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3axuct BinOynetsest 5 wepBHsa 2019 p. o 15% TOIWHI Ha 3acigaHHi
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3ATAJIBHA XAPAKTEPUCTHUKA POBOTH

AxTyajgpHicTh TemMu. My(TH € MHPOKO  PO3HNOBCIOMKECHUMH
eleMEHTaMH Yy MaIllMHOOYIyBaHHI, BOHH CIyXaThb IS 3'€THaHHA Ta
po3'emHaHHS ~ BajiB, MepeAaBaHHS OOEPTAJBHOTO MOMEHTY, a TaKOoX
BUKOHYIOTh (YHKIII 3aXHCHMX HPHCTPOiB, IO o0epirarote aeraii, abo
CKJIQ/IANTHHI OJIFTHUII MEXaHIYHAX MPUBOJIB BiX il TepPEeBaHTAXEHb 1 MOXYTh
BUKOHYBaTd  (DyHKIIi  perymaTopiB  mBHAKOCTI  pyxy. Haiibinbie
PO3MHOBCIOMKEHHST  OTpUMany My()TH IS 3'€AHAHHS JeTalei, 10 MaroTb
3araibHy ~ TE€OMETpHYHY Bich  oOepraHHi.  KommeHcyBanHi  My(dTH
3aCTOCOBYIOTH JIJISI 3'€JHAHHS Ta PO3'€THAHHS BaiB, TEOMETPHYHI OCi SIKHX 32
TEXHOJIOTIYHUM TPOLIECOM MAaIOTh pajiiaibHe, OChOBE Ta KYTOBE 3MILlICHHSI.

Pi3HOMaHITHICTh 3aBIaHb Ta BUMOT, III0 PO3B'SI3YIOThCS 3a JOIMOMOIOHO
My(T, BHUKIMKAJIO CTBOPEHHS BENHMKOI KUIBKOCTI PI3HMX iX BHIIB 1
KOHCTPYKIIHA. YacTo 3aCTOCOBYIOTHCS KOMOIHOBaHI My(TH, 10 CKIIaJat0ThCS 3
JEKLTBKOX TPOCTHX MY (T.

JU1s1 aBTOMaTHYHOTO PETyITIOBAHHS TEXHOJIOTIYHUMH TIPOIIECAMU IITUPOKO
3aCTOCOBYIOTHCSI OOTiHHI My(PTH, 1[0 aBTOMATUYHO 3'€JHYIOTH i PO3'€THYIOTH
BayM O3 3YNUHKW JBUTYHA Ta MEpeAaroTh 0O0CPTATbHUI MOMEHT TLTBKH B
OJTHOMY HAIpsIMKY.

3rimao JACTY 2278-93 mydTn MOMINAIOTECS HA TPH THITH: MEXAHIUHI,
e/leKmpudHi ma 2iopasnivmi, a MEXaHIuHI — MalOTh YOTUPH KJIACU: HEKEPOBAHI,
KeposaHi, camokeposani ma kombinosari. KoyxHUR 1X KIac CKIANAEThCS 13:
rpyn, marpyn i BumiB. 3a ocTaHHI POKM Ha Kadedpi neraiedl MalluH
pO3po0IIeHO HHM3KY HOBHX KOHCTPYKIM KYJIBKOBHX OOTiHHHX My(]T, SKi
BUMAratoTh TOJAIBIION0 JOCHI/DKEHHS,  PO3PaxyHKy Uil TOKpalleHHS
e(eKTUBHOCTI MEXaHIYHMX TIPUBOJIB MalMH Ta MexaHi3MiB. LI Ta iHmmi
BUPOOHMYI TIPOOJIEMH CTOCOBHO HOBHX KOHCTPYKIIH My(T Ta iX momasbIie
JIOCTI/PKEHHS 1 BIPOBA/DKEHHSI Y BUPOOHHIITBO Y CYKYITHOCTI € BHPIiIIAIBHAM
YUHHUKOM BHOOPY aKmMYyaibHOCHI TEMU TUCEPTAIiHHOI pOOOTH.

3B's130Kk po0OTH 3 HAYKOBMMH NPOTrPaMaMH, INIAHAMH, TEMAMU.

Huceprariitna po0OoTa BHUKOHAHA BIAMOBITHO 1O  OCHOBHOIO
HAYKOBOTO HAmpsIMKy KadeApu TEXHIYHOI MeXaHIKM Ta JIUHAMIKA
mammH ~ HamionanesHoro  yHiBepcutery — ,JIbBiBcbka — mMmoJiiTexHika”
- ,,HaBaHTa)xyBanmbHa 37aTHICTh Ta JMHAMIKA MAIlUH 1 CHOPYJ IHKIIYHOL
nii“, rocmporoBipHOi Temu ,,KOMIT'FOTEpHI Ta eKCIIEpHMEHTAJbHI
JOCHIJDKEHHSI  eKCIUTyaTalliiHUX XapaKTEPUCTUK OIMOPHO-TIOBOPOTHOT'O
npuctpoto (OIIIl) aBromoOinbHMX KpaniB”. Tema TakoX NOB’si3aHa 3
JIEp)KaBHUMH mporpaMamu: , ITiBUINEHHS HaIIHHOCTI Ta JOBrOBIYHOCTI
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mamuH Ta koHcTpykuii” (Ilporpama KabGinery Minictpi ,,YkpaiHa-



20107); ,,Hayka B yHiBepcurerax” Ha 2008-2017 pp. (Iloctanosa Kabinery
MinictpiB Ykpaiau Big 19.09.2007 p. Ne 1155), a Takox BiANOBIAHO IO
HAYKOBO-TEXHIYHOI mporpamu ,,Pecypcosbepiraiodi Ta eHeproeeKTHBHI
TEXHOJIOT1] MamMHOOYIyBaHHA, IO 3aTBEp/HKeHO MocTaHoBolo Kabinery
MimnictpiB Ykpainu Bix 24 rpyaas 2001 p. Nel716, Tnn.28.

Mera i 3aBaaHHsi AocjaimKeHHsl. MeTa poOOTH ToATae B TOKPAIICHHI
eeKTHUBHOCTI POOOTH MeEXaHIYHMX TIPUBOAIB 3aCTOCYBAHHSM KYJIBKOBHX
OOTiHHO-3aMOODKHIX My(T 3 OOIPYHTYBaHHAM iX KOHCTPYKTHBHUX Ta
HABaHTAKYBAIGHIX YHHHHKIB, $Ki 3a0e3nedyloTh HajiifHe aBTOMaTHIHe
3’€HaHHA 1 pPO3’€IHAHHSI KIHEMATUYHWX JIAHIIOTIB Ta 3amo0iraHHs X
€JIEMEHTIB BiJ] IEPEBAHTAKEHb.

s 0ocsienents memu nOCMAGIEH] ma Po3esi3ani maxi 3a0auyi:

-[IPOBEICHO TOPIBHAIGHUI aHali3 pe3ysbTaTiB JOCHTiIKEHb KOHCTPYKTUBHHX
0COOJIMBOCTEH, IPUHIMITY POOOTH, METOJWKH PO3PaXyHKY 0a30BHX OOTIHHHX
My(T MEXaHIYHIX MPUBO/IB Ta y3araJbHEHH X HETOMIKIB;

- 3aIpOINOHOBAaHO YTOYHEHY KIACHU(]IKaI[0 KyJbKOBHX OOTiHHHX My(T 3
ypaxyBaHHSIM  KOHCTPYKTHBHHX O3HaK pO3POOJICHHX aBTOPOM OOTiHHO-
3armo0KHUX MY (T,

- OOIpyHTYBaHO KOHCTPYKIIiiiHI OCOONMBOCTI, TPWUHIWI POOOTH HOBOI
KyJIbKOBOI OOTiHHOI My(pTH pajiaibHOIL Aii;

- pO3pOOJICHO PO3PaXyHKOBI CXEMH Ta MaTeMaTHUuHI MOJCINI ISl aHali3y
KiHEeMaTHYHUX Ta TEOMETPUYHHX TapaMeTpiB KyIbKOBOI OOTiHHOI My(hTH
pajiaibHOl /il Ta OOTPYHTYBAHO TEXHIYHY HEOOXIiTHICTb PO3pPOOJICHHS HOBHX
CKJIQIAJTbHAX OIMHUIIL MEXaHIYHUX MPUBOIIB;

- BUKOHAHO aHAJITUYHHI aHali3 KiHEMaTHKO-CHJIOBHX IapaMeTpiB OOriHHO-
3aro0KHUX My(T OCBOBOI ii;

- PpO3pOOJIEHO aIrOpUTM 1 METOIMKY TPOBEACHHS EKCIICPUMEHTATHHUX
JIOCII/DKeHh HABAHTKYBAJIBHOI 37aTHOCTI €JIEMEHTIB  HOBOI  OOTiHHO-
3aro0iKHOT My TH.

06’ckm  Oocridocenns. Tlpouiec mepenaBaHHs 00€PTAILHOTO MOMEHTY
KYJIbKOBOIO OOT1HHO-3aI001KHOI0 MY(TOO 3 3al00IraHHSIM MEPEBAHTAKEHD Y
KiHEMaTHYHUX JIAHITFOTaX MEXaHIYHHUX TIPUBO/IIB MAIlMH Ta MEXaHI3MiB.

Ilpeomem Oocnioscenns. KiHemMaTndHi Ta KOHCTPYKTHBHO-CHIIOBI
napamMeTpH KyJIbKOBHX OOTIHHO-3amo01KHUX MY(T, SIKi 3aCTOCOBYIOTHCS B
MEXaHIYHUX NPUBOJAX MALIMH 1 MepelaloTb 00epTaIbHII MOMEHT TLIBKH
B OJJHOMY HaIlpsIMKY Ta 3a1100iraloTh Jii mepeBaHTaKeHb iX €JIEMEHTIB.

Memoou Odocniovicennsi. HaykoBl IOCHIIDKEHHS BUKOHYBAaJIKCh
KOMITJIEKCHO. BOHU BKJIFOUaIOTh B ceOe TEOPETHUHY 1 €KCIIEpUMEHTAIBHY
YaCTUHHM, & TAaKOK BPAaXOBYIOTH XapakTep i yMOBH pOOOTH KiHEMaTHYHHX
JAHIIOTIB  MEXaHIYHUX TPHUBOAIB MAIIWH 3 OOTIHHUMH My{QTaMmu.



TeopeTnuHi  JOCHI[PKCHHS  TMPOBOAMJINCH HAa  OCHOBI  MEXaHIKO-
MaTeMaTHYHOT'O MOJIETIOBAHHS TpoIleciB (yHKIIOHYBaHHI HOBUX MY(T 3
BUKOPUCTAHHIM KJIACHYHUX IIOJIOKEHb TEOPETHYHOI MEXaHIKH, OMopy
MmarepiaiiB, Teopii MexaHi3MiB 1 MamIMH Ta JeTajed MamuH 3
PO3pOOIEHHSIM MaTeMaTHYHUX MOJeNel 1 alropuTMIB pPO3PaxyHKIB Ha
KoMI'roTepi. [l mocmifiB CHHTE30BaHO Ta BHUTOTOBIEHO JOCIIAHY
YCTaHOBKY 13 3aCTOCYBaHHSIM pPO3POOJICHOI Ta 3alMaTeHTOBAaHOI KYJIBKOBOI
00TiHHO-3a1I001KHOT My(QTH 1 TIPOBEIEHO EKCIIEPUMEHTH y JTa0OPaTOpPHHUX
yMmMoBax Ha Kadempi ,, [exHiyHa MexaHika Ta [IWHAMiKa MaIlnH’,
HamionansHoro yHiBepcutety ,.JIbBiBchka momitexHika". HoBa kynbkoBa
oOriHHO-3amo0ixkHa My(dTa T Yac J0CHimiB (YHKI[IOHyBaJla YiTKO,
PO3'€qHYIOUN BAJIM MEXaHIYHOTO IIPUBOAA B MOMEHT Jii IepeBaHTAXKEHb.

HaykoBa HoBHM3HA ojep:kaHux pe3yabTaTiB. HaykoBa HOBH3HA
MOJISITa€ Y BHPIIIEHHI BaXXIIMBOTO HAYKOBOTO 3aBJaHHS — TOKPAICHHS
e(eKTUBHOCTI MEXaHIYHUX TPHUBOMAIB 3aCTOCYBAHHSM HOBHX OOTiHHO-
3amo0ikHUX MyQT. [Ipr IbOMY OTpHMaHO Taki OCHOBHI pPe3yIbTaTH:

- BIIEpIIE 3alpoIOHOBaHI MaTeMaTH4YHI MOJENi sl TPOBEACHHS
TEOPETUYHOTO0 Ta KUIBKICHOTO aHaji3y KiHeMaTHYHHX Ta CHJIIOBUX
napaMeTpiB HOBUX KyJIbKOBHX OOTiHHUX My(T pamiabHOI Mil;

- YIOCKOHAJICHO MAaTeMaTW4Hy MOJeNb TMpolecy IepeaaBaHHs
00epTaIbHOIO MOMEHTY KYJBKOBOIO OOTiHHO-3alO0DKHOI My(TOIO 3
ypaxyBaHHSIM HEPIBHOMIPHOCTEH pyXy Yy KIHEMATHYHOMY JAHIJIOTY
HPUBO/IIB MAIIIHH;

- 3alpoIOHOBAHO IMPHHIIUII PO3POOJICHHS YTOYHEHOI Kiacugikaiii
OoOriHHMX My()T 3 ypaxyBaHHSAM KOHCTPYKTUBHHUX OCOOIMBOCTEH
3aIaTeHTOBAHUX KYJIBKOBHX  OOTIHHO-3amoODKHUX MYy(T 3 TPy XKHHMH
eJIeMEHTaMH;

- BIEpIIE TEOPETUYHO Ta EKCIIEPUMEHTAIBLHO JIOBEJICHO MOKITUBICTh
MOKpamnieHHss e(h)eKTUBHOCTI POOOTH KIHEMATHYHOTO JIAHIIOTA MEXaHIYHUX
MIPUBOJIIB, 1[0 OCHAIICHI KYJIbKOBUMH OOTIHHO-3aM001KHIUMH MYy()TaMHU.

I[IpakTnyHe 3HaYeHHsI oJep:KaHUX pe3yapTaTiB. Ha miacrasi
AQHATITUYHUX BUpa3iB 3 BHU3HAUYEHHA KIHEMATHYHHX Ta CHJIOBHX
XapaKTepUCTUK HOBHX My(T 3alpOIIOHOBAHO i1HXKEHEPHI MOXKIMBOCTI
NoKpalleHHs (yHKIIOHYBaHHS KIHEMaTUYHUX JIAHITIOTIB, Y IKUX Ma€ MicIie
KOJIMBaHHA, a0o0 pi3ka 3MiHa HaBaHTaKEHHA. TeopeTHyHO Ta
€KCIEPUMEHTANIFHO JOBEIEHO, 10 3aCTOCYBaHHS 3alpOIIOHOBAHUX MYy(]T
JIO3BOJISIE TIEpeaBaTH EHEPril0 JBUTYHA TiJIbKM B OJHOMY HANPSMKY i
3MIMCHIOBATH HAJIMHUN 3aXUCT €JIEMEHTIB IPUBOJIA BiJl Jil IepeBaHTa)KEHb
po3'eAHaHHSAM BaJiB MEXaHi3My TOIi, KOJHM OOEpTaJbHU MOMEHT Y
MEXaHIYHOMY MPUBO/II 3pOCTE JI0 HEOAKAHNUX 3HAUCHD.



Ha ocHoBi pe3ynpTaTiB IOCHIKEHb pO3pOOJIEHI Ta BIPOBAIKEHI:
METOAWYHI BKAa3iBKM B HaBYAIBHHM TIpollec Ha Kadeapi TEeXHIYHOL
MEXaHIKU Ta JUHaMiku MammH, HamionansHoro yHiBepcuteTy "JIbBiBChbKa
NoJiTexHika" mia yac BUBYCHHS po3aity "MydTu" 3 meraneil MammH; a y
BUTIISAI KOHCTPYKTOPCHKOI TOKYMEHTAIlil HA HOBY KOHCTPYKIIif0O My(TH Ta
METOAWYHI PO3POOKHM TNPUHAHATH i1 BhOpoBajpkeHHs Ha  JIAIL
"JIpBiBarpomammpoekt”’, M. JIpBiB 1 Maie KONeKTUBHE BHUPOOHUYO-
koMepititine Bupoouuirso "IloJIeBi", M. poroou.

OcobucTuii BHecok 3100yBaya. OCHOBHI pe3yJIbTaTH AUCEPTALIHHOL
poOOTH, IO BHHOCATHCS Ha 3aXHMCT, OTPHUMaHi aBTOPOM CaMOCTiiHO Ta
BITHOCSTBCSA JI0 Trainy3i MammHo3HaBcTBa. Ilatent VYkpainm [12] Ha
KOPHCHY MOJIENIb OfiepxkaHo oonoociono. Crartst [3] — "Koncrpykiis Ta
MPUHIUI POOOTH KYJIBKOBOI OOTIHHOI My(TH TpaHCHOPTHOrO 3aco0y"
omy0JiikoBaHa o00HoociOno. Y myOmikanii [13], mo moB's3aHa 3
JeKIapaliiHiM MaTeHTOM YKpaiHu Ha KOPHCHY MOZEJb, YaCTKa KOXKHOTO
3 aBTOPiB € pIBHOIIHHOK. Y CTaTTsaX aBTopy HamexuTh: [1;10] —
aHaJTITHYHI 3aJIEKHOCTI Ta KITbKICHUHI aHali3 YMHHMKIB, [0 BIIMBAIOTH HA
yac BMHKaHHA MyQTH; [2] — aHamiTH4HI 3aJIeKHOCTI, II0 BHU3HAYAIOTh
HABAaHTAXYBAJIbHY  3JATHICTh KYJIBKOBHX My(T BUTBHOTO  XOIy;
[4] — postmmpenHs GyHKI[IOHATBEHUX BIACTHBOCTEH KYJIBKOBHX OOTIHHHX
mydT; [5] — MaremartuuHi Mojeni Ta aHadi3 MINHICHUX TTOKAa3HUKIB
KyJbKOBHX OOriHHHX My(dT; [6] — po3poOka MaremMaTHyHOI MOzem Ta
ypaxyBaHHS TepTs KyJbKM IiJ Yac BHKIIOYEHHS HOBUX KYJIBKOBUX
o0rinHuX My(dT; [7] — po3poOKka MPHHIIMIIOBUX CXEM | KOHCTPYKIIifi HOBHX
KyJbKOBUX OOTiHHHX My(hT MeXaHiYHHX  NpuBOAiB; [8] — MerToamka
CHUHTE3y HOBOi KYyJIbKOBOi OOTiHHOI My(TH Ta aHai3 CHIOBOi B3a€MOJIl
MK OCHOBHMMH ii enementamu; [9] — MaremaTH4Hi MO Ta PO3paxyHKH
CHJIOBOT B3a€MOJIii MK KyllbKaMH Ta pOOOYMMH TIOBEPXHAMH Ia3iB
HariBMydT; [11] — po3pobka mMaTeMaTHYHOI MOJETI Ta OOIPYHTYBaHHS
TreOMETPUYHMX IMapaMeTpiB HOBOI KyJIbKOBOI OOTiHHOT My TH;

Anpobauin pesyabrartiB aucepraunii. OCHOBHI OTpUMaHi aBTOPOM
pe3y/IbTaTH Ta HAYKOBI MOJIOKEHHS AUCEPTaLiiHOiI poOOTH JOMOBIANINCE,
OOroBOpIOBAJIMCh 3 YXBAJICGHHSAM HAa: HAayKOBUX ceMiHapax Kkadenpu
»€XHIYHA MEXaHika Ta JMHaMika MalluH’, HAyKOBO-TEOPETUYHUX
koH]epenuisx HamionansHoro yHiBepcurety "JIbBiBChbKa moJiTEXHIKA"
(2016 — 2018 pp.); BceykpaiHcbkOMYy KOHKYpCI HayKOBHX pOOIT IO
cnerianbHoCTI "MamuHy U1 3€MIISIHUX, JOPOKHIX 1 JIICOTeXHIYHUX
poOiT" i3 orpuMaHHSIM MiHicTepchkux nuruiomMiB IIl-ro ta Il-ro crymneHis,
M. XapkiB (2011, 2013 pp.); BceykpaiHCbkiii HayKOBO-TE€XHiYHIl
KOH(QepeHIlii MOJIOAUX BUCHHX Ta CTyAeHTiB, [lonrtaa, 07 — 09 rpyans



2016 p.; MixkHapoaHiii HayKOBO-TeXHIYHMI KoH(epeHuUii "ObxagHanHs 1
TEXHOJIOT1] cydacHOro MamuHoOyayBaHHsa", M. Teprominb, 2017 p.;
13-y MixHapogHOMy CHMIO3iyMi YKpalHCHKHX iH)KEHEpiB-MEXaHiKiB y
JIeBoBi (2017p.). Ha posmmpenomy 3acimanHi kadenpu  Texuiuna
MexaHiKa Ta AuHaMika MammH HarionaneHOTO yHiBepcuteTy "JIbBiBChKa
nonitexHika”, M. JIpBiB, 2018 p. muceprarmiitna poboTa AomMOBimaIace y
NOBHOMY 00cs31, ie Oynia cxBajieHa Ta PEKOMEHI0BaHA JIO 3aXHCTY.

IHyo6nikanii. OCHOBHI TONOXEHHA Ta pE3yNbTaTH TEOPETHYHUX 1
eKCIIePIMEHTANBHAX JOCHTI/DKeHb CQOPMYIHOBAaHO Ta OITyOJIKOBAaHO B
13 npykoBaHMX Mpalsix, 3 HUX: 6 cTaTeidl y (axoBHX HAYKOBHX BHUAAHHIX
VYxpainu; 1 cTarTs y BHIAHHI, IO BXOJUTH A0 HAYKOBO—METPUUHUX 0a3;
1 craTTs y HayKOBO-TIEPiOANIHOMY BHJIAHHI 1HIIIOT Iep>KaBH; 3 HUX 2 CTaTTi
AHTTIHCHKOI0 MOBOK; 3 Te3W JOMOBiAeH Ta MarepianiB KOH(EpeHIiit; 2
MaTeHTH Y KpaiHu Ha KOPUCHY MOJIETb.

Oocsr i crpykrypa auceprauii. /luceprariitna pobota ckiagaeTscs
13 BCTYIy, YOTHPHOX PpO3IUTIB, BHUCHOBKIB 1O pO3ALUIB, 3arajibHHUX
BUCHOBKIB 1 PEKOMEHJAIlM, CHHCKY JITepaTypHUX JoKepen 31 152
HalilMeHyBaHb, MicTUTh 11 Tabmuik, 54 pucyHku, 7 mOAaTKiB. 3arajbHUM
o0csr podorn 170 cTopiHOK.

OCHOBHHUI 3MICT POBOTH

Y Berymi HaBeleHa aKTyalbHICTR BHOOPY TEMH JUCepTaIlii,
NpOaHali30BaHO ii 3BSI30K 3 HAYKOBUMH IpOrpaMaMd Ta TEeMaMH,
BUCBITJICHO METY 1 3aBJaHHS JOCJIDKEHb, HAYKOBY HOBU3HY 1 HPaKTUYHE
3HaYeHHS OTPUMAHMX Pe3yJbTaTiB, HABEICHO BIJOMOCTI Ipo myOmikarii ta
anpoOaIlif0 pe3yNbTaTiB, M0 BUCBITIIOIOTH OCHOBHHM 3MICT TPOBEICHUX
JOCITiKEHb.

Y  mepmoMy  po3miii  [pOBEJACHO  MOPIBHSJIBHUM  aHai3
KOHCTPYKTHBHHX OCOOJIMBOCTEl Ta pO3paxyHKIB BiIOMHX POJMKOBHX 1
KyJIbKOBUX MYy(T MEXaHIYHHX MpPHUBOJIB MamMH. J[OBeJeHO, 10 BOHH
MalOTh XapakTepHi HEJONIKH, SIKi CTPHUMYIOTh TEXHIYHUH pPO3BUTOK
MEXaHIYHUX TPHUBOJIB raiy3eil MammHOOymyBaHHs. PonmmkoBi MydTh
CXWIBbHI /10 IMPOKOB3YBAaHHS OCOOJHMBO IiJ Yac HEYCTAICHUX DPEXKHUMIB
poboTH, a BiZOMI KYJbKOBI, IO MEPENarTh OOEpTalbHUA MOMEHT 3a
pPaxyHOK 3adeIUIeHHS, HEe MOXYTh 3amo0iraTv [nii NepeBaHTaXeHb Y
€JIEMEHTaX MEXaHIYHUX TMPHUBOJIB, II0 MOXE MPHU3BECTH A0 pPyHHYBaHb
OCHOBHHUX €JIEMEHTIB KiIHEMaTHYHOTO JIaHIfoTa. TaKkoX BCTAHOBIICHO, IO
POJIMKOBI OOTiHHI My()TH BUMArarTh IMiABUIIEHOI TOUHOCTI BUTOTOBJICHHS



1 CKIIaJaHHs BHACTINOK XOPCTKUX BHUMOTI JI0 NapasIebHOCTI MOBEPXOHb
JIOTOPKAHHS €JIEMEHTIB Ta A0 IMAIIHAPUIHOCTI CAMHUX POJIHKIB.

Mydramn  3atimanuca BumatHi BueHi: [lomsxoB B.C., IBanoB M.M.,
Psxorcekuii O.A., Haropusk C.I'., Kaninin C.I'., I'eBko P.M., I'eBxo Lb.,
Kimgparekuit b.1., Manamenko B.O., Poratuaceknii P.M., Cementok B.®.,
JIlynis 1B., YcoB IO.JIL, Hocko ILJL, T'amyx I[LM., Mamsnes B.O.,
Kupuuenko LI"., Homishin J. ta inmi.

VY pO3BHTOK JOCIHIDKEHB 3 3arajJbHOTO MAIIMHO3HABCTBA BEJTMKUH BKJIAJT
3pobmwu BueHi: AHypbeB B.M., AprobomeBcekmit W.H., buprep U.A.,
Basunos A.B., Bacunbesa O.E., Bompuenko O.l., 3a6moncekuii K.I.,
I'punaii 1.€., I'ynina E.M., I'y3enxoB [LI'., Koxesaukos C.H., Jlaneus O.C.,
Jlogeiikin B.C., Komapo M.C., Ky3so LB., Ilacika B.P., PemeroB .M.,
Cokin B.I, Crpineur B.M., Crpyruncekii B.b., ITwmnenko O.L,
Trauyk M.A., Xapuenko €.B., [lTax6a3os 51.0., Miller S. ta 6arato iHmmx.

AHami3yroun pe3yabTaTH iCHYIOUHMX pOOIiT BCTAHOBIIEHO, IO TPAAUIIIHO
Yy MEXaHIYHUX TPUBOAAX 3aCTOCOBYIOTH POJMKOBI OOTiHHI My(TH, SIKi MalOTh
PAI HEMOMIKIB, TOJOBHUMU 3 SIKUX €. OOMEXKEHHS TEpMIHY CIyXOM Ta
BENIMYMHU 00EpPTATLHOTO MOMEHTY BHACIHIIOK TPOKOB3YBaHHS POJHKIB
BiTHOCHO Oapabana. Taki 0OCTaBMHM 1 CHIOHYKAJH JIO TIOMIYKY MOMJIUBOCTI
MOKpAILICHHST  eKCIUTyaTallifHAX ~ XapaKTePUCTUK MEXaHIYHOrO TPUBOAA
CTOCOBHO TIJIBUILICHHS JOBIOBIYHOCTI POOOTH MY(T, 30LIBIICHHS BEIMYMHU
00epTanbHOTO MOMEHTY, 0e3 30iMbIeHHsI TabapuTiB MPUBOAA, CIPOIICHHS
KOHCTPYKIIII MEXaHIYHOTO TpHBOAA Tomo. Tomy OynaM 3ampoIOHOBaHi
NPUHIMIIOBO HOBI KYJIBKOBI OOTiHHI My(dTH. BoHM y mesikiii Mipi mo30aBiieHi
BHIIIE3TaJaHNX HEIOMIKIB 3aBISIKH TOMY, IO TIEPealoTh pyX HE 3a PaxyHOK
CHJI TEpPTA, a 3a JOIIOMOT'OI0 3a4eIUICHHS KYJIbOK 3 KPHUBOJIHIHIMH NTa3aMu
HarmiBMy(QT Ta € 0a30BUMHM JIjII HOBUX PO3po0OK. Takwuii cTaH cripusie BUOOPY
AKMyaibHo20 3aBIAHHS Ui TOJANBIIMX JIOCHDKEHb 3 TIOKpaIleHHS
e(eKTUBHOCTI MEXaHIYHMX IIPUBOJIB 3aCTOCYBaHHAM KYJIBKOBHUX OOTiHHO-
3aro0iKHUX My (]T.

Y apyromy po3aini BUOpaHO OCHOBHI KpUTEpii CHHTE3y HOBOI KYJILKOBOI
0OTiHHOT My(dTH OaraTOMBHUIKICHOI 3a/THROI BTYJIKA CEPIHHOTO BEIOCHIICITY,
Ha SIKy OTPUMAHO NATeHT YKpaiH! Ha KOPHUCHY Mozelb (puc. 1).

s mydra mae: 1 — Bemydy HamiBMyQTy; 2 — 3ipouKky; 3—BelcHY
HariBMy(Ty; 4 — a3y Ha BHYTPIIIHIA IMOBEpXHI Beay4yoi HamiBMy(QTy;

5 — KinbleBHH N1a3 HA TOPLEBil MOBEPXHI BeAEHOI HAMIBMY(TH; 6 — JOTHYHI
na3d Ha TOPIEBI MOBEpXHI BeleHOT HABMY(TH; 7 — KYJIBKH.
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Puc. 1. KynpkoBa o0rinHa My$Ta 3aJlHbOT BTYJIKH BEJIOCHUIIEAA:
@ — 3araJIbHUN BUTIAA My(TH; 6 — BUTIIA 3 TOPIS BEACHOI
HamniBMy(TH; 6 — BHUTJISA 3 TOpUS Beaydoi HanmiBMyhTH

Hns  3amareHtoBaHoi My(TH BHKOHAaHO HACTYIHE: PO3pOOJIEHO il
KOHCTPYKIIfO; TPOBENEHO aHami3 KiHeMaTHKO-CHJIOBUX  IapaMeTpiB;
BUTOTOBJIEHO 1i B MeTami [ eKCIePUMEHTANBbHUX  JOCIIHKEHb
poOOTO3IaTHOCTI 3 HABaHTAKEHHSAM HAOMMKEHUM [0 eKCIUTyaTalliiiHUX
pexumiB. Ha OCHOBI TpoOBeleHHMX JOCTI/DKEHb BUSBICHO, IO My(Ta Ha
novaTky (pyHKIioHyBana Oe3repeOiliHO, a Imicis 30UIbIIICHHS HaBaHTAKEHb
BUSIBJICHO 11 HEJONIKH, SIKI TIOB’S3aHI 3 HEPIBHOMIPHUM CIHPAIIOBAHHIM
Ppo0OYMX MOBEPXOHb Ma3iB HamiBMy(dT (puc. 2), BHACIIIOK HEPIBHOMIPHOTO
BXOAy KYJIBOK B 3a4eIUICHHS, IO 1 NPH3BOAUTH JIO IHTEHCHBHOTO
CIIPAIFOBAHHS OKPEMHX MiCIIp (011611 OIMCKYY1 MiCId Ha pHC. 2 a).

3/

.

s
‘.l

)

Puc. 2. Jlerani KynpkoBoi My(TH BUIBHOTO X0y paiaibHOI Jii micss
MepeBaHTaXeHb: a — GparMeHT Beaydoi HanmiBMy(TH; 6 — Begyda i BeeHa
HamiBMy(r 112 Taraiika 3 3i clijaMy CHpalfOBaHHSA pOOOYMX MOBEPXOHB



Y po3niii TakoK MPOBEACHO aHali3 OCHOBHUX KiHEMaTHMYHHX Ta YaCOBUX
XapaKTEePUCTUK MY(TH OCBOBOI Mii, sIKi miaATBepawIH i poOOTO3MAaTHICTE TIPH
HOMIHAIEHUX PEXKMMaX HaBaHTAKCHHS KIHEMATUYHHUX JIAHITFOTIB MEXaHIYHUX
NPHUBOJIB. 3aJIEXKHICTh Yacy BKIIOYEHHS MY(TH BiJl OCHOBHHUX iI mapaMeTpiB
HaBeseHo Ha puc. 3. BuxigHi mapamerpu HaBeaeHi B Tabi. 1.

Tabnuys 1
Buxioui napamempu 0ns ananisy yacy 6MUKaHHsa mygmu
Hassa napamerpa | llo3sHaueHHs Onununs Ludpose
BUMIPIOBAaHHS | 3HAYCHHS
Paniyc
po3TalnryBaHHA R MM 14-26
IIEHTPIB KYIhOK
Paniyc kynpok r MM 2-5
KinbKicTh KyIbOK z - 1-10
Kyt naxwuy nasis a rpaayc 10 - 60
te
tjc 2 Emg|
1050 = £ ’ b
| \
0,028 { 0,254
| \
0.020 -
| 0,157
4015
2010 1 0,034
— o ==
L00S _— 0.018 ‘-"':r‘-“l
n £
O : B, v ) ] 2 4 4 ] 1]
a 14 18 22 26 6
tc i H
00283 A
| "z -l : 2§
. |
0,024 - H 2 |
'_.ar‘* i |
i |
0,014 1
pred eoat ra
0,004 i§
M L a—T a
0 2 4 6 ] o B X N # B &
0 2

Puc.3. 3anexHocTi yacy BMHKaHHS My(QTH:
a — BiA paziyca po3TallyBaHHS LEHTPIB KYJIBOK; O — Bijl pajiyca KyJboOK;
6 — BiJ] KUIBKOCTI KYJIBOK; 2 — BiJ] KyTa HaXWITy Ma3iB y HamiBMy(Tax



3a TreoMETpUYHMUMH Ta KiHEMAaTHYHHMH YWHHUKAMH  BHU3HAYCHO
aHATITUYHI 3aJIeKHOCTI, IO XapaKTepH3yIOTh IIPOIEC BMHUKAHHS KYJIHKOBOT
00riHHOT MyTH:

- KyTOBI MIOKa3HUKU:

__2rtga __ 2mR+rz(2tga—1) . 1)
Qomln — T Rr Pmax = Rz ,
- YaCOBI OKa3HUKH:
¢ __ Omin __ 2rtga __ Pmax __ 2mR+rz(2tga-1) @
min T, wyR TMax o, T w1Rz '

VY dopmymax (1) i (2) HaBemeHO: Z — KUTBKICTH KYJBOK, IIIO BiATIOBigaE
KUJIBKOCTI Ma3iB y HamiBMy(TH, R — pazgiyc po3TanryBaHHS HEHTPIB KYJIbOK

y HamiBMy(drax; I — paaiyc KynboK; @ 1 ¢ .,— KyTH, 110 IPOXOJATh
KyIbKH [0 BKIIOYEHHS MyQTH; ¢ — KyTOBa WIBUAKICTH BEAY4YOi

HamiBMy(TH.

Ha ocHOBI TeopeTHdHMX 1 EKCHEPUMEHTAIBHUX JIOCIHIIKEHb
NEPEeKOHJIMBO  JIOBEJCHa  HEOOXINHICTh  TMOKpAIleHHS  TEXHIYHHX
XapaKTePUCTUK  KYJIBKOBUX  OOTiHHMX My(T 30UIBIICHHIM  IXHIX
eKcIUTyaTariiianx  ¢GyHKmid. Po3p’s3yBaHHIO 1Ii€l 3agadi MPHUCBSIYCHO
HACTYIHUHN PO3LN AUCEPTAIIHHOT POOOTH.

Y TperhoMy Ppo3aiii OOTPYHTOBAaHO OCHOBHI MHapaMeTpU KYJIbKOBHX
00riHHO-3an00kHNX My(GT. PO3po0NeHO TNPUHIWIIK CHHTE3y HOBUX
KOHCTPYKIIiHl My(T, 3a SKMMH CIIPOEKTOBAaHO JBi My(TH, Ha OIHY 3 SIKHUX
OTPUMAHO MATeHT YKpaiHu Ha KOPUCHY MOJelb (puc. 4).

MydTa mae: 1- Bexydy HamiBMydTy, 3 HIITIHAPUIHOIO TOBEPXHEIO 2,
Ha SIKid Hapi3aHO MOXWJI Ta3u 3, y SIKUX PO3TAlIOBAHO KYJNbKH 4, sKi
HiIITOBXYIOTHCS JIO MAa3iB KUTBIEM 5 1 IPYKWUHOIO 6; BelleHy HamiBMy(QTy,
IO CKJIAMA€ThCs 13 meraneit 7, 8
i 9, aki 3’€MHYIOTBCS OONTaMHU
11, jibis ix TOJIOBKAMH
PO3MIIIIEHO MPYXUHU 12.

[IpoBeneno  sikicHuWi i
KUTBKICHMA ~ aHalli3 ~ HOBHX
KYJTBKOBHX OOT1HHO-3aIIO01KHUX
My(]T Ta OTpEMaHO TEOPETHYHI
3aJIeKHOCTI ~ TE€OMETPHUYHHX,

o 129 & 4 5 F H# 5 7

Puc. 4. KynpkoBa 00TiHHO-3a1mo01Ha
My(Ta 3 IPY>KUHAMH ITi]T TOJIOBKAMH
OounriB
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KiHEMaTUKO-CHJIOBHX MapaMeTpiB, IO 3a0e3MedyloTb MOKpalleHHs
e(DeKTUBHOCTI pOOOTH MEXaHIYHMX MPHBOIIB, SKi OCHAIICHI OOTIHHHMH
My(dTamu. 3anponoOHOBAaHO MaTeMaTHYHI MOJENi Ta YMOBHU 3amoOiraHHs
NepeBaHTaXeHb y KIHEMAaTHYHHX JIAHIIOTaX MEXaHIYHUX TNPUBOJIB 3
TaKUMH My(QTaMH, IO JO3BOJIMJIO BHU3HAYUTH 3aJICKHICTh BEIHMYHHU
MOMEHTY BiJl TapaMeTpiB MPYKHUH.

Ha mowatky 3a BimoMoro (opMylol BHU3HAUYEHO 3arajibHy KOJIOBY

cuiy (puc. 5,a)

F o= 2TK @)
i — P

Dy-i
ne T — HoMiHanbHUH oOepTanbHuii MoMeHT; D, — niameTp Kosa LEeHTpiB
KylbOK; 1 — ixHS KubKicTh; K — Koe]ilieHT HepiBHOMIPHOCTI

HaBaHTAKEHHS.
V Bumaaky il MaKCHMaJbHO JOIYCTUMOIO OOEPTaIbHOI0 MOMEHTY

0CbOBa CKJIaa0Ba Oye (puc. 5,6)
__ 2TmaxK

Famax - D tg a, (4)

-1
10
Jie a— KyT Haxwiy 1a3iB HaliBMyQT.

Puc. 5. Cxema il KOJI0BUX CHII Y OOT1HHO-3a1m001KHIA MyDTi: @ — BUTIISA]
3 TOpIS HAMBMY(TH; O — BUTIISL HA M1a3 TEPIEHAUKYIISPHO JI0
oci o0epTaHHs MyQTH
3Halo4YM BEIMYMHY OCHOBOI CHIJIM, IO HEOOXiAHA IUId pO3'€JHAaHHS
KIiHI[IB BaJIiB MEXaHIYHOTO TPUBOJIA, MOXKHA BUOpATH MPYXUHU OOT1HHO-
3ano0ikHO1 MydTH 3 ymoBu: F,, < Fomax,
ne F,, — cuia npy>KHOCTI IPY»KHHH, 1110 BU3HAYAETHCS 32 (OPMYIIO0

Gdia
E = 8D;Li ! ©)
n‘'n
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G =8-10*MIla — Momyms NpPYXHOCTI APYroro pomy MaTepiamy
npyxuHd; d,— AiaMeTp ApOTy, 3 SIKOTO BHUTOTOBJISIOTHCS IIPYXKUHU,
D,,— cepenniii miameTp MPYXUHHU; [,— KUTBKICTh TPYXHUH; A — HEOOXiaHA
ocboBa JedopMallisi IPYKUHU Il PO3'€AHAHHS MEXaHIYHOTO JaHIora. 11
MiHIManbHa BEIMYMHA Yy IOMY BHUIAAKY MAa€ [OPIBHIOBATH [iaMETpy
KynboK. [3 ymoBu (5) maemo

GdjiA _ 2TmaxK

8D3in Dyl

PiBusiHHs (6) Mae mpakTHYHE 3HAYCHHS, IO YMOXIIUBIIOE y OyIb-

AKOMYy pa3i 3amobiraHHs [ii TMepeBaHTaXeHb. 3HAIOYN MaKCHMalIbHO
JOIMyCTUMY  BEIMYMHY OOEpTaJbHOTO MOMEHTY MOXXHa  BHOpatu
KOHCTPYKTHBHI TapaMeTpu Ta KUIbKICTh TIPYKHH, a BpaxoBYIOYH
ymoBy A = d — giaMeTp KyJibOK, TOXi MakCHMalabHHH 00€pTaabHUi
MOMEHT 3aITUIIEeTHCS

tga . (6)

__ Gdpd Dy i .

max = 16p3i,Ktga ' 0

Jis 3pygHOCTI IPOBEICHHS KiIbKICHOTO aHaNi3y piBHIHHA (1) 3BeIEHO

no surnaay, ne G = 8 - 10* MIla.— Moy IPY’KHOCTI IPYTOro POy AN

NPY>KUHHOT cTai

_10*dpdD,; i

T = : 8
max — 2pi,Ktga ®)
TaxsH M
7 Tmax o f(dn)
7
Tmax = f(Dn)
1077
9
Tmax = S (2)
V
4 /
i 1
i Dn

5 B dy A
Puc. 6. 3anexxHicTh MAKCHMAJILHOTO 00EPTaTLHOTO MOMEHTY BiJI JIiaMeTpy

IpoTy, AlaMeTpy i Aedopmarii npy>KUHHA
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3a (8) mpoaHani30BaHO 3aJEKHICTH MaKCHMalIbHOTO OOEpTaIBLHOTO
MOMEHTY BiJl JiaMeTpy ApOTy MpPYKHH, JIiaMeTpy camoi NpyXHHU Ta il
ocboBO1 nehopmartii. 3aranbHi Tpadikd UX 3aJISKHOCTSH HABEJCHO Ha
puc. 6, i3 SKMX BUAHO, IO HA BEJIMYMHY MaKCHMAIBLHOTO 00EpPTaIbHOrO
MOMEHTY HaWOINbIINK BIUIMB Ma€ BeIMYMHA JiaMeTpy OPOTY MPY>KUHH,
JIeII0 MEHIIe Mae BeJIWYMHA JiaMeTpy caMmoi MpYyKHHH Ta pemTa
napameTpiB, IO BXOJATH A0 OCTAHHBOTO PiBHSHHS.

[lix qac mepeximHUX PEKUMIB PyXy KyJIbOK, OCOOIMBO MPH BXOMAL 1 IpH
BUXOJi 3 Ta3iB BUHUKAE YACTKOBE 1X MPOKOB3YBaHHA. 1OoMy Ha MiJCTaBi
MUTTEBOI PIBHOBaru KyJbKH BH3HAYCHO MaKCUMaJbHHN 0OOepTaTbHHN
MOMEHT 3 ypaxyBaHHsIM TepTs (9) Ta mpoBeAeHO KUIbKICHUIT aHai3 HOro
BeMMYMHU. JlOBeleHO, M0 ypaxyBaHHS TepTS Y 3aUeIUVICHHI KYJIbOK
301IbIIye MaKCUMaJIbHUH MOMEHT MeHiie 3a 1%, 110 MiATBEpIKYE
JOCTOBIPHICTh MPUHHATOTO MOJIOKEHHS MPO T€, IO KYJIbKH MPOKOUYIOTHCS
BiTHOCHO TTOBEPXOHB Ma3iB HAIBMY(PT 0€3 IPOKOB3yBaHHS.

T _ k,GdiAsfDg 9
max — 16D3ip(cos 2a+f sina) ©)

Ha puc.7 HaBeZieHa KOHCTPYKIIisl HOBOT KYJIbKOBOT 0OTiHHO-3a11001KHOT
Myt (3asBKka Ha KopucHy Mojaenb Nel973, Bix 15.01.2019). Pospobnena
aBTOpOM My(Ta BIPOBaPKEHA Y BUPOOHHUIITBO IS TIOKpAIeHHS e(heKTUBHOCTI
poOOTH  MEXaHIYHOTO TPUBOJA TPOTPYIOBAUIB  CUILCHKOIOCIOAAPCHKOTO
HaciHHs. BoHa ckinanaernest 13: Bey4uoi HamiBMy(TH 3, 1110 Ma€ MOXWIII Ma3u
Ha 30BHINIHIA IMMOBEPXHI; 30BHINIHBOI HamiBMyptu 1, Ha TOpHAX SKOI
BUTOTOBJICH] a3W OOEPHEHOTO HAXMIy, Y TMa3zax pO3TallOBaHO KYJIBKH 5,
SKi TiJ 4Yac 3aKOYyBaHHS B Ia3d HAMIBMY(PT 3YEILTIOIOTH iX 1 MydTa
nepenae o0epTaIbHUI MOMEHT.

Jlns TOKpamieHHs TpoIecy 34eIUIeHHS
Mydra ocHameHa ~— KiTbleM 6, 1o
OIIMPAETHCS HA NIPYKHUHY 7, IKY YCTaHOBJIEHO
MiXK HamiBMydroro 3 1 oOoiimoro 2.
3ano0ikHa YaCTHHA CKIIAJA€ThCs 3 Kopiyca 8,
y SIKOMY PO3MIllIEHO BHYTPIIHIO HAMiBMY(DTY
9, Ha 30BHIIIHIN TOBEPXHi IKOi BUKOHAHO JBi
RS JNYHKH, T[IMOMHA  SKUX  [OroJDKeHa 3
i miameTpoMm Kyabok. Kopmyc 8 mae naBa
- i =i P CKpPI3bHHMX OTBOPM BiJ LIEHTpa 10 mnepudepii,
- b e B OTBOpax Hapi3aHa Hapi3b Ta BCTAHOBJIECHO
sf 7 - kyneku 10, npyxkHuii emement 11 Ta
Puc. 7. KoHeTpykiist KyJIbKOBOi
00TiHHO-3a11001KHOT My TH
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TBUHT 12, 32 TOTIOMOTOIO SIKOT'O PETYNIOETHCS CUIIa TPUTHCKAHHS TIPYXHUHN
o KynboK. Kympku 3’€IHYIOTH KOpIryc 8 Ta BHYTpilmHIO HamiBMy(hTy 9.
[Ipu nii HaIMMIIKOBUX HANpPYKEHb Y MEXaHIYHOMY MPHUBOII KYJbKH, SKi
3’€IHYIOTh KOpIyC 1 BHYTPIIIHIO HamiBMy(Ty, mepeOopooTh OIip
MPY’KHOTO €JIeMEHTa Ta PO3’€AHYIOTh KIHEeMaTHYHHUN JIAHIFOT MEXaHI9HOTO
MpHUBOAA, 3amo0irarouu [ii MepeBaHTaXEHb Ta pPYHHYBaHb OCHOBHUX
€JIEMEHTIB IPUBOJIA.

Puc. 8. Po3paxyHkoBa cxeMa 1Jisi BA3HAYEHHS] YMOBU
pO3’€IHAHHS HAMiBMY(T

I3 puc. 8 BuIHO, 10 Y TOBUTPHOMY TOJOXKEHHI Ha KYJIbKY NiIOTH Taki
cwm: R; iR, — peakmii poOOuYMX IOBEpPXOHb IEHTPABFHOI  BEAECHOI
HaniBMyptn, G =mg - cuina Baru Kynbkw, M — ii maca; F, — cuna
NPY>KHOCTI peryJiboBaHoi Mpy>XUHH, F, — BIALEHTPOBA CHJla caMoi KYJIbKH,
F,, — pymiiiina cuna.

JInst cripoIlieHHsT pO3B sI3Ky 3aiadi 3 IEHTPOM Kyibku (Touka O;)
3B's13yeMO pyxomy cucremy koopaumHat TO,n. Tomi mudepeHIiaibHi
PIBHSHHS pyXy KyJbKH B IPOEKILIAX HAa OCi pPyXOMOi CHCTEMH KOOpIMHAT
MaTHMYTb BUTJIS;

— Ha BICh N
rd?@ d®r  de
( 2 gz ET) — Ricosa, + mgcosp +

+c(yo+r—1) —R3 =0, (10)

—Ha BICh T:

d?¢ d?¢ dr . ,
m (Fr + ZFE) — Risina, — mgsing = F,, (11)
d

P )
e E — KOJIOBA IIBUAKICTH Myq)TI/I Ha noanKy CHpaLHOBaHHH;
d*¢ . o dp dr Komioni
—— — HOPMAaJIbHE NPUCKOPCHHA, - — — HIPUCKOPCHHA KOP10JICa,
dt? P P p dt? dt P P p
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a

_ . . .
r = ~, ~ BiAalb MiK LEHTPOM KYIbKH (0,) ta Biccro obepTaHHs
my¢tu (0;). 3 ypaxysauusm 3Hauenb Rq i Fyy , AKi JIOPIBHIOIOTE:
2 I _d2<p
__1 doy. — _Zarz
Ry = rsinocz( p Iy dtZ)’ th oy

ne Tp— po3paxyHKoBHii 00epTaibHUI MOMEHT, NIPU SIKOMY BifOYBAEThCS

po3’e€aHaHHS KiHI[B BamiB [ 1 [,—MOMEHT iHepIil BiAMOBIAHO [IEHTPATBHOT
yacTrHU My(TH 1 BTYKH, Bupasu (10) i (11) HaOyBaroTs BUTIISAY:

d?r  (lictg <+ I\ d? d’¢ T,
m + —m r— —ct X, +
dt? ( r ) dt? dt? § %2
+mgc05(p + clyg+r—rmy) = O (12)
(mri+1L+1,) —(p —mgrsing + 2rm f;f Z: =-T,. (13)
dZ
I3 (13) Bu3HaYCHO 3HAYCHHS d_t(f i macrasieno y (12), orpumano
d?r Ty
I —mre? + —ctgaz mgcosp —c(yo+1r—19) —
Iictga,+I,
— (mgsmgo + 2¢pm ) +R;=0. (14)

I3 (14) BuzgHO, IO KyJbKa TIOYHE PYXaTHCh y pajialbHOMYy HAIPSIMKY

HpU YMOBI, KOJIM peakilisi R3 crane Bij’eMHOI0, a 11e MOXJIMBO IIPU T = T
. ar

1= 0. Jlist TakuX yMOB Ma€ BUKOHYBATHCS HEPIBHICTD, SIKa 1 € YMOBOIO

CTIpaIibOBYBaHHS 3a001KHOT YaCTUHU My(TH, IO Ma€ BUTJIS]

, T (mrg + I)ctga,

mrow® + — e
0 ro mrg+1L+1, Yo
Iictgas+I, .
— _ <
mg(cosp + . sing) < 0. (15)

Otpumana ymoBa (15) Mae He TIIBKM HAyKOBY HOBU3HY, aie 1
NpaKkTUYHE 3HaYeHHs. BOHa 1a€ MOXKIIMBICTh BU3HAYUTH YNHHUKHA MY(DTH Y
HIMPOKOMY  Jlialfa30Hi Ta YMOXIHMBIOE Ui Halepes  BiJJOMOTrO
NepeBaHTAXEHHS BUOpaTH HEOOXiTHI TEOMETpPHYHI Ta JKOPCTKICHI
napameTpy 3arnoOiKHOI YaCTHHM KyJIbKOBOI OOTiHHO-3armo0ixHOT MypTH
JUTSL HaJIIHHOTO PO3MUKAHHS KIHEMATUYHOTO JIaHIIOTa.
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Jnst mepeBipkd MIIHOCTI MyQTH
pPO3po0IIEHO  PO3PAXyHKOBY CXEMY,
o0 HaBeJeHa Ha puc. 9, ne Fi, -
30BHIIIHE HABAaHTAXKEHHS  KYJIbKU;
F, — cuna MPYKHOCTI
npyxunn; Ry 1 Rp;—  peakuil
BeaeHoi HamiBmypTH; F, — cumna
iHepHii KyJbKH, M0 OOCpPTAETHCS,
dp — niamerp KyJNbKH; & — KYT
HaxwuiIy peakiii R;.

/ \O'm (Ry)
T3 (Ry) R,

Puc. 9. Po3paxyHkoBa cxema
JUTSI TIEPEBIPKH MIITHOCTI KYJIBKH

VY manomy Bunanaky 3 (puc. 9) maemo:
o = Ry-2 P Ry-4 (16)
sM1 ™ g Y3M2Z T ndy

CymapHe HampyXeHHS 3MUHaHHS 3a 3anexHocTsMu (16) mpwuiimae

BUTJISA
2

O3m = wd, (Ry + 2Ry). (17)
) ] Fip Gdid mw?d,
V pisnsnni (17): Ry = cosa; 7 = 8DgiK i
n'n

Tozi ymMoBa MIITHOCTI 3a HANPYXCHHSAMH 3MUHAHHS TIPUIIMa€e BATIIS
2, Fpy Gdid, mw?d,
- ) = [O-]BM . (18)

Oam = dy (cosa 8D3 i, 2
BpaxoByroun, mo Kynbka Mae JiHIHHUN KOHTAKT 3 HamiBMY()TOO, IO
OpOXOJUTh vepe3 T. B (puc.9), mpoBeneHO TMepeBipKy YMOBH KOHTaKTHOI
MII[HOCTI

Fr1d121(Por—Px)
=Z < 1
O-H M\/ ﬂdZdeKpOTZZ o [O-]H ’ ( 9)

JJIs apaMeTpiB KyJIbKOBOI OOriHHO-3amoOLKHOI MydTH: Pr= 4,9 MM;
zy =275 Mlla; d; = 60 Mmm; d, = 40MM; dj = 9,8 MM; z; = 6;
Zy =25 Por = 5 MM

Skiio KoyioBa cuja aBUryHa, mo mae: P = 0,5 kBt; 1 = 1370 06/xB,
JIOPIBHIOE

__ Pimn _ 239060 -6 (5-4,9) _
Foy = Jpg 10 0y = 275\/ oo o, = 32845 MIla,
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OTpumaHa BeJMYMHA KOHTAaKTHOTO HAINPY)KEHHS € 3HAYHO MEHLIOIO 32
nomyctume [0] = 1000....1400 MIla, mo MNOBHICTIO IiATBEPIKYE
JOCTATHIO MIIHICTh KYJIBOK Ta JIYHKH KOPITYyCYy BeeHOI HamiBMY(TH.

Y deTrBepTOMY PO3Aii NPOBEIACHO CKCICPUMEHTAIbHI JTOCITIIKEHHS
poOOTO3MATHOCTI  HOBOi  KYJIBKOBOI  OOTIHHO-3amoODKHOI ~ My(TH.
Po3pobneno kiHemMaTH4Hy cxeMy MexaHigHoro mnpuBoaa (puc. 10), mo
CKJIaJaeThCsl 3 eNeKTpoABuryHa 1, HOBoi My(TH 2, uepB’SUHOTO
penykropa 3 Ta HaBaHTaXyBaJIbHOTO TpUCTporo 4.  Po3pobieHo

; 5 AITOPUTM Ta METOIWKY TPOBEICHHS
4‘1|:>|<3F7 EKCIICPUMCHTAIHUX  JIOCIIIJ[KCHB,

Wﬁ'm/ ﬁ\
n—-17570175/)(l7s L3 I \\L CIIPOCKTOBAHO  Ta  BHUTOTOBJICHO
" \} v=v B Merami wmybry (puc.7) Ta
@ = I, = X H—= pmonroBano i B JIOCTiIHY

I YCTAHOBKY B na6o_paTopi'1' Ka(begpn
TEXHIYHOT MEXaHIKH Ta JUHAMIKA
Puc. 10. Kinemarnana MarmmH (puc. 11).
CcXeMa MEXaHIYHOr o IPUBOJIa

Kouctpyxis JOCITiTHOT
yctanoBku (puc.11l) ckmagaeTbes
13 eJexkTpoABUTryHa 1, mocmimHol
MozIedi  KyJNbKOBOi  OOTiHHO-
3armo0ikHOT MyhTH 2, peryKTopa
3, HaBaHTa)XXyBaJbHOT'O rajgbma 4.
Hs MOKpAIIEHHs] TOYHOCTI
IOCIIAIB BCl CKJIAAOBI JTOCHIAHOL
YCTaHOBKM  3MOHTOBaHO  Ha
3arajipHii JKOPCTKIiH IunTi 5.

JnHaMoMeTpUUHUI KIIrOY 32
JIOLIOMOT'OI0  SIKOTO  3ZiMCHEHO
BUMIPIOBaHHS  IOKa3HUKIB 3
TouHicTio  BuMiptoBanHs 0,01

B N H-mm npu 3arBUHYYBaHHS TaKu

& CTSDKHOT IIMUJIBKKA  KOJIOJIKOBUX
Puc.12. JlunamMmoMeTpUIHUN KITIOY rajlbM, a TakKOoX 3aTATYBAHHIM
Bahco TAWM1430 TBUHTIB  3amoODKHOI YaCTHHHU

mydTu (puc. 12).
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MoMeHT, 0 NPUKIAJAE€ThCs 10 IWHAMOMETPUYHOTO KIoYa MpH
3arBUHYYBaHHI TalK¥ CTSDKHOI IIMTMIIBKY KOJIOJKOBOTO TajibMa J0PiBHIOE
T =F2tg(a+p) +Ff2, (20)
ne F, — ocpoBa cuia (cuiia CTHCKAHHS CTOSIKIB CTSDKHOKO IIITHJIBKORO);
d, — cepenniit niametp Hapi3i, IS IpakTHYHKUX po3paxyHki; d, = 0,9d;
Q — xyr migiiomy Hapisi; p' — 3Benenuit xyr Tteprs; p’ = 1,15p,
p =arctgf; f = 0,15 (cranp-crams 6e3 macrtuna); D,, — cepenniii
JiaMeTp TOPIIEBOI IUIONI OMOpH Taiiku, skuil nopiBuioe D, = 1,4d;
d—3oBHimHii giametp Hapizi M12 x1,25 srigso 3 JICTY ISO 68-1: 2005,
MaeMo: d=12 mm; Kpok Hapizi P=1,25 mm.
PosB'szyroun piBHsHHS (20) BiTHOCHO OCHOBOI CHJIH, IIIO PO3BUBAETHCS

B CTEP’KHI CTSDKHOI IIMUJIBKY i 4ac 3aTATyBaHHs FAWKH, OTPUMAEMO:
2T

F, = .
0,9:-d-tg(a+1,15-arctg(f))+14d-f

(21)

Bupas (21) Mae 3HAMEHHUK, IO CKJIAAETHCS 31 CTAINX BEJTUYHH Ta KYT
1,25

va) = retd (g5 ) = 194

Toni 3HamMeHHUK piBHAHHSA (21) HOpiBHIOE:

09-d-tg(a+115- arctg(f)) +1,4- df =

migiiomy Hapizi @ = arctg (

=09-12- tg(1,94° +1,15 - arctg(0,15)) +1,4-12-0,15 = 4,768 Mm.
MOMEHT TepTs, IO CTBOPIOETHCSA (PUKIIHHUMHU KOJOJIKAMH Ha

OapabaHi, CTAHOBUTH:

My =Fp-D, (22)

l . . .
ne Fr=2-f'F, -i— cuiia TepTs MiX (QPUKIIHHUMH KOJOJKAMH 1
1

T L. . o . o
6apa63HOM, l_ = g — CIIBBIJHOIICHHA B1ACTAHCH B1J OCCH O6epTaHH$I
a

CTOSIKIB KOJIOJKOBOT'O TajlbMa JI0 MICIlb KPITUIEHHS TadbMiBHUX KOJOJOK i
CTSDKHOT IIMHIbKHA (TOOTO 10 TOYOK TpuKiamanus cun Fr 1 [,
BignoBinHo); D = 200 MM — miamerp OapabaHa KOJIOAKOBOIO TajibMa;
fi — xoeodimient tepts (f; = 0,3 npu Ccyxux NOBEpXHSIX KOHTAKTy Ta
MaTepiajgax KOHTaKTYIOUHX TIOBEPXOHb MPECOBAaHUH a30eCT-CTalb).
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Otpumanuii MOMeHT TepTs (22) mpuiiMaBcs B SKOCTI po0OOYOro
MOMEHTY MEXaHIYHOrO TpHBOJa 0€3 TepeBaHTAKEHHS OCHOBHHX
eNeMEHTIB KiHEMATHYHOrO JAHIOra. MOro BeIMYMHA TOTOKYEThCA 3
o0epTaIbHUM MOMEHTOM €JIEKTPOABHUTYHA, 3 YypaxyBaHHSM HasBHOCTI
YepB'TYHOTO PEAyKTOpa 3 TEepeJaTOYHHM YHWCIIOM, 1o AopiBHIoe — 10

(puc. 11)
T, =220 10978 _ 972H M. 23)
143,4

TakuM 4YMHOM IS TIEPEBIPKM TEOPETHYHUX pPE3yJbTaTiB CTOCOBHO
pOOOTO3ATHOCTI HOBOI KYJIBKOBOI OOT1HHO-3am001XHOI My(TH Ha Pi3HHX
HaBaHTAXYBAJIBHUX pPEXHMax, 3a JOMOMOTOI HaBaHTAXYBAIbHOTO
NPUCTPOIO CTBOPIOBABCS MOMEHT OmMopy, o 3MiHioBaBcs Big 0 H-m
10 HOMIHAIBHOTO 00epTaJbHOIO0 MOMEHTY Ha poOOYOMYy OpraHi
My =Tp =27,2H-M. Jlna mnepeBipku 3MaTHOCTI 3ampOINOHOBAHOI
MypTH BUKOHYBaTH 3amoOikHI QyHKIii 30implryBanmacss BeTHMYWHA
MOMEHTY TEepTsl Ha KOJOAKOBOMY TailbMi 3aTSTYBaHHSM T'alKH CTSDKHOT
bk (prc.11), ToOTO 30i7IbLICHHSIM OCHOBOI CHIIM MPUTHUCKY KYJIBOK
10 1o pobounx MOBEpXOHb JYHOK BeleHol HamiBMy(dtH (puc.7). MoMeHT,
IO TIPUKJIAJAa€ThCs 10 AWHAMOMETPHYHOTO KITF0Ya TPH 3arBHHYYBAaHHI
PETYIIOBANBHOTO TBUHTA 3aM001KHOT My(DTH BH3HAYaBCs 32 BUPA30M

Ty =Fp %tg(% + p1), (24)

ne F,; — ocboBa cuia, 10 JIi€ Ha KYJIbKY (CHJIa IPUTUCKAHHS KYJIBKH 110
po6Gouoi moBepxHi Ta3zy BemeHoi HamiBMyQTH); d., — cepemuHiii
JiaMeTp ~ Hapi3i  peryJroBaIbHOrO  TBHHTA (d, =09-d,);
d. —30BHIiWHI} JiaMeTp Hapi3i TBUHTA; @ —KyT IMigioMy Hapisi
a; = arctg (%;rz) ,Pr — KpOK pi3b0H  pEryiIroBaJIbHOTO T'BHHTA;

p1 —3BEJIEHUIN KYT TEPTS (p{ =1,15- arctg(fz)), f> — xoedimieHT TepTs
( f = 0,15 mpu cyxux MOBEPXHIX KOHTAKTY Ta Marepiajgax KOHTAKTYIOUHX
MOBEPXOHB CTallb-CTalb); D, — CepeaHiil AiaMeTp TOPIEBOI IUIOMIi OIIOpH
raiiku (D, = 1,4 - d).

MoMeHT Ha JWHAMOMETPUYHOMY KIIFOUi 3MIHIOBaBCS B HIMPOKOMY
niama3oHi, BuOpaHo nmoHaja 10 3Ha4eHb 3yCHILISl CTHCKAHHS PETyIOBAIBHOT
NPYKUHH, TIPU SKUX HOBa My(Ta YiTKO po3’€AHyBaja HamiBMy(QTH TOi,
KOJIW MOMEHT omopy 3poctaB y 1,25 — 1,42 pa3ziB Oinemie Bix
HOMiHaJbHOTO. JIJIs MpHUKIaxy Oibll xXapakTepHi rpadikd BIUIMBY CHIIH
3aTATYBaHHS NPYXUH Ha BEJIMYMHY HOMIHJIBHOTO MOMEHTY HaBEACHO
Ha puc. 13.
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N N i
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Muom, H*m
=
v
g
]
}
]
]
]
Muom, H¥m
L
]
]
¥
[}
Y

a 5 10 13 0 0 0.6 3 10 15 20
Puc. 13. Pe3ynbraTn eKCiepuMEHTaIBLHHUX JOCHTIPKEHb HABAaHTaXYBAJIBbHOT
3/IATHOCTI OOTiHHO-3a1001KHOT My(TH IS pi3HUX 3HAYeHb 3ycHis F, )

ExcnieprMenTansHi OCIHIHKEHHS TPOBOIMIHCS JUIA Jiara3oHy 3yCHITb

NPUTHUCKAHHS KyJIbOK 3amo0ikHoi mydptu Fypq = 1...10 H 3 kpoxom 1H.
HeoOxinuuit MoMeHT M, 3aTAryBaHHs peryJrOBajJbHOIO TI'BHHTA 3a
BiJIOMOT0 3HAYCHHS OChOBOT0 3ycwiist F,q BusHauaBcs 3a popmysioro (24)
1 BCTaHOBITIOBABCSI 3a JOMIOMOTO0 JMHAMOMETPHUYHOTO Kitova (puc. 12).
IIpogiBmu cepito i3 20-TH TOCHIKEHb M KOXKHOTO 3 BHOpaHHX
10-tn 3Ha4YeHPp 3yCWIUIA CTHUCKAHHS PETYIIOBAIBHOI MPYXUHHU (3YCHILISA
MPUTHUCKAHHS KYJIBbOK) TOOYIOBAaHO BIAMOBIMHI TpadivHi 3aleKHOCTI
OTpMMAaHUX PE3YJbTATIB Ta 3HAUACHO CCPECAHE 3HAUCHHA HOMIHAJIILHOT'O
MOMEHTY CITpaIfOBaHHs My(DTH 715l KOKHOTO 3 gociiais ( puc. 13).

3araJibHi BUCHOBKH Ta peKOMeHIauil
Jucepraniitna poOoTa € 3aBepUICHUM HAayKOBHM JOCIHIIKCHHSIM 3
PO3B'A3aHHS BOKJIMBOIO 3aBJaHHS 3 MOKPAIIEHHS HAAIMHOCTI MEXaHIYHOTO
MpHUBOZA 3aCTOCYBaHHAM KYJIbKOBUX OOTiHHO-3aIlOODKHUX My(dT Ta
OOTPYHTYBaHHSIM iX KOHCTPYKTUBHHX OCOOJHMBOCTEW, T€OMETPHYHUX Ta
KiHEMaTHKO-CUJIOBHX IapaMeTpiB, 110 3a0e3MedyoTh HaliHHHI 3aXUCT BiJ
pyHHYBaHb BCiX €JIEMEHTIB MPUBOJIA IIiJl Yac eKCILTyaTallii.

Baromumu pesynbraramu aucepranii €:

1. 3a pesynpTaramMu TOPIBHJIBHOTO aHANi3y JITEpaTypHUX JpKEpel
BCTaHOBJICHO, II0 Y MEXaHIYHUX MPHUBOAAX TPAAUIIIHO 3aCTOCOBYIOTHCS
ponmuKoBi My(TH BUIBHOTO XOIy, $Ki YHEMOXXIWBIIOIOTH HaJiiiHE Ta
CBO€YacHe 3aro0iraHHs il HAJJIWIIKOBUX HaBaHTaXEHb y mpuBoAi. Taki
My(TH TIepelaloTh 00epTATLHUI MOMEHT 32 PaXyHOK TePTS MK pOOOYUMH
MOBEPXHIMHM POJIMKa, OapabaHa i 31pKu, 10 HEraTUBHO BILUIMBA€E Ha TEPMiH
ix ekcruryaranuii.

2. HaykoBo o0rpyHTOBaHO e(EKTHBHICTh 3aCTOCYBaHHS Y
MEXaHIYHUX TMPUBOJIAX TPHHIUIIOBO HOBHX KYJIHKOBHX OOTiHHUX My(]T
JUIE  aBTOMATHYHOTO 3’€HAaHH 1 po3’€JHAHHS HaliBMY(T Ta Iepe1aBaHHs
00epTaJIbHOI'0 MOMEHTY 0€3 MPOKOB3YBAaHHS 3a4CIUICHHSM KYJIbOK 3 IXHIMH
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na3amd, 10 3MEHIIY€E CIpPAalOBaHHA pOOOYHX MOBEPXOHBb Ta 30UIBIIYE
JIOBTOBIYHICTH €JIEMEHTIB KIHEMATUYHUX JIAHIFOTIB.

3. 3anponoHoOBaHO HOBY KYJBbKOBY OOTiHHY My(Ty, KOHCTPYKILIIO SKOT
3alaTeHTOBaHO, Ta HABEJCHO MAaTeMaTW4HI BHUpa3d 4Yacy BMHUKaHHS,
KIHEMaTHUKO-CHJIOBHX 1 MIITHICHUX XapaKTePUCTHK. BHUTOTOBIEHO Ta
MPOBEACHO MOCIiIKEHHS POOOTO3JATHOCTI B EKCIUTyaTalliiHUX yMOBax
3amaTeHToBaHOi My(TH, IO Jaj0 MOXXJIHMBICTh BCTAaHOBUTH OCHOBHI
HEJOMIKK KyJIbKOBOi OOTriHHOT My(TH pamiambHOi il Ta MEPEKOHIUBO
JIOBECTH HEOOXITHICTh 3aCTOCYBAaHHS KyJHKOBHUX OOTIHHHX MY(T OCHOBOI
i, SIK O1TBII IPOTPECUBHHUX.

4. 3anporoHOBaHO MaTeMaTU4HI MOJIEIIi MPOIECy BMUKAHHS KyJIbKOBOT
oOriHHOi My(hTH 0CBOBOI [ii, IO JJO3BOJMJIO BCTAHOBUTH BIUIHB
MOYaTKOBUX IPaHUYHUX B3a€EMOPO3MILICHb KYJIBOK Ta Ia3iB HaMiBMy(T Ha
Mpouec ii BKJIIOYEHHs. TE€OpEeTUYHO BCTAHOBJEHO, IO Yac BKJIIOYEHHS
KYJBKOBOI OOTiHHOI My(TH, sfKa OCHAIlleHa MiANPYXUHEHHM KLIbIIEM,
3miHoeTbess B Mexkax 0,02 — 0,06 ¢, mo BigmoBigae 9acy BMHKaHHS
TPagULiHHUX POTUKOBHUX OOTTHHUX MY(T.

5. Po3po0jIeHO MPHUHIMIIOBI CXEMHU, HA OCHOBI SIKHX CHHTE30BaHO 3
aHaNTi30M KIHEMaTHYHO-CHJIOBHX Ta eKCIUTyaTaliiHUX XapaKTePUCTHK
NPUHIIMIIOBO HOBI OOTiHHO-3amOODKHI My(Qu, Ha OIHY 3 SKUX OTPUMAaHO
MaTeHT YKpaiHU Ha KOPUCHY MOJENb.

6. Ha ocHoBi Teopii I'epma 3 KOHTaKTHOI MIITHOCTI JOBEIEHO
JIOCTATHIO MIITHICTh KYJIBOK Ta pOOOYMX MOBEPXOHb HAMIBMY(PT B MICIIIX
JHIMHOTO KOHTaKTy MiX HHMH, TaK SK poOOYe KOHTAKTHE HAINpY>KEHHS -
oy B 1,4 — 1,5 pasu MeHIne 3a gjonyctume [o]y -

7. JIns mpoBeAEHHS EKCIIEPUMEHTANbHUX AOCIHIIKEHb PO3POOJICHO
NPUHIMIIOBY Ta KiHEMaTHYHY CXEMH, Ha OCHOBI SIKHUX CHHTE30BaHO
eKCIIepUMEHTANIbHY ~ YCTaHOBKY, BHOpPaHO aIrOpUTM 1  METOJHKY
MIPOBEJICHHS JIOCIHIJiB, MPOBEAEHO cepito i3 20-TH eKcleprUMEeHTATbHUX
JOCHIDKEHb Uil KOKHOro 3 10-TM pi3HMX 3HaYeHb HABAHTAKEHHS Ha
KyJIbKA 3armoOiKHOT YacTHHM My(TH, OTpHMaHO TaOJIM4HI 3HAYCHHS
MOMEHTY CHPALIOBaHHS pPO3po0sieHOi My(TH, Ta Ha OCHOBI IIPOBEAECHOTO
eKCIepUMEHTY MoOynoBaHO TrpadiuHi 3aJe)KHOCTI  HaBaHTaXKyBaJbHOT
3/IaTHOCTI OOTIHHO-3aM001KHOT MY(TH NPU PI3HUX 3HAYEHHAX 3yCUILIS Fyy .
JocnigamMu miaTBEpHKEHO pOOOTO3IATHICTh, TOOTO HalilHE NepeaaBaHHs
00epTaJIbHOI'O MOMEHTY Ta MUTTEBE PO3'€AHAHHS HamiBMy(T 3armo0iKHOI0
YaCTUHOIO HOBOI KYJIBKOBOI OOT'HHO-3a1m001KHOT My(QTH TpW 301IBIICHHI
HaBaHTaxeHHs B 1,25 — 1,42 pasu OuIbIIE Bl HOMIHAIBHOTO.

8. BcraHoBiEHO, IO BEIWYHMHY NEPEBAHTAKEHHS 3pYYHO PETYIIIOBATH
CHJIaMH TIPYXXHOCTI NPYXHH 3a JIOMOMOI'OI0 PETYJIbOBAaHHUX TBUHTIB, IPH
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3arBUHYYBaHHI SKMX MOXHa BHOpaTH MOTPiOHY XapaKTEPUCTHKY PEKUMY
3aTATYBaHHS MPYXWH, Ta CYTTEBO 3MIHIOBATH JOMYCTHMY BEIUYHUHY
nepeBaHTaXeHb HE PYHHYIOUN MIPH LbOMY AeTalieldl MeXaHiYHOTO MPUBOAA,
UM iCTOTHO MOKPALIeHO e()eKTUBHICTh HOTO POOOTH.

9. IlpoBemeHo crarhucTHYHE OOPOOJICHS  EKCIEPUMEHTATbHUX
JOCITIKEHb HAa OCHOBI Teopii ManHa-YitHi, Koxpena ta Crprogenra. Y
X0Jli OOpPOOKH CKCHEPUMEHTY IIATBEPKEHO, 10 CKCICPUMEHT €
BIITBOPIOBAHMM, OCKIIBKHA JWCIEPCiS BiATBOPIOBAHOCTI CTAHOBHTH
0,00031 (H - M)?2, cepenne xaapatuune Bigxunenns — +0,0176 (H- m),
a BiJHOCHAa TOXHMOKa OTpHMaHHX pe3ynbTaTiB — 2,3%.

10. CunTe30BaHa Ta BUTOTOBJICHA JIOCTIIHA YCTAHOBKA BIPOBAKEHA Y
HaBYAIBHUH mporiec Ha kKadempi ,, TexHigHa MeXaHika Ta THHAMiKa MaIliH
HarmionansHoro yHiBepcurery "JIbBiBChbKa TMONITEXHIKA", a METOJIMKA
PO3paxyHKy, OINHC KOHCTPYKLIi Ta OCOOJMBOCTI  eKCIUTyaTaii
HOBOi  KYJIBKOBOi  OOTiHHO-3amOOIXHOI My(TH BIPOBa[KEHO Ha
JIAIT "JIsBiBarpomammpoekt" 1 Manomy BHPOOHHYO-KOMEPIIHHOMY
BupoOHuNTBI "IloJIBBi" AN TOKpamieHHS poOOTH KiHEMaTHYHUX
JIQHITFOT1B MEXaHIYHUX TTPUBO/IIB.

CIIMCOK OITYBJIKOBAHUX MPAIlb 3A TEMOIO JTUCEPTAIIII

CrarTi, 10 HAAPYKOBaHI y HAYKOBHUX MEPiOIMYHMX BWIAHHAX IHIIMX
JepKaB:
1. A. Borys, V. Malaschchenko, V. Yankiv. «BnusHue JuHaMHUYECKUX
SIBJICHUH Ha Harpy3Ky €JIEMEHTOB IMPUBOAOB C IIapUKOBOW OOTOHHOW My(TON
» MOTROL Commission of motorization and energetics in agriculture
Lublin —Rzeszow, 2016.—C.2-7 (TTosmbiia).
Ipani HagpykoBaHi y BUAAHHSIX, SIKi BXOAATH Y HAYKOBO-MeTPUYHY 0a3y:
2. MalaschchenkoV.O., BorysA.O. Force turning off the torque limiter //
Coopauk cratreit XX MexkmyHapoaHas koHpepenuis, "Pa3zsurie Hayku B XXI
Beke". — Xapkis, 2016. — C. 64-70.

Crarri, siki omy0J1ikoBaHi y HAyKOBUX (paX0BHX BUAAHHAX YKPAiHH:

3. bopuc A.O. «KoncTpykuist Ta NpUHIMI POOOTH KYJIBKOBOI OOTiHHOI My(TH
TpaHCIOpTHOro  3aco0y».  HaykoBo — Texmiunuii sxypHan "Ilimfiomuo-
TpaHcnopTHa TexHika". — Oneca, 2017. — C. 81-85.
4. Manamenko B.O, Cementok B.®., bopuc A.O., MatsiiB b.T. «E¢exTuBHicTb
3aCTOCYBAaHHS KYJIBKOBOI OOTIHHO-3aITO01KHOI My(DTH MEXaHIYHHX TPHBOJIIBY.
HaykoBo — Texniunmii xypraan "[limiioMHO-TpaHCIiOpTHA TexHiKay. — Opeca,
2018. —C. 104-112.
5. Manamenko B.O., Bopuc A.O., ®equx B.B. «Force interaction in the
elements of clutch with parallel grooves in driven helf sleeve.». Bicauk HY



22

«JIpBiBchKa moniTexHika» JlMHaMika, MILHICTb Ta MPOEKTYBaHHS  MallWH i
npunaais. — JIeis, 2014. — C. 106 — 110.
6. bopuc A.O., Bennenp €.C., Hocko ILJI., ®ins I1.B. Teprs mig uac
BUMHUKaHHS KyJbKOBUX 00MeXyBadiB o0epTainbHOro MmomeHTy. — K.: HaykoBo —
TexHIYHUN KypHan «[Ipobnemu TepTs Ta 3HOMYBaHHD, 2016. — C. 38-43.
7. Manamenko B.O., Kopymsk IL.C., Mamamenko B.B., bopuc A.O.
Onrtumizanis radaputiB (GPUKLOIAHUX 3aMO0DKHUX MY(T HUISIXOM YTOYHEHHS
koedimieary Teptsa . — Onmeca. Kypran “ IligifoMHO-TpaHCTIOPTHA TEXHIKA
Ne 3.2013. - C. 22-29.
8. Manamenko B.O., Copokiscekuit O.I., bopuc A.O. I'eomerpuuni Ta cHiIoBi
3aJIeKHOCTI MIPUBOJIIB BEJIOCHIIEIB 3 HOBOIO KYJIBKOBOIO MYy(TOIO BLIBHOTO
xoxy // Bicauk HY «JIpBiBchbka momiTexHika». JlMHamika MIIlHICTh Ta
MPOSKTYBaHHS MaIlvH i pwiafiB. — JIssie, 2009. — C. 46-49.
Te3u nonoBinei Ta MaTepiaiu KoH(pepeHii:

9. bopuc A.O., Manamenko B.O., Kupudenko LI . Teprs mix yac BuMukaHHS
KyJTbKOBUX OOTiHHMX My(T. 13- MDKHapOIHMI CHMITO3iyM YKpaiHCHKHX
imKeHepiB MexaHikiB y JIbBoBi. — JIbBiB, 2017. — C. 123-124.
10. bopuc A.O., Jlaweup O.B., Manamenko B.O. KoHcTpyKimoHHBIE
0COOCHHOCTH  IIAPUKOBBIX OOTOHHBIX MY(T MOIBEMHO-TPAHCIIOPTHBIX MAIIIMH.
[MogpeMHO — TpaHCHOPTHBIE CTPOHTENBHBIE, TOPOXKHBIE, MyTEBble MAIIUHUA W
poboToTexHrYecKue KoMuiekeel. — M.: 2016. —C. 21-23.
11. Bopuc A.O., Manamenko B.O. BynoBa Ta 9ac BKIFOUeHHS KyJIbKOBOI My(hTH
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VY nuceprariiiHii poO0OTI BUKOHAHO TEOPETHYHI Ta €KCIIEPHUMEHTAIbHI
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JOOCTI[DKEHHS ~ TpOLECiB  mepejaBaHHs  OOepTaJbHUX  MOMEHTIB
MEXaHIYHUMH TPUBOAAMH, KiHEMAaTH4YHI JIAHIIOTH SKHUX OCHAIIeHI
OOriHHUMH My(TaMH.

Po3pobneno anamiTH4HI 3al€KHOCTI A MaTEeMaTHYHOTO OIMCAHHS
IpOILIECy MepelaBaHHsA HABAaHTAXKEHb B OJHOMY HAIPAMKY Ta JAOCIIIKEHHS
B3a€MO3B’SI3aHUX IapaMeTpiB, M0 XapaKTepH3ylOTh POOOTO3HATHICTE,
KiHEMaTUKO-CHJIOBI TOKa3HUKH KYJIBKOBUX MY(T MeXaHiYHHUX IMPHBOJIIB
MarmH. Po3pobieHo 0CHOBHI KpHUTepil CHHTE3Y KyJIbKOBOI 0OTiHHOI My TH
0araTOmBUAKICHOI 3aMHBOI BTYJIKH CEpPIHHOTO BEJOCHUIIEAY Ta HOBHX
KYJIbKOBHX OOTiHHO-3amo01KHUX My(T, Ha SKi OTPUMaHO MAaTeHTH Y KpaiHu
Ha KOPUCHI MOJEII.

Po3pobneno anroputm BuOOpy Ta BH3HAYCHHS KOHCTPYKTHBHHX,
KiHEMaTUKO-CHJIOBHX Ta CKCIUIyaTallilHUX mapaMeTpiB  MyQT, sKi
3a0e3MevyIoTh 331aHy e¢()eKTUBHICTh KIHEMAaTUYHUX JIAHIIOTIB MEXaHIYHUX
npuBoniB. IlogaHo pe3ynbTaTé EKCHEPUMEHTAIbHHUX IOCIIMIKEHb IS
NEepeBipKM Ta MIATBEPIUKEHHS OCHOBHHX TEOPETHYHHUX IIOJIOKEHb
mucepranii. CpopMOBaHO BHCHOBKM Ta PEKOMEHJAIll JUIi BUKOPHCTAHHS
Ha TPaKTHII TEOPETHYHHX IOJOXKEHb JUIl TOKpalleHHS e(EeKTHBHOCTI
poOOTH MEXaHIYHUX MPUBOJIIB MAaIIIH 3aCTOCYBAaHHAM KYJIBKOBHUX OOTiHHO-
3anmo0KHUX MY(T.

Knrouesi cnoea. xynpkoBa Mmydrta; MmydTa; oOrinHa My¢Ta; OOriHHO-
3anmoOikHa My(dTa; MyTa MEXaHI9HOTO TIPHUBO/IA.
AHHOTALUA

Bopuc A.O. IloBbienne 3 (HeKTHBHOCTH MEXaHUYECKUX IPHBOJIOB
NPUMEHEHHEM IIApUKOBBIX OOTOHHO - MpeaynpeauTenbHeix Mydhr. — Ha
npaBax PyKOIHCH.

Huccepranys Ha COMCKaHHWE YYEHOW CTEMEeHU KaHIUAaTa TEXHUUECKHX
Hayk no crneuuanbHocTH 05.02.02 - mammHoBeaeHne. — HannonansHOrO
yauBepcuteta " JIbBOBCKas monmTIxXHUKA", MHHHCTEPCTBA 00pa3OBaHUsS U
Hayku Ykpaunsl, JIsBoB, 2019.

B nmccepranmonHOi  paboTe  BBIMOJHEHBI  TEOPETHYECKHE U
IKCTIIEPUMEHTAIIbHBIE MCCIIEIOBAHMUS MPOLECCOB Iepe/laur BpallaTeIbHbIX
MOMEHTOB ~ MEXaHMYECKMMH [PHUBOJAMH MallMH H  MEXaHU3MOB,
KAHEMAaTUYECKUE IeNM KOTOPHIX OCHAIIEHbl OOTOHHBIMH MY(TaMBI.
Pa3zpaGoranbpl aHaMUTHYECKHE 3aBUCUMOCTH JUIS  MaTeMaTHUECKOTO
ONHCaHMs Tpolecca IepeAayd Harpy3oK B OIHOM HAaNpaBlICHUH U
UCCIICIOBAaHUSl  B3aWMOCBS3aHHBIX ~ T1apaMeTPOB,  XapaKTEPU3YIOIIUX
paboTocrocoOHOCTh, KHHEMATHYECKUE M CHIIOBBIE TIOKA3aTENN MAapUKOBBIX
My()T MEXaHUYEeCKUX NPUBOJOB MalluH. PazpaboTaHel KpuUTepUM CHHTE3a
IIAPUKOBOM  OOTOHHOM My(Thl MHOI'OCKOPOCTHOM 3aJHEW BTYJIKH
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BEJIOCHUIIE/Ia U HOBBIX IAPUKOBBIX OOTOHHO-TIPEAYIPEIUTEIBHBIX My(T, Ha
KOTOpBIE TIOJTY4EHBI TATEHTHI Y KPauHbI Ha MOJIC3HYIO MOJICb.

Pazpaboran anroputmM BBIOOpa KOHCTPYKTHBHBIX, KHHEMAaTHKO-
CWIOBBIX M OJKCIUTyaTallMOHHBIX TapaMeTpoB My(T, 00ECIICYMBAIOIINX
3a7aHHyi0  d((EKTUBHOCTh KWHEMATHUECKHX IIeTell  MeXaHWYeCKhX
TIPUBOJIOB. [pencranens pe3yabTaThl IKCTIEPUMEHTAITLHBIX
WCCJICJIOBAHUH ISl IPOBEPKH U MOATBEPIKACHUS OCHOBHBIX TEOPETHUECKUX
nonoxenuit qucceprarmu. CHOpMUPOBAHBI BEIBOABI U PEKOMEHIAIUH IS
UCTIOJIb30BaHMS HA MPAKTHKE TEOPETHYCCKUX TOJOKEHHUH JIJISI TOBBIMCHHUS
3¢ hekTUBHOCTH pabOTHl MEXaHUYECKUX MTPUBOIOB MAIIIMH C TPUMECHEHUEM
IIAPUKOBBIX OOTOHHO-TIPEAYIPEIUTECIBHBIX MY(T.

KitoueBbie cmoBa: mapukoBast My(dra; MydTa; oOroHHas mydra;
00OroHHO-TIpeoXpaHuTeNbHas My(Ta; MypTa MEXaHHYECKOTO IPHBO/IA.

SUMMARY

Boris A.O. Improvement of the efficiency of mechanical drives by the
use of ball fastening and safety couplings. - On the rights of manuscripts.

Dissertation for the degree of a candidate of technical sciences in
specialty 05.02.02 - machine science. - Lviv Polytechnic National
University of Ministry of Education and Science of Ukraine, Lviv, 2019.

In the dissertation work the theoretical and experimental researches of
processes of transfer of rotational moments by mechanical drives are
executed, kinematic chains of which are equipped with overhead couplings.
The analytical dependences for mathematical description of the process of
transfer of loads in one direction and the study of interrelated parameters
characterizing the robustness, kinematics-power parameters of ball
couplings of mechanical drives of machines are developed. The basic
criteria of synthesis of a ball clutch coupling of a multi-turn rear buckle
sleeve of a serial bike and new ball clutch and safety clutches, which
received patents of Ukraine on the utility model, were developed.

The algorithm of choice and designation of structural, kinematic-power
and operating parameters of couplings, which provide the given efficiency
of kinematic chains of mechanical drives, is developed. The results of
experimental research are submitted for verification and confirmation of the
basic theoretical positions of the dissertation. The conclusions and
recommendations for the practical application of the theoretical provisions
for improving the efficiency of mechanical drives of machines using ball-
bearing over-guard couplings are formed.

Key words: ball coupling; clutch; overhead coupling; over - protection
coupling; mechanical drive coupling.



