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Pedepar:

1. BakyiMBy poOJib Y OJIMNIIEHH] IOKa3HUKIB HAZIiIMHOCTI Ta €KCIITyaTaliiHMX BJIaCTUBOCTEN eTajlel MallliH
BiZlirpaloTh CIlelliajibHO CTBOPEHI peryJsipHi pesibepu oBEPXOHb OCTaHHIX. JI71s1 peanizalii X07101HOr0 NJIaCTUYHOTO
IepopMyBaHs y 1IbOMY BUIIAJKy BUKOPHUCTOBYETLCS CEPiliHE 00JIalHAHHS: BEPCTATU, IPECH, BOJIOYMJIbHI CTaHU
tomo. Ha BigMiHy Bif iHmKx crioco6iB MoanQikyBaHHS, Le NpoLec Moxe 6yT (pOpMOYTBOPIOBATIbHUM, TOOTO
3aroTOBKAa OTPUMYE HOBI IOTPiOHI po3mipy, sIKi IOEIHYIOTHCS 3 PETyJIIPHUMU pesibedaMu [1I0BEPXHEBOTO LIapy
neTtasi. MeTa HocCiIpKeHHs — NOJINIIeHHs eKCIUTyaTaliliHuX BJaCTUBOCTEN AeTasell 3aC00iB TPaHCIIOPTY
HAaHECEHHSM PETYJISIPHUX MIKPO- i MaKpOpebe()iB TEXHOJIOTIYHOTIO i eKCIIyaTalitHOrO MPHU3HAYE€HHS
3araubIeHHSIM JiHINHNUX iHIeHTopiB. TeopeTrnyHi 3acany NOCiIKeHHS JO3BOJIWIA BUCYHYTH IIOJIOXKEHHS, 110 IIPU
iHIeHTyBaHHI MaTepiasiB 3aran6eHHsIM JiHiHOro iHAeHTopa (pakTOpamMu CUJIbHOTO BILJIMBY Ha IJIMOMHY KaHaBKU
pesibedy € HOpMaJIbHA CHJIA, IO IPUKJIAJAETHCS 0O iHCTPYMEHTY, Ta Pi3MKO-MeXaHiuHi BJIAaCTUBOCTI
IOCJIiIPKYBaHMX MaTepiajiB. Yiepiie CTBOPEHO Kiacudikalilo peryasipHux pesbe@iB 32 METOJAMU OTPUMAaHHS

XOJIOHOIO IIJIACTUYHOIO Aedopmaliieo Ta 0OpoOKOI0 Pi3aHHSIM i 32 IPU3HAYEHHSIM : IJ1s1 ITOIIePeHbOTO MOAINY



IIPUITYCKY NpY 0OpOOLi pisaHHSM; 1715 IiATOTOBKY TIOBEPXOHb JieTajel il HAHeCEHHsI IOKPUTTIB y TOMY YUCJIi
IJIiBOYHUX aHTUDPUKIINHYX; 1711 CTBOPEHHSI JIaGipUHTIB Ha TOBEPXHi fleTanei A1 MacTUII, IJis ToNepegHbOro
II0/IiJTy OCKOJIOYHUX KOPIIyCiB 60€NpUNaciB; 17151 CTBOPEHHS 3MillHEHMX HOBUX HECYYMX IIOBEPXOHb, 30KpeMa
IVICKPETHUX IIPU BiJHOBJIEHHI 3HOIIEHUX JleTael; AJ1s1 OTPMMAaHHS CKJIaIHUX NPO(PiiB Ha IOBEPXHSIX OTBOPIB
IeTaseil: IINOHKOBUX, ITibOBUX, BHYTPIIIHIX 3y0LiB 3y64acTOro 3a4erieHHs; €CTeTUYHOTO IPU3HAYEHHS.
Po3po6s1€HO po3paxyHOK Aii CUJIM 3arau6yeHHs i reOMeTPUYHUX [1apaMeTpiB JiHiliHoro iHgeHTopa Ha GopMy Ta
po3Mipu KaHaBKHU pesibedy: rmubuHy B Meskax 0,02-5 mm; paziyc ocHoBu B Aianasoni 0,005-0,5 MM i KyTu 'y
nonepeyHoMy nepepisi 60°; 70°; 80°;90°; npu 1bOMY Ha CUJTy 3arJIMOJI€HHS BIUIUBATAME TEPTS, 3HIKYIOUH LIJ0 CUITY
Ha 23% nida KyTta ingeHTpa 60° i Ha 14% nist kyta 90°. BubpaHno npecose rinpodikoBaHe 00J1aHAHHS IJ1s1
exkcriepuMenTiB 3ycuiisam 0,02 MH Ta 0,2 MH; cTBopeHoO JiHilHI iHAeHTOpY i3 3arapToBaHoi crasi P18 3 kyTom Iipu
BepmnHi 60°-90°; BU3HaY€HO MapKu JOCJiI)KyBaHMX MaTepiailiB: 10 2 MapKU JIETOBaHUX cTajnei (ctanb 38XH3MA i
cranb 12X18H10T), cipux 4aByHiB (4aByH cipuil peputHOo-nepaitHuit CH20 i yaByH cipuit peputHuii KoBkui K4
33-8), criiaBiB Ha OCHOBI Mifli (OpoH3a suBapHa osiop’siHUcTa Bp OIIC 5-5-5 i naTyHb fedopmiBHa JI62),
nypamominy [116 (2117) i TutaHoBoro cryiasy BT6. [TinTBepKeHO eKCIIepUMEHTAJIbHO TEOPETUYHI [10JI05KEHHS PO
Iil0 CUM 3arau6IeHHs], TBEPAICTb Ta MJIACTUYHICTb HA TTIMOMHY KaHaBKU pesbedy. [Ipu npomy 1i pakTopu
IIPOSIBJISIIOTH SIK O€CIIOCEpeIHIO [Iil0 Ha ITapaMeTp ONTHMi3allii, Tak i Yepe3 NpoMiKHI dakTopu: pajiiyc OKpyrieHHs
Ta KYT [IpYU BepUINHI iHAEHTOpa i CKJIaZ, MOTOPHO OXOJIOKYyBaJIbHOI PilMHM Ta IWBUIKICTh 3arinbseHHs. [lepiui npa
IIPOMIXHHUX (PAKTOPU CUJIBHO BILJIMBAIOTh HA [VINOMHY KaHABKHY, a [1Ba OCTAaHHIX BUSIBJISIOTH CJIA0Ky fito. [Io6yoBaHO
B32€MO3B'30K SBUII TPU peJibe(POYTBOPEHHI iHIEHTYBAaHHSIM i OTPUMAHO €KCIIEPMMEHTAJIbHY 3aJI€KHICTb ITIMOMHN
KaHaBKU Bif (pakTopiB npouecy. Po3pob6sieHO MeTo ), BiHOBJIEHHS 3HOLIEHUX JeTajel 3arjubeHHsIM JIiHiHHOTro
iHgeHTopa. BctaHOBIIEHO, 1110 BUCOTA IPUPOCTY PO3MIpY JieTasli NOpiBHIOE N0JI0BUHI 3arinbaeHHs. Kytu npodimnio
iHngeHTopa 171 3araubseHHs IOBUHHI 6yTy nopsaKy 60° 3 mo3ulii MilHOCTI i CTIIKOCTI iHCTpyMeHTa, a pajiiyc npu
10Oro BepUIMHi MOBMHEH 3HaX0AuTHCh B Mexax 0,1 — 0,2 MM. Ha ocHOBi MexaHiKky 3arsmbIeHHs TparneueBugHOro
iHgeHTOopa y XOPCTKO— IJIACTUYHUI HaMiBIIPOCTIp PO3PO0JIEHO METOM, OTPUMAHHS [IPSMO3YOUX 3y0UaCTHX KOJIiC
€BOJIbBEHTHOTO BHYTPILIHbOTO 3aueryieHHs: MoaysieM m = 0,25-2,5 mM. [Ipo1ec 37ilCHIOETbCS Ha JKOPCTKIN
6arato3y06iii orpaBLii KOMiI0OBAaHHSAM 33 CX€MOIO pellyKyBaHHS. PO3IJISIHYTO 33/1a4y pO3PaxXyHKy HaAIPy>K€HOTO CTaHY,
y pe3yJbTaTi 40ro BUBHAUEHO CUJTY 3aryIN6JIeHHS TpaleLeBUAHOro iHAeHTopa, SIK CYMy CUJI 3arJINbJI€HHS TOCTPOro
KJIMHA Ta IVIOCKOi Horo IinsHKY. [TonaHo TUIIOBUI TEXHOJIOTTYHMI IPOLIEC METOAY OTPUMAHHS KOJIiC BHYTPIlIHBOTO
3a4eIIEHHS , 10 BKJIIOYAE MiATOTOBKY OTBOPY TPYO4YaCTOi 3aroTOBKHY, BiaacHe Metoq, XI1]1, i ginimHi onepaunii
TepMo- Ta abpa3muBHOI 0OPOOKY i, Ipu HEOOXimHOCTI, 6e3BOIHEBOro a30TyBaHHs. Kio4osi cioBa: lepopmoBaHo-
HaIpYy)XeHUi1 CTaH; NUCKPETHI [1I0BEePXHi; 3y0uacTi KoJieca; lapyBaHHs; JUHAMIYHUI Npolec; KoedillieHT TepTs;
YUCEeJIbHANM METOJl; KOHTAKTHA [TOBEPXHS; 3MiLIHEHHSI; [IOBEPXHSI; 3HOCOCTINKICTh; XOJI0[JHE MJIACTUYHE

nepopMyBaHHS; KaHaBKa pesibedy; NiHIHHUN iHAEHTOp; CKa 3arynbyIeHHs; MiKpOTBEpiCTh; BiTHOCHE BUIOBKEHHSI.

2. Specially created regular Surface reliefs of the latter play an important role in improving the reliability and
operational properties of machine parts. In this case, serial equipment is used to implement: machine tools,
presses, drawing mills, etc. Unlike other modification methods, this process can be form-forming, that is, the
workpiece gets new desired dimensions, which are combined with regular reliefs of the surface layer of the part.
Based on the above, the aim of the study was formulated - to improve the operational properties of vehicle parts
by applying regular micro - and macro-reliefs for technological and operational purposes by deepening linear
indenters. The theoretical foundations of the study allowed us to put forward the position that when indenting
materials by deepening a linear indenter, the factors of strong influence on the depth of the relief groove are the
normal force applied to the tool and the physical and mechanical properties of the studied materials. For the first
time, a classification of regular reliefs was created according to the methods of obtaining cold plastic deformation
and cutting processing and for their intended purpose: for preliminary separation of the allowance during cutting
processing; for preparing the surfaces of parts for applying coatings, including film antifriction; for creating mazes
on the surface of parts for lubricants; for preliminary separation of fragmentation shells of ammunition; for
creating reinforced new load-bearing surfaces, in particular discrete ones when restoring worn parts; for
obtaining complex profiles on the surfaces of holes of parts: keyway, spline, internal teeth of gear engagement;



aesthetic purpose. The calculation of the effect of the depth force and geometric parameters of a linear indenter
on the shape and dimensions of the relief groove is developed: a depth of 0,02-5 mm; base radius in the range of
0,005-0,5 mm and cross-sectional angles 60°; 70°; 80°; 90°; in this case, the depth force will be affected by friction,
reducing this force by 23% for the indenter angle of 60° and by 14% for the 90° angle. Press hydrofected
equipment for experiments with a force of 0,02 MN and 0,2 MN was selected; linear indenters made of hardened
steel P18 with an angle at the top of 60°-90° were created; the grades of the studied materials were determined: 2
grades of alloy steels (steel 38XH3MA and steel 12X18H10T), gray cast iron ( iron gray ferritic-perlite C420 and cast
iron gray ferritic malleable K4 33-8), copper-based alloys ( bronze foundry tin Bp OIIC 5-5-5 and brass deformable
L62), duralumin D16 (2117) and titanium alloy VT6. The theoretical provisions on the effect of the deepening force,
hardness and plasticity on the depth of the relief groove are confirmed experimentally. In this case, these factors
are manifested both as a direct effect on the optimization parameter, and through intermediate factors: the
rounding radius and angle at the top of the indenter, as well as the composition of ICF and the depth rate. The first
two interval factors strongly affect the depth of the groove, and the last two have a weak effect. The relationship of
phenomena in relief formation by indentation is constructed and an experimental dependence of the groove depth
on the process factors is obtained. A method for restoring worn parts by deepening a linear indenter has been
developed. It is established that the height of the part size increment is equal to half the depth. The angles of the
indenter profile for deepening should be about 60° from the position of strength and stability of the tool, and the
radius at its top should be within 01,- 02, mm. Based on the mechanics of deepening a trapezoidal indenter into a
rigid plastic half-space, a method for obtaining spur gears of involute internal engagement with the module
m=0,25-2,5 mm has been developed. The process is carried out on a rigid multi-tooth mandrel by copying
according to the reduction scheme. The problem of calculating the stress state is considered, as a result of which
the deepening force of a trapezoidal indenter is determined as the sum of the deepening forces of a sharp wedge
and its flat section. A typical technological process of the method for obtaining internal gearing wheels is
presented , including the preparation of the hole of the tubular billet , the CPD method itself, and the finishing
operation of thermal and abrasive processing and, if necessary, anhydrous nitriding,.
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