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TenedoH: 380444813221

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP
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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

TexHos0rist KOMGIHOBaHOTO JIA3€PHOTO Ta IMITyJIbCHO-I1JIa3MOBOI'O HAHECEHHSI 3HOCOCTIMKUX IIOKPUTTIB IJ1s1

3MilJHEHHS CTBOJIiB BOTHEMNAJIbHOI 36poi

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Technology of combined laser and pulse-plasma application of wear-resistant coatings to strengthen the barrels of

firearms.

Pedepar yKpaiHCBKOIO:

Po3po6seHo Ba OpUriHaJIbHUX IIPOLIECH MiIBUILLIEHHS 3HOCOCTIMKOCTI 30BHIIIHIX i BHYTPIIIHIX IOBEPXOHb CTBOJIIB
BOTHEMNAJIbHOI 30p0i 3aCTOCYBAaHHSIM KOMOIHOBAHOI TEXHOJIOTI] J1a3€PHOrO TOBEPXHEBOTrO 3MillTHEHHS i i0HHO
I1JIa3MOBOTO a30TYBaHHS, a TAKOX JIA3€PHOT0 TEPMOLIMKIIYBAaHHS [1JIa3MOBUX IIOKPUTTIB. [0Ka3aHo, o ja3epHa
nornepeHs 06pobKa BHYTPIIHBOI LUJIIHAPUYHOI [10BepxHi 3pa3KiB 3i crani 40XH2MA 103B0oJ1si€ 32 paXyHOK
YTBOPEHHS BUCOKOIUCIIEPCHOI CTPYKTYPHU 3 BUCOKOIO IYCTUHOIO PO30PIEHTOBAHUX Y IIPOCTOPI AUCIIOKALLIH,
OTpUMAaTH 3MilJHEHU HITPUIAMU IIOBEPXHEBUH LIap MUPUHOI0 3 MM i rnbuHow 0,2-0,4 MM 3 TBEPICTIO ¥
noBepxHi 450-500 HV. [To6ynoBaHi ¢piznko-maTeMaTUuHi MOJEJi eJIEKTPUYHOTO i Ta30BOT0 KUBJIEHHS PO3PsLY, 32
SIKUMU BUKOHAHO J0CJiIpKeHHs Pi3sNYHUX NPOLECiB IpX iIOHHOMY a30TyBaHHi Ta po3paxoBaHO 6a30Bi
XapaKTepUCTUKU obsagHaHHs. HagaHi nponosuuii 1o BU60PY ra3opo3psiHUX cUCTeM. PO3p006JieHi TeXHOJIOTivHI
PEXUMHU iIMITYJIbCHOTO i0HHO-I1JIA3MOBOTO a30TYBaHHS BHYTPIIIHIX TOBEPXOHb Ha 6a3i €KCIIepUMEHTAIbHO]
BaKyyMHOI YCTaHOBKHY, 5IKa OCHAIIEHA IPKEPEJIOM MTOCTIHOI PETryJIo04Y0i HaIPyru, BUCOKOYaCTOTHUM F€HEPATOPOM
Ta iMITyJIbCHUM MOAYJISATOPOM. CTBOPEHO €KCIIEPMMEHTAJILHUI MAKET J1J1s1 BAKOHAHHS JOCIIIPKEHDb 3 YMOB
CTBOPEHHS CTabiJIbHOTO i OAHOPIGHOTO MJIa3MOBOTO PO3Psiy B LOBIUX TPyOKax Masoro giameTtpy. B pesynbrari
[IPOBEEHUX NOCIIIKEHb BCTAHOBJIEHO 1110 i0OHHO-I171a3MOBE a30TYBaHHS BHYTPIIIHIX [IOBEPXOHDb 3 3aCTOCYBaHHAM
IIyCTOTi/IOro nepopoBaHOr0 aHOLY IPU3BOIUTE 10 GopMyBaHHS AUQY3ilTHMUX IOKPUTTIB, SIKi CKJIaal0ThCs 3
IiISTHOK 3 Pi3HUM XiMiYHMM Ta (a30BUM CKJIAZOM. MakcuMasbHa KOHLIEHTPALlis a30Ty CIIOCTEPiraeTbCs Ha
IiNsHKax, 0 3HaXOAWJINCh HAIIPOTU OTBOPIB B aHOZ], SIKi pO6J/IATbCS HA MEBHIiN BifiCTaHi ITiT IEBHUM KyTOM,
BiATIOBiTHO 11i 3K IiISIHKY MICTSTh TBepAy asy 3 HiTpUIiB 3aj1i3a IUCKPETHO pO3TallOBaHy B MSIKiil MaTpuLi anbda
3aJli3a. BunpobyBaHHs B yMOBax CyXOro T€PTS MeTaJl 10 MEeTaJly [10Ka3ajHu, 0 3HOCOCTIMKICTh a30TOBaHUX 3Pa3KiB

y 3-5 pasu 6isblIa HiXX BUXiTHUX HE a30TOBAHUX 3Pa3Ka.

Pedepar aHIJIiHCBKOIO:

Two original processes of increasing the wear resistance of external and internal surfaces of firearms barrels by
using the combined technology of laser surface hardening and ion plasma nitriding, as well as laser thermal cycling
of plasma coatings have been developed. It is shown that laser pretreatment of inner cylindrical surface steel
samples 40XH2MA allows to obtain a nitride-hardened surface layer 3 mm wide and 0.2-0.4 mm deep with a
surface hardness of 450-500 HV due to the formation of a highly dispersed structure with a high density of
dislocations disoriented in space. Physico-mathematical models of electrical and gas supply of the discharge were
built, according to which physical processes during ion nitriding were studied and the basic characteristics of the
equipment were calculated. Proposals for the selection of gas discharge systems. Technological modes of pulsed
ion-plasma nitriding of internal surfaces have been developed on the basis of an experimental vacuum unit which
is equipped with a source of constant regulating voltage, a high-frequency generator and a pulse modulator. An
experimental mockup was created to carry out research on the conditions of creating a stable and homogeneous
plasma discharge in long tubes of small diameter. As a result of the research, it was found that ion-plasma nitriding
of internal surfaces leads to the formation of diffusion coatings consisting of areas with different chemical and
phase composition using a hollow perforated anode. The maximum concentration of nitrogen is observed in the
areas opposite the holes in the anode, which are made at a certain distance at a certain angle, respectively, the



same areas contain a solid phase of iron nitrides discretely arranged in a soft matrix of alpha iron. Testings in
conditions of dry metal-to-metal friction showed that wear resistance of nitrided samples is 3-5 times higher than
that of the original nonnitrided samples.

Inpexc YIK: 688.511.4:621.793 /.795, 621.793

Koau TemaTHYHHX PYOPHK: 55.13.15.23, 55.22
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: EKCriepuMeHTaIbHUI MAKET /17151 BAKOHAHHS OCIIKEHD 3 YMOB CTBOPEHHSI

CTabiNIbHOTO 1 OAHOPIAHOTO NJ1a3MOBOTO PO3PSLY B JOBIUX TPyOKAX MAJIOTO AiaMeTpy.

Hazpa HTII aHrsi#icbKoO0: Experimental layout of electric and gas supply systems of plasma discharge
HTII, sixy nepezn6ayasiocsi CTBOPUTH:

IIpuunnmu, yepe3s aki HTII ne 6ysi0 cTBOpeHoO:

OTpuMaHi pe3yJbTaTH: Meroau, Teopii

l'anmy3b 3acTOCYBaHHS: MaumrHOGYy I yBaHHS

PeecTparifiHuii HOMep KapTKH T€XHOJIOT1i:

Onuc HTII: ExcriepumenTanbHMil MakeT /1715l BAKOHAHHS JOCIIIPKEHD 3 YMOB CTBOPEHHS CTaGiIbHOTO i

OJIHOPiZHOTO I1J1a3MOBOTO PO3PsIAY B OBIUX TPYOKax Majoro AiameTpy.
ConianbHO-eKOHOMIYHA cupsimoBaHicTb HTII: Exonomis enepropecypcis
BnyiuB HTII Ha moBKiJjjs:
BnposagskeHHs1 HTII: He snpoBamxkeHo
ITpakTuyHa peasnizanis HTTI
ITouaToK eramy:
3aKiHYeHHs eTamy:
Crnio>KuBavi NPOAYKILii:
IlepcneKTHBHI PUHKH:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaJAIOTHCS iHBECTOPY IIiCJIs 3aBepIIeHHs POOOTH:
HasaBHicTb Oi3Hec-1JIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IToTeH1iaIbHUI 0OCAT IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTI (POKiB):
JopaTtkoBa iHdpopmanist:
Haszga HTII yKpaiHCBKOIO: Mogesb IpoLEeCy JIa3ePHOTO HATPiBaHHS [IOBEPXOHb METAJIEBUX 3Pa3KiB
Ha3zpa HTII aHrsiicbKo¥0: Model of the laser heating process of metal surfaces
HTII, aKy nepenba4asiocsi CTBOPHTH:
IIpuunnmu, yepe3s saki HTII He 6ys10 cTBOpeHoO:
OTpuMaHi pe3yJIbTaTH: Mertozy, Teopii
l'asy3b 3acTOCyBaHHS: MaurHoO6y 1 yBaHHS

PeecTpanifiHuii HOMep KapTKH TEXHOJIOTIi:



Onuc HTII:Tpouec nazepHoro HarpiBaHHS MOBEPXOHb 3Pa3KiB 3 CEPEIHbOBYIJIELIEBOI HU3bKOJIETOBAHHOI CTaJI 10

TEeMIIepaTyp, MEHIINX 32 TENEPaTypy [JIaBJIEHHS
ConianbHO-eKOHOMIYHA cnpsamoBaHicTh HTII: Exonomisa marepianis
BnyiuB HTII Ha moBKiJjjis:
BnposagaskeHHst HTII: He snpoBamxeHo
ITpakTuyHa peasnizanis HTTI
ITouaToK eramy:
3aKiHYeHHs eTamy:
Cno>kuBavi IpoOAyKILii:
IlepcneKTHBHI pUHKH:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 1m0 HaJaIOTHCS iHBECTOPY IiCJIsI 3aBepII€eHHs POOOTH:
HasaBHicTb Oi3Hec-1JIaHYy:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IToTeH1iaIbHUE 0OCAT IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):
JopaTtkoBa iHpopmanist:

Hassa HTTI yKpaiHCBKOIO: TeXHOJIOTIYHMII pErIaMEHT KOMGIHOBAHOIO JIA3€PHOTO Ta IMITyJIbCHO-TIA3MOBOTO

HAaHECEHHS 3HOCOCTIMKMX IIOKPUTTIB [J151 3MILJHEHHSI CTBOJIiB BOTHEMNAJIBHOI 30poi

Ha3zpa HTII anrsiiicbKo00: Technological regulation of combined laser and pulse-plasma application of wear-

resistant coatings for strengthening the barrels of firearms
HTII, sixy nepezn6a4asiocsi CTBOPUTH:

IIpuunaH, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMaHi pe3yJIbTaTH: TeXHOJIOTYHUIl PErTaMEHT
I‘a.nysb 3aCTOCYBaHHS. MamnHOOY/1yBaHHS
PeecTpanifiHuii HOMep KapTKH TE€XHOJIOTIi:

Omnuc HTII: TexHosnoriynuit persiaMeHT MiCTUTh PEKOMEHALIT 3i 3MiLIHEHHS CTBOJIIB BOTHEMNAIbHOI 36POi
KOMOIHOBAaHMM JIa3€PHUM Ta iMITyJIbCHO-TIJIA3MOBMM HAaHECEHHSM 3HOCOCTIMKMX IIOKPUTTIB Ta 3 HACTYIIHUM

JIQ3€PHUM TEPMOLUKITYBaHHIM
ConiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: 3menmenns snocy obnagHanus
Bnyins HTII Ha moBKiJj1s:
BrnposagskeHHs1 HTII: Akt BukopucranHs pesysbTaTiB
ITpakTuyHa peasizanis HTII

IToyaToK eramy: 11.2021

3akiH4YeHHs eTamy: 11.2022



Cno>kuBayi npo,uyKuii:IHCTMTyT npo6saeM MminHocTi imeHi I'.C. Ilucapenka HAH Ykpainn
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IloTpiOHM 06CAT iHBECTHILiM, THC. TPH.:
IIpagBa, 0 HaAAIOTHCS iIHBECTOPY MicJIsA 3aBEPIIEHHSI POGOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI.
IToTeH1iaILHUI 00CAT IIPOAAKY, THC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTi (pPOKiB):

HoparkoBa iHdpopmamuist:

IX. BiosiorpadiuyHuii onuc

BuroroBsieHHs 6iMeTasliB 3 BUKOPUCTAHHIM JIMBAPHOTO IIpoLecy i azepHoi 06podku / J1.O. 'onosko, C.C. Canii,
B.B. Pomanenko, M.C. baomunus, O.[1. Karssk, O.A. CasueHko, LIO. Csiukap- Kuis: HTYY «KIII im. Irops
Cikopcbkoro», MmoHorpadist. — 2022.- 208c.

TexHos0rist BUpOOHMIITBA €JIEKTPOHHMX i KBAHTOBUX NpuUiafiB. PospaxyHKkoBo-rpagdiuHa poborta. HaByanbHUMA
noci6Huk / Al Kyssmuues, C.B. Cunopenko, M.C. MeIbHUYEHKO . - EJIeKTpPOHHE MepeskHe HaBYabHE BUJAHHS. -
Kuis: KI1I im. Irops Cikopcekoro, 2022. [PekomeHnoBano MetonuyHoto panoto KIII iM. Irops Cikopcbkoro
(mpoTokos N2 6 Bif 24.06.2022 p.) sk HaBYa/IbHUM [1OCIOHUK 117151 3,00yBayiB CTyII€Hs MaricTpa 3a creljaabHocTi 171

EnexkTponika

High voltage beam discharge in nitrogen with fast neural atom reflection from tantalum cathode /V.S.Boldasov, A.L.
Kuzmichev, M.S. Melnichenko, V.M. Shulaev // Problems of atomic science technology. - 2021, N2 4 (134). - p. 207-
211. https:/ /doi.org /10.46813 /2021-134-207

Mutual mass transfer between the target and the substrate in the process of ion sputtering. Flat and cylindrical
target/0O.D. Volpian, R.V. Dronsky, K.V. Alybin, A.I. Kuzmichev and M.S. Melnichenko // Journal of Physics. C.-
Series. — 2021, Vol. 1954 012052 (1-5) https://d0i:10.1088 /1742-6596 /1954 /1 /012052

Back-scattering and neutralization coefficients of nitrogen ions on iron surface / A. Kuzmichev, M. Melnichenko
// Problems of atomic science technology. Ser.: Plasma Physics. - 2022. - N2 6

Influence of the magnetic field of the current passing through the anode on a glow discharge in a coaxial system /
M.S. Melnichenko, S.B. Sydorenko, A.I. Kuzmichev, S.0. Maikut // Problems of atomic science technology. Ser.:
Plasma Physics. - 2022. - N2 6

Dependence of the elastic modulus of powder coatings on their porosity in electrical contact hardening Problems
of Tribology/ O. Lopata, I. Smirnov, A. Zinkovskii, L. Lopata //. Vol 26 No 4,/102 (2021) C. 28-33. DOI:
https:/ /doi.org /10.31891/2079-1372-2021-102-4

MopemoBaHH# npouecy copoinnsaliii YaCTHHOK IOPOIIKY 171a3MOBO-IyroBuM meTtonioM / A.1O. Aunpeiines, V.B.
CMmupHOB, A.B. HopHuit, C.H. MunakoB // IIpuknagHi nUTaHHs MaTeMaTUYHOro MogestoBaHHs. T.4.—- N22.2. - 2021.
- ¢. 25-32. doi.org /10.32782 /KNTU2618-0340/2021.4.2.2.2

Microstructure and wear resistance of modified surfaces obtained by ion-plasma nitriding of 40XH2MA steel / L.V.
Smyrnov, A.V. Chornyi, V.V. Lysak, O.S. Drobot, P.V. Kaplun, M.M. Poberezhnyi, A.V. Rutkovskyi / Problems of
Tribology - V.27,No 3 /105.-2022.-P.89-95 DOI: https:/ /doi.org /10.31891 /2079-1372-2022-105-3-89-95



loHHO-TI7Ta3MOBE A30TyBAaHHS HAa BHYTPILIHIX HUIHIPUYHUX IIOBEPxHs BUpo6iB / I.B. CMupHOB, A.B. YopHui, B.B.
Jlucak, M.O. Cucoes, I'.Il. Kucna//ABromatnyHe 3BapioBanHs. — N2 11. - 2022. - ¢. DOL
https:/ /doi.org/10.37434 /as2022.11.01

MopemoBaHHS BUCOKOBOJIBTHOT'O iOHHOTO Ii0fia 3 APOTOBUM KaTomoM Ipu aTMochepHoMy TUCKY a3oTy / O. B.
Anppienko, M.C. MenpHuuenko, C.b. CunopeHko, A.l. Kyssmuues // Mikpocucremu, EseKTpoHika Ta AKycTUKa. —
2021. T.26 (N21), 218015. (1-6). https:/ /d0i.10.20535 /2523-4455.mea.218015

MogepHisallis KOHCTPYKLi AHUCKOBOTO Jla3epa BUKOPUCTaHHAM eJlincoigHoro ocsitTmosava / O.[. Karmnsk, A.T.
Knimosa, O.I1. [Tonemko, O.O. 'onuapyk, JI.®. 'onosko / Mechanics and Advanced Technologies Vol.6, N2 1, 2022,
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Stress-strain state and structural-phase transformations of metal articles obtained by laser shaping / Kaglyak O.,
Romanov B., Romanova K., Tsapko, N. / Materials Science Forum, 1038 MSF, 2021, pp. 25-32.
DOI:10.4028 /www.scientific.net /MSF.1038.25
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BaKyyMHa, [1J1a3MOBa Ta KBAaHTOBA eJIeKTPOHiKa. gaTa 3axucty 20.04.2021p. kepiBHUK A.T.H., Ipod. Ky3pmuues A.l
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IycepTalis Ha 3100y TTs HAyKOBOTO CTyIeHs NOoKTopa ¢inocodii 3a crienianpHicTio 171 — EnekTpoHiKa; nata 3axucTy
26.01.2021 p. KepiBHUK [.T.H., npo@. Lnbynbckuit JI.FO.



X. 3aKJIlI0YHi BiTOMOCTI

KepiBHHK I0pHAHYHOI 0COOH

IlepeJtik 0CiO-BHKOHaBILiB
Bromunuz Muxaitno CeprifioBuy
(k. T. H., 05.03.07)

T'onoBko JleoHin ®enopoBud

(1. T. H., 05.03.07)

Hy6H10K BikTop JleoHinoBu4
Karznak Osekciit IMUTPOBUY

(. T. H.)

Ky3bmuyeB AHatoJ1ili [BaHOBAY
(7. . 1., 05.27.02)

JIncak Bosmogumup BanepinoBuy
(o.dpinocod)

MarikyT Cepriit OsekciioBud
(o.dpinocod)

Pomanenko Biktop BacunboBuy
(k. T. H., 05.03.04)

CmupHoOB Irop Bonogumuposud
(. T 1)

Hubynbckuii Jleonin FOpiitoBuy
(k. T. H., 05.11.08)

YopHui1 Auapii BayecnaBoBuy

(. T. H.)

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB
Tenedpon

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mo €

BiZIIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

[Taciynuk Bitasnii AHaTOIIMOBUY

O. T. H.

Jlncax B.B.

+38 (067) 527-25-22




