PEIREH3 N A

Ha JUcepTalMOHEeH TP/ 3a NpPUCHXK/JAaHE Ha Hay4yHa cTeneH ,,/JOKTOp Ha HayKuTe:
[IpodecronanHo HanpaseHue 4.1. PU3UUECKU HAYKH,
Hayuna cnenuantoct ,®Pu3rka Ha KOHAeH3UpaHaTa MaTepus”

ABTOp: I0L. A-p PIop,zLaH MapuHoB — UPTT, BAH
Tema: ,,d1eKcOe/eKTPUYECTBO HA HEMAaTUYHU TEYHOKPUCTA/IHU CUCTEMH
penieH3eHT: Bepa MapuHoBa , npodecop, adH.,, MOMT- BAH

[IpeacTaBeHUAT MU 3a peljeH3UpaHe KOMIJIEKT JOKYMEHTH 3a 3alljiTa Ha JjMucepTallMOHEeH
TPY/J, 32 Hay4yHaTa CTeleH ,JOKTOp Ha HayKWUTe" (Ha XapTHUeH U eJIeKTPOHEH HOCHUTEJ)
ChJbpKa: aBToOOMOrpadusi Ha aBTOpPa; AUcepTayoHeH TPy A (CHUChK HA y6JIMKaLUUTeE 10
JucepranusaTa), aBTopedepaT Ha AUCEPTALUOHHUS TPy/[; ClIpaBKa 3a KPUTEpPUUTE 3a
Hay4yHa CTeleH ,JO0KTOp Ha HayKUTe"; MPOTOKOJ OT pasUIMpeHUsT KOJOKBUYM Ha
JlabopaTopus ,Teunu kpuctanu u 6uomosiekyaHu ciaoese” kbM UDPTT-BAH ot 07.07.2020
I. 3a NpeJBapuUTE/SHO OOCHXKJAaHEe Ha JAUCEPTAllMOHHHUSA TPYJ; KONHUe OT JOKYMEHT 3a
npuo6MTa o6pa3oBaTesiHa U Hay4yHa CTelNeH ,JJOKTOP ; CIMCBHK HAa HAy4YHU NyOJMKaL MY,
M3BbH BKJIIOUEHUTE B JucepTalMOHHUA TpyA (ocurypsBamu o6imo 349 TO4YKH MO
nokasatesq [' or mMuHumasnu 100); cnUCBbK Ha LUUTHUPaHUATA Ha NYyOJMKaLUUTE IO
JucepranugaTa (ocurypsiBamu obmo 172 Touyku 1o nokasares [l oT MUHUMasHU 140);
pe3toMeTa Ha pelleH3MpaHUTe CTaTHUU 110 JMcepTalusaTa.

MaTepuanuTe ca U3rOTBEHU B ChOTBETCTBHUE CbC 3aKOHA 3a PaBUTHe Ha AKaJileMUYHHUSA
CbctaB Ha Pb (3PACPB) u BbTpeminusa IlpaBusnuk Ha UPTT-BAH 3a npuzsob6uBaHe Ha
HayyHaTa cTeneH ,/JOKTOp Ha HayKUTe"“ U Ha OCHOBaHHE TOPeHallMCaHOTO I'M IpueMaM 3a
peleH3UpaHe.

1. AKTya/THOCT Ha pa3paGoOTBaHUS B AUCEPTALMOHHHUA TPYA NPOGJIEM B HAYYHO M
Hay4HO- IPUJI0KHO OTHOILIEHHE.

JlucepTalMOHHUSAT TPY/, € IOCBETEH Ha U3CJie/IBaHe Ha PJIeKCOeIeKTPUYHUTE CBOMCTBA HA
TEYHU KPUCTAIM B HeMaTH4yHA ¢a3a. TeyHUTe KPUCTAIM Ca YHUKAJIHO MEXIAUHHO
CbCTOSIHUE MEX/Iy TeYHOCTUTE U KPUCTAJHUTE TBBHPAU BelleCTBa, KATO ChueTaBaT Hail-
aTPaKTUBHOTO CBOHCTBO Ha TBBPAUTE TeJa- aHU30TponMsATa (CHOCOGHOCTTA Ha
MOJIEKYJIUTE J]a Ce MOJPEXAAT 10 ONpe/ieJieH HayMH, KaTO CBOWCTBATa UM CUJIHO 3aBUCST
OT MOCOKaTa Ha mojpezada), Taka M CBOWCTBA, MPUCHILM HA U3OTPOMHUTE TEYHOCTHU
(BUCKO3HOCT, Bb3MOXKHOCT J]la 06pa3yBaT KalkKH, Jia Tekar). KoraTo ca B T.Hap. HeMaTU4YHa
¢daza, JBJATUTE OCHU Ha TEYHOKPHUCTAJIHUTE MOJIEKYJIM Ca OPUEHTUPAHU B elHA MOCOKa, a
caMUTe MOJIEKYJIM MMaT caMo 6JiM3Ko mojpexaaHe. [Ipu mpusaraHe Ha HexXOMOTeHHa
eJacTU4YHa AedopMalsi, Bb3HUKBA CIOHTAHHA MOJIIpU3alMs Ha MaKpPOHUBO, KOSITO Ce
Hapuda ¢JieKcoeNeKTPUYecTBO. MMeHHO TO3W H3K/IKYUTEJHO HHTepeceH eQeKT,
OTKpHUBAIl, pe/JyIlla Bb3MOXHOCTH 3a MNpPaKTUYECKH IPUJIONKEeHHs, € B OCHOBaTa Ha
npeJicTaBeHaTa JiecepTaiusl.



B cBosiTa gucepranus Aol. MapuHOB CH NOCTaBs KOHKpeTHa LieJl — Jia NpoBeJe
JeTalVIHU HU3CJeABaHUS BbpPXYy pa3JMYHU XapaKTepUCTHUKU Ha ¢JuekcoedeKTa,
BKJIIOYBAIIU (JIEKCOESIEKTPO-ONTUYHU ePeKTH, ePeKTH CB'bp3aHU C 0Opa3yBaHETO Ha
biekcoeseKTpUYHU JOMEHH, U3UYMC/sABaHe Ha (JIeKCOeJeKTPUUYHUTEe KoepUILUEHTH B
HAHOCTPYKTYPUPAHU TEYHOKPHUCTAJIHM MaTepuaJyd INpuU JAobGaBsgHe Ha HaHOYaCTHULH
(BBr/iepOiHU HAHOTPBOWMYKM, CUJMKATHU U 3JIaTHU HaHochepu) NpUTeENKaBaAIU
diekcoeeKTpUYHU CBOMCTBA U Jpyrd 3a Cb3/JaBaHETO HAa HOBU TEYHOKPHUCTAIHHU
KOMIO3UTHH MaTepHaJIu.

3a uesnTa aBTOpa CUM MOCTaBs aMOMIMO3€eH IJaH, CbCTOSAL Ce B paspellaBaHe Ha
CJIeJHUTE 33/jauMu:

* /a u3cje[Ba JUMHAMHUKaTa Ha (JieKCOoeNeKTPUYHU OCLMJIALMU, TeHEepUpPaHU OT
IPOMEHJIMBY eJIEKTPUYHU MoJieTa U onpezenu epeKTUBHUSA (JieKCoeseKTpUieH
KoepHUILIMEeHT Ha OI'bBaHe U OB BbPXHOCTHUSA BUCKO3UTET;

e /la u3cJeJBa CMeCH OT TUNA “TOCT-AOMaKUH” OT HOBOCHMHTE3UpPAHU Me30TeHHHU
MOJIEKYJIU C U3siBeHa (JieKcoesleKTPUYHA aHU30T PO U Ha MoJieKyIHaTa Gpopma;

e Jla M3CJIe[|Ba €JIEKTPO-ONTUYHHUTE CBOUCTBA U PJIEKCOENIEKTPUUYHOTO MOBEEHNE HA
HeMaTHIY IPU IPOCTPAHCTBEHHU OTPaHUYEHHS B KOMIIO3UTHU MaTepHaJly;

e JawusciesBa ob6paTHUA dJiekcoeseKTpUUeH edeKT B TEYHU KPUCTAIHU IPY Pa3JIUYHU
yCJIOBHS HA IPUJIOKEHHU eJIEKTPUYHU 110J1eTa;

® KOJMYECTBEHO Jila aHaJu3upa ¢JeKCOoeJeKTPUUYHUS OTKJIMK Ha MaTepUanTe
IOCPeICTBOM U3MepBaHETO Ha eGeKTUBHUTE QJieKCOeJeKTPUYHU KoePUIIMEHTH U
M3cJie/iBa TeEMIIEPATYPHUTE UM 3aBUCUMOCTH;

e Ja uscienBa edpekta Ha PoTodJIEKCOENEKTPUIECTBO B CMECH “rOCT-AOMaKHH” OT
HOBOCHHTe3MpaHU GOTOAKTUBHU MOJIEKYJIU C U 6€3 OCBeTsiBaHe C YB cBeTJIMHa;

e Bb3 OCHOBA Ha MNpPOBEJEHUTE M3CJeJBaHUS Ja HU3CJe/Ba Bb3MOXHOCTUTE Ha
HeMaTU4YHU KOMIIO3UTHU QUJIMHU 3a IPUJIOKEHU A B €JIEKTPO-ONTUYHU YCTPOUCTBA

[lerTa Ha NpoBeJeHUTE HAyYHU U3CJEJBaHUA € Ja Ce MoJiy4aT HOBH, QyHAaMeHTaJTH!
3HAHUsS U 337’bJIO0YEHO pa3bHpaHe 32 MOJIEKYJIHOTO MOJAPEXJaHe B TEYHUTE KPUCTAIH,
BO/IEI0 10 $JIEKCOEIEKTPO-ONTUYHU cBOMcTBa. TyK ciieZiBa Jja ce 0TOeex , e CI el HaTHO
BHHMaHHe B JlMCepTalUsATa € OT/[eJeHO Ha eJWH HOB MOBbpPXHUHEH edeKT, T. Hap.
»poTodekcoeseKTpuyecTBO”, HabJ/IOJaBaH B ThHKUM HEMATUYHU CJI0EBe OT TUNA “TroOCT-
JIOMakuH” ¢ go6aBka Ha (OTOU3OMEpU3UpAlL0 a30-ChbeJUHEHHEe, KOeTOo Ce CaMo-
opraHusvpa mnoj <¢opmaTa Ha a[COpPOIMOHHU HAHOCJOEBE BbBPXYy TPAaHUYHUTE
MOBBPXHOCTH Ha CJIOSI.

OcBeH, Ye ca pyHJAaMEHTAJIHO 3HAYMMH, U3CJIe/[BAHUATA B JMUCEPTALlMSITA UMaT U
NPUJIOKEH XapaKTep, T.e JEMOHCTPHUpPaAHA € poJssiTa Ha QueKcoeNeKTpUIHUSA edeKT 3a
Cb3/JaBaHETO HAa HOBU (QYHKIIMOHAJIHU TEYHOKPUCTAIHU CTPYKTYPH W KOMIIO3UTHH
MaTepua 3a MPUJIOKEHHE B €JIEKTPO-ONTUYHH YCTPOWUCTBA, KATO MpPeHACTPOUBAEMHU



MO/Iy/IaTOPY HA Jia3epHa CBETJIMHA, CBETJIMHHU NPEBK/IIYBATENH, 32 GHO-MeAUIIUHCKU
HabJII0IeHUs U IpyTH.

Moxe fa ce KaKe, 4ye NpeACTaBEeHUTe U3CJe/lBaHUs B JleCepTallMOHHUA TPyJ ca
aKTyaJIHU ¥ C UHOBAaTHUBEH XapaKTep.

2. [o3HaBa JIM AUCEPTAHTHT ChCTOSTHUETO A NMPOGJIEMA U OLEHSABA JIU TBOPYECKH
JIMTEPATYPHUS. MaTepHaJL

CplieMKM IO KOMIIETEHTHO HallMCaHaTa YBOJHA 4acT (CTerHara U fCHA, C LUTHUPaHU 73
JINTEPaTypHU HM3TOYHHUKA), KAKTO U JETANJHOTO TEOPETUYHO ONMMUCaHUe Ha ePeKTUTe,
pasrJjieXXJjJaHi BbB BCSKa OT 06110 6-Te IJIaBU Ha AUCEpPTALUATA, JUYH, 4Ye aBTOPBT €
OTJIMYHO 3all03HAT C Hay4yHaTa JiMTepaTypa B CBOATa 00JIaCT, KAKTO U C pa3pabOTKUTe Ha
BO/IeLlIUTe CBETOBHU IPyIH B 06J1aCTTa.

BbB BCfika rsaBa OT JudcepTanusATa MMa MHOro Jobpe InpeJcTaBeHa U
apryMeHTHpaHa TeopeTHUYHa 4acT U JUCKYCHS Ha pe3yJITaTUTe, CPABHEHHU B U3CJIeiBAHUSA
Ha IpyTu rpynu. B aucepranuara ca iUTUpPaHU 316 iMTepaTypHU U3TOYHHUKA.

CbIlo Taka, aBTOPBT MMa NPOBEJEHU CleLUaIM3alid B Hay4YHU UHCTUTYTYLUH
kaTo YHuBepcuTeTra B Kasabpus, Uranus; LleHTHp 3a Meka MaTepusi U HAHOHAYKH,
Banranop, Uugua u YHuBepcuTera Ha Yncanap, llBenusa. PbkoBoauTen e Ha 2
NOCTAOKTOPAHTA, KaTO ¥ YCIeIIHO 3alMTUINA 1 JOKTOPAaHT U 1 JUNJIOMaHT.

Bb3 ocHOBaHa ropeun3JiOKeHOTO, HAMAa CbMHEHHE, Y€ KaHAUJAT BT OTJIMIHO TIO3HABA
CbCTOAHHUETO HA HpO6JIeMa.

3. U36paHaTa MeTOAUKA HA M3C/eABaHe MOXKe JIM Aa JajJe OTTOBOP HA MOCTAaBEHUTE
1eJ1 M 33244 Ha AUCEPTALMOHHUA TPYA,.

U3cnemoBaTesickaTa mnporpamMa Ha [Jol. MapuHOB e peaqu3dpaHa C I[OMOLITA Ha
pa3HOO6pa3HU U BUCOKO YYBCTBUTEJIHU METOAU U MOJIepHA €KCIepUMEHTA/NHA TeXHHUKa.
Kato ocHOBHHM 6ux ot6enssana (oTo-dpJeKCoeNeKTPUYHUTEe HW3MEPBAaHUSA 4pe3
JIMUTUTaJM3UpaHa Bepcusi Ha CTaHJAAPTHUS METO/, Ha KOHOCKoMUs, pJieKcoesleKTpUYHaTa
CIEKTPOCKOMUs (OCHOBABALIIA Ce HA TeHEPUPAHE U yCUIBAHE Ha PJIEKCOEIEKTPOOTI TUYHUTE
TPeNTeHUsT Ha CBeTJMHATa, NpeMUHaBalla Ipe3 XOMEOTPONeH HeMaTH4YeH CJIOH),
M3MepBaHe Ha QJIEKCOEeJIEKTPUYHOTO OI'bBaHe U JIPYTH.

C'I:H_IO TdKa BJIaIEEHETO Ha KJIACHU4Y€CKAaTa OINTHYHAa MUKPOCKOIIHA: MOJIAPU3allMOHHA,
TBbMHOITIOJIEBU U KOHOCKOIIHNA -,qo6pe IMO3HATA U MIMPOKO HM3II0JI3BAHA IIPU U3y4YaBaHE Ha
TEYHOKPUCTAJHHU MATepHuaJiM, KOATO € B H3K/JIKHYUTEJ/IHA II10JI3a 3a J[JOKad3BaHE€ Ha
Ha6.HI-O,ZLaBaHI/ITe eq)eKTI/I, 00€eKT Ha Hn3cjeaBaHe B JUCEPTALMUATA.



4. KpaTka aHa/IMTUYHA XapaKTEePUCTUKAa Ha eCTeCTBOTO U Ha JAOCTOBEPHOCTTAa Ha
MaTepHaJa, BbPXy KOMTO ce rpaJsaT IPUHOCUTE HA AUCEPTALMOHHMSA TPYZ,

JucepTranusTa ce CbCTOM OT YBOJ, 6 IJIaBH, U3BOJU U 3aK/II0YEHHUS, CIUCHK Ha IPUHOCHUTE
Y CIUCBHK Ha MyOJIMKalMMTe o AucepTranuaTa. Hanucana e Ha 252 cTpaHUIIU U ChABpAKA
142 ¢urypu, 9 TabsiMu 1 261 UTUPAHU U3TOYHHUKA.

Tyk ciegBa Aa ce oT6esiexKy, ye BCsiKa IVIaBa ChbpiKa OPUTHUHAJIHHU Pe3yJITaTH U Ce CbCTOH
oT nozpaszaenu (poKycrupaHU BbpxXy KOHKPETHO U3CJie[BaHe), C MHOT0 Io6pe npe/icTaBeHa
¥ apryMeHTHpaHa TeopeTUYHa YacT, AUCKYCHS U 3akItoyeHre. ToBa MpaBy AUcCepTanUsTa
MHOTO JJ0Gpe Mmo/ipe/ieHa U JieCHa 3a YeTeHe.

I'maBa 1 e nmocBeTeHa Ha BUJOBeTEe TeYHHW KPUCTAJU U U3MEPBATEJHUTE METOJUKH,
M3N0J3BaHU B Jucepraupudara. [logpobHo ca onvcaHM Me30T€eHHUTE U HEMe30TeHHHU
CbeJJUHEHHS], XOMEOTPONHUTE HEMAaTUUYHHU CJI0OEBE, KAKTO U eKCIIEPUMEHTAIHUTE TEXHUKHU
Ha M3MepBaHe W TEXHUKHUTE MO MOArOTOBKA HAa pa3/IMYHUTE TUIOBE TEYHOKPUCTAIHU
k1eTKkUM. KOHKpeTHO e MOCO4YeHO KOW TUI KJETKM B KOS 4acT OT JAUCepTalusaTa e
npejctaBeHa. OnvcaHy ca T.Hap. “NPbYKOBUAHU” M “OGaHAaHOBUJAHU” TEUYHU KPHUCTAIU C
pa3/iMyHa AveseKTpUYHA aHU30TPOMNHS, KaKTO M 06pa3yu € J0O6AaBKU OT MOJIEKYJH C
¥3pa3eHa acuMeTpus Ha GpopmMaTa, a30-CbeIMHEHUS 3a UHAyLlMpaHe HA KOHoOpMal iy Ha
MoJieKyJiHaTa ¢$opMa, KaKTO U Me30TeHHU U HeMe30TeHHM HAHOYaCTHUIU (BBIJIEPOJHU
HAHOTPBOWYKH, 3/ITaTHU HAHOYACTULM). /leTaliJIHO € oMM CcaHa TOAr0OTOBKATa HAa MOJMMEPHO
aucneprupanu TedyHu kKpuctaau (PDLC). CmenuanHo BHUMaHHe € OTJAeJeHO Ha T.Hap.
$GOTOaKTHBHU MaTepuaIv OT TUIA “TOCT-JIOMaKUH".

[lo oTHOIIEHHE Ha WU3CJEe0BATEJNCKUTE TEXHUKU Ca OMMCAHU Pa3/IMYHU MUKPOCKOICKU
MEeTOJM KaTo MOoJIspU3allMOHEeH, T'bMHOIOJIEBU U KOHOCKoNUsA. CnenMaHO BHUMaHUeE e
OT/leJIeHO Ha QJieKCoeIeKTPUYHATa CIIEKTPOCKOI MSl KATO OCHOBEH METO/] 32 M3CJIe/IBaHe Ha
dJiekcoesleKTpUYHM  OCLMJIALlMY, TeHepUpaHU OT MPOMEHJIMBU €JIEKTPUYHU T0JIETa,
onpejessiHe Ha QpJieKCOeJIEKTPUUHUTE KoePULUEeHTH, GJIEKCOeSIEKTPUYHOTO OI'bBaHeE U JIp.

I'maBa 2 e mocBeTeHa Ha M3y4yaBaHe Ha MOBBPXHOCTHOTO pa3ceiliBaHe B XOMEOTPOINHHU
HeMaTUYHH CJIOEBE, CJ1ab03aKOTBEHU K'bM UHTepdelcH, MposiBsBalllM pa3/IMyHa CTeNeH Ha
Jlecopbuus. M3nossBaH e MeToja Ha ¢JieKcoeseKTpUYHATa CHEKTPOCKOMNHUS, KAaTo e
M3cJe/lBaHa NOBBbPXHOCTHATA JUMCUIIALMA HA eHeprusiTa U MOBbPXHOCTHUS BUCKO3UTET.
[IpeacTaBeHH ca JaHHU 3a JebesdHaTa U HU34YMUCIeHUTe QuiekcokoePUIIMEHTH Ha
NPUMOBBPXHOCTHUTE cJioeBe. M3cnenBaH e o6paTHUSA ¢uieKkcoeseKTpuyeH eQpeKT B
HEMaTHUYHU TEeYHU KPUCTaJMU OT TuMa “bent-core” (6aHaHomoao6HU). [IpusoxkeH e T.Hap.
Mozien1 Ha Xenppux 3a M3cjeABaHe Ha QJieKCOoeJeKTpUYHHU JedopMaliiu Ha Or'bBaHe B
6aHAaHOBU/JHU HEMaTHL M C IPOTHUBOII0JIOXKHA JiMeJIeKTPpUYHA aHU30Tponus. HanpaBeHu ca
M3BOJM, OTYUTAILHN aHU30TPONHUATA HA eIACTUYHUTE U PJIEKCOEIeKTPUYHUTE MapaMeTPH.



B riaBa 3 no MeToza Ha ¢poTomoJMMepU3alLys ca NOJyYeHH MOJMMEPHO JUCIEPTHPAHU
TedHu Kpuctaau (PDLC) wu ca npeacTtaBeHW — H3cCjeABaHUS Ha  JIMHEWHUS
(dbnekcoenexkTprueH) esiekTpo-onTudeH edpekT. [IpoBefieHU ca CTaTUYHU U JUHAMUYHU
M3CJe/IBAaHUsS Ha eJIeKTPOONTUYHUsA OTKJAUK Ha PDLC ¢uamu, moauduuupaHu oT
HAHOCTPYKTYpHUpaHU TedJOHOBM HAHOCJO0EBe UM € U3CJAeJABAHO BJHUSHUETO Ha
NOBBPXHOCTHO OpUEHTHUpaIlUs epeKT Ha BTPUTHUTE TePpJIOHOBU HAaHOCJ0eBe. [loylydyeHuTe
pe3yJiTaTu ca obelaBaliy 3a NMPUJIOKEHUS B KOHCTPYHMPaHETO Ha HOBU OMTO-ONTUYHU U

€JIEKTPO-ONITHUYIHH MTPEBKJ/IIOYBAT€JIN.

I'naBa 4 e nocBeTeHa Ha U3CJe[jBaHETO Ha QJieKCOeJeKTPUYHU CBOMCTBA HA HEMAaTUYHU
CMecH OT THuMa ,rocT-AoMakuH”. U3csejBaHO e BJIMSHUETO HAa ME30TeHHU U HeMe30IeHHHU
JI06aBKU BBPXY (PJIEKCOENeKTPUYHUTE U eJeKTPOONTHUYHUTe edekTU. M3cienBaHu ca
bJiekcoesleKTpUYHHUTE CBOMCTBA Ha aCUMETPUYHU MOJIEKYJM THUN "JIACTOBHUYA omaluka"
ype3 pa3TBapssHe Ha 3JIaTHU HaHOChepH, BBIJIEPOJHU HAHOTPBOWYKH, CHUJIMKATHU
HaHocdepy, KaTo ca MoJyueHU edeKTU Ha ycuJBaHe Ha (JeKCOeeKTPUYecTBOTO B
HeMaTH4YHUTe cMecu. Ha ocHoBaTa Ha ¢JieKco-AueseKTPo-ONTHYHA CIEKTPOCKONUS e
npeAcTaBeHa  HOBA  MAaKpOCKONHM4YHA  MeTOJMKAa 3a  XapaKTepu3WpaHe  Ha
HaHOCTPYKTYpPUPaHU HEMATUIU.

I'naBa 5 e mocBeTeHa Ha H3cCJe/[BaHETO HA pabOTHUTe (MparoBu) XapaKTepUCTHUKH Ha
HaJUIbKHUTE (ieKCOeNeKTPUYHM JIOMEHU B CUJIHO 3aKOTBEHM HEMaTU4YHU OUJIMH NpHU
eZJHOBPEMEHHO IpuJlaraHe Ha NOCTOSIHHO U IPOMEHJIMBO eJIeKTPUYHHU noJeTa. [IpeasoxeH
e MeTO/ 3a onpeJie/isiHe Ha QJIeKCOeJIeKTPUYHU U eJJaCTUYHU KOHCTAHTHU Ha HeMaT UYHUSA
CJI0H, JiaBall] BB3MOXKHOCT Ja 6bJaT JOM'BJIHUTEJIHO ONTUMHU3UPAHU (GU3UYHUTE
napaMeTpu Ha JOMEHUTEe MpPU U3M0J3BAaHETO MM B peXHM Ha IpeHacTpoiBaeMa
AudpaKllMOHHA pelleTKa.

[locsepnara ryaBa 6 e mocBeTeHa Ha U3CJeBaHETO Ha (JieKCOeJeKTpUYeH ePeKT B
HeMaTUYHU CMeCH OT THula “TocT-AOMakuH”. JleMOHCTpUpaHO e, 4Ye ONTHUYHATa
NPO3PaAYHOCT U IUeJIEKTPUUYHUTE CBOMCTBAa HA ME3OTEHHUTE CMECH “TOCT-IOMaKUH” MoraT
Jla O'bJIaT KOHTPOJIMPAHU KaKToO OT ¥YB ocBeT/ieHMe, Taka U OT TeMIepaTypa. U3cseBanu ca
HOBU (QOTOAKTUBHU HEMATULH, MOJy4YeHU OT NnofOpaHu (GOTOM30MepU3UpallU aso-
CbeJUHeHHs, C MW 0e3 HaJIbXHU [JUIOJHUM MOMeHTH. Bb3 ocHoBa Ha
doTodsIeKCOENIEKTPUYHOCTTA B HEMAaTHUYHU CMeCHM OT TuUOa “rocT-AOMakuH”, ca
Npe//IOKEHU BB3MOXKHOCTH 3a KOHCTPYUPAHETO HAa HOBU BHUJOBE ONTHUKO-ONTHUYHU U
eJIEKTPOON TUYHHU N PEBK/IOYBATENN U JUCILIIEU.

CnefBaT M3BOJAU Y 3aKJIIOYEHHUSs], KAaKTO M MPHUJIOKEH CIIUCHK HA IPUHOCUTE U CIUCHK Ha
ny6JHKalMUTE 10 AUCepTaLUATAa.



5. B KakBo ce 3aK/ll0UYaBaT HAay4YHUTe WIM HAY4YHO-NPWIOKHUTE NPHHOCH Ha
AUCEPTALMOHHUSA TPYA:

3HaUMMOCTTA Ha IPUHOCUTE B NIPeJiICTaBEHUS AUCEPTALMOHEH TPYJ MOTarT Jia ce pa3jesisiT
Ha 2 Tpymu:
A.Ilo oTHOLIEHHe HA Cb3/jaBaHe U pa3BUBaHe HA HOBU METO/JUKH

Pa3Bura e ¢uiekcoe/leKTpUYHATA COEKTPOCKONMHUSI KAaTO eKCIepuMeHTaHa
MeTOJIMKa 3a H3CJe/[BaHe MOBBbPXHOCTHATA AMCHUIIAIMS HA OpHUEeHTalMOHHATa
eHeprusi Ha TeYHOKPHUCTAJHUTEe MOJIeKyJu. MeToAuKara e TMoJKpeneHa C
TeopeTHYEeH aHAJIM3 3a CAyYauTe C U 6e3 MoJIeKyJIHA AeCcOpOI[Us Ha OpUEHTUPALUTE
rpaHu4yHU cjoeBe (mpuHoc N2 1, ctratuu Ne 2, 3, 6, 7, 9; or6esig3aHu 12 yurtara B
Scopus).

IIpeacTaBeHa e HOBa MeTOAUKA 3a nosiyyaBaHe Ha PDLC ¢uimu oT efHOCI0MHO
No/ipeiIeH’ HeEMaTUYHU KallKU C KOHTPOJIMPaHa CTPYKTypa U IpaJJMeEHT B pa3Mepa
Ha KalKUTe, U310JI13Ballla TPaHUYHU OPUEHTHUpally NOBBbPXHOCTU OT TedsioH. Taka
HanpaBeHuTe PDLC csioeBe MoraT Ja HaMepsT NPUJIOKEHUS KaTO CeJEeKTUBHU
buntTpu Ha MHOpPa3ByKoOBHU YecTOoTH (mpuHoc N2 3, ctaTtus Ne21, 22; 11 yurara B
Scopus).

IIpeanoxkeHa e HOBa MEeTO/MKa 32 ONpe/ie/isiHE HA MOBBbPXHOCTHATA EHEPrus Ha
3aKpelnBaHe HA HEMAaTHMYHH TEYHH KPUCTAJU KbM CTATUYHU (PJIEKCOESTEKTPUIHHU
JebopMalii 4pe3 MpuJjaraHe Ha NMPOMEHJIMBO €JEKTPUYHO moJjie (mpuHoc N2 5,
ctatus Ne 16).

EKcnepyMeHTa/IHO M TeOPeTHYHO € IMpeA/io’KeHa HOBAa MeTOoJMKa 3a
onpesesisiHe Ha QJieKcoeNeKTPUYHUTe KoePUIMEHTH U eJJaCTUYHHUTE KOHCTAaHTH Ha
HEeMaTHYHU TEeYHU KPUCTalM, HaMUpalld [pUJIoKeHHe KaTo NpeHacTpoiiBaeMu
¢dazoBu AudpaKMOHHY pelieTKH (mpuHOocKu N2 7 1 8; ctatuun Ne 9, 12, 15, 18, c 061110
12 nyuTara B Scopus).

B. IIo oTHOLIIEHME HA MOJIYY€HH 3d IbPBU I'BT EKCIEPUMEHTA/IHN AO0Ka3aTeJ/ICTBa

3a mBBpM OBT EKCIEPMMEHTAJHO € [I0Ka3aHO HaJIM4YUMeTO Ha JIMHeeH
daekcoenexktpuieH oTkJIWK B PDLC MaTepuany, ype3 Ha6J110/jJaBaHO Bb3HUKBaHe Ha
[bJOOKM MHUHUMYyMH B MHTEH3WTETa Ha pa3cesiHaTa CBEeTJIMHA, OOSICHEHU C
MOJIYKOJIMUYeCTBeH MoJies [mpuHoc Ne 2, ctatuu N25, 13]

EKcnepuMeHTa/lHO M TeOpPeTHYHO ca MpeACTaBeHH [UeJIeKTPUYHUTE,
bJieKCcOoe/IeEKTPUUHUTE M TOBBPXHOCTHUTE  CBOWCTBA Ha  HEMAaTH4YHU
TEYHOKPUCTAJHU CUCTEMH C MOJIEKYJIHU aCUMETPUM OT TUIIA: ,JIACTOBUYA Onamnika”
Y THIA “6aHAaHONOI00HHK”, KAKTO U HA HAHOCTPYKTYPHUPAHU HEMATH LY C JOOABKH Ha



HAHOYACTULHU (BBIJIEPOJHU HAHOTPBHOWYKH, CHUJIMKATHU M 3JIATHU HaHochepH )
[mpunoc Ne 4, cratuu Ne4, 8, 14, 16, 20, 25].

e Ha6GoaaBaH e HOB NOBbpXHUHEH edeKT ,PpoToduiekcoeseKTpuyecTBo” B
TbHKU HEMaTU4YHHU CJ0eBe “rocT-ZoMakuH” ¢ Aob6aBka Ha GOTOM30MEpPU3UPAIl0
a3oCcbeJMHEHHEe, KOETO Ce CaMo-OopraHusvpa mnoj d¢opMmara Ha aJCcOpOIMOHHU
HAHOCJIOEBE BbPXY 'PAaHUYHUTE NOBBPXHOCTH Ha cJiosd. [mpuHoc N9, ctatuu N241,
17, 19, 23].

6. Jlo KakBa CcTeneH NPUHOCUTE B AUCEPTALMOHHMUAT TPYyJ ca JM4YEeH INPHUHOC Ha
AucepraHra?

OT 06110 25-Te Ny6IMKaL MY, IPeACTaBEHU 110 JUCePTaLMATa, KAHAUAT BT € I'bPBU aBTOP
B 12 oT Tax v BTOpH aBTOp B 10 OT TAX. TOBa CBUJETEJICTBA 32 HETOBUA pellaBall, [IPUHOC
B U3CJIe[JBAHUATA 10 AUCEPTALUATA.

Kangupatst e cbaBTOp e Ha o6buo 130 HayyHU nyOJMKaALUU, OT KOUTO 99 B
CIIHMCAHUS C UMNAKT QaKTOp WJM paHTr. BbIpeku ye roJsisima 4acT OT TPy/AOBETe Ha JOII.
MapuHOB ca NMyO6JIMKYBaHU B ChaBTOPCTBO C YYyXKJAECTPAaHHU KOJIeETHM, HeroBaTa poJis e
OYeBHAHA.

7. TlpeneHKka Ha NyGJMKALMUTE MO JUCEPTALMOHHUA TPyA: OGpoi; XapakTep Ha
U3JaHusATa (MeXAYyHAapo/JHH, HAIJMOHA/IHU, BeJOMCTBEHHU, CJIYKeOHU GHJIETUHH), B
KOUTO ca oTmevyaTaHu. KakBo e oTpakeHMeTO MM B HayKaTa - H3MNO0JI3yBaHE M
LMTUpPaHe OT APYTY aBTOPH, B APyrH JabopaTopuu?

OT ny6/MKagUuUTe, CBbP3aHU C AUCEPTALUSATA, € IPeJCTaBeH CIUCBK OT 25 HAyUHU CTaTUH,
ny06JIMKYBaHU B pedpeprpaHUu Y UHJEKCUPAHU NepuoAuYHU usganus. OT Tax 4 cnajaT KbM
nokasaren Q1, 15 kbM nokaszaten Q3, 2 kbM nokasarea Q4 U 3 cTaTUM ca KbM
WHJEKCUPaHW MepPUOJAUYHU U3JaHUs. Taka aBTOpPBT NpeAcTaBss o610 349 TOYKH MO
noka3artes I' oT MuHuMannu 100.

TpyZioBeTe cBbp3aHM C AucepTanusATa jocera ca nuThupaHu 86 nbvTu (172 To4yku 10
nokasareJs /I oT MUHUManHu 140).

He e npe/icTaBeHa U3BaJiKa 32 YYaCTHE B MEXAYHAPOJAHU KOHOEPEHIIUU U HAyYHU GOPYMH,
CB'bpP3aHHU C AUCEPTALUATA, HO € TOoCoYeH 0611 6poi ot >30.

8. Pe3ysTaTuTe OT AUCEpPTALMOHHMA TPYy/ HM3NOJI3BaHU JIM ca Beye B Hay4yHaTa
NMPAaKTHKA, MMa JIM NMOCTUTHAT NPSAK MKOHOMUYecKH epeKT u np.? JIOKyMeHTH, Ha
KOHUTO Ce 0CHOBaBa TBbP/JEHUETO.

He ce cpobuiaBa.

9. MOTPIBPlpaHI/I NnpenopsKH 3a 6']:,2[8]1(0 HU3I10JI3BAHE HA HAYYHHUTE U HAYYHO-
NPpUWIOKHHUTE NMPUHOCH.



I/IBCHeABaHI/ITe B JAgucepragudTa HEMaTHU4YHHU Te€4YHHU KpPHUCTaJM BBB BCHYKHTE HM
Pa3sHOBHUAHOCTHU H Ha6J1}O,£[aBaHI/ITe B TAX Cl)JIeKCOEJIEKTpI/I‘{HI/I eCIDEKTI/I OTKPHUBAT MHOTO
Bb3MOXXHOCTH 3a ITPUJIOKEHHU . WUmaiiku BIIpeABU 6oraTusi OMUT Ha dBTOpa B NOATrOTOBKa
Ha MaTepuaJinTe, KaKTO W OTJHUYHOTO BJlaleeHe€ Ha H3CJIeJO0BATEJICKUTE METO/H, oux
npemnoJjsib4asyia MmOo-UHTEH3WBHA IMATEHTHaA ﬂEﬁHOCT u Hy6JII/IKYBaHe Ha pe3yJTaTUTE B
ped)epI/IpaHI/I CIIMCaHHUA, KOETO 1ie YBEJINYU LIaHCOBETE 3a UTATH.

10. ABTOpe(l)epaT'bT HU3roTBEH JIK € CbIVIACHO U3UCKBAHUATA, IPABU/JIHO JIX OTpa3AdBa
OCHOBHUTE MOJIOKEHHUA U HAYIHUTE IPUHOCHU HA AUCEPTALUOHHUA pr,[[?

ABTOpedepaTbT OTpas3siBa TOYHO CbAbPXKAHUETO U MOCTHKEHUATAHA JucepTanuaTra. Tox
€ HamnucaH Ha 152 cTpaHMLM U e WJIICTPUpaH C AOCTAaT'byHO MHGOPMATHUBHU QUTYPH,
TabanL Y U GOPMYJIH.

11. lpyru BbIpOCH, NO KOUTO PelleH3eHTbT CYUTA, Ye CJIeiBa A B3eMe OTHOLIeHue.
[losHaBam pgou. Mopgan MapuHOB OT modTd 6 rogvHu. PeneHsupasa ¢cbM TpyZoBe Ha

HEroB” JOKTOPAHTH U Cb-aBTOPH, KOETO MW [a/i€ Bb3MOMXHOCT [ia C€ 3all03Had 0TO6JIM30 C
HeroBaTa HAy4Ha AEﬁHOCT.

[[I/ICepTaU,I/IOHHI/IH TpyA, CINCBbKA Ha HY6JII/IKaU,I/II/ITe N IOUTATHUTE, KAKTO U aBTopec])epaTa Ca
OCI)OpMeHI/I N3pA4HO U TOYHO. HannyueTo Ha TeXHUYECKU FpeliKh HJIM IIOBTapAHE Ha
H3Ipa3yu HE OMaJIOBOXKaBa CTOMHOCTTaHa npeacraBeHud Tpyna.

HWMmam CJIEAHUTE B'BIIPOCHU KbBM aBTOPA

1. Ha ctp. 84, ¢ur. 42 e mnpejcTaBeHa 3aBUCUMOCTTA Ha TpPaHCMHUCUATA OT
npuiokeHoTo HanpexxeHue 3a 3 PDLC o6pasena -Ha KakBO ce Ab/LKH CHaja B
TpaHCMUCHUSATA 3a 06pasel (a), cief KaTo Beve e JOCTUTaI IPO3pavyHO CbCTOsSAHUE?

2. Bpemenara Ha pesakcalys 3a [JOKJaJiBaHUTE HaHO3al'bJIHEHU HEMAaTHUYHU CJI0OEBe
(7CB + 3% aepocun A300), npeactaBeny Ha ur. 91 u JucKyTUpaHu Ha cTp. 156 ca
cpoTBeTHO 20 ms 1 200 ms npu 20V un 29.4°C. Kak ca npecMeTHaTH U KaKBM ca
ctorHocTtuTe npu 40V u 35°C 7

3. KakBu ca cpeaHuTe pa3sMepu Ha [J00aBeHWTe HAHOYACTHUIU CPSIMO
TEYHOKPUCTAJIHUTE MOJIEKYJIU U B KaKBa KOHLIEHTPAL sl ca Te 32 eKCIIEPUMEHTHUTE,
NpeACTaBEHU B TIJiaBa 47?7

4. Kak aBTOpBT BWXK/JA ObliendTe NpUaoKeHUs Ha PoTodJieKCOeNeKTPUIeCTBO B
HOBOHW3CJIeBAHUTE HEMaTHIM OT THINa “rocT-ZOMakKWMH” U IMO-CIelMa/IHO IO

OTHOIIIEHHEe Ha TSAXHAaTa 3aBUCUMOCT oT YB cBeT/iMHA?



12. 3ak/Il04eHHUe C ICHO CTaHOBHUILIE /ia ce AaJe WIA He HAyYHATa CTeleH.
JlvcepTallMOHHUSAT TPy, Y Ny OJUKALMUTE, HA KOUTO TOM CE 0OCHOBABA, HAM'bJIHO MOKPUBAT
Y JIOpU H3aJMUHABaT H3MCKBAHUATA 3a ,JOKTOpP Ha HayKuTe", 3a/0)keHM B 3aKOHa 3a
PaButue Ha AkageMuuyHusa CbctaB B Pb (3PACPB) u npaBusiHMKa 3a yc/I0BUSTa U peJia 3a
npuao6MBaHe HAa HAYYHU CTENeHHU U 3aeMaHe Ha akaIeMU4YHH AbxxHoCcTH Ha UDTT- BAH.

Ha 6a3aTa Ha ropeusJ/ioxkeHOTO U3pa3siBaM II'b/JIHATA CHU MTOJKpena KbM KaHAWAATypaTa Ha
fon. a-p HMoppan TeoprueB MapuHOB M lLie rJjacyBaM B I0Ji3a Ha NPUCHKIAHETO Ha
Hay4yHaTa CTeleH ,JOKTOP Ha HayKuTe".

09.10.2020 r. n
rp. Codous
PerieH3eHT: \J !

/npod. ndpH Bepa MapuHoBa /
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REVIEW
of a Thesis for awarding the scientific degree
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Scientific specialty "Physics of condensed matter”

Author: Assoc. Prof. Dr. Yordan Marinov - ISSP, BAS
Topic: "Flexoelectricity of nematicliquid crystal systems”

Reviewer: Vera Marinova, Prof. DSc. IOMT-BAS

The set of documents for the Thesis of scientific degree
"Doctor of Sciences" presented for a review contains:
autobiography of the author, Thesis (List of Thesis
publications), abstract of the Thesis, reference to the criteria
for the scientific degree "Doctor of Sciences”, protocol from
the extended colloquium of the Laboratory "Liquid Crystals
and Biomolecular Layers" at ISPP-BAS from 07.07.2020 for
preliminary discussionofthe Thesis, a copy ofa documentfor
the acquired educational and scientific degree "Doctor", a list
of scientific publications different than those included in the
dissertation (providing a total of 349 points on indicator D of
minimum 100), a list of citations of publications included in
the Thesis (providing a total of 172 points on indicator E out
of a minimum of 140), summaries of peer-reviewed articles.

The materials have been prepared in accordance with the
Law on Development of the Academic Staff of the Republic of
Bulgaria (ZRASRB) and the internal Regulations of ISSP-BAS
for obtainingthe scientificdegree "Doctor of Sciences" and on
the basis of the above I accept them for the review process.

1.Relevance of the problem developed in the Thesis in
scientific and scientific-applied terms.



The Thesis is devoted to the study of the flexoelectric
properties of liquid crystals in the nematic phase. Liquid
crystals are a unique intermediate state between liquids and
crystalline solids, combining the most attractive property of
solids - anisotropy (the ability of molecules to arrange in a
certain way, their properties being strongly dependant on the
arrangement direction) and properties inherent to isotropic
liquids (viscosity,ability to form droplets, to flow).When they
are in the so-called nematic phase, the long axes of the liquid
crystal molecules are oriented in one direction, and the
molecules themselves have only a shortrange order. When an
inhomogeneous elastic deformation is applied, spontaneous
macro-level polarization occurs, which is called
flexoelectricity. This extremely interesting effect, which
opens a number of possibilities for applications, is the basis
of the presented Thesis.

In his Thesis work Assoc. Prof. Marinov sets a particular goal
- to conduct detailed research on various characteristics of
the flexoelectric effect, including flexoelectro-optical effects,
effectsassociated withthe formation of flexoelectricdomains,
calculation of flexoelectric coefficients in nanostructured
liquid crystalline materials with addition of nanoparticles
(carbon nanotubes, silicate and gold nanospheres) having
flexoelectric and others properties for the development of
new liquid crystal composite materials.

To this end, the author sets an ambitious plan, consistingin
solving the following tasks:

e to study the dynamics of flexoelectric oscillations generated
by alternating electric fields and to determine the effective
flexoelectric coefficient of bending and surface viscosity;



e to study mixtures of the “guest-host” type of newly
synthesized mesogenic molecules with pronounced
flexoelectric anisotropy of the molecular form;

e to study the electro-optical properties and flexoelectric
behavior of nematics under spatial constraints in composite
materials;

e to study the reverse flexoelectric effect in liquid crystals
under application of applied electric field;

e quantitatively analyze the flexoelectric response of
materials by measuring the effective flexoelectric coefficients
and study their temperature dependences;

e to study the effect of photoflexoelectricity in guest-host
mixtures of newly synthesized photoactive molecules with
and withoutillumination with UV light;

e on the basis of the conducted research to investigate the
possibilities of nematic composite films for applications in
electro-optical devices

e to study the reverse flexoelectric effect in liquid crystals
under different conditions of application of applied electric
fields;

The aim of the research is to obtain new, fundamental
knowledge and in-depth understanding of the molecular
order in liquid crystals, leading to flexoelectro-optical
properties. It should be noted here that special attention in
the Thesis is paid to a new surface effect, the so-called
"photoflexoelectricity”, observed in thin nematic layers
"guest-host” with the addition of photoisomerizing azo-
compound, which is self-organized in the form of adsorption
nanolayers on the boundary surfaces of the layer

Apart from being fundamentally significant, the research in
the Thesis also has an applied character, i. e. the role of the



flexoelectric effect for the creation of new functional liquid
crystal structures and composite materials for applicationin
electro-optical devices, such as adjustable laser light
modulators, light switches, for bio-medical observations and
others is revealed.

It can be summarized that the research presented in the
Thesis is up-to-date and innovative.

2. Does the Thesis author knows the state of the problem
and creatively evaluate the references material.

Judging by the competently written introduction part
(concise and clear, with 73 references cited), as well as the
detailed theoretical description of the effects considered in
each of the 6 chapters of the dissertation, it is clear that the
author is well acquainted with the scientific literature in his
area, as well as with the developments of the leading groups
in the field worldwide.

In each chapter of the Thesis there is a very well presented
and argued theoretical part and discussion of the results
compared with the in studies of other groups. The
dissertation cites 316 references.

Also, the author has scientific visits at Institutions such as the
University of Calabria, Italy; Center for Soft Matter and
Nanosciences, Bangalore, India and Uppsalar University,
Sweden. He is the supervisor of 2 postdoctoral students, 1
successfully defended doctoral student and 1 master degree
student.

Based on the all above, there is no doubt that the candidate is
well aware of the state of the problem.

3. Can the chosen research methodology give an answer
to the set goals and objectives of the dissertation.



The research program of Assoc. Prof. Marinov was realized
with the help of various and highly sensitive methods and
modern experimental techniques. As mainones I would note
the photo-flexoelectric measurements through a digitized
version of the standard method of conoscopy, flexoelectric
spectroscopy (based on the generation and amplification of
flexoelectro-optical oscillations of light passing through the
homeotropic nematic layer and other measurements).

Also the study with classical optical microscopy: polarization,
dark field and conoscopy - well known and widely used in the
research of liquid crystal materials, which is extremely useful
for proving the observed effects, the subject of researchin the
dissertation.

4. Brief analytical characteristic of the nature and
reliability of the material on which the contributions of
the dissertation are built

The dissertation consists of an Introduction part, 6 chapters,
conclusion, a list of contributions and a list of publications. It
is writtenon 252 pages and contains 142 figures, 9 tables and
261 cited references.

It should be noted here that each chapter contains original
results and consists of subsections (focused on a specific
study), with a very well presented and reasoned theoretical
part, discussion and conclusion. This makes the Thesis work
very well arranged and easy to read.

Chapter 1 is devoted to the types of liquid crystals and the
measurement methods used in the dissertation. Mesogenic
and non-mesogeniccompounds,homeotropicnematiclayers,
as well as experimental measurement techniques and
preparation techniques for different types of liquid crystal
cells are described in detail. Itis specifically stated whichtype



of cells in which part of the dissertationis presented. The so-
called "Rod-shaped” and "banana-shaped" liquid crystals
with different dielectric anisotropy, as well as samples with
additives of molecules with pronounced asymmetry of shape,
azo compounds to induce conformations of molecular shape,
as well as mesogenic and non-mesogenic nanoparticles
(carbon nanotubes, gold nanoparticles). The preparation of
polymer dispersed liquid crystals (PDLC) is described in
detail. Special attention is paid to the so-called photoactive
materials "guesthost".

In terms of research techniques, various microscopic
methods such as polarization, dark field and conoscopy have
been described. Special attention is paid to flexoelectric
spectroscopy as the main method for studying flexoelectric
oscillations generated by alternating electric fields,
determination of flexoelectric coefficients, flexoelectric
bending, etc.

Chapter 2 is devoted to the study of surface scattering in
homeotropic nematic layers, weakly anchored to interfaces
exhibiting varying degrees of desorption. The method of
flexoelectric spectroscopy was used, studying the surface
energy dissipation and surface viscosity. Data on the
thickness and calculated flexo coefficients of the surface
layers are presented. The inverse flexoelectric effect in
nematic liquid crystals of the “bent-core” type (banana-like)
was studied

The so-called Helfrich model is applied for the study of
flexoelectric bending deformations in banana-shaped
nematics withoppositedielectric anisotropy.Conclusionsare
made taking into account the anisotropy of the elastic and
flexoelectric parameters.



In Chapter 3, polymer dispersed liquid crystals (PDLC) were
prepared by the photopolymerization method and studies of
the linear (flexoelectric) electro-optical effect were presented.
Studies of the electro-opticalresponse of PDLC films modified
by nanostructured Teflon nanolayers and the influence of the
surface orientation effect of the rubbed Teflon nanolayers
were studied. The obtained results are promising for
applications in the construction of new opto-optical and
electro-optical switches.

Chapter 4 is devoted to the study of flexoelectric properties
of nematic mixtures of the "guest-host" type. The influence of
mesogenic and non-mesogenic additives on the flexoelectric
and electro-optical effects has been studied. The flexoelectric
properties of asymmetric molecules of the "swallow-tail"
type were studied by dissolving golden nanospheres, carbon
nanotubes, silicate nanospheres, and the effects of
amplification of flexoelectricity in nematic mixtures were
obtained. Based on flexo-dielectro-optical spectroscopy, a
new macroscopic method for characterization of
nanostructured nematics is presented.

Chapter 5isdevoted tothe study of the operating (threshold)
characteristics of the longitudinal flexoelectric domains in
strongly anchored nematic films with simultaneous
application of constant and alternating electric fields. A
method for determining the flexoelectric and elastic
constants of the nematic layer is proposed, which makes it
possible to further optimize the physical parameters of the
domains when using them in the mode of adjustable
diffraction grating.

The last Chapter 6 is devoted to the study of flexoelectric
effectin nematicmixtures of the "guest-host" type.It has been
demonstrated that the optical transparency and dielectric
properties of mesogenichost-hostmixtures can be controlled



by both UV lighting and temperature. New photoactive
nematics obtained from selected photoisomeric azo
compounds with and without longitudinal dipole moments
were studied. Based on photoflexoelectricity in nematic
mixtures of the "guest-host" type, possibilities for the
construction of new types of optical-optical and electro-
optical switches and displays are proposed.

The following are conclusions and conclusions, as well as an
attached list of contributions and a list of dissertation
publications.

5. What are the scientific or scientific-applied
contributions of the dissertation:

The significance of the contributions in the Thesis can be
divided into 2 groups:

A. Regarding the creation and development of new
methodologies

¢ Flexoelectric spectroscopy has been developed as an
experimental method for studying the surface
dissipation of the orientation energy of liquid crystal
molecules. The methodology is supported by theoretical
analysis for the cases with and without molecular
desorption of the orientation boundary layers
(contribution Ne 1, articlesNe 2, 3,6, 7, 9; 12 citations in
Scopus noted).

e A new method for obtaining PDLC films from single-
layer stacked nematic droplets with controlled
structure and droplet size gradient using Teflon
boundary orientationsurfacesis presented. PDLC layers
thus made can find applications as selective filters of
infrasonic frequencies (contribution N2 3, article Ne21,
22; 11 citationin Scopus).



e A new methodology for determining the surface
energy of attachment of nematicliquid crystals to static
flexoelectric deformations by applying an alternating
electric field is proposed (contribution N2 5, article N
16).

e Experimentally and theoretically, a new
methodology for determining the flexoelectric
coefficients and elastic constants of nematic liquid
crystals, used as adjustable phase diffraction gratings
(contributions N2 7 and 8; articles N2 9, 12, 15, 18, with
a total of 12 citationsin Scopus).

B. With respect to experimental evidence obtained for
the first time

e For the first time, the presence of a linear flexoelectric
response in PDLC materials has been experimentally
proven by observing the occurrence of deep minimain
the scattered light intensity, explained by a
semiquantitative model [contribution Ne 2, articles Ne5,
13]

e The dielectric, flexoelectric and surface properties of
nematic liquid crystal systems with molecular
asymmetries of the type: "swallow-tail" and the type
"banana-like", as well as nanostructured nematics with
the addition of nanoparticles (carbon nanotubes) are
presented experimentally and theoretically.
[contribution N 4, articles N24, 8, 14, 16, 20, 25].

e A new surface effect “photoflexoelectricity” was
observed in thin nematic layers “guest-host” with the
addition of photoisomerizingazo compound, which self-
organizes in the form of adsorption nanolayers on the
boundary surfaces of the layer. [contribution N9,
articles Ne41, 17, 19, 23].



6. To what extent are the contributions to the
dissertation a personal contribution of the dissertation?

Out of the total of 25 publications presented in the
dissertation, the candidate is the first author in 12 of them
and the second author in 10 of them. This confirms his
decisive contribution to the research of the Thesis.

The candidate is a co-author of a total of 130 scientific
publications, of which 99 in journals with impact factor or
rank. Although mostofthe works of Assoc.Prof. Marinov have
been published in co-authorship with foreign colleagues, his
role is obvious.

7. Evaluation of dissertation publications: number;
nature of the publications (international, national,
departmental, official bulletins) in which they are
printed. What is their reflection in science - use and
citation by other authors, in other laboratories?

From the publications related to the dissertation, a list of 25
scientific articles published in peer-reviewed and indexed
periodicalsis presented. Of these, 4 belong to indicatorQ1, 15
to indicator Q3, 2 to indicator Q4 and 3 articles belong to
indexed periodicals. Thus, the author presents a total of 349
points on indicator D (out of a minimum 100).

The works related to the dissertation have been cited 86
times so far (172 points on indicator E (out of a minimum
140)).

No list was presented for participation at international
conferences and scientific forums related to the dissertation,
but a total number of > 30 was indicated.

8. Are the results of the dissertation already used in
scientific practice, is there a direct economic effect, etc.?
Documents on which the allegation is based.



Not reported.

9. Motivated recommendations for future use of scientific
and applied scientific contributions.

The nematicliquid crystals studied in the dissertationi(n all
their varieties) and the observed flexoelectric effects open
many possibilities for applications. Given the author's
extensive experience in preparing materials, as well as
excellent  knowledge of research methods, 1 would
recommend more intensive patent applications and
publication in peer-reviewed journals, which will also
increase the number of citations.

10. Is the abstract prepared according to the
requirements, does it correctly reflect the main points
and the scientific contributions of the dissertation?

The abstract accurately reflects the content and
achievements of the dissertation. Itis written accurately and
is illustrated with sufficiently informative figures, tables and
formulas.

11. Other issues that the reviewer considers should be
addressed.

[ have known Assoc. Prof. Yordan Marinov for almost 6 years.
I have reviewed the works of his doctoral students and co-
authors, which gave me the opportunity to get familiar with
his research.

The dissertation, the list of publications and citations, as well
as the abstract are precisely formed. The presence of
technical errors or repetition of blanks does not diminish the
value of the work presented.

[ have the following questions for the author:



1. On page 84, FIG. 42 shows the dependence of the
transmission on the applied voltage for 3 PDLC samples -
what is the reason for the decrease in the transmission for
sample (a), after it has already reached a transparent state?

2. The relaxation times for the reported nanofilled nematic
layers (7CB + 3% Aerosil A300), presented in fig. 91 and
discussed on page 156 are 20 ms and 200 ms at 20V and 29.4
°C, respectively. How are they calculated and what are the
values for 40V and 35 °C?

3. What are the average sizes of the added nanoparticles in
relation to the liquid crystal molecules and in what
concentration are they for the experiments presented in
section?

4. How does the author see the future applications of
photoflexoelectricity in the newly studied “guest-

host“nematics and in particular in terms of their dependence
on UV light?

12. Conclusion with a clear opinion to give or not to give
the scientific degree

The dissertation and the publications on which it is based
fully cover and are even above the requirements for "Doctor
of Science" set in the Law on the Development of the
Academic Staff in the Republic of Bulgaria (RASRB) and the
regulations on the conditions for obtaining scientific degrees
and holding academic positions. of ISSP-BAS.

Based on the above,I express my full supportfor the applicant
of Assoc. Prof. Dr. Yordan Marinov for the award of the
scientific degree "Doctor of Science".

09.10.2020 Prof. DSc. Vera Marinova N

Sofia
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