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1. O0mwu noJiokeHusi U OUOrpaguYHM JAHHH

B xonkypca 3a ,,gouent* mo 5.1 “MamuHHo uH)XeHepcTBO (XUIpaBINYHU U MHEBMATHUYHU
3aJIBWKBAIIM cUcTeMH) B TexHuueckus yHuBepcuteT — Codus e mojgan JOKYMEHTH caMo
enqnH KaHguaar:  O-p Anekcanabp CtosHOB MUTOB, TJaBEeH acHUCTEHT KbM Kareapa
»XHUAPOACPOAMHAMUKA M XHUJAPABIMYHM MalMHU® 0Opu EHeproMammHOCTpOUTETHUS
dakynrer. KanmumaTbT € 3aBbpIIAI  CIEIMUATHOCTTA ,, XUAPABIMYHA ¥ ITHEBMaTHUYHA
texuuka“ B TY-Codus ¢ oOpa3zoBarenHa W KBaTU(HUKAIMOHHA CTENEH ,,MarucTbp™ Mpe3
2012 r. B nepuona 2013-2016 r. e nokropant B TY-Codus, karo npe3 2016 r. e momydnn
HayyHaTa CTEeNeH ,,JOKTOp® ¢ JHUCepTalMOHEH TPyA Ha TeMma ,,/{3credeane Ha KOPMUIHA
eeKmMpOoXUOPABIUYHA 3a08udceawa cucmema c yugposo ynpasnenue. Ot 2016 r. no 2017
r. € acucte’T, a or 2017 r. e rJaBeH acHUCTEHT KbM KaT. ,,XHAPOaepOoJAMHAMHUKA U
xunpasnuuau MammHu. Ilpes 2015 r. e nmpoBen cnenmanusanus BbB ¢upmata Jlandpoc B
Isenust. Bnagee aHrmmiicki 1 HEMCKH €3UK.

KoukypchT € o0siBeH B [IbpkaBen BecTHuK, Op. 100 ot 24 HoemBpm 2020 romuHa, BH3
OocHOBa Ha peuieHue Ha MakynreTHUusa cbBeT ¢bBEeT HA EM®. ®opmaHUTEe U3UCKBaHNS BbB
BpB3Ka ¢ Ipolielypara ca U3IIbIHEHU B HEOOXOAUMUTE CPOKOBE.

2. O01mo onucaHue HA MPeJACTABEHUTE MATEPHAJIN

Kannunnater yuacTBa B KOHKypca o0mo ¢ 50 Tpyaa, KOMTO HE IOBTApAT NPEICTABEHUTE 3a
npuaoOMBaHe Ha oOpa3oBaTelHaTa W HaydHa cTemneH ,,JokTop*. OT Te3u Tpynose 49 ca
CTaTUU B HAYYHU CIMCAHMS M JOKJIAJAW Ha KOH(pEpeHIUH, NyOonuKyBaHu B nepuoaa 2012-
2020 1., a emuH e YydyeOHUK CBC 3ariaBue ,, Enexmpoxuopaseiuunu cepsocucemu”,
nyonukyBaH npe3 2015 r. Benuku mpencraBeHu TpynoBe ce peueHsupar. Enunanecer ot
TpyAoBeTe 00OCHOBAHO Ca MPEJI0KEHN KaTo PaBHOCTOMHM Ha MOoHOorpaduueH Tpya. Ilet ot
OCTaHAUTE TPYyJIOBe ca pedepupaHd M WHAEKCHpPAHW B CBETOBHM 0a3u maHHU cbC SJR
uHJIeKe, a 33 ca myOnukanuu B HepedepupaHu U3aHus W TpyAoBe Ha KoHpepenmuu. OT
nocjaeqHuTe, 5 ca MyOJauKaluyd B NMEPUOJUYHU HM3/aHus, a 28 ca JOKIaad, H3HECEHW Ha
HAay4YHH KOH(EpEeHIIMH, CUMIIO3UYMH M KOHTPECH Yy Hac M B uykOuHa. B 25 oT Tpymosere
KaHIUAAThT € Ha I'bPBO MACTO B KOJEKTUBA, B 21 — Ha BTOpo U B 4 — HaA TPETO MSACTO.
[Ipunoxena e moapoOHa cripaBka 3a 12 MUTUpPaHUs HA TPYAOBETE HA KaHIUAaTa, KaTo 2 OT
TSAX ca OT uyXxjaecTpaHHu aBTopu. [IpencraBena e nHpopmanus 3a MOJTY4eHU 6 OTIMYHS Ha



JOKJIaJ¥, U3HECEHU Ha KOH(GEpPEHIIMN y Hac U B Uy)KOWHA, B T.4. cepTU(UKAT 3a Hak-100pa
cTaTtus, W3HeceHa Ha KoH(pepeniuss B UepHa ropa u rpamora or Chro3a Ha YYCHHTE B
bbirapus.

[IpencraBenu ca JOKyMEHTH 3a pPbKOBOJICTBO Ha 2 HaAYYHU MPOEKTA U y4acCTUE B 7 IPOECKTU U
norosopu. B cnpaskara, uzgaaena ot ,,M+C Xuapasmuk* A/l rp. Kazannbek ce nocouna, ue
r.ac. MHUTOB € yyacTBal B M3IBJIHEHMETO Ha JBa IIPOEKTa, KOUTO Ca YacT OT
NPOW3BOJCTBEHATA W WHOBAaTMBHATa JeiHocTH Ha (¢upmarta. Hsma mnpencraBeHa
uH(popMalusi 3a ydacTde B OPraHM3alMOHHM WJIM TPOTPaMHM KOMUTETH Ha HAY4YHU
MEPOTIPUSATHUSL.

3. O0ma xapakTepuCTUKA HA HAYYHOU3CJIEI0BATEJICKATA U HAYYHO-
NPWJIOKHATA IEHHOCT HA KaHAUAaTa

KanmumatbT wMa 3HAauMMa Hay4YHO-M3CIIENOBATENICKa TPOAYKIMS B o0nactra Ha
€JIEKTPOXUIPABINYHUTE YCTPONCTBA U CUCTEMHUTE 3a 3aJBIKBaHE C IIU(PPOBO yIpaBJieHHE,
pe3yaTaT Ha ycremHa padota B nepuoaa 2012-2020 r. ['mac. MutoB nMa penuiia HaydHd U
NPWIOKHU TMPUHOCH B 0O0JIACTTa HA MOJEIHPAHETO U HIACHTU(PUKAIUATA, CHUMYJIAIMSITA,
CHUHTE3a M peanu3anusaTa Ha [MUGPOBU 3aKOHU 3a YIpaBJieHHE, KAKTO U MPOEKTUPAHETO U
peanuzanuaTa Ha JIA0OpAaTOPHM CTEHIOBE 3a EKCIEPUMEHTATHH W3CICIBAHUS Ha
€JIeKTPOXUIPABINYHN KOPMUIHU ypenou. [lonyduenute pesynaratu ca myOiIMKyBaHHU B TOJISM
Opoil cTtatuu y Hac U B uyxOuHa. Hamuie e mocrarbueH Opodl IUTHUpaHHUS HA HETOBUTE
TPYAOBE OT OBJIrapcKd M UyKJIECTpaHHU aBTOpHU. MIMa M cepuo3Ha mejgarorundyecka JAeHHOCT
BBHB BHUCIIE y4eOHO 3aBeieHHe. ToBa xapakrtepusupa ri.ac. MUTOB KaTo M3TpajieH Hay4YeH
pabOTHUK CbhC 3HAYUMa HAy4YHO-U3CJIENO0BATENICKa, HAYYHO-TPUJIOKHA W TMeJarorudyecka
JEHHOCT.

4. OneHKa Ha MeJarorn4eckarTa moAroToBKa M JeHHOCT HA KaHAM/AAaTa

[Ipe3 mocnennute 3 yuyeOHM TOAWMHM KaHAUAATHT € M3HACSUI JIGKIMU TO 5 NUCUUIUIMHU B
OakanaBbpCKaTa M MarucThbpcKara CTEeNeH Ha oOydeHHe Ha CIEIHATHOCT ,,XHUJIpaBIUYHA U
nHeBMaTrdHa TexHUKa“ B TY-Codust B 06eM oT 72 vaca neknuu. [lopanu ToBa mpuemam, ue
neaaroruyeckara ,Z[GI\/'IHOCT Ha KaHJuaaTta € JoCTaTbyHa U TOH € HaTpynaji HGOGXOI[I/IMI/ISI
OIINT 3a UTHKHOCTTA ,,TOIICHT .

5. OCHOBHM HAYYHHM U HAYYHO-NIPHJIOKHHU IPHUHOCH

A. IlpuHocu HA KAaHAWAATA B TPYAOBETE, MPEIJI0KEHH KATO PABHOCTOHHU HA
MOHOrpadu4eH Tpya, o3arjiaBeH ,,CHHTe3 U peajn3alus HA BIPaJeHN CUCTEeMH 32
ylpaBJ/ieHHe HA eJIEKTPOXU/IPABJIMYHN KOPMHUJIHH Ypea0H 32 HUCKOCKOPOCTHH
MOOMJIHM MAIIUHU*

1. Hay4HoO-npuJ/IO:KHM TPUHOCH
- PaspaGorenn ca JBa Mozena Ha €IEKTPOXUAPABIMYHM KOPMWIHU YCTpPOMCTBA,
W3TOJ3BAaliKM METONW 3a HWIACHTU(]HKAnus OT Tuma ,4epHa KyTus . CbOTBETHHTE



JMHEWHU MOJIeNTM ca TPEICTAaBEHW B TNPOCTPAHCTBO HA CHCTOSIHWATA. M3cimenBaHo e
BIUSHUETO BHPXY MOBEJCHUETO HAa 3aTBOPEHATa CHCTEMa Ha PAa3IMYHU H3MEPBATEIHU
censopu (tpyn [B4-6]) .

- BwB3 ocHOBa Ha MOJIy4eHHUTE MOJIENH Ca CHHTE3UPAHU MHOTOMEpPHU POOACTHU 3aKOHU 32
yIpaBJIeHUE Ha T[O3WIUATa Ha IUIYH)Kepa B  TIPOTMOPHOHANCH  XHIPABINYCH
pasnpenenuren. llokazaHo e, de pa3zpaboTeHara BrpajeHa CHCTEMa 3a YIIpaBlICHUE
MOCTUTa pobacTHA YCTOMYMBOCT U pPoOacTHO KadecTBO (Tpynose [B4-8, B4-9, B4-10]).

- Cunre3upanu ca kackagau 11 perynatopu 3a ympaBieHUE MO3UIMATA HA TUTYHXKEpa B
pasnpenenuTen che cnensma Gyuakmus (tpyaose [B4-1, B4-2, B4-5, B4-11]).

- 3a ocwrypsiBaHe Ha TOYHOCTTa Ha MO3UIMOHHpAHE € BBBEJACHA OOpaTHAa BpB3Ka IO
NO3MIIMATA HA TUTYH)Kepa, KaTo 3a IeNiTa € BrpaJeH JMHECH WHAYKTHBEH H3MepBaTelIcH
npeoOpasysaten (Tpynose [B4-3, B4-7]).

2. IlpwnJjioKHH NPUHOCH

- Ilpoextpan e W e pealu3upaH HOB JilabopaTOpeH CTEHJ 3a U3CJe/lBaHe Ha
EIEKTPOXUIPABINYHA KOPMIJIHU YpeIO0M ¢ YYBCTBUTEIHOCT KbM HW3MEHEHHETO Ha
BBHIIHUTE HaTOBapBaHUsA. CTEHIBT aBa Bb3MOXKHOCT 32 (DYHKIIMOHAJIHHU M3MUTBAHUS Ha
ChBPEMEHHU KOPMUJIHH YCTPOWCTBA M CHCTEMH, NpPETHA3HAYCHH 3a H3MOJ3BaHE B
IIMpPOKa raMa HUCKOCKOPOCTHU MOOMITHU MamuHu (Tpynose [B4-3, B4-7]).

- CreHasT € 000pyABaH ChC CHBPEMEHHHM U3MEPBATEIHU U HM3MBIHUTEIHH YCTPOUCTBA,
KOTO JaBaT BB3MOKHOCT B pEaJHO BpeMe Ja Ce OT4eTe BIUSHUETO Ha DPAa3IUYHU
MEXaHUYHH U XUJPaBINYHU BelnuuHu (Tpyaose [B4-5, B4-11]).

- Paspabotena e BrpajaeHa cuctema 3a MudpoBo yrpaBieHHE Ha CTEH/Ia BC OCHOBA Ha 32-
OuToB MUKpOKOHTpojep. Ch3gaJieHO € MpOorpaMHO OCUTYpsIBAHE Ha CHCTeMara 3a
yIpaBieHHe, KOETO JaBa BB3MOXKHOCT JIECHO J1a C€ peaiu3upaTr pa3iuyHU IJUCKPETHU
3aKOHH 3a ynpasieHue (Tpyaose [B4-3, B4-7, B4-8, B4-10]).

- Co3manena e CAN-Mpexxa 3a TMOJy4YaBaHE€ Ha EKCIEPUMEHTAIHM JIHUHAMUYHU
XapaKTEepUCTHKU B peanHo BpeMme (Tpyznose [B4-3, B4-7, B4-5]).

- Pazpaborenusar creHn naBa BB3MOXKHOCT Jia C€ OCBHIIECTBH OOydYeHHE Ha CTYACHTU U
JOKTOpaHTH KakTO B O0JacTTa Ha XWIpaBIMYHATA TEXHUKA, Taka U B oOjacrra Ha
BIPaJICHUTE CUCTEMH 3a YIIpPaBIICHUE.

[TocoyeHnuTe MpUHOCH MOKA3BaT, Y€ ChABPKAHUETO HA MpeacTaBeHuTe 11 TpynoBe HabJIHO
OTTrOoBapsd Ha H3UCKBAHUATA KbM Xa6I/IJII/ITaLII/IOHeH Tpyd 3a MOJIy4aBaHC Ha 3BAHUCTO
,,JOIIEHT .

b. IlpuHocu Ha KaHAUAATA B HAYYHHUTE TPY/AOBeE, IIPEICTABEHH 32 yYacTHe B KOHKypca

[IpenacraBenuTe TPyJAOBE Ha KaHIWJATa CE OTHACAT N0 pa3pabOTBaHE HA HOBU METOIM 3a
MonennpaHe, CI/IMYHI/IpaHe, aHaJIu3 MW CHHTC3 Ha eHeKTpOXI/I,[[paBJII/I‘-IHI/I CUCTCMH 3a
3aJIBIDKBAHE U YNPABJICHHE, KAKTO W MPOSKTHPAHE U pean3anus Ha JIaOOpaTOpHU CTCHIOBE
3a GKCHepI/IMeHTaHHO HN3CJICABAHC Ha GHCKTpOXI/I,Z[paBJII/I‘{HI/I KOpMI/I.HHI/I ypez[61/1.
ChIbpp)kaHUETO Ha TE3W TPYAOBE MOKa3Ba, Y€ KaHIUIATHT pabOTH BbPXY YCHBBPIICHCTBAHE
Ha HU3IIO0JI3BAHUTEC ITOAXO0IU U CC CTpeMI/I aa pa3m1/1p1/1 BB3MOXKHUTC 06HaCTI/I Ha HpI/IJIO)KGHI/IC.
Karo Haii-chIiecTBeHH criope]l MEH HayYHW W HAYYHO-TIPHJIOKHU MPHUHOCH HA KaHAHWIATa
MorarT Jia ce oTOeexKar:



1. Hay4yHO-NpWJIOKHU NPHHOCH

PazpadorBane Ha MaTeMaTHM4YeCKH MOJEJIM M CHMYJHpPaHe HAa XHMAPABJIMYHH
CHUCTEMHU

W3pbpumieHn ca peauiia M3CIEIBaHUSA, CBBbP3aHM C pPa3pabOTBaHETO HA aJleKBaTEeH
MaTeMaTUYeCKH MOJIEeN U ChOTBETHO METOJMKA 3a M3CJe/IBaHe HA JUHAMHYHUTE MPOLECH
B 3aJIBUKBAIM CUCTEMH C IU(PPOBO XUAPABINYHO YIIPABICHHE C OTJIE] aHAJIH3 U CUHTE3
Ha CTPYKTypaTa UM U OIpeJeNisiHe BIUSHUETO Ha KOHKPETHH KOHCTPYKTUBHU U
HACTPOGYHHU MapaMeTpu. Peanmusupanusat moaxon 3a uaeHtudukamus (tpya [[8-14])
MO’KE Jla TOCIYXXM KaTo 0a3a 3a MO-HaTaThIIHU M3CIIEJBAHUS, MMald 3a Led Ja ce
u3cieBa JUHAMHYHOTO ITIOBEJIEHHME HAa CUCTEMAaTa IO YECTOTHUTE XapaKTEPUCTHKH,
MOJIyYEHH OT IpeaBaTesiHaTa (yHIKHUSI Ha ChCTaBEeHUs] CUMYJIAllMOHEH MOJEIT;

B tpyn [I'8-2] e mpencraBeH BepudHUIHMpaH MaTeMaTUYECKH CHMYJIAIMOHEH MOJEI,
KOHTO JaBa BB3MOXKHOCT Jla CE€ H3CJe[Ba BIUSHUETO Ha BBBEACHU JOMBIHUTEIHU
XUAPABIUYHU YCTPOMCTBA BBPXY [AUHAMHUYHUTE XapAKTEPUCTHKM HA HAJATAHETO B
eKCIIepUMeHTaJIeH TphOonpoBoa. MoienbT 1aBa Bb3MOXKHOCT Ja C€ U3Clie[Ba BIUSHUETO
Ha KOHCTPYKTHUBHUTE I[apaMeTpH Ha OTACIHUTE €JIEMEHTH BbpPXY JAMHAMUKaTa Ha
CUCTEeMAaTa;

[Tokazano e (tpyn [['8-4]), 4ye ¢ momoinTa Ha KOMOWHAIMS HA BKIIOUEHH B CHCTEMara
XUIpaBIMYEH aKyMyJaTop U TMOANOPEH KJjalnaH, € Bb3MOXHO Ja Ce IOCTHTHE
CBHOTBETCTBUE MEXAY BUIa U (popMaTa Ha BXOTHHS M M3XOIHHUS CHTHAJ, C KOETO Jia ce
MOCTUTHE BUCOKA €()eKTUBHOCT HA PETYIHUPAHETO;

B tpyn [I'8-5] e nmoka3aHo, 4e € Bb3MOXKHO JIa C€ OCHUIECTBH MU(PPOBO YIIPaBJICHUE Ha
CKOPOCTTa Ha U3IIBIHUTEIHOTO YCTPOICTBO;

Penuiia nmpakTU4ecku BaXKHU pE3YyATaTH, CBbP3aHU ChC CUMYJIMpPAHE HA JMHAMHUKATa HA
M (ppoBU XUAPABINYHU CUCTEMHU, Ca MMOJydeHu B Tpynose [['8-6, ['8-7, I'8-16].

IIpoexTupane u cuHTe3 HA NM(POBHU peryJiaTopu B XUAPABJIMYHU CUCTEMHU

B Ttpyn [I'7-1] ca mnpeacraBeHM pe3yiaTaTUTE OT MPOEKTUPAHETO, CHUHTE3a U
EKCIIEPUMEHTATHOTO  W3CJIEIBAHE HA YyCHBBPLICHCTBAHA BEpCUsS HA JIMHEHHO-
KBaJIpaTUUEH TayCcoOB pEryJiaTop 3a eJEKTPOXMJpaBIMYHA CUCTEMA, W3I0J3BaHAa B
€JEKTPOXUIPABIMYHO KOPMUIIHO YCTPOMCTBO. PerynaTopsT € CHHTE3upaH Bb3 OCHOBA HA
MoJena, MoJlydyeH 4upe3 WIACHTU(UKAIUS 10 eKCIIepUMEHTAIHU JaHHU B Tpyna [B4-6].
W3BBpIIEH € CPABHUTENEH aHAIU3 HAa PE3YJITaTUTE, ITOIYYEHU C IbpBOHAYaIHaTa BEPCUs
Ha perynaropa, npemioxeHna B Tpyn [1'7-4];

B Ttpyn [I'8-28] e mpencraBeHa cucrtema 3a YIPaBICHUE Ha €IEKTPOXHUIPABIUYCH
yhnpasisiBall] MOJYJ, KOSTO OCHIypsiBa poOacTHa YCTOMYMBOCT M KayeCTBO B IIUPOK
paboreH nuana3zoH. CucremaTa W3MOJI3Ba CHHTE3UpAHUs JIMHEHHO-KBaIpaTHUEH raycoB
perynaTop ¢ HHTerpaiaHo aercteue. PobacTHaTa yCTOMYMBOCT ce U3Cie/IBa C IOMOIITa Ha
pa3paboTeHHs] MaTeMaTH4eCKH MOJeN, ChIbpXKaIl BXOJHAa MYJITHILUIMKATHBHA
HEOIPEAEIEHOCT;

B tpya [['7-5] ca mnpeactaBeHW pe3yJaTaTuTe OT MPOEKTUPAHETO, CHHTE3a U
EKCIIEPUMEHTAIHOTO  H3CJIE[BAaHE HAa  MOJEIHO-NPEJCKa3Balll  peryjiarop  3a
eJeKTpoXuapaBiInuHa cuctema. [lokazaHo e, 4e TO3u perynaTop uma HIKOU MPEeIUMCTBA
B CPaBHEHHUE C U3I10JI3BAHETO HA KOHBEHLIMOHAJIHU 3aKOHU 32 YIIPaBIICHUE;



- B Tpyn [I'8-26] e nmpeacTaBeHO MPOEKTUPAHETO U CUHTE3a Ha BrpajieH Hw perynatop oT
5-TM pea ¢ MHTErpajHa CbCTAaBKa, NPEAHA3HAUEH 3a €JIEKTPOXHUAPABIMYHA KOPMUIHA
cucrema. Pazpaboren e moaxossi codhTyep 3a peaau3ays Ha YIpaBsBaIUs allrOpUTHM
¢ momoinTa Ha 32-OMTOB KOHTPOJIED;

- B 1pyn [I'8-31] e cunTe3mpan poOacTeH W-peryiaTop, IMOJyueH Bb3 OCHOBA Ha
MHOTOMEpPEH MOJIEJ C HEOIPeIeIeHOCT B MPOCTPAHCTBO HA ChCTOAHUATA. PerynmaTopsT €
BrpajJicH B NpPOMHIUIEH 32-OMTOB KOHTpOJEp M € eKCIepUMATaJHO H3CJIE[BaH B
1abopaTOPHU YCIIOBHS;

- UsBppmieHO € cpaBHeHHEe Ha poOacTHaTa YCTOMYMBOCT HAa BrPaJeHU CHCTEMH 32
yIpaBieHUE Ha EJIEKTPOXUIPABINYHA KOPMHIJIHA CHCTEMa, W3MOJ3Ballla JUHEHHO-
KBazpaTuueH u He perynarop (tpya [1'8-32]).

2. IlpwnJjioXHHU NPUHOCH

- PagpaGotren e wu e peanmsupan Ja0opaTOpeH CTEHJ 3a H3ClIeJBaHe Ha
€JIEKTPOXH/IPABIMYHA KOPMHUIIHA ype0a ¢ UyBCTBUTEIIHOCT IO HATOBApBaHe, KOMTO JaBa
BB3MOKHOCT 32 (DYHKIMOHAIHM H3MUTBAaHUA HAa CHBPEMEHHH EJIEKTPOXUIPABIMYHH
KOPMUJIHM YCTPOWCTBA, INpPEJHA3HAYEHM 3a M3MOJI3BaHE B IIUPOKAa ramMa MOOWIIHM
MamHu (tpya [['8-25]);

- PaszpaboreHa e BrpajgeHa cucrema 3a LU(POBO yINpaBIEHUE Ha CTEHIA, KOATO JlaBa
BB3MOKHOCT 32 EKCIIEPHUMEHTAHU M3CIEABAHUS, UICHTU(DUKAUSA U MPUIOKEHHE Ha
pasnuuHu TUNoBe IUdpoBu perynaropu (Tpyx [['8-17];

- Pa3zpaboreH e cTeH] 3a U3CieaBaHe B peaHO BpeMe Ha BrpaJieHu HU(POBU CUCTEMH 3a
yIpaBJIEHUE Ha EJIEKTPOXHJIPABINYHU KOPMMJIHM CHCTEMH Ha OaBHOXOJHU MAaIlIMHU
(Tpyn [I'8-33];

- Pa3paboreH e BupTyajleH IPOTOTHI Ha MNHME30€JeKTpUUYeH IpeoOpa3yBaTell, KOHTO €
M3I0JI3BaH B CUMYJIAIMOHHY ycinoBus (tpyxn [I'7-1];

- Pa3zpaGoreHa e KOHCTpYKLMS Ha XHJIPABIMYEH pa3lpelesuTe]l C HPONOPLUOHATIHO
€JIGKTPUUYECKO yIIpaBlIEHUE OT MUE30eNeKTpUUeH npeodpaszysaten (Tpya [I'7-1];

- Pa3paboreHO € CXeMHO pelleHHe Ha eJNeKTPOXUIpPaBIMYHA CleAsla IO3MLHOHHA
CepBOCUCTEMA, KOSITO € peajn3upaHa karo jJadopatoper cteny (tpyxn [1'7-2].

Bcuuku pasriienanu mo-rope IMpUHOCH ca JIeJI0 Ha KaHAWJaTa W IOKa3BaT, Y€ € € HaJuLe
XapMOHUYHO CHhYETAaBAaHE HA HAYYHO-U3CJIENOBATEICKA W MPUIOXKHA JEHMHOCT, HUBOTO Ha
KOSITO OTTOBapsI HAITBJIHO HAa U3UCKBaHUATA 3a ,,10IeHT" B TY-Codus

6. 3HAYUMOCT HA MPUHOCHUTE 32 HAYKATA U NMPAKTHKATA

Pesynrature B oOnacTTa Ha YNOpaBIE€HHETO Ha XHIPABIUYHU CUCTEMH, IOJIYYEHH OT
KaHAMJaTa, NPEICTaBIIsABAT CEPUO3EH IPUHOC B CHOTBETHOTO HAyYHO HAIIPABICHUE U MOTaT
Jla HaMepAT NPAaKTHYeCKO IpuiokeHue. O4eBHIHU ca yCWIMATAa HAa KaHAMJATa HaydHHTE
pe3yaTatu a ObJaT BHEAPEHU B PEATHU U3JENHsl, KOUTO Ja Ce M3IO0JI3BaT B MHIYCTpUATA U
oO0yuyenuero. Kakro 0e mocoueHo B T. 2, TpyAOBeTe Ha KaHAMJATa ca IUTUpaHU 12 IBTH B
yykOMHa U y Hac, Opajd KOETO MOXKE Jla Ce CMsATa, 4e NMPHUHOCHUTE Ha Ii.ac. MUTOB ca
HOJYYHIIN HEOOXOMMOTO IPU3HAHKE OT HayYHAaTa OOLTHOCT Y HAaC U B Uy)KOUHA.



7. KpuTuuHHu 6ejie’KKH H NpenopbKH

AHamu3pT Ha NMyONMKalMUTE Ha KaHIWZATa IOKa3Ba, 4€ B IO-TOJIMATa CH 4YacT Te ca
TIPE/ICTaBeHU KaTo JIOKJIaJU Ha pa3IMYHA HayUHH MEPOTPHATHS y HAC H B 4yxOmHa. be3 na
TIO/IIICHABAM TO3H TUI Hay4YHA NMPOAYKIIHS, CMATaM Ye € HeoOX0auMo B ObJele KaHuaaThT
Ja TIOCTAaBH YJAPEHHETO BBHPXY INYOJHMKYBAHETO Ha CTaTHH B HAli H OCOOCHO B
YyXXJIECTPaHHH CITHCAHMSA, C OIJIe[ Pe3yNTaTUTe My Aa MOIydYaT IIO-IIMPOKO IPH3HAHME OT
Hay4YHaTa OOIIHOCT y HAC U B 4yxOuHa. ToBa Iie JonpuHece H 3a €JHO MO-CHJIHO IIUTHpaHe
Ha HETOBHTE pe3yJNTaTH OT HamM H Yy)XISCTPAaHHH CIEIHAIMCTH B o0iacTra Ha
XHUJIPABITHYHUTE CHCTEMH 3a YIIPaBJICHHUE.

8. H3nb/HeHHe HA HAYKOMETPHYHHTE H3CHKBAHHA

JleknapupaM H3IOBIHEHHETO Ha HOPMATHBHUTE W3HMCKBAHHUSA [0 OTHOINCHHE HAa
HallHOHATHUTE U WHCTUTYTCKHTE HAyKOMETPHYHU JaHHH 3a 00sacT ,, TeXHHUECKH HayKu" 3a
3a€MaHe Ha JIBXKHOCTTA ,, JOUEHT IO Ipyla Moka3areiau Kakto cineasa: A = 50 1.; B = 230
T; I'=3101.; =120 1; E=13.3 1.; X = 72 1. Tt Karo MUHUMATHHUAT Opoii Touku e 430,
a UBMBIHEHHAT € 795.3, Hamdie € 33HAauuTe]HO TMpEeBHINaBaHe Ha HOPMATHBHHUTE
HM3UCKBaHHI.

9. /InuHM BrieYaT/ICHHSl H CTAHOBHIIE HA PeleH3eHTAa

Ilpe3 nocieAHNUTE HAKOJIKO FOUHM ciels 0TO/IN30 Hay4yHaTa ACHHOCT Ha KaHIUAATa U UMaM
MHoro noOpH BrevyaTieHus oT HeroBata pabota. Toif € BHCOKO OpraHW3UpaH CIEIHAIUCT,
JICIIOBU, MHOTO AKTHBEH U C KOHKPETHHU BIDKJAHHS 33 WU3MBIHEHHETO HA MPEACTOSLIUTE
3agaud. CMsATam, 4e B HEroBO JMIle Karelpa ,,XHIOpoaepoAWHAMHKA W XHUAPaBIWYHH
MAalIMHA 1€ TOMYYH €UH 1IEHEH CHTPYAHHUK, KOHTO I JOTIPHHECE aKTHBHO 3a Pa3sBHTHETO
Ha CHOTBETHOTO HampanieHHe. He Mora na He orebenexa ChIIO Taka YMEHHETO Ha Il ac.
MHTOB- 1a YCTaHOBSBS KOHTAKTH CBHC CIEHHAIMCTH OT APYrH KaTelpu W Ja pasliupsABa
MO3HAHUATA CH B JPYI'M HaydyHU O00JIacTH, KOETO JOIPHUHECE MHOTO 3a HEroBara YCIICIIHA
pabora.

3akiioyeHue

3HaYMMUTE HAYYHO-TIPUJIOKHH U MPUIIOKHH IPHHOCH HA KaHAMJATa, TAXHOTO MyOIHKyBaHE
B IPECTHXXHH MEXIYHAPOIHH M HAIIX M3/aHHsl, KAKTO U JOCTaThYHMs OpoH HUTHpaHWs Ha
TPYAOBETE, MM JaBaT OCHOBaHHME yOeleHO Aa mpelioxka ria.ac. I-p Anekcanabp CTOSHOB
MmuToB na 3aeMe akaJeMHYHATa JIBXHOCT ,,JOLEHT” B Npo(eCHOHATHOTO HanpasieHue 5.1
“MamuHHO WHXEHEPCTBO MO CIeNHATHOCTTa XHUAPABIMYHA U THEBMATHYHH 33 IBHXKBAIIH
CHCTEMH.

05.03.2021 1. H3rotBui peneHsusra:

/mpo¢. nrH Iletko Iletkon/
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REVIEW

on the competition of taking the academic position “Associate Professor” in
professional area 5.1 “Mechanical Engineering”, scientific specialty “Hydraulic
and Pneumatic Drive Systems”, announced in State Gazette issue 100 of
November 24, 2020
with a candidate: Alexander Stoyanov Mitov, Chief Assistant Professor, PhD
Reviewer: Petko Hristov Petkov, Professor, DSc

1. General and biographical data

In the competition for obtaining the position “Associate Professor” in “Mechanical
Engineering”, scientific specialty “Hydraulic and Pneumatic Drive Systems” at the Technical
University of Sofia, participates only one candidate — Dr. Alexander Stoyanov Mitov, Chief
Assistant Professor in the Department of Hydro-Aerodynamics and Hydraulic Machines. The
candidate graduated with a Master of Sciences from the Technical University of Sofia with the
specialty “Hydraulic and Pneumatic Device Systems” in 2012. In the period of 2013-2016, he
was a Ph.D. student in TU-Sofia where he obtained the scientific degree “Doctor” in 2016 with
a dissertation on the topic “Research of steering electrohydraulic drive system with digital
control”. From 2016 to 2017 he is an Assistant Professor and from 2017 - Chief Assistant
Professor in the Department of Hydro-Aerodynamics and Hydraulic Machines. He is fluent in
English and German.

The competition is announced in State Gazette, issue 100 of November 24, 2020, based on a
decision of the Department of Hydro-Aerodynamics and Hydraulic Machines and Faculty of
Power Engineering and Power Machines. The formal requirements in connection with the
procedure are fulfilled in the necessary time.

2. General description of the presented materials

The candidate participates in the competition with 50 works that do not repeat the works
presented to acquire the education and scientific degree “Doctor”. Of these works, 49 are
scientific papers and papers presented at conferences, published in the period 2012-2020, and
1 textbook with the title “FElectrohydraulic servo systems”, published in 2015. All presented
works are subject to review. Eleven of the publications reasonably are presented as equivalent
to a monograph. Five of the rest works are referred to and indexed in world databases with SJR
index and 33 are publications in non-referred journals and conference proceedings. From the
latter works, 5 are publications in periodic editions and 28 are papers presented at conferences,
symposia, and congresses at home and abroad. In 25 of the works, the candidate is on first
place, in 21 — on the second, and in 4 — on the third place in the authors’ list. A detailed reference
is presented for 12 citations of the candidate works, 2 of them by foreign researchers.
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Information is done about obtaining of 6 distinctions of papers, presented at conferences at
home and abroad, including a certificate for the best paper presented at a conference in
Montenegro and a diploma from the Union of Bulgarian scientists.

Documents are presented for the supervision of 2 scientific projects and participation in 13
scientific projects and contracts. In a reference, issued by the “M+S Hydraulics” Co, Kazanluk,
it is pointed out that Dr. Mitov participated in two projects which were a part of the company
production and innovation activity. There is no information about participation in organization
or program committees of scientific meetings.

3. General characteristic of the applicant’s research, scientific and
development activities

The candidate has a significant scientific research production in the area of electrohydraulic
devices and drives systems with digital control, a result of a successful work in the period 2012-
2020. Chief Assist. Prof. Mitov has several scientific and application contributions in the area
of modeling and identification, simulation, design and implementation of digital control laws,
as well as in the design, and implementation of laboratory test benches for experimental studies
of electrohydraulic drive systems. The results obtained are published in a large number of
papers at home and abroad. Apparent is a sufficient number of citations of his works by
Bulgarian and foreign authors. He has also serious teaching activities at the University. This
characterizes Chief Assist. Prof. Mitov as a researcher with significant scientific, applied
science, and teaching activity.

4. Evolution of teaching capabilities and activities of the applicant

During the last three years, the candidate delivered lectures on five subjects in the
undergraduate and graduate educational degrees of the specialty “Hydraulic and Pneumatic
Devices” in the Technical University of Sofia. That is why I assume that the teaching activity
of the candidate is sufficient and he has accumulated the necessary experience for the position
of “Associate Professor”.

5. Key scientific and applied science contributions

A. Candidate contributions in the works, proposed as equivalent to a monographic
work entitled “Synthesis and implementation of embedded control systems for
electrohydraulic power steering of low-speed mobile machines”

1. Applied science contributions

- Developed are two models of electrohydraulic drive devices using identification
methods of the type “black box”. The corresponding linear models are represented in
the state space. Analyzed is the influence of different sensors on the behavior of the
closed-loop system (work [B4-6]);



- Based on the models obtained, multivariable robust control laws of the spool position
in a proportional hydraulic valve are designed. It is shown that the embedded control
system achieves robust stability and robust performance (works [B4-8, B4-9, B4-10]);

- Cascade PI controllers for control of the spool position in the electrohydraulic
proportional valve with servo function are designed (works [B4-1, B4-2, B4-5, B4-11]);

- Positioning accuracy is guaranteed by introducing of internal feedback from the spool
position. For this aim, a linear variable differential transducer is introduced (works [B4-
3, B4-7)).

2. Applied contributions

- A new laboratory test bench is designed and implemented for the investigation of a load-
sensing electrohydraulic steering system. The test bench enables functional testing and
investigation of modern electrohydraulic steering units intended for use in different
types of low-speed mobile machines (works [B4-3, B4-7]);

- The test bench is equipped with modern measuring instruments and actuator devices
which allow measuring in real-time the influence of different mechanical and hydraulic
quantities (works [B4-5, B4-11]);

- Developed is an embedded system for digital control of the test bench based on a 32-bit
microcontroller. Software for the control system is developed which allows easy
implementation of different control laws (works [B4-3, B4-7, B4-8, B4-10]);

- A CAN network is created for reporting experimental dynamic responses in real-time
(works [B4-3, B4-7, B4-5]);

- The test bench developed makes it possible to perform training of students and Ph.D.
students in the area of hydraulic drive technology as well as in the area of embedded
control systems.

The contributions indicated show that the contents of the represented 11 works satisfy
completely the requirements for a habilitation work for obtaining the academic position
“Associate Professor”.

B. Candidate contributions in the works, proposed for participation in the competition

The works presented by the candidate are devoted to the development of new methods for
modeling, simulation, analysis, and design of electrohydraulic drive and control systems as well
as design and implementation of test benches for experimental investigation of electrohydraulic
drive systems. The contents of these works show that the candidate works continuously on the
perfection of the approaches used and strives to extend their possible application areas. As the
most significant scientific and applied science contributions, I want to point out the following
ones.

1. Science application contributions

Development of mathematical models and simulation of hydraulic systems

- Several studies are performed related to the development of adequate mathematical
models and respective methodology of research of the dynamic processes in drive
systems with digital hydraulic control with a view to analysis and design of their
structure and determining the influence of specific design and structure parameters. The
implemented identification method (work [G8-14]) may serve as a basis of further



research, aimed at the investigation of the system dynamic behavior using the frequency
responses obtained from the transfer function of the developed simulation model;

In work [G8-2], a verified mathematical simulation model is represented, which allows
to investigate the influence of the introduced additional hydraulic devices on the
dynamic responses of the pressure in the experimental pipeline. The model makes it
possible investigating the influence of the construction parameters of specific elements
on the system dynamics;

It is shown (work [G8-4]) that by a combination of hydraulic accumulator and valve
included in the system, it is possible to achieve correspondence between the type and
form of the input and output signals to achieve high efficiency of the regulation;

It is shown in work [G8-5] that it is possible to realize digital control of the velocity of
the actuator device;

Several important results related to the simulation of the dynamics of digital hydraulic
systems are obtained in works [G8-6, G8-7, G8-16].

Design and synthesis of digital controllers in hydraulic systems

In work [G7-1], results are represented concerning the design, synthesis, and
experimental evaluation of the improved version of the Linear Quadratic Gaussian
controller of an electrohydraulic system used in electrohydraulic drive system. The
controller is designed based on of the model obtained by an identification procedure of
experimental data in the work [B4-6]. A comparative analysis of the results, obtained
by the initial version of the controller, proposed in work [G7-4] is done;

In work [G8-28], a system for control of electrohydraulic module is presented, which
achieves robust stability and robust performance in wide intervals of working
conditions. The system utilizes the designed Linear-Quadratic Gaussian controller with
integral action. The robust stability is investigated with the aid of the developed
mathematical model containing input multiplicative uncertainty;

In work [G7-5], results are represented from the design, synthesis, and experimental
evaluation of the model predictive controller of an electrohydraulic system. It is shown
that this controller has some advantages in comparison with the usage of conventional
control laws;

In work [G8-26] are represented the design and synthesis of embedded 5th order Hw
controller with integral component intended for an electrohydraulic drive system.
Appropriate software is developed which implements the control algorithm by using a
32-bit microcontroller;

In work [G8-31], a robust p-regulator is designed, obtained on the basis of an uncertain
multivariable model in the state space. The regulator is embedded in a 32-bit industrial
controller and is experimentally evaluated in laboratory conditions;

A comparison is done of the robust stability of embedded control systems of
electrohydraulic systems using Linear Quadratic and Hw controllers (work [G8-32]).

Contributions with application character

Developed is and is realized a laboratory test bench for testing of a load-sensing
electrohydraulic drive system which allows for functional testing of modemrn
electrohydraulic steering units intended for use in different types of mobile machines
(work [G8-25]);



- An embedded control system is developed for digital control of the test bench which
enables experimental investigations identification and application of different types of
digital controllers (work [G8-17]);

- A laboratory setup is developed for real-time investigation of embedded control systems
for electrohydraulic power steering of low-speed mobile machines (work [G8-33]);

- A virtual prototype of a piezoelectric transducer is developed that is used in simulation
conditions (work [G7-1]);

- A construction is developed of hydraulic valve with proportional electrical control from
the piezoelectric actuator (work [G7-1]);

- A schematic solution of an electrohydraulic position servo system is developed that is
implemented as a laboratory test bench (work [G7-2]).

All contributions considered above are made by the candidate and show that there is a harmonic
combination of scientific and application activity whose level corresponds entirely to the
requirements for “Associate Professor” in the Technical University of Sofia.

6. Significance of the contributions to science and practice

The results in the area of hydraulic systems control, obtained by the applicant, represent serious
scientific contribution in the corresponding scientific area and may find practical application.
Obvious is the candidate efforts to implement the scientific results in real devices used in the
industry and education. As already noted in Sect. 2, the applicant’s works are cited 12 times by
Bulgarian and foreign researchers so that it is reasonable to think that the contributions of Chief
Assist. Prof. Mitov has obtained the necessary recognition by the scientific community at home
and abroad.

7. Critical remarks and recommendations

The analysis of candidate publications shows that in their larger part they represent papers that
are presented to different scientific events at home and abroad. Without underestimating such
kind of scientific production, I think that the candidate must put the emphasis in the future on
the publication of papers in domestic and especially in foreign journals, so that his results may
obtain wider recognition by the scientific community at home and abroad. This also will
contribute to a stronger citation of his results by Bulgarian and foreign specialists in the area of
hydraulic control systems.

8. Fulfillment of the minimum state criteria

I declare the fulfillment of the normative requirements in respect to the national and institutional
scientific data for the area “Technical sciences” to occupy the position “Associate Professor”
by the group of indicators as follows: A = 50 points, B = 230 points, G = 310 points, D = 120
points, E = 13.3 points, J = 72 points. Since the minimum number of points is 430 points and



the fulfilled points are- 795.3, there is a significant over-fulfillment of the normative
requirements.

9. Personal impressions and opinion of the reviewer

During the last years, I have the opportunity to watch closely the scientific activity of the
candidate and I have very good impressions of his work. He is a highly organized specialist,
very active, and with a clear vision about the fulfillment of future tasks. I think that in his person
the Department of Hydro-Aerodynamics and Hydraulic Machines will acquire a valuable
member who will contribute actively to the development of the corresponding scientific
direction. It is also necessary to note the ability of Chief Assist. Prof. Mitov establish contacts
with specialists from other Departments which has contributed very much to his successful
work.

Conclusion

The significant science application and application contributions of the candidate, their
publication in prestigious international and home editions, and the sufficient number of citations
of the works make me convinced to propose Chief Assistant Professor Alexander Stoyanov
Mitov to take the academic position of “Associate Professor” in the professional area
“Mechanical Engineering”, specialty “Hydraulic and Pneumatic Drive Systems”.

05.03.2021 Reviewer:

/Prof. Petko Petkov, DSc/
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