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B pamkax Teopum IMHAMHMYECKOTO B3aUMOJECHUCTBHS NE(PEKTOB IPOAHAIM3UPOBAHA BBICOKOCKOPOCTHAs [e-
¢dopmammst (high strain rate deformation) o6sy4eHHOro (eppoMarHeTuka C THIAHTCKOM MarHUTOCTPUKLMEH.
IokasaHo, YTO rMraHTCKass MarHUTOCTPHKIMS IPUBOIMUT K BOSHUKHOBECHHIO 3()(EKTa CYXOro TPCHHUs TUCJIOKALHil
HPU3MATHYECKUMH JIUCIIOKAIIMOHHBIMU NeisiMU. [losTydeHo aHamMTHYecKoe BBIpaXKEHHE BKJIala CyXOro TPEHHs B
BEJIMYMHY JUHAMUYECKOTO Ipefiesia TEKy4eCTH METaJIOB ¢ I'MFaHTCKOH MAarHMTOCTPHKIMed. UWciIeHHbIe OLICHKH
MOKa3bIBAIOT, YTO 3TOT BKJIAJA MOXXET YBEJIMYMBATH JUHAMHYECKHI IIPEesl TEKy4eCTH Ha IECSATKH IIPOICHTOB.
CdopmympoBaHbl ycII0BUs, ONpenesIsiomue oosacTb cymecTsoBanus 3¢dexra cyxoro TpeHus. Bemmunna sddexra
¥ 00JIaCTb €ro CyIlecTBOBAaHUSA ONPENEJIAIOTCS MArHUTHBIMU XapaKTEePHCTUKAMH MeTaJlIa.

KinroueBbie ciioBa: TUraHTcKas MAarnuTOCTPUKIIMA, BBICOKOCKOPOCTHAA IUIACTUYECKadA Z[eq)OpMaL[I/IH, AOHCJIOKaluu,

neeKTbl, Ipesiesl TeKyYeCTH.

DOI: 10.61011/FTT.2025.10.61975.259-25

1. BBepeHune

fIBeHne rUraHTCKOM MarHUTOCTPUKIUHY IUPOKO HUCIIOJIb-
3yeTcsi B PasJIMYHBIX YCTPOMCTBAaX, B 4YaCTHOCTH, B KOH-
TaKTOpax, NMpPUBONAX, IeHepaTopax 3ByKa M YIbTPas3ByKa,
CBEPX4yBCTBHUTEJIbHBIX MPHEMHUKaX 3ByKa [1,2]. Ocobenuo
IIIPOKO OHO HPHMEHSIETCS B MHKPO3JIEKTPOMEXaHIMICCKUX
cucremax (MEMS) [3-5]. K MaTepuanam ¢ ruraHTckoii Mar-
HUTOCTPHUKLMEH OTHOCSATCS pefiko3eMeribHbie Metauisl (Gd,
Ho, Er, Tb, Dy), coenuHeHus *xeme3a ¢ 3THMHA METaJUIaMH,
a Takxke ¢ raumeM. CIHCOK 3TUX MaTepUasioB MOCTOSHHO
THOMNOJIHACTCS, 8 3HAYCHUS UX MarHUTOCTPUKLIMY HA HECKOJTb-
KO TIOPSAIKOB IPEBOCXOAAT BEJIMYHHBI MAarHUTOCTPUKLIUN
METaJUIOB TPYMIIBI XKeje3a. | MraHTCKoi MarHUTOCTPHKIMEH
IpH KOMHATHOH TeMImepaType o0s1afgaloT (epprIMarHUTHLIE
coemuaenns DyFe,, TbFe,, HoFe,, DyFes.

B MUKpOCHCTEMOTEXHHKE HCIHOJb3YIOTCS MaTepHabl,
00bEIUHSIONNE MUKPOMEXaHUUECKIE 1 MUKPOIJICKTPOHHbIE
aJIeMeHThL. MeXaHn4ecKue CBOICTBA 3THX MaTepUasioB BECh-
Ma BaXHBL B pesyimbrare 0OJIydeHHS B 9THX MaTepHaylax
BO3HHKAEeT MHO)KECTBO PafiMalliOHHBIX Ie(EKTOB (AMCIIOKa-
LIMOHHBIC TIET/IH, MEKIOY3eJIbHbIE aTOMBI, BaKaHCHH). DTH
nedeKTHl CIIOCOOHEI OKa3hIBATh 3HAYMTEIIBHOC BIIMSHUC HA
MEXaHIYECKHE CBOICTBA MArHUTOCTPHKIMOHHBIX MaTepha-
708 [6,7]. BeicOkMe Harpy3ku Ha 9TH MaTepHaJIbl IPUBOIAT
K MX BBICOKOCKOpocTHOMY nedopmuposanuio [8-11]. Ipu
BBICOKOCKOPOCTHOl JlepopMaliiu Heymnpyrue Mpolecch B
MeTa/UlaX CyIIECTBEHHO OTJIMYAIOTCS OT IONOOHBIX Ipo-
IICCCOB B YCJIOBHSIX KBa3sHCTaTWYECKOHl medopmaruu. ITo
00YCJIOBJICHO TIOBBIIICHUEM POJIA KOJUIEKTHBHBEIX 3(dexToB
¥ M3MCHEHHEM MeXaHu3Ma Juccumanmu. B paborax [12-
14] 6pU10 MOKA3aHO, YTO JUHAMHYECKOe TopMoxkenue (drag)

KpaeBOi INCJIOKAINH TPU3MATHICCKAMH JHCIOKAIMOHHBIMH
METJISIMU [IPU ONPEICICHHBIX YCJIOBHSX MIPUOOPETACT Xapak-
Tep CYXOro TPEHHUSL: CUJIa TOPMOYKCHUS TUCITIOKAIUH HE 3aBU-
CHT OT CKOPOCTH JHCJIOKAIIMOHHOI'O ABMKCHUS, a BKJIAJ 3TOM
CUJIbl B IMHAMHUYECKMH Npefesl TeKY4YeCTH He 3aBHUCUT OT
CKOPOCTH IJTIacTH4ecKoii fedopmarmu. B Hactosmieit pabote
[IPOAaHAJIM3UPOBAHbl OCOOCHHOCTH BO3HUKHOBEHHS 3({dexTa
CYXOro TpeHHs B OOJIyYeHHBIX MeTajlllax C THI'aHTCKOMN
MarHATOCTPHKIHCH.

2. MocraHoBKa 3agauu, pelueHue,
aHanu3 pe3ynbTaToB

BhbicOKOCKOpOCTHAs 1e(popMaIus peatu3yeTcsi B yCIOBH-
IX BBICOKHX BHEIIHHX Harpy3oK (KOBKa, ITAMIIOBKA, Pe3Ka,
JIMHAMIYECKOE KaHAILHOYIJIOBOE MPECCOBAHHE, BHICOKOCKO-
pocTHas 0O6paboTKa, BO3EHCTBHE JIa3ePHBIX MMITY/IbCOB H
KOPIYCKYJIAPHBIX TIOTOKOB). IIpH 3TOM CKOPOCTb JMCIIOKa-
1M OCTHTAET AECATKOB ¥ COTEH METPOB B CEKYHIY, a CKO-
POCTb TIIacTHYECKOl edopmanmu coctapseT 103 —10°s~ 1,
KuHeTHyeckas SHeprus MMCIOKAIHil TIPEBHIAET SHEPTHIO
ee B3aMMOJIEHCTBHS ¢ APYTHMH CTPYKTYPHBIMH Ae(heKTaMu,
MOITOMY OHa COBEpIIAeT HalbapbepHOE CKONbKEHHE H
TpeosioNieBaeT WX JMHAMHYECKHMM O06pasoM, TO ecThb 0e3
TIOMOIIM TEeIUIOBHX (IyKTyarmit. B mmHammdeckoit o61a-
CTH HPOMCXOTHT H3MEHEHHE MeXaHH3Ma NHCCHTIAIMM OH
3aK/I0YAETCS B NEPEXOIe SHEPTHH BHEIIHAX BO3JEHCTBHIL
B DHEPIHIO TUCIIOKAIMOHHBIX KOIeOaHHil.

3anaveil JAHHOrO MCCIENOBAHUS SABJAETCA TOJTydEHHE
AHAJIATHYECKOTO BHIPAXKCHUS BKJIald MATHUTOYTIPYTOTO B3a-
VIMOJICHCTBHSA B TUHAMIUECKHIT PEIesT TeKy4ecTH ofITydeH-
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HOTO MeTaJyla C I'MI'aHTCKOM MarHUTOCTPHKIMEH, ompere-
JIEHHE YCJIOBUIl CYIECTBOBAaHHUS B 3TOM MeTasule 3d¢exTa
CYyXOro TpEHHS W 4YHUCJICHHasd OICHKA BEJIMYMHBI 3TOrO
a¢dexTa.

ITocraBneHHaa 3ajaya pemaeTcs B paMKax TEOPUH [U-
Hamm4eckoro Biammoreiicteus nedpexros (IBJI), xoro-
past mpencTaBisier coboit MomuduKanmio Teopun 1 parnaTro—
Jroxke [15-17]. ducnokaiwsi caMTaeTCst ynpyroi CTPyHOI,
a ypaBHEHHE €€ JBIKEHHS — 3TO HEOIHOPOTHOE BOJIHOBOE
ypaBHEHHE, B IIPaBOH YaCTH KOTOPOIO CONCPIKUTCA CyMMa
BCEX HaNpsHKEHUH, CO3MaBAEMBIX Ha JINHUH JUCIIOKAIUN.

Ilyctp OeckoHEYHBIE KpaeBblE [UCIIOKAILMU CKOJIb3AT
Brosib ocn OX mop AeicTBHEM ITOCTOSIHHOTO BHEITHETO
HaIpsHKEHAS o-,?y C TIOCTOSTHHOI CKOPOCTBIO U B 00 Ty9€HHOM
(heppOMarHUTHOM KpHCTAJIJIE C MAarHUTHOW aHW30TPONHUCH
TUNA ,Jierkas ock‘. I1I0CKOCTH CKOJIbXKEHUsS MapalesIbHbI
XOZ. Ocb sierkoro HaMarHM4YMBaHus napauiesibHa ocu OY,
HalrpasJIeHHEe HAMAarHMYEHHOCTH W MarHUTHOTO IOJIS COB-
nagaeT C IMOJIOKUTEJIbHBIM HampaBjieHHeM 3Toil ocu. Kpu-
CTaJI7T 00JIalaeT TUTAaHTCKOW MarHWTOCTPUKIMEH W COmep-
JKUT MPU3MATHYCCKUE NVCIOKANMOHHbIC eI M TOYCYHBIC
paguanonHsle nedekTsl. IlnockocTr meTesnb MapasisiesbHbl
IUIOCKOCTU CKOJIBYKECHUS AUCJIOKALUiA, X LIEHTPHl pacipere-
JIeHbl CJIy4dailHbIM oOpas3oM. Bee memm umeror pagmyc R
U OIMHAKOBHE BeKTOpHl Broprepca by = (0, —by, 0) mapa-
senbHBIe ocu OY.

BexkTops! broprepca kpaeBbIX AHCIOKAINil aHCcaMOJIs Ta-
pawtesieEbl ocn OX, a mx jmHAM napayiesasHbl ocn OZ.
ITosoxeHne mucIoKanyy onpenessaeTcs GyHKIuen

W (2, 1) = wx(z,t) + vt. (1)

[Tonepeunsie kKoeOaHMs KpaeBoi UCIOKAIMN B TIOCKO-
CTH CKOJIBKEHHUs OMUCHBaOTCsA (yHKImeir wy(zZ,t). Cpen-
Hee 3HaYeHUe 3TOH (yHKLHUM IO CiIydaifHOMY pacrpeneie-
HUIO CTPYKTYPHBIX 1e()EKTOB U IO JUIMHE AUCIIOKALUH PABHO
HYJIIO. YCpeTHEHUE BBINOJIHACTCS CJEHYIOMMIM 00pa3oM

de) = [a [T[feg @
L \Y

3necp Lgis — mimHa guciokauuy, V. — ob6beM KpHcTaslia,
N — uucno pmedexkroB B kpuctamwie. [lpu ycpenHeHuu
yucio aedexroB N u obvem kpucramuia V cTpemsarcs K
OECKOHEYHOCTH, a UX OTHOIICHHE OCTAETCS MOCTOSTHHBIM 1
PaBHBIM CpefiHeH KOHIEHTpanuy 1e(eKTOoB.

JBmKeHne KpaeBoii IUCIIOKAIMK B OOTyYCHHOM KpPHCTAJI-
Jie MOXKET OBITh OIHACAHO CJICAYIONIAM ypaBHEHHEM

Wy, 02 0 L _dis oW,

{ ot? 0z? = Duloy + oy Ty + o] B ot
(3)
3nece M — Macca eIMHUIBI AJIMHBI JUCJIOKAIMH, C —
CKOpPOCTh 3ByKa B MeTayule, b — Momyne Bektopa Brop-

repca aMcjaoKaluu, O'XLy OIIMCBhIBACT HAIIPSKCHUSA, CO3AaHHBIC

IMPU3MaTUICCKUMHA TUCJIIOKAIIMOHHBIMA TICTIIAMA Ha JIMHUA

OBIKYILEHCS IWCIIOKALNH, 0')?;5 — KOMIIOHEHTa TEeH30pa

HAIPsDKCHHUM, CO3MaBacMBbIX Ha OTOM JIMHUW APYTHMH IBHU-
KYIUMACS TUCIIOKAIMAMH aHCAMOJISl, Oy — KOMIIOHEHTa
TEH30pa HAIPSDKEHUH, CO30aBacMBIX TaM e TOYCYHBIMU
paguanoHHbMu fedextamyu, B — koHcTanTa (GOHOHHOTO
TOPMOYKEHHS TUCIIOKAIIHH.

OpHIM 13 OCHOBHBIX OTJIMYHIT BEICOKOCKOPOCTHOM fedop-
MalUK OT KBa3UCTATHYECKOH fBJIAETCS KapOUHAJIbHOE W3-
MEHEHHEe MeXaHu3Ma auccunanuy. I1pu BBICOKOCKOPOCTHOM
nedopMaluy 3TOT MEXaHU3M 3aKJII0YaeTcd B HEOOpaTUMOM
Mepexofie FHEPrUH BHEITHUX BO3ICUCTBHIA B SHEPTHIO TUCIIO-
KaIlMOHHBIX KosieOaHmil. D(PPEeKTUBHOCTD TAaKOTO MEXaHU3Ma
HOATBepaKacHAa aBTopamu pabotsl [18]. JlaHHBIA MexaHH3M
BeCcbMa YYBCTBUTEJIEH K BHUOY CIIEKTpa IHUCIOKAIIMOHHBIX
koniebanuil. Teopua JIBJ] mosBonsieT pemarth 3amavyd s
CJTydYasi, KOraa AUCJIOKAIIMOHHBIA CIIEKTp SBJISICTCS HEIMHEH-
HBIM, TO €CTb B HEM BO3HHKACT CIICKTpaJIbHAs e A

w(g) =4 /C%0z + A% (4)

[TosiBneHne crekTpajabHON IIEIM SBJISETCA CIICACTBUEM
($opMrpoBaHUsST TOOBIKHON MapaboIMYecKoil MOTEHINAb-
HOU $IMBI, B KOTOPOH KOJIEOJIETCS] MCIIOKALNS W KOTOpast
BMeECTE C JUCJIOKAlMel epeMeaeTcs no kpucrauty. Takas
fIMa MOXKET OBITb CO3[laHa KOJUICKTMBHBIM B3aUMOIEHCTBHU-
€M JIUCJIOKalii aHcaMOysi ¢ JJaHHOW JUCJIOKauuei 6o
KOJUICKTUBHBIM BO3ACHUCTBHEM Ha HEe TOYCYHBIX AC(EKTOB.
B Marepuanax ¢ rUraHTCKOil MarHUTOCTPUKIMEH OrpOMHBII
BKJag B ()OPMHPOBAHME INEJIM BHOCHT MAarHUTOYIIPYroe
B3aMMOJEHCTBUE AUCIIOKALUA C MAarHUTHOW CUCTEMOMH KpH-
CTaJI1a. DTOT BKJIAJL MOXKET OBITh ONMCaH, COTJIACHO NaHHBIM
pabotsl [16], cienyrommM BoIpaKEHHEM

M
Ay = Mob, oMo, bc
4cs am &0

(5)

3nech 4 — KOHCTaHTa MarHUTOYIPYroro B3aUMOJEHCTBHS,
Mo — HaMarHUYEHHOCTh HACHIIECHHSA, § — (CHOMEHOJIO-
rudeckas KOHCTaHTa, paBHas MO MOPAAKY BEJIMYUHBI THPO-
MarHUTHOMY OTHOIICHHIO /Il 3JIEKTpOHa, fc — Temmepa-
Typa Kropu, & u Cs — mapameTpbl CIEKTpa MarHOHOB.
Bocnosb3oBaBiunch pesyabratamu pabotsr [17], mosmydum
YCJIOBHSI, TIPH KOTOPBIX MAarHUTOYIIPYroe B3anMMOJCHCTBHE
BHOCHT IJIaBHHIII BKJIaL B (POPMHIPOBAHWE CIICKTPAJIBHON
meny. Bxiag atoro B3aumone#icTBuA OyAeT NMPEeBOCXOAUTh
BKJI1a/] KOJJIEKTUBHOTO B3aMOJICHCTBUS TOUCYHBIX NE(EKTOB
C JIMCJIOKAIAEH TIPY BHIIOTHCHAN CJICIYIOIEr0 HepaBeHCTBA

Ng < Ner = (bA—M>2 (6)

3nech Ng — Oe3pa3mepHast KOHIICHTPALUS TOYCUHBIX Achek-
TOB, ¥ — TapaMeTp MX Pa3sMEPHOTO HECOOTBETCTBUSL.

BrimosiHUM yMCIIeHHBIE OLGHKM MJI TajlojIMHMA, 00Ja-
JAIOIIEero TMraHTCKOM MarHUTOCTPUKLIMEH NPU KOMHATHOM
temreparype. CoryiacHo qaHHbIM pabotsl [16], mis ragosm-
Hug Ay = 0.5 - 102 s~ 1. e spavenmit b = 3.6 - 107 1%m,
x=10"1, ¢ =310’ m/s nomyunm ne, = 1072,
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OneHrM Teneph TUIOTHOCTH JUCJIOKAIWiA, TIPH KOTOPOH
MarHUTOYNpYruil BKJIag B (OPMHpPOBAaHWE CIIEKTPAIBHON
LIeJId IIPEBOCXONUT BKJIA[ KOJUJIEKTUBHOIO [IMCJIOKALIMOH-
HOro B3auMopeicTBUA. Bocmnosb3oBaBHMCh pesysbTaTaMu
pabotst [17], momydnMm cliemyioniee yCIOBHE ISl TUCIIOKa-
LIMOHHOM MJIOTHOCTH

2
P < Pcr = —Zﬂ(l — J;)mAM > (7)
ub

rae y — koad¢unment [yaccona, 4 — MOIY/Ib CHBHIA.

BHIONHAM ~ YKMCJIGHHBIE  OLEHKHA I TafOJIMHUA.
na  swavennit Ay = 0.5-102s7!, u=2.2-10"Pa,
b=3.6-10""m, »=0.26, m=10"""kg/m mnonydum
por = 1010m~—2,

Cunras JUCI0KAILMOHHbIE KOIeOaHus MasIbIMH, BEIYACIIAM
CHJTy IMHAMUYECKOTO TOPMOYKEHHUS IUCIIOKAIIMN [IPU3MATH-
YECKUMHU IUCJIOKAIIMOHHBIMU IIETJIAMU BO BTOPOM IIOPSIIKE
TEOPUHU BO3MYIICHUAN

P L
F— b< ;)X(y wx>. (8)

Dynxmo wy (X, t) Haitmem mo popmysie

wy = j dt'dz’G(z — 2/, t —t) %a;y(z’, ).  (9)
3nece G — ¢ynkmsa 'prHa ypaBHeHUs! IBM)KEHHS IHCIIO-
KalluHm.
st HaxokneHus: GYHKIMH Wy (Z,t) BBHIIOIHAM IPeol-
pasoBanne ®Pypre. Pyppe-o6pa3 ¢yHknun I'puHa B Hamem
ciy4ae UMeeT BUJ

1
w? +ifow —c2p — A

G(w,qz) = (10)

[Tocste BrMONTHEHNST TpeoOpasoBannst Pypbe BbIpakeHNE
IId BKJaJa [AUCJIOKALMOHHBIX IE€TeJIb B JWHAMHYECKUHN
Ipefies TEKY4eCTH OOJIyYEeHHOrO MeTajla MOXET ObITb
MIPUBEICHO K CJICAYOIIEMY BHIY

n.b
n = g [ Pl o (@) Po(GE0? - o'} - ).
(1)
3):[er n — o0beMHast KOHIEHTpalusA ANUCJIOKaIMOHHBIX
TIeTEIb, O'XLy (q) — Pypbe-00pa3 COOTBETCTBYIOIIECH KOMIIO-

HEHTHI TEH30pa HalpsKeHUH, CO3MaHHbBIX METIIeH.

Bocmosnb3oBaBimmck pesynsratamu pabot [12,13], onpene-
JIIM 00JIaCTh CKOPOCTEi TUIACTHYECKOH eopManiiy, B KO-
TOPOI BO3MOXKHO CYIIECTBOBaHHE d(pdeKTa CyXoro TpeHHs
B MaTepuaslaX ¢ I'MIaHTCKOI MarHUTOCTPUKIHEH

& < i = pbRAY. (12)

B kpucTamie rafoiuHus i 3Hadenmit p = 1083 m2

b=33-10"m R=3-10""m, Ay = 0.5- 1025~ 10-
JayunM &g = 10071,
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IToce BBITOTHEHNST HEOOXOMMMBIX BHIYUCIICHUI BEIpayKe-
HUE U BKJIaJa OUCJIOKALMOHHBIX IIE€TEJIb IPUMET CIIENyIO-
LUK BUJT

n Rc nR
.= ,ub A =K 5

m(l—y)? Ay/M3

_ 4csuc m
“T 07V amtec/e) -

M3 mosydeHHOro BBIpOKEHHS CJICOYeT, YTO BKJIaH MH-
HAMUYECKOr'0 TOPMOXKEHHSI JUCJIOKALUI MPU3MATUYECKIMHU
IMCIOKAIIMOHHBIMU TET/ISIME B KPUCTAJIIAX C THUTAHTCKOMN
MarHUTOCTPHUKIIMEH YOBIBAET C POCTOM KOHCTAHThl MarHu-
TOCTPUKIMA M HAMarHMYCHHOCTH HACHIICHUS. JTO 00Y-
CJIOBJICHO TEM, YTO YBEJIMYCHHE STHX BEJIMYUH MPUBOIUT
K YBEJIMYCHHUIO CIEKTPajbHOM INEJIM, KOTOopas CHIDKAaeT
3¢ (eKTHBHOCTD BO30YKICHNS IUCITOKAMOHHBIX KOJICOaHMIA.
B pesynbraTe cHIDKaeTcs CHJIa JTUHAMHYECKOTO TOPMOXKE-
HUS JTUCJIOKAIMIA MPU3MATHYSCKUMH METVISIMU ¥, KaK CJIefl-
CTBHUE, YMCHBINACTCS TUHAMUYECKUIT ITPeesT TeKy4eCTH.

OrneHUM BKJIaJI CYyXOTO TPEHHSI B IMHAMHYCCKHU Tpenes
TeKydecTH ragonuHus. st 3HaveHmit u = 2.2 - 100 Pa,
b=3.6-10"1m, n. =102 m-3, R=3-10""m,
c=3-100m/s, y =0.26, Ay =0.5-10"2s"! mnomyunm
7L = 52MPa. Tak kak mnpenea TEKy4yeCTH TIafOoIMHUSA
7G4 = 182 MPa, TopMokeHrEe IUCIIOKAIMN TPU3MaTHYCCKA-
MM IIETJIIMHU MHOBBIIIAET ero Ha 29 %.

3. 3aknoueHue

[onydeHHbIe pe3yJsIbTaThl MMOKA3BIBAIOT, YTO O0JIACTH Cy-
mecTBoBaHUA 3¢dexTa cyxXoro TpeHus: B OOJyYCHHOM Me-
TaJyle C TUTAaHTCKOM MAarHUTOCTPUKLIMEH M ero BKJad B
IVHAMUYECKUI IIpefiesl TEeKYYeCTH 3aBUCAT OT MarHUTHBIX
XapaKTepHCTHK 3TOr0 METalla, B IEPBYIO O4Yepeb OT KOH-
CTaHTBl MATHUTOCTPUKIY 1 HAMArHUYCHHOCTH HACHIIICHUSL.
YucsieHHBIE ONCHKM Ui TaloJIMHHS IO3BOJISIOT CHEJIaTh
BBIBO, 4TO 3(EKT CyXOoro TpPEeHUsl CIOCOOEH MOBHIIAThH
IMHAMUYECKHUI Ipeiesl TeKy4eCTH Ha JIECATKU IPOLIEHTOB.

PesyibraTsl 1aHHOU PabOTHI MOTYT OBITH ITOJIC3HBIMH TIPH
aHAJIN3¢ MEXaHWYECKUX CBOMCTB OOJIyYeHHBIX (eppomar-
HHUTHBIX KPHCTAJUIOB B YCJIOBUSIX BRICOKHX Harpy3ok.

KoHnukT nHtepecos

ABTOD 3asBJIsIeT 00 OTCYTCTBUM KOH(JINKTA HHTEPECOB.

Cnucok nuteparypbl

[1] Y. Song, R. Huang, J. Zhang, S. Zhang, Q. Huang, S. Wang,
Y. Jiang, L. Li, X. Xing, J. Chen. Sci. China Mater. 64, 1238
(2021).

[2] KII. Benos, I'N. Karaes, P.3. Jleurun. YOH 140, 271
(1983).

[3] X. Li, X. Bao, Y. Xin, X. Gao. Scr. Mater. 147, 64 (2018).

[4] Y. He, Y. Han, P. Stamenov, B. Kundys, JM.D. Coey, C. Jiang,
X. Huibin. Nature 556, E5 (2018).



1950 B.B. ManatueHko

[5] D. Hunter, W. Osborn, K. Wang, N. Kazantseva, J. Hattrick-
Simpers, R. Suchoski, R. Takahashi, M.L. Young, A. Mehta,
L.A. Bendersky, S.E. Lofland, M. Wuttig, I. Takeuchi. Nature
Commun. 2, 518 (2011).

[6] M. Griffiths. Materials 14, 10, 2622 (2021).

[7] U.B. AnproBeknit. Bonpocsr aromuoit Hayku i Texuuki. Cep.
Tepmosiaepsiit cuures 2, 3 (2004).

[8] H. Fan, Q. Wang, JA. El-Awady. Nature Commun. 12, 1845
(2021).

[9] AS. Savinykh, G.I. Kanel, G.V. Garkushin, S.V. Razorenov.
J. Appl. Phys. 128, 025902 (2020).

[10] G.L Kanel, AS. Savinykh, G.V. Garkushin, S.V. Razorenov.
J. Appl. Phys. 127, 035901 (2020).
[11] A. Singla, A. Ray. Phys. Rev. B 105, 064102 (2022).

12] V.V. Malashenko. Physica B: Condens. Matter. 404, 3890
(2009).

[13] B.B. Manamenko. ®TT 53, 2204 (2011).

14] B.B. Mavauterxo. I[Tucema B XKT® 38, 61 (2012).

[15] B.H. Baproxun, B.B. Manamesnko. 13s. PAH. Cep. ¢us. 82, 9,
37 (2018).

16] B.B. Masamrernxo. @TT 63, 1391 (2021).

17] B.B. Manauterko. OTT 66, 1403 (2024).

18] ['A. JleBaueBa, D.A. Maubikun, [LI1. Ilomyskros. OTT 27,
3709 (1985).

Peoaxmop A.H. Cmupros

®usrka TBepaoro tena, 2025, tom 67, Boin. 10



