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OINEHKA BOSMOXHOCTH ITPHMEHEHH A PEAYVKTOPHOI'O ITPHBOJA
B TPAHCMHCCHH I'EOXOJA

VeenHueHEAE NOTPeOHOCTH B DOME3IHHE HCKONAR-
MHZX TpeldyeT NOBHINEHHA TEMNOE HOOHYH H CEOpO-
CTH MPOBEAEHHA FOPHLHX BHpadoTok. IlpH 3ToM Hau-
CONBIIYE TPYZOEMEOCTE COCTABNAET IPOBEfeHHE
NOATOTOBHTENBHEIX TOpHEX Brpaborox. Hambomns-
Wee PACOPOCTPAHEHHE MONYIHIH TEXHONOTHH C HC-
[IONB30BAHHEM NPOXOFYECKHE MAIIHE TPagHIHOHHO-
ro HCOONHEHHA, NPEACTABNEHHLHX B OCHOBHOM IIPO-
XOOUECKHMH KoMOaiHAMH H OpoXOoQ4eCKHMH L[HTA-
mE. IIpoxogueckHe KoMOAHHE H IMHTH HMEIOT DAR
HEROCTATKOE. 3TO OTPAHHYEHHE 00NACTH IPHMEHEHHA
o yraaM HaKlIoHAa NPOBOAHMEX BEIPabOTOK, CIOM-
HOCTh COIZAHHA JOCTATOYHHYX TATOEHX H HANOPHHX
VCHNHH (HONHTKE 0DECHEYHTE TAKHE YCHIHA 38 CHET
VBENHYEHHA MACCH IPOXofYUeCcKHY KOMOaHHOB, KOTO-
pas yxe npesumaet 100 T, monHoCTEI He pemandT
3ToH mpobneMer).

Ha ocHoBaHHH pAKA NpOBELEHHEX HCCIefoBaHUH
[1, 2] xonnexTHBOM VHeHRX DENA OpefloXEeHA Alb-
TEePHATHEHAA TEXHONOTHA NPOBEREHHA FOPHLHX BHpPA-
0OTOK, HNONYYHBINAA BHOCIEfCTEHH HAIBaHHE Teo-
BHHYECTEpHOH, Da20BEIM 3MEMEHTOM KOTOpoH ABNA-
eTCA TEOX0[ — ANNapaT, JEHEYIMHACH B HOgIeMHOM
IPOCTPAHCTBE C HCOONLICBAHHEM Ceocpefi. B Ha-
CTOAIIEE BPeMA BEAYTCA padoTH MO COIJAHHIO Teo-
XO4OB HOBOTO MOKONEHHA, IPH 3TOM CHEDEHBAIOI[HM
AKTOPOM ABNASTCA OTCYTCTEHE 000CHOBAHHEX KOH-
CTPYKTHBHHEX pEMEHHH ero OCHOBHEX (YHKIHO-
HaNBHHX y300B H cHeTeM OcHOBHOH cHeTeMoH reo-
x0fa, obecneunBaom el Mepefady ¥ CHIHA BHELIHE MY
OBHEHTENIO H § opMHEpPOBAHHE HANODHOTO YCHAHA HA
HCOONHEHTENBHOM OPTaHe ABIAETCH ero TPAHCMHCCHA
HIEpEMEL EHHA.

TpaEcMHCCHE ¢ BpaljaTelbHHM JEHEEHHEM Ie-
pefad NONYHYHEIH B NPHBOAAX COPHEE MAlHH HaH-
Gompmee pacnpoctpanesre [3, 4]. Hxz ocuHoBrmHE
IPEHMYOIECTBA OTCYTCTEHE HEoOXOJHMOCTH Ipeod-
PaioBaHHA NOCTYNATENLHOTO REHEEHHA BO BpAlla-
TeNbHOE, HOCTATOYHO BEICOKHH K ILJ., BEICOKAA Ha-
rpy30uHAd CHOCODHOCTE

B wauecTBe HCTOYHHKOE BPALATENLHOTO JEHEE-
HHHA — EBHraTeleH MOTYT BHCTYNATE 3IEKTPOLBHIA-
TeNH, NHEEMOJBHCATENH, THEpoMOTopH. Haubomn-
Hiee PACHPOCTPAHEHHE NONYUHIH 3MEKTPOABHTATENH
H THAPOMOTOPH, A NHEBMOJEHTATENH IPHMEHAIOTCA B
OCHOBHOM TaM, TAE HEBO3IMOEHO NPHMEHEHHE 3IEK-
TpoOBHTraTENeH N0 VCIOBHAM 0e30MacHOCTH, & TaKEe
B MEXAHHIHDOBAHHOM HHCTPYMEHTE.

B snexTponpHBOLAY TOPHHE MAIIHH LIHPOKOE
pacopocTpaHeHH:S MONYYHAH ACHHIPOHHEE 3MEKTPO-
OBHTATENH NEPeMeHHOTO TOKA BO BIPEIBOSAL]HINEH-
HOM HCHONHeHHH. X oCHOBHHE JOCTOHHCTEA — HpO-
CTOT3 H HafeKHOCTh KOHCTPYKIHE, Donemof mycko-

Boff MOMEHT, XOpPOINAA MEPErpy304HAT CIOCOOHOCTE,
BHCOKHE k.1 HanpoTHE, ABHCATENH DOCTOAHHOLO
TOKA WHPOKOTO PACOPOCTPAHEHHA HE MONYYHIH, TaK
KaK HX TPYLHO CHeNaTb BIpHBoOesonacHEME [3]
MommuocTs OepeMEHHOTO
TOKA COCTABNAEST OT AECATKOE BAaTT KO THCAY KHIO-
BarT. CHEEpOHHAA HacTOTa BPALUEHHA My as COCTAB-
naeT pag 3000, 1500, 1000, 750 ob/muE, npEIeM qac-
Tora Bpamjesud /30 ob/MHE BeTpedaeTcA He y Beex
peurateneft. Taxme HeoOXOZHMO OTMETHTE, UTO Ta-

3NEKTPOABHTaTeNneH

OapHTHEE pa3MepHl GBHTATene® ¢ gacToTol Bpamge-

mua 3000 = 1500 obfmuur messme B 1,213 pa3

pasMepoB ABHCaTeneH ¢ yacToTaMu epamenna 1000

750 ob/uus (opu oguHAKOBOH MOLHOCTH).
IlepegaTousoe YHCIO PEAYETOPA COCTABHT

”M.ds (1)

HI’C

H=

YupTHBaa TpeOOBAHHE pPEaNHIAUHH HACTOTH
BpalleHHA FONOBHOH CEKIHH OTHOCHTENLHO IBOCTO-
Bo#H (nre = 1/15 ob/muu), HeoDTOogHMOE mepegaTOu-
Hoe gHcno cocTaBuT pag 45000, 22500, 15000, 11250
OpH 9acToTax BpameHud snextpopBuratened 3000,
1500, 1000, 750 ob/MHEH cOOTBETCTEEHHO.

Kak BHAHC H3 NONYMeHHOTO PALA NepefaTouHEE
MHCEN, ¢ TOUKH 3PEHHA YIPOIU[eHAA KOHCTPYKTHEBHO i
PEANH3AHE NPHBOLA H CHHEEHHA MACCOradapHTHRE
XApPaKTEPHCTHK PEefYETOPOB IPEANOYTHTENbLHEE HC-
OONL30BATE DONEe THEOXOAHLEIE ABHTAaTenH. B man-
HOM CIy9ae OBHCATeNH ¢ 4acToToH Bpampemms 1000
0D/MHH ABNAIOTCH CAMBIMH PacHpoCTPAHEHHEIMH B
UIHPOKOM JHANA30HE MOLU[HOCTEH H3 THXOXOJHEX

JuanazoE Bo3MOXHEX YacTOT BPALlEHHA ¥ THE-
POMOTOpPOB 3IHAYHTENBHO IIHPE —
3HAYEHHA MOCYT OHTE L0 HQeCATH THCAY H BHIOE
00/MHH,

MAKCHMAaIBHEIE

MHHHMAaIbHAA YacTOTA BPAN[eHHA OKOIO
20...30 ob/mur. IIpHE 3ToOM IHOPOMOTOPEH B HECKONEL-
KO pas MEHBUIE 3MEKTPOABHraTENeH Do Macce H rada-
pHTaM npH paBHoH momuocTH [5] Kpowme Tore, B
CIEMY ¢ THEPONPHEOLOM HECIOKHO BESCTH NIABHOE
PETYIHPOBAHHE YACTOTH BPAl[eHHA C HEHIMEHHOH
BeNIHIHHOH palBHBacMOTe MOMEHTA BO BCEM gHANA-
soHe. OTHENbHOTO BHHMaHHA 3aciy HHBAKT Tak Ha-
smBaemue LSHT (Low Speed High Torque) ragpo-
MOTODH — HHIKOCKODOCTHEIE BEICOKOMOMEHTHEIE Da-
O HANLHC-TOPII HEBEE FHAPOMOTOPE, HAPHMER § HpM
Denison Calzoni, Riva Calzoni [6] Munumanouas
yacToTa BpaumeHud go 0.5 ob/mMun, MmakcEMansHas — B
3aBHCHMOCTH 0T THOOpaIMepa. TeM He MeHes, HacTo-
Ta BpalOleHHA TAKHX THAPOMOTOPOE TpebyeT mpHMe-
HEHHA PEAYKTOPOB, KPOME TOTO, TpedyeTcd OCTAaBHTE
3amac AuA PeryIHPOBAHHA CKODOCTH BpPAlNIeHHA B
CTOPOHY KAK YMEHBIIEHHSA, TAK H YBENHYEHHA 1 aKHM
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obpazomM, 4TODH OOECHEYHTL TOTH OH AECATHEPAT-
HH# 3amac 0o peryilHpOBaHHI® HEODXOQHMAaA 4acToTa
OonEHAa OHTE okoxo 10 ob/muH.

Torga TpedyeMoe NEPERATOUHOE HHCIO TPAHC-
MHCCHH cornacHe (1)

= iz 150
1/15

Ilony4aennre TpebyeMmule nepefaTodHEE HHCIA
ONA 3MEKTPONPHEOZA H THAPONPHBORA OTIHYAIOTCA
Gomee 4eM B CTO pas.

PaccMoTpEM BOIMOEHEE BAPHAHTH IOCTPOEHHA
KHHEMATHIeCKOH CXeME TPAHCMHCCHH, DEalHIVIO-
meH DOAYYeHHEE NepefaTOYHEIE WHCIA HAa OCHOBE
H3BECTHHE KHHEMATHYECKHY Nepegat.

BpamarensHH# xapakTep ABHEEHHA COINOBHOH
CEKLUHH OTHOCHTENBEHO XBOCTOBOH HAENAfHBAET OT-
pAHHYEHHA Ha BOIMOKHEE BapHAHTH KOMIOHOBKH
mocHefHeH CTYNeHH peayeTopa Hamdomes mpocTHM
H OYeBHAHEM PEIIEHHEM OVIET NpHMeHeHHe 3y0ua-
Tol MepefadH BHYTPEHHETO 3ALEINIEHHA ¢ NepeEfa-
TOUHHM YHCIOM OKONO JecATH. Bubop gocTarouHo
Gompmrore 3HAYEHHT NePEfaTOYHOrC WHCHA 00VCIOB-
NeH HeoDXORHMOCTEI) DAIHECEHHA 3NEMEHTOE IEpE-
DauH HA HepH]epHIO CEKOHH H OCTABNEHHEM MAaKCH-
ManekHC BO3IMOMHOTO CBOOOLHOTO IPOCTPAHCTEA
BHYTpH cexquil reoxofga [/] Ilpmmep xunemaTH4e-
CKOH CXeMH IpHBEJeH HA PHC. 1.
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Puc. 1. Kuneumamuieckas cxema MpaucMuccull 2eo-
X68a ¢ PedVKMODHLLM RPUSOOOM

B pamHOf cxeMe BeHEl c 2YOLAMH BHYTPEHHETOQ
3AUENNSHEA 3aKPENNEH HA BHYTPEeHHEH DOBEPIHOCTH
FONOBHOH CEKIHH, a PESYETOP C OBHTATENEM pa3zMe-
IeHH B XEOCTOBOH HeBpaIAIOeHCA CEKIHH.

B mpunomenun k TOCT 2135487 gna npoexTtH-
POBOYHOTO ONPEfENfHHA MEEOCEBOTO DACCTOAHHA

sybuaTax mepegat (,, pPeKOMeHJORAHA QopMyna

K
a, = K,uxl) 3 Cliat

[GH ]g“j%a

rae K, — Bcnomorarenemmii koad unment, K, =
490 (Mﬂa}m; Il — mepefaTouyHoe WHCNO, 15 — Bpa-
A HE MOMEHT Ha BefoMoM Koxece, H-u, KH,S -
K030 & HIHEHT KOHIEHTPALHHE HArpYIKH,

[G’H — QOmycKacMasd BelHYHHA KOHTAKTHEIX

wmanpaxennd, Mlla, Wy, — xospdunment mupunn

KONECA OTHOCHTEIBHO MEXOCEBOr0 PACCTOSHHA.
IIpu mopgcTramoBKe B 5Ty GOopMyny CHERVIOLHE

YHCIOBHE 3HAYeHHH {Ka= 490 (MIOa)'", 1= 10,
Ty=3510°Hu, Kgg=125, [0y ] =770 MIx
Wy, = 0.25) nonygaeTca OpHEHTHPOBOTHOE MEHOCE-

BOE pAcCTOAHHE Mepefladi (., = 3 M, a JHAMETD Jie-

NHETENBHOH OKpYEHOCTH 3y0UaToro BeHNA COCTABIAET
6,6 M, 9T0 IHAYHTENLHO NPEBHIIAST ZHAMETP CEKIHHA
reoxoga JJIAHT -4 (3,7 M) u cBHgeTENBCTBYET © He-
BOIMOXHOCTH NepefadH EPAL]aloLero MOMEHTA Lo-
NOBHOH CEKUHH B OFHH NOTOK B YKa3aHHHX radapH-
Tax.

. d.m

2.0 W

1 2 3 4 5 [ ) B L]
Puc. 2. 3asucumocmu Mexcoceso20 Paccmosnus

nepedaxu 4 1 duamempa OenumenvHol OKDYNCHO-

-
cmu zﬁﬁmmom genlya d} OmM KoAuYecmea NOMOoKos

nepedayn MoufHocmu — 1

premnemuz pasMmepoB nepegasn (puc. 2) ¢ co-
¥PAHEHHEM MaKCHMAlbHOTO PACCTOAHHS BHYTPH TEO-
XO04a MOEHO JOOHTLCA VEENHYEHHEM KONHYECTES [Ia-
PANNENLHEIY [OTOKOB Hepefadl MOL[HOCTH Ha IIO-
cnefHell CTYIEHH [0 BOCHMH H DONEE HIH pasOHeHH-
£M Ha OTLEMLHEHE NOTOKH C OTHENLHEMH PEVETODA-
MH H gBHrartenamH (pHc 3, 4), Ho TaKke He MeHee
BocsME  [loXomHe KOHCTPYKETHEHEIE PEMIEHHA C
MEHBIIHM YHCIOM I[IOTOKOB NPHMEHSIOTCA B MEXa-
HH3MAX [OBOpOTA MNaT)opME 3KCKaBaTopoB [8], a
TaKEe B NPHBORAY DOTOPHHE HCHONHHTENBHEE Op-
ranoB npoxogueckux wuros INM-3 2 u IIIM-5.6
[5].

Ilpu peanmzagus no gamHuM cxemam (puc. 3, 4)
TPAHCMHCCHH NepefaTodHos YHCHO (e3 mocmegHed
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Puc. 4. Kunemamuyecras cxema MPARCMUICCUHU feoxoda ¢ MHOZONOMOYHbLM _Z;'(ZC?’]’H}??OPHEJIM npr.:eocﬁo,u

CTYNEHH TONYYIaETCA PABHHM up., = 1500 (mpm mec-
IoNbL3cBAHHHE aneKTpogBuratencd). Ilpu cTone BHCO-
KHX [epefaTOYHEIX YHCIAX CHOEHO pPEalK3IoBaTh
OOCTATOYHC KOMIAKTHEIH [0 paiMepam pefyETOp C
IOMOIILIC HIBECTHLE KHHEMATHYE CKHE Hepegad.
Tax, OpH TOCTPOEHHH PEAYVETOPOB C HCIONBIO-
BAaHHEM TONLKO 3¥0YATHX Nepefad, HCXOQA HI Tpedo-
BaHHH oDecHeYeHHS MHHHMAlbHEX radapHTCB, 0-
HagobHTCH DONBINOE THCHO CTYNEHEH C HEDONBIIHMHE

nepepaTounbMH yncnamu (1, =1,5...3)

UepeAgHEE Nepefadil B CPABHEHHH C 3y DYaTEIMH
HMerOT DonbmEe nepegaTodHile wHcna (go 80), Ho
HH3KHE K., KOTOPHE CHHKAETCA M0 MEPE YBENH-
YeHHA NepefaTOYHEE dHcen. KpowMe Toro, sTH mepe-
auH OTAHYANOTCA NOBEIIEHHEIM TEINOBHJENEHHEM,
HIHOCOM H CENOHHOCTBIO K 386[aHHIO, 4 IPH OIpHME-

HEHHH MHOTOPENVKTOPHOTO [PHBOJA BO3IMOKHBL
IpobmeME CcO  cMa3sKofl OTHENBHHX PEOYKTODOB
BCclIefcTBHe HE nepHbepmiizod xommonosxm [10]
Taxxe mpobmeMbl cO CMasKoH MOTYT NOABHTBECH B
PAIMHYHLEY OPOCTPANCTEEHHENY NON0EEHHAY TE0X0a
IPH 3HAYHTENBHOM €[C HAKIOHE, UTO BEZOBET OTpa-
HHYEHHE 0ONACTH OPHMEHEHHA OO YIA4AM IPOBOJH-
mex BrpaboTox Heobzogumo oTmMeTHTH, 9TO mpo-
BIEMA CMASKH MOEET BOIHHKHYTE NPH NPHMEHEHHH
H GPYTHX 3y DUaTHX Depegad.

IInamerapumnie nepegauu obecnmeduBaroT HaHOO-
Nee BEICOKHE NepefaToudule wmcaa (go 1000 = Oo-
Jee), HO, KAK NPaBHIC, ¢ YBEIHYEHHEM IMepefaTod-
HHX YHCEN HE K.IJ. IHAYHTENLHO CHHEKAETCH, H Ta-
KHE MepefadH PaccUHTAHH TONBEO HA KPATHOBpE-
menHoe paboty [10] Macca u pasmepn mnaneTapHEX
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PeOyKTOpOE MeHpIme B .4 paia 00 CPABHEHHIO C

HIHHAPHYECKHMH, HO KOHCTPYKI[HA CYI[ecTBEHHO
CHoXHEH H MeHee TEXHONOTHYHA YHIHTHEAH, 4TO
INAHETAPHEE PEQYETOPE Halle BCETO BHIONHAIOT
MHOTONOTOYHEMH, BOIMOKHO HE NPHMEHEHHE H B
mocHegHed CTYNSHH TPAHCMHCCHH, HO 3[eCh BOSHH-
KaET HECKONBKO TPYAHOYCTPAHHMEX NpodIeM Heob-
XOGHMOCTL PEANHIANHHE NOABHEHOIO BOLHNA HOMON-
HHTENBHO CEPAAET NOPOCTPAHCTED BHYTPH TEOXOA,
opH OCNBIIHX pa3MEPax Nepefad TPYAHO oDecIedHTs
BLICOKVIO KHHEMATHUECKYIO TOYHOCTE, B DEIYILTATE,
CATEINIHTH OYAYT HEPABHOMEPHO HACPY & EHEL

Ilpu HCOomB20BAHHH THOPOMOTOPOE TPEOVeMEIE
NepefjaToOYHBIE  HYHCIA PEAVETOPOB 3HAYHTENBHO
menpme (B8 100 pas, 1. e okomo 135), 4To mosBomuT
YMEHBIIHTE YHCIC CTYIEHeH pegykTopa. Ho Bpa-
UIAKNHE MOMEHTH B TAKOE Xe YHCIO pa3s BEIIE, CO-
OTBETCTEBEHHO ANA obecmedenus TpedyemoH Harpy-
304HOH cmocoDHOCTH Nepegad HeobzogHMo OyHeT
VBENHYHT: HY paiMepil. HeodXogHMO OTMETHTE, UTO
rabapHTHELE Macca
NOPIIHEEHT THEPOMOTOPOE TAKEE HOCTATOTHO BEIH-
ku. OueBHOHO, 4TO TAKHE TPAHCMHCCHH HE YEOBIE-
TBOpPAOT TPeDOBAHHAM O00ECHedeHHA [AOCTATOYHOTD
IpOCTPAHCTEA BHYTPH CEO0X04A H CHHEEHHA Maccora-
bapHTHEE mokazaTened [7]

pasMepsl  H pagHalbHO-

IIpu MHOrOmMOTOMHOM HCHONHEHHH TPAHCMHCCHH
TAKEE MOTYT BOZHHKHYTE NPOOIEMH obecnedeHHH
KHHEMATHIeCKOH TOMHOCTH B 3alleNNEHHH 3Y0YaTHI
KoNec NOCNefHeHE CTYNEHH, NOCKONBKY JAkKe He-
Gonpurme nepekocH ocell ceKUHE OYAYT OPHBOLHTE K
HAPYIIEHHAM YCIOBHHE KOHTAKTa 3y0BEB KoNec, UTO
HOTPEOVET CEpBE3HOrO YCNOEHEHHA KOHCTPYKIHH H
NOBHINEHEA TOYHOCTH 3MEMEHTOE ¥31a CONPAXEHHA
CEKLHH, & TAKEE YBeIHYeHHA 00m el HeCTHOCTH CEK-
uu#i. YacTHuHe gaHHyR npobNeMy MOEHO DENIHTE
IPHMEHEHHEM E NOCHefHEH CTYIEHH NeEpefatdf c Le-
BOYHEM 3aleNEHHEM, KOTOPAad MeHee YYBCTBHTENL-
HA K 3aCPAIHEHHAM H IEPEKOCAM. TaKHe Hepegadn
IPHMEHSIOTCA B OPHBOLE POTOPHOrO HCIONHHTEIL-
moro oprama muta III[M-32 [9] unm Oecuenuamz
IpHBOAAX NoLa4YH OYHCTHHE Kombaduos [3]

Taxkum o0pazoM, B KaiecTBE OCHOBHHE HELOC-
TATKOE TPAHCMHCCHE TEOXOHOB € HCHOONLIO0BAHHEM
PEAYVETOPOE C SNEKTPOABHIATENAMHE HIH FHAPOMOTO-
paMH CHegyeT OTMETHTh! CHOXHOCTE OOECNedeHHA
OOCTATOMHOrC CBOOOGHOTO IPOCTPAHCTEA BHYTPH
reoxofa, *HAYHTENLHOS YCHAOKHEHHE KOHCTPYKIHH,
CHHEEHHE HafEHHOCTH H YBETHIFHHEE MACCH

B xauecTBE NONOEHTENBHEIX CTOPOH CTOHT OTME-
THTE BOIMOKHOCTE PealHIAlHE HEODPEepHIBHOH Hmoga-
YH CeoXofa Ha 3aboil, a TaKEe OPOCTYE PealHzalHED
peBepca.
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