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Pedepar:

1. MeTo10 JoCiIKEeHHS € BCTAHOBJIEHHSI KOpeJIsiLii MK aTOMHOIO 6yZ,0BOIO Pi3HMX Marepiais Ta ix
'€30€JIeKTPUYHUMU BJIACTUBOCTSIMHU, 1O JO3BOJIUTh €(PEKTUBHUN Bi6ip [T'€30€JIeKTPUYHUX MaTepiajliB Ta TUIIB
MEXaHIYHUX BIUIMBIB Ha HUX. OO'€KT JOCTiIKEHHS: IT'€30eIeKTpUYHi Matepianu. [IpegmeT KOCIiIpKeHHS:
II'€30€JIeKTPUYHI BJIACTUBOCTI JBOBUMIPHUX HaIiBIPOBiHUKIB HA OCHOBI MOHOXaJIbKOreHifiB IV rpymnu (GeS, GeSe),
HAaHOCTPYKTYp Ha ocHoBi HfO2, nosniMmepi L-M0J104HOI KUCJIOTU Ta HeiloHy-11 o0-¢a3u. MeToau nocCifiKeHHs..
ABTOPCBKMI KOMILTIEKC KOMITIOTEPHUX IIPOTPaM, 10 peaidye MOJIEeKyJIsIpHy JuHaMiKy 3a cxemoro Kap-Tlappinesno
3 KBAHTOBO-MEXaHIUHNM PO3PaxyHKOM CHUJI 3 BUKOPUCTaHHSIM MeTony QyHKI[iOHA/y €JIeKTPOHHOI I'YCTUHY i
[ICEBIOMNOTEHLiAIY i3 NEPIINX IPUHLNIIIB, 10 JO3BOJISIE OTPUMYBATH JOCTOBIPHI laHi 3a IPUUHATHUN 4ac Ta 3

IPUMHATHUMU OOUYUCIIIOBAJILBHAMMU 3aTPaTaMu, Ma€ PO3BUHEHI (PYHKIIOHAJIbHI MOKJIMBOCTI BilTBOPEHHS 1



penaryBaHHsl HAHOOO €KTiB, O0YMCIIEHHS! €JIEKTPOHHO-CTPYKTYPHUX XapaKTEPUCTHK, iX aHAi3y Ta Bisyasisaliii,
OT>Xe, peasidye bararoMmaciTabHe MOZeJIloBaHHS. HaykoBa HOBH3HA OJlepKaHUX Pe3yJsbTatiB. Y poOOTi: - OTpuMaHi
HOBI JIaHi I€pepo3NoAily BaJIEHTHUX €JIEKTPOHIB Y IIiIBKaX MOHOXAJIBKOT€HiAiB IV rpynu 3 IapHOIO KiJIbKiCTIO
MOHOIIAPIB (LEHTPOCUMETPUYHMUX) i 3 HEMAPHOIO KiJIbKICTIO (HELLIEHTPOCUMETPUYHMX) IPU MEXaHIuHil Aii. - Bepe
BUMKOHAaHa OLiHKa iHTEHCUBHOCTI IT'e€30€(eKTy Y HAHOCTPYKTYPax Y 3aJIeXKHOCTI Bif ix popmu. Tak, y HaHOIIIBKaxX Ha
ocHoBi HfO2 criocTepirascs nepeposmnoiiyl BaJJeHTHUX €JIEKTPOHIB, 110 MPU3BOJUB MO IT'€30€JIeKTPUYHUX e(PEeKTiB,
TOZi sIK y HaHOKJ1acTepax HfO2 po3nofin eseKTpOHHUX 3apsi[liB 3aJIMIIABCS PIBHOMIPHUM SIK Y MEXaHIUHO
HAIPY>KEHOMY TaK i HEHaINpy>XeHOMY CTaHi, TOOTO Ime30e(eKT He CIIOCTEPIraBcst; - HabyJI0 PO3BUTKY PO3yMiHHS, 110
Jiie oJyH (GparMeHT NOJIiMEPHOro JIaHLora (L-M0JI04HOI KUCIOTH) TUITY O BUSIBJISIE 3aPSIOBY MOJISIPU3ALLilo
IificucTeM BaJIEeHTHUX €JIEKTPOHIB Ta iOHHUX OCTOBIB [IPY MEXaHIYHUX AedopMallisx, a came, 3apsiy, BilCTyIae Bif,
3BMCAIOYMX KiHIIiB TOJIIMEPHOTO (PparMeHTa i BTSITYETHCS B IOrO CEPELIMHY; - BIIeplIe BUSHAYEHO, 10 BILJIUB
3rMHaHHS Ta CTUCHEHHS Y3[J0BXK BYIJIELIEBOTO CKEJIETY I10JIiIMEPHOro BOJIOKHA (L-MOJIOYHOI KMCJIOTH) TUITY O iHAYKYe
y BOJIOKHi 6i/1bIINi1 OJISIPU3ALIIHUY TOTEHLias Hi’)K CKpy4yBaHHS; - HabyJI0 II01aJIbIIOrO PO3BUTKY OLiHIOBaHHS
NOJISIPU3aLiMHOrO IEPEPO3IIOLiNY 3apsay BaJl€HTHUX €JI€KTPOHIB KPUCTAIIYHOTO [10J1iMepy Helsony-11 o ¢asuy,
KOTPUI1 MPU3BOAUTS J10 IT'€30€/IeKTPUIHUX eeKTiB. [TinTBepAKeHO, 110 3apsi], 30CEPEAKEHO B 00/1aCTi

MIXKJIQHIIIOTOBOI B3aeMO/ii, Ika He pyiHyeThCs cabkumu aedopmalismu rnojimepa.

2. The aim of the research is to establish a correlation between the atomic structure of various materials and their
piezoelectric properties, which will allow for the effective selection of piezoelectric materials and types of
mechanical effects on them. Object of research: piezoelectric materials. Subject of research: piezoelectric
properties of two-dimensional semiconductors based on group IV monochalcogenides (GeS, GeSe),
nanostructures based on HfO2, polymers of L-lactic acid and nylon-11 o-phase. Research methods. The author's
complex of computer programs, which implements molecular dynamics according to the Car-Parrinello scheme
with quantum-mechanical calculation of forces using the method of the electron density functional and
pseudopotential from first principles, which allows obtaining reliable data in an acceptable time and with
acceptable computational costs, has developed functional capabilities for reproducing and editing nanoobjects,
calculating electronic-structural characteristics, their analysis and visualization, therefore, implements multi-scale
modeling. Scientific novelty of the obtained results. In the work: - new data on the redistribution of valence
electrons in films of monochalcogenides of group IV with an even number of monolayers (centrosymmetric) and
with an odd number (non-centrosymmetric) under mechanical action were obtained. - for the first time, an
assessment of the intensity of the piezoelectric effect in nanostructures depending on their shape was performed.
Thus, in nanofilms based on HfO2, a redistribution of valence electrons was observed, which led to piezoelectric
effects, while in nanoclusters of HfO2, the distribution of electronic charges remained uniform both in the
mechanically stressed and unstressed state, i.e., the piezoelectric effect was not observed; - it was understood that
only one fragment of the polymer chain (L-lactic acid) of type o exhibits charge polarization of the subsystems of
valence electrons and ionic skeletons during mechanical deformations, namely, the charge retreats from the
dangling ends of the polymer fragment and is drawn into its middle; - it was determined for the first time that the
effect of bending and compression along the carbon skeleton of a polymer fiber (L-lactic acid) of type o induces a
greater polarization potential in the fiber than twisting; - further development of the evaluation of the polarization
redistribution of the charge of valence electrons of the crystalline polymer nylon-11 o phase, which leads to
piezoelectric effects, was made. It was confirmed that the charge is concentrated in the region of interchain
interaction, which is not destroyed by weak deformations of the polymer.
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