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1. PoboTa nmpucBsiueHa HayKOBO-TIPUKJIANIHIN 3a5iadi — po3po0OLii IIPUIIOI0 IJ1s1 >KapoMiljHuX HikeseBux criasis (YKHC)
HOBOTO I[IOKOJIiHHSL. [I7151 CyHOBOTO ra3oTyp600yyBaHHs 3aBX/AU CTOsIa IIPo6sIeMa MiBUILIEHHS po6040i
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(I'TH). Cynnosi I'T]] npano0Th Ha BAXXKOMY M/IMBI i3 JOMILIKaMU CipKU Ta B YMOBaxX BUCOKOTEMIIEPATyPHOI
cop0B0i Kopo3ii (BCK), mBuAKICTb SIKOi B COTHI pasiB bisblile, HDK MBUAKICTb KOPO3il B aBialiliHux TypbiHax. s
CcyZHOBUX Typ6iH HoBoro nokostiHHs JIIT HBKT «3ops»-«MamnpoekT» i PisuKo-TeXHOJIOriYHUM IHCTUTYTOM
MeTaiB i ciiasiB HAH Vkpainu po3po6seno crasu CM93-Bl i CM96-BI, 1m0 103BOISIIOTE NTHATA PO60UY
temrepatypy Ha 40-60 °C. OCHOBHMM Ta yHiBepCaJbHUM CIIOCO60M 3'eiHaHHS uBapHUX JKHC € nasHHS, npu
SIKOMY BUHHUKae MpobsieMa MiiBUILEHHS >KapOCTiMKOCTi i JOBrOTpMBajoi BUCOKOTEMIIEpaTyPHOI MIlJHOCTI criastHux
3'enHaHb. TOMY, 17151 PO3BUTKY CyJJHOBOT'O ra3oTyp0O00ylyBaHHS aKTyajlbHa PO3po0Ka NPUIIOIO, SKUI 3a6€311€4YnTh
HeoO0XiHi (i3NKO-XiMiYHI XapaKTepPUCTUKU CIIAHOrO 3'€IHAHHS [1J15 HOBUX CILJIaBiB. MeTOI0 IucepTaliiiHoro
IIOCJIiIKEHHS € pO3p06Ka MPUIIOIO i TEXHOJIOTI] MassHHS KapoOMillHUX HikeseBux criasiB CM93-Bl i CM96-BI myis
BMPOOHHUIITBA CY[IHOBUX ra30BUX TypOiH HOBOI'O IIOKOJIIHHS 3 MiJiBUIIEHHSIM BUCOKOTEMIIEPATyPHOI MilJHOCTI
criasiHuX 3'eiHaHb He HIbk4e 80 % MilJHOCTi OCHOBHOTrO MeTasy. HaykoBa HOBM3HA OJIra€ B TOMY, 110: 1. Briepiue
OOGI'PYHTOBAHO [ BOETAIHUII METO/, PO3POOKU MIPUIIOIO, CYTh SIKOTO TOJISITa€ B TOMY, 110 HA MIEPLIOMY €Tarli, 3
BUKOPUCTAHHSM KOMITIOTEPHHUX IIPOrpaM, pO3paxoBaHa OCHOBA MPUIIOIO 3 BKJIIOUEHHSIM Ha6iblll € PEKTUBHUX
JIETYI0UUX €JIEMEHTIB, 5Ki 3a0€31e4yI0Th TBEPLOPO3UNHHE i JucIiepciiiHe 3MillHEHHS], Ta FPaHuUlli JIETYBaHHS
IIPUIIOIO TYTOIJIaBKUMU MeTalaMu J1J14 3anobiranHs yrBopeHHs TIIY ¢as, 30kpema 0-¢dasu, a Ha Apyromy erari
€KCIIEPUMEHTAJIbHO BU3HAYAE€ThCSI HEOOXiHA KOHLIEHTPallis JenpecaHTiB. 2. Briepiie BCTaHOBJIEHO, 11O
6araTokomnoHeHTHi npurnoi 3 Re i Ta cuctemu Ni-Cr-Co-Al-Ta-Re-W-Mo-Ti-Nb-B-Hf-Zr-C 3a6e3neuyoTs
KpanoBi KyTu 3MouyBaHHs ciuaBiB CM93-Bl i CM96-BI no 6°, nutomy miouly po3TikaHHs 1,4-1,5 MM2 /Mr ipu
temnepatypi 1200-1230 °C nasiHHS i BUIIPABJIEHHS TOBEPXHEBUX e (PEKTIB Bif/IMBOK. 3. YJOCKOHAJIIEHO CUCTEMY
JIeTyBaHHsI [IPUIIOND, sIKa 3a6e3Ievye JOBroTprBaly MIllHICTh CIIasSHUX 3'eiHaHb criaBisB CM93-Bl i CM96-BI npu
900 °C na pisHi 0,9 Big MiTHOCTI OCHOBHOTO MeTaiy. 4. JlicTaso nomanblinii pO3BUTOK YSBJIEHHS IIPO HAIPYKEHUI
CTaH CIHasHUX 3'€QHAHHSAX 3 IPOIIAaPKOM IIPUIIOI0 3 OT0 BiHOCHOIO ToBmMHOMWL (S/d Big 0,0025...0,01), mo mae
BigMiHHI Bify ocHOBHOrO MeTasny QisuKo-MeXaHiqHi BJIaCTUBOCTI, sIKa [10JISITa€ B TOMY, 1110 Ha GiJbIIiil YacTHHI By3Ja
B OCHOBHOMY METaJIi HAIIPY>KEHHS [IPAKTUYHO BiICYTHI [IPM TEPMIYHOMY HaBaHTaKEHHI Ta JIiHIHO po3MozisieHi npu
CHJIOBOMY HaBaHTaXEHHi. Bislsi 30BHIIIHBOI IOBEPXHI 3'€JHAHHS Ta B CAMOMY IIPOIIAPKY YTBOPIOETHCSL 00'€MHUI
HaInpyXeHo-1edOpPMOBaHUI1 CTaH, KU IPU3BOIUTH 10 3MillHEHHS 260 3HEeMillHEHHSI OCHOBHOT'O METaJly Ta
npouapky. [IpakTuyHe 3Ha4eHHSI pO60TH MiCTHTh: 3aNIpOIIOHOBAHUM i peasizoBaHui ABOETAIIHUI METO, PO3POOKU
IIPUIIOIO i3 BUKOPUCTAHHSIM KOMITIOTEPHUX IIPOrPaMm 1111 pO3POOKU MPUIIOI0. [3 BUKOPUCTAHHSIM HOBOTO METOLLY
po3pobiieHo npuriit SBM-4 Ta TeXHOJIOriI0 NastHHS i BUIIPABJIEHHS IOBEPXHEBUX 1€(PEKTIB JINTTSI IPOMUCIIOBUX
BiZIJIMBOK 17151 ’KapOMIilJHUX HikeseBux criaBiB CM93-Bl i CM96-BI. Ipuniit mae temneparypy nasuss 1200...1230
°C, DOBroTprBaly MillHICTb 14 criasiHux 3'’egHaHb npu 900 °C Ha piBHi 0,9 Bif, piBHS OCHOBHOT'O MeTaJly i CTIMKIiCTb
[IPOTY BUCOKOTEMIIEPATYPHOI COJIbOBOI KOPO3ii Ha piBHI ciyiaBy CM88Y-BI Ta mpoioB eTany BIIPOBAIKEHHS, L0
HiATBEPAXY€EThCS BiMOBIIHUMHU aKTaMU. Po3po6eHuii npuriii Moxke BUKOpUCTOBYBatucs 118 inmux )XHC ta 6yB
3aCTOCOBaHMM [17151 BiTHOBJIEHHS MAsSHHSAM Y BaKyyMi MTOIKOKEHMX BUCOKOTEMIIEPATYPHUX €JIEMEHTIB 00JIafHAaHHS

3 xapominnoro crapy YC88-BI niis1 oTpuMaHHS BiilleHTPOBUM IJIa3MOBUM PO3IUJIEHHSIM C(PEPUYHUX ITOPOIIKIB.

2. The work is devoted to a scientific and applied problem - the development of brazing filler metal for heat-
resistant nickel alloys of the new generation (HNA). For marine gas turbine construction there has always been a
problem of increasing the operating temperature and service life of turbines, which is complicated by the
operating conditions of marine gas turbine engines (GTE). Marine GTE operate on heavy fuel with sulfur impurities
and in conditions of high-temperature salt corrosion (HSC), the speed of which is hundreds of times higher than
the corrosion rate in aircraft turbines. Alloys CM93-VI and CM96-VI were developed for the new generation
turbines of Gas Turbine Research and Production Complex Zorya-Mashproekt and the Physics-technological
institute of metals and alloys of the National Academy of Sciences of Ukraine, which allow to increase the
operating temperature of the gas by 40... 60 ° C. The base and universal way of joining foundry HNA is brazing,
which has the problem of increasing the heat resistance and longevity of high-temperature strength of brazed
joints. Therefore, for the development of marine gas turbine construction, it is important to develop a brazing filler
that will provide the necessary physical and chemical characteristics of the welded joint for new alloys. The aim of
the dissertation research is to develop brazing filler and brazing technology of heat-resistant nickel alloys CM93-



VI and CM96-VI for the production of new generation vascular gas turbines with increasing gas operating
temperature and high temperature strength of brazed joints not less than 80% strength of the base metal. The
scientific novelty may be that: 1. For the first time a two-stage method of brazing filler metal development is
substantiated, the essence of which is that at the first stage, using computer programs, the brazing filler metal
base is calculated with the inclusion of the most effective alloying elements providing solid-soluble and dispersion
hardening. to prevent the formation of TDP phases, in particular the o-phase, and in the second stage the required
concentration of depressants is experimentally determined. 2. It was first established that multicomponent brazing
filler metal from Re and Ta systems Ni-Cr-Co-Al-Ta-Re-W-Mo-Ti-Nb-B-Hf-Zr-C provide edge wetting angles of
alloys CM93-VI and CM96-VI up to 6°, specific spreading area 1.4-1.5 mm2 /mg at the temperature of soldering and
correction of surface defects of castings 1200-1230 ° C. 3. The brazing filler metal alloying system has been
improved, which provides long-term strength of CM93-VI and CM96-VTI alloys at 900 °C at the level of 0.9 of the
strength of the base metal. 4. Received a further development of the idea of the stress state of brazed joints with a
interlayer of solder with its relative thickness (s/d from 0,0025 ... 0,01), which has different from the base metal
physical and mechanical properties, which consists in because on most of the node in the main metal stresses are
virtually absent under thermal load and linearly distributed under force load. In the outer surface of the joint and
in the interlayer itself, a three-dimensional stress-strain state is formed, which leads to the strengthening or
weakening of the base metal and the interlayer. The practical significance of the work includes: A two-stage
theoretical and experimental method of brazing filler metal development using computer programs is proposed
and implemented. Using the new method, SBM-4 brazing filler metal and brazing and correction technology for
surface defects of industrial castings for heat-resistant nickel alloys CM93-VI and CM96-VI were developed. The
brazing filler metal passed the Gas Turbine Research and Production Complex Zorya-Mashproekt, which showed
the brazing temperature of 1215...1230 °C, long-term strength for brazed joints at 900 ° C at the level of 0.9 of the
base metal level and resistance against high-temperature salt corrosion at the level of the alloy CM88U-VI. The
brazing filler metal can be used for other HNA and was used to restore by brazing in vacuum damaged high-
temperature elements of the equipment of heat-resistant alloy ChS88-VI to obtain centrifugal plasma spraying of
spherical powders.
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