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B IHCTHTyTi npo6neM MaTepiaJI03HaBCTBa .. 

iM. l.M.<l>paHueB11qa HAH YKpa"iHH 

BI,U:rYK 

ocpiuii1Horo onoHeHTa Ha n11cepTauii1Hy po6oTy foH'rnpyKa )J,MI1Tpa AH,npii10B11qa 

«3aK0110Mip11ocTi BnJJusy JJerysamm raJJicM na <f>opMysa1111si CTPYKTYP" 

BJJaCTHBOCTeH cneqe1rnx MaTepiaJJiB <l>YHKQionaJJbllOro npH3HaqeHHSI Ha OCHOBi 

Fe Ta Al», nonaHy Ha 3,no6yTn1 HayKoBoro cTyneH51 KaH.u11.uaTa TexHiqffHX HayK 3a 

cneuia.rrhHicno 05 .16.06 - nopoumoBa MeTa.rrypri51 i KOMTI03HUii1Hi MaTepia.rr11 

A1nyaJJb11icTb 06pa11oi' TCMH, ni)J.11oniA11icTb po6oTH cnc1.{iaJJbHOCTi 05.16.06 -

nopourn:ona MCTaJJypriSI Ta IWMII03HQiih1i MaTcpiaJIH, IIOBH3IIY )J,OCJJi)J.'.IKCilb Ta OTpttManux 

pe3y Jlb TaTiB. 

3acTocyBaHH51 MarHiTOCTpHKUiHHI1X MaTep1a.rrrn 3aCHOBaHe Ha 51BHW:l 

MarHiTOCTpHKUi"i i ManiiTonpy)KHOMY ecpeKTi, T06To 3MiHi p03MipiB Tina B MarHiTHOMY 

noni i MarHiTHHX BnacTHBOCTeii MaTepiany np11 MexaHiqH11x BIIJlHBax. Cepen 

noumpeHHX eneMeHTiB Bi,nqyTHHM MarHiTocTp11Kuii1H11M ecpeKTOM Bononi10Th Fe, Co 

i Ni, cepen pinKo3eMenhHHX MeTa.rriB - Dy, Tb, Gd. MarHiTHi MaTepian11 nepeBa)KHO c 

CTIJTaBaMH, xoqa icHyIOTb ii KepaMiKH ( cpepHTH ), w:o He npOBO,U51Tb eneKTp11qH11i1 

CTpyM. )J,o MarHiTOCTpHKUiHHHX MaTepiaJTiB Bi.UHOC51TbC51 MaTepian11 Cl1CTeMl1 Fe-Ga, 

MarHiTHi BJTaCTHBOCTi 51Kl1X Bi.UOMi TIOHan 50 poKiB. TipoTe iHTepec no UHX crrnaBiB 

pi3KO 3pic Ha noqaTKY 2000 poKiB, KOJTH y ClllA 6yn11 po3po6neHi cpepoMarHiTHi 

cnnaBH Ha OCHOBi TIO.UBiHHO'i Cl1CTeMl1 Fe-Ga, Ha3BaHi ra.rrcpeI-IOJTaMH (Galfenol: 

a6peBiaTypa yTBopeHa Bin Gallium, Ferrum, NOL - The Naval Ordnance Laboratory) 

r a.rrcpeHOJ111 MaJOTh BeJ111KY MarHiTOCTp11KUiIO Hac11qeHH5I cepe,U CTIJTaBiB Ha OCHOBi 

3a.rri3a - no 400 ppm (1 ppm=l o-6) B MOHOKpHCTanax. BoHH CTaJIH aJibTepHaTHBOJO 

3aJii30BMiCHI1M CTIJTaBaM 3 BHCOKHM BMiCTOM pinKiCH03eMeJThHl1X eneMeHTiB (Hanp. 

Terfenol~D, w:o Mae cKnan Tbo.JDY0.7fe2), i 51Kl xapaKTep113yIOTbC51 Hl13hKHMH 

· MexaHiqHHMH BJTacTHBOCT51MH. Hai1Kpami cpyHKUioHa.rrhHi BnacTHBocTi B ra.rrcpeHonax 

noc51raJOThC5I np11 BMicTi Ga 6JTH3bKO 17 ... 19 a6o 27 ... 29 aT. %. Y Mipy 36innrneHH51 

BMicTy Ga y Fe-Ga-crrnaBax 1XH51 cTpyKTypa cTae 6innrno10 cKna,nHOIO, i np11 



TepM1qm:1x srrmrnax Mae M1cu,e u,iJIYIH KacKa.n: cpa30BYIX rrepeTsopeHh rrepworo Ta 

.n:pyroro po.n:y, 5IKI ,n:oTerrep e He.n:ocTaTHhO BJllBqeHYIMYI . 

Hapa3i crrJiaBYI Fe-Ga aKTHBHO BHKOpYICTOBYIOThC5I s eJieKTpoHHHX rrpHJia,n:ax, 

TaKHX 5IK ri.n:poaKyCTifqHi JlOKaTOpH, .n:aTqifKif exoJIOKau,iY, 3aco6H rri,n:BO):(HOro 3B'5I3Ky, 

Torn:o. AJie i .n:oTerrep cpi3IfqHi rrpYiqm-m cpopMysaHH5I "ix cpyHKu,ioHaJihHHX 

BJiaCTifBOCTeil € 3HaqH010 Mlp010 He3'5ICOBaHl1Ml1, He3Ba)KaJoqif Ha 6araTopiqHi 

Ha rrHTaHI-rn qoMy HeMarHiTHHH Ga pa,n:HKaJihHO 36iJihWYE: 
. . 

MarHITOCTpHKIJ,110 B CITJiasax 3aJII3a, qoMy Ha 3aJie:>KHOCTl KOHCTaHTl1 

MarHiTOCTpHKIJ,i"i Bl):( BMicTy Ga CITOCTepiraIOThC5I BChoro .n:sa MaKCl1MYMI1, 

o,n:H03HaqHo"i si.n:rrosi.n:i HeMae .n:oTerrep. [(51 rrporaJIYIHa y HawYix 3HaHH5IX rros'5I3aHa 3 

6paKoM iHcpopMau,iY mo.no CTPYKTypm:1x TpaHccpopMau,iH. rrpH TepMoo6po6u,i u,Hx 

MaTepiaJiiB. BYIKOp11CTaHH5I Tpa,n:HIJ,iMHoro Ha6opy MeTaJI08HaBq11x MeTO):(l1K, TaKHX 5IK 

. . 
CKaHy10qa eJieKTpOHHa MlKpOCKOI115I, MarHITHa 

si6poMeTpi5I, KOMITJieKC MexaHiqHJllX BI1rrpo6ysaHh Ta iH., xoqa i ):(OITOMOrJio BJ1Bql1Tl1 

6araTo oco6JIHBOCTeil cpa30B11x rrepeTsopeHh B raJicpeHoJiax, aJie He ,n:aJio si.n:rrosi.n:i Ha 

OCHOBHe Ill1TaHH5I rrpo rrpHpo.n:y "ix BHCOKO"i MarHiTOCTpHKIJ,i"i. 

AKTyaJihHiCTh TCMH ITOJI5Irae B Heo6xi,n:HOCTi 

cTpyKTypH11x rrepeTsopeHh s MaTepiaJiax Ha ocHoBi c11cTeMYI Fe-Ga, 6e3 5IKHX 

HeMO:>KJll1BO Hapa3i BYipiweHH5I rrpo6JieM, Bl1HI1Ka10q11x 

.n:ocJii.n::>KeHh raJicpeHoJiiB. 

y xo.n:1 rro.n:anhw11x 

Cryninh 06rpy1nona11ocTi, Jl.OCTonipuocTi Ta 11on11311y Ko,.moro 3 11ay1rnnux noJIO'./KCHb, 

BHCllOBKiB Ta peKOMCll}l,au,iH, c<l>OPMYJ1bOBam1x B }l,HCCpTau,i'i (3nep11ynrnu ynary Ha cyM11in11i 

BHCllOBlrn i TBCp}l,'.IKCllllSI). 

ITpo o6rpyHTOBaHiCTh s1:16opy Harrp5IMKY .n:ocm.n:)KeHh Ta rrocTaHOBKH ix 

OCHOBI-mx 3aB,n:aHh CBi,n:qifTh "ix 3815I30K 3 HayKOBl1Ml1 nporpaMaMJll Ta 3aTBep,n::>KeHOIO 

TeMaTHKOIO HayKoso-.n:ocni,n:HYIX po6iT II1M iM. I.M. <DpaHu,esHqa HAH YKpa"iHH: 

«<Di311Ko-TexHoJioriqHi OCHOBYI rrpou,ecm CTPYKTypoyTBopeHH5I rrpYI CHHTe31 

BifCOKO):(IfCITepcHHX rropOll1KOBI1X CifCTeM i OTpHMaHHi 3 "ix BJllKOpI1CTaHH5IM 

3aJii3osyrneu,eBHX JIJllBapHI1X CITJiaBiB Ta 5 crre4eHHX KOMI103YITiB 3 rri,n:BYIW:eHYIM 

piBH23.01.2025eM MexaHiqHifX Ta cpyHKu,im-rnJihHYIX BJiaCTYIBOCTeH III-25-1 7([() (NQ 

0 l l 7U00025 l );JI.ocni.n:)KeHH5I YMOB cpopMyBaHH5I CTpyKTYPYI Ta BJiaCTJllBOCTeH 

BYICOK03HococTii1KYix KepMeTiB Ha ocHosi WC, TiC Ta a6pa3YIBHYIX III-15-19([()) 



(N20119Ul01412 ); HayKOBO TeXHOJIOflY:Hl npHHUJ1I1H CHHTe3y Ta KOHCOJii.JJ.au:i1 

BHCOK03HOCOCTiHKHX KOMI103HTiB Ha OCHOBi crrnaBiB amOMlHllO Ta THTaHy, apMOBaH11x'· 

BHCOKOMOJJ.YJibHHMH cnoJiyKaMH III-5-2l(N20121Ul08663); Po3po6neHH51 HayKoBo­

TexHoJionY:HHX OCHOB OTpHMaHH51 ITOCTiHHHX MarHlTlB MeTO)J.OM rropOillKOBO"i 

MeTanypri1 )J.JI51 aKCeJiepoMeTpiB crreu:ianbHOf'O rrpH3HaLJeHH51 (N2 0l24UOO1245). 

3)J.o6yBaLJ, 51K BHKOHaBeU:b, rrpHHMaB yLJaCTb y BHKOHaHHi )J.OCJii)J.)KeHb y paMKax 

3a3HaY:eHHX )J.ep)K6IOJJ.)KeTHHX Bi.JJ.OMLJHX Ta u:iJibOBHX TeM IITM HAHY. 

,D,ocTOBipHiCTb OTpHMaHHX pe3yJibTaTiB 3a6e3rreLJeHa 3acTocyBaHH5IM CTaH)J.apTHHX 

MeTOJJ.iB BH3HaY:eHH51 cpi3HY:HHX Ta MexaHiLJHHX BJiacTHBocTei1 3pa3KiB, B po6oTi 

BHKOpHCTaHl HacTynm cpi3HKO-MexaHiY:Hi MeTO)J.H )J.OCJil)J.)KeHb: OITTHY:Ha Ta 

eJieKTpOHHO-pacTpOBa MiKpOCI<Oili51, JJ.HcpepeHu:ii1HHH TepMiY:HHH aHani3 (,D,TA), 

peHTreHocpa30BHH aHaJI13 (P<DA), JIOKanbHHH peH1treHocneKTpanbHHH aHanl3 

(PCMA), KOpo3ii1Hi BHrrpo6yBaHH51, )J.OCJil)J.)KeHH51 eJieKTpoorropy, MexaHILIHl 

Bttrrpo6yBaHH51 Ha O)J.HOBiCHe CTHCKaHH51 Ta Ha 3-TOLJKOBHH 3f'HH, BHrrpo6yBaHH51 Ha 

MarHiTHi (MarHiTOCTpHKU:iHHi) BJiaCTHBOCTi. 

Hay1rnna IIOBU3H3 po60TU BiJ].06pamc11a 113CTYnIIHMU UOJIOiKCIIIIHMU: 

1. Brrepllle rri.JJ.TBep.JJ.)KeHo ecpeKTHBHiCTb BHKOpHcTaHH51 TepMiLJHO CHHTe30BaH01 

JiiraTyp11 c11cTeM11 Fe - Ga 3a KOHU:eHTpau:i"i rani10 JJ.O 50 % (Mac.) JJ.JI51 oTpttMaHH51 

crreY:eHHX MarHiTOCTpHKU:iHHHX MaTepianiB rancpeHOJIOBO"i rpyrrH 3 Ill)J.BHill,eHHMH 

cpi3HKO-MexaHiLJHHMH Ta cpyHKU:iOHaJibHHMH BJiaCTHBOCT51MH. 

2. ,D,icTano no)J.anbllloro po3BHTKY Y51BJieHI-rn rrpo cpa3oBi TpaHccpopMau:il rrp11 crriKaHHi 

MaTepianiB c11cTeM11 Fe - Ga - Al B o6nacTi KOHU:eHTpau:iii, 36araLieHHX anIOMiHieM 

(Bi)]. 50 )J.O 90 % (Mac.)), 51Ki Bi.JJ.6yBalOTbC51 npH B3a€MO)J.i"i p03ITJiaBy aJIIOMiHiIO 3 

KOMrroHeHTaMH Fe - Ga JiiraTyptt. 3arrporroHOBaHo ocHOBHi MexaHi3MH cpa3o- Ta 

crrJiaBoyTsopeHH51 B u:11x yMoBax rros'513aHi 3 3ycTpiLIHOIO JJ.ttcpy3ie10 aToMiB Fe Ta Ali 

Ga Ha Me)Ki po3.JJ.iJiy pi.JJ.KO"i i TBep)J.o1 cpa3 ( po3rrnas Al - TBep.JJ.a niraTypa), Ill,O 

cynpoBO)J.)KY€TbC51 HaCHLJeHH51M ranieM amoMiHiIO Ta cpopMyI3aHH51M lHTepMeTaJil)J.lB 

cKna.JJ.y Al3Fe, Fe2Al5 Ta Al2,5 ... 3,5(Fe, Ga). 

3. Brrepllle BCTaHOBJieHo BIIJIHB Ga Ha rrpou:ecH ylll,inbHeHH51 rrptt crriKaHHi rrpecosoK 

i3 MaTepianiB c11cTeM11 Fe - Ga - Al B o6JiacTi KOHU:eHTpau:ii1::, 36araLJeH11x 3ani3oM (78-

84 % (Mac.) Fe). TioKa3aHo, Ill,O rricn51 cniKam-rn rrptt 1200 oC Ill,iJihHiCTb 3pa3KiB 



rri.n:mn.IJ,y£TbC5I rrpH 3pocTaHHi BMicTy Ga B CKJia.n;i MaTepiaJiy. MaKCHMaJibHHH piBeHh 

Bi)l;HOCHO"i r ycTHHH crre"C.J.eHor o MaTepiaJly ( ~97 % Bi.n: Teop.) )l;OC5Ira£TbC5I )l;J15I '• 

MaTepiaJiy CKJla.n;y Fe - 21 ,5 % (Mac.) Ga. H aToMiCTb, Ha5IBHiCTb Al B CKJia.n;i lllHXTH 

. . . . . . . . 
rrpH3BO)l;HTb .n:o Ill)l;BH.I.ll.eHH51 p1BH51 nopHCTOCTl 3pa3KlB IllCJI51 cmKaHH5I, l.l.1.0, mpon.n;Ho, 

o6yMOBJleHO ecpeKTOM <l>peHKeJI51. 

4. Y.n:ocKOHaJieHo TexHoJiorit.rny cxeMy oTpHMaHH5I MaTepiaJiiB B pe)KHMi TepMiLIHor o 

CHHTe3y Kap6i.n;iB i HiTptt.n;iB TH.TaHy in-situ ni.n: Liac crri KaHH5I KOMITaKTOBaHHX 

cyMillleli 3 nopolllKiB Fe, Ti , C Ta B4C, Ta BTIJIHB Ni Ta G a Ha 11,eli npo11,ec. Bneprne 

BCTaHOBJleHo, I.ll.O i3 36iJibllieHH»M BMicTy Ni ( 10 ... 20 % (Mac.)) B llIHXTi cTexioMeTpi5I 

Kap6i.n:y TH.TaHy 3HH)KY£TbC» (.n:o T iC0,65 . .. 0,7), To.n;i 5IK np11 BBe.n;eHHi Ga (15 ... 35 % 

(Mac.)) y BHxi.n;Hy rn11xTy - 36iJihllIY£TbC5I (.n:o TiC0,70 ... 0,95). CrrocTepira£TbC5I 

. . . . 
Til)l;BHI.ll.eHH5I )l;HCrrepcHOCTl Ty r onJlaBKl1X qacTHHOK y p~l .n:o.n:aBaHH5I y BHXl.ll:HY 

rnHxTy B4C 3aMiCTb C, a TaKmK npH BBe.n;eHHi nopornKy Ni a6o Ga (y CKJla.n;i JiiraTypH 

3 3aJii30M ). 

5. Bneprne BCTaHOBJleHO, l.l.1.0 KOpo3iMHa CTiHKiCTb CHHTe30BaHHX MaTeplaJilB (y 

po3"4.HHi 3 % NaCl) rri.n;BHI.ll.Y£TbC5I npH o.n;Ho"C.J.acHoMy "ix JieryBaHHi 6opoM Ta 6 raJiiEM. 

MaKCHMaJibHHH ecpeKT cnocTepira£TbC» .ll:J15I CKJla.n;y 30% (Mac.) (Fe - Ga) - - (Ti -

B4C), 3aB)l;5IKl1 "C.J.OMY 11,eli MaTepiaJI 3 rpynH MaJlOCTittKHX (8 6aJI 3a 10- 6aJibHOJO 

llIKaJIOlO) nepexo.n;HTb .n:o rpyrrn KOp03iHHOCTiHKHX (5 6aJI). IJ.e € Bi.n;MiHHl1H ll0Ka3HHK 

)l;J15I rpyrrH MarHiToM'5IKHX MaTepiaJiiB Ha OCHOBi F e, OCKiJlbKH 6araTO 3 HHX 

( eneI<TpOTexHi"C.J.Hi CTani, anbcicpep, aJibcpep, Ta iH.), MaI{)Tb HH3bKY KOp03iHHY 

cTii11<icTb B aHanori"C.J.HHX yMoBax (8-10 6an). 

6. Bneprne po3po6neHa TeXHOJlori"C.J.Ha cxeMa 0Tp11MaHH5I nopornKoBoro MaTepiaJiy Fe 

- 2 l ,5Ga, »KHH npo5IBJI5I£ MarHiTOCTp11K11,ii1H11i1 ecpeKT (>210 ppM), I.ll.O Bi.n;rroBi.n;ae 

piBHIO, a6o HaBiTb nepeBHI.ll.Y€ Moro )l;JI5I KOMep 11,iHHI1X rancpeHOJiiB, OTpHMaHHX 

MeTo.n;aMH Jll1TBa 3 TIO)l;aJibllIOIO npoKaTKOIO. Bneprne OTpHMaHi MaTepiaJIH Ha OCHOBi 

MaTepiaJiy Fe - 2 l ,5Ga, JieroBaHi Al, a6o 3MiIJ,HeH i TyronJiaBKHMH cnoJlyKaM11 TiC, 

TiB2 a6o TiN (.n:o 5 % ( 06.) ), »Ki BOJio.n;iJOTb .n:ocTaTHiM piBHeM MarHiTocTpHK11,i"i 

(BHI.ll.e 130 ... 180 ppM), B rroe.n;HaHHi 3 BHCOKHM piBHeM MexaHi"C.J.HHX xapaKTep11cTHK 

(rpaHHl.l,» rrponop11,ii1HocTi B yMoBax CTH.CHeHH» .n:oc5rrae 900 MTia), Ta cTiHKHX .n:o 

Kopo3i"i y po3LJH.Hi 3 % NaCl ( 4-6 6aJI11 no 10-Hili lllKaJii Kopo3i"i). 



3tta'-IHMiCTb JJ.JUI nayKH i npaKTHKH BHCllOBKin Ta p Cl\:OMCHJ].au,iH J].HCCpTaHTa, MO:IKJllrni 

KOHKpCTHi IIIJUIXH Ix BHKOpHcTamrn; 

Pe3y11hTanI nposeneHHX noc11in)KeHh normi6moIOTh HayKoB1 y51s11eHH5l rn.ono 

npou:ecis cpa3o- Ta cTpyKTypoyTsopeHH5l B noc11imKyBaHHX nopoIIIKOBHX CJ.ilCTeMax i 

cnpH5IlOTh p031IIHpeHHIO ccpep 3aCTocyBaHH5l Ta acopTHMeHTY MaTepianiB Ha OCHOBi 

3ani3a. 0TpHMaHH5l nopOIIIKOBHX cn11aBiB Ha 6a3i IIO)J.BiHHHX Ta IIOTpiHHHX CHCTeM Fe­

Ga, Al-Ga Ta Al-Fe-Ga MO)Ke po3rJ15l)J.aTJ.ilC5l 5IK niraTypa )J,115! sseneHH5l Ga Ta Al y 

cK11an MeTanis i cn11asiB. KpiM Toro, noc11i)J.)KeHi rropoIIIKOBi crrnaBJ.il Al-Ga, rn,o 

MaIOTh BJ1aCTJ.ilBOCTi TBep)J,HX TiJ1 B urnpoKOMY niarra3oHi KOHU:eHTpau:iti, MO)KYTh 

BJ.ilKOpHCTOByBaTHC5l y BHXi)J,HOMY CTaHi, a6o niCJ15l IIO)J.pi6HeHH5l y rrpHCTp05IX 

reHepau:u BO)J,HIO. 

3anponoHoBaHa 

MarHiTOCTpiKU:iHHHX 

TeXHOJ10rl"lJHa cxeMa 

MaTepiams CKJ1a;::i:y Fe- 17,9% Mac. Ga, 

nopOIIIKOBHX 

3MIU:HeHoro 

n11cnepcm1MJ.il qacTJ.ilHKaMJ.il TiB2, TiNTa TiC y KiJ1hKOCTi no 5 % 06., 3 onTJ.ilMa11hHHM 
. . 

KOMTIJ1eKCOM MarHITHHX, e11eKTponpOBl)J,Hl1X Ta MexaHl"lJHHX xapaKTepHCTHK, Ta 

BHCOKHM onopoM )J,0 Kopo3i'i si.n:rrosinae BJ.ilMOraM )J,0 KOMepu:ittHJ.ilX J1HTHX 

necpopMoBaHHX cn11asis Fe-Ga. Po3po611eHa cxeMa oTpttMaHH5l MaTepiany Mae 

nepesarH nepe.n: TexH011on5IMH J1HTBa cn11aBiB Fe-Ga, ocKiJ1hKH B)Ke Ha eTarri 

KOMIIaKTyBaHH5l cyMiIIIeH MO)I<Ha OTpHMyBaTH Heo6x i)J.HY cpopMy i TOBlll,HHY BHpo6iB. 

Po3po611eHHH noc11i)J.HHH cTeH)J. )],115! BHMip10BaHH5l MarHiTHHX xapaKTepttcTHK 
. . . 

MaTep1anrn, Ha 5IKOMY peaJ1130BaHO )J,eKlJ1hKa BapiaHTlB Henp5IMOro MeTony 
.. . . 

orrepaTHBHOl OU:lHKH MarHITOCTpHKU:ll MaTepiamB, peKOMeH)],OBaHO )],115! eKcnpec-

KOHTp011IO MarHiTOCTpHKU:i'i MaTepianiB B YMOBaX BHpo6trnU:TBa. 

Ou,inKa 3Micry ,a.HcepTau,ii", i"i JancpmenicTh n u,iJJoMy; 

):.(11cepTau:i10 HaIIJ.ilCaHO nep)KaBHOIO MOBOI-0, pttcyHKH i Ta611m .. :d ocpopM11eHO 

Bi)J,TIOBi)J.HO )J,0 BHMOr. L(ttcepTaU:i5I CKJ1a)J,aE:ThC5l i3 BCTyrry, IIIeCTH p03)],iJ1iB, BHCHOBKiB 

Ta nepeniKy BHKOpHCTaHHX )J,)Kepe11. TioBHHH o6c5lr po60TH CTaH-OBHTh 220 CTOpiHOK,. 

MicTHTh 43 pttcyHKa, 28 Ta611m.J:h Ta 5 nonaTKiB. CrrttcoK rroc1111aHh BK1110qae 164 

HffHMeHyBaHH5l. 

y ncryni p03KpHTO cyTh i CTaH HayKOBOl npo611eMH, aKTYMhHlCTh po60TH, 

ccpopMyJ1hOBaHO MeTy, OCHOBHi 3aB)J,aHH5l Ta MeTO)J,H )J,OCJ1i)J,)KeHh, BHKJ1a)J,eHO HayKoBy 

'• 



HOBI13HY OTpHMaHHX pe3yJibTaTiB Ta Yx rrpaKTWIHY u:iHHiCTb, HaBe)J,eHO Bi)J,OMOCTi rrpo 

arrpo6au:i10 Ta rry6niKau:iY 3a MaTepianaMH )J,ocni.D,)l(eHH51. 

Y neprnoMy poJJJ.iJ1i rrpoBe.D,eHo orn51LJ: HayKoBo-TexHitrnoY niTepaTyp11 mo.D,o 

cpepoMarHiTHHX MarHiTOCTpI1KU:iHHl1X MaTepianiB, )J,0 51Kl1X Bi)J,HOC51TbC51 MaTepianH Ha 

6a3i c11cTeM11 Fe - Ga. 3oKpeMa, Ha rroqaTKY 2000 poKiB, y ClllA 6yn11 po3po6neHi 

cpepoMarHiTHi cnnaB11 Ha ocHoBi IIOLJ:Bii1HoY c11cTeM11 Fe - Ga - rancpeHon11, 51Ki MaIOTb 

Bl1COKY MarHiTOCTp11KU:iIO Hac11qeHH5I cepe)J, cnnaBiB Ha OCHOBi 3ani3a (200 .. .400 ppm, 

.D,e 1 ppm = 10-6 ). BoHH cTan11 anbTepHaT11Bmo 8 3ani30BMiCHHM crrnaBaM 3 Bl1COKHM 

BMicToM piLJ:KicHo3eMenhHHX MeTaniB. Hai1Kpami cpyHKU:iOHanbHi BnacTHBOCTi B 

rancpeHonax LJ:OC51f'aI-OTbC51 np11 BMicTi Ga 6n113bKO 17 ... 19 a6o 27 ... 29 % (aT.), a rrp11 

rro)J,anhwoMy 36inhIIIeHHi BMicTy Gay Fe-Ga cnnaBax YxH51 cTpyKTypa cTaE: 6inhIIIOIO 

cKna.D,HOIO, a MarHiTOCTp11KU:ii1Hi BnacTHBOCTi noripIIIyIOTOC51. MarHiTHi Ta MexaHiqHi 

BnacT11BocTi rancpeHoniB Bl13Haqa10TbC5I yMoBaMH Yx OTpHMaHH51, KpiM Toro, · YxHi 

xapaKTepHCTl1Kl1 MO:>I<YTb 6yTH ITOKpameHi 3a paxyHOK neryBaHH51 )J,e51Kl1Ml1 

rrepexiLJ:Hl1MH eneMeHTaM11 Ta piLJ:K03eMeJihHl1Ml1 MeTanaM11. Cepe.D, nery10q11x 

.D,OMiwoK eneMeHT Al e Hai16inhw 6n113bKHM .D,o Ga 3a BnacTHBOCT51MH, mo po6HTb 

iioro Bl1KOpI1CTaI-IH51 Hai16iJibW npHBa6nl1Bl1M 3 TOqKJ1 30py, 51K eKOHOMiqHOl 

ecpeKTHBHocTi TaK i oqiKyBaHHX no311THBH11x pe3ynhTaTiB. AHani3 niTepaTypH11x 
... 

)J,)l(epen 3 U:lE:l TeMaTl1Kl1 TIOKa3aB, II(O He3BmI<a1oql1 Ha aKTl1BHe Bl1KOpI1CTaHH51 

rancpeHoniB B eneKTpOHHl1X np11na.D,ax, cpi311qHi rrp11q11HH cpopMyBaHH51 ix 

cpyHKU:iOHaJibHl1X BJiaCTl1BOCTei1 3afll1IIIaIOTbC51 He )J,0 K1HU:51 mrnqeHl1Ml1 Ta 

II05lCHeHl1Ml1, He3Ba)l(aIOqJ1 6inhW Hi:>I< 20 poKiB HayKOBOIIpl1KJia)J,Hl1X )J,OCJii)J,)l(eHb B 

u:ili o6nacTi. ,[(aHHi II(OLJ:O cpa30B11x piBHOBar B c11cTeMi Fe - Ga pi3H51TbC51 y pi3Hl1X 

aBTopiB, a o6nacTi KOHU:eHTpau:iii > 45 % (aT.) Ga .D,OTerrep e cna6o BHBqeHHMH. Il(oLJ:O 

.D,ocni.D,)KeHh cpa3oBoro cTaHy y noTpii1Hitt cttcTeMi Fe - Al - Ga, TO BOHH o6Me)KeHi 

OKpeMl1Ml1 po6oTaMH, )J,e Bl1BqaJil1C51 cpa30Bi nepeTBOpeHH51 B 3ani3HOMY KyTi 

KOHU:eHTpau:iliHoro TpHKYTHHKa npH 600 oC, Ta MaTepianiB (90 ... 30) % (aT.) Fe rrpH 

nocTiHHOMY 
. . . 

CTilBBl)J,HOWeHHl )J,BOX lHWHX KOMTIOHeHTlB (Ga0,75Al0,25) B 

noniTepMiqHoMy nepep131 .D,O TeMrrepaTyp11 800 oC. EpaK MaTep1ano3HaBq11x 

Bi)J,OMOCTell II(O)J,0 CHCTeM, 51Ki CKJia)J,aIOTb KOHU:eHTpau:ii1Hl1ll TPHKYTHYIK IlOTpiHHOl 

'• 



.ruarpaMH cTaHy Fe - Ga - Al ycKnanHIOE: nocnin)KeHH5I cpa3oBHX piBHoBar B Hitt. 

06rpyHTOBaHO aKTYaJihHiCTb TeMH, Bl131-Iat.IeHa MeTa Ta 3anaqi nocnin)KeHh. 

y ApyroMy p03AiJ1i ormcaHO MaTepiaJIH, ycTaTI<yBaHH51 Ta eKcrrep11MeHTaJihHi 

MeTon11 nocnin)l(eHH51. JIK BHxinHi KOMITOHeHTH BHKOpHCTOBYBaJIH rropornKH 3aJii3a 

(IDKP-2.200.28, rocT 9849-86, 99,95 % (Mac.) Fe) Ta THTaHy (ITTX-8) (cppaKuiI < 

100 MKM), aJIIOMiHiIO (ITA-4, fQCT 6058-73) (y CTaHi ITOCTaBKH), rinp11ny THTaHy 

TiH2 (TY 48-10-78-83), Kap6iny 6opy (TY 03 6462-74) (3arropi3hKHH a6pa3HBHHH 

KOM6iHaT), Kap6in THTaHy (TY 6- 09-492-75), HiTp11ny THTaHy (TY 6-02-991-75) Ta 

6op11ny THTaHy (TY 6-09-112- 75) (51Ki rronpi6HIOBaJIJ1Cb y Bi6pauii1:HOMY MJIHHi, 

Bin611paJIHC5I cppaKUil < 100 MKM ). f aJiiif Bl1KOpHCTOBYBaJil1 y Bl1fJI51ni 3JIHBKiB MapKll 

rn-1 (fOCT 12797), rpacpiT - MapKH rK-1 (fOCT 17022-8). ,[(JI51 OTp11MaHH51 

niraTypHoro crrnaBy Fe - Ga BHKop11cT0ByBaT11 cyMihI rronpi6HeHoro raniIO 3 

rropOillKOM 3aJii3a ( cppaKuiH: MeHrne 100 MKM) y crriBBinHorneHHi KOMITOHeHTiB, 

6JIH3hKOMY no eKBiaTOMHoro CKJiany (Fe-55 % (Mac.) Ga). 0TpHMYBaJill crrJiaB rrp11 

TeMrrepaTypi 1200 oC. CrrnaB11 Al - Ga i3 BMicToM rani10 10, 30, 50, 70 Ta 90 % (Mac.) 

BllfOTOBJI51Jll1 crrJiaBJieHH51M KOMITOHeHTlB rrpH 1000 oC. 0TpI1MaHi 3pa3Kl1 

necpopMyBam1 B ITJiaCTHHll TOBlIJ,HHOIO 1,5-2 MM. 9 ,[(JI51 OTpHMaHH51 MaTepianiB 

c11cTeM11 Fe - Al - Ga 51K BHxinHi BHKop11cT0ByBaJin rropornKH Fe i Al Ta niraTypy 

cKnany Fe - 45 % (Mac.) Ga. flepen 3MirnyBaHH51M 3 rropornKaMH MeTaJiiB niraTypy 

rronpi6HIOBaJIH Ta BHKOpllCTOBYBaJIH cppaKui"i :s 100 MKM. f OTOBi cyMirni 

cpopMyBaJIHC51 B 6p11KeTH niaMeTpOM Ta BHCOTOIO 20 MM rrpecyBaHH51M rrp11 THCKY 400 

Mfla. ,[(JI51 nocnin)KeHh amoMiHiE:Boro KyTa c11cTeMn Fe - Al - Ga 3pa3KH onttoro 

CKJiany, B CBOIO qepry, po3niJI51JIH Ha TPH rpyrrH, nJI51 crriKaHH51 rrpH TeMrrepaTypax 800, 

1000 Ta 1200 oC. ,[(JI51 nocnin)KeHb 3aJii3HOfO KyTa niarpaMH Fe - Al - Ga 6yno 

BllfOTOBJieHO 7 rrapTiH cyMirneH: pi3Horo CKJiany, cepen 51KHX 2 nBOKOMIIOHeHTHHX 

cKnanH (Fe - 17 ,5 % (Mac.) Al Ta Fe - 21,4 % (Mac.) Ga, Bci iHrni - MaJill 

TpHKOMIIOHeHTHHH cKnan, B 51KOMY rrocTyrroBo 3aMi11J,yBan11 Al Ha Ga. foToBi cyMirni 

rrpecyBaJIH B 6pnKeTH niaMeTpOM 20 MM rrin THCKOM 700 Mfla. OcHOBHa TeMrrepaTypa 

crriKaHH51 CTaHOBirna 1150 oC. ,[(JI51 nocJii):()KeHH51 TepMit.IHOfO Cl1HTe3y Kap6iniB i 

6opttniB THTaHy B MaTepianax cHcTeM11 Fe - Ti - C(B4C) B11r oTOBJI5IJIH MoneJihHi 

CIIJiaBH 3i 3MiHOI-O KiJihKOCTi Fe B Me)Kax Bin 30 no 70 % (Mac.). Cl1HTe3 TyrorrJiaBKHX 



crronyK 3JJ.ii1cH10Ban11 rrp11 TeMrrepaTyp1 1200 oC B rreq1 eneKTpoorropy, 

BHKOpHCTOBy10q11 KOHTeHHep 3 ITJ1aBKHM 3aTBOpOM. OrrHCaHi MeTO)J,l1KH )J,OCJ1i)J,)l(eHH51 '• 

CTpyKTyp11, cpa30BOro CKJ1aJJ,y, MexaHlqHHX BnacnrnocTeH, BHMlpIOBaHH51 

eneKTpoorropy Ta MarHiTOCTp11KU:iHHl1X xapaKTepHCTHK OTpHMaHHX MaTepianiB (Ha 

CTeHJJ,i BJ1aCHOl po3po6KH). 

Y TpeThOMY po3AiJli. BiJJ.OMO, w.o BHKop11cTaHH5I rropolllKIB 5IK BHXlJJ.HHX 

MaTep1anrn, rrpHCKOplOE: cpi311KO-XiMiqHi rrpou:ec11 crrnaBOYTBOpeHH51, ane 

3acTocynaHH51 MeToJJ,iB rropolllKOBOl MeTanypri'i rrpH oTpHMaHHi MaTepianin Fe - Ga 

cpyHKU:ioHanhHoro rrpH3HaqeHH51 rroKH He oTpHMano 3HaqHoro po3BHTKy. B rrepwy 

qepry u:e ITOB' 5I3aHO 3 THM, Ill,O 6e3rrocepeJJ,HE: BBeJJ,eHH5I y BHXiJJ,HHH lllHXTOBHH 

MaTepian rroJJ,pi6HeHoro rani10, w.o Mae TeMrrepaTypy rrnaBneHH51 6ntt3hKO 28 oC, 

rroB'5I3aHo i3 3HaqHHMH TexHonoriqHHMH CKJTaJJ,HOill,aMM. ToMy B po6oTi ra11i i1 B 

rropowKoBi BHXiJJ.Hi cyMiwi BBOJJ.HJ1H y cKnaJJ,i ni r aTypHHx crrnaBiB c11cTeM11 Fe - Ga. 

TipoBeJJ,eHi JJ,ocniJJ.H no BHnqeHHIO rrpou:eciB crr11aBOYTBopeHH5I B c11cTeMi Fe - Ga 3 

BHKOpHcTaHH51M rropolllKOBHX TexH011orii1. 3riJJ.HO piBHOBmKHo'i c11cTeM11 Fe - Ga, 

0611acTi KOHU:eHTpau:ii1 ~ 50 % (aT.) Ga BiJJ.pi3H5IIOThC51 cTpyKTYPHOIO HecTa6inhHicTIO 

Ta u:inHM KaCKa)J,OM cpa30BHX rrepeTBopeHb B lllHpOKOMY JJ,iarra3oHi TeMrrepaTyp. 

TepMiqHa HecTa6inhHiCTh MaTepiany po611Th HerrpHHH51THHM i1oro BHKop11.cTaHH5I 5IK 

mraTyptt. ToMy, 6y1111 BH3HaqeHl 
. . 

HeprnHoBa)KHl yMOBH OTpHMaHH5I CTorry 

eKBiaTOMHoro cKnaJJ,y (Fe - 55 % (Mac.) Ga), 3a 5IKHX BJJ.aJIOC51 oTpHMaTH rrpaKTHqHo 

OJJ.HOcpa3HY CTPYKTYPY crrnany, w.o cKnaJJ,aE:ThC5I 3 iHTepMeTaniJJ.y Fe3Ga4 (2: 90 % 

( 06.)). CrrnaB xapaKTepH3YE:ThC51 cTa6inhHHM CKJTaJJ,oM Ta rriJJ,BHW.eHoIO KpttxKicTIO 

(Hµ = 5,5 ... 7 rTia). 0TpHMaHi 3pa3KH MaIOTh Bl1fJ15I)J, KOMITaKTHHX W.iJihHHX 3JlHBKiB, 

51Ki rricn51 pyi1HyBaHH5I MaIOTh KpHXKHH 3JiaM, w.o rronerwye rrpou:ec11 i1oro 

IlOJJ.pi6HeHH51 3a Heo6xiJJ,HOCTi BHKOpHCTaHH5I niraTyp11 y rropOlllKOBOMY CTaHi. 

B IIeTnepToMy p03AiJli rrpeJJ,cTaBneHi pe3ynhTaT11 JJ,ocniJJ.)KeHb 3ani3oBMiCHHX 

MaTepianiB, OTpHMaHH5I 5IKHX BKmoqano in-situ CHHTe3 Kap6iJJ,iB Ta 6opHJJ.iB THTaHy 

rriJJ, LJ:ac crriKaHH5I. BHBLJ:eHO BITJ1HB nery10LJ:HX )J,OMiWOK Ha cpa30YTBOpeHH5I B CHCTeMaX 

Fe - Ti-C(B) Ta Fe - Ti-C(B). 5IK nery10qi 6ynH B116paHi MeTaJIH Ni Ta Ga, 51Ki B 

rroJJ,BiHHHX c11.cTeMax 3 Fe yTBopIOIOTh Heo6Me)KeHi (Fe - Ni) Ta o6Me)KeHi TBepJJ.i 

po3LJ:HHl1 (Fe - Ga). TipoBeJJ,eHi JJ,oc11iJJ,)KeHH5I cpa3o- Ta CTPYKTypoyTnopeHH51 B 



MaTepianax, c11HTe30BaH11x 3 cyMiweii CKJia.ny Fe - (Ti - C) Ta Fe - (Ti - B4C) 3 pi3HHM 

crriBBi.[(HOWeHH5IM MeTaneBo"i Ta peaKI.i:ittHO"i CKJ1a.[(OBI1X. 

B n'siToMy p03JJ.iJii rrpe.ncTaBJieHi pe3yJihTaT11 mmpo6yBaHb MaTep1anrn Ha 

ocHOBl cHcTeM11 Fe - Ga Ha Kopo3iHHY cTiiiKicTh, MexaHi-Y:HHX xapaKTepHcTHK Ha 

CTHCKaHH5I, a TaKO)l( Bl13Ha-Y:eHH5I "ixHix eJieKTpope3HCTl1BHl1X BJiaCTI1BOCTeH. ,[(JI5I 

BCTaHOBJieHH5I Kopo3iHHO"i CTiHKOCTi MaTepianiB rrpoBe.neHO 2 cepi"i mmpo6yBaHh B 

HeiiTpaJibHOMY B0.[(5IHOMY po3-Yl1Hi 3-x % NaCl (PH ~ 7). ITepwa 26 cepi5I .nocJii.niB 

BKJllOI.JaJia KOpo3iHHi BI1rrpo6yBaHH5I 3pa3KiB, OTp11MaHI1X TepMi"Y:HlfM Cl1HTe30M in-situ 

rri.n I.Jae crriKaHH5I cyMiweii rropornKiB 3a TexHoJiori-Y:HOIO cxeMoIO. 3pa3KH .[(JI5I 2 cepi"i 

.nocm.nrn OTp11MyBaJIH 3a TeXHOJioriI.JHOIO cxeMOIO, Ill.0 BKJIIOI.JaJia OTpHMaHH5I cyMiweH. 

Bi.nrroBi.[(HOro CKJia.ny 3 rropornKiB 3aJii3a, rriraTypH Ta .n11crrepCHI1X "YaCTHHOK Kap6i.niB, 

a6o 6opH.niB "411 HiTp11.niB THTaHy rrp11 TeMrrepaTyp i crriKaHI!'51: 1200 oC B cepe.[(OBl1Ill.i B 

"YHCTOMY Ar, rrpoT5IrOM 1 ro.n. 

Pe3yrrhTaTH MexaHiLJHHx BHrrpo6yBaHb MaTep1anrn Ha cT11cKaHH5I rrp0Bo.n11JI11 

3ri.nHo fOCT 25.503-97 

B rnocToMy po3JJ.iJii 06rpyHTOBaH11ii s116ip MeTo.n11KH ournK11 KoecpiuicHTY 

MarHiTOCTpHKUi"i 3pa3KiB B paMKax .[(HJiaTOMeTp11-Y:HOro crroco6y Bl1MipIOBaHH5I uid 

xapaKTepttcT11K11 Ta rrpttse.nem pe3yJihTaT11 .nocJii.nHo-rrpoM11cJioso"i arrpo6aui"i 

MarHiTHl1X BJiaCTHBOCTeif MaTepiarri B. 

3aysa:>KCIIHH JJ.O oc}>OpMJICHllH JJ,HCCpTau.il; 

,[(11cepTaui5I ocpopMJieHa y Bi.nrroBi.[(HOCTi .no BMMor MOH 3ri.nHo HaKa3Y M!40 

Bi,z:i: 12.01.2017. 

IlOBllOTY mnrnaJJ.y OCllOBllHX pc3yJihTaTiB }1,HCCpTau.il B ony6Jli1rnsa11HX npau,nx, 

iJJ.c11TtttrnicTh 3Mkry aBTopccJ>cpaTy i1 oc11on11Hx noJimKCHh JJ.HccpTau.il. 

OcHOBHi pe3yJihTaT11 ,z:i:ocJii,z:i:)l<eHb, rrpe,z:i:cTasJieH11x B .n11cepTaui"i, BMKJia,z:i:eHi B 

orry6niK0BaH11x cTaTT5IX rroBHicT10. ABTopecpepaT Bi.nrroBi.nac 3MicTy .n11cepTaui"i Ta 

Bi.no6pm1<ac OCHOBHi HayKOBi ll0JIQ)KeHH5I po60TI1. 3MiCT aBTOpecpepaTy Ta OCHOBHI1X 

llOJIQ)l(eHb ,[l,HCepTaui·i i.neHTl1LJHi. 

,[(o rrpe,z:i:cTaBJieHo"i .n11cepTauiM'Ho"i po60T11 Mm1rna s11cJioB11T11 HacTyrrHi 3ayBa)l(eHH5I. 

1. B po3.z:i:ini 3 .nocnimKeHi rro,z:i:sii1Hi crrnas11 c11cTeM Fe-Ga Ta Al-Ga, CTPYKTypa Ta 

cpa30B11i1 CKJia.n 5IK11x Bi,z:i:pi3H5ICThC5I Bi,z:i: piBHOBmKH11x. B TeKcTi ,z:i:11cepTaui"i 

CKa3aHo, Ill.0 niraTypH11H CITJiaB Fe-55 %Mac.Ga CKJia.naCTbC5I B OCHOBHOMY 3 

-



iHTepMeTaJiiJJ.y Fe3Ga4 , xoqa 3a JJ.iarpaMOIO cTaHy crrnaB Mac 6yn1 )J.BOcpa3HHM i 

cKJia)J.aT11c51 3 cyMirui iHTepMeTaJii)J.iB pi3Horo CKJiaJJ.y. B po6oTi He · rrpoBe)J.eHo '· 

)J.OCJll)J.)KeHH51 BITJIHBY TeMrrepaTyp11, cepe)J.OBlHUa, YMOB KOMITaKTyBaHH51, 

IIIBH)J.KOCTi HarpiBy Ta oxoJIO)J.)KeHI-I51 Ha cpopMyBaHH51 cTpyKTyp11 Ta cpa3oBoro 

CKJia)J.y JiiraTyp11, IUO )J.03BOJIHJ10 6 KepyBaTH rrpou.ecoM cpa30YTBOpeHH51 B )J.aHHiH 

CHCTeMl. 

2. 0 Tp11MaHi JJ.Y)Ke u.iKaBi pe3yJibTaT11 IUOJJ.O MaTepiaJiiB Al-Ga, 30KpeMa IUOJJ.O 3MiH 
. . . 

rrapaMeTpIB rpaTKH TBep)J.oro po3q11Hy Ha OCHOBl aJilOMlHllO rrp11 po3q11HeHHl B 

HbOMY raJi iIO. AJie po6oTa B U.bOMY Harrp51MKY He oTpHMaJia JionqHoro 

rrpO)J.0B)KeHH51, T06To 6iJibllI )J.eTaJibHOro BllJ.BqeHH51 CTpyKTypHI1X 3MiH y CITJiasax 

B IIIHpOKOMY iHTepBaJii TeMrrepaTyp. L(e Heo6xi)J.HO )J.J151 po3IIIHpeHH51 

MO)KJIHBOCTeH OTpHMaHH51 crrJiaBiB 3 BeJll1KI1M BMiCTOM rani10 y TBep)J.OMY CTaHl, 

IUO c JJ.Y)Ke 3aTpe6yBaHI1M 3aB)J.aHH5JM )J.Jl5J 80)].HeBo'i eHepreTI1KH. 

3. B po3)].ini, )J.e )J.OCJii)J.)KeHo TepMiqH11i1 CHHTe3 B MaTepianax c11cTeM Fe-(Ti-C) Ta 

Fe-(Ti-B4C) Ta Brrn11s Ni Ta Ga Ha u.eH: rrpou.ec, cTsep)J.)l<ycTbC51, ruo 0611)].sa 

Jiery10q11x eneMeHTa TI03l1TI1BHO BITJ1l1Bal0Tb Ha cpopMyBaHH51 )J.l1CITepcHo'i 
. .. . . . 

CTpyKTyp11 3a.Jla30BM1CH01 MaTpI1U.l , aJie 3a OU.lHKOlO 3MlH napaMeTpy rpaTKH 

Kap6i)J.y THTaHa BITJIHB U.HX eneMeHTiB c npOTI1Jle)l(HI1M, T06To HiKeJib 3HmKyc 

rrapaMeTp rpaTKH, a raJiiH - HasrraKH - 36iJihruyc cTexioMeTpi10 Kap6iJJ.y. B TeKcTi 

rrp1rne)J.em pe3ynbTaT11 rrpoBe)J.eHH51 ,nTA crrJiaBiB Ti-Fe Ta Ti-Fe-Ge ruo6 

o6rpyHTyBaTI1 IT051CHeHH51 TI03l1Tl1BHOro BTIJl l1BY r aJiiIO, aJie HeMac TaKoro po)J.y 
.. ... . 

)J.aHHX )J.J151 TI051CHeHb HeraTHBHOl )J.11 H!Kemo. 

4. B po3)].iJiax 5 Ta 6 np11se)J.eHi pe3yJibTaTH pi3HHX B11rrpo6ysaHb. HaBe)J.eHi )J.aHi 
. . . 

MexamqHHX xapaKTepI1CTI1K B YMOBaX CTI1CKaHH51 Ta 3rl1HY MaTeplaJilB, 

0Tp11MaH11x JJ.O)J.aBaHH51M )J.11crrepcH11x qacTHHOK (TiC, Ti2B Ta TiN) B MaTepiaJI 

c11cTeM11 Fe-Ga, Ta np11se)J.eHi pe3yJihTaTH s11rrpo6ysaHb Kopo3iHHo'i cTii1KocTi 

MaTepiamB, OTpHMaHHX 51K TepMlqHHM CI1HTe30M, TaK )J.O)J.aBaHH51M 

)J.HCneproBaHHX TyronJiaBKI1X crroJiyK. 3a pe3yJlbTaTaMH Kopo3iHHHX 

BHrrpo6yBaHb MaTepiaJIH, B 51Ki )J.O)J.aBaJIH )J.I1CITepcH1 qacTHHKH TyrorrJiaBKHX 

cnoJiyK MaIOTb 3Ha1.rno Kparutti1: orrip Kopo3i'ii. H e3po3yMiJio MipKynaHH51, 3a 5JKHX 



He rrpoBO.Z:UUlOC51 mmpo6yBaHH51 Mex amqm1x Ta MarHlTHHX BJJaCTHBOCTeH 

. . . 
TepMlqHo CHHTe30BaHHX MTaep1anm. 

)1,a11i 3aynamemu1 11e 31mmy10Tb uay1mny Ta n paKTH"·IHY u,rnmcTb po6oTu, a 

rOJIOBHHM quHOM BiAKpHBaIOTb llOBi uanpSIMKH IlOA3JihlUHX AOCJii.r.meHb. 

BHCHOBOK 

)J,11cepTau:ii1Ha po6oTa foHqapyKa )J,.A. «3aKOHOMipHOCTi BITJJHBY neryBaHH51 

ran1eM Ha c}:>opMyBaHH51 cTpyKTyp11 BJJaCTHBOCTeH crreqeHHX MaTep1anm 

cpyHKU:ioHaJJhHoro rrpH3HaqeHH51 Ha octtoBi Fe Ta A l» e 3aBeprneHoIO ttayKoBo-

.n:ocm.n:HoIO po6oTOIO, 51Ka BHpnnye aKTYaJJhHY HayKOBO-TeXHP·IHY 3a.n;aqy 

po3po6neHH51 HOBlTHlX rropOIIIKOBHX MarHiTOCTpHKU:iHHHX MaTep1anm 3 

. . . . 
OilTHMaJJhHHM KOMITJJeKCOM MarHITHHX I MexamqHHX xapai<TepHCTHK Ta III.IJ;BHW:eHOIO 

Kopo3iHHOIO CTiHKiCTIO Ha OCHOBi pe3yJinTaTiB .n:ocni.IJ;)KeHH51 IIpou:eciB cpa30- Ta 

CTPYKTypoyTBopeHH51, a TaKmK B11BqeHH5I 3aKoHoMipHocTei1 BIIJJHBY TexttonoriqH11x 

pe)KHMiB BHfOTOBJ1eHH51 Ha OCHOBHi c}:>yHKU:iOI-IaJJhHi Ta c}:>i3HKO-MexaHiqHi BJJaCTHBOCTi 

crreqeHHX MaTep1anm. 3a aKTYaJJhHlCTIO, HayKOBOIO HOBH3HOIO OTpHMaHHX 

pe3yJJnTaTiB, "ix .IJ;OCTOBipHiCTIO Ta rrpaKTWIHOI-0 3HaqHMiCTIO 3a.IJ;OBOJ1hH51C BHMoraM 

II.II. 7' 9 «I10p51.IJ:KY rrpHCY.IJ;)KeHH51 HayKOBHX CTyIIeHiB, 3aTBep.n:)l(eHoro IlOCTaHOBOIO 

Ka6itteTy MitticTpiB Y Kpa"iHH Bi.n; 17 JJHCTorra.n:a 2021 po Ky N2 1197, a Ti aBTop, 

foHqapyK )J,MHTpo Att.n;piH:oBHq, 3acnyr0Bye rrpHcy.n;)KeHH51 ttayKoBoro cTyrrem1 

KaH.IJ;T.IJ;aTa TeXHiqHHX HayK 3a crreu:ianhHiCTIO 05 .1 6.06 - rropOIIIKOBa MeTanypri51 i 

KOMil03HU:iHHi MaTepianH 

Ocpiu:ii1HHH orrotteHT, 

/OHAflbHOfO 
HIBEPCV1TETY 
pocpecop Anna 3EMKO 

Py.n:n B.)J,. 
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