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(yxp.)

[TigBuIIeHHS eKCIUTyaTalliiHIX BIACTUBOCTEM, 30KpeMa 3HOCOCTIHKOCT1 MOBEPXOHb JIeTajeit
1 KOHCTPYKIIH JocsraeTbCsi MOIU(IKALIE0 TOBEPXHEBUX IIapiB HAHOYTBOPEHHSAMHU IUIIXOM
BBEJICHHS HAHOMOPOIIKIB y 3BaploBajbHY BaHHY MpPH €IEKTPOIYrOBOMY HAIUIaBICHHI Ta Y
MOKPUTTS MPHU ra30TEPMIYHOMY HAIIUJICHHI.

OcCHOBY HaruIaBI€HUX 1 HAWJICHUX MOBEPXHEBHX IAPIB CKIAJAIN MaTepialu 3 PI3HUMU
CHCTEMaMH JIETYBaHHS, SIKi PEKOMEH/IOBaHi [UIsi YMOB a0pa3WBHOTO 3HONIYBAHHS Ta CYyXOTO TEpPTS
MeTany o Merainy. Sk MoaudiKaTOpu 3aCTOCOBYBAJIM HAHOTIOPOIIKH OKCHJY QJIFOMIHIIO, TIOKCUIY
TUTaHy, TIOKCUIY KpeMHito Qpakiiero 5—50 HM, 10/1aBaHHS SKUX Y HE3HAYHOI KUJIBKOCTI JO3BOJISIE
CYTTE€BO BIUIMBATH Ha CTPYKTYPOYTBOpPEHHs Ta (HI3MKO-MEXaHIYH1 BJIACTUBOCTI Marepiainy
MOKPUTTA. BBeneHHs HAHOYAaCTHMHOK Yy 3BaploBajbHy BaHHY Ta IOKPUTTS 3[1MCHIOETHCS 3a
CHelialbHUMUA CXeMaMH, 10 TPHU3BOIUTH JO 3MIHM YMOB KpucTtamizamii 1 (opMyBaHHSA
IpiOHO3EPHHUCTOI MIKPOCTPYKTYPH 3 TIEBHHMM BIJCOTKOM TBEPJOI CKJIQJI0OBOi, SKa BiANOBimae 3a
MOKAa3HUKH MIITHOCTI Ta 3HOCOCTIMKOCT1 MTOBEPXHEBHUX IIAPIB.

BcranoBieHO B3a€MO3B’S30K MK CTPYKTYpPHUM 1 (a30BHM CKJIQJOM Ta BJIACTHBOCTSIMHU
MOIM(HIKOBAaHUX MTOBEPXHEBUX IIapiB B 3aJEKHOCT1 Bil BMICTY Ta THITy HaHOIOPOIIKIB. BBeneHHs
HAHOMOPOUIKY JIOKCHUAY KpEeMHII0 crpusie (HOpMyBaHHIO TroiyaToro (epury, siK CTPYKTYpHOi
CKJIQZIOBOT IMIIBUIICHOI MIITHOCT1 1 B’SI3KOCTI Ta YTBOPEHHIO HEMETAJIECBUX BKIIOYCHBb MEPEBAKHO
OKCHUHOTO THILY, 1110 IPUBOIUTH J10 30UTBIICHHS 3HOCOCTIMKOCT1 HAILIABJICHOTO Bajnuka y 3—4 pasu.
[Ipu HarmIaBIi HU3BKOJIETOBAHUX CTajei BCTAHOBJICHO MO3UTHUBHUI BIUIMB JOOABOK HAHOMOPOIIKY
OKCHJTy aJTFOMiHII0 Ha 3HOCOCTIMKICTh B YMOBaX aOpa3uBHOTO 3HOITYBAHHS, 31 30UIBIICHHSIM JaHOTO
MOKa3HUKa OUIbII HIK Yy 6 pa3is.

Po3po0breni paiioHallbHI peXUMU MEXAaHOXIMIYHOTO CHHTE3Y JJIsl CTBOPEHHSI MOPOIIKOBOT
CyMIIIi 13 HAHO Ta MIKPOYACTHHOK 3a JOTIOMOTOIO TUIaHETApPHOIO KyJIbOBOTO MJIMHY. BcTaHoBneHi
PESKMMHM HANWIEHHS OTPUMAHMUX [OPOIIKOBHX CyMilled 3 BHUKOPHUCTAHHSM JIAMIHApHOTO
IJ1a3MOBOTO CTPYMEHS, 1110 CIIPHUsI€ TIEPEHOCY HAHOMOPOIIKIB Y TOKPUTTSI.

Busnauenuil naiama3oH ONTHUMAalbHOI KUIBKOCTI BMICTY HAHOMOPOLIKIB B Mexax 0,5—
1,0mac.%. HasBHICTP HAaHOYACTHHOK OKCHJAY AIIOMIHII0 B MOKPUTTI y BCTaHOBJEHOI KUIBKOCTI
CHpUsi€ MIBUIIEHHIO 3HOCOCTIHKOCTI MOKPHUTTIB y 2,53 pa3u, 3HWKEHHIO KOe(Il[ieHTy TepTs Ta
MiABUIIEHHIO TBepa0cTi Ha 25-40%.

Po3poOneni TexHONMOTiYHI peKOMeHallii, II0J0 eJNeKTPOAYrOBOTO HAIJaBJICHHS Ta
MJ1a3MOBOTO HAMUJICHHS MOAU(IKOBAaHNX HAHOYTBOPEHHSMU MOKPUTTIB.

(pyc.)

[ToBbIIIeHNE SKCIITyaTallMOHHBIX CBOMCTB, B YaCTHOCTH HM3HOCOCTOMKOCTH MOBEPXHOCTEH
neranei 1 KOHCTPYKLIUN JOCTUraeTcss Moau(uKanneil TOBEpXHOCTHBIX CJI0EB HAHOOOPAa30BaHUSMHU
MyTeM BBEJCHHS HAHOTOPOIIKOB B CBAPOYHYID BaHHY MpPH JJIEKTPOAYrOBON HAIlIaBKe U B
MOKPBITUE TIPU Ta30TEPMUYECKOM HATBLIICHUH.



OCHOBY HaIJIaBJICHHBIX W HAMBUICHHBIX MOBEPXHOCTHBIX CIIOEB COCTABJISLIM MaTepHAIIbl C
Pa3NIUYHBIMU CHCTEMaMHU JIETHPOBAHUS, KOTOpBIE PEKOMEHJOBAaHBI Ui YCIOBUN aOpa3HMBHOTO
M3HOCA W CYXOTO TpEeHHs MeTajula Mo MeTauly. B kauectBe MOAM(UKATOPOB NPUMEHSIIH
HAHOIOPOIIKM OKCHJAA AIFOMUHUS, IMOKCHAA THUTaHa, AMOKCHAA KpeMHus ¢pakuueil 5-50 HM,
BBEJICHHE KOTOPHIX Yy HE3HAUMTEIbHBIX KOJMYECTBAX I103BOJIAET CYIIECTBEHHO BIIMATH Ha
CTpYKTypoOOpa3oBaHue U (PU3MKO-MEXaHWYECKHE CBOWCTBAa Marepuana TOKPHITHI. BBeneHue
HAHOYACTHUI[ B CBAapPOYHYIO BAHHY M TOKPBITHS OCYHIECTBISETCS IO CIIEHUAIBHBIM CXEMaM, 4YTO
OPUBOAMT K M3MEHEHHUIO YCIOBUH KPUCTAUIM3aUMU ¥ (HOPMHUPOBAHHS MEIKO3EPHUCTOU
MHKPOCTPYKTYpBI C OIPEAEICHHONW JOJIEW TBEPIOM COCTABIAIOIIECH, OTBEYAIOLIEH 3a IOKAa3aTeau
MPOYHOCTH U M3HOCOCTOWKOCTH MOBEPXHOCTHBIX CIIOEB.

YcraHoBieHAa B3aUMOCBS3b MEXKAY CTPYKTYPHBIM M (ha30BBIM COCTAaBOM U CBOMCTBaMHU
MOJM(UIMPOBAHHBIX TOBEPXHOCTHBIX CIIO€B B 3aBUCHMOCTH OT COJIEpXaHHS H  THIA
HAHOTIOPOIITKOB. BBezeHWe HaHOMOpOIIKAa JHOKCHAA KPEMHHUS CHocoOCTBYeT (HOpPMHUPOBAHUIO
UTOJIBYATOTO (heppHTa, KaK CTPYKTYPHOU COCTABIISIOIICH MOBBIIICHHOW NMPOYHOCTH M BSI3KOCTH U
00pa30BaHUI0 HEMETATHYECKUX BKIFOUEHUH MPEUMYIIECTBEHHO OKCHTHOTO THIIA, YTO MPUBOJUT K
MOBBIIICHUIO  M3HOCOCTOMKOCTH  HaIlJIaBJeHHOro Banuka B 3-4paza. Ilpu HammaBke
HU3KOJICTHPOBAHHBIX CTajJell YCTAaHOBIEHO TIOJIOXKHUTEIBHOE BIMSHHE JO0ABOK HAHOIMOPOIIKA
OKCH/Ia aJTFOMUHHSI Ha U3HOCOCTOMKOCTH B YCIIOBHSIX a0pa3MBHOTO U3HOCA, C YBEITHMUEHHEM JAHHOTO
rmokasatess 0ojee 4eM B 6 pas.

PazpaGoTaHHbBIe palMOHANBHBIE PEKHMBI MEXaHOXMMHUYECKOTO CHHTE3a ISl CO3/IaHUs
ITOPOIIKOBOM CMECH W3 HAHO M MHUKPOYACTHI] ¢ MOMOIIBIO IIAHETAPHOM IMIAPOBOM MEJIbHMIIBL.
VYCcTaHOBIIEHBI PEXHMMBI HAMBUICHUS TOJYYEHHBIX TOPONIKOBBIX CMECeH C WCIOJIh30BaHUEM
JAMHHAPHOTO TUIa3MEHHOW CTPYH, YTO CIIOCOOCTBYET IIEPEHOCY HAHOTIOPOIIKOB B IOKPHITHE.
OnpeneneH auana3oH ONTUMAJIBHOTO COJEpKaHMS HaHOMOpomkoB B mpenenax 0,5—1,0mac.%.
Hannyue HaHowacTuI] OKCHAA QIIOMUHHUSL B IOKPBITUM B YCTAaHOBJIIEHHOM KOJMYECTBE
CIOCOOCTBYET MOBBIIIEHUIO W3HOCOCTOMKOCTH MOKPBHITHH B 2,5—3 pasa, CHUXKEHHUIO KOdhUIIMeHTA
TPEHUs U MOBBIIIEHNIO TBepAocTH Ha 25—40%.

Pa3pa®oTaHbl TEXHOJOrMYECKHME PEKOMEHJALUM [0 JIEKTPOAYrOBOM HalIaBKe H
IUIa3MEHHOMY HAIIbIICHUIO MOAU(UIIMPOBAHHBIX HAHOOOPA30BaHUSIMU TIOKPBITHIA.

(aHrJ.)

Increasing of operational properties, especially wear-resistant surface of industrial
components may be achieved by modifying the surface layers of nano forms through the providing
of nanopowders into the molten pool at electric-arc surfacing and coating during thermal spraying.

The basis of the weld and the surface layers were deposited by materials with different
doping systems, which are recommended for conditions of abrasion and the dry friction of metal on
metal. As modifiers were used nanopowders of alumina, titania and silicon fraction of 5-50 nm,
whose providing in small amounts can significantly affect the nucleation and physico-mechanical
properties of the coating material. Providing of nanoparticles into the weld pool and the coating is
carried out at special circuits, which leads to a change in the conditions of crystallization and the
formation of a fine-grained microstructure with a certain amount of hardening constituents which is
responsible for strength values and wear resistance of the surface layers.

The relationship between the structural and phase composition and properties of modified
surface layers, depending on the content and type of nanopowder. Providing of nano-powder silicon
dioxide contributes to the formation of acicular ferrite, a structural component of high strength and
toughness, which has a positive effect on endurance and leads to the formation of nonmetallic
inclusions predominantly oxide type increasing the wear resistance of the weld deposited metal in
3—4 times. When surfacing low alloy steels it is found a positive effect of aluminum oxide
nanopowder additives on wear resistance under abrasive wear with an increase of it more than 6
times.

Rational modes mechanochemical synthesis to create a powder mixture of nano and
microparticles using a planetary ball mill is developed. Modes set spraying powder mixtures are
obtained using a laminar plasma jet, thereby transferring nanopowder coating. The range of



optimum content of nanopowders is within 0,5-1,0%. It is shown that the presence of aluminum
oxide nanoparticles in the coating in an amount established by coating enhances the wear resistance
2,5-3 times and reduce the friction coefficient and improve the hardness by 25-40%.

The technological recommendations arc weld surfacing and plasma spray coatings modified
nanostructures are presented.

4. HasiBHICTH OXOPOHHMX JOKYMEHTIB Ha 00’ €KTH NPaBa IHTEJEKTYaJIbHOI BJACHOCTI.

— Ipuerpii  mnst  1orakyBaHHs nopomkiB  y  Bakyymi [Tekcr]/ 1.B. CmuphHoB,
ILA. CeniBepctoB, A.B. YUopnmii, B.}O. Koanbuyk; IlarenT Ha kopucHy mozaenb. — Ne 89851, —
omy06m. 25.04.2014 p., Bromn. Ne§.

— Crmoci0  eneKkTpoayroBoTO 3BaplOBaHHS 3 BBEICHHSM Yy 3BaplOBAIBHY BaHHY
nanokommoHeHTiB [Tekcr]/ B.J. Ky3nenos, ILI. Jloboma, C.K. ®omiuoB Ta imm. // [lareHT Ha
KOpHUCHY MoJienb. — Ne98985. — omy0m. 12.05.2015 p., Bron. Neo.

— Komno3uniiinuii MetanokepaMiyHUI MOPOLIOK JUIsl Ta30TepMIYHUX MOKpUTTIB [Tekct]/
[.B. Cmupnos, B.JI. Ky3nenos, A.B. Yopuuii Ta iHu. // IlareHT Ha kopucHy Mojenb. — Ne99762. —
omny6st. 25.06.2015 p., brom. Nel2.

5. TlopiBHsiHHSA 3i CBITOBMMM aHAJIOTaMU.

Po3poOka BiAnoBiza€e CBITOBOMY piBHIO. 3HAYEHHS NOKA3HUKIB SKOCTI MOJU(IKOBAHUX
HaHOYTBOPEHHSIMH TIOKPHUTTIB, a caMe: TBEPJAOCTI, 3HOCOCTIMKOCTI, aAre3iitHO-KOTe31iHOT MIITHOCTI
BIJITOB1Ial0Th HAMKPAIUM aHajoraM, 10 BUPOOJISIOTHCS TPOBITHUMHE CBITOBUMHU (pipMaMH.

6. ExonomiuHa npuBaluBiCTH /151 IPOCYBAHHS HA PHHOK

3acTocyBaHHS pO3pOOJEHUX TEXHOJOril MoaudIKyBaHHS IOBEPXHEBHX MIapiB 3a
JIOTIOMOT'OF0 HAHOTIOPOIIKIB JTO3BOJISIE 3HAYHO MIJBUIIUTUA €KCIUTyaTaIliiiHI BIaCTHBOCTI MIOBEPXOHb
neraneil 1 KOHCTpyKUii. Takui miaxiJ BUKIIOYa€ HEOOX1IHICTh BUKOPUCTAHHS TOCTPOAECPILUTHUX
JIETYIOUMX €JIEMEHTIB Ta JO0JAaTKOBHX TEXHOJIOTIUHHUX, SK IPABUJIO CHEPrOMICTKHUX 3aXOMIiB 1
BHpIITye po0IemMy MOAOBXKEHHS pecypcy poOOTH JeTaneil Ta KOHCTPYKIIM Ha 0a31 HeIOPOTuX 1
JOCTYITHUX ICHYFOUMX BITUM3HSHUX MaTepiaiB Ta 0OJa HaAHHI.

KoHKypeHTO31aTHICTh Ta EKOHOMIYHA MPUBAOIUBICTh 3alpONOHOBAHUX TEXHOJIOTIN
MOJISITa€ B JOCATHYTHX TIOKa3HUKAaX EKCIUTyaTallliHUX BJIACTUBOCTEM MOBEPXHEBUX IApiB
OTPUMAHUX BHUCOKOC(PEKTUBHUMH METOJAaMHU €JIEKTPOAYTOBOTO HAIUJIABJICHHS Ta IUIa3MOBO-
MTOPOIIKOBOTO HAITMJICHHS, a caMe:

- migBuIIeHHSA Y 3—4 pa3u CTIMKOCTI Marepiany HaIIaBJICHUX TMOBEPXHEBHX IIApIB [0
abpa3uMBHOTO CIIPAllbOBYBAHHS;

- MIIBULIEHHSIM 3HOCOCTIHKOCTI IJIa3MOBO-HAMUJICHUX MOKPUTTIB y 2,5-3 pa3u B yMoOBax
TEPTs KOB3aHHS;

- TIABUIIEHHS MIIHOCTI 3YEIJICHHS MMOKPUTTS 3 OCHOBOIO Ha 16-20%;

- 3HWKEHHS KOeQIIIEHTYy TepTs Ta MiABHUIIEHHS TBEPIOCTI IUIa3MOBO-HAMMICHUX
MOKPUTTIB Ha 25-40%.

7. IloreHuiiiHi KopucTtyBaui (rajysi, MiHicTepcTBa, MiINPUEMCTBA, OPraHizauii).

TexHosorii CTBOpeHHS MOBEPXHEBUX MOJU(PIKOBAX HAHOYTBOPEHHSMH MOKPUTTIB 13
3aCTOCYBAaHHSIM HaHOMOPOIIKIB OKCUIB alFOMiHiI0, KPEMHII0 Ta TUTaHY MOYTh 3aCTOCOBYBAaTHCH
Ha MANPUEMCTBAX Ta OpraHiz3aliix pI3HUX Taly3eil MPOMHUCIOBOCTI: MAaIIMHOOYIyBaHHI,
MeTanyprifiHoMy 1 FIpHUYOMY KOMIUIEKCaX, aBia 1 CyqHOOYyBaHHI, A€ IIHUPOKO PO3MOBCIOIKEH]
TEXHOJIOTIi 1HXeHepil MOBEepXHI 1 TOCTpO CTOITh MpoOieMa MiABHILNEHHS eKCIUTyaTaliiHuX
BJIACTUBOCTEN pOOOUYMX MOBEPXOHb JIETajeH Ta KOHCTPYKIIIM.

8. Cran roroBHOCTI po3po0OKH.

Po3po6sieHi Ta BUTOTOBJIEHI 3pa3ku 3 MOJAM(IKOBAHUMHU HAHOYTBOPEHHSIMH MOBEPXHEBUMHU
mapaMu, BIINpalbOBaHI BIAMOBIMHI TEXHIYHI 3aX0AM Ta PEKUMHI MMapamMeTpu, a TaKoX
TEXHOJIOTIYHI PEKOMEHJalii 100 €JIEeKTPOJIYyroBOr0 HAIUIABJICHHS Ta IJIa3MOBOTO HANMJICHHS
MO/ () IKOBAaHUX HAHOYTBOPEHHSAMHU MOKPUTTIB.

MosknuBa po3poOKa J0CIIAHO-IIPOMUCIOBUX 3pa3KiB HOBOT'O YCTATKYBaHHS ISl IJIa3MOBO-
MOPOIIKOBOIO HAIUIABJICHHA, SIKI MOBHICTIO aJaNnToBaHi 0 ICHYIOYOIO OCHOBHOTO CHIIOBOTO
oOaJHaHHA 1 MOXKYTb OyTH BIPOBAJKEHI y IPOMHUCIOBE BUPOOHHIITBO.



9. IcHyoui pe3yJibTaTH BIPOBAIKEHHS

HatypHi 3pa3ku BupoOiB 3 MOAM(]IKOBAaHUMU HAHOYTBOPCHHSAMHU HAIUIABICHUMH IIapaMHu
anpoOoBani y TpamBaiiHomy gerno iM. T.I. Illewenko, M. KuiB. BcraHoBieHo, 1m0 B pe3ynbTaTi
MOAM(IKyBaHHS TOBEPXHEBUX IIAPIB HAHOMOPOLIKAMH OKCHIIB KPEMHIiI0 BinOyBaeTbcs
niBHIEHHS TBepaocTi 10 HB 240, 1o 3a10BoIbHAE yMOBaM 3MIlIHEHHS BiIHOBJIEHUX TPaMBalHUX
Koutic. OLiHKa 3HOCOCTIMKOCTI MOKe OyTH BH3HAY€HA 3a pe3yJbTaTaMH €KCIUTyaTaliifHOT 0OKaTKH
He menmie Hix 40000 kM.

Pesynmpratn po0OOTH BHpPOBAHKEHO Yy HABUAIBHUN MPOIEC NPW BUKIAJAHHI AUCIUILTIHU
«TexHoorist Ta oONMagHAHHS Ul HAIUTaBICHHsS» (MIATOTOBICHWH HOBHH po3aul «Emekrpomyrose
HAIUIABJICHHSI IMOBEPXHEBUX IIapiB MOIU(IKOBAHUX HAHOYTBOPEHHSIMHU)», BUIAHWN HaBYAIHHHUN
nocioHuk «TexHosoruss U 00opynoBaHME IS HaraBKW» 13 rpudom MiHOCBITH). 3axuineHo 2
JTOKTOPCHKUX IHMCEPTalliil, MiATOTOBICHA JI0 3aXHCTy OJHA KaHIUJATChKa JUCEPTAIlis, OTPHMAHO
3 maTeHTH, Ha 2 TATEHTH OTPHMAHO TO3WUTHBHE pillleHHs, OmyOiikoBaHO 23 cTaTTs y (haxoBUX
KypHanax (y ToMmy yncii 13 y BUAaHHSX, IO BXOJIATH O HAYKOMETPHYHHUX 0a3), omyOsikoBaHo 4
JIOTIOBIAl Yy 3aKOPJOHHHX KOH(EPEHIsAX, 6 JOomoBine y 30ipHUKAxX MOKIAMIB MDKHAPOJIHUX
KoH(GepeHIid Ta 15 Te3 momoBimeil Ha HAYKOBHX KOH(EPEHIISAX pecnyOsiKaHChKOTO pPIBHA 31
CTY/ICHTaMH; pe3yJbTaTH POOOTH BUKOPHUCTAHI I Yac HANUCAHHS Ta 3aXUCTy 2 MaricTepchbKHUX
poOIT Ta 2 TUIUTOMHUX MPOEKTIB CIIEIiaTiCTIB.

10. Ha3Ba oprani3auii, Tesie¢on, E-mail
HTYVY”KIII”, 3BaproBambHmii (akynprer, Kadenpa imxkeHepii moBepxHi, 406-82-42,
v.kuznetsov(@kpi.ua

11. ®oto po3podku

NAasMOTPOH  nogada NopowKy  ABoxdasHMI N1a3MOBUi 3pasokK
CTPYMiHb

3araapHuM BU/JI IIJIa3MOBO-IIOPOIIKOBOT'O HAITUJICHHSA .]'IaMiHapHI/IM IJI1a3MOBUM CTPYMCHEM

TexHiuH1 XapaKTepUCTUKHU TIIA3MOTPOHY

PoGounii ras, aprox
Po6ounii ctpym mna3moTpoHa, A 80 - 100
Po6oua nHanpyra, B 30-50
Butpara nia3zMoyTBOpIOIOYOro rasy, J/xXB 2,0-4,0
Burpara 3axucHoro rasy, /X8 1,0-4,0
[TpoayKTHBHICTB, KI/TOA 0,5-4

KoediieHT BUKOpUCTaHHS MaTepiany 0,6 -0,8
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MikpoctpykTypa mia3moBoro mokputTs cuctremu NiCrFeBSi monugikoBaHOro HaHOMOPOIITKOM
Al O3 no (a) 1 micnst orutaBneHHs (0)

12. Hepeaik myOaikaniii 3a MmaTepiajaMu J0CIilZKeHb 32 NepioJ BUKOHAHHS PO3POOKHU
Haeuanwvni nocionuxu iz zpugpom MOH:

1. Texunonorus u obopynoBaHue AJisl HAIUIaBKU: yuyeOHoe nocobue: B 2-x 4. A.®. Bnacos,
B.JI Ky3uemnos u np. — Kpamaropck: II'MA, 2014.-306c.

Cmammi y ¢haxoeux euoanuax y m.u. maxKux, uwjo 6xo0amov 00 HAYyKOMempuUUHUxX 6az:

1. Kysneno B.JI. BrumB HaHOOKCHIIB aIOMIHIIO Ha PO3MOAUIEHHS HEMETalIeBHX
BKJIIOUEHb 1 CTPYKTypy MeTana mBa Hu3bkosieroBanux cranei [Tekcr]/B.Jl. Kysnemnos, [.B.
CwmupnaoB, K.II. I[llanmoBanos//BicHuk BiHHHIIBKOTO TOMITEXHIYHOTO 1HCTUTYTY. — 2014. — Nel —
C.102-106

2. CwmupnoB [.B. IligBumieHHS KOpO3iHHOI CTIMKOCTI IJIa3MOBUX TIOKPUTTIB HAa OCHOBI
IJIAKOBAHOTO TOpOIKy okcuay amtoMminito [Tekct] /I.B. Cmupnos// HaykoBuii BichHuk HTVYY
«KuiBchbkuii  momitexHiyHUK  HCTUTYT». Cepis  «XiMi4Ha  IHXKEHEpis, €KOJorii Ta
pecypcosoepexerts». — 2014, — Nel.— C.34-39.

3. Jlo6oma II.I MocmimkeHHS pO3MOALTY HEMETaJeBHX BKJIIOYEHb B MeETajl IIBa TPH
Mo M(DIKyBaHHI HAHOIUCIIEPCHUM TopolkoM okcuay amoMidito [Tekcr] / ILI. JloGona,
B.J1.Ky3nernos, I.B. Cmupuos, M.O.Cucoes, K.I1. [IlamoBayioB /MiKBY31BChKHiT 30IpHUK HAYKOBHX
npans «lIporpecuBHi TexHOJOTIi 1 cucTeMH MamMHOOymyBaHHsS». — JloHernpk.—2014.—Bumyck
1(47). — C174-182.

4. Ky3neno B.J[. TlopiBHsiIbHa OIliHKA 3HOCOCTIHKOCTI TOBEPXHEBHX IIapiB PI3HOTO
CKJIaZly B YMOBax CyXoro TepTs Ta aOpasuBHoro 3HomyBaHHs [Tekcr] / B.J.Ky3nenos, B.M.
[Tamenko, [.B. CmuphuoB, J1.B. Crenanos//I1po6iemu Tepts Ta 3HomyBaHHs.—2014.—Ne2.— C.85-91

5. Cwmupnos I. B. 3actocyBanHs HAaHO-TIOPOIIKIB OKCH/IIB MPU 3BAPIOBAHHI Ta MJIa3MOBOMY
nanwieHHi nokputTiB [Tekcr] / 1. B. Cmupnos, B.Jl. Ky3uenos, K.Il.IllanoBanos, A.B. Yopuuii
//Bicauk JlonOacbkoi AepxaBHOT MamMHOOYNIBHOI akaaemii : 30IpHUK HAyKOBUX IMpalb. —
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