O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0825U004269
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 09-12-2025

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. leByenko JJmutpo CepriitoBuy

2. Dmytro S. Shevchenko

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi ceniaJabHOCTI: 102

Ha3Ba HayKOBOIi CIIeNiaJIbHOCTI: Ximis

FaJIy3b / ra.nysi 3HaHb. NpUPOIHUYI HAYKN

OcBiTHBO-HayKOBa Mporpama 3i creniajgbHOCTi: 102 Ximis

JlaTa 3axHcCTy: 18-12-2025

CnenianbHICTB 32 OCBITOXO: 161 XimiuHi TeXHOJIOTI] Ta iHKeHepis

Micue po6oTu 3400yBayva:
Kopg 3a €1PIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:

Cdepa ynpaBiiHHs:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYUEHOI pagH (pa30Boi CleliaJai30BaHOi BYEHOI pazu). PhD 11214
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. Creniana banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau remaTHYHHX py6an: 31.15.25.07, 31.15.25.09, 31.15.31.05, 31.15.15, 31.15.25, 31.15.26

Tema gucepranii:
1. TepmoauHamiyHi BractuBocTi 3-(1,5-n1uapumn-1H-nipos-2-in)-nponaHoBUX KUCJIOT Ta iX pO34MHIB B OPraHiyHMX

PO3YNHHUKAX

2. Thermodynamic properties of 3-(1,5-diaryl-1H-pyrrol-2-yl)-propanoic acids and their solutions in organic
solvents

Pedepar:

1. luceprauiiiHe DOCIiIKEHHS IPUCBIYEHE KOMIIJIEKCHOMY BUBYE€HHIO OCHOBHUX TEPMOAVMHAMIYHUX
XapaKTepPUCTUK noxigHux 3-(1,5-guapun-1H-nipos-2-in)-nponaHoBUxX KACJIOT, 30KpeMa 3rOPaHHs, yTBOPEHHS,
IIJIaBJIEHHS, BUIIAPOBYBaHH4, Cy0JimMallii, po3urHeHHs Ta 3MilyBaHHs. [ToxXigHi nosizamimeHoro nipoJy € LiHHUMU
CIIOJIyKaMU Y 3B’3Ky 3i 3aTHICTIO 10 IIPOSIBY 6i0JI0riYHOI aKTUBHOCTI Ta CTPYKTYpPHOI Mogu@ikaii, mo pobuTs ix
[IepCIEKTUBHUMU Y BUKOPUCTAHH] K KOMIIOHEHTH JIiKapChKuX 3aC06iB. OflHAK, iX TEpMOAMHAMIYHI BaCTUBOCTI
3aJIMIIAIOTHCS IPAKTUYHO HEBUBUYEHMMH, 1110 3yMOBJIIOBAaTHME TPYIHOII IIPOrHO3YBaHHS iXHbOI CTabiNbHOCTI Ta
peakliiiHoi NoBeiHKY, a TAKOX IIPU ONTHUMI3allii TEXHOJIOT{YHUX IIPOLIECiB CUHTE3Y, OUUIIEHHS, 30epiraHHs Ta
TPaHCIIOPTYBaHHA. Y MEPLIOMY PO3[iJli IPOaHasi30BaHO HAYKOBI IIpalli, 10 BUCBIT/IIOOTh JOCIIKEHHS
HITPOT€HOBMICHUX T€TEPOLMKIIIYHUX CIIOJIYK. PO3IJIIHYTO TEPMOAVHAMIYHI XapaKTEPUCTUKMU K iHAMBILyaTbHUX

PEYOBUH, TaK i iX pO3UKMHIB, a TAKOXX aCIIeKTH iXHbOI 6i0s10riYHOI aKTUBHOCTI. Po3risiHyTO icHYIO4i MeTonu



aHaJITUYHOTO PO3PaxXyHKYy TEPMOJUHAMIYHYMX [TapAMETPIB YTBOPEHHS. AHAJII3 NOCIiIKEHD MiATBEPIUB
[IepPCIIeKTUBHICTb 3aCTOCYBaHHS MOXiTHUX MipoJty 1J1s1 papMalleBTUYHOI raysi 3aBJsKY iXHill BUpaXeHil
6i0JI0TIYHI} aKTMBHOCTI. 3a pe3yJbTaTaMu OIJISAY JITEPATyPHUX JKepeJl 1J1s1 IPOBEIeHHS €eKCIIEPUMEHTaIbHUX
IOCiIXeHb 0yJI0 OOpaHO HACTYIIHI METOAM: GOMOOBY KaJIODMMETPIIO CIaIIOBaHHS [1J151 BU3HAYEHHS €HePrii
3rOpaHHs1 PEYOBUH; AepuBaTorpadiuHmil METO ] aHali3y 1J1s1 BU3HAYEHHS €HTaJbIIill (pa30BUX NEPEXOiB Ta
rpaBiMETPUYHUN METOJ, J1s1 BCTAHOBJIEHHS TEMITEPATYPHOI 3aJIEXKHOCTI PO3YMHHOCTI CIIOJIYK B OPTaHiYHUX
PO3YMHHUKAX. [lJ1s1 aHa/IiTUYHOTO PO3PaxXyHKy €HTaJIbIlii yTBOPEHHSI CIIOJIYK Y KOHIEHCOBAaHOMY Ta ra3ololi0HOMY
CTaHi 06paHoO alUTUBHI CXeMU I'PYyNOBUX BHECKIB JJoMasnbChKOro Ta [I>)k06aKa, a TakKoX HalliBEMIIipUYHI METOIU
(AM1, PM3, PM6, PM7, RM1) Ta KOMIIO3UTHUY MeToZ, 32 T1-aJropuTMOM KBaHTOBO-XiMiYHOT'O PO3PaxyHKYy. ¥
IpyroMy po37iji HaBeJleHO IepeJliK AOCIiI)KyBaHUX PEYOBUH, €TAJIOHIB 1J1s1 KalibpyBaHHS po604Oro
J1abopaTOPHOro 06JIaJHAHHS Ta OOPAHMX OPraHiYHMX PO3YMHHUKIB. ONIMCAaHO METOAMKY CHHTEe3Y Ta ifeHTudikauii
OyIoBU OCJiIKYBaHMX NOXigHUX 3-(1,5-guapun-1H-nipos-2-in)-nponaHoBux KUCJOT. 3AiiCHEHO NONEPENHIO
OLIiHKY IMOBIpHOI 6i0J10Ti4HOI aKTMBHOCTI CIIOJIYK, 110 MiATBEpAUIIa iXHill IOTeHIlial 3aCTOCYBaHHS SIK KOMIIOHEHTIB
JliKapchbKUX 3aco0iB. HaBeeHo onuc ekcriepuMeHTabHUX MeTOIUK i 06J1aiHaHHS, 30KpeMa 60MO60BO1
KaJIOpUMeTpii criasnioBaHH4, AepuBaTorpadii Ta rpaBimeTpii. OnucaHo MaTeMaTUYHUMN anapaT CTaTUCTUYHOL
00pOOKY HaHUX [J1s1 3a6e3MeYeHHsI JOCTOBIPHOCTI OTPMMaHUX pe3yJIbTaTiB. ¥ TPeTbOMY PO3ZiJi ON1CAHO
Ipoleaypy KanibpyBaHHs i nepeBipku HaiiHOCTI pOOOTH 3aCTOCOBAHOI0 J1abOPAaTOPHOro O6JIaiHAHHS Ta
€KCIIEPMMEHTAIBHOIO BU3HAUYEHHS TEPMOJAVHAMIUYHUX BJIACTUBOCTEN NOCIIKYBaHUX iHIVBiyaTbHUX PEYOBUH.
HagiitnicTs po60Tu KasopumeTpa cnanobaHHs B-08-MA Ta nepusatorpada Q-1500 D cucremu Paulik-Paulik-
Erday 6yJi0 nifTBepIyKeHO NPOBEIeHHSIM HU3KY €KCIIePUMEHTaIbHUX JOCiI)KeHb 3 BUKOPUCTaHHSIM BTOPUHHOTO
eTtasiony (6ipeniny). MetTomom 60MO0BOI KAJIOPUMETPIi CIIaII0BaHHS BIEpIIe eKCIIEPUMEHTAIbHO BU3HAYEHO
eHeprii 3ropaHHs1 BOCbMU NoxinHuX 3-(1,5-auapun-1H-nipos-2-in)-nponaHoBUX KUCJIOT Ta HA OCHOBI SIKUX
PO3paxoBaHO CTaHAAPTHI eHeprii, eHTasbIii 3ropaHHs Ta YTBOPEHHS Y KOHAEHCOBAaHOMY cTaHi. [ludepeHiiiiHo-
TEPMIiYHMI aHAaJIi3 O3BOJIMB PO3paxyBaTy €HTAJIbIII] [1JIaBJIEHHS 32 TEMIIEPATYPU IJIABJIEHHS LOCIIKYBaHUX
pedYoBUH. 3a JaHMMU TEPMOIPaBIMETPUYHOTO aHaJli3y BU3HAYEHO €HTAJIbIIil BUIIAPOBYBaHHS KUCJIOT B iHTEPBAaJIi
TEMIIepPaTyp, 3a SIKOTO CIIOJIyKU NepebyBasv y piIkoMy CTaHi 4O MOYaTKy TEPMOOKUCHOI 1€ CTPYKILi.
['paBiMETPpUYHUM METOIOM BCTAHOBJIEHO TEMIIEPATYPHI 3a71€KHOCTI PO3YMHHOCTI JOCIIIPKyBaHUX CIIOJIYK B
OPraHiYHUX PO3YMHHUKAX Pi3HOI ITOJIIPHOCTI: METUJIALeTaTi, eTUuIaLeTari, NponaH-2-0Hi, alleTOHITpwUJI, Iponan-1-
oJ1i, mpomnaH-2-oJi, 6yTan-1-os1i Ta i306yTaHoi. Y 4eTBEPTOMY PO3[1ijli ONIMCAHO NepepaxyHKU eHTasbii (a30BuX
nepexofiiB mocimpKeHux noxingaux 3-(1,5-nuapun-1H-nipos-2-in)-nponanosux kucjaot go 298,15 K i3
3aCTOCYBAHHSIM JIBOX METOJiB [IepepaxyHKy eHTaJIbllii BUIIapOBYBaHHS. JI71s1 NOAIOGHUX apUiIipOJIbHUX CIIOJIYK, Y
SIKMX IJIaBJIEHHS YCKJIaJIHEHE TEPMOOKHUCHOIO IECTPYKIIi€l0, TOKa3aHO MOXUJIABICTb aHAJIITUMHOTO PO3PAXYHKY iX
€HTaJIbIIi] [1J1aBJIEHHS Ha OCHOBI yCEPEAHEHOI EKCIIEPUMEHTAIbHOI MMTOMOI BEJIMYMHU €HTPOIIi I171aBJI€HHS
(0,3015+0,0075 Ik /(r-K)) nocnimkeHnx KUcaoT. O64YMCIIeHO BeJIMYUHY €HTaJIbIlii yTBOPEHHS Y ra30noAioHOMY
CTaHi [OCiIP)KyBaHUX KUCJIOT 3 BUKOPUCTAHHSIM iX CTaHAAPTHUX 3HAYE€Hb €HTaJIbIIii cy6sliMallii, o 6yJ10 OTpUMaHO
[IpU IEPEPaXyHKy €HTablii (pa30BUX NepexoiB. MeTogaMy aHaJIiTUMHOTO PO3PAXYHKY 3a aIUTUBHUMU CXEMaMU
IPYyIIOBUX BHECKIB JloMasbChbKOro, [[Kob6aka po3paxoBaHO €HTAJIbIIii yTBOPEHHS! Y KOHIEHCOBAaHOMY Ta
ra3ornofiioHoMy cTaHi. MeTogamu KBaHTOBO-XiMiYHOTo HanisemnipuyHumu (AM1, PM3, RM1, PM6 ta PM7) Ta
KOMIIO3UTHUM 32 T1-aropuTMOM po3paxoBaHO BEJIMYMHU €HTAJIbIIii yTBOPEHHS Y ra30M0Ai0HOMY CTaHi.
[TopiBHIOYM €KCIIEPUMEHTAIbHO BU3HAYEH] BEJIMYMHY €HTAJIbIlii yTBOPEHHS Y KOHAEHCOBAHOMY Ta ra3oofioHOMY
CTaHi 3 aHAJITUYHO OOYMCIIEHUMHU, ITPOAHAi30BaHO CIIPaBeJINBICTh 3aCTOCYBAaHHS METOJiB aHAII TUYHOTO
PO3PaxyHKYy.

2. The PhD thesis is devoted to a comprehensive study of the main thermodynamic characteristics of 3-(1,5-diaryl-
1H-pyrrol-2-yl)-propanoic acid derivatives, in particular combustion, formation, fusion, vaporization, sublimation,
dissolution, and mixing. Polysubstituted pyrrole derivatives are valuable compounds due to their ability to exhibit
biological activity and structural modification, which makes them promising for use as components of drug
components. However, their thermodynamic properties remain practically unstudied, which will cause difficulties
in predicting their stability and reaction behaviour, as well as in optimizing the technological processes of



synthesis, purification, storage, and transportation. The first chapter analyzes scientific works that highlight
research on nitrogen-containing heterocyclic compounds. The thermodynamic characteristics of both individual
substances and their solutions are considered, as well as aspects of their biological activity. Existing methods for
analytical calculation of thermodynamic parameters of formation are analysed. Analysis of studies has confirmed
the promise of using pyrrole derivatives in the pharmaceutical industry due to their significant biological activity.
Based on the results of a review of the literature, the following methods were selected for experimental research:
bomb calorimetry to determine the combustion energy of substances; derivatographic method of analysis to
determine the enthalpies of phase transitions; and gravimetric analysis to determine the temperature dependence
of the solubility of compounds in organic solvents. For the analytical calculation of the enthalpy of formation of
compounds in the condensed and gaseous states, the additive schemes of group contributions by Domalski and
Joback, as well as semi-empirical methods (AM1, PM3, PM6, PM7, RM1) and the composite method based on the T1
algorithm of quantum chemical calculation were selected for the analytical calculation of the enthalpy of formation
of compounds in the condensed and gaseous states. The second chapter provides a list of the substances under
study, standards for calibration of the laboratory equipment and selected organic solvents. Methods for the
synthesis and identification of the structure of the studied derivatives of 3-(1,5-diaryl-1H-pyrrol-2-yl)-propanoic
acids are described. A preliminary assessment of the potential biological activity of the compounds was carried
out, confirming their potential for use as components of medicinal products. A description of experimental
methods and equipment is provided, including bomb calorimetry of combustion, derivatography, and gravimetry.
The mathematical methodology for statistical data processing to ensure the reliability of obtained results is
described. The third chapter describes the procedures for calibrating and verifying the reliability of the laboratory
equipment used and experimentally determining the thermodynamic properties of the individual substances under
study. The reliability of the B-08-MA combustion calorimeter and the Q-1500 D derivatograph of the Paulik-
Paulik-Erday system was confirmed by a series of experimental studies using a secondary standard (biphenyl).
Using bomb calorimetry, the combustion energies of eight derivatives of 3-(1,5-diaryl-1H-pyrrol-2-yl)-propanoic
acids were experimentally determined for the first time, and based on these results, the standard energies,
enthalpies of combustion, and formation in the condensed state were calculated. Differential thermal analysis
allowed us to calculate the enthalpy of fusion at the melting temperature of the substances under study. According
to thermogravimetric analysis, the enthalpies of vaporization of acids were determined in the temperature range
at which the compounds were in a liquid state before the beginning of thermal oxidation degradation. The
gravimetric method was used to determine the temperature dependence of the solubility of the studied
compounds in organic solvents of different polarity: methyl acetate, ethyl acetate, propan-2-one, acetonitrile,
propan-1-ol, propan-2-ol, butan-1-ol, and isobutanol. The fourth chapter describes the recalculation of the
enthalpy of phase transitions of the studied derivatives of 3-(1,5-diaryl-1H-pyrrol-2-yl)-propanoic acids to 298.15 K
using two methods of recalculating the enthalpy of vaporization. For such arylpyrole compounds, in which melting
is complicated by thermo-oxidative destruction, it has been shown that their enthalpy of fusion can be analytically
calculated based on the averaged experimental specific value of entropy of fusion (0.3015+0.0075 J /(g-K)) of the
studied acids. The enthalpy values of formation in the gaseous state of the studied acids were calculated using
their standard sublimation enthalpy values, which were obtained by recalculating the enthalpies of phase
transitions. Using analytical calculation methods based on Domalski and Joback's additive group contribution
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