BIAT'YK
odinifHOro OMOHEHTa Ha pEcepTalliiiHy podoTy
Binoro Jimutpa BomoguMupoBria

«BuyTpimui Ta Mixkdasui TPilIMHHA B N'€30€1eKTPHHHX KBa3iKpHCTAJIAX),
oaHy Ha 3100y TTs HayKOBOTO CTYTICHA nokxropa dinocodii 3a
criemianpaicTio 113 INprkiragna MaTeMaTHKa

AKTyaJbHICTb TEMH JAucepTaii. HE
[Tpobiemu, [0 pO3TISHYTI B nucepraliiniii podori bizoro II.B. €, Ge3 cymHiBy,
AKTyaNbHUMH, OCKIIBKH KBasikpucTaqy 3 I €30€JEKTPUTHOIO CKJIAJIOBOI0 OCTaHHIM
4acoM IIMPOKO BMKOPUCTOBYHOTBCA Ha TIPAKTHIL{ i 9acTO MPHIMHOIO ix pyiiHyBaHb €
nedeKTH Ha MeXi TOATY MarepiaiiB — TPIIMHA, BKIOYCHHI i .. JlochiKeHHs
npo6iieM py#HyBaHHS TaKIX MaTepiaiB MOYauoch MOPIBHAHO HEMABHO i npUCBSYEHE, B
OCHOBHOMY, TpilllMHaM B OJTHODIiHYX KBa3iKpHCTaJax. [le 0GYMOBIEHO CKIAIHICTIO
MaTEMATHUHUX MOjenel 3a/1a4, 10 BUHAKAIOTH IPH JOCHiPKeHHI poOIeM MeXaHIKK
pyHHyBaHHS JUIsl TPIIIMH Ha Mexi TTOJIiJTy Pi3HHUX I €30eTEKTPTHIX KBa3iKpUCTATIYHAX
marepianiB. B mauiit poGOTi PO3TIAHYTI SKpa3 Taki 3a7a4i 9K y aHTHUIUIOCKOMY, TaK i
ILIOCKOMY BHII2JIKaX MEXAH{THOTO Ta ENeKTPUTHOTO HaBaHTaXeHb. Pe3ylIbTaTH OTPUMAaH]
B QHANITHYHOMY BHIJIS, 3pYYHOMY ISl MPAKTHIHOTO BUKOPUCTaHHS, IO JOJaTKOBO
MiKpecIIoe 1X BAXJIUBICTb.

3B’5130K poGOTH 3 HAYKOBHMMH NporpaMamMH, [LJIaHAMH, TEMAMH. AKTYaIbHICTD
JMCepTAIiiHOi POOOTH MiATBEPIKYETHCA TaKkOX THM, IO BOHA BHUKOHYBalIaCh y
BiAMOBINHOCTI 3 IUNIAHAMH HAYKOBHMX NOCHTIKEHb B HayKOBo-nocninHiﬁ naboparopii
MeXaHiky pyMHyBaHHSA Ta IUTaCTHYHOTO neopMyBaHHs MaTepianiB Kadenpu
TEOPETHYHOI ~ Ta IPUKJIAHOI MEXaHiKH MEXAHIKO-MATeMAaTHYHOTrO  (aKyJIbTeTy
JIHimponeTpoBCHKOro HAIIOHATBHOI'O YHIBEPCUTETY imeni Omnecsa 'oHuapa B paMKax
JEpKOIOKETHUX  TEM 1-335-18 «Po3paxyHKOBI MOJENl II'€30€CKTPUIHIX Ta
11’ €30€NeKTPOMArHITHIHX KOMIIO3HTIB 3 TPillIAHAME Ha MEXI TIOJIiJTy MatepiajiBy, HOMEP
JepkaBHOI peecTpalii Ne 0118U003302, 2018-2020 pp. Ta 1-655-21 «Mogpeni Ta
METOJ¥ BH3HAUEHHS IApaMeTpiB pyHHYBaHHA ’€30aKTHBHAX Ta II’€30MACHBHHUX
KOMIIO3HTIB 3 IepeKTaMK Ha MEXi IOy MaTepianisy, HOMep JepKaBHOI peecrpatii N
01210109767, 2021-2023 pp.

®opmyTIOBAHHS HAyKOBOI 3anadyi, HOBE BUpIlIEHHS $IKOI oOJepkaHe B
nucepTanii. Mema po6omu MOJATAE B JOCITiKEeH ] TPIIHKE MK JBOMA PI3HOPIAHUMH



[’ €30eIeKTPUYHAMH  KBa3iKpUCTATIaMH [mij BIUIMBOM IUIOCKOTO Ta aHTHILIOCKOTO
HABAHTAXEHHS MEXaH{4HOTO Ta EJICKTPUYHOro THILY, & TAKOX PyXOMOi TpPILIMHU B
aHi30TPONHOMY Marepia.
JUist IOCSTHEHHS LI€T METH aBTOp BUPIIIMB HACTYIIHI OCHOBHI 3060aHHSL:
- TpeACTaBUB (boHOHH, ¢azonni Ta eNeKTpHYHI ~ XapaKTepUCTHK  JUIA

GiMaTepiasbHOTO Tijia Yepes KyCKOBO-aHAII THHI ¢yHKuii a1 IUIOCKOTO T2
AHTUIUIOCKOrO BAJIB 30BHIIIHBOIO HABAHTAKEHH,

. 3 BUKOPHCTaHHSM ONEPKAHHX TMPENCTABICHD chopmyoBaB Ta aHAJII TAYHO
po3B’s3aB 3324l NiHIHHOTO CHpsDKCHHA, IO MAKOTH Micile Tpd IUIOCKi# Ta
AMTHIDIOCKi# TIOCTAHOBII 3a/1a4 U1 OimMarepiaIbHOTO TiNa 3 TpillMHAMH Ha Mexi
TI0/1iTy MaTepiais;

- omepXaB aHANITHYHI BUpasUH I doHOHHHMX, (A3OHHHX Ta ENCKTPUIHHUX
KOMIIOHEHT B OiMaTepiaibHOMY TiTl Mg €0 MEXaHiYHOTO HaBaHTAXKCHHA Ta
eNEKTPHIHOTO TIONS, 8 TAKOXK BU3HAIHB KOEDILIEHTH iHTEHCHBHOCTI HaIPyXCHb
Ta eNEKTPAYHOrO MOJL;

- moGymyBaB aHATITHIHHH pO3B’S130K 3a/1a4l I aHI30TPOIHOTO TijIa 3 PyXOMOIO
TPIIIHHOIO i A€o BiAAaICHOIO CTaLiOHAPHOT'O HABAHTAKEHHS.

Bsaxaro, 110

- 00’€km O0O0CHIOJNCEHHA — Hanpymeﬂo-ne(bopMOBaHHﬁ CTaH II’€30€JIEKTPUIHHX
KBa3iKpUCTAIIB 3 TPIIMHAMA Ha Meski TIOJIiTy MaTepiajiB Ta

- npedmem OOCMIONCEHHS — [UIOCKi Ta aHTHILIOCKI 3a1a4i U1 Mix(da3HUX TPIUHH Y
KBa3ikpucTagax i3 I €30CJICKTPUIHOO CKJIAIOBOIO AJIEKBATHO BifloOPaXkaIOTh
KOJIO 3aBIaHb, 9Ki pO3B’s3yIOTCS B naHiii poOoTi.

HaykoBa HOBH3HA OTPHMAHHX aBTOPOM pesyabratis. Bpaxaio, WO HayKOBd
HOBH3HA OJIEKAHMX PE3yJIBTATIB MOJIATAE B HACTYIIHOMY:

1. Briepmie po3B’s3aHO 3ajady UL TYHENBHOI EJIEKTPHIHO IpOBIHOI TPIIMHHA
B3OBX MeXi TOAUTy JBOX 3HCILICHHUX OJHOBUMIpHHX I’ €30€NEKTPUTHAX
KBa3iKPUCTATIYHUX MiBOPOCTOPIB it J€I0 BiaJIeHUX PiBHOMIpHO PO3MOALIEHIX
anmunnockix GOHOHHUX Ta Ha3OHHIX 3CYBHUX HATIPYHKCHD Ta eJIEKTPUIHOTO MO
B IUIOIKHI, TePIEHIUKYIAPHiK GPOHTY TPILMHH.



2. Jlnd aHTHMIUIOCKOI 3aj]jadi, PO3IJIAHYTOI B IIONEPEIAHBOMY IIyHKTi, BPaxOBaHO
enexmpuynii 3aps0, po3NoineHui B3oBxk Oeperis TPIIUHM.

3. AHAJTITHYHO PO3B’A3AHO HOGY NIOCKY 3a0ayy JUIs EIEKTPHIHO IIPOHUKHOI TPILMHH
HA MeXi MOALTy JBOX HANIBHECKIHYEHHMX OJIHOBMMIPHHX 1’ €30€JIEKTPUYHAX
KBa3iKpUCTANYHUX [IBIPOCTOPIB Il A€ BiAJATCHHX PIBHOMiPHO PO3IOILIEHHX
(GOHOHHMX HOPMAJIBHUX Ta 3CYBHUX HAIPY>KEHb, & TAKOXK (ba30HHOTO HANPY KEHHS
Ta EJIEKTPHYHOTO 3MiIIEHHS].

4. TIpoBeCHO aHAJITHYHE NOCIHi/PKEHHS TPIIMHM, L0 PYyXa€ThCs YCTAIEHO 3
I03BYKOBOIO IIBUIKICTIO B OPTOTPOIIHOMY Marepiai mij Ai€ro 30CepeIKEeHIX CH,
npuknafieanx a0 ii Oeperi. BcraHoBieHi OCOOJTMBOCTI HAmpy>X€Hb B TOYKax
(GpOHTY TPIIIMHHM Ta HpOih\gC;FpOBaHi 3aJIe)KHOCTI HAIpy>KeHb Ta HePeMilleHb Bil
30BHIIIHBOrO HABAHTAXKEHH: Ta IIBU/KOCTI PyXy TPiIMHH.

IIpaKTHYHE 3HAYEHHS O/leP/KAHMX Pe3yJIbTaTiB. Po3po6iieHi B poOOTI METOIH i
ANTOPUTMH JIO3BOJISAIOTH IOCIiKYBaTH (GOHOHHI, $a3oHHI Ta eNeKTpUYHi MONs B
I’ €30ENeKTPHYHUX KBa3ikpucTamiuaux Oimarepianax 3 MixGha3HUMH TPIIEHAMH.
OrpuMaHi B ABHOMY BHIJISLA (POPMYITH JUIsl HAIIPYXKEHb Ta 1X koedirieHTiB iHTEHCUBHOCTI
J03BOJISIOTH OL[IHUTH BILIMB 30BHIIIHIX YAHHHUKIB Ha I1i BEJIMYUHH i THM CaMHUM CIIPUSIOTH
Ti/IBUIIEHHIO TPIIIMHOCTIHKOCTI KOHCTPYKIiH, BHTOTOBIEHHX i3 KBa3iKPUCTATIIYHUX
martepianis. Todni aHaniTH4Hi PO3B’A3KHM, OTPHMaHi B poOOTI MOXYTh CIyXHTH
eTAJOHHMMM OpHM po3pobmi I ampobarii 4YuCenbHUX METOiB PO3B’sI3aHHS 3akad
BKA3aHOT'O KJIACy IS TUT KiHIEBUX PO3MipiB.

OOrpyHTOBaHiCTh i AOCTOBIPHICTL HAYKOBHMX I0JIOKEHb, BHUCHOBKIB i
pexoMenaanii, AKi 3aXMIIAIOTHCS. Juceprariiiina po6oTa BiANOBia€ BUMOraM 0O
JOCIiDKEHb TaKoro piBHs. POOOTY BUKOHAHO Ha HATIEKHOMY HAYKOBOMY piBHI.

Beaoicaio, w0 OIEPXaHi pesyisTaTd B JOCTaTHi Mipi € OOIDyHTOBaHWMH i
nocroBipauMu. Lle 3a0e3redyeTses CTPOTICTIO Ta KOPEKTHICTIO IOCTAHOBOK 3ajad,
BHKOPHCTAHHAM TOYHMX METOLiB Teopil GyHKI[iH KOMILTEKCHOT 3MIiHHOT U 1X
PO3B’SI3aHHS, ‘BiNOBIAHICTIO OJIEPKAHMX PO3B’s3KiB PE3yJIbTaTaM IPOCTHX GiznyHuX
MipKyBaHb.

OcobucTuii BHECOK 3100yBaya. YCi pe3ynbraTH JUcepTaliiiHoi poOOTH, M0
BUHOCATHCS HA 3aXKCT, OTPHMAHi aBTOPOM 0coOHCTO 260 3a HOro 6e3nocepeiHbOro
yuactio. JluceprariifiHa po6oTa € 3aBEpIIEHUM JIOCIIDKCHHSIM, BUKOHAHUM aBTOPOM
CaMOCTIHHO BiAMOBIAHO IO NpPOrpaMH MOro HAYKOBUX MOCHIKEHb. 30Kpema,
JUCEePTAHTOM IIPOBENCHO MONTYK Ta aHaii3 JiTepaTypHUX IDKEpe, no0yznoBa



AHATITMYHMX PO3B’S3KiB  COOpMYJBOBAHHX — pasoM i3 HayKOBMM KE€PIBHHKOM
MaTeMAaTHYHUX MOJIeNeH, iX YucenbHa peajrizarisi Ta iMOCTpALis ONEPIKAHIX pe3yJbTaTiB.

Ctpykrypa Ta obcsr mucepTanii. Jluceprailiiina pobota BKIOYAE BCTYT, 4
PO3/1iJTH, BUCHOBKH Ta CIIMCOK BUKOPHCTaHMX JKEPEIL, 110 Mmictuth 120 HaliMEHYBaHb Ha

13 cropinkax. 3aranbHu# 00CAT muceprarii — 112 CTOPiHOK, 00csT OCHOBHOT'O TEKCTY —
102 cropinku. Pobota mictuts 30 pucyHKiB Ta 4 TaGNUIL.

Y BCTYITi BUBHAYEHO METa JOCI/DKEHHS], HayKOBa HOBH3HA OJICPKAHMX PE3yJIBTATiB,
iX paKTHYHE 3HAYCHHS, BU3HAICHO ocoOucTHi BHECOK 3100yBaya.

Y nepmoMy po3fisii HaBEACHO MaTeMaTHYHI MOJe, 110 OMUCYIOTh HalpyXKCHO-
nebopMiBHUH CTaH KBa3iKpUCTAIiB 3 OCOOJIUBIM aKIECHTOM Ha BUIIAOK OJ{HOBUMIPHHX
KBa3iKpUCTaJIiYHUX TiJ Ta IPOBEIECHO aHai3 JTOCTYIIHUX JUKEPEI 32 TEMOIO JmcepTarii.

YV gpyromy po3misi pO3po0NEHO METOJMKY Ta 106y IOBaHO AHAJIITHYHUH
PO3B’S30K  AHTHIUIOCKOL 3amayi A OJHOBHMIpHOTO OiMaTepialbHOTO
11’ €30€JIeKTPAYHOr0 KBa3ikpucTania 3 MivkdasHOrO TpilmHOW. [IpOiTFOCTPOBAHO BILTAB
30BHIITHEOr0 MEXAHITHOrO (DOHOH HABAHTAKEHHS! 1 PI3HUX BETHIHH eJIEKTPAIHOTO I0JIs
ria GOoHOHHI i (a3OHH] HANPYKEHHS T4 3CYBHE BiAKpUTTS TPiliHKU. BpaxoBaHO TAKOXK
eNeKTPHYHH# 3apsii, PO3MOALICHHA] B3IOBK OeperiB TPiIUHA.

Y TpeThOMy pO3ZiNi PO3B’A3AHO  IUIOCKY 3ajady s OJHOBHMIPHOTO
GimMaTepiabHOTO 11’ €30€IEKTPUIHOTO KBa3iKprCTana 3 TYHEIBHOIO TPIlMHOIO Ha Mexi
mofiny Marepiaiis. PO3ITIAHYTO BHIAIOK NEKTPAYHO HETPOHUKHOI TPilUHY, ajie
OCHOBHA yBara TpHAiTEHA MOJENi eNeKTPATHO IPOHWKHOI TPILIHHY, K& € OinpI
a/[eKBaTHOIO 710 AiiicHocti. OTprMaHi QHANITHYHI BAPA3H JUIA BIAKPHUTTA TPILMHY,
Hanpy>keHb Ha i IPOIOBXKEHHI Ta 1X koe(ilieHTiB IHTEHCUBHOCT. .

V uerBepTOMY pO3JiNi JOCIIKEHO TpIllMHM, IO PYXaeThCs YCTAICHO 3
JO3BYKOBOIO LIBHJKICTIO B OPTOTPONHOMY MaTepiani Imij Ti€r0 30CepeLKEHUX CHIL
MPUKIAJEHHUX 10 OeperiB TPiLAHM. 3HaieHo aHAIITHIHUI PO3B’A30K BKa3aHOI 3a7a4i,
HA OCHOBi SKOIO OTPUMAHO BMpa3u IJisd HAanpyXCHb B okosi QpOHTY TpIIIMHH Ta
Eep/QMiHJ;GHB ii Oeperis.

BI/ICHOBKiI 1o poOoTi YiTKi, JOriYHI 1 BUIUIMBAIOTH i3 TEOPETHYHHUX AAHUX Ta
pe3yIbTATIB YHCETHHOTO aHalli3y, MPOBEACHOTO ABTOPOM.

[IpoTe 0 AUcepTaLiiHOl pOOOTH € JIesKi 3ayBaXKEeHHSI.

1. 3 MO€i TOYKHM 30py HaMOINBII BaXIUBHM pE3yJIbTATOM poOOTH € aHaJTH4HEe
NOCTi/DKEHHS. eIEKTPHYHO IIPOHMKHOI TPIlUHA Mix pgBoma pisHaME 1D
FeKCATOHAIBHAME I’ €30€JeKTPUYHIME KBa3ikpucTanamy, MO TIPOBEACHO B
myHKTax 3.5-3.7. Ipu upomy ciifi 0yi1o 6 BKA3aTH, Y4 MOXITMBHM NOAIOHUH aHai3



JUTS {HIIMX BAB €JIEKTPHYHMAX TPAaHAYHAX YMOB Ha Oeperax TPillliHH, HATIPUKIIA,
JUISL €IEKTPOI30JILOBAHOI Ta €IEKTPOIPOBiIHOT TPIIIMHH.

2. B moscHenHi 10 prcyHka 2.6 Ha cropinmi 58 Bkasyerscs, IO Ha puc. 2.6(a)
Mokasana 3MiHa (JOHOHHOTO HAIIPy KEHHs B OKOJII IPaBOi BEPIIMHM TPIlIMHH, & Ha
2.6 (6) - 3MiHa (ha30HHOTO HANpPYKEHHS B L1ilf 006;1aCTi. B Tol K€ yac y miinuci mix
MM PHCYHKOM BKa3y€ThCsl NPOTHISXKHE, a caMe, IO PUCYHOK (a) Lmoctpye
dasonHe HampyxerHs, a (6) — doHoHHe. 3  aHaNi3y pe3yJNbTATIB MOXHA
3J[0TaIaTUCh, IIIO TIPABHIBHKAM € IIEPLIKI BapiaHT, ajie CIIijl e MiJATBEPAUTH.

3. B ykpaiHOMOBHiii JiTepaTypi OJMHHIS EJICKTPUYHOIO 3apafy «KyJIOH»
nosHauaerses sk «Ki». Take Mo3HaueHHS BHKOPHCTAHO i y Oimpimid YacTHHH
mucepraii, ane 'y Gopmyinax (2.55), (2.56) mis 1p0ro mo3HayeHHs BUKOPUCTAHO
«K». AHaNOri9Ho y 6ipmocTi po3/iiB aucepranil cTprOoK QyHKIii py nepexoai
yepe3 BiCh X, TMO3HAYAETHCS KyTOBHMH TyKKaMH, a B (3.22), (3.23) ui CTpUOKH

MO3HAYEeHI KBAApATHUMH ayxkkamd. Taki HeBiANMOBifHOCTI B JesKid Mipi
YCKIIAJIHIOIOTH PO3YMiHHs POOOTH.
4. B TekcTi poOOTH 3yCTPi4atOThCS ONUCKY, HAPHKIIA/:
- cTopidka 23, psaaok 8: 3aMiCTh «pHC. 5» MOBUHHO OyTH «puC. 1.3»;
- cropinka 45, nepen (2.22): 3amictb (21) mourHO OyTH (2.21);
- cropinka 53, puc. 2.2 (a) i (6): «x_1 (M)» OpUBOAMTECS 10 2 pasu Ha
KOXXHOMY PHCYHKY.

5. Y dopmymni (2.9) Briepiue BBOAUTBCS PUCKA IS TIO3HAYEHHS ONEPAIlil CIIPsDKEHH
dyHKIi] KOMIUIEKCHOT 3MiHHOI. X04 Takuif CIOCi0 € 3aranbHO IPUAHATHAM, CI1iJ
Oyo 6 micist hopmynu (2.9) HaBECTH MOACHEHHS CTOCOBHO CEHCY TaKOro
MIO3HAYECHHS.

Bka3aHi 3ayBakE€HHS HE 3HIKYIOTH TTO3UTUBHOI OLIIHKM POOOTH B LIJIOMY, & TAKOXK
pO3pOOJIEHNX aBTOPOM OCHOBHHX HAYKOBHX IOJIOXEHB, BHUCHOBKIB Ta OTPHMAaHHX
pe3yJbTaTiB IPOBEICHUX JOCIIIKEHb.

3MicT JucepTamii BiANOBiZa€ BAMOTaM, LIO BHCYBAIOTBCA O HAYKOBHUX DOOiT
Takoro piBus. TekCT aucepTalii € OpUTiHATIBHUM, a iI CTPYKTYpa IIJIKOM Y3rOMKYIOThCS
3 Ha3BOK, METOX0 i 3aBJaHHSM JOCHi/DKeHHS. 3MICT Ta pe3yJbTaTH aucepTanii
BianosinaroTe creniansHocTi 113 Ipuknagna MaTeMaTHKa.

3arajibHuii BHCHOBOK. BpaxoBylOYM aKTyalbHiCTh, HOBHU3HY, BaXIMBICTh
ONIeP’KAHMX ABTOPOM HAYKOBHMX Pe3yibTaTiB, iX OOIPYHTOBAHICTh i NOCTOBIpHICTH, a



TAaKOK DPAKTUYHY LiHHICTE CHOPMYIIHOBAHMX IOJIOKCHD i BUCHOBKiB, BB&Xaro, 10
miceprauiiina pobora binoro Jmutpa BonomuMHupoBHtia «BHyTpimHi Ta MikQasHi
TPIIMHE B 1T €30€JMCKTPHIHHUX KBa3iKpucTajiax», IPEACTaBJICHA Ha 3100y TTs
HAyKOBOTO  CTyIIEHS  JOKTOpa dimocodii 3a cmemiamemictio 113 [TpuxnaaHa
MaTeMaTHKa, BiJIOBila€ BCTAHOBJICHUM BUMOT'aM sigmosimHo Hakasy MOH Ykpaitu Ne
40 Bim 12.01.2017 p. «IIpo 3aTBepMXKCHHA BUMOT IO oOpMIIEHHST AHUCEpPTaLii»,
«TopsiaKy TPUCYKEHHs CTyNeHs IOKTOpa binocodii Ta ckacyBaHHs PillleHHS Pa30BOi
crerianizoBanol BYEHOI pajy 3aKlajy BHILIOL OCBiTH, HAyKOBOI YCTaHOBH MpO
IPUCYDKEHHS CTYIICHS JIOKTOpa dinocodii» (ITocranoBa Kabinery MinictpiB Ykpainu
Ne 44 Bin 12 ciuns 2022 p. 3i 3MiHaMu Bix 21.03.2022), a ii arop bimin JiMuTpo
BOJIOIMMHPOBIY 3aCIyTOBY€E HNPUCYDKCHHSA HAyKOBOTO CTYNCH:A HOKTODA dinocodii 3a
cnenianpHicTiO 113 [NpuKkinagHa MaTeMaTHKa.
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