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[Ipennoxena MmeToauKa A pacuéra TEIIONPOBOJHOCTH TOHKOT'O IIOBEPXHOCTHOTO CJIOS MIIH MOKPBITHS,
CYIIECTBEHHO OTIMYAIOIIETOCS OT OCHOBHOTO METalljIa 10 CTPYKTYpe, (ha30BOMY COCTaBy M Temopu3nye-
CKHUM CBOMcTBaM. MeToauka 6a3upyeTcs Ha SKCIEPUMEHTAIbHOM U3MEPEHUH KOHTAaKTHON Pa3HOCTH IOTEH-
rmanoB (KPIT) Ha rpanutie «Ciioi/moKphITHe—IIOATIONKKAY C TIOCIEYIOINM PacuéToM paboThI BRIX0/1a dJIEK-
TPOHOB U 3Heprun ypoBHs: @epmu. [TokazaHo, 4TO XapaKTEPUCTUKH MUKPOCTPYKTYPHI, a30BOr0 cocTaBa U
MOPHUCTOCTH CIIOSI/TIOKPBITHS, KOTOPBIE YUUTHIBAIOTCA B pACUETHOIN MOZAEIH, CYIIECTBEHHO BIMAIOT HA KOHEY-
HBIH pe3ynbTaT onpeeneHus 3hHEeKTUBHON TEIIONPOBOAHOCTH. PacuéTHO-3KCIIepUMEHTalIbHAs anpodanys
WJIeW pealin30BaHa B MPOIECCe NCCIIEOBAHNS JOMATOK dKCIIEPUMEHTAIBHOTO Ta30TYPOUHHOTO IOKOMOTHB-
HOTO JIBUTaTels ¢ rerepodasHbiM TepModapbepHbIM MOKpbiTHEM cicTeMbl ND—Ti—Al. [ToKpbITHS TOMIIMHON
ok010 80 MKM HaHOCHJIMCh MO0 TEXHOJIOTHH BAKYYMHOI'O HOHHO-IUIA3MEHHOTO HamblieHus. [Ipu orpaboTke
METOJIMKU pacuéTa TEIUIONPOBOJHOCTH dKcTiepuMeHTaIbHbIe JanHble KPII Obliu momy4eHs! myTéM HHCTpY-
MEHTAJIbHBIX U3MEPEHHMI 0 CICIHUAIBHO pa3padoTaHHON JabopaTopHoi mpoteaype. [loyueHHbie pe3yiib-
TaThl MOJEJIBHBIX PAacdy€TOB TEIUIONPOBOJHOCTH KaK OCHOBHOI'O METaJlla IMOAJIOKKH (JIONATKH TYPOUHBI)
Inconel 713LC, tak u TepmobapbepHoro mokpbitusi ND-Ti—Al mokasanu BBICOKOE COOTBETCTBHE IKCIIEPHU-
MEHTAJIbHBIM U CIIPABOYHBIM JaHHBIM. TEXHOJIOTHA MMEET BBHICOKHI MOTEHIHAll MPUMEHEHHS B TSKENO-
Harpy>KeHHBIX y3JlaX TPEHUS Pa3MYHBIX 00JIacTell HAPOJHOTO XO3SUCTBA, TAKUX KaK BEPTOIETOCTPOCHUE,
CaMOoJIETOCTPOEHUE, KOCMOHABTHKA, XKEJIE3HOAOPOKHBII TPAHCIIOPT, CYIOCTPOEHHUE, chepa 0OOPOHHI.

KawoueBble cj10Ba: BakyyMHas MOHHO-TUIA3MEHHAs TEXHOJIOTMSI, MUKPOCTPYKTYpa MOKPBITUNA, 3JIEKTPOH-
Hasi MUKPOCKOIUS, TEMJIONPOBOJHOCTD, PACYUETHO-aHAIIUTUYECKAsE METOIUKA.
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Abstract

The aim of the work was to create a technique for calculating the thermal conductivity of a thin surface
layer or coating, which differs significantly from the base metal in structure, phase composition, and thermal
properties. The technique is based on the experimental measurement of the contact potential difference (CDP)
at the layer/coating—substrate interface, followed by the calculation of the electron work function and the en-
ergy of the Fermi level. Distinctive features of the developed methodological apparatus are the characteristics
of the microstructure, phase composition and porosity of the layer/coating, which are taken into account in the
calculation model and significantly affect the final result of determining the effective thermal conductivity. The
calculation and experimental approbation of the idea was implemented in the process of studying the blades of
an experimental gas turbine locomotive engine with a heterophase thermal barrier coating of the Nb-Ti-Al
system. The material of the blades is Inconel 713LC cast chromium-nickel superalloy. Coatings with a thickness
of about 80 um were deposited using the vacuum ion-plasma technology. During the development of the meth-
odology for calculating the thermal conductivity, the experimental data of the CDP were obtained by instru-
mental measurements according to a specially developed laboratory procedure. Data on the morphology of the
structure of coatings, their phase composition and porosity were studied by traditional metal-physical methods
and integrated into the calculation part of the technique. The results of model calculations of the thermal con-
ductivity of both the base metal of the substrate (turbine blades) Inconel 713LC and the Nb—Ti-Al thermal
barrier coating showed a high agreement with experimental and reference data. The technology has a high po-
tential for application in heavily loaded friction units in various areas of the national economy, such as helicopter
construction, aircraft construction, aerospace, railway transport, shipbuilding, and defense.

Keywords: vacuum ion-plasma technology, microstructure of coatings, electron microscopy, thermal con-
ductivity, computational model.
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