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Abstract. The influence of the combined deformation on the thermal stability of the
poligonization substructure of the technically clean iron and steels are shown in the article. So, the
purpose of the work is the increasing of the thermal stability of the poligonization substructure by com-
bined deformation of iron, steel 20, 45, V8, 12X13 and 40X. The possibility of the increasing hardness
on the maximum indexes are investigated and installed the optimum magnitude and species of the
deformation and modes, namely temperature and time of the exposure, of the heat treatment. The
possibility of the thermal stability of the poligonization substructure during pre-recrystallization heat
treatment of the Fe and carbon and alloyed steels by using combined deformation is established. The
decreasing of the sizes of the regions of the coherent scattering of the values of the physical and
mechanical properties, such as hardness, is proved. Indexes of the quantities of nanoscale substructure
elements and angle of orientation of the subgrains are calculated by methods of the harmonic analysis.
The combined deformation allows the using this method for machine parts and appliances. It was shown
that pre-crystallization thermal treatment allows to form a substructure with nanosized elements of size
80 nm (steel 45) in a combination of deformed steels, and their quantity can reach 75 % of the
total number of structural components with a maximum angle of divergence of subgrains 2.16°
(technically pure iron).

Keywords: combined deformation; problem of Material Science; subgrains; nanostructure
materials.
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AHOTalisg. YCTaHOBKa NMpU3HAYEHA JUIsl JOCTIJDKCHHS BIUIMBY HAaCHUYEHHS IMOBEPXOHb TEPTH
"KOJIIHYaCTUH BaJl - BKJIQJWIII" ajlMa3HMMHU BKJIIOYCHHSMH Ha XapaKTepUCTUKH 3'eqHaHHs. [Iporec
HACHUCHHSI BUKOHYETHCS CYMIIIIIIIO aiMa3HOI MAacTH 1 MacTHja MPU TEPTi Ta CTUCHEHHI NMOBEPXOHb.
VYcraHoBKa J03BOJISIE  BH3HA4YaTH 3MIHH  MIKPOCTPYKTYPH TIOBEPXOHb Ta TPHOOTEXHIYHHMX
XapaKTEPUCTUK CHPSHKEHHS TPH PI3HUX PEXKUMaX HACHYCHHS TOPIIB UHWJIIHAPUYHUX 3Pa3KiB.
[lepenbavaeTscsi, MO MOXKHA BH3HAYUTH PEXUMH JJIS OJEP)KAaHHS YHIKAIBHUX XapaKTePHCTUK
CHPSDKECHHS, OJM3BKUX 710 O€33HOCHOCTI, 3 MIKPOCTPYKTYPOIO TIOBEPXOHb BIIOBITHO A0 KIACHYHOTO
"mpunnuny Hlapmi".

KirouoBi cjioBa: ycTaHOBKa AJisl JOCHIKEHHS, KOJIHYACTUN BaJl, BKJIQJMIII, alMa3Ha TacTa,
MPUTUPAHHS I11]] THCKOM, HAaCHUEHHSI TIOBEPXOHb, MIKPOCTPYKTYpa.

[Ipy pemMOHTI JABHIYHIB BHYTPINIHBOTO 3TOPSIHHS Ta KOMIIPECOPIB BaXKJIMBHM IHUTaHHIM
€ BIJIHOBJICHHS 1 ITIABUILIEHHS 3HOCOCTIHKOCTI CIIPSKEHb HIMHOK KOJIIHYACTOro Bany. Tak iCHYIOTh pi3Hi
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METOIW TIIJBUIIECHHS 3HOCOCTIMKOCTI IMWHOK BaJly MPU PEMOHTI, HANPHUKIAT - EJICKTPOJITHUYHE
XpOMYBaHHsI, €JEKTpOMEXaHiyHa O00poOKa, Tra30TepMiuHI HAMWICHHS PI3HAMH TOPOIIKOBUMHU
MaTepiajlaMu Ta iHIIIi.

3HOCOCTIMKICTh BKJIQJMIIIB KOJIHYACTOI'O Bay IiJIBUIIYIOTh OKPEMO Bij Bajly BUKOPUCTAHHSAM
PI3HUX MiAIIUITHAKOBUX CIUIABIB Ta 1X MOKPHTB.

Kosxen 3 MeTo1iB BiJoOKpeMJIeHOi 00pOoOKH Baly 1 BKJIaIUIIIIB BU3HAUAE IEBHI 0OMEKEHHS TEPMiHY
pobotu crpspkeHHs. [leTanb, sika 3HOLIY€ThCs IIBU/LIE BU3HAYA€ PECYpC IBUTYHA JI0 PEMOHTY.

VYHIKanbHO BHCOKI TPUOOTEXHIYHI BJIACTMBOCTI CIPSDKEHHSIM J1a€ CTBOPEHHS MIKPOCTPYKTYpPH
3 aJIMa3HUMU BKJIFOUYEHHSIMH B IOBEPXHSAX TEPTH.

Tak, excriepuMeHTaIbHO I0BEIEHO, 1110 IPUTHPAHHS METaIEBUX IIOBEPXOHb AJIMA3HUMHU [TaCTAMU
HACU4Yye 1X aJIMa3HUMH YaCTUHKaMU Ta 3MirHIoe [ 1, ¢.40].

Bimomo, 110 HacHYEHHS MOBEPXOHb ATMAa3HUMHU BKIIOUEHHSIMH 3MEHIIY€E KOe(ilieHT TepTs MpH
00poO1i TrcKoM [2].

BcranoBneHo, 1m0 mporec NpUTHPaHHS MiJ THCKOM MOBEPXOHb «IIMHMKa KOJIIHYACTOrO Bally —
6a0iTOBI BKJIQJMII» CYMIIIIIIO aTMa3HOi MacTu 3 AicyNb(iaMoni0eHOBOIO MPUCATKOI0 Ui Macel
HaJa€ CIPsHKEHHIO YHIKaJIbHUX BIACTHBOCTEH, 10 0e33HOCHOCTI [3, ¢. 285].

[Ipumyckaerscs, 1110 aMa3H1 YaCTUHKYU B IIPOLIEC] TEPTS MMiJ] THCKOM pO3APIOHIOIOTHCS, YaCTKOBO
BTUCKYIOTbCA 1 3aBaJIbLIbOBYIOTBCSI B IIOBEPXHI, YTBOPIOIOYM MIKPOCTPYKTYpPY 3a KJIACHYHUM
«npuHuunoM Ilapmi», ane 3 caMuMK TBEpAMMH BKJIIOYEHHSIMH, SIKy HEMOKJIMBO OTPHUMATH HIMPOKO
BIJOMHMH METOJAaMH 3MII[HCHHs. AJIMa3HI BKJIFOYCHHS IIJBUIIYIOTh 3HOCOCTIMKICTh, 3MEHIIYIOTH
KOEQIIIEHT TepTS Ta HAAAIOTH HIINX BAXIUBUX TPUOOTEXHIYHUX XapAKTEPUCTHK CIpspKeHHI0. OmHa
3 SKHX B TOMY, IO aJMa3Hi BUCTYIHM MIKPOHEPIBHOCTEH NPH JIOKAIBHUX BUCOKHUX HAaBAaHTAKECHHSIX
1 Temmeparypax, 3 pO3PHUBOM MAaclsHOI IUTIBKM, HE MPHUBAPIOIOTHCS JI0 1HIIOI MOBEPXHI,
a TMepPEeTBOPIOIOTHCS B TPAPIT 1 3TIIAIKYIOThCS.

Jlns  BOpOBa/pKEHHS TMIJBUIICHHS 3HOCOCTIMKOCTI MHap TepTs HACHUYEHHSIM alMa3HUMHU
BKJIIOYEHHSMH 1€ HEJIOCTATHBO JOCTIKEH]1 METOH, IPOLIECH 1 PEXKHUMHU.

Po3pobiieHa yctaHOBKa 3 METOFO JOCIIIKEHHS PEKUMIB BTUCHEHHS aJIMa3HUX BKJIFOYCHB B OOUIBI
MOBEPXHI CIPSDKEHHS 3pa3KiB MPH 1X TEPTI i TUCKOM.

3pa3ku MalTh NWTHIPUYHY GOpMY, 3pYUHY U MiKpOaHaJi3y A0 i Micis HACHYEHHS TOBEPXOHb.
OnuH 3pa30k 3 MaTepiary KOJiHYACTOTO Baly, a IPYTHid — 3 TIOKPUTTSAM MaTEpiaoM ITiIIIMITHUKOBOTO
CIUIaBY BKJIAJIMIIIA.

YcTaHOBKA CKIIAQIA€THCS 3 TOKAPHOTO BEPCTATY Ta MPUCTOCYBAHb, SIK1 IMiJ] KOHTPOJIEM TEMIIEPATypH
3pa3KiB 3a0€3MeuyI0Th 3a/JaHy MMTOMY CHJIY X CTUCKAHHS Ta BU3HAYECHHS KOC(ILI€HTY TEpPTI.

TokapHuii BepcTaT YCTAaHOBKM [03BOJISIE NPOBOAWTH HACHYEHHSA IPHU PI3HUX MIBUAKOCTIX
B IPOIIECi TEPTS CTUCHYTUX 33JaHOI0 CUJIOI0 3pa3KiB, poO0Yl MOBEPXHI SKUX MEPIOANYHO TOKPUBAIOTHCS
CYMILIIIIO aJIMa3HOI ACTH 3 MaCTUJIOM.

OCHOBHUI By30J1 IPUCTOCYBAaHHS 3aKpIILIIOETHCS KOHYCHMM HAKOHEYHHUKOM B IIHOJI 3aJHBOI
06a0ku TokapHOTO BepcraTy. Llel By30s1 mOYMHAIOYH BiJl MIHOJI CKJIAAETHCS 3 KOHyCy Mop3e y BUTIISII
MepexiHoi BTYJKH 3 TPHUBAPEHOI0 JO TOPI TojoBKOIO Oonta. [lami Oonrom yepe3 pe3MHOBE
YIIUTBHIOIOYE KUTBLIE KPIMUTHCS TIIyXUi KOPITYC T1APABIIYHOTO HAIIHIPA 3 MAHOMETPOM 1 T0JTATKOBOIO
MTHEBMATUYHOIO CHCTEMOIO ISl PETYJIIOBAHHS CUJIM THUCKY MK 3paskamu. I[lopiieHs rigpounmiaapa
Yyepe3 ONpPaBKy 3’ €JHYETHCA 3 OJHUM KUTbLIEM YIOPHOTO IIAPUKOBOTO MiAMIMITHUKA. [l0 ApYyroro KinbLs
LIAPUKOBOT0 MiAIIUITHUKA 32 JOIOMOTOI0 OIPABKH 3aKPIIUTIOETHCS OMH 13 3pa3KiB. 3’€HAaHHS 3pa3Ka
3 OIPAaBKOIO0 BUKOHAHO TaKMM YMHOM, 11100 OCbOBA CHJIa CTUCKY IlepeiaBajacs yepes IIaBaioyy Onopy
JUTSl pIBHOMIPHOTO 1 IIUJIBHOT'O TIPWJISTAHHS TIOBEPXOHB TEPTS 3pa3kiB. OnpaBka i3 3aKpIIUICHUM 3pa3KoM
Ma€ BaXKUIb 1 MOKE€ [MOBEPTATUCS HA NMEBHUM KYT JUIsl BA3HAUEHHS 3 BUKOPUCTAHHIM JAMHAMOMETPY YU
IHIIIOTO TIPUCTPOIO MOMEHTY CHJIH, SIKa BUHHMKAE TMPHU TEPTi 3pa3KiB, M0 HEOOXITHO ISl PO3PAXyHKY
KoedilieHTa TepTs.
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Jpyruii 3pa3ok mapu TepTd 3aKpiIUIIOEThCS B MATPOHI MepeHboi OabKu TOKapHOTro
BepcTaTa Ta MOXKE MaTH LEHTPAJIbHUI OTBip [UIs IIGHTPYBaHHS 3pa3KiB IITUPEM. 3pa3ok
3’€THAaHWUN 3 MHOJUTIO 33JIHbOI 0a0KHM TaK0X MOXKE MaTH OTBIp JUIsl IIEHTPYBaHHS 1 MOJadi ajaMa3HOi
MacTd y CyMilli 3 MacTWJIOM B TPOIECI MEXaHIYHOTO HACHUYEHHs (LIap>KyBaHHsS) MiA THCKOM
1 IpUTHPaHHS TOBEPXOHb.

3aJIe)KHO BiJ CKJIaQy 1 BIACTUBOCTEH TIOBEPXOHb, IMHMTOMOTO THCKY 1 dYacy OOpoOKu
MOXKHa OTpUMaTH pi3Hy OyA0BYy B TOBEPXHEBUX IIapax 3pas3kiB. Jlmg  gociikeHHs
MIKPOCTPYKTYpH TOBEpXOHb 3pa3KiB Ta OTpUMaHHA ii €JNEeKTPOHHHX (POTOKOMiN CIyXHTh
ONTUYHUI MeTanorpadiyHUil MIKPOCKOI 3 €JIEKTPOHHUM OKYJISIPOM Ta HOYTOYKOM 3 BiJMOBIAHOIO
IPOTrpamoio.

JocmimkeHHss OyIOBH TOBEPXOHb 1 KOEQIIIEHTy TEepTs MOXHAa TPOBOAMTH 3aJICKHO
BiJl CKJIaAy 1 IMONEpeNHiX BIIACTUBOCTEH IOBEPXOHb, NHUTOMOIO CTHCKY  IOBEPXOHb, 4Yacy
00poOKHM 1 BIACTUBOCTEH KOMIIOHEHTIB, IO HACHUYIOTHCS. 3a KOXXHHUM JOCTIZIOM BU3HAYAIOTHCS
TPUOOTEXHIYHI XaPAKTEPUCTHKH 1 MIKPOCTPYKTYypa IOBEPXOHb 3pa3KiB 10 1 TICIAS HACHYCHHS
Ta IPUTHUPAHHS.

TakuM 4MHOM YCTaHOBKA JTaCTh MOXIJIMBICTh BU3HAYCHHS 1 HAYKOBOT'O OOTPYHTOBAHHS PEKUMIB
TT1IBUIICHHS] 3HOCOCTIAKOCTI, OJIM3BKOI 10 O€33HOCHOCTI, 1 3MEHIICHHS KOS(IIIEHTY TEPTS - METOJIOM
MEXaHIYHOTO HACHYCHHS MOBEPXOHb aJIMa3HUMHM BKIIFOUCHHSIMHU B IMPOIEC] iX TEPTS MiJ TUCKOM, IO
MOXKE€ HaJaTH CIPSIKEHHIO «KOJIHYacTUW Ban - Bkiaaumi» JIB3 abo kommpecopa yHIKaJIbHUX
TpUOOTEXHIYHUX BIACTHUBOCTEH.
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Installation for research of mechanical saturation of frictional surfaces '"Crank shaft -
inserts' by diamond inclusions

Viktor Oshovskyi'

Pervomaysk Branch of National Shipbuilding University named after admiral Makarov.

Abstract. The installation is intended to study the influence of saturation of friction surfaces
"Crank shaft - inserts" by diamond inclusions on the characteristics of the connection. The saturation
process is performed by a mixture of diamond paste and lubricant with rubbed and compression of
surfaces. The installation allows you to determine the changes in the microstructure of surfaces and
tribotechnical characteristics of the compound with different saturation modes - on the ends of
cylindrical samples. It is assumed that it is possible to determine the modes to obtain unique
characteristics of the compound close to without wear, with the microstructure of surfaces according to
the classical "Principle of Sharpi".

Keywords: Installation for research, crankshaft, inserts, diamond paste, pressing under pressure,
saturation of surfaces, microstructure.
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