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pOKy
3ATBEP/KVYIO
Hupektop  IHcTMTYTYy  mpuUKIagHUX

np06neM MeXaHiKM | MaTeMaTHKH

AHOTOBAHUM 3BIT ¢
npo BUKoHaHY poboty y 2020 poui B paMKax peamsauﬂ ﬂpocx'ry
i3 BUKOHAHHSI HAYKOBHX J10CJIi2KEHb | po3po0ok
«CTBOpEHHS CEHCOPHOT CUCTEMH Ha OCHOBI HAHOTIOPOIIKOBUX MaTepialliB JUIS peecTpallii cymimen
raziBy

Hassa koukypey: Konkypc HOJIY "Hayka mna 6e3nexu JIOAWHY Ta CyCIibeTBa"
Peecrpauiitnuii Homep IpoexTy: 2020.01/0331

Mincrasa aas peanizanii [IpoexTy 3 BUKOHAHHSI HAYKOBHUX J0CTIIKeHb i po3po0ok (peecTpauiinuii
HoMmep Ta Ha3Ba [Tpoekty) 2020.01/033 1 «CTBOpEHHS CEHCOPHOT CHCTEMM Ha OCHOBI HAHOTIOPOIIKOBHX
maTepialliB 1J1s peecTpauii cymiliei raziny»

Pimenns HaykoBoi paau HauionansHoro ¢oHmay AOCHIDKEHb YKpaiHH IIO/I0 BU3HAYEHHS MEPEMOKIIA
KoHKypcy «Hayka juist Ge3neku JIOAMHU Ta CycMinbCTBay npotokon Bia «16-17» Bepecus 2020 poky
Ne 21

1. 3ATAJIBHA THOOPMAIIA ITPO TIPOEKT

Tpusanicte BukoHaHHs [Ipoekty

ITowaTok — ata ykiaanaHus J[oroBopy npo BUKOHaHHS HayKOBHX JOCIIDKEHb i po3po0oK;

3akinueHHs — 2021 pik.

3aranbHa BapTicTh [Ipoekty, rpH_7 890 884.00

Bapricte [IpoekTy no pokax, rpH.:
1-i pix _3 000 000,00

2-i1 pik _4 890 884.00

3-# pik _0,00

2. IH®OPMAIILIS ITPO BUKOHABIIIB ITPOEKTY

10 BukoHaHHus [Ipoexty Oyze 3amydeHo 6 BHUKOHABIiB, 3 HUX:
JIOKTOpH HayK 1 2
KaHAMJATH HAYK 3 :

iHI MpaLiBHUKH 2



3. IHOOPMAIIISA PO IT'PAHTOOTPUMYBAYA TA OPTAHIBAIIIIO(T)
CYBBUKOHABIISI(IB) IIPOEKTY
[HCTHTYT NIPUKIAIHAX MPOOIEM MEXaHIKH 1 MaTeMATHKH im.S.C.Ilincrpuraga HAH Vkpaiau

4. OIIUC NNPOEKTY

‘4.1. Mera IIpoekry.

PospoGka mozeneil (OpMYBaHHS HAHOCTPYKTYp 3 JIOMOMOIOIO Ja3epa, BCTAHOBJICHHA GizugHIX
3akoHOMipHOCTel (opmyBaHHS Mopdosorii pocTy, CTPYKTYpH, (i3uKo-XiMI9HHX BIACTHBOCTEH
OJIepKaHMX MaTepiaiB JUif MijeH ra30Bol CEHCOPHKH.

4.2. Ocnosni3asnanns IIpoexry.

[IpoBecT MaTeMaTHYHE MOJCIIOBAHHA nponeciB  (GOpMyBaHHS CTPYKTYpH Ta €IEKTPOHHHX
BJIACTHBOCTEl HAHOTOPOUIKOBHX MarepianiB. BHBUMTH mpounecH iMITyIbCHOI Ja3epHOl pEeaKTHBHOI
TexHoJorii GopMyBaHHS MOIAM(IKOBAHMX HAHONOPOIIKOBHX OKCHHHMX MarepianiB i CTPYKTyp Ha X
OCHOBI Ta BCTAHOBIEHHI KOpeANii MK iX XIMIYHHM CKJIQiOM, MIKPOCTPYKTYpOIO, €ICKTPOHHHMH
BIIACTHBOCTSIMH i iX CEHCOPHHMH XapaKTePUCTHKAMH IO Bi/IHOLIEHHIO JI0 Pi3HAX rasis.

4.3. Jleranwnmii 3mict IIpoexTy:

- CyuacHwuii cTaH Ipo0JIeMH.

IIpo6eMd MOHITOPHHIY HABKOJHIIHBOTO Ta po6OYOro CepeloBHIN i peecTpallis aKTHBHHX rasiB €
BKMBAMA IIPIOPUTETAMH CBITOBOI IIOJTHKH, OCOONMBO JUIs BHCOKO NPOMHCIIOBOPOSBHHCHHX
perionis, ae BenuKa HeOe3leKka BHKHIY TOKCHYIHHX i BubyxoneGesmeynux rasis. Bee e BHKIMKaE
notpefy BIOCKOHAJICHHs 3acC00iB BMMIpDIOBaHHS XiMiYHOTO CKJIaJy HaBKOJHIIHIX Ta MPOMHCIOBHX
ra30BHX CEPEIOBHII i CTBOPEHHS HOBHX, OLTbII €heKTHBHHX 1 HEZIOPOTUX Ta30CEHCOPHUX CHCTEM.

- Hosu3zna IIpoekry. .

OcobjmBicTIO faHOi poGOTH € KOMIUIEKCHMH MifXix M0 BHpIIIEHHS TNPOOJIEMH, IO MOJArae y
MaTeMaTHYHOMY MOJIEJIOBaHHI IIpoleciB  (opMyBaHHS HaHOMarepiamiB 1 11X €JIEeKTPOHHHX
BIACTHBOCTEH, PO3po0Ili Jia3epHOi PeaKTUBHOI TEXHOJIOTII OfepXaHHsd HAHOMOPOIIKOBUX MarepiaiiB i
CTPYKTYp Ha 1X OCHOBi, EKCIEPHMEHTAILHOMY BHBYEHHI OCOONHBOCTE! iX CTPYKTYpH i
OMIHECLIGHTHHX BJACTHBOCTEH Ta 3aCTOCYBAHHI 3aaTeHTOBAHMX JIOMIHECIECHTHHX METOMIB JUIs
JIETEKTYBaHHS ra30BHX YaCTHHOK.

- MeTo1010Tist JOCIiIKEHHS.

B pamiii po6OTi 3 BHKOPHCTAaHHAM METOZIB MOJEKy/IspHOI JMHAMiKH ~Ta Teopil QyHKiioHana
eIeKTPOHHOI T'yCTHHH OyayTh ACTAIBHO po3rIIAHYTI TpolecH QOpMyBaHHS CTPYKTYPH i mMopdoorii
POCTy HAHOYACTHHOK METAIOOKCHIIB Ta BHBUCHI NpOLECH ajcopOImii ra3oBMX YaCTHHOK Ha
HAHOTpaHyJlax. MeToJaMu JOCIIKCHHS dyopecuennii GyayTh BCTAHOBJICHI 3aKOHOMIPHOCTI
(hopMyBaHHS Ta IIPHUPOJA IEHTPIB CBiYCHHs BHOPAHUX HAHONOPOIIKOBHX MarepiaiB.

De OTPUMAHI HAYKOBI ABO HAYKOBO-TEXHIYHI PE3YJIbTATH (z0 2 CTOPiHOK) B
noTouHoMy poui/ B pamkax peasizauii IIpoexry, 30kpema:

5.1. Omnmuc HayKoBHX 200 HAYKOBO-TEXHIYHHX pe3yJbTaTiB, OTPHMAHUX B PAMKAX BHKOHAHHS
TIpoexTy (i3 3a3HAYeHHsM iX AKICHUX Ta KUIBKICHHX (TeXHIYHHMX) XapaKTEPUCTHK)

MeToI0M MOJIEKYJSIPHOI JUHAMIKH MPOBEJCHO MOJEIIOBAHHS npouecis axcopbuii Mosekyn O,
Ha HaHokyiacTepax ZnO NpH Pi3HHX MOYATKOBHX YMOBaxX. BCTaHOBJIEHO, MIO BECh TPOLEC ajcopOmii
MOXHA DO3JITMTH Ha [Ba €TalH, NEPIIMH eTal XapaKTepH3yEThCH IMBHIKAM POCTOM KLJIBKOCTI
ancopbOBaHHX MOJIEKYJI, APYTHH - 3pOCTaHHIM dmykTyauiff B 3MiHi ancopOOBaHHX MOJEKYN Ha
TI0BepXHi 3 9acoM. [Ipu poMy, OLIBIIOMY THCKY ra3y B cucTeMi BimoBinae GiibIna KiTbKOCTI MOJIEKYI
0,, mo aubyHayOTs B 06’eM HaHOKIactepa ZnO, a KpHCTAliYHa CTPYKTypa MOBEPXHi HAHOKIACTEpA
ZnO crae amopdHO0. BCTaHOBNEHO, IO TEHIEHIiT PO3MOALTY 3aJIeXKHOCT] apaMeTpy IHEHTPaIbHOI
cUMeTpii i3 KOHIIEHTPAIli€l0 KHCHIO B cuctemi menme 100 Mosexyn mmojiOHi: BCi BOHH MarOTh
BHpaXeHH# mik B AjamasoHi 0 - 4 A’ mo BKasye Ha T€, IO BOHM BCE IIE i ITPEMYIOTH BiJIHOCHO
KPHCTaJliYHy CTPYKTYpY Ha CBOIH noBepxHi. OfHAK, y BHIAAKY KONM KLIBKICTH MOINEKY] KHCHIO
301LIBIIYEThCA BEIMYMHA ITAPAMETPY HEHTPAIBHOL CHMETpil TOBEPXHEBUX aTOMIB PO3NO/LISETHCS OLTBII



DiBHOMIpHO i 3’SBISIETBCS OMMH OYEBUIHHUHA mik 6mu3pko 11 A° skuii He MOXHA pO3IIISAATH K
KPHUCTATIYHHUH CTaH.

[IpoBe/IeHO JIOCIiUKEHHS METOIOM Teopii dyHKIiOHANA €NEeKTPOHHOI TYCTHHM MPOLECIB
ancop6uii Monekyn pisaux rasis (NH;, CO, O, NO,) Ha noBepxHi HaHoknacrepis (ZnO), (n = 34, 60) 3
Di3HAMH TOYKOBMMH fAedexramMu CTPYKTYpH. JIIA KOXHOrO nedexty Gyn0 MPOBEJCHO ONTHMi3AIliio
(penaxcaiiiio) reoMeTpii CTPYKTYPH a MOTIM Ha IOBEPXHIO 0/[aBAHCh MOJICKY U razis (O, CO, NO,,
NH3). OnepxaHo 3HaYeHHs eHeprii ajcopOuii MONeKyI, IUPUHE 3a00pOHEHOI 30HH Ta IEPEHOCY
‘3apsily Mk acOPOOBAaHMMH MOJIEKYJIaMH | TOBEPXHEIO HAHOKJIACTEPIB JUISl KOXKHOTO i3 NedeKTiB Ta
BCTAHOBJIEHO BILTUB aJCcOpOIii HA €NEKTPOHHI BIACTHBOCTI HAHOKJIACTEPIiB i3 TOYKOBHUMH Je(eKTamu
crpykTypu. Beranosneno, mo monekynu CO i NHj 3G1IbIIYIOTh  KOHIEHTPALII0 OCHOBHHMX HOCIIB
(eNEeKTpOHiB) y CEHCOPHiN CHCTeMi, TOAl K MOJIEKYJIH 0, ta NO,, 3HHKYIOTh iX KOHIEHTpALLO.
Anicopbiiis MOJIEKYJT CIPHYMHIOE TAaKOX 3MCHIICHHS MIMPUHH 3a00pOHEHOI 30HH HAHOKJIACTEPIB.
Haiipiskime 3MEHIIEHHs Ui aKIENTOPHHX MOJIEKYII crocrepiraetbest st Monekynmn NO, a cepent
JIOHOPHHX MOJIEKYJl HAlO1IBIIHI BIUIMB 3/(CHIOIOTH MOJIEKYJIH NH;.

3a pe3yNbTaTaMi [MPOBEAEHHX POOIT MiArOTOBICHO JI0 APYKY Bl HAYKOBI CTaTTi, SIKi IJIAHYETHCSA
nonard B xxypran Applied Nanoscience (IF=3.807).

5.2. 3a HAsSBHOCTI HAYKOBO-TeXHIYHOI MpoAyKuii o0rpyHTyBaHHs il mepesar y nopiBHSAHHI 3
iCHYI0UHMH aHAJIOraMH

Io6ymoBana (hizuko-MaTeMaTHIHa MOJIENb (OpMYBaHHS HAHONIOPOIIKOBAX METATIOOKCH/IHUX CTPYKTYP
TPHIATHHUX JUIsl BUKOPUCTAHHS B Ta30Bill CEHCOPHIL. OnepxaHi pe3ynbTatd OyIyTh BUKOPHCTaHI IIPH
BHBYEHHI TA OOY/IOBi CEHCOPHHUX KOMIPOK ISl ra30aHalli3aTopa.

5.3. IlpakTHuHA WiHHiCTH OTPHMAHHX pPe3yJbTATIB peanizanii IIpoexTy ISl €KOHOMIKH Ta
cycmiabeTBa (CTOCYETHCH NPOEKTIB, IO NepeAdavaloTh NPOBEACHHS NPHKIATHHX HAYKOBHX
JAOCIKEHb i HAYKOBO-TEXHIYHHX P03p0o0oK)

Onepxani pe3y/isTard poGOTH OyIyTh BMKODHCTaHI B IIOJANbLIOMY SIK OCHOBA JUIA MPOBE/ICHHS
TOJAbIINX TEOPETHKO-eKCIIEPUMEHTAILHAX Ta JOCIiHO-KOHCTPYKTOPCHKHX poGIiT 3 BHIOTOBJICHHS
ra30CeHCOPHOI CHCTEMH Ta, BIiANOBIJHO, CepiflHOrO BHPOOHHMIITBA HOBHX KOHKYPEHTOCHPOMOXNHMX
rasoBHX CEHCOPIB.

5.4. Omnuc nUISXiB Ta cnocoliB MOAAILIIOr0 BUKOPHCTAHHS Pe3y/IbTATiB BHKOHAHHS IIpoexTy
B CyCniibHiil MpaKTHIII.

HanocTpykTypu cTBOpeHi Ha 6a3i onepaHHX Ta BMBYCHHX HAHONOPOIIKOBHX MmarepianiB OyayTsb
BHKODHCTaHi Juis [OOYIOBH TIa30CEHCOPHOI CHCTEMH, IO Mae IOKpallleHi  eKcIuTyaTaniiHi
XapaKTEPHCTHKH,  BOJIOJi€  MiHIMQJibHHM  CHCPrOCHOXKMBAHHIM  Ta  HE noTpeOyBaTUMe
Marepiano3aTpaTHHX TEXHOJNOTIH, IO 3HAYHO 3/ICHICBUTH ix BupoOHUITBO. OTpHMaHi pe3yJbTaTH
MOXYTh OyTH 3acTOCOBaHI B raiysi eIeKTPOHIKM Ta TEJNICKOMYHiKallii, mpu BHPOOHHIITB1
ra30HATOBHEHMX JUKEpeN OCBITJNEHHs, y BilicbkoBili cdepi, mpu OOpoTBEOI 3 TEpOPH3MOM, I
CHCTEMHOTO €KOJIOTIYHOr0 MOHITOPHHTY OTOYYI040i arMochepH TOIIO.

Haykosuii kepiBauk IIpoexty

3aBiyBad Biainy Gi3HKO-MaTeMaTHYHOTO

MOJIE/TIOBAHHS HU3bKOBUMIPHHX CHCTEM

[HCTHTYTY NPUKIAJHAX MPOOJIEM MEXaHIKH | MaTeMaTHKH
imeni 51.C. IMincrpuraua HAH Ykpainu (M. JIbBiB), >
JOKTOp (hi3MKO-MaTeMaTHIHUX HAYK, podecop ~=f

JI.1. ITomoBuy



