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VICCJIEJIJOBAHUE PABOTHI 3/IEKTPOIIPMBOJIA CTPEJIOUHOI'O IEPEBOJIA HA BA3E
JIMHEITHOT O JIBUT ATEJIA

BBeaenue. OCHOBHO TEHIEHIMEH B pa3BUTHH KOHCTPYKIUH IEKTPonprBoaoB (DI1) CTperouHbIX IepeBOaOB SB-
JSIETCS CO3JJaHNE MEXATPOHHBIX CHCTEM C MUHMMYMOM CTyIEHEH nmpeoOpa3oBaHMs SHEPTUH. B Takux mpuBomax 3mex-
TPOJIBUTATENb HEMOCPEACTBEHHO NPEeoOpa3yeT 3JIEKTPUYECKYI0 SHEPIui0 B JIMHEHHYIO cuily 0e3 IpOMEKYTOYHOTO
PEIyKTOpa, YTO 00ECHEeYnBACT CHIKEHHE YHEPronoTpeOIeH s, NOBBIIICHHE HaJeKHOCTH M 0E30I1acHOCTH, a TaKkXkKe K
CHIDKEHUIO 3aTpaT BpEeMEHH Ha YKIaaky crpenounoro nepeona (CII), kak i 0ObIYHOTO, TaK U BHICOKOCKOPOCTHOTO
JIBIDKEHUS, 32 CYET OTKa3a OT IPeIBapUTEIbHOI0 MOHTa)Ka HA BCIIOMOTaTeNIbHOM TUIOIIa IKe.

ITocranoBKa 3agaun. CTpesovHble MEepeBobl pabOTAIOT MOJ| OTKPBHITHIM HEOOM HPHU Pa3IUUHBIX YCIOBHSX O[T
BJIMSTHUEM TIOTOIHBIX (DaKTOpOB (yHaBIIME CyXHe JIUCTbSI, JOXK/Ab, CHET U T.1.). VIMEIOT MecTo citydau, KOTr/ia OCTPSIK
KOHTaKTHPYET HE CO BCEMHU MEPEBOAHBIMH NOAyIIKaMu. KpoMe Toro, mepeBoIHBIE TIOBEPXHOCTH MOTYT OBITh CMa3aHBbI
(lwTatHOE COCTOSHEE) MO0 CMa3aHBl YacTHYHO, MO0 He cMa3zaHbl BooOIIe (HemTaTtHOe coctosHue). CymecTByer
npoOJiemMa 3arps3HEHHs TIEPEBOHBIX [TOBEPXHOCTEH B pe3ysbTaTe IMOMNalaHNs YacTHUYCK MEPEeBO3UMBIX I'PY30B (yroJb-
Hasl IbUIb, PyAHAs TbUIb, IEMEHT, Ma3yT, T.1.). [loaToMy KO3 (UIEHT TpeHHs He OJIMHAKOB 110 BCEMY ITyTH JIBIDKCHHUS
OCTpsIKa, YTO CO3JAeT YCJIOBUSI JUIsi BOBHUKHOBEHUS (DPUKIMOHHBIX aBTOKONeOanuii[1,2,3]. Kpome Toro, npucyrcrsue
3a30pOB B CTPEJIOYHOM IIE€PEBOJE HE TOIBKO B COEIUHEHUSAX TST, HO U B PEIyKTOpe HETaTMBHO CKa3bIBAETCS HA Kadye-
CTBE mporiecca nepeBoaa [1,2], mosToMy cBeleHHE WX K MUHUMYMY JIacT MOJIOKHUTEIbHBIA pe3ynbTar. Tak Kak 3Hauu-
TeJbHas YacTh PHEPTUU TPATUTCS B peayktope [1,2], To ero ympoleHue Takxke SBISIETCS OJHOW U3 OCHOBHBIX 3a/ad.
Bce atn pekomeHmanmy 0KHBI OBITH yuTeHBI Tipu pazpadotke D11 CII HOBorO THTA.

Marepuansbl ucciiefoBaHus. [IpuBeneHne B IBHKCHUE HCIOIHUTEIBHOTO MEXaHU3Ma U yIIPABICHUE 3TUM JBU-
JKEHUEM JUTS BBITTOJIHEHUS TEXHOJIOTHYECKUX OIEPAIMi SIBJISIOTCS OCHOBHBIMH 33/1a4aMH aBTOMAaTH3WPOBAHHOTO DJICK -
TponpuBoza. [Ipn 3ToM HE0OX0ANMO 3HaThH 00IIME 0COOCHHOCTH IEKTpoMexaHndeckor cucteMsl (OMC), BaxHeimme
e€ DJIeMEHTHI, CBSI3U U napaMeTphl. [103ToMy Ha OCHOBE KHHEMAaTHUYECKON CXEMBbl MEXaHHU3Ma COCTABIISIOTCS paCUCTHBIE
CXEMBI, OITUCHIBAIOLINE JIBI)KEHHE JIEKTPONpHBoa T depeHInalbHBIMU YPaBHEHUSIMH.

Onextpornpusoxn CII BeimonHeH Ha ocHoBe nuHeiHoro asuratens (JI) [4]. Taxoif mpuBox MO3BONAET CO3/aTh
OoJIbIIIME DIIEKTPOMArHUTHOM cuiibl. OOecneyeHne ke TOYHOCTH MepeMEIIeH s OCYILECTBISIETCS 3a CUET €ro0 CUCTEMbI
ynpasieHus. BBuay Bblme ckazaHHOro, peuiaraeMbiid mpusoz CII ¢ pacnonoxeHreM 000pyZOBaHUS B HEM NIPEJCTaB -
JIeH Ha puc. 1.
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Puc. 1 — Kunematnueckasi cxema CTPeJIOUHOTO MepeBojia
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Becpk mepeBox momemméH B kopryce (1) ¢ kpeImkoii (2) (uMeeT BHI IIMajibl), HA KOTOPOM 3aKpeIIeH pPaMHBIN
pensc (11). JIJI cocrout U3 4eTHIpEX OCHOBHBIX yacTeil: crartopa (3), 2IeKTPOMAarHUTHOW KaTymku (4), sxops (5) u
HanpasJsfonIero crepxkHs (6). JIJI ocyniecTBiseT npeoOpa3oBaHie IIEKTPUISCKOW SHEPIHH B MEXaHWYECKYIO, IIPUBO -
Il B ABIDKCHHE SIKOPH IBHUTATENs, KOTOPHIA Yepe3 BepTUKaIbHbIC TATH (8), mapHups! (9) u nmpomomsHyio Tary (10)
nepenaroT ycuire octpsikam (12), KoTopble OCYIIECTBIISIIOT CBOE IIEpEMEILICHUE MEX/Ty paMHBIM pestbecoM (11).
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B nauasne nmepeBoia pacCTosHUE MEXY STKOPEM U CTATOPOM COOTBETCTBYET PACCTOSTHHIO MEXKIY OCTPSIKOM M paM-
HbIM penbcoM u paBHO 152 mMMm. CosnaBaemast JIJI amekTpoMarHUTHAs CHJIa MEpPEMENIaeT SKOPh M0 HampaBisIoeMy
crepxHio. [Ipumenenne npyxuH (7) 00yCIOBIEHO HEIOCTATOYHBIM 3HAUYCHHEM JJIEKTPOMArHUTHOH CHIIBI B Hadale
mepeBoia, a Takke obecredeHrneM HeoOXOIMMOTo YCHIIMS B CIIydae IMpUMep3aHus OCTpsKa K paMHOMY penbcy. Bech
MIPHUBOJI CTPEIIOYHOTO MIEPEBOJIa COCTOUT U3 JABYX MPEACTABICHHBIX YaCTEH IS OCYIICCTBICHUS PEBEPCUBHON paOOTHI.

BBuny Toro, uTo ycuime K MPOAONBEHOU TATE OT SKOpeH mepemacTcs depes IBE BEPTHUKAIbHBIC TSTH (YCHIHE K
MPOJIOJIHOW TATE MPHUKIIAIBIBACTCS B JABYX TOYKAX), a TAK)Ke IMpeHeOperas 3a30paMu B MAPHUPHBIX COCAUHCHUSX (TI0 -
CKOJIBKY 3TH 3a30pbl Mallbl), IPEAJIaracMy0 KHHEMaTHYSCKYI0 cxemy (puc. 1) MOXHO HpPeJCTaBUTh, KaK abCOJOTHO
KECTKYIO CHCTEMY, a, CJIeIoBaTeIbHO, MHOTOMaccoByto Monenbs DOMC cymectBytomero CII MOXXHO 3aMEHHUTH OJTHO-
MaccoBoi (puc. 2):
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Puc. 2 — CTpyKTypHasi cxeMa CTPe/IOYHOrO MepeBoja

B nipeawiayiux pabotax [4, 5, 6] Ha ocHOBe ypaBHeHwMst Jlarparyka [7] 6biia mosyyeHa cucteMa JuddepeHiiras-
HBIX ypaBHeHUH (1).
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rje i — TOK B 0OMOTKe CTaTopa;
¥(i,x) — MOTOKOCLICIUICHUE CTATOPa;
E — HanpshbkeHre MCTOYHMKA ITUTaHus;
7 — CONPOTHUBIICHHE OOMOTKH CTaTOpa;
V — CKOpOCTB JBUXKECHMUSI SIKOPSI;
o — K03 QUIMEHT TPEHUS MEKAY HAIIPABISIOMIEH 1 AKOPEM;
F, — cuna conpoTuBieHus;
Fop — cuna npyxuHsl;
X — TIepeMeIeHHE SKOPS.

Jns uneHTHUKANK 11apaMeTpoB MaIllMHBl HEOOXOANMO YCTaHOBHUTH 3aBHCHMOCTH MEXIY ITOTOKOCIECIIEHHEM
Y(i,x), ¢ OAHOI CTOPOHBI, OOOOIIECHHBIME KOOPIMHATAMH M MX MMPOU3BOIHBIMU C Apyrou. JIjis 3TOro ObLT MPOBEIACH
KOMIUIEKC IIM(POBBIX IKCIIEPUMEHTOB M ONpPEeNIeHbl 3TH 3aBUCUMOCTH. J[1s onpenesneHus 3Ha4eHHs MOTOKOCLEIIE -
HUH OBIT MPOBEIEH pacyeT MarHUTHOTO 1ot JIJ[ B IByMepHOI MOCTaHOBKE C MCTIONB30BaHIEM METOa KOHEUHBIX 3JIe-
MEHTOB JUIA IIOCKONapasuleNnbHol 3agaqun. [1o pesynpraram aHanM3a MarHUTHOTO TOJISI MOXKHO ONPEACINTD 3HAYCHUS
notokocrerieans ¥(i,x) JIJI u 3HaueHHE AIIEKTPOMArHUTHOM CHIIBL.

Pacuer OCYHICCTBJIAJICA € IOMOIBIO NOAIIPOTrpaMMBblI, HaIMCaHHOHN B TEKCTOBOM (bai/'me Ha sa3bIKe Lua. FpaHI/I‘{HI)I-

MU O0JIACTSIMH TAKOTO pacyera ObUIO MOJI0KEHUS SKops — oT 152 1o 0 MMm. PacmpeneneHust 311€KTpOMAarHUTHOM CHITBI U
MOTOKOCIIETJIEHHUS B BUJIE TIOBEPXHOCTEH MPeICTaBICHBI Ha puUC. 3.
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Puc. 3 Pe3ynbraThl 1)pOBOro MOJETMPOBaHUS @ — 37IeKTPOMArHUTHas Cuia, O — MOTOKOCLerieHHe

Ha ocHoBanuu auddepeHumaibHbIX ypaBHeHU (1) M MOJIyYeHHBIX B pe3yJbTaTe allpoOKCUMAalul HeNPEPhIBHBIX
3aBHCHMOCTEH MTOTOKOCIEIUICHHS U 3JICKTPOMAarHATHON CHIIBI (pric. 3) ObIIa MOCTpOeHA CTPYKTYpHAs CXeMa DIIEKTPO-
npuBoja c JIJI, mpencraBieHHas Ha puc. 4.
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Puc. 4 — CtpykTypHas cxeMa 3s1eKrpornpusoga ¢ JI/T

|v> >

Ycunue nepeBojia CTpe/KM 3aBUCUT OT Beca IlepeMelllaeMblX yacTell CTpesIKy, THIIA pesibCOB, MeCTa 3aKpeljieHus
TIePeBO/HBIX TAT U KO3 duIrieHTa TpeHHs OCTPSIKOB O TIOAYIIKY. Bce yKa3aHHBIE BeJTMUMHBI, 32 UCK/IIOUEHUEM T10CTIe] -
Hel U3BECTHBI U [/11 PACMPOCTPAHEHHBIX BUJOB CTPEJIOK MPe/CTaB/ieHbl B Tabstuiie 1.

Tabsnuna 1 — OCHOBHBIE IaHHBIE MEPEBOIHBIX MACC

KomuectBo
Tun pensca Mapka nepesoza JnvHa ocTpsika, M Bec octpsika, H —
P75 1/11 8,3 4150 16
P65 1/9 7 3000 12
P65 1/11 8,3 3600 16
P65 1/18 15,5 6700 28
P65 1/22 18,5 8000 34
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Bennunna koaddupenTa TpeHuss MOXeT HaxoAuThes B nipezenax ot 0,05 no 0,8 1 3aBUCUT OT COCTOSHHS CTpEI-
KM - Ka4ecTBa CMa3KH CTPEJOYHBIX IOAYIIEK, YHUCTOTHl 0OpabOTKH MX MOBEPXHOCTEH, a TaKkXKe IOJOIIB OCTPSIKOB H
npyrux (akropoB. CpenHsis BeTHInHa KOdPPHUIHEHTa TPEHHU 110 TIOBEPXHOCTHU CTaIb-CTalb IIPHBeIeHa B Tabmwe 2.

Tabsuna 2 — KoabduimeHT Tpenvs

KoadduienT tpeHus
Tpyiyecss MaTeprab TIOKOSI CKOJTBKEHUS
6e3 cMa3ku CO CMa3Kou 6e3 cMa3ku CO CMa3Kou
Cranb — cTanb 0,8 0,5-0,4 0,15-0,3 0,05-0,18

Ha ocnoge [1,2,3] npu MoenupoBaHUM MPUHITA HA PACCMOTPEHHUE XapaKTEPUCTHKA TPEHUsI, KOTOpask Mpe/CTaB-
JIEHa Ha pucC. 5.
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Puc. 5 — Obsactb u3MeHeHust K03 dULIMeHTa TpeHUs

ITpu pabore CIT Ko3hPULMEHT TPeHHsT KOHTAKTHUPYIOLIMX MOBEPXHOCTEN MOXKeT HaXOAUTCS B 3alUTPUXOBAaHHOU
06s1acTH, OrpaHUYEHHOUN JBYMSI KDUBBIMU.

Ha ocHoBaHnM pazpaboTaHHOH CTPYKTYPHON CXEMBI AIEKTPONPHUBOIA U C YIETOM PEKOMCHIAIMN MTPUBEICHHBIX B
[2, 3], ObLT IpOBENIEH KOMITJIEKC MMHUTAIIMOHHBIX SKCIIEPUMEHTOB 10 MoJeupoBannto padbotsl CII mpu MUHUMAJIBHBIX,
CpEeIHUX M MaKCUMaJIbHBIX 3HaUeHHUAX Koadduumenra tpenus. MccnenoBanus mokasaim, YTO PH ONPEAEIEHHbBIX coue-
TaHHUIX 3HAYEHUI XapaKTePUCTUKU Harpy3ku B KuHeMaTuueckor JuHUU CII MOryT BO3HHKAaTh KoJeOaHMs B HHTEPBAJe
Bpemenu ot 0,6 10 0,8 ¢ oT Hayana ABUKEHUS, YTO COOTBETCTBYET cepeaune xoaa JIJI, semmuunoii 1o 250 H. C yBenu -
YEHUEM JKECTKOCTH XapaKTePHUCTHUKH TPEHUs 3TOT 3G (HEeKT CHUKAETCs 10 BpeMeHH ero npotekanus ¢ 0,22¢ mpu =5
He/m mo 0,09¢ ipu = 7 He/m. Ilpu makcumansHOM 3HadeHue sxectkoctd (10 He/m) o BooOImIe He HabmomacTcs.
IIpouecchl nokaszansl Ha puc. 6, 7, 8.

BriBoapl. VccnenoBanus nokasaiu, 4TO IpU OMpPEIEICHHBIX COYETAHUSIX 3HAUEHUN XapaKTepUCTUKU HATPY3KH B
krHeMatndeckoit muauu CIT MoryT Bo3HHKATh KoJjieOaHus dneKTpoMarHuTHou cuibl JIJI B uHTEepBane Bpemenu ot 0,7
1o 0,8 ¢ oT Hayana IBIKEHUS, YTO COOTBETCTBYET cepenune xona JIJI, Benuunnon no 250 H. Kpome Toro, k€cTkoCTh
XapaKTePUCTUKU TPCHHUS BIHMSICT HA BpeMsl IepeBoja CTpesiku. [1omydeHHBbIC pe3yibTaThl MOKA3bIBAIOT IeJIeco00pa3-
HOCTBH TIPUMEHEHUS CHCTEMBI YIIPABJICHHUS, YTO TTO3BOJUT OCYIIECTBIATH PETYIHPOBKY CKOPOCTH JBHKECHHUS OCTPSIKOB U
TUTaBHBIA UX JOBOJ K paMHOMY PEJIbCY.
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Puc. 6 — I'padviku U3MeHeHus TATOBOM CUJIbI (a) U CKOPOCTH (0) TpH ®ECTKOCTH XapakTepucThku Tpenus 3 =5 He/m.
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Puc. 7 — T'padyiku U3MeHeHUsI TATOBOU CUJTbI (a) U cKopocTH (6) mpH %KECTKOCTH XapaKTepucTUKH Tperus B =7 He/m.
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Puc. 8 — I'paduku u3mMeHeHust TATOBOW cuiibl (a) ¥ cKopocTH (0) mpu ECTKOCTH xapakTepucTuku Tpenus = 10 He/m.
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