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Yacto pecypc arperaris 1 jJeTaieil BU3HAYA€ThCS 3JaTHICTIO YHUKATH BTOMHOIO PYii-
HYBaHHS IOBEPXOHb TEPTs 3aBJSKU KOHTAKTHINA MILIHOCTI MaTepiany. A BOHa MOe OyTH Mij-
BUIL[EHA IUIAXOM 3HM)KEHHS MEXaHIYHUX 1 TEPMIYHHUX BIUIMBIB Ha KOHTAKTYIOUl MOBEPXHI
BHACH1IOK X nedopmarii npu tepti [1].

Cepen TakuxX METOJIB IIUPOKO BUKOPHUCTOBYIOTHCS XIMIKO-TEPMIYHI METOJAU II€MEH-
tauii. Takoxk A bOTO 3aCTOCOBYIOTh a30TyBaHHs, Xo4a 1 B MeHIIiHd Mipi. Lle nos'szano 3
VSIBJICHHSIMU PO MepeBary LeMeHTallli epes a30TyBaHHSAM y (pOopMyBaHHI 3MILHEHUX I11apiB
BEJIUKO1 MPOTSHKHOCTI.

Ane Ha naHui yac po3po6iieHi 1 3aCTOCOBYIOTHCSI HOBI METOM a30TYBaHHS, SIK1 MalOTh
3HAYyHI IepeBaru HaJ HeMeHTalli€r0. AJe Uil OL[IHKU eKCIUTyaTallifHUX MOKa3HUKIB KOHCTPY-
KI[ITHUX MaTepiaiiB, 3MIIIHEHUX 32 HOBUMH METOJaMH, HEOOX1THO MPOBEACHHS JIOBrOTPUBA-
JUX BUIPOOYBaHb Ha BTOMHY MILHICTh HAa MAalllMHAX TEPTs, K1 MOJEIIOIOTH poOOTY TaKHX
cupsbkeHb. Takuil craH nuTaHHS 0OyMOBIIOE OOMEXEHY KUIBKICTh JTOCHIKEHb 10 BIUIUBY
a30TyBaHHS HA BEIWYMHY KOHTAKTHOI MIITHOCTI MarepiaiiB, 0COOJMBO 10HHO-IIJIA3MOBUMH
METOJIJaMU a30TyBaHHs, SIKI MAOTh ICTOTHI BIIMIHHOCTI Ta TEPEBard mnepes TpaaulliiHIMU
MYHUMH METOJIaMHU Ta30BOTO a30TyBaHHs [2—7].

B VYkpaini npoBoAsTbCS IHTEHCHUBHI JOCIIKEHHS 1 PO3pPOOKM OaraToKOMIIOHEHTHUX
0araToQyHKIIIOHAIbHUX MOKPUTTIB Ta METOJIB iX HAaHECEHHS Ha MOBEPXH1 3 Mpenu3iiiHOI0
00p0o0OKO10, AKY MOTPEOYIOThH JeTaNIl BY3JIB Cy4aCHHX arperariB JITaKOOyIyBaHHS, KOCMIYHOT
TEXHIKHM Ta IHIIUX raimy3er [6—8]. Taki x MOCIIIKEHHS MPOBOAATHCS 1 32 KOpAOHOM [9—12].
Po3po0nsitoTeess 1 METOIM MPUCKOPEHUX BUIMPOOYBaHb TAaKWX BHCOKOMIHHUX TpUOO cHps-
KEHb, 1110 TAKOXK BIIKPUBA€E NEPCIIEKTUBH MOJAJIBLIOTO iX nmomupeHHs [13].

upoko BUKOpUCTOBYeMi B mpoMuciaoBoMy BUpoOHULTBI AT «DEJ» meroau miaz-
MOBOTO MPEIH3IITHOTO a30TyBaHHS «ABIHIT N» [5—7], MatOTh iICTOTHI BIiIMIHHOCTI 1 IEpeBaru
nepes TpaJuLitHUMU TPYOHUMH METOJaMH ra30BOro a30TyBaHHS, a caMe:

* 3Ha4UHE CKOpOoueHHs (B 2—3 pa3u) TpuBajocTi Ju(y31iHOTO HACUUYEHHS a30TOM I0Be-
PXHEBOTO IIapy CIUIABIB Ha OCHOBI 3ajli3a MPH 3arajlbHOMY CKOPOUYEHHI YaCy TEXHOJOTTYHOTO
UKy 00poOku 1o 3—5 pasis;

* 103BOJISIFOTH MOBHICTIO YHUKHYTH BOJAHEBOI KPUXKOCTI;

* 3a0e31meuyroTh 30epexKeHHs] po3MIpiB (a30TYBaHHS «B PO3MIP») 1 BUCOKY YUCTOTY
00pOoOKHM MOBEPXHI, 3HUKEHHS KPUXKOCTI a30TOBAHOIO mIapy 1 (OpMyBaHHS HITPUIHUX 30H
BCIX CKJIaliB 0e3 Mmip, BHACIIIOK YOro HE MOTPIOHO JOOMPAIIOBAHHS MOBEPXHI MICIsA a30Ty-
BaHHSL.

3acTOCYBaHHsI K TPAJAUIIIMHUX METOJIB Ta30BOTO a30TyBaHHS BUMAara€e IMPOBEICHHS
Iye TPYAOMICTKHX, CKJIaJJHUX OIepaliii BUCOKOTOYHOIO MEXaHIYHOIO ILIipyBaHHS, SIK, Ha-
MIPUKIIAJl, IPU BUTOTOBJICHHI JieTallel 3y0uacTux nepenady BUCOKoi TouHocTi. [Ipu npomy, ue-
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pe3 popMyBaHHS KPHXKOTO HITPUIHOTO MIapy HEOOXiTHO, YacoM, 3inuIihoByBaTH WOTO Ha
ribuny 110 0,1 MM, 10 MOKE CTAHOBUTHU 3HAYHY YaCTUHY BCHOT'O 3MILHEHOTO LIapy 1 SIK Ha-
CIIIJIOK, ICTOTHE NOTIPUICHHS! MEXaHIYHUX XapaKTEPUCTHK.

ABTOPOM TIPOBOMIUCS TPHOOJIOTIYHI TOCTKEHHS BILIMBY TUIA3MOBOTO a30TYBaHHS
3a TexHouyorielo AT «®EJl» Ha koHTakTHY MiuHicTh Big BTomH ctani 20X3MB® I'OCT
20072 npu TepTi KOYEHHS 3 IPOKOB3YBaHHIM MOBEPXOHbB 1 MOPIBHAHHS OTPUMAHUX PE3yNbTa-
TiB 3 KOHTAaKTHOIO BTOMHOIO MILIHICTIO TaKO1 5K CTaJli, 3MIIIHEHOT 3a TPAAULIITHOKO TEXHOJIOT-
€10 Ta30BO1 lleMeHTalli. BoHH mokasaiu, mo 3HOCOCTIMKICTh 3pa3KiB, 3MILIHEHUX a30TyBaH-
HAM «ABIHIT N», ICTOTHO BHUIIIE, HDK 3pa3KiB, 3MIITHECHUX TPAJAUIIIMHOIO IIEMEHTAIIIETO.

B cepenHboMy 10 4OTHPHOM BUIIPOOYBAaHHSM, MapH 3pa3KiB A0 YTBOPEHHS MOYaTKO-
BHX OCEPE/IKIB BTOMHOI'O BUKPUIITYBAaHHS BiJIIIPALIIOBAIIN:

— 3MILIHEH1 a30TyBaHHIM «ABIHIT N» — 97875 nukiis;

— 3MII{HEH] I'a30BO0 IIEMEHTALICI0 — 53812 UKIIIB.

[aTerpanbHa 6araTolMKIIOBA CTIMKICTh O BTOMHOI'O 3HOIIYBaHHS (pyWHYBaHHS) 3pa-
3KiB, 3MIIIHEHUX a30TyBaHHSAM «ABIHIT N», Ou1bmr HDK B 10 pa3iB BuUIlle, HDK Y 3MITHEHUX
uemeHTaiieo. Lle nmop’s3aHo 3 MexaHi3MaMy BTOMHOTO PyWHYBaHHSI IEMEHTOBaHHUX 3pa3KiB
(BumepOsenns mo mexi nedexry). Pesynprat 1oCHiHKEHh MOXKYTh CITY>KUTH OCHOBOIO JIJIS
MIPOBEJIEHHS TOCIIAHUX POOIT 3 BUKOPUCTAHHS 10HHO-IIJIA3MOBUX TEXHOJIOT1H a30TyBaHHS 3a-
MICTh LIEMEHTYBAHHS 3 METOIO MIJBUIIEHHS KOHTAKTHOI MILIHOCT1 MOBEPXHI JeTanei, Oepyuun
710 YBaru Tako’K TaKi IepeBaru i€l TEXHOJIOT1i, SIK 30epexeHHsl pO3MIpIB Ta BUCOKOI YUCTOTHU
00poOKHM MTOBEPXOHb, BHACHIIOK YOTO BiAManae HEOOXIHICTh iX MEXaHIYHOT TOPOOKH MICIIs
3MIITHEHHS.
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HNEPCIIEKTUBU 3ACTOCYBAHHSA IOHHO-IIVIASBMOBUX METO/IB
JIJISI IIIBUIIEHHSI BTOMHOI MIITHOCTI TPUBOCUCTEM

B Vkpaini Ta cBiTI 3apa3 NpoBOJATHCSA IHTEHCUBHI JIOCIIHKEHHS 1 po3poOku Oararto-
KOMITIOHEHTHHUX 0araTo(QyHKIIOHAJIbHUX MOKPUTTIB Ta METOMIB X HAHECEHHs Ha MOBEPXHI 3
MPENU3IMHOI 00pOOKOI0, Ky MOTPEOYIOTh JeTail BY3JIIB Cy4aCHUX arperariB JIiTakoOymy-
BaHHS, KOCMIUYHOT TEXHIKM Ta 1HIUX ranys3ei. [llupoko BUKOpHUCTOBYEMI B NMPOMUCIOBOMY
BUpoOHULTBI AT «DE]/]» MeToau mia3MoBOro npenu3iiHoro a30TyBanHs «ABIHIT N», MalOTh
ICTOTHI BIIMIHHOCTI 1 IepeBaru nepex TpaJulifHUMU TPyOHUMH METO/IaMU T'a30BOT0 a30Ty-
BaHHS, a caMme: 3HaYHE CKOPOYEHHS TPUBAJIOCTI AUQY31IIHOr0O HACUYEHHS a30TOM IOBEpPXHE-
BOT'O 1Iapy CILJIaBIB Ha OCHOBI 3aJli3a MPU 3aralbHOMY CKOPOYEHHI 4acy T€XHOJIOTIYHOTO LIUK-
1y 00poOku 10 3—5 pa3siB; 03BOJSIOTH MOBHICTIO YHHUKHYTU BOJIHEBOI KPUXKOCTI; 3a0e3me-
YyI0Th 30€peXeHHs pO3MIpIB (a30TyBaHHS «B PO3MIpP») 1 BUCOKY YUCTOTY OOpOOKU MOBEPXHI,
3HMKEHHSI KPUXKOCT1 a30TOBAHOTO I1apy 1 pOpMYyBaHHS HITPUJIHUX 30H BCIX CKJIaiB 0e3 mip,
BHACJ1IOK YOT0 HE MOTPIOHO JTOOMpAIlOBaHHS MOBEPXHI MICJIA a30TyBaHHs. Y CTaTl HaBEJAECHO
pe3yiabTaTd TPUOOJIOrTYHUX JOCTIKEHb BIUIMBY IUIA3MOBOIO a30TYBaHHS 32 TEXHOJIOTIEIO
AT «®E]l» na koHTakTHYy MilHICTh Bix BToMU ctaii 20X3MB® I'OCT 20072 npu TepTi Ko-
YEeHHs 3 MPOKOB3YBaHHSIM ITOBEPXOHb 1 MOPIBHSIHHS OTPUMAHUX PE3YJIbTATIB 3 KOHTAKTHOIO
BTOMHOIO MIIIHICTIO TAaKO1 X CTaJli, 3MIITHEHOT 3a TPATUIIHHOIO TEXHOJIOTIEI0 Ta30BO1 IIEMEH-
Tamii. BoHn mokasanm, 1o 3HOCOCTIMKICTh 3pa3KiB, 3MIIHEHUX a30TyBaHHSAM «ABIHIT Ny, ic-
TOTHO BHIIE, HDK 3pa3KiB, 3MILHEHUX TPAJAMLIMHOIO LIeMEHTali€r. [HTerpanpHa 6araToumk-
JIOBa CTIMKICTh /10 BTOMHOI'O 3HOILIYBaHHS (pyHHYBaHHSI) 3pa3KiB, 3MILHEHUX a30TYBaHHSAM
«ABiHIT Ny, OUuthin HK B 10 pa3iB BuIlle, HUK y 3MII[HEHHUX LieMeHTariero. Lle moB’s3ano 3
MeXaHi3MaMi BTOMHOT'O PYHHYBaHHSI IEMEHTOBAHUX 3pa3KiB (BUILEPOICHHS 1O MeXi Jedek-
Ty). PesynbpTatil HoCHiKeHb MOXKYTh CIIY’)KUTH OCHOBOIO JIJISl IPOBEIECHHS JOCIIAHUX POOIT 3
BUKOPUCTAHHS 10HHO-IIJIA3MOBUX TEXHOJIOTI a30TyBaHHS 3aMiCTh LIEMEHTYBAHHS 3 METOIO
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MIBUIIEHHS] KOHTAKTHOI MIITHOCT1 MOBEPXHI JIeTajel, Oepydr A0 yBaru TakoX Taki epeBaru
LI€T TEXHOJIOT], SIK 30€peKEHHsI PO3MIPIB Ta BUCOKOI YHUCTOTU OOpOOKH MOBEPXOHb, BHACHI-
JIOK 4OTO BI/IAJIa€ HEOOXIIHICTD 1X MEXaHIYHOT TOPOOKH MICis 3MILHEHHS.

KirouoBi ciioBa: KOHTakTHA BTOMHA MILIHICT, I0HHO-IIA3MOBI METOIH, [IEMEHTALIIS,
a30TyBaHHS.

[TnemkyHnos C.A., cT. npenoaaBaTeib

HNEPCIIEKTUBBI IPUMEHEHUA HOHHO-IIJIASMEHHBIX METOAOB J1JIsA
MOBBIIIEHUS YCTAJIOCTHOM MPOYHOCTU TPUBOCUCTEM

B Vkpaune u mMupe ceifuac npoBOASTCS MHTEHCHUBHBIE HCCIEIOBAaHUS U pa3pabOTKU
MHOTOKOMIIOHEHTHBIX ()YHKIIMOHAJIBHBIX IOKPHITHIA U METOJ0B UX HAHECEHUS Ha TIOBEPXHOC-
TH C TIPEIM3UOHHON 00pabOTKOM, KOTOPYIO TPeOYIOT JAETalN y3J0B COBPEMEHHBIX arperaTtoB
CaMOJIETOCTPOECHUS, KOCMMYECKOW TEXHUKM U Apyrux orpacieil. [llnpoko ucnonap3yemblil B
MPOMBIIIIIEHHOM TIponu3BoACTBE AO «D3DJ[» MeTOoabI TIIa3MEHHOTO MPEIU3UOHHOTO a30TUPO-
BaHUA «ABHHHUT N», UMEIOT CYIIECTBEHHbIE OTIMYHUS U MPEUMYIIECTBA MEpe] TPagUIHOH-
HBIMHM NE€YHBIMH METOJIaMHU Ia30BOT0 a30THUPOBAHMSI, a UMEHHO: 3HAUUTEIbHOE COKpallleHHE
MPOJIOJKUTENBHOCTH TU((Y3MOHHOTO HACBIIIEHUS! a30TOM I[OBEPXHOCTHOTO CJIOS CILUIABOB
Ha OCHOBE »eJje3a MpU OOIIEM COKPALEHUH BPEMEHHU TEXHOJOTHYECKOro IHKJIa 00paboTKU
70 3-5 pa3; HO3BOJIIOT MOJHOCTBIO U30€XaTh BOAOPOIHOM XPYHIKOCTH; 00ECIEUnBAIOT COX-
paHeHue pa3MepoB (a30TUPOBAHUE «B Pa3MEpP») U BHICOKYIO YUCTOTY 0OpaOOTKH MOBEPXHOC-
TH, CHIOKEHHE XPYIKOCTH a30THPOBAHHOTO CJI0S1 U POPMUPOBAHUSI HUTPUAHBIX 30H BCEX COC-
TaBOB 0€3 TOp, BCJEACTBUE UEro He Tpedyercs AopadOTKa MOBEPXHOCTH IMOCJE a30TUPOBa-
Hus. B cTatbe npuBeAeHbI pe3ysibTaThl TPUOOIOTHUECKUX UCCIEAOBAHUM BIUSHUS IJIa3MEH-
HOTO a30TUpoBaHuA MO TexHoJoruu AO «D3JI» Ha KOHTAKTHYIO MPOYHOCTh OT YCTalIOCTU
cranu 20X3MB® I'OCT 20072 npu TpeHUH KayeHUs ¢ MPOCKaJIb3bIBAHUEM TOBEPXHOCTEH U
CpaBHEHHUE TOJYYEHHBIX PE3YJbTAaTOB C KOHTAKTHOM YCTaJOCTHOW MPOYHOCTHIO TaKOW Xke
CTaJld, YIPOYHEHHOHN IO TPaJUIMOHHON TEXHOJIOTUU ra3oBoil nemeHTauuu. OHU MOKa3alu,
YTO M3HOCOCTOMKOCTh 00paslioB, YCUJICHHBIX a30THPOBAHUEM «ABUHUT N», CYHIECTBEHHO
BbIIIIE, YeM 00pa3LoB, YIPOUYHEHHBIX TPAJUIIMOHHON LieMeHTaluel. IuTerpaabHast MHOrOLM-
KJIOBasi CTOMKOCTh K YCTaJIOCTHOMY M3HOCY (pa3pylLIeHHI0) 00pa3loB, YIPOUYHEHHBIX a30TH-
poBaHueM «ABUHHUT N», 6osee yem B 10 pa3 Bbllle, YeM B YIPOUYHEHHBIX LIeMEHTaIle. I1o
CBSI3aHO C MEXaHM3MaMHM YCTaJOCTHOIO pa3pyllEeHUs LEMEHTUPYEMbIX 00pa3loB (BbIKpAIlIU-
BaHUeE 10 rpaHuie aedekra). PesynpraThl paboThl MOTYT CILYKUTh OCHOBOM JUIsl TPOBEACHUS
HCCIIEIOBATENIbCKUX palboT M0 UCHOJb30BaHUIO0 MOHHO-IJIA3MEHHBIX TEXHOJIOTHI a30THpOBa-
HUS BMECTO LIEMEHTHPOBAHHUS C LENbIO MOBBIIICHNUS KOHTAKTHOM MPOYHOCTU MOBEPXHOCTU
neTaneil, yauTbIBasi TaKXKe TaKhe MPEeUMYIIECTBA 3TOW TEXHOJIOTMH, KaK COXpaHEHHE pa3Me-
POB U BBICOKOH YHCTOTHI 00pabOTKU MOBEPXHOCTEH, B pe3ysIbTaTe Yero OTmagaeT HeoOXou-
MOCTb UX MEXaHUYECKOU TOpaOOTKH MOCIIE YIIPOUHEHHUSI.

KiroueBble cj10Ba: KOHTAaKTHOE YCTAJIOCTHAs! POYHOCTh, HOHHO-IIJIA3MEHHBIE METO-
Ibl, IEMEHTAIIMSI, A30TUPOBAHUE.
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CUCTEMMU YTIPABJIIHHSI TA OGPOBKU IHOOPMALJIT

Pleshkunov S.A., Senior Lecturer

PROSPECTS FOR THE APPLICATION OF ION-PLASMA METHODS
FOR INCREASING THE FATIGUE STRENGTH OF TRIBOSYSTEMS

Intensive research and development of multicomponent functional coatings and
methods of their application on the surface with precision processing, which is required by the
components of modern units of aircraft construction, space technology and other industries,
are now being carried out in Ukraine and in the world. The Avinit N plasma precision
nitriding methods widely used in industrial production of JSC FED have significant
differences and advantages over traditional furnace methods of gas nitriding, namely: a
significant reduction in the duration of diffusion saturation with nitrogen of the surface layer
of iron-based alloys with an overall reduction in the technological time processing cycle up to
3-5 times; completely avoid hydrogen embrittlement; ensure dimensional preservation
(nitriding “to size”) and high surface finish, reduction of the brittleness of the nitrided layer
and the formation of nitride zones of all compositions without pores, as a result of which
surface refinement after nitriding is not required. The article presents the results of
tribological studies of the effect of plasma nitriding according to JSC FED technology on the
contact strength from fatigue of steel 20X3MVF GOST 20072 during rolling friction with
slipping surfaces and comparing the results with the contact fatigue strength of the same steel
hardened by traditional gas cementation technology. They showed that the wear resistance of
specimens reinforced with Avinit N nitriding is significantly higher than that of specimens
hardened by traditional carburizing. The integrated multi-cycle resistance to fatigue wear
(fracture) of samples hardened by nitriding Avinit N is more than 10 times higher than that
hardened by cementation. This is due to the mechanisms of fatigue failure of cemented
samples (spalling along the boundary of the defect). The results of the work can serve as the
basis for conducting research on the use of ion-plasma nitriding technologies instead of
cementing in order to increase the contact strength of the surface of the parts, taking into
account also the advantages of this technology, such as maintaining the size and high purity of
the surface treatment, as a result of which there is no need for their mechanical refinement
after hardening.

Keywords: contact fatigue strength, ion-plasma methods, cementation, nitriding.
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