLIeHHE MOTpeOAeMbIX peakTuBHON Q W aktuBHOM P
MOILIHOCTEH:

tgo=12. @

VuurhiBas ciydaiineii xapaktep nuraromero Hanpskeaus U(t)u Tarosoro toka I(t) Tpamsaes, Benn-
yuHbl MOoxkHOcTed S, P, Q onpenensy, cornacho [5], HCX0d U3 CIEAYIOIUX COOOPAKEHH.

AXTHBHYIO MOIIHOCTb HAaXOJMJIM UCXOJSl U3 CYIIECTBYIOIETO OOILIETO MOHATHSA, YTO OHA PaBHA CPEAHEMY
apu(hMEeTHUECKOMY 3HAYECHHIO 3a [IEPHOJ MIHOBEHHOM MotHocTH P(t)

1t 1t
P:?(j)p(t)dtz?(j;U(t)-I(t)dt. ®)

Tak kak U(t), I(t) — nemepuomuueckue cyuaiinsie Gpynkuuu, To Haiinem P kak cpennee apudmernde-
CKO€ TUCKPETHUX MIHOBEHHBIX 3HAUCHNH MIHOBEHHOI MOIITHOCTH 32 BpeMsI OE3AKH Ha JAHHOM ydJacTe:

n n
2Pk 2Uklk
p_ksl _kId 4)
n n
IToHYI0 MOIHOCTE S ONpeeUM YHUBEPCAIbHOM (opMyIoii

S=Uul, (®)

rae U ’ I - HeﬁCTByIOHlHe 3HA4YCHUA peaJ'II/ISaLII/Iﬁ HAIIpSKCHUA U TOKA 34 BpEMsI IOC3IKU:

: (6)

roe B (4) u (6) py,Uy, |k — mucKpeTHBIE 3HAYEHHMS COOTBETCTBEHHO MTHOBEHHON MOIIHOCTH, HANPSDKCHUS U
TOKA B IPOM3BOJIbHBIA MOMEHT BPpeMeHH [y moesjku; N — obliee KOIMYECTBO TOYEK JUCKPETH3ALNH peanun3a-
unn crygaiasix Gysxmmin p(t),U(t), 1(t)[1, 5].

Jlis ompeienenus peakTHBHOM MomHocTH Q, Kak M3BECTHO [6], MPEUIOKEHO MHOTO METOIOB U TOT BO-

MPOC OCTaeTCsl TUCKYCCUOHHBIM JI0 HacTosiiiero Bpemenu. Cornacto [6, 7], HanOosee NnepcrneKTHBHBIM MOJIX0-
JoM K onpenenennio Q sBnsercs konuenuus Opuse [8], cornacHo KOTOpoit

Q=Qp=VS?-P?, 7)

rae Qg — peaxTuBHas MOIIHOCTD 110 Dpy3e, HA3BAHHAS UM «HEAKTUBHOH COCTABILIONICH OTHOU MOIIHOCTHY.
Aunanusupyst ko>bdumuentsl A u tgQ, BCeraa MoapasyMeBaT UX KOIMYECTBEHHYIO MEPY, KOTOpast MpH
YCTaHOBHBIIIEMCS peXHMe pabOTHI yCTPOICTBa €CTh BeTMYNHA HEM3MEHHAs, TIOCKOJIBKY OIPEIeNSIIOT STH MOKa-
3aTeNd TI0 PACCMOTPEHHBIM BBIIIE MOITHOCTSIM, SIBIISIOIIUMICS WHTETPANTGHBIMA XapaKTePUCTUKAMH SHEPTeTH-
ueckoro nporecca. [loatomy Boipaxkernsmu (1) 1 (2) onpenensioTes MHTerpaibHble Benndubsl A u tge. B To-
)K€ BpeMsl, B CBSI3H C HEIPEPHIBHBIM H3MEHCHHEM peKrMa pabOThl TpaMBasi, OYIAYT U3MEHATHCS MOTPeOIIIeMbie
aKTHBHAS M TIOJHAS MOIIHOCTH, a coriacHo (1) u (2) u k03 duImeHTsl MOIHOCTH. TakuM 006pa3zom, F3HEPTod §-
(heKTHBHOCTH pabOTHI TPaMBasi B KCILUTyaTallMK HEBO3MOXKHO OIICHHUTH B TOJHON Mepe ¢ IOMOINIbI0 HHTETPajb-
HBIX MOKa3aTesieil, KOTOPhIE B YaCThIX MEPEXOAHBIX PEKUMAaX SBISIFOTCS YCPEAHECHHBIMU BelTUYMHAMH. [1o3TOMY
JUIL ONTHMAJIBHOTO SHEPTOPETrYJIMPOBAaHMS B TAKOW CHCTEME HEOOXOIUMO TaKXKE PaccMaTpPHBaTh dHEPreTHYE-
CKHE TI0Ka3aTeN i B PEKMME PEATbHOTO BPEMEHH — KaK MIHOBeHHbIe QyHKImu, cooteTctBenHo A(t) m tgp(t);

BBITIOJIHUM OTO IJIA }\,(t) . OﬂHaKO B KJIACCUYECKOM QJICKTPOTCXHUKE U B TCOPUUN SHCKTqueCKOﬁ TATU HE MIPpEAY-

CMOTPEHO MOHATHS MIHOBEHHOTO K03((UIMEeHTa MOIIIHOCTH OCKOJIBKY OH OTIPENesIeTCs 1 yCTaHOBHUBIIETO-
cs pexnMa pabotsl ycrpoiicta [9]. IloaToMy, B KadecTBe IpruMepa, ONpee M MIHOBEHHYIO BEIMUUHY K03 hu-
IIMEHTA MOIITHOCTH UCXOS U3 OOIIEro MOHATHS U HHTErPaJIbHOTO BeIpaxkeHus (1) B BUIIe cleayromei GyHKITNH
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Mt)=%, ®)

roe P(t) u S(t) — MrHOBEHHBIE COOTBETCTBEHHO MOTPEOIsIeMasl aKTHBHAS M [IOABCACHHAS TIOJHAS MOIIHOCTH
TpaMBas.
Just nonygennst yuximii P(t) u S(t)3anmmem uHTerpanbHoe BbIpaxkeHHe KOI(DQUIMEHTa MOLIHOCTH

TpaMBasi 3a MMPOHU3BOJIBHBIA NEPHOJ BpeMEHH | ero paboThl Yepe3 3HaUCHUS MTHOBEHHBIX BEJIMYMH HaIpsKe-
HUS ¥ TOKA

1T
?(I)U(t)l(t)dt

A= 9)

1T2 1T2 .
—|UL(t)dt, | = [19(t)dt
Huoa 211

Peamusaunn dynxuumii U(t) u 1(t) B 9ToM BhIpakeHHH Ha paccMaTpUBAEMOM MPOMEKYTKE BPEMEHH T
muckperusupyem Ha N pasubix nnrepsanos AT =T, — Ty, a B npenenax unrepsana AT , B CBOIO odepenp,
pasgermm U(t) u I(t) ma M pasubix untepBanoB At =t 1 —t;, (puc. 3). Takum 06pasom, moxydaeM 4TO

T =NAT ,a AT =MAt, Tornga ksanTOBaHHBIE (yHKIMHA HAIPsKEHHS B Toka conepxar N-M spauenmii.

Tt

. 7:1+2

s

sl ] t
AT

Puc. 3. K onpenesieHni0 MrHOBEHHOT0 K03 (pHIIIeHTa MOLIHOCTH

Jlanee BBesieM pamxupoBaHHyto nepemernyo N=1,2,...,N  u B pesynsrare na N yuactkax Bpemenu T
onpenemuM N 3HaueHuii aktuBHOl P, u moaHoit S, MomHocteil o M 3HauYeHHMsM HANPSIKEHHUS U TOKA, T.€.
uepe3 uHTepBasbl BpemMeHu 1, =AT,2AT,...,NAT. Tem cambiM OmpeaendM HEH3MEHHbBIC 3HAYEHHS MOIIHO-

CTell M, COOTBETCTBEHHO, KOA(P(UIMEHT MOIIHOCTU B mpeaenax Kaxzjoro yuactka AT . Torma mans uHTepBaia
Bpemenn AT (puc. 3) MOXHO 3amucath 3HaYeHHe KOI(D(DUIMEHTAa MOIHOCTH KaK MHTETPAIbHON BETHMYHHBI B
BHJIE:

1 Th+AT 1M
A Juoitdt S U AL
MAT)= Tn ~ AT e , (10)
1 TntAT 2ot 1 Tn+AT|2tdt \/1 %UZAt\/l %IZA'[
AT 1:[] U (t) _I:L ( ) AT owr) m AT = m

e B YMC/IUTENE NPUBEIEHA MOTpediseMas aKTUBHAs MOIIHOCTh Ha MHTepBaje BpeMenu AT , a B 3HaMEHATele
— MOJIHAst MOIIHOCTH 3a TOT ke MHTepBa. Ecnu onpenenuts npenen Beipaxenus (10) mpu AT -0 u At —0
(a, coorserctBenno, N >0 u M — ), mpuyem At <<AT , 1o ecTb, Benuuuna Al — marnas Goniee BEICOKOTO
nopsznka, yeM AT , Torma (10) GymeT cCTpeMHTbCS K 3HAYEHHIO A B JAHHBIM MOMEHT BPEMEHH 1, TO ecTh, K
MIHOBEHHOM BenuuuHe Kodduimenrta momuoctu A(t):
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1 M
E ZUmImAt
Iim0 W = T —>Mt). (11)
At— 2 2
0. — Y URAL |[— > I At
MO aT mzzl VAT mzzl "

TTocKOMBKy B TIpeeax Kaxmoro us uatepsanoB AT Bemmumnbl P,S u cOOTBETCTBEHHO A HEM3MEHHBI,
10 BhIpakenue (11) MO3BONAET OTCIIEKUBATH UX M3MEHEHHE HA OCTATLHBIX BO3MOKHBIX OTpe3kax BpemeHn AT ,
1. e. nonyyars Gpyakuun P(t),S(t) u, B pesynbrare, A(t). B cuny cayuaitnoctu mpoueccos U(t) u I(t)

TpamBas QpyHKMs u3MeHenus A(t) Taroke Oyzmer ciydaiHOM.

MeToauka 3KCIepUMEHTAJBHBIX HCCIeA0BAHMI
s onpenenenust motdocteil P, S,Q mo dopmynam (4), (5), (7) Obuto mosydeHo 6 peanusanuii Hanpsi-

xennst U(t) utoka I(t) Tpamsaes tuna T-3]] ¢ miaBHBIM PEryIMpOBAHUEM MOILIHOCTH, SKCIUTyaTHPYEMbIX Ha

JIMHUSAX TOPAJIEKTPOTPaHCNopTa JIHEMPONETPOBCKa, @ TAKKe, B IEJAX aHAIM3a, HCTIONB30BaHbl 4 OCIMILIOrpaM-
met U(t) u I(t) tpamBas T-3 ¢ peocTaTHBIM perynMpOBaHMEM HanpsikeHus, npuseneHnsie B [10]. KauectBen-

HOe W KonmmuecTBeHHOe cpasHenne peammzamuit U(t) u I(t) tpamsaes, nomyuennbix B paboTe W B3ATBIX U3

[10], cBugerenscTBYET 00 OJMHAKOBOM XapakTepe uX u3MeHeHus. [IpogomKuTeNbHOCTh Kax a0l U3 pearn3aiuii
CITydaifHbIX MPOLECCOB HANPSUKEHHS U ToKa coctaBuia 30 mun. Usmepenue peammsamuit U(t) u 1(t) tpamsas

T-3/1 B manHO# pabote, a Tarke B [10] OCymIECTBISIIM MyTeM IMOIKIIOYCHUS MOPTATHBHOTO IEPCOHATHHOTO
kommbsioTepa (I1K) (puc. 4) k mopraM KOHTPOIBHO-U3MEPHUTENBHON CHCTEMBI TPaMBasi, COCTOAIIEH U3 AATINKOB
HaINpsDKEHUSI M TOKA, MOJKIIOYEHHBIX K CHIOBBIM IIMHAM TATOBOM LIETIM BaroHa, a TakXKe aHaJIoro-nu(poBOTo
npeoOpa30BaTeNs U YCTPOMCTBA CONMPSHKECHU (ajanrTepa) ¢ BHSITHAMHU YCTPOICTBAMHU.

Ha puc. 4 mokazans! natauk Toka (LEM(I)), BKITFOUeHHBIN TIOCIEIOBATEIFHO C CHIIOBOH IIETIBbI0 TpaMBasi,
narunk Hanpspkenus (LEM(U)), BkiroYeHHBIH napaiienbHo, TAe CHIIOBas Lelb TpaMBasl YCJIOBHO 00O3HaueHa
HepEeMEHHBIM pe3ucTopoM R (juist TpamBasi ¢ peocTaTHbIM peryaupoBaniem) win cunosbiM (IGBT) TpansucTo-
poM VS (Ui TUPUCTOPHOTO TpaMBasi C IJIABHBIM PETyIUpOBaHHEM). B kaduecTBe MaTUMKOB MCIIOIB30BAIN MH-
JIyKUUoHHbIe natunku ¢upmbl LEM, pabota koTopbix ocHoBaHa Ha 3¢ ¢exre Xomnna. BripabaTeiBaeMblil B HUX
CUTHQJI TIPOIOPIMOHAJICH pEaJbHON H3MepseMOoi »3JIeKTpPUYECKOM BeNWYMHE, KOTOPBI IOCie aHaJoro-
mdposoro npeodpazosarens (A/C) uepe3 amantep B peXMME PEaTbHOrO BPEMEHH BBIBOAWTCS Ha BHEIHEE
ycrpotictBo (IIK), rae 3amuceiBancs ¢ HeOOXOAUMOM YacTOTOH TUCKPETH3AIHH.

Kaxkiyro M3 MOJIyYeHHBIX peanu3anuii o0padaThiBaiy C BPEMEHHBIM HMHTEpPBaIOM jauckpermzarmu Al
HalJEHHBIM coryiacHo ¢ Teopemoii Kotenbaukosa [11]:

At<—,
f

8
rue T, — makcumanbHas (BepxHsist) yactora criekrpa uccneayemsix dynxuuii U(t) n I(t).

550B KonTakTHslii 1poBoj

MK

A/C

Pensc O

Puc. 4. [Ipuamunuanbnas 6J10K-cxemMa 751 MOHUTOPHHTA CTyqaiiHBIX TIPOLECCOB
U(t) u I(t) B cunosoii nenu Tpameaes [10]
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PesynbTaThl 4ncIeHHBIX pacuyeToB K03 gunnenTon
TloNb3ysCh IKCIIEPUMEHTANBHO MOJTYYEHHBIME peaiu3alusamMu Taroeix Hanpsokenns U(t) u toka I(t),

ObLIM paccuuTansl 110 popmynam (4) — (7) mommoctu P,Q, S, a 3atem no Beipaxenusm (1), (2) u (11) u kodd-
urmentsr A, 19 u A(t).

Kak BBITEKAaeT U3 aHaIM3a MONYYEHHBIX 1y TpamBaeB THna T-3]] u T-3 perucrporpaMm U OCLUILIOIPaMM,
TIPE/ICTABJICHHbIX B YACTHOCTH Ha puC. | u 2, Hanpsokenue Ha Tokonpuemuuke U(t) u tsrossiii ok |(t) tpam-

BAacB XapaKTECPU3YIOTCS 3HAYUTEIbHBIMU HEIPEPBIBHBIMU KoJIeOAHUSIMH BO BpPEMEHU. Anamms ITIOKa3bIBACT, YTO

IpY HeOOXOAMMOM HOMHHAIBHOM HAlpsDKEHUH B TsroBoM pexume U, ., =550 B ¢dakriueckue ero sHa4eHHS

n3Menstotes B npezaenax 500...850 B y peocrarHoro u 510...980 — tupucropHoro (¢ pexynepanueil) TpaMBaes.
TSroBeIi TOK NP SKCILUTyaTallMk U3MEHSETCS B Mana3oHe OT BEJIMYMHBI TOKA X0JOCTOr0 X012 (TOKa BCIomara-
TENBHBIX MaluH) npu Beidere 10 1050 A. ITo cpaBHEHHUIO ¢ HANPSDKEHUEM M TOKOM JIEKTPOBO30B PeasIu3alui
U(t) u I(t) TpamBaes umerot Gostee KoneOaTeNbHbINA XapakTep. ITO OOBICHIETCS TEM, YTO BECH MIEPHOA pabo-

TBI 3JIEKTPOBO3 C MOE37I0M SIBIIAETCSA 0O0ee NHEPIMOHHON CHCTEMOM, CKOPOCTh €TI0 JBIKCHUS MPHU YNPABICHUH
W3MEHSETCS MEIVICHHEE, €M Y TpaMBas, a, COOTBETCTBEHHO, 00JIee TIIaBHO U3MEHSIOTCS M OTPEOIIEeMbIE TOKH,
U HampsDKEHUE Ha TOKONPHUEMHHUKE. Y TpaMBasi )K€ YacThle YCKOPEHUs U 3aMENJICHUS] — Pa3sTOHbl U TOPMOKECHUS
— HE0OXOIMMBI Ha KOPOTKUX yJacTKaX MEXAY OCTaHOBKaMH. Kpome 3Toro, pekxuM ynpaBlICHHS B yCIOBHAX T'O-
POZACKOTO NIBWXKEHHMs JeflaeT TpaMBal Ul TATOBOM ceTu Oosiee AMHAMUYHOMW, PE3KO MEPEeMEHHOH HarpysKoil.
OTMeTUM Takxe, 4TO y TPOJUIEHOYCOB B YCIOBHUAX OCIOXHEHHOTO XaOTHYHOIO IBHKEHUS aBTOTPAHCIOPTA, Ts-
roBasl Harpys3ka eie 6onee U3MEHUUBA.
BeposaTHOCTHBIE XapaKTepUCTUKH HAPSKEHUS U TOKa IIPUBECHHI B Ta0I. 1.

Tabnumna 1
BeposiTHOCTHDBIE XapAKTEPUCTHKHY HANIPSIZKEHUsI H TOKA
Tun BeposiTHOCTHBIE XapaKTePUCTUKH
TpamBas my, my, oy ol Mou » Moy , Mev: | Mg
B A B A B A B A
PeocraTHblii 718 409 50 307 733 26 711 472
TUpUCTOPHBII 713 255 48 245 722 44 711 155

KosdduumeHt MomHOCTH A U KOOQGUIHMEHT PEaKTUBHOM MOIIHOCTH tQ(, PACCUMTaHHBIE 10 Pealu3alu-

M CIIy4alHbIX (DYHKIHMHA HAIPSHKEHUsI U TOKA, SBJSIIOTCS ClIydaiiHBIMU BenumurHaMH. OHHU 3aBHCSAT OT MHOTHUX
(hakTOpOB, OCHOBHBIEC U3 KOTOPHIX: MPOQMIL YUacTKa IMyTH, BECOBasi HArpy3Ka MaccakupoB, PEXKUM yIpaBIIeHUS,
T. €. KBaM(UKAIUs BOIUTENS TPaMBask U 1p. Pe3ysbTaThl pacyeToB MOIHOCTEN U K03 duumentoB A u tge

JUIA OHHOI>'I peajm3aln peKruma pa6OTLI PEOCTATHOTO TpaMBad U TpaMBasgd C HUMIIYJIbCHbIM PEryJIrupOBaHUCM
MNPpUBCJACHLI B Ta0II. 2, us3 KOTOpOI7[ BBITCKACT, YTO IJId BCEX HCCICAOBAHHBIX KBA3WYCTAHOBUBIINXCSA PCIKHUMOB

paboTEl 060X THIIOB TPAMBAEB, BO-TIEPBBIX, KOO()(QUIMEHT MOIHOCTH A 3aMETHO MEHBIIE HOPMATUBHOTO
3HaueHus, pasHoro 0,92 ...0,95, u cocrasuser 0,308 ... 0,825, a koaddunuent tge cymecTBeHHO NpeBbIIAET

HopMatuBHOe 3HaueHne 0,25 u 3akiroueH B nuamnazone 3,09 ...0,686. Bo-BTOpEIX, B peskuMe ¢ BeIOeraMu U 0e3
pekynepaiun A TpamBaes paseH 0,562, To ecTb MeHblie, a tgp paseH 1,473, T0 ecTb GoIble, YEM Y DIEKTPO-

Bo30B JIE1 u BJIS, s kotopbix A u tge coorBercTBenHo coctaswmy: 0,75 ... 0,87; 0,882 ...0,56 (uis JE1) n

0,58 ... 0,71; 1,519 ... 0,992 (nna BJI8). B-TpeThux, BLIOETH M PEXKUM PEKYIEPAIMH CYIIECTBEHHO CHMKAIOT A
10 0,308 1 mosbimaioT tge 10 3,09; coberBenHo B peskume pexynepamyn A =0,466, a tgp=193.

Tabmuma 2
Pe3yabTaThl pac4eToB MOIIHOCTel M K03 pUIIHEHTOB Au tge B
KBa3HYCTAHOBUBIIUXCH PEKUMaAX paﬁOTLI TpaMBaeB
OHepreTuvecKue U, l, P, S, Qp. A tg
BeJIMYHHBI B A kBT kBA KBap P
C peocTaTHBIM C BbIGeramn 714 312 116,1 222,8 190,2 0,521 1,638
= peryjuposanueM | Be3 BoIOeros 699 512 281,7 357,9 220,8 0,787 0,784
2 be3 pexynepa- 706 269 | 1067 | 1900 | 1572 | 0562 | 1473
Z MU, C BbIOeraMu
2, -
= | Cummyascnniv bes pe"y“ﬁepa 697 345 1983 | 2405 | 1361 | 0,825 | 0,686
Z | peryaupopanuem IMH H BBIDETOB
C pexynepammeii | ;1) 254 556 | 180,6 | 171,8 | 0,308 | 3,090
M BbIOEraMu
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MeHnblas BeIuduHa KOB(i)(l)I/IIII/IeHTa MOLIHOCTH TpaMBac€B, IO CPAaBHCHUIO C }L 3JICKTPOBO30B (I/I OoJbiiiee
3HAYCHUC tg(p) o0BsacHsETCS 00JIee HHTEHCUBHBIM XapakTepoMm KoJIeOAHU TATOBOIO TOKA TpamMBas BCJICACTBUC

OoJIbIIeH HCCTAllMOHAPHOCTH 3HeKTpOHOTpe6J'IeHI/IH. Kak nokasanu pacyeThl, NPEBAIUPYIOUICC BIUSAHUC HA WUH-
TCrpajJIbHbIC BEJIMYNHBI 7\,, tg(p OKa3bIBaCT ABHO BLIpa)KeHHI:Iﬁ pe3KOHepeMeHHLIﬁ cnyqaﬁﬂmﬁ XapakTep TAro-

BOTO TOKA, YTO OOYCJOBJICHO TEXHOJIOTMYECKHMH (aKTOpaMH SKCIUTyaTallid TpaMBacB. BiMsHHE U3MEHEHHS
HaIpsDKEHUs Ha TOKONPHEMHHUKE Jake B IpelesaX, yKa3aHHbIX B Tabiuie 1, MeHee 3aMeTHO. B npenmnosnoxeHnn
NOCTOSHCTBA HAIPSDKEHHS HA TOKONPHEMHHUKE 3a BpeMs IMOE3IKU Ul pealu3alyil TArOBOro ToKa OBLT paccyu-
TaH K03((GHUINEHT MOIHOCTH, B PE3yJIbTaTe €ro 3HAUCHUS YBEIMUUBAIKNCh Ha 3...4 %.

Bblliie BBINOJHEH aHATU3 3HAYEHUH A 1 {QQB KBa3WyCTAHOBHMBIIMXCS PeXUMax paboTsl TpamBaes. bonee
pe3KHe JTUHAMHYHbIE KOJIeOaHUs yKa3aHHBIX KO3()(HUINEHTOB HAOIIOAAIOTCS B MEPEXOAHBIC PEKHMBI, TOYHEE
npH cOpoce Harpy3KH M MOCIIEIYIOMEM IIyCKe TpaMBas, YTO YETKO IPOCIICIKUBACTCS B IIOBEACHUH 3aBUCHMOCTH
MIHOBEHHBIX 3HaueHmit koadhduimenta Momuoctn A(t), momyueHHbIX Ha ocHoBanuu (opmysst (11) u mpex-
CTaBJICHHBIX Ha pHC.5, 6. 13 puc. 5 Takke cienyer, 4To MTHOBEHHOE 3HaYeHHE KOG UIMeHTa MOLTHOCTH 3Ha-
YUTEILHO CHMXKAETCS B T€ MOMEHTHI, KOTJIa IIPOUCXOANUT PE3KOe M3MEHEHHE MOTPedsIeMoro Toka (HapacTaHue
Wiy yObIBaHHE), T. €. B MOMEHTHI UCKaXXCHUsI (POPMBI TSATOBOTO TOKA M COOTBETCTBEHHO HANPSDKEHHS Ha TOKO-
MPUEMHHUKE.

B 3aK/II04E€HHE 3aMETHM, YTO HU3KHME 3HAUEeHHUs K03()(PUIMEHTA MOIHOCTH A M GOJIBIIHE 3HAYEHHS KOI(-
¢uuenTa tgp CBUAETENBCTBYIOT O MOBBIIICHHOM HNOTPEOIEHHH HEaKTHBHOI MOIIHOCTH TpamBaeM. CleiCTBH-
€M 9TOTO SBJISIETCS JONOJHUTENbHAs HAarpy3Ka 3J1eKTpooOOpyJOBaHHUS TPaMBasi M TATOBOM CETH PeakTUBHBIM TO-
KOM, a B pe€3yJibTaTe, U yBeJ’IH‘IeHHLIﬁ pacxo 3JICKTPOIHCPIUU HA TATY. HOSTOMy, BHC BCAKOI'o COMHCHUS, U B
3TOH CHUCTEME 3JIEKTPUUYECKOTO TPAHCIIOPTAa HEOOXOMMO NMPUMEHEHHE PA3INUHbIX MEPONPHUSATHI 110 KOMIIEHCa-
MU PEaKTHBHOH MOITHOCTH TPaMBaeB.

U,B7 I I I U\ I I\\ I I I ]
17,512 " ”“N },‘ﬁ‘l*”

0 50 100 150 200 250 300 350 400 450 500 550 600 ¢c
a)
A I I ] l I [ [ I
0,9
0,8
0,71
0,6
0,5 -

0.4 | | 1 1 1 1 1 1 1 1 | 1 1
0 50 100 150 200 250 300 350 400 450 500 550 600 ¢,c
6)

Puc. 5. Peanuzaunu HaNpPs’KEeHUs HA TOKONIPUEMHUKE U(t) H TATOBOI'0 TOKA I (t ) PE€OCTATHOI0 TPaAMBas (a) H COO0T-

T

BETCTBYHOIIMIA MM rpaduK peaju3alud MTHOBEHHOr0 KO€(pGpUIHEeHTa MOIHOCTH X(t) (6) coruacuo (11)

BroiBoabI

1. Cucrema «rpamBaii», KnaccupUIUPYSICh KaK CUCTEMa 3JIEKTPHYECKOTO TPAHCIOPTa MOCTOSHHOTO TOKa,
SIBJIIETCS IO CYTH CUCTEMOM NIEPEMEHHBIX HAIPSDKEHUS U TOKA.

2. Pe3ko HeCMHYCOMAANIBbHBIN CIyJalHBIH XapaKkTep W3MEHEHHS TATOBBIX HANpPsDKEHHUS M ToKa (OCOOCHHO
TOKa) 0OYCJIOBJIMBAIOT OYCHb HHU3KHE 3HA4YeHHs Ko3((HUIMEeHTa MOIIHOCTH M OYEHb BHICOKHE 3HAueHHs KO3(-
(unrenTa peakTMBHOM MOIIHOCTH TpaMBasi.

3. OcobeHHO oTpHIaTEIFHOE BIUSHIE HAa YKa3aHHBIE YHEPTeTHUECKUE KOA(PPHUIMEHTH OKa3hIBAIOT PEKHU-
MBI: COpOC HAarpy3KH; BBIOET; OCIIENyIOlIee Pe3K0e HapalllMBaHHUE TATOBOTO TOKA; PEKyIepalusl.

4. [Inst yirydIIeHns: 3HEPTeTHUECKUX XapaKTEePUCTHK TpaMBas HEOOXOANMBI pa3paboTKa W NPUMEHEHUE Me-
POTIPHUATHII M0 YMEHBUICHUIO €r0 PEeaKTHBHON MOIIHOCTH, MOTPEeOIeHNe KOTOPOH BBI3BAHO MPHUYMHAMH TEXHO-
JIOTUYECKOI0 XapaKrepa.
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AHAJII3 OCOBJIUBOCTEN POBOUYOI'O MTPOLIECY TA KOHCTPYKIIIA OIIOPHOI'O
BY3JIA YIAPHO-BIAZUEHTPOBUX JPOBAPOK 3 BEPTUKAJIBHUM BAJIOM
POBOYO0OI'O OPTAHA

Beryn

Iponecn npoOneHHs i MOAPIOHEHHS MIUPOKO 3aCTOCOBYIOTHCS B PI3HUX Tally3sSX MPOMHUCIOBOCTI. Tak,
JPOOJICHHIO 1 TOAPIOHEHHIO ITi A0 THCS:

1) xopwucHi KomanuHu Ha 30arauyBanbHUX (Gadpukax (MiAroToBYI omneparii nepe/ 30araueHHsIM);

2) ByriJuis Ha eNEKTPOCTAHIIISX, IO CHATIOOThH Y MUJIONOIIOHOMY CTaHi;

3) ByriJuIs Ha KOKCOXIMiYHHX 3aBOJaX, Mepe/l KOKCYBAHHIM,;

4) BamHsIKH 1 JOIOMITH, 1[0 BUKOPUCTOBYIOTHCS SIK (DITFOCH HA METAYPriiHUX 3aBOJIaX;

5) kamiHHS, 3 METOIO BUTOTOBIICHHSI IIEOCHIO TS MPOMUCIIOBOTO 1 JOPOXKHBOTO Oy IiBHUIITBA Ta iH.

Bigomo [1], mio Ha mporiecu ApoOseHHs 1 MoApiOHEHHs TBEPIUX MaTepialliB BUTPAYAEThCS I'ITh BiJICOTKIB
yCi€l eNeKTPOeHepril, 1110 BUPOOJISIETHCS B CBITI, 3 SIKMX 5% — BUTpATH, MOB’sI3aHi 3 APOOJICHHAM MPOAYKTY, 64%
— BUTpPATH, MOB’s13aHi 3 NMOAPiOHEHHsIM mpoaykTy, petra (31%) — BuTparu, NoB’s3aHi 3 TPAaHCIIOPTYBAHHSIM, Ce-
maparfiero Ta iH.

[Iponecu apobGireHHs (TIOAPIOHEHHS) XapaKTepPU3YIOThCS CTyIeHeM ApoOieHHs (MoapiOHEeHHs), 0 BU3HA-
YaeThes K BiHOMIEHHS MaKCUMAIBHOTO PO3Mipy YaCTHHOK Y HOYAaTKOBOMY HPOJYKTI 1O MaKCHMaJIbHOTO PO3-
Mipy YaCTHHOK y BUXiTHOMY MPOAYKTi. J{JIs1 OTpUMaHHS HEOOXiTHOTO CTyIeHs ApoOieHHs (MoapiOHEeHHs) Tpa-
JUINIAHO 3aCTOCOBYIOTH 0OaratocTaiiifHi cxeMu. Benmka KiTBKICTh CTaiii IPOOJCHHS ITO3BOJSIE OTPUMYBATH
MPOJIYKT HEOOXITHOI SIKOCTI, ITPOTE MPU3BOIUTD JI0 3HAYHOTO 301IBIICHHS €HEPro- Ta KalliTaJbHUX BHUTPAT, ye-
pe3 HeoOXiTHICTh B MaIIMHAX APOOJICHHS, OAPiOHEeHHS, TPAHCIOPTYBAHHS 1 cemaparii Ha KOXHIN cTafil.

BpaxoByroun BUCOKY €HEPTrOBHTPATHICTH caMe TPOIeCy MoApiOHEHHS, 1 MParHeHHS A0 3HIKEHHS KiTbKOC-
Ti cTaliil APOOIEHHS 1 TOAPIOHEHHS TPEACTABISAETHCS MIEPCIIEKTUBHUM 3HIDKCHHSI MAaKCHMANIbHOT KPYITHOCTI BH-
X1THOTO TIPOAYKTY Ha OCTaHHIX CTaAiix (cepemHs Ta ApiOHA) IpoOJeHHS 3a paXyHOK CTBOPEHHS CyJacHHX Ma-
IIMH IpOoOJICHHS, [0 MAaTUMYTh OUIBIINI [iama3oH IpoOJaeHHS (PI3HUIIO MK KPYITHICTIO TOYaTKOBOTO 1 OAep-
JKYBAHOT'O IPOJYKTY) IIPU TOMY CaMOMY PiBHI €HEProCIOXHBaHHSI.
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