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1. TTigBuIIeHHSI KOHKYPEHTOCIIPOMOXKHOCTI BaXKKOT0 MallMHOOYAYBAaHHS YKpaiH/ 3HAUHOIO MipOI0 BUBHAYAETHCS
BIIPOBA/>)KEHHSIM Ta yIOCKOHaJIEHHSIM TipHNY000yBaIbHOTO, IepepOOHOro 00J1aHAHHS, 8 TAKOX MOTY>KHUX
TPAHCIIOPTHUX CUCTEM, Y KOHCTPYKIiSIX SIKUX BUKOPUCTOBYIOTb BEJIMKOTrabapUTHI NPUBOIH, 10 MICTATb 3y64acTi
nepepnayvi 3 BenukuM moaysiem. O6'eKT JOCTiIKeHHS — IPOLieCH MeXaHiYHOi 06PO6KY, [TOB'sI3aHi 3
(OpPMOYTBOPEHHSIM aCUMETPUYHUX UUJIIHAPUYHUX 3y0UaCTUX KOJIiC BEJIMKOrO MOAYJIsl. MeTOI0 IIPOEKTy €
niABUILEHHS €(PEKTUBHOCTI 0OpOOKU JI€3BiiHUM iHCTPYMEHTOM aCUMETPUYHUX LMIIHIPUYHUX 3yOUACTHX KOJIC.
OcCHOBHI 331a4i TPOEKTY: HalaTU OOI'PYHTYBAHHS AOLJIbHOCTI BUKOPUCTAHHS KOHKPETHUX METOJiB 3y6000p0OOKHU
17151 GOpMYBaHHSI ACUMETPUYHOTO NMPODIo NUIIHAPUYHUX 3y6U4acTUX KOJIiC; Ha OCHOBI 0CO6IMBOCTEN
(OpMOYTBOPEHHS 3y04YaTUX KOJIiC 3 aCUMETPUYHUM NPOdiseM, BUXOAMUU i3 CUCTEMHOTO MiX0y, BU3HAUUTU
OCHOBHi [IPUHLIUIN iHCTPYMEHTAIbHOTO 3a6€3M€4€HHS 3 BUKOPUCTAHHIM 30ipHUX MOIYJIBHUX (PpeE3;
€KCIIEPUMEHTAJIbHO AOCIINTY AUHAMIYHI IIPOLLECU Ta 3aKOHOMIPHOCTI PO3MOIiNy TEIMJIOBUX IIOTOKIB IIPU

3ybodpesepyBaHHi BEJIMKOMOYJIBHUX 3y0YaCTUX BiHIIiB 30ipHUMU 4epB'sTYHMMU ppe3amu. B pesysprati



IIPOBEJIEHUX AOCIiIKEHDb OYJI0 BCTAHOBJIEHO, 110 [1J1s 3y6UacTUX repenay 3 NOCTiNHUM HaBaHTAKEHUM
3a4eIlJIEHHSIM B OJJHOMY HaIIpSIMKY OCOGJIMBY POJIb Biflirpae 30Ha KOHTAKTY, SKa BU3HA4Ya€ PiBeHb eKCIITyaTaliiiHO1
HaZIiiHOCTi IPY BUCOKMX HaBaHTAKEHHSIX, TOMY [IJ1s1 po604O0ro mpodio 3y6a Kojeca pEKOMEHIYETbCS
3aCTOCOBYBATH OiNBIINI KyT TUCKY, @ 1711 HEPOO04Ooro npodiato — MEHIUHI. 3 METOIO MOJINIIEHHS] YMOB YACTOBOL
06pOOKU BEJIMKOMOYJIbHUX ACUMETPUYHUX 3y04aCTUX KOJIiC Ta 3a6€311eYeHHs ONITUMAJIbHOTO IIPUITYCKY Ha 3y6i
KoJjieca mif, ntipyBaHHS po3po6JI€HO aIFTOPUTM BU3HAYEHHS ONITUMAJIbHUX PO3MIpiB IIpodisnio yeps'suHux ¢ppes i3
nporybepaHLieMm 1151 3a6€e3I1€4eHHs CIIPUATINBUX YMOB YUCTOBOI O6POOKY 32 PaXyHOK HEPiBHOMIDHOTO PO3IOAiny
IPUITYCKY: OinbmKM 6isist BEpIIMHY, MEHIIUM 6iJisl HiXKKH 3y6a. PO3p06JI€HO arOPUTM BUTOTOBJIEHHS
BEJIMKOMOJYJIbHUX aCUMETPUYHUX 3y64aCTHX KOJIIC 3 ypaxyBaHHSIM [IapaMeTPiB CTaHy pOOOYMX TIOBEPXOHbD,
TOYHOCTI popMHu 3yba KoJieca , 1110 3a6e31e4yloTh 3a/laHi eKCIIyaTalliiiHi BIaCTUBOCTI, @ OTKe, BUCOKY HaJliliHiCTb
BY3JIiB PE€JyKTOPIB Ta Ne€peJaTOYHNX MeXaHi3MiB. JloBeJIeHO, 10 IJIacTU4He nedOpMYyBaHHS MiJ| yac
3ybodpesepyBaHHS 3MiHIOETbCS B ITpoLeci (OPMOYTBOPEHHSI pOOOYNX TOBEPXOHb ACUMETPUYHUX 3y04aCTUX KOJIiC
Ta 3aJIEKUTh BiJl 0COGIMBOCTEN 0OPOOKY i reoMeTpii pixkydoro jesa ppesu i po3rsfaeTbCs 3 ypaxyBaHHIM
KiHEMaTUKU PyXy iHCTpyMeHTa i1 yMOB (OpMOyTBOPEeHHs1 HaykoBa HOBU3HA: yIIEPIIE PO3POOIEHO HANPSIMKU
3a6e3reyeHHs] BUCOKOI IPOAYKTUBHOCTI IIpoLiecy 0OPOOKY JIe3BilTHMM iHCTPYMEHTOM BEJIMKOMOLYJIbHUX
LUUJIHAPUYHUX 3y09aCTUX KOJIiC 3 aCUMETPUYHUM IIpodisieM 3yda MIIIKoM 6araToKpUTepiasbHOI onTuMizarii
peXuMiB 3ybo¢pesepyBaHHs 3 ypaxyBaHHSIM €HeproepeKTUBHOCTI Ta 0COOIUBOCTEMH IIpoLecy GOPMOYTBOPEHHS
30ipHMMHU MOAYJIBHUMU (ppe3amy, L0 Ja€ 3MOTy 3a0€3MeYNTH IPOrHO30BaHy aCUMETPUYHY (POPMY, SIKICTh
IIOBEPXHEBOTO 11apy 3yO6LIiB Ta 3a[laHi eKCIUlyaTaliliHi BIaCTUBOCTI 3yb4acTux nepeznay; HaykoBo o6rpyHTOBaHO Ta
1100yJ0BaHO OINTMMI3allifiHy MoJieJib eHeproedeKTUBHOI 0O0pPOOKU BEJITMKOMOIYJIbHUX LIMIIHIPUYHUX 3y0UaCTHX
KOJIC 3 aCUMETPUYHUM IIpodisieM 3 ypaxyBaHHSIM He OJHOTO, a JeKiJIbKOX KpUTepiiB, 110 BIVINBAIOTh HA
eeKTUBHICTb 3ybo(ppe3epyBaHHs — IPUBEIEH]I BUTPATH, IPOAYKTUBHICTD NPalli, BUTPATU TBEPLOTO CILJIABY,
IIOTY>KHICTb Pi3aHHS. BKJIIOUEHHS B CUCTEMY LiIbOBUX (PYHKLIN IOTY>KHOCTI pi3aHH, J03BOJISIE€ BUSBUTH
ONTUMAJIbHI peXuMU Ipolecy 06poOKH, 110 MiHIMI3yIOTh B IIEBHUX MEXKax €HEProBUTPaTy; Yiepiie po3pobaeHo
MaTeMaTU4HY MOJI€JIb PO3MOiy TEIJIOBUX ITOTOKIB IpU (Ppe3epyBaHHi BEJIMKOMOAYJIBHUX 3y0UaCTUX BiHIIiB
30ipHUMU YepB'TYHMMU Ppe3aMU 3 KPUBOJIiHIIHOW0 (GOPMOIO NepeiHbOI MOBEPXHI TBEPAOCIIABHOI IIJIACTUHM i
3HATTI BEJIMKUX [IEPePi3iB 3pi3y. 3alIpONOHOBAHA MaTEMAaTUYHA MOJEJIb [JO3BOJIS€ IPOTHO3YBATHU NIPU 3aaHUX
peXrMax pizaHHs PO3NOiJ TEIJIOBUX IIOTOKIB i TEMIIEPATYPY B CUCTEMI;YIIeplle BIPOBAJKEHO CUCTEMHUM MiaXiz
IO iIHCTPYMEHTAJIBHOTO 3a6€e31e4eHHs1 (POPMOYTBOPEHHS 3y04aCTUX KOJIIC 3 aCUMETPUYHUM Npodinem, mo
0a3yeTbcs Ha anaparti BignosinHocTel i rpadosiit Mopedni. [IpakTuiHa LiHHICTh pe3yJbTaTiB Mpalli IOJISITae y
3aCTOCYBaHHS 3y04acTuX Nepesad 3 aCUMeTPUYHO0 (POPMOIO 3y6iB 3aMiCTh TPAULITHOTO CUMETPHUYHOrO Npodisio
I03BOJIsIE 326€31€YUTH [TOKPallEeHi eKCIITyaTaliliHi BJIaCTUBOCTI Ta JOBrOBIUHICTh BEJIMKOrabapUTHUX MAIIVH,
PEnyKTOPIB, pyJOPO3MEIIOBAIbHMX MJIMHIB, TpaHCTIOPTEPIB Ha 30%, NPaKTUYHE BIIPOBA/KEHHS PE3YJIbTATIB
IOCTiIKeHHs 37ilicHeHo Ha Takux nignpuemctsax: [IpAT “HKM3” (m. Kpamatopcesk), ITAT «Kpamatopchekuii 3aBof,
BaXXKOT'O BEPCTAaTOOYAYyBaHHS», @ TAKOXK y HaBuanabHOMY npoueci JIMA ta HTY «XIII».

2. Enhancing the competitiveness of heavy engineering industry in Ukraine largely depends on the implementation
and improvement of mining, mineral processing, and heavy-duty transportation equipment. The designs of such
equipment incorporate large-scale drive systems equipped with large-module gear transmissions The research
object is machining processes associated with the generation of large-module asymmetric cylindrical gears.The
aim of the research is to improve the efficiency of machining asymmetric cylindrical gears using cutting tools. The
main objectives of the research are as follows: to substantiate the feasibility of applying specific gear machining
methods for generating the asymmetric tooth profile of cylindrical gears; based on the characteristics of
generating cylindrical gears with an asymmetric tooth profile and employing a systems approach, to determine the
fundamental principles of tooling design using modular assembled milling cutters; to experimentally investigate
the dynamic phenomena and the patterns of heat flux distribution during the gear hobbing of large-module gear
rims with assembled hob cutters under conditions of removing large chip cross-sections. The conducted research
established that, for gear transmissions operating under continuous loading in a single direction, the contact zone
plays a decisive role in determining operational reliability under high loads. Therefore, it is recommended to



employ a larger pressure angle for the working tooth flank and a smaller pressure angle for the non-working tooth
flank. To improve the finishing conditions for large-module asymmetric cylindrical gears and to ensure an optimal
grinding allowance on the gear tooth, an algorithm has been developed for determining the optimum profile
dimensions of protuberance hob cutters. The proposed approach provides favourable finishing conditions through
a non-uniform distribution of the machining allowance, with a larger allowance near the tooth tip and a smaller
allowance near the tooth root. An algorithm for manufacturing large-module asymmetric cylindrical gears has
been developed, taking into account the condition parameters of the working tooth surfaces and the accuracy of
the tooth profile. This approach ensures the required operational characteristics and consequently improves the
reliability of gearbox assemblies and power transmission mechanisms. It has been demonstrated that plastic
deformation during gear hobbing varies throughout the process of generating the working surfaces of asymmetric
gears and depends on the machining conditions and the geometry of the cutting edge of the hob cutter. This
phenomenon is analysed with consideration of the tool kinematics and the conditions governing tooth profile
generation. Scientific novelty: For the first time, an approach has been developed to ensure high-productivity
machining of large-module cylindrical gears with an asymmetric tooth profile using cutting tools through multi-
criteria optimization of gear hobbing conditions, taking into account both energy efficiency and the specific
features of the tooth generation process with modular assembled hob cutters. This approach makes it possible to
achieve the required asymmetric tooth geometry, the desired surface layer quality, and the specified operational
characteristics of gear transmissions;An optimization model for the energy-efficient machining of large-module
cylindrical gears with an asymmetric tooth profile has been scientifically substantiated and developed. Unlike
conventional approaches based on a single optimization criterion, the proposed model simultaneously considers
several factors affecting the efficiency of the gear hobbing process, including production cost, labour productivity,
carbide tool consumption, and cutting power. Incorporating cutting power into the system of objective functions
enables the determination of optimal machining conditions that minimize energy consumption within specified
technological constraints;For the first time, a mathematical model describing heat flux distribution during the
hobbing of large-module gear rims using modular assembled hob cutters equipped with carbide inserts having a
curved rake face and operating under conditions of large chip cross-sections has been developed.;For the first
time, a systems approach to the tooling support of asymmetric gear generation has been developed based on
correspondence theory and a graph model. The practical significance of the research lies in improving the
application of gear transmissions with an asymmetric tooth profile instead of the conventional symmetric profile
increases the operational performance and service life of large-scale machinery, gearboxes, ore-grinding mills, and
conveyor systems by up to 30%, the research results have been implemented at PJSC NMBP, PJSC Kramatorsk
Heavy Machine Tool Building Plant, and in the educational process of the DSEA and the NTU "KhPI".
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