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Ha Bb3AYIIHUS TPAHCIIOPT

Peuensenr: wi. kop. npod. aA.1.H. [lerbp Credanos I'enos,
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1. AKTyaJIHOCT pa3paboTBaHHs B JUCEPTALMOHHUS NPobJieM

Bce 10 - MKXPOKOTO M3MOJI3BAaHE HA BEPTOJIETU M OE3MMIIOTHH JIETATEIIHA
anapary (BJIA) 3a rpaXIaHCKM W BOEGHHHM LEIM IOPOAU HEOOXOAMMOCTTA OT
HayuHo oOOCHOBaHa uWH(oOpMaUus W JONBJIHUTEIHMA U3CIEIBAaHUA Ha
aepoJIMHAMUYHHUTE XapaKTepUCTHKM Ha INpUJIaraHUTe BB3AYIIHM BUHTOBE B
yCJIOBHs [IPU U3JIUTaHe, KallaHe U IMOJIeTH OT OOpIoBETEe Ha CaMOJICTOHOCAYH M
OrpaHHYeHH IUIOMAAKH M B OGIM30CT JIO INMPENSTCTBUS, NMPU KOUTO BB3HUKBA
€KpaHeH eQexT.
I1pu Te3u yCIIOBHUS, TPU KPUTUYHO MAJIKM YMCIia Ha PeifHOIIC, TPOBEX/IaHETO Ha
W3YUCIIMTENIHM  OIEpallii € 3aTpyJHEHO Iopaad BHUCOKaTa CTENEH Ha
HEOIIPE/IEJIEHOCT U TOCTaBAT HEOOXOAMMOCTTa OT BaJMUPAHE HA YMCIICHUTE
pe3ysTaTd € eKCIEPUMEHTAIHH. YCIEMHOTO BATMIMPAHE HA H3YMCIIUTENICH
MOJIe]l B TaKbB CJOXEH KOMILIEKC OT YCJIOBHSI OM ITO3BOJIMJIO MPSKOTO MY
npuiarade NPy Ch3JABAHETO M aHaliM3a Ha CHUCTEMHMTE 32 aBTOMAaTHYHO
yIpaB/ieHHe UMAI{ OCHOBHA I1eJ1 OCUTI'ypsiBaHe Ha YNpaBJisBalli KOMaH/IH C Le
HEJI0IyCKaHe Ha HeXEeJIaH! paspyLIMTeTHA MOCIEICTBHS.
OTuMTaliiki Ka3aHOTO, M3Clie[BaHUTEe TNpPoOJeMH U KOHKPETHHUTE 3a1aqyu
pa3paboTeHH B AMCEPTALMATA Ca U3KIIFOUYMTETHO aKTya/IHU U HABPEMCHHH.



2. JIutepaTypHa 0CBeIOMEHOCT M KOMIIETEHTHOCT HAa JOKTOPaHTA

ABTOpPBT € 00paboTUII 3HAUNTENTHA IO 00eM JIUTepaTypa, KOeTo € BUIHO OT
npezacraBeHara oubauorpadceka crnpaska. [lutupanu ca o61o 112 aurepaTypHu
M3TOYHULMY, KaTo 110 ca Ha jaTMHULA U 2 HA KUPWIIULIA.
Ha Ta3su ocHoBa MoOXe 1a ce Kaxe, ye TOBa € JOCTaTbuHa TrapaHLus 3a
OCBEIOMEHOCTTA Ha JOKTOpaHTa U KOMIIETEHTHOCTTa My I10 pa3lIeKIaHUTE B
AUCEPTALMOHHMS TPyA BBIPOCU. JIOKTOPaHTBT MpUTEXKaBa 3HAYUTEICH
MH(QOPMAIIMOHEH pecypc, KOETO ChAeicTBa 3a TBOpUYeCKaTa MHTEpIpeTalus Ha
JIMTEPATYpHUSl MaTepual U My € MOMOTHAJIO MpPHU IPOBEXKIAAHETO HA HAYYHUTE
U3CIeBaHus 110 qUcCepTalusTa.

3. CporBercTBHEe Ha u30paHaTa MeTOAMKA Ha WU3CJeJBaHe ¢
MOCTABEHATA LIeJI M 32/1aYM Ha JUCEPTALMOHHUS TPy

N36panara MeTOIMKa 32 KOMIUIEKCHO U3ClIeBaHe Ype3 eKCIIEPUMEHTAIIHU
Y aHAJIUTHYHY METOIHU € M3KITIOUUTETHO MOXOAIIA 3a TOBUIIABaHE TOYHOCTTA U
MCTUHHOCTTA Ha WM3CJIEJIBAHUTE IPOLECH M SIBJICHUS M OCBUICCTBSIBAHETO Ha
y6enuTenHa Bepu(UKalMs Ha I10JydyaBaHUTE pe3yJITaTy U JIOKa3BaHe Ha TAXHATa
3HAYMMOCT ¥ CHOTBETCTBHME Ha MOCTaBeHUTe Uend. [lomydeHu ca Tpu HaydyHO
NPUJIOKHU M TIET MPUIOKHU NPUHOCH, KOETO yJOBJIETBOPSBA U3UCKBAHMATA 32
JMICepTALMOHEH TPY.

4. KpaTka aHAaJIUTUYHA XapaKTEePUCTHUKA Ha eCTECTBOTO M OLICHKA Ha
J0CTOBEPHOCTTa HAa MaTepHaJ/a, BbPXy KOWTO ce rpajsiT NMPUHOCHTE Ha
AUCePTALUOHHUSA TPY.

JIMcepTalMOHHUAT TPYA € B 00eM oT 169 cTpaHuum, KaTo BKIIOYBA 5
pasgena 3a pemiaBaHe Ha (GOPMyYJIMPaHMTE OCHOBHM 3a3/laud, CIHMCBK Ha
OCHOBHHTE IPUHOCH, CIIMCHLM Ha U3II0JI3BaHATA IUTEPATypa U Ha My OIMKaLunTe
10 IUCePTALMATA KAKTO U IIPUIIOKEHHUS.

JluceprauusTa € CTPYKTYpUpaHa MHOro jgobpe v e yOeauTenHo
000CHOBaHA LENTa Ha JUCEPTEIMOHHUsS TPyJ U HEOOXOAMMHUTE Hay4dHO
U3CJIEI0OBATEICKM 3a/1a4H.

ITony4eHuTe pe3yiTaTH 4pe3 NMPOBEJCHU EKCICPHMMEHTH Ha JBa CTCHIA
pa3paboTeHH B KaTepaTa, KbJIETO € pealn3rpaHa eKCrepuMeHTalIHaTa 4acT Ha
pa3paboTeHHss OT aBTOpa AMCEPTALMOHEH TPy, KaKTO M MAaTeMaTH4ecKo
MOJIEJIUpaHe Ha U3CJIeIBAHUTE 3aBUCUMOCTH Ha aepOAMHAMUYHUTE Ka4eCTBa Ha
BHHTA ca MO3BOJIMIM []a CE€ OCBIIECTBAT JOCTOBEPEH M yOEIUTEIHH aHAIM3 U
HaIpaBsT U3BOAU, KOMTO 00OraTsBar ChlIeCTBYBallaTa TCOPUs B Tasu obnacT ¢
HOBU 3HAHUs ¥ HOBU (aKTH.

ITpoBeeHUTE eKCIIEPMMEHTAIHK M3CJICIBaHUSA BKIIIOUBAT [1BE HE3aBUCEIIM €/(Ba
OT Apyra METOAOJIOTHH C LIEJI OTPe/IesIiHe Ha aPOJIMHAMMHUTE XapaKTepUCTHKH
Ha JIBaTa U3C/ICABAHN BUHTA B YCJIOBUs HA €KPAHEH e(EeKT.

[Ipy mnBbpBaTa, OCHOBHA METOJOJNOTMA € OCBHIIECTBEH aHAIM3 Ha

3aBHCHMOCTUTE Ha ch3aaBaHara Tersiutenna cuna (T) u Ha CHIPOTUBUTETHUA



MoMeHT (Q) BbB QYHKIMH OT YecToTara Ha BbpTeHe (n), Ha bI'bJia Ha [TOCTABSIHE
Ha eJIeMEHTUTe Ha paboTHuUTe Jionaty (0) ¥ Ha OTHOCHUTEIHOTO PA3CTOSHUE OT

H
paBHHMHATa Ha BbPTCHE HA BUHTA 10 €KpaHHATA IMIOBBPXHOCT (E)

Pasregann ca u Oe3pasMepHHMTE 3HAYEHHUS HA CHOTBETCTBAIIUTE WM
xoeduuuentu (Cy) u (CQ) IIPU OMpeJIesieH KOMIUIEKC OT yciioBHs. B cienctBue
OT MNpPEeNOCTaBEHUs aHAIM3 Ha pe3yJTaTUTe ce HaOJIloJaBa HapacTBaHE Ha
Ch3JlaBaHaTa OT BBb3AyIIHUS BUHT TeryiurenHa cwia (T) c¢ yBenmnyaBaHe Ha
4YeCcToTaTa Ha BbPTEHE (n) IIPU BCSIKO €IHO (PUKCUPAHO OTHOCUTEIIHO Pa3CTOSHUE

H
OT paBHUHATa Ha BbPTECHE Ha Bb3AYIIHUS BUHT IO €KpaHHaTa IOBbPXHOCT (E) nu

IPU MOCTOSHEH BI'bJ HA NOCTaBsSHE Ha eJeMeHTUTe Ha paboTHuTe jonatH (0).
HamansBaneto Ha pabOTHOTO pa3CcTOSIHME OT paBHMHATa Ha BBbPTEHE Ha

H
BB3AYIIHHUA BHUHT JO €KpaHHATa IMOBBPXHOCT (E) JOBEXIOa OO0 IIOCJICABAIIO

HapacTBaHE B 3HAUYEHMSTA Ha Ch3/aBaHara TernutenHa cuia (T), npu ycnosue e
yecToTaTa Ha BbpPTeHE (n) M BIVIUTE Ha MocTaBsiHe Ha paboTHuTe JonaTu (0) ce
3anas3Bar noctosiHHU. OT MpeI0CTaBEeHUTE 3aBUCHUMOCTH OTHOCHO 3HAY€HMSATA Ha
CBIIPOTUBUTENIHUS BHPTALIMS MOMEHT (Q) Ha M3cieaBaHMs Bb3AyIIEH BUHT B
yCIIOBUSl Ha eKpaHeH e(eKT BbB (DyHKIMS Ha 4eCTOTaTa Ha BbpTeHE (n) MpH
BapHalys Ha BIJIMTE Ha II0CTaBsIHE Ha eJIEMEHTUTE Ha paboTHUTE jonaTu (0) u Ha
OTHOCHUTEJHUTE PA3CTOSHUS OT paBHMHATA Ha BbPTEHE HA BB3AYIIHHUs BUHT 10

H
€KpaHHaTa IIOBBPXHOCT (E) € OTYETCHO HapaCTBAaHE Ha 3Ha4YCHHUATA Ha

CBIIPOTUBHUTENIHUS BBPTAL, MOMeHT (Q) mpu HapacTBaHe Ha 4YeCTOTaTa Ha
BEpTeHEe (N) M MpH 3ama3BaHe MMOCTOSHHM OcTaHanute mnapamerpu. IIpu Besika
3aj1ajieHa MOCTOSIHHA YECTOTa Ha BbPTEHE Ha BB3LYIIHUS BUHT (n) HaMaJlssBaHETO
Ha OTHOCHUTEJHO Pa3CTOSIHME OT paBHUHATA Ha BbPTEHE HA BB3AYUIHUS BUHT J10

H
€KpaHHaTta IIOBBPXHOCT (E) JOBEXJa 10 HamMajJeHue B 3Ha4YCHUsATA

CHIIPOTUBHUTENHMS MOMeHT (Q) mpu 3amasBaHe [OCTOSIHHM OCTaHAIMTE
apaMeTpH, NPOTHBOIOJIOKHO Ha pesynraruTe 3a Ternurennara cuia (T). B
CJIEJICTBUE OT OCBHILIECTBEHUs Oe3pa3MepeH aHaJlu3 € HalpaBeHO 3aKJIIOUYCHHETO,
ye 30HATAa B KOATO €KPaHbT OKa3Ba BIMSHME BBPXY acpOJMHAMUYHUTE
XapaKTEPUCTHKY Ha M3CJIEIBAHMS BB3JyIIEH BUHT C€ HaMMpa Ha OTHOCHTEIHO

H
pa3CTOsIHKME OT PaHUHATA Ha BBPTEHE — ~ 2.

BTopara (criomaraTesiHa) METOI0JIONMsl BKITIOYBA OITBbJIHUTEIICH aHaIU3 Ha
aepoJIMHAMUYHHITE XapaKTEPUCTUKM Ha BB3/IyILICH BUHT B 30HaTa Ha AeicTBUE HA
sBJICHUETO eKpaHeH edekT. M3cnenBanuTe MapaMeTpu ca Ch3faBaHaTa OT
BB3ylHKs BUHT Ternurensa cuia (T), chrnpoTuBUTEIHATA MOIIHOCT (P) xakTto
u cwvorBerctBammure uM koeduumentu (Cp) m (Cp) mnpu KOMILIEKC OT
OTHOCHTEJHHM PAa3CTOSHMS OT paBHMHATa Ha BBPTEHE Ha BB3AYLIHMA BUHT IO

h
€KpaHHaTa IIOBbPXHOCT (E) U IIpHU Bapuanuus Ha bIJIATE Ha HaKJIOH Ha paBHUHATa

Ha BBpTeHE (). 30HATa, B KOATO CC MpPOsABABA SBJICHUCTO CKPAHCH edeKT npu



U3CJICABAHUSA BB3IYIICH BUHT, I[NOKpHBa OTHOCUTEIIHO pa3CTOAHUE OT paBHUHATa
h
Ha BbPTCHE HAa BUHTA H eraHHaTa [TOBBPXHOCT E =~ 1. YBeanaBaHeTo Ha

YecToTaTa Ha BBbPTEHE HA BB3AYLIHUS BUHT (n) JOBEXJIa JO HapacTBaHe Ha
3Ha4YeHHMATa Ha cb3AaBaHara TernutenHa cwia (T) m Ha chIPOTHBHUTEIHATA
MouHoCT (P) mpy BCHYKM OTHOCHTETHM pa3cTOSHUS OT paBHUHATA Ha BEPTEHE Ha

h
BUHTA JI0 €KpaHHATa TOBbPXHOCT (E)' IIpu Bcsika MOCTOSIHHA YECTOTAa HAa BEPTEHE
(n) HamassiBaHE HA PAa3CTOSIHUETO OT paBHUHATA HA BbPTEHE Ha Bb3IYLIHNUS BUHT
h
JI0 €KpaHHaTa MOBBPXHOCT (E) IpeJU3BUKBa yBEJIMYCHUE B 3HAUYCHUATA HA

ternutenHara cuia (T) u goBexnaa A0 peayuupaHe Ha CBIPOTUBUTEIIHATA
momHocT (P). YcraHoBeHO € cblIO Taka, 4Ye BIMSHUETO HA €KpaHa BBPXY
M3XO/IHUTE XapaKTEePUCTUKH HA Bb3yIIHUs BUHT HamMaJlsiBa [IpH yYBEJIMYaBaHe Ha
BIJIUTE Ha HAKJIOH Ha paBHUHATA Ha BbpTEHE (0).

OChIIIECTBEHUAT MaTeMaTHYEH aHaJIM3 LEJIM YHMCIIEHO [J0Ka3aTeJICTBO Ha
M3BBPIICHUTE Tpead TOBa  GKCIEPUMEHTAJHM  pe3yJTaTd  OTHOCHO
XapaKTEPUCTHKUTE Ha U3MUTBAHKS Bb3AyILICH BUHT B yCJIOBHS HA €KPaHEH €PEKT
IpY IpUJIaraHeTo Ha OCHOBHATa METO/I0JIOTUs.

[TpunoxkeHueTo Ha XUOPUIHUS €JIEMEHTHO — UMITYJICEH MOJE C EMIMPHUYHU
KOPEKI[UM OTHOCHO KOe(UIMEHTa Ha CKOpPOCTTa B pPaBHMHATA Ha BbpPTEHE Ha

BHUHTA (7\,) pearnoJiara ornpeae/siHe 3Ha4YCHUATa Ha OTHOCUTEJIHATC KOG(I)I/IHI/IGHTH
G &

Ha TErJIMTeJIHAa Chujia U MOIIHOCT (—T) )51 (—P), CHOTBETHO. M3unciurennara
(o} (e

METOJ0JIOTUATAa BK/IIOUBA OLEHSBAaHE HA 3HAYCHUSATA HAa KOCHUIMEHTUTE IPU
BapUalysg Ha KOMIUIEKC OT TapaMeTpH KaTo bI'bjla Ha [MOCTABSHE Ha €JICMEHTUTE
Ha pabGorHuTe Jiomatd (0) M OTHOCHUTEIHOTO PA3CTOSHUE OT pPaBHMHATA Ha

H
BBbPTCHEC HA BB3AYUIHUS BUHT A0 €KpaHHATa IOBBPXHOCT (E) HaMI/IpaHeTO Ha

CXOJMMOCT OTHOCHO CTOMHOCTUTE Ha OTHOCHUTEIHUTE KOE(DUUMEHTH H3BBH

30HaTa HAa HAJIM4YME HA €KpaHeH e(EeKT MO3BOJIABA EMIMPUYHO KOPUTHpAaHE Ha

3HAYEHUTa HA KOoe(HUIMEeHTa Ha OTHOCUTEIHA CKOPOCT B paBHUHATa Ha BbPTEHE

(A) ¥ IOCIEIBAIIO OLEHSBAHE CTOMHOCTUTE HAa OTHOCHTEJHUTE KOCQUIMEHTH
C C

(—T) " (—P) B 30HATA Ha MPOSIBJIEHUE Ha SIBJICHUETO eKpaHeH edexT. B peynrar
(0] o

OT OCBIIECTBEHUTE U3UUCIIECHHUS Ca TOCTPOSHH 3aBUCUMOCTUTE HA OTHOCUTEJIHUTE

Cr Cp
KOE€(UIIMEHTH Ha TETTIMTENIHA CUJla (—G—) U CBIIPOTUBUTETHA MOLIHOCT (—G-) BBHB

(yHKLMS Ha BIbJa Ha [OCTaBsHe Ha paboTuute sonatu (6) mpu Bapuauus Ha
OTHOCHUTEJIHO pa3CTOSIHME OT paBHMHATA Ha BbpPTEHE HA BB3AYUIHMS BUHT 0

H
€KpaHHaTa IIOBBPXHOCT (E) N3yucaureHUTE 3HA4YeHUsT Ha H3CJIEABAHUTC

Cr
OTHOCUTCJIHU Koe(bI/IHI/IeHTI/I Ha TErJIMTeJIHA CUJIa (?) IIpyu bIJINA Ha I1OCTABSHEC
Ha paGoTHHUTE JlonaTi 0>9° U NpPU OTHOCUTENHM PA3CTOAHMs OT PaBHMHATA Ha

H
BbPTCHE Ha BB3JyUIHUS BUHT IO €KpaHHATa NOBBPXHOCT E > (.25 nomnazar B



PaMKHMTE Ha TOJIEPAHC OT 5% B CpaBHEHHE C CKCIICPUMECHTAIHO H3BCIACHUTE
3HayeHus. Paznmuuusita B ITPOTHO3HUTE CTOMHOCTM Ha OTHOCHUTEIIHMUTE

C
KOG(bI/IHPICHTI/I Ha TCIJIMTCIIHA CHUJIa (?T) B 30HaTa Ha HAJIMYME Ha CKCTPEMCH

eKpaHeH e(eKT ce MpOsIBSIBAT MOPaay HECITOCOOHOCTTA HA EMITUPUYHUTE MOJIEITH
Ja OTYETaT AOCTAaTbYHO JOCTOBEPHO BJIMSHUETO Ha €KpaHHATa IMOBBPXHOCT
BBbPXY OTHOCUTEJIHUS KOE€(ULMEHT Ha CKOPOCTTa B paBHHHATa Ha BbPTEHE Ha
BUHTA (A). B 1obiHEHNE, aHATTM3BT BKIIIOYBA U TIOCTPOSIBAHE HA 3aBUCUMOCTHTE

C
Ha OTHOCHUTCIIHUTEC KOCQ)I/IHI/ICHTI/I Ha TErJIUTEJIHA CUJIa (—I) nu C'BHpOTHBHTeHHa
o
Cp
MOIIIHOCT (?) OT OTHOCHUTECJIIHOTO pa3CTOsAHUE OT paBHI/IHaTa Ha B'BpTeHe Ha

H
BB3AYIIHUSA BHUHT JO €KpaHHaTa IMOBBPXHOCT (E) IIpyu Bapualnus Ha brbjia Ha

MoCTaBssHE Ha paboTHUTE JiomaTd (0) KakTO M Ha CHOTHOLIEHHUETO MEXIY

C
OTHOCHUTCIIHUTC KOC(bI/II.II/IeHTI/I Ha CBIIPOTUBUTECIIHA MOIIIHOCT (—E) " TCTJIMTCIIHA
o

Cr
cHuJia (F) BBHB (pYHKHI/ISI Ha OTHOCHUTCIIHOTO pa3CTOﬂHI/Ie oT paBHI/IHaTa Ha

H
BbPTEHE HA BUHTA (E) ¥ Ha BI'bJIa HA TIOCTaBsiHE Ha paboTHUTE JlonatH (0).

[IpusHaBaM ToJlydeHuTe B pabortara mnpuHocd. llgnoctaara pabota
[I0Ka3Ba, Y€ KaHIUAAThT MPHUTEKaBa 3aAbJIOOYEHH TEOPETUYHM 3HAHMS I10
CIELHAIIHOCTTA M CITOCOOHOCT 32 CAaMOCTOSITEJIHA HAyYHHU U3CJIEABAHUS.

5. HayyHu ¥ HayYHOTNPHUJIOXKHH IIPHHOCH

B jaMcepTanMOHHMS TpPYJd € BHEAPEH METOA 3a KOpUrMpaHe Ha
Koe(pUIMeHTa Ha OTHOCHUTENHAaTa CKopocT (A) B paBHMHATa Ha BbPTEHE Ha
BB3/IyLIHMsS BUHT 332 30HaTa Ha HAJMYME HA €KpaHeH €(eKT C OCHOBHA 3ajaya
W3YKCIIIBaHE 3HAYEHMUSATA HA OTHOCUTEJIHUTE KOE(PULIMEHTH Ha TETJIUTE/IHA ChJla
¥ Ha CHIPOTUBHUTE]HA MOIIHOCT IOCPEICTBOM IpPHJIaraHeTO Ha HMHOBAaTHBEH
EMIIMPUYHO KOPUTHMpPAH eJIEMEHTHO-UMITyJICEH anropuThM. OCBIIECTBEHOTO
OXapakTepU3UpaHe I03BOJIABA IIJIOCTHO ONpelessiHe Ha aepoJAMHAMUYHUTE
XapaKTePUCTHKM TIPU OTYMTAHE HA KOMIUIEKC OT IapaMeTpH PH EKPaHEeH eeKT.

6. OueHKa Ha CTeneHTAa Ha JIMYHOTO y4acTHe Ha [HMCepTaHTa B
IPUHOCHTE

OTuuTaiiky HaUMHA Ha M3J1araHe Ha MaTepualia B IMCepTallMOHHUS TPy U
nojxo/a npu GpopMyiupaHe Ha NpobJeMuTe CBbpP3aHU € TEMaTa U IOTyICHUTE
pesysiTaTd, CYATaM ue IPOBEACHUTE U3CJIEJBAHMA, HANMCBAHETO Ha
JUCEPTALMOHHUS TPYA M MOJyYeHUTEe INPUHOCH B HEro ca JIMYHO JEJI0 Ha
JOKTOpPaHTa.
HsMaM cBeeHHs 3a U3MOJI3BaHe WIM LUTUpAHE Ha JIaHHU OT U3CJICABAHUATA B
JAMCEPTALMOHHUS TPY OT Ipyry aBTOPH.



7. IIpeuenka Ha mMy0IMKaLMUTE 110 TUCEPTALUSITA M ABTOPCTBOTO

OcHoBHHUTE pe3yNTaTd OT AUCEPTaUMsITa ca OTPa3eHH B 3 KOJIEKTUBHU U
€/IHa CaMOCTOSITEIIHA ITyOIMKalMY, KOUTO OTPa3siBaT ChIIHOCTTA HA HAITPABEHUTE
M3CJIEABAHUS U NIOJTYYEHUTE PE3yJITaTH ONUCAHU B AUCEPTALIMOHHUS TPY/I.

8. M3noa13BaHe Ha pe3y/ITATUTE OT JMCEPTALMOHHUS TPYA B HAy4YHaTa
U COLMAJIHATA MPaKTHKA.

[loryyeHUTE EKCIEPUMEHTAIHU M W3BEACHUTE YHCIEHU pE3YJITaTH
MO3BOJISIBAT Na Obe peanu3npaHa MpaKTHUECKa OIlEeHKa OTHOCHO e€(eKTa BBpPXY
aepoJIMHAMUYHUTE XapaKTEPUCTUKU Ha BB3AYILIEH BUHT MPH PEXUMH Ha paboTa
B 30HaTa Ha Haju4ue Ha ekpaHeH edekT. OueHkara Moxe Ja ObIe INpsSKO
npujiaraHa B aHaju3a IpY IMOJArOTOBKAaTa 3a OCBIIECTBABAHE Ha U3JIMTaHE U
KalaHe, 0coOEHO OT IUIOLIAAKK ¢ OrPaHUYEHN pa3Mepy KaTo Naiyou Ha Kkopabu
¥ TIOKPUBM Ha Crpaju, KAKTO U MPH OCHIIECTBSIBAHE HA MaHEBPH B OJIM30CT 10
npensTctBus. OT MpoeKkTaHTCKa IJIe/JHa TOYKaA IOJyYEHUTE pe3yJITaTh HaMupar
MPUIOKHUMOCT TIPH Ch3/1aBAaHETO Ha aIrOPUTMUTE 32 aBTOMATUYHO yTpaBliCHUE
Ha eTaluTe Ha M3JIMTaHE W KallaHe C OrJieJl OCUTypsIBAaHETO Ha HeoOXxoaumara
MOIIIHOCT C HACOKa peajnu3upaHe Ha yCTOMYUBU PEKUMHU.

9. OueHka 3a apTopedepara

ABTropedeparbT Ha IUCEPTAUMOHHMS TpyA B o0eM Ha 32 CTpaHULH,
ceabpxkam 23 ¢urypu u 5 tabnuuu, € opopMeH ChITIACHO M3UCKBAHHUATA U
OTpa3siBa IOCTaBeHaTa LeJ, PEIIEHHWTE 3aJayd, MOCTUTHATUTE PEe3yJTaTh MU
HAayYHO-NIPUJIOKHH Y TPUIOKHM NPUHOCHU. B HEro KOPEKTHO M JOCTOBEPHO €
OTpa3eHO ChIBPKAHMETO HA JMCEPTALMOHHMS TPYH, OCHOBHMTE HPOOIEMH H
HAYMHUTE 32 TAXHOTO pellaBaHe.

10. MueHHe, NPenopbKU M OejIeKKH

KauecTBOTO Ha AMCEPTALMOHHUS TPyA OTroBaps Ha M3UCKBaHUATA Ha
3PACPE u IlpaBuiHMKa 3a HEroBOTO Npujarane. J[MCepTALMOHHUAT TPYA
[I0Ka3Ba, 4e JAOKTOPAHTHT IPHUTEKaBa 3aAbJIOOYEHN TEOPETUYHM 3HAHMS,
KauecTBa M yYMEHHs, KaKTO U INPOPeCHOHAIHM YMEHHUs 3a IpPOBEXJIaHE Ha
M3CIIEABAHUS M TpEIojiaBaHe 10 CHelNuanHocTTa ,HaBuranus ynpasjieHHC U
eKCIUIoaTalys Ha BB3AYLIHUS TPaHCIOPT™.

ITpenopbuBaM Ha JOKTOPAHTA J1a IPOIBJDKM paboTaTa B TOBA HANPAB/ICHNE
C 11€J1 KOMILIEKCHO pelllaBaHe Ha BBIIPOCHUTE I10 MPHIIOKEHUE U NIPETNI0IaBaHe Ha
U3CJIeBAHUTE MTPOOIEMH.

11. 3akioueHue

WMaiiky npeBu o6emMa ¥ Ka4eCTBOTO Ha JUCEPTAMOHHUS TPy, HAy4HO-
TNPUJIOKHUTE W TPUIOKHU PEe3yJITaTH M BB3MOXKHOCTH Ha KaHauaaTa, JaBam
CBOSITA MOJIOKUTENTHA OLIEHKA ¥ IIPENopbUBaM Ha HAYYHOTO JXyPH a yAOCTOH ac.
mar. urx. I'a6puen Benenunos I'eoprues ¢ oOpa3oBaTeHaTa U HayYHa CTEIEH
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1. Relevance of the Dissertation Research Problem

The growing use of helicopters and unmanned aerial vehicles (UAVs) for
both civilian and military applications has led to a demand for scientifically
grounded information and further research into the aerodynamic characteristics of
airscrews used during take-off, landing, and flight operations - particularly from
aircraft carriers, confined platforms, and in proximity to obstacles, where ground
effect occurs.
Under these conditions, at critically low Reynolds numbers, performing
computational operations is challenging due to a high degree of uncertainty,
which necessitates the validation of numerical results with experimental data.
This highlights the necessity of validating numerical results through experimental

data. Successfully validating a computational model under such a complex set of



conditions would enable its direct application in the design and analysis of
automatic control systems, whose primary objective is to generate control
commands that prevent undesirable and potentially destructive outcomes.

Taking into account what has been mentioned, the researched problems and the

specific tasks developed in the dissertation are extremely actual.

2. Literature Awareness and Competence of the Doctoral Student

The author has reviewed a substantial amount of literature, as evidenced by
the presented bibliography. A total of 112 sources have been cited, of which 110
are in Latin script and 2 in Cyrillic.
Based on this, it can be concluded that the doctoral student demonstrates sufficient
awareness and competence regarding the issues addressed in the dissertation. The
candidate possesses a significant information base, which has contributed to the
creative interpretation of the literature and has supported the conduct of the

scientific research presented in the dissertation.

3. Appropriateness of the Chosen Research Methodology to the Aim
and Objectives of the Dissertation

The chosen methodology, based on a comprehensive approach, combining
experimental and analytical methods, is highly appropriate for increasing the
accuracy and reliability of the studied processes and phenomena. It also enables a
convincing verification of the obtained results and demonstrates their relevance
and alignment with the stated research objectives.
The dissertation presents three scientifically applicable and five practical

contributions, which meet the formal requirements for a doctoral dissertation.



4. Brief Analytical Characterization of the Nature and Evaluation of
the Reliability of the Material on Which the Dissertation’s Contributions Are
Based

The dissertation comprises 169 pages and includes five sections dedicated
to solving the main research tasks, a list of the key contributions, references, a list
of the candidate’s publications related to the dissertation, and appendices.

The dissertation is very well structured, and the objective of the dissertation
work as well as the necessary research tasks are convincingly justified.

The results obtained through experiments conducted on two test rigs
developed within the department, where the experimental part of the author’s
dissertation work was carried out, as well as the mathematical modeling of the
investigated dependencies of the aerodynamic characteristics of the rotor, have
enabled a reliable and convincing analysis to be performed and conclusions to be
drawn. These conclusions enrich the existing theory in this field with new
knowledge and new facts.

The experimental research employed two independent methodologies to
determine the aerodynamic characteristics of two tested airscrews under ground
effect conditions.

The first (primary) methodology involved analysing the dependencies of
thrust force (T) and torque (Q) as functions of rotational frequency (n), blade pitch

angle (0), and the relative distance from the rotor’s rotational plane to the ground
surface (g) Dimensionless coefficients (Ct) and (CQ) corresponding to these

parameters were also examined under a defined set of conditions.

The analysis revealed an increase in thrust (T), when increasing rotational

frequency (n) at every fixed value of (%) and constant pitch angle (0). A decrease

in the operational distance (g) (with constant (n) and (0)) led to further increases

in thrust. In contrast, the torque (Q) values increased, when increasing (n), but



H .
decreased when (E) was reduced, with all other parameters constant - opposite to

the trend observed in thrust.
From the dimensionless analysis, it was concluded that the ground effect
significantly influences the aerodynamic characteristics of the rotor up to a

relative distance of approximatelyg ~ 2.

The second (auxiliary) methodology provided a supplementary analysis of
the airscrew’s aerodynamic characteristics in the ground effect zone. Investigated
parameters included thrust (T), power required (P), and their corresponding

dimensionless coefficients (Cy) and (Cp), analyzed across different relative

distances (%) and angles of inclination of the rotational plane ().
It was determined that the ground effect becomes prominent at % ~ 1. An increase
in rotational frequency (n) resulted in higher thrust and power values at all (g)

. . (h .
values. At a fixed rotational frequency, reducing (E) led to increased thrust and

reduced power. It was also observed that the influence of the ground effect
diminished as the plane inclination angle (8) increased.

The mathematical modelling aimed to numerically verify the experimental
findings from the primary methodology. A hybrid blade element-momentum
model with empirical corrections for the velocity coefficient in the rotor’s

rotational plane () was applied. This allowed the determination of relative thrust

and power coefficients (%T) and (%P), based on variations in blade pitch angle (0)

) ] H
and the relative distance (E)'

Outside the influence zone of ground effect, a convergence of calculated and

experimental coefficient values was observed, allowing empirical correction of

(A). This facilitated accurate evaluation of (%T) and (—Cf) within the ground effect

: C
zone. For blade pitch angles 6 > 9° and % > (.25 , the predicted values of (?T)



remained within a 5% tolerance when compared to experimental results.
Discrepancies in (FT) within extreme ground effect conditions were attributed to

the empirical model’s limitations in capturing the influence of the ground surface

on the relative velocity coefficient (1).

The analysis also included dependencies of (%T) and (%) on (g) under varying

blade pitch angles (0), as well as the ratio (%P) to (%T) as a function of both (—g—)
and (0).

The contributions presented in the dissertation are recognized. The overall
work demonstrates that the candidate possesses deep theoretical knowledge in the

field and the ability to conduct independent scientific research.

5. Scientific and Applied Contributions

The dissertation introduces a method for correcting the relative velocity
coefficient (M) in the plane of rotation of a helicopter rotor within the ground effect
zone. The primary objective is to calculate the relative coefficients of thrust and
power required through the application of an innovative empirically corrected
blade element - momentum algorithm. This characterization allows for a
comprehensive determination of aerodynamic characteristics, while accounting

for a complex set of parameters under ground effect conditions.

6. Assessment of the Degree of Personal Contribution by the Doctoral
Student

Based on the presentation of the material, the approach to problem
formulation, and the results obtained, I am convinced that the research conducted,
the writing of the dissertation, and the contributions achieved are entirely the
result of the doctoral candidate's individual effort.
I have no knowledge of any data from the dissertation research being used or cited

by other authors.



7. Evaluation of Publications Related to the Dissertation and
Authorship

The main results of the dissertation are included in three co-authored
publications and one individual publication, which accurately represent the

essence of the conducted research and the results described in the dissertation.

8. Application of the Dissertation Results in Scientific and Social
Practice

The experimental and numerically derived results allow for a practical
assessment of the influence of ground effect on the aerodynamic characteristics
of an airscrew under relevant operating conditions. This assessment can be
directly applied in pre-flight analysis and decision-making for take-off and
landing operations particularly from restricted surfaces such as ship decks and
building rooftops, as well as during manoeuvres near obstacles.
From a design perspective, the findings are applicable to the development of
control algorithms for the take-off and landing phases, aimed at ensuring the

required power and achieving stable operating modes.

9. Evaluation of the Dissertation Abstract

The dissertation abstract, comprising 32 pages, 23 figures, and 5 tables, is
formatted in accordance with the applicable requirements. It accurately represents
the stated objective, the tasks addressed, the achieved results, and the scientific
and practical contributions. The abstract faithfully and reliably represents the
content of the dissertation, the main issues explored, and the approaches taken to

resolve them.



10. Opinions, Recommendations, and Remarks

The quality of the disserta\tion meets the requirements of the Law on the
Development of Academic Staff in the Republic of Bulgaria (LDASRB) and the
associated regulations. The dissertation demonstrates that the doctoral student
possesses in-depth theoretical knowledge, relevant qualities and skills, as well as
professional competence for conducting research and teaching in the field of
”Navigation, Management, and Operation of Air Transport®.

I encourage the doctoral student to continue the research in this field with
the aim of comprehensively addressing the practical application and academic

dissemination of the studied problems.

11. Conclusion

Considering the length and quality of the dissertation, the scientific-applied
and practical results achieved, as well as the capabilities of the candidate, I give
my positive mark and recommend that the academic jury award Assistant M.Sc.
Eng. Gabriel Venelinov Georgiev the educational and scientific degree "Doctor”
for his dissertation entitled *Helicopter Rotor Aerodynamic Characteristics
Estimation in Ground Effect“ in the Scientific Field: 5. Transport,
Professional  Field: 55 Transport, Shipping  and  Aviation,

Scientific Specialty: Navigation, Management and Operation of Adr"Transport.
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