BIAI'YK
oirifiHOr0 OMOHEHTA Ha nucepraiiitny poooTy
Muxaina Onekcanapa BikropoBuda
«Oco6mBocTi AepopMyBaHHs I’ €30NACHBHUX i 1’ €30aKTHBHAX KOMITO3HTHHX TiJl
i3 TpilIMHAMH T2 KYTOBUMH TOUKAMID, '
NomaHy Ha 3100y TTs HayKOBOTO CTyCH jiokTOpa (pinocodii 3a
creniaspricTio 113 IpukianHa MaTeMaThka

AKTYaJIbHICTH TEMH aucepTauii.

[Tpobsiemu, 10 pO3TJIAHYTI B qucepTaliiHii podori Muxaina O.B. €, 6e3 cyMHiBY,
AKTYaNBHAMH, OCKUIBKH KOMITO3ULIIHI MaTepiay Jyxe MUPOKO BUKOPHCTOBYIOTHCA Ha
MpakTyii 1 9acTo MPUIHHOIO ix pyiiHyBaHb € ne(pexTu Ha MesKi Tojiay MarepialliB —
TPIIVHH, BKIFOYCHHS { 7.1. Ha renepiumiii 4ac iCHy€ BenKa KiJTbKiCTH POOIT, B SKUX
JIOCIIPKEHa TPILFHA MK ABOMA [Py KHAMH {30TpOITHAMH MaTepiaiaMy. [Tpu npoMy, sIK
[IPaBMJIO, BBAXKAETHCH, LIO TpilMHA TIOBHICTIO BiJIKpUTa, 1O BUKIHKAE OCIWISLIIO
HarnpyXeHb 01Jis1 BEpLIMH TpitmHu. Taka ocLIANALLS € HEOAKAHOI0, OCKIIBKHM NPU3BOANTD
10 (Qi3UYHO HEpeaJbHOro B32€MOIPOHUKHEHHSA OeperiB Tpimuan. [CHYIOUYl METO/H il
yCyHEHHS He 3aBK/H € IPUHHATHIMU JUTA KOMITO3UTHHX 3’ €IHAHb 3a JIOTIOMOI0t0 TOHKUX
ajre3ifiHIX 1apiB HEBHUCOKOT KOPCTKOCTi, 10 4acTO MaroTh Miciie TIp¥ CTBOPEHHI
Gimarepianpuux 3’€nHaHb. Tomy notpebyoTh  MOJAIBLIOT pO3pOOKH  METOIIMKH
BpaxyBaHHs JIOKQJIBHUX 30H Gins BepuIMH TPILIMH LIS TAKuX 3'€JHAHb B {30TPONHHUX,
OpTOTPOTTHHX Ta I’ €30€IeKTPUIHAX Oimarepianax.

Takox aKTyaJbHAM € MUTAHHS PO3BHTKY [TIXOMiB O BH3HAYCHHS CTEICHI
0cOGIMBOCTI HAMPYKEHb Ta X MOJiB B OKOJIi KyTOBHX TOYOK IS GimMaTepiadbHUX T
CKIHUEHHUX PO3MIpiB Oy ab-SIKOT reomerpiunoi Qopmu. OCOOMMBO LE BAXIMBO A
BHMA/KIB, KOJU KYTOBI TOYKH 3HaXOAATHCH B 061aCTAX CTUKY PI3HOPIIHUX Marepianis,
[0 YacTO 3YCTPIUaEeTHCA Ha TIpaKTHlli i NPUBOJUTE 10 GiNibll CKJIAMHOI MOBEMIHKH
KOMITOHEHT [PYKHO-1eOPMIBHOrO CTaHy, HiK 715 OJHOPIAHMX MaTepiaiB. OCKUJIBKH
BHIIeBKa3ani MpobaeMH HaOyIH MOJAIBLIOTO PO3BHUTKY B JaHI jucepTaniiiuiit podoTi,
TO i TEMATHKY MOYKHA BBAKATH aKTyaJIbHOIO i IPaKTUYHO BAXKIUBOIO.

38’5130k po6GOTH 3 HAYKOBHMH NPOTPaMaMH, TIAHAMH, TemaMH. AKTYalIbHICTh
JCEPTALHOTO  IOCIKEHES IiITBEPIYKY€ETBCS. TUM, LIO BOHO MPOBOMMIOCH Y
BiAMOBiAHOCTI 3 TUIAaHaMH HayKOBHX JOCIIKEHD B HAYKOBO-OCTIiHiH nabopaTopil
MeXaHiKd pyHHyBaHHS Ta IIACTHHHOTO neopMyBaHHs  MaTepiaiB kadeapu



TEOpeTHYHOl Ta MPHUKIAHOI MEXaHikKH - MCXaHIKO-MaTeMaTHYHOrO daxynbreTy
JIHiPOTETPOBCHKOrO HAIIOHAIBHOTO yHIBEPCUTETY imeni Onecs ['oHuapa B paMKax
nepxOrompkerHol  Temu  1-335-18 «PO3paxyHKOBi MOjeN II'€30€eKTPUIHUX  Ta
1’ €30€/1eKTPOMArHITHUX KOMITO3HTIB 3 TPillliHAMH Ha Mexi NOZ1Iy MaTEpianiBy», HOMED
nepxasHoi peectpauii Ne 01180003302, 2018-2020 pp.

@opMyI0BaHHs HAYKOBOi 3a1adi, A SIKOI B aucepraniiniii  podori
3Haiiiennii HOBHWiIl PpO3B’A30K. Mema pobomu moaAira€ B PO3BUTKY METO/I1B
JOCITLpKe s 30H MepepyHHyBaHHs TPIIIFHYE B TOHKOMY HPOLIAPKY, IO 3'€HY€E /152
{30TponHi, aHi30TponHi 460 N’ €30eNeKTPUYH] MaTepiaiy, a TaKOX aHajli3l Halpy KeHO-
nedOpMiBHOTO CTaHy B OKOJi KYTOBHMX TOYOK 3’€IHAHb 3 pi3HMX MaTtepianiB y Tilax
CKiHYEHHHX PO3MIpiB.

Jlyist TOCSITHEHHS L€ METH aBTOP BUKOHAB HACTYIIHI 3060AHHS

- noOyayBaB 3py4Hi IPEACTaBICHHS KOMIIOHEHT NPy >KHO-1e(OPMIBHOTO CTaHy
HA MEXi MOJiNy i30TPOMHUX, aHI30TPONHUX Ta [1°€30eJEKTPUIHHAX marepiajiB
uepes KyCKOBO-aHATHUHI QYHKIIT;

- 3 BUKODHCTaHHAM [UX IPeJCTaBieHb CHOPMYIIOBAB Ta aHATITHIHO pO3B’s13aB
3ajaui  JIHIMHONO CIpPSDKEHHs, 1[I0 BiANOBINAOTH DI3HAM  MOJCIAM
IIPUBEPUIMHHKX 30H TPILMH Y TaKWX Matepianax;

- BU3HAYMB PO3TIONLIM HAMIPYKEHb, CTPUOKIB MEPEMILICHD Ta EIEKTPUUHOTO 1015
Ha MexXi TIOfiTy MaTepianis. Buxomsun 3 anaiisy koe(iieHTiB iHTEHCHBHOCTI
(KI) mix (akTopiB, 3aj0BONLHMB HEOOXiTHMM HEPiBHOCTAM 1 3HaAMWIIOB
JOBKWHU 30H Nepeipy HHYBaHHS,;

- 3actocyBaB MeTOJ ckiHueHHUX enemenTiB (MCE) 10 po3B’A3aHHSI MOZC/IBHIX
3azay JUIS Til CKIHUEHHMX PO3MIpiB, @ TaKOX 3arpolOHyBaB YHCEIBbHO-
AHATITHIHH CIIOCIO 3HAXOMKEHHA CTereHi 0co0aMBOCTI Ta KoedilieHTa npu
0COGIMBOCTI PO3B’A3Ky B KyTOBil TOUII KOMIO3UTHOT 00J1aCTi.

Bgasxatro, 1o

- O6'ckm OocnioncenHs — 3amadi BU3HAUEHHS HAIPYXXeHO-Ie€(QOPMOBAHOTO
CTAHY KOMIIO3UTHHX MaTepiaiiB B OKOJI TPILMH Ta KyTOBAX TOUOK,

Ta

- IIpeomem docniddicenHs — NPUBEPIIMHHI 30HH TPIillMH T4 KyTOBHX TOYOK Ha
Mexi MOy PI3HOPITHKUX MaTepiaiB
aJ[eKBATHO BiZ0GPaKalOTh KOJIO 3aBIaHb, SKi PO3B’A3yFOTHCS B IaHii poooTi.

HaykoBa HOBH3HAa OTPHMAHMX aBTOPOM pe3y.bTaTiB. Bpaxaro, W0 HAykOBa
HOBHU3HA OJIePyKAHUX PE3YJIBTATIB MOJISAra€ B HACTYITHOMY:



1. 3anpononosana HO8A MemoOuka yCyHeHHs (i3udHO HepeanbHOl OCUWIAIIHHOI
0cOGAMBOCTI id TPIILMHM MDK JBOMA i3oTporHuME Ta/ab0 OpTOTPOIHMMA
Marepianami, 3’ €IHaHMMH TOHKUM are3ifHuM IPOIIAPKOM.

2. Po3pobnrero YUCeNbHO-AHANIMUYHUY NiOXi0 10 BAU3HAYCHHA cTeneHi 0cOOIUBOCTI
ta xoe®ilieHTiB MpH 0COGIMBOCTAX HAIpPY’kKeHb B OKOJI KyTOBHX TOHUOK
GimaTepiaibHUX Tl

3. 3anpononosana moOeib Jist BU3HAUCHHA napaMeTpiB pyiHyBaHHs TPILLIUHH 3CYBY,
IO BHHHKAE Oing KyTOBHX TOYOK 06nacTti, CKJIameHoi i3 IBOX PI3HOP1HKX
PAMOKY THUKIB PI3HOTO po3MIpy.

4. Pospobnena HO6Q MemoOuka  3HAXOJDKCHHS KoeQilieHTIB {HTEHCHBHOCTI
HanpyKeHb s eJIeKTPOTIPOBIAHOT Mik(azHoi TPIIEHA B II'€30€JICKTPUIHOMY
Gimarepiani Mpu HAPSAMKY HOTO noaspu3anii, napaaer-HoMy GeperaM TPILIMHY,
[T Ji€r0 BifUTaNeHOro MEXaHiTHOrO HaBaHTKCHHA Ta eJIEKTPUYHOTO NOJIA.

IIpakTH4YHE 3HAYEHHS OfCPHKAHUX pe3yabTaTiB. Po3po6iteHi B poOOTI METO/H %1
aATOPUTMH  O3BOJIAIOTH OCHIi Ky BaTH 0COONIMBOCTI ITOBEIIHKH MEXAHIYHUX Ta
eJIEKTPUUHAX T10JIB B 130TPOMHHX, OpPTOTPONHHUX Ta I €30€ICKTPUIHHAX GimaTepianax i3
MiK(pasHAUMY TPILIHHAMH. OtrpuMaHi B SIBHOMY Buraag Gopmynan Ui KOe(illiEHTIB
{HTEHCHBHOCTI HAIPy»KCHb Ta JIJIA LIBMAKOCT] 3BiNbHEHHS €Hepril JO3BOSIOTE OLIIHUATHU
BIUIME MEXAHIYHMX HAMPY'KEHb Ta ENEKTPUYHOro MoIisl Ha i BEIWUYHMHU 1 THM CaMHUM
CHPHSIOTH MiIBULIEHHIO TPilMHOCTIIKOCTI KOMMO3UTHHX koHCTpyKIi. OTpuMani B
poOOTi TOYHI aHAJITH4HI PO3B’A3KH  ONMHUCYIOThH JOKaIpHI 30HA TOOIM3Y TPIUIMH 1
KYTOBHX TOYOK, BOHH MOXYTb CIyIyBaTH eTaJOHHUME TIpE po3podui i arrpoOarii
qpcebHIX METOMB PO3B’ I3aHHS 3a/(ad BKa3aHOTo Kjlacy Al Tin KiHIEBUX PO3MIIB.

OGrpynToBaHicTh i JOCTOBIPHICTL HAYKOBHX MOJIOKEHD, BHCHOBKIB i
pexomenjauii, WMo 3aXHINAITHCS. Ilucepranjiina po6ora BimoBizae BUMOram A0
OCIIiKEHE TaKoro piBHs. POOOTY BUKOHAHO HA HAJIEKHOMY HayKOBOMY PiBHI.

Beaoicero, Wo OJEpKaHi pe3yJbTaTd B noctaTHii Mipi € OOrpyHTOBAHUMU i
nocropipaumu. Lle 3a0e3meuy€eThes KOPEKTHICTIO MOCTaHOBOK 3a1ad, BUKOPUCTAHHSIM
TOUHHX METOHiB Teopil ~(yHKIiA KOMIUIEKCHOT 3MiHHOT misi iX pO3B’A3aHHS,
MOPIiBHAHHIME B OKPEMHX BHIIAJIKax i3 BLIOMMMM TOYHMMHU DO3B’I3KAMH. Jonae
BIEBHEHOCTI B NPaBHJIBHOCTI pO3p0o0JIeHNX METOHUK NOpIiBHAHHSL Pe3y/bTaTis, IO
OTpHMMaHi 3a JIOTIOMOI'Or0 METOLY CKiHUYEHHMX eJIEMEHTIB 3 BiIIOBITHUMH PO3paxyHKaMH,
TpOBEJCHUMH Ha OCHOBI OTPUMAHKX AaHATITHIHUX PO3B’ SI3KiB.

OcobucTuii BHECOK 3100yBava. VYci pe3ynbTaTH qrcepTaniiiHoi podoTH, 1O



BHHOCSTBCSL HA 3aXMCT, OTPHMaHi aBTOpoM -ocobucTo abo 3a Horo Oe3nocepeiHbOI
yyacti. Jlucepranilina poboTa € 3aBEpUICHHM TOCIIUKEHHAM, BUKOHAHHMM aBTOPOM
cAMOCTI/HO BIATMOBIAHO O MPOrpamMd HOrO JOCHIIKEHb. 30KpeMa, NHUCCPTAHTOM
[POBE/EHO TOLIYK Ta aHalli3 JiTepaTy PHUX JKEpel; 100y I0BaHi aHaITH4HI PO3B’S3KHU
c(hOPMYJILOBAHIX Pa3sOM i3 HayKOBHM KeDIBHUKOM 3a1ay; TPOBEJEHHH YHUCeIBHUH
eKTIepHMEHT; OTPYIMAaHi PO3B’SI3KH TECTOBUX 33721 METOLOM CKiHUEHHMX CJIEMEHTIB.

CTpyKTypa Ta obcsr ancepTrauii. JuceprarniiiHa po00Ta MIiCTHTB BCTYII, OTJISIA
niteparypu, 4 pO3AiIH, BUCHOBKU Ta CIIMCOK BUKOPUCTaHUX JDKEPET, o Mictuth 103
HaiiMeHyBaHb Ha 12 cTOpiHKax. 3aranbHHH o6esT mucepranii — 114 cTopiHOK, 00¢sT
ocHOBHOTO TekeTy — 102 cropinku. Po6ora micTuTh 21 pHCYHOK Ta 9 TabuLb.

Y BeTymi Ta OMIAJ JiTepaTypy MPOBEICHO aHaui3 myOnikailiif 3a mpoOJIEeMaTHKOIO
pucepraiii Ta BH3HAYCHO BHECOK JOCHI/PKEHDb 1HIIUX aBTOPIB 10 PO3BUTKY LBOTO
HAMpPsIMKY.

Y mepmoMy po3ziii pospobiieHa Moaeb IPUBEPIIMHHEOT 30HH ISl TPIIIMHY MK
JBOMa MaTtepiasamu B GimMaTepiaibHOMy aHI30TPOIIHOMY IPOCTOPI il PO3TATYBATBHO-
3CyBHUM HaBaHTa)XEHHAM Ha HECKIHYEHHOCTI.

Y apyromy po3ziii po3IIAacThCs TPIlllMHA Ha MEXi pO3.iny ABOX Pi3HODIJIHHX
HATIBHECKIHUGHHUX {30TPOIMHMX MPOCTOPIB Tl Mi€H0 BiINaNeHAX HOPMANbHUX Ta
3CYBHHX HArpykeHb. MeToj CKiHYeHHHX eJIeMEHTIB 3aCTOCOBYETBCS 1O aHAIOTIYHOL
3a7aui Juist 00JIACTi CKiHUEHHUX PO3MIpiB.

Y TperboMy pO3fiii pO3B’S3aHO 3ahaul Ui Tl CKiHYEHHMX pPO3MipiB, fKi
[IPUCBAUEHO POOIIEMi JOCIIKEHH S BILTUBY KYTOBMX TOHOK Ha CTHKY ABOX marepiaiiB
Ha TIpy:xHO-fedopMiBHMH CTaH Ta HOro 0COOJIMBOCTI B OKOJIi IIUX TOYOK.

Y 4eTBepTOMY PO3/Iiji 3aNPONOHOBAHO HOBY MOJIENb 30HU nepepyiHyBaHHS s
eMeKTpONpOoBiHOi  Mbk(asHOi — TpIWMHA B IT€30€NEKTPUIHOMY Gimartepiaii,
NOJSPU30BAaHOMY B HAIIPSIMKY, IapajieNbHoMy Oeperam TPIlIMHK Ta OPTOrOHATILHOMY 11
GpoHTY.

BucHOBKY MO pOGOTi WiTki, JOTiyHi i BUILIMBAIOTH 13 TEOPCTHYHMX NAHMX Ta
pPEe3yJBTATIB YMCEIbHIX EKCTIEPUMEHTIB, OTPUMAHUX aBTOPOM.

[IpoTe 10 McepTaiiifHol pPoOOTH € AesiKi 32y BAMKEH HS.

1. 'V dopmyii (2.36) BUKOPHCTOBYIOTCS YOTHPH Di3Hi IIBUIKOCTI 3BUIBHEHHS

eHeprii. B HACTYIHUX PO3/iinax poOoTH s noniounx [I3E BUKOPUCTOBYIOTHCS
HA3BU WIOKAJTBHAY, TobaipHa Ta cymapHa. Ciij Gyno O wi TOHATTS i Ha3BH

BH3HAYMTH i B PO3/iNi 2, TOGTO TpY MEPLIOMY BUKOPHCTAHHI BKa3aHHMX THUIIB
[1I3E.



2. Tlpu onucaHHi PiBHIB 3TYLICHHA CKiHUEHO-€NIeMEHTHOI CiTKU Ha pUCYHKax 3.2-
3.4 He 3p63yMin0, qxiii yacTuHi o6macti 3.2 Biamosigae 06macth 3.3, a TAKOK,
qxiti wacTmmi obmacti 3.3 Bianosimae obGmactb 3.4. Crig Oyno 6 rpaHuui
o6acTell Ha BUIMOBLIHAX PUCYHKAX SKAMOCH YMHOM TO3HAYHUTH, HANPHUKIaA
BHJILTATH TTYHKTHPHOIO JTiHIE. ‘

3.V posaiti 4 po3risAacTsCs 3anada yCyHCHHS OCLIMJTIOI0YO0i OCOOIHBOCTI JUIS
eJ1eKTPUYHO ITPOBiNHOI Ta EJIEKTPUIHO MPOHUKHOT MDK(pA3HUX TPILIMH TPU
HampsAMIi MOJSIpU3allii 11’ €30eIeKTPUTHIX Matepiajiip, mapaieabHOMy Oeperam
TpimuHy. TIpy 1BOMY JUTs TIEpIIOro BHMAnkKa IPUBEASHUH JOCHTH LIMPOKHH
qpceNbLHMI aHami3, a Juls APYTOro BUIIAAKY BiH 30BCIM BigcyTHiH. Yum 1€
OSICHIOEThCS? UM MOYKHA IPOBECTH AHANOTIYHMH aHami3 1 mgns gpyroro
BUMAIKY ?

4. Y myHKTi 1.5 IpH YMCebHIA {mocTpallii aHai THYHOrO PO3B’SI3KY VIS TPIilLMHU
MK 7BOMA OpTOTPOIHMMHU MaTepiayiamu TOH Marepiall, Lo pO3TaILlOBAaHUH
HIDKUe, 0OMPAEThCS 130TPOMHUM. 3 UMM LE o’ si3aH0? YoMy ned marepial
TAKOX HE OPTOTPOIHUI BiATMOBITHO JI0 TOCTAHOBKH 3apa4dl?»

5. Y pobori € gesKi ONUCKH, IO HE BIUTMBAIOTEH HA PO3YMiHHS TEKCTY JUCEPTALi.

BucioBiieHi 3ayBaKeHHsI HE 3HIKYIOTh MO3UTUBHOI OLIHKK pOOOTH B LLIOMY, a
TaKOX PO3POOIIEHHX aBTOPOM OCHOBHHMX HayKOBHX IOJIOXKCHD, BHUCHOBKIB Ta OTPUMaHHUX
pe3yNbTaTiB POBENECHHUX JOCHIIKEHb.

3MicT aucepralii BiANOBiAa€ BAMOraM, MO BUCYBAlOTBCA O HayKOBHX poOIT
Takoro pisHs. TekcT auceprarii € OpUTIHAIBHMM, @ ii CTPYKTypa LIIKOM y3TOUKYIOThCA
3 HA3BOI0, METOI0 1 3aBHaHHAM JOCITiKeHHA. 3MICT Ta pPe3yNbTaTH nucepranii
BianmoBinaroTk cremianpHoCTi 113 TIpukiaaHa MaTeMaTHKa.

Jara/ibHUii BHCHOBOK. BpaXOBYIOWH aKTyalbHICTh, HOBM3HY, Ba)KJIMBICTh
OJIEp)KaHMX aBTOPOM HAyKOBHX pe3yNbTariB, IX OOIPYHTOBAHICTE i OCTOBIpHICTb, a
TAKOXK HPAKTUYHY LiHHICTB CHOPMYTHOBAHMX IOJIOKCHb i BUCHOBKIB, BBaXatO, IO
qucepraniiisa poGota Muxaina  Onexcanapa Bikroposuua  «Oco06auBOCTi
ne(GOpMyBaHHs I1’€30TIACHBHUX 1 II'€30aKTUBHAUX KOMIOSUTHHX Tia i3 TpIlIMHAMU Ta
KyTOBMMH TOYKaMM», IO IPEJICTAB/ICHA Ha 37100yTTsl HAayKOBOrO CTYMEHs JOKTOpa
dinocodii 3a cnenianbHicTio 113 [MpukiagHa MaTeMaTHKa BiIIOBI/1a€ BCTAHOBICHUM
suMoraM Bimmosimmo Hakasy MOH Vkpainm Ne 40 Big 12.01.2017 p. «IlIpo
3aTBEPIKEHHsI BUMOT J10 0OPMIICHHS nucepraiin», «Ilopsaky MpUCyHKEHHS CTYIICHS



nokTopa ¢inocodii Ta CKacyBaHHA pileHHst PasoBoi crierianizoBaHol BYEHOI paju
3aknany BWLIOI OCBiTH, HayKOBOI YCTAHOBH PO TIPUCYUKEHHS CTYNEeHS HOKTOpa
dinocodii» (IlocTaHoBa Ka6inery Minictpis Yipainu Ne 44 Binx 12 cigynsa 2022 p. 3i
aminamu Bin 21.03.2022), a ii aBTop Muxain Onekcanp BikTOpoBUY 3aCITyroBy€
NPUCY/UKEHHS HAyKOBOrO CTyMeHs JOKTOpa bimocodii 3a° crelianbHICTIO 113
[TpukagHa MaTeMaTruKa.

OdiniiiHuii ONMOHEHT

NOKTOP (i3UKO-MaTeMaTHYHKUX HAYK, npodecop,
npodecop kapeapu IPUKIIATHOT MATEMATHKA
HalioHa bHOI'O TEXHIUHOTO YHIBEPCHTETY

«JIHimPOBCHKA MOMITEXHIKa Y‘ L/TeTﬂHa KA AN

ITianic npodecopa Karani#t T.C.
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