O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0212U000284

Jep>kaBHUH peecTpauiliHUI HOMeP: 0110U004277

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peectpaunii: 30-01-2012

II. Etran BukoHnauus JiP
Homep eramy: 2

Ha3sBa eramny: Bunyck ekcriepumeHTanbHOI MapTii 3paskiB AeTasei 3 TOKPUTTSIM Ta SOCIIIKEHHS iX

BJIACTUBOCTEN
IToyaTok eramy: 01.2011
3akiH4YeHHs eTamy: 12.2011

Buz 3BiTHOrO AOKYMEHTA: [IpoMiKHMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHS IOPUAHUYHOI 0coou (a00 ITIB ¢izuyHoi 0c06H): HauionansHuil HayKOBUIA

ueHTp "XapkiBcbKuil (isuko-TexHiuHui inctutyT" HAH Ykpainu
Kopg 3a €IPIIOY: 14312223

Micue3Haxoa KeHHS:

dopma BaacHoOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

Tenedon: (057) 335-07-55

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHyBaHHS IOPHAHYHOI 0coou (a6o ITIB PpizuuHO0i 0c06H): HaujoHanbHa akasemis Hayk

Ykpainu

Kopg 3a €EIPIIOY: 00019270

Micue3HaxoaKeHHS: ByJI. Bononumupceka, 54, M. Kuis, KuiBcbka 061, 01030, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

Tenedon: 380442396594

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hampsam (l)iHchyBaHHﬂ: 2.3 - BUKOHaHHS POOIT 32 JepsKaBHUMU 11iJTbOBUMU ITPOTPaMamMu
I>kepesia piHaHCYBaHHS

7713 - KOWTH ep>KO0I0A KeTy

Kopg, nporpamuoi kinacudikanii BupaTkis i KpegurysaHHs (KITKBK): 6541050

dakTuyHHi 06car ¢piHaHCYBaHHS (THC. IpH.): 120




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

[ligBuineHHs TEpMiHY eKCIlyaTallii i HagiliHOCTi JeTajnel yCTaTKyBaHHS, 30KpeMa IIapoBUX TypOiH, 1apOBOJSHOIO

TpakTy Apyroro KoHtypy AEC i3 BBEP migxom mogudikariii moBepxHi iOHHO-IIJIa3MOBUM METOIOM

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Increased life and reliability of hardware components, including steam turbines, steam and canal second circuit of
NPP with VVER surface modification by ion-plasma method

Pedepar yKpaiHCBKOIO:

3a 3BiTHUH Nepiof, BUKOHAHO MOJIEpHi3alliio 061afHAaHHS 3 METOIO MOTo MiArOTOBKY [1J1sI HAHECEHHSI TIOKPUTTIB Ha
BMPOOU 33J1aHOI reOMeTPUYHOi (POPMH i IPU3HAYEHHS - MAKETIB JIONIATOK N1APOBUX TYPOiH. 3 METOI0 pO3POOKU
TEXHOJIOTIYHOTrO NPOLECY OCAIPKEHHSI Ha TaKi AeTaili, Oyja IpoBeieHa ONTUMi3allis 32 HAaCTY[THMMU NTapaMeTpaMu:
KiJIbKOCTi KpaneJybHOi CKJIaf0BOi B IOKPUTI, BiIXMJIEHHIO BiJl CEPEIHBOrO 3HAYEHHS PO3MNOAiNy TOBUIMHU [TIOKPUTTS
B3[I0OBX JJOBXXMHHU 3Pa3KiB MaKeTiB JIONATOK Ta CKJIaAy IIOKPUTTIB. 30KPEMA, 1€ JO3BOJIMJIO 3MEHIINUTH B IIOKPUTTI
3arajibHy KiJIbKiCTb KpamneJb 3 PSMOTO IJ1a3MOBOTO MOTOKY 10 ~10 pasiB Ta 3HaYHO OOMEXKUTH KilbKiCTb BEJIMKUX
MaKpOUacTOK Ta ix po3mip n0 IMkM. Hamu 6ysn BuKopucTaHi karogu HactynHoro cknagy: Ti, Ti-5%Si u Ti-36%Al, a
Y SIKOCTi PEaKLiliHOro rady - a3oT. 3a pe3yJbTaTaMu AOCJII>)KEHHS KOHLIEHTPAllisl OJAHUX JIETYIOUUX CKIIAIOBUX Si
a6o Al B TOKPUTTI Ha 3pa3Kax MaKeTiB JIONIATOK IapOBUX TypOiH Moske pocsaratu 50% B MOPiBHSIHHI 3i 3MiCTOM iX y
Karogi. lli ebexTy HE0OXiZHO BpaXx0OByBaTU MPU POOOTI C 6araTOKOMIIOHEHTHUMHU MTOKPUTTAMMU. JocimKeHa
MOPCTKICTh Ra, oTpuManux nokputTiB. CepenHpoapudmMeTrdne BinxuneHHs nmpodio 3HaxoauTbes B mexkax 0,3 -
0,6 MKM B yCbOMY [lialla30Hi TUCKIB rasy. BigxuieHHs BiJj cepegHbOr0 3Ha4€HHS PO3IOiNy TOBIIMHY ITIOKPUTTS
B3[JOB>K KDOMKHU 3pa3KiB MaKeTiB JIONATOK MapOBUX TypOiH HOBXMUHOIO 150 MM Ipu iX 06epTaHHi Ha NJIaHeTapHIl
cucreMi cTaHOBUTD + 10 %. [IpoBeeHO TaKOXK €KCliepuMeHTanbHe ocamkeHHs 3axucHux TiN, TiSiN, nokputrTis Ha
MaKeTax JIONIATOK Ta [IEPBMHHA ONTUMI3allisl CKyIaly IOKPUTTIB B yMOBaxX KOHJIEHCALlii Ha IIJIaHETaPHOMY IIPUCTPOI 3
TOYKU 30py OTPUMAaHHS HEOOXiIHUX MEXaHIYHUX Ta CIYXO0BUX XapakTepucTuk. [1pu pobori ¢ Ti - kaTogoM
BIIAJIOCH OJlep’KaTh KOHAEHCAT HITpUAA TUTAHA 3i CTPYKTYPHMMMU €JIEMEHTaMU HAHOPO3MIPHOTO [iarna3oHy.
[MopiBHSIBHUM €KCIIEPUMEHT JOBOAUTS, IO TPhOXKOMIIOHEHTHI KOH/IEHCATH 3 JOOaBKaMU KPEMHIIO ab0 alioMiHi0
XapaKTepU3yIOThCSl 6i/IblI BUCOKOIO TBEPAICTIO B IIOPIBHSHHI 3 IBOXKOMIIOHEHTHUMU Ha OCHOBI TUTaHy. [IpoTe
TaKUM [TIOKPUTTSIM BJIACTUBUI TAaKOX i BUCOKUI PiBEHb BHYTPILIHIX HAIIPYK€Hb, BUHMKAIOUUX NIPU CUHTE3I. L
HaIpyXKeHHS 00MEXYIOTh TPAaHUYHY TOBLIMHY OJlep>KaHUX MTOKPUTTIB, 1[0 MOYKE IIPOSIBIISITUCS B BUIJISALI CKOJIIB Ha
IIOBEPXHI, 5IKi 3'SIBJISIIOTHCS Ha 3pa3kax 3 IOKPUTTSIM TOBLIMHOIO BUIIOW 3a 10 MKM HaBiTh 6€3 6yb-5IKOi [Iii Ha HUX.
3a HagBHOCTI MEHIIVX TOBILIVH, V BillCYTHOCTI [IOBEPXHEBUX CKOJIB, TaKi HAIPYy>KEHi TPbOXKOMIIOHEHTHI [TOKPUTTS
[IpY BUIIPOOYBAHHSAX HA LIMKJIiYHE NMHAMiUYHe HallpyKeHHs (KaBiTaliliHa Iis) IpOrpaloTh ABOXKOMIIOHEHTHOMY
HITpUAY TUTAHA, a [IPU NOPiBHSJILHUX BUIIPOOYBAHHSIX Ha €PO3iliHY CTiMKICTh HA MALIMHI TepTs repeBary MalThb
nokputts TiSiN u TiAIN. 3a mopdororieto noBepxHi A1 TiN-TIOKPUTTS XapakTepHa TaKOX MeHIa pesibedHICTh Ta
6isIbII HU3bKA LIOPCTKICTb. [IpOTE TPPOXKOMIIOHEHTHI MOKPUTTS MalOTh BUIILY XKapOCTINKICTh aX /10 TeMIIEpaTyp

8000C, Tomi AK HITpUA TUTAHY HE OKUCIIOETLCS TUILKY 10 Temneparyp ~ 6000C.

Pedepar aHI1ilICHKOIO:

For the period under report, modernization of the equipment for purpose of its preparation to deposition of
coatings on products of the set geometrical form and function - breadboard models of steam turbine blades is
performed. When developing technological process of coating deposition on such details, optimization of following
parameters has been performed: permissible quantity of a drop component in the coating, a coating thickness
deviation relative to its average value along the samples of blade, and structure of coatings. In particular, it has
allowed reducing the total quantity of drops in a covering deposited from a direct plasma stream to ~10 times and
considerably limit quantity of the big macroparticles and their size to 1 micron. The Ti, Ti-5%Si and Ti-36%Al



cathodes, and nitrogen as a reacting gas was used. It is determined experimentally that concentration of alloying
components Si or Al in coatings on blade samples can reach 50 % in comparison with their content in the cathode.
These effects should be taken into consideration when working with multicomponent coatings. Roughness Ra of
the coatings received has been investigated. The arithmetical-mean deviation of the coating profile was in limits
0,3 - 0,6 microns in all range of gas pressure. The coating thickness deviation along the blade edge of 150 mm in
length at rotation on planetary system makes * 10 %. Experimental deposition of protective TiN, TiSiN coatings on
the breadboard models of blades and primary optimization of structure of the coatings in conditions of
condensation with use of planetary device for the purpose of obtaining of necessary mechanical and operational
characteristics was performed also. When working with Ti - cathode it was succeeded to receive a condensate of
the titanium nitride with structural elements of nanostructured range. Comparative experiment proves, that
three-component condensates with silicon or aluminium additives are characterized by higher hardness in
comparison with two-component titanium based ones. However, such coverings are characterized with high level
of the internal stresses arising at synthesis. These stresses limit a boundary thickness of the coatings received. It
can be shown as chips on surface, which appear on samples with coatings in the thickness above 10 microns even
without any influence on them. At smaller thickness, in absence of chips, such stressed three-component coatings
at cavitation influence lose to two-component titanium nitride coatings, and at comparative erosive test using
friction machine, TiSiN and TiAIN coatings have advantage. The TiN-coating surfaces are characterized with lower
roughness. However, three-component coatings have higher heat resistance: they are not oxidized at heating up
to 8000C whereas titanium nitride coatings are oxidized just at ~ 6000C.

Impexc YIK: 621.039.566, 620.178

Koau TemaTHYHHUX PYOPHK: 58.33.39

KepiBHUKH po6OTH

BiacHe IlIpizBuie Im'a I10-6aThKOBI: Binoyc Birtaniit Apcenritiosuy
HaykoBHH CTyIiHb:

Buene 3BaHHS:

InenTudikarop ORCID ID:

JonaTkoBa iHdopmarist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: EkcriepuMeHTasIbHA TIAPTisl 3pasKiB JeTalei 3 TOKPUTTAM
Ha3zpa HTII aHriicbKoO0: The experimental party of samples with coatings was obtained
HTII, aKy nepenba4asiocsi CTBOPHTH:

IIpuunnu, yepe3s saki HTII e Gysio cTBOpeHO:

OTpHuMmaHi pe3yJIbTaTH:

l'asy3p 3aCTOCYBaHHS: ATOMHA eHepreTyka

PeecTpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omuc HTII: Bukonano mozepHizaiiiio 061aHaHHs 3 METOIO MOTO MiZTOTOBKY JIJi HAHECEHHS TIOKPUTTIB Ha
BHMpOOY 3a71aHOi reoMeTpruYHOi popmMu i Mpr3HAYEHHS - MAKeTiB JIONATOK 1apOBUX TypOiH. BunymeHa
eKCIIepUMEeHTaJIbHA NapTii 3pasKiB JeTajel 3 MOKPUTTIM. JlociigpkeHo ix BnacTuBocCTi. [IpoBesieHa ontumisanis 3a
HACTYITHMMU ITapaMeTPaMU: KiJIbKOCTI KpaleJbHOI CKJIaf0BOi B IIOKPUTI, BiIXUJIEHHIO Bifl CEPELHbOIO 3HAYEHHS

PO3I0isly TOBIIMHY [IOKPUTTS B3I0BX IOBXUHU 3Pa3KiB MAKETIB JIONATOK Ta CKJIAy IIOKPUTTIB.
ConiaibHO-eKOHOMIYHA cnpsimoBaHicTe HTII:
Bnyins HTII Ha moBKiJjs:
Bnposaaskennss HTII: He snposamxeno
ITpakTuyHa peasnisaniss HTTI
IToyaToK eramy: 2012
3aKiHYeHHs eTamy:
Crno>KuBavi NpoAyKIii: AEC Ykpainu
IlepcneKTHBHI PHHKHU: Pocis
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IlpaBa, 0 HaAAIOThCS iHBECTOPY MiCJIsA 3aBEPLIEHHSI POOOTH:
HasaBHicTb 0i3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHS.
IToTeH1iaIbHU O0OCST IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTI (pPOKiB):

HJonaTkoBa iHdopmaris:

IX. Bi6siorpadiuyHuii onuc

1. I.1. Akcénos, B.A. benoyc, F0.A. 3aguenposckuii, B.11. KoBanenko, H.C. JlomuHo. BinsHue manbix 106aBOK
KPEMHUS Ha CIIy>XKeOHble XapaKTepPUCTUKU HUTPUJL-TUTAHOBBIX OKPBITUH / /BAHT. Gusnka paguanioHHbIX
NOBPEXAEHUN U MaTepuanoseneHue, N24, 2011, Tpyns! L1 mexxayHaponHON KOH(epeHUUY "AKTyaIbHble TPO6IIEMBI
IIPOYHOCTH. C. 145-149. 2. B.A. Benoycl, B.B. Bacunbesl, C.K. l'ontBsinuna, B.C. F'onteauuna2, 0.A.3agHenpoBckuiil,
B.W. Kosanenkol, A.C. Kynpunl, H.C. Jlomunol, A.A. Jlysannnosl, B.I'. MapunuH], E.H. Pemernsix1, B.E.



Crpenbauuxkuiil, I'H. Tonmavesa.. Abpa3uBHas U KaBUTALIMOHHAs CTOMKOCTD TiN NOKPBITUM, IerMpoBaHHbIX Al, Si,

Y. Boripocs! guraresecTpoeHus, r. 3aroposxsbe, (B me4aTh).

X. 3aKJII0YHi BiTOMOCTI
KepiBHHK I0pHAHYHOI 0COOH

IlepeJtik 0Cci0O-BHKOHABILiB
€pmonenko Ipuna 'eHHaziiBHa
AHTOHEHKO MuKoJa IBaHOBHY
binoyc Birtamniit ApceHTiiioBrY
Bosouixo ITerpo Penoposuy
Heptora Hatanbs MuxainiiBHa
3agHinposcbkuii IOpint OnekcinoBny
Kosanenko Bonogumup IBaHOBUY
Komap Anarosniit AHaTOniioBHUY
Kynpin Onekcangp CepriioBud
JIumaps Biktop BacunboBuy
Jlomino Mukosa CrenaHoBuY
Mapunin Bonogumup I'puroposuy
MapruneHsko Jlrogmuna [BaHiBHA
Mockaneups OneHa JleoHigiBHa
Hocos I'ennaniii IrnatoBuy
OBuapeHko Banepiit JlaBunosny
Pwxosa TetsiHa IleTpiBHa
TonmauboBa 'asimHa MuKosiaiBHa
Typuuna OnekcaHgpa KapmiBHa

Xopoumux Bonogumup MakcumoBud

BignoBigasibHUI 3a MiATOTOBKY

00JIiIKOBHX JJOKYMEHTIB
Tenedon

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peeCTpallilo HAyKOBOi

OisSIIBHOCTI

HexmonoB IBaH MaTBilioBUY




