PEILEH3Is1
Ha JucepTauiiHy poboTy
Coagarenko Oxcann MuxaijgiBHH

Ha TeMy «IIpHckopene MaconepeHeceHHs 32 PaXyHOK PYXOMHX JHCJIOKalil nipu
iMIYJIbCHOMY HaBaHTaKeHHD»,

MpeCTaBleHy Ha 3100yTTs cTyneHs AokTopa dinocodii
B rajty3i 3Hanp 13 MexaHiuHa iH)KeHepis
3a crietiasibHicTIO 132 MaTepiajio3HaBCTBO

AKTYyaJIbHICTh TEMH JHCEPTAMii.

BuroroBneHHsT pI3HOMAHITHUX JieTalied Ta eJNeMEHTIB 3 €QHAaHHA TOIIO,
CYNpPOBOJDKYETBCH PI3HUMH MeToJaMH JedopMaliiHoi OOpoOKH BKIIOYHO 3
NPUKIAaHHAM IMIYJCHUX 3HAKO3MiHHMX HamNpyXeHb, SAKi MPU3BOAATH aX [0
HaHOPO3MIPHOTO JAHCIIEPTryBaHHA MPUIIOBEPXHEBHUX MIAPiB 00pOOIFOBaHUX MAaCHBHHUX
matepianiB. Ilpu npomy mnpomecu aedopmanii i MHOB’A3aHI 3 HUMH IPOLECH
MAacOIIEpEHECEHHS 3apOKYIOThCS HAa MOBEPXHI Ta HAWO1IbII IHTEHCHBHO MPOTIKAIOTh
B MPUIOBEPXHEBUX IMIapax oO0poO/roBaHOTO MaTepially ab0 Ha TpaHHMIAX 3€pEH,
Mexax po3auty (a3, mo Jayxke CXOoXe Ha TPOTIKAHHA TOAIOHWX TMpoLeciB y
HaHOMaTepianax, /ie BKJIaJ| MOBEPXHi Jy)Ke CYyTTEBHH, a MPOLIECH, IO Bi0OyBaIOTHCS B
yceoMy 00’eMi HaHOYACTHHKH, TOAIOHI [0 TIpOIECiB, IO TMPOTIKAIOTh B
NPUNOBEPXHEBiIH 00dacTi Makpool’ekTy. Po3yMiHHS ©IHX HpoIeciB 0Co0JMBO
BaXJMBE ]IS CTBOPEHHS CpPIOHHWX HAOCTPWXKHIB, HAHOTPYOOK 1 JBOBHMIPHHX
HAHOILIIBOK, fKi HIMPOKO BHKOPHCTOBYIOTHCS B HAHOEJIEKTPOHIII Ta B cxemax
COHSIYHUX JDKepell cTpyMy. ToMy BHBYEHHS IPOLIECIB MAacOTIEPEHECEHHs, AKe yXKe
ICTOTHO BIUIMBAa€ Ha BIIACTUBOCTI TaKWX €JIEMEHTIB, € e()CKTHBHHM 3aBJIAKH
3’CyBaHHIO ME€XaHi3MiB NEepeMillieHHsI aTOMIB NpH MacorepeHeceHHi. OCKUIbKY X
HETNEPEPBHE €KCNEPUMEHTANILHE JIOCNIJKEHHA B Mpoleci oOpoOKM € NMpaKTUYHO HE
JIOCTYIIHUM, TO 3aBJASKH KOMIT IOTEPHOMY MOJIEIIOBAaHHIO METOJIOM MOJIEKYISIPHOI
IVHAMIKA Ha aTOMHOMY DiBHI MOXXHa JOCHIUTH (PyHIaMEHTaJIbHI HPOIECH, IO
BiIOYBAalOTECSI B Marepiajlax B YMOBax IMITyJIbCHOrO Ae(GOpMyBaHHS, a caMe,
MEXaHi3Mu JiedopMallii Ta NPUCKOPEHOTO MacomepeHeceHHs. [liaTBepKeHHIM
IbOT0 € OTpPHMaHi B po0OTI aHOMAJBHI TEeMIIEpaTypHI 3aJIe)KHOCTI KOe(]illi€eHTIB
TEPMIYHOIO PO3IIMPEHHS B HAHOCTPHIXKHAX Cpibna, Tomo. ToMy BBaxaro, IO TeMa
BHUKOHAHOI IUCEPTALiIHHOT pOOOTH € aKTyaJIbHOIO.

Oniaka oOrpyHTOBaHOCTI HAYKOBHX pe3yJbTaTiB AWcepTamii, ix
AOCTOBIPHOCTI T2 HOBH3HH.

HaykoBa HOBHW3Ha pe3ynbTaTiB JAUCEPTALIMHOIO MAOCHI/DKEHHS IOJISrae B
HACTYITHOMY:



1. «3anponoHOBaHO METOA KepyBaHHS KOe(illi€HTOM JIiHIHHOrO TEIIOBOrO
PO3IIMPEHHS. YUCTOTO METAly 3a PaxyHOK 3MiHH HOTO CTPYKTYPH LIISXOM
Mo dikanii NOBEpPXHi, BCTAHOBHBIIN MOXIIHBICTh iCHYBaHHS HAHOYACTUHOK
cpibna 3i CTalMM TEMIEPATypPHHUM KOe(]illieHTOM pO3LIMPEHHs B iHTepBai
temneparyp 150K -450K». Ilio HoBH3HY aBrOop cdopMymoBaia
IPYHTYIOYMCh Ha MOJEIIOBaHHI 3MiHH  CTPYKTYpPH cpibia HUISXOM
Moaubikanii HWoro mOBepXHI 1 po3paXyHKax BKasaHUX Koe(illieHTiB
anpoOOBaHHM METOJOM MOJIEKYJIIPHOI JMHAMIKM 3 BHKOPHCTAHHSIM
HaAlMHUX TMOTEHI[ialiB MDKAaTOMHOI B3aeMOJii, Mo 3abe3mewwno il
JIOCTOBIPHICTh Ta OOTPYHTOBAHICTb.

2. «3’acoBaHO aTOMHMH MeXaHi3M aHOMalbHOro MacomnepeHecends B OLK
IpaTni 3aji3a 1 HoONM3y MeXi PO3MAiNy METANIB 3 Pi3HAM THIIOM KyOidHOI
IPaTKH BHACIiOK IMIynbcHOI aedopmanii. Bin nonsrae B ToMy, 0 moJis
HalpY>)X€Hb PYXOMHMX KpalOBUX JUCTIOKAllii B3a€MOJIIOTE 3 TOISAMH
Halpy>XeHb HABKOIO MIXBY3IIOBHX aTOMIB (HasBHHMH a00 yTBOPEHHMH
BHACJIIOK IMITYJIbCHOTO BIUTHBY), IO MPUBOAMTE N0 pyxy MA B Gik smpa
JAuCIOKalli, 1 B HOJANBIIOMY Taka IHCIOKAIlif MIPOIOBXKYE CBIM pyx 3
HassBHUM MDXKBY3JIOBUM aTOMOM Y 11 sifipi. SIKIIo JiiHis yTBOPEHOI B MpPOIEci
nedopmarlii AUCIOKalii MepneHIUKY/ISpHa A0 TPpaHHIl po3aity, To MA 3
ONHOTO MaTepialy MO SApPY MAUCIOKAalii pyXaTUMyThCs B OiK IpaHHIli
poO3AiTy, A€ MOTPAIUIITUMYTh B OOJIACTh BILUIMBY siipa MHCIIOKAL(il iHIIOrO
MaTepiany i IPOAOBXKYBaTHMYTh CBill PyX MO HUCIOKaIiiHii JiHil B 06’eM
iHIIoro Marepiany. 3a paxyHOK IbOTO TI00NM3y TpaHMI[i PO3MILIY
YTBOPIOETBCS ITEPEXi/IHA 30Ha 3 TUIABHOIO 3MiHOKO KOHI[EHTPALlii eJIEMEHTIBY.
Ils mmpoxo po3ropHyTa HOBH3HA BiJIOOpa)ka€ pO3paxoBaHi OCOOIHBOCTI
MacoOIlEpEHECEeHHs Ha OCHOBI MOl 3aXOIUIeHHS MiKBY3JIOBHX aTOMiB
ApaMH UCIIOKalii 1 X MepeMilieHHs depe3 TPaHHI0 PO3ALUTY METaliB 3
pi3HUMH IPaTKaMU B3JIOBX MNEPNEHIUKYIAPHHX IO Hel JiHiM JucCioKallii
HiATBEpKEHA €KCTIEPUMEHTAIILHO MiKpOpPEHTI€HOCTIEKTPAIbHAM
AOCIIKEHHSIM PO3MOALTY aTOMIB 3aJli3a i aFOMIHIIO THCHIA YIBTPa3ByKOBOI
yaapHoi obpobku 3ami3HuM OoiikoM cmiaBy J[16. Pazom 3 HamiliHicTIO
pe3ynbTaTiB, AKi OTPUMYIOTECS MOJEKYISAPHOIO JWHAMIKOIO Iie 3abe3meuye
JIOCTOBIPHICTH 1 OOTPYHTOBaHICTh 2-1 HOBH3HH.

Hayxosi npocmimkeHHs Oynd BUKOHaHI 3100yBadeM Ha Kadeapi ®izudHoro
MaTtepialo3HaBcTBa Ta TepMigHOi 00pobku KIII im. Irops Cikopchkoro B pamkax
nepxoromxetnoi Temu KIII im. Irops Cikopceskoro Ne 2405¢ «CtpykrypHO-dhazosi
MEXaHI3MH KEPYBaHHs KOMIUIEKCOM IOBEPXHEBHX BJIACTHBOCTEH KOHCTPYKLIMHHX i
({yHKIIOHAIBHAX CIUIaBIB KOMOIHOBaHUMH TEIUIOBAMH, 10HHAMHA Ta
nedopmaniiaumu  BrmBamuy» (0121U109752) mim xepiBammTBoM mnpodecopa,



IOoKTOpa (i3uKo-MaTeMaTUYHHX HayK, mpodecopa Bonomko Ceitnanun MuxaiiiBHy.
[Hma yactuHa poOOTH BHKOHYBaJlaCh B paMKax TeM «J/luHamiuHi sSBHINA Ha
MOBEPXHAX  PO3MEXYBaHHS  METANIYHWUX  MarepiamiB  miJ  iMIyJIbCHUMHA
HaBaHTaxXeHHAMU» (0117U002133) ta ««HepiBHOBaXkHI TpaHCIOPTHI SBUINA Y
Marepiajiax i3 mapyBaror cTpykryporo» (0122U002366) BiamoBigHO A0 HAYKOBO-
nociigaux nporpaM MOH VYkpainu mifg KepiBHHIITBOM JOIEHTa, JOKTOpa (i3HUKO-
MaTeMaTUYHUX HayK, CTapmioro HayKoBoro criBpoOiTHuka ®DinaToBa Onexcanapa
BajieHTHHOBHYA.

Omxe, B auceprailifiHiii poOOTi mHOCTaBleHe HAayKOBe 3aBIaHHs 3 jICYyBaTH
MEXaHI3MH MPUCKOPEHOTO MACOTIEPeHECEHHS 32 PaXyHOK PYXOMHX NHCJIOKAIllH MpH
IMOYJIbCHOMY HaBaHTaXEHHI, Ui 4Yoro HeoOXimHo: 1)3’scyBaTH MexaHi3MH
nedexToyTBOpeHHsT B HaHOCTpykTypax 3 ['LIK rparkoio B yMoBax nedopmaiiii.
2) HocniguT aTOMHI MEXaHI3MH MacorepeHoCcy B yMOBax iMITyJIbCHOI AedopMariii B
MeTasax 3 KyOiuHowo Ipartkoro. 3) BusHaumtu cnocoGw BIIIMBY Ha MeXaHivHi,
TEIUIOBl Ta nuQy3ilHI BIACTHBOCTI MaTepiaiiB, IUIIXOM 3MIHH iXHBOI CTPYKTYpPH.
4) 3’sicyBaTu 3aKOHOMIPHOCTI (POpPMYBaHHS CTPYKTYPH 1 CKJIaJy MaTepiajiB 3 Pi3HOIO
I'PaTKOI0 MOOJM3Y TpaHHIll iX pO3MiIy B YMOBaX 3HAKO3MIHHOTO Ie(OpMyBaHHS.
HayxoBe 3aBgaHHsS BHKOHAHO TMOBHICTIO, 3/100yBad IOBHOIO Mipoi0 OBOJIOALIA
METOJIOJIOTIEF0 HAYKOBOI JIISUIBHOCTI.

Oninka 3micty aucepraumii, ii 3aBepuieHicTh Ta JOTPHMAHHS NPHHIHIIB

aKajgeMiuHOi 100poyecHOCTI.

3a cBOIM 3MicTOM AucepTalliiHa pobora 3100yBada Connarenko O. M. moBHICTIO
Bianosigae CraHAapTy BHINOI OCBITH 3i cremiajibHOCTi 132 Martepiajio3HaBCTO Ta
HaIpsMKaM J0CHiPKeHb BiNOBIAHO 10 OCBITHROI IporpaMu «Marepiaio3HaBCTBOY.

Hucepramniiina pofoTa € 3aBepHieHOI0 HAYKOBOKO TMparelo i CBIAYHATH MPO
HasiBHICTh OCOOMCTOrO BHECKY 3/100yBada y HaykoBuii HanpsMm «HanomacmirabHi Ta
HaHOCTPYKTYPOBaHI CHCTEMID.

PosrnsHyBImiM 3BIT MOAIOHOCTI 3a pe3ynbTaTaMH IEPEeBIPKH JUCEpTaLiiHOT
pobOoTH Ha TEKCTOBI CHIBMAJIHHSA, MOXXHa 3pOOMTH BHCHOBOK, IO IHMCepTaliiiHa
pobora «IIprckopeHe MacomepeHEeceHHS 3a paxyHOK PYXOMHUX AHMCJIOKAliid Hpu
IMITyJIb,CHOMY HAaBaHTAXXEHHI» € Pe3y/lhbTaTOM CAMOCTIHHHUX HOCHi/KeHb 3/00yBaya
Conpatrenko Oxcanu MuxaiiniBHdU 1 He MICTUTh €JeMEHTIB danbcudikanii,
KoMIiIi, pabpukanii, nnariaty Ta 3ano3W4eHb. BukopucTani ifiel, pe3ynbTaTi i
TEKCTH 1HIINX aBTOPiB MAIOTh HAJICXKHI TTOCHJIAHHS HA BiAMOBIIHE [DKEPETIO.

MoBga Ta CTHJIb BHKJIAICHHSI Pe3yJ/IbTATIB.

JucepraniitHa poboTta HanmrMcaHa yKPaiHCHKOIO MOBOIO.

Tekct pucepranii BUKIaJAEHHH 3 JIOTIYHOIO TMOCHTIIOBHICTIO TakK, IO YCi
HaCTYIHI PEYEeHHS, 3MICT ab3alliB i MyHKTIB BUILUIUBAIOTH 3 MOMEPEAHIX TBEPHKEHB i



He cyrnepevarb OJHH OJHOMY. Pa30M 3 BUKOPUCTaHHSIM 3arajIbHONPUHAHATOI HAYKOBOT
TEPMIHOJOTI{, yKpaiHChKOi JIEKCHKH Ta BIiJICYTHOCTI >KaproHy, me 3abesmedye
HOCTYTIHICTh i pO3yMiHHS HOSICHEHb Ta (JOPMYITIOBAHb CyTi OTPUMAHUX Pe3yJIbTATIB
AociipKkeHb. iTKi KOHCTPYKLii PEYeHb 3 MalOK KiIBKICTIO 3BOPOTiB, MiHIMyMOM
MOBTOPIB, 3aBASKH BHKOPHCTaHHS CHHOHIMIB, CIPHSIOTH JIETKOMY CIIPHHHSTTIO
3MICTY JACepTaIlii.

HucepTanis CKIafaeTbest 3 BCTYIY, 5 PO3/LIiB, BACHOBKIB, CIIUCKY JIITEPaTypH.
3aranbHuii o6csr gucepTalii — 126 cTOpiHOK.

VY Berynmi BiMiueHO, MO JUIS JOCSATHEHHS THX Y IHIIMX (i3HKO-TEXHIYHMX
XapaKTePUCTHK BUPOOIB BUKOPHCTOBYIOTHCS IMITYJIBCHI METOAM 0OpOOKH MaTepialliB
IUISIXOM TIPUKIIAJAaHH] 3HAKO3MIHHMX HalpyXXeHb, KOJM aedopMaliiini mpouecu
OPU3BOIATH JI0 JUCIEPIYBAHHS CTPYKTYpPH MPHIIOBEPXHEBUX IIapiB 00po0oBaHmX
MaTtepiaiiB, 6IM3bKHMX O MOBENIiHKH Ta XapaKTEPHCTHK HAHOCTPYKTYPHHX 06’ €KTiB i
POJb TIOBEPXHI B TAKMX yMOBaX HabyBae Baromoro 3HaueHHs. ToMy, A5 CBiJOMOTO
KEepyBaHHS MAacCOIlEPEHECEHHAM 1 AedopMalliiHUM BIUIMBOM IiJ 9ac iMIyJIbCHOI
neopMmaiii B MeTanax, MOCTa€ HEOOXiMHICTH MOCHIDKEHHs AedopMaliiHMX i
TPAHCIIOPTHHUX IPOLECIB HA aTOMHOMY DiBHI B HAHOPO3MIPHHMX CTPHXKHSAX, TPyOKax,
TOMIO. [ pyHTYIOUHCH HAa HEOOXIAHOCTI 3’sCYBaHHS TPOILECIB, SIKi JIEXKATh B X OCHOBI,
OOIpyHTOBaHa aKTyalbHICTh MPOBEJEHHX B POOOTI JOCHIpKEHb, CPOPMYNBOBaHi
MeTa 1 3aJa4i JOCIiDKeHb Ta HayKOBa HOBH3HA OTPHMAHUX PE3YJbTaTiB, OKa3aHMIl
3B’30K pOOOTH 3 HAayKOBUMH TeMaMH, NOPOrpaMaMH, BHCBITIE€HI NpPAaKTHYHE
3HA4YCHHS OJAEPKAHMX pPE3yNbTaTiB, OCOOMCTHI BHECOK 3100yBada, BKa3aHi
nybmikanii 3a pe3ynbTaTaMH JAucepTaniiinoi poboTH 1 cTpykTypa Ta obcsr
JUcepTaLii.

Y mepmomy po3zili NMPOBEAEHO JITEPAaTYpHHM OTJIAN, B SKOMY HPOBEICHHI
aHaji3 JITepaTypHUX JDKepes, IO CTOCYIOThCA TeMmH aucepramii. Tak B m.l.1
PO3IVISIHYTI OCHOBHI HpOLERypH OOYHCIIIOBAILHOIO MaTepiajlo3HaBCTBa, SAKi
BH3HAYalOTh HEOOXiNHI 5 eTamiB Ui OTPUMAaHHS i3 CTBOPEHHX MOJENEH CHCTEM Ta
NpATAaMaHHUX iM MPOLIECIB HAayKOBHX pe3yJbTAaTiB, IO Y3TOKYIOTHCH 3 JaHHMH
IHIIUX OCHIDKEHb Ta eKCIIepUMEHTIB. BigMiueHo Micne MOJIEKYJIIPHO-AUHAMIYHOTO
mogemoBanHd (MJIM) cepexn BenmMKOro CHeKTpy METOAIB JOCHI/KCHHS Ta
MOJKIIMBICT TPOTHO3YBaHHS [OBE[iHKUA BIACTUBOCTEH MarepiamiB MpH 3MiHi
TEPMOJIMHAMIYHAX YMOB Ta MEXaHiYHHX HaBaHTAXeHb, OCOOIMBO B HAHOPO3MIPHUX
cucremax. B n.1.2 npoananizoBana BIAMIHHICT 3aJIE)KHOCTI KOe(MIiliEHTY JiHIAHOTO
terioBoro posmmpenHs (KJITP) B macuBHMX MeTasax Ta B HAHOPO3MIPHHX
CTPWKHAX pisHUX po3mipiB. Ilopsny 3 muM  posrisiHyTa BigMiHHICTE peakiii
MaKpOCKOITIYHMX MOHOJITHAX METATiB i HAHOYaCTHHOK Ha MPUKIAJEeHy AedopMariifo
postsary. IlpoananizoBaHi pe3ylbTaTH CHHTe3y CpIOHMX HAHOCTPHXKHIB Ta
HaHOTPYOOK i iX MexaHIYHHX BracTHBoOcTeH. PosrmsHyTi B .. 1.3.i 1.4 nitepatypsi
JlaHi HayKOBHX pe3yJbTaTiB MpO BIUIHB TEMIEpaTypd Ta AedopManii Ha mpolecH



MacoOMEPEeHOCY B MeTalax 1 MOKPAIICHHS BIACTUBOCTEH MaTepialiB IUIIXOM 00poOKH
MOBEPXHi J03BOJHIIA aBTOPY 3POOMTH BHCHOBOK, WIO euguarouu memooom (MIM)
npoyecu OegheKmoymeopeHHs 8 HAHOPO3MIPpHUX 06’ckmax ma IXHI MexXaHiui
61ACMUBOCTL MOJCHA NPOZHO3YEAMU, AKLI NpoYecu NPOMIKAmuMyms ma AKUMU
XapaKkmepucmukamu  80N00IMUMYymMb  NPUNOBEPXHES]  WAPU — MAKPOCKONIYHO20
00 ’exmy 6 yM08ax, W0 NPU3800Mb 00 U020 HAHOCMPYKMYPU3AYIi.

Y apyromy po3aiuli  ONMCaHO METOIMKHA  MOJIEKYJSIPHO-IHHAMITHOTO
MOJICJIIOBAHHS HAHOKPUCTAIiB cpibna Ui JOCHI/PKEHHS IXHIX TEIUIOBHX Ta
MEXaHIYHUX BJIACTUBOCTEH 3 BHKOPHCTAHHAM TMIOTEHIiaJly HAa OCHOBI METOJY
BTieHOro aroma st cuctemMu Ag—Cu Ta BKa3aHO OOIPYHTYBaHHS BHOOpY CpiOHHX
HAaHOCTPYKTYp: TOMY, IO Y€ BIIOMO TMpO iX MNpaKTHYHE 3aCTOCYBaHHA, a
BJIACTHBOCTI iXHIX ()OpPM JOCTaTHHO MIMPOKO MAOCHiDKeHI TeoperwdHo. Cin
BIJJ3HAYMTH, IO JUCEPTAHT JIAKOHIYHO aJie MOBHO OMUCalIa METOIUKA MOJEIIOBAHHS
oKpeMo cpibHmx HaHoTpybox 3 Tpadeno- 1 T[LK-nomiOnumm crinkamuy,
TOBCTOCTIHHUX LHWIIHAPUYHAX HAHOTPYOOK Ta HAHOCTPHXKHIB. BaxnuBo, mo s
KOPEKTHOTO KOMII'IOTEPHOTO MOJENIOBAaHHS KOXHOTO 3pa3ka, 3acTOCOBYBAaBCH,
ONMCaHUM B IIOMY PO3JIUI, CIOCI0O BU3HAYEHHS PIBHOBAXXHUX IIapaMEeTpiB I'PATKH,
NpH KOXHIM 3 AOCIIKYBaHHUX TeMriepatyp 3 kpokoM 100 K B mianmazoni 50—1050 K,
AKi OyJd CTapTOBHMH IPH PO3paxyHKaX BJACTHBOCTEH B iHIIMX TEPMOJUHAMIYHHX
Ta MEXaHIYHUX YMOBax. Takox BKa3aHWil BUOIp rpaHMYHUX YMOB, (ikcamii KpalHiX
aToMHMX IutonH. KOpoTKo BKa3aHi METOJUKHA MOJAENIOBaHHA mpoiecy aedopmariii
CpiOHMX HaHOTPYOOK 1 HAHOCTPHIKHIB Ta CrOCi0 po3paxyHKy KoedimieHTa JiHIHHOTO
TEIUIOBOTO pO3IIMpeHHs. B n.2.2 petanbHO poO3riasiHyTa METOAMKA MOJEKYJISIPHO-
JUHAMIYHOTO MOJCIIOBaHHS IPOILIECY MEXaHOAaKTHBOBaHOI AHQY3il B 3aii3i, ska
Bkmodae Bubip EAM-noreHmiasly MIKaTOMHOI B3a€MOJii Ui TPHKOMIIOHEHTHOI
cuctemu Cu-Fe-Ni, napameTpiB po3paxyHKOBOI KOMipKH, TOYaTKOBUX Ta TPAaHUYHUX
yMOB. BapTo BigMITHTH, 110 [UIsl CLIOCTEPEXEHHS 3a MpollecaMi MEXaHOAKTUBOBAHO1
nudy3ii, B 3pa3Ky JAOJAaTKOBO CTBOPIOBAJIMCH KpaloOBI JHCIOKAaIii Ta BJIacHUH
MDKBY3JI0BHI aToM. BaxiuBHM Ui pO3paxyHKy KoeQilli€eHTiB MacoIlepeHOCY B
npoueci aedeKToyTBOpeHHs Ta Mirpamii atoMmiB Ha rpaHHMi po3xity Al-Fe mig
BIUTMBOM 30BHIIIHBOI JedopMalii € MOIETIOBaHHS PO3PaXyHKOBHUX KOMIpPOK, IO
cknagamuce 3 mapy [LK-amowminiro ta OlIK-3amiza y BHIIs[i JIBOX CHCTEM
opienTarii rpatok Fe i Al tak, mo6 TUIOIMHY HAMIETIOr0 KOB3AHHS JHCIOKAIN B
KOXKHIM OKpemil IpaTiii chiBmajanw, ToOTO OynM TNEPNeHAWKYJISIPHAMH 1
napajeJbHUMH A0 TpaHulli po3aury. [IoBHOTY oOmucaHHS METOAMKH BHKOHAHOI
poboTu 3a0e3neuyroTh TaKOX PO3IJISHYTI MapaMeTpd YJIbTPa3BYKOBOI 0OpoOKu Ta
MIKPOCTPYKTYPHOTO 1 XiMiYHOT'O aHai3iB.

Y  TperbomMy = po3AUll  MNpPEACTaBl€HI  pe3yNbTaTH  JOCIiIKEeHHSA
JIePEKTOYyTBOPEHHS Ta MAacollepeHEeCeHHs B MeTajiaX 3 KyOI4HOI IpaTKoK Tijf
BIUIMBOM IMIYyIbCHOTO  HaBaHTaXeHHA. 3okpema B 1m.3.1.1 Baproro yBaru €



BCTAHOBJICHA 3aJIEXKHICTh TEMIIEPATyPHUX MEX CTaOUIBHOCTI CpiOHMX HAHOCTPUIKHIB
BiJ ix miametpiB. [Ipu 1pboMy BTpata cTabUIBHOCTI CYNPOBOKYETHCS HedopMallieio
HAHOCTPIDKHS K B3ZIOBX OCi HaHOOO €KTa, Tak 1 B MEpPIEHIUKYISIPHHX A0 Hel
HanpsMKaxX, MO0 MNPUBOAMUTH 0 3MiHH (OPMH TMOMEPEYHOrO IMepepidy, TOAi 5K
rpadeHononiOHa cpibHa HaHOTPYOKa 3 BIICTAHHIO MK HaWOIMKYAMH aTOMaMH B
IUIOIMHI HAHOTPYOKHM, sika jgopisHioe nmepiogy I'LIK rpatku cpibna (a = 4,09 A), B
TpoIieci penakcaiii Jerpanye 3 po3naJaHHsM Ha MEHIII CTPYKTYpPHI eJIEMEHTH yKe 3a
temnepatypu 300 K, a 3MeHIIeHHS MiJKaTOMHHX BijicTaHeit 1o 2,892 A cnpuunnse i
CTHUCKaHHS B3JIOBX OCi Ta 3HUKHEHHA B Hild TNOPOXHHUHH. BaxJiMBICTh IHX
pe3yibTaTiB MOJATaE B TOMY, 110 BU3HAUY€HI CIIOCOOH YTBOpPEHHSA 1 OpieHTalii ocel
0araTocTiHHUX HAHOTPYOOK HO3BOJSIOTH 3’SCYBaTH MeXi iX CTabUIbHOCTI, 3HAHHS
AKHAX HEOOXIHI UTA CHHTE3Yy 1 BAKOPUCTaHHA. L[ikaBuM € Te, 0 NoKaIbHE 3BYKEHHSA
OaraTocTiHHOI HAHOTPYOKH 3 Biccio opieHToBaHOIO B [110]-HanpsiMi BUHHMKae OIS 11
kiHng ax npu 10%-# BigHOCcHIM nedopmanii Bapro Bin3zHauwuTH, 10 BU3HAYECHUH
aBTopoM Monynbs HOHra HaHOTpYOKM OUIBIIMIA HIXXK HAHOCTPWXKHA 3 OJHAKOBHM
e()eKTUBHUM JliaMeTPOM TIpH OJHAKOBiH I'paHMIli MPYXXHOCTI CBITYUTH MPO OLIBIIY
MII[HICTh  KOPOTIIMX  IIOBEPXHEBHMX  MIKATOMHHX  3B’S3KIB, IO  TaKOX
MiATBEP/DKYETHCSI MEHIIMM 3HAYEHHSM MAaKCHMAaJbHOI TPYXHOI JaedopMariii
HaHOTpYOKkHM. BauBuMH I eKCIUTyaTalii B 3MiHHHUX TeMIEpaTypHHUX yMOBax
cpiOHHX HaHOTPYOOK 1 HaHOcTpwkHIB (1.3.1.4) € oTpAMaHi iX TeMIlepaTypHi
3aJIeKHOCTI  KoedilieHTiB JiHiAHOro TeruoBoro posmmpenus (KJITP), sxi
3MEHINYIOThCA IIPH 3pPOCTAaHHI TeMIlepaTypH. BusBieHe 30iNbIICHHS MIBHIKOCTI
samkeHHs KJITP 3 nigsuimeHHsM TeMiepaTypH, BHACIIIOK 3DOCTAHHS BiJICOTKOBOTO
BMICTy MOBEPXHEBHX aTOMiB HAHOCTPWIKHIB, JO3BOJIHJIO aBTOPY BH3HAYUTH YacCTKy
nmoBepxHeBUX artomiB, nipu skiii KJITP He 3anexwts Bii TeMmeparypu. 3aBAsKu
uboMy OyB oTpuMaHuWii mateHT Ha BuHaxig Nel27523. B 1n.3.2 mnpencrtaBiicHO
3’siCOBaHWil aTOMHHII MeXaHi3M aHoMaibHOTo MacomepeHeceHHs B OLIK rparui
3a1i3a BHACHIIOK iMITysbcHOI Aedopmanii 3i mBuakictio 108 ¢!, 3aBpaxu B3aemonuii
MOJIIB HAaNpy)X€Hb PyXOMHX KpalOBHX AMCIOKAIii 3 MOJIIMH HAMpy>KeHb HAaBKOJIO
MDKBY3JIOBHX aTOMIiB, IO TMPHBOIUTH N0 pyxXy MA B Oik sapa amciokamnii, 1 B
MOAABIIOMY TaKa JWCIOKAIlil MPOJOBXKYE CBid pyX 3 HasSBHUM MIXXBY3JIOBUM
aToMoM y ii spi. 3uaunuii npaxmuynuil inmepec UKNUKAE Matidice He3anedlCHicme
8i0 memnepamypu (puc.3.22) 8ucoxkux 3HayeHsb koe@iyicumy camoou@ysii a-3aniza
nio 8NIUBOM IMNYNLCHO20 HABAHMAICEHHS, OCKINbKU Ye 0dE MOJICIUBICMb Kepysamu
Ou@y3itiHUMU npoYecamu, YHUKAIOUU Hazpiey mamepiany, abo npuckoproeamu
oughy3itini npoyecu 8 yMo8ax He8UCOKUX memnepamyp.

VYV YerBepTOoMy pO3/iJii BUBUEHA Mirpalisi aTOMiB Kpi3b TI'DaHHIIIO PO3IiTYy Ta
CTPYKTYpPHIi 3MiHH no0iu3y Hei B OiHapHii cucteMi Al-Fe B ymoBax fii iMITyJIbCHOTO
HaBaHTa)XXCHHS Ha OCHOBI MOJICNIIOBaHHS MeEpeMilleHHsA IUCIOKalid Ta Audysii
aTOMiB MDK MeTanamu 3 pisHUMH KyOiunumu rpatkamu — ['T[K-Al i OLIK-Fe. Cnig



BiJI3HAYUTH, IO JOCIiHPKSHHS IPOBOIMIOCH IS IBOX CHCTEM Opi€HTAIlil KpUCTAIB,
B AKkuX (cHcTeMa 1) IUIOIIWHW HAMJIETHIOro KOB3aHHA AHcioKamii (mrommHa (112)
mrst OLIK 3amiza ta mrommaa (111) mms LK amromiHilo) y KOXHOMY 3 IIapiB
nmapajieibHI TpaHHIll pO3JAULY, a B CHCTEMiI 2 [ IUIOIIUHA OpPI€HTYBAIUCH
MEePHeHANKYJISIPHO /10 TPaHUIll PO3MTy KpHCTaliB. BaXnwBo BiAMITHUTH, IO TaKuit
BIaJi0o BUOpaHWH MiJXiJ JO3BOJMB aBTOPY BUSABHUTH B 1-U cHCTeMi AHMCHEPryBaHH:
CTPYKTYPH IIapy KpHUCTally 3aiiza, 00 i3 30iIbIIeHHSM TpHBAJIOCTI Aedopmarlii
KiIbKiCTh JAMCIOKALi# 6ifis rpaHHIb PO3iMY 3pOCTAE, MO B MOAATIBIIOMY IIPUBOIUTH
JI0 yYTBOpPEHHS HAJIMCIIOKallid, Yoro He crocTtepiracThcs B mapi Al BOpomoBk
peai3oBaHOTO B MOJENIOBaHHI 4acy. Y JIpyroMy BHUMaJKy OpI€HTaLii MJIOIUH HE
CIIOCTEPITAETECA CYTTEBOTO TIOAPIOHEHHS CTPYKTYpH [Iapy 3aji3a, OCKLIbKH
JIACTIOKAIlii, fIKi YTBOPIOIOTHCA B mapi Fe, pyxalThCs MO MIOMIMHAX HAWIErmoro
KOB3aHHS 1O TPaHUIi pO3[iTy, BHACIIAOK YOro iX KOHUEHTpalis B 00’eMi miapy
3MCHIIIYETbCA 1 CTa€ HENOCTATHBOIO JUJI YTBOPEHHS NUCIOKALIMHMX KOMIUIEKCIB -
HaJIUCIIOKAIliH, Ta moApiOHEHHS CTPYKTYpH. Lli pe3ynpTartu 103BOIAIOTh IPOBOJUTH
CBIJIOMMI1 Opi€HTaIiliHMi BHOIp KpHCTANIB MpH iX 3’€qHaHHI 1 00poOIi, OCKUIBKH
HOro SIKICTh 1ICTOTHO 3aJIEXHUTh BlJl XapaKTEPHUCTUK MAaCOTIEPEHOCY.

Y m’sAToMy po3/ili eKCIIEPUMEHTAIBHO AOCHIPKeHl nedopMaliiHo-1udy3iiiti
Ipolecd B amoMiHieBoMy cruiaBi J16 mpu MexaHIYHOMY JieTyBaHHI METOJOM
yIBTPa3BYKOBOI yaapHOi OOpoOKH 3ali3HUM OOHMKOM, $Ki BHUSBHJIH, METOAOM
€HEepProAMCIIEPCIHHOI PEHTIeHIBCHKOI CIIEKTPOCKOIII MOMEPEYHOro mepepizy 3pa3KiB
ciutaBy 16, dopmyBaHHA audy3iiiHOI 30HH, IMIMPHHA AKOi 3pOCTa€ BJBIYl MpH
30UIBIIEHHI B 2 pa3W TpUBaiocTi oOpoOku. [Ipym mpomy BH3HaueHi KoedilieHTH
audy3ii cBig4aTh, M0 3MEHIICHHS Koe(ilieHTy B3aeMHOI Audy3ii 3i 30iUIbIICHHIM
TPUBAJIOCTI 0OPOOKH MOXKe CBIAYUTH PO 3POCTaHHS KUIBKOCTI AUCTIOKAIH obau3y
rpaHMIli PO3JLIy JIErOBaHOTO Imapy i ocHoBH crjaBy /{16, BHaciiok 4Yoro ix
PYXJIMBICTh TOTIPIIYETHCA i aTOMHO-TPAHCIOPTHI NPOLIECH Ha TpaHUIll PO3ALLY
CIIOBUTBHIOIOTHCSA. Lli eKcriepuMeHTalTbHI HOCHIDKEHHS MiATBEP/UKYIOTh Pe3ybTaTH
MOJCJHOBAHHS MPOIECiB MAcOIEPEHOCY, YAM 3aCBIAYYIOTh BaXJIHBICTh HPOBEACHHX
B ucepTalii po3paxyHKIB.

Jucepramiiina pobota odopmiieHa BiAnoBiIHO A0 BuMmor Hakazy MOH VYkpainu
Big 12 cigas 2017 p. Ne 40 «I1po 3aTBeppKkeHHsS] BUMOT 0 O(QOpMIIEHHS AHCepTaLii».

OnpuiojHeHHs pe3yabTaTiB AnucepTanilinoi poboTH.

HaykoBi pe3ynpraru auceptaiiii BHUCBITIHeHI y 13 HaykoBux myOiKamisgx
3m00yBada, cepen skux: 0 crarTedl y HAyKOBHX BHAAHHSIX, BKIIOYEHHX Ha AaTy
onyOJIiKyBaHHS J0 TepeliKy HayKOBHX (axoBuUX BHJAaHb YKpaiHd; 4 CTaTTi y
NepioANYHUX HAYKOBUX BHJIAHHSX, MPOiH/IEKCOBaHUX Yy Oa3ax nanux Web of Science
Core Collection Ta/abo Scopus, 3 sakux 4 cTarTi y BHIAHHAX, BIIHECCHHX [0



nepmoro — tpetboro kBaptwiiB (Q2 i Q3) BigmosimHo mo kimacudikarii SCImago
Journal and Country Rank a6o Journal Citation Reports; 1 mareHT Ha BHHAaXif, IO
MpoHmIoB KBamigikaliiiHy ekcrnepTH3y Ta 0e3mocepeHbO CTOCYEThCS HAyKOBHX
pe3yabTatiB Aucepraiii; 0 maTeHTiB YKpaiHH Ha KOPHUCHY MoJeib; 0 ogHOOCIOHMX
MoHorpadiif, MmO peKoMeHJoBaHI A0 Jpyky Buenowo panmoro KIII im. Irops
CikopchKOro Ta MPOUIIDIHA pelieH3yBaHHS.

Takox pesynbratn amcepramii Oynu anpoOoBaHI Ha 8 HAYKOBUX (haxOBUX
KOH(EPEHIIisIX.

Bucokuii HaykoBui#l piBeHb MyOiikaiiiii 3m00yBada 3abe3nedeHuii rpyHTOBHUM
pelieH3yBaHHAM B MEPIOJUIHUX BUIAHHAX, MPOIHAEKCOBAaHUX Yy 6a3zax AaHHX Scopus,
0 BiAHOCATHCA 0 Apyroro i tperboro kBaptwiiB (Q2 i Q3). Ilpo norpumanHs B
HAYKOBHUX IMyOJIIKAWiAX MPUHIMIIB aKaJleMidHOI TOOPOIECHOCTI CBIAYUTH BUCHOBOK
PO OPHIiHANBHICTH AWCEPTaLii, MOJaHOI Ha 3M00yTTA cTyneHs aoktopa ¢inocodii
3nobysaua Connarenko Oxcanu Mwuxaiinisau B aucepranii Ha teMmy «lIpuckopene
MacolepeHECEHHS 3a pPaxXyHOK pPYXOMHX JIUCJIOKAllH NOpH  IMIYJIbCHOMY
HaBaHTAXXEHHI», 3T1THO 3BiTy MOAIOHOCTI cX0XicTh-3,82%, utaT-0, Brutyuens-0.

OcobucTHii BHECOK 3/100yBaya IO BCiX HAYKOBHX ITyOJTiKalliii, OMyOJIiKOBaHHX i3
CIIiBaBTOpPaMH Ta 3apaxOBaHHUX 33 TEMOKO IWCEpTallli MOJATra€ B HACTYMHOMY: Y
poborax [12, 17] 3mo0yBau 3piiicHHNAa MOOYNOBY MOJEKYJIAPHO-IUHAMIYHHUX
MojieNtell CpiOHUX HAHOCTPHIKHIB Ta PO3PaxXyHKH KOeQII€HTIB JIiHIHHOTO TEMJI0BOIO
po3mmpeHHs; y poboTi [59] 3m00yBau mobyayBana MOJEKyISpHO-IUHAMIYHY MOJEIb
Ta 3JIHCHHAB PO3PaxyHKH KoedillieHTiB MacorepeHocy; B poboti [63] 3m00yBadem
OyB MpOBeNIeHH aHAJIi3 PO3MOITY XiMIYHUX €JIEMEHTIB MO TTUOUHI TOCHiKYBaHUX
3pa3KiB Ta 3p00JIEHO aTOMICTHYHE MOAETIOBaHHS IBOKOMIIOHEHTHOI cucteMu Al-Fe 3
rpa"uieo po3firy. Y nareHTi Ha BuHaxig [58] 3m00yBau mpoBena po3paxyHOK
TeMIepaTypHUX Koe(]illieHTiB PO3IIMPEHHs, NMONIyK HAMOIMKINX aHAJIOTIB Ta OIHMC
BuHaxonay. OkpiM Toro, y Bcix poborax 3mo0yBay Opana ydacTh B OOTOBOpEHHI
pe3yJbTariB, OpopMIICHHI MaTepialiB i HiATOTOBII TEKCTiB MyOiKalii.

TakuM 4HHOM, HAYKOBi pe3yJIbTaTH OMHCaHI B AHCEPTaliifHiii poOOTI MOBHICTIO
BUCBITJIEH] Y HAYKOBHX MyOmikamisx 3100yBayda.

Heposiku Ta 3ayBakeHHsI 10 AHcepTaliliHOl poboTH.

1. 3 aHamizy TeKCTy aucepTallii He3pO3yMilo, Y4 MOXKHA BHKOPHCTOBYBATH
3aMpoNOHOBAaHMA MeTOJ] KepyBaHHS Koe(DillieHTOM JiHIHHOTO TEeIIOBOIO
PO3LIMPEHHSI YMCTOTO METANy 32 PaXyHOK 3MiHM HOrO CTPYKTypH IUISXOM
Moau(dikamii MOBEpXHi [0 IHIIMX METaliB 3 IHIIUMHU CTPYKTypaMH I
XapakTepamMy MKaTOMHOI B3a€MO/Iii, UM 1€ CTOCYETHCS JIHiIe cpibiia.

2. 2-a HOBH3HA JyXe pO3IIMpeHa TakK, IO N0 po3MHUTa ii CyTh. SIk Ha MeHe,
To ii MOXKHa copmymoBatu Tak: «[loka3aHo, 0 BHACHI/IOK B3a€EMOJIi OB
HamnpyXXeHb PYXOMHX KpalOBHX IHUCJIOKAlliii 1 HaNpyXeHb B OKOJi



MiXBY3JIOBHX aToOMiB, ocTaHHi (MA) mepeMillylouuch B siipa JAUCIOKALiH
PYXaiOThCSA pa3oM 3 HAMH. TOMy Mpd YTBOPEHHI MWUCIOKALii, JiHIl SKHUX
MEepIIEHAUKYISIPHI 0 MEX PO3JiUTYy pi3HUX MaTepialliB, pyxoMi HO iX siapax
MA moTparisaTUMYyTh B OOJIacTi BIUIUBY sA€p AUCIOKALil MPIJIETIIOTO
Marepially, pyXaro4Hch B HOro 00'eM Mo JiHIAX HOTo X AUCIOKaLii».

3. 3 ommcy noreniiary EAM (crop. 39) He BHIHO, K BU3HAYAJIKMCh H{UIBHOCTI
€JeKTPOHIB Ha PI3HUX JUISHKAX KOHKPETHHX MOJENIbOBAHUX CpPIOHMX
HAHOCTPYKTYP ISl 3aIyCKy MOJIEKYJIIPHO-MHAMIYHOTO OOUHCIIEHHS.

4. Ha crop.45 BkazaHo, mo «lIpu pocnimkeHHI Koeilli€eHTIB diHIHHOTO
TEIUIOBOTO  PO3MIMPEHHS [0 HAHOYACTHHOK B HampsAMKYy IX ocl
3aCTOCOBYBAJIMCh MEPIOJUYHI TPaHUYHI YMOBU», ajieé HI4Oro He CKa3aHo Ipo
iX mapaMeTpH, 30KpeMa BEIMIUHY NEPiofiB , TOIIO.

5. B pgucepranii He 3’SCOBaHW MeEXaHI3M 3MIHH AHTapMOHI3MY BHACIHiJOK
301IBIIEHHST YaCTKW TIOBEPXHEBUX aTOMIB B HAaHOCTPWKHSAX, IO CIIPHYNHSAE
BJTHBI TeMIiepaTypHi 3anexHocti KJITP

6. Ha crop. 81 BukopucraHo He3po3yMminmmii TepmiH B peueHHi «HasBHiCTb
nedopMallii Ta 6UCOKO20 NOA HANPYIHCEHb TIPUBOAUTH JO....» MOXIIUBO Lie
nose 6UCOKUX HANPYHCEHD.

7. Texuiuni 3ayeaxcenns. crop.2, abszam 4, psAoK 3 3aMiCTh HaHOYAaCTHHOX
Tpeba .....HOK; cTop. 6 mMOB—>10 B; 2-ab3an 7-# pALOK MIOB—>UIO B,
KiHelb 6-ro psaKa MpOMmyLieHi cloBa «pu obpobui» ; crop.17 2-i ab3an
PYCH3M «i3-3a MaJIHX pO3MipiB» Tpeba 3aMiHHUTH Ha «depe3 Maji po3MipH»;
crop. 24, 2-ii abzam, 2-W pANOK 3aMIiCTh «B3aeMOil» wMae OyTH
«B3AEMOJI€IO»; Ha cTop.29 MOpylleHa MOCTiZOBHICTh IMyHKTIB BHAcJHiJOK
moBTOpeHHS 1.1.1; B OCTaHHBROMY PSAZIKY Ha cTop.53 Tpeba po3AUIHTH ClloBa
«00’emianroMiHiIO»; Ha cTOp. 67 B OCTAHHHOMY a03alll MOCUIAIOTHCA HA PUC.
3.8 3amicte puc. 3.9; Ha puc.3.10 He po3mmdpoBaHe IMO3HAUCHHS €; Ha
puc.3.21 He po3mmdppoBani mo3HaueHHd Vc .ta Vp i He BKa3zaHe 3HA4YEHH:A
F/L i D; B 1-my a03aiii Ha ¢t op.87 BKa3aHi «BHCOKI 3HaYeHHS Koe(ilieHTiB
mudys3ii....» 3 TOCWIAHHAM Ha TpaBy 4acTHHY puc.3.20, Toai AK i 3Ha4CHHS
HaBelleHI Ha puc. 3.22; Ha puc. 3.23 Tpeba Oyno Ou 11si HAYKOBOTO 3araity
po3mmdpyBaTH, MO O3HA4YalOTh Mo3HadeHHs 1E+09 ...2E-12... ; Ha
crop.115 € nocunanHs Ha puc.5.11, Xxo4 BiH nmo3HaveHuu sk 5.10.

BBakaro, 10 BHUCJIOBJIEHI 3ayBa)XK€HHS HEe € BHU3HAYAJIGHUMHU 1 HE 3MEHUIYIOTh
3arajibHy HayKOBY HOBH3HY Ta IPAKTUYHY 3HAYMMICTH pe3y/ibTaTiB Ta HE BIUIMBAIOTh
Ha MO3UTUBHY OIIHKY JHCEPTALIIHOI poOOTH.

BucnoBoK npo aucepraniiny po6ory.
BBaxkaro, mo aucepraniiiHa poborta 3H00yBaya cTymneHs AoKTopa ditocodii



Congarenko Oxcanu MuxaiiniBau Ha temy «lIpuckopeHe MacolepeHeCeHHs 3a
paxyHOK pyXOMHX MAMCIOKAIii NpH IMIyJICHOMY HAaBaHTa)XKEHHI» BHKOHAHA Ha
BHCOKOMY HayKOBOMY piBHi, HE OPYIIIy€ NPUHIIMIIB akaeMiqHOl JoOpPO4YeCHOCTi Ta
€ 3aKiHY€HUM HAayKOBHM JAOCII[DKCHHAM, CYKYNHICTh TEOPETHYHHMX Ta MPaKTHYHHX
pe3ynbTaTiB SKOTO pO3B'A3y€ HAyKOBe 3aBHaHHS, IO Ma€ iCTOTHE 3HAYEHHS I
ramysi 3HaHbp 13 MexaHiuHa imxeHepis. [ucepraiiiina poboTa 3a aKTyaJbHICTIO,
MPaKTUYHOIO IIIHHICTIO Ta HAYKOBOK HOBH3HOIO IIOBHICTIO BIANOBiZa€ BHMOTam
YHHHOTO 3aKOHOJAaBCTBA YKpaiHu, o mnepeabadeni B n.6—9 «Ilopsaky
NPUCY/DKCHHS CTyHeHs JAokTtopa uiocodii Ta ckacyBaHHsS pillleHHS pa30BOi
cHeniajgizoBaHOi BYEHOI pajd 3aKiajy BHINOi OCBITH, HAYKOBOi YCTAaHOBH IIpO
IIPUCYPKEHHS CTyNeHs JJokTopa (pinocodii», 3arBepmkeHoro [TocranoBoro Kabinety
MisictpiB Ykpainu Bix 12 cigas 2022 p. Ne 44,

3n06yBau Conpmatenko Oxcana MuxaiiliBHa 3aciyroBye Ha MPHCYDKEHHS
CTyneHs JAoKTopa @inocodii B ramysi 3Hanb 13 Mexaniuna imkeHepis 3a
crieniayibHICTIO 132 Marepiano3HaBCTBO.
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