PEIEH3IA

Ha qUcepTaniiny poboty binozo Imumpa Bonooumuposuua
Ha Temy: « Buympiwni ma mixncipasni mpingunu ¢ n'ezoenekmpuunux
Keasikpucmanax,
NPEACTABICHY Ha 3100yTTa CTyneHs qokropa dimocodii

3a cnenianbHicTio 113 IlpuknanHa MaTeMaTHKa

Juceprauiiina po6ora binoro JI.B. npucesueHa po3B’a3aHHI0 HU3KH NTUTaHb
CTOCOBHO 0CO0NHMBOCTEH HanpyxeHo-Ae(OPMIBHOrO CTaHy KBa3ikpHCTaliB 3
I’€30€CKTPUYHAMH  BIACTHBOCTAMH, fKi MOXyTh OyTH mnocnabaeHuMH
BHYTpilIHIMH a00 MiDK(a3sHHMH TpilIHHAMH. AKTYAJbHiCTL 00paHoi TeMH
aucepranii 00yMoOBJIeHa HIHPOKHM NPaKTHYHUM 3aCTOCYBAHHAM
KBa3IKPUCTANIYHMX  MOKPUTTIB Ta  BHKODUCTAHHAM  KBa3ikKpHCTANB 3
I’ €30€JIEKTPHYHHM €(PEKTOM Y BHMIPIOBAILHUX MPHCTPOAX, 4 TAKOXK HEAOCTATHIM
piBHEM pO3pOOKH BKa3aHOT TEMATHKH.

OcHoBHa Mera aucepTauiifHoi poOOTH MONAra€ B AOCHIIKEHHI TPIMIMHA MIXK
IBOMA PI3HOPITHUMH I’ €30€IEKTPHYHHMH KBa31KPUCTAJIAMH ITiJ] BILTHBOM ILIOCKOTO
Ta aHTHILUIOCKOTO HABAHTAXKCHHA MEXAHIYHOTO Ta EJCKTPUYHOIO THILY.

Juceprauiiina po6oTa CKIaJAEThCA 31 BCTYMY, YOTHPHOX PO3/LTIB, BUCHOBKIB
Ta CIUCKY JITEPATYPHHX JUKEPEIL.

VY Berymi NpOBEACHO ONMC AKTYalbHOCTi, METH Ta 3aBJaHb IIOCTAaBICHHX B
po0oTi, i HOBU3HH Ta NPAKTHYHOT'O 3HAYCHHSL.

VY nmepmomy po3aiiai BiioOpaK€HO OCHOBHiI €Tald BUBYEHHS KBa3iKpHCTANIB
SK TIOPiBHAHO HEIABHO BiIKPHTHX MarepianiB, JAE€TalbHO OMHCAHO iX CTPYKTYpPY Ta
HaBeleHO knacu@ikauiro. [IpoaHanizoBaHO JOCTYIHI JpKepeia IO TeMi Ta BU3HAYEHO
MaTeMaTH4yHi  MOJENi, 10  OIHMCYIOTh  HanpyXKeHo-Ae(pOpMOBaHHH  CTaH
KBa3IKpUCTalniB, 3 (OKycOM Ha OJHOBMMIpPHI KBa3iKpHCTaliuHi Tina 3
II’€30€ICKTPHYHUMH  CKNafaoBuMu. Takox OYB BHKOHAHMH aHANI3 JiTEpaTypHHX
JDKEpeNn IOAO0 TEMAaTHKH AMCepTamii i Bi3HAYEHO BHECOK aBTOpa AMCEpTalii y
JOCHIPKCHHA KOMIIO3UTHHX Tl 3 YCKIAJHCHMMHM (i3MYHMMH BJIACTHBOCTAMH 3a

HAsABHOCTI Ae(EKTIB IX CTPYKTYPH.



Y apyromy po3giii NOcCHiIKeHa aHTHIUIOCKA 3a1a4a JUls OJHOBHMIPHOTO
GimMaTepianbHOro M'€30€NEKTPUYHOrO KBasikpHCTana 3 MikdasHoio TpimmHOK. B
BOMY PO3MIUT TPEACTABICHI BU3HAYAIBHI CHIBBIJHOIICHHS MJIS AHTUILIOCKOIO
BUMAAKYy OXHOBHMIPHHMX IT'€30CNCKTPUYHUX KBA3iKpUCTANMB 3 iACHTHQIKAIEK iX
(GoHOHHKX Ta (Pa30HHHX KOMIIOHEHT.

Bynu  moOynoBaHi  MPEACTAaBICHHA  KOMIIOHGHT  €IIEKTPO-MPYKHO-
Ae(pOpPMOBAHOrO CTaHy 3a JOMOMOIOK KYCKOBO-QHATITHYHHMX (PYHKIIH, HA OCHOBI
akux Oyna cdopMynboBaHa 3afada JIiHIHHOTO CHpSKEHHS JUId  BHOAJAKY
€IeKTPOINPOBIAHOT TPiMHU. Byno 3HainEeHO TOUHMI aHATITUYHUN PO3B'A30K wiel
3ajadvi, i Ha HOro OCHOBI MpPOBEAEHAa YHCJIOBAa UNOCTpamlis BIUIMBY 30BHIINIHBOTO
MEXaHIYHOro ()OHOH-HABAHTAKEHHA Ta PI3HHX BEIMYHH ENEKTPHYHOIO MOJA Ha
(hoHOH- 1 (Da30H-HANPYKECHHS Ta 3CYBHE BIAKPHUTTS TPIlLIMHH.

Takox OyB NpeACTaBICHHH PO3B'A30K 3a4a4i AHTHUIUIOCKOTO HABAHTAXKCHHS
IS OAHOBUMIPHOrO I'€30€JEKTPHYHOro OiMaTepialsHOTO KBasikpucrama 3
TPILIMHOK MiJ| BIUIMBOM SIK MEXAHIYHOTO HABAHTAXCHHA 1 EJNCKTPHYHOIO MOJH,
NPHUKJIAJACHAX Ha HECKIHYEHHOCTI, TaK i EJIEKTPHYHOrO 3apsaly, PO3MOALIEHOrO
B3I0B3K OeperiB TpillMHU. 18 [bOT0 BUKOPUCTOBYBABCS aHAJITHYHMIA MIAXIA, SKHH
JIO3BOJIMB OTPHMATH TOYHHIA PO3B'A30K i B IbOMY OLIBII CKJIAMHOMY BHIIAJKY.

Y Tperbomy po3gini Oyna posrisHyTa IUIOCKA 3ajava Juli OZHOBUMIPHOTO
GiMaTepiaIbHOTO M'€30€JEKTPUYHOTO KBA3iKpHCTala 3 TYHENBHOK TPIIMHHOIO HA
MEXKIi noAity MarepianiB. Baano oTpuMaHo MaTpUYHO-BEKTOPHI MPEICTABICHHS JUIS
dboHOHHUX i Pa30HHUX HANIPYKEHb, a4 TAKOXK 1A TOXIAHUX BiJ CTPUOKIB (POHOHHHX i
(a30HHMX 3MIILEHD Ta EIEKTPHYHUX MMOTCHIiAIB.

3a JOMOMOroK0 IHX MPEICTaBICHb CHOPMOBAHO 334y JIIHIHHOTO CIPIKECHHA
Pimana — TinsGepra a0 BUNAAKy €IEKTPAYHO HETIPOHWKHOI TPIIWHM, 1 3HAMIEHO
aHaMTHIYHUH pO3B'A30K. TakoXkK, BHKOPHUCTOBYIOYHM MEPETBOPEHHS MAaTPHYHO-
BEKTOPHUX MpPEIACTaBIICHb, CPOPMOBAHO AHAJIOTIYHY 3ajady JiHIHHOIO CIPXKCHHA
IUIA MOZEN ENCKTPUYHO TIPOHWKHOI TPIlWHM, 10 € OiNbIl aJeKBaTHOI [0
IIACHOCTI, i TAKOXK OTPUMAHO AHANIITHIHHIA PO3B'A30K.

IpencraBieHo aHamiTHYHI BHpasH i (DOHOHHHMX i (asoHHHX CTpHOKIB
3MilIEHb B30BXK 001acTi TpillliHK, a Takoxk Juis (PoHOHHMX 1 a30HHMX HATIPYKEHD

B30BXK 3B'A3aHHX YacTHH TMOBEPXHi po34ily MaTepialiB IpH pisHUX BHAAX



eNIeKTPYHUX TpaHMYHUX YMOB Ha Oeperax TpIMHH. 3IIHCHEHO YHCIIOBY
peanisamio OJEpXKaHHX pPe3ylbTaTiB i mpeAcTasicHi rpadivyni Ta TaGnu4Hi AaHi
3anexHocTell (POHOHHMX Ta (PA3OHHMX MONIB BiJ 30BHIIIHBOTO MEXAHIYHOTO Ta
€IEKTPUYHOTO HABAHTAXKEHb.

Y 4erBeproMy po3aijii NPOBEACHO NOCHIDKCHHA TPILIMHH, IO PYXa€ThCA
YyCTAll€HO 13 J03BYKOBOIO IUBHMJKICTIO B OPTOTPONHOMY MaTepiaji mia mieio
30CEPEIKEHNX CHJl Ha Oeperax TpIIWHU. 34 JONOMOTOK) METORY KOMILIEKCHUX
HNOTEHIIAiB T4 3aMiHM KOOPOMHAT 3a1a4a 3BOAMTHCA N0 HEOOHOPIAHOI 3axadi
NiHIHHOrO copspkeHHsA. ByB 3HaligeHuii aHaliTHYHHMH pPO3B'A30K 3anadl, AKUi
JO3BOJIMB OTPUMATH BHpPa3W i HANPYXKCHb 1 TICPEMINICHP B OKONi (PPOHTY
TPILLHHH.

YucnoBa peamisallii aHaJITHYHOTO PpO3B'A3Ky Oyna mnposeaeHa Ui
OPTOTPONHOTO BYIVICIUIACTHKA 3 PISHAMH IHTCHCHMBHOCTAMH  30BHIIIHBOTO
HABAHTAXKCHHA Ta Pi3HHMH [03BYKOBHMH IIBHAKOCTAMH pyXy TpilmHH. Bynu
noGyaosaHi rpadidyni 3aMeKHOCTI HOPMAIBHOIO HANpYXKEHHA Meped (GpoHTOM
Tpinman. BusisieHo, Mo HanpykKeHHA HEOOMEKEHO 3POCTalOTh NpH HAGIMKEHHI 40
BepuiMHU TpimpHH. Takok OyB MPOAEMOHCTPOBAHUHN PICT PO3KPUTTS TPIIMHH IIPH
30LIBIIEHH] IIBUAKOCTI ii pyXY.

VY BHCHOBKaX BHKJIAACHI OCHOBHI pe3ynbratél pobotu. ChnMcOK miTepaTypHHX
JDKEpEN, 3 MO€l TOYKH 30py, JOCHTh MOBHO BioOpakae CTaH CIIpaB [0 TEMATHII
aucepTauiiaoi poboTu.

Otpumani pe3yibTaT AOCHDKEHHS MAIOTh HAYKOBY HOBH3HY. Briepme Gynu
pO3B'A3aHi HOBi 3ajMayi, 30KpeMa, AN TYHEIbHOI €IEKTPHYHO MPOBIAHOI TPILIMHH
B3JIOBK MEXi PO3Iiy IBOX 34YCIUICHUX OJHOBUMIPDHHX II'€30€IEKTPUYHUX
KBa3IKPHCTAMIYHUX MBAPOCTOPIB MiA AICI0 BiAAANCHHX PIBHOMIDHO PO3HOAUICHHX
AHTHILTOCKHX (JOHOHHHX Ta ()a30HHHX 3CYBHUX HANPYXKEHb Ta EICKTPHYHOTO OIS B
IUIOLIMHI, NEPICHAUKYIISAPHINA QPOHTY TPILIHHU.

Takoxx Oyna JgoCHiKEHA AaHTHIIOCKA 3ajaya JUId  EJEKTPONPOBiAHOI
MiK(pasHOi TPIIMHA Y M'€30€IEKTPHYHOMY KBa3iKpUCTANi, SKUH 3HAXOMWTHCH Mif
BIUITMBOM K (DOHOHHOTO MEXAHIYHOTO HABAHTAXKEHHS Ta €JNEKTPHUYHOTO IOJS, TaK i
eNEKTPHYHOrO 3apsay, posnojineHoro 6e3nocepeiHbo B3A0BK Oeperis TPillHHu.

Jing BMNAjKiB €IEKTPUYHO TPOHHUKHHX 1 ENEKTPHYHO i307bOBaHHX Oeperis



TPINIMHA BMKOHAHH{ aHANITHYHMI aHaM3 IUIOCKOI 3a4a4i Teopii MPYXHOCTI A
IT'€30€JICKTPHYHOr0 KBa3iKpHCTala 3 TPIMHOK, Oepern AKoi OpTOroHANbHI KBa3i-
NIEPIOIMYHOMY HANPAMKY PO3MIlIEHHS aTOMiB KPUCTANIYHOT PELIITKH.

JOCHIIKEHO TPILHHY, IO PYXA€ThCA YCTAJICHO 3 J03BYKOBOI HIBHAKICTIO B
OPTOTPOIHOMY MaTepiai Miji Ji€r0 30CEPeKCHUX CHIL, IPHKIAACHUX JI0 ii OeperiB.

OtpuMaHi aHaNITHYHI PO3B'A3KM MalOTh NPAKTHYHE 3HAYEHHN, OCKiJILKM
BOHH € TOYHHMH aHAIITHYHUMH. Lle 103BONs€ BUKOPUCTOBYBATH iX fK CTAIOHHI MPH
TPOBEJICHHI EKCIEPUMEHTANBHHUX NOCHikeHb ab0 mpH po3pobui Ta ampoGaiii
YHCIIOBHX METOLAIB Ui OO'eKTIB 31 CKIHYEHHMMH pO3MIpaMH, IOB'3aHHUX 3
npoOieMaTHKOI JaHol poO0OTH. Pe3ynbraTH CHPUATHMYTh BIOCKOHAJICHHIO
HAYKOBHX JIOCIIDKEHb Ta I0MOMOXKYTb B pO3p00Lli HOBUX METO/IIB Ta TEXHOJIOT .

Juceprauniiina poGota BukoHyBanack y 2018-2023 pp. y BiamoBigHocTi 3
IHIMBiAyalbHMM IUIAHOM [IATOTOBKH acmipanta Ka(eApH TEOPEeTHYHOI Ta
KOMII'FOTEPHOI MeXaHiku JIHINPOBCLKOIO HAaLliOHATLHOTO YHIBEPCHTETY iMeHi Onecs
I'onuapa, a Takok B HAyKOBO-ZOCHiAHIH naGoparopii MeXaHIKM pyHHYyBaHHA Ta
IUIACTHYHOrO JaeopMyBaHHA MaTepiauiB KadeapH TEOPETHYHOI Ta KOMI IOTEPHOT
MEXaHIKH MeXaHiKo-MaTeMaTngHoro ¢axyasrery JIHY B pamxax nep:kOo/KeTHHX
TeM 1-335-18 «Po3paxyHkoBi MOAENI I’ €30€IEKTPHYHHUX Ta 1" €30€IEKTPOMAarHiTHHX
KOMIIO3WTIB 3 TpIIMHAMH HAa MEXI MOAUTYy MarepiaiiB», HOMEp HCpKaBHOL
peectpaii Ne 0118U003302, 2018-2020 pp. Ta 1-655-21 «Mogeni Ta Meromu
BH3HAYEHHS [1apaMeTpiB PyiHYBaHHS I’ €30aKTHBHHUX Ta I €30MaCHBHUX KOMITO3HTIB
3 gedexraMM Ha Mexl NOAULy MarepialiB», HOMEP JAEPKaBHOI peectpaiii
Ne 01210109767, 2021-2023 pp.

Tema nuceprauii BinoOpaskeHa aBropoM y 5 crarrax. OnHa 3 HEX omyOmikoBaHa
Y BHIaHHI, AK€ BKIIOYEHO 10 HAyKOMETpH4HOI Gasu nmanwx Scopus. Yorupu iHmi
CTaTTi BXOIATh IO TEpENiKy HaykoBUX (axoBux BHAaHb YKpaiHu. OCHOBHI
pE3yNbTaTH HOCHIUKEHHS aBTOpa € caMoCTiiiHuMu. BBaxaro, mo wui mny6umikarii
JOKJIaTHO BUCBITIIOIOTE 3MICT po0GOTH Ta 1 KITFOYOBI ITONOKEHHS.

OCHOBHI MOJIOKEHHA Ta PE3yJIbTaTH AUCEPTALiiHOT po0OTH AomoBiga HCH
oOropopioBajHcs Ha [IJCYMKOBHX HAYKOBHX KOH(epeHuUisx JIHIMpoBCHKOro
HalioHanbHOro yHiBepcurery imedi Ounecs T'onuapa nporsirom 2019-2022 pp.; a

TaKOX Ha TPHOX MIKHAPOJAHUX KOH(PEPECHIIAX.



Pyxomuc nucepranii bimoro JI.B. HanmcaHo yKpaiHCBKOIO MOBOIO Ta
o(hopMIIEHO BiAMOBIAHO 10 iCHYI0YHX BHMOT. OTpHMaHI pe3ynbTaTH JOCIDKCHHS 32
3MiCTOM TIOBHICTIO BiNOBia0TH crienianbHocT! 113 ITpuknanna maremaTuka.

Y xoi 03HalOMICHHA 3 pOOOTOI0 BUHMKIIN TaKl 3ayBaXKCHHS:

1. V piBugnnHax (2.53) ta (2.54) mnpeAcTaBiCHHI 3arajbHi BHpasu Ui
KOMOiHalliii nepeMillieHb Ta HAMpyKEHb, ajie B poOOTI HE OMUCAHO fK 3 LUX
3arajlbHUX PIBHAHB OyJO OTPUMAHO KOXHE 3 TPHOX HEBIIOMHX 3HAYEHb
CcTpuOKiB mepeMilleHs Ta CTPUOKIB HANpYXKEHb, YHCIOBi 3HAYEHHS SKUX
HABEJEHO Jali B po3aini 2.5.

2. Po3B’A30K, HABEICHMIA B TPETHOMY PO3/LIL, JO3BOJUB IIPEACTABUTH IpapidyHO
YHCJIOBHI PO3B’A30K 3a4a4i Ul €JEKTPUYHO MPOHMKHOI TPIIMHA MiXK BOMa
pisHumMH 1D rexcaroHaibHMMH 11'€30€TICKTPHYHUMH KBasikpHcTalamu. [Ipu
bOMY Ha pHC. 3.9 300paxeHO BiJl’€MHI 3Ha4CHHA CTpHOKa nepemiiieHs. Ha
’kajb, ONMHMCY LBOTO fBUINA HE MpuiiieHa HanexHa ysara. Cmig Oymo 6
JETAbHIIIE OMHCATH, AKUN CEHC MAalOTh Bifi’€MHI CTPUOKH IEpEMIIICHB,
4OMY BOHHM BUHHKAIOTh 1 SIK IX YHHKHYTH.

3. V dopmymni (2.7) Bunepiue BBOAMTHCA KOMa 3 BIITIOBIOHHM IHAEKCOM, fKa
03HavYa€e JuQepeHIiloBaHHS MO 3MiHHiH, NOB’A3aHil 3 M inaekcom. Ilicus
dopmynu (2.7) cunig Oyno © HaBecTH MOACHEHHS CTOCOBHO CEHCY TaKOro
TIO3HAYCHHS.

4. B poboti 3ycTpivaioThcs HeBaadi ¢opmymoBaHHs Ta onuckH. Hampukian,
«TIpeacTaBlicHe BHIIEC PO3B’SI3KH B 4acTWHI 1.4» Ha modaTtky OyHKTY 2.5;
nocunanHs Ha cuctemy (9) 3amicts (4.8) B kiHi cropinku (90); mocunaHHs
Ha Ta61. 3.1 3amicTs 4.1 B nyHKTI 4.3.

OjHak, CyTTEBMX HENONIKIB, fAki 3MeHmyBama 0 uinnicrs pobotTn, HE
BUABNIEHO. 3poOiieHi 3ayBakeHHA 1 MOOakaHHS HE BIUIMBAIOTh Ha 3arajibHy
MO3UTUBHY OI[IHKY AHCEPTALiHHOT POOOTH.

BuknangeHe AEMOHCTpYe, IO I AMCEpTaliiiHa poboTa € pe3yabTaToM
CAMOCTIIHOrO Ta 3aBEPIUICHOr0 HAyKOBOTO JOCTIKEHHA. BOHA XapaKTepu3yeThCs
aKTyaJIbHICTIO 00paHOi TE€MH, HaAyKOBOIO HOBHM3HOIO, JOCTOBIPHICTIO OJIEpXKaHHX
pe3yNbTaTiB Ta YiTKAMH BHCHOBKaMH. JlucepraiiiiHa po0oTa Mae K TEOPETHYHY,

TaKk i mpakTHYHy IiHHiCTE. TemaTnka poGoTH BiAmoBizae crnenianbHOocTi 113



Ilpuknanna MaTemaTHka.

Beaxaro, mo gucepraniiina poGora binoro [Imutpa Bomogumuposmya
«BHyTpimmi Ta Mik(asHi TPIIMHA B 1 €30€JEKTPHYHMX KBa3iKpHCTalax», II0
NpeicTaBieHa Ha  3100yTTs CTymeHa AokTopa (inmocodii 3a coemianbHICTIO
113 TpuknagHa maTeMaTHKa BiANOBifa€ BCTAHOBICHHM BHMOTaM BiJNOBiZHO
Hakasy MOH Vkpainu Ne 40 Bix 12.01.2017 p. «IIpo 3aTBEpIaKEHHS BHMOT JIO
oopMmiIeHHS qucepTalii», «[TopaaKy NpUCYIKEHHS CTYIeHs JoKTopa (inocodii Ta
CKacyBaHHS pIllIEHHS pa30BOi CreNiani3oBaHOl BUSHOT pay 3aKJIaay BHIIOI OCBITH,
HayKOBOI YCTaHOBH NPO MPHCYIKEHHS CTYNEHd JoKTopa (uiocodii» (IToctanosa
KaGinery MinicTpiB Vkpainun Ne 44 Big 12 ciuag 2022 p. 3i 3MiHaMH Bij
21.03.2022p.), a i asrop Dbumi Jmutpo BoJOoaMMHpPOBHY 3acCiIyroBYy€
MPHUCYKEHHA CTyNEHA JoKTopa ¢urocodii 3a cnewianbhicTio 113 Tlpuknaana

MaTcCMaTHKa.

Penensent
JOKTOP (Pi3UKO-MAaTEMAaTHYHHX HAYK, npodecop,
npodecop KadeapH TEOPETHYHOT Ta KOMIT FOTEPHOT MEXaHIKH
JIHIPOBCHKOIO HALIOHAIBHOTO YHIBCPCHTCTY
imeni Onecs 'ondapa P Erepi APT
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