BIIT'YK

odIIMITHOTO OTIOHEHTA Ha JUCEpTaIlIiHYy poOOTy
HI3BAMEEBA MAKCHUMA CEPTTMOBUYA

“®A30BUM CKJIALl, CTPYKTYPA TA ®I3UKO-MEXAHIUYHI BTACTUBOCTI
AMOP®HUX I HAHOKPUCTAJIIYHUX CIIJIABIB

Fey; 71(Ni, Co, Cr, Mo, W, Nb, V, Mn, Al)¢_3,Y132 (Si, C, B, P)1724“

sIKa MIPEJICTaBlIeHa Ha 3400yTTsI HAYKOBOT'O CTYNEHs KaHaunata (i3uko-
MaTeMaTHYHUX Hayk 3a crnemianbHicTio 01.04.13.-}i3uka meTanis

HepiBHOBa)kHI YMOBHM TBEpAIHHS PO3IUIABIB Ta MOJajbIla X TEPMOOOpoOKa y
3HaYHI Mipl BU3HAYAIOTh CTPYKTypo- Ta (a3oyTBopeHHS 1 (PI3UKO-XIMIuHI
BJIACTMBOCTI OTpUMaHUX cIjiaBiB. OCOOJIMBO 11€ CTOCYETHCS OXOJOKEHHS pO3IIaBiB
31 mBuakoctamu 10° -107 K/c, npy SKHX MOXyTh (OPMyBAaTHCS HAHOKPHCTAIIUHI i
amopHi cTanu (METO TapTyBaHHs 3 pigkoro crany: [ PC). Lleit meTon B ocTaHHI yacu
IIMPOKO PO3BHUBAETHCS 1 BIPOBAKYETHCSI B YChOMY CBITI, OCKIJIBKH PIJUHHO-
3arapToBaHi MaTepiaid BOJOJIIOTh YHIKAIbHUM MO€IHAHHAM CYTTEBO MOJIMIIEHUX
(13UKO-XIMIYHMX XapaKTepUCTUK. ToMmy, 0€3yMOBHO, HAmpsM EKCIIEPUMEHTATbHUX
JOCJIIIDKEHb, SKUM 00paB aBTOp NPU BUKOHAHHI AMCEPTAIiHHOT pOOOTH, € Y CydaCHUX
TEXHOJOTIYHUX YMOBaX [IyXe€  aKTYaJbHHM [UIsI TONAJBIIOTO PO3BUTKY SIK
TEOPETUYHUX YSIBJICHD 11010 KIHETUKH (POpMYyBaHHS HEPIBHOBAKHUX CTaHIB, TaK 1 JJIs
MPAKTUYHOTO OTPUMAHHA Ta 3aCTOCYBaHHS IUTIBKOBHX 1 00’€MHUX aMOp(HHX Ta
HAHOKPUCTATIUYHUX 3Pa3KiB Y HAYKOEMHUX TEXHOJOTisX. Halbinpmn nepcrnekTMBHUMU
B IJIaH1 MPAKTUYHOTO 3aCTOCYBaHHs € 00’ €MHI METaJeBl CTEKIIA, CEPE]l AKX 0COOJIMBE
MICII€ TIOCIAlOTh CIUIAaBM HAa OCHOBI 3ami3a (amopdui ctami). CupoBuHa I iX
BUTOTOBJICHHSI Ma€ BIAHOCHO HHU3bKY COOIBApPTICTh, OJJHAK aMOpP(HI CTalll BOJOIIIOThH
HAJ3BUYAITHO BHCOKMM pIBHEM MIIHICHUX, 3HOCO- Ta KOPO31MHO-CTIMKUX
BJIaCTUBOCTEH. 3 iHIIOro OOKY, MpPaKTUYHE BUKOPUCTAHHS IMX CTaliell CYyTTEBO
YCKJIQHIOE TOW (pakT, IO JaHl BIJHOCHO TEPMIYHOI CTIMKOCTI amopdHuUX a3,
MEXaHI3MIB iX Mepexojy y PIBHOBAXXHUHN CTaH Ta BIUIMBY PEKUMIB KpHUCTaji3alli Ha
(h13UKO-MEeXaHIYH1 BJIACTUBOCTI € JIy’Ke 0OMEKEHUMH.

OcHoBHHI 3MICT 1 MeTa pPOOOTH CKJIAJIalOThCS Yy BCTAHOBJICHHI MEXaHi3MiB
nporeciB (popMyBaHHS BHCOKOMIIHUX 1 KOPO3IMHOCTIMKHUX CTPYKTYpHUX CTaHIB B
amopHUX 1 HaHOKpI/ICTaJIl‘-IHI/IX CIUIaBax, KIHETUYHUX (PAKTOPIB 3aPOKEHHS 1 POCTY
HAaHOYAaCTUHOK Yy npouem OTPUMAaHHS 1 TMOAAIBIIOT TEPMOOOPOOKH IIIBUIKO-
OXOJIOPKEHUX 3pa3KiB, BIUIMBY TEPMOJMHAMIYHUX 1 KIHETHYHUX (baKToplB K1
BIUIMBAIOTh HAa TEPMOCTAOLIBHICTH METAJEBHX CTEKOJ JO0 HaHOKpHUCTai3allii,
BCTAQHOBJICHHI BIUIMBY BMICTY 1 CIHIBBIJHOLIEHHS METaJOiglB Ta JIETYBaJbHUX
€JIEMEHTIB, y T.4. HEPO3UYMHHHUX Yy 3ali3l JOMIIIOK, Ha MEXaHI3MHU 1 KIHETUKY
dbopMyBaHHS HAHOMACIITAOHUX KPUCTAIIB SK Yy HEPIBHOBAKHUX  yMOBax
OXOJIOJDKCHHS, TaK 1 Mpu HarpiBi amopdHux (a3, cpopMOBaHUX B CTPIiYKOBHX Ta
00’€MHMX 3pa3Kax 0OJHAKOBOI0 XiMi4HOIr0 CKJIATy.

Taka mocTtaHoBKa poOOTH JIOT1YHO BUILIMBAE 13 KBaJi(PiKOBAHO 3pOOJICHOTO Ha

BEJIMKOMY Ccy4acHOMY (DakTUYHOMY MaTepiaji JITepaTypHOro orjasigy
OCOBJIMBOCTI ATOMHOI BYJOBHU, TEPMIYHA CTABLUIBHICTh TA ®I3UKO-



XIMIYHI BJIACTUBOCTI AMOP®HUX METAJIEBUX CIUIABIB®, B IKOMY KPUTHUYHO
PO3TJISHYTI KIHETUYHI 1 TEpPMOJMHAMIYHI YMOBH amopdmu3allii 1 HaHOKpHUCTai3aIlli,
HaBEJICH] paHilll BCTAHOBJIEHI 3aJIEKHOCTI IMIBUJIKOCTI 3apO/IKEHHS 1 pOCTY 3apOJIKIB B
amopdHii da3i, TUIIH peakIiid mpu KpucTtaiizaii amopdHoi (a3u, mokazaHi IPUIMHU
raJIbMyBaHHS POCTY HAHOYACTMHOK BHACHIJIOK 3ITKHEHHS JUQy31iMHUX TIOJIIB,
KPUTUYHO TMpOaHali30BaHI WMOBIpHI (aKTOpH, SIKI BIUIMBAIOTh Ha TyCTHHY
3apOXKEHHSI HAaHOYACTHMHOK, OOTOBOPEHO CKJIAJAM 1 MEXaHI3MHU 301IbIIEHHS MIITHOCTI
MaTepialiiB Yy HAHOCTPYKTypHOMY cTaHi. OcoOiuBy yBary B OISl HPUIIIEHO TOMY
dakty, mo kpuctamizauis amoppHux mertaneBux ciaBiB (AMC) oOymoBieHa He
JuIie iX TePMOAWMHAMIYHUMH IMapaMeTpamu, ajie i €Hepri€r0 aKTUBAIlll BiIMOBITHUX
MpOLIECiB: TOMY, 3a3BMuai, Ui YTBOPEHHS MeTacTaOuIbHUX (a3 MOTPIOHI MEHIl
eHeprii, Hik A ctabinbHux (a3. Ormsa, sk 1 Bes z[HcepTauiﬂ HaMMCaHi JOCTYITHOIO,
HAyKOBOIO MOBOIO, 10Ope BHYHMTaHI. Y KIHII PO3AUTY 3pOOJEHO BHCHOBKH IIOJO
HEOOXITHOCTI 1 Ba)JIMBOCTI MOAAJIBIIOTO JOCTIPKEHHS KIHETHUKM 1 MEXaHI3MiB
(hopMyBaHHS BHCOKOMIIITHUX HAHOCTPYKTYPHHX CTaHIB Y MEPCIEKTUBHUX 00’ €MHHMX
aMOp(hHUX 1 HAHOKPUCTATIYHUX CIUIaBaXx.

Y apyromy pozaiiai “METOAU OAEP KAHHSA HOBUX CTPIYKOBUX TA
OF’EMHUX AMOP®HUX 1 HAHOKPUCTAIIYHUX  CIUIABIB
CUCTEMMUFe-(Ni,Co,Cr,Mn,Mo,W,V ,Nb,Cu,ALY)-(Si,B,C,P)),
JOCJIKEHHSI IX CTPYKTYPU, ®A30BOI'O CKJAAY TA ®I3HUKO-
MEXAHIYHUX BJACTHUBOCTEM* aBTOp Ha OCHOBI BEIIMKOTO, KPUTUYHO
nepepoOIeHOro JiTepaTypHOro MaTepialy oOrpyHTyBaB BUOip ciiaBiB cuctemMu Fey,
71(Ni, CO, CI', MO, W, Nb, V, MH, A1)10_32Y1,8_2 (Sl, C, B, P)17_24 “ s TCOPCTUIHUX 1
eKCIIePUMEHTAIbHUX AOCHKeHb. JlomaTkoBi (akTopu BHOOpPY sl OTPUMAHHA 1
JOCTIKEHHST AKICHMX 3pa3KiB BMIIIYBaJHCh: B iX CXWJIBHOCTI A0 amopdizamii 1 ix
MIBUIIEHI JTUTTEB] XapaKTEPUCTUKHU. Y PO3IUII HaBEJAEH! JOKJIATHI OMHCH METOIUK
BUTOTOBJIEHHA 1 AocaimkeHHss ['PC-3pa3kiB 3 BUKOPUCTAHHSM Cy4YacHOI amapaTypu:
nudpakiiifHi KapTUHU PEECTPYBAIHU 32 JOMOMOT0I0 aBTOMATU30BAHOTO CTaHJAPTHOIO
muppakromerpy JIPOH-3M y diunerpoBanomy CoKy- Ta MOHOXpOMAaTU30BaHOMY
MoK -BunpomintoBanHi. TepmiuHa CTIHKICTh HEpPIBHOBaXHUX (aMopdHHX abo
HAHOKPHUCTAIIUYHUX) CTPYKTYp, @ TaKOX XapakTep Ta KIHETHUKY iX TMepexony M0
PIBHOBAXHOTO CTaHy OyJIW JOCHIDKEHI MEeTOAOM JU(EepeHIIHHOI CKaHyH4Ool
kanopumetpli (JICK) na xamopumerpi NETZSCH404 B yMoBax HenepepBHOIO
Harpiy. 3a JICK-tepmorpamamu 3pa3kiB 3 amMOp(HOI CTPYKTYpOIO BHU3HAYaIU
XapaKTepHl Temieparypu ckionoaioHoro mnepexony (7,), MOYaTKy KpUCTami3amii
(Tons), MaKCUMYMM IIBHJKOCTI Tmpornecy kpuctamizamii (7y), moyarky (7,) Ta
3aBepiueHHs (71) miasneHHs. BumiproBaHHs MIKpOTBEPAOCTI |, NIBUAKO3arapTOBaHHUX
3pa3KiB MPOBOAWJIM 3a JOMOMOTOI0 CTaHAapTHOro MikpoTBepaomipy [IMT-3.
BusnaueHnHs1 Hampy>KeHHSI pyHHYBaHHA A 00’€MHUX HIBUAKO3arapTOBAHUX 3pa3KiB
MIPOBOJIMJIN MUISIXOM BUTIPOOOBYBAHHS HAa TPUTOUYKOBHM 3TWH. EnmekTpuuyHuil omip Ta
tepmiunuil  koedimient omopy (TKO) amopduux cTpiuok BuMIproBaid in situ
YOTUPHU30HJOBUM METOJIOM Ha MOCTIHHOMY CTpPyMI MpHU IIBHIKOCTSIX HarpiBy S...10
K/xB. EnekTpoHHOMIKPOCKOIIYHI JOCIIKEHHSI MPOBOJAWINCH Ha Mikpockomax BS-
540 1 JEM 2000 FX-11. Mikpo- Ta HaHOCTPYKTYpYy IIBUJIKO3arapTOBaHUX CTPIYOK Ta
CKOJIIB 00’€MHUX 3pa3KiB JOCIIDKYBald METOJAOM PacTpOBOi  €JIEKTPOHHOI



Mikpockorii Ha mikpockomi Tescan Mira 3 LMU. 3a pe3ynbraramu aHaiizy Mmporiecy
OXOJIOJDKCHHS PO3IJIaBy Ha MACHUBHHUX MIAKIAAKaX pi3HOl KoHQIryparii 1
€KCIIEpUMEHTAIIbHUX JJAHUX, HABEJIEHUX Y JITEpaTypl, po3po0JIeHO Ta BIPOBAKEHO Y
BUPOOHHUIITBO CIelialibHEe O0OJIafHAHHA: OJOK /IS HAJIIBUIKOIO OXOJIOJKEHHS
poO3IJIaBy Ta YCTAHOBKY JUIsl JIUTTS po3mjiaBy B MiaHy ¢opmy. IIBuakicts
OXOJIO/KEHHSI OTPUMaHUX HIBUIKO3arapTOBAHUX 3pa3KiB OLIIHIOBAJIM 3a iX TOBIIHMHOIO
(IiameTpoMm) 3a BIIOMHUMHU 13 JIITEpATypH CHIBBITHOIICHHSMH, 3 BUKOPUCTAHHIMH SIKUX
BCTAQHOBJICHO, III0 IIBHUJKOCTI OXOJIOJXKEHHS, SIKI OyJlu JOCATHYTI B PO3POOJICHUX Y
pOGOTi METOaX rapTyBaHHs PO3IIIABIB, NeKaTh y Mexkax Big 100 mo 5,4-10° Krc.

3acTocoBaHl 130TepMiYHI BUTPUMKHU JO3BOJMIM aBTOPY 3BECTH A0 MIHIMyMY
BHU3HAUEHHS Yacy MOYaTKy TEPMOOOPOOKH, 110 y CBOIO UYEPTy JO3BOJIUIO OTPUMYBATH
AKICHI JaHl MO0 KIHETMKH TIOBHOTO po3many amopdrHoro crany. Metonuka
JIOCTIDKEHHSI TOAIOHUX PIAMHHO-3aTapTOBAHUX 3pa3KiB € 3arajJbHONPUNHATOI Y
CBITOBIM TpaKkTHIll 1 1€ JO3BOJSE KOPEKTHO TIOPIBHIOBATH pE3yjibTaTU 3
JiTepaTypHUMU JaHUMU. Bcl mpoBeieH! YMCICHHI EKCIePUMEHTH BHKOHAHI Ha
BHCOKOMY METOAUYHOMY PiBHI.

Y 3-my posagiai gucepranii “CXUJIBHICTb CKJIAAHOJIEI'OBAHHUX
CIVIABIB Fey;.71(IIM,Al)19.32Y 1,5.2(S1,C,B,P)17.27 A0 AMOP®I3ZAIIIIL.
OCOBJIMBOCTI ®OPMYBAHHSA AMOP®HOI'O YU AMOP®DHO-
HAHOKPUCTAJIYHOI'O T'ETEPO®A3ZHOI'O CTPYKTYPHOI'O CTAHY
B 3AJIEXXHOCTI Bl XIMIYHOI'O CKJIAAY TA  YMOB
HEPIBHOBAKHOI'O TBEPAIHHSA CIIJIABIB‘ Oynu po3risHyTi 0cOOIMBOCTI
dbopMyBaHHS aMOp(PHOTO Ta aMOpP(PHO-HAHOKPUCTATIYHOTO CTPYKTYPHOTO CTaHy B
3aJIe)KHOCTI BiJl XIMIYHOTO CKJIaJy Ta PEXUMIB HEPIBHOBAXXHOTO TBEPJIHHS CILJIaBIB;
HaBEJCHI pPe3ylbTaTH EKCIEPUMEHTAIBHOTO JOCTIKEHHS! CXHJIBHOCTI CKJIaJHO-
JITOBAaHUX CIUIaBIB HAa OCHOBI 3aji3a 3 PI3HUM BMICTOM MEPEXiTHUX EJIEMEHTIB Ta
METaJIOIIB JI0 CKJIOYTBOPEHHS Ta iX TePMIUHY CTIHKICTh. Ciif BIAMITHTH, 110 aHAJII3
KyTOBUX TOJIO)KEHb MAaKCUMYMIB PO3CISIHHS, BHCOT Iepuioro makcumymy /(20) ta
MDKAaTOMHUX BIJICTAaHEH 7| TOKa3aB, M0 JAJsl CTPIYOK BCIX JOCTIIKEHUX CIUIABIB Y
BHUXITHOMY CTaHi aTOMHAa Oy/l0Ba € JOCTATHBO CXO0:KO0K0. Y TOH XK€ 4ac BEJIUYHHU
obnactelr korepeHTHOro poscitoBanHs (OKP) L BuximHux aMOpQHHX CTPIYOK TS
PI3HUX TPYI CIJIaBIB HE KOPENIIOIOTh 3 XIMIYHMM CKJIAJOM Ta iX CXHJIBHICTIO O
amopizauii. OkpiM Temmeparypu CKiIyBaHHA I, Ta TeMIIEPaTypHOrO I1HTEpBay
3HAXO/KEHHS pO3IUIaBy Y MEPEOXOJOHKEHOMY CTaHI IMPOLEC CKIOYTBOPEHHS
3aJIeKUTh TaKOX BiJl TeMmrepaTtypu 7Tp, sKa € BaXIMBOI, TEXHOJIOTTYHOIO
XapaKTePUCTUKOI0 TMPOIECY JHTTSA, OCKUIbKM y 3HauyHIM Mipi BHU3Haya€e B’ A3KICTh
po3muiaBy. [lokazaHo, 110 KpucTami3aiis HU3KY (a3 y nepeoxosioHKEHOMY PO3IIaBl Ha
OCHOBI 3aJli3a BiI0YBA€ThCS PO3IIIBHO, 1 31 30UIBIICHHSAM MIBUAKOCTI OXOJIOJKCHHS
1CTOTHIIIIE TIPUTHIYYEThCS KpUcTai3allis 6opuaHoi ¢ha3u. BaxIuBUM 3 TEOPETUYHOT 1
NPAKTUYHOI TOYKH 30pY € BCTAaHOBJICHA aBTOPOM yMOBa HAaHOKpHUCTaji3ailii, 3riHO
SAKO1 JJI1  HAaHOKpHCTamizamii HeoOXiTHO MO€IHAHHSI BHCOKOI IIBHIAKOCTI
3apOAKEHHS Ta HU3bKOI IIBHAKOCTI POCTY KPHCTAJIB, IKe MOKe OyTH JOCATHYTO
JIMIEe Y BiIHOCHO BY3bKOMY Miana3oHi IIBHIKOCTEH OXO0JIOIKeHHSI, BHACJIIIOK
CIJILHUX 3aJ1€KHOCTeH IIUX MapaMeTpiB Bil TemnepaTypu. 3 aHaii3y JiTepaTypHUX
JDKepeNl BUILIMBA€E, MO0 B YMOBAaX OXOJOJKEHHS, OJM3BKHX 10 amopdizaili, B



po3IUlaBax Ha OCHOBI Fe OCTaHHBOIO MPHUTHIYYETHCS KPHUCTAi3allisl O—TBEPIOTO
pozunHy. Ha gpyriii cranmii kpucTamizamii B 3aJUIIKOBIM aMopdHi maTpuil
YTBOPIOIOThCA KpucTanu (as3u, 130CTpyKTypHiii Oopuay Fe,B, Ta ykpynHioTbCs
nepBuHH1 kpuctamitd 3 OLK-crpykryporo. Chuig BIAMITUTH, IO ¥ Yy TOBHICTIO
3aKpUCTAII30BAHOMY 3pa3Ky 30epiraeTbCsi HAHOMACIITAOHUU XapakTep CTPYKTYpH,
cepeani po3mipu kpuctanitie OLIK TBepmoro po3umHy 3aimiza Ta Oopuay B sKii
ckJ1aaroTh npubausHo 40 HM (¢.74). Anani3 nporecy kpucraiizaiii amopdHoi dazu y
0araToKOMITOHEHTHOMY CITJIaBI Ha OCHOBI 3aJTi3a MOKa3aB, 1110 HASBHICTh B HOTO CKIIAJI
MiJll Ta HI00110 cripusi€ 30UTBIICHHIO IMBUAKOCTI 3apOHKEHHS Ta TaIlbMyBaHHIO POCTY
HAHOKPUCTATIB TBepAOro po3unHy Ha ocHOBI o-Fe. Todro ui ¢akropu €
nepeayMoBOIO Ui (pOPMYBAHHA HAHOMACIITAOHMX KpHUCTAJIIB 0—Fe He quine npu
HarpiBi amop¢Hoi ¢a3u, ane il npu oxoa0akeHHi po3miaaBy. OCKITbKH, SIK
BCTAHOBJICHO BWINE, TOJOBHMM BHECOK Yy 3MIIHEHHS YacTKOBO 1 TIOBHICTIO
KPUCTAIIYHUX 3Pa3KiB BHOCATh OOpPOKapOiaHi CIIOIYKH, CaMe 3MEHIIIEHHS iX BIAHOCHOI
KUIBKOCTI 00OYMOBJTIO€ 3HUKEHHS TBEPAOCTI MaTepLIy 3IUTKY 10 Ibuau 6sm3bko 0,3
MM. Jlyke I1IKaBUM € BCTAHOBJIEHA aBTOPOM HasiBHiCTHL amopdHoi d¢a3m y
BHYTPIlIHIX mIapax 3JMTKIiB i BiICyTHicTh il Ha MOBEpPXHi, OCKUIbKH MOBEPXHEBI
apy OXOJOKYIOThCSl Y 0O€3MOCepeIHbOMY KOHTAKT1 31 CTIHKAaMU MIJHOI JIMBApHOI
dbopMu 3 OUIBII BHUCOKOK IIBUAKICTIO. THM He MeHIl, 3adikcoBaHUM edeKT
(bopMyBaHHS KpUCTAIIYHMX IIapiB Ha IMOBEPXHI BIIJIMBOK) CIIOCTEPIraBCcs y HM3III
poOIT MpH OJIep’KaHH1 3NMUTKIB 3 00’ eMHOaMop(di30BaHMX CIIaBiB Ha ocHOBI Fe (¢.79).
['070BHOIO MPUYMHOIO IHOTO, SIK BBAXKA€ aBTOP, € IHTEHCHUBHE TETEPOTCHHE
3apOJDKEHHSI KPHUCTATIIB y IMOBEPXHEBHX Iapax, 10 OOYMOBJICHO iX B3a€MOJIIEIO
MEPEBAKHO 13 3aJUIIKAMHU KHCHIO B aTMOc(depl JUTTS Mif 9ac BITHOCHO JOBIOTO 4acy
OXOJIO/DKCHHS. 3BIJICH aBTOPOM 3pOOJICHO MPAaKTHYHUNA BHCHOBOK, IO 3HWIKEHHS
BIUTMBY TE€TEPOTEHHOTO 3apO/KEHHSI MOXKE OYyTH JOCSITHYTO IIISTXOM BIOCKOHAJICHHS
YMOB JIUTTS (30Kpema, BUOOpOM aTMocdepH), a TaKoXK MiA00POM JIETYIOUUX JOMIIIOK,
AKl 3HIKYIOTh IIBUJKICTh 3apoJKEHHs. EKcrnepuMeHTanbHO-NpaKTHYHA YacTHHA
JTaHO1 pOOOTHU CBITYINTDH MPO MOKJIUBICTh 301JbIIEHHS KPUTUYHOI TOBIIIMHM 3JTUTKIB 3
aMOp(HOI0 CTPYKTYpOIO 13 CIUJIaBIB Ha OCHOBI Fe, BUTOTOBIEHUX 3 MPOMUCIOBOI
CUPOBHMHH, IIJITXOM BUKOPUCTAHHSI HACTYITHUX CIUIaBiB: 1) 31 ckiaamMu, OJIM3bKUMU J10
€BTEKTHUYHUX; 2) CIUIaBiB, B AKUX (OpMYBaHHsS NEPBUHHOI (a3u MpU OXOJOJKEHHI
PO3ILIABY IIPUTHIYETHCS IPH BiAHOCHO MauX (~ 10” K/c) MBHAKOCTSIX OXOIOMKEHHS
a6o 3) dumrociB, MmO NPUTHIYYIOTH TPOIEC TETEPOreHHOTO 3apomkeHHs. Ciin
BIJIMITUTH, IO TEMIIEPATypH MOYATKy KpUCTai3alii aMOpHHUX CTPYKTYp B 00’ €MHUX
3pazkax jgociimkeHux cruaBiB  (874-896 K) 3HaxonsThcs Ha piBHI - Kpamux
3apyO1’KHHUX aHAJIOTIB.

3ayesasxcenna oo po3oiny: 1) na c.64 iinerscs npo posmipu OKP na pisui 1,11 HM.
Ha wmiit mormsin 111 3Ha4eHHS € Jenio 3MeHIieHuMU. BuHukae mutaHHs: 4u Oyna B
ominkax OKP BpaxoBaHa mormpaBka Ha T€OMETPUYHE PO3LIUPEHHS AUpaKIIHHUX
MaKCHUMYMiB; HEKOpeKkTHO A oiiHok OKP Burisinae npyruii 3HaK miciigs KOMU; 2) 4u
MOXHAa OJHO3HAYHO POOUTHM BUCHOBKM WIOJI0 HASIBHOCTI OJHOYACHO Yy (ha30BOMY
CKJIaJll criaBy S a3 TiIbKKM Ha 0a3i po3mM(PPOBKH KOHIIEHTPAIIHHOT 00J1aCTI OJHOTO
nudpakifHOro MakcumMymy; 3) Oysio O IIKaBO MOYYTH BiJl aBTOpa NMPUYHMHY IOSBU
came tekctypu (200) ns I'IK-3ami3a y crijmaBax npu KpucTami3alii.



4-it  posnin  muceprauii “3AKOHOMIPHOCTI CTPYKTYPO- TA

®A30YTBOPEHHS MIPU TEPMIYHUX OBPOBKAX CTPIYKOBHUX TA
OB’EMHO AMOP®I3OBAHUX CIIJIABIB* MicTuTh pe3ynbTaTd AOCIHIIKECHb
CTPYKTYpPHHMX 3MiH, 10 BIJ0OYyBalOThCA y MPOIECl TEPMIYHOT OOpOOKH B aMOpPHUX
CTPYKTypax 3pa3KiB HU3KH CIUIaBiB, OJCPKAHUX IIBUAKUM OXOJOJKEHHSIM PO3IUIaBy Yy
dbopMmi CTpiuoK Ta IacTWH. Bu3HaueHi y poOOTI MapaMeTpu TEPMIYHOI CTIHKOCTI
amopbHux a3, MexaHi3Mu (a30oBUX IEPETBOPEHb, JlalMa30HU  ICHYBaHHS
METacTablIbHUX CTPYKTYPHUX CTaHIB € BAXKJIMBUMHU XaPAKTEPUCTUKAMHU HE TITBKH 3
TOYKHU 30pYy (Di3WKM HEPIBHOBAXHUX MPOIIECIB, aje W i BCTAHOBJICHHS KOPEIISIIH
MK CTPYKTYPHHUMH TapaMerpamMud u (QI3UYHUMHU BJIACTUBOCTAMH. OCKUIBKH
OiIBIIICTH JOCTIIKEHUX CIUVIABIB € OpPHUIriHAJBLHUMM, Pe3yJbTATH HaBeleHI B
YeTBEPTOMY PO3/iji € HOBUMM.
Cepen BeNMKOi KUIBKOCTI HaBEJEHUX E€KCIEPUMEHTAIBHUX PE3YyJbTaTiB A0 HAWOLIbII
BaXXJIMBUX 3 HAYKOBOI TOYKH 30pY MOKHA BIJIHECTH BCTAaHOBJICHUW aBTOPOM TUIIOBUM
MeXaH13M HaHOKpHUCTai3allii (po3Mipu HAHOKPUCTAJIIB B 3aJI€KHOCTI B1Jl 4acy BiANamy
3MIHIOIOThCSl 3a KpUBMMHU 3 HacuueHHsAM) y ckil FeysNijg4CogsCrs;Mo; 9B 4Sis s
(NHRSCo-1). Takuit MexaH13M CIIOCTEPITa€EThCA, 30KpeMa y BIJIOMOMY ITPOMHUCIIOBOMY
ckiii mapku Finemet (FeNbCuSiB), ane na Biaminy Bia ckia Finemet ximiuHuii ckiian
cruiasy NHRSCo-1 He MicTUTB ejieMeHTIB, sIKi NPUCKOPIOIOTH 3apoa:keHHs (Cu)
Ta rajJbMylOTh HBHAKICTH pocty (Nb) kpucramgiB. 3a pe3yiabTaTaMu SIKICHOTO
NOpIBHSIHHA ocobnuBocTel mpoueciB kpuctamizanii ckia NHRSCo-1 1 6a3oBoro
amopdroro cmnaBy FegoB4Sig 3po0neH0o BakmuBUiI BHUCHOBOK, IO ITiJIBUINCHA
MIBUAKICTh 3apOPKEHHS KPUCTANIB Yy CKJIQJHOJIETOBAHOMY CKJII OOyMOBJIEHA
3HIDKEHOIO IUTOMOIO €HEPTIEI0 Ha MEXI1 MOITy KPUCTAJ/CKIIO.

HoBuM © BaXJIUBUM pe3yslbTaTOM € BCTAHOBJICHUW aBTOPOM JIBOCTaAIMHUIN
mpouec mepexoay amMophHOI CTPYKTypH y KpUCTaIlUHUH CTaH Yy  CILIaBl
Fe;CrgNbeSisB;, (HB-3), B sskomy Ha 000X cTamisx (opMyrOThCA Ti X caMmi (da3u
(manokpucranu o-Fe ta meracrabineHoro 6opuay Fes;B). Ilpu npomy Ha mnepuiomy
etani (OpMYyIOTbCSI TMEPEBAXKHO HAHOKpUCTAIU OOpHay, a Ha JIPyromMy- TBEpAOro
po3unHy Ha ocHOB o-Fe. Ilomionmii Tum aBoga3HOI HAHOKpHUCTAJIZaNil
CIOCTEPiracTbcsi  BHepHIe, a OCKUIBKM IIBUJKOCTI 3apODKEHHS 1  POCTY
HaHOKpuctamB o-Fe ta Fe;B € pi3HuMu, TO 130TepMiuHI Biamaad 3pa3KiB CKia
Fe;1CrgNbgSisB 1, BiakpuBaOTh HOBI MOMKJIMBOCTI MJIsi PETYJIOBAaHHS CTPYKTYPHHUX
napaMeTplB 1, BIAMOBIAHO, KepyBaHHS (I3MYHUMH BIACTUBOCTIMU HaHO(A3HUX
KOMITO3HTIB.

be3ymoBHO, 3 PI3WYHOI TOUKH 30Dy, LIKABUMHU € TepMorpadiuyHi JOCIiIKEHHS
amMop(HUX 3pa3KiB 3 BIAMIHHUMHU TepMIYHUMH mepexmicTopisimu (puc. 4.1), saxi 3a
3MIHAMHM TEPMIYHOI CTIMKOCTI O3BOJISIIOTH 3pOOUTH TMONEPEIHI BHCHOBKH IOAO
MOXKJIMBUX MEXaHI3MIB MepIIoi cTafil KpUCTadi3aiii: 30KpeMa BH3HAUUTH BILIUB
3arapToBaHUX 3apojKiB. 3aCyrOBY€ Ha yBary BCTaHOBJIEHE (Da30oBe IEPETBOPEHHS,
3TIIHO SIKOMY LIeW TMpOIEC MOYMHAETHCA 3 (PA30BOTO pO3IIApPYyBaHHS IOYATKOBOIO
amopdHoro crany Ha JiBi amopdHux ¢asu ¢ cepearimu po3mipamu OKP 1,0 u 2,2 am
(BimHocH1 nomi 0,23 1 0,77), BianosigHo. Harpis go temmneparypu 1005 K npuzBoauts
710 3HMKHEHHS mepioi amopdHoi ¢das3u, yrBopeHHs HaHomacmTaOHux (10-20 HM)
KPUCTAIIIB 1HTEpMETAIAHUX a3: Mpu LbOMY Jpyra amopdHa ¢aza crtae OiIbII



BriopsiikoBaHoto (po3mip OKP — 3 um), a ii BiiHOCHA KiJIbKICTh 3MeHIIyeTbes a0 0,16.
3HWKEHHS TEPMIYHOI CTIMKOCTI aMOp(HOro cTaHy Yy 3pa3kaxX, OXOJIOJKEHUX 3
MEHIIIUMH IIBUIKOCTSIMH, HAHIMOBIpHIIIE, 00YMOBJIEHO 1ICTOTHOIO POJITIO «TapTIBHUX»
3apO/KiB, 00'€MHA I'yCTHHA SAKUX 3pOCTA€E MPHU 3MEHIIEHHI IBUIKOCTI OXOJOIKEHHS Y
nmporieci kpucTamizamii. 301IbIICHHST PI3HULIl €HEpriil aKTUBAIlll Ha MI3HIIMIMX CTadisax
HAaHOKpHUCTATi3allli CBIAYUTH IPO CYTTEBO BUIIIH BMICT KJIAcTepiB (BMOPOKEHUX
IIEHTPIB) OOpPOKapOITHUX CIIOIYK B 00’€MHUX aMOpP(HHMX 3pa3Kax, IO € HACIIJIKOM
MeHIIOi (Ha 4 TOpSAKM) MIBUAKOCTI iX OXOJIOMKEHHS MOPIBHSIHO 3 aMop(HUMU
cTpiukamu. PeHtreHorpadiuni AOCHIIKEHHS 3pa3KiB IIBHIKOOXOJOMKEHUX CTPIUOK
yCiX CIUIaBIB TMOKa3aid, 10 YCKJIAJAHEHHS XiMiuHOTro ckyaay amop¢Hux ¢as
CYNPOBOKYETHCH YCKJIAHEHHSIM Npolecy iX HaHOKpucTaJjizauii. Cii BiIMITHTH,
10 Xapakrep ABox¢a3Hoi (uu TpudazHoi) HaHOKpUCcTaNi3alii amopdHOI pa3u y criasi
HB-3 npuHOMnoBo BiApi3HS€TbCA BiA TMpolecy (opMyBaHHS HAHOKOMITO3UTHUX
CTpykTyp y 1mmpokomy kjaci cmiaiB  tunmy FINEMET, NANOPERM.
3anpornoHOBaHUN HOBHMM THUIl KpHCTadi3allii HE BIJANOBIZA€ BiAOMIN yHIBepCallbHII
knacudikamii Kectepa-I'eponbaa s mMeTaneBUX CTEKOJ, a CpoOW aBTOpa 3HANTH
aHaJIOTH y JITepaTypi, SK MOXHa CYIWTH, ycmixy He wmanu. lle cBiguuTh mpo
HEOOX1IHICTh TOAAIBIIOr0 TMOTJIUOJIECHOTO JOCHTIKCHHS KIHETHKHM Ta MeEXaHI3MY
nBo(Tpu)-pazHoi  kpuctamsamnii amopdHoro cmiaBy HB-3 3 BukopucraHHsIMm
KOMOIHAIli CTPYKTYpHHUX Ta KIHETMYHHX METOMIB. ABTOPOM IIOKa3aHO, IO
kpuctamizamis amopdHoi ¢azu y cruraBi HB-3 (Fe; CrgNbeSisB;,) BinOyBaeTbes y nBa
€Tanu INUIIXOM OJHOYACHOTO (OpMyBaHHS HAHOKPHUCTAIIB TBEPAOrO PO3YMHY Ha
ocHoBl a-Fe Ta 6opuaiB nBox ctpykrypuHux tumiB: Fe;B (NisP) 1 Fe;B (Fe;C), mpu
IbOMY AOMIHYIOYMM IIPOLIECOM IMEPLIOro eTamy € Kpucraiaizamia Oopuuais, a
apyroro — o-Fe. Ili pe3ynpTaTu BiIKpHUBAIOTH MPOTHO30BAaHI MOKJIUBOCTI IS
MOJIETIIOBAHHS 1 OTPUMaHHS KOHTPOJIBOBAHOI HAHOMACIITAOHOT MIKPOCTPYKTYPH.

Cepen mpakTU4YHO BaxJIMBUX pe3yibTariB po3airy IV €, mepm 3a Bce,
BU3HAYEHI TEMIIEPATypH MOYATKy Kpuctaiizaiii 00 eMHUX CTeKON (Tops), ACSIKI 3 AKUX
(896, 873 1 879 K pgna mms3ku cmiaasie HBCY-1-1, HBCY-2-1 1 HBCY-3-1,
BIJIMOBIHO) 3HAXOAATHCS HA PIBHI KpaluX BIJIOMHX 3 JIITEPATypPH aHAJIOTIB. ABTOPOM
BUKOHAHO BEJIUKUU OOCSAT JOCHIDKEHb II0JI0 BH3HAYCHHS €()EKTUBHUX €Heprii
aKTHBALlll PI3HUX CTaJIi MEPEXOy METAJICBUX CTEKOJI Y PIBHOBAKHUN KPUCTATIUHHMA
CTaH, a TaKOXX BCTAHOBJIEHO (Da30BUM CKJIAJ 1 MapaMeTpu MPOMIKHUX CTPYKTYPHHX
CTaHiB, siKi (OPMYIOTBCSI y CTEKJIaX B Tpolieci Bignamy. besmocepenHiii 3B 30K mMUX
XapaKTepUCTHK 3 KIHETUKOI0 Ta MeXaHi3MaMH (Pa3oBHX NEPETBOPEHb BAaXKKO
BCTAHOBHUTH 32 PaxXyHOK UYHUCICHHHX (DaKTOpiB, OJHAK OTPUMaHiI aBTOPOM JaHi, IIO
HOCSITh TIOKH TIEPEBAXHO JOBIAKOBUW XapakTep, MOXYTh OyTH KOPUCHUMH TIPH
po3po0Ill pekUMiIB TepMidHOI 00poOkM abo ekcruryaraimii BUPOOIB 3 00’ €MHUX
METaJIeBUX CTEKOJ Ha OCHOBI 3ai3a.

3ayeasicennsn 00 po3oiny.

1) po3nisl MICTUTh HaIMIPHY KIJIBKICTh €KCIIEPUMEHTAIBHUX JaHUX, K1 HEJOCTAaTHBO
CUCTEMAaTU30BaHI, 10 HE JIO3BOJWJIO aBTOPY BCTAHOBUTH [JIi HU3KU CIUIaBIB
KOHKPETHUI BIJIMB OKPEMHX JIETYIOUMX €JEMEHTIB Ha TEPMIUHY CTIMKICTh METaJIEBUX
CTEKOJI Ta MEXaH13MHU 1X KpHUCTaIi3allii;



2) HE3pO3yMiNO, 3 YUM MOPIBHIOIOTHCS MPOLIECH MEPEXOJy Yy PIBHOBAXKHUM CTaH
amopdHux a3 y crutaax HBCY-1 ta HBCY-1-1 y BUCHOBKY 2, 1 1110 BKJIaJIa€ aBTOP B
TEPMiH «130TepMIYHUN MakcuMyM Ha Tepmorpami JJCK» ;

3) Tabmuns 4.2 374a€ThCS 3aiiBOIO, OCKIIBKM KpHUCTajgorpadiuHi acmekTu OOpH/IiB,
kapOiiB Ta ¢ocdiaiB 3aiiza y poOoTi HE 0OrOBOPIOIOTHCS;

4) 3rigHo 3 xapaktepy tepmorpam JICK, HaBemenux Ha puc. 4.2a, CyTTeBa Pi3HMIIA
TeMIlepaTyp MoYaTKy KpucTanizaiii amopdHoi gasu y crpiuii Ta ruiactudi (861 ta 896
K BianoBinHO) 00yMOBJIeHA 3MIHOIO MEXaH13My MEpIIOi CTali KpucTams3alii. Ane uei
BAXJIMBHUM pe3ysbTaT B poOOTI HE 0OTOBOPEHO;

5) Onu3pkuii 10 JdiHiMHOTO XapakTep rpadikiB Kicinmxkepa (puc. 4.3) cBITUYUTH HE PO
BHCOKY TOYHICTh BHW3HA4YeHHS €(EKTHMBHUX CHEPriil axkTuBailii, a, BIPOTITHO, PO
HE3MIHHICTb MEXaHI3MIB BIAMOBIAHUX TIEPETBOPEHb Yy Jlama3oHi TeMIepaTyp
BHMIPIOBAHb;

6) mopiBHSHHS Yy ILI. 4.4 #aHUX, 10 XapaKTepU3yKOTh KPHUCTAII3AIlll0 CTEKOJ
Fe,sNijg 4CogsCrs 7 Mo, 9B 14Siss Ta FegyB4Sig HE € KOpEeKTHHM, OCKUIbKH JaHl s
notpiitHoro ckia FeSiB y po6oTi BiacyTHI;

7) muii Ha puc. 4.9 1 4.10 € 3ailBUMHU, OCKUIbKM PIBHSHHS, 33 SKUMH BOHH
pO3paxoBaHi, B TEKCTI BIJACYTHI;

8) raJibMyBaHHsS POCTY HAaHOKPHUCTAJIB 3a3BUYAll OMHUCYETHCA MOJEIUIIO «M’SIKOIO»
(soft), a He «IIPY>KHOTO» 3ITKHEHHSI, 1110 Ha TIPAKTHII € OUTBIIT peabHUM;

9) He € KOPEeKTHMM BUKOPUCTaHHS B OAHIM Tabmuui (4.4) pi3HHX PO3MIPHOCTEH
JIOBKMHH, 30KpeMa, HM Ta A;

Y 5-my posaiai nucepranii "MexaHiuHi, KOPO3iiiHi Ta eJJeKTPUYHI BJACTUBOCTI
amoppuux ¢a3 i HaHoasHMX KOMIO3UTIB PI3HOr0 XiMIYHOro ckjIaxy 3
ypPaxyBaHHIM  TeMIEPATYPHO-KOHUEHTPAWiHHUX  YMOB  HEPiBHOBA:KHOIO
TBepPAiHHA Ppo3IJIaBiB Ta KpucTagizamii amoppuux ¢as3“ HaBeneH! pe3ynbTaTH
JTOCIIKeHb (P13MKO-XIMIYHUX XapaKTEPUCTUK CTPIYKOBUX Ta 00’ €MHHMX aMOp(HUX Ha
HAHOKOMIIO3UTHUX CIUIaBIB PI3HOTO XIMIYHOTO CKJIaAy 3 ypaxXyBaHHSM pPEXKUMIB
HEPIBHOBAXHOTO TBEPAIHHSA PO3IUIABIB Ta KpucTaiizaili amoppHux ¢as. Orpumani
pe3yNbTaTH € AyXKE€ BAXIUBUMHU 3 MPAKTUYHOI TOYKH 30py. JlO0 HaWBaKIMBIIIUX
pEe3yNbTaTIB CN1Jl BIAHECTH HACTYNHi: 1) piBeHb H|, 3pOcTa€ 3 MiIBUILEHHAM 3araabHOTO
BMICTY Jeryrouux enemeHTiB B AMC. HaI/I61JILm010 MILHICTIO XapaKTepU3yIOThCS
MOBHICTIO KPUCTATIYHI CTPYKTYpH, SIKIi MICTSATh HaHOMAacIIaOHi KpI/ICTaJ'IlTI/I
metacTtabimpHOr0 60puay FesB Ta kap6imiB CryCe, 2) MIKPOTBEPAICTh AOCTIIKEHUX
3pa3kiB 100pe KOPEToe 3 BIJHOCHUM BMICTOM B iX CTPYKTYpl HaHOMAacIITaOHHX
KpUCTaNiB piBHOBakHOTrO Oopuay Fe,B, mo mae mincraBu cTBepIKyBaTH MPO
rOJIOBHMI BHECOK y 3MiliHeHHs cruiaBy HBRM-4 came i€l ¢asu; 3) 3a pesynbraramu
CTPYKTYpHUX JOCHIIKEHb cepii HOBuUX amopdHux cruaBiB cucremu Fe—
(N1,Co,Cr,Mn,Mo,W,V,Nb)—(S1,B,C,Y(P)) BcTaHOBJI€HO, 10 OCHOBHHMI BHECOK Y
3pOCTaHHSl MIIHICHUX XapaKTepUCTUK YACTKOBO 1 IMOBHICTIO 3aKPHUCTaII30BaHUX
amopbHux cruiaBiB g0 pekopaHux 15-20 T'lla o0ymoBJieHHiT TOJIOBHUM YHHOM
HAHOMACIITAOHUM XapaKTepoM KpucTajgiuHux ¢as, a He ix npupoaoro. Ilokazano,
mo mneperBopeHHs O-Fe — Y-Fe mnpu3BoIuTh 10 3MEHILIEHHS MIKPOTBEPAOCTI Ta
MIBUIIEHHS TIACTUYHOCTI HAHOKPUCTANIYHUX CIIaBiB; 4) TBepaicTh 3muTkiB HBPC 3



BHUCOKMM BMICTOM (ocopy 3 HAHOKPUCTAIIYHOIO CTPYKTYpPOIO € JEHI0 BHILOKO 1
ckianae 11,16-12,26 I'lla (Ta61.5.2). By3bki aiana3oHu TBEPAOCTI 3pa3KiB Mi€l rpymnu
CB1/TYaTh MPO BITHOCHO HU3BKY YYTIWBICTh MIIIHICHUX BJIACTUBOCTEH ITUX CIUIABIB JI0
Bapialiid XiMIYHOTO CKJIaay Ta CTPYKTypH; 5) OIHUM 13 BaKIMBHUX pE3YyJIbTaTIB,
olepKaHUX B poOOTI, € BHUCOKA TBEPAICTh HAHOKOMIIOBUTHHUX CTPYKTYp, SIKi
CKJIQJAI0ThCA 3 BIJHOCHO M’ SIKUX HaHOKpuctaiiB o—Fe, posnoginenux B amopdHii
marpuul (npytku crmasis HBCY-1-1); npu npomy 3HaueHHs H,, MaroTh TEHIEHLIIO 110
3poctranns (Big 12,1 mo 14,7 I'Tla) mpu migBUIIEHHI TYCTUHU HAHOKPHUCTANIB, SIKa Y
1ux 3paskax 3poctae Big 10 1o 40%; S5) cknannoneroBani AMC Ha OCHOBI 3aj1i3a JyKe
BJIaJI0O TOEAHYIOTh XAPAaKTEPUCTUKU MIIHOCTI 1 TJIACTUYHOCTI 3 BUCOKHM pPIBHEM
enekrpoornopy (>130 MmxOM*cM); 1OBEeIEHO BUCOKY €(DEKTHBHICTh iX BHKOPHUCTAHHS
SK BUCOKOMIITHMX KOPO31MHOCTIMKHUX CTPIYKOBHX HU3bKOTEMIIEPATYPHUX HArpiBadiB y
moOyTOBOMY Ta MPOMHUCIOBOMY OOJIaHAHHI 3aMICTh HIXPOMOBHX, (expaieBUX Ta
BYTJICBOJIOKOHHUX MaTepiajiB, skl IMIIOPTYIOThCS B YKpaiHy.

3ayeaxrcennsa 0o po3oiny: 1) He 30BCIM 3p03yMijI0, YOMY PO3/ILT MOYHMHAETHCS CaMe
3 OTpUMaHUX pe3yjbTaTiB, 0€3 BU3HAUCHHS] METH 1 3aBJIaHb IaHOTO PO3LTY; 2) aBTOP
BUCJIOBUB TMPUNYILIEHHS, 110, SK MpaBUJO, CIOCTEPIraeTbCsd KOPENsIis MIiX
MIKPOTBEPAICTIO aMOpP(HHMX CIIaBiB Ta iX TEPMIYHOK CTIMKICTIO (TeMIIepaTyporo
MOYaTKy KpHUCTalli3allii 3a paXyHOK XapakTepy CHUJ MI)KATOMHOTO 3B’SI3KY 1 I'YCTHUHU
aTOMHOTO YINakyBaHHS B amopdHiil (as3i), ajge naii y TeKCTi Mpo e OUIbII HIYOro He
CKa3aHo; 3) y 5-My BHCHOBKY JIpyre PEedeHHsI He 30iraerbcs Mo CyTi 3 mepmuMm; 4)
HE3pO3yMLIIO0, K MOXHA MOPIBHIOBATH OCOOJIMBOCTI pyHHYBaHHS HaHOKPHUCTAJIIYHOTO
crutaBy FegeCrisW,C,SiBys (HB-2) 3 pyliHyBaHHAM KpUXKHX MAaTepialiiB THILY
Kepamik; S5) y poOOTI TOKa3aHO IO TBEPAICTh 00’€MHHX 3pa3KiB 3 aMOp(dHOIO
CTPYKTYPOIO € MIHIMAJIBHOIO CepeJl BCIX JOCTIKEHUX CIUIaBiB, 0 HE MicTATh Y-Fe,
aje o0OroBOpeHs IOTO BaXJMBOTO (akTopa He HagaHo. IHOMI y poboTi
3yCTpIUarOThCs, aje ix Hebararo, HEBJaJdl HAYKOBI BUpa3W: HANpPHUKIAL, ~...NMPH
KpHUCTami3amii BUSBISETHCA HE3HAYHA KUIBKICTh HelneHTHu(iKoBaHUX (a3, AKi Juiie
BiVIaJIeHHO HAraaywTh meracraduibHi Oopuam Me;B ta Me,B” (nosicheHHst 10
puc.4.8), 3 KpuctanorpagpiqHoi TOYKU 30py 1€ 3ByUUTh HE TOCUTh EPEKOHIIUBO.

VY niiomy poboTa po3BUBA€E ICHYIOUI YSBJICHHS BITHOCHO (DI3MYHUX MEXaHI3MIiB
HEpIBHOBA)XHOT KpucTasizalii. PoboTa Ta 3amponoHoBaHI YMOBH HaHOKpHCTaII3aIlii 1
HACTYITHOI TEPMOOOPOOKH OYyIyTh MaTH BUXIJI IIPU BUOOPI ONTHMAJIBHUX PEKUMIB
BUTOTOBJICHHS  BAXKJIMBUX Y MPAKTUYHOMY  BIJIHOIIEHHI  BUCOKOMIIHUX 1
KOPO3IMHOCTIMKHUX 00’€MHUX amMOppHUX 1 HAHOKPUCTAIIYHHX CIUIaBIB HAa OCHOBI
CUCTEMH 3ali3a.

Po6ora mae 3aBepmeH1m xapakrep i CTPYKTYpHY .110r11cy

3pobneni 3ayBaKEHHS 1 mobakaHHs He SHIDKYIOTD IIIHHOCTI OTPUMAHUX ABTOPOM
0aratbOX I[IKaBUX 1 B@XKIMBHX Il Teopli 1 MpakTHKU (i3UKH HEPIBHOBAXKHOI
KpHCTali3allii HOBHX i HAyKOBO-00IDYHTOBAHHX pe3yJbTATiB. IX J0CTOBipHiCTH
TaKOXX TPYHTYebCA ampoOalfiero Ha 2 MIDKHAPOJHUX HAyKOBUX KOH(DEpeHIisxX,
HIATBEPKYETHCS  TOOPOIO KOPENALIIEI0 3 HAIBHUMHU Y JIITEpaTypl OCTaHHIMU



EKCIIEPUMEHTAJIbHIUMH 1 TEOPETUUHUMU TaHUMU. 3a TEMOIO JucepTalii omy011KOBaHO
6 crarelt, 4, 3 SKUX BXOAATH A0 HaykomeTpudHoi 0a3u ganux SCOPUS, orpumano
naTeHT Ykpainu. 3poOiieHi AOCHIHKEHHS Y3TO/KYIOThCS 3 HAyKOBUMM HarpsiMaMu
Biaauty kpucramzaiii IM® HAHY Tta marore 3MIiCTOBUI 3B'S30K 3 TEMATUKOIO 5
JEPKOIOKETHUX HAyKOBO-JIOCTIAHUX poOIT, skl (inaHcyrorbcss HAH VYkpainu Ta
(dhinancyBaaucsa MiHICTEpCTBOM OCBITH 1 HAYKH Y KpaiHU.

JHuceprartiiitHa poOoTa CKJIQIA€ThCsl 13 BCTYIY, I ITU PO3JIUIIB, 3arajJbHUX BUCHOBKIB,
CHHUCKY BUKOPHCTAHUX JiTepaTypHux jxepen (147 naliMmeHyBaHb). 3arajbHUN 00CST
pobotu ctaHOBUTH 145 cTopiHok. [duceprariiis BMinrye 48 pucyHkiB Ta 20 TaOIHIIb.

ABTOpedepaT MOBHICTIO Bi10oOpakae 3MICT JUCEPTAIiTHOT pOOOTH.

VY KiHIl BIATYKY HEOOX1AHO BIIMITUTHU JAyXK€ BEIUKUN €KCIIEPUMEHTAIBHUN 00’ €M
BUKOHAHUX pOOIT, IKUX OM BUCTAUMJIO III€ HA JEKIJIbKa AUCEPTAIliil.

BBakaro, mo naucepranis HIBAMEE€BA M. C. 3a aKTyaJbHICTIO, BHCOKOMY
METOAUYHOMY PIBHIO, HAyKOBOMY BMICTY, HOBHM3HI UHCJIICHHUX HAyKOBHX 1
NpPaKTUYHUX pe3yJbTaTiB BiAnoBigae BciM Bumoram “Tlopsaky mnpuCyIKEHHS
HAayKOBHX CTyrneHen", 3arBepmxkeHomy IloctanoBoro Kabinery MinicTtpiB Ykpainu
No567 31 3minamu, 3aTBepxeHuMu [loctanoBamu KaGinery MinictpiB Ykpainu Ne656
Bix 19 cepnus 2015p. Tta Nell159 Bim 30 rpymus 2015p., a ii aBrop, HI3BAMEEB
MAKCHUM CEPI'IMOBUY, 3aciayroBy€ IMPUCYKEHHS MWOMY HAayKOBOTO CTYIEHS
KaHauaaTa Gpi3uKo-MaTeMaTHIHUX HayK 3a cruenianbHicTio 01.04.13 — di3uka meTamnis.
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