PEDNDEHI3IWNUA4HA

Ha JUCepTaIioHeH TPYJ 3a puA001BaHe Ha HayuHaTta cTereH '/Jokmop Ha Haykume''
ABTop: o1, a-p Mopaan Feoprie Mapuos , UGTT-BAH
Tema : “Drekcoenekmpuuecmgo Ha HeMaMuyYHU MEUHOKPUCMAAHU cucmemu’”

Penensent: npod. 1 Heako Boprcor Meanos, UOTT-BAH

[vicepTaliluOHHUAT TPYJ, € HalMcaH Ha aHIVIMKCKU e3uK BbpXy 252 crpaHuu (dopmar A4),
cbabpka 142 durypu, 9 Tabmuim u 316 UUTHPAHU TUTEPATyPHU U3TOUYHMKA. B yBoAHATa uacT Ha
JucepranusTa ca IpeJCTaBeHu CBeJeHMs 3a CTPYKTypaTa M LieJuTe Ha JAuCepTalysaTa, KakTo U
KpPaTKO TeOpeTHMYHO BbBeJleHWe B TemaTa Ha JAucepranusTa. AKLEHTHTe ca IOCTaBeHU BbPXY
JNOCTIDKEHUSITA, HEpellleHWTe TMpo0/sieMd U TePCIIeKTHBUTE 3a pas3BUTHe, Kacaelu
(nekcoeneKTpUYHKS OTK/IMK B TeUHM KpucTand. OCHOBHaTa 4acT OT MaTepuasa e pasmpeziesieHa B
6 1aBW, MbpBaTa OT KOWTO ChJbpKa OMMCAHWe HAa M3M0JI3BaHWTe Marepuaay, HauuHUTe Ha
TIPUTOTBSIHE Ha 00pasluTe, W3IOA3BaHUTE eKCIIeDUMEHTA/IHU YCTAaHOBKA U CBBP3aHUTE C TAX
MeTOAM Ha u3cieABaHe. B Kpas Ha [AucCepTalMOHHMSI TPYZ, Ca NpeACTaBeHW CIUCBhLY Ha
HayuUHUTe MPUHOCH U MyONMKaLMUTe Ha AUCEePTaHTa, BK/IIOUeH! B JUCEepPTALMOHHUS TPYJ, KaKTO U
OCHOBHH W3BO/IM Y 3aK/IOUeHHs], IPOM3THUYALLY OT IIPOBeZIeHUTe HayYHU M3C/ie/IBaHusl.

1. AKTya/IHOCT ¥ 3HAQUHUMOCT Ha H3C/IeABaHUA NIPol/iem:

TeuHnokpucranHaTta GopmMa Ha MaTepusiTa Ce XapaKTepu3upa C M3K/IIOUMTETHO pasHooOpasue OT
TePMOJUHAaMUYHU (pa3y, YHUKaIHA (U3UUHM CBOMCTBA U e(eKTH, KOUTO Ca OT U3K/IOUUTe/eH
MHTepeC KakTo 3a (yH/JaMeHTa/lHd Hay4YHU W3C/Ie[BaHUs], Taka U 32 MHOXXeCTBO IOTeHIMaTHU
TIPWIOXKEeHUsI B CbBPEMEeHHHTe HaHOTEeXHOJIOTHH. B TO31 KOHTEeKCT, U3C/ejBaHUTe B IMCepTaLUsTa
acrekTy Ha (ieKCcoesIeKTPUYHHUS OTK/IMK B TEUHOKPUCTAIHU MaTepUasiu NpejoCcTaBsi TIoTeHLManeH
M3TOUHMK 32 ObJelM HayyHd TNPWIOKEHMs B TakaBa aBaHrapZHa o0macT Ha Haykara u
TEXHOJIOTUUTE KaTo (OTOHMKATa, KBAETO KOHCTPYKIMSITa Ha ejeMeHTH C Obp3 U edekTvBeH
e/IeKTPOOIITUUEH KOHTPOJ € OT ITbpBOCTeNleHHa Ba)KHOCT. KakTo e W3BecTHO, Me30TeHHHUTe
MaTrepuasy TpeZCTaB/isBaT 0coOeH WHTepec, Thil KaTO Ce XapaKTepusupa C OTHOCHTETHO Clabu
MEKAYMOJIEKY/IIPHA ~ B3aUMO/ZIEHCTBUSI, OOyC/aBSIM  TIO-HUCKA TIparoBM  CTOWHOCTH Ha
e/IeKTPUUECKUTe Harpe)KeHHs Ha TPeBK/II0YBaHE B ONTHUYHUTE KOMYHMKAL[MOHHU CHUCTEMH U
pucrien.  Ha BTOpPO MsICTO, M3C/e/[BaHWMTe B [UCepTaljUsiTa HOBU MarepHalu--Ch3/la[ileHd, B
YacTHOCT, upe3 KOMOWHHMpaHe Ha HeMAaTWYHW TeUHH KPUCTaJd C  Pa3/IMyHA HeMe30TreHHU
[00aBKU--pa3KpyBaT HOBU  MHTEPeCHU Bb3MOXKHOCTM KakTo 3a MojuduipaHe Ha
B3aMMO/IeCTBUSATA, TaKa M 3a yIpaB/eHHe Ha ONTUYHUS OTK/IMK.

OcHoBHara 1e/1 Ha jucepranuaTa e GopMy/aMpaHa KaTo pasllMpsiBaHe U 3a/bjboyaBaHe Ha
HayuHUTe TI03HaHUs, Kacaellld (QuieKcoeNeKTpUUHUsl e(eKT B TepMOTPONHM HeMaTWLM, upe3
u3C/ie/iBaHe HA HOBM KOMILJIEKCHH CPeZ C HeMaTUYHa TeYHOKPUCTATHA OpraHr3arjys.

2. ChcTosiHMe Ha M3C/Ie/IBaHUs Mpobsiem:
OcHoBeH 00eKT Ha W3C/je[BaHe B MCepTaLMsiTa € KopesjalusTa MeXJy MoJeKy/spHara
CTPYKTypa U (IeKCOe/NeKTPUUHUTE XapaKTePUCTUKU Ha pa3/iMyHU HeMaTUYHU TeYHOKPHCTaIHU



MaTepuaay, IMOJAOKEHW Ha  BbHIIHM MeXaHWYHU BB3JeHMCTBUS U €eKTPUUHU  [I0JIeTa.
MotuBrpOBKara 3a IpoBeJieH|uTe U3C/Ie[jBaHus e Mpe/iCTaBeHa B YBO/IHaTa 4acT Ha JucepTalysara U
Ce OCHOBaBa IJVIaBHO Ha HEeOOXOZMMOCTTa OT ToZoOpsiBaHe HA CBOWCTBAaTa Ha ChIIeCTBYBALUTE
TEeUHOKDUCTA/IHU MaTepuaay, cpes,  KOUTO (plIeKCOe/NeKTPUYHUTe XapaKTepUCTUKU  KUMar
JOMUHMpalla poss. 3a Tasu Leal B AWCepTalusTa JIOTUYHO € BBb3IpUeT NOAXOABT Ha T. Hap.
oucnepeupaHu 000aeku, TIpU KOWTO CHCTeMHO ce H3C/eABa Bpb3Kara Mexzay ¢opmara u
e/IeKTPUYHUS IUTIOJIeH MOMEHT Ha MOJIeKy/iuTe B Jo0aBKara, OT ejHa CTpaHa, M CTOMHOCTUTE Ha
(nekcoeneKTpUYHMTE KOe(ULIMEHTH Ha CMeCTa, OT Jipyra CTpaHa.

B yBopHaTa rnaBa XpOHOJOTMYHO Ca Mpe/CTaBeHU W Hail-3HauMMHTe HayuHH (DakTH, Kacaely
(hiekcoeneKTpUYHUS OTK/IMK B HeMaTWYHU TeuHW KpUcTaau. KakTo e M3BeCTHO, eflHa HeMasika
yacT oT Te3u (akTh e CBbp3aHa C HUcTopusita Ha Jlabopamopusma no mewHu Kpucmanu B
WHctutyTa no ¢usuka Ha TBbpAOTO Tsno npu BAH. HambiiHO /10rvyHO, B KauecTBOTO CH Ha
I'bITOTOJMIIIEH ChTPYAHUK B Ta3u Jlaboparopusi, Aor. MapuHOB €MOHCTPHpPA OTJIMYHO MO3HaBaHe
KaKTO Ha MCTOPUSTA, TaKa M Ha aKTya/HOTO ChCTOsIHME Ha U3C/efiBaHUATA B obnactra.  Ha Tasm
OCHOBA JJUCEPTaHTHT e (hopMysMpasn UHTepeCHU Bb3MOKHOCTA 3a ObJeIy HayYHU W3C/IeBaHUs
" NIPUIOKEHUS], CBBbpP3aHU C (iekcoeneKTpUuyHUsl edekT. Jluckytupa  ce, Hampumep,
OTCBCTBHETO Ha M3C/e[BaHUs Ha (pyIeKCOeeKTPUUHMS OTK/IMK B T€UHH KPUCTaIU C JUCIeprupaHy
HAHOTPBOMUKM, KOUTO KaTo MPaBU/IO Ce OT/IMYaBar C M0J00peHr e/leKTPUUHU U elIeKTPOONITUYHU
xapakTepuctukd. OtbensizaHd ca M MHTEpeCHM HJeu 3a TOTeHLMaTHd TPWIOKeHUs Ha
¢nexkcoenekTpruHUs edekT 3a foOMBaHe Ha eHeprusi , a T. Hap. bent-core HeMaTWMYHH KPUCTaIM
ce CBbP3BaT C Bb3MOXKHOCTTa 3a MeXaHOe/IeKTPUUYHO Npeobpa3yBaHe Ha eHeprusl.

13/10)keHOTO T0-TOpe HU JjaBa OCHOBaHHe [a 3aK/IF0YMM, Ue [UCePTaHThT J00pe e 3aro3HaT ChbC
CBCTOSIHMETO Ha M3C/eBaHus NIpo0sieM U OLjeHsiBa TBOPUECKU CblljeCTBYBalljaTa JuTeparypa.

3. MeToauKu Ha HU3C/ieABaHe:

W3cnenBaHuTe MaTepvasiv, TIPUTOTBSHETO Ha 00pasiUTe W W3MO/3BaHUTE eKCIIePUMEHTa/THU
YCTaHOBKM Ca KOMeHTHpaHU B I71aBa 1 Ha gucepranusita. 3a U3MbJIHEHUe Ha MOCTaBeHUTe 3a/jauu
ca W3M0/3BaHU MHOXKeCTBO HeMaTUUHU TeUHU KPUCTalW C pa3nuuHu xapakrtepuctvku (BMAOB,
CNRbis1200B, BCCB, MBBA, 5CB, 7CB u fAp), KaKTO ¥ pa3/IM4HA HEeMe30reHHU MaTepuaiu
(rmonvMepH, HAHOUACTHIM, HAHOTPBOWUKH, Garpuia u Jp.), KaTo HIKOU OT IMOCAeJHUTE Ce TIpUarat
BBB (hopmara Ha Aucrieprupanu JobaBku. Kato ripumepu, cwheprHeHneto BMAOB (p-n-butyl-p-
methoxyazoxy benzene) e cbCTaBeHO OT MPBUYKOBUAHU MOJIEKY/IHW W TIPeACTaB/siBa TEPMOTPOIIEH
TeueH Kpuctajli ¢ HuUcka npoBogumoct, CNRbis1200B {4-cyanoresorcinol bis[4-(4-n-
dodecyloxybenzoyloxy) benzoate]} e aHM30TpOIieH Me30reH C OrbHaTO SIAPO Ha MoJjeKynute (bent-
core type) U OTpUIaTe/IHa AueneKTpuuHa aHu3orporusi, a BCCB e MOHOTporeH OuakcuaieH
Me30reH ChC CbPIOBUAHMA MOJIEKY/H, HA/|/Tb)KEH AWUIO/IeH MOMEHT U TIO/IOKUTeTHa AreeKTPUUHa
anu3otponus. V3cnenBaHuTte oOpasiu--TpeMMHO 110/, opMaTta Ha THHKHM HEMaTHUHU CJIOEBe,
TM0JIMMEepPHO-AUCTIeprUPaHy WX HaHOCTPYKTYpHpaHU HeMaTUYHU TeUHU KpHCTald—ca ToJydYeHU
10 pa3/IMUYHA METOZAMKH, BK/IFOUBAIIM CaMoaceMOMpaHe ype3 IoTarsiHe, POTAIJMOHHO HaHacsHe,
WHAYLIMPAaHO OT pa3TBOpUTeN (Pa30BO pa3jessiHe, MOJMMepH3aliMOHHO (a30Bo pa3zesissHe U Ap.

3a npoBekJjaHe Ha eKCIIPMMEeHTA/IHHUTe W3CJ/ie[[BaHUsl Ca M3I0/I3BaHU MeTOAUTe Ha ONTUYHAaTa
(monsipu3alMOHHA, KOHOCKOINIMYHA W THMHOIIO/IEBA) U CKaHUpAlllaTa eeKTPOHHA MMKPOCKOIWH,
KaKTO U Ha (ieKcoe/leKTpUUHATa CreKTpocKomnus. IlociefaHata e [ieflio Ha CHTPYAHUIM Ha



Jlabopamopusima no meunu kpucmanu Ha UOTT-BAH u ce 6a3upa Ha e[HOBPEMEHHO TIpU/IaraHe
Ha DC u AC eneKTpUyHHM TI0/ieTa, MbPBOTO OT KOWUTO Ch3ZlaBa CTAaTUUHM Jedopmaliuv B
HEMaTUYHOTO MOZpeXX/iaHe, a BTOPOTO reHepupa (ieKCcoeeKTPUUHU PIyKTyaluu B ZiehopMUpaHus
obpa3er]. B pesynrar, npemMuHanara rpe3 obpaselia ja3epHa CBeT/IMHA Ce MOAYy/IMpa U ripeobpa3yBa
B e/IeKTPUYEeCKM CHIHa/l, ChAbpXKalll MbpBa M IM0-BUCOKM XapMOHWYHM Ha BBHIIHOTO AC
e/leKTpUYHO Tmosie. MeToAbT Ce OT/IMYaBa C BUCOKA CTelleH Ha YHHBEPCAJHOCT U TI03BOJIsSBA
M3yuyaBaHe Ha IIMPOK Kjac OT TPOLeCH, siBJIeHUsI U CTPYKTYPU, CBbp3aHU C (ieKCcoeneKTpPUUHHUS
OTKJTUK: tdotodiekcoeneKTpruecTBo, JiMHeeH duiekcoenekTpuueH edeKT B TOJUMMEpPHO
JMCIIeprupaHy TeYHU KPUCTaIU, JOMeHHH (ieKcoeneKTPUYHN TEKCTYPH U Jp.
B 3akstoueHue, n30paHUTe METOJUKH Ca B ITHJTHO ChOTBETCTBHE C yIIOMeHaTara IMo-rope e Ha

V3C/ie/IBaHUAATA B IMCEPTALIMOHHKS TPY/, @ UMEHHO, U3cjie/iBaHe Ha ¢ieKCOeleKTPUYHU TIpoLiecd B
HOBOCH3/laZileHd KOMITJIeKCHU Cpe/li C HeMaTHYHa TeYHOKPUCTaTHa OpraHu3aL{ysl.

4. XapakKTepuCTHKA Ha eCTeCTBOTO U A0CTOBEPHOCTTa HA MarTepuasia, CBbp3aH C

NMPUHOCUTE B ANCEPTAlUATA:
I'naBa 2:
* OopareH duiekcoesieKTpuueH edekT B bend-core HeMaTHIIHU:

EKcriepMeHTa/IHOTO M3c/eBaHe ce Oa3upa Ha T. Hap. 06obwjeH mMemod Ha Xeacpux (oTunTall]
nedopMal[uuM OT TIO-BHUCOK peJ)) W Kacae fBa bent-core Hematuka (CNRbis1200B u BCCB) c
TIDOTUBOIIO/NIOKHMA 3HAL[M Ha [JuesieKTpuyHara aHu3oTrporus. Criefi oTuMTaHe Ha TpPUHOCA Ha
MOBbLPXHOCTHAaTa TOJisipU3alusi, 3a [iBaTa HeMaTruka ca MoJiyueHu CTOWHOCTU 3a
(rekcoeneKTpUYHNUTe Koe(UIMEHTH, XapaKTepHH 3a KaJlaMUTHUTe TedHH KpucTanu [14,16]'.

e lncunanys Ha eHePrusita M BUCKO3WTeTa B INPUIIOBBPXHOCTHUS CJIOH:

W3cnenpar ce possita Ha (UIeKCOeTeKTPUUECTBOTO U 1eCOpOLMATa Ha OPUEHTUPAIL[OTO BEIeCTBO
B 0o0eMa. [TOBbPXHOCTHUST BUCKO3WTET, KAKTO U JUCHIIAI[UATA HAa TIOBBPXHOCTHA €HEprus, Ce
obsicHsBaT ¢ JecopbuusitTa Ha TPUIIOBBPXHOCTHUS OPHEHTHpAI] CA0H B XOMEOTPOITHO
OpHeHTHpaHu HeMaTHuHU (unvu. V3cienBaHusTa B Ta3u YacT Ha AuWcepranusTa ce 6a3upar Ha
YHUBEPCATHUSI METOJ, (h1eKcoeneKmpUuUHd CneKmpocKonusl, KOMTO TIO3BO/IsiBa eKCTIiepUMeHTaTHO
orpefie/iiHe Ha TOBbPXHOCTHHS BHUCKO3UTET, CBABP)KAI] BakHa HH(MOpMAI[Ksi 3a CUIUTE Ha
B3aUMO/IeliCTBYE U IUCUTIAL[USATA HA eHeprys B IPUNIOBbPXHOCTHUS C/IOM.

[TpoBeZieHOTO TeOpeTUUHO U3C/e/[BaHe T0Ka3Ba, Ue YeCTOTHATa 3aBUCUMOCT Ha IThbpBaTa
XapMOHMYHA, MO OTHOIEHWEe Ha uecToTata Ha mnpunaokeHOoTo AC efeKTpUUHO TMofe, JaBa
uHpOpMaIs 3a TIOBBPXHOCTHATA [JUCHTIAI[MS Ha OpWEHTAllMOHHA eHeprus. Ha Tta3u 0a3a
eKCTIepMMEeHTA/THO e OrpeiejieHa TeMIlepaTypHaTa 3aBUCHMOCT Ha MOBBPXHOCTHHS BUCKO3UTET Ha
XOMEOTPOITHO OPUEHTUPAH HeMaThdeH cioii ot MBBA (4-methoxybenzylidene-4'-n-butylaniline),
opueHTthpaH nocpeactsom CTAB (cetyl trimethyl-amonium bromide) [2,3].

3a u3sCHsIBaHe pPo/isiTa Ha ZAecopbiysaTa Ha OPUEeHTUPAIIOTO BeIleCTBO, € U3BbPIIeH TeopeTHUYeH
aHanu3 [6], oTumnTalll rpoMsiHaTa Ha OCHOBHHMTE MapaMeTpU Ha HeMaTHKa (elaCTUYHU U ¢ieKco-
e/IeKTPUYHU KOHCTAHTH, POTALIMOHEH BUCKO3UTET U [IBOMHO /TbuernpeuyriBaHe B MPUIIOBbPXHOCTHUS
CJI0i1), KaTo TO/TyueHUTe TeOPeTUYHU KPYBU 3a YeCTOTHAaTa 3aBUCUMOCT Ha aMIUIMTYy/aTa Ha

. ABTOpCKI/ITe l'[y6JII/IKaL[I/II/I Ca UTHUPAHU CBIVIACHO TMMPUJIOXKEHUA CITMCBK Ha pa60T1/1 10 AucepTaluAaTa

MbPBATd XdpDMOHHWYHA Ca CPaBHEHHU C €KCIIEPUMEHTA/IHATAd KPUBd, ITOIyU€Hd 3a XOMeOTPOIIeH



HemaruueH cyioii ot MBBA c opuenTtupaiy ¢punm ot DLPC (dilauroyl phosphatidyl choline).
W3cneBaHeTo TI03BO/ISIBA  OTIpe/ieisiHe Ha TeMIiepaTypHara 3aBUCHMOCT Ha JiebesiHara Ha
necopbupanusi Coi, hopMupaH rpyu yacTuuHO pastBapsiie Ha DLPC [7,11].

I'naBu 3u4:

° (I)JIEKCOEIIEKTPI/I‘IEH OTK/IMK Ha HEMAaTHYHH (bI/IJIMI/I C ME€30r¢HHHU NMpuMeCH THUII “ascmoeuua
onawka”, MoJIMMepHO-AUCIIEPriPaHd HeMaTHYHU KallKH U HAaHOTPbOMYKM:

Te3u marepuany npeCcTas/isBaT KaKTO YUCTO HayUeH, Taka U TeXHOJIOTMYeH MHTepeC BbB BPb3Ka
C MIOTeHLMa/IHU [IPU/IOKEeHNs] B ONTOEJIeKTPOHUKATa. 3a MpUMecy TUIl ‘‘JIICTOBMYA Orallka’,
HarpuMep, e U3CJ/ie[iBaHa 3aBUCMMOCTTA Ha Mepro/ia Ha HalJTbKHUTe (1eKCcoeleKTPUYHU JOMeH!
Ha Buctun B Hematnunus ¢unv BMAOB karto ¢yHKIMs Ha fAebGenriHaTa Ha KeTKara rpH
pa3MuUHM KOHIIeHTpauy Ha fobaBkara. Taka e oOlleHeHa TpOMsiHaTa Ha (rieKCoeeKTPUYHUTE
KoedureHnTH. 3abesieXXMMO HapacTBaHe Ha IMOC/eJHUTE Ce HaO/ofaBa U TIpU Zio0aBsiHe Ha
HaHOTPBOMUKHM [4,8]. B cslyuasi Ha TO/TMMepHO-AUCIIEpPrYpaHy HeMaTUYHH KallKy e perrcTprpaHa
I’bpBaTa XapMOHWYHA B MO/ly/IMpPaHusl MHTEH3UTET Ha NIpeMyHajiaTa CBeT/IMHA, KOeTO Ce CBbp3Ba C
(bnekcoeneKTpUUHUS OTK/IMK Ha cucremMara [5,13].

I'naBa S:

b ‘I)JIQKCOQJIEKTPI/I‘—IHI/I AOMEHH Ha Buctun B MNPOMEH/IUBO €/IEKTPUYHO I10/1€:

W3cneaBar ce mparoBOTO Harlpe)keHWe W MepuoibT Ha HaJTbKHUTe (ieKCOeNeKTPUUHU JOMEeHU
Ha BuctuH B HematuuHu cinoeBe o BMAO B ycioBusiTa Ha CWHO 3aKOTBEH [UPEKTOD B
riockocrTta Ha cnosg U BeHIIHU DC u AC enektpuunu noneta [9,10]. [IpensioxxeH e metof 3a
orpefie/isiHe Ha e/laCTUYHUTe KOHCTAaHTU Ha cKocsiBaHe M ycykBaHe (K;; M Kj), kakto U Ha
pas/nvkara Ha (UieKCcoe/leKTPUYHHTE KOHCTAHTH Ha CKOCSIBaHe €;, U OI'bBaHe es,, NPU 3ajafleHu
CTOWHOCTH Ha JjMie/leKTpPUYHaTa aHU30Tpomusi. MeToqbT ce 6a3vpa Ha TEOPETUYHHTE pe3y/aTaTd 3a
TparoBOTO Halpe)KeHue 1 Nepuojja Ha HaA/IbKHUTe (ieKcoeleKTpUUHU JoMenu [12,15].

I'naBa 6:

* djekcoeleKTPUUYEH e()eKT B HAHOCTPYKTYPHPaHHU (POTOAKTHBHM HEMAaTUYHH CJI0eBe:

W3cneaBaHa e cMec OT XOMeOTPOITHM HeMaTWyHU cyioeBe oT MBBA w1 ¢doTouyBcTBUTE/HATA
nobaBka DI (p-nitro-p'-diethylamino-azobenzene) mpu mnpunokeHo DC eneKTpuuHO TiO/ie U
ob/rbuBaHe C ynATpaBHOneTOBa CBeTaMHa. HabmogaBa ce HapactBaHe oT 10% Ha
(riekcoeneKTpUUHUS OTK/IMK, KOeTo ce 0OOsiCHsIBa C M3MeHeHHe B IMOBbPXHOCTHATA IOJISIPU3alivisl B
pe3yaTaT Ha HaCTBIIWINTe NpoMeHU B AobaBkara [1]. KoHoCKonmMuHHMTE KapTHHM IOTBbPIKZaBaT
Tasu uHTtepriperauus [17]. M3cieaBaHusita Ha APYrd HeMaTUIM € (DOTOUYBCTBUTENHU J00aBKU
3aTBBPXK/]ABaT XUIIOTe3aTa 3a MOJIEKY/ISIPHUS MTPOU3X0/] Ha HabsrogaBanus edekr [19,23].

S. OnjeHKa Ha MPUHOCHTE B AMCEPTALlMIOHHUA TPYA:

[To-BaykKHHTE TIPUHOCH B A¥ICEPTALUsATA MOTaT /ia ObaT Knacu(uipady 1o CieJHUsT HaUKH:
® C'I:3,E[aBaHE Ha HOBH MeTOAM Ha HU3C/ieiBaHe:
(i) IlpepnoxxeH e MeTo[ 3a orpeie/isiHE HAa TOBbPXHOCTHATA eHeprysl Ha 3aKpersiHe Ha HeMaTUUHU
Te4yHH KpucTanu ype3 npunarade Ha DC n AC enektpuunu nosieta [16]
(ii) IlpepnoxxeH e MeTozM 3a orpeiesisiHe Ha MOBbPXHOCTHATA JYCUIIALIMS Ha OpYeHTaLMOHHAaTa
eHeprusi, 6a3upaH Ha MeTozia Ha GieKCcoe/leKTpIYHaTa CrieKTpockornus [2,3]



(iii) ITpensioxkeH e MeToZ 3a MpecMsiTaHe Ha (pyieKCOeIeKTPUUHUTe Koe(UI[MeHTH Ha HeMaTUYH!
TeYHU KpUCTanu, 6a3upaH Ha U3MepBaHe Ha IPAaroBUTe MapaMeTpH Ha JoMeHHTe Ha BuctuH [9, 12]
(iv) IlpensioxkeH e MeToZ, 3a MO/lyyaBaHe Ha HEMaTUYHU T10JIMMEePHO-AUCIIepripaHy HeMaTU4H!
¢buiMu  OT TIoZIpeieHN HeMaTUUHY Karlku upe3 OpueHTHpally Te(I0HOBU MOBbPXHOCTHU [22]
 ITonyyaBaHe u J0Ka3BaHe HA HOBH Hay4yHH (akTn:

(i) ExcneprMeHTa/IHO e MOTBBbPZAEHO Ha/IM4YMeTO Ha JIMHeeH (hieKcoeneKTpUYeH OTK/IMK B
MOJIMMEPHO-/IMCIIePrMpaHy TeUHy Kpuctanu [5, 13]

(ii) HabmozmaBaH e edekT Ha ycuiBaHe Ha (prIeKCOETEKTPUYUHMS OTK/IUK B HAHOCTPYKTYPHUPaHU
HeMaTuIM ¢ fo0aBKa Ha €HOCTeHHU HaHOTPBOMUKH [20] ¥ B HeMaTHLIM C (POTOAKTUBHU
HeMaTHuHHU cjioese [1]

* dopmynupaHe H 000CHOBaBaHe Ha HOBU XUIIOTE3H:

Upe3 KOHOCKOIIMYHU HU3C/IeiBaHNs e TIOTBbPZieHa XUIoTe3ara, Ue HapacTBaHeTO Ha
(hrekcoeneKTpUYHUST OTK/IMK B CMeC OT XOMeOTPOITHH HeMaThuyHU cjioeBe oT MBBA u
¢orouyBcTBUTeMHA 06aBKa D1 e cBbp3aHO C M3MeHeHHe Ha TIOBbPXHOCTHATA TOSIPU3aLivs B
pe3y/iTaT Ha HaCTHITW/INTe TIPOMeHH B fjobaBkara [1, 17].

6. IlpeneHKa Ha My0/JMKAlMUTe MO AWCepPTAalUATa U OTPAKEHHETO MM B HayKara:
Pesynrarure OT mpoBeZileHUTe HayYHUTE U3C/eBaHUS, BK/IIOUEHU B [JUCepPTalMOHHUS TPYZ, Ca
nyO/MMKyBaHu B 25 HayuHU TpyJa ¥ oOxBamat nepuof ot 17 roqunu (1998 - 2015 1.). Ot tax 20 ca
NyO/IMKyBaHU B MEX/YHapOJHU HayuHH u3ziaHus ¢ UMmakT ¢akrop (J. Phys. Chem. - 1, Eur. Phys.
Lett. -1, J. Appl. Phys. - 1, Eur. Phys. J. E—1, J. Opt. Adv. Mat. - 4, Mol. Cryst. Liqg. Cryst. - 10,
J. Mater. Sci.: Mater. Electron. - 1, J. Opt. Technol. - 1,). O6musaT umnakr ¢akTop Ha paboTuTe 10

nucepauusra e 20.205.

[TybmukaruTe ca HaMepuId OT3BYK B MEX/yHapojHaTa HayuHa Kosierus: 23 OT TaX ca
uTUpaHu 0610 123 meTH, oT KouTo 88 mo3oBaBaHUs ca MHJeKCHpaHUu B Scopus. Hali-1jutrpaHa
(37 mptn) e mybOsmukammsa Ne 16 B criucbka. [McepTaHTBT e TIPWIOKWI U CIIMCBK Ha T. Hap.
ColyecmeeHU YyumupdaHus, BKIOUBAI] 6 OT mybnvKaluuuTe My T0 JUCEpPTalysATa, 3a KOUTO HMMa
TI0JIOKUTEJIHA KOMEeHTap! B JiuTeparypara.

HaykoMeTpyuuHUTEe MHIWKATOPHU MOKa3BaT, ue Ca MU3MbJIHEHU BCMUKU U3KMCcKBaHUSA Ha 3PACPB,
[IpaBuHMKa 3a HeroBOTO npuaaraHe, Kakto Y [IpasuiHunyre Ha BAH u JonbiHennero Ha HC
npu UDTT, 3a npuckxKiaHe Ha HayyHaTa CTelleH “‘IOKTOp Ha HayKuTe’ .

7. JInueH NpUHOC HA JUCepTaHTa:

Ior. MapuHoB e bpBH aBTOp B 12 1 BTopu aBTop B 10 oT nmy6sukarmure. 3a 11 oT ChbBMeCTHUTE
nybsukarmy ¢ akaz. A. TleTpoB, B KOMTO JoL. A-p MaprHOB He e ITbPBU aBTOP, € TPeJCTaBeHO
ITomespoumenHo nucmo, KbJeTO ce [eKapupa, 4e JUCepTaHThT € yuyacTBaJ PaBHOCTOMHO BbB
BCUUKM (a3 Ha M3rOTBSHE HAa CHBMECTHUTE MyO/IMKal[UM: TIPOBeXKJaHe Ha eKCIIepUMeHTUTe,
aHa/MW3 W UHTeprpeTaLusi Ha pe3y/aTaTUTe, KaKTO U CbBMECTHO ydYacThe B HalMCBaHETO Ha
peronmca. Ilucma ¢ mopoOHO ChABPKAHME Ca TIOMyYeHH W OT JPYTUTe ChaBTOPH Ha AOL.A-P
MapuHoB — mipod. a-p I'. Xamxuxpuctos, goul. AdH Xp. XuHoB u npod. H. K. Koduru. 3a enHa
ot mybrmmkarpure (Ne 12 B crmcbKa), KOSTO e M3M0/3BaHa TPH TNpeJX0AHa 3alljuTa Ha HayyHaTa
cteneH “/lokmop Ha Haykume”, e TipeficTaBeH Pa3deiumesneH npomoko/, B KOWTO Ce JieKiapupa, ue



y4yacTMeTO Ha JuCepTaHTa BKJIIOYBA: KOMITIOTbDEH aHaJW3 Ha I[IparoBuUTe XapaKTepHUCTUKU,
NPOBEXXJaHe Ha eKCIlepUMEeHTHUTe W aHa/lW3 Ha pe3y/TaTure. LlutvpaHata uWH(OPMaLMOHHA
CIIpaBKa TMOKa3Ba, ye N30poeHnTe NMPUHOCH B JUCEPTALIOHHKS TPY/, Ca JIMUHO /Ie/I0 Ha JUCepTaHTa.

8. ABTOpedeparsT e M3roTBeH ChIVIACHO M3UCKBaHUSITA U MPABUJIHO OTPa3siBa OCHOBHUTE
TI0/I0)KEHUS] U HAyYHUTe TIPUHOCH Ha MCepPTaLMOHHUS TPYH,.

9. 3abe/1e)KKHM M BBIIPOCH K'bM JJUCePTaHTa:

Vmam fBe 3abene)xku, KOUTO He ca MO-ChlecTBO, a TI0-CKOPO Ce OTHACAT /10 TpeJCTaBsiHeTo Ha
Marepuasa B [icepTalysTa 1 aBropedepara:

(i) [Ipu Hsaxkou oT purypuTte (Harpumep, dur. 24,25, 87-94) cumBonuTe 3a pa3nUYHUTE BeTUYUHU

ce OT/IMUaBaT CaMo TIO I[BAT, KOeTo Ou Ch3zano TpobieM Tpy 4epHO-0s710 BB3MPOM3BeXKAaHe Ha
TeKCTa.
(ii) ITo-ueTnMB OM OWUI TEKCTBT, aKO [JB/DKMHUTE Ha 3arjlaBUsATa Ha TOJI/IaBUTe Ce CHKpaTsT, a B
Hayaj0TO Ha BCSKa OT TOCTeAHWTe--TIof, opmara Ha joKajseH AOCTpakT--ce H3Hece 4acT OT
uH(popMmalusaTa B AbArute 3ariaBus. Chl0 Taka, 1M0-400pe e, ako B HAYa/0TO Ha BCsKa MOZI/IaBa
npe/icTaBeHaTa aBTOpCKa MyOnMKalus ce LUTHpa C HOMepa CH B CIMCbKa OT paboTu 1o
JycepTaLysTa.

* Berpocu:

Ot ypaBHenuss (39) wu (40) (ctp. 160 Ha gucepTalusiTa) JIeCHO Ce BWX/a, 4Ye TMparoBUTe
napametpu U, U (. ca (PyHKLIMOHA/HO CBbP3aHU MO ejieMeHTapeH HauuH, T.e. U.=U.(q.) 3a Bcsika
HeHyJileBa CTOMHOCT Ha MPOM3BOJHATa Ha TOCTOSHHOTO enekTpuuyHo Tosie dE/dz w/vnu Ha
npoMeH/IMBOTO Hanpexenue U..

(i) Jo kakBU CefCTBUs--Kacaellld TpeAJoXKeHUss MeToja 3a OrpefesisHe Ha MaTepyaaTHU
XapaKTepUCTUKA Ha HeMaTHLMTe--BOJY Ta3u (yHKIMOHa/MHa Bpb3ka? ChljecTByBa M mogo0Ha
Bpb3Ka MeX/ly /jBeTe NIparoBu xapakTepucTvku, korato dE/dz w/wm  U. ca nym?

(ii) KakBo e moBeieHMeTO Ha CMCTeMaTa U MPU/I0)KKUM JIM € MeTOAbT 3a Orpe/ie/iaHe Ha
MaTepUa/IHUTe XapaKTePUCTUKW B TPaHUYHUS Cayudaid ey, - e3,l/ |e, + €3 |<<1 ?

10. 3ak1r0uenue:

[vicepTaLlMOHHUSAT TPY/, € HamKcaH ¥ oopMeH 00pe U MMa CTPYKTypaTa Ha MOHOrpadwusi, KaTo
(brekcoeneKTpUUYHUAT OTK/IMK HAa HeMaTUUHaTa (asa e JJOMUHHUpalll [IpeMeT Ha U3C/ie/iBaHe.
[IpesncTaBeHUTe MO-TOPe OLIEHKH W ChOOpa)KeHMs 3a HayYHUTe TIPUHOCH B IMCEPTALIUATA, KAKTO U
aHa/U3bT HAa HAYKOMETPUYHUTE MHUKATOpH, MOKAa3BaT, ue Ca U3MbJIHEHU BCUUKU U3UCKBaHUA 3a
npyuZ00MBaHe Ha HayyHaTa CTereH “‘/[okmop Ha Haykume”. BcHUYKO TOBa MU /laBa OCHOBaHHE [ia
ToAKpers U TacyBaM 3A NPUCHKJaHeTo Ha Tas¥ HayuyHa cTerleH Ha Joi. A-p Mopzad Teoprues
MapuHOB.

09.10. 2020 r., rp. Codus PelieH3eHT:

/mpo@. ndu Henko b. ViBaHoB/
(uneH Ha HayuHoTO >XypH)
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The Dissertation is written in English on 252 A4 pages, contains 142 original figures, 9 tables, and a
list of 316 references. In Introduction, the author gives a short description of the structure of the
Dissertation, its aims, as well as a short theoretical introduction in the subject. The emphasis is on the
achievements and the perspectives for future developments in the field concerning the flexoelectric
(FE) response in liquid crystals (LC’s). The main part of the material is divided into 6 chapters, the
first of which contains a description of the materials used, the methods of sample preparation, the
experimental setups used, and the related research methods. At the end of Dissertation, lists of scientific
contributions, author’s publications on this work, as well as a summary of the results are presented.

1. Relevance of the research problem:

The LC form of matter is characterized by an exceptional variety of thermodynamic phases and
unique physical properties and effects, which are of great interest both for basic research and for many
potential applications in modern nanotechnology. In this context, the FE effects in LC materials
studied in Dissertation provide a potential source for future scientific applications in a number of
advanced fields of science and technology such as photonics, where the construction of elements with
fast and efficient electro-optical control is of paramount importance. As is well-known, mesogenic
materials are of particular interest because they are characterized by relatively weak intermolecular
interactions, leading to lower threshold values for the electrical switching voltages in optical
communication systems and displays. Secondly, the new materials here studied--created, in particular,
by combining the nematic LC’s with various non-mesogenic dopants--reveal new interesting
possibilities to control both the intermolecular interactions and the optical response.

The main goal of the dissertation is formulated as expansion and deepening of the scientific
knowledge concerning the FE effect in thermotropic nematics, by research of new complex media with
nematic LC organization.

2. Status of the research problem:

The main object of research in the Dissertation is the correlation between the molecular structure and
the FE characteristics of various nematic LC materials subjected to external mechanical and electric
fields. The motivation for this research is presented in Introduction, and is based mainly on the need to
improve the properties of existing LC materials, among which the FE characteristics have a dominant
role. To this end, the author logically adopts an approach in which the relationship between the shape
and the electric dipole moment of the molecules in the dopants, on one side, and the changes of the FE
coefficients of the mixture, on the other side, is systematically studied. Here, the most significant
scientific facts, concerning the FE response in nematic LC’s, are chronologically presented as well. As
is known, some part of these facts is related to the history of the Laboratory of Liquid Crystals at the



Institute of Solid State Physics at the Bulgarian Academy of Sciences. Quite logically, being a long-
term associate in this laboratory, Assoc. Prof. Marinov demonstrated excellent knowledge of both the
history and the current state of research in the field. On this basis, the author has formulated
interesting opportunities for future research and applications connected with the FE effect. For
instance, the lack of studies concerning the FE response in LC’s with dispersed nanotubes--which
generally demonstrate improved electrical and electro-optical characteristics—is discussed.
Furthermore, some interesting ideas for potential applications on the FE effect for energy production,
as well as the possibility of mechanical electrical energy conversion by using the so-called bent-core
nematic LC’s, are discussed as well.

To conclude, the above comments demonstrate that the author is well informed about the current state
of research and can creatively estimate the existing literature in the field.

3. Research methods:

The researched materials, their preparation, as well as the experimental setups used, are commented
in Chapter 1. Nematic LC’s with different characteristics (BMAOB, CNRbis 1200B, BCCB, MBBA,
5CB, 7CB, etc.), as well as various non-mesogenic materials such as polymers, nanoparticles,
nanotubes, dyes, etc., were used, some of the latter being used as dispersed dopants. For instance, the
compound BMAOB (pn-butyl-p-methoxyazoxy benzene) is composed of rod-shaped molecules and is
a thermotropic LC with low conductivity, CNRbis1200B {4-cyanoresorcinol bis [4- (4-n-
dodecyloxybenzoyloxy) benzoate]} is a bent-core mesogen with negative dielectric anisotropy, and
BCCB is a monotropic biaxial mesogen with sickle molecules, a longitudinal dipole moment, and
positive dielectric anisotropy. The specimens--mainly in the form of thin nematic layers, polymer-
dispersed or nanostructured nematic L.C’s--are obtained by various methods such as self-assembly by
immersion, rotational deposition, solvent-induced phase separation, and phase separation by
polymerization.

The methods of optical (polarizing, conoscopic and dark-field) and scanning electronic
microscopies, as well as FE spectroscopy, are used to conduct the experimental studies. The invention
of the FE spectroscopy method associates with members of the Laboratory of LC’s (IFTT-BAS, Sofia).
It is based on the simultaneous application of DC and AC electric fields - the former creates static
deformations in the nematic director, whereas the latter generates FE fluctuations in the already
deformed sample. As a result, the laser light (passed through the sample) is modulated and converted
into an electrical signal containing the first and higher harmonics of the external AC electric field. The
method is characterized by a high degree of universality and allows the study of a wide class of
processes, phenomena, and structures associated with the FE response: photo-flexoelectricity, linear FE
effect in polymer-dispersed LC’s, domain FE textures and others.

In conclusion, the selected methods are in full accordance with the above-mentioned goal of the
research in the Dissertation, namely, study of FE processes in newly created complex media with a
nematic L.C organization.

4. Nature and authenticity of the material forming the scientific contributions:

Chapter 2:
* Reverse FE effect in bend-core nematics: The experimental study is based on the so-called
generalized method of Helfrich--accounting for deformations of a higher order--and concerns two bent-
core nematics (CNRbis1200B and BCCB) with opposite signs of dielectric anisotropy. For both
nematics--taking into account the surface-polarization contribution as well, the obtained values of the



FE coefficients are typical for the calamite LC’s [14,16]".

* Dissipation of energy and viscosity in the surface layer: Here, the role of FE response and the
desorption of the orientation substance into the volume is studied. The surface viscosity, as well as the
dissipation of surface energy, are explained by the desorption of the near-surface orientation layer in
homeotropically oriented nematic films. The research in this part of the Dissertation is based on the
universal method of FE spectroscopy, which allows experimental determination of the surface
viscosity, which contains important information about the interaction forces and energy dissipation in
the near-surface layer.

The conducted theoretical consideration shows that the frequency dependence of the first harmonic, in
relation to the frequency of the applied AC electric field, gives information about the surface
dissipation of the orientation energy. On this basis, the temperature dependence of the surface viscosity
of a homeotropically oriented nematic layer of MBBA (4-methoxybenzylidene-4'-n-butylaniline)
oriented by STAV (cetyl trimethyl-ammonium bromide) has been determined experimentally [2,3].

To clarify the role of the desorption of the orientation substance, a theoretical analysis is performed
[6], taking into account the change of the basic nematic parameters--elastic and FE constants, rotational
viscosity, and birefringence in the surface layer—and the obtained theoretical curves for the frequency
dependence of the first harmonic are compared with the experimental curve obtained for a homeotropic
nematic layer of MBBA with an orientation film of DLPC (dilauroyl phosphatidyl choline). The study
allows to determine the temperature dependence of the thickness of the desorbed layer formed by
partial dissolution of DLPC [7,11].

Chapters 3 and 4:
* FE response of nematic films with mesogenic impurities type "swallow-tail", polymer-
dispersed nematic droplets and nanotubes:

These materials are of both purely scientific and technological interest in relation to potential
applications in opto-electronics. For instance, in the case of "swallow-tail" dopants, it is demonstrated
that a study of the period of the longitudinal FE Vistin domains in a nematic film of BMAOB vs. cell
thickness permits to estimate the change in the FE coefficients with dopant concentration. A noticeable
increase in FE coefficients is also observed in the case of nanotubes [4,8]. In the case of polymer-
dispersed nematic droplets, the first harmonic in the modulated intensity of the transmitted light is
registered, which is associated with the FE response of the system [5,13].

Chapter 5:

* Vistin’s FE domains in an external AC electric field: The threshold voltage U. and the related
wave vector . of the longitudinal FE Viskin domains in nematic layers from BMAO--under the
conditions of a strongly anchored director in the layer plane and external DC and AC electric fields--
are studied [9,10]. A method for determining the splay (Ki:) and bend (K33) elastic constants, as well as
the difference of the splay (e;,) and bend (es,) FE constants at given values of the dielectric anisotropy,
is proposed. The method is based on the theoretical results for the threshold voltage and period of the
longitudinal FE domains [12,15].

Chapter 6:
* FE effect in nanostructured photoactive nematic layers: A mixture of homeotropic nematic layers

“The numbering follows the applied list of author’s works included in Dissertation.



of MBBA and the photosensitive dopant D1 (p-nitro-p'-diethylamino-azobenzene) is studied under a
constant electric field and irradiation with ultraviolet light. There is a 10% increase in the FE response,
which is explained by a change in the surface polarization as a result of the changes in the dopant [1].
Conoscopic pictures confirm this interpretation [17]. Studies of other nematics with photosensitive
dopants support the hypothesis for the molecular origin of the observed effect [19,23].

5. Evaluation of the scientific contributions in Dissertation:

The more important contributions to the dissertation can be classified as follows:

* Creation of new research methods:

(i) Proposed a method for determining the surface anchoring energy in nematic LS’s by applying DC
and AC electric fields [16]

(ii) Proposed a method, based on the FE spectroscopy, for determining the surface dissipation of the
orientational energy [2,3]

(iii) Proposed a method for calculating the FE coefficients of nematic LC’s based on measuring the
threshold parameters U, and q. of Wiskin’s FE domains [9, 12].

(iv) Proposed a method for producing polymer-dispersed nematic films from stacked nematic
droplets by means of orienting Teflon surfaces [22].

* Establishement of new scientific facts:

(i) The presence of a linear FE response in polymer-dispersed LC’s has been experimentally confirmed
[5, 13]

(ii) An enhanced FE effect--in single-walled-nanotubes nanostructured nematics [20] as well as in
nematics with photoactive nematic layers [1]--is observed.

* Formulation and justification of new hypotheses:

Conoscopic studies have confirmed the hypothesis that the creation of a FE response in a mixture of
homeotropic nematic layers from MBBA and the photosensitive dopant D1 is due to a change in
surface polarization as a result of changes in the dopant [1, 17].

6. Evaluation of author’s publications and their impact in science:

The results of the research presented in Dissertation are published in 25 scientific papers covering a
period of 17 years (1998 - 2015). Of these, 20 have been published in international scientific journals
with impact factor (J. Phys. Chem. - 1, Eur. Phys. Lett. -1, J. Appl. Phys. - 1, Eur. Phys. J. E - 1, J. Opt.
Adv. Mat. - 4, Mol. Cryst. Lig. Cryst. - 10, J. Mater. Sci .: Mater. Electron. - 1, J. Opt. Technol. - 1,).
The total impact factor of the Dissertation works is 20.205.

The impact of publications among the scientific community is reflected in the number references
to author’s works related to Dissertation: 23 of them have been cited a total of 123 times, of which 88
references have been indexed in Scopus. The most cited (37 times) is publication Ne 16 in the list. The
author has also attached a list of so-called essential citations, including 6 of his (among 25) for which
there are positive comments in the literature.

The scientific metric indicators show that all the requirements of the Law on Scientific Research, the
Regulations for its implementation, as well as the Regulations of the Bulgarian Academy of Sciences
and the Supplement of the IFTT Scientific councel for awarding the scientific degree "doctor of
science" are met.

7. Personal contribution to Dissertation works:
Assoc. Prof. Marinov is the first author in 12 and the second author in 10 of the publications. For 11
of the joint publications with Acad. A. Petrov, in which Assoc. Prof. Marinov is not the first author, a



Confirmation Letter is presented, where it is declared that the latter has participated equally in all
phases of preparation of joint publications: conducting experiments, analysis and interpretation of the
results, as well as joint participation in the writing of the manuscript. Letters with similar content are
also received from the other co-authors - Prof. Dr. G. Hadzhihristov, Assoc. Prof. DSc H. Hinov, and
H. K. Koduru. For one of the publications in the list--which has been already used in a previous
defense of the scientific degree “doctor of science”, a Separation protocol is presented which declares
that the participation of Mr. Marinov includes: computer analysis of the threshold characteristics U
and q. of Wiskin’s FE domains , conducting of experiments, and analysis of results.

The above information clearly demonstrates that the scientific contributions listed in Dissertation
belong to the author.

8. The abstract is prepared according to the requirements and correctly reflects the main facts and
scientific contributions of Dissertation.

9. Remarks and questions:

I have two remarks that are not substantive but rather concern the presentation of the material in the
Dissertation and the Abstract: (i) In some of the figures (Figs. 24,25, 87-94, etc.) the symbols for
different quantities differ only in color, so that this could create a problem when a black and white
reproduction of the text is used. (ii) The text would be more legible if at the beginning of each
subchapter the original paper is cited according to its number in the list of author’s papers.

* Questions:

From Egs. (39) and (40) (p. 160 of Dissertation), it is easy to see that the threshold parameters U. and
g. can be connected in an elementary way, i. e. U. = U, (qc) for each non-zero value of the derivative
dE/dz and/or at the AC voltage U..

(i) To what consequences concerning proposed method for determining some material nematic
parameters leads this functional relationship? Does the latter exist when dE /dz and/or U. vanish?

(i) How does the system behave, and if the method for obtaining the material characteristics still
works, in the limiting case |ei, — e« |/|e1, + €3 | << 17?

10. Conclusion:
The Dissertation is well written and shaped and has the structure of a monograph, the flexoelectric

response in the nematic phase being a dominant subject. The above analysis, the discussed estimates
on the scientific contributions, as well as the presented scientific metric indicators, prove that all the
requirements are met, so that I support the awarding of the scientific degree of “Doctor of
Science” to Assoc. Prof. Dr. Yordan Georgiev Marinov.

Date: 09.10.2020, Sofia Referee:
Prof. DSc Nedko. B. Ivanov
/member of the Scientific jury/



