CENCKOCTONMAHCKA AKALEMWA
COPUA

BX. NH}j /3 ....................
....................................... CTAHOBHILE

OTHOCHO JIMCEPTAIIMOHEH TPy 3a MOoJIydyaBaHe Ha 0Opa3oBaTeiHaTa U Hay4Ha CTCIICH »JlOKTOp”
B 06J1aCT Ha BUcIIE 06pa3oBaHuUeE ,, ] eXHHYECKH HAayKu"“, B MPOGECHOHATHO HANPABICHAE 5 O
_MaimHHO MHKEeHepCTBO®, HAay4yHa CIENMATHOCT ,MeXaHM3alus M eJNeKTpUdUKalud Ha
PacTeHUEBBACTBOTO"

TeMa u aBTOp HA AHCEPTALMOHHHS TPYA: ,, M3cie0eane Ha pomayuoOHKU pasnpeCckeaiu 3a
wanz06u npvekayku ', paspabomen om undic. Enena Toooposa /Jumumposa ookmoparm Ha
CamMocmosmenta nod2omoexka no OOKmopcka npozpama ,, Mexanuzayus u enexmpugpuxayus Ha
pacmenuesbocmeomo

CTaHOBMIIIETO € HAMMCaHO B M3IIbJIHEHHE Ha pemieHue Ha HayyHOTO XKypH, Ha3Ha4YCHO CBC
sanoBex Ne PJI-05-228/16.12.2021 r. Ha [Ipeacenarens na CCA

Y leH HA HAYYHOTO xKypH: Jjou.a-p umk. Togop I'epros [leHAmKN — JOLEHT IO Hay4HO
HanpapjieHue 5.1 MaIIMHHO HHXXEHEPCTBO MO HAayYHM CIELHATHOCTH ,MexaHuzauus H
enekTpuUKalusa Ha pacTeHMeBbACTBOTO - Ko 02.12.01 m ,JIpomecu u obGopyaBaHe 3a
ENEKTPOXMMMYHH H €JIEKTPOGU3NIHHE METO/IH 32 06paboTKa” — KOJI 02.01.16, Ha3HayYeH CBC
3amoBe 3a HasHauasaHe Ha HJK Ha ITpencenarens na CCA Ne PJI-05-228/16.12.2021 r.

I. AKTya/JIHOCT Ha H3cJie[BAaHHs NPobjieM

B CBBPEMEHHOTO 3€MEIENCKO INPOM3BOACTBO XMMHYECKaTa pAacTUTE/IHA 3alluTa ©
OCHOBEH JTMMHUTHpAII (aKTop  Ie NpoJbilKaBa Ja Ob/ie TaKbB 1 3a B opaeme. [lonyyeHure ot
OCHOBHATA YaCT OT M3IIOJ3BaHUTE PA3NpPhCKBauM KAKOBU NMOKpHTHs obaye ca ¢ pasinvHa
roJleMHHAa Ha KamlKWTe, KOETO BOIM A0 HeeeKTWBHA 3alluTa, 3ary0M Ha Npenapatd M
3aMBpCABaHE Ha OKOJHATa cpefa. Tosa mopaxia HEOOXOAUMOCT OT M3CJIeJBaHE U
yCHBBPIIEHCTBAHE HA Pa3NPBCKBAIUTE CUCTEMHU H nebrHUpaHe Ha yCIOBUATA 32 MOJIy4aBaHe
HA KOHTPOJIMPAHO KaIKOBO MOKPUTHE M PABHOMEPHO Pa3sNpeelICHHe BEPXY TPETHPAHHA 006eKT
ch0O6pa3HO MpeIBapUTETHO HabeIA3aH! LeIM U OTPaHAYCHHUL. Hanuue e 1 sicHa He0OXO0AUMOCT
3a Ch3JaBaHe Ha ILUIOCTEH MOAXOA M oOlla pamKa 3a YNpaBlI€HME W ONTHMH3alWi Ha
mapaMeTpuTe Ha pasnpbcKBauuTe. [Ipe/uiaraHeTo Ha PELICHHS 10 TE3H BBHIPOCH e 1LeaTa Ha
JUCEpPTALlMOHHUA TPYA. AKTYaJHOCTTa ¥ 3HAYMMOCTTa Ha TeMaTa u30paHa 3a JUCepTallMOHHUA
TPy ¥ Ha M3CJIEABAHUTE NPOOIEMHU B HAYYHO U HAyYHO-TIPAJIOKHO OTHOIICHHE € 6e3cniopHa U
B JBETE HACOKM Ha W3CIeHAHMATAa: MOA0OpsABaHe Ha €(EeKTHBHOCTTAa Ha MPBHCKAHETO -
CHOTBETHO Ha 3alllATaTa Ha CEeJICKOCTOINAHCKHMTE PACTEHHMs CPEIly BPEAMTENH, KOCTO Ch3/aBa
MPEeANOCTaBKM 3a [OBHINABaHE Ha JOOMBHMTE, W HAaMasiBaHC Ha He01aronpusATHOTO
BB3/IEHCTBUE HA NIECTULMANTE BHPXY YOBELIKOTO 3/]paBe M OKOJIHaTa Cpeaa. AKTyaJIHOCTTa Ha
TeMata € 06yCI0BEHA M OT HEJOCTAThYHOTO U3ACHABAHE B Hay4HaTa JIUTEpaTypa Ha BBIIPOCUTE
3a BIMSHHETO HA KOHCTPYKIMATa Ha POTAallMOHHMTE PasNpbCKBadd M PA3IOOKEHMETO UM
BBPXY IIaHTUTE, YECTOTATa HA BBPTCHE U nebura Ha pa3npbCKBaHaTa TEYHOCT, BEPXY €ipUHaTa
Ha KalKUTE ¥ pa3npeieeHUETO UM BbpXY ONPBCKBAHUTE 06extd. EGQeKTUBHOTO YIIPAaBIEHUE U
KOHTPOJI Ha MpOLECHTEe Ha MNpPBCKaHE H3MCKBAT Ib160KO IMO3HaBaHE Ha KayeCTBEHUTE MU
KOJIMYECTBEHM XapaKTEPUCTMKM M 3aKOHOMEPHOCTH KaKTO Ha TpOLECHTe, Taka M Ha
pa3NpbCKBALUTE €NEMEHTH. M310)KeHOTO MOTBbpKIaBa, 4€ TeMara ¢ aKTyajJlHa KakKTo B
HAYYHO, TaKa CBLIO U B HAYYHO-TIPUIOKHO OTHOIEHHE U LIE CH OCTAHE aKTyajlHa HE caMo Y
Hac, HO U B ryobayneH Mamao.

I1. Ilen, 3aAa4¥ 4 METOAH HA H3cjae]BaHe (XHIOTE3H HA AHCEPTANHOHHMS TPYyA)
I{enTa, KOATO aBTOPHT CH IIOCTaBs B pa3paboTBaHaTa OT HEro AMCEpTallUA € ,,O00CHOBaBaHe
HA TapaMeTpUTE U DPEeXMMHTEe Ha paboTa Ha POTALMOHHM pA3MPBCKBAYH KbM II[aHrOBa
NMpbcKayKa 3a OCUTYpsBaHe PAaBHOMEPHO pasMpele/iCHUe Ha paboTHaTa Te4HOCT. BBB Bpb3Ka
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C IIOCTaBeHaTa e/l aBTOPHT CH IMOCTaBid 5 3ajJayd, Hal-BaXHUTE OT KOMTO 3a MEH ca:
,O0OCHOBaBaHEe Ha ympaBiseMHUTe (aKTOPU M MapaMeTpH, XapaKTepU3Upalld peXuMa Ha
paboTa Ha pOTAIlMOHHY PA3NPHCKBAYU M Ha ONTUMAJIEH PEKUM Ha paboTa U pas3loioKEHUE Ha
pa3npbCKBaYUTE KbM IIaHIOBa MPBhCKayKa C OIvIe]] oTy4yaBaHe Ha PaBHOMEPHO pas3npe/elieHue
Ha pabGorHara TeyHocT". llenTa Ha AMCEpTaLMOHHMA TPyl € HNOAXOAAIO (GopMyiaHMpaHa U
CHOTBETCTBA Ha U3BOAMTE B Kpas Ha iuTepaTypHus o63op (I'nmasa 1). 3agaunte no U3mbIHEHHE
Ha LIeJITa ca MPAaBUIIHO MOJOpaHU U CIIOJYYIMBO HACOYEHU KbM HEHHOTO peanusupane. He ce
HabJoJaBa pa3MHMHABaHE MEXIY TAX U NPEICTaBEHUTE B TPyJAa pe3yJTaTy OT NPEANPHETUTE
TEOPETUYHHU U €KCIIEPUMEHTAIHU U3CIIE/IBAHUA.

Ha ocHoBaTa Ha CBOHMTE NPOYYBaHUS aBTOPHT Ch3JaBa METOJAMKA U ILIaH 3a MPOBEKIAHETO
Ha €KCIepUMEHTHTE, KOUTO ca obekT Ha I'naBa 2 Ha nucepranuoHHuA TpyA. IloarorBeHa e
anaparypa 1 o0opyJBaHe 3a U3CIIE€IBAHUATA U Ca KOMIIAHOBAHU E€KCIIEPUMEHTAIHH CTEHIOBE.
OGekT Ha M3CIEIBAaHETO Ca HAKOJIKO BHJA POTALlMOHHU DA3NpPbCKBAY¥, BKIIOYMTEIHO H
mMomuduumpan TakeB. [IpeanokeHUTe NOAXOAM M METOAM 3a M3CIE/BAaHE. CPABHUTEIIHUA M
bopMaHMsT METOAM M amnpUOPHOTO paHXXUpaHe Ha (GaKTOpUTE, TEOPETHYEH aHalu3,
AQHAJTMTUYHO ¥ MaTeMaTUYECKO MOJETHpaHe, MaTeMaTHYeCcKaTa CTAaTUCTHKA, CUMYJIAIIMOHHUTE
U3CJIeIBaHUS Ha BE3MOXKHOTO B3aUMHO Pa3IOJIOKEHHE Ha POTALMOHHUTE Pa3sNPhCKBAYH, KOMTO
JlaBaT KaTO HW3XOJNEH pe3yJTaT MOJIyYeHOTO paslpe/ielieHne Ha paboTHaTa TEYHOCT 10
IIMPOYMHATA Ha IaHraTa ca NOAXOAAIIO U30paHy, aJeKBaTHHU Ha IIOCTaBEHATa LIEN U 3aJa4H, U
TMO3BOJISABAT TAXHOTO pelaBaHe. Te ca H3noi3BaHu KBaIUGUIMPAHO U KOPEKTHO, IIOPai KOETO
NOJIy4YEHHUTE B AUCEpTaLMATa HAyYHH PE3YJITaTH CYMTaM 3a JOCTOBEPHH.

JlokTOopaHTKaTa yMeJo AOMbJIBa U3MIOJI3BAHUTE CTAaHJAPTU3UPaHHU U YTBBPICHH METOJIUKH C
OpPUTMHAIHO pa3pabOTeHH METOAM 3a ONpelelsHe CXeMaTa Ha KalkooOpasyBaHETo,
roJieMMHaTa, CKOpPOCTTa Ha JABWXECHHUE, TPACKTOPHUATA U PA3NPENECICHUETO Ha KAIIKUTE.

III. Busyaiau3anusi ¥ HHTepOpeTalHsi Ha NoJydYeHHTe pesyaraTd. M3moasBaHa
JIMTepaTypa

JlMcepTallMOHHMAT TPYA ChbPiKa YBOJ, YETUPH IVIaBU, U3BOJM U CIIUCHK Ha aHAJIM3UpaHaTa
nuteparypa ot 198 3arnaBus, 147 oT KOMTO ca Ha JaTHHHIA U 51 Ha KMpWIMLA-OBIrapcki U
pycku esumu. Paborata Bkmousa o6mo 94 ¢urypu u 9 Tabamum. Msmonssanu ca 84
MaTeMaTH4yeckd (GopMyau M ypaBHeHHs. OGmmsaT o6eM Ha AucepTalMoHHaTa paGota € 124
CTpaHUIIM.

Ha 6a3ara Ha obGcTroiiHa GubGauorpadcka cnpaBka € U3BBPIIEH aHA/IM3 Ha ChbCTOSHUETO HA
npo6iema (I'naga 1) u e 06paboTeHa 3HaunTeNHa 110 06eM HHdOpManus. JluTepaTypHUAT 0630p
10 TeMaTa Ha JUCEPTAllMOHHUA TPY. € LeJCHACOYeH, JOCTaThYHO OOXBAaT€H M OCHOBATEIHO
U3J10keH. B Hero € oTpa3zeHo CHbBPEMEHHOTO CHhCTOSHUE Ha M3CJIEJBAHUATA U PE3YJITAaTUTE OT
TAX, OTHACAIM Ce€ J0 Ccreuudukara Ha MPHCKAHETO M ONPBHCKBAIIUTE CUCTEMH, KaTo
pasrjexJaHeTo Ha BCEKH €JIEMEHT 3aBbplIBa C fCHO OdYepTaHa MO3MLKUA IO OTACTHHTE
HepelleHu BbIpocH. HanpaBeHUTe W3BOAM Ca B Ch3By4ME C IIOCTaBEHATa LIEJ U M3BEICHHUTC
3ajaud. AHAIM3bT Ha JUTEPAaTypHUTE M3TOYHMLIM II0Ka3Ba, Y€ JUCEpTaHTKaTa € HaBd3la
IBI60KO B mpobieMHaTa o6IacT, 3amo3HaTta € ChC CHCTOSHMETO Ha Tmpobiema, Cbe
CBHIIECTBYBAIIMTE METOIM M CUCTEMH 32 IPBCKAHE U € ChyMsila Jla aHalu31pa U MHTEPIpETUpa
NUTEpaTypHMs MaTepual B CBos Tpyd. LlsmocrtHara paGora mo juTepaTypHus 0030p H
IIOCTAHOBKMTE 3a ChCTOSHUETO Ha MpobJieMa MoKa3Ba eJHO TBBPE 3a1bJI00YEHO U3CIIECIBAaHE U
ceproO3HaTa MpoyyBaTelicka paboTa Ha JOKTOpaHTKaTa.

XapakTepHa yepTa Ha AMCEPTALMOHHUSA TPYJ Ca IOAXOJALIMTEe aHAJIM3M Ha IOTy4YEHUTE
eKCIIEPUMEHTAJIHU PE3YJITaTH, YMEJIO CBBP3BAaHH C JIUTEpaTypHUs 0630p OT IMbpBaTa My 4acr.
To3u noxsar Ha NpEACTaBsHE, KAKTO M aHAJIM3UTE Ha pe3y/ITaTuTe yOEAUTEHO I0Ka3BaT, e
uHXK. JIMMUTPOBA € YCBOWJIA CHBPEMEHHHM METOJAM 3a Hay4YHM W3CIIC/IBaHMs, Y€ PE3yJTaTUTe,
KOHTO € TOTy4’/Ia ¥ KOMEHTHPA, Ca JIOCTOBEPHHU M Hay4yHO 06OCHOBaHH, 4ye MpuTexkasa 1o0pa
HayyHa OCBEJIOMEHOCT M KOMIIETEHTHOCT II0 pasIyIeXJaHus NpobiieM, ¥ 4Ye UMa U3rpacHU
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YMEHHS 3a LIEJICHaCOYECHO IMOJI3BaHe Ha MPEIXOJHU HAayYHU MOCTHXKEHUS B CBOSITA TBOPUYECKA
pabora.

Hucepranuara € ¢ jgobpe OamaHCMpaHa CTPYKTypa, B OTIOEIHUTE IJIaBU € HaJMILE
3a1bJI00YEHO TpEACTaBIHE M WHTEPNpETUpaHe Ha NojdydyeHuTe pesyiaratd. B paborara ca
aHATM3UPaHU TEOPETHYHO TEHAEHIIMUTE 3a ONTUMHU3MpaHE Ha MapaMETpPUTE Ha IMPBCKAHETO.
Cp3mageHu ca 0000meHH cXeMH Ha (DaKTOpUTe BIMACUIM BBPXY pa3lpbCKBAaHETO H
B3aUMOJICHCTBUETO UM, IOCTPOEH € TEOPETUYEH MOJIEN Ha POTALIMOHEH pa3lpbCKBay, KOWTO Ja
o6Bbp3Ba chllecTBeHUTE (aktopu. JlaneH € GopMyseH amapar, ¢ MOMOLITa Ha KOWTO ce
OIpeJeNAT MapaMeTpUTe Ha KalKWTe W pasnpbckBaHHs ¢aken. M3cienBaHa € CKOpOCTTa M
I1(EepeHLIMaTHOTO ypaBHEHHE 3a JBM)KEHHE Ha KallKUTE Cliell HallyCKaHe Ha pa3lpbCKBaya,
CTENEHTa Ha 3HAaYMMOCT U XapaKTepa Ha BB3AEHCTBUE Ha OTJEIHUTE (HAKTOPH, ONPEEIICHHU ca
TEOPETUYHO HEOOXOAMMHUSA pa3xoj Ha paboTHa TEYHOCT, popMaTa U mapaMeTpure Ha Qakxena
NoJlyyaBaH OT POTAIllMOHEH pa3NpbCKBay, paslpelelieHueTo Ha obema paboTHa TEYHOCT IO
pafidyc BEKTOpa Ha pOTAllMOHHUTE U MOAUGDULIUPAHUS Pa3NPBCKBA4YM IIPU Pa3IMYHU YECTOTA
Ha BbpTEHE Ha pabOTHUA oOpraH M JeOMT Ha pa3NpbCKBaHaTa TEYHOCT. M3BBpIIEHO €
MOJE/IMpaHe Ha pa3lpelesiCHUeTO Ha paboTHAa TEYHOCT NPU POTALMOHEH DPA3NpPBCKBAa4Y H €
omnpeeneH o0y BH/ Ha MPOCTPaHCTBEHATa HHTEH3MBHOCT Ha paslpeeieHue Ha paboTHaTa
Te4HOCT. OnpeeNieHu ca YCIOBUATA U PEXKUMHUTE Ha Pa3NpbCKBaHE, KOUTO MO3BOJIABAT Ja Ce
U3I10J13BaT NIPEJMMCTBATa Ha POTAllMOHHOTO Pa3lpbCKBAHE 3a MOJy4YaBaHETO Ha PaBHOMEPHO
pasnpezielieHde ¥ Ha MOHOJMCIIEpCHH Kanky. [loka3zaHa € Bb3MOKHOCTTa 32 000CHOBaBaHE Ha
pa3xo/iHa HOpMa peau3upaia epeKTUBHA PaCTUTEHA 3al|UTa IPY MUHUMAJIHU €KOJIOTHYECKU
nocieacTBus U GpuHaHCOBH pa3xoau. OnpeneneHu ca cuilarta Ha KOHCYMUpPaHUs TOK IPH TPH
pexuMa Ha pabota Ha MOAMGUIIMPaHHs pa3NpPbCKBay NMpU TpU Ae6UTa Ha pabOTHA TEYHOCT, a
ChII0O M CHBMECTHOTO BJMAHME Ha JeOWTa M YeCcToTaTa Ha BBPTEHE HAa POTALIMOHHMA
pa3npbCKBau BHPXY PAaBHOMEPHOCTTa M pa3lpee/IEeHUETO Ha KallKUTE, KOETO CE OTpa3sBa
BbPXY BB3MOXHOTO pasrojiaraHe Ha pa3pbCKBAauMTe N0 IIMpOYMHATa Ha LiaHrara. Jlagenu ca
Bb3MOXKHHM HAUMHU M DPa3CTOSHUA Ha paslojiaraHe Ha pa3lpbCKBAuMTe I10 JBbJDKMHATa Ha
IlaHraTa B 3aBUCMMOCT OT AeOUTa MpH pa3IMYHU YECTOTU Ha BHPTEHE U Pa3IMYHU BUCOYMHH
Ha pasmnojiaraHe Ha pasnpbckBada. [IpeicraBeHuTe rpadMku MO3BOJABAT Ja ce noadepe
NOAXOAsAIIA CThIIKA, KOATO Ja IO3BOJM DPABHOMEPHO pas3lpeleiieHHE B 3aBUCHMOCT OT
ompejesieHa 10 pa3iuyHK ChobpaxkeHus paboTHa IMPOYMHA Ha Npbckaykara. PaspaboTeHusT
codTyep 3a cUMyIHMpaHe Ha pas3mpeleieHHeTo Ha paboTHaTa TEYHOCT IO LIMpOYMHATa Ha
IaHraTta Mo3BOJifABa Ja Ce€ ONTHMMHU3Mpa CThIIKaTa Ha paslojiaraHe Ha paslpbhCKBAYUTE I10
IIaHraTa B 3aBUCUMOCT OT U3IOJI3BaHUTE Pa3XOJIHU HOPMHU M ITapaMETPH Ha JKEJIaHOTO KalKOBO
nokputve. ToBa ch3haBa MNpPEANOCTaBKA 3a H300p Ha ONTHMAJHU KOHQHUIypalu¥ Ha
pa3MoIOKEHHE Ha pas3NpbCKBAYMTE CHOOPAa3HO KOHKPETHUTE pa3XOJHU HOPMH, YCIIOBUS H
HETIpHATE!L.

ITony4yeHuTe pe3y/TaTu ca MpeACTaBeHH MOAXOAAIIO B Tabnuuu U GUrypu (BU3yaiu3aluu,
CXEMH, YEpPTEXH U rpapuuHi M300pakeHHUs Ha aHAIU3UPAHUTE 0OEKTH), UHTEPIPETUPAHU Ha
HE0OXOAMMOTO Hay4yHO HUBO. T03M ¢akT AaBa JOCTAThYHO OCHOBAHUE NUCEPTALIMOHHUAT TPYA
Jla ce OLIEHH KaTo Iperie/ieH, J0CThIICH 3a Bh3IpHeMaHe U UHTepnpeTupane. OTAETHUTE INIaBU
Ha [MCepTallkaTa OTpa3sBaT MHOTOACIEKTHHS XapakTep Ha wm3cieaBaHero. Te ca moGpe
CTPYKTYPHPaHH M KOPEKTHO TMPEICTABAT IOJyYEHUTE HAyYyHH M MPHIIOKHU PpE3yJITaTu.
[TocTurHaTuTe pe3ysTaTH OT JOKTOpaHTa OTrOBapAT Ha mocraBeHMTe 1eau. Ha ocHoBara Ha
W3BBpIIECHATa eKCIiepMMeHTalHa pabora ca ohopMeHH ChOTBeTHHTE H3BOAU. O60OIIEHHTE
M3BOJIM B pE3yJITAaT Ha aHAJIM3a Ha pe3yJTaTUTE OT MPOBEACHUTE U3CIIEABAHUS Ca MPEICTaBCHH
B I71aBa YETBBPTA.

ABTopedepaTbT CHOTBETCTBa Ha CHABPKAHMETO HAa AUCEPTALIMOHHMSA TPYJI, OTpassiBa
TIOJIy4YEHUTE OCHOBHH Pe3yJITaTH M TEXHUS aHAJIU3, HAIIPABEHUTE U3BOJU U U3BEICHUTE HAYYHH
¥ HAyYHO-TIPUJIOKHH IPHUHOCH.



III. IlpuHOCH Ha JHCEPTALIHOHHHS TPYA

B mucepranmonnus Tpya ca npeactaBenu 11 npuHoca, u3BeieHy Ha 6a3aTa Ha U3BBpLIEHATA
€KCIIEpUMEHTaIHa paboTa, MOJIyYEHUTE pe3yJITaTi U HallpaBeHUTEe U3BOAU. ABTOPET 0600611aBa
OCHOBHHUTE pe€3yJITaTH M M3BOAM OT CBOS JUCEPTALlMOHEH TpyJd B IPUHOCHTE Ha
JUCEPTALMOHHKMA TpyJA, Karo Te ca Ao6pe ¢GopMylMpaHH M OTpa3sgBaT CBHIIHOCTTA Ha
NIOCTUTHATOTO B AUCEpTaLlMOHHATa paboTa;

[Io Moe MHEHHME 4YETHpU OT NpPETEHIMHTE, IOCOYEHH OT aBTOpa, (OTHACAIIM CE [0
CTpyKTypaTa Ha €JIE€MEHTHTE Ha Ipolleca Ha pa3lpbCKBaHE, YCTAHOBEHOTO BJIHSHHE  Ha
[lapaMe€TpUTe Ha TIpoleca M KOHCTPYKTMBHUTE XapaKTEPUCTUKA HAa POTALIMOHHHUTE
pasnpbCKBauM BEPXY AMCIIEPCHOCTTA U PA3MNPEAE/ICHUETO Ha KallKUTe, 000CHOBAHUTE Pa3X0IHU
HOPMM) MOTaT Jia C€ ONpPeJENIAT KaTo Hay4YHH MPUHOCH, IIECT- KaTO HAyYHO-IIPUJIOKHHU U €I1H
- u3paboTeHHMs MojeneH obpasell Ha MallMHA 3a pPAcTHTENHA 3alliTa C POTALMOHHH
pasnpbCKBayYU- KaToO MPUIIOKEH.

Kato Hay4Hy IpHUHOCH NpHUEMaM U U3rpaJIeHuTe KIack(pUKAIMM Ha METOIUTE 33 PACTUTE/HA
3allMTa, Ha NMPBCKAYKUTE M Ha POTALIMOHHWUTE DAa3NpBCKBAaYM, a CHINO M HA IMOJYyYEHUTE
3aBUCHMMOCTH Ha KOMIUIEKCHOTO BIMsSHUE Ha 1eOUTa, CKOPOCTTa Ha BbPTEHE U NapaMeTpUTe Ha
pasnpbCKBaYMTE BBPXY JMCIIEPCHOCTTA U paslpe/Ie]ICHUETO Ha KamKuTe; 000CHOBAHUTE TPU
peXKUMa Ha pa3npbCKBaHE, IPEICTABEHUTE aHAJTMTUYHH 3aBUCMMOCTH OIMCBAIIM ITPOLIECUTE Ha
KanKkooOpa3yBeaHeTO, CKOPOCTTa M TpPAeKTOpUATa Ha KanKuTe B CBOGOIHHA IIOJIET;
NIOCTPOEHHUTE CUMYJIAIIMOHHU MOJEIIH 3a U3C/IeJBaHaTa BEIMUMHA M aHAJIM3a UM.

KbM Hay4YHO-NIPUIIOKHUTE IPHHOCK Morar jAa 6baar 100aBeHH M yCTaHOBEHUTE HAYMHU M
YCIIOBHS 3a NOCTUraHE Ha PaBHOMEPHO paslpezeiieHHe Ha paboTHaTa TEYHOCT B paboTHaTa
IIMpYHAa Ha MallMHaTa ¥ [0 BHCOYMHA Ha PAaCTEHUETO, Ha JKEJIaHUs pa3Mep Ha KalKUTe M
IUIBTHOCTTA Ha KallkOBOTO MIOKPUTHE.

IV. Onenka Ha Ka4eCTBOTO HAa HAy4YHHTe MyOJHKAIHH, OTPa3ABallld Pe3yJITATHTE B
AMCEPTALHMATA
JIOKTOpaHTKaTa € aBTOp M ChaBTOp Ha 22 MyOJMKAlMH, OT KOMTO TPH Ca BKIIOYEHH B
auceprauusaTa. EqHa € caMocTosTeNnHa, Ha elHa OT APYTMTe B JOKTOPAHTKaTa € Ha MbPBO
mscTo. Ennara my6iukanus € B CiMcaHWe MHAEKCHpaHO B CBeTOoBHara 0aza nanHu Web of
Science. Tpute my6uukanuu ca o TeMara Ha JUCEPTALMATA U Pa3KPUBAT Pa3IMYHKUTE €TAIM OT
paboTaTa Ha JOKTOpaHTKaTa.
IIpencraBenute 22 my6GiauMKaluy CBUAETENICTBAT 3a IIUPOKUTE U HAYYHHU UHTEPECH B HAKOJIKO
0061acTH, ¥ 3a 3abJ100YEHUTE 3HAHUSA U OIMT, KOMTO JIMYAT B MpEJCTaBeHaTa AUCEPTallUs U B
TpUTE IMyOIMKalMU KbM Hesl.

JIMYHU BITEYATIJIEHUA

Ot 2007r. 10 HAaCTOAIIMA MOMEHT JuMcepTaHTKara € pabotwia B (MMM), BiocieacTeue
HITA3P «Huxona [Tymkxapos». PaGoTu kaTo CT. €KCrepT, aCUCTEHT M IJIaBEH €KCIEPT, HHKEHED
KBbM OTZAEN ,MexaHu3alys Ha 3eMeIelMeTo ¥ XuapomenuopaTuBHu cuctemu” npu UITA3P
«Hukona Ilymkapos». Ilo3HaBaM JOKTOpaHTKaTa OT HaYaJlOTO Ha Hay4YHO-U3CJIeI0BaTe/cKaTa
u gaeviHocT B MHctutyTa. Ta € nobpe opraHu3upaH, MHULMATHBEH M TOYEH U3IBIHUTEN H
ChyeTaBa KayecTBaTa Ha J00bp U3cienoBaTel ¢ 4o6pa TeopeTHYHa MOJArOTOBKA U CIIOCOOHOCT
AKTHUBHO J1a y4acTBa B u3cienoBarenckus npouec. OCBeH Mo AucepTanusaTa cu, T € paboTuia
II0 HAKOJKO Hay4yHo-u3cienoBarencku npoekra kbM CCA u xbm ®HUM u uma HaTpynaH
3HAYMTEJIEH M3ClIeqoBaTelICKi onuT. CmaTtaM, 4e uMa nobpa TeopeTHYHa M IpaKTHYecKa
NOJIrOTOBKA, MPHUTEKaBa JIOTMYECKA ITOCIENOBATEIHOCT U MOKa3Ba MIHUPOKA OCBEIOMEHOCT I10
pa3paboTBaHaTa TEMaTHKA.

V. KpuTHYHH Ge/le:KKH, BbIIPOCH H NPENOPbKH KbM KaHIHIATA



HsaMmaM CBIIECTBEHH KpUTHYHHM O€JIeKKHM M KOMEHTapH M0 AMCEpTAalMOHHMA TPYA H
MaTepuajuTe, CBbp3aHU ¢ Hero. KpuTuuHuTe MM GENEXKKH HMMAT MO-CKOPO PEJaKIMOHEH
XapaKTep M He 3acaAraT CBIIHOCTTa Ha JUCEpTauXOHHMs TpyA. ViMa HAKOM NPaBONUCHH U
TEXHUYECKHU IPEIIKH, KOMTO ca HeU30EkKHM 3a TaKbB TPYJ, HapUMEp: HAKOM OT O3HAYCHHUATA
Ha QUrypHUTE He ca JOCTaThYHO ACHO ¥ pa3bupaeMo OGACHEHH, HaMp. Ya Pa, Ms— popmya 3.15
-He ca U3SCHEHU O3HAYEHMATA, KAKTO U MEPHUTE €UHULIY, ABE€ QUIYpH OT JUCEPTAIUATA Ca C
eJHaKBa HoMepauus — ®ur.3.12, Haxou oT hopMyuTe 61 MOrIIo fa 6bAaT 00SACHEHH MO-ITBJHO;
HSKOM OT W3TOYHMIIMTE OT CIMCHhKa HE ca UUTUPAHU B JAMCEPTALMOHHMA TpPYyHd; CpellaTr ce
OT/ENIHA HETOAXO/AIIM M HEONpeEIeH! u3pasu Karo 3arnaBuero Ha ®ur.4.3- ,,3aBHCUMOCT
HA YECTOTaTa Ha BbPTEHE B 3aBUCHMOCT OT eGuTa Ha pasnphckBayuTe -CTp.83, uspasa ,,ToBa
CEpUO3HO MOTBBPK/aBa Ae6uTa KaTo MHOTO I0—Cepro3eH GakTop BIUseNL...." ¥ Jp.

[TocoueHuTe OT MEH 3a0elIe)KKM MMAaT TJIABHO TEXHUYECKM XapaKTep U HE MOCTaBAT IIOJ
ChMHEHME NIPUHOCUTE Ha paboTarta.

Mora na or6enexa ClieIHUTE IPENOPHKU

— O6mMTe U3BOIM MOTaT OLIE Ja ce 0606LAT U Ja 6BJaT Mmo-Majiko Ha Opoi, Te ca AaJeH!
B Kpas Ha BCsKa IV1aBa OT JUCEPTalMOHHMS TPY .

- [TonyuenuTe B paboTara pe3yJITaTH MO3BOJIABAT Jia C€ HAMPABAT MO-IIBJIHA ¥ MHOTOCTPaHHH
W3BOJM M 3aK/IOYEHHUs, MO-ITBJIHO Ja Ce MOKaKe Bpb3KaTa MEXAY OTAC/IHUTE NpOy4YBaHHA.
Pesynrature OT M3ciefoBaTelckaTa paboTa Ha JOKTOpaHTKaTa M JaBaT €IMH IUIOCTEH
MHCTPYMEHTapuyM 3a paboTa 1o TakuBa 3ajayd. [IpeiBu akTyaqHOCTTa Ha pasrIeiKAaHUs B
JucepTaimaTa npobieM npenopbuBaM Ha E. JIMMUTpoBa 1@ NMPOABIDKMA M Pa3IIMpU CBOUTE
Hay4HHM M3CIIE[BaHHMA B Ta3u o6JAcT ¥ Ja HalpaBM CaMOCTOATE/HM ITyOIMKAlMK Ha CBOMTE
pe3yJITaTH B HAIPaBJIEHUETO 32 ONTUMU3UPAHE Ha PEXKUMHUTE U NIapaMETPUTE Ha POTALIMOHHUTE
pasnpbckBaun. [Ipy eBeHTya sy ITyOIMKALMK U B TIO-HAaTaThIIHATA CH paboTa JOKTOpPaHTKaTa
MOJKE Jla JIOpa3BHe U YaCTUTE OTHACAIIU ce 10 GOPMHTE Ha paspbCKBAYMTE ¥ KAHAIUTE 110
nepudepusaTa UM.

3AKJIIOYEHHUE

JlucepTalMOHHMAT TPYA ¥ CHITBTCTBAIMTE IO MATE€pHald OTroBapsAT Ha W3MCKBaHUATA Ha
3PACPB u IIpaBuiiHuKa 3a yCIOBUSATA U pe/ia 3a IpUI00MBaHe Ha HAyYHY CTEIIEHHM U 32 3a€MaHe
Ha akageMuuHu IsxkHOCTH B CCA. BB3 oCcHOBa Ha MNPUIOKCHUTE pasIMYHM METOIM Ha
W3ClieiBaHe, W3BEICHUTE EKCIIEPMMEHTH, HampaBeHUTEe 00OOLIEHHMsA M M3BOJM CUMTaM, 4€
HAayyHHTE W Hay4YHO-TIPHIOKHM DPE3yJITaTH B [JHMCepTalMfATa Ca OPMIMHAJICH NPHHOC Ha
JIOKTOpAHTKaTa U MpeCTaBlABaT HayuyeH ¥ MPAKTUYECKU HHTEPEC.

ToBa MU aBa OCHOBAHME J1a OLIEHS MOJIOXKHUTEIHO QUCEPTALIMOHHMS TPY/ U J1a MPE/JIOKA Ha
MOYMTAEMOTO HAaydHO Kypu mga npuchau Ha umk. Enema Togoposa JlumMuTpOBa
oGpa3oBaTe/IHaTa M Hay4yHa CTerneH ,,JIokTop” B 06/1acT Ha BucLIe 00pa3oBaHKe »» ] EXHUYECKH
HayKu“, B Ipo)eCHOHAIHO HampasieHue 5.1. ,,MaIIMHHO MHKEHEPCTBO™, Hay4Ha CIEHAIHOCT
,MexaHu3aius u eneKTpuuKalys Ha paCTEHUEBBCTBOTO" .
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STANDPOINT

For PhD thesis elaborated in the higher education field "Technical Sciences", professional direction5.1.
"Mechanical Engineering", scientific speciality ,,Mechanization and electrification of plant growing*
(crop production)

Topic and author of the dissertation: "Study of rotary atomizers for sprayer boom ", developed
by Eng. Elena Todorova Dimitrova - PhD student in self-study in the doctoral program "Mechanization
and electrification of crop production”

The opinion was written in pursuance of a decision of the Scientific Jury, appointed by order Ne RD-
05-228/16.12.2021 of the Chairman of the Agricultural Academy

Member of the scientific jury: Assoc. Prof. PhD Eng. Todor Gergov Penyashki - Associate
Professor in the field of 5.1 "Mechanical Engineering" in scientific specialties "Mechanization and
electrification of crop production” - code 02.12.01 and "Processes and equipment for electrochemical
and electrophysical methods of processing" - code 02.01.16, appointed by Order for appointment of
the Scientific Jury of the Chairman of the Agricultural Academy Ne RD-05-228 / 16.12.2021

I. Relevance of the studied problem:

In modern agricultural production, chemical plant protection is a major limiting factor and will
continue to be so in the future. However, the drop coatings obtained from most of the sprayers used are
of different droplet sizes, leading to ineffective protection, loss of preparations and environmental
pollution. This raises the need for research and improvement of spray systems and defining the
conditions for obtaining a controlled drip coating and even distribution on the treated site in accordance
with pre-defined goals and constraints. There is exists a clear need to create a comprehensive approach
and a common framework for managing and optimizing the parameters of the sprinklers. Proposing
solutions to these issues is the goal of the dissertation. The relevance and importance of the topic chosen
for the dissertation thesis and the researched problems in scientific and scientific-applied terms is
indisputable in both directions of research: improving the efficiency of spraying - respectively the
protection of agricultural plants against pests, which creates conditions for increasing yields, and
reducing the adverse effects of pesticides on human health and the environment. The topicality of the
topic is due to insufficient clarification in the scientific literature on the impact of the design of rotary
sprinklers and their location on the rods, speed and flow of the sprayed liquid, the size of the droplets
and their distribution on the sprayed objects. Effective management and control of spraying processes
require a deep knowledge of the qualitative and quantitative characteristics and patterns of both
processes and spray elements. The above confirms that the topic is relevant both scientifically and
scientifically-applied and will remain relevant not only in our country but also globally.

I1. Purpose, tasks and research methods (hypotheses of the dissertation)

The aim of the author in his dissertation is "Justification of the parameters and modes of operation
of rotary atomizers to a boom sprayer to ensure even distribution of the working fluid." In connection
with the set goal the author sets 5 tasks, the most important of which for me are:

"Justification of the controllable factors and parameters characterizing the mode of operation of
rotary atomizer and the optimal modes of operation and location of the atomizers to the boom sprayer
in order to obtain an even distribution of the working fluid."

The purpose of the dissertation is appropriately formulated and corresponds to the conclusions at
the end of the literature review (Chapter 1). The tasks for the implementation of the goal are properly
selected and successfully aimed at its realization. There is no discrepancy between them and the results



of the theoretical and experimental research presented in the paper. Based on his research, the author
creates a methodology and plan for conducting experiments, which are the subject of Chapter 2 of the
dissertation. Apparatus and equipment for the research have been prepared and experimental stands
have been arranged. The subject of the study are several types of rotary atomizers, including a modified
one.

Proposed approaches and research methods: comparative and formal methods and a priori ranking
of factors, theoretical analysis, analytical and mathematical modeling, mathematical statistics,
simulation studies of the possible mutual location of rotary sprinklers, which give the output result of
the distribution of working fluid on the width on the rod are appropriately selected, adequate to the
goal and tasks, and allow them to be solved.

They are used qualified and correctly, which is why I consider the scientific results obtained in the
dissertation to be reliable.

The doctoral student skillfully complements the used standardized and approved methods, with
originally developed methods for determining the scheme of droplet formation, size, speed of
movement, trajectory and distribution of droplets.

III. Visualization and interpretation of the results obtained. Literature used

The dissertation contains an introduction, four chapters, conclusions and a list of analyzed literature
of 198 titles, 147 of which are in Latin and 51 in Cyrillic-Bulgarian and Russian languages. The work
includes a total of 94 figures and 9 tables. 84 mathematical formulas and equations were used. The
total volume of the dissertation is 124 pages.

On the basis of a comprehensive bibliographic reference, an analysis of the state of the problem was
performed (Chapter 1) and a significant amount of information was processed. The literary review on
the topic of the dissertation is purposeful, sufficiently comprehensive and thoroughly presented. It
reflects the current state of research and their results related to the specifics of spraying and spraying
systems, and the examination of each element ends with a clearly defined convincing position on the
individual unresolved issues. The conclusions made are in line with the set goal and the tasks
performed. The analysis of the literature sources shows that the dissertation student has gone deep into
the problem area, is familiar with the state of the problem, with the existing methods and systems for
spraying and has been able to analyse and interpret the literature data in her work. The overall work on
the literature review and the statements about the state of the problem shows a very thorough research
and the serious research work of the doctoral student. An important characteristic feature of the
dissertation is the appropriate analysis of the obtained experimental results, skilfully related to the
literature review of its first part. This technique of presentation, as well as the analysis of the results
convincingly prove that Eng. Dimitrova has mastered modern research methods, that the results she
received and commented are reliable and scientifically sound, that she has good scientific knowledge
and competence on the problem, and that she has developed skills for purposeful use of previous
scientific achievements in his creative work.

The dissertation has a well-balanced structure, in the separate chapters there is an in-depth
presentation and interpretation of the obtained results. The thesis theoretically analyses the trends for
optimizing the spraying parameters. Generalized schemes of the factors influencing the scattering and
their interaction have been created, a theoretical model of a rotary spreader has been built, which would
link the essential factors. A formula apparatus is given, with the help of which the parameters of the
drops and the spraying torch are determined. The speed and the differential equation for the movement
of the droplets after leaving the sprayer, the degree of significance and the nature of the impact of the
individual factors are studied, the theoretically required consumption of working fluid, the shape and
parameters of the torch along the radius vector of the rotary and modified sprinklers at different speeds
of the working body and the flow rate of the sprayed liquid. Of the working fluid distribution at the



rotary sprayer is modelled and the general type of the spatial intensity of the working fluid distribution
are determined. The conditions and modes of dispersion are defined, which allow to use the advantages
of rotary sprayer for obtaining uniform distribution and monodisperse drops. The possibility for
substantiation of a cost norm realizing effective plant protection with minimal ecological consequences
and financial costs is shown. The current consumed in three modes of operation of the modified sprayer
at three debits of working fluid, as well as the joint influence of the debit and frequency of rotation of
the rotary sprayer on the uniformity and distribution of droplets are determined, which affects the
possible locations of sprinklers along the width of the rod. Possible ways and distances of sprayer
placement along the length of the boom are given depending on the flow rate at different speeds and
different height locations of the sprayer. The presented graphs allow to select an appropriate step, which
will allow even distribution depending on the working width of the sprayer which is determined for
various considerations. The developed software for simulating the distribution of the working fluid
along the width of the rod allows to optimize the step of placement of the sprinklers on the rod
depending on the used consumption norms and parameters of the desired drip coatings. This creates
the preconditions for choosing the optimal configurations available to the rotary atomizers according
to the specific cost norms, conditions and the pests.

The obtained results are presented appropriately in tables and figures (visualizations, schemes,
drawings and graphic images of the analyzed objects), interpreted at the required scientific level. This
fact gives sufficient grounds to evaluate the dissertation as reviewed, accessible for perception and
interpretation. The individual chapters of the dissertation reflect the multifaceted nature of the research.
They are well structured and correctly present the obtained scientific and applied results. The results
achieved by the doctoral student correspond to the set goals. On the basis of the performed experimental
work the respective conclusions are formed. The summarized conclusions as a result of the analysis of
the results of the conducted research are presented in Chapter Four.

The author's abstract corresponds to the content of the dissertation, reflects the main results obtained
and their analysis, the conclusions made and the derived scientific and scientific-applied contributions.

IV. Contributions of the dissertation

In the dissertation work are presented 11 contributions, generalized on the basis of the experimental
work, results obtained and conclusions drawn. The author summarizes the main results and conclusions
from his dissertation in the contributions, as they are well formulated and reflect the essence of what
has been achieved in the dissertation;

In my opinion, four of the claims made by the author (relating to the declared structure of the
elements of the spraying process, the established influence of process parameters and design
characteristics of rotary sprinklers on the dispersion and distribution of droplets,established cost
norms) can be determined as scientific contributions, six - as scientific-applied and one - the developed
model of a plant protection machine with rotary sprinklers - as applied.

As scientific contributions I accept also the established classifications of plant protection methods,
sprayers and rotary sprinklers, as well as the obtained dependences of the complex influence of flow
rate, rotation speed and parameters of the sprinklers on the size and uniformity and distribution of
droplets; the justified three spraying modes; the presented analytical dependences describing the
processes of droplet formation, velocity and trajectory of droplets in free flight; the built simulation
models for the studied variable function parameters and their analysis.

To the scientific-applied contributions can be added the established ways and conditions for
achieving an even distribution of the working fluid in the working width of the machine and in height
of the plants, and the desired size of the drops and the density of the coating.

V. Quality evaluation of scientific publications, presenting the dissertation results



The doctoral student is the author and co-author of 22 publications, three of which are included in
the dissertation. One is independent, on one of the other two the doctoral student is in the first place.
One publication is in a journal indexed in the global Web of Science database. The three publications
are on the topic of the dissertation and reveal the different stages of the doctoral students work.

The presented 22 publications testify to her broad scientific interests in several fields, and to the in-
depth knowledge and experience that are evident in the presented dissertation and in the three
publications attached to it.

PERSONAL IMPRESSIONS

Since 2007 Until now, the doctoral student has worked in (IMM), later ISSAPP "Nikola Pushkarov".
He works as a senior expert, assistant and chief expert, engineer at the Department of Mechanization
of Agriculture and Hydro-meliorative Systems at ISSAPP "Nikola Pushkarov". I have known the
doctoral student since the beginning of her research work at the Institute. She is a well-organized,
proactive and accurate performer and combines the qualities of a good researcher with good theoretical
training and the ability to actively participate in the research processes. In addition to her dissertation,
she has worked on several research projects at the Agricultural Academy and the Research Fund and
has significant research experience. I think that he has a good theoretical and practical training, has a
logical sequence and shows a broad awareness on the developed topics.

VL. Critical remarks, questions and recommendations to the candidate

I have no significant critical remarks and comments on the dissertation and related materials. My
critical remarks are rather editorial and do not affect the essence of the dissertation.

There are some spelling and technical errors that are inevitable for such work, for example: some of
the designations of the figures are not sufficiently clear and understandable, e.g. ya pa, ps - formula
3.15 - the designations as well as the units of measurement are not clarified; two figures from the
dissertation have the same numbering - Fig.3.12; some of the formulas could be explained more fully;
some of the sources on the list are not cited in the dissertation. There are some inappropriate and
indefinite expressions such as the title of Fig.4.3- "Dependence of the speed depending on the flow of
the sprinklers" -p.83, the expression "This seriously confirms the flow as a much more serious factor
influencing ...." and others.

The remarks I have made are mainly technical in nature and do not call into question the
contributions of the work.

I can make the following recommendations:

- The general conclusions can be summarized and be less in number, they are given at the end of
each chapter of the dissertation;

- The results obtained in the work allow to make more complete and multifaceted conclusions and
conclusions, to more fully show the relationship between the individual studies. The results of the
research work of the doctoral student give her a comprehensive toolkit for working on such tasks.
Given the relevance of the problem discussed in the dissertation, I recommend to E. Dimitrova to
continue and expand her research in this field and to make independent publications of their results in
the direction of optimizing the modes and parameters of rotary sprinklers. In case of possible
publications and in her further work, the doctoral student can further develop the parts related to the
shapes of the sprinklers and the channels on their periphery.

CONCLUSION

Based on the applied by the candidate different research methods, correctly performed e>'(peri ments,
precise summaries and conclusions, I accept that the presented dissertation meets the requirements of



»

the Law for development of academic staff in Republic of Bulgaria and the Regulations on terms and
conditions for obtaining scientific degrees and taking academic positions in Agricultural academy. |
think that the scientific and applied research results in the dissertation are an original contribution of
the doctoral student and are of scientific and practical interest.

This gives me grounds to positively evaluate the presented thesis and to propose to the esteemed
scientific jury to award Eng. Elena Todorova Dimitrova the educational and scientific degree
"Doctor"(PhD) in the field of higher education "Technical Sciences", in the professional field 5.1.

"Mechanical Engineering", scientific specialty "Mechanization and electrification of the crop
production ".

A

. 3a/M4eHO Ha OCHOBaHMe

Date: 02.02.2022r. PREPARED THE STATEMENT: >

/ Member of the scientific jury - assoc. prof. PhD eng. Todor Penyashki/

1’/



