PEINEH3UA
Ha JUCEPTAIMOHEH TPY/l 3a MpUI00MBaHe HA HayyHaTa cTerneH “ JIOKTop Ha HayKuTe” 10
npodecrnonanHo Hanpasienue 4.1 Ousndeckn HayKu, crienuanHocT: Ou3nka Ha
KOHJICH3MPAHATa MaTepus. ABTOp Ha JCEPTALOHHMS TP/ ol A-p Mopman ['eoprues
Mapusnos, Uncturyt no ®usuka Ha Tebpaoro Tsano, BAH.
Tema Ha nucepTanoHHUS TPY: “ DIEKCOCIEKTPUUECTBO HA HEMATUUYHHI
TEYHOKPUCTAJIHU CUCTEMH .
Penensent: mpod. ndpur. Munko I[TepBanos [lerpos, Muctutyt no dusnka Ha TBBPAOTO
Tsamo, BAH.
1. AKmyaanocm na pazpadomeanus 6 OucepmayuoOHHus mpyo npooniem 6 HayuHo
U HAYYHO NPUTIONHCHO OMHOUICHUE.

Temata Ha JMCEPTALMOHHHS TPYA HA JOL. A-p Mopaan MapHHOB e aKkTyanHa B
Hay4YHO U HAYYHO-TIPUJIOKHO OTHOIIIEHUE. T5 ce OTHAcA 10 €HO OT OCHOBHUTE CBOMCTBA
na teunute kpucramu (TK), dnekcoenexrpuuectBoto (PE), KakTO B KITaCHUYECKUTE
Hematnyau Teynu kpuctamu (HTKwu), Taka m B komiuiekcHute cucremu TKu
nanokommo3utd (TKHKu). B TKHKu, TK marpuiia ¢ momioxkeHa Ha Bb3I€HCTBHETO Ha
BHECeHHU B cucTemara Hanouactunu (HUwu), kouto Moauduiiupat KOHTpOIa U OT3BYKa Ha
enextpoontuaHoto (EO) moBenenue na cucrema. EdexkruBen kontpon Ha EO oT3ByK €
ce3naneHn B penuna TKHKu ¢ ¢oroaktuBHum mo6aBku. @OFE U BHCKOETACTHYHUTE
cBorictBa Ha TepmoTponHuTe TK ca pasriegaHu npu pa3auyHUd TPAHUYHU YCIOBHS U
CBhCTOSIHUSI HA TOBBPXHUHHATA €HEPIHUsl.

2. Jou.0-p Hopoan Mapunos nosnasa cwvcmosnuemo na npobnema, 00SKT Ha
TUcepTallMOHHUS TpyHd. ToBa € pe3ydaTaT OT aKTMBHOTO MYy y4acTHE€ B H3ydyaBaHE Ha
(bIEKCOCTEKTPUIECTBOTO KbM JlabopaTopusiTa 1o TeuHu kpuctanu Ha UDTT, kakTo u ot
nobpara My mnoaroropka mo Duswka Ha TeyHUTE KpucTand. l[lo3HaBaHeTO Ha
ChbBpeMeHHOTO chcTossHHEe Ha DE ce Bwga M OT KPUTHYHUS aHAIM3 HA LUTHpaHaTa
JUTEpaTypa, ChCTosAMma ce oT 316 nuTaTa Ha KIACHYECKU U ChbBPEMEHHH paboTH.

3. [IpunokeHuTe eKCIepUMEHTATHU U TEOPETUYHH U3CJIEeIOBATENICKM METOIU
oasam omz060p Ha NOCMABeHUme 8 OUCEPMAYUOHHUA MPYO Yeau U 3a0adu.

4. Jlocmosepnocmma, Ccb8peMeHHOMO HUEO U  000pOmMO  nO3HABAHE HA
eKCnepumMeHmainama mexHuKa, N3noii3BaHa Mpyu U3padOTBAHETO HAa AMCEPTAIIMOHHUS
TPyd € pe3yiaraT OT ONWTa Ha J0l. MapuHOB, H3rpaZieH KaTo CIELHATUCT IO
tepmoTrponHu TKu B HayuHOTO HanpaBieHue “Pu3nka Ha MeKaTa MaTepus’, KOETO UMa
npusHat npuHoc BbB Dusukara Ha TKu. [QuceprammonHusT tpym € B obem or 352
CTpaHUIIM ChABpKAIIU. YBOA, 6 TNaBu, W3BOAM W 3akmroueHus. [IpencraBenu ca 142
¢urypu u 8 tabmuiu. M3Bogute ca 9. Beceku OT TAX JE€TalIHO MpEACTaBs OCHBHUTE
MOCTIDKEHUS Ha JAUCEepTaIUATa. YBOJBT € aJeKBaTeH 0030p HA CHhBPEMEHHOTO ChCTOSIHUE
Ha Pu3MKaTa Ha TEUHUTE KPUCTAIIM, KATO OOSICHUMO € aKIIEHTUPAHO BbPXY OTKPUBAHETO
Y MHTEpIpeTalusaTa Ha yHUKaIHoTO 3a Pu3ukara Ha KOHAEH3UpaHaTa MaTepUsl IBJICHUE—
¢braexcoenexTpuuecTBo. Hapen ¢ enexkTpruuHUTE U MEXaHUYHUTE CTENEHU Ha cBOOOa Ha
TK cucrema, mposBsiBallM ce TpH HHAynupaHe Ha Quekcoedekra, moi. MapuHOB
Ha0sira Ha ONTHYHATA CTETIEH Ha CBOOOJA, OCHOBa Ha (HOTOQIIEKCOCIEKTPHIECTBOTO.
[Tokazano e, ye ®E edexr 3aBucu ot reomerpusita Ha TK cucrema, ¢opmara,
CUMETpHUsATa Ha MOJIEKyJlaTa U OT TpaHUYHUTE YCJIOBHs. MaTepuaanuTe U METOIUTE 3a
n3cnenane Ha ®OE ca onucanu B oraenna rnaBa. Hapen ¢ xonBenuuannute TKuy,



CHeIHalHO BHUMaHHe € oTaeneHo Ha TKu ¢ OaHAHOBHUIHU MOJEKYIHW WM TaKUBa C
rojsiMa aCUMEeTpHs Ha MOJIeKyJIHaTa opma.

5. Hayuynute W Hay4YHO-TIpUJIOKHM TPUHOCH Ha JIUCEPTALMOHHUS TPYyd Ce
3akmouaBat B “/lokazeame ¢ HOo6u cpeocmea HA CbU{ECHIBEHU HO8U CHMPAHU HA
couiecmeysauiu HayuHu npodaemu u meopuu’ .

Oobo0wenuam npunoc Ha IUCEPTALMOHHUWS TPyA Ha A0l. MapuHOB ce H3pa3siBa B
Mpujiaraie Ha ChbBPEMEHHM EKCIIEPUMEHTAIHU U TEOPETUYHU METOJH, 4acT OT KOUTO
pa3BUTH OT y4€HH OT HanpasieHue Ouznka Ha Mekata matepust Ha UDTT, 3a uzyyaBane
Ha QuiekcoenekTpuuecTBoTo. [lomydeHn ca ajeKkBaTHU HW3MEPBAHWs Ha BEIUYUHU U
KOHCTaHTH ydacTBalll BbB (PyHIAMEHTATHU H3pa3d OMUCBAIIM onNTHYHOTO U EO
cecrostHue Ha TK  cuctemu B uucto u HK chberostHue. ChliecTBEH NPUHOC €
WHAYUHUpPAaHETO U KOHTposia Ha DE B Te3u cucreMu u cBbp3aHusi ¢ Hero Metol Ha DF
CHEKTpocKomnusa. B nucepranoHHUs TpyAd € OTIEICHO CIHELUUaTHO BHHMaHUE Ha
nenukatHoTo siBieHue B TK TexHHKa, nucumnaius Ha MOBbPXHUHHATA OpUEHTAI[MOHHA
eHeprus. 3a W3yyaBaHE Ha TOBa SBICHHUE, JOI. MapWHOB € MPHIOKUI 0000IeHNUS
teopetuuen wmonen Ha @OE ocuuwmanmu, ortudrany edekTa Ha  IUCUIIATUBHUTE
NOBBPXHUHHM Tporiecu B opueHtupanu TK cbe cmabo “3akorBsine”. TpsOBa na
or0enexa, 4ye TOM € €eIWH OT MbPBUTE PEATHO OCHILIECTBMWIM (DIeKcoeNeKTpuIHaTa
cnekrpockonusa. Ha Ta3u ocHoBa B nucepranusta ca OLEHEHM NoBbpXHUHHU EO u
BHUCKOEJIACTUYHU KOHCTAHTH, TIOBbPXHHUHEH poTauuoHeH Bucko3urer u @F
KOe(UIIMEHTH, TPYTHO OIICHUMH I10 APYTH METOMIH.

Yeoonama znaea ¢ enun pasmupeH o003o0p, B koito DPE e pasriemano
XPOHOJIOTUYHO OT OTKPUBAHETO My 10 Hamu AHU. Kputuduno ca pasriegaHu
MOCTIKEHUATA ¥ MPOTHUBOPEUMETO B Ch3AaBaHHUTE Ha paznuuHute eranu OE monenw.
Kputnunure ananusute Ha JUCEPTAHTA MO-€CTECTBEH HAUYMH Ca JOBEJIHU JI0 TOCTaBsHE HA
LEJIUTe W 3aJlayuTe Ha aucepranuara. JletallHO ca pasrjiefaHd Hal-ChIIECTBEHUTE
BBIIPOCH, Kacaemu Bpb3kara Ha DE c dopmara u cumerpusTa Ha MOJIEKYnara.
Pasrnemano € W BIMSHHETO Ha ME30TCHHUTE W HEME30reHHH (BBIJICPOIHHU
HAHOTPHOWYKH) HAHOYACTHIIM BBPXY (OpPMHUpPAHETO HA  KOMJICKCHH MOJICKYJIHHU
CTPYKTYpHU (OPMH M KaTO pe3yiTaT BbpXy xapakrepa Ha mHaynupanoro ®E B HK. B
yBOJa € OTOeNsA3aH eIUH OT OCHOBHHUTE, HEPELICHH OT HAIMYHHUTE TEOPUH MpoOieM,
3HAKBT Ha (JIECKCOKOCPHUITMECHTHUTE.

B 2naea | e npeacraBen mmpok Habop oT koHBeHIMoHanHUM TKu marepuanu,
BrimrouBan] TKu ¢ pasnuuna MoliekysnHa CTpykTypa, kato, MBBA u BMAOB c
OTpULIATENIHA JIMEJICKTPUYHA AHU3O0TPONHMs, KOSATO TO3BOJSIBA MpPU XOMOT€HHA
opueHTanus aa ce npoBokupa ¢uiekco wm EO nedopmanms, kakto u SCB u 7CB ¢
MOJIOKUTETTHA TUEICKTPUYHA aHU30TPOIHUS, B KOUTO Te3W nedopManuyd ce MHITYIIUpaT
py XOMeOoTponHa opueHTanus. [IpeactaBeHM ca CTPYKTypHUTE U AMEIEKTPUYHU
XapaKTepUCTHKH Ha JBa OT u3noyi3BaHuTe OanaHoBuaHu TKu. M36panute ITAB ca: 3a
xomeoTpornHa opueHTarus dochommmuaa DPLC, xpomonan u CTAB. B otrmenen
naparpad Ha Ta3W IJIaBa ca MPEJICTAaBEHW KOMIIO3UTHHTE MaTepUaadl Ha IMOJUMEPHO
mucrieprupana TK (ITJITK) cucrema, B kosito TK, B ciryuast nemaruka E7, ca 3aTBopenun
B MHUKpOpa3MEepHH IMpa3HUHU B paMKUTEe Ha onTuyHO mnpo3padeH mnomumep (NOAGS).
TKHKwu ca ocnoBen marepuan 3a ®FE u EO u3cnenBaHus Ha AUCEPTAMOHHHS TPYA.
N3nonzeanute HYu, BHecenu B HTK matpuna E7, 3a ga ce peanusupa HK ¢ ontumanuun
EO xapakTtepucTuku, ca HEME30I'€HHHUTE €IHOCTEHHU BBITIEPOAHH HAHOTPHOUYKU



(EBHT), 3maTHM HaHOYACTHIIM, KAKTO U XHUAPOPHIHUTE CUIMKATHU YaCTUIM ACpPOCHIIL.
['onemuHara, xuMHuueckara CTpykTypa 1 KoHreHTpanusaTa Ha HUu ca mogOpanu taka, ye
Ja ce MOJy4YW Hal-100pa ChbBMECTHUMOCT MEXAY MaTpullaTa W YacTUIATa U ChOTBETHO
Haii-xomorenHa TK ctpykrpa. Enun HoB HK e komOunamusra ot TK marpuna , CMS80 ¢
OTpHUIaTeNIHA UENICKTPUYHA aHU30TPONUS M a300€H3CHOBH CHEIUHECHHS, KOUTO IO
neicTBreTo Ha YB W CHHS CBeTVIMHA M3MHUTBAT M30MEPEH MpexoJ oT “tpaHc” B “muc”
KoH(popmanus U o0paTHo, Mpoiec KOWTo Moaynupa npeMmuHanara npe3 HK cBernmna u
WHIyIUpa Obp3U U KOHTpOJdupaHu HuckonparoBu EO npeBkimrouBanus. ChriiacyBaHo ca
OMHUCAaHU OCHOBHHUTE M3IOJI3BAHU €KCIIEPUMEHTAIHU METOJIM M MOCTAaHOBKHU, ChOTBETHO
ONTUYHA TMOJAPU3ALNOHHA, KOHOCKOIIMYHA, THMHOIIOJIEBA MHUKPOCKOIIMS W Hal-Beue
yaukanHata @FE cnekrpockonus. Ha ¢urypa 21 or chimara riaBa e mpeicraBeHa
cxemara Ha OF cnekTpoMeTsp.

BwvB Bmopa cnaea, naparpap 2.1, e pasrunegan ®OE edexr B nBa HTKu ¢
0aHAHOBUIHHU MOJIEKYJIH C IMOJIOKHUTENTHA W OTpHULIATEIHA AUENEKTPUYHU aHU30TPOIIUH,
KOUTO TPH XOMOT€HHa M XOMEOTpomHa opueHtaius ocurypsBat ®F nedopmarnmu u
npecMsiTaHe Ha (IEeKCOKOeQUIIMEeHTUTEe Ha CKocsiBaHe M orbBaHe. [lokazaHo e, ue
CTOMHOCTHTE Ha (iekcokoepuimenTuTe Ha aBara OaHanoBuaHu TKu, He ce pa3znuuaBar
oT Te3u Ha KoHBeHIMoHanHuTte TKu. Ha ta3u ocHoBa € HanpaBeHo 3akioueHue, ye TK
cucremara ¢ OaHAHOBHJIHM MOJICKYTH TpsiOBa nda ce pasmiexkaa, KaTo cpeia 3a
uHaynupHe Ha kBaapynoigHo @E. B maparpad 2.2 e npencraBeH eauH (yHIaMEHTAICH
3a ®usukara Ha TK mpobiiemM, nucumnanus Ha MOBbPXHUHHATA OPUEHTAIIMOHHA CHEPTHS,
Ba)XK€H KOMIIOHEHT OT CBOOOJIHATa €HEeprusi Ha HeMaTHKa. B eqHa oT Hal-omymsipHUTE
EKCIIEPUMEHTATHU TeoMeTpHuH, XxoMmeoTpornHaTa, [IABa ca moioxkenu Ha aecopOIus,
pa3TBapsiHE Ha OpPUEHTHpAIMs CIOM M 0 JHUCHUIIALMS HA NOBBPXHHUHHATA €HEPrus U
MOBBPXHUHHMSI BUCKO3UTET. 3a M3CJIECIBAHE HAa TO3W YHHMKAJICH MPHUTPaHWuYEH e(eKT e
n3non3BaH MeToabT Ha DEC, KOlTO € chriaacyBaH ¢ 000OIICHHUS TEOPETUICH MOJIEeT Ha
@®FE ocmmianuu. O000IIEHUAT TEOPETHYEH MOJIE]I W HeroBara OCHOBHa (opmyna 3a
MHTEH3WTETa Ha CBETJIMHEH JbY MpPEeMUHAN TMpe3 obOpazena W MOIAYJIHUpaH OT
(draexcoocIanuuTe, MO3BOJISIBA Ype3 HW3MEpPBaHE HAa YECTOTHATa 3aBUCHMOCT Ha
I'bpBaTa XapMOHUYHA J1a C€ TPECMETHAT OCHOBHUTE MOBBPXHUHHH (JIEKCOETEKTPUUHHU U
BHUCKOENacTUYHU KoeduumeHtu. Upe3 o0oOmenus wmonen Ha DE daykryamuu e
nmpecMeTHaTa u AcOenuHaTa Ha Aecopoupanus cioid. MetonsT Ha OE cniekTpockomnus €
MIPUJIOKEH 32 THHKH CJIOEBE OT MATE€pUaIU C JAUEJIEKTPUYHA aHU3O0TPOIHS OCUTypsBAIla
HHUCBK mpar Ha Dpenepukc. 3a XOMEOTpomHaTa OpueHTanusi ca uiznoi3BaHu [IABa,
¢dochomununa DLPC , CTAB u xpomoaH, KOUTO C€ XapaKepu3upar ¢ pa3jinyHa CTEIeH
Ha gecopOuus. PasrnenaH e xapakTepbT Ha JecopOHpaHus CIOW B 3aBHCHUMOCT OT
¢dopmara Ha MoisieKkynaTa Ha opueHTaHTa. [lokazaHo e, 4e (IeKCOKOCPHUIMEHTHT Ha
MOBBPXHOCTHUSA CJIOM BBB (Quiekco aepopmupan TK e mo-mambk oOT TO3M B
Henedopmupana TK cucrema.

[TATKwu, ca o0exT Ha mpema 2nasa Ha nucepraunonnus Tpya. TK monexysnu, BbB
BrpajieHuTe B nosmMepa kanku npu To3u HK, B mpuchcTBHE Ha €IEKTPUYHO MOJE Ce
OpUEHTHpAT Taka, 4€ MOXE Ja C€ YIpaBisBa HMHTEH3UTETa M NOJsApU3aLuUATa Ha
npemMuHajaTa npe3 obpasemna ceetiimaa. [Tokazano e, ue [1/[TKu nmomecrenn B TK kitetkun
(TKK), mpu noioXuTenHa TUENSKTPUYHA aHU30TPOIUS, CE OPUSHTUPAT MApaJICIIHO Ha
€JIEKTPUYHOTO TIOJIe, JOKATO MpU OTpHUIIATETHA AHU3OTPOMNUS, MEPIEHIUKYISIPHO Ha
II0JIETO, PECHEKTUBHO MEPHEHAMUKYISIPHO WJIM YCIOPEAHO Ha OpHEHTHpallara



MOBBPXHOCT. B OTCHhCTBHE Ha €NEKTPUYHO moje, obade, omruuHuTe ocu Ha TK kamkure
clie[IBaT ONTUYHATa oc Ha opmHUpaHaTa npu (a3zoBOTO pa3eisiHE MOJMMEpPHA Mpeka U
KaTo 1510 CUCTeMara € CUJIHO pa3ceiBaiia. JlokaaHaTa opreHTaIUsl Ha MOJIEKYJIUTE MPU
untepdeiica mexay TK kankarta v moJiMMepHaTa mpa3HWHA, B 3aBUCHMOCT OT TOBA /1l
€ IUIaHapHA WM XOMEOTPOITHA, MPOBOKUPA OUITOJISIPHU WIIH PaiaTHI MHKPOTEKCTYpH. B
Haii-o0mus ciyuaid, [IJITK cucrtemu ce mnposiBIBaT B JIB€ OCHOBHU CHCTOSHHS,
pa3celiBaHE B OTCHCTBHME Ha I0JIE U MPO3PAYHOCT B MOAPEAEHO OT MOJETO CHCTOSIHHE.
Taka, B 3aBUCUMOCT OT JOUENECKTpUYHUTE cBoiicTBa Ha TK M rpaHWyHUTE YCIOBHUS Ha
untepdeiica TK /momumep, opueHTAIsITa U IE30PUCHTALIUATA HA CHCTEMAaTa MOXeE Ja ce
yIpaBisiBa ¢ MHOTO MaJIKU eJeKTpuuHU nojeta. [lonuMepsT e nu3bpan Taka, ye cujara Ha
3akoTBsiHe Ha TK mpu unrepdeiica i ¢ moauMepa a He JOMHHAPA HaJ| €IEKTPUUHO TI0JIE,
3a J1a ce omepupa MEXIy HEmpo3pauyHOCT W mpo3payHocT. [lomumepsT € u3bpan na e
MPO3padeH U Jia MpUTexkaBa OOMKHOBEH MOKAa3aTeNl Ha IPEUyNBaHe, ChU3MEPUM C TO3U Ha
TK. Tlokazano e, ye npu npubasHe kbM [IJITK Ha muxpowuyna OGos, HapacTBa
epUKTUBHOCTTAa Ha ajcopOmMs HAa CBETJIMHATa, W KOHTPACTTa MPO3PAUYHOCT-
HEMpo3pavyHoCT. B rnaBara ca aHanu3MpaHW YECTOTHUTE 3aBUCUMOCTH Ha I'bpBaTa U
Bropara xapmonuuHa 3a [IJITK NOAG6S5/E7 c¢ mnanapHa opuenTanus. Hamepen e
XapakTepeH MMUHUMYM B YECTOTHHUTE 3aBHCUMOCTH Ha IbpBAaTa XapMOHHWYHA, KaTO IPH
IJIaHApHa OpUEHTAlUs € JETEeKTUpPAaH W BTOPU TakbB. OCBEH XOMOI€HHOCT U Majka
nucnepeus Ha pasnpenenenre Ha TK xanku mo pasmep, [IJTK upe3 moBbpxHOCTHO-
WHYIIMPAHO 3aKOTBSHE MPUTEKABAT 100pe OpUEHTUPAHU CTPYKTYpH. B mucepranusira e
npennoxen IIJITK, u3zpacthan B cnoit ot TK kamnku, moapeneHn B €QHA paBHUHA.
[Tokazano e, ye TakoBa mnpekoH(urypupane B ennopenoBu I[IJITK d¢unmu moxe
CEJIEKTUBHO J1a TEHEpPUpA ONTUYHU TPENTEHHU, 1a MOAYJMpAa ONTUYHU CUTHAIM WIH 1A
MpomycKa MNPEUMYIIECTBEHO YECTOTHO MOAYJIUpaHa CBETJIMHA B JaJIeH YECTOTeH
JIMaTa3oH.

EO xapaktepuctuku Ha TKHKu  ca pasmienanu B uemewnpma 2naea.
ChlIlIeCTBEHO MPEAUMCTBO Ha T€3W MaTepUaliv € Bb3MOKHOCTTA IIpu cMecBaneTo TKu na
npenanat Ha HYre moapenenoct, nokaro HUte, moaxonsamo (QyHKIMOHAIW3UPAHHU, Na
npenanat Ha TK HoBu EO xapakrtepuctuku. CoiiectBeHo usnuckane 3a TKHKwu, kato
MaTepuai 3a MpUOOPH C TaKWBa XaPaKTEPUCTUKH, € J1a C€ MOJYYH OTHOCHTEIHO J00pa
MmoHoaucneptHoct Ha HY B TK wmarpuma. MoHOAUCHIEPCHOCTTAa, PECHEKTUBHO
nonoOpsisanero Ha EO cBoiictBa Ha TKHKu HapacTBa ¢ HapacTBaHETO Ha rojieMHHATa
Ha OTHOIIeHHETO Tuion] Ha nHTepdeiica TK-HaHOUacTHIIA, KbM TOJIEMHUHATA Ha o0eMa Ha
yactulara. ToBa U3UCKBAHE € BaXKHO, Thi KaTO roJIEMUHATA HA NMOBbpxHOCTTa HA HY, B
KOATO ce mpuiara Heooxoaumoto 3a EO nmoBeaeHunero GyHKIMOHATU3MPAHE, ce 3ama3Ba
OTHOCHUTEIIHO TOJIsiMa, JIOPU MPU MHOTO MallbK 00eM, KOWTO € HeoOXxoaum 3a jao0pa
MOHOJIMCIIEPCHOCT.

KauectBata nHa HKta obemMHa opueHTaIus 3aBUCAT OT €CTECTBEHHS IMPOIEC Ha
camoopranmszupane Ha TK wmarpunia u Ha BHecenute HYUYm u ce omnpenens ot
AHU30TPOIIHATA OpraHU3allMs Ha T€3U JBE KOMIOHEHTH. B rnasara e pasrinenano OF Ha
CWJIHO AaCHMETPUYHU CBEIWHEHMs, W € IOJIydeHa CTOMHOCTTa Ha pasjuKara Ha
¢draexcokoeUIIMEHTUTE Ha CKOCSBaHe M oOrbBaHe. lloka3zaHo e, 4e Ta3W pasiauka
3HAQUUTEJIHO HAapacTBa IMPHU OTHOCUTEIHO MaJKa IMPOMSHA Ha AaCUMETPUYHOCTTA Ha
nobaseHata Moisiekyna. B maparpagure 4.2 u 4.3 ca mpeacraBenn EO cBoiicTBa Ha
Ha"HokoMo3uTH nonydeHu ot TK marpunia E7 u EBHTH, kakto u takuBa ot TK 5CB u



3nmatHU HaHoyactulM. [lokasano e 3HaumtenHo ycunsaHe Ha PE 0T3ByKk B Te3u
HAHOKOMITO3UTH cipsiMo To3u B unuctutre TK cucremu. IlpoeneHo e muzcineasane na HK
coappxkan] TK 7CB u XxuapoguiHu CUITMKAaTHA HAaHOYACTIM OT aepocu. [lokasaHo e, ye
nparsT Ha Openeprukc Ha HK 7CB/aepocun npu 1 KHz e mouru Ha aBa mopsiabka mo-
BUCOK OT To3u Ha uuctusa 7CB. [lonydenu ca BpemeHnara Ha o13Byk Ha HK nipu paznuunn
aMIUTUTYIM Ha HAIIPEKEHUETO U Pa3IMYHU TEMIIEPATYpPH.

®E ce nposssaBa B paznuuHu EO CbCTOSHUSA HAKOM, OT KOUTO Ca IEPUOAUYHO
MOJIPEICHU TOMEHHU 00nacTu. B nema 2nasa ca pasrneganu Hapibxau OF nomenu B
HEMAaTUYHU cjoeBe. TO3M THUIl AOMEHHM 0siXxa OTKPUTH IIpe3 CeAeMJIeCeTTe T'OAMHHU, HO
texuusa OF xapaktep Oemre 1eMOHCTPUPAH MHOTO NMO—KbCHO. B auicepraninonHus Tpya €
[I0OKA3aHO II0Jy4aBaHETO HAa HAJIbKHU PE nomMeHH, HO IIpU €IHOBPEMEHHO IIpUJIaraHe
Ha TMOCTOSHHO W TPOMEHJIMBO €JIEKTpUYHU mnozieTta. [lo To3u HauMH NOCTOSHHOTO
eJIEKTPUYHO ToJie MHIynupa Qiuekco nedopmanuu, a MPOMEHIMBOTO KoHTpoiupa EO
noBejieHHe Ha audpakiuoHHata pemeTrka. [lokazaHo e, ye B Ta3u KOH(Urypauus
peleTKaTa € ¢ Mo-MaJlko TEeKCTYpHH J1e(heKTH U MO-BHCOKO KauecTBo. [lomydeno e nodpo
ChBIIQJICHUE HA KPUBHUTE HA IMPAroBUTE HANPEKEHHUS M BBIHOBUTE BEKTOPU HA
JIOMEHHAaTa KapTUHA OT MPOMEHJIMBOTO HampexeHue. Ta3u moapeleHa U elIeKTPUUECKU
yIpasisieMa JOMEHHA CTPYKTypa € MO3BOJIWIA Ha Jol. MapuHOB Ja onpenean OCHOBHHU
MaTepHUaaHu KOHCTAHTH, KAaTO €JacTUYHAaTa KOHCTAHTAa Ha CKOCSIBAaHE U YCYKBaHE U
pasznukaTta Ha ®E koedwuimenTr Ha Te3u Aedopmanun. To3u aHanu3 ot naparpadu 5.1 u
5.2 e npunoxkeH u 3a TKu ¢ 6ananoBuHM Monekynu. JI-p MaprHOB M3I0JI3Ba HEMATHKA
c 0aHAaHOBUHU MOJIEKYITH, KOWTO € CHHTe3upaH oT nHaunckara TK rpyma B paMkuTe Ha
MEXIYHApOAHO ChbTPYIHUYECTBO.

Illecma 2nasa ce oTHAcs N0 €IWH akTyalleH MpoOieM B HaHOpU3MKATa U B
HaHoMaTepuanuTe, cb3gaBaHe u ontummsupase Ha TKHKu ¢ EO ympasnsemu
XapaKTepUCTUKHU. 3a 1enTa, auceptanThT ce HacouBa kbM TKHKwu, B xouto xpm TK
MaTpulla, CIyKeIa Karo “AoMakuH’ ce mpubaBs (OTOAKTUBEH MaTepual, OT
a300€H3EHCH THII, “TOCT”, B KOMTO moj Bh3acicTBreTo Ha YB (375 nm) winu cuns (455
NM) cBeTJIMHA Ce MPOBOKHpa (POTO MHIAYIIMpPaHa U30MEPU3aLHs OT “TpaHC” KbM “IHC” U
oOpaTtHo-ycioBue 3a KoHTposmpyemu EO mnpomenm Ha mnpemunanmata mnpe3 HKa
cBeTnMHA. Ha MOJIEKYNIHO CTPYKTYpPHO HHUBO, (DOTOMHAYLMPAHMAT NMpexona “TpaHc” -
“muc” u o06patHo e npexos oT TK HaHOKOMMO3UT C MPHUKOBUIHN MOJICKYJIH, KbM TaKbB
c orpHatu B OaHaHOBUAHA (Qopma MoieKynId. Ha MakpOCKONMMYHO HMBO TO3U €(EeKT e
MposiBa Ha OIIE €JHa, HapeJ ¢ MEXaHUYHaTa U eJIEKTpPUYHA CTeleHu Ha cBoOoja Ha OF,
OIITUYHATA, KOATO TO XapakTepusupa kato gortodiexcoenekrpuuectBo. B maparpad 6.1,
KaTo MaTpuIia € n3bpan kimacuuyeckus Hematnk MBBA, a kato ¢oroaktuBHa noOaBka
azo-Oarpuinio D1. B takeB HK, e nmonyueno 10% napacrBane na ®E ot3Byk. [laparpad
6.2 € MOCBETEH Ha NpPUWJIAraHe Ha KJIACHMYECKHUS ONTHYEH METOJ, KOHOCKOIMS, 3a aHAIU3
Ha (QoTodaekcoedekrta upe3 U3MEpBaHE Ha TOJEMUHATa Ha pa3JesiHETO Ha
KOHOCKOIIMYHUTE HW30THpPH, OTpa3sBamia rojieMuHata Ha wuHayuupanus PE. Baxen
pesynrat € u u3bopsT Ha (oToakTHBHATA HoOaBka EPH, ¢ a3o0eH3eHeH TUm MoOJIeKyIH,
nposiBaBamia TK CbCTOsHME, KOETO I0O3BOJIABA CBIVIACYBAHE HA IOJPEKIAHETO HA
monekynaure or TK marpuna ¢ ToBa Ha ¢oroakTHBHaTa 100aBKa, Taka Y€ MparbT Ha
€JEKTPUYHOTO HANpPEeKEHHE MHAyLUpamo W KoHTposmpanio EO or3Byka npa e
JOCTaThbYHO HHUCBHK.



6. Hom. MapuHoB e bpBH aBTOp B 12 0T 25-Te myOnuKanuy BKIIOYEHU B JUCEPTALIUATA.
OT BHUMATENHUS IPOYUT HA TUCEPTALMOHHUS TPYI MOKE J]a CE HAIPaBU 3aKJIIOUEHUETO,
4ye TOW € JIMYHO JeJI0 Ha JucepTaHTa. To3u M3BOX cliefBa OT TOBa, Y€ BHB BCSKA OT
nyOJIMKalMUTE ChC CHAaBTOPH, CE OTKPHMBAa OCHOBHATa Hjed 3aJlO)KeHa B LEiTa Ha
JIUcepTanusITa-pas3liupsiBaHe U 3aAbl00YaBaHe Ha HAYYHHTE 3HAaHUA B O0JiacTTa Ha
(hIEeKCOCTIEKTPUIECTBOTO.

7. Ilyonukauuume no oucepmayuonnus mpyo ca: Mol.Cryst.Lig.Cryst.-8,
J.Appl.Phys.-1, J.Phys.Chem.-1, Eur.Phys.J-E-1, Europhys. Lett.-1, J. Mater. Sci.:
Mater.Electron.-1, J. Opt. Adv. Mat.-4, Ontuueckuit XKypuan-1, Bulg.J.Phys.-4,
J.Phys:Conf.Ser.-1. TloBeue ot mybiukanuute ca B cnucanus ¢ U® u Q croiHoCcT U
CHOTBETCTBAT Ha TeMara Ha auceprauusTa. llutature no nucepraumsra ca 123. Te ca
MPEeIMMHO B CHEIUAIN3UPAHU MEXKIYHAPOIHU crucanus. KanaunatsT oTroBaps u 1opu
HaJIBUILIaBAa MUHUMAJTHUTE HAllMOHAITHU u3nuckBanus, Te3u B 3PAC-BAH u npunoxenure
B Ta0IAIaTA.

10. Asmopegpepamvm e uzcomeen CHIIACHO W3WCKBAHUATA M TPABUIHO OTpa3siBa
OCHOBHUTE MOJIOKEHUS ¥ HaAyYHUTE MPUHOCH Ha JUCEPTALMOHHUS TPYA.

11. Kpumuunu é6eneixcku no chuieCTBO HAMaM. JlucepTaHThT MpeACTaBs H3CIEABAHUS
Ha YHHUKQJIHOTO SBJEHHE (IJIEKCOENEKTPUYECTBO, KbM KOETO TOH HuMa MHpHU3HAT OT
HayyHaTa OONIHOCT mpwHOC. /[Ba BBIpoca, obaue, cuMTaM, 4e IIe OCBETIIAT BAKHU
po0JieMH aHAIM3UPAHU B AUCEPTALIIOHHUS TPYA.

- 13BecTHO €, ue eKcTpanojaloHHaTa AbJDKMHA € MspKa 3a CUJIaTa Ha “3aKOTBSIHETO Ha
TeyHHs KpucTain. OT4nTa JU ce HEMHMST MPUHOC, EKCIUTMIUTHO WU MO JIPYT HauuH, B
npoBeeHUTe  (UICKCOCTICKTPUYHU  M3NEABAHMS W 1O  CHEIUAlHO  TIpHU
bnekcoenexkTpuyHuTe neopmarun’?

- KakBu ycnoBus 1 Kak ca Cb3[aJIeHU, B CMUCHI Ha €ICKTPONPOBOJIUMOCT U TPAHUYHU
yCIIOBUS, 3a Ja c€ MHAyIUpar (UIeKCO U ce MOJITUCHAT EJEKPOXUIPOIAUHAMUYHHUTE
nomeunu?

12. 3axmwouenue:TIpecTaBEHUAT 3a PElEH3MpPAHE IMCEPTAIMOHEH TPyA Ha Mopnau
MapuHOB [1aBa OpWUTMHAIIHM pEIICHHUS 32 OCMHCISHE Ha (DIEeKCOCTEeKTPUIHHUTE
XapaKTepUCTUKU Ha HEMaTUYHM TEYHM KPUCTAIM W TEXHU HAHOKOMIIO3UTH. Toil e
U3MBIHEH Ha HEOOXOAMMOTO HAYYHO HUBO U € ChOOpa3eH C Hall-ChbBPEMECHHHTE
noctmxkeHus: Ha dus3nkaTa Ha TEYHUTE KpPHUCTAIM M HaHOMaTepuaiaute. ToBa MM J1aBa
OCHOBAaHME YOEICHO 1a MPENopbyaM Ha MOYHTAEMOTO KypH Oa mpucsdu Ha Mopnaw
['eoprueB MapuHoB Hayunama cmenen “0okmop na naykume”.

02.10.2020 r. PeuenzenT: [ coovveeeennn. /
[Tpod. apu. M. Tlerpos
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1. Actuality of the developed in the thesis problem in scientific and scientific-
applied sense.
The subject of the thesis of dr.Marinov is actual both in scientific and scientific-
applied sense. It assign to a fundamental property of the liquid crystals (LCs),
flexoelectricity (FE), both in the classical nematic liquid crystal (NLC) and the
complex systems LC nanocomposites (LCNCs). In (LCNCs), the LC matrix is
subjected to the action of the introduced into the system nanoparticles (NPs)q which
modified the control and the response of the electrooptical (EO) behaviour of the
system. An effective control of EO response was provoked in series NC with
photonic additives. FE and visco- elastic properties of the thermotropic LC are
considered at different boundary conditions an surface energy states.
2. Dr. Marinov knows the state of the problems, subject of the thesis. It is a result of.
His long active participation in study of FE in the LC laboratory of ISSP, as well as
by his available training on the Physics of LCs. The recognition of the contemporary
state of FE is seen and by the critical analysis of the used literature, consisting of 316
citations.
3. The applied experimental and theoretical methods gives a response of the goals of
the thesis.
4. Reliability, the contemporary level and the recognition of the used experimental
techniques is a result of the effective attempt of dr. Marinov, built like a specialist on
thermotropic LCs in the scientific direction “The physics of the soft matter” , which is
with a acknowledged contribution in the LC Physics. The thesis is in a volume of
352 pages containing : Introduction, 6 chapters, conclusions. 142 figures and 8 tables
are presented. The conclusions are 9. Each of them in details presents the
fundamental achievements of the thesis. The Introduction is an adequate review on
the contemporary state of Physics of LC, with accent on the unique in the Condensed
matter physics phenomenon FE. Besides with the electrical and mechanical degrees
of freedom of the LC system, dr. Marinov stresses on the optical degree of freedom ,
the base of the FE. It is indicated that FE depends on the LC geometry , the form, the
symmetry of the molecule and by the boundary conditions. The materials and the
methods for FE study are described in a detached chapter. Besides the conventional
LC, a special attention is divided on LCs with banana shaped molecules.
5. The scientific and the scientific —practical contributions of the thesis conclude in
the ” Proving with new resources of the existing new sights of the existing scientific
problems and theories”.
The general contribution of the thesis consists in application of contemporary
experimental and theoretical methods for investigation of FE. There are obtained
adequate measurements of the quantities and constants participating in fundamental
expressions describing optical and EO state of LC systems in pure and NC states. A



ewsentisl contribution is the inducing and control of FE and connected FE
spectroscopy. In the thesis is divided a special attention n the delicate phenomenon in
LC techniques, the surface orientation energy dissipation. For the studying of this
phenomenon , dr. Marinov apply The general theoretical model of FE oscillations,
accounting the effect of the dissipative surface processes in oriented LC withweak
“anchoring”. A note, He is one of the originators of the theory, as well as He is frm
the first actually fulfilled FE spectroscopy. On this base in the thesis are evaluated
surface EO and visco-elastic constants, surface rotational viscosity and FE
coefficients, with difficulty to be evaluated by other methods.

The Introduction chapter is one wide review, where FE is considered from the
discovery up to nowadays. Critically are considered the achievements and
discrepancy in the models of FE created in consequent stages. The critical analysis of
dr. Marinov in a natural way leads to setting of the goals and tasks of the thesis. In
details are considered the most essential problems, concerning the relation of form
and symmetry of the molecule with the FE.The influence of the mesogenes and
nonmesogenes (Carbon nanotubes) NPs on the formation of the complex molecular
structural forms and as a result on the character of the FE induction in NCs. In the
introduction is noted one of the fundamental, non decided by available theory
problem, the sign of the FE coefficients.

In chapter 1 is presented wide composition of conventional LC materials , including
LC with difficult molecular molecular structure. Like MBBA and BMAOB with
negative dielectric anisotropy , allowing at homogeneous orientation flexo or EO
deformations to be induced, as well as and 5CB and 7CB with positive dielectric
anisotropy in which these deformations are induced at homeotropic orientations. The
structural and dielectric characteristics of two of the used bananashaped LCs. The
chose surface actives substances (SAS) for homeotropic orientation are DPLC,
hromolan and CTAB. In a detached section of this chapter are presented the
composite materials of the of the polymer dispersed LC (PDLC) system, where
nematic LC E7 is closed into the microscale gaps in the frame of the transparent
polymer NOA65. LCNCs are fundamental material for FE and EO studies of the
thesis. The used NPs, introduced in NLC matrix E7 , in order NC with optimal EO
are the nonmesogenic SWCNTSs, gold NPs,gs well as hydrophilic silica particles.
aerocil. The magnitude, chemical structure and concentration of the NPs are chose in
way a well compability between the matrix and of the the NP to be obtained,
homogeneous structure respectively. Described are the fundamental used
experimental methods and equipments , optical polarization , conoscopical, dark-field
and FE spectroscopy. In fig. 21 the scheme of the FE spectrometer is indicated.

In second chapter , section 2.1 the FE effect in two bananshaped LCs with positive
and negative dielectric anisotropy are considered., which at homogeneous and
homeotropic orientation ensure FE deformations and evaluation of flexocoeficient of
splay and bend. It is hown that the coefficient of both bananshaped LCs do not differ
from those of the conventional LCs. A conclusion is made that in order to avoid the
discrepancy the bananshaped molecular system must consider as medium for
quadrupol FE. In section 2.2 is presented a fundamental for the Physics of LC
problem, dissipation of the surface orientation energy, an important component of the
nematic free energy .In one of the most popular geometry the homeotropic SAS are



subjected on desorbtion, dissolving of the oriented layer and to dissipation of the
surface energy and surface viscosity. For investigation of this unique effect the
method of the FE spectroscopy is used in relation with the general theoretical of FE
oscillations. The generalized theoretical model and its formula for the intensity of the
transmitted and modulated by the FE oscillations light allows by measuring of the
frequency dependence of the first harmonic the fundamental FE and viscoelastic
coefficients to be evaluated. The thickness of the desorbed layer is also evaluated by
the general model of the FE oscillations. By the FE spectroscopy method are
investigated in priority thin layers with materials chouse with dielectric anisotropy
ensuring low Frederic’s thresholds. For the homeotropic orientation are used SASs as
phospholipids DLPC, STAB and hromolan , characterizing with different degrees of
desorbtion. The character of the desorption layer is considered in dependence of the
orientant’s molecular form. It is indicated that flexocoeficient of the surface layer of
the flexodeformed layer is lesser than that one of the non deformed LC system.

PDLC are subject of the third chapter of the thesis. LC molecules in incorporated
into polymer droplets at PDLC , in the presence of electric field orients in a way that
the intensity and polarization of the transmitted light through th NC to be driven. It is
indicated that PDLC in LCC at positive dielectric anisotropy, the system orients
parallel to the electric field , while at negative anisotropy is perpendicular or parallel
to the surface planes. Out of the electric field , however, the optical axes of the LC
droplets follow the optical axis of formed at the phase separation of the polymer set
and as whole the system is strongly scattering. The local molecular at the interface
between the LC drop and polymer gap , in dependence of whether is planar or
homeotropic bipolar and radial microtexture form. The EO characteristics of these
microtextures depends on the shape and form of the gaps and the LC elastic
properties. In general, in PDLC systems displays in two fundamental states, the
scattering in the absence of the electric field and transparency in the present of the
field. In such way , depending on LC dielectric properties of LC and the boundary
conditions on the interface LC/polymer, the orientation and disorientation of the
system can be driven with very low electrical field. The polymer is chosen in way ,
that the anchoring of the LC at its interface with the polymer must be e not
dominating over the electric field in order the operating between non transparency
and transparency, and it must be transparent with the index of the refraction equal to
that of the LC. It is indicated , that at inserting into PDLC of a dihroic dye , due to the
light absorption increase, the contrast transparency —non transparency effectively
increases. In the chapter the frequency dependence of the first and the second
harmonics for PDLC NOAG65/E7 with planar orientation are analyzed. A
characteristic minimum in the frequency dependence of the first harmonic is found as
for the planar orientation a second one is recorded. Besides the homogeneity and a
small dispersion in the distribution of the droplets on sizes, PDLC by surface induced
anchoring exposes well oriented structures. In the thesis a PDLC grown as a layer of
ordered on the same plane droplets is indicated. It is shown, that in such a planar
droplet ordering one can selectively generates optical oscillations, to modulate the
optical signal or to misses predominantly frequency modulated light in a given The
EO characteristics of the PDLC are considered in forth chapter. Essential priority of
these materials is the possibility at the mixing LC to translate ordering to the NPs,



while NPs , suitably functionalized to transfer in LC new EO characteristics. A
essential requirement for PDLC , as a material for such devices, is to obtain relatively
good mono-dispersion of NPs in LC matrix. The mono dispersion, respectively the
improving of the EO properties of LCNC increase with increase of the magnitude of
the ratio of the surface of the interface LC-NP, towards to the magnitude of the
particle’s volume, since the magnitude of its surface where the functionalization is
applied keep relatively big for given volume.

The quality of the NC bulk orientation depend on the natural process of the of self
organization of the LC matrix and introduced NPs and is determined by the
anisotropic organization of the two components. In the chapter is considered FE of
the strongly asymmetric compounds and the value of the magnitude of the difference
of the flexocoeficients of splay and bend is obtained. It is indicated, that this
difference considerably increases at relatively small change in asymmetry of the
doped molecule. In the section 4.2 and 4.3 the EO properties of the NCs obtained by
LC matrix E7 and SWCNTSs , as such from 5CB and gold NPs. It is indicated a
considerable enhance of the FE response in these NCs with respect to the pure LC
systems. Investigation was developed of NC containing LC 7CB and hydro-fill silica
NPs from aerosol. It is indicated, that the Frederics threshold of the NC 7CB /aerosol
at 1kHz is almost to order higher than that of the pure one. The times of responses of
NC at different voltage amplitudes and different temperatures are obtained.

FE displays in different EO states some of which are periodically arranged
domain areas. In chapter fifth the longitudinal FE domains are considered in nematic
layers in the presence of both dc and ac electric fields. These domains were
discovered during seventies but its flexoelectric character was discover later. In the
thesis is indicated appearing of longitudinal flexoelectric domains, but at
simultaneously application of both dc and ac electric fields. In such a way the dc field
induces flexo deformations, and ac field control the EO behaviour of the diffraction
grating , now with less texture defects and higher quality. A good coincidence of the
curves of the threshold voltages and the wave vectors of the periodical domain
picture. Such a well arranged and electrically driven domain structure allow
dr.Marinov to evaluate fundamental material constants like elastic constants of the
splay and twist and the difference of the FE coefficient of these deformations. Such
an analysis is used and for banana shaped LC , where FE longitudinal domains also
appear. WE note that dr. Marinov uses nematic with bananashaped molecules |,
synthesized from the Indian LC group in the frame of thescientific collaboration. By
the new methods developed in the fifth chapter are evaluated the threshold values of
FE domains in in banana shaped nematics.

The sixth chapter concerns to an actual problem in nanophysics, and
nanomaterials, producing and optimization of LCNCs with EO driving
characteristics. For the goal, dr. Marinov chose LCNC, where into LC matrix |,
serving like “host” one introduces photoactive material, from azobenzene type,
assigned as “guest” , in which under the influence of UV (375nm) or blue light
(455nm) a photoinduced isomerization from “trance” to “cis * and reversibly appear.
This photoisomerization , provokes controllable EO changes, of the transmitted
through NC light at applying of a lowfrequency electrical field. On the molecular
level this means , that the photoinduced transition “trance” to “cis” and vice versa is a



transition from LCNC with rodlike molecules towards to such one with banana
shaped molecules. On a macroscopical level this effect is a manifestation of the one
more, in line with the mechanical and the electrical degree of freedom of the FE, the
optical one, which characterizes the effect as photoflexoelectricity. In the section 6.1
as matrix was chosen MBBA LC , and as photoactive additive azo dye D1, which
absorbed the light due to azo connection-photosencitive hromofor. At lightning with
UV the azo dye photoizomerizes between . “trance” and “cis “ conformatios.It is
obtained approximately 10% enhance of the FE response. The dynamical
manifestation of the FE in NC was investigated with by FE spectroscopy. Section 6.2
is devoted to application of the classical optical method, conoscopy for the analysis of
the photoflexoeffect by measurement of the magnitude of the separation of the
conoscopical isogires , displaying the magnitude of the induced FE. Suitably are
chosen the concentration of the components of the nanocomposites, as well as and
themolecular structure of the photoavtive additive, in a way the voltage threshold ,
inducing and controlling EO response to be enough low. Obtained are reversible and
controllable EO states of the system at considerable contrast. An important result is
the choice of the photoactive additive EPH, with azobenzen tip molecules, indicating
LC state, which allows co-ordination of the arrangement of the molecules from the
LC matrix with that of the photoactive additive in a way the voltage threshold
inducing and driven EO response to be enough low.

6. Dr. Marinov is first author in 12 from 25 publications included in the thesis. From
the attentive reading the thesis one can conclude that it is personally work of dr.
Marinov. The conclusion follows and from this, that in eac of the publications with
coauthors, one discover the fundamental idea of the goal-the expansion of the
scientific knowledge’s in FE field.

7. The publications on the thesis are: Mol.Cryst.Lig.Cryst.-8, J.Appl.Phys.-
1,J.Phys.Chem.-1,Eur.Phys.J,E-1, Europhys. Lett.1, J. Mater. Sci.: Mater.Electron.-1,
J.Opt. Adv. . Mat.-4, Onrtuueckuit XKypuan-1, Bulg.J. Phys.-4, J.Phys:Conf. Ser.-1.
More of them are are in journals with impact factor and Q value and correspond to the
them of the thesis. They are quoted 123 times. The citations are mainly in the
specializing international journals. Dr Marinov answer and even exceed the national
requirements , these of ZRAC and the applied in the Table.

10. The abstract of the thesis is prepared according to the requirements of and
correctly reflect the fundamentals states and scientific contributions of the thesis.

11. They are not critical notes in essence. Dr. Marinov presents investigations of the
unique phenomenon flexoelectricity, towards to which He has acknowledged
contribution from the scientific community. Two questions, however, consider could
go deeper in some problem analyzed in the thesis.

- It is known, that the extrapolation length is a measure for the “anchoring” strength
of the LCs. Is it accounted its contribution, explicitly or in a other way, in developed
flexoelectric investigations and specially at flexoelectric deformations?

- What kind of conditions are created, in sense of electro-conductivity and boundary
conditions, in order flexoelectric domains to be induced and the
electrohydrodynamical domain to be suppressed?



12. Conclusion: The proposed for review thesis of dr. Marinov, gives original
decisions for rationalization of the flexoelectric characteristics of the nematic LCs
and their nanocomposites. It is realized on the necessary scientific level and is
considered with the most contemporary achievements of the Physics of the liquid
crystals. All these give me reason with conviction to recommend of the honored jury
to confer the scientific degree “Doctor of Sciences” of Yordan Georgiev Marinov.

Reviewer: /........../
02.10.2020 Prof.DSc M. Petrov



