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Pedepar:

1. PokomaHn1ok M.B. Po3po6sieHHs YyTIMBUX €JIeMEHTIB IEPETBOPIOBAYiB TEMIIEPATypPX HAa OCHOBI HOBITHIX
TepPMOMETPUYHUX MaTepiasiB. — KeasigikauiliHa HayKoBa Ipals Ha IIpaBax pyKonucy. Jjucepranis Ha 3000y TTs
HAYKOBOTO CTyINeHs fokTopa ¢inocodii 3a crenianbHicTio 152 MeTposoris Ta iHpopMaliiiHo-BuMiploBaibHa
TexHika (rasy3b 3HaHb 15 ABTOMaTU3aLlis Ta NpusianodyryBanHs). — MiHicTepcTBO OcBiTU i HayKu YKpaiHy,
HauionansHuil yHiBepcureT «JIbBiBCbKa NoJliTexHika», JIbBiB, 2025. [lucepraliiiina po60Ta NprUCBSiY€HA PO3BUTKY
HOBHX 33C00iB TeMIIEPAaTyPHUX BUMIPIOBaHb Ta METOiB MOJIE€JIIOBAHHS iXHIX METPOJIOTIYHUX BJIACTUBOCTEN
(30kpema, (PyHKIil1 MepeTBOPEHHS]) MIJIIXOM 3aCTOCYBAHHS 17151 BATOTOBJIEHHS YyTJIMBUX €JIEMEHTIB
TEPMOIIEPETBOPIOBAYIB OIOPY Ta TEPMOEJIEKTPUYHMX [IEPETBOPIOBAYIB HOBITHIX TEPMOMETPUYHUX MaTepiaiB 3
[OKpaIlleHUMU METPOJIOTIYHMMU Ta €KCILTyaTalilHUMU XapaKTepucTuKaMu. TemnepaTtypa € OGHUM i3 KIIIOUOBUX
[apameTpiB B Cy4YaCHUX HAYKOBUX Ta IIPOMUCIIOBUX Tayly3sX, OXOIJIIO€ MUPOKWI [liaria30H BUMiPIOBAHHS Ta

TEXHOJIOTIYHUX NOTPe6. 3 PO3BUTKOM Pi3BHOMaHITHUX cep BUPOOHHUIITBA Ta aBTOMATU30BAHUX CUCTEM KEPYBaHHS



3POCTaIOTh BUMOTY [0 TEPMOMETPIi B IaPMHI MiABUILEHHS METPOJIOTIYHOL JOCTOBIPHOCTI TEMIIEPATYPHUX
BHMipIOBaHb, 30KpEMa, BUMIpIOBaHHS HAAHU3bKUX TEMIIEPATyp 3 BUCOKOIO TOYHICTIO. Bee 6ibLIoi akTyasbHOCTI
HabyBa€ KOHTPOJIb TEMIIEPATYPHUX NTapaMeTPiB y CKIaAHUX i crienupiyHUX YMOBaX, TAKUX K KOCMIUYHUI ITPOCTIp,
sIepHa eHEPreTHKa, XiMiyHa Ta MeTaypriliHa MpoMUCI0BOCTi. 11106 3a10BOILHUTH 11i 3pOCTal0Yi BUMOTH
HEeOOXiJIHO MOCTIMHO BO,OCKOHAIIOBATH SIK METO/IY, TaK i 3aCO0M TepMomMeTpii. TOMy po3BUTOK 3aC0O0iB
TEeMIIepaTyPHUX BUMIPIOBaHb € BKpall aKTyaJIbHUM, OCKIJIbKY PO3IIMUPEHHS [1ialla30Hy BUMiPIOBAaHHS TEMIIEPATYP Ta
IiABUILEHHS YYTJIMBOCTI € KJII0YOBUM 3aBAAHHSIM Cy4aCHOI METPOJIOT], @ yIOCKOHaJIEHHSI METOMiB MOZEJII0BaHHS
METPOJIOTIYHUX BIACTUBOCTEN CIPUSIE NIMOLUIOMY PO3YMiHHIO TEPMOAMHAMIUYHUX NPOLECiB. Y BCTYIIi O6IPYHTOBAHO
HEOOXIiJIHICTb i aKTyaJsIbHICTh AUCEPTALIHOTO NOCTiIKeHHS], 3a3Ha4eHO NIpeIMeT Ta 00’ €KT IOCIIiIKeHHS,
METOJI0JIOTi0 JOCIIiIKEHHS, a TAKOX cHOPMYJIbOBAHO METY, OCHOBHI 3aBaHHS1, HAYKOBY HOBU3HY Ta HaBEJEHO
[IpaKTUYHE 3HAYEHHS OTPUMMAaHUX Pe3yJbTaTiB. Bif3dHaueHO 0co6MCTUI BHECOK 31,00yBada, HaaHO iH(POpMaLlilo IIPO
ny6stikauii Ta arpo6baliilo OCHOBHUX Pe3yJIbTaTiB JUCepTalifHOrO JOCHIIKEHHS Ta IOJAHO BilOMOCTI PO iX
BIIPOBA/’)KEHHSI, 3a3HaY€HO CTPYKTYPY poOOTH. B nepiiomy po3zisi BUKOHAHO OIJIsL], iCHYI0OUMX METO/iB Ta 3aC00iB
TeMIIEpaTypPHUX BUMIPIOBaHb i3 BUKOPUCTAaHHSIM TEPMOEJIEKTPUYHYX [1IEPETBOPIOBAYIB Ta TEPMOIIEPETBOPIOBAYIB
OIIOpPY HAa OCHOBI YyTJIMBUX €JIEMEHTIB, BATOTOBJIEHUX 3 HAIIiBIIPOBiIHMKOBUX MartepiaiB. Po3risHyToO ixHi
eKCIUTyaTalifiHi 0COBJIMBOCTI, METPOJIOTIYHI XapaKTEePUCTUKY, a TAKOX [1IepeBaru Ta OOMeXXeHHs y BUKOPHCTaHHi.
3acTocyBaHHS Cy4acHUX METO/iB MOZEJIIOBAaHHS iXHiX QYHKIil IepeTBOPEHHS, CTPYKTYpa SIKUX 3aJIMIIA€ThCS
HE3MIiHHOIO0, J03BOJIsIE 3a0€3I1€UNTH BUCOKY METPOJIOTIUHY HAZilHICTb i CTabisIbHICTh BUMiPIOBaHb Y IIMPOKOMY
TEMIIEPATYPHOMY Jiala3oHi. Y Apyromy po3ziji OnmcaHO TEOPETUYHI Ta €KCIIEPUMEHTAJIbHI METOAM LOCIIIIKEHHS,
1110 BUKOPUCTaHi B po60Ti. MoziesItoBaHHS BJIaCTUBOCTEH UyTIMBUX €JIeMEHTIB TepMOIlepeTBOPIOBayYiB Iiepenbdaydae
PO3PaxyHOK CTPYKTYPHUX, TEPMOAMHAMIYHUX, EHEPreTUYHUX, €JIEKTPOKIHETUYHUX Ta MarHiTHUX BJIACTUBOCTEN
HOBITHIX TEpPMOMETPUYHUX MarepiasiB. lle nependadae po3paxyHOK PO3MOAiNTy I'yCTUHU €JIEKTPOHHUX CTaHiB
(density of states, gani DOS), dyukuii nokanizanii enekrpoHna (ELF), 3acesneHoCTi eneKTpoHHUX opbiTaseit
TepMmomMeTpuydHoro matepiany (COOP) Towo. 3aCTOCYBaHHS Cy4aCHUX METO[IIB JOCJIIIPKEHHS 3a0€311€41JI0 BUCOKY
TOYHICTb, OOI'PYHTOBAHICThb Ta JOCTOBIPHICTb OTPUMAHUX PE3YJIbTATIB. Y TPETbOMY PO3[ijli HaBeI€Hi pe3ysIbTaTu
MOJIEJIIOBAHHS Ta €KCIIEPUMEHTAJIbHI JOCIIIIPKEHHS Yy TINBUX €JIEMEHTIB II€PETBOPIOBAYiB TEMIIEPATYPU HA OCHOBI
HOBITHIX TEpMOMETPUYHUX MaTepiajiB, OTpUMaHUX JleryBaHHsIM 6a3oBoi criosyku TiCoSb atomamu Sc, Mo, Mn.
[IpencraByieHo pe3yabTaTy AOCIIIKEHD YyTINBUX €JIEMEHTIB HA OCHOBI TEPMOMETPUYHMX Martepiaiis Til
xScxCoSb, Til-xMoxCoSb ta TiCol xMnxSb. 3a pe3ysnbTaTamu AOCTiI>)KEHHS BCTAHOBJIEHO, 10 Micys 21 TEpMOLUKITY
3HA4YEHHS TEMIIEPATYPU, OTPUMAaHI 3 BUMIPIOBaHb €JIEKTPOOIIOPY Ta TEPMO-€PC YyTJINBUX €JIEMEHTIB
IIepeTBOPIOBaYiB, € cTabinbHUMM y Mexkax +0,045 K, 110 BKa3ye Ha NEPCIEeKTUBHICTb iX 3aCTOCYBaHHS B ramuysi
TEPMOMETPIi. Y 4eTBEPTOMY PO3Zii IPEACTABIEHO PE3YJIbTATU NOCHIIKEHHS peaidalii Ta TepMOMETPUYHI
XapaKTEePUCTMKU OKPEMUX YYTJIMBYX €JIEMEHTIB [IEPETBOPIOBAYIB TEMIIEPATYPH, 110 BUTOTOBJIEHI HA OCHOBI

TepmomeTpudHux MarepianiB Til-xScxCoSb, Til-xMoxCoSb ta TiCol xMnxSb.

2. Rokomanyuk M.V. Development of sensitive elements of temperature converters based on the latest
thermometric materials - Qualification scientific work on the rights of a manuscript. Dissertation for the degree of
Philosophy Doctor in speciality 152 Metrology and Information and Measuring Technology (field of knowledge 15
Automation and Instrumentation). - Ministry of Education and Science of Ukraine, Lviv Polytechnic National
University, Lviv, 2025. The thesis is devoted to the development of new temperature measuring instruments and
methods of modelling their metrological properties (in particular, transformation functions) by using the latest
thermometric materials with improved metrological and operational characteristics for the manufacture of
sensitive elements of resistance and thermoelectric transducers. Temperature is one of the key parameters in
modern scientific and industrial fields, covering a wide range of measurement and process needs. With the
development of various production areas and automated control systems, the requirements for thermometry to
improve the metrological reliability of temperature measurements, in particular, to measure ultra-low
temperatures with high accuracy, are increasing. Temperature control in complex and specific environments, such
as outer space, nuclear power, chemical and metallurgical industries, is becoming increasingly important. To meet
these growing demands, both thermometry methods and tools need to be constantly improved. Therefore, the



development of temperature measurement tools is extremely important, as expanding the temperature
measurement range and increasing sensitivity is a key task of modern metrology, and improving methods for
modelling metrological properties contributes to a deeper understanding of thermodynamic processes. The
introduction substantiates the necessity and relevance of the dissertation research, indicates the subject and
object of the study, the research methodology, and formulates the purpose, main tasks, scientific novelty, and
provides the practical significance of the results obtained. The personal contribution of the applicant is noted,
information on publications and testing of the main results of the dissertation research is provided, and
information on their implementation is given, as well as the structure of the work. The first section reviews
existing methods and means of temperature measurements using thermoelectric and resistance thermocouples
based on sensing elements made of semiconductor materials. Their operational features, metrological
characteristics, as well as advantages and limitations in use are considered. The use of modern methods of
modelling their transformation functions, the structure of which remains unchanged, allows to ensure high
metrological reliability and stability of measurements in a wide temperature range. The second section describes
the theoretical and experimental methods used in this work. Modelling the properties of thermocouple sensors
involves calculating the structural, thermodynamic, energy, electrokinetic, and magnetic properties of the latest
thermometric materials. This involves calculating the distribution of the density of states (DOS), the electron
localisation function (ELF), the occupancy of electron orbitals of the thermometric material (COOP), etc. The use of
modern research methods ensured high accuracy, validity and reliability of the results obtained. Section 3 presents
the results of modelling and experimental studies of the sensing elements of temperature transducers based on
the latest thermometric materials obtained by doping the basic TiCoSb compound with Sc, Mo, and Mn atoms. The
results of studies of sensing elements based on the thermometric materials Til xScxCoSb, Til-xMoxCoSb and TiCol
xMnxSb are presented. The results of the study show that after 21 thermal cycles, the temperature values obtained
from measurements of electrical resistance and thermoelectricity of the transducer sensing elements are stable
within +0.045 K, which indicates the prospects of their application in the field of thermometry. Chapter 4 presents
the results of the study of the implementation and thermometric characteristics of individual sensing elements of
temperature converters made on the basis of thermometric materials Til-xScxCoSb, Til-xMoxCoSb, and TiCol
xMnxSb.

Jep>kaBHUH peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHH HanpsSIM PO3BHTKY HayKH i TEXHIKHM: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGLIbII
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BumiproBasibHa TeXHiKa Ta METPOJIOTIS : MDKBiIOM. HayK.-TeXH. 30. 2019. Bumn. 80, N23. C. 28-33

o JlocnimxeHHs TepMoMeTpuyHOro marepiany Til-xScxCoSb. KineTnyHi, eHepreTuyHi Ta MarHiTHi
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Rokomanyuk, V. Romaka, A. Horpenuk, Y. Stadnyk, L. Romaka, A. Horyn // BuMipioBanbHa TexHika Ta
METPOJIOTis : MDKBIZOM. HayK.-TexH. 36. 2020. Bum. 81, N21. C. 9-15.

o JlocnigpKkeHHs HaniBnpoBsigHuKoBoro TBepgoro po3unHy TiNil xRhxSn / 0. B. CrapgHuk, JI. I1. Pomaka, B. A.
Pomaxka, B. . Kparoscekuit, A. M. Topuns, M. B. PokomaHn1ok // BicHuk JIbBiBCcbKOrO yHiBEpcurety. Cepis
ximivyHa. 2020. Bumn. 61, 4. 1. C. 114-124.

¢ Kinetic and energetic performances of thermometric material TiCol-xMnxSb: modelling and experiment / V.
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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. 'ou, HaTtanig €BreHiBHa

2. Nataliia Y. Hots

KBasigikanis: 1. 1. n., npodecop, 05.01.02

Imentudikarop ORCID ID: 0000-0003-2666-2187

HoparkoBa indopmamnist:

IToBHe HafIMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs. CrenaHa banzepuy, 6yz. 12, JIbBiB, 79013, YkpaiHa
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BaacHe IlpizBume Im's I10o-6aTbKOBI [Tpoxopenko Cepriit Bikroposuy

TOJIOBH pagu

BaacHe IlpizBume Im's I10-6aTbKOBI [Tpoxopenxko Cepriit Bikroposud

rOJIOBYIOYOTO Ha 3aciJaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

T'oncbop Okcana Mocunisua

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



