BIAI'YK
odiuiiiHOro ononenTa Ha aucepTaiiiny podory
[HesenvoBoi Haranii Bonoaumupisnu
«B3aemojis KoiHeapHUX TPILLHH HA MeXKi MOALTY I’ €30aKTHBHUX
MaTepiajis i3 pi3HHMH eJIeKTPHYHUMH YMOBAMM Ha ixHix Oeperaxy»,
1ojilaHy Ha 32100y TTs cTyneHs Jokropa dinocodii 3a
crenianbHicTio 113 IpukiaHa MaremMaTuka

AKTYaJbHICTh TEMH IHCEPTALIT.

[IpoOemu, o posrisHyTi B incepratiiinii podoti [llesensosoi H.B. €, 6e3
CYMHIBY, aKTyaJbHUMH, OCKLUIbKH KOMIO3MIIMHI I1'€30aKTUBHI Martepiaam IyxKe
IIMPOKO BUKOPHCTOBYIOTHCS Ha MPAKTHII 1 4acTO NMPUYMHOIO IX pYyHHYBaHb €
nebextu Ha Mexi noximy Marepianis. Ha Tenepiiuniii yac icHye Benmka KilbKicTh
poOIT, B IKMX IOCIIJUKeH] IIOOIMHOK] TPIlMHK MisK IBOMa IIPYKHUMH i30TPOITHUMH,
aHi30TponHuMH ab0 11’€30eeKTpUYHUMK MaTepianamu. Bibniorpadis Takux crareit
JOCHTDL IOBHO HaBeJIeHa B JaHii auceprauiiiniii poboti. B Toit ke yac 3uaunmii
NPAKTHYHUIA IHTEPEC ABJIAE NOCII/DKSHHS CHCTEM TPILIMH Midk 11’ €30€/1eKTPUYHUMM
Ta I'€30€JICKTPOMArHITHUMM MaTepiajiaMu. BupilieHns LMX NUTaHb € Oinpl
CKJIQJHOIO 3aJaY€l0 HiXK JUIS OKPEeMHX TPIilliMH, OCOGIMBO, KOJNM THMM KpaHOBHX
YMOB Ha pi3HMX TpilmHax pisui. [To will npuumni Bkasani mpoGnemu BHBUCHI
HEJIOCTATHBO 1 NOTPeOYIOTh MOAANIBLIOT pO3pOOKH. OCKiNIbKM BUIIEBKA3AHI BAYKIIMBI
npolsiemy HaOy/iM MOAANBIIOrO PO3BUTKY B AaHil auceprauiiniit poGori, To ii
TEMATHKY MOYKHA BBAKATH aKTyaJIbHOIO i PAKTUUHO BaKIIMBOIO.

38’430k po0OTH 3 HAYKOBHMHM MNpPOrpaMaMH, IIAHAMH, TEMAMM.
AKTyalIbHICTh JMCEPTALIHHOrO JOCIi/UKEHHS MiATBEPIKYCTHCS TAKOK THM, 1110
JcepTaiiiine J0CHIIUKEHHS IPOBOJMIIOCS Y BiATOBIAHOCTI 3 MIaHAMHU HayKOBHX
JOCIiUKeHb B HAyKOBO-JOCIHiAHIA naboparopii mexaniku pyiinysanus Ta
M1aCTHYHOTO JiepopMyBaHHs MaTepianiB kabeapu TeOpeTHYHOT Ta [IPUKIAIHOT
MEXaHiK¥ ~ MEXaHIKO-MaTreMaTHyHoro  dakyibrery JHimpONeTPOBCHLKOro
HalliOHAJBLHOrO yHiBepcureTy imMeni Onecs ['onyapa B pamkax JEepKOI0KETHOT
Temu 1-655-21 «Mogeni Ta METOAM BH3HAYEHHS napameTpiB  pyiHyBaHHs
11’€30aKTUBHUX Ta I’ €30MIACHBHAX KOMMO3UTIB 3 JeheKkTramu Ha Mesxi 1oty
marepianiBy, HOMep JiepxkaBHol peectpauii Ne 0121U109767, 2021- 2023 pp.

dopmyI0BaHHSI HAYKOBOI 3a/1a4i, HOBE BHPIlICHHS SIKO] oaep:kaHe B
auceprauii. Mema pobomu nonsrae B PO3BUTKY aHAJITMYHUX METOJIIB




PO3B’S3aHHS IJIOCKUX Ta AHTHIUIOCKHX 3a/1ay JIIst 11’ €30aKTHBHUX OiMaTepianbHuX
Tl 3 KOJiHEApHUMHM Mix(a3sHUMH TPIUIMHAMM TIPH pi3HMX ENEKTPHYHHX Ta
MarHiTHUX ~ ymoBax Ha  ixwix  Oeperax, a TakOKk B  aHAIi3y
CJICKTPOMATHITOMEXaHIYHOrO CTaHy 11’ €30e1eKTPOMArHiTHIX OiMaTepialibHUX Tiji 3
JIOBUIbHUMM CHCTE@MaMH TPIillMH Ha MeXKax MOy Pi3HOPIIHUX KOMIIOHEHT.
JU1st NOCATHEHHS! i€l MeTH aBTOpKA BUPININIA HACTYIIHI 3A60GHH A
- OTpUMaJla AHATITHYHI MPEACTaBICHHS MEXaHIUHMX, eJNeKTPUYHUX Ta
MarHiTHUX KOMIIOHEHT 4Yepe3 KyCKOBO-aHANiTMuHi QyHKIIT Juis
11’ €30aKTUBHUX MaTepiaiiB y IIIOCKOMY Ta aHTHUILIOCKOMY BHIIA/IKaX;
- copmyTIOBalia 3a JOMOMOrO0 LMX NpPECTaBIeHb 3aaui JiHiHHOro
CrpsbkeHHs i noOyayBaia iIXHi aHANITHYHI PO3B’A3KM JUIsI KOHKPETHHX
THIIIB HABAHTAXKEHb, HAOOPIB TPILMH Ta yMOB Ha ixHix Geperax;
- AHAIITMYHO BM3HAYWIA MEXaHiYHi HANpy’KeHHs Ha MeXi MOty
MaTtepianiB  nosa TpilMHAMH, a TaKOK CTPUOKM IEpeMilleHb,
CJICKTPHYHOTO Ta MArHiTHOrO MOTEHIiAJIiB B 00JIACT] TPiLLMH;
- OTpUMaJIa aHATHYHI GOPMYJTH ISl BA3HAYCHHS INBHAKOCTI 3B1IbHEHHS
CHEprii NP PO3BUTKY TPIMH Ta NPOAHANI3YBATH 3AJNEKHOCTI I1MX
NapameTpiB Bi/l 30BHILIHBOTO HABAHTAXEHHS, TOBKHH TPIlLMH, TXHBOIO
PO3TallyBaHHS Ta XapaKTEPUCTHK MaTepiais.
Braaro, 0o
- O06°ckm Oocniodcenns — npouecu nepopMyBaHHs Ta pyHHYBaHHS
I €30€JIEKTPUYHHX Ta 11’ €30€]IeKTPOMATHITHHX Oimarepianbuux 3'eHanb
I3 cHCTeMaMH TPIL|H Ha Meskax Moty Pi3HOPiIHUX KOMIOHEHT,
Ta
- IIpeomem oocniddicenns — KpUTHUHI ApaMeTpH T CHCTeM Mixdaznux
TPILMH Y 11'€30aKTUBHUX KOMIIO3MTAX IpU PI3HHUX @JEKTPUYHUX Ta
MarHiTHUX ymoBax Ha Oeperax Tpilus
aJIeKBATHO BINOOPaXalOTh KOJIO 3aBIaHb, 10 PO3B’S3yI0ThCs B jamiii
po0oTi..
Haykosa HOBM3HA OTpHMaHuX aBTOpOM pesyabTaTie. Bpakaio, 1o
HayKOBa HOBHM3HA OJIEPKAHUX PE3yJIbTATIB M0JISrac B HACTYITHOMY:
. 3anpononosana Hosa mMemoouka NOCHiIKEHHS TBOX KOIIHEapHUX TpiluHu
MK JIBOMA I1'€30€N1eKTPHYHHMH  MaTepiaiamu ML €0 aHTUIIoCKoro
MEXaHIYHOIr0 HABAHTAKEHHSI TA [IOCKOrO CICKTPUYHOTO 1101151 1P YMOBI, 1110
OJiHa 3 TPILIMH € eIEKTPONPOBIHOIO, a iHIa CICKTPONPOHUKHOIO..




I ’('3OCJ]CKTDOM£IFI [ITHOTO

o

Po36’a3an0  HOGYy aHTHIUIOCKY 3ajgady Ul
Oimarepiany 3 aBOMa TpilMHAMHM HA MesKi TOALTY Pi3HOPIZHUX KOMIIOHEHT
MPH Pi3HUX €IEKTPHYHMX Ta MArHITHEX yMOBax Ha OGeperax pi3HHX TPIiILKH.

Cpopmynvosaro ma po3e ‘a3ano HOBY TUIOCKY 3aJ1ady JUIsl JOBLIBHOT CHCTEMH
KOJIHEAPHHX  €NEKTPO- Ta MArHITONPOHMKHUX TPIIMH Mk JBOMa

o

I’€30€JIeKTPOMArHiTHUMK Matepiasamy il Ai€l0 3MillaHoro MexaHiyHoro

HaBaHTAKEHHS.

4. Po3spobaena nosa memoouxa NOCIiHKEHHS CKIHUEHHOT MHOKMHH TPILLMH Ha
MeXi MOy m’€30e1eKTpOMarHiTHUX MarepianiB Mpu yMOBI, 110 Oeperu
TPILIMH MOKPHUTI MEXaHIYHO M’ SIKUMH €JICKTPOIaMH i3 3a/IaHUM €JIEKTPUIHUM
3apsZIOM i HyJIbOBOK MArHiTHOIO iHIYKILi€IO.

IIpakTHyHe 3HAYeHHs oJep:kaHHMX pe3yabTaTtiB. Po3pobieHi B poOoTi
METOAM N aIrOpUTMM J03BOJSIIOTH BHKOPUCTOBYBATH I1X JUISL JIOCHIZKEHHS
MEXaHIUYHMX, eIeKTPHYHHX | MArHiTHUX MOJIB y I'€30aKTHBHUX Oimarepianax i3
MOUIKO/DKEHHAMHU TUITy MibK(pasHuX TpiumwH. Lli pe3yabraTu 103BONSIOTH OLIHUTH
BIUIMB 30BHIlIHIX (AKTOPiB HA MOKJIUBICTH PO3BHUTKY MOILKO/UKEHb Ta BKa3aTH
IUISIXH  THABUILEHHS  TPIlIMHOCTIMKOCTI KOMIO3MTHHX KOHCTPYKIiH. TouHi
aHaJIITHYHI PO3B’A3KH, OTPUMAHi B pOOOTI, SIKi ONMHUCYIOTH JIOKAJIbHI 30HH MOOJIH3Y
TPILLMH | KYTOBMX TOUOK MOXKYTb CJIy’KUTH €TAJIOHHUMH [IPH po3poOLli i anpobarii
YKMCENbHUX METO/IiB PO3B’A3aHHS 3a/1a4 BKa3aHOTO KJI1acy JUlsl TLT KIHLEBUX PO3MipiB.

OOrpyHTOBaHICTb i 10CTOBIPHICTH HAYKOBHX MOJIOKE€Hb, BHCHOBKIB i
pekoMenaauii, ki 3axuwmalTbes. Jucepraniiina podoTa Bijnosizae BUMoram
JI0 I0CIIIJUKeHb TaKkoro piBHs. POGOTY BUKOHAHO Ha HAJIGKHOMY HayKOBOMY PiBHi.

Beaoicato, wo ojiepaHi pe3yjabTaTh B JOCTaTHI Mipi € OOrpyHTOBaHMMH i
nocroipuumu. Lle 3a0esnedyerses CTporicTio Ta KOPEeKTHICTIO MOCTAHOBOK 3a/1au,
BUKOPHCTaHHSIM TOYHMX METOJIB TeOpii (yHKUiH KOMIUIEKCHOT 3MiHHOT Juts IX
pO3B’A3aHHA, IOPIBHAHHAM B YAaCTKOBMX BHIAAKAX i3 BiIOMUMM TOYHHMM
po3s’s3kamu. JloJa€ BIEBHEHOCTI B MPaBMIBHOCTI PO3POOJICHHX METONMK Ta
aJITOPUTMIB TaKOX BIIOBIZHICTIO PE3yJIbTATiB PO3B’A3aHHS HOBHX 34124 Gbiznynii

CYTi JI0CIi UKy BaHHX SBHIIL.

OcoOucTnii BHECOK 3100yBava. Yci pesynbratu nmceprauiiinoi pobory,
0 BHHOCATBCS Ha 3aXMCT, OTPHMaHi aBTOPOM O0COOHCTO aGo 3a HOro
Oesnocepennboi yyacti. Jluceprauiiina poGota € 3aBeprienum JOCITJDKEHHSIM,
BMKOHAHHM aBTOPOM CaMOCTIHHO BINOBIAHO 10 mporpamu ioro JIOCITiJUKEHb.
30Kpema, JMCEPTAHTOM NPOBEJCHO MOMIYK Ta aHai3 jiteparyphux JuKepel;




noOy0Ba  aHANITHUHUX  PO3B’S3KIB  CHOPMYJILOBAHMX Pa3oM i3  HAYKOBUM
KCPIBHHKOM MATEeMAaTHYHMX MOJesiel, TX wuWcesibHa peaiizailis Ta imocTparis
OJICP’KaHUX Pe3YJIbTaTiB.

Crpykrypa Ta o0car amceprauii. /{uceprauiiina podora MicTHTH BCTyH,
OTJ1571 JITEPaTypu, S5 PO3/iTiB, BUCHOBKH Ta CIIMCOK BMKOPUCTAHUX JUKEpes, 10
mictute 119 nalimenyBanb Ha 13 cropinkax. 3aranbhuii o6csr auceprauii — 136
CTOPIHOK, 00CAT OCHOBHOTO TekeTy — 122 cropinku. Po6ota MicTHTh 26 pUCYHKIB
Ta 11 Tabnuup.

Y Betyni o0rpyHTOBaHHiH BUOIp TeMH A0C/IDKeHHS, cHOPMYJIbOBAHA MeTa
JIOCHUDKeHHS, HOro HaykoBa HOBM3H4, INpOBEJEHO aHali3 nyOmikaiii 3a
npo01eMaTHKOK IMCepTallii Ta BU3HAYECHO BHECOK AOCIIDKEHb iHILKX aBTOPIB 110
PO3BHUTKY LIbOIO HAMPSIMKY.

Y nepuwiomy po3iini  I0CHIDKEHO B3aEMOMII0  eNeKTpONnpoBiaHOi Ta
CJICKTPONIPOHMKHOT ~ KOJIIHEApHUX  TPIUMH  y3J0BXK MekKi NOAily  JBOX
I'€30€/IEKTPHYHUX  MaTepiaidiB  Mijl  Ai€l0  AHTHUILIOCKOTO  MEXaHiuHOro
HABAHTAKCHHS Ta IVIOCKOT0 eJIEKTPUYHOIO OIS,

Y Apyromy po3zini po3risHyTO 3amady Npo B3a€MOZII0 ABOX IUTAMINB 3
IUIOCKHMH  [IJI0WIBAMH, OJAMH 3 SKHX KOPCTKO 3uCIUIEHHH i3 130TpOIHOI0
HIBIJIOLIMHOIO, @ IPYTHii 3HAXOAMTHCSA 3 HEIO B yMOBAX IJIA/IKOTO KOHTAKTY.

Y TperbOMy pO3JiNli BUBYEHO €JCKTPOMATHITOMEXAHIYHMI CTaH JBOX
CHAsSHUX MDK cO00I0 N’ €30€/IeKTPOMATHITHIX MiBIPOCTOPIB 3 BOMA TPiLLLMHAMMU
Ha MEXKi 1O/iry MaTepiaiB M| Ai€0 aHTHIIOCKOTO MEXaHIUHOIO HABAHTAKEHHS
Ta CJACKTPUYHOTO i MArHiTHOrO NOJIB B IUIOUIMHI, OPTOrOHANBHIM bponTam
TPILHHH..

Y 4eTBepTOMY PO3/ii IOCTI/KEHO CHCTEMY eNIeKTpO- | MarHiTONPOHUKHUX
TPILLKH JI0BUILHOT TOBXKHMHH | pO3TAlLly BAHHS MiY IBOMA 11" €30€JIeKTPOMArHITHUM K
MiBIIPOCTOPaMH.

[T po3tin npucBSYeHUi aHanisy OimarepianbHOro npocTopy, 110
CKJIQZA€TBCsl 3 JBOX MArHiTOENEKTPONpPYKHUX MBIOPOCTOPIB 31 CKiHYEHHMM
HabopoM TPIUMH Y3M0BXK Mexi noainy marepiaiis, Oepern sikux mokpuro

eJIEKTPOJIaMH.
BucHoBkH 110 pobOTi yiTki, T0riuHi i BUrMBaIOTS i3 TCOPETUYHHX JIAHUX Ta
pesyJILTaTiB YHCENBHUX EKCIIEPHMEHTIB, OTPUMAHUX aBTOPKOIO.

IIpote n10 mcepraiiitoi poGotu € aesiki 3ayBakenns.




I. B rtabmuui 1.3 naseneni 3uauvenus IL3E y BepuwmHax TpilMH JJis
HA/I3BMYAMHO  Majol  BiJCTaHi MK TpilMHAMH 1 pI3HUX 3HAYEHHSX
CJICKTPUYHOTO 10J1s1. Bukiinkae cyMHiBH 3MiHa 3HaueHb Gy B 3aJIE)KHOCTI Bif
CICKTPHYHOIO 1O,  OCKIJIbKM — BepuiMHa b BiHOCHTBCS  JI0
CJICKTPONPOHUKHOI TPIMHU. SIK 1€ po3yMiTH?

CrocosHo miei x Tabnuui: Ska Oyze noexinka LI3E npu nHeobMexeHomy
301MKEeHHI BEpLIMH TPiluH?

Y apyromy a0saui cropinku 10 mpu omuci eleKTpOMarHiTOMPOHHUKHOI i
CJICKTPOMArHiTONPOBIAHOT TPILMH aBTOpPKA NMeperutyTana IXHi BIACTHBOCTI,

o

(OS]

X04 B yKpPalHOMOBHOMY BapiaHTi aHOTAIil BCE MPaBUIIBLHO.

4. Ha cr. 36 aBropka Bkasye: «BpaxoByiouu Te, 1m0 (yHKIisS @) (z) €
aHAITMYHOIO 32 MeXaMH BiAPI3KiB [c, a] Ta [b, d], i BAKOPHCTOBYIOUH 3a]aHi
3HAQUCHHS HANPYIKEHD 1 €IEKTPUYHUX 110JIiB Ha HECKIHYEHHOCTI, OTPHUMYEMO 3
(1.4), (1.5) nactynHy ymoBy juist yHKIii @) (z) HA HECKiHUEHHOCTI». 3 MO€T
TOUKH 30Dy, PiBHAHHSA (1.5) He BUKOPUCTOBYETHCS MPH OTPUMAaHHI BKa3aHOT
yMOBH Juist QyHKILT @1 (z) Ha HeckinyenHocti, Tomy (1.5) B 1bOMY peyeHHi
MOkHa 0yJ10 O OnyCTHTH.

5.V Ginbmocti posniniB auceprauii i HOpMaibHi, i gOTHYHI Harnpy >KeHHs
N03HAYAIOTHCS OYKBOIO «cirMay 3 BiANOBIIHUMY iH/ICKCaMu, ajie B po3aii 11
JULSL TIO3HAYEHHS JIOTMYHMX HalpyXKeHb BUKOpPHUCTaHa Oyksa «ray». Lle B
ACsIKiH Mipi yTpyIHIOE pO3yMiHHS pOGOTH.

6. ¥ podoTi € J1esiKi OMMCKH, 1110 He BIUIMBAIOTH HA PO3YMiHHS TEKCTY JIMCepTaLii:

- Ha cropinui 13 «The practical significance» nosropioerses aipiui;
-y Apyromy posiimi  mpu  posmisai  3amadi a8 wrammna
BUKOPHCTOBYETBCS HEBiIOMa QyHKLList &(X), ay bopmyi (2.24) nust wiei
(yHKUIT BAKOPHCTAHO NO3HAYEHHS &y(X);
- Y pedeHHi nepe/ piBHAHHAM (4.15) mocumanus noBMHHO Oytn Ha (4.12),
a He Ha (4.11).
Buciioprieni 3ayBakeHHs He 3HUKYIOTh IO3UTHBHOT OLLiHKH poboTH B uizomy,
a TakO’K PO3pOOJICHUX ABTOPKOK OCHOBHMX HAYKOBHX [I0JI0KEHb, BUCHOBKIB Ta
OTPUMaHHX pe3yJIbTaTiB NPOBEACHHX J0CIiHKEHD.
3mMicT mcepTanii BiANOBIZac BAMOraM, IO BUCYBAIOTHCS 110 HAYKOBHX poOiT
Takoro piBHs. Tekcr nauceprauii € opurimanphum, a ij CTPYKTYpa L{iIKOM
Y3TO/LKYIOTbCA 3 HA3BOIO, METOIO i 3aBAAHHAM 0CIiKeHHs. 3umicT T4 pesynbTaTi
Juiceprallii BinoBiiaoTh crewiansHocTi 113 [Ipuknanna matemaruka.




3aranpHuii  BHCHOBOK. BpaxoBylouM akTyalbHiCTh, HOBH3HY, BaKIMBICTb
OJIEPKaHMX ABTOPKOIO HAYKOBHMX Pe3yJIbTATiB, iX OOIPYHTOBAHICTh i IOCTOBIPHICTH,
a TAKOXK TPAKTHYHY IIHHICTH C(OPMYJIHOBAHHX IOJIOXKEHb 1 BHCHOBKIB,
nuceprauiiina IllesensoBoi Hatanii BosoxumupisHu «B3aeMoJlis KoJiHEapHHX
TPIIMH HA MEXi MOJITY I’€30aKTUBHUX MartepiayiB i3 pi3HMMH €JIEKTPUYHHUMH
yMOBaMu Ha ixHiX Oeperax», 110 mpejcTaBieHa Ha 3J00yTTs CTyNEHsl JOKTOpa
Ginocodii 3a  cmeuianphicTio 113 IlpuknagsHa MareMaTuka —BiJANOBifac
BCTAHOBJICHUM BUMOTaM BianosinHo Hakazy MOH Ykpainu Ne 40 Bin 12.01.2017 p.
«ITpo 3aTBepKeHHS BUMOT J10 0popMIteHHS iucepTaii», «[lopsiaKy npucy keHHs
CTyneHs Jokropa ¢inocodii Ta ckacyBaHHS pillleHHs pa30BOi Crelliani3oBaHoOl
BUCHOT pajiv 3aK/1a/ly BULIOT OCBITH, HAYKOBOI YCTAHOBH I1PO MPUCYPKEHHSI CTYTICHSI
noxropa dinocodii» (ITocranoa Kabinery MinictpiB Ykpainu Ne 44 Bijn 12 ciuns
2022 p. 3i smimamm Bim 21.03.2022), a ii aBropka I[lleBensoBa Haraiis
Bosiommupisaa  3acimyroBye TNpHCY/DKEHHsS CTyHeHs Joktopa ¢inocodii 3a
crenianpHicTio 113 Ilpuknanna maremaruka.

Odiuifinnii onoHeHT

JIOKTOP (i3UKO-MaTeMaTHYHUX HAyK, Ipodecop,
npodecop kadeapyu MpUKIAIHOT MATEMATHKH
HanionanpHOro TeXHivHOro yHiBepcuTeTy

«JIHIMPOBCHKa MOJITEXHiKay Mﬂa KATAJIIA
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