Binryk
O(ILIAHOr0 OMOHeHTa Ha Jauceprauiliny pobory Opumrda Jlennca
BikToposnua «®a30Bi Ta CTPYKTYpHI mepeTBOpeHHs Mpu AKTUBOBAHOMY
BOJIHEM CHHTE31 CIUIaBiB Ha OCHOBI LIMPKOHIIO», IO TIPEACTABICHA HA
3100yTTsL  cTymeHs poktopa (dimocodii 3a cmemiambmictio 105 —
[puknanna ¢diznka Ta HaHOMaTEpiay.

AKTya/lbHICTh TeMU qucepTaLii
Ilonana no saxmcry jmcepraniiina poGora Opuinmua JI. B. npucssuena
BUPILICHHIO BaXJMBOI NPOOTEMU: CTBOPEHHIO HAYKOBMX OCHOB OTPHMAHHS
CIUIABIB LMPKOHII0 3 (araTOKOMIIOHEHTHHUX CHCTEM HABOHEHNX MOPOIIKIB,
CTPYKTYpHO ()a30BHii CTaH sKMX [HO3BOISIE peamnizyBaTH KOMIUIeKe (iznko —
MEXaHIYHUX BIACTHBOCTEH, 110 € HEOOXIAHUMM 115l IPAKTHYHOrO BUKOPUCTAHHS B
SIZIEpHINA €HEPTeTHII] Ta B MeIUIIHHI.

HucepTauiiina pobora 1oB’si3aHa 3 BAKOHAHHAM HAYKOBO-JIOC/iLIHNX podIT 3a
psaoM niepkOioKeTHIX TeM [HCTHTYTY MeTanodizuku iM. I'.B. Kypmromoa HAH
Ykpainn «®Da3zoBi Ta CTPYKTYpHI MEPETBOPEHHS B HErOMOTEHHHX TBEPAMX
posuMHax Ha ocHOBI Metanis IVB rpymm, 1mo kouTpomoloThes andysicio
CNIeMEHTIB 3aMilleHHs i Brimenms» (2012-2017 pp.), Ne npepi. peecTpallli
01130000030. «biocymicHi Hu3bKOMOIYNBbHI crutaBu cuctemd Zr-Ti-Nb T4
TEXHOJIOTISl BUTOTOBIEHHA 3 HHX IMIUTaHTaTiBy (2017-2021 pp.), Ne nepi.
peectpauii 01170U006299. «Po3pobka BHCOKOMILHHX CIUIABIB OiOMELHUIONO
MPU3HAYEHHsT Ha OCHOBI cucTeMH Ti-Zr-Nb HIIIXOM [101aTKOBOrO JIeryBaHHs
TaHTAJIOM Ta IHIUIMMH OIOIHEPTHUMM €JeMEHTAMM Ta EKOHOMIUHMX METO/iB I
oTpumanHs» (2018-2019 pp.), Ne nepsk. peectrparii 0118U006407.

Huceprauiiina po6ora Opummda JI. B. € DOTiYHMM pO3BUTKOM HAYKOBOTO
HaNpsAMKy HayKoBoI IKoiau [HeTuTyTy Meranodisuku im. I'. B. Kyparomosa HAH
Yxpainy, KuiB CTBOPEHHs HayKOBMX OCHOB PO3POOKH THTAHOBMX CIIIABIB 3
HaBOJAHEHMX MOpOIKiB. HaykoBi HampamroBaHHS Ta TeXHIYHI 3HAXIAKH 3poOHIH
IO TEXHOJIONI0 KOHKYPEHTO3MATHOIO 3 TPAJUIIMHUMKU METONAMH Ta [OBeiH If
MePCHEeKTUBHICTE. LIUpKOHIl € HAROIKIMM Di3UKO-XiIMITHUM aHATOrOM TUTaHY,
TOMY 3arajbHi NPWHLMIOM TiIpyBaHHS Ta AETifApyBaHHS B [MX marepianax e
NOAIOHUMH alle He aHAIOTriYHUMU. BpaxoByioun, 1o LHUPKOHIEBI CIJIABH € Olblll
ICPCNEKTUBHUMH B MIEBHUX I'aTy3siX MEIMYHOI TEXHIKH Ta B aTOMHIH eHepreTuii,
Po3po0Ka HayKOBHMX 3acaj| I'APHAHOI TEXHOOTIT OTpUMAaHHS LUPKOHIEBUX CIIJIABIB
€ 0e3yMOBHO aKTyajbHO.

BaxuiBicTe 1 CBOEYACHICTH IOCTAHOBKM Takoi poGOTH  1OB’s3ana 3
[PaKTHYHOIO  BIACYTHICTIO CHCTEMATH30BAHMX 3HAHb CTOCOBHO (A30BUX T4
CTPYKTYPHHUX MEPETBOPEHb NPHU aKTUBOBAHOMY BOJHEM CHHTE31 LUPKOHIEBHX
crinasiB. Kio4oBi muTaHHs 1iei mpobiemu, K TO OTpUMAHHS TBEpAO(pa3ZHIUX
OJIHOPIJIHUX CIUIABIB 3 KOHTPOJBOBAHMM (a30BUM | CTPYKTYPHUM CTAHOM |
(opMyBaHHA 3 TETEPOKOMIIOHEHTHHX CKJIAJOBHX OJHODIAHMX CIUIABIE Hpu
Temneparypax, HHK4IMX 33 TOUKH IUIABJIEHHS YCIX KOMITOHEHTIB, BUPIIYIOTHCS B
JucepTauliHiil poOoTi.



Cryninb  OOrpyYHTOBAHOCTI HAYKOBHX MNOJIOK€HbL, BHCHOBKIB |
peKoMeHAauii Ta IX 10CTOBIpHICTb.

OOrpyHTOBaHICTh pe3yJIbTaTIB JOCIIPKEHHS, OTPUMAHUX B JIUCEpPTALliiiHiil
poboti Opummya [I. B., 3a0e3nedena BUKOPUCTAHHSIM ITHPOKOIO 1HCTPYMEHTAPIO
Cy4acHMX MaTeplaJo3HaBUuX Ta (I3UUHUX MEeTOMIB JOCHiKeHb. B poboTi
BUKOPHMCTaHl PI3HOMaHITHI METOIU aHami3y CTPYKTYpd Ta (azoBOro CKIiajiy.

ExcniepyMeHTH BHUKOHAaHI Ha Cy4acHHUX TMpUIIaNax pacTPOBOI CHEKTPOCKOIIT,

PEHTIeHIBCBKOIO  MiKpoaHamizy,  ontu4yHoi  wmetanorpadil.  Crpykrypii
JOCIIDKEHHST €BOJIOLII MOPOBOrO MHPOCTOPY J00pe TMOEAHYIOTHCS 3 JaHHuMU
JUIIaTOMETPUYHOIO aHanizy. Pesynpratn = MexaHIYHUX BUIIPOOYBAHb

Y3TOJUKYIOTBCS 31 CTPYKTYPHUMH 3MiHAMH THpPH TEPMIUuHIE Ta TepMoMexaHiumniii
00pobui. JIoCTOBIpHICTE OTPUMAaHUX B AMCEPTAIil TEOPETHUHMX HAIpALIOBAHD,
MOJNIOKEHb, BHMCHOBKIB 1 peKOMeHJalid IMATBEpKEHO 1X  30irom 3
CKCMEPUMEHTAIbHUMH JJaHUMH Ta CHIBINATIHHAM pE3yJIbTaTiB EKCIEPUMEHTIB,
OTpUMaHUX pI3HUMH MeTofamH. COopMyTbOBaHI IOJOXKEHHS | BUCHOBKH 110
poOOTI, 110 PeLleH3Y€EThCs, He MPOTUPIYATh (PyHAAMEHTAILHUM MEeTal03HaBUNM Ta
(I3UYHUM TEOPIsM.

Hosusna poboTn nossirae B HaCTyITHOMY

- OuiHO0YM HayKOBY HOBHU3HY OTPUMAHUX pPe3yJILTATH CJli[. Hacamrepe/l,
3a3HAYUTH, L0 Micis ocHOBOMONOkHOT ctarti O.M. IBacuiunua ta J.I'. Casgakina
«Synthesis of Zirconium- and Titanium-Based Alloys with the Use of Their
Hydrides» omy6nixoBanoi B Materials Science (2016), ne chopmynboBani HayKoBi
MPUHLUIIM  CTBOPEHHS LMPKOHIEBUX CIUIABIB 3a TIAPUIHOIO TEXHOJOIIEI0,
nuceprauiiiny potory Opummua J[. B mokHa BBaxkatv mepiiuM  yCIHilLHUM
[IPUKIIaJIOM €KCIIEPUMEHTAIBHOI peani3allii uX NPUHIHIIIB.

- Brepine Bcranosmeni 0coGIMBOCTI  (Da30BUX MepeTBOPEHb, MPOLECIB
rOMOTreHi3alli, eBOMIOLIl MOPUCTOI CTPYKTYPH Ta MIKPOCTPYKTYPH TeTepOreHHHX
CHCTEM Ha OCHOBI MOPOUIKOBOIO TLAPUIY LMPKOHIIO MpU IX MEPeTBOPEHHI.
Busnayeni QaxTopn Ta MeXaHI3MM BIUIMBY Ha Mporecd (GopMyBaHHs (a3zoBo-
CTPYKTYPHHUX CTaHIB CHHTE30BaHUX CIUIABIB 3 METOK OTPHUMAHHS OAHOPIIHMX
MarepialiB 3 MiHIMaJIbHUM BMICTOM ITOp

- Brepiie BcTaHoBIeHI 3arajbHi 3aKOHOMIPDHOCTI 00’e€MHUX eeKTiB, 110
BIAOYBAIOTECA MPU HArpiBaHHI BUXITHUX MOPOIIKIB, B TOMY HYHCIi, BUKIMKAHHX
7lecopOLI€r0 BOAHIO MPU BaKyyMHOMY CIiKaHHI Ta edexTamu reteponudysii b
0araTOKOMIIOHEHTHUX CHCTEMax HABOJHEHUX T[OPOUIKIB 3 YpaxyBaHHAM X
XIMIYHOTO CKJIaJy.

3Ha4yeHHs pe3yabTATIB po6oTH M/t HayKku Ta npakTuKku. CHopMyab0BaHi B
poOoTi 6a30Bl NPUHLMIMN CTPYKTYPOYTBOPEHHS B JOCHIDKEHUX CHCTEMax
JI03BOJIM/IM  3AIIPONIOHYBATH OpUTIHAIBHI TEXHIYHI pIMICHHS JUIss OTpUMaHHs
MOPOLIKOBUX CIUIABIB HAa OCHOBI LUPKOHIIO, sIKI MalOTh 3aJ0BilbHI MexaHiuni Ta
CJ1y>KOOBI XapaKTEPUCTUKH 1 € KOHKYPEHTHUMM 3 aHaJOTIYHUMK MaTepiagamMiu, 110
OTpUMaHI 3@ IHITUMHU TEXHOJIOTISIMH

Cepen IpakTUYHO BaKIIMBUX TEXHOJOTTYHMX 3HAXIJOK OKPEMO CIIiJ 3BEPHYTH
yBary —Ha po3poOiieHy MeTOAMKY JBOCTAIMHOIO CHHTE3Y 3 BHUKOPHUCTAHHAM



FIAPUIHOTO TIAXOAY, Ieplla cTafis $Kol BKIOYAE OTPUMAaHHsS 4aCTKOBO-
FOMOTEHI30BAaHOIO  CIUIaBy 3 0araTOKOMIIOHEHTHHUX CyMilled HaBOJHEHHX
YaCTUHOK, a JApyra — HAaBOJHEHHs JaHOTO MaTepialy 3 OTPUMAHHSIM JIErOBAHMX
HaBOJHEHMX YaCTHHOK, aKTUBOBAHE CIIKaHHS sKUX 3a0e3nedye (opmyBaHHs
XIMIYHO 1 MIKPOCTPYKTYPHO OJHOPIIHHX CTaHIB i3 HU3BKHUM 00 €MHHUM BMICTOM
nop. Ile opurinanbHe TeXHiuHe pIlIeHHS MOXXe OYTH KOPUCHUM He TillbKH [1pH
CTBOPEHHI CIIAaBIB Ha 0a3l LMPKOHIIO, alie 1 Ui IHIIMX [eTePOreHHUX CIUIABIB 3
IUIACTUYHUX MTOPOLIKIB.

IlosHoTa oOmyOJiKOBAHMX pe3yabTaTiB auceprauii. OCHOBHI pe3yibTaTh
nucepranii Opunmmya [, B. OnyGnikoBani B 13 HayKOBHUX Ipaugx, y TOMY YHCIH 7
craTell y HayKOBUX (DaXOBUX BHJIAHHSX (3 HUX 4 CTaTi y BUIAHHSAX 1HO3EMHHX
fiepkaB, 3 y BUIAHHAX YKpaiHW, BKIIOYEHUX 10 MIKHAPOIHUX HAYKOMETPHUHUX
0a3), 6 Te3 momnosifell B 30ipkax MarepialliB KOH(pepeHLild. 3aragom MoI0KeHHS
JIAK MOH VkpaiHu cTOCOBHO NOBHOTH myGuikaimiii Ta ampobaiii poboTh
BUKOHAHO B [IOBHOMY 00CsI3i.

Ouinka 3micty po6oTn

Oocaz i cmpykmypa oucepmauii. Jlucepraniiina po6ora BukiajeHa Ha 8]
CTOPIHKaX MALIMHOMMCHOIO TeKCTY, CKIIAMAEThCS 31 BCTYITY, 5 O3B, 3araibHix
BUCHOBKIB, CIIMCKY BMKOPHCTaHUX JpKepen Ta 1 pomarky. PoGora imoctposana &
Tabmuusamu, 90 pucyHkamu. CIHCOK BHKOPHUCTAHMX JUKepesl MICTUTh 223
HalMEHYBaHb

Y ecmyni 1npoaHanizoBaHO CTaH HayKoOBOi mpobieMu, OOIPYyHTOBAHO
aKTyalbHICTh  OUcepTaliiHOi  poboTH, chopMylLOBAaHO MeTy Ta  3ajaui
JIOCIIJDKEHHS, HayKOBY HOBU3HY Ta IPAKTUYHY [IHHICTb OIEp/KAHUX Pe3ysIbTaTiB,
MOKa3aHO 3B’A30K pOOOTH 3 HAyKOBHUMH TIpOrpaMamu, HaJaHo peKoMmenjallii i3
3aCTOCYBaHHS MaTepiajiB aucepralii, MOKa3zaHWd 0COOMCTHH BHECOK 37100yBaua,
HABEJIEHO BIAOMOCTI PO anpodanito pe3yabTatiB podoTH Ta myoikalii.

Hepwuii  po3din  pooomu  ,Ananimuunuic  oziad  aimepamypu’”
MPUCBSYEHUHM aHanizy npobneMH pO3pOOKH Ta BUKOPUCTAHHSA LIMPKOHIEBUX
CrlaBiB. 3a3HAYA€ThCH, IO LUPKOHIH Ta MOro crulaBu € cTpareriuHuMI
KOHCTPYKI[IHHUMM ~ MarepialaMH, sKi IIHPOKO 3aCTOCOBYIOTH Y  sepHiil
eHepreTui. I[lMpKoHili TakoX Mae 3HA4YHI [EPCIEKTUBM JUI  CTBOPEHHS
OiocymicHux craBiB. OxpeMoi yBaru 3aciyroBye po3poOKa HH3LKOMOJIYIbHIX
cinasis 3 B - OLK cTpykTypolo, siki MOKHA 3aCTOCOBYBAaTHM Yy MEIHLMHI K
MaTepia Mijl 4ac BUTOTOBJICHHs OPTOIEANYHUX Ta CTOMATONOTIUHIX IMIIAHTATIB.
AHaJI3yIOThCS NEpeBaru Ta HEJOJIKH IOPOIIKOBUX TEXHOJOTIH BUIOTOBICHHS
X MaTepliaiB, 30KpEMa, BKa3yeThCs Ha Te, 1[0 B FeTEPOKOMITOHEHTHUX CHCTEMAX
(GopmyBanHg  OxHOPIMHOIO (Aa30BOr0 CKIaAy 1 MIKPOCTPYKTYPH —CIIIABiB
BIAOYBA€ThCS  BHACHIAOK  OUQY31HHO-KOHTPOIBOBAHMX  MPOLECIB  XIMIYHOT
rOMOreHizauii Ta CHIKaHHS CHCTeM dacTHHOK. Ile BuMarae po3poOiieHHs
MPUHIIMIIOBO HOBUX MIAXOJMIB AJISI NPUCKOPEHHS KX IpoleciB. B mpomy cenci
3HAYHI [EPCIEKTUBM Ma€ BUKOPUCTAHHS THUMYACOBOTO JIETYBAHHS YACTHHOK



BOJHEM, TOOTO BMKOPHUCTAaHHsA TiAPUIIB LMPKOHIIO | TUTaHy SK CTAPTOBHX
MaTepiajiB 3 HACTyIIHUM (ha30BHM HEPETBOPEHHAM TiIPUJIIB B METAIH.

ABTOp CJIyIIHO 3a3HaYae, IO TAPHAHUN MiAXiL 0OrPYHTOBAHMIT Ta AeTalbHO
JIOCTIUKEHUH 71 TIOPOIIKOBUX THTAHOBHX CIUIABIB PI3HUX CHCTEM JICryBaHHS.
[Ipote ichye oOMexeHa Kimbka pOOIT, ki CBIAYATH PO MEPCIEKTUBHICTL 11HOIO
MIXO/Y JUIS CHHTE3Y CIIIABiB HA OCHOBI LIMPKOHIO. 3 MIMOOKOr0 Ta IPYHTOBHOIO
aHaji3y JITepaTypHUX mxepen (JireparypHumil ornsn Hamiuye 171 nocumamnms)
JIONYHO BUILIMBAE MeTa POOOTH Ta 3a[adi JOCIIIKEHD, SKi chOpPMyILOBAH] B KiHIl]
[EPIIOTrO PO3LITY.

B opyzomy po3zoini «Mamepianu ma memoou» HaBeJeHO CKIAAM CIUIABIE Ta
MOPOIIKK, sIKI BHKOPUCTAHI JUISi CHHTe3y. PeTenbHO Omnucanuii  KOKHMUIL
TEXHOJIONIYHUA €eTan TiAPUIHOI IOPOILIKOBOI TEXHONIOTT OTPUMAHHS KOKHOTO 3
JOCIIDKEHUX LHMPKOHIEBMX CIUIABIB, IO € HEeOOXiJHOIO TIepeyMOBO0 /LIS
PO3yMiHHS (a30BO-CTPYKTYpPHHUX TepeOyI0B Ta eBOIIOLIT I0POBOTO HPOCTOPY, sK]
BIZIOYBAIOTECS HA PI3HUX TEXHOJOTIYHKMX eTanax OTPUMAHHS KiHIIEBOIO Marepiany.

B MeTopn4HOMY MiIPO3ALTI LBOTO PO3MAiAY OMNMUCAHI METOMH JOCIIKEHD
CTPYKTYPHOTO Ta (pa30BOro CKIaxy Ta METOAMKH, 10 BUKOPUCTAHI ISl OLIHKH
00’eMHOro BMicTy TIOp Ta MOpQOIOriuHuX  0coOmuBOCTEN.  Be3yMoBHO
MO3UTUBHUM € BUKOPUCTaHHS aBTOPOM JHUJIATOMETPUYHOTO aHajizy o0 eMHHX
3MIH In situ Gesmocepesnbo Ty wac cuHTesy. lle m03BONMIO aHAmi3yBaTH
MEXaHI3MH, sKi BIAMOBINAIOTE 3a TOPOYTBOPEHHS HA MOYATKOBHUX eTanax Ta
KOMITAKTYBaHHs Ha OCTaHHIX eTarnax CIiKaHHS.

BusHaueni MexaHIYHI XapaKTEPUCTHKH, IO € HaWOUIBII BaKIMBUMM 3
YpaxyBaHHAM YMOB pOOOTHM JOCIIDKEHMX MatepianiB. Hasemeni mertojuui
0COOMMBOCTI BUNPOOYBaHbh HA PO3TAr Ta TBEPAiCTh. ONMHCAHI BUKOPHCTAHI B
poOOTI IMIIYJIbCHUH MeTOX BHMIpIoBaHHA  Moxmynss IOHra Ta J0CHiKeHHs
MOB3Y4OCTI 3a pPe3yNbTaTaMM BHIPOOYBaHb HAa CTHCHEHHS. Xo0ua, JOLIbLHICTD
BUKOPUCTAHHsS LUX METOAMK, MOJKIIMBO, 3acCIyTOBYE OKPEMHX KOMEHTapis.
IoTpeOye koMeHTapiB HACKiNBKH HOPEYHO BUKOPUCTOBYBATH IMITYJIBCHMIl METO)I
AJsL BUSHAYEHHST MOJYJIsE IOPHUCTOrO MaTepiaay H0 TOro K CXMIBHOIO J10
MapTEHCUTHOTO MEPETBOPEHHS 1M00IM3Yy KIMHATHOI TeMIepartypu Ta sSKuil ceHc v
BITHOCHO KOPOTKOYACHUX (K IS KPHUITY) BUIPOOYBAHHSX HA CTHCHEHHS 1 UnM
00yMOBIIEHUH BUOIp TeMIlepaTypu Ta HABAaHTAKEHHSI.

Tpemiu po3oin «3azanvHi 3aKOHOMIDHOCHI CUHMIE3Y HUZLKOJICCO0GAHUN O
CRIAGI6 UUPKOHIIO 3 nopowtkogux cymiweii na ocnosi ZrH>» mpucssuerio
JIOCII/DKEHHIO 3aKOHOMIPHOCTEH CHHTe3y HM3BKONIErOBaHMX cruiasis Zr-1Nb rta
Zr-1,5Sn 3 IBOKOMITOHEHTHUX HOPOIIKOBUX CUCTEM Ha ocHOBI ZrH». ®dazose
neperBopenHs ZrH>—Zr+H> 3alesneuye yTBOpeHHs BHUCOKOME()EKTHOrO CTaHy
JIET1APOBaHOI LMPKOHI€BOT MATpHIL, IO CyTTEBO aKTHBYe mudy3iitni npouech Ta
pUCKOproe (pOpMyBaHHS OJHOPIAHUX cIuiaBiB. [1oKa3zaHo, 0 KOKEH 3 BKA3AHHX
JIETYIOYHX CIICMEHTIB, AKi CYTTEBO BIIPI3HSIOTHCS CBOIMM TOUKAMH [LIABJICHHSI,
AudysiHHOI0 pyXIMBICTIO Ta oL i B cTablmisyrouoro i€l Ha KpUCTATiuHy rpaTky
LIMPKOHIIO, BHOCUTL OCOOIMBOCTI B TIpoLiec (JOPMYBAHHS CIUIABIB JIAHUM METOIOM.
Cunres crutaBy Zr-1,5Sn BinbyBaerbes 3a ydwacTro pikoi (asu JIerkoriaBkoro
0JIOBA T 3 TAMYACOBUM (POPMYBaHHSAM TBEPIUX IHTepMeTaliAiB Ha cTail XiMidHoi



romorenisauii cucremu. Crnas Zr-1Nb cHHTe3yeThCS BUKIIOUHO TBepAodasHii
HIJIIXOM B OONIACTI iCHYyBaHHS HENEPepBHUX TBEpAMX po3urHiB Zr-Nb 3 B-Ol1K
CTPYKTYPOIO.

3BepTaeThCs yBara Ha IIKIUIMBUM BIUIMB PiKOrO 0JI0Ba Ha (hOpMyBaHHs
NOPUCTOCTI, OCKITBKM Ha MICTi PO3ILTABIEHUX YACTOK YTBOPIOIOTHCS J0JIATKOB
Mopy, siki MarOTh BIJIHOCHO BENMKi PO3MIpH Ta 306aradeHy ONOBOM BHYTPILLHIO
MOBEPXHIO. ABTOP CIIYLIHO 3ayBaXKye, IO Came Ii MOPY MOKYTh OYTH HaiGiibi
CTIIKMMH Ha CTalii BHCOKOTEMIIepaTypHOi KOHcomimauii crutasis. Ilposeseni
aBTOPOM  BUMIPIOBAaHHS TYCTHMHM [OKa3anW, 10 HEraTUBHWH BIUIMB  Ha
PO3PUXIICHHA CIUIaBy CYTTE€BUH Jile 3a TemrepaTyp Hmwkde 800 °C, a npu
BHCOKOTEMIIEPATypHOMY CIIIKaHHI 3aMIIKOBa MOPHUCTICTh He repesuiye [-2%.
Lle j03BOMISIE OTPUMATH CIIJIABH 3 3a[0BIALHMMM BIACTHBOCTSIMH. 3IiAHO JAaHHM
Tabs.. 3.1 rpaHULA TJIMHHOCTI Ta TPAHMIS MILHOCTI OTPHMAHHX CIIABIB HaBiTh
JISLIO TEPEBMIILYE LI XapakTepUCTHKM B JHTHX aHAIoOrax, 110 MOke OyTH
MOB’A3aHO 3 JIOJATKOBUM BIUTMBOM HYacCTOK a00 JOMIIIKOBHUM TBEPAOPO3UHHHIIM
3MilHeHHAM. HaToMicTh, IIacTHYHICTh MOPOIIKOBUX CILIABIB € 3HAYHO HUKUOIO,
OCKUIBKH [OPH Ta TOMILIKK HABITH B HE3HAYHIH KiMTBKOCTI CYTTEBO BILIMBAIOTH
came Ha XapaKTEepPUCTUKH IJIACTUYHOCTI.

B uemeepmomy po3oini «3axonomipnocmi dpopmyeanna cmpyxmypu npu
cunmesi [} cnnagie Zr-Ti-Nby yBara 3ocepesKeHa MOXKIMBOCTAX BHUKOPHCTAH S
FIPUAHOT  TTOPOLIKOBOI  TEXHOJOTIT JUIs  OTpUMAaHHS LUPKOHIEBUX  CIIJIABIB
MEIUMYHOrO Npu3HaueHHs. B mbpoMy Bumanky Goporhba 3  3alMIIKOBOIO
MOPHUCTICTIO CTa€ YU He HAMUrOJOBHIIIOI mpobiaemoro. [i BUPILIEHHS 3HAYHO
YCKIIQAHIOETLCS Yepe3 HasBHICTh B CKJIAIl CIUIABIB HI0OiIO. [TpucyTHICTE LLOTO
€JIEMEHTY € O00OB’SI3KOBOIO, OCKIJIbKM caMe HIOBIH cripusie yTBOpeHHIO P - (a3,
AKa i cama € BIAHOCHO HU3BKO MOJYJBHOIO, Ta MA€ CXHMJIBHICTE 10 MAPTEHCHTHOIO
MepeTBOPEHHs A Ji€ HABaHTAKEHHs, IO CHpUSE peanizalii HamrnpyKHO!
MOBEJIHKM Ta 3HAYHO IiABHINye Jemndyiody 3maTHicTs. LI 0coBMMBOCT]
MeXaHI4HOT IOBEIIHKH € BaXKJIMBUM IS BUPOOIB MeIUUHOTO [PU3HAYEHHS.

B pobotri nosenieHo, mo 3a MeBHMX TEXHONOTIYHUX YMOB 3 cyMillIeH
FIAPUIY LMPKOHIIO, TiPHAY TUTAHY Ta YaCTHHOK HIiOGII0 yaaeThes chopmyBaTh
OJHODI/IHI TBEP/i PO3YMHM, sIKi MarOTh 3amany oaHodazny f - OLK CTPYKTYpY.
AJle  OTpUMaHI  CIUIaBd 30epiraloTh MiJABUILEHWI BMICT 3aIMIIKOBMX 10p (6-
11%). Tpaaumifini Ut MOPOIIKOBOI MeTamyprii MeTOmH, K TO: 3MeHIIeHHs
PO3MIpY HacTOK, 3MiHAa YMOB IIPECYBAHHsS Ta TEMIEPaTyPHO-KIHETHUHHX yMOB
CUHTE3y, BUSBHINCH He e€(DEKTUBHUMHU. BUKOPHCTAHHSA TEPMOLMKIIOBAHHS, 5IKC
CHpHsie YIIIIBHEHHIO B TIOPOIIKOBHX CUCTEMaxX Ha 6asi FiApUy THTAHY, TAKOK He
nano 0a)xaHoTo pe3ynbTary.

J1s BUpILIEHHS TPOOIeMH YITIIbHEHHS aBTOPOM MPOBEEHO IDYHTOBHHI
aHali3 MeXaHI3My YTBOPEHHS TOp 3 3allydeHHAM MeTONiB juiaToMerpil Ta
MPELH3IAHOr0 CTPYKTYPHOTO aHajli3y 3 BHKOPUCTAHHAM CKAHYIOUOI MIKPOCKOIT,
byna BcraHoBiena ocobnmsa pomb HiOGi€BMX uyacTok, fKi yepes iX BeiMKUil
po3Mip, 0COBINBOCTI 3MiHM JiHIMHMX PO3MIpIB NP HATPiBAHHI Ta HECIIPUATINE]
MeXaHI3MU IeTepoauQy3il 30iMbIIyIOTh CXUIBHICTE 1O PO3PUXJIEHHS HA BCiX
CTalsX CIIKaHHA. 3aMiHa Hi00i0 Ha HOrO Trifipuj JMemo moKpariuia CUTYAallllO 3a



paxyHOK 3MEHIICHHS PO3MIpY 4acToK, ajle He Bupimmna npobiemy. HaiiGiioim
JIEBUM METOJIOM JIOCATHEHHs OaXaHuX CTPYKTYPHHX CTaHiB JUlsl CHIABIB Aatol
CHCTEMH BMSIBHJIACh pPO3pOOJIEHA aBTOPOM OpUTiHAJIBHA  JBOCTAiHA cxema
CHHTE3y 3 BHUKOPHMCTAHHSAM BOAHEBOIO BIUIMBY Ha Marepias. Bukopucrariis
HaBOIHEHMX JIETOBaHUX YaCTHHOK Zr-Ti-Nb Ha apyriit crazii cunresy 3abesneuye
BUpPIBHIOBAHHs KOHLEHTpAI[l JIEryI0unX eNeMeHTIB B CHCTeMi Ta, BiAMOBLIHO.
Ollbll piBHOMIpHI AMY3iHHI MOTOKM, a BOJEHb, SK THUMYACOBUIL JErYIOY Ui
CJIEMEHT, 3HOBY Ja€ BKJajd B aKkTUBalilo audysii. Yci mi gaxkropu nigsumyors
WBUJKICTE  AMQY3IHHOTO  Iepepo3noiny eneMeHTiB, (opMyOun OJIHOPI/THI
CTPYKTYPHO-(ha30BI CTaHH i3 3HUKEHOI0 00’ €MHOIO YaCTKOIO TIOP.

Hasezeni na puc. 4.25 pe3ynbraTu MexaHiuHEX BUIIPOOYBaHb CBiq4aTh po
BHCOKY, fAK JUI LBOTO KIacy MartepianiB, MIIHICTh Ta IJIACTHYHICTH, XOua 3
MINKACIB 10 PHCYHKY CKI&AHO 3PO3YMITH [0 SIKOTO CTPYKTYPHOIO CTany
BIZTHOCUTBCS] KOXKHA 3 KDUBHX.

B n’amomy posoini «Bnnue Odeopmauiiinux npouecie na e6oJIo Ui
MIKPOCHPYKMYPU YUPKOHIEEUX CRIIAGIE» JUTIs BUPIIEHHS POGIEMH YIIiIbHEHHS
BUKOPHMCTaHI TPaJUUiNHI I8 IOPOLIKOBOI MeTamyprii MeTomd XonoaHoi Ta
rapauol peopmanii. 3po3ymino, IO Y 1BOMY BHIIAAKY pasoM 3 €BOMIOLICIO
[IOPOBOTO  MPOCTOPY 3a3HAE 3MIH MIKPOCTPYKTypa Matepiany. OcoGinBo e
ITOBUHHO MPOSIBUTHCH ITPU HU3BKOTEMITEPATYPHIN nedopmauii. Bukiukae nesmumii
MOJIMB, IO MaTepiaju, sKi 1eMOHCTPYIOTh JOCTATHIO MLIACTHYHICTB TIPH PO3TS3i,
BUABAIOTECS OLTBII KPUXKUMH TPU [POKAaTIi. MOXIHBO, 1€ MOB S3aHO 3
MIJBHUIIEHOIO CXMIBHICTIO LBOIO KIacy MmaTepiaii 1o YTBOPEHHS aHI30TPOIHHX
CTPYKTYP HaBIThb TIpW 1yXe MaluxX cryneHsx gepopmanii. Haxann, amanis
TEKCTYPM CIUIABIB IIPOKATAaHUX TIPM KIMHATHIH Temmeparypi BIACYTHIN, Xoua
MOJIFOCHI (irypu, 10 HaBezeHi Ha puc. 5.13 cBiguars PO 3HAYHY aHI30TPOITIIO
CIJIABIB IiCIA BUCOKOTEMIIepaTypHoi aedopmarii. B UbOMY CEHCI IIKaBUMU ¢
0COOJIMBOCTI CTPYKTYPOYTBOPEHHS IPU iHTEHCHBHIN IIACTHYHIl nedopmanii. B
HbOMY BUNAIKY MPHUBAIIIOE 3CyBHA KOMIIOHEHTa Aedopmalii, a GopMoyTBopeHHs
BIAOYBA€ThCA 3a POTALINHMM MeXaHi3MOM (6aXkaHo Oyno 0 OWIHWUTH CTYMitb
peopmauii B MiclaX, ne  AOCHiKEeHAa CTPYKTYpa). OTpumani pesyibrari
CBIAYaTb MpO Te, IO micas iHTeHcHBHOT nedopmarii PO3TPICKYBaHHS  He
BIIOYBA€ETHCS, PEHTIEHIBCHKI MKW BiIHOCHO CHMETPUYHI 1 HE 3MIHIOIOTH CBOIO
MOJNOXKEHHSI BITHOCHO HeneOpMOBaHOTO cTaHy. MOKIIHBO, 34 HASBHOCTI 3CYBHOT
KOMTOHEHTH AeopMmallii, Ipoliec akoMOAaLil CyCilHIX 3epeH MOKPaLLyeThes! K 32
PaxyHOK 3MEHIIEHHS CXHMJIBHOCTI [0 TEKCTYpOYyTBOPEHHS TaK i 3a pPaxyHOK
MOCHJIEHHS BHECKY POTALIHHOrO MeXaHi3My medopmartii. He Moxy He noroautuch
3 aBTOPOM, 1O It IpobiieMa oTpedy€e OKPEeMOro JAeTanbHOIO AOCTIKEH S, 00 €M
SIKOTO BUXOJMTD JAJIEKO 3a MeXI 1iel poGoTH.

3 pucyHky 5.11 BugHo, mo micis BUCOKOTEMIIEPATYpHOI  nedopmaltii
30epiraeTbest He TIBKU KpucTanorpadivyna axe i cTpyKTypHa TEKCTypa maTepiasny.
ONHOYACHO 3 MM BiIOYBA€THCS IPAKTHYHO MOBHE 3a/1iKOBYBAHHS nop. Haseneni
B Tabi. 5.1 nami mpo 3MiHy HpyXHUX XapaKTePUCTHK CBimuaTh PO 3MEeHIIIEeHHsI
MOJJIsl MPYKHOCTI B Oe3nopuctomy cTadi Ha 20%, 1o 100pe y3roKyeThes 3
TeOPETHIHMMHU  yaBIeHHAMU. llpore, mneBHUH CyMHIB BHKIMKAac OTpUMatie



3HAYCHHS MOJYJ B 1e(OPMOBAHOMY 3pa3zKy came depe3 HasgBHICTh TEKCTYPH.
JobGpe BijoMO, 110 B MaTepianax IbOToO KJacy, 3aBASKH ABIHHUKOBOMY MeXaHi3My
Aepopmanii, 3MiHa TEKCTYpHOTO CTaHy abo 3MiHa HampsMKy BHIIPOOYBaHbL B
TEKCTYPOBaHUX 3pa3sKax MOKe CyTTE€BO (IIPAKTUYHO BJIBiYl) 3MIHIOBATH BUMIpsHE
3HAueHHsT MOAyJsi. IleBHe posuapyBaHHS BHUKIMKae IOPIBHAHHS OTPUMAHHX
3HAYCHb MOIYJsSl 3 pe3ylibTaTaMH, 110 OTPHMMaHi Ha JIUTUX 3pa3kax. 3HauHe
3011bLIEHHs MOMYJISL B IIOPOIIKOBHX 3pa3kax MOXKe OyTH BUKIMKAHE ITiIBHLICHMM
BMICTOM JOMIIIOK, ajyKe 100pa BIZJOMO IO BBENEHHS B B - CIUIAaBM HE3HAYHO!
KUIBKOCTI poMmimok (mo 0,5% kucHIO a6Go a30Ty) 3MOXKe CYTTEBO 3MIHHTH
CXUJIBHICTB CIUIaBY /IO HAJMPY KHOCTI.

B ocramHboMy miApo3xini  LBOrO  PO3AIMY  HaBEJEHI  pe3ysbTaTH
JOCIIJPKEHHS.  CTPYKTYPU Ta BIACTHBOCTeN cruiasiB Zr-1,2Sn-1Nb-0.4Fe ta Zi-
1,2Bi- INb-0,4Fe micns rapsvol nedopmarii. IlikaBoro BumaeThes crpoba aBTopa
MpoaHai3yBaTH BIUIMB ITOPUCTOCTI HA MeXaHi3M IMOB3y4YOCTI Ta SKUM UHHOM 1]
MEXaHI3MM BIUIMBAalOTh Ha 3aliKOBYyBaHHs IOp. BpaxoByrouu, 110 BMicT rop
JAOCTaTHbO MAJIMH B IOPIBHAHHI 31 3MIHAMHU JIHIMHHUX PO3MIpiB 3paskiB I1pH
nedopmalii, iX BIJIMB BUOKPEMUTH HOCTATHLO CKJIaAHO. LIOpIBHSHHA CIaBis
PI3HUX CIUIABIB B [LOMY CEHCI He € KOPEKTHHMM, OCKIIbKM KPiM pizHOi Mopdosnorii
MOPOBOTO IIPOCTOPY, BOHU BIIPI3HAIOTHCS (Ha30BUM CKIAAOM. bIUIbLI JOLITLHO
OyJ10 O TIOPIBHATH /1B 3pa3KK OJHOTO CKIIAJY, ajie 3 PI3HOIO ITOPHUCTICTIO.

3ayeasxicennsn 00 oucepmauii

L JIOUINIbHICTS BUKOPUCTAHHS B POOOTI IMITyJILCHOTO METOMY BHMIPIOBAHHS
momyns IOHra Tta eKCHepUMEHTIB Ha IMOB3YYiCTh 3a pe3ylbTaTaMu
BUIPOOYBaHb Ha CTUCHEHHS 3aCIyrOBYe OKpEMHX KoMeHTapis. Hackinbku
JAOPEYHO BUKOPHUCTOBYBATH IMITYJBCHUH METOJ IS BU3HAYEHHS MOJLYIIs
IIOPUCTOrO  Marepialy JO TOr0 JK CXHIBHOTO J0 MapTeHCHTHOIO
MIePETBOPEHHs MOOAM3Y KIMHATHOI TemIriepaTypu. SIKui ceHc y BiAHOCHO
KOPOTKOYAaCOBUX (AK JJISL KPHUITy) BHIPOOYBAHHSAX HAa CTUCHEHHS, UMM
00yMOBIIeHUH BHOIp TeMIlepaTypy Ta HaBaHTAKEHHSL.

i 3rilHO AaHuM, IO HaBeneHi Tabix. 3 1, TpaHMI MIMHHOCTI Ta rpaHuLs
MIIHOCTI CHMHTE30BaHUX CIUIaBiB cucteM Zr-Nb Ta Zr-Sn jemo nepesuiiye
[l XapaKTEPUCTHKU B JUTHUX aHajorax, aje IUIACTHYHICTL MOPOLIKOBHX
CIUIABIB € 3HAYHO HMKYOIO. Lle MOKe HeraTHBHO BIUIMHYTH HA iX MpaKTHUHE
BUKOPUCTaHHs, ajKe caMe€ 3 IUIACTUYHICTIO TOB’SI3aHi  CIYIKOOBI
XapaKTEePUCTUKK: TPIIIMHOCTIMKICTE, y1apHa B’ SI3KiCTh Ta OIip BTOMI.

3. Bukivkae neBHMH IIOJMB, IO OTpUMaHI [ — CIJIaBM LMPKOHIIO, SIKI
JAEMOHCTPYIOTH  JIOCTATHIO  [JIACTHYHICTL OpH  po3Tssi  (puc.5.24),
BHUSBIIAKOTECS OLIBII KPUXKAMH TIPH NpoKaTii. MoxkIUBO, e OB s3aH0 3
MIJIBUIIEHOIO  CXMNIBHICTIO IBOTO  KJIACY —MaTepialiB [0  yTBOPEHHS
aHI30TPONHMX CTPYKTYp HABITh IIPU JyXKe MaIuX CTyIeHsx aedopmaril.
Hasxanp, aHani3 TeKCTypH CIUIABIB MPOKATAHUX MPU KIMHATHIN TeMIeparypi
BIJICYTHIH, XO4a IOJIOCHI (irypH, mo HaBeaeHi Ha puc. 5.13 cBinuarh rpo
3HAYHY aHI30TPOIIIIO CIIJIABIB MiCIS BUCOKOTEMIIEPATYPHOI JeopMmallii.



Hapeneni B Tabm. 5.1 gaHi cBiAYaTh Mpo 3MEHIIEHHS MOJLY IS TIPYKHOCTI B
OesnmopuctoMy ctanl Ha 20%, Mo A00pe Y3TOMKYETHLCA 3 TEOPETHUYHHUMH
ysaBiaeHHsaMu. IIpore, NeBHUH CyMHIB BHKIMKAE OTPHUMAaHE 3HAYECHHS
MozyJis B 1e()OpMOBAaHOMY 3pa3Ky came 4depe3 HasBHICThH TekcTypu. JloOpe
BIZIOMO, IO B MaTepiajlaX IbOTO KJIACy, 3aBJSAKU ABIMHUKOBOMY MEXaHi3My
nedopmauii, 3MiHa TEKCTYpPHOTO cTaHy abo 3MiHa HanpsMKY BUIPOOYBaHb
B TEKCTYPOBAaHMX 3pa3Kax MOXKe CYTTE€BO (MPAKTUUHO BABIYI) 3MIHKOBATH
BUMIpSIHE 3HAUSHHS MOJIYJISL.

[TeBne po3yapyBaHHs BUKJIMKAE IMOPIBHSAHHS OTPUMAHUX 3HAYEHDL MOJY/IS 3
pesynbraramMu, IO OTPUMAaHI Ha JUTUX 3pa3kax. 3HadyHe 30iJblIeHHs
MOJyJIss B IOPOIIKOBUX 3pa3Kax MoKe OyTM BHKIMKAHE ITiIBHIIEHNM
BMICTOM JIOMILIOK, ajxe noOpe BiOMO, IO BBejeHHs B [ - Crjasy
HE3HAYHOI KIABKOCTI goMimok (10 0,5% kucHiO abo a30Ty) CYyTTEBO 3MiHIOE
CXUIIBHICTH CIUIaBYy IO HaANpYyXKHOCTI. B mpomy cenci Gyno 6 A01iIbHO
NOPIBHATHA BMICT JIOMIIIOK B 000X KJTacax MaTepiais.

€ 3ayBaKeHHs 10 posfimy 5.4, ne aHaiizyerbcs nedopmaliiiina nosesinka
MasojeroBaHuX CIaBiB HUPKOHIt0. [To-miepire: ijeonoriuno He 3po3ymino,
H4OMYy B LbOMY PO3JiIl aBTOP 3MIHUB CKJIaIM CIUIABIB. a4 He IPOJIOBIKIB
JIOCJIUKEHHS Ha CIJIaBax, Kl AeTalbHO BUBYEH] B po3aini 3. [To-apyre: ua
kpuBux  pedopmauii  mpu  ctucky (puc.  5.21) OGimbma  uacTuHa
eKCTIEPUMEHTATBHUX TOYOK Bianosinae nedopmaiism 0,5 — 0.7 (rpeda
CIIOAIBATUCE, 1O 1le iCTHHA Jorapudmivna nedopmaiis). Aje npu Takux
BEJIMKUX  JeopmalisaX, 3a3BUYall, MPOSBISETHCS SICKPABO  BUpaKeHe
JIPKKOYTBOPEHHS, SIKE CIHOTBOPIOE PO3MOJLT HanpyKeHb Ta Aedopmariii i
3HAYHO YCKJIAQIHIOE aHall3 TOHKHUX MEXaHI3MIB IOB3Yy4OCTi, Ha K]
MpeTEeH1Y€ aBTOpP.

IIpu BCiil nosasi jo aBropa nocuianus [210], waBemena na puc. 5. 14
sanexHicTh Moxyist OHra Bim mopucTOCTI He BigmoBimac iicHOCTI,
OCKUIBKM 3 Hel BUIUIMBAE , II0 MOPOIIKOBI MaTepianu 3 MOPUCTICTIO Oiflblie.
HDK 45% icHyBaTH He MOBHMHHI. AJle KJlac BMCOKO MOPUCTUX MOPOMIKOBIX
MarepialiB 3apa3 KOPUCTYETHCS BEIMKUM IMOMUTOM, 30KpeMa, B MeJMutiii
ranysl.

B poGori € nexinbka HEROMIKIB OGOPMIIEHHS, sIKi YTPYJIHIOIOTH aHaslis
pesynbraris. Haseneni Ha puc. 4.25 pesynpraTt MexaHiuHuX BUIPOOYBAHD
CBIIYaTh MPO BUCOKY, MIIHICTh Ta IUIACTUYHICTL [ - CIJIaBiB, xoua 3
MIJAMKCIB 10 PUCYHKY CKIAJHO 3pPO3YMITH [0 SIKOIO CTPYKTYPHOI'O CTaHY
BIAHOCHUTBCH KOKHA 3 KpuBHX. Ilimmmenm wa miarpamax crany puc.3.l1,
puc.4.8 ta puc. 1.12 6 nagro npibui. Ha puc. 4.17, puc. 4.27 puc. 5.8 ta
puc. 5.21 HanmaHi OpUTiHAJIBHI pPe3ynbTaTW aBTOpa, ajle MiINUCH J10 HHUX,
YOMYCh, aHIUIIHCHKOK MOBOIO.

Cnin 3a3HaunTH, MO podoTa HAMMCAHA JOCKOHANOI0 HAyKOBOIO MOBOIO,
HaBeJleHl aBTOPOM MaJIOHKHU JIO3BOJISIOTH GUIBII HAOUHO YSABUTH MPOLECH,
K1 BIAOYBAIOThCS B JIOCHIIKEHHX MaTepianax. I[Ipore, iHOAI 3ycTpiualoThes
oporpadiuHi Ta CHHTAaKCHYHI TIOMUJIKH Ta HEBAJ BUPA3H.

3a3HayeHl1 3ayBa’XCHHA HE BIUJIMBAIOTL Ha ITO3UTUBHY OL[iHKy pO6OTM.



3azanvHi 6UCHOBKU CHIOCOEHO OucepmauiiitHoi pooomu

Huceprauiiina pob6ora Opuiunya J[. B. € 3akiHUCHOIO HAYKOBOIO Mpaleio, B
SIKIM BUpILIeHa akTyajlbHa MpodiieMa CTBOPEHHS HAYKOBHUX OCHOB OTPHMAHHSI
CIUIaBIB LMPKOHIIO 3 0araTOKOMIOHEHTHWX CHCTEM HABOJHEHUX [OPOIIKIE
CTPYKTYpHO (a30BUH CTaH SIKUX JO03BOJSE peaizyBaTh KOMIUIEKC (I3UKO —
MEXaHIYHUX BJIACTUBOCTEH, 1110 € HEOOXITHUMH I MPAKTUIHOIO BUKOPHUCTAHHS B
sJIepHIN eHepreTUlll Ta B MEIUIIMHI.

Buknaneni B auceprallii HayKOBI MOJIOKeHHs, BUCHOBKH Ta MpaKTHYHI
pekoMeHaalll € OOrpyHTOBAaHMMM Ha HaJIE)KHOMY HAyKOBOMY pIiBHI. Bci
pe3ynbTaTH JOCJIKEHHsI OIyOJIIKOBaHI B aBTOPUTETHUX (axXOBHX HAYKOBHX
BUJAHHAX 1 NpoHUUIM  anpolalilo  Ha  BITYM3HSHUX Ta  MIKHAPOHHX
KOH(EepeHLIsX 1 ceMiHapax BiAMOBITHOTO TPODIIHO.

[lincymoByrouM BHIIE CKa3aHe, MOYKHA KOHCTATyBaTH, IO JucepTalliiina
pobora Opummua Jlenuca BikropoBuua «®a30Bi Ta CTPYKTYypHI MEpeTBOPEHHs!
[IpU aKTUBOBAHOMY BOJHEM CUHTE31 CIIJIaBIB HA OCHOBI IUPKOHIIO» € 3aBePIIeHIM
JOCJIJPKEHHSM, B IKOMY OTPUMaH1 HayKOBO OOTPYHTOBAHI Pe3ysibTaTh, 110 MaiOTh
HAYKOBY HOBU3HY 1 3HAYMMICTb. B CyKyNHOCTI BOHa € 3HAUHUM JIOCATHEHHSIM 17151
PO3BUTKY HOBOTO HAaIpPSIMKYy (DI3MUHOIO MeTaj03HaBCTBA — PO3pPOOLI HAYKOBHX
NPUHLHUIIB CTBOPEHHS LMPKOHIEBUX CIUIABIB 33 TIAPUHOIO TEXHOJIOIIEIO
Juceprauiiina podora Opuinnua /1. B. y ramysi 3nans 10 — «[Ipupoanuyi naykuy
3a cnenianpHicTIO 105 — «[Ipuknanna ¢izwka Ta HaHOMATEpIaaW» BIAMOBIIAC
Bumoram [lopsiiky migroroBku 3100yBaviB BHINOI OCBITH CTYIEHS IOKTOPA
(pinocodii Ta AOKTOpa HAYK y 3aKjajax BHIINOI OCBITH (HAYKOBHUX YCTAHOBAX),
3aTBepuKeHoro nocranosoro Kabinery MinicTpi 23 Oepesnst 2016 poky No 261
(31 3MiHamu 1 fonoBHeHHsIMH Bif 03 kBitHA 2019 poxky Ne 283), n. 10 TTopsxy
MPOBEJACHHS EKCIIEPUMEHTY 3 TIPUCYIDKEHHsI CTyHeHs JokTopa dinocodil
3arBep/uKeHoro nocranosoro Kabinety MinictpiB Ykpainu Bij 06 Gepests 2019
poxy Nel67.
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