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3anpornoHoBaHO METOJ PO3PaxyHKy HMOBIPHOCTI O€3BiKa3HOI POOOTH BaKKOHABAHTAXKCHHX HE-
LIBUKICHUX POJMKOIIIIINAITHKUKIB 3 ypaXyBaHHIM OMOPY BTOMI cernapaTopa

KurouoBi ci1oBa: mimumnnuk, cenaparop, HMOBIpHICTh 0e3BinKka3HOI poOOTH.

The method of calculation of probability of no-failure operation of hard loaded not high-speed
roller bearings taking into account resistance of fatigue of a separator is offered.
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CUCTEMA MOJEJIMPOBAHUSI "AEROFLANK" & MPSIMOM CUHTE3
N3HOCOCTOUKUX U MAJIOITYMHBIX 3YBYATBIX ITIEPEJAY

W3Hoc npoduist 3y0beB BBICOKOCKOPOCTHBIX 3yOUaThIX KOJEC MMEET MECTO Ha TOJIOBKAX M HOXKKax 3yObeB. OKo1o-

TIOJFOCHAs! 30HA TAKKX KOJIEC M3HAIIMBACTCA HE3HAYMTENBHO. IToKa3aHo, UTO MCIIONMB30BAHIE CHCTEMBI MPSIMOTO

cunTe3a 3youarsix nepeiad "AEROFLANK" no3ossier: 1. HallTH Takyro JIMHHIO TPOQIIIS, TIPH KOTOPOH 3yObst

KOHTAaKTUPYIOT TOJIBKO Yepe3 CIIOH CMa3Ki Ha BCEM MPOTSDKEHUH JIMHUM 3alETUICHNS; 2. B HECKOJIBKO Pa3 yMEHb-

LIUTH MOLIHOCTB, 3aTPAYMBAEMYIO Ha TEHEPALIMIO BUOpALIHif; 3. yMEHBIIUT KOHTAKTHBIE U M3TUOHBIE HAMPSDKEHMSL.
KroueBsie ciioBa: 3y0uaTeie Koleca, CHHTE3, H3HOC.

Beenenue. ITocne nomHO# BEIPaOOTKH 33laHHOTO pecypca 3y0uaThIX mepenad
ABHAIIMOHHOTO JIBUTATElIs TIOYTH Ha BCEH aKTUBHOW MOBEPXHOCTH 3yObEB aBHAIMOH-
HBIX KOJIEC BHJHBI CJIeIbI MEXaHHWYECKoi 00paboTku. Hammume crnenoB mexaHuue-
CKOH 00paOOTKH CBHAETEIBLCTBYET O TOM, YTO TOJNIIWHA MACIISTHOW IJIEHKH HA 3THX
Y4acTKax IPEBBIIIAET BBICOTY MHUKPOHEPOBHOCTEH. Pa3pylieHne KOHTAKTHOW IO-
BEPXHOCTH HAOIIONAETCs] TOJIBKO Ha HOXKKAX U TOJIOBKAaX 3yObEB, II6 UMEET MECTO
BXO/I 3yObeB B 3alleIJICHHE W BBIXOJ U3 Hero (pucyHok 1). Ha Hokkax BegomMoro Ko-
Jieca U3HOC MPOSABIAETCS KaK MUKPOIMTTHHT, a HAa TOJIOBKAaX KaK OrpaHUYEHHOE 3a-
enaHue. AHanM3 MOKa3bIBAET, YTO MIPUUUHOM M3HOCA SBIIAETCA HE TOJIBKO TOBBIIICH-
HOE CKOJIbKEHHUE BOJIBEHTHBIX Ipoduiieii 3yObeB, UTO cornacyercs ¢ TeOpue reo-
MeTpuH 3y04aThIX repenay [1], HO 1 BHICOKMH YpOBEHb KOHTAKTHBIX JIABJICHUH, CBSI-
3aHHBII C MAJBIM PaJInyCOM KPUBU3HBI KPOMKH 3yObEB.

© B.JI. lopodees, B.B. I'onosanos, /JI.B. lopodees, 2013
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a
Pucynok 1 — Ha ¢oHe HEM3HOIEHHOH IEHTPAbHOI MOBEPXHOCTH 3yObEB BEAYILETO, &, U
BEZIOMOT0, 0, KOJIEC Ha HOXKKaX 3yOheB MPOUCXOUT U3HOC KyMYJISITHBHOTO XapakTepa

JUiist M3ydeHus OMMCAHHOTO SIBIICHHUS TIPO(UITH U3HOIICHHBIX 3yObeB M3MEPSUICS Ha
Tonopka 3y6a ‘ 9BOJIbBEHTOMETPE (bupmbI

IR , | Maag SP-100. 13 pe3ynbTaToB
= +—1— ————— u3MepeHMsT IWHHUA TPOQUII
MKM
BUITHO (PUCYHOK 2), UTO JIMHUSA
O6nacTh H3HOCA

% | L1 st L B W3HOCA HE IUIABHO yBEINYMBA-
S . R ol €Tcsl OT IOJII0ca 3allelyICHHs K
Hosxxa 3yGa At S=— | jokKaM U TOJOBKaM 3yObeB,
PricyHok 2 — DBoIbBeHTOrpaMMA IPOGIIS 3y0UATOro KOIIeCA  gak ciieyeT M3 I'eOMeTpHue-

— — O —_ T v
7=49, 0=25° F14=22909H nocne nucnbIranuit CKOM TEOPHH, a MMeeT KyMy-

MATHBHBIA XapakTep. Haimume 30H H3HOCA TIOXOXKHX Ha CIIC/IbI IUIACTHUECKOI 1edop-
Mallui KOCBEHHO MOATBEP:KAAeT 3T0. OJHAKO COTNIACHO KIAaCCHYECKOW TEOpUH ILIa-
CTHYECKHX JeopMarinii [2] mpy BEICOKHX CKOPOCTSX AeopManiy npeaes miacTude-
ckux aedopManuii cmemaercs B 00JIacTh Oosee BHICOKMX KOHTAKTHBIX HATPSHKECHUH.
BcenenctBrue OTMEUEHHBIX MPOTHBOPEUMIT MEXKTY CYIIECTBYIOIIMMH TEOPUSIMU U pe-
3yJIbTaTaMH 3KCIEPUMEHTOB, BUIBI H3HOCA U Pa3pYILEHHUS TOBEPXHOCTH HOXKEK M T'O-
JIOBOK 3yOb€B aBHAIMOHHBIX 3y04aThIX KOJEC MOXHO KIACCH(HIMPOBATh TOJBKO
BECBMa YCIIOBHO, KaK — CBSI3aHHBIE C ITACTUUECKUM TeueHHeM Mmatepuaia. CooTBer-
CTBEHHO B HACTOsSIEE BpeMsl HET INpPUEMIIEMON METOJUKM pacdyeTa KOHTAKTHBIX
HalpspKeHUH Ha 3yObSX IPHM KPOMOYHOM 3alleIUICHHWH; YTO JIeJaeT HEBO3MOXKHBIM
TIPUMEHEHHE VISl OLIEHKH TPOYHOCTH HOXKEK M TOJIOBOK 3yObEB aBHAIMOHHBIX 3y0Oua-
TBIX KOJIEC OCHOBHOI'O NpPHHIMIA pacyeTa AeTaled MalllvH, KOTOPBIM 3aKII04aeTcs B
pacdeTe OEHCTBYIOIUX U JOMYCKAaeMbIX HAIPsDKEHUH, OJHUM U TEM K€ METOIOM pac-
4yera, ¢ MPOBEPKOW IPEBBIIICHUS JIOIYCKAEMbIX HANPSHKCHUHM Hal JEHCTBYIOLIMMU
HanpsDKEHUSIMU 17151 00eCTIeueH s 3a1aHHOM IPOYHOCTH MEXaHU3Ma.

Taxum 06pazom, TpeOyeTCst MHOM TIOAXO [T pacyeTa aBUAIMOHHBIX 3y0UaThIX Mepesiad.

CylIHOCTH HOBOI'O MOAX0/Aa B IIPUMEHEHUH TAKOW T€OMETPUH 3yObeB, IPHU KO-
TOPOW KPOMKH OynyT JiOO "OTBEAEHHI" OT MPSMOTO KOHTAaKTa, JIMOO eClii U OyayT
HMMeTh KOHTAaKT, TO KOHTaKTHbIE JABJIEHHS TIPU 3TOM He OyIyT NpeBBINIATh YPOBEHb
HaIpspKEHUH J0ITYCKAaeMBIX JUISl OKOJIOTIONIFOCHOM 30HBL

TeoperrdecKkoil 0OCHOBOIH HOBOT'O MOAXO/A K pacyeTy 3y0daTbIX Mepenad CITyKHT,
BO-TIEPBBIX, MPsIMON cuHTe3 reomeTpun| 1, 3-6], He MeroLIel Ha TIEpPBOM JTarle pacyera
TIPUBS3KH K WCXOMHOMY KOHTYpY, BO-BTOPBIX, (DYHKIIMIOHAJIBHBIN pacdyeT Xoza h3MeHe-

*KyMyJTﬂTI/IBHLTﬁ OT JIATHHCKOT'O CJI0Ba cumulatio — YyBEIM4YMBATh, CTUMYJIMPOBATh, HAKOILIATD.
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HMS1 J)KECTKOCTH 3alleTUICHNs], HANPSDKEHNH, Harpy30K, TOJIIMHEI CJIOSI CMA3KH, TeMIIepa-
TYpBbI, Ha K&KXIOM 3y0e, a TAKKe JTMHEHHBIX U KPYTUIBbHBIX KosebaHuii Ten konec[7-12].

Peanmzanust HOBOTo 1MoJIX0/1a BBITIOJIHSETCSI CHCTEMON KOMIIBIOTEPHOTO MOJIe-
mposanns "AEROFLANK".

DuznyecKue Npolecchl, MpoTeKaloime B 3yduaroii mepegaye. Ecim kiuHemaTrky
3y09aTOoro 3arerUIeHIs PacCMATPHBATh O3 yueTa Harpy3o0K, TO Tiepel] BXOIOM 3yObeB B 3a-
LeTIeHHE My 3yObeB Mapbl 2-2 MOIDKEH ObITh 3a30p, KaK MOKa3aHO Ha PUCYHKE 3.

B narpy:xenHoit 3y0uaToii mepenade 3yobs neopMHUpyYIOTCs, U mapa 3yOseB 2-
2 MOJKET BOWTH B 3alleIJICHUE BHE TEOPETUUECKOM JIMHUY 3aLleIUICHNUS, [IPU YCIIOBUH,
YTO BeJIMYMHA 3a30pa F Oyner MeHsine nedopmanuu napsl 3yobes 1-1. 31o mpouc-
XOJIIUT KaK Ha BXOJe 3yObeB B 3alCIUICHUE, TaK U HA BBIXOJIE U3 3allCTUICHUSL.

Ecii Ha TeopeTnuecKkol JIMHNUY 3alIeIICHUS] CKOJILKEHHE CONPOBOXKIACTCS Kade-
HHMEM, TO BHE JIMHWM 3alCIUICHUS B
Harpy>KeHHOM COCTOSIHUM KOHTaKT 1 A
KpPOMKH 3YyObEB C 3BOJBBEHTHBIM 2
NpoHIIeM COTPSDKEHHOTO  Kojeca
IpoTekaeT 0e3 KaueHWs, 4To Cylle-

CTBCHHO BJIMACT HAa CTCIICHb HW3HOCA 1 2 ‘;—_F/
HOYKEK U TOJIOBOK 3yObEB KOJIEC.

s oneHku mpoiieccos, mpo- Pucynok 3 — Cxema 3auernieHus 3yobeB
TEKAIOIMUX TP KPOMOYHOM B3au- HEHarpyKeHHoOH 3y0uaroit nepenaun

MozeiicTBUN 3yObeB, CPaBHUM CKOPOCTH CKOJIBXKEHHS NMpoQuieil B KpaltHUX TOUKax
JIMHUHM 3aLETICHHs] CO CKOPOCTBIO KacaHWs 3yObeB B mape 2-2 mpu BXoze 3yObeB B
3alleIUICHUE B HAINPABICHUH TEOPETHIECKOHN JIMHUM 3alleIIeHHs. JTa CKOpocTh Oy-
JIET OTIPEICNISTh TAK)KE CKOPOCTh Ae(hOPMHUPOBAHUS 3yObEB MOCIIE X KOHTAKTA.

Koneca, 3yObsi KOTOpBIX IMOKa3aHbl Ha pucyHke 1, mmeror m=4,02; z;=49,
2,=51, X;=X,=0. Yacrora Bparienus 750000/Mun. CKOPOCTh CKOJILKCHUS B Hayase
Teoperhyeckoil uHuM 3anerenus 13,5m/c. [lepenaBaemast MouHocTh 1773KkBT.
[Iporu6 3y0bheB B OTHOMIAPHOM 3aneIuieHuu 30MKM.

MonenupoBaHue nporiecca COMKeHNs 3yObeB pacCMaTPUBACTCSI, KAaK N3MEHEHHUE
PacCTOSIHUS MEXIy 3yObsSMH B KPOMOYHOH (ha3e B 3aBUCUMOCTH OT YIJIa TIOBOPOTA Be-
JYIIEro KoJjieca ¥ B pe3yJibTaTe BhIpaxkaeTcs rpaduKoM, IOKa3aHHOM Ha PUCYHKE 4.
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Pucynok 4 — I'paduk nuHUY CONMMKEHNS 3yObeB

U3 rpadrka MOKET ObITH ompeencHo 3uaderne F(¢)=30-10°mm, uto cootBet-
CTBYeT Nporudy 3yObeB B OJHONAPHOM 3alleIUIeHUH, a AQ=4°. YUuTbIBask 4acToTy
BpameHust kojec 750000/MuH, onpeneianM BpeMs OT IIEpBOTr0o KacaHHsl 3yObeB 10
BBIXOJIa MX HA TEOPETUUECKYIO JIMHUIO 3areruieHns. 110 moxydeHHbIM JaHHBIM CKO-
POCTh cOMmKeHHs 3yObeB, a MIMEHHO CKOPOCTh yiapa 3yObeB, Oy/ieT paBHa 3m/c.

CxopocTtb yaapa (aedopmMupoBaHusi) 3M/c MEHBIIE TOH CKOPOCTH, TIPH KOTO-
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poii Marepuan 3yObeB MOXET CO-

1 XpaHATb YOpyrue CBOWCTBA IpU
BBICOKUX KOHTAKTHBIX HAIIPSAKCHU-

2 sx. 3yOpst OyayT BHEAPATHCS APYT

B Ipyra, INIACTHYECKH NehopMHupy-

SICh, KaK MOKa3aHO HA PUCYHKE 5.

1 2 IIpu sTom, Kak cienyer U3 xapak-

Tepa IBWKEHUS TOUEK KOHTAKTa, Ha
Pricyrok 5 — CxeMa TiepeMeIeHIs IIacTHYeckH ieopMmpo-  BXOJE 3yObeB MaTepHanl KPOMKH
BAHHBIX YACTHI] [IOBEPXHOCTH 3yObEB [IPH BXOZIE B3AIEIVIEHHE  OYZIET, YIUIOTHSSACH — COKMMAThBCS,
YTO MPUBOIUT K BBIKPAIIMBAHUIO

2 3 Ha HOXKKaX BEIIOMBIX 3yObeB.
Ipu BEIXOAE 3yOBEB M3 3allCT-
neHns (pUCYHOK 6), XapakTep IBH-
2 JKEHHUS TOYCK KOHTaKTa OyeT MHOW —
wiacTUdecku  AeopMUpOBaHHBIN
3 MeTaJT KPOMOK PacTATHBAETCs, YTO

HPUBOIUT K CXBAaTHIBAHMIO (3acma-
Prcynok 6 — CxeMa niepeMerLieRyst IiacTHIecky aedopMupo- HIIO) [IOBEPXHOCTEH 3yObeB.
BAHHBIX Y&CTHI] [I0BEPXHOCTH 3yOBEB [TPH BBIXOJIE U3 3ALCIUICHI TakuM 0BPa3oM, BHICOKOCKO-
POCTHBIE BBICOKOHATPY)KCHHBIC HEMOM(PUIIPOBAHHBIC 3BOJIEBEHTHEIC 3yObs OYIyT NMETh
pasnm4HbIe (POPMBI H3HOCA HA TOJIOBKAX M HOKKAX KOJIEC.

Jns onpeneneHusl KNHEMATHIECKOH TOTPEITHOCTH OJHOU TTaphl 3yObeB Ha BCEM
MPOTSDKCHNH (haKTHUECKOW JIMHUY 3alleINICHIs, T.¢. B o0meM Buze, B "AEROFLANK"
peraetcsi oOpaTHasi 3aa4a TCOPUH 3aIlCTUICHUS H3BECTHRIMUA METOAMH, HU3JI0)KCHHBI-
mu Hanpumep, @ .J1. JlutBunbM B padote [13].

COBOKYITHOCTh (DYyHKIIMH KHHEMATHYECKON IMOTPENIHOCTA BCEX map 3yObeB
OMPEIEIUT MHOTO3HAYHYIO (YHKIIMIO KHHEMAaTHYECKOM MOTPEIIHOCTH. B oTinyue
OT MPOCTON KWHEMATUYECKOH MOTPEITHOCTH — MHOTO3HAYHAsT COCTOUT W3 (PHHUT-
HBIX TIEPEKPHIBAIOMKXCS (DYHKIWH, Kaxaas M3 KOTOPBIX OIPENeIseT MOJOKCHHE
TOYKH KOHTAKTa MMapbl OTHOCUTEIHPHO HOMHHAIBHOTO TTOJIOK CHHSL.

BxoHRIMI TaHHBIMHU TS pETIICHsT 00PaTHOM 33191 TEOPHUH 3allCTUICHHUSI SIBIISTFOTCS
HOrpentHocTy npoduIist Beex 3yObeB. Besi cOBOKyIHOCTh Takux (yHKImid HasBaHa VL.IT.
HexypuHbIM NpephIBHON KUHEMATHUECKOH TOTPEITHOCTRIO Kouec [14], koTopast onpeze-

JIIOTCS CIISYIOIM 00pa3oM:
f,(v) = fr (V) +Fp(2),

rae fg (V) — dyskuus norpemsocty npoduis, 3axannas Tak, uto fg (vy)=0;

Vg — YroJl pa3BepHYTOCTH 3BOJIBBEHTHI 0 HAa4YanbHON OKpyxkHOCTH; Fp(Z) — mo-
TPEIIHOCTh MIaroB (YrJIOBOTO MOJIOXKEHMS) Z-TO 3y0a, M3MEpEeHHas 10 HadalbHOU
OKPYKHOCTH M 3a7aHHas Tak, 4to F(Z);4=0.

[Tpu paguansHOM OMEHHMHU KOJIEC M ITOTPELIHOCTH Npoduiiel 3yObeB (CTeneHb
TOYHOCTH 6-4-4) rpadyk MHOTO3Ha4HOW KMHEMAaTHYECKOH MOTPEHIHOCTH HMEEeT
BH/I, TOKa3aHHBIN Ha pUCYHKE 7.

B otmmame ot 'OCT21354-86 B "AEROFLANK" paccuuThIBalOTCS KOHTAKT-
HbIe HANPSDKCHUS U JIPyTHe MOKa3aTeNld He B OJJHOW TOYKE, a HENPEPHIBHO BO BCEX
(hazax 3ameruieHnsl. OTO MO3BOJSET BBINOJIHUTH IPOSKTUPOBAHME 3y04aToil mepena
YK TaK, YTOObI HE TOJIBKO B MOJIFOCE 3alleIIeHHs Oblla oOecriedeHa KOHTaKTHas! IpoyY-
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Pucynok 7 — I'paduk, onpenensronii HoIoKeHHe KKI0! mapbl 3yObeB 3a OMH 000pOT BeIy-
wero kouneca (I'paduk cOOTBETCTBYeT 3y0UaThIM KOJIECam, CTEIeHb TOYHOCTH KOTOPBIX 6-4-4)

HOCTb, HO 1 B IPYTHX (pazax 3areruieHus 3yOpeB KoJiec, B TOM YHCIIE U B (a3ax BXoAa
3yOBEB B 3allCIUICHUE U BBIXOJA WX Hero. [I0CKONBKY pe3ysbTaThl pacdeTa Moiyda-
IOTCSI B TAaKOM K€ BHIIE, KaK U B HATYPHOM JKCIICPUMEHTE, TO ATy METOJIUKY TaKXKe
Ha3bIBAIOT BEIYHUCIIATEIIHHBIM KCIICPUMEHTOM.

Ha texynmii MmomenT "AEROFLANK" nmpuMeHsieTcst [UIs pelieHus CIeAyOIuX 3a-
Jlad: pacyeT Ha BBIHOCIMBOCTH 3yOUaThIX repenay MpsiMo3yObIX, KOCO3YObIX M IIEBPOH-
HBIX; paCu€T X0Ja UBMCHCHUA KOHTAKTHBIX 1 M3TAOHBIX HaHpH)KeHI/Iﬁ 1 pacripeaciCHIC
HANPSDKSHHUH 10 MIMPUHE 3yObEB, YTO HEOOXOAUMO JUTS OLCHKH PEAbHOTO YMCIIA ITHK-
JIOB HarpyXeHus 3yObeB; pacdeT MPOLECCa M3MEHEHHS TONIIMHBI CIIOSt CMa3KH M MIHO-
BEHHOH TEMITepaTyphl; pacyeT KHHEMATHICCKON M KHHETHIECKON MOTPEITHOCTH ; pacyeT
CKOpOCTEH, YCKOPSHHUH, KPYTWIBHBIX M JIMHCHHBIX; KOeOaHUH Tell KOJIeC U MPHCOCITH-
HEHHBIX JICTaJIel; pacder CreKTpoB BHOparmid. OCOOEHHO BaKHO TO, YTO C TIOMOIIIBIO
"AEROFLANK" MOXHO Ha3HA4UTh CTCICHb TOYHOCTH 3yOYaThIX KOJEC MO KPUTCPHIO
BHOpPOaKTUBHOCTH.

B kadectBe mpumepa paccMOTpUM
CHHTE3 3y0uaToil mepeiayu c mapamer-
pamu: m=6, 7 (1_25 71=2,=30;
h al_h a2_1 C =0,2; r kl—r k2_1 b,=62;
b,=60; A" 1=A",=0,02 (pucyHoK 8).

HcxomHast cTeneHp TOYHOCTH Tepe-
mayn 4-7-4 mo 'OCT 1643-81. Yacrora
Bpauienus 120000/MuH; KPyTAIHHA MO- Prcyrok 8 — arierienne u hopma 3y0beB
MeHT 3000HM; MomHOCTh 377KBT. nepenaun m=6,7; 0=25°; 2,=2,=30

Ha pucynkax 9,10 noka3aH pe3ysbTaT BBIYHUCIMTENBHOIO AKCIIEPUMEHTA I10
OIIPEACICHNIO KOHTaKTHBIX HaHpﬂﬁ(eHHﬁ, MTHOBEHHOM TEMIIEPATYPbl U TOJIIHUHBI
cIost cMa3K| 3y0uaToil mepenaun ¢ KojecaMH, MMEIOIMMHU TPoQIIIb 3yObeB ¢ 3a-
JIAaHHOHM MOTPENIHOCTHIO IIara 3aleryIeHNs] 1 TApMOHWYECKON MOTPEITHOCTBIO MPO-
(buis, KOTOPBIE COOTBETCTBYIOT CTETIEHH TOYHOCTH Nepenauu 4-7-4.

Kax cnemyer u3 pe3ynbTaTtoB pacuera, IpH BX0/Ie 3yObeB B 3allCIUICHUE KOHTaKT-
HBIE HANPSDKEHUSI TOCTHUTAIOT npeaena Tekydectr 3138MIla, a TommmHa caost cMas3Ku
YMEHBIIAaeTCs 0 HyMs (CM. PUCYHOK 12), 4TO | SIBIISIETCS IPUYHMHON M3HOCA 3yObEB.

Criemyer oOpaiate BHIMaHHE Ha TO, YTO Ha BXOZIE 3yObeB BEpIIMHA 3yObeB BOIMH
KPOMKH BB KacaeTcst poduist. [lepBoe KacaHve POUCXOUT BHE TEOPETUUECKOM JIMHAN

*KuHeTHdeckasi HOrPEIIHOCTh OTIMYACTCS OT KMHEMATHYCCKON TEM, 9TO M3MEPSCICS MO HArpysKoii,
T.€. yUHUTHIBACTCS U3rHO 3yObeB.
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PHcyHOK 9 KunemaTtuueckue npoueccel PPlcyHOK 10— KOHTAKTHBIE 1 MBTOHbIe HATPSDKCHUS

3arieruieHns (pECYHOK 1 1,a), Bropoe KacaHue Ha TeOPETHUECKOH JIMHUH 3aleTuieHns. Ta-
KHM 00pa3oM, YHCIIO IIMKJIOB KOHTAKTHOTO HAIPYXXEHHUSI HOKEK 3yObeB y/IBaNBACTCS.

\ OCHOBBIBASICH HA TEOPETHUECKHX
q TOJIOXKCHUAX, M3JIOKCHHBIX B paboTe
\ [1-12] amroputmer "AEROFLANK"
\ ) JIOTIONTHEHBI MOJYJIIMU pacdera MIHO-

a

BCHHOM TEMITEPaTyphl M TOJIIIHHBI CIIOST
Pucyrok 11 — YyacTok mpodrist Beyriero 3y0a, KOTopsIii - CMa3KH, 1o MeToauke [ 15].

JIBaXK/IbI 32 IIUKJI 3aLCIUICHUS BXOIUT B KOHTAKT: Ha pucynke 12 nokasan pe3yabTar
@ — BHC JIMHHHM 3aLICIIJICHUS b — na muEHKM 3alCTUICHU BBIYUCIIUTEIILHOIO 3KCH€pI/IM€H'Ia C
B B T ST T BT N S S S VT R T
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i i i
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288 300 312 324 336 3438 360 3712 F8d 396 408 420
ToMIMHA CNOS CMaBKM, HM

PI/ICyHOK 12 - X()ﬂ HW3MEHEHHUST MTHOBEHHOM TEMIIEPATYPBI U TOJIIUHBI CJIOA CMa3KU
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e HOU TeMIIiepaTypbl Ha TIOBEPXHOCTH 3YObCB

Y TOMIMHBI ciosi cMasku. [Ipocreiimii
Croco0 YCTPaHUTh HEraTUBHBIC SIBJICHUS
KPOMOYHOTO KOHTAaKTa 3TO W3MEHHTH

E M T S L] Sae T u
HHEMATHUECKAR MOMPEWHOCTh M KHHeTHKA, MKM

R R s T (hopMy IPO(MIIA Ha TOJIOBKE TaK, YTOOBI

' M M N:EEEEE KpOMKa 3y0a Mojl Harpy3koil He Kaca-

| J\ [ J1ach aKTHBHOTO y4acTKa CONPSIKCHHOTO

S it aetomer rottia 1 medii sitemcts En - TIpochuiis 3y6a. Takast mporetypa Hazbl-

et T e BaeTCs MOM(UKALMEH WM, B HEKOTO-
e i PBIX CTpaHaxX, KOppeKUreH mpoduis.

il b Ha pucynke 14 mnoka3aHsl OT-

Enernd et ead o Fe e Toheit o Bt Soiles® 6 KJIOHGHMSI OT 9BOJBBEHTBI JBYX CO-

Pucynok 13 — Kone0OarenbHble IpoLecchl
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MIPsDKEHHBIX TPOQHIIeH, OTpaXKaromue JTNHANA MOA(pHUKAINN 3yOheB.

AHanu3 MoauGUIHMPOBAHHOI 3y04YaToil neperavu ceAbMOI CTeNeHH TOY-
Hoctd mo HopMmaMm miaBHocTH T'OCT 1643-81 ¢ momombi0 HpOrpamMmsl
"AEROFLANK". Huxe paccMOTpEHBI POLIECCHI B TIepeaue ¢ TEMH JKe TeOMeT-
PHYECKUMH XapaKTEPUCTUKAMHM, KaK MU B PACCMOTPEHHOH paHee, TOJIBKO MPOQHIIb
BBINOJHEH MojuduuupoBaHHbM. ['yOuHa n Qopma nuHHM npoduis omnpenens-
J1ach IyTEM BBIYMCIUTENBHBIX JKCIEPUMEHTOB IPU BapHALMM PA3IMYHBIX IMapa-
METpPOB Mozm(bm(auml
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Pucynok 17 — on[ W3MEHEHUsI MTHOBEHHOI PHcyHOK 18 — KonebatensHble npoueccm B
TEMITepaTypsl U TOJIIUHBI CIIOSI CMa3KH MOIU(pUIHIPOBAHHON TIepenaue

W3 pe3ynpTaToB CpaBHEHUsT HEMOAMGHIMPOBAHHOH Iepenayn ¢ Moauduumpo-
BaHHOW BHUJIHO, YTO KOHTaKTHBIC HAIPSKCHUS YMEHBLILIHCE B 2,4 paza, Temrieparypa
yMmeHbIIIach B 1,4 pasa, Bubparms B 1,5 paza.

C nomompto nporpamm "AEROFLANK"
MOXKHO eIle B OOJbIIeH CTEeleHH NOBBICUTH
KadecTBO 3y0Ouaroil mepemaun. Hmke Oyner
MOKa3aH pe3yiabTaT CHHTE3a Iepenadd, pac-
cuntanHoi ¢ nomompio "AEROFLANK".

Mepenaya, BBITOJIHEHHAS METOAOM |
n HMOFE ilI/lHTZBa W3 pesymeTaTtoB ¢ aIJ:He- Prcyrior 19 - Sanerierme i opva syoues

p : vp Y p niepenaan M=6,7; 0=22°; ,=2,=30. [ eomeT-
HHS Moz[mbnuan)BaHHon MePE/AUH € MEPENA- 0 w6y on noyueHa METOTOM IPAMOTO
4el, MOTydeHHON METOIOM NPSMOTO CHHTE3a f—
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Pucynok 21 — KOHTaKTHLIe 1 U3TUOHBIE

Halps»KCHUA B CI/IHTe3I/IpyeMOI/I nepenavic
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PricyHok 22 — I"padmkut IporieccoB H3MEHeHUsT

MTHOBEHHOH TeMIIEpaTyphl ¥ TOJIIUHEI CIIOS
CMa3K{ B CHHTE3HPYyeMOH nepenaue

Harpyska yaexsmas, Hum
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Pucyrok 24 — Pacnpez[ene}me YIENbHBIX KOHTAKTHBIX

HArPy30K B IIEBPOHHON 3y0UaToi rieperiade:
M=5,888; 0=20°; B=+28,5% 2,=2,=30; h = "»=13;

c=0.2; b1—74, b2—70, b=9; crenenn TouHOCTH TIEpeTaum 4
o [OCT 1643-81; vacrora Bpamienust 120006/muH;

KpyTawii MomeHT 3000H-M; MottHoCTs 471kBT

ET T - T T T T

T OO TR
T

Enexmp/BuspolionsiocTs Bedomoro Kone Sauenaenin .
Pucynok 23 — KonebarenpHble IpOIecCh
B CHHTE3HpYyEMOH nepenade

oy
3 no Ak

BUJ/IHO, YTO KOHTAKTHBIC HarpsDKe-
HUsI YMEHBIIMINCSH B 1,4 pasa, u3ru-
OHble HANpPSDKEHUs] YMEHBIIMINCH B
1,7 pa3a, BuOpanust B 4 paza.

Cucrema "AEROFLANK"
Ipe/Ha3HayeHa M IPOEKTHPOBa-
HUA HE TOJBKO NpPAMO3yObIX Hepe-
Ja4q BHemHero 3aneruieHus. C ee
TIOMOIIIBI0 MOXKHO BBIIIOJIHATH TPO-
eKTUpOBaHME 3yO4aThIX KoJiec ¢
HECUMMETPUYHBIM  mpoduiiem, ¢
BHYTPEHHHM 3alICIICHHEM, KOCO3Y-
OBIX U IIEBPOHHEIX [0, 16].

IIpumep pacuera Harpy3ox B
LIEBPOHHOM TIepefaue MOKa3aH Ha
pucyHkax 24, 25.

B paborax [16-18] npuBezneHs!
TIPHMEPHI  PAKTHYECKOTO MpHMEHE-
nust cuctemsl "AEROFLANK".
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Pucynok 25 — Pacnipenienenye yaenbHbIX KOHTaKTHBIX Harpy30K
B IIEBPOHHOM 3y04aTO# mepeaade npu mepeKkoce oceit

BeiBoabl. [lockonbKy OCHOBHOE TpeOOBaHHWE, NMPEABSBIIEMOEC K aBUALMOH-
HBIM 3y04aThIM IepeadyaM, 3aKI04YaeTcs B OTCYTCTBHM M3HOCA U HM3KOM YpPOBHE
BUOpaLuii, TO 33/1a4a MPOEKTHUPOBAHUS CBOAMUTCS K TAaKOMY CHHTE3y (OPMBI IpO-
¢us, IpU KOTOPOM TOJIILIMHA CJIOSI CMA3KU B 00J1aCTH KOHTAKTa T'OJIOBOK U HOXKEK
3yObeB OyZeT MakCHMallbHa, KOHTAKTHBIC HANPSKEHUS! U BUOPOAKTUBHOCTh — MH-
HUMalbHBI. MaTeMaTiHyeckasi MOk TAaKOro pacyera pazpadorana B padore [3-12]
U peann3oBaHa Kak mporpamMHubid komruieke ""AEROFLANK™.

[porpammusiii kommieke "'AEROFLANK" mnpumensncs npu JOBOJAKE
aBUanMoHHEIX apurateneit TB3-117BMA-CBM1, AU-222, A-436-148, 127, npu
9TOM HE TOJBKO YMEHbBIIAJICS M3HOC NOBEPXHOCTH 3yObeB, HO M YMEHBILAJICS ypO-
BEHb BUOpanuu 3youaTeix nepenad [17, 18].

Cuucok jgurepatypsl: 1. Byreakos 3.5. Teopust 3BOJIBBEHTHBIX 3y0UaThiX nepeaad. — M., MariHoctpoenue,
1995. — 320c. 2. Teopust macTrdeckux aedopmManii Metawios / E.I1 Vuxcos, V. [Jowconcon, B.JI. Konmoeopos u
op.: Ioo peo. E.IL Vuxcosa, A.I. Osuunnukosa. — M.: Manmuoctpoenue, 1983. — 598c. 3. Jopoghees B.JI. Tps-
MOl CHHTE3 aBHAIMOHHBIX JBOJLBEHTHBIX 3yOuathix nepenad. Y.1. IMpoextuposanue 3auervienust / B.J1. JJopo-
gees. — M.: ®I'VIT MMIIII "Carmot”, 2003. — 22c¢. 4. Jopogees B.JL., [Jopoghees /I.B. Tlpnmenenne Merona
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VK 621.833.01

Cucrema mozresmposanns "AEROFLANK' & npsiMoii cHHTe3 H3HOCOCTONKAX 1 MAJTIOITYMHBIX
3y6uateix nepenayu / B.JL [dopodees, B.B. TosoBanos, /I.B. lopogee // Bicank HTY "XIII". Cepist:
TIpo6nemu mexaniunoro npusoxy. — X.: HTY "XTIII". — 2013. — Ne40(1013). — C.39-48. — bi6miorp.: 18 Hazs.

3Hoc mpo¢isro 3yO1iB BUCOKOMIBUIKICHUX 3y04acTHX KOJIC Ma€ MicIie Ha IOJIiBKaX 1 HiXKKax 3yOIliB.
OKOJIONONIOCHA 30HA TAKUX KOJIC 3HOIIYETHCS HE3HAYHO. [10Ka3aHo, 1110 BUKOPUCTAHHS CHCTEMH MPSIMOTO
cunTe3y 3youactux nepenad "AEROFLANK" no3sosse: 1. 3HaiiTi Taky JiHi0 npodiito, Ipu sKii 3yowi
KOHTaKTYIOTh TUIBKH Yepe3 Iap MacTiIIa Ha BChOMY IIPOTSI3i JIiHii 3a4eIuieHHs]; 2. B KUIbKa pa3iB 3MEHIIH-
TH TIOTYXKHICTB, 3aTpadeHy Ha 'eHepallio BiOparii; 3. 3MEHIINTH KOHTAKTHI Ta 3THHHI HaIpy)KeHHSI.

Ki1o4oBi ci1oBa: 3y04acTi Kojeca, CHHTE3, 3HOC.

Deterioration of a cross-section of teeth of high-speed tooth gears takes place on heads and legs of teeth. The
circumpolar zone wears out slightly. Use of system of direct synthesis of toothed gearings "AEROFLANK" allows: 1.
To find such line of a cross-section at which teeth contact only through a lubricant layer on all line of action; 2. Several
times to reduce the capacity spent for generation of vibrations; 3. To reduce contact and bending stresses.

Keywords: tooth gears, synthesis, wear.

YK 620.169.2

H.H. HIITHH, x.7.1., 1o11., 3amectutens aupekropa HTII "Kapbepras Texauka'
OObeauHeHHOr0 HHCTUTYTA MamrHocTpoeHus HAH Benapycu, MuHck;
A.M. TOMAH, x.T.H., 1011., HAYaITbHUK oTAena OObeIMHEHHOTO HHCTUTYTA
mammHoctpoenust HAH benapycu;

A.C. CKOPOXO/]OB, x.1.H., Bel. HAy49HbIH coTpyAHUK OOBEIMHEHHOTO
nHCcTUTyTa MamuHOocTpoeHust HAH Benapycu;

C.A. TABPHJIOB, nupextop OAO "TlonraBa-benA3-cepeuc”, Komcomombek

HABHAYEHHUE NPEAEJIBbHO JOITY CTUMbIX YPOBHEM
BUBPALIUU ITPU BUBPOJAUATHOCTHUKE 3YBYATBIX
MEXAHN3MOB

V3noskeH MeTOZ MpeBapUTeIbHOrO Ha3HAYEHHs! MPE/IebHBIX YPOBHEH BUOpaImii MpH aBTOMATH3UPOBAHHOM
BHOPOMOHHTOPHHTE TEXHIYECKOTO COCTOSIHHS 3yOUaThIX MEXaHW3MOB. MeToy| 6asupyeTcst Ha TUIIOTe3e JIMHEH-
HOIT 3aBUCHMOCTH ITapaMETPOB BUOPAIIHIA OT BEJIMUHHBI 3a30POB B CONPSDKEHUAX U TTO3BOJISIET, B OTCYTCTBHE CTa-
THCTHYECKOM 0a3bl 10 BUOPAIIMOHHBIM XapaKTEPUCTHKaM MEXaHHW3Ma B 3aBUCHMOCTH OT HapaOOTKH, HAa3HAYMTh
OPUEHTHUPOBOYHBIC YPOBHH BUOpALIHii 3y0UaTOro MEXaHH3Ma JUTst KOHTPOJIS €10 COCTOSIHHS B SKCILTyaTalluH.

© M.M. Iinn, A.M. T'oman, A.C. Cxopoxoznos, C.A. I'aBpuios, 2013
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