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1. Y po60Ti BUKOHAHO aHaJi3 Mpo6eMHU BU3HAYEHHS CTATUYHOTO HAIIPY>KEHO-1€(POPMOBAHOTO CTaHy
BUcOKoHarpitux geranei ['TI. ITinpumeHHs pobodoi Temnepatypu B ['T]] 3Ha4HO NOKpalllye eHepreTUYHy
€(EeKTUBHICTb, IPOTE CTBOPIOE KPUTUYHI BUKJIMKY IJ151 HAAIMHOCTI «Taps40i 4aCTUHW» KOHCTPYKLii. BUHMKHEHHs
3HAYHVX TEMIIEPATYPHUX IPAJi€HTIB i HEPIBHOMIpHE TepMidyHe PO3MUPEHHS MaTepiaiB MPU3BOIATL JO
BMHUKHEHHS CKJIaIHUX HanpyxeHo-nepopmosanux ctaHiB (HIC) netaneit. Ockinbku QisnyHi Bl1acTUBOCTI
MarepiaiB 3aj1eXXaThb Bif] TEMIIEPATypH, aHali3 TaKUX CUCTEM NIOTPebye BpaxyBaHHS HEJIiHITHMX YMHHUKIB. [ly1g
3a6e3reyeHHs1 JOBrOBIUHOCTI Ta 3a1106iraHHsl HE3BOPOTHiN nedopmaliii abo pyitHyBaHHIO eneMeHTiB ['T]], KpUTUYHO

BaXXJIMBUM € KOMILJIEKCHE MOJI€JII0OBaHHS TEPMiYHMX HaBaHTaKeHb 3 ypaxyBaHHSIM CKJIaJIHOI KOHQirypauii netanei i



HECTaliOHAPHUX TEMIIEPATYPHUX PEKUMIB. 3aIIPOIIOHOBAHO HOBUI TEH30METPUYHUI NIPUCTPIH, 110 JO3BOJISIE
IOCIIiKyBaTX TEPMOHAIPYKEHUI CTaH BUCOKO HArPiTUX €JIEMEHTIB /IBUTYHA. FIoro KOHCTPYKIIisl 6a3yeThCs Ha
BMKOPHMCTaHHI [JBOX UyTJIMBUX €JIEMEHTIB, PO3TalllOBaHMX T1apajleJIbHO MeTaJeBil MaTiBLj (110 Mae ineHTUYHUH i3
IeTaso KoedillieHT TeMIIepaTypHOro PO3LMMPEHHS) Ta i30J1bOBAHUX BUCOKOTEMIIEPATYPHUM KJIEEM-LIEMEHTOM
BKII-26L1. OpToroHanbHe po3TallyBaHHs €JIeMEHTIB 3a0e3Ie4ye BUCOKY TOUHICTh BUMipIOBaHb, 4 BUKOPUCTAHHS
HEOpraHigyHOro KJlelo rapaHTye HaniliHy ikcaliio Ta 3aXUCT JATYUKIB Bif arpeCUBHOTIO CepeloBULIa ITif, yac
ekciutyaTauii. Lle pimeHnHs 3HayHO NifgBuilye e(eKTUBHICTD i CTabiIbHICTh MOHITOPUHTY Ae(OpMaLifHUX [IPOLECiB
Yy BUCOKOHABAaHTAXEHMX By3JIaX aBial[ilHOI TEXHIKU. YOCKOHAJIEHO METOJ, BUKOHAHHS TEH30METPUYHUX
IOCJiIKeHb BUCOKOTEMIIEPaTyPHUX €JIEMEHTIB JBUTYHIB | eHepreTUYHNX YCTAaHOBOK IIJISIXOM 3aCTOCYBaHHS
3a3HaY€HOr0 TEH30METPUYHOTO NPUCTPOIO. [IpecTaBieHa MeToAUKa 6a3yeThCsl HA aHAaJli3i piBHSIHHS CTaHy
TEH30PE3UCTOPA, Jie omip € QpyHKUiewo nedopmaliii, Temneparypu Ta yacy. JIjs 3a6e31e4eHHs TEMIIepaTypHOi
KOMIIEHCallii B CUCTEMi 3aCTOCOBYIOTHCH [1Ba YYTJIMBI €JIEMEHTU: HIKHIM i BepxXHill. EKCriepuMeHTabHe 3HaYEHHS
BigHOCHOI fedopmallii BUBHaYa€ThCS MIJIIXOM 00pOOKY OTPUMAHUX 3HaUY€Hb €JIeKTPUYHOIO OIIOPY LIUX €JIEMEHTIB.
[Tpouec 06pobKy Ta aBTOMATU3Allil pO3paxyHKiB peali3oBaHO 3a JOIIOMOTrOIO CIIeliali30BaHOro IIPOrpaMHOro
3abe3nedyeHHs, o iHTerpye MaTeMaTUYHi 3aJIEKHOCTI 3 BXiTHUMU JaHUMU BUMIPIOBaHb /111 OTPUMAaHHS
IOCTOBIpHUX pe3yJIbTaTiB Jedopmaliii B yMoBax BUCOKUX TeMIlepaTyp. Po3po6yieHO MeTo], OLliHIOBaHHS IIOXUOKU
BMMIipIOBaHHS Jledopmaliili TEH30METPUYHUM IIPUCTPOEM, OOYMOBJIEH] IIYHTYBaHHSIM HOT0 YYTJIMBUX €JIEMEHTIB
4yepes map CHOJIYYHOro, M0 CIPUIMAIOTLCS] BUMIPIOBAJIBHOIO anlapaTypolo SIK ysiBHa AedopMallis. [IBoeieMeHTHa
apxiTekTypa e(peKTUBHO 3MEHIIy€E MIYHTYIO4Ui CTPYMHU B IEPBUHHOMY YYTJIMBOMY IIapi, 3HAYHO 3MEHIIYIOUN TIOXUOKU
BAMIPIOBaHHS, CIIPUYUHEH] TEPMIYHOIO Jerpajalii€elo Croly4YHoi i3osLii. Kpim Toro, HoBa METOLI0JIOTiS PO3PaxyHKY
IIOXMOOK, 1110 BUKOPHUCTOBYE €JIEKTPUUHY MOZEJIb, TOOYJ0BaHY B paMKaxX CUCTEMU JU(epeHLialbHUX PiBHSHbD 3i
CKiHUEHHUMMU pi3HULAMU. L€l MaTpUYHMM NifXi[ mifBuUILy€e TOUYHICTb OLiIHKM CTaTUYHOI fedopmaliii B
€KCTpeMaJIbHUX TEIJIOBUX CePEeIOBHUINax. 3a JOIIOMOrol0 CKiHY€HHO-€JIEMEHTHOTO METOly JOCJIIKEHO Iepenady
nedopmalii Ta TemnepaTypu Bif NOBEPXHI AOCIiIPKyBaHOI AeTai 10 YyTIUBUX €JIEMEHTIB TEeH30METPUYHOIO
npucTpolo. I1iz fiero Tenao0BOro NOTOKY Ta HaBaHTaKEHHH [1py Temriepatypi 700 °C 4yTiuBi eJ1eMeHTH
3apeectpyBanu 96% nedopmarii gertai. 1li pe3yspTaTi MalOTh TEOPETUYHE Ta TPAKTUYHE 3HAYEHHS [IJ151
NiABUILEHHS TOYHOCTI JOCJIIIPKEHb 3a MiJBULIEHUX TEMIIEPATyp Ta BHECEHHSI HEOOXiTHUX KOPUTYBaHb Y
BUMipIoBaHHS. 31ilicHeHO Bepudikallilo npaie3faTHOCTi Ta TOYHOCTI 3alPOIIOHOBAHOTO TEH30METPUYHOTO
IIPUCTPOIO.

2. The work analyzes the problem of determining the static stress-strain state in highly heated gas turbine engine
parts. Increasing the operating temperature in gas turbine engines (GTE) significantly improves energy efficiency,
but creates critical challenges for the reliability of the “hot part” of the structure. The emergence of significant
temperature gradients and non-uniform thermal expansion of materials lead to the emergence of complex stress-
strain states (SSS). Since the physical properties of materials depend on temperature, the analysis of such systems
requires taking into account nonlinear factors. To ensure durability and prevent irreversible deformation or
destruction of GTE elements, comprehensive modeling of thermal loads is critically important, taking into account
the complex configuration of parts and non-stationary temperature regimes. A new strain gauge device is
proposed that allows for the study of the thermal stress state of highly heated engine elements. The design is
based on the use of two sensitive elements located parallel to a metal plate (which has an identical coefficient of
thermal expansion to the part) and insulated with high-temperature adhesive cement VKP-26C. The orthogonal
arrangement of the elements ensures high measurement accuracy, and the use of inorganic glue guarantees
reliable fixation and protection of the sensors from aggressive environments during operation. This solution
significantly increases the efficiency and stability of monitoring deformation processes in highly loaded aircraft
components. The method for performing strain gauge studies of high-temperature engine elements and power
plants has been improved by using the specified strain gauge device. The presented technique is based on the
analysis of the equation of state of a strain gauge, where the resistance is a function of deformation, temperature
and time. To ensure temperature compensation in the system, two sensitive elements are used: lower and upper.
The experimental value of the relative deformation is determined by processing the obtained electrical resistances



of these elements. The process of processing and automation of calculations is implemented using specialized
software that integrates mathematical dependencies with input measurement data to obtain reliable deformation
results in high temperature conditions. A method for estimating the measurement error of strain gauges caused by
shunting of their sensitive elements through a layer of binder, which are perceived by the measuring equipment as
an imaginary deformation, has been developed. The two-element architecture effectively reduces shunting
currents in the primary sensitive layer, significantly reducing measurement errors caused by thermal degradation
of the binder insulation. In addition, a new methodology for calculating errors using an electrical model built
within the framework of a system of differential equations with finite differences. This matrix approach increases
the accuracy of estimating static deformation in extreme thermal environments. Using the finite element method,
the transfer of deformation and temperature from the surface of the tested part to the sensitive elements of the
strain gauge was investigated. Under the action of heat flow and load at a temperature of 700 oC, the sensitive
elements registered 96% of the deformation of the part. These results have theoretical and practical significance
for increasing the accuracy of research at elevated temperatures and making the necessary adjustments to
measurements. Verification of the operability and accuracy of the proposed strain gauge device was carried out.
Practical application of the developed means and methods of static deformations of highly heated elements of the
gas turbine engine.
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aBialifiHMM iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micue3Haxoa>KeHHS: By Manbka Baguma, Xapkis, Xapkiscbkuii p-H., 61070, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's Ilo-6aThKOBI:
1. Tperak Onekciit Bonogumuposud

2. Oleksiy V. Tretiak

KBasigikamis: n. 1. ., nouenr, 05.02.09
InenTudikarop ORCID ID: 0000-0002-7295-5784
JopaTrkoBa indpopmamnis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HarioHanbHU# aepOKOCMiuHUIA YHiBEpcUTeT "XapKiBChKuii

aBialifiHMN iHCTUTYT"
Kopg 3a €IPIIOY: 02066769

Micue3Haxoa>KeHHS: By Manbka Baguma, Xapkis, XapkiBcbkuii p-H., 61070, Vkpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

Biacue Ipizsume Im's [10-6aTbKOBI Hagiun Bosiopumup lociposuy
rOJIOBH pajgu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi Hasin Bonogumup lociposuy

rOJIOBYIOYOrO Ha 3aCiflaHHi

BigmoBimasibHU 32 MiATOTOBKY Jmutpenko €prexis BanepiiBHa
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




