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AHHoTauus. Makonaga KamuLLIKOK 3MeMEeHTN TakkMGnM TULLNKW Funaupary 6ynrad ysaTMaHu KOMMIeKc
Taxpubasuii TagKMKOTNAPW HaTUXKanapu Taxnum KenTupunraH. 3aMmoHaBuid Yn4os ac6obnapuHm Kynnatb
TULLNM FUNAVpaKnap Bannapvaarm 6ypoBYsM MOMEHTMAPHW, ainaHULL YacToTanapHu, LOBKUHHK Y3rapuLu
KOHYHUSITNapW aHuknaHau. MapameTprap Ba uvwnawl pexumnapu GofnaHull rpadouknapn Kypungu.
Taxnunnap acocuaa MexaHU3MHW WHepuusi OGUKPIMK Ba  IOKMaHWLI  NapaMeTpriapuHUHT  Makoyn
KuimaTnapu TaBcus aTUIraH.

KanuTt cysnap: TMWINM fUNavMpak, KaiuWKoK 3reMeHT, BUKPIMK, IOKMaHWULL, LLIOBKWUH, KOHYHUAT, Gypyak
Te3MM1K, KAMPOB, HOTUKECTIUK, UHEPLINUS MOMEHTM, pe3nHa Mapkacy uwdn 6apabaH, TeGpaHuLl, caMapa.

AHHoOTaumA. B cratbe B pe3ynbTaTe SKCNEPUMEHTamnbHbIX WCCNEAOBaHMIA MOJSIHOCTbIO M3yyeHa
cyliecTByoLlan 3ybyatas nepegadva ¢ ynpyrumm getansamu. C MOMOLLbIO HOBEWLLENO U3MEPUTENBHOIO
060pynoBaHUS BbINM U3y4eHbl NMPUYMHBI U3MEHEHWUS KPYTSLLErO MOMEHTA, NEPUOAOB BpaLlEHNS N 3ByKa B
WwecTtepHe. PaspaboTaHbl reomeTpuyeckie pasMmepbl 1 M30bpaxkeHns cBs3en cCocTosiHUIA. o pesynbTaTtam
nony4yeHo oNTUMaribHoe 3HayYeHne PU3nKO-MexXaHUYECKUX pa3mMepPOB YCTPOMCTBA.

KnroueBble cnoBa: LWecTepHs, ynpyras 4acTb, >XeCTKOCTb, AaBrneHne, 06beM, MeTop, NMHenHasi CKopocCTb,
rpaHuua, MNPsSIMONMHENHOCTb, (U3NYECKME 3aKOHbI, KapTa YMNpPyroro anemeHTa, pabounii MexaHwusMm,
Bnbpauus, pesynbrar.

Annotation. In the article, as a result of experimental research, the existing gear transmission with elastic
parts is fully studied. With the help of the latest measuring equipment, the causes of changes in torque,
rotation periods and sound in the gear were studied. Geometric dimensions and images of state
connections were developed. Based on the results, the optimal value of the physical and mechanical
dimensions of the device was obtained.

Key words: gear, elastic part, rigidity, pressure, volume, method, linear velocity, boundary, straightness,
physical laws, elastic element map, working mechanism, vibration, result.

Kvpuw

MalunHa Ba YHUHI KUICMapUHU 3aMOHaBUA TY3UMULLIAPUHU UWab Ynkuw, matemaTuk
novMxanaw Ba aHanuM3 KUnuw MeToANapuHU sHrunaw, WWFULW XYCYCUATNapUHU
ypraHuLl, anacTUK KACMIUAN TULLAW y3aTManapHUHI 3aMOHaBUN Ty3UnNunapHy nwnatb
YyuKMLWIra ona UNMUA MsnaHuwnap skyHuaa kynnab, XycycaH, Kynuaarn KentupunraH
UNMUA-TAOKUKOTNAp: TUWNAKW  UNawmManyM  MexaHu3MapHuM 3aMOoHaBuUW  nonmxa
ynmamanapuHu Taxnun kanuw  nynnapyu uwnad uukunrad (New-York Institute of
Technology, USA and Poland institute of technology); mocnawyByaH ynyamnu
unawmanu ysatMmanapHu KMHemaTuKacMHU MaTeMaTuK nomuxanaw Ba CUHTEe3 Kunuw
eynmnapu mnmun acocnanran (University of Science and Technology of Korea);
MalLUMHaco3NMKaarn TUWNWM y3aTManapHUHI TEXHUK XonaTtnapu makbynnawTupunraH.
MexaHuamnapHu novmxanawl xamga Taxfvun KUIUWHUMHE Makbyn ycynnapu amanra
owwpunraH (H.93.baymaH Homuaarn MockBa gasnat TexHuka yHuBepcuTteTn, Poccus Ba
MexaHunka Ba MHLWIOOTNAP CENCMUK MyCTaxkammnn MHCTUTYTU xamaa TOWKeHT gasnart
TEXHWKa yHMBepcuTeTH, Y36eKUCTOH); Y3rapyByaH napameTpnu Ba KAaWNLLKOK 3NEMEHTN
TULLNW FUNOUPAKIN MEeXaHU3MMAPHWHI AHIMM KOHCTPYKTUB CXeManapu TaBCUS KUIUHraH
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(TOLKEHT TYKUMaYUIMK Ba EHIWUA CaHoaT WHCTUTYTK, Y3bekncToH) Mabnymku, ayHéna
Gapya coxanap Oymnua wuwnatunaguraH MawwuHanapHuHr 30 %  opTuFmnaa
opUTManapuaa TUWAn Fungupaknm MmexaHuamnap kynnanunagm [1,2].

Tabkugnaw no3suMkK, TULWLAKM MexaHuamMap Xxyga knymk yndamga 100 mm gnameTtpaan,
xamga Xyga kaTtTa ynyamga guameTprada Oynuwm MyMKMH. TUWnn FUnavpaknm
MeXaHU3MIapHUHI ByHaanm KeHr xaxXmaa Tapkanuwiura, nunatunuwmra acocui cabab,
ywby mMexaHu3MNapHUHI xapakaTHU aHWK Ba KaTTa AmanasoHga y3aTta onuwiu, uwnaw
pecypcuHm kattanurn, ®.U.K HMHr kaTTanurn xamaa katrta KyBBaTHM y3aTa onuwmn bunax
n3oxnaHagu.

Xo3upaa 3amMoHaBMA MallMHa Ba MexXaHu3Mnap Hasapuscugarn mMyammornapHu xan
KMnuwaga nonaeBop M3NaHuwnapra, kaTop ONMMIIaPHUHI OfiraH  HaTwkanapura
acocnaHagn.  JKymnagaH, N.N.ApTobGonesckun, K.B.®ponos, B.A.3nHoBbEB,
C.K.KoHeBHukoB, X.X.Ycmonxomxkaes, Y.A. [ xonaac6ekos, N.W.JleBaTckuH, ®©.J1.JIntBUH
kabun onumnap wvwnapu nongesop xucobnaHagun. XymnagaH, X.M.loxmaH y3aTuw
OpUTMacK Hasapusicu acocymnapuiaH xucobnanaam [3].

1-xadean
TuwnapHUHI TEXHUK NapameTprapm
Y3aTMaHUHr AnnaHma Te3nuk (m/c)
= Mwnatunuwmn
aHUKNUK gapaxacu | Tyrpyu T | Kus tuw
456 Asunauwnsa pegykropnapu KOkopwu
T 204100 3042100 TEe3NuK Ba HOKOPU aHUKNNKOa
(roKopn aHUKNUK)
y3aTmanap
Z YMyMuin MalMHaco3nukaga aHuk
(aHMK) 10420 15430 IOKOPU HOKNaHMWAa uwnanguran
K y3aTmanap
8v 5410 6415 YMyMuin MmallmHacosnumkaa
(ypTa aHuK) nwnatunagurad ysatmanap
9 -
(Kam aHuK) <5 <6 CekvH nwnanguraH ysatmanap

Tuwnu fungupaknapHn Tanépnaw 6ynnya TexHuk Tanabnap, KynnaHunagurad
maTepuannap Ba XOM — awé Typnapu MaexXyd. TuUWwnu fUNAMPaKnapHUHr Xuamat
BasnacuaaH kenmb YMKKkaH xonaa ynapHu Mmapkasui TelunKnapmu Ba TULLAN 03anapuHm
Tanépnawra anoxuga 9bTubop kapatunuwm Tanab atunagu. WyHganm kunnb, Oy
to3anapHu ysapo xounawuwunHuHr xatonurm 0,01-0,1 mm yerapacuga Gynuwmn kepak
[4,5].

1-pacm. TUNm FUNAUPaKnM ysaTManap KypuHuwnapm.
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Tuwnu ysaTManapHu TallKky CUPT KO3aCUHUHT CUPTUHU MapKa3umn HyKTacura kaparaHga Tuk
0,04-0,2 mm 6ynuwun 6enrmnanrad. Mapkasui Hyktacu IT5...1T7 cuHd aHmknurnga Ba to3a
ragup-6yampnurn Ra 1,25... Ra 2,8 tanab stunagu. Tuwnu ysatmanap TyFpu TULLIK, KNS
TULIN, HOTEKMUC TULWNM BYNnWIM MYMKUH. TUlNapuHUHE npodunura Kypa 3BoSIbBEHTAIM,
annaHacuMOH xama uuknovanu typnapra 6ynvHagun. TUWHUHT MaBxXXya npodunnapugaH
3HI KyN KynnaHunaguraHu 3BofbBeHTa Npounu TUWLINKW Ffunaupakanp. YMymMmaHd onraHja
TULLNN MEXaHU3MHW €TaKNoBYM Ba eTakNnaHyBYM Funaupaknap Tawkun ataam [6,7].

Tvwnun y3aTMmanap mnawuuvil reoMmeTpusacu

Bunammnskm, MexaH1M3mM Ba YHUHI KUCMIAAPUHK MLLIra TyLUMPULL YYYH, Aactnab, 6up aHeprus
maHb6an 6ynaaw.

Y3aTyBuUM MEXaHMU3MHWU 3MEKTP HPUTrMYgaH xapakaTHu Kabyn KunyBYM Banun 3HEprus
MaHbangaH aHeprusiHn 6eBocuTa Kabyn kunub etaknoBym Ban, Oy BangaH 3aHEPrusiHU
kabyn kunmb, mw GaxkapyB4uM KMCMra y3aTyBuM Basn 3ca eTaknaHyByM Ban Aeb atanagw.
ETaknoBum Ba eTaknaHyBYM Bannapgarn KyBBaT xamaa Te3nuknap y3aTMaHWHI acocui
Xapakrepuctukacuaup. byHaaH Tawkapu, ysatManapHuHr dporganun vl Ko OULEHTH
xamaa y3aTuvLl COHU YITapHUHE ULLIMHW XapakTepnoBymn KypcaTkninapaaH xucobnaHagu.

Y3aTmanapHu goonganu v KosOUUNEHTU Kynmaarmda aHnknaHagu:

UZM €Ku 77:]_—M

N1 N1
2-pacMga TUWNKW fFUNOMPAKNW y3aTManapHu TtacHudpu 6Gepunrad. [demak, Tuwnu
mngupaknn - ysatmanap  auddepeHuman,  KOHYCCUMOH,  penkanu, 4YepBaAKu,
rmnepbononanu, nnaduTap, ongysdanu, Manta Xod MexaHu3mu, BUHTAW, TMNOWA, TULLIAN
puyaknu, UMNUHAPNKW Typnapra 6ynuHap skaH, ywby onnb GopunraH TagkukoTnap
TacHuura Gup rypyx TUWNAK y3aTMmanap Kuputungu. Ynap HaTtwkacuga, KauuKoK
ANeMeHTNun Fungupaknapu éynrad Tmwnm yaatmanapavp [8,9].
KOHYCCMMOH TUWNW Funaupaknap yknapu ysapo mabiiym 6up Gypyak octvaa KecuraH
y3atmanapga kynnanunagu. Opgatga ynap 90 6ypyak octmga xowunawraH Oynagw.
KoHycCMMOH fungupaknap TyFpyu Ba aunaHa Tuwnu Oynuwm MyMKuH. ArMnada Tuwnm
FUNOVPAaKITapHUHT VKU TULL KAPKYBYM Kecuw acbobu kKannarvHuHr gunameTtpura mMoc
kenagn. KoHyccumoH funavpaknapga «bownaHfuy KoHycnuk» Aeb HomnaHraH TywyHya
kmputunraH 6ynmb, ymymunm ydra ara OGynraH, 6up-6upuHuM yctmaa cupnaHmacaaH
AymMananauraH UKKuTa KOHyCrnuk to3anapaaH nbopar.

Tumnn yzarmanap

! ] | |

Twmm pavaran Tunonn JTndppepennman T
| ]
Frmam Maara xoq Konyeemion Peiiam
MECXAMIIMA
! | ! I
10aa¥I9a1m ILaamerap Inuepioaon Yepnur.in

Tapruian, KaAnmENK,
NIEMEH TN

2-pacMm. Tuwnu ysatmanap TacHudw.
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KOHyCCMMOH fungupaknapHu Tamépnaw UWnuHOpUK  fFungupaknap Tanépnawra
kaparaHga OupmyH4a mypakkab 6ynub, TUNapHM KUPKULW Y4YyH Maxcyc acbob Ba
XuxoanapgaH dovgananiwra TyFpu kenagn. KoHyCCMMOH fungupaknapHum Tanab
3TUNraH aHUKNUK 6unaH nuFnw kunvH [10,11,12].

OKCLUEHTPUKNN TUWNAW FUNAUPAKIA MEXaHMU3M. TEexXHOMOrMK MalluUHANapHUHE  nUWYmn
opraHnapuv ropuTManapuHm y3atuw HUCbaTuHM yarapuwnra UMKOHUAT BepaguraH xxygpT
3KCEeHTPUK TUWNM FungupaknapgaH ubopart. OKCUEHTPUKIM  TULWINW  FUNANPaKIn
pPOTaUMOH MEXaHW3M CUCTEMAHMHI y3aTULL MEXaHU3MUHN acocun y3enu xucobnaHaau.
KydTnukHu xapakaTuHu Tekmc napannen geb kapammums. Vikkuta TyTalyBym annaHanap
(Twnn funaupaknap) ynapHuUHI reoMeTpuK MapkasnapugaH kaHgangup macodpaga
XounawraH ysrapmac ykrnap atpoduga annaHagn. AnnaHanapHuHr TyTalliuw HyKTacu
xapakar xxapaéHua Kysranmac yknapHu TyTawtupyBum Ynsuk 6ynnab curmkungm (byHga
FANMpaKknapHM  vnawuvw  paguycnapu ysrapub Typagu). TyTawuvw Hykracuga
annaHanapHu Tesnuru JoMmo y3apo 6up dupura TeHrgump.

LUyHUHrgek annmnccMMoH Ba 6oluka Wwakngarv avnada 6ynmaraH TULWNKY Fungmpaknapu
opkanu xam eTtaknaHyB4u ByFuHNKN y3rapyByaH Oypyak Tesnuknapga xapakaTnaHuwHU
TabMUHMAW MyMKUH. JleknH ywby mexaHuaMnapHu Tanéprawl TexXHONOoruscu Xyaa
Mypakkab OynraHnurn yqyH KynnaHuManm Konrax.
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3-paCM. KOHyCCMMOH TUWNKU FMnaupaknm y3atma mnawimMmacum reoMmeTpusacu
AvnarpamMmmMacwu.

Mabnymkm, TUWLNK y3aTmanap annaHMma xapakaTHu OuMp BangaH MKKMHYM Gup Banra
y3aTul YYyH KynnaHunagu. Tuwnm ysatma Tacmanum MexaHusmnapra HucbataH
KaTTapoK KyBBaTHW Yy3aTULL MMKOHUATWUra 3ara, 4YMgamsivnuri Ba xapakaT KOHYHWHU
y3aTuw 6ynuda aHmkpoknurm ounaH adp3annuri aHuknadrad. Tuwnu ysatmanapga
€TaKnaHyBYM TAPMOKHUHI 3runuwm xmcobura ennnuwHmnHr optuwm Ba ysatma ®UK HuHr
Kamanuwura onmb kenagu. Katop KypunmMmanapuHUHE aCOCUA KaMYUnurura yrnapHUHr Uil
XapaéHnga TuW eTakfaHyBYM TapMOFUra TabCUPUHUHI KamManuwun xamja Kywumya
KapLUMIMK MOMEHTUHN XOCWUIT KU xncobnanagn ETaknanyBumn BanHuHr 6mp mevépaa
caknaw y4yH KypurMaHu eTapnu gapaxaga BepTukan WyHanuwga xapakaThiaHuwim
nosum 6ynagn. bus KOHCTpyKUMS copfanurMHM caknaraH xonga, TULWWM y3aTMaHu
Tapkmbura KannwKok aNeMeHT KYMULWHM TaBcusa aTauk [13,14].

Tabkyanaw no3vMKW, TULLNK FUNQUpPaKnM MexaHusMmnapaa Tuwnap ysapo unawraHga
KncmaH 6ynca xam 3apb Ba cupnaHuw 6ynagn. by nantga fungvpaknap vwnai
pPecypcuHMU KamauTupagun, WYHUHITAEK LWOBKUHHW Kynaniwura onmb kenagu. LUyHWHr
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YYyH ywby 3apbanu TabCUpHM aMOopTU3aUMs KUNULWL Makcaguaa TULNW FUnavpaknap
TapKMGNY KMNNG TanépnaHuWnHU TaBCUS KUNOUK.

A:,lu'3m A
10
d

a8, 7
06 |

a4 Z

P
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0 1 210 1 | 1 610 —
10 4 30 40 50 )
¢, 10° N/'m
4-paCM. KOHyCCMMOH TUWNKN FMuNnanpaKknm ys3atmMmara lkKrnaHuil 6epunraH.qa xonaTt

AvnarpamMmmacwu.

Tyuwnn mexaHuamnapga opTukda OofFnmaHuWnapHM aHuknaiw, yHu OapTtapad aTuw
MyXxuM xucobnaHaan. OpTtukda 6ofnaHnwnap Kkynugarn oopmyna 6unaH aHuknaHaau:

g=W-6n+5 P5+ 4P4=1-6-2+5-2+4-1=3, 1)

KnHematuk kydTnvkgary MWKanaHUWHWU - KaMauTUpUL, MEXaHU3MHUHI  uwnaLy
PECYPCUHU KYNManTUPULL YYyH 3MacTUK 3MNEMEHTNN MexaHusmnapga donganaHui
TaBcus aTunagn. ByHUHr ydyyH mexaHuammnapaarm opTukda 3BeHOMapHW aHuknawpga
KalMULLKOK 3rieMEeHTNapHu xucobra onaaunraH hopMyna TaBcus aTUNAau:

g=W-6n+5 P5+ 4P4-ny, (2)

OyHOa ny-mexaHuamnapaarv Kanmwkok aneMeHTnap CoHu. (2) doopmynagaH KypuHUO
TYpuUOONKM, MEXaHU3MIa KUPUTUNTaH xap Oup KanuLKOK aneMeHT opTuK4a 6oFnaHuLLHK
OuTTara kamantupagw.

N

AT
U ALY

5-pacm. Tuwnu y3ammanap cxemasnapu.

5-pacmpa TVWNW fungupaknap BapuaHTrapu kentupunraH. byHaa: a-BapuaHT yudyH:
g=3; ©0-BapuaHT Yy4yH: Q=2; B-BapuaHT Y4yH: Q=1; Q-OofnaHULWNapHU SPKUHNUK
Aapaxacu.
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Xynoca

HatwxkanapHu Taxnun KUnuw WyHW KypcaTamKn, YYUMHYM ynaHuw (4-pacm, a) BapuaHT
3Hr Makbyn xucobnaHagu, yHaa opTvkda ynaHuw éuttaraya kamasau.

Tvwnn ysaTmagarv opTrkya 6ofFraHULWLINapHN TYNUK NYK KUNUL yYYH €TaknoBYmM TULLIN
FANOUpaKk annaHvw Banuaarn MNOALUMHUKKA YpHaTULW YYyH Kopriycra pesvHanu
BTynkanapgaH doomnganaHul TaBcusa aTunagu.
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