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3ABI'OPOJJHUI AJIEKCEN BJIAJUMUPOBWY

q)OTO3J1€KTpI/I‘leCKHe npoueccobl B KOMIIO3UTHBIX HAHOCTPYKTYPHPOBAHHBIX
IJICHKAaX HOJIprOBOIlHI/IKOBbIﬁ HOJII/IMep—(l)TaJ]O]_lI/IaHI/IH

doTOMpOBOIAIINE OPTraHMYECKUE MaTepUaNbl, HCIOJb3yeMble B HACTOSIIEE
BpeMs B (DOTOBOJBTAMYECKUX CHCTEMax, Upe3BbIUalHO MHOTOO0Opa3HbI 10
XUMHUYecKoll  mpupoge. Lleab  MHOTOYHMCIEHHBIX — MCCIEAOBAHUA B 3TOM
NEPCIEKTUBHOM HAyYHOM HaIlpaBJICHUU 3aKJIIOUAETCS B CO3/IaHUU YTIOPSIIOYEHHBIX
MOJIEKYJISIPHBIX aHcamOreil, Oasupyromuxcs Ha apoOMaTHUYECKUX u
reTepoapoMaTUYECKUX COEMHEHMSIX C 3JIEKTPOHOJOHOPHBIMU U
3JIEKTPOHOAKLIETITOPHBIMH CBOMCTBAaMH, CHOCOOHBIX K OOpa30BaHHUIO KOMILUIEKCOB C
NEPEHOCOM 3apsiia, MHTEHCUBHO MOIVIOMIAIOMINX H3JIyuY€HUE YIbTPadroIeTOBOrO,
BUJMMOTO U MH(PPAKPACHOTO JUANa30HOB ClieKTpa. IMEHHO OHU SIBISIFOTCSI OCHOBOM
MaTepUajoB MOJICKYJISIPHON AIEKTPOHHUKH, (DOTOITEKTPUUECKUX MpeoOdpa3oBarTeneil ¢
JI0OCTaTOYHO BBICOKUMU JJIEKTPOPHU3UICCKUMHI U ONTHUECKUMH XapaKTEPUCTHKAMHU H
JUTUTEIFHBIMU CPOKaMU DKCILTyaTaIlHH.

Pa3paboTka mMoONMMMEpPHBIX HAHOKOMIIO3UTHBIX COJHEUHBIX SYEEK SBIISCTCS
OJTHUM M3 CIOCOOOB MOBBIMIEHHUS 3P(HEKTUBHOCTH NPEOOPa30BaHUSA COIHEUHOH
SHEPrUH B IJNEKTPUUYECKYIO. B Takux IieHKax JAOMUPOBAaHWE MOJUMEPHOW MaTPHIIBI
HAaHOpPa3MEpPHBIMU OpPraHMYECKUMU MaTepuajaMHu IO03BOJSET CO3[aTh THOPHIHBIMI
ClIOl, B KOTOPOM HPOBOJAMMOCTbh MOJMMEPHOTO MaTepuana OyIeT COYeTaTbCs C
BBICOKUMHM  ONTHUYECKUMU M  DJIEKTPUYECKUMH  CBOMCTBAMU  OPraHUYECKHX
HaHOCTPYKTYyp. CneayeT OTMETUTh, YTO MNPEUMYIIECTBOM JaHHBIX KOMIIO3MTHBIX
MaTEepUasIoB ABJISETCS YIPOIIEHHBIH MPOLECC U3TOTOBJIEHUS COIHEYHOIO AJIEMEHTA.

OAHMM U3 NEPCHNEKTUBHBIX KIIACCOB MAKPOTrE€TEPOLUKINYECKUX COEIUHEHU
SBIISIIOTCA METAIO(TAIOMAHNHBI, KOTOpbIe 00Ja/lal0T BBICOKOW MOJBUKHOCTBIO
HOcHUTENeH 3apsana, dS(PQPEeKTUBHOCTHIO mMpeoOpa3oBaHUS CBETOBOM  JHEPIHH,
KaTaJIUTHYECKON aKTUBHOCTHIO, XUMHUYECKH M TEPMUYECKH CTaOMIIbHBI, OOJIBITMHCTBO
U3 HUX JIETKO OOpa3yloT YMOPSI0YECHHBIE TOHKHE TJICHKH. TakKe CTOMT OTMETHUTH,
4T0 MeTano(TaTOUaHUHBI, IPU UX JOMMPOBAHUU OKa3bIBAIOT CUIBLHOE BIIMSHUE Ha
CTETICHb KPUCTAIMYHOCTH MOJMMEpPHON TieHKH. OHHM IIUPOKO MPUMEHSIOTCS B
KayecTBE TMEPCHEKTUBHBIX MAaTEpUajoB JUISI KOMITO3UTHBIX (POTORIEKTPUIECKIX
npeoOpa3oBarteseil.

CunpHoe BrnusHHE Ha 3()PEKTUBHOCTH OpraHudeckux (oTomnpeodpazoBaTenen
OKa3bpIBaeT 00pa30BaHUE OTAEIbHBIX (a3 TOHOPHOI'O U AKIENTOPHOIO KOMIIOHEHTOB



aKTUBHOTO CJIOS, a TaKXKE€ B3aUMHOE yrnopsnodnBanue 3tux (a3. [IpuasTo cunurtars,

YTO ONTHUMAJIbHBIM SIBIISIETCA pa3Mep JOMEHOB, OJM3KUN K JUIMHE CBOOOJHOTO

npo0era SKCUTOHOB B JlaHHOM Matepuane. [Ipu MeHbIIeM pa3mepe JOMEHOB

(b (HEKTUBHOCTh pa3iesieHus 3aps0B MOXKET JIaKe BO3pacTd, HO OyJeT 3aTpyIHEH

TpaHCHOPT 3apsAfoB K dyekTpogaMm. CKIOHHOCTh K arperamuu, oOpa3oBaHHE

MOJIMKPUCTAIUTMYECKUX JIOMEHOB JOHOPHO-AaKIIENTOPHON CUCTEMBI XapaKTepU3YIOTCS

HeXenaTeIbHON 3€pHUCTOCTHIO U HEONTUMAIbHBIM KpUCTAJUTMUECKUM

yrhopsaounBaHueM. OTH  (GaKTOphl  BIUAIOT HA  [MOKa3aTeNW  IUICHOYHBIX

dboTomnpeobpazoBareneii, Takue Kak 3PGHEKTUBHOCTH SJIEKTPOHHOTO TPAHCIIOPTa

Hocurenen 3apsaa u KI/I.

Takum oOpa3oM, UCCIACAOBAaHHWE BIUSHUS CTPYKTYPHBIX OCOOCHHOCTEH
JTIOHOPHO-AKIENTOPHBIX ~CHUCTEM B  HAHOKOMITO3UTHBIX  COJIHCUHBIX  SYCHKaX
MIPEICTaBISACT, KaK (yHIAMEHTAIBHBINA, TaK W MPAKTUYECKUA WHTEpec. Bo-TepBhIX,
U3YYCHUE OINTUYECKUX M IJIEKTPOPHU3NYECKUX CBOMCTB HAHOCTPYKTYP IO3BOJIAT
OLICHUTH BIUsIHUE (e()DEKTHOCTh, N3MEHEHHUE CTENEHU KPUCTAUIM3AIlMU, U3MEHEHUE
ONTUYECKUX CBOWCTB W JIp.) Ha aKTHBHBIM CJIOW Moiumepa Mpu jaonupoBaHuu. Bo-
BTOPBIX,  TO3BOJST  ONTHUMHU3UPOBATH  JAJICKTPOTPAHCIOPTHBIE, a  TaKXKe
(G OTOBOJIbTANYECKUE TTOKA3ATEIM HAHOKOMITO3UTHBIX COJTHEUHBIX STYEEK.

Heabro auccepTallMOHHOTO HUCCIIENOBAHUS SIBISAECTCS HCCICAOBAHHUE BIUSHUS
CTPYKTYPHBIX OCOOCHHOCTEW JOHOPHO-aKIENTOPHBIX CUCTEM Ha 3(PPEKTUBHOCTH
TeHEpaly W TPAHCIOpPTAa HOCHTENICH 3apsla B HAHOKOMITO3WTHBIX ITOJMMEPHBIX
COJIHEYHBIX STYCHKaX.

JImst  MOCTHKEHHMSI TIOCTABJICHHOW II€M B TPOIECCE BBITIOJHEHUS PaOOTHI
pelagich CIeayIoNre 3a1a4u:

— TOJy4YeHHEe TBEPJIBIX IJICHOK (hTAJONMAHWHOB METOJIOM BaKyyMHO-TEPMHYECKOTO
HaIbUICHHUS,

— CHUHTE3 HaHOJEHT QTajolMaHWHA MW €ro METALUIOKOMIUIEKCOB METOI0M
(bU3YEeCcKOro rpaieHTHO-TEMITEPATYPHOTO OCAKIECHUS U3 MTApOBOMl (asbl;

— HWCCIICIOBAaHUE BIMSHHUS pa3MepHOTo d(DdekTa Ha TEHEpalui W TPAHCIIOPT
HOcHUTeNeH 3apsiia PTaaolMaHuHOB;

— TMOJyYeHWe HAHOKOMIIO3UTHBIX COJIHEUHBIX S4YE€eK Ha OCHOBE QyIliepeHa
P3HT:PCBM u 0echymieperoBbix npousBoanbix PTB7-Th:ITIC, nonupoBaHHBIX
HAHOJICHTAMU;

— HCCIIEIOBAaHUE TPOIIECCOB TPAHCIOPTa M PEKOMOMHAIIMM HOCUTENIEH 3apsijga B
TTOJIMMEPHBIX COJTHEUHBIX siUeiKax, JOMMMPOBAHHBIX HAHOJICHTAMH,

— W3yYCHHE BJIMSHUS BO3JCUCTBHS BHEIIHETO MAarHUTHOTO TIOJIT Ha TOK KOPOTKOTO
3aMBIKaHHUS OPTaHUYECKUX ¥ HAHOKOMITO3UTHBIX ITOJTUMEPHBIX COJTHEYHBIX SYCCK.

O0beKkTaMH HCCJAEI0BAHMA SBSUTMCH TBEPAbIC ITUICHKA W HAHOJICHTHI
dTajonMaHMHa W €ro METaJUIOKOMILIEKCOB. HaHOKOMMO3WUTHBIE TMOJMMEPHBIC
cosineunble sueiiku P3HT:PCBM u PTB7-TH:ITIC, nonnpoBanHbie HAHOJIEHTAMM.



Mertoabl uccaef0BaHUsl. DKCIEPUMEHTAIbHBIE HUCCIEAOBAHUS MPOBOAWIHCH
METOJaMH  ONTHYECKOW  CHEKTPOCKONMHHM,  aTOMHO-CHUJIOBOM  MHKPOCKOIHH,
BOJIbTAMIIEPOMETPUU, UMIIETAHCHON CIIEKTPOCKOIMUU U PEHTTEHOBCKON AU paKIIUU.

HayuyHasi HOBH3HA BKIIIOYAET CIEAYIOIIEE:

1. OmnpeneneHsl  TEXHOJOTUYECKUE  YCIOBUS  TMOJYyYEHHUS  HAHOJICHT
(dTarolMaHUHOB METOJIOM (PU3UYECKOTO IPAIUEHTHO-TEMIIEPATYPHOTO OCAKICHUS U3
napoBoii (a3bl. YCTaHOBJIEHA CBA3b MEXKIY HAOJI0/1aeMbIMU CIIEKTPAMH TOTJIOIIECHHUS
TBEP/bIX IJICHOK U HAHOJICHT (PTAJIOIIMaHUHA.

2. BmepBpie TOKa3aHO BIUsSHUE pa3MepHOTo 3ddexta Ha 3PPEKTHBHOCTDH
reHepaluy U TPaHCTIOPTa HOCUTENEH 3apsiia BO (PTalOIMaHUHAX.

3. BmepBbie yCTaHOBIEHO, YTO MOAYJALMS BHEIIHUM MAarHUTHBIM TIOJIEM
YMEHBIIIAET BEPOSITHOCTh O00pa3oBaHMsl OWUMOJISIPOHOB, U C YMEHBIICHUEM
pPa3MEpPHOCTH CHCTEMBI 33 CUET BBICOKOH BEPOSTHOCTH CTOJKHOBEHHUS MOJISIPOHOB,
3HaYUTeNbHEe MpOosABIsAeTCs 3P(PEKT «CIUHOBOM OJOKMPOBKU» MPHU MOIYJIUPOBAHUU
BHEUTHUM MAarHUTHBIM IOJIEM.

4. BrepBsle onpezesieHa posib HAHOJEHT (PTaJolUaHuHOB HA 3((HEKTUBHOCTh
reHepaluy M TPaHCIOpTa HOCHUTENEH 3apsiia B KOMIIO3UTHOHM S4eiike Ha OCHOBE
dymnepenoBsix (P3HT:PCBM) u 6echymieperonsix (PTB7-Th:ITIC) akuenTopos.

5. HccnenoBaHo BIMSHME MAarHUTHOTO MOJS Ha (POTOTOK B KOMIIO3UTHBIX
¢ymiepeHoBbIX U Oec(yJUIepEHOBBIX sYeWKaX. YCTAHOBJEHO, YTO MOIYJISIUS
MarHUTHBIM TOJIEM OJIOKMPYET KaHajbl TpaHcmopTa 3apsna «goHop-Pedot:PSS» wu
«oHop-NWsMPc-Pedot:PSS» nonumepHOro CoOMHEUYHOTO AIEMEHTA.

IHos10:xeHNs, BBIHOCMMbIE HA 3AIIIUTY:

1. Pa3mepHble OrpaHMYEHHS OKa3bIBAIOT BJIUSHUE HAa S(PPEKTUBHOCTD
reHepaluy U TPaHCIIOpTa HOCUTENEH 3apsaa BO (pTajolraHHaXx.

2. Buempenne  HaHONEGHT  (TaTONUMAHMHOB B  (POTOAKTUBHBIA  CIIOU
CHOCOOCTBYET MOBBILICHUIO CTENEHW KPUCTAUIM3ALUU  IUICHKH, YCHUJICHUIO
HOTJIOUICHHSI CBETa U MHXKEKIMU JBIPOK Ha TOKOChEMHBIN 3mekTpoa CO.

3. Ilpu Moaynsiuuu BHEITHUM MarHUTHBIM IOJIEM TOKa KOPOTKOTO 3aMbIKaHHUS
HaHosieHT MPC cunpHee mposBisieTcss d(PQGEKT «CIUHOBOM  OJIOKHUPOBKNY.
HaGmrogaemplii  OoTpuIlaTeNbHBIH ~ MarHUTHBIAH  3(P¢GEeKT B MOJIMMEPHBIX
HaHOKOMITO3UTHBIX CS cBsi3aH C OJOKMpOBaHMEM KaHAJIOB TPAHCIOPTAa JBIPOK
«moHop-Pedot:PSS» u «monop-NWSs-Pedot:PSSy.

JInuHblii BKJIAJ quccepTaHTa. ABTOPOM BBIMOJHEHBI PA0O0THI M0 MOTYYEHHUIO
HAHOCTPYKTYp (pTajionmaHnHa U KOHCTPYHMPOBAHUIO HAHOKOMIIO3UTHBIX COJIHEUHBIX
syeeK. BBINONIHEHbl ONTHYEeCKWe W peHTreHodazoBblie u3MmepeHus. HccnepgoBana
MOPQOJIOTHS TOBEPXHOCTH TOJYYEHHBIX HAHOCTPYKTYp M IUIEHOK Ha aTOMHO-
CUJIOBOM MHUKpockone. WM3Mmepensl cnekTtpel wumnenanca, BAX u kBaHTOBas
3¢ (PEeKTUBHOCTh  CONHEUHBIX siueek. [IpoBemeHa kommbloTepHas 00paboOTKa
pe3yJbTaTOB 3KCHEPUMEHTANBHBIX U3MEPEHUN. AHAINU3 MOJYYEHHBIX PE3yJbTaTOB U
BBIBOJIbI pa0bOThI B IEJIOM, a TaKXe MOJrOTOBKAa M HANUCaHUE CTaTe€l BBIMOJIHEHBI
COBMECTHO C HayYHbIMH KOHCYJIbTAHTAMHU.



CBs3p  padoThl ¢  HAYYHO-HCCJIEAOBATEIbCKHMH  NPOrPaMMaMHM.
Juccepranys BBINOJIHSIIACH B COOTBETCTBUM C IUIAHAMU HAYYHO-HCCIIEI0BATENBCKON
pabotel mo Ilporpammam (QyHIaMEHTaNbHBIX HCCIEAOBAHUM, KOOPJIUHUPYEMBIX
MunucrepctBoM o0pa3oBanus W Hayku Pecnyonmuku Kazaxcran: «Pa3paborka
dboTonpeoOpazoBaresisi COJHEYHOM OSHEPrUM HA OCHOBE TMOJYHPOBOIHUKOBOTO
nojMMepa U Metaio-gpranouuaHuHoBy (Ne 544-0-19, 2019 r.), «Pa3paborka
doTonpeoOpazoBaresisi  COJHEYHOM  SHEPrMM  Ha  OCHOBE  OPraHUYECKHX
NOJIyIPOBOJHUKOBBIX HaHOKOoMIIO3uTOB» (IPH AP08856176, 2020 1.).

Crpykrypa m o0bem amccepranuu. CTpyKTypa AHCCEPTALMOHHON padOTHI
ONpeJieieHa TOCTABICHHBIMU 3aJayaMd M COCTOMT W3 BBEIEHUSA, 4 pa3lelnos,
3aKkmrodeHus, OmOmmorpadum u mpunoxkenus. Ona m3noxena Ha 109 crpanumax
MalIMHOMKUCHOTO TEKCTAa, MIUTIOCTPUpPYETCs 55 pucyHkamu, 12 TabiuiamMu, COAEpKUT
CTIHMCOK HCITOJIb30BaHHOM MuTepatyphl n3 210 HaumMeHOBaHUIA.

HayuyHo-npakTH4eckasi 3Ha4UMOCTb PadOTHI:

Omnpenenenbl oNTUMaIbHBIE MapaMeTpbl OPraHUYECKOro (oTonpeodpazoBaTes
(CTpYKTYpHBIE OCOOEHHOCTH, TEXHOJIOTUS IOIY4YEHHsI), 00ECIeUNBAIOIINE BBICOKUMN
nokazatenb KIIJ[ u kBanToBOM »ddextuBHOCTU. Pa3paboTka KOMITO3UTHBIX
COJIHEYHBIX 3JIEMEHTOB UMEET MEPCIEKTUBY IS CO3AaHUS JIETKUX, TEXHOJIOTUYHBIX U
JICIIEBBIX B MacCOBOM IPOM3BOJICTBE aBTOHOMHBIX MCTOUYHUKOB 3JIEKTPOCHAOKEHMUSI
HIMPOKOTO KPyTa JIEKTPOHHBIX MPUOOPOB U YCTPOUCTB.

AnpoGauuss padorel W myOaukanumu. OCHOBHBIE pe3yJbTaThl pPadOTHI
JNOKJIaAbIBAIMCh W oOcyxnamuch Ha KoH(pepeHuusx: VIII MexayHapoaHas
KoHpepeHusa no poronuke u uHopmamumonHoit ontuke (HUAY MUDU, 2019);
18th IUPAC International Symposium on Macromolecular-Metal Complexes (Russia,
Moscow, June 10-13, 2019); Marepuansr 11-it MexnyHapoaHOH HaydHOM
KoH(pepeHMH «XaoC U CTPYKTYphl B HEIMHEHHBIX cucteMax. Teopus u
skcniepuMenT» (Kaparanna, 2019); IX mexaynapoanas koHpepeHIus mo GOoToOHUKE U
undopmarmonnoi ontuke: (HUAY MUODU, 2020); Tpyasl MexTyHAPOTHON HAYIHO-
MPaKTHYECKONH KOH(MEpeHIIMH «Ay330BCKHE YTCHUsS — 18: JOyXOBHOE Hacjeaue
Benukoro Abas» k 175-netuto Ab6as KynanGaepa (IlIsimkent, 2020); Matepuais
MEXIYHAPOJAHOW  HAyYHO-TIPAKTUYECKOM  KoHpepeHiun  «Anp-Dapabu B
COBPEMEHHOM Ka3aXCTaHCKOM KOHTEKCTe», mocBsameHHoi 1150-neturo AGy Hacpa
anb-®apabdu (Kaparanga, 2020)

Myoaukamuu. [To Teme nuccepranuu onyOauKoBaHO 15 Hay4yHBIX paboT, B TOM
yucie 4 paboThl B XKypHaiax, MHAeKcupyeMbix B 0azax Clarivate Analytics, 1 padota
B Scopus, u B 4 n3nanusix, pekomenayemoix KKCOH PK.



