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1. AKTyasqtHOCT Ha pa3pa0oTeHus B AUcepTanusTa Npoodiaem

VYopasnenueTo Ha Tpuda3zHU aCHHXPOHHM JIBUTaTeld 4Ype3 YeCTOTHH NpeoOpa3yBaTesid € Haii-

MOMYJSIPHUS,, ChBPEMEHEH M e(eKTMBEH MEeTOJ 3a peryjiupaHe, yMpaBleHHE M 3alluTa Ha

CJIICKTPO3aABMXXBAaHWA BbB BCUYKHU OTpaCIi Ha UHAYCTPpUATA U ourta. Temara 3a HU3CJIICABAHETO Ha

TOIUNIMHHUTC PCKHMMU HAa YCCTOTHO YHPABILACM ACHMHXPOHCH ABHUIATCII € MHOTO aKTyaJiHa Imopaiau

CJICAHUTC KIIFOYOBU apTyMCHTA:

3aMsHaTa Ha KJIACHYECKOTO €JIEKTPOMarHuTHO YIIPABJICHUE C YECTOTHO YIIPABJICHUE U3UCKBA
cneun(UYHU HACTPOMKM Ha IpeoOpa3yBaTelnuTe, 3a Ja c€ IMPEeAOTBpaTH TOILIMHHOTO
[IPETOBAPBAHE HA PA3JIMYHU KOHCTPYKTUBHU BB3JIM B €JIEKTPO3aIBUKBAHUATA.

YecroTHUTE Mpeodpa3zyBaTeNd OCUTYpPSIBAT MPELU3EH KOHTPOJ M IUIaBHO PErylIHupaHe, HO
BBIIPEKA TOBA HE ca MPUIOKUMU IPU BCUYKH MOJEIU EIEKTPUYECKUM MAIIUHU U €
HEOOXOIMMO J1a ce M3Clie/iBa KaK BIUSAAT BbPXY TOIUIMHHOTO NPETOBAPBAaHE HAa MAIIMHUTE,
KaTo ce B3eMe I0/1 BHUMaHKE BUIa HA TOBAapa U HETOBUS PEXKUM Ha padoTa.

W3scHsiBaHe BIUSHUETO HAa YECTOTHOTO PETyIMpaHe BbPXY TOIUNIMHHUTE 3ary0r B MALTMHUTE
nof00psiBa 3aIIKTa HA ABUraTessl U HamajsiBa Oposi Ha aBapuitHUTE CIIUPaHUS.
W3cnenBaHeTo Ha TOIJIMHHUTE PEKMMH Ha YECTOTHO YIPABIIIEM AaCHHXPOHEH JBUIATEIN
[I03BOJISIBA NPUJIAraHETO HAa TaKUMBa HACTPOMKM, KOUTO Ja JOBEAAT 10 YAb/DKABAHE HA
€KCIIJI0OATallMOHHUS CPOK Ha €JEKTPO3aABUKBAHUATA.

N3scHsABaHETO HA TOIUIMHUTE PEXUMU HAa YECTOTHO YIPABIAEM ACUHXPOHEH JBUTATEll
OCUTYpSIBaT MOAOOp HAa TAaKWBAa MATEpUAIM U EIEMEHTH, KOMTO BOAAT J0 HaMaJsiBaHE Ha
MEXaHMYHOTO M3HOCBAHE U MON00PSIBAT (PYHKIIMOHAIHOCTTA Ha TEXHOJIOTHUYHUTE MPOLIECH.
He Ha mocieaHo MsCTO ce OCUIypsiBa C€ M BBb3MOXHOCT 32 HAMAJIIBAHE HE CHEPTUIHUTE
pasxozau.

He.]'lTa Ha JaucepranuaTa € sACHAa, KOHKPETHA W OpPHCHTHpaHa KbM H3CJICIABAHE Ha

MPOCTPAHCTBEHOTO paslpelielieHue Ha TEMIIEPaTypHOTO T10JIe B YECTOTHO - YIPABJIsIeM aCHHXPOHEH

JBUTATEN MPHU Pa3IMuHU PeKUMH Ha pabora. 3ajaunTe 3a HEMHOTO MOCTUTraHe ca (opMyIHpaHU

TOYHO U B ITIpaBHJIHA MCTOAHUYHA ITOCJIICAOBATCIIHOCT.

[Ipu u3scHsABaHE CHCTOSHUETO Ha MpoliieMa, aBTOPHT Ce M030BaBa Ha rojsiM OpOil U3TOYHUIIM —

Haja 120 3armaBus, U31a/IEHU B IIMPOK MEpUos OT Bpeme. Toil e ycrsn n1a o0paboTH U aHanM3upa



CPaBHUTEIHO TOJSIM 00eM OT MH(GOpMAIMs, KOETO My € IMOMOTHAJ0 MPAaBWJIHO Aa ¢dopMyiaupa
CBhIIIHOCTTA Ha Hp06neMa OT INICIHA TOYKA Ha MPEAMCTA Ha U3CJIICABAHCTO.

W30panuTe METOAMKHM Ha W3CJICIBAaHE JaBaT OTrOBOP Ha MOCTaBEeHATa IeN W 3aJadd Ha
JMCEPTAMOHHUS TPYI.

2. Haii-cblecTBeHH HAYYHH H HAYYHO-MPUJIOKHH MPUHOCH HA TUCEPTAIHOHHUSA TPYA

[Ipu peanuszupanero Ha pa3paboTKara ca U3BBPUICHH TOJIsAM O00EM eKCIIepHUMEHTAIHU
W3CJICIBAHHS M MaTeMaTHIeCKH Mojienn. M31moisBanu ca Hali-ChBPEMEHHN METOUKU U cOPTyep 3a
00paboTBaHE Ha MOYYECHUTE TEOPETUIHU M EKCIICPUMEHTAITHH PE3YIITATH.

[IpencTaBeHUST TPYH € CTPYKTypUpaH B MET IaBu ¢ 0011 06eM 136 cTpaHHIM ¥ TPUTOKESHUS B
pasmep Ha 95 crpaHuny. B3 0CHOBa Ha HETO W MPEICTABEHUTE KbM JUCEpTAIHsITa 4 MyOIuKanuu
MOXeE Jla C€ HallpaBH Hail-oOLI0 M3BOABT, Y€ Ca MOCTUTHATU PEAMLA TOJIOKUTETHH PE3YNTaTu C
MIPUHOCEH XapakTep.

OCHOBHUTE NMPUHOCH Ca CBbP3aHH ChC Ch3/1aBaHE HA HOBU MOJIEIH, METOJAUKH M 00pa3Iy Morar
na Ob1aT Kacudunupanu u 0000IIeHN KaTo:

Hay4yHo — NpWjI0sKHM NPUHOCH:

e PazpaboteHa e mogoOpeHa METOIMKa Bb3 OCHOBA Ha M3BECTHH TCOPETUYHU TOAXOIH, JaBalla
BB3MOKHOCT 3a OIpENeIsiHe Ha TEMIIepaTypHOTO TIOJ€ B YECTOTHO-YINPABISEM AaCHHXPOHEH
aBurares. Pesyararute ot U3ClieABaHETO YTBbPIKIABaT MPEAJIOKEHATa METOIMKA KaTO MHOBAaTHBHA U
YCIIENTHO TPUJIOKHMa 32 TOAO0OpsSBaHE PEKUMUTE HAa paboTa HA ACHHXPOHHH JBUTATEIH TIPU
YeCTOTH, PAa3IMYHM OT HOMMHAJHaTa. Pa3paboTeHara MeToauKka 3a H3CJeIBaHE KaTErOPUYHO
HA/IrpaXk/ia ¥ YChBBPIICHCTBA CHIIECTBYBAIIUTE 10 TO3H MOMEHT METOIHMKH.

e [lonydyeHn ca MOTBHPIUTETHH TAaHHW NPU U3BBPIICH CPAaBHUTENCH aHAIM3 HA METOIU 3a
OTlpeneNisiHe Ha 3aryOuTe B acHHXpOHEH naBurarell. [lodydeHuW ca TOTBBPIUTEITHH JaHHH 3a
BIIMSHUETO HA M3TOYHUITUTE HA TOIUIMHA B JBUTATENS OT YECTOTaTa Ha 3aXpaHBaI[OTO HAMPEKEHUE.
[Tony4yeHn ca MOTBBPAMTEITHHN JaHHU NP U3BBPIICH CPABHUTENICH aHAIHM3 Ha COPTYyepHH pelIeHuUs
3a CHUMYJIMpaHE Ha IoJieTa B AaCHHXPOHHHU JBUTATeNU. Pe3ynraruTe 3HAYMTENHO oOorarsiBa
CBHIIECTBYBAIIUTE 3HAHUS.

e [eHepupaHum ca HOBM U TMOJOOPEHHM MOACTH 3a CHMYJIAIMOHHO W3CIIC/BaHE Ha
pasnpeAeNIeHHeT0 Ha TEMIIePaTypHOTO TI0J€ B aCHHXPOHEH [BUTATENl B YECTOTCH JHMANa3oH OT
30+70Hz 3a cranmoHapeH pexXUM U IPEXOACH PEKUM Ha HarpsiBane. [lomydeHu ca mpocTpaHCTBEHH
TEeMIIepaTypHU pasNpeieiieHus B YECTOTHO — YIMPAaBISAEM AaCHUHXPOHEH JBHUTarel 3a 4YeCTOTEH
nuanasoH 30+70Hz 3a cTanmoHapeH U MpexoJieH pekuM Ha padota. Pesynrarure oT uzcneaBanusaTa
ca MHOBaTMBHU M YCIELIHO NPUJIOKUMH 32 TOA0OPSIBAHETO PEKUMHUTE Ha paboTa Ha aCHHXPOHHH
JBUTATEIIH MIPH YECTOTH, PA3JIMYHU OT HOMUHAJIHATA.

e Pazpabotrena e mogoOpeHa MOCTaHOBKA 3a CUMYJalus paboTara Ha aCHHXPOHEH JIBUTarell B
copryepra cpema Comsol Multiphysics. B mporieca Ha mpoekTupaHe, a ChIIO W MPH JCHCTBAIIN
ACMHXPOHHH JIBUTATEINU € JOMYCTUMO H IIeJIeChO0pa3HO MapaMeTpUTe U XapaKTEePUCTUKUTE UM J1a Ce
MOJICTTUpAT W CHUMYJIHpAT C IIe7 OOJeKYaBaHE WM OTKa3 OT H3CIEIBaHE B PEaJHH YCIOBHS.
Pesynrarure ot u3cnenBaHEeTO MOTBbPKIABAT, Y€ HA 0a3a Ha Ch3/AaJCHOTO MOJICIHpAHe, MOXKE J1a ce
pa3paboTH peajieH JABWUTarell ¢ IMO-I00pH MOKa3aTeld W XapaKTepUCTUKU. V3rpajgeHure Moaenu
CBIIECTBEHO MON00PSIBAT HHYKCHEPHATA TOYHOCT.



Ipny1osKHM NPUHOCH:

e Pa3paboteH e mogoOpeH eKCIIepUMEHTANICH MTOIXO0/T 32 U3CJIeIBAHE HA TEMIIEPATypHOTO TOJIe
B CTaTtopa W pOTOpa Ha aCHHXPOHEH aBuraren. PaspaboreH e HOB opuruHaieH gara yorep (data
logger), mo3BoysiBam HW3BEXKAAHETO Ha HMH(MOpPMAIMATA 33 TEMIEPATypHOTO paslpencsicHHe B
JBUTATEJIS B MpoIeca Ha padora.

e Pa3paboTeH € HOB OpUTHHAJICH EKCIIEPUMEHTAJICH CTEH/T 3a U3CIIEIBAHE HAa TEMIIEPATypHOTO
M0JIE Ha aCMHXPOHEH JBUTATEI MPHU Pa3IudHU PSKUMH Ha paboTa Ha JBUTATENS W MPHU Pa3IMYHU
YECTOTH Ha 3aXPAHBAILIOTO HAMPEKECHHUE.

3. KpuTnunm Oejie’KKHM ¥ NPenopbKH KbM AMCEPTANMOHHMSA TPYA

e B Tekcra Ha mpenocTaBeHMs MM aBTopedepar NPUCHCTBAT TEXHUUYECKH TIPEUIKH, KaTo
Harmpumep - koMmeHTHpar ce ¢ur. 4-47 m ¢ur 5-5, a TakuBa HsAMa. ToBa ca HECHIIECTBEHU
HECBOTBETCTBHSI, KOUTO JIECHO MOTAT 14 C€ KOPUTHPAT.

e JloOpe Ou Omio na ce momueprae W W3BEAE Ha MpPEICH IUIaH, Ye TMOJy4YeHHTE Hai-1o0pu
pe3yaTaTtu 3a CpeIHU CTOMHOCTH Ha OTHOCHUTEJIHATa Ipellka MEXJy TEOpHUs U €KCIIEPUMEHT Npu
IIPEXO/IEH TOIUIMHEH IIPOLIEC U HATOBapBaHE Ha ABUIATENs € B JMaNa30H Ha u3MeHeHue ot 5% 1o 7%.

3AK/IIOYEHHUE

N3BbpIeHaTa HaydyHO-U3CIEI0BATEICKAa ACMHOCT OT Mar. uHX. Mapun TogopoB MapuHOB u
MMOCTUTHATHUTE MOJOKUTEIIHU PE3YJTAaTH ca HA MHOTO BUCOKO HUBO. CMATaM, Y€ TUCEPTALUOHHUSAT
TPy MMa 3aBBPIICH XapakTep U Je(GUHUPAHUTE 33]]a4U Ca U3MIBJIHEHU Ha OTIUYHO HAyYHO HUBO.

OTunTallKi aKTyaTHOCTTa Ha pa3miexJaHus mpobieM U MpoBeeHaTa u3cieqoBarescka padbora,
Mora Jia IpernopbyaM Ha JUCEepPTaHTa Ja MPOABIKH paboTara CH B TOBA IEPCIIEKTUBHO HAMPABJICHHUE.

Bb3 ocHOBa Ha U3JI0KEHOTO MO-TOPE OTHOCHO aKTyaJIHOCTTA, ChAbPKAHUETO U 3HAYMMOCTTA Ha
MPUHOCUTE HAa JUCEPTALMOHHUS TpyHd ,M3cjeiBaHe HA TONJIMHHUTE PEKHUMHM HA 4YeCTOTHO
ynpaBJjisieM ACHHXPOHEH JABUraTrej”, HETOBUAT 00E€M WM KA4eCTBOTO HA TOCTUTHATUTE HAyYHU
pe3yaTatd, cyuTaM, 4e TOW MpeACTaBisiBa 3aBbPIICHO HAayyHO u3cienBaHe. [lomydenu ca penuna
IIOJIO’KUTEJIHN PE3YNITaTH, NIPEACTaBEHN Ha BUCOKO HAyYHO HUBO I10 MOAXOASI HauuH. OCHOBHUTE
pesyaTaru ca 1o0pe anpoOupaHu Ha peuiia HAMOHAIHU U MEeXAyHapOoaAHU (OPYyMH U OTIIEYaTaHH B
pedepupanu u3aHUs.

Pazpaborkara cvorBercTBa Ha wu3uckBaHusAta Ha 3PACPB wu IlpaBunmHuka 3a HETroBOTO
MPUJIOKEHHE 3a TIOJTy4aBaHe Ha oOpa3oBaresiHa U Hay4yHa cteneH “Jlokrop”. Bp3 ocHOBa Ha rOpHOTO
npejuiaraM Ha yBakaemoTo Hay4no sxypu 1a mpuchau obpa3oBaTenHara 1 Hay4Ha creneH “Jlokrop”
Ha ac. k. Mapun TomopoB MapuHOB.

Yien Ha HAyUHOTO KYPH: ...ooviiiiii i

14.07.2026 1. notl. 1-p uwk. T. Jlumosa



OPINION

by Assoc. Prof. Dr. Eng. Tatyana Marinova Dimova,
from Technical University - Varna
on a dissertation
submitted for the educational and scientific degree "Doctor"
on the topic ""Research of the thermal regimes of a frequency-controlled asynchronous motor*’,
developed by M. Eng. Marin Todorov Marinov,
under the doctoral program "Electrical Machines and Apparatus"
professional field 5.2 "Electrical Engineering, Electronics and Automation™

1. Relevance of the problem developed in the dissertation

Controlling three-phase asynchronous motors using frequency converters is the most popular, modern
and effective method for regulating, controlling and protecting electric drives in all branches of industry
and everyday life. The topic of studying the thermal regimes of a frequency-controlled asynchronous
motor is very relevant due to the following key arguments:

* Replacing classical electromagnetic control with frequency control requires specific settings of the
converters to prevent thermal overload of various structural units in electric drives.

» Frequency converters provide precise control and smooth regulation, but nevertheless are not
applicable to all models of electric machines and it is necessary to study how they affect the thermal
overload of machines, taking into account the type of load and its operating mode.

» Clarifying the influence of frequency control on heat losses in machines improves engine protection
and reduces the number of emergency stops.

« Studying the thermal modes of a frequency-controlled asynchronous motor allows the application of
such settings that lead to an extension of the service life of electric drives.

* Clarifying the thermal modes of a frequency-controlled asynchronous motor provides the selection
of such materials and elements that lead to a reduction in mechanical wear and improve the functionality
of technological processes.

* Last but not least, it also provides the opportunity to reduce energy costs.

The purpose of the dissertation is clear, specific and oriented towards the study of the spatial
distribution of the temperature field in a frequency-controlled asynchronous motor under different
operating modes. The tasks for its achievement are formulated precisely and in the correct methodological
sequence.

When clarifying the state of the problem, the author refers to a large number of sources - over 120
titles, published over a wide period of time. He was able to process and analyze a relatively large volume
of information, which helped him correctly formulate the essence of the problem from the point of view
of the subject of the study.

The selected research methodologies provide an answer to the set goal and tasks of the dissertation
work.

2. Most significant scientific and applied scientific contributions of the dissertation work

In the implementation of the development, a large volume of experimental research and mathematical
models have been carried out. The most modern methodologies and software have been used to process
the obtained theoretical and experimental results.



The presented work is structured in five chapters with a total volume of 136 pages and appendices of
95 pages. Based on it and the 4 publications presented to the dissertation, it can be generally concluded
that a number of positive results of a contributing nature have been achieved.

The main contributions are related to the creation of new models, methodologies and samples and can
be classified and summarized as:

Scientific and applied contributions:

e An improved methodology has been developed based on known theoretical approaches, enabling
the determination of the temperature field in a frequency-controlled induction motor. The results of the
study confirm the proposed methodology as innovative and successfully applicable for improving the
operating modes of induction motors at frequencies other than the nominal one. The developed research
methodology categorically builds on and improves the methodologies existing to date.

e Confirmatory data have been obtained in a comparative analysis of methods for determining losses
in an induction motor. Confirmatory data have been obtained for the influence of heat sources in the motor
by the frequency of the supply voltage. Confirmatory data have been obtained in a comparative analysis
of software solutions for simulating fields in induction motors. The results significantly enrich the existing
knowledge.

e New and improved models have been generated for simulation study of the distribution of the
temperature field in an induction motor in the frequency range of 30+70Hz for stationary mode and
transient heating mode. Spatial temperature distributions in a frequency-controlled asynchronous motor
for a frequency range of 30+70Hz for stationary and transient operation have been obtained. The results
of the research are innovative and successfully applicable to improving the operating modes of
asynchronous motors at frequencies other than the nominal one.

e An improved setup for simulating the operation of an asynchronous motor in the Comsol
Multiphysics software environment has been developed. In the design process, as well as for operating
asynchronous motors, it is permissible and expedient to model and simulate their parameters and
characteristics in order to alleviate or avoid research in real conditions. The results of the research confirm
that based on the created modeling, a real motor with better indicators and characteristics can be
developed. The built models significantly improve engineering accuracy.

Applied contributions:

e Animproved experimental approach has been developed for studying the temperature field in the
stator and rotor of an asynchronous motor. A new original data logger has been developed, allowing the
output of information about the temperature distribution in the motor during operation.

e A new original experimental stand has been developed for studying the temperature field of an
asynchronous motor under different operating modes of the motor and at different frequencies of the
supply voltage.

3. Critical notes (remarks) and recommendations for the dissertation

e The text of the abstract provided to me contains technical errors, such as - Fig. 4-47 and Fig. 5-5
are commented on, but there are none. These are insignificant discrepancies that can be easily corrected.

e Itwould be good to emphasize and bring to the fore that the best results obtained for average values
of the relative error between theory and experiment in a transient thermal process and engine load are in
the range of variation from 5% to 7%.



CONCLUSION

The research work carried out by M. Eng. Marin Todorov Marinov and the achieved positive results
are at a very high level. I believe that the dissertation work is complete in nature and the defined tasks
have been fulfilled at an excellent scientific level.

Taking into account the relevance of the problem under consideration and the research work carried
out, I can recommend that the dissertation candidate continue his work in this promising direction.

Based on the above regarding the relevance, content and significance of the contributions of the
dissertation work "Research on the thermal regimes of a frequency-controlled asynchronous motor", its
volume and the quality of the achieved scientific results, I believe that it represents a completed scientific
study. A number of positive results have been obtained, presented at a high scientific level in an appropriate
manner. The main results have been well tested at a number of national and international forums and
printed in refereed publications.

The development complies with the requirements of the ZRASRB and the Regulations for its
application for obtaining the educational and scientific degree "Doctor". Based on the above, | propose to
the esteemed Scientific Jury to award the educational and scientific degree "Doctor" to Asst. Eng. Marin
Todorov Marinov.

Member of the Scientific Jury (ReViewer):..........c.oovviiiiiiiieiieeeen,
15.07.2026 . Assoc. Prof. Dr. Eng. T. Dimova



