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1. AKTyanHocT Ha npoGnema

Bb3oOHoBAemnTe n3TouHMumM Ha eHeprus (BEW) ca cpeacTso 3a AocTuraHe Ha
YCTOM4MBO €HEPrUMHO PasBUTME W MOHMXKaBaHe Ha BPEAHWUTE Bb3AEHCTBUS BbPXY
okorHaTa cpeaa. PassutueTto Ha BEW e ocHoBHa yacT ot nakeTa ,Knumat u eHeprus
2030° Ha EBponeiickusi Cblo3. Y Hac B npouec Ha paspaboTka ca BATbPHM
enekTpoueHTpanu ¢ obwa mowHoct 1000 MW.

BeTporeHepaTopuTe CbLUeCTByBaT OT BpeMeTo Ha Apxumen U ca o6ekT Ha
MHOrOKpaTHM ONWTU 3a MOBULIABaHe Ha TAxHaTa edekTuBHocT. lMpeobnapasaT
paspaboTkuTe BbPXY XOPWU3OHTANHO-OCEBUTE W BEPTUKAIIHO-OCEBUTE reHepaTopyl.
TaxHaTa epeKTUBHOCT € HUCKa NopaAu HECbBBPLLEHCTBOTO HA KOHCTPYKLIMUTE, KOETO
He e cbobpaseHO C napameTpuyHaTa HECTAbUNHOCT Ha BATbLPA, 3a[BWKBALL,
reHepaTtopure.

ManoxeHoTo HakpaTko CBMAETENCTBA 3a BUCOKAaTa akTyanHocT Ha npobriema,
LuenTta U sagaunte B guceprauuaTa, KakTo B HAyYHO Taka M B HayyHO - MPUNOXKHO

HanpasneHwe.



2. Mo3HaBaHe Ha npobGnema

3a ToBa MOXe Oa ce cbau no ob3opa Ha cbliecTByBawaTta nurepaTtypa.
MperneaaHn ca 134 m3TouHuka, oT kouto 31 Ha Kupunuua, a ocTaHanute Ha
naTuHMUa. AHanuavMpaHu ca CblUecCTByBalUMTe KOHCTPYKUWM BETporeHepatopu u
uscneaBaHusaTa BbpXy THAX. Ha Tasu OCHOBa € CMHTE3uWpaHa XunotesaTa Ha
nscneaBaHUsiTa, KOATO npeanonara obocHoBasaHe W M3cneaBaHe Ha moAen Ha
ajanTWBeH BeTporeHepaTop, KoWTo noaabpxa Bucok KI1 B uenus CKOpoCTeH
auanasoH Ha BATbPa B YCNOBUSA Ha NapameTpuyHa HecTabunHocT.

3. ChoTBeTCTBME HA MeToAMKaTa C NnocTaBeHaTa Len 1 3agayu

XunoTesaTta Ha u3cneaBaHuATa € KOHKpeTusnpaHa B Lienta Ha guceprauuaTa.
MpuUnoXeHUAT noAxod BKMOYBA TEOPeTUYHO obocHOoBaBaHe Ha MpouecH,
KOHCTPYKLMW 1 NoKasaTenu Ha BeTporeHepaTtopuTe, nocneasaHo oT NOTBBLPXKAEHNE

Ha TeOpEeTUYHUTE pe3ynTaTil Ypes3 YUCIEHU U PU3NYHN n3cneaBaHus.

B paucepTtaumaTa ca chopmynupaHu 7 3agauu. Te cnepeat noaxoga B
auceptauusiTa M ca [ocTaTb4yHM no BuA M obem 3a nocturaHe Ha LenTa.
W3cneasaHusATa ca KOHKPETM3UpaHW 3a ajanTuBeH BeTporeHepartop, CBbp3aH C
eneKkTpMYeckn reHepaTtop. AganTMBHOCTTa ce peanusupa 4pes3 WU3MeHeHue Ha
CbNPOTUBUTENHUA MOMEHT Ha reHepaTopa, KOWTO CryXu 1 3a obpaTHa Bpb3ka npu
noAabpXaHe Ha MakcumarneH K.n.A. npu NnpomeHnusa CKOPOCT Ha BATbpa. MMo-
KOHKPETHO:

- MpencTaBeHn ca TEOPETUYHUTE MOCTAaHOBKW, BbPXY KOWUTO Ce€ OCHOBaBsa
paGoTata Ha ajanTMBHUTE BeTporeHepatopu. ToBa ca YpaBHEHWETO 3a
HEeNpeKbLCHATOCT Ha MoToKa, 3akoHa Ha bepHynu 3a agnabateH npouec,
ypaBHeHusiTa Ha Onnep 3a ABUXKEHMETO Ha CBMBAEM HEBUCKO3EH conyua u apyru.

- OnpejeneHa e TeopeTu4HaTa eHepruiiHa epeKTMBHOCT Ha XOPU3OHTaIHOOCEB
BeTporeHepaTop npu ugeanusupaHu ycnoeus. OOOCHOBAHO € CBHOTHOLUEHUETO
MeXay CKOpOCTTa Ha Bb3fyLUHWA MOTOK W nepudepHaTta CKopocT Ha paboTHOTO
Koneno, Npu KOeTo ce NocTura MakcumanHua K.n.4.



- TeopeTuyHo e AedUHMPaHO BNUSHNETO Ha CTECHEHWETO Ha KOHMY30PEH KaHan
npea TypbuHaTta M K.N.4. Ha XOPW3OHTaANHOOCEB BeTporeHeparop, GasvpaHo Ha
MMMNyrncHaTa Teopus.

- WNscnepeaHo e BXOAHOTO YCTPOWCTBO MO MeToAa Ha KpanHuTe obemu.
PaspaboTeHn ca 4yeTupu CUMETPUYHM BXOAHW YCTPOWMCTBA C KPbrMO HanpeyHo
ceyeHMe Ha Bxofa W KBagpaTHO Ha usxoga. OnpeneneHo € 4e AbfKUHaTa Ha
BXOQHOTO YCTPOMCTBO B paboTHMA WHTepBan He € cblecTBeH haktop 3a
W3MEHEeHWeTO Ha cKopocTTa U Aebuta Ha NOTOKA B CKOPOCTHWUS AManasoH Ha
BeTporeHepartopure.

- 3a yBenuyaBaHe Ha CKOpPOCTTa Ha BATbPpA Npej BeTporeHepartopa ce npegnara
U-obpaseH kaHan npep TypbuHaTa, KOWTO € C eAHaKBM HaNpeYyHn ceyeHus U paauycu
B M3BMTaTa 4acT. YCTAaHOBEHO €, Y€ CKOPOCTHOTO nosne Ha dnyuaa ce gobnuxaea B
no-ronsiMa cteneH A0 CUMYNUPAHOTO MPW Manka pasnuka Mexay paguycute Ha
BbTpELLUHaTa 1 BbHLIHATa cTeHa. MacnenBaHeTo e npoBeaeHo B cpeaa Ha SolidWorks.

- PaspaboteH e cTeHg 3a u3MYecKo Mu3cnegBaHe Ha aganTUBHU
BETPOreHepaTopu B CKOPOCTHUA AUanas3oH Ha Bb3AYLLHUA NOoToK oT & m/s — 16 m/s.
Upes Hero ce onpepens U3MEHEHMETO HAa MOLUHOCTTa Ha BETPOreHepartopa BbB
(OYHKUMS OT CKOPOCTTa Ha MOTOKa U Ha CbNPOTUBUTENHUA MOMEHT, NPUIOXEH Ha

Bana Ha TypbuHara.

- WscnepgBaHn ca pes3oHaHCHWTE 4ecToTM Ha TypbuHata C Bana Ha
BeTporeHepartopa upe3 moayna 3a cumynaums B SolidWorks. OnpegeneHo e, 4e
MOAENBLT HE € 3acTpaLleH OT OTpULATENHUTE PE30HAHCHU eheKTu.

4. OueHKa Ha [OCTOBEPHOCTTa Ha pe3ynTaTuTe U NPUHOCUTE

MeToaute Ha wuscnegBaHusiTa ca MPUITOXXEHW KOMMETEHTHO 4Ype3 YTBLpAeH
copTyep 3a NpoekTupaHe W u3cnefsaHe Ha KOHCTPYKUWS B npoleca Ha HEeWHoTo
paspaborBaHe, kato SolidWorks n CATIA. 3a oueHsBaHe Ha TO4YHOCTTa Ha
TeopeTUYyHUTE Mopaenu ca paspabotreHn cTeHg U ABa obpaseua Ha afanTUBHU
BeTporeHepaTtopu. [Mpu ckopocT Ha BATbpa 10 m/s, pasnukaTta Mexay eekTuBHoCcTTa

Mexay d)lfl3|/|‘-IeCKOTO nicneansaHe U TeopeTUHHUA Mogen e 1,6%, KOETO e nokasaTenHo
3



3a TOMHOCTTa Ha uscneaBaHuATa. GOpPMynUpaHUTE NPUHOCKU Ca NOMUMYeH CUHTE3 Ha
OpPUrMHanHUTe pesynTaTu.

3a npoeKkTMpaHe Ha aHanorMYHM KOHCTPYKUMM Ha BeTporeHepaTop €
npunoxeHara Teopusita Ha nopobueto. Kato kputepum 3a nogobue e npeanoxeH
OespasmepHua napametsp Vp/V, (ckopocmma Ha 8b30yxa Ha exoda Ha BY sbpxy
nepugbepHama ckopocm Ha mypbuHama).

5. Hay4yHu 1 Hay4YHO-NPUNOXHYU NPUHOCH

MpuHocuTe OT AucepTaumMaTa MMaT HayyHO-NPUMOXEH XapaKkTep U TpeTupaT
Cb3flaBaHe Ha HOBU KOHCTPYKLUUM U TexHonoruu. Mo-3HaynmuTe ca:

- PaspaboreH e TeopeTyeH Mmopgen 3a edeKTUBHOCTTa Ha aganTuBeH
XOpWU3OHTarHooces BeTporeHepatop. B crniyyas Toil € CBbp3aH C enekTpUYecku
reHepaTop, KOWTO Cb3faBa perynmpyem CrupayeH MOMEHT Ha TypBuHaTa KaTo no
TO31 Ha4YMH ce NoAAbPXKA MaKCMMAreH K.N.4. Npu NPOMeHNIMBa CKOPOCT Ha BATLPA.

- ObocHOBaHa € KOHCTpyKUMSiTa Ha Koprnyca M TypbuHaTa Ha aganTUBHUS
BeTporeHepatop. [lepuHupaHo e HapacTBaHEToO Ha CKOPOCTTa Ha MNoToka, NpoTUyYaLL
NPe3 W3BUT KaHan npej BXOA4A Ha LEHTpocTpemuTenHata TypbuHa, ¢ KoeTo ce
PasLiMpsABa CKOPOCTHWSA AManasoH Ha Bb3yxa, 3a[BWKBaLL BEeTporeHeparopa.

- PaspaGoteH e creHp 3a ekcnepuMeHTanHo u3cneaBaHe Ha afanTUBHU
BETpoOreHepaTopu ¢ Bb3MOXHOCT 3a NniaBHO U3MeHeHue Ha cnnupavyHna MOMEHT BbpXY
TypOuHarTa.

- PaspaboTeHu ca aBa chu3nyHM Mofena Ha aganTMBHU BETPOreHepaTopu, KOUTO
Ca nscneasaHn B CKOPOCTEH AUanasoH Ha BATLpa oT 5 Ao 15 m/s. Te nogabpaT BUCOK
KM B uenusi ckopocTeH AuanasoH B YCMOBWSI HA NapaMeTpUyHa HecTaBUMHOCT u
nossonseaTt onpeAensHe Ha nokasatenuTe Ha aganTUBHA BETPOreHepaTopu, a ChLUO
npoBepka Ha TOYHOCTTA Ha TEOPETUYHUTE MOAENMN.

- BbBeageH e napameTbp N, KOWTO U3pa3siBa OTHOLLUEHUETO HA CEYEHMETO Ha
BXO/la Ha KOHChy30pa U CeYeHUeTo, B KOETO ce NpeobpasyBa KMHETUYHATa eHeprus
Ha nOoTOoKa B MeéexaHuw4Ha pa60Ta. OnpegeneHo € BITMAHMETO, KOEeTO OKasBa
KOH(Dy3OpHaTa u4acT Mexngy [ABETE CeuYeHWs BbpXy edekTuBHocTTa. To e
MakcumanHo npu n = 1,299.



- AOanTUBHMAT BETPOreHepaTop NOAABLPXA BUCOKM CTOMHOCTM Ha K.n.g.,
cTurawm fo 45% B Lenusa ckopocTeH paboTeH auanasoH. MNocTurHaTta epeKkTUBHOCT
Ha afanTBHUS BETPOreHepaTop e ABa MbTHU MO-BUCOKA OT Ta3n Ha XOPWU3OHTANHO
oceBus.

- lNpepnoxeH e meton 3a malwwabupaHe Ha afanTUBHU BETPOreHepaTopu oT
CroMeHaTus Bug, Ypes Teopusita Ha noao6ueTo.

6. YuacTue Ha fOKTOpaHTa B NpUHOCUTE

3a ToBa MOXe Aa ce CbAu OT ny6nukauuuTe BLPXY AncepTtauusta M no
pa3paboTeHusi CTeHA, KOMTO e NMYHO Aeno Ha JoKTopaHTa. YacT or pesynraTtute ca
NaTeHTOBaHM Ha MMETO Ha JOKTOopaHTa, KOWTO € cOBCTBEHUK Ha naTeHTa. 3aToBsa
cHMTam, Y€ NUYHOTO y4acTue Ha aucepTaHTa 3a MOCTMraHe Ha CNoMeHaTuUTe no-rope
NpuHoOCK e onpeaensLyo.

7. NMy6nukauum

Mo ancepTaumnsaTa ca ny6nMKyBaHu YeTUPM CTAaTUW U eaMH NaTeHT. Ha Beuuky e
BoAeLy aBTop. [lBe OT TAX Ca CaMOCTOSITENHW, TPW Ca OT y4acTus B KOH(pepeHLUun,
€AHa OT KOUTO € MHTepHaunoHanHa. Benvku nybnukauum ca pedbepupanu B Google
Scholar, a nateHta e nybnukyBaH B 6iloneTMHa Ha Bbnrapckoto narteHTHO
BEAOMCTBO. LiuTaTti BbpXy MaTepuanure oT AUCEpTauMsiTa He KOHCTaTUPaX.

8. UsnonsBaHe Ha pe3ynTaTuTe B npakTUKaTa

Pesyntatute ot auceprauuaTa UMaT 3HAUUTENEH NPUNOXEH, UKOHOMMUYECKH,
€KOnormyeH n coumnaneH edekrt. Te ca NpUNOXUMKN B NpakTUKaTa 3a NOBULLABAHE
€(PEKTUBHOCTTA Ha XOPU3OHTANHO OCEBUTE BETPOreHepaTopu upes NocTUraHe Ha
TEXHUA MaKCcumaneH noteHuuan npu npomMeHnMBa CKOpPOCT Ha BATBbPA, a C TOBa U 3a
NOHWXaBaHe Ha ce0EeCTOMHOCTTa Ha enleKTPOEHepruaTa, KOSITO € NPou3BeaeHaTa no
€KOMNOrMYHO YMUCT HAYUH.

9. OueHka Ha aBTOpedeparta

Toi BkmouBa 32 cTpaHuuu U 28 durypu, koeto e 21,5% oT obema Ha
AucepTtaumaTa. CbAbpXKaHMETO 0TpassBa A4OCTaTbYyHO U TOYHO U ICHO pesynTaTuTe
OT BCAKa rnaea Ha guceptauuoHHUSA TPYAO. Flpe,qCTaBeHm ca OCHOBHUTE WU3BOAMW,

NMpUHOCUTE, nyﬁnukau,mme no AuceprtauuaTa M aHoTauua Ha aHrmMMNCKU e3uK.
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PedepartbT cBuaeTencrea, ye AOKTOPaHTBLT MOXe Aa pedepupa 06eMHU HayyHU
TPYAOBE CbrnacHo obLionpueTuTe U3NCKBaHUS.

10. MHeHus, npenopLKu u Genexku

- MNpegmeTvT Ha M3cnegBaHeTo ce NOcouysa cnen ob3opa, a He B Kpas Ha

AncepTauusTa.

- PegHo e B TekcTa Ha aucepTaumsTa fa ca LUMTMPaHK BCUYKU nuTEpaTypHu

n3TouHuuy. MNpenopbyBam fa e no npaBunaTa Ha Scopus un WoS.

- Mpw onucanne Ha nutepatypara ce nocoysa ISSN, pecnektuBHo ISBN Ha

W3TOYHMKA. JITepaTypHUAT U3TOYHUK 14 He e ONMcaH HaMbLIHO B nutepartypara.

3AKITIOYEHME:

B®3 ocHoBa Ha npunoxenuTe ot kaHauaaTa METOAM Ha u3cnenBaHe, pesynraTure
OT M3BEAEHWUTE EKCNEPWMEHTU, CUHTE3VPAHWTE WU3BOAN U MOCTUrHATUTE npuHoCH,
ciuTam Ye NPEACTaBEeHUAT ANUCEePTaLMOHEH TPYA OTroBaps Ha W3UCKBAHWSTA Ha
3PACPE u Mpasunuuka sa passutve Ha akajeMnW4HUA cbCTaB B TeXHUYecCKus
yHuBepcurtet - Cocusi, KoeTo M1 JaBa OCHOBaHME Aa ro oueHs NMNONTIOXUTENHO.

3aTtoBa npeanaram aa ce NpUCbAM Ha MarucTep uHX. Xpucto Towkos Heges
obpasoBaTenHaTa M HayyHa cTeneH +JOKTOp” B 06nacT Ha Bucle obpasoBaHue 5.
TexHn4eckn Hayku, npodecuoHanHo HanpaeneHne 5.1. MalUMHHO WHXeHepcTBO,
Hay4Ha cneunanHocT , Teopus Ha MexaHU3MUTe, MALLMHUTE U aBTOMaTUMHUTE NUHAN®.

Lara: PEUEH3EHT:
17.10.2024 /npod. a-p CtosiH Nwnekoe/
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1. Timeliness of the problem

Renewable energy sources (RES) are a means of achieving sustainable energy
development and reducing harmful impacts on the environment. That is why the de-
velopment of RES is a major part of the "Climate and Energy 2030" package of the

European Union. Wind power plants with a total capacity of 1000 MW are under de-
velopment in our country.

Wind turbines have been around since the time of Archimedes and have been
subject to repeated attempts to increase their efficiency. Developments upon the con-
struction of horizontal-axis and vertical-axis generators prevail. Their efficiency is low
due to the imperfection of the structures, which is not taken into account with the
parametric instability of the wind driving the generators.

The briefly presented facts testify high relevance of the problem, the goal and
the tasks in the dissertation, both in scientific and in scientific - applied direction.



2. Knowledge of the problem

This can be judged by the overview of the existing literature. 134 sources were
reviewed, of which 31 were in Cyrillic and the rest were in Latin. The existing wind
generator structures and the research on them are analyzed. On this basis, the re-
search hypothesis is synthesized, but not formulated, which implies the justification
and study of an adaptive wind generator model that maintains high efficiency in the
entire wind speed range under conditions of parametric instability.

3. Correspondence of the methodology with the set goal and tasks

The research hypothesis is specified in the purpose of the dissertation. The ap-
plied approach includes theoretical justification of processes, structures and perfor-
mance of wind turbines, followed by confirmation of theoretical results through nu-
merical and physical studies.

In the dissertation 7 tasks are formulated. They follow the approach in the disser-
tation and are sufficient in type and volume to achieve the objective. The research
are specified for an adaptive wind turbine connected to an electric generator. Adapt-
ability is realized by changing the resistance moment of the generator, which also is
used as a feedback loop for maintaining maximum efficiency in variable wind speed.
More specifically:

- The theoretical statements on which the work of the adaptive wind generators
is based are presented. These are the equation for continuity of flow, Bernoulli's law
for an adiabatic process, Euler's equations for the movement of a compressible invis-
cid fluid and others.

- The theoretical energy efficiency of a horizontal axis wind generator under ide-
alized conditions has been determined. The ratio between the speed of the air flow
and the peripheral speed of the impeller, in which the maximum efficiency is achieved,
is justified.

- The influence of the narrowing of a confusor channel in front of the turbine and
its efficiency is theoretically defined of a horizontal axis wind turbine based on the

impulse theory.



- An inlet device has been investigated using the method of finite volumes. Four
symmetrical input devices with a circular cross-section at the input and a square
cross-section at the output were developed. It was determined that the length of the
inlet device in the operating interval is not a significant factor for the variation of the

speed and flow rate in the speed range of the wind turbines.

- To increase the wind speed in front of the wind generator, a U-shaped channel
is proposed in front of the turbine, which has the same cross-sections and radii in the
curved part. The fluid velocity field is found to approximate more closely to the simu-
lated one for a small difference in the inner and outer wall radii. The study was con-
ducted in SolidWorks environment.

- A stand has been developed for the physical study of adaptive wind generators
in the air flow speed range of 5 m/s — 15 m/s. It determines the variation of the power
of the wind generator as a function of the flow rate and the resistance moment applied
to the turbine shaft.

- The resonance frequencies of the turbine with the shaft of an adaptive wind
generator were investigated using the simulation module in SolidWorks. It is deter-
mined that the model is not threatened by the negative resonance effects.

4. Assessment of credibility of results and contributions

Research methods are applied competently and through established software for
designing and studying a structure in the process of its development, such as Solid-
Works and CATIA. To evaluate the accuracy of the theoretical models, several stands
of adaptive wind generators have been developed. At a wind speed of 10 m/s, the dif-
ference between the efficiency of the physical study and the theoretical model is 1.6%,
which is indicative of the accuracy of the studies. The contributions are a logical syn-
thesis of the original results.

The theory of similarity has been applied to the design of similar structures of a
wind generator. As similarity criteria, the dimensionless parameter Vp/V, (air velocity
at the inlet on the peripheral speed of the turbine) has been proposed.



5. Scientific and applied scientific contributions

The contributions of the dissertation have a scientific-applied nature and treat with
the creation of new constructions and technologies. The more significant are:

- A theoretical model for the efficiency of an adaptive horizontal axis wind turbine
has been developed. In this case, it is connected to an electric generator, which cre-
ates an adjustable braking torque on the turbine, thus maintaining maximum effi-
ciency in variable wind speed.

- The design of the housing and the turbine of the adaptive wind generator is justi-
fied. The increase in the speed of the flow flowing through a curved channel in front of
the inlet of the centrifugal turbine is defined, which expands the speed range of the air
driving the wind generator.

- A bench has been developed for the experimental study of adaptive wind genera-
tors with the possibility of smoothly changing the braking moment on the turbine.

- Two physical models of adaptive wind generators were developed, which were
investigated in the wind speed range from 5 to 15 m/s. They maintain high efficiency in
the entire speed range under conditions of parametric instability and allow determining
the parameters of adaptive wind generators, as well as verifying the accuracy of theo-
retical models.

- A parameter n has been introduced, which expresses the ratio of the section at
the entrance of the confusor and the section in which the kinetic energy of the flow is
converted into mechanical work. The effect of the confusing part between the two
sections on the efficiency is determined. It is maximal at n = 1.299.

- The adaptive wind generator maintains high efficiency values of up to 45% in
the entire speed operating range. The achieved efficiency of the adaptive wind gen-
erator is twice as high as that of the horizontal axis.

- A method for scaling adaptive wind turbines of the mentioned type is proposed,

through the similarity theory.



6. Participation of the PhD student in the contributions

This can be judged from the publications on the dissertation and the developed
stand, which is the personal work of the doctoral student. Part of the results have
been patented in the name of the doctoral student, who is the owner of the patent
Therefore, | consider that the personal involvement of the PhD student in achieving
the contributions mentioned above is decisive.

7. Publications

Four articles and one patent were published on the dissertation. He is the lead
author of all. Two of them are independent, three are from participation in confer-
ences, one of which is international. All publications are referenced in Google Scholar,
and the patent is published in the bulletin of the Bulgarian Patent Office. | did not find
any citations on the materials from the dissertation.

8. Application of the results in practice

The results of the dissertation have significant applied, economic, environmental
and social impact. They are applicable in practice to increase the efficiency of hori-
zontal axis wind generators by using their maximum potential at variable wind speed,
and thus to lower the cost of electricity, which is produced in an environmentally
friendly way.

9. Evaluation of the abstract

It includes 32 pages and 28 figures, which is 21.5% of the volume of the disser-
tation. The content reflects sufficiently and accurately and clearly the results of each
chapter of the dissertation work. The main conclusions, contributions, dissertation
publications and annotation in English are presented. The report testifies that the doc-
toral student can refer voluminous scientific works according to the generally ac-
cepted requirements.

10. Recommendations and notes

- The subject of the research is indicated after the overview, not at the end of the
dissertation.



- All literary sources should be cited in the text of dissertation. | recommend it be
according to Scopus and WoS rules.

- When describing the literature, indicate the ISSN or ISBN of the source. Litera-
ture Source 14 is not fully described in the literature.

CONCLUSION:

Based on the research methods applied by the candidate, the correctly performed
experiments, the synthesized conclusions and the contributions achieved, | consider
that the presented dissertation meets the requirements of the ZRASRB and the Regu-
lations for the Development of the Academic Staff at the Technical University - Sofia,
which gives me the reason to rate it POSITIVELY.

Therefore, | propose to be awarded Master Eng. Hristo Toshkov Nedev with the
educational and scientific degree "Doctor” in the field of higher education 5. Technical
sciences, professional direction 5.1. Mechanical engineering, scientific specialty "The-

ory of mechanisms, machines and automatic lines".

Date: REVIEWER:
17.10.2024 Iprof, Stoyan Ishpekov, PhD/



