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AHOTOBAHMIA 3BIT
Npo BUKOHAHY poOoTy y 2020 poni B pamkax peaJizauii npoekTy
i3 BUKOHAHHSI HAYKOBHX JOC/Ii’KeHb i po3pobok
I'Hyuki APYKOBaHi CEHCOPH BOJIOTOCTi HA OCHOBI JTiOTPONHUX XPOMOHIYHHX PiAKANX KPHCTATIB
(nazBa [IpoexTy)

Ha3zsa xonkypcy: «Hayka niis 6e3neKH JIOQHHHE Ta CYyCHJIbLCTBAY
Peecrpauiiinnii Homep IIpoexTy: 2020.01/0144

IincraBa nas peanizanii IIpoexTy 3 BUKOHAHHS HAYKOBHX JA0CJTiIXKeHb i po3pobok (peecTpariiHuii
HoMmep Ta Ha3Ba [Ipoekty) 2020.01/0144 «I'nyuki Opykoeani cencopu 601020cmi Ha 0CHOBI
JIOMPONRHUX XPOMOHIYHUX PIOKUX KPUCMATIB).

Pimenns HaykoBoi paau HauionansHoro ¢oHIy mocmimkeHp YKpalHU IOJO BU3HAYECHHS MEPEMOXKIIS
KOHKypcy «Hayka nnsi Ge3neKkH JIOQHHH Ta CyCHiaIbeTBa» (Ha3Ba KOHKYpPCY) MPOTOKOJ Bif «16-17»
BepecHs 2020 poky Ne 21.

1. 3ATAJIBHA TH®OPMAIIS ITPO ITPOEKT
Tpusanicte BukoHanus [Ipoexty

IToyaTok —27.10.2020;

3akinyeHHs — 2021 pik.

3aranbHa BapTicTh [Ipoekty: 8 960 Tuc. rpH.

Bapricts [IpoexTy no pokax, rpH.:

1-# pik 3 000 Ttuc. rpH.
2-# pik 5 960 tuc. rpH.

2 IHO®OPMAIIISA ITPO BUKOHABIIIB ITPOEKTY

1o BukoHaHHs [IpoekTty Oyne 3amydeHo 10 BUKOHaBIIB, 3 HUX:

JOKTOpHY HayK 3 :
KaHJMJaTh HayK 4 §
iHIII paLiBHUKK 3

3. IH®OPMANISA TIIPO TPAHTOOTPHMYBAUA TA  OPTFAHDAIIIO()
CYBBUKOHABIISI(IB) IPOEKTY

4. OIIINC ITPOEKTY
4.1. Mera IIpoekTy (1o 200 3HaKiB)

36epekeHHA CTPYKTYpHOI LUTICHOCTI OpraHiuHMX MaTepiajliB MpH BHPOOHMITBI i eKCIuIyaTarii
€JIEKTPOHHUX MPHJIAJiB Ha THYYKHX JIaTepaJIbHO MPOTHKHKUX MiAKIIaIKaX.




4.2. Ocnosni 3aBnanns IlpoekTty (10 400 3HaKiB)

i. BcraHoButd oCHOBHI (isuuni BrmactuBocti miiBok JIXPK, a came, MexaHi3mm arperarii,
opieHTaNifHOro YropsaKyBaHHs, ()a30Bi MEpeTBOPEHHS, €JIEKTPUIHI BIaCTHBOCTI;

ii. OTpuMaT BHMCOKOYNOpSAKOBaHi opraHiuHi HamiBrmpoBigHukoBi JIXPK-mniBku sK yHiBepcalbHy
miarpopmy 1/t 6araTbox Cy4acHUX BUKOPHCTaHb;

iii. BHMroTOBHMTH I'HyYKi CEHCOPH BOJIOTOCTi IUISIXOM JPYKY TOHKHMX ILUTiBOK JIIOTPOITHUX XPOMOHIYHMX
PiIKMX KPHCTATIB HAa THYYKUX MiAKIaIKaX.

4.3. Jleraabunii 3mict IIpoekTy:

CyuacHuii ctad npo6iemu (0 400 3HakiB). CydyacHi mpuiagu motpe0yiOTh HOBUX THIIIB CEHCOPIB,
CTBOPEHMX Ha HETPAAULIMHUX MiAKIaAKax (THy4KHX ab0 3 MOMIIMBICTIO 3MiHHM (POPMH) 3 BEIUKOKO
IUIOIIOK0. BUrOTOBNIEHHS TAKAX CEHCOPIB MOB’S3aHE 3 TEXHOJOTIEI0 JIPYKY, KA BUKOPUCTOBYE IUTiBKY
OpraHi4HoOro Martepiany SK aKTUBHUA map ceHcopy. OnHak, Bci Wi mifgxoau MoTpeOyroTh JOCTaTHBO
CKJIaJIHOrO MPUIOTYBaHHs Yy TJIMBUX €JIEMEHTIB i BAKOPUCTAHHS JKOPCTKOT MiAKIaAKH.

Hopusna Ilpoekty (m0 400 3makiB). Peanmizamis ceHCOpiB BOJIOTOCTI Ha OCHOBi OpraHiyHMX
CyNpaMOJIEKyIAPHUX aHCaMOJIiB JIIOTPOITHUX XPOMOHIYHMX PiJKMX KPHUCTaliB € HOBUM CKIIaJIHHUM
MiX00M, AKMH J03BOJISE KOHTPOJIOBATH OPraHi3alilo OKpEMHUX MOJIEKY/IIPHUX KOMIIOHEHT B OaXaHy
CTPYKTYpY. 3alpoNnOHOBaHHIA B TPOEKTi METOA APYKY, IO CYTi, ABJIE COOOI0 YHiKalbHY TEXHOJIOTIO, KA
JI03BOJIMTH CTBOPIOBATH CTPYKTYpPY OpraHiYHOro HamiBIPOBIAHMKA HA BEJMKil MIowmi 3 jgitorpadivaum
PO3IiJIEHHSM.

Mertoponoris gocnimkenns (10 400 suakis). CynpamoseKkyisipHa cTpykTypHa opradisauis JIXPK, mikpo-
i HaHOMacmTabHE YNOPSAKYBaHHA 0G’€MHOI HeMaTWyHO! ¢a3u i TBepi IUTiBKM OydyTh JOCIHiKEHi
HU3KOK MiIKPOCKOMIYHMX METOMIB, BiJ ONTHYHOrO MONSAPH3aLiMHOrO MiKpOCKOma [0 MiKpOCKoma
aTOMHHUX CHJ. By/ie 3aCTOCOBaHO METO/] MATOKYTOBOTO PEHTI'€HIBCHKOrO PO3CiSHHA Ul CTPYKTYPHOrO
aHajtizy. MeToilaMu 4acy MpoJibOTy Ta BUMipPIOBaHHS CTpyMY OOMEXEHOro MpOCTOPOBUM 3apsioM Oyzie
BUBYEHO PYXJIUBICTh HOCIiB 3apsny.

5. OTPUMAHI HAYKOBI ABO HAYKOBO-TEXHIYHI PE3YJIBTATH (10 2 cTopinok) B
noToYyHOMYy poni/ B pamkax peaJizanii IIpoexry, 30xkpema:

5.1. Omnmuc HayKoBHX 200 HAYKOBO-TEXHIYHHX Pe3yJIbTATIB, OTPMMAHMX B PAMKAX BHKOHAHHS
ITpoekTy (i3 3a3Ha4eHHSM 1X SAKICHUX Ta KUTbKICHUX (TEXHIYHUX) XapaKTEPUCTHK)

Hocnimkeno nsa tunu OGapBHHMKIB. A came, aHioHHi: Na (2327) ta amoHieBa (2334) coni nepuieH
TeTpakapOOKCHIIbHHUX TMOXiHUX, XPOMOTJIIKAT Hatpito (XpoMmoniH) Ta 6apBHukH Blue 27 ta Violet 20. Jlo
JPYroro THUIY HAJEKHUTh He3apsDKeHHH aHTpaxiHOHOBWH GapBHMK D4. PedoBHHM MaloTh pi3HY
PO3YMHHICTh y BOJI Ta aHi30TpomHOMYy cepefoBuili (Uit D4). OnTuuHi BUMiprOBaHHS NOIVIMHAHHS Ha
pO3BEJIEHHX PO3YMHAX IMOKa3yloTh, IO arperauis BigOyBaeTbcs mpu OyIb-sIKMX KOHLEHTpaLifX, ¢, a
CepeJIHE YKMCIIO arperailii 3pocTace 3i 301IbIIeHHSIM KOHIeHTpaLil. KBaHTOBO-XiMi4Hi po3paXyHKH, a came
ONTHMMi30BaHa PiBHOBaXKHA I€OMETPis MOJNEKY/I JAOC/iIKyBaHMX PEYOBMH B OCHOBHOMY Ta 30y IDKEHOMY
CTaHax, €Heprii Mepexoqy EJEKTPOHIB Ta CHIM OCHWJISATOPiB, a TAaKOX Bi3yaji3allis pe3yJbTariB
3aiicHIOBaUCs 3a gornoMororo nporpam HyperChem, Gaussian Ta GaussianView.

Jlis 00paxyHKiB BAKOPHCTOBYBAIKCS K HamiBeMIipu4Hi HabIM)KeHHS, Tak i MeToay ab initio:

- HarniBeMmnipuynuiit Meton AM1 (Austin Model 1), ocHoBanuit Ha HabmxenHi NDDO;

- meton Iaprpi-Doka (MeTox MoNeKynspHUX opGitanelt abo  Teopis caMOy3roKEHOro Mois),
CYTb SIKOTO MOJIATae y po3B’s3Ky piBHsHHA Lllpeninrepa B mpumyIeHHi, 0 KOXKHA YaCTKa PyXa€TbCs B
JESKOMY yCepeIHEHOMY CaMOy3roPKEHOMY I0JTi, CTBOPIOBAHOMY ycCiMa iHIIMMH YaCTHHKAMU CHCTEMH;
- meron DFT (Teopis ¢yHKIiOHaa TyCTHHH) — METOA, B SKOMY BJAaCTUBOCTI GaraToeneKpOoHHOT
CHCTEMH BH3HAYAIOThCA (YHKI[IOHATIOM, KWW 3aJIOKUTh TIJIBKM BiJ MPOCTOPOBO-HEOAHOPiAHOT
€JICKTPOHHOI I'YCTHHU cucTeMu. [IpoBeleH0 KBaHTOBO-MEXaH{UHi pO3paXyHKH XPOMOHIYHUX MOJEKYII,
IO CKJIAJAIOThCA 3 JABOX I€TEPOLUKIIIB, SKi € T-€JIEKTPOHHUMHU CHCTEMaMH i MOXYTh PO3IJISIATHCS SIK
IIBa eeMeHTapHi XxpoModopu/¢ryopodopu; reTepoLHKIIM 3B'13aHi MiXk COO0I0 BYTJIEBOJHEBUM MICTKOM.
B Toii "ac Sk reTepoIMKIIN € MJIOCKMMH i XXOPCTKUMH CHCTeMaMu, OyJoBa MicTKa-crieiicepa JOImycKae
MOBOPOTM MO OJMHApHMX 3B'SI3KaX, a OTKe i KOH(opMaliifHi NMepeTBOpeHHs, fKi OOMEKYIOThCS
(iKCOBaHMMH JOBXXMHAMHU 3B'A3KiB Ta BJIEHTHUMHU KyTamu. [loka3aHo, 10 B CTabilbHUX arperarax Ha
OCHOBi T-€JIEKTPOHHMX CHUCTEM MOHOMEpHI MOJEKyJld po3TamoBaHi Ha Bigmani 3.4 A ("ToBmuHa"




€EKTPOHHOI CcUCTeMHM, Hampukian, B J- ta H-arperatax um B JIHK Mik ocHOBamM B chipaisx).
AHaITHYHO OTPUMAHO TOYHY KaHOHIYHY CTATCyMy TBEpIMX AUCKIB Y By3bKHUii KBa3i-0{HOBUMipHii mopi
3a[aHOi JOBXMHM 1 LIMpMHM. AHAQITHYHO 3HAMIEHO THUCK B3JOBX 1 MOMEpEK IOpH, PO3MOALT
MOB3/J0BXXHMX KOHTAKTHHMX BiJICTaHel i momepeyHux KoopauHaT JuckiB. ITokasaHo, MO mepexia Bij
LiJIHOTO JI0 PIAMHHOTO CTaHy € JOCHTh Pi3KUM, ajie CHHTYJIIPHOCTU HeMae. JleeKTr 3HUKarOTh JIMIIE y
IiIBHOMY 3ir3ary moaioHo mo moBeninku aedexrtiB y nepexoni Kocrepain-Tayneca. Mu 3actocyBaiu
METOJl HM3BKOTEMIEpaTypHOi (pakiiiiHoi TepMiuHO-cTUMYynboBaHoi moMiHecueHuii (TCJI) mns
BU3HAYeHHA (YHKIUIi po3mominy rycTunu enekTpoHHux ctaHiB (®I'C) aMopdHUX MIiBOK OpraHivHMX
HaNiBIPOBiHKKIB, a came, noxiguux kap6azon-Gidenimy (CBP): CBP, mCBP ta mCBP-CN, Ta
kap6azon-¢eniny (CP): mCP ta mCP-CN. Mu BusiBuiy, mo BiaacHa ®I'C moxe OyTu anpoKCUMOBaHa
rayccoBuM npodisem, skuii B miiekax CBP ta mCBP nonoBHIOETbCS €KCIOHEHLiaIbHAM XBOCTOM B
Jiana3soHi HaHGiIBI rIMOOKKX 3a eHepriero craHiB. [llnpuaa @I'C MOHOTOHHO 301IBIIYETHCS i3 POCTOM
JMTIOIEHOTO MOMEHTY MOJIEKY M Bif 0 10 6 JleGast momibHUM YHHOM y MeXaX KOXKHOI cepii pe4oBHH, i B
MOBHIM BiAMOBIAHOCTI A0 MoJeNi AWMOIBHOrO po3ymopsakyBaHHs. Taka noseninka @I'C onumcana
KiJIBKICHO B MeKaxX BKa3aHHOT MOJIEITi, ajle JIMIIE I MaTepiatis, 0 HaJIeXXaTh 10 OHI€eT cepii MoXiJHuX,
KOTpi MatOTh MOAIOHY MOJSIPU30BHICTh KaTiOHIB Ta HEMTPaJIbBHUX MOJIEKY L.

5.2. 3a masBHOCTI HAYKOBO-TeXHi4HOI mpoayKuii oGrpyHTyBaHHs ii mepeBar y NOpiBHSIHHI 3
iCHYyIOUMMH aHAJI0TaMH

V npoeKTi npejcTaBiieHa yHiKalbHa iies 3 TOYKH 30py MPOCTOTH Ta THYYKOCTi, YOr0 MOXKHA JOCSTTH
JPYKOM CEHCOPHHX €eJleMeHTiB 3 BogHoro po3urHy LCLC. IlepeBaroo 3anmpornoHOBaHOro MiJXoMy € Te,
0 YyTJIMBHI eJeMEHT Moxe OyTH HaApyKOBaHWW Ha rHy4YKil migxnaani. Taki ceHcopHi mpucTpoi
TIPONOHYIOTh YKMCJIEHHI TEXHOJIOTIYHI MepeBary, Taki K MPOCTOTa BUPOOHMITBA / iHTErpallii, a TakoX
BiJINTOBiqHE 3HMKEHHS BUTpAT.

5.3. IlpakTHyHa WiHHICTL OTPUMaHHUX pe3yabTaTiB peaizanii IIpoekTy 115 eKOHOMIKM Ta
cycniibeTBa (CTOCYEThCS MPOEKTIB, M0 MHependadyaroTb NPOBEAEHHS NPHKJIAXHAX HAYKOBHX
JAOCTIIKEHDb | HAYKOBO-TeXHIYHHX PO3pPO0OK)

B pamkax peanizallii mpoekTy Gy/e MpeACTaBIeHO HOBUN THI THYYKHMX €NEKTPOHHHX KOMIIOHEHTIB 3
BHCOKOPO3BHHEHOIO €JIEKTPOHHOKO CHCTEMOIO Ta BIOCKOHAIEHOI CTPYKTypoto (Mopdoinoriero). Sk
NpUKJIaj, nepea0ayecThess CTBOPEHHS THYYKMX JATYMKIB BOJIOTOCTI, IO CTaHE MEPIIOKD JEMOHCTPALIIEI0
Bennde3Horo noredniany LCLC, Ak CydacHHMX MaTepiasiB Jysi pi3HOMaHITHUX FHYYKHX Ta IiOpHIHAX
€JIEKTPOHHUX TMPHUCTPOIB.

5.4. Onuc nUISXiB T2 CNOCOGIB MOAANBLIIOr0 BHKOPHCTAHHS pe3y ibTaTiB BUKOHaHHs IIpoexTy B
CcycnijibHil mpakTHmi.

I[TpoexT mepenbavyac CTBOPEHHS HOBUX €JEKTPOHHMX MPUCTPOIB, WO JEMOHCTPYIOTh I€peBard TOHKHUX
KPHCTaJIiYHMX OpraHiyHMX MIiBoK. Oprariufi eleKTpOHHi KOMIIOHEHTH € KJIFOYOBOK) TEXHOJIOTIE, W0
TMOENHAHA 3 PAAOM Cy4acHUX TEXHOJIOTiH TaKMX SK CEHCOPH, CBITJIOMIOMM, IUIOCKi MUCIUIEHHI maHeri,
doToBonbTaiuni KoMipku. [TpoexT nepeaGayae psif iHiL{iaTHB 7151 PO3BUTKY AbTEPHATUBHUX TEXHOJIOTIH,
06 NPUBECTH HA PMHOK HOBI PIlICHHS 3 ONTHMi30BaHHM CITiBBiIHOLIEHHAM LiHa/aKicTe. ITixxomm 1mo
BUKOPUCTOBYIOTH TOHKI mutiBku JIXPK HamiBnpoBigHMKIB (ONMMCAaHMX B JAHOMY MPOEKTI) BiJKPUBAIOTH
YHIKalbHi MOXUIMBOCTI JIJIi BKA3aHOTO psiay OCOOJMBOCTEH MOpAA 3 HEOOXifHOK (YHKLIOHANBHICTIO.
IIpOEKT € Jy)Ke MEepCreKTHBHUMHU JUTsl BATOTOBJIEHHS THYYKHUX CEHCOPIB BOJIOrOCTI, JEIIEBUX COHAYHHUX
€JIEMEHTIB, palioyacTOTHUX iTeHTH}IKALIHHAX MApOK (TPaHCIOAEPiB), €1EKTPOHHUX LWITPUX-KOAIB, YH
aKTUBHUX MaTPUYHUX €JIEMEHTIB JUIsl JUCIIEIB.

AHOTOBaHHMIA 3BIT MiCTUTH BiZToMOCTeH, 3a00pOHEHHX JI0 BiIKPUTOrO OIMyOIiKyBaHHS.

HayxkoBnii kepiBEnk IIpoexTy
3aBimyBau Bigniny ©K 1® HAHY

(i grvc)
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