OnekrpoHHas oubnmoreka benopyccko-Poccuiickoro yHusepcureTa

http://e.biblio.bru.by/

MallIPIHOCTpOGHI/Ie U MAlIlIMHOBEJICHUE 23

VK 621.83.06

M. E. JlycTeHKoB, TOKTOp TEXHHYECKHUX HAYK, AOIEHT, benopyccko-Poccuiickuii yausepcutet, Morunés, Pecriybinka benapyce
E. C. JIycrenkoBa, actiupanTt, benopyccko-Poccuiickuii yausepcurer, Mormnés, Pecryoimka benapycs

TEOPETUYECKUE U OKCIIEPUMEHTAJIBHBIE HCCJIEJOBAHUSA

COEPUYECKUX POJIMKOBBIX IIEPEJIAY

a3paboTKa HOBBIX KOHCTPYKIIMH MEXaHWYECKHX

nepejad, akTUBU3UpPOBaBILIascs B Hadane XX B.,

Obla CBSI3aHA C PA3BUTHEM CPEACTB IIPOM3BOA-

CTBa, TEXHOJOTHMH W CTpEeMJICHHEM IiepenaTb BO3pac-

TAIOIIME MOIIHOCTH NPH OZHOBPEMEHHOM CHIDKCHHU

Maccel U rabapuToB MpHBOJAA. MeXaHU3MBI C MIPOMEXKY-

TOYHBIMU TEJIaMHU KaueHMs NPHUBJIEKIN BHUMaHHE HC-

cienoBareneil Oxaromaps HHU3KOW MAaTepHAIOEMKOCTH

BCJIEICTBHE MHOMKECTBA MapaUIeIbHBIX IOTOKOB Iepe-

Jlaud MOIIHOCTH U TMEPCIEKTUBAM 3aMEHBI CKOJIbXKECHUS
KayeHHEM B KOHTaKTHPYIOLIUX Hapax.

MHOXECTBO  CO3JaHHBIX KOHCTPYKLIHUH Iepenad

¢ npomexytounbiMu Teaamu kaueHus (ITIITK) moxzO

KJIaCCU(HUIIUPOBATH 110 By MOBEPXHOCTH, HA KOTOPOM
pacrojyiararoTcsi TPaeKTOPUH LIEHTPOB LIAPHKOB (pOJH-
koB). Tak, 3KCLIEHTPHUKOBBIE Tiepeaau [1], momyunsime
HauOoJbIIee pacmpocTpaHeHue [2], OTHOCATCS K IUIOC-
komy tumy. Humanpudecknit tun [MIITK nemecoobpas-
HO TIPUMEHSTH /ISl epeladdl MOITHOCTH B MPOCTPAHCT-
BaX C OTPAaHMUYCHHBIMH PaJHalbHBIMHU pa3Mepamu (s
paboTsl B TpyOax, CKBaXKUHAX H T. 1.) [3].

[Tepenaun cdepuueckoro Tuma A0 HACTOAIIETO Bpe-
MEHHU MaJlo UCCIIeI0BaHbl. JnuTenpHoe BpeMs UX paspa-
60TKa CAEpKUBATACh CIOKHOCTHIO M3TOTOBJICHUS IPO-
CTPAHCTBEHHBIX OETOBBIX JOPOXKEK M KYJIaYKOBBIX IIPO-
¢duneit, XOTs BapHaHTBl KOHCTPYKLHUH CO3/1aBAIUChH
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B Havase npouuioro cronetus [4]. CoBpeMeHHOEe TEXHO-
JIOrHYecKoe 00OPYZIOBaHUE MO3BOJISET HM3TOTABIMBATH
MMOBEPXHOCTU JI000H cioxHocTH. Cdepuueckue mepe-
Jlau¥, TIOMUMO CHIDKEHHUS PaJMalbHBbIX M OCEBBIX rada-
PHUTOB PEIyKTOpa, B MEPCIIEKTUBE 00JIaal0T BO3MOKHO-

CTBIO BCTpamBaHWA B cepuyeckue MapHUpH, odecte-
YHMBAIOIINE HAKJIOH BAJIOB M PEAYKIIHIO CKOPOCTH.

B benopyccko-Poccuiickom yHHBepcuTeTe OBLTa
paspadorana [IIITK chepuueckoro Tuma, KHHEMaTH4e-
CKas cxema KOTOpoH Toka3zaHa Ha puc. 1 [5].

Puc. 1. TpexsBenHas CPII: a — xkunematuueckas cxema; 6 — OCHOBHBIE y3JIbI U ICTATM SKCIIEPUMEHTAIBLHOTO 00pasua; / — BeTyluil Baw;
2 —reHeparop; 3 — cepuueckue Kyiauku, o0pasyroline OeroByro JOpOKKY; 4 — Tesia KadeHHs; 5 — BEJOMBIii BaJ (cernaparop)

HenTpsr Macc Ten kaueHUs chepraecKor POITUKOBOH
nepenayu (CPII) mepemeriaroTcsi Mo TPaeKTOPHsIM, pac-
TIOJIOKEHHBIM Ha ceprdecKux mosepxHoctsx. Ilo kmac-
cudukanmy [6] Takne MeXaHH3MbI OTHOCAT K Tiepeadam
€O cBOOOJIHBIMYU TEJIaMH KayeHHs], TaK KaK [EHTPbI Macc
LIaPUKOB (OCH POJIMKOB) HE 3aKpeIICHbl Ha OJHOU M3
JieTasiei epeayun.

Ocobennocteio koHcTpykuuu CPII sBisercs mpu-
MCHEHHE B Ka4eCTBE TeJ KaUCHHs COCTABHBIX POJIHMKOB
1 IByX c(h)epUUecKHX KyJIadKOB, YCTAaHOBJICHHBIX B KOp-
myce W 0oOpa3yroUMX IPOCTPAHCTBEHHYIO 3aMKHYTYIO
TIEPHOANYECKYI0O OCrOBYIO JIOPOXKKY, YpaBHEHHS KOTO-
poii mpuBenensl B [7]. [Ipu B3amMOIEHCTBHH POIHMKOB
C KOJIBIIEBBIM Ta30M BEAYIIETO 3BE€Ha — TIeHepaTopa
C TIEPHOANYECKON OETOBOIT TOPOKKOH — 0OecTIeInBaeTCs
BpallleHHe BEJIOMOTro Baja (cernapaTopa) ¢ MOCTOSHHBIM
MIHOB€HHBIM NMEPECAATOYHBIM OTHOMICHHUCM. Kunematn-
YCCKUE MapaMETpbl JABWXXCHHA BEAOMOI'O0 Bajla 3aBUCAT
OT 4YucIia meprooB Z 6erosoit nopoxku. s nepenauu,
KMHEeMaTH4yecKas cxeMa KOTOpoi mokazaHa Ha puc. 1, a,
nepeaTouHoe oTHoleHue iy, = 1 + Z.

CocraBHbBIE POJMKM MO3BOJSIOT CHU3UTH MOTEPH HA
CKOJIbJKCHNE TIPH B3aUMOJACHCTBUH TeJl KAYE€HHs OJIHO-
BPEMEHHO C TpeMsl 3JeMeHTaMu nepenadn. Ilo xommde-
CTBY OCHOBHBIX JeTajell, KOHTaKTUPYIOIIUX C POJIMKa-
MH, TaHHYIO Nepenady oTHeceM K Tpex3BeHHBIM [ITITK.
[Ipn npoekTHpOBaHMM BeAYNIETO Bajia oOecleueHne
OTHOCHMTEJIFHOTO BpAllIEHHs MeHEpaTopa U HKCIEHTPUKA
HC ABJISICTCA 06513aTe.]'H>HI)IM — BO3MOJXHO HCIIOJIb30BAHHUC
JPYTHX BapUaHTOB 3aKpEIUICHUS] T'eHepaTopa Ha Bely-
memM Baity (puc. 1, 6). B paccmarpuBaeMoli KuHemarnye-
cKoil cxeme (puc. 1, a) yka3aHHas CTCIICHB ITOJBHIKHO-
CTH BBEJICHA ISl CHIKEHUSI TIEPEOIPENeIICHHOCTH CHC-
TEMBI ¢ MHOJKECTBOM JTyONMPYIONINX CBSA3EH.

Pe3ynbpTaThl MCHBITAHUHA HKCIIEPUMEHTAIBLHOTO 00-
pas3la peayKTopa, CIpPOEKTHPOBAHHOTO Ha 0a3e Tpex-
3BeHHOM cepuueckoit IIIITK, BbusBmIN cremyromue
€ro HeJJOCTaTKH:

e HU3Kas KECTKOCTh HECBSI3aHHOM CHCTEMBI TeJN Ka-
yeHus. [lepexochl oceil polIMKOB NPUBOJAAT K UX 4acTO-
MYy 3aKJIMHUBAHHUIO U TIOTEpe paboTOCIIOCOOHOCTH TIepe-
naud. B To ke BpeMs NpHMEHEHHE HIApUKOB CYILECT-
BEHHO CHIDKAe€T HAarpy304HyI0 CIIOCOOHOCTb W3-3a
YMEHBIIEHHS JUIMH KOHTAKTHBIX JIMHUM W MPOYHOCTH
netaneit CPII n3-3a yMEHBIICHHUS WX TOJIIHUHBI;

® YCTaHOBJICHA HEOOXOMMOCTh MPOEKTUPOBAHUS pe-
I'YJIMPOBOYHOIO YCTPOICTBA, 0OECIIEUNBAIOLIETO TOUHOE
COBIIAJICHHE LEHTPOB KOAKCHAJIBHO PACHOJIOKEHHBIX
cepruyeckux IOBEPXHOCTEH TeHepaTopa, cerapaTopa
1 Hapy’KHBIX KyJauyKOB IIPH COOpPKE pelyKTopa.

Jnst ycrpaHeHWsl yKa3aHHBIX HEJOCTATKOB Oblia
CIIPOCKTHPOBaHA JByX3BeHHass cdepudeckas [IIITK,
KMHEMaTH4ecKasl CXeMa KOTOpOH Mokas3aHa Ha puc. 2.

[lepenaua coctouT u3 Bexyliero Bajga / ¢ HakIo-
HEHHBIM KpuBowunoMm 2. Ha Begymiem Bamy ycTaHOB-
neH cdepudeckuii TeHepatop 3 ¢ BO3MOXHOCTBIO
BpaleHUs] BOKPYTI COOCTBEHHOW OCH OTHOCHTEIIBHO
KpuBolIMNa. B nununapuueckue oTBepeTus 4, pacmo-
JIO’KEHBIE C PAaBHOMEPHBIM IIarOM Ha HapyXHOH ce-
pHUYECKOIl IMOBEPXHOCTH T'€HEPATOPA, YCTAHOBIECHBI
ponuku 5. Ponuku nmerot cdepuueckne KOHIBI 6, KO-
TOPBIMH OHM KOHTAaKTHPYIOT C MEPHOJUYECKON 3aMK-
HYTO# OeroBoii opoxkoi 7. Jlopoxka Takke oOpazo-
BaHa JByMsl cepudecKUMHU KyJaukamu 8§ U 9, 3akpen-
JIeHHBIMH B kopnyce /(0. B KOHCTpykuuM mnepegauu
uMeeTcss MexaHus3M /] mepenaun (chema) BpallaTelib-
HOTO JIBUXCHHUS €O CepUIECKH JIBUKYIIEr0Cs reHepa-
TOpa 3 Ha BeJOMBIi Bai /2.
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[Tpu BpameHnn BeIyIIEro Bajia BpalaeTcs yCTaHOB-
JeHHBIH Ha HeM KpuBommi. OH BBIHY)XIAET T€HEpaTop
COBepIIaTh cHEepUIECKOe IBHKEHHE OTHOCHTEIHHO He-
noaBmwkHOM Toukn O. Chepuueckrue KOHIBI POJUKOB
MepeMeInaroTcs mo 6eroBoit qopoxke 7. Ponmuku nMeror
BO3MOXKHOCTh BpAILAThCsl OTHOCHUTEIBHO CBOHMX OCEi
B OTBEPCTHUSIX TeHEpaTopa, OJaroaaps yemMy CKOJIbKEHUE
YaCTHMYHO 3aMEHSETCSl KaueHHUEM, COIMPOBOXKIAIOLIMMCS
MEHBUIMMH MOTEPSIMH MOIIHOCTH. MeXaHH3M nepeiadn
BpAIaTeIbHOTO JIBI)KEHHMS Ha BEJOMBIH Bal MOXET
OBITH BBINIOJIHEH B BHJIE KapJaHHOTO LIAPHUPA, YIIIOBOM
My(]THI 4 T. 1.

Puc. 2. Kunemaruueckas cxema apyx3seHHoi CPII

[penmymectBoM paccmarpuBaemoit CPII mo cpas-
HEHHUIO C W3BECTHOH IMpelecCHOHHOW mepenadeid [§]
SIBIIAETCS T€OMETPHUYECKOE 3aMbIKaHUE BBICIINX KHHE-
MaTHYECKHX Iap, 0Opa30BaHHBIX TeJIaMH KadeHHUS CO
cheprueckUMH KyJadyKaMH, 9TO TEOPETHYECKH MOBBI-
IIaeT HAarpy304HYI0 CHOCOOHOCTH PEAyKTOpa BJIBOE.
Pacmosio)keHrne MPOCTPAaHCTBEHHO#M 3aMKHYTOW Oero-
BOH JTOPO’KKH CHMMETPUYHO OTHOCHUTEIBHO 3KBAaTOPHU-
AIBHOW TUIOCKOCTH C(EepHUUIECcKON MOBEpXHOCTH, 0Opa-
3yeMOll BHYTPEHHEH MOBEPXHOCTHIO KyJaukoB 8§ u 9,
npoxoJsiiell yepes ueHTp chepuyeckoro aemwxeHus O,
MOBBIIIACT IJIABHOCTH W PABHOMEPHOCTH BPAIICHUS I10
CpaBHECHUIO C TIepenadamu, e OeroBasi JOPOKKa M3Tr0-
TOBJICHA HA JPYTUX yYaCTKaX CPEepUICCKON MOBEPXHO-
cru [9].

Ha ocnHoBe pa3paboTaHHOW MOMAENH BYX3BEHHOU
nepezadu OBUT MPOBEICH €€ CHIIOBOM aHAIN3, KOTOPBIN
SIBIISIETCST OCHOBOM JJIA IPOBEACHUA MPOCKTHBIX W IPO-
BEPOYHBIX MPOYHOCTHBIX pacyeToB. [[na ompenenenus
CpeIHEero 3HAa4YeHUs YJIENIbHON CUibl N,,, OTHECEHHOU
K OTHOMY Telly KaueHHs U JAEHCTBYIOLIEH CO CTOPOHBI
BEIOMOT0O Bajla M YIJIOBOW My(ThI Ha TreHEepaTop, MOXKHO
HCTIOTH30BaTh BRIPAKCHIE

_ TZKst

2 )

2m
rae 7, — MOMEHT, JCHCTBYIOLIMKA Ha BEJAOMBIN Ball pe-
JIyKTOpa; 7 — YUCIIO Tell Ka4eHUsl B nepenaue; R — pajau-
yc chepuueckoil TOBEpXHOCTH reHepaTopa (cdepsl, 00-
pa3yeMoil BHYTPECHHUMH MOBEPXHOCTSIMH C(HEPHUUCCKIX
KyJaukoB); Ky, — KoadduimenT nepexona oT HMUIUH-
PHUYCCKOM CUCTEMBI K CHEPUIECKOIA.

Kosdpunuent Ky, onpenensror no Gpopmyie
y -1
Kstz 0,5 1+cos(Ej s

e A — aMIUIUTyJa TIPOCTPAHCTBECHHON 3aMKHYTOM Tie-
PHOIMYECKON IIEHTPOBOM KPHBOM KyJIAuKOBBIX MPOQH-
JieH chepuIecKux KyJIauKoB.

BolpaskeHust nnsi ompeneneHus CpeIHUX 3HAYeHHH
YIJIOB MOJbeMa OEroBOi JOPOKKU reHepaTopa (KoJblie-
BOTO Ta3a) W MEPHOJINICCKON OEroBOM JTOpOXKKH, 00pa-
30BaHHOU CPepPHUCCKUMHU KyJIaYKaMH, COOTBETCTBCHHO,

24 247
oy, = arctg R ; O3, =arctg R/

Cpennre 3HAYCHUs CHUII, CUCTBYIOIIHE CO CTOPOHBI
OJIHOTO Tella KAueHUs] Ha TeHepaTop M OEroByH JOPOXK-
Ky, 00pa30BaHHYIO CEPUICCKAMU KyJlauKaMU, COOTBET-
CTBEHHO, OMPECIAIOTCS MO (hopMynam

N2m Sin(g—%j
Nl =

" sin (o, + 0, W - ys)

Ny, Sin(g_alm — Oy +‘|’3)

N3 =

" Sin(alm"'a}m"‘%—\lfs)

rie Y, — Yroj TpPeHHs, XapaKTepHU3YIOIMHA TpeHue
B TIO/IINITHAKE KaueHHUs, YCTAHOBJICHHOM MEXIY BeEIy-
MM BaJOM W F€HEPaTOPOM; Y3 — YTrOJl TPEHUs, YIUTHI-
BAIOIIMI TpPEeHHE CKOJBKEHHS W CONPOTHBICHHE Kaue-
HUIO POJIMKa MO OeroBoil JOpOoKKe BHYTPEHHUX KyJjiad-
KOB. YTIBl TpEHHS OIpeaessuiuch 1o  (opmynam
Vi) = arctg(fi3)), Tae fi) — NpuBeeHHbIH koddduiu-
CHT TPEHHSI.

Jnst ouenku cpennero KIIJI nmepemaum moayuyeHa
ClleyIoIast 3aBUCHMOCTB!

cos (o, )sin (o, + 0y, + Wy —y3)

tm = :
\/1+f12 sin (o, + Wy )cos(ay,, + 0, =3 )iy,

[Ipy uynMcneHHOM aHajau3e C IOMOIIBI0 CHCTEMBI
Mathcad 3amaBanmuch cieayromue 3HAYCHUS! Tapamer-
poB: R=40 MM, A =5mm, Z=5, ij, =n=06, f; = 0,02,
/3 =0,05. Bpamaromiii MOMEHT Ha BEIOMOM Baly peIyK-
TOpa NPUHUMAJICS TIOCTOSIHHBIM U paBHbIM 7, = 200 H-m.
B pe3ynbTare BRIYHCICHUH OBLUTH TTOTyYEHBI CIICAYIOINE
3HaYeHus cwir: Ny, = 1864 H, N3, = 2008 H. Cpenuauit
KIIA cocraBui n,, = 0,757.

Pa3paboTaH sKcriepuMeHTaIBHEIN 00pa3er peayKTo-
pa ¢ mepenaTouHbIM OTHOIIEHHEM iy, = 6 (puc. 3) u no-
MIOJTHUTENBHBIM KOMIUIEKTOM Hapy>KHBIX KYJIadKOB, yC-
TaHOBKa KOTOPBIX O0ECHEeYMBAET MEPEeAaTOYHOE OTHO-
menue iy, = 11. Juamerp kopmyca 100 mwm, piuHa
C YY€TOM JUIMH BBIXOJHBIX KOHIIOB BajoB — 120 mm.

Jlst cbeMa BpalateabHOro JABMYKEHHS ¢ TeHepaTopa
Ha BEJIOMBIH BaJ Mepeiavr OblIa CIIPOSKTHPOBaHA My(Ta,
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OJIHA M3 MOIyMYy(T KOTOPOH COBEpIIAET BpalaTesIbHOE,
a npyras — ceprudeckoe TBIDKCHHE. 3a aHAJOT pas3pa-
0oTkM ObLIa MPHHATA KOHCTPYKLHA HepeNadn ¢ HemoJ-
BIDKHBIMH OCSIMH 3BeHbeB [10].

OKcrepuMeHTaIBHBIN 00pa3eln; peaykropa C IBYX-
3BeHHOM CPII, Tak jxe, Kak U ¢ TPEX3BEHHOI mepenavei,
NpOILIe MCHBITAHUS HA CTEHJIE JUIS ONpPEIETICHUs Cpell-

a

uero KITJI (puc. 4). U3smepenue ypoBHS IIyma B IpoIiec-
ce paboThl peayKTopa OCYIISCTBIUIOCH HU(POBBIM Iy~
MomepoM Testo 816-1, m3mepenne TemmnepaTypsl KOpITy-
ca PemyKTopa IPOM3BOAMIOCH C MOMOINBIO MHPOMETpa
¢ KOHTakTHBIM 30HI0M Testo 830-T2. B oba pexykropa
Ipyu HUCHOBITAHUAX 3aKJIaAblBaJlaCb KOHCUCTCHTHas I'pa-
¢uroBas cmazka Mannol.

0

Puc. 3. DxcriepuMeHTaIbHEIN 00pasen pexykropa ¢ aByx3BenHoii CPII:
a — OCHOBHbIE JICTAJIU U Y3JIbl; 6 — PEYKTOP B COOpE C YCTAaHOBJICHHBIMU IIEPEXOHUKAMH Ha BBIXOJIHBIX KOHLIAX BAJIOB

Puc. 4. Penykrop ¢ nByx3BenHoid CPIl Ha HCHBITATEIEHOM CTEHJIE: / — aCHMHXPOHHBIH DJEKTPOIBUTATENb; 2 — YaCTOTHBIN MpeobpasoBa-
TelNb; 4, 5 — JMaTYNKU KPYTALIEr0O MOMEHTA M YaCTOTHI BPAIIEHHS; 5 — UCIIBITBIBAEMBIH PEIYKTOP; 6 — MOPOLIKOBbIN TOPMO3; 7 — GJIOK YIIpaBieHuUs

MOPOILIKOBBIM TOpMO30M; § — [I[DBM

Pe3ynbpTaThl 3KCIEPUMEHTOB [10KA3aJd, YTO CPEIHUI
KII penykropa ¢ IByX3BEHHOW Iepenayeil cocTaBiseT
0,82...0,86 mpm dacTOoTe BpaIICHUS BEIYIIETO Baja
750 MuH ' M M3MEHEHHH MOMEHTA HA BEIOMOM Bajy
B nuamna3one 9...98 H-m, uto Ha 8-12 % BbIIIE, YeM
y Tpex3BenHo# chepuueckoi [IIITK u Bbime Teoperu-
yeckoro 3HadeHus. KI1J] yBeanuuBaics ¢ Bo3pacTaHUEM
MOMEHTA M, TPEANOIOKUTEIBHO, HE JOCTUI ONTUMAJIb-
HOTO (MaKCHMMaJIbHOTO 3HaueHws1). [IpeBblleHue BHIXOI-

HBIM MoMeHTOM 3HadeHus 100 H-m npuBoamio k 3aximm-
HUBaHHUIO yTa0BOM My(]Thl. K CcHIpHBIM BHOpammsm
MIPUBOAMIIO ¥ YBEIMYCHNE YaCTOTHI BPALICHUS BEAYIIECTO
Basa 6osee 1500 MUH |, 4TO CBA3AHO ¢ HU3KOM JKECTKO-
CTBIO KOPITyCa U KOHCOJIFHO YCTAaHOBJICHHOTO B HEM Be-
JIOMOTO Baja.

VYposens mryma coctasui 70...82 nb (paccrosinue 1 m
OT KopITyca), Temreparypa kopmyca He npesbicuia 80 °C
[0 OKOHYaHHWU TPEX4YacoBOW pabOThI IMOJ HArpy3Kou
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98 H'm. HcnpiTaHus BBISIBIUIH HEOOXOIMMOCTH COBEp-
IIICHCTBOBAHUS KOHCTPYKIIMH YTJIOBOH MYyQTHl JIBYX-
3BEHHOW Nepe/iaun, OKa3bIBAIOIICH CylIeCTBEHHOE BIIMSI-
HHUE Ha SKCIUTyaTallMOHHbIE XapaKTEPUCTUKU PETyKTOPa,
0COOEHHO Ha IJIABHOCTH PaboTH! U myM. Ee mpoexTupo-
BaHUC OCJIOKHSCT TO OOCTOSITEIBCTBO, YTO TOYKA IEpe-
CEYEeHMsI OCell TeHepaTopa U BeIOMOIo Bajia He JICXKHUT Ha
OCH TIepeJiauu, He COBMAIACT C LEHTPOM CHEPUICCKOro
nBkeHuss O W B mporiecce paboOThl IepeMenacTes 1o
TPaCKTOPUHU B BHUJIC OKPYKHOCTH. OIHHM U3 PEUICHUN
MOJKET OBITh NMPUMEHCHHUE TBOWHOTO KapIaHHOTO Imap-
HHUpa, KOTOPBI 00ECIEYUT TOCTOSHCTBO MIHOBEHHOTO
nepenarounoro ortHomenus CPII. Ommako mpu >TOM
3HAYUTEITHHO BO3PACTYT OCEBBIC Pa3MepHI IIepeIadm.
HecmoTpst Ha yKka3zaHHBIE HEIOCTATKH, BBIIBICHHBIC
B KOHCTPYKIIMHU TIEPBOTO AKCIEPHUMEHTAILHOTO 00pasia,
€ro TeXHWYECKHE XapaKTePHUCTHKH IOKAa3BIBAIOT, HUTO
pu zlaaneﬁumx HCCIICAOBaHUAX U PCUHICHUHN psAaa WH-
JKEHEPHBIX 3a7au pazpadortanHas nByx3BeHHas CPII mo
MoKa3aTe/siM TIepeIaBacMOil  MOIIHOCTH, OTHECCHHBIM
K Macce Wi radapuraM, MOXKET B MEPCIIEKTUBE COCTa-
BUTh KOHKYPCHIIUIO OJHOCTYIICHYATHIM I[UIAHCTAPHBIM
3yOUaThIM IepeladyaM, CIPOSKTHPOBAHHBIM IO CXEMeE
2K-H ¢ nuanazoHoM nepenaToyHbIX OTHOIIEHUH 2...15.

Buodauorpaguyeckue ccbLIKH

1. An I-Kan, Ilin A. S., Lazurkevich A. V. Aspects of geo-
metric calculation of the planetary gear train with intermediate
rollers. Part 1 [Electronic resource] / IOP Conference Series:
Materials Science and Engineering. — 2016. — Vol. 124 : Me-
chanical Engineering, Automation and Control Systems
(MEACS2015). — 5 p. — URL: http://iopscience.iop.org/

[onyueno 22.12.2016

article/10.1088/1757899X/124/1/012003/pdf (mata oOpaie-
Hus: 16.12.2016.).

2. Camconosuu C. JI., Koncmanmunos C. A., Cmenanos B. C.
[TapukoBonHoBast nepenada. OCHOBBI pacuera // ABHAKOCMH-
yeckoe npudopoctpoerue. — 2005. — Ne 5. — C. 53-59.

3. Henamuwes P. M. CUHyCOLIApUKOBBIE PEILyKTOpPBL. —
Musck : Beim. mik., 1983. — 107 c. @ w.

4. Porsche F., Rabe K. Articulated differential gear, par-
ticularly for motor vehicles: pat. 1946358 USA, Cl. 74-7. —
Apl. Ne 664573; fil. 05.04.33 (fil. in Germany 08.04.32); pat.
06.02.34. -3 p.

5. Qumyosa E. C. CunoBoit ananmu3 cepuuecknx nepenad
C IIPOMEXYTOYHBIMH TeslaMu KadeHus // Bectnuk benopyccko-
Poccuiickoro yausepcutera. — 2014. — Ne 4. — C. 92-99.

6. Cmanosckoii B. B., Pemnesa T. A., Kazaxasuuyc C. M.
Ilepenaun co cBoOoaHBIMU Termamu KadeHus. O030p maTeHT-
HOU nurepartypsl // IIporpeccuBHble 3yOuarsie rnepenadu : cO.
Hayy. Tp. — HoBoypansck : M3a-8o HI'TH, 2003. — C. 61-94.

7. Lustenkov M. E. Spherical Planetary Ball Transmissions:
Geometrical Synthesis // Open Access Library Journal. — 2014. —
Vol. 1. — No 3. — Pp. 1-8. — URL: http:/file.scirp.org/pdf/
OALibJ 2016022616105810.pdf (nara obpawmenus: 16.12.2016).

8. bocman U. A. TlpeueccnoHHble mepenadyn ¢ MHOTromnap-
HbIM 3anemieHueM. — Kummmnes : tuunna, 1991. — 386 c.

9. Mapeynuc M. B., Llaiioa A. C. Meroauka onpenene-
HUS OCHOBHBIX I1apaMeTpPOB CHJIOBOM BOJIHOBOW Iepeaayu
C IPOMEKYTOUYHBIMU TelaMu KadeHus // BicHik [IpiazoBb-
CKOTO JIep)KaBHOrO TEXHIYHOro yHiBepcitery. — 2008. —
Ne 18. - C. 125-128.

10. Yepemnos A. B., Anues @. P., An H-Kan. Onpenenenue
YCHIIHS 3alICIUICHUS] KOHUYECKOH Tepeadn ¢ HPOMEKYTOUHBI-
MH TellaMU KaueHusi / Bblcokue TeXHOIOrHH B COBPEMEHHOU
HayKe M TexHuke : ¢0. Hayd. Tp. Il Becepoc. Hayd.-TexH. KOH(D.
MOJIOZIBIX YYEHbBIX, ACIUPAHTOB U CTYJEHTOB C MEXIyHap.
yuaactaem. — Tomck, TITY. —2013. - T. 2. — C. 323-327.



