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The dissertationof Mr. Yelnar Yerdesh is devoted to an important and timely scientific and

engineering problem - the improvement of efficiency and sustainability of ground source heat

pump (GSHP) systems under continental climatic conditions. The study focuses on the

development of theoretical and methodological foundations for thermodynamic optimization of

GSHPs through the combined use of finite-time thermodynamics (FTT)and 3E (energy

exergy-environmental) analysis,which represents a novel and rigorous scientific approach.

The author has successfully developed an original optimization frameworkthat extends

finite-time thermodynamics to GSHPs modeled as a cycle coupled with four finite thermal

reservoirs. Analytical relations for the optimal distribution of heat exchanger effectiveness and

capacity rates have been derived, and the effects of irreversibility and temperature lift on the

coefficient of performance (COP) have been systematically investigated. These results

demonstrate strong scientific novelty and provide theoretical insight into the real performance

limits of GSHP systems.

The second part of the dissertation presents a comprehensive 3E analysis validated by

experimental data obtained from a GSHP installation in Almaty, Kazakhstan. The integration of

thermodynamic modeling and environmental impact assessment (TEWI) confirms the

applicability ofthe developed methodology to practical system design in cold continental climates.

The dissertation is well structured, methodologically sound, and reflects a deep understanding of

both theoretical and experimental aspects of heat pump technologies.

Mr. Yerdesh has demonstrated a high level of scientific competence, analytical thinking,

and independence in conducting theoretical modeling, programming, data analysis,and validation.

His ability tobridge finite-time thernodynamictheory with practical energy engineering

applicationsis commendable. The results ofthe dissertation have been published in peer-reviewed

international journals indexed in Scopus and Web of Science, and presented at reputable

international conferences, reflecting active dissemination and recognition of the research outcomes

within the global scientific community.

The dissertation fully meets the requirements for the award of the degree of Doctor of

Philosophy (PhD) in the specialty 8D05403 - Mechanics. It is distinguished by its scientific

originality, methodological rigor, and practical relevance to the sustainableenergy transition in

cold-climate regions.

Ihighly recommend the PhD dissertation of Mr. Yelnar Yerdesh titled "Thermodynamic

Optimization ofGround SourceHeat Pump Systems with Four Thermal Reservoirs" for successful

defense and award ofthe PhD degree in Mechanics.
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IIIKIP

nOKTOpaHTEnap Ep�enIT�H

«Thermodynamic Optimization of Ground SourceHeat Pump Systemswith Four Thermal
Reservoirs» TaKbIpbIObIHJaFbI PhD ucceprauuacBIHa

8D05403 -MexannKa 6in�M 6epy6arnapnaMacbi 6OÜbIHLIa

MeTeJJ�K FBIJIBIMH KeHecIHiH�H HiKipi

loKTopaHT EHap Epnerrin AMccepraunaIBIK KYMBICB! KOHTHHeHTT�K KIHMar
KaFNa�IapbIHIa Kep acTLI DKBIJIY copFbUlaps� (GSHP) >xy�enepiHiH TH�MIiniri MeH

TYpaKTbIJTbIFBIH apTTbIpyra apHairaH MaHbI3IbI �pi e3eKT� FbIJIbIMH-MHKEHepiik M�CeJIEre

6arsITraIFaH. 3eprrey finite-time thermodynamics (FTT) K�HE 3E (energy-exergy

environmental) snicTepin 6ipiktripe oTbIpsIn, KHIJIy coprsi XyäenepiHin TepMonMHaMHKanbIK

OHTaÄnaHApysIHLIHTeOpuanLIK X�He �nicremenik Herisnepin aMLIyra 6arbITranran, 6yi os

KE3eriHIE xaHa �pi rsiJIBIMH TYPFLInaH TepeH T�ciJIZi 6inuipeai.

ABTop finite-time thermodynamics TeopHACBIH TOpT IeKTr� XHLUIYTIsIK pezepByapMeH

6ašinaHsICKaH LHKI perinJe KapacTBipLIJaTBIH GSHP xyñenepiHe keHeÄT�n, TYTIHYCKaTBIK

OHTainaHJbapy MoneniH yesiHFaH. On KBINyanMacTSIpFbIurapablH THiMzinirin X�He XBUTY

CblHbIMIbIbIKTapblHbIH OHTalbl 6eniHyiH aHbIKTaiiTblH aHaIHTH KalbIK TOyeLliliKTep�

III5IFapbIII, KaÄTbIMCLI3ILIK IIeH TeMIIeparypanbIK ažbipmaHbIH Ky�eHiH OH�MIiJI�K

KOÞ)HLueHTiHe (COP)cepin KeuieHIi TYpae 3eprreren. Byn HOTHKEIeP KOFapsI FbIbIMH

kaHaIsuILIFBIMeHK�He GSHP xyženepinin HaKTEI XYMbIC IeKTePiH TeopMabIK TYPFBIIa

TycinJipyiMeH epeKumeneHeni.

MuccepTaHAHbIH eK�HII� 6eJIiriHJeAIMaTbI KaJaCbIHja opHaTbIJIFAH T�KipHõeniK GSHP

KOHIbIpFbICBIHaH aTbIHFAH nepeKTep Heri3iHIe BaiHIaHAJIaHFaH KaH-KaKTHI 3E TaJIlay

yCbIHBJIFaH. TepMoNHHaMHKaIbIK MOJeIbIey MeH 9KOJIOTHATLIK �cepni �aranay (TEWI)

H�THKEJnepiH �ipikTipy aBTop ycbIHFAH �icTeMeH�H cYbIK KIHMaT KaFla�napbIHAa KbIIY

xy�enepiu xoõanayra xapam�bI eKeHiH M�NeNNeÄN�. KyMbIC KypbIbIMbI >KaFbIHaH KY�eni,

�NiCTeMeniK TYPFbIMaH 1�N >K�HE TEopuanbIK neH T�KiPHõenik �el�MIepAiH TepeH yuuracKaHbIH

Kepcereni.

loKTopaHT ETHap EpneI KOFapbi FbUIbIMH 6iIiKT�T�K neH aHaIHTHKaJNbIK O�JIay

Ka�ineTiH, cOHJa�-ak TeopuanbIK MONeJTbIey, barlapiaMalay, nepeKTepni Tannay K�HE

H�THKEnepni TeKcepy caTaiapbIHnaFbI T�Yenci3 FbIJTBIMH AaFIbIJTapbIH a�KbIH KOpceTTi. Finite

time thermodynamics TeopHACBIH 3HeprH HIHKCHepHACbIHbIH �pakTHKalbIK KOUIaHOalapbIMCH

yuuracTbIpa 6inyi - 3eprreyuuiniH K�ci�H KeriKT�T�H�H 1�NeN�. AucceprauuANLIK KYMBICTbIH

H�THKenepi Scopusx�He Web of Science a3anapbiH�a HHIeKCTeNeT�H OeneJiNi xanbIKapanbIK

DKypHaIlapna kapuanaHbIII, KETeKuiKOH)epeHUHAnapna�anHIaNIbI, 6yi OHbIH xaTbIKapaibIK

FEIJIBIMH KaybIMlacTbIK TapabIHaH MOMbIHMaIFaHbIH KOPceTeni.

�HCCepTallHAJIblK XYMbIC 8D05403-MexaHMKa MaMaHlblFbl OoiblHIaPhD bHnocobHS

IOKTOpbl �apeKeciH any TalalTapblHa TOlbIK COiKec Keleli. On FBUIbIMH KaHaIblFbIHbIH KOFapbl

NeHre�iMeH, 9icTeMeJIiK HaKTbUILIFbIMeH K�He cybIK KJIHMaT aúMaKTapbIHAar5I TYpaKTBI

9HepTHA KY�enepiHe npakTHKAJNBIK MaHbI3ILUIbIFbIMeH epeKumeneHeni.

COHIbIKTaH EnHap EpaeuriH "Thermodynamic Optimization of Ground Source Heat

Pump Systemswith Four Thermal Reservoirs" TaKbIpbI�bIHJaFbI PhD nccepraunaCsIHKoprayra

yCbIHaMbIH K�He oraH MexaHHKaMaMaHIbIFbI �OŽbIHIIa þHIOCo)HA NOKTOP5I (PhD)1�pexeciH

bepyzi KoNnaÄMbIH.
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